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3HaNOMCTBO 3 NiAPYYHUKOM

[ITamoBHI MECATHMKJIACHUKHU, IIBOTO POKY BU
BUBUATUMETE TaKi TeMu OioJorii:

- BiopisnomanirTa

+ OOMiH peuoBUH i eHeprii

« CmagkoBicTh i MiHIMBiCTH

« PemponayKiisa Ta po3BUTOK

VYBechr HeoOXimHUMI MaTepian Bu 3HaAWAETe
y migpyuHuKy. Moro mozileHo Ha YOTHPH pO3-
Oinu BiAmOBiZHO OO TeM, IO OymeTe BMBUATH.

IIigpyyHUK MOOYI0BAHO TAKUM UMHOM, 1100
BaM OyJIO 3pYYHO 3 HUM mpairoBatu. Iloropraii-
Te CTOPiHKM i 03HAMIOMTECs 3 OTO CTPYKTYPOIO.

1. KoxxkHuii maparpad posTallloOBaHUKN Ha
OMHOMY PO3BOPOTi. ¥YBech MarepiajJ OIHOTO
YPOKYy — mepen oumMma. Kpim Toro, Take pos-
TallyBaHHA MOJIETIIUTD MOIIYK MOTPiOHOTO Ta-
parpadga.

2. Ha mouaTky KokHOTrO Iaparpadga mepe-
JiyeHO TeMu, AKi HeoOXiHO mpuragaTu, mepIi
Hi’K BUBUYATH HOBUII MaTepiaJ.

3. ¥V meakux maparpadax, me Iie HeoOximHo,
HaBeJleHO MPaKTUYHi poboTu,

4. 3akiHuyeThcsA KOYKHUU maparpad aBoma
pyOpuramu:

« «KmrouoBa imes» — 1e rojoBHaA OYMKA,
BHUCHOBOK;

« «3alnUTaHHSA Ta 3aBAAHHA» — KOMIIETEHT-
HicHI 3aBHaHHA.

YMOBHI IIO3HAYEHHA y MiIPYUYHUKY

0 — IlomipxkyiiTe
0 — JlisHatiTecsa GiybIie
@ — IIpakTuuna pobGora

5. Bararo imgopmaiiii HaBeIeHO Y BUTJIAML
cxeM, TabauIlh, igfocTpairiii. BoHu moJeriiars
CIPUUHATTA ¥ 3amam’sITOBYBaHHsS HOBOTO Ma-
Tepiay.

6. KoskHUII pos3misi 3aKiHUYETHCS y3arajb-
HIOIOUUM PO3BOPOTOM, Y SIKOMY CTHCJIO IIOJAHO
ingopmarito, BUKJIaeHy B TeMi, I110 BUBUAJIaCAH.

7. Y kiumi migpyyHuKa BuU 3Haljere:

- y3araJbHIOIOUi 3aBHaHHA IJA iHAWUBIOY-
anbHOI Ta rpymoBoi pobOoTH 3a Bcima Temamu
OigpyYHUKA Ta TeMU HaBUYAJbHUX IMPOEKTIB;

* IpeIMEeTHUHN Ta iMeHHUYN MOKaXKUYUKU, 110
MOJIETIIIATEL IIOIIYK HeoOXimmoi imdopmarrii.

Kpim Toro, mo migpyuHuKka qogaeThCcsa eleK-
TPOHHUM MOJATOK, IO PO3MIIIeHMIT Ha cauTi
interactive.ranok.com.ua. ¥ HboMy Bu 3Haiigere
IomaTKoBY iH(opMmaliro mo maparpadiB, CJIOB-
HUK TEePMiHiB, iH()opMaIlito Ipo BUEHUX, TECTOBL
3aBIAHHsA OO TEM Ta iHIIi JOZATKOBI MaTepiasu.

SAx nmpamoBaTH 3 €JIEKTPOHHUM AOJATKOM

1. 3aiigiTe Ha caiT interactive.ranok.com.ua

2. 3apeecTpyiiTecs.

3. 3HalgiTs posmin «IligpyuHuKm».

4. BubepiTh Has3By miapyunuka «bBiosoris i exo-
Joria (mpodinbHU piBenn). 10 Kiac».

5. ¥ posnini «EnekTponHi Marepianau 1o migpyd-
HUKa» BUOEPITh MOTPiOHY TeMy Ta HATHUCHITH
«Posmouatu poGoTy».

Cnodieaemocs, w,o eam 0yde 3pYy4HO i JezKO Npayweamu 3a HAWUM NiOPYLHUKOM.
Bascaemo sam ycnixie y naguanhi!
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Tema 1. BcTyn

§ 1. bionoria Ta ekonoria. Popmn XKunTTA

0 [omipkynTe

AK My 3MOXeMO BIOPI3HUTU XUBE Bif, HEXNBOrO?

é 3raganTe

» bionoria

» Ekonoria

« Fanysi Gionorii

e BnactmBocTi XnBux opraHiamis

bionoria Ak HayKa

Tepmin «b6ioJiorisi» B fioro cyyacHoMy 3Ha-
YeHHi 3ampomoHyBaB QPAHIY3bKUNA yUYeHUN
Hau Barucr Jlamapk 1802 pory. Biosoria (Bix
IaBHBOTPEI. bios — «KUTTA», [0g0S — «yUeH-
Hs») — IIe HayKa IIPO JKUTTA. SIK i Oyab-axa
iHImma Hayka, Oiojoria mae 00’€KT, AKUII BOHA
BUBYAE, i MeTOAUW, AKUMUN BOHA KOPUCTYETBHCS
Ui fioro BuUBYeHHs. Kpim Toro, Giosjoria mae
BJACHUN MNOHATIMHUN amapaT — CYKYIHIiCTH
TepMiHIiB i MMOHATh, AKI BUKOPUCTOBYIOTH yue-
Hi-O6iosoru y cBOiti PoOOTi.

O6’exTOoM BUBUEHHA 6iosorii € Bci KuBi op-
TaHi3MM Ta PiSHOMAaHITHI acmeKTH IXHBOI JKUT-
TemiganpHOcTi. JKuBUMX opramismiB Ha Hamin
IJIaHeTi, K i aceKTiB IXHbOI JKUTTENiAIBLHOCTI,
baraTo. A 1ie € BUMepJIi opramisamu, AKi TaKoK
€ o0’ekramu BuBUYeHHs Oiosiorii. Tomy cyuacuHa
OiosioriA crajia COpaB)KHBOIO CHCTEMOIO HayK,
y AKill BUAIIAIOTE OaraTo raysei.

ITima HuMBKa rajnyseil 6iosorii mpucBaUYeHA
BUBUYEHHIO IIEBHUX CHUCTEMATUUYHUX I'PYH *KUBUX
oprauiamiB. BoraHika BuBUYae pocJauHU, Bipyco-
Joria — Bipycu, 300J0Tisg — TBapmH, a MiKO-
goria — rpubu. Ile Benuki ramysi, AKi, y cBOIO
yepry, MmoginsoTbca Ha Oiabin apiomi. Takx,

OpioJioria BUBYAE MOXM, apaXHOJOTisI — IIaBy-
KiB, €HTOMOJIOTiA — KOoMax, MipMeKOJIorid —
Mypax, ixTiosoris — pub, opHiToJOTiA — TTAa-
XiB, a MaMMOJIOTisI — cCCaBILiB.

4

Hesari ramysi 6iosiorii BuBUaOThL BHYTPIIII-
Hi mpollecu B KuBUX opranismax. Ile, Hampu-
KJan, ¢isiosoria pocauH i ¢isionoria TBapuH.
Bioximiss BuBuae mepebir ximiuHmxX peawrItiit
y KuBUX opranismax. IlumTosoria mocaimkye
0co0JIMBOCTI OymOBM KJIITHH, a ricTroJioria —
TKaHUH. ['eHeTHUKa IOCJIiI:Kye CIaIKOBICTH Ta
MiHJIUBiCTH OpPraHidmiB, a eToJIOTiA BUBYAE IIO-
BEeIiHKY TBapuH.

IcuyroTs ramysi Giosorii, 110 BMBYAIOTH CY-
KYITHOCTi JKMBUX OpraHidMiB, iXHi 00’eqHaHHS,
AKi yTBOPIOIOTHCA B THUX UM IHIINX YMOBaX.
Ile momynariitina reHeTuka (BUBYAE TeHETHUYHI
mpoliecu B IIOMYJIAIIAX), OioreormeHoJioriss (mo-
ciaimKkye OioreoreHosu) Ta iHIII.

Ekonoria Ak HayKa

TepMmiH «eKoJIOTisA» 3alIPOIOHYBAaB HiMeIlhb-
kuii yuenuit E. T'ekkenr 1866 pory. Bim mo-
XOOUTHh BiJi T'PEIIbKUX CJIiB eikos, II0 O3HAYaE
OiM, TOMeIIKaHHsA, Miclle Iepe0yBaHHS, Ta
logos — wmayka. Tak I'eKkkenb Has3BaB HayKYy,
III0 BUBYA€E OpraHizaliio Ta (QYHKI[IOHyBaHHS
HaJOPraHi3MOBUX CUCTEM PiBHUX PiBHIB, BUIIB,
MOMyJIAIil, OiomeHos3iB i Giochepnu.

CnoouaTKy I1eii TEpMiH 3aCTOCOBYBaJIN, KOJU
HIILI0CS PO BUBUEHHS B3a€EMO3B’sI3KiB MisK poc-
JUHHVUMHY Ta TBAPDUHHUMY YIPYIIOBAHHAMU, IIIO
BXOJATh OO CKJANy CTIiAKMX Ta OpraHi3oBaHUX
CUCTEeM, AKi BUHUKJIM Y IIPOIEeCci eBOJIIOIil opra-
HiYHOTO CBiTY B meBHOMY cepenoBuiri. CyuacHa
€KOJIOTisI BUBYAE TAKOK B3AEMOJIIO JIIOAWUHU Ta
Giocepu, cycmiibHOrO BUPOOHUIITBA 3 HABKO-
JUIIHIM cepeJoBUINEM Ta iHIIi mpobJyemu.

Kputepii Xntra

WKuse Big He:XMBOro BifpisHAETHCA He 3a Of-
Hi€I0 AKOIOCh XapaKTEePUCTUKOIO, & 3a CYKYIHiC-
TIO ITiJIOI HU3KU BJIACTHUBOCTEH. SIKIMO posrasana-
T KOXKHY 3 XapaKTePUCTUK »KUBOT'O OKPEMO, TO
i1 MOKHA 3HAWTH i B JedAKNX HEXKMNBUX 00 €KTiB.
Tak, Kpucraam MiHepasiB y IIeBHUX yMOBax
3IaTHI POCTU I BiATBOPIOBATU CBOIO CTPYKTYPY.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Tema 1.Bctyn > 20

OCHOBHI BNacTMBOCTI *MBOTO

Baacrusicts

XapaKkTepuCcTHKA BJIaCTHBOCTI
SKMBOTO

IleBHUM Ximiu-
HUH CKJIAI

HaaBHicTs meBHUX Ipyn PEUOBYUH, K1 HA3WBAIOTH OPTaHIYHIMY PEUOBUHAMU

BararopiBue-
BicTw opranisarii

Biosoriuni cucremu maoTh KinbKa piBHIB opranisarii, KO}KHOMY 3 SKUX IIPUTaMaHHL
TeBHi 03HAKU ¥ 0COOJIMBOCTI

Hasasuicts 06-
MiHY PEUOBUH

Veci skuBi cucteMu MOXKYTH QYHKIIIOHYBAaTH JIUIIIE 32 YMOBY iCHYBaHHA OOMiHY PEUOBUH
Ta eHeprii 3 HaBKOJUIITHIM cepenoBuinieM. [IpunuHeHHA OOMiHY CIPUUYNHSAE TPUITUHEHH S
KUTTENIAIBHOCTI "KUBOI CICTEMI

3maTHicTh 10 HasasuicTs 00MiHy peU0OBMH BUMArae Biff JKMBUX CUCTEM 3AiMICHEHHS IOCTiHOI perymaii

caMoperyJIsaIrii CBOiX BHYTPIITHiX ITPOIECiB Ta MPOIIECiB Y B3aeMO/il 3 HABKOJIUIIIHIM cepemoBuieM. Bis-
CYTHiCTBH a00 MOPYIIEHHS CAMOPEryJIALil COPUUYNHAE IPUINHEHHS IPOIeciB 00MiHy
IToxpasauBicTs ITe sparHicTs amekBaTHO pearyBaTu Ha 30BHiNIHI ab0o BHyTpimHui Bususu. [logpasiusicTs

JKHBOI CCTEMHU € OCHOBOIO i1 e()eKTHUBHOI caMoperyJiAllii, 00 6e3 omep:KaHHs aJeKBaTHOL
iHdopmarrii 11040 BIIUBIB OyAb-AKA PEryasallia HeMOKJIuBa

3maTHicTh 10
POBMHOKEHHS

Hemo:KJIMBiCTh POSMHOKEHHS CTAE€ IPUUNHOIO 3aTHbeJIi JKUBOI CUCTEMU

3IaTHICTb JO
PO3BUTKY

Veci skuBi cucTeMu IPOTATOM iHAWBiyaIbHOTO iCHYBAaHHSA IMOCTYIIOBO BUA03MiHIOIOTHCA
(mporiec ouTOreHesy). Kpim Toro, BOHu 3MiHIOIOTBCS i B IIpoIleci eBOIoIil

QopMun XKUTTS

sKuBi cucremu ny:ke pisHomaHiTHi, 60 KuT-
TS MOMKe icHyBaTu B pisHuUX opmax. I1i popmu
HOMIJISAIOTHCA Ha JBi BeJUKL rpynum — KJIITHHHI
% HexsiTuuHI (Mas. 1.1).

® MpakThyHa poboTa

Joeecmu HaseHicmb/8idcymHicme Kpumepiie xxum-
ms 0214 3anponoHo8aHux o06’ekmie

1. BU3HauTe OCHOBHi BNIACTUBOCTI Pi3HMX OO'EKTIB
XKMUBOT M HEXMBOI Npupoan (Hanpuknag, CTpyMKa,
OypynbKK, ByNKaHa, iPKaka, COHALWHWKa, nigbepes-

®opmu xutTA HIIKa).

2. 3a pe3ynbTaTamy BOCHIAMKEHHA CKnafitb Tabnu-
Lo, B AKIN yKaXiTb, AKi 3 KPUTEPIiB XNUTTA XapaKTep-

KniTnHHI HekniTHHI . B - o,
Hi ANnA KOXKHOrO 3 06’eKTIB, Ta BKaxiTb, AKi 06'€KTM
BALUOrO AOC/IOXEHHA € XXMBUMWU N YOMY.
[poKapioTnyHi Bipycu 3. ChopmyntonTe BUCHOBOK.
opraHiamu
- - Bipoian
EykapioTnyHi
opraHiamu
MpioHn

e?)al'IMTaHHﬂ Ta 3aBAaHHA

1. [lo xapakTepHuUX BNacTUBOCTEN XWUBOrO
BiHOCATb TaKOX PICT, XXMBMIEHHA, AUXaHHA, ajan-
Tauito. CKnagite AnAa Uux BRacTUBOCTElN Tabnuuo
3 IXHIMK XapaKTepucTukamm Ta Nnpuknagamm npo-
ABy. 2. [leAki BYUeHi He BNeBHeHi B TOMY, LLO Bipycu
MOXHa BiJHeCT! A0 »KMBWMX OpraHi3mie. Ha uyomy

Man. 1.1. Qopmu xnTTa

KntoyoBa iges

Bionoria cknapaetbca 3 6araTbox ranysein. BoHa

BVBYAE XKUBi OpraHiamu Ta ix o6’egHaHHs.

Yci XuBi opraHiamy MakwTb MEBHUN KOMMIEKC
XapaKTepUCTUK, 32 AKUMM iX MOXKHA BigpPi3HUTN
Bi HEXUBUX.

MOXe IPyHTYBaTUCA Taka AymKka? 3. BukopucToBy-
loun fOAaTKOBI Axxepena iHpopmauii (3okpema, IH-
TEePHET), 3HaZiTb NPUKIAAN HAABHOCTI B HEXUBUX
00'€KTIB OCHOBHUX BIACTUBOCTEN XKNBOTO.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 5
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Tema 1. Bctyn

§ 2. bionoriyHi cucremu. PiBHi opraHisayil XuTta

0 [omipkynTe

OpHOKNITUHHY ameby i 6araToKNITUHHY KypKy
MW Ha3MBaEMO opraHismamu. A 6araToKNiTUHHY
neyiHky — Hi. Yomy?

é 3raganTe

o HeXxwuBi 1 XuBi cuctemn

o [lpuKknagn XnBUX cUcTem
pi3HOro piBHA opraHizauii

BionoriuHi cuctemn

Cucrema — 1ie IIiJie, II0 CKJaZaeThcsa 3i
B3a€MOIIOB’I3aHNX uyacTuH (esemeHnTiB). BioJo-
TiYHMMH CcHUCTEeMAaMHM HAa3WBAIOTh CUCTEMU, [0
CKJIay AKWX BXOAATH KUBI opramismm. Biac-
TUBOCTi CHUCTE€MU HE 3BOAATHCA IO CYMH BJac-
TuBOCTEeH i1 cKIagoBux. CyKyIIHICTh CKJIAIOBUX,
SAKi yTBOPIOIOTH CUCTEMY, MA€ BJIACTHUBOCTi, He
npuTaMaHHi KOmZHOMY 3 ii OKpeMUX eJeMeHTiB
(rax 3BaHUU cucreMHuii edexr). Hampukrian,
Taki KUBI cucTeMH, AK KJIITHUHU, € KUBUMU
JIUIIe AK Pe3yJbTaT B3aeMOMii IXHiX CKJIaZOBUX
(oprames, ITUTOIJIA3MU, MeMOpaH). A KOXKHUN
3 IUX eJIeMEeHTiB, BUIIJIEHUN OKPEMO, JKUBUM
OyTu He MOKe.

Oxpewmi Giosoriuni cucTeMu MOKYTh 00’ en-
HYBaTHUCSA, YTBOPIOIOUM CKJIAAHIINII CcHCTEeMH.
Tax, okpeMi KJIiTHMHU, 00’ €IHABIINCH, YTBOPIO-
IOTh 0araTOKJITMHHUII OpraHidam. A mOmysdalrii
pisHUX BUIIB KUBUX OPTaHidMiB MOKYThH OpaTu
y4acTb B YTBOPEHHi ekocuctemu. Taki mocrigos-
Hi 00’eqHaNHS emalIi CKIaIHIiImmnx 6ioorivuamx
CHUCTEM € OCHOBOIO Pi3HOpPiBHEBOI opraHizarii
JKUBUX OPTaHi3MiB.

Bci wactunm 6iosoriuHMX cucTeM MOB’s3aHi
MiK co00I0 3HAUYHOIO KijmbKicTio 3B A3KiB. Taxi
3B’A3KU MOKYTh OyTU MPSAMUMU YU OTIOCEPETKO-
BanuMu. [IpukiaagamMu npsaMoro 3B’ sIBKY € B3ae-
MO/isI BOBKIiB i 3a#iriB y 6io1ieHo03i (BOBKU ITATH
3alIiB) abo MO3KY i cepiisd B OpraHisMi JIIOAUHUT
(MO30K reHepye CUTHAJIU, AKi 3MiHIOIOTH PEXKIM
po6otu cepiist). IIpukaagoM omocepeaTKoOBaHOTO
3B AIBKY € YMOBHUU pedieKc, KOJIM, TUBIAYNCD
Ha JUMOH, y JIOJUHU MOK€ BUIIJIATUCS CJIUHA

a00 HaBiTh BUHUKATHU BiUYTTA KUCJIOTO CMaKy
(AKIII0 BOHA paHiIlle ija JUMOH i mam’sarae foro
cMak). ¥ IIbOMYy pasi mpsamoi B3aemopiil Jromu-
HU 3 JJUMOHOM HeMae, ajie BiATOBigHA peaxIrisd
opraHiaMy BUHHKAE.

Ekocucremum

Exkocucrema — 116 CYKYHHICTH JKUBUX Op-
raHi3MiB, AKi MeINKalTh y IEBHOMY Cepemo-
BUIII iCHYBaHHA 1 yTBOPIOIOTH 3 HUM E€IUHE
minme (man. 2.1). Byab-AKa ekocucTemMa Mae aBa
TOJIOBHI KOMIIOHEeHTH — OioTmuHuUii i abioTmu-
Huii. BioTHYHNA KOMIOHEHT €eKOCHUCTEeMU — IIe
Bci 'KuBi opraHisamMm, AKi BXomaTh mo ii cKia-
oy (TBapuHU, pocauHHU, 6aKTepii ToIo). AbGio-
TUYHUN — Ile KOMIIOHEHTH HEKUBOI IIPUPOIU
(kamiHHS, BOjma, moBiTpsa ToIo). BioTMuHMI
KOMIIOHEHT eKOCHCTeMHU Ha3MBAIOTh 010I€HO30M.

BioTnuHWT KOMIIOHEHT €KOCUCTEM CKJIaza-
€TbCA 3 aBTOTPOGHUX Ta reTePOTPODHUX Opra-
HismiB. ABTOoTpOodHiI opranHisamMm 3maTHi yTBO-
pIOBaTH OpPraHiuYHI PEUOBMHU 3 HEOPTaHIYHUX
3a mormoMoroo abo ¢gorocuHTedy ((hoTOaBTOTPO-
¢u), abo xemocuHTesdy (xemoaBToTpodu). I'ere-
poTpodHi opraHisMu OTPUMYIOTH IIOTPiIOHI iMm
OpraHiuHi peyoBMHU 3 iHIIIWUX OPraHi3MiB.

PiBHI opraHi3auii X1UTTa Ha 3emMni

XapaKTepHOIO 0COO0JHMBiCTIO Bcix OioJioriu-
HUX CHCTEM € HAABHICTH y HUX KIJIBKOX PiBHIB

Man. 2.1. EKkocuctema ctaBKa

6 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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opramisarrii. Ik Bu 3HaeTe, JKUBi Op-
raHi3Mu CKJIaJaloThCsa 3 0araTbox Op-
raHiuHNX MOJIEKYJ — OiJKiB, ByrJe-
BOJIB, *KUPiB, HYKJEIHOBUX KUCJIOT.
ITe i € mepmum piBHeM opraniszarii
SKUTTA — MoJeKyaapHum. Biomoriumi
MOJIEKYJIX 00’ €IHYIOThCA Y CKJIAMHIi-
IIi CTPYKTYPU — KJITUHU, AKi € Ha-
CTYITHUM piBHeM opraHizamii — x.Ji-
MUHHUM.

Kiaituam B 6GaraTOKJITHHHUX
opraHiamMax He iCHYIOTH caMi 1o
cob6i. Bouum o6’emmani B 6igbrri
CTPYKTYpPU — TKAHUHU I OpraHu.
Ile mxanuHHO-OpzaHHULL pPiBeHB
opraHisarii. A TKaHUHHW W OpraHu
00’eIHYIOThCA y CKJAAl opraHismy,
YTBODPIOIOUU OpP2AHI3MOBUll DPiBEHb
opraHiszairii.

Aute i e me He Bce! Opranisamu
He KUBYTHh caMi mo cobi. ¥ mexkax
IeBHUX TEPUTOPifi BOHU YTBOPIOIOTH
rpynu OCOOMH CBOTO BUAY — IOIIY-
JAIil, IKi € CKIaJOBUMU YaCTHUHAMMU
nonynayiiiHo-6u008020 PiBHA Oprami-
sarmii. ITomrynamii X okpeMux BUIIB
B3A€EMOJIIOTH 3 MOMYJIAIIAMYI iHIITNX
JKUBUX OPTraHisdMiB, AKi KUBYTH pa-
30M 3 HUMH. ¥ TakKWi cmocié BoHHU
YTBOPIOIOTH €KOCUCTEMH — CKJIAJO0Bi
eKocucmeMHOz0 PiBHA opraxisaiii.
I, mapemri, Bci eKocucTeMu HaIIol
miaHeTu 06 €IHYIOThCA y CKJIami
Oiocepu, AKa € HAWBUIIUM PiBHEM
opraHisariii JKUBUX CHUCTEM.

Cnig sayBasKkuTu, IO He BCi
JKUBI cmcTeMH MalTh OIJHAKOBY
KimbKicTh piBHIB opramisamii. Tax,
ONHOKJIITHMHHI OopraHisMu He MalOTh
TKaHUHHO-OPTaHHOTO PiBHHA, a y Bi-
PyCiB BiACYyTHI# Ie W KJIITHUHHUNI
piBeHb.

0 Kniouosa iges

Bci »W1Bi opraHiammn € »UBUMU CUC-
TeMamu i BXOAATb 4O cKiagy 6inbLu
CKMagHmx cuctem (y Tomy ymcni fo
cKknagy ekocuctem). HaAaBHiCTb Kinb-
KOX PiBHIB opraHi3auil € xapakTep-
HOIO PUCOI0 BCiX KMBUX CUCTEM.

Pisens
opraHisamii

Moueky-
JSPHUN

Kaitunamin

TraHUHHO-
OpTaHHUNI

Opranismo-
BUH

ITomynaiti-
HO-BUJIOBUI1

Exocucrem-
HU#

Biocheprmit

Tema 1.Bctyn > 20

PiBHi opraHisauii >knBmx cuctem

SKi KoMIIOHEeHTH
00’emnye

I'pynu aTomis,
00’ e THAHUX
Y MOJIEKYJIT

Moaexyiu Ta
OopraHeJid KJIi-
THUH

Kuaitunu, Tka-
HUHU ¥ OKpeMi
OPraHu KUBUX
opraHisMiB

Cucremu op-
raHiB JKUBUX
opraHismiB

OcobuHu OKpe-
MUX BUIIB KU-
BUX OpTaHi3MiB

IMonmymamii
pisHUX BUIiB
JKUBUX OpraHis-
MiB

Bci ekocucremu
nJaaHeTu 3eMJIs

ITpukaaomu

L) M D@q

Boda Hyxaneinosa kucaoma

e

'k : i
y ¥
v |

Biocgepa 3emni
-

e3aﬂVITaHHﬂ Ta 3aBaHHA

1. U moxe ekocuctema CKnagaTuca TinbKyu 3 aBToTpodiB? Bia-
noBigb o6rpyHTyinTe. 2. Ha npuknagi ofgHiei 3 ekocmctem (3a Balum
BMOOPOM) MOKaxiTb, AAKi enemMeHTV BXoAATb A0 iT cknagy i Aiki 3B'A3KM X
06’eaHY10Tb. 3. YN MOXKe 3HMKHEHHA OAHOrO 3 efleMeHTIB eKoCMcTeMu
6yTV MPUUMHOIO TAaKOro MOPYLUEHHA 3B'A3KIB, AKe CTaHe MPUYUHO
3arnbeni Bciei cuctemun? Bignosigb obrpyHTyTE.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Tema 1. Bctyn

§ 3. CepepoBule XunTTA. IOHATTA romeocTasy

\

¢

[NomipkynTe

fIkKuMm cepepoBULEM — MpPUpPOA-
HUM, WTYYHUM UM aHTPOMOTeH-
HO-3MiHEHVM — MOXHa BBakaTu
NMOMeLUKaHHA NIOAUHN, Yy AKOMY
Hapoawunaca i mBe CBilicbKa
TBapuHa?

3raganTe

o BHyTpilWwHe cepepoBuLLe
opraHiamy

o CepepoBue iCHyBaHHA

o OCHOBHI BMAW cepenoBuLL
iCHyBaHHA

o OcobnMBOCTi BOQHOMO, Ha3eMHO-
ro i NOBITPAHOIrO CcepefoBULL

Man. 3.1. CepepoBuLya icHyBaHHA
3 nornAgy BNAUBY NIOAVHU Ha Npupogy

8

Pi3HOMaHITTA cepefoBuLY iCHYBaHHA OpPraHi3mis

YacTuHa IPUPOAU, AKA OTOUYE KUBUU OpPTaHiaM i 3 AKOIO
BiH OesmocepeqHbO B3a€EMOi€, HAa3WBAIOTh CepPexOBHINEM iCHY-
BaHHa. JKuBi opramisMm mOCTiiHO IPHCTOCOBYIOTBCS IO HBOT'O
1 peryamioTh CBOIO JKUTTENIANBHICTD BiIIOBITHO A0 MOTO 3MiH.

IcuyioTh pisHi cmocobu Kiaacudikailii cepemoBuIl] icHyBaHHA.
Y momepenHix KJjacax BU BiKe i3HAJUCHA, IIO iCHYIOTHL BOJHE,
HazeMHe Ta MOBiTpAHe cepemoBuIllna icayBanud. OcobsuBuMu ce-
pefoBUINIaMY iCHYBaHHA € TPYHT Ta JKUBi opra"iamu (Bcepeauui
¥ Ha OBEPXHIi ITUX OPraHi3MiB MOKYTh JKUTHU iHIII opraHiaMmu).

Aute, BpaxoBYIOUM 3HAUHHUUM BILIUB JIOAWHU HA IPUPOAY,
aKTyaJIbHOIO € KJjacudikalia cepeqoBuUIl] iCHYBaHHS, IKa KOH-
CTaTye CTYIIiHb 3MiHEHHSA CepemoBUINA JIOAUHOIO. 3TiHO 3 Iiei0
KJjacupikaiiew, BUIIIAOTh IIPUPOIHE, aHTPOIOTEHHO-3MiHEeHE
i mryuHe cepemoBumia (maj. 3.1).

IIpupogHuM Ha3WMBAIOTHL CEPEeIOBUIIE, AKe He 0yJo (ado maii-
JKe He OyJIo) 3MiHeHe JIIOACHKOIO AisabHicTio. IIpukaagamu Ta-
KHX CepeoBUINl MOKYTb OYTU eKOCUCTEeMU 3allOBiIHUKIB, Ieuep
Ta iHIIUX MiCIlb, 1O AKUX YTPYAHEHO AOCTYII JIIOJWHU.

AHTPOTIOTEHHO-3MiHEHMM € CcepeJoBUIle, Ha SdKe JIIoJUHA
IOCTAaTHHO CUJIBHO BIIJIMBAE, i Ile € MPUYMHOIO 3MiH y IUX Cce-
penoBuinax. IIpuKJIagoM TaKOro cepemoBUINA MoKe OyTu piu-
ka [Hinpo, Teuia AKOI 3aperyJiboBaHa CHUCTEMOIO BOJOCXOBUIII,
a y BOAY IOCTiHO HaOXOAATHh Pi3HOMAHITHI 3a0pyIHEHHS aH-
TPOIIOTEHHOTO IMOXO/YKEeHHS.

IITyuni cepemoBuilia CTBOPIOIOTHCS JoauHOI0. OpraHismu,
AKi "KUBYTh Y TAKUX CePEeOBUINIAaX, BUKOPUCTAHI JIIOAMHOIO B Pis-
HOMAaHITHUX TOCIOJapChbKUX a00 HayKOBUX Iiaax. [lo mTydHux
CepemoBUII HAJIEKATh IMOYKUBHI CEPEOBUINA IJI BUPOIIYBAHHA
MiKpoopraHisamiB y JabopaTopiax, cepemoBuIia B 6i0TexXHOJIOTiU-
HUX peakTopaxX Ha BUPOOHUIITBI, TiPOMOHHI KYJIBTYpPH TOIIO.

3HayeHHsA romeocTasy anAa XMBUxX CUCTem

T'omeocTas — 1ie BiTHOCHA CTAJIICTh CKJIAJy Ta BJIACTHUBOCTEN
0ioJIOTIUHUX Ta eKOJIOTiUuHuX cucTeM. BiH € XxapaKTepHOIO O3Ha-
KOI0 BCix piBHIB opramisarii KUTTA i HeOOXiHOIO yMOBOIO IJIs
dyHKIiOHYBaHHA 0i0JOTIYHMX Ta EKOJIOTIYHMX CHCTEeM pPi3HUX
PiBHIB opranisarii. ¥ peayiabTaTi mpoIeciB B3aeMoii eileMeHTiB
CUCTEeMU Ta BILJIMBY Ha Hel Pi3HUX (paKTOPiB roMeocTas MOCTiHHO
MOPYIIIYETHCSA, ajie OAPa3y K i BigHOBIIOETHCA. 1le BigHOBIEHHA
3IiMICHIOETHCA 3aBAAKU caMOperyJAmii OiosoriuHux cucrem.

Ha piBHi oxpemMux KJiTuaH ab0 OJHOKJIITHMHHUX OPraHis-
MiB roMmeocTras IiATPUMYETHCA 3aBAAKU IMPUCKOPEHHIO YU YIIO-
BiJibHeHHIO OioxXiMiuHMX peakIliii, 3MiHI CTyIeHA HPOHUKHOC-
Ti KaiTmHHOI MeMOpaHM Ta peryJsdailii po6oTu IIeBHUX TeHiB.
B exocucremax crabinbHiCcTL HiATPUMYETHCSA 3aBAAKHN 3MiHi
KiJIBKOCTi 0COOMH y HMOMYJIAIisIX BUAIB, B3A€MO/Iil PisHUX BUIIB

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Mix co00I0, BIJINBY OpPTaHi3MiB Ha CTaH cepeso-
BuIla (HaOmpuKJIazg, (GOopMyBaHHS OCOOJUBUX
MiKpPOKJiMaTUUYHUX YMOB y JIICOBOMY MacuBi)
TOIIO.

[igTpMaHHA romeocTasy Ha NpuKnagi
OpraHi3my NogNHN
IlizTpuMaHHSA TOMeoCTa3y OpPraHidMy JIIOoM-
HUM MOJKJIHBO 3a yYMOB BimHOCHOI cTabiJbHOCTI
KiJIbKOX IIapaMeTpiB MOro BHYTPiIlIHLOTO cepe-
moBuiia. IlapaMeTpm BHYTPIITHBOTO CeperoOBU-
Ia OpraHiaMy JIOOWHU, AKi € BAXKJIUBUMU IJII
OiATPUMAaHHA TOMeoCTasy:
* KpoB aAHU# TuUCK (y mopocioi
aognau — 120/80 MM pT. CT.);
+ Temmeparypa Tinza (35,5—37°C);
+ pH kposi (7,3-7,45);
* KOHIIEHTpPAI[isI TOPMOHIB;
* KOHITeHTpAallid KucHio Ta Kapoou(IV)
OKCHUIY B KPOBi;
* KOHIIEHTpAIlisd TJIIOKO31 B KPOBIi;
* KOHIIEHTPAIIis coJieli MiHepaJIbHUX
PEUOBWH y piAWHaX Opra”iamy.

Ile BabesmeuyeTbcsa AiAJBHICTIO TPHOX pe-
TYJATOPHUX CUCTEM: HEPBOBOIO, I'yMOPaJIbHOIO
Ta imyHHOIO0. Hepsosa i zymopanvra cucmemu
peryJamoioTh i KOOPAMHYIOTH pPOOOTY Oprawis,
a iMyHHa B3axXWIla€ OpPraHi3M Big HOpPYIIeHb,
AKI MOMKYTh CIIPUUYMHUTH iHIII opraHismMu aco
MKiJIMBI peYOBUHMA.

HepsoBa peryadmia 3aificHIOETbBCA 3a JOIIO-
MOTOI0 iMITyJIbCiB, IO IIepefaloThCcA IO MeMO-
paHax HEePBOBUX KJITWH, TOAI AK TI'yMOpaJbHa
crucTeMa peryJiioe IIPoIecy B OpraHiaMi 3a momo-
MOTOIO CIEeI[ilaJIbHUX XiMiYHMX PEeUOBUH — TOP-
MOHiIB. B3aeM03B’sA30K ABOX THHIB PeryJAIlii
TPOABJIAETHCSA B TOMY, III0 HEPBOBA I I'yMOpaJb-
Ha CHUCTeMHU BIJIMBAIOTH OJHA Ha oaHy. Tak,
HepBOBa CHUCTEeMa MOXKE CIPUUYUHATH 3MiHY iH-
TeHCUBHOCTI BUIiJeHHs 0ioJOTiuHO AKTHUBHUX
pEeUYoBUH, a MiA TOPMOHIB MOKe 3YMOBJIIOBATHU
BUHUKHEHHS HEPBOBUX IMITYJILCIB i peryamoBaTu
pobOTy OKpPEMUX YaCTUH HEPBOBOI CHUCTEMM.

0 Kniouosa iges

Bci MBI opraHiamu € XXnBMmMU cMcteMamu i BXo-
OATb Jo cKknagy 6inblw cknagHux cuctem (y Tomy
uncai o CKnapy ekocmuctem). HasBHICTb KinbKox
PiBHIB OpraHi3auii € XapaKTepHOKW PUCOID BCiX
KMUBUX CUCTEM.

Tema 1.Bctyn > 20

PiznomaniTHi (hakTOPM MOCTINIHO BIJIMBA-
IOTh HA OPraHi3M JIIOWHU i MOPYUIYIOTH HOTO
roMeocTas. 3 HE3HAYHUMHU BIJINBAMHU OpPTaHi3M
3/]aTeH yIopaTucA NOCUTH JIETKO, a i3 CHJIBHU-
Mu — ckJaagHimie. IIpukiIamoM CHIBLHOTO BILINBY
MOsKe OyTU CTpecoBa peakIid.

Crpec

Crpec — 11e HecmenudivHa HeHAPOTyMOpaIb-
Ha BiAIIOBiAb OpPraHisaMy Ha CUJIbLHUI 30BHIITHIiN
BiauB. BiH BuHMKae B pasi aii Ha opranism
YMHHUKIB, AKi mopymryioTh romeocras. OcHOB-
Ha (YHKIIig cTpecy — Iie aJalTallid OpraHiamMy
IO YMOB, ITI0O 3MiHMJINCSA, HOTO IIPUCTOCYBAHHS
0 KOHKPETHOI cuTyarrii.

Y cTpecosiii cuTyarii opramismM Mob6ijgisye
CBOI pecypcu i moBepTae romeocras O CTaHY
piBHOBaru. AJjie Iie IpaIlioe TiJIbKM Ha Bigmoc-
HO KOPOTKHUX IIPOMiKKax dacy, ajKe pecypcu
opraHiamy, AkKi Mo00inisye cTpec, He € HeCKiH-
yeHHNMHU. SIKIIIO cTpecoBa CUTYyallid CTae TPU-
BAJIOIO, TO Ile IIOUYMHA€ HeraTHUBHO BigOumBaTuCA
Ha cTaHi opramismy.

Bnnwue Tpusanoro ctpecy
Ha Pi3Hi cucTeMn opraHi3my fanMHN

Mo:xanBi HacTigKu gil cTpecy

Cucrema
Ha CHCTEMY
Hepposa 3MmiHa HACTPOIO, Jempecis, MOPYyIIeH-
BOB .
p HsI KOHIIEHTPAILil, roJI0BHUI 0iIb
IligBUIlleHHA YaCTOTU CKOPOUYEHD
Kposonocua .
cepIldA Ta apTepiaJbHOTO TUCKY
3MeHIIIeHHSA 3JaTHOCTI IPOTHUCTOS-
ImynHa . .
TH 1IHQEKI1AM
Tpasua Boai y maynry, Hygora
ITopy1ienHsa po6OTU PEIPOAYKTUB-
CrareBa py AP pempony
HUX OpTaHiB
OmopHo- Binb y cyriobax i m’s13ax, mopyIeH-
pyxoBa HS CTPYKTYPHU KiCTKOBOI TKAHUHU

03aI'II/ITaHHFI Ta 3aBOAHHA

1. [lo AKkoro Tuny cepefoBuLy iCHYBaHHA MOXKHa Bif-
HecTu none Kykypyasu? Bignosigb obrpyHTyiTe. 2. Bu-
6epiTb GionoriyHy cmcteMy ofHOro 3 piBHIB opraHisauii
KUBOrO i CKNagiTb CNUCOK ¢daKTopiB, AKi MOXYTb MoO-
pywuTn ii romeocTtas. 3. Ha nprknagi KOHKpeTHOI eKo-
CUCTEMU MOACHITD, AK BiOYBAETLCA NIATPUMAHHA PiBHO-
Bary B Uil KOHKPEeTHIn ekocucTemi. 4. CKknagiTb CNUcKn
MO3UTUBHUX | HEraTUBHMX HaCNiAKIB CTpecy B NIOANHMN.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 9
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Tema 1. Bctyn

§ 4. Hayka Ta HayKOBMW MeTopA Ni3HaHHA

0 [omipkynTe

B AKMXx BvMagKkax yyeHi MOXyTb 3aCTOCOBYBATU Tifib-
K/ TEOPETMYHI MeToan AOC/iIXeHHA?

e 3raganTe

« Tanysi 6ionorii
« HaykoBi Teopii B ranysi 6ionorii Ta ekonorii
o BHecok yueHunx, AKi cTBOpunu Ui Teopii

Hayka. HaykoBi rinotesm Ta Teopii

Hayka — me cdepa AissIbHOCTI JIOAWHWU,
sAKa MpUCBAYEeHAa 3400YTTI0O HOBOTO 3HAHHS IIPO
HaBKOJUIIHIN cBiT. OCHOBOIO HayKOBOI'O IIi-
3HAHHA € MOo0yA0Ba CUCTEeMU AOCTOBIPDHOTO 3HAH-
HsdA, [0 I'PYHTyeThcA Ha (arrax. Paxmom €
CIOCTepeKeHHA ab0 eKCIIePUMEHT, AKUI MOoiKe
OyTu BigTBOpeHHUIi Ta mmiaTBepm:kenuii. IIpore
TIYMA4YUTH OJHE i Te caMe CIOCTePEeKeHHs pis-
Hi BUE€HI MOKYTH IIO-pPiBHOMY.

Ha ocHoBi amamizy (axTtiB chopmoBano
rimore3m — OOIPYHTOBAHI NPUNYNIIEHHHA, SAKi
mi (aKTu MOACHIIOTH. SIKIMO HOBI (akTu He
MiATBEPAKYIOTH TillOTe3y, TO BUCYBAIOTH HOBY
rimoresy. fAKImo K rimoresa moOpe y3romKyeTh-
cA 3 HaABHUMU (aKTaMM U HO3BOJIAE POOUTHU
MIPOTHO3M, IO 3TOAOM IIiATBEPAKEHi, TO BOHA

EnemeHTN

A ®opmanbHi
3
Tem TEOPIA i,

3MicTOBI

Kareropii Mpasuna
loei Ta iH.
OyHKuUiT
CuHTesytova MoAcHtotoua MporHo3ytoua

Man. 4.1. OCHOBHi KOMMOHEHTIN HayKoBOi Teopii

cTae OCHOBOIO HayKoBoil Teopii. HaykoBa Teo-
pig — Ie cucreMa ysaraJbHEHUX 3HAHb, AKa
MOSICHIOE HaABHI (akTu, (GOPMYJIIOE 3araybHi
3aKOHU, AKUM Ii (PaKTU TiJIOPAIKOBYIOTH-
cd, i mo3BoJsisie TepenbauaTy HeBimomi paHirie
asuia (maJua. 4.1). Ajle BUHUKHEHHSA HAayKOBOI
Teopii He os3Hauae, 10 BOHA € BiuHoo. HoBi
IaHi, oTpuMaHi B MalOyTHbOMY, MOMKYTH IIO-
TpebyBaTu ii KOpeKIrii.

EmnipuyHi gocnigkeHHA

Huna orpumanuAa HOBuUX (akTiB Ta Gdop-
MyBaHHs TrimoTe3 i Teopiii cyuacuHa O6ioJioris
BUKOPUCTOBY€E PiI3HOMAHITHI HAyKOBI MeTOIH.
Ix moskHa poszimmTm Ha ABi Benmki rpymm —
eMIipuyHi Ta TeopeTnuHi. ¥ pasi 3acTocyBaHHA
eMITipMYHUX METOJiB MPAaIIOI0Th i3 IIPUPOSHU-
MU 00’eKTaMM, BU3HAUYAIOUM IXHi BJIACTHBOCTI.
Ho Takmx MeTOIiB HaJIEKaTh CIIOCTEPEKEHHSA
Ta eKCIIePUMEHT.

Y xoni cnocmepesceH s JIUIlle PEECTPYIOTH
XiT TpPUPOAHUX MPOIECiB, He BTPYyUYAIOUUCH
Y HBOTO, III0 € CYTTEBOIO IIepPeBaroiw IHOT0 Me-
TOMy. SIKIIIO cHoCTepe:KeHHA B3MiMCHIOIOTH 3a
OKpeMuM OiosoriuamuM 00’€KTOM, TO TAKUHA THUII
CIIOCTEPEKEeHHS Ha3WBAIOTh ONUCOBUM. SIKIITO K
miT yac CIIOCTepe)KeHHs MPAaIloioTh OJpasy
3 KimbKOoMa 006’eKTaMu, a TMOTIiM IMOPiBHIOIOTH
pe3yJabTaTH, TO TAKUU THUII CIIOCTEPEKEeHHA Ha-
3UBAIOTh nopiéHaabHuUM. IlepeBara ommMcoBUX
IOCJIi)KeHb II0JIATaE B TOMY, 1110 Ha 00’€KT CIIO-
CcTepesKeHb HisIK He BIIMBAIOTh. AJie B IIbOMY
BUMNAJKy Ba’XKKO BUBHAUUTH POJIb PidHUX (hak-
TOPiB y mepebiry meBHUX NPUPOJHUX IIPOILECiB.

OpuuM i3 BapiaHTiB CIIOCTEpPE:KEHHS € MO-
HimopuHnezogi 0ocaidxieHHs, AKI 3AIHCHIOIOTH
3 meBHOIO IepiogmuHicTio. IlepiogmunHicTh HO-
CIiM:KeHb MOKe OyTH pPisHOIO i 3a/IeKUTh Bin
mocTaBjeHol MeTu. BaraTopiuHWiT MOHITOPWHT
JIO3BOJISIE BifICTE)KyBaTH 3MiHU B €KOCHCTEMAaX,
BCTAHOBJIIOBATH BILJINB Pi3HUX (PAKTOPiB HA KUBi
opraHiamu, OI[iHIOBATH AHTPOIOTeHHUU BILJIUB.

¥ xoni excnepumenmy BinOyBaeThCA aKTUBHE
BTPYYaHHA y IPUPOAHI IIpoIlecHu, Il 4ac sSKOTO
MITYYHO (DOPMYIOTh YMOBH, Yy IKUX BiIOyBa€TbCA
excuepuMeHT. 1le 103BOJIAE CTBOPUTY CUTYAIIilO,
KOJIM MOJKHA JOCTiamTH mito Ha Oiosoriumi mpo-
mecu Jjuilie ogHOTO (haKTOpa, 3aJIUINAIOUM 1HIITI

1 O MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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daxTopu HeaMmiHHUMU. Hemoyrikom Takoro mif-
X0y € Te, IO MITYYHO CTBOPEHiI yMOBH eKcC-
HIePUMEHTY MOKYTHh HO3HAUaTHCA Ha HOPMAaJIb-
HOMY (yHKIIiOHyBaHHI Oiosoriunmx 00’€KTiB.

B exkcriepuMeHTaAJIBHOMY METO/Ii JOCJiIKeHb
3a3BMUAll 3aCTOCOBYIOTH KOHTPOJb (KOHTPOJIb-
HUN OOCJIiT). Moro smificHO0TH y THUX caMUxX
YyMOBAaX, IO I eKCIIEPUMEHT, ajieé BUKJIIOUYAIOTh
miro (pakTopa, AKUN DOCHiIKYyIOTh. Takum uu-
HOM, IIOPiBHIOIOUM Pe3yJIbTAaTU KOHTPOJIIO I eKc-
IepUMEeHTy, MOKHA BUOKPEMUTH Hil0 (paxTopa,
AKUNA BUBYAIOTH.

TeopeTnyHi gocnig»keHHA

¥V pasi 3acTocyBaHHA TEOPETHYHUX METO-
IiB 3 00’€KTOM [OOCJiI:KeHHs 0e3locepesHbo He
IpaIiooTb, a BUBUAIOTh Horo (hidmuHi um mare-
MaTUUYHI Momesi. ¥ TeopeTHUYHUX MeTodaX BU-
IiIAOTH MOIENTIOBAHHSA, MAaTeMAaTUUHY O0OPOOKY
maHux (cmamucmuyHuil METOX) TOIIO.

Mamemamuuny o0poOKYy RAaHUX 3AiNCHIO-
IOTh IicJd 3aKiHUEHHS CIIOocTepesKeHHs abo eKc-
nepuMeHTY. BoHa [03BOJIsIE HAa OCHOBi oTpmMa-
HUX JaHuX 3’sAcyBaTH 3B’ A3KU MiK OKPEeMHMU
mapaMerpaMu OiOJIOTIiYHHMX CHCTEM, BUBUUTHU
BILIMB OKpeMux (haKTOpiB Ha OiojyoriuHi cwuc-
TeMH Ta 0COOJMBOCTL IXHBOI B3aeMOmIii.

OcHOBOIO M00enl08aHHS € CTBOPEHHS IIeB-
HOI Teopii 1mozo meBHOI OiosoriuHoOil cucTeMmu,
10 MIiCTUTh HpaBMJa, 3a AKUMU BimTOyBamOTh-
cAd 3MiHM B OioJIOTiUHMX aHaJIi30BaHUX CHUCTE-
max. Iliciss cTBopeHHsA Takoi Teopii 3amaroTh
mouaTKkoBi mapamerpu (ToOTO BM3HAYAKIOTH IIO-
yaTkoBUil crtaH cuctemu). Ilorim, 3azBmuain
3 BHUKOPHCTAHHAM IIOTYKHHX KOMI I0OTEpPiB,
pobaAThE aHAaNi3 — AK OyJe 3MiHIOBATHCS CHC-
TeMa y BUIAAKY Oil mpaBuJl BUCYHYTOI Teopii.
PesyabpraTtu 3icTaBAAITHL 3 peaJbHUMHU (pakKTa-
MU IJIs HasgBHUX OioJioTiuHuUX cucreM. SAKIIO
BiIXMJIeHHS BiJ IPpUPOIHUX IIPOIlECiB HEe3HAUHI,
TO B TE€OPil0 i MoJesah BHOCATH HEBEJNIUKI mpaB-
KN Ta IPOJIOBXKYIOTH MOCTiM:KeHHsS. K0 K
BiIXUJIEHHA € CYTTEBUMU, TO CTBOPEHY TeOPiio
BiIKMIAIOTh i IPOIOHYIOTH HOBY.

0 Kniouosa iges

Hayka — ue cbepa AianbHOCTI nogMHK, npio-
puTeTOM Yy AKiN € 06'€KTMBHE, a He Cy6'eKTVBHe
CNPUAHATTA AiNCHOCTI, a byab-aki cdopmoBaHi
Teopii 1 rinoTe3n NpMIMaloTbCA TiNbKK Nicna 6a-
raTopa3oBoOi NepeBipKu.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Tema 1.Bctyn > 20

MogenoBaHHS IMHMPOKO BUKOPUCTOBYIOThH
Y THX CUTYyAaIlifgX, KOJHU IIPOBEeJeHHA PeaJlbHOr0
eKCIepuMeHTy HeMo:KJuBe. Tak, HaAIpUKJIAI,
JOCTiIKYIOTh €BOJIIOIiTHI IIpoIiecu, 3MiHI KO-
cucTeM y ILIaHETAPHOMY MacIiTabi ToImo.

Mpobnema HeHayKOBOrO Ni3HaHHA

OCHOBOIO HAYKOBOTO IIi3HAHHA € 00’ €KTUB-
HicTsb. ToOTO Bci oTpumaHi maHI TPUIMAaIOTH
AK (paKTH TIIBKU IIiCJS PETEeJbHOI IIepeBipKu
i HesaJIe:KHOTO IMiATBePIKeHHA. JIKINO K miaxisn
IO IIPOBENEHHSA NOCIiIKeHb CTae Cy0’ €eKTUBHUM
i oTpuMaHi faHi cIPUITMAIOTh OJHOOIYHO 3 irHO-
pPyBaHHAM (haKTiB, AKi He TiITBEPIKYIOTh BUCY-
HYTYy rimoTesy, TO TaKe ITiBHAHHA € HEHAYKOBIIM.

Ha xanb, sapas y 3MI uacTo momupooTh-
cA TceBAOHAYKOBi Teopii. IlpmuwmHOIO 1mBOTO €
1 eleMeHTapHa HeOCBiUeHiCTh, i OaKaHHS OTPU-
MaTH MaTepiaJbHi BUTOAU IMJIAXOM YBeIeHHS
YaCTUHU JIOJell B OMaHy. 3alobirtu mbomMy
MO:KHa, BUKOPHCTOBYIOUM HAYKOBi MeTonu min
yac aHaJi3y TaKWMX TeOopill Ta TBepIKEeHb Ta
PO3BMBAIOYM BJIACHE JIOTiUHE MUCJIEHHS.

® MpakTuyHa poboTa

3anponoHyeamu/cnpocmyeamu 2inomes3y 3a 3ada-
HUM MmeepOXKeHHAM

1. Bubepitb ABa TBEPAKEHHA 3 HaBedEeHUX: a) Poc-
NIMHN € aBTOTPOOHUMU oOpraHiamamu; 6) TBapuHU
Ta POCSIVHU CKJIAZaloTbCA 3 KIIiTUH; B) AeAki Myxu
CXOXi Ha 6N i A3vKuaTb, AK 64KoNK; ) 64XKonn
BKa3yloTb 3a [OMOMOrOI TaHU iHWUM 6axonam 3i
CBOrO BYJSIKA@ HanpAMOK NONbOTy A0 Axepena iXi.
2. inA KoXHOro TBEpAXKeHHs chopMynioiTe rinoTesy,
AKa MOro MOACHIOE.

3. 3anporoHyiiTe cnocobu NepeBipKy BaLloi rinoTesu.
4. Coopmyniolite BUCHOBOK, Y AKOMY BKaXiTb, LLO
cnig ypaxoByBaTu Nif Yac BUCYBaHHA rinoTtesn.

03aHMTaHHH Ta 3aBaHHd

1. CknagiTb CMMCOK MOXMBUX AOCHIAXKeHb, ANA
AKNX 3aCTOCYBaHHA TEOPETUYHUX MeTomiB Oyde 6GinbLu
OOUINbHUM, HiX eMnipuyHuX. 2. Ha KOHKpeTHuX npwu-
Knagax MoOACHITb BiAMIHHOCTI MiXK HayKOBUM i HeHa-
YKOBUM Mi3HaHHAM. 3. [TOACHITb, UMM HayKoBa rinoTesa
BiAPi3HAETbCA Bi HayKoBOI Teopii. 4. Bukopucrosyio-
UM oHATKOBI AXepena (3okpema, IHTepHeT), 3HangiTb
KOHKPEeTHi NpuKnagun, Konu BiACyTHICTb 06’€KTMBHOrO
nigxopy A0 AoCnifXKeHb cTana NPUYMHOK HeraTuBHUX
HacnigKiB AnA cycninbcTBa.
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Tema 1. Bctyn

§ 5. MNpuHUMNU NnaHyBaHHA GionoriyHOro Ta eKonoriyHoro

AOCNIg»KeHHA Ta HAYKOBN MeToA Ni3HaHHA

0 [omipkynTe

Lo € npegmeTom, a WO — 06’EKTOM y JOCHIAMKEHHI
«BnnvB KinbKOCTi JOOPYBA Ha PICT POCH Lnbyni»?

Q 3raganTe

» HaykoBun meTop ni3HaHHA

o EkcnepumeHt

o CnocTeperkeHHs

» MoHiTopuHr

o OCHOBHI MeToau 6ioNOriYHMX AOCAIgKEHb

[MnaHyBaHHA JocCnigXeHHA

IlnanyBaHHSA — HaAWUBaKJIUBIMINUI eJIEMEHT
HAYKOBUX JOCJiJ?KeHb, II[0 CTAHOBUTH HUBKY II0-
caimoBHUX eTariB pobotu. Ilin muanyBaHHAM pO-
3yMiIOTh BU3HAUEHHS I[ijieii, 3aBIaHb i 00’ €KTiB
IOCTil’KeHb, PO3POOKY CXEMH eKCIIepUMEHTY,
BHOIp ONTHUMAJNBLHOI CTPYKTYpPHW HOCHiAy U mi-
JAHKU AJIA WOTO ITPOBENEeHHA.

CTpyKTYypy NIJIaHYBAaHHA MOKHA IOJIJIUTHU
Ha JBa eTamu.

Ha mepmiomy erami mianyBaHHA BinOyBa-
€ThCA:

- Bubip Temu;

* BUBHAUEHHA aKTYaJIbHOCTi JOCJiIKeHb;

- (hopMyIIOBAHHSA Iijiell i 3aBHaHBb HOCJIi-

KEHDb;

- BuOip 06’exTa abo 00’€KTiB MOCIiIKEeHb;

- 30upadHsa ¥ KPUTUUYHUI aHaIi3 HasgBHOIL

iropmailrii 3 mocaimsKyBaHoOI mpobJieMu;

» (hopMyTIOBaHHA I BUCYBaHHSA POOOUUX Ti-

more3 (TEOPeTHUUHUX MofeJeir).

Ha gpyromy erami mianyBaHHA Big0OyBa-
€ThCcA PO3pobOKa IIporpamMu OOCJaiAKeHb. BoHa
MiCTUTB:

- BUBHAUEHHA PO3IiJaiB mociaigHoi poboTu;

* BUBHAUEHHS MicIls i TepMiHIB iX BHKO-

HaHHS;

* CKJIAJAaHHA CXeMHU IIPOBEeJeHHS IOCJimiB

3a KOXKHUM PO3IiJIOM;

* CKJIAaJaHHA KaJeHIapHOTO IIJaHy poobiT

3 HiATOTOBKY Ta IIPOBEJEHHSA AOCJiAY;
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* CKJAaJaHHsA IIJIaHY CIIOCTEPEXKEeHb 3 KOH-
KPeTHUM 3a3HaueHHIM TePMiHiB i yacToTu
poBeZieHHA OOJIiKiB i cmocTepeskeHb.

DopmynioBaHHA Npobnemu, MeTu
i 3aBAaHb AOCiIAXKEHHSA

Bubupatouu TeMmy mOCIIiAKeHHS, CJIil Kepy-
BaTHCA TAKUMU KPUTEPiAMHU, AK aKTyaJbHICTH,
HOBHW3HA, MNepCclIeKTuBHicTh. IIpobaema, mida
poO3B’sI3aHHS SAKOI 3MiMCHIOIOTH HAYKOBE OOCJIi-
IKEeHHs, Mae OyTH YiTKO i OJJHO3HAUHO BU3HAaUe-
Ha. SIKIMO BoHA He MoKe OyTu chopMyabOBaHA,
TO BOHA He MOKe OyTu I po3B’s3aHa.

YceBigomuBmiu mnpobseMy, cJaig BU3HAYU-
TH 3aJadvi, BiAMOBimi Ha AKi YMOMKJIUBIATE ii
posB’asauHA. BigmoBismi Ha HUX OTPUMYIOTH
3 eKCIepHMEeHTIB, KOKeH 3 AKHUX Iepeadadae
iTKO chopMysboBaHy MeTy. Takoio MEeTO MO-
JKYTh OyTHu rinoresu, siki moTpibHO mepeBipuTH;,
abo e(pexTH, 110 MAIOTh OyTU OIliHEHi.

IIin yac mpoBemeHHA MOOCIIAKEHHS CJIif
oOMeXuUTHuCA paMKaMu caMe TOro IIHUTaH-
HsA, Ha sKe 0OaXaHO OTPUMATH BigIOBiAb.
Bo BuTpauamHs HasgBHHUX pecypciB i wacy Ha
po3B’A3aHHA IHINIUX NUTAHb MOJKE CTATHU IIPU-
YMHOIO TOTO, IO 3aBAAHHS TOCJi’KEeHHS He
OyayTh BUKOHAaHI.

Bu3HaueHHs 06'ekTa
Ta npegmeTa JOCNigXeHHA

00’eKTOM IOCTiI)KEeHHS € Te, HA IO CIIPs-
MOBaHa IIidHaBaJbHA MiJbHICTH JOCJiIHUKIB.
Y 0GioJiorii Ta exosorii 00’eKTaMmu OOCJIimsKeHb
€ Oiojyoriuni Ta exoJjoriuHi cucremu. A mpen-
MeTOM JOCJiIKeHHSA € IIeBHAa BJIACTUBICTE JOCJi-
mxyBaHOTro 00’eKkTa (Mas. 5.1). Hampukian, min
yac MOCTIM:KeHHS Mirpaiiii KaskaHiB 00’eKToM
IOCHiIPKeHHs € IpPeICTaBHUKU PANY PyKoKpu-
Ji, a IpeaMeTOM IOCJiI:KeHHsS — OCOOJIMBOCTL
MOBEIiHKM ITMX MPeACTABHUKIB, IO IIOB’s3aHi
i3 cesoHaMU POKY.

Bubupamouu 06’€eKT mOCHigKeHb, IIO-
TpiOHO cmumpaTHcsa Ha IOCTaBJeHi Iiji ¥ 3a-
BIAHHS, T'OCIOJapchbKe II HAYKOBe 3HAUYEHHS
pisHmX 00’€KTiB, MJIAaHOBAaHUX METOAUK i 310-
poBoro raysay. MabyTb, y pasi mocuimskeH-
HA Gaopu um GayHHW YKpaiHM HEIOIiJIbHO

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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O06'eKT Mpegmet
NoCnigXeHHs NoCnig»KeHHs

Man. 5.1. MNpuknagn o6’'ekTiB i NpeaMeTiB AOCNIAKEHHA:
KaXkaH € 06'€KTOM, a MOro 34aTHICTb A0 exonoKauii —
npeaMeToM AOCHIAXKEHHA; MaBnu € 06'€KTOM, a iXHA MoBe-
JiHKa — npeameToM JOChigKeHHA

BUOUpATH SIK 00’€KT BUBUEHHS KPOKOAMJIA, Ka-
BOBe JepeBo abo QpiHiKOBY maabmy.

BuBuennsa HayKOBOi JiTepaTypu € BaKJIu-
BUM eTamoM PoOOTU, IO A03BOJSE YHUKHYTHU
HemmoTpibHOro ayOJiIOBaHHS. BiaacHe Kayyuu,
dopMyaIOBaHHSA TeMH, IiJeil i 3aBmaHbL MOCJIi-
IKeHHsS Ta BuMOip 00’eKTa I mpemgmeTa TOCJi-
MPKEeHHA HeMOJKJIUBi 0e3 3HaHHA HAABHUX Y IIii
chepi HAyKOBUX TaHUX.

Heob6xigHo mobpe sHaTm, II0 caMme B Iii
rajaysi HayKu € B:Ke BUBUEHHUM, a IO — 3a-
JUIITAETHCA HEBiTOMUM, 1 YiTKO YABIATH, YOMY
Ile HeBUBUEeHe BaXKJIUBO pocaizutu. Kpim Toro,
HiKOJIK He pPOOJIATHL BUCHOBKIB BUHSATKOBO HAa

0 KniouoBa ines

Bynb-sike 6ionoriyHe gocnigkeHHA noTpebye pe-
TeNIbHOro nfaHyBaHHA. Pe3ynbTaTy noraHo cnna-
HOBAHOIO AOCNIAXXEHHA HEMOXKNMBO MPaBUSIbHO
OUiHUTY i BUKOPMUCTATML.

Tema 1.Bctyn > 20

mizcTaBi CBOTO €KCIEPHUMEHTY, HaBiTh SKIIO
Imell eKcIlepuMeHT i OyJ0 HpoBemeHO KijabKa
pasiB. Ilo yBaru 3aB:kam 0epyTh iH(popMmaIiiio,
HaBeJleHY B HAYKOBUX NIyOJIiKaIigx.

@ MpaKTyHa poboTa

Cmeopumu nnaH npoeedeHHA Giosozi4Ho20/eKo-
J102i4H020 OOC/NiOMEeHHA

1. BusHaute Temy cBOro AochnigkeHHsa (BnbepiTb
OfHY 3 HaBefeHux abo 3anponoHynTe cBot): a) da-
rotepania — MepCnekTUBHUA MeToA MNOJONaHHA
6aKTepianbHKX iHOeKUili; 6) pPosib FrEHETUKM Ta MO-
NEeKYNApPHOI 6ionorii B OCNIgKEHHI NOXOAXKEHHS Jto-
[VIHW; B) BMAVB JIIOAUHM Ha €KOMOTiYHi cucteMm Ta
eBontoLito 6iocdepw; r) BNAMB omenun 6inoi Ha cTaH
LEPEBHMX HAaCagKeHb.

2. Cknagitb nnaH CBOro AOCHiAMXeHHA.

3. ChdopmynioiTe BUCHOBOK, y AKOMY BKaXiTb, LIO
cnif ypaxoByBaTu Mif, Yac MiaHyBaHHA GionoriYHMX
nocnigXeHb.

@ MpaKkTnyHa poboTa

Pospaxyeamu OCHO8Hi cmamucmu4Hi nokas-
HUKU 0N NOpi8HAHHA MiHAUeocmi 6iono2iyHux
o06’ekmie (cepedOHe apugpmemuyHe, MmediaHa,
cmaHoapmHe 8ioxuneHHs, Koeiyienmu Qiwepa
ma CmeiodeHma)

1. 3p06iTb BUMIpK ABOX XapaKTEPUCTUK Oyab-AKNX
6ionoriyHnx 06'eKTiB (Hanpuknag, OOBXUHU abo
LUVPUHW JINCTKIB, Macu A6GNYK NeBHOIO COPTY TOLLO).
2. Po3paxyiite cepefHe apudmeTnyHe, MepiaHy
i cTaHOApPTHE BIOXWIEHHA OTPMMaHKX BMOIPOK.

3. O6umcnitb koediuieHTn Qiwepa i CTblogeHTa AnA
BCTAHOBJIEHHSA 3HAUYMMOCTI BigMIHHOCTEN MK LMK
BMbipKamm.

4. Cdopmyniolite BUCHOBOK.

03aI'II/ITaHHH Ta 3aBAaHHA

1. MNoAcHiTb Ha NprKnagax, Ao AKMX HEraTUBHUX Ha-
CnifKiB MOXe Npu3BeCTV ITHOPYBaHHA aHasi3y HayKoBOI
niTepatypu 3 BifAMOBIAHOI TeMAaTVKM Nif Yac niaHyBaH-
HA pocnigxeHHA. 2. lNoAcHiTb, Wo 6yae npegmeTom,
a wo ob’eKTom pocnigXeHHA B POO6OTI «3anexHicTb
YPOXaMHOCTI TOMaTIB Bifj KiNbKOCTi BHECEHUX Kanin-
HUX [OOPWB». 3anpOMOHYyNTe CXeMy eKCNepUMeHTY,
WO MOXHa BMKOHATW ANA [OCATHEHHA MeTU LbOoro
JocnigxeHHA. 3. 3anpornoHyrTe TeMy HaykoBOro [0-
CNiPKeHHA, akTyasnbHy ANA BalOro periony, i CKNagitb
NOro OpPIiEHTOBHWUI MNaH.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 1 3
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Tema 1. Bctyn

§ 6. AHani3 Ta npeAcTaBNeHHA pe3ynbTaTiB HAYKOBUX [OCAIAKEHb

0 [omipkynTe

pyni nabopaTopHUX LypiB Y KOPM LOAHA JO-
JaBany LWMaToYKM oripka. [MpoTArom Tpbox pokKiB
yci ui wypy nomepnu. Yn npasunbHUM 6yae Bu-
CHOBOK, IO CMOXMBAaHHA OTipKiB CTaso MPUUYNHOIO
cmepTi umx TBapuH? MOACHITD.

é 3raganTe

e [pyHUMNN NpPOBeAeHHA HAayKOBUX AOC/IOXEHb
o MeToaun 6ioNOriYHNX Ta EKOMOTIYHUX AOCHiAXKEeHb

e BigmiHHOCTI Mi>XK eMnipuyHUMKN Ta TEOPETUYHMMU
DOCTigXKeHHAMM

[prHUMIN aHani3y HayKoBMX
pes3ynbraTis

Amnanis pesyabTaTiB CTAHOBUTH I'OJIOBHUH
HaYKOBUH ceHC O0yab-AKO0I pobdoru. Bin moasrae,
BJIaCHE, B MOSICHEHHI TUX pe3yJIbTaTiB, AKi Oyau
orpuMaHi B Xo7i poboru. HacTo nasa mosicHEeHHS
pe3yabTaTiB aBTOP BUCYBa€ AKYCh TiIlOTE3y.

OCHOBHUMM NPUHIMIIAMUN aHAJIi3y pPe3ysb-
TaTiB MOCTiMKEeHHS € TaKi:

— TOSACHEHHS IIOBUHHO OyTU OOTPYyHTOBAaHNM;

— Pe3yJbTaT! eKCIIEPUMEHTAJIbHOTO TOCJi-
IoKEeHHsI HeoOXiJHO CTATHCTUYHO OOpOOJIATH;

— IIiJ yac IIpOBeJeHHs aHaJi3y HeoOXigHOo
posTJIANaTH MOMKJIWBI ajlbTepHATUBHI BapiaHTH
MOSICHEHHA OTPUMAaHUX Pe3yJIbTaTiB;

— aHaJIi3yBaTH CJiJ yci oTpuMaHi pe3yJib-
Tatu (HaBiTh Ti, AKi He 36iraroThed 3 rimoreszamu
aBTOpa MOCJIiIKeHHs).

Ha ocHoBi amamisy pesaysbTaTiB poboTu He-
00xigHO chopMyIFOBATH BUCHOBKU, 3 SKUX 0yIe
BUOHO, Y1 OyJIO OOCATHYTO METH, IIOCTABJIEHOIL
Ha IOYaTKy poboru. SAKIimo merm He OyJio n0-
CATHYTO, TO Ile TToTpedye mosicHeHHs. He Tpeba
TaKO0K BHOCUTH IO BUCHOBKIiB 3arajJbHOBiJOMMX
OiosoriuHmx icTuH abo Tux GaKTiB, AKi He Oyau
IOBeIeHI pe3yabTaTaMU TOCJTiTKeHHS.

[pencTtaBneHHA pe3ynbTaTie
HaYyKOBWX JOCNIAXKEeHb

PesyspraTél HAYKOBOTO AOCTiIKEHHSA MaTU-
MYTh I[IHHICTh TiJIBKMW B TOMY pasi, AKIIO BOHU
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OyayTh IIpeAcTaBJeHi IJisi 0OrOBOPEHHSA HAYKO-
Bi#i cuisbHOTi. Take mpeacTaBiIeHHSa MOXKe OyTH
BUKOHAHEe Y BUIVISAI YCHOTO MOBiOMJIEHHSA, IIy-
Oaikamii y ApyKoBaHOMY HayKOBOMY BUIAHHi
abo ejleKTpoHHOI Bepcii.

YcHe moBimoMJIeHHsS 3a3Buuail pPoOIATH
Ha ceMiHapaxX, KOJIOKBiymax a0o KoHpepeH-
miax pisumx piBHiB. [pykoBani myb6sikarii
PO3MIMIYIOTH y JKYypHaAJax BiAIIOBiIHOTO IIPO-
dinro abo B HaykoBux MoHorpagiax. Eiaek-
TPOHHiI Bepcil — B eJIeKTPOHHUX KypHalax
abo Ha BigmoBigHumx caiitTax. I'omoBHaA BuMoOTa
IO IIPEeICTaBJIEHHS Pe3yJIbTATiB MOCIimT:KeHHSA
B OyIb-saAKifi ¢opmi — uirkKicTs i jgoriuxicTsb
TEKCTY.

JJia mosiermieHHs PO3YMiHHA pe3yJibTaTiB
HAYKOBUX MTOCJHiI)KeHb AyKe TOOPUM € BUKO-
puctaHHA cxeMm, rpadikiB, miarpam, ¢gororpa-
¢iit Ta inmux HaouHMX Marepiaisis. Ile mo3Bo-
Js€ 3HAYHO JIerine COPUAMAaTH apryMeHTaIlio.
Kpim Toro, itocTparuBHi MaTepiaau gobpe 1o-
KasyloTh PO3YMiHHS aBToOpaMu Oiojsoriumoro
3MicTy cBOixX mociaimskeHb. Came 3a JOIIOMOTOIO
iJfocTPaTUBHOTO MaTepiasy MOKHA OApasy II0-
OauuTy SAK IIepeBaru, TakK i HeJOJiKH II€BHOI
pob6oTu.

OCHOBHI B1AN HayKOBUX TBOPIB

HaykoBi TBOpM mominATh Ha OB OCHOB-
Hi rpynu — perneH30BaHI I HepeleH30BaHi.
PenieH3zoBaHMMU € TBOpPHU, AKi mepen myOJrika-
Iier0 IepeBipAOTH HA HOBU3HY pPe3yJbTATiB,
00’€KTUBHICTH IIPOBEAEHOr0 AOCJiIKeHHsd, Bia-
CYTHICTh IIOMUJIOK, HNPaBUJBHICTh BUKOHAHHS
aHaJi3y OTpUMAaHUX HAaHUX, aJeKBaTHICTL BU-
cHOBKiB ToImo. HepereHn3oBani TBopu B Takuii
cmocib He TepeBipAOTHCA.

PenensoBanuMu € OiJbIIiCTE CyYacHUX Ha-
yKoBUX myOsikaiiti. TakuMuy pereH30BaHUMU
oyOJIiKaliaMu € cTaTTi B HAYKOBUX KYypHaJIax
(maj. 6.1), eleKTpoHHI mpenpuHTH (MIOoIepemHi
MMOBiJOMJIEHHS TOJIOBHUX II0JIOJKEHBb) HAYKOBUX
crareii, HayKoBi KHuru (MoHorpadii), gucepra-
mii, maTenTu, HayKoBi 3BiTu. HepeleunsoBanumu
TBOpaAMU € Te3W KOH(pEepeHI[ill, TeKCTH YCHUX
IOIIOBimeli, eJIeKTPOHHI yO rikaIlii Ha HepereH-
30BaHUX calTax.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Man. 6.1. Mi>kHapofHi HayKoBi XypHanu

HaykomeTpuuHi 6a3n gaHnx

Haykose pocaimxenus Oyge MaTu IIiH-
HiCTH JIMIlIe 3a YMOBU, SAKIIO MOT0 pe3yJibTa-
™1 OyAyTh BUKOpPHCTOBYyBaTucA. HaliKparium
MOKa3HUKOM BUKOPHUCTAHHS pPe3yJabTaTiB po-
6oTu € iioro muroBaHicTh. Ilig uac BUKOHAH-
HA OyAb-sKOTO AOCJTiJKEeHHSA 3BEePTAIOTHCA [0
pobiT yueHOI CHiJIBHOTH, AKa Ipamioe y il
raaysi. Ily6aiKkyoouu pesyabTaTH, BKa3yOTbh,
pesyabTaTu SAKHX POOIiT BpaxoByBaJHU IIiL yac
MJIAHYBAaHHS CBOTO JOCJi)KeHHS Ta aHaJisy
ioro pesysabraTtiB. Iasa mporo B KiHII OyIb-
AKOTO HAYKOBOTO TBOPY MIiCTHUThCS CIHCOK
JiTepaTypu.

SKIo ymack, poboTa Mae BayKJIWBE 3HAYEH-
Hsd, TO Ha Hel MOCHJIAIOTHCA YacTo (BOHA Mae
BHCOKUU iHIeKc murTyBaHHA). s TOro 1106
3pPO3yMiTH, HACKiJIbKM YACTO TOCUJAIOTHCA Ha
KOHKPETHY po0OTy, CTBOPIOIOTH CIIeIliajbHi Ha-
YKOMETPUUYHi 0a3u JaHUX.

Haykomerpuuni 6a3u mamux — 1e 06i6Jurio-
rpadgiuni 1 pedepaTuBHi 0a3u maHUX, AKi Ma-
IOTh CHeIliaJibHi HporpaMHi iHCTPyMeHTH mJIs
BificTe)KeHHsS IMTOBAHOCTI craTeii, 1o OYyJO

0 KnioyoBga igen

Pe3ynbTati 6yAb-AKOro HayKoBOrO AOCHIAKEH-
HS HeoOXigHO NpoaHanisyBaTW, Ha iIXHIN OCHOBI
cbopmyntoBaTy O6IpyHTOBAHI BUCHOBKM, odop-
MUTK X Y NeBHOMY BUINALI Ta NpeAcTaBUTN Hay-
KOBI cninbHOTI. Taki po60TV MOXHa PO3MIiCTUTK
ANA BiNbHOrO KOPUCTYBaHHA B HAYKOMETPUYHMX
6a3ax pgaHux.

Tema 1.Bctyn > 20

omy0JIiIKOBAHO B HAYKOBUX BUJaHHAX. Haii-
0iJIBITT AaBTOPUTETHUMY i TOBHUMHY HA JAHUH MO-
MEHT BBa’KalOThCA TaKi 6a3u JaHUX, AK Scopus
ta Web of Science.

MpakTnyHa poboTa

Bizyanizyeamu pe3ynemamu docnioxeHHA 3a 00-
nomozoro mabnuys, diazpam, epagikie

1. 3pob6iTb BMMIpM NEBHOI XapaKTEPUCTUKN OyaAb-
AKUX GionoriyHmMx O6'eKTIB (HanpuKnag, HBOBXUHY
HaCiHVH COHALWHMKA, KiNbKIiCTb 3epeH Yy KONOCKYy
nweHunyi Towo) abo cKopucTanTeca TUMK, WO Ha-
BE[EHO B eNeKTPOHHOMY AOAATKY.

2. Bisyanisynte ix — cknagitb Tabnuui, nobyaymnte
diarpamu 1 rpadiku.

3. ChopmynioliTe BUCHOBOK.

® MpaKTnyHa poboTa

lMpoananizyeamu pi3Hi eudu 6ionoziyHux/exkono-
2i4YHUX HayKkoeux meopie, susHa4yumu ixHi 0co6-
Jslueocmi, Memy ma 3ae0aHHA, HedoJliku ma ne-
peeaau

1. NipbepiTb Ta NMpounTaiTe Pi3Hi BUAWN HAYKOBUX
TBOPIB (HanpuvKknag, CTaTTA B eHUMKIonewii, B Ha-
YKOBO-MOMYNAPHOMY XypHani, BineodparmeHT B IH-
TepHeTi) Ha 6ionoriyuHy abo EeKONoriyHy TeMaTUKy
(Hanpuknag, cnocobw 3anuneHHA POCIH, CNocobu
pyxy TBapwviH, MirpaLii TBapuH TOLLO).

2. Bu3HauTe ixHi ocobnnsocTi, METY 1 3aBAAHHA.
3. BusHaute ixHi Heflonikn 1 nepesaru.

4. CoopmynionTe BYCHOBOK, 3a3HaumMBLLK, AKe 3Ha-
YeHHA Yy NPaKTUYHIN JiANbHOCTI NIOAVHW MA€ BMiHHA
aHanisyBaTu HayKoBi TBOPMW.

038|‘IMTaHHﬂ Ta 3aBLAHHA

1. Yomy Te3n pgonosifeit anA HaykoBmx KoHdepeH-
Uil 3a3BMYaii He NOTPebyoTb peLeH3yBaHHA? 2. MNopis-
HANTe nepeBary 1 Heponikv Nybnikauin y apyKoBaHUX
HayKOBMX »XYpHanax i Ha CTOPiHKax efIeKTPOHHUX pe-
cypcis. 3. LLlo6 BcTaHOBUTY BNAMB JOOPMBA Ha ypoxail-
HiCTb MOPKBW, YUYeHb 3acifB Helo ABi AiNAHKM OfHaKOBOI
nnowi. Ha nepwy AinAHKY BiH BHic 0,5 Kr fob6pwusa,
a Ha pgpyry — 1 Kr. 3 nepwoi AinAHKM BiH 3ibpas 20 Kr
MOPKBM, a 3 Apyroi — 15 Kr, i 3po6rB BUCHOBOK, WO
BUKOPWCTaHHA Lboro fobprBa MOripluye BPOXKanHICTb.
MoAcHiTb, YoMy Lielh eKcrieprMeHT 6yno CriaHoBaHO He-
NPaBUIIbHO, @ BUCHOBKM, L0 6YN0 3p06SIEHO Ha OCHOBI
LibOro AOC/IAXEHHA, HE € HAayKOBMMMU.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 1 5
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Tema 2. biopi3HOMaHITTA

§ 7. bionoriyHa cncrematmka

0 [omipkymnTe

Y cBoemy pomaHi «Mob6i [ik» . Mensinn Hanons-
raB, WO KUTU € pubamn. Mun 3HaEMO, WO Lie He TaK.
A un mOXHa 3acToCyBaTV iHWNIA BapiaHT c1McTeMa-
TUKK, Wob . Mensinn BuABMBCA NpaBum? MOSCHITb.

Q 3raganTe

» TBapuHun » Pin » LlapctBO

* PocnnnHun * Bug

Po3pinu 6ionoriyHoi cucremaTrku

Biojoriuna cucrematuka — 1e poamija Oio-
Jorii, aKuii GpopMye €OUHY CUCTEMY KHBOTO CBi-
Ty Ha OCHOBi BUAiJIeHHA OiOJIOTIYHUX TAKCOHIB
(cucTeMaTUUYHNX OGUHUIIL) i BiAmoBiZHUX HAas3B,
HaZaHUX 3a NMeBHUMU OpaBuaamu (6iosoriunoi
HOMeHKJaTypu). OCHOBHI cucTeMaTWUHi Karte-
ropii BBiB y HayKy IIBeAchbKHH yueHui Kapu
Jlinueti. Biosioriuna cucremMaTnka MOAiISAETHCA
Ha JBa OCHOBHI po3mijiu: TakcoHoOMiio Ta 0io-
JIOTiYHY HOMEHKJIaTypy.

Takconomia 3aliMaeTbCs PO3POOKOIO IIpa-
BUJI TPYIIyBaHHA KUBUX opraHismiB. Ile my:xe
CKJIamHA mIpobsema, 60 YacTo He 30BCiM 3pO3y-
MiJIO, HA OCHOBiI AKHMX O3HaK CJiJg 00’eIHYyBaTH
opramiamm y rpynu. Tak, y TaBHUHY BCiX UepBiB
00’emHyBaIu B OOUH TUI. AJe cydacHi mocJi-
IKeHHS ITOKa3aJIu, 110 PisHi Irpyny 4epBiB MarOTh
pi3He TOXOMKEeHHSA i He € OJIUBbKUMU POIUYAMU.

Biomoriuna HOMEHKJaTypa po3po0Jse Ipa-
BUJIa HAWMEHYBAaHHA KMWBUX OPraHi3MiB, CTBO-
pIoe creriaJibHI MiKHaApOOHI KOAeKcHu, AKi pe-
T'yJII0IOTh CIipHI NUTAHHSA, BUPIIIye IPOOIEeMI
CUHOHIMIB (KOJIM OOWH BUJ BUIATKOBO OTPUMYE
KiJIbKa Ha3B) TOIIO.

LLUTYyYHi (popmanbHi) Ta NpnpoAHi
(binoreHeTNYHI) cUCTEMM XKNBOTO CBITY

CucreMu XUBOTO CBiTY MOKYTL OyTu pis-
HUMU. IX mominAmTh, Ha ABI rpynm — MITyY-

Hi (QopmasbHi) Ta mpupoaHi (dhimoreneTuyHi).
MIryuyauvu (popmarvHumu) Ha3UBAIOTL CUC-
TeMHl, B SKUX KJjacudikaiia BumgiB 6asyeTbcs
JIUITIe Ha CTymeHi ixXHBOI momibmocTi 3a BUOpAa-
HUMU o3HarKamu. IIpm 1mmboMy He BPaxOBYETBHCA
icTopuuHa CIOpifHEHICTh OpraHismiB, AKi Taka
cuctema o0’eqHY€E y BimmoBimHi TakcoHHU.
IIpuponguuvu (@pinozenemuunumu) HasuBa-
IOTh CHUCTEMU, B AKUX KJacupikralis opraHiamis
OyayeThcsi Ha CTYHEeHi iXHBOI MmomiOoHOCTI 3 ypa-
XyBaHHAM (pijloreHeTMUHOI crnopigzHeHocti. Tak,
MITyYHA CHCTEMAa MOKe 3apax0oBYyBaTH J0 pubd ycix
xpebeTHUX, AKi *KuByTh y Bomi. Tomi mo pub Oy-
IyTh BimHeceHi Bci KuTH. A TpuUpoAHa cHUCTeMa
BPaxXoOBYE, III0 KUTU ITOXOAATH Bijl HA3eMHUX IIPe-
KiB 1 € BTODUHHOBOJHUMY TBapuHamu. Tomy B Ta-
Kilfl cucTeMi KWUTV HaJIeXKaTh O TPYHU CCABIIiB.

IcTopia po3BUTKY cucTem

Knacuoikauii opraHiamis

ITepimoro cupo6oro Kiaacu(iKyBaTu sKUBL op-
raHi3MM MOKHA BBaKaTU CUCTeMY APUCTOTEJs,
SAKUYA BUILIUB I'PYIIN POCJUH i TBapUH. A TIepIIIOI0
HaYKOBOIO CHCTeMOI0 KJacudikailii cramga cucre-
ma Kapmna Jlimaea (1758 p.), y akiit pociuHu
i TBapuHU oTpuMaJu cTaryc mapers (maa. 7.1).
Aune BiKe TOIi cTajia 3po3yMijia 3HauHa BigMiH-
HicTb rpubiB, i BOHM OyJu BUAiLJIEHI B OKpeMe
mapctBo Orro (poH Miouxraysernom (1763 p.).
ITompaBaa BiH 06’emHaB iX pasom i3 ryOoKamMm
i kopamamu (man. 7.2). IIa momuaka Oyjia Bu-
npasJyeHa B cucteMi Hoensa iKosepa me Hexkkepa
(1783 p.), B akKiii mapcrBo I'pubu OyJyio Bumi-
JeHo okpemo (main. 7.3). Ha xanb, Ipomo3uIrii
MiouxrayseHna it Hekkepa OyJsim HamZoBro 3a0yTi.

Vueni B XIX cT. ymepime ycBiZOMMJIN, IO
yrcJaeHHi MikpockomiuHi icToTu (6akTepii, Hai-
mpocTiimi, MIiKPOCKOIiYHI BOTOPOCTi) BaKKO
BigHecTu g0 TBapuH abo pocauH. Hacaigkom
mporo OyJ0 BUHHMKHEHHS y cuctemi Epmcra
Texkkena (1866 p.) mHoBoro mapctBa Ilporucru,
sAKe 00’emHAaNIO BCi OMHOKJIITUHHI I KoJOHiambHI
dbopmu (main. 7.4).

1 6 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Tema 2. BiopisHOMAHITTA 333 Sl

1758 p. ' 1763 p. 1783 p. l

We *
il Al
gl
D il
N - & i,
Man. 7.1. Cuctema uapcTs Man. 7.2. Cuctema UapcTs Man. 7.3. Cuctema uapcTs
Xusunx opratismis K. JliHHeA XnBux opraHiamis O. MioHxray3eHa KMBMX opraHismis H. Hekkepa

Y mepmriit momoBuHI XX CT. BHACTILOK PO3-

BUTKY METOJiB MiKPOCKOIIil cTajla 3po3yMiJIoIo S
pisHUIA MiK TpoKapioTamMmm Ta eyKapioramwu. LB m
V cucremi I'ep6epr Komnenz (1938 p.) 6yso Bu- X

ninmeno yotupu mapcrBa: MoHepu (apo6’AHKH), o & m §
IIporokTucTu (HMKULI eykapioTu), TBapumHU
i Pocaunu. ﬂ | # [

Y 1959-1969 poxax aMepuKaHCBKUI m0- 2 1959- =
crirauk PoGepr VaiiTTelikep yAOCKOHAJIUB II0 1866 p. Th® 1965 pp. -
CUCTEMY, BUIIJIUBIIN TPUOU B OKpPeMe IIapCTBO
(v cucremi I'. Komrenma ix BigzHOCHIN IO uapc'mia Man. 7.4. Cvctema LapcTs Man. 7.5. Cuctema Lapcrs
IIporokTucTn) (Mmaj. 7.5). Ilg cucrema OyJia Haii- KUBIX OraHi3MiB VBUX OpraHismis
6inpin morrupenoo 10 80—90-x pokis XX croJriT- E. Fekkens P. YaiiTTelikepa
TS, IIOKYW HOBi TEXHOJIOTII B IUTOJIOTII Ta MOJIEKY-
JAPHi# 6ioorii He JO3BOJIMUIN CTBOPUTHU CYyUaCHY

cucremMy Kiaacupikaiii KUBMX opraxismis. @ MpaKTiHa poBoTa

MpwuH uunu cyvacHor Bu3HAYeHHA CUCMeMAMUYHO20 NOJIOXKeHHs op2a-

Knacu (I)I Kalll OpraHiamiBs Hi3mie ceoei micyesocmi

CyuacHa mHaykoBa KJjacudikallisg ITOBUHHA 1. O6epiTb Mo 3-5 06'EKTIB POC/VH | TBAPVH BaLLOi
BigoOpaskaTy eBOJIONiMHI 3B’A3KM MM KUBU- MicLeBoCTi.
MM opraHisMaMu Ta BKasyBaTU Ha DPiBeHb ix- 2. Bu3HauTe ixHi Ha3BM 1 CUCTEMATUYHE MOSOXKEHHS.
HBOI cropizHenocti. Kpim Toro, Boma mae 0yTu Cknagitb Agi Tabnnui (0agHa — ANA POC/H, iHWA —
3PYYHOIO [IJII BUKOPUCTAHHSA i JO3BOJIATHU JETKO ONA TBapUH), Y AKX YKaXiTb CMCTEMATUYHI KaTeropi,
BKJIIOYATH HOBi, HEIOZABHO BiAKPHUTI BUAM. A0 AKNX BOHWU Hanexarb.

OCHOBHOI0O CHCTEMATHYHOIO KAaTeropicro e 3. CdopmyntonTe BUCHOBOK.
Buj. BumoBa HasBa CKIAJaeThCs 3 ABOX JATUH-
CbKHuX cJaiB (OiHapHa HOMEHKJATYypa), Mepiie
3 AKUX € Ha3BOIO POJY, a APyre — BHUJOBHUM eIIi-

3anuUTaHHA Ta 3aBAaHHA
TeroM. Copigueni Buau 00’€IHYIOTHCA B OiJIbIII

BUCOKIi TaKCOHOMIiUHi KaTeropii — pomu, poau — 1. Bubepitb ABa BMAM KUBKX OpraHiamis 3 pis-

B POAWHM, a Ti — B imfe BuImi Kareropii. HUX LApCTB | BU3HayTe IXHE CUCTEeMaTUYHe MnoJo-

XeHHA. 2, fKi i3 306paxeHux y naparpadi cmctem

Kniouosa ifes LlapFTB >KMBUX OpraHiamis (man. 2.1—7.5) € WTYYHUMU,

0 a AKi — npupoaHnMn? O6rpyHTYTE CBOIO TOUKY 30pY.

BionoriuHa cucTemaTtvika MpoMlwna WAAX AOB- 3. BukopucToByioun AOAATKOBI mxepena iHGopmauii

roro po3suTky. CyyacHa cMcTemMaTMKa CTBOPIOE (y Tomy uncni IHTepHeT), CKnagitb CNMCOK MeToais

NPUPOLHY CUCTEMY OpraHi3MiB, MaKCUManbHO ,ﬂocﬂiﬂ)KeHb, Ha AKNX 6a3y€TbCﬂ Ccy4dacCHa 6ionoriuHa
Biflobparkatoun ix eBonioLito Ta POANHHI 3B'A3KN. cmMcTeMaTrka.

17
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Tema 2. biopi3HOMaHITTA

§ 8. CTBOpEHHA CUCTEM KUBUX OpraHiamis

0 [NomipkynTe

He Tak gaBHO cucTemaTUKW BUPI3HANW OBi OKpe-
Mi poanHu — Jliogn i JllognHonogibHi masnu.
Ane 3apa3 ix o6’egHanu B OfHY POAVHY, Bpaxy-
BaBLUW, WO OCTaHHIM CMiNbHUIA NPefoK YCix
npeacTaBHUKIB POAUH XMB 15 MAH POKiB TOMY,
a OCTaAHHIM CMiNbHUN NPefoK NIOAVHN | WKMNaH-
3e — 8 MAIH pokiB Tomy. Yomy?

é 3raganTe

» bionorisa o MeTtoan mocniakeHb
o [eHeTnKa o TakcoH
o EBontouis o CumbioreHes

EBontouinHa TaKCOHOMIA Ta KNagncTmnka

Ilicnia momupeHHA eBoOJBOIiNTHOI Teopil
Yapiwsa [apsina Epaer 'ekkens 3anponoHyBasB
KOHIIEII[il0 eBOoJIIoIifiHOol TakcoHomii. 3rigmo
3 IIi€l0 KOHIIeIIIIi€lo, cucTeMa KJaacudikarii mo-
BUHHA OyJia BimoOpaskaTu Xif eBOJIOMil KMBUX
oprauismis. IIa Touka 30py mepeBaskae B HayIli
1 dapas. Tomy cyuacHi cucremu wKJaacu@pikarii
MaoTh 000B’A3KOBO BPaXOBYBaTU CHOPiAHEHICTH
pisHUX TpPyn opraHismis.

Il CcTBOpPeHHS cydYacHUX KJacu@ikarmin
"KUBUX OPraHisMiB yueHi yacTiiiie BUKOPUCTOBY-
OTh MPUHITUIIN KJagucTuku. KnagucTuka — 1e
migxig mo Oiosoriumoi Kiaacudikairii, sa gKoro
opraHiamMu KJIacu@iKyoTh 3TiTHO 3 1X TOPAIKOM

a fraxu 6 Mraxu

Kpokognnu

Jlenigo3aBpu

Yepenaxu

CcaBui CcaBui

Kpokogunu
Jlenigo3aBpu

Yepenaxm

BiAranysKeHHs BiJ eBoJIIOIifiHOrOo Aepesa. Ilpu
IboMy Mop@oJioriuHa MmOAiOHICTH He BpPaxoBYy-
€ThCcs, 00 BOHA MOKe BUHHUKATU B XOHi TpU-
CTOCYBaHHSA 0 CXOXKUX YMOB icHyBaHH:A. lleit
oigxim mae i geaki Hemosiku. ¥V paMKax KJaIuc-
TUYHOTO IIiAXOAY CKJAIHiIlle CTBOPIOBATH CHC-
TeMaTUKYy T'PYO B €BOJIIOIil, y AKX MaB MicIie
cuMmbiorenes (HampuKJaL, IIiJi Yac YTBOPEHHS
XJIOPOILIACTIB B eyKapioTiB).

CkJagHiCTh CTBOPEHHS CydacHOI Kiacudika-
il MO’KHA IIPOLJIIOCTPYBATH Ha TPUKJIALI KJa-
cupikarii nraxiB i miasyuiB (mana. 8.1), xouam
BUKOPHUCTAHHA IBOX PIBHUX KOMILIEKCIiB Mopdo-
JIOTIYHMUX O3HAK Ta MOJIEKYJIAPHO-TeHETUYHUX 10~
COiIKeHb Iae TPU PisHi BapianTu KJaacu@ikarii.

MoHodineTnyHi 1 napadineTnyHi
TaKCOHMU

CucremMaTnyHi TPpynu KWUBUX OPTaHi3MiB
(TaxkcoHM) 3a IXHIM IIOXOMKEHHSIM HOIiIAITH
Ha MoHO(MimernuHi i moaigimerumuni (Bim rpeir.
mono — oxwuH, poli — 6araro). MonodimeTuuni
TaKCOHU 00’€IHYIOTH HAIaAKiB OJHOTO Tpen-
Ka, a mogicdimeTnuHi — pisHUX, AOBiIBLHO 00-
paHUX HAIMAAKIB AeKiabKoxXx mnpeakis. Hampu-
KJyganx, kigac OmHOmONBHI € MOHO(DIIETHUHUM
TaKCOHOM, a IlapcTBo PociauHu, Ake OyJa0 BU-
nineno P. Vatitreiikepom,— moiidisierTnuyHNM,
00 BOHO 00’€IHYE MeKiJIbKa HEeCIOPiAHEeHUX I'PYII
(6ypi BomopocTi, YepBOHi BomOpOCTi, 3eJeHi poc-
JuHHT Tolno). BunpinamoTe Tako:xk mapadiieruy-
Hi TaKCOHM, IKi 00’€IHYIOTH HAIaAKiB OIHOTO

MTaxn

Kpokogunu

Yepenaxu

Jlenigo3aBpu

CcaBui

Man. 8.1. Pi3Hi BapiaHT Knacudikauii ofHiei rpynu TBapuH: a, 6 — 3a pPi3HUMU MOPGONOTiUHMI O3HaKamu,
8 — 3a MONeKynApHO-6ioNOriYHMMY AaHUMK
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Openka, OKpiM omHiel, AK IPaBUJIO, HANOIIBIIT
npocyuyToi rpynu. Tak, y mexxkax pany Ilpuma-
T (MaJi. 8.2) 06’eqHaHHS Pa30oM JOBIOII’ ATiB Ta
JIOpi Oy e MPUKJIAAOM IOJIi()iJIeTMUYHOI0 TAaKCOHY.
HomaBanHa m0 1iei rpynm JeMypiB yTBOPUTH
napadiseTuuHNi TaKCOH, a 00’e€QHAHHS BCiX
iHIMUX MaBI IIbOTO PAAY B iHGpapang Masmo-
moAiOHI yTBOPUTHL MOHO(DIJETUUHUIN TAKCOH.

Y cyuacHi#i cucremaTuii moJsriimermumi
TAKCOHMW BBaKAIOTHCSI HEIMPUNHATHUMHU. SIKIITO
BIIA€THCA TOBECTU, IO I'PyIIA € MOJIi(DiIeTUIHOIO,
cucTeMaTUKU il JIIKBiJOBYIOTH ab0 K 3MiHIOIOTH
ii Me:ki, 1100 BUKJIIOUUTU 3 Hel HecIopimHe-
"Hi Bugu. Tak, y MuHyJOMYy Oyau JiKBimoBaHi
Taki rpynu, ax BesxpeberHi # TaeMHOILIIO0-
Hi, a B OCTaHHI POKM CYTTEBO 3MIHUJIUCA MEXKi
napctB Pociunu, I'pubu i TBapunm.

TakcoHOMiYHa iepapxia

TakcoHoMiuHa iepapxia — Ie poaralry-
BaHHSA CHUCTEeMAaTUUYHUX TIPYIl 3a HTOPAJKOM CY-
MigPAIHOCTI, TOOTO BKJIIOUEHHS OZHUX TI'PYI IO
ckyany inmmux. ITopsaaok iepapxii s OoCHOBHUX
CUCTEeMaTUYHUX KaTeropii € Takum:

Homen — IJapcmeéo — Biddin (Tun) —
— Knac — Ilopadox (Pad) — Poduna — Pid —
— Bud

Tak, Buz JIronmHaa podyMHa BKJIIOUYAETHCI 10
ckaany pony JlroguHa pasom i3 Bumamm Jlromu-
Ha HeaHJIepTalbCbKa, JliommHa BMiaa ToImo. Pin
JlionuHa BXOAUTH OO CKJanmy pomuHu IomiHigm
pasom 3 pomamu Illummanse, I'opusia it Opaury-
taH. Poguua I'oMmiHigym BXOAUTL A0 CKJIALY PALY
Ilpumaru, aAKuii € ckaagoBoio KJjacy Ccasiii.
Kaac CcaBii BXoguTh 00 CKJIALy THUOY XOPIOBI,
mapcrBa CupaB:kHi TBapuuu, qomeny EykapioTu.

VY Tux BUMagKax, KOJU CUCTEeMATHKA I'PYIHN
€ CKJIAJHOI0, OCHOBHUX CHCTEeMATUUYHUX KaTero-
pift Mmoske OyTH HeIOCTATHHO. Y TaKUX BUMALKAX
BUKOPUMCTOBYIOTH TaK 3BaHI 6cma6Hi Kamezopii.

0 Kniouosa ines 0

[ONOBHMM MNPUHUMMAOM, AKOrO Ha-
MaralTbCA AOTPMMYBATUCA Mif yac
CTBOPEHHA Cy4YaCHOI CUCTeMATUKW, €
o6’eqHaHHA BCiX HalwapKiB ogHOro
npeaka B €ANHY CUCTEMATUYHY rpyny.
Ane B pgeAaKkux BuMnagkax goTpumaTu-
CA UbOro npaswunia He BHAAETbCs, 60
Le CTBOPIOE CKMagHOoLWi B MpakTuy-
Hi po6OTi.

Tema 2. biopisHomaHiTTa 33 S

CyxoHoCi MaBnu
r 1

LUunpo- Bysbko- JliognHo-
[oBro- koHoci Hoci  nopi6Hi
Jlemypw Jlopi m'ATv MaBnv MaBnyi  MaBmu Tioan

MoHoIneTNYHMN TakcoH
MapadineTnyHmii TakcoH
MonipineTyHMin TakcoH

Man. 8.2. CTBOpeHHsA pi3HMX TaKCOHIB
y mexax pagy Mpumatn

HasBu BcTaBHUMX KaTeropiii yTBOPIOIOTHCA Bif
HA3B OCHOBHUX KAaTeTopili 3a JOIOMOTOIO IIpe-
¢ixcis. Haimomupenimumy TakuMu mpedikca-
Mu € HaoO- (cynep-) Ta nid- (cyo-). MoxyTb BuU-
KOPUMCTOBYBATHUCS TaKOXK npedikcu eni-, zinep-,
ingpa- ta inmi. Hanpukmaang: cy6gomen Amop-
dei, Hagpan IBoxumiui, ingpaxaac Cymuacti.

dinoreHeTnKa

dimoreHerurka — Iie OHA 3 TaJIy3el cucTe-
MaTHUKU, AKa BCTAHOBJIIOE €BOJIOIINHI 3B’A3KU
Mi’K pisHMMU rpynaMu OpraHisMiB, dK cydac-
HUX, TaK i BUMEPJIUX.

Hna pocrimxeHnus (imorenesy cydacua 0io-
JIOTisI IMIUPOKO BUKOPUCTOBYE HOBITHI TEXHOJIO-
rii. Ocob6auBO e(PeKTUBHUMU € METOAU TaJysi
MOJIEKYJIApHOI Oiosiorii Ta TeHeTMKM I MiKpo-
CKOITIYHUX AOCTimKeHb. TaKOMX IIMHUPOKO BUKO-
PHUCTOBYIOTh MaTeMaTU4YHe MOJEJIOBAHHA ¥ IIO-
OymoBy (iJIoTeHETUUYHUX IEPEB.

dinroreHeTnuHe IEepeBo — Ie cxeMa, IKa Bi-
mobpasKkae eBOJIIOIITIHI 3B A3KM MisK TaKkcoHaAMU,
I AKUX BOHO OyayeThesi. ioreHeTnuHi gepe-
Ba MOXKYTBL OyAyBaTHUCSA He TiJIbKU AJIS TaKCOHIB
"KUBUX OPraHi3MiB. Ix morkHa CTBOpIOBaTU, Ha-
MIPUKJIAM, JJs IIeBHUX OiomosiiMepiB, TaKUX AK
0iKM ab00 HYKJIeIHOBI KHCJIOTH.

3anuTaHHA Ta 3aBOaHHA

1. Y papi Mpumatun BuUeHi BuainAaTb nigpag CyxoHoCi, 4O AKOro
BK/IOYAOTb NpefAcTaBHMKIB iHPpapagy MasnonogibHi 1 [osron'sTu.
IxHi eBonIOLiHI 38'A3KM NokasaHo Ha man. 8.2. MpoaHanisyinTe ma-
NIOHOK | 3p06iTb BMCHOBOK, AIKUM TakCOHOM € CyXOHOCi — MOHO-
binetTnyHmm, nonidineTmuHnm ym napadineTmyHum. BUcHOBOK 06-
rpyHTYTE. 2. YoMy BMKOPUCTaHHA Pi3HMX HabopiB MOpdONoriuyHmx
O3HaK OfHMX i TUX CaMUX FPymn OPraHi3miB 4acTo € MPUYMUHOIO iX
pi3HNX kKnacudikauin (Ak y BapiaHTax a i 6 Ha man. 8.1)? 3. Cknagitb
CM1COK nepe.ar i HefoNiKiB KNagUCTUYHOrO NiAXOAY B cUCTEMATML.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Tema 2. biopi3HOMaHITTA

§ 9. Buag Ak 6a30BMiN TAKCOH Cy4YacCHOI CMCTEeMATNKN

0 [omipkymnTe

Takca i for 30BHi JOCUTb CUIBHO PI3HATBCA MK CO-
6010. YoMy BOHM € MpeAcTaBHMKAMU OJHOro Buay?

é 3raganTe

o CnctemaTnyHa Karteropis

e Pin

» biHapHa HOmeHKnaTypa » Bupg

Man. 9.1. MNMpuKknagn BMAIB, OCOBMHN AKMX 3HAYHO BiApI3-
HAIOTbCA OfHa Bif OAHOI 3a 30BHIWHIM BUMSLOM

KoHuenuii Buay

BasoBuM TaxkcoHOM cydYacHa cHCTeMaTHUKa
BBaskae Buja. CKJIAAHICTD IIOAINY KHUBHUX iCTOT
Ha BUJAM MHOJIATAE IIe i y TOMY, III0 caMe BU3HAa-
YeHHSA IOHATTSA «BUI» € HOBOJIL CKJIagHUM. I 3a-
JIeXKUTh BOHO BiZl TOro, AKa 3 KOHIEIIill BUAY
BUKOPUCTOBYETHCA B IIEBHOMY BUIIAIKY.

VY GinbitocTi BUIIAAKIB s BUAY BUKOPHUC-
TOBYIOTH TaKe BU3HAUEHHS: BUA — Ie CYKYII-
HiCTh IOMYJAIIA 0COOMH, HOAIOHMX MiK C000I0
3a OymoBOI0, QYHKI[IAMU, MiclleM B yIrpyIIOBaH-
HAX OpraHiaMmiB, IO HACEJIAIOTH IMEeBHUM apeast
i BiJIBHO CXPeIIyIOThCSI MiK C000I0 y HPUPOMi.

Man. 9.2. liHkro gsononartese (d) i WUTeHb NiTHIN (6) —
BVAN-AOBroXKuTeni, icHytoTb noHas 100 MAH pokis

Heaki nowmpeHri KoHuenuii uay

Hassa KoHmemrii Busnauenunsa Bugy Oco0aMBOCTI KOHIIETIILiT

Tunosoriuaa ITe rpyma ocobuH, aKi € Vci ocobuHY BUY TOPiBHIOIOTHCS 3 €TAJIOHHUM 3Pa3KOM.
iTeHTUYHUMH 0 0COOu- I1a KoHIenIIiA AysKe He3pyYHa I BUIiB, OCOOMHU AKUX
HU-eTAJOHY 34 IEeBHUMU MOJKYTh CUJILHO BipisHATHCA 3a 30BHIIITHIMU O3HAKAMU,
O3HAKaMu HaAIPUKJIAJA cobaKa JoMallHiit, Koui (mau. 9.1)

Howminangictuuna @ Ile rpyna ocobuH, ssKa Bu- I1a KoHIeNIiA PO3TJIsALae BUL AK YUCTO TEOPETUUHE
3HAETHCA (POPMAJILHOIO KJIa- = IOHATTS, 00 "KUBi OpraHidaMu B IPUPOAL TOCTIHHO 3Mi-
cu@ikaiiiero i CTAaHOBUTH HIOIOTHCS. B i1 Mekax BayKKO MOACHUTHU Ay:Ke TPUBAJIe
TEeBHUU eTal PO3BUTKY icHyBaHHSA TiHKTO a60 IMIUTHIB (Maj. 9.2)
IIeBHOI eBOJIIOIiHOT JIiHil

Biosoriuna ITe rpyma ocobuH, 110 3gaT- = KoHmemnIisa o6pe migxXoauTh AJsS ONUCY 0araToKJiTHHHUX
Ha CXPenryBaTucd i jaBatu opraHi3miB 3i cTaTeBUM PO3SMHOKEHHAM, ajie 3a3HAE TPy~
IJTiTHEe TOTOMCTBO HOIITiB ITi Yac omuCy OpraHisMiB, AKi He MalOTh CTATEBOTO

PO3MHOKEHHS, HAIIPUKJIaL 6aKTepii

dijloreHeTyHAa Ile malimenma MoHOMI- 115 KoHIleNIIiaA BU3HAYUAE BUJ 32 Or0 MOHO(DIIETUUHUM
JeTU4YHa rpymna, AKa 3a- moxoyKeHHAM (Bix ogHiel monyssamnii abo HaBiTh OKpemoi
cJIyroBye Ha (hpopMabHEe ocobunu). He € Braoro 1151 BUSHAYEHHS BUIIB, AKi BU-
BU3HAHHA HUKJIU ILJIAX0OM CXPeIllyBaHHs abo cuMmbiorenesy
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Tema 2. BiopisHOMAHITTA 333 Sl

KpuTepii Bugy

MopdonoriuHmii: cxoxicTb 30-
BHILUHbOI i BHYTpILWHbOI GyfoBK
opraHi3amiB ogHoro Buay Ta ii
BIAMIHHICTb y Pi3HUX BUAIB

Y moduHu 6inbwiuli Mo30K ma
iHWI nponopuii yacmuH ckesnema,
wumnarse mMae 0obpe po3suHeHul
80J10CAHUU NOKpU8

BioxiMiuHM: MOXNMBICTb PO3-
Pi3HAT BUAW 3a GioXiMiYHUMN
napameTtpamu (6ynoBoto 6Ginkis
i HYKNeiHOBMX KMCIOT)

binok FOXP2 ntoduHu, akuti
Dpe2yJsItoe po38UMOK MO3KY, Jieze-
Hig i Kuwe4yHuka ma 3abesneyye
pO38UMOK MOBHUX HABUYOK, HA

2 amiHoKuciomu 8iopi3HAEMbCA
8i0 aHasnoziyHozo 6inka wumnaHse

PenpogyKTNBHMIA: CXOXICTb NpO- FeorpadiuHnii: 30Ha nowmpex-

LleCiB XUTTEQIANBHOCTI I MOXNU- HA Buay (apean). IcHywTb BUAM

BiCTb CXpeLlyBaHHA 3 pO3ipBaHVMK i AyXKe BENMKMMMN

JIoduHA He MOXe cxpewysamucs apeanamu NoLmMpeHHA

i3 wumnaH3e JlloouHa 3acenuna 8ci KOHMUHEH-
mu, a apean wumnaH3se obmexe-

HUl YeHMpasnbHOK YacCMUHOK
Agpuku

ExonoriyHmi: ymoBu icHyBaHHA

FeHeTNYHWMIA: KiNbKIiCTb i CTPYKTY- BUAy, ioro micue B GioLeHO3i,
pa xpomocom Buay, To6To 1oro B33aEMOBIJHOCVHM 3 iHWVMK BU-
KapioTun (KOXHWUIM BN Ma€ YiTKO famu

BU3HaueHWi Habip xpomocom) JloduHa 3acenuna 6azamo pisHux
Y noduHu 23 napu xpomocom, biomonie, a wWumnaH3e Xugyms
ay wumnaxse ix 24 misibku 8 mponiyHomy Jiici

KpuTtepii Bugy

Y mpuponi TpamasoTbCA BU-
IU-IBIMHUKU, SKi myKe momib-
Hi MisK co0010 3a 30BHIITHHBOIO
oymoBoro. Taki Buam OyJa0 BH-
sABJIEHO cepen KoMax, pub, ITa-
XiB, ccaBIiB, penTuiaiii, amdibii
Toifo. B YKpaiui Bugu-aBitHUKMT
BHAUIIIN y 3€JeHUX POIyX, II0-
JiBoK, mumakis. Tomy, 1100 He
OOMUJUTHUCS, OJA BU3HAUEHHS
BUJY BUKOPHCTOBYIOTH HE SKYChb
OIHY O3HAKY, a IMiIuil KOMILIEKC
KpuTepiiB BUIY.

0 Kniouosa iges
ICHYE€ KinbKa pi3HMX GionoriyHmx

KoHuenuin sugy. Ane B 6yab-
AKIN 3 HUX OKpeMi BUAW BU3Ha-
YaloTb 3a AOMNOMOrO KOMMJIEK-
Cy KpuTepiiB, a He 3a AKOKCb
OfHIEID OKPEMOI0 O3HaKolo.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

® MpakTyHa poboTa

BueyeHHs Kpumepiie 6udy Ha npuKnadi poc/iuH i meapuH, Wo Ha-
siexxame 00 OOHi€i poOUHU

1. Po3rnaHbTe KinbKa BUAIB POCAVH i TBAPWH, WO Hanexatb A0 OAHiI€l
POAVIHY, | BU3HauUTe iXHi pUCK BigMIHHOCTI OfHe Bif OOHOrO 3a KiflbKo-
Ma KpuTepiamu (MopdonoriyHum, reorpadiyHnm, eKONoriYHUM TOLLO).

2. Pe3ynbTatn cnoctepexeHb odopmTe y BUMALI Tabnuui.
MpyKnagy poCaviH OfHI€El POANHK: ABNYHA, rPyLIa, WWMNWKHA.
Mpvknagn TBapvH OAHIEl POANHN: COPOKA, ranka, Kpyk.

3. ChopmynioliTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. Ha KOHKpeTHOMY npuKnagi NosCHiTb, AK 3a gornomorot 6Gioxi-
MiYHOro KpuTepito po3pi3HnTM ABa Buau. 2. Cepef KOMapiB iCHYKOTb
BUAN-ABINHNKM, [eAKi 3 AKX MOXYTb NepeHOCUTM ManAapilo, a feaki —
Hi. 3a 30BHIWHbOW OYy[OBOIO BOHM He BiAPI3HAOTLCA. 3anNPONOHYyNTe
cnoci6 (abo cnoco6bu), 3a 4ONOMOrol AKoro (abo AKMX) Ui BUAN MOXKHa
pPO3pi3HUTU.

2]
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Tema 2. biopi3HOMaHITTA

§ 10. biopisHOMaHiTTA

0 [NomipkynTe

KopiHHi amepuKaHUi cTBOpuIn Jobpe PO3BMHEHI
umBinizauii. Ane o npuxogy €BponenuiB He Manu
Y BICbKY KIHHOTW, XOYa KOHi BMHUWKAW 11 €BONIOLiO-
HyBanu B [iBHiuHIN Amepuui. Yomy?

e 3raganTe

« KuBi opraHiamu e PocnnHn
o TBapUHU o Tpubu
» bioueHo3n

PiBHi 1 TNn 6ionoriyHoro pisHOMaHiITTA

Tepmin «b6iopisHOMaHITTS» IOUATIH 3aCTOCO-
ByBaTu HelrogaBHO. IlouaTTa «biojsoriune pis-
HOoMaHiTTA» BBiB Tomac JlaBm:koii (mas. 10.1)
1980 pokry, a ckopoueHuii BapianT — «0Oiopis-
HOMaHiTTs» — 3amponoHysas Exsapnm OcbGopH
Bincorn 1986 poxy.

3apas 3acTOCOBYIOTH KijJbKa pPiBHUX Bapi-
aHTiB 3HAUYEHHs TepMiHa «OiopisHOMaHITTA».
OxuuM i3 HaAWOINBII IOINMPEHUX € TaKuii: 0io-
pisHomaHimmsa — Ie CYKYOHICTb T'eHiB, BUIIiB
Ta eKOCUCTEM y perioHi. BusHaueHHs, IPUHHATE
Ha camiti OOH y Pio-ge-iKaneiipo (1992), roso-
puUTh, W10 OiopisHomMaHimms — Ie MiHJUBOCTI
cepel JKMBUX OPraHisaMiB 3 OyAb-AKMX apeaJiis,
BKJIIOUAIOYU, 30KpeMa, CYXOA0JbHi, MOPCHKi Ta
iHOIi BOAHI, Ta cepell eKOJIOTiUHNX KOMILJIEKCIB,
YacTUHAMU SAKUX BOHU €, IO BKJIOYAE MiHJIU-

A

800

600 —

400 —

Yncno poauH

200
100

BicTh ycepeauHi BUAIB, MiX BHUAAMU Ta MiX
exocucTeMaMu. BinmmosigHo, 3a piBHAMEN MOYKHA
posrasmaTu 6iosoriuHe pisHOMAaHITTS Ha piBHI
nonyadAmnii, BUAY, eKOCUCTEeMHU TOIIIO.

PospisuAoTs Tpu OCHOBHI Tumu 0iopisHo-
MaHiTTA: anbda-, 6era- Ta ramMma-pisHOMAaHIT-
Ts. Anb(pa-pisHOMAHITTA OIiHIOE pPi3HOMAHITTA
BCepeanHi yrpymnoBaHHsA, OeTa-pisHOMAHITTA —
MiK yrpynoBaHHSAMM, a TaMMa-pPisHOMAaHITTA —
Ha piBHIi JaHAIIA(THOI B0OHU, AKA MIiCTUTH Iy
HU3KY YI'PYIOBaHb.

3HaueHHA BiOPI3HOMaHITTA y Npupoai
W XKUTTI NIOAUHN

BiopiswomaniTTa Bimirpae Haa3BUUYANHO
BajKJIMBY pOJIb B icHyBamuHi Giocdepu. IIporsa-
TOM eBOJIIOIIi1 OiopisHOMaHITTA mOCTiiiHO 3pocTa-
JI0, 110 JoOpe BUAHO Ha NPUKJIALI 30iJbIIIeHHS
KiJIBKOCTI POAWH KMBUX OPraHidMiB i3 wacom
(man. 10.2).

ExocucreMu MOMKYThb iCHyBaTH TiJIbKU 3a
YMOBH, IO MO iIXHBOTO CKJAAy BXOAATH IPOIY-
IeHTN, KOHCYMEHTH i peayIlieHTH, 00 opraHiuxi
PEYOBUHM CJIiJ] TOCTifIHO YTBOPIOBATH i ITOCTiHHO
pylinyBaTHu, 11100 3abe3neuynTu OOMiH PEYOBUH.
TobTo 6e3 MiHiManbHOTO GioJIOTiYHOTO pidHOMA-
HITTS eKocucTeMa iCHyBaTW IIPOCTO HE 3MOIKe.
TeopeTnYHO MiHIMAALHON YMOB0I0 iCHYBaHHA
€KOCHUCTEMHU € HAaABHICTh Xo4ya 6 ABOX KOMIIO-
HEHTIiB — MPOAYIIeHTa i penyIlieHTa.

Binpmuii piBeHb pisHOMaHITTS POOUTH €KO-
cucTeMH OLJIBII CTIMKMMU O 30BHIIIIHIX BILJINBiB.

Maneo3olicbKa Me3o3o1cbka  KaiHo30WMcbKa
epa epa epa

550
Man. 10.1. T. Nlagkon (Hap. 1941 p.),
aMepuKaHCbKMIn Gionor

T T T T T >
400 200 0
MinbnoHn pokis Tomy

Man. 10.2. 3miHa yncna poavH TBAapWUH NPOTArOM OCTaHHiX 550 MiNbNOHIB POKIB
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Man. 10.3. ®nopucTnyHi LapcTBa

Bucoxke remetTruHe pisHOMAHITTS 30i/IbIIIy€E IIAH-
cU TOMmyJaANii Ha BUIKUBAHHSA B yMOBax 3MiHU
cepemoBUINA iCHYBaHHS, 00 B TaKOMY BUIIAIKY
X0U XTOCH i3 HAIIaJKiB MOK€e BUABUTUCS JOCTAT-
HBO IIPHCTOCOBAHUM [0 HOBUX YMOB iCHYBaHHA.

Benuke 3HaueHHs Mae OiopisHoMaHiTTA
i pna mogwHuU. JllonwHa TAKOMXK € CKJIAaJ0BOIO
exocucteMm. ToMy BUCOKUII piBeHBL GiopisHOMAa-
HITTS 30iJbINye ITaHC BUKHBAHHA €KOCHCTEM
ysaraJii i JIoAUHU 30KpemMa. Beimka KiJbKicTb
pisHUX BUiB TBapWH i POCIMH MOKe OyTHU IKe-
peJioM IPUPOIHUX CIIONYK i MaTepiaiuiB, AKi Mo-
JKYTh BUKOPHUCTOBYBATHUCS JIOAUHOIO.

Kpim Toro, BCOKe pisHOMAHITTS Hajgae JIO-
IUHI mepeBaru i B il rocmogapchbKiil AisiabHOCTI.
Tar, mepmri muBisisanii Ha nIaHeTi 3apoAsKyBa-
JUCA Y CXOKHX yMoBax. AJjie eBpasiiicbKi Iu-
Bimizaifii MaJau MOMKJIMBICTE AJIs OLOMAIIHEHHS
HabaraTo 0iibInol KiJIbKOCTI BUAIB TBapuWH, HikXK,
HaNPUKJIA, aMepuKaHcbKi. OmoMaIrrueHHA KO-
Hell 3pobuyio GiNbIll ePEeKTUBHUM SAK CiJIbCbhbKe
TOCIIOIapCTBO, TaK i TPAHCIIOPT, IIIO CTAJIO HIPU-
YMHOIO BUIIOI e(heKTUBHOCTI €eKOHOMIKHY i IITBU-
IIoro PO3BUTKY muBimisarii B €Bpasii.

Cnctematuka i 6ioreorpadis

CucremaTurka ta Gioreorpadis € Haykamwu,
AKi CKJIaJalOTh OCHOBY BUBUEHHs OiopisHoMa-
HiTTs. CHcTeMaTHKA PO3IOAiJsae OpraHisMu 3a
CUCTEeMATUYHUMU T'PYyHaMU, BPAXOBYIOUHU CTY-

0 KnioyoBga igen

BiopisHOMaHITTA € 060B'A3KOBOIO YMOBOW iCHY-
BaHHA Oyfb-AKOi ekocuctemu. Bucokuin piseHb
6iopi3HOMaHITTA pobUTb ekocucTemMu 6inbl
CTiINKUMWN. BOHO Ma€e BenmyesHe 3HayeHHA ANA
PO3BUTKY Ta BUXMBAHHA NIOACTBA.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Tema 2. BiopisHOMAHITTA 333 Sl

— ..;_Alrctic

Wallace-
Line

g . :
Madagassian® Australian

v

Antarctic
Man. 10.4. 3ooreorpacdiuHi LapcTea

MiHb CIIOPiZHEHOCTi Ta eBOJIIOIINHY icTOpito BuU-
niB. Bioreorpadis mocirimkye 3aKOHOMipHOCTI
reorpahiyHOro IOMIMPEHHSA KUBUX OpPTraHi3MiB
Ta iIXHIX yrpymoBaHb i xapakTep payHu (CyKyII-
HOCTi BUAiB TBapuH) i (psiopu (CyKyIIHOCTI BUIiB
POCJINH) OKPEeMUX TEPUTOPii.

3aBOAKU DOCTiIKEHHSAM CHUCTeMaTHUKH i 0io-
reorpadii OyJsio, HaIpUKJIaJ, BUILIEHO (QJIOpHUC-
TUYHI IapcTBa — paiioHu 3eMJi, saKi BigpisHs-
IOTBCA OCOOJIMBOCTAMU (DJIIOPUCTUUHOTO CKJIALY
(maut. 10.3). Ilikaso, 110 (hayHicTUUHE paliOHyBaH-
Hs, sIKe Te)X 0yJI0 BUKOHAHO, JAJIO JAeI[0 iHIIni
moais moBepxHi 3emJsi Ha obaacti (mas. 10.4).

@ MpakThyHa poboTa

lMopieHAanvHa xapakmepucmuka ¢ayHicmuyHux
yapcme

1. Po3rnAHbTe KapTy ¢dayHICTUYHOrO parioHyBaHHSA
cyxogony. BusHaute TepuTOpii, AKI OXOMIOE KOXHE
dayHicTuuHe LapcTBO.

2. BukopucToBytoun TeKCT NigpyyHrKa, BU3HayTe Xa-
paKTepHi 03HaKN KOXHOro ¢ayHiCTMYHOro LapcTBa.
CknagiTb Ta 3anoBHITb BiANOBIAHY TabnauLto.

3. Bu3HauTte ronoBHi NpuvHUUNM ¢dayHiCTUYHOro pa-
NOHyBaHHA. [lariTe iM KOPOTKY XapaKTepPUCTUKY.

4. CoopmynioiTe BUCHOBOK.

03aI'II/ITaHHﬂ Ta 3aBLAHHA

1. AKMMM MOBam¥ nojaHO NiANMCM Ha KapTax
(man. 10.3, 10.4)? Yomy came Ui MOBW HalyacTiwe BU-
KOPUCTOBYIOTb Y Hayui? 2. Yu 3rofHi BN 3 TBepAXeH-
HAM, WO NonynaALlis 3 BUCOKMM piBHEM BiopisHOMaHITTA
Ma€ GinblUi WaHCK Ha BVXXMBAHHA Y BUMAZKY Ail Ha Hel
HecnpuatTnmeoro daktopa? OBIPyHTYNTe CBOK TOUKY
30py. 3. 3a AKNX YMOB 3MO»Ke iCHyBaTu ekocucrema, jo
CKnagy AKol BXOAWUTb TiNbKW OAVH BUA XUBUX OpraHis-
MiB? AAKUM YMHOM Y Hill MOXKHa CTBOPUTU MiHIManbHO
HeobxigHe AnA OYHKUiIOHYBaHHA GiOpPi3HOMaHITTA?
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Tema 2. biopi3HOMaHITTA

§ 11. Jocnig»KeHHA Giopi3HOMaHITTA

0 [omipkymnTe

Y akomy 3 ABOx 6ioLleH03iB — KOpasioBoro
pudy um BiZKPUTOro OKeaHy, pPO3TallOBaHUX
Ha OfHAKOBIN rMNOUHI,— 6Giopi3HOMaHITTA
6yne 6inbwnm i yomy?

é 3raganTe

- bionoria - MeToaun 6ionorii

+ EkcnepumeHT » CnocrepekeHHA

« QakTOpMK CcepepoBMLLa

MeToaun BUBYEHHA GiOpi3HOMAHITTA

Meronu BuBUeHHs O0iOpi3HOMAHITTA € IO-
cuTh uncjeHHUMU. [{o HUX HajJe)XaTh iHBeHTa-
pusarid, MOHITOPHWHT, OI[iHKAa BHIOBOTO Pi3HO-
MaHITTHA, OIliHKa eKOCUCTEMHOT'0 Pi3HOMAHITTA,
bGioimguKAaIis.

HysKe BasKJIMBUM € KiTbKiCHUIT acTIeKT OIli-
HIOBaHHA Pi3HOMAHITTA.

OrmintoBaTu 6i0pi3HOMAHITTA MOKHA AK yce-
penuHi SKOroch yrpyloBaHHs, TaK i MOpPiBHIO-
oYn MiK co0or0 pisHi yrpymosamusa. Ilim uac
OIliHIOBaHHA OiOPiBHOMAHITTA BCEepenUHi yrpy-
MOBaHHA He CJiJ IJIyTaTHu HOro 3 06araTcTBOM
ekocucreMu. BupoBe 6araTcTBO BU3HAUAETHCS
KIJIBKiCTIO BUAiB, AKI NPUCYTHI B €KOCHCTEMi.
A mix uyac ormiHoBamHA OiopisHOMAaHITTS Bpa-
XOBYETBHCA TAKOMK KiJbKicHA YacTKa KOMKHOTO
3 BumiB (mas. 11.1).

LKL

YrpynoBaHHA 2

TLLE

YrpynosaHHsa 1

Man. 11.1. Bugose 6aratctBo yrpynosaHb 1 i 2 ogHaKoBe,
a 6iopi3HOMaHITTA NepLIOro yrpynoBaHHA BULLE, HiX ApYro-
ro (a, b, ¢, d e — neBHi BMAN)

I[HBEeHTapu3auia i MOHITOPUHT

Byan-aka ominka O6iopisHOMaHITTA mMoYMHA-
€ThCA 3 MOTo IeperiKy (iHBeHTapuaailii).

InBenTapuzaniss — 1e BUABJIEHHA HaAB-
HOCTi BCix KOMIOHEHTiB O6iopisHOMaHIiTTA Ta X
dikcamia. Tak, mig vyac amajai3y TeHEeTHYHOTO
PiBHOMAHITTS BUABJIAIOTH yCi icHyI0Ui BapiaHTH
TeHiB, a miJ yac aHaJIidy BUIOBOTO Pi3HOMAHITTSA
BU3HAYAIOTh yCi BUAMW, AKi € B yrpyIOBaHHi.

IuBenTapusalia € Tiero 0CHOBOIO, 3 AKOI ITI0-
YMHAIOTHBCA BCi pobOTU 3 HOcCaimxeHHs 6Giopis-
HOMAaHITTA. AJKe Iepes TUM SK IIOPiBHIOBATH,
Tpeba 3HATHU, IO IIOPiBHIOBATHU.

Yacto aas BifcaigkoByBaHHsA 3MiH Oiopis-
HOMAHITTS BUKOPHUCTOBYIOTH MOHITOPUHTOBIL J0-
craimxkenas. MOHITOpUMHT — Iie TUII AOCJiJKeHb,
3a AKUX 3 IMEBHOI0 IEPiOJMUYHICTIO TPOBOSATH
pAI 3aXO0MiB, AKi MO3BOJAIOTHL BU3HAUUTU CTAH
mocaimsxyBaHoro ob’exkTa. 3axXogu IIPOBOLATH
OJHAKOBMM UHMHOM i 3 BUKOPUCTAHHSAM OJHA-
koBuX npuinafis. Ile mae mMoxkJuBicTH aHamizy-
BaTU AUHAMIKY 3MiH CTaHY Ta BUABJATU 3MiHU,
AKi1 BimOyBaroThCsA 3 00’€KTOM CIOCTEPEKEHb.
MowuiTopuHTOBI AOCHiAKEeHHSA TO3BOJAIOTH PO-
0uTu e@eKTHMBHI HMPOTHO3U POBBUTKY CHUTYyAIIil
B eKocmcTeMax i 3amobiraTu HeraTMBHUM TeH-
IOeHIlisIM, SIKi BIAa€eThbCs BUSABUTH.

3ajIe;KHO BiJ mpu3HAUEeHHS BUIIJIAIOTH 3a-
raJpHui (CTaHmapTHUI), omepaTuBHUMN (Kpu-
30Buii) Ta GoHOBUII (HAYKOBUII) MOHITODPHUHT.
®oHOBHMIT MOHITOPUHT 3iMCHIOETHCA Y IPUPOI-
HUX Ta OiocepHUX BaMOBiJHMKAX i Ha iHIITUX
TEPUTOPiAX, IO OXOPOHAIOTHCA. BiH € morJan-
HUM i BUCOKOTOUHUM, II[0 J03BOJSAE e(DEKTUBHO
IOCJTiPKyBaTH 3MiHY CTaHY €KOCHUCTEM. 3araib-
HHUI MOHITOPWHT He TaKui noxkjJanuuii. [lapame-
TPU, 34 AKMMHU BiH 3miHiICHIOETHCS, MiAO0MPAIOTh
3 TOUYKU 30py OITHUMAJBHOCTI ¥ JOCTATHOCTI.
OnepaTuBHHMII MOHITOPUHT ITPOBOIATH Y 30HAX
aBapiii Ta MPUPOAHUX ABUII, AKi CyTTEBO IIO-
PYLINJIN CTaH €KOCUCTEeMU.

bioiHaMKauia Ta ekonoriyHe

NPOrHO3yBaHHA

Bioimgukania — 1me MeTon BU3HAUEHHS €KO-
JIOTIYHOTO CTaHY €KOCHCTEM 3a JOIIOMOTOI0 JKU-
BUX 00’€KTiB. fIK 00’€KTH MOKYTh BUKOPHCTOBY-
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Tema 2. BiopisHOMAHITTA 333 Sl

Man. 11.2. Bugn-ingnkatopu: MMWanHMKN (a) — 4nctotn nosiTps, fadHii (6) — BOOHMX ekocucTem

BaTUCS KJITUHU, OPraHidMM, TOMYJIAIil OKPEMUX
BUAIB a00 €KOJIOTiuHi yrpymoBaHHA. 3a SOIIOMO-
roro Oioimmmkariii MoskHa oIliHIOBaTH gir0 abio-
TUYHUX, OIOTUYHUX Ta aHTPOIOIeHHUX (PAKTOPiB.

A piarHOCTUKU CTaHy €KOCUCTeM BUKO-
PHCTOBYIOTH BUAU-IHANKATOPH, IKi MaOThL 0iJIb-
Ty YyTJAUBICTD OO Ail HECIIPUATINBOTO (haKTOPY
cepemoBUIA i TOMY IIBUAINE PearyoTh HA 3MiHUI
B mii mporo ¢gaxropy. Hua omimkum aii pisHmx
(hakTOPiB BUKOPUCTOBYIOTH Pi3HiI BUAM-iHAWKA-
Topu (Maa. 11.2).

Caip BigmiTuTH, 110 VHiBepcalibHUX BUIiB-
inmgukarTopiB He icHye. Ile moB’A3aHO 3 TUM, IO
pisHi KWBi opraHisMu CyTTEBO BipPiBHAIOTHCA
MixK coboro 3a criiikicTio mo mii pisHux dakrTo-
piB. I aKmio, HaIpUKJIaL, IeBHUN BUM € UyTJIU-
BUM JI0 3MiHUM BMIiCTy CIIOJTYK ApCEHY Y CBOEMY
CepeIoBUIIi iCHYBaHHs, TO IIe He O3HAUAE, IO
BiH TaKoK Oyae rapHUM iHAWUKATOPOM [IJIs BU-
ABJIEHHS 3MiHM BMicTy cmouayk ILinromMOymy.

Hnsa amaiisy 3MiH cTaHy €KOCHCTEMHU B ITi-
JIOMY 3aCTOCOBYIOTH He OIWH BU-IHAWKATOD,
a MiJui KOMILIeKC TaKuxX BUAiB. s TOro 1100
OIliHKa CTaHy eKocucTeMu O0yJia epeKTUBHOIO, IO
KOMILJIEKCY BUIiB-iHAVUKATOPiB BKJIIOYAIOTH IIPE/-
CTAaBHUKIB OCHOBHUX €KOJIOTIYHUX TPYI — IIPO-
IYIIEHTiB, KOHCYMEHTIB i penyieHTiB. Ilpu mpomy
cepel, KOHCYMEHTIB BUAU-iHAMKATOPHU IIigdompa-
IOTh JIJIA KOMKHOTO 3 OCHOBHUX TPO(hiYHMX PiBHIiB.

0 KnioyoBga igen

CrnocTepexXeHHA 3a CTaHOM 6iopi3HOMaHITTA
B €KOCMCTEMi MOXKe JaTh AyKe 6arato KOpuCcHOT
iHpopmaLii. 3 "oro [ONOMOrol MoXHa BUABUTU
nosABy HOBMX Npobnem i 3pobUTV NPOrHO3 LWOAO
ManbyTHiIX nodii B eKocucTemi.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Exosoriuse mporao3yBaHHA — Iie Iiepeaoda-
YeHHA MOKJIUBOI MOBEeIiHKY IPUPOIHUX CHUCTEM
Ha OCHOBI iH(popmMmarrii, sxa OyJja oTpuMaHa B II0-
nepenHix gociaimskeHHAX. OCHOBOIO €KOJIOTiuHO-
IO IIPOTHO3YBAHHSA YaCTO € CTBOPEHHS MojeJiei
€KOCHCTEM, AKi JO3BOJISIOTH OI[iHUTHU BILIUB Ha
HUX AK IPUPONHUX IIPOIECiB, TaK i JIFOACBKOIL
SKUTTENIANBHOCTI. [[J14 €KOJIOTIUHOT'0 IPOTHO3Y-
BaHHA CTBOPIOIOTH HMPOTHO3HI KapTu, AKi mepi-
OJIMYHO OHOBJIIOIOTH, ypaxoBylouu 3adiKcoBaHi
B €KOCHCTeMaX 3MiHWU.

® MpakTyHa poboTa

BugyeHHs 8u008020 CK/1a0y eKocucmem C80€i mic-
yesocmi. Budoea 6iopisHomaHimHicme

1. Bu3HauTe BUAN POCIVIH | TBAPUH, AKi BXOAATb A0
CKnapy OfHI€l 3 eKocMcTeM BaLLOi MiCLLeBOCTi.

2. 3a pe3ynbTaTamMy CNOCTEPEXKEHD 3aMOBHITb Tabnu-
Lo, y AKIN yKaXiTb, AKI POC/IVHN € NOKPUTOHACIHHU-
MW, FOJTOHACIHHVMM Ta BULLMMW CMTIOPOBUMM, @ TaKOXK
AKi TBAPUHW € XPeOETHUMY, 6e3XpebeTHMMN.

3. [InA KOXHOro 3 BWAIB OUiHITb 4YacTOTy, 3 AKOW
BiH TpannA€eTbca B eKoCcuCTeMi, (BUCOKa, cepepHs,
HW3bKa), Ta BKaxiTb il B Tabnuui.

4. CoopmynionTe BUCHOBOK.

03aI‘IMTaHHﬂ Ta 3aBAaHHA

1. AKi nepeBarn " HepoNiKW, MOPIBHAHO 3 iHAMKa-
Li€lo 3a Jonomorol npunagis, Mae 6bioiHanKauia?
2. Cknagitb CNMUCOK €KOCUCTEM BalLOro perioHy, anAa
AKNX Byno 6 6a)kaHO MPOBECTU EKOJSoriYHe MPOrHO3y-
BaHHA. 3. HaBegiTb npuknagu sugis-iHgmkaTtopis. 4. Ha
npviknagi fadHii NOACHITb, AK MOXHa BUKOPUCTOBYBATH
BUAV-iHaMKaTopu. 5. Ha mantoHky 11.1 nokasaHo Buao-
BMI CKNap Ta 4acTky (Big 3arafibHOro umcrna ocobuH)
KOXXHOrO 3 BUAIB 1BOX YyrpynoBaHb. MoACHiTb, Yomy 6io-
PI3HOMAaHITTA yrpynoBaHHA 1 BULLE, Hi>K YrPyNOBaHHA 2.
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Tema 2. biopi3HOMaHITTA

§ 12. CyyacHa cuctema XuBOro cBiTy

0 [omipkynTe

AK MOXHa BM3HAYWUTU Ha-
ABHICTb Pi3HMX BUAIB MiKpO-
OpraHi3amiB y neBHOMy cepe-
JOBULLi iCHYBaHHA?

é 3raganTe

e KnitnHa « [TpokapioTtn
» Eykapiotu  Bipycun
o CnctemaTnyHi Kateropii

TpngomeHHa cncrema

»W1BOTO CBITY

Kapa Boys (1990 p.), cnupa-
I0YXMCh Ha aHAaJi3 IIOCJiJZOBHOCTI
mykaeorunie pPHK Ta meaki immmi
MOJIEKYJIAPHI XapaKTepPUCTUKU, 3a-
IPOIIOHYBAaB HOBUI BapiaHT cucTe-
MATUKMN KUBUX oOpradismin. 3rifg-
HO 3 HUM OpTraHidMu HOoAiaAIuCA
Ha BeJIMKi CHUCTeMaTWYHi rpynu —

Apxei

Man. 12.1. Tpu AOMEHN XMBUX OpPraHi3mis

momeHu. JloMeH — Ile TaKCOH HAWBUINOTO PaHTy, AKUN
BKJIIOYAE KiJbKa IIApCTB KWUBUX OPTaHi3MiB.

Kaitunui dopmMu KuUTTS momijmiau Ha TPU JOMEHH —
Bakrepii, Apxei ta Eykapioru (man. 12.1). Bipycu Bumi-
JUJIN AK OKpeMUi TakcoH Vira, axuii 00’eqHye HEKJIiTHUH-
Hi opmMu KUTTA ¥ 3a paHroMm Bimgmosimae momerny. Taxa
KJacudikaiis HaOiJIbIII TOYHO BigOMBA€E CydacHi ysaBJIEH-
HA OPO BUHUKHEHHA § €BOJIIOIiI0 OCHOBHUX TI'PYIl KUBUX
OopraHismis.

XapaKTepHi 0co6MMBOCTI AOMEHIB KMBUX OpraHi3mMiB

Opranisamu,
Tpyna AKi BXOIATH
IO CKJIAxy IPyIH

Oco6amuBOCTi OyIOBH i JKUTTEXIAIBHOCTL

Baxkrepii Baxrepii Knitunni opranismu. ¥ KiiTuHax HeMae aapa i MeMOpaHHUX opraHes. Bim-
PisHAIOTHCA 3HAYHOIO Pi3HOMAaHITHiCTIO 6i0XiMiUuHMX MpoOIleciB y KIiTuHAaX.
T'emeTuunuit maTepiaJ 3a3BuuUail npeAcTaBJIeHUN BeJIUKOIO KiJIbIIeBOIO MOJIe-
rysaoio [JTHK (6akTepianbHOI0 XpoMocomoio). MokyTh MaTu maasmigu. ['enn
He MiCTATH iHTPOHIB

Apxei Apxei (apxebak- = Kaitunxi opramismu. CyTTeBO BigpisHAIOTHCS Bif iHIITIX JOMEHIiB 3a CKJia-
Tepii) IoMm JinigiB Ta 6inKkiB. ¥V KJIiTrHaAX HeMae Apa i MeMOpaHHUX opramen. I'e-
HETUYHUN MaTepiaj 3a3BUUal IIPeICTABIEHNI BEJIMKOIO KiJIbIIEBOIO MOJIEKY-
noro [JTHK (6akTepiambHOIO XpoMocoMoio). MokyTs MaTu maasmigu. YactuHa
TeHiB MiCTUTH iHTPOHU

Eykapioru @ TBapunu, rpu- Kaituuni opramismu. ¥ KiaiTuHax € sapa Ta iHIIi MeMOpaHHi opraHenu
6u, 3eJieHi poc- ¥ muTockeseT. ['eHeTUUHMI MaTepiaja MiCTUTBCS ¥ XPOMOCOMAaX i Ma€ BUTJIAL
JUHU TOIIO airittanx moseryn JHEK. ¥V mitoxonapiax i miracTumzax npucyTHi HeBeInuki

mosiekysin Kisbresoi JJHK. T'eau micTaTs iHTpOHMI
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Tema 2. BiopisHOMAHITTA 333 Sl

LiadopeTukn EkckaBatu Amopdei
I I
Eykapiotn
[aBHi 6akTepii TeppabakTepii Figpo6akrepii
Biapinu-npereHpeHTN bakTepii Apxei

LUCA (ocTaHHi cninbHUM npefok
KNITUHHNX OpraHi3miB)

Man. 12.2. HoBui1 BapiaHT cucTeMun opraHi3miB, y AKOMY eyKapioT! 06’e[HYI0TbCA 3 apxeAMM i 3'ABNAETbCA HOBA rinka (Biogi-
NU-NPeTeHAEHTH, AKI He MOXHA MOKM Lo BigHEeCTV Hi go 6aKkTepii, Hi o apxei)

MakpocnctemaTtmka i MeTareHOMHUN
aHani3

MakpocHuCcTeMaTHKOI0 Ha3UBAIOTh PO3/ILI CHUC-
TeMaTHUKW JKUBUX OPraHisMiB, KU IIpaIfioe is
CHUCTEeMAaTUYHUMU KaTeTopiAMMN HAWBUIIINX PaH-
riB — moMeHaMu, CyOloMeHaMu, IPyIlaMu IIapcTB,
mapctBamu Torro. OcTaHHIM YacoM y Ii#l raJrysi
0yJ10 3pobJieHO unMasio BigkpuTTiB. 1le moB’a3amo
i3 BacTocyBaHHSAM HOBITHiX MeTOIiB aHaJi3y,
y [Oeplry 4Yepry MOJAeKYJNLAPHO-26HEeMUYHUX.

3apas y:ke BimoMa IOCJIiJOBHICTh HYKJIEOTH-
nie [IHK gia 6araThox BasKJIMBUX TeHIB COTEHbD
opratismiB. A reHOMHU XO0Y KiJIbKOX IpeACTaBHI-
KiB OCHOBHHMX CHCTEMATHUYHUX TI'PYH PO3ITHQGPO-
BaHi moBHicTIo. Ile mo3BoJisie e()eKTUBHO IMTOPiB-
HIOBATU OPTaHI3MM MiK C000I0, BCTAHOBJIIOIOUN
ixHi poauHHI 3B’ A3KHU. 3aBAAKHN TAKUM TeXHOJIO-
rissm OyJI0 ImocTaBJIeHO IMIUTAHHSA PO 00’ € THAHHSA
apxell Ta eyKapioTiB B OJMH AOMeH. 3apas3 BOHO
AKTHBHO OOTrOBOPIOETHCH.

0 Kniouosa iges

YCi KNiTUHHI OpraHi3Mn y cyyacHin cucrtematuui
NnoJinAlTb Ha TPW BeNUKi rpynn — [OOMEHU:
BbakTepii, Apxei Ta EykapioTu. Bipycu 06’egHytoTb
B OKpeMmy rpyny HekniTuHHuUx ¢opm xutTa Vira,
AKa 3a PaHroM [OPIBHIOE JOMEHY.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Taxok IIHPOKE B3aCTOCYBAHHS OTPHUMAaB
MeTOJl MemazeHoMH020 arari3y. Bin mosBoise
Buayuatu ¥ aHagdidyBatu [IHK OesmocepemHbo
3 BimiOparnmx mpob, 6e3 BUPOIYBAaHHS MiKpPO-
oprauismiB. Taxkwuii merTon aHaidy momomarae
BUBYATU OPraHi3Mu, AKi HOKHU IO He BIAETHCS
BUPOIIYBATA HA MOKUBHUX cepemoBUIllax. Bu-
ABUJIOCS, IO TaKWUX OpraHisMiB Habarato 0ijb-
me, HixK mepembauasiocs panimre. Cepenm HuX
HaBiTh OyJia BUIiJieHa OKpeMa rpymna «Bigmiigis-
raggunatiB» (Candidate Phyla), AKUX TOKU IO
He 3MOTJIN BiflHecTH Hi IO apxeil, Hi 70 OaKTepii.
MosxkauBo, 1110 iX HOBemeThCA BUIIJIATUA B OKpe-
muii gomen (maja. 12.2).

IIa HOBa rpymna IiJIKOM CKJIaJAaEThCA 3 opra-
Hi3MiB, fKi He BJAETHCA BUPOIIYBATU B KYJbTY-
pax. IToku 110 Bimoma TibKu OyzmoBa ixaboi [[HE
i Te, 110, CKOpillle 3a Bce, BOHU € IIPOKapioTamu.

3anuTaHHA Ta 3aBAaHHSA

1. Yn 3rogHi BU 3 BUKOPUCTaHHAM TEPMiHA «JOMEH»
[NA NOo3HayYeHHA HanbiNbLWOI cMcTeMaTMYHOI KaTeropii?
O6rpyHTyIiTe CBOIO TOUKY 30pY. 2. [TOCNifOBHICTb HyKneo-
TUAIB AKMX FeHiB HavKpalle BUKOPWUCTOBYBATW ANA Mo-
PIBHAHHSA Pi3HKX rPyn *MBMX OpraHiamis? Bignosigb 06-
rpyHtymnte. 3. CKnagitb CNUCOK MOXMBUX MPUYMH, AKI
3aBaXaloTb BUPOLLYBAHHIO B KY/bTYpi MiKPOOpPraHi3mis,
WO BiAKPWAX 3a JOMOMOrOK MeTareHOMHOro aHanisy.
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Tema 2. biopi3HOMaHITTA

§ 13. NpokapioTUUHi opraHiamn

0 [omipkymnTe

Apxeli BBa)KaloTb HAMOAMXKUMMU pPOAUYaMNA
i Nnpegkamun eykapioTiB. A AKi O3HaKu Ha ue

BKa3yloTb?
e 3ragaite
o KnitnHa o KniTuHHa cTiHKa
» Hykneoig,  Mnasmiga
o [DKryTumK

bakTepii Ta Apxel

IIpokapioTiB moisAIOTH HA ABi BEJIWKi Ipy-
nu — gomeHu Apxei ta Bakrepii (manx. 13.1).
Baxrepii TpamisoThea B yCiX cepemoBHUIIax ic-
HYBaHHA. BOHU JKUBYTH y BOJi, I'PYHTi, *KUBUX
opraHizmax. Apxe#l Crmo4yaTKy BUSABUJIU B 30-

HaX eKCTPeMaJbHOTO iCHYBaHHA: y IysKe ra-
pAYNX mKepenax (HAIpUKJIaL, y Teisepax) Ta
B IIysKe XOJIONHUX yMOBax, y BOJOMMAax i3 my:ke
COJIOHUM, KHCJAUM a00 JIY;KHUM CepPemOBUIIEeM.
AJle HacTyOHI OOCHiM:KeHHS BUABUJIN 3HAUHY
KiJIBbKicTh apxell, AKi KUBYTh i B HOPMAaJIbHUX
yMoBax. baraTo mpejcTaBHUKIB apxeil € Mell-
KaHI[IMU TPaBHUX TPaKTiB TBapuH (KYWUHUX,
TEepPMiTiB, JIOmel TOIIO).

Cncrtematrka 6akTepili Ta apxen

ITogin GaxkTepiii Ha BeJauKi cuUcTeMaTUYHI
Tpynm Aoci € mpeaMeTOM HAyKOBOI AMCKYCii.
fAxito o6’egHaHHA BUAIB [0 I'PYI paHry Bimmi-
JIy He BUKJMUKAIOTH 0COOJMBUX HPOOJIEM, TO 3a-
TaJIbHOIIPUHNHATE X 00’eIHAaHHS Ha PiBHI IMapcTs
abo cyOmoMeHiB BimcyTHE.

Haii6inpin momupeHuM 3 iCHyHOUHX Bapi-
aHTiB € IOAin O0axTepiii Ha TPU BeJUKi I'PyIIU:

XapakTepHi 03HaKy 6akTepill Ta apxemn

O3Haka Baxkrepii

KinpkicTs KiiTua

OpHOKJIiTHMHHI, KOJIOHIaNbHI Ta (iHKOIN) 6a-

Apxei

TinbKu OMHOKIITUHHIL

TaTOKJIITHHHI (MalOTh KJIiTUHYU Pi3HUX TUIIIB,

SIK HOCTOK)

BynoBa kaiTuaHOI

MeMOpaHu 3 (pocdouimigin

KaitunHa crinka
Ocob6smBocti renomy = He micTuts ricronin

OcobauBocTi
IKTYTUKIB

MeMmO6paHa 3aBK /A1 SBOIIIAPOBA, CKJIALACTHCA

CkJamaeTbes 3 Mypeiny Ta crenu@ivHux
0inKiB, uacTo Mae HOZATKOBI Imapu

IToposxHMCTi 6iTKOBI MUIIHAPY, POCTYTh KiH-
YUKOM; 0O0ePTaHHS BiIOYBaeThCA 38 PAXYHOK

MemOpana Moxxe OyTH IBOIIAPOBOIO
a00 OIHOIIIaPOBOIO, CKJIALAETHCA 3 eTe-
PiB ruTinepoJsry Ta TePIeHOBUX CIIOJIYK

CryamaeTsed i3 ICeBIOMYpeiHy Ta ciie-
nudivEnX 6iIKiB

MicTuTs ricroHonofioHi 6iIKMT

CyminbHi 6i1KOBi HUTKU, POCTYTH
OCHOBOIO; 00epTaHHA BigOyBaeThCs 3a

pisHUI KOHITeHTpAaIlil MIPOTOHIB IO PidHi OOKW | paxyHOK BUKOpucTaHHA eHeprii ATdD

MeMOpaHu

Man. 13.1. MNpeacTaBHUKN apxelt (a), OQHOKMITUHHMX (6) Ta 6araToKNITMHHUX (8) GaKTepil

28 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoZepHisauii 3amicTy ocBiTu https://imzo.gov.ua



maBHi OaxTepii, TeppobakTepii Ta rigpobakTepii.
IIpeacraBHUKaMu OagHix Oaxmepiii € BOLHEBi
O6axTepii (OTPUMYIOTh €HepPriio 3a paXyHOK OKUC-
HEHHs BOJHIO) Ta TepMmoToru (0axkrepii, ki Ku-
BYTBb y rapAumx mxepenax). Ilo meppobarxmepiil
HaJeXaTh IiaHobaxkTepil Ta 30yIHUK TyOepKYy-
JIB03Y, a 10 zidpobakmepiii — cuipoxXeTu, XJami-
Oii Ta 30yAHUKYK YYMH, X0JIEPH i CAILMOHEIHO3Y.

CucremaTuKa apxel TaKoOK € Ile Hemo-
CTaTHBO PO3pOOJIeHOI0. AJie BUeHi BUIIIAIOTH
cepenl HWX [ABiI BeJUKiI rpynum — mpoTeoapxei

Tema 2. BiopisHOMAHITTA 333 Sl

Ta eyapxei. [lo rpynu npomeoapxeili HalexXaTb
memronasuo (2015 pokry) BimxpuTi JoKiapxei.
Ix BBakalOTH rpymoo, AKa € IPEeJKOBOI0 A
eykapiorTis.

3HauyeHHA baKTepin Ta apxen gna
NIOAVHN

na MoguHU BeJIUKe 3HAYEHHS MAalTh AK
bakTepii, Tak i apxei. Pisui npegcraBHUKY IIUX
TPYyI MOKYTb MaTH AJIS JIIOOUHU SK IIO3UTUBHE,
TaK i HeraTwBHEe 3HAUEHH.

3HaueHHA 6aKTepiln 4nA NOANHN

Bsaemogia 3 aroguHOI0O

BuKOpPUCTOBYIOTHCS ¥ BUPOOHUIITBI XapUOBUX
OPOAYKTiB

€ OCHOBHUM BUPOOHUKOM IIPOAYKIIil B 6i0T€XHOJIO0-
rivHoMy BUPOOHUIITBI

€ CKJIaZI0BOIO YaCTUHOIO OaKTepiaJbHUX HOOPUB

€ MmyTyasicTUYHNMY CUMOIOHTAMY KUIIEUHUKY
JIIOTUHU

€ 30yaHuKaMu 0araThboX 3aXBOPIOBAHD AK CAMUX
JIIOMIe, Tak i BayKJIUBUX AJIA HUX TBAPUH i POCIUH

Mok yTh TOMIKOIKYBAaTH BHACTIOK CBOEL JKUTTE-
IisiabHOCTI criopyau abo MexaHisMu

IIpurkman

Kuciomosouni mpogykTu, cupu, XJ1i600ya0uHi Bupobu
TOIIO0

Baxkrepii, axi BUpoOIAIOTE JiKK (HaIpUKJIaL, iHCYJIiH)

Asorpikcyroui 6aKTepii, AKi CyTTEBO IiABUIIYIOTH YPO-
JKalHicTh 6araTb0X POCIUH

Kuigkosa nmaanuka

30yIHUKY X0JIepH, YYMU, TYOepPKYyJIb0o3y, OaKTepiaIbHO-
T'0 paKy POCJIUH

3asizobakTepii, AKi MocesATHCA Y BOLOIPOBITHUX TPY-
6ax i MOKYTh ITePeITKOKaTH PYXY BOAU

3HayeHHsA apxen Ana noagnuHn

B3aemonia 3 1roqnHOIO
€ yacTHUHOIO MiKPOOIOTH KUIIIEUYHUKY JIFOJUHHI

BasxiuBe mixepesio pepMeHTIB, AKi BUKOPUCTO-
BYIOTHCS B HAYKOBUX JOCTiI?K€HHAX 1 IPOMUCJIO-
BOCTi

3b0araueHHA Py MeTaJIiB ITiJ uac BUAOOYBaHHSA

BupoOHUIITBO IPOAYKTIB XapuyBaHHS 38 BUCOKUX
TeMIepaTyp

KntouoBa igen

\

lMpokapioTnyHi opraHiamu npegcraBfieHi ABoOMa
JomeHamu — bakTtepii Ta Apxei,— AKi CyTTEBO
pi3HATbCA MiXK coboto. O6maBa fOMEHU Bigirpa-
I0Tb [ly>Ke BaX/IMBY pOJib Y NPUPOJHUX eKOCKC-
Temax i XUTTi NOgNHN.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Ilpukaan
MeranorenHi apxe6aKTepii TOBCTOr0 KUIIIEYHUKY

OHEK-monimepasy apxebaKTepiii, AKi "KUBYTH Y rapAdnX
JPKepeJsiaX, BUKOPUCTOBYIOTh AJIs IIOJiMepas3Hol JIaHIIO0-
rOBOI peakIrii

ApxebGaKTepiii BUKOPUCTOBYIOTH IJIA BUAOOYTKY 30JI0TA,
Migi i KobaIbTy

depMeHTH apXeil BUKOPUCTOBYIOTH ¥ BUPOOHUIITBI MO-
JIOKA 3 HUBBKUM YMiCTOM JIAKTO3M, AKe BiOyBaeThCcA 3a
BHCOKOI TeMIIepaTypu

3anuTaHHA Ta 3aBAaHHA

1. Aki ocobnusocTi 6Gionorii 6akTepin MOXyTb
BMJIMBAT Ha Te, WO iX 06’'€AHaHHA Ha piBHI Bipainis
He BUKIUKAE BeNMKMX Npobnem, a Ha PiBHI 6inbwumx
TaKCOHOMIYHMX Tpyn (WapcTBa, Cyb6aOMeHN) BUKIIMKAE
nocTinHi anckycii? 2. CKknagitb CNUCOK 3axBOpPlOBaHb
MOAUHY, 30yaHMKaMK AKUX € GakTepii. 3. Yn MOXHa
CTBEpOKYBaTK, WO GakTepil € 6inbll BaXNUBUMK AnA
NIOACTBA, HiXK apxei? Bignosigb obrpyHTyliTe.

29
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Tema 2. biopi3HOMaHITTA

§ 14. CyyacHa cnctemaTmKka eyKapioTiB

0 [omipkynTe

AKi 03HaKM BKa3ylTb Ha Te, Wo ameba € HinbL
6511M3bKMM poanYEM NIOAUHW, HiX iHOy3opia?

é 3raganTe

o JomeH * Anpo
» Eykapiotu o MiToxoHpgpii
o Apxei « Mnactngn

* MoHo- Ta nonidineTnyHi opraHiamm

EBoniouinHi 3B'A3KN MiX eyKapioTamu
Ta NpoKapioTamu

EykapioTuuHi opranismMu yTBOPUJINUCA B TIPO-
meci eBoJrOIlii 3 mMpokapioTmuHux. Ase mpo Te,
AKa caMe 3 Ipymn IpoKapioTiB Oyjaa mpeaxoMm
eyKapioTMUYHUX OpraHisMiB, AMCKYycCil TpuBaau
moBro. Ilepmri maHi mpo cropigHeHiCTH eyKapi-
oriB 3 apxeamu 3’ asuiaucd e 1984 pory. Ae
TiJIBKY IiCJIA PO3BBUTKY TEXHOJIOTiA MOJIEKYJIAD-
HO-0ioJIOTiUHUX JOCTiIKeHDb YAaJI0Cs BCTAHOBU-
T IIe OiJIbII OOI'PYHTOBAHO.

2015 poky rpymna min xepiBHuUIITBOM AHBI
Cnaur (A. Spang) Buasuiaa y IliBHiunomy JIbo-
moButomy okeaHi caigm IHK mHeBimomoro pa-
Hille opramismMy 3 OOMeHY apxeili, AKHil OyB
"mazBauuii Lokiarchaeum i BigHeceHHUII mo ca-
mocritinoro Bigminy Jlokiapxei (Lokiarchaeota),
110 BXOAUTH A0 CKJIAAy HaaBiaminy Acrapmapxei
(Asgardarchaea) (man. 14.1). I1a rpyma apxei
i BugBuMIacAa HaNOJMMIKUNM POSUUEM eyKapioTiB.
Binwsm Toro, BoHa yTBOpMIA 3 HUMU MOHOQIiIE-
TuuHy Trpyny. Came ToMy 3apas pO3TJIALAIOTH

Man. 14.1. Acrapgapxei

MOJKJIMBICTh 3MiHUTH TPUAOMEHHY CHUCTEMY OpP-
raHigyHOrO CBiTY Ha IBOJOMEHHY, 00, 3a mpa-
BWJIAMU CUCTEMaTUKMW, MOHOMDIJIEeTWYHI Tpynu
IIOBUHHI YTBOPIOBATH OAWH TAKCOH.

Mogin eykapioTiB Ha cy6baomeHu

HoBi Texwmosorii mocaimsxenb, aKi 3’aBid-
auca B Apyrid mosoBmHI XX €T., COpUAIU
BUOiJIEHHIO HabaraTto OiJIBIIIOrO YMCJa IIapCTB
y Me:kax rpynu eykapioris. Taka cucrema HAaii-
TOUHiIIe BimoOpaskae eBOJIOIiiHI 3B ABKU MiXK
OKpeMUMHU rpynamMu eykapioriB. Ha#bimbiumii
BHECOK Yy CTBOPEHHS HOBOI cucTteMu 3pobuia
rpymna BueHux mif KepiBauiirBoMm Caitau Ejia.

3rigHo 3 HOBOIO cucTeMOI0, foMeH Eykapio-
TH MOAIJNIAETbCA HA TPU YaCTUHU — CyOJOMEHMH,
AKi, y CBOIO Uepry, miJgAThCSA Ha KiJabKa rpyn
(HagmapcTB). A BiKe HaAIlapCTBa MOIIJISIOTH HA
OKpeMi 1apcTBa »KuBUX opranismis. Tpboma cy0-
momeHamu eykapioriB € Exckasaru, iagoperu-
Ku (0ixonTu) Ta Amopdei (man. 14.2). ExkckaBa-
TH € BUHSATKOBO OAHOKJITUHHUMY OpTaHisMaMu,
a cepen miagopeTukiB Ta amMopdeiB TPAIIAIOTHCA
SAK OSHOKJIITHHHI, TaK i 6araTokJiTuHHI dhopmu.

EkckaBaTtu

ExckaBaTu € HalifaBHIINIOK I'PYIIOI0 eyKapio-
TiB. [lo HUX HaJeXKaTh TiJIbKU OJHOKJIITHHHI Op-
rarismMu. BoHu MOKyTh OyTU BiJILHOKUBYUUMU,
BECTU MapasUTUYHUN CIOCi0 KUTTA abo cTaBaTu
cuMbioHTamMu 6araTOKJITUHHUX OPTaHisMiB.

Ho 1miel rpynu HaleKaTh 30yIHUKU 3aXBO-
pIOBaHb, HeOe3meuHux s Jioguau. 1le, Hampu-
KJaJ, TpuUXoMOHazma (30yIHUK TPUXOMOHO3Y),
Tpunanocoma (30yIJHUK COHHOI XBOpoOm) i Jeii-
miMaHig (30yIHUK JIEHIIIMAaHio3y).

Taxkok 10 eKCKaBaTiB HaJIE}KaTh eBIJIEHU, TU-
TIOBUM IIPEJCTaBHUKOM AKWUX € €BIJVIEHa 3eJIeHa,
i rimepmacTurinu (HampWKJIam, TpUxoHIM®pa) —
ONHOKJIITUHHI OpraHi3sMmu 3 BeJIUKOI KiJbKiCTIO
IKryTukiB. inepmacturinu € cumOioHTaMu, AKi
JKUBYTH Y KUINIEYHUKaAX TEePMiTiB i TapraHis.

Amopdoei

Awmopdei € HalbiIbIIOK 3a KigbKicTIO BuU-
IiB rpymnoro eykapioriB. o ckaany 1mboro cyo-
IOMEHY BXOINWTH KijJbKa HaAIapCTB, HANHOiJIbII
3HAUYHUMHU 3 AKuUX € Ame060301 Ta OIiCTOKOHTHU.

30 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM i Haykn YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoAepHisauii 3amicTy ocBiTu https://imzo.gov.ua



a ! Tema 2. biopisHomaHiTTa 33 S

Man. 14.2. CyyacHa knacudikauis eykapioTis

Ame00307 TIpeACcTaBJIEHO IMEPEeBaYKHO OIHO-
KiiTuEHUMU (opMamu. AJjie € cepesy HUX i KO-
JIOHiaJIbHiI opraHismMu. A CIpaB:KHI CIM30BUKU
3aTHI YTBOPIOBATH 0araTOKJITHMHHUNA IIJIa3MO-
nini. IlpeacraBHUKamMu amMme00301B € PiBHOMaHITHL
amMeOU Ta CIIPaBYKHI CIM30BUKU.

OnicmokoHmu MOMKYTb OyTH OSHOKJIITHH-
HUMU, KOJOHiampHUMHU a60 0araToOKJiTUHHUMU
opraniamamu. o 1iei rpynu HajmeKaTh apcTBa
Copas:kHi rpubu Ta CupaB:kHi TBapunu. Cupas-
JKHiMU TpubaMu € ONpeACTaBHUKU TaKUX TPYI,
ak Basupmiomineru (y ToMy YHMCJi IMTaOIWHKOBI
rpubn), Ackomineru (Tpiodesb, MEHIIUI TOIIO)
ra inmri. [TapcTBo CupaB:KHi TBapuHU 006’ €IHYE
BCix 0araTOKJITHHHUX TBapuH (BOHU 00’ e€qHAHI
B OKpeMe IiAIapcTBO), ix Oe3ImocepegHix Ipen-
KiB (x0aHO(aareadar) Ta ix OJU3bKUX POAUUIB.

HiadopeTrku

Hiadoperukun € nyxxe pisHOMaHiTHOIO 3a
CKJIQZIOM TPyIoI0 eykapioriB. [lo mporo cy6mo-
MeHY BiZHOCATH KiJbKa HaAIapCTB, HAHOiIBII
3HaUYHUMH 3 AKuX € Apxemaactunu ta SAR.

Apxemnactuau 00’e€IHYIOTh (POTOCHHTE3Y-
I0YNX eyKapioTiB, MJIacTUAM SKUX BUHUKJIU

B pesysbTari cumbiody 3 IriaHOOaKTepiAMm;.
Cepen HEX € OOHOKJIITHHHI, KOJIOHianbHI i Oa-
raTokJiTuHHI opranismu. Haibiapimn BizoMmumu
npeAcTaBHUKAMU ITiel rpynu € mapcTBo YepBoHi
BOZOPOCTi ¥ 1mapcTBo 3esieHi pocymuu. o map-
cTBa 3eJieHi POCIWHU BiIHOCATH KiJbKa TPy,
y TOMY YMCJIi 3eJieHi BOIOPOCTi Ta BCi CyAuHHI
Ha3eMHi pocJuHU (AK CHOPOBi, TaK i HaciHHi).

Haspa mammapcrsa SAR yTBOpeHa 3a mep-
MINMH JiTepaMu Has3B TPHOX IapCTB, AKi BXO-
IATH o ioro ckiany (Stramenopiles, Alveolata,
Rhizaria). Cepen HUX € OZHOKJITUHHI, KOJIO-
HiampHi ¥ OaraTokJiTuHHI opramismm. Bararto
MIpeICTaBHUKIB IIHOTO HaAIlapCcTBa, AK i apxe-
ILJIACTUIN, € (POTOCHHTE3YIUNMH eyKapioTaMu.
Ane iXHiI XJOpOIJIacTH YTBOPUJIHUCS 3aBIAKU
cuMm0biody 3 iHmMMUM eykapioramu (4acrimie 3a
BCe 3 MIpeACTaBHMKAMHN UYEPBOHUX ab0 3eJeHUX
Bomopocrteit). Haiibinpin BimomMumu aBTOTPOR-
HuMu npexpcrasuaukaMu SAR e O6ypi, miaTromosi
Ta 30JI0OTHUCTi BOJOPOCTi.

€ cepen npencraBamkiB SAR i rereporpodHi
rpynu. Jlo Takux HajekaTh popaminidepu, pamio-
Japii, HecIIpaB:KHi CJIM30BUKU, iHQY30pii, cIio-
poBuku (y TOMY YMCJHIi 30yAHUK MaJApii) TOIIO.

0 Knioyosa iges

lNpegkamn eykapioTiB € opraHiamu
3 rpynn Acrappapxei. A cami eyka-
pioTM noginAlTbCA Ha TPU BeNuKi

cybpgomeHn — EkckaBatu, Amopdei

i [iadopeTkn, a KOXHWUIA i3 HUX —
Ha MeHLi CMCTeMaTUYHI rpynu.

038I‘IMTaHHH Ta 3aBaHHd

1. Yomy B feAaKknx BMNagKax B OAHY TaKCOHOMIYHY rpyny mo-
XKyTb 06'€AHYBaTV aBTOTPODHUX i reTepoTpodHMX eykapioTis?
2, O6rpyHTyITE, YoMy BYpi BOJOPOCTI Cifl BIAHOCUTU [0 Haauap-
ctBa SAR, a He fo HaguapcTea Apxennactugu. 3. BukopucTtosyto-
un [oAaTKOBI AXepena, 3HadiTb 03HaKK, 3a AKUMU acrapfapxemn
i eykapioTiB 06’efiHyl0Tb B OfHY rpyny.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 31
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Tema 2. biopi3HOMaHITTA

§ 15. HasemMHi pocnnHun

0 [omipkymnTe

baraTokniTMHHI MOPCbKi BOAOPOCTI MOXYTb A0CA-
raTy BeJIeTEHCbKMX PO3MIpiB, XO4a BOHWN N HE Ma-
I0Tb KOPEHIB. A OT HaBiTb Y HEBENIMKMX Ha3eMHUX
POC/IVH KOpeHi €. Y YoMy ceKpeT BofopocTen?

é 3raganTe

« ABTOTpPODU
* TKaHWHN®
- fliapopetnkn

« [Mnactnan
» OpraHu

3aranibHa XapaKTepuUCTMKa Ha3EMHUNX
POCANHN

HazemHi pociuHM IOXOOATH BiJ 3eJeHuX
BosopocTeii. BoHu yTBOpIOIOTH rpyny EMOpiodi-
TiB (Mmas. 15.1). XapaxkTepHi oco0amBOCTI ITi€el
TPpynu Taki:

+ 0araTOKJIITHHHICTD;

« aramTalidg 0 JKUTTA Ha CyxonoJi (xoua
€ i BTOPpMHHOBOIHI (hopmu);

* JKUBJICHHS 3apoAKa (eMOpioHa) POCIMHOIO
IoIepeSHbOT0 MOKOJiHHA (caMe 1A 0COOJIUBIiCTD
i majsa Ha3By rpyIi);

* HaABHICTH crenu(ivyHOI CTPYKTYPHU, y AKil
YTBOPIOIOTHCA KiHOUI rameTm,— apXeroHiio;

« HaABHICTb TPOAMXiB (MOXKYTH OyTHM Bim-
CYyTHI y HeAKUX MEeYiHOUHUKIiB).

VY xKurreBomy HUKJII eMmOpioditiB € xaBi
baszu — zamemogima (Koam yTBOPIOIOTHCS Ta-
MeTH i BimOyBaeThCs cTaTeBe PO3MHOMKEHHS)
i cnopogima (xosu yTBOPIOIOTHCA CIOPU i Bin-
OyBaeThCsA HeCTaTeBe PO3MHOMKEHHs). [y Toro
100 cuepwmii ramerodita 3mificHMIN 3aILIigHEH-
Hs, MOTpiOHA HasABHiICTH piAKOI BoaM, B AKiit
BOHUM pyxawTbcA. ToMy CIOPOBiI cyAawmHHI poc-
JUHU B3aBXKIU POCTYTh Yy AOCTATHBO BOJIOTUX
yMmoBax. | simirie HaciHHI pOCIWMHU 3MOTJUN BU-
pimuTH M0 TPo6JEMYy i BTPATUJIN 3aJEKHICTH
Bi pigkoi Boam mim yac pO3MHOMKEHHS.

TonoHaciyy;j

“a“\"\0¢“‘m

3eneHi BogopocrTi

%

Huky

Man. 15.1. PonuvHHi 3B'A3KM BcepenunHi rpynu embpioditie (3Hakom 0 no3HayeHoO BMMepAi rpynu)

32 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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lMNeviHOYHMKN, AHTOLLIEPOTOBI Ta
CnpaB»KHi Moxu

Panminie meviHOUHMKM, aHTOIEPOTOBiI Ta
cupaB:kHi (aucTocTe670Bi) MOoXu 00’ €THYBaJIU
B OOMH Bigmin. Ajie ocTaHHi HOCHig:KeHHA IO-
BeJIU, ITI0 BCi I[i TPU IPYNOH CJIiJ POIBTIATATHA TK
okpemi Bigminmu. Ili rpymu BigpisHAIOTBCA Bixg
iHmux eMOpiodiTiB TUM, IO B IXHBOMY JKUT-
TEBOMY IUKJI IepeBakae ramerodit (PKUTTEBA
cTafmis, Ha AKill yTBOPIOIOTHCA rameru). A cIio-
podiT (*KuTTEBa CTamis, HA AKilfi YyTBOPIOIOTHCS
CIIOpM) PO3BUHEHUI TipIie.

A mpencTaBHUKIB Iiiel rpynu xapakTep-
HOI0O € TaKOMK BiJCYyTHiCcTH KOpeHiB i momiay
(y yacTMHU TpeACTAaBHUKIB) Tijla POCJUHU Ha
OpraHu.

CyaviHHI poCcnnHu

o CyZUHHUX POCJAWH HAJEKUTh OiJbIlla
yacTuHa emOpiogdiriB. XapaKTepHOI O03HAKOIO
i€l rpynu € HasIBHICTh CIIPABXKHIX TKAHWH i I10-
Oijm Tijma pocawMHM Ha opraHu. Y HaUIIEPIINX
Ha3eMHUX POCJMWH TiJO MOALIAJIOCA TiJIBKU Ha
mari" i KopiHb. ¥ JKUTTEBOMY IIUKJII CYTUHHUX
POCJIVH IIepeBaka€ CIopodir.

CyauHHi POCJAWHU CTBOPUJM IIepIIi Jicu
B icTopii mammoi miraHeru. BoHu 3amorgu ajgam-
TYBaTUCA [0 YMOB JKUTTSA HA CYXOJO0JIi 3aBAAKNI
mozisy IXHBOTO Tijsia Ha opraHu (KOpiHb i ma-
ri") Ta mosBi y HUX cIelliaji3oBaHUX MeXaHiu-
HuxX i npoBiguux TKanuu. Kopinb 3abesmeuun
MiHepaJibHe JKUBJEHHSA POCJIUHU. Uepesd HBOTO
10 OpPTaHi3My POCJIWHU HAAXOAATH BOAA i HEOP-
raHiuHi peYoBUHU, a HaTriH 3a6e3MeunB IPOIlecH
¢doTocuHTe3y i muxaHHA. MexaHiuHI TKaHUHUI
IO3BOJIMJIY POCAMHAM IPOTUAIATH CHUJIi 3eMHO-
IO TAXKIHHA 1 pocTHU Bropy, a MpoOBiHI TKAHWHUI
3abe3meunyii 3B A30K MisK ixXHiMu opramamu.

