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3HAaNOMCTBO 3 NiAPYYHUKOM

I[ITamoBHI MEeCATHMKJIACHUKHU, IIHOTO POKY BU
BUBUATUMETE TaKi TeMu OioJorii:

- DBiopisnomanirTa

+ OOMiH peuoBUH i eHeprii

« CmagkosBicTh i MiHIMBiCTH

« PemponayKiia Ta po3BUTOK

VYBechr HeoOXimHUMI MaTepian Bu 3HAWAETe
y migpyurHuKy. Moro mojileHo Ha YOTHPH pO3-
Oiny BiAmOBiZHO OO TeM, IO OymeTe BUBUATH.

IIigpyyHUK mOOYI0BAHO TAKUM UMHOM, 1100
BaM OyJIO 3pYUYHO 3 HUM mpairoBatu. Iloropraii-
Te CTOPiHKM i 03HAMIOMTECs 3 IOTO CTPYKTYPOIO.

1. KoxxHuii maparpad posTalllOBAaHUKN Ha
OMHOMY PO3BOPOTi. ¥YBech MarepiajJ OIHOTO
YPOKYy — mepen oumMa. Kpim Toro, Take pos-
TaITyBaHHA MOJIETIINTD MONIYK MOTPiOHOTO Ta-
parpadga.

2. Ha mouaTky KokHOTrO Iaparpada mepe-
JiyeHO TeMu, AKi HeoOXiHO mpuragaTu, mepI
Hi’K BMBUYATH HOBUI MaTepiaJ.

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

4. 3akiHuyeThcsaA KOKHUU maparpad asBoma
pyOpuKamu:

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

+ «3alUTaHHA Ta 3aBAAHHA» — KOMIIETEHT-
HicHI 3aBHaHHA.

YMOBHI IIO3HAYEHHA y MiIPYUYHUKY

0 — IlomipxkyiiTe
0 — JlisHatiTecsa GiybIie
@ — IIpakTuuna pobGora

5. Bararo imgopmarliii HaBemeHO Y BUTJIAML
cxeM, TabJauIlh, igfocTpairiii. BoHu moJeriiars
CIPUUHATTA ¥ 3amam’sITOBYBaHHsS HOBOTO Ma-
Tepiay.

6. KoskHUII po3mis 3aKiHUYETHCS y3arajb-
HIOIOUUM PO3BOPOTOM, Y SIKOMY CTHCJIO IIOJAaHO
irgopmariro, BUKJIaeHy B TeMi, I110 BUBUAJIaCA.

7. Y kiumi migpyyHuKa BuU 3Haljere:

- y3araJbHIOIOUi 3aBHaHHA IJd iHAWBIOY-
ambHOI Ta rpymoBoi poboTH 3a Bcima Temamu
OigpyYHUKA Ta TeMU HaBUYAJbHUX IMIPOEKTIB;

s IpeIMEeTHUN Ta iMeHHUYN MOKaXKUYUKU, 110
MOJIETIIIATEL IIOIIYK HeoOxXimmoi imdopmarrii.

Kpim Toro, mo migzpyuHuka qogaeThCcsa eIeK-
TPOHHUM OOJATOK, IO PO3MIIIeHMIT Ha cauTi
interactive.ranok.com.ua. ¥ HboMy BUu 3Haiigere
IomaTKoBY iH(opMmaliro mo maparpadiB, CJIOB-
HUK TEePMiHiB, iH()opMaIlito Ipo BUeHUX, TECTOBL
3aBIAHHsA OO TEM Ta iHIIi JOZATKOBI MaTepiasu.

Sk nmpamoBaTH 3 €IeKTPOHHUM JAOJATKOM

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

2. 3apeecTpyiiTecs.

3. BHaigiTs 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 HATUCHITH
«Posmouatu poGoTy».

Cnodieaemocs, w,o eam 0yde 3pYy4HO i Je2KO Npayweamu 3a HAWUM NiOPYLHUKOM.
Baxcaemo sam ycnixie y HaguanHi!



Tema 1. BcTyn

§ 1. bionoria Ta ekonoria. Popmn XKunTTA

0 [omipkymnTe

AK My 3MOXeMO BIOPI3HUTU XUBE Bif, HEXMNBOro?

é 3raganTe

» bionoria

» Ekonoria

o lanysi Gionorii

e BnactmBocTi XnBux opraHiamis

bionoria Ak HayKa

Tepmin «b6ioJiorisi» B fioro cyuyacHoMy 3Ha-
YeHHi1 3anpomoHyBaB (GPaAHIY3bKUU YyUeHUN
Hau Baruct Jlamapk 1802 pory. Biosoria (Bix
IaBHBOTPEI. bios — «KUTTA», [0g0S — «yUeH-
HS») — Ile HayKa IIPO JKUTTA. SIK i Oyab-axa
iHmma Hayka, Oiojoria mae 00’€KT, AKUII BOHA
BUBYAE, i METOAUW, AKUMUN BOHA KOPUCTYETHCS
Ui fioro BuUBYeHHs. Kpim Toro, Giosoria mae
BJACHUN MNOHATIMHUHN amapaT — CYKYIHIiCTH
TepMiHIiB i IMOHATH, AKI BUKOPUCTOBYIOTH yue-
Hi-Oiosoru y cBOiti PoOOTi.

O6’exTOoM BUBUEHHA 6iosorii € Bci KuBi op-
TaHi3MM Ta PiSHOMAaHITHI acmeKTH IXHBOI JKUT-
TemiganpHOcTi. JKuBUMX opramismiB Ha Hamin
IJIaHeTi, K i acmeKTiB IXHbOI JKUTTENiAIBLHOCTI,
baraTo. A 11ie € BUMePJIi opramismu, AKi TaKoK
€ ob’ekramu BuBUYeHHs Oiosiorii. Tomy cyuacHa
Oiosioria crajia COpPaB)KHBOIO CHCTEMOIO HayK,
y AKifl BUAIIAIOTE OaraTo rayysei.

ITima HuMBKa rajsyseil 6iosorii mpucBaUYeHA
BUBUYEHHIO IIEBHUX CUCTEMATUUYHUX I'PYH KUBUX
oprauiamiB. BoraHika BuBUYae pocJauHU, Bipyco-
Joria — Bipycu, 300J0Tig — TBapwH, a MiKO-
goria — rpubu. Ile Benuki ramysi, AKi, y cBOIO
yepry, momginsioTbca Ha Oiabmn apiomi. Takx,

OpioJioria BUBYAaE MOXM, apaXHOJOTisI — IIaBy-
KiB, €HTOMOJIOTiA — KOoMax, MipMeKOJIorid —
Mypax, ixTiosorigs — pub, opHiTosOTiA — TTAa-
XiB, a MaMMOJIOTisI — ccCaBILiB.
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Hesari ramysi 6iosorii BuBUaOThL BHYTPIIII-
Hi mpollecu B KuBUX opranismax. Ile, Hampu-
KJan, ¢isiosoria pocauH i ¢isionoria TBapuH.
Bioximiss BuBuae mepebir ximiuHmMX peawrItiit
y KuBUX opranismax. IluTosoria mocaimKye
0co0JIMBOCTI OymOBM KJIITHH, a ricTroJioria —
TKaHUH. ['eHeTHUKAa IOCJHiI:Kye CIaIKOBICTH Ta
MiHJIUBiCTH OpPraHidmiB, a eToJIOTiA BWBYAE IIO-
BeIiHKY TBapwuH.

IcuyroTs rasysi 6iosiorii, 110 BMBYAIOTL CY-
KYITHOCTi JKMBUX OpraHisaMiB, iXHi 00’eqHaHHA,
AKi yTBOPIOIOTHCA B THUX UM IHIINX YMOBaX.
Ile momynariitina reHeTuka (BUBYA€E TeHETUYHI
mpoliecu B IIOMYJIAIIAX), OioreormeHoJioriss (mo-
ciaimkye OioreoreHos3u) Ta iHIIIL.

Ekonoria Ak HayKa

TepmiH «eKoJiOTisA» 3alIPOIIOHYBaB HiMeIlhb-
kuii yuenuin E. 'ekkenr 1866 pory. Bim mo-
XOOUTHh BiJi TPEIIbKUX CJIiB eikos, II0 O3HaAYae
OiM, TOMeIIKaHHsA, Miclle IepeOyBaHHS, Ta
logos — wmayka. Tak I'ekkenb Has3BaB HaAyKYy,
III0 BUBYA€E OpraHizaliio Ta (QYHKI[IOHyBaHHS
HaJOPraHi3MOBUX CHUCTEM PiBHUX PiBHIB, BUIIB,
MOMyJIAIi#, OiomeHos3iB i Giochepu.

CnoouaTKy I1eii TEpMiH 3aCTOCOBYBaJIN, KOJIU
HIILTI0CS PO BUBUYEHHS B3a€EMO3B’sI3KiB MisK poc-
JUHHVUMY Ta TBAPDUHHVUMUY YIPYIIOBAHHAMU, IIIO
BXOJATh OO0 CKJANy CTIiAKMX Ta OpraHi3oBaHUX
CUCTEeM, AKi BUHUKJIN y IIPOIEeCci eBOJIIOIil opra-
HiYHOTO CBiTY B meBHOMY cepenoBuiri. CyuacHa
€KOJIOTisI BUBYAE TAKOK B3AEMOJIIO JIIOAWUHU Ta
Giocepu, cycmibHOrO BUPOOHUIITBA 3 HABKO-
JUIITHIM cepeJoBUINEM Ta iHIi mpobJyemu.

Kputepii Xntta

WKuse Big He:XMBOro BigpisHAETHCA He 3a OJ-
Hi€I0 AKOIOCh XapaKTEePUCTUKOIO, & 3a CYKYIHicC-
TIO ITiJI0I HU3KU BJIACTHUBOCTEH. SIKIMO posrasana-
TH KOXKHY 3 XapaKTePUCTUK JKUBOT'O OKPEMO, TO
i1 MOKHA 3HAWTH i B JedKNX HEXKUBUX 00 €KTiB.
Tak, Kpucrtaam MiHepasiB y IIeBHUX yMOBax
3IaTHI POCTH I BiAITBOPIOBATU CBOIO CTPYKTYPY.



Tema 1.Bctyn > 20

OCHOBHI BNacTMBOCTI *NBOTO

Baacrusicts

XapaKkTepuCTHKA BJIaCTHBOCTI
SKMBOTO

IleBHUM Ximiu-
HUH CKJIAI

HasaBHicTs meBHUX Ipyn PEUOBYUH, K1 HA3WBAIOTH OPTaHIYHIMY PEUOBUHAMU

BararopiBue-
BicTw opranisarii

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

Hasasuicts 06-
MiHY PEUOBUH

Veci skuBi cucteMu MOKYTh QYHKIIIOHYBATH JIUIIIE 32 YMOBU iCHYBaHHA OOMiHY PEUOBUH
Ta eHeprii 3 HaBKOJUIITHIM cepenoBuinieM. [IpunnHeHHA OOMiHY CIPUUYNHSAE TPUITUHEHH S
KUTTENIAIBHOCTI "KUBOI CICTEMI

3maTHicTh 10 HasasuicTs 00MiHy peUyOBMH BUMArae Biff JKUBUX CUCTEM 3AiMICHEHHS MOCTiHOI perymaiii

caMoperyJIsaIrii CBOiX BHYTPIITHiX ITPOIECiB Ta MPOIIECiB Y B3a€MO/il 3 HABKOJIUIITHIM cepemoBuireM. Bis-
CYTHiCTBH a00 MOPYIIEHHS CAMOPEryJIAIil COPUUYNHAE IPUINHEHHS IPOIeciB 00MiHy
IToxpasnauBicTs ITe sparHicTs ameKkBaTHO pearyBaTu Ha 30BHimNIHI ab60o BHyTpimHui Busmsu. [logpasnausicTs

JKHBOI CCTEMHU € OCHOBOIO i1 e()eKTHUBHOI caMoperyJiAllii, 60 6e3 omep:KaHHs aJeKBaTHOL
iHgopmarrii 100 BIIUBIB OyAb-AKA PEryasallia HeMOKJINBa

3IaTHICTD 10
DPO3MHOKEHHS

Hemo:kIMBiCTh POSMHOKEHHS CTA€ IPUUNHOIO 3aTubesIi JKUBOI CUCTeMU

3IaTHICTh IO
PO3BUTKY

Veci skuBi cucTeMu IPOTATOM iHAWBIIyaJIbHOTO iCHYBAaHHSA IMOCTYIIOBO BUA03MiHIOIOTHCA
(mporiec oHTOTreHe3y). Kpim Toro, BOHM 3MiHIOIOTHCSA i B IpoIieci eBOJIoIil

DopMun XKUTTS

WKuBi cucremu ny:ke pisHoMaHiTHi, 60 KUT-
TS MOKe icHyBaTu B pisHuUX (opmax. I1i popmu
HOMIJISIOTHCA Ha JBi BeJUKL rpynu — KJIITHHHI
% HexsaitTuuHI (Mas. 1.1).

® MpakThyHa poboTa

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

1. Bu3HauTe OCHOBHi BNIACTUBOCTI Pi3HMX OO’EKTIB
XMUBOT N HEXMBOI Npupoan (Hanpuknag, CTpyMKa,
OypynbKK, BYNKaHa, iPKaka, COHALWHWKaA, Migbepes-

®opmu xutTA HIIKa).

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

KnituHHi HeknituHHi . B . S,
Hi ANA KOXKHOFO 3 06’eKTIB, Ta BKaxiTb, AKi 06'€KTU
BALUOrO AOC/IAXEHHA € XXMBUMWU N YOMY.
MpoKapioTUyHi 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 BRacTUBOCTEN Tabnuuo
3 IXHIMK XapaKTepucTukamm Ta npuknagamm npo-
ABy. 2. [leAki BUeHi He BNeBHeHi B TOMY, L0 Bipycu
MOXHa BiJHeCT! [0 »KUBMX OpraHi3mie. Ha uyomy

Man. 1.1. Qopmu xnTTa

KntoyoBa iges

Bionoria cknapgaetbca 3 6araTbox ranysen. BoHa

BVBYAE KUBI OpraHiamu Ta ix o6’egHaHHs.

Yci XuBi opraHiamy MakwTb MEBHUN KOMMJIEKC
XapaKTepPUCTUK, 32 AKUMM iX MOXKHA BigpPi3HUTN
Bi HEXUBUX.

MOXe IPyHTYBaTUCA Taka AymKka? 3. BukopucToBy-
104 1OLATKOBI AXKepena iHpopmaLii (3oKkpema, IH-
TEePHET), 3HaNZiTb NPUKIAAN HAABHOCTI B HEXUBUX
00'eKTIB OCHOBHUX BIACTUBOCTEN XKNBOTO.




Tema 1. Bctyn

§ 2. bionoriyHi cucremu. PiBHi opraHisayil Xutta

0 [omipkynTe

OpHOKNITUHHY ameby i 6araToKNITVHHY KypKy
MW Ha3MBaEMO opraHizmamu. A 6araToKNiTUHHY
neyiHky — Hi. Yomy?

é 3raganTe

o HeXxwuBi 1 XuBi cuctemun

o [lpuKknagn XnBUX CUCTEM
pi3HOro piBHA opraHisauii

BionoriuHi cuctemn

Cucrema — 1ie IIiJie, IO CKJaZaeThcsa 3i
B3a€MOIIOB’I3aHNX uyacTuH (esemeHnTiB). BioJjo-
TiYHMMH CcHUCTEeMAaMH HAa3WBAIOTh CUCTEMU, M0
CKJIay AKUX BXOAATH KUBI opramismm. Biac-
TUBOCTi CHUCTE€MU He 3BOAATHCA IO CYMH BJiac-
TuBOCTEeH i1 cKIagoBux. CyKyITHICTh CKJIAIOBUX,
SAKi yTBOPIOIOTH CUCTEMY, MA€ BJIACTHUBOCTi, He
npuTaMaHHiI KOTHOMY 3 ii OKpeMUX eJeMeHTiB
(rax 3BaHui cucreMHuii edexr). Hampukrian,
Taki KUBI cucTeMH, AK KJIITHUHU, € KUBUMU
JIUIIe AK Pe3yJbTaT B3aeMOMii IXHiX CKJIaZOBUX
(oprames, IIUTOIJIA3MU, MeMOpaH). A KOXKHUN
3 IUX eJIeMEeHTiB, BUIIJIEHUN OKPEMO, JKUBUM
OyTu He MOKe.

Oxpewmi Giosoriuni cucTeMu MOKYTh 00’ en-
HYBaTHUCSA, YTBOPIOIOUYM CKJIALHIIIL CHCTEMH.
Tax, okpeMi KJIiTHHU, 00’ €IHABIINCH, YTBOPIO-
IOTh 0araTOKJITHHHUII OpraHidam. A MmOmysdarrii
pisHUX BUAIB KUBUX OPTaHidMiB MOKYTH OpaTu
y4acTb B YTBOPEHHi ekocuctemu. Taki mocrigos-
Hi 00’eqHaNHSA emalIi cKIaIHIiImmnx 6ioorivuamx
CHUCTEM € OCHOBOIO Pi3HOpPiBHEBOI opraHizarii
JKUBUX OPTaHi3MiB.

Bci wactunum 6iosoriuHMX cucTeM HOB’sa3aHi
MiK co00I0 3HAUYHOIO KimbKicTio 3B A3KiB. Taxki
3B’A3KU MOXKYTh OyTU MPSAMUMU YU OTIOCEPEIKO-
BanuMu. [IpukiaagamMu npsaMoro 3B’ sIBKY € B3ae-
MO/isI BOBKIiB i 3a#imiB y 6io1ieHo03i (BOBKU ITATH
3alIiB) abo MO3KY i cepiisd B OpraHisMi JIIOAUHUT
(MO30K reHepy€e CUTHAJU, AKi 3MiHIOIOTH PEXKIM
po6otu cepiist). IIpukaagoM omocepeaTKoBaHOTO
3B’AIBKY € YMOBHUU pedieKc, KOJIM, TUBIAYNCD
Ha JUMOH, y JIOJUHU MOK€ BUIIJIATUCS CJIUHA
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a00 HaBiTh BUHUKATHU BiIUYTTA KUCJIOTO CMaKy
(AKIII0 BOHA paHillle ijia JUMOH i mam’saTrae foro
cMak). ¥ IIbOMY pasi mpsamoi B3aemopiil Jromu-
HU 3 JIUMOHOM HEMae, ajie BiATOBigHA peaxIrisd
opraHiaMy BUHUKAE.

Ekocucremu

Exocucrema — 116 CYKYHOHICTH 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. BioTHYHUA KOMIOHEHT €eKOCHUCTEeMU — IIe
Bci 'KuMBi opraHismMm, AKi BXomaTh Mo ii cKia-
oy (TBapuHHU, pociauHU, 6aKTepii Toro). AbGio-
TUYHUN — Ile KOMIIOHEHTH HEKUBOI IIPUPOIU
(kamiHHS, BOma, mOBiTpsa ToIo). BioTwuHMI
KOMIIOHEHT eKOCHCTeMHU Ha31MBAIOTh 010I€HO30M.

BioTnuHWT KOMIIOHEHT €KOCUCTEeM CKJIaza-
€TbCA 3 aBTOTPOGHUX Ta reTepPOTPODHUX Opra-
HidmiB. ABTOTpOodHiI opranHisamm 3maTHi yTBO-
pIOBaTH OpPraHiYHI PEUOBMHU 3 HEOPTaHIUHUX
3a gormoMoroo abo ¢gorocuHTedy ((hoTOaBTOTPO-
¢u), abo xemocuHnresdy (xemoaBTorpocu). I'ere-
porpodHi OpraHisMu OTPUMYIOTH IIOTPiIOHI iM
OpraHiuHi peyoBMHU 3 iHIIIWUX OPraHi3MiB.

PiBHI opraHi3auii X1UTTa Ha 3emMni

XapaKTepHOI0 0COO0JUBiCTIO Bcix 6ioJioriu-
HUX CHCTEM € HAABHICTb y HUX KIJIBKOX PiBHIB

Man. 2.1. EKkocuctema cTtaBKa



opramisarrii. Ik Bu 3HaeTe, JKUBi Op-
raHi3Mu CKJIaJaloThCs 3 0araTbox Op-
raHiuHMX MOJIEKYJ — OiJKiB, ByrJe-
BOJIB, *KUPiB, HYKJEIHOBUX KMCJIOT.
Ile i € mepmmm piBHeM opraniszarii
SKUTTA — MoJeKyaapHum. Biomoriuni
MOJIEKYJIX 00’ €IHYIOThCA Y CKJIAIHIi-
IIi CTPYKTYPU — KJITUHU, AKi € Ha-
CTYITHUM piBHeM opraHizamii — K.Ji-
MUHHUM.

Kiaituam B 6GaraTOKJITHHHUX
opraHiamMax He iCHYIOTH caMi 1O
cob6i. Bouum o6’emmani B 6igbmri
CTPYKTYpPU — TKAHUHU I OpraHu.
Ile mrxanuHHO-OpzaHHUL pPiBEeHB
opragisarii. A TKaHUHU W Opra”Hu
00’eIHYIOTHCA y CKJAAl opraHismy,
YTBODPIOIOUU OpP2AHI3MOBUll PiBEHb
opraHiszairii.

Aue i e mie He Bce! Opranisamu
He KUBYTHh caMi mo cobi. ¥ mexkax
IeBHUX TEPUTOPili BOHU YTBOPIOIOTH
rPynu OCOOMH CBOTO BUAY — MOIIY-
JAIIl, IKi € CKIaJOBUMU YaCTHHAMMU
nonynayiiiHo-6u008020 PiBHA Oprami-
samii. ITomynamii X okpeMux BUIIB
B3A€EMOJIIOTH 3 MOMYJIAIIAMYI iHIITNX
JKUBUX OpPraHisdMiB, AKi KUBYTH pa-
30M 3 HUMH. ¥ TaKWi cmocié BoHHU
YTBOPIOIOTH €KOCUCTEMH — CKJIAJO0Bi
eKocucmeMHOz0 PiBHA opraxisaiii.
I, mapemri, Bci eKocucTeMu HaIIol
miameTn o6 €IHYIOThCA y CKJIami
Oiocepu, AKa € HAWBUIIUM PiBHEM
opraHisariii JKUBUX CHUCTEM.

Cnig sayBasKkuTu, IO He BCi
JKUBiI cmcTeMH MalTh OIJHAKOBY
KimbKicTh piBHIB opramisamii. Tak,
ONHOKJITHMHHI OpraHisMu He MalOTh
TKaAHUHHO-OPTaHHOTO PiBHfA, a y Bi-
PyCiB BiACyTHI# Ie W KJIITHUHHUNI
piBeHb.

0 Kniouosa iges

Bci »W1Bi opraHiamun € »UBUMU CUC-
TeMamu i BXOAATb JO cKagy 6inbLu
CKNMagHmx cuctem (y Tomy ymcni fo
cKknagy ekocuctem). HaAaBHiCTb Kinb-
KOX PiBHIB OpraHi3auil € xapakTep-
HOIO PUCOI0 BCiX KMBUX CUCTEM.

Tema 1.Bcryn > 20

PiBHI opraHisauii >knBmx cucrtem

Pisens ki komMoHEeHTH
. , ITpukaagn
opraHizamii 00’eqHYy€E
Mounery- I'pynu aTomis,

JSIPHUN 00’ e IHAHUX
Y MOJIEKYJIH H

Boda Hyxaneinosa kucaoma

Knituernii =~ Mosekynn ta /‘O
opraHeyu KJi- A ! (
Vo

THUH S e

Tranuano- @~ Kiaituuu, tka-

OpraHHUN HUHU # OKpeMi
OpPraHu KUBUX
opraHizMmiB

Oprauisamo- | Cucremu op-
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e3aﬂVITaHHﬂ Ta 3aBaHHA

1. Y moxe ekocucTema CKnagaTuca TinbKu 3 aBToTpodiB? Bia-
noBigb o6rpyHTyinTe. 2. Ha npuknagi ofHiei 3 ekocmctem (3a Balum
BMOOPOM) MOKaxiTb, AAKi enemMeHTV BXOAATb A0 il 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.




Tema 1. Bctyn

§ 3. CepepoBuule XunTTA. IOHATTA romeocTasy
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[NomipkynTe

fIkKum cepepoBULeEM — MpUpPOA-
HUM, LWUTYYHUM Y/ aHTPOMOTeH-
HO-3MiHEHVM — MOXXHa BBaKaTu
NMOMeLUKaHHA NIOAUHN, Yy AKOMY
Hapoawunaca i »uBe CBillCbKa
TBapuHa?

3raganTe

o BHyTpilWwHe cepepoBuLLe
opraHiamy

» CepepoBule iCHyBaHHsA

o OCHOBHI BMAW cepenoBuLLy
iCHyBaHHA

o OcobnMBOCTi BOAHOFO, Ha3eMHO-
ro i NOBITPAHOrO CepefoBuLL

LWtyyHe

Man. 3.1. CepepoBuLya icHyBaHHA

Pi3HOMaHITTA cepefoBuLY iCHYBaHHA OpPraHi3mis

YacTuHa IpPUPOAU, AKA OTOUYE KUBUU OpPTraHiaM i 3 AKOIO
BiH OesIocepelHbO B3a€EMOi€, HAa3WBAIOTh CepexOBHINEM iCHY-
BaHHa. JKuBi opramisMm mOCTiHiHO IPHCTOCOBYIOTBCS IO HBOT'O
1 peryamioTh CBOIO JKUTTEAIANBHICTD BiAIOBITHO A0 HOTO 3MiH.

IcuyioTh pisHi cmocobu Kiaacudikailii cepefoBuIl] icHyBaHHA.
Y momepenHix KJjacax BU BiKe i3HAJUCHA, IIO iCHYIOTHL BOJHE,
Ha3eMHe Ta MOBiTpAHe cepemoBuIna icayBanud. OcobsuBuMu ce-
peoBUINAMY iCHYBaHHSA € TPYHT Ta JKUBi opraniamm (Bcepenmui
¥ Ha MOBEPXHIi ITMX OPraHi3MiB MOKYTh JKUTHU iHIII opraHisMmu).

Ane, BpaxoByHOUM 3HAYHUN BIJIUB JIIOAWUHU HA IIPUPOAY,
aKTyaJIbHOIO € KJjacudikamia cepeqoBUIl] iCHyBaHHS, IKa KOH-
CTaTye CTYIiHb 3MiHEHHSA CepemoBUIIA JIOAUHOIO. 3TiHO 3 Iiei0
KJacupikaiiew, BUIIIAOTh IIPUPOIHE, aHTPOIOTEHHO-3MiHEeHE
i mryuHe cepemoBumia (maj. 3.1).

IIpupogHuM Ha3WMBAIOTHL CEPeIOBUIIE, AKe He 0yJo (abo maii-
JKe He OyJIo) 3MiHeHe JIIOACBKOIO AisabHicTio. IIpukaagamu Ta-
KHX CepeqoBUIN MOKYTb OYTU eKOCUCTEeMHU 3allOBiIHUKIB, Imeuep
Ta iHIIUX MiCIlb, 1O AKUX YTPYAHEHO AOCTYII JIIOJWHU.

AHTPOTIOTEHHO-3MiHEHMM € cepeJoBUIe, Ha SAKe JIIOJUHA
IOCTaTHBO CUJILHO BILJIMBAE, i Ile € MPUUYMWHOIO 3MiH y IIUX Ce-
penoBuinax. IIpuKJIagoM TaKOro cepegoBUINA MoKe OyTu pid-
ka [Hinpo, Teuid AKOI 3aperyJiboBaHa CHUCTEMOIO BOJOCXOBHUIII,
a y BOAY IOCTiiHO HaOXOAATHh Pi3HOMAHITHI 3a0pyIHEHHS aH-
TPOIIOTEHHOTO IMOXO/YKEeHHS.

IITyuni cepemoBuilia CTBOPIOIOTHCA JoauHOI0. Opranismu,
AKi "KUBYTH Y TAKUX CePeOBUINAaX, BUKOPUCTAHI JIIOAWHOIO B Pis-
HOMAaHITHUX TOCIOJapChbKUX a00 HayKOBUX Iiiax. [lo mTydHmx
CepemoBUIIl HAJIEKATh IMOKUBHI CEPEOBUINA IJI BUPOIITYBAHHA
MiKpoopraHisamiB y JabopaTopiax, cepemoBuIia B 6i0TexXHOJIOTiU-
HUX peakTopaxX Ha BUPOOHUIITBI, TiPOIOHHI KYJIBTYpPH TOIIO.

3HayeHHsA romeocTasy anAa XNBuUx CUCTtem

T'omeocTas — 1ie BiTHOCHA CTAJIICTh CKJIAJy Ta BJIACTHUBOCTEN
0ioJIOTIUHUX Ta eKOJOTiUuHuX cucTeM. BiH € xapaKTepHOIO O3Ha-
KOI0 BCix piBHIB opramisarii KUTTA i HeOoOXiTHOIO yMOBOIO IJIs
dyHKIiOHYBaHHA 06iOJOTIYHMX Ta EKOJIOTIYHMX CHCTEeM Pi3HUX
PiBHIB opramisarii. ¥ pesayjabTaTi mpoIeciB B3aeMoIii eileMeHTiB
CHUCTEeMU Ta BILJIMBY Ha Hel Pi3HUX (paKTOPiB roMeocTas MOCTIHHO
MOPYIIYETHCSA, ajie OAPa3y K i BigHOBIIOETHCA. 1le BigHOBIEHHA
3IifICHIOETHCA 3aBAAKU caMOperyJdmii OiosoriuHux cucrem.

Ha piBHi oxpemMux KJaiTme ab0 OJHOKJIITHHHUX OPraHis-
MiB roMmeocras miATPUMYETHCA 3aBAAKU IMPUCKOPEHHIO UM YIIO-
BiJibHeHHIO OioxiMiuHMX peakIliii, 3MiHiI CcTyIeHA TPOHUKHOC-
Ti KaiTmHHOI MeMOpaHM Ta peryJasdailii po6oTu IIeBHUX TeHiB.
B exocucremax crabinbHicThL HiATPUMYETHCSA 3aBAAKMN 3MiHi
KiJIBKOCTi 0COOMH y HMOMYJIAIisIX BUAIB, B3A€MO/Iil PisHUX BUIIB



Mik co00I0, BILINBY OpPTaHi3MiB Ha CTaH cepeno-
BuIla (HaOmpuKJIazg, (GopMyBaHHS OCOOJUBUX
MiKpPOKJiMaTUUYHUX YMOB y JIICOBOMY MacuBi)
TOIIO.

[igTpMaHHA romeocTasy Ha NpuKnagi
OpraHi3my NogNHN
IlixTpuMaHHSA TOMeEOCTa3y OPraHidMy JIIOIM-
HUM MOJKJHBO 3a yYMOB BimHOCHOI cTabiJbHOCTI
KiJIbKOX IIapaMeTpiB HOro BHYTPiIlIHLOTO cepe-
moBumia. IlapamMeTpu BHYTPIIIIHBOTO CepemroOBU-
Ima OpraHiaMy JIIOOWHU, IKi € BAXKJIUBUMU IJII
OiATPUMAaHHA TOMeEOoCTasy:
* KpoB aAHU# TuCK (y Zopocioi
aoguau — 120/80 MM pT. CT.);
+ Temmeparypa Tiza (35,5—37°C);
+ pH kposi (7,3-7,45);
* KOHIIEHTpPAI[isI TOPMOHIB;
* KOHIIeHTpallid KucHio Ta Kapoou(IV)
OKCHUIY B KPOBi;
* KOHIIeHTpAIlis TJIIOKO31 B KPOBIi;
* KOHIIEHTPAI[is coJiell MiHepaJIbHUX
PEUOBWH y piAmHaX Opra”iamy.

Ile sabesmeuyeTbcsa OiAJBHICTIO TPHOX pe-
TYJATOPHUX CUCTEM: HEPBOBOIO, I'yMOPaJIbHOIO
Ta imyHHOIO. Hepsosa % zymopanvra cucmemu
peryJmoioTh i KOOPAMHYIOTH pPOOOTY Oprauis,
a iMyHHa B3axXWIa€e OpPraHiaM Big HOpYIIeHb,
AKI MOMKYTH CIIPUUYMHUTH iHIII opraHismMu aco
MKiJIMBI peYOBUHMA.

HepsoBa peryadria 3aificHIOETbCA 3a JOMIO-
MOTOI0 iMITyJIbCiB, IO IIepefaloThCcs IO MeMO-
paHax HePBOBUX KJITWH, TOAI AK T'yMOpaJbHaA
crucTeMa peryJiioe IIPoIecy B OpraHiaMi 3a momo-
MOTOIO CIEeI[ilaJIbHUX XiMiYHMX PEeUOBUH — TOP-
MOHiIB. B3aeM03B’sA30K ABOX THUHIB PeryJsaIlii
TPOABJIAETHCSA B TOMY, III0 HEPBOBA I T'yMOpaJb-
Ha CHUCTeMHU BIJIMBAIOTH OJHA Ha oaHy. Tax,
HepBOBa CHUCTeMa MOXKe CIPUUYUHATHU 3MiHY iH-
TeHCUBHOCTI BUIiJIeHHs 0ioJOTiuHO AKTHUBHUX
pEeYoOBUH, a MiA TOPMOHIB MOKe 3YMOBJIIOBATHU
BUHUKHEHHS HEPBOBUX IMITYJILCIB i peryamoBaTu
pobOTy OKpPEMUX YaCTUH HEPBOBOI CHUCTEMM.

0 Kniouosa iges

Bci »KmBi opraHiamMun € XXnBMmMu cncteMamu i BXo-
OATb Jo cKnagy 6inbll cknagHux cuctem (y Tomy
uncai o cKnapy ekocmuctem). HasBHICTb KinbKox
PiBHIB OpraHi3auii € XapaKTepHOK PUCOID BCiX
KUBUX CUCTEM.

Tema 1.Bctyn > 20

PiznomaniTHi (hakTOpM MOCTIIHO BIJIMBA-
IOTh HA OPraHi3M JIIOWHU i MOPYIIYIOTH HOTO
roMeocTas. 3 HE3HAYHWUMHU BIJIMBAMHU OpPTaHi3M
3[]aTeH yIopaTHUCA NOCUTH JIETKO, a i3 CHJIBHU-
Mu — ckJagHimie. IIpukiIamoM CHILHOTO BILINBY
MOsKe OyTU CTpecoBa peakIid.

Crpec

Crpec — 11e HecmenudivHa HeHAPOTyMOpab-
Ha BiATIOBiAb 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 3MiHMJINCS, HOTO IIPUCTOCYBAHHS
0 KOHKPETHOI cuTyarrii.

Y cTpecosiii cuTyarii opramismM mob6igisye
CBOI pecypcu i moBepTae romeocras O CTaHY
piBHOBaru. AJjie Iie Ipallioe TiJIbKM Ha BimHoc-
HO KOPOTKHUX IIPOMiKKax dacy, ajKe pecypcu
opraHiamy, AkKi Mo00inisye cTpec, He € HeCKiH-
yeHHNMHU. SIKIIIO cTpecoBa CUTyallid CTae TPU-
BAJIOIO, TO Ile IIOUYMHA€ HeraTHUBHO Big0umBaTuCSA
Ha cTaHi opramismy.

Bnnwne Tpusanoro ctpecy
Ha Pi3Hi cucTeMn opraHismy noguHU

MoxanBi HacTigKu gil cTpecy

Cucrema
Ha CHCTEMY
Hepsosa 3MmiHa HACTPOIO, Jempecis, MOPYIIeH-
BOB .
p HsI KOHIIEHTPAILil, rOJI0BHU 0iIb
IligBUIeHHA YaCTOTU CKOPOUYEHD
Kposonocua .
cepIlA Ta apTepiaJbHOTO TUCKY
3MeHIIIeHHA 3JaTHOCTI IPOTHUCTOS-
ImynHa . .
TH 1HQEKIIAM
Tpasua Boai y maynry, Hygora
ITopyiieHHsA Po6OTU PEIPOAYKTUB-
CrareBa py 1A p penpony
HUX OpTaHiB
OmnopHo- Binb y cyriobax i m’s13ax, mopyImeH-
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
XKUBOrO i CKNagitb CNUCOK ¢daKTopiB, AKi MOXYTb Mo-
pywuTn ii romeocTtas. 3. Ha nprknagi KOHKpeTHOI eKo-
CUCTEMU MOACHITD, AK BiOYBAETLCA NIATPUMAHHA PiBHO-
Bary B Uil KOHKPETHIn ekocucTemi. 4. CKknagiTb CNUCKn
MO3UTUBHUX | HEraTUBHMX HaCNiAKIB CTpecy B NIOANHMN.




Tema 1. Bctyn

§ 4. Hayka Ta HayKOBMW MeTopA Ni3HaHHA

0 [omipkynTe

B AKMx BMMagKkax yyeHi MOXyTb 3aCTOCOBYBATU Tiflb-
K/ TEOPETMYHI MeToan OOCHiIXeHHA?

e 3raganTe

« Tanysi 6ionorii
« HaykoBi Teopii B rany3i 6ionorii Ta ekonorii
o BHecok yueHunx, AKi cTBopunu Ui Teopii

Hayka. HaykoBi rinotesm Ta Teopii

Hayka — me cdepa OissabHOCTI JIOAWHWU,
sAKa MpUCBAYEeHAa 3400YTTI0O HOBOTO 3HAHHS IIPO
HaBKoOJUIIHIN cBiT. OCHOBOIO HayKOBOI'O IIi-
3HAHHA € Mo0yI0Ba CUCTEeMU AOCTOBIPDHOTO 3HAH-
HdA, M0 I'PYHTyeThcA Ha (arrax. Paxmom €
CIOCTEePEeKeHHA ab0 eKCIePUMEHT, AKUN MOoiKe
OyTu BigTBOpeHUIi Ta mmiaTBepm:kenuii. IIpore
TIYMA4YUTH OJHE i Te caMe CIOCTePeKeHHs pis-
Hi BUE€HI MOKYTH IIO-pPiBHOMY.

Ha ocHoBi amamizy (axTtiB chopmoBano
rimore3m — OOI'PYHTOBAHI NPUNYHIIEeHHHA, SAKi
mi (GaKkTu MOACHIOITH. SIKIMO HOBI (akTu He
MiATBEPAKYIOTH TillOTe3y, TO BUCYBAIOTH HOBY
rimoresy. fAKImo K rimoresa mo0Ope y3romKyeTh-
cA 3 HagBHUMU (PaKTaMM ¥ JO3BOJIAE POOUTHU
MIPOTHO3M, IO 3TOAOM IIiATBEPAKEHi, TO BOHA

EnemeHTn

A ®opmanbHi
3
em TEOPIA i,

3MicTOBI

Kateropii Mpasuna
loei Ta iH.
OyHKuUiT
CuHTesytoya MoscHioova [porHo3sytoua

Man. 4.1. OCHOBHi KOMMOHEHTWN HayKoBOi Teopii
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cTae OCHOBOIO HayKoBoil Teopii. HaykoBa Teo-
pig — 1e cucreMa ysaraJbHEHUX 3HAHb, AKa
MOSICHIOE HaABHI (hakTu, (GOPMYJIIOE 3araybHi
3aKOHU, AKUM I[i (PaKTU TigIOPAIKOBYIOTH-
cd, i mo3BoJsisie TiepembauaTy HeBimomi paHilie
asuia (maJua. 4.1). Ajle BUHUKHEHHSA HAyKOBOI
Teopili He os3Hauae, 10 BOHA € Biuxoio. Hosi
IaHi, oTpuMaHi B MalOyTHbOMY, MOMKYTH IIO-
TpebyBaTu ii KOpPeKIrii.

EmnipuyHi gocnigeHHA

Huna orpumanuAa HOBuUX (akTiB Ta Gdop-
MyBaHHs TimoTe3 i Teopiii cyuacuHa O6ioJioris
BUKOPUCTOBY€E Pi3HOMAHITHI HAyKOBI MeTOIH.
Ix moskHa poszimmTu Ha ABi Beqmki rpymm —
eMIipryHi Ta TeopeTnuHi. ¥ pasi 3acTocyBaHHA
eMIIipMYHUX METOJiB MPAaIIOI0Th i3 IIPUPOJHU’-
MU 00’eKTaMU, BU3HAUAIOUM IXHi BJIACTHUBOCTI.
Ho Takmx MeTOIiB HaJIeKaTh CIIOCTEPEKEHHSA
Ta eKCIIePUMEHT.

Y xoxni cnocmepesceHHsa JIUIlle PEECTPYIOTH
XiT TpPUPOAHUX MPOIECiB, He BTPYyUYAIOUUCH
Y HBOTO, III0 € CYTTEBOIO IIepPeBarorw IHOTO Me-
Tony. SIKIIO cIocTepekeHHs 3AiMCHIOIOTH 3a
OKpeMuM OiosoriuamumM 00’€KTOM, TO TAKUHA THUII
CIIOCTEPEKEeHHS Ha3WBAIOTh ONUCO8UM. SIKIITO K
miT yac CIIOCTepe)KeHHs MPAaIloIoTh OApasy
3 KiJTbKoMa 00’eKTaMM, a MOTiM IIOPiBHIOIOTH
pesyJabTaTu, TO TAKUI TUII CIIOCTEPEKEHHA Ha-
3UBAIOTh nopieHaabHUuM. IlepeBara ommcoBUX
IOCTiI)KeHb IOJIATaE B TOMY, 1110 Ha 00’€KT CIIO-
CTepesKeHb HisIK He BIJIMBAIOTh. AJie B IIbOMY
BUIIQJAKY BaKKO BU3HAYUTU POJIb Pi3HUX (hak-
TOPiB y mepebiry meBHUX NPUPOJHUX IIPOILECiB.

OpuuM i3 BapiaHTiB CIIOCTEPE:KEHHS € MO-
HimopuHeogi 0ocaidxieHHs, AKI 3AINCHIOIOTH
3 meBHOIO IepiogmuHicTio. IlepiogmuHicTh HO-
CIimKeHb MOKe OyTH pPisHOIO i 3a/IeKUTh Bin
moctaByjeHol MeTu. BaraTopiuHWT MOHITOPHWHT
IO3BOJISIE BiJICTE)KYyBaTU 3MiHU B €KOCHCTEMAaX,
BCTAHOBJIIOBATH BILJINB Pi3HUX (PAKTOPiB Ha KUBi
opraHiamu, OI[iHIOBATH AHTPOIOTeHHUU BILJIWB.

¥ xoni excnepumenmy Bin0OyBaeThCA aKTUBHE
BTPYYaHHA y IPUPOAHI IpoIlecu, Il 4ac sSKOTO
MITYYHO (DOPMYIOTh YMOBH, Yy IKUX BiIOyBa€eTbCA
excuepuMeHT. 1le 103BOJIAE CTBOPUTY CUTYAIIilO,
KOJIM MOJKHA JOCTiaumTH mito Ha Oiosoriumi mpo-
ImecH JIMITe OJHOTO (paKTopa, 3aJUIMAIOUYM iHIITL



daxTopu HeamiHHUMU. HemoyrikoMm Takoro mif-
X0y € Te, IO IMITYYHO CTBOPEHi yMOBH eKcC-
HIepUMEHTY MOKYTHh IO3HAUaTHCA Ha HOPMAaJb-
HOMY (yHKIIiOHyBaHHI Oiosoriuamx 00’€KTiB.

B exkcriepuMeHTaJIBHOMY METO/i JOCJiIKeHb
3a3BMUAll 3aCTOCOBYIOTH KOHTPOJBb (KOHTPOJIb-
HUN OOCJIif). HMoro smificHO0TH y THUX caMUxX
yMoOBax, II0 ¥ eKCIepUMEeHT, ajie BUKJIOUAlOTh
miro (pakTopa, AKUN OOCHiIKyIOTh. Takum uu-
HOM, IIOPiBHIOIOUM Pe3yJIbTAaTU KOHTPOJIIO I eKc-
IepuMeHTy, MOJKHA BUOKPEMUTH Oil0 (paxTopa,
AKUHA BUBYAIOTH.

TeopeTnyHi gocnig»keHHA

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

Mamemamuuny o00poOKYy RAaHUX 3AiNCHIO-
IOTH ITiCJIA 3aKiHUEHHA CIIOCTEPEKeHHA a0o eKc-
nepuMeHTY. BoHa [103BOJIsIE HAa OCHOBi oTpmMa-
HUX JaHuX 3’sAcyBaTH 3B A3KU MiK OKPEeMHMU
mapaMerpaMu OiOJIOTIiYHHMX CHCTEM, BUBUUTHU
BILIMB OKpeMux (haKTOpiB Ha OiojyoriuHi cwuc-
TeMH Ta 0COOJMBOCTI IXHBOI B3aeMOmIii.

OcHOBOIO M00enl08aHHS € CTBOPEHHS IIeB-
HOI Teopii 1moxo meBHOI OiosoriuHoOil cucTeMu,
10 MIiCTUTh HpaBMJa, 3a AKUMU BimTOyBamOTh-
cAd 3MiHM B OioJIOTiUHMX aHaIi30BaHUX CHUCTE-
max. Ilicass cTBopeHHsA Takoi Teopii 3amaroTh
mouyaTKoBi mapamerpu (ToOOTO BM3HAYAIOTH IIO-
yaTKkoBUM cTaH cuctemu). Ilorim, 3azBuuain
3 BHUKOPHCTAHHAM IOTYKHHX KOMI IOTEpPiB,
pobaAThE aHaNi3 — AK OyJe 3MiHIOBATHCS CHC-
TeMa y BUIAAKY Oil mpaBuJl BUCYHYTOI Teopii.
PesyabpraTu 3icTaBAAIOThL 3 peaJbHUMHU (pakKTa-
MU O HagBHUX Oiojoriummx cucreMm. SIKIO
BiIXMJIeHHS BiJ IPpUPOIHUX IIPOIlECiB HEe3HAUHI,
TO B Te€OpPil0 i MoJesah BHOCATH HEBEJIUKI mpaB-
KN Ta IPOIOBXKYIOTH MOCTHiM:KeHHsS. SIKII0 K
BiIXUJIEHHA € CYTTEBUMU, TO CTBOPEHY TeOPiio
BiIKMIAIOTh i IPOIOHYIOTH HOBY.

0 Kniouosa iges

Hayka — ue cbepa AianbHOCTI nogMHK, npio-
puTETOM Yy AKiN € 06'€EKTMBHE, a He Cy6'eKTVBHE
CNPUIAHATTA AiNCHOCTI, a byab-aki cdopmoBaHi
Teopii 1 rinoTe3n NpMIMaloTbCA TiNbKK Nicna 6a-
raTopa3oBOi NepeBipKu.

Tema 1.Bctyn > 20

MogenoBaHHS IIIHMPOKO BUKOPUCTOBYIOTh
Y THX CHUTYyAaIlifX, KOJHU IIPOBEeJeHHA PeaJlbHOTro
eKCIepuMeHTy HeMOo:KJuBe. Tak, HaAIpUKJIAI,
JOCTiIKYIOTh €BOJIIOIiTHI IIpoIiecu, 3MiHI KO-
cucTeM y ILJIaHETAPHOMY MacIiTabi ToImo.

Mpobnema HeHayKOBOrO Ni3HaHHA

OCHOBOIO HAYKOBOTO IIi3HAHHA € 00’ €KTUB-
HicTsb. ToOTO Bci oTpumaHi maHI HPUIEMAaIOTH
AK (paKTH TIJIBKU IIiCJS PETEeJbHOI IIepeBipKu
i HesaJIe:KHOTO IMiATBePIKeHHA. JAKINOo K miaxisn
IO IIPOBENEHHSA NOCIiIKeHb CTae Cy0’ €eKTUBHUM
i oTpuMaHi aHi cIPUIIMAIOTh OHOOIYHO 3 irHO-
pPyBaHHAM (paKTiB, AKi He TiATBEPIKYIOTh BUCY-
HYTYy rimoTesy, TO TaKe ITiBHAHHA € HEHAYKOBIIM.

Ha xanb, sapas y 3MI uacTo mommupooTh-
cA mceBAOHAYKOBi Teopii. IlpmuwmHOIO IBOTO €
1 eleMeHTapHa HEOCBiueHiCTD, i OarKaHHS OTPU-
MaTH MaTepiajbHi BUTOAU IMJIAXOM YBeIeHHS
YaCTUHU JIOAell B oMaHy. 3amobirtu mbomy
MO:KHAa, BUKOPHCTOBYIOUM HAYKOBi MeTomu min
yac aHaJi3y TaKMX TeOopill Ta TBepIKEeHb Ta
PO3BUBAIOYM BJIACHE JIOTiUHE MUCJIEHHSI.

® MpakTuyHa poboTa

3anponoHyeamu/cnpocmyeamu 2inome3y 3a 3ada-
HUM MmeepOXKeHHAM

1. Bubepitb ABa TBEPAKEHHA 3 HaBedEHUX: a) Poc-
JIMHN € aBTOTPOOHUMU oOpraHiamamu; 6) TBapuHU
Ta POCSIVHU CKJAZaloTbCA 3 KIIiTUH; B) AeAki Myxu
CXOXi Ha 6N i A3vKuaTb, AK 64KoNK; ) 64XKonu
BKa3yloTb 3a AOMOMOrOI TaHLO iHWUM 6axonam 3i
CBOrO BYJSIIK@ HanpAMOK NONbOTy A0 Axepena iKi.
2. inA KoXHoro TBepAKeHHs chopmynioiTe rinoTesy,
AKa MOro MOACHIOE.

3. 3anpornoHyiiTe cnocobu NepeBipKy BaLlOi rinoTesu.
4. Coopmyniolite BUCHOBOK, Y AKOMY BKaXiTb, LLO
cnif ypaxoByBaTu Mif, Yac BUCYBAHHA rinotesu.

03aHMTaHHH Ta 3aBaHHd

1. CknagiTb CMMCOK MOXMBUX AOCHIAXeHb, 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 OoHaTKOBI AXepena (3okpema, IHTepHeT), 3HangiTb
KOHKPEeTHi NpuKnagun, Konu BiACyTHICTb 06’€KTMBHOrO
nigxopy A0 AOCniAXKeHb cTana NPUYMHOK HeraTuBHUX
HacnigKiB anA CycninbCcTBa.
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Tema 1. Bctyn

§ 5. MNpuHUMNU NnaHyBaHHA 6ioNOriYHOro Ta eKonoriyHoro

AOCNIg)KEeHHA Ta HAYKOBN MeToA Ni3HaHHA

0 [omipKymnTe

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

é 3raganTe

» HaykoBun metop ni3HaHHA

o EkcnepumeHt

o CnocTeperkeHHs

o MoHiTopuHr

o OCHOBHI MeToAn 6ioNoriYHMX JOCAiAKEeHb

[MnaHyBaHHA JocCnigXeHHA

IlnanyBaHHA — HaAWBaKJIUBIMINI eJIEMEHT
HAYKOBUX JOCJiKeHb, II[0 CTAHOBUTH HU3KY II0-
ciaimoBHUX eTariB pobotu. Ilin muanyBaHHAM pO-
3yMiIOTh BU3HAUEHHS I[ijeii, 3aBIaHb i 00’€KTiB
IOCTi’KeHb, PO3POOKY CXEMH eKCIIePHUMEHTY,
BHOIp ONTUMAJNBHOI CTPYKTYpPHU HOCHiAy U mi-
JAHKU AJIA WOTO MPOBEEeHHA.

CTpyKTypy NJaHYBAaHHA MOKHA MOIJIUTHU
Ha JBa eTamwu.

Ha mepmiomy erami mianyBaHHA BinOyBa-
€ThCA:

- Bubip Temu;

* BUBHAUEHHA aKTYaJIbHOCTi JOCJiIKeHb;

- (hopMyIIOBAHHSA IIijiel i 3aBHaHBb HOCJIi-

KEHb;

- BubOip 06’exTa abo 00’€KTiB MOCTiI/KEeHb;

« 30upadHsa ¥ KPUTUUYHUIN aHaIi3 HasgBHOIL

iEdopmailrii 3 mocaimyKyBaHoI mpobJieMu;

* (hopMyIIOBaHHA I BUCYBaHHSA POOOUUX Ti-

moTre3 (TEOPeTHUHUX MofeJeir).

Ha gpyromy erami mianyBaHHA Big0OyBa-
€ThCcA PO3poOKa IIporpamMu OOCHiA:KeHb. BoHa
MiCTUTB:

- BUBHAUEHHA PO3IiJaiB mociaiguoi poboTu;

* BUBHAUEHHS MicIs i TepMiHIB iX BHKO-

HaHHS;

* CKJIAJAaHHA CXeMHU IIPOBEeIeHHS IOCJimiB

3a KOXKHUM PO3IiJIOM;

* CKJIAaJaHHA KaJeHIapHOTO IIJaHy pobiT

3 HiATOTOBKY Ta IIPOBEJEHHA AOCJiIY;
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* CKJAaJaHHsA IIJIaHY CIIOCTEPEXKeHb 3 KOH-
KPeTHUM 3a3HaueHHAM TePMiHiB i yacToTu
IpoBeZieHHsA OOJIiKiB i cmocTepeskeHb.

DopmynioBaHHA Npobnemu, MeTu
i 3aBAaHb AOCiIAXKEHHSA

Bubupatouu TeMmy mOCIIiAsKeHHS, CJIil Kepy-
BaTHCA TAKUMU KPUTEPiAMU, AK aKTyaJbHICTH,
HOBUW3HA, NepCclIeKTuBHicTh. IIpobiema, mida
poO3B’si3aHHS SAKOI 3AiMCHIOIOTH HAYKOBE OCJIi-
IKEeHHs, Mae OyTH YiTKO M OJJHO3HAUHO BU3HAaUe-
Ha. SIKIMO BoHA He MoKe OyTH chopMyahOBaHA,
TO BOHA He MOKe OyTH I po3B’s3aHa.

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

IIin yac mpoBemeHHA MOCIIAKEHHS CJIif
oOMeXuUTHUCA paMKaMu caMe TOro IIHUTaH-
HsA, Ha sKe 0OaKaHO OTPUMATH BigIOBiAL.
Bo BuTpauamHs HasgBHHUX pPecypciB i wacy Ha
po3B’A3aHHA IHIIUX NUTAHb MOJKE CTATHU IIPHU-
YUHOIO TOTO, IO 3aBAAHHS TOCJi’KEeHHS He
OyayTh BUKOHAaHI.

Bu3HaueHHs 06'ekTa
Ta npeameTa JOCNigXeHHA

00’eKTOM OOCTiI)KEeHHS € Te, HA IO CIIP-
MOBaHa IIidHaBaJbHA MiJbHICTH JOCJIIHUKIB.
Y 0GioJiorii Ta exosorii 00’eKTaMmu MOCJIimsKeHDb
€ Oiosyoriuni Ta exoJjoriuHi cucremu. A mpen-
MeTOM JOCJiIKeHHsA € IIeBHAa BJIACTUBICTE JOCJi-
IKyBaHoro 06’eKTa (Maj. 5.1). Hanpukiazn, mia
yac MOCTII:KeHHS Mirpaiiii KaskaHiB 00’eKToM
IOCHiIPKeHHs € IpeICTaBHUKU PANY PyKokpu-
Ji, a IpeaMeTOM IOCJiI:KeHHs — OCOOJIMBOCTIL
MOBEIiHKM ITMX MPeACTABHUKIB, IO IIOB’s3aHi
i3 cesoHaMU POKY.

Bubupamouun 06’€eKT mOCHigKeHb, IIO-
TpiOHO cmumpaTHcsa Ha IOCTaBJeHi Iiii # 3a-
BIAHHS, T'OCIOJapCchbKe II HAYKOBe 3HAUYEHHI
pisHuX 00’€KTiB, MJIAaHOBAaHUX METOAUK i 310-
poBoro raysay. MabyTb, y pasi mociimskeH-
HaA (uaopu uu (payHHu YKpaiHM HeLOIiJbHO



-
-

4 -
P

e

1)3)

Y,

O06'eKT Mpegmet
NOCNigXeHHs NoCnig»KeHHs

P Dbl T

5

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

BUOHpATH SIK 00’€KT BUBUEHHS KPOKOAMJIA, Ka-
BOBe JepeBo abo QpiHiKOBY mambmy.

BuBuennsa HayKOBOi JiTepaTypu € BaKJIu-
BUM €TamoM POOOTU, IO A03BOJSAE YHUKHYTHU
HemmoTpibHOro ayOJiOoBaHHs. BiacHe Kayyuu,
dopMyaIOBaHHSA TeMM, IiJiell i 3aBmaHbL MOCJIi-
IKeHHs Ta BuOip 00’eKTa # mpemMeTa JOCJi-
MKEeHHA HeMOJYKJIUBi 0e3 3HaHHA HAABHUX Y Iii
chepi HAyKOBUX TaHUX.

Heob6xigHo mobpe sHaTum, II0 caMe B IIii
rajgysi HayKu € B:Ke BUBUEHHUM, a IO — 3a-
JUITAETHCA HEBiTOMUM, 1 YiTKO YABIATHU, YOMY
Ile HeBUBUEeHe BaXKJIMUBO pocaizutu. Kpim Toro,
HiKOJK He pPOOJIATHL BUCHOBKIB BUHATKOBO HAa

0 KnioyoBa ines

Bynb-sike 6ionoriyHe gocnigkeHHA noTpebye pe-
TeNIbHOro MnfaHyBaHHA. Pe3ynbTaTy noraHo cnna-
HOBAHOIO AOCNIAXXEHHA HEMOXKNMBO MPaBUSIbHO
OUiHUTW | BUKOPMUCTATMW.

Tema 1.Bcryn > 20

mizcTaBi CBOTO €KCIEePUMEHTY, HaBiTh SKIIIO
Imeil eKcIlepUMeHT i OyJ0 HpoBemeHO KijJabKa
pasiB. Ilo yBaru 3aB:kam 0epyTh iH(popmMmaIiiio,
HaBeJleHY B HAYKOBUX NIyOJIiKaIigx.

@ MpaKTnyHa poboTa

Cmeopumu nnaH npoeedeHHA Giosozi4Ho20/eKo-
J102i4H020 0OC/iOMEeHHA

1. Bu3Haute Temy CBOro AochigKeHHsA (BnbepiTb
OfHY 3 HaBefeHnx abo 3anponoHynTe cBo): a) da-
rotepania — MepCnekTUBHUA MeToA MNOJOJNIaHHA
6aKTepianbHKX iHOeKUili; 6) posib FreHETUKM Ta MO-
neKkynApHoi 6ionorii B LOCNIAXEHHI NOXOAMEHHSA fto-
[VIHW; B) BMAVB NIIOAUHM Ha €KOMOTiuHi cuctemm Ta
eBontoLito 6iochepw; r) BNAVB omenu 6inoi Ha cTaH
LEPEBHMX HAacagKeHb.

2. Cknagitb nnaH CBOro AOC/iAMeEHHA.

3. ChoopmynioiTe BUCHOBOK, y AKOMY BKaXiTb, LIO
cnif ypaxoByBaTu Mif, Yac MiaHyBaHHA GioNoriYHMX
[OCTiAXeHb.

@ MpaKTyHa poboTa

Pospaxyeamu oOCHO8Hi cmamucmu4Hi nokas-
HUKU 0N NOpi8HAHHA MiHAUeocmi 6iono2iyHux
06’ekmie (cepedOHe apugpmemuyHe, MmediaHa,
cmaHoapmHe 8ioxuneHHs, Koegiyienmu Qiwepa
ma CmeiodeHma)

1. 3p06iTb BUMIpN ABOX XapaKTEPUCTUK Oyab-AKNX
6ionoriyHnx 06'eKTIB (Hanpuknag, HOBXUHU abo
LIVPUHW JINCTKIB, Macu A6GNYK NEBHOIO COPTY TOLLO).
2. Po3paxyiite cepefHe apudmeTuyHe, MegiaHy
i cTaHOApPTHE BIOXWNIEHHA OTPMMaHKX BUOIPOK.

3. O6umcnitb koediuieHTn Qiwepa i CTblogeHTa AnAa
BCTAHOBJIEHHSA 3HAUYMMOCTI BigMIHHOCTEN MK LMK
BMbipKamum.

4. Codopmyniolite BUCHOBOK.

03aI'II/ITaHHH Ta 3aBAaHHA

1. MNoAcHITb Ha NprKnagax, Ao AKMX HEraTUBHUX Ha-
CnigKiB MoXe Npu3BeCTV ITHOPYBaHHA aHasi3y HayKoBOI
niTepatypu 3 BiAMOBIAHOI TEMATVKM Nif Yac niaHyBaH-
HA pocnigxeHHA. 2. lNoAcHiTb, Wo Oyae npegmeTom,
a wo ob’eKTom pocnigxeHHA B poO6OTi «3anexHicTb
YPOXKaNHOCTI TOMaTIB Bifj KiNbKOCTi BHECEHUX Kanin-
HUX [OOPWB». 3anpOMOHYyNTe CXeMy eKCNepUMeHTY,
WO MOXHa BMKOHATU ANA [OCATHEHHA MeTU Lboro
JocnigxeHHA. 3. 3anponoHyiiTe TeMy HaykoBOro [o-
CNiPKeHHA, akTyasnbHy ANA BalOro periony, i CKNagitb
NOro OpPIiEHTOBHWUI MNaH.
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Tema 1. Bctyn

§ 6. AHani3 Ta npeAcTaBNeHHA pe3ynbTaTiB HAYKOBUX [OCAIAKEHb

0 [omipkynTe

pyni nabopaTtopHUX LypiB Y KOPM LOAHA HO-
JaBany WMaTOYKM oripka. [MpoTArom Tpbox pokKiB
yci ui wypy nomepnu. Yn npaBunbHUM 6yae Bu-
CHOBOK, IO CMOXMBAaHHA OTipPKiB CTaso MPUUYNHOIO
cmepTi umx TBapuH? MOACHITD.

é 3raganTe

e [pyHUMNN NpPOBeAEeHHA HAayKOBUX AOC/IAXEHb
o MeToaun 6ioNoriYHNX Ta EKOMOTIYHUX AOCHiAXKEHb

e BigMiHHOCTI Mi>XK eMnipuyHUMKN Ta TEOPETUYHMMUA
DOCTiAXKeHHAMM

[prHUMINM aHani3y HayKoBKX
pes3ynbraTis

Amnanisa pesyabTaTiB CTAHOBUTH TI'OJIOBHUH
HaAYKOBUH ceHC O0yab-aKoI pobdoru. Bin moasrae,
BJIACHE, B MOSICHEHHI TUX pe3yJIbTaTiB, AKi Oyau
orpuMaHi B xo/i poboru. HacTo niasa mosicHEeHHS
pe3yabTaTiB aBTOP BUCYBa€ AKYCh TiIlOTE3y.

OCHOBHUMY NPUHIUIAMU aHAJIi3y pPesysb-
TaTiB MOCTiMKEeHHS € TaKi:

— TOSACHEHHS IIOBUHHO OyTU 00T PYyHTOBAaHNM;

— Pe3yJIbTaT! eKCIIEPUMEHTAJIbHOTO TOCJi-
IKEeHHsI HeoOXiJHO CTATHCTUYHO OOpOOJIATH;

— IIiJ Jac IIpOBeJeHHs aHaJIidy HeoOXigHO
posTIIAaTH MOMKJIWBI ajlbTepHATUBHI BapiaHTH
MOSICHEHHA OTPUMAaHUX Pe3yJIbTaTiB;

— aHaJIi3yBaTH CJiJ yci oTpuMaHi pes3yJib-
Tatu (HaBiTh Ti, AKi He 36iraroThed 3 rimoreszamu
aBTOpa MOCJIiIKeHHs).

Ha ocHoBi amasisy pesysbTaTiB poboTu He-
00xXigHO c(hopMyJIFOBATH BUCHOBKH, 3 IKUX 0yIe
BUOHO, Y1 OyJIO OOCATHYTO METH, IIOCTABJIEHOIL
Ha TOYaTKy poboru. fKimo merm He OyJio n0-
CATHYTO, TO Ile TToTpedye mosicHeHHs. He Tpeba
TaKO0)K BHOCUTH IO BHUCHOBKIiB 3araJbHOBiJOMMX
Giosoriunmx icTuH abo Tux GaKTiB, AKi He Oyau
IOBeIeHi pe3yabTaTaMU TOCTiTKeHHS.

[pencTtaBneHHA pe3ynbTaTie
HaYyKOBWX JOCNIAXKEeHb

PesyspraTé HAyKOBOTO AOCTiIKEHHSA MaTU-
MYTh I[IHHICTh TiJIBKMW B TOMY pasi, AKIO BOHU
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OyayTh IIpeAcTaBJeHi IJisi 0OrOBOPEeHHSA HAYKO-
Bi#i cuisbHOTi. Take npeacTaBiIeHHSa MOXKe OyTH
BUKOHAHE Y BUIJISAI YCHOTO MOBiIOMJIEHHSA, IIY-
Oamikaiii y ApyKOBaHOMY HayKOBOMY BUIAHHi
abo eleKTPoHHOI Bepcii.

YcHe moBimoMJieHHsT 3as3Buuail poOIATH
Ha ceMiHapaxX, KOJIOKBiymax a0o KoH(pepeH-
miax pisumx piBHiB. [pykoBani myb6sikarii
PO3MIMIYIOTH y JKYypHaAJax BiAIIOBiTHOTO IIPO-
dinro abo B HaykoBux MoHorpagiax. Eixek-
TPOHHI Bepcil — B eJIeKTPOHHUX KypHalax
abo Ha BigmoBigHux caiitTax. I'omoBHa BuMoOTa
IO IIPEeICTaBJIEHHS Pe3yJbTATiB MOCIiA:KeHHA
B OyIb-aAKifi ¢popmi — uirkKicTs i JgoriuxicTs
TEKCTY.

HJia mosermieHHss PO3YMiHHA pe3yJibTaTiB
HAYKOBUX [IOCJHiI)KeHb AyiKe TOOPUM € BUKO-
puctaHHA cxeMm, rpadikiB, miarpam, ¢gororpa-
¢iit Ta inmux HaouHMX Marepiasis. Ile mo3Bo-
Jsd€ 3HAYHO JIerine COPUAMATH apryMeHTallio.
Kpim Toro, itocTparuBHi MmaTepiaau gobpe 1mo-
KasyloTh PO3YMiHHS aBTopaMu Oiojsoriumoro
3MicTy cBOiX mociaimskeHb. Came 3a TOIIOMOTOIO
iJfocTPaTUBHOTO MaTepiasly MOMKHA 0Apasy II0-
0auuTy SAK IIepeBaru, TaK i HeJOJiKH II€BHOI
pob6oTu.

OCHOBHI B1AN HayKOBUX TBOPIB

HaykoBi TBOpM mominAmTh Ha OB OCHOB-
Hi rpynu — pemeH30BaHI I HepeleH30BaHi.
PeuieH3oBaHMMU € TBOpPU, AKi mepen myOJika-
Iier0 IepeBipAOTH HA HOBU3HY pPe3yJbTATiB,
00’€KTUBHICTH IIPOBEAEHOr0 AOCJiAKeHHs, Bia-
CYTHICTh IIOMUJIOK, HNPaBUJBHICTh BUKOHAHHS
aHaJiBy OTpUMaHUX NAaHUX, aJeKBaTHICTL BU-
cHOBKiB Tomo. HepereHsoBani TBopu B Takuii
cmocib He mepeBipAOTHCA.

PenensoBanuMu € OiJIBIIiCTE CyUYacHUX Ha-
yKoBUX myoOsikaiiti. TakuMuy pereH30BaHUMU
oyOJiKaliaMu € CcTaTTi B HAYKOBUX KYypHaJIax
(maj. 6.1), eleKTpoHHI mpenpuHTH (MIoIepemHi
MMOBiJOMJIEHHS TOJIOBHUX II0JIOJKEHBb) HAYKOBUX
crareii, HayKoBi KHuru (MoHorpadgii), gucepra-
mii, maTenTu, HayKoBi 3BiTu. Hepeleunsosanumu
TBOpAMHU € Te3W KOH(pEepeHI[ill, TeKCTH YCHUX
IOIIOBimeli, eJIeKTPOHHI IyO rikaIlii Ha HepereH-
30BaHUX calTax.
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Man. 6.1. Mi>kHapofHi HayKoBi XypHanu

HaykomeTpuuHi 6a3n gaHnx

Haykose pmocaim:xkenus Oyge MaTu IIiH-
HiCTH JIMIlIe 3a YMOBU, SAKIIO HMOT0 pe3yJibTa-
™1 OyAyTh BUKOpPHCTOBYyBaTucA. HalKpaiium
MOKa3HUKOM BUKOPHUCTAHHS pPe3yJabTaTiB po-
6oTu € iioro muroBaHicTh. Ilig uac BUKOHAH-
HA OyAb-AKOTO AOCJiAKEeHHA 3BEPTAIOTHCA IO
pobiT yueHOI CHiJIBHOTM, AKa IIpaIioe y il
raaysi. IIyb6aikyooum pesyiabTaTH, BKa3yOTbh,
pesyabTaTu SAKHX POOIiT BpaxoByBaJHu IIiJL yac
MJIAHYBAHHS CBOTO JOCJHiJ)KeHHS Ta aHaJizy
ioro pesyabraTtiB. IJasa mporo B KiHII OyIb-
AKOTO HAYKOBOTO TBOPY MIiCTUThCS CIHCOK
JiTepaTypu.

S0 ynsack, poboTa Mae BayKJIWBe 3HAYEH-
Hsd, TO Ha Hel MOCHJIAIOTBCA YacTO (BOHA Mae
BHCOKUI iHAeKc muTyBaHHA). s Toro Io6
3pPO3YyMiTH, HACKiJIbKM YACTO TOCUJIAIOTHCA Ha
KOHKPETHY po0O0Ty, CTBOPIOIOTH CIIeIliajbHi Ha-
YKOMETPUYHiI 0a3u JaHUX.

Haykomerpuuni 6a3u mauux — 1e 06i6Jrio-
rpadgiuHi ¥ pedepaTuBHi 0a3u maHUX, AKi Ma-
IOTh CIHeIliaJibHi HporpaMHi iHCTPyMeHTH mJIis
BiicTe)KeHHsS IMTOBAHOCTI craTeil, 1o OyJO

0 KnioyoBga igen

Pe3ynbTati 6yAb-AKOro HayKoBOrO AOCHIAKEH-
HSA HeobXigHO NpoaHani3yBaTW, Ha iIXHIN OCHOBI
cbopmyntoBaTh O06IrpyHTOBAHI BUCHOBKM, odop-
MUTK X Y MeBHOMY BUINALI Ta NpeAcTaBUT Hay-
KOBI cninbHOTI. Taki po60TV MOXHa PO3MIiCTUTI
ANA BiNbHOrO KOPUCTYBaHHA B HAYKOMETPUYHMX
6a3ax fgaHuXx.

Tema 1.Bctyn > 20

omy0JIIKOBAHO B HAYKOBUX BUJaHHAX. Haii-
0iJIBITT aBTOPUTETHUMY i TOBHUMHY HA JAHUHA MO-
MEeHT 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 XapaKTEPUCTVKN Oyndb-
AKUX 6ioNoriyHMx O6'€KTIB (HanpuKnag, HOBXUHY
HaCiHVH COHALWHMKA, KiNbKIiCTb 3epeH Yy KONOCKY
nweHnyi Towo) abo cKkopucTanTeca TUMK, WO Ha-
BEAEHO B €IeKTPOHHOMY [OAATKY.

2. Bizyanisynte ix — cknagitb Tabnuui, nobyagymnte
diarpamun 1 rpadiku.

3. ChopmynioliTe BUCHOBOK.

® MpaKTnyHa poboTa

lMpoaxanizyeamu pi3Hi eudu 6ionoziyHux/exono-
2i4YHUX HayKkoeux meopie, susHa4yumu ixHi 0co6-
Jslugeocmi, Memy ma 3ae0aHHA, HedoJliku ma ne-
peesazu

1. NipbepiTb Ta NMpounTaiTe Pi3Hi BUAWN HAYKOBUX
TBOpPIB (HanpuvKknag, CTaTTA B eHUMKI/onewii, B Ha-
YKOBO-MOMYNAPHOMY XypHani, BineodparmeHT B IH-
TepHeTi) Ha 6ionoriuHy abo EeKONoriYHy TeMaTUKy
(Hanpuknag, cnocobw 3anuneHHA POCSIH, CNocobu
pyXxy TBapwviH, MirpaLii TBapuH TOLLO).