Tema 2. BiopisHOMAHITTA 333 Sl

MikpodinbHi pocnnnHu. lNMnayHn

Jlinmia nnayHiB € HalmgaBHIIIOK cepen cy-
IVHHUX pocyimH. Bowa Bimoxkpemwmiacsa Bijg iH-
mux rpya axx 420 MaH pokiB Tomy. 3apas mia-
VHU € HeBeJHNKOI0 I'PYyIoI — iX HapaxOBYIOTHb
npubausuo 1000 sugis. Cyuacui miayau — 1ie
GaraTopiuHi TpaB’AHUCTI pocauHU. AJe IIig yac
poskBiTy miel rpynu 350 MaIH pPOoKiB ToMy OyJiu
momwupeHi ¥ gepeBHI (opMu mIayHiB, Taki AK
JemiofeHAPOH 1 curinapisa.

XapaKTepHOI0 03HAKOI TPYIU CTAaB OPHUTi-
HAJIBHUY MUJIAX YTBOPEHHA JIUCTKIB. JImcTKy 1mmia-
VHIB € Mikpo@invrumu. BoHN MiCTATH ycepeauHi
JUIIe ONWH CYAUHHUMN TYYOK, TOAI AK JIMCTKU
BCiX iHINIMX CYIWHHUX POCJIVH, K1 € MaKpPODiIb-
HUMH, MAlOTh HAbaraTo cKJaagHimnry OynoBy. Bin-
TOBiTHO, i PO3MIip JIUCTKIB y IJIAyHIiB HEBEJIUKUH,
00 JiuIlle posray;KeHa CyJAUHHA CUCTEeMa B JIUCT-
Kax Ja€ MOKJIUBICTHL 30LIBIINTH iXHIilI po3Mip.

MakpodinbHi pocnuHu. Manopori,
XBOLi, MCUNOTN

Maxpoginvha niHiA CIOPOBUX CYAUHHUX
pocauH € Oinbin pisHomaniTHOIO. {0 Hel BXO-
oAtk mamoporti (6inbmre 9000 BuzaiB), xBomIi
(15 BugaiB) i nmcunotru (92 Bumm). Pos3kBiT miel
rpynu, AK i y ImjIayHiB, mpumnas Ha KiHelpb Iia-
JeosoicbKoi epu — 350—250 MaH poKiB TOMY.
BinpmricTs cyuacHUX IpefcTaBHUKIB 1iel rpy-
oy — TpaB’sAHUCTI pocamuu. AJe cepej IaIo-
poreit € i mepeBOBUAHI (hopMU.

JlucTkM y mamopoTell BeJMKi I 4acTo MO-
JKYTh OYTHU CUJIBHO podrany:KeHumu. Ha Bigmi-
HY BiJ iHIINX POCJNH BOHU POCTYTh BEPXiBKOIO,
a He ocHOBoW. Taxkumii Tun JUCTKA HA3UBAIOTH
8ails. Y XBOIIiB JUCTKU PeAYKOBaHI i MamoTh
BUTJISAL JYCOUYOK, SIKi po3TallloBaHi y By3Jax
naroHa. IlcuioTu JMCTKiB He MalOTh y3arasi.

3anuTaHHA Ta 3aBOaHHA

0 KnioyoBga iges

Yci HazemHi 6araTokniTMHHI 3ene-
Hi POCANHM MaloTb CRifibHe MOXO-
I>KeHHA Bif, 3efeHnX BOJOPOCTEN.
B iXHbOMY XWTTEBOMY LMKNi 3a-
BXAW NPUCYTHI ABi cTagii — ra-
meTodita i cnopodita. Ane piBeHb
PO3BUTKY POCIINH Ha KOXHI i3 Lux
CTajin y pi3HNUX cucTeMaTUYHUX
rpyn CyTTEBO Pi3HUTbCA.

1. Cknagitb cnncok i3 7-10 npefcTaBHUKIB CNOPOBUX emOpio-
oiTiB, AKi pPoCTyTb y Bawii MicLeBOCTI, i BKaXiTb, UM € cepen HUX
poCnvHY, 3aHeceHi Ao YepBoHOI KHUrM YKpainu. 2. llig yac npwu-
CTOCYBaHHA O Ha3eMHUX YMOB iCHYBaHHA Yy 3e/leHNX POC/IMH CTa-
nn nepeBakatv Gopmy 3 NPAMOCTOAYMM CTebNoM, Xoua AfA LbOoro
iM goBenoca BuUTpayaTn Garato pecypciB Ha GpOpMyBaHHA MiLHUX
OnopHUX CTpyKTyp. Yomy im «nporpanu» dopmu, AKi cTenunmnca
Mo MOBEPXHi IPYHTY i He MOTpebyBanu TakMX BENUKMX BUTPAT Ha
CTBOPEHHA MilHOro ctebna? 3. BuKkopucToByloun [OAATKOBI AxKe-
pena iHpopMmauii, 3'AcyiiTe, AKi 0COBNMBOCTI XiMIYHOro CKnagy XBo-
WiB pobnATb iX HebGaKaHUMK MACOBULLHMMW Byp’sHaMKU NS KOpiB.
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Tema 2. biopi3HOMaHITTA

§ 16. Pi3HOMaHITHICTb HaCiHHNX POCAUNH

0 [TomipkynTe

Hanbinblwi y cBiTi HaCiHMHW BaxaTb MoHag 15 Kr.
A HaBilWwo iM 6yTV TaKUMK BEAVKUMMN?

Q 3raganTe

« HaciHHsa « [nig

» KBiTKa e CyuBiTTa

HaciHHi pocnuHm

Haciuni pocanH € Ha#bigbIIO0 3a KidbKic-
TIO BUAIB TI'PYIIOI0 POCJUH. BOHU HOAiIAOTHCA
Ha OBl BeJUWKi rpymnu — roJIOHACIHHI Ta IMMOKPH-
ToHaciuHi. I'osmonaciuui 3’aBuauca B KiHIl ma-
JIE030MCHKOI epu, a MOKPUTOHACIHHI — B KiHITI
Me3030MChKOi. 3a KibKicTio BUAIB HaciHHI poc-
JIMHU € HaWOiJbIIOI I'PYIIOI0 cepel ycix aBToO-
TpohHUX OpraHisMisB.

T'onoBHa BigMiHHiICTEP HACiHHUX POCIUH
y TOMY, II[0 BOHU MOJKYTb PO3MHOKYBATHUCS
6e3 HasgBHOCTI pigkoi Bogu. Ile cTaso MOKJINBO
3aBASKU TOMY, IIIO cIlepMii ITif yac samaigHeH-
HA PyXaloThCAd He B 30BHIIMTHHBOMY CEPEIOBUIII,
a BcepeauHi muJAKOBOI TpyOKwu. Ilicaa samimix-
HEHHSA HaCiHHI POCJIMHU YTBOPIOIOTH HACiHUHWU,
AK1 MicTATHL 3amac MOKUBHUX PEUOBUH i 3apo-
ook (mam. 16.1).

Man. 16.1. HaciHvHa ceiilenbCcbKoi NanbMn € HanbiNbLOW
y CBiTi. BoHa BaxuTb Ginblwe 15 Kr

Man. 16.2. NpefcTaBHUKN FONOHACIHHUX: XBOWHI (a),
riHKroBi (6), rHeTOBI (8) 1 caroBHUKOBI (2)

[ONOHACIHHI

Y ronoHaciHHUX HaciHMHaA pPO3BUBAETHCA
He3aJeKHO Bin Toro, OyJio 3alujeHHs YU Hi,
X0oua 3a BiJICYTHOCTI 3amujieHHA 3apOJOK He
pO3BUBAaEThHCA. TOMYy YacTUHY pecypciB Ha pos-
MHOKEHHSA BOHM BUTpAavaloTh 3amapma, (op-
MyOun HaciHMHU 6e3 3apoikiB. A Bigkpure
M He IyiKe 3axwuIlleHe PO3TaIlllyBaHHA 3aB’ A3i
301JIBIITyEe MOJKJIMUBICTD i1 OMKOM:KeHHA. 1le po-
OUTH IX POSMHOKEHHSA He TaKUM e(PeKTUBHUM,
AK y moxkpuroHacimHux. Cepep ToJOHACIHHMX
HeMae TpaB’SHUCTUX poOcauH. Binbina uvacrtu-
Ha 3 HUX € JgepeBamMu abo KylmaMu, a AedKi
BUAU — JiaHaAMWH.

Mo rosioHACiHHWX POCIAWH HaJEKaTh TakKi
Tpynu, AK XBOWHi, IiHKIoBi, THETOBi Ta caros-
HUKOBI (MaJj. 16.2). XBoIiHI AepeBa CKJIAaZalOTh
OCHOBHY Macy 0araThboXx JIiCiB, TAKUX AK Taira.
3a kinpKicTio BuaiB (Tpoxu 6imbire 1000) Bouu
CYTTEBO TIOCTYMAIOTHCA AK IMOKPUTOHACIHHUM,
Tak i Moxam Ta mamoporaM. AJle 3arajyibHa Um-
CeJIbHICTh 0cOOMH 1i€el rpynu (i miroIa, HA AKiN
BOHY POCTYTh) HAA3BUUANHO BEJUKA.

[NoKpUTOHACIHHI

IToxpuronaciuui (KBiTKOBi) € HafbinbIIO0
3a KijgbKicTiO BUAiB Ipymoio pociamH. Ix monaf
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Tema 2. BiopisHOMAHITTA 333 Sl

250 000 BugiB. BoHu pocTyTh Ha BCiX KOHTH-
HEHTaxX 1 B yciX mpuUpoaHMX 30HAX. BigbrricTs
i3 HUX € Ha3eMHUMM POCJIUHAMU, aje iCHYIOTh
i BTOpuHHOBOAHI (opmu. KBiTKOBI pocauHUN
€ OCHOBOIO CYYaCHOTO CiJIbCHKOT'O T'OCIIO/IapPCTBA.

CyTTeBOIO TIepeBarold IMOKPUTOHACIHHUX
€ moABa Yy HUX ITOABIAHOTO 3allIifHEHHA, KBiT-
KU i miony.

KBiTKa 3a6e3meuye GiJbIni MOKJINBOCTI s
3aITifHEHHA (HAaOPUKJIA[, IIPUBEPTAIOYN yBary
KoMax, AKi 3miliCHIOIOTH 3amujeHHdA). A ILIix
3axXMWIa€ HACIHWHUW BiJ B30BHIINIHIX BIJINBIiB
i MosKe 3a0esmeunTy HAbOAraTo Kpaile ixX IOoIIu-
penns. Cepen KBITKOBUX POCJHUH € Bei Bimomi
JKUTTEBI (hopMu — nepeBa, KyIli, TpaB’THUCTI
pociauHM , JIiaHU.

IIle omHiero mepeBaro KBiTKOBUX POCJIUH
BUABWJIACA 1X TiCHAa B3aEMOIiA 3 KOMaxaMWU.
YTBOpeHHA MyTyalicCTUUHUX 3B’ sA3KiB, KOJIU KO-
MaxX¥ MepPeHOoCATh IMUJIOK MijK KBiTKaMmu, a poc-
JUHU 3a0e3MeuyrTh iX HEKTapoM, JO3BOJIWJIO
pidKo migBUIMUTH e(eKTWBHICTH 3aljigHEH-
HA. TakosX BUrigHMM HaZOAHHAM BUSIBUJIOCH
yTBOpeHHA miaony. HasBHicT, yacTuH IJjaony,
SAKi MOTJIM CIIOKWBATU TBAapPUHU, CTAJIO IIPUYUM-
HOIO 6inbIll e)eKTUBHOTO MOINMMPEHHA HACiHHS
i compussa OCBOEHHIO KBITKOBUMM POCIMHAMU
HOBUX MicCIb iCHYBaHHS.

Tpaguilifino KBITKOBi POCIMHH 3aJIeKHO
Big kKimpkocri ciM’amoap y Hacimmui mopmis-
JW Ha ABi Trpynu — OMTHOMOJBHI Ta MTBOIOJb-
Hi (Manx. 16.3, 16.4). IlpeacraBHUKaMu 00HO-
00JIbHUX € TaKi POCIWHU, SK IMIIEHUId, JKUTO,
KYKypyZI3a, KOHBaJii, Jijgii, YaCHUK, IaJIbMU.
J[60001bHUMU € TOPOX, COHAIIHUK, TPOAHAA,
A0NyHsA, OypAK, Ay0, KJeH, JuIa.

HocaigyKkeHHsA OCTaHHIX POKiB IigTBEpaMIN
Te, III0 OSHOAOJBbHI € MOHOMIJIEeTUYHOIO I'PYIOI0.
A oT ABOZOJIbHI BUSBWJINCS TPyIIOl0 mapadise-
TUYHOIO 1 MiCTHUIN KiJIbKA HEeCIOPilHEeHnX TaKCco-
HiB. Tomy B cyuacHiil cucTeMaruui ix MOALIAOTE Man. 16.4. MNpecTaBHVKN BOAONABHUX POCAVH

Ha KiJgbKa T'PYII.
03al'll/lTaHHﬂ Ta 3aBLAHHA

Kniouosa iges 1. CKJ.'Iap,in CrnNCKM CiJ‘IbeKOF?CI‘IOp,apCbKVIX o,qu:

4} JONbHUX i ABOAONBHUX POCSIVH, AKI BUPOLLYIOTb Y BalUil

HaciHHi pocnuHy € BeplnHOK eBoMIoLiT Haszem- micLeBoOCTi. 2. BuKopuncTOBYlOUM [OAATKOBI Axepena

HUX POCAWH. IXHA ronoBHa nepeBara nonArae iHbopMmaLii, cKnagiTb CNMCOK CNocobiB 3anuieHHs, AKi

Yy He3anexHocTi npouecy 3annigHeHHsA Big Ha- BVMIKOPUCTOBYIOTb KBiTKOBI pocnnHu. 3. Chopmyniolite

ABHOCTI pigkol Boan i GOpPMyBaHHS HaCiHWH i3 Ta OOrpyHTYNTe rinoTesy, AKa MOSCHIOE, HAaBIO pPOC-

3aMnacom MOXKMBHMX PEYOBUH, WO 3abesneuye JIVHW CeNleNbCbKOl ManbMy YTBOPIOKTb TaKi Benuki
PO3BUTOK HACTYMHOrO MOKOJIiHHA. HaCiHUHW.
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Tema 2. biopi3HOMaHITTA

§ 17. pubn Ta rpnbonofibHi opraHiamn

0 [omipkymnTe

lpnbu 1 rpnbonodibHi opra-
Hi3MW MaloTb Pi3HE MOXOMOXKEH-
HA, ane Ayxe cxoxy 6ynoBy
CBOro Tina — Miuenito, AKun
CKTAfA€ETbCA 3 BENUKOI Kifnb-
KOCTi TOHKUX HUTOK. Yomy?

e 3raganTe

 Eykapiotn « [eTepoTpodu
* Mpnbn o Miuenin
» Crnopu

Man. 17.2. Cymuacti rpubu

3aranbHa xapaKTepucTuiKa rpmbis
Ta rpnbonoaibHMx opraHiamis

Sk i pocauum, cupaB:KHI rpubM Ta rpubONOAiOHI opraHisMu
BUYeHi IOBro o0’eguyBasu B ofnHe mapctBo. CyuacHi meromu 1o-
CIiIKeHHsS JO3BOJIMJIN BCTAHOBUTH, IO CXOKIiCTh IIMX OpPraHis-
MiB TIOB’si3aHAa 3 MPUCTOCYBAHHSAM 0 CXOKOTO CIIOCOOY KUTTS,
ajle BOHU MaOTh PisdHe moxomkeHHA. Tomy 3apas pisHi rpynu
CIpaB:KHiIX TIpmbiB i rpmbomomibHUX OpraHiaMiB BiZHOCATH 10
pisHHX CcyOmOMeHiB eyKapioTiB.

XapaxkTepHUMU OCOOJUBOCTSAMM BCix rpubiB i rpmbomozio-
HUX OpTaHidMiB € Te, 10 BOHU OTPUMYIOTH HOTPiOHI iM peuo-
BUHY 3 HABKOJIUIITHBOTO CEPENOBUINA, IOTJIMHAIOUU iX yciero
moBepxHelo cBoro Tija. Takomy cmoco0y KUBJIEHHS CIPUSAE Te,
1o ixHe Tijo mae gopmy Mmimerniro (masa. 17.1). Miyeniit — ri-
raHTChbKa OaraTosfepHa KJIiTHHA, OKPeMi HUTKOIIOAi0HI BUpOCTH
AKOl € zighamu.

Ane KpimM Boau i MiHepaJbHUX PEUYOBUH ITMM OpTraHisMam
IOBOOUTHCA IIOTJIMHATH i3 30BHIIITHBOT'O CepemoBHUIIA Ie I Op-
raniuHi pedyoBuHU, 60 BCi BOHU € rereporpodamu i He 3maTHi
CaMOCTifHO CHMHTE3yBaTU OPraHiUHI PeUOBMHU 3 HEOPTAHIUHUX.

CupaB:kHs 0araToOKJITHHHICTD IpUTAMaHHA TiJIbKU HEBEJIU-
Kiif KimbKocTi rpubiB, ajge TPAIIATHCA i rpubu 3 KIACHUYHUMU
HEBEJIUKUMHU OKPEMUMHU KJiTWHaMM (KJIACUYHI OJHOKJIITHMHHI
opraHismMm), HAIPUKJIAL APiKIKI.

CnpaBHi rpubm

CuopaB:kHi rpubu cydyacHi BUeHi BUIIJIAIOTHL B OKpeMe Iap-
cTBO B cyOmoMeHi Amopdei. 3a KiJbKicTiO BUAIB CIIpaBXKHI rpu-
0U IMMOCTYMaloThCA TiJIBKY TBapWHAM i IepeBepIyIOTh yci iHmri
Tpynu eykKapioris.

IIIupoko BigoMumu rpymnamMu rpubiB € 0asumiajabHiI Ta cyM-
yacTti rpubu. IIpeacTaBHUKaMU CyMYacTHUX € IeHiIWI, XJiOHi
Ipiskmki, tprodens (man. 17.2). A mgo GasupianbHUX TpubiB
HaJIe}KaTh IMIAMMHKOBI rpubu (OIIeHbOK, IIeUePUIA TOII0) Ta Ii-
JU# pan 30yIHUKIB 3aXBOPIOBaHb POCANH (HAIPUKJIAL, CAKKOBL

[HoMoBUMK
wd T

Man. 17.3. baswugianbHi rpubm
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Tema 2. BiopisHOMAHITTA 333 Sl

Man. 17.4. lMam'ATHUK XepTBaM rono-
ay B lpnaHaii, Wo BMHWK AK pe3ynbTar
eniditoTii dpitoPpTopo3zy

rpubu) (man. 17.3). BigpisHaiorbesa 1i rpymnu
rpubiB OCOOJIMBOCTAMH CBOTO CTATEBOTO PO3-
MHOKEHHSA. ¥ CyMYacTux rpubiB cTaTeBi cropu
YTBOPIOIOTHCA B TaK 3BaHIil cyMmIli, a y 0asumi-
aJIbHUX — HAa cIelliaJlbHOMY yTBOPi — 6Gasmmii.
Takri ocobamBocTi GioJiorii gasu muM rpynam
rpubiB ixHi cydacHi Ha3BHU.

CropaB:xkHi rpubu BigirpaioTh BEeJIHKY POJIb
y IPUPOJZHUX eKocucreMmax. JactuHa ix € ma-
pasuTaMmu iHIIUX KUBUX OpraHisaMmiB (y ToMmy
yueai # immwux rpubiB). Asle 3HauHa YaCTHHA
HaJIeXKUTHh OO0 campoTpodiB — opra”ismis, AKi
mepepobIAI0Th MepPTBY opraHiky. Came BOHU
PYHHYIOTH PEHITKHM MEePTBUX OPraHi3sMiB [0
IPOCTUX HEOPTAaHIUHWX PEUYOBWH i MOBEPTAIOTH
xiMiuHi eTeMeHTHU [0 reoXiMiuHOrO KpPyroobiry.

JIrony MIMPOKO BUKOPUCTOBYIOTH CIPaBIKHI
rpubu B :Ky. AJsie 0cOOJMBO BeJIMKE 3HAYEH-
HSI BOHM MAaOTh AJiA 0i0TeXHOJIOTiYHMX BUPOO-
HUNTB. IIpuroryBaHHsa XJi6a, BUPOOHUIITBO
PAoY KUCJIOMOJOUYHUX MPOAYKTIB i cupiB, CTBO-
PeHHs MeBHUX COPTiB BUH — B YCiX IIUX IIpoIle-
cax samigHi rpubu. I, 3po3ymino, BUPOOGHUIITBO
aHTubioTHKiB. 3a momomoroio rpubiB ixX BigKpu-
JU 1 3 ZOIIOMOTI0OI0 IrpubiB J0oCi BUPOOJISIOTE.

HecnpasxHi rpnbun

Hecnpas:xui rpubum € mnpeacTraBHUKaAMU
niagoperukiB. IIpegkamMu HeclpaB:KHiX IpubiB
OyJIu BOJOPOCTi, AKi BTpATUIN 3MaTHICTH CUHTE-

Man. 17.5. Nnoposi Tina,
O YTBOPIOIOTHCA 3 MNIA3MOAi0

0 KnioyoBga iges
lprbun Ta rpubononibHi opraHiaMnm — Le eKo-

noriyHa rpyna retepoTpopHUX OpraHiamiB, AKi
NOrNVHATb MOXKMBHI PEYOBUHW BCI€EI0 MOBEPX-
Heto Tina. flo cknagy UWi€l rpynn BXoAATb Pi3Hi
OpraHiaMu 3 ycix cy64oMeHIB eyKapioTiB.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Man. 17.6. lNcesgonna3smogin y npo-
Leci yTBOPEeHHA NIOA0BMUX TiN

syBatu xJopodin. Came ToMy KJIITHHHI CTiHKHI
MIPeAICTaBHUKIB Iliel Ipynu MiCTATH IIEJII0JI03Y.

Cepen mmx opraHismiB OaraTo mapasuTis
AK BOAHUX, TaK i HaseMHUX opradismiB. IHrmi
BUAM € campoTpodamu (IIepeBakHO y BOJHUX
eKOCHCTEMAX).

s JgofuHM HeCIpaB:KHI rpubm — 1Ie,
B IepIIy uepry, 30uTKu i Tpareznii. Emidgiroria
KapToiiai, 30ygZHHUKOM sKoi Oyima ¢itodropa,
KomryBana B cepeanui XIX croiiTTs 6aratbox
moMepJnxX Bix roaony (0cOOJMBO MmOCTpakgajia
Ipnaugia) (man. 17.4).

Cnun3oBunkmn

CrpaB:KHiI CIM30BUKM, K i rpubu, € mpen-
cTaBHUKaMu amop(eiB, ajie HajIeXaTh A0 1HIIIOTO
1apcTBa, HidK CIpaB:KHI rpubu. IHIIi rpynu ciau-
30BUKIiB BiJHOCATH JO €KCKaBaTiB (HeCIIpaBKHI
CIN30BUKM, ab00 akpasii) Ta miadoperukis (1a-
pasuTHUUHi CIU30BUKU, abo miaasmopiadopumn).

IlpencraBHMKU piBHUX TPYI CJIAN30BUKIB
3IaTHI yTBOpIOBATH ILIa3dMomii (riraHTchKi py-
xomi OararosmepHi Kiaitmam) (Mmaa. 17.5) abo
IceBAoIIa3Moil (CKyImUYeHHA OKPeMHX KJITHH,
AKI MOXKYTb pyxaTucsa ysrojsxeso) (man. 17.6).
B ekocucremax CIM30BUKM BiirparoThb POJIb Mi-
KPOKOHCYMEHTIB, TOOTO APiOHMX XWMIKaKiB, AKi
PeTyJaIOTh UMCENbHICTH OaKTepiii, BomopocTeit
i HAATIPOCTIMINX ¥ TPYHTI Ta OPraHiyHMX PEIlTKaX.

3anuTaHHA Ta 3aBOAHHA

1. AK MOXHa Bigpi3HUTU Nna3mogin Big ncesao-
nnasmogito? 2. Aki ocobnusocTi byaosu Tina rpunbis
CMpUAITb TOMY, WO iM BaXKO MPUCTOCOBYBATUCA [0
NOCYLWANBNX YMOB iCHyBaHHA? 3. YoMy C/IM30BUKiB
i cnpaBXHi rpnby He MOXHa OO'€efHYBaTU B OfHe
yapcrso?
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Tema 2. biopi3HOMaHITTA

§ 18. TBapuHM

0 MomipkyriTe CucTtemaTmnyHe NnoJsioXKeHHA TBapWH

CupaB:KHi TBapuHH € mpeacTaBHUKamu amopgdeis. Ilap-
ctBo CmpaB)KHiI TBapuHM 00’€IHye 0OaraTOKJITMHHUX TBapUH,
IXHIX OJHOKJJITMHHMX IpeAKiB Ta HaWOJAM:Kuumx poamuis. Ba-
TaTOKJIITMHHI TBapWMHUW, AKWX 3a3BUUYail i HA3WBAIOTH ITPOCTO

BueHi BBa)katoTb, O MOpcCbKa
3ipKa € 6inbw 6AU3bKUM po-
ONYEM NIOAVHN, HIXK MeTenuk.

Yomy?
Y TBapMHAMU, YTBOPIOIOTH y IIbOMY IIaPCTBI OKpeMe IIigIapcTBO.
3a KiJIbKicTIO BUAIB CIIpaB:KHi TBAapMHU € HaOiJbIIOIO I'PYIIOI0
é 3ragaiite JKUBUX OPTaHi3MiB.
« Amopdei « TeTepoTtpodu CnpaBXHi TBapWHM
« EM6pioreHes Ik i rpubu, TBapuHYU € reTepoTpoPHMMHU opraHizmMamu. Xa-

PaKTEepPHOIO PUCOI0 0AraTOKJIITMHHUX TBapWH € Te, IO HMOTPiOHI
iM peYoOBMHU BOHU OTPUMYIOTH 3 iKel0, AKY IIOTIiM IIepeTpas-
JIIOIOTh.

dopma Tinma TBapuH € pisHo. HacTilie 3a Bce BOHA € 0ija-
mepaavHo, TOOTO TiJIO Mae OAHY Bich cuMeTpii. ¥ HbOMY MOKHA
pospisHuUTH IIpaBuii i JgiBuii OOKM Ta mepenHiin i sammiit xKimmi
rTina. Bararo TBapuH MaiTh padiaivHy cumempil Tina, KOJIU
yepe3 HHOTO MOKHA NPOBECTH KijJbKa ocell cuMmeTpii. dPopma
Tija MosKe OyTU i HETPaBUJILHOIO, KOJIM Yepe3 HHOI'0 He MOKHA
IPOBECTH »KOLHOI oci cumerpii (mam. 18.1).

binatepanbHa

PapianbHa

peGponnash JEES
nnacTquacﬂ“
Komipuesi h y6ku B
HenpasuibHa KTy TUKOHOCLY
Man. 18.1. Pi3Hi BapiaHTK
i Man. 18.2. lNiguapcTBo baraToKNiTUHHI TBApUHU
dopmu Tina TBapuH p p
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3HaYeHHA TBAPWH ANA NOAUHN

Jl;xepesio xapuyBaHHA
CinbcbKorocmogapehKi
# AUKi TBAapUHU

CUPOBUHU

3aBHaHHA HIKOAU MPOIYK-
TaM XapuyyBaHHs, CIIOPY-
JIaM Ta MaTepianzam

Minp, manrias, Xpymiak
OOPOIIHAHUIM, TePMiTI
TOIILO TOIII0)

Pi3HOMaHITHICTb TBapuH

TBapuHU € HAUOIMBINIOI 3a YKUCEJIbHICTIO
BHUIIB I'PYIOI0 KUBUX opraHismiB. Ila rpyma €
MOHO(DITEeTUYHOIO, ajie MOPAJOK PO3XOIKEHHS
OKpeMHUX TAKCOHIiB Ta iXHi pOoAMHHI 3B’SI3KU BCe
e aKTUBHO BUBUalOThcA. He migyarae cymHiBY
MOXOMKeHHA 0araTOKJIITUHHUX TBapUH Bif KO-
MipIeBuX IKI'YTUKOHOCIIIB, 8 B3A€MOBiJHOCUHU
pPiBHUX IpPyHn ycepeAuHiI TaKCOHY IIOKa3aHO Ha
mai. 18.2.

TpuBanuii yac y4ueHi mMOijAJIM TBaAapUH Ha
O0e3xpebeTHUX i XxpebeTHUX. [0 Xpebemnux Bix-
HOCUJIM CCAaBIiB, mTaxiB, pemnTuiiii, amdibii
i pub, axi manu xpebeT. Yci inmi TBapuHU BBa-
skanuca O6ezxpebemuumu. Ta OGiabII mOKJIATHI
IOCJiIKeHHsI BUABUJN, 10 XpeOeTHI TBapuHU
MaTh 0JU3BKUX POAUUIB, ¥ AKUX XpebeT Bis-
CYTHiN (JTaHIIeTHUKU, acIumii, CaJbIIX TOIIO),
TOMYy iX 00’emHaJ M B OAHY TPYIy i BUALIMIN
B OKpeMui tum XopHosi, xoua xpebeTHi 3a-
JUIMWJINCA Yy HbOMY B paH3i migtumy. A 06es-
xpebeTHI BUABMINCA yKe PISHOMaHITHOIO I'PY-
11010, OKpeMi migposaisu axoi Oyau crmopimuemi
Mixk coboio MeHIe, Hixk i3 xopmoBumu. Tomy
cydyacHa cucTeMaTuKa He Po3ridnae 6e3xpeber-
HUX AK OKPEMY CHUCTEeMaTUUHy TpPYITy.

Cepen TBapuH BUIIIAIOTH KiTbKa HANOiIBII
OPUMITUBHUX TPYII, TiJIO IpPeACTaBHUKIB AKUX

0 Knioyosa iges

TBapMHU — Ue Hanbinbwa 3a YNCENbHICTIO
rpyna XuBux opraHiamis. BoHu € darotpoda-
MU, TOBTO XMBAATHCA LWAAXOM MOFIMHAHHA iXi
BCEpeAnHy opraHiamy. TBapuHu Bifirpatotb Haa-
3BUYANHO BaXJIMBY PONb Yy MPUPOAI N XUTTi
NIOAVIHN.

J:xepesio IpoMuUCIOBOT

3aBaaHHS IKOTU KYJbTYPHHM POC-
JUHAM i CBiiCBKUM TBapHHAM

30y IHUKU 3aXBOPIOBAHb POCTIUH
(momennIli, KOPOiou TOIMO) i TBApUH
(TIoCcKi Ta Kpyrii uepBu, KJimri

Tema 2. biopisHomaHiTTa 33 S

- TpaHcmopTHi 3aco0u
Ta 3ac00U 3B’ABKY

OrpumanH4 mepcri, mkipu, Tkasu- | Kowni, miBuiuni oseni, sep6roau, BOIu,
HU (IITOBKOIIPSAR), BOCKY (012K 0JII)

i cupoBUHU A1 BUPOOHUIITBA Gara-
ThOX BUIiB KOCMETUKU (KUTH)

cobaKu, Bic/IIOKH, rosryou
- TomamrHi yaro6aeHIri
Koru, cobaku

3aBHaHHA NIKOTH 3I0POB’I0 JTHOIUHUA
OrpyiiHi TBApUHY, BUPOOHUKY aJIepPreHiB
(musoBi KJini, cBifichbKi TBAPUHY TOIIO),
30yIHUKU 3aXBOPIOBaHb (TJIMCTH, BOIITL
TOII[0), IEPEHOCHUKHU 3aXBOPIOBaHb
(guimri, Komapi TOII0), XMKi TBAPUHU

CKJIAJAETHCA 3 ABOX IMapiB KiitwH. Bararto ix-
HiX IpeICcTaBHUKIB MalOTh pagiaabHy CIMETPii0
Tijla, X0Ua TPAILIAIOTHCA ¥ IpencTaBHUKU 3 Ti-
JoM HenpaBuibHOI opmu. Ile ryoKkm, miacTuH-
yacTi, peOpomiaBu i JKaJIKi.

Iami TBapmHM mpencTaBieHi opraxHismMammu
3 TpbOMAa IIapaMHu KJITHH i, IlepeBaskHO, Oija-
TepaJibHOIO cuMeTpieio Tina. Tomy ix yacto Ha-
3UBAIOTHL 0800iUHOCUMEMPULHUMU TBapUHAMU.
Xoua medAKi ixHi rpynu i mJeMOHCTPYIOTHL pami-
aJbHy cuMeTpiio (MOpPCHKi 3ipKu, MOPCHKIi Jrimii
TOII0), ajie Taka OyJoBa € HOBUM HAJOAHHSM,
i moxXomsATHL BOHU BiA OBOOIYHOCMMETPUUHUX
mpeakiB. 3ajeKHO Big TOro, IO caMe YTBOPIO-
€ThCs i yac eMOpioreHesy Ha MicIli 6J1acTOIIOPY
(oTBOPY Ha IOBEPXHi racTpyJjiu), iX IMOTIJIAIOTH
Ha TMTEPBUHHOPOTHUX (AKII[O YTBOPIOETHCA POTOBUM
OTBip) Ta BTOPUHHOPOTUX (AKIIO YTBOPIOETHCS
aHAJIBbHUU OTBIp).

o nepsurHopomux BiTHOCATH KPYTJIUX
i KimpuacTmx UYepBiB, MOJIOCKiIiB, UJIEHUCTO-
HOTUX, THUXOXOMOiB, MOXYBATOK, IIJIEUOHOTHUX
(6bpaxiomoxiB) Ta immi rpynu. IlpemcraBHUKA-
MU GMOPUHHOPOMUX € XOPHAOBi, TOJKOIIKIipi,
HAiBXOPAOBi Ta IMeTHHKOIIEJIEeIHi.

3anuTaHHA Ta 3aBAaHHA

1. Y AKnx ranysax nNpOMUCNOBOCTI t0AVHA BUKO-
PUCTOBYE TBapWH, MPOAYKTH, WO BOHM BUPOONAIOTbL Ta
AKi 3 HMX oTpumytoTb? HasepiTb npuknagu. 2. lMNpota-
roM TPUBANIOro vacy pebponnasis BigHOCKMAW JO TUMy
KNLLKOBOMOPOXKHWHHI, ane noTiMm BUAINUAN B OKpPeMUin
™MN. HaBediTb apryMeHTn Ha KOPWCTb TaKoro PilleHHS.
3. Aki ocobnuMBoCTi AO3BONMAM TBapWUHaM CTaTU Hali-
6inbLUOIO 3a KiNbKiCTIO BUAIB rPYMo0 XMBKX OpraHi3mis?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 39
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Tema 2. biopi3HOMaHITTA

§ 19. AHaMHIi Ta aMmHioTIK

0 [TomipkynTe

Y ccaBUiB 3apoAoK PO3BMBAETbLCA B OPraHi3mi
MaTepi 1 He NoTpebye Takoro 3axucTy, AK 3a-
poaKn penTunii, AKi Po3BMUBaOTbCA Y AnuAx. Ane
3apopKoBi 060IOHKM B HbOFO BCe OfHO fobpe
po3BuMHeHI. Yomy?

Q 3raganTe

o TBapuH® » BropuHHOpOTI

o OHTOreHes » Xopgaa o Xpeber

XopAaosi Ta IX pi3HOMaHITTA

XopaoBi € ofHi€0 3 HANYCHIMIHIIIUX TPy
TBapHUH. li IpeJCTABHMKYU OIIAHYBAJIH BCi cepe-
IOBUINA icCHyBaHHsA (BOIHe, Ha3eMHe, Hil3eMHe,
noBiTpane). Ila rpyna TBapuH € MOHOMiIeTHU-
HOI0, IO OyJIO IiATBEpAKEeHO 3a JOIOMOTOI0
MOJIEKYJIAPHO-0iooriuHNX mocaim:keHb. Haii-
OMMKYUMY POAMUYAMU XPEOEeTHUX € TOJKOIIKi-
pi (MopchKi 3ipKM, MOPCBHKi i’Kaxku, roJsorypii,
o(iypu ToII0).

Bci mpencTaBHUKE XOPIOBUX MAIOThL IIE€BHI
pucu OyIOBU, AKi € XapakTepHUMHU AJA Bciel
rpynu (man. 19.1).

AHanbHuit Xoppaa 3a6posi Pot
oTBIp WinVHN
Man. 19.1. XapakTtepHi pucn 6ynosu
npeacTaBHUKIB XOPAOBUX

XapaKTepHUMHU pUCaMU XOPAOBUX, IKi IPO-
ABJSIOTHCA XO0U Ha AKi¥ich 3i cTamiii oHTOreHe-
3y, €:

+ HaABHICTH XOpAU;

+ TpybuacTta HepBOBa CUCTeMa;

+ posTalyBaHHS HEPBOBOI TPyOKUM 06esIo-
cepegHBO HAJ XOPAOI0;

* BTOPUHHA ITOPOKHUHA TiJa;

+ TpaBHA cHUCTEMa 3 POTOM i aHaJbHUM
OTBOPOM;

+ HaABHICTH 3A0POBUX IIiJINH;

+ CcerMeHTOBaHA MYCKYJIATypa;

+ HasgBHICTH XBOCTa 3 M’ sI3aMU.

Twun Xopmosi nmoxingeTbcsa HA TPU TiATUIIN:
Xpeberui (pubu, nraxm TOINO), I'0JI0BOXOPHOBi
(manmernuku) ta IlokpuBHuUKHU (acruaii, cayb-
nu ToIro). Haibinbin pO3BUHEHOIO I TOIIHUpe-
HOIO TPYIIOI0 cepel HUX € xpebeTHi, y AKUX Ha
MicIii XOopau PO3BUBAETHCA XpebeT, IO MOKe
CKJIaZaTHCA 3 XPAIO0BOI ab0 KicTKOBOI TKaHU-
HHU. 3ajJIe’KHO Big ocobsmBocTell eMOpPioHAJJIBHO-
T0 PO3BUTKY XpebeTHUX MIOAiJIATb Ha TI'PyIu
aHaMHI# Ta aMHIOT.

AHaMHIT

Anamvuil — 1e XOpI0Bi TBapwHU, y SKHUX
y mpoiieci eMOPioHAIBPHOTO PO3BUTKY HE YTBO-
PIOIOTHCST 3aPOJKOBi 000JI0HKY (aMHiOH, XOpioH
Ta anaHtoic). lo aHamHifl BigHOCATH yci mep-
BUHHOBOJHI TPYIU XOPJOBUX: Oe3INeJIeHUX,
pub i amdi6inn (man. 19.2).

Binpma uvactuHa aHaMHifl mocTiliHO KuBe
y Bogxi. Jluiie meBHiI mpeACcTaBHUKU 3€MHOBOJ-
HUX (HAIPUKJIAL, POIMyxXu) OiJbITy YacTHUHY
SKUTTSA MIPOBOAATH HA CYyX00Ji. Ajle PO3MHOMKY-
IOTHCA BOHHM BC€ OJHO Y BOJHOMY CEDPEIOBUIIII.

MiHora

Man. 19.2. [MpeacTaBHMKN aHaMHIN
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Yepenaxa

Tema 2. BiopisHOMAHITTA 333 Sl

lenaga

Man. 19.3. lMpeacTtaBHUKM amHioT

SamrigHeHHsA y OiJIbIIIOCTI aHaMHill 30BHIIII-
He. Po3BuTOK 3apoaka BigOyBaeTbcAa B SAHIIi,
sKe BKPHUTE CIM30BOI0 000JI0HKOI0. Boma Haaxo-
IUTH IO 3apojaKa uepes IIOBEPXHIO AuId. ToMmy
PO3MHOKEHHA MOJKJIUBE TiJIbKU Y BOJHOMY Ce-
pemoBuUIIi.

VY nmeaxux IpeicTaBHUKIB aHaMHINl CIIOCO-
01 PO3MHOMKEHHS OyJM CyTTE€BO BIOCKOHAJIEHI.
Tak, eBOJIOIINHUN yCIIiX XPAIOBUX pub 6araTo
B YOMY IIOB’A3aHU came 3 uM. [{a rpyma mep-
1010 cepej XxpebeTHUX IepewIna A0 BHYTPIII-
HBOI'O 3amjIigHeHHs. AW, AKi BigKJIagamooTh
XPAIOBI pubu, BeJIWKi, MalOTh 3HAYHUII 3aIrac
JKOBTKA i MOCTAaTHBLO IIiJIbHY O0OJIOHKY. ¥ dYac-
TUHU BUIIB CIIOCTEPITa€ThCA AUIEKUBOPOTIHHA,
KOJI 3apOJOK PO3BMUBAETHCS TiJIbKU 3a paxy-
HOK PEYOBUH SAUISA, ajle caMe SAHIle MiCTUTh-
cs B opraHiami matepi. A OJs OKpeMHX BHUIIB
(aKya-MOJIOT, eIeKTPUYHHII cKaT) 3adikcoBaHO
CIpaB)KHE KUBOPOMiHHS, KOJHU HOTPiOHI peuo-
BUHU HAAXOJATH IO 3apPOAKa IIPSAMO 3 OpraHiamy
Marepi.

AMHIOTUK

AMHIOTH — IIe XOPJOBi TBapUHU, y AKUX
y Ipoiieci eMOpPioHAJIBLHOTO PO3BUTKY YTBOPIO-
IOThCA 3apOAKOBI 000JOHKU (aMHiOH, XOpioH
Ta ajJaHToic). AMHIiOTH € mepBUHHOHA3EeMHUMU
oprauismamu. g rpyna BUHUKJIA B yMOBax Cy-

0 Kniouosa iges 0
3anexHo Bifg ocobnuBocTen embpio-

HaNbHOro PO3BUTKY XOPAOBMX TBapuH
po3aginAlTb Ha ABi Benuki rpynn —
AHamHil i AMHioTK. B amHioT y npoueci
embpioreHesy yTBOPIOIOTbCA cnelianbHi
3apofKoBi 060NOHKM, AKi 3abe3neuytoTb
KUTTERIANBHICTL 3apogKa. A B aHaMHIN
Taknx 060JIOHOK HeMae.

IO KUTTA y BOJi, € BTOPMHHOBOAHUMHU Opra-
mismamu. Ila rpyma BKJIIOuae penTuiiii, mra-
xiB i ccaBmiB (maxa. 19.3).

Bci amHioTM MaoTh BHYTpPIITHE 3aIlIigHEH-
Hs. 3apoJOK PO3BUBAETHLCA B SHIli, YaCTHUHOIO
AKOTO € 3aXMCHi 3apoAaKoBi oOosomku. Y dyac-
TUHU aMHioT (HampukKJan, y CCaBIiB) sAiIle
po3BUBaEThHCA B opraHisami marepi. IIpm mpomy
JKUBJIEHHS 3apoJKa BimOyBaeTbCcs 3a HOIIOMO-
T'OI0 3aPOJIKOBUX OOOJIOHOK, a MOKUBHI PEUOBU-
HU HAIXOOATH 3 OpraHisamy marepi (cupaB:KHE
"KMBOHAPOAKEHH).

Y Tux amHioT, AWIA AKUX PO3BUBAIOTHCS
Y 30BHIIITHBOMY CE€PEeIOBUIIi, 30BHIIITHI TOKPUBU
A€b MIUJIbHI ¥ He MPOIIyCKAalTh BoAy. Bcei mo-
TPpiOHi 3apOAKY PEYOBUHU PO3MIillleHi BcepeauHi
AN, i 330BHI KpPish IMOPU HAAXOAUTH TIIBKU
KuceHb. Taxa OyzmoBa poOUTh MOKJIUBUM PO3BU-
TOK 3apOAKiB y HAa3eMHOMY CEPEIOBUIIII.

Po3BUTOK s€1b y 30BHIITHBOMY CEPEeIOBUIITL
MOJKe BimOyBaTucsa 6e3 yuacti 6aTbKis. IIpukia-
JIOM IIOTO MOKe OyTU PO3BMHOKEHHA MOPCHKUX
yepenax, AKi IPOCTO 3apUBAIOTh AUIA B TEILIUHA
micok Ha Oepesi. BaTbKM MOMKYTH 3axuUIIaTH
AUISA 1 MEeBHMM UYWHOM peryJIBAaTH TeMIlepa-
TYypy IXHBOTO PO3BUTKY, PETyJIIOOYN TOBIIUHY
mapy r'pyHTy, AKUN ix BKpuBae. Tax pobaAThH
Kpokoauau. I HaperTi, BOHU MOXKYTb BUCUIKY-
BaTH AUIA, 3irpiBarouu ixX TeIJioOM CBOTO TiJja.
Taka moBefiHKa IpUTAMaHHA IITaXaM.

3anuTaHHA Ta 3aBAaHHSA

1. Y NOAVHN HEeMA€E XBOCTa, XOUa HasABHICTb XBOCTA 3 M'A3amMu
€ XapaKTepHOW O3Hakol Tuny XopAosi. Yomy Mu Taku MoOKemo
BM3HAUaTU NIOAUHY AK NpeAcTaBHUKa Lboro tuny? 2. TypboTa npo
HaWaAKiB NpUTaMaHHa He TiNbKM aMHioTaMm, ane N AeAKuM npeacTas-
HMKaM aHaMHil. 3HalgiTb 3a JOMOMOrol JOAATKOBUX AXKepen Taki
npuknagn i HaeediTb iX. 3. BUKopucToByloun [oOaTKOBI AxXepena
iHbopmaLii, 3HanaiTb NpeACTaBHUKIB aHaMHIN (Kpim TUX, AKi BKa3aHi
B naparpadi), AnA AKMX € BNACTUBUM BHYTPIWHE 3annigHEHHS.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Tema 2. biopi3HOMaHITTA

§ 20. EkocnctemHe 6iopisHOMaHITTA

PisHomaHiTTa ekocuctem

BiopisHoMmaHiTTA mpuTaMaHHe BCiM piBHAM
opramisarii sxmBoro. Kpim BmmoBoro pisaoma-

0 [NomipkynTe

Yum NpucToCyBaHHA NIOAVHW [0 Pi3HUX YMOB
cepepoBuLia BiAPI3HAETbCA Bif MPUCTOCYBaHHA

iHWWX TBapuH?

Q 3raganTe

» Ekocncrema
» biopisHOMmaHITTA

HITTA, Ay’Ke BaKJIUBUM € EKOCHUCTEMHe pis-

HOMaHiITTA. POopMyBaHHA IILOTO PiBHOMAHITTA
e ckaagHuM npomecoMm. Ha HBOro, Kpim Kaima-
TUYHUX i reoJioTiuHuX (hpaKTOpPiB, CYTTEBO BIJIU-

» biocoepa
» EBontouis

DnopuctnyHi LapcTea

Bae€ icropia posBuTky (uiopu # dpayuu. Hatisu-
UM PAHTOM eKOCHCTEMHOT'0 6i0pi3HOMAHITTA €
(rmopucTuuni Ta QayHicTuuri HMapcraa.

ITapcrBo Micue po3ranryBaHHs XapakTepHi npegcTaBEUKH (Iopu
Tonapk- Binpma yacruaa IliBaiunoi AMepuku, siKa po3TaiioBa- Popuuu Cocuosi, Bykosi, Bepe-
TUYHE Ha miBHiuninte Mekcuku, IliBHiuna yactuna A¢ppuku, 30Bi, Pososi, Kanycrsaui, Ocoxosi

axa npuiarae go CepenseMHOr0 MOps, OiJIbIIa YacTUHA TOIIIO

€Bpagii, oKpiM niBAEeHHUX peTioHiB
ITaseo- Bces TrepuTtopia Adpuku 3a BUHATKOM PETioHy, IPUJIer- Popuun ITanmsmu, TyTosi, Mouio-
TpomiuHe Joro 1o CepenseMHOr0 MOPSA Ta HEBEJIMKOI 00JacTi Ha yaiiHi, [laciboHOBi, BanaHOBI,

miBAHI KOHTUHEHTY, Oinbina yactuHa Apasii, Ingocras, Muprosi, ApoigHi To1ro

niBgenb Kurato it octpoBu Tuxoro okeany
HeoTpo- Binbia uactuna IliBgernoi Amepuku i IlenTpanbHa Ponunu Bpomeniesi, OpxinHi,
niuHe Awmepuka Muprosi, ITansmu, JIaBpoBi To1110
Kamncoske Kpaiiuiit mipgenuuii Kpait AQpuru Poguuu I'py66ieBi, PopinyJiosi,

Bpymniesi Tomro

Ascrpauriii- AgBcrpaJtis Ta mpuieri 1o Hel OCTPOBU Ponuuu EBkaninToBi, Apaykapie-
CbKe Bi, IlomokapIosi Torro
TonanTapk- IliBgenna yacruna Ilisgennoi Amepurku, Hosa 3enan- Poaunau 'amodirori, JlakTopucosi,
TUYHE Iisi, cy0OaHTAPKTUYHI OCTPOBU Misonmennposi

MayHicTnyHI yapcTBa

ITapcrBo Micue po3ranryBaHHs XapakTepHi npeacTaBHUKH ayHN

Apxrores Binbina uactuua IliBaiunoi Amepuku, Axa poaraimmosBa- | Jloci, onexi, puci, kosu, 606pu,
Ha niBHiumime Mexkcuku, ITiBaiuna uactuna A¢ppuru, KPOTH TOIIIO
saxa npuarae no CepenseMHOI0 MOps, OiJIbIIa yacTHHA
€Bpasii, okpimM miBAeHHUX PerioHis

ITaneoresa 3aiimae TpomiuHi pationu Cxiguoi miBkymi: Adpuka va | Crpaycu, MapTUIIKU, HaBianu,
niBpens Big Caxapu, IliBgenna ta IliBgenmo-Cxigua CJIOHU, TOPUJIN, IIIUMIIaH3€e, OPaH-
Azsis, octpoBu Mik Asiero Ta ABcTpaitieio TYyTaHU TOIIO

Heores Ilismenna ta IlenrpanbHa Amepuka, ocTpoBu Kapu6- IrpysKu, 6pOHEHOCIi, OIIOCYMH,
CbKOT'O MODS MIUHIITAINA, HAHJY TOIIO0

Hororea Ascrparis, Tacmanis, Hosa I'Bines, Hosa 3emanmis, Kenrypy, xoana, BombaTu, Kau-
octpoBu Tuxoro oxkeany KOJ3h00U, EXUIHU, €My, Kasdyapu,

BapaHU, palichbKi ITaxm TOIIO

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Kocmononitn

KocmomouaitTu — 11e Buau ab0 TaKCOHM, SAKi
TOIITMPEHI 0 TepuTOpPii 3emMJti, TPAIIAIOTHCA HA
TepuTopii pisHUX QayHicTHuHHUX ab6o (uopuc-
TUYHUX [ApPCTB i B PiBHUX IPUPOIHUX 30HAX.
KocMmomnosiTamMmu cTatoTh BUAU, AKi € KUTEIIMU
OioTomiB, IO HE CUJIBHO BiApPi3HAIOTHCA MiK CO-
0010 HE3aJIe’KHO BiJ MiCIld IMPOKWBAHHA.

KracuunumMuyu BugaMu-KOCMOIIOJiTaMu €,
HampukJan, muTtHi. I1i pakonmomiOHi MemIKaoTh
y Kaimo:kax. TepMmiH IX PO3SBUTKY Oy:Ke KOPOT-
KU, a TeMOepaTypHi yMOBUW, B SKUX MOXKYTb
icHyBaTH KaJIl0Ki, MalOTh JOCTATHHO BY3bKi paMm-
KH, ToOTO Kammoxki B Amepuni ta €ppasii Bin-
Pi3HAIOTLCA He Oy:Ke CUIbHO. A AWIA IMUTHIB
CTifiKi MO 30BHIITHIX BILIWBIB i mIy’Ke JIETKi, TOMY
BITPOM JIETKO IIEePEHOCATHCS Ha COTHI KiJloMeTpiB.

IIle omHa rapHa eKoJIOTiuHA Hilla AJA BU-
IiB-KOCMOMOJIiTiB — cuHaHTponHa. CHHAHTPOI-
Hi BUIM NPUCTOCOBYIOTHCA OO KUTTS IIOPSAL
3 JIOOUHOI0. A JTIOAWHA CTBOPIOE CXOXKi yMOBU
IJA icHyBaHHSA, Mepe0yIoBYIOUU HABKOJIUIITHE
cepemoBUIle IMiJ cBOi 3BUUYHI moTpebu. Taxkumu
CUHAHTPOIITHUMY BUAAMU-KOCMOIIOJIiTAMU CTAJIHU
BCi CBilicbKi TBapuwHU, OJd AKUX JIOIWHA CIEIli-
aJIbHO CTBOPIOE ITiAXOAAII YMOBU HIPOKUBAHHA.
AJje 6araTo BHUIIB HONIMPUJINCSI PasoM 3 JIO-
IUHOI0 0e3 ii sromm (TapraHu, IAIIOKUW TOIIO).

EHpemikn

Enpemiknm — 1e Buau, AKi MaioTh Iy:Ke
oOMe:xkeHUU apeas (HaOpUKJIAL, MIIINHO3YO Ha
Ky6i, ¢oca ma Mamarackapi, xiBi y Hosiit 3e-
naHgii). 3as3Buvail e BUAU 3 BY3bKOIO cIierfia-
Jizalfiero ¥ yHiKaJbHOIO E€KOJIOTiUHOIO HiIllero.
Haii6inpmma KiJbKicTh eHIEMiKiB 3ocepem:keHa
y BimHOCHO i3osmboBaHUX eKocucTeMax. Lle oct-
poBu (0co6JIMBO Ti, AKiI po3TalioBaHi gajgeko Bix
HaMOJIMKUOI cyIlli), o3epa, Imeuepu TOIIO.

Benuka kKinbkicTh emgemikiB € Ha I'aBaii-
cbKUX Ta ['anmamarocbKmx ocTpoBax. Tak, eHpe-
mikamu I'ajmamarociB € riraHTcbKa rajararochb-

0 Kniouosa iges

Ekocnctemun nnaHetn 3emnAa Hag3BUYAMHO pi3-
HOMaHITHi. Ane BOHU MalTb MEBHi pUCK CXO-
XoCTi, AKi [o3BoNATb iX 06'€eAHyBaTU y rpy-
nm — ¢GbnopucTtuyHi Ta dayHiCTMYHI LapcTBa.
OKpemi BMAM OpraHiamiB MoXxyTb OyTV nowu-
peHUMM B Pi3HMX ekocucTeMax (KocMomnonitu)
abo TpannAaTUCA Ha fJy»Ke obmexeHin Teputopii
(eHpemikn).

Tema 2. biopisHomaHiTTa 33 S

Ka uepelaxa, rajialrarocbKa CyXoIlyTHa iryaHa,
13 BuaiB rasamarocbKux B’IOPKiB TOIIO.

B osepi Baiikam HapaxoByOTb OJU3BKO
1000 BugiB-eumemikiB. Ha cyxomoui, Kpim osep,
BeJIMKA KiJIbKICTh €eHJIeMiKiB MOKe yTBOPIOBATH-
cA B TipChKUX perioHax.

Oco011BOIO TPYIIOIO EHAEMiKiB € maJsieoeHe-
miku. Ile mpeacTaBHUKM AaBHIX TaKCOHIB, AKi
B iHINMX MicreBoCcTAX OyJM BUTiICHEHI HOBUMU
rpynaMu opraHidmiB, 60 He BUTPUMAIU KOHKY-
peHTHOI 00POTHOM 3 HUMU. A B OKpPEeMHUX peTi-
OHAaX HOBi KOHKYDPEHTU He 3 ABUJNCS i cTapuM
rpynam yaajgocd BUXKUTH. [IpuKIagoM najseoeH-
IeMiKiB € ogHOTpOXimHi ¥ cymuacti ABcrpadii,
rarepis, asxa sbepersaca B Hosiii Senamaii, sa-
TUMEPisdA, 110 BIiJIijla B HEBEJIUUYKHUX 0iolleHO3ax
Iagificbkoro okeany.

Enpemikis me caig mayratu 3 Bugamu-ado-
purenamu. Aoopurenu (a00 aBTOXTOHH) — Iie
opraHiamu, sgKi yTBOpPUJIMCA HA NEBHill TepUTO-
pii i "KUBYTH Ha Hill IPOTATOM TPUBAJOTO Yacy.
Bouu mMoxkyTh OyTU AK eHIeMiKaMu, Tak i Koc-
momnoJitamu. TinTbKM B iHIIMX perioHax BUIU-
KOCMOIIOJIiTU OyAyTh YK€ He aBTOXTOHAMMU.

ITpencraBauk TaprauiB Ilpycak pygpuit
(Blattella germanica) noxonuts 3 IliBmemnHol
Az3ii i € aBTOXTOHHUM BUIOM [IJI IIHOTO PETioHY.
B €Bpony Bin morpanuB y XVIII cromiTTi i BiKe
3BiiTM TOIMWPUBCA IO iHINMUX KOHTWHEHTaX,
craBmu BugoMm-kocmomnoisiToMm. Ilocendrouncs
B JIIOJCBKUX OCEJAX, NMPYCAK BUTICHAE 3 HUX
yopHoro rtapraHa (Blatta orientalis), uuceinb-
HIiCTH SAKOTO 3 TOT0 Yacy Pi3KO 3MeHIIuJacs.

@ MpakTyHa poboTa

MopieHanebHa xapakmepucmuka ¢gsopucmu4yHux
obnacmeli 0aHoi micyeeocmi

1. Bnbepitb Tpu dnopuctnuHi obnacti €spasii (Ha-
npuknag, lpaHo-TypaHcbKy, CxigHo-Asiatcbky, Ce-
pen3eMHOMOPCbKY).

2. Cknagitb NopiBHAMbHY Tabnuulo uUMx obnacten,
YKa3aBlWy Hanbinbll MOWMWPEHi rpynu POCivH Ta
XapaKTepHi KNiMaTUYHi YMOBW.

3. ChopmynioliTe BUCHOBOK.

3anuTaHHA Ta 3aBAaHHA

1. Aki ocobnuBocTi Gionorii naulka AO3BONWIN
nomy ctatv Bugom-kocmononitom? 2, CKnagitb CnMcok
BMiB-KOCMOMONITIB, AKi TpannAawTbCA y Balwin micuye-
BOCTi. 3. Yomy Mmexi GpnopmctmyHux i dpayHicTMuHuX
LapcTB He cniBnagatoTb?
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Tema 2. biopi3HOMaHITTA

§ 21. 3miHn GiopisHOMaHITTA

0 [TomipkynTe

He Bci Bugn 3 tnx, AKi NognHa 3aBo3nTb
Ha HOBIi TepPUTOPIi, NPVXNBAIOTLCA Ha HUX.
3 yum Ue Moxe ByTu MoB's3aHO?

é 3raganTe

» biopisHOmaHITTA e Apean

o KoHKypeHLiia » EkonoriyHa Hiwa

IHTpOAYKUIl Ta IXHI NPUUYUHN N HACTIAKW
IaTpoaykuia — Iie IlijlecnpsMOBaHe Iiepe-
CeJIeHHSA JIOAWHOI0 OJHOTO 3 BUMIB JKUBUX Op-
ra"idamiB 3a Mexki 1Oro apeany B HOBi yMoOBH
icuyBaHHdaA. Buja, AKuil moTpanmuB B eKOCUCTEMY
IJIAXOM iHTPOAYKILil, HA3MBAIOTh IHTPOAYKOBA-
HUM, abo uysKopigauMm Bumom. IIpoiec axai-
Tanii iHTPOAYKOBAHOTO BUAY OO HOBUX YMOB
icHyBaHHS Ha3sMWBAKOTh aKJiMaTH3alli€lo.
Haifiuacrinie npuunHoOiO iHTPOAYKIIiI € mO-
Tpeba B IIeBHil IPOAYKILiI, IsKepeioM AKOI €
skuBi opramiamu. Ile mpoaykTm xapuyyBaHHS,
CUPOBUHA [JI BUPOOHUIITBA OAATY, OyIiBesabHIi
MmaTepianu ToIro. YacTo iHTPOAYKIIiSI IIPOBO-
IUTHCS 3 €CTeTUUHUX IIOTPed (HampuiJaam, OJIsa
CTBOPEHHA MNAapPKiB 3 €K30TUYHUMU [JIsI IIE€BHOI
MicmeBocTi pocamHamu). ¥ OeAKUX BUMNALKAX
iHTPOAYKIIiA MOKe BHPIIIyBAaTH TPAHCIOPTHI
mpobaemu (KoHi, BepOioau, Bicaoku, cobaKku).
TaTpoayKIiss HOBUX BUIAIB JIIOAUHOIO MOJKE
MaTH pisHi Hacaigku. ¥ AeAKUX BUIIAAKAaAX iH-
TPOAYKOBAHI BUAM He 3IaTHI BUKUTU 0e3 min-
TPUMKH JioguHu. Tomi BOHU 3aJIUIIAIOTHCS
B HOBOMY PEeTiOHi TiJIbKY y CKJIaJi arpoleHo3iB
i camocTifiHO He IOIIMUPIOIOTHCA. AJie iHKOJIU
BUJ, AKHUU IIOTPANMUB Ha HOBY TEPUTOPiIO 3a
IOTIOMOTOIO0 JIIOAWHU, MOYKe afanTyBaTUCHA [0
HOBUX YMOB iCHYBaHHA 1 moYaTW HOMIUPIOBA-
THCA B €KOCHCTEMi caMocTiiiHo, 6e3 JOIIOMOT'H
aoguau. [le Moyke OyTU NPUUYMHOIO BEJIUKUX
npobsieM mjs MicieBoi exocuctemu. Tak, 3a-
ceJleHHA 6araThbOX OCTPOBIB KO3aMU HMPAKTUKY-
BaJIOCSI MOpPEILIaBIAMH He MEHII HiK KiJIbKa
coTeHb pokiB. TakuM YMHOM BOHU PO3PaxOBY-

BaJI1 MaTH CaAaMOBiTHOBHMU 3amac m’sica, AKUM
MOKHaA OyJO KOpPUCTYBaTHCA KOMKHOTO paasy,
MPOMJIWBAIOYM TOB3 TakKi ocTpoBu. Ase Ha
ocTpoBax y Ki3 He OyJ0 NPUPOTHUX BOPOTiB,
i BoHM moumHAJU 0GE€3KOHTPOJILHO PO3MHOKY-
BaTUCs, 3HUIIYIOUM MiCI[eBy POCJIHHHICTEL i BU-
KJINKaouM eKkoJoriuny karactpody. Tak, my:xe
CUJIbHO IOCTPasKmaam Bix Takmx nini I'amama-
TOCbKi OCTpPOBH.

IIpukmagaMu iHTPOAYKOBAHWX BUMIIB MAJIA
Vipainu € KyKypynasa, IOIIeHuIls, 0ia akaiisa,
KJIEH SICeHeJUCTUH, Ay0 YepBOHUIL, KaByH, TOB-
cT0J100, Oinuii amyp, Killlka, Ko3a, IIIOBKOBUY-
HUH IITOBKOIIPSA/I.

IHBa3il Ta IXHI NIPUYMHK 1 HaCcNigKN

InBazia — 1ie mepeceyieHHsS OJHOTO 3 BIU-
OiB KUBUX OPraHi3aMiB 3a Me:Ki Iioro apeasy
B HOBi yMOBM iCHYBaHHSA, B Pe3yJIbTaTi SKOTO
BU/JI 3aKPIIJIIOETHCA ¥ CKJIAIi HOBOI €KOCUCTEMU
M yTBOpIOE HOBUU (BTOPMHHUI) apeaJ. [HBazia
MOsKe BigOyBaTucs 6es ydacTi jiroguHu abo 31iii-
CHIOBATHUCS JIOAWHOIO HECBiZoMO 1 BHUIIagKOBO.

Bun, axomy Bmasgocda BBiHTH OO CKJaxy HO-
BOI eKocucTeMu i chopMyBaTU HOBUI apeaJsi, Ha-
3UBaIOTH iHBa3iitHuUM. [HTpPOAYKOBaHI JIOAUHOIO
BUAW TAKOYX MOYKYTH yTBOPIOBATU BTOPUHHUMI
apeaJl i 3akpimaroBaThCA y CKJaJi HOBOI €KO-
cucrteMu. ¥ TaKOMY BUIIQJKy BOHU TeK CTAIOTh
iHBagiitHUMU.

IIpuumHu iHBa3i#t MOXKYTH OyTM pisHUMHU.
TuBasii 6es yuacri JiognHu BinOyBaOThCSa, KOJIU
AKUICH BUJ] TOYNHAE PO3IINPIOBATH apeaJj CBOTO
icmyBanasa. Tak MoiKe craTucsa uepes3 YCITiIITHE
PO3MHOKEHHA OCOOMH BUAY BHACJTIJOK TapHUX
YMOB icHyBaHHS i 30iJIbIlIEHHS BHYTPiITHHOBU-
IOBOI KOHKYPEHIIii B MeKaxX CTaporo apeasny.
TarkoX TPUUYMHOI TAaKOTO IOIMUPEHHA MOXKe
CTaTU BUHWKHEHHSA AOCTYIY [0 HOBUX TEPU-
TOPifi y peayJbTaTi TeoJIOTiYHUX IIPOIleciB.
ITe BimOymnocs, HApPUKJIAL, mig yac (OPMyBaH-
HA nepemmuiika Mixk IliBmiumoro i IliBmemmoIO
AMepuroro.

JIroguHa TaKOXK € BayKJIUBUM UMHHUKOM JJIA
BUHUKHEHHA iHBasiii. Yacrimnie 3a Bce BOHA BU-
MaJKOBO 3aBO3UTHh BUAM y HOBi perionu. A6o 1ri
BUAW € CUHAHTPOITHMMU i Bech 4ac KUBYTH II0-

44 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoZepHisauii 3amicTy ocBiTu https://imzo.gov.ua



pAI 3 JIOAUHOI. 3a YMOBU IMOTPAILJIAHHSA B HOBI
YMOBU BOHU TPOCTO CYHPOBOKYIOTH JIOAUHY,
a MOTiM ITOYMHAIOTH OCBOIOBATH HOBi TepuTopii
BYKe CaMOCTiiiHO.

Taki BumagkoBi iHBagili mAysKe YacTo mpu-
3BOAMIAM A0 Karactpodiuamx HacaigkiB. I nHe
TiIBKHM OJd MiCIIeBUX €KOCHCTeM, ajie U OJsd
camol JioauHU. XapaKTepHUMU NPUKJIAZAMU €
OOTPAILIAHHA HeIapHOTO IIOBKoIpAma B Ilis-
HiuHy AMepHUKY, a KOJOPaACbKOI0 JKyKa i Bu-
HOrpaaHoi (iokcepu — B €BpoIry.

B Vkpainy maaxom BUIAAKOBOI iHBasii
norpanujo Oarato BumiB. Tak, cyTTeBOil IIKO-
nu exocucteMi YOpHOTO MOpPSA 3aBAaB MOJIIOCK
pamana, akoro B kKiHIi 40-x pokiB XX croJit-
TS BUIIAAKOBO 3aBe3au 3 Jlamexoro Cxony. Binm
(GaKTUUYHO BHUIUB BEJUKI KOJOHII IBOCTYJIKO-
BUX MOJIIOCKiB (0COOJIMBO MOCTPaKAAIN YCTPU-
11i), 10 PidKo moripiuiao GiJbTpalliro MOPChKOL
Bogu. Karactpodiunoro O6yna i mosasa B HopHo-
My Mopi pebpomiaBa MmHemioncuca 1982 poxry.
ITeit Bux morpanuB y HopHe mMope 3 OaslacTHU-
MU BojgaMu KopalbJiiB Big ysbepe:xk:ka Daopugu
1 3a KOPOTKUI TepMiH 3HUINUB 3HAUHY YaCTUHY
300ILJIaHKTOHY, IIT0 IIigipBajo KOPMOBY 0asy Oa-
raThbOX MHPOMHUCJOBUX pub i pidKo 3HM3MIO X
YUCEJbHICTD.

Ane He Bci Taki iHBasili mMaroTh KaTacTpo-
diuamii xapaxkTep. ABcTpajiicbKuii rpub KBi-
TOXBicTHUK Apuepa OyB BUIIAZKOBO 3aBe3eHUI
y €Bpony B mepirriii mogoBuHi XX crosiTta. Bin
IMiJTKOM HOPMAJIbHO BBIHMIIIOB A0 CKJAIy JIiCOBUX
OiomeHo3iB i momwmpuBcA TepuTopieo €Bpomu,
IOCATHYBINM 11 YKpaiHm.

biopi3HOMaHITTA AK pecypc i OCHOBa
306epeXKeHHs XNUTTA Ha 3emni

BiopisHOomMaHiITTA € OZHMM i3 OCHOBHHUX
pecypciB HaImoi IrameTu, IKUHA 3abesmeuye ii
icuyBaHHA. PidHOMAaHITTA eKocucTeM 3 BeJu-
KOI0O KiJIBKiCTIO BUOIB V KOXKHIN 3 HUX POOUTH
Oiocgepy HaIOl mJIaHETH CTiHKOIO0 A0 pisHOMA-
HiTHUX 3MiH i KarakgismiB. Came 3a paxyHOK
OiATBHOCTI KWBUX OPraHi3dMiB Ha IIJTaHeTi ic-

0 Kniouosa iges

MunBi opraHiammn MoXKyTb 3MiHIOBaTK CBiM apean,
AK 36inblwyloun, Tak i 3meHwyioun Knoro. MMo-
TpaniAHHA HOBUX BU[IB B €KOCUCTEMU MOXe
CYTTEBO BMMBATM Ha CTaH ixHboro 6iopi3Ho-
MaHiITTA.

Tema 2. biopisHomaHiTTa 33 S

HYIOTh YMOBU, CIIPUATJIUBI IJIA KUTTA JIOAUHU.
A ot 3MeHIIIeHHA KiJbKOCTI BUIIB i pisHOMAaHIT-
TS €KOCHCTEM Pi3KO HiIBUINYEe PUSUK €KOJIOTiu-
HUX Kpus. Biojoriuni cucremMm 3 HeBeJIUKUM
PiBHOMAaHITTAM € ypasJIMBUMHU IO HECIPUATII-
BuX (paxkTopiB i HabaraTo Jerimie PYHUHYIOTHCS
BHACJIiZOK IXHBOI mii.

Tomy omHUM i3 HaWBaXKJIUBIIINX 3aBIaHb
JIOOUHU € 30epekeHHA MaKCHUMAaJbHOTO Pi3-
HOMAHITTA AK E€KOCHCTEeM, TaK i BUAIB y ITUX
exocucreMax. OmHUM 3 e(EKTHUBHUX METOMiB
BiHOBJIeHHsA 0iOpiBHOMAHITTA JIIOAUHOIO € pe-
iHTPOAYKITidA.

PeinTponykuia — Ie mepecesieHHS BUIIB
Ha TepuUTOpiio, sKa paHiile Oyjga 4YacTUHOIO IX-
HBOTO apeasly, ajie IOTiM 3 AKUXOCh IPUYUH
Oysa HUMU 3ajsuinieHa. [[ysKe 4acTo IPUUUHOIO
BTPaTU YaCTUHU apeajly € HiAJAbHIiCTb JIIOAWHU,
i peiuTpoayKIlia — Iie rapHuii cmoci® ymopa-
THUCS 3 HETaTUBHUMHU HaCJiKaMU TaKOl MifAJb-
vocTi. IIpukaagamMu ycminrHoi peiHTPOAYKILiI €
mepecesieHHA BiBIeOMKiB Ha miBocTpie Taiimup,
BiJHOBJIEHHSA IOMYJIAIil 3y0pa Ha miBHOUI i 3a-
xoni YkpaiHu, (popMyBaHHA NONyJaAINil KyJia-
HiB y 3amoBigHuKy Ackanis-HoBa i Ha ocTposi
Biprouwnii.

@ MpakTnyHa poboTa

BueyeHHA OUHAMIKU pOCJIUHHOCMI eKocucmem
3 8UKOPUCMAHHAM 60MAHIYHO20 MOHIMOpUH2y
1. BubepiTb AinAHKY MicLLeBOCTi NeBHOI eKocncTemm
nnoweto npubnnsHo 1 ra (100x100 m), 3a AKOK B
Masin MOX/IMBICTb CNOCTepIraTh Kinlbka pokKiB, Ta BU-
3HauTe BUAOBUIN CKNAZ POCVHHOCTI L€l AinAHKN.
2. OuiHiTb, AIK 3MiHIOBaNacA POCANHHICTD L€l AinAH-
Kn. BuABITb 03HaKM 1 CTyniHb 3abpyAHeHHA (pyiHY-
BaHHA) JOCNIAKYBaHOI €eKOCUCTEMN.

3. 3po6iTb MpuNyWeHHA NPO MPUYUHW AUMHAMIKK
POCAVIHHOCTI AOCNIAXKYBaHOI eKkocucTeMum Ta Crnpor-
HO3yNTe NodanblUM PO3BUTOK L€l eKocucTemu.
4. CoopmynionTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHSA

1. HaBepiTb nNpuKnagyM 4YOTUPbOX-M'ATW iHBa3iN-
HUX BUAIB, AKI MOXHa MobaunTi y Balliil MiCLEBOCTI.
2. AKNMK MOXYTb OYTV NMPUUYUHK TOTO, O NOTPanIAH-
HA HOBUMX BUAiB Y YopHe mMope yacTo CTa€ NPUUYUHOI0
KaTacTpodiuHux Hacnigkis? 3. Bukopuctaswm gopaTko-
Bi [Kepena, BU3HauTe NPUYMHN iHTpOAYKLiT BKa3zaHUX
y naparpadi BugiB Ha TepuTopito YKkpaiHu.
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OcHOBHI nonoxeHHA Temun «biopisHOMaHITTA»

KpuTepii Knacudikauii >Knsux ictot

Kpurepii IIpukaagu o3HAK IIpukgagu cucTeM OPraHiYHOTO CBiTY
Amnaromo- OpHo- abo 6araToOKJITUHHICTD, pyxJauBicTs, | Tpamuniiiai cucremu: Jlinueii (1758),
Mopdostoriuni TUOU POCTY I POBBUTKY Mrouxraysen (1763), Hexkkep (1783),

Texkxens (1866), Komrenn (1938),
Exonoro- Ty )KUBJIEHHS, Miclie B eKoCHcTeMi Yaiirreiikep (1965), Mapryaic (1971),
(isiosoriuni

«IIxinpHa» YOTHUPHUIIAPCTBOBA KJIacudi-
kKaria 1980-1990-x pp.

ITutosoro- - . .
NN Bynosa Ta xiMmiuHUIT CKJIa] KIITUHT
6ioximiuni
Mounerynapuo- CnopizHeHicTh, BCTAHOBJIEHA IIIISAXOM II0- CyuacHi cucremu: Enu ta is. (2012),
dimoreneruuHi piBHAJIBHOTO aHaAJi3y OiomosimMepiB Bypki (2016), Bpays Ta im. (2018)

HeknituHHi dopmm KunTTA

Oco6auBocti Bipycu Bipoign IIpionu
Bynosa:
v o ITHK a6o PHE PHK -

+ HyKJeIHOBi KucaoTH

+ Oinku; + - +

« npimigHa 060JI0HKA + /- - -

Opranismu-xasai VYci kaiTuaHI opranismu Bumi pocaman Ccasiti, rpubu, pocauHu

Bukaukani xBopobu Ckas, rpun, CHI/I, Bicma, BeperenomoniouicTs Kypy, ckpermi, xBopoba
rematur, eboja, Kip, Kpacuy- = 0yabp0 xKapToinii, kapau- = Kpe#itidenbara — fkoba,
xa, BipycHUIT MapoTUT, AITyP = KOBICTh XPU3aHTEM Ta daranbHe poguHHE 6€3-

TOMAaTiB COHHA

[MpoKapioTNYHI opraHizmu

BaxkTepii Apxei
OsHaku: OsHaku:
+ OgHOKJITUHHI, KoJIoHianbHi 200 6araTokaiTuHHI | * OIZHOKJIITUHHI
- KaitunHa criEka 3 mypeiny - Kiitumna crinka i3 nceBmomypeiny, S-6i1KiB ToII10
+ Memb6pana 3aB:K /U JBOIIIAPOBA + Memb6pasna Moxke 6yTU ABOIITapPOBOIO 460 OJHOIIIAPOBOIO
- 'eHoM He MiCTHUTH T'iCTOHIB « Y reHoMi IpUCYTHI ricToHOMOAi0HI GiTKK
IIpencraBHuKHU: IIpencraBHuKHU:
miamobakTepii, mporeobaKTepii, rpaMIO3UTHUBHIL eBpiapxeoru (rajmoapxei, meraHoapxei), KpeHapXeoTH,
bakTepii, aKkTHHOMIiIlEeTH, PIKKeTCcil, xaamimii, HaHOapXeoTHu, acrapAapxeoTu

CIIipoxeTu, MIaHKTOMIIleTH

Bukiaukani xsopoou: -
yyMa, xoJiepa, Tu( (BUCUIHUIHA, IIOBOPOTHUIA,
yepeBHUI1), IIpaBellb, cubipKa, OpyIienb03, Jempa,
raHrpeHa, 00TyJIisMm
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EyKapioTnyHi opraHiamm

ExcraBaTu

OsHaku:

* ONHOKJIITMHHI

IKTYTUKIB mepeBakHo 4, 6, 8;
3pigka 1-2 mepenui

MiTOXOHAPII UacTo peayKoBaHi,
a060 3 TUCKOIOAIOHUMY KPUCTAMU
cTaTeBUil IPoIeC BiAcyTHIN
retepoTpodHi (3a BUHATKOM
IeAKUX eBIJIeH)

IIpeacraBHMKM: €BTJIEHU, TPUXO-
MOHAaJIM, TPUIIAHOCOMH, JAMOJIiI,
aKpasieBi CAU30BUKU

Knacudikauis KNiTMHHUX opraHiamis

HiadopeTuru

Oznaku:

* OSHOKJIITMHHI, KOJOHiaIbHI a60
GaraToKJIiTUHHI

IKTYTUKIB mepeBakHO 2, mepenHi
a6o Giuni

MiToxXoHAPiI 3 TpyOUacTuMuU abo
IIJIACTUHYACTUMHU KPUCTAMU
aBTOTPO(HI Ta reTepoTpodHi

IIpencraBauku: 6ypi, giaTomMoBi,
YepPBOHi, 3eJIeHi BOJOPOCTi, BUII poc-
JINHY, HeCIpaB:KHi rpubu, indysopii,
CIIOPOBUKU-AMMiKOMIIJIEKCH, PAmiosa-
pii, dopaminidepu, COHIIEBUKT

Knacudikauia Buwmx pocnmH

fonoHacinyj

N

Kanki

(3Hakom ‘ no3HaueHi BumMepni rpynu)
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Komipuesi
PKIYTUKOHOCL

Amopdei

OzHaku:

* OJHOKJIITMHHI, KOJOHianbHI
a60 6araToOKJIiTUHHIL

IOKTYTUK ITepeBaskHo 1, 3aaHil
MiTOXOHIPiI 8 TpyOuacTumMu abo
IJIACTUHYACTUMU KPUCTAMU
rereporpodHi

.

IIpencraBauku: TuIOBi ameodu,
CIIPaBJKHi CIM30BUKHU, CIIPABKHIL
rpubu, KOMipyacTi JKTyTUKO-
HOCIIi, 6araTOKJIITUHHI TBAPUHUA,
y T. 4. JIIOJUHA

Knacndikauia eykapiotis

- ot
- “\““09
“e?°

peGponnash
1 nnac-muua:li’. 3
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Tema 3. O6bMmiH pevyoBUH
| NepeTBOpPEeHHA eHepril

§ 22. OpraHiyHi Ta HeopraHi4Hi cnonykn, Heo6XigHi ANA opraHiamis

0 [omipkymnTe

Hectaua enemeHTiB B OpraHiami pocivH, AKNX
MiCTUTbCA 3a3BuYan BigHocHo 6arato (C, O, H, N),
NOraHO MO3HAYaETbCA Ha IXHbOMY CTaHi. Yn nmo-
3HaUMTbCA Ha IXHbOMY CTaHi HecTauya TUX efleMeH-
TiB, AKX B OpPraHiami pocinHu HabaraTto MeHLue,
Hanpuknag S abo K?

Q 3raganTe

o OpraHiyHi 1 HeopraHiYHi PeYoBMHU B KNITWHI
« MoHomepwu, nonimepwu, Giononimepwn

OpraHiyHi peuyoBMHN KNITUH XXUBUX

OpraHiamis

TooBHUME KOMIOOHEHTAMU KWBUX OpPTaHis-
MiB € opraHiuHi peuoBMHH. 3 HUX OyIYIOTbCS
BCl KJIITWHU, CTPYKTypa U CKJIAM AKUX CUJIBHO
BifpisHAOTHCA Bim Tin He)kmBol mpupogau. Came
opradiudi peuoBuMHHI 3a0€3MeUYYIOTH BUKOHAHHS
TUX cIenudiuHux QYHKIiN, 110 BUSHAUYAIOTh 3a-
TaJIbHI BJIACTUBOCTI JKMBOTO (CTAJIICTD CKJIAdY, ca-
MOBiITBOPEHHS, CIALKOBICTh, MiHJINBICTH TOII[0).

A BM BiKe B3HaETe, OPraHiuHi CHOJYKH
CKJIAJAIOThCS IepeBakKHO 3 OioreHHHUX Ximiu-
uux ejxemenrtiB — C, H, O, N, aKi craHOBIATH
mo 98 % cyxoi macu KuBoi KiaiTuHu. Benuki
oprauiuni mosexysu (3 macoio mouan 1000 [1a),
AKi BXOJATH IO CKJALy sKUBUX OPraHidMiB, Ha-
3UBAIOTh MAKPOMOJEKYLaMu, abo Oionosimepa-
mu. BoHU cKIamaroThCcA 3 MOHOMEDIB.

Opraniugi pe4yoBuMHU, 1[0 MiCTATHCSA B JKU-
BUX OpraHi3dMax, MOAiJATh HA YOTUPU OCHOB-
Hi rpynu: 6inKu, ByTJIeBOAM, Jimigu ¥ HyKJe-
iHOBI KucJaOoTH.

Binku € Giomoaimepammu, MOJIEKYJIU SKHX
CKJIaJAIOThCA 3 BEJMKOI KiJbKOCTi aMimoKwmc-
gor. BoHVM BUKOHYIOTH HaWpidHOMaHITHIiNII
dyukIii: katadiTuuny ((pepMeHTH), CTPYKTYP-
HY (KoJlareH, eJacTHH), 3aXUCHY (iMyHOTrJI00Yy-
JIIHU) TOIITO.

ByraeBomu GepyTh ydacThb y Ipolecax 00-
MiHyY peuoBUH (TJII0K03a, GPYKTO3a) i 306epiranHi
crmagkoBoi imdopmailrii (pubosa, me30KcupuoOo-
3a), BUKOHYIOTh CTPYKTYpPHY (IlearoJjiosa, Xi-
TUH) i 3amacamuy (KpoxMaJjb, IVIIKOTeH) (QYHK-
mii. o ckJyagy MOJIEKYJ BYIJIEBOIIB BXOIATH
KiJibKa (PYHKI[IOHAJIBHUX TPYI: TiPOKCHUJIbHA
(—OH), rkap6okcuabua (—COOH) a6o xap6oHiiIb-
Ha (—COH). 3aranpHa (popmysa BYIJIEBOAIB —
C,(H,0) , ne n i m € HATYpPAJIbHUMU YUCJIAMU.

Jlimimgu € rpymoo pevuoBUH, SKUX 00’€THAIN
He 3a XimMiuHOI0 0y/0BOIO, a 3a (hi3MUYHUMHU BJIAC-
TUBOCTAMU. BOHM BCi € HEPO3SUMHHUMU y BOIi
MacJAAHUCTUMHU ab0 KUPHUMU PEYOBUHAMU.
Hait6inbm momwmpeHUMH JimigamMum € KUpH,
oiii, dochomimigu, Bocku Ta crepoigu. OcHOB-
HUMH (PYHKIIAMHA JIMigiB y JKUBUX OpraHidmMax
e cTpykrypHa (dochomimiau, rmikominigu), pe-
3epBHA 1 eHepreTuuHa (3JKUPU, 0JIii), peryiaropHa
(cTepoimHi TOPMOHM, *KHUPOPOIUMHHI BiTamiHmM),
3aXMCHA i TepMOperyJsaTopHa (BOCKH, KUPHU).

Hyxkaeinori kucaoru ([[HK, PHK) e Besnu-
KuMu OiomosiMmepamMu, MOHOMepaMHU SAKUX € Hy-
KJaeotunu. PYyHKIIA HYKJIeIHOBUX KHUCJIOT — 30e-
peKeHHs I BiATBOPEHHS reHeTHYHOI iH(GopMaIlrii.

HeopraHiuHi peyoBMHM KNITWH
XVBUX OpPraHiamis

DyHKIIOHYBAaHHA KJIITHH JKWBUX OPTaHis3-
MiB OyJi0 6 HeMOKJIMBUM Oe3 ydacTi HeopraHiu-
HUX PeUYoBUH. BOHU € HeoOXiJHUMU KOMIIOHEH-
TaM! BCiX OprafiB i TKaHuUH.

Hai#iBaskIuBimIoo HeOPraHiuHOI PEYOBU-
HOIO OyIb-AKOI KJIITUHU € BOJa, AKa IIepeBakae
cepel iHIIUX KOMIIOHEHTIB 3a Macoio.

OkpeMi HU3BBKOMOJEKYJIAPHI MiKpoejeMeH-
TH, COJIi Ta WOHM coJjiell (MiHepaJbHI PEUYOBUHM)
BXOZATH 10 CKJIQy CTPYKTYPHUX €JIEMEHTIB yCix
KJIITMH i TKaHWH i 6epyTh y4acTh y BCix O6ioximiu-
HUX TOpollecax, AKi BigOyBalOTbCcA B OpraHismi.
Heopraniuui crionyKy MOKYTh ITepe6yBaT B K-
BUX OpraHismMax AK y po3umHeHiii ¢opwmi (y Bu-
TJIsAi WOHiIB), TaK i B HEPO3BUYMHEHOMY BUTJIAMII.

48 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Heopraniuamit
KOMIIOHEHT KJIITHHU!

= BogHeBui
Boga
A _"‘._‘/SB'H3OK

&
Hzo@_”

Kariouu I'inporeny (H")

Bikap6onaTu i pocharu
Harpiro i Kaiiro

Karionu Ta aHioHM pPO3UMH-

Hux cosent (Na*, K, Cl")

Tema 3. O6miH peyosuH i nepeTopeHHs eHeprii  Jp3p 3y S

QyHKUiT HeopraHiYHUX KOMMOHEHTIB Y KNITUHI
DyHKIil B KIITHHL

®dopMmye BHYTPIIITHBOKJIITUHHE CEPEIOBUIIE, IMTiATPUMYE (hOPMY KJIITHH i opraHia-
MiB (rigpockesert), 6epe yuacTs y 6ioximiunux peakiiiax (¢orTosis Bogu mim uac
dorocuHTE3Yy, IriAPOJi3), TepMoperyadiii (moToBuAiIeHH, I'yTallis), 3abe3meuye
TpaHCIIipaIlito, 6epe yuacThb y TPAHCIOPTI PEUOBUH

3a6e3neuyoTh KUCJIOTHO-IYKHUM OalaHC

VTBOpIOIOTE Oy(epHy cucTeMy TKAHWH i KpOBi, miaTpumyooun ixHit pH Ha mo-
cTifiHOMY piBHi

CTBOPIOIOTH PiSHUINIO IIOTEHI[IAIIB MiK yMIiCTOM KJIITHUHY I HABKOJIUIIHIM cepe-
IOBUIIEM, 3a0e3Meuyoun poboTy TPAHCIIOPTHUX O0iIKiB MeMOpaH Ta IPOBeIeHH

HEPBOBOIO iMIIyIbCY

C1abKopo3uUMHHI coJri
Kaunbirito i @ochopy

Micrarbeda y cKJaali OMOPHUX CTPYKTYP TBApUH (KiCTKU, MYIILIi MOJIIOCKIB) i 3a-
0e3meuyoTh IXHIO MiITHICTD

€ ckJyamoBUMU OaraTh0X TOPMOHIB, (DepMeHTiB i BiTaMiHiB a60 6epyTh yyacTh y ix
akTuBaIllii: Maruiit (KommoHeHT xJopodiny), Iluak (kodaxkTop Gararrox dep-
MeHTiB), @epyM (KOMIIOHEHT remMoryiobiny), Kynpym (KOMIIOHEHT remMoIliaHiny),
Kanbiriit (KOMIIOHEHT KiCTKOBOI TKAHMHY i BAaTHAHUX PAaKOBUH MOJIIOCKiB)

Vonu meramiuHUX eJIeMEHTIB

Heoprauiuxi peuoBuHMN IIOTPAILIAIOTL Y $KUB1
OpraHiaMu IIepeBaskKHO i3 30BHIIITHLOTO CEPEIOBU-
ma 3 ikeio (y TBapuH) ab0 y BUIJISAAI BOTHOTO
PO3UMHY uepes IIOBEPXHIO opramiamy (y pocauH,

rpubiB i Oaxrepiii). Hecraua abo HaAJIUIIIOK
MeBHUX XIMIUHUX eJIEMEHTiB CIPUUYUHSAIOTH II0-
PYIIIEHHSA PO3BUTKY OPTraHidaMy i mpolieciB #oro
KUTTEIIAIBHOCTI.

Hacnigkn Hapnnwky Ta HecTaui Hitporeny, ®ocdopy, Cynbdypy i Kanito y pocnnH

Ximiuaui . .. . s ..
eTEMERT Hacaigku HagIuImKy XiMivHOTO eJ1eMeHTa Hacaigku HecTaui XiMiuHOTO ejieMeHTa

HiTtporen IuTeHCUBHUI PicT; IUCTKY TeMHO-3€eJIeHi, Beau- = CIOBiIbHEHUH PiCcT; IUCTKY JKOBTIIOTH, MaJIeHb-
KOTO PO3Mipy; HMYKHI JIUCTKU CKPYYYIOThCS; KOro pPO3Mipy; HUIKHi JIMCTKH CKPYYYIOTHCA
yposKai He o3piBae 1 omagamTh; YPOosKall 3BHUIKYETHCA

dochop JlucTku TOHKIi; iXHI BepxiBKU i Kpai «Buropsa- PicT ynoBiJILHIOETHCS; JIUCTKU CUHIOBATO-3€JIe-
IOTh» ; HUJKHI IUCTKU CKPYUYYIOThCA, 3 INIAMaMM; Hi; HA HUMKHIX JUCTKAX TEMHi IJIAMU; HUMKHIL
YPOMKaMHICTb 3HUIKYETHCA JINCTKY CKPYUYYIOTHCSA 1 OIaJaI0Th

Cyabhyp CKOpPOUyIOThCA TePMiHU PO3BUTKY POCAUHY; KiH-  PO3BUTOK JIMCTKIB YIIOBIIBLHIOETHC; KIHUNKY
YUKU i Kpal JUCTKiB 3He6aPBIIIOIOTHCA JUCTKiB TEMHIIOTH

Kaumiit Hosgi muctku ToHKIi; BepxiBKU i Kpai JucTKiB IIBiTiHHA npunMHAETHCA 260 YIOBiIBLHIOETHCS;

CTAIOTh OYPUMU i BiAMUPAIOTh; MisKBY3JIA CcTa-
IOTh KOPOTIINMM; HUKHI JINCTKU CKPYUYIOTH-
cd, Ha HUX YTBOPIOIOTHCA Oypi ImyiamMu

HOBI JiuCTKU ApiOHIi #1 6iabIlI TeMHi; BepXiBKU
i Kpai TuCTKiB MalOTh BiATiHOK ipiki; cTeba
CTAIOTh TOHKUMH i IAMKUMU

3anuTaHHA Ta 3aBOaHHA

0 Kniouosa iges

OCHOBHMMM OpraHiYHMMK pPeYoBMHAMU, LWO
BM3HAYalOTb BNACTUBOCTI XMBUX OPraHi3miB, €
6inkn, ByrneBoau, ninign n HyKneiHoBi KNCNOTH.
Cepeli HEOPraHiYHNX PEYOBUH HAMBAaXKJINBILLOK
€ BOAA, AKa MepeBa)a€ B KJiTUHI 3a macolo.
HeobxigHMMM KOMNOHEHTAaMM BCiX OpraHiB i TKa-
HUH € OKpeMmi MiKpoenemeHTu, COsli Ta MOHMU
conen (MiHepanbHi PeyoBUHM).

1. HaBepitb npuknagn Bigomux Bam 6inkiB i mno-
ACHITb TXHI PyHKUIT. 2. Yum i yomy pi3HATbCA MiXK CO-
60t0 BnacTMBOCTi 1 YHKUIT pisHWMX noniMmepiB rMoKo-
3 — Kpoxmarsio, rikoreHy n uentonosn? 3. Y cknagi
AKNX OPraHiYHMX PEYOBUH MICTATbCA aTomu HiTporeHy?
®ocdopy? Cynbdypy? Mopy? Kobanbty? 4. Yomy 3He-
BOAHEHHA € HebGe3neyHUm Ana opraHiamy?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 49
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Tema 3. OOMIH peUYOBWH | NepeTBOPeHHA eHeprii

§ 23. MoTpeba NnoANHN B peYOBMHAX i XiMiYHNX enemeHTax

0 [omipkynTe

[o AKux Hacnigkis Mo)e Npu3BecTn XapuyBaHHA
NIOAVIHY NYLLe KapTonsielo (Xxo4a i B JOCTaTHIlN
KiNlbKOCTI)?

e 3raganTe

 Binkun o Xunpnu
» Byrnesogu o AMiHOKMCNOTH

 BitamiHun * Mikpo- Ta MakpoenemeHTn

300poBe XapyyBaHHA

PeuoBuHU Ta eHepriio MU OTPUMYEMO 3 iKi.
Oaa Hamiol KUTTEAIANBHOCTI HaM HeoOXimmHi
0inIKM, BYIJIeBOAM, JIiIIigM, a TAKOMK Boja, He-
BeJINKI KiJBKOCTI MiKpoesJeMeHTIiB i BiTaMiHiB.

306amaHCOBaHe XapuyyBaHHI — Iie Xap-
YyBaHHS, 34 SKOTO B OPraHi3M 3 XapuyoBUMU
OIPOAYKTAMU HAAXONATH yCi IMOKUBHI PeUYOBUHU
B KiJIbKOCTi, HEOOXigHIN AJIA HOPMAaJIbHOI JKUT-
TEeMiAIBHOCTI.

XapuoBwmii pamioHn — 1e Habip TPOAYKTIB,
AKUHN JIIOAWHA CIOKWBAE IIPOTSATOM IIEBHOTO
yacy. IIpaBuabpHO migiOpaHUii XapuoBUH paIioH
€ OCHOBOIO PAI[iOHAJBHOTO XapUyBaHHA.

XapuoBa Ta eHepreTuyHa UiHHICTb

NPOJYKTIB XapuyBaHHA

Enepreruuna uninHicTh, abo kajopiiiHicTs,
OPOOYKTY XapuyBaHHsA — Ile KiJbKicTh eHeprii,
AKY OJIep:Ky€e€ OpTaHisM BiJ CIIOKMBAHHS ITHOTO

Llykpn — npocTi Byrnesoau,

. OpyKT it 0BOY AKi OpraHiam LIBMUAKO
NepeTBOPIOE Ha EHeprito

KpoxmanucTi npogyktun

MonouHi npogyktn —
MOJOKO, cMp, Norypt —
MiCTATb GifIKM 1 MiHepa-

. binkosi npopgyKkTtn
. MonouHi npogyKtn

. Byrnesoauncti npogyktn

MIiCTATb GINKKU 1 Knpu
Man. 23.1. XapyoBuin 6anaHc

/\;

v, Hanpuknag Kanbuin /v

M’sico, ropixu, 606u i anus —

IPOAYKTY. 1i BUMipIOOTH y KilToKasnopisx a6o
B Kimomxkoynax (1 kkam = 4,1868 x/[x).

Emepreruuna IiHHiCTH, J060BOro paIiiony
XapuyBaHHA MAa€ BiAIIOBiaTM eHEPreTUYHUM
BUTpaTaM opraHiamy. 3a mo0y Ha pisHiI BUIU
mismbHOCTI Jjaiogmua BuTpadae Big 2000 mo
4500 kkas. [JoboBa HOpMa KaJIOPiii 3aJI€KUTH
Bim BiKy, craTi, 3pocTy # Macu, CIOCO0y KUT-
Ts, iIHTEHCUBHOCTI OOMiHY PEYOBUH, KJIiMaTy Ta
iHIIIUX YMHHUKIB.

EHepreTnyHa UiHHICTb KOMMOHEHTIB 1XKi

Kommnonent ixi k/lx/T KKaJ/T
HKupu 38,9 9,29
Binknu 17,2 4,11
Byrnesogu 17,2 4,11

XapuoBa I[iHHIiCTHh IIPOAYKTY BU3Hauda-
€ThCA THUM, HACKiJIbKU m0OOpe Ieil IPOIYKT
3abes3meuye IOTpPeOM JIOAWHKA B OCHOBHUX
peuoBmHax Ta eHeprii. XapuyoBa IiHHiCTH 3a-
JIeKUTH BiJl TOro, IKi KOMIIOHEHTH i B AKHUX
CIIiBBiJHOIIIEHHAX MICTATHCA y CKJIALi Xapdyo-
BOT'O TIPOAYKTY.

PospobiieHi opieHTOBHI HOPMHU CIOYKHUBAH-
HA Pi3HUX KOMIIOHEHTiB I»ki. fAKIimo moTrpumy-
BaTUCA IUX HOPM, paIioH Oyxe 30a1aHCOBAHUM
(man. 23.1). OnTumManbHO AOOOBUIT paIlioH mO-
pocJioi JIOAUHU Ma€ MiCTUTHU:

80—-120 r 6inkiB (25-35%);

+ 60—-150 r xupis (15-20%);

450-550 r ByrueBozis (5060 %).

/\Cknanm BYIneBOAMU, WO
MicTATbCA Y XxNibi, MaKa-
POHHUX BUpOGax N Kap-
TOM/i, NepeTPaBoTbLCA
N 3aCBOIOIOTbCS [IOBLLUE,
Hi>K NpOCTi

®pyKTy 11 oBouYi barari
Ha LyKpuW 1 KITKOBUHY,
a Kpim Toro, mMictatb 6in-

\_/KM, BiTaMiHM N MiHepanu

SO MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Tema 3. O6miH peyosuH i nepeTopeHHs eHeprii  Jp3p 3y S

bionoriyHa WiHHICTb

HpO,ElyKTiB Xap4yyBaHHA

Kpim sarambuOi KinbKocTi 0isKiB, KupiB
1 ByrJIeBOZiB, BasKJIMBUM TAKOMK € 1XHi¥ CKJIaz.
TinbKku 3 I3Ke0 MU OTPUMYEMO He3aMiHHi peuoBu-
HU, AKi HeOOXigHI JJIsT HOPMAJIbHOI MKUTTEIiANIb-
HOCTI, aJie He CHHTEe3YyIOThCsA HAIITMM OPraHiZMOM.
HeszaminuumMuy gia jgoguHU € BiTaMiHmM, Aedaki
aMiHOKMCJIOTH Ta HeHAacHUYeHi KUPHI KUCJIOTHU.

Ho He3amiHHUX aMiHOKUCJOM HAJIEXKATh
isoyednuu, JIidwH, JIEMIIUH, METiOHiH, (eHiJ-
ajJaHiH, TpeoHiH, TpunTo(aH, BaJNiH (TAKOXK
rictuauH i aprimin gaa gitei). Binkwm ki, 1o
MicTATH HeoOXimHmMiT HAOip aMiHOKHCJIOT, Ha3u-
BaIOTh NOBHOUiHHUMU. [0 HUX HajgeXaThb Iepe-
BasKkHO TBapuHHi Oinxu. Haiibinbin Bucoky 6io-
JIOTiUHY IiHHiCTHL MalOTh OLIKM, IO MiCTATHCA
B AANAX, M sCi, MOJIOIi, pubi.

3pocraiounii OpraHidaM AUTUHU ITOTPeOye
IOATKOBOI KijgbKocTi 6inkiB, aki s3abesmeuy-
I0Th picT i popmyBanHsa Tima. OcoOJIMBO BaK-
JUBUM € HaIXOIKEeHHS BCiX He3aMiHHUX aMi-
HOKMCJIOT. IXHA BifcyTHiCTH y i3ki mpmusBoguTh
IO 3aTPUMKHU POCTY, BUCHAKEHHS i HePBOBUX
posJjajmis.

Biramiau moTpiOHiI opranisMy B HEBeJIHKil
KinbKoCTi, ajsie 6e3 HUX HOTO KUTTETISAIbHICTD
HEeMOJKJIBA.

MopyLueHHA 0OMiHY
MiHepanbHUX PEYOBUH

MinepanbHi peYOBUHM TaKOXK HE CHHTE3Y-
IOThCA B OPTAaHi3Mi JIOAWHY 1 € OTHUMU 3 OCHOB-
HUX He3aMiHHUX KOMIIOHEHTIB XapuyBaHH.
Ixna HecTaua a0 HAJIUIIOK BUKJUKAE IIOPY-
IIeHHA, 1[0 TPUSBOAATH 0 3aXBOPIOBAaHb.

I[IpuumHaM¥y TOPYIIIeHHS OOMiHY MiHepasb-
HUX PEUOBUH MOMKYTh OyTHU:

« HejjocTaTHE ab0 HagMipHe HAAXOMKEHH
MiHepaJIbHUX PEYOBUH B OPTraHisM;

+ nIesAKi 3aXBOPIOBaHHA (TOPMOHAJIBbHI, cIIaj-
KOBi TOII0);

0 Knioyosa iges

XapyoBuIA paLioH XapaKTepur3yEeTbCA eHepreTny-
HO0, XapyoBOl Ta 6ioNOriYHOW LiHHICTIO Npo-
OYKTIiB, WO CnoXusawTb Yy iXKy. 36anaHcoBaHuiA
pauioH 3abe3neuye notpebu NOANHN B OCHOB-
HUX pevyoBMHax Ta eHeprii. Hectaua abo Ham-
MipHE HaAXOOXKeHHA He3aMiHHUX KOMMOHEHTIB
i CTa€ NPUYMHOIO NOPYLIEHHSI 0OMiIHY PeYOBNH.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

« HeIpaBUJIbHE BIXKWBAHHA [IEAKUX JIiKap-
CBbKUX TIperaparis.
* Oi TOKCUYHUX PEYOBUH.

MNepeTBOpPEHHA pe4yoBUH

B OpraHi3mi nognHn

SIK BU BiKe 3HaAETe, CIIOMKUTI 3 1Kel0 pedvo-
BUHU 3a3HAIOTHh Y HAIIIOMY OPTaHi3Mi CKJIaJHUX
XiMiUHUX TepeTBOpPeHb. Y MPOIleci TpaBJIEHHSA
BHCOKOMOJIEKYJIAPHI CIIOJIYKM 1Ki POSIIeInIio-
IOThCA BiATOBiZHUMU ()epMeHTaMU OO0 HUBbKO-
MOJIEKYJIAPHUX

« OlIKM POBIIEIIIOIOTHCA MPOTeas3aMu [0
aMiHOKMCJIOT;

« JKUPUW — JIiasaM® JI0 TUIIepoJy # KUp-
HUX KUCJOT;

* BYIVIEBOAY — aMijasaMu 0 MOHOCAXapUIiB.

IIponykTu TpaBieHH, 110 HAMIAIILIN B KPOB,
MepeHoCAThCA M0 BCiX KJIITMH Tijma. YcepemmHi
KJiTUH BigOyBaroTbCsA OCHOBHI Oioximiumi mepe-
TBOpeHHs. CHHTE3yIOThCS BJAcCHI OGiomMojeKysu,
AKi TOAAIOTHCS [0 CKJIAAy KJIITHH i 6epyTh yuacThb
y 3milicHeHHi IXHiX (pyHKI[i#i. YacTuHa opraHiu-
HUX PEYOBUH POSIIEILTIOETHC A0 OiIBIIT IPOCTUX
KOMIIOHEHTIB 3 BUIIJIEHHAM eHeprii, sKa BHUKO-
PUCTOBYETHCA MOJIA IIPOIECIB KUTTENIATIBHOCTI.

ITo6iuni npoayxkTy 0OMiHYy PeYOBUH BUIiJIs-
I0ThCA 3 opraHismy. [asa GisbITocTi opraniuvHmx
PEUYOBWH KiHIEBUMU IPOAYKTAMU PO3KJIALYy €
BYIJIEKHCJIUN ra3 i Boja, a mja OiaKiB — 1me
1 aMOHiaK, KU 3HEINKOIMKYEThCA IIePEeTBOPEH-
HSIM Ha CEUYOBUHY.

@ MpakThyHa poboTa

Po3paxyHok ocHO8HO20 06MiHy i ennacHoi 00608601
sumpamu eHepzil, CKNIa0OAHHA Xap408020 payioHy
1. Cknagitb iHAMBIAYaNnbHWUI PO3NOPAAOK AHA i BU-
3HauyTe eHepreTWYHi BMUTPATU CBOFO OPraHi3my, Bu-
XOAAYM 3 BUAIB BalOl AiANbHOCTI BMNPOAOBX OHA
i IXHbOI TPMBaNOCTi.

2. Cknagitb BnacHWin fO6OBMIA paLioH XapyyBaHHs
BUXOAAYN 3 eHepreTUYHOI LiHHOCTI NPOoAyKTiB Xap-
yyBaHHA (AMB. Tabnuuto Ha c. 237).

3. YcTaHoBITb, UM BiAMoBiAaloTb HOPMi BMICT 6ifiKiB,
XKMPIB i BYrneBofiB Ta KalopilHiCTb Balworo po6o-
BOTO Xap4yoBOro paLiioHy.

4. CoopmynioiTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. Ha3BiTb NpoayKTy xapyyBaHHA 3 BUCOKMM yMic-
ToM: a) 6inkis; 6) xupis; B) Byrnesogis. 2. O6roBopitb,
HaCKIiNbKM BUMpPaBAaHOIO € BeretapiaHcbKa gieta. 3. Yu
€ 36anaHcoBaHUM Ball 0COOUCTUIA PaLioH XxapyyBaHHA?
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§ 24. MeTaboni3m

0 [omipkynTe

Yomy B pasi ropMOHasbHVX MOpPYyLUEHb JIOAUHA
MOXe WWBUAKO CXYAHYTW abo pi3Ko 36inblunTy
Macy Tina?

Q 3raganTe

» [omeocTas
» HepBoBa 1 rymopanbHa perynauisa

Etann metaboniamy Ha npuknagi TBapuH

Mera6oamiszm, a0 00MiH pe4oOBHH — Iie CYy-
KYOHICTh XiMiUHMX peakIliii B oprauismi, aki
3a0e3IIeuyoTh HOT0 PEeUOBMHAMU Ta €Hepri€io,
HeOoOXIMHMMH IJIA KUTTENiAIBLHOCTI.

Marepiasom ans oOMiHHUX TpoIleciB € cy0-
cTpaTH MeTaboJIi3My — CHOJYKH, IO HAIXOAATH
3 Txxero. Cepen HUX BUIIJIAIOTH OCHOBHI XapuoBi
pevoBuHu (0iIKM, ByTJIeBOAU, JIimiau) i MiHOpHI
XapyoBi PEUYOBUHU — Ti, IO HAAXOAATDH Yy MaJIUX
KiJbKOCTAX (BiTamMiHM, MiHepaJibHI PEUYOBWHU).

B o0OmiHI peuoBUMH BUIIJIAIOTH ABA eTamu:

I — migroroBumii (ximiuHi mepeTBOpeHH:A
PEeYoOBUWH y TPaBHill cucreMi);

II — Bmacue merabosisam (ximiuHi mepeTso-
PEeHHs CIOJYK yCepeauHi KJIiTuH).

Yeci nporecu KJIiTMHHOTO MeTabO0JIiZMy MOMK-
Ha YMOBHO DO3AiJINTH Ha ABi (hasu:

* KaTa0oJaisM (DUCUMIiNAIia, eHepreTuUHIHA
00MiH) — mpoIlec PO3KJIAAy CKJIATHUX PEUYOBUH
Ha IPOCTIIIi; IPU I[bOMY BUBLIBHSAETHCSA €HEPTisd;

+ aHA0o0di3M (acUMIiNAIiA, IIACTUYHUNA 00-
MiH) — CHHTEe3 CKJIAJHUX CIOJYK i3 0iibIm mpo-
CTUX; IIPU IILOMY €Hepris BUTPAYAETHCH.

Kara6omiuni Ta anaboJiuHi mporecu B KJIi-
THUHI TicHO B3aemomoB’s3aHi. Enepris, 1o Bu-
BiIBHAETHCA B XOJi KarTaboJiuHMX MOpoIlecis,
BUTPAYAETHCA HA YTBOPEHHA MAaKDPOMOJEKYJ
y mporieci amabosismy. OCHOBHUM aKyMYyJIs-
TOPOM i IIePEeHOCHUKOM eHeprii € aJgeHO3UH-
Tpudocharua Kucaora (ATP). ¥V csBoio uepry,
MPOAYKTHU aHab0aidMy MOMKYTh OyTH cyOCcTpaTOM
Iasa Karabomiunux mporeciB. Kpim Toro, ana-
OosriuHMIT CcUHTE3 € mKepesoM (DepMeHTIiB IJis
BCiX eramiB oOMiHY pEUYOBUH.

PisHocupssmoBani mporiecu MeTaboJIismMy mim-
TPUMYIOTH CTAJICTh BHYTPIlIIHBOTO CEpPefoBUIIA
oprauismy (romeocras). Bu Bixke 3HamioMmiucsa
3 UM Ha IIPUKJAIl OpPraHisaMy JIIOAUHMU.

Perynauia metabonismy y TBapuH

Koopaunaria mporieciB merabosismy 3miii-
CHIOETHCA IIJIIXOM HEPBOBOI i TrymopaabHOI
perynaiiii. HepBoBa perynasdamia 3aificHIOETLCSA

IHhopmayia
npo 308HIWHE
BeretaTtuBHa o Cepedosuue .
[onoBHUM 30BHiLLHE
o cepepnoBsuLLe
cucTema MO30K pepoBuLL

linotanamyc

lino¢is
¢ IHgpopmayis npo

8HYMpiWHe cepe-
dosulye opaaHiamy

EHAOKPUHHI 33251031

OpraHu " TKaHWHW

Man. 24.1. Cxema HepBOBO-TyMOpPasnbHOI perynauii
06MiHY peyoBUH B OpraHi3ami nguHN

Mpuknagn HepBOBOT Ta r'yMopasbHOI perynsuii 0oMiHy peyoByH

IIpomec HepBoBa peryasaiis T'ymopansHa peryiaaimia
Oomin Cumnaruuna HepBoBa cucteMa (HC) rambmye cun- = Mo6isiisaliio sKUpPiB TOCUIIIOIOTH COMAaTOTPOII-
gimigip | Tes TpUriinepuAis i mocuiioe ixHid posnax. Ila- HUI TOPMOH, iHCYJIiH, agpeHasin. Mob6irisa-
pacumnaruura HC cripuse BiakIageHHIO JKUPiB Iif0 KU PiB raJbMyIOTh TVIIOKOKOPTUKOIAM
Oomin Timoranmamyc i moBracTuii MO30K HiABUIIYIOTH TscyniH 3HMIKYE BMiCT TJIIOK0O3U B KPOBIi,
ByTJIe- YMIiCT TUIFOKO3U B KPOBi aJie TJIIOKaroH, agpeHasid, COMAaTOTPOIHUMI
BOZIB TOPMOH, TJIIOKOKOPTUKOIAN, TUPOKCUH,
TPUHOATUPOHIH HiABUIITYIOTH HOTO
52 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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rimorajamMycom i BereTaTMBHOIO HEPBOBOIO CHC-
TEeMOIO (CUMIATUYHOIO i mapacuMnaTuuHow). I'y-
MOpaJIbHY PeryJdAlliio 3MifiICHIOITH eHIOKPUHHI
3ay103u (3aJI031M BHYTPIIIHBOI cekperii), AKi €
BUpOOHUKaMu ropmoHiB. I'opmonm (iHCyJtiH,
aJpeHaJiH, THPOKCUH) IIEPEHOCATHCA Pi3HUMU
pizmaamu oprauismy (KpoB, JimM@a, TKaHHHHA
pinuHa) i KepyioTh AiAJAbHiICTIO (epMEHTHUX
cucTeM y KJiTHHAaX.

HepsoBa 1 rymopaJsibHa CHCTEMU TiCHO B3a-
eMOoJifoTh onHa 3 omHomo (Mas. 24.1). OcobimBe
3HAUEHHS B PEryJiAllil 0OMiHy PeYOBUH MAa€ Bimmia
ITPOMiKHOTO MOBKY — Timorajamyc. ['imoranamyc
peryJioe misIbHICTh HaWBaKJIMBIIIIOL 3271031 BHY-
TPIITHBOI ceKperrii — rimodisa, AKUT KOHTPOJIOE
po0boOTYy BCix iHITIMX 3aJ103 BHYTPIIITHBOI CEKPeITii.

Heaki pakTopw, Lo BNAMBAOTbL
Ha meTaboniam y nognHu

Icaye panm ¢axTopiB, IO BOJAWBAIOTH Ha
MIBUAKICTE MeTaboJIizMy.

CnagkoBicTs. YHACIIiIOK CHAagKOBO 3yMOB-
JIEHUX UYMHHUKIB MIBUAKICTh OOMIHHMUX ITPOIIECiB
y pisHEHX sromeii moxxke Bimpismaruca ma 10%.

Crarypa. Yum Oinbllle i BaKue Tijio, TUM
OiJbIlle BUTPAYAETHCA €Heprii Iasa migTpuMKN
JKUTTEAIsAAbHOCTI. M’ a30Biii Maci moTpi6HO 0iIb-
e KaJIopi#l, HidK JKUPOBifl TKaHUHI.

Cratb. Y 4O0JIOBiKiB 00OMiH peuyoBUH BiI-
OyBaeThcA IMBUAIIE, HiXK y KiHoK. Ile 3ymos-
JieHo OinpImuMu po3MipamMu Tija Ta O6GiIBIIOIO
M’sI30BOI0 MAacoio.

Cmoci6 xurrda. Y pasi macumBHOT'O CIIOCO0Y
JKUTTS BimOyBaeThbCcs YHOBiIbHEHHS IIpoOIeciB
meraboJismMy, i, HaBmaKM, IIiJi Yac 3HAYHOTO
(hismuHOrOo HaBaHTaKeHHS OOMiH PEeUYOBUH IPU-
cxkopioetsed. Crpecu, gempecii, HemocumnauH:A
# roslofyBaHHSA MPU3BOAATH M0 YIOBiJIbHEHHS
0o0MiHy peuyoBMH. XapuyyBaHHS HEBEJIUKUMHU I10-
puiamu 4-5 pasiB Ha meHb, OiKoBa ixka mpu-
CKODIOIOTH MeTaboJIisM.

0 Kniouosa iges

[lBa 60Kk MeTaboniamy — KaTaboniuHi Ta aHa-
6oniuHi Npouecn — TicCHO B3aemonoBs’A3aHi. Ko-
OopAvHaLia npoueciB mMeTaboniamy 34iNCHIOETb-
CA WNAXOM HEepBOBOI N rymopasnbHOi perynsadii.
3a cnocobom opepKaHHA OpraHiYHUX PEeYOBMH
XKUBI OpraHiaMu noginAwTb Ha aBTOTPOdIB i reTe-
poTpodis, a 3a cNocob6OM OTPMMaHHA eHeprii —
Ha ¢oToTpodiB i xemoTpodis.

OO6MiH pevyoBUH B aBTOTPOPHMX
i reTepoTPOPHMX OpraHiamis

3a cnocobom 00epicaHHA OPZAHILHUX peuo-
suH (cmoayk KapOomy) »KuBi opraHismMu momi-
JAI0TH Ha aBTOTPO(diB i rereporpodis.

ABroTpodu 31aTHI cMHTEe3yBaTU OpraHivuHi
peuoBUHU 3 Heoprauiuaux. [[1s moOymoBu CBOTO
TijlJa BOHU BHUKOPUCTOBYIOTH HEOPTAaHiuHI peuo-
BUHU I'DPYHTY, Boau I moBiTpsa. Ilo aBTOTpOdQiB
HaJeXaTh POCJVHU Ta AedaKi 6axTepii.

TerepoTpodu oep:KyIOTH OPraHiyHi PeuOBU-
HU 3 i)Kero. BoHM KUBIATHLCA IHIIUMU OPraHis-
MamMu abo ixHimm permrkamu. [[o rereporpodis
HaJeXaThb yci TBapuHu, rpubu, 6araTo 6axTepii,
MapasuTUYHI POCJIVHU.

Icuyrorhs opramisamum 3i 3mMimIaHUM THUIIOM
JKUBJIEHHA — MIiKcoTpodu.

3a Oxcepenom eHepeii s MPOIECIB JKUT-
TETIANIBHOCTI JKHBi opramiaMm IOMIISIOTH Ha
doToTpodiB i xemoTpodis.

®oToTpopu BUKOPUCTOBYIOTH €HEPriio co-
HSAYHOTO CBiTJIa JJisi CHUHTE3y OpraHiuHUX pe-
yoBUH (porocuHTed). [0 hoToTpOodhiB HameKATH
3ejieHi pocauHU ¥ meAKi GakrTepii.

XeMmoTpohu mJd KUTTENIAIBHOCTI BUKO-
PHYCTOBYIOTH €HEPriio, iKa BUBLJIBHAETHCA Y XOMI1
XiMiuHMX peakIriii, 1Mo BimOyBarThCA B IXHIX
oprauiszmax. I[o xemoTpo)iB HaJie:KaTh TBapU-
HU, rpubu, GaKTepii.

VYeci seneni pociauHuU € omoasmompoa-
MU — BOHU CUHTE3YIOTh OPTaHiUHI PEeYOBUHU
3 HeOopraHiuyHMX y mpolieci (poTocmHTE3y, BU-
KopucToByoouu eHepriio CoHig.

Yci TBapuHU U rpubu € xemozemepompogda-
MU — BOHU JKUBJATHCA TOTOBUMU OPTAaHIiUHU-
MU PEYOBMHAMU i BUKOPUCTOBYIOTH AJSA CBOEI
SKUTTEMIAIBHOCTI eHeprio XiMiuHMX peaxIii.

HeBenuka rpymna 6axkTepiii HaJIeXKUTDH IO Xe-
Mmoaemompo@dié — BOHU CHHTE3YyIOTh OpraHiu-
Hi COOJIYKU 3 HEOPTaHIUYHUX, BUKOPUCTOBYIOUN
eHepriloo, IM0 BUBLIBHAETHCA B IIPOIECi OKUC-
HEHHSA HeOPTaHIYHUX PEUOBUH (TiAporeH cyabdi-
Iy, MeTaHy, cipku, cmoiayk @epymy(II) Toimo).

03aI‘II/ITaHHﬂ Ta 3aBJaHHA

1. Ak noB'sA3aHi MixX coboto KaTabonisam i aHabo-
niasm? 2, fki nepeBarn 1M HepoONiKM MaloTb HepBOBa
N rymopanbHa perynauii metabonisamy? 3. Ak BU BBa-
Ka€eTe, YoMy NicnA HM3bKOKanopinHUX AieT (ronogy-
BaHHA) Maca Tina 36inblwyeTtbca We weugwe? 4. Yomy
JeAKMM opraHiamam BurigHo 6yTn MmikcoTpodamn?
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§ 25. KniTMHHNI TPaHCNOPT peyYoBUH

0 [omipkynTe

YoMy icHYe He OfMH, a KinbKa Pi3HMX Cnocobis
nepeHeceHHs PeYoBUH yepes KIITUHHY MembpaHy?

Q 3raganTe

« bypoBa KniTMHHUX MembpaH o EHpounTo3

o MembpaHHi 6inKku

AKTUBHUW | NACUBHNW TPAHCMOPT
peyoBUH

Kiaituaa mocTifimo po3Ienyioe i cuHTesye
6essiu ximiuHux pevoBuH. OHI PeUOBUHU IIepe-
MIiITyIOThCS B KJITWHI MiK opraHeigamu, iHmIi
BUBOAATHCA Kpidh MeMOpaHy Ha30BHi, TOAI AK
JedAKi IPOHUKAIOTh yCepeauHy.

Kaitunna memOpaHa mpoIycKae OHI pedo-
BUHU i He mponyckae immmi. g maniBaskgmBinia
BJIACTHUBiCTh OiosioriuHoi MemMOpaHU HA3UBAETH-
ca 6ubipkoeoio npoHukHicmio. BoHa mae Benu-
Ke 3HaAUEeHHA JIA caMoperyjdnil i miaTpuMKu
CTaJIOTO CKJIAAY KJITUHU.

TpaHCOPTYBaHHA PEUOBUH KPidh KJIITHHHY
MeMOpaHy 34iMCHIOETHCA 3a JOIIOMOIOI0 Pi3HUX
MexaHismiB (mana. 25.1).

ITacuBHMIT TpaHCHOPT — Iie PYX PEYOBUH
Kpish KJIITMHHY MeMOpaHy 0e3 BUTpAT eHeprii 3a
rpafiieHTOM KOHIeHTpaIlii (Bif AiISAHKY 3 BUCOKOIO
IO TiISHKY 3 HU3BKOIO KOHIeHTpalli€mw). ITacus-
HUU TPAHCIOPT 3AIMCHIOETHCA IJIAXOM IIPOCTOI

MacuBHMIA TpaHcnopT: [lpocma dugpysia: 1 — pnodysina
Kpi3b docdoninigHuin Giwap, 2 — andysia Kpisb Ginok-
KaHan; lMonezweHa dugpysis Kpi3b GiNOK-NepeHOCHNK:
3 — cumnopT, 4 — aHTMNOPT. AKTUBHUI TPaHCNOPT:
5 — Kpi3b 6inok-Hacoc i3 nigBogom eHeprii

Man. 25.1. Buan membpaHHOro TpaHcnopTy

i monermenoi qudysii. ¥ Takwuii crmocid Kpisb KJri-
TUHHY MeMOpPaHy IIePeMiIIlyIOThCA MajIi MOJIEKYJIH.

AKTHMBHMIA TpaHCIIOPT — Iie IIepeHeCeHH:
pPeYoBUH Uepe3 KJIITMHHY MeMOpaHy IIPOTU TI'pa-
IieHTa KOHIIeHTpaIlii, 3 BUTpaTol eHeprii. Ak-
TUBHUI TPAHCIIOPT 3MiACHIOETHCS 3a JOIIOMOTOIO
cueniajgpHENUX OLIKiB-TpamcHmopTepiB, ILISIXOM
€K30- a00 eHJOIINTO3Y, a TAKOMXK IIJIAXOM BE3UKY-
JISTPHOTO TPAHCHOPTY. ¥ TaKMWH CIIOCiO Kpish KJIi-
TUHHY MeMOpaHy IIepeMillyIoThCsa HOHU i BeInKi
MOJIEKYJIN, IJIs AKX MeMOpaHa € HeIIPOHUKHOIO.

Andysia (nacuBHUI TpaHCMOPT)

Hudysia — 1me pyx pevyoBUHU Bijg 30HU 3 ii
BHCOKOIO KOHIIEHTPAIIi€I0 A0 30HU 3 il HU3BKOIO
KoHIeHTpalieo. HeBenuki meopramiuui moJe-
kym (CO,, O,) i rizpodobHi pedoBHHHU JETKO
MIPOXOAATh Kpidhb Jimiguwmii Gimrap KJIiTHHHOI
memOpanu. Takuii BuJ IAaCUBHOTO TPAHCIIOPTY
Ha3uBAOTh npocmoio dugysicio.

ITacuBHMI TpaHCIOPT 3a TPALIEHTOM KOH-
meuTparii 3a yuactio meMOpaHHuX OiJIKiB Ha-
3UBAIOTH noJezwenow Jugysiew. Ilomermena
nudysisg BimOyBaeThcA uepesd cHelliaJbHI KaHAa-
J¥W, PO3TAIIIOBaHI BcepeanHi BeIUKUX 0iIKOBUX
MoJieKyJ. Tak TpaHCHIOPTYIOTHCA HEBEJIHWKi op-
ra"iu"i moJieKyau (TJIIOKO3a, AedAKi aMiHOKUC-
JIOTH, MOHOCAXapuAu TOIIIO0).

TpaHcmopTyBaHHA MOJIEKYJ BOAU Kpishb
MeMOpaHM 3AiMCHIOIOTH CHelliaJbHi MeMOpaHHIi
0inKkM axkeanopuHu.

binkn-tpaHncnoptepn

(QaKTMBHUI TPaHCNOPT)

OguuM i3 BHUOIB aKTHBHOTO TPAHCIOPTY
PEeUYOBMH KPish KJIITHHHY MeMOpaHy € IepeHe-
ceHHdA iX OinKaMu-TpaHcroprepamMu. TpaHcmop-
Tepu — Iie OiJKM, IO MepPeMiIyoTh IIeBHi pe-
YOBUHMU KPish KIITUHHY MeMOpaHy 3 BUTpaTaMu
ereprii. CuMIopTHI TpaHCcIOPTEPHU 3IiHICHIOIOTH
CHLJILHUNM TPAHCHOPT B OJHOMY HAIPAMKY JIBOX
PEYOBMH — Iie TaK 3BAaHUHA CUMIIOPT: HAIPU-
KJIaJ, CUMIIOPT y KJITHHY TIJIIOKO3W BimOyBa-
€ThCs CIiNbHO 3 HoHamm Harpiro. AHTHUIOPTHI
TPAHCIIOPTEPU 3AiMCHIOITH 3yCTPiUYHMU TpaHC-
IOPT ABOX PEUYOBWH, BiH Ma€ Ha3By aHTUIOPT.
3a IPUHIIAIIOM aHTHUIIOPTY IIPAIIIOE HATPif-KaJIi-
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Na* u “}Na* EHepria

BUTpPAYa€ETbCA

Man. 25.2. Cxema poboTK HaTpill-KanieBoro Hacoca

eBUY HOHHUY Hacoc (HOHHI Hacocu — Iie TpaHC-
mopTepu HMOHIB). YHINOPT 3AiJICHIOE TPAHCIIOPT
TiTbKY ONHi€l PEUOBUHU.

Po6oTa HaTpiin-KanieBoro Hacoca

VY nuromimasMi Ta MO3aKJITUHHOMY CEpPEo-
BUII[I TiATPUMYETHCA II€BHE CIIiBBiTHOIIIEHHS
onis Na® i K* (Bmict K* O6inpmie y xiitu-
Hi, a Na* — mosa rJiiTuHOI). BukauyBanus
oniB Na' i3 kaitTuum i nepenecennsa rouis K*
VY KJIITUHY 3AiHCHIOETHCSI MeMOpaHHUM OiJIKOM.
s iporo mpoiiecy BUKOPUCTOBYETHCA €Heprisa
ATD (man. 25.2).

3a oMH IUKJ PoOOTH HACOC BUKAUYE 3 KJIi-
TuHu Tpu HoHu Na' i 3akauye nBa tionu K*.
Tomy Ha 30BHiIMIHbOMY 0OI[i MeMOpPaHU HAKOIIM-
4yeThcsA HAAJIUIIOK MO3UTUBHUX MoHIiB. 1110 pis-
HUITIO IIOTEHIIiaIiB MiK 30BHIIITHBOIO 1 BHYTPIIII-
HBOIO IIOBEPXHAMU MeMOpaHU BUKOPUCTOBYIOTH
AK OKepesio eHeprii O0araTo iHImmuxX OiTKOBUX
KOMILJIEKCiB IJIAd IepeHeCeHHA Pi3HUX PEeUYOBUH
Kpisp memOpamy.

EHgounTos i ek3oumnTos
(QaKTMBHWUI TPaHCNOPT)

Ilepenecenusa BeIUKUX MoJeKyJ (0iaKiB,
moJricaxapujiiB, HYKJIEITHOBUX KICJOT) i uyac-

0 Kniouosa iges
MacuBHWIA TpaHcnopT (6€3 BUTPAT eHeprii) He-

BEJIMKMX MOJSIEKYN Kpi3b KNITUHHY MeMOpaHy
3[iMICHIOETBCA LWAAXOM MPOCTOI | MoJserweHol
andysii. AKTMBHMI TpaHCMopT (3 BUTpaTaMu
eHeprii) 34iNCHIDETbCA 3a JONMOMOrOI Crnevianb-
HUX GinkKiB-TpaHcnopTepiB (yHiNnopTa, cMMnopTa,
aHTMMopTa), ek30- abo eHAOLUMTO30M, a TaKOX
LWIAXOM BE3UKYNAPHOrO TPaHCMOPTY.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

EHepria BuTpavaeTbca

BaHTaXX ——

|
«XBOCTU» g b .'-?J E:'?..IJ
KiHesnH \ ATO ATO
«Crebnoy» ——— E ;

«loniBka»

MikpoTpy60ouka

Man. 25.3. Cxema po6oTu KiHe3MHy — 6inkKa, wo
«KPOKY€E» y3[00BX MIKPOTPYOOUOK i NepeHoCTb Be3n-
Ky Ta iHWIi YaCTUHKM MiX Biggdinamu KnitHn

TUHOK ((pparMeHTH KJITHH) uYepe3 KJIITUHHY
MeMOpaHy BifZOyBaeThCA 3 YTBOPEHHSAM Be3U-
KyJ. Besukyam — 1e MeMOpaHHi myxXupIti, axi
3IaTHI TpaHCIOpPTyBaTu pedoBuHU. MemOpan-
HUI TPAHCHOPT Y KJIITUHY HAa3WBaOTh €HIOIM-
TO30M, a TPAHCIIOPT i3 KJIITUHU — €K30I[UTO30M.
ITormuHaHHA KJIITHHOIO TBEPAUX YACTUHOK Ha-
3UBaOTh (aromuTo30M, a IOTVIMHAHHA PiAwH
i Kpamnejpb — MiHOI[UTO30M.

Be3nkynapHum TpaHCcnopT ycepeguiHi

KNiITUHN (QKTUBHWI TPAHCMOPT)

TpaHcmopT pPedyoBWMH ycCepemuHi KJIITUHHT
3 OJHi€l opraHesu B iHINIY TaKOK BimOyBaeThcA
y Be3HKyJax. BesuKyJu BigOPYHBKOBYIOTHCS
Big muctepH anapaty I'oaba:Ki @ JOCTaBISAIOTH
PeYoOBMHU B OpPTaHeJn-MiIllleHi, 3JIMBalOUYUCh
3 ixuiMmu memOpamamu. {1 TpaHCIOPTYBAaHHSA
BE3UKYJ BUKOPUCTOBYIOTHCA MiKPOTPYOOUKH,
III0 € CKJAJOBUMM IIUTOCKeJieTa. TpaHCIOp-
TYyBaHHS Ha MMOBEPXHiI MiKpoTpybouoK B3miii-
CHIOIOTh MOTOPHi Oinku: OuHeiHu 1 KiHe3uHU
(man. 25.3). [JuHeiHu mepeMillyOTh YaCTUHKH
3 nmepudepiiHUX MiIAHOK KJIITHHU IO IEHTPO-
comu. Kimesunu, HaBImaxKu, IepeMillyioTh dac-
TUHKY B HAOPAMKY OO0 KJIITUHHOI mepudepii.
IIpomec ime 3 BuTparor emeprii AT®.

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Yomy KRiTMHW BUTPavaloTb 3HAYHY YacTUHY BU-
pobneHoi eHeprii (4o 50 %) Ha TPaHCMOPT PEYOBUH
yepes membpaHn? 2, Aki KNiTUHU XpebeTHNX aKTUBHO
BUKOPUCTOBYIOTb daroumntos? 3. K BHYTPIiLIHbOKNI-
TVHHI TPAHCMOPTHI BE3UKYNM pPO3Mi3HaloTb opraHenu-
MileHri?
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§ 26. TpaHcNoOpTHa cuCTEMa POC/VH: CUMNACT | anonnacT

0 [omipkynTe

YoMy pocCivHK B'AHYTb, AKLIO BOHW OTPMMYIOTb
HeOoCTaTHIO KiNbKicTb BOAN?

Q 3raganTe

» bynoBa kopeHs » KopeHeBi BONOCKU

o MnnkyBaHHA

Pyx peYoBMH y BMLLMX POCSIVH

AK BaM BigoMO, POCJAMHHU IIOTJIMHAIOTH i3
HaBKOJUIITHBOTO CEPENOBUIIA BOY W PO3UMHEHI
B Hill HeopraHiuHi (MiHepaJbHi) PEUOBUHMU.

IlornmuHaHHA BUOIMMU POCJIMHAMU MiHepa-
JiB 3 I'PYHTY 3IiACHIOETHCS OCOOJIMBOIO 30HOIO
KOpeHA — B30HOI0 BCMOKTYBaHHSA, /e IMOKPUBHI
KJITUHA MalOTh BUPOCTU — KOPEHEBi BOJIOCKU.
Kpisp MmemOpaHu KOpeHEeBUX BOJIOCKIiB IIPOHUKAE
BOJla i po3umHEeHi B Hi#l coJri.

Big mokpuBHUX KJIITHUH KOPEHEBUX BOJOC-
KiB BOOHUI PO3UYMH JaJIi IIepecyBaeThbCcA IIa-
PEHXVMHOI TKAHWHOIO [0 IIEHTPY KOpPEeHd.
TyT posamiineHo ejgeMeHTH IIPOBIAHOI cHUCTeMU
pocauH (KcuieMa ¥ paoema). Humm BogHME pos-
YUH MiHepasiB ImimgHiMaeThcsa Bropy Oo crebdja
M JWCTKiB, a CHHTE30BaHi POCJIMHOIO OpPraHiuHi
PEYOBUHU POIIMOAIIAIOTLCA MiK yciMa yacTmHAa-
MU OpraHismy.

Hn3bka KOHUeH-

Tpauif peyoBUHU
°. i3 30BHilWHbOrO
P 60Ky KNiTUHW

Bopa nepexoantb
3 06nacTi HM3bKOI
KOHLeHTpaUii peyo-
BUHW B 00nacTb

Bucoka / °9’ A

MornnHaHHA BOAW KOPEHEBUMM
Bonockamu. Ocmoc i Typrop

HagxomsxeHHA PO3UYMHEHWX PEUYOBUH KPi3b
MeMOpaHU KJITUH KOpPEHeBUX BOJOCKIB 3miii-
CHIOETHCA MIIAXOM AuU(y3il 1 aKTUBHOIO TPaHC-
mopTy.

Bopa HagxoawuTh y POCJMHY B OCHOBHOMY
3aBIAKU OCMOCY.

Ocmoc — 11e Juy3sis MOJEKYJI POBSUMHHUKA
(y BUmagky, I10 pPO3rJsafaETbCs,— BOAU) KPishb
HATiBIPOHUKHY MeMOpaHy i3 30HUW 3 HU3BKOIO
KOHIIEHTPAI[i€l0 PO3UMHEHOI PEYOBUHU B 30HY
3 ii O6i/IBIIT BUCOKOIO KOHIleHTpaIliero (maa. 26.1).
Benuki mMoJieKyJiv PO3UMHEHUX Y BOJI PEUOBUH
He MOXKYTh MPOHUKHYTH KPidh KIITUHHY MeMO-
paHy, a MOJIEKYJX BOAU MOXKYTb. BoHu HiOU
po30aBIAIOT, BUCOKOKOHIIEHTPOBAHUU PO3YNH
oo iHmwuit 6iK MeMOpaHHU.

OcMoc XapaKTepU3yETHCI OCMOTHYHUM
THCKOM — THCKOM, KUl HOTPiOHO HOKJACTH,
100 3amobirT¥ OCMOTHUUYHOMY HAIAXOIKEHHIO
BOJIU B PO3YMH.

Y HazeMHUX POCJIVH IOTJIWHAHHA BOIAU
3 TPYHTY IILJIAXOM OCMOCY 3IiHCHIOETHCA KPi3b
KJiTuHHI MeMOpaHM KOPEHEBUX BOJIOCKIB Ta
iHmMUX KJIITUH y KopeHi. OCMOTMYHUIN THCK
y IUX KJITHHAX i KJIiTmHax, IO IPOBOLATH
BOJIY BiJl KODEHEBOT'O BOJIOCKA 0 KCUJIEeMU i JaJri
IO JUCTKiB, HabaraTo BHUINWI, HiXK OCMOTHY-
HUHW THUCK I'PYHTOBOI BOJM, YHACJiOK BUCOKOI
KOHIIEHTpAIlili po3umHEHuX CcoJiel i caxapumis
y KJiaituHax. Hampukiazn, KJIiTHHE KOPEHEBUX
BOJIOCKIB MAalOTh BEJUKY BaKyOJIO 3 AyKe BU-
COKOI0 KOHIIEHTPAI[i€I0 PO3UMHEHUX PEUYOBUH,
TOMY BOJla «IIparHe» yBiTU B Iii KJIITUHU, 3HU-
JKYIOUM IXHIO OCMOTHUYHY KOHIIEHTPAIiio.

Koiu B poCIMHHY KJIITHMHY B pes3yabTaTi
OCMOCY HaAXOAUTH BOJA, ycepeAuHi KJIiTHHU
dopmyerscsa typropuuii tuck. lle mampyxe-
HUH cTaH KJIITHHHOI 000JOHKH, IO CTBOPIO-
€ThCs THCKOM BHYTPIIIIHBOKJIITMHHOI pPigmuHMU.

KORHERTPALIA *®.0 " 3 BUCOKOID 3aBIAKU TYpropy TKaHUHU MalOTh HPY:KHIiCTb
peyoBMHM e e B KOHLeHTpaLli€o ’ ’
BCepeauHi R o creba 30epiraroTh BepPTHUKAJIbHE IMOJIOMKEHHS,
KNITUHN BiIKPUBAIOTHCA MPOAUXU. SHUKEHHIM TYPIropy
CYIIPOBOAKYIOTHCS IPOIecH B’ AHEHHS U cTapiH-
Man. 26.1. Ocmoc HA KaitmH (Man. 26.2).
56 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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KopeHeBui
BONOCOK s Lnax no

/cmmnnaCTy

Wnax no —= 4
anonnacty |

g 'IT--

:| Eninepmic

el | MapeHxima

a 6

Man. 26.2. Poib 0OCMOTMYHOTO 11 TYPropHOro TUCKY

B NPYXHOCTI TKaHNH POCJIMH: @ — 3POCTaHHA TypPropHoOro

TI/ICKF))/yCI'IpI/NI/IHIOE Bi,lJ,prI/ITTH 3aM|/|Ka|EqV|x KniTm:Fl)'lpgnmxiB, —?’ ﬂ&mﬂ'ﬁ ‘_g :| Egﬂr:;:m

a BTpaTa Typropy — ix 3aKpuBaHHsA; 6 — Konu Boau y Basi

He 3aNMLWAETbCA, OCMOC «3MYLUYE» iT BUXOAUTU 3 KNITUH Ha- Man. 26.3. LLnaxu TpaHCNOpPTYy BOAM B KOpeHi

30BHi. Boga BunapoByeTbcsa, i KBITU B'AHYTb Bifl KOPEHEeBMX BOMOCKIB A0 CyAMH

AnonnacTUYHUM Ta CUMMIIACTUYHUIA * AnonacTHYHMIL NUIAX: PEUOBUHY TPaHC-
LWNAXW TPAHCMOPTY BOAM MOPTYIOTECA 10 anoniacmy — B3geM031?’33aHiﬁ
M MlHepaanMX perBVlH CHUCTEeM1 KJIITHMHHUX CTIHOK 1 MIKKJIITUHHUX

npocTopiB. AmomjgacT HeoOXimgHMHE aad TpaH-
CIIOPTYBAHHS BOAM M MiHEpPaJbHUX CIOJIYK.
- ITo Bakyoasx: BoJa TPAHCIIOPTYETHCS IIO

Bonma 3 posumHeHWMHM MiHEpPaJIBbHUMU pe-
YOBUHAMM, IO MOTPANUJU 3 I'PYHTY B KOpPiHb,

pyxaeThcAd MO HOro IeHTPY, a TOUHiIlle — [0 . . .
; cucTeMi KJIITUHHUX BaKyOJe.
cynuH Kcujaemu. Ile mepemimnieHHsA Ha3sWBaIOTH
paﬂiaJIBHI/IM (860 6JIH3]>RI/IM) TPaHCIIOPTOM BOAU nepemiu_leH HA BOAW B INCTKY
B KopeHi. IIIBuAKiCTh PYyXy BOAY B KODPEHi qy:Kke . .
Bozma 3 xiaiTuH mapeHXiMu KOpeHS HAAXO-
HesHauHa — OJu3bKO 1 MM/TOf.

IUTH y cyouHU Kcuemu. Ilo Keunemi minepasib-
Hi peYOBUWHU MOIIUPIOITHCS II0 BCili pPOCIUHI.
OCHOBHUMU CIIOKMBAadYaMU IIUX PEYOBUH € Yac-
TUHU POCJIMHU, IO POCTYTh.

IToTpamnaioun mo KcuyaeMi B JIUCTKHM, BOIA
1 MiHepaJbHI PEUOBUHU POS3IMOMIISAITHCA Ue-
pe3 posTaNy;KeHy Mepe)Ky IPOBIIHUX NIYyUYKiB
IO KJITUHAaX. 3aBAAKU PACHOMY PO3TAIYIKEHHIO
KCUJIEMU B JIUCTKY Maii:Ke KOKHa KJIITHHA KOH-
TaKTy€ 3 IPOBiJHOIO cUCTEMOIO. PyX peuoBHUH IO
KJiTHHaX JUCTKAa 3MiHCHIOETLCS, AK 1 B KOPEeHi,

oKmquBa ines TPpbOMa IJIAXaMHU: IO AaIllOIJIACTy, CUMILIACTY

Pagianpanii (0IM3BKUIT) TPAHCIOPT BOIU
B KOpeHi 3milficHIOEThCA KiJbKOMa cmocobaMu
(mag. 26.3).

« CMMIIACTUYHMI HIJAX: PEYOBUHU TPaH-
CIIOPTYIOThCA 3 I[UTOMIJAa3MM OAHiel KiaiTmHU
B IIUTOILIA3My iHIIIOI Kpi3s naasdmodecmu —
nuTomyazmMaTuuHi Mmictru. IluTommasma BcCix
KJIITUH, 3’€JHAaHAa IJIa3MOecMaM, Ha3UBAETHCS
cumnaacmom. CUMILIACT CIYTye IJIA TPAHCIIOP-
TyBaHHA MiHEePaAJbHUX 1 OPraHiYHWX PEYOBUH.

Ta BAKYOJIAX.
[lornnHaHHA BUWKMKW pPOCIMHaAMM MiHepanis

3 I'PYHTY 3AINCHIOETBCSA KPi3b MemMOpaHu KARiTuH
KOpPEHEeBUX BOJIOCKIB  LAAXOM aKTUBHOrO
TpaHcnopTy. Bopa Hagxogutb 3aBAAKM OCMOCY.
PagianbHuin (6n13bKNUiA) TpaHCMOPT BOAWU i MiHe-
paniB y KOpeHi M NNCTKax 34iNCHIOETbCA TpbOMa
LIAXaMu: Mo anonnacty (Cuctemi KNiTMHHUX CTIHOK
i MPKKIITUHHMX NPOCTOPIB), CMNAACTy (LMToMnasmi
KNiTWH, 3'€QHaHMX Nna3Mofecmamu) Ta BaKyosnsXx.

3anuTaHHA Ta 3aBAaHHA

1. Yum ocmoc BiApi3HAETbCA Bif 3BMYanHOI Andy-
3ii? 2. Yum pgns pocnuH HebesneuyHe 3HEBOAHEHHA?
3. Ak perynioetbca poboTta npoguxis? 4. Yum Bia-
Pi3HAIOTBCA CUMNAACTUYHUNA Ta anoMIacTUYHUIN TpaH-
CMOPTHI WAAxu?
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§ 27. TpaHCcnopTHa cncTtema pPoC/nH:

NPOBIAHI TKAHWUHN

0 [TomipkynTe

K BM rapga€re, YoMy Bofda B pPOCAMHaX MiAHIMAETb-
CA Bif, KOPEHIB [0 NINCTKIB MPOTU CUAN TAXIHHA?

Q 3raganTe

« bygnoBa cTebna e [TpoBigHi nyykn

o Kcunema * Onoema

» TpaHcnipauia

[poBiAHI TKAHNHW POCTNH

TpaHCcIOPTYBaHHA PEUOBUH Yy BEPTUKAIHHO-
MYy HAIIPAMKY V BUIIUX POCJNH 3OiMCHIOIOTH IPO-
BifiHi TKAaHWMHU — KcuiieMa (fepeBuHA) i (hroema
(ny06). ITo rcuimemi ITPOXOAUTL BUCXimHUI (Bin
KOPEeHs [0 TaroHiB) PyX BOAU 3 PO3YMHEHUMU
B Hill MiHepaJlbHUMHU COJIIMUH. PeuoBUHU, IO
YTBOPIOIOTHCSA B pe3yJIbTaTi (DOTOCUHTEZY, IIepeMi-
IIyIOThCA MO (pyroeMi Bim JMCTKIB mo iHIImx uac-
THH pocauHu (cTebia, KopeHs, KBiTku). Keumema
1 (proeMa posTaIroBaHi mOPsA i yTBOPIOIOTH IIPO-
BigHi myuku (mai. 27.1).

bynosa kcunemn

Kcunema ckiajaeTbca 3 BJIacHe MPOBiTHUX
eJIeMeHTiB, a TAaKOXK KJIITUH OCHOBHOI (IIapeHXi-
Ma) Ta MexXaHiuyHOl (BOJIOKHA IePeBUHN) TKAHUH.
IlpoBimHi enemMeHTHM KcujeMu IIpeAcTaBJIeHi
Tpaxeigamu i cymumamu. ObuaBa THUOUN IIPOBin-
HUX €JIEMEHTIB € BUTATHYTUMH! KJiTUHaMu 3i
3nepeB’aHinuMu obosoukamu. Ili kaiTuHM €

Curo-
CyanHm nopioHi
Kcunemm TPy6KM

dnoemn

Cuto-
Mepdo- noai6Ha
pauia nnacTuHkKa

Man. 27.1. Cuctema NpoBigHMX TKAaHUH BULLUX POCIMH
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MEepTBUMU i He MIiCTATH IIPOTOILJIACTIB, 1T0 3HA-
YHO MOJIETTIIYE TPAHCIIOPT PEYOBUH.

Tpaxeigu — Ie AyKe HOBri, posTalIoBaHi
y pAn KJIiTWHU, y cTiHKax axux € mopu. Ilepe-
CyBaHHS BOAM 3 KJITUHU B KJITHUHY 3IiHCHIO-
€ThCA KPi3b IIi IIOpPHU.

Cymuan — 11e GiJIbI cIrelriasisoBaHi MpoBigHi
eJIeMeHTH, 1110 € JOBTUMH (Bif KiJIbKOX caHTUMe-
TPiB IO KiJIbKOX METPiB) HMOPOKHUCTUMHU TPYO-
kamu. Ili TpyOKuM yTBOpEHi OMHUM PAIOM KJIi-
TUH — YJeHUKaMu cyouHru. Y Micugax 3’eTHaHHS
4JeHUKIB € nepgopayii — HACKpi3Hi oTBODU,
Kpidh AKi BMiHCHIOETHCA TPAHCHIOPTYBAHHA pe-
yoBuH. [lepemimnieHHs pO3UMHIB CyAwHAMU Bij-
OyBaeThCcsa HabaraTo IIBUAIIE, HiK Tpaxeimamu.

MexaHi3mn TpaHCNOpPTY PeYOBUH
no Kcunemi

Kcunemoro Boga mepecyBaeThCcA A0 JIUCTKIB,
3 AKUX BUIAPOBYETHCA Kpisb mpoauxu. lleir Ha-
NPAMOK PYXY PO3UYMHIB HAa3WBAIOTh BUCXiTHUM
TMOTOKOM. AJle CyAUHAMU i TpaxeilaMu PO3UMHU
MOJKYTh TPAHCIOPTYBATUCA HE TiJIbKU BEPTU-
KaJIbHO, ajie i TOPU3OHTAJBHO — 0 KUBUX
KJiTuH abo cycigHix IpOBiJHUX eJIeMeHTiB.

ITigitom BOomM mo Kcusemi BimOyBaeThcs 31e-
0isIBITIOTO 3a PaXYHOK TPaHcCImipaii — BHUIAapOBY-
BaHHA BOAU JUCTKAMU. Y HACTIIOK IIOTO B KPOHi
POCJIVHYN BUHUKAE HecTaua BOMU, i 3HEBOIHEHi
KJITMHU TPUCMOKTYIOTH BOAY 3 PO3TAIIOBAHUX
HIDKYe cyauH Keuiaemu. 1{a cucHa cuna migaimae
BOAY B cyAuHax 3i mBuakicTio Big 1 7o 10 m/rox.
Hpyra BaskauBa cuia, sika 0epe yJacThb y migiAoMi
BOJIVI,— KOpPeHeBuH THCK. [[pmunHOI0 KOpEeHEeBOTO
THUCKY € Pi3HA KOHIIEHTPAIlid PO3YMHEHUX MiHe-
pajJbHUX PEUOBUMH Yy Pi3HUX YaCTUHAX POCIUHU.
Tako:k migitoMy BoAu B CyAUHAX CIIPUAIOTH Kalli-
JapHi edeKTH — 3YeryIeHHA TOJAPHUX MOJIEKYJI
BOJV OJHA 3 OJHOIO Ta 3i CTIHKaMU CyJWH.

Bynosa ¢pnoemu.
Bynosa cutonogibHnx Tpybok

OCHOBHOIO YaCTHUHOIO (DJIOEMHU € CUTOHOMi0-
Hi IPOBiAHI eJleMeHTU — CUTOIOMIOHI KJIiTHHUI
i curononi6Hi TpyOKU (Mas. 27.2). o ii ckiaamy
BXOAATHh TAKOYK KJIITMHU OCHOBHOI (ImapeHxima)
Ta MexaHiuHOl (1y6’sAHI BOJIOKHA) TKAHUH.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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S04 B S—— Cutonopgi6bHa
nnacTuHKa

KnituHa-

. UNeHnK
KniTuHHa

CynyTHuuA ——TOHKNI Wwap

ymTonnasmum
(Appo BigcyTHE)

CutonopibHa
nnacTmHKa

Man. 27.2. bynosa cutonopfi6bHoi Tpy6KM

CuromogioHi KaiTunu, Ha Bigminy Bix Tpa-
xXein KCcujieMu, € KUBUMU. BOHU MaloOTh BUIO-
BiKeHY (DOPMY 1 MpOHM3aHI HACKPIBHUMU OTBO-
paMu, Kpidh AKi TPAHCIOPTYIOTHCA PEUOBUHU.

CurtomnofioHi TpyOKHU CKJagatoThcs 3 6esJi-
i KJiTuH-uileHuKiB. HackpisHi oTBOpm OBOX
CYCiIHiX KJITMH yTBOPIOIOTH CUTOIIOAIOHI IIIac-
TUHKU, KpPi3h AKi IepeMilyloThCA PO3UUHU.
i xuiTuHYM KUBi, ane B HUX HeMae Anep. [lopyu
3 KJiTMHaAMU-YJeHUKaAMM! PO3TaIllOBaHi KJiTu-
HU-CYIIYTHUIIl, AKi MalOTh Aapa i IIUTOMJIa3My
3 opraHejsamMu. KIiTHHU-CynyTHUII TigTpUMYy-
IOTh OOMiH PEUOBUMH y KJIITMHAX-UJIEHUKAaX CHU-
TOIIOAIOHUX TPYOOK.

MNepemilweHHA peyoBnH No Gproemi

Ha Bigminy Bij Kcmiemm, opraHiuHi pedo-
BUHU MOXKYTh TpaHCIOpPTyBaTucd 0o ¢oemi
# yropy, i Bums. Maiizxke 90 % ycix pedoBuH,
110 IIepeHOoCATHCA, CTAHOBUTH caxaposa. 1IBua-
KicTb pyxy caxaposu cranoButh 20—100 cm/Tox;
3a JeHb IO CTOBOYDPY BEJIMKOTO JepeBa MOXKe
mepeMicTuTHCA KiJIbKa KijlorpaMiB IILOTO BYT-
JeBOLY.

0 Kniouosa iges

EBontouiiHe BUMHUKHEHHA MPOBIAHMX TKaHWH
noB’A3aHe 3 BMXOAOM POCAUH Ha cyxogin. Kcu-
nema (Tpaxeign 1 cyauHmn) 3abesnevye BUCXigHNIA
pyx Bogu 1 MiHepanbHUX peyoBuH. ligiom Bogn
no Kcunemi BifOYBa€eTbCA 3a PaxyHOK TpaHCni-
pauii, KopeHeBOro TUCKY N KaninApHux edekTis.
®noema 3abe3neyye nepemilleHHA PEYOBUH,
YTBOPEHMX Nif Yac GOTOCMHTE3Y, Bif NUCTKIB OO
iHLWWX YaCTUH POCJIVIHM.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

EBontouia TpaHCNOPTHOT cncTtemu
B POC/IVH

BuHuKHeHHA MTPOBIAHMX TKAHWH IIOB’sA3aHe
3 BUXOJIOM POCJHH Ha CYXOHiJl, KOJI 3’ ABUJIacs
HeOoOXiHiCTh TOCTaBKMW PEUOBUH BijJi KOPEHiB 10
JUCTKiB, i HaBmaKu.

Kcunema. Y mpomeci eBoamoIii mepiium-
MU BUHUKJIHN Tpaxeimu. Ix BuABIeHO B mmep-
MIUX TPUMITUBHUX HaseMHUX pociuH. CynmHm
3’ABUJINCA 3HAYHO IIi3HIIlEe IJISXOM IIePEeTBO-
perHsa Tpaxein. CyuyacHi cmopoBi if rosioHaciHHI
pocauHU 34e6iJbIIToro MalTh TiJIBKM TPaxeimun;
CYAUHU B HUX BificyTHi (OKpiM JeAKUX BUIIAJ-
KiB). Maii’ke B yCix IOKPUTOHACIHHUX POCJINH
e ¥ Tpaxeingu, i cyauHU.

®daoema. CurononibHi KiiTuHE 3a OYI0BOIO
OiJIBIIT TPUMITHUBHI MOPIiBHAHO 3 O6araTOKJiTHUH-
HUMU CUTONONIOHUMY TpyOKaMu. BoHU € xapak-
TEPHUMH JJIsI CIOPOBUX 1 MOJIOHACIHHUX POCJIVUH.
Y nokpuToHAcCiHHUX NPOBiAHI eJeMeHTH IIpen-
cTaBJIeHi OiJbIT e(PeKTUBHUMU CUTOIOMIOHUMU
TpyOKaMu.

BuHuKHEeHHA CyIUH KCUJIEMH i CHTOHOXiO-
HUX TPYOOK ()JI0EMU B MTIOKPUTOHACIHHUX POCJIMH
TIOJIETIIINJIO TPAHCIIOPTYBAaHHSA BOJAU, 1110 BUSBU-
JIOCSA BaYKJIMBUM €BOJIIOI[ITHUM IIPVICTOCYBAHHAM
IO JKUTTS Ha CYXOJOJIi.

@ MNpakTnyHa poboTa

Bu3HayeHHA iHMeHcusHocmMi mpadcnipayii ma
8i0OHOCHOI mpaHcnipayii eazoeum memoodom

1. MoMmICTiTb INCTOK NenaproHii 3 YepewKkom y npo-
6ipKy 3 BOAOI, Ha MOBEPXHIO AKOI TOHKMM LUapPOM
HaHeceHo onito. 3BaxTe L0 NPobipKy.

2. Yepes 30 xB ile pa3 3BaxTe NpobipKy Ta BU3Ha-
yTe KinbKiCTb BOAM, WO Bunapunaca. Po3paxywnte
iHTEHCMBHICTb TpaHcnipauii TNCTKOBOI MAACTUHKM.
3. BusHauTte iHTeHCMBHICTb TpaHcNipaLii BinbHOI BOA-
HOI moBepxHi. [InAa uboro Hanunte y vawky [letpi
BoAy, 3BaXkTe i, a moTim uepe3 30 XB MOBTOPITb
3Ba)KyBaHHA. Po3paxynTe BifHOCHY TpaHcnipauito.
4. CoopmyntonTe BUCHOBOK.

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Wo cninbHOro mixk Tpaxeigamu i cutonogioHUMum
KniTuHamun? Y 4yomy ixHi BigMiHHOCTI? AK BM BBaXKa€Te,
UM € B HUX CMiNbHUI €BOMNOUINHUIA «nNpedok»? 2. [lo-
piBHANTE WBMAKICTb TPAHCMOPTY PeYoBUH MO droemi
Ta Kcunemi. K GyfoBa MPOBIAHMX eNleMeHTIB BMIMBAE
Ha Ut WBKAKICTb? 3. Y obmexye mpoBigHa cucTema
BMCOTY Ha3eMHUX POCINH?
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§ 28. TpaHcnopT pe4yoBUH Y TBapuH. KpOBOHOCHa cuctema

0 [TomipkynTe

Y BillUaCTMX NIOCKUX YepBiB Oyno BUABMEHO 3a-
KOHOMIPHICTb: UMM BinbliMM € po3Mmip Tina, TM
6iNblINA CTYMNiHb Fany»eHHA M€ iXHIN KULLEYHVK.
3 yum ue moxe 6yt moB'A3aHO?

Q 3raganTe

o OyHKLUii KPOBOHOCHOI C1CTeMU
o Tvnu i 6yfoBa KPOBOHOCHUX CyAuH
» bygoBa cepus

TpaHCNOpTHI cnctemm TBapuH

Meraboaiuni mporecu, 1o mepebiraroTb
Yy KJiTMHAX Tijla TBApUH, BUMaramoTh O0ea3repeps-
HOTO IPUIINBY TOKWBHUX PEUOBUH i KHCHIO,
a TaKOK BUJAJIEHHA TMPOAYKTiB 00MiHy. Bei opra-
HIBMU THUM YU iHIIIUM ILIAXOM 3IiACHIOIOTH IIepe-
HEeCeHHs PEeYOBUWH 3 OJHi€l yacTWHU Tijla B iHIITY.

B omHOKIITHMHHUX OpraHidMiB IepeHeceHHS
peuyoBUH Bifi0yBaeTbca TLIAXOoM Au@ysii mose-
KyJ, MEepeMillleHHAM AKUX COPUAE PyX IIUTO-
mirasMu. ¥ BeJIHMKHX TBapWUH iCHYE cIelliaJbHa
cucTeMa BHYTPIITHBOTO TPAHCIIOPTY.

Haiinpocrinri i3 cyuacHUX TBapwH, y AKUX
€ crelliaJbHa TPaAaHCIOPTHA CHUCTeMa,— Ie He-
MepTHHN. Y HUX € OJHA COMHHA i aBi 6Giumi
KPOBOHOCHI cyaumuu, 3’¢JHAHI MOMEepeUYHUMU
cynmHaMu. ¥ OigbImux i CKJIagHO OpraHis3oBa-
HUX TBapUH CHCTeMa KPOBOOOITYy CKJIAZAETHCS
3a3BuUail i3 KPOBOHOCHUX CYAUH i cepIrid.

TpaHcnopT peyoBuH
Y KALWKOBOMOPOXKHNHHNX, T'YOOK,
NAOCKNX i KPYrNnX YepsiB

KumkoBomopo:KHUHHI, TyOKH, IIJIOCKi uep-
BU He MalOTh KPOBOHOCHOI cucTeMu. ¥ KHUIIKO-
BOMOPOKHUHHUX i I'yOOK TPAHCIOPT PEYOBUH
IO BCBOMY OPraHidMy B3IiliCHIOETHCA IMIIAXOM
nu@ysii (moJinu, ryoxu) abo 3a JOIOMOTOIO PO3-
rajJyXeHb KHIITKOBOI MOPOKHUHU (MeIy3u’).

Piguna, 1110 MUPKYJII0€ B KaHAJAX KUIITKOBOI
TMOPOYKHUHU KUIITKOBOIIOPOKHUHHUX,— TiAPOJIiM-
¢da — pmocramife M0 KJIITUH TOKWBHI PEYOBUHU
i Bumasisie mpoayktu oomimy. Iigposmimda MicTuTh
COJIL Ta opraHiuHi peuyoBMHMU; Ii CKJIaJ HECTAJIMI.

V¥V niaockux UepBiB TPAHCIIOPT PEUYOBUH Bij-
OyBaeThbCA TAKOMK ILIAXOM au@ysii. ¥ HuUX He-
Ma€ MOPOKHUHU Tijla, i PEUYOBUHMN TPAHCIIOP-
TYIOThCA TKAQHMHHOIO PIAMHOI0 MiXK KJIITMHaAMU
mezomepmu. Hudysia moaermryerbcs criolme-
HOIO (pOPMOIO Tijla i YMCIEHHUMM PO3TaIy:KeH-
HAMU KUIIeYHUKA.

Y Kpyramx 4yepBiB PEUOBUHU HEPEHOCATHCS
pPiIMHOIO TIEPBUHHOI MOPOKHUHU TiJa.

KpOBOHOCHa cancTtemMa

¥V 6inbIiriocTi TBAapUH IJIA TPAHCIOPTYBAHHSA
TOKUBHUX PEUOBUH IO OPraHisMy TiJIbKU Ou-
¢ysii HegocTaTHBO. Ile 3yMOBIIIOE BUHUKHEHHSA
KpoBOHOCHOI cuctemMu. OCHOBHUMM KOMIIOHEH-
TaMU KPOBOHOCHOI CHCTEMU €:

- pizuHa, dKa UPKYJI0E (KPOB, JiMpa, re-
moJurimda);

« CyIVHU, AKUMH ITUPKYJIOE piguHa (apre-
pii, BeHU, KamiyaApwm);

* IyJbCYIOUUII OpraH, 1Mo 3abesneuye pyx
pimmHU (cepiie, KPOBOHOCHA CyAUHA).

T'emosimpa — pigka TKaHUHA, II0 MUPKYJIIOE
B CyIWHAX 1 MiIKKJITUHHNX OPOXKHWHAX DaraTbox
Oe3xpebeTHUX TBApUH (UJIEHUCTOHOTi, MOJIIOCKI)
3 HE3aMKHEHOI0 CHCTEeMOI0 KpoBoobiry. Ckiaja-
€ThCS 3 BOIM, HEOPTaHIUHNX i Opra’HiuHUX CIIOJYK.

KpoB — pigka cmosyuHa TKaHWHA, 1110 CKJIa-
IaeThedA 3 IJIa3MU i KJIiTuH ((PopMeHUX eIeMeH-
TiB) — JIEKOIIUTIiB, EPUTPOIIUTIB i TPOMOOIIUTIB.
IMupkyiioe y 3aMKHeHill cucTeMi KPOBOHOCHUX
CyIVH.

Y He3aMKHEHili KPOBOHOCHII cucTemMi KpOB
BUXOAUTH 3 KPOBOHOCHUX CYAWH, IIOTPAIJIAE
B TOPOKHUHY Tija abo MPOMiKKU Mi»K opra-
HaMu i Jyepe3 BiKpPUTi KiHI[I BEeHO3BHWX CYIUH
3HOBY HaAXOIUTH 10 KPOBOHOCHOI cucTeMu (uje-
HHUCTOHOTi, YacTWHA MOJIOCKiB, TOJKOIIKipi).
Y 3aMKHEHili KPOBOHOCHiNl cHMCTeMi KpPOB Teue
TinTbKM cyamHamm (KijJibuacTi uepBu, XpeOeTHIi
i meari immii TBapuHm!).

EBoniouisa KPOBOHOCHOI CUCTEMM

Yy XOPAOBUX

V xopmoBUX KPOBOHOCHA CHCTEMA 3aMKHEHA.

TosoBHi eBostONiliHi 3MiHUM B cmCTeMi KpO-
BOOOiry moB’ssaHi 3 mepexomoM Bin 3s0poBo-

60 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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ro OUXAaHHSA OO0 JIET€HeBOrOo: Yy 3eMHOBOTHUX
3’ABJIAETHCS APYyTe KOJI0O KPoBooOiry (mase, abo
JereHese) i, K HACJIiIOK, YCKJIAIHIOETHCA Oy I0Ba
cepiid (hopmyroTbed aBa nepexaceps) (mas. 28.1).

Hani eBoxrorisa #ae NMIAXOM 30iJbITEHHS
BMiCTy KMCHIO B KPOBi, IIT0 HAAXOAUTHL OO Opra-
HiB: y IJIa3yHiB BUHUKA€E HEIIOBHA IIePEropoaKa
B IIJIYHOUKY, a y HTaXiB i ccaBIiB (hopMyeTH-
cd UYOTHPUKAMepHe cepiie. ¥ HOTaxiB i ccasiiis
IO OpTraHiB HAAXOIUTH TiJABKU apTepiasbHa
KPOB; 3aBIAKU KpaIloMy 3abe3leueHHI0 KICHeM
Y TKaHUHAX IiITPUMYETHCA BUCOKUUN PiBEeHb 00-
MiHY PEYOBUWH, IO 3YMOBJIIOE TEILIOKPOBHICTH.

bynoBa KpOBOHOCHOI cCTeMM Y XOPOOBUX

TBapuHn BynoBa KPOBOHOCHOI CHCTEMU

Jlannerauk = OpHe K010 KpoBoobiry. Cepiia He-
Ma€, 3aMiCTh HbOT'O — UePeBHA aopTa

Pubu Opxme KoJto KpoBoobiry. Cepiie gBo-
KaMepHe (mmepencepms i MIJIYHOUOK).
V¥ cepIiii — BeHO3HA KPOB

Amdi6ii IBa xosa KpoBoobiry. TpukamepHe
cepiie (1Ba mepeacepad i IIJIYHOUYOK).
KpoB y nmiyHOUKy cepria 3minraHa

Penruii IBa Kosa KpoBoobiry. Cepiie TpuKa-
MepHE 3 HETIOBHOIO IIEPETOPOIKOI0
B IILIYHOUYKY. KPOB y IIIITyHOUKY
3MiNIyeThCA He TOBHICTIO

IIraxu IBa xosa KpoBoobiry. Cepiie uoTu-

i ccaBiri pukamepHe. ApTepiajbHa Ta BEHO3-
Ha KPOB He 3MilTyI0ThCA

Pnbun Amoi6ii PenTtunii Mraxu CcaBui

)

[~ S { )
| iy

¥ I i F“- F:,

| I.?..,.ii i

Man. 28.1. Cxemn KpoBoobiry y xpebeTHux

Bbynosa KpOBOHOCHOI cucTemMU
y 6e3xpebeTHnX
Kinpuacrti uepBu

KporonocHa cucrema samkHeHa. OnHe KOJI0 KPOBO-
00iry. PoJsib cepiisg BUKOHYIOTE KiJIbIeBi cyauHMN

CnrHHa KpOBOHOCHa
cyAviHa

|

HecnpaBHi  YepeBHa KpOBOHOCHA
cepusa cyaunHa

YaeHuCTOHOT

Kposonocua cucrema HesamKkHeHa. Cepile Tpybuac-
Te, po3TallloBaHe Ha CIUHHOMY 00I1i Tija

Cepus

Moarockn

Kposonocua cucrema HesamkHeHa. Cepiie 3i mury-
HOYKOM i mmepeicepasiM, po3TaliioBaHe Ha CITUHHO-
My Oorri Tina

lnyHouok  Cepue

Mepencepas

KpoBoHoOCHI cyanHu

0 KnioyoBga iges

03al'll/lTaHHﬂ Ta 3aBOAHHA

KomnoHeHTam1 KpOBOHOCHOI CUCTEMU € PifnHA, AKa LIMPKYOE (KPOB,
nimda, remonimda); cyamHn (aptepii, BeHW, Kaninapu) i nynbcyrouni
opraH (cepue, Bugo3miHeHa cyauHa). EBontouiiHi 3mMiHM KpoBoobiry
XOPAOBMX MOB'A3aHI 3 MepexofoMm Bif 390pOBOro AMXaHHA OO nere-
HeBOro: 3'ABNAETbCA Apyre Kono KpoBoobiry (mMane, abo nereHese)
1 ycKnapHoeTbeA bynoBa cepua (popmytoTbea ABa nepencepas, a no-
TiM i ABa WAYHOUKa ANA NOAIMWEHHA NOCTa4aHHA KUCHIO Y TKaHUHN).

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

1. Yn € eBonoUiHOIO NepeBarot
3aMKHEHa cucteMa KpoBoobiry mopis-
HAHO 3 He3aMKHeHo10? 2. AKi eBoNOLIN-
Hi nepeBary YOTMPMKaMEpPHOro cepus
NOPiBHAHO 3 TpuKamepHum? 3. Coop-
MyJIO/iITe OCHOBHI HanpAMKW eBOSIOLT
KPOBOHOCHOI CUCTEMW Yy XOPAOBUX.

O]
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§ 29. TpaHCNOpPT pe4yoBUH Yy Mia3mi KpoBi

0 [NomipkynTe

Po3unHHi peyoBMHM nerko mepeHocATbCA 3a Jo-
NOMOTrOK KPOBi, PO3YMHAIOUNCH Y Ti nnasmi. A AK
TPaAHCMOPTYBaTX HEPO3UYNHHI PeYOBUHU?

Q 3raganTe

o Cknag Kposi o OyHKLii KPOBI

« [lna3ma Kposi

TpaHcnopTHa QyHKUiA KPOBI

KpoB TpaHcmopTye IOKWBHI PEUOBUHU —
OinKu, "KUpU, BYIJIEBOAM, BiTaMiHI, a TaKOMXK
WOHU MiKpoO- i MaxkpoeseMeHTiB Big TpaBHOI
CHCTEeMH JO BCiX KJIITHH Tija.

3 TpaHCIOPTOM IIOB’sA3aHA EKCKPEemopHa
(yYHKUiA KPOBI — BUAIJIEHHA 3 OpraHidamMy KiH-
IeBUX MPOAYKTIiB 0OMiHY peuoBuH (CEeUYOBUHU,
CeuoBOi KHCJIOTH TOINO) ab0 HAAJUIIKOBUX pe-
yoBUH (coJeit, BOAM).

3aBOAKY TPAHCIOPTY 3AiMCHIOETHCA W Ou-
xaavHa QYHKYisL Kpo6i: Bifi OpTaHiB fUXaHHA 0
TKaHUH Ta iHIINX OPTraHiB Tijia KPOB TPaHCIIOP-
Tye KHCEeHb, a Ha3aJ 3abupae BYIJIEKUCJIUI Tas.

KpoB mepeHoCcuTh TakOX TOPMOHU, 3a [0-
TOMOTOI0 AKUX 3OIACHIOETHCA T'yMOpPaJbHA pe-
rynamnida poboTtu opraHismy. 3aBOAKU pezy.is-
MopHill QYHKYIL Kpo8i NIATPUMYETHCA CTAJIICTh
BHYTPIIITHBOTO CepefoBUINla OPTraHi3My, pery-
JIOIOTHCSA BOAHUI 1 COJBOBUI OajilaHC TKAHWUH,
TeMIepaTypa Tija, KOHTPOJIOITHCA OOMiHHI
npornecu i (¢isiosoriuni QyHKILII.

TakoX KpPOB MIEePEeHOCUTH IMYHOTJIOOYJi-
HU — OLIKHW-aHTUTINIA IMYHHOL cucCmemu.

TpauncmopTHa (PYyHKITiA KPOBi 3MiliCHIOEThCSA
AK IJIa3MOI0, TaK i ()OPMEHUMU eJieMeHTaMu
(xRiiTmHAMY) KPOBi.

[Mna3ma KpoBi

IInasma KpoBi — Iie piKa yacTmHA KPOBi,
III0 MiCTUTH PO3UMHEHIi ToHU, HeopraHiuHi i op-
TaHiuHi PeYOBHHU, a TAKOMK IIPOAYKTHU KJIITHUH-
"ol mucumimnanii. Ilmasma cTaHOBUTHL OJIM3BKO
55 % saraabHOro 00CAry KpoBi, TOOTO B JIIOIU-

Jlo opraniuHuxX pedyoBUH IIJJa3MU KPOBi Ha-
JIeKaTh:

« 0inkm maasmu (anpOyMiHUM, TJIOOYJIiHU,
(di6bpunoren) — 7,8%;

« ruiroko3a — 0,12 %

o gimigm — 0,8-1%;

* HITPOTEHOBMIiCHi CIIOJIYKHU, IO eKCKpe-
TYIOThCA (CEUYOBMHA, CEYOBA KUCJIOTA TOIIO) —
0,05 %:;

- OiosoriuHO aKTUBHI peuoBUHU ((hepMeHTH,
rOpMOHU, BiTamMiHmU).

Jlo HeopraHIUHMX PEUOBUH IIJIa3MU KPOBi
HaJIeXKaTh:

- karioan (Na*, Ca?", K*, Mg?") Ta anionn
(CI", HPO?, HCO),) — 0,9%;

» ra3u (KUCeHb, BYTJIEKUCJIHUN ras).

TpaHcnopTHI 6iNKM Nnas3mu KPoBi

YV miasmi MicTUTBCA KiJIbKa COTEHb OiIKiB,
YacTWHA 3 AKUX 3AIMCHIOE TPAHCIIOPT PEYOBUH.
OCHOBHUMMU TPAHCIIOPTHUMH OiJIKaMu KPOBi €
anvOymin, o-eno0yainu i B-eno6yninu. Bouu me-
PEHOCATH CIIOJYKH, IO MOTAHO PO3UMHAIOTHCA
V BOMi,— KUPHI KHCJIOTH, riapod)o0Hi TOpMOHH,
JKUPOPO3UMHHI BiTaMiHM, a TaKOK MOHM Ta iHIITI
PEYOBUHU.

Baussko 55 % Big ycix 6iakiB, 1110 MiCTATE-
cAd B IIJIa3Mi KPOBi JIOAWHU, CTAHOBUTH CHUPO-
BaTKOBUI annOymin. BiH € Hecmemupiuaum
TPAHCIOPTHUM OiJIKOM i MOKe B3B’sI3yBaTHCH
i3 IMMUPOKUM KOJIOM PEYOBUWH: MeTajaMu, HOHA-
MU, KUPHUMU KHCJIOTAMH, aMiHOKHKCJIOTaMH,
depMeHTaMU TOIIO.

Ha Bigmimy Bim anbpOyminy, meaxki Tpamc-
mopTHiI 6iIKM KPOBi € BY3bKO cHenupiuHUMU.
30KpeMa, IIepyaoILIa3MiH cIelliajaisoBanuil I
nepenocy Honis Kyupymy, Tpanchepun — HoHiB

Depymy.
CoemianbHi OiKM TepeHOCATH CTepOimHi
abo immmi rigzpodob6Hi ropMOHHM — TeCTOCTepPOH,

KOPTHU30JI, TUPOKCUH Ta iHIIi. ICHYIOTH TaKOXK
OKpeMi IIepPeHOCHUKHU AJIA TigpodoOHMX BiTami-
HiB, 30kpema A i D.

Jlimigm, m10 CUHTE3YIOThCA V TKAHUHAX OpP-
raHisMy, IepPeHOCAThCA IJIa3MOI0 KPOBi y CKJaIi

HU e mpubausuo 2,5—3 gitpu. ¥ ii ckaaai mic- cueliaJlbHUX KOMILIEKCiB 3 OinmkamMum — .Jino-
Tuthea 93 % Bomm i 7 % pO3UYMHEHUX PEYOBUH. npomeinis.
62 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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HarliBaknuBiwi TpaHCMOPTHI 6inKkx Nnasmu KpPoBi

Binku miasvu PeuoBunmH,
KpOBi 1[0 TPAHCIIOPTYIOTHCS

AnpOyminn

Anpbymin KupHi Kucaoru, 6imipyoin,
reM, COJIi JKOBUHUX

KUCJIOT, CTePOigHI TOpPMOHMT
(TUPOKCUH, KOPTUB0J, TECTO-
CTepOH), BiTaminu, gesaki Jiku
(acmipuH, cyabpanizamianm),
toun Ca?" i Mg?*

TupokcuHs,
petuno (BiTamin A)

TpancTuperun

o-I'nodyrinu
ITepynomnasmin Vouu Kynpymy Cu?

Perunos-3s’asy-
founii 6iJI0K

Perunou (BiTamin A)

Biramiu D-3B’a3y-  Kaabuudepos (Bitamin D)
ouuit 6iJ0K

Tupoxcuu-3s’sa3y- | TUPOKCHUH, TPUNOATUPOHIH
Ui ryIo0yIiH

TpaHCKOPTUH Koprnsos, KOPTUKOCTEPOH,
IIporecTepoH
B-Tmo6yminn
Tpauchepun Vouu ®epymy Fe?', Fed*
Tpauckobanamin | Iliankobaramin

(Bitamin B,,)

Tmo6ynin-3B’asy-
oyuii 60K

TecTocTepoH, ecTpamion

TpaHcnopT ninigis

JKupu He po3umHAIOTHCA Y BOAi I TOMY He
MOXKYTh OyTH IIepeHeceHi KpoB’I0 B UMCTOMY BHU-
rani. BoHu yTBOPIOIOTE sinonpomeinu, 6i1KoBa
yacTuHa AKUX 3abe3mneuye mepeHeCeHHS BCHOTO
KOMILJIEKCY KpoB’1o (mai. 29.1).

0 Kniouosa igen

3aBAAKM TPAHCMOPTHIN GYHKLT KPOBI 34iCHIOIOTH-
CA TAaKOX ii ANXaNbHa, EKCKPETOPHA, PeryiAaTopHa
i 3axucHa ¢yHKUii. TpaHcmopTHa ¢YHKLiA KPOBI
3[INCHIOETLCA AK Na3Molo, TaK i GopmeHUMU ene-
MeHTaMK KpoBi. OCHOBHUMM TPAHCMOPTHUMM 6in-
KaMK niasmmn KpoBi € anbbyMmiH, a- i B-rnobyniHn.
Jlinign nepeHocATbCA NNa3mol0 KPOBi y cknagi
KOMMJIEKCiB 3 6inkamu — ninonpoTeiHiB.

binok (npoTteiH)

®ocdoninign
XonectepuH, Lo \
NoB'A3aHNN 3 Xnp- BinbHuin
HUMMW KNCNOTamm }F % "Fr /xoﬂeCTepMH
'- —l;“‘:,'l '-v-: |z -““

'15-; *_._ = =R
o :\:h Tpurniuepuan

ag '-fl‘ﬁ f“"
Man. 29.1. bynosa ninonporteiHiB. 30BHilWHA 060M0HKa
NiNonpoTeiHy CKnafaeTbcsa 3 rigpodinbHux 6inkiB i docdo-

ninigis, a BHYTPIWHE AAPO MICTUTb XNPW | XUPONOAiGHi
pPeyoBMHU

HopmanbHa apTepis

e e
MoTik KpoBi _

3By>keHa apTepia (aTepocknepos)

LT

XonectepuH — =
-

Man. 29.2. ATepocKnepoTUYHi 3MiHWN y CyaMHax

0 [lizHanTeca binbue
Ynm Buwmn yMIicT ninigiB, TMM HWX4Ya LWiNbHICTb

ninonporeiHiB. bnnsbko 60-70 % ycboro xonectepuHy
nnasmMm KpoBi KOHLEHTPYETbCA B JlinonpoTeiHax
HM3bKOT wWinbHocTi (JIMHLL). AKkwo aHani3 Kposi
BMABMB niaBuweHni ymict JIMHLL, ue o3Hauvae, wo
iCHy€ BMCOKUIN PU3MK aTepoCK/epo3y

Aximo 6anaHc JgimigiB y KpoBi sMiHIOETHCS,
BMHUKAIOTH IIATOJIOTiUHI IIpollecu, 30KpeMa aTe-
pockiaepos (man. 29.2). ITpuunHaMu TaKuX II0-
PYIIEHb MOXKYTh OyTU €eHJOKPUHHI ab0 cragKoBi
3aXBOPIOBAHHS, XBOPOOU MEeUiHKM, HEIPAaBUJIbHE
XapuyBaHHA, HaJiHHA i HagMipHe ByKHBaAHHSA
AJIKOT'OJIIO.

3anuTaHHA Ta 3aBOaHHA

1. Aki BaxxnumBi GyHKLUIT KPOBi NOB'A3aHi 3 il rONOBHOIO
byHKLUi€ — TpaHCNopTyBaHHAM peyoBuH? 2. Yomy 6a-
raTo pe4yoBMH TPAHCNOPTYITbCA B KPOBI CrnelianbHUMM
nepeHOCHMKaMK1, a He CaMOCTINHO «fobupatoTbca» Ao
KNiTMH? 3. AKMM 4YMHOM KPOB MIATPMMYE romeocTas?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 63
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§ 30. TpaHcnopT rasiB y KPOBOHOCHIN cuctemi

0 [omipkynTe

Yomy y nOAUHN KPOB YEPBOHA, a y KajbMapa
6naknTHa?

Q 3raganTe

« lemorno6iH i epuTpoLUTK
 [a3006MiH y TKaHUHax

TpaHcnoprT rasis

KpoBooGir y TBapuH BUKOHYE OAHY 3 Hali-
BaKJIUBIMUX (PYHKI[H — IIepeHeceHHs KHUCHIO
BiZ JIeTeHiB OO TKAHUH, a BYIJIEKUCJIOTO ragy —
BiJ TKAHUH OO0 JIEreHiB.

IIi rasu MOKYTh TPAHCIIOPTYBATHUCA Y ILIa3-
Mi KpOBi AK y PO3UMHEHOMY BUTJIAJMI, TaK i 3a
ITOIIOMOTOIO0 CIIeliaJbHUX IepeHocHuKiB. Crro-
JYKH, IM0 3B’A3YIOTH i TPAHCIOPTYIOTH KHCEHD
i ByrJexkucauii ra3, HAa3WBAIOTh AUXAJIBHUMU
nmirmeHramMu. TaKuMy JUXaJbHUMU TirMeHTaMI
€ 2emo2n00iH 1 cemoyianin. BoHu mepeOyBaroOTh
y posumHeHoMy cTaHi (y remosimdi 6e3xpeder-
HUX) ab0 MicTATbCSA B KPOB AHUX KJIITHHAX —
epurponurax (y KpoBi XxpebeTHUX).

HJuxanpHi mirMeHTH € MeTaJIoIpoTeiHAMEY —
KOMILJIeKcaMu OiJKiB 3 aToMaMu MeTaJiuHuX
eJIeMeHTiB. ATOMHI MeTAJIiuHUX eJIeMeHTiB Bifi-
rpaioTh KJOUOBY pPOJb y IPUETHAHHI W TpaH-
CIIOPTYBaHHI KUCHIO.

Kucensr rojsoBHUM UYMHOM 3B’ SA3y€ThCA
i TpaHCHOPTYEThCA AWUXAJbHUMHU IIirMeHTaMU
(y miopmum — remoryiobinom). Koumenrpariia
O, B miasmi KpoBu AysKe He3HAYHA, TOMY ILO
el ras3 IOTraHO PO3UYMHAETHCA Y BOJI.

OcHOBHA YacTHUHA BYIJIEKUCJIOTO rasy, Ha-
BIIAKU, TPAHCIOPTYEThCA I1Ja3Mo0 KpoBi. [Ipu-
6ausao 90 % CO,, yTBOpeHOro B TKaHWHAX,
epeTBOPEThCA Ha Tigporerkapbomar HCOS,
AKUHA JeTKO PO3UMHSETHCSI 1 TPAHCIOPTYETHCS
y CKJIaAi mmaasdMu KpPoBi. ¥ JereHax 3 TigporeH-
KapOoHaTy 3HOBY yTBOprOeThCA CO,, AKWUI BU-
BOAWTHCSA HA30BHI mixg uvac auxaHHA. llesdxa
KinpricTh Byriiekmesoro rasy (5 %) TpaHcmop-
TyeThCA Yy PO3UMHEHOMY cTaHi. Jluine GJIM3bKO
5 % CO, 3B’A3yeTbCA 3 TeMOrI00iHOM.

[emorno6iH

T'emormo6in — depymoBMicHUIT 0iJ0K
KPOBOHOCHOI CHCTEeMH TBapWH, KU 000pOT-
HO 3B’s3ye€ThCA 3 KUCHEM i 3abesmeuye #oro
mepeHeceHHA Bil opraHiB JUXaHHS OO0 TKAaHUH.
Kpim Toro, remorsob6in Gepe yyacTh y TpaH-
CIOPTYBaHHI BYTJIEKUCJIOTO rady y 3BOPOTHOMY

HaIIPAMKY.
Y xpebeTHUX TBapuWH reMOTrJI00iH MiCTUTHCA
y YepBOHMX KJIITMHAX KPOBI — epUTPOIIUTAaX.

Y Oinbmrocti 0es3xpebeTHMX BiH PO3UMHEHUN
y 1iasmi Kposi.

3a O0yZoBOIO TreMOTJIOOIH € CKJIAgHUM Oij-
KOM, III0 MiCTUTBH O0iJIKOBY UaCTUHY — TJIOOIH —
i pepymoBmicHy uactuny — rem (mau. 30.1).

BinkoBa wacTuHa reMOTJIOOIHY CKJIATa€Th-
CA 3 YOTHUPHOX MOJNIMENTUNHUX JIAHIIOTiB: O,
o,, B, i B,. Koxxunit manmor moegHavuil 3 of-
HUM T'eMOM, TOOTO 3 OJHi€I0 MOJIEKYJIOIO Te-
MOTIJIO0iIHY 3B’A3YIOTHCA MAKCHUMAJIbHO YOTHUPU
monexkyau O,.

®opmu remornobiHy

¥V kamisgpax JereHiB KUCEeHb IPUETHYETHCA
IO TeMOTJIOOiHY, YTBOPIOIOUM OKCHI'€MOIJIO0iH.
Okcuremorio0iH HaJae apTepiajbHiil KpoBi uep-
BOHOTO 3aOapBieHHs. IloTokoM KpoBi epuTpo-
IUTH, 10 MiCTATH OKCUI'€MOIJIOOiH, JOCTaBJISA-
IOTHCS OO OPTaHiB; TYT KHNCEHb BUBLIbHAETHCS
i mepexoauTh y TKaHWHU. BigmaBiiu KuceHb,
reMorJio0iH 3B’sI3ye HEBEJWKY KiJIbKicTh BYyTI-
JEKHCJIOTO rasdy, IIepeHOCAYUd HOro B JIereHi.
CHonyKy BYIVIEKMCJIOI'O ra3y 3 I'eMOIJIO0iHOM
Ha3WBAIOTh KapOreMoryo0iHoOM; BiH Hajlae Be-
HO3HINl KPOBi TeMHOTO BiATiHKY.

KoukypyBatTu 3 KKHCHeM 3a 3B SI30K 3 TIe-
morsobinom mozke uaguuii rasz CO. Ilpu mpomy
YTBOPIOETHCA KapOokcuremoraodin. 38’ a3ox CO
3 remoryobinom y 240 pasiB minmHimwmi, HixK
3 KMCHEeM, TOMY IIii Yac OTPYE€HHS YaTHUM Ta-
30M Ilepejava KHCHIO TKaHHUHAM OJOKYETHCH.

Miorno6iH

Miormo6in — depymoBMicHUE 6iJ0K, I110
3B’s3y€ KHCEHb, AKUI HAAXOAUTH IO CEPIIeBUX
i cresmeTHUX M’A3iB y XpebeTHUX TBApPUH i JIFO-
nuHu. Mioryiobid € riao0yaapHuM OiTKOM, SKUHA
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Man. 30.1. Monekyna remMorno6iHy noauHN

CKJIAZAETHCS 3 OJHOTO IIOJIIIIENITU/IHOrO JIAHITIO-
ra, 1o Hece rem 3 aromom @Pepymy (mana. 30.2).

Miorsno6iu 3B’s3ye i 36epirae KuceHb, CTBO-
proouu B M’sizax iioro peseps. Lleit pesepsB Bu-
TpavaeThCA Y Pasi KMCHEBOTO roJIoAyBaHHs, Ha-
OPUKJIAL, Hig yac iHTeHCHBHOI poboTum M’s3iB.
Miorsmob6im Hagae M’ A30BMM BOJOKHAM UE€PBOHO-
T0 KOJIBODY.

[emouiaHiH

T'emomianin — KynpyMoBMicHUH 6iJIOK, IO
3B’d3ye i TTepeHOCUTh KUCEHb Yy MOJIIOCKiB (To-

YUneHunctoHori

MoninentngHnn
naHuor

Man. 30.2. Monekyna Miorno6iHy nofnHu

JIOBOHOTHX, UYEPEBOHOTHX) Ta UYJIEHUCTOHOTUX
(MeY0XBOCTiB, ITaBYKOIIOMi0OHMX, PAKOIIOAi0HMNX ).
Ilixg uac 3B’sa3yBaHHA KUCHIO 0€3KOJILOPOBUIL T'e-
MOIliaHiH 3a0apBIIOETHCA y OJAKUTHUI KOJIIp.

Ha sBigminy Bixm remorso6iHy, MOJIEKY.JIH
reMoIliaginy posumHeHi B remoJimdi. 3aBas-
KM IIbOMY MOHOMEPH TIeMOIliaHiHy MOXKYThb
o0’eqHyBaTHCA B [Oy)Ke BeIUKI KOMILJIEKCH
(maz. 30.3). I1i xoMILIeKCH [03BOJISIOTh Kpallie
neperocutu O,, 0cOOGJMBO B yMOBax 3 MajuM
YMiCTOM KHCHIO.

Montock Megathura crenulata

Man. 30.3. lNpuknagn CTPyKTypu MONEKyn remoLliaHiHy

0 Kniouosa iges

[a3n MOXyTb TpaHCMOPTYBaTUCA Y MNa3Mi KPOBi
AK Y PO3YMHEHOMY BUINAAI, TaK i 3@ LOMOMOrO
nepeHOCHUKIB. Byrnekncnuim ras TpaHCNoOpTy€ETbCA
30e6iNblIoro naasmMow KpoBi. TpaHCMOPT KUCHIO
3abe3nevyeTbca AMXanbHUMK MirMEHTaMy remo-
rno6iHom abo remoLljiaHiHOM.

03aﬂl/ITaHHﬂ Ta 3aBAaHHA

1. Ak noguHa Moxe OTpyITUCA YagHUM ra3om?
AKMX 3aM06iXKHMX 3axofiB Clif Y»KUTK, Wo6 UbOro He
ctanoca? Wo cnig pobutn B pasi OTPYyEHHA YagHUM
razom? 2. fKi NPUYMHN BUHUKHEHHA aHeMii (HecTaui
remorno6iny) B niognHnu? 3. Yomy M'A3mn Kanbmapis 6ini,
a M'A3M KUTIB YepBOHi?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 65
MiHicTepcTBO OCBITH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoZepHisauii 3amicTy ocBiTu https://imzo.gov.ua



Tema 3. OOMIH peUYOBWH | NepeTBOPeHHA eHeprii

§ 31. Hapxop)XeHHA rasiB A0 opraHiaMy TBapuH

0 [omipkymnTe

Lkipa y ponyx 6ifbll 3pOroBina, HixXK y »ab, a ixHi
nereHi MatoTb 6inblw cknagHy O6ynoBYy MOpPIBHSA-
HO i3 abamu. 3 uyum Ue Moxe OyTn nos's3aHO?

Q 3raganTe

« [a30006MiH o [luxanbHa cucrema

OpFaHI/I ONXaHHA TBapWUH

Hangxom:xeunua rasiB go opramismy TBapuH
3abesmeuye auxajabHAa CHUCTEMAa, (PYHKIIi€0 SAKOI
€ IIOCTAaUYaHHA 10 OpraHidaMy KMCHIO i BUBEJIeHHSA
3 HBOTO Tras3omONiOHMX TPOAYKTIB OoOMiHy, Ha-
caMIiepe i BYTIJIEKUCJIOrO raasy.

Hudysia rasiB uepes mMoBepxXHIO Tijia Bix0y-
BAaEThCA y IPiOHUX TBAapUH — BOJHUX (PAKOIIO-

niOHUX, YepBiB) a00 Ha3eMHUX, AKi MeIIKaioTh
y Bojorux ymoBax (uepBiB, am@i6iit). ¥ Ha-
3eMHUX BUJIiB MOKPUBU 3BOJIOKEHI, i3 BEJIMKOIO
KiJTBbKiCTIO 3aJ103, ITPOHU3AaHI I'yCTOI0 MepeKero
KPOBOHOCHUX KaIliJApPiB.

3a0pa — opramu AUXaHHS BOOZHUX ab0 Ha-
MiBBOAHUX TBapuH (pax OMOAIOHWX, MOJIIOCKIB,
pub, ampibiit). ¥V 6esxpebeTHUX 3510pa € BUPOC-
TaM’ TTOBEPXHi Tija, y XpeOeTHNX PO3BUBAIOTH-
csd 3 OTBOPIB y cCTiHIII rI0oTKH. 3s30pa MaioTb
po3Tay:KeHy IIOBEePXHIO i PACHO IIPOHU3AHI
KpoBoHOCHMMU Kamnimgapamu. KoyxkHa TBapuHa,
sAKa Mae 3a0pa, Mae Te abo iHIIIE IPUCTOCYBAH-
Hs, 1110 3a0e3mMeuye OMUBAHHS IX BOMOIO.

Tpaxel — opraHu AuUXaHHA OPiOHUX Ha3EeM-
HUX 0Oe3xpebeTHUX (KOMaxX, IMaBYKOIIOOITHUX).
Tpaxei € cucTreMoi0 AUXAJIbHUX TPYOOUOK, IIO
TPOHU3YIOTh yCe Tijo i BiAKpPMBAIOTHCA HA II0-
BepxHi Tina muxanpnamu. IloBiTpa BTATyETHCA

EBontouia grxanbHoi cnctemm y 6e3xpebeTHnX TBapuH

Huoxuai 6e3- | V Hmoxunx 6e3xpebeTHNX (KMIITKOBOIIOPOMXKHUHHI, IIOCK] Ta Kpyrii yepsu, 6iibNIicTs Kigbyac-

xpebeTHi THUX YepPBiB) OpraHu JUXaHHA BifICyTHi, ra3000MiH 3ilicHIOEThCA JUPY3HO BCi€I0 IOBEPXHEIO
Tija

Mopchki Vuepime nuxajabHa cucTeMa 3’ ABJIAETHCA B MOPChKUX KibuacTUX UepBiB; Ha IXHIX mapamomiax

KinpuacTi € crelfiaisoBaHi opranu fuxaHusa — 3a0pa (emitTenianbui Bupoctu 3 Kaminapamu). Ilpu mbomy

YyepBH 3HAYHUN Ira3000MiH Bif0yBaeThesd i uepes MOBEPXHIO Tijia

Mouarocku V¥ GinpIriocTi MOIIOCKIB opranaMu quxaHusa € 3a0pa. Hasemui mosrrocku BrpaTuau 3s10pa i 3100y
JIeTeHi — BUA03MiHEeHY MaHTIHY HOPOKHUHY, CTIHKY SAKOI ITPOHM3aHi KPOBOHOCHUMU CYyAUHAMU

Ynenucro- = VY ujieHMCTOHOrUX Oy[0Ba OPraHiB JUXAHHSA 3aJIEKUTh BiJ YMOB IPOKUBAHHS.

HOTi OpranaMu fUXaHHS PAKOIOLIOHUX € 310pa, AKi posTallloBaHi Ha Hi’KKax i1 Horoieremnax,
e BOHU IIOCTifiHO OMHBAIOTHLCA BOIOIO.
HuxanbHa cucreMa MaByKOMOAIOHUX IIpe/icTaBieHa abo JereHamMu, abo TpaxesaMu, AKi BiAKpu-
BaIOThCS HA30BHI oTBOpamMu (CTUrMaMm) Ha OiYHMX YacTUHAX UJIEHUKiB.
Y Komax fuxaHHA 3MiHCHIOETHCA 3a JOTIOMOTOIO Tpaxei

EBontouisa nereHb y xpebeTHux
Am}i6ii | Jlereni 3’saBasiorses B aM}ibiil K y mepmnx XpeGeTHUX, 10 BUAIILIN Ha CyXoia. Bouu dpopmy-
IOThCHA Yy BUIVIAJI IaPHUX BUPOCTIiB UepeBHOI YacTUHY IVIOTKU. II0BiTPSA B JereHi morpamsise 3 po-
TOBOI MOPOKHUHY 38 PaXyHOK KOBTAJBHUX PYXiB. JlereHi KpymHOKoMipuacTi, MaioTh HEBEJIUKY
IuxXaJbHy I0BepxHI0. ToMy razoodmin 1ie saauHoio Mipor (60—70 % ) spificHoeThCA Uepes IMIKi-
PAHI TOKPUBY, AKi TPOHMBAHI KPOBOHOCHUMY KalliigpaMu i 3a6e3medueHi CJIM30BUMY 3a7103aMU

Penmuaii | V penruiniii y 38°A3Ky 3 OCTATOUHNM BAXOAOM Ha CYXOMLI AUXalbHA CUCTEMAa YCKJIASHIOETLC.
IIkipHe nuxaHHA 3HUKAaE. [{uxasbHa MOBEPXHA APIOHOKOMIPYACTUX JIeTeHeBUX MIIlIKiB 30i/IbIITy-
eTbcsa. POPMYIOTHCS MTOBITPOHOCHI MIIAXY: Tpaxes i Opouxu. [luxanHs 3MiHCHIOETHCA 3a PAXYHOK
CKOPOUEeHHS MiKpebepHUX M’ A3iB, iK1 3yMOBJIIOIOTH PYX I'PYAHOI KJIITUHUT
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IIrtaxu

3aKiHueHHs mabauyi

V¥V nraxiB JiereHi MaioTh YHCJIEHHI IIePEropogKy 3 Meperkelo KPOBOHOCHUX KalmiaapiB. Big Tpa-

xel iime OpoHXiaJabHE IepeBo, AKe 3aKkiHuyeThes Oponxiomamu. YacTruHa OPOHXIB BUXOQUTH 34
MerKi JereHiB i yTBopioe moBiTpAHi MimKu. ITix uac mosboTy KPOB HAaCHMUYyeThCA KUCHEM i mif uac
BIUXY, i mig yac Buauxy (IOoABifiHe fTUXaHHA). ¥ CTaHI CIOKOIO IITaX AUXAE IIJIAXOM PO3IITUPEHHS

i cruckauusa rpyaHoi KiaiTku (mas. 31.1)

Ccasui

CcaBIii MaroTh JieTeHi aabBeoJAPHOI 0yI0BU, 3aBAAKU YoMy iXHs moBepxHA B 50—100 pasiB 6iab-

I1a 3a moBepxHio Tija. Tpaxes posminseTbesa HA OPOHXM, AKI TepeBomogiOHO pos3raryKeHi i 3a-
KiHUYyIOThCSA TOHKOCTIHHIME OPOHXioJlaMu 3 I'DOHAMU aJIbBEOJI, I'YCTO OOILIeTeHNX KPOBOHOCHUMU
Kamisgpamu. OCHOBHUM M’ A30M Y IIpoIieci auxaHHA € giadpparma (mast. 31.2)

B Tpaxel IIig yac pO3IIMPEHHS Tijla i BUAABJIIIO-
€ThCA IiJ Yac HWOoro CTUCHEHHS.

JlereHi — opranu MUXaHHS Ha3eMHUX TBa-
pUH (IesSKUX YepPeBOHOTUX MOJIOCKiB, amdibiii,
penTuiaiii, mraxis, ccaBiiB). EpoJoniiino Bu-
HUKJU AK BHUPOCTU TPABHOTO TpPakKTy. dacto
MaTh KOMipKOBY OyZ0BY i MOBiTPOHOCHI IIJIsi-
xu. I'ycTo obmyeTeHi KPOBOHOCHUMM CyIWHA-
mu. IloBiTps B JlereHi aKTWBHO HATHITA€THCA
poboToio M’s3iB.

Etann eBontouii 396poBoro anapary
Y XOpPA0BUX:

« 3BMEHIIIeHHA Yucja 3I0poBUX IMiauH (Bif
150 map 3aA0poBUX LIiINH y JAHIETHHUKA IO
4—7 map 3sg0poBUX MIIIKiB y KicTKOBUX pubd);

Tpaxen

Jereni

3apgHi noBiTpAHI
MiLLKK

MepepHi nosi-
TPAHI MiLLKN

Man. 31.1. uxanbHa cuctema nTaxiB

0 Kniouosa iges

Y [piGHMX TBapWH ra30006MiH 3QINCHIOETbCA Au-
dy3HO uepe3 noeepxHto Tina. CnewianizoBaHi op-
raHWn JuxaHHA 6e3xpebeTHNX MatoTb eniTesnianbHe
MOXOMPKEHHS, @ OPraHu AMXaHHA XOPAOBMX 3a Mo-
XOIXKEHHAM MOB'A3aHi 3 KulweyHnKom. EBontouia
OVXanbHOT cuctemn y xpebeTHux BigbyBanacs
LWIAXOM 36iNblUeHHA AMXanbHOI MOBEPXHi 1 YAO-
CKOHAJIEHHA CUCTEMM HarHiTaHHA MOTOKY BOAU
(376pa) abo nosiTpa (nerei).

* 30i/IBITIEHHA IMXAJbHOI ITIOBEPXHI MIJIAXOM
YTBOPEHHA 3s0POBUX TEJTIOCTOK;

* PO3BUTOK y KiCTKOBUX pub 3A0POBUX KPU-
IIIOK, SKi HaAr"iTamoTb HOTiK BOLU.

Etanu eBontouii nereHb y xpebeTHux:

* BiTOKpeMJIeHHS IUXAJbHUX IILIAXiB Bin
KUIIIeUHUKA;

* 301TIBIIIeHHS AUXAJbHOI IIOBEPXHI MIJIAX0OM
YTBOPEHHA CKJAAHOI CHCTEeMHU PO3TayKeHUX
OpoHXiB 1 KOMipUacTUX JeTeHb;

s VCKJIATHEeHHS OyZOBU IMOBITPOHOCHUX
ILIAXiB;

* VIOCKOHAJIEHHSA CHUCTeMU HarHiTaHHA IO-
BiTpA.

JlereHi

AnbBeonu

Man. 31.2. lnxanbHa cuctema NognHn

03aI'II/ITaHHﬂ Ta 3aBAaHHA

1. Yomy TpaxenHa puxanbHa cCMCTEMa MOLMpPeEHa
cepeq APIOHMX TBapWUH, TakMX SIK KOMaxu A MaByKOMo-
LiOHi, i He TPanNNAETbCA Yy BEAVKMX TBaPUH? 2. Y NOBITPI
MICTUTBbCS 3HAYHO Ginblue KWCHIO, HiXX y Bogi. Yomy
6inblWicTb pMb He MOXYTb AMxaTh Ha cyxogoni? 3. Ha-
BilLLO opraHiamam MoTPibeH KUCEHb?
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§ 32. Hapxoa)XeHHA rasiB Ta NOXXUBHNX PeYOBUH

[0 OpraHi3amiB pocauH i rpubis

0 [omipkynTe

CymapHa [OBXWHa KOpPEHeBUX BOJNIOCKIB OfHIi€el
poCnvHM nweHuui moxe caratn 20 Km. Hasiwo
POCnuHI Le noTpibHO?

Q 3raganTe

« Mpoanxu « ABTOTPOOMU, reTepoTpodu

o [lxaHHA » XemoTpodu, potoTpodu

o OoToCUHTE3 « Ocmoc, Typrop

OcobnunsocTi pocnuH i rpnbis

Pocnimam # rpmbm maioTh cminbHI pucu:
BOHU BeAYyTh HEPYXOMUH CIIOCi6 KUTTA 1 mpu-
KpimiaeHi mo cybeTpary, 3 SIKOrO I IIOTJIMHAIOTH
MOKVBHI PEYOBUHU.

Ane mi rpynu oprauidmiB BiAgpi3HAOTHCA
OHA BiJ OOHOI 3a Ny'Ke Ba'KJIMBOIO O3HAKOIO:
pociauHu € aBToTpodamu, Toni AK rpubu Ha-
JexaTth o rereporpodiB. OT)Ke, POCAWHU IIO-
TIWHAIOTH 3 HABKOJUIIHBOTO CEPEOBUINA Mi-
HepaJIbHi PEUOBMHU, TOMY IO OPTaHiuHi BOHU
cuHTe3yTh cami. Ha Bigminy Big pocauH, rpu-
0u MOTJIMHAIOTH i3 cepemoBUINA i MiHepasbHIi,
1 opraHiuHi cmoJiyKu.

Pocinuum # rpubu, ax i Bci sKuBi opramis-
MU, AuxamoTb. lIpy IbOMYy BOHU HOTJIHHAIOTH
aTMoc(epHUHA KUCEHb i BUAIIAIOTL Y HABKOJIMIII-
HE cepeloBUIlle BYTJIEKUCINI ras. Ajle POCIUHU
3maTHI 00 (poTocuHTE3y i BogHOUYAC IMOTPEOYIOTH
HAAXOIKEeHHSA AK KUCHIO (A AUXaHHA), TaK
i Byryiekmcsoro rasdy (nas hoTOCHUHTE3Y).

BCMOKTYyBaHHA pocnnHaMn peyoBuH

i3 'pyHTY

SR BaMm yiKke BijoMO, MiHepaJibHI peuyOoBUHU
I BoJa IOTPAILIAIThL B OPraHi3M POCJIUH uepes
Kopiub. Boma HagxoauTh 3a JOIIOMOT'0I0 OCMOCY,
a MiHepaJIbHi PeYOBUHU IIEPEHOCATHCA MIITXOM
aKTUBHOTO TPAHCIIOPTY.

Ilornuuanua BOAM ¥ MiHepaJbHUX COJIEH
3 TPYHTY BimOyBaeTbcs B 30HI BCMOKTYBaHHS
KOpeHsd, Ze Jo0pe po3BUHEHA pisomepMma 3 Kope-
HEBUMH BOJIOCKaMu. MOHU MiHepaJbHUX coJeit

IPYHTOBOTO PO3UYMHY TEPECYBAIOTHCSA 3 TEUi€lo
BOJIM IO MOBEPXHi KOopeHeBUX BOJIOCKiB. Tpamc-
HOPT HOHIB KPi3h IUTOILIAZMATUYHY MeMOpaHy
BCEpeIUHY KJITHH KOPEHEBUX BOJIOCKIB BimOy-
Ba€THCS IPOTHU I'paJieHTa KOHIIEHTPAIIIl i eJeK-
TPUYHOTO TOTEHIlially, TOMY BUMAarae BUTPAT
eueprii. To6TO noziUuHAHHA NOHUBHUX PELOBUH
pocauHamu € npoyecom, nid wac K020 umpa-
YAEMbCs eHepeid.

Ixepesom eHeprii, HeoOXimHoOi maa ak-
TUBHOTO IIOTJIMHAHHSA eJIeMeHTiB MiHepaJIbHOTO
JKUBJIEHHSI, € TPOIleCU KJIITMHHOTO IUXaHH.
Y pasi moripieHHSA POCTy KOpPEHiB i rambmy-
BaHHA OuUXaHHsa (moramoi aepariiii rpyHTiB) IIo-
TVINHAHHA NOKUBHUX PEYOBUH YIIOBIIBHIOETHCH.

[a3006MiH y pOCnnH

B oprauism pocsinH rasm 3 moBiTpA moTpar-
JISIIOTHh Uepes JIUCTKU, KopeHi it crebaa. KoxHa
KJIITHMHA CaMOCTiliHO OOMiHIOETHCS 3 HABKOJIUIII-
HIiM cepemoBUIIeM BYIJIEKHUCJIUM Ta3oM i Kuc-
HeM mwiaxoM audysii. Kucens Jserko nudys-
Iy€e 3 IOBiTPA B MPOMIisKKAX MilK YaCTUHKAMU
I'PYHTY y BOAYy i mOTiM y KOpeHeBi BOJIOCKH.
VYTBOpeHa B KJITMHAX POCJAWHU BYTIJIEKUCJIOTA
In(QYHAYE Y 3BOPOTHOMY HANIPAMKY i BUXOIUTH
3 KOpeHA Ha30BHI TAKOXK yepes3 KOPEeHEBi BoJoOC-
Ku. ¥ JHCTKaxX rasoo0MiH 3iliCHIOETBCA uepes
nponuxu. ['asu AuUYHIYIOTH TAaKOXK Uepes Co-
YeBUUYKHU HA KOPEHAX i cToBOypax cTapux JepeB
i yvarapHuKiB.

HaiiinTencuBHimmuii rasoodmMin BigdOyBaeTh-
cdA ueped mpoauxu. IIpoauxu BeAyTh Y CUCTEMY
MUKKJIITUHHUKIB, YTBOPEHUX NTYXKO PO3TAIIIO-
BAaHUMU KJIITHHAMHU I'y0uacTol MapeHXnMU JIUCT-
ka. ITo MisKKJIITUHHOMY IIPOCTOPY A0 KJITHH II0-
CTAYa€eThCA KUCEHDb JJId MUXAaHHA, BYTJIeKUCIUN
ra3 nias (QOTOCUHTE3Y i BUAANAIOTHCA TPOIYKTHI
oomimy (mau. 32.1).

T'asoo0MiH Kpishk mpomuxu 3abesmedye aBa
OCHOBHi TIIpomecu: IuUXaHHA Ta (OTOCHUHTES.
Yneuw Oinmbmia uactura CO, mnisa dorocuHTE3y
i O, nna IUXaHHA HAAXOAUTh Y POCIWHY KPisb
OpoauXu. YHOUL mpoamMxu 3aKpuTi, i aaa gu-
XaHHA POCIVHYU BUKOPUCTOBYIOTH O,, yTBOPEHU
y mporeci oTocrHTE3y 1 HAKOMUYEHUN y MiK-
KJIITUHHUKAX.
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Tema 3. O6MiH peyoBUH

Haaxoa»KeHHA NOXXKMBHUX pevyoBUH

[0 opraHi3my rpnbis

WKusnenns rpubiB 34ifiCHIOETHCS IIJISIXOM YCMOK-
TyBaHHS BOAY i PO3UMHEHUX Yy Hill OpraHiuHuX i Heop-
TaHIYHUX PEYOBUH yCi€i0 moBepxHer wMinesiro. Ilasa
TOTO 11100 BOJA 3 PO3UMHEHUMH B Hill IIOKUBHUMU pe-
YOBMHAMM HAAXOAmWJA i3 cybcrpary (Hampukjaam I'PyH-
Ty) y Mimesiii, rpubu CTBOPIOIOTH Y KJITHHAX BUCO-
KU OCMOTHUYHUHA THUCK, HACTITKOM AKOTO € YTBOPEHHS
Typropy (mau. 32.2).

Taxuii cmoci® KMBJIEHHS 3MYIINye Tijio rpuba
MMOBHICTIO 3aHypIOBaTuCA B cybcTpar. PoaranyskeHuii
Mimesnifi momomarae rpuby OXOMUTU MAaKCUMAaJbHY
ILJIOIY AJISI BUJIYYEHHS MOKUBHUX peuoBuH. [Ipu 1b0-
My rpub He MOKe MaTHh BeJuKi pos3mipu, TOMy IO
HaIXOJKEeHHA II0KUBHUX PEUYOBUH y TJIMOMHY Tijia
BUKJNKAE TPYIHOIIII.

Ak mxepesna eHeprii rpubu BUKOPHUCTOBYIOTh
CKJIanHi opraHiuHi peuoBmHHu. AJie, IK BaM Bigomo,
BeJIMKi OiomosriMepu He MOKYTh IPOHUKATU B KJIITUHY
Kpiss ii memOpany. Tomy rpubu BumiisgoTh ¥ HABKO-
JUIITHE cepenoBuilie (epMeHTU, AKi PYHHYIOTH BHUCO-
KOMOJICKYJIAPHI ITOJIiMepu A0 MOHOMEPiB, IO IIOTiM
HaAXOAATh y KJITUHY.

BigmosigHO, rpubu pPoO3BUBAIOTHCI Ha I'PYHTAX,
OaraTtux Ha opramiumi peuoBmuum. Hacrto rpubu BuU-
KOPHUCTOBYIOTh fAK JKHBUJIbHE CEPemoBUINE iHII op-
ramisMm a0o ixHi 3anuinky (mapasuTwuHi ¥ mBijeBi
rpubu, rompodaru, TpyTroBuKwm). IHOAI rpmbm BCTy-
HaloTh Y B3aEMOBUTIMHI XapdoBi B3a€MOBITHOCHHU
3 pocaumHamu (Maja. 32.3).

[a3006MiH y rpunbis

AK i gaa iHmmx aepoOHUX OPraHisMiB, AJs Tpu-
0iB xXapaKTepHO KUCHeBe NUXaHH:A, IO 3abesmeuye
BUJIydyeHHA eHeprii 3 iski. Ilpu mpomy neaki rpudu,
HaATPpUKJIAL [OPiKAKI, MOKYTH OOXOAUTUCA MAJIOIO
KiJIBKiCTIO KUCHIO.

T'azo00MiH BifOyBaeThCsa KPish YCIO IIOBEPXHIO Mi-
mnesito. IlepedyBatouu B I'pyHTi, Milesiit morpebye 1mo-
CTiTHOTO TPUTOKY IOBITPA, TOMY TPUOHUILA 3aJITa€
Heramboko, y 6—12 cm Big moBepxHi I'pyHTY.

0 Kniouosa iges

MornnMHaHHA NOXUBHUX PEYOBUH POCANHAMM 1 rprbamm
notpebye eHeprii. POCIVHN NornvHaloTb MiHepanbHi pe-
YOBVHM 1 BoZdy KOpeHAMM. [a3006MiH BinbyBaeTbca au-
by3HO Kpi3b Npoanxu, COYEBUYKN i KOPEHEBI BOMOCKM.
[pnbu BCMOKTYIOTb i3 cybcTpaTy rasu, Bogy, OpraHiyHi
I HEOPraHiYHi PeYOBUHN MOBEPXHEI MiLenito.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

CroBnyacTta
napeHxima

ly6uacTta
napeHxima

MiXXKRITUHHNUA
npocTip
Man. 32.1. Cxema razoob6miHy Kpi3b npoguxu

Mpoawnx

Man. 32.2. Benmknin TypropHuin TUCK ycepeanHi rpu-
6iB [40O3BOMSE 1M MPOPOCTATU HaBiTb KPi3b acdansro-
Be MOKpUTTA

Man. 32.3. Mikopur3a # nUwWanHUK — NpUKIaan
B3a€EMOAIT rpubiB i POCNIMH 3 METOl B3aEMHOrO Mo-
NiNWeHHA XNBNEHHA

i nepetsoperHa eHeprii  Jp 33y S

03aHI/ITaHHF| Ta 3aBJaHHA

1. Ak npoTArom Ao6M 3MiHIOTbCA IHTEHCUB-
HIiCTb | XapakTep razoobmiHy y pocnun? 2. Lo
BiiOYBa€eTbCA 3 MiHepanbHUM XMBNEHHAM POC-
JIMH y BUMafKax: a) BUCKXaHHSA I'PyHTY; 6) 3aTon-
JIEHHA IPYHTY; B) 3acONeHOCTi rpyHTY? Bignosigb
NMOACHITb. 3. Buxoasum 3 ocobnnBOCTEN KUBJEH-
HA rpubiB MOACHITb, YoMy rpuby He JocAraloTb
CKNMagHoI opraHisauii, AK BULi POCIVHW N TBapu-
HW. 4. K B3aeMOfiloTb rpnb i pocsiviHa y Mikopu3si
Ta B CKNagi MMWanHuky?
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Tema 3. OOMIH peUYOBWH | NepeTBOPeHHA eHeprii

§ 33. Tunn reTtepoTpoPHOro >KUBNEHHA

0 [omipkynTe

Ynm pi3HATbCA XMBNEHHA NUCULi, JOLOBOro
yeps'AKka Ta migii?

Q 3raganTe

« TeTepoTpodu
« MapasnTtn, cMMBiOHTK, canpoTpodu

OCHOBHI cnocobu reTepoTpopHOro
XKUBNEHHA

SK BU BiKe 3HaEeTe, reTepoTpodHi OpraHis-
MU He 3JJaTHiI CMHTe3yBaTU OpTaHiuHI PeUYOBUHU
3 HEOPTaHIUHUX NMIJIAXOM (POTO- a00 XeMOCUHTE-
3y. Im HeoOxigmi roromi opramiumi pevoBuwHH,
BUPOOJIEHI iHITMMM opraHisaMaMu; BOHU OTPHU-
MYIOTBH 1X 3 IXKelo.

Criocobu reTepoTPO(PHOrO KUBJICHHS MOIi-
JAI0TH Ha KiJIbKa TUIIIB:

+ 3aJIE’KHO BiJ] JiKepeja IOKUBHUX pPEUO-
BUH — Ha 20Jl1030liHe, canpompogHe, cumbio-
mpogHe, napasumuyHne;

+ BaJIe’KHO Bi MeXaHiI3My NOTJIMHAHHSA
ki — Ha ¢azompogHe Ta ocmompogdHe.

[0N10301MHe 1BNeHHS

Tomo30iiHe SKUBJIEHHA — JKUBJIEHHS, IIO
CKJIAJAETLCA 3 eTaliB IOTJIMHAHHA 1:Ki, 11 mepe-
TPaBJIIOBAHHS, BCMOKTYBaHHS, aCUMLIAIII I BU-
IileHHA HellepeTpaBJIeHUX 3aJUINKiB. I'osrosoii-
HUUW TUI JKUBJEHHA XapaKTEePHUIN OJA TBApUH.

HowoBsunin yepB'sik — peTputodar

lieHa — Hekpododar

BinbHOiICHYIOUI r0JI030MHI OpranisMu MaioTh TPaB-
HY cucteMy. TBapuH, IO KUBJIATHCSI T'OJO30M-
HUM CIIOCO00M, MOJKHA MOMLIATYA HA M ACOITHUX,
poCIMHOIZHUX i BceigHUX.

CanpoTpodHe XKNBNEHHSA

CamporpodHe :KUBJIEHHA — TUI KUBJIEH-
Hf, 3a SAKOTO OPTaHi3M KUBUTHCA MEPTBUMU
opraniuHuMu perntkamu. CamporpodHi opra-
HiBMU BUIINIAIOTE (epMEHTH Ha MepTBuUili abo
OpraHiuHMU MaTepiaj, IO PO3KJIALAETHCH.
IleperpaBienusa BigOyBaeTbcs II03a OpPraHis-
moM. IIponyKTu mepeTpaBiieHHA BCMOKTYIOTHCS
M acUMIiJIIOIOTHCS OpPraHi3MOM.

Io campoTrpodiB HalexKaTh 0akTepil rHUTTA,
GaraTo rpubiB, HesdKi UYJEHMCTOHOrI, a TAKOMK
campodiTu (mapasuTUUYHI KBiTKOBI pocCJaMHUI
i meaki Bogopocti). Ilo vacTKOBUX campoTpodin
HaJeKaThb 0araTo XM:KakiB i BceigHMX TBapuH.
Cepen camporpodiB BUALIATL AerpuTodaris,
HeKkpodaris, Kompodaris (maua. 33.1).

Herpurodaru — TBapuHU ¥ O6akKTepii, AKi
JKUBJIATHCA AeTPUTOM. [[eTPUT € CYKyIHiCTIO
IpidHuX (Bif KiJIBKOX MiKpoMeTpiB A0 KiJbKOX
CAaHTUMETPiB) YACTUHOK — B3aJUIIKIB POCJIUH-
HUX ab0 TBapUMHHUX OpraHismiB abo ix Bumi-
JeHb. [leTpuT MiCTUTBCA Y TPYHTAX, CYCIEH3iAX
abo0 MJOHHUX Bigkiaamax Bomoiim. Bomui merpuro-
¢aru 6epyTh yuacTb y 0ioJIOTiUHOMY OUMIIIEHHI
BOJ (HaOpPUKJIAZL, OJBOCTYJIKOBI MOJIIOCKHU), a Ti,
0 MEMIKAITh y I'PYHTi,— Yy I'DYHTOYTBODPEHHI
(r'pyHTOBi OakTepii, JOIIOBUI UepB’dK).

Hexpodaru — opraniamm, 1mio KUBIATHCA
nmoMepJguMu TBapuHamu. Hekpodaramu € 6araro

T3 g

il e,

..- L
Lo _*

KyKk-rHonoBuK — konpodar

Man. 33.1. Canpotpodu
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Tema 3. O6MiH peyoBH | nepeTsopeHHs eHeprii )3y ) SN

XonepHuii BibpioH

TpunaHocoma
B KPOB'AHOMY pychi

MoButnLA

MeyviHkoBMIA CUCYH

Man. 33.2. OpraHizmu-napasuTu

KoMaxX (3KYKH-MepTBOIIM, IIKipoigu, JUUMHKU
IBOKPUJINX); AeAKi mraxu (rpudu, cunu, Mmapa-
0y, KpyK ToIo) Ta ccaBii (rieau). Hexkpodaru
BifirpamoTh B3HAYHY pOJIb Yy HIPUPOSHUX €KO-
cucTeMax, poOJIAYM BHECOK Yy PO3KJIAM PEIITOK
MEepPTBUX TBapUH.

Kompodaru — 1e TBapuHmM, 10 KUBJIATH-
ca eKcKpeMeHTaMu. IIpencTaBHUKAMU € KYyKU-
THOMOBUKHU, AesdKi TBOKPUJI Ta iXHI JUUMHKH,
meaki kiimt ta inmi. Kompodaru mprcKopiooTh
PO3KJIa[ OPTaHiYHMX PEIITOK Ta MHiABUIYIOTH
POJIOYiCTh I'DYHTY.

Bepyuu yuacts y wmiHepasisarmii opramiu-
HUX CHOJYK, CAIPOTPO(dU € BaKJIMBOIO JIAHKOIO
B Kpyroobiry peuoBuH i emeprii. BaraTo campoda-
TiB BiirparTh MO3UTUBHY POJIb «CaHiTapiB Mic-
meBocTi». OgHAK JedaKi 3 HUX, HAIIPUKJIaA MyXH,
TepeHoCcATh 30YIHUKIB XBOPOO 3 €KCKPEMEHTIB
Ha XapuoBi IPOAYKTU, CHPUAIOYU IIONIMPEHHIO
3aXBOPIOBaHb — naudeHTepii, yepeBHOTO TUDY,
reJbMiHTO3iB. XpebeTHi campodaru (30Kpema,
CBUHI), IOiatoun TPynu, COPUAIOTDh MUPKYJIAIIT
TPUXiHEIbO3Y, JIEITOCIiPO3y, TOKCOILJIa3MO3y Ta
iHIMUX 3aXBOPIOBAHb.

CrmbioTpodHe XKNBNEHHA

CumbioTpodHe KMBJIEHHA — TUI KUBJIEH-
HS, XapaKTePHUH AJII CUMOiOTUYHNX OPraHi3MiB,

0 Kniovosa iges

3anexHo Bif AXKepena MOXMBHUX PEYOBMH Cro-
cobu reTepoTpodHOro KMBJIEHHS MOAINATb Ha
rosio301iHe, canpoTpodHe, cumbioTpodHe 1 na-
pPa3snTMYHE; 3aneXHo Bif MeXaHi3My NOrIMHAHHA
Xi — Ha ¢aroTpodpHe Ta ocMOTpOdHe.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

3a AKOTO OAUWH OPTaHi3M JKMBUTHCA BigXogamu
iHmoro, He 3aBmaiouym TOMYy IMIKoauw. Hampu-
KJIam, HiTpu@ikyioui 6axTepii, I10 KUBYTh Ha
0000BUX pOCJMHAX, IocTaudaioTh iM Hirpores.
Y KuIlleUHWKY CCaBIliB KUBYTh OakTepii, aAKi
IOIIOMAaraloTh PO3IIEIJIIBATA IOKWBHI pedo-
BUHU, HAIPUKJIAL KUIIKOBa maauuka E. coli.

[Mapa3nTnyHe XnBeHHA

ITapasuTuuHe :KWUBJIEHHS — TUI KUBJEH-
HdA, 3a AKOTO OpPraHisM OTpUMYE€ OpraHiuHi pe-
YOBMHU BiJl opraHisMy xassiHa, 3aBIa0uUu oMYy
icrorHOi mKogu. Tak KUBIATHCA MesdKi HAHIIPO-
crimti (ManapifiHMi ILTasdMofmiil, Ou3eHTepiiHA
ameba), 6akTepil (Fudrepilina maJanyKa, XoJep-
HUM BiOpioH, cradisiokokm), BUIIi pocauHu (Io-
BUTHUIA €BPOIIEicbKa, BOBUOK), TBAPUHU (CHUCY-
HUY, CTBOYKKOBI uepBu, ackapugu) (mana. 33.2).

Cnocobu nornMHaHHA iXKi

3a cmocoboM MHOTJIHMHAHHSA 131 rereporpo-
¢diB mominAroTh, Ha (darorpodiB Ta 0CMOTPO-
diB. ParoTpou 3aKOBTYIOTh TBEPAi MIMaTKU
ixxi; mo Hux HajJexxaTb TBapunu. Ocmorpodu
MOTJINHAIOTH OPTaHiYHI PEeYOBMHU 3 PO3UYUHIB
OesmocepeqHLO Uepeld KJIITHHHI CTiHKH; Iie
rpubu, rpubomonidbHi opraHisMm i GinbIIicThb
bakTepiii.

3anuTaHHA Ta 3aBAaHHSA

1. AKi TMN XUBMEHHSA | CNOCIO MOrAMHAHHA K Xa-
pPaKTEPHi ANA XVIXKNX TBapUH? ONA KOMaxOigHWX pocC-
nuH? ana rpubis? 2. AKWIA TN >KUBMEHHA MpUTaMaH-
HUIA NOAWHI? YUY BUKOPUCTOBYEMO MU CMMOIOTpOdHE
XapuyBaHHA?

/1
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Tema 3. OOMIH peUYOBWH | NepeTBOPeHHA eHeprii

§ 34. BHYTpIiWHbOK/ITUHHE TPaBNIeHHSA

0 [omipkynTe

BcepenuvHi KNiTMH Hemae TpaBHOI CUCTEMM.
AK KNiTMHa Nepepobnsie PevoBUHY,
AKi BOHa mornvHyna?

Q 3raganTe

e TpaBneHHsA o TpaBHi depmeHTU

o EHpounTOo3 o Jlizocomun

Cnocobu TpaBneHHA

TpaBaenns — Ipoliec, 3a AKOro BimOyBa-
€ThCs TepeTpaBJIOBAaHHA iKi Ta i1 3acCBOEHHSA
KJIiTuHaMu. ¥ pe3yabTaTi XapyoBi MIPOAYKTH me-
PETBOPIOIOTHCS Ha KOMIIOHEHTH, IT030aBJIeHi BU-
IoBol crenu(ivHOCTI ¥ MpuUAATHI 10 3aCBOEHHHA.

IcHyroTh pisHi cmocoO0u TpaBIEeHHA:

* BHYMPIWHbOKAIMUKHHKHe — TOYKUBHI pe-
YOBMHU HAIXOIATH yCEPeIUHY KJIITHHU i po3-
MIeIII0I0ThCA (hepMeHTaMu 1i IuTOmIasMu abo
Jisocom;

s no3axaimunne (NOPOICHUHHe T 308HiUL-
He) — BimOyBaeTbCA y MO3AKJIITUHHOMY CepeIoBI-
1l 3aBAAKU (pepMeHTaM, AKi BUAIIAIOTEH KJIITUHU;

s npucminkKoge —BiTOYBAETHCSA HA CTPYKTY-
pax KJiTuHHOI MeMOpaHWH.

BHYTPIWHbOKNITMHHE TPaBNeHHA

BryTpimiHbOKJIiTMHHE TpaBJIeHHA — TUII
TPaBJIEHHA, 3a SAKOTO NOYKWBHI PEUOBUHU PO3-
HIEeTIIOIOThCA (PepMeHTaMU B KJITHMHaX opra-
"Hismy. IIpu 11boMy KJIiTHHA aKTUBHO 3aXOILIIOE
MOKVBHI PEUOBUMHU 3 HABKOJIUIIIHLOTO CEPENo-
BUIA IIJIAXOM €HJOIUTO3Y.

BHyTpinmTHBOKIiTHHHE TPaBJIEHHSI HAWAAaBHIi-
e 3 eBOJIIOIiTHOI TouKu 30py. BoHO BilacTuBe
BCiM ONHOKJITMHHUM i JeAKUM HPUMITUBHUM
0araTOKJITHHHMM opraHismam (ryoxam i 1ioc-
KM uepBam). SIK JomaTKOBUII MeXaHi3M TpasB-
JIEHHS, BOHO TPAILIAETHCA y TOJIKOIIKipUX, ne-
AKUX KiJTbYacTUX YepBiB i 6araTbox MOJIIOCKIB.
Y Bummx TBapuwH i JIOAWHU BHYTPiNIHBOKJIi-
TUHHE TPABJIEHHA BUKOHYE 3aXUCHI (PyHKI[I —
Moro 3MiHCHIOIOTH JEUKOIUTY KPOBi 1 TKAHWHHI
makpodaru mig yac garomurosy (man. 34.1).

/2

Man. 34.1. Makpodoar 3axonoe 6akTepito

Ponb nizocom
Y BHYTPIWWHbOKNITUHHOMY TPaBNeHHi

BHYTPINTHBOKJIITUHHE TpaBJIeHHA BinOyBa-
€TBCA y CHEIiaJIbHUX OpraHejgax — TPaBHUX
BaKyoJIfgX, SIKi MOMKYTh iCHyBaTH IIOCTiiiHO a0o
yTBOpIOBaTHCA IiJ yac (haronurToly YU IIiHOIU-
To3y (Mas. 34.2). ¥V meperpaBiieHHi 13Ki 6epyThb
yuacTth Jiidocomu. Ili opramesm MicTATH TOHAZX
30 rigposiTnyHUX (PEePMEHTIB, 1110 PO3IIEIIIOITh
0iIKM, HYKJIeIHOBI KMCJIOTH, BYTJIEBOAU ¥ JIiIIigu.
Jlizocomm, 110 BiOPYHBKOBYIOTBCS Bif] amapary
Tonpmxi, MicTATH 1Ii (pepMEHTN B HEAKTHUBHOMY
crani. Taki opranesu Ha3WBAIOTh NMEPBUHHUMH
JIi30coMaMu.

%
@
32
I

TpaBHa Bakyona —— . (3
o 1% . MepBuHHa

®OarouynTtos

| ‘ﬁ nisocoma
e
B
BTopuHHa nisocoma e
Ek3ouunTto3
3a/IMLLKOBOIO
TinbyA

Man. 34.2. Cxema BHYTPILUHbOKAITUHHOIO TPaBfieHHA
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Tema 3. O6miH peyosuH i nepeTopeHHs eHeprii  Jp3p 3y S

u‘ﬂ Y6ikBiTUH
Binok, wo mae 6yTn
3pyNHOBaHMUM

.l

binok 3 npuegHaHnm
y6iKBITVHOM

MpoTeocoma

&,

S
"
.
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-
e
-
L1
L
* .
binok notpannsae ®OparmeHTn 6Ginka
[0 MpoTeocoMU (nentngnm)

Man. 34.3. Cxema poboTM NpoTeocomm

Kosium mnepBuHHiI JisocoMu 3JIMBAOTHCA
3 TpaBHUMU ((ParonuTO3HUMHU) BaKyOJIIMU, TiJI-
poJsiTuuHi (hepMeHTU aKTUBYIOThCA. Taki Jriso-
COMU, IO YTBOPIOIOTHCA B PE3YJbTATi 3JUTTA
MEePBUHHUX JIi30COM 3 TPABHUMU BaKyOJAMU
i MicTATh aKTUBHI (hpepMeHTU, HAa3WBAIOTH BTO-
PUHHUMH JIi30COMaMuU.

IIix giero rigposiTuuHMX (QEPMEHTIB JIi30-
coM OiostoriuHi moJimMepu PO3ILEIIIIOTHCA IO
MOHOMEPiB, AKi HAAXOOATh y IIUTOILIA3MY.

Ilicna meperpaBiIeHHA JridocomMa cTae 3a-
JMIIKOBUM TiJIbIleM 3 HelepeTpaBJIeHUMHU 3a-
JUIIKaMHU 1K1 i pepmMeHTaMM. SaJIUMIKOBI Tilb-
A BUAANAIOTHCA 3 KJITUHUW MiJ] Yac B3JUTTH
TPaBHOI BaKyoJIi i3 30BHINIHLOIO MeMOpaHOIO.

Ponb npoteocom
Y BHYTPILWHbOKNITUHHOMY TPaBfIE€HHI

VY kiaiTuHax eykapioTiB, apxeil Ta HedKUX
O6akTepiit y rigposisi 6inkiB 6epyTh yuacThb Ta-
KOK IIPOTE0COMM — BeJIUKi 0iTKOBI KOMILIEKCH,
10 CKJIaJAIOThCSA 3 BEJUKOr0 YHMCJIa IIPOTeas.
IIporeasu — 1e depMeHTHU, IO PYHHYIOTH OiJI-
Ku. IIporeocomMmu mepeTpaBiiOOTh OiIKM, AKi
CTAIOTh HENOTPiOHMMH! KJIITHHI Iicad BUKO-
HaHHS CBOIX (PYHKIIili, a TaKOXK MOIIKOIMKeHi
1 HempaBUJBHO 3ropHYTi Oinkm (man. 34.3).
Ho Toro x, mpoTeasy BUNAJAIOTH OiJIKM BipyciB
1 HAOIUMIKOBI (hepMeHTH.

Ho 6inkiB, mo mignAramoTh pyHHYBaHHIO,
MPUKPINIIOTHCA MOJIEKYJIU CIIeIiaJbHOTO 0iJI-

0 KnioyoBa iges

BHYTPILUHbOKNITUHHNA TN TPaBNEHHA € €BOJIIO-
LiNnHO HarpaBHIWUM. [OXMBHI PEYOBUHU aKTMB-
HO 3aXOMJIIOI0TbCA 3 HABKOMNLLIHBOIO CepefoBuLLa
LLIAXOM €HAOLMTO3Y 1 PO3LLENnIonTbCA BCepean-
Hi KNiTHW. Y nepeTpaBrieHHi i 6epyTb yyacTb
depmeHTM nisocom i npoteocomn. Moxnuee Ta-
KOX MepeTpaBfieHHA BNACHUX CTPYKTYP KAiTUHK
y npotecax aytodaroumTosy i aBTORI3y.

Ka yOiKBiTMHY, AKHII PO3Ii3HAETHCS MPOTEO-
COMOIO.

IIporeasu mporeocomM poO3PMBAIOTH IIEIITU/-
Hi 3B’SIBKM y MOJIeKyJax OinKiB (3HiiCHIOIOTH
IPOTe0JIi3). ¥ pe3yabTaTi yTBOPIOITHCA KOPOTKI
MeNTUAN 3aBIOBKKU (—8 aMiHOKMCJIOT.

AyTtodarountos i aBToni3

depMeHTHU JIiB0COM MOXKYTh IepeTpaBJIIoBa-
TH He TiJIbKM PEeYOBUHWU, IO HAMIHINJIN 330BHI,
a W CTPYKTYpPHU KJIITWHU, 3AiliCHIOIOUN ayToda-
TOIIMTO3 i aBTOJIi3.

Ayrogaronuros — poasIlelieHHA B Ji30-
coMax BJACHUX MaTepiasiB KJIiTMHU: 3amac-
HUX PEeYOBUH, MAKPOMOJIEKY.JI abo opranei, aKi
BTPATUJN (PYHKIiOHAIBHY aKTHUBHiCcTH. AyTO-
daronuTo3 BUKOPUCTOBYETHCA KJITUHOIO IJIs
BHUINEHHS HEeIOTPiOHUX CTPYKTYP, HAIPUKJIAT
miJg vyac 3aMiHM cTapux oprames HOBUMH, abo
IJIs TlepeTpaBJieHHsA OLJIKiB Ta iHIINX PEeYoBUH,
YTBOPEHUX yCepearnHiI caMol KJIiTHHU.

ABTOIi3 — caMomepeTpaBIeHHA KJIITUH IIic-
JIsI pyHHYBaHHA MeMOpaH JIi30COM, CIIPUUYNHEHO-
ro IIaToJIOTiYHMMY 3MiHaMu abo crapiHHaM. AB-
TOJIi3 HNPU3BOAUTEL OO 3aruberni Kjaitumau. IHOI;i
el mpoliec He € MATOJOTIiUYHUM, a CYIPOBOIKYE
PO3BUTOK oprauiamy abo audepeHIliloBaHHA
crerfiaysisoBanux wKJaitwH. Hampuxiazn, mig dac
IIepeTBOPeHHA IIYyroJIoBKa Ha Kaly Jisocomu,
110 MiCTUJINCS B KJIITUHAX XBOCTA, IIEPETPABJIIO-
IOTh HOT0: XBiCT 3HMKA€E, a YTBOPEHI PeUOBUHU
BCMOKTYIOThCS i BUKOPUCTOBYIOTHCA iHIIUMMU
KJIiTHMHaAMM TiJja.

3annTaHHA Ta 3aBJaHHA

1. AK BHYTPIWHbOKAITMHHE TPaBNEHHA BUKOHYE
3axucHy yHKUilo y niognHn? 2. Yum po3spisHATbCA
NepBUHHI 1 BTOPWHHI Nlizocomun? 3. Yomy HapnvLLIKOBI
bepmeHTV B KNiTWHI pyliHyloTbcA? 4. flka ponb ni3ocom
B embpioreHesi nognHn?
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§ 35. lNo3akNiTNHHE i 30BHILUHE TPaBNeHHA

o [No3akniTMHHe TpaBneHHA
[NomipkywnTe .
ITosaksiTuHHE TpaBJIeHHA XapaKTePU3YETHCA TUM, IO
MnaHapii YacTo nontoloTb Ha APIGHMX TpaBHI (DEPMEHTU CEKPETYIOThCA y 30BHIIIIHE cepeloBUIlle,

paukKiB, Xo4 BOHM i He MaloTb 3y6iB,
Wo6 po3rpu3Th IXHIN XiTMHOBUN
naHuup. Ik BOHN MOXYTb OTPUMY-
BaTU NMOXKNBHI PEYOBMHM i3CcepefnHu
naHuMpa CBOEI epTBu?

mepeTpaBJeHHA IXKi BigOyBaeThCA I03a KJIiTUHOIO, YTBOPEHi
PEUYOBWHU IIOTIM YCMOKTYIOTHCA B KJITUHY.

TakuM UYMHOM OpraHidaMu II€ePeTPaBJIOIOTH BeJUKi
OpraHiuHi MOJIEKYJIN, AKi He MOKYTb IIPOHUKHYTU OesItoce-
pPenHBO Kpi3h KJITMHHY MeMOpany. Biosoriuni makpomo-
JeKyJIU PYHHYIOTHCA A0 HEBEJIMKUX CIOJNYK, AKi i 3acBO-

é 3rapaiite I0I0ThCA ICJIi.TI/IHOIO. ' '

ITozakaiTuraHe TpaBJIeHHSA MOJKe BimOyBaTucs 30BHi

e OcmoTpodHe XMBEHHA opraHiamy (308HiuiHE TpaBJeHHs) ab0 B TPAaBHUX MOPOIK-
 YKuBneHHa pocavH HUHAaX Tija (nOpoMHUHHe TPaBJIEHH).

Mo3aKkniTMHHe TpaBneHHA y 6aKTepil i apxen

MikpooprauismMu morJMHAOTh 3Ky 1 BUAIIAIOTH IIPO-
IYKTH OOMiHY Bci€lo ImOBepxHEI0 KJIiTmHH. AJe MOKHUBHI
PEYOBUHU MOKYTH HAAXONUTHU B KJIITUHY TiJIBKU B PO3YU-
HEHOMY BUTJIAl, TOMY POSIIEIJIEHHA HEPO3UMHHUX CKJIA-
HUX OPTraHiYHWX CHOJYK Ha OiabIn mpocTi BigOyBaeThcs
30BHi. TpaBHi (hepMEHTU CEKPETYIOTHCA KJIITUHAMU MiKpPO-
OpraHiamiB B 30BHIiIIIHE cepemoBuUile ab0 3aKPiIlIIOIOTHCS
Ha 30BHIITHIA MeMmOpaHi yMm Ha KJIITMHHINA cTiHmi. Takum
YMHOM, IIepeTpaBJeHHsa i2Ki BimOyBaeThesA mMo3a KJIiTHHOIO.
YTBOpeHi MOHOMEpPU BCMOKTYIOThCA Yepe3 KJIITUHHY MeMO-
paHy.

[Mo3aKniTMHHe TpaBNEHHA Y XVXUX rpnbis

Icuye 6smsbro 200 BumiB xmkmx rpudiB. Bouu ytBO-
PIOIOTH 3 HUTOK MIiIleJIit0 cIemiaJbHi JIOBUi cucTeMu, IO
HaraJyioTh pubaJbCcbKi cHAcCTi 3 0esiuuio rauykis, KJIeHKi
Mepeski abo Kinmbig-sammopru. Ilicasa saxomaenusa 3g00mdi
rijpu rpuba TPOPOCTaAIOTh Uepes IMOKPUBU KEePTBU 1 BUIi-
JSAI0Th TpaBHi (pepmenTu. IloTim crenianbHi acuminamiimi
BeHepnHa MyXonoBKa rij)u BCMOKTYIOTH i 3aCBOIOIOTH IIEPETPABJIEHI PEUOBUHU.

Man. 35.1. Xuxi pocnvHmn .

[Mo3akniTuHHe TPaBJIEHHA Y XXX POCTTNH

Icaye 6ausbko 630 BumiB KomaxoimHux pocauH. Ile
ImepeBasKHO OaraTopiuHi TpaB’sSHUCTI POCJUHU, ajie cepen
HUX TAKOK TPAIIAIOTHCA HaliBUaTapHUKM 1 HeBeJIMKIi ya-
rapHUKHU. 3a3BUuaili BOHU JKUBJIATHCA, IK 1 BCi pocauHu,
MOTJIMHAIOUYM PEYOBUHU 3 IPYHTY Ta (poToCcUHTE3yI0UuM. AJje
faraTto 3 HUX POCTYTh Ha 0oJioTaxX — Ha I'PyHTaX, yKpau
0iZHMX Ha MOKWBHI eseMeHTH. TOMYy BOHU BUKOPUCTOBY-
I0Th v 13Ky nApiOHMX TBapwH (IepeBaKHO KoMax) AK I0-
maTkoBe mxepeso Hitporeny, Kaiito, @ochopy Ta iHmmx
Man. 35.2. Xmxa nuumHKa Xyka-nnasyHuA eJIeMEeHTiB.
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KomaxoigHi pocimHU 3aCTOCOBYIOTH PisHi
MPUMAaHKY, TPUBAOJIIOIOTH KOoMax 3abapBJeH-
HAM, COJOAKMMM BUIIJIEHHAMH a00 3amaxoM.
BoHu J0BIATH 3M00MY 3a JOMOMOTOI0 JUIKUX
BUIiJIEHb 1 JIOBUMX amapariB (BUAO3MiHHUX
JUCTKiB) — CXJIOOYBAJbHUX JHNCTKiB, JIOBUMX
raeunkiB (maa. 35.1). ¥V macTKy BUIAIIAIOTHCS
epmMeHTH, AKi IIEPETPABIIIOIOTH CIIiiIMaHy KepT-
BY. YTBOPEHi IPOAYKTHU TPABJIEHHA, IePEBAKHO
aMiHOKWMCJIOTH, BCMOKTYIOTHCA 1 3aCBOIOIOTHCH.

30BHILLHE TPaBNEHHA Y YN€HUCTOHOT X

Oco0nuBuil BUL KUBJIEHHA — 30BHIIIIHE
TpaBJIeHHS — XapaKTepHe AJd AeIKuX ApioHuX
IpeaCcTaBHUKIB TBapUH: IMaBYKiB, XMMKUX JIUUYM-
HOK KYKiB, 0a0ok i myx. Ili xmikaku croyaTky
BIIOPCKYIOTh Y Tijio 3700mMui TpaBHi (epmeHTH,
AKi pO3M’AKINYIOTH TBEPAi TKAaHWHU, a IOTIM
YCMOKTYIOTh YaCTKOBO IIepeTpaBJIeHy I:KY.

Man. 35.3. lNoyaTok npouecy 30BHILIHbOIO
TpaBNeHHA MaByKa-ocu

Hampukaan, xuika JIUYMHKA JKyKa-Ija-
BYHIIA, CXOIIMBIIU CBOIO KE€PTBY IIeJiellaMu,
BIOPCKY€E B Hel TpaBHY pifuHy, SKa mapajisye
3mobouu (maJi. 35.2). HacTynHa mopifis TpaBHOIO

[lizHanTeca binbuie COKY IIOYMHAE IIepeTPaBJIIOBATHU IIapajli3oBaHy
0 "KEePTBY, PoO3pimkye 1ii, micasa Yoro JUYMHKA
BCMOKTY€E 13Ky uepes TJIOTKY.

ITaByKu Tak KOHCEPBYIOTH CBOiX JKepTB Ha

Y peAknx BUMAIB MOPCbKMX 3ipoK dopmyeTbCA
06'eMHMIN LWWNYHOK, 3JaTHUN BUBepTaTUCA 4Yepes
poT. 3ipka 06BONiKae WNyHKOM 3406KY, AKY He

MOXe MPOKOBTHYTM (HanpuKNag, MyLIIO MOMIOC- naByTtuHi. IlifimaBmu 3700uy, naByK BOuBae ii
Ka), i TaKUM YMHOM 3[iNCHIOE 30BHILUHE TpPaBJiEeH- orpyToro. OTpyiiHi 32,1031 MaByKiB PO3TAIIOBaHi
HA. MopcbKa 3ipka Patiria miniata po3cTtense cBii B xeJinmepax. Bounu oroueni m’szamu, mim yac
LNYHOK MO [iHY i NepeTpaB/Iioe OpraHiuHi peyoBMUHMY, CKOPOYEHHA AKHNX OTPYTA BIOPCKYETHCA depes
IO 3HaXOAUTD. OTBip Ha KiHIIi MasdypyBaToro WieHnKa XeJilep.

Ha mHeBeslmKuX KoMax oTpyTa IaBYKiB mie Mmaii-
sKe mutTeBo. IlifimaBinu i yOowBIIHM 370014, IIa-
BYK pospmBae Ii xesinmepamMu i BOOpcKkye B Hel
TpaBHi coku (MaJy. 35.3). Uepes meBHUil yac ma-
BYK BUCMOKTYE YTBOPEHUH MOKUBHUI DPO3UYUH.
ITpucrocyBaHHsAM NTaBYKiB /Jisi XapyyBaHHS
pimkoro ixKero € QiabTPpyHOUMU amapaT POTOBOI
TMOPOKHUHY 1 TJIOTKHU, IOTYKHUN CMOKTAJIbHUN
HITYHOK.

BraskaroTh, 110 MMO3aKUINKOBE TpPaBJIEHHS
€BOJIIOIITHO BUPOOUJIOCA Y YIEHUCTOHOTUX IJIs
TOT0, MI00 MOMOJIATU TBEPAUI XiTHHOBUII NAH-
IUp i yac XapuyBaHHA OJHUX YJIEHUCTOHOTUX
iHmuMu. BigcyTHiCTh MOTYKHUX IIIeJIell 3MY-
CHJIO MaBYKiB mepedTH A0 PO3UMHEHHS TKAHUH

u Kniouosa ies JKePTBU 1 XapuyBaHHA PilKOIO0 1:Kelo.
[o3akniTMHHe TpaBfieHHA BUKOPUCTOBYETHCA 3anunTaHHA Ta 3aBAaHHA
MavKe BCiMa >KMBUMW OpraHiaMamy Ana nepe-
TPaBNIEHHA BENVKMX OPraHiyHMX MONeKys, AKi He 1. Yomy 6akTepii BUKOPUCTOBYIOTb MO3aKNiTUHHE
MOXYTb MPOHUKHYTN 6e3nocepefHbo Kpi3b K- TpaBneHHA? 2. Yum BiOpi3HAETbCA XKUBNEHHA XVMKUX
TUHHY MeMbpaHy. TpaBHi GepmMeHTU ceKpeTyTbCA rpubiB i XwKux pocnuH? 3. 3a AKUX NPUYUH MaBYKM
y 30BHILLHE CepefoBLLe; YyTBOPEHI PEYOBMHU NO- BMKOPWCTOBYIOTb 30BHIWIHE TpaBneHHA? 4. Yomy yKyc
TiM YCMOKTYIOTbCA B KNITUHY. naByka Moxe OyTu He6e3neyHum Ans N[UHK?
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§ 36. [NlopoXHUHHE Ta NPUCTIHKOBE TPaBJIEHHA

0 [omipkynTe

AKLWO TBapuHM ByLyTb NMepeTpaBoBaTh Ky,
TiNbKW BUAINAIOUYN TPaBHI GpepMeHTU B MOPOXKHM-
HY KUWLLEeYHWUKa, TO BUTPATV Ha iX cuHTe3 byayTb
JyXe 3HauHumK, 60 bepmMeHTM ByayTb MOCTINHO
B/BOAWTNCA 3 OPraHiamy 3 pelutkamm ixi. K TBa-
PUHAM MOXHa 3eKOHOMUTK CBOI depmMeHTN?

Q 3raganTe

» TpaBHa cucrtema » TpaBHi dpepmeHTM
e [lacCMBHMIN Ta aKTUBHWI TPAHCMOPT PEYOBUH

yepes membpaHy

[NopOXHMHHE TpaBneHHA

IloposkHMHHE TpaBJ€eHHA — THUII IT03aKJIi-
TUHHOTO TPaBJIEHHS, 3a IKOTO IIOKUBHI PEUOBU-
HU POBIIEIIIOIThCA (hepMEeHTaMU B TOPOYKHU-
HaX TPaBHOTO TpakTy. IlopokHUHHE TpaBJIeHHS
3abesmneuye TiApPOJi3 BEJUMKHX XapPUYOBUX MOJe-
KyJ [0 oJiiro- Ta MoHoMmepiB. Takuii Tun Tpas-
JeHHSA XapaKTepHUU AJaA 06araTOKJITUHHUX
OpraHi3MiB — KpPyIJIuX i KijgpyacTux YepBis,
MOJIIOCKiB, UJIEHMCTOHOTUX i XOPAOBUX.

Opranu TpaBJIeHHA CKJIAJAIOThCA 3 TPABHOTO
KaHaJay i TpaBHUX 3ayio3. TpaBHUI KaHAJ yTBO-
PIOIOTH POTOBA IIOPOKHUHA, CTPABOXi, IJIYHOK,
KUIIeUHUK. KUITeUHUK JIOAUHY TiJIUThCA Ha TOH-
Kuii i ToBeTuii. CauHHI 3ay103u, 3a7I03U IILIYHKA
U KUINeUHWKA, MiJIMIYHKOBA 3aJI03a BUIIJIAIOTH

Cknagku
3 BOPCMHKaMu1

ToHKa KuLKa

e

=
—
B ll
Sl

MikpoBOpCMHKM

\ r‘_‘:-_‘.-'
Ve
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Man. 36.1. CTpyKTypa CTiIHOK TOHKOrO KMLIEYHUKa

b

Kpuntn

TpaBHi coku. TpaBHi coku MicTATb hepmenTH (Tifg-
poJiasu), SKi 3mMifICHIOIOTH TiAPOJi3 ImoJriMepiB —
0isnKiB, CKJIAIHUX BYTJIEBOJiB, sKUpPiB. IloposkHIH-
He TpaBJIEHHS 3aBepIIyEThCS YTBOPEHHAM HeBe-
JUKUX MOJIEKYJ — JAucaxXxapupiiB, AUMNEINTHUIIB,
JKUPHUX KUCJIOT, MOHOIJIIIIEPULIiB.

MpucTiHKOBE TPaBNeHHA

IIpucrinkoBe TpaBiieHHA Bi0yBaeThCA Ha Be-
JUYE3HiN ITOBEPXHi TOHKOTO KUIINEUHUKA, YTBO-
PeHOI CKJIagKaMM, BOPCUMHKAMU 1 MiKPOBOPCHUH-
KaMHi CJan30BOI 000JI0HKM. BoHO 3paificHIOETHCA
3aBAAKHU TiAPOJiTUYHUM (pepMeHTaM, AKi BOYIO-
BaHi B MeMOpaHu KJITUH KUIITKOBOTO eIiTeIito —
eHTepouTiB. PepMeHTH-TiApoIasu 3AiNCHIOITH
OCTATOUYHUH TifPOJi3 MOKUBHUX peuoBmH. Iasi
BiIOYyBAETHCA BCMOKTYBaHHSA — TPAHCIIOPT MOJIe-
KyJ uepe3 eHTEepOIUT y KPoB abo Jimdy.

Byp,osa BOPCMHOK TOHKOIO KULWLEYHWKa

BHyTpinrHA mOBEPpXHSA TOHKOI KHUIIKH MAae
XapaKTepHUH peabed 3aBIAKU HAABHOCTI CKJIa-
0K, BOPCUHOK i KpunT (mas. 36.1). Ili cTpyk-
Typu 30iJBITYIOTh 3araJIbHY IIOBEPXHIO TOHKOTO
Kumieunuka B 600 pasiB, 1o cupuse 3mificHeH-
HIO (DYHKIIil TpaBJeHHA.

Ha cximagkax CTIHOK TOHKOIO KHIIIEUHHKA
€ BUNMHAHHS CJAN30BOI OOOJIOHKM — BOPCHH-
Ku. Bucora BopcuHOK craHoBuTh 0,5—1,5 mm.
Ha 1 wmm2? ciamsoBoi O00OJOHKH pPO3TAIIOBA-
HO O0au3bko 30—40 TaKMX BOPCHUHOK. ¥ IIeH-
TPpi BOPCHUHKMN ITPOXOAUTHL JiM(paTHUHUHA Kalri-

BeHa
Aprtepia
T JlimdpatnuHa
cyaviHa
M’azoBa
niacTnHka
CNN30BOI

Mincnuzosuin
wap

Man. 36.2. bygosa BOpCcUHKM
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TpaBHi depMeHTH ntoanHN

Tun dbepmenTin IIpuxaagu

IIporeosiTuuni pep- Ilemcun, Tpuncux

MeHTHU (IpoTeasu)

o- i B-aminasza,
B-ramaxkTosugasa

Awminoxituuni dep-
MeHTHu (amMisasu)

Jlimasa mIyHKOBOTO COKY,
Jinasa ImiAImIyHKOBOI 3aJ10-
31, Jinasa KUIITKOBOTO COKY

JlimosiTuuHi dep-
MeHTH (JIimasm)

aap (man. 36.2). Y KOKHY BOPCHUHKY BXOIUTH
mo 1-2 aprepionu, sAKi posmamamThCcA Ha Ka-
minapu. 3 KamiMIspiB KpoB 30uMpaeThcsa y Be-
HYJy, SKa IPOXOJUTh Y3IOBXK OCi BOPCUHKU.

bygoBa MiKpOBOPCUMHOK TOHKOIO
KMLweYyHnKa

OcHOBHY Macy eIiTejdiaJdbHUX KJIiTHH,
AKi BKPWBAIOTh BOPCUHKY, CTAHOBJATL €H-
TeponuTH. EHTEPONUTH NOKPUTI MIKPOBOP-
cuHkamMu, y cepemsubomy g0 1700-3000 1aTyx
Ha KJiTuHy. Bucora KOMXHOI MiKpPOBODPCUH-
Ku — Oamsbko 1 mxm. Ha 1 mm? emireriio
TOHKOTO KHIIIeUHHKA PO3TAIIOBAHO OJU3BKO
50-200 MaH TaKMX MiKPOBOPCHUHOK. 3aBmsd-
KM IM IIOBepPXHA IPUCTIHKOBOTO TpaBJIeHHA
i BcMoOKTyBaHHA 30imbmyerbcss B 30—40 pasis.

Y wmemOpaHu MiKPOBOPCHHOK YyOymoBaHi
(epmeHTH, AKi 6€PYTHh YUACTH Y POIIIEIJIEHHI Ta
TPAHCIIOPTi PEUYOBUH, II0 BCMOKTYIOTHCS (MaJIb-
Taza, iHBepTasa, JlaKkTasa, Tperajgasa, JY'KHa
docharaza, MOHOTIIINlepUAIinasa, IEeNTHUAAZU
To1rio). Ili pepMeHTH CHUHTE3YIOTHCA BCEPEeIUHI
€HTEepPOIIUTIiB i BOYZOBYIOTECSA B iXHIO MeMOpany
AK iHTerpasbHi 6inKH.

IIporiecu, 110 Big0yBaOThHCA Ha MiKPOBOPCHUH-
KaxX, OTpUMAaJI Ha3By NMPHUCTIHKOBOTO (MeMOpaH-
HOTr0) TpaBjJeHHd. BoHu Oynu Bmeplie omucaHi
ykpaincekum yuerum O. M. Yromesum 1958 poxry.

0 Kniouosa iges

MMOpOXHWHHE TpaBNeHHA 3AINCHIETbCA depMeH-
TaMu B MOPOXHMHAX TPABHOrO KaHany. Takui Tun
TPaBNEHHA XapaKTepHWi Ana 6araToKMITUHHUX
TBapuH. MNpucTiHKoBe TpaBneHHs BifOyBa€eTbCcA Ha
MNOBEPXHi MIKPOBOPCUHOK TOHKOMO KULLeYHMKa. KiH-
LeBi NPOAYKTU TPaB/ieHHA TPaHCMOPTYIOTbCA BCe-
PeAVHY eHTepOLNTIB, 3BifKM NEPEHOCATLCA B KPOB
(amiHokmcnoTy, Byrnesoau) abo nimdy (kupn).

o po3uien- IIpogykTn
e cunaTEe3y10THCS LD PONYK

JIIOIOTh rigporisy
IInyHOK, migMIyHKOBA Binku AwmiHokuc-
3aJ103a JIOTH
Caungi 3amosu, nignuayu- | ITomicaxa- Ouiro-
KOBa 3aJI03a, CIN30Ba pugu i moHOCa-
000JI0OHKA KUIIIeUHNKA Xapugu
IInyHOK, mMigMIIyHKOBA Hetirpansui | ['mimepost
3aJ103a, CJIM30Ba 000JIOHKA | JKUPU i skupHi
KUIIIEUHUKA KHCJIOTU

BCMOKTYBaHHSA peUYOBUH Y TOHKOMY
KULIEYHUKY

KinmeBi mpoaykTu TpaBJeHHSA TPAHCIIOP-
TYIOThCS BCEPEINHY €HTEepOIlUTa, 3BiAKU Iepe-
HOCATBHCSI B KpPOB (aMiHOKHCJIOTH, BYTJIEBOJIN)
abo gimdy (sxkupu). IlepeHecenHsa pevyoBUH Bix-
OyBaeThCA IMJIAXOM ITACUBHOTO U aKTHUBHOTO
TPAHCIIOPTY.

AGcopbIriss Bogu BigOyBaeThCsA IIACHUBHO 34
IOIoMorowo ocmocy. Bararo ifomis (Ca?", K,
Mg?*, Zn?", Cu?') BCMOKTYIOTbCS IILJIAXOM IIPO-
cToi abo moJermieHoi audysii. BcMoxkTyBaHHA
ouis Na' BigOyBaeThCs IIJIAXOM aKTHBHOIO
TpaHCOOPTy 3 BUTpaToio eHeprii ATd.

BceMmokTyBaHHS OisbIoCcTi OpraHiuHMX pPedo-
BUH Bi/I0OyBaeThCA 3aBAAKYN aKTUBHOMY 3aKauyBaH-
HIO uepe3 MeMOpaHy eHTepoluTa (CHeliaJbHUMHI
nepeHocHUKamu 3 BukopuctanaaMm AT®) i mHacry-
HUM TAacCWBHUM TPAHCIOPTYBAaHHAM y KPOB abo
adimpy. Tax, HATIPUKIAL, 3MIMCHIOETHCA BCMOKTY-
BaHHS aMiHOKICJIOT, IVIFOKO3U # TaJIaKTO3U.

TpancnopTyBaHHA KUPIB B3AilMiCHIOETHCA
Y BUIVIAAI TUIiNEPOJSy U KUPHUX Kucjaor. [uri-
IepoJ HAIXOOUTh YCEePeNUuHY eHTEePOIMTIB Ia-
CUBHO, KUPHiI KHCJIOTH TPAHCIOPTYIOTHCA 3a
YYacTIO JKOBUHUX KUCJIOT. ¥YCEepeauHi eHTepo-
IUTiB BiZOyBaeThCSA PECHHTE3 TPUTJIIEPUIiB.
I3 TpursinmepuniB, xojsiectepoJy, ocdorimiais
i r100yIiHiB YTBOPIOIOTHCA XiJOMIKPOHU — JKU-
POBi YacTHMHKU, YKJIaAEeHi B JIIIOIPOTEiHOBY 000-
aoHKY. IIli1AX0oM MacuBHOTO TPAHCHOPTY BOHU
MOTPAILJIAIOTE y JiM(MaTUYHI CyIuHMN.

3annTaHHA Ta 3aBAaHHA

1. Lo B nopanbwomy BigbyBaeTbca 3 ninigamu, Aki
Haginwnu go nimén? 2. Lo B nopanbLomy BigdyBa€eThb-
CA 3 aMiHOKUCNIOTaMK, K Haginwnm o Kposi?
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§ 37. TpaBneHHA B TOBCTOMY KULLUEYHUKY

0 [omipkynTe

3BiKM B TOBCTOMY KULUEUHUKY JIOLUH
3'ABNATbCA GaKTepii?

é 3raganTe

* BitamiHum » bpogiHHA

o TOBCTUN KMLIEYHUK o AneHaunKc

TpaBHi npouecn B TOBCTOMY
KULEYHNKY

Y TOBCTOMY KUIIIEUHUKY B3aBEPIIYIOTHCA
OpPOIleCH TPAaBJEHHA IIiJi i€l IIiAIIIYHKOBO-
ro, KHIIKOBOT'O COKiB, BifOyBaeThbCs YaCTKOBE
POSIIeIlJIeHHsT XapyoOBUX BOJIOKOH (pepMeHTaMu’
KHUIITKOBUX MiKpooprauiamiB. 3aj03u CJIM30BOI
O00OJIOHKHM TOBCTOI KUINKHN BUOIIAIOTH HebAraTo
TPABHOTO COKY, SIKMI MiCTHUTBL CJIU3 i HEBEJIUKY
KiJgbKicTh (hepMeHTiB. ¥ mpolecax mepeTpaBJieH-
HA T3Ki TOBCTUII KUIEUHUWK Bifirpae He3HaAUHY
POJIb, OCKiNMBbKM iKa MaliKe IIOBHICTIO IIEpeTpaB-
JIIOETHCS 1 BECMOKTYETHCA B TOHKOMY KUIIIEUHUKY.

Y ToBCTOMY KUIIIEUHUKY BigOyBaeThcs
BCMOKTYBAaHHS BOJAW, y HEBEJIUWKHUX KiJIbKOC-
TAX — COJIel, IJIIOKO3H1, BiTaMiHiB, aMiHOKICJIOT,
YaCcTKOBE BCMOKTYBaHHsI OiLIKiB.

Mikpoopraniamu, AKi KMUBYTh y TOBCTii
KUIIIi, CHHTe3YIOTh (hepMeHTH, NeAKi BiTamiHm
Ta (isiosOrivHO aKTUBHI PEYOBUHMU.

h

_4 L-

2o

Ponb cnmbioTMUYHMX MiKpOOpraHi3mis

3HauHa POJb y IIpPoOIlecaxX TpPAaBJIEHHA Ha-
JEeKUTh MiKpoopraHismaM — OakTepisaM, IIIo
JKUBYTH y TOBCTOMY KUIIeYHuUKY (main. 37.1).
Ho 90 % is HuUX cTaHOBIATH OidimobarTepii,
igmii BuUAM mpeAcTaBJeHi JaKToOaKTepiaMu,
CTPENTOKOKAMHU, KUIITKOBOIO MaJUYKOI0 TOIIO.

depmeHTH O0aKTEPill POIIIEILIIIOIOTH BOJIOK-
Ha KJIITKOBUHU (I[€JI0JI03Y) A0 OIITOBOI KIICJIO-
TU, TJIIOKO3U Ta iHmuX nponaykriB. Tomy poib
OaKTepili 0co0JIMBO BaKJMBa B TPaBJEHHI Tpa-
BOIHUX TBapuWH, JOBKWHA TOBCTOTO KWUIIEY-
HUKa B AKWUX 3HAUHO OijbIlla, HiK y XUEKHUX
(main. 37.2).

MikpoopraHismu 30poAKyIOTh BYTJIEBOIU 10
KHUCJIUX MPOAYKTIB (MOJIOUHOI Ta OITOBOI KUC-
gotu). KucioTu TpurHiuyoTh POSMHOKEHHS
XBOPOOOTBOPHUX i THUJIbHUX OaKTepiii.

Ilix miero rHMIBHUX OaKTepilli y TOBCTOMY
KUIIeYHUKY PYUHYIOTHCS HEBCMOKTAHI MTPOIYK-
TH TIepeTpaBJieHHs OijJKa.

MikpoopranisMu TOBCTOTO KUIIIEUHUKA CUH-
Tea3yioTh Biramin K, Bitaminmu rpynu B (B, —
riamin, B, — pubodrnasin, B, — maHTOTeHOBY
Kucaory, B, — HikoruHOBY Kmcaory, By — mi-
pupokcut, B, — (domiesy Kucmory), amiHOKHUC-
JOoTH, OiJIKM Ta iHIIi PeYOBWHMU.

diziogoriuHO AaKTUBHI PeUYOBUHU, AKi IPO-
IVKYIOThCA KUIIKOBMMU MiKpoopraHizmamwu,
BIJINBAOTh HA TOHYC KHUIMKOBOI CTiHKU, Tix-
CUJIIOIOTH CEKPEIlil0 TPABHOTO COKY, CIPUSIOTH
TMOCUJEHHIO TPOIEeCciB yCMOKTYBaHHS BOIWU,
aminokucsaor, #oniB Kauabiito, Pepymy, Bi-
raminy D.

KopucHi MiKkpoopraHnisMu IpUTHiYyIOTh pPicT
i POBMHOKEHHSI MaTOTeHHUX MiKpOoOiB.

HerartmBHa posib MiKpPOOPraHidamMiB KuIed-
HUKa IIOJIATAaE B TOMY, IO BOHHM YTBOPIOIOTH
€HIOTOKCUHU, CIPUYNHAIOTH OPONiHHA i THUJIb-
Hi mpoIiecw 3 YTBOPEHHSAM OTPYHHUX PEUOBUH
(immorn, ckartos, (PeHOJ) i B MEBHUX BUMATKAX
MOXKYTb CTATH IPUUYNHOIO 3aXBOPIOBAHB.

[lizHanTeca binblwe

&
o Y KULWEYHWKY NIOANHN MeLKAE 6513bko 500 pi3Ho-
NakTobakTepii BidinobakTepii MaHITHVX BUAiB MIKPOOpPraHi3mMiB. 3arasbHa KinbKicTb
) 6aKTepiil CTaHOBUTb 6NN3bKO 50 TPUJIbNOHIB.
Man. 37.1. MonoyHoKuchni 6akTepii
78 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Tema 3. O6MiH peyoBUH

CrpaBoxig

Crpasoxig — y v .
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KHuxKa /.____ _ inyHok
CNUYT e ™ Sy
AneHanKc
AneHAMKc\
- — AneHpuKc
(=) AHyc/
AHyc ——
— ARyc
\ —
HexyiiHi pocnuHoigHi XyiHi pochmnHoigHi XvKakn

Man. 37.2. bygoBa TpaBHOI CUCTEMUN 3aNI€XKHO Bif TUNY iXi

[lizHanTeca binbLue

PocnvHHa >ka nepeTpaBnioeETbCA 3HAUHO BaXKue, HixX
TBapvHHa. ToMy B POCAVHOIAHUX TBAapWH TPaBHUN
TPAKT MOMITHO [AOBLUE, HiX Yy M'ACOIAHMX, @ TaKOX
MaE€ crneujianisoBaHi Bigginv gnAa nepeTpaBieHHA poc-
NINHHVX BONOKOH depmMeHTamMn GaKTepin. Y XKYMHUX
TBapPWH MpoLiec po3KnagaHHA Hki 3a 4ONOMOoroto 6ak-
Tepi NOYMHAETbCA Lie Yy MepLin Kamepi LIyHKa
(py6ui). MoTim >ka BiAPUryeTbCA | NEepPexXOoBYETbCA,
nicnA Yoro NPOXOANTb Yepes iHLWi TPU Kamepu LUTyH-
Ka i pyKe OOBIMA KULEYHUK. Y TPU3YHIB i Hemap-
HOKOMMUTHUX OCHOBHA YacCTWHa MpoLecy TPaBfieHH:A
3[iNCHIOETBCA Y CIIMIN KULWLL, ie TaKOX XNBYTb CUM-
6i0TNYHI GaKTepil, AKi JonomMaratoTb NepeTpPaBIoBaTH
KNiTKOBUHY.

MoHATTA Npo NpobioTnKKM i NpebioTrKN

KumikoBi mikpooprauismu HeoOXimui gasa
HOPMAaJbHOTO (PYHKITIOHYBaHHS TPaBHOI CUC-
TeMHU i TiATPUMAaHHA KUTTEBOTO TOHYCY opra-
Hi3My. 3a IeBHUX YMOB, HAIPUKJA 38 YMOBU
HeIIpaBUJIBLHOTO XapuyBaHHs abo Hicjsd JOBro-
TPUBAJIOTO JIIKYBaHHS aHTHOIOTUKAMM, MiKpO-
dJopa KulleyHuKa IpuUrHiuyerbca. Pos3suBa-
€ThbCsA XBOPOOJIMBUM cTaH — Au3baxkTepios.

0 Kniouosa iges

Y TOBCTOMY KULLEYHUKY 3aBEpLUYOTbCA Mpouecu
TPaBNEHHA i BCMOKTYBaHHA peyoBMH. Benuke 3Ha-
YEHHA MA€E AiANbHICTb MIKPOOpPraHi3miB, AKi CUH-
Te3ytoTb $i3ioNoriyHo akTUBHI peyoBUHN. MpurHi-
YEeHHA MIKpPOOpPraHi3MiB KuleyHKa Npu3BOAUTb
[0 XBOpobnMBOro ctaHy — pAmsbakrtepiosy. Big-
HOBUTU MOPYLUEHWI 6aNaHC MOXHA BXKUBAHHAM
npe6ioTnkis abo NpobioTuUKiB.

BigHoBuTH mopyIenuii 6aJaHc MOKHA IBO-
Ma cmocobaMu — ByKMBAHHAM IIpebioTukiB abdo
MIPO0iOTHUKIB.

IIpeGioTMKU — I1e PEUOBUHMU, IT[0 CIIPUAIOTH
pocCTy ¥ PO3MHOKEHHIO KopucHuX 6akTtepiii. Ile
MOJKYTh OyTHM HUBBKOMOJIEKYJIAPHI BYTJEeBOAUN
(maxTysosa, padginosa), po3UMHHI Xap4uoBi BO-
JokHa (iHyJiH, HeKTuH, IIOJIiJeKcTpo3a), poc-
JUHHI eKCTPAKTU ¥ aHTHUOKCUAAHTH (BiTamMinu
A, B, C). PeyoBuHU-IPe6iOTUKY MiCTATHCA 1€~
PeBa’kKHO B MOJIOYHMX i POCIMHHUX MPOAYKTAX
(KYKYpPYA3AHUX MJIACTiBIAX, KpylIax, xJibi,
nubyJi, yacHuUKy, (acoJui, ropoci, 6amanax rta
iHmux (GppyKTax, oBoyax i Tpamax).

IIpo6GioTuku — 1e BuAM i°Ki abo JiKapchKi
npemaparu, I0 MiCTATH JKUBi MiKpoopraHisMu.
OcHOBHMMU TpPOOIOTMKAMU € JaKTo- i 0idimo-
OakTepii, AKi € CKJIAZOBUMU KHUCJIOMOJOUHUX
npoayKTiB. Ilo mpomyKTiB-mpoOioTuUKiB HaJe-
KaTh cMeTaHa, Horypr, Kedip, aipaH, KyMuc,
KBallleHa KamycTa Ta iHImi. ¥ pasi TAKKOIo
I130aKTepPiody BIKUBATU TiJIbKU KHCJIOMOJOYHI
IPOAYKTH HEAOCTATHHO, a JJIS BiTHOBJIEHHS Mi-
Kpodiopu HeoOXiZHO ByKMBATHU JIIKApCbKi IIpe-
mapaTu 3 Ipo0ioTHKAMU.

i nepetsoperHa eHeprii  Jp 33y S

03aI’H/ITaHHﬂ Ta 3aBAaHHA

1. Yomy nig yac OOBroTpuBanoro NpPUMOMy aHTu-
6iOTUKIB MOXYTb MoYaTMCA MiKO3u — rpuOKOBI 3a-
XBOPIOBaHHA? fIK UboMmy 3anobirtn? 2. AKi nikapcbki
npenapaTn-npobioTUKM BM MOXeTe nobaunt B anTe-
kax? 3. fIki NpoAyKT! MaloTb BXOAMTW A0 [AIiE€TH, LWO
CNPUSAE XUTTERIANBHOCTI KNWKOBOI Mikpodropun? 4. fke
XapuyBaHHA MOXe MpPUrHiYyBaTK AiANbHICTL GaKTepil
y TOBCTOMY KULLEYHUKY?
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§ 38. OepmeHTIN. Perynauia metaboniuHnx wnaxis

0 [omipkynTe

JlocnTb YacTo NPUKPINIEHHA HEBENNKOI MONeKy-
nm po GepMeHTy Ha [OCTaTHbO BENUKIN BiacTaHi
Bifj NOr0 aKTMBHOIO LIEHTPY CYTTEBO 3MIHIOE OrO
aKTUBHICTb. Ha YoMy rpyHTYeTbCA Le AsuLie?

Q 3raganTe

» Katanis o OepmeHTH

o MeTtabonism

MeTaboniuHi wnaxm

Y wiaiTmHax moCTifiHO BimOyBaeTbcs 6es-
Jiu OioximMiuHMX peakIiii, 1o 3a0e3IIeUYyIOTh
oomin peuvoBmH. Ili peakiii yTBOpIOIOTH IIeBHi
HOCJiTOBHOCTI, B AKUX HPOAYKTHU OSHUX pPeak-
i cramoTh cybcrparamu aaA HacTrynHux. Cy-
KYIIHICTh IIOCaimoBHMX OioxiMiuHMX peakrIrii,
3aBIAKU SKUM BiOyBa€ThCA CHUHTE3 CKJIATHUX
CIIOJIYK 3 IIPOCTIllImX a00 po3maj CIIOJNYK 10 KiH-
IeBUX IPOAYKTiB, HA3UBAETHCA MeTa0OJIUHUM
muasaxom. Merabosiuni mIIsgXy BCiX pedyoBHUH
noB’sA3aHi MiK c000I0, YTBOPIOIOUU €IUHY Me-
pe:xky OioxiMiuHMX peakIiiii B opramismi.

QepMeHTaTUBHUI KaTani3

depMeHTATUBHUI KaTaji3 — Ile IPUCKO-
peHHA 0i0XiMiUYHMX peakIliii 3a y4yacTio (pepMeH-
TiB. Bigmosigzo, depmenTn — 1e OGiosoriumi

KaTajisaTopu, 10 IIPHUCKOPIOIOTH XiMiuHi peak-
mii B KMBUX opraHismax. PeareHTu B peakirii,
0 KaTaisyeThcsaA (pepMEeHTaMU, HA3UBAIOTHCH

Cybctpat

AKTUBHUIA LEHTP

DMepMmeHT-cybCTpaTHUN

DepmeHT KOMrieKc

Man. 38.1. CneundiyHe 3B'A3yBaHHA CybCTpaTy 3yMOBNEHe

NPOCTOPOBOI GYAOBOI 1 XiMIYHOIO CMOPIAHEHICTIO aKTWB-
HOro LeHTpy depmeHTy

80

cybcmpamamu, a OTPUMYBaHI PEUOBUHU — NPO-
Jdykmamu.

depmenTu 3a3BUUail € OLIKOBUMU MaKpoO-
MoJieKyJiaMu. BoHU creriuiuHo 3B’ A3yIOTh Cy0-
CTpaTHu peakIlii B ocoOJMBiNl miIAHIII — AKTUB-
HoMy 1ieHTpi (Mas. 38.1). IIpu mbomy cybeTpaTu
OPi€HTYIOTHCA TAK, IO HAOYBAIOTH ONITHUMAJILHO-
ro IIOJIOKEeHHs I mepebiry peaxiiii. Exmepris
aKTUBAIIii, IIT0 HeoOXigHa s mepebiry peakirii,
OpU IIbOMY 3HIKYEThC (Maj. 38.2).

3arajbHe PiBHAHHA peakIlii 3a yuacTio qep-
MEHTY Ma€ BUTJIAMI:

D+ C—>PC —> D+ 1II,
ne ® — Qepmenr, C — cyberpar,
®C — depmenT-cy6oCTPATHUIN KOMILIEKC,
II — mpoxyxT peakrii

depMeHTHU € Oy:Ke eDEKTUBHUMU KaTajisa-
TOpaMu — IIBUAKICTH peakxIiiii 3a (pepMeHTaATUB-
HOTO Karanisy 30inbiryersesa B 10°—10'2 pasis.

®depMeHTH MAaOTh BUCOKY chenudivricTh
momo cyocrpariB. BoHu KarasisyioTh IepeTBO-
peHHSA TinbKM ofHiel abo HeKiIbKOX OJM3bKUX 3a
CTPYKTYpPOIo peuoBuH. CrenmudiyHicTs 3yMOBIEeHA
IIPOCTOPOBOIO i XiMiUHOIO CTPYKTYPOIO TiIAHKY aK-
THUBHOT'O IIEHTPY, 1110 3B’ s3ye cyocTpar (mas. 38.1).

KodepmeHTn

Kodepmentn (KodaxkTopu) — 1e HE3bKOMO-
JEeKYJIAPHI HeOIJIKOBI pPeuoBUHU, YYACTb AKUX
HeoOXimHa mia KataaiTuuHol aii pepmenti. Ko-
(hepMeHTY TPUEAHYIOTHCA [0 aKTUBHOTO IIEHTPY
(bepmenTy i 6epyTh ydacTb B YTBOPEHHi @ep-
MEeHT-CyOCTpaTHOro KoMILIeKcy. Kodepmenramu
e Biraminm, geaxi iomm (K', Mg?' i Mn?").

EHepria akTusauii
6e3 KkaTtasnizaTtopa

EHepria akTuBauii
3 KaTafizatopom

MouaTtkoBuUi

CTaH KiHueBMi cTaH

Xip peakuir

>
>

Man. 38.2. 3a ymoBU PpepMeHTaTUBHOTO KaTanidy 3HUXKY-
€TbCA eHepria akTuBauii peakuil
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Perynauia metaboniyHnx wnaxis

[IIBuakicTh pisHUX MeTaOOJMIUYHMX ILIAXiB
PeryJIoeTsCs, iHaKIne MeTaboJIisM y KJIITHHI Bifg-
OyBaBcs 0 HEy3rOJ»KeHO 1 He BiAmoBigaB Ou HasAB-
HuUM 1mmoTpedam oprauismy. Hafimpocrimuii criocio
peryasiii I'pyHTYeThCS Ha HOCTYIMHOCTI cyOcTpa-
Ty: 3MEHIIIeHHA KOHIIEHTPAIlii cyOcTpaTy 3HUKYE
IIBUAKICTD PeaKIliil, a 301IbIlIeHHS KOHIIEHTPAIlil
cy0bCcTpaTy CTUMYJIIOE€ METaOOJIuHUHA ITLIAX.

Ajle ocHOBHaA peryusailid 3ailCHIOETBCS
OIJIAXOM 3MiHM KOHIEHTpamii a0 aKTUBHOCTI
depmenriB. KoHmenTparia meBHOTO (PepMeHTY
B KJIITHHI PeryJiroeTbCcsa Ha eTarax TPaHCKPUIIITil
i TpaHcadAlii, y nporeci ¢opMyBaHHA i pyHHy-
BaHHA (epMeHTHOTO 0OijsiKa. AKTUBHICTE (ep-
MEHTY 3MIiHIOETHCA 3a PAXYHOK XiMiuHOI Momau-
(dikarii abo asocTepuuHOI peryssirii.

Perynauisa TpaHcKpunuii epmeHTiB

Vueni ®@. jKarkob i ;K. Mouo chopmyio-
Basu Teopito omepona (1961 p.), 110 HpomoHyE
IBa MexXaHisMm peryiasailii IIMBUIKOCTI TpaH-
ckpunii y mpokapioriB: indyxuyin i penpeciiw.
TpaHCKPUIIiA PEryI0eThCA OJOKYBaAaHHAM abo
BUBIJIBHEHHAM onepamopa — IIIAHKU, 3 AKOL
IMOYMHAETHCA TPAHCKPUIIIA CMPYKMYpHOzO
2eHa. B eykapioTiB peryuadamid yCKJIaIHIOETHCS
1 sasyuyae mJOTATKOBi peryJsaTOpPHI TiIAHKYU I'eHO-
My (eHxXaHCcepHU, CalJiIeHCEPHU), aJIbTEPHATUBHUN
CILTafiCUHT Ta iHIIII MexXaHi3Mu.

AnocTtepuyHa perynauifa akTUBHOCTI

depmeHTiB
AXTUBHICTL (DePMEHTIB PETryJTIETHCA CIIe-
IialbHUMM peYOBMHAMH — iHTriOGiTOpamu

(OpUTrHiIUYIOTH AKTUBHICTH) i aKTHBATOpPaAMH.
IIi peyoBUHU 3BOPOTHO 3B’A3YIOTHCA 3 PeEryJisi-
TOPHUM I[€HTPOM MOJEKyJau (PEPMEHTy, AKUM
OPOCTOPOBO BigmajleHU# BiJ, aKTUBHOTO I€HTPY.
3B’sA3yBaHHs 3MIiHIOE€ TPETUHHY CTPYKTYPY MO-
Jeryau (GepMeHTy i, BIAMIOBiAHO, CTPYKTYPY
AKTUBHOTO IEHTPY. ¥ pPe3yJabTaTi 3MiHIOETHCS

0 KnioyoBga igen
XiMmiuHi peakuii B XMBUX OpraHiamax MpUCKO-

ploTbca PpepMeHTamn — Ayxe ePpeKTUBHUMMN
i BUcokocneundiyHMMKM KaTanizatopammn 6inko-
BOI npupogwn. LUBnAKicTb pi3HMX MeTaboniuHux
LWNAXIB PErynioeTbCsA KOHLEHTpaLielo cybcTpaty,
LWBMAKICTIO CUHTe3y abo po3nagy GepmeHTiB, 3Mi-
HOI aKTMBHOCTI pepMeHTIB (anocTepryHa peryna-
Lin, ximiuHa mopwmdikauis).

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

PerynatopHuin Cy6CTpaT MpueaHaHHA
LieHTp |Hr|6|Topa

\ 3HUXKEHHS
<§) KaTaniTUYHOI
\ AKTUBHOCTI

AKTUBHUIA LEHTP
AKTUBHUIA dpepmeHT HeaktnBHuin pepmeHT

Peryn:TopHmM Cy6CTpaT MpvieaHaHHA
HeHTP / aKTVBaTOpa

MinBUWEHHA
Q} <) KatanituyHoi
AKTUBHOCTI

AKTI/IBHI/IVI LEeHTP

HeakTuBHuii ¢pepmeHT  AKTUBHUI pepmMeHT

Man. 38.3. MNpuHuMn anoctepunyHoi perynaui
AKTUBHOCTI pepmeHTy

MIBUJAKICTL peakIiii, mio karairisdyerbca. Taka
peryisdilia Mae Ha3By aJIOCTEPUUYHA PeryJiallis
(man. 38.3). AkTuBaTropamMu Ta iHridéiTopamu
MOJKYTh OyTH cyOcTpaTH i MPOAYKTH Ppeakriiii.

AJtocTepruHa perysidiia Mae gyskKe BaKJINBe
3HaueHHA. BoHa 3yMOBJIIOE HIBUAKY BiAIOBiIL
KJITUHM Ha YMOBH, IO 3MiHIOIOTHCA, & TAKOK
peryiasiiizo meTabosisaMy 3a HPUHIIUIIOM IIO3H-
TUBHOTO i HEraTMBHOI'O 3BOPOTHOTO 3B’A3KY.

XimiyHa mogndikauia ¢epmeHTis

Tamumit Tun perynanii aktuBHOCTI hepmeH-
TiB — ix ximiunma moaudikaiis, Hanpukaaz
dochopunoBanua (mpuegHanHsa QochaTHUX
rpym) abo TJiKo3wIoBaHHA (IPUETHAHHA BYT-
JIEBOAHUX BaJUINKiB). AKTUBHICTL (PepMeHTIB
TaKOK PETyJIIOETHCA MIJIAXOM O0OMEIKEHOTO IIPO-
TeoJisy (BumaseHHsa pparMeHTy mMojekysu). Ta-
KUM TLIAXOM (epMeHTU iHAKTUBYIOTHCA abo,
HaBMaKW, CTAIOTh aKTUBHUMU.

@ MpakTnyHa poboTa

Bugs4yeHHA akmueHocmi hepmeHmie cauHu

1. BukoHawnTte pocnig i3 B3aemofii pO3UMHIB CIVHMK
(depmeHTy aminasa) i Kpoxmasno 3a yMOBU:

a) pi3Hoi Temnepatypuy;

6) pi3Hoi KucnoTHocTi (pH) cepepoBuLa.

2. CdopmyntoliTe BUCHOBOK.

3annTaHHA Ta 3aBAaHHA

1. Wo € kopepmeHTOM remornobiHy? xnopodiny?
2. Aki dakTopy (30BHILHI, FEHETUYHI Ta iHLWI) MOXYTb
NopyLINTX NPaBUIIbHY pPerynauilo MetaboniyHoro wns-
xy? 3. Lo moxe cTaTnca, AKWO NOpyLWnNTLCA perynauis
NneBHOro MeTaboniyHoro wnsxy?
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§ 39. AHaepoOHi npouecn eHepreTU4HOro ooMiHy

0 [TomipkynTe

[nikonis ga€ KNiTUHI Habarato MeHLe MoseKysn
ATO, HiX, Hanpuknag, npouec okncHoro ¢oc-
dopunioBaHHA. Yomy Tofi MOro MPOJOBXKYOTb
AKTVMBHO BUKOPMWCTOBYBATW »KUBi OpraHiamm?

Q 3raganTe

« Katabonism e Ponb ATO

o CybcTpati Ta NPOAYKTU peakuii

Kataboniam i KNiTMHHe AnXaHHA

fAx Bam y:ke Bimomo, KaraboJuism (eHep-
reTUYHU OOMiH, AUCHUMIAAIA) — Ie Impoliec
posmajy CKJIASHMX PEeYOBMH Ha OiJBII IIPOCTi,
110 3a3BUYall mepedirae 3i 3BiIbHEeHHAM eHeprii.

o mporieciB kKaTaboaisMy HAJIEKUTDH KJIITHH-
He, a00 TKAHUHHE, TMXAHHA — CYKYIHICTH pe-
aKI[i#l 0ioJIOriYHOro OKMCHEHHS OpPraHiuHuX pe-
YOBUH, ¥ AKUX OPraHidMU OTPUMYIOTH €Hepriio,
HeoOXimHy mna xurrexianbHocTi. 1la eHepria
3amacaeTbecd B XiMiuHMX 3B’sA3KaxX MaKpoepriu-
HuX cunoayk (AT® ta iH.), AKi € yHiBepcaabHUM
IxepesoM eHepril masa OioximiuHmx mporiecis.

BuginamoTh 1Ba OCHOBHI THUIM KJITHHHOTO
IMXaHHsA: aHaepoOHe (Oe3KucHeBe) Ta aepobHe
(kucHeBe).

3a aHaepoOHOT0 AUXAaHHSA OKKUCHEHHS Op-
TaHiYHUX PEYOBUH 1 OoAep’KaHHA eHeprii Bifm-
OyBaeTbcsa 0e3 yuacTi KucHO. IIpu mpomy pos-
IIeIJIeHHS OPTaHiuYHUX PEUYOBUH € HEIOBHUM
i BuminAeTbcsa He3HaYHA KiJbKicTh eHeprii. [o
mporeciB aHaepoOHOTO MUXAaHHA HAJEXKATb 2Jli-
Koai3 1 pisHi BuAM 6pOodiHHA.

3a aepo0HOro TMXaHHA OKMCHEHHS OpraHiu-
HUX PEUOBHUH i oJlep:KaHHS eHeprii BimOyBaeThCcs
3a y4acTI KHUCHIO. PosIienyeHHs opramiuvHMX
PEeYOBUH € IOBHUM i BigOyBa€eTbCs 3 YTBOPEH-
HAM KiHneBux npoaykris okucuennsa H,0 i CO,.
Y pesyabTaTi aepoOHOTO AUXAHHSA BUMIIAETHLCSA
i samacaeTbca 6araTo eHeprii. 3aragbHa QopmMy-

Ja 0i0JIOTiUHOrO0 OKMCHEHHS MA€ BUIUIAL:
CeHmOs + 602 — GCO2 + 6H20 + Enepria
T'imiokosa Kwucensp Byrie- Bona

KUCJUN Tas

Eranu katabonizmy

I eran, migroroBumit

BigbyBaerscsa y TpaBHoMYy Kamaui. CKJaanHi opra-
HiUHi CIIOJIYKM PO3MagaloThCsA HA MPOCTi mix aieio
TpaBHUX (pepMeHTIB. Buginaersca TinibKu Temmosa
eHeprid.

II eram, Ge3kucHeBHii (TIiK0Ti3)

Bin6yBaeTbca y niuTomIadmi KiiTuHu 6€3 yuacTi Kuc-
HI0. MoJieKyJia IIII0K03Y POSIIEIJIIOETHCSA 3 YTBOPEH-
HAM 2 MOJIEKYJI IipOBUHOTPagHOI KucjaoTu. EHepria
BUKOPUCTOBYETHCS IJiA cuHTE3y 2 MoJsieKya ATD.

IIT eranm, kucHeBUi (aepo0HEe KIITUHHE TUXAHHS)
3OifiCHIOETECA Y MITOXOHAPisAX 32 y4ACTIO KMCHIO.
Y TBOPIOOTECA KiHIleBi TPOoAyKTH oKucHeHHA — H,0
iCO,. Y pesysbraTi pO3IIENICHHA 2 MOJIEKYJI I1iDOBH-
HOT'PAIHOI KUCJIOTHU CUHTE3YeTheA 36 moerkys ATD.

Mmikoni3

Taikomiz — 1me aHaepoOHMII IIpoIeC OKMC-
HeHHS TJII0OKO03U, AKUHN € OgHUM 3 m:Kepea ATD
o kiaituau. OKpiM IbOro, y IPOIIeci IIiKorisy
YTBOPIOIOTHCS CIOJNYKHU, IKi BUKOPUCTOBYIOTHCSA
B MOJAJIBIIINX TIPOIlecax KJITUHHOTO AUXaHHSI.

IIporiec raikosisy BigOyBaeThCsa y IMUTOILIA3-
Mi KJIiTHHY i ckIagaeTbesa 3 10 mocaizoBHUX 6io-
XiMiuHMX peakIii. ¥ pe3yabTaTi IUX peaxIriii
3 OJHiel MOJIEKYJIU TJIIOKO3U YTBOPIOIOTHCSA IBi
MOJIEKYJIU TipyBaTy (IIipOBUHOTPAIHOI KUCJIOTH).

IlinroToBUMii eTam TJIiK0Ji3y BimbyBaeThcs
3 BUTPATOIO0 eHeprii aBox moJsiekya AT®, a Ha
OCTAaHHBOMY eTalli CHHTEe3YIOThbCS YOTHUPU MOJe-
Kynu AT®D. Takum umHOM, €eHepreTUUHUI Oa-
JIaHC TJIiKOJIi3y cTaHOBUTH ABI moseKynau ATD
Ha OOHY MOJIeKYyJay riamokosu (mana. 39.1).

CymMmapHe piBHAHHSA TJIIKOJIi3Y:

C.H,,0, + 2Al® + 2 — 2C,H O, + 2AT®D.

I'iroxosa IlipyBar

V¥ mporeci raikoaisy cunres AT® BigOysa-
€ThCS MIJIAXO0M cyocTpaTHOro hochopuiroBaHHs,
3a AKoro sanuinok (ocharuoi kucaoru (H,PO,)
nepeHocutbcsa Ha AJ[P GesmocepemHbO Bim Bu-
COKOeHepreTuuyHux (pocPopuabOBaHUX CIIOJYK
(y manoMy BUIIAAKY ITPOMiKHUX IPOAYKTIB TJIi-
KoJigy). CybcTpaTHe (hochopmItoBaHHA TOPiBHS-
HO 3 oKucHUM (ochopunaoBanuam (auB. §40)
Iae He3HAUHY KiabKicTb moiexya ATO.
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Ane BesMKOIO IlepeBarol TJIiKOJi3y € Te,
110 JJiA HBOTO He TOoTPibeH KuceHb. Came ToMy
M’A3U JIIOAWHU MOMKYTBH IIPAIIOBATH HAaBiTH 3a
HecTaui KUCHIO IIiJ yac BeJUKUX (PiBSUUHUX HAa-
BaHTa)KeHb. HeoOXiHYy eHeprito BOHU OTPUMY-
I0Th 3aBAAKMU TJIIKOJi3y.

T'irikosis BUHUK ITle HA PaHHIX cTamidgX eBo-
JIOIil i ChOTOAHI € OZHMM 3 OCHOBHUX MeTa-
0OJiUHMX TPOIECiB y BCiX JKMBUX OPraHi3MiB.
B aepoOHUX opraHisMiB KiHIIeBi TPOAYKTH TJIi-
KOJi3y MmiAJdaraioTh IONAJBININM IIePETBOPEH-
HAM y OiloxiMiuHMX IIMKJIaxX, IO HaJeXKaTh IO
aepoOHOTr0 KJIITMHHOrO AUXaHHsS. B aHaepoOHUX
opramismiB mipyBar maji migigsrae OpPOgiHHIO.
A nisa nesxkux aHaepoOiB IUIIKOJII3 3a/IUIITAETHCA
€IVUHUM CIIOCOOOM OJep’KaHHSA eHeprii.

bpogiHHA

Bponinna — 1ie aHaepoOHUMII TIPOIlEC OKUC-
HEHHS BYIJIEBOJiB, AKUNA J03BOJIIE KJIITHHAM
OTPUMYBAaTH €Hepriro y BUriaami moaerya ATO.
Ilepirum etamom OpominHA € riaikosis. Ha nacrymn-
HOMY eTalli 3ajIe’KHO Bij Tumy OpOmiHHS 3 MpPO-
IYKTY TUIKOJIi3Y (IIipyBaTy) yTBOPIOIOTHCS CIIUPT,
MOJIOUHA 1 JIMMOHHA KHCJOTH a00 iHIIi CHOJIYKH.

BinbiricTs TumiB OPOSiHHSA 3AiMCHIOIOTH Mi-
Kpoopraxismu. 3ajie;XHO BiJ TOro, SKi peuoBUHHI
YTBOPIOIOTHCS, BUALIAIOTH JeKiJIbKa Pi3HOBUIIB
OpomiHHA.

ITix yac mosouHOKUCA020 OPOQiHHA (HaTpU-
KJIad, Yy MOJIOUHOKHUCIUX 0aKTepiii) YTBOPIOETH-
cA MOJIOUYHA KMCJIOTA:

C,H,,0, = 2CH,~-CHOH-COOH.

Cnupmose 6podinnsa (3OIACHIOETHCA IPiK-
mKaMU 1 JesgKuMH OaKTepisiMi) XapaKTepusy-
€ThCS YTBOPEHHAM MOJIEKYJ €TaHOJy i ByrJe-
KHCJIOTO Tasy:

C,H,,0, = 2C,H.OH + 2CO,.

2
0 Kniouosa iges

KnitTmHHe auxaHHA — CYKyMHiCTb peakuiin 6iono-
rYHOr0 OKWNCHEHHA OPraHiYHMX PEYOBUH, Y AKUX
OpraHiaMu OTPMMYIOTb eHeprito, HeobxigHy ana
KUTTERIANBHOCTI. OCHOBHMMM TUMaMKU KIITUHHOTO
JOVXaHHA € aHaepobHe (6e3kncHeBe) Ta aepobHe
(kncHeBe). [lo npoueciB aHaepobHOro AUXaHHA
Hanexatb 2/1ikoni3 i 6podiHHA. Tnikonis € ogHUM
3 OCHOBHUX MeTaboniyHMX NPOLECiB B YCiX »Wu-
BUX OpPraHiamiB. Y pe3ynbraTi rikonidy 3 ofHiel
MOJIEKYNN TJIIOKO3W YTBOPIOKOTbCA [ABi MONEKynu
nipysaty i ABi monekynu ATO.

Crapis
BUTPayYaHHA eHeprii
)

CH.O

6 12 6
[nioko3a

2 ATO ? 2 ALO
4 ADO # 4 ATO
+2HO

— >

2CH,0

3473
[Bi monekynu nipyBaty

Crapisa
BigAayi eHeprii

Man. 39.1. Cxema rnikonisy

3a oymosoxkucn0z0 0podiHHA (OIITOBOKUCII
baxTepii) IPOAYKTOM € OIITOBA KICJIOTA:

C,H,,0, + 20, - 2CH,COOH + 2CO,.

Bigomi Takoxk macasanokucae, JUMOHHOKUC-
Jle Ta iHini Buam OpPOmiHHSA.

Bpozninua mocimae Ham3sBUUYaliHO BaKJIUBE
Miclle cepes IPUPOTHUX IIPOIEeCiB. Y KUBil
Ipupoai came OpoAiHHA 3a0e3mnmeuye eHeprieio Ti
opraHiammu, AKi JKUBYTh y 0€3KMCHEBUX yMOBaX.

Bponinaa BimbyBaeThcsa i B opramiami Jro-
IVHU. 3a BEJIMKUX HABAaHTAKEHb Yy KJIITWHAX
3 IipyBaTy BHACJiJOK OPOMiHHS YTBOPIOETHCS
MOJIOYHA KMCJIOTa, HAKOIMUYEHHS AKOI IPU3BO-
IUTH 10 000 B M’sA3aX ITic/isg (DiBsMUHUX BIIPAB.

JltonvHa BUKOPUCTOBYE OPOMiHHSA I Oep-
JKaHHs 0araTboxX XapuyoBUX MpoayKTiB. Hampu-
KJIaJl, OTPUMAHHA KUCJIOMOJIOUHUX IIPOAYKTiB
(cmeranu, Kedipy, cupiB, HOTypTy), KBaAIlIeHUX
OBOUiB, CUJIOCYBaHHSA KOPMiB IOB’sI3aHO 3 [i-
AJNBHICTIO MOJIOUHOKUCAUX OaKTepili. CuupToBe
OpOMiHHA BUKOPUCTOBYEThCA IJsA BUIIIKAHHS
xJiiba.

3anuUTaHHA Ta 3aBJaHHA

1. Ake 3HaueHHA Mae€ rNikoni3 ANA OpraHiamy nio-
AvHn? 2. Yomy came rmikosii3, a He KMWCHeBe [MXaHHA,
€ YHiBepcanbHMM CNOCOOOM OTPUMAHHA eHeprii KNiTu-
Hoto? 3. Po3rnAHbTE AeTanbHille BUKOPUCTAHHA noau-
HOO Pi3HUX BUAIB OPOAiIHHA.
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§ 40. AepobHe anxaHHA

0 [TomipkymnTe

Mig yac aepobHOro AuxaHHaA, AK i B MpoLeci

ropiHHA, 3 OpraHiYHMX PEYOBUH YTBOPHOKTHCA
CO, i H,0. Ane XuBi KNiTUHN B LbOMY MpOLeci
e 1 3anacalTb eHeprito. AK iM Le BAaETbcA?

Q 3raganTe

« [nikoni3 » bygoBa miToxoHApin

AepobHe guxaHHA

fAx Bu mam’Araere, 3a 6E3KMCHEBUM €TAIIOM
KaTtaboaisMy iifie KMCHeBUII eTam, abo aepoOHe
auxaHHda. AepoOHe AUXaHHS XapaKTepHe s
OinbIiocTi opraHismis i BimOyBaeThcss B MiTo-
xoHApiax wkjaitmau. Ilig yac mboro mpoiiecy op-
TaHiYHI PEeYOBWHU, YTBOPEHi y XOAi TUIiKoJi3y,
oxucHooThCA KucHeM 10 H 0 i CO,. 3nauna gac-
THHA eHeprii, sKa mpu IbOMY BUIIJIAETHCS, 3a-
HacaeThCA KJIiTUHAMU Y BUTJISAAL MoyeKya AT,

KnatouoBuM eramoM aepoOHOTO AWMXAHHS €
muka Kpebca, a00 IUKJI TPUKAPOOHOBMX KHC-
JOoT. 3a BCTAHOBJEHHS cxeMu IUKJIY X. Kpebc
orpumaB HobGesiBcbKy mpemio 1953 pory. Came
B PEaKIigX IIbOT0 IUKJY YTBOPIOIOTHCA CIIO-
JYKHU, dKi € [I:KepejioM IIPOTOHIB 1 eJIEKTPOHIB
IUIs TIpoliecy OKuCcHeHHsA. [lepeBaskHa KiqbKicTb

Mipysat

1 |_HAH

AueTtun-KoA Co,

Okcanoaijetat 2 Lutpar
HAIH
9 3
Manar I3ouutpar
unTp co,
8 4 HAL(®)H
Oymapart 2-OkcornyTtapat

OAAH Q 7 s Noz

CyKkumHat CyKuwmHin-KoA HAOH

ATO AQO

Man. 40.1. Cxema peakuiin UMKy TPUKapOOHOBUX KUCIOT

moJieKyaT AT® BupoObJsgeThCs Ha OCTaHHIN cTa-
Oil KIITUHHOTO IWMXAaHHS: Y IPOIlecaX OKMCHOTO
¢dochopuaOBaHHSA B €IeKTPOHHOTPAHCIIOPTHOMY
(muxaJapbHOMY) JIAHIIO3I MiTOXOHIPIiii.

Linkn Tpmkap60OHOBUX KNCNIOT

IlipyBaTr, yTBOpeHUI y pPe3yJbTaTi TJIiKOJi-
3y, TPAHCIIOPTYETHCA 3 ITUTO30JII0 IO MATPUKCY
MiToxoHApPil. ¥ MITOXOHApPiIAX 3a YMOB JOCTAaT-
HBOTO HAAXOIKEHHS KHCHIO IMipyBaT OKMCHIO-
erbesa. Ha meprmomy eTami BiH YTBOPIOE CIOYKY
anmeTmia-kogepmenT A, ckopoueHo armerua-KoA.
ITe ocHOBHMIT cyOCTpaT A PEAKIINA IMUKJY TPHU-
KapO0OHOBUX KHUCJIOT. ['0/10BHA (DYHKIIiA aI[eTHJI-
KoA — pmocraBisaru y meit mukja aromu KapGomy
y CKJaAi aleTUuJbHOI I'PYIIN.

Y pearkmiax nukay (man. 40.1) BigOysa-
€ThbCs TOCTiJOBHE OKMCHEHHS MPOMIKHUX CIIO-
JYK — OPraHiYHUX KHCJIOT — 3 YTBOPEHHIM
CO,. Ha KinmbKOX eTanmax IUKJy €Heprid OKHuC-
HEeHHSs 3aI1aca€TbCAd Y BUTJISAAI BiJHOBJIEHUX KO-
depmentis HAJTH - H i ®AJTH,.

IIpomixKHI CIIOTYKU ITUKJIY TPUKAPOOHOBUX
KHCJIOT € IIollepefHUKAaMHU IJisi CHUHTe3y Oara-
ThoX peuoBuH. TakuM YMHOM, ITUKJ TPUKapOO-
HOBUX KHMCJIOT II0B’A3ye KaTabouiuHi Ta aHabo-
JiuHI mporecHu i € IeHTPOM MEepPeTUHy 0araTbox
MeTaboJiYHUX ILIAXiB.

lNepeHocHuKn ligporeHy

YacTo ofHMM 3 eTamiB XiMiUHOTO IIEPETBO-
PeHHS OpPraHivHUX PEUYOBUH yCEepPeAUHi KJIITUHUI
€ BiJOKpeMJIeHHs BiJx iXxHiX MoJsieKysa aTomis I'in-
poreny. BoHU HIPUETHYIOTHCSA OO CIEIiaJIbHUX
MOJeKyJ — mepeHocHHMKIB Iimporeny, axi mo-
CTaBJISAIOTH I1X Yy MiTOoxXOHApii. 3asBuuaii y KJaiTu-
Hi € Tpu Tunu nepeHocHukiB [igporeny: HA",
HAO®D* i ®A.

HAIO® + 2H = HAI - H + H*
HAI®* + 2H = HAII® - H + H*
DAl + 2H = @Al - H,

Po6oTa guxanbHOro naHutora

OcHoBHA KigbKicTs Moaexkya AT® yrsopio-
€ThCA y IIpoIlecax OKMCHOTO (pochopuiroBaHHA
B €JIEKTPOHHOTPAHCIIOPTHOMY (AUXaJILHOMY) JIaH-
031 MiToxoHApit. [mxanbHUN JIAHIIOT SBJISAE
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binkoBuI KOMMNNeKc NepeHOCHUKIB eleKTPOHIB

ATD-cnHTasza

MixxMeM6paHHMiA H @ H @
npocTip

BHyTpiwwHA

MeM6paHa { .H.- L

H*'-Le

Matpukc HALIH fr’.\- HAQ

EneKTpOHHOTPAHCMOPTHUIA NaHLor

OkucHe ¢pochopunoBaHHA

Man. 40.2. Cxema [uxafnbHOrO NaHLlora Ha BHYTPILWHIN MeMOpaHi MiTOXOHAPIN

co0010 meKinbKa O0iMKOBUX KOMILIEKCiB, yOymo-
BAaHUX Yy BHYTPIIIHIO MeMOpaHy MiTOXOHIPIi.
Y memOpany Tako:k yoymoBana ATd-cuurasa —
KOMILIeKC, 110 cuHresye ATD.

BuBisbHeHI B IIMKJI TPpUKapOOHOBUX KIC-
JIOT eJIEKTPOHU, aKIeIITOBaHI Ha KodepMeHTax
HAIH-H i ®AIH,, HaAXOAATL A0 JUXATBHOTO
JIAHITIOTA, Jie TOCJIiJOBHO IIEPEHOCAThCA 3 KOMII-
Jekca Ha KomIuiekc (mas. 40.2). Ilig yac mepe-
HeCeHHs eJIEKTPOHIB BimOyBaeThCS IIOCIiTOBHE
OKICHEHHS ¥ BiJHOBJEHHS €JEeMEHTIiB AuXajb-
HOTroO JlaHIlora. HampuKiHIIl eJIEeKTPOHU IIOENHY-
IOThCS 3 KHMCHEM, YTBOPIOIOUM MOJEKYJIH BOIU.

IlepeHecenHsT eJIeKTPOHIB IO AUXATHLHOMY
JIAHITIOTY CYIIPOBOKYETHCA BUKAUYBAHHAM IIPO-
TOHIB i3 MaTpUKCy B MiKMeMOpPaHHUI IIPOCTip.
Tak CcTBOPIOETHCSA MPOTOHHUI TPATIEHT, 3a AKO-
O KOHIIEHTPAIlid IPOTOHIB Yy MisKMeMOpaHHOMY
mpocTopi 6inbIia, HiK y MaTpuKci. YHaCTiZoK
IIbOT'0 BUHUKAE Pi3HUIA MOTEHI[iaJaiB 3 000X 00-
KiB MeMOpaHM: IO3UTUBHI 3apsAgu IIepeBaKaioTh
y MiKMeMOpaHHOMY ITPOCTOPi, a HETaTWUBHI —
y MaTpuKci MiToxoHAPi#. 36iMbIIIeHHA KOHIIEH-
Tpallii IPOTOHIB y MiKMeMOpPaHHOMY IIPOCTOPi
akTuBye AT®-cuHTasy. ¥ pasi JocATHeHHS IIeB-

0 Kniouosa iges
EHepreTMuHa epeKTUBHICTb aepO6HOro AUXaHHS

y 18 pasiB BuLa 3a ePeKTUBHICTb FNiKONMI3y: Ha
CTagii aepobHOro AnXaHHA 3 ABOX MOJSIEKY”N Mipy-
BaTy yTBOploeTbCA 36 monekyn ATO. Kniouosum
eTanom aepobHOro AvxaHHA € LMK TPUKapOOHO-
BMX KMCNOT. [MepeBaxHa Kinbkictb ATO Bupobna-
€TbCA y npouecax OKUCHOro ¢ochopunioBaHHA
B €N1eKTPOHHOTPAHCMOPTHOMY (AMXaibHOMY) NlaH-
L03i MIiTOXOHZPIN.

HOl pisHuii morenmianie AT®-cuHTasa Tpamc-
MIOPTYy€E MPOTOHU HA3aJ Y MAaTPUKC, IPU IIHOMY
yTBOpIOETHCST ATD.

Taxum uyuHOM, Y MiTOXOHAPiAX OKUCHEHHA
(IepeHeceHHA €JIEKTPOHIB) cupsskene 3 ¢ocdo-
punioBanHAM (AP + & = ATD), TobTO Bin-
OyBAETHCS IIPOIIEC OKMCHOTO (pochOpUIIOBAHHA.

ITosicHeHHA MexXaHi3MiB CIIOJIyUYeHHSA POOOTH
IuxajabHOro JaHioora i cuatesy AT® oOyio sa-
MIIPOIIOHOBAHO aHIJIilicbKuM Oioximixkom II. Mir-
yesioMm 1961 poxy.

EHepreTnyHmin 6anaHc aepobHoro
1 aHaepOOHOro OKUCHEHHSA FMIOKO31

Eneprernunuii 6ananc okucHeHHs 1 MoJe-
KyJaU TJIIOKO3W TaKWM:

« Ha cTafii rIiKoJisy yTBOPIOETHCA 2 MoJIe-
Kyau AT®;

« Ha cTafii aepoOHOTO MUXaHHA YTBOPIOEThH-
ca 36 momexkysm ATO.

Or:xe, y pes3yJbTaTi HOBHOTO OKHCHEHHS
1 monexyau raorosu xo CO, i H,O yrBoproeTs-
ca 38 moseryn AT®. ITpu mpoMy eHepreTuyHaA
e(eKTUBHICTh aePOOHOI0 NUXAHHS BUSABJIAECTHCS
y 18 pasiB BuiIromo 3a epeKTUBHICTh IJIiKOJi3y.

03a|‘|l/ITaHHF| Ta 3aBJaHHA

1. Yum cybcTpaTHe dpochopurnioBaHHA BigpisHAETbCA
Bif oKkMcHoro ¢ochopunioBaHHA? AKUIA i3 UMX npoLe-
ciB edpekTMBHIWNN? 2. K BUHWKIM MiTOXoHAPII? Ha aki
CyyacHi opraHi3amm BOHM Cx0xi? 3. Y pasi nopyleHHA
reHiB, AKi KogyoTb GINKN MITOXOHAPIN, BUHMKAOTL Tak
3BaHi «MITOXOHApPIaIbHi XBOPOOU». fIK B/ BBaXKa€Te, K-
MV CUMNTOMaMU BOHW XapakTepusyoTbca? AKi TKaHNHN
CTpaxkfalTb Hacamnepen?
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Tema 3. OOMIH peUYOBWH | NepeTBOPeHHA eHeprii

§ 41. Kataboniam >XUPHUX KUCNOT, aMiHOKUCNOT

i HITPOreHOBMiCHUX OCHOB

0 [NomipkynTe

AKWO pOo3rNAHYTU ABi HAaCUYEHi XXMPHI KUCNOTH
NPUON3HO OfHAKOBOI AOBXUHW, OfHa 3 AKUX Ma€E
napHy, a Apyra — HenapHy KinbKictb atomis C, T0
AKY 3 HUX KNiTUHI nerwe nigaati B-OKUCHEHHIO?

é 3raganTte

» bygoBa XWPHUX KNCNOT, Tpraumnriiuepuais,
docdoninigis

» bynosa amiHokucnot

« bygoBa Hykneotugis, nypuvHu, NipumMiguHu

I>Xepena eHepril y KNiTUHI

Peakmii mukiay TpukapOOHOBUX KUCJIOT
i okucue (docdopinoBaHHA Y MIiTOXOHAPiAX
€ YHiBepCaJbHUM IIJIAXOM OTPUMAHHA eHep-
rii gyma aepoOHUX opraHiaMmiB. AJie ByTJIeBOIU
(ryII0KO03a, IMiPyBaT) He € ENNHUM IKePeIOM s
cuHTesdy anetua-KoA, axuii sajlydyeHUi o0 -
KJIy TPUKapOOHOBUX KucJoT. I]a yHiBepcanabHa
MOJIEKYJIa MOKe YTBODPIOBATHUCA TAKOMK ITiJT Yac
OKVCHEHHA KWUPHUX KWUCJIOT, Ae3aMiHyBaHHSA
1 oxkucHeHHA amMiHokucaor (maja. 41.1). TobGTo
KJiTHMHA BUKOPHCTOBYE Pis3Hi cybcTpaTt — BYT-
JeBOOU, KUPU Ta OiIKM — [OJd BUBIJIbHEHHS
eHeprii y mporiecax Karaboaizmy.

[-OKMCHEHHS KUPHUX KUCJIOT

dAx mMu BiKe 3’sAcyBaji, TOJIOBHUU cyOCTpaT
OUKJIY TPUKapOOHOBUX KHCJIOT areTua-KoA

ikoreH Tpurniuepug binok
InikoreHonis Jlinonis Mpoteonis
lnikoni3 B-Oknc-
Nipysar HeHHS
e3aMiHyBaHHA
OKNCHEHHA A Y

I OKNCHEHHS

Auetun-KoA

Man. 41.1. Auetun-KoA — ueHTpanbHa Mosnekyna
KaTaboniamy

MOJKe YTBOPIOBATHUCA B pPe3yJbTaTi OKMUCHEH-
HS JKUPHUX KuUCJOT. BinbHI JKWUPHI KuCJIOTH
YTBOPIOIOTHCA B KJITWHI Iix vac Jzinonisy —
posmienneHHa Jimigi. Hattuacrime xiaiTwHa
POBIIEIJIIOE TPUAUMATIiIepuan ((Kupu), AKi
BiIKJIAMAOTBCSA B Hill K pPe3epBHE [I3KEpeJtio
emeprii, a TaxkoX (Qocdoaimigu memOpaH, IO
OiIIATal0Th TOCTIHHOMY OHOBJIEHHIO.

BinbHi KUpPHI KHMCIOTH MOMKYTh OyTH 3HOBY
BUKOPUCTAHI IJid cUHTe3y JimigiB (amabosriuni
mporecu) a00 MOKYTh OyTH PO3IIeIlIeHi 10 ByT-
JeKucjoro ragy i Bogu (karaboJiuHi mporecu).

IIepiioro cramiero KaraboJaisMy KUPHUX
KHCJIOT € -OKMCHEHHA — cHeNu@iuHmi miaax
OKVCHEHHSA YKUPHUX KUCJIOT, III0 3aBEPIIYETHCA
yTBOpeHHAM areTui-KoA.

B-OKncHeHHA XUPHUX KHUCJIOT Iepedirae
B MaTpPUKCi MiTOXOHZApiil, TiMIBKUM B aepoOHUX
ymoBax. Ile mukigiuHmil mporec, 3a AKOTO Bix
KapOOKCHUJIBHOTO KiHITA sKUPHOI KUCJIOTU HOCJIi-
IOBHO BimokpeMJoeTbcsa Mo 2 atromu KapOomy
y Buraani ametusa-KoA:

MKnpHa Kncnota
y B«
R —CH,—CH,~CH,-COOH T R _,—CH,~COOH,

YKkopoueHa
XMpHa KucnoTa

CH,-COOH + KoA
AIIeTtIJI'ROA

AKUN Yy MOJAJBIIOMY INIPOXOAUTH IUKJI
TPUKAPOOHOBUX KHCJIOT i AMXaAJbHUHN JAHIIOT.
ITuka P-OKMCHEHHSA IIOBTOPIOETHCA LNOTU, MOKU
BCsA JKUPHA KHCJIOTa He Oyme mepepobOjieHa Ha
amerui-KoA (man. 41.2).

P-OKMCHEHHS KUPHUX KHCJIOT € OJHUM
3 TOJIOBHUX JJKepeJ eHepril s cuatesy AT
i yHiBepcambHUM OioXiMiYHUM TpoIlecOM, AKUN
mepebirae B ycix sKmBuMX opranizmax. Haiiim-
TeHCHUBHIiIIe -OKNCHEHHsS Big0yBaeThCsa B Uyep-
BOHUX CKeJIeTHUX M’ fA3aX, CepileBoMy M’ 3i,
nupkax ¥ meuinmi. IIBuaricTs B-oxucHeHHS
30iJBITYETHCA B Pa3i ByTJIEBOAHOTO TOJIOAYBaH-
HA I iHTeHcuBHOI (isuuHOoi podoru. Ilpu mpomy
KOHIIEHTpAIlid JKUPHUX KUCJOT ¥ KPOBi 30iJb-
MIyeThbCA B pe3yJbTaTi 1X MoOisisarii 3 Kupo-
BOl TKAHUHU.
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Tema 3. O6miH peyosuH i nepeTopeHHs eHeprii  Jp3p 3y S

—> Aneruia-KoA

—> Aneruna-KoA

—> Anerun-KoA
—> Aneruia-KoA

C
C
C —> Aneruin-KoA
C
C
C —> Anerun-KoA

Arnerun-KoA

Man. 41.2. Lnknu B-OKNCHEHHA XUPHUX KACIOT

He3amiHyBaHHA aMiHOKMCNOT

SAK Bam BimoMo, B KJIiTHHAX KUBUX OpraHis-
miB npucyTHi 20 OCHOBHUX BUIiB aMiHOKUCJIOT.
J1s KOXKHOI aMiHOKMCJIOTHY icHye crenu(piuHui
IIIJIAX PO3IIENJIEHHA BYIJIEIEBOrO cKejeTa. AJje
B pe3yJIbTaTi KaTaboJIisMy BCiX ABAIIATH OCHOB-
HUX aMiHOKWCJIOT YTBOPIOIOTHCA BCHOT'O IIMiCTHb
PEUYOBUH, AKI MOMKYTb OKMCHIOBATHUCS Y ITUKJIL
Tpukapbonosux kucior xo CO, i H,O 3 yrBoO-
peaaam AT® (man. 40.1).

TakuM YMHOM, KaTaboJaidM aMiHOKUCJIOT IO
KiHIIeBUX IPOAYKTiB BUBiIbHAE eHepriio. OgHAK
eHepreTUYHAa POJIb aMiHOKUCJIOT, 3BUYANHO, He-
BeJIMKA, BOHA cKJjazae juire 10—15 % morpedu
oprauiamy B eHeprii.

Kara6oaism 6inbIIocTi aMiHOKHMCJIOT IIOYN-
HaeThCs 3 BiIemeHHA O-aMiHOrpynu. AMiHo-
KMCJIOTa BTpauae aMiHOTPYNY B pe3yJabTaTi ABOX
TUIIIB peakKI[iii: TpaHCaMiHyBaHHA i Je3aMiHy-
BauHA. [[lesamMiHyBaHHS — Ile BiJOKpeMJIEHHS
aMiHOTPYIIM BiJi aMiHOKHCJIOTH 3 YTBOPEHHAM
BiJILHOTO aMOHiaKy. ¥ BHUIIIUX TBAPUH OCHOBHUM
NJIAXOM € OKHCHE ae3aMiHyBaHHS, 3a SKOTO,
OKpiM aMOHiaKy, YTBOPIOETHCSI O-KETOKMCJIOTA:

Okcnpasm L- 1a
D-amiHokucnot

B ROHQOR

CH —-NH, C—-NH C-0+ NH,
| | |

COOH oan oaiH COOH COOH

0 KniouoBa ines

OfHVIM 3 TONOBHUX AXKepen eHeprii Ana CUHTesy
ATO € B-OKUCHEHHA KUPHMX KNCOT, WO 3aBepLuy-
€TbCA YyTBOPEHHAM aueTun-KoA. Kataboniam ami-
HOKMCJIOT 3aBePLUYETbCA YTBOPEHHAM MPOAYKTIB,
AKI MOXKYTb OKMCHIOBATUCA Y UMK TPUKapOoHO-
BMX KMCNOT 3 yTBOPeHHAM ATO.

(0]
H
N.
NH
0 (0]
¢ N
Y
H,N""NH, H N 0
CevoBMHa CevoBa Kucnota

Man. 41.3. HiTporeHoBMicHi KiHLEeBi NpofyKTn Katabonismy

VYTBOpEHI O-KETOKUCJIOTN OKWNCHIOKTHCA
YV PeakIisax MUKJIY TPUKAPOOHOBUX KUCJIOT. AJje
BOHU TAaKOXK MOYKYTbH IIePeTBOPIOBATUCS Ha BYT-
JeBomu abo Jgimigm.

IIle oxmHa TpOAYKT Ae3aMiHyBaHHA — aMOHi-
aK — € TOKCHYHOIO cmoJiyKoo. HaBiTh HeBeuKe
OiABUIIIEHHS MOr0 KOHIIEHTpAIlil HeraTuBHO BILIH-
Bae Ha opraHism. ToMy B TKaHMHAX Bif0yBaeTbCsA
3B’A3yBaHHA aMOHiaKy 3 yTBOPEHHAM HETOKCHUU-
HUX cmoayK. OCHOBHUH HIISX 3HEIIKOIKEeH-
HS aMOHiaKy — cuHTe3 ceuoBuHHU (MaJy. 41.3),
AKa BUBOJUTHLCS 3 OPraHisMy i3 ceuero.

Po3wwenneHHA HITPOreHOBMICHUX OCHOB

IlypuHOBi Ta MipuUMiINHOBI HYKJIEOTUIN PO3-
KJIAQTaloThCAd 3 YTBOPEHHAM Pi3HUX KiHIeBUX
TPOAYKTiB.

IIypunosi HiTporenosmicHi ocHoBU (ameHiH,
ryaHiH) 30epirafoTh IUKJIUHY CTPYKTYPY IIypHU-
Hy. KiHmeBuM IpoayKToM iX PO3KJIALY € ceuoBa
Kmcaora (man. 41.3).

Ha Bigminy Big nypuHiB, KijgbIleBa CTPYK-
Typa HipUMiAMHOBUX OCHOB (THUMiH, IITMTO3UH,
ypamuia) pyHHYETbCA 3 YTBOPEHHAM 3BUUAWTHUX
KiHIIeBUX TPOAYKTIB KaTabosisMy — BYTJIEeKUC-
JIOTO ra3y, BOAW I aMOHiaKky. 3 aMOHiaKy yTBO-
poeTbes cevoBmHaA (Mas. 41.3).

CeuoBrHaA i ceuoBa KHCJIOTA BUBOAATHCS
3 opraHismy i3 ceuero.

03a|‘|l/ITaHHH Ta 3aBJaHHA

1. JJo AKux npoueciB HaneXuTb KNITUHHE AuXaH-
HA — KaTtaboniuHmx ym aHaboniyHnx? 2. OnNuwitb, AKi
MeTabonivHi WAAXM NepeTUHaOTbCS Ha LUK TprKap-
60HOBUX KNCNOT. 3. [10 AKNX NPOLECiB HaneXunTb LUK
TPUKAPOOHOBMX KUCNOT — KaTaboniyHux um aHabo-
niyHnx? Bignosigb aprymeHtymnTe. 4. fAKi peyoBUHN €
KiHLUeBMMMN MpoAyKTamy Kataboniamy HiTporeHoBmic-
HUX Cnonyk?
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Tema 3. OOMIH peUYOBWH | NepeTBOPeHHA eHeprii

§ 42. biocnHTes 6inka.TpaHckpunuia i npouecuHr iPHK

0 [omipkynTe

Y reHomi ntoguHu npubnnsHo 20 000 reHis.
A B il KNiTMHax cuHTe3yeTbcA noHag 100 Tucay
6inkiB. AKMM YnMHOM?

Q 3raganTe

e bygosa AHK i PHK
» bynoBa reHiB eykapioTiB ¢ EK30HN 1 iHTPOHM

» Hykneotnanm

o [MPUHLMMN KOMMIEMEHTaPHOCTI

MOHATTA NPO NAACTUYHWIA OOMIH
Y KNiTUHI

IlnacTuunuit 0OMiH y KJIITUHI SBAsE€ cO60I0
CYKYIIHICTh peakIlifi CHHTe3y OpTaHiuYHUX peuo-
BUH 3 BUKOPHCTAHHAM eHeprii.

Y pesyJsbTaTi IJIaCTUYHOrO OOMIiHY KJIiTHHMI
3a0e31euyIoThCA OyAiBeJIbHUM MAaTepiasoM IJis
CTBOPEHHA CBOIX CTPYKTYpP i opra"HiuHumwu pe-
YOBUHAMMU [JIsI eTalliB eHepreTUYHOTro OOMiHYy.

ITpukaagamMmu Takoro OiOCHMHTE3y € CHUHTE3
0inIKiB 3 aMiHOKMCJIOT, CUHTE3 BYTJIEBOIIB Y IPO-
meci oTocwmHTE3Y, CHHTE3 KHPiB 3 TIJIillepuHy
i KUPHUX KHCJIOT.

[MOHATTA NPO MAaTPUYHWI CUHTES

CuHTe3 CKJIagHUX IOJiMEPHUX MOJIEKYJI
Ha OCHOBi resmerwuuHol iHdopmalii KJIiTuHHU,
sarkonoBanoi B mosekyJsi [THK, BigOyBaernhcs
3a TUIIOM TaK 3BAHOTO MATPHUYHOTO CHHTE3Y.
MarpryHNMHE HA3WBAIOTHCSA IPOIECU CUHTE3Y,
3a AKUX Ha OCHOBi IIEPBUHHOI CTPYKTYPU OZHOTO
GiomosriMmepa (MaTpuUIli) CHHTE3YETHCA ITIEPBUHHA
CTPYKTypa iHmroro GiomoJsrimepa (Komii).

Jlo MaTPpUUYHUX ITPOIECIB Yy KUBUX KJITUHAX
HaJgeXxaTh pemaikania (6iocuntes JHK Ha Mma-
tpuri [JTHK), rpanckpuniisa (6iocuares PHK Ha
marpuri [JJHK) i rpancasania (6iocuuTtes 6irka
3a mocJigoBHicTio HyKJIeoTuaie PHE).

Etanun 6iocuHTe3y binka

BiocuHTes Oinka cKJIamaeThbCcsa 3 TaKUX
eTamiB:

* TpaHCKpUNLia — cuaTe3d Moneryau iPHK
Ha Martpuni gingsaxkm [[HEK;

88

- mpouecuar PHK — pospiBanus i momu-
dikamia iPHEK;

* TPAHCAAIISA — CUHTe3 01JIKOBOI MOJIEKYJIU
Ha marpuii iPHEK.

Tpauckpuniiia i mponecuur iPHK Binbysa-
IOTbCA B AIPiI KJIITUHU, TPAHCAAIIA — y IIU-
rTomsasMi Ha pubocomax. Ilicasas cuHTE3y MOJIi-
MeNTUAHUN JAHIIOT YKJIAAAETHCI B IIPOCTOPOBY
CTPYKTYPY 1 HmigmaeTbcsA Pi3HUM IIOCTTPAHCJA-
nittauM MomudikaIiam.

TpaHcKpunuin

Ha erami TpaHckpunmii Biz0yBaeTbCcs CHH-
Te3 monexkyau iPHK 3a 3paskom oxmoro 3 jaH-
mioriB mosiekysau HHEK. Ilig uac cuHTe3y Mo-
aexkyaun PHEK HyKJIeoTHAN IPUEIHYIOTHCS 3a
NPUHIIMIIOM KoMIlJIeMeHTapHocTti. Hasmporu
amenisioBoro HykKJeotuny B jgaHiosi [JTHK pos-
mimmyerbea ypuguaosuii uykiaeoruns PHK (a He
TuMiguaoBuii, axk y cuutesi [JTHE).

TpaHCKPUIIITia 3[iICHIOETHCA BEJIMKUM KOMII-
JekcoM (epMeHTiB, rojoBHuM 3 axkux € J[HK-
sane:xua PHK-mosimepasa (man. 42.1). Taxa
Ha3Ba O3HAYa€, IO BiH CTBOPIOE IIOJiMEPHUH
naumokok PHK 3a spaskom mogmexkynau [THE.

IIpomec TpaHCKpUOILl IMOYMHAETHCA, KOJIU
PHEK-mosnimepasa BuaBjisge Ha Jjanmosi THE
30HY ITpomMoTopa. BoHa nmpukpimtoersesa go JHEK
y Mifi 30HI I MOYMHAE TPOCYBATUCA Y3MOBMK Ii
naumiora. Ilpu mboMy moABifiHA CITipaab MOJIEKY-
au [ITHK poskpyuyersesd, i PHK-moximepasa 3uu-
Tye indopmarito yuire 3 ogHoro Jjauitiora JJHK.
Bona posnisnae HykJeoruau Ha Janiiosi [JTHEK
i mpmemHy€e BiMMOBiMHI HYKJIEOTUANM IO JIAHITIOTA
PHEK (3a mpuHIinnoM KominieMenTapuocti). Hosi
HYKJEOTUIU IPUETHYIOTBCA IO «XBOCTa» JIAH-

PHK-nonimepasa

Po3kpyuyBaHHs

OHK
—

loyaToK CMHTE30BaHOro NaHutora

Man. 42.1. lMpouec TpaHCcKpmnuil
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Tema 3. O6miH peyosuH i nepeTopeHHs eHeprii  Jp3p 3y S

EK30H 1 IHTpOH EK30H 2
Ek30H 1 Ek30H 2
_— IHTPOH, 1o
BMpPIi3aHO
3’eAHaHi eK30HU b 3 naHutora
A_
EK30H 1 Ek3oH 2

Man. 42.2. Cxema cnnancmHry PHK

miora PHK, mio cunresyerbea. inauxka [THE,
3 KO0l (pepMeHT yiKe 3umuTas iHpopmaIllio, 3HOBY
CKPYUyeEThbCA B cmipayb. IIpormec TpaHCKpummii
s3akinuyerbcda, xKoau PHK-mosrimepasa mgocsrae
OiIAHKY TepMiHaTOpa.

Ho3piBaHHA (npouecnHr) PHK

HospiBanusa PHK e BaskiuBuM eTamom pe-
amizarmii cmagkoBoi iHdgopmMmallii B eykapioris.
Bono BimactuBe Bcim tTunmam PHK i He BimOyBa-
€ThbCS TiIBKM B OKPEMHX BUIIaIKaX.

ITIix uac gospiBamus PHK BigOyBaeTbca me-
KiJIbKa IIpoIleciB, 30KpeMa:

* CIIAMCHMHT — BUPi3aHHA iHTPOHIB i 3’ex-
HaHHA eK30HiB y cuHTe30BaHill mosiekysi PHE
3a momomoroio majsioi azepuoi PHK (maPHK)
(mam. 42.2);

* KeIlyBaHHSA — JOJaBaHHA 10 MOYATKY
moserkyau PHEK mexkinbkox wmommdikoBaHUX
HYKJIEOTHUAIB, AKi mAomomMaramTh TPAHCIOPTY-
BaTHU il B I[UTOILIa3My;

* MoJIiafieHiJIlyBaHHA — [OJaBaHHA IO KiH-
na mosekynau PHEK mexinbKox azeHisoBUX HY-
KJIEOTHIIB, AKi moIoMaramTh TPAHCIOPTYBATU
ii B muTOmIa3My.

0 KnioyoBa iges

KonitoBaHHA Ta peani3auia cnagkoBoi iHpopmaLii
3abe3neuyloTbcA NpoLecaMmy MaTPUYHOTO CUHTe-
3y. biocuHTe3 6inka cknagaeTbca 3 TPaHCKPUNLT,
npouecuHry PHK i TpaHcnauii. Ha etani TpaH-
cKpunuii BigbyBaeTbcsa cuHTe3 monekynu iPHK
3a 3pa3kom ogHoro 3 naHutoris OHK. Baxnusum
etanom npouecuHry PHK B eykapioTiB € cnnaim-
CVIHI — BMpi3aHHA IHTPOHIB i 3'€lHaHHA eK30HIB
y monekyni iPHK.

OH 3’-kiHeub —3

AKLEenTopHUN KiHeub \

o, g e 57

5’-KiHeub—=

Metna 1

/I'IeTnﬂ 2 —

¥ AHTVKOAOH — =

Man. 42.3. lNpoctoposa cTpyKkTypa TPHK

AnbTepHaTUBHUN CNANCUHT

IIpomec mospiBaHHA [M03BOJIAE KJITHHAM
eyKapioTiB IIPOBOAUTHU TaK 3BaHUI ajJbTepHa-
THBHUH CIUIAWCHHI, Tig Yac AKOro 3 onHiel
mosiekynu PHK MoXyTh yTBOprOBaTmMCA pisHi
KoM6iHarrii eksouiB. IIpu iboMy 3 OZHOTO IOYAT-
KOBOI'0O BapiaHTa yTBOPIOIOTELCS PisHi 6inku. IIpo
MacIITad IIbOro IPOIeCy CBiAUNTL TOH (PaKT, IO
B reromi Jrroguuu Tpoxu Oiabime 20 000 rewis,
a B KJIITUHAX HaJIiuyoTh noHaz 250 Tucad OiaKiB.

TpaHckpunuia TPHK i pPHK

Tpaucooprai PHEK cunresyiorsca PHE-
moJiiMepasol0 B KJAITHHHOMY Azapi. Buximmi
TPAHCKPUIITH IIiAJal0ThcAd OaraTocTamiiHOMY
MIPOIECUHTY, Y pPe3yJabTaTi sAKoro (OPMYETHb-
ca tunoBa guasa TPHK mpocropoBa cTpyKTypa
(man. 42.3). Ilicna pospiBamma TPHK nepe-
HOCATHCA 3 SAApa B IIUTOILIA3MY CIEI[iaJJbHUMN
IIePeHOCHUKAaMU.

B eykapioriB HajiuyeTbCcA Big KiJIbKOX
COTeHb 0 HOecATKiB Tucau reHiB pPHK, axki
Iy:Ke iHTeHCWBHO TpaHCKpubOyioTbcs. Cmouar-
Ky PHEK-monimepasa cuuTe3ye MOBTY MOJIEKY-
ay-nonepenuauka pubocomuoi PHK, axa morim
pospisaeTsrca Ha okpemi Buam pPHK. Micusa
3ocepemxenua rexHis pPHK B azxpi kaituam
pasom i3 pubocomammu, IO 30HMPAIOTHCS, YTBO-
PIOIOTH fAmepIie.

3anuUTaHHA Ta 3aBAaHHA

1. AKi BNacTUBOCTI »KMBOro 3abe3neyyoTbca Npo-
Lecamy MaTpUYHOro cnHTe3sy? 2. 3a paxyHOK AKMX Npo-
LieciB 36inbLlUY€ETbCA PI3HOMAHITHICTD BiNKiB 3a HE3MIHHOT
KiNIbKOCTi reHeTUYyHOro matepiany?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 89
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Tema 3. OOMIH peUYOBWH | NepeTBOPeHHA eHeprii

§ 43. biocnHTes 6inka. TpaHcnALiA

0 [omipkymnTe

Yomy B geAKknx BMMagKax y MUBUX OPraHiamiB BuU-
HUKNM MoAMiIKOBaHI BapiaHTU reHeTUYHOro Kogy?

Q 3raganTe

« bygnoBa 6inka o AMIHOKMCIIOTK GinKiB

« MenTngHUn 3B'A30K » bynoBa pubocom

[eHeTUYHUIN Kop,

Bynmoa wmoJerkysu 0inka BU3HAYAETHCHA
nocaigoBuicTio HyKJeotuniB y [IHK. Kosxua
aMiHOKMCJIOTA KOAYETHCA 3a JTOIOMOTOI0 TPHOX
HyKJeoTuniB. Takmili TpUIIJIET HYKJIEOTUIIB,
BiAIIOBiAHUI IIeBHiN aMiHOKMCJIOTi, HA3UBAETh-
ca kogoHoMm. Cucrema 3amucy craakoBoi iHGOp-
marii B MoJIeKyJiax HYKJEIHOBUX KWCJIOT, 3a
AKOIO ITOCJiJOBHICTh HYKJIEOTUAIB Y MOJIEKYJIaX
OHEK i PHK BusHauae mocJriloBHiCTh aMiHOKHC-
JIOT y MOJIeKYJi OijfiKa, HasMBA€TLCS IeHeTHY-
HHUM KOJIOM.

Hamnpukian, rpumiaery AYT BinmoBimzae ami-
HOKucJygoTa Mmeriouin (Met), Tpumiaery AVI] —
amiHokuciora igoseiinun (Ine), a HyKJeoTuam
YAA, VAT i YTA e crom-KomoHaMu, BOHHU CHUT-
HaJIIBYIOTh IIPO 3aKiHUYEHHS CUHTEe3Y IIOJimel-
THUIHOTO JIAHIIOTA.

T'eHeTnuHUII KON yHiBepcalbHUU — BiH
IpaIioe 3a OMHAKOBUMHU IIPUHIUIIAMU B Opra-
HisMax pisHOro piBHA ckJaagHocTi. OgHAK Bigo-
MO KiJlbKa BUHATKIB. ¥ reHOMAaxX MiTOXOHIPiH
i IpoKapioTiB BUABJIEHO aJbTEePHATWBHI Bapi-
aHTU JesIKUX KOJOHIB. A HemaBHO y HeAKUX
rpyI opraHismiB OyJio BigkpuTo aBi pigkicui
aMiHOKMCJIOTU: CEJIEHOIIUCTeIH, 110 KOAYEThCA
cromn-komonom YI'A, i miposisuH, 110 KOAYETH-
ca crom-kKomounom YAT.

VYHiBepcaJlbHICTh T€HETUYHOTO KOIY CBif-
YUTHL OPO Te, II0 BiH CKJaBCA [JyKe DPaHO
B IIpoOIleci eBoJIIOIil, a BiAXMJIEHHA Bix yHiBep-
CaJbHOCTI — TPO Te, IO caM KOJ 3MiHIOBaBCH.

AmiHoauunn-TPHK

20 pisHmxX aMiHOKHCJIOT, HEOOXiZHUX
IJis CUHTe3y 0ijKa, MiCTATbCA B IIUTOILIA3MI

KaitTuHu. [nd ydacTi B cCMHTe31i BOHU MAaioTh
OpuemgHATHUCS OO0 BigmoBimuux mosekya TPHE.
ITpuennaraa kKaTtasi3yoTh (hepMeHTH aMiHO-
anuia-tTPHEK-cunTerasu. BoHu mpamioioTh
ny:xe crmemudpiuao — koxkHa 3 20-Tm amiHo-
anuia-TPHK-cuHTeTas posmiszHae TiAbKU OOHY
amiHokwucaory i BimmoBimmy it TPHK. Moue-
kyjga TPHK, koBajleHTHO IIOB’sizaHa 3 aMiHO-
KICJIOTOI0, HasuBaeTbesa amMiHoanmuia-TPHE.

TpaHcnaudin

Tpancaanis, a6o O6iocuHTe3 Oiara,— 1€
eram, MmiJ yac SKOro 3a iHdopmMmaillieio, 1o mic-
Tuthbcsa B iPHK, cunTedyeTbca HOJiNenTUIHNI
JAHIIOT MOJIEKYJau OiJIKa.

IIpomec Tpamcaaiii BimOyBaeThbcsa B pu-
docoMax, AKi MicTATbCA B IIUTONJIA3Mi KJIi-
TuHu. CuHTe3 BigOyBaeThbCA 3TiTHO 3 TreHe-
TUUYHUM KOIOM, TOOTO KOMKHOMY TPUILIETY
mykJgeotuniB iPHK BigmoBimae meBHa amiHoO-
KICJOoTA.

BiocuuTes 6isiKka 3a0e3leuyeThCs e€Hepriero
3a paxyHOK posmierieHHsa ATO®.

IIpomec Tpamcaaiii cKaazaeTbca 3 TPHOX
eramiB: imimiarii, esoHramii Ta Tepminarii.

Inimiamis — mo4yaToOK CHMHTE3Y ITOJIiIIenTHI-
Horo JaHIora (man. 43.1, A). Ha nwomy erami
BifOyBa€eTbCs: MPUEAHAHHA MAaJOi CYOOMMHMUIL
pubocomu mo janmiora iPHK, posmismaBanHs
CTapT-KOJOHY, IPUETHAHHSA BEJIUKOI CyOOTUHU-
i pubocoMu Ta TPAHCIOPT O PUOOCOMH IIePIIoi
aMiHOKMCJIOTH.

Crapr-KOmOHOM 3aBKAu € KomoH AVTI.
Ho HbBOrOo mpumeanyerbca TPHK, mio mpuno-
CUTH OO pUOOCOMHU aMiHOKHCJIOTY METiOHiH, SKa
1 OyIe IepIIo aMiHOKHCJIOTOI MaiOyTHBOTO
MOJIIIIeNITUAHOTO JIaHI[IoTa.

Moanerysna TPHE npuemnyerbecsa OO0 MoJe-
kyau iPHK 3a momomoroio cBoro tpuiiery,
AKWU HAa3WBAIOTh aHTUKOAOHOM, 32 IPUHIIUIIOM
KOMILJIEMEHTAPHOCTI.

Emonramia — HapolllyBaHHSA IIOJiNEIITH]I-
Horo Jjanmiora (mana. 43.1, B). Ilicaa crapr-
KomoHa pmbocoMa aHaJIidye HACTYIIHUIT KOIOH,
posmisHae ¥oro Ta MpUEAHYE OO HHOTO BiAIo-
Bimny moxaeryay TPHEK 3 mHacrymHom amino-
KHCJIOTOIO.
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Ha man. 43.1, B HacTymIHUM KOZOHOM
e I'VII, a HacTyIHOIO aMiHOKUCJIOTOIO, AKa
TPAHCIOPTYEThCA 3a momomorooo TPHE,—
BaJIiH.

Mixx gBOMa aMiHOKMHCJIOTAMH YTBO-
poeTbeA menTugHuii 38’ a30K. MoJekyia
TPHK npu mpomMy 3BiJbHAETHCA i 3aam-
mae pubocomy.

ITicia mboro pmbocoMa mepeMiIy-
eTbca M0 HacrtymHoro tpumiaery iPHE,
posmisdHae #MOro Ta NMPUEAHYE HACTYIHY
moaekyny TPHE, axa mpuHOCUTH OO puU-
6ocoMu BigmOBiZHY aMiHOKHUCJOTY. BoHa
TIPUETHYETHCA 0 MOMEePeIHbOI aMiHOKMC-
JIOTU 3a JOIIOMOTOI0 MeIITHUAHOTO 3B’ SA3KY,
i mosimenTUAHUNA JIAHITIOT TTOJOBXKYETHCHA.

Tepminamis — 3aBepIllleHHA TpAaHC-
aamii (max. 43.1, B). Iloummaerbcs
3 poasmisHaBaHHSA PHUOOCOMOIO CTOII-
rkomouny — YAA, VAT a6o YT'A. Cunres
TMOJIITTEeIITUAHOTO JIAHI[IOTA 3aBEPIIYETHCSH,
pubocoMa posmamaeTbcsad HA CYyOOAUHWUIILI,
mosexkysau TPHEK ta iPHK 3BinpHAIOTHCA.

Pnbocomm

Pubocomu — memeMOpaHHi opranesu,
[0 CKJaJalThcsA 3 pubocOMHUX OiIKiB
i monexysn pPHEK. Pu6Gocoma mozke mguco-
IiroBaTHU Ha ABi OKpeMi cyOOmmMHUIIL — Be-
JUKY U Majy.

ITo cyri, pubocoma — Iie BeJIMUYE3HUN
depMeHT, AKTUBHUI IEeHTP SKOro KaTaJi-
3y€ CHHTEe3 MenTuaHuX 3B a3KiB. Taxoix
Ha pubocoMax € OiIAHKU 3B’ A3yBaHHA
iPHK i tPHK, ginsukum 3B ’sa3yBaHHSA
pubOCOMHUX CyOOAMHUIIL OZHA 3 OIHOIO,
IiaAHKY 3B A3yBaHHA pubocoM 3 MemOpa-
HaMU €HIOILJIa3MATHUYHOTO PEeTUKYJIYMY.

Ha ogxmiii moaerkyni iPHK ommouac-
HO MOKe «IIpaIfoBaTh» KiJbKa puOOCOM.
Cuisnbao 3 iPHK BoHU yTBOpPIOIOTH mMOJipH-
6ocomu (mmoJsticomm).

KnioyoBa iges

Tema 3. O6miH peyosuH i nepeTopeHHs eHeprii  Jp3p 3y S

A. IHigiauia .
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B. Enoxrauis \/

YTBOPEHHA NeNnTUAHOro 3B'A3K
A Yy

MprnegHaHHA
BEJIVKOI Cy6-

AHTUKOOOH
‘/o;wmmu pubocommn

Hanpamok
pyxy iPHK
-

MPOHNKHEHHA B prbocomy

@ HactynHol TPHK 3 amiHokucnoToro

B. TepmiHauin

CuHTe30BaHa
mMonekyna 6inka

CTon-KofoH
(YAA, YAT, YTA)

o

3aKiHUeHHA cuHTe3y binka

Man. 43.1. Cxema TpaHcnAuii

[MpakTnyHa poboTa

o

Po3e’a3yeanHs 3ada4y Ha memy «biocunmes 6inka»
1. ®parmeHT naHutora iPHK mae nocnifgoBHIicTb Hy-
kneotuais: LILIL, ALLL TLIA TYA. Bu3HauTte nocnigos-
HiCTb Hykneotugis y monekyni AHK, aHTMKoOOHM
BignosigHMx TPHK i nocnigoBHicTb amiHOKMcnoT
y dparmeHTi MOeKynn CMHTe30BaHOro binka.

2. Y monekyni 6ifka Taka NocnifoBHICTb aMiHOKKMC-
noT: Tpe-nen-tup-nis-cep-rni. Mobypynte AinAHKY
iPHK, Ha sKkin 3akogoBaHUN Leln Ginok.

\ g

TpaHcnAuia — npouec, nig Yac sKoro 3a iHpop-
Madi€to, Wwo mictntbea B iPHK, cnHTe3yetbca no-
ninenTMAHWIA NaHutor monekynu 6inka. CuHTe3
BifOyBa€TbCA 3rilHO 3 FEHETUYHUM KOLOM, TOOTO
KOXXHOMY Tpunnety Hykneotugis iPHK Bignosigae
neBHa amiHoKucnoTa 6inka. TpaHcnAuis BigbyBa-
€TbCA Ha pMBOCOMAxX y LUTOMMA3Mi KIITUHN.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

QBaI’H/ITaHHﬂ Ta 3aBAaHHA

1. BBakaloTb, WO reHeTUYHUI KOA eBOSIOLIOHYBaB
Bif ABONiTepHOro (ogHa amiHOKMCNOTa BM3HAYaETbCA
[BOMa HyKneotuaamu) go TpunitepHoro. Lo B cyyac-
HOMY reHeTMYHOMY Kofi CBigunTb npo ue? 2. [ina yoro
KniTWHa yTBOPIOE nonipnéocomm?
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Tema 3. OOMIH peUYOBWH | NepeTBOPeHHA eHeprii

§ 44. MNocTTpaHcnAUiiHe fo3piBaHHA OiNnkis

0 [omipkynTe

AK KNiTMHa BUXOAUTDL i3 cuTyauii, Konn 6inok
nicna CBOro CMHTe3y He 34aTeH CamoCTiHO
yTBOPIOBaTK NOTPIGHY Ans NOro ¢yHKLiOHYBaHHA
TPETUHHY CTPYKTYPY MONeKynm?

é 3raganTe

» bygosa amiHokucnot

o Pagnkanu amiHoKucnot

« ligpodinbHicTb, rigpodobHicTb

o TpeTuHHa i YeTBepPTMHHA CTPYKTypwn 6inkis

[o3piBaHHA binka

ITicna sakiHueHHs CHUHTe3y MO:Ke BimOyBa-
THUCS IIPOIEeC MOCTTPAHCIAIINHOTO AO3PiBaHHSA
b6inxa. IlocTTpaHCHANifiHI 3MiHEM BKJIOYAIOTH
BUAaJeHHA (parMeHTiB MHOJiNenTHUIHOTO JIaH-
miora, MpueIgHaHHA HeO0iJIKOBOI YacTHMHM, OCTAa-
TouHe (DOPMYBAHHA HPOCTOPOBOI CTPYKTYpU
MoOJIeKyJIu. Y pesdyabTaTi popMmyeThesa PyHKILiO-
HaJIbHO aKTUBHUU O0iJIOK.