2. Bu3HauTe ixHi ocobnmnsocTi, METY 1 3aBAAHHA.
3. BusHaute ixHi Heflonikn 1 nepe.aru.

4. Chopmyniolite BUCHOBOK, 3a3HAUMBLLM, AIKE 3Ha-
YeHHA Yy NPaKTUYHIN JiANbHOCTI NIOAVHW MA€ BMiHHA
aHanisyBaTu HayKoBi TBOPMW.

038|‘IMTaHHﬂ Ta 3aBLAHHA

1. Yomy Te3n pgonosifgent ana HaykoBux KoHdepeH-
Ui 3a3BMYaii He NOTPebyioTb peLeH3yBaHHA? 2. MNopis-
HANTe nepeBary 1 Heponikv Nybnikauiin y apyKoBaHUX
HayKOBMX »XYpHanax i Ha CTOPiHKax efleKTPOHHUX 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 pobpwuBa,
a Ha pgpyry — 1 Kr. 3 nepwoi AinAHKM BiH 3ibpas 20 Kr
MOPKBM, a 3 Apyroi — 15 Kr, i 3po6rB BNCHOBOK, WO
BMKOPWCTaHHA Lboro fobpriBa MOripluye BPOXKanHICTb.
MoAcHiTb, YoMy Lielh eKcneprMeHT 6yno CriaHoBaHO He-
NPaBUIIbHO, @ BUCHOBKM, L0 6YN0 3p06SIEHO Ha OCHOBI
LibOro AOCHIAXEHHA, HE € HAayKOBMMMU.
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Tema 2. biopi3HOMaHITTA

§ 7. bionoriyHa cncrematmka

0 [omipKynTe

Y cBoemy pomaHi «Mobi [ik» . Menginn Hanons-
raB, WO KUTU € pubamn. Mun 3HaeMO, LIO Lie He TaK.
A un MOXHa 3acTocyBaTV iHWNIA BapiaHT c1McTeMa-
TUKK, Wob . Mensinn BMABMBCA NpaBum? MOSCHITb.

Q 3raganTe

» TBapuHun » Pin » LlapctBOo

o Pocnnnun * Bug

Po3ninn 6ionoriyHoi cucrtemaTrku

Biojoriuna cucremaTuka — I1e poamija Oio-
Jorii, axuii GpopMye €OUHY CUCTEMY KHBOT'O CBi-
Ty Ha OCHOBi BUAiJIeHHA OiOJIOTIYHUX TAKCOHIB
(cucTeMaTUUYHNX ONUWHUIIL) i BiAmoBiZHUX HAas3B,
HaJaHUX 3a MeBHUMHU OpaBuaamu (6iosoriunoi
HOMeHKJaTypu). OCHOBHI cucTeMaTWUHi Karte-
ropii BBiB y HayKy IIBeAchbKHH yueHuid Kapu
Jlinueti. Biosioriuna cucremMaTnka MOAiISAETHCA
Ha JBa OCHOBHI po3mijiu: TakcoHOMiio Ta 0io-
JIOTiYHY HOMEHKJIaTypy.

Takconomia 3aliMaeTbCsi PO3POOKOIO IIpa-
BUJI TPYIIyBaHHA KUBUX opraHismiB. Ile my:xe
CKJIamHA mIpobsema, 60 YacTo He 30BCIiM 3pO3y-
MiJIO, HA OCHOBiI AKHMX O3HAaK CJiJ 00’eIHYyBaTH
oprauiamm y rpynu. Tak, y JTaBHUHY BCiX UepBiB
0o0’emHyBaIu B OAWH TUI. AJje cydacHi mocJi-
IKeHHS ITOKa3aJIu, IO PisHi Irpynu 4epBiB MarOTh
pisHe MOXOMKEeHHA i He € OJIUBbKUMU POJUYAMU.

Biosoriuna HOMEHKJaTypa pO3po0Jse Ipa-
BUJIa HAWMEHYBAaHHA KMBUX OPraHi3MiB, CTBO-
pIoe creriajbHI MiKHaApOOHI KoAeKcHu, AKi pe-
T'yJII0I0Th CIIpHI IHUTAHHSA, BUPIIIye IPOOIEeMI
CUHOHIMIB (KOJIM OOUH BUJ BUIAZKOBO OTPUMYE
KiJIbKa Ha3B) TOIIO.

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

CucreMu XUBOTO CBiTY MOKYTHL OyTu pis-
HUMU. IX mominAmTh, Ha ABI rpynm — MITyY-
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Hi (QopmasbHi) Ta mpuposHi (dhimoreneTuyHi).
MIryuauvu (popmarvHumu) Ha3UBAIOTL CUC-
TeMHl, B SKUX KJacudikaiia BumiB 6asyeTbcs
JIUITIe Ha CTymeHi ixHBOI momibmocTi 3a BUOpAa-
HUMU o3HarKamu. IIpm 1mboMy He BPaxOBYETBHCA
icTopuuHa CIOpifHEHIiCTh OpraHismiB, AKi Taka
cuctemMa o0’e€qHY€E y BimmoBimHi TaKkcoHHU.
IIpuponguumu (@pinozenemuunumu) HasuBa-
IOTh CHUCTEMU, B AKUX KJacupikralis opraHiamis
OyayeThcsl Ha CTYyHEeHi iXHBOI MmomioHOCTI 3 ypa-
XyBaHHAM (DijloreHeTMuUHOI crnopigzueHocti. Tak,
MITyYHA CHCTEMAa MOKe 3apax0OBYyBaTH J0 pubd ycix
xpebeTHUX, AKi *KuByTh y Bomi. Tomi mo pub Oy-
IyTh BimHeceHi Bci KuTH. A IpuUpoOAHa cHUCTeMa
BPaxXoBYE, I1I0 KUTU ITOXOAATH Bijl HA3eMHUX TIPe-
KiB 1 € BTODUHHOBOJHUMY TBapuHamu. Tomy B Ta-
Kifl cucTeMi KWUTV HaJIeXKaTh O TPYHU CCABIIiB.

IcTopia po3BUTKY cucTem

Knacuoikauii opraHiamis

ITepimoro cupo6oro Kiaacu(iKyBaTu sKUBL op-
raHi3sMu MOKHA BBasKaTU CUCTeMY ApPUCTOTEJ,
AKUHA BUILIUB I'PYIIX POCJMH 1 TBapUH. A TIepIIIOI0
HaYKOBOIO CHUCTeMOI0 KJjacudikaillii cramga cucre-
ma Kapmna Jlimaea (1758 p.), y akiii pociuHu
i TBapuHu oTpuMasu cTaryc mapers (maa. 7.1).
Aue BixKe TOIi cTajia 3po3yMijia 3HauHa BigMiH-
HicTb rpubiB, i BOHM OyJu BUAiLJIEHI B OKpeMe
mapctBo Orro (o Miouxraysernom (1763 p.).
ITonpaBaa BiH 06’emHaB iX pasoMm i3 ryoKamMm
i kopamamu (man. 7.2). Ila momuaka Oyjia Bu-
npasJyeHa B cucteMi Hoensa iKosepa me Hekkepa
(1783 p.), B akKiii mapcrBo I'pubu OyJsio Bumi-
JeHo okpemo (maju. 7.3). Ha xanb, mpomo3uIrii
MiouxrayseHna it Hekkepa OyJsiz HamgoBro 3a0yTi.

VYueni B XIX cT. ymepime yCcBiZoOMMJIN, IO
yrcJaeHHi MikpockomiuHi ictoTu (6akTepii, Hai-
mpocTimmi, MIiKPOCKOIiYHI BOTOPOCTi) BaKKO
BigHecTu g0 TBapuH abo pociauH. Hacaigkom
mporo OyJ0 BUHHMKHEHHS y cuctemi Epmcra
Texkkensa (1866 p.) mHoBoro mapctBa Ilporucru,
sAKe 00’emHaIO BCi OMHOKJIITUHHI I KoJOHiambHI
dbopmu (main. 7.4).



1763 p.

Man. 7.1. Cuctema uapcTs
XuBux opraHismis K. JliHHea

Y mepmriit momoBuHI XX CT. BHACTILOK PO3-
BUTKY METOJiB MiKpPOCKOIIil cTaja 3p03yMiJIOI0
pisHUIA MiK TpoKapioTamMmm Ta eyKapioramwu.
V¥ cucremi 'epbept Komnens (1938 p.) 6yio Bu-
nineno yotupu 1apcrBa: Mouepu (Ipo6’saHKHU),
IIporokTucTu (HUMKULI eykapioTu), TBapumHHU
i PocauHu.

Y 1959-1969 poxax aMepuKaHCbKUI I0-
caigauk Pobept YaiiTTeliKep YIOCKOHAJIUB IO
CUCTEMY, BUIIJIUBIIYN TPUOU B OKpPeMe IapCTBO
(y cucremi I'. Komnenma ix BigHoCcHIM 10 IapcTBa
IIporokTuctn) (Mmaj. 7.5). Ilg cucrema OyJia Haii-
6inpin morrupenoo 10 80—90-x pokis XX croriT-
TsI, IOKM HOBi TeXHOJIOTii B IIUTOJIOTI1 Ta MOJIEKY-
JIAPHi# 6iosorii He JO03BOJIMUIN CTBOPUTHU CYyUaCHY
cucTeMy KJacudikrailii :KUBUX OpraHiaMis.

MNpuHUKMIn cyyacHoli

Knacuoikauii opraHiamis

CyuacHa HayKoBa KJacudikallisg ITOBUHHA
BimoOpasxaTy eBOJIOIifiHI 3B SA8KM MiK JKHUBU-
MH opradHiaMaMu Ta BKasyBaTH Ha pPiBeHb I1X-
HBOI criopigHenocti. Kpim Toro, BoHa Mae OyTu
3PYYHOIO AJI BUKOPUCTAHHSA i JO3BOJIATU JIETKO
BKJIIOUATW HOBi, HEITOJaBHO BIAKPUTI BUIU.

OCHOBHOIO CHCTEMATHYHOIO KaTeropiemo e
Buz. BujgoBa HasBa CKJIAZAETHCS 3 JBOX JIATHH-
CbKHuX cJaiB (OiHapHa HOMEHKJATypa), MIepiie
3 IKUX € Ha3BOIO POAY, a APyre — BUIOBUM eIIi-
TeroM. Copigueni Buau 00’e€IHYIOTHCA B OiJIbIIT
BUCOKi TaKCOHOMIiUHi KaTeropii — poxu, pogu —
B POAWHM, a Ti — B iIlle BUIIi KaTeropii.

0 Kniouosa iges

bionoriyHa cuctematvka nponwna wWNAX AOB-
roro po3suTKy. CyyacHa cuctematika CTBOPIOE
NPUPOAHY CUCTEMY OPraHi3MiB, MakCMManbHO
Bifo6pakaoum X eBosOLiI0 Ta POAVHHI 3B'A3KMN.

WE
W
2

Man. 7.2. Cuctema uapcTs
XnBux opraHismis O. MioHxray3eHa

¥
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%
Man. 7.3. Cuctema LapcTs
KMBUX opraHi3amiB H. Hekkepa

*
&

1866 p. =7

%
%
Nde

1959- p
1965 pp. =

(

Man. 7.4. Cuctema uapcTs
KMBMX OpraHismis
E. lfekkena

Man. 7.5. Cuctema uyapcts
XKMBUX OpraHismis
P. YanTtTenkepa

® MpakTyHa poboTa

Bu3HayeHHA cucmemamu4HO20 NOJIOXKeHHsA opad-
Hi3mie ceoei micyesocmi

1. O6epiTb No 3-5 06'eKTIB POCAVH i TBAPWH BaLlOl
MiCLIeBOCTI.

2. BuzHauTe ixHi Ha3BW 1 CUCTEMATUYHE MOJSIOXKEHHS.
Cknagitb aBi Tabnuui (ogHa — ANA POCNVH, iHWa —
ONA TBapUH), Y AKX YKaXiTb CMCTEMATUYHI KaTeropi,
0O AKX BOHW Hanexatb.

3. CoopmynitoinTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. BnbepiTb ABa BUAWU XUBUX OpPraHiamiB 3 pis-
HMX LApCTB i BU3HauTe IXHE cUCTeMaTUyHe Mono-
XKeHHA. 2, fKi i3 306paxeHux y naparpadi cuctem
LApCTB XUBUX OpraHiamis (man. 7.1-7.5) € wTyyHumMu,
a AKi — npupoaHnMn? O6rpyHTYITE CBOIO TOUKY 30pY.
3. BukopucToByoun foaaTkoBi axepena iHpopmauii
(y Tomy umcni IHTepHeT), cknagiTb CNUCOK MeTofiB
JOCNigXeHb, Ha AKMX 6a3yeTbCcs cyyacHa 6ionorivyHa
cucTemaTumka.
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Tema 2. biopi3HOMaHITTA

§ 8. CTBOpEHHA CUCTEM KUBUX OpraHiamis

0 [NomipkynTe

He Tak gaBHO cucTemaTUK/ 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 MAH pokiB Tomy. Yomy?

é 3raganTe

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

EBontouinHa TaKCOHOMIA Ta KNagncTmnka

Ilicnia momupeHHA eBoOJBOIiNTHOI Teopil
Yapiwsa [apsina Epacer 'ekkensb 3anponoHyBas
KOHIIEII[il0 eBoJIIoIlifiHol TakcoHomii. 3rigHo
3 IIi€l0 KOHIIeIIIIi€lo, cucTeMa Kaacudikarii mo-
BUHHA OyJia BimoOpaskaTu Xif eBOJIOMil KMBUX
oprauismis. IIa Touka 30py mepeBaskae B HayIli
1 dapas. Tomy cyuacHi cucremu wKJaacu@pikaii
MaoTh 000B’A3KOBO BPaXOBYBAaTU CHOPiAHEHICTH
pisHUX TpPyn opraHismis.

I CTBOpPeHHS cydacHUX KJacu@ikarmin
"KUBUX OPraHisMiB yueHi yacTiiie BUKOPUCTOBY-
OTh MPUHITUIY KJagucTuku. Knaguctuka — 1e
migxing mo OGiosoriumoi Kiaacudikairii, sa gKoro
opraHidamMu KJIacu@iKyOTh 3TiTHO 3 1X TOPAIKOM

a fraxu 6 Mraxu

Kpokognnu

Jlenigo3aBpu

Yepenaxu

CcaBui CcaBui

Kpokogunu
Jlenigo3aBpu

Yepenaxm

BigranmysKeHHs BiJ eBoJIIOIlifiHOrO mepesa. Ilpu
nboMy Mop@oJioriuHa MmoAiOHICTE He BpPaxoBy-
€ThCcs, 60 BOHA MOKe BUHHMKATU B XOHi TpU-
CTOCYBaHHSA IO CXOXKUX YMOB icHyBaHHdA. llei
oigxim Mae i geaki Hemosiku. ¥V paMKax KJaguc-
TUYHOTO IIiAXOAY CKJAIHiIlle CTBOPIOBATH CHC-
TEeMaTUKYy T'PYO B €BOJIIOIil, y AKX MaB Miclie
cuMmbiorenes (HampuUKJaL, IIiJi Yac YTBOPEHHS
XJIOPOILIACTIB B €yKapioTiB).

CkJamgHiCTh CTBOPEHHS CydacHOI KJacudika-
il MO’KHA IIPOLJIIOCTPYBATH Ha TPUKJIALI KJa-
cupikarii nraxiB i miaasyuiB (mana. 8.1), xKoam
BUKOPHUCTAaHHA IBOX PIBHUX KOMILIEKCiB MOpdo-
JIOTIYHMX O3HAK Ta MOJIEKYJIAPHO-TEHETUYHUX 10~
CJOiIKeHb Iae TPU PisHi BapianTu KJaacu@ikarii.

MoHodineTnyHi 1 napadineTnyHi
TaKCOHMU

CucremaTnyHi Tpynu KWUBUX OPTaHi3MiB
(TakcoHM) 3a IXHIM IIOXOMKEHHSIM HOIiJIAITH
Ha MoHO(MimeTnuHi i moaigimermuni (Bix rpeir.
mono — opwuH, poli — 6araro). MonodireTuuni
TaKCOHU 00’€IHYIOTH HaIlaAKiB OOHOTO Tpen-
Ka, a moJgicdimeTnuHi — pisHUX, AOBIIBLHO 00-
paHUX HAIMAAKIB AeKiabKoxX mnpenkis. Hampu-
KJyganx, kjgac OmHOZONBHI € MOHOMIIETHUHUM
TaKCOHOM, a IlapcTBo PociauHu, Ake Oyja0 BU-
nineno P. Vatitreiikepom,— moiidisierTnuyENM,
00 BOHO 00’€IHYE MeKiJbKa HEeCIOPiAHEeHUX I'PYII
(6ypi BomopocTi, YepBOHi BomoOpoCTi, 3eseHi poc-
JuHHT Tolo). BunpinamoTe Tako:xk mapadiieruy-
Hi TaKCOHM, IKi 00’€IHYIOTH HAIaAKiB OIHOTO

MTaxn

Kpokogunu

Yepenaxu

Jlenigo3aBpu

CcaBui

Man. 8.1. Pi3Hi BapiaHT! Kknacudikauii ofHiei rpynu TBapuH: a, 6 — 3a pPi3HUMU MOPGONOTiUHMMI O3HaKamu,
8 — 3a MONeKynApPHO-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 Pa3oM JOBIOII’ ATiB Ta
JIOpi OyZe MPUKJIAAOM IOJIi()iJIeTMUYHOI0 TAKCOHY.
HomaBanHa m0 1iei rpynm JeMypiB yTBOPUTH
napadiseTuuHNi TaKCOH, a 00’e€QHAHHS BCiX
iHIMUX MaBI IIbOTO PAAY B iHGpapang Masmo-
moAiOHI yTBOPUTHL MOHO(DIJIETUUHUIN TAKCOH.

Y cyuacHi#i cucremaruii moJsripimermumi
TAKCOHW BBaKAIOTHCSI HEIMPUNHATHUMHU. SIKIIIO
BIIa€THCA TOBECTU, IO I'PYIIA € MOJIi(DiIeTUUHOIO,
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 CYTTE€BO 3MIHUJINCA MEXKi
napctB Pociuuu, I'pubu i TBapunm.

TakcoHOMIYHa iepapxia

TakcoHoMmiuHa iepapxia — Ie poarTamry-
BaHHA CHUCTEMAaTUUYHUX TIPYI 3a HOPAJKOM CY-
OigAPAIHOCTI, TOOTO BKJIIOUEHHS OSHUX TI'PYI IO
craany inmmux. ITopaaok iepapxii s oCHOBHUX
CUCTEeMaTUYHUX KaTeropiii € Takum:

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

Tak, Buz JIronmHaa po3yMHa BKJIIOUYAETHCI 10
ckyany pony JlioguHa pasom i3 Bumamu Jlromu-
Ha HeaHJIepTalbCbKa, JliommHa BMija ToIimo. Pix
JlionuHa BXOAUTH OO CKJanmy pomuHu IomiHigm
pasom 3 pomamu Illummanse, I'opusa it Opaury-
taH. Poguua I'oMiHigym BXOAUTL A0 CKJIALY PALY
ITpumaru, aAKuit € ckJaagoBoio KJjacy Ccasiii.
Kaac CcaBii BXoguTh 00 CKJIaLy THUOY XOPIOBI,
mapcrBa CupaB:kHi TBapuuu, fomeny EykapioTu.

VY Tux BUMagKax, KOJH CUCTEeMATHKA I'PYIN
€ CKJIAJHOI0, OCHOBHUX CHCTEeMATUUYHUX KaTero-
pift moske OyTH HEIOCTATHHO. Y TAKUX BUMALKAX
BUKOPUMCTOBYIOTh TaK 3BaHI 6cma6Hi Kamezopii.

0 Knioyosa ines 0

[ONOBHMM MNPUHLMMAOM, AKOrO Ha-
MaralTbCA AOTPMMYyBATUCA Mif 4ac
CTBOPEHHA Cy4YaCHOI CUCTeMATUKW, €
06’eHaHHA BCiX HallagKiB OAHOro
npeaKka B €ANHY CUCTEMATUYHY rpymny.
Ane B pgeAKkux BuMMNagkax goTpumaTu-
CA UbOro npaswuia He BHAETbCs, 60
Le CTBOPIOE CKMagHOWi B MpakTuy-
Hill 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
MonipineTMyHMin TakcoH

Man. 8.2. CTBOpeHHsA pi3HMX TaKCOHIB
y mexax pagy Mprmatun

HasBu BcTaBHUX KaTeropiii yTBOPIOIOTHCA Bif
Ha3B OCHOBHUX KAaTeropiii 3a JOIOMOTOIO IIpe-
¢ixcis. Haimomupenimumy TakuMu mpedikca-
Mu € HaoO- (cynep-) Ta nid- (cyo-). MoxyTb BuU-
KOPHMCTOBYBATHUCS TaKOXK npedikcu eni-, zinep-,
ingpa- ta inmi. Hanpukimaang: cy6gomen Amop-
dei, Hagpan IBoxumiui, ingpaxaac Cymuacti.

dinoreHeTnKa

dimoreHerurka — Iie OHA 3 TaJay3el cucre-
MaTHUKU, AKa BCTAHOBJIIOE €BOJIOIINHI 3B’A3KU
Mi’K pisHMMU rpynaMu OpraHisMiB, dK cydac-
HUX, TaK i BUMEPJIUX.

Hna mocaimxeHus (imorenesy cydacua 0io-
JIOTisI IMMIUPOKO BUKOPUCTOBYE HOBITHI TEXHOJIO-
rii. Ocob6auBO e(PeKTUBHUMU € METOAU Taysi
MOJIeKYJIApHOI Oiosiorii Ta TeHeTMKH I MiKpo-
CKOITIYHUX OOCTimKeHb. TaKOMX IIMHUPOKO BUKO-
PHUCTOBYIOTh MaTeMaTUYHe MOJEJIOBAHHA ¥ IIO-
OymoBy (iJIoTeHETUUYHUX IEPEB.

dinroreHeTnuHe IEepeBo — Ie cxeMa, IKa Bi-
IobpasKkae eBOJIIOIIHI 3B A3KM MisK TaKcoHaAMU,
I AKUX BOHO OyayeThesi. DimoreHeTnuHi gepe-
Ba MOKYTBL OyIyBaTUCA He TiIbKHU AJIS TaKCOHIB
"KUBUX OPraHi3MiB. Ix morkHa CTBOpIOBaTU, Ha-
MIPUKJIAML, JJs IIeBHUX OiomosiiMepiB, TaKUX AK
0iiKM ab00 HYKJIeIHOBI KHCJIOTH.

3anuTaHHA Ta 3aBaaHHA

1. Y papi Mpumatun BuUeHi BuainaoTb nigpag CyxoHoCi, 4O AKOro
BK/IOYAIOTb NpefAcTaBHMKIB iHPpapagy MasnonogibHi 1 [Josron'sTu.
IxHi eBonoLiHI 38'A3KM NokasaHo Ha man. 8.2. MpoaHanisyinTe ma-
NIOHOK | 3p06iTb BMCHOBOK, AAIKUM TakCOHOM € CyXOHOCi — MOHO-
binetTnyHmm, nonidineTmuHnm ym napadineTmyHmum. BucHoBOK 06-
rpyHTyTE. 2. YoMy BMKOPUCTaHHA Pi3HMX HabopiB MOpdONoriuyHmx
O3HaK OfHMX i TMX CaMUX FPymn OPraHi3miB 4acTo € MPUYMUHOKO iX
pi3HNX kKnacudikauin (Ak y BapiaHTax a i 6 Ha man. 8.1)? 3. Cknagitb
CMMCOK nepeBar i HefoNiKiB KNagUCTUYHOrO NiAXOAY B cUCTEMATML.
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Tema 2. Biopi3HOMaHITTA

§ 9. Bupg Ak 6a30BMiN TAKCOH Cy4YacCHOI CMCTEeMATNKN

0 [omipkymnTe

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

é 3raganTe

» CnctemaTnyHa Karteropis

e Pin

» biHapHa HOmeHKnaTypa « Bup

Man. 9.1. MNMpuKknagn BMAIB, OCOBMHN AKMX 3HAYHO BiApPI3-
HAITbCA OfHa Bif OAHOI 3a 30BHIWIHIM BUIMSAOM

KoHuenuii Buay

BasoBuM TaxkcoOHOM cydJacHa CHCTeMaTHUKa
BBasxae Buj. CKJIAAHICTD IIOAINYy KHUBHUX iCTOT
Ha BUAM MHOJIATAE IIe i y TOMY, III0 caMe BU3HAa-
YeHHSA IOHATTSA «BUI» € HOBOJIL CKJIagHUM. I 3a-
JIeKUTHh BOHO BiJ TOro, AKa 3 KOHIIEHIIA BUIY
BUKOPUCTOBYETHCA B IIEBHOMY BUIIAIKY.

VY GinbirocTi BUaAKiB s BUAY BUKOPHUC-
TOBYIOTHL TaKe BU3HAUEHHSA: BUA — Ie CYKYII-
HiCTh IOMYJAIIA 0COOMH, MOAIOHMX MiK C000I0
3a OymoBOI0, QYHKI[IAMU, MicIlleM B yIrpyIIOBaH-
HAX OpraHiamiB, IT0 HACEJAIOTh IMEeBHUM apeast
i BiJIBHO CXPeIIyIOThCSI MiK C000I0 y HPUPOMi.

Man. 9.2. liHKkro gsononartese (a) i WKUTeHb NiTHIN (6) —
BUAN-AOBroXKuTeni, icHytoTb noHas 100 MAH pokis

Heaki nowmperi KoHuenuii Buay

Hassa KoHmemrii Busnauenunsa Bugy Oco0IMBOCTI KOHIIETIILiT

Tunosoriuaa ITe rpyma ocobuH, aki € VYci ocobuHY BULY TOPiBHIOIOTHCS 3 €TAJIOHHUM 3Pa3KOM.
iTeHTUYHUMH 0 0COOu- I1a KoHIenIIiA AysKe He3pyYHa s BUIiB, OCOOMHU AKUX
HHU-eTaJOHY 3a IeBHUMU MOJKYTh CHUJIBHO BiIpi3HATHCSA 3a 30BHIIITHIMY O3HAKaAMU,
O3HAKaMu HaAIPUKJIAJA cobaKa JoMallHii, Koui (mai. 9.1)

Howminanictuuna @ Ile rpyna ocobuH, ssKa Bu- I1a KoHIenIiA PO3TJIALae BUI AK YUCTO TEOPETUUHE
3HAETHCA (POPMAJILHOIO KJIa- = IMOHATTS, 00 "KUBi OpraHidaMu B IPUPOAL TOCTIHHO 3Mi-
cudikariero i cTaHOBUTH HIOIOTHCA. B i1 MerKkax BayKKO IIOACHUTH Ny Ke TPUBAJe
TIEeBHUU eTal PO3BUTKY icHyBaHHSA TiHKTO a60 IIUTHIB (Maj. 9.2)
IIeBHOI eBOJIIOIiHOT JIiHil

BioJsoriuna Ile rpyna ocobuH, 1o 3gar- = KoHmemnmis no0pe miAXoquTs AJIA OIKCY 6AraTOKIITUHHIX
Ha CXPenryBaTucAd i jaBatu opraHi3miB 3i cTaTeBUM PO3SMHOKEHHAM, ajie 3a3HAE TPy~
ILTiTHEe TOTOMCTBO HOIITiB ITi Yac omuCcy OpraHisMiB, AKi He MalOTh CTATEBOTO

PO3MHOMKEHHS, HAIIPUKJIaL baKTepii
dijloreHeTuUYHAa Ile malimenma MoHOMI- 115 KoHIleNIIiaA BU3HAYUAE BUJ, 32 Or0 MOHO(DIIETUUHUM

moxXo»KeHHAM (Bix ogHiel monysisamnii abo HaBiTh OKpemoi
ocobunu). He € Braoro 1151 BUSHAYEHHS BUIIB, AKi BU-
HUKJIH IILIIX0M CXPeIyBaHHA a00 cuMOioreHesy

JeTHUYHA Irpyna, dKa 3a-
CcJIyTOBYy€ Ha (hopMajibHE
BU3HAHHA
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Tema 2. biopisHOMAHITTA 333 Sl

KpuTepii Bugy

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

Y moduHu 6inbwiuli Mo30K ma
iHWI nponopuii yacmuH ckenema,
wumnasse mae 0obpe po3guHeHul
80/10CAHUU NOKpU8

BioxiMiuHM: MOXNMBICTb PO3-
Pi3HAT BUAW 3a GioXiMiuHUMN
napameTtpamu (6ynoBoto 6inkis
i HYKNeIHOBMX KMCIOT)

binok FOXP2 ntoduHu, akuti
Dpe2yJsItoe po3BUMOK MO3KY, Jieze-
Hig i Kuwe4yHuka ma 3abesneyye
pO38UMOK MOBHUX HABUYOK, HA

2 amiHoKuciomu 8iopi3HAEMbCA
8i0 aHasno2iyHozo 6iika wumnaHse

PenpogyKTBHMIA: CXOXICTb NpPO- FeorpadiuHnii: 30Ha nowmpeH-

LleCiB XUTTEQIANBHOCTI 1 MOXNU- HA Buay (apean). IcHyTb BUAM

BiCTb CXpeLlyBaHHA 3 pO3ipBaHVIMK | AyXe BENMKMMMN

JIoduHA He Moxe cxpewysamucs apeanamu noLmpeHHA

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

HUl YeHMpasnbHOK YacCMUHOK
Apuku

ExonoriyHmii: ymoBu icHyBaHHA

FeHeTNYHWMIA: KiNbKIiCTb i CTPYKTY- BUAy, ioro micue B GioLeHO3i,
pa xpomocom Buay, To6To oro B33aEMOBIJHOCVHM 3 iHWVMU BU-
KapioTun (KOXHWUIN BN MaE YiTKO famu

BU3HaueHWi Habip xpomocom) JloduHa 3acenuna 6azamo pisHux
Y noduHu 23 napu xpomocom, b6iomonie, a wumnaH3e Xugyms
ay wumnaxse ix 24 misibku 8 mponiyHoMy Jiici

KpuTtepii Bugy

Y mpuponi TpamasTbCA BU-
IU-IBIMHUKU, SKi myKe momib-
Hi MiK co0010 3a 30BHIITHHOIO
oymoBoro. Taki Bugm OyJa0 BH-
sABJIEHO cepen KoMax, pub, ITa-
XiB, ccaBIIiB, penTuiaiii, amdibii
Toifo. B YKpaini Bugu-aBitHUKMT
BHAUIIIN y 3€JeHUX POIyX, II0-
JiBoK, mumakis. Tomy, 1100 He
OOMUJUTHUCS, OJA BU3HAUEHHS
BUJY BUKOPHCTOBYIOTH HE SAKYChb
OIHY O3HAKY, a iAW KOMILIEKC
KpuTepiiB BUIY.

0 Kniouosa iges
ICHYE€ KinbKa pi3HMX GionoriyHmx

KoHuenuin sugy. Ane B 6yab-
AKIN 3 HUX OKpPeMi BUAW BU3Ha-
YaloTb 3a AOMOMOrOI0 KOMMJEK-
Cy KpuTepiiB, a He 3a AKOKCb
OfHIEID OKPEMOI0 O3HaKolo.

® MpakTyHa poboTa

Bue4eHHs Kpumepiie 6udy Ha npuKnadi poc/iuH i MeapuH, Wo Ha-
niexxame 00 OOHi€i poOUHU

1. Po3rnaHbTe Kifbka BUAIB POCANH i TBApPUH, WO HanexaTb A0 OAHi€l
POAVHY, | BU3HauUTe iXHi pUCK BiAMIHHOCTI OfHe Bif OOHOrO 3a KiflbKo-
Ma KpuTepismmn (MopdonoriyHnm, reorpadiuyHnmM, eKonoriyHMm ToLLO).

2. Pe3ynbtatn cnoctepexeHb odopmTe y BUMALI Tabnuui.
MpvKnagy PoOCNUH OfHiel PoAUHW: AONYHS, rPyLa, WUMLWWHA.
Mpuknagn TBapvH OAHIEl POANHN: COPOKA, ranka, Kpyk.

3. ChopmynioliTe BUCHOBOK.

3anuTaHHA Ta 3aBAaHHA

1. Ha KOHKpeTHOMY npuKnagi NoscHiTb, AK 3a gornomorot 6Gioxi-
MiYHOro KpuTepito po3pi3HnTM ABa BuAau. 2. Cepel KOMapiB iCHYKOTb
BUAN-ABINHUKM, [eAKi 3 AKX MOXYTb NepeHOCUTM ManAapilo, a feaki —
Hi. 3a 30BHIWHbLOI OY[OBOIO BOHM He BiAPI3HAOTLCA. 3anNPONOHYyNTe
cnoci6 (abo cnoco6u), 3a 4ONOMOrol AKoro (abo AKMX) Ui BUAN MOXKHa
pPO3pi3HUTU.
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Tema 2. biopi3HOMaHITTA

§ 10. biopisHOMaHiTTA

0 [NomipkynTe

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

e 3raganTe

« KuBi opraHiamu e PocnnHn
o TBapUHHU o Tpubu
» bioueHo3n

PiBHi 1 Tnu 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-
HOMaHiTTa» — 3ampononysas Exsapnm OcbGopH
Bincon 1986 poxy.

3apas 3acTOCOBYIOTH KiJbKa pPiBHUX Bapi-
aHTiB 3HAYEHHs TepMiHa «OiopisHOMaHITTA».
OpuuM i3 HaAWOINBINI IOINMPEHUX € TaKuii: 0io-
pisHomMaHimmsa — Ie CYKYOHICTb T'eHiB, BUIIiB
Ta eKOCUCTEM y perioHi. BusHaueHHs, IPUHHATE
Ha camiti OOH y Pio-ge-iKaneiipo (1992), roso-
pUTh, W10 OiopisHomMaHimms — Ie MiHJUBOCTI
cepel KMBUX OPraHisaMiB 3 OyIb-AKMX apeasiis,
BKJIIOUAIOYU, 30KpeMa, CYXOA0JbHi, MOPCHKi Ta
iHmIi BOAHI, Ta cepell eKOJIOTiUHNX KOMILIEKCIB,
YacTUHAMU SAKUX BOHU €, IO BKJIOYAE MiHJIU-

A

800

600 —

400 —

Yncno poauH

200
100

BicTh ycepeauHi BUAIB, MiX BUAAMU Ta MiX
exocucTeMaMu. BinmmosigHo, 3a piBHAMEN MOYKHA
posrasmaTu 6iosoriuHe pisHOMAaHITTS Ha piBHI
noonyaAmnii, BUAY, eKOCUCTEeMHU TOIIO.

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

3HayeHHA BiOPI3HOMaHITTA y Npupoai
W XKUTTI NIOAWHN

BiopiswomaniTTa Bimirpae Haa3BUUYANHO
BalKJIMBY POJIb B icHyBamuHi Giocdepu. IIporsa-
TOM eBOJIIOIIi1 OiopisHOMAaHITTA HmOCTiiiHO 3pocTa-
JI0, 110 Jo0pe BUAHO Ha NPUKJIALI 30iIbIITeHHS
KiJIBKOCTI POAWH KMBUX OPraHidMiB i3 yacom
(man. 10.2).

ExocucremMu MOXKYTh iCHyBaTH TiJbKU 3a
YMOBH, IO O iIXHBOTO CKJAJy BXOAATH MPOIY-
IeHTN, KOHCYMEeHTH i peayIlieHTH, 00 opraHiuxi
PEYOBUHM CJIiJ] TOCTifIHO YTBOPIOBATH i ITOCTiHHO
pyliHyBaTHu, 1100 3ab6e3neuynTu OOMiH PEYOBUH.
Tob6To 6e3 MiHiManbHOTO GioJIOTiYHOTO pidHOMA-
HITTS eKocucTeMa iCHyBaTW IIPOCTO HE 3MOIKe.
TeopeTUYHO MiHIMAALHON YMOB0I0 iCHYBaHHA
€KOCHUCTEMHU € HAaABHICTh Xo4ya 6 ABOX KOMIIO-
HEHTIiB — MPOAYIIeHTa i penyIieHTa.

Binbmuii piBeHb pisHOMAaHITTS POOUTH €KO-
cucTeMu OLIBII CTIMKMMU O 30BHIIIIHIX BILJINBiB.