Qonpinr
Sanumniaoun pudocoMy, IIOJIMenTUIHUN

JIAHI[IOT 3TrOPTAEThCA, i 0iTOK HabyBae IIeBHOIL
IpocTOPOBOi cTPpyKTypu (KoH(Mopmaiii). IIpo-

FopodobHa

& / B3aemopis

4N
cH,  HC “cH,

|

o

H

0

€= OH
BogHeBi GH.
3B'A3KM

OuncynboigHnin

.‘/ 3B'A30K

CH—S—'S— CH,

]
CHyCH~CH,— CH,~NH,* -0~ C—CH

2

\ MonHi

3B'A3KU

Man. 44.1. 38'A3KK, Wo CTabini3yloTb TPETUHHY CTPYKTYpY
Monekynu 6Ginka

Iec CIOHTAHHOTO 3TOPTAHHS MOJIINENTUIHOTO
JIQHITIOTAa Ma€ Ha3BY (POJITiHT.

Kinmesa ¢gopma 0iaKoBOI MoJexkyaum Oara-
TO B YOMY 3yMOBJIEHA HOTO IEPBUHHOIO CTPYK-
TYypPOIO, TOOTO IIOCJiJOBHICTI0O aMiHOKMCJIOT
y TOJimenTUAHOMY JAaHIIOKKY. BiactuBocTi
aMiHOKMCJIOT, TaKi K eJeKTPUUYHUHN 3apdAn,
rizpoginpuicTs i rizpodobHicTb, BU3HAUAIOTH
xXapakTep ix B3aeMojil omHa 3 OJHOIO i KJIITHH-
HUM OTOUYEHHSIM.

Hampuknaan, y rao0yJIapHUX IUTOIIA3-
MaTUUYHUX OiJKiB rigpogob6Hi amMiHOKHCJIOT-
Hi 3aJUINKKN 3aHYPIOIOTHCA B TJIN0 MOJIEKYJIH,
a rigpodinbHi PO3TMOAINAIOTHLCA IO IIOBEPXHI.
Takok (opMyBaHHSA CTPYKTypH OijKa BU3HA-
YaeThCsA YTBOPEHHAM B3B’A3KiB (rizpodobHux,
€JIEeKTPOCTATUYHUX Ta iH.) MiK pagumKagaMu
aMiHOKMCJIOTHUX 3anuinkiB (mas. 44.1). Hua
migTpuMaHHa KoH(GopMallili 6iIKOBUX MOJIEKYJI
BeJIMUe3He 3HAUeHHA Mae (OpMyBaHHSA KOBa-
JIEHTHUX AUCYJIb(MimHux 3B A3KiB Mijk aTomamu
Cynbhypy O6iuHMX paguKaiB IMCTEiHYy.

¥V pesysbraTi hopmyeTheAa i migTPpUMyeETHCA
TpeTUHHA CTPYKTypa 0iJKa, 10 00yMOBJIIOE HIOTO
BJIACTUBOCTI W (pyHKIiIi. 30KpeMa, B MOJeKyJaax
(epMeHTIB (POPMYIOTHCA aKTUBHI IIEHTPU, IO
BUKOHYIOTh KarawitTuyri (QyHKIii. Ha okpemux
MOJIITIeNITHAaX y CKJIaAi OiKiB 3 UeTBepPTUHHOIO
CTPYKTYPOIO ()OPMYIOTHCA MMOBEPXHi, 1110 KOHTaK-
TYIOTh 3aBAAKM HEKOBAJEHTHUM 3B aA3Kam (Ting-
podobHMM, HOHHUM, BOAHEBUM). Y MOJEKYyJIax
0inKiB KIiTMHHUX MeMOpaH (opMylOThCA KaHa-
JIU AJI1 TpaHCMeMOPaHHOT0 TPAHCIIOPTY PEYOBUH.

HenpaBunbHa IpocTOPOBa CTPYKTypa CIIPU-
YnHSAE YTBOPEHHS HEAKTUBHUX OiJNKiB, AKi mo-
PYIIYIOTH HOPMAJbHY POOOTY KJITHMHU i HaBiTH
ychboro opraHiamy. SckpaBuMm IIpUKJIATaMU
IIBOTO € YTBOPEHHA HpioHHUX OiJKiB, 110 mpu-
3BOAATH [0 PYHHYBAHHSA HEPBOBOI TKAHUHU a00
(bopMyBaHHA aHOMAaJILHOTO TeMOTJIO0iHY, 110 BU-
KJINKAITh CePHOBUIHOKJIITUHHY aHEeMilo.

ITopyiierEss TpeTMHHOI CTPYKTypu O6iJi-
Ka — denamypauis — BigOyBaeTbcs 3a 3MiHU
BHYTPINTHBOKJIITUHHUX YMOB, 30KpeMa, y pasi
MiABUIIEHHS TeMIIepaTypu, 3MiHU KKUCJIOTHOCTI.
3a He3HAUHUX IOINKOIKEeHb MOJKJIMBE BiTHOB-
JeHHA CTPYKTYpPU i QYHKIIA — penHamypauis.
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Tema 3. O6miH peyosuH i nepeTopeHHs eHeprii  Jp3p 3y S
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Man. 44.2. MNpuHuMn poboTK LWanepoHis

LWanepoHn

Y doapiury mesxkux 6inKiB 0epyTh yd4acTb
0inKu mamepoHu. BoHu momomararmTh CUHTE30-
BaHUM OiJTKaM 3ropTaTUCA B NPABUJIbHY KOH-
dopmarito (man. 44.2).

IITameponu He TiTbKU 0EPYTHh yYacThb y (oJi-
IiHTy Jo3piBarouymx JIAHI[IOTIB, aJje W momoma-
railoTh HOMIKOAKEHUM OilKaM 3HOBY HaOyTu
mpaBwibHOI KoH(popMmarii. Hanpukian, cuuTes
IIamnepoHiB IeBHOro KJacy (0inKiB TeIIoBOro
IIOKY), III0 0epyTh ydacTb y crabijgisarii merm-
TUMAIB, 3POCTAE 3a IiBUIIEHHA TeMIIEpaTypu Ta
inmumx gopmax crpecy. Ilpu mpoMy BOHU 3aXU-
1aTh OiIKM KJIITWUHU Big meHaTypairii.

MocTTpaHcnauinHi mogudikauii

ITicnist 3aBepIIIeHHSA TPAHCIAILIIl BEJIMKA Yac-
THHA OiIKiB HmigmaeThCA MONAJNBINNM XiMiUHUM
mMoaudikaiam.

Bigomo 6isbIlle IBOXCOT BapiaHTiB IIOCTTPAH-
caamiiiaux moxumdikaiiii 6inkiB. Barato 3 Hux
3IifiICHIOIOTHCS Ha MeMOpaHaxX eHIOIJIasMaTHhY-
HOT'O PeTUKYJIyMy. BiflKu miggaroTheca aleTusiro-
BaHHIO, TVIIKO3UIIOBaHHIO, (DOCHOPUTIOBAHHIO Ta
iHmuM XimMiuHuMm neperBopeHHaM. Hanpukian,
TJIIKOBUJIIOBAHHA € HeoOXiZHMM eTamoM J03pi-
BaHHA OiJKiB miasmaTuuHOl MeMOpaHu. llis
b6araTbox 0iJIKiB, 0c00JMBO (pepMEHTiB, BaKJIU-
BUM € IPUESHAHHA HeOIJIKOBOro KOMIIOHEHTA
(mpocreruunoi rpymnu). OOMerkeHUil ITPOTEOJIi3

0 KniouoBa ines

Micna TpaHcnAuii BinbyBaeTbca dongiHr — 3rop-
TaHHA MONINeNTMAHOrO NaHuora y MpPoOCTOPOBY
CTPYKTYpY, AAKa 6arato B YoMy 3aneXuTb Big Nocsi-
JOBHOCTI aMiHOKMCNOT. Y dongiHry 6epyTb yyactb
6inkn wanepoHu. MocTTpaHcnAuinHi mogudikawii
6iNKiB BKJIIOYAIOTb TaKOX XiMiUHi NMepeTBOpPeHHs.

HeOoOXimHMI NI aKTUBYBAaHHA HEAKTUBHUX OiJI-
KiB-momepenHukKiB. TakuM YMHOM, HAIIPUKJIAI,
IIPOTOPMOHM II€PEeTBOPIOIOTHCSI Ha TOPMOHM.
Y neakux BUNAAKaX BiJl MOJiNEeNTUAHUX JaH-
IIOTiB MOJKYTH BUIAJSATHCA KiHIIeBi aMiHOKmHcC-
JIOTH, ab0 NMPUENHYBATUCA CUTHAJIbHI IMENTUIN
I BUXOAY MOJIeKyJu Oinka 3 riaitmau. Kpim
TOTO, NJs (hPOpMyBaHHA CKJIAJHUX OiJMKiB HE00-
XilHe YTBOPEHH: 3B’A3KiB MijK OKpeMUMU JIaH-
moramMu (HaOpUKJIAL, Y MOJIEKYJi reMOrJyio0iHy
00’€IHYIOTHCA YOTUPU OKPEMi JIAHITIOTH).

CuHTe3 i fo3piBaHHA
LMTOMNMA3MATUYHMX, MEMOPAHHMX
i CeKpeTopHuMX binkis

Bogoposuunui 6inKy Aaa BHYTPIIIHIX IIO-
Tpeb IMUTOIJIA3MU CUHTE3YIOThCA Ha pubdocoMax,
BiJIbLHO poararmoBaHuX y muromiasmi. Taki 6ij-
KU 3TOPTAIOTHCA B MPOIleci BUXoAy 3 pubocomm
Y BOZHOMY OTOUEHHi, ()OPMYIOUHN TJIOOYJIAPHY
CTPYKTYPY 3 IIOJIIPHOIO MOBEpPXHeIo i rigpodoob-
HUM SIPOM ycCepeauHi.

Memb6paunui 6igiKu abo cexperopHi 6iiaKwm,
AK1 BUBOOATHCA 3 KJITUHMH Uepe3 MeMOpaHu,
CHUHTE3VIOThCA Ha pubocoMax, OB SI3aHUX
3 MeMOpaHaMM eHIOIIJIa3MaTUYHOTO PETUKY Y-
my. Ilicoa cuHTE3y 0iIKM 30BHIITHiIX MeMOpaH
yOyZOBYIOTBHCS B MeMOpaHy eHI0ILIa3MaTUIHOT'O
PEeTUKYJAYMY i TOCTABJASAIOTHCA N0 amnapary I'ojb-
I3Ki, a mOoTiM — 70 ITOBEePXHi KJITHUHU.

CekpeTopHi 0iTKW TAKOK TPAHCHIOPTYIOTHCA
o amaparty I'osbaki, ae He Mo MeMOpaHax, a IIo
M0 KaHajaX eHJO0IJIa3MAaTHUUYHOTO PETUKYJIYMY.
JJ1a mogasibIioro TpaHCIOPTY BOHU IMaKYIOThCS
amapatoMm ['osbIKi y CEeKPeTOpHi myXupIri.

YV KaHajgax eHIOMIMJIa3MATHUYHOTO PETHUKYJIY-
My i mumcrepHax amapatry loapmxi Oinxku 1go-
3piBalOTh — MiAJIATAIOTh TOCTTPAHCJIAIINHUM
MomudikaIisaMm.

03aﬂl/ITaHHFI Ta 3aBJaHHA

1. Aki B3aemogii NiATPUMYIOTb TPETUHHY Ta uyeT-
BEPTUHHY CTPYKTypu 6inka? 2. MoAcHiTb, AK NomMuUnKa
B reHi (3amiHa OfHOro HyKneoTuay Ha iHWWnI) MoxXe
npu3BecT Ao nopyleHb obMiHy pevyoBuMH. Bukopuc-
TOBYWTE Balli 3HaHHA MPO reHeTUYHUIN Kog, GongiHr,
depmeHTaTVBHUI KaTani3, metaboniyHi wnaxu. 3. Yum
NpoCTOpOBa CTPYKTypa UMTONNasmMaTnyHmx Ginkis Big-
PIi3HAETLCA Bif CTPYKTYpu MeMbpaHHux 6inkis? 4. lMNo-
ACHITb 3HAUEHHA OOMEXEHOrO NPOTEOoNi3y B AO3PiBaHHI
6inkis.
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§ 45. DotocuHTes. CBiTNOBa ¢dasa

0 [omipkynTe

KntouoBy ¢yHKLUito B npoLeci ceitnoBoi ¢as3n ¢o-
TOCMHTE3y Bifirpae monekyna xnopodiny. A Hasi-
Wo ToAi MOTPIOHI iHWI NiIrMeHTN y CKNagi aHTeH-
HOro Kommnnekcy?

Q 3raganTe

« Mnactngn « Xnopodoin

» bygoBsa xnoponnactis

DoToCnHTE3

doTocuHTE3 — IIe IIPOIleC YTBOPEHHS KU-
BUMU OPraHi3MaMM OPTaHiYHUX PEUOBUH 3 HEOP-
raHiyHUX 3 BUKOPUCTAHHAM eHeprii cBitia:

6CO, +6H,0+ HePMA_c g o 4 60,

IIporiec oToCHMHTE3Y CKJIAZAETHCA 3 IBOX
OCHOBHUX (pad — cBiTsI0BOI i TemHoBOi. Ilig uac
CBiTIIOBOI (pa3Wm KBAHTHU CBiTJIa BJIOBJIIOIOTHCS
xJopodisoM, eHeprisad KBAaHTIB BUKOPUCTOBYETH-
ca pasa cunresy AT® i HAII® - H,. Ilo6iunum
OPOAYKTOM € KUCEeHBb. ¥ XO/i TeMHORBOI (ha3u 3a
paxyuoxk AT® ra iHIIUX IPOAYKTIB CBiT/IOBOI
(basu BinOysaerbca (Qikcamia monexyn CO, i
YTBOPIOIOTHCA MOJIEKYJIU TJIOKO3MU.

Ho dorocmHTE3y 3maTHI pocawHU i medaxi

baxTepii.

Y kiaitTuHax pocauH (oTocumHTEe3 BimOyBa-
€ThCA B XJIOpOILIacTaX: cBiT/ioBa (pasa — Ha
MeMOpaHax THUIAKOIAiB, TEeMHOBA — Y CTPOMI.

CgiTnoBa $a3a: NornnmHaHHA

eHeprii CoHuA

CoHsiuHA eHeprisi YJIOBJIIOETHCA (POTOCHH-
TETUYHUMYU IIIrMEHTAMU, cepel AKUX OCHOBHY
poJsb Bimirpae xjaopodia a. Kpim Toro, icHymoTh
xJjopodinu b, ¢, d, f. JomomiskHUMU mirmMeHTa-
MU € Kapomunoiou (3KOBTi, momMapaHueBi, uep-
BOHi) i @iko0ininu (UepBOHI I CHHI IirMeHTH
YepBOHUX BOIOPOCTEM).

®dorocHTETHYHI TirMeHTH 3TpPyIloBa-
Hi Ha MeMOpaHax THJIAKOIAIB y KOMILIEKCHU
nBox TumiB — ¢orocucremy I (®C I) i doro-

cucremy II (PC II). Koxxkua dorocucrema ckJjia-

CeiTno MembpaHa Trnakoigy QoTtocuctema

LonomixHi
nirmMeHTn LeHTp

PeakuinHuin

Man. 45.1. Cxema nepegfaui NornnHeHoi eHeprii
B @aHTEHHOMY KOMMAeKci poTtocncremu.
EHepria nepepaetbca Big Monekynu 4O MONEKYnu,
NOKM He [OCAraE peakuiiHOro LeHTpy

IaeThcA 3 KiJIbKOX COTeHb MOJEKYJI IIirMeHTiB.
Veci mirmenTn poTocucTeMU MOMKYTH IOTJINHATH
KBAHTU CBiTJIa, ajle TIIbKY OJHA MOJEKYJia XJIO-
podiny dorocucTeMu MOKe BUKOPUCTOBYBATHU
MOTJIMHEHY eHeprilo y POTOXiMiuHMX peaKIliax.
IIa MosexyJsia Ha3MBAETHCS PEAKI[IWHUM I[€H-
Tpom (MaJj. 45.1). Yci iHIri MoJIeKyau mirMeHTiB
YTBOPIOIOTH AHTEHHHII KOMILIEKC: BOHU YJOB-
JIOIOTH €HEPTriio cBiTya i mepemaioTh ii B peak-
MiAHUN IeHTP.

CeitnoBa ¢asa: ¢oTonisz Boan

VY pocamH GOTOCHUHTE3 MOUNHAETHCA 3 (POTO-
cucremu II. EHepria morsimHeHOTO0 CBiTJIA Bijg aH-
TeHHUX KOMILJIEKCIiB IlepefacThbCAa B PeaKIliiHu i
meatp ®C II i nmepeBoAUTL OAWH 3 €JIEKTPOHIB
xjgopodiny a B 30ymkenmit cran (maa. 45.2).

30ymKeHnil eJeKTPOH MIepegacThbCs Ha MO-
JEeKYJay-TIePeHOCHUK, a B MOJIEKYJi XJopodiay
3’ABJAETHCSA MTO3UTUBHO 3apsiKeHa eJJeKTPOHHA
«IipKa».

Brpauenunii xaopodijsioMm eIeKTPOH 3aMiIy-
€ThCA €JEKTPOHOM, AKUU YTBOPIOETHLCA B pe-
3yJibTaTi (hoTOJIiBYy BOAM Mg Aielo cBiTia:

2H,0 = 4H" + O, + 4e7, ne e© — eJeKTpPOH.

IIix vac poToi3y B pe3yabTaTi PO3IIeNIeH-
HA MOJIEKYJIU BOAU YTBOPIOIOTHCA:

* @IeKTPOHM, IO B3alOBHIOITH «IipPKU»
y dorocucremi II;

- mpoToHu H';

* MOOIUHUI TPOAYKT — MOJIEKYIAPHUNA K-
ceusb O,.
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AKuentop AKuentop
CsitTno €NeKTPOHiIB CsitTno eneKTPOoHiB
_ 2ée
2e
26 HAL® + 2H*
JTaHutor JNaHutor
nepeHOCHKIB nepeHOCHUKIB
e/eKTPOHIB eneKTPOHiIB HALOH + H*
WV o A
H,O0 — %2 O, + 2H* \/
®otocuctema |l ®oToniz Boan QoTtocuctema |
Man. 45.2. Cxema pob6otn dotocuctem | i Il. Y ueHTpi KoxHoi OC po3milleHnn peakuiiHUiA LeHTp (MoneKkyna xnopodiny a)

CeitnoBa ¢a3a: POTOCUHTETUYHWIA
NAHLIOT MepeHECEHHSs eNeKTPOHIB

EneKTpoH, BUOYINIEHUN 30yI:KeHUM XJIOPO-
dimom DPC II, uepes JAHIIOr MOJEKYJI-IIEPEHOC-
HUKiB nepemaetrses no @C I. Tam BiH 3amI0BHIOE
€JeKTPOHHY «IiPKY», AKA YTBOPIOETHCS IIiJ] Uac
OOTJIMHAHHSA KBaHTa cBiTyia xJsopodimom PC I.
TyT eleKTPoOH 30yI:KyEThCA BAPYTre i 6epe yuacTb
y Bignosnenni HAJI®" no HANI® - H,. Taxwuii
PYX €eJIEKTPOHIB IIO JIAHITIOTY IIEPEeHOCHUKIB Ha-
3WBAIOTh HEIMKJIIYHUM IIOTOKOM, a00 Z-CXeMOI0.

Y MmemOpaHax THJIAKOIAiB MOMKYTh 3AiMCHIO-
BaTHCA IMKJIYHI IMOTOKHU eJIeKTPOHIB. ¥ HUX
€JIEKTPOH 30YIKYEThCA TiJIBKM B pPeakKIliiiHo-
my tnentpi @C I, i He BimOyBaeThcs yTBOPEH-
Ha HAII® - H,. Iorik crac DUKJIIYHUM, KOJIH
eJIeKTPoHU Bin peaxiiiinoro neatpy ®@C I mepe-
narotbea He Ha HAJIID*, a moBepramoThesa Hasas,
y JIQHITIOT IepPeHOCHUKIB eqeKkTpoHiB Bix @C II mo
@C 1. Takuii pyx eIeKTPOHIB 3a0e3meuye TiaIbKU
AT®, ane ne HAJI® - H,.

CgiTnoBa ¢a3a: NPOTOHHWI rPadi€EHT
Ha MembpaHax Tunakoifgis

ITepeneceHHsI €JEKTPOHIB CYIPOBOAKYETH-
cA iHmmM mTporecoM: mepeHocom mporoHiB H*

0 KnioyoBa ifes

QoTocMHTE3 — LEe Mpouec YTBOPEHHA XMBUMM
OpraHiaMamm OpraHiYHX PeYOBUH 3 HEOPTaHIYHMX
3 BUKOPUCTaHHAM eHeprii csiTna. lig yac ceitnosoi
$a3n KBaHTM CBiTNa BMOBMOIOTLCA GOTOCMHTETUY-
HUMW MNirMEHTaMK, WO 3rpynoBaHi y ¢oTtocucte-
Mu | i Il Ha MembpaHax TUNAKOIQIB XNOpPONIacTiB.
EHepria KBaHTIB BUKOPWUCTOBYETbCA ANIA CUHTE3Y
ATO i HALO® - H.. Mo6iuHNM NPOAYKTOM € KUCEHb.

Y BHYTPIIIHBOTHJIAKOIZHMI mpocTip. Ha mem06-
pPaHi TUJIAaKOINiB BUHUKAE eJeKTPOXiMiuHUI
rpagieaTr. HaxomwmueHi HIpOTOHU «IpopuUBa-
IOTBCA» 3 BHYTPIIIHBOTUJIAKOIZHOTO IIPOCTOPY
B ctpoMy 110 KanHasax AT®-cuuTasu; 1pu bOMY
cunresyerbcsa AT®. Ileit mexaHisM Ha3UBAETH-
ca ¢orodochopurrOBaHHA; TOTO IPUHIIUT CXO-
KHUU 3 MEeXaHi3MOM OKMCHOTO (hoc(hOopUIIOBaHHA
B MiTOXOHIPiAX.

OCHOBHI IPOAYKTHU CBiTJIOBUX peakIliii ¢o-
rocunresy — HAJ® - H, i AT® — mnaxonu-
YyIOThCA B CTPOMi, TOOTO TaM, Je BOHU MalOTh
BUTpPAUaTHUCA B PeakIlisgx TeMHOBOI (asm.

@ MpakTnyHa poboTa

BudineHHa i po30dineHHA cymiwi poC/IUHHUX nie-
MeHmMie Memooom nanepoeoi xpomamozpadii
1. 3po6iTb aLETOHOBY BUTAMXKY 3 JIMCTKIB OAHi€l
3 KIMHaTHUX POC/INH.

2. Po3ginitb mirmeHT! Ha ¢pakuii 3a LONOMOroio
CMYXKM XpomaTtorpadiuyHoro abo ¢inbrpyBanbHO-
ro nanepy, BUKOPUCTOBYIOUN AK PO3UYNHHUK CYMilll
6eH3eHy i 6eH3uHy (3:1).

3. lgeHTndikynTe posgineHi nirMeHTV 3a IXHIM Ko-
JIbOPOM Ta MiCLieM pO3TallyBaHHA Ha nanepi, BU-
CyWiTb ManepoBy CMY»KY i BKIenTe ii B 30LMT.

4. CoopmyntonTe BUCHOBOK.

033I‘II/ITaHHﬂ Ta 3aBOaHHA

1. K, Ha Balwy AyMKy, eyKapioTM4yHa KNiTMHa «3[40-
6yna» xnoponnactu? 2. MNopisHAKTe 6ynosy xnopodiny
Ta rema. 3. YoMy OCHOBHUI GOTOCUHTETUYHMIA NirMEHT
pPOCnuH Ma€ 3eneHun konip? 4. Aki 0cobnmBoOCTi eKo-
norii YepBOHMX BOJOPOCTEN 3YMOBIIOKTb Te, WO B HUX
OCHOBHVMW MirMeHTaMn € YepBOHi $iKoGINiIHN?
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§ 46. ®oTtocuHTe3. TemHoBa ¢asa

0 [omipkynTe

3 AKoi cnonykn pocnuHu 6epytb KapboH ana
CUHTe3y BYrneBOAiB?

Q 3raganTe

» MoHocaxapugun, nonicaxapuau
» Kpoxmanb, Lentonosa, rioKosa, caxaposa

Mpouecn TeMHOBOI dpa3n GoToCUHTE3Y

¥V mpomecax TeMHOBOI (dasu (POTOCHMHTEIY
YTBOPIOIOTHCS BYTJIEBOAM — TEPBUHHI OpraHiuHi
peuoBuHu. Came B 11i#i (pasi BigOyBaeThCA BKJIIO-
ueHHs aTmocdepHoro CO, y ckaan Giocdepu.
Peaxii cuHTe3y opramiuHUx pevyoBUH BimOyBa-
I0THCA 3 BUKOPHUCTAHHAM eHeprii, HaKoIudJeHol
y xomi cBiTsioBoi hasu (mai. 46.1).

TemHOBa (haza (HOTOCHMHTE3Y 3IiNICHIOETHCA
y crpomi xjopomsiactiB. Ila ¢asa mHazuBaeTbcsa
TeMHOBOIO TOMY, II[0 CBiTJIO He Gepe B Hiil Oeamo-
cepenHboi yuacTi. Y poCJIMH BOHA BiOYBa€ThCSA
AK yIeHb, TaK i BHOUI.

CyKymHICTh TOCHITOBHUX pPeaKIili TeMHO-
BO1 (ha3u HasmBaeThCA MUKIoM KaasBina. [{uki
Ha3BaHU Ha YeCTh aMePUKAHCHKOTO Oioximika
Mensina KanbpBiHa, SKuii oTpUMaB 3a HOTO Bin-
Kpurtsa HobGemiBcbKy mpemiro 3 ximii 1961 p.

Cgitno

H.O 0)

CsitnoBa ¢asa
ATO  HAOOH

Co, HALO* ALO+®
TemHOBa
¢daza

Byrnesogu

Man. 46.1. B3aemo3B'30K CBiTIOBOI i TEMHOBOI
da3 dotocnHTesy

Lnkn KanbBiHa

IIig uac Gioximiunux peariiii mukry Kaab-
BiHA 3a y4acTIO BYTJIEKHCJIOTO ra3y i IPOAyKTiB
ceiTaoBoi (hasu porocuuTesy HAI® - H, i ATD
YTBOPIOIOTHCA MOJIEKYJIN TJIIOKO3MU.

Cunres 1 MoJerkyamM TJIIOKO3U BifOyBaeThCcA
3a 6 obepris nuKIy i morpedye 6 momexyn CO,,
12 monexyn HAJIIPH i 18 moneryna ATD.

IMurkn KanbBina cKkIagaeThcsa 3 TPHOX CTa-
Iifi: KapOOKCUIIOBaHHS, BiHOBJIEHHS Ta pere-
Hepaiii (manx. 46.2).

Kapo6okcuroBanua. 11s cragia HallBaKJIMBI-
II1a, OCKiJIbKY caMe Ha Hill Heopramiuunuii Kapoou
y ckaani CO, BKJIIOUAETHCA N0 CKJIaay OpraHid-
HUX pevoBUH. KJII0UYOBOIO peaKIlieio € mpue HaH-
HsI MOJIEKYJIM BYTJIEKHCJIOTO Tasy A0 95-KapOoHO-
BOI cmmostyKu pu0yJ1030-1,5-6icocary. Peakiris
Karayiisyerbcsa hepMeHTOM puldyno300icocpam-
Kapboxcunasor (ckopoueno — RuBisCo). IIpo-
Imecu KapOOKCUJIIOBAHSA 3MiMCHIOIOTHCA 34 YUaCTIO
AT®, orpumanoi mixm uac cBiTsoBOI (pasu ¢o-
TocuHTedy. HoBa, Bike 6-KapOOHOBA CIOJIYKA,
HeCTifiKka i IIBUAKO PO3KJIANAETHCA Ha IBI MO-
aeryau 3-ocdoraineposioBoi kucaoru (3-PI'K).

BignoBiaenna. 3-®I'K BigHOBIIOETHCA IO
3-docdoraineposoBoro axapgeriny (3-PT'A),
YyacTUHa MOJEKYJ SKOTro e B IIMTOILIa3My Ha
cuHTe3 6-KapOOHOBOrO MOHOCaxXapuay (TJI0K0o3u

3i CBITNOBMX peakLiit

BN 12 A00 + 120

Heopr

[ndocdorniueponosa Kucnota (12 monekyn)

®ocdorniyeponosa Kucnota % 3i cBITNOBUX peakLin
(12 MOQEKyﬂ) % 12 HAO-H
@ = 12 HALO*
6CO, 2 ® A
s Tpiozodocdat (12 monekyn)
g
S [mioko3a
] (1 monekyna)

Pubynosoaudocdart (6 monekyn)

6A00 +<5®\— PubynosomoHodpocdat
(12 monekyn)

6 ATO
i3 CBiTNOBUX peakLin

MepeTtBOpeHHA
KapbOHOBMX
cnonyk

Man. 46.2. Cxema umkny KanbBiHa —
wnaxu ¢ikcauii KapboHy nig yac dotocmHTesy
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Tema 3. O6miH peyosuH i nepeTopeHHs eHeprii  Jp3p 3y S

Man. 46.3. Mogenb monekynu RuBisCo

abo ppyrrosu). Tyr, kpim ATP, BUKOPUCTOBY-
eTbca Takoxxk HAIID - H.

Perenepanis. Yacruna wmoaeryna 3-@PI'A
BUKOPHUCTOBYETHCA [IJIsI CHUHTE3y puoyJio3o-1,5-
Oicochary, AKUN BCTyNae B HOBUH ITUKJI.

®epmeHT RuBisCo

RuBisCo (man. 46.3) € aysKe BasKJIUBUM
depmeHTOM Ha 3eMJli, OCKIJIBKM caMe BiH BKJIIO-
uae Heoprauiunuii CO, 3 armochepu y Giosoriu-
HUM Kpyroobir. Iamoro nogi6buOro (hepmMeHTy He
icaye. Ile#t (hepMeHT BUABJIEHUN Yy (POTOCUH-
Te3yIUNX KJITHMHAX yCiX Has3eMHUX 1 BOSHUX
eyKapioTuuHuX (QoroTrpodiB i miamobaxTepiii,
y OinbIIocTi mMypmypHUX i 3eJeHHMX OaKTepin
Ta y 0e3XJOPOPIIbHUX XeMOaBTOTPOPHUX OaK-
Tepili. BBakaeThcs, IO e HAWIIOMIMPEHIiITIUi
Ha 3eMJii i mepeBakHUI y KiJdbKicHOMY Bifm-
HOIIIeHH1 0iJIOK.

Peakmia, mo kxaramisdyerbca (epMeHTOM
RuBisCo, BigOyBaeTbCsa OysKe IMOBLIBHO (Kijb-
ka mosnekya CO, Ha CeKyHIy), TOMYy B CTpPOMIi
XJIOPOILJIACTiB Iel (pepMeHT MO:Ke CTAaHOBUTHU
IO IIOJOBUHH Bchoro Oinka. Ha piBui 1mboro
depMeHTy 3AiMCHIOETHCA PEryJIaIlis IIIBUIKOCTI
nukyay Kasbsina.

0 KnioyoBga igen

Y xopi TemHoBOiI da3n GOTOCUHTE3Y Yy CTPOMI
xyioponnactiB BifbyBaeTbca dikcalis monekyn
CO, i yTBOpIOIOTHCA MOJIEKYNIN rtoko3n. Hagani
rNloKo3a MOXe MosiMmepur3yBaTUCA B KPOXMmarb,
Lentonosy Ta iHWi opraHiyHi cnonyku. CyKynHicTb
Noc/ifoBHMX pPeaKLin TEeMHOBOI pa3n Ha3MBa€ETbCA
umknom KanbgiHa. KntouoBa peakuia NnpueagHaHHA
monekynu CO, kaTanisyetbca dpepmeHtom RuBisCo.

= L ']
1 l-i' i

e 8

Man. 46.4. YMicT Kpoxmasio B MPOAyKTax XapyyBaHHA

CnHTe3, 3anacaHHA | BUKOPUCTaHHA

Kpoxmar’tio

Tpurap6onoBi pochocaxapunm (3-PI'A), 110
yTBOpuUJKCA Ha Apyriit craxii nmuxkay KanbBina,
TPAHCHOPTYIOTHCS B ITUTOIJIA3My KJIITHUHU, Ie
3’€IHYIOThCA OAWH 3 ONHUM i yTBOPIOIOTH IIeC-
TUKapPOOHOBUN caxapuj — TJIIOK03Y ab0o PpyK-
To3y. Hamaui rarokosa MosKe IIoJiMepu3yBaTUCA
B KPOXMaJib, IEJIIOJIO3Y Ta iHII CHOJYKMH:

nCH O0,—~ (CH, O, + nHO.

KpoxMmanb € ocCHOBHUM 3amlacHUM IIoJicaxa-
puzmoM y pocanHax. Y KJIiTMHAX BiH 30epiraern-
cd Yy BUTJIALI KPOXMAaJbHUX 3€PeH AiaMeTPOM
Big 1 mo 100 mrMm. 3asBuuaii KpoxMaJib KOHIEH-
TPYETHCA B JIUCTKAX y Hepios akTUBHOTO (oTo-
CUHTE3y, IIiCJAA YOr0 IMEePETBOPIOETHCSA HA PO3-
YUHHY caxapody, AKa TPAHCHOPTYEThCA B iHIIIL
YaCTUHY! POCJIUHU.

Kpoxmanps HakKonmmuyeThca y HaciHHI W BuU-
KOPHUCTOBYETBCS IIiJi Yac IIpOpocTaHHA. Bin-
KJIaJleHHA KPOXMAJI0 HAKOMUUYYIOTHCA TAKOMK
y migseMHux mnaroHax (0Oyapbax, IuOyJIuHAX,
KOPEHEeBUIax), IMapeHXiMi NpoBiTHUX TKaHWH
KopeHiB i creben. OcobamBo GaraTuMu HA KPOX-
MaJb € OyJan0u KapToILIi, HAaciHHA 3JaKiB, 0o-
00BUX, rpeuanmx pocauH (maa. 46.4).

03an|/|TaHHﬂ Ta 3aBJaHHA

1. Aki npopykTn ceitnoBoi da3n $oTocnHTE3y BU-
KOPUCTOBYIOTbCA ANA peakuin TeMHOBOT da3m (umkny
KanbgiHa)? 2. Aki ocobnusocTi pepmeHTy RuBisCo cBia-
YyaTb MpO Te, WO uUe Ayxe AaBHin depmeHT? 3. Yomy
POCNMHM 3anacaloTb BYrNEBOAM Y BUMNALI KPOXManio,
a He caxapo3u uu uennosu?
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§ 47. DoTtocnHTE3 y NpoKapioTiB. [NnaHeTapHe 3HauyeHHA POTOCUHTE3Y

0 [omipkynTe

Yn moxe BigbyBaTnca ¢oTo-
CUHTe3 6e3 BUAINEHHA KUCHIO?

Q 3raganTe

« [IpokapioTn
« ABTOTpOOMU, reTepoTpodu

Man. 47.1. LiaHo6aKTepii 3ailCHIOOTb
KNCHeBUI GOTOCUHTES

Man. 47.2. Cipkob6akTepii 34iiCHIOTb
6e3KNCHeBNI GOTOCUHTE3

KnitTnHHa memb6paHa

baktepiopogoncmH

Man. 47.3. bakTepiopogoncnH —
TpaHcMeMOpaHHWIA GiNoK, Wo 3abes-
neuye 6e3xnopodinbHM GoToCUHTES

B apxenn popy Halobacterium

DoTocmHTEe3 Yy NpoKapioTiB

doTocuHTE3yIOUNMH € 0araTto rpyn 60aKTepiii, 30Kpema Iria-
HOOakTepii. ¥ GaKTepiil HeMae XJIOPOILJIACTiB, TOMY ()OTOCUHTE3
BimOyBaeThCcAa B IIMTOIJIA3Mi Ta HAa BHYTPIIIHIX CKJIAaZKAX IJIa3-
MAaTUYHOI MeMOpaHu — Me30Co0Max.

Ha mesocomax poaramnioBaHi ()OTOCHMHTE3YIOUi ITirMeHTH —
baxTepioxaopodinu, AKi 3AilICHIOIOTH CBiT/IOBY (hady (OTOCHH-
Te3y; TeMHOBa (pa3a BigOyBaeTbCcA B IIUTOILIA3MI.

IToxi6mo mo xJopodiny, GaKTepioxJopo@iju IIOTIMHAIOTH
€Heprilo CBiT/Ia 1 BUNYCKAIOTHh E€JIEKTPOHU, AKi IIepelarThbCA II0
€JIeKTPOHHOTPAHCIIOPTHOMY JIAHITIOTY i 3a0e3meuyioTh cuaTe3 ATD,
HAJII® - H. Mani Binbysaersea dikcanis CO, y KapOOHOBI CIIONYKH.

BaxrepianpHuii (porocuHTes MOKe BimOyBaTucsA SK 3 BUi-
JIEHHAM KIMICHIO, TaK i 0e3 I1oro BUIiJIeHHH.

KucneBuii (okcurenunmii) ¢gorocuHTes BinOyBaeThcA y Iia-
HOOaKTepilt (cuHBO-3eJeHUX Bojgopocreii) (man. 47.1). Bin mo-
IiOHUIT 10 (POTOCHUHTE3y BUIIUX POCJIMH:

- 3abesmeuyeTbca xJopodisom a;

* CYIPOBOMKYETHCA BUIIJIEHHAM MOJIEKYJISPHOTO KUCHIO;

- BimOyBaeThca 3 ()OTOJIIBOM BOAM SK MIiKepeJia eJIeKTPOHiB.

BeskucHeBuii (aHOKCUTeHHUII) (POTOCHMHTE3 BifOyBaeThCs
B IyPOYPHUX, AeAKUX 3eJIeHUX i resiobakrepiin (mas. 47.2). Ile
HalimaBHimnI, npumiTuBHiI opMu dorocuHTE’y, AKi:

+ 3a0e31eUyIThCA 6aKmMepioxaopo@inom;

- BimOyBaioThca 0e3 BUAiJIEHHSA KUCHIO B HABKOJIUIITHE cepe-
IOBUIIIE;

* AK TOHOpPa eJEeKTPOHIB BUKOPUCTOBYIOTHL HE BOAY, a iHIMIi
peuoBMHU — TigporeH cyabdim, moseryaapHuii I'imzporeHn, mo-
aeryaapauii Cyabdyp, Tiocyab(aT, OpraHiuHi CIIOIyKH.

B ekcrpeManbHUX TadodiibHUX apxeOaxkTepili BUABJIEHU
TaKk 3BaHUU Oe3xJiopodinabHUil (oTocuHTe3. Posb xj0podQiny
B HUX BUKOHYE 0ioK 6axmepiopodoncun (man. 47.3). Ile dio-
JIeTOBUII CBITJIOUYTAIMBUMA IIIrMEHT, HIOAIOHWII OO POLOIICHHY
CiTKiBKM OKa. BiH morysimHAe CBiTJIO i IIEPETBOPIOE IMOTJIMHEHY
eueprito Ha AT®. BesxmopodinbHuii 6aKTepPiopOIOIICUHOBUMA
dorocuHTE3 € HANOIMBIIT TPUMiITUBHUM THUIOM (hoTocuHTe3y. 11o-
piBHAHO 3 HUM XJIOPOGiIbHUI (POTOCUHTE3 MA€ CYTTEBO OLIBIITY
eeKTUBHICTL 3amracaHHA eHeprii.

I'InaHeTapHe 3Ha4eHHA (I)OTOCVIHTe3y

Ilepiri semHi opranismMu Gyau aHaepOOHUMU TeTepoTpoda-
MU — BOHHU IIOTJIMHAJU TOTOBiI OpraHiuHi pevyoBMHU 3 IIEPBUH-
HUX BOJOMM. 3roJoM TIOTOBOI OpradHikKu CTaJi0 He BHUCTAYaTH,
I opraHisamMu mouaJii IIyKaTH iHII mkepesa pedoBuH. OmHiero
3 amamTaiiii 0yJa0 BUHUKHEHHS aBTOTPO(MHOrO TUIY *KUBJICHH.
Ilepiri aBTOTPOGY BUKOPUCTOBYBAIM 0e3KUCHEEUIL homocuHmes.
CaMOCTiiHO CHHTe3yIUl HeoOXiJHI peuoBMHM, BOHHU II€pPecTaIn
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Man. 47.4. MepBunHHa NPOAYKLiA OpraHiyHOi peyoBMHM B npoueci GOTOCHHTE3Y Ha Cyxomoni

KOHKYPYBaTu 3a HUX 3 rereporpodaMu, MOCiau
HOBi €KOJIOTiUHi Hirmri Ta cTBOpMIN 0€3/Iid HOBUX
¢opwm i Buzis.

HacrynauMm eramom OyJia mosiBa KUCHEB8020
¢omocunmesy. MojeKyIapHUN KHUCEHb BUJA-
JISIBCSA 3 KJIITUH K MOOIYHUUI HTPOAYKT, OCKiIb-
KU BiH OYyB TOKCUUYHUH AJA AAaBHIX aBTOTPOd-
HUX aHaepoObiB. 3rofoM KKHCeHb HAKOINUYBaBCS
B aTMmoc(epi, I opraHisMu modyajgum BUPOOIATHU
crmocoOu 3axucTy Bim oro TokcuuHoi mii. Tax
BUHUKJIN aepobu. 3’ABuUancA HOBI Meraboiu-
Hi MIIAXU, [0 BUKOPUCTOBYIOTH KUCEHDb IJIs
e(pekTuBHOrO BUPOOJEHHA eHepril (KucHese
Jduxanns). AHaepobu 3HUKJIE abo 30eperJucs
Y BaXKKOMOCTYITHUX MiCI[IX.

VHacaigoK BUCOKOI KOHIIEHTpAIlil KUCHIO
B aTMmocdepi chopmyBaBca 030H08ull uap. Bin
3aXWIaB ILJIAHETY BiJi KOPCTKOTO COHAYHOTO
BUMpPOMiHIOBaHHsA. OpraHisMm 3MOTJIN BUNTHU
3 BOAM HAa CYXO[iJ, III0 3YMOBUJIO Pi3KUIl CTPU-
00K BUIOYTBOPEHHI.

CroromHi OCHOBHMMU (DOTOCHHTE3YIOUNMU
opramismamu Ha 3eMJIi € 3ejeHi pocauHHU i Iia-
HOOaKTepii. POTOCUHTE3 € OCHOBHUM KEPeIoM
Oiosoriunoi eneprii (mas. 47.4). @oToCcUHTE3Y-

0 Kniouosa iges

KncHeBuin poTocrHTes 3a fonomorot xnopodiny
NPUTaMaHHWI 3eNeHUM POC/IMHAM i LiiaHobaKTe-
pisim. BeskucHeBwui | 6e3x1o0podinbHUIN GOTOCUH-
Te3n € HalAaBHIWIMK i NPUMITUBHUMYK dOpMaMu
boToCKHTE3Y, WO 3[INCHIOTLCA feAKUMM baKTe-
piammn 11 apxeAmn 3a AoMOMOrow 6GaKTepioxno-
podiny i 6akTepiopoaoncuHy. BUHUKHeHHA doTo-
CMHTe3y 3MiHUJIO €eBOJIIOLiI0 OpraHi3miB i cknag,
atmocdepu, nitochepu i rigpochepun 3emni.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

04l aBTOTPO(PM BUKOPUCTOBYIOTH I AJIA CHUHTE-
3y OpPraHiyHMX pPeuoBUH. ['eTepoTpodu iCHYIOTH
3a paxXyHOK eHeprii, 3amaceHoi aBToTpodamu
y BUIIALl XiMiuHMX 3B’A3KiB, BUBiLIbHSOUM Ii
B Ipollecax IUXaHHA i OpomiHuHs.

OyHKUiT doTOCKHTE3Y

- HakonuueHHsa opraHiuHoi Oiomacw.
YV mporieci (oToCHUHTE3Y POCAUHU YTBOPIOIOTH
160—240 mapxm TomH Giomacu Ha pik (y mepe-
PaxyHKy Ha CyXy PeYOBHUHY). 3a Yac iCHyBaHHS
JKUTTS Ha 3eMJIi opraHiuHi 3ajuIIKN HAKOIIN-
yyBajauca i mMoaudirkyBanuca (rymyc I'DYHTIB,
MyJi, Top(d, Kam’sHe BYTiJJIs, OCagoBi mopoau
MOpiB i okeaHiB).

- IlinTpumka ckaaxy armocdepu. IIlopiu-
HO B Xoni (poTocmHTE3y B aTmochepy HaIxo-
authb (0—120 mapn ToHH KucHio. ChboTomHi BiH
cTaHoBUTH 0sm3bK0 21 % B3a obcAroM moBiTpA.
doTocuHTE3 i JUXAaHHA ITIATPUMYIOTH BiTHOCHO
cranuii piserb CO, B armocdepi (0,08 %), ymicr
SAKOTO BILIMBA€ HA TEIJIOBUI PEKUM ILIAHETHU.

- YTBOpeHHA 030HOBOr0o mapy. Ha Buco-
Ti 6M3bKO 25 KM ming mieiro coHsuHOI papmiaiii
3 kucHi O, yrBOproeTbcs 030H O,. Illap o3zo0-
HY 3aTpUMye€ 3HAUHY YacTUHY yJabTpadiosero-
BOT'0 BHUIOpOMiHMOBaHHA (MoB:KMHA XBuai 240—
290 M), 3ry0HOTO AJIA JKUBUX OpPraHi3MiB.

03aI‘II/ITaHHFI Ta 3aBAaHHA

1. [le XuUBYTb Cy4acHi aHaepobu? Hasegitb npukna-
an. 2. Wo Take napHukoBuin edekT i AKAA ra3 aTmo-
coepu noro cTeopioe? 3. AK BY BBAXKAETE, AKMM LUMS-
XOM niwna 6 eBosnouia, AKOM He BUHUKAN aBTOTpodun?
4. 3pobiTb NpunyleHHs, AK BigbyBanaca 6 esontouin,
AKON He BUHUK KNCHEBUN GOTOCUHTES.
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§ 48. XemocuHTE3

0 [TomipkynTe

Bigomo, 1o npoLec XeMOCUHTE3y He 3anexuTb
Bifl COHUA i MoXe BigbyBatuca uinogoboso.
Ane B macluTabax Hallol MiaHeTUn XeMOCUHTE3
He TaK MmowunpeHun, sk GoTtocnHTe3. Yomy?

Q 3raganTe

o OKVCHEHHS, BiIHOBJIEHHSA
o ATO » Kpyroobir pevyoBuH

M pouec XeMOCNHTE3Y

OpuuM 3 BB aBTOTPO(HOTO JKUBJIEHHS € Xe-
MOCHHTE3 — IIPOIiec, ¥ AKOMY eHepriio AJs yTBO-
PeHHs OpraHiYHMX PEUYOBUH OPraHidM OTPUMYE
BiJ peakIlii OKMCHEHHsS HEOPTaHiUHUX CIIOJYK.

Takuii TUII JKUBJIEHHS XapaKTEePHUN TiIBKU
oas GakTepiit i apxeii.

XemocuHTe3 3[iMCHIOEThCA 0e3 yJyacTi cBiT-
aa. Ile BigpisHsEe XeMOCHWHTE3yIOUi OpraHismMu
BiT ()OTOCWMHTE3YIOUMX, OCKIJIBKM OCTAaHHI BU-
KOPHCTOBYIOTh fAK [I:Kepejio eHeprii coHsuYHe
CBiTJIO, a He eHeprilo XiMiUYHMX peaxIliii.

s omepskaHHA eHeprii MiKpoopraHismMu Bu-
KOPICTOBYIOTH €HepPrilo peaKIliii OKMCHEeHH cip-
KOBOJHIO, aMoOHiaKy, Boxuio, ¢epym(Il) orkcumy
Ta iHIMUX pedyoBUH. EHepris, 10 OTPUMYETHCS
miJg yac OKMCHEHHs, 3amacaeTbesa y opmi ATD.

PeuoBumHaMu, 3 AKUX BigOyBa€ThCA CHUHTE3
OpraHiuHmMX MOJIEeKYJI, € BYIJIEKHCJIHuil ras ado
MeTaH.

IIpomec xemocuHTe3y BimxpuB 1889 pory
BUAATHUHN yKpaiHCbKUi Mikpo6iosor C. M. Bu-
HOTPAJICHbKUA.

[Pynn xeMOCUHTE3YIOUYNX OpraHi3miB

3amizo0akTepii. IcHYIOTH 3a paXyHOK OKHC-
Henusa Pepymy (aBoBasienTHOro Fe?" mo Tpusa-
sgentHoro Fe’'):

4Fe(OH), + O, = 4H,0 + 2Fe,0,

VYrBopenuii pepym(IIl) okcun sanizobaxTe-
pii BigKIamaoThk y cBOili causdoBitt o6osoHnIti. 111
MiKpOOpraHisMu IIOIIMPeHi B IPiCHEHX 1 MOp-
CcbKHUX Bomoiimax (Mmaj. 48.1, 48.2).

CipkoobakTepii. OKHCHIOIOTH CipKOBOIEHD
(rizporeH cyab(ix) KO MOJIEKYJISPHOI CipKuU:

2H,S + O, = 2H,0 + 28

Y pasi HecTaui CipKOBOJHIO OKHCHIOIOTH

cyabQyp o0 cyab(PaTHOI KUCJIOTH:
28 + 30, + 2H,0 = 2H,SO,

CipkobakTepili MOKYThH JKUTH B OKeaHaX Ha
BeJIMYE3Hil rimbuui, y TUX MicmAx, e 3 pos-
JOMiB 3eMHOI KOpU y BOJY BUXOIUTL CipKO-
BOoJeHb. KoJiocasbHa KiJbKicTh cipKobaxTepii
icuye B HopHOMY MOpi, B AKOMY Ha TJIMOMHAX
noHan 200 M Boma HacudueHa CipKOBOTHEM.

TionoBi 6akTtepii. OKUCHIOIOTH BifHOBJIEHI
cuonyku Cyabdypy Ta ABoBajieHTHOTo Pepy-
My 10 cyiabharHOl Kuciaoru. eski mpeacras-
HUKU TiOHOBUX OaKTepiifi 3maTHI BUKMUBATHU
1 POBMHOIKYBATHCA 34 eKCTPEeMaJIbHIX KOHIIEH-
Tpaniii kucaoru (pH = 2). BinpuricTs i3 HUX €
aepobamu.

Man. 48.1. 3ani3nucTi KBapuUTN — pe3ynbTaT KUTTERIANb-
HOCTi 3anizob6akTepin

Man. 48.2. Pe3synbtat fisnbHOCTI 3anizobakTepiil y Bogo-
npoBigHKX Tpybax

1 OO MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Hirpudikyroui 6akrepii. OKUCHIOIOTL amo-
HiaK, 10 YTBOPIOETHCSA B IIPOIleCi THUTTSA Op-
ramiuaux peuvoBuH (0inKiB), mo HiTpUTHOI Ta
HiTpaTHOI KUCJIOT:

2NH, + 30, = 2HNO, + 2H,0,
2HNO, + O, = 2HNO,

VYTBOpeHi KHCIOTU B3aEMOOIIOTH 3 TI'PYH-
TOBUMU MiHepajaMu, YTBOPIOIOUM HITPUTU Ta
mHirpaTu. Hirpudirkyioui O6arkTtepii nmomwupeni
B T'PYHTi Ta Bomoiimax. BaraTto 3 HuX € cumOi-
OHTaMM POCJIUH.

BogneBi 6akTepil OKUCHIOIOTH BOJEHb, AKUN
YTBOPIOETHCA IIiT Yac aHaepPOOHOTO PO3KJIAJAHHS
opramiunmx pemrtok: 2H, + O, = 2H,0. Orpuma-
HY €Hepriio BUKOPUCTOBYIOThH JJIA MEPETBOPEHHS
CO, ma meraH Ta iHIIi OpraHiuHi CHONyKH.

3HaYeHHA XeMOCUHTe3y

OpraHiuHa NOpPOAYKIIiA XEMOCHHTE3y CcTa-
HoBUTH MeHIinme 1 % Bim ¢orTocuHTesy, mpoTe
BiH Mae BeJimue3He 3HAUYEHHS AJA OiosioTiyHMX
i reoximiunmx mporieciB Ha 3emui. OcHOBHe 3HA-
YeHHSA XEeMOCHHTe3y II0JdATae B TOMY, IO BiH
3abeseuye KPyroodir HaBaKJIUBIIINX eJIeMeH-
TiB 3i BMiHHUM CTyIleHEM OKUCHeHHs: Pepymy,
Cynbpdypy, HiTporeny rta immux.

CyrreBe 3HaueHHA B Kpyroobiry Hirpore-
HY HaJIeKUTh XeMOTPOMHUM HITpudiKkywuum
O0axTepiam. Boum momwmpeni B mpuponi, i 3miii-
CHIOBaHi HUMU TIPOIeCU BifOYBaIOTHCS Y TOCUTH
BeJuKHUxX Macrmirabax. IIporec mHiTpudikarii e
I)xepeJsioM HiTpariB i mHiTpuriB — cnoayk Hi-
TPOTeHY, IO 3aCBOIOIOTHCS POCAMHAMHU i BKJIIO-
YaloThCA 0 CKJIAAy OPraHiyHmx pedoBwH. [lo
TOTO K, JKUTTEAIANBbHICTD HiTPUGiIKyIOUNX 0aK-
Tepili — HaWBaAKJIMBIININN YMHHUK POJIOYOCTI
I'pyHTiB. BakimuBy poJsib y mporecax mepeTBO-
PEHHA PEYOBWH Yy I'PYHTaX BiAirpamTh TaKOK
BOIHEBi OaxTepii.

3asizobakTepii BifirpaioTh BayKJIUBY POJIb
y Kpyroobiry Takmx ejgeMeHTiB, Ak Pepym

0 Kniouosa iges
XemMocuHTe3 — BUA aBTOTPOQHOrO KUBIEHHS,

y AKOMY eHeprilo AnA yTBOPEHHA OpraHiuyHux
PEYOBMH OpraHiam OTPUMYE Bif peakuinl OKnC-
HEHHA HeopraHiyHMx cnonyk. [lJo XxeMOCMHTETUKIB
HanexaTtb 3anizobakTepii, cipkobakTepii, TIOHOBI,
HiTpndiKytoui, BoaHeBI 6akTepii. XemocnHTe3 3a-
6e3neuye Kpyroobir HamBa)KNMBILLNX eIeMEeHTIB 3i
3MiHHUM CTyneHeM okuncHeHHsA: Oepymy, Cynboy-
py, HitporeHny touio.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Man. 48.3. CKynuyeHHA XMBUX OpraHimis
6insA «yopHOro nanis»

i Manran. 3aBagKu IXHIN KHUTTEOISILHOCTI Ha
IHI BOOOWM BigKJIaZAlOThCA B3aJIidHI I Mapras-
eBi pynmn.

CipkobakTepii, yTBOpIOOUM CyJIb(paTHy KHC-
JIOTY, CHPUSIOTH IIOCTYIIOBOMY PYWHYBaHHIO
i BUBITPIOBAaHHIO TipChKUX IIOPiZ, PYHHYBaAHHIO
KaM’ dHUX i MeTaJIeBUX CIIOPY/I.

XeMOCUHTE3YIOUI OpraHidaMu BUPOOJISAIOTH
opraHiuHi peuoBMHU TaM, Ae (POTOCHHTE3 He-
moskjauBuii. I'TnOOKO Ha OHI OKeaHiB iCHYIOTH
CIIPAB)KHI «0a3u JKUTTA» HABKOJO «YOPHUX
naxiiB». «Yopui mamii» — 1me migBomHi rapsa-
ui miKepesia, Bojla AKWX HAaCWUEHa CIIOJyKaMU
Cyabdypy. CipxkobaxTepii BUKOPHUCTOBYIOTH IIi
CIIOJIYKHU [AJIA CBOTO POCTY, & HUMU JKUBJIATHCS
immi skwmBi oprauismu (maj. 48.3).

@ MpakThyHa poboTa

Po3e’asyeanHa 3a0a4y Ha memy «®omocuHmes
i xemocunmes»

1. Po3paxyiiTe, CKinbKy Kinorpamis riloKO3N CUH-
Te30BaHO POC/MHaMK Nig 4Yac GOTOCUHTE3Y, AKLLO
BiJOMO, WO B pe3ysnbTaTi LibOro npouecy BUAINNBCA
KuceHb o6’emom 22 400 5.

2. BusHaute, AKy KiIbKiCTb PeYOBMHN aMOHiaKy Mno-
BUHHI OKUCHUTW HiTpUdiKytoui 6akTepii Ana crHTesy
rnoKo3u macoto 360 r, AKLWO AnA CUHTe3y 1 MOsb rio-
KO3 BUKOPUCTOBYETHCA 613bKo 12 600 KK eHeprii?

3anuTaHHA Ta 3aBOaHHA

1. Yum xeMocrHTe3 Bifpi3HAETLCA Bi GOTOCUMHTE3Y?
2. Yum xeMOCUHTe3 Bigpi3HAETbCA Bif reTepoTpodpHoro
KusneHHA? 3. HaBediTb Nprknaam BUKOPUCTaHHA NoAu-
HoOlo TIOHOBUX HaKTepii i 3anizobakTepin. 4. HamantonTe
cxemy Kpyroobiry HitporeHy B npupogi.
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§ 49. YTBOpeHHsA rnikoreHy. biocuHTes ninigis

0 [omipkynTe

[nikoreH, Kpoxmarnb i KNiTKOBMHa € nonimepamm
OfHI€l i Tiel camoi cnonykn — rnoko3n. Ane ui
noslimepu MatTb Ay»e pi3Hi BnactueocTi. Yomy?

Q 3raganTe

« MNonicaxapuaw, rwoKo3sa

- bynosa kpoxmanio

- bynosa XunpHux Kucnot

- bynoBa docdoninigis, *kunpis, xonectepony

[mikoreHes

¥ pocimHax, K BU B)Ke 3HAETe 3 MaTepiary
§ 46, ruoKo03a, IIT0 CMHTe30BaHa B peakIiax (do-
TOCUHTE3Y, TIOJIIMEPU3YEThC 0 Kpoxmasrio. Came
KpOXMaJib € 3allaCHUM IIoJicaxapuaoM POCJIHH.

Y rpubiB, TBapuH i JIOAUHU BYIJIEBOAU
TaKOK 3alacalThCid, ajie IepeBakHO y BUTJIS-
ni raikoreny. Ile mosricaxapup, Tek moJriMep
raoko3u. CTPYKTYpHO TJIIKOTEH € aHaJIoToOM
KpOXMaJiio, ajie Ma€ OiJbIuii CTymiHb posra-
ayxxeHocti (man. 49.1).

IIpo1iec GiocuHTE3y IJIiKOreHy Ha3UBAETh-
ca raikoreHe3oM. [JIiKoreHe3 CTHUMYJIIOETHCA
ropmoHomM iHcysminom. Ilosnimepwmsariia smiii-
CHIOETBLCSA KiTbKoMa )epMeHTaMMU, 1110 OYAYIOTH

Kpoxmanb

KOO

MnikoreH

S8 i

Man. 49.1. CTpyKTypa riikoreHy nopiBHAHO
3i CTPYKTYpOIO KPOXMario

102

e

[lisHalTeca 6inblue

ByrneBogau, siki M1 BXMBaEMO 3 ixeto (xNi6, dpyKTn,
cofiogoLi) y npoueci TpaBAeHHA PO3LernIoTbCA
0O [/II0KO3KM, AKa MnoTparyia€e B KpoB. Lla rnwoko-
332 MOXKe BMKOPUCTOBYBaTMCA abo ANnA MOTOYHUX
eHepreTnyHux notpeb, abo AnA CTBOPEHHA 3amnaciB
eHeprii. CNoYyaTKy OpraHi3Mm CUMHTE3Yy€E 3 [JII0KO3M
rNikKoreH, a Mi3Hille NOYMHA€E MepeTBOPIOBATY MH0-
KO3y Ha »Xunpwu.

npami abo poarajysKeHi JIAHIIOMKKHN TJiKoTre-
HY. ¥ JiHIAHUX AiIAHKAX OCHOBHOTO JIAaHI[IOTA
SAMUIIKYA IJIIOKO3U 3B si3aHi 1,4-raikosupgHu-
MU 3B’sABKaMU, TOMi AK TOUKMU POSTANYKEHHHA
dopmyioTbess 1,6-raikosuaHUMU 3B’ sA3KaMu
(man. 49.2).

CuHTe30BaHU TJIKOTEH HAKOMUUYYETH-
cAd TepeBaKHO B KJITHMHAX MeUiHKW 1 M’ a3iB
(mau. 49.3). Horo 3amacu € eHepreTHYHUM pe-
3epBOM OpTraHi3dMy, IO IMBUIKO MOOiIisyeThCs
y pasi morpebu. 3a HecTaui B opramismi ruro-
Ko3u (uepes KijgbKa ToguH Imicad imki abo mix
yac (pisMUHMX HaBaHTAKeHb) IJIIKOT'eH IeYiH-
KU POBIIEIIIOETHCSA (DEPMEHTaMM [0 TJIIOKO3U,
sAKa HAAXOIUTh ¥ KPOB 1 BUKOPUCTOBYETHCA IJIA
XapuyBaHHSA BChOTO OpraHiamy. ¥ M’sg3ax TIJIi-
KOTeH IepepolJIAeThCcA Ha TVIIOKO3Yy BUHATKOBO
I JIOKAJBHOTO CIIOKWBAHHA; BiH € TOJIOBHUM
I)KepesoM eHeprii AJsA mpaioodyux M’ A3iB.

o5
. -0 0
InikoreH cr ox
o (0]
Oxr
1,4-rniko3vuagHnn of 0 1,6-rniko3ngHun
3B'130K /./ 3B'A30K
CH,0H CH, CH,OH |
OH OH OH

Man. 49.2. [nikoreH — nonimep rIOKO3N

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Tema 3. O6miH peyosuH i nepeTopeHHs eHeprii  Jp3p 3y S

rnikoreH

Man. 49.3. BKntoueHHsA rnikoreHy B KNiTMHaxX MeyiHky

biocnHTe3 XMPHUX KNCNOT i ninigis

Kupm B opranismi cumHTE3yOThCA 3 BYTI-
JEeBOMiB, TOMY HAWINIBUAIINE XHUPHI KUCJIOTH
i JKUPU CUHTE3YIOThCA MicJaA BXKUBAHHA BYTJIe-
BomHeBOoi 1:ki. HaiiGinpIm aKTUBHO Iell HpoIiec
BiOyBaeThbCcA y TEUiHI[I Ta KUPOBif TKaHWHI.

CuHTe3 KUPHUX KHUCJOT i :KUPiB HA3UBAETHCS
ainorenesom. IxHiii cunTe3 BimGyBaeThCA y IUTO-
mirasmi Kiaituau. CydocTpaToM IJIs CUHTE3y € BiKe
moOpe Bimoma Bam cmosyka — aretui-KoA. IIpo-
Iec € MUKJIIYHUM: Y KOXKHOMY ITHKJIL 10 paguKaJry
JKUPHOI KUCJIOTHU, IO IOCTYIIOBO IIOMOBIKYETHCA,
IomaeThesa aBa atroMu Kapb6ory. ¥V KOKHOMY ITHKJIL
BukopuctoByeTbess HAIID - H i ATD. Kinnerum
MIPOAYKTOM CHHTE3Y € MaJbMiTHHOBA KUCJIOTA, 1110
mae 16 aromiB Kapbony (mas. 49.4).

Tamri skupHI KMCJI0TM B OpraHisdmi JIOIWHUA
CUHTE3YIOTHCA caMe 3 MaJbMiTHHOBOI KWCJIOTHU.
AJle TOMOBIKEHHA JAHIIOTIB YKUPHUX KUCJIOT 0
18, 20 i 22 aromis Kapbony BimOyBaeThCs BiKe
He y IIUTOILIa3Mi, a B MiTOXOHAPiAX.

[lizHanTeca binbue

CepefHbOCTaTUCTYHA NI0AMHA MAE 3anac »Kupy npu-
6nK13HO 13 Kr, LbOro morno 6 BUCTaunty Ha 40 gHiB
ronofyBaHHA B YyMOBax NOMipHOro ¢i3MyHOro HaBaH-
Ta)KeHHA. A 3arajibHi 3anacu MikoreHy B OpraHi3mi
HecrnopTcmeHa npubansHo 200-300 rpamis, Yoro
BMCTAUNTb MEHLI HiXX Ha opHy o0y ronopyBaHHA.

0 KnioyoBa ifes

3anacu rnikoreHy i XupiB € eHepreTMYHNUMN pe-
3epBaMu y TBapwH i nognHn. ObuaBsi peyoBrHM
MOXYTb CUHTE3YBaTMCA 3 [/IIOKO3M 4yepe3 yTBO-
peHHA aueTun-KoA.

0)
I

H, H, H, H, H, H H
CC B0 60 60 L0 el Cl C
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Man. 49.5. KniTVHW XMPOBOI TKaHWHW

OxHaK He BCi KMPHI KUCJIOTH MOXKYTH OyTH
HaMu CuHTe30BaHi. /g JIONMHN He3aMiHHUMU
€ OBl KUPHI KHcJIoTH — JiiHOJIeBa i O-JriHO-
JIeHOBa. IX [KepesoM MOKe OYTH TiTbKM ixKa.
Bouu mictarsca y Bcix pocamuHHUX ojaisgx. He-
cTaya TaKUX KUCJIOT IPU3BOAUTE A0 IMOPYIIEHHSA
00MiHy PEUYOBUH.

CuHTe30BaHi KUPHI KUCJIOTU BXOAATH MO
CKJIAIy iHIIIUX MOJIEKYJI: }KUPiB i ochorimigin.
Crepoinui ropmoHu (TECTOCTEPOH, €CTPOTEHN)
CUHTE3YIOThCSA 3 XOJECTEPOJIY.

JKupu, cuaTesoBani B meuidili, TpaHCIOPTY-
IOThCA KPOB’I0 B CKJaji jimomporeiniB. sKupwu,
CHHTE30BaHi B KJIiTHHAX KHUPOBOI TKAHWHU, 3a-
nmacamoTbeAd B HuX (Maa. 49.5).

Ha Bimminy Big ByrsieBomiB, KUPU CTAHOB-
JISITh JOBTOTPUBAJINY €eHEPTeTUYHUN pe3epB Op-
ramismy. Byraesonu K, 3amacu SKUX OPeICTaB-
JIeHi B OpraHisMi JIOAWHU y BUTJIALL TJIIKOTEHY,
BUKOHYIOTh OiJIBIII ONEpATHUBHY (DYHKIIiIO eHep-
rONMOCTAYaHHA IIPOTATOM HETPUBAJIOr0 Yacy.

OBaI'II/ITaHHH Ta 3aBaHHA

1. Yomy epeKkTMBHMM 3acOOOM MPOTH 3alBoi Baru €
Ji€Ta, B AKi 3HaUHO oOMeXeHe CnoXKnBaHHA Oyab-AKMX
Byrnesofis? 2. YoMy rnikoreH HasnBalTb «TBAPVHHUM
Kpoxmanem»? 3. Ik NoB'A3aHi WNAXM MeTaboni3my rno-
KO3U Ta Xupis? 4. MNopiBHANTE rMIKOreH i Xnpu K eHep-
reTUYHi pe3epBu TBapWH i NoanHU. 5. Yomy He MOXHa
NMOBHICTIO BUKJIIOUATU 3 paLioHy Xupu? xonectepon?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 1 03
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Tema 3. OOMIH peUYOBWH | NepeTBOPeHHA eHeprii

§ 50. BupgineHHA y TBapuH

0 [TomipkymnTe

Po3mip Tina 6ypoi nnaHapii He fye Bigpi3HAETb-
cA Big po3mipy Tina rigpu. Mpu ubomy y 6ypoi
nnaHapii € cneuianioBaHi opraHN BUAINEHHS,

a y rigpu ix Hemae. Yomy?

Q 3raganTe

» Ek3oumMTO3 « poTo- i meTaHedpugii

» bynoBa HuUpok e« QinbTpauia i peabcopbuis

Ekckpeuia Ta ekcKkpeTun

¥V xoxi 0OMiHY PEeYOBHH YTBOPIOIOTHCS PisHi
Bimxonu, sAKi MOBMHHI BUBOAUTHUCSA 3 OPramHis-
My. SIKII0 BOHM HAKONMHUUYYIOTHCA IIOHA] IEeBHOI
KOHIIEHTpAIlil, To BUHMKAE 3arpo3a IOPYIIeHH
HOPMAaJILHOTO Tepebiry (isiosoriuHnX ImpoIiecis.

Exckpenisi — 1e BUBeJeHHA 3 OPraHiaMmy
KiHIIeBUX IPOAYKTIB OOMiHYy PEUOBHUH.

Exckperu — Ie KiHIEBi IPOAyKTU OOMiHY
PEUYOBUWH Y KMBUX OpraHiaMax, AKi Oinblie He
0epyTh yYacTi y *KUTTEBUX MPOIlEcax.

OcHOBHI TPOAYKTU eKCKpelii y TBapuH:

* BYIJIEKUCJIMH ras, 110 YTBOPIOETHCA B IIPO-
meci KJIITMHHOTO OUXaHH;

- HiTPpOTEeHBMiCHI IpOAYKTHU po3many O6inKis
i HyKJEeIHOBHUX KHCJIOT — aMOHiaK, CeYOoBMHA
i ceuoBa KHCJIOTA;

* JKOBUHi IIirMEeHTU, AKi yTBOPIOIOTHCA IMif
yac pyHHYBaHHS TeMa B IeYiHIIi.

BuaineHHA npoaykTiB meTaboniamy
KNITUHOO

IlepemitienHsA pevYoBMH i3 KJITHHU B 30-
BHIIIIHE cepemoBUINEe BigOyBaeThCHd IIJIAXOM
ek3onuTo3y. lleii mpoliec MO3BOJISAE KJITHHAM
BUJIAJATYA BiIXOIM, a TaKOYK CEKpeTyBaTH TIop-
MOHH i OiJIKHU.

Bunanenusa BigxomiB y KIiTHHI 30iCHIOIOTH
JisocomMu, SAKi PYyHHYIOTH BigmpalbOoBaHi KJIi-
TUHHI KoMIIOHeHTHu. lleperpaBieHuii marepian
BUBIJIBHAETHCA y IMO3aKJITUHHE CepemoBHUIIE.

Knaitunu, AKi cexkpeTyioTh 6iosoriuHo ak-
TUBHI pPeYoBMHU, (POPMYIOTH CIlelliaJbHi ce-

KpeTopHi Besumkyau. Taki BeSUKyJIU MiCTATH
TOPMOHU, HelipoMeziaTopu abo TpaBHi (hepmeH-
T. BoHU (popMyioThcs 3 MeMOpaH KOMILJIEKCY
Tonpmoxi ¥ BUBIIBHAIOTH YMiCcT HA30BHI michasa
HaIXOIKEeHHA B KJITUHY CHeIiaJbHOTO CUT-
HaJIY.

Pi3HOMaHITHICTb OpraHiB BUAINEeHHA

B OZHOKJITMHHUX TBAPUH BUIIJIEHHS Bif-
OyBaeThcs 0e3mocepelHbO dUepes3 KIITUHHY
MeMOpaHy, Y HIKUYUX Oe3xpebeTHHX — uepes
emigepmic. ¥ TBapuH, IO CTOATHL HAa BUIIO-
My 111abJii eBoJIIOIil, PO3BUHYJINCA CIIeialbHi
opranu, sSKi BUKOHYIOTh (PYHKITIiI0 eKCKpeIlrii.
Byraekwuciuii ras BUIiIAEThCA Uepes JIeTeHi,
Tpaxeli abo 3sa0pa; BoJa, ceuoBMHA i coai —
yepesd mKipy (3 morom) i HupKu (i3 ceuero).
Exckpernia XOBUHMX HOirMeHTiB Big0OyBaeTh-
cd uepes IEUYiHKY i BUBOAUTHCA 3 OpPTraHiszMy
3 IOCJIiIOM.

OpraHu BUAiNeHHA y TBapuUH

TBapuHU Opranu BUAiIeHHS
YepBu IIporouedpunii, meranedpumii
YrernucToHOri 3eJieHi 3a/1031, MaJIbIirieBi

cyouHu, Tpaxel

Pubu, semuo- Hupkwu, neuinka, 3a6pa, mkipa

BOIHI
Haszewmmi xpe- Hupkwu, neuinka, jgerewxi,
OerHi mIKipa

EBontouia BUAiNbHOT cuctemm
y 6e3xpebeTHunx

Mlnaxom gudysii yepe3 KIiTUHHY MeMOpa-
HY BUJAJIAIOTh IPOAYKTH OOMiHY I'yOKM i1 KHUIII-
KOBOIOPOKHUHHI, AKI He MalOTh CIEIiaJIbHUX
OpradiB BHUIiJIEHHS.

Ilepmi BupinpHi opranu — mnpoToHedpH-
mii — 3’ABIAITBCA y IJIOCKUX uepBiB. IIpo-
ToHe()PUIil PETryI0I0Th IIEPEBAKHO BMiCT BOIU
B opraHiami (maa. 50.1).

Binpmr mockoHaJsi opraHu BUIIJIEHHA —
meraHedpugii — 3’ABAAIOTBCA Y KimbuacTux
uyepBiB. Meranedqpugiii aABasge co000 KaHaJI,
BHYTPIIIHIN KiHeIb SKOr0 BiIKPUBAETLCA B MO-
POKHUHY Tijla BOPOHKOIO 3 BifiKaMu, a iHIIHUI

1 04 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Tema 3. O6MiH peyoBUH

MpoToHedpugin MeTaHedpugin

3eneHa 3anosa ManbnirieBi cyanHmn

= [l BopoHka LUenomiunnin .
_'! 1 % %73 Binkamn MilLEYOK 1 ¢
. - f * ’ 7 Cypmrn
Binkn~ ",/ + Kananeupb . ! = X
CeyoBui = 1
MiXyp =
\ —— 3agHsa
KMLLKa
Manbniriese . _~Kananeup i Kancyna
Tinbue - LLymnaHcbkoro —
boymeHa
Kananeub — Y

HedpoH nepegHupkn

HedpoH Tyny6HOI HUpPKK

HedpoH Ta30BOi HMUpPKN

Man. 50.1. EBoniouia BUAINbHOI cucTemn y TBapuH

KiHeIlb BiIKPUBAETHCA HA30BHI BUAIJIBHOIO IIO-
poio. Pyxamu BiiOK MpPOAYKTH OOMiHY BUIAJIs-
IOTHCS 3 OpraHisMy.

¥ pakomomibHUX opraHaMu BUIIJIEHHA € 3e-
JIeHi 3aJ103M, PO3TAIlOBaHi 0iJid OCHOBM aHTEH.
Bonu aBIAIOTL 0000 MillIeUKHU 3 KAHAJIOM, AKUHA
ime mo ceuoBoro mixypa. Ceua HaKOOUUYETHCSA
B CEYOBOMY MiXypi, a HOTiM BUJIUBAETHCSA HA30BHi.

Y Komax i maByKOIOZiIOHMX € MaJbIIiri-
eBi Tpy6bouku. IlpogyxkTym oOMiHY HaAXOAATH
Tyau 3 TemMoJiMdu i mo TpyOoUYKaX BUBOAATHCS
B TpaBHUI TpaKkT. KpiMm Toro, y KoMax € }KupoBe
TiJIO, De HAKONMMUUYYIOThCA INKiAJIMBI peuyoBUHU.

Y MOJIIOCKiB IOJIOBHMMU OpTaHaMU BUIiJI€H-
HA € HUPKH, CXO0Ki Ha MeraHedpumii.

EBontouia BuAainbHOT cuctemm
y XpebeTHunX

Cucrema BUIiIJIEHHA XPeOETHUX €BOJIOIiO-
HyBajla BiJl OKpeMUX HUPKOBUX KAaHAJIbBI[IB —
He)poHIB — 0 chmemiaJbHUX OpPraHiB — HHU-
PoOK, AKi cKJamaioTbcs 3 0araTboxX BUMIJIBHUX
KaHaJbI[IB i3 3araJibHOI0 BHUBiJHOIO IPOTOKOIO.
Y HaseMHUX XpeOeTHUX yIOCKOHAIIOIOTHCA CIIO-
cobu Mmimimisarii BTpaTm Bogu HIIAXOM ii 3BO-
poTHOI peabcopOITii.

0 Kniouosa iges

B OOHOKNITMHHMX OpraHi3miB ekckpeuia Bigoby-
BAETbCA LWAAXOM eK3ouuTo3y. Haibinbw npocTi
opraHu BUAiNeHHA y 6araToKNiTMHHNX TBAPUH —
Lue npoTtoHedbpuaii NIOCKNX YepBiB i MeTaHed-
puaii KinbyacTux 4epBiB. Cuctema BUAINEHHA
XpebeTHMX eBOJIOLiOHYBaNa Bif OKpemux Ka-
HanbuiB — HedpOHIB — A0 cnevuianizoBaHUX
OpraHiB — HUPOK.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

IlepegHUpKM KPYTJIOPOTUX i Jeaxux pub
cx0xKi Ha MeTaHe(dpuAii KimbyacTuX UepBiB.

IlepBunHi, abo TyayOHi, HUpDKH € B Oinb-
mrocTi pub i 3eMHOBOAHIX. BOoHU MaioTh MaJb-
mirieBe Tinblle — 3’€IHAHHSA BOPOHKU HEDPUIii0
3 KJIyOoukKoM Kamijnsapi. Tax BCTaHOBJIIOETHCS
b6esmocepenHiii 3B 30K MijK KPOBOHOCHOIO Ta
BUALJIBHOIO cHUCTeMaMU. BumiibHHI KaHaJelb
CTae MOBIIUM, YTBOPIOE BUTHHU, IO JO3BOJIAE
BUKOHYBAaTU B3BOPOTHE BCMOKTYBaHHSA BOMIW,
TUIIOKO3U U iHIIWX PEUYOBUH.

Bropunni, a6o Ta3oBi, HUPKH PO3BUHEHi
B ILIA3yHiB, nTaxis i ccaBnis. OpuHuieo 0ymo-
BU HUDKU € He()POH, AKUN NOUNHAETHCA KaICy-
aoro lllymaaacekoro — Boymena 3 Kiy6ouKkoMm
KamiiapiB. ¥ CcyOuHHUX KJIyOOuKax BimOysa-
€ThbCA Qinvmpauyis 1 yTBOPIOETHCA IIEPBUHHA
ceua. Big HUPKOBOTO TiJIbIA BiIXOAUTH BUIIIb-
HUI 3BUBHCTHH KaHAJeIb. ¥ TOBTUX JiJAHKAX
HUPKOBOTO KaHAJbIA BinOyBaeThcsa peabcopo-
yisi — B3BOPOTHE BCMOKTYBAaHHA BOAU, i TOMY
BUIIIAETHCA AysKe KOHI[EHTPOBaHA BTOPUHHA
ceua. Yce Ie [O3BOJIMJIO TBAapMHAM YCHiIITHO
IIPUCTOCYBATHUCA O KUTTA Ha CYXOHOJIi U eKO-
HOMHO BUTpauYaTU BOJLY.

i nepetsoperHa eHeprii  Jp 33y S

03aﬂl/ITaHHﬂ Ta 3aBOAHHA

1. Yn 3aBXAM NpoAyKTM eKcKpeLii € HenoTpibHUMMK
Biaxopgamy metabonismy? HaBepiTb npuknagu, AK ekc-
KPeTn MOXKYTb BMKOPWUCTOBYBATMCA AK XiMIYHI CMrHanm
(He TinbKM Ha piBHI KNiTWH, ane I Ha PiBHI OKpeMux
opraHi3smis). 2. AKi opraHy BMKOHYIOTb OYHKLilO eKc-
Kpeuii B ntognHm? Aki npoayKkTn o6MiHy peyoBUH BOHU
BMBOAATL? 3. AK 3anobiraeTbcsa BTpaTa BOAW B Ha3eM-
HUX TBapUH? 4. Yum manbnirieBe TinbLe Bigpi3HAETbCA
Big MeTaHedpuaito?

105

MiHicTepcTBO OCBITU | Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MoAepHi3auii 3amicTy ocBiTu https://imzo.gov.ua



Tema 3. OOMIH peUYOBWH | NepeTBOPeHHA eHeprii

§ 51. Ocmoperynsuis

0 [omipkynTe

Jliogw, AKi noTpanunn y KopabenbHy aBapito,
CTpaXkpaloTb Bif Crnparv, Xoya HaBKONO HKX bGara-
TO MOPCbKOI BoAau. Yomy He MoxHa il nutn?

Q 3raganTe

» Ocmoc o OCMOTUYHUI TUCK

Ocmoperynadia Ta il MexaHiamu

BaxksmuBy posib B opramismi BigirpaioTs
tioru Harpiro, Xiopy, Kamaito, Maruiro, Kais-
miro, Pepymy, KOHIEHTpAIlid SAKHX IIOBUHHA
CTPOTO PEeryJrBaTUCS, OCKIJIBKU IIi WOHU Oe-
PYTh y4acTh y 6araThoX IIPOIlecax, BKJIIOUAIOUN
po6ory (epMmeHTiB, cuHTe3 0iJIKiB, yTBOPEHHS
TOPMOHIB, IPOHUKHICTH MeMOpaH, €JIeKTPUUHY
aKTHUBHICTH 1 M’s130Be CKOPOUYEHHS.

Peryinamia BimHOCHUX KOHIIEHTPAI[INA PO3YN-
HEHUX PEYOBUH i BOAM BCepPeAVHI TKAHUH Tija
HABWBAETHCA OCMOPETYJIAIi€IO.

JKuBi opramismMm HacensoTh piZHOMAHIT-
Hi cepemoBuUIIa — CYXO[iJ, MOPCBHKi Ta mpicHi
BoJoMMU. ¥ COJIOHi# Bozi (rimepToHiuHOMY Ce-
peIoBuUIIli) Boja 3 KJITUH «IIparHe» BUUTH Ha-
30BHi, TOAi AK y mpicHi# Bojmi (rimoToHiuHOMY
CepemoBUIli) — HABOAKM, IIOCTIiHHO HAAXOAUTH
y riaituay (manx. 51.1). 3posymino, 110 KOHT-
POJb BHYTPIITHLOKJIITHHHUX YMOB Y Pi3HHUX
yMOBaX iCHyBaHHA IOTpeOye PiBHUX amamTaliiii.

linepToHiuHe cepepoBulLe

Mnasmonis — BigaineHHA npoTonnacTty Bif KNITUHHOI
CTiHKM Y TinepTOHiYHOMY cepeaoBULLi

Icaye nmBa Tunmu peakIiii TBapmMH Ha KOH-
IEeHTPAIli}0 OCMOTUYHO aKTUBHUX PEYOBUH Yy 30-
BHiIMIHBOMY cepenoBuiii. IToilkisiocmomuyHi TBa-
pUHU He MalOTh aKTUBHOI cucTeMu crabimrisarii
KOHIIEHTPAI[ii OCMOTMYHO aKTUBHUX PEUOBUH;
KOHIIEHTPAIiA coJiell y pifmHax IXHBOrO Tija €
TaKoIo K, AK 1 HazoBHi. ['omoilocmomuuri TBA-
PUHU 3JAaTHI TiATPUMYBaTH CTAJIiCTh KOHIIEH-
TpaIii 0OCMOTUUYHO aKTUBHUX PEUOBUH Y PiAUHAX
BHYTPIIITHBOTO CEPENOBUIIIA.

Cmocobu ocMOpPeryJidanii roMooCMOTHUHUIX
TBaApWH, II0 PEryJIITh YMICT BOOAW B OpraHis-
Mi, pisHomaniTHi. Bugindaimorts zinepocmomuuni
i 2zinoocmomuyHi MeXaHI3MHU PeryJAlrii.

linepocmoTryHa perynauia

Mexanisam ocMoperyJsilii HasuUBalOTL Ti-
MEePOCMOTHUYHUM, HAKINO OCMOTHUYHUN THUCK
(KoHIleHTpAIlis coJieil) y pigmHAX oOpraHismy
OiJpIINI, HiXK Yy BSOBHIIIHBOMY CepeIOBMIIIi.
Ho rimepocMOTHYHUX BUAIiB HaJaeKaTh MEIIKaH-
i IpiCHMX BOZOMM i MOPCBHKI XpAIOBI pulOw.

YV npicHOBOIZHUX OpPraHi3ZMiB KOHIIEHTpAIlid
cojleil y KJiTmHax i pigmHAaAX Tija BuIa, HiXK
Y HaBKOJIUIIIHBOMY CEPeJOBUIIi, TOMY BOJa IIO-
CTifilHO HAAXOOUTH Y HUX IILIAXOM OCMOCY Ue-
pe3 kiaitmaHI MemOpamu. Taxum opraHismam
3arposkye HeOesIlleKa PO3AyTHCA BijJ IIPOHUKA-
fouoi Boau. TomMy HaAIJIUIIOK BOAW IIOCTiHHO
BUBOAUTLCSI. ¥ IIPICHOBOAHUX OTHOKJIITUHHUX
HaAJIUIIOK BOAUW BUBOAUTHCSI 34 MAOIIOMOTOIO
CKOPOTJIMBUX BaKyoJiell, y 0OaraTOKJiTHHHUX
TBapuH — HedppuAiaMu abo0 HUPKaAMMU.

linoToHiuHe cepepoBuLle

H,0

[ennasmonis — noBepHeHHA MpoTonnacta KAiTuH
y MOYaTKOBUI CTaH 3 HOPMalbHUM TYpropom
y FiNOTOHIYHOMY CepefoBULLi

Man. 51.1. Mna3moni3 i gennasmonis POCANHHOI KNITUHW
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Tema 3. O6miH peyosuH i nepeTopeHHs eHeprii  Jp3p 3y S

Iuma npobsiema NTPiCHOBOAHMX OpPTaHi3-
MiB — TOCTiAHUI BUTIK coJiell y TiOTOHiIUHE
HaBKoJuIITHE cepenoBuiiie. CobOBi pecypcu mo-
MOBHIOIOTHCA IIIJIAXOM AKTUBHOTO TPAHCIOPTY
coJiell i3 30BHIIIHBLOTO CePemOBUINA B TKAHUH-
HY pigmmnay i KpoB. [[laHW# aKTUBHUNA TPAHCIIOPT
3AiMCHIOETHCA eIliTeJiaJlbHIMMU KJIITUHAMM, IIT0
MiCTATHCSA B IIKipi y 3eMHOBOZHUX i 3sa06pax
y pub. ¥V pub i G6ararbox BomHUX 0Oe3xpeber-
HUX 3A0pa € OCHOBHUM OPTaHOM OCMOPEryJsIlii,
Oinbin eeKTUBHUM, HiK HUPKHU.

Mopchki XpsAloBi pudbu (akyam, cCKaTH) TexX
MAalOTh TillepOCMOTHUYHY peTryJAIilo. IxHii Box-
HUM OaJsiamc 3a0e3meuyeThCsa 3a PaxXyHOK HAKO-
OUYeHHA B KPOBi MysKe BHCOKOI KOHIIeHTpAaIii
CEUYOBUHU.

linoocmoTnyHa perynauis

MexaHidM ocMoOperyJisiii HasuBaTh Iimmo-
OCMOTHMYHHUM, TKIIIO OCMOTUYHUHA TUCK (KOHIIEH-
Tpalisg coJieil) y piAwHax opraHisMy MeHIIIWI,
Hi’K y BSOBHIIMIHBOMY cepemoBuili. I'imoocmo-
TUYHA DPEryJAIisd XapaKTepHa IJd MOPCHKUX
KOCTHUCTUX PUO, MOPCHKUX IIJIa3yHiB, MOPChKUX
CCaBIIiB.

OCKiJIBbKY B TijJli MOPCBKHUX MEIIKAHIIIB MEH-
Iie coJjieit, HidK y HaBKOJUITHBOMY CEePeOBUIIT,
BOHH IIOCTiiHO BTpPayvaioTh BOAY Uepes IIOKPUBU
Tija, 3s10pa Ta i3 ceuero. Tomy iM 3arposkye 3He-
BomHeHHs. [[1a KoMmIleHcarril BTpaT BOAW BOHU
3MyIIeHi Bech yac 0araTo IUTH.

Ane KOBTaHHSA MOPCHKOI BOAU ITPU3BOIUTH
IO TIOTJIMHAHHS BeJUKOI KinbKocTi coseir. Hap-
JIUIIOK OiJbIIOCTi coJiell MOpPCbKi puOuM BUBO-
IATH HUPpKaMu a00 uyepe3 TPaBHUI KaHAJ 3 eKC-
KpemeHTamu. Cosi Harpito pubu eKCKpPeTymoThb
CHeIiaJIbHUMU KJIITMHAMHU 3A0POBOr0 amapary,
a MJIa3yH! i MOPCHKI mTaxm — KJIITHHAMH CO-
JbOBUX 3aJyiod (Maja. 51.2)

0 KnioyoBa iges

PerynAauia KoHLeHTpauii pO3YMHEHNX PeYOBUH
i BOAM y TKaHWHax Tina Ha3MBAaETbCA OCMOpe-
ryndauielo. MexaHiam ocmoperynauii Has3usalTb
rinepoCMOTUYHUM, AKLO KOHLEeHTpauia conen
y pignHax opraHiamy 6ibLua, HiXX Yy 30BHILULHbOMY
cepenoBuLi (MewwKaHLi NPiCHUX BOAOWM i MOPCbKi
XPALWOBiI prbWN), i FINOOCMOTUYHIM, AKLLO KOHLIEH-
Tpauia conen y piguHax OpraHiamy MeHLLa, HiX
y 30BHIlWHbOMY cepefoBULLi (MOPCbKi KOCTUCTI
pubwn, nnasyHu, ccasui).

Ocmoperynaudia y ccaBuis

¥ ccaBI[iB OCHOBHUM OPraHOM OCMOPETryJIAIlil
€ HUPKU. BoHU 3MaTHI BUAIIATH CUJIBHO po30asJie-
HY ceuy 3a HAAJIUIIKY BOAW B OpraHismi it OiibIm
KOHIIEHTPOBaHY ceuy — y pasi medimuty BOmHU.

Y nmoguHM i ccaBIiB ocMoperyadiisa 3ades-
meuyeTbcA Ha pedaekTopHOMY piBHi. Cmeriari-
30BaHiI perenTopu (OCMOPEIENTOPHU) IIOCTiNHO
MOHITOPATHh KOHIIEHTPAIil0 OCMOTUYHO aKTUB-
HUX PEUYOBUH y CHUPOBATIL KPOBi I IepemaroThb
iagopmarito o ITHC. Timoranamyc Bumpinse
TOPMOH Ba30NPECUH, KNI CEKPETYETHCSA B KPOB
i perysioe BmicT Bogu B Tiji. 30Kpema, BasoIlpe-
cuH 30iabpllye peabcopOIlito BoAM B TPOTOKAX
HUPOK, TUM CAMUM ITiIBUIITYIOUN KOHIIEHTPAILiI0
ceui i1 3aMeHITyrouu ii obCAT.

Ocmoperynsuia B yMoBax nocyxm

Opranisamu, IO MEIIKAIOTh y CePeIOBUIIIAaX
3 nme(inmuToM BOAM, MAIOTh CIEIliaJibHI IPHCTO-
cyBauud. OmHuM 3 MexXaHi3MiB ocMoOperyJAiii
€ 30iJbIIeHHA 3JaTHOCTI HWPOK KOHIIEHTPYBAa-
TH ceduy, IO J03BOJIAE OOXOAUTUCA 0e3 TUTHOIL
Boau. Il;masyHu i nTaXu BUKOPUCTOBYIOTH CEUOBY
KHCJIOTY SIK KiHIIEBMH IIPOAYKT OOMiHY CIIOJNYK
Hitporeny, y pasi BufijJieHHA AKOI BTpaya€eTh-
cA HaWMeHINa KijgbKicTh Bomu. [esaki dAmipkwm
MalOTh HOCOBi 3aji031, IO EKCKPEeTYITh CiJb.

Conbosi
3a103u

i

2N\

LY

Man. 51.2. ConboBa 3ano3a. ¥ MOPCbKMX NTaxiB i nnasyHis,
BUMYLLEHVX YXMBATW ANA NMUTTA CONMOHY BOAY, € 0COONMBI
CO/MIbOBI 3an03K, WO BUBOAATb HAANMLLIOK COMEN 3 OpraHiamy

3annTaHHA Ta 3aBJaHHA

1. Yomy opraHi3am eKcKpeTye KiHLeBi NpoayKTn ob-
MiHY PeYOBVH, a He HaKoMMuye ix y TKaHuHax? 2. Yu
MOXYTb OAHI OpraHi3Mu BUKOPMCTOBYBaTM NOGIUHI Npo-
OyKT MeTaboniamy iHWMX opraHiamis? HasepiTb npu-
Kknagu. 3. M'aco akyn i ckaTiB He BXUBatoTb Y XKy. Yomy?
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Tema 3. OOMIH peUYOBWH | NepeTBOPeHHA eHeprii

§ 52. BupineHHAa y pocnuH

0 [omipkynTe

BuginbHi opraHu 11 cuctemmn TBapuH fobpe Bigomi.
A uun noTpi6HI BUAiINbHI opraHM pocMHam?

Q 3raganTe

Ponb TpaHcnipauii B XUTTi pocnuH

PocnnHHi ekckpeTu

Pocaunay He cUHTE3YIOTH OLJIOK YV HAAJHUIIKY
i TOMYy BUAIJIAIOTH NyKe MaJio HiTPOTeHBMiCHUX
BiIXOMiB, AKi YyTBOPIOIOTHCA MiJ Yac PO3IIeIlIeH-
Ha 6inkiB. Tpu KiHIeBi IpoayKTH, SKi yTBOPIO-
IOThCA y XO4i OOMIHHMX IIPOIlECiB,— KICEHb,
BYIJIEKUCJINH r'a3 i BoJja — BUKOPUCTOBYIOTHCS
POCIMHAMUN AK BUXiAHI PeUOBWMHU IJIS iHIITUX
peakIiifi. €quHME ras3omomiOHUil IPOAYKT, IO
BUIIJIAETHCA POCIMHAMU Y BeJUKiN KiJIbKoc-
Ti,— IIe KHCEeHb, II0 YTBOPIOETHCA y XOomi (o-
TOCUHTE3Y.

IIpogykTamMy BUAiJIEHHA y POCIWH TaKOXK
€ HeKTap, AyOWJbHI PEeUOBUHU, CJIU3, CMOJIH,
edipHi oxii, opraniuni KucjoTH, BiTaMiHu, IIy-
KpHU, TOPMOHU, (pepMEeHTH Ta iHIIi PEYOBUHU.
KinbkicTs peuoBuH, 110 BUALIAETHCSI POCINHOIO,
moxke craHoBuTu mo 30 % Bim mMacu CIOIYK,
YTBOPEHUX ITil 4ac (pOTOCUHTE3Y.

Bararo pocamHHUX €KCKpeTiB MamTh 0io-
JIOTiuHe 3HAYEeHH.

CosogKuil HeKTap BasKJIUBUM /s 3aJIyUeH-
HA KoMmax-zanujaioBauiB. EQipui oii 3ymoBio-
IOTh 3alax, IO BiIJIAKye TPaBOIJHUX TBapUH
(kMuH, KpommBa TOIO). Bick 3axuIiae moBepx-
HIO OpPTaHiB i IepemnIkoaKae BUIIAPOBYBAaHHIO
Bogu. CMOJIM 3aTATYIOTh MeXaHiuHi YIIKOIKeH-
HS 1 3aXUITAI0OTh POCJIMHY Bif 6aKTepiii i rpubis,
110 PYWUHYIOTH JepeBUHY (COCHA, AJMWHA Ta iH.).

Bupinennsa KopeHaIMU cCIeIiaJbHUX T'PYH-
TOoBuUX (hepMeHTiB cupude MiHepaJisallii op-
ra"Hivamx 3aauikiB y rpyHTi. IIporeomitmuni
(epMeHT KOMaXOITHWUX DPOCIAWH (POCHMUKA Ta
iHmi) smifiCHIOIOTH ITO3aKJITHHHE TPaBJIEHHS.

Hesari xKopeHesi, cTe0J0OBiI # JMCTOBI Bumi-
JIEHHS PeryJii0Th B3aE€MOJIII0 Pi3HUX POCJIUH
y GiToreHo3i (HampuUKJIa[, TPUTHIUYIOTH PicT

Man. 52.1. BugineHHAa HeKTapy

KOHKYPEHTIB, CIPUAIOTh MiKopusi). OcobiuBum
BUIIJIEHHAM € POCAUHHUI Ira30mnoai0Hnil TOPMOH
(diroropmon) erunen C,H,. Bin KoHTpOII0€ 10-
3piBaHHA MJIOAIB, PO3IYCKaHHs OYyTOHIB, CTapiH-
HS Ta OMaJJaHHSA JIUCTKIiB.

BuainbHi CTPYKTYpY pOCnNH

Buninenus y pocauH 3miHCHIOETHCSA KJIiTH-
HaMM JINCTKIB i KOpeHiB, a TaKOoK KJIiTHHaAMU
CIIeliaJIbHUX BUIIIBHUX TKAHWH (3aJI0BUCTUMU
BOJIOCKAMU, MOJIOUHUMU CYAUHaAMU, HEKTapHU-
kamn) (mai. 52.1). PeuoBunu, 1110 BUAIJIAIOTHCH,
MOJKYTh HAKOIUYYBATUCA ¥ BAKYOJIAX i KJIITUH-
HUX CTiHKaxX. Barato mpoAykKTiB MeTabosismy
POCJUH BiAKJIaJa€eThCA y 3MEPTBLINX TKaHUHAX
(mepeBuHA), a TAaKOXK y JuCTKax abo Kopi, aki
POCIVHU TEPiOUYHO CKUAAIOTH.

[yTauia i TpaHcnipadin

Boxga cramosuts 80-95 % wmacu pociau-
. OCcHOBHA MAaca BOAM HAAXOAUTH Y POCIUHY
3 I'PyHTY. BCMOKTyOUHCh uepe3 KOpPiHb, Boga
mepexoauTh y TKaHWHU cTedjsa i jgucTkiB. [o-
CATHYBIIIN JUCTKiB, YaCcTWHA BOAW BUKOPUCTO-
BY€TBbCA Ha picT i MeTaboJisM KJaiTuH, a 6iabIia
ii vactura (o 90 %) BuAinseThCA y BUTIAAL
napu (TpaHcmipaiia) abo pizmuu (ryraiis).

Sk BaMm Bimomo, TpaHCIIipaIia — Iie IIpoIec
BUIIAPOBYBAHHSA BOAM POCJUHAMU Yepe3 MPOIU-
xu emigepmu. Yepes TpaHcHipallilo POCJIUHN BU-
TpadalmTh BeJIUKY KiJbKicTh Bogu. Hanpukian,
3a BereTaTUBHUN MEePioJl OJHA POCJIMHA KYKYpPY-
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Tema 3. O6MiH peyoBUH

nsu BumnapoBye 200—-250 1 Bogu, a A6ayHA — O0
26 ToHH. Y cmekoTHi JiTHi mHi BuTpaTa BOIU
Ha TpaHCIIipallilo IepeBUINye il HaAXOMKEHHH,
TOMY BUHUKAE BOOTHUU AediluT, 10 MOKe IpU-
3BECTU [0 B’SHEHHS POCJIWHU.

IaTencuBHiCTh TpaHCHipaIlili PeryameThCS Ha-
caMIepe]; CTAaHOM IPOAUXiB. 3a rapHOI'O OCBiTJIEeH-
HA BigOyBaeThbcA ()OTOAKTUBHE BiKPUTTA IPOIU-
xiB. Ha cBiTui B 3aMuKa0unx KJIITHHAX MIPOJUXiB
30isbITyeTHCA BMicT IyKpiB i fioniB Kauito, 1o
Belle [0 IiABUINEHHA OCMOTHUYHOIO THCKY i Han-
XOmKeHHs Boau. Typrop KJIiTHH 30iJbIIyeThCSd,
i IpoauXu BiTUMHAIOTHCA THUM IIIUPIINE, YUM BU-
IIUHA piBeHb OCBiTJIEHHA. SIKIO K TpaHCHIipaIisa
HAATO iHTEHCUBHA 1 IEPEBUIITYE TIOTJIMHAHHA BOAU
KOpeHeM, TYPropHU THUCK Y 3aMUKAIOUUX KJIITH-
HaX CHaJa€e, i MPoaAuXM 3aKPUBAIOTHCH.

¥ mporeci eBouttoILil B pocauH chopMyBaII-
cdA PisHI IPUCTOCYBAHHA IJIA 3MEHIITEHHA TPAHC-
miparrii: BOCKOBUII HaJIIT Ha IIOBEPXHi JIMCTKiB
i mroxiB, 3aHypPeHHA TPOAMXiB y Me3odia, omy-
IIeHiCTh, PEAYKIIiA JIMCTKOBOI TOBepxHi. 3a He-
cTadi BOAM POCJUHU MOKYTBH 3ropraTu abo Ha-
BiTH yTpauaTH JIMCTKH.

YUHHUKY cepeloBUIla TaKOMK BILIMBAIOTH HA
iHTeHCUMBHIiCTH TpaHcmiparii. ['oToBHUM YMHHU-
KOM, IO PeryJIloe TpaHcIripallito, € cBitmo. Ilixg
yac MaKCHUMAaJbHOI OCBITJIEHOCTi CIIOCTEPiraeTh-
cA ¥ MaKcuMaJIbHA iHTEHCUBHICTL TpaHCIiparrii.
TpaHcmipalia TakoK B3aJIeKUTh BiJi BOJIOTOCTi
MOBiTpA, TeMIepaTypH, BiTpy. 3HAUYHO BILIH-
Ba€ Ha 1IHTEHCHUBHICTL TpaHcIipallii mMinepajvHe
acusnenns pocaurn. Y pasi Hecraui Hitporeny,
dochopy 1 Kamito inTeHcuBHicTH TpaHCcmiparmii
MaKCHUMaJIbHA, a 3a 30aJIaHCOBAHOTO MiHEPAJIbHO-
T'0 JKUBJIEHHA TPaHCIIipallid pisKo 3MEeHIITyEThCA.

T'yramia — mporiec BuBeleHHA BOAU Y BUTJISA-
Il Kpamenb piguHM HA MOBepXHi pocawHHU. ['yra-
1ig BimOyBaeThesa uepes zidamodu — clellialbHi
BOJHI IIPOAMXU HA Kpadx 1 KiHUMKAaX JHCTKiB
(man. 52.2). TigaTogu Bizkputi mocriitno. I'yra-

0 Kniouosa iges
OCHOBHUMU €KCKpeTaMn POC/INH € KNCEHDb, BYrne-

Kucnuin ra3 i Boga. Boga BunapoByeTbca y npo-
Lecax TpaHcnipauii Ta rytauii. Npoagyktamu Buai-
NEHHA Y POCSIVH TaKOX € HeKTap, cmonu, edipHi
onii, uykpu, pepmeHTU Ta iHLWI peyoBUHK, 6arato
3 AKMX MaloTb 6ionoriyHe 3HauyeHHs. BugineHHs
3[INCHIOETbCA KNITMHAMW JINCTKIB, KOPEHIB, a Ta-
KOX KJiTMHaMW BUAINbHUX TKaHWH. barato npo-
[YKTIB MeTaboni3my BiIKnafa€cTbCa y KRiTUHAX.

Man. 52.2. lyTauin

Iid BimOyBaeThCcA B TOMY BUIIAIKY, KOJU HAIXO-
MKEeHHSA BOAW B POCJUWHY IEPEBUIIYE TPaHCIipa-
miro. I'yramia xapakTepHa I POCAUH TPOIiUYHMUX
JIiciB uepes BeJUKY BoJoricTh aTMocdepu. Ha Te-
puTopii YKpaiHu IPUKJIAIOM TYTYIOUUX POCINH
€ Bepba JaMKa, dgKa pocTe Ha Oeperax BOJOMM.

Jlnctonap

Y pasi HacTaHHA 3UMOBOI NOCYXHU JepeBa
B IOMipHi# 30HI CKUAAIOTH yce aucts. o KiHia
JiTa — IOYaTKY OCeHi B JIUCTKAX 3MEHIIYEThCS
iHTeHCUBHiCTH OOMiHY PEYOBUH, IIOCTYIIOBO PYIi-
HYIOThCA XJopodin i xJyopomyiactu. Mix ocHo-
BOIO JIUCTKA i cTebGjoM moumHae (opMyBaTuCA
BiJOKPEMJTIOBAJILHUN IITap MEPTBUX KJITUH KOP-
Ka. ¥ 1masyci JucTKa B Iell yac ocTaToyHo (op-
My€eThCA OPYHBKA, IiCJsA YOTO JIMCTOK OIlajac.

3HaUYeHHA JINCTOIIA[a TMOJATAE y BUAAJEHHI
3 POCIMHU MPOAYKTiB OOMiHYy peuYoBUH i 3MeH-
IIIeHHI BUIIaPOBYBaHHSA, 10 OCOOJIMBO BaKJINBO
B3UMKY, KOJHU MalKe NPUINHAETHCA HAIXO-
MUKEeHHA BOAU 3 I'PYHTY. KpiMm TOTrO, 3MEeHINIeHHS
IJIONTI IIArOHiB 3HUMIMKYE KIJBKiCTH CHiry, mIo
3aTPUMYEThCA Ha TiJKax, 1 3MeHIITye WMOBip-
HICTh TOJIOMKH IIaroHiB.

i nepetsoperHa eHeprii  Jp 33y S

OBaI'II/ITaHHFI Ta 3aBOaHHA

1. [lnAa Ha3zeMHMX OpraHi3aMiB Ba)knMBO 3anobiratu
BTPaTi BOAN 3 opraHiamy. OfgHak poCivHM BTpayaloTb
go 90% Boaw, WO Haginwna, yepes TpaHcnipadito.
Yomy X TpaHcnipauia He 3HMKNA B npoueci eBonouil
HaseMHuUx pocnuH? 2. LLinpokonucTi gepesa BMAanAwTb
NPoAyKT! 0OMiHY PEUYOBMH Pa3oM 3 JINCTAM, ke LWo-
PiYHO CKMAAETbCA. A AK BMAAnNATb NoGiYHI NPoaYyKTH
XBOVIHIi pocnnHn?
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Tema 3. OOMIH peUYOBWH | NepeTBOPeHHA eHeprii

§ 53. Ponb BugineHHA y nigTpMMaHHi romeocTasy

0 [omipkynTe

HedpoHn rpusyHiB, WO XMBYTb y NycTeni, MaloTb
Haf3BMYanMHO AOBri neTni leHne, a y IXHiX
poawnyiB, Wo XMBYTb Yy ficax, Ui netni Habarato
KopoTuwi. Yomy?

Q 3raganTe

» [omeocTas
 [Incuminauia 6inkis, Byrnesogdis, Xupis
» bygoBa HMpPOK Ta CEUOBUAINbHUX LIAAXIB

Ponb ekckpeuii Ta ocmoperynauii
B NigTPYIMaHHI roMmeocTasy

EKckperia i ocMoperyadaiia € gysxe BasKJIu-
BUMH MOPOIleCAMU KUTTEMiSIILHOCTI, BOHU IIin-
TPUMYIOTH CTAJiCTh BHYTPIIITHHOTO CEPeIOBUIIIA
opranismy (romeocras). IxHsA QyHKIiA mosArae
B IiATPUMII CTAJOCTi CKJaay W obcAry piauu
BHYTPIIITHBOTO CEePeJOBUINa OPraHidaMy, HacaM-
mepejs; KpoBi.

IInsxom exckpenii BUAAJSOTLCA MOOiIUHi
OPOAYKTH MeTaboJiisMy, 0araTto 3 SKUX € TOK-
CUYHMMHU i HETaTHWBHO BILJIMBAIOTH Ha Iepedir
HOPMAJbHUX MeTa0OJiuHUX pearIrii.

IIporecu exckpernii @i ocmoperyJaiii mifg-
TPUMYIOTh MOHHUUN CKJIQA PiAUH Tija 3a paxy-
HOK peryadaiii xormenrtparii #ouiB Na', K*,
Mg**, Ca*", Fe**, H', Cl", I, PO?, HCO;.

IIpomecu exckpernii @i ocmoperyJaiii mifg-
TPUMYIOTh IOCTiHY KOHIleHTpaIllito HoHiB I'ix-
poreny H* (To6TO miATPUMYIOTH KUCJIOTHICTH
cepemoBUINa).

IInaxom ocmMoperyadrnii KOHTPOJIIOETHCS
BMiCT BOAM B pifmHaX Tija.

TokcnyHi npoayKT 0OMiHY peyoBUH

Kinmesi npogyxkTu oOMiHY peuoBMH He MO-
JKYTh JOaJjli BUKOPUCTOBYBATHCS OPTaHizsMoOM
i MaoTh Buayuatuca 3 Hboro. OCHOBHUMU Bin-
xXomaMu, AKi HeoOXiZHO BUIANIATU 3 OpraHismy,
€ BYIJIEKHCJUII Tas3 i BoJa Bil poO3IIenJeHHS
TJIIOKO31, aMOHiaK BiJ mepepoOKHN aMiHOKUCJIIOT,
comi. HacTuHa HWX MIPOAYKTIB € TOKCUYHOIO,
TOMY B OpraHismi ¢opmyioTbcA MeXaHiZMH,

CIPAMOBAHI Ha IIEPETBOPEHHA IUX MIKiIJIUBUX
peuoBuH ab0 Ha HEIIKigauBi, a00 MEHII IIKixg-
JUBI AJA opraHiamy.

Barato 3 mpoaykTiB meraboJismy OiakiB
(amoniak, iHgO0JI, (heHOSM, aPOMATUYHI aMiHM) €
IysKe TOKCUUYHUMH i, 32 BUCOKUX KOHITEHTpaIlii
COPUYMHAIOTh YPa’KeHHA PiBHUX BHYTPIIIHIX
opraHiB. S3HEIIKOAKEeHHA TOKCUYHUX ITPOAYKTiB
posmany OinkiB BimOyBaeThcsa B mediHIi. Amo-
HiaK TepeTBOPIETHCA Ha CEYOBUHY ab0 CEUOBY
KHcJoTy; (peHoa, iHZOa i cKaToa 3’ €THYIOTHCS
i3 cyab(aTHOIO I TJIIOKYPOHOBOIO KUCJIOTAMU,
YTBOPIOIOUM MEHINI TOKCUYHI cmoayku. B ekc-
KpeIllii HiTPOTeHBMiCHUX PEUYOBUH T'OJIOBHY POJIb
BifirparoTh HUPKY, a HeBeJMKAa KiJbKICTbH IUX
PevYOBUH BUBOAUTHLCSA Uepes JereHi I IMoToBi 3a-
JIO3U IIIKipu.

OnHieo 3 HAUTOKCUYHIIIINX PEUYOBUH € AMO-
Hiak — TPOAYKT PYHHYBAaHHA aMiHOKWCJIIOT.
Bin mae mBuUAKO BUAaIATHCA 3 OpPraHisMYy.
Y npicHOBOAHMX OpPraHi3MiB aMOHiaK pPO3UMHS-
€ThCS V BEJUKIA KiJTbKOCTiI BOAM i BUAIIAETHCS
OesmocepeIHHO0 B HABKOJIUIITHE CEPENOBUIIE, HE
BCTUTAIOUU JOCATHYTHU TOKCUYHOI KOHIIEeHTpAIrii.
VY MoOpchKUX i CYyXOHIIBHUX OPraHi3MiB 3amacu
BOJIM B OpraHisMi oOMe:keHi, i BOHU He MOXKYThb
MAapHOTPATHO BUTpadyaTu il Ha BUBEAEHHSA aMo-
"Hiaky. Taki TBapmHM BUKOPUCTOBYIOTH iHIIII
coco0uM eKCKpellil HiTPOreHBMiCHUX IPOAYKTIiB.
ToloBHMM HITPOTE€HBMiCHUM €KCKPETOM Yy CCaB-
IIiB € CeYyoBUHA, AKAa YTBOPIOETHCA B IIEUiHILL
3 aMoHiaKy i sAka mabaraTo MeHII TOKCHYHA,
Hi’k amMoHiak. B iHImmux HaseMHuX TBapuH (KO-
MaX, OTaxXiB) eKCKPEeTOM € cedyoBa KUCJIOTa Ta
ii cosi. BoHnu maii:ke He TOKCHUHI W MaJOpoO3-
YUHHI, I IX eKcKpelii moTpibHa HeBeJuKa
KiJIbKiCcTh BOAU.

0 [lizHanTeca 6inble
JenAki MeTaboniTi, WO HAKOMUUYIOTbCA POC/IMHAMM

B KNITVHHUX BaKyonAX, BUKOHYIOTb 3aXUCHi GyHKLUiI.
o6 YHUKHYTW 3HULLEHHA TPABOIZHUMW TBAPUHaMWU,
POCAVIHM CUHTE3YIOTb Pi3Hi OTPYWMHI PeYOBUHMU, AKI
BVBINIbHAIOTbCA 3 BaKyoJiel Y pa3i MOLKOOMXKEHHA Kii-
TH. Cepep HUX i BUCOKOTOKCUYHI ankanoigu, i npo-
CTO HEMPUMEMHI Ha CMaK PEYOBUHM, WO HEraTvBHO
BMNBAIOTb Ha TPaBJIEHHSA.

1 1 O MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Byraexkucauit ra3d TaKoK € TOKCUYHUM IIPO-
aykToMm wmeraboJsisamy. HaBiTh HesHauHe IIif-
BUINIEHHA HOT0 KOHIIEHTpAIlili IPM3BOAUTL [0
OiABUINEHHSA KWCJOTHOCTi, IOTipIIeHHA caMo-
MOYYyTTsA, TOJOBHOTO 0O0JII0, 3HU)KEHHS yBaru.
Buganeunua momax 90 % Byriekmciaoro rasy
3a0e3meuyioTh JereHi. TakoK uepes JiereHi Bu-
BOAATHCA iHIIM JIETKI PEUOBUHU, HATIPUKJIA BU-
napu edipy # xJsopodopmy mimg yac HapKo3y,
BUIIApU AJKOTOJI0 B pasi cm’ AHiHHA.

Pocinnuu gk KiHmesi mpoaykTu oOMiHy Bu-
OUJISAI0Th He TiJIbKW BYTJIEKHCJIUN ras i Bondy,
a i1 Kuceub. PoJib KMCHIO B OpraHidMax ABoicra.
Binsauii, aromapauit OKcureH i 030H (GaKTUIHO
€ KiaiTmHHUMU orpyramu. B atrmocdepi umcro-
ro KUCHIO JUXAaHHA POCJUH 3HUIKYETHCA, a 3a
TpuBaJiol #oro Aii pociauua rune. Ile moB’a3aHo
3 IIOCUJIEHHAM BiJIbHOPAAWMKAJIbLHUX peaKIiid,
MOIIKOKeHHAM MeMOpaH YHACJIiTOK OKHCHEH-
HA IxX JimigiB i, sperrroro, 3 mopyllneHHAM 0a-
raTboX IMPOIeciB OOMiHY PEUOBUH.

MakTopu, Wo NopyLwyTb NpoLec
BUAINEHHA Y NIOAVHN

- CnmagkoBi Ta BpOaKeHI 3aXBOPIOBAHHSA
oprauiB BupginenHs. CmaagkoBi gedexkTu HU-
pox (HedpomaTii) MOKYTH BUHHUKATH B PiZHUX
CTPYKTYpPax BUIIJIBbHOI CHCTEMU, HAIPUKJIAL
y KJIyOOYKOBOMY amapari, ()epMeHTHUX CHUCTe-
MaX 1 TPaHCIOPTHUX KaHajJaX HUPKOBUX Ka-
HaJBIIiB, CHOPUUYMHATHA AaHATOMIUHI aHOMAaJIii
HUPOK i ceuoBHUAINBbHUX HLIAXiB (Mana. 53.1).

- Indekuiiini 3axBopoBanua. Hupkosi in-
dekiii saszBuuall COPUUYUHAIOTL OaxTepii, aKi
ypaskaoTh HUPKOBI JIoXxaHKU ab0 HUPKOBY IIa-
peaximy. TpamnaioTbeca TaKOK IIapasuTapHi Ta
BipycHi 3axBopioBaHHA. [H(peKIia 3HUKYE aK-
TUBHICTh POOOTH HUDOK.

0 KnioyoBa ines

EkckpeLina 1 ocmoperynauis € gyxe BaxXIMBMMU
npouecamu XUTTERIANbHOCTI, BOHU NigTPUMYIOTb
CTaniCTb BHYTPIWHbOrO CepefoBuMlLa OpraHiamy
(romeocTtas). LUnaxom ekcKkpeuii BuaansawTbCA
no6iuHi NMpoayKkT meTtaboniamy, 6arato 3 AKKUX
€ TOKCMYHUMU; Lie MPOAYKTW MeTaboniamy 6inkis
(amoHiaK), Byrnekncnuim ras, KuceHb (y POCIH).
HopmanbHi npouecn BUAINEHHA MOXyYTb OyTh no-
pyLUeHi BHaCNiOK 3axBOpioBaHb HUPOK (CnafKo-
BMX Ta iHPEKLiNHKX), rOpMOHanbHOro ancbanaHcy,
OTPYEHHA | TPaBM HUPOK.

3p0poBa HMpKa

FigpoHedpo3  lonikicto3 HUPKK

Man. 53.1. CnagkoBi 3aXBOPIOBaHHA HUPOK — MONIKICTO3
i rigpoHedpo3. HupKoBa napeHxima 3amilLyeTbca
YMCNEHHUMI KicTamy abo HMPKOBOI NIOXaHKOI0,

AKa 30iNblIYETbCA yepe3 MoraHui BigTik ceui

« InTokcukania. [lo ypakeHHs HUDPOK MO-
JKYTHb IIPU3BECTU OTPYEHHA AJKOTOJIEM, BAKKU-
MU MeTajJaMW, OTPYHHUMU PeYOBUHAMU B IOOY-
Ti Ta B IPOMUCJIOBOCTi, YKYCU OTPYHUHUX 3Mik
i KxoMax, HaIMipHI m0O3WM IeAKMX JiKapChbKUX
mrpermaparis.

- TpaBmu. HupkoBa HemocTaTHICTH PO3BU-
BAETHCS B pasi CUJIBHOTO TpPaBMYBaHHS HUPOK.

« Topmonanpuuii mucoananc. I[lopymennsa
peabcopOiIrii MOKYTb OYyTH 3yMOBJI€HI HeIOCTAT-
HBOIO CeKpeIlielo rOpMOHiB (aJbZOCTEPOHY, Ba-
30ompecuHy) abo OGJIOKAZOI0 PEeIelTOPiB A0 ITMX
TOPMOHIB.

@ MpakTryHa poboTa

Kpumu4Huii aHaniz peknamu xap4oeux npooyk-
mie ma 6iodo6asok

1. 3HangiTe B IHTEepHeTi Bigeoponuku abo TeKkcTu
peKnamMmn xapyoBuX NPOAYKTiB Ta 6iogo6aBok (abo
CKOPUCTaNTeCA TUMK, WO PO3MILLEHO B €NeKTPOH-
HOMY [oZJaTKy).

2. MNpoaHanisyiTe iX, 3BEPHITb YBary Ha KOPEeKTHICTb,
HayKOBICTb Ta 06'€KTUBHICTb iHdOPMaLii, AKa B HKX
MICTUTbCA.

3. ChopmynioniTe BUCHOBOK.

03aI'II/ITaHHﬂ Ta 3aBAaHHA

1. Y xopi MeTaboniamy 6inkiB yTBOPIOOTbCA Ayxe
TOKCMYHI NpoayKTu. Yn o3Haya€ ue, WO M1 He MOBUH-
Hi BXMBaTW GINKOBI NpoayKTn B Ky? 2. Yn € KnceHb
KopucHUM abo HebesneuyHUm Ansa opraHiamis? 3. Ak
NOpPYLLYIOTbCA MPOLeC BUAINEHHA Y pa3i BeIMKMX oni-
KiB? 4. flKk NnopyLlyTbCA Npouecy BUAINEeHHA nig 4ac
CMHAPOMY 3[aBNOBaHHA?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 1 1 1
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§ 54. B3aeMo03B’A30K MeTaboNniyHuX Wnaxis

0 [omipkynTe

Y pe3ynbTati $OTOCUHTE3Y POCIMHMN YTBOPIOIOTb
Byrnesogn. OTpUMaTK iHWIi OpraHiyHi peyoBUHM
3 NpoAyKTaMu XapuyBaHHA, AK TBapPWHWN, BOHWU
He MOXYTb. 3BiKW POCAUHWU 6epyTb ninigwn, 6in-
KN N HYKNEIHOBI KMCNOTW ANA CBOIX KNITUH?

Q 3raganTe

o MeTtaboniam < LInkn TprkapOOHOBUX KUCNOT

» biotexHonorii

B3aemonepeTBOpPEHHA MiXK pPi3HUMU
K/lacamu opraHiyHMX peyoBuH

OOMiH peyoBUH B OpraHismi JiloguHu BigOy-
Ba€eThCA He XaoTUuHO. BiH iHTerpoBanuii i ToH-
KO HACTPOEHMI. YcCi mepeTBOPeHHs OPraHigvHUX
PevYoBUH TicHO MOB’A3aHi oauH 3 ogHuM. Hampu-
KJaJ, y pasi HagMipHOTO CIOKUBAHHA KUPiB
BOHU MOKYTb BUKOPUCTOBYBATHUCSA [IJIsI YTBOPEH-
HA TJIIOK03U. BiIKu I ByTrJIeBOAM MOMKYTH Iepe-
TBOPIOBATHUCS Ha JIIigW, a BYIJIEBOAU B JESIKUX
BUIIIKAX MOKYTH IIEPETBOPIOBATHCA Ha OiTKU.

Kupu Byrnesoau (nonicaxapuam)
Mnphi

Miuepon <— MoHocaxapugun
KNCNoTn Lep PYA

NG

Vv v

2H* 2H* 2H* 2H*

MipyBat

AueTvm KoA (C)

LI,TK > co,

AMmiHOKKCNOTH

BzaemorniepeTBOpeHHA OKPEMUX KJACIiB peyuo-
BUH MOYKJIMBI 3aBAAKMN IIUKJY TPUKAPOOHOBUX
KHCJIOT, B SKOMY CIIOJIyYalOThCSI BCi OCHOBHIi
MJIAXY PO3Maay ¥ cuHTe3y peuoBuH (May. 54.1).
BzaemoriepeTBOpeHHA 3iICHIOIOTHCA Uepes3 KJI0-
4yoBi MeTaboJiTH, AKi € CIJIBHOIO JIAHKOIO Ha
nIAxax posmany adbo cuHresdy. Ilo Takux mera-
6ostiTiB HasexaTh ImipyBaT, anetuia-KoA, docdo-
riainepar, metabosaitu nmukJay Kpebca.

ByrameBogm B pesyabTaTi Tigposidy yTBO-
pPOIOTH MOHOcaxapuam (TJIIOKO03Yy), AKi 3maTHi
IepeTBOPIOBATICA Ha TPiodu, 30KpemMa HipoBU-
HOTPaAHy KHCJOTY, II0 HAAXOAUTH 0 ITUKJIY
TpuKapOoOHOBUX Kucjaor. I, HaBmaxku, Tpiosu
3IaTHI YTBOPUTU TJIIOKO3Y.

Binku B pes3ysbTarTi Trigposisy yTBOPIOIOTH
pisHi aMiHOKHUCJIOTH, SAKi B IIPOIECi OKUCHOTO
Ies3aMiHyBaHHS JAalOTh aMOHiaK i KeTOKMCJIOTH.
Keroxkuciaoru HagXOAATh y IHUKJI TPUKAPOOHO-
BUX Kucjaor. HaBmaku, mipoBMHOTpagHa KIC-
JI0OTa, a TaKOXX KEeTOKMCJOTHU ITUKJY TPUKapOo-
HOBUX KwHCJOT (CQ-KeToryiyrapoBa, (yMaposa,
IIIaBEJIEBOOIITOBA) IIEPETBOPIOIOTHCA Ha aMiHO-
KHUCJIOTU, AKi OpraHi3M BUKOPUCTOBYE B IIPOIlECi
OiocuHTE3y OiJKiB.

Binku Benuki monekynu
¢ (xapyoBi PeUYOBUHN i KOMMOHEHTN KNIiTUH)

Monekynu, wo BigirpatoTb ponb
6yniBenbHMX Gnokis

NH
CninbHi NpogyKTV po3nagy
¢k_, co,

MpocTi mani monekynn —
KiHLeBi NpofyKTn Kataboniamy

O,——> [uxanbHuid naHuior mitoxoHapin —> H,0O

N

AD'(D\_/

ATO

Man. 54.1. OcHOBHI WNAXM B3aemonepeTBopeHHA GinkiB, Xupis i Byrnesoais
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Tema 3. O6miH peyosuH i nepeTopeHHs eHeprii  Jp3p 3y S

[mioko3a

Mipysat

\
v

JlakTar

AueTtun-KoA

CyKkumHat

y

OuroBa Kucnota

EtaHon

Man. 54.2. Cxema BMPOGHMLTBA €TaHOMY KULLIKOBO Nanuukoto E. coli
3a paxyHOK 6/10KyBaHHA MapanesibHUX MeTaboniyHmx Wnaxis ()

IIpoxgykTu; rigponidy sKuUpiB — KUPHI KuC-
JIOTM — B Pe3yJbTaTi -OKMCHEHHS TAlOTh ale-
Tuii-KoA. HaBnaku, Tpiodu MOMKYTb JaTH IJIi-
IepuH, a amneTua-KoA HeoOXiTHUNA I CUHTE3y
BHUCOKOMOJIEKYJISPHUX KUPHUX KHUCJIOT. ¥ pe-
3yJAbTAaTi MOKXHA 3HOBY OTPUMATH KUPHU.

MeTaboniyHa iHXeHepis

OgHMM 3 TTEePCIEeKTUBHUX HOBUX HANPAMKIB
y OiorexHoJioTii € MeTaGogiuHa iH:KeHepis —
CIpsAMOBaHA 3MiHA KJITHMHHOTO MeTaboJisMy 3a
JIOTIOMOTOI0 BBEJIeHHs, BUAAJEHHA abo momumdi-
Karmii MeTaboOJiYHNX NLIAXIB 3 BUKOPUCTAHHAM
TexHoJiorii pexombOimanTHux [HK. 3aBmamaam
MeTabosriunol imyKeHepil € CTBOpeHHsS B OpraHis-
Mi MeTabOiUHUX HLIAXiB, AKi paHille B JaHOMY
opramismi He icHyBasim abo B3araji He icHyBaJi
B IIPUPOi.

MeTaboaiuHa iHKeHepis 3maTHa CTBOPIO-
BaTu OioJioriuHi cucTeMu, IO BUPOOJATUMYTH
XiMiuHi peuoBWMHU, IKi BasKKO i JOPOTO OonIep-
JKYBaTH TPAAUIIMHUMEU cIliocobamMu XimiuHOl
igaycrpii. TakuMu pedyoBUHAMU MOMKYTH OYTH,
HaIPUKJIAaL, KOPUCHI OiJIKM 3 BUCOKUM YMiCTOM
He3aMiHHIUX aMiHOKMCJIOT, iCTiBHI BAKIIMHM, aH-

0 Kniouosa iges

B3aemonepeTBOpeHHs GinKiB, XMpPIiB i ByrneBoais
B OpPraHi3Mi 3[4iNCHIOITbCA Yepe3 KIYoBi MeTa-
60niT 06MiHY peyoBuH — nipyBaT, aueTun-KoA,
docdorniuepat Ta mMeTaboniTh LUKNY TpuKap6o-
HOBUX KUCNOT. OgHUM 3 MepcnekTUBHUX HOBUX
HanpAMKIB y 6ioTexHonorii € MeTaboniyHa iHxe-
Hepia — cnpAMOBaHa 3MiHa KNITMHHOrO MeTa-
6oni3My 3a gomnomorot MoaudiKauii iCHyrUnX
MeTaboNiuHUX WNAXIB.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

TUTiJIa, HOBi IoJiMepu, IIT0 He 3aCMiUyIOTH Ha-
BKOJIMIITHE CepPeOoBUIIIE.

ITpuxknagamu pesyiabTaTiB MeTaboJiuHOI
iHKeHepil € cTBOpeHHs OaKTepPil-IPOAYIEHTIB
eranony (Man. 54.2), posranay:KeHUX COUPTIB,
OYPIIITUHOBOI KUCJIOTU, CHHTETUYHOTO KayuyKy
Ta iHIIUX OPraHiuyHUX PEUYOBUH.

Cucremu MerabosiuHOl iHKeHepii TaKoXK
BUKOPUCTOBYBAJM [JA CTBOPEHHA IIITAMiB
IpiskIKiB, AKi BUPOOJIAIOTL OHiOigM AJiA 3He-
0oJIIOBaHHS, i OaKTepili, ki BUPOOJAOTEH 0io-
POBKJIaAHI ITOJiMepH AJA XipypriuHoro IIIOBHOTO
MaTepiaiy.

® MpakThuHa poboTa

Po3e’a3yeanHa 3a0a4y Ha memy «EHepzemu4Hul
06MiH»

1. Y npoueci eHepreTMyHoro obmiHy posLienunso-
cA 12 monekyn rnko3u. NoBHOro po3sLenneHHA
3a3Hanu 3 MOJMeKynu [JIoKO3M, a 3 peLuTolo Bif-
Oynunca nuwe peakuii 6e3KMCHEBOro etany o6MiHy.
CKiflbkn MoneKyn nipoBUHOrpagHoi Kucnotu 1a ATO
yTBOPUNOCA?

2. Y npoueci eHepreTMyHoro obMmiHy yTBOPUIOCSA
100 monekyn ATO. [oBHOro posiiensieHHA 3a3Ha-
NN 2 MOMEKynU [oKo3M, a 3 peLuTolo Biabynuca
nunwe peakuii 6e3kncHeBoro etany o6miHy. CKinbKu
BCbOro MONEKYN M0KO3U po3Lwenunoca?

3annTaHHA Ta 3aBJaHHA

1. K B/ BBaXKa€Te, YoMy BCi MeTaboOMiuHi WNAXM
B KJTUHI B3aemonos'aA3aHi? 2. fki, Ha Bawy AymKy, ne-
peBaru 1 NepcnekTBM, a MOXe, i HeJONiKN Ma€E MeTa-
6oniyHa iHXeHepis NOPIBHSAHO 3 TPAAWLIHO XiMiYHO
NPOMUNCIIOBICTIO?
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§ 55. O6MmiH pe4oBUH i eHeprii

0 [omipkynTe

AKAM UYMHOM OpraHi3M NtoANHN OOMIHIOETbCA
€HEepri€lo 3 HaBKOJIMLWHIM cepefoBuLLem?

Q 3raganTe

o Acuminadia i gucuminAauia
* 3aKOHM TepMOAUHaMIKM

€HiCTb NpoueciB 06MiHYy peyoBUH

i eHepril

Y xijaiTuHaAX OZHOYACHO BiZOYBaIOTHCA IIPO-
Imecu eHepreTUYHOro Ta IMJIACTUYHOTO OOMiHYy.
Bonu nos’asani Misk co000 IIOTOKAMU PEUYOBUH
i ewmeprii (mas. 55.1). T'osoBHY posb y IOEN-
HaHHI aHaboJivHMX i KaTaboJiuHMX IIpoIeciB
Bigirpae AT®.

ITpomecu amabosismy i Karaboaismy mepe-
OyBaroTh B OpraHiami abo B cTaHiI AmHaMiuHOIL
piBHOBaru, abo 3 mepeBasKaHHAM OJHOTO 3 HUX.
IlepeBaskamusa aHaOOJIYHMUX IIPOIIECiB HA KaTa-

0OJIiYHMMU IIPU3BOAUTH 0 3POCTAaHHA, HAKOIIU-
YeHHS Macu TKaHWH, a TepeBakaHHA KaTaboiu-
HUX IIPOIECiB BeJle IO YaCTKOBOTO PYHHYBaHHSA
TKAHUHHUX CTPYKTYP, BUALIeHHA eHeprii. Cran
piBHOBa:XHOTO a00 HEPiBHOBAKHOI'O CIIiBBiJHO-
IeHHs aHabogidaMy ¥ KaTabojisMy 3aJeXKuTh
Bijg BiKy (mepeBaskaHHA aHA00Ji3MYy B JUTAYOMY
Bimi, piBHOBara y spijzomy, mepeBaskaHHSA KaTa-
00J1i3My B CTApOCTi), CTaHY 30POB’ s, (PiBMUHOTO
a00 TICMXO0EeMOITilTHOTO HaBaHTaKEHH.

[NepeTBOpPEHHA eHepril B XXUBIW KNITUHI

BuyTpinmai meTaboJriuHi mpoliecu CYIpoBO-
IKYIOTHCS IIePeTBOPEHHAMU OTHUX (DOPM eHep-
rii ma immri. Tak, HanpukJazn, XxiMmiuHa eHepria
TJIIOKO3U IIePETBOPIOETHCA Y XOMAi KJIITUHHOTO
OKMCHEHHS YACTKOBO HA TEILJI0, YaCTKOBO — Ha
eHepriio Mmakpoepriunux 3B’a3KiB AT®. 3a pa-
XYHOK rigposisy AT® moske BimOyBaTucs mepe-
HECeHHs PEeYOBUH 3 MIIAHKMN 3 MEHIIOI KOH-
IEeHTPAIli€I0 0 TIMIAHKU 3 OiIbII00 (0OCMOTHYHA
pobora), mepeHeceHHs HOHIB y Miciie 0ijbIl Bu-
COKOI'0O eJIEKTPUYHOTO IOTeHIliany (eJeKTpuuHa

KaTtabonism (aucuminauis) MeTabonizm AHabonizm (acuminauin)
P . . ‘\ o .
Co, H,0 TBapUHHI N POCVHHI Po3nag opraHiyHMX peyoBuH MobypoBa 1 pict
6inkn, ninign, Byrnesoaun, ANA OTPUMaHHA eHepril opraHismy
BOAa
YTBOPIOETbCA 0 i fennosa
TPUMYEMO 3 Keto E : :
: Hepria ATO BuKkopucTto- eHepria
nig Yyac guxaHHA P o 1kop P
BYETbCA ANA BCiX nmpoue-
¢ ¢ CiB XUTTEAIANBHOCTI
YTBOpPEHHA Bual 3 YTBOpPEHHA
HU3bKOMONEKYNAPHMUX NAIMAETbCA a”ac.aET:_lqu; BVICOKOMONEKYIAPHUX
PEeYOBIH eHepria eHepria (ATO) PEeYOBIH

S

Bupinaetbca B HaBKOMMLIHE
cepeposuLle

H,0 Mpoayktn po3nagy

Tennosa
eHeprin
co

2

Enepria xiMiuHNX

e

CrHTe3 OpraHiYHMX PeYoBVH, BNACTUBMX
NIOANHI, 3 NOMMMHAHHAM eHeprii

3B'A3KIB

Man. 55.1. B3aemo3B'A30K npoueciB Katabosniamy i aHaboni3aMy FPYHTYETbCA Ha €QHOCTI GIOXIMIUHUX MepeTBOpPEHD,
o 3abe3neyyloTb eHEpPrielo BCi NPoLEecy KUTTERIANbHOCTI
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poboTa), B opraHiaMi TBapmHU — CKOPOUYEHHS
M’as3iB (mexaHiuHa po6Gora). Ilpu oMy BimOy-
BAa€ThCS MEPETBOPEHHA YAaCTUHU XiMiuHOI eHep-
rii AT® Ha TemIoBy, OCMOTHUYHY, €JIEKTPUUHY
Ta MeXaHiuHy eHepriio.

3 posBuTkoM y XIX—-XX cT. TepmMogmHaMi-
KM — HAyKH IIPO B3a€MOIIEPETBOPEHHA TEILJIOTHU
1 eHeprii — cTaJ0 MOKJIMUBO KiJbKiCcHO pospa-
XOBYBaTU IIePETBOPEHHA eHeprii B OioxiMiuHMX
peakiiax i mepembauaru iX HAIPSIMOK.

TepmoanHamika oOMiHy peyoBUH

3 TOYKM 30py TePMOIMHAMIKM, JKUBi opra-
Hi3MU SABJISIOTH CO00I0 BiIKpPHUTI HepiBHOBAKHI
CHCTEeMH, OCKLJIbKN BOHU OOMIHIOIOTHCS 3 Ha-
BKOJIMIIIHIM cepefoBUINleM AK eHeprier, Tak
i peyoBUHOIO, i IPU IILOMY IIEPETBOPIOIOTH i Te,
u immre.

IIpunuzHeHHs OOMiHY PEYOBHH Ta IIOTOKY
eHeprii aAsa opraHisMiB o3Hauae BTPATy CTPYK-
TypHOi oprarizarii i cMepTs.

ExcrnepuMeHTaIbHUM MLIAXOM OyJIO BCTa-
HOBJIEHO, II[0 OO IIpOoIleciB, sKi BigOyBarThCS
B 0ioJIOTiUHUX cucTeMax, MOKHA 3aCTOCOBYBaTHU
mepiuii i Apyru#i 3akoHu TepmoamHamiku. Cy-
MapHa KiJbKicTh eHeprii, AKy OTPUMYE KUBUN
opramiam 3 iKeio 3a IIeBHUH IIPOMIXKOK dYacy,
IOPiBHIOE KIJIBKOCTI eHeprii, 10 BUIiIAETHCS
Y BUTJIAI TeIJIa i MiCTUTBCA B TPONYKTAX BUIi-
JIeHHS, Ta eHepreTUYHUM BUTpPaTaM Ha poboTy,
10 3AiMCHIOETHCH.

KinpkicTs TemsmoTu, BUAIJIEHOI OprauisMom,
MOJKHA TOYHO BuUMipaATu. [[Jig 1iporo oprauism
IOMIIIIalOTh Y CIeIiaJbHy KaMmepy, dKa moope
isosmpoBaHa Big cepemosBuia, TOOTO He Bin-
OyBaeThbcA OOMiHY eHepriero 3 HaBKOJUIIHIM
cepemosuirieM (Maja. 55.2). ExcuepumenTu, Bu-
KOHAHI IIMM METOAOM, OOBEJM, HI0 KiJbKicThb
eHeprii, sKa HaAXOIUTH B OpPraHiaM, JOPiBHIOE
eHeprii, 110 BUAIIAETHCA IIiJ Yac HPOBEIEHHS
KaJiopuMeTpii.

0 KnioyoBa iges

Y KniTMHax opHo4yacHoO BigbyBalTbCA Mpouecu
€HepreTMYHOro Ta MNAacTUYHOro OOMiHy. BoHu
NnoB’'sA3aHi MiX o600 MOTOKaMU PEUYOBVH i eHepril.
[OfI0BHY pOSib Y MOEAHAHHI aHAbONIYHKX i KaTa-
6oniuHnx npouecis Bigirpae AT®. Xusi opraHiamu
Hanexatb O BiAKPUTUX TEPMOAMHAMIYHMX CUC-
TEM: BOHU OOMIHIOIOTbCA PEUOBMHAMM 11 eHeprieto
3 HaBKOJIMLLHIM CepefoBULLEM.

I13on4auia |
Migirpita I
BOda —
D S XonopgHa
BOAA
MoBiTpsa
BUXOA4UTb

_ MNosiTpa

HaaXoAuTb

CnoXmnBaHHA KNCHIO NIOAUHOK

Man. 55.2. Kamepa anAa npAMOro BUMIpIOBaHHA KiIbKOCTi
TenaoTx, BUAINEHOI opraHiaMom

[lizHanTeca Ginblue

TepmoanHamiKa — HayKa, WO BUBYAE 3arasibHi 3a-
KOHV NepeTBOPEHHSA Pi3HUX BUAIB €Heprii B CUCTEMI.
Po3pi3HATL TpU TUNK cucTem:

130/1608aHA — He OOMIHIOETbCA 3 HAaBKOMMLLHIM Ce-
penoBuLLEM aHi PeYOBUHOLIO, aHi eHeprielo.
3amkHeHa (3akpuma) — OBMIHIOETbCA 3 HABKOJMLL-
HiM cepefoBULLEM TiNIbKW eHepri€to.

Biokpuma — OBMIHIOETbCA 3 HABKOMULWIHIM cepe-
JOBULLEM PEYOBUHOIO i eHeprieto.

Mepwwuii 3aKoH TepmMoANHaMIKM € 33aKOHOM 36e-
peXkeHHA eHeprii. BiH Bn3Hayvag, Wo 3aranbHa eHep-
rin B i30N1bOBaHiN cncTeMi — BeNUYMHA CTana i He
3MIHIOETbCA i3 YacOM, a NULLE NEePeXofuTb 3 OfHiel
dopmu B iHLIY.

[Apyruii 3aKOH TepMOANHaMIKIN BY3HAYaE, WO BCi
peanbHi NpoLuecn CynpoBOAXKYIOTbCA PO3CitOBaHHAM
NeBHOI YaCTUHWN eHeprii B Tennory.

@ MpakTyHa poboTa

MopieHanvbHa xapakmepucmuka 3MiH y npoyeci
esosloyii op2aHie mpaesieHHsA, OUXAHHA Ma eu-
OdifleHHA AK onmumi3ayis ix 0o npoyecie mema-
6onizmy

1. Po3rnsHbTe 306paXkeHHA OpraHiB TpaBHOI, Au-
XaNnbHOI Ta BUAINbHOI CUCTEM PIi3HMX rpyn TBapuWH
(Hanpuknag, pub, am¢ibin, nTaxis Ta ccaBuiB). YcTa-
HOBITb 3MiHW, fAKi BigOyBanucb i3 UMMM OpraHamu
y npoueci eBosoLii.

2. ChopmynioniTe BUCHOBOK.

3annTaHHA Ta 3aBJaHHA

1. OnNnwiTh, AK OAHI BUAM eHeprii NepeTBOPIO0TbCA
Ha iHWi B npoueci PpoTocuHTesy. 2. AKi BUAM eHepril
BUAINATLCA Nig Yac pobotn m'sasis? 3. AKow cucTtemoro
3 TOYKM 30py TEPMOAMHAMIKU, € KOCMiIYHMI Kopabenb
3 KOCMOHaBTammn?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 1 1 5
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OcHOBHi nonoxeHHsa Temn «OOMiH pe4yoBUH i NepeTBOPEHHA eHeprii»

OCHOBHIi HeOpraHiYHi peyoBUHN KAITUHN

KommonenT DyHKIIT

H,0 VYTBOpeHHS BHYTPINIIHBOTO CePeIOBUINA OPTaHidaMy, miATpuMKa opmu Tija (Typrop),
yuacThb y MmetaboJuismi (porouris, rinposia), Tepmoperyasaiia (IoToBugiIeHHA, TyTallia),
TPAHCIIOPT PEUOBUH

H*, Nat, K", Cl” VYTBOopeHHs MeMOpaHHOTO moTeHItiany A cuaTesy AT® ta mepemaui curaaiis,
Yy TOMY YHUCJIi, HEPBOBOT'O iMIIyJIbCY

HCO;, HPO?, 3abesneuenHa 0y(epHUX BJACTUBOCTEH CUCTEeMU TKAHWH

H,PO,

Ca**, POZ" 3abesnevyeHHA MiITHOCTI OMIOPHUX CTPYKTYP TBApuH (KiCTKMU, MYIILIi MOJIIOCKiB)

Mg, Fe, Zn, Cu, | YTBOpeHH:A aKTHBHOIO I[eHTPY 'OPMOHIiB, (hepMeHTiB, BiramiHiB, TpaHcnopTHUX 6iIKiB,
Mn nirMeHTiB (poTOCUHTERY

biononimepwu

IToximepu Monomepn O00B’I3K0Bi eTeMeHTH OcHoOBHIi QyHKIIT
Binknu AwmiHOoKUCTOTH C,H,O,N,S KaranitTuuna, CTpyKTypHA, MOTOPHA,
TPAHCIIOPTHA, PEryJIsaATOPHA
ITonicaxapumu Mowuocaxapugu C,H,0 MexaniuHa, pesepBHA, PeTyJIATOPHA
Hupu Tninepun i sxupni C,H,0 PesepBHa, TepMoizosio0Ua, PeryJaATOP-
KHCJIOTHU Ha, CTPYKTYypHA
Hyxneinosi Hyxneorunu C,H,O,N,P Iadopwmartriiina, peryiaTopHa, KaTaJsi-
KUCJIOTH THYHA

Memb6paHHWI TpaHCnopT

a0 e
] I- d
b | ‘ 2
3 4

TpaHcnopT peyoBUH y 6araTOKNITUHHUX OpraHi3miB

ITacuBHUI TPAHCIIOPT:

A. IIpocra gudysia

1 — nudysia kpisb Gochominigauii 6Girrap

2 — nudysia Kpisb 6i0K-KaHa

B. ITonermena nudysia Kpisb GiJIOK-nepeHocHUK
3 — cuMmmopT

4 — aHTUIIOPT

AKTUBHUI TPAHCIIOPT:

5 — Kpisb OiI0K-Hacoc i3 migBogoM eHepril

o

]

Pocauan Teapuau

Kcennema (Tpaxeinu, cyguHM) — TPaHCIOPT T'emoaimda — pigmua, 110 TPAHCIOPTYE NOKUBHI PEUOBUHU
BOIM U MiHepaJIiB BiJf KOPeHiB [0 JUCTKiB

dyoema (cutononioHi Tpy6ru) — tparcnopr |~ KpoB — pinka TkaHMHA, 110 MicTUTH naasmy (pizunHy) i ghop-
OpTraHiYHUX PEYOBUH BiJl IUCTKIB 10 KOPEeHIB | MeHi esemenmu (epUTPOIUTHU, JEHKOIIUTH, TPOMOOIIUTH)

Tvnn XnBneHHa

3a mxepesom KapGony 3a maxepesioM eHeprii 3a mixepesiom Iigporeny
- aBrorpodue — CO, + horoTpodhHe — eHepria ceitia - giTorpocdHe — HEopTraHiUHI peUOBUHU
« rereporpocHe — opraHiuni | * xemorpodHe — eHepria ximiuHo- « opraHoTpodHe — opraHiuHi peuo-
PeYoBUHU r0 3B’ SBKY BUHU

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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TUnn reTepoTPoPHOro KMBNEHHSA

3a mKepesoM MOKMBHUX PEUOBHH

(mepodaris)

canmporpod)He — JKUBJIEHHS BiIMEPJINMU PEIITKAMU JKUBUX iCTOT
cumobioTpodHe — oZiep;KaHHSA ITOKUBHUX PEUOBUH BijJ mapTHEpa 3a
B3a€MOBUTITHUM CIM0O1030M

feTepoTpodHUIN MeTaboNi3m: aepobHe ANXaHHSA

Crapgia 1. Cragis 2.
Tmikomis IMuka TpukapO0HOBUX KHCIOT
Cragin ) MNipysat
BUTpauaHHs eHeprii HAH
Auetun-KoA o,
cﬁHlloﬁ
nioko3a
2 ATO 2 ARo OkcanoaueTar 2 Lvrpar
HAZH
9 3
Manat I3oumntpat
4 AL® 4 ATO z
+2HO s 4 HAL(O)H
OATH DOymapat 2-OkcornyTtapat
E E Q 7 5 o,
CykumHat CykumHin-KoA HAOH
Cragin 2C,H,0,
Biapavi eHeprii [1Bi Monekynu nipysaty
ATO A0O
BuxinHi peuoBuHuU: 11I0K03a | BuxigHi peuoBuHM: mipyBar
IIponykTu: mipysar, ATPD IIponykTn:
(2 monexynm), H,0O CO,, HAITH, ®ATH
ABTOTPOdHUIN MeTaboniam: poToCKHTES
Crania 1. CeitioBa
Akuentop AkuenTtop
Cgitno eNeKTPoHiB Cgitno €NeKTPOoHIB
26
28 26 HALO + 2H*
NaHuor JaHutor
NepeHOCHNKIB nepeHOCHUKIB
eneKTpoHiB €NIeKTPOHIB HALOH + H*
wto o o w ol
H,0 — 1 0, + 2H"
Dotocnctema I Dotocuctema |

dortoniz Boan

Buxinni peuosunu: H,0
IIpomyxru: HAII®H, ATD

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

roJIO30iiHe — MIOTVIMHAHHSA KUBUX iCTOT (XMKAIITBO) Ta IXHIX YaCTUH

3a MexaHi3MOM IOIrJIMHAHH 13K

+ ¢pharoTpopHe — IOTIMHAHHA
MJIAXOM 3aKOBTYBaHHSA

+ ocMOTpOo(hHE — TOTJIMHAHHSA
MIJIAXOM YCMOKTYBaHHSA

nmapasuTUYHe — OJlePiKaHHA IMOKMBHUX PEUOBUH BiJf opra"ismy-xassina

Cragis 3.
EleKTpoHHOTPAHCIIOPTHUM JIAHITIOT

BinkoBuin KOMNneKc NepeHOCHNKIB eNeKTPOHIB ATO-cuHTa3a

H' & H* H* & H @ - S\ @ H*
[ T

Lk

H- g re A

T H] =
HAZH HAL G, S
L= HO H
ENeKTPOHHOTPAHCNOPTHMIA NaHLor ¢oc¢ngm;iaHHﬂ

Buxigui peuosuan: HAJTH, ®ATH

IIponykTn:
AT® (36 mosexyr), H,O

Cragia 2. TemaoBa

13 cBiTNOBMX peakuii

B 50 12 A00 + 12 O

Heopr

Jundocdorniueponosa kucnota (12 monekyn)

(Docd)oréﬂueponoaa )KI/ICﬂOTa % 3i cBiTNOBMX peakuin
12 monekyn, v
ey 2 12 HAJO-H
I <]
T I
2 p=3 12 HAJO*
6CO, = . @
g Tpiozodocdar (12 monekyn)
X
8 Mniokosa
g (1 monekyna)

cnonyk

x
Pubynosoandocdar (6 monekyn)

6 ATO
3i cBiTnOBUX peakuin

MepeTtBOpeHHsA
Kapb6OHOBNX

Pu6ynosomoHodocpar
(12 monekyn)

Buxinui peuopunu: CO,

IIpomykTH: rirokosa
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Tema 4. CnagKoBiCTb
| MIHIMBICTb

§ 56. lLnaxu nepepayi iHpopmauii B XKMBUX cucTemax

0 [NomipkynTe

Y TMO-TexHOnOorifiX WNPOKO BMKOPUCTOBYIOTb
reH mMefysu, KM BiANOBIga€e 3a CUHTE3 6inka,
WO CBITUTbCA Nig BrMBOM ynbTpadioneTy. AKWwo
TaKW reH yBecTU JO OpraHiamy Kosu Tak, o6
CUHTE30BaHWI HVM BINOK MOTPanAB y MOJOKO,
TO UM MOXe JIIoAMHA, WO N'E Take MOJIOKO, OTpu-
MaTW Lel reH y CBill reHom?

Q 3raganTe

» Hykneotngnm » Pennikauisa

e TpaHcKkpunuia e« TpaHcnAauia

LleHTpanbHa forma monekynapHoi
Gionorii

®pencic Kpix 1958 poxky sampomonyBasB
TaK 3BaHy IEHTPAJbHY AOTMY MOJIEKYJIAPHOI
Giosorii. Ila morma cTBepAsKyBaJia, IO TOTIK
irdopmMmaliii B KMBUX OpraHisamMax BifOyBaeThCs
TinbKu B Hanpamky Big IHK mo PHE, a mo-
TiM g0 06inkiB. AJe micasd momadbIINX TOCJi-
IUKeHb MorMy OyJo BimpemaroBaHo, i B cyuac-
HOMY (DOPMYJIIOBAHHI BOHA Ma€ TaKUN BUTJIA:

Pennikauis TpaHckpunuin TpaHcnauia

HK PHK 6i
A T_> —) 6inok

A

3BOpOTHa Pennikauis
TpaHcKpunuisa PHK

Man. 56.1. Cxema nepepavi iHpopmaLii B *KUBUX OpraHis-
Max 3riflHO 3 LeHTPanbHO JOrMOI0 MOJNEeKYNsipHOI Gionoril

moTiK im(opMmarii B KMBUX OpraHidamMax MOKe
BimOyBaTHCAa MisK HYKJeIHOBUMU KMUCJIOTAMU Ta
B HAIPAMKY BiJl HYKJIEITHOBUX KMCJOT 0 OiJKiB,
ajle He MOJKe IIPOXOAUTH Bif OiNIKiB mo HyKJei-
HOBUX KucJjor (mana. 56.1).

3 IHK ma IHK Ta B manpamxry [THK—
PHK—6inok imdopmalia mepemaeTbcsa B yCix
KJiTMHAX JKMBUX OpraHismiB (Imig uvac pemJri-
Kamii, Tpauckpunii i Tpauciaamnii). Ilepemauy
ingopwmariii 3 PHK ma PHK BUKOpPHCTOBYIOTH
nesaki Bipycu. A mepemava imgopmariii 3 PHE
Ha JITHK BuKOpuUCTOBYETHCA AeAKUMU Bipycamu
i, B IeAKWX BUMAAKAaX, y KJIITHHAX JKUBUX OP-
ra"iamiB (Tak 3BaHa 3BOPOTHA TPAHCKPUIILis).

Mpouecn nepenavi iHpopmauii B KNiTUHI

3BigKu i Kyan

IIpouec mepexacThesa Koau BigoyBaeThcs
indopmania
Pennikania | 3 JHK ITig vac mogBoenusa JJHK nepen moxmi-
OHEK "Ha JHEK JIOM KJIITUHU
Tpauckpun- | 3 IHK Ha neprromy erarmi cunTesy 6i1ka
mis wa PHK
Tpaucaamnia | 3 PHK Ha gpyromy erami cunTesy 6inka
Ha 6i0K
3BoOpoTHA 3 PHK

Tpanckpun- | #Ha [[HK

depMeHTH Ta CTPYKTYPH,
AKi 6epyTh y4acTh y poueci

HOHEK-3ane:xua [[HK-mmosrimepasa,
ToIloizoMepasa, rejJikasa

IOHEK-3ane:xxua PHK-monimepasa,
ToIoidoMepasa, rerikasa

Pu6ocoma

ITig yac mepeminienusa mobinbHUX reHe-  PHEK-zane:xua [[HK-mmorimepasa
TUYHUX €JIEMEHTIB Ta I Yac pO3MHO-

(peBeprasa), Tomoisomepasa, reJi-

misa JKeHHA PeTPOBipyciB y KIiTUHI Kasa

Pemnikania @~ 3 PHEK
PHK wa PHK

118

V¥ nporeci BiATBOpeHHA B KJIITUHI BCix
PHEK-BipyciB, okpim peTpoBipyciB

PHEK-3zane:xua PHK-nosrimepasa,
TOIl0iBOMepasa, rejikasa

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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3BOPOTHA TPAHCKPpULiA

3 1mpollecamMu peIlnTiKamii, TpaHCKPHUIIILil
i TpaHcaAmnii Bu BiKe 3HaAioMi. ¥ IIporeci 3Bo-
porHoi TpaHcKpumilii moxii BizOyBatoThCs y 3BO-
POTHOMY IIOPAAKY HOPiBHAHO 3i 3BUYANHOIO
TPAaHCKPUIIicl0. SMiHiICHIOE HOTO TAKOM KOMII-
JeKc ()epMeHTiB, TOJOBHUM 3 SAKUX € (hepMeHT
PHEK-zanexxna JHK-momimepasa (ii wacro Hasu-
BalOTh peBepTas30i0 ab0 3BOPOTHOIO TPAHCKPHUII-
Tazoio). Ileii gepment Oyaye nanimokoxk THE
3a 3paskoM JaHIo:kka PHE.

ITpuHIMT MTOGY0BY HOBOI MOJIEKYJIU TaKOMK
0asyeThbcsA Ha SBUINI KOMILJIEMEHTapHOCTi, aje
BiATIOBiIHICTE V¥ IbOMY BUIIAAKY AEINO iHITa mo-
PiBHSAHO 3 TPAHCKPUIIIIi€IO.

TpaHCKpUIIis 3BOPOTHA TPAHCKPUIIILisS
IOHK PHK PHK ITHEK
(8pasdok) (O0ymyeThcsi) (3pasok) (Oyayerbes)
T 1T 1T, r
1D r r IT
T A A T
A v v A

Ypununosuit mykjaeorun no ckiaany HHE
He BXOJIWUTb, TOMY HABIPOTH AaJeHiJIOBOrO HY-
kiaeotuny PHEK posraioByeTbcss THUMiAMIOBUIA
HyKJeoTun y dauio:xkKy [JTHK, a HaBnpoTu ypu-
IOUJIOBOTO — aeHiJIOBUIi.

Oco06I1BO UacTo Iieil Mmpolec BUKOPUCTOBY-
IOTh Bipycu, Yy SKUX HYKJEIHOBOIO KUCJIOTOIO
¢ PHK. Bouu mpoHUMKaiOTh y KJIITUHU KUBUX
OpraHiamiB i TamM 3a ZOMOMOrOI0 (PepMEHTy pe-
Beprasu 3i cBoei PHK yTBopiorors [THK. A Bike
usa [JHK BOymoByeThcA B reHOM KJIITWMHU ¥ IIO-
YMHAE KOHTPOJIIOBATHU IIPOIleCHU, SKi B Hill Bif-
O0yBaioThbcA. TaKoK pA BipyciB BUKOPUCTOBYE
IJIA PO3MHOMKEHHS B KJIITHHI ABUIIE PeIlTikarii
PHEK 6es cunTesy mpomiskuoi mosexkyau [THEK.

OpuHuM i3 THX, XTO BiJKPUB SIBUIIE 3BOPOT-
HOI TpaHCKpUMIlii, OyB yKpaiHCbKU#l yueHUi
C. M. T'epiieHs0H.

0 Kniouosa iges

Y XMBUX CCTeMax CrnaakoBa iHpopMaLisa nepepna-
€TbCA nepeBaXHO Yy Hanpamkax OHK — PHK —
6inok Ta JHK — [HK. MoxnuBa TakoXx nepegava
iHbopmauii y Hanpamax PHK — OHK i PHK — PHK.
[lns 3a6e3neyeHHs nepegadi uiei iHdopmaLii XunBi
OpraHi3amy BUKOPUCTOBYIOTb crieuianibHi pepmeH-
TL: MonimMepasy, TONoi3omepasu, refikasv ToLO.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

Man. 56.2. Mogenb monekynu Tornoisomepasu NOANHN

DepmeHTH, Wwo 3abe3neuyoTb

nepepavy cnagkosoi iHGopmauii

DYHKIIIOHYBAaHHSI HYKJEIHOBUX KIUCJIOT
y KJiTuHax 3a0esleuye BeJUKUN KOMILJIEKC
MOJIEKYJI, OCHOBHUMHU 3 AKUX € (DEPMEHTU: II0-
Jimepaswu, rejrikasu, Tomoisomepasu Torro. Ilo-
adimMepasum — 1ie (pepMeHTH, SAKi 3miHICHIOIOTH
moJiiMepuaallilo HUTKM HYKJEIHOBOI KUCJIOTHU
3 HYKJIEOTHUIiB, BUKOPUCTOBYIOUMN K MAaTPUILIO
BJKE ICHYIOUMWH JIAaHIJIOT HYKJEIHOBOI KWCJIOTH.
3aJjierKHO Big TOro, SAKMH JAHIIOI BUKOPHUCTO-
BYETBCA i KA KHUCJIOTA CUHTE3YETHCHA, iCHYIOTH
Kimbka BumaiB nosimepas. Hampuwraazn, ITHE-
same:kna PHK-mosimepasa cuHTe3ye MOJIEKYTY
PHK na panmo:xkky IIHK (1eii ¢pepmenT Gepe
yyacTh y mporeci Tpanckpumiii). A JTHEK-
danexxkHa J|HK-monimepasa cuHTe3ye HOBI MoO-
aeryau JTHK mix uac pemmikairii.

Tomoizomepasu — 1e dhepMeHTH, AKi 37aT-
Hi 3miHOBaTH TomoJsoriio JIHK (ii mpocTopoBy
oynoBy) (man. 56.2). Ile mosBoJisie TpuUBeCTHU
minaaky I[ITHK B craH, Koau MOKJIuMBa poboTra
immux (epMeHTiB.

Temikasu — 1e ¢epmMeHTH, AKi Bimmosima-
IOTh 3a PO3AIJIEHHS ABOJAHI[IOTOBUX MOJIEKYJ
HYKJIETHOBUX KHMCJIOT Ha OMHOJIAHIIIOTOBi. Taruit
Ipoliec € Ay’Ke BasKJIUBUM, HAIPUKJIAL, Hepes
MIOYaTKOM pPeILTiKaIlii abo TpaHCKPUIIILii. SaIex-
HO BiJ TOTO, 3 AKOI HYKJIEIHOBOIO KWCJIOTOIO
mpaitoe GepmeHTt, Bumgiasaiors [JHK-remirkasu
i PHK-renikasu.

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. 3a AkuMm 3pa3kom i wo cuHTedye PHK-3anexHa
OHK-nonimepasa? 2. Yn notpibHi Tonoizomepasn i re-
nikasu B 6akTepianbHin knituHi, HK Akoi mae Burnag
Kinbuesoi monekynu? 3. Y AKil NOCNiAOBHOCTI NOBUHHI
npawutoBaTn nonimepasa, refikasa i Tonoisomepasa ana
3abe3nevyeHHn npouecy pennikawii?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 1 ] 9
MiHicTepcTBO OCBITU | Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MoAepHi3auii 3amicTy ocBiTu https://imzo.gov.ua



Tema 4. CnagkoBIiCTb | MiIHAMBICTb

§ 57. leHn  reHOMI

0 [omipkymnTe

KinbKicTb reHiB y reHomi nioguHu 6Ginblue,

Hi>XK Y reHOMi KMLLKOBOI Manunyky, npubnnsHo

B 5 pasiB. A KinbkicTb Hykneotngis [HK y reHomi
noavHK Ginble ax y 700 pasis. Yomy mae micue
Taka pisHuuA?

Q 3raganTe

o [eH o [eHOM o 1HK

» Hykneoig » Xpomocomu

[eH Ta oro CTpyKTypa

Koxuuii ren e ginauakormo moaexyau [THEK.
Biu Bigmosizae 3a yrBopeHHA ofHiel a00 KiJIBKOX
O3HaK opraHiamy. Ajse OiJbIIiCTh O3HAK YTBO-
PIOIOTHCA B Pe3yJIbTaTi B3aeMOIil KiIbKOX T'eHiB.

B AKuMX cTpyKTypax posTallloBaHi reHu?
Y mpokapioTiB BOHH 30cCepel:KeHi y BeJuKii
Kimbresiit momexysi [THK (1me mykaeoin abo
baxTepiambHa Xpomocoma). Kpim Toro, BoHHU €
B HeBeJUKUX KijableBux MoJjgekyigax THEK —
maasMizax.

B eykapioTiB reEu MicTATBCA B XpOMOCOMAax
Anpa, MITOXOHApPiAX i miaacrupax. Bimmosimao
IO MicIld po3TalllyBaHHSA T'eHU eyKapioTiB mo-
OiIAI0TL Ha AAepPHi, MITOXOHApiaJbHI Ta reHu
TLJIACTHU/I.

Vci renu mMalTh OOHAKOBY cxeMy OYIOBH.
Boru craagamoThbecsa 3 KinbKox gimAanHok. I'o-
JIOBHOIO TiJIAHKOIO Oy/[b-IKOTO TeHa € Ta, dAKa
MicTuTh iH(opmariio mpo OYZOBY MOJIEKYJIHU
6inka a6o PHK (umpoxaykry rena). Ile komyroua
yacTUHA TeHa. IHII miISHKM reHa — HEKOOY-
foui. BoHu He micTaTh iHMoOpMalii npo OymoBY

MOJIEKYJI, CUHTe3 AKHX B3abesleuye TeH, aje
BigmoBimaioTk 3a poboTy reHa. Hekomyroummmu
IiTAHKaMU reHa € IpoMoTop i Trepminarop. IIpo-
MOTOP — Ile OiIAHKAa IeHa, AKa II03HaUa€e MicIie,
e mounHaeTbesa cuares PHK, repminaTop — e
3akiHuyerbcsa cuHTe3d. Kpim Toro, mo ckJaamy
TeHa BXOAATH PETyJIATOPHI NiNAHKU, AKi pery-
JIIOIOTH HOT0 POOOTY.

[eHn npokapioTis

T'enu mpokapioTiB MarOTh BiTHOCHO IIPOCTY
CTPYKTYypy. Hacrimie 3a Bce BOHU MiCTATH iH-
(opmariiro TiIBKM IPO OMHY CTPYKTYPYy — MO-
aekyay 6imka a6o PHK. T'enu mpoxapioTuuuHmx
opraHismiB yacTo opraHisoBaHi B onmeponu. Ome-
POH — CTPYKTypa, AKa CKJAJAETHCA 3 KiJIbKOX
CTPYKTypHUX reHiB (maja. 57.1). CTpyKrypHi
TeHU B OIIEPOHI PO3TAIIIOBaHI MOPAL i MAalOTh HA
BCiX OJWH CIiJIBHUI IIPOMOTOP, OOWH CITiILHUN
TepMiHATOP i OAWMH CHiIBHUN omepaTop, AKUHN
peryJiroe iioro pobory.

IIpuksamom omepoHa MOKe OyTHU JIaKTO3HUM
ONIepPOH KMITKOBOI majanuKku. BiH micTuTh rexu,
AKiI KoayoTh (epMEHTH, IOTPiOHI I cuHTe3y
BYTIJIEBOLY JIAKTO3H.

[eHn eykapioTiB

Ha Bimminy Bijg reHiB mpoxapioriB, reHu
eyKapioTHUYHMX OpPraHisMiB He yTBOPIOIOTH OIle-
pouiB. Ko:xkHuil i3 HUX Mae BJACHI IIPOMOTOP
i repmimatop. Kpim Toro, GymoBa IuX TIeHiB
OinbIn cKJIamHa. ¥ ckJanai ixuboi minauxku [JTHK
€ TOCJiOBHOCTI HYKJEOTHUIIB, AKi He MiCTATH
indopwmairii, ToTpPi6bHOI AJA CUHTE3y TPOAYKTY
rera (mojexyau 6inka abo PHK). Taki gingauxu
Ha3WBawTh iHTpoHamu. Ti minaukwm, aki wmic-
TATH MOTPiOHY iH(oOpMAaIlilo, HA3WBAIOTH €K30-

MpomoTop OnepaTtop CTpYKTYpHUIA TeH 1 CTpyKTYypHUIA TeH 2 CTpyKTYpHUIA TeH 3 TepmiHaTop
Man. 57.1. bygoBa onepoHa NpoOKapioTUYHOrO OpraHiamy
Per.ynﬂTo.pHa [pomotop PerynﬂquHa Ek3oH 1 IHTpoH 1 EK30H 2 IHTpPOH 2 EK30H 3 = TepmiHaTop
Noc/ifoBHICTb 1 NoC/ifOBHICTb 2
Man. 57.2. bygoBa reHa eykapioTM4HOro opraHiamy
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HaMu. 3a3BUUall €YKaPiOTUUYHUN I'eH MiCTUTH I10
Kimbka inTpoHiB Ta exsouiB (maix. 57.2).
BakamBOI0 YaCTUHOIO €yKapioTUUYHUX TeHiB
€ PeryJasaToOpHi AiJIAHKH. 3 JOIOMOIOI0 ITUX Mi-
JSHOK KJIITMHA MOXKe TPUCKOpIOBaTH abo BIO-
BLILHIOBATH CUHTE3 IIPOAYKTY T'eHa.

OcobnmBOCTi reHOMIB NPOKapIoTiB

OcHOBHA YacTHHA IeHOMY IIPOKAapioTiB 3o0ce-
perskeHa B OaxTepianbHiili xpomocomi. Ile Kinb-
meBa mosiekysaa [IHK, aka sasBuuaii B O4HOMY
MicCIli IPUKPIILIIOETHCS A0 KJIITUHHOI MeMOpaHU.
Kpim miei JHK no ckiany remomy eykapioris
BXOIATh muaasMmizu. Ilmasmigm € mMaleHbKHMU
KimbmeBumu mosexysnamu JITHK, saxi poararmo-
BaHi B I[MTOIJIa3Mi KJiTHHN.

I'enom mpoxapioTiB He MiCTUTL a00 MIiCTUTH
oyske Majao Hekoxyioumx minsuor [HEK.

Ocob6nmBOCTi reHOMIB eyKapioTiB

XapaKTepHOIO PUCOI0 TeHOMIB eyKapioTiB €
Te, 110 Oinbirta yactTuHa ixHboli JJTHK mpexcras-
JIeHa HeKoayounmMu gingaakamu. CrouaTky Tary
IHK masBasu cMmiTTeBOIO, 60 AyMaJiu, IO BOHA
HemmoTpiOHa. AJie MOTiM BUABUJIOCS, IO BOHA
MOJKe BimirpaBaTwm Ba’KJUBY POJIb Y PeryaaIii
po6oTHM TEeHOMY Ta €eBOJIIIiMHUX Ipolecax.
IIpore ocTaToyHO POJIL HEKOAYIOUUX iJITHOK
OHK 1me me 3’sacoBaHO.

T'emomu eykapioriB mominAaoThCA Ha OBi Be-
JIMKi yacTHMHU — AlepHY i nosaanepHy. OcHOBHA
yacTWHAa TeHiB eyKapioTiB 30cepeasKkeHa B Anep-
Hifl vacTuHi remomy. fAmepHa uyacTuHA Tpen-
cTaBJieHa TeHaMH’, SKi po3TallloBaHi B XPOMO-
coMax Anpa KJITUHH.

ITozasamepHa wacTuHa TeHOMY IIpeACTaBJe-
vHa [[HK mitoxonapint i mmactun. la THK mae
(opMy KinbIlsd, BOHa He HOB’sg3aHa 3 OiJIKamMu
i 3a cBoerw OymOBOIO IysKe CXOXKa Ha OakTepi-
airbHy Xpomocomy. llesaki eykapiotu (Hampu-
KJan, OPisKIMKi) MOKYTH MaTH TaKOXK Y CBOIX
KJIITUHAX OJaasMigu.

0 Knioyosa iges

[eH — ue oanHnyA cnagkoBocTi, AinaHka AHK, oo
CKnagy AKOI BXOAWUTb KiNlbKa KOMMOHEHTIB (npo-
MOTOP, TEPMiHATOP, KOAyoUi BiNAHKM TOLO). [eHn
npokapioTiB MatoTb 6inbll cknagHy 6yAoBy, Hix
reHn eykapiotie. CyKynHiCTb yCiX reHiB i Heko-
aytounx ginAaHok OHK KnitTuHu yTBOPIOE ii reHoMm.
3a Oy#oBOl0 reHOMIB MPOKapioTV Ta eyKapioTn
TaKOX Pi3HATbCA MK CO6OI0.
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Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

KpiM cTpyKTypHUX i peryiAaToOpHUX TeHiB
y TeHOMaX eyKapioTWYHMWX OPTraHi3MiB TpaIis-
IOTBCA MOBTi MiIAHKHW ITOBTOPIOBAHUX HYKJEO-
TUAHUX TOCIiZoBHOCTEHl pisHOl MOBKMHHU. IxHI
(GYHKIIII IIIe HeJoCTaTHBO BUBUEHi. ¥ TeHOMax
eyKapioTiB TpamIaThCA TAKOXK MOOiJIbHI re-
HeTUYHi eqeMeHTH (MOOiNBHI reHm), aKi smaTHi
nepemimiatTuca BcepenuHi reaomy. 1li renu He €
CTPYKTYPHUMU a00 PeryJIATOPHUMHU, i 1X YacTo
PO3IJIAIAIOTH K BHYTPiNITHLOI€HOMHUX ITaPa3UTIiB.

Perynsauina akTMBHOCTI reHiB

Y renowmi moguanu nouan 20 000 rexis. Aute
I SKUTTEOIAIBPHOCTI I BUKOHAHHSA CBOIX (DYHK-
Iif KOMKHil okpeMill KaiTuHi moTpidHO HabaraTo
MmeHmIe rediB. Tomy OinpIna ixX yacTuHa y KJIi-
TUHAX € «BUMKHEHOI», HEAaKTUBHOIO.

Aue i Ti reHu, AKi ODpamoiOTL, HE 3aBXKIU
MIPaIiITh OAHAKOBO. fIKIIIO € morpeba y BU-
poOJIeHHi cJAMHU, TO T'eHHU, IKi BUPOOJISIOTE II0-
TpiOHI (hepMeHTH, TPAIIOIOTh AKTUBHO. A KOJII
morpeba MMUHAE, IHTEHCHBHICTL IXHBOI POOOTH
cJIig 3MeHINyBaTU. TaK KJIITMHU MOMKYTH €KO-
HOMUTU PECYPCH OpraHiamy.

Y kiiTuHax peryJsdllid peaJisallii reHeTud-
HoI imdopmairii moske BimOyBaTHCA 3a JOIIOMOTOIO
KinbKox mMexaHnismiB. Ilepmiuii MexaHism — B3a-
€MOJIiA MPOAYKTIB PEeryjasiTOpHUX T'eHiB (3a3BuU-
yaii O0ifKiB) 3 NMEeBHUMU CTPYKTypaMu TeHiB:
0oIIepaTopoM, IIPOMOTOPOM ab0 PeryJaATOPHUMU
mingaurkamu. Ile 703BoJIA€ 3MiHIOBATHY IITBUAKICTD
poboTu reHiB ab0 «BMUKATH» YU «BUMUKATU» 1X.

Hpyruii MmexaniaMm — mMonudikalisa esaKux
HyKJeoTuAiB y gaHmoxkkax [THK. Akimo qo Hux
npueAHyeTbcA MeTuaAbHMA pagukan (CH,), To
3unTyBaHHa iH(Gopmanii 3 ginaaku [[HK 3a Ta-
KUM HYKJIEOTHJIOM CTA€ HEMOYKJIMBUM.

Tperiii MexaHi3M — mIaKyBaHHA MEBHUX
minauoxk JHK 3a mgomomoroio 6iJKiB TakuM
YMHOM, II00 3 HMUX He MOKHA O0yJ0 3UMTATU
crnagkoBy iHdopMmalio. Kpim Toro, peryasdaiisa
MOJKJIMBA I Ha OijgbIn Mmi3HIX eramax, KOJIUA
Kiaituaa 6J0Kye pooory PHK a6o 6inkiBs, ski
€ IpoAyKTaMu poboTU TeHa.

03aﬂl/ITaHHﬂ Ta 3aBOaHHA

1. Cknagitb CNUCOK «HeAoiKiB» ONEPOHiB MOPIBHA-
HO 3 eyKapioTMYHMMMU reHomamu. 2. binblwa yvactuHa
JHK B reHomi eykapioTiB € HeKkoAylUMMU AiNAHKaMUN.
Ane nig yac aHanisy reHomy fy»ke Ba)K/IMBO BU3HAuUUTK
KiNIbKiCTb FeHiB y reHoMmi. IKMM YMHOM MOXHa Ji3HaTncA,
wo neBHa AainaHka OHK € reHom?
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Tema 4. CnagkoBIiCTb | MiIHAMBICTb

§ 58. [eHeTuKa AK HayKa. MeToan reHeTUKN

0 [NomipkynTe

Yomy nofgrHa cxoxa Ha cBoix 6aTbKiB, ane B Tou
e yac He € IXHbO Kori€t?