Maneo3olicbKa Me3o3o1cbka  KalHo30oMcbKa
epa epa epa

550
Man. 10.1. T. NlaBgkon (Hap. 1941 p.),
aMepuKaHCbKMin Gionor
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Man. 10.2. 3miHa yncna poAavH TBAapWUH NPOTArOM OCTaHHiX 550 MiNbNOHIB POKIB
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Capensis

Antarktis
Man. 10.3. ®nopucTnyHi LapcTBa

Bucoxke remeTruHe pisHOMAHITTS 30i/IbIIIy€E IIAH-
cu IOMmyJaAnii Ha BUIKUBAHHSI B yMOBax 3MiHU
cepemoBHUINA iCHYBaHHs, 00 B TaKOMY BUIIAIKY
X0U XTOCH i3 HAIaJKiB MOKe BUABUTUCS JOCTAT-
HBO IIPUCTOCOBAHUM [0 HOBUX YMOB iCHYBaHHA.

Benuke 3HaueHHs Mae OiopisHoMaHiTTA
i pna mogmuu. JlIoqmHa TAKOMXK € CKJIAZOBOIO
exocucteMm. ToMy BuCOKUII piBeHBL GiopisHOMA-
HITTS 30iJbINye ITaHC BUKUBAHHA E€KOCHCTEM
ysaraJii I JIoAuHU 30KpemMa. Besmka KiJbKicTb
pisHUX BUAiB TBApWH i POCIMH MOKe OyTHU IKe-
peJioM IPUPOIHUX CIIONYK i MaTepiaiuiB, AKi Mo-
JKYTh BUKOPHCTOBYBATHUCS JIOJUHOIO.

Kpim Toro, BCOKe pisHOMAHITTS Hajgae JIO-
IUHI mepeBaru i B il rocmogapchbKii AisiabHOCTI.
Tar, mepmri muBisisanii Ha nIaHeTi 3apoAsKyBa-
JUCA Y CXOKHX yMoBax. AJjie eBpasiiicbKi Iu-
Bimizaifii MaJau MOMKJIMBICTE AJIs OLOMAIIHEHHS
HabaraTo 0ijbInoi KiJIBKOCTI BUAIB TBAapUH, HikXK,
HaNIPUKJIA, aMepuKaHcbKi. OmoMarrneHHA KO-
Hell 3pobuyio GiNbIll ePeKTUBHUM SAK CiJIbCbhbKe
TOCIIOIapCTBO, TaK i TPAHCIIOPT, IIIO CTAJIO IPU-
YMHOIO BUIIOI e(heKTUBHOCTI €eKOHOMIKHY i IITBU-
IIoro PO3BUTKY muBimisarii B €Bpasii.

Cnctematuka i 6ioreorpadis

CucremaTuka ta Gioreorpadis € Haykamwu,
SAKi CKJIaJalOTh OCHOBY BUBUEHHs OiopisHoMa-
HiTTs. CHcTeMaTHKA PO3IOAiJsAEe OpraHisMu 3a
CHUCTEMATUYHUMH T'DYyIIaMi, BPaXOBYIOUU CTY-

0 Kniouosa iges

BiopisHOMaHITTA € 060B'A3KOBOIO YMOBOW iCHY-
BaHHA Oyfb-AKOI ekocuctemu. Bucokuin piseHb
6iOpi3HOMaHITTA pPobUTb eKkocucTemMu 6inbl
CTiINKUMU. BOHO Ma€e BenmyesHe 3HayeHHA ANA
PO3BUTKY Ta BUXWMBAHHA NIOACTBA.

Tema 2. biopisHOMAHITTA 333 Sl

Madagassian Australian’

. '}

Antarctic
Man. 10.4. 3ooreorpadiuHi LapcTBa

MiHb CIIOPiZHEHOCTI Ta eBOJIIIINHY icTOpito BuU-
niB. Bioreorpadis mociimkye 3aKOHOMipHOCTI
reorpadiyHOro IOMIMPEHHA KUBUX OpPTraHi3MiB
Ta iIXHIX yrpymoBaHb i xapakTep payHu (CyKyII-
HOCTi BUAiB TBapuH) i (psiopu (CyKYIIHOCTI BUIiB
POCJINH) OKPEeMUX TEPUTOPii.

3aBOAKU DOCTiIKEHHSIM CHUCTEeMaTHUKH i 0io-
reorpadii OyJyio, HaIpUKJIa, BUILJIEHO (QJIopuUC-
TUYHI IapcTBa — paiioHu 3eMJii, saKi BigpisHs-
IOTBCA OCOOJIMBOCTAMU (DJIOPUCTUUHOTO CKJIALY
(maut. 10.3). Ilikaso, 110 (hayHicTUYHE paliOHyBaH-
Hs, sIKe Te)X 0yJI0 BUKOHAHO, JAJIO JAeIl[0 iHIIni
moais moBepxHi 3emJsi Ha obaacti (mas. 10.4).

@ MpakThyHa poboTa

lMopieHAanbHa xapakmepucmuka ¢hayHicmuyHux
yapcme

1. Po3rnAHbTe KapTy ¢dayHICTUYHOrO parioHyBaHHSA
cyxopgony. BusHaute TepuTOpii, AKI OXOMIOE KOXHE
dayHicTMyHe LapcTBO.

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

3. Bu3HauTte ronoBHi NpuvHUMNM ¢dayHiCTUYHOrO pa-
NOHyBaHHA. [lariTe iM KOPOTKY XapaKTepPUCTUKY.

4. CoopmynioiitTe BUCHOBOK.

03aI'IVITaHHﬂ Ta 3aBLAHHA

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

§ 11. JocnigKeHHA Giopi3HOMaHITTA

0 [omipkymnTe

Y Akomy 3 ABOX 6ioLleH03iB — KOpasioBoro
pudy UM BiZKPUTOro OKeaHy, pPO3TallOBaHUX
Ha OJHAKOBIN rMNOUHI,— 6Giopi3HOMaHITTA
6yne 6inbwmm i yomy?

é 3raganTe

- bionoria - MeToaun 6ionorii

+ EkcnepumeHT » CnocrepekeHHA

« QaKkTOpK cepepoBMLLa

MeToaun BuBYEHHA Giopi3HOMAHITTA

Merogu BuBuUeHHs Oiopi3HOMAHITTA € 1O-
cuTh yncJeHHUMHU. [{o HUX HajJeXXaThb iHBeHTa-
pusarid, MOHITOPHWHT, OI[iHKAa BHIOBOTO Pi3HO-
MaHIiTTA, OIliHKa eKOCUCTEMHOT'0 Pi3HOMAHITTA,
OGioimguKAaIis.

HysKe BaKJIMBUM € KiJTbKiCHUIT aCTIEKT OIli-
HIOBaHHA Pi3HOMAHITTA.

OrmintoBaTy 6i0pi3HOMAHITTA MOKHA AK yce-
penuHi SKOroch yrpyloBaHHs, TaK i MOpPiBHIO-
ouYn MiK co0or0 pisHi yrpymosamusa. Ilimg uac
OIliHIOBaHHA OiOPiBHOMAHITTA BCEepenUHi yrpy-
MOBaHHA He CJiJ IJIyTaTH HOro 3 06araTcTBOM
exocucteMu. BupoBe 6araTcTBO BU3HAUAETBHCS
KIJIBKiCTIO BUAiB, AKI OPUCYTHI B €KOCHCTEMi.
A mig uyac ormiHoBamHA OiopisHOMAHITTS Bpa-
XOBYETHCA TAKOMK KiJbKicHA YacTKa KOMKHOTO
3 BumiB (mas. 11.1).

LKL

YrpynoBaHHA 2

TILE

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)

24

I[HBeHTapu3auia i MOHITOPUHT

Byan-saka ominka 6iopisHOMaHITTA mMoUYMHA-
€ThCA 3 WOTo Iepesiky (iHBeHTapuaaiii).

InBenTapuzaniss — 1e BUABJIEHHA HadAB-
HOCTi BCix KOMMOOHEHTiB O6iopisHOMaHIiTTA Ta X
dikcamia. Tak, mig vyac amanaisy TeHEeTHYHOTO
PiBHOMAHITTSA BUABJIAIOTH yCi icHyI0Ui BapiaHTH
TeHiB, a HiJ yac aHaJIidy BUIOBOrO Pi3HOMAHITTSA
BU3HAYAIOTh yCi BUAMW, AKi € B yrpyIoOBaHHi.

IuBenTapusalia € Tiero 0CHOBOIO, 3 AKOI ITI0-
YMHAIOTBCA BCi pobOTU 3 HOCHimxeHHs OGiopis-
HOMAaHITTA. AKe Iepes TUM SK IIOPiBHIOBATH,
Tpeba 3HATHU, II[0 IIOPiBHIOBATHU.

Yacto ais BifcaigkoByBaHHA 3MiH Oiopis-
HOMAHITTS BUKOPHUCTOBYIOTH MOHITOPUHTOBIL J0-
craimxkenas. MOHITOpUMHT — Iie TUII AOCJiJKeHb,
3a AKUX 3 IEBHOI0 IEPiOAMUYHICTIO TPOBOSATH
pAL 3aXO0MiB, AKi MO3BOJAIOTHL BU3HAUUTU CTAH
mocaimsxyBaHoro ob’exkTa. 3axXoqu IIPOBOLATH
OJTHAKOBMM UYHMHOM i 3 BUKOPUCTAHHSAM OJHA-
koBux npuinafis. Ile mae MoxkJuBicTH aHamizy-
BaTU AUHAMIKY 3MiH CTaHY Ta BUABJATU 3MiHU,
AKi1 BimOyBaroThCsA 3 00’€KTOM CIOCTEPEKEHb.
MowniTopuHTOBi AOCHiAKEeHHSA TO3BOJIAIOTH PO-
0uTu e(@eKTHMBHI IPOTHO3U POBBUTKY CHUTYyAIIil
B eKocmcTeMax i 3amobiraTu HeraTMBHUM TeH-
IOEeHIlisIM, SIKi BIAa€eThCs BUSABUTH.

3ajIe;KHO BiJ mMpH3HAUEeHHS BUIIJIAIOTH 3a-
raJbpHui (cTaHmapTHUI), omepaTUBHUMN (Kpu-
30Buii) Ta GoHOBUII (HAYKOBUII) MOHITODPHUHT.
®doHOBHMIT MOHITOPUHT 3MiMCHIOETHCA Y IPUPOI-
HUX Ta OiocepHUX BaMOBiAHMKAX 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 nokjganuuii. [lapame-
TPU, 3a AKUMHU BiH 3miHICHIOETHCS, MiAO0MPAIOTH
3 TOYKU 30pYy OITHUMAJBHOCTI ¥ AOCTATHOCTI.
OnepaTuBHHMII MOHITOPUHT ITPOBOAATH Y 30HAX
aBapili Ta MPUPOAHUX ABUII, AKi CyTTEBO IIO-
PYLINJIN CTaH €KOCUCTEeMU.

bioiHaMKauia Ta ekonoriyHe

NPOrHO3yBaHHA

Bioingukania — 1me MeTon BU3HAUEHHS €KO-
JIOTIYHOTO CTaHY €KOCHCTEM 3a JOIIOMOTOI0 JKU-
BUX 00’€KTiB. fIK 00’€KTH MOKYTh BUKOPHCTOBY-



Tema 2. biopisHOMAHITTA 333 Sl

Man. 11.2. Bugn-iHgnkatopu: MMWanHNKN (a) — 4nctotn nositTps, fadHii (6) — BOOHMX ekocucTem

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

A niarHOCTUKU CTaHy €KOCUCTeM BUKO-
PHCTOBYIOTH BUAMU-IHAUKATOPH, K1 MAOThL 0iJIb-
M1y YyTJAUBICTD OO Ail HECIPUATINBOTO (haKTOPY
cepemoBHUIA i TOMY IIBUAINE PearyoTh HA 3MiHUI
B mii mporo ¢gaxropy. Hia ominkum aii pisHmMx
(hakTOPiB BUKOPUCTOBYIOTH Pi3HiI BUAM-iHAWKA-
Topu (Maa. 11.2).

Cainx BigmiTuTH, 110 VHiBepcalbHUX BUIiB-
inmgukarTopiB He icHye. Ile moB’A3aHO 3 TUM, IO
pisHi KWBi opraHisMu CyTTEBO BipPiBHAOTHCA
MixK coboro 3a criiikicTio mo mii pisHux dakrTo-
piB. I aKmio, HaIpUKJIaL, IeBHUN BUM € UyTJIU-
BUM [0 3MiHU BMiCTy CHOJYK ApCEHY Yy CBOEMY
CepeIoBUIIi iCHYBaHHs, TO IIe He O3HAUaE, IO
BiH TaKoK Oyae rapHUM iHAWUKATOPOM [IJIs BU-
SABJIEHHS 3MiHM BMicTy cmouyk ILmroMmMOymy.

Hnsa awmaiisy 3MiH cTaHy €KOCHCTEMHU B IIi-
JIOMY 3aCTOCOBYIOTH He OIWH BU-IHAWUKATOD,
a MiJui KOMILIeKC TaKuxX BUAiB. s TOro 100
OI[iHKa CTaHy eKocucTeMu O0yJia epeKTUBHOIO, [0
KOMILJIEKCY BUIiB-iHAVUKATOPiB BKJIIOYAIOTH IIPEJ-
CTAaBHUKIiB OCHOBHUX €KOJIOTIYHUX TPYI — IIPO-
IYIIEHTiB, KOHCYMEHTIB i penyieHTiB. Ilpu mpomy
cepel, KOHCYMEHTIB BUAU-IHAMKATOPHU IIigdompa-
IOTh JIJIA KOXKHOTO 3 OCHOBHUX TPO(iYHMX PiBHIiB.

0 KnioyoBga igen

CrnocTepexXeHHA 3a CTaHOM 6iopi3HOMaHITTA
B eKOCKCTeMi MOXe JaTu fyxe 6arato KOPUCHOI
iHpopmaLii. 3 "oro [ONOMOrol MoXHa BUABUTU
nosABy HOBMX Npobnem i 3po6UTV NPOrHO3 LWOAO
ManByTHIX nodii B eKocucTemi.

Exosoriuse mporao3yBaHHA — Iie Iepeaoda-
YeHHA MOKJIUBOI TOBEeIiHKY IPUPOIHUX CHUCTEM
Ha OCHOBI iH(popmMmarrii, sxa OyJja oTpuMaHa B II0-
nepesHix gociaimgsKeHHAX. OCHOBOIO €KOJIOTiuHO-
O IIPOTHO3YBAHHSA YaCTO € CTBOPEHHS MojeJiei
€KOCHCTEM, AKi JO3BOJISIOTH OI[iHUTHU BILIWB Ha
HUX AK IPUPOSHUX IIPOIECiB, TaK i JIFOACBKOIL
KUTTENIANBHOCTI. 714 €KOJIOTIUHOTO IPOTHO3Y-
BaHHA CTBOPIOIOTH HMPOTHO3HI KapTu, AKi mepi-
OIMYHO OHOBJIIOIOTH, ypaxoBylouu 3adiKcoBaHi
B €KOCHCTeMaX 3MiHWU.

® MpakTyHa poboTa

BueyeHHs 8u008020 CK/1a0y eKocucmem C80€i mic-
ueeocmi. Budooea 6iopizHomaHimHicme

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

2. 3a pe3ynbTaTamMy CNOCTEPEXEHD 3aMOBHITb Tabnu-
L0, y AKIN yKaXiTb, AKI POC/IVIHN € NOKPUTOHACIHHU-
MW, FOJTOHACIHHVIMM Ta BULLMMW CMTIOPOBUMM, @ TaKOX
AKi TBAPUHN € XPeOETHMU, Be3XPebETHMU.

3. [InA KOXHOro 3 BWAIB OUiHITb 4YacTOTy, 3 AKOI
BiH TpannsA€eTbca B eKocuCTeMi, (BUCOKa, cepepHs,
HW3bKa), Ta BKaXiTb i B Tabnuui.

4. CoopmyntoitTe BUCHOBOK.

03aI‘IMTaHHﬂ Ta 3aBAaHHA

1. AKi nepeBarn " HepoNiKW, MOPIBHAHO 3 iHAMKa-
Li€lo 3a Jonomorol npunagis, Mae 6ioiHanKauia?
2. Cknagitb CNMUCOK €KOCUCTEM BalLOro perioHy, and
AKNX Byno 6 6a)kaHO MPOBECTU EKOJSoriYHe MPOrHO3y-
BaHHA. 3. HaBepgiTb npuknagu sugis-iHgmkaTtopis. 4. Ha
npviknagi fadHii NOACHITb, AK MOXHa BUKOPMUCTOBYBATA
BMAN-iHaMKaTopu. 5. Ha mantoHKy 11.1 nokasaHo Buao-
BUI CKNMag Ta YacTKy (Bifg 3arasbHOro uymcna ocobuH)
KOXXHOro 3 BUAIB 1BOX YyrpynoBaHb. MoACHiTb, Yomy 6io-
Pi3HOMaHITTA YrpyrnoBaHHA 1 BlLLE, HiX yrpynoBaHHA 2.
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Tema 2. biopi3HOMaHITTA

§ 12. CyyacHa cuctema XuBoro cBiTy

0 [omipkynTe

AAK MOXHa BM3HAYWUTU Ha-
ABHICTb Pi3HMX BUAIB MiKpO-
OpraHi3amiB y nmeBHOMy cepe-
JOBULLi iCHYBaHHA?

é 3raganTe

e KnitnHa « [TpokapioTtn
» Eykapiotu  Bipycn
o CctemaTnyHi Kateropii

TpngomeHHa cncrema

»WVBOTO CBITY

Kapa Boys (1990 p.), cnupa-
I04YXMCh Ha aHAaJi3 IIOoCJiJZOBHOCTI
aykaeorunie pPHK Ta meaki immmi
MOJIEKYJIAPHI XapaKTepPUCTUKHU, 3a-
IPOIIOHYBAaB HOBUI BapiaHT cucre-
MATUKMN KUBUX oOpradismin. 3rifg-
HO 3 HUM OpTraHidaMu HOoAiadaaucs
Ha BeJIMKi CHUCTeMaTWYHi rpynu —

Man. 12.1. Tpy JOMEHM XMBUX OPraHi3miB

nmomeHu. JloMeH — Ile TaKCOH HAWBUINOTO PaHTy, AKUN
BKJIFOYAE KiJbKa IIApCTB KUBUX OPTaHi3MiB.

Kaitunui dopmMu KUTTS mOOinAM HA TPU NOMEHH —
Bakrepii, Apxei ta Eykapioru (man. 12.1). Bipycu Bumi-
JUJIN AK OKPeMUH TakcoH Vira, axuii 06’eqHye HEeKJIiTHUH-
Hi (opmMu KUTTSA W 3a paHroMm Bigmoimae momeny. Taxa
KJacu@ikaiis HaOiJIbIII TOYHO BigOMBA€E CcydacHi ysaBJIEH-
HA OPO BUHUKHEHHA § €BOJIIOIII0 OCHOBHUX TI'PYIl KUBUX
opraHismis.

XapaKkTepHi 0co6MMBOCTI AOMEHIB XKMBUX OpraHi3mMiB

Opranisamu,
Tpyna AKi BXOTATH
IO CKJIaxy IPyIH

Oco6amuBOCTi OyIOBH i JKUTTEXIAIBHOCTL

Baxkrepii Baxrepii Kaitunni opranismu. ¥V KiiTuHax HeMae aapa i MeMOpaHHUX opraHes. Bim-
PisHAIOTHCA 3HAYHOIO Pi3HOMAaHiTHiCTIO 6ioXiMiUyHMX MpoIleciB y KIiTuHAaX.
T'emeTuunuit maTepias 3a3Buuail npeAcTaBJIeHUN BeJIUKOIO KiJIbIIeBOIO MOJe-
rymaoio [JTHK (6akTepianbHOI0 XpoMocomoio). MokyTh MaTu maasmigu. I'enu
He MiCTATH iHTPOHIB

Apxei Apxei (apxebak- = Kaitunxi opramismu. CyTTeBO BiApi3HAIOTHCS Bif iHIITUX JOMEHIiB 3a CKJia-
Tepii) IoMm JinigiB Ta 6inKiB. ¥V KJIiTrHaAX HeMae Apa i MeMOpaHHUX oprauen. I'e-
HETUYHUN MaTepiaj 3a3BUUal IIPeCTaBIEHNI BEJIMKOIO KiJIbIIEBOIO MOJIEKY-
noio [THK (6akTepiambHOI0 XpoMocoMoio). MokyTs MaTu miaasmiau. YactuHa
TeHiB MiCTUTH iHTPOHU

Eykapioru @ TBapunu, rpu- Kaituuni opramismu. ¥ KiIiTuHax € sapa Ta iHIIi MeMOpaHHi opraHenu
6u, 3eJieHi poc- ¥ muTockeseT. 'eHeTHUHMIT MaTepiaJa MiCTUTBCS ¥ XPOMOCOMAaX i Ma€ BUTJIAL
JUHU TOIIIO ainittanx mosexkyn [JHEK. ¥V mitoxorapiax i miracTumax npucyTHi HeBeauki

mosiekyJsiu Kismbresoi JJHK. T'eru micTaTs iHTpOHT
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Tema 2. biopisHOMAHITTA 333 Sl

LiadopeTukn EkckaBatu Amopdei
I I
Eykapiotn
[aBHi 6akTepii TeppabakTepii Figpo6akTepii
Biapinu-npereHpeHTN bakTepii Apxei

LUCA (ocTaHHi cninbHUM npefok
KNITUHHWX OpraHi3miB)

Man. 12.2. HoBuii BapiaHT cucTeMmn opraHi3miB, y AKOMY eyKapioT! 06’'eAHYI0TbCA 3 apxeAMM i 3'ABNAETbCA HOBA rinka (Biogi-
N-NPeTeHAeHTH, AKI He MOXHA MOKM Lo BigHeCTV Hi Ao 6aKkTepii, Hi o apxei)

MakpocnctemaTtmka i MeTareHOMHUN
aHani3

MakpocHucTeMaTHKOI0 Ha3UBAIOTh PO3/IiI CHUC-
TeMaTUKMN JKUBUX OPraHi3sMiB, SKUWI IIpaIfioe is
CHUCTEeMATUUYHUMU KaTeTopiAMM HAWBUIIINX PaH-
riB — moMeHaMu, CyOlOMeHaMu, IPyIIaMu IIapCcTB,
mapctBamu Torro. OcTaHHIM YacoM y IIi#l rasrysi
0yJi0 3pobJieHO unMasio BigkpuTTiB. Ile moB’a3amo
i3 BacTocyBaHHSAM HOBITHiX MeTOIiB aHaxi3y,
y Oeplry 4Yepry MOJLeKYJNLAPHO-2eHEeMUYHUX.

3apas y:ke BimoMa IOCIiJOBHICTh HYKJIEOTH-
nie IHK gia 6araThox BasKJIMBUX TeHIB COTEHbD
opraHismiB. A reHOMHU X0Y KiJIbKOX IpeACTaBHU-
KiB OCHOBHHMX CHCTE€MATUYHUX TI'PYH PO3IITHQGPO-
BaHi moBHicTIo. Ile mo3BoJisie e)eKTUBHO IMTOPiB-
HIOBATU OPTaHi3MMU MiK C000I0, BCTAHOBJIIOIOUN
ixHi poauHHI 3B’ A3KH1. 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
noAinAlTb Ha TPW BeNUKi rpynn — AOMEHU:
bakTepii, Apxei Ta EykapioTu. Bipycu 06’egHytoTb
B OKpeMy rpyny HekmiTuHHUX dopm xunTTa Vira,
AKa 3a PaHroM [OPIBHIOE JOMEHY.

Taxok IIHPOKE B3aCTOCYBAHHSA OTPHUMAaB
MeTOJl MemazeHoMH020 arani3y. Bin mosBoise
Buayuyatu ¥ aHagdidyBatu [IHK OesmocepenHbo
3 BimiOparnumx mpobO, 6e3 BUPOIYBAaHHSI MiKpPO-
oprauismiB. Taxkwii meTon aHaidy momomarae
BUBYATU OPraHi3MM, AKi MOKHU IO HE BIAETHCS
BUPOIIYBATA HA MOKUBHUX cepemoBUINlax. Bu-
ABUJIOCS, IO TaKWUX OpraHisMiB Habarato 0ijb-
e, HixK mepembauasiocss panimre. Cepen HUX
HaBiTh OyJia BUIiJieHa OKpeMa rpymna «Bigmiigis-
raggunatiB» (Candidate Phyla), AKUX TOKU IIIO
He 3MOTJIN BiflHecTH Hi Io apxeil, Hi 70 OaKTepii.
Mo:xkauBo, 1110 iX HOBemeThCA BUIIJIATUA B OKpe-
muii gomen (maja. 12.2).

IIa HOBa rpymna IiJIKOM CKJIaJaEThCA 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 3roaHi BU 3 BUKOPUCTaHHAM TEPMiHA «JOMEH»
[NA NOo3HayYeHHA HanbiNbLWOl cMcTeMaTUYHOI KaTeropii?
O6rpyHTyITe CBOIO TOUKY 30pY. 2. [TOCNiJOBHICTb HyKneo-
TUAIB AKMX FeHiB HavKpalle BUKOPWUCTOBYBATWU ANA Mo-
PIBHAHHSA Pi3HMX rPyn XMBMX 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. NpokapioTNyHi opraHiamn

0 [omipkymnTe

Apxeli BBa)KaloTb HAMOAMXKUMMU pOAUYaMNA
i Nnpegkamu eykapioTiB. A AKi O3HaKu Ha ue

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

bakTepii Ta Apxel

IIpoxapioTiB momisAIOTH HA ABI BeIWKi Ipy-
nu — gomeHu Apxei ta Bakrepii (manx. 13.1).
Baxrepii TpamisioThea B yCiX cepemoBHUIIax ic-
HYBaHHsA. BOHU JKUBYTH y BOJi, I'PYHTi, *KUBUX
opraHizmax. Apxe#l crmoyaTKy BUABUJIU B 30-

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

Cncrtematrka 6akTepili Ta apxen

ITogin GaxkTepiii Ha BeJaUKi cucTeMaTHYHI
Tpynm A0ci € mpeaMeTOM HAyKOBOI AMCKYCii.
fAximo o6’egHaHHA BUAIB 0 I'PYI paHry Bimmi-
JIy He BUKJMUKAIOTH 0COOJMBUX HPOOJIEM, TO 3a-
TaJIbHOIIPUHNHATE X 00’eIHaHHS Ha PiBHI mapcTs
abo cyOmoMeHiB BimcyTHE.

Haii6inpin momupeHuM 3 iCHyHOUHX Bapi-
aHTiB € IOAiN OaxkTepiii Ha TPU BeJHKi I'PYyIIN:

XapakTepHi 03HaKy 6akTepill Ta apxemn

O3Haka Baxkrepii

KinpkicTs KiriTua

OpHOKJIiITHMHHI, KOJIOHiaNbHI Ta (iHKOIN) 6a-

Apxei

TinbKu OMHOKIITUHHIL

TaTOKJIITHHHI (MalOTh KJIITUHYU Pi3HUX TUIIIB,

SIK HOCTOK)

BynoBa kaiTuaHOI

MeMOpaHu 3 (pocdourimigin

Kaituana crinka
Ocob6smuBocti reHomy = He micTuts ricronis

OcobauBocTi
IKTYTUKIB

MemO6paHa 3aBKI1 SBOIIAPOBA, CKJIALACTHCA

CxJiaamaeThbecsa 3 Mypeiny Ta crenu@iuaux
0inKiB, uacTo Mae SOZATKOBI mapu

IToposxHMCTi 6iTKOBI MUIIHAPY, POCTYTh KiH-
YUKOM; O0epPTaHHS BiIOYBaeThCA 38 PAXYHOK

MemOpaua Moxxe OyTH IBOIIAPOBOIO
a60 OTHOIITaPOBOIO, CKJIAJAETHCA 3 eTe-
PiB rurinepoJsiy Ta TePIeHOBUX CIIOJIYK

CxkiamaeTnsed i3 ICeBIOMYpeiHy Ta cie-
nudivEnX 6iIKiB

MicTuTs ricroHononioHi 6iIKMT

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

pisHUI KOHITeHTpAIlil IPOTOHIB IO PidHi OOKW | paxyHOK BUKOpucTaHHA eHeprii ATdD

MeMOpaHu

Man. 13.1. MNpeacTaBHUKN apxelt (a), OAHOKMITUHHUX (6) Ta 6araToOKNITMHHUX (8) GaKTepil
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maBHi OaxTepii, TeppobakTepii Ta rigpobakTepii.
IIpeacraBHUKaMu OagHix Oaxmepiii € BOIHEBi
O6axTepii (OTPUMYIOTh €Hepriio 3a paXyHOK OKUC-
HEHHs BOJHIO) Ta TepMmoTroru (0axkrepii, ki :Ku-
BYTBb y rapAumx mskepenax). Ilo meppobarxmepiil
HaJekaTh IfiaHob0axTepil Ta 30yIHUK TyOepKYy-
JIBO3Y, a 10 zidpobakmepiii — cmipoxXeTu, XJaMmi-
Iii Ta 30yAHUKHN YYMH, X0JIEPH i CAILMOHEIHO3Y.

CucrtemaTHKa apxell TaKoK € Ile Hemo-
CTaTHBO PO3pOO6JIeHOI0. AJie BUeHi BUIIIAIOTH
cepenl HMX [ABiI BeJUKiI rpynum — mpoTeoapxei

Tema 2. biopisHomaHiTTa 33 S

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

3HauyeHHA baKTepin Ta apxen gna
NIOAVHN

Ona noguHU BeJIUKe 3HAYEHHS MAalTh AK
bakTepii, Tak i apxei. Pisui npegcraBHUKY IIUX
TPyI MOKYTb MaTH AJIS JIIOOUHU SK IIO3UTUBHE,
TaK i HeraTwBHEe 3HAUEHHH.

3HaueHHA 6aKTepiln 4nA NOANHN

Bsaemogida 3 aroguHOI0O

BUKOPUCTOBYIOTHCS ¥ BUPOOHUIITBI XapUOBUX
OPOAYKTiB

€ OCHOBHUM BUPOOHUKOM IIPOAYKIIil B 610T€XHOJIO0-
rivEoMy BUPOOHUIITBI

€ CKJIaZI0BOIO YaCTUHOIO OaKTepiaJlbHUX HOOPUB

€ MyTyanicTUYHNMY CUMOIOHTAMY KUIIEUHUKY
JIIOIUHU

€ 30yaHUKaMu 0araTboX 3aXBOPIOBAHD AK CAMUX
JIIOJIe, Tak i BasKJIUBUX IJIA HUX TBAPUH i POCIUH

Mok yTh TOMIKOIKYBAaTH BHACTIOK CBOEL JKUTTE-
IisiabHOCTI criopyau ab6o MexaHisMu

Ilpuxmnanx

Kuciomosouni mpogykTu, cupu, XJ1i600ya0uHi Bupobu
TOIIO0

Baxkrepii, sKi BUPOOIAIOTE JiKU (HaIPUKJIAL, iHCYJIiH)

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

Kuigkosa maanuka

30yIHUKY X0JIepH, YYMHU, TYOepPKYJIb0O3y, OaKTepiaIbHO-
T'0 PaKy POCIUH

3asizobaxTepii, AKi MocenATHCA Y BOLOIPOBITHUX TPY-
6ax i MOKYTh ITePeIIKOKaTh PYXY BOAU

3HayeHHsA apxen Ana noagnHn

B3aemonia 3 nroqnHOIO
€ yacTUHOIO MiKPODOIOTH KUIIIEUHUKY JIFOJUHHI

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

3b0araueHHA Py MeTaJIiB ITiJ yac BUAOOYBAHHSA

BupoOHUIITBO IPOAYKTIB XapuyBaHHS 32 BUCOKUX
TeMIepaTyp

KntouoBa igen

\

lMpokapioTuyHi opraHiamu npegcraBfieHi ABoOMa
JomeHamu — bakTepii Ta Apxei,— AKi CyTTEBO
Pi3HATbCA MiXK coboto. O6maBa [OMEHU Bigirpa-
I0Tb [ly>Ke Ba)K/IMBY poOJib Y NPUPOJHUX EKOCKC-
Temax i XUTTi JgNHN.

ITpukaan
MeranorenHi apxe6aKTepii TOBCTOr0 KUIIIEYHUKY

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

ApxebGaKTepiii BUKOPUCTOBYIOTH AJIA BUAOOYTKY 30JI0TA,
Migi i KobGaIbTy

depMeHTH apXell BUKOPUCTOBYIOTH ¥ BUPOOHUIITBI MO-
JIOKa 3 HU3bKUM YMiCTOM JIAaKTO3U, siKe BiAOyBaeThCcAd 3a
BHCOKOI TeMIIepaTypu

3anuTaHHA Ta 3aBAaHHA

1. Aki ocobnusocTi 6Gionorii 6akTepin MOXyTb
BMJIMBAT Ha Te, WO iX 06'€AHaHHA Ha piBHI Bigainis
He BUKIUKAE BeNMKMX Npobrem, a Ha PiBHI 6inbwumx
TaKCOHOMIYHMX Tpyn (WapcTBa, Cyb6aOMeHN) BUKIIMKAE
nocTinHi anckycii? 2. CKknagitb CNUCOK 3axBOpPOBaHb
MOAUHY, 30yaHMKaMK AKUX € GakTepii. 3. Yn MOXHa
CTBEpOKYBaTK, WO GakTepil € 6inbll BaXXNUBUMK AnA
NIOACTBA, HiXK apxei? Bignosiab obrpyHTyMTe.
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Tema 2. biopi3HOMaHITTA

§ 14. CyyacHa cnctemaTmka eyKapioTiB

0 [omipkynTe

AKi 03HaKM BKa3ylTb Ha Te, Wo ameba € binbL
611M3bKMM poanYEM NIOAUHN, HiX iHdYy3opia?

é 3raganTe

o [lomeH » flppo
» Eykapiotn o MiToxoHApil
o Apxei e [nactngn

» MoHo- Ta nonidineTnyHi opraHiamm

EBoniouinHi 3B'A3KN MiX eykapioTamu
Ta NpokapioTamu

EykapioTuuni opranismMu yTBOpUJINUCA B IIPO-
meci eBoJrOIlii 3 mMpokapioTmuHuMx. Ase mpo Te,
AKa caMe 3 Ipyn IpPoKapioTiB Oyjaa mpemxoMm
eyKapioTMUYHUX OpraHisMiB, AMCKYycCil TpuBaau
moBro. Ileprmri maHi mpo cropigHeHiCTH eyKapi-
oriB 3 apxeamu 3’ auiaucd e 1984 pory. Ae
TiJIBKUY IiCJIA PO3BBUTKY TEXHOJIOTiN MOJIEKYJIAD-
HO-0ioJIOTiUHUX JOCTiAKeHDb yAaJI0Csd BCTAHOBU-
T Iie OiJIbII OOI'PYHTOBAHO.

2015 poky rpymna ming xkepiBHHUIITBOM AHBI
Cnaur (A. Spang) Busasuia y IliBHiunomy JIbo-
moButomy okeaHi caigum [IHK mHeBimomoro pa-
Hilme opramismMy 3 OOMeHY apxeli, AKHil OyB
"HazBauuii Lokiarchaeum i BigHeceHHUII mo ca-
mocritinoro Bigminy Jlokiapxei (Lokiarchaeota),
110 BXOAUTH A0 CKJIAAy HaaBiamiay Acrapmapxei
(Asgardarchaea) (man. 14.1). I1a rpymna apxei
i BugBuUIacAa HaROJMMIKUNM POAUUEM eyKapioTiB.
Binwsm Toro, BoHa yTBOpMIA 3 HUMU MOHOQIiIE-
TuuHy Trpyny. Came ToMy 3apas pO3TJIALAIOTH

Man. 14.1. Acrapgapxei

30

MOJKJIMBICTh 3MiHUTU TPUAOMEHHY CUCTEMY OpP-
raHigyHOrO CBiTY Ha OBOJOMEHHY, 00, 3a mpa-
BUJIAMU CUCTEMaTUKW, MOHOMDIJIeTWYHI Tpynu
IIOBUHHI YTBOPIOBATH OJWH TAKCOH.