é 3raganTe

 bionoriuHi Haykn » CnagKoBicTb

e MiHnuBicTb o MyTauii

o [eHn

[eHeTMKa AK HaYyKa

I'enemuka (Big rpem. genetic — TOXOMKEH-
HA) — HaAYKa IIPO CIAAKOBiCTh i MiHIMBiCTB
sKuBUX opraniamis. Ileli Tepmin OyJio 3amporio-
HOBAHO aHIJIilicbKUM reHetukoM B. Berconom
1905 pory. B ocHOBY TeHeTMKH OyJI0O TOKJA-
IeHO 3aKOHOMIipHOCTi CIIaKOBOCTi, AKi BUABUB
I'. Menngenp mig yac BUBUYEHHA PiBHUX COPTiB
i ri6puaiB ropoxy B 1860-x porax.

Hapom'keHHA TeHeTUKU BigHOCATH M0
1900 poky, rkoaum X. me Ppis, K. Kopemc
i €. YepMmakx moBTOpPHO Bigkpuau 3axoH I'. Men-
[leJid, ajie PO3BUTOK I'eHETUKM mouyaBcA Habara-
TO paHimie. Y:Ke B JaBHI yacu JIOAU IIOMidan
IeBHI 3aKOHOMIPHOCTI yCIIaZKOBYBaHHSA O3HAK
i HamMaraJiucsa 3acCTOCOBYBATH iX NJIsl BUBEIEHHS
HOBUX copTiB i mopin. Tomy mepmuii mepiox

PO3BUTKY T€HEeTUKHU 3 JaBHiIX dYaciB 1o cepen-
nHu XIX crosiTTa OyB mepiogoM HaKOTIWMUYEHHS
irgopmarii mpo 3aKOHOMIPHOCTiI CHamZKOBOCTI
¥ minauBocti. JIpyruii mepiox (1865-1900) —
e mepioJi BUHUKHEHHA TeHETUKU SIK HaAYKH.
Bin posmouasca 3 Buxonmy pobotu I'. Menngens
i 3aKiHUMBCA TEPEBIAKPUTTAM HOTO 3aKOHIB.

Tperiit mepiox possurky (1900-1953) 6ys0
MIPUCBSAYEHO BUBUEHHIO T€HeTUYHHUX IIPOIECiB Ha
KJaitTuaHOMy piBHi. Came Tomi OyJs0 cpopMoBaHO
XPOMOCOMHY TeOPil0 CIaAKOBOCTI I BUABJIECHO
poJsib xpomocoM. A micisa 1953 poky (3 MOMeHTY
BCTAHOBJIEHHsS ocobsimBocTeii cTpykTypu [THEK)
pO3IIOUaBCs CyYaCHUH MepioJ PO3BUTKY I'eHETH-
KW, KOJIM JOCJIi/I)KeHHA MePeBaKHO IPOBOAATD-
cAd Ha MOJIEKYJIAPHOMY PiBHI.

3ajie:kHO Big 00’e€KTa OOCHiMKeHHS BUIi-
JISTIOTh T€HETUKY POCJINH, TBapWH, MiKpoopra-
Hi3MiB, JIOAZWHU TOIIIO.

l'emeTmka AK HayKa BUHHKJA BHACJiIOK
npaxkTuuHuxX motped. Ilig uac possemeHHs mo-
MAITHIX TBApWUH i KYJBTYPHUX POCJIUH 3TaBHA
BUKOPUCTOBYBaJIX ribpuamsairio mopis abo cop-
TiB, AKi BigpisHAaMCA MiK c000I0 3a MeBHUMU
osHaxkamu. IlopiBHIOIOUM TiOpUAM 3 BUXiZHUMU
dopmamMu, JIOAW OABHO IIOMITHUJIMN IesIKi 0co0-
JIUBOCTi yCTIafKyBaHHA O3HAK. A TOeTHAHHS 6a-
raToOpivyHUX CIIOCTEePEeKeHb 1 MOTpedu ITiABUIIEeH-
HA BPOKaAMHOCTI Ta e(peKTUBHOCTiI CiJILCBKOTO

KnacuyHi metoam reHeTUYHNX JOCIAXKEeHb

CyTts MeTOmy

BuBuenusa pomoBozis oprauismis. Ile mae 3Mory mpocTeKuUTH XapakTep yCIagKyBaHHS

BceranoBiieHHA yacToTU 3yCTPiYASBHOCTI aJIeJIiB y MONYIAIiAX OPraHidMiB Ta TeHETUYHOT

Hasga
Teneanoriuanit
pi3HUX CTaHIiB IEBHUX O3HAK Yy DA MOKOJIiHb
ITomymamiiiao-
CTATUCTUIHUN CTPYKTYPU MO AN

Tiopupmonoriuauit | CxpeuryBaHH4A (ribpuamsaiisa) opranismis, AKi BifpisHAIOTHECA 32 TEBHUMU CTaHAMU O[T~
Hiel UM KiJTbKOX cHagKoBUX O3HaK. Haraakis, omep:kaHUX BiJ TaKOTO CXPeITyBaHHS,

HA3WBAIOTh ribpugamMu

IMuroreneTnunuit | BuBueHHA XpOMOCOMHOTO HaOOPY (KapioTumy) opraHismis

Bioximiunnii

BansHOKoBUIt

BuBuennsa ocobsmBocTel 6ioxXiMiuHMX IIPOIECciB B OPraHidMiB 3 piSHUME reHOTHUIIAMU

BuBueHHS MOHOBUTOTHUX OJIMBHAT (OPraHisdMiB, AKi MOXOAATH 3 ONHi€l 3UTOTH) Ta IMOPiB-

HAHHSA X 3 JUBUTOTHUMU OJIUBHATAMY (AKi YTBOPIOIOTHCSA 3 PisHUX 3uror). ocaimKyoun
Taki opraHisMu, MOKHa 3’sICyBaTHU POJIb UNHHUKIB JOBKiJIA Vv (hopMyBaHHI peHOTHITY
0COOMH: pi3HUI XapaKTep IXHBOTO BILIMBY 3yMOBJIIOE PO30isKHOCTI Y IPOABI TUX UM iH-

IINX CTAHIB IeBHUX O3HAK
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TOCTIIOZAPCTBA CTAJIO IIPUYUHOIO OYPXJIMBOTO PO3-
BUTKY TeHeTHKHN y XX CTOJITTI.

Ha BuBUeHHI reHeTUYHNX 3aKOHOMipHOCTEHN
I'PYHTYIOTBCS TeXHOJIOTil CTBOpPEeHHS HOBUX i mO-
KpallleHHsA iCHYIOUMX HOPiJ CBilicbKUX TBapuH,
COPTiB KYJbBTYPHUX POCJHH, a TaKOXK MiKpO-
opraHisamiB, AKi BUKOPHCTOBYIOThCA y (hapma-
IEeBTUYHIN MPOMUCJIOBOCTI 1 MmenuiiuHi. Benuke
3HAUYEHHA Ma€ reHeTUKa JJIAd MeIUIIUHYU Ta BeTe-
puHAapii, OCKIJILKYT OaraTo 3aXBOPIOBAHbB JIIOAUTHYI
1 TBaApWH € CIaAKOBUMU, i AJd 1X AiarHOCTUKU,
JiKyBaHHA Ta IpodiJlaKTUKM TOTPiOHI reHeTHY-
Hi Jocaim:xeHHS.

CnapKoBiCTb i MiIHNUBICTb

Cnadxogicmv — Iie 3TATHICTH JKUBUX Oopra-
Hi3MiB ImepemaBaTy 0COOMHAM HACTYIHOTO IIOKO-
JIiHHSA 0cO0JMBOCTI cBoei opraHisaiiii, a TaKoM«K
XapaKTepHi PUCH CTAaHOBJIEHHSA ITMX OCOOJIMBOC-
Tell y nmpoiteci po3BuTKy. IlpukigagamMu cramko-
BOCTi € pyauii KOJIip BoJIOCCS, SKUU TiTH OTPU-
MYIOTH Bifi 0aThKiB, OJHAKOBA KiJBKiCTh KPUJI
i ocobsimBoOCTi iIXHBOI OYZOBU B PiBHUX IMOKOJiHb
MyXHU Ipo30odisu, oJHAKOBe 3a0apBJIeHHA A0JIYK
OITHOTO COPTY.

Minnausicmvy — 1ie BJIACTUBICTH OpPraHisamMy
3MiHIOBATH CBOIO OpraHisallio, a TaKoxK HaOy-
BaTy HOBUX O3HAK y IIpolleci iHAMBiAyaJIbHOTO
po3BuTKy. IlpumkiagzamMu MiHJIMBOCTI € IT0sABa
JUCTKiB KOHIOIIIMHU 3 YOTHPMA JIOIMATAMM, Ha-
pom:xenHsa 0isiol BopoHHM y cipux OaTbKiB, He-
CXOMKicTh pigHMX OpaTiB B OGHIN POAMHI.

MeToan reHeTUYHUX AOCNiAXKEeHb

T'eHeTKa BUKOPUCTOBYE BEJIUKY KiJIbBKiCTH
METOMiB JJsA NPOBEIeHHS MOCIiIKeHb, Tpaau-
OmifiHUMH 3 AKUX € ribpumosioriunmii, reHea-
JOTIUHWI, NONMYJAMiAHO-CTATUCTUYHUNA, ITU-
TOreHeTUYHN, OioxXiMiuHMHA 1 OGJIM3HIOKOBUII.
IIi meTonU 3aCTOCOBYIOTHCS B)Ke 0araTto poKiB.

B ocranHi poKM HaANGIIBIN MOIMTUPEHUMU
cTajy BiJHOCHO HOBI MeTOIM MOJIEKYJIAPHOIL
Oiosorii: ceKBeHyBaHHs TIeHiB, moJimMepasHa
JIAHITIOTOBA pPeakxIlisi, 3aCTOCYBAHHSA TeHEeTHU-

0 KnioyoBga igen

leHeTMKa — ue HayKa, AKa BMBYAE 3aKOHOMIpP-
HOCTi CNAgKOBOCTI 1 MiHIMBOCTi opraHiamiB. OcHo-
BHUMWU METOAAMV TeHEeTUKN € TiOpugonoriyHunin,
reHeanoriyHuin, LUTOreHeTUYHUI, GioXiMiuHuin,
GN3HIOKOBUI TOLLO.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

HUX MapKepiB. BoHum 3acHoOBaHi Ha HOBITHiX
TEeXHOJIOTiAX i MO3BOJISIOTH CYTTEBO 301JIBIITUTU
e(peKTUBHICTh TEHETUUYHUX IOCIiIKeHDb, aIKe
npampooTs Hanpamy 3 [IHK, B akiit s0epira-
€ThCcA CHagKoBa iH(opMaIisa.

¥ pesyxnbrari cekBenyBaHHa [[HK BcTamos-
JIOETHCA IIOCJTiTOBHICTh HYKJIEOTUIIB y II€BHO-
My reHi abo y Imijomy reHomi.

ITomimepasna ganmorora peakuia (I1JIP)
3a JonoMorom crenu@iyanx PepMeHTIiB J03BO-
Jsie 6araTopasoBO KOMiloBaTU OKpeMi (hparmen-
™a [JHK, 3HauHo 36iibHIyoun iX KOHIIEHTpA-
Iif0 B PO3YMHI NPOTATOM He Iy:Ke TPUBAJIOTO
yacy. lle#i mpomec HasumBawTh aMmiidika-
miero. Y pesyabrari amiridgikamii moskHa
OTpMMAaTH [AOCTATHIO AJA aHaJdidy KiJabKicTb
MaTepianiB, HaBiTh AKIIO Ha TOYATKYy OyJO
3HAWJEHO JINIe OAVH HEBEJIWUYKUHA (hparMeHT
OHK. IIJIP nosBoJisie TaKoX IIPOBOAUTHU Be-
JUKY KiJbKiCTh Pi3HUX MAaHINyadAIliin 3 re-
HeTHYHUM MaTepiajom (KJIOHYBaHHS TeHIB,
CeKBEHYBaHHS TOIIIO).

MeTon reHeTMYHHMX MapKepiB IoJisirae
B imenTudikanii meBHux renis, mingHoxk [[HEK,
XpPoOMOCOM ab0 OCOOWH 3a JOIIOMOTOI0 IPUTAMAH-
HUX JUIle IM CHOJy4YeHb HyKJeoTumis. MoJe-
KyaapHo-reHeTuuHi mapkepu ([JHK-maprepu)
€ mojiMoppHUMU (TaKUMU, IO MAIOTh KiJIbKa
BapiaHTiB) Oo3HaKaMu, BUABJIEHUMU METOJaMU
MOJIEKYJIAPHOI 0iojorii B HYKJIEOTHAHIN IOCJTIi-
moBuocti JTHK. BoHu BUKOPHCTOBYIOTBHCS IJIs
MOPiBHAHHA Pi3HUX rpym (copTiB, mopia, Iira-
MiB, BHUIiIB, POJIB TOIIO) *KMBUX OPraHisMis.
3a IomOMOroi0 ITLOTO METOJy MOKHa BCTAHO-
BUTHM HASIBHICTHh IIEBHUX N'eHHUX MYTAaIlliil y re-
HOMi, BUBHAUUTU Habip reHeTHYHUX MapKepis,
10 € cueru@ivHuM OJd IIeBHOTro 0i0JIOTiuHOrO
BuUAy ab0 HaBiTh OKPEMOro iHAMBHIA.

03aﬂl/ITaHHH Ta 3aBJaHHA

1. Yomy OnM3HIOKOBMIA METOA [O3BONAE BUABUTU
posnb reHoTWny i BAAMBY cepefoBua y GopmyBaHHi
03HaKun? 2. HaBilwo noTpibHO NPOBOAUTU CEKBEHYBaHHSA
Ta BUKOPUCTOBYBaTW reHeTU4Hi mapkepu? 3. llig vac
npoBeAeHHA MNofliMepasHoi NaHLUKroBoi peakuii npo-
Lec BifbyBaeTbcA y BUMNARI KiNbKOX LMKIIB. Y KOXHOMY
umkni Ha HUTUI JHK cuHTe3yeTbeA i Konif, a noTim nig
Ji€lo nigBuvLeHOT TemnepaTypy LA Konia BigoKpemsito-
€TbCA. AAKMM YMHOM 3a [OCTaTHbO HEBENWKY KiNbKiCTb
uuMKniB (3a3Buyan ix 25-30) BOAETbCA OTPMMATU BENUKY
KinbKicTb Komin (go minbapga pasis 6inbly, HiXK Ha Mno-
yaTKy peakuii)?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae ‘I 23
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Tema 4. CnagkoBIiCTb | MiIHAMBICTb

§ 59. [eHeTnyHa TepmiHonoriAa. Tunu cxpeulysaHb

0 [omipkymnTe

LLlo xouyTb CcKasaTu, KOMN KaXyTb, LIO B MEBHOMY
BMNagKy Oyno 3pincHeHo TeTparibpuaHe cxpe-
LWyBaHHA? 3 AKOI MOBM B FreHeTUKy NoTpanus
npedikc TeTpa-?

Q 3raganTe

o [eHeTuKa e [eH
* Anenb

o [annoigHa KniTnHa

o [lunnoigHa KNiTnHa

OCHOBHI TepMiHW | NOHATTA reHeTUKN

Temetukra, AK i Oygb-IKa Hayka, Ma€ CBii
NOHATIWHWI amapar i cucTeMy ITO3HAYEHb.

IF'ew — puckperHa (QyHKIIiOHaJIbHA OOU-
HUIA CIIQJAKOBOCTi, 3a JOIIOMOIOI0 SKOI Bin-
OyBaeThbcs 3amuc, 30epiraHHa Ta mepemaua re-
HeTWYHOI iHPopMarii B pAAl MOKOJIiHb, TeBHA
minaaka mosuerkyau IJJTHK (a6o PHK y meaxkux
BipyciB) posramioBaHa Ha IeBHiN miagHIi
(y meBHOMY JIOKyCi) XpomMocOMHU eyKapioTis,
y OaxrepianbHili xpomocomi um maasmini
y mpokapioriB abo B MOJIeKyJi HYKJeiHOBOI
KHUCJOTHU BipycCiB.

Anens — OAWH 3 MOKJIMBUX CTaHiB (Bapi-
aHTiB) reHa.

Anens TUKOTO TNy — aJiesib, AKWHA IIOIIHN-
PeHUil y IPUPOJHUX IMOMYJAIiAX IIeBHOTO BUIY
i ByMOBJIIOE PO3BUTOK O3HAK, IO € XapaKTep-
HUMHU [JIA IOTO BUAY.

Jlokyc — Mmiclie po3TranryBaHHA aJiesIiB II€B-
HOTO reHa Ha XPOMOCOMi.

T'omosurora — pguniaoigHa abo IOJIILIOIfT-
Ha KJiTmHa (ocoOWHA), TOMOJIOTiUHi XPOMOCO-
MU SKOI MaloTh OJHAKOBL ajiejli meBHOIO TIeHA.
Y roMo3uroTHOMy CTaHi IPOABIAITHCA i [IO-
MiHAHTHi, i perecuBHi ajeJi.

Ieteposurora — aumaoigHa abo MOIiTLIO-
inHa wkiaitTuHa (0coO0MHA), TOMOJIOTIUHI XpoMO-
coMu AKOI MaloTh PisHi ajesi meBHOTO TeHa.
Y rerepo3uroTHoMy CTaHi 3a yMOBU IIOBHOTO
IOMiHYBaHHS ITPOABJISETHCA Oifd TOMiHAHTHOTO
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ajiesisi, a 3a HEIOBHOTO JOMiHYBaHHSA O3HaKa
Ma€ IPOMi’KHe BUPaKeHHA MiK JOMiHAHTHUM
i periecuBHUM ajeIAMUA.

T'emizurora — pumniaoigna KjaitmHa (ocoOu-
Ha), AKa Mae€ JIMIle OAWH aJieJib IIeBHOTO T'eHa.
Ilei#t cran BMHWKae BHACJIIOK TOrO, IO y Je-
AKUX BUAIB 0COOMHM oOnHiel 3i craTeil MaloTh
nBi pisui craTeBi xpomocomu abo Jullle OOHY
CTaTeBy XPOMOCOMY.

TenoTun — cykymHicTh ycix reHiB KiiTu-
HU, JIOKaJIidoBaHuX y aAapi (y xpomocomax) abo
y PiBHUX PEIUIIKYIUUX CTPYKTypaX ITUTOILIA3-
MU (IJIacTuUAax, MiTOXOHAPiAX, miIasmigax). I'e-
HOTHI — IIe CIIaJJKOBa OCHOBA OpraHiamy, €au-
Ha CHCTeMa B3aEMOJIiIOUMX T'eHiB, TOMY HIPOSB
KOJKHOTO I'eHa 3aJIeKUTDh BiJ HOro re HOTUIIHOTO
cepenoBuina. 'eHOTUI — HOCI reHETUYHOI iH-
dopwmartrii, aruit KOHTPOJIIOE (POPMYyBaHHS BCixX
O3HAK Opramiamy, ToOTO Iforo (eHOoTHUIy.

PeHOTHII — CYKYOHICTH BJIACTUBOCTEH
i o3HaK opraHiamy, IO CKJAaJHCA Ha OCHOBI
B3aeMOJii TeHOTUIly 3 yMOBaM! 30BHINTHBOTO
cepemoBuinia. PeHOTUII HIKOJIM He BimobOpaskae
TEeHOTHII ITIJIKOM, a JIUIIle Ty HOro YacTUHY, dKa
peaJidyeTbcA B IIEBHUX YyMOBax OHTOTEHE3Y.
¥V mporeci po3BUTKY opraHidamy (GeHOTHUII 3Mi-
HIOETbCA. MeKi, B AKUX 3MiHIOIOTBCA (PeHOTHU-
MMOBi IIPOSIBU T€HOTUITY, HA3WBAIOTHCA HOPMOIO
peaxirii.

[iépuagonoriyHnm aHani3 Ta OCHOBHi
TN CXPeLLyBaHb

Tiopugosoriunuii anajxis — I1e DOCJIiAKeH-
HA XapaKTepy YCHaAKyBaHHS O3HAK 3a JOIIO-
MOTOI0 CHCTEMHU CXpeIlyBaHb. VIOro OCHOBOIO
€ ribpuamsaris, AKa TOJIATAE B CXPEITyBaHHI
opraHismiB, 10 BiApisHAOTHCA MiK c000I0 3a
OfHi€I0 UM KinbKOMa CIaJKOBMMU O3HaKaMMU,
HaIPUKJIaL 3a 3a0apBJIeHHAM HaciHUH, (h)OPMOIO
KpWJi, ODOBXKUHOIO Hir tomro. Hamraakis, omep-
JKaHUX BiJl TAKOTO CXpPEIlyBaHHA, HA3WBAIOTH
riopugamm.

Ha mpoBeleHHA AOCJiiB 3 TeHETUKU U ce-
JeKIii BueHi 3AiNICHIOIOTH CXPEIyBaHHSA Opra-
HisMiB i mochimKyoTh 6aTbKiBChbKi opramismm
Ta OpraHidMu IIepIIOTr0, APYTrOoro ¥ HACTYIHUX
IOKOJIIHb. SaJIe’KHO BiJ KiJabKocTi reHiB, dAKi

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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aHaAJi3yIOTh, PO3PiBHAIOTH MOHOTiIOpUIHE (OAUH
reH), TuriopuaHe (1Ba reHu) i moxairiopumane (6a-
raTo TeHiB) CXpeNryBaHHS.

Ilig yac BUBUEeHHS yCIAAKyBaHHS, 3UeILIe-
HOTO 3i CTaTTIO, YacTO BUKOPUCTOBYIOTH 3BO-
POTHe cXpelryBaHHS, KOJM O3HaKa, AKa BU-
BUAETHCA, B MEPIIOMY BapiaHTi cXpelryBaHHIA
€ y caMKH, a B APYyroMy — y caMiid.

[eHeTnYHa cMmBONiKa

s samucy CHCTEeM CXpeIlyBaHHS Ta
pO3B’A3aHHS TeHeTHUUYHUX 3aj]lau y T'e€HEeTUIll BU-
KOPUCTOBYIOTH CIIEIliaJlbHy CHCTEMY IIO3HAUEeHb
i cuMBOJIiB.

SARIo reHiB KiJibKa, TO BOHU B 3aIlllCy PO3-
TAIIOBYIOThCA B aj()aBiTHOMY IOPAAKY. omi-
HAHTHUHA aJieib 3aBXKAU TUINYTH IIEepej] pere-
CHBHHUM aJjiejieM TOro K T'eHa.

OCHOBHIi reHeTUYHI cMMBON

BarbkiBchbKU# opranism P

Ti6puau mepIiroro moKOJiHHA F,

Ti6puau npyroro moKoJIiHHS F,

Tameru G

3HaK CXpeIyBaHHs X

MareprHCHKA 0COOMHA Q

BarbkiBchKa ocobmHA d

Asesrb meBHOTO reHa — JIATUHCHKI A,B,a,b

OyKBU

AJtesi ogHOTO reHa — OgHAKOBI Aa, AA, Bb

OyKBU

HominauTHi amenri — Besuki 6yKBU A B, R

PemecusHi aneni — maneubKi OykBu | a, b, r

TemorunoBa popmysia ocobuHM Ab, aa,
AaBb, AArr

Bynp-axkuit anens (zoMiHaHTHUI Y1 — (Hampuk-

pelecuBHUM, AKIIO IIe He Ma€ 3Ha- agan, A—B-)

YeHHA) Y TEHOTUIIOBi# (hopMmy.ri

0 KnioyoBa iges

leHeTuKa 3acTocoBye 6arato cneuudiyHmx Tepmi-
HiB Ta cneuiasibHy reHeTU4YHy cumBORiKy. OgHUM
3 OCHOBHUX METO[iB reHETUUYHUX AOCNIAKEHb € Ti-
6PUZONOTIYHMIA, Mif YaC AKOTrO BUKOPUCTOBYIOTHCA

Pi3HOMaHITHI TMNN CXpeLlyBaHb.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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@ x A | Barokn (P) @ x 1Y

AKWO peuecrBHa AKWo peuecrBHa

reHotun BB romosurota bb reHoTun Bb romoswurota bb
®
o @k @ _ ok JE.
Bb | Bb Miépuan (F,) Bb | bb
o @ @ o @R W
Bb Bb Bb bb

Yci ribpuan 3 nypnyp-
HUMK NentocTkamm

MonosuHa ribpngis 3 NypnypHUMm
nencTkamy, a NonoBrHa — 3 6inumn

Man. 59.1. Cxema aHanisylo4oro cxpeLlyBaHHA

AHanisyloue cxpellyBaHHA

Y xomi mocaimikeHb T€HETHUKHW YacTO IIPO-
BOAATH TaK 3BaHi aHaJi3yoOui cxXpemryBaHHS.
Amnanizyroue cxpenryBaHHS — Ile CXPeIyBaHHS
0COOMHU 3 HEeBiIOMUM IeHOTHIOM 3 OCOOMHOIO,
TOMO3SUTOTHOIO 34 PEIeCUBHUMU aJIEJIMU BCixX
Jochaim:KyBaHux reHiB. PosrasHemo #oro Ha
KOHKpeTHOMY mpukJjani (maa. 59.1).

IlypnypHi nmenxfocTkm — moMiHaHTHA O3HA-
Ka, AKa BUBHAYAETLCA NOMIHAHTHUM aJjejieM
P. Binmi meaocTKM — pellecuBHA O3HaKa, dAKa
BU3HAYAETHCS PEIECUBHUM ajieseM p. SIKII0
pociiiHa, Ky MU JOCIiPKYEMO, Ma€ IypPITyp-
Hi mesfocTKH, TO B Hei MosKe OyTw aBa pisHi
TeHOTUIIN, AKi 3a0e31euyioTh TaKUN (PeHOTHII:
PP i Pp. fKio Mu CXpPecTUMO III0 POCIUHY
3 POCIMHOIO, SKa Mae 0iji mesmocTKu (BOoHA
MOJKe MaTU TiJIbKYU TeHOTHUIl pp), TO Pe3yJIb-
TAT CXPeNlyBaHHA Oyae sajle)XaTu TiJIbKM Bifn
ii remoTuny. fKmnio BoHa mae resotun PP, To
BCi HamaakKM Bif cXpeIlyBaHHA MAaTUMYTh Te-
HoTun Pp i mypmypHi memfocTKu. A AKImO ii
reHoTun Pp, TO mOJIOBUHA HAIaAKiB MaTuMe
nypnypHi (remorun Pp), a mojsioBmHa — Oiji
(remoTHI pp) WIEJIOCTKHU.

3anuTaHHA Ta 3aBOaHHA

1. [Ina yoro MoxHa BMKOPMWCTOBYBATW aHasisylouye
cxpelyyBaHHA? HaBegitb npuknagu. 2. Akum byae pe-
3ynbTaT aHani3ylouyoro cxpeLlyBaHHA 3 AUreTepo3nroToro
AaBb? 3. Cknapitb cxemy 6yab-akoro TpuribpugHoro
cXpeLyBaHHs.
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Tema 4. CnagkoBIiCTb | MiIHAMBICTb

§ 60. 3akoHOMIpHOCTI ycnaaKkyBaHHA. 3akoHu . MeHpaena

0 [omipkymnTe

Anenb, WO BM3Ha4Ya€ TeMHe 3abapBneHHA oyeil

y NOAVHW, AOMIHYE Hap anenem, Wwo 3yMOBIIIOE
IXHII 6GNakNTHUI Konip. Y MOXKIMBE HapOLXKEHHSA
6NMaKNTHOOKOT ANTVHY Y TEMHOOKMX 6aTbKiB?

e [eH « [6puanzauin
o Anenb o [eHOTUN
o QOeHoTun

CTBOpEHHSA ribpuaonoriyHoro metoay

AocnigXeHb

OCHOBU CyYaCHOIO I'iOpUI0JOTiYHOTO METOIY
crBopuB I'perop Mengens (man. 60.1). Bim mo-
CJIiIKyBaB HACJHiAyBaHHS Pi3HUX O3HAK IOPOXY.
ITpoBiBIIM MaTeMaTHUHI IMiAPaXYHKU POSIOLLITY
pisHUX BapiaHTiB O3HaAK y HaImIaakis, I'. Mengeab
3Mir' yCTAaHOBUTHY 3aKOHOMiIPHOCTI yCIaaKyBaHHA
O3HaK i chopmy.roBaB cBoi 3akoHu. Came I'. Men-
leJb 3alPONOHYBAB «3aJaTKU» O3HaK (reHu)
MO3HAUUTH JiTepaMu JIATUHCHKOTO aJdasiTy.

3aKOH YMCTOTW ramMeT Ta LUTONOriYHa
OCHoBa 3akoHiB . MeHpens

Y cBoix pociigax I'. Mennenb yneBHUBCH,
10 i 6aThbKiBCbKUIT, i MATEPUHCHKUHA OpraHisMu
MalTh ABa BapiaHTu (ajejs) CIAaZKOBOTO «3a-
maTky» (rema). I xKoKHOMY 3i CBOIX HAIAAKiB

Man. 60.1. lperop MeHpenb (1822-1884),
YyecbKunii CBALLEHUK, 3aX0Mn/oBaBCcA H6OTaHiKo
i NpoBoaAMB 6araTto GioNOriYHUX JOCNigKEHD

BOHU IlepefaloTh TiIbKU onumH 3 Hux. lle mpa-
BUJIO OTPUMAJIO HA3BY 3aKOHY YMCTOTH TaMeT.
Kosu misuinie BuBumm OyZOBY Aapa KJi-
TUH KUBUX OPraHiaMiB, TO BUABUJIN B HUX
napHi xpomocoMu. Ili CTPYyKTypu po3xoguancsa
HOOMWHIII B JOUipHiI KJIITUHU IIig yac KOMKHOTO
nominy. ToMy BOHU UyZIOBO IIiAXOAWJIN ITi POJIb
Hocida reuis. I gificHo, came XpoMOCOMHY MiCTATH
HOHEK, y akiii i posmimnieHo reHn KJiTWH.

Cxemu cxpellyBaHHA

Hocaigu 3i cxpemryBaHHA B TeHETUIll 3a-
MUCYIOTh Y BUTJISAAI CXeM CXpeIlyBaHHsS, BUKO-
PUCTOBYIOUM T€HETUYHY CUMBOJIIKY. ¥ IEpPIIOMy
PAOKY 3aIlliCyIOTh 'eHOTUIIOBI (hopMyiu 6aThKiB,
y IPYrOMy — THUNOM iXHiX ramMer, y TPeTbOMY —
TeHOTUIIU IIEePIIOro MOKOJiHHA i T. A. SKIro re-
HiB KiJIbKa, TO BOHU y 3aIIMCYy PO3TAIIOBYIOTHCS
B aimdaBiTHOMY mopanKy. JloMiHaHTHUHN ajesb
3aBXK/U IUIIETbCA IIepe]] PEIeCUBHUM aJiejieM
TOTO K TeHa.

IIpuxnad
P AAbb x aaBB
Tamernu
F AaBb

1

Hamaaku, saxi yTBOPIOIOTHCA B pe3yJbTaTi
CXpellyBaHHs, MOKYTb BiIpisHATHCA MiXK co-
0010 AK 3a (PEHOTHIIOM, TAK 1 3a IeHOTHUIIOM.
Y rakomy BHHOAAKy KamyTh, IO BimOyJocs
po3leNJieHHd O3HAKM y HAIlaAKiB 3a TeHOTHU-
oM i ¢eHOTHUIIOM. 3aIHCYIOTEH IIe, PO3OLIAIOUN

BB bb
X BaTbku (P)

Ffametn (G)

li6bpuan nepworo
nokosiiHHa (F,)

Man. 60.2. MposAB 3akoHy OAHOTUMHOCTI ribpugis
nif yac cxpellyBaHHA cobak

1 26 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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BB X bb ’# batbku (P)
Bb ":- |

l6épuan nepworo
nokoniHHA (F))

93 B b
Bdsgdeb
deb;"‘.bb

Man. 60.3. [poAB 3aKOHY pPO3LLEn/IeHHA CNAAKOBUX O3HAK
nig Yac cxpelyyBaHHA POCIVH

l6puan gpyroro

noKkoniHHA (F))

TpyInu HaIaAKiB 3a JOMOMOTOI0 ABOKpamku. Ha-
IPUKJIA], POSIIENIeHHA 3a reHoTunoM 1 (AA) :
2 (Aa) : 1 (aa) osuauae, 1110 BCiX HAIIAAKIB MOK-
Ha MOMiINTA Ha 4 YaCTWHU. 3 HUX OJHA YaCTHHA
Oyme matu reHotun AA, nBi — reHorun Aa i e
ofiHa — TEHOTHII ad.

3aKOH OQHOTUNHOCTI ribpuaiB NepLworo
NOKOSIHHA

Hamagku mepIioro ImoKOJIiHHSA BiJf CXpeIry-
BaHHA CTiHKuX (Gopm, AKi BigpisHAIOTHCA 3a
OJHi€I0 03HAKOI0, MAIOTh OJMHAKOBUI I'eHOTHUII Ta
(hemoTun 3a miero os3Hakow (mana. 60.2).

3aKOH po3LenfieHHA CNagkoBMX O3HaK
y HalagKiB ribpnga
ITig wac cxperryBaHHA TiOPUAIB IIEPIIIOTO

HOKOJIIHHS MiX co00i0 cepen TiOpuAiB APyroro
TOKOJIIHHSA y  IIeBHUX CITiBBiTHOIIIEHHAX
3 ABJATBLCA OCOOMHM 3 (PeHOTHUIIAMHU BUXITHUX
0aTbKiBChbKUX ((opM Ta TiOpuAiB IIEPIIIOTO
mokoainug (maia. 60.3).

Y npomMy BUIIAAKY MU CIIOCTEPiraeMo y apy-
TOMY IIOKOJIiHHI POS3IIeNnJieHHs 3a T'eHOTUIOM

1(BB) : 2(Bb) : 1(bb),

a 3a (enorunom: 3 ((piomeroni) : 1 (6iui).

3aKOH He3aneXHoro KoOM6iHyBaHHSA
CNagKoBMX O3HaK

l'enu, aki BU3HAUYAIOTH Pi3HI 03HAKY 11 IIepe-
0yBalOTh y PiBHUX TPylax XPOMOCOM, CIAAKY-
IOThCS He3aJIeXKHO OAUWH BiJl OJHOI0, YHACJiIOK

0 KnioyoBa ines

lperop MeHpenb chopMyrnoBaB Kiflbka Bax/u-
BUX 3aKOHIB, fIKi BCTAHOBJIIOIOTb 3aKOHOMIPHOCTI
ycnagkyBaHHA MOHOreHHVX 03Hak. Lli 3akoHu cTa-
JI OCHOBOK KIJTACUYHOI FeHETUKN.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

?(me8] 3 faabb)

batbku (P)
rametn (G)
l6puan nep-

AaBb LLIOTrO MOKOJIiH-

3 AB Ab  aB  ab Ha (F)

?

AB | AABB]| AABb|| AaBB| | AaBb|
l6puan

"
Zpyroro no-

a8 [AaBB)[AaBb) [aaBB] (aaBb] "+ (F)

o

Man. 60.4. NpoaB 3aKOHY pO3LUEenSIeHHA CNaJKOBUX O3HaK
nif Yac cxpellyBaHHA rOPOXy 3 HaCiHHAM PIi3HOro Konbopy

i dopmn

YOr'o cepejl HAIAAKiB APYTroro MOKOJIIHHA Y IIeB-
HUX CIIiBBiJHOIIEHHAX 3 ABIATLCA OCOOMHU
3 HOBUMU (BiZHOCHO 0aTBbKiBChKHX) KOMOiHAIIi-
avu o3Hak (Man. 60.4).

Y npomy BUMIAAKY MU CIIOCTEPIraeMo y apy-
TOMY THOKOJIiHHi POBIIenJieHHs 3a T€HOTHUIIOM:

1(AABB) : 4(AaBb) : 2(AABb) : 2(AaBB) :
1(aaBB) : 2(aaBb) : 1(AAbb) : 2(Aabb) : 1(aabb),

a 3a (Qemorumom: 9 (Mcosmi znadenvki) :
3 (3eseni enadenvki) : 3 (Hoemi amopuikysami) :
1 (3eneni 3mopwrysami).

T'enorunu AABB, AaBb, AABb i AaBB Bu-
3HAYAIOTh OAJHAKOBUI (DEHOTUII, TOMY IIIO0 B HUX
MicTUTBCSA Xo4ua 6 II0 OJAHOMY IOMiHAHTHOMY
ayeyifo obox reniB. fAkuit amens Oynxe B iHmIin
XPOMOCOMi B ITbOMY BUNIAAKY, He Ma€ 3HAUEHHS.
Tomy uwacTo BcCi Ii BapiaHTM I'eHOTHIIIB ITO3HA-
4aoTh Ik A—B—. Tupe Ha Mmicii gpyroro ajens
MO3HAYa€E Te, IO TaM MOKe OyTu OyAb-AKUM
ayesb (IOMiHAHTHUN YW PeIlecUBHUMN). Y Tako-
My BUIIQJKY 3aIlVC PO3IIEIJIEHHA 32 T€HOTUIIOM
Oyme MaTu BUTJIAM:

9(A-B-) : 3(aaBB) : 3(AAbbD) : 1(aabb).

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Yomy ropox BUABMBCA BAanMM 06’'eKTOM Anda fo-
cnigkeHb, AKi 3gincHioBaB . MeHgenb? 2. Ha KOHKpeT-
HOMY NPUVKadi NOACHITb, AK MPALIOE 3aKOH po3LLenieH-
HSl CMAfKOBMX O3HAK Y Hawapgkis riopuais. 3. Cknagitb
reHeTMYHy 3afady, AKa inocTpyBana 6 3aKOH He3anex-
HOro KOMOGiIHYBaHHA CMAafKOBUX O3HaK.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae ] 27
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Tema 4. CnagkoBIiCTb | MiIHAMBICTb

§ 61. Bsaemopia aneniB. MHOXXNHHUIA aneni3m

0 [Nomipkynte

[InA npoBefeHHA AOCHiAXeHb rpyn KPOBi Y Ha-
ceneHHA B cuctemi rpyn Kposi ABO BuginAtotb
TPV anend i YOTMpW TPyNn KPOBi, a B CUCTEMI
pe3yc — fABa anenda i Asi rpynu Kposi. Yomy?

Q 3raganTe

e [eH * Anenb
o [lomiHyBaHHA e« [omoO3urota
o [eTepo3nrota e« [unnaoigHui opraHiam

B3aemopia aneniB ogHoro reHa

Sk Bu BiKe 3HaeTe, NOMIHAHTHUN aJjenb
y TeTepO3UrOTHUX OCOOMH IIPUTHiIUye nOilo pe-
IIeCUBHOrO aJjesjd. AJie CTyIIiHb AOMiHyBaHHS
Moske OyTu pisHuM. Po3pisHAIOTH MOBHE JOMiHY-
BaHHSA, HeTIOBHE TOMiHyBaHHS i KOMOMiHyBaHHS.

MHOXVUHHWUNM aneniam

SIK BU BiKe 3HAETe, B OPraHidMi AUILIOITHUX
eyKapioTiB KOKHUI I'eH, PO3TAIIIOBAaHUI B ayTO-
coMi, IpeAcTaBJIEHUN Y IBOX eK3eMILIsApax. Ta-
KOJX BaM BifJloMO, III0 MOKYTh iCHyBaTum pisHi
BapiaHTH TeHiB, AKi HA3WBAIOTHCA aJIeJIAMU.
3pos3ymiso, IO B OpraHisdMi OZHOYACHO MOXKe
OyTu TiJLKU ABa PisHi anesi. Aje AKI0 MU PO3-
TJITHEeMO He OOHY OCOOMHY, a Iy IIOIYJAIiio,
TO BUSABUTBLCH, IO KiJbKiCTh BapiaHTiB OJHOTO
reHa Moske 0yTu Habararto Oinbior. HasgsHicTb
IBOX 1 OijpIlle aJjiesliB y IOMYJIAIlil Ma€e Ha3BY
MHOKUHHOTO aJIeJIi3my.

Ile saBuIlle BUHMKAE yepes Te, IO B opra-
HisMax mocTiiiHo BigOyBaroThcsa myTaliii. I my-
rTamii, AKi crajgucd Ha PisHUX IiJAHKAX TeHa,
MOJKYTbH CTBOpPIOBATHU PisHi #oro BapianTu. Mix
co0010 ajesii MOKYTh B3aEMOAIATH IIO-Pi3HOMY.
Hanpukiaan, sk y BUIIagKy I'PyI KPOBi B JIIOAU-
HU, JABa ajejii MOXKYTh OyTHM KOJOMiHAaHTHUMU
MisK c00010 i JOMiHAHTHMMH! IIO BiHOIIIEHHIO

BapiaHTu B3aemogii anenis ogHOro reHa

Oco6auBocTi THIIY TOMiHYBaHHSA

IToBHe moMiHyBaHHS

Y reTepo3uUTroTH NIPOABIAAETHCA TIIBKY Iid JOMiHAHTHOTO aJje-
JId, ¥ 03HAKa BUTJIALAE TAK, AK 1 B JOMiHAHTHOI TOMO3UTOTH

HemnoBHe moMiHyBaHHSA

T'eTeposurora Mae MPOMiKHUNA ITPOAB O3HAKH IMOPiBHAHO 3 IIPO-
ABOM Ii€el 0O3HAKM Y JOMiHAHTHOI Ta PeIeCuBHOI TOMO3UTOT

KogominyBanusa

O0uaBa BapiaHTH 03HAKU IIPOSBIISAIOTHEC OgHOUacHO. Hampu-
KJIaJ, FeTepo3uroTra 3a rpyinom KpoBi AB micTuTs HA MeMOpa-
HaX epUTPOIUTIB i auTured A, i autured B ogHouacHo (ameii
Ai B e xomominanTauMu). Anesasb 0 IIbOro reta € perecCuBHUM

Cxema B3aeMogil aaeiris

@ 909

AA aa
3efIeHNN >KOBTUN 3eN1eHni
. N 3 _
Ly
AA aa Aa
YepBOHUN 6innn poxeBui
aHTUreH A aHTUreH B

ﬁ

rpyna Kposi B

‘

rpyna Kposi A

TI0 BiJTHOMIEHHIO 10 iHIITUX aJIeJIiB, i TeTepo3uUroTu, AKi MicTATH
el ajesb, MalOTh Ha MeMOpaHax abo auTured A, abo aHTUTeH
B. PigHuma Mik KOZOMiHyBaHHAM i HETIOBHUM JOMiHYBaHHAM
y TOMY, IITO IIiJf YaC KOJAOMiHyYBaHHs O0OUABi O3HAKU IPOABJIIA-
I0ThCS IIOBHiCTIO

1 28 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

aHTureHn A i B AHTUreHN BiACYTHI

) @

rpyna kposi AB rpyna kposi 0
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Man. 61.1. leHeTUYHe BU3HAYEHHs IHTEHCMBHOCTI 3abapBneHHsA WepCTi Yy Kponis

Mpwvknagn nnenotponii

Opranizm IIpuknagu miieioTpomii
Osec 3abapBJiIeHHA JIYCOUKHU i JOBXKMHA OCTi HACIHMH BU3HAYAETHCA OTHUM I'€HOM
Kimka Bini kimku 3 ronyoumMu ounMa MamTh CXUJIBHICTD 0 IVIYXOTH
Jlroqmua Auens pygoro 3a6apBieHHS BOJIOCCS TaKOMK BU3HAUAE OLJIBIN CBIiTINIT KOJIp ITKipU i POBBUTOK
JIACTOBUHHSA.

Cunapom MapdaHa BUHUKAE AK Pe3yJIbTAT IIOPYIINEeHH B I'eHi, AKUH BifmoBigae 3a cuHTE3 O~
HOTrO 3 TyIiKompoTeiniB. Hacaigkom 1{bOro 3aXBOPIOBAHHSA € PO3BUTOK JOBIUX HAJIbIliB (apax-
HOMAKTUJIiA), HOPYIIeHHA 30PY (HedeKT KpUIlITaJInKa), BaAu Cepllsd Ta AesdKi iHI osHaKy

o TpeTboro ajeis. AGo ajesli MOXKYTh YTBO-
pIoOBaTH DAL 3a 34ATHICTIO ZOMiHyBaTH.

Tak, rea C y KpoJIuKiB BifmmoBizae 3a imTen-
CUBHIiCTh 3a6apBieHHs 1repceTi (Maa. 61.1). Ogun
3 oro ajeiiB (ajiejib IIOBHOTO 3a0apBJIeHHS) €
ITOMiHAHTHHM [AJIS BCiX iHINMMUX ajesiB i 3abeasme-
uye piBHOMipHe rycTe 3a0apBJjeHHSA BCHOTO Tija.
Hpyruit anens (IMIUHIIUIOBOTO 3a0apBJIEHHA) €
PElleCUBHUM [0 TIEPIIOrO ajiejid i JOMiHaHTHUM
Oad iHmumx aJeniB. Bim 3abesmeuye MeHI iH-
TeHCUBHEe 3a0apBJIeHHS IIIEePCTi IO BCHOMY TiJy.

Tperiti anens (rimasialicbKoro 3abapBJIeH-
Hs1) 3a0e3meuye cBiTjie 3a0apBJeHHS BCHOTO TiJja
3 TEMHUMU IJIIMaMU Ha JIeIKUX NiIAHKax (J1amu,
Byxa Toilo). BiH € pelieCuBHUM [0 JTBOX IEPIITUX
aJIesIiB i JOMiHAHTHUM JJIsg HacTymHOro. OcTanHini
ajieJb IILOr0O reHa (ajeb aabbiHi3My) BU3HaUae

0 KniouoBa ines

Aneni ogHOro reHa MoOXKyTb B3aEMOZIATU MixX
cobot. Hacnigkom Takoi B3aemMogii € ABuLa [0-
MiHyBaHHA i KogoMiHyBaHHA. KinbkicTb anenis
OfHOro reHa Moxe 6yTu pi3HOl, ane B HOPMi
B OAHOMY OpraHi3ami MOXyTb OyTW NpUCYTHi He
6inblue ABOX anenis ogHoro reHa. OanH reH Moxe
BM3HauyaTy GOpPMyBaHHA KiNlbKOX O3HaK (ABMLLe
nnenoTponii).

BifcyTHiCTh 3a0apBieHHA MO Bciii miepcrti. Bim
€ pelecuBHUM II0 BiJHOIIEHHIO MO BCiX iHITIMX.

MnenoTtponia

ILneitorpomisa, abo Mmogupikyioua aisd reHa,—
Ie 3JaTHICTHL OJHOTO reHa A0 BU3HAUYEHHS pis-
HUX o3Hak. Ilya eykapioTiB Taka BJIacCTUBICTH
ixHiX TreHiB € HOPMOIO, 00 3aBAAKHU IMIPOIlECY
aJIbTEPHATUBHOTO CILJIACUHTY KOMKHUI 3 T'eHiB
MOJKe YTBOPIOBATU KiJibKa PiBHMX IIPOAYKTiB.
VY nroguHu, HATPUKJIIAL, Y CEPEIHBOMY 3 OJHOTO
reHa MO’Ke YTBOPIOBATHCA IIiCTh PidHUX O0ij-
KiB. A KOKHUU 3 IuX OiJKiB yiKe € OKpeMoio
o3Hakor. Ilpukiaanu mnyeiioTporii Mo:KHa IIO-
0aunuTH AK y JIOOIWHU, TaK i B IHIINUX JKUBUX
opraHismis.

03aﬂl/ITaHHF| Ta 3aBaHHA

1. Ha KOHKpeTHMX npurknagax noAcHiTb, YUM KOAO-
MiHyBaHHA BiApPi3HAETbCA Bifj HEMOBHOIO JOMiHYBaHHS.
2. Po3B'axiTb 3agavy. [OMO3MrOTHOrO Kponuka 3 rima-
NancbKum 3abapBrieHHAM CXPeCcTUIN 3 FOMO3UTOTHUM
KPOJIKOM i3 WVHLLWIOBMM 3abapBneHHAM. A ribpua
Bifl LbOro CXpeLlyBaHHA CXPeCTUIN 3 KPOJIMKOM alb-
6iHocoM. flke 3abapBneHHa OyayTb matu ribpuan Big
nepLoro i Apyroro cxpelyyBaHb? 3. BukopuctoByoumn
[OoOaTKOBI [Kepena, 3HaNAiTh iwe ABa-TpY NpuKnaam
nnenoTponii B Pi3HMX OpraHiamis.
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Tema 4. CnagkoBIiCTb | MiIHAMBICTb

§ 62. XpomocomMHa TeopiAa cnagKkoBocTi. KpocuHroesep

0 [omipkymnTe

AKAM YMHOM OWTVMHA OTPMMYE O3HaKW i 6aTbKa,
i matepi?

Q 3raganTe

e« IHK « Xpomocoma » Anpo
e Mito3 « Mewos

prm/l 34erJieHHA

ITicna BigkpurTa 3akouiB I'. Meungesna B Ha-
VIIi TOCTYIIOBO MOYaJ W HaKOoUIMUyBaTucA (hakTu
Ipo Te, IO B JeAKUX BUMIAAKAX POBIIEIJIeHHS
03HaAK BimOyBaeTbCcs He TaK, SK Ile Iepeadavain.
Busasunocs, 1110 reau, ki posTaloBati B OgHil
XPOMOCOMi, YCIIAAKOBYIOTECA Pa3oM (3UEILIeHO).
Taki rein HasBajau 34eIIEHMMHU reHamMu. A pa-
30M ycCi reHu, AKi poaTalnoBaHi B OOHiIN XpoMo-
COMi, YyTBOPIOIOTH Ipymy 34erieHHA. KinbKicTb
TPyn 3YeNJIeHHSA B OPTaHi3MiB IIEBHOTO BUAY
IOPiBHIOE KIJIBKOCTI XPOMOCOM B OJAMHAPHOMY
(ramioigHoMy) HabOpi, AKWUA MiCTUTBCA y CTa-
TeBUX KJiaiTmHax. Hampurianx, y aposodinu ix
4, y gimgu — 19, a B aoguau — 23.

YTBOpeHHA rameT y pasi

34enieHoro ycrnagKyBaHHsA

IIpukaagomM 3uYemJieHOTO YyCIaAKyBaHHSA
TeHiB Mo:ke OyTH ycHaIKyBaHHSA OBOX O3HAK
y MyImku aposodism — KoJIbopy Tina # hopmu
Kpua. YopHuii Koiip (a) i sauatkoBi Kpuaa (b)
BU3HAYAIOTHCS PEIeCUBHUMHU ajieIaIMU, a cipe
Tisio (A) i moBri kpuia (B) — OOMiHAaHTHUMU.
T'enu, AKi BUBHAYAIOTH IIi O3HAKM, PO3TAIIIOBaHI
mopsAn B onHii xpomocowmi. I1lo Gyzae y Bumaaky,
AKIIO MU CXPECTUMO CAMKY apo3odinm, AKa €
PeIleCBHOI0 TOMO3UWTOTOI0 3a UMM O3HAKaMU
(remotun aabb), i3 camiem, y AKOTO B ONHI
XPOMOCOMi po3TallloBaHi ABa JOMiHAHTHI aJeJi,
a B iHmii — pgBa penecuBHi (reHotun AaBb)?

AKOm 1i o3HAKM ycHamKOBYBaJUCA Hesa-
JIEJKHO, TO Yy T€TEePO3UTOTHOI MyX1 MaJix O yTBO-
puTtucsa dotupu Tunu ramer: Ab, aB, AB i ab.
Aule 03HAKU yCHAAKOBYIOTHCSA 3UYEIJIEHO, i TOMY
YTBOPIOETHCA TiJIbKU ABa Tumnu ramer: AB i ab
(y camIiiB KpocuHTOBEp He BimOyBaeThcsa). Bin-

MOBiTHO, HANIAAKM BiJ IILOTO CXpeIlyBaHHSA
OyayTh MaTU TiJABKM OBa (DEHOTHUHOU: cipe Tijo
3 IOBTMMU KPWUJIaMM ¥ YOPHE Tijo i3 3ayaTKO-
BuMU Kpumiaamu (mana. 62.1).

XpOMOCOMHa TeopiA CNagKoBOCTI

XpoMocoMHa Teopisi crmaaKoBOCTi Oyja 3a-
IPOIOHOBAaHA MalKe Biapasy micis mepesin-
KpuUTTA 3aKoHiB I'. Mengens. Ii sampononysann
T. Bosepi Ta B. Carron (1902-1903). Ane cBiit
CyJacHUI BUIJIAL BOHA OTPUMAJIa OeIro MisHilme
saBasaku poboram T. X. Moprana ta #oro ciis-
pobitHukiB. I[a Teopia mosBoamya 30cepeguTH
yBary BUEHHX HaA APl KIiTMHU AK MicIi 36epi-
raHHA cHoagkoBol iH(opMmallii i Ha xpomocomax
AK Ha Hociax 1miel imdopmarrii.

OCHOBHi TOJIOMKE€HHS XPOMOCOMHOI Teopil
CIIATKOBOCTI:

+ MarepiaibHOIO OCHOBOIO CIIaZKOBOCTI €
XPOMOCOMM.

« T'enm posramoBani B XpomMocomMax y Ji-
HiIHiI mocJimoBHOCTI.

« I'enu, aki JoxaJrizoBaHi B OAHIN Xpomo-
CcOMi, YTBOPIOIOTH OAHY TPYyIy 3UeIJIeHHA i 1e-
penarmThCA HAIlagKaM PasoM.

- KinpkicTh rpyn 3uernjieHHsA OOPiBHIOE ra-
IJIOITHOMY YHCJIY XPOMOCOM.

« TamyoigHe YKMCIO XPOMOCOM € TOCTiHHUM
I KOYKHOTO BUNY.

« O3Haku, gKi BUBHAUAIOTHCA 3UEIJIEHUMU
reHaMU, TaKOK YCIaJKOBYIOTHCS 3YEILJIEeHO.

« MixX roMoJIOTIYHEMU XPOMOCOMAMU MO-
JKyTh BimOyBaTmcss KPOCHHTOBEpW ¥ OOMiH mi-
JISTHKaAMHU.

« YacTroTra KPOCHHIOBEPY IIPAMO IIPOIIO-
pIifiHa BiAcTaHI MiK reHaMu.

bygosa xpomocom

KoxHa 3 XpoMOCOM € JOBTOIO0 MOJIEKYJIOIO
HTHEK, axa yTBOpPIOE CKJIaJHUI KOMILIEKC i3 Oirka-
MU zicmoHamu. BilbIly 4acTUHY CBOTO iCHYBaH-
Hs XPOMOCOMH I1epeGyBaioTh y HEKOHIeHCOBAHO-
MYy CTaHi I MalOTh BUTJIA] TOHKUX HUTOK. JIuie
Oif yac KJIITHHHOrO IIOAiJIY BOHU KOHIEHCYIOTh-
cA ¥ YTBOPIOIOTH UiTKO OKPECJIEHI XPOMOCOMHU.

Ilix wac mominy KJiiTmHEM MalXKe Bci
XpoMocoMu MaioTh X -momioHy hopmy (Ma. 62.2).

1 30 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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lomonoziyHi Xxpomocomu 3i 34ensieHUMU 2eHamu

AB . .
X\ Cipe Tino,

ab [oBri Kpuna

YopHe Tino, ab
barbku (P) 3apoaKoBi Kpwna ab
Favetn (G)
; ; AB ab
r6puan (F) Clpe Tino, 1.1 —
[OBri Kpuna ab ab

Man. 62.1. 3uenneHe ycnafKyBaHHs reHis y gpo3oodinu

Taka ¢opma 3ymMOBJI€HA TUM, IO B I[efi MOMEHT
KOXXKHa 3 XpPOMOCOM CKJAJA€ThCA 3 [JABOX
OOHAKOBUX HUTOK (xpomamud), ari 3’emHaHi
MiX co00I0 B OfHiIl TOUIli, II[0 HA3WBAETHLCS
UeHmpomepoio, a YacTUHU XpoMaTuj Bix miel
TOUKM JIO iIXHiX KiHI[IB — nJevamu.

VY GinpIrocTi eyKapioTiB KOKHA 3 XPOMOCOM
Mae ImapHy il roMoJoTiuHy Xxpomocomy. I'omoJio-
riuui XpoMocomMu AyOJIIOIOTH OOHA OTHY. ¥ KOMK-
HiI i3 XpoMocOoM Takoil mapum € miIAHKHU, SKi
KOIYIOTH OJHAKOBI I'eHU.

Kapiotun

CyKymHiCTh yCiX XpOoMOCOM KJITWUHMW Ha3u-
BaioTh KapioTumnom. J[Jig KOKHOTO 3 BUIIiB eyKa-
pioTiB BiactuBuii cBifi Kapiorun. Kinbkicrs,
po3Mip i CTPYKTypa XpOMOCOM IILOTO KapioTu-
Iy € OJHUM i3 KpuUTepiiB BULY, AKUI JO3BOJIAE
BU3HAUUTH HaJEXKHicTb ocobuH o Hhoro. Ka-
pioTun JgIUHU MicTUTh 23 Iapu XPOMOCOM.
Opma 3 mux map — Ie crareBi xpomocomu (XX
y kisok i XY y womoBikiB). Bei inmri xpomoco-
MU JIOAVHU HAa3WBAIOTHh ayTOCOMAaMMU.

MexaHi3m KpocnHrosepy

B excmepumenTax MopraHa Ta HOTO CIIiB-
poOiTHMKIB I yac BUBUEHHS yCIaAKyBaHHS
3YeIJIeHNX O3HaK OyJ0 BUSBJIEHO, IO Ccepen
riopuniB aposodis € meBHA YacTWUHA MyX 3 Ie-
pexoMOiHaIli€eo IIMX O3HAK i Mae Micie mopy-
IIeHHs 3YeIlJIeHOTo ycnaakyBaHHA. lle OyJuio
HACJIiTKOM KPOCHHT'OBEDY.

0 Kniouosa iges
[eHn eykapioTiB pO3TallOBaHi B XPOMOCOMax —

CKNagHUX CTPYKTypax, AKi cknagatotbca 3 [HK
i 6inkie. OcobnMBOCTI Nepepayi cnagkosoi iHop-
MaLilo Ana LUbOro BUMafKa OMMCye XPOMOCOMHa
Teopia cnagkoBocTi. OfHielo 3 ocobnuBocTel
XPOMOCOM € MOXJ/MBICTb OOMiHY AiNAHKamMM Mix
XPOMOCOMaMM — KPOCKHIoBep.

YopHe Tino,
3apoAKoBI Kpuna

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

LleHTpomepa
KopoTke nneue

[osre nneue

Man. 62.2. bygoBa xpomocomu

Bu B:ke 3HaeTe, 1110 KPpOCMHTOBEpP — IIe 00-
MiH DiTAHKAMU I'OMOJIOTiUYHUX XPOMOCOM y IIPO-
meci meiiody. Came uepe3 KPOCHUHIOBEP HeMAae
abCOJIIOTHO IIOBHOTO 3YEIJIEHHS I'eHiB, 3a AKOTO
BOHU IlepemaBaiucsa 0 3aBKIU Pa30M.

ITepexpentenaa Misk XpoMaTuAaMu TOMOJIO-
TiYHHX XPOMOCOM MOJKe BifOyBaTHCsS OSHOUYACHO
B KiJgbKOXx Toukax. KpocurHrosep, 1o BimbOysa-
€ThCsA JUINIe B ONHOMY MicIli, Ha3WBalOTh IIO-
OOWHOKUM, Yy JBOX TOUYKaX OJJHOYACHO — IIO-
IBilifHUM, y Tpbox — motTpiitHum. Hacmpasgi
B JKUBUX KJITHHAX KPOCUHTOBED 3aBXKAU €
MHOKUHHUM, a BCi iHIIII BapiaHTH CTOCYIOTBHCA
KOHKPETHUX TeHiB, AKi JOCIiIKYIOTh y TMeBHiN
rpyni suvemaeHHsa. ['ameru, y AKuUX Big0OyBcd
KPOCUHIOBep, HAa3WBalOTh KPOCOBEPHUMM.

KapTn xpomocom

Buxoasumu 3 mojsioskeHb XPOMOCOMHOI Te-
opii cmagKoBOCTI I MexXaHi3My KPOCHHTOBEPY
0OyJI0O CTBOPEHO TeHeTUYHi KapTu Xxpomocom. I'e-
HETUYHOI0 KApPTOI XPOMOCOMM Ha3WBAIOThH 11
rpadiute 300pasKeHHs 3 IIO3HAUEHUM HA HHBOMY
posramnyBaHHAM reHiB. Ha KapTi mosHauaioThb
Ha3BU TeHiB, BiAcTaHi MiK remamMu Ta iHOmII
MicIle po3TallryBaHHA IeHTpoMepu. ['eHeTmuHi
KapTu XPOMOCOM OCOOJMBO MAOKJIATHO CKJIaJeHi
IJIS XpoOMOcOM napo3odinm i KyKypynsu, sdKi e
00’eKTaMU I'eHeTUUHUX OOCJIiIKeHb ysKe 6araTo
pokiB. CkjazeHi BOHM TaKOMK i JIT XPOMOCOM
JIIOAUHYT Ta 6araTboX CBiMCHhKUX TBAPUH i KYJIb-
TypHUX pocyauH. [[i KapTu MaoOTh BeJUKe 3HA-
YeHHA OJS CeJIeKIIiiiHoi poOoTm ¥ miarHocTu-
KM Ba)XKWX CHAJKOBUX 3aXBOPIOBAHb JIIOJAWHMU.

3anuTaHHA Ta 3aBOaHHA

1. Yomy ppo3odina BusBMnacAa Jyxe 3pyUYHUM
00'eKTOM ANsi reHeTUYHUX AocnigkeHb? 2. [lesiki reHu
ropoxXy MICTATbCA B OfHI XPOMOCOMI, ane ix ycnagky-
BaHHA BigbyBaeTbcA 3rigHo i3 3akoHamu . MeHgens,
TOOTO He3anexHo. [MoACHITb, AKUM YMHOM Lie MOXXNBO.
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Tema 4. CnagkoBIiCTb | MiIHAMBICTb

§ 63. leHeTUKa cTaTi

0 [omipkymnTe

OpHe 3 gocnigXeHb BUABWUIO OCOOMHU MULLIEN-
caMuiB, AKi Manu B CBOIX COMATUYHUX KNITUHAX
no Asi X-xpomocomu (Kapiotun camku). NoAcHiTb,
AK MOrMa BMHUKHYTU Taka CUTyauis.

Q 3raganTe

o Cratb o PO3MHOXeHHA

* Xpomocomu o CtaTeBi xpomocomu

Cnocobun BU3HaUYeHHsA cTaTi

¥V kuBUX opramismiB icHye KijbKa cIo-
co0iB BH3HAUEHHS TOr'0, SAKOI craTi ocobuHa
posiB’eTbcsa i3 suroTu. MaiitbyTHIO CTaTh MOKYTH
BUBHAUATHU B30BHIIIHI yMOBH (AKIIO JUYWHKA
yepB’AKa OoHeJil mmepedyBae Ha OHI OKeaHy, TO
3 Hei po3BUBaEThCA caMKa, a SKIIIO Ha X000T-
Ky caMK! — TO caMIli), IJIOIAHICTh OpraHiamy
(y Omsxin i Mmypax ramaoigHi ocOOMHM — caMIIi,
a OUILIOIAHI — caMKM) UM cHOelliajbHi cTaTeBi
XPOMOCOMH, AK y aAposdodin (iHimi xpomocomu
B IIbOMY BUMNAAKYy Ha3WBAIOTL ayTOCOMAMMU).

CrateBi xpomocomu

SKIMoO opradiaM BHM3HAUA€E CBOIO CTATh 3a
IOIIOMOT'OI0 CTaTEeBUX XPOMOCOM, TO BiH Mae
oxHy abo mBi Taki xpomocommu. SIKII0o cTarte-
BUX XPOMOCOM [IIBi, TO BOHM 3a3BUYail Bigpis-
HAIOThCA 3a po3MipoMm (omHA BeJuWKa, a iHIIA
MajeHbKa). A ocobmHU pi3HOI cTaTi MamTH abo
IBi BeMmKi xpomocommu (romMoraMeTHa CTaTh),
a0o OmHY BeJHKY W OOHY MaJIeHbKY (reTepo-
ramMeTHa crtaTb). Ilo3HAUalOTh TaKi XpomMocoMu
JaTuHCbKUMU JiTepamu. Hampukiaazn, BeIukry
XpPOMOCOMY MOJKYTH IIO3HAUaTH Jiteporw X,
a mMaJyry — Jitepoio Y.

Y pisHHX OpPraHi3MiB roMOraMeTHOI MOXKe
OyTu AK KiHoua, Tak i uoJsoBiua cratb. Ha-
OPUKJAL, Y CCABI[IB i MyX T'OMOTaMETHOIO €
sKiHoua crarh (ii mpeacTaBHUKU MAalOTh HO ABi
X-xpomocomu, remotun — XX), a rerepora-
MeTHOI — dYoJioBiua (ii mpegcTaBHUKM MaioTh
onay X- i omHy Y-xpomocomu, reHOTHUII — XY).
V¥ 6inpmrocTi nraxis i MeTeNInKiB, HABIAKU, I'O-
MOraMeTHOIO CTaTTi0 € dYoJioBiua (ii mpexacras-

Yonosik Xch MKinka XX 9

[iBunHka 9 Xnonunk d

7z w Q

v @ e
CZD
&

OcobuHM Yonosivoi cTaTi d OcobuHN XiHoYol cTaTi 9
(niBHWKN) (KypKn©)

Man. 63.1. YTBOpeHHsA rameT y TBapuH 3 Pi3HUMW BapiaH-
Tamun rOMo- i reTeporameTHOI CTaTi

HUKUW MaloTh IO JBi OJHAKOBI XpoMocommu, aJje
IMOBHAYAIOTHCA BOHM BJKE IHIIOIO JIATHHCHKOIO
Jiteporo — Z, reHoTun — ZZ), a reTeporaMer-
HOI0O — KiHoua (remorun — ZW) (maua. 63.1).
IcHyrOTH TaKOK iHIII BapiaHTM BU3HAUEHHA
CcTaTi 3a HOIIOMOI0OIO0 CTaTEBUX XPOMOCOM. ¥ Ie-
AKWX TBAPUH CTATEBi XpPOMOCOMHU OJZHOTO THUIIY,
1 oHA CTATh Mae€ JIUIIEe OOHY CTaTeBY XPOMOCO-
My, a ifma — aBi ogHaxkosi. Tak, cepen KJoOIiB,
ANIIPOK 1 JedAKMX ITaxXiB TPaANJATbCA BUIU
3 TeHOTHUIIAMM YO0JIOBiUuOl Ta sKiHOUOI crareint ZZ
i Z0 ra X0 i XX Bigmosinuo (mudpa 0 y 3anucy
03HAYa€ BiICyTHICTH APYTroi mapm XpPOMOCOMM).
A xaukoa3p00 Ma€ II’ATh IIap CTaTeBUX XPO-
MocoM. ¥ ¥Oro ramerax MicTUThcA abo0 II’ATH
X-xpomocoMm, a6o m’aTb Y-xpomocom. IIi xpo-
MOCOMU YTBOPIOIOTH OOWH KOMILJIEKC 1 I yac
OOy KJIITUHU PO3XOAATHCS 3aBMKIU Pa3oM.

yCI'Ia,L'l.KyBaHHFI, 3yenneHe 3i CTaTTio

T'enu, aAKi posTalroBaHi y cTaTeBUX XPO-
MOCOMAaXxX, HAa3WBAIOTHCA T€HAMM, 3YeILJIEHUMU
3i crartio. IIpuknagamMy Takux TeHIB € TeHU
3abapByeHHA oueit y X-xpomocomi aposodinm,
TeHU JaabTOHiZMy I remodinii B X-xpomocomi

1 32 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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JIOAUHYU Ta TeHW TinepTpuxo3y U iXTio3y
B Y-XpOMOCOMi JIOIWHU.

OcobuuBicTio reHiB, Aki 3uemseHi 3i crar-
TIO, € Te, II[0 BOHU MOYKYTb IlepedyBaTu y CTaHi
reMi3uroru.

T'emisurora — 1e gumiaoigHa ocobmHa, dKa
Mae JIMIle OOWH aJjieib IeBHOro reHa. llei cran
BUHHNKA€E BHACJIiJZOK TOro, IO OCOOMHU OnHiel
3i crareil MaloTh ABi PisHi cTaTeBi XPOMOCOMIU.
Hampurknaan, y agioguau B X-XpPOMOCOMi TeHiB
barato, a B Y-xpoMmocoMmi maJjio. Uepes Iie Ha-
BiThb pelecuBHi ajeyi remis X-xpomocomu Oy-
IyTh IPOABJATHCA ¥ (hbeHOTHUNI, 60 HEMAE NPYroi
XPOMOCOMHY 3 JOMiHAHTHUM aJiesieM.

PosrisaeMo 0co0JIMBOCTI yeIagKyBaHHS Ie-
HiB, 3UeIJIEHUX 31 CTaTTIO, Ha IIPUKJIAII ccaB-
miB. 3 reHaMu, AKi po3TalIoBaHi B Y-XPOMOCOMi
caMmIiiB, yce mpocTto. Bonu mepegamoTbca HANPS-
MYy Bim caMIis 10 caMIls i B CAMOK ITPOABJIATUC
He MOKYTh. BOHU 3aB:KIu 1epe0yBaioTh y CTaHi
reMisurotu, 60 B HOpPMi I XpomMocoma B AIpi
KJIITMHU TiIbKM OJHA.

YcenankyBaHHA TeHiB, Ki posTarroBaHi Ha
X-xpomocomax, 6iybIin ckaagHe. B opranismi ca-
MOK BOHU TOBOIATHCA AK 3BUYAWHI M'eHU ayTo-
coM (HecTaTeBUX XpomocoMm), 60 X-xpomocom
TyT aBi. B opramismi camiiiB 1mi reHu mnposs-
Js10Th cebe y cranHi remisuroru. Tomy osHa-
KM, AKi BUBHAYAIOTHCS PEIECUBHUMU aJIEJIAMU
TaKWX T'eHiB, MPOABIAIOTHCA Y CAMI[iB 3aBXKAU.
A orpumyioTh BOHHU iX Bim cBOiX MaTepis.

YcnagKyBaHHA, 3anexHe Bif cTaTi

CraTb MOKe CYTTEBO BILIMBATH i Ha ycIaji-
KyBaHHS I'eHiB, sIKi po3TallloBaHi B ayTocoMax.
Takwuili Tun ycnmagKyBaHHA Ma€e Has3BY ycHanu-
KyBaHHSA, 3aJjeskHe Bim crari. MosxauBi pisHi
BapiaHTU TPOSABY I[BOTO TUNY YCIAAKyBaHHA.
Hanpuraanm, odHaka MOKe PO3BHUBATUCS TiJIbKU
B onuiel crari. Tak, po3Mip MOJOUHUX 3aJI03
Ta JKUPHICTH MOJIOKA Yy CCABI[iB BU3HAYAIOTHCSH
ayTOCOMHMMM TeHaMu. AJjie y caMI[iB MOJIOUHI

0 KnioyoBga igen

ICHYIOTb KiflbKa cneuianbHUX reHeTUYHUX MeXaHi3-
MiB, AIKi 3a6e3neuytoTb Y KMBUX OPraHi3miB BM3Ha-
YyeHHA cTaTi. [eHn, AKi po3TalloBaHi B CTaTeBUX
XpOMOCOMax, MaloTb AeAki 0cobnMBoCTi ycnaaKy-
BaHHA i MOXYTb MO-Pi3HOMY MPOABAATACA B OCO-
6UH pi3HOT cTaTi. [lesKi 3 reHiB, AKi poO3TallOBaHi
He B CTaTeBMX XPOMOCOMAX, TaKOX MaloTb MeBHi
0CobNMBOCTI yCMafKyBaHHA, NMOB'A3aHi 3i CTaTTiO.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

3aJ103U HE PO3BUBAIOTHCA 1 MOJIOKO He BUPOOJIS-
10Th. TOOTO reH B reHOMi 0COOMHU €, ajie uepes
Te, 0 «CTaTh HE Ta», BOHU He IIPAIIOIOThH.

Iamuii BapianT MpPoABY yCIAAKyBaHHA —
3MiHa [OOMIiHAHTHOCTI O3HaKU B3ajJie’KHO Bifn
crari. Tak, B oBelb € I'eH, SKHU BifgmoBigae
3a PO3BUTOK porarocTi (HagaBHiCTH poriB) abo
KoMoJiocTi (BimcyTHicTh poriB). ¥ camiiiB [mo0-
MiHye ajieJb IILOTO TeHa, AKMWU Bimmosimae 3a
poraricTh, a y cCaMOK, HaBIIaKW, AJOMiHAHTHUM
€ ajieJib KOMOJIOCTI.

Take sABUIlle BUHUKAE 4epe3 Te, IO opra-
HiBM € CKJIaJJHOIO CHCTEeMOIO i Ha IIPOSB O3HAK
BILIMBa€ Oararo pisHmx (PaxTopiB, HaAIPUKJIALI
pPiBeHBb TOPMOHIB Yy KpOBi. ¥ camIliB 3HAUHO BU-
Uil piBeHb YOJOBIiUMX TOPMOHIB, II0 BIJIUBAE
HaA PO3BUTOK ILJIOTO PAAY O3HAK, y TOMY UMCJIi
¥ Ha PO3BUTOK POTiB.

IixaBuM mpuKJIamOoM BILIMBY TOPMOHAJIBHO-
ro pPiBHA Ha PO3BUTOK O3HAKWU, YCIaAKyBaHHSA
AKOI 3aJIeKUTh Big cTaTi, € HiBHIYHUN OJIeHb.
Ile emwHMIT Bua, y AKOrO poru MaroTh i cam-
mi, i camMmku. Po3BUTOK pOTiB y caMOK IIbOTO
BUJY CTaB MOOIYHMM e(EeKTOM NPUCTOCYBAHHSA
IO KUTTA B ymMoBax IliBHOUi, AJIS 4Oro oJeHIM
IOoBeJoCs IMiABUIMTYBAaTH 3arajbHUN PiBeHBL Tec-
TOCTEPOHY B opraHismi (y Bcix ccaBIliB wosioBiui
¥ JKiHOUi cTaTeBi TOpMOHU BUPOOJAIOTH O0UIBI
craTi, ajle 40JIOBiUMX TOPMOHIB OijbIlle y cam-
IIiB, a JKiHOUMX — y caMOK). ¥ caMIIiB piBeHb
TECTOCTEPOHY BCE OJHO 3aJIUINUBCSI 3HAUHO BU-
UM, Hi’K y caMOK, aJjie HMoro piBeHb y CaMOK
BUSIBUBCS JOCTATHIM AJIA TOTO, 11100 3yMOBUTH
PO3BUTOK POTiB.

OBaI'II/ITaHHFI Ta 3aBJaHHA

1. Ha KOHKpeTHOMYy npuKnagi NoACHITb, AK Bif-
OyBa€TbCA yCNaaKyBaHHA O3HaK, 3aNeXHWX Bif cTaTi.
2, Po3g’axime 3a0ady. [eH, AKNN BU3Hayae 3abapBneHHsA
LIepCTi y KOTiB, po3TalloBaHuii y X-xpomocomi. OauH i3
oro anenis BY3Haya€ YopHe 3abapBrieHHs, a iHWnn —
pyae. Y BnMNafKy, AKWO OPraHiamM € retepos3mrotolo 3a
UMM reHoMm, To 1oro 3abapBneHHA € YepenaxoBUM
(4acTMHA BONMOCMHOK MA€ YopHe 3abapBrieHHs, a vac-
TUHa — pyge). AKUN Konip WepcTi MaTUMYTb HallaaKu
Bifj CXpellyBaHHA pydoro Kota 1 YyepenaxoBoi KilluKn?
3. AHani3 XpoMocoM Kaukoasboba Mokasas, WO Moro
6-Ta XpPOMOCOMa € FOMOJIOFOM CTaTeBOi XPOMOCOMM
niaueHTapHMX ccaBuiB (Hanpuknag, muwi). Yn MoxHa,
CNMpaynch Ha uel ¢akt, 3pobuT BUCHOBOK MPO Cno-
Ci6 BM3HauYeHHA CTaTi y CiNbHOro npefKka Kauykoa3boba
i Mmwi? Bignosigb obrpyHTyliTe.
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Tema 4. CnagkoBIiCTb | MiIHAMBICTb

§ 64. [eHOTUN | B3aEMOJiA reHiB

0 [lomipkynTe

Yomy ans bopmyBaHHA O3HaKM 3a3BUYall Heob-
XifjHa B3aEMOJifA KiIbKOX reHiB?

Q 3raganTe

o CnagKoBicTb o MiHnuBicTb

o Peanizauia cnagkoBoi iHdopmauii

[eHOTMN AK UinicHa cuctema

Hnas Toro 1mo6 B opraHismi 3’saBuiacs IeB-
Ha O3HaKa, YacTillle 3a Bce IOBUHHO BiOyTHUCS
KiJTbKa pisHmMX mponeciB. Hampukaanm, y Myxu
Ipo3odinu (KIacuuyHOTo 00’€KTa TeHeTUYHUX J0-
CIiIKeHb) 3a0apBJIEHHS OUell 3yMOBJIeHEe HasdB-
HICTIO B HUX IBOX IIIrMEHTIiB — SACKPaBO-UYE€PBO-
HOTO ¥ KopuuHeBOro. /i BUpPOOIeHHS KOMKHOTO
3 HUX Mae€ Big0yTHcs Jekijbka OioxiMiuHuMX pe-
akiiti. Ko:kHY 3 IIMX peakIlii KaTajidye OKpe-
MU (pepMeHT, AKUHA KOAYETHCA OKPEMUM T'€HOM.
I mopymienas Oyab-sIKOr0 3 HUX MO3HAUAETHCS
Ha 3abapBiieHHi oueil aposodinu (man. 64.1).

OsHaxu, AKI BU3HAUYAIOTHLCSI OJHUM T'€HOM,
HA3WBalOTh MOHOTEHHUMM. AJjie HaBiTb BOHU MO-
KYTh YTBOPIOBATHCS BHACJIiZOK B3aemojii. Bu
BJK€ O3HAMOMMJINICS 3 IIUM SABUIIEM, KOJIW POBTJIS-
Jajy IMOHATTS HEIOBHOTO NOMiHYBaHHS aJIejiB.

Bimomo Gararo Bumangkis, xKosu o3Haka abo
BJIACTUBOCTiI OpraHisMy BH3HAYAIOTLCSI IBOMA
a0o0 OisbIlle piBHMMU reHaMU, AKi B3a€MOIiIOThH
MixK coboro. Ajie ciaijg mam’saTaTH, 10 B3A€MOi-
IOTh He caMi renu, a MojiekyJu 0iikiB abo PHE,
YTBOpPEeHHA SAKUX BOHU 3abesmeuyioTh. Ilim uac

i

S

Man. 64.1. Pi3HOMaHiTHiCTb 3abapBneHHA oyell y fpo3oodin
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B3aeMOJil HeaJeJbHUX T'eHiB BigOyBaeThCcs Bin-
XWJIEeHHS BiJl MeHJeJiBCbKUX 3aKOHOMipHOCTeI
posIIeIIeHHSA 3a (DEHOTUIOM y Hamankis. Pos-
PiBHAIOTHL TaKi OCHOBHI TMHm B3aeMojil TeHiB:
KOMILJIeMeHTapHiCcTh, emmicTas i moJrimepis.

KomnnemeHTapHicTb

IIix vac KoMmmIeMeHTapHOI B3aeMomil reHiB
PO3BUTOK O3HAKM BiJOyBA€THCA JIMIIIE Y BUIIAJ-
Ky, KOJU KOXKHUM i3 HeaJleJIJbHUX TeHIB Mae€
xoua O IO OMHOMY JOMiHAaHTHOMY aJjesio. Ha-
NPUKJIAL, V BU3HAUEHHI (popMu IJIoma y rap-
Oysa OepyThb yuacTb ABa reim — A i B. fAxrimio
IIeBHA POCJMHA Ma€ B KOXKHOMY 3 IUX TIeHiB
xoua O OOWH AOMIHAHTHHN ajejlb, TO (opma
ii muoxmiB Oyme AMCKOIOAiIOHOIO. A YTBOPUTHCS
Taka (popMa BHACJIIIOK B3aeMO[il JOMiHAHTHUX
ayeaiB aBox reHiB. ToOTo muckomomiOHi maomu
MaioTh OyAb-AKi 0coOmHM 3 TeHOTUTIOM A—B-—.

Ao oxmu i3 rewiB Oyme mpeacTaBJIeHUI
pelecuBHOIO TOMO3BUTOTOIO, a iHIMUUA MaTUMe
xoua 0 OIMH JOMiHAaHTHUI ajiejb (0COOMHU 3 Te-
HoTUTIaMu aaB— i A—bb), TO KoOMILIeMeHTapHa
B3aeMoiA He BimOymeTbcsa i oM MaTUMYTh
cpepuuny dopmy. Ocobuna 3 oboma reHamu
y CTaHi perecHBHOI I'OMO3UIOTH MATHME BIO-
ByKeHi miaomu (maja. 64.2).

EnicTtas

VY pasi emicraTuuHoi B3aemopmii reHiB m0-
MiHAaHTHUH ab0 pelecuBHUN ajiejib OJHOr0 reHa

BaTbKM (P) “ “

AAbb ChepuuHa aaBB CéepunyHa

riépua (F,)

AaBb  [uckonogi6Ha
liépuan (F,) i &

A-B- A-bb i aaB- aabb
OuckonogibHa  CdepuuyHa  BupoBkeHa

Man. 64.2. KomnnemeHTapHa B3aeMofifA reHis
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Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

batbku (P) 3abapBrieHHA X 3a6apBreHHs Binuin TeMHO-4YepBOHMIA

wepcTi aaii wepcTi AAll a,aaa, AAAA,

KopuuHese ; Manese BaToku (P)  — ~*aae x m

i YepBoHUM
Manese fopua (F,) AaAa ‘m

riépug (F,) ; . . 3abapBreHHs o

| . wepcTi Aali

: 1 TeMHO-YepBOHMIA Binuii
l6pugn (F. ; h h- v
puan (F) | I - AAAA, "‘m aaaa

1717272
I'Iar;eztjl16 I QOF;;|1|6A ii Kopmwlegl aaii riopuan (F,) YepeoHMii . .
Ala1AZGZ -'w
Man. 64.3. EnictaTyHa B3aEmMOgia reHis ‘m AAaga, S
. . . TemHyBaTo-uepBoHuin  d,dAA,  Cgitno-uepsoHui
IPUTHIUYE OPOAB AOMIHAHTHOI'O aJjejisd 1HIIIOTO AAAa, AaAA, Aaaa, aaAa,
resa. BigmoBigHO, pO3pPi3HAIOTHL JOMiHAHTHUMN
i pemecuBHHuil emicras. Hampukaazg, y cobak Man. 64.4. [onimepHa B3aemogis reHis
IOMiHAHTHMH ajeilb rema A sabesmeuye dUop- . . .
He 3a6APBJIEHHS, 4 PENECUBHUN — KODHUHEBE. KOJIbOPY HACIHUH MIIMEHUIl B3a€EMOAIIOTH ABa II0-

JiMepHi reHU, KOYKeH 3 AKUX Mae€ II0 IBa aJeJi.
A zabapBiieHHS HaCiHUH 3yMOBJIEHE KiJIbKiCTIO
IOMIHAHTHUX aJjelliB IIux reHiB. Yum Oinbire
IOMIHAHTHHUX aJIeJIiB, TUM OiJIbIIa iHTeHCUBHICTH
YepBOHOTO 3a0apBJIeHHs. ¥ PEINeCUBHUX I'OMO-
3UTOT HacimHA Oijle, a B OCOOMH i3 T'eHOTHUIIOM
AAAA, BOHO TeMHO-uepBOHE (Mai. 64.4).

A nomimanTHHUI ajxenb reHa I ysaraJji 0J0Kye
CUHTEe3 BIiANMOBiAHUX (PepMeHTIB i cOpuUmHsIE
MOosBY IIajieBoro 3abapBieHHs. Tomy ocoOmHHI
3 reHoTUIIaMU A—ii OyAyTh MaTH YOPHY IIEPCTh,
3 remotunamu A—I— abo aal— — maJeBy, a 3 re-
HOTHUIIOM aaii — KopuuHeBy (Maiu. 64.3).

MNonimepis
. . . . [MpakTuHa poboTa
¥V pasi nmonimepHOI B3aeMofii reHiB fy1d 1Ipo-
By O3HAKU HeoOXilHA HaABHICTH xo4a 6 OLHOTO Poze’sa3yeaHHss munoeux 3ada4y 3 2eHemMuKu:
JOMiHAHTHOTO aJyiesid B OyAb-AKOTO 3 KiTBKOX re- yCnaoKyeaHHs 03HAK
HiB. Ili reHU BUKOHYIOTH OIHY DYHKIIif0 (HaTpu- 1. Y NIOAVHN TeH, WO BUKNNKAE OAHY 3 GopMm craj-

KOBOI [JIyXOHIMOTW, pPeLecuBHUN CTOCOBHO FeHa
HOPMaJIbHOro Ciyxy. flke MOTOMCTBO MOXHa YeKaTu:
a) Bif Wby ABOX reTepo3nroTHYIX 3a AaHNM reHOM
6aTbKiB; 6) Bif WNOOY rMYXOHIMOI »KiHKN 3 HOPManb-
HUM YONoBiKOM?

KJIaJ), 3a0e31eUyoTh CHUHTE3 OZHOTO IirMeHTY),
ajie MOJKYTh PO3TAIIIOBYBATHUCS B PiBHUX XPO-
MOCOMAaX. X HA3WBAIOTH MOJIMEPHIMMH TeHAMH.

IlonimepHi reHm 3as3BmYaill BU3HAYAKOTH

KinpKicHi o3Haku (po3Mip, 3a0apBIeHHS TOIIO). 2. Y matepi | rpyna kposi, a B 6atbka — Ill. Yu
HifoTh BOHU, JONOBHIOIOUN OJUH OZHOTO, TOMY MOXYTb AiTW yCnagKyBaTy rpyrny KpoBi matepi?
1X 3a3BUYal MMO3HAYAIOTh OJHAKOBUMM JIiTepa-
MU JaTUHCBKOTO ajipaBiTy, HOmar0um HUMKHIN
oo . 3anuTaHHA Ta 3aBAaHHA
YMCJIOBUM iHJEKC IOJd TOro, I0o0 po3pisHATH 0
reau Mik coboro. Hampuwrmaanx, A A a,a, aGo 1. Y MOXyTb OpraHiamMum 3 OLHAKOBMM FeHOTU-
AaAA,. noM Matu pisHuin deHotun? Bignosiab o6rpyHTyiTe.
3a UM MexaHi3MoOM BifOyBaeThCA yCIaIKY- 2, Po3g’axime 3a0ady. Y pocinHu reH A BU3HAYae 3a-
BaHHS KOJILOPY HACIHHA y IIIEHUI Ta KOJLOPY 6apBreHHs oUBITUHW. [JloMiHaHTHWIA anenb A 3abe3neuye
mKipu y Jgiogmau. Tak, y pasi ycmagkyBaHHS yepBoOHe 3abapBeHHs, a peLecuBHUi anenb a — bGine.
[loMiHyBaHHA € HEMOBHUM, | reTePO3UTroTV MatTb POXe-
0 Kniouosa iges Be 3abapBneHHA OUBITUHMW KBiTOK. fIKi reHotMnn 1 de-
HoTUNK 6yayTb Matu ribpuaun Big CXpellyBaHHA ABOX
Pi3Hi reHy B reHoMi B3a€EMOAiOTb MiX cobolo. reTepo3nroTHNxX ocobuH? 3. Yomy nig uyac B3aemopii
MowwnpeHMmn TMNnamu B3aEMOAIT Pi3HUX reHiB € pi3HMX reHiB BiAOYBa€eTbCA BiAXUNEHHA Big MeHAenis-
KOMMIeMeHTapHICTb, enictas i nonimepis. CbKMX 3aKOHOMIPHOCTelN po3LenneHHaA?
135
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Tema 4. CnagkoBIiCTb | MiIHAMBICTb

§ 65. MiHnuBIiCcTb O3HaK

0 [omipkymnTe

Yomy npoTu BipyCy rpuny Ly»e BaXKO CTBOPUTU
BaKLWHY?

Q 3raganTe

o CnagKoBicTb

e MiHnuBicTb

o [eHn

» XpoMOCOMHa Teopifi CNafKOBOCTI

Pi3HOMaHITHICTb dopm
MIiHTMBOCTI O3HaK

Bu BiKe 3HaeTe, M0 MiHJIUBiCTE — IIe
BJIACTUBICTH KWBUX OPTaHi3MiB 3MiHIOBATHCHA.
IIi amiEm MoKyTH BimOyBaTuCA SAK i3 caMum
OpraHi3MOM YIIPOZOB:K IIEBHOTO Uacy, Tak i 3i
3MiHOI0O MOKOJIIHb Y KOXKHOTO 3 BUIIB JKUBUX
opraxismis.

¥V reHerurli BUIIJIAIOTHL IBi OCHOBHI (hopmm
MiHJIWBOCTI — cHagKoBy (TeHOTHUIIOBY) i He-
crmagkoBy (Momudikaiiiiny, abo (heHOTUIIOBY).
3MiHM, AKI BUHUKAIOTh y BUIAJKY CIATKOBOIL
MiHJIMBOCTi, IIepefaloThLCSI HAIaAKaM, a HecIaJ-
KOBOI — HAIIaJKaM He IIepeJaloThCH.

CrnagkoBa MiHJIMBICTH MOZIIAETHCA HA KOM-
6iHaTUBHY I MyTaIlifiny. 3a KOMOiHATMBHOI MiH-
JIUBOCTi He 3MiHIOEThCA cTpyKTypa JJHK. Bindy-
BAEThCA JIVIIIIE IEPEeKOMOIHYBaHHSA aJesiB pisHUX
reHiB. 3a MyTamiiiHOI MiHJWBOCTI CTPYKTypa
IOHK mo:xe smintoBaTucs. Taki sMiHu He 3aB:KAU
moB’sA3aHi 31 3MiHOIO TOCJIiTOBHOCTI HYKJIEOTH-
IiB y Me)xax refa. 3MiHEH MOXKYTb BigOyBaTucs
AK Ha PiBHI OKpeMHX XPOMOCOM, TaK i BCHOTO
resomy B Iijiomy. Hampukiaanm, aBi xpomocomu
MOKYTb 00’ e THATHCA B OnHY. AOO 3arajbHa Kijb-
KiCTh XpPOMOCOM y T€HOMi MOJKe IIOBOITHCH.

YacTo BUeHi BUIIIAIOTHL AK OKPEMHI BUL
MiHJIMBOCTI OHTOTe€HeTUUYHY MiHJUBicTh. BoHa
BimOyBaeThCcA IPOTATOM KUTTA OCOOMHU Mif
KoHTpoJseM reHiB. Came Ig MiHJIMBiCTBH Bimmo-
Bimae 3a Te, 1110 OHA II Ta camMa JIOAWHA Y BiIli
OJHOTO, IIIeCTU, ABAAIATU U ciMIecsaTu POKiB
BUTJISAAE€ 30BCIM IIO-pisHOMY.

KombiHaTrBHa MiHNMBICTb

Komo6inaTuBHa MiHJIMBiCTH mOB’s3aHA 3 OT-
PUMaHHAM HOBHUX HOEIHAHb T'€HIB y T€HOTHIII.
Bu Bixe m100pe 3HaOMi 3 ITUM THUIIOM MiHJHBOCTI
Ha npukJani 3akoHiB I'. Mengensa i Bzaemomil
TeHiB.

B eykapioriB, fIKi POBMHOKYIOTBCA CTaTe-
BHUM IIIJIAXOM, KOMOiHATHMBHA MiHJIMBiCTHL mOCSH-
TaeThbCs B pe3yJabTaTi TPhOX TIPOIECiB:

— He3aJIe)KHOTO PO3XOIKEeHHA XPOMOCOM
oig yac mMenoasy;

— BUOAJKOBOTO MOETHAHHS raMeT IIiJ dac
3aILIiTHeHHd;

— perkombiHaIii reHiB 3aBOAKM KPOCUHTO-
BEpPY.

Cami renu mpu IboMy He 3MiHIOIOTBHCS, aJie
BUHUKAIOTh HOBIi X MOEMHAHHS, IO CIPUYUHIOE
MOSABY OpraHi3MiB 3 iHImMUMMHW TeHOTHUIIOM i (e-
HOTHUIIOM.

Hacaigxkom Komb6iHaTmBHOI MiHJAMBOCTI
e dABuie rereposucy. I'ereposuc (Bim rperr.
heteroisis — BUIO3MiHU, TEepPETBOPEHHA), abo
«TibpugHa cuia», MOMKe CIIocTepiraTucs B Iep-
oMy MOKOJiHHI B pasi ri6pmamsaimii wmix
IpeIcTaBHUKAMU PisHUX BUAIB abo copriB. Bu-
IiJAI0Th TPU OCHOBHI (hopMU TeTepos3ucy: pe-
TPOAYKTUBHUY (MiABUIIYETHCA BPOYKANHICTSH),
comaTuuHU (30LMBITyIOThCA JiHIMHI posmipu
opraHiamy) i aganTuBHUN (IigABUIYETHCS CTili-
KicTh M0 mil YMHHUKIB cepemoBUIIA).

MiHnunBICTb O3HaK GaKTepil

KombinaTuBHa MiHJIMBICTH TPAILIAETHCI He
TiTBKU B €yKapioTiB, AKi 3MiMICHIOOTS i1 mix yac
CTaTeBOTO PO3MHOKEHHsS. ¥ MiKpooprauismis,
AKi PO3BMHOMKYIOTHCS HECTATEBUM IILISIXOM, TEK
BUHUKJIN CIeliaJbHI MexXaHi3Mu KoMOiHATUB-
"ol MmimamBocti. Ile Kom’toraiisi, TpaHCAYKI[is
i Tpanchopmarris.

Kow’roramia — 1e GesmocepenHili KOHTaAKT
MiK JBOMa OaKTepiaJJbHMMMU KJIITUHAMU 3a [10-
TIOMOTOIO CIIeIliaJIbHUX IIOPOKHUCTUX TPYOOUOK
(F-mineit), mig yac AKOTO TeHETUYHUHA MaTepia
3 ogHiel KIiTMHN MepeHoCUuThCs B iHINY. 3a3BuU-
yall KOH IoTaIlid KOHTPOJIIOETHCS TeHaMU, AKi
poaTaloBaHi B miaasmimi.

1 36 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Tpanchopmania — me nepenecenuna [THEK,
saKa OyJsa i307bOBaHA, 3 ONHUX OaKTepiaJ bHUX
KiaiTuH po immwmx. Hatiuacrime Boma BimOyBa-
€ThCA micas 3armbesi OaxTepiaJbHUX KJITHUH.
ITicia Toro sk 3aruOJi KJIITUHU PYHHYIOTHCHA,
okpemi (pparmenTn ixapoi JJHK mMoxyTh moriu-
Hatuca immumu OaxTtepismu. Ilotim OGawkTepii
BOYIOBYIOTH IIi ()parMEHTH Yy CBOIO KiJIBIIEBY
mostekysy JTHEK.

TpaHcayKIis — Ile TepeHeceHHA OaKTe-
piarpHUX TeHIB 3 OmHiel KJITWMHM B iHIIY 3a
momomorom OaxTepiodara. Konu Gaxrepiodaru
POBMHOKYIOTECS B KJIITHHiI, TO B AedAKi 3 Bi-
pycaux yactuHOK mnorpamnise [JTHK ne Bipycy,
a Oaxrepii. BipycHa yacTHHKA MIEPEHOCUTH ITIO
IOHK B inmy 6aKTepiaJbHy KJIITHHY, 1e BOHA
BOYIOBYETLCS B OaKTepiaJibHY XPOMOCOMY.

3a mOomoOMOroi0 TaKWX WIpolleciB OaxTepii
MOJKYTh, HAIPUKJIAZL, OOMiHIOBATHCA TeHAMU
cTifikocTi Mo aHTHOIOTHUKIB.

Minnusictb Bipycis

MiuausicTs y BipyciB Moske OyTH AK cHaj-
KOBOIO, TaK i HecmajgkoBoro. HecmagkoBa MiH-
JMBICTHh BipycCiB BUHUWKAE, KOJU Bipyc MOKUIAE
KJITUHY, B AKifl YTBOPUBCHA, 1 3aXOILJIIOE YACTHU-
HY 1i KJaiTuHHOI MeMOpaHu, YTBOPIOIOUMN CBOIO
30BHIIITHIO 000JIOHKY. PidHi minsaHku meMmOpaHu
Iemio BiApisHAOTBCA MiK c0000, i ToMy pisHi
BipiOHM TaKOK MalOTh He3HauHi BigminuocTi. I1i
BimMiHHOCTI HaIIagKaM He IIepefaioThCd.

CnagkoBa MiHJIMBIiCTH BipyciB, AK i iHImMmMX
opraHismiB, Mo:ke OyTHM MyTaIlliiiHOIO i KOMOi-
HaTuBHOKO. MyTamiiiHa MiHIMBiCcTh y BipyciB €
HacJiZKoM MyTalliii. ¥ BipyciB HeMae TaKkux
pemapalifiHux cucTeM, AKi BUIIPABISAITH II0-
IMKOJKEHHS CIIaJIKOBOT0 MaTepiany, AK y KJIi-
TuHax. ToMy ImaHCW HAa BUHUKHEHHA MYTalliil
y HUX OinbImi, HiK Yy KJIITHMHHMX oOpraHismis.
Haii6inpmuii puUsMK BUHUKHEHHS MYyTaIlil
y PHK-BipyciB, 60 PHK € menm crabiibHOIO,
ik [[HK, 3 TouKu 30py 30epeskeHHsA IeHeThU-
HOl im(opmarrii.

0 Kniouosa iges

MiHAUBICTb € XapaKTEPHOK O3HAKOK BCiX MMBUX
opraHi3miB. BoHa TpannaeTbca i B eykapioTis,
i B npokapioTis, i y BipyciB. MiHANBICTb MOXe
nepepaBaTtnca (cmagkosa) abo He nepepaBatucA
(HecnagkoBa) Hawagkam. Kpim Toro, mportarom
KUTTA Y XKMBUX OPraHi3mMiB CMOCTEPIraETbCA OH-
TOreHeTUYHa MiHIMBICTb.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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BipioH

— aHTUreHn — CEermMeHTU reHis
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Man. 65.1. PekombiHaLia y Bipycy rpuny

Kom6inaTuBHa MiHJIUBiCcTh y BipyciB BuHU-
Kae BHACJIIOK 3apakKeHHs OfHiel KJIITUHU KiJlb-
KoMa pisHMMU BapiaHTamm Bipycy. ¥ mporeci
«30ipKu» BipioHiB IIi pisHOBUAU BipyCcy MOMKYTH
obomintoBatucsa gparmenramu [JTHK i yrBoproBa-
Tz HOBI KomOimamii. Ile sBuIle € gysKe xapak-
TepHUM AJd Bipycy rpumy. Moro remom ckija-
IaeThbcAd 3 BOChbMU OKpeMux (pparmentie PHEK.
Y pasi zapakeHHs OAHiel KJIITUHM KiJbKoMa
Bipycamu 1ii (pparMeHTH IIePeMilIyIOThCA, IO
CcTae IPUUYMHOIO MOSBU HOBUX BapiaHTIB Bipycy
rpuny (mana. 65.1).

@ MpakTnyHa poboTa

BuseneHHA ma onuc HOpMaabHUX i MymaHmMHux
¢opm Opo3sodpinu

1. Po3rnAaHbTe HopManbHi dopmn gposodinu. 3sep-
HiTb YBary Ha HOpMaJsibHi O3HaKW: Cipe Tino, YepBoO-
Hi oui, cdopmoBaHi Kpuna. Bigpi3HiTb camuiB Big
CaMOK.

2. Po3rnaHbTe MyTaHTHI dopmun gpo3odinu. BusHau-
Te, AKi 03HAKM B HUX € MYTaHTHVMMU.

3. Cknagitb MOpPIBHANbHY Tabnvulo HOpPManbHUX
i MyTaHTHUX dopm apo3odin.

4. CoopmyntonTe BUCHOBOK.

03aﬂl/ITaHHﬂ Ta 3aBOaHHA

1. Ha KoHKpeTHOMYy npuknagi noAcHiTb ocob6nu-
BOCTi KOMOGiHAaTUBHOI MiHnMBOCTI. 2. CKnagitb Crmncok
dakTopiB, AKI MOXYTb BMIMBATM Ha MIHAUBICTb >KMBUX
opraHi3mis. 3. BukopuctoByloun fopaTkoBi gxepena,
HaBediTb MpuUKNagn retTeposncy i 3anpornoHynTe no-
ACHEHHA MexaHi3My LbOro ABMLLa.
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Tema 4. CnagkoBIiCTb | MiIHAMBICTb

§ 66. MyTauii

0 [omipkynTe

Yomy npotu Bipycy imyHopediunTy ntoamHn (BIJ1)
AyXe BaXKKO CTBOPUTM BaKUMHY?

Q 3raganTe

« MiHnumBicTb « CnagkoBa MiHNMBICTb

- IHK « O6MiH peyoBUH

MyTauii

Myramiero (Bix matuH. mutatio — 3miHa)

Ha3WBAIOTh 3MiHY O3HAKM, IO 3yMOBJIEHA 3Mi-
HOIO CIIaJJKOBUX CTPYKTYP, IIepe0yq0BOI0 TeHe-
TUYHOTO amnapary. MyTaiii 3MiHIOIOTh T€HOTHUIL
ocobmHu. BOHM BMHUMKAIOTHL PamTOBO ¥ iHOM;L
HaJTalOTh OPraHisMy 3HAUHUX BiAMiHHOCTEH Bin
BUXimHOI (hopMu.

VYueHuM Taki 3miHu Oysau Bigomi gasuo. My-
TAIiAHIA MiHJAMBOCTI IPUCBATUIU CBOI POOOTHU
C. I. Kopkuuaceruit i I'. ne @pus. OcraHHROMY
HaJIe;KUTh TepMiH «MmyTarisg». Kpim Toro Bim
chopmyJIroBaB OCHOBHI IOJIOMKEHHS Teopili my-
raiin (1901-1903):

« Myramii BHHUKAIOTh PAITOBO AK JUCKPET-
Hi (mepepBHi) 3MiHM O3HAK.

+ HogBi ¢opmu € crifikumu.

- Ha Bigminy Bim HecmagkoBoi MiHJIMBOCTI,
MyTaI[iliHi 03HAKU He YTBOPIOIOTH HEIlePEePBHUX
pAmiB i He 30CEPEMKYIOTHCSA HABKOJO SAKOTOCH
cepegHbporo Tuny. MyTarii € AKicHUMU 3MiHAMU
B OpraHiamax.

+ Myrarnii nposaBasioTbca mo-pisHomy. Boun
MOJKYTb OyTH i MIKiAJIUBUMU, i KOPUCHUMU.

+ BiporigHicTs BUABJIEHHA MyTaIliili 3aje-
JKUTh BiJ UmcJa JOCTimKyBaHMX OCOOMH.

« OpHi # Ti cami myTamii MOKYTh BUHUKATHA
TIOBTOPHO.

MonekynapHa ocHOBa MyTaL,in

Monerynaa IHK, ak i Oyab-aka inma moJe-
KyJjia, MOKe 3a3HAaTU MNOMIKOAXKEeHb, AKi MU Ha-
3uBaeMo MmyTtaniamu. i moImKogKeHHA MOXKYTh
OyTu pisHUMH. Moike OYyTH IIOIIKOI:KEHO OIUH
HyKJeoTus abo Bimgpasy mapy HYKJIEOTHUIIB.
Mo:ke craTuca pospuB ogHoro 3 jaHioris JTHEK
abo HaBiTH 000X JIAHITIOTiB OJHOYACHO TOIIIO.

Myramifina MiHINBiCT, BUHNKAE BHACIITOK
3MiH CTPYKTypHu ab0 KiJIBKOCTiI UM po3TallyBaH-
Ha mosekys [THK. Bci ;xuBi opranisamu mamoThb
mexaHidamu penaparnii JJHK, axki mosBoasaooTs
JiKBigyBaTH Taki mopyiieHHsa. Ase KO MexXa-
Hi3MU perapaliii He BIIOPAOTHCA i3 3aBIAHHAM,
To BuHUKae 3mina JJHK, aka Oyzae nepemasatucs
HamagkaMm. Bunnkue myTarisa. Ciaing sasHauuTu,
110 B 0araToOKJITHHHUX OpraHisMax HaIlagxKam
OyIe mepemaHO JHIIe Ti MyTallii, AKi BUHUKJIN
y cTaTeBUX KJIITHMHAaX.

Knacuoikauii myTauin

Hapasi Bigomi myramii B ycix KJjaciB TBa-
puH, pocauH i BipyciB. IcHye Oararo myraiii
i B moguau. CaMe MyTallisMu 3yMOBJIEHA Pis3HO-
MaHiTHiCTS (mosiMopdisM) JIOACHKUX IIOMYJIS-
mMifi: pisHA mirMeHTAallid MIKip®, BOJOCCA, KOJIip
oueit, popMa HoOca, BYX, IIiAOOPiAAs TOIIIO.

Icaye Kinmbka BapiaHTiB KJaacudikaiii my-
TaIin:

+ 3a TUIIOM MPOABY O03HAKH B I'eTePO3UTOTi
MyTallii MomiJATh, Ha AOMiHAHTHI (IIPOABIA-
IOThCA Y T'eTepPO3UroTi) i perecuBHi (He IPOAB-
JAKTHCA Y TE€TEPO3UTOTI).

- 3a JoKaJgi3alico B KIITHHI PO3Pi3HAIOTH
AnepHi (3MiHIOIOTHL Te€HUW, PO3TAIIOBaHI B AApi
KJITUHU) 1 MUTOIIa3MaTUYHI (3MiHIOIOTL T'eHU,
posTarmioBaHi B IIUTOMJA3Mi KJIITWUHMW, HAIpPU-
KJIaZd, Y MiTOXOHAPisAX abo ITacTHaX) MyTallii.

« 3aJ€eKHO BiJi MPUUYNHU BUHUKHEHHS BU-
IiIAI0Th CIIOHTAHHI (IPMYMHA BUHUKHEHHA He
BCTAHOBJIEHA) Ta iHAYKOBaHi (IPUUYNHOIO BUHUK-
HEHHA € Oisg BCTAHOBJIEHOTO (paxkTopy — (hismu-
HOro, XimiuHoro abo GiosoriuHOro) myraiii.

« BaxksimBuM € TaKoK Te, y AKUX came KJIi-
THHAX BUHUKAIOTH MyTarii. SIKIIo BOHW BUHU-
KalTh y COMAaTHUUYHUX KJITHHAX — COMATHUYHI
MyTallii, To MOXKYTh IlepeJaBaTHUCA HAaIlaJKaM
JIUIIIe 32 YMOBW BETETATUBHOTO PO3MHOKEHH.
SIKII0 X BOHM BUHUKAIOTH y TaMeTax — reHepa-
TUBHI MyTaIrii, To MOXKYTb IepeJaBaTHCa HaIal-
KaM 3a 3BUYAWHOTO CTATEBOTO PO3MHOKEHHS.

[eHHi, XxpOMOCOMHI Ta reHOMHI MyTau,il

IIpoTe oxHieio 3 HAOIIBII HOIINPEHNX KJIa-
cupikaliii MmyrTarliii € iX po3IMo/iJl 3a PiBHEM Op-

1 38 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN
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Man. 66.1. MyTtareHHi pakTopu

raisaiii cmaJKkoBOro Marepiaxy, Ha AKOMY Bif-
OyBaeThCsa MyTallid. IKIII0 MyTallis 3MiHIOE JIMIIIEe
OOWH reH (3aMiHa, BTpaTa 4YM MOOJABAaHHS IIapu
HYKJIEOTHU/IB), Ile € MPUKJIAZOM T'€HHOI MYyTAaIlii.
¥ pasi, Ko 3auinaeThCcAa KOMILIEKC I'eHiB Ha
XpoMocoMmi (3amiHa, BTpara, [oJaBaHHA Y1 3MiHA
MicIld PO3MIIEeHHA MiIAHKU XPOMOCOMHU), IIe €
MIPUKJIAA0M XPOMOCOMHOI MyTaliii. A Koy 3MiHu
BifOyBalOThCA Ha PiBHI reHomy (3MiHa KiJgbKoc-
Ti OKpeMHUX XPOMOCOM UM BCHLOTO XPOMOCOMHOT'O
HaboOpy), Ie € TMPUKJIAJOM TeHOMHOI MyTaIlii.
Jlo reHOMHUX MyTAaIlili HaJeXXaTh MOJIIILIO-
imia i rerepomnoinia (ameymmioimis). Ilosaimmo-
imis — 1ie 30iJbIIIEeHHA KIiJIBKOCTI XPOMOCOM
MIJIAXOM OOJaBaHHS IiIMX XPOMOCOMHUX Ha-
O0opiB y pesyJbTaTi MOPYIIIEHHS Melio3y.
T'erepomoigia — 1e 3MiHA KiJIbKOCTiI Xpo-
MOCOM, IO He € KPaTHOI0 rarjoigHoMy Habopy.
fABuine, Koiu axa-HeOyab i3 XpOMOCOM y T'€HO-
TUIIi Ma€e He ABi, a TPU TOMOJIOTiIYHI XpOMOCOMU,
Ha3MWBaIOThCA TpUcoMiero. TpamiaeTbes i BTpara
OIHi€l 3 TOMOJIOTIYHUX XPOMOCOM — MOHOCOMIsf.

MyTareHHi ¢pakTOopKn

dakTopu, AKi 3maTHI iHAyYKyBaTH MyTallili-
HU#A edeKT, HA3WBAIOTh MyTareHHHMH. ¥cCTa-
HOBJIEHO, IO Oyab-sIKi (paKkTOpU B0BHIIIIHLOTO
i BHYTPIIITHBOTO cepemoBUIla, AKi MOMKYTh IIOPY-
IIyBaTU TOMeOCTas, 3AaTHI COPUYNHATH MyTaIlii.
Tpagumiiiao ix moxinATh Ha (pizuuHi (peHTTe-
HiBCBhKe Ta iHIIIi BUOPOMiHIOBaHHA, YIbTPAa3BYK,

0 KnioyoBa iges

MyTauii — ue panToBi 3MiHN O3HaK, WO CNPUYMHe-
Hi MOPYLIEHHAMM B CMAaAKOBMX CTPYKTYpPaXx »KMBO-
ro opraHiamy. IcHye 6arato pisHoBMAIB MyTaLii
(reHHMX, XPOMOCOMHUX, FreHOMHUKX ToLo). lNoABi
MyTaLiin cnpuse Aia MyTareHHUX $akTopis.

TeMIepaTrypa ToIlo), XiMiuHi (XiMiuHi croyKm)
Ta O6iosoriuni (Bipycu, Tokcuum) (maa. 66.1).

3HauHy 3arpos3y SK MyTareHu AJA JIIOJUHU
MOJKYTh CTAHOBUTHU WMIKiAAMBiI 3BMUKU. I TIOTIO-
HONIAJIIHHA, I aJIKOT0JIb, 1 HAPKOTUYHI peuoOBU-
HU € JOCUTH CUJBHUMU MyTareHHUMHU (HaKTO-
pamu. BoHU 3yMOBJIIOIOTH ITiABUINEHHSA PUUKY
BUHUKHEHHS MYTAIlil y HaIIagKiB.

Myrarenni (axkTopu IIIMPOKO 3aCTOCOBYIOTH
Y CeJIeKIINHIA TpaKTHUIIL 3 METOI0 OTPUMAHHSA HO-
BUX COPTiB pocJymH i mopix TBapuH. Tak, Ha pocau-
HU Oil0OTh KPUTUYHUMU TeMIIepaTypaMu, i0Hi3yIo-
YUM BUIIPOMiHIOBAHHAM, XIMiUYHMMU PEeUYOBMHAMU
(HaMOIJIBIIT TOMIMPEHUN AaJKaJoif] KOJIXII[WH).

® MNpakThyHa poboTa

Po38’a3yeaHHA munosux 3a0ay 3 2eHemMuKu: eu-
3HayeHHA muny mymaui

1. Y MepuKo-reHeTMUYHy KOHCYJbTalilo 3BepHynucaA
6aTbKkK N'ATUPIYHOT AiBuUMHKW. icns gocnigkeHHA
il KapioTny 6yno BUABMEHO, WO B il COMaTUYHMX
KMTUHAaX MICTUTbCA NO 46 XPOMOCOM, ajne ofHa i3
Xpomocom y 15-11 napi AoBwa 3a 3BUYalHY, TOMY
Wo Ao Hel npuepgHanaca xpomocoma 21-i mapw.
Akun BuA MyTauil B Ui€l AiBUNHKIN?

2. Y pesynbTaTi cxpeulyBaHHA caMKu Apo3odinu
3 MO3aiYHMMM ouMMa 3 BINOOKMM CamueM Yy Mo-
TOMCTBI OflepKafi CaMoK i3 MO3aiuHUMK 1 Binvmn
0uMMa, CaMLiB — i3 YepBOHUMU 1 Ginumn. BrsHaute
TUM MyTaLiNnHOT MIHAMBOCTI 3a3HauyeHnx ¢dopm Apo-
30dinu.

03a|‘|l/ITaHHFI Ta 3aBJaHHA

1. Yomy kmBi opraHiaMum MoXyTb OyTV MyTareHHu-
MKn dakTopamun? 2. MOACHITb, Y YOMY MONArae pusnK
ANA HawaaKiB NIOANHN, AKLWO BOHA BXMBAE HAaPKOTUYHI
peyoBMHU. 3. 3anpornoHyiTe Ta OOFPYHTYNTe 3axonm
3aXUCTy Bif BNAMBY MyTareHHUX GakTopiB.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 1 39
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Tema 4. CnagkoBIiCTb | MiIHAMBICTb

§ 67. MognodikauiiHa MiHNNBICTb

0 [NomipkynTe

Yn Moxke 3picT nioguHy 6yTr Ginblunm,
HiX 3 meTpu?

Q 3raganTe

« MiHnuBicTb - CnapKkoBicTb

« Qopmn MiHNMBOCTI » QakTOpK CcepepoBMLLa

MopundikauinnHa MiHNMBICTb

HecnmaakoBy MiHJIMBICTS illle Ha3UBaIOTh (he-
Homunogoiw, abo modugirauiiinor. Mogudika-
mii — e (QeHOTHHOBI 3MiHM, SKi BUHUKAIOTH
oig BIIMBOM yMOB cepemoBuiria. Moaudikarriii-
Hi 3MiHUM O3HAKU He YCIIaAKOBYIOThCH, aje ii mgia-
na3oH (HOpMa peakIlii) TeHeTUYHO 3yMOBJIEHUN
i ycnagkoByeThcA. BoHU He CIPUUYUHSAIOTH 3MiH
reHorumry. Moaudikariiina MiHIMBiCTh BigmOBi-
Jla€ yMOBaM iCHYBaHHS, BOHA € IPUCTOCYBAJIb-
HOIO (MaJ. 67.1).

YHacHigoK Iiel MiHJIMBOCTI ITig miero Ha op-
ra"iam (pakKTOPiB HABKOJUIITHHOTO CEPEIOBUIIIA
3MIiHIOETHCSA IHTEHCHUBHICTHP (hePMEHTATHUBHUX
peakiiiii abo BigOyBaeThbCA «BKJIIOUEHHSA» YU
«BUKJIIOUEHHSI» MEeBHUX T'eHiB. XapaKTepHUMU
pucamMu Moau@iKamitHOl MiHJIMBOCTI € Taki:

+ 000pOTHiICTh — 3MiHU 3HMKAIOTh 32 YMOBU
3HUKHEHHA cuenu(@iyHnX YMOB CEepeloBHUIIA, 110
CIPUYUHUJIN TOABY Moaudikarrii;

* MAalOTh I'PYHOBUU XapakxTep;

* 3MiHH y (DEHOTUIII HE YCIAIKOBYIOTBHCS;

* YCHaJKOBYETHCS HOPMAa pPeakIlil reHOTHUIIY;

Man. 67.1. MiHAMBICTb po3Mipy M'A3IB PyKM NOANHN
B YMOBaXx pPi3HMX Qi3NYHMX HaBaHTaXKeHb
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« icHye cTaTuUCTHYHA 3aKOHOMipHiCTH Bapi-
alifiHUX PAmiB;

- Mmommikrarii mudepeHIioooTs (HEeHOTHI,
He 3MIHIOIOUU T'eHOTHILY.

ITpukaagamu MogudikaIiiiHOl MiHJIMBOCTI €:

+ 3MiHA MacHW Tijla TBapuWH y pasi 3MiHU
KigbKocTi 13Ki;

- 3MiHa 3abapBJieHHS XyTpa y 3aMisa 3u-
MOI0;

+ 3MiHa PO3Mipy OKpPeMHUX JIMCTKIB Ha OX-
HOMY JepeBi;

+ YTBOPEHHs 3acMarw Ha IMIKipi JiroogmHu
OiJ BIJIMBOM COHSAYHHUX ITPOMiHiB.

Hopma peakuil

OcHOBOIO, KA BU3HAYA€ iCHYBAaHHSA MOIU-
dikamitinoi mimgmBocTi Ta ii Meki, € HopMma
peakirii. Hopma peakiii — 1e Bce pisHOMAaHITTS
eKcIpecii reHiB 3a yMOBU He3MiHHOT'O T€HOTHUILY,
3 SIKOro BUOMpAaeThCsa HaNOiABII BigmoBigHMi
yMOBaM cepeaoBUINa PiBEHb aKTUBHOCTI KOKHO-
ro 3 reHiB, mo i Gopmye (eHOTUII, AKUNA HA-
0inbIIIOI0 MipOIO BiAIIOBiZae icHyOUMM yMoOBaM.

Hopma peaxkiii mjgs KOKHOI O3HAKM Mae
Me:xxky BuaBy (majs. 67.2). Hampukaazn, mocu-
JileHe TONYBaHHSA TBAaPWHU 3YMOBUTH 3POCTAHHS
ii mMacu, mpoTe BOHa mepedyBaTuMe y MeKax
CIIEKTPY BUABJEHHA Iliei O3HAKM AJA IIHOTO
BUIY.

Hopma peaxiii BusHauaeThbCcsd TeHETHUUHO.
g pisHMX O03HAK € Pi3HiI Me)Ki BUABY HOpPMU
peaxirii. Hanmpukian, cUJIbHO BapiloBaTH MOKe
BeJIMYMHA Y010, IPOAYKTUBHICTD 3JaKiB (KiIb-
Kicui 3mMiHM), ci1abko — iHTEeHCUBHICTL 3abapB-

Man. 67.2. BepxHI0 i HUXKHIO MeXi 3pOCTy NoanHU
BU3HAyYa€ HOpMma peakuii

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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IHTepBan BapitoBaHHA — Big 60 fo 128 mm

Po3smax = 128 - 60 = 68 (Mm)

Man. 67.3. BapiauiiHnin psag LOBXMHW NNCTKIB

JIeHHsI IIepcTi y TBapuH abo KigbKicTh 3y0iB
y AoauHu (AKicHI 3MiHM).

BigmoBimHo mo 1bOro, HOpMa peakIlili MoiKe
O0yTu BY3bKOIO (dAKicHi sminm — 3abapBJiieHHS
JISIJIEYOK Ta iMaro AedAKUX MeTeJUKiB) Ta Imu-
pokoio (KinbKicHI 3MiHM — pO3Mipu JUCTKiB
POCJIMH, PO3MipH Tijia KOMax 3aJie:KHO Bim xap-
yyBaHHA IXHIiX Jsagedok). IIpore mis medAKux
KiTbKiCHUX 3MiH XapaKTepHa By3bKa HOPMAa
peakIii (;KUpHiICTH MOJIOKA), a AJA IOedKUX
AKiCHUX 3MiH — ImwmpoKa (ce30HHI 3MiHM 3a-
OapBJIeHHSA y TIeCIIiB).

BapiauinHmnn pag i BapiauinHa Kprea

Bapiamiiiauii pam — 1Ie IIOCTiZOBHIiCTH
Oyab-AKUX UHCeJ, PO3TAIlIOBAHUX 3a IIOPSAI-
KOM 3POCTaHHS IXHiX BeJuuuH. [IpoMizKOK Mixk
KpallHiMU ujieHaMU pPAJNY Ha3WBAIOTh iHTEepBa-
JIOM BapilOBaHHA, a JOBKUHY IILOTO iHTEpBa-
Jy — PO3MaXOM.

Bapiamifinum paaoM € i paHKXUPYBaHHSA
BimoOpaskeHHA IpoABYy MoaudikamiiiHol miH-
JUBOCTI — pPAJ 3HAUEHb MEBHOTO MOKA3HUKA
a00 XapaKTepUCTUKU OPraHisMy, PO3MIilleHux
3a IMOPAAKOM B3POCTAHHS YU CHIAJaHHA KiJb-
KicHOTO BHpaKeHHsA (IOBKUHU JIUCTKA, 3Mi-
HU iHTeHCHBHOCTiI 3a0apBJeHHs XyTpa Ta iH.)
(man. 67.3).

Bapiamniitna kpuBa € rpadivunumM Bimobpa-
JKeHHAM IIPOSABY MoAM(MIiKaImiiHOI MiHJIMBOCTI.

0 KnioyoBa ines

MogaundikauiiHa MiHAMBICTb BMHUKAE B OpraHis-
Mi nig BNMBOM cepefioBuLla i € cnocobom 1ioro
NPUCTOCYBaHHA [0 YMOB iCHYBaHHA. Mexi uiei
MIH/IMBOCTi 3yMOBJIEHI CMafKOBICTIO, @ KOHKpeT-
HUN NPOAB 3aNeXUTb B YMOB ICHYBaHHA.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Man. 67.4. BapiauiiHa KpviBa [OBXWUHW JINCTKIB

Bona mgemoHCTpye AK miamasoH Bapiarrili moxas-
HUKa, TaK 1 4acTOTy 3yCTPidaJIbHOCTI OKpPeMUX
BapianTiB. [lgsa moOymoBu BapiaiiiiHol KpuBoOi
0 TOPUBOHTAJBHIN OCi BigKJIamaOTh 3HAUEHHS
BapiaHTiB, a II0 BePTHUKAJNbHIN — dYacToTy Iix
BusBJeHHA (Maj. 67.4).

ITicia moOymoBu KpHBOI BULHO, IO Hali-
OiJIBINI YAcCTO TPANJISAIOTHLCSI CepeldHi BapiauTu
OPOABY IIOKA3HMUKA. IIpUUYMHOIO I[HOTO € mAid
GaKTOPiB HABKOJIUIITHLOTO CEepemoBHUINla Ha Op-
ra"iam. [eAki axkTopu TpUTrHiUyIOTH eKcIpe-
cifo reuis, iHIII — mocuIOIOTH. MalisKe 3aBXIHU
mi ¢axTopu, Aifoum Ha OpraHiaM, HeHTpPaJai3y-
IOTh OJVH OJHOTO, TOOTO KpaliHi BUABU O3HAKU
MiHIMi3yIOTBCS 3a YaCTOTOI 3yCTPivaJbHOCTI.
Ile i € mpuunHOO 6iNBIITOI 3ycTPivaJIbHOCTI OCO-
OuH i3 cepenHiM IIPOABOM O3HAKIU.

@ MpakTnyHa poboTa

BueyeHHA miHnueocmi pocauH. lobydoea eapia-
yitinoz2o pady U eapiayiliHoi Kpueoi

1. 3po6iTb BMMIipU MEBHOI XapaKTepucTKu Oynb-
AKOI POC/IVHN (HanpWKIag, AOBXUHM abo LWMPUHN
JINCTKOBOI M/IAaCTUHKM) abo cKopucTaiTecs TUMU, WO
HaBe[eHO B €NEeKTPOHHOMY [OAATKY.

2. MobyayiiTe BapiauiHWi pag Ta BapiauiiHy KpuBy.
3. CoopmyntoinTe BUCHOBOK.

03al'll/ITaHHﬂ Ta 3aBAaHHA

1. HaBepitb nprknagn moaudikauiiHoi MiHAMBOCTI
Yy POCAVH i TBapUH. 2. Y AKUX BUMadKax € MOXINBUM
BUXif, BENIMYMHM O3HaKWM (Hanpuknag, 3pocTy nwoau-
HW) 33 MeXi HopMK peakuii? 3. Bumipante [OBXMHY
20 nncTKiB Byab-aKOro gepesa abo KiMHATHOI POC/IMHM.
Ha ocHOBi oTpvMaHuUX JaHux nobypynTe BapiauinHWUiA

pAag i BapiauiliHy KpuBy.
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Tema 4. CnagkoBIiCTb | MiIHAMBICTb

§ 68. [NonynAuinHa reHeTnKa

0 [omipKynTe

Yn Moxke nonynAuia cknagatuca 3 ofHiel ocobu-

HK1? Yomy?

Q 3raganTe
« Bupg « Monynauis
o [eHeTuKa » EBontouyia

MNonynAuii Ta iX XapakTepUCTUKK

IMomyasAnmia — 1e CYKYOHICTH OCOOMH Of-
HOTO BHUJAY, SAKi BiATBOpPIOIOTH cebe IPOTATOM
BEeJIMKOI KiJIBKOCTi MOKOJIiHB i TpuMBagumii dvac
3aiMalOTh NEeBHY TEPUTOPi0, (PyHKIIOHYyHOUMN
i posBuBawuUuCh B OZHOMY ab0 KiJIbKOX yIpy-
NOBaHHAX JKUBUX OpraHisMmiB. Buam Kusux
OpraHisMiB CKJIaZalOThCA i3 CYKYHHOCTI CBOixX
HOIIYJIAILi#. ¥ OGiabIIoCcTi BUAIB HAPaXOBYETHCS
Kinmbka momyJdArniii. Aje icHyOTH i Bugm, AKi
MAalOTh TIJIbKYW OOHY ITOMYJISILifO.

Koskuilt monmynalii B1acTuBi meBHI XapakKTe-
PUCTHKU, 3a AOIIOMOTOIO IKVWX MOXKHA XapakKTe-
pusysaru ii craH. Ile m1isbHICTD, PO3IIOAIT OCO-
OMH 3a BIiKOM i cTaTTIO, XapaKTep PO3MiIlleHHs
B Me)Kax NPOKWBAHHA, THUII POCTY Ta iHIIIi.

YncenbHICTb i WinbHICTb nonynAuit

YuceapHicTh MOMyJaAIlil — Ie 3arajbHa
KiJIBKicTh OCOOMH Ha TEBHIiN TepuTOpii, AKiI Ha-
Jexxardb O0 onHiel momynamii. [na momysaiiit
IpiObHUX opraHidMiB (0COOJMBO BOJHUX) UNCEJID-
HICTH PO3PaxoOBYIOTh Ha NeBHHUU 00’em (Boxau,

Yucno nap Ha 10ra

NTA VLN

1937 1941 1945 1949 1952 Pokun

Yucno nap y Konowii

1946 1950 1954

I'PYHTY, OBiTpA). UncenbHIiCTh MOMYIAI] 3 Ua-
coM MOke 3MiHioBaTumcsa (Mai. 68.1).

SAxiro Mmu 6yneMo paxyBaTy He 3arajbHy Kilb-
KicTh 0COOMH, a cepefHI0 KiJIBKICTh Ha OIUHMUILIO
IJIOIII UM 06’€My, TO BM3HAUMMO HILIBHICTH ITO-
myasanii. Hanpukaas, uncesbHiCTb MOy JTATIT AT -
POK Ha OCTPOBi CTaHOBUTL 256 0coOMH. A IIijib-
HicTh Iiel momysarnii — 20 ocobuH Ha rexrTap.

Kpim minsHOCTI BaKJIMBOIO XapaKTEePUCTU-
KOI0 IOmyJAIil € pPO3IOAiJT OCOOMH y MerKax
TepuTopil, AKY 3aiiMae IOIyJaAlisd,— Ii mpo-
CTOPOBA CTPYKTypa. ¥ IIEBHUX MIiCI[IX TEPHUTO-
pii mIpoKMBAHHA IiJIBHICTH OCOOMH MOXKe OyTHU
HabaraTo OiJIbINOIO, HiyK HaA iHImi#i TepuTOpii.
Hampuknan, y micuax, 3pydyHUX IJad PO3SMHO-
JKeHHs abo Jo0yBaHHSA IXKi.

CraTeBa 11 BikoBa CTPYKTYypwv NONynAwin

ChniBBigHOmIeHHA 4YoJJOBiWOol ¥ KiHOYOI
craTe y IIONMyJAIlil Mae BayKJIMBE €KOJOTiu-
He 3HaueHHs. Bomo 06e3mocepeqHbO OB’ s3aHe
3 TIoTeHIiajaoM ii po3MHOKeHHsA. Busdnauaernsca
CIiBBiZHOIIIEHHA cTaTell SIK BiJHOINEHHS Kijlb-
KOCTi caMIIiB 0 KiJIbKOCTi caMOK abo KiTbKocCTi
caMIIiB 0 3araJibHOI KiJIbKOCTi caMIIiB i caMOK.

Hyskxe BayKJINBUM IOKA3HUKOM JJIS IOy~
mii € ii BikoBa crpykrypa. lle cmiBBimHoOIIIEeH-
HSI YMCEJIbHOCTI 0COOMH PiBHMX BiKOBUX KJIaciB
i morosims. He 000B’A3KOBO MOMYJAIisT Mae
CKJIQZATUCS 3 0COOMH pisHoro Biky. Hanpukian,
yci 0COOMHM B MOMYJIAIIAX OJHOPIYHUX POCIUH
MaioTh OJHAKOBUI BiK.

CraTeBa I BiKOBa CTPYKTYpPHU IOIIYJAIii
BimoOpaskamTh ii 3maTHICTH MO PO3MHOKEHHI.

Yncno NUUMHOK,
WO 3uMytoTb Ha 10Mm?

1962 Pokn 1880 1900 1920 1940 Pokn

Man. 68.1. [InHamika 4nmcenbHOCTI NONYAALUIN TPbOX Pi3HUX BUAIB TBAPUH
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Hampukinanm, SKIO B MOMYyJaAIil mepeBaskaioTh
crapi ocobumHH abo0 OysKe MajJo CaMOK, IIIBUI-
KO UHCEeJbHICTh IOMyJaANil 30iJbpIIyBaTHCa He
oyme.

MNonynAauivHa reHeTnKa

T'eHeTHUYHY CTPYKTYPY IIOOYJIAIIN Ta TreHe-
TUYHI IpoIecHu, AKi B MOMyJAIisSIX BigOyBamOTh-
cAd, BUBUYAE MOMyJAINiilHA TeHeTuKa. llomysis-
mifiHa TeHeTUKa IIOACHIOE IIPOIlecH aJanTalii Ta
BUAOYTBOPEHHS Uepe3 3MiHy UacTOT aJjieJiB re-
HiB AK HACJHIAKY eBOJIOIMiHUX ImpoiieciB. BoHa
BUBYAE Te, AK 3MIiHIOIOTHCA UACTOTH aJIeJiB IIif
Iiero pisHUX eBOJIOMiNHUX (haKTOPiB.

Ilonmynamitina reHerwuka cdopMmyBagacs
y 20-40-x porxax XX croairrda. Borna crana
OCHOBOIO CYyYaCHOI CUHTETUYHOI Teopii eBoJIio-
mii. Haii6inpmmiuii BHECOK y il PO3BUTOK 3PO0O-
au BueHi Ceroas Paiir, Poumanbn ®Pimrep, ko
Xonpeiia, Cepriti UerBepukoB, 'osdpi Xapmi
(man. 68.2), Binsrenpbm BaitaOepr (main. 68.3)
Ta iHImi.

BamauBumMu mMeromamMu, AKi COPUAIN PO3-
BUTKY IOMYJAIINHOI T€eHEeTUKU, CTAJU METOIU
Oioximii Ta moseKynapHOi Giosorii. ¥ 60-70-x
porkax XX CTOJITTA IMHUPOKE B3aCTOCYBAHHSA
OTpUMAaB MeTOJ OilIKoBOro esieKkTpodopesy.
3a 0IIoOMOTroI0 IIFOT'0 METOAY BIAJIOCS BCTAHOBU-
TH BeJHWKe pisHOMaHITTS ¢opmM OinKiB, AKiI KO-
nyBaaucsa ogHuM remom. 11i poboTu cTasiu OCHO-
BOIO HOBO1 eBOJIIOIiMiHOI Teopii HeNTpPaJIbHOCTI.
Hocnigsxenusa pisHomaniTTa 6igKiB (0C00IUBO
iBohepmeHTiB — pidHUX (PopM omHOTO (hepMeH-
Ty) IIAPOKO BUKOPHUCTOBYIOTH i 3apas.

Ane 3 kiama 1970-x pokiB y remeruili o-
OyJAiN AJA OpOoBedeHHS NOCTiKEeHb MoYaJiu
mupoko BukopuctosyBatu JIHK-texnosmorii.
I 3apas i meToau € ogHUMM 3 HAKOIJBII IIOIY-
aapuux. KpiMm Toro, cTBOpeHHs HOBUX METOIiB
BugisieaHa [JHK 3 BUKOTHUX PEIITOK A03BOJIAE
OPOBOAUTHU aHAaJi3 HABITH JaBHO BUMEPJUX IIO-
oyndamnivn i BupiB. Tak, 3aBAAKM UM MeTOIaM
yAajgocs BCTAHOBUTH, IIIO0 HeaHAepTaJbCbKe Ha-
ceJieHHA €BPOIM MEHIII aKTUBHO, Hi’K IIpeicTaB-

0 Kniouosa iges

byab-Aaknnm BnAg XMBMX OpPraHi3amiB CKnafgaeTbcA
3 nonynAuin. KoxHa 3 nonynauin CKnagaerbca
3 NpefcTaBHUKIB BUAY, AKI B3aEMOAiIOTb MiXK CO-
6010, i Ma€e NeBHy CTPYKTYpY (BiKOBY, CTaTeBy, Npo-
CTOpPOBY TOLLO).

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

Man. 68.2. I. Xapgi

Man. 68.3. B. BaliHb6epr

HUKU Cy4YacHOI JIIOAUHU, 0OMiHIOBAJIOCS reHaMu
3i cBoimMu cycimamm.

MNonynAauia AK ognHMLA eBontoLil

Ilomynsarii € TMMU OCHOBHUMHU KOMIIOHEH-
TaMHu, 3 AKHX CKJIAJAIOTHLCSI BUIU KUBUX OpP-
raHismiB. Ycd CYKymHiICTH TeHIB ycix ocobuH
momyJaAMii ckaazgae ii remodgonn. Koau axuiich
daKkTOp BHUIIYE YACTUHY OCOOMH ITOMYIAIlil, BiH
3MiHIOE CHiBBiHOIIIEHHA Pi3HUX BapiaHTiB reHiB
y reHodoHAi momysAlii. A 3miHa reHOGOHIY
3 YacoM MO:Ke HPU3BOAUTHU 1 [0 €BOJIOIiHHUX
smin. Tomy came momyJidllii, a He oKpeMi op-
TaHi3MHU € YyUYaCHUKAMU €BOJIIOI[IHOTO IIPOIEecy
1 eJleMeHTAaPHUMU OJWHUIIMU €BOJIOITiI.

@ MpaKTyHa poboTa

BusHa4yeHHsA xapakmepy ycnaOKye8aHHA ma MiH-
JluoCcmi opzaHismie

1. MNopiBHANTE POCAUHN OAQHOTO BUAY, 3HaAWAITb
03HaKy nogibHocTi B ixHin 6yaosi. MoAcHiTL npu-
YMHKU NOAI6HOCTI 0COBMH OfHOrO BUAY.

2. 3HangiTb y OOCNIAXKYBaHUX POC/VNH O3HaKMW Bif-
MIHHOCTI. flka BNacTUBICTb OPraHi3miB 3yMOBJIOE
BiAMIHHOCTI MiX 0COOGMHaMM OAHOrO 1 TOro CaMo-
ro sugy?

3. fIki 3 BUABNEHUX BaMW BiOMIHHOCTEN MOXYTb
OyTN 3yMOBJ/IEHI CMAJKOBOW MIHMBICTIO, @ AKi —
HecnajaKkoBo?

4. CoopmyntoinTe BUCHOBOK.

03ar||/|TaHHﬂ Ta 3aBJaHHA

1. MoAcHiTb, YOMYy OKpema 0cobrHa He Moxe 6yTu
efleMeHTapHoo oAnHULEeo eBontoLil. 2. Yomy TexHono-
rin BiATBOPEHHA AMHO3aBpIB, WO MoKa3aHa y daHTac-
TMYHoMy inbmi «lMapk KOpcbKoro nepiogy», He MoXe
6yT peanbHO BTiNleHa B XWUTTA?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae ]43
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Tema 4. CnagkoBIiCTb | MiIHAMBICTb

§ 69. EnemeHTapHi npouecn esonwouii. BuaoyreBopeHHA

0 [NomipkynTe

Y moxe HOBWI BUA YTBOPUTUCA 3 OfHI€El OCO-

6UHN?

Q 3rapante
» EBontouia » MakTopn eBontouil
« [Tonynauin » BupgoytBOpeHHs

®akTopwu eBontoLii

EnemenTtapui ¢axTopu eBoamomii — 1e
ABUINlA Ta IIPOIleCU, AKiI 3MiHIOIOTH TeHO(OHI
monysamii. 3MiHM B TeHOMOHAI IOMyJaAIii
3 YacoM MOJKYTh HaKommuyBaTucsa. Tomy oco-
OMHN B TOMYJIAIil IIOUMHAIOTL Oemaji OijbIie
BimpisuaTuca Bix cBoix mpexakis. Tak i BigOy-

BAEThCA €BOJIIOI[id.

Ho ¢darxTopiB eBoJOIlii BigHOCATH MyTaIlrii
(MmyTamniiHui poIec), MOMYJAAIiNHI XBUJIi (XBU-
Ji KuTTA), Operd rewim, izosArniio, Mmirparito
i mpupoguuit 106ip.

3akoH Xapgai — BanHbepra

Y Tux ymoBax, KOJIW CUTYyaI[ifd B IOMYJIAILi]
JKUBUX OpPraHisMmiB BigHOCHO cTabinbHa, pisHi
BapiaHTHU reHiB nmepedyBalOTh ¥ CTAOLIbHUX CHiB-
BigHOIeHHAX (y craHi piBHOBarm). lleit cran
omucye 3aKoH Xapai — Baiiabepra, Axkuii BcTa-
HOBJIIOE BiATIOBiAHICTH MiXK YacToTaMU PiSHUX
aJIesIiB Ta YacTOTaMU T'e€HOTHUIIIB, AKi 3a y4JacTio
IUX aJieliB YTBOPIOIOTHCH.

YMoBU, 3a AKUX IIed 3aKOH HIPAIlloE, € Ta-
KUMMU:

* CXpeIlyBaHHSA B MOITYJAI] € BIIBHUM i BU-
HagKOBIIM;

+ y HNOIyJAAIii BicyTHA Mirparis;

EBontouinHi pakTopm

dakTop Omnmuc axropa
Myramii IIpupomHmMii IpoIec MOCTIHHUX 3MiH
(myramifiauii | cmagKoBoi iH(GopMarlii BHaACTIZOK il
mporiec) MyTareHHuX (paxTopiB
ITonynamitiai = KonuBauHHS YMCeJIbHOCTI IPUPOTHUX
XBUJIL (XBWJIL | HOMYJAIil, SKe BiOYyBa€ThCA IIOCTIHO
SKUTTS) BHACJIIJOK KJIiMATUUYHUX, 010JIOTiUHIX

Hpeiid renis

a060 iHmux haxTopiB

3MiHa YacTOTH ajieJIiB IeBHUX T'eHiB
yepes BUIIAAKOBI mporiecu. Hampukaazm,
BUBEPIKEHHS BYJIKaHa, IOBiHL a00 10~
TPaIIAHHS HEBEJIMKOI I'PYIX OCOOUH Ha
HOBY TepUTOPio (e(peKT 3aCHOBHUKA)

I3onsamia Poanpinenusa momynaiiii ogHOTO BULY
uyepe3 BUHUKHEHHA MijK HUMU SKUXOCh
6ap’epiB (pisuuHMX 460 €KOJIOTiUHUX)

Mirparia ITepemiienus ocoOuH 3 ogHiel momyJis-
ii B in1ry abo Ha HOBi TepuTOpPil

ITpupoguui HudepeniriiioBane BUKUBaHHA GiJIbIII

Io0ip IPUCTOCOBAHUX 0 IIEBHUX YMOB iCHY-
BaHHA OCOOUWH y MOTYJIAIil

ITpuxknag gii

VY npenkiB ToAUHY BHACIITOK MyTaIlii ABi xpo-
MocoMu 06’enHaNCAa B ogHy. ToMy B JIloAMHMT

23 mapu XpoMOCOM, a y IIIUMIIaH3e, AK i y HAIloro
CIiJILHOTO TIpenKa,— 24 mapu

IlepiognuHO BUHUKAIOTE CIIAJaXy PO3SMHOMKEHHS
KoMax (HaumpukJaan, capauu). [Ipu mboMy TBapuHU
MOJKYTB IOIIMPIOBATHCA 3a MEXKi TepuTOpii cBOTO
3BUUYANHOTO IPOKUBAHHA

Kouu gioau morpanuian Ha AMePUKAHChKUHN KOH-
TUHEHT, cepe]] HUX BUIIaJKOBO He BUABUJIOCH JITO-
[leli 3 ayiesieM, AKUH BifmoBizae 3a hopMyBaHHSA
IITi IV rpyn kpoBi. Tomy mo HOBOI XBmi Mirparii
3 €Bponu, HaceJeHHA AMepuKu MaJio TiabKu I abo
II rpynu Kposi

ITonymamnii, sxi moTpanisaam Ha OCTPOBU, YACTO HE
MOTJIM KOHTAKTYBATH 3 MOMYJIANIIMUA MaTEPUKa

1 yTBOpIOBAJIM HOBI BuI, K B’IOpKU Ha ['anamna-
TOCBKHX OCTPOBaX

Puba-roska 3 YopHoro mops mirpysaJja B p. JIHi-
mpo, a 3BiaTH; no kanany [uinpo-orbac morpamnu-
ja B p. CiBepcbkuii [floHenb

ITix yac BUKOpUCTaHHSA aHTUOIOTUKIB BUIKUBAIOTH
TinbKU Ti 6aKTepii, AKi MaOTh 70 HUX CTIHKiCTD

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

Cnocobu BMAOYTBOPEHHSA
Cmoci6 BuIoyTBOPEHHSA IIpouecwu, aki BigdyBaroThCs

Teorpadiune (amomarpuune) | HoBi (hopmMu opraHisamMiB BUHUKAIOTH AK PE3YJIbTAT PO3PUBY apeasy i IpocTopo-

BUAOyTBOpeHHA (Mas. 69.1)

Boi iBoursartii. ¥ KoKHIN i30/1bOBaHiT TOTYAAIIl BHACTiTOK Apeli(py reHis i mo-

6opy sMiHIOETHCA reHOGOH . lani HacTae PenpPOAYKTUBHA i30J1A11is, 110 Bee
[I0 YTBOPEHHA HOBUX BUAiB. [I[prunHaMu PO3pUBY apeaay MOMKYTh OYTH IipchbKi
TIpoIiecH, Jb0JOBUKM, YTBOPEHHA PiUOK Ta iHIII reosioriuHi mpoIiiecu

Exousoriune (cuMmmaTpudne)
BUIOyTBOpeHHA (MaJy. 69.2)

Hozi ¢hopmu 3aiimaroTh pis3Hi eKoJOTiuHi HimIi B MeKax 0JHOTO apeaJry.
Izonsaria BigOyBaeThcss BHACIIIOK HEBIATIOBiAHOCTI Yacy i miciia cxpelyBaHHs,

TIOBEIiHKY TBapUH, IPUCTOCYBAaHHA 10 PiBHUX cIIOCO0iB 3alIMJIEHHA Y POCJINH,
CIIOKMBAHHA Pi3HOI iKi TOIIO

BugoyTBOpeHHS MIIAXOM
CXPpeIyBaHHs

BumgoyTBOopeHHSA IILIIX0OM
moJrinaoimii

« y momyJadAnii BiAcyTHiI myTairii;

* IIOIYJIAIis Ma€ BeJUKY UHCEJIbHICTh.

MaremaTuuHO 3aKoH Xapai — Batiubepra misa
IBOX ajieJliB OZHOTO I'eHa OIUCYIOTH (POPMYJIOO:

p*+2pq +q* =1,

Ie p — me vacrtora (y YacTKax OIWHUIL)
[IepIIOro ajieisd I'eHa, a ¢ — dYacToTa APYro-
ro anens. Bigmosiguo, p?ig¢? — uwacroru o6ox

TUIiB I'OMOBUTOT, 2pg — YacTOTa I'eTePO3UTOT.

3po3yMijo, 110 B peaJbHOMY IIPUPOJHOMY
CEPEemoBUII NMOCATHEHHA I[UX YMOB MOBHICTIO
HeMOJKJImBe. AJie 3a YMOBU JOCTATHBO OJIU3BKOIL
curyarii (myske Majio MyTalliii, cXpellyBaHHS
MaliKe BijbHe, Mirpaiii mai:Ke HeMae) pospa-
XYVHKU 34 I[i€io GopMyJIOI0 Mai0Th IiIJTKOM IIPUIi-
HATHUN pe3yJibTaT. SIKII0 K Ile CIIiBBigHOIIEH-
HS TMOPYIIYETHCA, TO Ile € CUTHAJOM IIPO Te,
10 BimOyBaroThbCsA SKiCh €BOJIIOIiIHI IIpoliecu
1 3BMiHIOETBCA TeHOMOHJ TOMYJaAIii.

HanpasneHicTb enemeHTapHUX

npouecis eBontoLil

3 eBOJMWOIITHUX (PAKTOPIiB TIIBKU ITPUPOJ-
HUl [0o0ip € HampaBJIeHUM — BiH i€ y meB-
HOMY HampsaMi, Bigdupaioum OiJbII IIPHCTOCO-
BaHMX OCOOMH. Yci iHmmi (gaxTopm eBoOJIONiil €
HeHaNpaBJIeHUMH. BoHU B3MiHIOIOTH YaCTOTHU

0 KnioyoBga igen
Mig pieto dpakTopiB eBontoLii YacTOTN anenis reHis

y nonynAuiax 3miH0TbCA. Hacnigkom Lpboro npo-
Llecy € eBOJOLIA XKMBUX OpraHiamis. Peynbratom
eBostoLii € BUAOYTBOPEHHA — npouec popmy-
BaHHA HOBUX BUAIB »KMBUX OPraHi3mMis.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

HoBa opma yTBOPIOETHCS BHACTIMOK CXPEIyBaHH ABOX BUAiB. IIpuKIagom
TaKOTO BUAOYTBOPEHH € camBa (ri6pug TepeHa Ta aamdi)

Hoga ¢opma yTBOpIOETHCA 3i cTapoi nuraxom mosimaoigusarrii. Ileit croci6 Bu-
OYTBOPEHHSA IOIIMPEHUNA Y POCIUH

4y

Man. 69.1. leorpadiuHe (anonatpuyHe) BULOYTBOPEHHSA

w5

Man. 69.2. EkonoriyHe (cumnaTtpuyHe) BUAOYTBOPEHHA

pisHUX BapiaHTiB TeHiB y reHOMOHII IOMYJIs-
mii BUIIaAKOBUM YMHOM. | HampaMu ITUX 3MiH
MOXKYTh y PisHi MomMeHTH OyTu pisHumu. AJe
HeHaIIpaBJIeHi (paKTOpM BUKOHYIOTh Iy:Ke BarK-
JUBY poJib. BoHU 3a0e31euyoTh IPUPOSHUN I0-
0ip MarepiamamMu s PoOOTH.

Cnocobu BMaoyTBOPEHHA

Icrye KinbKa MOMKJIMBUX CIIOCOOIB yTBO-
peHHA HOBOTO BuAy. HallBasKJIMBIIIOH YMOBOIO
YTBOPEHHS BUAY € i30JIAIiA HOT0 OKpPeMUX IO0-
nyaamii. Kiacugikaiiis cnocobiB BUIOyTBOPEH-
Hs moOygoBaHa caMe Ha PisHUII y cmocobax
CTBOPEHHA i30JAMil MiK piSHUMU TOMyJIAIid-
MU BULY.

3annTaHHA Ta 3aBJaHHA

1. Aki icHytoTb dakTopy eBonouii? 2. Bukopuctosy-
10U JOAATKOBI AKepena, nigbepitb oanH-ABa NPUKNagn
apendy reHis gna nonynauin noguHn. 3. PisHoBMaoM
AKOro BUOOYTBOPEHHA — CUMNATPUYHOrO YK anona-
TPVUYHOrO — MOXHA BBaXaTu BMAOYTBOPEHHA LUASAXOM
noninnoiansau,ii?
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Tema 4. CnagkoBIiCTb | MiIHAMBICTb

§ 70. leHeTnKa noguHN

. . [eHeTuKa NOOnNHN
[NomipkynTe
T'eneTuka JIOMWHN BWBUYA€E SBUINA CIIAJKO-
Homy TpaHcnnaHTtauis opraHis mMi>K MOHO3MrOTHU- BOCTi ¥ MiHJIMBOCTI y MOMyJAAIIAX JIIOJe, 0co0-
MU 6nM3HIOKaMK € Habarato MeHLW MpPo6IeMHOI, JIMBOCTI YCIAAKYBAHHS HOPMAJBHUX i IATOJO-

— ? . . )
HIXX MIX ANSUTOTHMMNA rivHEX O3HAK, 3aJe)KHICTh 3aXBOPIOBAHHSA Bif

TeHeTUYHOI CXWMJIBHOCTI ¥ (hpaKTOpiB cepemoBu-

é 3 . ma. 3aBAaHHAM MeIUUYHOI FeHeTUKU € BUSIBJIEH-
fafaune Ha 1 mpodisakTiKa CHAZKOBUX 3aXBOPIOBAHD.
o [eHeTuMKa « [feHOM NIOANHN Oco0JMBO BaKJIMBOIO T'eHETHUKA JIOAUHU €
« MeToam reHeTMUHNX AOCTigKeHb 3 OIVIANY Ha Te, 1[0 CHAAKOBICTH JIOJUHU — I

BasKJIMBA CKJIamoBa ii 3mopoB’s. [[o (akTopis, AKi
OCHOBHi MeTOAV FreHETUKM NIOAUHN

Meton,

v o Ocob6auBoCTi MeTOTY

Teneanoriunnii I'pyHTyY€eThCA Ha IPOCTEXKEHH] 6yAb-AK0I 0BHAKY B P/ IIOKOJIIHB 31 BKA3iBKOWO POTUHHNAX
3B’ A3KIiB MiK WwieHaAMM POLOBOAY. BUKOPMCTOBYETHCA AJIA OLiHKY PUSUKY YCIIaJKyBaHHA
TeHEeTUYHOTI'0 3aXBOPIOBAHHA.
Teneasoriunuiit meton 0yB yBeneHuii y HayKy B Kinmi XIX ct. @. I'axbToHOM.

MomaexkynsapHO- MosneryIapHO-TeHETUUHUNA METOM, JOCTiMKeHb CIIaIKOBOCTI JIIOAUHU € CYKYITHICTIO PidHO-
TEeHEeTUUYHUT MaHITHMX T€XHOJIOTIH i IpaIioe 3 MOJIEKYJIaMU HYKJEITHOBUX KUCJIOT i 6ikiB. 3asBuyaii yci
ITi TEXHOJIOTil BUKOPHCTOBYIOTh ¥ KOMILJIEKCi.
Jlo HaKI61IBIIT IO PEHNX MOJIEKYJIAPHO-TEHETUUHNX TeXHOJIOTiN HaJIeKaTh:
+ cekpenyBauHda [[HK (mosifAirae y BCTaHOBJIEHHI IIOCJTiJOBHOCTI HYKJIEOTUAHUX OCHOB Ha
neBHil ginaamni JTHEK);
+ moJiiMepasHa JIAHIIOTOBA PeaKIlid (BUKOPUCTOBY€E MPUHIINTI KoMiieMeHTapHOocTi [THK
s 36ibmenHs 11 KigbKocTi y 1po6i);
+ TeHETUYHI MapKepu (moJsArae B imeHTudikaiii nepuux rexis, ginaaok [JHK, xpomocom
200 0cOOMH 3a JOIIOMOTO0 IPUTAMAHHUX JIUIIE IM CIIOJTy4YeHb HYKJIEOTUIIiB);
« JHK-mikpouin (mmosnsirae B ToMy, II[0 Ha CHEIiaJbHIH IJIaTi pO3TAIIIOBYETHCA BeJINKA
KingbKicTh 30HAIB — HeBeaukux mosekys [JTHK, 3 akumu Bzaemonitors PHEK, 1110 HasiBHI
Yy DOCIIIKYBaHUX KJIITHHAX)

Bioximiunmit BurkopuctoByeThCs A JiarHOCTUKY 3aXBOPIOBAHb OOMiHY PEUOBUH, IPUUNHOIO AKUX
€ 3MiHa aKTUBHOCTi OKpeMux (hepMeHTiB.
3a momomororo 6ioxiMiuHux MeToAiB BiAKpuTo 6,13bK0 5000 MOIEKYIAPHUX 3aXBOPIO-
BaHb, IKi € HACTIAKOM IIPOSABY MYTAHTHUX I'eHiB. ¥ pasi BUHUKHEHHS 3aXBOPIOBAHHS BIAa-
€ThCs BU3HAYUTU a00 caM aHOMAaJbHUM 610K — depMeHT, a60 IPOMiKHI MPOAYKTH 0OMiHY

ITomymamiiizo- Jl03BOJIsIE BUBUATH MOIIMPEHHA OKPEMUX TeHiB y MOMyaAIiAX Jofeii. 3a3Buuail mpo-
CTaTUCTUUHUN BOISATH OesrocepenHe BUOipKOBe MOCTiAKeHHA YACTUHY IOyl a60 BUBUAIOTh apXiBu
JiKapeHb, MOJIOTOBUX OYAMHKIB, a TAKOMK IPOBOAATH OIMUTYBAHHS IIIJIIXOM aHKeTyBaHHA.
Bubip criocoby 3asmeskuth Big metu mocaimskenHAa. OcTaHHiNM eTam TOCTiAMKEHHA IOJIATAE
y cratTucTuyHOMY aHamuisi. Ileit MeTox H03BOJIsSIE BUSHAUNUTU T€HETUYHY CTPYKTYPY MOIYJIsA-
i (CIiBBiAHOIIIEHHA MiXK YaCTOTOIO IOMO- i IeTepPO3UroT)

IMuTorenernu- IpyHTyeThCA Ha BUBUEHHI XpOMOCOM JIIOAVMHY B HOpMI it 8a maTosrorii. Bix Bigirpae cyrre-
HUN BY POJIb ¥ BUBUEHHI Ta [iarHOCTUIIi CIIAAKOBUX 3aXBOPIOBaHb. OCc0O6JIMBO e(DEKTUBHUM 1€
METO/] CTaB Iicjid PO3POOKY MeTOiB AudepeHIifiHOTO 3a0apBIEHHA XPOMOCOM

MopentoBaHHSA I'pyHTyeTHCA Ha TOGYNOBI MaTeMaTnyHOI Mofei pisHOMAHITHUX Gl0JIOriYHMX IpOLECiB
1 pospaxyHKY peakIlii 3Mo/je;TbOBaHOI CUCTEMU Ha Jil0 TeBHUX (PaKTOpiB. 3a LOIOMOI0I0
MOJeTI0BaHHS BUBYAIOTH IIPOIlEC B reHO(DOHIaX Pi3HUX MOMYJIAIi N JIOAUHU, 0COOJIUBOCTI
poGoTu (hepMeHTiB mic/s BUHUKHEHHA MyTaIlill y reHi, AKUH IX KOAY€E, TOII[O
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BU3HAYAIOTH 3[I0POB’ A JIIOAUHY, BiTHOCATH TaKOMK
BILIMB HAaBKOJIUIITHLOTO CEPEOBUINA, PiBeHb Me-
IUYHOrO OOCJIYyrOBYBaHHS I CHOCIO JKUTTA.
T'enmetuka naoauHN 00’€dHYE KilbKa Ha-
OpPAMiB JOCHiKeHb CIAIKOBOCTI JIIOAWHU.
Tak, meduyHa zeHemuka 30cepemkeHa Ha [0-
CIiMKeHHAX CIaJKOBUX 3aXBOPIOBaHBb i MOpPiB-
HAHHI ycnagKyBaHHA 1 peasizaifii HopMaJIbHUX
i maToJoriuHMX O3HAK Ta 3aJIeKHOCTi 3axXBO-
pIOBaHb Bif reHeTWYHUX (PaxkTOpiB. A HA MeXKi
TeHeTUKHU JIIOAUHU, OioJsorii sroguHu I aHTPO-
noJiorii chopmyBanaca anmponozeHemuka. 1lei
HaOpAM JOCJIiIKYe IpolecH, SKi BimOyBaOThLCA
B CyYaCHUX Ta IIPOXOAUJIN B MaBHIX IIOIIyJIs-
miAgxX JOIWHU, 3aJydYalouyW JaHi IMOMYyJIAIlifHOI
TeHeTUKU JIOANHN, TeHeTUKHU MOBeNiHKU, IIITO-
TeHeTUKU, IMyHOTeHEeTUKU, aHTPOIIOJIOTII TOIIO.

MeToau reHeTUKN NaAnHN

HociimkeHHA TeHeTUKY JIIOAUHY TI0B’ A3aHe
3 BeJIMKUMHU TpPyIHOIaMu. IIpmumHE — y He-
MOJKJIMBOCTi €KCIepPUMEHTAJIbHOTO CXPEIyBaH-
Hs, IOBLIBHIN 3MiHI IIOKOJIiHb, MaJIill KiJIBKOCTI
HOTOMKIiB y Ko:kHil cim’i. Kpim Toro, Ha Bin-
MiHY Bif KJaacmuHUX O0’€KTiB, II[0 BUBUYAIOTH-
cA y 3arajibHIA T'eHeTuIli, y JIOIANHU CKJIATHUNA
KapioTui, BeJnKa KiJIbKICTh I'pyNn 34YeIlIeHHS.
IIpore, He3Ba)kaUM Ha BCi IIi TPYAHOIIi, TreHe-
TUKA JIIOOUHU YCIIiIITHO PO3BUBAETHLCS.

Y BUBUEHHi IeHETUKU JIIOAUHU BUKOPUCTO-
BYIOTBCS TaKi MeToau: reHeaJIOTiuHUMi, MoJie-
KYJIAPHO-TEHeTUUYHUM, OioXiMiuHMIA, ITOIIyJIs-
IMiAHO-CTaTUCTUUYHUM, ITUTOTCHEeTUUYHNI, METO[
MO/JIEJIIOBAHHSA TOIIO.

CknapaHHA poaoBoaiB

30upaHHs OaHUX ITOUYMHAETHCSI 3 MPOOAH-
Ixa — ocobu, POAOBia AKOI HEOOXiTHO CKJacTH.
Hum morke OyTu JroguHa — HOCIH AKO0I-HeOyAb
03HaKM, abo ocoba, AKa 3BepPHyJIacA 3a IOPaJoIo
IO JIiKapa-reHeTUKa. 3a3BUYAd POAOBiI CKJIama-
IOTh 34 OfHielo abo KijmbKoma o3Hakamu. Meton
BKJIIOUA€E ABa eTamnu: 30ip BigomocTeil mpo ciM’o
1 reHeaJioriuHM aHAaJIi3.

0 Kniouosa iges

[eHeTMKa NoAVHN — Le AyXe BaXXNMBUM po3gin
reHeTUKW, AKNA BUBYAE CMAAKOBICTb i MIHNUBICTb
nognHW. Y Ui ranysi 3acTocyBaHHA MEBHUX Me-
TOAIB FEHeTMYHMX AOCHigKeHb MOTPebye Bpaxy-
BaHHA He TiNbKN GioNoriyHuX, ane 1 couianbHUX
Ta MOPabHUX ACMEeKTiB.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

— HOCIT 03HaKu

Man. 70.1. Poposig

Ilix vac ckJaamaHHS POJOBOAY MOKOJIHHS
MOJKHA IIO3HAYATH PUMCLKUMU IIU(PpPaMu 3BEPXY
BHUS (3JiBa Big pomoBony). IlpeacraBHUKY OgHO-
T'0 IIOKOJIIHHSA PO3TaIIOBYIOTHCSI B OJAHOMY TOPH-
30HTAJIbHOMY PSAAY 3a MOPAJKOM HAPOIKEHHS
(siiBa HampaBo). ¥ MeKaX OJHOTO IMOKOJiHHSA
KOKHUY UJIeH ITO3HAUAEThCA apadChbKUMU ITu@-
pamu. Ko)KHUIT ujeH pPOAOBOLY MOKe OyTH IIO-
3HAUEHUN BigmoBimHUM IIHQPPOM, HAIIPUKJIAL
II-5, III-7 (manx. 70.1).

@ MpakThnyHa poboTa

CknadaHHsA podoeodie

1. CKnagitTb cxemy pofoBogy NeBHOI poAnHU (CBOET
a60 iHLWOT), BUKOPUCTOBYIOUM FEHETUYHI CUMBONMN.
2. [poaHanisyinTe poAoBIA i BU3HauTe TUM yCnagKy-
BaHHA (QOMIHAHTHWUI Y/ PeLeCcrBHUIA, 3UenneHnn Yn
He3uyenneHnn 3i CTaTTIO TOWO) O3HaK, AKi BM PO3-
rNAHYNN.

3. ChopmynionTe BUCHOBOK.

03aI'II/ITaHHﬂ Ta 3aBAaHHA

1. 3HangiTb Ta NpoaHanisynTe poAdoBia KOPOneBu
BikTopii AK npuKnag ycnagkyBaHHA remodinii. YKaxiTb
HallafKiB Koponesu, AKi He oTpumanu anena remodinii,
Ta MOSICHITb, YoMy Le Bigbynocsa. 2. [leaki 3 KnacuuHmx
METOAIB reHEeTUKN He BUKOPUCTOBYIOTb Y AOCIAKEHHAX
reHeTuKn nofanHN. AKi e MeToan 1 Yomy iX He BUKO-
PVCTOBYIOTb Y LibOMY BUMaAKy?

14/
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Tema 4. CnagkoBIiCTb | MiIHAMBICTb

§ 71. CnapgKoBi 3aXBOpIOBaHHA Ta ix npodinakTuka

0 [omipkymnTe

Yy MOXKyTb CNagKoBi 3aXBOPIOBAHHA Ta YPOLXKEHi
BaAM MaTW OfHAKOBWI 30BHILLHIN NpoaB?

Q 3raganTe

« CnaakosicTb o MyTauii

o [eHeanorisa o [eHeTMKa NOANHK

CnagKoBi 3aXBOPIOBaHHA i Bagu
NOANHN

Ak i B iHmuUX KUBUX OpraHi3dMiB, reHETUUHI
TOPYIIIEHHA B OPTraHi3Mi JIOAWHU MOMKYTbH Bif-
OyBaTHucsl Ha PisHMX PiBHAX opramisarii cman-
KOBOI'0O MaTepiaJy, IO i cTae IPUUYMHOKI CIIai-
KOBUX 3aXBOPIOBaHb. BiAmoOBigZHO, TPAILIAIOTLCS
TeHOMHi, XpOMOCOMHi 1 TeHHi 3aXBOPIOBAaHHA.

Ha Bigminy Bijg cmagxoBuxX 3aXBOPIOBAHbD,
IPUPOAKEHI Baau BUHUKAIOTH He B Pe3yJIbTaTi
nomkomxkerHa [[HK. Ilpupomxeni Bagu — 11e
CTPYKTYDHI IIOPYIIIeHHA, AKi BHHUKAIOTH 10 Ha-
POIKeHHSA JUTHUHH 1 IPOSIBISIOTLCA Bigpasy adbo
yepes NEBHUI dac Iicjd HapO KeHHA. IX Ipu-
YWHOIO € IIOPYIIIeHHA Ipollecy eMOpiorenesy mifa
Yyac BHYTPIIMTHBOYTPOOHOTO PO3BUTKY 3apoaKa.

IIprunHOIO TPUPOMKEHUX BaJ MOXKe OyTH
Iis Giosoriunmx, xiMmiuHMX a60 GismuHmMX Pax-
TopiB. Hampukianm, 3aXBOpPIOBAaHHA BariTHOI
JKIHKM Ha KPAcHYXy MOJKe OyTH IPUUYNHOIO IJIy-
XOTH Yy AUTUHU, a Oisd CHOTIMHOTO TaligomMimy
cTajla IPUYMHOIO HAPOMKEeHHS AiTell 3 HEpo3-
BUHEHUMU KiHIIiBKaMu.

a 6

Man. 71.1. ['aTa napa romosoriyHnMx XPOMOCOM Y 3[0pPO-
BOI (a) Ta xBOpOi Ha crHApoM JlexeHa (6) niognHn

[eHOMHI Ta XPOMOCOMHI
3aXBOPIOBAHHA NIOANHN

I'emoMHI ¥ XpOMOCOMHI B3axXBOPHOBaAHHA
JIOAWHU 3a3BUYall € OyKe TKUMU H PigKo
OyBalOTh CyMiCHUMU 3 KUTTAM. Tak, Iijg yac
YTBOPEHHA TPUILJIOILHOI 3UTOTH 11 PO3BUTOK
PO3IIOUMHAETHCH, ajie 3apOJOK T'MHe Ha JOCUTH
paHHiIX cTagigx pO3BUTKY. 3MiHM KiJbKOCTi
XPOMOCOM B OKpeMux mnapax (Tpucomii i MoHO-
comii) Tesx Bimomi. Ajie B OinbIIocTi BHIIAAKiB
3apOAKHY 3 TAKUMU IIOPYIIEHHAMU T I'MHYTb.

€ numre kinpka BuHATKiIB. Tak, mo Hapo-
IKeHHA NOKMBAIOTH HEMOBJSATA 3 TPUCOMisIMU
mo 13-t1 (curapowm Ilaray), 18-#i (cumapom Enx-
Bapaca) i 21-i1 (cumapom llayHa) XpoMocoMax.
Ane mogu i3 cumapomamu Ilaray i Exgappca
MaloTh 3HAUHI aHOMAJil PO3BUTKY Pi3HUX CHUC-
TeM OpraHi3My i JKUBYTH AysKe HenoBro. Jlrogm
i3 curgpomom [layHa »KUBYTH MOBIIE, ajie B HUX
€ 1IpobJieMHu 3i 370POB’sIM.

Yacrimie TpanasioThCA TOPYIIEHHS Y YNCIi
craTeBUX xpomocoMm. lle moB’s3aHe 3 TUM, IO
Y-xpomocoma mMicTuUTh IysKe MaJjo I'eHiB, a 3aiiBi
X-xpoMocoMU iHAKTUBYIOTHCA KJIITHHOIO, IIepe-
TBOpIOIOUYNCH Ha Tinbile Bappa. Tomy remorunu
XYY i XXX axuxoch 0COOJUBUX B30BHIIIHIX
MpPOsBiB He MaTh. Ajle 3a YMOBU MOHAJIBIIIO-
ro 30i/JbIIEeHHS KiJBKOCTi CcTaTeBUX XPOMOCOM
BUHUKAIOTH npobsiemu. CIafkoBUMU 3aXBOPIO-
BaHHAMU € cuHApoMm KisaiiHndenbrepa (reHoTHI
XXY) i cungpom IllepereBcskoro — TepHepa
(B renomi € gwurmie ogHa X-Xpomocoma).

ITpukgamoMm XPOMOCOMHOTO 3aXBOPIOBAHHSA
y JIOAUHU € cuHApPOM Jle:keHa, SKUUA BUHUKAE
BHACJiZOK yTpatu ¢parMeHTa XpPOMOCOMHU 5
(Mas. 71.1). Moro me HasWBaiOTh CHHIPOMOM
KOTAYOT0 KPHUKY, 00 mjau O6araThbox mOiTeii i3
UM CUHJPOMOM CXOXKUU Ha KOTAUYUHN KPUK.

IIle omHMM OPUKJIALOM XPOMOCOMHOTO 3a-
XBOpPIOBaHHA € xopes I'anrinrrona. BoHa Bu-
HHUKa€e B pe3yJbTaTi 0araTopasoBoi AyIIiKaIii
oxuoro 3 xKomoHiB (CAG) rema IT-15, posrario-
BAHOTO Ha XpoMocoMmi 4. ¥V 310poBUX Jioeil meit
KOJOH MPUCYTHIN y KiTbKOX Komisx. AJle micis
TOr0, K KOHill KOomoHy cTaHe Oijbine 36, pos-
BUBAETHCA xopesa ['aHTiHrTOHA. 3aXBOPIOBAHHA
posBuBaeThca y Bimi 35—50 pokiB i crae mpu-
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Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

I'IpMKnanm Fr€HHUX 3aXBOPOBaHb NNIOANHN

3aXBOPIOBAHHA

MyxogBicmumos

BigomocTti mpo 3aXBOpIOBaHHA

BuHukae BHACIIIOK MIOIIKOAKEHHA IeHa, PO3TAIlIOBAHOro Ha Xpomocomi 7. ITpusBoguTh

IO 3aryIlleHHs CeKPEeTiB 3aJ103 30BHIINTHBOI ceKkpelrii. Bukinkae suauni mpobaemu B poboTi

TpaBHOI i AUXaJIBHOI cucTeM

deninkeTonypis | BuHuKae BHACIILOK HOIIKOAMKEHHS I'eHa, pO3TallloBaHOro Ha xpomocomi 12. ITpusBoguTs
0 HEMOJKJIMBOCTI ITepepoOKy aMiHOKMCJIOTH (PeHinamaHiny. 3a BimcyTHOCTI TiKyBaHHS
IIPUBBOJUTH A0 YPasKeHHA HEPBOBOI CUCTEMU

HanbroHizm

BuHukae BHACTiIOK IOMIKOAMKEHHS OJHOTO 3 TPhOX I'€HiB, 110 BiAMOBia0Th 38 CUHTES

0inKa OICuHY, AKUU copuiiMae BigmoBigHMii KoJrip. ['eH CHHBOTO OIICMHY PO3TAIIIOBAHUI
Ha XpoMocoMi 7, a reHr YepBOHOTO i1 3e1eHoro — Ha X-xpomocomi. IIpusBoaguTs 10 BTpaTU
MOJKJIMBOCTI CIIpUMaTH BiAIOBIAHUN KOJIip

Temodinisa

BuHukae BHACTiIOK IONIKOAMKEHHSA OJHOTO 3 I'eHiB, 1[0 BiITTOBiTaloTh 3a IIpoIlec 3cigaH-

Ha KpoBi. I1i reru posramnioBaHi Ha X-xpomocoMi. IIpu3BoAUTE 10 MTOPYIIIEHHA IPOILECIB

3CijaHHA KPOBi

CepnoBunuokJi- | Bunukae B pesyabrari 3aminu nykJjaeotuny A Ha T B rexi, skuii posraioBaHuii Ha XpPOMO-

TUHHA aHeMisd

comi 11. Hacaigkom myTariii € 3amina B MoJIeKyJIi B-J1aHIiora reMOrJI00iHY aMiHOKUCIOTH

riyraminy Ha BaJiH. Taka MoJIeKyJia 3HAYHO TipIle TPAHCIOPTY€E KUCEHb

YUHOI aTpodii KIITUH JeAKUX BiAAiJIiB Ta Kopu
TOJIOBHOTO MO3KY.

[eHHi 3aXBOPOBAHHA NMOAUNHN

3a OmOMOrOI0 CydYacHMX METOHiB MJOCJi-
IKeHb yske Bigkpuro 6au3pko 5000 moiexy-
JAPHUX 3aXBOPIOBAaHb, AKi € HACIIIKOM IIPOSABY
MyTaHTHUX reHiB. [ledKi 3 TaKUX 3aXBOPIOBaHb
MMOKHY IO JIKyBaTWU He BIA€ThCA, ajie AJA Je-
AKUX 3HAWJEHO MIIAXW JIIKYBaHHA.

BuaBneHHs Ta npodinaktunka
CrMagKoBMX 3aXBOPIOBAHb

BusiBieHHA CHagKOBUX 3aXBOPIOBAHbL MOJK-
JUBe IeKiTbKoMa crocobamu. [[J1d mboro MOKHA
OPOBOIUTHY aHAJiI3 KapioTuiry, m1o J03BOJIUTH
BUSABUTHU IIOIIKOMKEHHA XpoOMOcoM abo 3MiHy
iXHBOI KimbKOCTi, a00 BUKOHATH OioxXiMiuHi aHa-
Jaisu, AKiI TOKaKyTh 3MiHYy aKTUBHOCTI (hepMeH-
TiB 200 HedimuT Y1 HAAJHUIIOK IIeBHUX PEYOBUH
B OopraHismi (HampukJaz, TOPMOHIB).

Mo:xHa mpoBecTH aHAaJIidW aMHIOTUYHOI pi-
IUHW 1 BUABUTU 3aXBOPIOBAHHS 3apogKa IIe

0 Kniouosa iges

CnafKoBi 3aXBOPIOBaHHA JIIOANHN AyXe pi3HOMa-
HIiTHI. BOHVU MOXYTb BMHMKaTN Yyepe3 nopyLleHHsA
Ha pi3HMX PIiBHAX OpraHi3auii cnagkoBoro mare-
piany: reHHOMy, XPOMOCOMHOMY, reHOMHOMy. [1nA
nNpodiNakTMKN Taknx 3aXBOPIOBaHb BUKOPUCTOBY-
I0Tb FeHeTNYHE KOHCY/NbTYBaHHS.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

B Timi marepi. J[y'Ke BasKJIUBUM € OOCTEIKEHHS
HOBOHAPO)KEeHNX. 3a AOIIOMOTOI0 HEeCKJIaIHO-
IO TECTy MOYKHA PAaHO BUABUTHU 3aXBOPIOBAHHSA
Ha (eHinKeTOoHYpio0. Ile mo3Bossie momepeauTH
PO3BUTOK ITHOTO 3aXBOPIOBAHHSA IIIJIAXOM Iepe-
BelleHHA NUTHUHH Ha ocobauBy pmiery. Hapnssu-
YallHO MEePCHEeKTUBHUM € TAKOK BUKODPUCTAHHS
MOJIEKYJIAPHO-TeHETUYHNX METOIiB JiarHOCTUKU
CIIAIKOBUX 3aXBOPIOBAHbB.

3apas BimoMi COTHiI 3axXBOPIOBaHBL, V AKHX
MexaHisMu 0ioxiMiUyHMX TOPYIIIeHb BUBUYEHO
IOCUTH MOKJATHO, ajie CIaJKOBi 3aXBOPIOBAH-
Ha JIOOUHYU HabaraTo IPOCTillle MOMIepPemuTH,
HisK BmjaikyBatu. Tomy ansa ix momepemKeHHS
CTBOPEHO CHCTEeMY I'eHEeTUYHOT'0 KOHCYJIbTyBaH-
HA. ¥ TeHeTUUYHUX KOHCYJIbTAIliAX MOKHA IIPO-
aHaJidyBaTH POAOBOAM OaTHKIB i pospaxysaTu
PUBUK HAPOAKEHHSA NUTUHU 31 CIagKOBUM 3a-
XBOPIOBAHHIM.

03aﬂl/ITaHHﬂ Ta 3aBOaHHA

1. Yomy 36inblueHHA KifbKOCTi X-XPOMOCOM Y nio-
JNHU € MEHLU Hebe3MeyHuM, HiXK 36iNbleHHA KilbKOCTI
6ynb-aAKoi 3 aytocom? 2. Bigomi BMNagky HapoaKeHHsA
OUTUHM NWe 3 OfHI€E CTaTeBOK XPOMocomoto. Ane
3aBXau ue xpomocomMa X. YoMy He HapoaXyloTbCa AiTn
3 €AMHOI0 CTaTeBOlo Y-Xpomocomoto? 3. 3anponoHymTe
N O6rpYHTYINTE rinoTe3y, fIKa NOACHIOE, YOMY HapOLXY-
I0TbCA AiTN 3 Tpucomiewo came no 13-n, 18-n i 21-n
XPOMOCOMax, a 3 TPMCOMIE MO IHLWNX XPOMOCOMaXx
FMHYTDb ille Ha eMOPiOHaNbHIN cTadii PO3BUTKY.

149

MiHicTepcTBO OCBITU | Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MoAepHi3auii 3amicTy ocBiTu https://imzo.gov.ua



OcHoBHi nonoXxeHHA Temn «CNagKoBIiCTb i MIHNUBICTbY

LleHTpanbHa gorma monekynapHoi 6ionorii

Pennikauia TpaHckpunuisa TpaHcnauia

HK PHK 6i
A T_> —) 6inok

A

3BOpPOTHa Pennikauis
TpaHCcKpunuis PHK
HykneiHoBI Kucnotu
OsHaku JAHEK PHEK
ITyxop Iesokcupubosa Pubosa
Hirporenoswmichui ocuoBu | I'ITA T TITAY
IBosaHIIOTOBA O60B’A3K0BO (OKPiM JeAKUX BipyciB); He B ycix moJsiekyax i He 1o Bciit ixHiit
CTPYKTypa yTBOpEHAa ABOMA aHTHUIIAPAIETbHUMHA IOBYKUHIi; yTBOPEHA METJIAMYU OJHOTO
JIQHITIOTaMHU JIQHITIOTa, 3aMKHEHOTO Ha cebe
ITpuknagu Xpomocomua [[HK, nnasmigu, THK- Iudopmaritina PHEK, TpancmopTHa

Bipycu, MOOi/IbHI reHeTUYHI eJleMeHTH PHEK, pu6ocomua PHK, PHK-Bipycu,
pubosumu, Bipoigu

DMepmeHTH, Wo 3abe3neyyoTb Nepegayvy cnagkosoi iHGopmauii

HasBa IIpomec DyHKIiST

OHK-3amnexHi Pennikamisa Cunres qouipunoi [[HK na marpuni matepuncbkoi [JTHE

OHK-noximepasu

OHK-3amnexHi Tpauckpuniisa Cunres PHK na matpuni JHK

PHEK-nosimepasu

Tonoizomepasnu Pennikamis, 3wmina Tomosorii JJTHK 1misxom po3pisaHHsA i TOBTOPHOTO
TPAHCKPUMIITiA 3ITUBAHHSA

Tenikasu Pemurikaris, Pospinenns kommninemenTapaux jgaumnoris JJHE
TPAHCKPUMIITiA

BynoBa onepoHa NpoKapioTUYHOro opraHiamy

lNpomoTop Onepatop CTpyKTYypHUIA TeH 1 CTpYKTYpHUIA FeH 2 CTPyKTypHUI reH 3 TepmiHaTop

bynoBa reHa eyKkapioTMYHOro opraHiamy

PerynatopHa PerynatopHa .
.y 'p MpomoTop y 'p EK30H 1 IHTPOH 1 EK30H 2 [HTpoH 2 EK30H 3  TepmiHatop
nocnigoBHicTb 1 MoCNifoOBHICTb 2
1 50 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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3aKOHW CMaIkoBOCTi

3aKOH OTHOTUITHOCTI riopumis 3aKOH PO3LIENJIEeHHS CIIaJJKOBHX 3aKOH He3aJIe;KHOTO KOMOiHyBaHHS
IIePUIOTO IMOKOJIiHHSA O3HAK y HAIIAJKiB riopuaa CIIaTKOBUX O3HAK
P ® x &
AABB aabb
r @ x @ Fo@ x . . ®
AABB
AA AA Aa !
| | / \ / \ AzB Agb AgB Agb
G @ ® G ® O [ )
" S A a A a | BR 3N BR |
\ / F._ | AABb | AAbb | AaBb | Aabb
2
@ Q Q - . o P e B
1 AaBB | AaBb | aaBB | aaBb
AA Aa aa

LAK 2R

b | Aabb | aaBb | aabb

>
Q
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BapiaHTun B3aemogii aneniB 0gHOro reHa

IToBHE mOMiHyBaHHS HemoBHe moMiHyBaHHST KomominyBanHI
AA aa Aa AA aa Aa AA aa Aa
[eHeTunKa cTaTi

Kinka XX Q z w 9

i
1

Yonosik XYd

Kapiotnn

lfameTtn

3urota 3uroTta @
HiBuMHKa 9 Xnonumk d OcobuHM Yosnosivoi cTaTi d OCoBUHN XiHOYOI cTaTi 9
(NiBHWKN) (KypKn)

HeanenbHa B3aeMogis reHis

IIpuxkaagu posuienieHs

PiznoBug CyTHicTh .
32 OJHI€I0 03HAKOIO

YV BusHaueHHi 03HaKU OEPYyTh yUaCTh
IBa TeHU

KommiemeHTapHicTh 9:6:1 9:3:4 9:7 9:3:3:1
AJtesIb OTHOIO IreHa IPUTHIUYE IIPOSIB 12:3:1 7:6:3 13:3 (mominauTHUI emicTas)

Enicras ajieJid iHIIIOro rexa 9:3:4 9:7 13:3 (peuecuBHUi emicras)

CrTymniHb IPOABY O3HAKHU 3AJI€KUTH
Ionimepisa BiJ KimbKOCTI TOMiHAHTHUX ayeseii 1:4:6:4:1
MOJIIMEPHUX TEHiB

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 1 51
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Tema 5. Penpopaykuin
Ta PO3BUTOK OpPraHi3mis

§ 72. bypoBa BipyciB

0 [TomipkymnTe

K MOXXHa 3apa3nTnCA BipyCHOW iHbeKLien?

Q 3raganTe

e BnactmBocTi XnBux opraHiamis
» bynoBa KnituHm

Bipycn B cuctemi opraHiyHoro cBity

Bipycu € BHYTPINTHBOKJITUHHUMY Tapasu-
TaMU — BOHU PO3MHOXKYIOTHCA TiJIBKU B YKUBUX
KJITUHAX, BUKOPUCTOBYIOUU IXHi#fl (hepmeHTa-
TUBHHUI amapar.

Y TrakcoHoMmii KmBOI mpuponu Bipycim
BUOIJNIAIOTH B OKPEMHUU TAaKCOH HEKJIITMHHUX
dopm xutra Vira. OcHOBHOIO BiAMiHHiCTIO Bi-
PyCiB Big KJiTHUH € BiAcyTHicTH 0OMiHY peuo-
BUH i He3ZATHICTh MO CAMOCTiHOTO PO3MHO-
KeHHdA. [loda KIiTHHOIO Bipycu He BUABJIAIOTH
O3HAK JKHMBOIO i MOBOAATHCA AK arperartu 0io-
mouiekya. IlosakiaiTuaHAa hopma Bipycy Ha3u-
BA€ThCA BIPIiOH.

VYriMm Bipycm BHKOPHUCTOBYIOTH ILiJIKOM
yemimHaui cooci6 BigTBopenusA. IlogioHO M0 Beix
JKUBUX OpraHidMiB, BOHW MalOTh T'eHETUUYHUH
MaTepiay, SKUUA MIepeJaloTh CBOIM UMCJICHHUM
KomiagmM. Bipycm MOMXYyTH BUAO3MiHIOBATHCH

HykneiHosa
R
KncnoTa
. (omHONaHUto-
binkosun
roea PHK)
Kancug,

o

BipioH npocToro Bipycy
Bipyc mromrioHos0i mo3aiku

1 eBosoIionyBaTtu. KpiMm Toro, BOHM aKTHUBHO
BILIMBAIOTh Ha €BOJIIOIIi}0 KWBUX OPraHi3MiB.
IcuyBanHsa BipyciB OyJo BigkpuTo 1892 pory
BugaTaEuM yuenuMm J. V. IsaHOoBCchKMM mif uac
BUBUEHHA MO3aiyHOI XBOPOOU TIOTIOHY.

byposa Bipycis

Poswmipu BipyciB BapitoroTs Big 20—30 (Bipyc
HeKposy TioTioHy) g0 300—400 HM.

TosoBHMMU KOMIIOHEHTAMU Bipycy € Mo-
aerkysna HykJaeinoBoi kucaotu (JHK abo PHE)
i saxmcuHa obosioHKa — kancud (mana. 72.1).

HykneinoBa KuciaoTa Bipycy MoKe OyTu
npencrasigena mojekysaoo [THK ado PHK, aka
MO:Ke OyTU OJHOJIAHITIOTOBOIO a00 IBOJIAHITIOTO-
BOIO, KinbIleBOI0 a0o JiHiliHOIO0. 3a THIIOM HY-
KJeIHOBOI KHCJOTH Bipycu KJIacu@iKyoTh Ha
HOHK-BmicHi i PHEK-B™micHI. Tomy 3a KilbKicTio
BapiauTiB opramisaii remomy Bipycu Habararto
pisHomaHiTHimIi, HiXK 6akKTepii i eykapioTu.

Kamncup ckiaazaeTbesa 3 OMHAKOBUX O0iIKOBUX
YAaCTUHOK — Kancomepisg. Jleski Bipycu moBepx
Kalcuay MAaloTh JiNnigHy O000JOHKY — cynep-
Kancud. BiiKu Kamcuay KOAYIOTbCA BipycHUM
TeHOMOM, a CYIIePKAaIICHU]l YTBOPIOETHCA 3 MeMO-
PaHM KJIiTMHU-Xa3sdiHa.

PisHOMaHITHiCTb BipyciB

Bipycu mommpeni Bcrogm i € HalumcJieH-
HimmuMu OGiosoriunmMm o06’eKTaMuy Ha SeMJIi.

HykneiHoBa
KucoTa

(OHK)

Kancupg

JlinonpoTeigHa
0060/10HKa

(cynepkancug)

BipioH cknagHoro Bipycy
Bipyc 2epnecy

Man. 72.1. bygosa Bipycis

1 52 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Man. 72.2. [lia Bipycy TIOTIOHOBOI MO3aikn y ToMaTiB

Bonu ypakaioTs yci (hopMu KJIITUHHUX OpraHia-
MiB, Yy TOMY YWCJi TBapuH, POCJUHU, OaKkTepii
Ta TpudH.

Cepen BipyciB TBapuH i JIOMUHM iCHYIOTH
30yIHUKHN Oy:Ke HeOe3lmeuHHX XBOP0O, TaKMUX,
HaOpUKJIaL, AK Bicma, mojsiomieJsit, ckas, Bi-
pycuutii renatut, rpun, CHII] Tomro. BaraTo Bi-
pyciB, 0 AKUX YyTJAUBA JIOAWHA, Ypaskae TBa-
puH, i HaBnmaku. KpiMm Toro, mesxi TBapuHu €
IepeHOCHUKaMH1 BipycCiB JIIOJUHUA.

Bipycu TBapmH i JIOAMHM MOMKYTH IIOIIIH-
pIoBaTHUCH:

« TBApUHAMU-TIePEHOCHUKaMU (HanpuKJaa,
Bipyc ckaasy);

* IOBITPAHO-KPAIIEJILHUM IIIJIAXOM IIiJT Yyac
Kalnro abo uxauHa (Bipyc rpuimy);

« pexaJbHO-OPAJBLHUM IIIJAXOM Mix Uac
KOHTaKTy i3 3apa'keHO0 i»Keio abo Bomoio (Bi-
pycHu, I0 CIPUUYMHAIOTHL KUITKOBI polJianm);

* CTATEBUM IMIJIAXOM i ITiJ Uac rmepesuBaHHA
s3apaskenoi kposi (BIJI).

Bipycu pocauH 3aBIaroTh BeJINYE3HOI KO-
IU CiIbCBKOTOCIOZAapPChKUM KyJbTypaM. Ha-
OPUKJIAL, BipyC TIOTIOHOBOI MO3aiKW € mpuUYu-
HOI0 BTpPAT He TiJbKH TIOTIOHY, a M TOMATIiB

0 KnioyoBga iges

Bipycn € HekniTmHHoO dopmoto XuTTa. Kom-
NMOHEeHTaMW Bipycy € HykneiHoBa Kucnota (OHK
abo PHK), 6inkoBa obonoHKa (Kancua) i ninigHa
060M0HKa (cynepkancua). Bipycn ypaxatoTb yci
dopMM KNITUHHUX OpraHi3miB, iHOAI BUKMMKaOUM
Hebe3neuHi 3axBOPIOBAHHA.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

binkoBa obonoHkKa

L
loniBka - HykneiHosa
Kucnota

[ S BHyTpiwWwHin
3 CTPUXKEHb

XBoCTOBUI
BipPOCTOK

basanbHa
naacTUHKa

®ibpunu i‘

Man. 72.3. bygoBa 6akTepiodara

(man. 72.2), mepriB i GamTaHHUX KYJIBTYD,
y SKMX BiH BUKJIMKae HEKPO3 IIJIOAIB. Ypo-
JKal0 PUCY 3aBIa€ IIMTKOAM BipyC KapJaHMKOBOCTI
pucy. Kapronnsa Haiiuacriie cTpakjae Bif Bi-
pPycy KapamkoBocTi Kapromiai. Bipychi s3axBo-
PIOBAHHS CIPUUYNHSAIOTL ¥ POCIUH HEepiBHOMipHe
3ab0apBJeHHS, TOKOBTIHHS # XJOPO3 JUCTKIB,
MOPYIIIEHHS POCTy (KapJUKOBiCTh), 3MOPIIKY-
BaTiCTh i CKPYYYBaHHSA JHUCTKiIB, HAAMIpHY Ky-
IIHCTiCTD.

Bipycu snerxo mepemarorbes Bim oxHiei poc-
JUHU 0 iHIMOI yepe3 KOHTAKT i3 COKOM XBOPUX
pocauH (y pasi TpaBMyBaHHSA POCJUH, IIiJ 4Yac
MiKipoBKM po3caju, TaCUHKYBAaHHS TOIIO), Ye-
pe3 HaciHHA, a TAKOXK KOMaxaMMU-TEePEeHOCHU-
KaMu.

Bipycu 6akrepiit — Oaxmepiogpazu — Bu-
0ipKOBO ypaskaloTh OaKTepianbHi Kiaituuu. Tu-
moBa (paroBa YacTKa CKJAJAETHCA 3 TOJIBKH
Ta xXBocrta (MaJj. 72.3). ¥ roxiBmi micTurhcs
OHEK a6o PHK. Ha kiumi xBocTa poaTaliioBaHa
0azaJibHa IJIACTUHKA, 3a JOMOMOTOI0 SKOl1 Bi-
PyC 3aKpillIIOETHCS Ha MOBepXHi baxTepii. XBicT
Ma€ BUTJIS HMOPOYKHUCTOI TPYOKMU, II0 SAKiil re-
HEeTUYHUUN MaTepiaj IoTpamise 3 ToJOBKU ¢ara
B IUTOILIA3My OakTepii.

3anuTaHHA Ta 3aBOaHHA

1. HaBepiTb aprymeHTn «3a» i «npoTu» TOUKK 30pYy
Ha Te, Wo Bipyc — ue: a) dopma XuUTTA; 6) HEXMBUIA
KOMMNEKC OpraHiyHnX Monekyn. 2. Yn icHytoTb Bipycn,
KOPWVCHI AnAa mognHu?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 1 53
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 73. uTTepianbHicTb BipyciB

0 [omipkynTe

Ak BiAGYyBaETbCA KOMilOBaHHA FE€HETUYHOro Ma-
Tepiany PHK-BmicHMX BipyciB nig yac ix po3mHo-
XKeHHA?

é 3raganTe

o Pennikauia OHK
* 3BOPOTHA TPaHCKpMMUiA

[Mpouecn XUTTEQIANBHOCTI
N PO3MHOEHHA BipYyCiB

Sk Bu BiKe 3HaEeTe, Bipycu € BHYTPIIIHBO-
KJIITUHHUMHM IIapa3muTaM#, OCKiJIbKM BOHU He
3IaTHI PO3BMHOKYBATHUCA 1032 KJIITUHONO. Bipy-
CU BUKOPUCTOBYIOTH PeCcypCcHu KJITHUHU-XasdiHa
IJIS YTBOPEHHS CBOIX UMCJIEHHUX KOIil.

¥V BipyciB po3pisHAIOTH ABi KUTTEBL (hopMu:
mo3aKJiTUHHY (BipioH), 110 He BHUABJAE O3HAK
KUTTENIANBHOCTI, 1 BHYTPIIMHBOKJIITHUHHY,
B CTaHi AKOI BipyC aKTHUBHO PO3MHOKYETBHCS.

ITosa opramismom-xassainoM BipycHi uac-
TUHKN JOeAKHH Yac He BTPAvYalOTh 3JaTHOCTI

[BonaHuto-

roea [OHK \ i
-

[eHOM

KNITUHN-
xa3fiiHa . P
OpHonaHuo-
roea [OHK
MembpaHa
KNIiTUHN

Man. 73.1. NpoHukHeHHs PHK-BmicHoro (BIJ)
y T-nimdouut

Io 3apakeHHs. Hampukian, Bipyc mosriomiesti-
Ty 306epirae iHGeKIiliHy aKTHUBHICTHL IIPOTATOM
KinbKOX mi0, Bipyc Bicmu — JIeKiJIbKOX MicAIliB.

Bipionu B3araJji MaioTh BUCOKY KUTTE3AT-
HiCTb, BOHU MOYKYTh HaBiTh MEPEHOCUTHU BUCOKI
mo3m papiamii Ta BuCOKmMiT TucK. IIpore BOHU
TUHYTH B yJbTPadiosieToBOMYy OIIPOMiHEHHi, 3a
YMOB BHCOKOI TeMIlepaTypu, MijJi BILIMBOM Je-
3iH(pikyounx peuoBmH. Aje Bipyc rematuty B
30epirae 3maTHICTH [0 3apasKeHHSA HABiTH Imicjs
KOPOTKOYACHOTO KHUII ATiHHA.

JKurTeBuii MUKI Bipycy CKJIagaeThCA 3 YO-
TUPHOX eTamiB.

1. Ilpuxkpinjaenaa mo KiaitTuum. Binxwu Bi-
PYCHOIO KalcHuAy B3B’A3YyIOTbCA 3 pelenTopa-
MU Ha IOBEePXHi KJaiTmHH-xasdina. Coemudirka
3B’s3yBaHHS BU3HAUa€ KOJIO XasdiB Bipycy. Ha-
npukriaan, BLJI ypakae tinbrku T-mimbomurn sio-
IWHU, OCKIJIBKY OJUH i3 TIiKOIIpoTeiHiB 060JI0H-
KU Bipycy cuerudivyHo 3B’ sI3y€ETHCS 3 PEIEIITOPOM
Ha moBepxHi T-mimdpormra (man. 73.1). Iummi
Bipycu, HampwKJajg Bipyc TIOTIOHOBOI MoO3aikwu,
MaOTh HINPOKUI CHEKTP XasdAiB.

2. IlponuxkHenHsa B KiaituHy. Bipyc mepe-
HOCUTL yCepeouHy KJITHHU CBili T€eHeTUUYHUN
marepiai, a iHomi ¥ BiacHi 6inKu, AKi momoma-
raroTh y peaJjisarrii #oro cmagkoBOl mporpaMu.

J1a TpOHVKHEHHA B KJIITHHU TBapUH Bipy-
CU BUKOPUCTOBYIOTH Pi3Hi cmmocobu: mesKi BIop-
CKYIOTh HYKJIEITHOBY KHUCJIOTY Uepes3 IJIa3MaThu-
HY MeMOpaHy, iHIIi 3JMBAOTHCA 3 KJIITHUHHOIO
MeMOpaHOI0, TPeTi HOTPalJAlTb y KJIITHUHY
MJIAXOM €HJOIIUTO3Y.

IIpomec indikyBamua Bipycamm rpubiB
i pocamH BimpisHAETHCA Bif iH(MIKyBaHHA KJIi-
TUH TBapWH, TOMY IO KJIiTUHU POCJUH i rpu-
0iB MaoThL MIIHY KJITUHHY CTiHKY, i Bipycu
MOJKYTb IPOHUKHYTHU BCEPEAUHY TiNbKU IicJA
ii momkomxeHHsa. BakTepii TakoX MaioTh KJIi-
TUHHY CTiHKY; Bipycu ii yIIKOIKYIOTH ab0 K
BIIOPCKYIOTHh CBifl TeHOM y OakTepiajabHy KJIi-
TuHy (Maa. 73.2).

3. Pemaikanis BipyciB. Big0yBaeTbcsa Bce-
penuHi KJIiTMHMN, y muTomaasMmi abo aapi. Kii-
TUHA PEIUIiKye BipyCHUII T'€HOM i CHMHTE3ye Bi-
pycHi 6inku. Ilicasa mporo ycepeauHi KJIiTUHU
BimOyBaeTbca 30MPaHHA BipyCHUX YACTUHOK.

1 54 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoZepHisauii 3amicTy ocBiTu https://imzo.gov.ua



BnopckyBaHHa OHK
y 6GaKTepiasnbHy
KNITUHY

Man. 73.2. IHdikyBaHHA 6akTepianbHOT
KNiTMHN 6aKTepiodparom

4. Buxin i3 kaituaun. 3asBuuaii po3MHOMKe-
Hi BipyCHI YaCTMHKY 3aJIUIITAIOTH KJIITUHY ITiCas
ii sarmbesi. Imoai Bipycu mpocTo BimoKpeMm.Iio-
I0ThCA Big KJiTmHHOI MeMmMOpaHmu: Bipyc o63a-
BOJIUTHCS CBOEIO OOOJIOHKOIO, a KJITHHA IPOJO-
BJKY€E JKUTH i TpogyKyBatu Bipyc. Heaki Bipycu
BOYIOBYIOTh CBili TeHOM y XPOMOCOMY KJIiTH-
Hu-xasdgiHa. Ilefl reHOM pemJIiKyeThCSA pPas3soM
3 TeHOMOM KJITWMHU i He BuUABJIsAE cebe, TOKU
TeBHI YMHHVUKY He CIPUYNHATH MOr0 aKTUBAIIiIO
(HampukJam, Bipyc repiecy).

OcobnmBocTi penpoayKuii pisHUX

rpyn Bipycis

- IHK-BMmicHi BipycH (Bipyc TIOTIOHOBOI MO-
3aiku, repnecy). Bipycu mpurpinamooroTbecd 10
MOBEePXHI KJITHHUN, IPOHUKAIOTH yCepeauHy,

0 Kniouosa iges

MUTTEBMI LMKN BipyCy CKNafa€eTbCA 3 TakMX eTa-
niB: NPUKPINAEHHA OO0 KNITUHU-Xa3AiHa, NPOHUK-
HEHHA B KNiTUHY, penikauia BipyCHUX YaCTUHOK,
BUXiA 3 KNiTHW. [nAa BMpo6HUUTBA BnacHoi PHK
a6o [HK Bipycu BUKOPUCTOBYIOTb K depMeHTM
KNiTUHU-Xa3AiHa, Tak i BnacHi ¢epmeHTn — PHK-
pennikasy i 3BOPOTHY TPaHCKpUMTasy.

3arnbenb
KNiTUHK-Xa3dAiHa

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

Bipyc

[ /

- o - [HK Bipycy
-_ ;'._. ——.
Anpo
BuBinbHeHHA KNITUHW
BipYCHMX YaCTUHOK l

EEIEERFAEEE EET

B6ynoBaHa
[HK Bipycy

Man. 73.3. Penpogykuia [JHK-BmicHoro Bipycy

3BIJILHAIOTHCSA BiJ Karicupy. ¥ KJIITUHHOMY AApi
depMeHTHU KJIITHHU-Xa3d1Ha PeIIiKyTh Bipyc-
my IHK i rpanckpubytors ii B iPHK. Pu6ocomu
KJIiTHHN-Xa3aina tpaHcawoTs iPHK B 6inkm
Bipycuoro kamcuzny (maza. 73.3). Bipyc mia Bu-
po6uunrBa Biaacuoi PHK i THK BukopucToBye
depMeHTH KJIITUHU-Xa3diHa.

- PHK-BMmicHi Bipycu (Bipyc Kopy). Pemuri-
Kallisg 3a3Buyail BimOyBaeTbcsA B IIUTOILIA3Mi.
Hna xomitoBaHHA cBoix remomiB PHEK-Bipycu
BUKOPUCTOBYIOTH BJacHuii ¢epment PHEK-
pemiikasy.

- PerpoBipycu (BIJI). Mictars omgHOJMaH-
mioropy PHK i BuKopucTOBYIOTH BiaacHUi (Qep-
MEHT — 360POMHY MPAHCKpUnmasay, Io Iepe-
HOCUTh reHeTnuHY iH(MopMmariro 3 PHK na [THK.
Orpumana [[HK moike BOymoByBaTuCA B T€HOM
KJiTUHN-Xa3diHa a00 BUKOPUCTOBYBATUCHA MIJIA
TpaHcKpuniii (man. 73.1).

03aﬂl/lTaHHH Ta 3aBaHHA

1. MosAcHiTb, Ak BIJ1 npurHivye peakuito iMmyHHOI cunc-
Temn. 2. Yn MOXHa [na NikyBaHHA BipycCHOI iHdeKLUil
BMKOPUCTOBYBaTK aHTUGioTUKN? 3. AKi nigxoan MoxHa
BMKOPUCTOBYBaTK Yy Ppapmakonorii Ana po3pobKun aHTu-
BipyCHMX npenaparis?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae ] 55
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 74. BipycHi iHpeKuii

0 [omipkynTe

YoMy aHTUOIOTUKN He € EPEKTUBHUMW MPOTU
BipyCHUX XBOPOO, 30Kpema rpuny?

Q 3raganTe

o KNiTMHHWI | rymMOpanbHWiA iMyHiTeT
o BakunHu

IHpeKuinHMn npouec,

BUKITNKAHUN BipycaMVI

Kosxuuii Bipyc mae meBHy cuernu@iuHy Bu-
O0ipKOBiCcTHL Xas3siB, [0 BU3HAUAETHCA THUIAMU
KJITHH, AKi BiH Mo)Ke iHQiKkyBaru.

¥V BipycHUX iH(QeKIil € iHKyOaiiiHUN epi-
O/, IPOTATOM SKOTO CHUMIITOMU 3aXBODPIOBAHHS
BimcyTHi. 3asdBuuail iHKyOaliiiHUN mepiond Tpu-
Ba€ BiJ HeKiIbKOX OHIB OO JEKiJTbKOX THUIKHIB,
ajie B IeAKUX BipyciB MoKe TpuBaTHU MicAlli abo
HaBiTh poku (BILJI).

ITicna imky6alrifinoro mepiogy abo oguHouac-
HO 3 HUM HacTae mepion nmomupeHHs iHdexii,
Oig yac AKOTo 3apaskeHuil OpraHisM € I:KepesioM
BipyCHUX YaCTHHOK.

Hani HacTae BJIacHe mepiox 3aXBOPIOBAHHS.
Bipycu cipuunHsaOTh 3arnbesib 3aparkeHnuX KJIi-
TUH, BiJf YOTO CTpask/la€ BeCch OPraHi3M.

0 [lizHanTeca binbue

l‘ll

MNangemia icnaHcbkoro rpuny 1918-1919 pokis
6yna cnpuumHeHa Bipycom rpuny A. 3abpana XuTTa
50-100 mnH ocib.

BipycHi iH(Qekii MoKyTh OyTH TOCTPUMU
(rpum, Bicma, ckas, JuxomaHka Ko6osa) i xpo-
mHivaumu (rematutu B i C). Inoxi Bipycu mepe-
OyBalOTh B OpraHiami B cTaHi cmokoo (Bipycu
reprmecy, OIepi3yiouoro JHIIA).

Yac Bim uacy BimOyBaioThbCs cHajJaX®W iH-
(hexmifinmx 3axXBOPIOBaHb (30KpeMa BipyCcHUX),
mig gac AKUX (iKCcyeThbcdad HE3BUYHO BeJUKAa
KimbKicTh xBopux. SKI0 crmanax BimOyBaeThcs
B OKPEMOMY PerioHi, I0T0 Ha3MBAIOTH eIieMi€lo,
AKIITO 3aXBOPIOBAHHA IIOIMHUPIOETHCA IIO0 BCiit
3eMHil KyJji, TO ioro Ha3sWBaOTLh MaHIEMi€IO0.

AHTUBIPYCHUW IMYHITET

OpranisMu MaOTh BPOAKEHHH iMyHITeT TIpO-
T BipyciB, c()OpMOBaHMI y HPOIIECi €BOJIIOIii.
B ycix Buzais, y Tomy umcii apxei, Ha KJITHH-
HOMY DPiBHI iCHYIOTH creriajbHi (h)epMEHTHi cuc-
TeEMU, AKi PYAHYIOTh OJHO- U IBOJIAHITIOTOBi Bi-
pycui PHEK.

OxpiMm TOro, y xpebeTHUX ITiCJIg KOHTAKTY
3 Bipycom opraHiam BuUpOOJise OiloK iHmepgpe-
POH, AKWH IPUTHIUYEe YTBOPEHHA HOBUX BipyciB,
BHUIIYIOUN ypaskeHi Ta cycigui riaitmau. Ille
ONHUM BHIOM AHTHBIPYCHOTO 3aXWUCTy € CIe-
mudpivai aaTuTia (TyMOpasbHUN iMyHiTET) —
iMYHO2A00YiHU, AKI TPUETHYIOTHCA IO Bipycy
i HeATpaJIi3yTh HOTO.

Hao6yTuii imyniTter (popmyeThcs micas me-
peHeceHOTO 3aXBOPIOBAHHA ab0 MIJISAXOM BakK-

Enigemia nuxomaHkm E6ona B 3axigHii Adpuui
2014 poky 3abpana »utTa 6nm3bko 8 Tuc. ocib. Jle-
TaNbHICTb 3aXBOpPOBaHHA — Big 25 o 90 %.

1 56 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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[lizHanTeca binblue

BinkpnTtTa 1987 pOKy aHTMBIPYCHOI cuctemMn apxen
CRISPR-Cas9 3ymoBuiO MPOPMB Y CYYacCHIN reHHin
iHXeHepii. La cnctema ¢yHKuUioHye Ak GakTepianb-
HUI IMyHiTeT NpoTu Bipycis. byno goseneHo, wo i
MOHa BMKOPUCTOBYBATU AK iIHCTPYMEHT A1 TOYHOI
KopeKLii reHoMy 6e3nocepefHbO BCEPeAVHi KNiTn-
HW. Lle BigKpnBaE NOTeHUiNHI MOXINBOCTI MOBHOrO
NiKyBaHHA CNaJKOBMUX 3aXBOPIOBaHb JIOAVHMN.

nuuarii. Bin 3pificHIOETBCA IMYHHUMU KJi-
munamu: T-riMmdonuTu pPos3mi3HAIOTH BipycHi
¢dparmenTu, a T-kijmepu PyHHYIOTHL ypasKeHi
KJIiTuHU (KJITUHHUN iMyHiTeT).

Ilepion crifikocti HabyToro imyHiTery sHua-
YHO BapiIOEThCA 3aJIe’KHO BiJl BUAY BipycHOI iH-
dexrii. o neaxkux iH(eKIiil, HaIpUKJIag KOpy,
BiTpPAHOI Bicliu, MapoTUTy, KPacHyXu, iIMyHIiTeT
3a3Buyaii 306epiraeTbca MPOTATOM KUTTA. Ilo-
BTOPHI 3aXBOPIOBAHHA TPAMJIAIOTHCI PiAKO.

Ane imyniTeT mo Bipycy rpuny 36epiraerbcs
mpoTATOM KinbKox MicsamiB. IloBTopHe 3axBo-
PIOBaHHSA IOACHIOETHCA THUM, IO Bipyc TIpumy
IIBUAKO MyTye. VIOro moBepxHeBi reHM HOCTiii-
HO 3MIiHIOIOTBCA Ta 3 ABJIAIOTHCA HOBI IITaMU
Bipycy. 3 TOUKM 30py iMyHHOI cmcTemMu, TaKi
moaudiKoBaHi BapiaHTM BUTIJISALAIOTH AK abco-
JIOTHO HOBi iH(eKIii.

Hesaki Bipycu (B Tomy umcai BIJI Ta Bipycu
renaTuTy) YHUKAIOTh iMyHHOI BiAmosimi Ta Bu-
KJIUKAIOTh XPoHiuHi XxBopobu. I[To Toro :x BILJI,
MOTPAIIIAIYN B OpPTraHisM JIOAWHU, Bpa)Kkae
imynHi kiaituaum — T-mimdonutu. Ile sHUIKYE
CTiiKicTh iMyHiTeTy no Oynb-aKuUX iH(EKIIii,
y Tomy umciai # go BIJIL.

MNpodinakTnka i nikyBaHHA

BIpPYCHUMX iHpeKUin

EdexTuBauMu merogamu 60poTsbu 3 Bipyc-
HUMHI iHQEeKIiaMM € BaKIIMHAI[iSg i BXKUBAHHSA
OPOTUBIPYCHUX IIpelaparis.

0 Kniouosa iges

Etann iHdeKuiiHOro npouecy BipyCHUX iHeK-
Lin: iHKy6aLiiHWiA nepiop, nepiof MOLIMPEHHSA
iHdeKUii, nepion 3axBoptoBaHHA. IMyHiTeT npoTn
BipyCiB BK/OYa€E GEPMEHTHI CMCTEMU, WO PYHY-
1oTb BipycHi PHK i HK, yTBOpeHHA cneumndiuHmnx
aHTUTIN Ta iHTepdepoHy. EpeKTUBHUMU MeTogamm
60poTbOY 3 BipyCHUMM iHdeKLiAMM € BaKLMHALIA
i NpOTMBIPYCHI Npenapatu.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

ITporuBipycHi BaKIUHU BUKOPUCTOBYIOTH
3 MeTOI0 TPOo(diTaKTUKNU BipyCHUX 3aXBOPIOBAHb.
Ix yBomaTs 3mopoBuM mromsM, I06u choOpMy-
BaTU iMYHITET 40 MOMKJIMBOI iH(eKIii. 3araib-
HY BaKIMHAIII0 HACeJeHHS HPOBOAATH III0OMO
0COOJMIMBO TSKKUX 1 CMEPTEeJbHUX BipyCHUX
iH(eKIliti, TaKUX AK Bicma, Kip, mosiomiedir.
Ho immmx BipyciB BakIMHAIil0 MOYKHa POOU-
TH 3a mOTPedu, HANPUKJIAJ Iepel] Ce30HHUMU
cmajiaxaMu TPUIy abo Mmicasa yKycy TBapuHU
3 MIiJT03POI0 Ha CKas.

BcecsiTHa opranisarmisg oxopoHHu 3m0pOB’A
OHOBJIIOE BaKIIMHY IPOTHU I'PUNY KOXKHIi IIiBPOKY.
ITe HeoOXimHO, OCKiIBKY IITOPOKY BipyC €BOJIIO-
Ii0OHY€, 3MiHIOIOUM CBOI aHTUTE€HHi BJIACTUBOCTI.

Bucoka wminnuicts BIJI Takox € mpuum-
HOI0O TOTO, YOMY CKJIQJTHO PO3POOUTU BaKIIUHY
IO IILOTO Bipycy.

IIporuBipycHi mpemapatué BIKUBAIOTHh MiJ
yac 3aXBOPIOBAaHHA. BOHUW NHepepuUBaIOTh KUT-
TEBUM IUKJ BipycCiB i NPUTHIUYIOTH 1X PO3MHO-
JKeHHA BcepeanHi kiaitTnaU. Taki mpenapatu Mo-
JKYTh OJIOKYyBaTH HeoOXimHi Bipycy ¢epmeHTH
(HampuKJaz, 3BOPOTHY TPaHCKpPuUITasy). dacrto
MIPOTUBIPYCHI IpenapaTy € aHaJoraMu HYKJeO-
TUAiB, 1110 BOYJOBYIOTHCS B T€HOM Bipycy B XOi
pemaikarii, ajie mpu IIbOMY HOBOCHWHTE30BaHi
OHK #eakTusHi.

IIle ommu cmoci®6 mpodisakTUKM BipyCHUX
3aXBOPIOBaHb — 3aIN00iraHHA MOTPAIISTHHIO Bi-
pycy B oprauism. Ile MOKJIMBO, AKIIO Bimomi
MIIAXY ToIMupeHHa iHndeknii. Hanpukaanm, nasa
mpodiJIaKTUKY 3apasKeHHsS T'PUIIOM PEKOMEHY-
IOTh He KOHTAKTyBaTu 3 HOciAMU iH(MeKITil, yHu-
KaTu MiCIlb MAacOBOTO CKYITUYEHHS JIIOAel y me-
piogu emigemii. Iia mpodimaKTHUKM BipyCHUX
KHUIIKOBUX iH(pEKIIifl peKOMEHIYIOTh MUTHU PYKU
Ta TPOAYKTH xapuyBaHHA. [[1a nmpodinakTurm
CHIy cuoixg yHUKaTH BUIAAKOBUX CTATEBUX
KOHTaKTiB, BUKOPHCTOBYBATU OJHOPa30Bi Me-
IVWYHI iHCTPYMEHTH, MPOBOAUTU KOHTPOJb J0-
HOPCBHKOI KpPOBi TOIIIO.

OBaI'II/ITaHHFI Ta 3aBJaHHA

1. Yomy cknagHO po3pobutn BaKUUHW A0 BipyciB
rpuny Ta BIN1? 2. ik BN fymaeTe, 8O AKNX HacnigKiB npu-
3BeJe MacoBa BiAMOBa Bif 0OOB'A3KOBOI BaKLUMHaLLi?
3. 3anponoHyiTe 3axoan ANnA NpPodinakTMKM 3axBopto-
BaHHA Ha rpun. 4. 3anponoHywTe 3axoaun Ana npodinak-
TUKKM 3axBoptoBaHHA Ha CHIJ. 5. 3anponoHynTte 3axoan
Ana nNpodinakTMKn BipyCHNX 3aXBOPIOBaHb POCIUH.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 1 57
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 75. Bipycu 1 eBonouin

0 [omipkynTe

KNI BHECOK B eBONIOLIO NIOAUHN 3pobuB Bipyc
Bicnn?

Q 3raganTe

- PerpecuBHa eBoniouifa (oereHepadis)
» Mnasmign
+ BHYTPILUHbOKNITVHHUIA €H[0CMM6i03

[inoTe3n noxod»KeHHs BipyciB

IcHye KinbKa rimores BUHUKHEHHS BipyciB
(mai. 75.1)

1. T'imore3a perpecuBHOI eBoJoIii. Bipy-
CU € HaIlaAKaMHt CTapOJaBHIiX OTHOKJIITUHHUX
opraHiamiB, OymoBa AKHUX CIPOCTHJIACA Yepes
HapasuTUYHNI crocid Kurrtd. [imoTesa rpyury-
€ThCA Ha iCHYBaHHI CcKJamgHuUX, Beaukux [THEK-
BipyciB, reHOMU AKWX MalOTh COTHi TeHiB (Ha-
npuKJazn, Bipyc Bicniu, maj. 75.2). Bouu moriau
OyTH BHYTPIIIHbOKJITUHHNMU IIapasuTaMU i 3a-
3HATU PETPEeCUBHOI (JlereHepaTUBHO1) €BOJIIOILii.

2. Timore3a BMHMKHEHHS 3 NOKJIITHHHHX
dopm skuTTda. Bipycu e HamagkamMu craponas-
HiX DOKJITHHHUX (POPM KUTTHA, AKi IMepelInin
0 TTapasUTUYHOTO croco0y icuyBamua. [limore-
3a I'PYHTYETHCS HA BEJIMUE3HIA Pi3HOMAaHITHOCTI
TeHeTUYHOTO MaTepiajy BipyciB: y AKocTi HY-
KJIETHOBUX KucJoT BoHU MaioTh AK [IHK, Tax
i PHK, 1m0 MOXyTb OyTH OLHO- II JBOJIAHIIIO-

FinoTesa perpecuMBHOi
eBonouii

o ()
MapasntnyHa Kni- *
TUHA 3 yTpayeHUMU

CTPYKTypamu
4+

LoKniTNHHI
CTPYKTYypH

Finotesa BUHMKHEHHA
3 AOKNITUHHMX ¢opM KUTTA

Blpyc Bipyc </\Z\/l>

e () 3
T

"E'

Man. 75.2. Bipyc HaTypasbHOI BiCN1 Ma€ BENUKi po3mipu
i asonaHutorosy [HK

roBumMu. BBaxkaeTrncs, 110 10 BUHUKHEHHSA IIep-
muxX KJIITUH AK HOocil cmagkoBol iHdopwmarii
BUKOPUCTOBYBAJIUCA PisHI (hopMU HYKJIEIHOBUX
KHCJIOT.

3. TI'imoresa «ockaskeHiaumx reHiB». Bipy-
CU — BUAO03MiHEHUI TeHEeTUYHHUI MaTepiai, Io
«BTiK» i3 KJuaiTunHu. I'imoresa T'pyHTyeThCcA Ha
CXOJKOCTi BipyciB 3 MOOiIBHUMM Te€HETUUYHUMU
eJeMeHTaMM — IIa3dMiflaMu, TPAHCIIO30HAMMU,
Bipoigamu, F-axropamm Oaxrepiii. Bipycu-
«BTiKaui» cTaJgM BiJHOCHO aBTOHOMHUNMM, aje
eBHY 3aJIe}KHICTh Bif KJiTuH 30epersu.

ITeBHa piu, KOKHA 3 TiTOTE3 Mae apryMeHTH
«3a» 1 «poru». HaitimoBipHimre, 1o Bipycu Bu-
HUKaJIU PiBHUMU NIIIAXaMU 1 Ha pPiSHUX eTamax
€eBOJIIOIiI, a B IOAAJBIIIOMY €BOJIIOIiOHYBaJIN
CIIiIBHO 3i CBOIMU KJIiTMHaAMU-Xa3IaMU.

B3aemogisa Bipyc — xa3AiH

Bipycu B3aemopmiioTh 3 KiiTmHaMu 3a KJia-
CHUYHOIO cXeMOI0 mapasuT — Xasaidn. Hosi im-
(dex1ii 3as3Buuaii mepebiraioTh y BayKKiii ¢op-

lFinoTtesa
«OCKaXKeHinumx reHis»

ABTOHOMHa -=

[HK a6o PHK o

Bipyconogi6Ha
dopma

)

/\ss‘\.\

_‘/’
’VVL/ ,'
TN -

Man. 75.1. Tpwu rinote3n noxoaeHHA BipyciB
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Mi, HEPiAKO 3i cMepTeJbHUM pPe3yJIbTaTOM, ajie
B TIpoIieci eBoJITOIi1 BOHM CTaIOTh OiJIBII JIETKHU-
M. 3 YacoM BHUAM-Xa3Al HaOyBalOTh iMyHiTeTy
Io Bipycy. A Bipyc 3HM)KY€E arpeCUBHICTH, TOMY
110 ITapasuTy BUTiTHO He IIBUAKO BOMBATHU Xa-
3diHa, a TPUBAJIUHN Yac BUKOPUCTOBYBATU HOTO
AK XapuYoOBUU pecypc i IPHUTYJIOK.

IHoxi Bipyc mMae nBOX xXas3diB: B OJHOTO BUIY
BiH BUKJIMKAa€E TS)KKe 3aXBOPIOBAaHHA, a 1HIIIOMY
He 3aBJae€ IIKOIM i «30epiraerbcsa» B HbOMY. Ha-
pUKJal, Bipyc cKasy B mpuponai sbepiraerbcs
B rpusdyHax, Bipycm eHIedasiTy mepeHOoCAThCA
KJLIaMu.

Yac Bimg uacy Bipycum 3MiHIOIOTH Xas3dAiB.
BBakaerbeca, 10 HaTypajJbHa Bicma JIIOOUHU
3’ABUJIaCh y pPes3yJbTaTi eBoJoNil Bicnu Kopis,
a eBOJIOIiA Bipycy imMyHome(dinmuTy seeHUX
MaBI npusBesa A0 BuHuUKHeHHA BIJI.

Ponb BipyciB y BUHMKHeHHi IHK-reHomiB

Icuye rimoresa mpo Te, 10 Bipycu IIepIIu-
mu B eBouolii Bukopucrasu [IHK nna mepe-
HeCeHHs craakoBoi iHgopwmarii. Ila rimoresa
I'PYHTYETHCS Ha MPUITYIIEHHi, 1110 CIIOYaTKYy BCi
JKUBi cucremMu BuKopucroByBasu Tiibku PHE
nasa 30epeskeHHA 1 peaJisalrii crmagxoBoi iHdop-
marii. HatigaBuimnti Bipycu Takoxx O0yau PHEK-
BMmicuuMu. Aje srogom BoHu 3minumau PHEK ma
HTHE, 1106 yHUKHYTHU i 3aXWUCHUX CHUCTEM KJIi-
TUH, AKi 3HUIITYyBaJIu MoJiekyJu BipycHoi PHK.
BigmoBigHo, Bipycu «pospobuiau» i hepMeHTHHII
amapar g pemrikarnii JJHEK. IToctynoBo B ycix
JKUBUX CHCTeMax 3AilicHuBcs nepexin Bix PHK-
o NHEK-rexomis.

Bipycu i ropusoHTanbHe
nepeHeCceHHA reHis

B eBoutto1rii Bipycu € BasKJIUBUM «3aC000M»
TOPUB3OHTAJIHLHOTO IIEPEeHEeCEeHHS TeHiB, IO 3a-
Oesleuye reHeTHUUYHE Pi3HOMAHITTA OpraHisMis.

T'opusoHTaJIbHE IEepeHeCceHHs TeHiB — IIpo-
Imec, 3a SKOro TreHeTHYHa iH@opMallisg Iepe-
IaeThcsa He Bim 0aTbKiB M0 HaAIMamKiB, a MixkK

0 Kniouosa iges

Bipyc MornM BUMHUKHYTW 3 JOKAITUHHUX dopm
KUTTA, CTapofaBHIX OAHOKMITUHHUX OpraHi3miB,
6ynoBa AKMX CNPOCTUNAcA yepe3 MapasvuTUYHUNA
Cnoci6 »*unTTa, abo 3 MOBINbHNX FreHETUUYHUX efe-
MEHTIB KNiTUH. B eBontouii Bipycn 3abe3neuyioTb
rOpU3OHTaNbHEe MEepPEeHEeCeHHsA TeHiB, MOXMBO,
BOHU cHopMmyBanu KNiTUHHE AApPO.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

HeCcIIOpiJHEeHUMM opraHismamu, AKi iHomi Ha-
JeKaTh HaBITHL A0 pPisHUX OiosOriuHMX BUIIB.

®dparmentu THK BipyciB, axi sapaxysaau
pisHi KiaiTmHHU, y mpoiieci eBoJroIllii BOYZOBY-
BaJMCA B T€HOMU ITMX KJIITUH, «OJOMAIITHIOBA-
JUCSA» BUNUMU OPraHidMaMu i IMOUYWHAJIU BU-
KOHYBaTH KOPHUCHI (PyHKITii.

IIi sasuImKm BipyciB € CyTTEBUMU eJeMeH-
TaMU T€HOMiB Cy4acHUX OpPTraHisMiB. ¥ JIIOAUHU
M ccaBIIiB BOHM CKJIQZAIOThL OO IIOJIOBUHH! BCiX
nocaigosuocteit [THEK.

Busuennsa (GyHKIiIA mux yOymoBaHUX eJie-
MEHTIB JJO3BOJIMJIO BCTAHOBUTHU JeAKi AysKe KO-
pucHi «HaAO0aHHA», OTPUMAHI 3aBASAKY BipycaM.
BBakarTh, 110 3a AOIIOMOIOI0 T'OPH30HTAJIBHO-
TO IIepeHeceHHA TeHiB copMyBajacd cucTeMa
aIalITUBHOTO iMYHIiTETY y XpeOeTHuX, BUHUKJIA
IJIaIleHTa Y CCABI[iB, y JIIOAWHW PO3BUHYJINCS
Oinbiri iHTENeKTyaJbHI 34i0HOCTI IOPiIBHAHO
3 IpuUMaTaMU.

BipycHe noxopeHHsA KNiTMHHOro Afpa

Icrye mymka, 1o Bipycu 3irpajgm KJIOUYOBY
POJIb Ha IIOYATKOBUX eTallax eBOJIIOIii, IIe 10
MOy OpraHi3sMiB Ha IIPOKapioTiB i eykapioTis.
2001 poky OyJia 3ampoIOHOBAHA Trimoresa Bi-
PYCHOTO MOXOMKEeHHSI KJIITHHHOTO AApa, 3TiJHO
3 KO0 ANPO CYYacHUX eyKapioTiB € maBHIM Bi-
pycoM, «ocimmm» y 6e3’anepHiil KiiTuHi. ¥ pam-
KaXx rimore3u 3aIpOIIOHOBAHA MOJEJb €BOJIIOILil
eyKapioTiB, y dAKiii Bipyc, CX0KUH i3 cyuyacHUM
BipycoM BicIi, PO3BUHYBCA B KJITUHHE AOPO.
ITocTynoBo 1eit Bipyc cTaB OCHOBHUM CXOBUIIIEM
iHndopwmartii B KIiTuHIN, AKa 30eperya 3gaTHICTD
IO TPAHCJAINI T'eHiB i KHUTTE3XATHOCTI.

Ha xopucTth rinmoresu cBiguuTh TE, IO KJIi-
TUHHE SAPO i Bipycu MaioTh Oy:Ke CXOXKYy Oymo-
BY: 00uABa ABJIAITH COOOI0 XPOMOCOMM, YKJIA-
IeHi y O0iIKOBY Kamcyay. ¥ JedKuX IIOPiBHAHO
IIPOCTUX OpraHidaMax, TaKUX SK IIapasuTHUUHI
YepBOHI BOJOPOCTi, AAPO MOKEe ITPOHUKATHU
3 KJiiTmHEU B KJaituHy. lleit mpomec ny:xe Ha-
ragye BipycHe iH(piKyBaHHA.

03aﬂl/lTaHHﬂ Ta 3aBOaHHA

1. fAlka 3 rinoTe3 noxoAeHHA BipyCiB 3[A€TbCA
BaM Haibinbll focToBipHOW? Bignosigb aprymeHTyiTe.
2. 3anpornoHynTe aprymMeHTU «3a» YU «MPOTU» KOXKHOI
3 rinoTe3s noxogXKeHHs BipyciB. 3. fki ocobnmBocTi 6y-
JOBW KNITUHHOIO siapa pobnATb NOro CXoXMM Ha Bipyc?
4. flke 3HauYeHHA BipycCiB B eBONOLiT CyyacHOI nognuHu?
Hasegitb npuknagw.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae ] 59
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 76. MpioHn 1 Bipoigwn

0 [omipkynTe

Yn moxyTb 6inKkm BigTBOptOBaTU Cami cebe,
6e3 yyacTi HyKneiHOBMX KMUCNOT?

Q 3raganTe

o BTopuHHa 11 TpeTuHHa CTPYKTypu Ginka
o o-cnipanb i B-cTpyKTypa

[pioHn

IIpioan — 1e indexiiiini areaTu, AKi € 6iJ-
KaMM 3 aHOMAaJbHOIO TPETHHHOI CTPYKTYPOIO.
BoHu He MicTATHL HYKJIEIHOBUX KUCJOT.

YV meBHOMy ceHci, mpiomm moxiOHi g0 Bi-
pyciB, ocKiJbKU 3maTHi 36iJBIITyBaTU CBOIO UM-
CeJIbHICTh, TiJIbKM BUKOPUCTOBYIOUU pPeECypcu
KJiTuau. PasoM 3 TuM a4 iX PO3MHOKEHHS
He morpioui JHK a6o PHK.

IIpionHi 6inKu TBapwH i JIOAWHU yTBOPIO-
I0OThCA 3 HOPMAaJbHUX KJIITMHHUX OiIKiB, AKi
BimmmoBimaroTh 3a 000JOHKM HEPBOBUX BOJIOKOH.
IIpocTopoBa cTpyKTypa OiIKiB MOKe aHOMAaJBHO
3MiHOBaTuCA. SIK IIpaBmMJIO, IIiJ Yac IIEPexony
0ika 3 HOPMAaJBHOTO CTaHY B NPiOHHUU HOTO
o-cmipajsii mepeTBOPIOIOTHCA HA B-CTPYKTYpH
(man. 76.1). YHacaimox mporo 0ijlok HaOyBae
KaTaJIiTHYHOI aKTUBHOCTI 1 KaTaji3ye IepeTBo-
peHHA memasi OigbIIMOI KiJIBKOCTI HOBUX HOP-

| 3

a-cnipanb '1

{f

']
e

HopmanbHuii 6inok

MpioHHUN Ginok

Man. 76.1. CtpykTypHi BapiaHTu Ginka
KNITMHHMX MembpaH PrP

Mo30K, ypaKeHUIn NpioHHOI0
xBopoboto

HopMmanbHUn MoO30K

Man. 76.2. PyiiHyBaHHA TKaHWH FONOBHOIO MO3KY B pasi
xBopobu Kpentudpenbara—Akoba (rybuacta cTpyKTypa TKa-
HUHW, YTBOPEHHA MOPOXHWH)

MaJbHUX OiNKiB Ha mpiowHi. Takum ymHOM, 3a-
OYCKAEThCA JAHITIOTOBA PEAKI[is M YTBOPIOETHCS
0e3J1iu HETPABUJIBHO 3TOPHYTUX OiNIKiB. ¥ Kuri-
TUHI HAKONUYYIOTHCA IX BigKJIaJeHHs — aMiJio-
imu. YpaskeHi amisoizaMy TKaHUHMN BTPAYaIOTh
HOPMAaJIbHY CTPYKTYPY ¥ BiAMUPAIOTH.

VY ccaBiiB mpioHHiI 3axXBOPHOBaHHS ypasKa-
I0Th HEPBOBY TKaHUHY, IIepeBa’KHO T'OJIOBHUH
Mo030K (Majs. 76.2). BoHuM cOpUYMHAIOTH He-
BUJiKOBHI cTanm — rybuacTi eHmedasomarii
(kopoB’aunii CKas y BeJHKOI poraToi xymoowu,
CKpeiIli B OBeIlb), IO IIPUBBOAATH OO CMEPTi.
VY nropmHM Bigomi Taki mpioHHI 3aXBOpPIOBAaHHA,
aK xBopoba Kpetitipenabara — fAkoba i Kypy.

3a maHMMU CYYaCHHUX OOCIiJKeHb, OCHO-
BHUHU IIJIAX IIOINWPEHHS IIPiOHHUX 3aXBOPIO-
BaHb — 3apaskeHa i»ka. Hanpukaaz, y:KuBaHHA
M’sica KOpiB, ypakeHHX ry0duacTUM eHIiledaJri-
TOM, IPU3BOAUTD 4O PO3BUTKY XBopoou Kpeirii-
denapara — fIxoba B adoguau. Takoxk y cim’ax
3 IeBHUMUM MyTalliamu resa PrP maroTs miciie
CIaKOBi IIPiOHHI 3aXBOPIOBAaHHSA.

IakyGamnitinuit mepio;q npioHHWUX XBOPOO
CTAHOBUTL Bil MicAIlsd DO KiJIBKOX JeCATHUIITH.

IIpioHu He BUKJUKAIOTH iIMyHHOI BiAmmoBifmi
opramismy. Bomm HamsBmuaiimo cTiiiki mo mii
xiMmiuHVX i (Hi3MUYHUX UYMHHUKIB, BUTPUMYIOTH
KUII ATiHHA, HE POBIIEILIIOITHCA IIPOTeasaMu
(bepmeHTaMU, IO PO3IIEINJIOIOTL 0iJKM) i He
epPeTPaBJIIOIOTHCSA B TPABHOMY TPaKTi.

1 60 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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[lizHanTeca binblue

MpioHHa xBopob6a Kypy 6yna onmcaHa 1957 poky
cepep, abopureHis nnemeHi ¢ope y Bucokorip’ax MMa-
nya — Hosgin IBiHei. CnoyaTKy y XBOpMX NOPYLUYETb-
cA KoopAuHauia pyxiB, CTa€ HecTiKkow xoga. [MoTim
NMOYNHAETbCA TPEMTIHHA KIiHLIBOK i ronoBsu, nognHa
BTpaya€e Nam'aTb i po3ym. Ha octaHHix cTagiax niogu-
Ha rnepecTae pyxaTucs i BMUpaE NPUGAK3HO Yepes pik
Bifl MoyaTtKy neplmnx cumntomis. Manyacu BBakanu
NMPVYMHOIO XBOPOOY 3/1e YaknyHCTBO. Afnle HacnpaBAi
iHbiIKyBaHHA BifbyBanocs yepes KaHibaniam — abo-
pureHV NpakTWKyBany puTyasibHe MOIfAaHHA MO3KY
nomepnnx poanyis. BoHn BBaxkanu, Lo, 31BN MO30K
MOKiNHOro, BOHU NpKAGaloTb MOro po3ym i cuny. 3 BU-
KOPIHEHHAM KaHibaniamy Kypy MpakTU4YHO 3HMKNa.
3a BiAKpUTTA iHPEKUINHOro xapakTepy XBopobu Kypy
KapntoH Tlangysek oTpumas HobeniBcbKy npemito
3 ¢isionorii Ta meanunHn 1976 poky.

Bipoigun

Bipoinn — imdexifini aremTu, 1o CcKJa-
IAlThCs TiJbKM 3 KiabieBoi moserkyam PHE.
VY BipoinmiB memae 0i1kKoBOiI 060J0HKU. BipoigHa
PHFK ny:xe maneHbKa — 3aBIOBYKKU JIUIIIE KiTb-
Ka COTeHb HYKJIEOTHiB; BOHA He KOAye OiJIKiB.

ImoBipHO, KomiroBauusa Bipoiguoi PHK 3xiii-
cuioetbca PHK-monimepazamMu KiaiTmHU-Xa3sdi-
Ha. [leaki Bipoinm pemyIiKyOThCA B KIITUHHOMY
Aanpi, iHmIi — y xJjopoIrnacrax.

Bipoigym cupmuymHAOTL 3aXBOPIOBAHHS POC-
JWH, Taki AK KapJUKOBICTh XpHU3aHTEM, Bepe-
TeHOMmOAiOHicTs Oyan06 Kapromai (maa. 76.3),
IJIAMUCTICTh aBOKAA0 TOIO. BoHM 3HAYHO BILJIU-
BaIOTh Ha CBiTOBe CiJIbChKe rOCIOJapCTBO, CIPU-
YMHAIOYN 3aXBOPIOBAHHA €EKOHOMIUHO BaKJIUBUX
KYJBTYPHUX i TEKOPAaTUBHUX POCJIUH.

3apakeHHs BipoimamMu BifmOyBaeThCA IIig yac
MeXaHiUHOTr0 HOITKOAKEeHHS POCINHU. ¥ cepean-
Hi ypa’sKeHOI POCJWHU Bipoigu ImepeMimiamTbCs
0 KJIITMHHUX KOHTAKTaX — ILJIa3MOJEeCcMax.

Croromui 1mie He 30BCciM 3pos3yMminuit MoJe-
KyJIApHUN MexXaHi3M, IO IPU3BOAUTH OO 3a-
xBopooBauHA. [IpunyckawoTs, 1o Bipoigaa PHE
MosKe OJIoKyBaTu abo samimiatu kiaituaay PHE,
TOPYINTYBaTU CILJIAWCHUHT, BBAEMOIIATU 3 KJIITUH-
HUMU OiTKaMu.

0 KnioyoBa ines

MpioHn — ue iHbeKUiHi areHTW, AKi € 6inkamu
3 aHOMaJbHOK TPETUHHOI CTPYKTypoto. Bipoi-
an — ue iHOEeKLUiNHi areHTn, Wo CKnaganTbCs
TiNbKK 3 KinbLesoi monekynu PHK.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

Man. 76.3. BepeteHonogibHictb 6ynbb kapTonni
CMPUYMHAETbCA Bipoigamum

¥ cyuacHi#l Hay1i Bipoigu BUKOPUCTOBYIOTH
AK MOJEJNbHI 00’€KTH AJA BUBUEHHS CTPYKTYPHU
i pyurnit PHK, a rakox esosrronii ITHK i PHE
TeHOMiB.

[Noxop»keHHA BipoiaiB

IcHye rimoresa mpo Te, IO TEePIIMMU MOJIE-
KyJlaM1, 3TaTHUMU OO CAMOBiITBOpeHHSA, Oyaum
pisHi Bugu PHEK. Bonu sBigmpamiosanu mexa-
Hi3M CaMOKOMiIOBaHHSA i peaJsizalfii cmagxoBoi
irgopmarii, 3ymMOBUBINIU IIepexin Bia HeXKMBOI
OPUPOAU OO0 *KUBUX OpraHiamis. Bigayuusam cra-
pozaBaboro PHK-cBiTy € pisHo6iuHI (pyHKIIIT Cy-
yacHux BuAiB PHK: BoHU mepeHOCATH CIaIKOBY
ingopmariro (iPHK, PHK petpoBipycis), 6epyTh
yuacTs y ciutaiicuury (MaPHK) i cunTesi 6inka
(rPHE, pPHK), mafoTs KaTaIiTUYHY aKTUBHICTH
(pubozumm).

denomeH 30epiramusa cuagKkoBol iH(popmalii
B moJiekyJi JIHK Bunuk misuiie. Ha Bigminy Big
PHEK, IHK me 3gaTtHa 1m0 camopelntikariii, aje
BOHA XiMiuHO cTabiabHiIIA i CKJIamaeThCA 3 JBOX
KOMILJIEMEHTAPHUX JIAHITIOTIB, IO JO3BOJISE Bia-
HOBUTH iH(pOpMAaIlilo B pasi IIOIIMKOAMKeHHS O]-
HOorOo 3 HuX. ¥ misomy JHK mosBosse GiabIm
HamiiHO 30epiratum OinbIni oOcsaru imdopmairii.

Arimo ma rimoresa Bimmosimae pmificHoCTi,
Bipoify MOMKYTH OYTH «KUBUMU 3aJIUIITKAMU»
norigituaHOro PHK-cBiTY: BOHM peILTiKyIOThCHA,
He KOAYIOTh OiJIKMU, AeAKi 3 HUX BUKOPUCTOBY-
IOTh [IJIs1 pemrikarmii pubosumu.

3anuTaHHA Ta 3aBOaHHA

1. Yim cxoXi 1 umm BiOpPI3HATbCA Bipycy, NpPioHN
Ta Bipoign? 2. Yn mMoxkHa BBa)kaTu MpiOHM i Bipoigu
HeKNITMHHUMK dpopmamu KuTTa? 3. O6roBopiTh, y Yomy
MO>Ke MonAraT eBonioLiiHe 3HauYeHHA BipoifiB? NpPioHiB?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 1 61
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 77. PenpoayKuifi NpoOKapioTUYHUX KNiTUH

0 [omipkynTe

[MpokapioTn He MaloTb CTaTEBOrO PO3MHOMKEHHS,
ane y HUX iCHyloTb MexaHi3Myu 06MiHy reHeTUYHOIo
iHbopmalieto. AKi cnocobn 06MiHY reHeTUYHOIo
iHpopMalli€to icHyloTb Y NpoKapioTis?

é 3raganTe

» bynoBa 6akTepianbHOI KNiTUHK
o Pennikauia OHK

biHapHW® nogin

IIpokapioTuyHi KJIITHHU PO3MHOKYIOTHCA
HeCTATeBUM IIJIAXOM. PO3MHOMKEHHIO IIepenye
moaBoeHHA KiabieBoi mosexkyau THE, saxa
B IIPOKAapioTWUHi# KJIiTHHI icHye y BUIIALL
KOMIIaKTHOI CTPYKTYPU — HYKJIEOINy, IO IpPU-
KPilIeHu#l 10 Me30coMHU (BIMHAHHSA ITUTOILIA3-
MaTUYHOI MeMOpaHu BCepeIUuHYy KJIiTUHN).

Penurikaria kinbresoi moserynau [JTHK 6ax-
Tepili MOUMHAETLCA 3 TOUKHU iHimiamii pemrika-
mii. Boma BimbyBaeThbcs OLHOYACHO B IIPOTH-
JeKHUX HanpAMKax. depe3 IMeBHUU Uac Iicjasa
pemrikarii JIHK i posxom:keHHa HOUipHiIX Xpo-
MOCOM KJIITMHA IIOYMHAE NiJIUTUCH.

Y GinbmrocTi BUOAAKiB IpoKapioTwuyHi KJIi-
TUHU OiJIATHCSA HABOiJ 3 YTBOPEHHAM IBOX OJ-
HaKOBHUX 3a PO3MipoM IOUipHIX KJIITHH, TOMY
e mTpomec HA3WBAIOTh OiHAPHUM IIOJiJIOM
(manx. 77.1).

«— KnitTHHa memb6paHa

l KnitTnHHa membpaHa

BPOCTa€E MiX ABOMa

OHK

v

[HK pennikyetbca

monekynamu JHK,

J x po3ainaun ix
@ @ Mopin 3aBepLueHni

Man. 77.1. CxemaTnyHe 306pakeHHA GiHapHoOro noginy

YTBOpEHHA
a neperopoaku
6 YTBOpPEHHA
nepeTaxKku
8 BpyHbKyBaHHsA

Man. 77.2. CxemaTyHe 306paxkeHHs1 Cnocobis
noAiny npoKapioTMYHOI KAIiTUHW

B omaux Bupmip OGakTepiii GiHapHUMI mOmia
BimOyBaeTbCcA MIIAXOM (QOPMYBAHHS TNepezo-
podku, 1o 3pocrae Bix mepudepii g0 meHTpa
(man. 77.2, a). B inmux BuAiB OaxkTepiit GiHap-
HUH noAin BinOyBaeThbCA HMIIAXOM YMEOPEeHHA ne-
pemsaicKu: KJIITHHA ITOCTYIIOBO CTOHIITYETHCA T10-
cepequHi, TOKY He PO3ipBeThHCS HA ABi caMOCTiiHi
KiaitTuau (Mana. 77.2, 6). Inoxi mouipHi KiiTuHuU
OaKTepill ITicjig MOAiy He PO3XOIATHCS i 3aJIu-
IaI0ThCA IIOB’sI3aHUMU MidK coboro. Ile cmpm-
YMHIOE YTBOPEHHA KJITUHHUX CKYIYeHb Pi3HOIL
dopmu. Hanpukaaz, chepuuri 6aKkTepii MOKYTH
yTBOpPIOBaTH mNapu (IUIJIOKOKHU), JAHIIOKKN
(cTpenToxoKu) ab6o rpoHu (CTapiIOKOKM) KIITHH.

PisnoBumom Gimapuoro moximy e 6pyHbuKy-
6GHHS, TKe MOXKHA PO3IJVIAJATH AK HEePiBHOBEJIU-

[lisHalTeca 6inblue

Po3mMHOXeHHs npokapioTiB BigbyBa€TbCcA 3 Benu-
Ye3HOI LWBUAKICTIO. 3a CAPUATAMBUX YMOB iXHi
KNITUHW JinATbcA KOXKHi 20-30 xBUAMH. 3a Jo6Yy
B 6aKTepill 3MIHIETbCA CTiINIbKU MOKOJiHb, CKiNIbKN
B NtognHM 3a 5000 pokiB. 3a HAaABHOCTI igeanbHUX
YMOB, WO BUKIOUYAOTL 3arnbenb KNiTWH, 3 OAHiel
6aKTepii 3a OOy MOXYTb YTBOPUTUCA <HaLLafKu»
Macoto 4720 T (AKIWO NPUAHATK, Wwo 1 mnpa 6akTe-
pin mae macy 1 mr). HacTinbkm BMCOKi TeMnu pos-
MHOXEHHA MPOKapioTiB CNpuAlTb X LWBUAKOMY
MOLMPEHHIO Ha mnaHeTi. OgHaK X PO3MHOXEHHA
obmexeHe KNiMaTUYHUMK YMOBaMMU, Ai€I0 COHAYHO-
ro cBitna, 60poTb60I0 MK BUAAMU, HAKOMNYEHHAM
NPoayKTiB 06MiHY pPeyoBMH.

1 62 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Man. 77.3. Cxema yTBOpeHHs crop y 6akTepiii. Cropa
PO3BMBAETLCA BCEpeAnHi KNiTuHM GakTepii: oo 60 % Boau
nepexoauTb y 3B'A3aHWI CTaH, MPOTOMNNACT CTUCKAETbCA
i MOKPUBAETLCA Jy»Ke LWiNIbHO 060NIOHKOI0

Kuii 6imapuuii mogisa. ITig uac OpyHbKYBaHHSA Ha
OJTHOMY 3 IIOJIFOCIB MaTepPUHCHKOI KJIITUHU YTBO-
PIOETHCS MaJEeHbKUUM BUPICT, SKUH 361IbIITYETH-
cA i 3romom Bimoxpemuamerbea (mana. 77.2, 8).
Y pesyabTaTi OpyHbKYBAaHHSA YTBOPIOIOTHCS OB
HepPiBHOIIHHI KJITMHU, IIIO PO3Pi3HAIOTHCA 3a
dopmoI0, posMipamMm Ta IHIIMMHW O3HAKaMU.
MarepuHCchbKa KJIITHHA MIOCTYIIOBO CTapie, a mo-
yipHd KJiTWHA, HaBIaKW, aKTHUBHO T00YIOBYE
KJITUHHI CTPYKTYPU i Kpallle IPUCTOCOBYETHCS
IO MiHJIMBOTO CEepeIoBUIIA.

YTBOpPEHHA criop

3a HeCUpPUATIUBUX YMOB IaJIWYKOHOMiOHI
O0akTepii 3maTHI yTBOpIoBaTH cnopu (MaJ. 77.3).
Ha noBepxHi O0axTepiaJbHOI KJIITUHU yTBOPIO-
e€ThCcsd IIliJibHaA OaraTomrapoBa 000JIOHKAa, yci
JKUTTEBI IIpollecu B KJIITHHI TPUNNHSIOTHCH.
CmopoyTBOpeHHA HE € PO3MHOXKEHHAM, TOMY
10 3 KOXKHOI KJITHHHU (PopMyeThCA OJHA CIIOpa
i unMca0 0COOMH TpPHU I[LOMY He 30iJIBIIYETHCS.
Y Buraazi cmopu OpoKapioTMUHAa KJIITUHA BU-
TPUMYE [it0 BUCOKUX a00 HU3bKUX TEMIIepaTyp,
OTPYMHUX PEUYOBUH, 3HEBOJAHEHH:, 30epiraiouu
JKUTTE3NATHICTh IIPOTATOM OaraThboxX POKiB. 3a
CUPUATINBUX YMOB O0OJIOHKA CIIOPU PYUHYETH-
cd, 1 mpoItecH KUTTENIAIBLHOCTI BiTHOBIIOIOTHCA.

KoH'torauis
Hna 6akTepiii XxapaKTepHUHN CTAaTEBUH IIPO-
mec — KoH'woraimid. Ile mepeHeceHHA YaCTUHU

0 Kniouosa iges

MpoKapioTUYHI KNITUHN AiNATbCA HABMIN GiHAPHUM
noginom. CnopoyTBOpPeHH:A i KOH'lorauisa y 6akTe-
pifi He € cnocob6amm PoO3MHOXKeHHA. Cnopu yTBO-
PIOIOTbCA ANA NepeHeCceHHA HeCMPUATANBIX YMOB,
a KoH'loraljia Npu3BoOAUTb [0 OOMiHY reHaMn MixK
0COBMHaMK.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

AHK

HoHop PeunnieHT
(OO (O[T
—>

F-pakTop *

el
o)\e) \exo

KoH'torayinHum mictok

Man. 77.4. Cxema KoH'torauii y 6akrtepiit

TeHeTUUYHOT'0 MaTepiaJy IIig yac 6es3mocepeaHbo-
ro KOHTAKTy OaKTepiaJbHUX KJIITHH. ¥ IIpolle-
ci xkom’roramii mo cuemiaazbHOMY KaHAJY, IO
YTBOPIOETHCA MiK ABOMA KJIiTMHAMM, (hpparMeHT
HOHEK 3 oxgHiel KiIiTUHM nepenaeTbcAa iHIIN KiTi-
Tuni (Man. 77.4).

Ina kou’rorairii 6axTepiii HeobXigHa cIelri-
aJibHA IJIa3Mija, AKa HasuBaeTheA F-aKkTopoMm.
Kowu’roramis BigOyBaeThcAd 3a HASIBHOCTI ABOX
TuniB KJgituH: gouopiB (F'), 1mo BoJsomiroTh
F-pakropom, i perunienris (F-), 1o He MamTh
moro. F-axkTop MicTuTh TreHU CTPYKTYp, 3a
JOIIOMOTOI0 SKUX BimOyBaeThCA MPUKPIILIEHHS
KJITHHHA-TOHOPA A0 KJIiTuHU-penuirieHTa. Ilotim
MiK KiaitTuHamMmym (GOpMYyeThCS KOH OraiifiHmii
MicTOK, uepe3d AKUN IepemaeThbCcAd KOIIid
F-pakropa, a Tako:k iHIIi maasmigm 3 IUTO-
nima3mu gqouopa. Ilicaa nmorpannauaasa F-gakropa
B PeIUMOieHTHY KJITMHKY BOHa crae F*.

Kon’roramisa He € cmocoboM CTATEBOrO PO3-
MHOKEHHS, OCKiJIbKM UMCJIO OaKTepiil mpu IIbo-
My He 30inbITyeThesA. KoH’foramiro BU3HAUYAOTh
AK CTaTeBUU MpOIleC, II[0 IPUBOAUTH A0 TOPU-
30HTAJBHOTO IIepPeHeCeHHs TeHiB 1 cmpuse ooMi-
HY KOPUCHUMHU O3HaKaMu. 30KpeMa, KOH oraris
3a0esreuyye ITBUKE IOIIUPEHHA MiK OGaKTepi-
AMU I'eHiB cTifikocTi 70 aHTHOIOTHKIB y CKJami
IasMif.

3annTaHHA Ta 3aBaHHA

1. Aki npouecn npu3BoaATb A0 pekombiHaLii reHe-
TMYHOro MaTepiany B npokapioTis? 2. Ynm crtaTteBuin
npotec 6akTepil Bigpi3HAETbCA Bif CTaTEBOrO PO3MHO-
eHHA eykapioTie? Yum BiH nogibHWIn fo Hboro?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 1 63
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 78. PenpoayKuia eyKapioTU4HUX KNiTUH

0 [omipkynTe

Yum BIAPI3HAETbCA reHeTUYHUI MaTepian eyka-
PIOTUYHMX KNITUH Bif reHeTUYHOro martepiany
npoKapioTie?

Q 3raganTe

» bygoBa KnitTmHHOro Agpa
» Xpomocomu

[eHeTUYHUI MaTepian
B eyKapioTUYHUX KNITUHaX

KnitTuau eykapioriB BigpisHAOTBCA Bix
KJITUH HOpoKapioTiB O6inbHI cKJIagHOIO OYyI0-
BOIO, HacaMmepeJ HASBHICTIO TAKMX KJIiTHH-
HUX CTPYKTYP, AK AAPO, PO3BUHEHA Mepe’ka
BHYTPIIMTHBOKJIITUHHUX MeMOpaH, MiTOXOHAPii
Ta mractuau. EykapioTuuHe A1po MiCTUTH BeJu-
KY KiJIbKiCTh T€HETUYHOTO MaTepiajuy, Io IIpe-
CTaBJIeHUN, SK IIPABUJIO, KiIbKOMa OeCATKaMU
moserkya JHK. Komnnekcu mux mosekya JHE
3 OiTKaMM Ha3WMBAIOTh XPOMOCOMAaMM.

Habip xpomocom y AApi KJIiTHHM, 1110 XapaK-
TePU3YETHCSA IX YMCJIOM, PO3MipoM i ¢opmoro,
HasuBaioTh Kapiorunmom. KapioTtun € Bumgocme-
Mu(piTHOI XapaKTepUCTUKOI0, TOOTO pidHi GioJo-
riuui Buau mMamTh pisHi Kapiotunu (man. 78.1).

ComaTnyHi 1 cTaTeBi KNITUHK

BararokaiTuHHI eykapioTuuHi opraxismm
MaloOTh Pi8HiI TUIIM KJIITHH, AKi cHeliajai3yroThb-
cA Ha BUKOHAHHI PidHMX QYHKIIiN. ¥Yci KIiTuHN
IOJiJISAIOTh, Ha COMATUYHI Ta cTaTesi.

Yncno xpoMocom y npeacTaBHUKIB Pi3HNX
GionoriuHnx suais

Bun
Manapitiauit niasmomii
Pagionapia
IInomoBa mymika
Komap-niuckys
Piunwnit pax
Papiuk cagoBuit
Kopon
OKyHBb 3BUUYANHUN
HKaba
T'ycka
Kypka
3aenn
Homarmasa Kimka
Cobaxka
Koposa
Kinp
Bicawok
Cuon
IMMummoanze
Jlroguua
ITamopoTs
Anuna
Mogapuna
Cocua

ITmernnA-0qHO3EePHAHKA

o | - ITmenua TBepaa
h oy ‘.‘? ¥ > 1I )
L] [ ]
e 2o ,ﬁ-’ -.:'!‘ Kyrypyasa
= B = ] -
3 oy O n,.l‘. Kapromnsa
w »:
e -ﬁ"' ‘ Topox
- %
] Bumraa
NiogunHa Jlpo3odina I'pyma
Man. 78.1. Kapiotvnu nig Mikpockornom Abmyns
1 64 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Yucao xpomocom
2
1600
8

6
116
54
104
28
24
80
78
48
38
78
60
64
62
56
48
46
1260
24
24
24
14
28
42
20
48
14
32
34
34
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Fannoighun (n = 23) y rametax

Man. 78.2. XpOMOCOMHUIN Habip NogMHN

CrareBuMu KJIiTHHaAMu (raMeTaMH) Ha3uBa-
I0Th KJIITUHU, cIlelliasiszoBaHi Ha (PyHKIIiI cTaTe-
BOT'O PO3MHOKEHHSA. BOHU MiCTATL MOJIOBUHHUHA
Habip reHeTUYHOTO MaTepiaay i mig uac sauTTs
OIHA 3 OJHOIO YTBOPIOIOTH MEPIIy KJIiTUHY HOBO-
ro opraHismy.

CoMaTHYHUMM KJIITHHAMHM Ha3WBaIOTh ycCi
iHII TUIIM KJIITUH, 3 AKUX OyAyeThCS TiJIO Op-
ra"ismy.

Yucyio XpoMOCOM Yy COMAaTUYHUX KJITHHAX
ocobuHU ab0 BUAY HA3WBAIOTh MUILJIOITHUM (II0-
nBifinuMm) 1 mosHauamTs 2n. Tak, y JOZUHNI
2n = 46.

VY craTeBUX KJITMHAX YMCJIO XPOMOCOM Ha-
3WBAIOTh TAILUIOLTHUM (OJWMHADPHUM) i mo3Haua-
I0Th n. ¥ gioguau n = 23 (manx. 78.2).

Henpamunn nogin eykapioTUYHMX KNITUH

IIporec momisy eyKapioTUUHUX KJIITUH 3HA-
YHO CKJIAMHININN TMOPiBHAHO 3 MOAIJIOM ITPOKA-
pioTiB. EykapioTuuHi KJIiTHHN PO3SMHOMKYIOTHCA
MIJITXOM CIIeIliaJibHO BUPOOJIEHUX MexaHi3MiB
HeIPSIMOTr0 MOAiJly — MiT0o3y i Meiio3y.

VcekaagHeHHs T€HEeTUYHOTO amapaTry eykKa-
pioTiB, HaABHICTb y IXHIX KJIiTMHaxX He OnHiel,
a 6ararbox moJsiekyJs [IHK cTBopmio mpobiemy
ix piBHOMipHOrO posmnonisy mix vyac noxiny. s

0 Kniouosa iges

EykapioTnuHe Agpo MiCTUTb KinbKa AeCATKIB Xpo-
MOcoM — KomnsekciB monekyn OHK 3 6inkamu.
Habip xpomocom y Aafpi Ha3MBalTb KapioTMMomM,
i BiH € BugocneundiuHoO XapakTepucTukoto. Pe-
NPoAyKLUiA eyKapioTUYHMX KNiTUH BifOyBa€TbCA
LLIAXOM MITO3y 1 Meno3sy.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

BUpilTeHHs 1iei mpobsieMu B XO/[i eBOJIOIii BuU-
HUK CIeIiaJbHUHA MexXaHisM IIoAiJy — MiTo3.
ITosBa cTaTeBOro pPO3MHOKEHHS IIpU3Bea 0
BUHUKHEHHS Meiio3y — 0CO0JUBOTO TUIY KJIi-
TUHHOTO MOy IJs YTBOPEHHA CIIelliajizoBa-
HUX CTATE€BUX KJITHH.

[lizHanTeca binbue

Yncno xpomocom He 3anexuTb Big KinbkocTi JHK,
O B HUX MiCTUTbCA. ¥ 14-T XpOMOCOMax aMepuKaH-
cbkol amdibii Amphiuma 'y 6nn3sbko 30 pasis binbLue
OHK, Hix y niognHn. HanmeHwa xpomocoma amoibit
6inblue HaNBINbWKX XPOMOCOM JIIOLNHMN.

Po3mip reHomiB y npeCTaBHUKIB Pi3HNX TaKCOHIB
30BCiM He BIifNOBIAAE HALIOMy YABJIEHHIO MPO Te,
XTO 3 HUX «BULLE», @ XTO «HWXKYE» Ha EeBOJOLiN-
HUX cxodax. EBoniouiiHO NpuMITUBHI opraHiamn 3a
Bmictom [HK Ha KniTMHy Hepigko nepeBepLlyoTb
npeacTaBHUKIB €BOMIOLIMHO NPOLBITalouMX TaKCOHO-
MiYHMX FPYN: HANPUKIaA, PO3Mip reHOMY ABOAMLLHMX
pub marixe B 35 pasiB MepeBuLLyE PO3MiIpP reHoMy
JOANHN.

OBaI'II/ITaHHFI Ta 3aBJaHHA

1. BukoHalnTe 3aBfaHHA, KOPUCTYlOUMCb Tabnuueto,
HaBefieHolo B maparpadi: a) BU3HaUTe, CKiNbKM Xpomo-
COM MICTUTbCA B rameTax i 3UroTi 3a3HayeHUX BUAIB;
6) MOPIBHANTE YNCNO XPOMOCOM Y Pi3HWUX BUAIB rLie-
HUUi, 3pobiTb BUCHOBOK; B) MOPIBHANTE YMCIIO XPOMO-
COM B €BOJIIOLiIHO 6M1M3bKMX BUAIB, 3p006iTb BUCHOBOK.
2. Y npoueci eBonoUii KNITUHU «WyKann 6anaHo» MixK
KiNbKICTIO reHeTUYHOro maTepiany i YNCIIOM XPOMOCOM,
y AKMX BiH po3nogineHui. Aki, Ha Bawy AymKy, npobne-
MU CTBOPIOE ANA KNITUHW BeNrKa KinbKicTb Xpomocom?
3aHafTO BeNMKi 3a PO3MipOM XpomMocomm?

165
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 79. XntteBuin unkn KnitnH. IHTepdasa

0 [omipkynTe

Ha sakiin cTapii iHTepdasm noTpannaHHA XimiuHOro
MyTareHy B K/iTMHY MOXe CPUYMHUTUL MOLLIKO-
[KEeHHA CnajKkoBOro marepiany?

Q 3raganTe

» Pennikauia OHK
o ATO

KUTTEBUN LNKN KNITUHWX

JKuTTeBUil MUK KIITMHM — IIe Iepiof il
icHyBaHHSA BiJi YTBOPEHHA NLIAXOM IOAiJY IO
HACTYIIHOTO IIOAisly abo mpupomHoi 3arubei.

Y EuUTTEBOMY IMUKJII BUIIJIAIOTL OBi BEJIUKI
cranii — inTepdasa i Bmacue moxmis (maa. 79.1).

Intepdasa — mepion KUTTEBOTO ITUKJIY
MiX OgBOMA IIOCJIZJOBHUMM IOAijIaMU KJiTH-
HU. ¥ Iel Yac KJITHHA PocTe 1 BUKOHYE CBO1
dyurmii B opramismi. OgHa 3 HaWBaKJIUBITIIUX
moxiii imTepdasu — pemikaiisg (IIOJBOEHHS)
OHEK mepen momimom.

ITomin eyKapioTMYHMX KJIITHH MOJKe Bif-
OyBaTucs IILIAXOM MiTO3y abo Meiosy.

OHK = 2n — 4n
(6-8 roguiH)

InTepdasa

OHK = 2n
(6-12 roauH) S Pennikauia
[OHK

G, Picr,
nigrotoBKa
[0 CUHTe3y

G, MigrotoBKa
OHK 2 A

fo noginy

OHK = 4n
(3-4 roguHNn)

Mogain

Knituna _ "<

B Crokoi © OHK = 4n — 2n (1 roauHa)

Man. 79.1. Cxema XWUTTEBOTrO LMKNY KNITUHU

[lisHalTeca 6inblue

TpuBanictb KNITMHHOFO UMKNY B KAiTUH 6a3anbHo-
ro wapy enigepmicy LIKipu, YepBOHOIO KiCTKOBOro
MO3KY, KMLUKOBOrO eniTesito TBApWH, KNITUH TBipHOI
TKaHVHW POC/INH CTaHOBUTb 8-36 rogviH. JlenkouuTn
NIOAVHY [inATbCA KOXKHI 4-5 pi6. HankopoTwi Kni-
TUHHI UuKnn (6nn3bko 30 XBWAWH) BRAcTuBI embpi-
OHaJIbHUM KJiITMHAM FOJIKOWKIpUX i 3eMHOBOAHUX Ha
cTagii gpobneHHs.

MNepiogw iHTepdazn

1. Ilpecunreruunuii nepiox (G,). Kiituna
3pocTtae i BUKOHYe cBol (hyHKIII B opranismi.
30iabIIyeThcs KigbKicTh MeMOpan i oprame,
CUHTE3YIOThCS Pi3HI CIOJYyKH, 3amacaeTbCs
eHepria. KaiTuHaU mpoBoAATH HEPBOBI iMOyJIbCcH,
CKOPOUYIOTHCS, CEKPETYIOTh PEUOBUHU TOIIO.

2. Cunreruunuii mepiox (S). Posmoumua-
€ThCsS MiArOTOBKA KJITHHHU 0 Imoainy. Bim0y-
Ba€ThCS OMHA 3 HAWBAKJIUBIININX MOAill iHTEp-
(asu — pemrmikatia (mogBoerusa) [[HK. Takox
IMOBOIOIOTHCA IEHTPOCOMMU.

3. Tlocrcunrernunuii nepiox (G,). Kiiru-
Ha 3aBepIlye IiAToTOBKY m0 momiay. OcodamBo
iarencuBHO cuHTe3yeThecd AT®P, cTBOpIOIOTHCA
HOBI MeMOpaHU ¥ opraHesu.

TpuBanicTb iHTepdasn

TpuBasicts iHTepdasu i KIiTHMHHOTO IU-
KJy Bapiioe 3aJIe’KHO BiJi BUJIOBOI HAJIEXKHOCTI,
TUNY KJIITUH 1 BiApisHAETbCA HAaBITH y PiSHUX
KJiTuHAX omHiel i Tiel sk TkamuHU. ¥ OiabIoc-
Ti KJiTHMH, 110 aKTUBHO iJISATHCS, TPUBAJICTH
inTepdasu craHoBUTL O0gu3bKO0 10—24 roauH.
V¥V kiaiTuHax, 110 MOBiIBHO AiIATHCS, el mepion
MOJKe CTAHOBUTHU JeKiJbKa MicdAIliB.

Maiiske Bci BigmiHHOCTI B wacToTi momi-
Jy KJITUH 3yMOBJIEHI PiSHHUIEI0 B MOBKUHI
npecuHTeTudHOro mepioxy G,. V cepegHbomy
B Oinmbmrocti KiaitTwH BiH TpmBae 3—8 ronguH,
a B KJITHH, IO IOBiJIBHO OiIATHCA,— THXKHI
¥ HaBiTh poKU (KJIiTuHU meuinkm). Heaxi Kui-
TUHU iCHYIOTH V¥ TAKOMY CTaHi BCe CBOE JKUTTH,
He TepexoAs4yud B HacTymnHy a3y i He Hmpucry-
marmyu 10 noxiay. o TakuX KJIITWH HajaeKaTb
crelliayrizoBaHi KJIITHHM 0araTOKJITHHHUX Op-
raHisMiB, HaIPUKJIAJ €PUTPOIUTU, HEPBOBI Ta

1 66 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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M’sA30Bi KiuiTuHH. KasKyTh, 110 Taki KJIiTuHU
nepexoaaTh y (asy cmokow G,.

Yac, 3a AKUHN KJIITHHA IPOXOAUTH Iepiogm
S, G, i MiTO3, BiTHOCHO CTANIUi — y CCABIIiB BiH
Bapiroe Big 10 go 25 rogmu. Cam mpoiliec IOmiTy
HabaraTo KOPOTIIWM, HiK eTam MiATOTOBKHU M0
HBOT'O: MiT03 cTaHOBUTH 0/n3bK0 1/10 wacTuru
KJIITUHHOTO ITUKJY.

Perynauia iHtepdasn

IcHYIOTH CKJIagHI MeXaHi3MU KOHTPOJIIO KJIi-
TUHHOTO IUKJIy. Tpusanicte nepiomy G, sHa-
YHOIO MipOI0 BUBHAYAETHCA 30BHIITHIMHU yMOBAa-
MU i curHaJiaMu Bif iHmuX KiitwH. TpuBaIicTh
nepiony G, peryJiaroeTbCa PO3MIpOM KJiTHHH.

Y KiIiTuHHOMY IMKJi iCHYIOTH TaK 3BaHi
Konmpoavhi mourku. Ile KirouyoBi eramm, Ha
AKUX KOHTPOJIIOETHCA IIPABUJIBHICTH IIPOIIECiB,
[0 BimOyBaloOTHCSA, a TaKOM 30eperKeHHs Ie-
HETUYHOTO Marepiaay. BakjimBa KOHTPOJBHA
TOYKa € Ha mouaTkKy (asu G,. fxmo ymoBu
CIPUATIAMBI Ta KJIiTMHA OTPUMYyE Bim cycin-
HiX KJITHH CHUTHAJMW 3POCTAaHHS ¥ IIOAiJIy, TO
BOHA IMOYMHAE IiAroToBKY mo perikamii JTHE.
Y dasi G, € KOHTPOJIbHA TOUKA, KA 3aTPUMYE
KJIITHHY y il ¢asi G,, AKIIo micaa pemmikamii
BUsBUJIOCA moinkomkenusa JTHK.

Ilepexix Bixg omHOro mepiony KJIITHHHOTO
MUKJY [0 iHIIIOTO PeryJareThcsa (epMeHTOM
MUKJIH3aJeKHOI NIpPOTeiHKiHa300. Bamausy
poJsb y IILOMY IpoIieci Bimirpae OiJIOK IIMKJIiH.

KouTtposbHi TouKu 3a6e3meUy0Th MPaBUIb-
HICTH i BUCOKY TOUHICTH IIPOIECIiB AYILTiKAIii
i posxomxeHHA XpomocoMm. IlopyIiieHHA KOHT-
POJII0 KJIITUHHOTO IIUKJY MOXKYTbH IPU3BOLUTHU
10 PO3BUTKY PaKOBUX 3aXBOPIOBAHb.

Ocob6numBiI KNITUHHI LMKNK

OnucaHi 3aKOHOMIPHOCTI KUTTEBOIO IUKJIY
XapakTepHi s KJITHH, IO YacTO IiJATHCH.
OmHak iCHYIOTh KJIITUHU, JKUTTEBUN ITUKJ AKUX
Mae iHImi 0coGJIMBOCTI.

Hobpe Bimomo, I1I0 KJIiTWHU HEPBOBOI TKa-
HUHU, 0COOJIMBO HEHPOHU IIeHTPAJIHLHOI HEPBOBOIL
cUCTeMU, micasa emMOpioHAaJIBLHOTO mepiomy BTpa-

0 KnioyoBa iges

MuTTeBUN UMKN KNiTMHM — Ue nepiog i icHy-
BaHHA Bif YTBOPEHHA LAAXOM MOAiNY A0 HacTyn-
Horo noginy abo NpuMpoaHoi 3armbeni. Y XutTe-
BOMY LMKNi BUAiNALTb ABi cTagii — iHTepdasy
i BnacHe nogin (mito3 abo merios).

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

YaloTh 3JATHICTH A0 moxiny. vKuTTeBUU UK
KJIITWH, II10 He IiJISThCs, BKJIIOYAE JIUIIE IIePios
G, i ckmamaeTbca 3 POCTY, TPUBAJIOTO (HYHKILi-
OHYBaHH#A, CTAPiHHA W CcMepTi.

Kraituam neuinkoBol TKaHWHY (TeIaTOIUTN)
IicJIA CBOTO YTBOPEHHSA NMIJIAXOM MiTO3y TAKOMK
BCTYNaIOTh y nepiox G, mig yac AKOTO BOHM BU-
KOHYIOTH CBOI unucjaeHHi pyHKIil. BoHI MOMXKYTh
poramu nepebyBaTu Ha cranii G, He BCTynaouu
B mepiox S. OgHak y pasi momkomxeHHs abo
BUJAJIEHHA YACTUHU IIeUiHKU BOHU IIPOJOBIKY-
IOTh HOPMAJIbHUN KJIITHUHHUHA IIUKJI — BXOOATH
y S- i G,-mepiogu, a moTim AinATHCA.

KiaitTuam meuinkm, a TaxkoX Ogedaki immri
KJIITHHU OpraHisdmMy JiogwmHu (HapUKJIam, ITig-
IMIJIYHKOBOI 3a/1038M) 3MaTHI I A0 iHIIIOTO BUIO-
3MiHEHOT'O KUTTEBOTO ITUKJIY. BOHU IpPOXOIATH
G,- Ta S-mepiogu imTepdasu, ogHAK TOTIM He
BCTYyMaloTh aHi B mepiog G,, ani B miTo3, T0OO-
TO He OinaTbeA. ¥ pesyabrari Kigbkicts [THE
B KJITWUHI 30iJBITyeTbCSA — KJITUHA ME€PETBO-
proeThea Ha nosrimnoiguy. Ilominoigai KiriTuHM
MeYiHKK MalTh OiJbINI po3Mipu ¥ IIPAIOIOTh
0iybin e)eKTUBHO.

TpuBajicTh KUTTEBOTO ITMKJIY MOXKe OyTH
pisKo cKopoueHa B eMOpioHANbHUX KJaiTuH. Bi-
JIOMO, IO BEJUKi ANIEKJITHHU BiKe MiCTATH
y IIATOILIa3Mi yci KOMIIOHEHTH, HeOOXimHi s
yucyieHHUX moxiniB. Tomy micaa samiaigHeHHS
KJIITUHN IiaATbCSI HAA3BUUYANHO IIBUIKO 1 He
MalTh y KUTTEBOMY IUKJi mepioxis G, i G,.

@ MpakTnyHa poboTa

LjumoezeHemuyHa xapakmepucmuka A0pa coma-
MuYHOI KAimuHu y pi3Hi nepiodu KnimuHHoz2o0
yukny

1. Po3rnaHbTe Cxemy KAITMHHOrO LMKy COMaTuy-
HOI KNiTMHW. 3BEPHITb yBary Ha 4MCiO0 XPOMOCOM
Ta XpoMaTuA y Agpax KATUH Ta ixHi MopdonoriyHi
0CO6NMBOCTI Yy Pi3Hi Nepioan KNITMHHOIO LMKAY.
2. Cknagitb Tabnuuto, y AKIN yKaxiTb 03HaKW Agpa
y Pi3Hi Nepiogn KAITUHHOIO LMKIY.

3. ChopmynionTe BUCHOBOK.

3annTaHHA Ta 3aBOaHHA

1. HepBOBi KNiTMHW NOAUHU [INATbCA TiNbKU Ha
cTapii emOpioHanbHOro po3BUTKY. YoMy nisHille BOHM
nepecrawTb AIMTUCA | nepexoaaTtb y ¢pasy cnokowo G,?
2. Y yomy nonAra€ nNpusHavyeHHA KOHTPOJIbHMX TOYOK
KNiTUHHOTO uukny? 3. Yn moxe KniTvHa NnponTu CTagito
pennikauii JHK, ane TaKk i He nouaTtn nogin?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 1 67
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 80. CTpyKkTypHa opraHisauisi XxpoMaTUHY

0 [omipkynTe

YoMy WiNbHICTb MakyBaHHA Pi3HUX AiNAHOK Xpo-
MaTUHY MOxe 6yTu pi3HoI0?

Q 3raganTe

» bygosa monekynu [JHK e bBinkn
» Xpomocomu

IHTepdazHMIN XpoMaTuH

Monerkyau [ITHK B intepdasuHomy Amapi mifg
CBITJIOBUM MiKPOCKOIIOM BUIJIAJAIOTH SAK 0e3-
CTPYKTYpPHE IIepeIlIeTiHHSA HUTOK, IO Ha3u-
BalOTh XPOMATHHOM. XPOMATHH SABJSAE COOOIO
rkominiexc JITHK i 6inkiB. Biaku xpomaTuny Bu-
KOHYIOTH CTPYKTYPHY U PeryasaTopHy (pyHKITii.
CTpyKTypHi 6GiIKH TiATPUMYIOTH TPUBUMIipHY
cTpykTypy wmosekyau [IHK, crabimisyiors ii
Ta 3aXUMIAIOTh BiJl MOMIKOAMKEHb. PeryasaTopHi
OlJIKM PeryJoioTh aKTUBHICTH I'eHiB.

Hurku JHK y xpomaTwHi IeBHUM YHWHOM
ymakoBaui. Pospisusiors Oigbin mrigbHi (rere-
poxpoMaTuH) i MeHII IIiJbHI (eyXpoMaTuH) mi-
JIAHKY XPOMAaTHHY, III0 MAIOTh Pi3HY (YHKILiO-
HaJIbHY aKTuBHicTH (Maa. 80.1).

XpomatvH

l

EyxpomatuH

l

leTepoxpomatuH

(cnabo KoHaeHco-
BaHWUI, aKTUBHWIA)

(CMNbHO KOHAEHCOo-
BaHWUIN, HEAKTUBHWI)

KoHcTpyKTMBHMI

®dakynbTaTMBHUI =
(cTPYKTYpHMIA)

(MiCTUTb reHn, He (He MiCTUTb reHiB)
AKTUBHI B Ui Kni-

TVHI B Lel 4ac)

Man. 80.1. EyxpomaTtuH i retepoxpomaTuiH

Hykneocoma

Man. 80.2. HykneocomHe yknagaHHa OHK

Hykneocomn

EjeMeHTapHOI0O OOWHUIEIO YIAKOBKU XPO-
MaTHHY € HyKJeocoma. HyKjeocoma € ZUCKOIIO-
Ii0HOI0 YACTMHKOIO, IO CKJALAETLCSI 3 OiJIKiB
ricToHiB, HaBKOJIO SKOI 0OMOTaHa ABOCIIipaJbHA
OHEK (man. 80.2).

XapakKTepUCTUKN HYKIEOCOM

« Ilo ckaagy HYKJIEO0COMHU BXOIUTH UOTUPU
napu ricronosux 6inkis H2A, H2B, H3 i H4
(Bcboro Bicim O6inKiB).

« [liameTp HYKJIEOCOMHOTO [VICKa CTaHOBUTH
11 um, a fioro ToBIMHA — 5,5 HM.

« IHK po6uts 1,67 obepra (147 map Hy-
KJIEOTHiB) HABKOJIO HYKJIEOCOMHOTO sapa.

« Hyxkneocomm po3sTaIlroBaHi y3J0BYK MO-
aexkyau JIHK ma Bigcrami 10—-20 HM oxma Bin
OJHOI.

« Hinguxka JHK wmixk HykJIeocomamu Ha-
suBaeTbca JinkepHoioo [HK i cranmoButh 10—
100 map HYKJIEOTHUIiB.

« 3 minkepuoio JJHK mixx mBoma cycimHiMu
HYKJIeocoMaMu 3B’s3yeThedA rictom HI.

[lizHanTeca binblwe

3a ponomoroto FISH-TexHonorii, wo ao3eonse dap-
6yBaTV KOXXHY XPOMOCOMY B OKPEMMI KOJIp, YUeHi
nisHanuca, wo B iHTepdasHomy AApi Xpomocomm
pO3TalloOBaHi HE XaOTUYHO, a 3alIMaloTb MEeBHE Mic-
Le i MaloTb KOHKpPeTHe oTouyeHHsA. NopyLleHHA ubo-
ro NOpAAKy CrOCTepiraeTbCA B pa3i XPOMOCOMHMX
naTosorin.
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Tema 5. PenpofyKLuia Ta pO3BUTOK OpraHi3mis

Hinsuka nmoasiuoi coipasi [THK

4+ ) , HykaeocomBuii piBeHn

30HM

300 HMm

700 Hm

1400 HM

TUJ

JOHK mamorana Ha 6iJIKOBi « HAMUCTUHU» —
OlIKM-TiCTOHY 3 YTBOPEHHAM HYKJIEOCOMHOI HUTKU

CosneHoimHUIl piBeHb
CKpyuyBaHHA HYKJIEOCOMHOI HUTKHU 3 YTBOPEHHIM
XPOMAaTUHOBOTO BOJIOKHA — (hibpuau

IlerexpHnii piBeHs
ITakyBaHHA XpoMaTUHOBUX (HiOPUII HETIAMU

JloMeHHUI#T piBeHb

YTBOpeHHS eTeJIbHUX JOMEHIB, AKi CBOEI0 OCHOBOIO
Kpiniarsed po 6ikoBoro marpukcy B minaakax JHE
3 BUCOKuM ymictoMm A /T map HyKJeoTUmiB

XpomocomHUIT piBeHb
OcranHiii (Buiuii) piserb komnaxkrusarii [JHK. Mi-
TOTUYHA XPOMOCOMA, 110 CKJIAZAEThCA 3 IBOX XPOMa-

Man. 80.3. CtpykTypHa opraHisauia JHK Ha pi3HMX cTagiax KAiTMHHOro uukny (piBHi KOHAeHcauii XpoMaTuHy)

CTpPYKTYpHIi 3MiHM XpOMaTUHY
B KNITUHHOMY LMK

Ilepen mopmisioM KJIITMHUM XPOMATHUH KOH-
nencyerbead — JHK ckpyuyerbecs i 3a yuacTtio
crueriaJbHUX 0iJIKiB CIIaKOBYETHCA B KOMITAKTHI
cTpyKTypu — xpomocomu. IIlinmpna ymakoBka
IHK y xpomocomaXxX IIE€pPelIKOIKae PO3pUBaM
muTok [ITHK y npomeci moxiny wkaituawm. Ic-
Hye IeKinbKa PiBHIB KOHAeHcallil XpoMaTHUHY
(man. 80.3). Binku xpoMaTwUHY IOMiISIOTHCS
Ha ocHOBHI I Kuciai. OcHOBHI GinKM mpexmcTas-
JIeHi ricToHamMu, SKi 3a0e3Meuyi0Th IIPOCTOPOBE
yraananuada [JHK. Kucai 6inku xpomatuny me-
PEeBaYKHO € PeryJATOpPHUMHU Oinmkamu abo dep-
MeHTaMu, IO 0epyTh ydyacTb y MeTabosismi
HYKJIEITHOBUX KUCJOT.

0 Kniouosa iges

Mepepn noginom KniTMHM XPOMaTVH YMNaKoBYETbCA
B KOMMAKTHI CTPYKTypu — Xxpomocomu. LinbHa
yrnakoBKa MnepelkoaKa€ po3pueam HuUTok [HK
y npoueci noginy. EnemeHtapHo0 oguHuueto yna-
KOBKMN XPOMAaTUHY € HyKneocoma.

@ MpakTnyHa poboTa

BueyeHHs 6y008U XpOMOCOM HA hocmiliHomy npe-
napami 2i2aHmMCcbKUX XxpoMocom mMomunsa

1. Po3rnsaHbTe 3a 36inblueHHA MiKpockona 64X no-
CTINHUIM MiKponpenapaT CAUHHWX 3an03 MOTWUAA
1N 3HaWAITb HAa HUX KNITMHW, NOTIM — AApa KNiTWH.
2. Po3rnaHbTe Afgpa 3a 36inblieHHA MiKpocKomna
160X. 3HaNAITb y HUX BeNeTeHCbKi XPOMOCOMM, AKi
CXOXi Ha MOCMYroBaHi MiHil 3i «3gyTTAMM» Ta Npo-
30py Kapionnasmy.

3. 3amanionTe 3HaMAeHi XPOMOCOMMU N MigNULWITbh
IXHi YacTnHW.

4. ChopmynioiTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. flke 3HauyeHHA AnNA QYHKLIOHYBaHHA reHomy Mma-
I0Tb Pi3Hi piBHI yknagaHHA [OHK? 2. Y ckinbku pasis
3MEHLYITbCA NiHINHI PO3MipU XPOMOCOM 3a MaKCu-
MasibHOI KOMMaKTu3alii XxpomaTuHy (MOPIBHAHO 3 MO-
asinHoto cnipannio OHK)?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 81. MitoTnuHum noain

0 [omipkynTe

Yomy MiTO3 He NOTpibHWIA GakTepiam?

Q 3raganTe

» bygoBa KnituHm o KNiTHHUM umkn

« IHTepdaza » XpomaTuH

» Xpomocoma

3aranbHa cxema i 6ionoriyHe 3HayeHHA
MITOTUYHOIO NOAiny

MiToTHYHUH MOTiJI — IIe cI0ocib HempsaMoro
nojisly eyKapioTMUHUX KJIITWH, 3a SAKOTO Te-
HETUYHUUN MaTepiajs piBHOMIpHO PO3IOAINIAETDH-
cd MiK mouipHiMm KiaitTmHamu. Y pesyabTaTi
MITOTHYHOTO TOMiJIy YTBOPIOIOTHCS ABi MOuipHi
KJITUHU, SAKi € TOYHOI0O Te€HEeTHUUYHOIO0 KOMi€lo
MaTepuHChbKOI KiaitTuHu (man. 81.1).

Ot:ke, 3aBEAHHAM MITOTHUYHOI'O IOy €
TOYHE KOIIiIOBaHHS IreHeTNUHOi indopmarrii i Bia-
TBOPEHHA YMCJIEHHUX KOMi# (KJIOHIB) BUXimHUX
KiaiTuH. OCHOBHUMU OioJIOTiYHMMU IIpOIlecaMu,
AKi peaJrisyroTbCcd 3a PaXyHOK MiTOTHYHOTO IIO-
Iy, € picT opraHisamiB, pereHeparisg opraHiB
i TKAaHWH, a TAKOYX HECTaTeBe PO3SMHOYKEHHS.

InTepdasa

2n2c

Pennikauin
AHK

2n4c

/N

Mitos
2n2c 2n2c

Man. 81.1. 3aranbHa cxema MITOTUYHOrO noginy. 2n — pu-
NnoigHe Yncno XpoMocom, 2¢ — Kinbkictb AHK y gunno-
inHomy Appi, 4c — nopBoeHa Kinbkictb AHK B Agpi nicna

pennikauir

[igrotoBKa KNiTMHW O MITO3Yy

Ha cragii S inTepdasu BimbyBaeThca pemi-
kamia [JHK. ¥V pesyabrari 3arajbHa KiJIbKicTb
TeHEeTUYHOTO MaTepiasly B KJITHHI MOABOIOETH-
ca. Komii monmexkyn IIHK, 1o yTBopmauca mifn
yac perikarii, He BiJOKPeMJIIOIOTHCA OAHA BiJ
ONHOI, a 3aJuINalThCA 3’ €THAHUMHU B TiJIdH-
i meHTpoMepwm — TaK MAaiOyTHI XpoMocoMu
HabyBatoTh X-moxi6uoi ¢gopmu. I1i xomii Hasm-
BAalOTh CECTPUHCHKHMMH XPOMATHAAMM, BOHU €
a0COJIIOTHO iTEHTUUYHUMMU.

Ho kiuma inrepdasu KIiTuHA Mae TOABOEHY
OHEK, 36imbiiieHnii 06’eM IUTOIIa3MU, 301IbITIe-
He Ymcjio MeMOpaH Ta iHIITUX opraHes, a TaKOoK
sanmac AT® npna 3abesmeueHHs BCiX IIpoIecis
eHeprieo.

Cragii miTo3y

MiTtoTuuHUHA IOAIJI CKJIAZAETHCA 3 JBOX CTAa-
oift — mominy KiaitTuaHOTO Axpa (MiTo3, abo ka-
piokines) i posmominy nmuronsgasMu (UTOKiIHES3).

MiTos ckiaanmaeTbcAd i3 YOTHPHOX CTamiit —
npogasu, memagasu, anagasu i menopasu.

Cepentsa TpuBaJIicTh MiTO3y — 1-2 roguHu.
HaitmBuaiie giiaTbess eMOpPioHAIBHI KJIiTUHU.
Tak, n1pobeHHA AUIEKJIITHHU BigOyBaeThCcA 3a
10-40 xBusmH. MiT0O3 y POCIMHHUX KJIITHHAX
TpuBae 2—3 TOAWHU, MIiTO3 y KJIITUHAX TBapUH
BimOyBaeThcA mBuaiie — 0au3bko 30—60 xBu-
JIVIH.

MopdonoriyHa 6ygosa metadpasHoi
XPOMOCOMU

Sk Bam yKe BimomMo, XpoMocoMu Ha CTa-
Iii meradaszm MaKCcUMAaJbHO HIiLJIBHO CIIaKOBaHi
(6yzoBy mMeTadasHOI XPOMOCOMY BU BUBUAJIU Pa-

% i n

MetaueH-  CybmeTaueH- AKpoLeH- Tenouen-
TpUYHa TpUYHa TpUYHa TpUYHa

Man. 81.2. Knacudikauis xpomocom 3a Mopdonorieto
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Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

Cragii miTo3y

IIpogasza
Xpomocomy XpoMaTUH KOHIEHCYEThCA, IIiJi MIKPOCKOIIOM CTalOTh IIOMIiTHI OKpPEMi XpOMOCOMMU.
KosxHa xpoMocoMa CKIaZaeThCsA 3 IBOX iTEHTUUHUX CECTPUHCHKUX XPOMATHUT.
SnepHa 060sI0HKA i AMEpPIle PYHHYIOThCA. ¥ IIUTOIIa3Mi POPMYETHCS BePETEHO
mozity.

<W§"f¢»

flnepHa / Tpusasicts: 30 xB — 1,5 roguHu
060/10HKa
Meradasza
Hurku BepeTeHa moijly IpOCTATAIOTHCSA MisK IIOJIIOCAMU KJIITUHU. XPOMOCOMU
MINKYIOTHCA Ha €KBATOPi KIITUHY, TPUKPIIIIOIOTHCA IIEHTPOMEPaMU 10 HUTOK
) BepeTeHa, yTBOPOIOUN MeTadasHy IJIaCTUHKY.
Mikpotpy- TpupaiicTsb: 10 1 XBuIMHA

6oUKN — =

Amnacgasa
Xpomatngn ——— CecTpUHCBHKI XpOMaTHUIU BiJOKPEMIIOIOTHCA OHA Bifi OJJHOI i TPOCYBAIOTHCS
Y3I0B:K HUTOK BepeTeHa 0 IMMPOTUJIEKHUX ITOJI0CiB KiIiTnHu. Big mboro MoMeHTyY
CEeCTPUHCHKI XpOMaTUAU CTAIOTh OKPEMUMHU JTOUiPHIMU XPOMOCOMAaMMU.
TpusasicTsb: 2—3 XBUIUHUA
Tenodasza

Xpomocomu (OLHOXPOMATHUIHI) 30MPAIOTHCA Ha MPOTUIEIKHUX MOJTI0CAX KIITUHA
M 0OTOUYIOTHCS ANEPHUMU 000JIOHKAMY — BUHUKAIOTH JBA HOBUX KJIITUHHUX AIpA.
DopMyIOTHCA ALEPIS, JeKOHIEHCYETHCA XPOMATHH, 3HIKAE BEPETEHO IOLIY.
Tpusasicts: 20—30 xBUINH

[HouipHi KNiTuHM

mime) (man. 81.2). BoHr KOMIIAaKTHO PO3TAIIIO- @ MpakTryHa pobota

BaHl B ALIAHII eKBaTopa KiiTWHH 1 HAHOLIBI Bue4eHHA cmadili Mimo3y Ha npenapami KopiHysa

3PYUHi AJid BUBUYEHHS MiJ] CBiTJIOBUM MiKPOCKO- yubynuHu
nom. Came Ha MeradasHUX MiKpompemaparax 1. TMomicTiTb MmiKponpenapat nig Mikpockon
BHU3HAYAKTh KaplOTHUII. Ta YBaXKHO PO3MAHbTE KNITUHWU. 3HANZITb KNITUHWK,

[lizHanTeca binbue

LleHTpOMepHi 4acTMHM XPOMOCOM npeacTaBneHi
reTepoXpoMaTVHOBUMUN AiNAHKaMW, WO MiCTATb
6aratopasosi nostopu [HK. Kpim noegHaHHsA ce-
CTPUHCbKMX XpomaTtug, LeHTpomepa bGepe yyacTb
y dopMyBaHHi KiHeToxopa — cknagHoro 6inkoBo-
ro KOMMJIEKCY, A0 AKOro MPUKPINIOTbCA HUTKU
BepeTeHa nopginy.

0 Knioyosa iges

MiToTnuyHMIiA nogin — uUe cnoci6é HenpsAmoro no-
Ziny eyKapioTUUYHMX KNITUH, 3a AKOro BifbyBaEeTbCA
TOYHe KOMiloBaHHA reHeTUYHoi iHdopmalii, i re-
HETUYHUIN MaTepian PIBHOMIPHO PO3MOAINAETbCA
MK JOYIpHIMW KIiTUHaMK. 3aBAAKM MITOTUYHOMY
nopiny BiaOyBaloOTbCA PICT, pereHepaLia i HecTa-
TEBE PO3MHOMXEHHS.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

WO [iNATbCA, Ha PI3HUX CTafiAax MITO3y Ta iHTep-
dasHi KniTnHW.

Mopada. LWo6 3HanTK BCi cTagii MITOTUYHOTO LMKy,
nepecyBanite npenapar.

2. 3amanionite KNiTUHM Ha Pi3HMX CTagiaX MIiTOTUY-
HOrO LMKIy.

3. CoopmyntoinTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

\g

¢da3

LeH
AK6

1. [na npuroTyBaHHA XPOMOCOMHUMX Mpenapartis

NOAVHN BUKOPUCTOBYIOTb BEHO3HY KPOB. fIK BM BBa-
»KaeTe, XPOMOCOMM AKX KNITUH KPOBi BMBYAOTbCA Nif
MIKPOCKOMOM — epuTpouuT um nenkoumntn? 2. Ym
MOXHa MPUroTyBaTK KapionoriyHi npenapatn 3 meTa-

HUMW NnacTuHKamu Henpodis? 3. Lo craHeTbca

B pe3ynbTaTi MiTO3y, AKLWO OfHA 3 XPOMOCOM YyTpaTuTb

Tpomepy? 4. MNMomipKyiTe, Ak 61 NWna eBonioLis,
W He BMHMWK MITO3.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 82. LinTokiHes. Perynauia i nopyweHHA npouecy mMiTto3ly

0 [omipkynTe

AKMMU MOXYTb OGYTV MOPYLUEHHS MITO3Y, AKLIO
ofjHa 3 XPOMOCOM BTPaTUTb LieHTpomepy?

Q 3raganTe

» bygoBa pOCAVHHOI KNiTUHN
e KniTmHHa cTiHKa

LinTokiHe3 y pocnnH i TBapuH

Hacrynroro cramiero micasa momisy sagpa €
IMTOKiHe3 — cTajia mozxiny muronaasmu. Llei
IpOoIleC 3aBEPIIYETHCA YTBOPEHHAM IBOX OKpe-
MUX JOUipHiX KJitwmH (Mmain. 82.1).

Y xigiTmHax TBapUH i POCIMH ITUTOKiHE3
BiZ0yBa€eThCA MO-pisHOMY. ¥ TBAapUHHIN KJIiTUHI
BUHUKAE MePeTsKKa IJIadMaTUYHOI MeMOpaHu,
10 OIlepi3ye KJIITMHY TO eKBaTopy. ¥ TBOpPeHa
0OpO3HA MOCTYIIOBO IIOTJIMOJIIOETHCSA i, BPEIITi-
PeIlT, Po3aijfe IUTOIJIa3MU AOUipHIiX KJIITHH.

Y pocauH y IEeHTPi KJIiTHHU yTBOPIOETHCA
KJAIMUHHA NAACMUHKA, SKA PO3POCTAETHCA 3Ce-
penvHU i 3peInToio MOBHICTIO PO3AiAe MOUipHi
KiaitTuau. Tarkuii cmoci®é pospijieHHs IIUTOILIa3-
MU 3yMOBJIEHUII HAABHICTIO KOPCTKOI KJIITUHHOL
CTiHKY POCJIMH. ¥ AeAKUX MiCIIAX Mi¥K POCJIMH-
HUMH KJiTmHaMu 30epiraioTbCcsA ITUTOIIa3Ma-
TUYHI KaHaau i GopMyIOThCA NJAA3MOECMU.

He zaBxxam mopmin saapa cynpoBOIKYETHCA
TOJIiJIOM ITUTOMJIA3MU. ¥ Pasi MOPYIIeHHs IUTO-
KiHe3y popMyOThCA ABOANEPHiI abo HaBiTH Oara-
TOAAEPHI KIiTrHY (cuMILIacTn). I3 Takux KIiTuH

a 6

Man. 82.1. LnTokiHe3 y pocnuH (a) i TBapuH (6)

[lisHalTeca 6inblue

LinTokiHe3 MoxHa 610KyBaTH LUTYYHO 3a JOMOMOTOH
OeAKMX XiMIYHVIX PeYOBVH, HAaMpUKIag LuToxanasiHy.
Tak MOXKHa OTpMMYBaTU KNiTUHWU 3 4, 8 i Ginbwunm
yncnom faaep.

CKJIAaIalOThCsA, HAIPHUKJIAL, Milesaiii 6ararbox
rpubiB Ta BOJOKHA CKeJIeTHOI MYCKYJATypH.

MopyLUeHHA Npouecy MiTo3y

SAxio HopManbHMH ITepebir MiTo3y IOpPYIIy-
€ThCS, TO YTBOPIOIOTHCA KJIITUHU 3 He30aJIaHCO-
BAaHUM T'€HETUYHUM MaTepiajiom.

HeposxomxkeHHA CECTPUHCHKUX XPOMAaTHU]L
B aHadasi IpU3BOAUTH 0 MOABOEHHSA UKUCJIA XPO-
MocoM — moJgimmoimii. Taxke MOMKJINBO, AKIIIO
3 IeBHUX IIPUYUH He (DOPMYETHCA BEPETEHO II0-
mimy abo K He PYHHYIOTBCA Koze3iHu — OiJIKH,
AKiI yTPUMYIOTh CECTPHUHCHKI XPOMATHUIN PA3OM.

SIKIII0 XpOMOCOMH PO3XOAATHCA [0 IIOJIIO-
CiB KJITUHM HEPiBHOMiIpHO, CIIOCTepiraeTnhcsa
aHeyILIoiMiss — HecTaua abo HaABHICTH 3aliBUX
XPOMOCOM Y OOYipHIiX KJIiTHMHAX.

YacTkoBa BTpaTa TeHETHUYHOTO MaTepiaay
B XOIi MiTO3y MOJKJIMBa BHACJIiIOK (pparmenTa-
mii xpomocom. [lesaki ximiuni peuoBuHU, Bipycu,
MOHiI3yI0Ue BUIPOMIHIOBAHHS Ta iHIN YMHHUKU
CHOPUYMHAIOTL PO3PUBU XPOMOCOM. XPOMOCOM-
Hi QparmenTu 0e3 IEHTPOMEPHUX TiJISTHOK He
MOXKYTh NPUKPINUTHUCA O BepeTeHa NOOJiay,
He PO3MOIiIAITHCA A0 HOBUX KJIITMHHUX ANEP
i pyHHYIOTBCSA B I[UTOILIA3Mi.

[lisHanTeca 6inblue

[JeAaki nopylueHHA MITO3y BMKOPWCTOBYIOTb y MpaK-
TUYHUX LinAax. XiMiyHi peyoBMHY, LIO NepeLiKkoa,a-
0Tb YTBOPEHHIO HUTOK BepeTeHa Moginy (KOnXxiuyuH,
KOJLeMif, TOLWO), BUKOPUCTOBYIOTb ANiA OTPUMAHHA
noninnoigHMx KnitnH. lNoninnoigusauia € ogHMm
3 MeTOAiB CTBOPEHHA BMCOKOMPOAYKTUBHUX COPTIB
CiNnbCbKOrocnofapcbkux pocavH. PocnmHu 3 no-
NiNAOIAHMMK  KAITMHaMU MatoTb Ginblwi  po3mipu
i 3amacatoTb Ginblue MOXMBHUX PeYoBUH. KonxiumH
BVMKOPUWCTOBYIOTb TaKOX Yy LMTONOFIT ANA 3YMUHKN
KNiTMHHOrO MopAiny Ha ctagii metadasu, WwWob otpu-
MyBaT\ MiKpornpenapaTu KniTuH, AKi OinATbcA.
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BinkpuTtnii opTomiTos 3aKpuUTUIN NIEBPOMITO3

Man. 82.2. Tunu mito3y

VY mimomy mopyIieHHA MiTO3Y TPAIISIOTHCS
pigko i He mepeBuIyoTh 1% , IpoTe BOHU Yac-
TilamTh 3 BIKOM OpraHiamy, y pasi OHKOJIOTiu-
HUX 3aXBOPIOBaHb, BipycHUX iH(eKIill, micias
pPaZliocaKTUBHOTO ONIPOMiHEHHS.

Tvinun mito3sy

OcHoBHa KJacudikalia TUITiB MiTO3y I'PYyH-
TYEeThCS Ha CTaHi AmepHOI 000JOHKH B IpoIlieci
moainy. 3a BiZKpMTOro MiTOo3y 000JIOHKA sAApa
PYHAHYETHCSA, i BepeTeHO MOIiJy YTBOPIOETHCS
B IIUTOIJIa3Mi. 3a 3aKPUTOT0 MiTO3y DPYHHY-
BaHHA s7epHOi 000JOHKM He BimOyBaeThCsd,
a YTBOpPEHHs BepeTeHa i MiT0O3 BiZOyBalOThCS
BCepeauHi Anpa.

IIe oxma racudikaiia BpaxoBye CUMETPii0
BepeTeHa. 3a OPTOMITO3y BEPETEHO CUMETPUUHE
IT0JI0 eKBaTopa KJIITHHU. 3a IJIEeBPOMITO3y Be-
PeTeHOo CKJIANAETHCA 3 JBOX YACTUH, AKi MOXKYTH
pOS3TaIIOBYBATHUCSA Tifi KYTOM OJHA OO OJHOI.

JJis TBAPpUH i BUITUX POCJUH XapaKTepHUN
Bimkputuit opromirTos. EBosoniiino maBHimImum
BBasKalOTh 3aKPUTHUI IIJIEBPOMiTO3, HAIPUKJIA,
y ApikmxoBux rpmbiB (mas. 82.2).

PisHoBumoM MiTO3y € eHOoOMiTO3, 3a SIKO-
r0 XPOMOCOMHU IIOABOIOIOTHCSA, ajie MO Aapa
i KJIiTuHU He BimOyBaeThcs. ¥ pesyJbTaTi B On-
HOMY AAPi HAKOTMMUYYIOTHCA YKUCJIEHH] KOmii Xpo-
MocoM. SIKITO IIi KOImii He PO3XOoAAThCH, a 3a-
JIAIIAIOTHCA 3YEIJIEHUMU Pa30M, YTBOPIOIOTHCS
riraHTCchKi mositeHHi xpomocomu (Mas. 82.3).

0 KnioyoBa ines

LinTokiHes — cTagia noginy uutonnasmm, Aka
3aBepllye MOAIN YTBOPEHHAM [BOX OKpemMux
JOYIPHIX KNITWH. YCi cTagil MITOTUYHOro MoAiny
KOHTPOJIOKTbCA | PerynioTbca crneuianbHUMm
6iNKOBMMMN KOMMeKcamu. YHacnifoK mnopyLueH-
HSl MPOoLeciB MITO3y BMHUKAE He3banaHCOBaHWUM
po3nopfin reHeTMYHoro Martepiany (noninnoigis,
aHeynnoigia).

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

Man. 82.3. lNoniTeHHi xpomocomu

Perynauia npouecy mito3y

¥V 3amycky moyaTKOBHUX CTaAiil MiTo3y (mpo-
dasu ¥ meradasu) aKTUBHY ydacThb Oepe uu-
KJMiH-KiHA3HUll kKomnaekc (0iIKM IUKJIiH-KiHa3a
1 mMuKJIiHN). BOHM KOHTPOJIIOIOTH YKJIATaHHS
i posmana BepeTeHa IOAiNYy, PYHHYBaHHS i1 Bin-
HOBJICHHSA sifiepHUX 000s0HOK. Kpim Toro, Bimo-
Mi iHIIL TUNIM KiHa3, AKiI peryJioioTh KOHIEH-
caliro XpomMaTuHy, 30MpaHHS BepeTeHa IMOMiIy
i TpuUKpiMJIeHHA OO HBOTO KiHETOXopa, IIOHiJ
CeCTPUHCHKUX XPOMATH].

AxTuBania anagasu BigOyBaeTbecA IIif Ai€io
iHITOTO OiJIKOBOTO KOMIJIEKCY — UUKJOCOMU.
IMukaocoma mMoaudirkye mesaxi OiJKuM Tak, IO
BOHU HaJaJIi pPyHHYIOThCSI. 30KpeMa, akKTUBHICTD
IUKJIOCOMHU IIPU3BOAUTL OO0 PYHHYBAHHS KO02e3i-
HYy — OinKa, AKUN YTPUMYE CECTPUHCBHKI XPpo-
matuau pasoMm. OQHiI€O 3 TOJIOBHUX «MillleHe»
IUKJOCOMH € ITMKJIiHU.

[lisHanTeca binbLue

Ha KOHTPOSbHIN TouLi KNITMHHOTO LMKIY MiX iHTep-
ba3olo Ta MITO30M NepeBipAETbCA pe3ynbraT peni-
Kauii HK: sikwo pennikauina He 3aBepLueHa abo npu-
3Bena A0 YNCIEHHUX MOMUIIOK, TO MiTO3 BNOKY€ETbCA.
Llle ogHa KOHTpOMbHa TOYKa po3ginae metadasy Ta
aHadasy: AKWO BepeTeHO nodiny Mae aedektn abo
[0 HbOrO MPUKPIMJEHi He BCi XPOMOCOMM, TO aHa-
¢dasa 6nokyeTbcA.

QBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Aki nepeBaru i AKi HepQoONiIKM Hafja€ KiTMHaM
6aratoagepHictb? 2. HaBiwo Aesknm Komaxam no-
TPi6HI noniteHHi xpomocomun? 3. flke eBoniouiiHe Ta
NpakTUYHe 3HaYeHHA Ma€ noninnoigmnsauia? 4. 3Haoumn
XapakTep LWKignnBoi Aii MOHi3yo4oi pagiauii Ha xpo-
MOCOMM, MOACHITb, YOMY OAMH 3 FONOBHUX CUMMTOMIB
npomeHeBoi XBOpoby — aHemia («6inoKpis'a») — Bu-
ABNAETbCA He Bifgpasy, a yepes Aekinbka MicAuis nicna
ONpoOMiHeHHA. AKi TKaHWHW N CUCTEMW OpPraHiB ypa-
XKaloTbCA Yepe3 NpPOMeHeBY XBOpoOy B mepuly yepry?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 83. Meio3

0 [omipkynTe

AIK MOXHa [OBeCTM, WO peKomObiHaLia reHeTny-
HOro MaTepiasny BigbyBa€eTbCA Mif Yac mepLioro
noginy menosy, a He nig 4yac gpyroro?

é 3raganTe

» XpomaTtugnm » fomonoriuHi xpomocomu

o Mito3

Mewos

Meiio3 — 1e HempAMHUN HTOMiJ KJIiTHHH,
Y pes3yJabTaTi SAKOr0 YTBOPIOIOTHCS UYOTHUPU Ta-
IJIOIAHI MouipHi KJIiTuHU i BimOyBaeThCsa peKoM-
Oimarisa remermuHoro marepiaay (maa. 83.1).

IIpomec wmefiody cRJIamHIIMUN ITOPiBHAHO
3 MiTo3oMm. BiH cKiIamaeTbeA 3 ABOX MOCIiTOBHUX

2n2c¢ Intepdaza

¢ Pennikauia JHK

YN

1n2c Meitos | 1n2c
/ \ Meiios II/ \
Tnlc Tnlc Tnlc Tnic

Man. 83.1. 3aranbHa cxema Menosy. 2n — AUNNOiIgHE Yunc-
J10 XpOMOCOM, 1n — rannoigHe YMcio XPOMOCOM,
2¢ — kinbkictb AHK y annnoigHomy Afpi, 4c — noAaBoe€Ha
Kinbkictb AHK B Agpi nicna pennikadii, 1¢ — Kinbkictb OHK
y rannoigHomy Aapi

®a3zun menosy |

IIpogasza I . - . .
BinbyBatoTbca nporecu, mofi6HI mpodasi MiTo3y: XpoMaTUH KOHIEHCYEThCA, AP~
Xpomocomy Ha 000JI0HKA Ta AepIie PyHHYIOTbCA, Y IIUTOILIa3Mi (POPMY€ETHCA BEPETEHO MOALTY.
\ =2 VuikaneauMu a1 npodasu I € nporecu peKkoMbOiHAIil reHeTUYHOTO MaTepiaty.
a l%" BinbyBaeThcs KOoH’foTallid FOMOJIOTIYHIX XPOMOCOM — T'OMOJIOTiUHI XpoMocoMu
o 6gilco>:ia oIapHO 30JMKYIOThCS 1 3’€AHYIOTHCS OfHA 3 OJHOIO 110 AoBKuHi. aii BigoyBa-
€ThCA KPOCUHTOBEP — OOMIiH JLIAHKAMM MiK FOMOJIOTIUHMMM XPOMOCOMAaMK
Meradasza I
l% Y meradasi I romosoriuHi XpoMOCOMH IITe 3aJIUINIAIOTHCS 3UCIIJIeHUMU OTHA 3 O~
d Y RN HOIO monapHo. TaKi mapu roMoJIOTiYHIX XPOMOCOM Pa30M IPUKPIMIIOIOTHCS 10
\\1% 4 HHUTOK BepeTeHa MOJiILy
Amnadgaza I

Tomomoriuni xpomocomu (HE cecTpuHCHKI XpomaTuau, AK y MiTosi!) BifokpeMio-
IOTHCA OJHA Bif 0mHOI i pyxXaioThcsa y3I0BXK HUTOK BepeTeHa [0 IPOTUIEKHUX I10-
sarociB kiaitTuau. KoskHa xpoMocoMa, AK i paHilie, CKiIagaeTbes 3 JBOX XPOMATHL.
Amnagasa I € e ogHiero cragiero Meitosdy, Ha AKiil BifOyBaeThCA reHETUYHA PEKOM-
OiHamisa — He3aJIe’KHE PO3XOAKEHHA TOMOJIOTIYHUX XPOMOCOM [0 IIPOTUJIEIKHUX
IIOJIIOCIB KJIITUHUI

A K
AR 4
Tenodaza I

7S TN
4 \ 4 \
I& 1 lt 1
\ 4 \ 4
~S_ 7 ~N_ 7

[ouipHi KNiTUHK

Xpomocomu (ABOXPOMATHUIHI) 30MPAIOTHCA HA IPOTUIEKHUX TOJII0CaX KJIITUHU.
Ix umciio sMeHIIIeHO Y 1BA PasH, OCKiTBKY IO KOKHOTO IOJIIOCA Bimifinaa Tineku
OJlHA TOMOJIOTiUHA XpoMocoMa 3 mapu. TakuM 4YnHOM BifOyBaeThCSa PEAYKIlisa UuC-
Jla XpPOMOCOM i YTBOPEHHS ABOX TaIlJIOIAHUX AOYipHIX KJIiTUH
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®a3u meniosy Il

IIpogaza I

€ @

Meradgasa I1

JAY

L
VAR

Amnadasa II
7\ N
(.7(4 (o= =] ‘—

N N/

XpomaTtungn

Tenogasza II
/’(_ \ 1Sy
1 1 1 1
\ ﬁ/ oy
// - \\ ,/ - \\
1/ gl 1 A 1
\ /7 \Cx>—/

Bin6yBaeTncsa
KOHJeHCAIlisT XPo-
MaTuHy. IgepHa
000JI0HKA 1 simepIre
py#HyloTECA. POp-
MY€ETHCA BEPETEHO
moaisry

XpomocomMu MIUKY-
IOThCA Ha eKBaTOPi
KJIITUHY 1 TpuKpin-
JIIOIOTHCS IEHTPO-
MepaMu 0 HUTOK
BepeTeHa MoIiTy

CecTpuHCBHKI Xpo-
MaTHUIU BiOKpeM-
JIOIOTHCA OJHA Bif
onHOI i pyxaroThscda
Y3I0BIK HUTOK
BepeTeHa MOAiJIy 10
MIPOTUJIEIKHUX II0-
JIIOCiB KJIiTHHHI

Xpomocomu 36upa-
IOThCA Ha IPOTHU-
JIeXKHUX TOJI0Cax
KiaitTuaH. Ix yncto
rarJjioigHe, BOHU
ONHOXPOMATHUIHI.
JeKoHIeHCYEThCA
XpoMaTuH, popmy-
IOTHCS HOBi AMepHI
000JI0HK U

ITicona mominy muTo-
ILJIa3MU BUHUKAIOTh
YOTUPU JOUipHi
rarmjoigHi KJIITUHH.
Kosxua kiriTuna
Mae€ yHiKaJbHY
KoMOiHaIito rese-
TUYHOTO MaTepiasry

0 Kniouosa iges

Mewo3 BknoYae ABa MoCnigoBHi noginu. Y pe-
3ynbTaTi ABOX MOAINIB YTBOPIOKWTbCA YOTUPU [O-
YipHi KNiTUHKW, AKI € rannoigHUMN N FeHeTUYHO
YHiKanbHUMU. PekombiHaLlifa reHeTUYHOro matepi-

any BifbyBaeTbca y npodasi 1 aHadasi menosy |
(KpocrHroBep i He3anexHe PO3XOAKEHHA TOMO-

NOTIYHUX XPOMOCOM).

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

0 [lisHanTeca binbLue
Yncno MoXnmBMX KOMOGIHALii XPOMOCOM y rameTax

YHaCNifOK He3aNleXXHOro PO3XOAXKEHHA XPOMOCOM
B aHada3i | JOPiBHIOE 2n, e N — YKCNO XPOMOCOM
rannoigHoro Habopy. Hanpwvknag, y NioguHM 4ncio
TakUX KOMOiHauin ctaHoBUTbL 22 = 8 388 608.
AKWwo BpaxyBaTy BMNAAKOBY 3ycCTpiy rameTt nij
4yac 3anMigHEeHHA, TO YNCIIO MOXKIMBUX KOMOBiIHaL i
B OAHi€l 6aTbKiBCbKOT Mapu CTaHOBUTb 22 X 2% =
= 70 368 744 177 664 abo 6nusbko 7,04 x 10'.
[na nopiBHAHHA — umMcno 3ip y Hawin lanaktuui
OLiHIOTb BennUYnHOW nopaaky 10'-10'2

noxitiB. EBOMTIONITHO I1i TTOAiIM Meli03y BUHUKJIN
Ha OCHOBi MiTO3y, ajie 3 JeIKUMU BUAO3MiHAMMU.

Ilepmuit moxmin, a6o meiio3 I, HasuBaeThCA
penykuiiitaum. Came B xoxmi meiiosy I BimbGyBa-
IOThCA HAWBAMKJIUBIII MeloTWuHi moxmii — pe-
OVKIIig upmcja XpPOMOCOM 1 perKoMmOiHallis re-
HeTHUYHOro Marepiany. ¥ pesyabrarti meiiody I
YTBOPIOIOTHCA OBl ramiIoigHi mouipHi KJaiTuHHU,
KOJKHA 3 AKMX IN'eHETUYHO YHiKaJIbHA.

Hpyruii moxia, abo meiios II, HasuBaeThcA
exBaiitnnM. Moro npomnecu mo cyti anasoriusi
mporecaM 3BMYaHOTO MiTO3y. KoskHa 3 mBOX
ramjoifHUX KJITWH, IO YTBOPUJIUCA B MiTO-
3i I, minmuTbea 1me pas. ¥ pesyabTaTi cyMapHO
YTBOPIOIOTHCS YOTHPU AOUipHi KaiTmHu. BoHuU
ramioifHi ¥ HecyTh yHiKaJabHI KoMmOiHarii re-
HETWYHOIO MarTepiasy.

Da3un menosy

Ilepen meiiosom, B inTepdasi, BigdyBaeThcsa
pemrikaiia ITHK. OT:ke, KoyKHa XpoMocoMa Ha
MOYaTKy MeMN03y CKJAaJa€ThCA 3 JBOX CECTPUH-
CBbKMX XPOMATHUA — ABOX TOUHUX KOIIiii.

Koxuanit moxin meiio3y momiisgioTh Ha YO-
Tupu pasu — npogasy, memaga3y, aHapa3y
i menogasy.

BesmocepenHbo 3a mepiiuM IOAiJIOM Meio3y
IPOXOAUTEL Apyruit moxis. Mimk mopmimamm He-
Mae BUpakeHoi iHTepdasu i He BigbyBaeThcA
pemrikaiia [THE.

03aﬂl/ITaHHH Ta 3aBJaHHA

1. Aki nogii B xoAi Meno3y CNPUYMHIOTb 3MEH-
LWEHHA YMC/la XPOMOCOM yABiYi? 2. Ak BM BBaka€Te,
Ha AKUX eTanax Meno3y MOXyTb BUHMKATVA MOMUWIKU,
O NPU3BOAATb AO XPOMOCOMHMX MyTauin? 3. Y yomy
NONAra€ PisHULUA Mi>K KPOCMHIOBEPOM i TPaHCIOKaLli€n?
4. Yn moxnuBi KOH'torauisi i KPOCMHroBep Mix napoto
cTateBux xpomocom X i Y? Yomy?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 84. bionoriuHe 3HauyeHHA meno3y. [opyweHHA meno3y

0 [omipkynTe

[nsa yoro noTpibHMI Meno3? Y foCTaTHbO
ANA penpoayKLii opraHiamiB TinbKy miTo3y?

Q 3raganTe

» KpocnHrosep
o He3anexHe po3XofKeHHA XpOMOcoM B aHadasi |

BionoriyHe 3HaueHHA Meno3y y TBapuH

i pOCNVH
Biosoriunomo GyHKITi€l0 Melio3y € BUPOOHHU-
IITBO TaMeT — TaIlJIOIZHUX KJITWH, cIeriasi-

30BaHUX JJIA CTATEBOr'0 PO3MHOKeHHA. Ilicisa
3aIJIiIHeHHA fAApa ramioigHux ramet (n) 3Jaum-
BalOTHCA, YTBOPIOIUYU BUTOTY, i AUOIOITHUI
Habip xpoMocoM BimHOBIIOETHCA (1 + n = 2n).
Takum umHOM, Meiio3 BiJ MOKOJIIHHS OO IIO-
KOJIiHHA MTiATPUMYE€ CTAJNiCTh XPOMOCOMHOTO
Ha0oOpy BUAY IIiJ Yac CTATEBOr0 PO3MHOMKEHHS
(man. 84.1).

ITpomecu, mio BimOyBaioThCA B XOHAi Meiio-
3y, € OCHOBOIO KOMOIHATHMBHOI MiHJMBOCTi Op-
raHismiB. PeKkoM0OiHAaIlisl reHETUYHOTO MaTepiamy
B Melio3i Bij0yBaeThCsA Ha OBOX eTamax: y Ipo-

batbkun

Meno3 (nig yac
rameToreHesy)

lameTn (cnepmato3oigun
Ta ANLEKNITUHN)

3anniaHeHHA
3urota

[louipHin opraHi3m

Meros (nig vac
rametoreHesy)

lameTn (cnepmato3soigun
Ta ANLEKNITUHN)
Man. 84.1. MexaHi3m 36epexXeHHA AUNNoigHOro Habopy
XPOMOCOM Mifi YacC CTaTeBOr0 PO3MHOXEHHA

>~ —— Xpomocoma

Metadasa

= KineToxop
/<
MikpoTpyb6ouku
MNpasunbHe
f@ ~_ PO3XOMKEHHS
AHadasa

HenpasunbHe
PO3XO[XKEHHSA

Man. 84.2. Hepo3xopKeHHA xpomocom B aHadasi Il

(dazi I (kpocunrosep) Ta anadasi I (HesadexkHe
POBXOMKEHHSI TOMOJIOTiuUHMX XpomocoMm). Taxk
IOCATAaEThCs IIepeKoMOiHyBaHHSA I'eHiB 0AaThKIiB,
1o 30iJbIlye TeHeTUYHY MiHJHWBICTH cepej Ha-
mIaaKiB.

Pexom6iHalliss reHeTHYHOTO MaTepianay min
yac Meho3y I cTaTeBOTO PO3MHOMKEHHS BUSBU-
Jacs BUTIIHUM €BOJIOIHNM HagbanHaM. Bora
30iJIBIIye pisHOMAHITHICTH oprauismis HabaraTo
epexTuBHiIIe, HiXK MyTarii, AKi pigko BimOy-
BalOThCA 1 He 3aB:KIU KopucHi. Ak Haciimox,
3pocTae eBOJIIOIIiiHA cTiliKicTh 6GiosoriuHOroO
BUAY A0 3MiH cepemoBuiia. IlepeBaskHa O0iJb-
IIiCTh CyYaCHUX OPTaHi3MiB BUKOPUCTOBYIOTH
II0 mepeBary — PO3MHOKYIOTHCA CTaTEeBUM
nIaxoM (POCJUHU, TBAPUHU, IPudm) abo MalTh
y JKUTTEBOMY IUKJL cTanil reHETUYHOI PeKOM-
Oimamii (xom’roramia y OaxTepiii).

MNopyweHHA menosy

Y xoxi meiiody MOKyTh BimOyBaTmcsa pisHi
TMOPYIIIeHHA PO3MOAiTy TeHeTUYHOTO MaTepiany,
OCHOBHUM 3 AKUX € HEPO3XOAKEeHHS XPOMOCOM.
Ile HenmpaBuUJBLHUI PO3MOIiJ XPOMOCOM i yac
aHadasu, y pesyJbTaTi SKOTO YTBOPIOIOTHCA Ta-
MeTH 3 HaAJUIIKOM abo HecTayeid XPOMOCOM
(man. 84.2). Heposxom:keHHA MOKe CTATHUCH

1 76 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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lomonoriyHi
XPOMOCOMM [ [
HepiBHun
KPOCUHroBep
Oynnikauia Deneuis

Man. 84.3. HepiBHui KpocrHroeep

Jlowak

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

G O
oy A

B L

Myn

Man. 84.4. CrepunbHi MixkBuaoBi ribpuan.

Jlowak — ribpua KoHA Ta ocnuui. Myn — ribpua ocna Ta kobunu

AK y IEepIIoOMy, TaK i B ApPyromMy IIOmiji me-
1o3y. Hepo3xomKeHHSI XPOMOCOM € HPUYUHOIO
TaKUX XPOMOCOMHHUX 3aXBOPIOBaHbL JIIOAWUHU,
ak cuuaapoMm [layna (3aiiBa 21-ma xpomocoma),
cuagpom TepuHepa (HadBHA TiJILKHU OJHA cCTaTe-
Ba xpomocoma — X), cuuapom Kiaiindenbrepa
(maaBHi Tpu crareBi xpomocomu — XXY).
IIle omHMM MOPYIIIEHHAM MeIO03y € HepiB-
HUI KpocuHroBep y npodasi I, akuit € pesynb-
TATOM HENPABUJILHOI KOH IOoTallii roMOJJOTriuHNX
XpoMocoM. ¥ pe3yJbTaTi HEePiBHOTO KPOCUHIO-
BEePY BUHUKAIOTh XPOMOCOMM 3 TIOJBOEHOI0 abo
3 BiCyTHBOIO minAHKOI0. I'ameru, 1110 yTBOPIO-
IOThCA IIPU IILOMY, € HOCiAMU XPOMOCOMHUX MY-
Tamiin — pymiaikaiiin abo gpeseriin (masa. 84.3).
Ho 6GJyiokyBaHHSA Me03y IPU3BOAATH IO-
PYUIeHHSI KOH’IOTrallii XpoMOCOM IiJ dYac Tpo-
dasu I. Yepes 1e Oe3maigamMu € 0arato MiK-
BUAOBUX TiOpuaiB. ¥ MIXKBUIOBUX TiOpumin
TMMOETHYIOTHCS XPOMOCOMHU OaTbKiB, AKi He Mo-
JKYTh IIOMApHO KOHIOTyBaTH MiK co0oio 3 pis-
Hux nupuuuH (y Habopax OaThbKiB pisHe uwmc-
JI0O XPOMOCOM, XPOMOCOMHU PO3PiBHAMTHCA 3a
CTPYKTYPOIO, CYTTEBO Pi3HATHCA aJiesi).

0 Kniouosa iges

bionoriyHoto ¢yHKUiED Melo3y € YTBOPEHHsA
ramet. YTBOPEHHA ranioifHUX rameT MigTpumye
CTanicTb XPOMOCOMHOro Habopy Buay miA yac
CTAaTEBOr0 PO3MHOXEHHA. PekombiHauia reHe-
TUYHOro Matepiany, wWo BigbyBaeTbcA B XopAi
Meo3y, € OCHOBOI KOMOIHAaTUBHOT MiHANBOCTI
OopraHi3mis.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

CTepuIbHUMU € MIiXKBUIOBiI riopuam mysa
i gomax (man 84.4). CrepuabHicTh TiOpuaiB
3yMOBJIEHA TOPYIIIEHHAMMN MeNHo3y uepe3 pisHe
YKCJI0O XPOMOCOM y KapioTumi 6aTbKiB: y KOHEN
64 xpomocomu, a B ociiB — 62. Bigmosinmo,
riopuau MamTh HEeNapHY KiJbKiCTh XpOMOCOM —
63, 1110 He 37aTHI 40 KOH’ foraifii Ta mogajabIInx
IpoIeciB Merosy.

Ha xom’roramito xpomMocoM BILIMBAalOTHL Ta-
KOJK BeJIMKi XpOMOCOMHIi MyTaIliii, ocobinBo iH-
Bepcii Ta TpaHcJIOKAaILii.

® MpakTuyHa poboTa

lMopieHanbHa xapakmepucmuka mMimo3y ma me-
tio3y. CKnaoaHHA annikayiliHux cxem mimo3sy
U metiosy

1. Po3rnaHbTe Ccxemu, ManioHKK, MikpodpoTtorpadii
ba3 miTo3y 1 meino3y.

3. MNocnigoBHO nopiBHANTe NopAji, AKi BigbyBalOTbCA
nig 4yac neBHUx ¢a3 MiToly N menosy. Pesynbrart
NMOPIBHAHHA NpeacTaBTe y BUMALI Tabnuui.

4. ChopmynioiTe BUCHOBOK.

03aI'II/ITaHHﬂ Ta 3aBOaHHA

1. Yn moxe HopmanbHO BigbyBaTMCA Meo3 y no-
ninnoigis? 2. ki cnocobm B MoXeTe 3anpornoHyBaTy,
Wob6 nojonat MopylweHHA Menosy B MiXKBUAOBUX
ribpugis? 3. Ak 6u BigbyBanaca esoniouisa, AKO6U me-
NO3 i CcTaTeBe PO3MHOMEHHA He BUHWKAW, a MIiTO3
3anuwmnBca 6 EAUHUM CcnocoboM MoAiny eykapiotTnu-
HUX KNIiTUH?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 85. Amito3. CrapiHHA i 3arnéenb

KNiTUH

0 [omipkynTe

CKnagiTb CMMCOK 3 5-6 MPUKNagiB CTPYKTYP XKu-
BMX OPraHi3miB, AKi CMOYaTKy BMHMKAaKOTb, @ MOTIM
penyKyloTbCA B NPoLeCi iXHbOro »KUTTA.

Q 3raganTe

o Mito3 » Melio3

o KNiTnHHUM unkn

MNpamuin nogin — amitos

1841 pory HimenbKkuii 6iosor Pobept Pemak
OIMCAB THUII HOAINYy KJIiTHuHU, AKoMy 1882 pory
HiMenbKHil muToreHeTUK Banbrep PireMMiHT
maB HasBy amiTos. Ilix vac amitosy axapo inTep-
¢dasHoi coMaTMYHOI KJITHHU AIIUTHCA HABIiJI
MIJIAXOM YTBODPEHHS MepeTdaKKHU. ¥ Ipoileci
aMiTo3y He BifOyBaeThbCs KOHJeHcAIlil Xpoma-
TUHY ¥ YTBOPEHHS XPOMOCOM, He (DOPMYETBHCH
BepeTeHO IOAiJy, XPOMOCOMU BUIIAAKOBUM UU-
HOM POSIIOAIISIOTHECA MiK HOUipHiMU sSmgpamu.

fAximo e BizbyBaeThCcA MOLAIBIIONO PO3IIO-
Iiay IUTOIIa3MHU, KJIITHWHA CTae MBOAAEPHOIO,
a micJig HaCTYyIHUX aMiTosiB — OaraTosmepHoIo.
Imoxi amiTo3 3aBepIIyeThCA MOAIIOM ITUTOILIA3-
mu. [Ipu mpoMy reHeTHUYHUI MaTepiasl po3momi-

KniTnHa cTnckaetbca

MuBa KniTvHa \ ¥

Hekpos !

KnitnHa Habyxae

JISIETHCS MiK TOUiIpHIMM KiIiTuHAMU 31e0i/IbIIIo-
ro HepiBHOMipHO.

o HemaBHLOTO yacy OyJja IIOIIMpeHa IyM-
Ka, IO IIOAiJ IIJIAXOM aMiTo3y IpHUTaMaHHUI
mepeBaskHO CTapilouMM, MOIMIKOIKEeHUM abo
BiMUpaOUuM KJIITHHAM OpPTaHidMy, HAIIPU-
KJIaJ 3apOAKOBUM KJIITHHAM CCaBIIiB, KJIiTHHAM
nyxJuH. IHoAi aMiTO3 onmcyBaBcA Yy HOPMAaJIbHO
(GyHKIiOHYIOUNX KJIITHH, HAOPUKJIAJ y BUCO-
KocIeriaysisoBanux 6araTosamepHUX KJITHH IIe-
yiHKu a00 IIomepeuyHoi MyCKYyJaTypHu.

CyyacHa IUTOJIOTiA BBa’yKae, IO TaKOTO
TUIY IOy He icHye. EderTn K, aKi BigHOCATH
IO aMiTo3y, € HACJIAKOM TeXHIUHUX TOMHJIOK
MiJ Yac OPUTOTYBAHHSA ITMTOJIOTiUHUX IIperapa-
TiB a00 K BJACTWBI BMUPAIOYUM KJIiTHHAM —
KJITUHAM y CTaHi amomTosy.

CrapiHHA i 3arnéenb KNiTUH

Kiaituau QyHKIIOHYIOTH INEeBHUU Iepiof
yacy, Ticjidg YOro BOHM CTApilOTh i THHYTH.
3arubenb KJIITUH BimOyBaeTbcs ABOMA CIIOCO-
0aMu — IIJIAXOM HEKPO3Y i HIJISAXOM amomITo3y
(mau. 85.1).

Hekpo3 € BuUIIagxKoBOIO 3aruleJaIio KJIiTH-
HU Big kKaTacTpodiunoi Aiil IOMIKOMKYBAIbHOTO
ypaHUKa. OcTamHiM Mo:Kke OyTU, HAIPUKJIAM,
BeJKa Oo3a pajniarmii abo Oisg BMUCOKOI TeMmIiie-

?‘ PyiHyBaHHA, NpoayKTn
—_— L | po3najy 3HWLYTbCA
nenkoymTaMmm

(3ananeHHA Hemae)

KniTnHa nonaetbcs,
po3nogin KniTuHu
CNPUYMHAE 3ananeHHs

Man. 85.1. Mpouecy, wo BiAbyBaloTbCA Ml Yac anonTo3y Ta HeKPo3y

1 78 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoZepHisauii 3amicTy ocBiTu https://imzo.gov.ua



Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

MopiBHANbHA XapaKTEPUCTIKA anonTo3y Ta HEKPO3y

OsHaka AmonTos
AxrTusarmisa AKTHUBYETHCA CIIeIiaJlbHIMU CUTHAJIAMU —
disiosoriuarmy a60 IATOJOTIYHUMU
ITomupexnicTs TTooguHOKI KiiTuHMI

Mopdoaoria KaiTuau | SMOpIIyBaHHA KIiTHHU

Anapo
(pparmMeHTH

Kiairumma memOpana ITinicuicTb 36eperxena

Opranenan Mitoxonapii, EIIP, anapart I'onbmxi
imTaxkTHI
Jlisocommu IarakTHi

PyiinyBanHSa KIiTuHN
TUYHUX TijJelnb

3amnajabHa peakIlis BigcyTus

parypu. ¥ KIITHHI 3MiHIOETBCA CKJAMd IIUTO-
ILJIa3MH, IIOPYIIYETHCA BUOipKOBA MPOHUKHICTD
KJITHHHOI MeMOpaHM, NMPUTHIYYETHCSA poboTa
miToxoHApiH. PepMeHTH, 3BiJIbHEHI 3 Jridocom,
HOMIKOMKYIOTh BHYTPIITHBOKJIITUHHI CTPYKTY-
pu. Kiaituna mabyxae, memOpaHa pO3pPHUBAETHCS
i BMiCT KJIITMHW BUXOOWTH HA30BHi, IO HPU-
3BOJUTH N0 3allaJIeHHJd.

ArmonTos € 3amporpaMoBaHOI0 3aTru0esIIio
KJITUHU i 3yMOBJEHUN peajisailieio Bimmosin-
HOI reHeruyHoi mporpamu. OnHi€0 3 OCHOBHUX
(GyHKIIiI amomTo3y € BHUIIeHHSa AedeKTHUX
(momrkomKeHnx, iH(MiKoBaHMX) KJIiTUH. ¥ [OO-
pocioMy oOpraHiami IIporpamMoBaHa 3armbeib
HeoOXigHA I 3aMiHM cTapiloumx KJIITHUH Ha
mouioni. Takosk amomTos Gepe ydacTb y HpO-
Imecax 3aMiIlleHHA OJHUX CTPYKTYpP OpraHisamy
iHmuMu y Xomi oHTOoreHesdy (Mai. 85.2).

ATomnTo3 3amycKaeThCsd Pi3HUMU MeXaHis-
mamu. CUTHajJIaMU MOMKYTH OyTH, HAIIPUKJAI,
3MiHa KOHTAKTiB 3 iHIMUMU KJITHHaAMH, PisKa
3MiHa OOMiHY PeYOBUH, CepPIIO3HE IMOIITKOIKEH-

0 Kniouosa iges

AMiTO3 — nopfin eykKapioTUYHOI KNiTMHK 6e3
3BMYANHUX MPOLIECIB, WO KOHTPOJIOKTb PiBHUI
po3nodin fouipHix xpomocom (bopmyBaHHA Be-
peTeHa, KOHAeHcalia XpomaTuHy). AnonTos i He-
Kpo3 — wWnAxu 3arnbeni KNiTvH, BiANoBiAHO 3a-
nporpamMoBaHol Ta BUMNagKOBOI.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Kounencaris xpomatuny, posmnaj sapa Ha

dparmenTalisa 3 QOPMyBaHHAM aIIOIITO-

Hekpos

AKTUBYETHCSA Ii€I0 MONIKOKYBAb-
HOT'O YNHHUKA

I'pyna xaitun
Habyxauua KiaiTuHu

Jlisuc anpa

IMinicuicTs mopyiena

Mirtoxouapii HabyxawoTb, EIIP i AT
(parMeHTyHThCA

3 J1i30cOM BUBiIBHIOIOTHCA (DEPMEHTU

Jlisuc xiiTuHNI

3a3Buyaii €

Man. 85.2. [loBrui xBicT nyronoska nig yac metamopdosy
KOPOTLLAE 3a paxyHoK 3arvnbeni KNiTMH (anonTo3) i nepe-
TBOPIOETbCA Ha KOPOTKMIA XBIiCT JOPOCNON »Kabu.

HS BHYTPINIHBOKJIITUHHUX MeMOpaH, PO3PUBU
y aBoaaniiorositi [JHK. ¥V Bigzmosiazps Ha cur-
HaJl aKTUBYIOTHCS CHeIliaJbHi IreHm — «Kije-
pPu», dKi 3amyCKalTh IporpaMy caMOJiKBima-
il KaiTuHu.

Ilig wac amonmTol3y KJIITMHHE AIPO PO3Ia-
IaeTbcA HA OKpeMi ()parMeHTH, KJIiTHHA 3MeEH-
IyeTheAd B 00°eMi Ta )parMeHTYeETbCS Ha aIoll-
ToTuuHi Tinbua. Hagami amomTosHi KiaiTuHUT
IMIBUIKO TEePEeTPABJIOIOTHCA CYCiqHIMHM KJriTu-
HaMu abo0 (aromuTyIThCA MaKpodaramu.

3annTaHHA Ta 3aBaHHA

1. HaBegiTb aprymeHTu, YoMy amiTo3 He € perynap-
HUM crniocobom nopiny KniTvH. 2. Haeepfitb npuknagm
3anporpamMoBaHOro KAITMHHOIO arnonTo3y B »KMUBWX Op-
raHiamie. 3. ¥ yomy nonara€ eBonouUifiHa posb CTapiHHA
i 3armbeni KNiTMH 6araTOKNITUHHOrO OpraHismy?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 86. KniTnHHi TexHonorii B 6ionorii Ta meanunHi

0 [omipkynTe

YcniwHi BUNagKky reHHoi Tepanii BigoMi Bxe
noHag 20 pokiB. Ae MacoBO LA TEXHOMOriA
noku He crana. Yomy?

é 3raganTe

 [eHHa Tepania  biotexHonorii

KNiTHHI KynbTypu

HocATHeHHA MOJIEKYJIAPHOI Ta KJIITUHHOIL
6iosorii XX cTOMITTA BiAKPUIU IEPCHEKTHU-
BU JJisI CTBOPEHHA MPUHIIMIIOBO HOBUX Oiome-
IUYHUX TexHoJorifi. OgHuM 3 HAIPAMKIB, IO
CHOTOAHI OYPXJIMBO PO3BUBAIOTHCS, € KJIITHHHI
TEeXHOJIOTil, AKi I'PYHTYIOTbCA Ha 3aCTOCYBaHHI
KALMUHHUX KYJLbmyp.

KaituaHi KyasTypH € KJIiTHHAMU TIE€BHOI
TKAaHWUHU, AKi OTpUMaHO BiJg MiKpoopraHis-
MiB, pocJuH ab0 TBapWH, IO BUPOIIYIOTHCA
B IIITYYHUX YMOBaX HA MOKUBHOMY CEPEIOBUIITI
(mag. 86.1). KaituuHi KyapTypu HaOyJIM MIXPO-
KOTO 3aCTOCYBaHHA B Pi3HUX rany3ax 6iosorii
i MeguUIIHN.

[any3i BUKOPUCTaHHA KINITUHHUX KYNbTYp

- HaykoBi mocaimskenua. KiaiTuHHI Kyjab-
TYpU IIHPOKO 34CTOCOBYIOTHCA B HAYKOBHUX
TOCIIIKeHHAX SK MomelbHi 00’extu. Ha Hux

Man. 86.1. KnitnHu BrpoLlytoTb 3a3Buyan
y MAacTMKoBMX $nakoHax, nnaHwertax abo It
vawkax [eTpi, y cneuianbHOMy MOXWUBHOMY ce- ;.l’
pefoByLLi, 3a KOHTPONbOBAaHUX TemnepaTypw,
BOJIOTOCTi Ta PiBHA BYINEKWUC/IOro rasy

3MIHEHUX KNITUH \

IOCHiMKYIOTh MEeXaHi3MM KJITMHHOTO HOmiay
i mudepeHIitoBaHHSA, B3aEMOJII0 KJITHMH i3 ce-
penoBuUIllEM, IIPOIIECH aJalTallii, crapiHHsA, 3J10-
AKicHOI TpaHcpopmarii Ta iH.

- BiorexHoJoris. ¥ 6iorexHosorii KaiTuaHI
KYJbTYPY BUKOPUCTOBYIOTHCA JJIA BUPOOHUIITBA
BaKIUH i OiosioriyHO aKTHUBHUX pedyoBuH. Mi-
KpobiosoriuHa IPOMUCJIOBICTH CHLOTOAHI BUKO-
PHUCTOBYE THUCAYL IIITaAaMiB MiKpPOOpPTraHi3miB, IO
BUPOIIYIOTHCA B KYJAbTYpi. BoHU CHUHTE3yIOTH
aHTuOioTMKU, iHTEepdepoH, rOpMOHU, (hepMeH-
TH, BiTaMiHM, He3aMiHHI aMiHOKUCJIOTH, KOP-
moBi 0inku. Tak, rpubu i 6aKkTepil CUHTE3YIOTH
aHTubioTHKY (HeHiUIiH, CTPEeITOMilluH, epu-
TPOMIIIMH TOINO); CiHHA MajuuYKa — (EepPMEHT
aMisagy; KUIIIKOBa ITaJIMUYKa — aMiHOKWCJIOTH;
muBHI apiskmKi — BiTaminu rpynu B. KyasTypnu
POCIMHHUX KJITWUH € IKepejoM TOKCUHIB, Tep-
OinuaiB, peryasaTopiB pocTy, ajakajoimiB. Kui-
TUHU TBapWH 1 JIOAWHU MTPOAYKYIOTH TOPMOHU
(mampukJan, KJiTuHU rinodisza — Jinmorporrin
i comarorpormin). CTBOpeHO KYJbTYPH KJiTUH
TBapWH, AKi MPOAYKYIOTh MOHOKJOHAJIbHI aHTH-
Tijla Ta IIMPOKO 3aCTOCOBYIOTHCA IJIA JiarHOC-
TUKU 3aXBOPIOBAHbB.

« Megunuaa. KyabTypu KJIiTUH BUKOPUCTO-
BYIOThCA Y AiarHOCTUIIL Ta JIIKYBaHHI CIIaIKOBUX
3aXBOPIOBaHb, pereHeparrii Ta saMimieHHi KJIiTuH,
TKAHWH i OprafHiB (3aMicHa KJITMHHA Tepamis).

3amicha KAIMUHHAG | MKAHUHHA mepanis.
CTroBOYpOBi KJITHHU JIOAZUHU BUKOPUCTOBYIOTH

2. BBegeHHa
HOPMasbHOro reHa
B KNITUHY 3a Jono-
MOrOI0 peTpoBipycy

\ PeTposipyc

¥

e

1. BugineHns
KIiTUH
3 opraHismy

JedbekTHnin reH
PekombiHaHTHa

AHK sipycy PekombGiHaHTHa

PHK Bipyc

B
3. 3amiHa gedekTHOro
reHa Ha HOPManbHUA

LWIAXOM peKombiHauil
OHK

4, [loBepHeHHA
reHeTUYHO

B OpraHism HopmanbHwuii reH

Man. 86.2. Etanu reHHoi Tepanii
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Etan 1

3uroTa, WO yTBOpEHa 3 ABOX
6aTbKIBCbKUX KNITUH

HedeKTHi
MiTOXOHAPIT

Anpo 6aTbKiBCbKOT
KNITUHN

Anpo AOHOpCbKOI

P
KNiTUHN \“3 U %
3poposi /
MiTOXOHAPIT

BupaneHHs i 3HULLEHHS >8<

AQpa AOHOPCbKOI KNITUHN

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

Etan 2 Etan 3

BupaneHHAa agpa

-_— 6) 3 6aTbKIiBCbKOI KMITUHN

\

MepecagxeHHA agpa
6aTbKIBCbKOT KNITUHM
B [OHOPCbKUIN eMOpioH

Man. 86.3. Cxema CcTBOpeHHs «emMbpioHa Bifl TPbOX GaTbKiB»

AK TpaHCIUIAHTAIlilHUII MaTepiays. 3oKpema,
KJITUMHU KiCTKOBOTO MO3KY BUWKOPHUCTOBYIOTH
IJIA TpaHCIJIaHTAIlil mig uac Tepamii JeiiK03iB
i mpomeHeBoi xBopobOu. ¥ Xipyprii mas Jgiry-
BaHHSA BeJUKUX OIiKiB a00 XPOHIUHMX BUPA30K
I TPAHCILIAHTAIlil MIMPOKO BUKOPUCTOBYIOTH
emiepmic, BUPOMIEHUH 1034 OPraHi3MOM.

I'enna mepania (nikyeanHna cnadkosux 3a-
x8opraans ). KiiTuHM BUIydaioTh 3 OpraHisamy
marmieHTa, TeHeTUYHO MOAU(IKYIOTh, a IIOTiM
BBOJAATHL Haszajg B oprauism (mana. 86.2). Ileit
MEeTOJ 0COOJIMBO KOPMCHUN y JIIKYBaHHI 3aXBO-
pIOBaHb KPOBi, OCKiJIBKM KJIITMHU KPOBiI MOXKHA
JIOCUTH JIETKO BUJIYUYWTHU i BBECTW HA3aj.

- @apmakoJoria. Kyabrypu Kiaitun i Tka-
HUH JIIOMWHU Ta TBAPUH 3aCTOCOBYIOTH SIK TECT-
CUCTEMU [Jisi BUBUEHHSA BJIACTMBOCTEH HOBUX
(hapmakosoriyHUX TpemapaTriB, a TaKOMX s
IIPOTHO3YBaHHA 0e3leKu ixX 3acToCyBaHHA.

* PocamaaunTBo. Ha ocHOBI KiaiTwmHHOI
KYJIBTYPY MOYKHA PO3SMHOYKYBATU POCIUHU (KJIO-
HaJbHe MiKPOPO3MHOKEHHs) ab0 IPOBOAUTH IX
CEeJIEKITiI0 B KYJBTYPI.

KniTnHHa iHxXeHepia

KaitTunHa iHKeHepia — 1ie KOHCTPYIOBaHHSA
KJITHH HOBOTO THUITY Ha OCHOBi IX KyJbTHUBYBaH-
HA, Tridpuamsalii Ta PeKOHCTPYKILii.

0 KnioyoBga igen

KniTMHHI KynbTypun € KNiTMHaMy NEBHOT TKaHUHW.
Ix oTpumyloTb Bif MikpoOpraHi3mis, pocinH a6o
TBapWH, WO BMPOLLYIOTbCA B WUTYYHUX YMOBaxX Ha
NOXMBHOMY cepefoBULLi. KNiTUHHI KynbTypu Ha-
6yny LIMPOKOro 3acTOCyBaHHA B PI3HUX ranys3ax
Gionorii Ta MeguLHN.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

ITix wac riopuausamnii mTyyHo 06’€THYIOTH
pisHi KIiTWHU 3 YTBOPEHHAM TiOPUIHOTO TE€HO-

Tiopuau mIMPOKO 3aCTOCOBYIOTH K y Ha-
YKOBUX JOCHiIKeHHSAX, Tak i B OioTexHOJIOrii.
3a JomoMOTo0 TiOPUAHUX KJITUH, OTPUMAHUX
Bil KJIITHMH JIOOAWHU ¥ MWUIIL, KapTyBajJu T'eHU
B XpomocoMax JoauHu. ['opuau MixK myXJIdH-
HUMHU KJIiTHHaAMU i JiMm@oruraMu 3gaTHI Heo0-
MEeKEeHO OOBro OiMIUTHUCA i, mMOomiOHO M0 Jim@o-
IIUTiB, MOKYTb BUPOOJIATH aHTHUTIJIA.

KiaituaHa peKoHCTPYKIIiaA IoB’A3aHa 3i
CTBOPEHHAM JKUTTE3NATHOI KJIITUHU 3 OKPEMUX
¢dparMeHTiB pisHUX KJIITUH (Aapa, MUTOILIA3MU,
XPOMOCOM TOII0). 30KpeMa, MeTOH Mepecagku
AIep COMATUYHUX KJITUH y AUMEKJITUHU IO-
3BOJISIE 3POOUTU YUCJEHHI reHeTHMUHi KOITii op-
raHidaMy — KJOHU.

ITeit xe meronq OyB BUKOPUCTAHUN [
CTBOPEHHA «eMOpioHa Big TphoxX OaTHLKiB»
(man. 86.3). [lana TexHOJOTiA po3pobIeHA A
JiKyBaHHA MIiTOXOHAPiaJbHUX 3aXBOPIOBAHbB.
Y pesynbTaTi guUTHMHA OTPUMYE HANEPHI TeHU
Big 00ox OaThbKiB Ta mitoxouapiaarHy JHEK Big
TPeThoi ocobu.

Ilepia y cBiTOBi#i mpakTuili IUTWHA 3 Mi-
ToxouapiansHOoIo JITHK Tpernoi mroguHM Hapoau-
aacsgs B Mekcuri vy kBiTHi 2016 pory. Hpyruii
BUIIQJIOK HAPOIKEHHS MUTUHU 3 TeHeTUUHUM
MaTepiajoM Bii Tprox OaTbKiB BimOyBcsa B ciumi
2016 pory B YKpaiHi.

3annTaHHA Ta 3aBaHHA

1. O6roBopiTb TeMy KJIOHYBaHHA 3 TOUKM 30y MOro
NOTEHUIHNX MOXNMBOCTEN i npobnem. 2. Ynm XxoTi-
nm 6 BU KnoHyBaTu ce6e? Yn xoTinn 6 BU KIOHyBaTu
cBOro cobaky (kota)?

181
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 87. PenpoayKuis opraHiamis

0 [omipkynTe

Cknagitb nepenik 3 5-7 BUAIB XUBMUX OpraHiamis
BaLLUOrO PerioHy, AnsA AKUX € BNACTMBUM i HecTaTe-
Be, i CTaTeBe PO3MHOKEHHS.

é 3raganTe

e PO3MHOXeHHsA o TBapUHMU

o PocninHn o Mpnbn

« CnagkoBa iHpopmaLin

PenpopayKuis »XnBux opraHiamis

Penpoaykuiss — 11e 3HaTHICTh KUBUX Opra-
Hi3MiB /10 caMOBiITBOPEHHS, YTBOPEHHS HUMU
HaIlagKiB, SKi € 3aco0oM 30epeKeHHS BUILY
i 3abesmeuyioTh 0e3mMepepBHICTh IXHBOTO iCHY-
BaHHs. 3OaTHICTh M0 CAMOBiATBOPEHHA — I
OJlHA 3 KJIOUOBHUX O3HAK JKUBOTO, AKa BipisHsae
JKMBi OpraHisMu BiJT HEKMBUX CHUCTEM.

Pemponykiiia KuBUX opraHismiB BimbyBa-
eTbcA y (OpMi PO3MHOMKEHHHA, AKe 3MiNMCHIO-
e€ThCcsA y pisHi cmocobu. Cuix BigsHaumTH, IO
30ATHICTL OO PEmpOoAyKIlili MalmTh He TiJIbKU
KJIITUHHI opraHisMu, aje ¥ TaKi HEKJiTHHHi
dopMu KUTTA, AK BipycH.

CDOpMI/I PO3MHOXEHHA XKNBUX

OpraHi3miB

OcHoBHUX (OPM POIMHONKEHHS KUBUX
opraHidamiB icHye Kinbka. Y mepiry uepry
pospisHAITE cmamege (Iig Yac SAKOTO yTBO-
pIOIOThCA cTaTeBi KiuiTmHHM) 1 Hecmamege (min
Yyac AKOTO CTATeBi KJIITMHUW He yTBOPIOIOTHCH)
PO3MHOXKEHHS.

Man. 87.1. HectateBe pO3MHOXEHHA
OAHOKJITUHHUX OpraHi3mis

AK oxpemy (opMy PO3SMHOKEHHS MOKYTb
posTIIAaTH Ge2emamuéHe PO3SMHOXKEHHS, BU-
OKPEeMJIIOIOUN HOT0 3 HeCcTaTeBOro. ¥ TaKOMY
BUIIAJAKY HECTATEBUM BBa'KAIOTh PO3MHOIKEH-
HA, IiJg Yac SKOro yTBOPIOIOTHCS CIIemiaJjiso-
BaHi CTPYKTypu (cmopu, remMyJu TOII0). A Be-
reTaTMBHUM BBa’KalOTh PO3MHOKEHHA, IIiJl Yac
SKOTO TaKi CTPYKTYypH He YTBOPIOIOTHCH, a JJIA
PO3SMHOKEeHHSA BUKOPUCTOBYIOTHCS 3BUUAlHI CO-
MaTuyHi oprauu (y maaHapii abo rigpu — YacTu-
HU Tijla, Y MOPCBKUX 3ipOK — MIPOMEHi TOIIo).