Mogin eykapioTiB Ha cy6baomeHu

Hosi Texwmosorii mocmimskenb, aKi 3’aBid-
auca B Apyrid mosoBmHI XX €T., COpUAIU
BUOiJIeHHIO HabaraTto OiJIBIIIOrO YMCJa IIapCTB
y Me:kax rpynu eykapioris. Taka cucrema Haii-
TOUHiIlIe BimoOpaskae eBOJIOIiliHI 3B ABKU MiXK
OKpeMUMHU rpynamMu eykapioriB. Ha#bimbimumii
BHECOK Yy CTBOPEHHS HOBOI cucTteMu 3pobuia
rpymna BueHux mig KepiBauiirBom Caitau Egjia.

3rigHo 3 HOBOIO cucTeMOI0, foMeH Eykapio-
TH MOAIJIAETHCA HA TPU YaCTUHU — CyOJOMEHMH,
AKi, y CBOIO uUepry, mijgATbCSA Ha KiJabKa rpyn
(HagmapcTB). A BKe HAAIlapCTBa MOIIJISIOTH HA
OKpeMi 1apcTBa »KuBUX opranismis. Tproma cy0-
momeHamu eykapioriB € Exckasaru, iagoperu-
Ku (0ixonTu) Ta Amopdei (man. 14.2). EkckaBa-
TH € BUHATKOBO OAHOKJIITUHHUMY OpTaHisMaMu,
a cepen miagopeTukiB Ta aMopdeiB TPAIIAIOTHCA
SAK OSHOKJIITHMHHI, TaK i 6araTokJiTuHHI dhopmu.

EkckaBaTtu

ExckaBaTu € HalifaBHIINIOI IPYIIOI0 eyKapio-
TiB. [lo HUX HaJe}KaTh TiJIbKU OJHOKJIITHHHI Op-
rarismMu. BoHu MOKyTh OyTU BiJILHOKUBYUUMU,
BECTU ITapasuUTUYHUI CIOCiO KUTTA abo cTaBaTu
cuMbioHTamMu 6araTOKJITUHHUX OPTaHisMiB.

Ho 1miei rpynu HaleKaTh 30yIHUKU 3aXBO-
pIOBaHb, HeOe3meuHux s Jioguau. 1le, Hanpu-
KJal, TpUXoMOHama (30yIHUK TPUXOMOHO3Y),
Tpunanocoma (30yIJHUK COHHOI XBOpoOm) i Jeii-
mMaHig (30yIHUK JIEHIIIMAaHio3y).

Taxo:x 10 eKcKkaBaTiB HaJIe)KaTh €BIJIEHU, THU-
TMIOBUM IIPEJCTaBHUKOM SAKWUX € €BIJVIEHaA 3eJIeHa,
i rimepmacTurinu (HampuwKJIazm, TpUxoHiM®a) —
ONHOKJIITUHHI OpraHisMm 3 BEeJIUKOI KiJbKiCTIO
IkryTukiB. inepmacturinu € cumbioHTaMu, AKi
JKVUBYTH Y KUINIEYHUKAX TEPMiTiB i TapraHis.

Amopdoei

Awmopdei € HaMbiabIIOKW 3a KiJbKicTIO BuU-
IiB rpymnoro eykapioriB. o ckaany 1mboro cyo-
IOMEHY BXOIHWTHb KijJbKa HaAIlapCTB, HAHOiJIbII
3HAUYHUMHU 3 AKuUX € Ame060301 Ta OIiCTOKOHTH.



Man. 14.2. CyyacHa knacudikauis eykapioTis

Ame00307 TIpeACcTaBJIEHO IMEPeBa’KHO OIHO-
KiIiTuEHUMU (opMamu. AJjie € cepesy HUX i KO-
JIOHiaJIbHI opraHismMu. A CIpaB:KHI CIM30BUKU
3[aTHI YTBOPIOBATH 0araTOKJITHMHHUNA IIJIa3MO-
nini. IlpeacraBHUKamMu aMme00301B € PiBHOMaHITH
amMeOU Ta CIIPaBYKHI CIM30BUKU.

OnicmokoHmu MOMKYTb OyTH OSHOKJIITHH-
HUMU, KOJOHianpHUMHU a60 0araToKJIiTUHHUMU
opraniamamu. o 1iei rpynu HasmexaTh IapcTBa
Copas:kHi rpubu Ta CupaB:kHi TBapunu. Cupas-
KHiMU TpubaMu € TNpeACTaBHUKU TaKUX TPYII,
ak Basupmiomineru (y ToMy YHMCJi IMTaOIWHKOBI
rpubn), Ackominietu (Tpiodesb, MEHIIUI TOIIO)
ra inmri. [TapcTBo CupaB:KHi TBapuHU 006’ €THYE
BCix O0araTOKJITHMHHUX TBapuH (BOHU 00’ e€aHAHI
B OKpeMe IIiAIapcTBO), ix OesrmocepegHix Ipen-
KiB (x0aHO(aaresdar) Ta ix OJU3bKUX POAUUIB.

HiadopeTrku

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

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

B pesysbTari cumbiody 3 I1riaHObOaKTepiAMm;.
Cepen HUX € OOHOKJIITHUHHI, KOJIOHianbHI i Oa-
raTokJiTuHHI opranismu. Haibiapin BizoMmumnu
npeacTaBHUKAMU ITiel rpynu € mapcTBo YepBoHi
BOZOPOCTi ¥ 1mapcTBo 3esieHi pocamuu. o map-
cTBa 3eJieHi POCIWMHU BiIHOCATH KiJbKa TIpyIl,
y TOMY YMCJIi 3eJieHi BOIOPOCTi Ta BCi CyAuHHI
HaseMHi pocJuHU (AK CHOPOBi, TaK i HaciHHi).

Haspa mammapcrsa SAR yTBOpeHa 3a mep-
MINMHA JiTepaMu Has3B TPHOX IIapCTB, AKi BXO-
IATH 0 ioro ckiany (Stramenopiles, Alveolata,
Rhizaria). Cepen HUX € OZHOKJITUHHI, KOJIO-
HiambHi @ OGaraTokJiTuHHI opramismm. Bararto
IpeCTaBHUKIB IIHOTO HaAIlapcTBa, AK i apxe-
ILJIACTUIN, € (POTOCHHTEe3YIUNMHU eyKapioTaMu.
Ane ixXHi XJOpOIJIacTH YTBOPUJIHUCS 3aBIAKU
cuMbiody 3 iHmMEMMU eykapioramu (4acrime sa
BCe 3 MIpeACTaBHMKAMHN UYEPBOHUX ab0 3eJeHUX
BomopocrTeit). Haiibinpim BimomMuMmu aBTOTPOR-
HuMu npegcrasaukaMu SAR e 6ypi, miaTromosi
Ta 30JI0TUCTi BOJOPOCTi.

€ cepen npencraBamkiB SAR i rereporpodHi
rpynu. Jlo Takux Haje:kaTh popaminidepu, pamio-
Japii, HecIIpaB:KHi CJIM30BUKU, iH(MY30pii, cIio-
poBuku (y TOMYy YMCJHIi 30yAHUK MaJApii) TOIIO.

0 Kniouosa ifes 038I‘IMTaHHH Ta 3aBaHHd

lMpeakamn eykapioTiB € opraHismu 1. Yomy B gedAkux BMMNagkax B OfHY TaKCOHOMiYHy rpyny mMo-
3 rpynu Acrapfapxei. A cami eyka- XKyTb O6'€AHYBaTV aBTOTPODHUX i reTepoTPOoPHMX eyKapioTis?
pioT nojinATbCA Ha Tpu BeNuki 2. O6rpyHTyinTE, YoMy BYpi BOJOPOCTI Clifl BiAHOCUTU [0 Hapuap-
cybpomeHn — EkckaBatu, Amopoei ctBa SAR, a He go HaguapcTBa Apxennactugu. 3. BukopucTosyto-
i NliabopeTnkn, a KOXHWN i3 HUX — UM [OAATKOBI AXepena, 3HadiTb 03HaKK, 3a AKUMU acrapfapxemn
Ha MeHLi cmcTeMaTUyHi rpynu. i eykapioTiB 06’efiHyl0Tb B OfHY rpyny.
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Tema 2. biopi3HOMaHITTA

§ 15. HasemMHi pocnnHun

0 [omipkymnTe

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

é 3raganTe

» ABTOTpPODU « Mnactngn

 TKaHWHN » OpraHu

- fliapopeTtnkn

3aranibHa XapaKTepuCTMKa Ha3EMHUNX
POCANHN

HazemHi pociuHM IIOXOOATH Bia 3eJeHHX
BomopocTeii. BoHu yTBOpIOIOTH rpyny EMOpiodi-
TiB (Mmas. 15.1). XapaxkTepHi ocobamBOCTI ITi€l
Tpynu Taki:

» 0araTOKJIITHHHICTD;

N
PuHioditn 5

“a“\"\0¢“‘m

3eneHi BogopocrTi

c aamnTalig 0 JKUTTA Ha CyxonoJi (xoua
€ i BTOPMHHOBOIHI (hopmm);

* JKUBJICHHS 3apoAKa (eMOpioHa) POCIMHOIO
IIOTIePeITHBOTO TTOKOJIiHHA (caMe 1 0COOJIMBICTD
i majsa Ha3By rpyIi);

* HaABHICTH crenu(ivyHOI CTPYKTYPHU, V AKiNA
YTBOPIOIOTHCA KiHOUI rameTm,— apXeroHiio;

« HaABHICThL TPOAMXiB (MOMKYTH OyTHM Bim-
CYyTHI y HeAKUX MEeYiHOYHUKIiB).

Y xKurreBomy HUKJII eMmOpioditiB € naBi
haszu — zamemogima (Koam yTBOPIOIOTHCS Ta-
MeTH i BimOyBaeThCs cTaTeBe PO3MHOMKEHHS)
i cnopogima (kosu yTBOPIOIOTHCA CIOPU i Bin-
OyBaeThCsA HeCTaTeBe PO3MHOMKEHHs). [yisg Toro
100 cuepwmii ramerodita smificHMIN 3aILIigHEH-
Hs, MOTpPiOHA HasABHiICTH piAKOI BoaM, B AKiit
BOHM pyxXawTbcA. ToMy CIOPOBiI cyAwmHHI poc-
JUHU B3aBXKIU POCTYTh Yy OOCTATHBO BOJIOTUX
yMmoBax. | simiie HaciHHI pOCIWMHU 3MOTJUN BU-
pimuTH M0 TPo6JEeMYy i BTPATUJIU 3aJEKHICTH
Bil pigkoi Boam mim yac pO3MHOMKEHHS.

ToNnoHaciyy;j

Man. 15.1. PouHHi 3B'A3KM BcepenuHi rpynu embpioditia (3Hakom 0 no3HayeHoO BMMepAi rpynu)
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lNeyiHOYHMKN, AHTOLLIEPOTOBI Ta
CnpaB»KHi Moxu

Paminie meviHOUHMKM, aHTOIEPOTOBiI Ta
cupaB:kHi (amcTocTe670Bi) MoxXu 00’ €THYBaJIU
B OOMH Bimmin. Aje ocTaHHi AOCHiI:KeHHA IO-
BeJIU, ITI0 BCi I[i TPU IPYNOH CJIiJl POITIATATHA TK
okpemi Bimminu. Ili rpymu BigpisHAIOTBCA Bing
iHmux eMOpiodiTiB TUM, IO B IXHBOMY JKUT-
TEBOMY IUKJI mepeBakae rameTodit (KUTTEeBaA
cTafmis, Ha AKill yTBOPIOIOTHCA rameru). A cIio-
podiT (*KuTTEBa cTamis, HA AKili YyTBOPIOIOTHCS
CIIOpM) PO3BUHEHUI TipIie.

A mpencTaBHUKIB Iiiel rpynu xapakTep-
HOI0O € TaKOXK BiJCYTHiCTH KoOpeHiB i momiay
(y yacTMHU TpeACTAaBHUKIB) Tijla POCJIUHU Ha
OpraHu.

CyaviHHI pocnnHu

Jo CyZUHHUX POCJAWH HAJEKUTh OiJbIlia
yacTuHa emOpiogdiriB. XapaKTepHOI O03HAKOIO
i€l rpynu € HasIBHICTh CIIPABXKHIX TKAHWH i I10-
Oijm Tima pocawmHM Ha opraHu. Y HaUIEPIINX
Ha3eMHUX POCJMWH TiJO MOALIAJIOCA TiIBKU Ha
mari" i KopiHb. ¥ KUTTEBOMY ITUKJII CYTUHHUX
POCJIVH TIepeBaka€ CIopodir.

CyauHHI POCJAWHU CTBOPUJM IIePIIi Jicu
B icTopii mammoi miraHeru. BoHu 3amorgu ajgam-
TYBaTUCA [0 YMOB JKUTTSA HA CYXOJO0JIi 3aBAAKNI
mozisy iIXHBOTO Tijsia Ha opraHu (KOpiHb i ma-
ri") Ta mosBi y HUX cIelliaji3oBaHUX MeXaHiu-
HuX i npoBimuux TKanuH. Kopinb 3abesmeuun
MiHepaJibHe KUBJEHHSA POCJUHU. Uepesd HBOTO
IO OpPTaHi3My POCJIWHU HAAXOAATH BOAA i HEOP-
raHiuHi peYoBUHU, a HaTriH 3a6e3leUnB IPOIlecH
¢doTocuHTe3y i muxaHHA. MexaHiuHI TKaHUHUI
ITO3BOJIMJIY POCJAMHAM IPOTUAIATH CHUJIi 36MHO-
IO TAXKIHHA 1 pocTU Bropy, a MpoBiHI TKAHWHUI
3abes3meunyii 3B A30K MisK ixXHiMu opramamu.

Tema 2. biopisHOMAHITTA 333 Sl

MikpodinbHi pocnnnHu. lNMnayHn

Jlimia nnayHiB € HalgaBHIIIOK cepen cy-
IVHHUX pocyimH. Bowa Bimoxkpemwmiacsa Bijg iH-
mux rpya axx 420 MaH pokiB Tomy. 3apas mia-
VHU € HeBeJHWKOI0 I'PYyIoI — iX HapaxOBYIOTHb
npubausuo 1000 sugis. Cyuacui miayau — 1ie
baraTopiuHi TpaB’AHUCTI pocauHU. AJe IIig dac
poskBiTy miel rpynu 350 MaIH pOoKiB ToMy OyJiu
momupeHi ¥ gepeBHI (opMu mIayHiB, Taki AK
JemiofeHAPOH 1 curinapisa.

XapaKTepHOI0 0O3HAKOI TPYIU CTAB OPHUTi-
HaJIBHUY MUJIAX YTBOPEHH JIUCTKIB. JImcTKy 1mia-
VHIB € Mikpo@invrumu. BoHN MiCTATH ycepeauHi
JUIIe ONWH CYAUHHUMN TYYOK, TOAI AK JIMCTKU
BCiX iHINIMX CYIWHHUX POCJMH, K1 € MaKpOdiib-
HUMH, MAlOTh HabaraTo cKJaagHimnry OynoBy. Bin-
TOBiTHO, i PO3MIip JIUCTKIB y IJIAyHIiB HEBEJIUKUH,
00 JiuIlle posraiy;KeHa CyJAUHHA CUCTEeMa B JIUCT-
Kax Ja€ MOKJIUBICTHL 30LIBIINTH iXHIilI po3Mip.

MakpodinbHi pocnuHu. NManopori,
XBOLi, MCUNOTN

Maxpoginvrha niHiA CIOPOBUX CYAUHHUX
pocauH € Oinbin pismomaniTHOIO. {0 Hel BXO-
naTh mamoporti (O0igbmre 9000 BuzaiB), xBoIIi
(15 BugaiB) i nmcunotu (92 Bumm). Pos3kBiT miel
rpynu, AK i y mjIayHiB, mpunas Ha KiHelpb Ia-
JeosoiicbKoi epu — 350—250 MaH poKiB TOMY.
BinpmricTs cyyacHMX mpefcTaBHUKIB 1iel rpy-
oy — TpaB’AHUCTI pocamuu. AJe cepel Iao-
poreit € i mepeBOBUIAHI (hopMU.

JlucTkM y mamopoTell BeJuKi I 4acTo MO-
JKYTh OYTHU CUJIBHO podrany:KkeHumu. Ha Bigmi-
HY BiJ iHIINX POCJNH BOHU POCTYTh BEPXiBKOIO,
a He ocHOBOoW. Takuii Tunm JUCTKA HA3UBAIOTH
gailsi. Y XBOIIiB JUCTKU PeAYKOBaHI I MaioTh
BUTJISL JYCOUOK, SIKi po3TallloBaHi y By3Jax
naroHa. IlcuioTu JMCTKiB He MalOTh y3araJsi.

3anuTaHHA Ta 3aBOaHHA

0 KnioyoBga iges

Yci HazemHi 6araTokniTMHHI 3ene-
Hi POCANHX MaloTb ChifibHE MOXO-
I>KeHHA Bif 3e/eHnX BOJOPOCTEN.
B iXHbOMY XWTTEBOMY LMUKNi 3a-
BXAW NPUCYTHI ABi cTagii — ra-
meTodita i cnopodita. Ane piBeHb
PO3BUTKY POCIIVNH Ha KOXHI i3 Lux
CTagin y pi3HUX cucTeMaTUYHUX
rpyn CyTTEBO Pi3HUTbCA.

1. Cknagitb cnncok i3 7-10 npefcTaBHUKIB CNOPOBUX emOpio-
iTiB, AKi POCTYyTb y Bawii MiCLEBOCTI, i BKaXiTb, UM € cepen HUX
pOCnVHY, 3aHeceHi Ao YepBoHOI KHurM Ykpainu. 2. Tlig yac npwu-
CTOCYBaHHA [0 Ha3eMHUX YMOB iCHYBaHHA Yy 3e/leHNX POC/IMH CTa-
nn nepeBakatv Gopmy 3 NPAMOCTOAYMM CTebnoM, Xoua AfA Lboro
iM pgoBenoca BuUTpayaTn Garato pecypciB Ha GpOpMyBaHHA MiLHUX
OnopHUX CTPyKTyp. Yomy im «nporpanu» dopmu, AKi cTenunmnca
Mo MOBEPXHi FPYHTY i He MOTpebyBanu TakMX BENUKMX BUTPAT Ha
CTBOPEHHA MilHOro ctebna? 3. BuKkopucToByloun [OAATKOBI Oxe-
pena iHpopMmaLuii, 3'AcyiiTe, AKi 0COGNMBOCTI XiMIYHOroO CKnagy XBo-
WiB pobaATb iX HebGaXKaHUMK 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 TakKUMK BEAVKUMMN?

Q 3raganTe

« HaciHHsa « [nig

» KBiTKa e CyuBiTTa

HaciHHi pocnuHmn

Haciuni pocanH € Ha#b6iabIION0 3a KidbKic-
TIO BUAIB TI'PYIIOI0 POCJUH. BOHU HOAiIAOTHCA
Ha OBl BeJUWKi rpymnu — roJIOHACiHHI Ta IMOKPH-
ToHaciuHi. I'osmonaciuui 3’aBuauca B KiHIl ma-
JIE030MCHKOI epu, a MOKPUTOHACIHHI — B KiHITi
Me3030MChKOi. 3a KijbKicTi0O BUAIB HaciHHI poc-
JIMHY € HaWOiJbIIOI I'PYIIOI0 cepel ycixX aBToO-
TpohHUX OpraHisMis.

T'onmoBHa BigMiHHICTEP HACiHHMX POCIHH
y TOMY, IO BOHU MOJKYTb PO3MHOKYBATHUCS
6e3 masgBHOCTI pigkoi Bogu. Ile cTaso MOMKJINBO
3aBASKU TOMY, IIIO cIiepMii ITif uac samaigHeH-
HA PyXaloThCAd He B 30BHIIMTHHROMY CEPEIOBUIII,
a BcepeauHi muJAKOBOI TpyOKwu. Ilicaa samiriz-
HEHHSA HaCiHHI POCJIMHU YTBOPIOIOTH HACiHUHWU,
AK1 MicTATHL 3amac MOKUBHUX PEUOBUH i 3apo-
Iok (mam. 16.1).

Man. 16.1. HaciHvHa celilenbCcbKoi NanbMn € HanbiNbLOW
y CBiTi. BoHa BaxuTb Ginble 15 Kr
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Man. 16.2. MNpefcTaBHUKN FONOHACIHHUX: XBOWHI (a),
riHKroBi (6), THETOBI (8) 1 CaroBHUKOBI (2)

[ONOHACIHHI

Y ronoHaciHHUX HaciHMHaA PO3BUBAETHCA
He3aJeKHO Bim Toro, OyJio 3amnMjeHHs 4Yu Hi,
Xoua 3a BiJICYTHOCTI 3amujieHHA 3apOJOK He
pO3BUBAaEThHCA. TOMYy YacTUHY pecypciB Ha pos-
MHOKE€HHSA BOHM BUTpavaloTh 3amapma, (op-
Myoun HaciHmHU 6e3 3apoAkiB. A BigKpure
M He IyiKe 3axwuIlleHe PO3TalllyBaHHA 3aB’ A3i
301JIBIITyEe MOJKJIMUBICTD i1 OMKOM:KeHHA. 1le po-
OUTHb IX PO3MHOKEHHS He TaKUM e(PeKTHUBHUM,
AK y mokpuroHacimHux. Cepel TOJOHACIHHUX
HeMae TpaB’SHUCTUX poOcJauH. Binbinma uacrtu-
Ha 3 HUX € JgepeBamMu a0o KylmaMu, a AedKi
BUAU — JiaHaMWH.

Ho rosioHACiHHMX POCIWH HaJEXKaThb TakKi
rpymnu, AK XBOWHi, IiHKIoBi, THETOBi Ta caros-
HUKOBI (Mas. 16.2). XBoiiHI gepeBa CKJIaZalOTh
OCHOBHY Macy 0araThboXx JIiCiB, TAKUX AK Taira.
3a kigpKicTio BuaiB (Tpoxu 6imbire 1000) Bouu
CYTTEBO TOCTYMAIOTHCA SAK IMOKPUTOHACIHHUM,
Tak i Mmoxam Ta mamoporaM. AJie 3arajyibHa Um-
CeJIbHICTh 0cOOMH 11i€el rpynu (i miroIa, HA AKiN
BOHU POCTYTH) HA3BUUYANHO BeJIMKA.

[NoKpUTOHACIHHI

ITorpuronacinui (KBiTKOBi) € Ha6iIBIIIO0N
3a KijgbKicTiO BuAiB rpymoio pociamH. Ix monaf



Tema 2. biopisHOMAHITTA 333 Sl

250 000 BugiB. BoHu pocTyTh Ha BCiX KOHTH-
HEHTaxX 1 B yciX mpupoaHMX 30HAX. BigbrricTs
i3 HUX € Ha3eMHUMU POCJIWHAMU, aje iCHYIOTh
i BTOpuHHOBOAHI (opmu. KBiTKOBI pocauHUI
€ OCHOBOIO CYYaCHOTO CiJIbCHKOT'0 TOCIIOIapCTBa.

CyTTeBOI0O mTepeBarol NTOKPUTOHACIHHUX
€ mMoABa Y HUX ITOABIAHOTO 3allIifHEHHA, KBiT-
KU i mrony.

KBiTka 3abe3neuye 6iabIi MOMKJINBOCTI AJ1A
3amTifHEeHHA (HAaOPUKJIA[, IIPUBEPTAIOYN yBary
KoMax, AKi 3miliCHIOIOTH 3amujeHHdA). A ILIix
3axXMWITa€ HACIHWHUM BiJ B30BHIINIHIX BIJINBIiB
i MosKe 3abesmeunTn HAbOAraTo Kpaime ixX moIIu-
peraa. Cepen KBIiTKOBHX POCJIUH € BCi Bimomi
JKUTTEBI (hopMu — nepeBa, KyIli, TpaB’THUCTI
pocauHM , JIiaHU.

IIle omuiero mepeBarol KBITKOBUX POCJUH
BUABWJIACA IX TiCHA B3aEMOIiA 3 KOMaxaMWU.
YTBOpeHHA MyTyalicTUUHUX 3B’ sA3KiB, KOJIU KO-
MaxX¥ IepeHOoCATh IMUJIOK MijK KBiTKamu, a poc-
JUHU 3a0e3MeuyrTh iX HEKTapoM, TO3BOJIWJIO
pidKo migBuUIMUTH e(eKTWBHICTH 3aljigHEH-
HA. TakosX BUrigHUM HaZOAHHAM BUSIBUJIOCH
yTBOpeHHA miaony. HasBHicT, yacTuH 1Jjaony,
SAKi MOTJIM CIIOKWBATH TBAapPUHU, CTAJIO IIPUYUM-
HOIO 6inbIll e)eKTUBHOTO MOINMMPEHHA HaCiHHS
i compussma OCBOEHHIO KBITKOBMMM POCIMHAMU
HOBUX MiCIb iCHYBaHHS.

TpaguiiiiHo KBiTKOBI pOCJAMHU 3aJIeKHO
Big kKimbkocri ciM’amoap y Hacimmui mopmias-
JW HaA OBi Tpynu — OMTHOMOJBHI Ta IBOIOJb-
Hi (Max. 16.3, 16.4). IlpeacraBHUKaMu 00HO-
00JIbHUX € TaKi POCIWMHU, SK IMIITEHUId, JKUTO,
KYKypyZI3a, KOHBaJii, Jijgii, YaCHUK, MaJIbLMU.
J[60001bHUMU € TOPOX, COHAIIHUK, TPOAHAA,
A0NyHA, OypAK, Ay0, KJeH, JHuIa.

HocaigykeHHsA OCTaHHIX POKiB IigTBEpAMIN
Te, III0 OJHOAOJBbHI € MOHOMIiJIETUYHOIO I'PYIOI0.
A oT ABOZOJIbHI BUSBWJINCS TPyIol0 mapadise-
TUYHOIO 1 MiCTHUIN KiJIbKA HEeCIOPiiHEeHUX TaKCco-
HiB. Tomy B cyuacHiil cucreMaruui ix MOALIAOTE Man. 16.4. MNpecTaBHVKN BOAONBHUX POCAVH

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

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

4} [ONbHUX i ABOAONBHUX POCIIVH, AKI BUPOLLYIOTb Y BalUil
HaciHHi pocnuHy € BeplNHOK eBoIoLiT Haszem- micLeBoOCTi. 2. BuKopuncToBYlOUM [OAATKOBI Axepena
HUX POCAWH. IXHA ronoBHa nepesara nonArae iHbopMmaLii, cKnagiTb CNMCOK CNocobiB 3anuieHHs, AKi
Yy He3anexHocTi npouecy 3annigHeHHsA Bifg Ha- BMIKOPUCTOBYIOTb KBiTKOBI pocnnHu. 3. Chopmyniolite
ABHOCTI pigkol Boan i GOpPMyBaHHSA HaCiHWH i3 Ta OOrpyHTYNTe rinoTesy, AKa MOSCHIOE, HAaBIO pPOC-
3aMacom MOXMBHMX PEYOBUH, WO 3abesneuye JIVHW CeNleNbCbKOl ManbMy YTBOPIOKTb TaKi BenuKi
PO3BUTOK HACTYMHOrO MOKOJiHHA. HacCiHUHW.
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Tema 2. biopi3HOMaHITTA

§ 17. pnbn Ta rpnbonofibHi opraHiamn

0 Nomipkyiite 3aranbHa xapaKTepucTiKa rpmbis
Ta rpnbonoaibHMNx opraHiamis

dx i pocnauum, cupaB:KHI rpubM Ta rpubONOAiOHI opraHisMu
BYeHi m0Bro o6’eguyBasu B ogHe mapcrBo. CyuacHi meromu mo-

lpnbu 1 rpubononibHi opra-
Hi3MW MaloTb Pi3HE MOXOOKEH-
HA, ane Ayxe cxoxy 6yaoBy

CBOFO Tina — miLenio, AKNI CIiIKeHHs MO3BOJIMJIN BCTAHOBUTH, IO CXOKIiCTh IIMX OPTraHis-
CKNAJla€TbCA 3 BENKOI Kifb- MiB moB’si3ama 3 IIPUCTOCYBAHHAM IO CXOKOIO CHOCOGy JKUTTA,

KOCTi TOHKUX HUTOK. Yomy? ajle BOHU MaOTh PisdHe moxomkeHHA. Tomy 3apas pisHi rpynu
CIpaB:KHiIX TpmbiB i rpmbomomibHUX OpraHiaMiB BiZHOCATH 10

. pisHHX CcyOmoOMeHiB eyKapioTiB.

e 3rapaiite XapaxkTepHUMU OCOOJUBOCTAMM BCix rpubiB i rpmbomozio-
- EyKapioTu « leTepoTpodu HUX OPraHi3MiB € Te, II[0 BOHM OTPUMYIOTh IOTPiOHI lM peto-

« Tpu6m - Miueniit BUHU 3 HABKOJIUIIIHLOTO CepeloBUINA, IOTJIMHAIUU iX yciero

moBepxHelo cBoro Tija. Takomy cmoco0y KUBJIEHHS CIPUSAE Te,
1o ixHe Tijo mae gopmy Mmimerniro (masa. 17.1). Miuyeniit — ri-
raHTChbKa OaraTosgepHa KJIiTHHA, OKPeMi HUTKOIOAi0HI BUpOCTH
AKOl1 € zighamu.

Ane KpimM Boau i MiHepaJbHUX PEUYOBUH ITMM OpTaHisMam
IOBOOUTHCA IIOTJIMHATH i3 30BHIIITHBOT'O CepemoBHUIINA Ie I op-
raniuHi pedyoBuHU, 60 BCci BOHU € reTeporpodamu i He 3maTHi
CaMOCTiHO CHMHTE3yBaTU OPraHiUHI PeUYOBMHU 3 HEOPTAHIUHUX.

CupaB:kHs 0araToOKJITHHHICTD IpUTaAMaHHA TiJIbKU HEBEJIU-
Kiff KinmbKocTi rpubiB, ajge TPAIIATHCA i rpubu 3 KIACHUYHUMU
HEBEJIUKUMHU OKPEMUMHU KJiTWHaMMU (KJACUYHI OJHOKJIITHUHHI
opraHismMm), HAIPUKJIAL APiKIKI.

» Cnopu

CnpaBHi rpubm

CupaB:kHi rpubu cydacHi BUeHi BUIIJIAITHL B OKpeMe Iap-
cTBO B cyOmoMeHi Amopdei. 3a KiJbKicTi0 BUAIB CIIpaBXKHI rpu-
0U MOCTYMaloThCA TiJIBKM TBapWHAM i IepeBepIyIoTh yci iHmri
Tpynu eykKapioris.

IIIupoko BizoMumMu rpymamMu rpubiB € 0asuiiajabHiI Ta cyM-
yacTi rpubu. IIpeacTaBHUKaMU CyMYacTHUX € IIeHiIma, XJiOwHi
7’ ‘F e - apiskmxi, Tprogens (man. 17.2). A mo GasupmiajabHUX rpubiB

HaJIe)KaTh IMIAMMHKOBI rpubu (OIIEeHbOK, IIeUePUIA TOIIO0) Ta Ii-
JU# pan 30yIHUKIB 3aXBOPIOBaHb POCAUH (HAIPUKJIAL, CAKKOBL

I'IeHlu,M i

[HoMoBUMK

Man. 17.2. Cymuacti rpubu Man. 17.3. basngianbHi rpubm
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Tema 2. biopisHOMAHITTA 333 Sl

Man. 17.4. MNam'ATHKK »KepTBam rono-
ay B lpnaHgii, Wo BMHWK AK pe3ynbTar
eniditoTii pitoPpTopo3zy

rpubu) (man. 17.3). BigpisHaroTbes 1i rpynu
rpubiB OCOOJMBOCTAMH CBOTO CTATEBOTO PO3-
MHOKEHHsA. ¥ cyMYacTux rpubiB cTaTeBi cropu
YTBOPIOIOTHCA B TaK 3BaHIill cyMmIli, a y O0asumi-
aJIbHUX — HAa CIelliaJlbHOMY yTBOPi — 6Gasmmii.
Tari ocob6amBocTi GioJiorii gasu muM rpynam
rpubiB ixHi cydacHi Ha3BHU.

CupaB:kHi rpubu BifgirpaioTh BEeJIHKY POJIb
y IPUPOJZHUX eKocucreMmax. JactuHa ix € ma-
pasuTaMmu iHIIUX KUBUX OpraHisaMmiB (y ToMy
yueai # immwux rpubiB). Asle 3HaUuHa YaCTHUHA
HaJIeXKUTHh OO0 campoTpodiB — opraHismis, aKi
mepepobIAI0Th MepPTBY opraHiky. Came BOHU
PYHHYIOTH pPENITKM MEPTBUX OPTraHi3MiB [0
IPOCTUX HEOPTAHIUHWX PEUYOBWH i MOBEPTAIOTH
xiMiuHi eTeMeHTHU M0 reoXiMiuHOro Kpyroobiry.

JIrony MIMPOKO BUKOPUCTOBYIOTH CIPaBIKHI
rpubu B :Ky. AJsie 0cOOJMBO BeJIMKE 3HAYEH-
HSI BOHM MAaIOTh AJIA 0i0TeXHOJIOTiYHMX BUPOO-
HUNTB. IIpuroryBaHHsa XJi0a, 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 IpubiB J0oCi BUPOOJISIOTE.

HecnpasxHi rpnbu

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

Man. 17.5. Nnoposi Tina,
O YTBOPIOIOTHCA 3 MNIA3MOAI0

0 KnioyoBa iges
lpnbun Ta rpmbononibHi opraHiaMnm — Le eKo-

noriyHa rpyna retepoTpopHUX OpraHiamiB, AKi
NOrNVHATb MOKMBHI PEYOBUHW BCIEI0 MOBEPX-
Heto Tina. flo cknagy UWi€l rpynn BXOoAATb Pi3Hi
OpraHiaMu 3 ycix cy64OMeHIB eyKapioTiB.

Man. 17.6. lNceBgonna3smogin y npo-
Leci yTBOPEeHHA MIOA0BUX TiN

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

Cepen mmx opraHismiB OaraTo mapasuTiB
AK BOAHUX, TaK i HaseMHUX opradismiB. IHmi
BUAM € campoTpodamu (IlepeBakHO y BOJHUX
eKOCHCTEMAX).

s JofWHU HeCIpaB:KHI rpubm — 1Ie,
B IIepIIy uepry, 30uTKu i Tparezxii. Emigiroria
KapToiiai, 30ygHUKOM sKoi Oyima ¢itodropa,
KomryBana B cepennui XIX croiTTs 6aratbox
moMepJuxX Bix roaomy (0coOJMBO mOCTpakgajia
Ipnaugia) (man. 17.4).

CnusoBunkn

CrpaB:KHI CIM30BUKU, K i rpubu, € mpem-
cTaBHUKaMu amop(eiB, ajie HajIeXaTh 0 1HIIIOTO
1IapcTBa, HidK CIpaB:KHI rpubdu. IHIIi rpynu ciau-
30BUKIiB BiJHOCATH JO €KCKAaBaTiB (HeCIIpaByKHI
CIN30BUKM, ab00 akpasii) Ta miadoperukis (1a-
pasuTHUYHi CIM30BUKU, ab0 miaasmopiadopumn).

IlpencraBHMKU piBHUX TPYI CJAN30BUKIB
3MaTHI yTBOpIOBATH ILIa3dMomii (riraHTchKi py-
xomi OararosmepHi Kiaitmam) (Mmana. 17.5) abo
IceBAOIIa3Moil (CKyImUYeHHA OKPeMHX KJITHH,
AKI MOXKYTb pyxaTucsa ysrojskeno) (man. 17.6).
B ekocucTemax CIM30BUKM BiirpairoThb POJIb Mi-
KPOKOHCYMEHTIB, TOOTO APiOHMX XMKaKiB, AKi
PeTyaoIOTh UMCENbHICTH OaKTepiii, BomopocTeit
i HAUATIPOCTIMINX Y TPYHTI Ta OPraHiyYHUX PEITKaX.