HecTtaTeBe pO3MHOKEHHA

HecraTeBe po3MHOKEHHSA — YTBOPEHHSA HO-
BOT'O OpraHiamy 3 ofHiei abo rpynu KJITHH BU-
X1THOTO MaTEePUHCHKOTO OPraHisMy, B XOIi SKOTr0
He YTBOPIOIOTHCA CTaTeBi KJIiTwHU i He BimOy-
BAa€ThCS CTAaTeBUU mpoliec. Y IIbLOMY BUIIAAKY
B PO3MHOKEHHi 0epe y4acTh TiJIbKU ofHa 0aThb-
KiBCcbKa 0CO0OMHa, IO IIepelia€ CBOIO CIIAJKOBY
irgopmMmarliiro mouipHiM opramismam (mai. 87.1).

IMeit cmoci6 pPO3MHOKEHHA IOITUPEHU
B yCixX rpynax »KMBHUX OPTaHi3MiB i € BUXigHUM
CcII0cO00OM PO3MHOMKEHHS AJA KJIITUHHUX GHOpM.
CyTTeBOIO TIepeBarol HECTATEBOTO PO3MHOMKEH-
HS € Te, M0 B IIbOMY BapiaHTi IpPOayKyBaTu
HOBUX HAaIaJKiB MOXKYThb yCi 0COOMHU, TOAI AK
Y BUIIQJKy CTATEBOT'O PO3SMHOKEHHS Ha Iie 37aT-
Hi TIIBKM 0COOMHU KiHOYOI crari.

CraTteBe PO3MHOXEHHA

CraTeBe PO3MHOKEHHS — TUI PO3MHOKEH-
HfA, 3a SKOT0 YTBOPIOIOTHCS CIIeIlialidoBaHi cTa-
TeBi KJiTHHU i BimOyBaeThcsa cTaTeBuUil IIpoliec.
CraTeBe PO3MHOKEHHS CIIOCTEPIraeThCA y IIpe-
CTaBHUKIiB OiJIBIIIOCTI cCICTEeMAaTUUYHUX I'PYII POC-
JUHHOTO i TBapmHHOTrO cBiTy (Mamx. 87.2).

3a cTaTeBOT0 PO3MHOYKEHHS YTBOPEHHS HO-
BOT'0 OpraHidMy 3a3BMUail BifOyBaeThCcsA 3a ydac-
TIO IBOX 0AaThKiBCBKUX OPraHi3MiB, ajie y BUIIA-
Ky repMad@poAUTU3MY CTATEBUM IIIJIAXOM MOYKE
pO3MHOMKYyBaTHUCA ¥ omHa ocobumHa. Ilix uyac
CTATeBOT0 PO3MHOKEHHS BiZOyBA€ThCA 3JUTTS
cTaTeBUX KJITMH — rameT. TakuM 4mHOM, HO-
BUHA OpraHi3sM OTPUMY€ CHAJKOBY iH(pOpMAaIiio
Bigm o6ox 6aThbKiB abo mepexkoMOiHOBaHy iHGOP-
Mallilo JIuIlle OAHOTO 0aThKiBChKOTO OpPraHiamy.

1 82 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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CraTteBe pO3MHOMEHHA

YTBOpeHHA ramet
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Man. 87.2. CraTeBe i HecTaTeBe PO3MHOMEHHA XNaMiJOMOHaAN

BionoriuHe 3HauYeHHs pi3HUX cnocobiB
PO3MHOEHHA XVBKX OPraHi3mis

Biosoriume 3HaueHHsa pi3HuX crocobiB pos-
MHOKEHHS JKMBUX OpPraHidaMiB Mae AK CXOXKi,
Tak i BigminHi acmekTu. BesymoBHO, OyIb-AKe
PO3MHOKEHHSA € 3aco00M mepegadi cragKoBOl
irgopmanii HacTynHUM TOKOJiHHAM. BOoHO mO-
3BOJIA€ 30epiraTu reHeTUUYHy iH(dopmallizo BUIY
TpUBAJUHN vac (A AeAIKUX BUIIB — HAaBITH Je-
cATKM MinblioHiB pokiB). Kpim Toro, posmHO-
JKeHHA € 3aco00M 30iJbIIIeHHs KiJIbKOCTi 0cOOMH
BUIY, II[0 JO3BOJIsIE oMy 30epiraTu cTaay 30HY
icHyBaHHs, a 3a MOJKJMBOCTi, PO3IIUPIOBATU
CBill apeaJ.

Bigminai pucu pisHHX (OPM PO3SMHOMKEH-
HA TOB’sA3aHiI 3 0COOIMBOCTAMU IMX IIPOIECiB.
SIK110 cTaTeBe POBMHOKEHHA 3a0e3IeUye BUCO-
Kuil piBeHb MiHJIMBOCTI HamIagKiB (3a paxyHOK
KoMOiHaTMBHOI MiHJIMBOCTi), TO HecTaTeBe PO3-
MHOJKEHHs BUMarae HabaraTo MeHIIIHX BUTPAT
pecypciB opramismy.

0 KnioyoBga iges

3paTHICTb 4O penpopyKuii — Le ofgHa 3 ronos-
HUX BNAaCTUBOCTEN »KMBUX OpraHiamis. Penpopyk-
LA BiAOYBA€ETbCA LWNAXOM PO3MHOXKEHHSA Pi3HMMMN
cnocobamy — cTaTeBMM, HecTaTeBUM abo Bere-
TaTUBHUM.

YacTo mpoIiec penponyKIilii Moxxke OYTH CIIO-
coboM pearyBaHHA OpPraHidaMy Ha 3MiHYy YMOB
cepemoBuita. Tak, mepeBa, AKi Oyam ypaske-
Hi 3aXBOpPIOBaHHAMH’ i mepeOyBaioTb Ha MeiKi
3arubeJjii, IMOYMHAIOTH iHTEHCUBHO (opMyBaTU
IJIOV, HAIIPABJISAIOUN BCi BaJUINKMU PEeCypciB Ha
po3MHOKeHHA. A oT y cuTyarii, Kosiu opraxism
Mae 3HAUHI IMTaHCU Ha BUJKUBAHHS (HAIIPUKJIAI,
B YMOBaxX IIOCYXHU IJId TUX CAMUX JAepeB), BiH,
HaBIAaKM, MOJKe TaJIbMyBaTHU PEIpOAyKIliio (me-
peBa CKHIAlOTh KBiTKU i miomu, Ha aKi im He
BHUCTAYAE BOJIOTH).

@ MpakTnyHa poboTa

Tunu ma cnocobu po3mMHOMeHHA op2aHi3mie

1. Po3rnAHbTe ManioHKM i3 3006pakeHHAM Pi3HUX
TUNiB (CTaTeBe YM HecTaTeBe) Ta CNocobiB (6pyHb-
KyBaHHS, MonieMOpioHia TOLW0) PO3MHOXEHHA abo
CKOpUCTaNTeca TMMM, WO MOAAHO B eNeKTPOHHOMY
LoAaTKy.

2. CKknagiTb NOPIBHANbHY XapaKTepuUCTUKy LiX TUMiB
i cnocobiB PO3MHOXeEHHA Ta npepacTasTe ii y BU-
rnagi Tabnuui.

3. CoopmyntonTe BYCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. Wo Take penpogykuia? 2. fAki icHyloTb dopmun
PO3MHOXeHHSA? 3. 3p06iTb NOPIBHANBHUIA aHani3 Pi3HUX
bOpM PO3MHOXKEHHA XMBUX OPraHi3MiB.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 1 83
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 88. HectaTteBe pO3MHOXEHHSA

0 [omipkynTe

MHOXWHHWIA NOAIN [O3BONIAE OTPMMYBATU 3 OAHIET
KNiTMHW Ginblue HalafKiB, HiXK 3a yMOB 3BMYail-
Horo 6iHapHoro moginy. Yomy ua dopma Hecta-
TEBOrO PO3MHOMKEHHA He BUTICHMNA 3BUYANHUN
NOAIN y XMBUX OPraHismis?

é 3raganTe

o PO3MHOXeEHHA o Mito3

o Cnopwu » bpyHbKNK

» PereHepaliia

Cnocobu HecTaTeBOro PO3MHOEHHA

HecTraTeBe pO3MHOSKEHHSI — YTBODEHHHA
HOBOTI'O Opradiamy 3 omuiei abo rpynm KJIiTHH
BUXiHOTO MaTepPUHCHKOTO OpraHisamy, B XOmi
AKOTO He YTBOPIOIOTHCA CTATeBi KJIITWUHHM i He
BimOyBaeThcA cTaTeBUU mpoiiec. Y IbOMY BU-
magKy B PO3MHOKEHHi Oepe y4acThb TiJIbKU OJHA
0aThbKiBChKa OCOOMHA, II[O IIepemae CBOIO CIIaj-
KOBY iH(popMmaIlrito mouipaim opramismam. Hecra-
TeBe PO3MHOKEHHS TPAILIAEThCA y PiBHUX I'PYII
"KUBUX OPraHisMiB i IIpescTaBJeHO AeKiJbKoMa
OCHOBHUMMY TUIIAMHU.

Y pasi npocmozo nodiny KJAITUHU YTBOPIO-
IOThbCs IBi mouipHi KaiTuHu, yaBiui apibHimri sa
MaTepuHChbKY. IIpu IIbOMYy OpraHesin MaTepPUH-
CBKOI KJIiTHUHU OiJIBIII-MEHII PiBHOMipPHO PO3IIO-
JiTAI0THCA MidK HUMH.

ITig vac mHOMCUHHO20 NOJiay cIIOYATKY Oa-
raTopasoBO AIJINUTLCA AP0 MaTEePUHCHKOI KJIi-
TUHU, 3aBASAKYN YOMY BOHA cTae 6araTodaepHOIO,
a BiKe IOTIM miamThed I mUTOomIa3Ma i YyTBOPIO-
€ThbCA BiANOBigHA KiJBKIiCTh HOUipHIX KJIITHUH.

3narHicThk no noxpiny (¢ppazmenmauii) y ne-
AKUX BUAIB TBapuwH nyske 3HauHa. Hampurian,
0araToIIeTUHKOBUN UYepB AoJeKallepis MoxKe

Man. 88.1. bpyHbKyBaHHA rigpu

posmazaTuch Ha oOKpeMi cermenTu. Ko)KeH 3 HUX
Ha IepegHBOMY KiHIII HOYMHAE BiJHOBJIIOBATHU
mepefHil KiHellb Tijla, a HA 3aJHBOMY — XBOCTO-
Buii. 3rooM IIi BiZHOBJIEHI MiIAHKM BimoxpeM-
JIIOIOTHCA BiJi MaTepUHCHKOTO CEerMeHTa i Iepe-
TBOPIOIOThCA Ha CAMOCTiMHI qouipHi ocoOmHU.

Y nmesaxux OSHOKJITMHHUX TBapuH (Hampu-
KJIaJ[, CHOPOBUKIB) (hOPMYIOTHECA CIIOPU — YTBO-
pu, OTOUYeHi IiJIbHOIO 000J0HKOI. Takoro :x
TUIIy CIOPW YTBOPIOIOTH i meAKi OaxTepii (Bix-
MiHHiICTIO € Te, IO cHOPU OaKTepili yTBOPIO-
IOThCA BCcepeanHi KaiTuHu). BoHU He € (hopMOIo
HECTAaTEeBOT'O0 PO3MHOKEHHS, OCKIJIbKY CIIYTYIOTH
JIAIIe OJIS MepeKUBaHHA HeCHPUATINBUX Mepi-
OIiB i momIMpeHHs.

KnoHyBaHHs

OpHUM 3 cr1oco0iB HECTAaTEBOTO PO3MHOMKEH-
HA € KJIoHyBaHHsA. KJIOHyBaHHS — I1e OTpUMAaH-
HS TPUPOAHUM ILISXOM ab0 IMITYyYHO KiIbKOX
TeHeTUYHO iJeHTUUYHUX O0COOMH 3 OJHOTr0 opra-
HiZMYy.

s mpoBemeHHA KJOHYBAHHA y TaKUX
CKJIaJHUX OPTraHisMiB, AK ccaBIli, OYJI0 CTBOPEHO
HOBY TEXHOJIOTiI0. 3a I[iel0 TeXHOJIOTi€r i3 co-
MaTUYHUX KJITUH OPTaHi3sMy ccaBIld BUAIIAIOTH
AOPO i MOMIIIAIOTE Y IMIUTOILIA3MY ANUIEKJIiTUHH,
SAAPO SIKOI Iepes TUM BUJIYyYalOTh a00 PyHHYIOTD.
IMuTronynasma KJIITUHU B IIOMY BUIIAAKY CTUMY-
JII0€ MOAinu, i KIiTHMHY, SKa movajia TiJIUTUCHI,
moMiIlaloTh y MaTKy camiku. Ilicia woro BoHa
B)KE€ PO3BUBAETHCA HOPMAJBHUM [JIA CCABI[iB
crmocobom. Ilepmimm yCHmimrHmM KJIOHYBAHHAM
3a TaKOI0 METOIUKOIO 0yJIO KJIOHYBaHHS OBEUKU
Hommi 1996 poxry.

3HAYeHHA HeCcTaTeBOro PO3MHOXEHHA

Y meaxux rpyn opraHidMmiB HecTaTeBe pO3-
MHOJKEHHS € €IWHUM CIIOCOO0OM PO3MHOYKEHHS.
Y BupgiB, 3maTHUX [0 PO3MHOYKEHHS HecTarTe-
BUM IILISIXOM, MOXYTh PO3MHOKYBATHCA OCO-
OMHU, AKi 3a TUX UM iHINIUX TPUYNH OMUHUJINCS
isompboBanuMu Bin iHmwux. HecraTteBe posMHO-
JKeHHS € OiJgbIll eHepreTuYHO BUTIAHUM —
opraHizamMaMm He Tpeba BUTpaYaTH PecypcH Ha
(opMmyBaHHA ABOX cTaTeil, 3 AKUX HaIlaIKiB
3aJIUINAE JIUIIIE OIHA.

1 84 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Twun HecTaTeBoro

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

OCHOBHI TUNK HecTaTeBOro PO3MHOEHHA

XapaKkTepHCTHKA TUILY PO3MHOSKEHHS

Opranizmu, sIKi BUKOPUCTOBYIOTH
el TUII PO3MHOKEeHHI

OpHoKIiTHHHI opramismu (6ak-
Tepii, amebu, iHdgysopii). IIpo-
CTU TIOAiNI BinOyBaeThbCcsa B amMeou
npored Ta iHQy3o0pii-Tydenbku,

a MHOKUHHUUA — y MaJAPiAHOTO
mIa3Mofisa (30yJHUKA Masapii)

Tpamiserbes AK B OMHOKJIITHH-
HuX (OpiskmKi), Tak i y 6araro-
KJiTUHHUX (Tigpa, KopaJoBi

moJinm) opraniamis (maJji. 88.1)

Bogopocri, rpubu, auniaiHuKMT,
IJIOCKI  KiJbuacTi uepBu, roJi-
KOIIIKipi

Bomopocrti, cmopoBi pociuHuT
(mMoxu, XBOIIli, MAmopoTi), rpudu

JIumaiiHuKM, ryOKU, MOXYBaTKU

PO3MHOKEeHHS

Ioxmin 3 ofiHi€el KIITUHY MIJISAXOM MiTO3y YTBOPIOIOTHCA ABL
a00 KiJbKa JOUipHiX KJIiTUH, KOXKHA 3 AKUX CTa€ HO-
BUM OpPTraHiZMOM. SIKIIO B pe3yJbTaTi IOAiJy YTBOPIO-
IOThCA JBi OYipHi 0COOMHM, TO TAKUY TIOLIJT € NPO-
cmum, a IKIO KiJIbKa — TO MHOMCUHHUM

BpyubKyBanua Ha Tini ropocioi oco6uHM YyTBOPIOETHCS BUIIMHAH-
HA — OpPYHBKA, 3 IKOTO IIOTiM i (hopMyeThCsa HOBA
ocobuHa

dparmenTarlisa Pospinennsa Tisma 6araToKJIiTHHHOTO OpraHi3My Ha IBi
a00 OiyIbITIe YacTUH, KOMKHA 3 IKUX YTBOPIOE HOBY 0CO-
ouny. Ik BapiaHT (pparMeHTAaIlii MOKHA PO3TVISAATI
HEBIIOPAIKOBAHUH TO1JI, KO OPTraHi3M JiJIUThCA Ha
KisThbKa HEPIiBHUX 3a PO3MipOM YaCTHH

PosmuokeHHA PosmuoKeHHA BigOyBaeThCA criopaMy — cIielfiajri-

cropaMu 30BaHUMU KJIITUHAMH, 1110 YTBOPIOIOTHCSI B MaTePUH-
cbKOMy oprauiswmi. [leAaki cmopu MarOTh JIKTYTUKY, 34
IOIIOMOTI0I0 AKX BOHU 3[aTHI aKTHUBHO IIepeCcyBaTUCh
Yy BOJIOTOMY CepPeaOBUIITL

PosmuOXeHHA PosmHOeHHs Bi0yBaeThCA 3a JOIIOMOTI0IO CIeliari-

3 YTBOPEHHAM 30BaHUX 0AraTOKJIITUHHUX CTPYKTYP, 1[0 YTBOPIOIOTH-

creliaysizoBaHUX | Cs B MAaTePUHCHBKOMY OpraHismi (remyJiz, craTobacTu

0araToOKJIiTHUH- TOIIIO)

HUX CTPYKTYD

Bugu 3 KOPOTKMMHU KUTTEBUMU ITUKJIAMU
3aBIAKU UM (hopMaM PO3ZMHOKEHHA 3a HEe3HAa-
YHUHN TPOMIiKOK Yacy MOKYTh 38HAUHO 30iJbIITy-
BaTU CBOIO UmceJbHicTh. Kpim Toro, 3a mHecra-
TeBOro ab0 BereTaTWBHOTO PO3MHOYKEHHS HOBa
ocobmHa, 3a3BuuYail, PO3BUBAETLCA IIIBUIIIE,
Hi)K 3a CTaTeBOTO.

Y pesyabTaTi HECTaTEeBOTO PO3MHOMKEHHIA
IouipHi ocoOuHMN 3a HabOOPOM CIIALKOBOI iH(OP-
Mairii 37eb6iIBIIIOro € TOYHMMU KOIiaMu 06aTh-
KiB. JltomimHAa BUKOPUCTOBYE ITI0 OCOOJUBICTEH ¥
POBMHOMKEHHI KYJAbTYPHUX POCJUH, IMiATPUMY-
I0YM 3 TOKOJIHHS OO0 MHOKOJIHHSA BJACTHUBOCTI
IeBHUX COPTiB.

0 KniouoBa ines

Y BuUNapgKy HeCTaTeBOro PO3MHOMEHHA cTaTeBi
KNITUHN He YTBOPIOIOTbCA | CTaTeBMIA NpoLec He
BinbyBaeTbcA. Llen cnoci6 po3mHoMKeHHA moTpe-
6ye Bif OpraHi3MiB MeHLle BMTpaT, HiX CTaTeBe
PO3MHOXEHHSA, ane Ja€ CYTTEBO MeHLle pPi3HO-
MaHITTA HalwaaKiB.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

MpaKkTnyHa poboTa

\'g

Hecmameee po3MHO)KeHHA — G6GPYHbKY8AHHA
Opixoxie

1. Po3BepiTb y Tennin BOAI HEBENUKWI LIMATOYOK
ApikoxiB. HaHeciTb ninetkow 1-2 Kpanni Bogu
3 KNiTMHaMN JpPiXKAXKIB Ha NpegMeTHe ckno. Ha-
KpUIATE HAKPVBHUM CKJIOM i BMAaniTb HagaULWIKK
piauHM GiNbTpyBanbHUM Nanepom.

2. Po3rnaHbTe mikponpenapart 3a AOMOMOro MiKpo-
ckona. Cepep OpiXAPKOBUX KNITUH 3HAMZITb Ti, WO
OPYHbKYIOTbCA. BOHM MaloTb Ha OJHOMY 3 MOMOCIB
HeBENUKUA ropouK — BGPYHbKY, WO MICTUTb SAPO.
CxeMaTMYHO 3amasitoiTe Kiflbka KNiTWH, AKi 6pyHb-
KYIOTbCA | He BPYHbKYOTbCA.

3. CoopmyntonTe BUCHOBOK.

3annTaHHA Ta 3aBAaHHA

My

1. Aki nepeBarn M HepoONiKM Ma€ HecTaTeBe pPO3-

MHOXEHHA MOPIBHAHO 3i cTaTeBMM? 2. Ha KOHKpeTHO-

npuknagi NosACHITb, AK BiAOYBAETbCA PO3MHOMXEHHSA

wnaxom ¢parmeHTauii. 3. BukoprcToByoun [oAaTKOBI
Oxepena, CKnagiTb CNUCOK BUAIB TBapWH, ANA AKMX 3a-
CTOCOBYBasiacsA TEXHOJOTIA KJIOHYBaHHA.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 89. BereTtaTBHe PO3MHO>EHHA Ta NOr0 BUKOPUCTAHHA

0 [omipkynTe

CneuianizoBaHi opraHn BUMKOHYIOTb CBOIO QYHKLitO
6inblw epEKTMBHO, HiX HecreLianizoBaHi.

Yomy X TOAI B NpMpPOAI Tak MowvpeHe
BeretaTuBHE PO3MHOMEHHSA, AKe 3MiMICHIOITb Bycamn KopeHesuiiamu
HecnewvianizoBaHi opraHu?

Q 3ragante

o PocnuHum o [prbu

» OpraHun o MuBLi BigBoakamu

BeretaTBHE PO3MHOMXEHHA

BereraTuBHi opraHu pOCJAWH BUKOHYIOTH
dyHKI[iI0O He JuIlle KWUBJIEHHS, ajie W Bere-
TATUBHOTO PO3MHOKeHHA (Maja. 89.1). I'pubu
TaKOX aKTWBHO BUKOPUCTOBYIOTH ()parMeHTH
cBOro Tija (rpuOHUIN) AJA PEOPOAYKILil IJIs-
XOM BereTaTHWBHOI'O PO3MHOKeHHA (Maj. 89.2).

He B ycix pocamH 3gaTHiCTh OO Bere-
TATUBHOTO PO3MHOKEHHSA PO3BUHEHA OJHAKO-
BO m00pe. Kpim Toro, HaBiTh AJIsT OLHOTO BULY

LinbynuHamm

3MATHICTD /10 BETETATHBHOTO PO3MHOMKEHHS KopeHeBumyM napoctkamu CTebnoBMMY XKUBLAMM
V Pi3HUX opragiB pocauHu Oyze BifpisHATHCA. Man. 89.1. BeretaTBHe PO3MHOMEHHA POCANH 3a JOMNOMO-
AJe meit cooci0 pempoayKIlil € mysKe HOIIUpe- rol PisHUX BereTaTUBHKX OpraHis

|_|0LLIVIpeHi BN BEretTatTMBHONro PO3MHOXEHHA B NPUPOAHMX YMOBaXx

Bug po3muo- Pocaunmn, aki po3MmHo-

Oco6auBocTi BUIY PO3MHOMKEHHST

SKeHHSA JKYIOTh TAKHM CIIOCOO0M
Bynsbamu Byb6u yTBOPIOIOTHCS 3 MOTOBIIEHUX IIi[3eMHUX ITaroHiB i pos- Kapronunsa, roninam6yp,
TAIIOBYIOTHCA HA iHIINX Ii3€MHUX IaroHAaX — CTOJIOHAX IUKJIaMeH
IMubynuuamu @ [ubynuHa € mig3eMHUM BKOPOUYEHUM IIaTOHOM 3 M’ SICUCTUMU IMubynsa, yacHUK, Jijid,
JUCTKAMHU, AK1 MiCTATH TOKUBHI PEYOBUHU. ¥ NeAKUX POCINH TIOJbIIaH
Ipi6HI MUOYJINHY MOMKYTh YTBOPIOBATHUCA K BUI03MiHEHI OpYHbB-
KU B Ia3yXax JIMCTKiB ab0 HaBiTh y CYIBITTAX (YaCHUK)
Kopene- KopeneBuirie € migzemMuum 6araTopiuyHUM ITaroHOM, AKUI HAKO- ITupiit moBayumit, m’ara
BUIIAMU IIUYye MOKUBHI PEUOBUHU i MOJKe MaTy BEJIMKi posMipu mepIeBa
Bycamu Byca — 11e moB3yumnii 1oBruii marii, AKUi MoKe BKOPiHIOBATHCA CyHuiti, moayHuIri

Ha JOCUTH 3HAUHIN BificTaHi BiJy MATEPUHCHKOI POCIUHA

BupoagxoBumu =~ BuBomkoBi OpyHBKM (DOPMYIOTHCSA TaKMM YMHOM, 1[0 BoHU 31aTHI | Kamauxoe, agiauTym,
OpyHBbKaAMU BiTOKPEMJIIOBATHUCS Bil MAaTePUHCHKOI POCIUHY i BKOPiHIOBATH- acIIeHiyM

cdA. Bonu yacTo posTaIoBaHi Ha JUCTKaX MaTePUHCHKOI POCIUHU

ns1 3abes3IleyeHHs CBOTO po3citoBaHHA Ha 0isibIiry Bimcranb. Ta-

KOK BOHU MOYKYTh YTBOPIOBATHCS B ITa3yXaX JIUCTKIB Ta CyIBiTH

1 86 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

|_|OLLIVIpeHi BAN BEreTatTuBHOro PO3MHOXXEHHA B YMOBAaX arpoKyJbTypu

Bupa po3mHo-

Oco6aMBOCTi BUTY PO3MHOKEHH ST

Bincagka 3mificHIOETBCA IIJIAXOM NPUTUMHAHHA HUMKHIX ITaroHiB

Pociaunmn, aki po3MHO-
JKYIOTH TAKMM CII0CO00M

Yopua cmopoanHa,

i Bacumanu4d ix rpyHTom. Uepes AeAKHUH yac 3acuaHa JiJIdHKa arpyc

OpraHiB POCJMH: IIArOHiB, KOPEHiB, JIUCTKiB. @parMeHT Berera-

MeTton 3acHOBaHM Ha pereHepaIliiHuX BJIACTUBOCTSIX OKPEMUX

dDikyc, piaaka, uepBo-
Ha i YopHa CMOpPOUHA,

THUBHOT'O OPTaHa BiJOKPEMJIIOETHCA Bil MATEPUHCHKOI POCIUHHI arpyc
i momirfaeThcA y BOAHUI PO3UnH, Ae GOPMYyEe KOPEHEBY CUCTEMY.

Ilicnsa if hopMyBaHHS KUBEIb BUCAKYIOTh Y IPYHT. 3aJI€KHO

BiJl BUKOPHMCTAHOTO BETETATHBHOI'O OPTaHa PO3Pi3HAIOTH JUCTKOBI,

SKeHHS
Bigcagxamu
IIaroHy BKOPiHIOETHCSA
HuBsamu
KOpeHeBi i cTeb10Bi KUBITi
[ennernam

Meron 3acHoBaHMiT HA BigaijieHH] marona abo OpyHbKY Bif omgHiel

A6aywHi, rpymri, BumHi,

pocauHu (IpHUIenn) i foro nepecajKeHHA Ha i1HITY POCaAUHY (mifg- CJINBU
merry). ¥ gesKUX BUIQAKaX Miflrena i mpuiena MOXYTh Halexa-

THU IO PiBHUX BUTIB

HUM. BiH 103B0OJIsg€ PO3MHOKYBATHCSA B YMOBaX,
KOJIM CTATeBUU cIocib pPO3MHOKEHHS uepes He-
CIOPUATJINBI YMOBU cepemoBUIla € HEIOCTATHHO
edeKTUBHUM abo B3araji HeMOKJIuUBUM. Tomy
B 0araThboX POCJHNH iCHYIOTH CIelliaJibHi IIPUCTO-
CyBaHHS MeBHUX OPTaHiB AJA PO3MHOKEHHSA Be-
reTaTUBHUM IIJIIXOM.

npl/ICTOC)/BaHHFI 0O BeretatTmBHOrro
PO3MHOXEHHA B NMPUPOAHNX YMOBaAX

BereraTuBHe PO3MHOMKEHHS POCJWH y IPU-
POOHUX yMOBaxX YacTO 3IiNCHIOETHCS 3a OIIO-
MOTOIO CIleIliayliBoBaHUX CTPYKTYpP, AKi yTBO-
PIOIOTHCSA BETeTATUBHUMM OPraHAMM POCJIMHU.

an/ICTOC)/BaHHFI 0O BeretTatTMmBHoOro
PO3MHOXXEHHA B YMOBaX arpoOKyJbTypu

BereraTuBHe PO3MHOKEHHSA € TAPHUM CIIO-
coboM 3a0es3meunuTu PemnponyKIliio, KOJU € IIO-
Tpeba B 30epe’KeHHi YHiIKaJIbHOTO CIIOJNIYUYEHHS
remiB y remorumi ocobmHu. Tomy Ieil cimocid
PO3MHOKEHHSI POCJUH i rpubiB aKTHBHO BUKO-
PHUCTOBYIOTH B arpoKyJIbTYPi.

T'pubu BupOIIyIOTHCA B arpoKyJbTypi Ha
pisHOMaHiTHUX cyOcTpaTtax. [[yia meuepulli Bu-

0 KnioyoBga igen
3a yMOBM BEreTaTMBHOIO PO3MHOMEHHSA OpraHisMm
30iMICHIOIOTb CAaMOBIATBOPEHHA 3a AOMOMOIol Op-
raHiB i YaCTWH TiNa, ANA AKUX PO3MHOMXEHHA He €
OCHOBHOI0 dYHKLIi€t0. Ane Lie He 3aBarka€e AK MoLUu-
PEHHIO BEreTaTUBHOIO PO3MHOMEHHA B MPUPOLI,
TaK i MOro akTMBHOMY BMKOPWCTAHHIO NIIOAUHOL.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Man. 89.2. Pusomopdu — cnoci6 BeretaTMBHOrO PO3MHO-
YKeHHs rpuba

KOPHUCTOBYIOTh KiHCBKMI T'Hill, a AJA TJIUBU —
Oyab-sIKi BiAXOOu 3 BUCOKMM BMiCTOM IIE€JIIOJIO-
3u (Bigxomam mepeBoIlepepoOHMX MiJIPUEMCTB Ta
cimbebKkoro rocmomapcTBa). Ilicasa mesimderirii
cyOcTpaTry Horo iHOKYJIOIOTHL MillejieM Bimmo-
BimHOro rpmba, BHOCAYN (PpParMeHTH Millesiio
BCepeauHY cyOcTpary.

03aﬂI/ITaHHH Ta 3aBJaHHA

1. AKi icHyl0Tb CNOCOOU BEreTaTBHOIO PO3MHOXEH-
HA? 2. Yomy nepep BHeceHHAM Miuenito rpuba B cy6-
cTpat noro 6axaHo ctepunisysatn? 3. ki 0co6nMBOCTI
POCNVIH J03BONAIOTL iM Nerwe, HiXk TBApPUHaM, 34iNCHI0-
BaTU BereTaTMBHE PO3MHOXEHHA?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 90. CraTeBe PO3MHOKEHHSA i cTaTeBMN Npouec

0 [omipkynTe

Y AKMX OPraHi3miB y »UTTEBOMY LMK
HaABHUN CTaTeBWI MPOLIEC, ane BiACYTHE
CTaTeBe PO3MHOMEHHA?

é 3raganTe

o PO3MHOXeHHA o CraTb

» CrateBuin npovec o CrateBi KNiTUHM

Cratb

CraTh — 1Ie CYKYIIHICTh O3HAK, AKi 3abe3me-
YYIOTh CTAaTEBE PO3MHOKEHHSA ¥ BiIPiBHAIOTH Y0-
JIOBiumX i sKiHOUMX 0CcOOMH ofgHOTO BUAY. OCOOMHMI
PisHOI cTaTi IPOAYKYIOTH Y IIPOIECi PO3SMHOMKEH-
Hs pisHi Tunu ramer, 110 3abesneuye 30iabIIeH-
HA TeHEeTUYHOTO Pi3HOMAHITTA iXHIX HAIAIKiB.

Mix cob6or0 ocoOuHM Pis3HOI cTaTi pisHATHCA
3a IIePBUHHUMHU I BTOPUHHUMU CTATEeBUMU O3HA-
rKamu. IlepBuHHI cTaTeBi 03HAKUM — Ile aHATO-
MOo-MOPGOJIOTiUuHI 0CcO0JMBOCTI opraHismy, AKi
3a0e3meuyioTh YTBOPEHHS BiAIOBiIHUX Tramer
i sammigHeHHA. [0 IEPBUHHUX CTATEeBUX O3HAK
BiIHOCATH cTaTeBi 3ayo3u, CTaTeBi HPOBimHI
IIJIAXY, 30BHIIIHI crareBi opranu. BropuHHI
cTaTeBi O3HAKM — Ile aHATOMO-MOPQOJOoTiuHi
0CO0JIMBOCTI OpraHisMy, IO BiirpaioTh IEeBHY
PoJb Yy mpoliecax PO3BUTKY OpPTaHisMy i pery-
asamii ¢isiosmoriunmx mporeciB, AKi B ocoOumH
pisHOi craTi BigOyBaroThCsA MHO-pisHOMY.

Y TBapuH icHye mgocuTh Oarato CIoco0iB
BU3HAUEHHSA cTaTi MaiibyTHBOI ocobmHU. BoHa
MOKe BHUBHAUATHCA AK IIiJ BIJIWBOM 30BHIIII-
HiX yMOB (HaIIpUKJAZL, Y KPOKOAWJIIB CTaTh 3a-
JeXKUTHh BiJ TeMIlepaTypu, 3a AKOI moa3piBaiau

AUIS), TaK i TeHEeTUYHO (3 JOTIOMOTOI0 CTATEBUX
XpPOMOCOM abo iHIITMM CITOCOOOM).

CraTteBe pPO3MHOXEHHA

CraTteBe pPO3MHOKEHHS — THI PO3MHO-
JKeHHs, 3a SKOT0 YTBOPIOIOTHLCA CIelliajizoBa-
Hi crarTeBi KiiTumHH i BigOyBaeThbcs craTeBUl
nporec. CraTeBe PO3BMHOKEHHS CIOCTEPiraeThb-
Ccs y IPeICTaBHUKIB OiJIBIIOCTI CHCTEMAaTUUHUIX
TPYII POCAWHHOTO i TBAPMHHOTO CBiTY. 3a yMOBH
CTATEBOT'0 PO3MHOKEHHs YTBOPEHHS HOBOTO Op-
ramismy sasBuuaii BijOyBaeThCs 3a YUACTIO JBOX
0aThbKiBCHbKUX OpraHisamiB (y BHUOAgKy repMma-
(poauTH3MY CTATEBUM IIIJIAXOM MOXKE PO3MHO-
JKyBaTuces I ogHa ocobmua). ITix uac craTeBoro
PO3MHOKEHHSA BifIOyBAa€eTbCSA BJIUTTA CTATEBUX
KJITUH — raMeT YoJIoBiuoro i KiHOuoro op-
ragisamy. Takum umHOM HOBHWH OpraHisam Hece
cIagKoOBY iH(opMmaliizo 060X 6aTbKiB.

CraTeBi KJIITUHNA MalOTh YABiUi MEHIITY Kiab-
KicTs xpomocom. Ile € HacaigKOM MEHOTUUHOTO

Anusa Cnepmaro3oigu

Kypka i 170 MKM

Kaba E 2 MM T
0 0,15Mm - 53 MKM
Lyp ﬁ 0,07 mm

Man. 90.1. Yonosiui 1 XiHoui cTaTeBi KAITUHW Y Pi3HNX
NpeACTaBHUKIB XpebeTHMX

100 MKm

iognHa

189 MKm

Hali6inbL nowmpeHi TMnmM cTaTeBoOro PO3MHOMXeHHSA

Tun po3aMHOKEeHHST

Oco06auBOCTI OyTOBYM CTATEeBUX KJIiTHH

Izoramia YosoBiui # 'KiHOUi ramMeTu 34aTHI 10 PyXy Ta MaiOTh OJHAKOBY (hOpMY i po3mip
Amwnisoramis YosoBiui # skiHOUI TaMeTH 3TaTHI 10 PYyXY, BOHI MAlOTh CXOXKY hopMy, ajie pisHuii pos-
Mip (skiHOUi GisbImi 3a podMipom)
Oorawmisa YosoBiui i1 KiHOUi ramMmeTu MaroTh pisHy Gopmy i posmip. [lo pyxy 3maTHi JIuIie 40JI0Bi-
ui rameTn
1 88 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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Oomily, IKUUA MOXKe BimOyBaTucsa SK y IIporeci
¢dopMyBaHHS CTaTeBUX KJITUH, TaK i 1O HHOTO.
Kpim Toro, craTeBi KIiTUHU BiAPiSHAIOTHCA Bin
COMATUUYHUX i 3a CIiBBigHOIIIeHHAM 00’€MiB IIH1-
TOILJIa3MU H Axpa. Y Ppe3yabTaTi 3JIUTTSI IBOX
raMeT KiJIbKiCTb XpOMOCOM y KJITHWHIi, IO YTBO-
puiacs — 3UroTi,— 30iJbIIyeThCcA y IBa pasu,
TOOTO BiTHOBJIIOETHCS, IPUUOMY OJHA IIOJOBMHA
BCiX XpomMocoM € 0aThbKiBCBKOIO, iHIIIa — Mare-
PUHCHKOIO.

JKuBi oprauismu yTBOpPIOIOTH cTaTeBi KJIiTHU-
HU JOBOX THUITIB: JKiHOUI — ANIEKJITUHU i Yo-
JoBiui — cmepmarozoigu (man. 90.1). 3rigao
3 MiXHaApOZHOI TiCTOJOTIUYHOIO HOMEHKJATY-
poio, TepMiH «CIIepMaTO30iZ» CJIiJ 3acTOCOBY-
BaTU JIMUIIE I TO3HAUEHHS PYXJIUBUX UYOJIO-
BiUMX ramer, a AK 3arajJbHY Ha3BY UYOJOBiUMX
CTaTeBUX KJITWH CJIiI BUKOPUCTOBYBATU TEPMiH
«CIIEPMAaTO300H» .

Pisuumna y 6ymoBi skiHOUMX i yosioBiumx cra-
TEeBUX KJITHH € OCHOBOIO JJIS OJHOTO 3 BapiaHTiB
KJacu@ikaiii THOIiB cTaTeBOTO PO3SMHOMKEHH.

Y Bunagky ooramii ocodbmumu uoJioBiuoi crari
YTBOPIOIOTH BEJUKY KiJIbKiCTh APiOHMX ramer,
AKi MamTh Oy:Ke OOMEKeHUU 3amac MHOMKUB-
HUX PEeYOBUH, aje 3maTHi mo pyxy. Ocobumnu
JKiHOYOI cTaTi yTBOPIOIOTH BiTHOCHO HEBEJIUKY
KiJIBbKiCTh BEJMKUX TaMeT, sIKi MalOTh 3SHAUHUN
3arac IIOKMBHUX PEUOBUH, ajie He 3IaTHI pyxa-
Tucs. Taka crerianisaiisa m03BOJIAE, 3 OJHOTO
OOKy, 3a0e3meumnTH HAIAAKiB JOCTATHIM s
POBBUTKY 3amacoM MHOKMBHUX PEUYOBUH, a 3 iH-
II0ro — e(PeKTUBHO 3MiHICHIOBATH IIOIITYK raMeT,
chopMOBaHUX OCOOMHOIO iHIITOI cTaTi.

MNoniembpioHin

Oco6auBUM €IIOCOG0OM PO3MHOKEHHS Opra-
HisMiB, KM BMHHK Ha OCHOBi CTaTeBOI'O CIIO-
co0y PO3MHOMKEHHS, € II0oJieMOpioHis.

ITomiemOpioniss — 11e TIpoIleC PO3BUTKY KiJb-
KOX 3apOAKiB 3 OfHi€l 3aILTifHeHOl AUITeKJIiTHHA.
ITosmiem6OpioHiss mocuTh mOINIMpPEHA cepen Pi3HUX

0 Knioyosa iges

Y BNagKy CTaTeBoOro pO3MHOMEHHA YyTBOPIOIOTHCA
cTaTeBi KNITUHW 1N BifOYBa€EeTbCA CTaTEBUA MpoLiec.
Xoua cTaTeBUIA npouec moxe BigbysatucA i 6e3
CTaTeBOro PO3MHOMeHHS. Llel cnocib po3mHoOXKeH-
HA noTpebye Big opraHiamiB Ginblue BUTPAT, HiX
HecTaTeBe PO3MHOMEHHS, ane Aa€ CyTTeBO binblue
Pi3HOMaHITTA HallafKiB.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

rpyn TBapuH (BifiuacTi Ta KisbuacTti uepBu, [e-
AKi 4JeHmCcTOHOri, pubu i ccasii). SIK mocTiii-
He ABUINle BOHA IIPpUTAMaHHA AEeAKUM KoMaxam
(mampukJaazn, isgusaM) i ccaBoaM (HaAIIPHUKJIA,
OpoHEHOCIIAM). ¥ JIIOJAWHU Yy pasi mosrieMOpioHii
HapPOIKYIOTHCSI MOHO3UIOTHI OJMM3HATA, AKi Ma-
IOTh ifleHTHUYHUN HaOip cmagkoBoi iHdopmairii.

Tpanasgerscsa moaieMOpioHia @ y pocamH.
IIpu mpoMy B OAHiINI HaciHMHI PO3BUBAETHCA
KilbKa 3aponakiB (TioabIlaHu, Jijii, jJararrs,
cyHuIi rtomio). omaTkoBi 3apoAKu B HACiHMHI
MOXKYTh PO3BUBATHUCH HE TLJIBKM i3 3aILIigHEHOI
AREKJIITUHY, a I 3 iHIMNX KJIITWH HaCiHMHMN.

CraTteBun npouec

CraTeBUil IIpoIllec He 3aBKAU IIOB I3aHUN
3 TIPOIECOM PO3MHOKeHHdA. Tak, B iHQy3o0piit
cTaTeBUH Ipollec BinOyBaeThCA IILIAXOM KOH’IO-
raiii, KoJu BOHU OOMiHIOIOTHCS CHAJAKOBUM Ma-
TepiaJioM MiKpOHYKJeyciB. AJie PO3MHOMKEHHS
Ipu IIbOMY He BinOyBaeThcda (KiJbKicTh ocoOmH
3aJINIIIAETHCS HEe3MiHHOIO).

Haii6inpimoro mepesaroro cTaTeBoro Ciocooy
PO3MHOKEHHS € CyTTEBe 30iJbIlIeHHSA I'eHeThu-
HOTO PiBHOMAHITTA HaIIAAKiB BHACIIZTOK KOM-
bimarii GaTbKiBCchbKHX remoTumniB. Ile cmpuse
BUJKMBAHHIO BUAY YV BUIIQAKY 3MiH yMOB icHY-
BaHHs, X0ua i moTpebye BUTPAT BHAUHUX PECYpP-
CiB yHACJiZJOK yTBOPEHHS BOX CTaTei.

MpaKkTnyHa poboTa

Po3e’a3yeaHHA 3ad0a4y Ha memy «l[amemozeHes,
3HavyeHHA melio3y 8 npoyeci 2amemozeHe3y, Kib-
KiCHi 3MiHU 2eHemu4HO20 Mamepiany»

1. AunnoigHa KniTmHa micTuTb 8 Xxpomocom. Y npo-
Leci Meno3y MiX roMONOriYHMY XPOMOCOMaMU Of-
Hi€l napu Bigdysca obMiH ginAHKamu. CKinbKu TMNiB
rameT (3a AKICTIO XPOMOCOM, WO BXOAATb A0 CKIagy
LMX KNITUH) YyTBOPUTbCA B pe3ynbraTi menosy?

2. KinbKiCTb XpOMOCOM COMATUYHOT KNITUHW 3eneHol
Xabwn [JopiBHIOE 26. B1M3HauTe, AKUA Habip Xxpomo-
COM MaloTb CMepmaToLnTX JPYroro NopsagkKy, cnep-
MaTo30iAu, a TakoXK KNiTUHWM nyronoska. Bignosigb
NOACHITb.

03aﬂl/ITaHHH Ta 3aBaHHA

1. AKi NnepeBarn Hapgae KMBMM OpraHiamam ctaTeBe
PO3MHOXeHHA? 2. fKi HeJoMNiKM y CTaTeBOrO0 PO3MHO-
»KEHHA MOPIBHAHO 3 HecTaTeBUM? 3. BukopumctoByoun
JOJATKOBI AXKepena, 3HaNAiTb Kinbka NpuKNagis, Konu
MINOTUYHUI NOAIN He NoB’A3aHUN 3 raMeToreHe3oM.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 1 89
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 91. lameToreHes

0 [omipkynTe

Y MOXyTb rameTu maTv OfHAKOBUI PO3Mip?
Yomy?

Q 3raganTe

+ PO3MHOX€EHHA pociH  « PO3MHOXEHHSA rpurbis
» CTaTeBe PO3MHOMKEHHS

[ameToreHes y rpubis

IIpomec yTBOpeHHA cTaTeBUX KJIITHUH Ha3M-
BalOTh raMeTOreHe30M. l'aMeTy yTBODPIOIOTHCS
B cTaTeBUX 3aJj03ax abo cremiagizoBaHUX KJi-
TUHAX.

Cepen rpubiB rameroreHes BJACTHUBUN He
Bcim rpymam. ¥ ximpudiomikomosux Ta 00Mi-
KOmo8ux, HANPUKJAl, raMeTH YTBOPIOIOTHCA
B CIeIliaJbHUX CIOpPaHrigax abo ramMeramrigx
(ooroniax Ta amrTepupmiax). I'ameru, IO yTBO-
PIOIOTHCA, MOXKYTH OyTH OZHAKOBUMU (IIpu iso-
ramii) um pisHUMU (Opum rereporamii) 3a pos-
mipom. Cepeq HUX TaKOK TOITHPEHUI BapiaHT,
KOJM OJHA 3 raMeT € BEeJUKOI0 i1 HepyXOoMOIo,
a iHITa — MaJIeHbKOIO I PyXJUBOIO (ooramis).

Y basudiomiyemis (ixHiMu mpefcTaBHUKAMU
€ ITaTTMHKOBI rpubu) Ta ackomiyemis (M0 HUX Ha-
JexkaTb Tprodei, IPisKAKI Ta MeHiuaIn) raMmeTo-
reHes3 BifCyTHill. Y pesyJIbTaTi CTaTeBOTO IpOoIle-
Cy B HUX YTBOPIOIOTHCA Meliocmopu (mai. 91.1).

basugiocnopn

FannoigHi
agpa

Man. 91.1. YTBopeHHA Meliocnop y 6a3upaiomiueTis

Meitocmopu, AKi yTBOPIOOTH IpubuU, MAIOTH
OMHAKOBUI po3Mip. ¥ OasumiomineTiB dopmy-
IOThbCs 0asuaiociopu, sIKi poa3TallioBaHi Ha cie-
HiaJbHIN CTPYKTYypi — 6a3udii. B ackomimeris
¢dopMyIOThCSI aCKOCIOPU, AKi posTalloBaHi Bce-
penuHi iHIIOI CTPYKTYypM — acKa.

B o6ox Bumagkax IIpoIllec IOYMHAETHCA 3i
3JINTTA ABOX TAIJIOITHUX ANep, AKi po3rarmroBa-
Hi B KJiTuHi rpuba (ile xapakTepHa puca 060X
mux rpyn rpubis). Ilicaa mboro BimOyBaeTbcs
MeMOTUYHUIN IOAiJI, AKWI 3aBEPINYETHCA YTBO-
PEHHAM YOTHUPHOX TaIIOINHUX KJIITWH. ¥ 0asu-
mioMileTiB BOHM 3a3BUUAl PO3MIITYIOTHCS Ha
OGasupii i moriMm BimginsiroThes Bim Hel Ta IIo-
MIUPIITHCA. B ackoMileTiB micaa 3aBepIieHHA
MeHOTHYHOTO MHOIiJAy KOMKHa 3i cIop AiJIuThCs
mie pad mitoruyHOo. TaKMM YMHOM B acKy pOS3-
MIITyeThCA MO BiciM cmop, AKi mOTiM BUXOTATH
3 HBOT'O i IOIIMPIOIOTHCA.

[ameToreHes y pociviH

VYTBOpeHHA cTaTeBUX KJITUH Yy POCJIUH
MOJKHA POSIJIAHYTU Ha HNPUKJIALI KBITKOBUX
pocauH. ¥ HUX BOHO CKJIAJAETHCSA 3 JABOX e€Ta-
miB — CIOpOTeHe3y i ramMmeToreHesy.

Cmoporene3 y KBiTKOBUX POCJIHWH BimOyBa-
€ThbCA B MUJIAKAX (MiKpocnopozenes, y pe3yJsbra-

OBoreHes

CnepmatoreHes

Crapis
PO3MHOXEHHA

8
E
=
ONOXO.
¢ Cragis pocty

o o CTgmiﬂ o
[03piBaHHsA 2
® ® ©®©® =

o MonapHi

9 9 9 o TinbuA

Cnepmarosoigm AnuexnitnHa

Crapia dopmyBaHHsA

Man. 91.2. [ameToreHes y ccaBUiB
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Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

Cragii rameToreHesy TBapuH

OsBorenes

B oorenHi#t TKaHUHI (popMy€eThCA BEIUKA KiTbKiCTh KJIITHH — 00r0-

Ilepexoasauu B 30HY POCTY, OOTOHII TOUYNMHAIOTH iIHTEHCUBHO 3061J1b-
LITyBaTUCA B PO3Mipax Ta HAKOMUUYIOTH IIOKVUBHI PEUOBUHY Y BU-
TJIAZL 3epPeH YKOBTKA. BOHU ITepeTBOPIOIOTHCA HA OOIIUTU | MOPAIKY

Oornut I mopAaKy aimuTbea Meiiosom HepiBHOMipHO. ITicas 1-ro
noxisy yrBopuThed 1 Benuka KiIiTuHa — oonut Il nopaaky, B ARy
IIepexoJATh YCi IoKUBHI peuoBUHMY, i 1 ApibHA KIiTUHA — IEPBUH-
He moJIsipHe ab0 HaIpAMHE TiJbIle, [ie € JIUIIe AP0 i BiAcyTHA uTO-

3o0Ha CnepmaTtorenes
PoamuO- | ¥V ciepmaToreHHiT TKAaHUHIL
JKeHHA B pesyJIbTaTi MiTO3y yTBO- Hilt (2n)
PIOIOTHCA YUCIEHHI KIIiTH-
HU — cIepMaToroxii (2n)
Pocty CrepMaToroHii Tpoxu 361iJ1b-
IIYIOTHCH, 1 3 KOXKHOI KJIiTH-
HU PO3BUBAETHCA CIIEPMATO-
murt [ mopanky, sgaTHUR 10
PEenyKI[IHHOTO MOTiay
Ilospi- V¥ nporeci 1-ro moginy
BaHHA MeH03y YTBOPIOIOTHC
Ta 2 cuepmarorutu II mopsaz-
dopmy- KY, & IOTiM y 2-MYy TOAiTi
BaHHSA 4 rameTy — CIIepMaTUIA

(n). ¥Yci 4 kaiTuHU, OGHAKO-
Bi 3a po3MipoM, 03piBalOTH
i yTBOpIOIOTH 4 criepMaTo-
30imu

miaasma. Ilicasa 2-ro moxpiny metiosy 3 oomuTa Il mopsaaKy yTBOPUTE-
cdA 3HOBY 1 BeIMKa KJIiTHHA — AUIEKJIiTHHA i 1 BTOpUHHE HaTpsIMHE
TinbIle. 3 IEPBUHHOTO HAIPAMHOTO TiJILIIA YTBOPATHCA 2 APiOHUX
BTOPUHHUX HAIPAMHUX TiJMbIld. TaKUM YMHOM, HiJ] YaC OBOTE€HE3Y

3 KOKHOI BUXiJHOI KJIITHHY yTBOPIOIOTHCA 1 BelnKa ARIeKIiTHHA
(n) i 3 HanpAMHUX TiABIE (1), 1110 TUHYTE. [loasApHi TibIlg cayry-
IOTBh TLJILKY I PIBHOMiPHOT'O PO3MO/iJIy XPOMOCOM ITiJi Yac Meiio3y

Ti AKOTO YTBOPIOIOTHCA MiKPOCIIOPM) i MaTOUILi
(mezacnopozene3, y pesyJsibTaTi AKOT0 yTBOPIO-
IOThCS MakKpocmopu). ¥ IIpolieci Mikpociopore-
He3y 3 OJHiel TUILIOIAHOI KJIITUHU YTBOPIOETHCS
yoTupu TramiaoigHi mMikpocmopu. KoskHa 3 HHX
IiIUTHCA MITOTUYHO ¥ YTBOPIOE IUJIKOBE 3€PHO,
dAKe MicTuTh aBa cmepmii.

Y mporeci meracmoporenesy 3 omHiel mgu-
IJIOIAHOI KJIITUHU TaKOK YTBOPIOETHCA YOTUPU
Meracmopu. AJie TiIbKM OOHA 3 HUX YTBOPIOE
3apoaKOBUMI MirmoK. IHIi Tpu BigmMuparooTs. Me-
racmopa TPUYi AiAUTHCA MITOTUYHO i YTBOPIOE
Bicim kaitua. OgHa 3 HUX cTae ANIEKJIITHHOIO,
a IBi BIMBAIOTHCA 1 YTBOPIOIOTH MUILJIOIAHY I€H-
TPpaJabHY KJITUHY 3apOJKOBOTO MIiIIIKa.

fameToreHes y ccaBLiB

T'ameTorenes y TBapmH MOKHA POBIJIAHYTH
Ha IPUKJIALL CCaBIiB. ¥ CCaBIIiB CTPYKTypaMu,
B AKUX BimOyBaeThcs raMeToreHes, € ixHi cra-
TeBl 3ayi03M — CiM’gHUKU Ta AcuyHUKU. [ame-

0 Kniouosa iges

[ameTOoreHes — Le npouec yTBOPEHHA CTaTeBUX
KNiTH. BiH BigbyBa€eTbcA B CrevianizoBaHuMX CTa-
TeBMX OpraHax abo cnewianbHUX KNiTnuHax. lameTn
Pi3HUX TWUMIB MOXYTb MaTW AK OQHAKOBWW, Tak
i pi3HU po3mip.

TOTeHe3 Bi0yBaeThCA MOCIHIiJOBHO y TPHOX B30-
HaX, AKi BUAIIAIOTH y 3aji03axX, i 3aKiHUyeTHCA
dopmyBamaam ramer (maJs. 91.2). Po3pisuamoTs
cuepMaToreHe3 (IIPOIleC YTBOPEHHA YOJIOBiUMX
cTaTeBUX KJIITWH) Ta OBOTeHe3 (Ipollec yTBO-
PEHHA KiHOUMX CTATEeBUX KJIITWH).

@ MpakThyHa poboTa

Bue4yeHHA cmadili 2amemozeHe3y Ha NocmMiliHuUx
npenapamax cim’AHUKie ma A€4YHuUKie, mabnuysx,
ManoHKax

1. Po3rnAHbTe NOCTINHUIM MiKponpenapaTt 3pi3y
cim'AHMKa ccaBuA. 3HalAiITb cnepmaTo30ign Ha pis-
HUX CTafifAX PO3BUTKY B po3pi3ax CiM'AHUX KaHanb-
uiB. 3amarntorite nobayeHe Ta 3p0biTb MO3HAYEHHS.
2. Po3rnaHbTe NOCTINHUI MiKponpenapaT 3pi3y A€Y-
HMKa ccaBuUA. 3HanAiTb Gponikynn pi3HOro cTyneHs
3pinocTi N po3rnaHbTe iX. 3amantolite nobayeHe
Ta 3p06iTb MO3HaYEeHHS.

3. ChopmynionTe BUCHOBOK.

03al'll/lTaHHﬂ Ta 3aBJaHHA

1. AKi 0cobnnBOCTI Ma€ yTBOPEHHs Meliocrnop Yy ba-
3naiomileTiB Ta ackomiuetiB? 2. AKi BiAMIHHOCTI Bia
rameToreHesy rpubis mMae rametoreHes ccasuis? 3. Aki
nepesBarn Ja€ POC/NHAM YTBOPEHHA Nuwe OfHIEl AN-
LEeKITMHN 3 YOTUPbOX Meracrnop?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae ‘I 91
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 92. CraTeBi 3ano3u. lametoreHes y niognHn

0 [omipkynTe

Yomy pagiauiiHe BUNPOMIHEHHA JNierile yparkae
raMeTu NAVHN, HiXK 1T COMATUYHI KNITUHW?

Q 3raganTe

o TBapuHu o CcaBui

o PO3MHOXeHHA o CTaTeBi KNiTUHN

CraTeBi 3an031 i cTaTeBi KNITUHN

CrareBUMH 3ajio3aMU y JIOJUHU € A€UYKa
(y uosoBiKiB) i Aeunuku (y KiHok). deuxa —
OoBaJIbHI IIapHi cTaTeBi 3aJ03M, IO MiCTATHL-
cA 1103a YEePEeBHOIO IMOPOYKHWHOIO y IIKipHOMY
mimKy (Mmorrouiii). Bonu HamexaTs 0o 3aj103
3MimraHoi cekperrii: 30BHINIHA (QyHKIiA — 11e
YTBOPEHHS CIIEPMAaTO301/1iB, a BHYTPiIllITHA — BU-
IiseHHSA TOpMOHY TectocTepony. Ilim uwac cra-
TEeBOTO M03PiBaHHA y CiM’AHUX KaHa/IaxX SIE€YOK
YTBOPIOIOTHCA YOJIOBiUi cTaTeBi KJITUHUM —
CcIIepMaTo30ia1.

Aeunnku — 1e mapHi cTaTeBi 3aJ103W MUT-
majgernoniobHoi gopmMu. ¥ HUX YTBOPIOIOTHCHA
1 mo3piBaloTh JKiHOUYLI cTaTeBi KJIITMHU — dAl-
mexkJiTnHu. TaKo)K AE€UHUKU YTBOPIOIOTH CTaTe-
Bi rOpMOHM, TaKi SK ecTPamioJ i IporecTepoH.
o uepeBHOI MOPOKHWHY A€UYHNKY TPUKPITIeHL
KimbKoMa 3B’as3kaMu. Po3Mip se€UyHMKA CTAHO-
BUTHL 3 X 2 x 1 ¢M, a Ba)XUTh BiH OJIM3BKO 7 T.

YoJ10BiuMMHU CTATEBUMU KJIITHHAMU € CIIEep-
martosoinu. Ile pyxauBi KIiTUHU, AKi MalOTh TPU
Biggiam — TOJIOBRY, IIMHKY i xBicT. ¥ XBOCTi
MicTATBCA CIleliajbHi O1JIKK, AKi 3a0€3IeUy0Th
pyx cmepmarosoiza. A B MIHHI 30cepemixeHi
MiTOXOHApPiI, 1110 BUPOOJIAIOTH €Hepriio, AKa BU-
KOPHUCTOBYEThbCA s Pyxy. ['0JIOBKa KJIITUHUI
MiCTHUTBh SApPO 3i CIIaZKOBMM MaTepiajoMm i cme-
miaabHy opraHesy — akpocomy. Boma morpio-
Ha IJId TOTO, 100 CIIepMaTo30iJ Mir IomoJaTh
00O0JIOHKM AUNMEKJITHHU IIiJ yac 3alJigHeHHd:
depMeHTH, AKI MicTATBCA B aKPOCOMi, ITI0 000-
JIOHKY PO3YMHSIOTH.

JKimounmMu crareBUMM KJIITMHAMHU € gHIe-
riaxituau. dfinekaitTuna Habarato OiabIlla, HiK
cuepmaTos30in. BoHa MicTUTH MOKUBHI PEUOBU-

HU, AKi 3a0e3meuyioTh MepIri HoAiJu ManoyT-
HBOTO 3apojKa, i He Mae mEryruka. Cmamko-
BUII MaTepias AUIEKJITUHU MiCTHUTBCA B AIPi.
30BHi ii 0TOUYIOTH cHemiaabHi 000JOHKU, SAKi
YTBOPIOIOTHCA IIifi Yac PO3BUTKY AUIEKJIITUHU
B A€UYHUKY. BOHU NEPENIKOAKAIOTh ITPOHUKHEH-
HI0O B SAHUNEKJITHHY OiJBIIT HijK OJZHOTO cCIep-
MaTo30ia Ta CIPUAIOTHL BKOPiHEHHIO 3apoaKa
B CJIM30BY OOOJIOHKY MAaTKH.

CnepmaTtoreHes y nognHn

CunepmartoreHe3 — IIe IIPOIEC PO3BUTKY
crepMaTo30iniB y JgmoguHKu. Bim BigOyBaeThCcs
B CiM’IHMX KaHAaJbBISAX YOJOBiUOi cTaTreBoi 3a-
gosm — cim’auuky. IIpormec cmepmarToremesy
CKJIaIHUM, BiH 3aBepIIIyETHCA B IIEPiof cTaTeBOi
3Pij0oCTi YTBOPEHHAM CIIEPMAaTO30iIiB — 3piamx
YOJIOBIiUMX CTATEeBUX KJITWH, 3JaTHUX OO 3a-
mwrigHenusa. IloBHOMY HO3piBaHHIO IIepemye Me-
WOTMYHUNA IIOAiJI, Y pe3yJibTaTi AKOTO0 B AApi
CcTaTeBOl KJITUHU 3aJIUINTAETHCA IIOJOBUHA XPO-
mocoM (23 samicTp 46).

PospisuarmTs woTupu mepiogu criepmarore-
He3y: PO3MHOMKEHHA, picT, mo3piBamHA U (op-
myBaHHA (MaJs. 91.2). ¥V mepion po3MHOMKeHHS
cuepMaToroHii (MepBUHHI Y0JI0BiUi cTaTeBi KJri-
TUHY) KiJIbKa pasiB MiIAThCA ILJIAXOM MiTO3Y.
VY mepion pocTy yTBOPeHi KIITHHEA 30iJIbIIYIOTH-
cs B posMipax, a ixHiI gapa OpPOXOAATH IIep-
my ¢asy (mpodasy mepiIoro moiijly) Meirosy.
VY pesynbraTi BOHM CTAaOTh CIEPMAaTOIUTAMU
IepIIoro HMOPAAKY. ¥ IMepion mo3piBaHHA IPO-
XOIATh HACTYIHI (hady Meio3y, 1 YTBOPIOIOTHCS
CIEePMATOIUTU APYTOTO MOPAAKY (Hicjas mepIro-
ro mominy) i cmepmaTuam (Iicjig APyroro IOmmi-
Jy). 3 OAHOTO CIEePMATOIUTY IIEPIIOro IIOPS-
Ky YTBOPIOIOTHCS CIIOUYATKY [ABa CIIEPMAaTOIIUTHU
IPYTroro MOPAIKY, a IIOTiM YOTUPY CIIEPMAaTUIU.
IIix vac mepiomy popmMyBaHHSA cHepMaTUAU TIe-
PETBOPIOIOTHCA Ha 3piji "osoBiui crareBi Kuri-
TUHU — CIIepPMaTO30iau.

OBoreHes y noaNHN

OBorenes — Iie IPOIEC PO3BUTKY AUIEKJIi-
TuH. IIpollec PO3BUTKY ANIEKJIITHH II0B’ A3aHUA
3 POCTOM i PO3BUTKOM IIePBUHHUX (OJIIKYJIiB,
po3MimeHnX y KOPKOBOMY IIapi se€UYHUKA.
IlepBuHHME (QOSIKYya CKJIaZaeThbCcA 3 He3PiJoil

1 92 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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AUNEKJITUHN, OTOYEHOI IIIapoM eIliTesiaJbHUX
KJITHH i CIOJYYHOI0 TKAHWHOIO.

VY nepinry (GorikyaApHY) Pasy MeHCTPyaIb-
HOTO IIUKJY IIOYNHAETHCA PiCT OAHOr0 ab0 KiJIb-
KOX HepBUHHUX (POJiKYJIiB, aje cTamil IOBHOTO
Io3piBaHHA mocArae 3a3BuUail oguH (HOJIKY.JI;
igmri saswaioTh perpecy. IIpoiiec mospiBaHHA
doaikyaa 3a 28-meHHOTO0 MEHCTPYaJbHOIO IIH-
KJY BKJagaeTbca B 14 guiB (3a 21-menHoro —
y 10-11 gwis).

Po3pisHAOTH TaKi mepiogu oBOTeHE3y: PO3-
MHOKE€HHSA, POCTY, MO3piBaHHA i (DOPMyBaHHI.
Y mepion po3MHOKEeHHA BigOyBaeTbes 30iJb-
mIeHHA KiJTBKOCTI OOTOHIIB (IEePBMHHUX JKiHO-
YUX CTATEeBUX KJITUH) IIJISAXOM MIiTOTUYHUX
noniniB. ¥ mepiox pocTy IOAiJ OOTOHiIB mpu-
MUHAETHCA, i BOHU YTBOPIOIOTH OOIIUTHU IIEPIIIOTO
mopanky. Oomuty 3araub0ITECA B TKAHUHU
sA€YHNKA, BKPUBAIOTHCA 000JIOHKAMHU M yTBOPIO-
10Th QoJaikynu. ¥ KiHIl mmepiofy pocTy B OOIIMTiL
BimOyBaeThCcAa HAKOMMUEHHSA *KOBTKa. IIpoTarom
mepioxy mospiBaHHA BimOyBaeThbCcs aBa IMMOLiIH
Melo3y, B pes3yJabTaTi AKHX y AApi craTeBoi
KJITHHU 3aJUIIAE€THCA IIOJOBMHA XpoMocoMm (23
samicTh 46). Ilicaa meprroro mominy yTBOpPIO-
IOTHCSA OOITUT APYTOTO MOPAAKY ¥ IepIle moJIAp-
He TiJblie, a micad APYyroro — 3pija AAMEKJIi-
TUHA 1 Ipyre nmoadpHe Tijgblie. IlonapHi Tinbia
He 0epyTh ydacTi y Iporecax PO3SMHOMKEHHS i
py#HyloThcAa. Takum uymHOM, HA BigMiHy Bin
criepMaToreHesy, IIiJi 4ac OBOreHe3y 3 omHiel
BUXiTHOI KJIITUHU YTBOPIOETHCA JIUIIIE OHA II0-
BHOIIiHHA 3pijia raMeTa, ajie BOHA Ma€ BeJIUKUN
po3Mip i MOCTAaTHBO MOKWBHUX PEUYOBUH MIJIs
MepIIux cTamiii eMOPiOHAJIBLHOTO PO3BUTKY.

Bnnue pi3Hnx ¢pakTopis
Ha rameTtoreHes

IIpomec yTBOpeHHA TaMmeT y JIIOAWHU 3a-
JIeXKUTh BiJ TeHeTUUYHUX, TOPMOHAJILHUX Ta
inmux ¢gaxtopiB. Tum rameroreHesy y JIIOIU-
HU PeryaioeThCsI YOTUPMAa IeHaMU, TPU 3 SKUX
(O, T, Tif) posramoBani ma X-xpomocowmi,

0 Kniouosa iges

CrateBUMM 3an03aMu NIIOQUHN € A€YKa (y YOnoBi-
KiB) i A€YHUKN (y XKIHOK). Y HMX BigbyBatloTbcsa npo-
Llecu YTBOPEHHS CTAaTEBUX KNITUH: Y f€YKaX —
criepMaToreHes, a B A€YHMKax — oBoreHes. Ha ui
npoLecy MoXyTb HeraTMBHO BMMBATU Pi3Hi dak-
TOpW, TaKi AK NaniHHA, aNKOrosb, HAPKOTUYHI pe-
YOBVIHW, pajiauifiHe BUNPOMIHEHHSA TOLLO.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

a omuu (R%) — ma Y-xpomocomi. I'ew O Bix-
moBizae 3a oBoreHes, a T — 3a cmepmaToreHes.
T'eu Tif 010Kye pobory rera T, 110 g03BOJsAE
npamiosatu reuny O. Te, AKuUi 3 HMUX reHiB
Oyae mpalloBaTH 3aJeXUTh Bim rema RYf) jo-
KaJIi30BaHOTO Ha Y-XpoMocoMmi. 3a HaABHOCTI
B KiaitTumHi Y-xpomocomi rerm R% 6Giokye reum
Tif. ¥V rakiii curyanii npamioe rea T i opra-
Hi8dM BuUpOOJisie ciepmaTosoigu. Ilicisa mouaTky
IPOAYKYBAHHA TaMeT TOHKY PEryJdAIiio IIhOT0
Ipollecy OpraHi3M 3AifiCHIOE TOPMOHAJIBLHO 3a
JOIIOMOTOI0 €HJJOKPUHHOI CUCTEMU.

Ane ma rameToreHe3 MOMKYTb BIIJIMBATHU
# immi ¢daxrtopu. Brpail HeraTwuBHO Ha IeH
IpoIleC BILIMBAIOTh AJIKOTO0Jb, MAJIHHA i BIKU-
BaHHA HAPKOTHUYHUX PEUYOBUH, a TaKOX JedKi
darxTopu cepemoBuIla (pagiaiiiine BUITPOMiHEH-
Hd, TeBHI ximiuHi peuoBuHU ToIrto). Ili daxTo-
P¥ MOXKYTBH IOPYIIIyBaTu Impoliec (POpMyBaHHSA
CIIepMAaTOo30iiB, IO CTa€e NPUUYMHOKI IX HeNo-
CTaTHHOI PyXJUBOCTi ¥ Oesmaigasa. Kpim Toro,
i (PaKTopm CYTTEBO IIiABUIMYIOTh KiJbKiCcTb
MyTalliifi B CTAaTeBUX KJIITHHAX, IO TAKOX IIO-
ramo BimOMBaeThCs Ha IXHIA KUTTE3LATHOCTI
¥ migBUINTye PU3UK HAPOAMKEHHA JiTelt 3i cman-
KOBUMU BaJaMMU.

Heari iH(peKI[ifiHi 3aXBOPIOBaHHA, HAIIPU-
KJIaJ TapoTuT, IOPYIIYIOTH CIepMaToreHes3
i TpusBOAATL OO 0e3MJIiAAsS B YOJOBiKiB.

@ MpakTnyHa poboTa

BiomiHHicmb cnepmamoezeHe3y ma oeozeHe3y
y JII0OUHU

1. Po3rnaHbTe CXeMy pO3BUTKY CNepmaTo3oigiB i An-
LEKNITUHY NIOAVHWN.

2. YKaxiTb npouecy, AKi BibyBaloTbcs nig vac cnep-
MaToreHesy 1 OBOreHesy, Ta npefcraBTe iX Y BU-
rnagi Tabnuui.

3. 3HanaiTb pUCK BIAMIHHOCTI MiXK LMK npoLecamu,
Ta MOACHITb 6iosloriyHe 3HaYeHHA LUUX BigMiHHOCTEN.
4. CoopmyntonTe BUCHOBOK.

03aﬂl/ITaHHﬂ Ta 3aBJaHHA

1. HaBegitb cninbHi Ta BiAMIHHI pucn cnepmaTto-
reHesy Ta oBoreHesy. 2. ANIKOrofiam moxe 6yTu npu-
YMHO MyTaLiln y 6yAb-AKMX KNiTUHaX opraHismy. Ane
MyTaLii, AKi BUHMKaIOTb y raMeTax, BBaXatTbCA OAHMU
3 Hambinbw HebesneyHmx. Yomy? 3. Cknagitb nepenik
AiR, AKi Yy NOBCAKAEHHOMY KUTTi JOMOMOXYTb 3HM3U-
TV PU3MK MOLWIKOOXKEHHA CTaTeBUX KNITUH B OpraHi3mi
NOANHN.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 93. EBontoLisi CTaTeBOro pO3MHOXEHHS

0 [omipkynTe

Yomy nicna BTpaTy 34aTHOCTI 4O CTAaTEBOrO PO3-
MHOMEHHSA >KMBi OpraHi3aMy 4acTo MOYMHAKTb
po3BuBaTn y cebe aHanory Lboro npotecy?

é 3raganTe

« Qopmn PO3MHOXEHHA  « TpaHcdopmaLlisa

+ TpaHcaykKuin - KoH'torauia

OO6MiH reHeTUYHOLO iHpOpPMaLi€to
[10 NOABU eyKapioTiB

CraTeBe pPO3MHOMKEHHS € XapaKTePHOIO
pucoio eykapioriB. OcHOBHA 3amaya CTATEBOTO
POBMHOKEeHHs — 3abeslleueHHsA peKoMOiHaIii
crmagKoBoi iHgopmariii. Aje MOMKJIMBICTE 00Mi-
HIOBATHCSA TeHEeTUUYHOIO0 iH(opMallieio BUHUKJIA
3a0BTO 10 1XHBOI IIOSBU.

o moaBM KJIITUHHUX (QOPM KUTTA TO-
PUBOHTAJBHUM IIepeHic T'eHiB CKOpillle 3a Bce
O0yB IOMiHYIOUMM CIIOCOOOM Ilepeladi coamko-
Boi imgopmarii. I summre micas mosgBM KJIITUH
nepenaua indgopmarliii Big mpegkiB Ao HaIan-
KiB craJyia mepeBaskatu. AJie TpoKapioTUUHi
GopMU KUTTA IPOTOBKYBaJIM OOMIHIOBATHCS
cIagKoBoiO0 iHGopmaliieio Mixk cob6oro. [Hisa
IILOTO BOHM BHUKOPUCTOBYBaJIM TaKi crocoou,
AK TPaHCAYKIIiA (3a momomoror ¢ariB), TpaHc-
dopmaria (mormuuatoun moserkyau [THK i3 ce-
penoBuiia) i Kou’toraimisa (oominiooumcs [JHE
yepes cleliajabHi BupocTu — miji). [jia oominy
iH(opmMallieo 3a JOIOMOT0I0 KOH’forarii BUKO-
PHCTOBYBAJINCA HEBEJUKI KiJILIIEBI MOJERYyJIN
OHK — naasmign.

3 m0osBOIO eyKapioTiB mporecu oOMiHY criaz-
KOBOIO iH(opMAaIliel0 He NPUIUHUJIUCH, ajie
YCKJIaIHUINCI, 00 PisKo 30imbIinmmaacsa Kijb-
KicThb rewiB y renomi. I'emmu Temep poasTarro-
ByBaJuCsA B AEeKiJIbKOX XpoMocoMax, i HaBiTh
IPOCTE BiITBOPEHHA MeHOMY CTaHOBUJIO CKJIAIHY
npobsemy. Bupimmmutu ii Bmajmocs MIIAXOM BU-
HUKHEHHS TaKOTo TpoIlecy, AK MiTo3. A masa
OificuJIeHHS MOXKJIMBOCTI peKoMOiHaIlii cragko-
BOT'O MaTepiajay BUHUK IIpoliec Meiiody i po3Bu-
HYJIOCS CTaTeBe PO3MHOKEHHA.

lNepeBarv i HeJoONiKM CTaTeEBOro
PO3MHOKEHHA

Yomy KUBi Opra”HisaMu 3 TaKOIO HATIOJIETJIN-
BicTIO HamararoThbCA 3iMICHIOBATHM OOMiH reHe-
TuyHUM Marepiasom? Xoua HaBiTH Ha piBHI
OakTepili Takuii OOMiH BMMAarae CyTTEBUX BU-
TpaT pecypciB opramismy. A Ha piBHi 6Gararo-
KJITUHHUX OpraHisMiB, AKi 34ifICHIOIOTH CTaTeBe
PO3MHOKEHHS, CUTyallisd BUTJIALAE IIle TipIIolo.
HasasHicTh 0coOMH ABOX cTaTel o3Haudae, I0 Ha-
magKiB Oyme 3aauInaTv TiAbKKM OZHA 3 HUX —
sKimoua. BimmoBigmo i mammagkis Oyme BaBiui
MeHIIle, Hi’K B OpradisMiB, AKi PO3SMHOKYIOTHCSA
HecTaTeBO (HAIIPUKJAI, IIOJiJIOM).

Aue craTeBe PO3MHOKEHHSA MAa€ i mepeBaru.
I came 1i mepeBarum poOJATHL HOT0 YCHIIIHHM
Yy KOHKYPEHIIil 3 HecTaTeBUM PO3MHOMKEHHSIM.

Hesaki mepeBaru cTraTeBOro PO3MHOKEHHS:

- [IIlBuaKe BUHNKHEHHA HOBUX I'€HETUUYHUX
KombOiHami. AKmo aBi ocoOMHM MAalOTh IIO OJ-
Hili KOpuCHi#l Myralii, To BiKe UacTHMHA IXHiX
HAIAAKIiB IIePIIIOro MOKOJIIHHA Oyae MaTu 00u-
IOBi mi myTarmii y cBOeEMY TeHOMi 3a PaxXyHOK
KomMbGiHaTHBHOI MiHJMBOCTi. 3a HeECTaTeBOTO
PO3MHOKEHHS JOBeNeThCsI UeKaTU, IOKU Ipyra
MyTalligd He BUHUKHE HEe3aJIE}KHO.

- IIBuaKe BUJIYUYEHHA MIKIAINBUX MyTalliid
3 momyJsaiiii. Ko ABi 0coOOMHM MAOThL IO OJ-
Hi#l mIKiggauBifi MmyTaiii, To BiKe YacTHMHA IXHIiX
HAIAAKiB IIePIIIOro IMOKOJIHHA Oyae MaTu 00u-
IOBi mi myTarmii y cBOEMY Te€HOMi 3a PaxyHOK
KoMbOiHaTuBHOI MingmBocti. Taka ocobuHa Ma-
THUMe HU3bKi IITaHCHU HA BUKMBAaHHS, IO JT03BO-
JUTH BUWJIYYUTHU MIKiIIMBI MyTarii 3 momyrarii.

- CraTeBe PO3MHOMKEHHS [TO3BOJISAE MHiATPHU-
MYBATHU JOCTATHBO BUCOKUI PiBeHBb reTePO3UTOT-
HOCTi, IO CIIPUAE BUIKMBAHHIO OCOOMH B YMOBaXx
MiHJIMBOCTI HABKOJIUIITHBOTO CEepPeIOBUIIIA.

EBontouis cnoco6iB BM3HAaUEHHSA cTaTi

ITicna BUHUKHEHHS CTATEBOTO PO3MHOMKEHHS
B €yKapioTiB BaXKJIMBUM OyJIO INTAHHS CIOCO0iB
Bu3HAUeHHs crtari (mas. 93.1). Haiimpocrimum
i, iMoBipHO, HalimaBHIIIIM cIroco0oM OyJIO BHU-
3HAUEeHHs CTaTi 3aJIe}KHO BiJ YMOB PO3BUTKY
opraHismy. 3apas Taxkuil CIoci6 BHUKOPHUCTOBY-
0Th, HAIIPUKJAJ, YepBOMOAiOHA TBapmHa OoHe-
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Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

boHenia — 30BHiWHI ymoBU

Jig i xKpokommiu. ¥ OoHesdil cTaTh 3aJeKUTh
Bi MicId PO3BUTKY OCOOMHM, a V KPOKOIAWJIIB
Biji TeMIlepaTypu cepemoBUIIA, B AKOMY BimOy-
BAaETHCA PO3BUTOK.

Binpni ckiagEEM cTajio BU3HAUEHHS CTATi 3a
JIIOTIOMOTOIO CITeIliaJIbHUX TeHiB, AKe IOCTYIIOBO
CTaJI0O TPUYNHOIO YTBOPEHHSA CTATEBUX XPOMOCOM.
Takwuii BapiaHT BUKOPUCTOBYIOTH ccaBIli (:KiHOUI
xpomocomu XX, a wosoBiui XY) i merenuxku (oKi-
HOui xpomocomu ZW, a uososiui ZZ). Ilomannb-
II1a €BOJIIOIiA I[OTO MEXaHi3MYy cTajia MPUYMHOIO
TIOBHOI PEeAyKI[il MEHIIOI 3 XPOMOCOM i TTOSABOIO
BapiaaTiB X0 i Z0 B THX ’Ke rpylIax TBapuH.

Bunagkuv pepykuii ctateBoro
PO3MHOEHHA

Ciaipg BigMiTHTH, IIIO HEZOJIKH CTaTEBOTO
PO3MHOKEHHS BCe OJHO CTAHOBJIATH IIEBHY IIPO-
OJieMy OJisl »KUBUX opraHismis. I B mporieci eso-
JIOMil HeOZHOPas3O0BO CIIOCTepirajgacs CHUTyallid
3 PeIyKIIieio TaKOTO CIIoco0y pPo3MHOKeHHs. [e-
AKi BUAM TBapWH MOBHiCTIO a00 YacTKOBO Iiepe-
XOAUJIN IO mapTeHoreHesdy (maduii), y 6aratbox
POCJIMH PO3BUHYBCA amoMikcuc (HeuyuBiTep),
a baraTo mpeaCTaBHUKIB rpubiB B3araJi BTpaTuIu
3IaTHICTh 0 CTATEBOT'O0 PO3MHOKEeHH (ILIicHABI
rpubu 3 rpyn ackomineriB Ta GasumiomiineTiB).

Age morpeba B pekomOimaliii reHeTHUYHOTO
MaTepiajy Bce OLHO MPUCYTHA. | MuM opranis-
MaM JOBOAUTHCA BUKOPUCTOBYBATH iHIIII CIIOCO-
6u perombimanii. Tak, oguH 3 BUIiB KOJOBEP-
TOK HepeHtINoB 0 peKoMOiHaIii 3a JOIIOMOTOI0
TOPUB3OHTAJLHOTO IIEPEHOCY TeHiB, a cepel TPu-

0 Kniouosa iges

CrateBe PO3MHOXKEHHA MPOWLLIO TPUBANUIA LUAAX
eBoftoLii. IcHye 6araTto BapiaHTiB LbOro Po3MHO-
XKeHHA. BoHO mae AK Heponiku, Tak i mepesaru,
3aBAAKN YOMY JyxKe MNolMpeHe cepep XUBUX
OopraHi3miB.

bakona — nnoigHicTb

[po3odina — cneuianbHi
cTaTeBi XpoOMocomu
Man. 93.1. MNpefcTaBHMKM OpraHi3miB 3 Pi3HNMU CNocobamy BU3HAYEHHA CTaTi

0iB HOIMMPUBCA TaK 3BAHUI IIapaceKCyaJbHUM
IIpoTIIec.

ITlig uwac mapacexkcyaJabHOTO HpOIlecy Bif-
OyBaeThCA BJIUTTSA ABOX BETreTATUBHUX KJITHH
rigpiB rpumbiB 3 rammoimHuMu aapamu. Ili aapa
3JIUBAIOTHCS, YTBOPIOIOYMW JIUILJIOIAHE AIPO,
B SKOMY MOJKe BigOyBaTmCA MIiTOTUYHUN KPO-
cuarosep. Ilorim BimOyBaeThbCcs IIpoliec Iailjoi-
Ou3allii, KoJU MPOTATOM KiJBbKOX TOIiIIB AIpO
BTpPa4Ya€e XpPOMOCOMU, CTAlOUM B Pe3yJIbTaTi ra-
mwroiguuM. fIK i y BUIIaAKy cTaTeBOTO MIPOIIeCy,
Mg yac mapaceKkcyaJbHOro IIpoliecy BimOyBaeTh-
cAd pPeKoMOiHAIlifA reHeTHYHOTO Marepialy IBOX
0aThbKiBCBKUX OPraHi3sMiB i yTBOPIOIOTHCS HOBI
BapiaHTH reHOMiB. AJle B IILOMY IIpolieci BiacyT-
Hi meftorruHi moxinu. IlapacekcyanrbHU IpoIiec
y rpubiB BiIKpWB aHTJIiMCHKUI Ta iTadiicbKuii
reameTuk I'. ITouTexopso 1956 pokry.

® MpakTyHa poboTa

BueyeHHs 6y008u cmamesux KJimuH meapuH ma
3MmiHuU iXHbOI 6y008uU y npoyeci esonroyii

1. Po3rnaHbTe Nig MiKpOCKOMOM MOCTilHI Mikponpe-
napaty cnepmato3oifiB Ta ANLEKNITUH. YCTaHOBITb
O3HAKWN MOAIGHOCTI Ta BIAMIHHOCTI UMX KNITUH ans
Pi3HMX rpyn TBapuH.

2. 3amaniorite CNepmaTo30if Ta ANLEKNITMHY CCaBLA
Ta MO3HauTe iXHi YaCTUHW.

3. CdopmyntoliTe BUCHOBOK.

03a|‘|l/ITaHHH Ta 3aBJaHHA

1. [leAaKi eyKapioTnyHi opraHiamu (Hanpuknag, [pix-
IXi) mMatoTb nnasmign. Ane y 6inbwocTi eykapioTis ix
HeMa€. 3 UM Lie Mmoxe ByTu nos’asaHo? 2. fki nepeBaru
Ma€E XPOMOCOMHE BM3HAYEHHA CTaTi MOPIBHAHO 3 TUM,
WO 3anexutb Big ymMoB po3BuUTKY? 3. Bukopuctosyto-
UM [OHATKOBI [Kepena, CKMafiTb CNMCoK crnocobis, 3a
[OMOMOroI0 AIKMX MBI OpraHiamMu 3abesneuyioTb pe-
KOMOiHaLilo CBOro CnafKoBOro matepiany y BUMNagKky
BifCYTHOCTi CTaTeBOr0 PO3MHOMEHHA.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 1 95
MiHicTepcTBO OCBITU | Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MoAepHi3auii 3amicTy ocBiTu https://imzo.gov.ua



Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 94. 3annigHeHHA

0 [omipkymnTe

AK 30iNCHIOETbCA 3anNifHEHHA y YepPBOHMX BOAO-
pocTen, raMeTn AKUX He MatoTb OXKIyTUKiB?

Q 3raganTe

» CrateBuin npovec o PekombiHalis

o KombiHaTMBHa MiHANBICTb

Dopmu 3annigHeHHSA

3alIigHeHHAM HA3WBAIOTL IIPOIlEC 3 €IHAaH-
Hs (31UTTs) 3piol woaoBiuoi i sKiHOUOI cTaTeBUX
KJITUH, Y pesyJIbTaTi AKOr0 YTBOPIOETHCS OHA
KJaiTuHa (3uzoma), 110 € IOYATKOM HOBOT'O Opra-
mismy. IcaHye 6GaraTro ¢opM 3aruTigHEeHHS, Ha SKi
TOro IOMiJIAIOTE 3aJIe}KHO BiJl TOTO, IKY 3 Xapak-
TEePUCTUK MpoIiecy 0yso obpano. Tak, samrigHeH-
HA, OIATh Ha wmyuHe (3AiACHIOETbCA JIIOANHOIO)
Ta npupodue (6e3 ydacTi JgrogquHU). A 3aJEKHO
Big wmiciig, e BOHO BiZOyBAeTbCs, PO3PISHAIOTH
308HiWHe (TI03a opraHidaMoM) i HympiuiHe (B op-
raHismi) 3arTiHeHHA.

KiHoua
WMLWKa

HaciHnHm

05

3annigHeHHA y BogopocTen
Ta CNOPOBUX POCIVH

Y BomopocTeil i CIOPOBMX POCIWH 3aIlJIim-
HEeHHS BiOYBA€ThCA IIJIAXOM BJUTTS TaMeT
TiTBKY Y BOgHOMY cepemoBuili. Tomy mja pos-
MHOKEHHSA IIMM DOCJIMHAM IOTPiOHA KpameJyb-
HO-PiJKa BOJA, HABiTh SAKIIO BOHU POCTYTH Ha
CYXOMOJIi.

Poamipu ramer, 1o 6epyTh y4yacTh y Ta-
KOMY BaIlIiTHEeHHi, MOMXYTh OyTH fAK OIHAKO-
BUMU, TaK i pisummu. Y 6ijgbimocTi BUIAAKiB
omHa abo oOMABI ramMeTH € PYXJUBUMH, i IXHA
3ycTpiu BimOyBaeThbcsa 0e3 0COOJMBUX IIPOOJIEM.
Asle B medrkux BUIAAKaX (HAIPUKJIAL, Y Uep-
BOHUX BOJIOPOCTEN) MKTYTUKHU y TaMeT BimcyT-
Hi. ToMy UM pocamHaM AOBEJIOCS BUPOOIATHU
OiJIBbII CKJIAAHY CHCTEMY 3allJiJHEeHHS.

3a|'|ﬂiﬂHeHHF| y rONOHACIHHMX POC/IH

3arTigHeHHA y TOJOHACIHHUX POCIHH Bif
KparejJbHO-piAKol BoAU He 3ayie:KUTh. 1le m03BO-
JIUJIO TOJIOHACIHHUM YCITiIITHO MOIITUPUTHUCS Y CY-
XWX MiCIAX iCHYBaHHS i cTaTW OTHUMU 3 HaM-
OiIBIIT YCHIiITHMX TPYN Ha3eMHUX OpPTraHi3Mis.

KiHoua
WnLwKa

Yonosiua |
LnwKa
3uroTa ) \ &
HvnnoigHa dasa (2n) LT y
3aI'IJ1ip,HEHH$| Meriio3
lannoigHa ¢aza (n)
V'
nV'“KOBa W £ g " HaciHHnin
Tpy6Ka o d — P 3a4aTokK

Man. 94.1. 3annigHeHHA Y roIOHaCiHHMX POCINH
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MaToUKM \ 3epHO

Cnepmii
ﬂmnKosa
pr6Ka

AnyeknitMHa

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

LeHTpanbHa
KNiTUHa

Cnepmii

——~ MNokpunsn

Man. 94.2. lMpouec NoABINHOrO 3annifgHEeHHA Yy KBITKOBMX POCVH

VY rosioHaciHHMX chmepMmii He MaOTh IKIY-
TuKiB. [0 »KiHOYOI IMIMIIIKKM BOHM IIOTPAILIAIOTH
3 MUJIKOM, AKUN mepeHocuTth BiTep. Ilicas mo-
TPANJIAHHA MTUJIKA 0 IIUIIKA 3 HHOTO BUPOCTAE
MUJIKOBa TPYOKa, AKAa i TpaHCIOPTY€E 0E3I KTy TH-
KOBi cmepMil g0 Miciisa posTamnryBaHHA AHIEKJIi-
TUHU. ¥ IIpoIleci 3alIifHEeHHA y T'OJIOHACIHHUX
Oepe ydacTpb Jmiie onawH cuepminn (man. 94.1).

MopgBinHe 3annigHeHHSA
Y KBITKOBUX POC/INH

KsBiTKOBi pocivHu, AK i roJgoHacinui, € Ha-
cimmmMu pocamHamu. | miciad samrigHEeHHA
Y HUX TaKOK YTBOPIOIOTHCSA HaCiHMHU. AJse TIpo-
Iec 3alIifHeHHsS KBITKOBUX € OiJIBII JOCKOHA-
auM. ¥ HUX YTBOPIOIOThCA KBITKU i Mae Micie
noABillHe 3aILIiTHEeHHS.

ITouaTok mporecy y KBITKOBUX AYKe€ CXO-
KUY Ha rojoHaciHHuX. IIMI0K Tex HOBUMHEH
MOTPAIIUTU Ha iHITYy pocauHy (y IepexpecHo3a-
OIUJIBHUX BUJIB). AJie BiH IOTpamisie Ha CIelli-
aJIBHY CTPYKTYPY — HPUNMOYKY MATOUKH, i TaM
BJKe IIPOPOCTAE, YTBOPIOIOUM HUJIKOBY TPYOKY.
ITo miii TpyO1i nBa cmepwmii (AK i y rojoHaciu-
HUX) TPAHCIIOPTYIOTHCA A0 3aPOJAKOBOTO MIIlTKa,
y AKOMY OIWH 3i cmepMiiB 3/JIMBA€TLCA 3 AM-
MeKJITHHOI0, yTBOplooun 3urory (mana. 94.2).

I TyT yXe moumHaAIOTHCA BiAMIHHOCTI Bif
Opoliecy 3aIllifHeHHs y TroJIoHAciHHuX. Y 3a-
miaigHeHHi Oepe ydacTh APyruii cmepwmiii. Bim
3JINBAETHCA 3 IIEHTPAJILHOIO KJIITUHOIO HACIHHOTO
3aYaTKa, AKA YTBOPIOETHCS IILJIIXOM 3JIUTTS IBOX

0 Kniouosa iges

3annigHeHHA € MpoLecoM, pe3ynbTaToM AKOro €
YTBOPEHHA 3MroT! BHACIAOK 3UTTA ABOX FamerT.
BoHo Moxe BigbyBaTtuca Ak ycepeauHi opraHiamy
(BHYTpILWIHE 3annigHeHHA), Tak i B HaBKOJIULWIHbO-
My CepefoBULLi (30BHILLUHE 3anigHeHHs). JlloguHa
B CilbCbKOMY FOCMOAAPCTBI LWMPOKO BMKOPUCTO-
BYE LUTYYHE 3arligHeHHs.

ramjaoifHux KJaiTnH. TakuM YuHOM, IicJd 3JIUT-
TS 31 cmepMieM IleHTpasibHa KJITHHA CTa€ TPU-
ILJI0IAHO0. 3 Hel MOTiM PO3BUBAETHCA eHAOCHEPM.

Taka cucreMa 3aIIifHeHHA € GiJBII palio-
HaJbHOI0. BoHA 103BOJIsSAE€ YTBOPIOBATU HACIHUHY
1 eHJOCHEePM TiJIbKHU Hicad 3allIigHeHHsS. A OT
Yy TOJIOHACIHHUX eHJOCIepM Ta HaciHWHA pO3-
BUBAIOThCA 3aBxau. Hesange)xHo Big Toro, uu
OyJI0 3alaimHeHHs, YW Hi.

3annigHeHHA y TBapyH

Y TBapuH 3amiigHeHHs OyBa€ OBOX BUIiB:
30BHiNIHEe i BHyTpimrHe (Majs. 94.2). 3oBHilITHE
3aILIiTHEHHA YaCTO BUKOPUCTOBYIOTH MEIITKAHIIL
BOZOMM. A MeIIKAaHI[I CYXOJ0JIy YacTillle BUKO-
PHCTOBYIOTH BHYTPIIIIHE 3aILTifHeHHA. SOBHIIIIHE
3allJIiTHeHHA € HaNOiJbIIl HPOCTHUM BapiaHTOM
3aIlJIifHEeHHS Y TBAPUH 1 eBOJIOIIHHO 3’ ABUIOCS
TIePIIIM.

IlepeBaroi 30BHIIITHBLOIO 3AILIiJHEHHA € Te,
III0 BOHO He IOTpeOye YTBOPEHHA B OpraHismi
cIeniaidoBaHUX CTPYKTYP [JA BBEIEHHS CIIep-
MU B TiJIO caMKu. AJie IITaHCH HA 3yCTpiu Aiie-
KJITHHHI 31 cIepMaTo30i0M 3a TaKOro BapiaHTa
3allJIiTHeHHS € MEeHIINMMU.

Bararo BogHUX MEITKAaHIIIB TAKOXK BUKOPUC-
TOBYIOTH BHYTPiIlTHE 3amigHeHHA. | 11e He aurre
BTOPMHHOBOAHI TBapuHU (HAIpPUKJIAL, KUTH),
MPeIKY AKUX JKUJIM Ha CYXOJ0JIi M PO3MHONKY-
BAJIUCSA 32 JOIIOMOTOI0 BHYTPIIITHHOTO 3aTLJIiJHEH-
Hsa. Hanpukiaan, mpeacTaBHUKKA XPAIOBUX pub
«BUHAWMLIN» BHYTPIITHE 3aILTiTHEHHA He3aJ1eK-
HO Bij iHIIMX T'PYI XOPAOBUX TBaPHUH.

QBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. 3a ponomorolo JOAATKOBUX [pxKepen 3'AcynTte, AK
BiOyBa€eTbCA 3annifHEHHA Y YepPBOHUX BOJOPOCTEN.
2. YoMy HaseMmHi TBapvHM HaJaloTb MepeBary BHYTpiLl-
HbOMY 3annigHeHH0? 3. AKUM YMHOM MOXe BifbyBaTu-
CA BHYTPILLIHE 3amnlifHEHHs 6e3 0COBMCTOro KOHTAKTY
camus i camkun? TOACHITb Ha KOHKpEeTHMX npuKnagax.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae ] 97
MiHicTepcTBO OCBITU | Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MoAepHi3auii 3amicTy ocBiTu https://imzo.gov.ua



Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 95. Ocob6nuBi opMmun PO3MHOKEHHA

0 [omipkynTe

YoMy MOXyTb MOpYLIYBaTUCA 3aKOHMW YCMafKyBaH-
HA 03HaK, BCTaHoBMeHi . MeHgenem?

Q 3raganTe

o PO3MHOXeHHA e« HecTaTeBe pO3MHOMEHHSA
o CTateBe PO3MHOXEHHA

[NapTeHoreHes

IIapreHorenes — 1e PO3BUTOK HOBOTO Op-
raHisMy 3 He3amJigHeHOl AUNeKJiTHHU. 1K
i y Bumagry moJiiemOpioHii, 3a mapTeHoOreHe3y
MOUipHi OpraHisMm MamoTh ieHTUYHUHA 3 MaTe-
puHchbKUM Habip cmaaxoBoi iHdopmairii. € op-
raHisMu, B AKUX IapTEHOTeHe3 — E€IUHUU CIIO-
ci0 po3sMHOMKEHHA (IesdKi KoMaxy — MaJOUYHUKU
Ta mpaMokpuii). B iHmmx BuAiB, HampUKJIALI
y SAIIipOK, iCHYIOTH PO3IiJIbHOCTATEBI Ta map-
TeHOTEeHETUYHI MOMyaAILii. ¥ KUTTEBOMY ITUKJIL
nomenunb i padgHi 3aKOHOMIPDHO YepPIyIOTHCS
TOKOJiHHA, AKi PO3BMHOKYIOTHBCA CTAaTEBUM
cmocobom i mapreHoreHermuHo (Maia. 95.1).
Y Ompkin 3 HesaILTimHeHUX AE€Ih IIIJIAX0M IIapTe-
HOTeHe3y YTBOPIOIOTLCA caMIli, a i3 sammigHeHUx
BUXOAATH CAMKH.

Camka

[MokoniHHA camoK,

\ AKI PO3MHOXYIOTbCA
napTeHoreHe3om

3annigHeHa
camka .

Man. 95.1. MapTeHoreHes y XUTTEBOMY LKA AadHin

ITapreHorenes 3a cBOIMHU O0COGJIMBOCTAMU
s3aifimae Hi0u IIPOMiKHe IIOJIOMKEHHS MiK He-
CTaTeBUM i CTATEBUM CIIOCOOAMU PO3SMHOKEHHS.
3 ogHOTO OOKY, HOBHUII OpPraHidaM pPO3BUBAETHCA 3i
creliajizoBaHol craTeBol KIITMHU — ARIEKJi-
TUHU, 3 IHIIIOTO — PO3BUTKY JOUYipHBKOI 0COOMHM!
He mepejaye 3aIlIiTHeHHA.

[leporenHes

Ilemorenes € ogHUM 3 BapiaHTiB IapTeHO-
TeHEeTUYHOTO PO3BUTKY. ¥ BUIAJIKY IIeJOTeHE3y
PO3BUTOK 3apOAKa MOUYMHAETHCA Ille Ha JIMUUH-
KOBUX CTAJiAX PO3BUTKY 0AThKiBCHKUX OCOOMH.
Ilegorenes BimoMuii [Jid HNapasUTUUYHUX ILJIOC-
Kux uepBiB (Majy. 95.2), Ioro TaKoK BUSIBUIU
B IeAKUX T'JIJISICTOBYCHX PAKOIIOAIOHUX i Iijioro
pAny KoMax (IIpeACcTaBHUKIB JKyKiB, METEJIUKIB,
IBOKPUJIUX TOIIO).

VY neaxmx BUMAAKaX JUUWHKU, AKi MOYMHA-
JI1 PO3BUBATHUCA IIIJIAXOM IIeJJOTeHe3y, II0OYNHA-
JU BimirpaBaTu poJib eHIOHApasuTiB i BOuUBaJIU
MaTepUHCHKY 0co0y IIe [0 CBOTO BUJIYILJIEHHS.

Anomikcnc

Anmomikcue — 1e cmoci6 pPO3MHOMKEHHA
0e3 craTeBOro Ipoliecy, aje 3i 30eperKeHuMU
cTaTeBUMHU opraHaMu. ANOMiKCHC MOKHaA BBa-
JKaT BTOPUHHUM HECTATEBUM PO3MHOKEHHSIM,
00 TIpeaKoBi opMU OpraHisMiB amoOMiKTiB po3-
MHOKYBAJIUCA CTATEBUM ITLIAXOM.

Man. 95.2. lNegoreHes y XnUTTEBOMY LKA NapasuTUYHOro
NNOCKOro yepsa
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Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

Man. 95.3. PocnnHa HeuymBiTEp PO3MHOXYETbCA LUAAXOM
anomikcncy, Ma€ Keitu, ane ana GopmyBaHHA HacCiHWH 3a-
NUNeHHA He noTpibHe

Anomikcuc mae aBi HaAMOIJBIN MIOMIMPeHi
opmu: mapreHoreHes (AKuii OyJi0O IOKJIAIHO
omMcaHO BHUIINE) i amoramiioo. Amoramis — 1€
IpoIlec YTBOPEHHS 3apOJKa i3 KJIITUH CTaTEeBOTO
MOKOJiHHA (Y KBITKOBUX i3 ralIoifHUX KJiTUH
3apOJKOBOT0O MiIlTIKa, y Imamoporeii — i3 KJIiTuH
3apoctka). llle ogHrM BapianToM amoramii € aj-
BEeHTHBHaA eMOpioHisa, B mpoiieci sIKOI 3apomox
PO3BHBAETHLCS i3 COMATUUYHMNX KJITHH. 3apOIOK,
AKUN YTBOPIOETHLCA B pPeE3yJabTaTi aJBEeHTUBHOIL
eMOpioHii, € ZUMJIOIZHUM Ta iJeHTUYHUM 3a re-
HOTHIIOM MATEPUHCHKili ocoOmHi.

AnoMmikcuc moimpeHuii cepel KBiTKOBUX
pocaue (Man. 95.3). Moro smaiimim y mpen-
CTABHUKIB OiJIBII Hi’K COPOKA POAMH KBiTKOBUX.
Ilraxom amoMiKcHCy PO3SMHOMKYIOTHCA IIUTPYCO-
Bi, IIamopori, 3J1aKu, aCTPOBI Ta iHIIIL POCAMHU.

HeoTteHiga

Heorenis € crtoco60M POZMHOMKEHHA TEAKUX
TBapuH, 3a AKOTO BOHU MAIOTh MOYKJIHUBICTH PO3-
MHOKYBaTHCs He B JOPOCJOMY CTaHi, a Ha cra-
Oil JUuuHKK. ¥ IbOMY BHUOAIKYy B JUUHUHKU IO
cragii mopocJsioi 0COOMHU PO3BUBAETHCA JIUIIIE
cTaTeBa cucTeMa, a BcCi iHINI cucTeMu 3aiau-
mIaioThesa He3aMiHHUMU. HeoTeHis TpaliseTbcsa
y IpeICcTaBHUKIB 3eMHOBOAHUX, KOMaX, PaKo-
momiOHmX, uepBis,

HeoTrenisa sasBmuaii Mae NOPUCTOCYBaJbHE
3HaueHHA. YacTime 3a Bce IIe SBHUIIE CIOCTe-

0 Kniouosa iges

OcobnuBi GopmMM PO3MHOMXEHHSA BUHMKAOTb AK
NPUCTOCYBaHHA A0 CreundiuHMX, YacTo BaxKMX,
YMOB iCHYBaHHsA. [Io HUX BigHOCATb Taki cnocobu
PO3MHOXEHHS, K MapTeHoreHes, NeforeHes, Heo-
TeHifA, anomikcuc.

Man. 95.4. AKconotnb — NIMYMHKa ambicTomu,
3[aTHa A0 PO3MHOXEHHSA

piraetrbcsa B TUX BUIIAAKaX, KOJU JUUUHKHU i JO-
pocJIi TBapUHU JKUBYTh V PiSHUX CepemoBUIAX.
SIKIIo B cepemoBUIIi, e KUBYTH JOPOCJL OCO-
OMHM, YMOBU CTAIOTh HEIPUNHATHUMU AJIA IPO-
"KUBaHHS, CTa€ BUTIJHNM PO3MHOMKYBATHCA Ha
cramii JUYMHKU.

KnacunuamMm npukjaamzoM HeOoTeHil € axco-
JOTJIb — JHWUYMHKa ambicromu (OogHOro 3 BU-
niB camamamzap) (maa. 95.4). YV pesyabrari mo-
CIiI)KeHHsa BIajocs 3’sCcyBaTH, IO 3aTPUMKA
TIepPeTBOPEHHA aKCOJIOTJISA Ha JTOPOCTY OCOOMHY
BUKJNKAHA HECTaueld TOPMOHY I[HUTOMIOAi0HOI
3aJI0311 — THPOKCHUHY.

NpakTWyHa poboTa

Dopmu po3mMHOXKeHHA Op2dHi3mie

1. MpurotyiTe MikponpenapaT wuBineBoro rpuba
MyKopa. 3Hangitb ridbn rpmba, oro cnoparii Ta
cnopu. 3amantonTe Mykop, No3HauTe ridu, cnopaHrii
Ta cnopwu rpuba.

2. Po3rnsHbTe repbapii BULMUX CMOPOBMX Ta HacCiH-
HUX POCNUH. 3HaWAiTb IXHi OpraHU PO3MHOXEHHSA
(cnopaHrii Ta KBITKM). 3amantonTe cxemy NoABilHOro
3annigHeHHA KBITKOBMX POC/VH i BKaXKiTb eflemeHTH,
AKi MO3HAYEHO Ha MarloHKY.

3. MopiBHANTe GOPMU PO3MHOXKEHHS TPUGIB, Cro-
POBUX Ta HaCiHHWX POCAUH. Pe3ynbTat NnpeacTaBTe
y BUrNAAI Tabnuui.

4. CoopmyntonTe BUCHOBOK.

QBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. YoMy PO3MHOXEHHA LWAAXOM MapTeHoreHesy
€ BUTOHVMM [NA >KMBWX oOpraHiamiB? 2. Aki nepesaru
Ma€ XUTTEBMIN UMKN Takoro Tuny, AK y gadHii, 3 uepry-
BaHHAM CTaTEBOrO i MAapTEHOreHeTUYHOro PO3MHOMEH-
HA? 3. JlloAnHy iHKONM Ha3nBaloTb NPUKNALOM HEeOoTeHil.
[oBediTb UM cnpocTynTe Le TBEepPOKEHHS.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 96. 3annigHeHHA y NIOAVNHN

0 [omipkynTe

Yomy 3annigHeHHA y IOANHN MOXIuBe
He Ha BCiX CTafiAX MeHCTpyasbHOro uukny?

Q 3raganTe

o PO3MHOXEHHA
« Qoramis
o [ameTn

e 3urota

OpobneHHs

IMnnaHToBaHMN
6nactount

AnueknitnHa

Man. 96.1. lMpouec 3annigHeHHA y NOANHN
i noyaTKoBi CTagil eMOpPiOHaNIbHOrO PO3BUTKY

3annigHeHHA y noanHN

3amrigHeHHAM V JIOAUHY, IK i B IHIIINX K-
BUX OPTaHi3MiB, Ha3MBAETHCA IIPOIEC 3 €THAHHA
(3ymTTS) 3pisToi HosIoBiUOi (cmepmMaTos0in) i sKiHo-
40l (ANIEeKJiTHHA) cTaTeBUX KJLITUH, V Pe3yJb-
TaTi AKOTO YTBOPIOETHCA OJHA KJiTWHA (3UTr0Ta),
10 € IIOYaTKOM HOBOI'O opraHiamy (maj. 96.1).

Jlrony € mpejgcTaBHUKAMM CCaBIiB, i ToMy
3aIUIiTHEHHA Y HUX BHYTPIIITHE — BOHO BixOy-
BAa€ThCA B OpraHismi kiHKu. ¥ samrigHeHHi Ge-
PYTh yUacTh 40JIOBiua (crpemMaTo30im) Ta sKiHoua
(aninekJgiTuHA) raMeTu. 3aIJIiTHEHHS 3a3BUYAl
BimOyBaeThCcAa B MATKOBiil TPyOi. ¥ IIbOMY IIPO-
IIeci BUIOIIAIOTHL KiJgbKa eTalis.

MpryrHM NopyLweHHA NpoLlecis
3annigHEeHHA Y NIOANHN

ITpuymHM MOpyIIeHHA MTPOIlECiB 3aTJIiTHEeH-
HA MOXKYTh OyTH DisHOMAHITHMME. IX BUHHUK-
HeHHA MOKe OyTu IOB’sizaHe i3 mpobJyemMamMu
B OpraHiami K YOJIOBiKa, Tak i KiHKH.

IIpobnemu B opranizmi 4JoJoBika, AKi Mo-
SKYTh OYTY IPUYUHOIO MOPYIIIEHHA IPOIeciB 3a-
IJIigHeHH:

* eHIOKPUHHI IIOPYIIIeHHA, AKi CTAIOTh IIPU-
yMHOIO 3arubesi crmepMaTo30ifiB abo IepeIrKo-
IKaIl0Th 1X YTBOPEHHIO;

- indexrilini saxBopioBaHHA (IaAPOTUT, OPY-
1IeJIb03, 3aXBOPIOBAHHA, AKi IepemaroTbCcAd CTa-
TEBUM ILJIAXOM);

- YTBOPEHHA MYXJUH y A€uKax (AK J00po-
AKiCHUX, Tak i 3JI0AKiCHUX);

* POBIIVPEHHSA KPOBOHOCHUX CYAWH y fA€U-
Kax (Bapikoriesie), yepes sike TeMIepaTrypa cTa-

Etanuv 3annigHeHHA y NiognHW

Eran

ITenerpaiisa

IIpouecu, Aki BigOyBaroThCs

ITogosasHs cIepMaTo30i0M 30BHIIIIHIX 000JOHOK SHIEKJIITHHN — OJIHMCKYY0l 000-

JIOHKM Ta IPOMEHHUCTOro BiHnA. I iX mogoslaHHA BUKOPUCTOBYIOTHCA CIIeIliajabHi
depMeHTH, PO3TAIIIOBAHI Ha IIOBEPXHI Ta B akpocoMmi ramer. Ajie (pepMeHTIiB OZHOTO
cIepMaTo30ia HeOCTaTHBO JJIS ITOJOJIaHHA 00010HOK. ToMY 3a1l/Ti THEHHSA MOYKJINBE
TIILKY 32 HAABHOCTI JOCTATHBOI KiJIBKOCTi CIIepMaTO3014iB

Koprukansua peakiiss | Ilicisa mpoHNKHEHHA OLHOTO 31 CIIepMAaTO30i4iB ycepeAnHY ANIEKJIITHHY Bi0yBaeThCA
BUI1JIeHHS Ha30BHi crreniudivHnx (hepMeHTiB, AKi pOOIATH HEMOKJINBUM IPDOHUKHEHHS
B ANNEKJIITUHY 1HIIINX CIIepMaTo3011iB

YTBOpEeHHSA 3UTOTH

Sapa rameT 3IMBAIOTHCS BCEPEANHI ANMEKIITUHN, YTBOPIOIOUN 3UTOTY

200 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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TeBUX B3aJI03 HiABUIIyeThCA moHAn 34°C, 1o
CHOPUYUHSE 3aru0esb CIIepMaTO30imiB;

* BPOIKeHiI aHoMAaJil PO3BUTKY CTaTeBUX
3aJI103;

 posJIaz CeKcyanbHUX (PYyHKIH (uacTo Ma-
IOTh TCUXOJIOTIYHI TPUYUHNU);

- amajieHHsa mpocraTu (pisHOi mpupomn);

* BIIJIUB 30BHIITHiX (isuuHMX a00 XiMiuHUX
dakTOpiB, AKi MOIIKOMKYIOTH KJITHHH cCTaTe-
BUX 3aJ103 (pamiamifine oopoMiHEHHSA, TOKCUYHI
CIOJIYKU TOII[0).

IIpo6iemu B opraHiami sKiHKM, AKi MOXKYTb
0yTM TPUUYMHOIO MOPYIIEeHHS MPOIEeCiB 3arrij-
HEHHS:

* eHIOKPUHHI MOPYIeHHA, AKi CTAIOTh IPU-
YUHOIO IIOPYIIIEHHA PO3BUTKY i MO3piBaHHA AN-
IMeKJiThH;

* IOPYIIIeHHA MTPOXiZHOCTI MaTKOBUX TPYO
micys TpaBM, abopTiB a60 iH(eKIiHNX 3aXBOPIO-
BaHb, IO MEPEITKO/KAE IIPOoIlecy 3alliTHeHHS;

* BPOMI’KeHi aHoMmaJii pO3BUTKY CTaTeBUX
3aJI03;

* TiHEKOJIOTiuHiI 3aXBOPIOBAHHS;

- iH(ekmifini 3axBopioBaHHA (OPYyIEIHO3,
3aXBOPIOBaHHA, $SKi IIepefaloThCs CTAaTEBUM
MIJIAXOM);

« IMyHOJIOTiUHI TTOPYIIIEeHHA.

OcobnmBocTi penpoayKuii NiognHn

IcuyBaHHSA JIOAUHN, AK i OyAb-IKOT0 iHIIIOTO
OiosoriyHOrO BHAY, € MOKJIMBUM TiJIbKMH Yy BHU-
nagKy, Koau Oyme BimOyBaTucs IIPOIeC Pempo-
IVKIii (PO3MHOKEHHS) 3 IIOSABOI0 0COOMH HOBUX
TOKOJIiHb. PemrponyKIlisa y JIOAWHN € CKJIAIHIM
pOIlecoM, Ha SAKHH MOJKe BILJIMBATU BeJUKA
KinbKicTs parTopis. Ili dhakTOpuM MOKYTH OyTHU
Hebionoziunumu (disuwuni GarTopm, TOKCUUHI
PEeYOBUHU TOIIO), 0iosoziuHumu (3aXBOPIOBAH-
HsI, TPaBMH, MOPYIIeHHA O0OMiHY peduoBuH) abo
COIliaJIbHUMMU.

ComianbHa CKJIAAOBA Bifirpae y pempomyk-
il JIOAMHY HaA3BUYANHO BaKJIUBY pojib. Came
comiaapHi ()aKTOPU CUJIBLHO BILJIMBAIOTH Ha Pi-

0 Kniouosa iges
[na nognHu, AK NnpeacTaBHMIKa CCaBLiB, € Xapak-

TEPHUM BHYTPILWHE 3annigHeHHA. Ha uen npouec
MOXYTb BMJIMBaTU Pi3Hi pakTopu, AK BHYTPILLHI,
TakK i 30BHiWHI. LWUKianuBmiz BNAnB aesknx ¢akro-
piB MOXe CTaTV NPUYNHOIO NMOPYLLEHHA MpoLecy
3anigHeHHA i 6e3nnigan.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

IIeHHA JIOAUHU IOJ0 HAPOMKEHHA AUTWHU Ta
KiJbKOCTI miTe#l y poauHi. YMOBU KUTTHA JIIOJ-
CBKUX POJUH TeX 06arato y 4omMy (POpPMYIOThCS
OiJ BILIMBOM COI[iaJIbHO-eKOHOMIiUHUX (PaKTO-
piB. A e BIJIMBae AK Ha IICUXOJOTIUHUI CTaH
Jofneit, Tak i Ha craH ixHboro 3mopos’s. Hemo-
CTaTHE XapuyBaHHA, IOCTifiHA CTpecoBa CUTY-
allisg, HEeBIEBHEHICTb y MaWOyTHbBOMY MOMKYThb
cTaTH MPUYNHOIO PO3JIALIB Yy POOOTI pempomyk-
THUBHOI CUCTeMH i BUHMKHEHHI Oe3IlIignsd.

Cnocobu KoHTpauenuii

Buxogauu 3 ocobsmBOCTell mpoIlecy yTBO-
PeHHA raMeTr Ta 3allJIifHEHHS y JIOIUHU OYJIO
CTBOpPEeHO OaraTo crmoco0iB KoHTpalemnitii (3a-
mobiraHHA BariTHOCTi), AKi JO3BOJAIOTH edeK-
TUBHO PEryJIIOBATU IIPOIEC PENPOAYKILiI y Jfo-
OUHUA.

MeToau KOHTpaIlienilii MoKHa IMOAIJIUTH Ha
KiJIbKa rpym:

« IpUPOAHiI MerToAw (pisHMMU cIlocobaMu
BM3HAYAIOTH IIePiof, IO € CHPUATIUBUM IJId
3aIlIiTHEeHH, KOJU CJiJl YHUKATU CTAaTEBUX CTO-
CYHKiB);

- MmexaHiuHi (6ap’epHi) MeToau (He momycKa-
IOTh KOHTAaKTy CIIePMAaTO30iIiB Ta ANMEKJIiTHH!
IIIJISIXOM CTBOPEHHSs MeXaHiuHoro 6ap’epy 3a mo-
IIOMOTOIO IIpe3epBaTuBa, AiadparMu, MaTOUHOTO
KOBIAUKa TOIII0);

* TOPMOHAJIbHI MeToAu (IIJIAXOM HPUAOMY
TOPMOHAJbHUX IMIpPelapaTiB MHepellKoIKaloTh
IIpoIecy OBYJIAIil ab0 3aKpilJIeHHIO 3aIlljiigHe-
HOI AUIEKJITUHU B MATIIi);

« XimiuHi MeTOmU (32 MOIIOMOTOIO CIIEIiaJIb-
HUX IpelapaTiB HepelrKoIKaloTh MIOTPAILISHHIO
CIIEPMAaTO30iIiB Yy MaTKYy);

« BHYTPIMIIHHOMATKOBI 3acobu (po3miIieHi
B MATIIi 3aCO0U IIIJIAXOM MeXaHiuHOI Ta XiMiuHOI
Iil mepemrkoa:KaloTh 3aKPIilJIeHHI0 SUIEeKJIiTH-
HY);

« Xipypriuai metogm (miAxoM Xipypriuxoi
omepairii pobJIsATh IIPollec 3AILIiJHeHHA HeMOMK-
JIUBUM).

03aﬂl/lTaHHﬂ Ta 3aBOaHHA

1. Aki dakTOopM MOXYTb nepelikoaXkaTtu 3annig-
HeHHIo y noanHn? 2. Yomy 3anfiigHUTU ANLEKNITUHY
MOXe TinbKK oguH cnepmato3oin? 3. Cknagitb CNMCoK
npodinakTMYHMX 3axofiB, AKWX CNif OOTPUMYBATUCA,
Wo6 3anobirTm NopyLeHHI0 MpoueciB 3anfigHeHHsA
y NoAVHN.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 97. CraTb y nioaguHN

0 [omipkynTe

Un mMoxnvBe BMHVKHEHHA repmadpoanTmsmy
y noanHn?

é 3raganTe

» Cratb » CrateBi xpomocomu

» CraTeBi 3an03u o CrateBi ropMOHMU

+ [MepBYHHI Ta BTOPWHHI CTaTeBi O3HaKM

MexaHi3Mun BU3HaUeHHsa cTaTi

SIK Bu BiKe 3HaeTe, y JIOAUHU TOJIOBHY
PoOJIb y BUBHAUEHHI cTaTi MallOyTHBOI 0COOMHU
Bimirparors crareBi xpomocomu. Harmra cragko-
Ba iH(popmaIllisg 3ocepemkeHa I'OJOBHUM YMHOM
y AApi KJIITHH HAIIOro TiJia i mpeacTaBjieHa TaM
y Burjaani 23 map xpomocoMm (KOKHa XPOMO-
coMa IIpeficTaBJieHa MBOMa EK3eMILIApamMu) —
CIIeI[iaJIbHUX TiJIellb, OO0 CKJIAAY AKUX BXOIATH
6inku ta I[ITHK. To6To BChOTO KOMKHa KJIiTHUHA
HAIIIOTO opraHidmMy mictuth 46 xpomocom. Jluime
B ramMerax xpomocoM He 46, a 23. ¥ HUX KO-
Ha XpOMOCOMa IIpeJcTaBjeHa JUIIe B OJHOMY

eK3eMILIgpi. 22 mapu XPOMOCOM Y UYOJIOBiKiB
i kiHok oxmHaxosi. Ili xpomocomMu Ha3MBAIOTh
ayrocomaMu. A OT XPOMOCOMHU OCTAHHBLOI mapu
Y UYOJIOBiIKiB i KiHOK BimpisHsioThca (Ile Tax
3BaHi craTteBi xpomocomu). Y KiHOK craTesi
XPOMOCOMM IIpEJCTABJIEHI ABOMA BEJIUKUMU
X-xpomMocoMaMu, a y YOJOBiKiB € ofHa BesnKa
X-xpomocoma I ofHA MaJIeHbKa Y-XpPOMOCOMA.
Magnenbka Y-XxpoMocoMa MiCTHUTH MaJjoO CIIaIKO-
Bol iH(opmailrii, aje BUKOHYE Iy:Ke BaKJIUBY
dyukIiio. CamMe ma XpoMocoMa «BMHKAa€E» IIPO-
rpaMy pPO3BUTKY U0JIOBiKiB. Bes ii HasBHOCTI
PO3BUTOK OpPTraHi3ZMy UYOJIOBiKa HEMOKJIWBUU.
OCKinbKY KiHOUYI KJIITUHYU MAalOTh Y CBOEMY
Anpi auire X-XpoMOCOMHU, TO M y rameTax Ki-
HOYOTO OpraHisMy OyAyTh 3HAXOAWUTHUCH JIUIIIE
craTeBi XxpoMocoMu IIbOT0 TuIy. To0TO 3a Ii€io
O03HAKOIO0 BCi KiHOUYI rameTu OyIyTh OJHAKOBU-
mu. Ilig yac yTBOpeHHs K YOJOBiUMX Tramer
OlHA TIOJIOBWMHA 3 HUX OTPUMae X-XpPOMOCOMY,
a imma — Y-xpomocomy. Tob6To 3a Ii€ero o3Ha-
KOIO 40JIOBiui rameru OyAyTh OABOX THIIiB.
Crarp MaiOyTHLOI MUTUHU BU3HAYAETHCH
B MOMEHT 3aIlIigHeHHda. JAKINo 3 AHAIEKJIiTIHOIO
3JIMBCS CIIEPMATO30ia, AKUHA Mae X-XpPOMOCOMY,

MNepBWHHI cTaTeBi O3HaKW NOAUHN

Y kiHOK

Y 4oj0BiKiB

BayrpimHi craTeBi opranu

+ Matkosgi (dpanmonieBi) Tpyou
+ BynbBa « IlixBa

« feunurnu
Marka

Cim’aHUKHU
IlepenmixypoBa 3ayosa

- CiM’ABUBigHI TPOTOKU

3oBHiIIHI cTaTeBi opranun

CopowmiTHi ry6nu « Kaitop

Momrouka - ITenic

HeAki BTOPUHHI CTaTeBi 03HaKN NOANHN

Y kiHOK

Jlo6pe pO3BUHEHI MOJIOUHI 321031

Menmnia KinskicTs Bostoces Ha Tiji

BigcyrHicTs Bostoccs Ha migdopiami

TpurkyrHa hopMma BoJIOCCA HA JTOOKY

Menmia Tangisg, KOPOTIIHUH, MIUPIIUHA Tas, IMUPOKi
cTerua

HABKOJIO CTETOH

202

HuposBa TKaHMHA HAKOIUYYETHCS T'OJIOBHUM YNHOM

Y 4yoao0BiKiB

HeposBuueni mosiouni 3amosu

Binsia xinbKicTh Bosioccs Ha Tiji: BoJioccs Ha
BepXHili ry0i, HA migbopiaai, yacTo HA TPYAAX, K-
BOTi, epeIIiyuaxX i TOMiJIKax, TeKOJI TaKOMK Ha
PYKax, CTerHax, CiqHMUIIAX, IIeuax

BysbKi crerna

JKupoBa TKaHMHA HAKOINYYETHCA FOJIOBHUM YMHOM
HAaBKOJIO ILJI€YOBOI'0 IIOsICa

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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TO HAPOAWTHCA AiBUMHKA. A SKIIIO CIIEPMAaTO30-
imr maB Y-XpoOMOCOMY, TO HAPOAUTHCA XJIOMMYUK
(mam. 97.1).

Brim, opraniam JIIOOIMHY € CKJIAJHOIO CHCTe-
MO0, i (h)opMyBaHHA MEPBUHHUX Ta BTOPUHHUX
CTaTeBUX O3HAK, a TAKOXK CTATEBOl ileHTUUYHOC-
Ti, BimOyBaeThcA Ha KiIbKOX pPiBHAX. BaiKauBy
poJib TYT Bimirpae pob6oTa rOpMOHAJBHOI cHCTe-
MU i BUIIla HEePBOBa MisgJIbHICTB.

lfepmadpoanTnam y niogrHm

T'epmadpoguTuamMom Ha3MBaOTh HAABHICTD
B OfHiel ocoOuHU i wojsioBiumMx, i sKiHOUMX cTa-
TeBUX 3aJI03. ¥ OiJBIIIOCTI BUIIAAKiB Take SBU-
e € XapakTepHUM s 6e3xpebdeTHUX TBapPUH,
a y XpebeTHUX TpaIISeThbCcA PiKO (HaluacTimie
y pub). ¥ ccaBiiB repMadpoauTI3M BUHUKAE
BHACJIIJOK IIEeBHUX CIIAAKOBUX aHOMAJIiH abo mo-
PYIIIEHHS PO3BUTKY.

Y sonmHU PO3pPisHAOTH ABAa BUAU TepMa-
dpomuTusMy — icTHHHHNI Ta XHOHMII. 3arajJbHa
yacrora repmMadpoauTusMmy — npubgausuo 1 Bu-
nagox Ha 2000 Hapom:KeHb. AJle Maiiyke BCi BOHU
HaJeXaTh A0 XUOHOro repMad)poguTu3My. lcTuH-
HUI TepMadpOINUTU3M TPATLIAETHCA AYiKe PiIKO.

¥ pasi icmuHH020 TepMaPPOAUTUIMY B JIIO-
ouHU (POPMYIOThCSA i uoJyioBiua i JKiHOua cra-
TeBi 3a03U, AKi 37aTHI BUPOOJIATH TaMeTH,
a B OyIOBi cTaTeBUX OpPraHiB € AK JKiHOUi, Tak
i gosoBiui pmcu. Takumii BapiaHT MOKJINBUMA,
HAIIPUKJIAM, V BUOAAKY MO3ailuaMy, KOJU OJHA
YyacTHHA KJIITUH OpraHisaMy Mmae xpomocoMu XX,
a imma — XY.

Y Bumnmaaky xub6Hozo repMadgpoguTU3IMy CTa-
TeBi 3a,1031 c(pOPMOBaHI IPABUIBHO 34 MKiHOUNM
a0o yosioBiunM TuIOM. AJie cTaTeBi opraHu He-
CyTb O3HaKM 000x crareii. Ile mMo:ke OyTu Ha-
caigKoM mucOasaHCy CTaTeBUX T'OPMOHIiB.

feHpep y MoanHM

I'engep — me cormianbHO-6ionoriuma xa-
PAKTEPUCTHKA, Uepe3 SKY BUSHAUAIOTHCH IIO-

0 Kniouosa iges

JllogHa HaneXxmutb OO OpraHi3miB i3 XPOMOCOM-
HUM TUMOM BU3HAYeHHA CTaTi, AKa BM3HaYaETbCA
napoto CTaTeBMX XPOMOCOM. Afie caM MeXaHi3m
bopMyBaHHA CTaTi CKNagHWI i BigbGyBa€TbcA Ha
Kinbkox piBHAX. Tomy 6iofioriyHa cTaTh y NOAMHN
He 3aBXaAWN MoKe criBnagaTti 3 ii colianbHolo cTaT-
Tio. Came Tomy Aanda nioauHu i 6yno cdopmoBaHo
MOHATTA reHAepy.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

]

XX XY

h’rvv(d

Man. 97.1. MexaHi3m BU3HauYeHHA CTaTi y NoanHn

HATTS «YOJOBiK» i «KiHKa», MCHUXOCOIliaJabHI
Ta COI[IOKYJIBTYPHI POJIi UOJ0BiKA # KIHKU AK
ocobucTocTell, a TaKOXK IICMXOJIOTo-0iosoriu-
Hi ocobauBocTi, Ha AKi1 BOJamMBae craTh. Dak-
TUYHO T'€HIEepP € COIiaJbHUM KOHCTPYKTOPOM,
AKUN BU3HAUYA€E COI[iaJIbHY CTaTh JIOJUHU.
Tepmin reugep 3aIpoIOHyBaB aMepPUKaAHChKUNA
ncuxoaHaixitTuk Po6Gepr Croanep y Kiumi
1960-x pokis.

Ha Bigminy Big 6iosoriunoi crati, renmep €
HaboOpoM coIiaJbHUX caMoimeHTHdiKamiit, axi
MOJKYTh AK 30iratmcda 3 OiojorivHmMMU 0CO0JIM-
BOCTSAMU JIIOAWHMU, TaK i cymepeuntu im. Ienmep-
Hi BigMiHHOCTI (hopMyIOThCA y IpOIieci coriari-
3aIrii — HaBYaHHS POJIi YOJOBIiKiB Ta »KiHOK Bif
HAPOMKEHHA IIPOTATOM KUTTS, X0Ua HAWOIIBIII
iHTeHCHBHO IIeii mpoillec BimOyBaeThbCa OO BiKy
cTaTeBOi 3pijocTi.

OBaHI/ITaHHFI Ta 3aBOAHHA

1. Ay cTaTb OyAyTb MaTu nioan 3 Kapiotnnamm XXX,
XYY, XXY, XXYY? 2. Axi ocobnusocTi repmadppoantusmy
pobnATb NOro He3pyUYHUM ASIA MNOLWNPEHHA cepe CCaB-
uis? 3. Yomy camOBM3HAYeHHA CTaTi y NIOAMHN MOXKe
He cniBnagath 3 ii XPOMOCOMHUM Habopom?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 203
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 98. OHTOreHes 6araToKNiITUHHNX OpraHiamiB

0 [omipkymnTe

AKLWO nepewwKkoanT NOTPanIAHHIO HACiHUH
6yp’AHIB Ha ropoa i BUAanATY iXHi NapocTKu,
TO BCE OJHO MPOTATOM KiIbKOX POKIiB 6yp’aHN
Ha HboMy OyayTb BupocTatu. Yomy?

é 3raganTe

e Po3BuTOK
» XapaKTepHi pucu TBapuH
o XapakTepHi pucx pPoC/vH

[Nepioan oHTOreHesy poC/nH

Sk BaM Bimomo, OHTOTeHe3 — Iie iHaAuBimy-
aJbHUU PO3BUTOK OPraHidaMy BiJ MOMEHTY IIOTO
3apo/sKeHHA (CTaTeBUM UM HECTATEeBUM CIIOCO-
6om) mo cmepri. OHTOreHe3 MOMIISIOTh HAa Kilb-
Ka mepioxiB. Xoua s3arajibHa IMOCJIiJOBHICTH IIO-
il B OHTOTeHe31 JKMBUX OPraHi3MiB € CX0KOI0,
i Imepioau BiApPiBHAIOTBHCA IJA PISHUX CHUCTE-
MaTUUHUX Tpyn. Tak, Ay:Ke pisHOMaHiTHUMU
€ BapiaHTH OHTOTEHe3y y BOJOPOCTeH. Y HUX
YacTO TPANJAITHCSA CKJIAAHI KUTTEBL IUKJIU.

¥V HaseMHUX POCJIMH PiBHOMAaHITHICTL BapiaHTiB
OHTOTeHe3y He Taka Beamka. Haibinbmiomo Ha-
3eMHOI0 T'PYIIOI0 POCJIMH € KBITKOBi pPOCIUHU.
VY HUX BUAIIAIOTH YOTUPU OCHOBHI mepioau OH-
TOTeHe3y: JIATeHTHUH, IpereHepaTuBHU, reHe-
paTUBHUM i MOCTTreHEePaTUBHUM.

MNepioan oHTOreHesy TBapuUH

OuToreHes TBApUH 3a3BUYANA IOLiIAIOTH
Ha JBa TOJIOBHI mepiogm — eMOpioHaJAbHUI
i mocrembpionanbHUii. EMOpioHanbHMI mepion
(emOpioreHnes) TpuBa€ BiJg MOMEHTY 3alljliTHEH-
HA [0 HAPOMKeHHs (BUXOAY 3 SHIeBUX 000-
noHOK). IlocremOpioHanpHUN mepiox TpuBae
BiT MOMEHTY HAPOJKEHHA IO CMEPTi TBAPUHU.
ITocTeMmOpioHanbHMIT PO3BUTOK TBApUH MOJKE
OyTu npamum abo CyIpOBOAMKYBAaTUCA HEePETBO-
PEeHHAM — MmMemamop@po3om.

TpurBanicTb XUTTA XXNUBUX OpraHiamMiB

TpuBamicTh KUTTA KUBUX OPTraHi3MiB II0-
YMHAE€ BU3HAYATUCS Bil MOMEHTY BUHUKHEHHS
3UTOTH, MOAIJAY KJIITHHU ab0 BiggijieHHA 3apoj-
Ka BiJi MaTepMHCHLKOIO OpPraHidaMy y BUIAJKY

MNepiogn oHTOreHe3y NOKPUTOHACIHHMUX POCANH

IIepiox Koau mounmHa€THCA IITo BinOyBaeThCA

JlaTeHTHUIT Bix momenTy BiAmisieHHS HaciHMHU Bif Hacinuna mepeOyBae B cTaHi CIIOKOIO
MaTepUHCHKOI 0COOMHMI

IIperenepatuBauii = Bixg MOMeHTY IIpPoOpoCTaHHA 3apojaKa PicT pocimnuu # HakonWUeHHS HEIO IIO-

SKUBHUX DPEUOBUH

T'enepaTuBHU# Big momeHnTy mouaTKy ¢opMyBaHHSA reHe- TenepaTuBHi oprainu (QPyHKIIIOHYIOTS.
PaTUBHUX OpraHiB Pociuun KBIiTHYTH i MJIOZOHOCATH

ITocTrenepaTtus- Bixg momenTy sakinuenHa (GyHKI[ioHyBaHHA | IIpollecu BigMuUpaHHS IIOUYMHAIOTH IIepe-

HUA reHepaTUBHUX OPraHiB [0 3arubesi POCJAMHM | BayKaTU HAJ MIPOIECAMU HOBOYTBOPEHHS

Etanu noctembpioHanbHOro PO3BMTKY CCaBLiB
Eran Kouu nounnaerscs IITo BinOyBaeTnCA

IOBeninpHUYT = Big MomeHTY HapoaKeHHA

PicT i posBuTOK oprauismy

3pinricTs Bix momeHTy HacTaHHA cTaTeBOI 3pisocTi YTBopeHH i picT HOBUX opraHiB He BigOyBa-
eTbesa. O0OMiH peuoBuH 36amaHcoBauuii. Bin6oy-
BaETHCA PO3MHOMKEHHA TBAPUH
Crapinua Binx momeHTy, KON mIpoIiecu BigMUpaHHA BigbyBatorbca 3MiHU, AKi 3HUIKYIOTH OTO
MOYMHAIOTH IIepeBakaTu HaJ IIPoIlecaMu ajarnTaliiii MOMKJINBOCTL
HOBOYTBODEHHS, [0 3aTu0eJIi TBapUH
204 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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BereTaTUBHOTO PO3MHOMKEHHA. SaKiHUeHHAM
JKHTTS BBAYKAIOTh MOMEHT 3arubeJii ocoouHu abo
ii momiay 3 yTBOpPEeHHAM HOBUX 0coOuH. Makcu-
MaJIbHA TPUBAJIICTH JKUTTSA Yy TBAPUH i POCJINH
y PiBHUX BUJIB CYTTEBO BiAPiBHAETHCH.

MakcrmanbHa TPMBaNiCTb KUTTA LEAKNX
BMAiB TBapWH

TpusaiicTh

Hasgsa Bu
Ay SKUTTS, POKU

T'pennanacrka akyaa 400
I'pennanacbKuil KUT 211
Tamanarocrka yuepenaxa 177
Jlroguua 122,5
T'pud-inguura 118
Tonmit 3emaexon 30
Ilepioguuna mukana 17
Mypaxa (kKopoJjeBa) 15
ITamok 3
Myxa nposodina 0,1 (30 guiB)

MakcrManbHa TPMBaniCTb XUTTA AeAKNX
BMUAIB POCVH

TpuBaxicTh

Ha3zsa Bu
Y SKUTTS, POKH

CocHa ocTucra 4800
CeKBOANEHAPOH 2300
Hy0 spuuaiiumi 1 500
SnwuHa eBpomelicbKa 400
MopxkBa 2
Kpin 1

MaxkcumanbHa TPUBAIICTD JKUTTS 3aJIEIKUTD
Bixm Gararprox umHHUKIB. Ile i meBHi remeruusi
mapaMeTpu, i yMOBU HABKOJUIITHBOTO CEPEIOBU-
ma (COpUATIANBL YMOBU MTOMNOBIKYIOTH YKUTT),
i pisHoMaHiTHI BumaaKoBi moxmii (BUBep:KeHHS

0 Kniouosa iges

OHTOreHes — Uue iHAMBIAYanbHUN PO3BUTOK
OpraHiamy BiI MOMEHTY Oro 3apOoAKeHHA [0
cMepTi. Xoya MOCNiQOBHICTb MOAIN B OHTOreHesi
6yAb-AKNX 6araTOKIITVHHMX OPraHi3MiB € CXOXOI0,
KOXKHa 3 BENIMKNX CUCTEMATUYHKX TPy OpraHi3mis
BifPi3HAETbCA Bif iHWMX CBOIMU 0COBANBOCTAMM
OHTOreHesy.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

BYJIKaHa, MaJiHHA METeOpUuTa TOIo). ¥ pPisHUX
CUCTEeMaTUUYHUX I'PYyH OpraHismiB (arTopm, AKi
HaWCHWJIbHIIE BIIMBAIOTh HA TPUBAJIICTD JKUTTH,
MOXKYTh pisHUTHCA. Xoua TaKi mapameTpu, AK
posMmip (6inbIIi B cepelHHOMY KUBYTH [OBIIIE)
Ta iHTeHCUWBHIiCTh 00MiHY (IIBUAKUWHA OOMiH 3a-
3BUYAN CKOPOUYE KUTTH) € aKTyaJIbHUIMU IIPaK-
TUYHO IJIA BCiX T'pyII.

Sk mpuKJan reHeTUYHOI 3yMOBJIEHOCTI TpU-
BaJIOCTi KUTTA MOKHA 3rajaTy HaseMHi poc-
JUHU, AKUX MOALJIAIOTH Ha OOJHOPiUHi, ABOPiUHi
i Oaratopiumi. I HasexuHicTh M0 OoxHiel 3 mux
rpyn € Bupocnenu(ivuHOO 03HAKOIO.

Peropacmenom 3 TpWBAJIOCTi KUTTA cepen
XpebeTHNX BBAKAIOTh I'PEHJIAHICHKY aKyJIy, AKa
moske moskuBaTu 1o 400 poxkiB. Ileit Bug mae Bci
XapaKTepHi O3HAaKU, AKi moB’s3aHi 3i 3marHic-
TIO 0 TPUBAJIOTO XKUTTA. Ile TBApMHMU BeJTUKUX
posMipiB, iHTeHCUBHiICTh OOMiIHY PEUOBUH y HUX
€ HU3BKOIO, TEMIMN POCTY i cTaTeBOro A03piBaH-
Hs Oy’Ke HU3BKi (cTaTeBoi 3pijocTi moBOAUTHCA
yekatu 150 poxis).

Maiizke 3aBXAM y CKJIAAI CHUCTEeMATUYHUX
TPYII € BUAM-BUHATKYU, SIKi 32 TPUBAJIICTIO JKUT-
TSI CyTTEBO Pi3HATHCA BiJl PEINTU HMpeACTaBHUKIB
rpynu. Ile moB’sa3aH0 3 0COOIUBOCTAMU IXHBOI
6iosorii Ta exosorii. HampukJianm, roJi semJe-
KOIIM € MpeACTaBHUKAMU I'PUSYHIB i JKUBYTH 10
30 pokiB. A OiNBIIiCTE IPEACTABHUKIB IXHBOTO
pALYy 3 aHAJOTIYHMM PO3MipOM Tija JKWBYTH He
OisbIlie HidK 3 POKH.

@ MpakTyHa poboTa

CnocmepexeHHA ma onuc Komax Ha pi3HUx cma-
diax possumky

1. Po3rnAHbTe ManHKN CTafi »KUTTEBOTO LUKIY
KOMax 3 MOBHVMM Ta HEMOBHUM MEepPeTBOPEHHAM.
YKaxKiTb Ha3BWM UUX CTagin Ta NOACHITb, AKY posb
BOHW BifirpaloTb Y »XUTTEBOMY LMK/ KOMaxu.

2. Po3rnsHbTe Konekuii, doTorpadii, ManoHKM Ko-
MaX. YCTaHOBITb TUM PO3BUTKY, AKNA NpUTaMaHHWN
LUM KOMaxaM.

3. ChopmynioinTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. MMOACHITb 3HAYEHHA ANA POCANH | TBAPUH Pi3HNX
nepioAiB y iXHbOMy OHTOreHesi. 2. MXuUTTeBUN LMKA i3
MeTamopdo30M y Komax NoTpebye cyTTeBOI NepebynoBu
opraHi3my B OfIVH i3 nepiofiB XUTTA. YoMy XK Takui Tn
XKUTTEBOTO LUKy € Aye nowmpeHnm?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 99. EM6pioHanbHNN po3BUTOK. IpobGneHHA

0 [omipkynTe

YuM KNiTMHW OQHOKNITMHHMX OPraHi3miB Bigpi3HA-
I0TbCA Bif KNITUH 6araTOKNITMHHUX OpraHi3mis?

é 3raganTe

 3uroTa o Em6pioH

o OpraHenu KnitnHm

Em6pioreHes. 3uroTa i fpobneHHsA

¥ cmopoBux pocauH (hopMyBaHHA OPraHizMy
TMOYMHAETHCA Bifi MOMEHTY IIPOPOCTAaHHS CIIOPHU
0e3 yTBOPEHHS 3apoAKa. Y HaciHHUX POCJUH 3a-
POZIOK (DOPMYETHCA I Uac YTBOPEHHS HACIHUHU.
ITicna mporo BiH meBHUIU uac mepeOyBae y cTaHi
CIIOKOIO 0 TOYaTKy IpopocraHHa (Mmay. 99.1).

YV OaraToKJITUHHUX TBapWH PO3BUTOK 3a-
POKa MOUYMHAETHCA BijJf MOMEHTY 3allIiHEHHS.
Iliciia npoHMKHEHHA CIIepMAaTo30ia B ANITEKJTi-
TUHY 1 3JUTTA IXHIX sAep YTBOPIOETHCS OJHO-
KJITHHHUN 3apOJOK — 3UTO0Ta,— AKA MOYMHAE
minutuca. IlomanbIiri HampsaMu IOy 3UTOTU
1 0COOJIMBOCTI PO3BUTKY 3apojKa 3HAUHOIO Mi-
poOI0 BMBHAYAIOTHCA OCOOJUBOCTAMMU ITHUTOILIA3Z-
MU SUIEKJIITUHY, Y IeBHUX 30HaX AKOI HAKOIIU-
YyIOThCS BigmoBigui Komimiexcu 0inkiB Ta PHEK
(ABUIlEe 00IIJIAa3MaTHUYHOI cerperarrii).

Pan mociigoBHUX MIiTOTHUYHUX MOALIIB 3U-
roTU Ha3WBAKTHL ApodaeHHaAM (Man. 99.2). ITix
yac APoOOJIeHHSA TepeACHHTeTUUYHUH mepionx iH-

-

e

3apogkoBe cTe6no )
\/‘
3apogkoBa 6pyHbKa $

3apOaKOBUIN KOPiHb

Cim'agons

HaciHHa wkipka ~

Man. 99.1. PosTtalyBaHHA 3apofKa B HaCiHWHI KBacofi

Tephasu maiixke BiCyTHil, TOMY KJIITHMHU, IO
YTBOPIOIOTHCS,— 0Jacmomepy — MAaIOTh AemaJri
MEHITY KiJIbKiCTh MUTOIIa3MU MTOPiBHAHO 3 SAM-
mexJiTuHOo. Yeped BHCOKY IIBUAKICTH IP0O0-
JeHHs cuHTe3 OiJiKa He BimbyBaeTbecs, i Ojac-
TOMEPU BUKOPUCTOBYIOTH OiJIKM, HaKOIMYEHI
B IUTOIJIA3Mi AUINEKJIITHHH. ¥YiKe Ha cramgil
OJstacTyJu 30BHI OZHAKOBi GyiacTOMEpPH MOMKYTH
MaTu IIeBHY cIielliajisalliio i, 3aJeXHO0 BiJi CBOTO
IIPOCTOPOBOTO PO3TAIlyBaHHS, BU3HAUaTU (Hop-
MYBaHHA THUX YW IHIINX 3aPOJAKOBUX JIUCTKiB
(edpeKT TPe3yMIOTUBHUX 30H).

XapakTep Apo0JieHHS 3HAUHOIO Mipoio 3aje-
JKUTHh BiJ KIJIbKOCTi »KOBTKa, 3allaceHoro B IU-
Tomyasmi ainerkJgiTuHu. JKOBTKOBI rpanyam
MIEPEIIKOI)KAI0Th IIPOCYBAHHIO BEPETEHA IONiIY
IO TIOJIFOCIB KJIITMHM ¥ YTBOPEHHIO NEPETAKKU,
TOMY y TBapuWH 3 BEJUKOIO KiJIBKICTIO JKOBTKa
(nmasyHu, nraxu) OpoOJeHHsS HenosHe: sAIpa
3 BimocoOseHMMU AIIAHKAMM I[UTONJIA3MU 30-
cepemKyIOThCA 0iJiA OJHOrO MOoJIIoca KJITUHU,
a TPOTUJIEKHUN TOJIIOC 3ATIOBHEHUU KOBTKOM.
AnergiTuH, IO MAOTh HE3HAUHY KiJIbKiCTb
JKOBTKa abo He MaioTh Ioro B3araJi (ccasiii,
ILJIOCKi 4epBM), MiAKAIOTHCA NOBHOMY OPOOLIEeHHIO.
PospisHaTs piBHOMipHE Ta HepiBHOMipHE APOO-
JeHHsA. 3a PiBHOMIPHO20 APOOJIEHHS OJIacToMepu
OZHAKOBi. 3a HepieHOMiIpHOz0 ApOOJeHHS OJac-
TOMEPU BiIpiBHAIOTHCA 3a (hopMOIO i podamipammu.

Oonna3maTtnyHa cerperauis
Ta NPe3yMNTMBHI 30HU

Sk Oysmo BKasamO BHIIe, OJHAKOBI 30BHI
OoysacToMepu y CKJani OJacTyiam BiKe MaioTh
IeBHY cIelliajisalliio, 3ajJeXHO0 Bil CBOro mIpo-
cTopoBOTO po3sTramryBaHHsa. lla cnemianisamia
BU3HAYAETHCA INle HA PiBHI 3urotu i, HaBITBH,
mig yac yTBOpeHHs sainekJgiTuau. OCHOBOIO
IIBOTO € Te, IO IIUTOILIa3Ma 3UTOTH B Pi3HUX
CBOiX B30HAaX MicTHTBL pisHi Habopu 6GiosoriuHO
AKTUBHUX KOMIIOHEHTiB (CUTHAJIbHUX OiIKiB,
PHEK, pu6ocom To1ro). @PopMyBaHHA TAKUX 30H
PO3MOUYMHAETHCS Ile Ha CTafil YTBOPEeHHS sife-
KJIITHHN i Mae Ha3BYy OOILJIa3MaTHYHOI cerpe-
ramii. A 30HM KJiTMHU, BigMinui 3a Habopom
0ioJIOTiUYHO aKTHMBHUX PEUYOBUH i KOMIIOHEHTIB,
HA3WBAIOTHCS MPE3yMITHUBHUMH 30HAMU.
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Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

PiBHoMipHe Lleno6nactyna
CYIHXPOHHe (naHUETHUK)
PiBHOMipHE bnactoyuncra
MNoBHe ;
ACUHXPOHHE (ccaBui)
Apo6neHHs
. . Amoibnactyna
HepisHOMipHe (ambi6ii)
HenoBHe HunckoiganbHe fvckobnactyna y
(nTaxwn) r

Man. 99.2. ®opmyBaHHA TUNIB 61acTyn XOpLOBMX TBAPWH

ITig yac gpoOJieHHST 3UTOTH W YTBOPEHHS
6JlacTOMEPiB reHeTUYHO iJeHTUYHI JOUipHi Aapa
BUSABJAIOTHCA OTOUYEHUMHU YaCTUHAMU ITUTOILIA3-
MU 3 PiBHMX IPEe3yMITHUBHUX 30H. B3aemomisa
TEeHEeTUYHOTO MaTepiany dAlep 3 PeryaaTOpHU-
MU PEYOBMHAMM BiAIIOBiJHUX B30H ITMTOILIA3MU
3aIlycKae BIiAHOBimHI MexaHidMu peryJsdaIrii ax-
TUBHOCTI AnepHuX reHiB. Ile crae mpwuYmHOIO
dopMyBaHHA creriamisaiii 30BHI iZeHTHUUYHUX
OJstacToMepiB.

ToTunoTeHTHICTb 6nacTomepis

XapaKkTepHOIO puHCoO OJacToMepiB, AKi
YTBOPIOIOTHCA B pPe3yJabTaTi ApoOJIeHHs, € IX
TOTUIOTEHTHicTL. ToTHMOTEeHTHiICT, — IIe 37aT-
HiCTH KJIITHMH 0araTOKJiTHHHOTO OpraHismy mga-
BaTH IOYAaTOK HOBOMY OKPEMOMY OpraHismy.

TOTUIOTEHTHUMH YACTO € KJITHHU POCJINH.
Tomy oTpuMaTu KyJbTYPY TKAHUH POCIWHU HeE
Iy Ke CKJIAAHO. A OT 3 KJIITUHAMU TBAPUH CKJIAL-
Himre. BigbImicTh KJIITHMH TBaApMH HAJATO CIIEIli-
aJri3oBaHi ¥ He MOMKYTH JAaTH IIOYATOK HOBOMY
opraHizmy. AJle TOTHUIOTEHTHICTH NpHUTaMaHHA
O0sacromepam 3apoaxa TBapuH. OTiKe, 3 6j1acToMe-
PiB TBapMH MOJKHA yTBOPIOBATH HOBi OpraHiamu.

Came 111 BJIaCTUBICTh € OCHOBOIO YTBOPEHHS
MOHO3UTOTHUX OJM3HIOKIB. Y BHOAAKY, KOJIU
OslacToMepH IIiC/IsT OAHOTO-ABOX IIOAiJIiB PO3XO0-

0 Kniouosa iges
Em6pioHanbHUA po3BUTOK (embpioreHes) y Ha-

CiHHUX pocnuH BiAbyBaeTbcA B mpoueci dopmy-
BaHHA HaCiHVHK, a y 6araTOKNITUHHMX TBapUH —
Bifj YTBOPEHHS 3UrOTV JO MOMEHTY HAPOLKEHHS.
Mepwwum eTanom embpioreHesy TBapuH € dopmy-
BaHHA Gnactynu.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

IATbCA OAWH Bil OMHOTO, KOXKEH 3 HUX MOKe
YTBOPUTH OKpeMuit opranism. Taki opranis-
MU Ha3WBAIOTh MOHO3BWUTOTHUMU OJIM3HIOKAMU,
OCKiJIbKM BOHU YTBOpPeHi 3 ofgHiei auroru. OcHO-
BHA 0COOJIMBiCTh TaKMUX OJM3HIOKIB — IeHeTHYHAa
imTeHTHYHiCTE (BOHM MAIOThL OJHAKOBI TeHOMM).

bnactyna. Tunu 6nactyn xopaosumx

Ilepion mpobaeHHs1 3aBepIIyEThCA (OopMY-
BaHHAM OJactyau. Y TUIIOBOMY BUIIaAKy OJjac-
TyJia CKJaZaeThCcsd 3 IMIapy OJacToMepiB, AKi
OTOUYIOTH IMiJIBHUM KiJbIIEM IOPOKHUHY —
onacmouenv. 3ajeKHO Big Tumy apoOJeHHS
3 SUNEKJITUH XOPAOBUX TBAPUH (POPMYIOTHCS
pisui Tunu Giaacryn (man. 99.2)

MpakTnyHa poboTa

BueyeHHs emanie em6piozeHe3y Xopd0osux meapuH
1. Po3rnaHbTe MikponpenapaTt ApobneHHA AnuA
»kabu. 3amanionte nobayeHe. Mignuwitb Ha3BuU
KIITUH.

2. BuBuiTb Ha mikponpenapaTtax, Mynsxax, cxema-
TUYHUX MaJIlOHKaxX cTagil embpioreHesy naHLUeETHMKA.
3amantonTe nobayeHe i 3pobiTb NignucK.

3. YKaxiTb BigMiHHOCTI ApO6MIeHHA Bif 3BUYAHOIO
noainy KniTuH, ypaxoByloun, Wo obuasa npouecu
BifOYBalOTHCA LUIAXOM MITO3Y.

4. Chopmynioiite BUCHOBOK.

QBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Yomy oonnasmatuyHa cerperauif € BaxX/MBOIO
AnAa TBapuH? 2. Yomy B nTaxiB i CCaBLUiB yTBOPEHHA
6nactynu He Moxe BigbyBaTMcA opHakoBo? 3. Yomy
y TBapWH KTMHW MEHLW CXWUNbHi A0 TOTUMOTEHTHOCTI,
HiX y pocnunn? 4. [lia akmx dakTopiB MoXe Cnpuath
HapOAMEHHI0 MOHO3UIOTHUX BMM3HIOKIB?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 100. lacTpyna. 3apopkoBi nuc

0 [omipkynTe

AKi rpyny TBapuH He YTBOPIOIOTb Mif Yac CBOro
PO3BUTKY TPETiln 3apOAKOBMUI INCTOK —
me3sopepmy?

Q 3raganTe

» [1po6neHHA » bractyna

« [acTpyna o CucTemaTnyHi rpynu TBapuH

[acTpynauis

HacrymnHa micaa yrBopeHHs 0J1acTyIN CcTamid
eMOpioOHAJIBHOTO PO3BUTKY HA3UBAETHCA TaCTPY-
JISAIi€EI0, a 3aPOJIOK HA I[ifl CTafii — racTpyJioro.
Tacrpyia B 6ibIiocTi 6araTOKJIITUHHUX TBAPUH
dopmyeThea mig yac BruHaHHs (iHBariHarrii) uac-
TUHU CTiHKH OJIACTYJIM BCepeauHy 0JacTOIleli.

Iamumu cmocob6aMu yTBOPEHHS TacTPYJIU €
immirparmisa, emibosis Ta menxaminamig. Y Bu-
Naakry immicpayii nedAxi KJaiTwHU GIacTyam Mi-
I'PYIOTh y 0JIaCTOIEJb i YTBOPIOIOTL BHYTPIIITHIH
miap KJIiTHH. Y TBOPEHHA racTPyJaN MIJIAXOM iM-
mirparii HmoOIIMpeHO cepes MPeACTAaBHUKIB Ty-
00K Ta KUIIMKOBOIIOPOXHUHHUX. TpamideTbcs
BOHA i B leIKUX NIPEJICTaBHUKIB I'OJKOMIKipUX.
Bingkpus 1eii cmoci® ractpysadAiii Hamr 3eMJISK
I. I. Meunukos.

VY mporeci eni6onii npiOHI KJIITUHU OJHOTO
KiHIIg 3apofKa oO0pOCTalOTh 330BHI HABKOJIO Be-
JIUKUX KJITUH APYyroro KiHIA. ¥ TaKuil crocid
YTBOPIOETHCA TacTpyJia y MPeNcTaBHUKIB puod.
Haii6inpm mokJIagHO BOHA AOCTiAMKeHa Ha IpHU-
KJIaAi KJIAaCUYHOTO JIab0opaTOPHOTO OpraHidaMy —
pudKU JaHio-pepio.

Y mporieci denaminauyil KIITUHU iAATbCS
mapaJjejabHO IIOBEPXHi 0JIacTyJM, YTBOPIOIOUNU
npu nbomy aBa miapu. Illaaxom pemamimarii
YTBOPIOETHCS TacTpyJia y JIOAUHU Ta 0araTbox
iHmwux ccapifiB. TaKoXK racTpyadailia MosKe 3mili-
CHIOBATHCS ILISIXOM IIOETHAHHS KiJIbKOX i3 I[UX
c1oco0iB.

3apoJoK Ha IIifi cTamil CKJIaZaeThCA 3 IBOX
mIapiB KJIITUH — 3apOAKOBHUX JHMCTKiB: 30BHIIII-
HBOTO — eKmodepMu, i BHYTPilTHBOTO — eH-
modepmu. YHACJiTOK BIrUHAHHS YTBOPIOETHCS

MOPOKHUHA — 2acmpoyenb (racTpaibHa ITOPOK-
HUHA) i OTBip, AKMM BOHA CIOJYyYaeThCA 3 Ha-
BKOJIUIITHIM cepefoBuieM — Osacmonop (mep-
BUHHHUHA POT).

Baacrorens poamileHa MidK €HTO- Ta eK-
TOoZEepMOIO. ¥ Hel MPOHUKAIOTH 0JacTOMEDPH, IO
IaloTh TOYATOK TPETHOMY 3aPOJAKOBOMY JIKUCT-
Ky — Mme300epmi.

3apoaKoBi NUCTKK | andepeHuiauis

TKaHWH. OpraHoreHes

3apoAKOBi JUCTKU OAIOTHL IOUYATOK TKaHU-
HaM i opranam eMOpiOHiIB, IO PO3BUBAIOTHCH:

* 3 ekmodepmu HOPMYIOTHCS 30BHIIITHIN erri-
TeJIil, MIKipHi 3a/103U, IIOBEPXHEBUH I1ap 3y0iB,
pOTOBUX JIYyCOK, HEPBOBA CHUCTEMA;

s HOXimHUMU eHmodepmu € emiTesiii ce-
pPenHbOI KHIIKU, EMiTeN il AUXaJIbHOI CUCTEMU,
TpaBHi 3aJ1031;

* RIITUHU Me300epmMu PO3BUBAIOTHCS
B M’ fA30BYy # cIoJIyuHY (30KpeMa, KiCTKOBY Ta
XPAINOBY) TKAHWHU, KaHAJN OPraHiB BUIiJIeH-
HfA, KPOBOHOCHY i, YaCTKOBO, CTaTEBY CHUCTEMMU.

IIpomec ¢opmyBaHHA Opra”HiB 3 IIEBHUX
KOMILIEKCiB KJIITHH eMOpioHa HAa3WBAETHCA Op-
ranorese3om (mas. 100.1).

3a OCHOBHMMHU HanpAMaMu eMOpPiOHAJIBLHOTO
PO3BUTKY TBapWH, AKi PO3BUBAIOTHCA 3 TPHUIIIA-
POBUX 3apOAKiB, IMOMIIAIOTH HA IBi BeJIUKi rpy-
OIU — NOePBUHHOPOTUX i BTODUHHOPOTUX. ¥ nep-
suHHOpomux (MOJIIOCKY, YJIEHHCTOHOTi TOIIIO)
POTOBUII OTBip y IPOIlECi POBBUTKY (POPMYyETHCA
Ha MicIii 6sacTomopy, a y 8mopuHHopomux (ToJi-
KOINKipi, XOpAoBi ToImo) — Ha iHmIomMy Kiuiri
Tiza (Ha Mmicii 6JacTomopy B HUX (POPMYETBHCS
aHAJBHUU OTBIp).

CToBOYpPOBI KNiTUHK

Tepmin «cToBOypoBa KJIiTmHa» YBiB y Ha-
yry Buenuir O. O. MakcumoB 1908 poky. [Ho-
CHIIKYIOUM TIPOIleC KPOBOTBOPEHHSA, BiH mili-
IIIOB BHCHOBKY: Y HAIIIOMY OPraHisMi mpoTAToOM
yChOT'0O KUTTS 30epiraroTbesa HeaudepeHIliiona-
Hi KJIiTHHU, SKi MOMKYTH II€PEeTBOPIOBATHCS Ha
agim@ponuTy Ta iHII choeliasidoBaHi KJiTHHU
CIIOJIYYHOI TKAHUHU U KPOBIi.

Ha pannix cramisgx po3BUTKY eMOpioHa KJIi-
TUHU HecHelliajgisoBani. BoHu oTpuManu Ha3BY
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Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

CToB6ypOBi KNiTUHN
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Cepuesui KnituHn KnituHn y KnituHn KnitnuHn
M'A3 KpOBI LWKipwn HeiipoHu neyviHkm anbBeon

Man. 100.1. OpraHoreHes

CTOBOYPOBHX, TOMY IO PO3TAIlIOBaHi 6iJisg ocHO-
BH CcTOBOypa YSABHOTO T'eHEaJIOTiuyHOTro JepeBa
KJITUH, SKe BiHUuae KOpPOHAa 3 pPi3sHUX cHelria-
JisoBaHmX KJiaiTuH. Ha BigMiHy Big 3BUUYaliHHX
KJiTUH, IPU3HAUYEHUX BUKOHYBATU YiTKO BHU-
3HaveHi (PyHKIIiI B opraHismi, cTOBOypOBi KJIi-
TUHU B TIPOIIECi PO3BUTKY MAIOTh MOXKJIUBICTH
HabyBaTu cHelriaJisarii.

CTOBOYPOBi KIITHHYN PO3SMHOMKYIOTHCS IILI-
XOM IIOAiJY, AK i Bci iHmmi kaitTuau. BigminHiCTH
moJIATae B TOMY, IO BOHUW MOMKYTh [TiJIUTHUCS
HeoOMe)KeHO, a 3piji KIiTuHu 3a3BUYail MalTh
o0MeXeHy KiabKicTh HMukJaiB mogiay. Tomy ro-
BOPATH, III0 CTOBOYPOBA KJiTHMHA 3aTHA IO Npo-
Jaigpepauii, TOOTO MO TPUBAJIOTO PO3SMHOKEHHS
W penpomykirili BeJMKOI KiJbKOCTI KJITHUH.

CroBOypoBi KJiiTuHuM 3maTHI K0 Jughepen-
uito86aHHsA — TpoIlecy HeoOOPOTHOI cIelia-
aisamii. Cusium, IO AAIOTHL MOIITOBX IIOYATKY
IuepeHITiloBaHHA, MOMKYTh OYyTH SK BHYTPIIII-
HiMu, Tak i 3oBHimrHiMu. BHyTpinmmHi curnaam
YIPaBIAATHCA 'eHaMU KJIITUHU, a 30BHIIIHI —
XiMiYHUMU pPEeUOBMHAMU, SKi BUAIJNAOTH iHIII
KJIiTHHU, (isSMYHUM KOHTAKTOM i3 cycimHimMu
KJIITUHAMH, a TaKOXX OeAKUMHU MOJeKyJaMu

0 KniouoBa ines

YTBOPEHHA racTpynym — BaXXNUBWIA eTan em6-
pioreHe3y TBapuH, Mif 4ac AKoro ¢GpopmyoTbcA
3apPOAKOBI NIUCTKU — eKToAepma (30BHiLUHIN)

i eHTOogepma (BHYTpiWHIN). Ha HacTynHomy eTani
BinbyBaeTbcA GOpMyBaHHA TPETbOrO JINCTKA —
mesofepmMu (cepefHboro). I3 LMx 3apofKoBUX
NNCTKIB GOPMYIOTbCA OpraHu i CUCTEMU OpPraHiB
opraHismy.

i3 3apOAKOBUX NINCTKIB Y NIIOANHMN

HaBKOJIMIITHBOTO cepenoBuIia. B ycix Bumagkax
Ii BILIUBU MAIOTh IO CYTi «iHdopmariiiHmii»
xXapaxkTep, a He (QisuwuHHi, XiMiuHHN UM xa-
paxTep cepemoBHUIIA.

VY pesyJabTaTi KIITHHHOTIO HOoaiay 3i cTOBOY-
POBUX KJITMH BUHUKAIOThL MaTepPUHChKA W [0-
uipHa KiaiTuau. MaTepmHChKi BUKOPUCTOBYIOTH
IJIs caMOOiATPMMAHHSA IIOIyJAIMii, a mouipHi
ab0 IIepeTBOPIOIOTLCSA HA KaMOiaabHYy KJIITHHY,
abo OesmocepenHbo nudepeHioo0TLeA. CTOB-
OypoBa KJiTmHa 30epirae BJIACTMBOCTI pPaHHIX
eMOpioHaJMbHUX KJIITUH — ILIIOPUIOTEHTHICTD,
a xaMmbOiaJpHA I[}0 34ATHICTH yTpadyae i YTBOPIOE
JUIle perioHaybHi CTPyKTypu. TakumM UYMHOM,
KaMbiasbHi KJiiTuHU 3a0e3meuyioTh BiJHOBJIEH-
HA BTPaAUYeHUX KJIITHMH BiAIOBIiZHUX TKaAHUH
i oprauis.

@ MpakTnyHa poboTa

Bue4eHHA noxiOHUXx 3apo0Kosux JIUCMKie

1. Po3rnsaHbTe cxemu CTagin embpioreHesy, rictore-
He3y Ta OpraHoreHesy XOpPAOBUX TBAPWH.

2. YCTaHOBITb BigMOBIAHICTb MiX 3apOAKOBMMU NINCT-
KaMWn Ta opraHamu, siki 3 HUX GOPMYIOTbCA.

3. Cknagitb Tabnuuto, B AKIN yKaxiTb, 3 AKMX 3a-
POLKOBMX NUCTKIB GOPMYIOTbCA BiAMOBIAHI OpraHu.
4. CoopmynionTe BUCHOBOK.

03aﬂl/ITaHHﬂ Ta 3aBJaHHA

1. Yum racTpyna Bigpi3HaeTbeA Big 6nactynn? 2. Ak
MOHa BMKOPWCTaTW BNACTUBOCTI CTOBOYPOBMX KAiTUH
y meguumHi? 3. Cknagitb nepenik CTPyKTyp, fAKi yTBO-
pIOIOTbCA 3 KOXHOTO i3 3apOAKOBMX NIMCTKIB Nif yac
embpioreHesy noauHN.
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Tema 5. PenpofyKLis Ta pO3BUTOK OPraHi3mis

§ 101. MNpoBi3opHi opraHu. Perynauia oHTOreHesy

0 [omipkymnTe

Yomy 3apopku amdibinn, penTunin i ccaBUiB CXOXi
MiX COOOI Ha paHHix CTagiax embpioreHesy?

Q 3raganTe

o EM6pioHanbHUn po3BUTOK
» Po3BUTOK 3 MeTamopo3oM
o KnBoHapopa»eHHA

[NpoBi30OpHI opraHu

IIpoBi3opHi opranu — 11e opraHu, AKi BU-
HUKAIOTh y 3apOAKIiB 1 JMYMHOK TBApUHHUX
opraHismiB i (QyHKI[IOHYIOTH TUMYacOBO IO 3a-
KiHueHHA BigmoBigHOTO TIepiony po3BUTKY. o
TAKUX OPraHiB BigHOCATH YepPeBHi KiHI[iBKU
y JUYMHOK KOMax, 340pa, POTOBi MpUAATKU Ta
XBICT IIYTOJIOBKiB 36 MHOBOAHUX, 3aPOJKOBi 000-
JIOHKHY PemnTuJii, nraxis i ccaBmiB (masa. 101.1).

OcHOBHe TpPU3HAUEHHA IIPOBIBOPHUX oOpra-
HiB — 3abesleuyeHHs KUTTEIiAJIBHOCTI opra-
Hi3My gm0 mepiony ¢GopMyBaHHSA OpraHiB, fKi
(GYHKIIOHYIOTH Y MOPOCJUX OCOOUH.

IIpoBisopui opramm dYacto (GopMYyIOTHCA
B OpPraHisMmiB, Id AKUX € XapaKTePHUM PO3BU-
TOK 3 MeTaMopdos3oM. ¥ TaKMX BUIAJKAX MicIle
icHyBaHHSA MOPOCIUX OCOOUMH i JMUYMHOK YaCTO
pisHATHCA, IO IMOTPedye Pi3HUX IPUCTOCYBAHD
0 KUTTSA y BimmoBimHomy cepepoBuli. Tak,
JIopocJti ocobuHu 6araTbox am@ioiit (HampukIam,
ponyX) KMBYTH Ha CYXOHOJi, a JUUUHKU —
y Bomi. I Tomy opramu AuxaHHS BOHU BUKO-

Man. 101.1. lNpoBi3opHUMIN OpraHamm MyronoBKa € XBiCT,
poToBi npugaTky 1 3a6pa

MoBTOUHUI
Mixyp binok

AnaHToic

AMHiOTMUYHa

3apofok piovHa

MosiTpaHa LLikapanyna

Kamepa

Man. 101.2. 3apofKkoBi 060MOHKM Y AL NTaxis

PUCTOBYIOTH PidHi. ¥ JUUYMHOK Ife 3s0pa, a y mo-
pocamx OocoOWMH — JiereHi. ¥ MeTeJUKiB r'yciHb
IIepecyBa€eThbCcA IO TBEPAOMY CyOCTpaTy, a imaro
JitTaoTh y nmoBiTpi. Tomy uepeBHI KiHIIBKU 15
TyCeHi € I[IJIKOM B3PYYHUM HOPUCTOCYBAHHAM.

AMHIOTM Ta aHaMHIl

Sk Bu BiKe 3HaeTe, XpeOeTHUX TBAPUH MOJi-
JAIOTH HA IBi BeJIUKI rpynu — aHaMHIiI Ta amMHi-
otu. I Takuii mOAiz 3yMOBJIEHO OCOOJIMBOCTAMU
IXHBOTO PO3BUTKY. A HasBa I'pyl BUHUKJA Bin
Ha3BM OJHOTO 3 IPOBiBOPHUX OpraHiB. B amHioT
nixg yac emOpiorene3y (popMyIOThCA TaK 3BaHi
3apOJKOBi 000JIOHKU — AMHIOH, XOPiOH i alaH-
moic (masu. 101.2). B agamuiii 11i 000JI0HKY Bix-
cyTHi. o aHaMHill BiIHOCATH KPYTrJIOPOTUX, PUO
i seMHOBOIHUX. AMHIOTAMU € PEnTUJIil, ITaxu
1 ccasIii.

BunHuKHEeHHS 3apOAKOBUX 000JIOHOK B aMHi-
oT 0yJIo OB’ sI3aHO 3 IIPUCTOCYBAHHAM IO JKUTTS
Ha cyxomoui. OCHOBHOIO IXHBOIO (DYHKIIi€IO cTAa-
J0 3abe3meueHHs PO3BUTKY 3apoJKa BCepPeanHi
ainga (abo opramismy maTepi y ccaBIiB).

Perynsauia po3suTky.
Em6pioHanbHa iHayKuiA

Perynsamia emOpiorenesy BUHUKAE IK HACJIi-
IOK B3a€MOJii yacTUH 3apoaKa MiyK co0omo Ta 3
HABKOJIMIITHIM cepeloBUIlleM. BILINB HaBKOJIUIII-
HBOT'O CepeNoBUIla Ha IIPOIECH PO3BUTKY HYKe
Imobpe BUAHO Ha IPUKJIAAL (popMyBaHHSA 3apon-
KiB y aiinax TBapuH. ¥ 6araTboxX BHIIB KOMAax
Ta PENTWIiN TeMIepaTypa HaBKOJUITHBOTO Ce-

21 O MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITH | Hayku YkpaiHu http://mon.gov.ua/ Ta IHcTUTYT MoZepHisauii 3amicTy ocBiTu https://imzo.gov.ua



pemoBUINa 3YMOBJIOE IIIBUAKICTHL (DOPMYyBaHHSA
HOBOTO OpraHisamMy. A B JeAKUX BUIIaJKax BOHA
MOJKe II03HAavaTHCA Ha OCOOJUBOCTAX OyAOBU
opranisamy. Hanpukaasn, y KpOKOIUJIiB TeMmepa-
Typa CepeoBUINA, B SKOMY DPO3BUBAIOTHCA IXHi
ANIs, BU3HAYAE CTATh MailOyTHHOI OCOOMHM.

Bsaemopis wacTuH 3apogka MiK co00I0 €
NPUYMHOI TaK 3BaHOI eMOpioHAJNbHOI iHTYK-
mii. CyTh IIbOTO SBUINA IIOJATAE B TOMY, IIO
y meBHUX OiJAHKAX 3apoAKa (PYHKIIIOHYIOTH TaK
3BaHi KiiTuHu-opraxizaropu. i KiiTuHu Bumi-
JAITHh IIeBHI CUTHAJIbHI MOJIEKYJU, AKi ¥ BU-
KJIMKAOTh Au(epeHIianio OpuiIerainx KJIITUH
y BiATOBigHI opraHmu Ta TKaHMHU. SIKITO Taki
KJITHHH-OpTaHi3aTopy BUJIYyUYUTU abo ImepeHe-
CTU B iHIIy YaCTUHY 3apOJKa, TO PO3BUTOK 3BU-
YaWHUX KJITHH I[iel 30HU 3apoJKa IIifle 30BCiM
IHIIUM IILJIAXOM.

IIpukiagom opranisarrii mpoieciB po3BUTKY
B eMOPiOHIB XOPJOBUX € ITPOIeC HEeHPYyIALii —
YTBOPEHHA HEPBOBOI IJIACTUHKY i il 3aMUKaHHA
y HepBOBY TPyOKy. BiH € ogHHM i3 KJIIOUYOBHUX
eTalriB emMOpioreHesy BCiX HpencTaBHUKIB Iiel
rpynou. 3apojoK Ha cramil HeWpyadalii Hasu-
BalOTh HEHPyJIow. Po3BUTOK HEPBOBOI TPyOKU
y IIbOMY TIpOIleci BM3HAYAIOTH CIEIiajbHi pe-
yoBuHU — Mopdoreuun. Came 1i peuoBUHU BU-
3HAUAIOTh, SKUHA 3 KiHI[iB HEpBOBOI TPYOKU €
nepenHiM (3 HbOTO YTBOPIOETHCS T'OJIOBHUII MO-
30K), a AKUN — 3amHiM.