3anuTaHHA Ta 3aBOaHHA

1. AK MOXHa Bigpi3HUTM nna3mogin Big ncesao-
nnasmogito? 2. Aki ocobnusocTi 6yaosu Tina rpunbis
CMpUAIOTb TOMY, WO iM BaXKO MPUCTOCOBYBATUCA [0
NOCYLWANBNX YMOB iCHyBaHHA? 3. YoMy C/IM30BUKiB
i cnpaBXHi rpnby He MoOXHa O6'€edHYBaTU B OfHe
yapcrso?
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Tema 2. biopi3HOMaHITTA

§ 18. TBapuHM

0 [NomipkynTe

BueHi BBa)katoTb, O MOpCbKa
3ipKa € 6inblw 6AU3bKUM PO-
ANYeM NIOANHK, HiXK MeTenuK.
Yomy?

é 3raganTe

« Cuctematuka « Cyb6aomeH

» Amopdoei « [eTepoTpodu
o EMbpioreHes

binatepanbHa

PapianbHa

HenpaBunbHa

Man. 18.1. Pi3Hi BapiaHTK
dopmu Tina TBapuH

38

CuctemaTmnyHe NnoJsioXKeHHA TBapWH

CopaB:XKHi TBapuHH € mpeacTaBHUKamu amopgdeiB. Ilap-
ctBo CmpaB:KHiI TBapuHM 00’eIHye 0OaraTOKJITMHHUX TBapUH,
IXHiIX OJHOKJITMHHMX IPeAKiB Ta HaWOJAM:Kuumx poamuis. Ba-
TaTOKJIITMHHI TBapWMHUW, AKWX 3a3BUUYail i HA3WBAIOTH ITPOCTO
TBapUHAMHU, YTBOPIOIOTH yV IIbOMY IIAPCTBi OKpeMe IIiAIapCcTBO.
3a KiJIbKicTIO BUAIB CIIpaB:KHi TBapUMHU € HANOiJIBIIIO0 I'PYIOI0
JKUBUX OPTaHi3MiB.

3aranbHa XxapaKkTepucTmKa L[apCcTBa
CnpaBHi TBapUHU

AK i rpubu, TBapUHU € reTePOTPOPHUMU OpraHizmMamMu. Xa-
PaKTEepPHOIO PUCOI0 0AraTOKJIITMHHUX TBapWH € Te, IO HMOTPiOHI
iM peYoBMHW BOHUW OTPUMYIOTH 3 iKel0, AKY IIOTIiM IIepeTpaB-
JIIOIOTh.

dopma Tinma TBapuH € pisHor. HacTilie 3a Bce BoOHA € 0iza-
mepaavHo, TOOTO TiJIO Mae OAHY Bich cuMeTpii. ¥ HbOMY MOKHA
pospisHUTH IIpaBuii i JiBuii OOKM Ta mepenHin i sammiit xKimmi
rTina. Barato TBapuH MaioThb padiaivHy cumempil Tiaa, KOJauU
yepe3 HBOTO MOXKHA TPOBECTH KijgbKa oceill cuMmeTpii. dPopma
Tija MosKe OyTU i HETPaBUJILHOIO, KOJIM Yepe3 HbOT'0 He MOKHA
MIPOBECTH »KOLHOI oci cumerpii (mam. 18.1).

Komipuesi
BKryTUKOHOCL

Man. 18.2. lMiguapctBo baraToOKNITUHHI TBAapUHU



3HaYeHHA TBAPWH ANA NOAUHN

Jl;xepesio xapuyBaHHA
CinbcbKorocmogapehKi
¥ IUKi TBAapUHU

CUPOBUHU

3aBHaHHA MIKOAU MPOIYK-
TaM XapuyyBaHHs, CIIOPY-
IaM Ta MaTepiamzam

Minp, manrias, Xpymiak
OOPOIIHAHNM, TEPMiTI
TOIILO TOIIIO)

Pi3HOMaHITHICTb TBapuH

TBapuHU € HAWOIMBINIOI 3a YKUCEIbHICTIO
BUIIB I'PYIOI0 KUBUX opraHismiB. Ila rpyma €
MOHO(DITeTUYHOIO, ajie MOPAAOK PO3XOIKEHHS
OKpeMHUX TAKCOHIB Ta iXHi poAMHHI 3B’sI3KU BCe
e aKTUBHO BUBUaloThcsA. He migyarae cymHiBY
MOXOM)KeHHA 0araTOKJIITUHHUX TBapUH Bif KO-
MipIeBuX MKTI'YTUKOHOCIIIB, a B3a€MOBiIJHOCUHM
pPiBHUX TI'pPyHn ycepeAuHiI TaKCOHY IIOKa3aHO Ha
mai. 18.2.

TpuBanuii yac y4ueHi mMOIijAJIM TBaAapUH Ha
O0e3xpebeTHUX i XxpeberHux. [0 xpebemnux Bix-
HOCHUJIM CCAaBIIiB, mTaxiB, pemnTuiiii, amdibii
i pu6, axi manu xpebeT. Yci inmi TBapuHU BBa-
sxanuca 6ezxpebemuumu. Ta OGiabin moKJIaLHI
IOCJLIKeHHsI BUABUJN, 10 XpeOeTHI TBapuHU
MaTh 0JUM3bKUX POAUUIB, ¥ AKUX XpebeT Bis-
CYTHiN (JIaHIIETHUKHU, acIumii, CaJbIIX TOIIO),
TOMYy iX 00’emHaJ M B OAHY TPYIy i BUALIMIN
B OKpeMui tum Xopmosi, xoua xpebeTHi 3a-
JUMWJINCA Yy HbOMY B paH3i miatumy. A 06es-
xpebeTHI BUABMINCA yKe PISHOMaHITHOIO I'PY-
11010, OKpeMi migposaisu axkoi Oyau cmopimuemi
Mik coboio0 MeHIe, Hixk i3 xopmoBumu. Tomy
cyJyacHa cucTeMaTuKa He po3ridnae 6e3xpeber-
HUX AK OKPEMY CHUCTEeMaTUUHy TPYITY.

Cepen TBapuH BUIIIAIOTH KiTbKa HaNOiIBII
OPUMITUBHUX TPYII, TiJIO IPeACTaBHUKIB AKUX

0 Knioyosa iges

TBapvHU — Ue Hanbinbwa 3a YUCENbHICTIO
rpyna XuBux opraHiamis. BoHu € darotpoda-
MU, TOBTO XKMBAATHCA LWAAXOM MOFIMHAHHA iXi
BCEpeAuHy opraHiamy. TBapuHu Bigirpatotb Haa-
3BMYANHO BaXXJIMBY PONb Yy MPUPOAI N XUTTi
NIOAVIHN.

J:xepesio IpoMuCIOBOT

3aBaaHHS IKOTU KYJBTYPHHM POC-
JUHAM i CBiiCBKUM TBapHHAM

30y IHUKU 3aXBOPIOBAHb POCIUH
(momenuiii, KOPOigy TOIIO) i TBAPUH
(TIocKi Ta Kpyrii uepBu, Kiirmri

Tema 2. biopisHomaHiTTa 33 S

- TpaHcmopTHi 3aco0u
Ta 3aC00U 3B’ABKY

OrpumanH4 mepcri, mkipu, Tkasu- | Kowni, miBuiuni oseni, sep6iroau, Boau,
HU (IITOBKOIIPSAR), BOCKY (012K 0JII)

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

cobaKu, BicJIOKHT, royou
- TomamrHi yaro6aeHIi
Koru, cobaku

3aBIaHHA NIKOTH 3{0POB’I0 JTHOIUHU
OrpyiiHi TBApUHY, BUPOOHUKY ajIepPreHiB
(muioBi KJIini, cBifichbKi TBAPUHY TOIIO),
30yAHUKU 3aXBOPIOBaHbB (TJIMCTH, BOIIIL
TOII[0), IEPEHOCHUKU 3aXBOPIOBaHb
(gurimri, Komapi TOII0), XMKi TBAPUHU

CKJIAJAEThCA 3 ABOX IMapiB KaitwH. Bararto ix-
HiX IpeICcTaBHUKIB MalOTh pagialbHy CUMETPiio
Tijla, X0Ua TPAILIAIOTHCA U IpeNcTaBHUKU 3 Ti-
JoM HenpaBuibHOI opmu. Ile ryoKkm, miacTuH-
yacTi, peOpomiaBu i JKaJIKi.

Iamri TBapmHM mpeacTaBieHi opraHismMammu
3 TpbOMAa IIapaMHi KJIITHH i, IlepeBaskHO, Oija-
TepaJibHOIO cuMeTpielo Tisa. Tomy ix yacto Ha-
3UBAIOTHL 0800iUHOCUMEMPULHUMU TBapUHAMU.
Xoua geAKi ixHiI rpynu i meMOHCTPYIOTH pami-
ajbHy cuMeTpiio (MOpPCHKi 3ipKu, MOPCHKIi Jrimii
TOII0), ajie Taka OyJoBa € HOBUM HAJOAHHSM,
i TmoXOomATHL BOHU BiA OBOOIYHOCUMETPUUHUX
mpeakiB. 3ajeKHO Big TOro, IO caMe YTBOPIO-
€ThCs i yac eMOpioreHesy Ha MicIli 6J1acTOIIOPY
(oTBOpPY Ha IIOBEPXHi racTpyJiu), iX IMOTIJIAIOTH
Ha MIEPBUHHOPOTHUX (AKII[O YTBOPIOETHCA POTOBUI
OTBip) Ta BTOPUHHOPOTUX (AKIIO YTBOPIOETHCS
aHAJIBHUU OTBIp).

o nepsurHOpomux BiTHOCATH KPYTJIUX
i KimpuacTmxXx UYepBiB, MOJIOCKiIiB, UJIEHUCTO-
HOTUX, THUXOXOMOiB, MOXYBATOK, IIJIEUOHOTHUX
(6bpaxiomoxiB) Ta immi rpynu. IlpeacraBHUKAa-
MU GMOPUHHOPOMUX € XOPHAOBi, TOJKOIIKIipi,
HAMiBXOPAOBi Ta IMeTHHKOIIEJIEeIHi.

3anuTaHHA Ta 3aBAaHHA

1. Y AKnX rany3ax nNpOMUCNOBOCTI t0AMHA BUKO-
PUCTOBYE TBapWH, MPOAYKTH, WO BOHM BUPOONAIOTbL Ta
AKi 3 HMX oTpumytoTb? HasepiTb npuknagu. 2. MNpota-
roM TPUBANIOro vacy pebponnasis BigHOCKMAM JO TUMy
KNLLKOBOMOPOXKHWHHI, ane noTiMm BUAINUAN B OKpeMuin
™MN. HaBediTb apryMeHTn Ha KOPWCTb TaKoro PilleHHS.
3. Aki ocobnuMBoCTi AO3BONMAM TBapWUHaM CTaTU Hal-
6inbLUOIO 3a KiNbKiCTIO BUAIB rPYMo0 XMBKX OpraHiamis?
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Tema 2. Biopi3HOMaHITTA

§ 19. AHaMHIi Ta aMmHioTIK

0 [omipkynTe

Y ccaBUiB 3apoAoK PO3BMBAETbLCA B OpPraHi3mi
MaTepi 1 He NoTpebye Takoro 3axucTy, AK 3a-
poaKkn penTunin, AKi po3BMUBaOTbCA Y Anuax. Ane
3apofKoBi 060IOHKM B HbOFO BCe OfHO fobpe
po3BMHeHI. Yomy?

Q 3raganTe

o TBapuH® » BropuHHOpOTI

o OHTOreHes » Xopgaa o Xpebet

Xopaosi Ta IX pi3HOMaHITTA

XopaoBi € ofHi€0 3 HANYCHIMIHIMIIUX TPy
TBapHUH. li IpeJCTABHMKYU OIIAHYBAJIH BCi cepe-
IOBUINA icHyBaHHsA (BOIHe, Ha3eMHe, Hi3eMHe,
noBiTpane). Ila rpyma TBapuH € MOHOQiIeTHU-
HOI0, IO OyJIO IiATBEpPAKEeHO 3a MJOIOMOTOI0
MOJIEKYJIAPHO-0iooriuHmNX mocaimkeHb. Haii-
OMMKYUMY POAMUAMU XPEOETHUX € TOJKOIIKi-
pi (MopchKi 3ipKM, MOPCBHKi iKaku, roJsorypii,
o(iypu ToIIO).

Bci mpencTaBHUKE XOPIOBUX MAIOTh IIE€BHI
pucu OyoOoBU, AKi € XapakTepHUMHU AJA Bciel
rpynu (mana. 19.1).

AHanbHuit Xoppaa 3a6posi Pot
oTBip WinNHN
Man. 19.1. XapakTtepHi pucn 6ynosu
npeACTaBHUKIB XOPAOBUX

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

+ HaABHICTH XOpAU;

+ Tpybuacta HepBOBa cuCTeMa;

+ posTalyBaHHS HEPBOBOI TPyOKUM 06esIo-
cepegHBO HAJZ XOPAOI0;

* BTOPUHHA IOPOKHWHA Tija;

+ TpaBHA cHUCTEMa 3 POTOM i aHaJbHUM
OTBOPOM;

* HaABHICTH 3A0POBUX IIiJINH;

+ CcerMeHTOBaHA MYCKYJIATypa;

+ HasgBHICTH XBOCTa 3 M’ s3aMU.

Twun Xopaosi nmoxingeTbcsa HA TPU TiATUIIN:
Xpeberui (pubu, nraxm TOINO), I'0JI0BOXOPHOBi
(maumernuku) ta IlokpuBHuKu (aciuaii, cab-
nu ToIro). Haibisbin po3BUHEHOIO I TOIIMUpe-
HOIO TPYIIOIO cepel HUX € XpebeTHi, y AKUX Ha
Miciii XOopau PO3BUBAETHCA XpebeT, IO MOKe
CKJIQZAaTHCA 3 XPAI0BOi ab0 KiCcTKOBOI TKaHU-
HHU. 3ajIe’KHO Big ocobsmBocTell eMOpPioHAJJIBHO-
T0 PO3BUTKY XpebeTHUX MONiJIATb Ha T'PyIHU
aHaMHI# Ta aMHIOT.

AHaMHIT

Anamvuii — 1e XOpI0Bi TBapwHU, y SKHUX
y mpoiieci eMOPioHAIBPHOTO PO3BUTKY HE YTBO-
PIOIOTHCST 3aPOJAKOBI 000 I0HKY (aMHiOH, XOpioH
Ta anaHtoic). lo aHamHi#l BigHOCATH yci mep-
BUHHOBOJHI TPYIHU XOPJOBUX: Oe3IeJIeTHUX,
pub i amdi6inn (mamn. 19.2).

Binpma uvactuHa aHaMHifl mocTifiHO KuUBe
y Bogxi. Jluimie meBHiI MpeACcTaBHUKU 3€MHOBOJ-
HUX (HAIPUKJIAL, POMyxXu) OiJbITy YacTHUHY
JKUTTSA IPOBOAATH HA CYyX0M0Ji. Ajle PO3MHOMKY-
IOTHCA BOHM BC€ OJHO y BOJHOMY CEPEJOBUIIII.

MiHora

Man. 19.2. lMpeacTaBHMKN aHaMHIN
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Yepenaxa

Kauka

Tema 2. biopisHOMAHITTA 333 Sl

lenaga

Man. 19.3. lMpeacTtaBHUKM amHioT

SamrigHeHHA y OiJIbIIIOCTI aHaMHill 30BHIII-
He. Po3BuTOK 3apoaka BimOyBaeTbca B AHIIi,
sKe BKPHUTe CIM30BOI0 000JI0HKOI0. Boma Hagxo-
IUTH O 3apojaKa uepes IIOBEPXHIO AuIA. ToMmy
PO3MHOKEHHSA MOJKJINUBE TiJIbKU Y BOTHOMY Ce-
pemoBuUIIi.

VY nmeaxux IpencTaBHUKIB aHaMHINl CIIOCO-
01 PO3MHOMKEHHS OyJM CyTTE€BO BIOCKOHAJIEHI.
Tak, eBOJIOLMINHUNA yCHiX XPAMIOBUX PUO 6araTo
B YOMY IIOB’sA3aHUU came 3 muM. [{a rpyma mep-
1010 cepej; XpebeTHUX IepewIna A0 BHYTPIII-
HBOI'O 3amlIigHeHHs. WA, AKi BigKJIagamoTh
XpANIoBi pubu, BeJInKi, MarOTh 3HAYHUUI 3alac
JKOBTKA i MOCTATHBO IIiJIbHY O00OJIOHKY. ¥ dYac-
TUHU BUIIB CIIOCTEPIra€ThCA AUIEKUBOPOTIHHA,
KOJIX 3apOJOK PO3BMUBAETHCS TiJIbKU 3a paxy-
HOK PEYOBUH SAUISA, ajle caMe SAHIle MiCTUTh-
cs B opraHiami matepi. A OJs OKpeMHX BHUIIB
(aKyIa-MOJIOT, eJIeKTPUUYHII cKaT) 3adikcoBaHO
CIpaB)KHE KUBOPOMiHHS, KOJHU HOTPiOHI peuo-
BUHU HAaAXOJATH IO 3apPOAKa IIPSAMO 3 OpraHiamy
marepi.

AMHIiOTUK

AMHIOTH — 1Ie XOpJOBi TBapWUHU, y AKUX
y Ipoiieci eMOpPioHAJIBLHOTO PO3BUTKY YTBOPIO-
IOThCA 3apOAKOBI 000JOHKM (aMHiOH, XOpioH
Ta ajaHToic). AMHIiOTH € mepBUHHOHA3EeMHUMU
oprauismamu. I{a rpyna BUHUKJIA B yMOBax Cy-

0 Kniouosa iges 0
3anexHo Bifg ocobnuBocTen embpio-

HaNbHOro PO3BUTKY XOPAOBMX TBapuWH
po3ginAlTb Ha ABi Benuki rpynn —
AHamHiIl | AMHioTK. B amHioT y npoueci
embpioreHesy yTBOPIOIOTbCA cneliabHi
3apofKoBi 060NOHKM, AKi 3abe3neuytoTb
KUTTERIANBHICTL 3apoAKa. A B aHaMHIN
Taknx 060/IOHOK HeMae.

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

Bci amHiOoTM MaoTh BHYTpPIIlTHE 3aIlIigHEH-
Hs. 3apOJIOK PO3BUBAETHCA B ANIli, YACTUHOIO
AKOTO € 3aXMCHi 3apoAaKoBi oOosomku. Y uyac-
TUHU aMHioT (HampukKJad, y CCaBIiB) sAlIle
po3BUBaEeThCA B opraHisami marepi. IIpm mpomy
JKUBJIEHHS 3apoJKa BimOyBaeTbCcs 3a JOIIOMO-
T'OI0 3aPOJIKOBUX OOOJIOHOK, a IMOKWBHI PEUOBU-
HU HAOXOOATH 3 OpPraHisamy Mmarepi (cupaB:KHE
"KMBOHAPOAKEHHT).

Y Tux amHioT, AWIA AKUX PO3BUBAIOTHCS
Y 30BHIIITHBOMY CE€PEeIOBUIIi, 30BHIIITHI IOKPUBU
A€ MIUJIbHI ¥ He MPOIyCKAalTh BoAy. Bcei mo-
TpiOHi 3apOAKY PEeYOBHHU PO3MIillleHi BcepeauHi
AN, i 330BHI KpPish IMOPU HAAXOAUTH TILIBKU
KuceHb. Taxa OyzmoBa poOUTh MOKJINUBUM PO3BU-
TOK 3apOAKiB y Ha3eMHOMY CEPEIOBUIIII.

Po3BuTOK s€1b y 30BHIITHBOMY CEpPEeIOBUIITL
MOJKe BimOyBaTucs 6e3 yuacti 6aTbKis. IIpukia-
JIOM IILOTO MOKe OyTU PO3BMHOKEHHA MOPCHKUX
yepenax, AKi IPOCTO 3apUBAIOTh AUIA B TEILIUIA
micok Ha Oepesi. BaThbKM MOMKYTH 3axHUIIaTH
AU i MEeBHUM UYWHOM PeryJiloBaTH TeMIiepa-
TYypy IXHBOTO PO3BUTKY, PETyJIIOOYN TOBIIUHY
mapy r'pyHTy, AKUN ix BKpuBae. Tax pobaATh
Kpokoauau. I HaperTi, BOHU MOXKYTb BUCHUIKY-
BaTH SAUIA, 3irpiBaroduu ixX TeIJIoOM CBOTO TiJja.
Tarka moBefiHKa mpuUTaMaHHa MITaxaM.

3anuTaHHA Ta 3aBAaHHSA

1. Y NOAVHN HEeMA€E XBOCTa, XOUa HasABHICTb XBOCTA 3 M'A3amMu
€ XapaKTepHOW O3Hakol Tuny XopAosi. Yomy Mu Taku MOKemo
BM3HAuaTU NIOAUHY AK NpeAcTaBHUKa Lboro tuny? 2. Typ6oTa npo
HaWaAKiB NpUTaMaHHa He TiNbKM aMHioTaMm, ane N AeAKuM npeacTas-
HMKaM aHaMHil. 3HalgiTb 3a JOMOMOrol0 JOAATKOBUX AXKepen Taki
npuknagn i HaeediTb iX. 3. BUKopucToByloun [OOATKOBI AxXepena
iHbopmaLii, 3HaMaiTb NpeACTaBHUKIB aHaMHIN (Kpim TUX, AKi BKa3aHi
B naparpadi), AnA AKMX € BNACTUBUM BHYTPIWHE 3annigHEHHS.
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Tema 2. biopi3HOMaHITTA

§ 20. EkocnctemHe 6iopisHOMaHITTA

PisHomaHiTTa ekocuctem

BiopisHoMmaHiTTA mpuTaMaHHe BCiM piBHAM
opramisarii sxmBoro. Kpim BmmoBoro piszuoma-

0 [NomipkynTe

Yum NpuCToCyBaHHA NIOAVHW [0 Pi3HUX YMOB
cepepoBuLia BiAPI3HAETbCA Bif MPUCTOCYBaHHA

iHWWX TBapuH?

Q 3raganTe

» Ekocncrema
» biopisHOMmaHITTA

HITTA, Ay’Ke BaKJIUBUM € E€KOCHUCTEMHe pi3-

HOMaHiITTA. POopMyBaHHA IILOTO PiBHOMAHITTA
€ ckaagHuM npomecoMm. Ha HbOro, Kpim Kaima-
TUYHUX i reoJioTivHuX (hpaKToOpiB, CYTTEBO BIJIU-

» biocoepa
» EBontouis

DdnopucTnyHi LapcTea

Bae€ icropia posBuTky (uiopu # dpayuu. Haiisu-
UM PAHTOM eKOCHCTEMHOT'0 6i0pi3HOMAHITTA €
(yopucTuuni Ta ayHicTuuri mapcraa.

ITapcrBo Micue po3ranryBaHHs XapakTepHi npegcTaBEUKH (Iopu
Tonapk- Binpma yacrura IliBaiunoi AMepuku, siKa po3TaiIoBa- Popuuu Cocuosi, Bykosi, Bepe-
TUYHE Ha miBHiuHinie Mekcuku, IliBHiuna yactuna Agppuku, 30Bi, Pososi, Kanycrsaui, Ocoxosi

axa npuisarae go CepenseMHOr0 MOps, Oi/IbIIa YacTUHA TOIIIO

€Bpagii, oKpiM niBAEeHHUX peTioHiB
ITaseo- Bces tepurtopia Adpuku 3a BUHATKOM PETrioHy, IPUJIer- Popwun ITansmu, TyTosi, Mouio-
TpomiuHe Joro 1o CepenseMHOr0 MOPSA Ta HEBEJIMKOI 00JacTi Ha yaiiHi, [laciboHOBi, BanaHOBI,

miBAHI KOHTUHEHTY, Oinbina yuactuHa Apasii, Ingocras, MupToBi, ApoigHi ToI10

niBgenb Kurato it octpoBu Tuxoro okeany
HeoTpo- Binbia uactuna IliBgernoi Amepuku i IlenTpanbHa Ponunu Bpomeniesi, Opxinxi,
niuHe Awmepuka Muprosi, ITansmu, JIaBpoBi To1I10
Kamncoske Kpaiiuiit mipgenuuii Kpat AQpuru Poguuu I'py66ieBi, PopinyJiosi,

Bpymniesi Tomro

Ascrpauriii- AgBcrpaJtis Ta mpuiersi 1o Hel 0OCTPOBU Ponuuu EBkaninToBi, Apaykapie-
CbKe Bi, IlomokapIosi To1ro
TonanTapk- IliBgenna yacruna Ilisgennoi Amepurku, Hosa 3enan- Pogunau 'amodirori, JlakTopucosi,
TUYHE Ilisi, cyOaHTAPKTUYHI OCTPOBU Misonennposi

MayHicTnYHI yapcTBa

ITapcrBo Micue po3ranryBaHHs XapakTepHi npegcTaBHUKH ayHN

ApxTrores Binbina uactuna IliBaiunoi Amepuku, sxa poaraimosBa- | Jloci, osneni, puci, kosu, 600pu,
Ha miBHiuHime Mekcuku, IliBuiuna vacTura Appuru, KPOTH TOIIIO
axa npuarae no CepenseMHOI0 MOps, OiJIbIIa YyacTHHA
€Bpasii, okpimM niBAeHHUX PerioHis

ITaneoresa 3aiimae TpomiuHi pationu Cxiguol miBkysmi: Adpuka Ha | Crpaycu, MapTUINKY, aBianu,
niBpens Big Caxapu, ITiBgenna ta Ilisgenmo-Cxigua CJIOHU, TOPUJIN, IITUMIIaH3€e, OPaH-
Azsis, octpoBu Misk Asiero Ta ABcTpaitieio TYyTaHU TOIIO

Heores ITlismenna ta IlenrpansHa Amepuka, ocTpoBu Kapub- Irpyuku, 6poHeHocIii, onocymu,
CbKOT'O MODS MIUHIIAIA, HAHJY TOIIO0

Hororea Ascrpauris, Tacmanis, Hosa I'Bines, Hosa 3emanmis, Kenrypy, xoaaa, BombaTu, Kau-
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octpoBu Tuxoro okeany

KOI3b00M, EXUIHN, eMy, Ka3yapu,
BapaHM, palichbKi ITaxm TOIIO



Kocmononitn

KocmomouaitTu — 11e Bugu abo TaKCOHM, AKi
TOIITMPEHI o TepuTopii 3emiti, TPANIAIOThCA HA
TepuTopii pisHUX QayHicTHuHHUX ab6o (uopuc-
TUYHUX [APCTB i B PiBHUX IPUPOAHUX 30HAX.
KocmomnosiTamMmu cTatoTh BUAU, AKi € KUTEIIMU
OioTomiB, IO HE CUJILHO BiApPi3HAIOTHCA MiK CO-
0010 HE3aJIe’KHO BiJ MiCIld IPOKWBAHHA.

KracuunumMuyu BugaMu-KOCMOIIOJiTaMu €,
HampukJan, muTtHi. 11 pakonmomiOHi MemIKaoTh
y Kajmo:kax. TepMmiH IX PO3BUTKY Oy:Ke KOPOT-
KU, a TeMOepaTypHi yMOBUW, B SKUX MOXKYTb
icHyBaTH KaJIl0Ki, MalOTh JOCTATHHO BY3bKi paMm-
KM, ToOTO Kanmoxi B Amepuni ta €Bpasii Bin-
Pi3HAIOTLCA He Oy:Ke CUJIbHO. A AW IMUTHIB
CTifiKi MO 30BHIITHIX BILIMBIB i Iy:Ke JIETKi, TOMY
BITPOM JIETKO IIEePEHOCATHCS Ha COTHI KiJloMeTpiB.

IIle omHa rapHa eKoJIOTiuHA HiIla AJA BU-
IiB-KOCMOMOJIiTiB — cuHaHTponHa. CHHAHTPOI-
Hi BUIM NPUCTOCOBYIOTHCA OO KUTTS IIOPSAM
3 JIOOUHOI0. A JTIOAWHA CTBOPIOE CXOXKi yMOBU
IJA icHyBaHHSA, Mepe0yIoBYIOUU HABKOJIUIITHE
cepemoBHUIle MiJ cBOi 3BUYHI moTpebu. Tarkumu
CUHAHTPOIITHUMY BUAAMU-KOCMOIIOJIiTAMY CTAJIH
BCi CBilicbKi TBapwHU, OJd AKUX JIOIWHA CIEIli-
aJIbHO CTBOPIOE ITiAXOAAINI YMOBU HPOKUBAHHA.
AJje 6araTo BHIIB HONIMPUJINCS PasoM 3 JIO-
IuHOI0 0e3 ii sromm (TapraHu, IAIIOKHW TOIIO).

EHpemikn

Enpemiknm — 1e BuUau, AKi MaioTh Iy:Ke
oOMe:xkeHUU apeas (HaOpPUKJIAL, MIIINHO3YO Ha
Ky6i, ¢oca ma Mamarackapi, xiBi y Hosiit 3e-
naHgii). 3a3Buvail e BUAU 3 BY3bKOIO cIierlia-
Jizalliero ¥ yHiKaJbHOIO E€KOJIOTiuHOIO HiIllero.
Haii6inpmia KinbKicTh eHIEMiKiB 3ocepem:keHa
y BimHOCHO i3osmboBaHUX eKocucTeMax. Lle oct-
poBu (0cobJIMBO Ti, AKiI po3TalioBaHi gajgeko Bix
HaMOJIMKUOI cyIlli), o3epa, meuepu TOIIIO.

Benuka kKinbkicTh emmemikiB € Ha I'aBaii-
cbKuX Ta ['anmanmarocbKmx ocTpoBax. Tak, eHpe-
mikamu I'ajmamarociB € riraHTcbKa rajamarochb-

0 Kniouosa iges

Ekocuctemun nnaHetn 3emnAa Hag3BUYAMHO pi3-
HOMaHITHi. Ane BOHU MalTb MEBHi pUCK CXO-
XOCTi, AKi f03BONATb iX 06'€eAHYBaTU y rpy-
nm — ¢GbnopuctuyHi Ta dayHiCTMYHI LapcTBa.
OKpemi BMAM OpraHiamiB MoXyTb OyTV nowu-
pPeHUMM B Pi3HMX eKocucTeMax (KocMomonitu)
abo TpannAaTUCA Ha Jy»Ke obmexeHin Teputopii
(eHpemikn).

Tema 2. biopisHomaHiTTa 33 S

Ka ueperaxa, rajialrarocbKa CyXoIlyTHa iryasHa,
13 BuaiB rasamarocbKux B’IOPKiB TOIIO.

B oszepi Baiikam HapaxoByOTH OJU3BKO
1000 BugiB-eumemikiB. Ha cyxomoui, Kpim osep,
BeJINKA KiJIbKICTh eHJIeMiKiB MOKe yTBOPIOBATH-
cA B TipChKUX perioHax.

Oco011BOIO TPYIIOIO €HAEMiKiB € maJsieoeHe-
miku. Ile mpeacTaBHUKM AaBHIX TaKCOHIB, AKi
B iHIMMX MicreBoCcTAX OyJaM BUTiICHEHiI HOBUMU
rpynaMu opraHidmiB, 60 He BUTPUMATIU KOHKY-
peHTHOI 00pPOTHOM 3 HUMU. A B OKpPEeMHUX peTi-
OHAX HOBi KOHKYDPEHTU He 3 ABUJINCS i cTapuM
rpynam yaajgocd BUXKUTH. [IpuKIagoM majeoeH-
IeMikiB € ogHOTpOXimHi ¥ cymuacti ABcrpadii,
rarepisa, asxa sbepersaca B Hosiii Senamaii, sa-
TUMEPisd, 10 BIiJIijla B HEBEJIUUYKUX 0ioIleHO3ax
Ingifickkoro okeany.

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

ITpencraBauk TaprauiB Ilpycak pygpuit
(Blattella germanica) noxonuts 3 IliBmemnHol
Az3ii i € aBTOXTOHHUM BUIOM [IJI IIHLOTO PETioHY.
B €Bpony Bin morpanuB y XVIII cromitTi i Bike
3BiiTM TOIMUPUBCA IO iHINMUX KOHTWHEHTaX,
craBmu BugoM-kocmomnoisiToMm. Ilocendmouncs
B JIIOJCBKUX OCEJAX, NMPYCAaK BUTICHAE 3 HUX
yopHoro TtapraHa (Blatta orientalis), uuceJnb-
HICTH SAKOTO 3 TOrO Yacy Pi3KO 3MeHIIuJacsd.

@ MpakTyHa poboTa

lMopieHaneHa xapakmepucmuka ¢hsiopucmu4Hux
obnacmeli oaHoi micyeeocmi

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

2. Cknagitb NopiBHAMBbHY Tabnuulo UMx obnacten,
YKa3aBlWW Hanbinbll MOWMWPEHi rpynu POCivH Ta
XapaKTepHi KNiMaTUYHi YMOBW.

3. ChopmynioliTe BUCHOBOK.

3anuTaHHA Ta 3aBAaHHSA

1. Aki ocobnuBocTi Gionorii naulka AO3BOAWIN
nomy ctatv Bugom-kocmononitom? 2. CKnagitb CnMcok
BMIiB-KOCMOMONITIB, AKi TpannAaTbCA y Bawin micuye-
BOCTi. 3. Yomy Mmexi GpnopmctmyHux i dpayHicTMuHuX
LapcTB He cniBnagatoTb?
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Tema 2. biopi3HOMaHITTA

§ 21. 3miHn GiopisHOMaHITTA

0 [NomipkynTe

He Bci Bugn 3 Tnx, AKi NognHa 3aBo3nUTb
Ha HOBIi TePUTOPIi, NPVXNBAIOTLCA HAa HUX.
3 yum Ue Moxe ByTV MoB'A3aHO?

Q 3raganTe

» biopisHOmaHITTA e Apean

o KoHKypeHLia o EkonoriyHa Hiwa

IHTpOAYKUIl Ta IXHI NPUUYUHN N HACTIAKW
IaTpoaykmia — Iie IfijlecnpsMoOBaHe Iiepe-
CeJIeHHSA JIOAWHOI0 OJHOTO 3 BUMIB JKUBUX Op-
ra"iamiB 3a Mexki HOro apeany B HOBi yMoBH
icuyBaHHda. Buja, AKuil moTpanmB B eKOCUCTEMY
IJIAXOM IHTPOAYKILil, HA3MBAOTh iIHTPOAYKOBA-
HUM, abo uysKopigHuM Bumom. IIpoiec axai-
Tanii iHTPOAYKOBAHOTO BUAY OO HOBUX YMOB
icHyBaHHS Ha3MBAIOTh aKJiMaTHu3alli€lo.
Haifiuacrinie npuunHOoO iHTPOAYKILiI € 1mO-
Tpeba B IIeBHil IPOAYKILiI, IsKepeoM SAKOI €
skuBi opramiamu. Ile mpoaykTm xapuyBaHHS,
CUPOBUHA [JI BUPOOHUIITBA OAATY, OyaiBesabHIi
MaTepianu ToIro. YacTo iHTPOAYKIIisI IIPOBO-
IUTHCS 3 €CTeTUUHUX IOTPed (HampukJaam, IJIsd
CTBOPEHHA MNAapPKiB 3 €K30TUYHUMU [JIsI IIE€BHOI
MicieBocTi pocamHaMu). ¥ OeAKUX BHUMNALKaX
iHTPOAYKIiA MOKe BHPIIIyBAaTH TPAHCIOPTHI
mpobaemu (KoHi, BepOIioau, BicaoKku, cobaKu).
TaTpOoAyKIiA HOBUX BUIAIB JIIOAZUHOIO MOJKE
MaTHu pisHi Hacaigku. ¥ AeAKUX BUIIAAKaX iH-
TPOAYKOBAHI BUAM He 3IaTHI BUKUTU 0e3 min-
TPUMKH JioguHU. Tomi BOHUM 3aJIUIIAIOTHCS
B HOBOMY PeTiOHi TiJIbKY y CKJIaJAi arpoleHo3iB
i camocTifiHO He IOIIUPIOIOTHCA. AJie iHKOJIU
BUJ, AKHUHN IIOTPANIMUB Ha HOBY TEPUTOPiIO 3a
IOTIOMOTOIO0 JIIOAWHU, MOKe aJanTyBaTUCHA [0
HOBUX YMOB iCHYBaHHA 1 moYaTW HTOMIMPIOBA-
THCA B €KOCHCTEMi caMocTiiiHo, 6e3 JOIIOMOTH
aoguau. I[le Moyke OyTU NPUUYMHOIO BEJIUKUX
npobsieM myas MicieBoi exocuctemu. Tak, 3a-
ceJleHHA 6araThbOX OCTPOBIiB KO3aMU HPaAKTUKY-
BaJIOCSI MOpPEILIaBIAMH He MEHII HiK KiJIbKa
coTeHb pokiB. TakuM YMHOM BOHU PO3PaxoOBY-
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BaJIX MaTH CaAaMOBiJHOBHMU 3amac mM’sica, AKUM
MOKHa OyJI0 KOPHUCTYBaTHCSA KOIKHOTO paasy,
MPONJIWBAOYM TOB3 TakKi ocTpoBu. Ase Ha
oCcTpoBax y Ki3 He OyJ0 NPUPOTHUX BOPOTiB,
i BoHM moumHAJU 0GE€3KOHTPOJILHO PO3MHOIKY-
BaTUCs, 3BHUIIYIOUM MiCI[eBy POCJIHHHICTEL i BU-
KJINKaoum ekoJoriuny karactpody. Tak, gy:xe
CUJIbHO IOCTpPasKkmaam Bix Ttakmx nini I'asmama-
TOCbKi OCTpPOBH.