[oMeOo3unCHi reHn

Peryngamis mpoiieciB oHTOreHe3y 3miMCHIO-
€ThCA Ha PiBHI reHOMY OpPTraHi3My MILISAXOM aK-
TuBaIlil TMX UM iHIINX KOMILJIeKciB reHis. Ha-
CTYIIHOIO JIAHKOIO PeryJdIlii € opraHismoBuii
piBeHBb, Ha SAKOMY BOHA 3[iMCHIOETHCA Ha PiBHI
00MiHY CUTHAJIIB MK KJIITHHAMU 1 TKAHNHAMUA.
CurxaabHi MOJIEKYJIU MOXKYTH OYTH TOPMOHAMU,
a MOXKYTh PO3MiNIyBaTHCA Ha ITOBEPXHi KJIITUH-
HOI MeMOpaHu i iHQOpPMyBaTH KJIITUHU IIPO iXHE
OTOYEHHS, IO MOXKE CIPAMOBYBATU PO3BUTOK
KJIITHUH y IOTPiOHOMY HAIPAMKY.

0 Kniouosa iges

Y TBapuH Ona 3abe3neyeHHA XUTTEQIANbHOCTI
OpraHiaMy Ha paHHiX cTagifgx PO3BUTKY MOXYTb
dopmyBaTHCA NPOBI3OPHI opraHn (nnayeHTa ccas-
LiB, XBicT i 3A6pa MyrofoBKiB ToOLO), AKi MOTIM
pepyKytoTbcA. [poLec eMbpioHaNnbHOro PO3BUTKY
BifnOyBa€eTbCA B NeBHOMY MOPAAKY 1 Nignopanko-
BaHW MEBHVM 3aKOHaM.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

TosoBHY poJsib y (hopMyBaHHi 3apomka Bimi-
rpaioTh TaK 3BaHi romMeo3ucHi reau (hox-reHn),
10 KOAYIOTh aKTHWBATOPW BiAIOBIZHMX TeHiB-
MimieHe# mig uac eMOpiOHAJBHOTO PO3BUTKY.
Ile Benmka poauHA TeHIB, CHiJIBHOI PHCOIO
AKUX € HadgBHIiCTL periomy 3i 180 map ocHOB
(rax 3BaHUii roMeobOOKc), IO (OPMYE CIelri-
aJIbHY aMiHOKMCJOTHY IIOCJiTOBHICTBH, sSKa Bif-
ToBifae 3a cmemnudiuue 3B sA3yBaHHA OiJTKOBOIL
mostekysiz 3 JTHE.

Hox-reuu 3’aBuincdA y OpenKiB 0araToOKJIi-
TUHHUX TBAPUH IIIe M0 iX PO3JiJeHHA Ha pajii-
AJIbHO-CUMETPUUYHUX Ta JBOOIUHOCUMETPUUHUX.
Bonwu BimmosimaroTs 3a (popMyBaHHS IIPOCTOPO-
BOI opieHTaIii mixg yac po3BuUTKY 3apoaka (gop-
MY€ETBhCA BiCh T'0OJIOBa-XBiCT), MOPALOK (QopmMy-
BaHHA OPraHiB i TKAHWH y Yaci TOIIO.

Em6pionoriyHi 3aKkoHOMipHOCTI

Em6piosoriuni mporecu BimOyBarooThbCA He
XaO0THUYHO, a ¥ IIeBHOMY MOPAAKY. BinbIin Toro,
BOHU IiAMOPASKOBYIOTHCA IEeBHUM 3aKOHAM, AKi
OyJI0O BiIKPUTO B XOMi MOCTiIKEHb.

OmguuM 3 OCHOBHHX 3aKOHIB eMmOpioJsiorii e
OiorenernuHuii 3akoH I'ekkeas — Mroaepa.
ITeit 3akoH cTBepAIKYyE, M0 iHAWBIAyaIbHUN
po3BUTOK (OHTOTEHe3) OyAb-AKOr0 OpraHisMy €
CTHCJIUM TOBTOPEHHSAM iCTOPUYHOT'O PO3BUTKY
(¢bimorenesy) Bumy, 10 AKOTO Ilell OpraHisM Ha-
JIEKUTD.

@ MpakThyHa poboTa

BueueHHA 6ydoeu AliyeknimuHu nmaxa

1. Po3rnaHbTe BMICT CMPOro KypA4yoro AnudA. 3Hau-
AiTb ANLEKNITUHY (KOBTOK). Ha noro nosepxHi 3Hawm-
AiTb 3apOJOK, AKMUM Ma€E BUINAL AWCKa.

2. focnigitb 6inkoBy 060n0HKy (6inok). 3a gomno-
MOroI0 Jynu 3HaiAaiTh GINKOBI KaHaTVKM (xanasw).
3. Po3rnsaHbTe WKapanyny, cCnpobyiiTe NiHLETOM Big-
TATHYTU MigWKapanynoBy 060NOHKY. bins Tynoro
KiHUA AAUA BigwykanTe MOBITPAHY Kamepy.

4. 3amantorite ANLEKNITUHY NTaxa Ta Nignuwite ii
CKNagosi.

5. ChopmynioiTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. Cknagitb CNMCOK MPOBI3OPHUX OpraHiB OAHi€l
i3 CMCTeMaTMYHMX Fpyn TBapWH 3a BflIAaCHUM BUOOPOM.
2, Yn moxyTb ByTW y nTaxis iHWi NpoBi30pHi opraHu,
KpiM 3apofKOBMX 060M0HOK? 3. YoMy roMeO3nUCHi reHn
NPOTArOM TPMBAJIOrO Yacy MaXKe He 3MiHIoTbcA?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 102. EM6pioHanbHNIN PO3BUTOK NTIIOANHN

0 [omipkynTe

HaBiwo 3apoaky noauHyM noTpibHa nyrnoBuHa?

Q 3raganTe

» EmbpioreHes » bnactyna

« [acTpyna * 3apOAKOBI NINCTKN

Emb6pioHanbHMI nepio po3BUTKY
MOANHN

EmOpionansHuii (3apogKOBUil) mepion Tpu-
Ba€ BiJf MOMEHTY YTBOPEHHS B3UTOTHU OO HapO-
mxenna gutuau (Mman. 102.1). V meir mepiof
3 oxHiel KuiTmHU (QOPMYIOTHCA BCi TKaHWHU
1 cucTeMu OpraHiB opraHismy.

3apoaKOBUI PO3BUTOK JIIOANHU Ma€ AeKilTb-
Ka eTaimiB: ApOOJIeHHs, YTBOPEHHS 3apPOIKOBUX
JUCTKiB i 000JIOHOK, YTBOPEHHS TKaHWH (TicTo-
reHnes) i opraHiB (opramorenes). Yepes doTUpuU-
I’ATh OHIB IIiCJA 3alJifHeHHSA OIHOIIaPOBUN
3apoJIOK 3 ITOPOKHUHOIO BCEPENWHI IOTpAaILIAE
no moposkHWHHM MaTKu. Ilicaa mporo BiH 3a-
HYPIOETHCA B ii CJIM30BY OOOJIOHKY I HPUKPIII-
aoetrbesa a0 Hei. Ileil mpolec HA3MBAETHCA iM-
ILJIAHTAIIiCIO.

ITounHaeThca emMOpioHAJBLHUN TEPiox BHY-
TPIIIHBOYTPOOHOr0 Po3BUTKY. CmouaTky opmy-
IOThCSA TPHU 3aPOJAKOBi 000JIOHKHY i Tpu 3apOAKOBI
JUCTKHU. 3apOJKOBi 000JIOHKHN YTBOPIOIOTHCS i3
YACTUHHU KJIITUH 3apogKa. SOBHIIIHA 000JOHKA
Ma€e BOPCHHKU 3 Kallijasgpamu, yepes AKi 3apo-
IOK JKUBUThCA U amxae. BHyTpinrHa o00J0HKA
TOHKA I TP030pa, BOHA YTBOPIOE MiXyp, ITOPOIK-
HUHA SAKOTO 3al0BHEHA ILIiTHOI PiAWMHOI0, IO
3aXUINA€E 3aPOAOK BiJf MEXaHIUYHUX YIITKOIKEHb.

o 3D % % %

2

4 28

30BHIIIHA W cepeaHs 000JIOHKU O0EPyTh yUacTb
B YTBOPEHHI IIJIAIeHTU Pa3oM 3i cam30BOI0 000-
JIOHKOIO MAaTKMU.

Ha 10-14-i1 pgeup miciasa samaigHeHHs KJIi-
TUHU 3apOJKa PO3IIEILTIOIThCA Ha 3apOAKOBi
JIUCTKY, 3 AKUX IOTIiM YTBOPIOIOTHCA BCi OpraHu
" TKaHUHWH.

Ilmomom HasuWBAOTH OpPraHisM, MOYMHAIOUN
Big 9-rO0 TMIKHS BHYTPiIIHBOYTPOOHOTO PO3BU-
TKY ¥ Jo MOMEHTY Hapo:KeHHA. [11ig Mae cBoe
HaBKOJUIITHE CEPEeNOBUIlE, SIKE CKJIATAEThCA i3
3apOAKOBUX OOOJIOHOK, HaABKOJIOILIIZHUX BOJ
i mymoBunu. IlymoBuHa — Iie IIHYpPOUOAiOHUIA
opras, IO BigAXoauTh Bij ImaameHTH i 3’€mHy€E
IUTiT 3 MATEPUHCHKUM OPTaHi3MOM.

NpobneHHA Ta racTpynAuia y noanHn

Tun gpobieHHs, AKe BigOyBaeThCA Y JIIOAM-
HU,— TOBHE aCMHXPOHHe. BHacIifoK npobiieH-
HA 3UTOTH JIIOAVWHU YTBOPIOETBCA MODPYJIa, AKa
3a posMmipamu Biamosimae suroti. IacTpynsaiis
y JIOOWHU CKJAaZaeThbcsa 3 ABox (as. Ilim uac
meprirol (asum yTBOPIOETHCA ABa IMapy KJITHUH.
ITorim BimOyBaeThCcss (opMyBaHHSA I103a3aPOSKO-
BUX CTPYKTYP (y Tomy umcii xopiony). Ilicmaa
YOTO PO3MOUYMHAETHCA Apyra ¢asa, TPOTATOM
AKO0I (OPMYETHCA TPETiH map KJIITUH Y 3aPOAKY.

lMnaueHTa nOANHN

IlnamenTa JdOOUHU € OpPraHoM, SKWI 3a-
Oesmeuye MocTifiHUM 3B’ A30K MisK opraHiamamu
marepi # maony (mas. 102.2). BoHa cKJagaeTnb-
¢ 3 MBOX YACTHH — MAaTePUHCBHKOI i mIomo-
Boi. MarepuHCchbKa YacTuHA (POPMYETHLCA CJIU-
30BOI0 00OJIOHKOI0 MaTKu. IliomoBa uvacTuHA

%
36 40

32 TUXKHI

Man. 102.1. EM6pioHanbHUN PO3BUTOK NtOAVNHMN
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Man. 102.2. lNnaueHTa noAVHN

YTBOPIOETHCA XOPiOHOM — OJHi€I0 i3 3apOAKO-
BUX 000J0HOK. Kpim 3abesmeueHHs ILIoga IIO-
JKUBHUMY PEUOBMHAMU i BUBEIEHHS IIPOAYKTIB
0o0MiHYy, IIJTIalleHTa BUKOHYE IIle OOHYy (PYHKIIiiO.
Bona mackye miin Bif posmisHaBaHHA iMyHHOIO
CHCTEMOIO MaTepi, 110 J03BOJIAE€ VHUKHYTHU iMYy-
HOJIOTiYHOT0 KOH(JIIKTY (00 KJIITUHU ILJIOAY Mic-
tats 50 % remiB 6aThbKa, Ha SKi Mo:Ke peary-
BaTH iMyHHA cHUCTeMa MaTepi).

IIix wac moJioriB micada BUXOAY ILJIOLY Bif-
OyBaeThbCsA IIPOIEC BiATOPrHEHHS IIJIAIleHTH Bil
cTiHKM MaTKu. 3a3Buuaii BiH 3aiimae 15-30
xBuauH. Ilicaa BiATOPTHEHHSA MIIAIEHTH TOBEPX-
HA MaTKU 3a:KWBa€ MPOTATOM KiJTbKOX TH)KHIB.

KpunTnyHi nepiogn po3BuTKYy.
TepatoreHes

Hia mKigJmuBUX pPeYOBWH IIifi 4ac PO3BU-
TKY ILJIOJJa CTAHOBUTL OCOOJMBY HeOe3IeKy.
Ile moB’s3aH0 3 TUM, IO 3a KOPOTKUU Iepiosn
eMOpPiOHAJIBLHOTO PO3BUTKY B OpPTaHidMi yTBO-
PIOETHCA BeJIMKa KiJIBKiCTh HOBUX OpPraHiB Ta
cuctem. Ilig uvac ix ¢opmMyBaHHA HABITH HAaIi-
MEHIIUH HEeTaTUBHUU BIIUB MOJKE IIPU3BECTU
IO IOPYINeHb, IO MATUMYTh TAMKKI HACTIIKH.
Taxki mepiogu, Kosm (POPMyBaHHS CUCTEM i opra-

0 Kniouosa iges

Mig vyac embpioHanbHOrO PO3BUTKY JIOAUHU
3 EAVHOI KNITUHW GOPMYIOTLCA OPraHn i TKaHUHM
NOACbKOro opraHiamy. 3abe3neyeHHA PO3BUTKY
3apofKa OpraHi3mMm MaTtepi 3AiCHIOE 3a JOMOMO-
rot creuiasbHOro opraHy — nnaueHTn. B em6-
pioreHesi BUAINAITL KPUTUYHI nepioan, Konm
bopmyBaHHA oOpraHiB Ta CUCTeM BigOyBa€eTbCsA
3 HaMBULLOK LWBUAKICTIO.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

Man. 102.3. Hacnigkn gii Tanigomigy

HiB ime 3 HAMOLJIBIIOIO INBUAKICTIO, HA3WBAIOTH
KPUTUIHUMM.

Ilig yac KpUTUYHUX IIEPiOAIB 3aPOMOK 1 TLIif
0co0JIMBO ypasaumBi mo mii meraTuBHUX (PaKTo-
piB. OCHOBHUX KPUTHUUYHUX IE€PiOiB Y PO3BUTKY
3aponka JgioauHu Tpu. llepmuit — meprmi Tpu
Mmicami BaritHocti, mpyruii — 15—-20-#1 TMK-
IeHb, TpeTiii — 28—-34-11 TUKIEHb.

Came ToMy OaraTto MeAWYHUX IIpermaparis
MalOTh O0OME)KeHHS IMOAO0 3aCTOCYBaHHS 1X Iif
yac BariTHocTi. IKIITO He JOTPUMYBaTHCSI TaAKUX
3aCTepe’KeHb, TO Ile MOJKe IIPU3BECTH A0 He-
nepexbauyBaHoOro pedyabraty. Tak, y cepemuni
XX cT. 3acTocyBaHHA BariTHUMHU 0O€3II€YHOTO
IJId JOPOCJIUX CHOAIMHOIO IIpernapary TaJjigoMi-
Iy TIPU3BEJIO IO HAPOAKEeHHA AiTel 3 peIyKoBa-
HuMu KimmiBkamu (mas. 102.3). Taxke saBwuire,
KOJIM y pesyJbTaTi MOpyIlleHHs eMOpioreHesy
GopMyIOThHCA aHOMAJIil opraHiamMmy, Ha3UBaIlOTh
TepaTOreHe30M.

Bam yixe BimoMo mpo BIJIMB MaJiHHSA Ta
aJIKOTOJII0 Ha BCi cucTeMu OpraHiB mgopocyoi
JIOOUHU. A [Jd maoga Il MIKIiZJIWBI 3BUUKU
MOJKYTh IIPU3BECTH OO Ay:Ke BaKKHX HaCJin-
KiB. IIpomyKTu, AKi MicTATHBCA B TIOTIOHOBOMY
IUMy, HeOe3meuHi AJA OOPOCJOro opraHismy,
a IiJ yac BariTHOCTI BOHU MOKYTH CIIPUUYMHUTU
TIOIITKO/PKEeHHA TIJIAIeHTN a00 BUKJIUKATHU IIepe-
yacHi moJioru. AJIKOroJib BILINBA€E€ HA PO3BUTOK
HEPBOBOI cmcTeMU i MOXKe IIPU3SBOAUTU OO HAa-
POIsKeHHA niTel i3 NICUXIYHUMU IIOPYIIIEHHAMU.

3annTaHHA Ta 3aBAaHHA

1. Ak BigbyBaeTbca embpioreHes niognHK? 2. Hagiwwo
noTpibHa nnaueHTa? 3. [ia Akux GakTopiB MoXxe CTaTn
NPUUYMHOI TepaToreHesy?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 103. CyuyacHi meToan embpionorii

. PenpogyktuBHa mepuumHa

0 [omipkynTe

HaBiwo BYeHi CTBOPIOIOTb XMMEpPHi OpraHiamm?

Q 3raganTe

o EM6pioreHes » CToBOYpOBi KNiTUHN

« 3popoB'a » 3aXBOPIOBAHHA

Em6pioTexHonorii. CtroBOypoOBi KNiTUHN

MabyTs, HaIMOJIOAIINM HATIPAMKOM Cydac-
HOI MeIUIIMHY MOYKHA BBAXKATH KJIITUHHI T€XHO-
Jorii, B AKUX KJIITHHU € IKepesoM HeoOXigHumx
CTPYKTYpP, HaANpUKJAL NYXJUHHUX AHTUTEHiB
mig yac BakI[uHOTeparmii. AJle BUKOPUCTOBY-
BaTU KJITUHY MOKHA HE TIIBKU AK I¥KEepPeJio
OyIb-IKUX CyOCTaHI[il, a 1 1A pereHepaTuBHOL
MeIUIUHU.

OcobsiuBUl iHTepec BUKJINKAIOTH TEXHO-
Jorii, 3acHOBaHi Ha CTOBOYPOBHUX KJITHHAX.
3aaTHiCTh 40 HeoOMEer)KeHOro Mmomiay i mo me-
peTBopeHHA Ha pPisHi TMnum KJiiTuH (TaKk 3Ba-
Ha TUIIOPUIOTEHTHICTh) pOoOUTH IX imeasbHUM
MaTepiaJioM AJIsS TPaHCILIAHTAIIiHHUX METOHIiB
Tepamii. Haiibiapll ZOCTYIHMMU BBaYKAIOTHCH
cTOBOYPOBi KJiTHHHU gopocsoro opraxismy. On-
HaK peaJIbHUU HOTeHIiad ixX audepeHIiloBaHHSA
me cjabo BUBUEHUI.

IToTpamnaoun B opraHism Iig yac TpaHC-
mIaHTaiii, croBOypoBi KJIITMHU IIPOJOBIKYIOTH
ginmuTuca ¥ cami 3HaxXogAThH MicIle, ge IXHA 1Oo-
momora HainmorpibHima. Ilg smaTHicTh CcTOBOY-
POBUX KJITHH oTpuMaJa Ha3By xoyminra. Omxe,
XOYMIiHI — IIe 3JaTHICTh KJITHH A0 Mirparii
B «IIOTPiOHe Miciie» — «pigHUI» opraH i TKa-
HUHY (Y CBOIO CTOBOYPOBY HiIry) abo B HiIAHKY
VIITKOMIKEeHHA.

Hanssuuaiino npuBabinBi 4Jisi BUKOPHCTAH-
HS B MeAUIVHI € eMOpioHaJNbHI CTOBOYPOBi KJIi-
tuHu (ECK) smonman: 3 HUX MOYKHa OTPUMYBATH
OyIb-AKi TUOM KJIITHH oprauismy. BiaactuBocti
eMOpioHaJIbHUX CTOBOYPOBUX KJITHH i MexaHis-
MU, AKi B HUX Oil0OTh, POOJATEH IX MOAiOHUMU IO
TpaHCc()OPMOBAHUX, PaKOBUX KJIiTuH. Came ToMy
TaK BayKJIMBO ChOTOMHI BUBUATU XapPaKTEPUCTH-
KH caMe eMOpiOHaAJbHUX KJIITHH.

214

Em6pionanbHi cTOBOYpPOBi KJIiTMHU OTpHU-
MYIOTHh 3 BHYTPIiITHBOI KJIiTHHHOI Macu 0JacTo-
IUCTU Ha MePIINX CTalifgX PO3BUTKY eMOpioHa,
KOJIU BiH IIle He iIMIJIAHTYBaB y CTiHKY MaTKU.
Came 3 KJITMH BHYTPIITHBOI KJIITMHHOI Macu
B MOJAJIBIIIOMY PO3BUBAETHCH I[IJIUHM OpraHisM.

IIle HepaBHO KinbKicTs JgiHilt ECK mogunu,
IOCTYOHUX AJIs BUBUEHHSA, OyJI0O HeBeJuKe. 3a-
pas3 ix crtajmo HabaraTo 6ijbIe, aje TPYIHOIII
MEeTOMiB JOCIIAMKeHHA I BUCOKa BapTiCTh poOOTH
3 HUMH IIle 00MeXYIOTh K0J0 Jochaigaukis. He
MEHIIII oOMe)KeHHs Ha JOCJHiI)KeHHs B obJac-
Ti eMOpioHaJNbHUX KJITUH JIIOAUHU HAKJIAZAE
eTUYHa CTOPOHA.

HesBarxkaioun Ha mAebaTu IpPo eTUUYHICTH PO-
6otu 3 ECK mroguHu, OUeBUAHO, III0 NUTAHHS
MOJSATaE BiKe He B TOMY, UM BapTO IPOBOIUTHU
mocaimsxenua B obsacti ECK mrogunu, a B Tomy,
K OYyAYTh IIPOBONUTHLCS MOCTiIKEeHHS B I[ilf 00-
Jacti. 3a OCTaHHI POKM y BeJUKIiN KiJbKOCTi
KpaiH y:Ke IPUUHATO 3aKOHU, AKi JO3BOJIAIOTH
IOCTi»KeHHs eMOPiOHAJIbHUX CTOBOYPOBUX KJIi-
TUH JIIOOUHU.

XvMepHi opraHiamm

XumepaMu HasWBaIOTh opraHisMu abo ixHi
YAaCTUHU, IO CKJIANAIOTHCA 3 T€HETUYHO PidHO-
pPiIHUX TKAaHMWH. YIeplie Iieil TepMiH 3aCTOCyBaB
HiMmenbKuii 6oranik I'. Binkmaep (1907 p.) masa
¢dop™M pocamH, OTPpMMaHUX y pe3yJabTaTi 3po-
mieHHA macjaboHy i Tomary. Hagasmi (1909 p.)
E. Bayp, BuBuUawum mejiaproHiio psabosaucry,
3’sicyBaB MpUpoay xumep. Po3pisHAIOTH KiTbKa
THUIIIB XMMEePHUX OpPraHisMiB:

« Mo3aiuHi (rimepxumMepu) — reHETUYHO Pis-
Hi TKAHWHY YTBOPIOIOTH TOHKY MO3aiKy;

* CEeKTOpiayibHI — pi3HOPiAHI TKAHWHU PO3-
TaIllOBaHI BEIMKUMU IiIAHKAMIU;

* IepUKJiHAJbHI — TKAHWHU 3 DPiSHUMU
TeHOTHUIIaMU JIeKaTh IMIapaMyu OJVH HaJ OJHUM;

* MePUKJIIHAJBbHI — 1XHIi TKAHMHU CKJIAAA-
IOThCS 13 CyMilIi ceKTopiabHUX i MePUKJIiHATL-
HUX OIJISHOK.

Xumepn y POCJIMH MOKYTH BUHUKATHU B pe-
gyabTaTi memaensb (Mas. 103.1) i mixg BoauBom
MyTaIliii coMaTHYHUX KJITHH, ¥ TBapUH — 3a
PaxyHOK MyTaIlili cOMAaTUYHUX KJIITHH, YHACJi-
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BaTtbKiBCbKi popmm

— KnitnHn pocnunn 1

— KnitnHn pocnunm 2

Man. 103.1. Po3TawyBaHHA KNITUH Y XMMEPHUX
pOCnHAX, AKI YTBOPIOOTbCA Y pe3ynbTaTi LWenieHHA

IOK TOpyIlleHb eMOpioreHedy i SAK pesyJbTaT
excrepumeHTiB yuyenux (mana. 103.2).

KomMnoueHTN XmMep MOMKYTH BiApi3HATHCA
OOWH BiJl OMHOTO reHaMMu SApa, YHUCJIOM XPOMO-
coM, reHaMH ILJIACTUL a00 MiTOXOHAPiH. Xumep-
Hi Opra”isMu JOCUTH YAaCTO BUKOPHUCTOBYIOTHLCS
B HAYKOBUX JOCJTiIKEHHAX.

IIpusIUT OflepPKaHHSI XUMEDP 3BOAUTHCA T'0O-
JIOBHUM YMHOM JI0 BUJiJIEHHA ABOX YU OiJIBIIIOTO
ypcjga PaHHIX 3apoakiB i iX 3auTTda. Y TOMY
BUMOAIKYy, KOJUW B I'€HOTUIIL 3apPOAKiB, BUKOPUC-
TAHUX OJIs CTBOPEHHS XWMEPU, € BiAMiIHHOCTi
Y pAdL XapaKTEepUCTUK, YIAETHCA HPOCTEKUTU
IOJII0 KJIiTUH 000X BUIIB.

3a [OMOMOTOI0 XMMEPHUX MUIleii 0ysao, Ha-
NpUKJaj, BUPillleHe MUTaHHS IIPO cIioci6 Bu-
HUKHEHHs B XOJi PO3BUTKY OaraTosagepHUX
KJITUH TOCMYroBaHUX M’ sA3iB. BuBUeHHs xu-
MEePHUX TBAPWH AO3BOJIMJIO BUPINIATU YUMAJIO
NUTaHb, i B MaliOyTHHOMY 3aBASKU 3aCTOCYBAaH-
HIO IILOTO MeTOny B3’SIBUTHCA MOKJIUBICTHL BU-
pimmyBaTH CKJIAQIHI NMUTAHHA TeHETUKU U eMO-
pioJorii.

PenpogykTtneHa megunumHa

He6iomoriuaumu ta 6iosorivuaumu paxkTopa-
MU, IKi MOMKYTh OyTH HIPUUYUHOIO IIOPYIIEHHS
PenponyKIlii y JIOAUHM, 3aiMAaEThCA PEIPOIYK-
TUBHA MeIUIIMHA.

0 KniouoBa ines

CyyvacHi TexHosorii, AKi CTBOPIOIOTbCA Ha OCHOBI
JoCnigxeHb embpioreHesy, € fyxe MepcrnekTunBs-
HMMW ONA MeauumHuU Ta Gionorii. 3 ix gonomo-
rol0 MOXHa CTBOPIOBATM XUMEPHi OpraHi3mu, Ha
npurKnagi AKNX BOAETbCA PO3KPUBATU MeXaHi3mu
B3aemogii i gudepeHuiauii KNiTH. TakoX BOHWU
NoK/afieHi B OCHOBY penpoayKTUBHOI MeaNLNHN
i BUpiWeEHHA npobnemn 6e3nnigga y NOgUHA.

Xvmepn

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

Bnactouuncta

3

CyporaTHa camka

Man. 103.1. YTBOpeHHA XMMEPHOro OpraHismy y XMMepHUX MuLIen

PenpoaykTuBHa MegMIIMHA — Ile Taly3b
MeIUIIUHU, AKa 3aiiMaeThbcsa IPOQPiIaKTHUKOIO,
IiarHOCTUKOIO Ta JIIKYBAaHHAM O€3IIiANsa Y JIIo-
nuHu. Boma 0asyeThcsA Ha BUKOPUCTAHHI Haii-
HOBIIIIMX PO3POOOK 3 €HAOKPUHOJIOTII, Xipyprii,
TeHeTUYHOI iHKeHepii Ta iHmux raayseii. ['apHo
BiATpabOBAaHUMY 1 MOMYJIAPHUMU TEXHOJIOTI-
AMU PENPOAYKTUBHOI MEIUITMHU € TEeXHOJIOTii
MITYYHOTO 3aIlJIiTHEHHA — eKCTpaKopIlopajbHe
Ta iHTpaKopHopaJibHe 3allIiJHeHHS.

ExcrpakopmopajbHe 3allIiTHEHHSI — IIe
mpoliec, IIiJ Yac AKOro Big0yBaeThCA 3aIlliJHEH-
HA AUNEKJITUHU I103a MeKaMu OpraHisMy JIio-
IVHU (Tak 3BaHe «3aILIiTHeHHSA B IPoOipIiri»).
Bmepiie Take samiigHeHHS OyJI0O 3aCTOCOBAHO
1978 pory y Benukiii Bpuranii. Excrpakop-
nmopaJbHe 3allJIiTHeHHA MOKe 3AilicHIOBaATHUCS
y THUX BUINAIKaX, KOJU UYepe3 3aXBOPIOBAHHSA
Y0JI0BiKa ab0 KiHKM HEeMOKJMBe 3aIlIiTHeHHS
OIPUPOIHUM IIJIAXOM (HENPOXimHicTh MAaTKO-
BUX TPyO, IOINKOMMKEHHS CiM’AHUX IIPOTOKiB
TOIITO).

IaTpakopnopaabHe 3aIIiTHEHHS — IIe TIPO-
1mec, miJg yac AKOT0 BigOyBaeTbCsA 3alljIiJHEHHS
ANNEKJITHHN 0e3locepeIHLO B OpraHismi Jrro-
OUHU IJISXOM IIITYYHOTO BBEAEHHS CIEPMU OO0
MaTKM! 3a JOIOMOTOIO CIIeIliaJbHOTO KaTeTepa.
Moro BUKOPUCTOBYIOTh ¥ JeAKHX BUIAZKAX UO-
JIOBiuOTO 0E3ILIiAAsA Ta B CHUTyallil, KOJU Mae
MicIiie iMmyHoJIoTiuHe Oe3ILriana (uepes arpecus-
HY aTaky iMyHHOIO CHCTEMOIO KiHKU cliepMa-
TO30iIiB).

3anuUTaHHA Ta 3aBAaHHA

1. Aki 3aBfaHHA BUPIWYOTb eMbpioTexHonorii?
2, Hagiwo noTpibHO CTBOPIOBATU XUMEPHI OpraHiammu?
3. Aki Npobnemy MOXYTb BUHMKATM Mif Yac NPOBELEHHSA
WITYYHOrO 3annigHeHHA?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 21 5
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 104. NMoctem6pioHaNnbHNIN PO3BUTOK. KUTTEBI LNKIN

0 [omipkynTe

CKnagHUM XUTTEBUN LMK KOMax 3 MOBHUM nepe-
TBOPEHHAM MOTpebye HaABHOCTI CTagil NAaneyKky,
Ha fAKiN KoMaxu € 6inbw BpasnmBumu. AKi nepe-
Barm iX CKIafHOro XMTTEBOTO LIMKY KOMMEHCY-
I0Tb LI0 HE3PYYHICTb?

é 3raganTe

« MNocTembpioHanbHUI PO3BUTOK « IMaro

o XntteBun LmKn o JInumHKa

MocTembpioHanbHWIN PO3BUTOK TBapWH

ITocTreMmOpioHaJIBbHMIT PO3BUTOK — Iepiof
OHTOTeHe3y IIicJid HapoKeHHsS abo BUXOIY
i3 3apoaKoBUX OOOJIOHOK A0 HACTaHHSA cTaTe-
BOi 3piyocti. ¥V 1meit mepiox BimOyBaroThcA picT
i PO3BUTOK OpraHiamy, aAudepeHIilOBaHHSA TKa-
HUH i oprauis. Peryndarnisa mocreMOpioHaJIbHOTO
PO3BUTKY BIiMCHIOETHCSA 3a JOIOMOI'0I0 TOPMO-
HiB. CyTTEeBO BIJIMBATU HA PO3BUTOK MOMKYTHb
yMOBHU icHyBaHHs (TeMIepaTypa CepemoBHIIA,
HasSBHICTHh ITOKUBHUX PEYOBHUH TOII0).

ITocTrembpioHanbHUI PO3BUTOK TBapuH
MOJKe OyTH IpAMUM ab0 CyIIPOBOAKYBATHUCA IIe-
perBopeHHaM — Meramopdosom (mana. 104.1).
3a yMOBU HPSAMOr0 PO3BUTKY HOBOHAaPOMIKEHi
TBapUHU MAalOTh yCi OCHOBHI pucm opramizarrii
IOPOCJOi OCOOMHU I BiIpi3HAIOTHCA MEHIITIMN
posmipaMu i HegZOCTaTHBO PO3BUHEHUMU CTaTe-

Hopocna
0coburHa
MeTtamopdo3 ng

nyronoBKa Ikpa

\ Myronosok /
\P Qp—

Man. 104.1. Po3BuToK amdibin 3a3suuan
BiGyBaETbCA 3 MeTamopdo3om

BUMHU 3ajI03aMU. ¥ IILOMY BHUIAAKY ITOCTEMOpi-
OHAJILHUH PO3BUTOK 3BOAUTHCS IO POCTY ¥ mO-
CATHEHHSA CTaTeBOi 3pijocTi.

Y BUIAAKy PO3BUTKY 3 IePeTBOPEHHAM
3 ANIA BUXOIUTDH JIMUUHKA, 3a3BUYAll BJIAIITO-
BaHa HabararTo IIPOCTiIlle 3a JOPOCJINII OpTaHi3M.
Ae BoHa Mae cHoeliaJbHI JUYMHKOBiL opraHu,
AKi BimcyTHI B mopocjioMy CTaHi.

Y GaraTbox KoMax JUYMHKA CXO0Ka Ha J0-
pocyiy KoMaxy; 3MiHM B Oprasisarii cympoBo-
MKYIOTBCA B OCHOBHOMY TOCTYIIOBUM PO3BUTKOM
Kpuja. ¥ IIbOMY BUIIQAKYy T'OBOPSATH IIPO PO3BHU-
TOK 3 HEIMMOBHUM meperBopeHHAM (Maj. 104.2).

B iHmmx KomMax JMYMHKA UYepPBOIIOAiOHA
i He cxosKa Ha iMaro Hi 30BHIIIHIM BUTIJISIOM,
Hi BHYTPiIIHBOIO OYZOBOIO, aHi CIIOCOOOM JKUB-
nenHa. Tomy mepexin Big JMUYMHKOBOI cramil
o iMaro 3HifiCHIOETHCSA Uepes CTaIiio JAJIeUKH.
VY 11b0My BUMIAAKY TOBOPATH PO PO3BUTOK 3 TO-
BHUM mnepeTBopeHHAM (Mmai. 104.3).

MNTTEBUN LINKN

JKurresuit muka — 1e mepiox MixK omHa-
KOBUMH (pasaMU PO3BUTKY ABOX ab0 OiabImoi
KiJIBKOCTI IIOCTiMOBHUX HMOKOJIiHL. ¥ 0araToKJi-
TUHHUX OPraHisMiB iHAUBiAyaJbHUN PO3BUTOK
3aBePIIYETHCA IIPUPOTHOIO cMepTio. Be3mepeps-
HiCTh JKUTTEBOTO IIUKJY OpraHisMiB 3abe3meuy-
IOThb ramMeTH (cTaTeBi KJIiTMHU), AKi ImepegaroThb
CIIaAKOBY iH(pOpMAaIlil0 opraHi3zMaMm AOYipHBOTO
TIOKOJIiHHA.

TpuBasicTh JKUTTEBOTO IUKJIY B PiBHUX Op-
raiamiB mo:xe OyTu pisHoio. Hampukiaz, y 6ax-

JINunHkm

Anue

S e

Man. 104.2. Po3BUTOK KOMaxu
3 HEMOBHMM MEPETBOPEHHAM
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Tepiit a00 APisKI:KiB IPOMIKOK MiK ZBOMA IOMIi-
JaMu KJITUHU JyacTo He nepeBulltye 30 XBuamH,
TOAi AK y 0araTboX BUINUX POCJUH i XpebeTHUX
TBapuH BiH TpmBae Oarato pokiB. Tak, cocHa
3BUYAHA TTOYMHAE PO3MHOKYBATUCS JUIINE HaA
30-40-my, puba 6imyra — Ha 12—-18-My porax
SKUTTA.

TpuBasi KUTTEBI IMUKJIN CIOCTEPirarmThCs
i B meakux GesxpebeTHUX TBapuH. Hanpukian,
JUYMHKYW OOHOTO 3 BUIIB IIiBIeHHOAMEPUKAH-
CbKUX ITMKAJ PO3BUBAIOTHCS IPOTATOM 17 POKiB.

TpuBajicTh KUTTEBOTO ITUKJIY 3aJ€KUTh Bif
KiJIBKOCTI MOKOJiHb, AKi IIOCJiTOBHO 3MiHIOIOTH
OZHE OJHOTO MPOTSATOM OJHOTO POKY, a00 Kiab-
KOCTi POKiB, IIPOTATOM AKUX PO3BUBAETHCA OIHE
TOKOJIIHHA.

MpocTi 1 CKNagHi XUTTEBI LNKNN

Po3pisHaoTs OpoCTi I CKJIAAHI JKUTTEBI IU-
kiau. IIpocTuil SKMTTEBUN LUK — I ITUKJI,
y SKOMY BCi MOKOJIIHHS He BiIpi3HSAIOTHCS OIHE
Bizm ommoro. IIpocTi KUTTEBI MUKIN XapaKTepHi
IJISI Tigpu, PiuYKOBOTO paKa, MaByKa-XpPecTOBU-
Ka, ILJIa3yHiB, MTaxXiB, CCaBIIiB.

CrkaanaHi sKUTTEBI MUKIM CYTIPOBOIKYIOTHCS
3aKOHOMIipHUM UYEepryBaHHAM Pi3HUX HOKOJIIHBb
a00 CKJIaJHIMH IIePEeTBOPEHHIMU OPraHisMy ITif
yac po3BUTKY. Tak, y meaxkux Bomopoctelt (0y-
pUX, UEPBOHUX) YEPTYETHCS CTaTeBe IMMOKOJIHHA,
ImepeBakHo raijIoigHe, 3 HeCTATEeBUM, IepPeBaik-
HO mumuoiguuM. Cepen BUINUX POCTHUH JIUIIIE
Yy MOXOIIOAiIOHMX IIepeBaska€ CTaTeBe ITOKOJiH-
Hs, TUMYacoM SK B iHIMMX (mmamopoTemnonibHi,
XBOIIEIOAi0Hi, mjaayHomomiOHi, rojoHacimmi,
MMOKPUTOHACiHHI) — HecTaTeBe.

Y TBapuH CKJIaIHI JKUTTEBL IUKJIU TEeXK HE €
pinkicauMu. Tak, y :KUTTEBOMY ITUKJi 6araTbox
Haumnpocrimux (dopamiHipepr, CHOPOBUKI)
1 KMIIKOBONOPOMKHUHHUX BiZOyBaeTbCs 3aKO-
HOMipHe UepryBaHHA IIOKOJiHb, IKi PO3BMHONKY-
IOTBCSA CTATEBUM i HeCTaTeBUM CIIOCO0AMU.

Hanpurian, HecTaTeBe IOKOJIHHA Meay3u
aypeaili — moainum — pPO3MHOMKYETHLCS OPYHb-

0 KniouoBa ifes

MocTteMbpioHaNbHNA PO3BUTOK KMBUX OpPraHis-
MiB MOXe 6yTn npamrM abo npoxoauTy 3 MeTa-
Mopdo30M. BiH € CKNagoBOK XWUTTEBOFO LKMKIY
opraHi3amy. 3anexHo Bif ocobnusocTeii Oynosu
npeacTaBHUKIB Pi3HUX MOKOMiHb MXUTTEBI LINKN

MOXYTb OYTV CKNagHUMM i NPOCTUMU.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

JInunHKa &“’ - Naneuxa
A
Tﬁ )
4 ) 5
Anue Imaro

Man. 104.3. PO3BUTOK KOMaxu 3 MOBHUM MePETBOPEHHAM

KyBaHHAM, YTBOPIOOYM HOBI moJimm. 3a [m0-
MOMOTOI0 TOIIEPEUYHOro IIOAiJIy IOJIIHN IalTh
IIOYaTOK OCOOMHAM CTATEeBOTO MOKOJiHHA — Me-
nysam. HosoBiui # KiHOUI 0cOOMHU Memy3 pPo3-
MHOXKYIOTBCSA CTaTeBUM cmocoboM. I3 sammigme-
HOI ANIEKJIITUHN PO3BUBAETHCS JUUMHKA, SKa
IeAKUH Jac IJIaBa€e 3a JOIIOMOTI'0I0 BiliOK, a 3T0-
IOM OCilae Ha JHO i MepeTBOPIOETHCS Ha IIOJIIII.

B immmx TBapuH (Hampukianm, y ILIOCKUX
YepBiB — CUCYHIB, yV JeAKUX YIEHUCTOHOTUX —
MOTIeJIUIlb, JadHil) y KUTTEBOMY IIUKJI Uepry-
IOTBCSI IIOKOJIIHHA, SIKi PO3SMHOKYIOTBCSA CTaTe-
BUM CIIOCOOOM i MapTeHOTreHEeTUYHO.

YepryBaHHA MOKOJiHb, AKi PO3SMHOMKYIOTH-
cA CTaTeBUM CIIOCOOOM i MapTeHOTeHEeTUUYHO, Mae
BasKJuBe 0ioJIoTiuHe 3HAUEHHS OJIA THUX OPTraHis-
MiB, AKi MeEIIKAOTh Yy MiHJIMBUX YMOBaX cepeno-
BUINA i He MOXKYTh IEePeKNBATHU HECIPUATINBIL
nepiogm B akTuBHOMY craHi. CraTeBe po3MHO-
JKeHHsA 3a0esreuye 0e3NepepBHICTH iCHYBaHHS
BUOY, a IIapTeHOTeHe3 Ha€ 3MOT'Yy MOBHOIO Mi-
POI0 BUKOPHMCTOBYBATH CIIPUATJINBI ITepiogu ajis
IIBUAKOrO 3POCTaHHS YMCEJIbHOCTI BUIY.

YepryBaHHSA MMOKOJiHBb, IKi PO3SMHOMKYIOTH-
cdA pisHEmMu crocobamMu (CTaTeBUM i HeCTaTeBUM,
CTaTeBUM i ITapTEeHOTEeHEeTUYHO), 30i/JbIlTye MiH-
JIUBIiCTBH, AKAa 3a0e3Ieuye 3MaTHICTb BUAY KUTHU
B PiBHMX yMOBaxX CepemoOBUINA U IIIBUAKO pea-
ryBaTu Ha ixHi 3MiHH.

03aﬂl/ITaHHH Ta 3aBJaHHA

1. Cknagitb nepenik 3 TPbOX-N'ATV BUAIB OpraHi3mis
BaLLOI MiCLLeBOCTI, ANA AKMX € BNACTMBUMU NPAMUN i He-
npsaMuin po3sBuTok. 2. Hagiwo notpibeH metamopdos?
3. fIki nepeBarv M HefONIKN MOPIBHAHO 3 MPOCTUM
KUTTEBUM LMKIIOM MA€ CKNAagHUM umnkn?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 105. lHauBigyanbHU PO3BUTOK NIOAVNHN

0 [omipkynTe

koo MoXe ByTV MpuyMHa TOro,

O OAHaKOBI nepioan NoCcTeMOpPioHaNbHOro
PO3BUTKY Y YOJIOBIKIB i XIHOK He 3aBXAu
cniBnagatoTb 3a BikomM?

é 3raganTte

« MocTemMbpioHaNbHNIA PO3BUTOK
o OcobnmnBOCTi PO3BUTKY CCaBLiB
e TpMBanicTb »WUTTA Pi3HUX OpPraHi3mis

lHOnBIgyanbHUI PO3BUTOK NIOANHM

IapuBinyanbHUI PO3BUTOK JIIOAWHU IIOI1IsA-
€ThCA Ha eMOPiOHANBHUY i MocTeMOpioHATBHUT
nepiogu. EmMOpioHanbHUil mepion OyJio PO3TJIsi-
HYTO B TIONEpegHiX maparpadax.

IToctemOpioHanbHUM mepiom — Ie 1e-
piong KUTTA JIOAWHUW IIicJIsd HaPOIKEHH
(maur. 105.1). Moro Mo:xHa PO3LIINTH HA KilTbKa
eTaliB, TPUBAJICTL IKUX BiIPiBHAETHCA Y YOJIO-
BiKiB Ta KiHOK.

Y KuUTTi JI00WHM BUOIISIOTH TaKi BiKOBi
mepionu:

 IIepiod Hemosramu (meprtri 10 guiB): Bix-
OyBaeThcA mepebymoBa OpraHiamy, IO 3yMOB-
JeHa ajalTalli€elo [0 KUTTA I[103a OpPraHisMoM
marepi. PyliHyloThCS CTPYKTYypH, IIOB’sA3aHi
3 00MiHOM pPEYOBWH Uepes ILJIAIEHTY.

« I'pyonuii nepiod (10 guie — 1 pik) xapak-
TEepU3YEThCA HAWBUIIUMHU B ITOCTEMOPiOHAIBHO-
My Ilepiofi TeMmaMu POCTY ¥ POBBUTKY BCix
CUCTEM OpraHiB, a TAKOXK 3MIiIlHEHHAM OIOpP-

Man. 105.1. MNMocTeMbpioHanbHWIN PO3BUTOK KIHOK

HO-PYXOBOTO amnapary, (hOpMYyBaHHAM BeJIMKOIL
KIiJIBKOCTI yMOBHUX pedJieKciB.

« Panne dumuncmeo (1—3 pokmu): crocrepi-
ralTbCs BHCOKi TEeMIIM POCTY U PO3BUTKY BCixX
CHCTEM OpPTaHiB; MOUYATOK CAMOCTiHHUX aKTUB-
HUX PYXiB; Iepexif Ha XapuyBaHHSA [IOPOCJIOIO
i3Kel0; PO3BUTOK MOJOYHUX 3y0iB; IMOYATOK BU-
KOPUCTAHHS MOBJIEHHS. ¥ KiHIIi mmepiony Temmu
POCTY BHOBiJILHIOIOTHCA.

« ITepuwe dumuncmeo (4—7 poKiB): ynoBimn-
HIOIOTBCA TEMIIM POCTY; BiZl0yBaeThCsA aKTUBHE
HaKOMWYeHHs iH@opmarii npo HaBKOJUIITHiN
CBiT; (POPMYIOTHCA BMiHHA Ta HaBUYKU, HEOO-
XigHI AJIS caMOCTiIHHOI KUTTERisAJIBLHOCTI; pPO3-
BUBAIOThCS IOCTiiiHi 3y0u.

« Ipyze dumuncmeo (8—12 pokris y xjomuu-
KiB, 8—11 poKiB y AiBYaTOK): BiTHOCHO HEBUCOKI
TEeMIIN POCTY; IPOAOBKYETHCA aKTUBHE HAKOIIM-
yeHHA iH(MoOpMaIlii mpo HABKOJUMIHIN cBIT Ta
(hopMyBaHHSA BMiHb i HABUYOK, HEOOXiIZHUX IJIsA
CaMOCTiHOI KUTTENiAIBLHOCTI.

« ITionimrosuil nepiod (13—16 pokiB y xJorm-
miB, 12—-15 pokiB y aiBuar): moyaToK Iiepiomy
CTaTeBOTO JO3piBaHHSA; Pi3Ke 30iJbIIIeHHA TeM-
miB POCTYy; CYTTEBi ropMoHaIbHI epedymoBU
B Oprauiami; moyaTok (pyHKI[iOHYBaHHA cTaTe-
BUX CHUCTEM.

« FOHauvkuil nepiod (17-21 pik y xJomnIis,
16-20 pokiB y miBuaT): 3aBeplleHHs mepiomy
CTaTeBOTO NO3PiBaHHS; 3MEHIIIEHHA TEMIIB PO3-
BUTKY Ta 3aKiHUeHHA POCTy Tija.

« 3piauil ik (nmepiruii nepiox — 22—35 po-
KiB y uosoBikiB, 21—35 poKiB y :KiHOK): Hali-
OiIBIIT TPOAYKTUBHUI HEPiof JKUTTA; POSBUTOK
3mi0HOCTEN mocsrae HaAWBUINOTO PiBHA, poboTa
BCiX cmcTeM OpraHismMy € HanOiJgbIl e(eKTUB-
HOIO.

- 3piauil gix (apyruit mepiox — 36—60 po-
KiB y 4os0BiKiB, 36—55 pOKiB y KiHOK): my:Ke
OPOAYKTUBHUI IIepion; MJOCUTH BUCOKI (pismumi
MOJKJIMBOCTI MOENHYIOTHCA 3 OaraTuM LOCBimom
i IO3BOJIAIOTH AOCATATU HAWBUIIUX PE3YJILTATIB.
VY kKinmi mepiony crocTepiraeTrbcA MTOCTYIOBE
3racaHHA (PYHKIIiII PemIpoayKTHBHOI CHUCTEMH.

« IToxuauit 6ix (61-74 poxu y UOJIOBiKiB,
56—74 poxu y JKiHOK): cTaH OpPraHi3My CyTTEBO
3aJIEJKUTh BiJi 0CcOOJIMBOCTEI CIIOCOOY SKUTTA,
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dAKe JIOOWHA BeJjia B momepenHi mepiogu. Pempo-
OYKTUBHI (QYHKIII y YOJIOBIKiB IPOJOBIKYIOTH
3racaTu, y *KiHOK NPUIIMHAIOTHCA B3araJi.

« Cmapeyuil 6ix (75—90 pokiB): B oprauismi
BimOyBaOTHCA CTPYKTYPHi, (MYHKI[iOHAJIBHI Ta
Oioximiumi smimm, aKi 3HauHOIO Mipoio obOme-
JKYIOTh HMOTO MOMKJIMBOCTI.

« Toszoxmcumenvemeo (6inpi Hidk 90 pokis):
B OpraHi3dMi TpUBAIOTHh CTPYKTYPHi, (GQYHKIiO-
HaabHI Ta OioximiuHi 3mMiHH, AKI O00OMEXKYIOTH
HOro MOXKJIUBOCTI.

OcobnunBoCTi CTaTEBOrO J0O3PiBaHHSA
NOANHN

CraTeBe mo3piBaHHA JIOIUHU € HAA3BUUANHO
Ba)KJMBUM IIpollecoM. BiH BimOyBaeThca y mi-
BuaT y mepiox Big 9 mo 16 pokis, a y XJOIIiB —
Bix 11 mo 18 pokiB. V¥ 1ieit mepiox BimbyBaeThCcs
¢dopMyBaHHS BTOPUHHUX CTATEBUX O3HAK i PO3MO-
YUHAETHCA (PYHKIIIOHYBAaHHA CTATEBOI CUCTEMMU.

Ilig wac cTaTeBOoro mo3piBaHHs B opraxiami
BimOyBarOThCsA He TijbKu (isiosoriuni sminu.
CyTTeBO 3MiHIOETHCA IIOBEAiHKA. SHAUHOIO Mi-
poIo Ha Iie BILJIMBAa€ KOJMBAHHA PiBHA I'OPMOHIB
BHACJIiIOK IIepeOymoBU Tija. AJsie TaKOMK BaiK-
JUBe 3HAUEHHSA MAlOTh iHCTUHKTUBHI IIporpaMu
noBeniaku. Ile, HaIpUKIa, € OHIEIO 3 TPUUNH
TaK 3BAHOTO «BaXKOT0 BiKy», KOJIM IIpOrpamMu
HOBeNiHKM 0aTbKiB i AiTell MOMKYTH 3MYIIIyBaTH
ix yacrinie KOH(JIIKTyBaTH.

TpuBanuii mepios cTaTeBOTO MO3PiBAaHHA €
BaYKJIMBUM JJIs JIIOAUHU iIlle 3 OnHiel mpuunHU.
3a Takuil JOBruii mepion migaiToOK MoXKe HAOyTU
BeJIMKOI KinbKocTi 3Hanb. lle moB’aA3aHO 3 THM,
10 JIIOAWHA 3HAUHY YaCTUHY NOTPiIOHMX HABU-
YOK OTPUMYE Uepe3 APYTYy CUTHAJIbHY CHUCTEMY
Bif iHIIMX IIpefCcTaBHUKIB CBOrO BUIY.

3aXBOpIOBaHHﬂ, Lo nepenarTbCA
CTaTeBUM LLJTAXOM

Y mepiom crareBOoro mO3piBaHHA JIOAWHA
MOJKe PO3IIoUMHAaTHU cTaTeBi BimHocuuu. Ile npu-
POIHUI IpoIiec, ajie BiH MosKe OyTHU 0B’ I3aHUA

0 Kniouosa iges

IHOMBIiAYyanbHUM pPO3BUTOK NIOAVHU BKIOYAE
embpioHanbHWI Ta NOCTEMOPiIOHANbHMI Mnepio-
awn. MocTtembpioHanbHUI Mnepiof, Y CBOKO Yepry,
NOAINAETbCA Ha KinbKa NepioAiB, KOXKHOMY 3 AKNX
npuTaMaHHi XapakTepHi 0cobaMBOCTI GioNoriYHUX
npoLiecis.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

3 PUBUKOM OTPUMAaHHA 3aXBOPIOBaHb, AKi Imepe-
MalOThCA cTaTeBUM ILIaxoM. OpraHism JIIOAUHU
He BUPOOJsAe IMyHIiTeTY M0 IIUX 3aXBOPIOBAHD,
TOMY HAaBiTh IIicJad OAY:KAHHA JIIOAWHA MOXKe
3HOBY Ha HUX 3axBopitu. Halikpamum cmoco-
6oM OOpPOTHOM i3 MUMM 3aXBOPIOBAHHSAMIU € [I0-
TPUMAaHHSA 3aXO0AiB IMPOMiIaKTUKMN.

3axBOPIOBaHHS, 10 IIEPEAAIOTHCA CTATEBUM
MJIAXOM, MOYKYTh CHPUYMHATHUCI: HANUIIPOCTi-
muMu (TpuxomMaHo3), OakTepiAMu (roHOpes
ta cudimnic), Bipycammu (reHitambuHuii repiec,
CHI), mikpockomiunmMu rpubamu (KaHIU-
no3). CraTeBUM NLIAXOM MOYKYTH TeperaBaTH-
cd U mesaki mapasurapHi iH(peKIii, Hampuranm
IeJUKYJIBO3.

CrapicTtb i Teopil CcTapiHHA

Y nronpwHU BiTHOCHO TPUBAJIMUU IIepiond cra-
pinusa. AKIimo OinpIIicTs ccaBIliB Iic/sg HMPUIIN-
HEHHS pPOOOTH PEempPOAYKTUBHOI CUCTEMU IYKe
IIBUAKO TUHYTH, TO Y JIIOAWHU (0COBIMBO V #Ki-
HOK) IIeil mepiox € mocuTh TpuBaguM. IlomiOmi
0CO0JIMBOCTI OHTOr'eHe3y TiCcHO II0B’si3aHi 3i cme-
nudikoro 6iosorii groguHM, ii 3HAUHOIO COIliaJb-
HICTIO Ta BEJWKWM 3HAYEHHAM I103aCIIAaJTKOBOI
nepegaui ingopwmarlii, sxa HeoOXimHa HaACTYyII-
HUM TOKOJIHHSIM.

Icuye xinbka Teopiil, AKi HOACHIOIOTH ABU-
mie crapimHga. MoaekynasapHi Teopil crapinua
poBraALaoTh HOT0 AK pe3yabTaT HaKOINYeH-
HA 3 BIiKOM B OprafHismi ged@eKTHUX MOJEKYJ
0inkiB. IH1Ti Teopii BBasKAIOThH, IO IPUYUHOIO
CcTapiHHA € 3MiHW TE€HeTWYHOTO amapary KJIi-
TuH. A Teopii ayroiHTOKCcuUKAIil IIOJACHIOIOTH
CTapiHHA K pe3yJbTaT PYUHYBAHHA iMYHHUX
BJIACTUBOCTE¥ i 60POTHOM TKAHWH B OpPraHisMmi.
IIle omua TeopiA posrisgmae mpollec CTapiHHSA
AK HACJIOK BUYEPIaHHA afalTaIlliiHUX MOXK-
JuBOCTe opraHismy. 3rigHo 3 agamnraimiiizo-
peryJasaTopHOIO Teopielo, cTapiHHA € 3aKOHO-
MipHUM eTamoM PO3BUTKY OpPraHiaMy, a cam
TIPOIleC CTapPiHHA PO3IOYMHAETHCA IIe Ha cTamil
3apojaKa.

QBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Yomy TpuBanictb nepiogy AO MOYaTKy PO3MHO-
XKEHHA Yy NoAnHN HabaraTo GiNblUNiA, HiXK Y iHLWIKMX cCaB-
LiB 3i CXoXrMM po3mipom Tina? 2. flka TeopiA CTapiHHA
BMAAETbCA BaM Halbinbw obrpyHToBaHO? MOACHITL
CBOIO TOUKY 30pYy. 3. AKi YMHHUKN MOXYTb BMAMBATU
Ha TPUBaNiCTb MEepioAIB XUTTA NOANHN?

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 2] 9
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 106. PicT i pO3BUTOK »XNBUX OpraHiamiB

0 [omipkynTe

Yn MOXKyTb KOMaxm pocTn 6e3nepepBHO i Heob-
mexeHo? Yomy?

Q 3raganTe

o BnactmBocTi XmBuX opraHiamiB e« Pict

» Po3BuTOK o CrapiHHA

Pict knituH

Pict KaiTuH KUBUX OpraHidMiB MOKe Bif-
OyBaTucs 3 pisHOO MmBUAKicTO. 1A mBUAKiCTD
3aJIe’KUTDh Bif ocoOsimBoCcTell OymIoBU caMoi KJIi-
TUHY (KJIITUHY TPOKAPiOTiB AiAATHCS ITBUAIIIE)
Ta YMOB 30BHIIIIHBOTO CEPEeIOBHUIIA.

Meski pocTy KJIITHMH TakOX MOMKYTb OyTH
pisaumMu. ¥ 6inbIiocTi BUOAAKIB KJIITMHU pPoc-
TYTh TiJIBKU OO IEeBHOTO PO3MIipYy, i el po3mip €
HeBeJUKUM. AJle B IesIKUX BUNAAKAX PIiCT KJIiTH-
HU MOJKe OyTHU IIPaKTUUYHO HeoOMerxeHuM. Tarkuii
picT wacTo crocrepiraetTbca y rpubiB, AKi 3maTHIi
YTBOPIOBATU TiraHTCHbKi OaraTtodamepHi miresii.

YV ngoguHu pos3Mmip OidbmIocTi KJIITUH He-
BeqUKUHA. | TiIbKM aKCOHM HEHpPOHIB MOMKYTb
JocAraTy 3HAYHUX PO3MIipiB.

Hacxigkom pocTy Ta 306iJbINTeHHA YHCIa
KJITHUH y pe3yJbTaTi iXHBOTO IIOAisy B Gararto-
KJIITHHHUX TBapWH € PO3POCTAaHHA IXHIX TKa-
HuH. Ilig yac emMOpioHAJIBLHOTO PO3BUTKY TaKUM

CroBGypoBa KniTuHa

Merakapiouyunt Eputpountn

baszodin Hentpodin Eo3uHodin Makpodar

Man. 106.1. JudepeHuialia KniTyH Nig Yyac yTBOPEHHA
KNITUH KPOBI

YMHOM 3JiCHIOETHCSA (POPMYBAHHA HOBUX CTPYK-
Typ OpraHiamy.

Po3BuTtoKk KnitnH

ITogin eykapiotTuuynux KJaiTuH (y TOMY
YUCJi KJITUH JIOAUHU) y OiJBIIOCTI BUNAAKIB
B3MIMCHIOETHCA NIIAXOM MiTo3y. Ilicasa mominy
YacTKa YTBOPEHUX KJITHH MOKe OyTu pisHOIO.
Ha pannix cramiax emOpioreHesy JIOOZUHU KJIi-
TUHU IIiCJA IOAINYy 3HOBY HOinATbedA. Ilismirme
HOYMHAETHCA AU(depeHITiaisa KIiTUH i 31aTHICTD
Io moniny 30epiraroTh Jiuitie mesaki 3 Hux. Taki
KJiTUHU, 110 30epiraioTh 3AATHICTH M0 IOTiIY
i sajmumarmTbea HegudepeHIiHoBaHNMU, Ha3U-
BAIlOTh CTOBOYPOBUMMU KJIiTHUHAMHU.

Judepenuiania KIiTHH — Ile TIPOIEC YTBO-
PeHHA cheltialisoBaHUX KJITUH, IKi OTPUMYIOTH
meBHi pucu OymoBU, IO AAIOTh IM MOKJIUBICTH
BUKOHYBaTHU MOTPiOHI QYHKIIII 3 BUCOKOIO edeK-
tuBHicTIO (May. 106.1). Hocaraerbea gudepen-
miamia KJIITUH 3a paxyHOK peryJsdilii poboTu
reriB. I'eHoM KJIiTMHU B IIiJIOMY 3aJUIIIAETLCS
HEe3MiHHUM, ajie aKTUBHO IIPAIIOE B HHOMY JIUIIIE
IeBHUH KOMILJIEKC reHiB. [udepeHIriania KiriTua
B OpraHisMi JIIOIMHU € He0OOOPOTHUM IIPOILECOM.

Ob6mexeHICTb Ta NepiognyHICTb

POCTY OpraHiamis

Besmocepenuno miciisg HAPOMKEeHHA B 0iJb-
mrocTi 6araTOKJITUHHUX OPTraHisMiB ime mepion
pocty. Pict — 11e mportiec 30iabIIeHHA PO3MipiB
i Mmacu ocoOMHM 3a pPaXyHOK 30iJbIIIeHHA KiJb-
KocTi KJaiTuH abo ix po3raryBaHHs. Po3pisHs-
IOTh OOMe)KeHUil i HeoOMeKeHUil THUOU POCTY.
3a 00MesKeHOro THILYy DPiCT OpraHidMy IPUIIN-
HAETHCA MicJId JOCATHEHHSA IIeBHOTIO BiKy (6iyb-
IIicTh CCaBIIiB, KOMax, ONTaxiB). 3a HeoOMe:Ke-
HOTO THIIy POCTY OCOOMHMU POCTYTH YIIPOTOBIK
YCBhOTO KUTTS (MOJIOCKU, puOU, POCIUHU).

s opraHidamMiB 3 HEOOMEKEeHUM POCTOM
YaCTO CHOCTEePiraeTbCsA YNOBIJIbHEHHS TEMITiB
pocty 3 Bikom. Hampurkiazn, y mMamaux KPOKO-
OIWUJIiB Ticjada HapoIKeHHA (BUXOLy 3 SHIA)
TeMIIX IXHBOT'O POCTY € BUCOKUMHU IMIPOTATOM
IBOX-TPHOX POKiB, ITiCJIS YOTO TEMI POCTY BIIO-
BiJIBHIOETHCA, ajle He 3yMIUHAETbCA. [lopoci oco-
OMHU BUPOCTAIOTH JINIIIE HA KiJbKa CAHTUMETPIB
3a pik. AJe uepe3 BeJUKY TPUBAJICTH KUTTS
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(mo 80 pokiB i 6GiybIiie) po3mip TrpedeHsCTOTO
KPOKOJAMJIA MOKe JOoCATaTH 7 MeTPiB.

IIpomecy poctTy BiacTuBa IepPiogUUYHICTH
(ce3oHHA, T0OOBA TOIO) — IIEPEPUBUYACTUH PiCT.
Tak, y POCAWH NMOMipHUX HIUPOT PiCT y3UMKY
NPUINHAETHCA, a4 HABECHI — TIOHOBJIIOETHCH.
Ilepiog TummuacoBoro §isioyioriuyHOro CIOKOIO
B PO3BUTKY HasuWBaioTh dianaysow. Jliamaysa
XapaKTepPU3yeThCS PiBKUM 3HUIKEHHAM iHTEH-
CUBHOCTiI MeTabosidamMy KJaiTuH. BoHa BiacTuBa
KoMaxaM, 6araTboM XxpebeTHUM. Y TeAKUX ccaB-
IiB ImiBHIYHUX HINPOT Aiamaysa BimOyBaeThCs
B 3UMOBUI uac (BegMmeni, coHi, 6baibaxku) i Ha3u-
BaeThbcA zibepHauieio (cunsaukoro). [[iamaysa xo-
Max MOJKe TPUBATHU BiJ AJeKiIbKOX T'OAUH IO Je-
KiJIBKOX POKiB.

IlepiogmunicTh pOCTy € XapaKTePHOO O3HA-
KOIO IPeICTaBHUKIB ujleHUCTOHOTUX. Ile moB’sa-
3aHO 3 0COOJMBOCTAMY OYAOBU IXHBLOT'O OpraHis-
My. BiH BKpUTHUII JKOPCTKUM 30BHIIIHIM CKeJe-
TOM i TOMy He MOXKe 3MiHIOBAaTH CBOI pPO3Mipwu.
TakuM YMHOM, PiCT ITUX TBAPUH CTAE MOYKJIUBUM
TiabKU y nepiog auabKu (Maj. 106.2), Koau 30-
BHINITHI TOKPUBU ITle He 3aTBEPIiIN I MOMKYThb
poO3TATYBaTHUCAH.

LLBnakicTb Ta xapakTep pocTy

opraHi3amis

[IIBuaKicTE POCTY KMBUX OPTraHi3MiB MOXKe
O0yTu pisHOI0. BoHa BU3HAUAETHCS K 0COOJIMBOC-
TAMU 0i0JIorii KOHKPETHOro BUAY, TaK i yMoBaMu
cepemoBuiiia. Hanmpukiaana, IIBUAKICTE POCTY AU-
TUHYAT Y CCABI[IB € CYTTEBO OLJIBITIO0, HiK IIIBU-
KiCTh POCTY AUTMHYAT y PENTIIIIII TAKOTO CAMOTO
po3mipy. A Ha HIBUAKICTHL POCTY T'yCeHi CyTTEBO
BILJIMBAE CepelHsA TeMIlepaTypa MOBiTps, AKa A
mepioxy pocTy Mo:Ke OyTu Pi3HOIO y PisHiI poKH.

XapakTep pPOCTy y PiBHUX JKMBUX OpPTaHis-
MiB TaKOXK MOKe BimpisHATHCA. KIIMO picT ycix
YaCcTHUH Tijia 3MiCHIOETHCSA PIBHOMiPHO ¥ IIPOIIO-
piiii Tiza B pesysabTaTi 3aaumiaioTbCcsa 0e3 3MiH,
TO TAKUI TUN POCTY HA3UBAIOTH i30MeTPUYHHUM.
IzomMeTpUYHHUIE TUII POCTY € XapaKTepHUM IJd
b6aratprox pubd. AKIIo K y mpoleci pocTy pisHi
YACTUHU TiJla POCTYTh 3 Pi3HOI IIIBUAKICTIO,
i, AK pes3yJabTaT, HNPOIOPIIil Tija 3 wacom 3Mi-
HIOIOTBCSA, TO Ma€ Miclle aJOMETPUYHHH THUII

0 KnioyoBa iges

PicT i po3BMTOK KNiTUH y 6araToOKNITUHHKX Opra-
Hi3MIX peryniolTbCA reHeTuyHo. PicT camnx »u-
BMX OpraHi3amiB Moxe OyTn 6e3nepepBHUM abo
nepiognMuyHMm, o6MeXXeHUM abo HeoOMeXKEHVM.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

Man. 106.2. Pict Komaxu B nepiog JIMHbKN

pocty. Came Takuil THUI POCTY XapaKTepHUH
nsa moauuu. I[le mo6pe BUAHO, AKIIO MOPiBHSA-
TH IIPOMOPIIii Tijla HOBOHAPOAKEHOTO, TUTUHU
i mopociyoi groaguHM. Y HOBOHAPOIMKEHUX [0-
B)KMHA TOJIOBU CTAaHOBUTH 1/4, y ceMupiuHOoi
mutuau — 1/7, a y mopocioi jaioguau — 1/8
ITOBMKWHU IXHBOI'O TiJja.

@ MpakTnyHa poboTa

Mepiodu4Hicme pocmy nycku pubu

1. Po3rnAHbTe 3a JOMOMOrOK NyMnu NYCKYy TPbOX
pi3HUX BMAIB puUO, 3HANAITb KOHLEHTPUYHI Kinbusa,
KOXHeE 3 AKUX BiAMNOBIZAE OQHOMY POKY XUTTS pUbN.
BusHauTe Bik pub6.

2. ToACHITb, YA MOXHa 3a PIYHUMUN KiNbLAMU BU-
3HAUUTN YMOBW, B AKUX XU prbu.

3. CoopmyntoinTe BUCHOBOK.

@ MpaKkTyHa poboTa

Mepiodu4yHicmb pocmy depes’aHUCMUX POCAUH
1. Po3rnaHbTe 3pi3n cTeben pisHUX AepeB’aHUCTUX
pPOCNVH. 3HalAiTb AepeBUHY M PiYHi KinbuA.

2. 3BepHiTb yBary Ha po3mipu N KOJip PiYHUX Ki-
nelpb. YKaxiTb, UM 3yMOBNEHa NosBa PivuHMX Kinelb
y AepeBuHi.

3. MNOACHITb, YN MOKHA 3a PIYHUMU KiNbLUAMYK BCTa-
HOBUTU YMOBW, B AKUX WU POCIUNHN.

4. CoopmyntonTe BYCHOBOK.

03aﬂl/ITaHHH Ta 3aBJaHHA

1. AKMMU MOXKYTb BYyTW MeXi pocTy KniTnHu? 2. Lo
Take gudepeHuialia knitmH? 3. Yomy ansa pakonopgi6-
HUX MOXJIMBUN TiNbKW nepiognyHui Tun pocty? 4. Bu-
6epiTb oAvH i3 BMAIB TBAPVH i CKNagitb cnmcok dak-
TOPIB, AKIi MOXYTb BMAMBATW Ha LWBUAKICTb POCTY L€l
TBapuHU. 5. Yomy po3mip ronosu nAMHN BiGHOCHO
po3mipy ii Tina Bif HAPOAXKEHHA [0 3aBEPLUEHHA POCTY
OpraHiaMmy 3meHLWYyeTbCA?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 107. Perynauia Ta npobnemn pocty i po3BuTKy

0 [omipkynTe

[i6epeniHn € ropMoHamy, WO PeryntoTb PicT
pocnviH. Ane Bneplue ixX BUAINWAW 3 NapasnTny-
HUX rpm6iB. Hagiwo rpnbam Li ropMoH®?

Q 3raganTe

 PerynatopHi cuctemn
e Tinn pocty
o [ogin KniTuH

Perynauia pocty B pocnuH

Hna perynsiiii pocTy cBOro opraHisMy poc-
JIMHU BUKOPUCTOBYIOTH (hiToropmoHu. diTorop-
MOHM — Ile XimiuHi peyoBHHM’, II[0 BUPOOJIS-
IOThCA B POCJMHAX i PeryjioioTh IXHiW pict
i po3BUTOK. YTBOPIOIOTHLCS IIEPEeBaKHO B TKa-
HUHaX, 10 aKTHUBHO POCTYyTh, HA BEPXiBKax
KOpeHiB i cTebeJr.

o ¢giToropmoHiB 3a3BUYail BiTHOCATH ayK-
CuHU, ridepesinm i MUTOKiHiHM, a imoai i imri-
OiTopu pocTy, HaOpUKJIa[ aOCI[U30BY KUCJOTY.
Ha Bigminy Big TBapuHHUX TOPMOHIB, (piTorop-
MOHU MeHIN crnenudivHi i yacto AilOThb y Til
caMiil OiISTHIII POCJIUHU, O YTBOPIOIOTHCSH.

diToropMoHU € OpPraHiYHMMU pPeUYOBUHA-
MU 3 HEBEJUKOIO0 MOJIEKYJAPHOI MAaco, fAKi
YTBOPIOIOTHCSA B MaJHUX KiJbKOCTSAX B OJHUX
yacTUHAX 0araTOKJITHHHUX POCJAWH i MilOTH
Ha iHIIL iX YaCcTUHUW AK PEeryJaTopu i KOoop-
IWHATOPU POCTY i PO3BUTKY. DPiTOoropMoHwH
3NiMICHIOIOTh 0ioXiMiuHy peryiadmiro — Hau-
BaKJIUBINIY CcHUCTEeMYy peryJadanii oHToreHesy
B OaraTokJiTuHHUX pocauH. IlopiBHSAHO 3 TOp-
MOHaMH TBapuH crenu@ivyHicTh (piTOropMoHiB
BUpakeHa cjabiie, a Airoui KOHIleHTpaIii, K
OIpPaBUJIO, BUIIIi.

Perynauia pocty y TBapuH

Hait6inpmmy poas y peryiasdilii mporiecis
pocTy y TBapWH Bifirpae eHIOKPWHHA CUCTEMA,
AKa 3OIMCHIOE IIell IIpoIlec 3a JOIIOMOIOIO0 T'Op-
moHiB. CyTTeBO BIJIMBATH HA PICT TBAPUH MO-
JKYTh 1 B0BHIIIHI (paKTOpW Ta KOHKPETHiI 0Cc00-
JIMBOCTiI T'€HOTHUIY OKPeMHX 0cOo0MH (cIamkoBi
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3aXBOPIOBAHHS, YHIKaJbHI CIIOJYUeHHS aJiejliB
TOIIIO0).

BnnuB Ha picT opraHiamy nognHu
€HOOreHHNX i eK30reHHNX GpaKkTopiB

Ha picT opranismy JiroguHM MOKe BILIMBATHU
BeJqIMKa KinmbKicTs (axTopiB. Ili dakTopm momi-
JSI0Th Ha [OBi BeJUKi Ipynu — eK3oreHHi (30-
BHiIIHi) Ta enporenHi (BHyTpimHi). [lo exsozex-
HUX (paKmopié BiTHOCATH XapaKTep XapuyBaHHS,
3aXBOPIOBAaHHSA, PiBeHb (Di3MUHUX HABaHTAYKEHbD,
Iifo mMKigauBux (PaxTopiB (aJKOT0JIb, MAJTIHHA,
CHOKMBaHHA HAPKOTUKiB) TOI10. EHOOZEHHUMU
¢axmopamu € CIaKOBiCThb, CTaisd OHTOTEHE3Y,
iHAMBiAya bHI 0COGJIMBOCTI OOMiHY PeYOBUH, Pi-
BeHb T'OPMOHIB, IICUXOJOTIUHUI CTaH TOIIO.

HysKe Ba)KJIWBUM ITOBUTUBHUM UYMHHUKOM,
170 BIJIMBAE HA PIiCT i PO3BUTOK JIIOAWHU, € TIPa-
BUJIbHE XapuyBaHHA, SKe 3aJ0BOJbHIE TOTPEOU
B peuoBMHax Ta eHeprii. Ili morpebu Bm3Haua-
IOThCA TaKUMH (paKTOpaMu, AK Maca Tija, BiK,
piBeHB PyxX0BOi aKTUBHOCTI Jiogquan. OUeBUIHO,
10 KOJIU JIIOJWHA CIIOKMWBa€ HaATO OaraTo 1xki,
TO Maca Ii Tiza 30iIbIIINUTHECA, a 38 HeJOCTATHLOI
KigbKocTi I3ki Maca 3sMeHIIUTBHCA. KO B Ixki
Oyzme 3amaJio abo 3abarato IMeBHUX PEUYOBUH, TO
B JIIOAUHU MO’Ke TMOPYIIUTHCA OOMiH pedyoBUH,
110 TIpU3BeJie A0 IOTipINeHHS CTaHy 3J0pOB’d.
IITo6 s3amobirTu IbOMY, CJil ZOTPUMYBaTUCH
HOPM 30aJ1aHCOBAHOTO XapUyBaHHA Ta IIiATPU-
MyBaTU eHepreTUYHUil OajaHC OpraHisMmy.

3HAaUHWII HEeTaTUBHUII BILJIMB Ha pPicT i pos-
BUTOK JIOAWHU 3AiHCHIOIOTH MAJiHHA, BXKUBaH-
HA aJKOTOJI0 Ta HADKOTUYHUX peuoBuH. i He-
TaTUBHI 3BUYKY CTAIOTh IPUYNHOIO MOPYIIIEHHA
mijioro paAxy (isiosioriuyHMX IIPOIECiB i MOXKYTH
CYTTEBO YHOBiJMbHIOBATH a00 ITOPYIIYBaTU IIPO-
mecu PoCTy.

Big mepiony oHTOreHe3y JIIOAWUHU CYTTEBO
3aJIeKUTh iIHTeHCUBHICTB IIporieciB pocty. Haii-
OiJMBINI iHTEHCHWBHO PiCT JIOAWHU BigOyBa€ThCs
B IUTAYOMY I miggiTkoBomy Bimi. Hatibinbmmmi
TpUPICT y MOBYKUHY CIOCTEPIraeThbCcA B IIEPIIi
IBa pokwm KuTTA. HacTymHi mepiogm iHTeHCUB-
HOCTi pocTy — 7—8 pOKiB Ta B IIepioj; cTraTeBOTO
mospiBamHsa. PicT KiCTOK JIOAWHU B OOBKUHY
MPUNMHAETHCA y 22—24 DPOKHU.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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MNpobnema rinoguHamii

HopmanpHUil picT i po3BUTOK OpraHismMy
JIOAVUHU MOMKJIUBUMN JIUINlE 3a JOCTAaTHHOI pYy-
XO0BOl aKTWBHOCTi, IMOBHOIIHHOTO XapYyBaHHSA
i crabinpbHOI AiAJBHOCTI 3a/i03 BHYTPIiIIHBOI
cekpernii. HegocraTHa pyxoBa aKTUBHICTHE —
oIHa 3 HAWUIOMIMPEHIIINX MOpobjieM cydacHOC-
Ti. [lopymerHa GyHKIIiNT opraHisMy BHACJIITOK
o0MesKeHOI PyXoBOI aKTHMBHOCTI Ha3WBAIOThL 2i-
nodunamieo. BoHa mpu3BOAUTH M0 HU3KU He-
TaTUBHUX HACJIIKiB, AKi BIIMBAIOTL HE TiJb-
KU Ha OIIOPHO-PYXOBY, ajie ¥ Ha iHII cucTeMu
OpraHiB JIIOAUHMA.

Hacainkm rimopmuamii:

« npuctpodisa (3MeHIIeHH:A, ITOCJIA0JIeHHS)
CKeJIeTHUX M’ s3iB;

+ mocJiabJIeHHs CUJIU CKOPOUYeHb CepId i TO-
HyCy CYAUWH;

* BHUKEHHS iIHTEHCUBHOCTI OOMiHYy PEUOBUH
Ta eHeprii;

+ IMOPYIIIEeHHA KPOBOOOITY I aTepoCcKJIepos;

* TMOTipIIeHHA MepeTpPaBJIeHHs I 3aCBOEHHA
Toxi;

- mocaabJeHHA iMyHiTETY;

+ eMoIliliHa HeCTiHKicTb.

lNopyweHHA npoLueciB pocTy KiTUH
B OpPraHi3mi Il0ANHN

Haii6inemmoo 3arposoo [as OpraHismy
JIOAUHU € CUTyallid, KOJIU KJITUHA BTpadae
KOHTPOJIb HaJ CBOIMH MHOAijaM{ i TOUYMHAE iH-
TEHCUBHO IinuTucsa. TakKi mopyIlleHHs CTalOTh
OPUYNHOI BUHUKHEHHA MYyXJUH Pi3HOI Ipupo-
mu. Taki nyxJamHU TOmiNAOTH Ha OBI BeJaHWKi
rpynu — OoOposAKicHI I 3yoAKicHI.

JHo0posKicHI MyXJIMHU — Il HOBOYTBOPEHHS
B OpraHiaMi, 110 3yMOBJIeHI HEKOHTPOJILOBAHIIM
ajie O0OMeyKeHUM PO3MHOKEeHHAM KJIiTHUH, AKi He
MOIIUPIOIOTLCA B CycigHi TKaHwHU (He 3maTHI
o imBasii) Ta BigmaseHi opranu (He yTBOPIOIOTH
MeTacTasu).

3a CTPYKTYPOIO MOOPOAKIiCHI MyXJWHU CXO-
JKi HA TKAHWHU, 3 AKUX BOHU BUHHUKJIU. CTy-

0 KnioyoBga igen
Perynauito npouecis pocTy n pO3BUTKY B »KMUBUX

OopraHiamax 3a3BuyYan 3[iMCHIOTb PI3HOMAHITHI
XimMiuHi cnonykn. Hanpuknag, ¢itoropmoHun y poc-
nnH abo ropmoHun y TBapuH. Ha ui npouecn cyT-
TEBO BM/IMBAOTb Pi3HOMAHITHI dpakTopun AK cepe-
[JOBWLQ, TaK i CaMOro opraHismy.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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miHb IXHBOI Au(depeHITialii CyTTeBO BUIIUNA, HiXK
y KJiTMH B3JoAKicHMX mnyxjauH. [[oOposaxricHi
NyXJUHU 3a3BUYall POCTYTH IMOBiJIBHO ¥ oOMe-
JKeHi CIIOJIYYHOTKAHMHHOIO KallcyJioo. BoHu He
BUKJINKAIOThL OOJII0, ajie MOKYTh HOPYIITyBaTH
poboTy opraHiB, a B HeAKWX BUIAAKaX 3TaTHI
IepeTBOPIOBATUCA HA BJIOAKICHI ITyXJIMHU.

PismomaniTHiCTE JOOPOAKICHHUX IYXJUH €
BHCOKOIO. IX KJacu(]iKyoTh 32 THIIOM TKaHUHH,
3 AKOl BOHU YTBOPUJUCH.

3I0AKiCHI NMyXJWHUM — Ile HOBOYTBOPEH-
HS B Oopradismi, 1o 3yMOBJIEHI HeOOMEe)KeHUM
i HEKOHTPOJHOBAHUM PO3MHOYKEHHSAM KJIITUH,
AKi mOIMWPIOIOTHCA B CycimHi TKaHWHU (3miH-
CHIOIOTH iHBasiio) Ta Bigmaseni opranu (yTBO-
pioioTh MeracTtadu). 1Ilogo 3/I0AKICHUX TYyXJIWH
YaCcTO BUKOPUCTOBYIOTH TEPMiH pakosa nyxiura
abo pak. Ileit Tepmin sanpomonyBas I'inmmokpar,
AKWN ommcaB MYyXJWHY, M0 30BHINTHBOIO (hop-
MO0 OyJjia cxo)ka Ha Kpaba abo paxa 3aBIAKH
MiCIIeBUM MeTacTasaM, SKi IIPOHUKAJU Y Cy-
cimHi TKAHWHU.

XapaKTepHUMU O3HAKaMM 3JIOAKICHUX ITyX-
JIUH € TaKi:

* IIBUAKUN HEKOHTPOJHOBAHUI PiCT;

* IPOHUKHEHHA B CYCilHI TKAHUHU 3 yTBO-
PeHHAM MiciieBuX MeTacTasiB (iHBaaii);

* IePeMIiIlleHHA OKPEMUX KJITUH MyXJUHU
adiMmpaTnyHUMU Ta KPOBOHOCHUMU CyJMHAMU
y Bimmaneni opramu ¥ TKaHUHH (yTBOPEHHSA
MeTacTasis);

« OTpyHHA Oisi Ha BeCch OPraHi3M 3aBIAKU
BUPOOJIEHHIO KJIITMHAMU TyXJWHU TOKCHUHIiB;

+ pisnuHE BUCHAKEHHHA, 3MEHIIIEHHA Macu
Tija;

* HAABHICTh MEXaHIi3MiB «yHUKAHHA» yBaru
iMyHHOI cucTeMU OpPTraHiZMy;

* HAABHICTh BEJIMKOI KIJBKOCTI MyTamii
Y KJITMHAX TYXJIUHU;

« HUBBKUU piBeHb aumdepeHIriamii KJIiTuH
TyXJINHU;

« BTpaTa 3JaTHOCTi KJIITHH IO aIloIITO3Y;

- iHTeHCUBHE YTBOPEHHA KPOBOHOCHUX CYy-
IVH Y TyXJIWHI.

3anuTaHHA Ta 3aBOaHHA

1. AK perynoeTbca pict pocnnnH? 2. Aki dakTopm mo-
XKyTb LWKIANMBO BNAMBATW Ha PIiCT OpraHiamy oanHn?
3. Yn MoxyTb 0cobnMBOCTI BYOBY Ta XKUTTELIANBHOCTI
TKaHVHU BIUIVHYTW Ha PU3UK PO3BUTKY NyXnnHu? Yomy?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 108. PereHepauin

0 [omipkynTe

ke 3HaueHHA AnA npoueciB pereHepauii
B JIIOAVIHW MaE€E il TpaHCNOpPTHa cuctema’?

é 3raganTe

» CamoBiATBOpPEHHA
+ TBipHi TKaHWHN
- [ogin KNiTnH

PereHepauif y »XnBux opraHiamis

Perenepanis — 1ie 3maTHICTH KHUBHUX Op-
raHi3MiB BilHOBJIIOBATU CBOI IIOIIKOKeHi abo
BTpaueHi cTpyKTypu. BoHa € omHiewo 3 (yH-
ITaMeHTaJbHUX BJACTHUBOCTEN KMBUX OPraHis-
MiB, X04a I IPOABJIAETHCA Y PIBHUX OpPraHi3MiB
pisHOIO Miporo. SKIIO OgHI OpraHi3sMu MOXKYTb
CAMOBiTHOBUTHUCSA HABITH IIiCJISg OysKe CUJIBHUX
MOIIKOIKeHb (Tigpu, maamapii ToIo), To iHImi
3maTHiI D0 pereHepallii He3HavHOIO0 Miporo (He-
MaToau).

Perenepariiini BiaacTtmBOCTi pisHUX Tpyn
JKUBUX OPTraHisMiB pisHATBCA MiK co00I0.
Y O6inpimocTi BUIIAAKIB IMigBUINeHHSA PiBHA Op-
ramisamii Ta ycKJaIHeHHsS OyIOBUM OpraHiamy
HOTipIIyIOTH, HOTO 3HAaTHICTL OO pereHeparii.
Tax, nnaHapia pereHepye Kpailie, HijK OyTroJio-
BOK ’Kabm, a IIyroJIOBOK sKabu — Kpaille, HiK
JoauHa. AJjie 114 3aKOHOMipHICTh He € BCEeOXOII-
aouoio. OcobsmBocTti Oiosorii meAKMX TPyI
CYTTEBO MOTiPINYIOTH MOKJIMBOCTI pereHeparii
opramiamiB, AKi mo HuUxX HaJdexaTthb. Hampu-
KJIaJ, HeMaTOAUW i KOJIOBEPTKU MHPAaKTUYHO He-
CIIPOMOJKHiI IO pereHeparrii, a OiJbII CKJIQZHI
3a OyZOBOI0O PAKOIOMiOHI pereHepyoTh Iy:Ke
e(heKTuBHO.

Tapua smaTHicTh 10 pereHeparlii npuTamMas-
Ha 0OaraTboM OpeJCTaBHUKAM KAJIKUX (KUII-
KOBOIIOPOKHUHHNX), IIJIOCKUX Ta KiJIbYacTUX
YepBiB, TOJKOIIKIpUX Ta JeIKUX IiHIIUX TPYI.
Aule HaWIKpAaIOoO MOYKHA BBa’sKaTU 3JaTHICTH J0
pereHeparii y ryoox. IlpeacraBHuUKH 11iei rpy-
OU 3OaTHI BiIHOBUTH IiJIUH OpPTraHiadM 3 KYIKU
OKpeMUuX KJITHH, Ha AKi #0oT0 po3aiimiu, mpo-
JaBUBIIKU KPi3b ciTUaCTy TKaAHUHY.
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PereHepauinHi 3gaTHOCTI NIOAMHN

Pereneparifini Ba1acTuBOCTi opranisamy Jro-
IVHY He € HAaWBUJATHIIIMMU, ajie BCe K TaKu
pO3BUHEHIi IocTaTHRO cuibHO. Ha piBeHBb pere-
HepalifHUX BJACTUBOCTEN BIIJIMBAE Te, IO JIIO-
IUHA € BUCOKOPO3BUHEHUM BHUOM 3i CKJIQZHOIO
HOBeIiHKOMI. A B Ipolieci eBoJIOIiI perexepa-
MilfiHi BJIaCTUBOCTI TaKUX BUIIB 3MEHIITYBAJINCH.
ITe G6yJsio OB’sI3aHO 3 THUM, II[0 HOOpe PO3BUHE-
Ha HepBOBa CHCTeMa 3HAYHO 3HUIKYBaJia PUSUK
OTPUMAHHSA IIOINKOIKEHb, IJd JIKBigaIii axux
i Oysna morpibHa pereHeparis.

Haitikpaire y JT0auHN pereHepyoTh KJIiTH-
HU emimepmicy Ta ixui moxigHi (mas. 108.1),
Taki AK BoJioccaA Ta Hirti. Hemorano perernepye
KicTKOoBa TKaHWHA, ITIO0 JO3BOJISE YCIIiITHO 3pPO-
mryBaTu nepejomu. Ileuinka TeK Mae 3HaTHICTD
o pereHepallii i Mmoxke BiTHOBJIIOBATHUCA ITiCJIA
OOomIKOIKeHb. HalicKkyaawHille B opraHismi Jiro-
IVHU pereHepyBaTU HEePBOBill TKaHWHi. Tpuna-
JUA Yac BBasKaJid, IO HEPBOBa CHCTeMa B3a-
rajgi He MOKe pereHepyBaTu. Ta sromom 0yJo
BCTAHOBJIEHO, III0 HEPBOBA CHCTEMAa TaKU MOKe
YTBOPIOBATU HOBiI HeWpOHM (X0ua TpoIlec Iei
MOBiMIBbHUYM i cKJIagHUI) Ta (GopmMyBaTHm HOBI
CUHONTUYHI 3’€IHAHHSI.

Dopmu pereHepauii

Pospisaamre nBi (Gopmu perenepamii —
BHYTPIIIHBOKJIITUHHY Ta KJIITHHHY. BHyTpim-
HBOKJIITMHHA pereHepaniga BinOyBaeTbca Bce-
penvHi KJIITUH 3a PaXyHOK MOJEKYJIAPHUX
mexaHi3MmiB. PesysbTaTom 1iel ¢hopmMu pereHepa-
il € BiJHOBJIEHHA MOTPiOHMX KJIITHHI oprames
Ta MOJEKYJAPHUX CTPYKTYp. BimHoBIOBaTMCA

Man. 108.1. PereHepauia nowkogxeHoro enigepmicy
y noaviHun

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae
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MOJKYTBh XJIOPOILJIACTU, MiTOXOHAPii, KOMILIEKC
Tonpmki, eHgomIasMaTuuHa CciTKa, pudOOCOMH,
BaKyoOJIi TOIIO.

Kaitunna perenepanisa BizOyBaeThca Ha
piBHiI opramismy 3a paxXyHOK IOAiJNy KJiTWH,
110 JT03BOJISIE TTOBHICTIO a00 YacTKOBO BiHOB-
JI0BaTHU TKAHWHU ¥ opraHu. Tak, pereHeparia
cTae MOTPiOHOIO Micisg TpaBM, 3aXBOPIOBAHD,
3aru0esii YacTMHU KJITUH YHACIiJOK OTPYEH-
HS TOIO. 3ajJeKHO Bif 3amad, AKi Bupimrye
B OpraHiami JIOAWHU IIPOIleC pereHeparii, pos-
pisHAOTL (isiosoriuny I pemapaTuUBHY pere-
Hepario.

QizionoriyHa pereHepauis

®diziosoriura pereHepanis ITpu3HAUYEHA
IJIs BiZHOBJIEHHS CTPYKTYP OpPraHiamy, AKi 3a-
3HAIOTh MHOMIKOJKEHBb Y XOHi HOPMAaJbHUX Qi-
siosoriuamx mnporeciB. Ile#l Tun pereneparii
y baraThox KMBUX oOpra"ismis (y Tomy uywmc-
Ji ¥ JoguHM) BiAOYBa€ThCS TPOTATOM YCHOTO
KuTTaA. Hanpukiaanm, 3a paxyHOK ¢isiosmoriu-
HOI pereHeparlii BigOyBaeThcs mocTifiHa 3MiHa
eIriTesilo KUIIIKOBOTO TPaKTy Ta IIOKPUBHOTO
emriTesito; 1eil caMuUi MPOIeC € OCHOBOIO OHOB-
JIeHHS €ePUTPOIIUTIB KPOBi, Uac iCHyBaHHA AKUX
IOCHUTHh OOMEesKeHMil uepes3 BiACYTHiCTH sapa
B KJIITUHi, TOIIO.

Aute iCHYIOTB CTPYKTYPU, ¥ AKUX OHOBJIEHHSA
MIJIAXOM KJITHHHOTO TOMiJy € HEMOMKJINUBUM.
Hanpuknaan, BysbKoOcIIeIliajidoBaHi KJiTuHH,
TaKki AK HelpoHHu. ¥ IIUX BUIIaAKaX pereHepa-
mia BigOyBaeThCS IILJIAXOM MOCTYIIOBOI 3aMiHU
opraues (€ BHYTPiIIHbOKJIITUHHOIO).

PenapaTtvBHa pereHepadis

PenmaparuBHa pereHepamis po3moYWHA-
€ThbCA y BUIIAAKY IIOMIKOMKEeHHsA abo 3arubeJri
CTPYKTYpP OpraHiamy, AKi He € HaAcCJiIKOM HOP-
MaJbHUX (piziosoriuamx mporeciB. Taki momnrko-
IKEeHHA BUHUKAIOTH y PE3yJJbTaTi 3aXBOPIOBAHb
abo TpaBM. ¥ IIbOMY BHHOAAKy 3BUuaiiHa (isi-

0 KnioyoBga igen

PereHepauito nopinAlTb Ha BHYTPIWHbOKMITUH-
Hy (BiiOYBA€TbCA BCepeaAViHi KNiTUHW) i KNITUHHY
(BinOYyBa€ETbCA Ha PiBHI OpraHiamy). 3anexHo Big
3afay, AKi BMpIWY€E B OpraHiami niognH1 npouec
pereHepalii, po3pisHatoTb disionoriyHy 11 pena-
paTuBHY pereHepaldiito.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

oJIOTiuHa pereHepallisi CyTTEBO IIiACUIIOETHCS
i crTae pemapaTHMBHOIO.

PenmapatuBHa peremepaiiigs Moke OyTH IIO-
BHOIO i HETIIOBHOIO. ¥ BUMOAJKYy MOBHOI pereHepa-
il TOIIKOMKeHa TKAaHMHA ITOBHICTIO 3aMiHIOETh-
csA HOBOIO i TOIIKOIKEeHHSA 3HWKae 6e3ciigHo.
¥V BuUmagKy HeIOBHOI pereHeparrii BiZHOBJIEHHA
GYHKIIA BigOyBaeThCsa 3a PAXyHOK HABKOJIHIII-
HiX TKaHWH, a caMe MicCIle IOIITKOAKeHHA 3aIl0-
BHIOETHCS CIIOJIYYHOI0O TKAHWHOIO, AKa (hopmye
pyoelib.

[NaTonoriyHa pereHepauis

Y meaxkux BUIIaAKaxX y IpoIlleci perexeparrii
OymoBa Ta (PYHKIII opramisMy BiJHOBJIIOIOTHCS
3 mopymeHHaMu. Taxky pereHepaliilo HasuBa-
I0Th maToJoriuHoro. BoHa mo:ke BimOyBaTucs,
AKIIO YMOBH, B AKHX pereHeparis IPOXOIUTh,
He € HOopMaJbHUMH. Hampuikaana, opraHisam He
OTPUMYE AOCTATHBO MOKUBHUX PEUOBUH, HAABHI
MIOPYIIIeHHA PiBHA F'OPMOHIB ab0 HEPBOBOI pery-
adarii, mpuraiveni iMmyHHi peakmii, cmocrepira-
€ThCsA TiMOBiTaMiHO3 TOIIO.

Y BumagKy IaToJIOTiUHOI pereHepariili Bif-
HOBJIEHHS MoO:Ke sarpumyBatucs. Crocrepira-
€ThCsA BUHUKHEHHS BHPA30K, HECIIPaBMKHIX Cy-
ra00iB, KOJIOIZHMX PYOIliB TOIIO.

Came HaCJIIIKOM IIaTOJIOTiUHOI pereHepartii
€ PO3POCTAaHHSA MIiJIBHOI CHOJYYHOI KJIITHHU 3a-
MiCTh HOPMAJBLHOI INKipum Ha Micii ramboKmx
OIiKiB.

@ MpakTyHa poboTa

Bus4yeHHA munie pezeHepayii

1. Po3rnaHbte ¢doTorpadii Ta mantoHKM i3 306pa-
KEeHHAMYM MpoLeciB pereHepalii opraHiBa abo op-
raHiamis.

2. BusHaute Tunu pereHepadii.

3. YKaxiTb, AK MOXHa MOACHUTW HEOA4HAKOBY 34aT-
HICTb AO pereHepauii y pi3HUX BUAiB TBAPUH.

4. CoopmyntonTe BUCHOBOK.

3annTaHHA Ta 3aBaHHA

1. Ha KOHKpeTHOMy MpuKnagi NoAcHiTb, AK BiAby-
BA€ETbCA HEMOBHa penapatmBHa pereHepauia. 2. Yomy
TaTylOBaHHA HaHeCTW BiAHOCHO Nerko, a BMBECTW Hap-
3BUYANHO CKNagHo? 3. Y AKUX BMMadkax pu3MK nato-
NOriyHoi pereHepauii moxe pisko 3poctn? [na nigro-
TOBKW BiAMNOBidi BMKOPUCTOBYMTE AOAATKOBI Axepena
iHbopMmauil.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae 225
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Tema 5. PenpofyKLis Ta pO3BUTOK OPraHi3mis

§ 109. TpaHcnnaHTaLifa opraHiB

0 [omipkynTe

AKi opraHu Tina NOANHU HaWnerwe niaaalTbCca
TPaHCMIaHTauii Ta yomy?

Q 3raganTe

« 3rapanTe o [eHOM

e ImyHiTeT « Perynsauin

TexHonoria TpaHcnnaHTauil Ta it

npobnemun

TpaHcnIaHTalis — Ie TepecagKa peu-
mieHTy opraHa abo TKaHWMHU, AKi Oyau B3ATi
3 oprauismy moHopa. Ilepecam:xkyBaui opranu
I TKAaHWUHW HA3WBAIOTh MPAHCNIAHMAMAMU.
TpancnnaHTaligs BUKOHYETHCA XipypriyuHUMHT
MeTOJaMu.

CyuacHa MemUIIMHA MOJKe YCIIIIITHO 3Iii-
CHIOBATH TpAaHCILIAHTAIil0 0araTboX OpPraHis
i TKAaHUH JIOOWHU: Ceplid, HUPKU, KiCTKOBOTO
MO3KY, JIeTeHb, ITIeUYiHKU, BOJIOCCSHA, IIKipU TOIIO
(man. 109.1). ¥V Bunaary, Koju B OpraHisM JIio-
OIUHU IIOMIIIIalOTh He KMBi opraHu U TKaHU-

¢d g

Man. 109.1. OpraHu noguHy,
AKi 4acTo CTaloTb 06'€EKTOM TpaHCnnaHTauii

HU, a ixHi MexaHiuHi a00 eJleKTPOHHI aHAJOTH,
TaKi IITyYHi aHAJIOTM HA3UBAIOTh IMNJIAHMAMU,
a caM IIpollec iMIIIaHTAIi€lo0.

OcHOBHOIO TIPO6JIEMOI0 TpaHCIIJIaHTAIlil €
moMoJIaHHS iMyHHOro O0ap’epy. Byab-axi uyki
OpraHy ¥ TKaHWHU iMyHHa CHCTeMa OpraHismy
posIi3Hae i1 MoYMHAE aTaKyBaTH, HaMaram4yuch
BHUMUTU UyKopigHi Kaituau. Ile crae mpuuwm-
HOIO 3arubeJsii i1 BiATOPrHeHHA TPAHCIIJIAHTATIB.
Hna momepejsKeHHA IIHOTO IIPOIECY JiKapaM
IOBOOUTHCA IPUTHIUyBAaTH B IIaIlieHTa POOOTY

Buawn TpaHcnnanTauil
3ajie’KHO BiJ IIOXOKeHHS TPaHCIJIAHTATA BUIALIAIOTHL KiJbKa BHUIIB TpaHCILIaHTaIlii.

Bupa TpaHcmiaHTaIii Oco6MBOCTi BUY TPAHCILIAHTAIIT

AyTo- PertimienT € noHopom ajs camoro cebe. Ileit MeTox IMMIMPOKO BUKOPUCTOBYIOTEH ¥ BUTIA/-

TPaHCILIAHTAIl1d KaX mepecajgky IIKipu (0co0INBO y BUIAAKY OIIKiB, KOJIM IIKiPY 3 HEIOIIKOMMKEHNX
TiJAHOK IIePecamsKy0Th Ha MOIITKO/:KeHi) Ta KiCTKOBOTO MO3KY

Isorpamnc- JoHOpoOM cTae J0MHA, TOBHICTIO iIeHTHYHA 3a TeHOMOM [0 pertinmierTa. Ile moxam-

IIaHTaILlig BO B TOMY BUIAAKY, KOJU JOHOP i peIlimieHT € MOHO3UTrOTHUMHU OJIn3HIOKamMu. Taxa
TPAHCILJIAHTAI[is MOYKEe 3aCTOCOBYBATUCS JJIA ITePECAAKU Oy Ab-IKUX OPraHiB

AnnorpaHce- V¥ poui moHOpa BUCTyIIa€ JIOAWHA 3 TeHOTUIIOM, BIIMiHHMM BiJf TeHOTUITY PeIIUIli€HTA.

IIaHTaILlig ITeit BapiaHT 3acTOCOBY€EThCA HaliuacTiie, 60 f10oro Halieriie peaaidyBaTu MPaKTAUHO.
st momosaHHA TPo6JeM 3 iMyHHOIO CUCTEMOIO IiA0MPAIOTh TPAHCILJIAHTATH, HA-
6isbIII CXOsKi 32 HAGOPOM aHTUTEHIB Ha OPTaHU JOHOPA

Kcenorpasc- IloHOpOM € He JIOAWHA, a TBApUHA iHITOro BuAy. Kpim mpob6iieM i3 BiATOpraeHHAM

IJIaHTAIlA TPaHCILJIAHTAaTa, I TEXHOJOTiA BUMAarae ypaxyBaHHA MOPAJbHUX Ta COIiaJIbHUX

aCIeKTiB, 00 BUKOPUCTAHHSA TAKUX TPAHCIJIAHTATIB MOJKE CyIIePeYUTH MOPAJIbLHUM YU
peJiriiHuM IepeKoOHaHHAM JOHOPA

Kiaitunna inxene- | Ila TexHosorisa mepenbaduae BUIYUEHHA IOTPIOHUX KJIITUH 3 OPraHi3My caMOTO IallieH-
pid Ta KJIOHyBaHHA & Ta i BUpOIIlyBaHHSA 3 HUX IIOTPIOHMX OPraHiB Ta TKAHUH MeTOAaMU KJIITUHHOI iHxKeHepil
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iMyHHOI cmCcTeMH! 3a [JOTOMOTOI0 CIeIliaJbHUX
mpemapaTiB. AJie TaKe IIPUTHiUYeHHS CTAHOBUTD
CYTTEBY 3arposy Ijsa 3a0poB’s, 00 opraHism
JIOAVWHU CTa€ ypasJuBUM IJd PiBHOMAaHITHUX
MaTOTeHHUX OPraHi3MiB.

MpuHUMnn 6ionoriyHoT eTKN

TpaHcniaaHTaIlisi TKAHUH i opraHiB poOUTH
AKTyaJbHOIO IIP00ieMy 0i0eTUKYM — MOPAJIbHUX
aCIIeKTiB 3aCTOCYBaHHS X TeXHOJOrii. OCcHOB-
Hi npuHIUIIN 0i0eTUKM, AKUX 0aKaHO JOTPUMY-
BaTUCA AJIA HEAOIYIIEeHHS eTUYHUX ITpodjeM,
3ampoInoHyBau amepukaucbki Bueni T. JI. Bi-
yami i k. ®@. Hingpec (1985 p.).

IIpuanUIUM GioeTHUKM:

« IPUHIUII aBTOHOMil (IHAWBiA Mae mTpaBo
POSIIOPAIKATICSI CBOIM 3I0POB’AM);

« IPUHIAII «HEe 3allIKOAb» (BUMAarae MiHi-
MaJsrisarii MmKoau 3a MEJUUYHOTO BTPYYaAHHA);

- mpuHIuNO 6Jara (Jikap 30008’ A3aHUN 3il-
CHIOBATH [Iii, CIIPSIMOBaHi Ha MOKpAIIeHHS CTAHy
marieHTa);

« IPUHIIUII CIIPABEIJIUBOCTI (BUMarae piB-
HOTO CTaBJEHHS [0 BCiX MAallieHTiB 1 piBHOTO
JIOCTYIly IO PECYPCiB IJisi MEJWUYHOI TOTIOMOTH).

BukopuctaHHa 3D-gpyky
Y BiATBOPEHHI TKaHVH Ta OpraHis

Ha mouatky 2000-x pokriB 0OyJio posmoua-
TO CTBOpPeHHA TexHOoJoTil 3D-0iompUHTHHTY.
I1sa TexHOJIOTiA IepenbaYae CTBOPEHHA 00’ €MHUX
MojeJsiefl OpraHiB Ta TKaHUH JKUBUX OPraHisMiB
Ha KJITUHHINA OCHOBi 3 BUKOPHUCTAHHAM METO/iB
3D-npyky.

Ilepmmuii Bramuii ekcriepuMenT 3 3D-apyKom
oyJsio ipoBegero 2006 pory, Koau IJd KiJbKOX
HalieHTiB HAJAPYKYyBaJ CEYOBI Mixypu 3 KJIi-
TUH, YTBOPEHUX CTOBOYPOBUMU KJITWHAMU ca-
Mux mnaiieHTiB. 3apas TexHoJjoria 3D-apykry
JIONCBKUX OPTaHiB IIPOXOAUTH CTAMil0 KJIiHiY-
HUX BUOPOOYBaHb Ta €KCIEePUMEHTAJbHUX [10-
caimkenb. Iloku 110 BOHA He BIPOBAKeHA

0 Kniouosa iges

TpaHcnnaHTauia — ue nepecafgka peuumnieHTy
opraHa abo TKaHVHW 3 OpraHi3mMy JOHopa. IcHye
Kiflbka BUWAIB TpaHcnnaHTauii. Baxknueum acnek-
TOM TEXHONOrii TpaHCMMaHTauil € MopanbHUN,
MOB'A3aHNN 3 MOXINBUM BUHUKHEHHAM €TUYHMX
npo6nem. ToMmy BUKOPUCTaHHA L€l TEXHONOTIi no-
Tpebye OOTPUMaHHA MPUHLMMIB GiOETUKN.

MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

Man. 109.2. BigHOBIeHHA XPALLIB NIOACHKOrO Byxa
€ OAHi€l0 3 HaMbINbW rapHO BigNpaLbOBaHUX METOAUNK
3D-ppyKy NIOACbKMX OpraHis

y IIUPOKY MEAWUYHY HIPAKTUKY. Y CHimmHi mocJri-
IoxeHHA 3 3D-IpPYKY Ta HACTYIIHOI TPaHCILIAHTA-
IIii HaAPYKOBAaHOTO opraHa 0yJo IPOBeIeHO IJIA
Ceu0BOT'0 MiXypa, XPSIIiB HOca Ta BYX, MIKipH,
KicTor Tommo (mas. 109.2).

Y Ham yac TepMiH «OiONPUHTHUHI» BHUKO-
PHUCTOBYIOTH IJA ITO3HAUYEHHA KiJbKOX pPiB3HUX
TexHoJIoriil OioApyKy. 3ajeskHO Bing obpamHoi
TeXHOJIOril APYK TKaHWUH i oprauniB Ha OiompuH-
Tepi MoOJKe 3IiMCHIOBATUCS 3 BUKOPUCTAHHAM
(OTOUYTIUBOTO TipoOTesio, cHelliaJbHOl pigu-
HU abo IIOPOIIKOBOI0 HamoBHIOBaua. HasaBHicTh
KiJTbKOX pi3HMX TeXHOJIOTi#l IOoB’s3aHA 3 THUM,
10 OpraHiaM JIIOAWHU MiCTUTH PisHi TMOU TKa-
HUH, KOKHA 3 AKUX MOTPedye 0COOJIMBUX YMOB
3D-npyky.

Ilepimuii Komepuifinuii OGiompuHTEp O0YJI0
crBopeno 2014 poxy. Bin He nmpusHaueHUH I
CTBOPEHHS OPraHiB s TpaHCILIaHTallii. AJe
TKaHUHU ¥ OpraHuW, AKi MOYKHa BUTOTOBUTHU
3 [IOIIOMOIOI0 IILOTO IMPHUJIAAy, BUKOPUCTOBY-
I0Th (papMalneBTUuYHi KomnaHii. Bouu Bumpobo-
BYIOTh Ha TaKWX HAAPYKOBAaHUX OpraHax CBOI
HOBi penapatu. Ile cyTTeBO MpUCKOpPIOE aHATI3
mpemaparTiB Ha 6e3IleYHiCTh Ta 3AeIIeBJII0E IXHE
BUPOOHUIITBO i BIIPOBAAKEHH.

QBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Ha KoHKpeTHOMy npuKknagi MOACHITb, YoMy nig
Yyac TpaHCMnaHTauii opraHiB HaBiTb Bif HaNGMMXKUMX
poanyiB MOXNNBO BUHUKHEHHA Npo6siem 3 iXHIM npu-
XuBneHHam. 2. Yomy Tpeba po3pobnAtn 1 po3BuUBa-
Tn TexHonorii 3D-gpyKy noacbkux opraHis? 3. Y AKMX
BMMNaAKax paLioHanbHO BUKOPUCTOBYBATU KCEHOTPaHC-
niaHTauilo, BPaxoByun fyxe CUIbHY peakuito iMyHHOI
CUCTEMW HA aHTUFeHW iHWWX opraHiamie? [na nigro-
TOBKM BiAMOBIAI BMKOPWCTOBYNTE AOAATKOBI AXkepena
iHbopmaLii.
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OCHOBHI NONOXeHHA TeMun «PenpoayKuUia Ta pO3BUTOK OpraHi3miB»

Tunun HecTaTeBOro PO3MHOEHHA

Tumn XapakTepucTugKa
Ilomin Pospminenns maTepuHChKOI KJIITUHY Ha ABi Ta GijbIile JouipHix
BpysbkyBaHHS YTBOpeHHS HOBOTO iHAMBiAY 3 BUNMHY (6PYHBbKM) Ha TijJi MaTepUHCHKOI 0CO-
OuHU
dparmeHraiisa Pospginenns Tina 6araToKJIITHHHOTO Oprauismy Ha aBi a6o OijbIlle yacTUH

Po3amHoOsKkeHHSA criopaMu YTBOpeHHS cIOP — KJITHUH Ta iXHiX rpy1 (y rpubiB), 1110 IPUCTOCOBAHI 11

TMOMUPEHHSA I BiATBOPEHHS MaTePUHCHKOI 0COOUHUI

Po3MHOKeHHA 3 yTBOPEHHAM
crieniajizoBaHuX 0araToKJi-
THHHUX CTPYKTYP

VYTBOpeHHS 6araTOKJITHHHUX CTPYKTYP, 110 IPUCTOCOBAHI [JIA MOIIUPEHH S
¥ BiATBOPEHHSA MaTepPUHCHKOI ocoOMHU (TeMysiu, craTobacta, isugii To1o)

BereraTuBHe po3MHOKEHHA VYTBOpeHHA HOBUX OCOOMH 3 BereTaTUBHUX OPraHiB Tija (3BUUYAllHUX IIarOHiB

i KopeHiB, 6yIb0, MUOYJINH, KOPEHEBUII], BYCiB TOIIIO )
Tunun cTateBoro PO3MHOXEHHA

Tun po3MHOKEHHST Oco6INBOCTi OyTOBU CTATeBUX KJIiTUH

Izoramis YosoBiui i1 »KiHOUYi ramMeTu 34aTHI 10 PyXy Ta MaiOTh OJHAKOBY GOpMY i po3Mip

Amnizoramis YooBiui i1 »KiHOUYi ramMeTu 34aTHI 10 PyXYy, BOHU MAIOTh CXO0XKY hopMy,
aJie pisHuUit posmip (*Kimoui 6isbIri 3a po3mipom)

Ooramisa YHouroBiui # skiHOUi TaMeTn MarOTh PidHY (hopMy ¥ poamip. o pyxy smaTHi guiire
YoJIOBiui rameTn

BusHaueHHA cTarTi
Mporamue XpomocomHe Eniramne
3a1eXNTb Bif TUNY ANLEKTITUHN 3aneXuTb Bif, XPOMOCOMHOIO 3aNeXunTb Bifl YMOB PO3BUTKY
(konoBepTKN) Habopy ramer, WO 311BalOTHCA (6oHenis, Kpokoaws, XBOLL)

FannogunnoigHe
3aneXuTb Big Toro, um byae 3annigHeHa
ANLEKNiTMHA (64X0Nnun, Mypaxu)

foHocomHe
3aNeXnTb Bif CKnagy cTtaTeBMX XPOMO-
COM Y rameTax reTeporameTHOI CTaTi

Cucrema XY Cucrema X0 Cuncrema ZW
Q XX; & XY 2 xx; & xo Qzw; 4 zz
(ccaBui) (TapraHu) (nTaxwn)
228 MpaBo ans 6e3onnaTtHOro po3milleHHst NigpyYHMKa B Mepexi IHTepHeT mae

AyTtocomHe
BU3HAYAETbCA KOMOIHaLli€o
anenis ayTocom (geski pocnuHm)

Cucrema Z0
Qzo0; 8 zz
(moni)
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[ameToreHes y KBiTKOBUX POC/INH

o0 ol Ue%ﬁ

MaTtouka Meracnopu

3

Munak Mikpocnopu

fameToreHes y ccaBLiB

lameTn TBapuH

Cnepmato30ip ccaBuiB

Crapin AKpocoma
PO3MHOXEHHSA
0 \ XsicT
o
E @ s /
=
oo Toniska .."ﬁ,‘
Wwniika .
¢ Crapia pocty ¢
o Bynosa anuekniTMHN
Crapina 0 OBonna3ma
O O [N03piBaHHsA 8
) \
@ ®© ©©® =
o MonApHi
9 ()) 9 o TinbuA osTKoBa
Cnepmatosoian AnueknitHa 060/10HKa
Cragia dopmyBaHHsA T
flppo
Ocob6nuBi Gopmn PO3MHOMKEHHS
Tun 3BigKM 3’ ABIAETHCA HOBUM iHIUBIT
ITaprenorenes 3 HesaIIifHEeHOI ANIEKIIITHHNI
ITemorenes I3 TKaHUH 3apoKa MaTePUHCHKOI 0COOMHU
Amnoramisa I3 ranmoigHMX KJIITHH cTaTeBUX OPTaHiB (aje He raMeT)

AnsenTuBHA eMOpioHia

Heorenia

Etann embpioHanbHOro po3BUTKY

NG

3uroTa Crapia 2-x Crapia 4-x

Cragia 16-x

6nactomepis  6nactomepis  Onactomepis

Cragia 32-x
6nactomepis

I3 comaTnyHUX KJIITUH cCTaTeBUX OPTraHiB

3i craTeBUX KJIITUH MaTePUHCHKOI 0COOMHM, IIT0 AO3PiBAIOTh HA CTAMil JUUMHKY

bnactyna MouaTok yTBO- lactpyna
PeHHA racTpynu

HepBoBa nnactnHka

Ektonepma
Me3opepma
EHTOpEpPMA

lMopoXKHNHa NepBUHHOT
Henpyna KULWIKN
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Y3aranbHiooui 3aBAaHHA 3a TeMaMu ANA iHAWBIAYaNbHOI 1 rPynoBoi po6oTu

3aBfaHHA 0o TeMn «biopisHOMAHITTA»

3aBmaHHA MJaA iHAUBiZTyaJdsHOI PoOOTH

1. KnacugikyiiTe i1 BuU3HaAUTe cHUCTeMaTUYHE
TOJIO}KEHHSA B CHUCTEeMi OpraHiuHOTO CBiTY OIHOTO
i3 3amrpOMOHOBAHWX BUAIB: MYXOMOD YE€PBOHUI,
BeIMiaL Oypwuii, MINIEHUIST TBEPIA.

2. CkaagiTh XapaKTepUCTUKY OAHi€el i3 3ampo-
MOHOBAHUX TIPYH OpraHismiB: Bipycu, OakTepii,
apxei, eykapioru.

3. CriaamiTh XapaKTepUCTUKY 3a BUIOBUMU
KPUTEPiAMU OJTHOTO i3 B3aNpPOIOHOBAHUX BUIiB:
JIOCh, TOPO0EIb TTOJBOBUM, JTUCUILA, KOJTOPAAChKUIA
JKYK, Oinuii rpub, MyKop, Ay0 3BUUYAMHUIT, KApTO-
IJIA, IIUIIITHA, COCHA 3BUYAMHA.

4. TloscHiTH, AK PisHi BUAM TPUPOTOKOPUC-
TyBaHHA MOYKYTH BILIMHYTU HA CTAH T'e€HETUYHO-
ro, BUJOBOTO Ta €KOCHCTEMHOT0 0iopisHOMAaHITTA.
IIpencraBTe CBOIO BiANOBiAL y BUIJIALI TpPE3eH-
Tamii.

5. CTBOpiTh IIpes3eHTAaIlil0 HA OLHY 3 TeM, BU-
OpaBIIIU BUJI, IIOIIUPEHUH  BAIlIOMy PETiOHi, Ta 3po-
0iTHb MOIIOBiMh 3 BUKOPHCTAHHAM Ifi€l ITpeseHTaIrii:

a) Bun-kocmomoutiT Ha TepuTopii YKpaium;

6) PemikToBuii Buzx Ha Tepuropii Ykpainu.

3aBaaHHA I pPo6OTH B rpymax

6. CkjaagiTh MOPIBHAJBHY XapaKTEPUCTUKY
JIBOX T'PYII OpraHismMiB Ta mpezacrasTe ii y BUTIALI
npeseHrarnii. I'pynu oprauismiB Ajida DOpiBHAHHA:
ONHOKJITUHHI 1 6araTOKJIiTUHHI eyKapioTu, apxei
i 6akTepii, romoHaciuHi ¥ MOKPUTOHACiHHi, Tep-
BUHHOPOTi I BTOPUHHOPOTI.

7. CrBopiTh mpesenTaiiito «IcTopis imBasii»,
y AKifl onmmmIiTh iHBa3il0 KiJILKOX BUIIB Ha HOBY
TEepUTOpPit0 (KOKHUI UJieH IPYynu ONMUCY€E iHBa3iro
OKpeMoro BHUAY), Ta 3po0iTh AOIOBiAL i3 BUKO-
pucraHHaM I1iei mpesenrarii. IHBasia moke OyTu
AK II0B’A3aHOI0 3 AiAJLHICTIO JIOAWUHM, TaK i Bifg-
OyBaTucsa 06e3 aHTPOIIOTEHHOI'O BILIUBY.

TeMu HaBUAJIBHUX IPOEKTIB

1. 3gilicHeHHS OLIHKM CTAHY MicIleBOI BOmOMi-
MHu MeTomamMu Oioimgumkarii (3a mMakpoditamu Ta
MaKp03000eHTOCOM).

2. BusAB/IeHHA Ta MOHITOPUHT IOIIUPEHHA iH-
BagiflHUX POCJINH, 0e3XxpedeTHUX TBAPUH HA TEPU-
TOpii MicIleBUX €KOCHUCTeM.

3. BuBueHHsA cTaHY iHTPOAYIEHTIB Y 3€JIeHUX
HacalKeHHAX HaceJeHOr'o NYHKTY, MikpopalioHy,
HaBYAJBLHOI'O 3aKJany.

4. BuBUeHHA OCHOBHUX T'PYI OAHOKJITUHHUX
Ta KOJIOHIaJIbHUX BOJOPOCTEH MiCIIEBUX BOJOMM.

5. Ominka craHy moBiTps maHoi MicieBocTi
MeTOmaMHU JIiXeHOiHAMKAIIii.

3aBAaHHA 0O TeEMU «ObMiH peyoBUH

i NnepeTBOPEHHA eHeprii»

3aBaaHHA A iHAUBiOyaJasHOI poOoOTH

1. JIo aKuWX HACJHIAKIB AJA JIOAUHU MOKe
MpU3BECTH HecTaua B paljioHi cmoayk Pepymy?
Ax mosxkua samobirtu Takiii Hecraui? CriaazgiTs
BinmoBimHI pekomeHpaIrii Ta mpeacTaBTe iX y BHU-
TIAAl mpe3eHTAIrii.

2. CkiaazmiTh cxXeMH eHEepreTUYHOTo OOMiHYy
A KJIITUH — IpeAcTaBHUKIB (hOTOAaBTOTPODHUX,
XeMOaBTOTPOPHUX i reTepoTpoHUX OpPraHisMiB.
CkJamiTh Iepeslik PUC CXOKOCTi OJIS BCiX TPHOX
TUIIB KJITHUH i 0COOMUBUX PUC KOIKHOTO 3 ITUX
BapiaHTiB.

3. Ilicna cmosKmMBaHHA aJKOTOJBHUX HAIOIB
BMICT eTaHOJIy B KPOBi JIIOAWHU CIIOUYATKy 3POCTaE,
a IMOTiM IOCTYIOBO BHMKYeThCcA. IloACHITE, AKUM
YMHOM OPTraHi3M JIIOAWHUW 3HUMKYE BMICT eTaHOJY
B KPOBi I YoMy B Pi3HUX JIIOfiell 1ell mpoIlec Bif-
OyBaeTbCca 3 pisHoio mBHAKicTio. CKIamiTh mepe-
JiK HeraTMBHUX HACJIAKIB IIiABUINEHOTO BMicTy
eTaHoJy B KpoBi Joguau. CBOi BUCHOBKHU Ta IXHIO
apryMeHTaIlil0 IIPeJCTaBTe Y BUTJIAL Ipe3eHTalrii.

4. BubepiTh KiJbKa copTiB MiHepaJabHOI BOIU
i mpoaHanigyiiTe IxHi# ckJazx, yKasaHuil Ha eTu-
ketkax. CopmytioiiTe i OGIPYyHTYHTE PEKOMEHIA-
mii om0 BKUBAHHA IIUX COPTiB BOAU AJIA JIOAEH
3 pi3HUMU IOPYUIEHHAMU OOMiHY PEYOBUH UM 3a-
XBOPIOBaHHAMU TPaBHOI ab0 BUAIIBbHOI cucTeM (3a
BarruMm BubGopowm). IlpexcraBTe Bamri pesyJsbTaTu
Y BUIVIAAL Ipe3eHTAIlil.

5. CkJazmiTh mpaBuja IOBENiHKU B YMOBax
BUCOKOTip’d (3a YMOBU HU3BKOTO IIaPIiaJbHOIO THC-
Ky KHUCHIO) Ta MOZaiiTe iX y BUIVIAAI IIpe3eHTAIlii.

3aBHaHHA OJs Po0OTH y rpymax

6. CriyagiTh TOPIBHAJNBHY XapaKTEPUCTUKY
piBHUX TpPyn TOKCUYHUX CIOJYK (TOKCUKAHTIB
i TokcuHiB) Ta mogatiTe il y Buriangi mpeseHTarii
(KOXKHUI yYaCHUK I'PYNU Ma€ MPE3eHTYyBaTU OTHY
3 IPYII CIOJYK).

7. Po3pobiTs Kinmbka cTpaTeriii mpaBUILHOTO
XapuyBaHHA [JIA Pi3HUX YMOB (DisMUHOrO Ta eMo-
IiTHOTO HaBaHTAYKeHHA (KOMKHUMN YYaCHUK I'PDYIU
Mae IPe3eHTYBATU OJHY 31 CTBOPEHUX CTpATETiit).
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3aBAaHHA 0O TeMU
«CnaaKoBICTb | MiHIUBICTb»

3aBaaHHA A iHAUBigyaaprHOI poOoOTH

1. OGr'pyHTyiiTe TBEPAMKEHHS IIPO Te, 110 I'eHOo-
TUI JIOJWHY € I[1JIICHOI0 iHTETPOBAHOIO CUCTEMOIO.
CBol BUCHOBKU Ta IXHIO apryMeHTaI[il0 IIPeCTaBTe
y BUIJISAL IIpes3eHTaIii.

2. ¥V Tpomiunux isicax AQPUKHU KUBYTH ABi
rpynu mirmMeiB — ILJIeMeH, MPEACTABHUKU SAKUX
MalOTh HU3BKHU 3picT. AHajIi3 reHOMYy IpecTaB-
HUKIiB OJHi€l 3 MUX Ipyn BUABUB, IO IXHIA HU3BL-
KU 3picT 3abesleuye KOMILJIEKC I'eHiB, KOMKHUI
3 AKMX MAa€e MYTaHTHUU BapiaHT, BigMimHUI Bin
BapiaHTa IHOTO TeHa Y JIAeH HOPMAaJIbHOTO 3poc-
Ty. AHanis reHoMy iHmIol rpynu mirmeiB BUABUB,
10 el KOMILIEKC TeHiB y HUX TOYHO TaKuii, K
i y gromeii 3 HOpMaJIBHUM 3DOCTOM, i MyTaHTHUX
BapiaHTiB reHiB He MicTUTH. 3alIpPoIOHYHTEe Ta 00-
I'PYHTYHTe rimoresy, sKa MOSCHIOE Ieil (pakT, Ta
TpeACcTaBTe CBOIO BiATIOBiIb ¥ BUTJIA] Ipe3eHTAIli].

3. CkimamiTh pomoBoau Jjofeit, AKi mpoisro-
CTPYIOTH OCHOBHi THUIIM yCHAaAKyBaHHsS O3HAK (II0-
BHEe Ta HENOBHE JIOMiHYBaHHA, KOJOMiHyBaHHA,
ayTOCOMHO-pelleCBHEe Ta ayTOCOMHO-IOMiHaHTHE,
3UeljieHe, 3UellJieHe 3i cTaTTio), Ta ImpejcTaBTe ix
Y BUIJIALL CXeM.

4. BUKOpPUCTOBYIOUN KOHKPETHI NOpuKJIagH,
HOPiBHANTE MOHOTEHHE Ta IIOJIireHHe yCHa KyBaH-
HA O3HaK y JioauHu. lIpeacraBTe cBO0O BiAmOBiabL
y BUIVIAAL Ipel3eHTAIlii.

5. BuKOpuCTOByHOUNM KOHKPETHI HpUKJIALH,
CKJIAJiTh NOPiBHAJNLHY XapaKTEPUCTUKY PiBHUX
cnoco0iB BU3HAUEHHsS CTaTi Ta mopaiire ii y BU-
TSl mpeseHTAaIrii.

3aBHaHHA O Po6OTH y rpymax

6. IlpoamamisyiiTe IO3BUTHBHI Ta HeraTWBHi
acnekTu npodisakTuku ¥ Tepamii cragkoBuUX 3a-
XBOpIOBaHb JIOAWHU, Pe3yJbTaTU MOAANTe y BU-
TSl mpeseHTAaIrii.

7. CkmamiTh TepesiK YMHHUKIB, AKi 3yMOB-
JIIOIOTH 3MiHY FeHEeTUYHOTO CKJIAAY IOMyJAIlii, Ta
HOKaKiTh 0CcOOGJMBOCTI iXHBOI Aii Ha KOHKPETHUX
mpuKJIafax (KOXKHUN YyYaCHUK IPYHU Mae€ IIpe3eH-
TYBaATH ONUH i3 UMHHUKIB).

TeMu HaBUAJHHUX ITPOEKTIiB
1. TeHeTUUHUIT MOHITOPUHT Y JIOJCHKUX CIILIb-
HOTax.
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2. CKpuHiHr-IporpaMu A8 HOBOHAPOIKEHUX.
3. T'enorepania Ta ii mepcIeKTUBH.

3aBgaHHA oo Temn «Penpopykuia
Ta PO3BUTOK OpPraHi3miB»

3aBmaHHA AJA iHIUBiZyaJasHOI po06OTH

1. IToscHiTh, YOMY HicJs MOIIKOIKEHb IIIKipu
Ha Hifl MOXXYTB yTBOpIOBaTHCA PyoOIi (1rpamu)? Uu
MoOiKe JironuHa mo30ytucs mrpamis? CBoi BucHO-
BKH Ta IXHIO apryMeHTallilo ImpeJcTaBTe ¥ BUTJIALL
mpes3eHTAIril.

2. Yu moromKyeTecss BU 3 TBePIKEHHAM, IO
MaKCUMAaJbHa TPUBAJIICTH sKUTTSA JIIOAUHU BXKe J0-
CATHYTa i MOMKHA IiABUINYBATH JIUIIE CEPETHIO
TPUBAJICTD JKUTTA JIOAUHN? APryMeHTyIHATe CBOIO
TOYKY 30DY.

3. TBapuHU, AKi MaOTh BEJIUKY TPUBAJIICTH
JKUTTs, BUPOOMJIM HU3KY MeXaHisMiB, AKi mo-
mepeyKaloTh PO3BUTOK Y HUX OHKOJIOTIUHMX 3a-
xBopoBaHb. CKJIAAITh IEpesik TaKuX MexaHisdMiB,
3po6iTh Ta apryMeHTyHTe IIPOTHO3 IOAO0 MOXKJIM-
BOCTi IXHBOTO 3aCTOCYBaHHA y MpPo@iJaKTHUIII OH-
KOJIOTIiYHMX B3aXBOpPIOBaHb JroauHu. llpemcrasre
CBOIO BiJIIOBib Y BUTJIAAI ITpe3eHTAIlii.

4. TloscHiTh, AK BILIMBAa€E CIOCIO JKHTTA Ha
¢dopMyBaHHS JIOACHKOTO OPTAaHi3My Ta PEIpPOIYyK-
TUBHEe 310poB’sa. CKJIagiTh mepeaikum (QaxTopis,
AKi MMOBUTUBHO ¥ HETAaTHWBHO BIJIMBAIOTh HA HUX.
IlpencraBTe CBOIO BiANOBiAL y BUTIJIAAI Tpe3eH-
Tarii.

5. CkIamiTe xapaKTepUCTUKY BipyciB, Bipoi-
IiB i mpioHiB Ta momaiTe 11 y BUTJIAL] Ipe3eHTAaIlil.

3aBmaHHA s poOOTH y rpymax

6. ITpoamasisyiiTe 6iosoriuHi Ta comiaabHi ac-
MEeKTU PeryJAlii pO3MHOKEeHHSA JIOAUHUA Ta MOJau-
Te CBOI0 TOUKY 30pPy Ha II0 IIpo0JieMy y BUTJIAIL
mpes3eHTAIril.

7. CKJamiTh CIOUCOK THUIIIB POCTY KUBUX OP-
raHisMiB Ta IOKaXKiTh IXHi 0COOJMBOCTI Ha KOH-
KPeTHUX TPUKJIAAAX i 3a €IMHOIO0 CXeMOI0 (KOKeH
YUYaCHUK TPYIM Ma€ IIPe3eHTyBATU OAUH i3 THUIMIB

pocrty).
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MpeameTHNN NOKaXUYNK

3D-6ionpuaTUHT 227

3D-apyr 227

-OoKMCHEHH *KUPHUX KUCIOT 86
SAR 29

X-xpomocoma 132, 202
Y-xpomocoma 132, 202

Aﬁio'mtnmﬁ KOMIIOHEHT 4
Agcrpautificeke mapctso 40
Astoniz 73
Astorpohpu 53
AepobHe nuxanHa 84
Axnimaruzamia 42
AxTuBHUI TpaHcnopT 54
AxrusHuii nearp 80
Agnanroic 210
Aunens gukoro tuny 124
Anens 124
Aunnorpanciianramnia 226
AgnomerpuuHuii Tumn pocry 221
Augocrepuuna peryasmia 81
Anpbyminu 62
AsnbTepHaTUBHUM criaiicuHr 89
Anbda-pisHomanirra 20
Awme6030i 29
Awminoizu 160
Awvinoanmi-TPHK 90
Awmiroz 178
Awmuion 210
Awmnuioru 39, 210
Awmoppei 28
Avmnidgikamis 123
Ampi6ii 38
Awmpibracryna 207
Amnabonism 52
Amnaepobue guxanus 82
Amnanis pesyabraTiB gocaimkenas 12
Amnanisyioue cxpemiyBanua 125
Amnamuii 38, 210
Amnadaza 171
Aneymoigias 172
Amnizoramia 188
Amurtennuit kKomiieke 94
Antunopr 54
AmntoneporoBi 31
Amntponoreseruxka 147
AHTponOreHHO-3MiHEeHE
cepenoBuine 6
Amnoramia 199
Amnomikcuc 195, 198
Armnomtact 57
Arnonitroz 179
Apxkroresa 40
Apxei 24, 26
Apxemnatugu 29

Acrapmapxei 28
Acuminamnia 52

Acku 190

Ackocriopu 190
Ayrocomu 202
Ayrorpancnianrainia 226
Ayrodaromnuros 73

BaI"aTOKJIiTI/IHHi TBapuHU 36
Basugianbui rpubu 34
Basugii 190
Basugiocmopu 190
Baxrepii 24, 26
Baxkrepiopogoncur 98
Baxkrepiodpar 153
Baxrepioxsopodin 98
BeskucHeBuil (AHOKCUT€HHUH)
dorTocunTes 98
Besmunigma 201
Besxuopodinbauit poTocurTes 98
Besmienensi 38
Bera-pisaomanirra 20
Binarepanpua cumerpia 36
Binku 48
Binapuuit mogin 162
Bioreorpagia 21
Biosoriuna eruxka 227
Biosoriuna ingukaiis, a6o
Oioimgukamia 22
Biosoriuna Homenkaarypa 14
Bionoriuna cucrema 4
Biosoriuna minHicTh IPOAYKTY
xapuyBaHHa 50
Biosoriune pisHomaniTTsa, a6o
6iopisnomanirTa 20
Biosorisz 2
Biopisnomanirrsa 20
BiornuyHuit KoOMnoHeHT 4
Bioximiunwuit merog 146
Biomenos 4
Baacromepu 206
Buaacromucra 207
BausuokoBuit Mmeton 146
Bpoxinaa 83

Bapianil‘/’ma KpuBa 141
Bapiamniiitamii pag 141

BererartuBue posamuokennsa 182, 186
BesukynsapHuit tpascuopt 55
Bsaemogais amenis 128

Bug 18

Bugu-aBitinuku 19

BugoyrBopenns: 145

Busnauenns crati 194
Bigginu-kaugugatu 25
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Bigcagka 187

BikogBa cTpykTypa momysamnii 142

Bipion 152

Bipoinm 161

Bracrusocri sxuBoro 3

Buyrpimne samrigaenasa 197, 200

BryTpimHbOKIITHHHA
pereHeparia 224

BHYTPINIHBbOKIITHHHE TPABICHHS 72

Bopcunku 76

Bpogskernnii imyriter 156

Berasni kaTeropii 17

Bropunni sizocomu 73

BropunHi crareBi osnaku 188

Bropurnopori 37, 208

Byriesogu 48

I'avern 165, 182

T'amerorenes 190

Tamerodir 30

T'amma-pisHomanitTa 20

Tamnoiguuii Habip xpomocom 165

Tacrpynania 208, 212

Tenikasu 119

Temiszurora 124, 133

T'emorso6in 64

Temomimpa 60

T'emodinia 149

Temomiauia 65

Temyma 185

Ten 120,124

Teneanoriunuii metox 146

T'eneparuBHuii mepiog 204

T'eneparuBui myranii 138

T'enerura mioguuau 146

T'enerura 122

T'eneruuna Kapra xpomocomu 131

T'eneruune KOHCyJIbTYBaHHA 149

Temernunnit kog 90

T'enu, 3uemteni 3i crarrio 132

T'enna Tepamia 181

T'enni saxBoproBanHa 149

T'enni myranii 139

Temom 121

T'enomHui 3axBOopoBaHHs 148

T'enomui myTanii 139

Tenorun 124, 134

Tenodonyg 143

T'eorpadiune (asomaTpuyse)
BULOYTBOpeHHA 145

T'epmagponutusm 203

T'ereporamerna crath 132

T'ereposurora 124

T'ereposuc 136

Tereporioigiss 139



Tereporpodhu 53
Tiopug 125
Ti6pugosoriunmii anamis 125
TigaTomu 109
TigpobaxTepii 27
Tigporimpa 60
Tiakrosi 32
Timepocmoruuna ocmoperysania 106
Tinoguuamisa 223
Timoocmoruyna ocmoperyJsaiia 106
Timoresa nmoxomKeHusa Bipycis 158
Tinoreza 8
Ticrouu 130
Tipu 34
Tnikorenes 102
Tnikoniz 82
Tnobyninu 62
T'meroBi 32
Tonanrapxkruune mapcreo 40
Tonapkruune mapcrso 40
ToniBka cnepmarosoiga 192
TonoBoxopaoBi 38
Tonosoiine xuBiaeHHa 70
Tononaciuui pociuau 32
TomeosucHui reun 211
T'omeocras 6, 52
T'omoramerHa crate 132
T'omosurora 124
T'opusonTasbHe

nepeHeceHHs reHis 159
Topmonu 222
TI'pubomnionibui opranismu 34
T'pyauuit nepiog 218
I'pyna suenienna 130
T'ymopanbHa peryndamnia 7
T'yrania 109
feHnep 203

I[aBHi bakTepii 27
Hanpronism 149

HOBomonbui 33
HesaminyBanHa amiHOKucaoT 87
Henarypamis 92
Herpuroparu 70

Huribpunsae cxpemniyBanua 125
HusurorHi 6siusHioku 146
Humioiganit Habip xpomocom 165
Hucepramia 12

Hucuminsania 52
Huckobmacryna 207
Hudepenniamnis kaitur 220
Hudepenniamisa TkaHUH
Hudysia 54

HuxanbHi mirmentu 64
Hiamaysa 221

Hiadoperuru 29
HOHK-rexHosorii 143
Hobposikicui nyxnauau 223
HosrosxureasctBo 219
Homen 24

HowminauTai myTamnii 138
HominyBanusa 128
Hocnimxenua 10

Hpeiid reais 144
IOpobuenus 206, 212
HOpyre putuacTBO 218

EKBauiﬁHHﬁ moxin 175

ExsorenHi pakropu 222

Exson 120

Exsonuros 55

Exosoriune (cumnaTpuuse)
BUOYTBOpeHHA 145

ExoJsioriuse nporaosyBanusa 23

Exosoria 2

Exocucrema 4, 40

ExckaBatu 28

Exckperu 104

Exckpemnia 104

Excnepument 8

ExcrpakopnopasnbHe 3amrigaesasa 215

Exromepma 208

E/IeKTPOHHOTPAHCIIOPTHUHA
(nuxanpHUR) JaHIIOr 84

Enemenrapsi akTopu eBostonii 144

Enonramia 90

Emb6piorenes 206

Em6pionanpHa ingykmia 211

Ewm6pionansuuii mepiog 204, 212, 218

Em6pionanbHuit po3BuTok 212

Em6pionansai cToBOYpOBi
kaituau (ECK) 214

Emo0piorexnosorii 214

Ewmb6pioditu 30

Emnipununi gocmimkenus 8

Engemiku 41

Enporenni pakropu 222

EugomiTos 173

Engocepm 197

Enporniuros 55

Enepreruuna miHHicTh HPOAYKTY
xapuyBaHHa 50

Enepreruuynuii oomin 52

Enrtonepma 208

Emicras 135

Eyapxei 27

Eykapiotu 24

mHBeHB 187

Husnenna 70

JKurreBuit muka Bipycy 154
Hurresuit uka kiaituaun 166
Hurresuii muka 216

BaB,Z[aHHH mocaimkenasa 10

3arajabHU MOHITOPUHT 22

3akoHn 'ekkenss — MroJgepa
(Gioremermunmii 3akon) 211

3aKOH He3aJIe;KHOTO KOMOiHYBaHHS
CIagKoOBUX O3HAK 127
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MpeameTHN NoKaXunK )33 SR

3aKO0H OLHOTHUIIHOCTI ribpuaiB
IepIIoro MOKoJMiHHA 127
3aKO0H POBIIENJIEHHS CIaJKOBUX
O3HAK y HamaAKiB riopuga 127
3axon Xapai — BaiiuGepra 144
3akoH yncroTu ramer 126
3akonu I'. Meugens 126
3aaumikose Tijbie 73
Samnigaenas 196, 200
3apoakosi auctku 208
3apoaKkoBi 0600HKY 39
3apomok 206, 212
3axBOPIOBAHHS, 1[0 I€PEAAIOTHCA
craTeBuM nuiaxom 219
36anancoBaHe xapuyBaHusa 50
3BopoTHa TpaHcKpumiia 118
3BopoTHe cxpelnyBaHHA 125
3eneni samosu 105
3urora 196, 200, 206
3noakicHi nyxauau 223
3oBHimIHe 3amriguenasa 197
3oBHIiIIIHE TPaBIeHHS 75
3pinwmii Bixk 218
3pigicte 204
Buemuteni rean 130
3sa0pa 66

IBOI‘aMiﬂ 144,188
Isomerpuunwmii Tun pocry 221
Isorpancmianramnia 226
ImnnaaT 226

Immnanramia 226

ImynHUMit 6ap’ep 226
IuBasiitauii Bug 42

IuBagia 42

IuBenrapusamis 22

IngykoBani myramii 138
Tmimiamia 90

lakybamifiauii mepiox 156
IarepBas BapiroBanua 141
Iarepdasa 166
IaTpakopropasbHe 3amaigHenas 215
IaTponykoBanuit Buxg 42
Iarponykuia 42

Iatpon 120

Icrununit repmadponutusm 203

Kancuxg 152

Kancomep 152

Kancoeke mmapcrso 40

Kap6remorno6ian 64

Kap6okcuremorsio6in 64

Kapiokines 170

Kapiorunn 131, 164

Karabomism 52, 82

Ksitka 33

KucueBuii (OKCUreHHUIT)
dorocunTes 98

Kaagucruka 16

Knitunna inkenepia 181, 226
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Kaitunna perenepamis 225
Kiaitunue nuxanusa 82
Kaituaauit tpascmopr 54
Kaitursi kynasrypu 180
KaounyBauua 184
KomominyBanua 128
Komou 90
Koayroua ginmsaaka 120
Komb6inarusua minausictes 136, 176
Kommiaemenrapuicts 134
Kowu’toramisa 6axkrepiii 163
Kow’roraris romosioriunmx
xpomocom 174
Kow’rorania 136, 194
Kourpamenmia 201
Koudepenmisa 13
Konnenmnis sugy 19
Kompodaru 71
Koprukanbsua peakiis 200
Kocmomonitu 41
Kodepmentu 80
Kpurepii sxkurtss 2
Kpurepiit Bugy 19
Kpurnusi nepiogu possutky 213
Kpos 60
Kposonocua cucrema 60
Kpocunrosep 131,174
Kpocosepna ramera 131
Kcenorpancmianramnis 226
Kcunema 58

JIaTeHTHI/Iﬁ nepiox 204
Jlereni 67

Jlucromaxg 109
JInumaka 210
Jlizocomu 72

Jlimigu 48

Jlimorenes 103
Jlimomporeinu 62
Jlokiapxei 28

Jlokyc 124

MaKpOCI/ICTeMaTI/IKa 25
Maxkpodinbui pociuan 31
Maussmiriesi Tpy6ouxku 105
Maremarnuyna 06pobKa gauux 9
Marouka 191

Matpuunuit cuaTes 88
Meracmopa 191

Meguuna regetuka 147
Mesogepma 208

Meitos 174,194
Mencrpyanbuuii muka 193
Mera gocaimxenua 10
Meraboaism 52
Meraboniuna inyxenepia 113
Mera6omiunnmii maax 80
Merarenomuuit ananis 25
Meramopdos 216
Meraunedppunii 104

Meradaza 171

Merto 6inkoBoro eaexkrpodopesy 143

Mertoau renetruxku 123

Mirpania 144

MikpoBopcuaku 77

Mikpocmopa 191

MikpodinbHi pocanan 31

Mikcorpodpu 53

Miunusicts 123

Miorsob6in 64

Miros 170

Minemniit 34

MuosxunHu anexisam 128

Muosxkununii moxin 184

MogpenroBanus 9, 146

Mopudikarmii 140

Mopudikariiina minausicts 140

MonexkynapHO-TeHEeTUUHI
mapkepu 123

MosuiTopunr 22

Momnorenna o3uaka 134

Mowuori6puaue cxpemryBaaua 125

Monorpadia 12

Mowuosurorsi 6ausaoku 146, 207

Monocomisa 139

Monodineruunuii Takcon 16

Mopdorenun 211

Mykogiciumos 149

Myrarensi pakropu 139

Myraniitna minnausicts 136

Myramia 138, 144

HaﬁyTI/Iﬁ imyniter 156
Hamnpasnenuii dakrop 145
Hacinuna 32, 206

Hacinni pociuan 32

Hayka 8

HayxkoBa Teopia 8

Hayxkosuii 3BiT 12

Haykosi TBopu 12
Haykomerpuuna 6a3a gjanux 13
Heanenbui rean 134

Heiipyna 211

Heiipynsamia 211

Hexopayoua ginsaka 120
Hexkpos 178

Hexkpodaru 70
Henanpasieuunii hakrop 145
Heo6mesxenuii pict 220
Heorea 40

Heorenia 199

Heotponiuue mapcrso 40
Henosue nqominyBanusa 128
Henogue apo6ienna 207
Hepsosa peryasmisa 7
Hepenensosaui TBopu 12
HepiBuuit kpocunrosep 177
Heposxomxerusa xpomocom 176
Hecnagkosa minnusicts Bipycie 137
Hecnagkosa minausicts 136
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Hecnpag:kui rpubu 35

Hecrarese posmuoskenna 182, 184

Hepporu 105

HenukaiyHuit IOTiK €J1€KTPOHIB
(Z-cxema) 95

Hupxku 105

Hopwma peaxnii 140

Hotorea 40

Hyxkieinosi kucioru 48

Hyxkneocoma 168

Oﬁ’eKT mocaimxenasa 10
ObmerxkeHuii picr 220

O6miH peuoBuH 52
OxguomonbHi 33

OxucHe pochopunoBanusa 85
Oxcuremoryiobin 64
Onrorenes 204
OuroreHeTnuHa MiHauBicts 136
Ooramia 188

Oorenes 191, 193

Ooronizt 191

Oomur 191

OnepaTuBHUM MOHITOpUHT 22
Omepon 120

Omicroxkoutu 29
OrmocepegKoBauuii 38’ 130K 4
Opranorenes 208

OpromiTos 173
Ocmoperyasiis 106

Ocmoc 56

OcmoTuyHuUt TUCK 56
OcmoTpodHe KuBIeHHA 71

Haﬂeorea 40
ITameorponiune mapcrso 40
ITanmopori 31

ITapasuruyne KuBJeHHa 71
ITapacekcyanbHuii mporec 195
ITapadineruununii rakcou 16
ITaprenorenes 195, 198
ITacuBHuuii Tpancomopt 54
ITatentr 12

ITarosoriuna pereueparia 225
ITegoreumes 198

ITenerparmia 200

IlepBuHHi gidocomu 72
ITepBuHuHi cTaTeBi osHaku 188
ITepBunrnopori 37, 208
Ilepion HemoBasTu 218
Ilepioguunwnii pict 221
ITepite guruncTBo 218
ITeuinounuku 31

IMunax 190

ITigmitkoBuit mepiog 218
ITinomuros 55

Ilnasma kpoBi 62

ITnasmoxii 35

IlnanyBauua gocaimxenuas 10
ITnactuunwmii oomia 52, 88



IInaynu 31

Ilnamenra 212

ILnreBpomiTos 173

ILneiiorponia 129

Ilneue xpomocomu 131

IInig 212

IToBue nominyBanusa 128

IloBHe npobnenna 207

Iloasiiine samnigmenns 33, 197

IToxin 184

IlosakmiTuHHE TPaBIeHHA 74

ITozaagepua yacruua resomy 121

IToxkpuBHUKU 38

IloxkpuToHaciuHi pociuau 32

ITonermiena qnupysia 54

Iloniri6punue cxpemnryBanua 125

IToniembpionia 189

Tlomimepasu 119

ITosrimepasHo-JTaHIIOTOBA peaKIlid
(ILJIP) 123

ITonimepia 135

IlonimepHi rean 135

IMominmoimgia 139, 172

ITosnipubocomu (mosricomu) 91

ITonidinernunuii rakcon 16

Ilonynsauiiina reneruka 143

IMonynamitiai xBuai 144

ITonynamifiHo-CcTATUCTUUHU A
meron 146

Tlonynsamia 142

Ilopo:xHMHHE TpaBIeHHA 76

ITopymenus 3anigaesaa 200

Ilopymenus Ko toramii xpomocom 177

IlocrreneparuBHuii mepion 204

ITocrembpionansuuit mepiog 204, 218

ITocrembpionanbHME po3BUTOK 216

Ilocrrpancasaniiiai mogudikamii 93

IToxuamii Bik 218

ITpe6iotuku 79

IIpereneparuBHuii nepiox 204

IIpeamer mocmimxenus 10

IIpencraBieHHA pe3yJIbTATIB
mocaimkenHs 12

IIpenpunt 12

IIpupom:xeni Bagu 148

IIpupoaHa cucreMa sKUBOTO cBiTy 14

IIpuponsue sanniguenas 196

IIpupoaue cepenosuiie 6

IIpupomuuii nobip 144

ITpucrinkoBe TpaBieHHA 76

IIpiorun 160

IIpoGanx 147

IIpoGiotuku 79

ITpo6aema pocaimxenas 10

IIposiszopui opranu 210

IIpogykT peakiii 80

IIpokapiotu 26

IIpomoTop 120

IIpomoprii Tina 221

IIpoctuit sxkurreBUit muka 217

ITporeoapxei 27
ITporeocomu 73
IIporuBipycHi Bakiuuu 157
IIporuBipycHi npenapatu 157
ITporonedpuzaii 104
ITpoasza 171

IIponecunr PHK 88
IIpsamwii 38’ A30K 4

IIpamuit posButoxk 216
IlceBmommasmonii 35
Ilcunoru 31

ITraxu 39

ITynoBuna 212

Pa/:niam,Ha cumerpia 36

Panianpuunii (61usbKuMit) Tpancnopt 57

Panue nutuactso 218

Peaxmitinuii neatp 94

Perenepania 224

PerynaropHa ginaaxka 120

Perynaropuunii neatp 81

Perynsania 222

Penykuiiamii momin 175

Peintpopyxiis 43

Pexkombimarmias 194

Penaryparisa 92

PenaparuBHa perenepanisa 225

Pennikamia 118

PenpoaykrtuBaa megunuua 215

Penpoaykuis 182

PenTunii 39

Penensosaui TBopu 12

PenecusHi myrarii 138

Pubu 38

PubGocomu 91

Pubynosobichocharkapborcuiaza
(RuBisCo) 97

PiBHi oprauisamii sxkurtss 5

Pict 220

Pomosixg 147

PosButok 3 meramopdosom 210

Po03BUTOK 3 HEITOBHUM
nepeTBopeHHAM 216

PosButok 3 neperBopeHaam 216

P03BUTOK 3 TOBHUM
neperBopeHHAM 216

Possutox 220

PosmuokenHsa Oyapbamu 186

Po3MHOKEeHHSA BUBOIKOBUMU
6pyHbpkamMu 186

Posmuoskenna Bycamu 186

PosmHOKeHHSA KopeHeBuiamMmu 186

PosmuoxkeHHsA cnopamu 185

Posmuokenusa nmudbynunuamu 186

Cal"OBHI/II{OBi 32
CanporpodHe xuBieHHa 70
CaitsioBa dasa porocuntesy 94
CekBenyBaunusa [JHK 123
CepepgoBuirie icuyBauas 6
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MpeameTHN NoKaXunK )33 SR

CeprioBUAHOKJIITUHHA aHeMis 149
CecTpuHchbKi xpomatugu 170
CumbioTpo(ue sxuBiesasa 71
Cumniact 57
Cummnopt 54
Cungpom Hayua 148
Cunzapom Exsapmca 148
Cungpom Knaiitadensrepa 148
Cungpowm JlexxeHa

(CMHAPOM KOTAYOr0o Kpuky) 148
Cungpowm ITaray 148
Cunzapowm IlleperieBcbKOTo —

Tepuepa 148
Cucrema 4
Cucrematuka 14
CuronoxibHi Kiaituau 59
Curononi6Hi Tpyoru 59
Cibecu 147
Cim’anux 191
CraagHuii sKuTTeBUM nuKka 217
CnusoBuxku 35
Comarnuni kaiTuaun 165
Comarnuni myTarii 138
CnazkoBa MiHauBicTh Bipycis 137
CmagkoBa minauBicte 136
Crnaznxosi saxBopioBanHA 148
Croagkosicts 123
Cuepmarorenes 191, 192
Cunepmaroronii 191
Cnepmarosoix 191, 192, 196, 200
Cuoepmaromur 191
Cmuraicuar 89
Cnonranui myrarii 138
Cnoporenes 190
CnopoyTrBopenHs 163
Cnopoditr 30
Crocrepesxkennsa 8
Cupas:kHi rpudu 34
Cupas:kui moxu 31
Cupas:kHi TBapuau 36
CcaBmi 39
Crapeuwnii Bix 219
Crapiaua 204
Crapicts 219
CrareBa CTPpYKTypa monyJasamii 142
CrareBe nospiBanna 219
CrateBe po3smHOKeHHsA 182, 188, 194
CrareBuii mporec 182, 189
Craresi 3aso3u 192
Craresi kaituaun 189
CrateBi xpomocomu 132, 194, 202
Crarobsact 185
Crarra 12
Cratp 188
CroBOypoBi kaitunu 209, 214
Crpec 7
Cy6cerpar peakiii 80
Cyb6crpatu merabosismy 52
Cy6crpatHe hochopunoBanaa 82
Cynunu kcuiaemu 58
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CypunHi pocauaum 31
CymuacTi rpubu 34
Cynepkancun 152

TaRCOH 16

Takconomiuna iepapxia 17
Taxkconomis 14

Tesu 13

Tenodasa 171

TemuoBa (aza porocunTedy 96
Temm pocty 220
TeoperuuHi gocaimxennsa 8
Teopis myraniit 138
Teopis crapinus 219
Teparorenes 213
Tepminatop 120
Tepminamia 91
TeppobakTepii 27

Tinsue Bappa 148

Tinpme 73

Tonoizomepasu 119
TorunorenTHicts 207
Tpaucaykmia 137, 194
Tpauckpuniia 88, 118
Tpancaania 90, 118
Tpaucmoipania 58, 108
Tpaucmiaauramis 226
Tpanchopmania 137, 194
Tpaxei 66

Tpaxeigu kcuaemu 58
Tpucomia 139

Typropuuii Tuck 56

Vuinopr 54
VenagkyBaHHs,
s3aje)kHe Big crati 133

®darorpodu 36
darorpodHe KuBIeHHA T1
daromuros 55

dakT 8

daxTopu eBosrortii 144
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dayna 21

daynictuuni napcrea 40
Deninkeronypia 149
@Denorun 124
depmenTaTuBHU Karaaiz 80
Depmentu 80
digiosioriuna perenepaiis 225
®dinorenerura 17
dijoreHeruune gepeso 17
ditoropmonu 222
dDjoema 58

djopa 21

djyopuctuuni rapcrea 40
Dongiar 92

@DoHOBUI MOHiTOPUHT 22
dopmu KUATTA 3

doroxnis Bogu 94
dorocunTes 94
@orocucremu IiII 94
dororpodhu 53
DorodochopunoBanua 95
®parmenTanis 184

XapqOBa IiHHiCTH
OPOAYKTY XapuyBauua 50
Xapuosuii parion 50
Xsict crtepmarosoiga 192
XBoiii 32
XBomri 31
XemocunTes 100
Xemorpou 53
Xubunit repmadpogurusm 203
XwumepHi oprauismu (xumepu) 214
Xuopodin 94
Xopga 38
Xopposi 38
Xopes 'anriarrona 148
Xopion 210
Xoywminr 214
XpeberHi 38
Xpomaruza 131
Xpomarun 168

Xpomocoma 130
XpomocomMHa Teopis

cuagkoBocti 130
XpomocomHi 3axBopioBaHHa 148
Xpomocomui myTarnii 139

I_IapCTBa 40

ITeno6nacryna 207

ITenTpanbHa forma
MoJIeKyJIApHOI 6iosorii 118

ITerrpomepa 131

IMukn KansBina 96

IMTuxsn Kpebca 84

ITuKJ TPUKapOOHOBUX KUCJIOT 84

IuknivyaMii MOTiK eJleKTpoHIB 95

ITuroreneruunmuii merox 146

IMTurokines 170, 172

ITurorrasmaruysi myraii 138

I‘Iac*ro*ra anens 145
YepryBauus nokogains 217
YucenbHicTb monyadAnii 142

IHaHepOHI/I 92
ITuiika ciepmarosoiga 192
IIryuna cucrema

sKuBOrO cBiTy 14
IIryune sanriguenusa 196
IIryune cepenoBuiie 6

HIEIIJIBHHH 187

IlineHicTs momymamii 142

IOBeHiJILHI/II'/'I eran 204
IOnanpkuit nepiog 218

ﬂuepHa yacTtuHa remomy 121
Anepui myramii 138

fdeura 192

Aeunux 191, 192

fitne 39

AtinexaitTuna 191, 192, 196, 200
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IMeHHUI NoKaXKYnK

AHLH, Cmanr 28
Apucrorens 14

Be’rcon, Binpam 122
Bosgepi, Teomop 130

Buaiissepr, Bitsrensm 143, 144
Bunorpaacekuii,

Cepriit Mukousaiiopuu 100
Biscon, Ensapxg OcGopu 20

Faﬁ,z:yae}c, Kaparor 161
T'ekkens, Epuer 2, 14, 211
Tepurensos,

Cepriit Muxaitiosuu 119

H{axo(ﬁ, ®dpancya 81

IBaHOBCBKHﬁ,
Imurpo Mocunosuy 152

RaJIBBiH, Measiz 96
Komnenn, 'ep6epr 15
Kopenc, Kapn 122
KopskuucbKHTil,

Cepriit IBanoBuu 138
Kpeb6c, Xauc Agonsd 84
Kpik, ®@pencic 118

JIaB,m}coﬁ, Tomac 20
Jlamapk, JKau Barucrt 2
Jliunueii, Kapa 14

MEH,Z[eJIL, I'perop 122, 126
Miryesn, ITitep 85

Momno, #ax 81

Moprau, Tomac Xauatr 130
Mirosep, @pirr 211
Mrouxrayses, Orro pon 14

Herc}cep,

Hoenb Koszed ne 14

HOHTeKOpBO, T'sizo 195
Paiir, coroan 143

CaﬁHa, Enn 28
Carron, Bonrep 130
Cromtep, PoGepr 203

yaﬁ’r’reﬁxep PoGepr 15
Yromues,
Ogsexcanap Muxaitmosuu 77

(I)imep, Ponanpn 143
dpis, Xyroge 122, 138

Xapai, Tondpi 143, 144
Xonapetin, xxou 143

Yepmax, Epix 122
YeTBEpPUKOB,
Cepriit CepriitoBuuy 143

JlopaTok Ao NpaKTU4HOI po6oTn «PO3paxyHOK OCHOBHOIO 0OMiHy i BlacHoi
Ao60BOI BUTpATW eHepril, CKNajaHHA Xap4yoBOro pauioHy» (c. 51)

KanopiHicTb feaknx NpoayKTiB Ta BMICT Y HUX OiNKiB, XMpiB i Byrnesogis

Rinpkicts y 100 r mpoaykTy

IIpoaykT Xap4yBaHHA

KKaJx

Hexupua amoBuunna = 123

Hexupua cBuHuUHA 121
Kyparuna 124
Camo 924
SAiug (oxue aite 551) 86
Kopos’saue mosoko 36
Kucie monoxro 62
Cup (HesKupHUit) 88~
98
Hexupuuii itorypt 50
Cup TBepauUit
(45 % xupy) 382
Bepikose macio 747
CmeTraHa
(30 % scupy) 300
CoOHAIITHUKOBA 0JIid 900
Hi
rooront 362
Maxaporu 358
Manna kpymna 326
Puc 360

27,5
0,7
2,7
8,7

9,6
11,3
7,5

Rinbkicts y 100 r mpoxykTry

WH-  BYIJIe- IIpoxyxT xapuyBaHH: - 6}.11- XH-  BYIJe-
piB, T BoOZiB, T KiB,r piB,r BOXiB, T
3,5 0,6 ITyxop 408 — — 99,8
6,3 0,4 Xi6 sKuTHIT 251 6,3 0,9 4,3
4,5 = Cyxapi 372 9,9 2,3 75,5
100 — Binmorauanna kamycra | 24 1,3 0,2 5,4
6 0,3 Kapromnsa 76 2,1 0,1 17,1
0,1 5,1 MopxkBa 42 1,1 0,2 9,7
3.3 4,2 Oripgu 15 0,9 0,1 3,4

0.1- TomaTHUiI Cik 19 0,9 0,1 4,3
1’,2 4 Abpuxocu 53 0,9 — 11,1
1,7 5,2 Banauu 98 1,3 = 22,8

Tpymri 58 0,4 — 13,6

28,3 2,2 Maugapunmn 43 0,8 0,3 10,9

80 0,8 ITepcuku 45 0,8 0,6 11,8
CmopoamHa 57 1,4 9,4 13,9
30 3 Yepernras 60 1,1 0,4 14,6
99,8 — A6nyxa 60 0,4 = 13,3
Bousioceki ropixu 652 15 64,4 15,6

0.8 | 781 Dynayx 668 12,7 60,9 18
1 75,9 Men 303 0,64 — 75,4
0,7 71,6 Ponsunku 267 2,3 0,5 66,2
1,9 77,4 IToronan 542 4,5 29 63,1
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SHANOMCTBO 3 HilPYUHUIKOM .eveeeereeernnnneeeeeeeanns 3

Tema 1. Bctyn

§1.
§2.

§3.
§4.
§5.

§6.

Biosioriss Ta exosorig. ®opmMu KUTTA ...... 4
Biosnoriuni cucremu.

PiBHi opramisamii KUATTA ..ovvvvvrerinerennnnnn 6
CepemoBuilie KUTTS.

TTOHATTS TOMEOCTABY «vveeereerenneeennneeeannnns 8
Hayka Ta HaykoBWiI MeTOH Mi3HAHHI...... 10
IIpuanunu nianyBaHHA 0i0JIOTiYHOTO

Ta €KOJIOTIUHOTO JOCJIiIKeHHSA

Ta HAYKOBUN METOJ IiBHAHH «eveerrreeannnns 12
Amnajis Ta nmpeacraBiieHHSA
pe3yabTaTiB HAYKOBUX AOCTiIKEHb......... 14

Tema 2. biopizHOMaHITTA

§7.
§8.
§9.

§10.
§11.
§12.
§13.
§14.
§15.
§16.
§17.
§18.
§19.
§ 20.
§21.

BiosoriuHa CHCTEMATHKA ..veveereeeennneeannnns 16
CTBOpEHHS CHCTeM JKMBUX OPraHisMis..... 18

Bupg sk 6asoBuil TaKCcoH

CYYACHOT CUCTEMATHKM +euurrerrnnneeasnnasannnes 20
BiopiBHOMAHITTA ..vvverneieirneirineeeennnernnnes 22
Hocaimxenua 6iopisHomMaHiTTA............... 24
CyuacHa cuCTeMa KUBOTO CBITY ..c.cevennn. 26
TIpOKapiOTUYHI OPTaHIBM7..uueenneenneannennns 28
CyuacHa cucreMaTHKa e€yKapiorTiB........... 30
HaseMHI POCTHHM c.uvvviiiiiiiiinnneeiieeeennnnns 32
PisHomaHiTHiICTP HACIHHUX POCJIHUH ......... 34
T'pubu Ta rpubomonibui oprauismu ......... 36
12107020 2 NPTt 38
AHaMHII Ta aMHIOTH....ccevvvviiiiiiinininnnen. 40
ExocucreMmue 6iopiBHOMAHITTA «vvvvvvvennnn.. 42
SMiHU OiOPIBHOMAHITTH ceuverrrneereenneeannnns 44

OcHOBHI mosio}KeHHs TeMu «BiopisHomaHiTTA» ..47

Tema 3. O6MiH peyoBUH
I NepeTBOpPeHHA eHepril

§22.
§23.
§24.
§25.
§26.
§27.
§28.

§29.
§30.

238

Opraniuni Ta HeoprauiuHi croJayKu, Heob-
XiAHI IJIA OPTraHiBMIB «vvvvvreiiiieeieiineennnnns 48
ITorpeba JOgUHU B peyoOBUHAX

i XIMIUHIX €IEMEHTAX cuevurvrnernnernnennnenns 50
I 24 = ToTo R i <3 U 52
KaitTuHHENI TPAHCIOPT PEYOBUH ............. 54
TpaHCIIOpTHA CHUCTEMAa POCJIUH:

CUMILIACT 1 AIIOTIIACT .eevvrernneenneeneeeneennes 56
TpamcmopTHa cucTeMa POCIUH:

MPOBIAHI THAHMHM . .evvreeeernereereeeeesnaeennnns 58
TpascopT PeUOBMH y TBapWH.

KPDOBOHOCHA CHCTEMA +.vvnnernneenneenneannennns 60
TpamcopT pPevuoBUH y IIJIa3Mi KPOBIi ....... 62
TpancmopT rasis

Y KPOBOHOCHIM CHCTEMi...cevvvevvrnernnnnnnnnns 64

§31.

§32.

§33.
§34.
§35.
§36.

§37.
§38.

§39.
§40.
§41.
§42.

§43.
§44.

§45.
§46.
§47.

§48.
§49.

§50.
§51.
§52.
§53.
§54.

§55.

Hagxom:xeunus rasis

IO OPTAHIZBMY TBAPHH .vevvvrreeeenneeeennaeennns 66
Hagxom:keHHs rasiB Ta MOMKUBHUX

PEUYOBUH [0 OpPraHiamiB

POCIHH 1 TPHUOIB cuvvnerneriniinniinneenneannenns 68
Tunu reTepoTpOGHOTO KUBJIEHH ...v....... 70
BHYTPIITHBOKIITUHHE TPABICHHS ........... 72
ITosakgiTuHHe i 30BHiIIHE TPaBJIEHHH ..... 74
IloposxHUHHE Ta TPUCTIHKOBE

TPABIIEHHST +uvveerenneeeennassennesasonssssnnassnnns 76
TpaBiaeHHS B TOBCTOMY KHUIIIEUHUKY........ 78
depmenTtu. Perynsamisa

METAOOIUHUX TIIIIAXIB ¢eeunerrenneerenneeeannens 80
Amnaepobui mpormecu

€HEPreTUYHOIO OOMIHY +evvvrrreeiineeennneeennns 82
AepPOOHE MUXAHHT coveerereeenineeeesneeeennaenns 84

Kara6osism »KUPHUX KHCJOT,
aMiHOKHMCJIOT i HiTPOreHOBMiCHUX

OCHOB tteuurteeanneeeenneeeennesesnnesesnnsessnnasennns 86
BiocunTes 6inKa.

Tpauckpuniia i npounecunr iPHK .......... 88
BiocunTes 6inka. TpPaHCHAIMIA.cuueernneennnn. 90
ITocTTpancaamiiine

IO3PIBAHHSA OIJIKIB vevvvvrrrinnerennneeennnennnnns 92
dorocuuTes. CBiTI0BA ($A3a .oevvvveerennnn... 94
dDorocunTes. TeMHOBA (PABA..cccueeeenneennnn. 96
doTocuHTE3 Yy IIPOKAPiOTiB.

Ilnanerapue 3HaueHHA (POTOCUHTESY ....... 98
XEMOCHHTEB vvveereeeeennnnnsesssseessnnnssasacans 100
YTBOpeHHA TIiKOTEHY.

BiocuuTes JIiZiB covvvieeeiiiiiiiiiiinnneennnn. 102
BUIIIEHHA ¥ TBADHH «vvveernnerennneeennnenns 104
OCMOPETY AT e eeueeeennneeesneeeenneeannnaens 106
BUIIIEHHA Y POCTHH .vveeernnerennneeannnnnns 108
Ponp BupinenHs y miaTpuMaHHI

TOMEOCTABY +eeeeennnnnnaeeeeeessnnnnnesseeesannnns 110
Bsaemo03B’ 130Kk MeTa0o0IiuHIX

1110 8254 1 : SN 112
OOMiH PEYOBUH 1 €HEPTil....cevveveeeennnnnn. 114

OCHOBHIi TOJIOMKEHHS TeMU
«O0MiH peuoBUH i IIePeTBOPEHHS eHepriir..... 117

Tema 4. CnapgKoBICTb i MiIHNMBICTb

§56.

§57.
§58.

§59.

§60.

lnaxwu nepenaui imdopmarrii

B JKHBUX CHCTEMAX tuveerernerneeneaneenenncnns 118
TeHU Ml TEHOMM....vuvvrerniiiiiiniininnennenns 120
T'enmeTuka Ak HayKa.

METOIM TEHETHKM c.uuvrrreerreeeeennnneeeeaanns 122
T'emeruuyna TepmiHOJIOTIA.

THUOU CXPEITYBAHD tuuveeernrerenseeennnaeanns 124
3aKOHOMIpPHOCTi ycHagKyBaHH.

BaKOHU I'. MEeHIeA cuuuniiiiiiiiiiiiiinnnannn 126
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§61.
§62.

§63.
§64.
§65.
§66.
§617.
§68.
§69.

§70.
§71.

Bsaemogia amenis.

MHOKUHHUNA ATeJi3M .vvvvvvrrnnnnnnnnnnnnnnn.
XpomMocoMHAa Teopid CIamgKOBOCTI.
KPDOCHHTOBED cuvtviineeieieeininerenineeennnenns
TeHeTHKA CTATi..cvvvvriirierierennnnnnnnnnnnnnn.
T'eHoTHI i B3aEMOIIsI T€HIB...vvvvveerennnnnn
MiHJIMBICTD OBHAK..eveeeerererrneeeeeeeeeennnns
JL% B4 =T i s § PPN
Moaupikamiiina MiHIUBICTD vvvevrreeennnnns
TTonyAAIMifHA TEHETUKA vvvvvrrneereeeeeennnns
EnemenTapui mporecu eBosorii.
BUIOYTBOPEHHT covvveeeeiiiiiiiiinneeeeeeennnnns
TeHEeTHUKA JTIOMMHM «vvveereeennrnnneeeeeeeannnns
CoagkoBi 3aXBOpPIOBaHHA

Ta IX TPOPITAKTIKA cevveerrreeeeennneeeeeaanns

OCHOBHIi IOJIOMKEHHS TeMU
«CHagKoBICTh 1 MIHIMBICTE» veveeeeririnneeeeeanns

Tema 5. PenpopyKuis
Ta PO3BUTOK OpPraHi3mis

§72.
§73.
§74.
§75.
§76.
§77.
§78.
§79.
§80.
§81.
§82.

§83.
§84.

§85.
§86.

§817.

BymoBa BipyCiB..ieeiviiieeiiiiiiiiiinnennennnn.
JHKUTTETIATBHICTD BiPYCIiB.eerrreerieeeeannnns
BipycHi iHOEKIHT .cvvvieiiiiiiiiiiiiiinnaenn.
Bipycu 1 eBOTIOIMIT . eeeieieiiinnneeeeeeeannnns
IIpioHM 71 BiPOIAM cevvvvviiiiiiiinnniieeeennnnns
Penponykiia mpokapioTMYHUX KJITWH ..
Penponykiiia eykapioTUyHUX KJITHH ....
JKurreBuii muka wiaitun. Iarepdasa.....
CTpyKTypHa opraHisalisg XpoMaTuHy ....
MITOTHUYUHMN IO eerrrnnnnnnnneeneseeseeenenns
ITurokines. Perynamia

i IOPYIIEHHSA TPOIECY MIiTOBY cevverennnn.n.

Biosioriute 3HaueHHS MeH03y.
ITOPYIIEHHA MEHOBY tvvvvrrrnnerennneeennnnnns
Awmiros. Crapiuua i sarubesnb KIiTHUH....
Kaituani Texmosorii B 6iosorii

T MEIUITMHI ¢vvvvrrrrnnnnnnnnnnseseeseeseeeeanns
PenponyKitia opraHisMiB.....ccevveeeeeennnn.

172
174

176
178

180
182

§88. HecTaTeBe POBMHOMEHHT ceeuueenerenennnns 184
§89. BereraTuBHEe PO3MHOKEHHS
TA MOr0 BUKOPUCTAHH..eeereeeenneeeannenn 186
§90. CraTeBe pPO3MHOKEHHS
i CTATEBUM ITPOIIEC..ceernrerrnneeeennneeannens 188
§91. TaMETOTEHESB ceuuveeeneerenneeennneeeenneeannns 190
§92. Craresi 3anosu.
TamMeToreHe3 y JTIOAMHM ..vvvennnneeeeennnn. 192
§93. EBosoilissi cTaTeBOro po3MHOMKEHHH . .... 194
§94. BAMTITHEHHS «vevererrreeneeaneeeneeeneeanaeanes 196
§95. OcobsuBi GOPMU POBMHOMKEHHS . .v..e... 198
§96. 3anTiTHEHHS YV JIOAUHU «uvenneeeneeennennns 200
§97. CTATb Y JIIOAMHM «euuvenreenneenneenesanasanns 202
§98. Ourorenes 6araToKJiTHHHUX
OPTAHIBMIB tevvreieineeniineeeenneeennneeeannens 204
§99. EmMOpioHa/IbHUN PO3BUTOK.
JIDOOTICHHT e eeeeeeeneeeennnerenneeeeannaeannees 206
§100. TacTpysa. 3apOAKOBL JIUCTKHU «.vvveunnnn. 208
§101. ITpoBisopHi opraHmu.
Peryisiiisg OHTOTEHESY .uvvvrrrereninnnennenn 210
§102. EmOpioHanbHU PO3BUTOK JIOAUHM ..... 212
§108. Cyuacui metomu emoOpioJorii.
PenpoayKTUBHA MEAUITIHA. .eeeeernnneeenns 214
§104. IToctemOpioHaNTBLHUHE PO3BUTOK.
JKHATTEBL ITHKIIM . euuneeeennneeenneeeeenneeennans 216
§105. InguBinyanbHUiT POBBUTOK JIOAUHU..... 218

§106. PicT i po3BUTOK KUBUX OpPraHi3MmiB .... 220
§107. Perynsamia Ta mpobieMu pocTy

1 POBBHUTKY «eerrerennneeenneresneeesennaeannees 222
§108. PereHePaIlif.coceeerreeeereerenneeecnnneennnnns 224
§109. TparcnIaHTaAIid OPTAHIB....cvvuernnennnen. 226
OCHOBHi TIOJIO}KEHHSA TeMU
«Penponykilissi Ta PO3BUTOK OPraHi3MiB»....... 229

VszarajpHIOOUi 3aBIaHHA 3a TeMaMU
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