ITpuknagamMu iHTPOAYKOBAaHWUX BUIIB MAJIA
Vkpainu € KyKypynasa, IOIIeHuIls, 0ia akaiisa,
KJIEH SICeHeJUCTUH, Ay0 YepBOHUII, KaByH, TOB-
cT0J100, Oinuit amyp, KilllKka, K0o3a, IIIOBKOBUY-
HUH IITOBKOIIPSA/I.

IHBa3il Ta IXHI NPUYMHK 1 HaCcNIgKN

InBazia — 1e mepeceyieHHsS OJHOIO 3 BU-
IiB KUBUX OPraHi3MiB 3a MeKi Iioro apeasy
B HOBi yMOBW iCHYBaHHSA, B Pe3yJbTaTi SAKOTO
BU/JI 3aKPIILJIIOETHCA ¥ CKJIAIi HOBOI €KOCUCTEMU
M yTBOpIOE HOBUU (BTOPMHHUI) apeaJ. [HBazia
MOsKe BigOyBaTucs 6es yuacTi jiroguHu abo 3mifi-
CHIOBATHUCS JIOAWHOIO HECBiZoOMO i BHUIIagKOBO.

Bun, axomy Bmajsocsa BBIATH 0 CKJIAAy HO-
BOI eKocucTeMu i chopMyBaTU HOBUI apeaJsi, Ha-
3MBAaIOThH iHBa3iitHUM. [HTpPOAYKOBaHI JTIOAWHOIO
BUAW TAKOXX MOYKYTb yTBOPIOBATU BTOPUHHUMI
apeaJl i 3akpimaroBaTUCA y CKJaJi HOBOI €KO-
cucrteMu. ¥ TaKOMY BUIIQJKy BOHU TeK CTAIOTh
iHBagilitHUMU.

IIpruman iHBagiii MOXKYyTh OyTU PiBHUMHU.
IuBasii 6e3 yuacri JioguHu BigOyBaOThCa, KOJIU
SAKUICH BUJ] IOYNHAE PO3IINPIOBATH apeaJj CBOTO
icamyBanusa. Tak Moike craTmcsa uepes3 yCITiIITHE
PO3MHOKEHHA OCOOMH BUAY BHACJIJOK TapHUX
YMOB icHyBaHHS i 30iJIbIIIEHHS BHYTPiIITHHOBU-
OBOI KOHKYPEHIIii B MeKax CTaporo apeasny.
TarkoX TPUUYMHOI TaKOTO IOIMWPEHHA MOXKe
CTaTu BUHUKHEHHSA AOCTYIY [0 HOBUX TEPU-
TOPifi y peayJbTaTi TeoJIOTiYHUX IIPOIlECiB.
ITe BimOymnocs, HAIpUKJIAL, mig yac (hOPMyBaH-
HA nepemmnuiika Mmixk IliBaiumoro i IliBmemmoIO
AMepukroro.

JlroquHa TaKOoXK € BayKJIUBUM UMHHUKOM JJIA
BUHUKHEHHA iHBasiii. Yacrimnie 3a Bce BOHA BU-
MaJKOBO 3aBO3UTHh BUAM Yy HOBi perionu. A6o 1ri
BUW € CUHAHTPOITHMMU i Bech 4ac KUBYTH II0-



pAI 3 JIOAUHOI. 3a YMOBU HMOTPAILJIAHHSA B HOBI
YMOBU BOHU TPOCTO CYHPOBOKYIOTH JIOAUHY,
a MOTiM ITIOYMHAIOTH OCBOIOBATH HOBi TepuTopii
B)Ke CcaMOCTiiiHO.

Taki BumagkKoBi iHBagil mAysKe YacTo mTpu-
3BOAMIAM A0 Karactpodiuamx HacaigkiB. I ne
TiIBKHM OJd MiCIIeBUX €KOCHCTeM, ajie W OJsd
camol JioauHU. XapaKTepHUMU NPUKJIAZAMU €
OOTPAILIAHHA HeIapHOTO IIOBKoIpAma B Ilis-
HiuHy AMepHUKy, a KOJOPaACbKOI0 JKyKa i Bu-
HOrpanHoi (iTokcepu — B €Bpoiry.

B Vkpainy maaxom BUIAaAKOBOI iHBasii
norpanujo Oarato BumiB. Tak, cyTTeBOl IIKO-
Iu exocucrteMi YOopHOTO MOpPSA 3aBAaB MOJIIOCK
pamana, akoro B KiHIi 40-x pokiB XX croJit-
TS BUIIAAKOBO 3aBe3au 3 Jlamexoro Cxony. Binm
(GaKTUUYHO BHUIUB BEJUKI KOJOHII IBOCTYJIKO-
BUX MOJIIOCKiB (0COOJIMBO MOCTPaKAAIN YCTPU-
i), 10 PisdKo moripiuiao GiJbTpaIliro MOPChKOL
Bogu. Karacrpodiunoro Oyna i mosaBa B HopHo-
My Mopi pebpomiaBa MmHemioncuca 1982 poxry.
ITeit Bux morpanuB y HopHe mMope 3 OalacTHU-
MU BojgaMu KopalbJiiB Bim ysbepe:xk:ka Daopugu
1 3a KOPOTKUI TepMiH 3HUINUB 3HAUHY YaCTUHY
300ILJIaHKTOHY, IIT0 IIigipBajo KOPMOBY 0asy Oa-
raThbOX MHPOMHUCJOBUX pub i pisKo 3HM3MIO iX
YUCEJbHICTD.

Ane He Bci Taki iHBaszil mMaroTh KaTacTpo-
diuamii xapaxkTep. ABcTpadiichKuii rpub KBi-
TOXBicTHUK Apuepa OyB BUIIALKOBO 3aBe3eHUI
y €Bpony B mepiriii mogoBuHi XX crosiTrd. Bin
IMiJIKOM HOPMAJIbHO BBIHMIIIOB 0 CKJAIy JIiCOBUX
OiomeHo3iB i momwmpuBcA TepuTopieo €Bpomu,
IOCATHYBINM 11 YKpaiHm.

biopi3HOMaHITTA AK pecypc i OCHOBa
306epeXKeHHs XNUTTA Ha 3emni

BiopisHomMaHiTTA € OZHMM i3 OCHOBHUX
pecypciB HaImoi IrameTu, IKUHA 3abesmeuye ii
icuyBaHHA. PidHOMaHITTA eKocucTeM 3 BeJH-
KOI0O KiJIBKiCTIO BUAIB V KOXKHIN 3 HUX POOUTH
Oiocgepy HaIoOl mJIaHeTH CTiHKOIO0 A0 pisHOMA-
HiTHUX 3MiH i KartakgismiB. Came 3a paxyHOK
OiATBHOCTI KMBUX OPraHi3dMiB Ha IIJTaHeTi ic-

0 Kniouosa iges

MunBi opraHiammn MoXKyTb 3MiHIOBaTuK CBiM apean,
AK 36inblyloyn, Tak i 3meHwyoun Knoro. lMo-
TpaniAHHA HOBUX BUJIB B €KOCUCTEMU MOXe
CYTTEBO BMAMBATM Ha CTaH ixHboro 6iopi3Ho-
MaHiITTA.

Tema 2. biopisHomaHiTTa 33 S

HYIOTh YMOBU, CIIPUATJIUBI IJIA KUTTA JIOAUHU.
A ot 3MeHIIIeHHA KiJbKOCTi BUAIB i pisHOMAaHIT-
TS €eKOCHCTEM Pi3KO IIiABUIIYE PUSUK €KOJIOTiu-
HUX Kpus. Biojgoriuni cucremMm 3 HeBeJIUKUM
PiBHOMAaHITTAM € ypasJIMBUMHU O HECIPUATII-
BUX (paxTopiB i mHabararo Jeriie PyHHYIOTHCS
BHACJIiZOK IXHBOI mii.

Tomy omgHUM i3 HaWBaXKJIUBIIINX 3aBIaHb
JIOOUHU € 30epe’keHHA MaKCHUMaJbHOTO Pi3-
HOMAHITTA AK €KOCHCTEM, TaK i BUAIB y ITUX
exocucreMax. OmHUM 3 e(EKTHUBHUX METOMiB
BiHOBJIeHHS 0iOpiBHOMAHITTA JIIOAUHOIO € pe-
iHTPOAYKITidA.

PeinTponykuia — I1ie mepecesieHHSA BUIIB
Ha TepUTOpiio, sKa paHiile Oyjga 4YaCTUHOIO IX-
HBOTO apeajly, ajie IOTiM 3 AKUXOCh IPUYUH
Oysia HUMU 3ajsuieHa. [[ysKe 4acTo IPUUMHOIO
BTPaTU YaCTUHU apeajy € HiAJAbHICTb JIIOAWHU,
i peiuTpoayKIiia — Iie rapHuii cmoci® ymopa-
TUCA 3 HETATUBHUMM HacCJiJKaMM TaKol MifJb-
HocTi. IIpukmagaMu yCmiInrHol peiHTpoAyKILii €
mepecesieHHA BiBIeOMKiB Ha miBocTpie Taiimup,
BiJHOBJIEHHA IOMYJAIil 3y0pa Ha miBHOUI i 3a-
xoni YkpaiHu, popMyBaHHA NONyJaAIil KyJia-
HiB y 3amoBigHuKy Ackanis-HoBa i Ha ocTposi
Biprouwnii.

@ MpakTnyHa poboTa

BueyeHHA OUHAMIKU pOCIUHHOCMI eKocucmem
3 8UKOPUCMAHHAM 60MAHiYHO20 MOHIMoOpUH2y
1. BubepiTb AinAHKY MicLLleBOCTi NeBHOI eKocnctTemm
nyoweto npuénnsHo 1 ra (100x100 m), 3a AKOK B
Masin MOXK/INBICTb CNOCTepIraTh Kilbbka pokKiB, Ta BU-
3HauTe BMAOBUIN CKNAfZ POC/MHHOCTI L€l AinAHKN.
2. OuiHiTb, AIK 3MiHIOBaNacA POCNHHICTD L€l AinAH-
Kn. BuABITb 03HaKM 1 CTyNiHb 3abpyAHeHHA (pyiHY-
BaHHA) JOCNIAKYBaHOI €eKOCUCTEMN.

3. 3po6iTb MpuNyWeHHA MPO MPUUYUHW AVMHAMIKK
POCAVIHHOCTI AOCNIAXKYBaHOI eKocucTeMum Ta Cripor-
HO3yNTe NoJdanblUM PO3BUTOK L€l eKkocucTemu.
4. CoopmynionTe BUCHOBOK.

3anuTaHHA Ta 3aBAaHHSA

1. HaBepiTb nNpuKnagyM 4YOTUPbOX-N'ATW iHBa3IN-
HUX BUAIB, AKI MOXHa MobaunTy y Balliil MiCLEBOCTI.
2. AKNMK MOXYTb OYTV NPUUYUHK TOTO, O NOTPaNIAH-
HA HOBMX BUAiB Y YopHe Mope yacTo CTaE NPUUYUHOI0
KaTacTpodiuHux Hacnigkis? 3. Bukopucraswm gopaTko-
Bi [Kepena, BU3HauTe NPUYMHN iHTpOAYKLiT BKa3zaHUX
y naparpadi BugiB Ha TepuTopito YkpaiHu.
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OcHOBHI nonoxeHHA TemMun «biopisHOMaHITTA»

KpuTepii Knacudikauii >KnBux ictot

Kpurepii IIpukaagu o3HAK IIpukgagu cucTeM OPraHigYHOTO CBiTYy
Amnaromo- OpHo- ab0 6araToOKJITHHHICTD, pyxJauBicTs, | Tpamuniiiai cucremu: Jlinueii (1758),
Mopdostoriuni TUOU POCTY I POBBUTKY Mirouxraysen (1763), Hexkkep (1783),

. Texkxens (1866), Komrenp (1938),
romorow Tun XuBJIeHHS, MicIle B eKocucTeMi Yaitrreiikep (1965), Mapryuic (1971),
diziomoriuni «IIIkirpHA» YOTHPUIIAPCTBOBA KJaacudi-

Iuromnoro- o 3 ) kKaria 1980-1990-x pp.
NN Bynosa Ta xiMmiuHUI CKJIa] KIITUHU
6ioximiuni
MoueKyiapHo- CnopizHeHicTh, BCTAHOBJIEHA IIISAXOM II0- CyuacHi cucremu: Enu ta is. (2012),
dimoreneruuHi piBHAJIBHOTO aHAJi3y GiomosimMepiB Bypxki (2016), Bpays Ta im. (2018)

HeknituHHi dopmm KunTTA

Oco6auBocri Bipycu Bipoigu IIpionu
Bynosa:
¥ o ITHK a6o PHE PHE -

+ HyKJeTHOBi KucaoTH

* Oinku + - +

« nimigHa 060JI0HKA + /- - -

Opranuismu-xasai Vci kaiTurHI opranismu Bumi pocaman Ccasii, rpubu, pocauHu

Bukaukani xBopobu Ckas, rpun, CHI/I, Bicma, BeperenomoniouicTs Kypy, ckpermi, xBopoba
remaTur, eboja, Kip, kpacuy- @ 0yabp0 KapToinii, kapau- = Kpeiitidenbpara — fxoba,
xXa, BipycHUIT MapoTUT, AITYP = KOBICTh XPU3aHTEM Ta daranbHe poguHHE 6€3-

TOMATiB COHHA

[MpoKapioTNYHI OpraHizmu

BaxkTepii Apxei
OsHaku: OsHaku:
+ OgHOKJIITUHHI, KoJIoOHianbHi a00 6araTokaiTuHHI | * OIZHOKJIITUHHI
« KaitunHa crimka 3 mypeiny - KiitTumna crinka i3 nceBmomypeiny, S-6i1KiB ToII10
+ Mem6pana 3aB:K /U JBOIIIAPOBA - Memb6pama Mmoxke 6yTU ABOIITapPOBOIO a00 OJHOIIIAPOBOIO
- 'eHoM He MiCTUTH T'iCTOHIB « Y reHoMi IpuUCyTHIi ricToHOMOAi0HI 6iTKK
IIpencraBauKHU: IIpencraBHUKHA:
miamobakTepii, mporeobaKTepii, rpaMIO3UTHUBHIL eBpiapxeoru (rajmoapxei, meraHoapxei), KpeHapPXeoTH,
bakTepii, aKkTHHOMIiIlEeTH, PIKKeTCil, xaamimil, HaHOapXeoTHu, acrapAapxeoTu

CIIipoxeTu, MJIaHKTOMIIeTH

Bukiaukani xsopoou: -
yyMa, xoJiepa, Tu( (BUCUIIHUIH, ITIOBOPOTHUIA,
yepeBHUI1), IIpaBellb, cubipKa, OpyIien1b03, Jempa,
raHTpeHa, 60TyIisM

46



EyKapioTnyHi opraHiamm

ExckaBaTu

Hiadoperurxn

Amopdei

OsHaku:

* OJHOKJIITMHHI

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

MiTOXOHAPII UacTo peayKoBaHi,
a060 3 TUCKOIOAIOHUMY KPUCTAMU
cTaTeBUil IPOIeC BimcyTHiN
rerepoTpodHi (3a BUHATKOM
IeAKUX eBIJIeH)

O3Hakm:

* OSHOKJIITMHHI, KOJOHiaJbHI a60
GaraToKJIiTUHHI

IKTYTUKIB mepeBakHO 2, mepenHi
a6o Giuni

MiToxXOoHAPiI 3 TpyOUacTuMu abo
IIJIACTUHYACTUMY KPUCTAMU
aBTOTPO(HI Ta reTepoTpodHi

Osnaku:

* OJHOKJIITMHHI, KOJOHianbHi
a60 6araToKJIiTUHHIL

« MIXTYTHUK IIepeBaskHo 1, 3amHill

- MiTOXOHAPiI 3 TpyOUacTuMu abo
IJIACTUHYACTUMHU KPUCTAMU

« reTepoTpodHi

IIpencTraBHUKU: €BIJIEHU, TPUXO-
MOHaIU, TPUIIAHOCOMU, JIAMOIIII,
aKpasieBi CIM30BUKU

IIpeacraBuuku: 6ypi, giaToMoBi,
YepBOHi, 3eJIeHi BOAOPOCTi, BUIIi poc-
JINHU, HeCIIPaBXKHi rpubu, indysopii,
CIIOPOBUKU-AMMIKOMIIJIEKCH, PAmioa-
pii, popaminiepu, coneBUKHT

IIpencraBHuKuU: TUTIOBi amebu,
CIIPaBJKHIi CJIMBOBUKU, CIIPABIKHI
rpubu, KoMipuacTi ZKTyTUKO-
HOCIIi, 6araTOKJIiTUHHI TBAPUHUA,
y T. 4. JIOOUHA

Knacnoikauia KniTMHHUX opraHiamis

Knacudikauia Buwmx pocnmH

fonoHacinyj

3eneHi Bopopocri

Knacuoikauis eykapioTiB

Komipuesi

AXKFYTUKOHOCUi

(3HaKom ‘ no3HayeHi BUmepni rpynu)
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Tema 3. O6bMmiH pevyoBUH
| NepeTBOPEHHA eHepril

§ 22. OpraHiyHi Ta HeopraHi4Hi cnonykn, Heo6XigHi ANA opraHiamis

0 [omipKynTe

Hectaua enemeHTiB B OpraHi3ami pocivH, AKNX
MiCTUTbCA 3a3BuYan BigHocHo 6arato (C, O, H, N),
NOraHoO MO3HAYaETbCA Ha IXHbOMY CTaHi. Yn nmo-
3HAUMTbCA Ha IXHbOMY CTaHi HecTauya TUX efleMeH-
TiB, AKMX B OpPraHiami pocnnHu Habarato MeHLue,
Hanpuknag S abo K?

Q 3raganTe

o OpraHiyHi 1 HeopraHiYHi PeYoBUHU B KNITWHI
o MoHomepwu, nonimepwu, biononimepun

OpraHiyHi peYoBMHN KNITUH XXNUBUX

OpraHi3mis

TomoBHUME KOMIOOHEHTAMU KUBUX OpPTaHis-
MiB € opraHiuHi peuoBMHH. 3 HUX OYyIYIOTbCS
BCl KJIITWHU, CTPYKTypa U CKJAM AKUX CUJIBHO
BifpisHAOTHCA Bim Tin He:kmBol mpupogau. Came
opradiudi peuoBMHHU 3a0€3MeUYYIOTH BUKOHAHHS
TUX cIenudiuHux QYHKIiN, 110 BUSHAUYAIOTh 3a-
TaJIbHI BJIACTUBOCTI JKMBOTO (CTAJIICTD CKJIALY, ca-
MOBiITBOpEHHS, CIALKOBICTh, MiHJINBICTE TOII[0).

fAx BM BiKe 3HaeTe, OPraHiuHi CHOJNIYKH
CKJIAHAIOThCS MepeBakKHO 3 OiOreHHUX Ximiu-
uux ejxemenrtriB — C, H, O, N, aKi craHOBJIATH
mo 98 % cyxoi macu KuBoi KiaiTuHu. Benauki
oprauiuni mosexysu (3 macoio mouan 1000 [1a),
AKi BXOJATH IO CKJALy *KUBUX OPraHidMiB, Ha-
3UBAIOTh MAKPOMOJEKYLaMu, abo Oionosimepa-
mu. BoHU cKIamaroThCcA 3 MOHOMEDPIB.

OprauiuHi pe4yoBuUHU, 1[0 MiCTATHCA B JKU-
BUX OpraHi3dMax, MOAiJATh HA YOTUPU OCHOB-
Hi rpynu: 6inKu, ByTJIeBOAM, Jimigu ¥ HyKJe-
iHOBI KucJaoTH.

Binku € Giomoaimepammu, MOJIEKYJIU SAKUX
CKJIaJAIOThCA 3 BEJMKOI KiJbKOCTi aMiHoKwmc-
gor. BoHVM BUKOHYIOTH HaWpidHOMaHITHIiNII
dyukii: katagiTuuny ((pepMeHTH), CTPYKTYP-
HY (KoJlareH, eJacTHH), 3axXUCHY (iMyHOTrJI00Yy-
JIIHU) TOIITO.
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ByraeBomu GepyTh ydacTb y IIporecax 00-
MiHY peuoBUH (TJII0K03a, GPYKTO3a) i 306epiranHi
crmagkoBoi imdopmarlrii (pubosa, me30KCcHpuoOo-
3a), BUKOHYIOTh CTPYKTYpPHY (IlearoJjiosa, Xi-
TUH) i 3amacamuy (KpoxMaJjb, IVIIKOTeH) PYHK-
mii. o ckJyagy MOJIEKYJ BYIJIEBOIIB BXOIATH
KiJlbKa (PYHKI[iOHAJBHUX TPYI: TiPOKCUJIbHA
(—OH), rkap6okcuabua (—COOH) a6o xap6oHiIb-
Ha (—COH). 3aranpHa (popmyJsa BYIJIEeBOAIB —
C,(H,0) , ne n i m € HATYpAJIbHUMU YUCJIAMU.

Jlimimgu € rpymoo pevuoBUH, SKUX 00’€THAIN
He 3a XimMiuHOI0 0y/0BOIO, a 3a (hi3MUYHUMHU BJIAC-
TUBOCTAMU. BOHM BCi € HEPO3SUMHHUMU y BOIi
MacJAAHUCTUMHU abo KUPDHUMU PEYOBUHAMU.
Hai16ispmn momuwpeHUMH JimigaMum € KUpH,
oiii, ¢ochorimigu, Bocku Ta crepoigu. OcHOB-
HUMHU (PYHKIIAMHA JIMigiB y JKUBUX OpraHizmMax
€ cTpykrypHa (ochomimiau, rmikominigu), pe-
3epBHA 1 eHepreTuuHa (3JKUPU, 0JIii), peryiaTopHa
(cTepoimHi TOPMOHMU, *KHPOPOIUMHHI BiTamiHmM),
3aXMCHA i TepMOperyJsaTopHa (BOCKH, KUPH).

Hyxkaeinori kucaoru ([[HK, PHK) e Besu-
KuMu OiomosiMmepamMu, MOHOMepaMHU SAKUX € HY-
KJaeotunu. PyHKIIA HYKJIeIHOBUX KHUCJIOT — 30e-
peKeHHs I BiATBOPEHHS reHeTHYHOI iH(popMaIrii.

HeopraHiuHi peyoBMHM KNITWH
XVBUX OpPraHiamis

DyHKIIOHYBaHHA KJITHUH JKWBUX OPTaHis3-
MiB OyJi0 6 HeMOKJIMBUM Oe3 ydacTi Heopramiu-
HUX PeuoBUH. BOHU € HeoOXiJHUMU KOMIIOHEH-
TaM! BCiX OpraHiB i TKaHuUH.

Hai#iBaskIuBimIo0 HEOPraHiuHOI PEYOBU-
HOIO OyIb-AKOI KJIITUHU € BOJa, AKa IIepeBakae
cepel iHINUX KOMIIOHEHTIB 3a Macoio.

OKpeMi HU3BKOMOJIEKYJISAPHI MiKpoejeMeH-
TH, COJIi Ta WOHM coJjiell (MiHepaJbHI PEUYOBUHM)
BXOJATH 10 CKJIQy CTPYKTYPHUX €JIEMEHTIB ycix
KJIITMH i TKaHWH i 6epyTh y4acTh y BCix O6ioximiu-
HUX TOpoIllecax, AKi BigOyBalOTbCA B OpraHisMi.
Heopraniuui crionyKy MOKYTh ITepe6yBaT B K-
BUX OpraHismMax AK y po3umHeHii ¢opwmi (y Bu-
TJIsAi WOHiIB), TaK i B HEPO3BUYMHEHOMY BUTJIAMII.



Heopraniuamit
KOMIIOHEHT KJIiTHHUI

BogHeBui
Boga
A o\._‘/ss’mor(

@
Hzog_”

Kariouu I'inporeny (H")

Bikap6onaTu i ¢ocharu
Harpiro i Kaiiro

Karionu Ta aHioHU PO3UMH-

Hux cosent (Na*, K, Cl")

Tema 3. O6miH peyosuH i nepeTopeHHa eHeprii 3y 33y S

QyHKUiT HeopraHiYHUX KOMMOHEHTIB Y KNITUHI
DyHKIil B KIiTHHL

®dopMmye BHYTPIIITHBOKJIITUHHE CEPEJIOBUIIE, ITiATPUMYE (hOPMY KJIITHH i opraHia-
MiB (rigpockeseTt), 6epe yuacTsb y 6ioximiunux peakiiiax (¢orTosis Bogu mim uac
dorocunTE3y, riAPOJi3), TepMOperyadiii (moToBuAiIeHH, I'yTallis), 3abe3meuye
TpaHCIIipaIlito, 6epe yuacTh y TPAHCIOPTI PEUOBUH

3a6e31neuyoTh KUCJIOTHO-IYKHUN GalaHC

VTBopOIOTE Oy(epHy cucTeMy TKAHWH i KpOBi, miarTpumyooun ixHit pH Ha mo-
cTifiHOMY piBHi

CTBOPIOIOTh PiSHUINIO IIOTEHI[IAIIB MiK YMICTOM KJIITHHY I HABKOJIUIIHIM cepe-
IOBHUIIEM, 3a0e3meuyodn poboTy TPAHCIIOPTHUX O0iIKiB MeMOpaH Ta IPOBeAeHH

HEPBOBOTO iMIyJIbCY

CnabKopo3unHHi coJri
Kanbirito i @ochopy

Micrarbeda y cKJaali OMOPHUX CTPYKTYP TBApUH (KiCTKU, MYIILIi MOJIOCKIB) i 3a-
0e31IeuyoTh IXHI0O MiITHICTD

€ ckJyamoBUMU OaraTh0X TOPMOHIB, (DepMeHTiB i BirTaMiHiB a60 6epyTh y4acTh y ix
akTuBaIllii: Maruiit (KommoHeHT xjopodiny), Iluak (kodhaxTop Gararrox dep-
MeHTiB), @epyM (KOMIIOHEHT remMoryiobiny), Kynpym (KOMIIOHEHT remMoIiiaHiny),
Kanbiriit (KOMIIOHEHT KiCTKOBOI TKAHMHMY i BAaTHAHUX PAaKOBUH MOJIIOCKiB)

Vonu mMeTamiuHUX eJIeMEHTIB

Heoprauiuni peuoBuHMN IIOTPAILIAIOTL YV $KUB1
OpraHiaMu IIepeBaskHO i3 30BHIIITHLOTO CEPEIOBU-
ma 3 i:keio (y TBapuH) ab0 y BUIJISAAI BOTHOTO
PO3UMHY uUepes IIOBEPXHIO opraxiamy (y pocauH,

rpubiB i Oaxrepiii). Hecraua abo HaAJIUIIIOK
MeBHUX XIMIUHUX eJIEMEHTiB CIPUUYUHSAIOTH II0-
PYIIIEHHSA PO3BUTKY OPTaHidMy i mpoIieciB #oro
KUTTETIAIBHOCTI.

Hacnigku Hapnunwky Ta HecTaui Hitporeny, ®ocdopy, Cynbdypy i Kanito y pocnnH

Ximiuami . .. . s ..
eeMERT Hacaigku HagIumKy XiMivHOTO eJ1eMeHTa Hacaigku HecTaui XiMiyHOTO ejieMeHTa

HiTporen IuTeHCUBHUI PicT; IUCTKY TeMHO-3€eJIeHi, Beau- = CIOBiIbHEHUH PiCcT; JUCTKY YKOBTIIOTH, MaJIeHb-
KOTO PO3Mipy; HMYKHI JIUCTKU CKPYYYIOThCS; KOro pPO3Mipy; HUIKHi JIMCTKH CKPYYYIOTBHCA
yposKai He o3piBae 1 omagamTh; yposKal 3BHUKYETHCA

dochop JlucTku TOHKIi; IXHI BepxiBKU i Kpai «Buropsa- PicT ynoBiJILHIOETBCS; JIUCTKU CUHIOBATO-3€JIe-
IOTb» ; HUJKHI IUCTKY CKPYUYYIOThCH, 3 INIAMaMM; Hi; HA HUMKHIX JIUCTKAX TEMHI IJIAMU; HUMKHIL
YPOMKaMHICTb 3HUIKYETHCA JINCTKY CKPYUYYIOTHCSA M OIaJaI0Th

Cyabphyp CKOpOUyIOThCA TePMiHU PO3BUTKY POCAUHY; KiH- = PO3BUTOK JIMCTKIB yIIOBIIBLHIOETHC; KIHUNKY
YUKU i Kpal JUCTKiB 3He6aPBIIIOIOTHCA JUCTKiB TEMHIIOTH

Kamiit Hosgi mucTku ToHKI; BepxiBKU i Kpai JucTKiB IIBiTiHHA npunMHAETHCA 260 YIOBiIBLHIOETHCS;

CTAIOTh OYPUMU i BiAMUPAIOTH; MisKBY3JIA CTa-
IOTh KOPOTIIUMM; HUKHI JINCTKU CKPYUYIOTH-

HOBI JiuCTKU ApibHIi # 6iabIlI TeMHi; BepXiBKU
i Kpai TuCTKiB MalOTh BiATiHOK ipiki; cTeba

Cd, Ha HUX YTBOPIOKTHCA 6ypi ILJIAMUA CTaIOTh TOHKUMM i JIAMKUMU

0 Kniouosa iges

OCHOBHMMM OpraHiYHMMN pPeYOBMHAMU, LWO
BM3HAYalOTb BNACTUBOCTI XMBUX OPraHi3miB, €
6inkn, ByrneBoau, ninign n HyKnNeiHoBi KNCNOTH.
Cepel HeOpraHiYHUX PEYOBUH HAMBaXKJINBILLO
€ BOAA, KA MepeBa)a€ B KJITUHI 3a macolo.
HeobxigHMMM KOMNOHEHTaMU BCiX OpraHiB i TKa-
HUH € OKpeMmi MiKpoenemeHTu, COsli Ta MOHMU
conen (MiHepanbHi PeyoBUHM).

3anuTaHHA Ta 3aBOaHHA

1. HaBepitb npuknagn Bigomux Bam 6inkiB i mno-
ACHITb TXHI PyHKUIT. 2. Yum i yomy pi3HATbCA MiX CO-
60t0 BnacTMBOCTI 1 YHKUIT pi3HMX 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?

49



Tema 3. OOMiH peUYOBVH | NepeTBOPeHHA eHeprii

IMIYHUX eNneMeHTax

§ 23. MNotpeba noaANHN B peYOBMHAX i X

OPOAYKTY. 1i BUMipIOIOTH y KilToKasnopisx a6o

B Kimomxoyiaax (1 kxkax = 4,1868 x/[x).
Emepreruuna IiHHiCTH J060BOr0 paIiiony

XapuyBaHHA MAa€ BiAIIOBiZaTH eHEPreTUUYHUM

0 [NomipkynTe

[o AKux Hacnigkis Moxe Npr3BecTn XapuyBaHHA
NIOAVHY NYLIe KapTonselo (xo4a i B JOCTaTHIN

KinbKkocTi)? BUTpaTamM opraHiamy. 3a mo0y Ha pisHi BUIHN
misabHOCTI Jgiogmua BuTpadae Big 2000 mo

é 3ragaiTe 4‘500‘I-CR8.JI. 1[96013&1 HOpMa KaJIOpifi 3a/IeKUTH
Bix BiKy, crari, 3pocTy i Macu, CIoco0y KUT-

« binkn o XKnpu Ts, iIHTeHCUBHOCTI OOMiHY PEYOBUH, KJIiMaTy Ta

» Byrnesogu o AMIHOKMCNOTK 1HIIUX YAHHUKIB.

 BitamiHun * Mikpo- Ta MakpoenemeHTu

EHepreTnyHa UiHHICTb KOMMOHEHTIB 1XKi

KommoneHT T:ki kJIK /T KKaJI/T
380poBe Xap4yyBaHHA Hupu 38,9 9,29
PeuoBuHU Ta eHepriio Mu OTPUMYEMO 3 iKi. :
IIng HaIol KUTTENIAJLHOCTI HaM HeoOXigHi Bimxu 17,2 4,11
0inIKM, BYIJIeBOAM, JIiIIigM, a TAKoMK Boja, He- ByrueBonu 17,2 4,11

BeJINKiI KiJBKOCTI MiKpoesjgeMeHTIB i BiTaMiHiB.

306amaHCcOBaHe XapuyyBaHHS — Iie Xap-
YyBaHHSA, 3a AKOTO B OPraHi3M 3 XapuyoBUMU
IPOAYKTAMU HAAXOMATH yCi IMOKUBHI PeUYOBUHU
B KiJIBKOCTi, HEOOXiTHIN AJA HOPMAJIbHOI JKUT-
TeAiAIBHOCTI.

XapuoBwmii pamioH — 1e Habip TPOAYKTIB,
AKUN JIOAWHA CIIOMKUBA€E IIPOTATOM II€BHOTO
yacy. IIpaBuabpHO migiOpaHuUii XapuoBUH paIioH
€ OCHOBOIO PAI[iOHAJBHOTO XapUYyBaHHA.

XapuoBa I[iHHIiCTHh IIPONYKTY BU3HaUa-
€ThCA TUM, HACKiJIbKU m0OOpe Ieil IPOIYKT
3abes3meuye IOTpPeOM JIOAUHKA B OCHOBHUX
peuoBmHax Ta eHeprii. XapuyoBa IiHHiCTH 3a-
JIeKUTH Bil TOro, sIKi KOMIIOHEHTHU i B AKHUX
CIIiBBiJHOIIIEHHAX MICTATHCA y CKJIALi Xapdyo-
BOT'O IIPOAYKTY.

PospobiieHi opieHTOBHI HOPMHU CIOYKUBAH-
HA Pi3HUX KOMIIOHEHTiB Ixki. fAKImo moTrpumy-
BaTUCA IUX HOPM, paIlioH Oyzae 30a1aHCOBAHUM
(man. 23.1). OnTumanbHO HOOOBUIT paIlioH mO-
pocJioi JIOAVUHU Ma€ MiCTUTHU:

XapuoBa Ta eHepreTuyHa UiHHICTb
NPOJYKTIB XapuyBaHHA

Enepreruuna uniHHicTh, abo kajopiiiHicTs,
OPOOYKTY XapuyBaHHs — IIe KiJbKicTh eHeprii,
AKY OJIep:Ky€e€ OpTaHisM BiJ CIIOKMBAHHS ITHOTO

Llykpn — npocTi Byrnesoau,
. OpyKT it 0BOY AKi OpraHiam LIBMUOKO
NnepeTBOPIOE HA eHeprilo
KpoxmanucTti npogyktun

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

v, Hanpuknag Kanbuin /v

M’sico, ropixu, 606u i anus —
MIiCTATb GINKU 1 Knpu

. binkosi npogyKkTtn
. MonouHi npogyKtn

. Byrnesoancti npopyktn

Man. 23.1. XapyoBui 6anaHc
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/\;

80—-120 r 6inkiB (25-35%);
+ 60—-150 r xupis (15-20%);
450-550 r ByrueBozis (50—-60 %).

/\Cknanm BYIneBOAMU, WO
MicTATbCA Yy XxNibi, MakKa-
POHHUX BUpObGax N Kap-
TOM/i, NepeTpaBoTbCA
N 3aCBOIOIOTbCS [IOBLLUE,
Hi>K NpOCTi

®pyKTy 11 oBoui barari
Ha LyKpUW 1N KITKOBUWHY,
a Kpim Toro, mMictatb 6in-

\_/KM, BiTaMiHM N MiHepanu



Tema 3. O6miH peyosuH i nepeTopeHHa eHeprii 3y 33y S

bionoriyHa WiHHICTb

I'IpO,ElyKTiB XapyyBaHHA

Kpim sarambuOi KinbKocTi 0isnKiB, KupiB
1 ByIJIeBOZiB, BasKJIMBUM TAKOXK € 1XHi¥ CKJIazd.
TinbKku 3 I3Ke0 MU OTPUMYEMO He3aMiHHi peuoBu-
HU, AKi HeOOXigHI JJIsT HOPMAJIbHOI MKUTTEIiANb-
HOCTI, aJie He CHHTEe3yIOThCsA HAIITIM OPraHiZMOM.
HesaminuumMuy nia jgoguHU € BiTamMiHmM, Aedaki
aMiHOKMCJIOTH Ta HeHAaCHUYeHi KUPHI KUCJIOTHU.

Ho He3amiHHUX aMiHOKUCJOM HAJIEXKATh
isoyednuH, JIidWH, JIEMIIUH, METiOHiH, (heHiJ-
ajJlaHiH, TpeoHiH, TpunTo(aH, BaJiH (TAKOXK
rictuauH i aprimin gaa gitei). Binkwm iwki, 1o
MicTATh HeoOXimuHmMiT HAOip aMiHOKHCJIOT, Ha3u-
BaIOTh NOBHOUiHHUMU. [0 HUX HajgeXaThb Iepe-
BasKkHO TBapuHHi Oinmxu. Haiibinbin Bucoky 6io-
JIOTiUHY IiHHiCTHP MalOTh OLIKM, IO MiCTATHCA
B AWNAX, M sci, MOJIOIi, pubi.

3pocTraiounii OpraHidaM AUTUHU TOTPedye
IOZATKOBOI KiJgbKocTi 0inkiB, aki 3abesmeuy-
I0Th picT i popmyBanHsa Tina. OcoOJIMBO BaK-
JUBUM € HaIXOIKeHHS BCiX He3aMiHHUX aMi-
HOKMCJIOT. 1XHA BifCyTHiCTH y i3ki mpmsBoguTh
IO 3aTPUMKHU POCTY, BUCHAKEHHS i HePBOBUX
posJjasmis.

Biramiau moTpiOHiI opranisMy B HEeBeJIHWKil
KinbKocCTi, ayse 6e3 HUX HOTO KUTTETISAIbHICTD
HEeMOJKJIBA.

MopyLueHHA 0OMiHY
MiHepanbHUX PEYOBUH

MinepanbHi peYOBUHM TaKOXK HE CHHTE3Y-
IOThCA B OPTAaHi3Mi JIOAWHY 1 € OTHUMHU 3 OCHOB-
HUX He3aMiHHUX KOMIIOHEHTIB XapuyBaHH.
Ixna HecTaua a6o HAJIUIIOK BUKJUKAE IIOPY-
IIeHHA, 1[0 IPUSBOAATH 0 3aXBOPIOBAaHb.

I[IpuumHaM¥y TOPYIIIeHHS O0OMiHY MiHepasb-
HUX PEUOBUH MOMKYTh OyTHU:

« HejjocTaTHE ab0 HagMipHe HAAXOMMKEHH
MiHepaJbHUX PEYOBUH B OPTraHisM;

« IesAKi 3aXBOPIOBAaHHA (TOPMOHAJIbHI, CIIaj-
KOBi TOII0);

0 Kniovosa iges

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

« HeIpaBUJIbHE BIKWBAHHA [IeAKUX JIiKap-
CBbKUX TIperaparis.
* OiA TOKCHUYHUX PEUYOBUH.

MNepeTBOpPEHHA pe4yoBUH

B OpraHi3mi nognHu

SK BuU BiKe 3HAETe, CIIOMKUTI 3 1Kel0 pedvo-
BUHU 3a3HAIOTH Y HAIIIOMY OPTaHi3Mi CKJIaZHUX
XiMiUHUX TepeTBOpPeHb. Y MPOIleci TpaBJIEHHA
BHCOKOMOJIEKYJIAPHI CIIOJIYKM 1Ki POSIIeInIio-
IOThCA BiATOBiZHUMU ()epMeHTaMU OO0 HUBBKO-
MOJIEKYJIAPHUX

« OiIKM POBIIEIIIOIOTHCA MPOTea3aMu [0
aMiHOKMCJIOT;

« JKUPUW — JIia3aM® JI0 TUIIepoJy # Kup-
HUX KUCJOT;

* BYIVIEBOAY — aMijasaMu 0 MOHOCAXapHUIiB.

IIponykTu TpaBiIeHH, 110 HAMIAIIIN B KPOB,
epeHoCAThCA M0 BCiX KJIITMH Tijma. YcepenmHi
KJIIiTUH BigOyBaroTbCsA OCHOBHI Oioximiumi mepe-
TBOpeHHs. CHHTE3yIOThCS BJAcCHI GiomMojeKysu,
AKi TOAAIOTHCS [0 CKJIAAy KJIITHH i 6epyTh yuyacThb
y 3mificHeHHi IXHiX (yHKI[i#i. YacTuHa opraHiu-
HUX PEYOBUH POSIIEILTIOETHCS A0 OiIBIIT IPOCTUX
KOMIIOHEHTIB 3 BUIiIJIEHHAM eHeprii, AKa BHUKO-
PUCTOBYETHCA MOJIA ITPOIECIB KUTTENIATIBLHOCTI.

ITo6iuni mpoayxkTH 0OMiHY PeYOBUH BUIiJIs-
IOThCA 3 opraHismy. A GijgbIocTi opraHiuHmx
PEUYOBWH KiHIEBUMU IPOAYKTAMU PO3KJIALY €
BYIJIEKHCJIUN ra3 i Bojga, a misa OiaKiB — 1me
1 aMOHiaK, KU 3HEIIKOIMKYEThCA IIePEeTBOPEH-
HSIM Ha CEUYOBUHY.

@ MpakThyHa poboTa

Po3paxyHok 0cHO8HO20 06MiHy i ennacHoi 00608601
sumpamu eHepzil, CKNIa0OAHHA Xap408020 payioHy
1. Cknagitb iHAMBIAYaNnbHUI PO3MNOPAAOK AHA i BU-
3HayTe eHepreTWYHi BMUTPATU CBOFO OPraHi3my, Bu-
XOAAYM 3 BUAIB BalOl AiANbHOCTI BMPOAOBX OHA
i IXHbOI TPMBaNOCTi.

2. Cknagitb BnacHWi JOOOBMIA pPaLioH XapyyBaHHS
BUXOAAYN 3 €HepreTUYHOI LiHHOCTI NPoAyKTiB Xap-
yyBaHHA (AMB. Tabnuuto Ha c. 237).

3. YcTaHOBITb, UM BiAMoBiAaloTb HOPMi BMICT 6ifiKiB,
XKMPIB i BYrneBofiB Ta KasopilHiCTb Balworo fo6o-
BOrO Xap4yoBOro paLiioHy.

4. CoopmynioiTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. Ha3BiTb NpoayKT xapyyBaHHA 3 BUCOKMM yMic-
ToM: a) 6inkis; 6) xupis; B) Byrneogis. 2. O6roBopitb,
HaCKIiNbKM BUMpPaBAaHOIO € BeretapiaHcbKa gieTa. 3. Yu
€ 36anaHCcoBaHVM Ball 0COBMCTMIN paLlioH XapyuyBaHHA?
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Tema 3. OOMiH peUYOBVH | NepeTBOPeHHA eHeprii

§ 24. MeTaboni3m

0 [omipkynTe

Yomy B pasi ropMOHasnbHVX NMOpPYyLUEHb JIOANHA
MOXe WBUAKO CXYAHYTW abo pi3Ko 36inblinTy
Macy Tina?

é 3raganTe

» [omeocTas
» HepBoBa 1 rymopanbHa perynauisa

Etann metaboniamy Ha npuknagi TBapuH

Mera6oamiszm, a0 00MiH pe4OBHH — Iie Cy-
KYOHICTh XiMiUHMX peakIliii B oprauisami, aki
3a0e3IeuyoTh HOr0 PEeUOBMHAMU Ta €Hepri€io,
HeOoOXIMHMMU IJIA KUTTENiAIBLHOCTI.

Marepiasom ans oOMiHHUX TpoIleciB € cy0-
cTpaTH MeTadoJIi3My — CHOJYKH, IO HATXOAATH
3 Txxero. Cepen HUX BUIIJIAIOTH OCHOBHI XapuoBi
pevoBuHu (0iIKM, ByTJIeBOAU, JIimiau) i MiHOpHI
XapyoBi PEUYOBUHU — Ti, IO HAAXOAATDH Yy MaJIUX
KimbKOCTAX (BiTamMiHM, MiHepaJibHI PEUYOBWHU).

B oOmiHI peuoBUH BHUIIIAIOTH ABA eTamu:

I — migroroBumii (ximiuHi mepeTBOpeHHSA
PEeYoOBUWH y TPaBHill cucreMi);

II — Bmacue merabosisaMm (ximiuHi mepeTBo-
PEeHHS CIOJYK yCepeauHi KJIiTuH).

Yeci nporecu KIiTMHHOTO MeTabO0JIiZMy MOMK-
Ha YMOBHO DO3AiJNTH Ha ABi (asu:

* KaTa0oJaisM (DUuCUMiNAIisa, eHepreTuUHUHA
00MiH) — mpoIlec PO3KJIAAy CKJIATHUX PEUYOBUH
Ha IPOCTIIIi; IPU I[bOMY BUBLIBHAETHCA €HEPTis;

+ aHA00i3M (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. EHepris, 1o Bu-
BiIBHAETHCA B XOJi KarTaboJiuHMX MOpoIlecis,
BUTPAYAETHCA HA YTBOPEHHA MAaKPOMOJEKYJ
y mporieci amabosisamy. OCHOBHUM aKyMYy.JIs-
TOPOM i IIePEeHOCHUKOM eHeprii € aJeHO3uH-
Tpudocharua Kucaora (ATP). ¥V csBoio uepry,
MPOAYKTHU aHab0idMy MOMKYTh OyTU cyOCcTPaTOM
Iasa Karabomaiunmx mporeciB. Kpim Toro, ana-
OoJriuHMiT CUHTE3 € IKepesoM (DepMEeHTIB IJis
BCixX eramiB oOMiHY DPEUYOBUH.

PisHocupsamoBani mporiecu MeTaboJIismMy Imim-
TPUMYIOTHh CTAJICTh BHYTPILIITHBOTO CepeoBUIIA
oprauismy (romeocras). Bu Bixke 3HamioMmiucsa
3 UM Ha IIPUKJIAIi OpPraHisaMy JIIOAUHMU.

Perynauia metabonismy y TBapvH

Koopaunaria mporieciB merabosismy 3miii-
CHIOETHCA IIJIIXOM HEPBOBOI i TrymopaabHOI
peryinsaiiii. HepBoBa perynadamia 3pificHIOETLCSA

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

linotanamyc

lino¢is
¢ IHgpopmayis npo

BHYMpiIWHe cepe-
dosulye opaaHiamy

EHAOKPUHHI 3351031

OpraHu " TKaHWHW

Man. 24.1. Cxema HepBOBO-TyMOpPasnbHOI perynauii
06MiHY peyoBUH B OpraHi3mi nguHN

Mpuknagn HepBOBOT Ta r'yMopasbHOI perynsuii 0oMiHy peyoByH

IIpomec HepBoBa peryaairis

O6min

Jgimigip | Tes TpUriinepuAis i mocuiioe ixHid posnax. Ila-
pacumnaruura HC cripuse BiAKkIameHHIO JKUPiB

Oomim Timoranmamyc i goBracTuii MO30K HiABUIIYIOTH

ByTJIE- yMicCT IIF0OK03u B KPOBi

BOZiB
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T'ymopansHa peryiaamia

Cumnatmuna HepBoBa cucrema (HC) ranpmye cur- | Mob6inisariro *KUpiB MOCHIIOI0OTH COMAaTOTPOII-

HUM TOPMOH, iHCyJIiH, agpenaain. Moobinxisa-
Iif0 KUPiB raJbMyIOTh TVIIOKOKOPTUKOIAM

Izcynin sHMIKYE BMiCT I'TIIOKO3H1 B KPOBI,
aJie TJIIOKAroH, apeHaJiH, COMaTOTPOITHUHI
TOPMOH, TJIIOKOKOPTUKOIAN, TUPOKCUH,
TPUHOATUPOHIH HiABUIITYIOTH HOTO



Tema 3. O6miH peyosuH i nepeTopeHHa eHeprii 3y 33y S

rimorajaMycom i BereTaTMBHOIO HEPBOBOIO CHC-
TEeMOIO (CUMIATUYHOIO i mapacuMnaTuuHow). I'y-
MOpPaJIbHY PeryJdAlliio 3MifCHIOITH eHIOKPUHHI
3ay103u (3aJ03M BHYTPIITHBOI cekperrii), AKi €
BUpOOHUKaMu ropmoHiB. I'opmonm (iHCyJtiH,
aJpeHaJiH, THPOKCUH) IIEPEHOCATHCA Pi3HUMU
pizmuHamu oprauismy (KpoB, JimM@a, TKaHUHHA
piguHa) i KepyloTh AiAJAbHiICTIO (epMEHTHUX
cucTeM y KJIiTWHAaX.

HepsoBa 11 rymopasibHa CHCTEMU TiCHO B3a-
eMOoJifoTh onHa 3 omHowo (MaJs. 24.1). OcobimBe
3HAUEHHS B PEryJiAllil 0OMiHYy PeYOBUH MAa€ Bimmia
ITPOMiKHOTO MO3BKY — Timorajamyc. ['imoranamyc
peryJoe misIbHICTh HaWMBaKJIMUBIIIIOL 3271031 BHY-
TPIITHBOI ceKperrii — rimodisa, AKUT KOHTPOJIOE
poboTy BCix iHIIMX 3aJ103 BHYTPIIITHBOI CEKpPeITii.

Heaki pakTopw, Lo BNAMBAOTbL
Ha meTaboniam y nognHu

Icaye panm ¢axTopiB, IMO BOJAWBAIOTH Ha
IIBUAKICTE MeTabo0JIizMy.

CnagkoBicTs. YHACIIiIOK CHAagKOBO 3yMOB-
JIeHUX UYMHHUKIB MIBUAKICTh OOMIHHMUX IITPOIIECiB
y pisHEUX sromeii Moxxke Bimpismaruca ma 10%.

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

Cratb. Y 4YO0JIOBiKiB 00OMiH peuyoBUH BiI-
OyBaeThcA IIBUAIIE, HiXK y KiHoK. Ile 3ymoB-
JIeHO OinpImuMu po3MipamMu Tija Ta OGiJIBIIOIO
M’sI30BOI0 MAacoio.

Cmoci6 :xurrda. Y pasi macumBHOTO CIIOCOOY
JKUTTS BimOyBaeThbCcs YHOBiIbHEHHS IIpoIieciB
meraboJismMy, i, HaBmaKM, IIiJi Yac 3HAYHOIO
(hismuHOrOo HaBaHTaKeHHS OOMiH PEeUYOBUH IPU-
ckopioerseda. Crpecu, mempecii, HemocumauH:A
# roslofyBaHHSA MPUIBOAATH M0 YIOBiJIbHEHHS
0o0MiHy peuyoBMH. XapuyyBaHHS HEBEJINUKUMHU I10-
puiamu 4-5 pasiB Ha meHb, OiJKoBa ixka mpu-
CKODIOIOTH MeTaboJIisM.

0 Kniouosa iges

[lBa 60K/ MeTaboniamy — KaTaboniyHi Ta aHa-
6oniuHi Npouecn — TicCHO B3aemonos’A3aHi. Ko-
OpAvHaLia npoueciB mMeTaboniamy 3miNCHIOETb-
CA WNAXOM HEepBOBOI N rymopasnbHOi perynsadii.
3a cnocobom opepKaHHA OpraHiYHUX PEeYOBMH
XKUBI OpraHiaMu nofinAwTb Ha aBTOTPOdIB i reTe-
poTpodis, a 3a cNOco6OM 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 cMHTe3yBaTU OpraHivuHi
peuoBUHU 3 Heoprauiuaux. [[1s moOymoBu CBOTO
Tijla BOHM BHUKOPUCTOBYIOTH HEOPTAaHiUHI peuo-
BUHU I'DPYHTY, Boau I moBiTpsa. Ilo aBTOTpOdiB
HaJeXKaTh POCJMHU Ta AedAKi 6axTepii.

TerepoTpodu oep:KyIOTH OPraHiyHi PeUOBU-
HU 3 i)Kero. BoHM KUBIATHCA IHIIUMU OPraHiz-
mMamMu abo ixHimm pemrkamu. I[[o rerepoTpodis
HaJeXaThb yci TBapuHu, rpubu, 6araTo 6axTepii,
MapasuTUYHI POCJIVHU.

Icuyrorhs opramisamm 3i 3mimraHmM THUIIOM
JKUBJIEHHA — MiKcoTpodu.

3a Oxcepenom eHepeii sl MPOIECIB JKUT-
TEOiANBHOCTI KUBI OpraHisaMu IOiJIAIOTH Ha
doToTpodiB i xemoTpodis.

doToTpopu BUKOPUCTOBYIOTH €HEPriio co-
HSAYHOTO CBiTJIa IJisi CHUHTE3y OpraHiuHUX pe-
yoBuH (porocuHTed). [0 hoTOoTpOdiB HamEKATH
3ejieHi pocauHU ¥ meAKi GakTepii.

XeMmoTpohu [Jd KUTTEAIAIBHOCTI BUKO-
PHUCTOBYIOTH €HEPriio, iKa BUBIJIBHAETHCA ¥ XOMI1
XiMiuHUX peakIriii, IM0 BimOyBaroThCA B IXHIX
opraHiamax. Ilo xemoTpodiB HaJie:KaTh TBapHU-
HU, rpubu, OaKTepii.

Veci geneni pociauHu € omoasmompoga-
MU — BOHU CUHTE3YIOTh OPTaHiUHI PEeYOBUHU
3 HeOpraHiuHmMX y mpolieci (PoToCMHTE3y, BU-
KopucToByoouu eHeprio CoHIg.

VYci TBapuHU U rpubu € xemozemepompoda-
MU — BOHU JKUBJATHCA TOTOBUMU OPTAHIiUHU-
MU PEYOBMHAMU i BUKOPUCTOBYIOTH AJISA CBOEI
KUTTEMISAIBHOCTI eHeprilo XiMiuHMX peaxIiii.

HeBenuka rpymna 6akTepiii HaJIeKUTDH 10 Xe-
M0aemompo@dié — BOHU CHHTE3YIOTh OpraHiu-
Hi COONYKU 3 HEOPTaHIUHUX, BUKOPUCTOBYIOUN
eHepriio, IO BUBLIBHAETHCSA B IMPOIECi OKUC-
HEHHSA HeOPTaHIiYHUX PEeUOBUH (TigporeH cyabdi-
Iy, MeTaHy, cipku, crmoiayk @epymy(II) Toimo).

03aI‘II/ITaHHﬂ Ta 3aBJaHHA

1. Ak noB's3aHi MiX coboto KaTabonisam i aHabo-
nism? 2, fki nepeearn 1M HepoONiKM MalTb HepBOBa
N rymopanbHa perynauii metaboniamy? 3. Ak BU BBa-
Ka€eTe, YoMy MNicnA HM3bKOKanopinHUX AieT (ronoay-
BaHHA) Maca Tina 36inbwyeTtbca We weugwe? 4. Yomy
JeAKMM opraHiamam BurigHo 6yTn MmikcoTpodamn?
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Tema 3. OOMiH peUYOBVH | NepeTBOPeHHA eHeprii

§ 25. KniTMHHNI TPaHCNOPT peyYoBUH

0 [omipkynTe

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

Q 3raganTe

» bygoBa KniTMHHUX Memb6paH » EHpounTo3

o MembpaHHi 6inKku

AKTUBHWW | NACUBHNW TPAHCMOPT
peyoBUH

Kiaituma mocTifimo posilenyioe i cuHTesye
6esniu ximiuHnx pevoBuH. OHI PeUOBUHU IIepe-
MIiITyIOTbCS B KJITWHI MisK opraHmeinamu, iHmIi
BUBOAATHCA Kpidh MeMOpaHy Ha30BHi, TOAi AK
JedAKi IPOHUKAIOTh yCepeauHy.

Kaitunna memOpaHa ImpoOITycKae OHI pedo-
BUHU i He mponyckae immmi. g maniBaskimBinia
BJIACTHUBiCTh OiosioriuHoi MemMOpaHU HA3UBAETH-
ca 6ubipkoeoio nponukHicmio. BoHa mae Benu-
Ke 3HaAUEeHHA MJIA caMoperyjadnil i miaTpuMxu
CTaJIOTO CKJIAAY KJITUHU.

TpaHcOpTyBaHHA PEUOBUH KPidh KJIITHHHY
MeMOpaHy 34iMCHIOETHCA 3a JOIIOMOIOI0 Pi3HUX
mMexaHismiB (mana. 25.1).

ITacuBHMIT TpaHCHOPT — IIe PyX PEYOBUH
Kpish KJIITMHHY MeMOpaHy 0e3 BUTpAT eHeprii 3a
rpafiieHTOM KOHIIeHTpaIlil (Bif AiIAHKY 3 BUCOKOIO
IO TiISHKM 3 HU3BKOIO KOHIeHTpalli€mw). ITacus-
HUII TPAHCHOPT 3AIMCHIOETHCA IIJIAXOM IIPOCTOI

4 5

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

Man. 25.1. Buan membpaHHOro TpaHcnopTy
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i monermenoi qudysii. ¥ Takwuii crmocid Kpisb KJri-
THHHY MeMOpPaHy IIePeMiIIlyIOTbCA MaJIi MOJIEKYJIH.

AKTHMBHMII TpaHCIIOPT — Iie IIepeHeceHHs
pPeYoBUH Uepe3 KJIITMHHY MeMOpaHy IIPOTU TI'pa-
IieHTa KOHIIeHTpaIlii, 3 BUTpaTol eHeprii. Ak-
TUBHUI TPAHCIIOPT 3MiHICHIOETHCS 3a JOIIOMOTOIO
cueniaJpHENX OLJIKiB-TpaHcHmopTepiB, ILIIXOM
€K30- a00 eHJOIINTO3Y, a TAKOMXK IIIJIAXOM BE3UKY-
JISTPHOTO TPAHCHOPTY. ¥ TaKMH CIIOCiO Kpish KJIi-
TUHHY MeMOpaHy IIepeMilIyIoThCsa 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 Jimigmwmii Gimrap KJIiTHHHOI
memOpanu. Takuii BuUJ IAaCUBHOTO TPAHCIIOPTY
Ha3UBAaOTh npocmoio dugysicio.

ITacuBHMIA TpaHCIOPT 3a TPALIEHTOM KOH-
meuTparii 3a yuactio meMOpaHHuX OiJIKiB Ha-
3UBAIOTH noJezweHnorw Jugysiew. Ilomermena
nudysisg BimOyBaeThcA uepesd cHelliaJbHI KaHAa-
JIW, PO3TAIIIOBaHiI BCcepennHi BeIUKUX 0iIKOBUX
MoJeKyJ. Tak TpaHCHOPTYIOTHCA HEBEJIUKi op-
ra"iu"i moJsieKyau (TJIIOKO3a, AedAKi aMiHOKwUC-
JIOTH, MOHOCaXapuAu TOIIIO0).

TpaHCTIOPTYBaHHA MOJIEKYJI BOAM KPi3b
MeMOpaHU 3AiMCHIOIOTH CHelliaJbHI MeMOpaHHIi
O0inku akeanopuHu.

binkn-tpaHcnoptepn

(QaKTMBHUI TPaAHCNOPT)

OguuM i3 BHUIIB aKTHBHOT'O TPAHCIOPTY
PEUYOBUMH KPish KJIITHHHY MeMOpaHy € IepeHe-
ceHHA iX OinKaMu-TpaHcrmoprepamMu. TpaHcmop-
Tepu — Iie OiJKM, IO MepPeMiIyoTh IIeBHi pe-
YOBUHU KPishb KIITUHHY MeMOpaHy 3 BUTpaTaMu
ereprii. CuMIopTHI TpaHCcIOPTEPHU 3IilICHIOIOTH
CHLJILHUNM TPAHCHOPT B OAHOMY HAIPAMKY JIBOX
PEYOBMH — Iie TaK 3BAaHUHA CUMIIOPT: HAIPU-
KJIaJ, CHUMIIOPT y KJITHHY TIJIIOKO3W BimOyBa-
€ThCs CIiIbHO 3 HoHamm Harpiro. AHTHUIOPTHI
TPAHCIIOPTEPU 3AiMCHIOITH 3yCTPiUYHMM TpaHC-
IOPT ABOX PEUYOBWH, BiH Mae Ha3By aHTUIOPT.
3a IPUHIIUIIOM aHTHUIIOPTY IIPAIlIOE HATPii-KaJIi-
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Na*o °Na* EHepria

BUTPAYa€ETbCA

Man. 25.2. Cxema poboTK HaTpill-KanieBoro Hacoca

eBUY HOHHUY Hacoc (HOHHI Hacocu — Iie TpaHC-
mopTepu HOHIB). YHINOPT 3AiTICHIOE TPAHCIIOPT
TiIbKY ONHi€el PEUOBUHU.

Po6oTa HaTpiin-KanieBoro Hacoca

VY nuromimasMi Ta MO3aKJITUHHOMY CEPEo-
BUIII TiATPUMYETHCA II€BHE CIIiBBiTHOIIIEHHS
onie Na® i K* (Bmict K* O6inpme y xiaitu-
Hi, a Na'* — mosa kJiiTuHO). BukauyBanus
oniB Na' i3 kaitTuum i nmepenecennsa rouis K*
Y KJIITUHY 3miHCHIOETHCSI MeMOpPaHHUM OiJIKOM.
s 1poro mpoiiecy BUKOPUCTOBYETHCA €Heprisa
ATD (man. 25.2).

3a ofiMH IUKJ PoOOTH HACOC BUKAUYE 3 KJIi-
TuHu Tpu HoHu Na' i 3axkauye nBa tionu K*.
Tomy Ha 30BHiIMIHbOMY 0OI[i MeMOpPaHU HAKOIIM-
4yeThcA HAAJIUIIOK MO3UTUBHUX HoHIB. 110 pis-
HUITIO IIOTEHIIiaIiB MiK 30BHIIITHBOIO 1 BHYTPIIII-
HBOIO IOBEPXHAMMU MeMOpaHU BUKOPUCTOBYIOTH
AK OKepesio eHeprii O6araTo iHImmxX OiTKOBUX
KOMILJIEKCiB JJIAd IepeHeCeHHA Pi3HUX PEeYOBUH
Kpisp memOpamy.

EHgounTos i ek3ouunTos
(QaKTMBHWUI TPaHCNOPT)

IlepenecenHsa BeIUKHUX MoJeKyJ (0inkiB,
moJricaxapujiiB, HYKJIETHOBUX KICJOT) i uyac-

0 Kniouosa iges
MacuBHWIA TpaHcnopT (6e3 BUTPAT eHeprii) He-

BEJINKMX MOJSIEKYN Kpi3b KNITUHHY MeMbOpaHy
3[iNICHIOETBCA LWAAXOM MPOCTOI i MoJserweHor
andysii. AKTMBHMI TpaHCMopT (3 BUTpaTaMu
eHeprii) 34iNCHINETbCA 3a JONMOMOIOI Crnevianb-
HUX GiNKiB-TpaHcnopTepiB (yHiNnopTa, cMMnopTa,
aHTMMoOpTa), eKk30- abo eHAOLUMTO30M, a TaKOX
LWIAXOM BE3UKYNAPHOro TPaHCMOPTY.

EHepria BuTpavaeTbca

BaHtax —L. [

«XBOCTW» N p \
T4 Q Q

KiHe3nH \2 ATO ATO é

«Ctebnoy —— » » )

«loniBka» &

MikpoTpy60ouka

Man. 25.3. Cxema po6oTu KiHe3nHy — 6inka, wWwo
«KPOKY€» y3[0BX MIKPOTPYOOUOK i NepeHoCuTb Be3n-
Ky Ta iHWIi YaCTUHKK MiX Biggdinamu KnitmHu

TUHOK ((pparMeHTH KJITHH) uYepe3 KJIITUHHY
MeMOpaHy BifOyBaeThCA 3 YTBOPEHHSAM Be3U-
KyJ. Besukyam — 1e MeMOpaHHi myxXupIti, axi
3IaTHiI TpaHCIOPTyBaTum pedoBuHU. MemOpan-
HUI TPAHCHOPT Y KJIITUHY HAa3WBalOTh €HIOIM-
TO30M, a TPAHCIIOPT i3 KJIITUHU — €K30I[UTO30M.
ITormuHaHHA KJIITHHOIO TBEPAUX YACTUHOK Ha-
3UBaOTh (aromuTo30M, a IOIVIMHAHHA PiAuH
i Kpamnejp — MiHOIIUTO30M.

Be3nkynapHum TpaHcnopT ycepeguHi

KNiITUHN (QKTUBHWI TPAHCMOPT)

TpaHcmopT pPevyoBWMH yCepemuHi KJIITUHHT
3 OJHi€l opraHesu B iHINIY TaKOK BimOyBaeThcA
y BesHKyJax. BesumKyJu BigOPYHBKOBYIOTHCS
Big muctepH anapaty I'oaba:Ki I JOCTaBIASAIOTH
PeYoBMHU B OpPTaHeJu-MillleHi, 3JIMBalOUYUCh
3 ixuimu memOpamamu. {1 TpaHCIOPTYBAHHSA
BE3UKYJ BUKOPUCTOBYIOTHCA MiKPOTPYOOUKH,
10 € CKJaJOBUMM I[MTOCKeJeTa. TpaHCIIOp-
TYBaHHS Ha MMOBEPXHiI MiKpoTpybouoK B3miii-
CHIOIOTh MOTOPHi OinKu: OuHeiHu i1 KiHe3uHU
(man. 25.3). [JuHeiHu mepeMiIlyOTh YaCTUHKU
3 mepupepiiHUX MIMAHOK KJIITUHU OO0 IEHTPO-
comu. Kimesunu, HaBIaxKu, IepeMillyioTh dac-
TUHKY B HAOPAMKY OO0 KJIITUHHOI mepudepii.
IIpomec ime 3 BuTpartoro emeprii AT®.

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Yomy KRiTMHW BUTPavyaloTb 3HAYHY YacTUHY BU-
pobneHoi eHeprii (4o 50 %) Ha TPaHCMOPT PEYOBMH
yepes memb6paHn? 2, Aki KNiTUHU XpebeTHNX aKTUBHO
BUKOPUCTOBYIOTb daroumntos? 3. K BHYTPIiLIHbOKI-
TVHHI TPAHCMOPTHI BE3UKYNM PO3Mi3HaloTb opraHenu-
MileHi?
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§ 26. TpaHcnopTHa cuCcTeMa POC/IMH: CMMNAACT | anonnacT

0 [omipkynTe

YoMy pocCivHK B'AHYTb, AKLLO BOHW OTPMMYIOTb
HeOoCTaTHIO KinbKicTb BOAN?

Q 3raganTe

» bynoBa KopeHsa » KopeHeBi BONOCKM

o MnnkyBaHHA

Pyx peYoBMH y BMLLMX POCSIVH

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

IlornmmHaHHA BUOIMMHU POCJIMHAMU MiHepa-
JiB 3 I'PYHTY 3LiACHIOETHCS OCOOJIMBOIO 30HOIO
KOpeHA — B30HOI0 BCMOKTYBaHHSA, e IMOKPUBHI
KJITUHA MalOTh BUPOCTU — KOPEHEBi BOJIOCKU.
Kpisp MmemOpaHu KOpeHeBUX BOJIOCKIiB IIPOHUKAE
BOJia i po3umHEHi B Hi#l coJri.

Big moxkpuBHUX KJIITHUH KOpPEHEBUX BOJOC-
KiB BOOHUI PO3YMH JaJIi IIepecyBaeThbCcA IIa-
PEHXMMHOI TKAHWHOIO [0 IIEHTPY KOPEeHsd.
TyT posamiineHo ejgeMeHTH IIPOBIAHOI cHUcCTeMU
pocauH (Kcuyiema ¥ paoema). Humm BogHME pos-
YUH MiHepasiB IigHiMaeThbcsa Bropy OO crTebdja
M JWCTKIB, a CMHTE30BaHi POCJIMHOIO OpPraHiuHi
PEYOBHHU POIIMOAIIAIOTLCA MiK yciMa yacTmHAa-
MU OpTraHismy.

Hn3bKka KOHUeH-

Tpauif peyoBUHN
°. i3 30BHilWHbOrO
o’ 60Ky KNiTUHM

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

Bucoka / °9’ A

KOHLIeHTpauin ° . * e 3 BUCOKOIO
peyoBUHN o o ® . KOHLeHTpauji€o
BCepeauHi ° ©

KNiTUHW

Man. 26.1. Ocmoc
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MornnHaHHA BOAW KOPEHEBUMM
Bonockamu. Ocmoc i Typrop

HagxomsxkeHHA PO3YMHEHUX PEYOBUH KPi3b
MeMOpaHM KJITUH KOpPEHeBUX BOJOCKIB 3mIiii-
CHIOETHCA MIIAXOM AuUQy3ii I aKTUBHOIO TPaHC-
mopTy.

Boma HagxoawuTh y POCJMHY B OCHOBHOMY
3aBIAKKA OCMOCY.

Ocmoc — 11e Juy3sisa MOJEKYJI POSUMHHUKA
(y BUmagkry, 10 PO3TJSAAAETbCSI,— BOAU) KPi3hb
HATiBIPOHUKHY MeMOpaHy i3 30HUW 3 HU3BKOIO
KOHIIEHTPAI[i€}0 PO3UMHEHOI PEYOBUHU B 30HY
3 ii OiIBIIT BUCOKOIO KOHIleHTpaIlieo (maa. 26.1).
Benuki mMoJieKyJii PO3UMHEHUX Y BOJI PEUOBUH
HEe MOXKYTh MPOHUKHYTH KPidh KIITUHHY MeMO-
paHy, a MOJIEKYJX BOAW MOXKYTb. BoHu HiOU
po30aBIAIOTh BUCOKOKOHIIEHTPOBAHUN PO3UYNH
oo iHmwuii 6iK MeMOpaHH.

OcMoc XapaKTepuU3yeEThHCI OCMOTHYHUM
THCKOM — THCKOM, SKHUIl HOTPiOHO HOKJIACTH,
100 3amobirT¥ OCMOTHUYHOMY HAAXOIKEHHIO
BOJIW B PO3YMH.

Y HaszeMHUX POCJIVH IOTJIWHAHHA BOIAU
3 TPYHTY ILJIAXOM OCMOCY 3IiHICHIOETHCA KPi3b
KJiTuHHI MeMOpaHM KOPEHEBUX BOJIOCKIB Ta
iHmMUX KJIITUH y KopeHi. OCMOTMYHUIN THCK
y IUX KJITHHAX i KJIiTWHax, IO IPOBOLATH
BOJIy BiJl KODEHEBOT'O BOJIOCKA 0 KCUJIEMU i JaJri
IO JUCTKiB, HabaraTo BHUINWI, HiXK OCMOTHU-
HUHW TUCK I'PYHTOBOI BOJM, YHACJiJOK BUCOKOI
KOHIIEHTpAIlili po3umHEHuX CcoJiel i caxapumis
y KJaituHax. Hampukiazn, KIiTHHE KOPEHEBUX
BOJIOCKIB MAalOTh BEJUKY BaKyOJIO 3 AysKe BU-
COKOI0 KOHIIEHTPAI[i€I0 PO3UMHEHUX PEUYOBUH,
TOMY BOJla «IIparHe» yBiTU B Iii KJIITUHU, 3HU-
JKYIOUM IXHIO OCMOTUYHY KOHIIEHTPAIiio.

Koiu B poCIMHHY KJITHMHY B pes3yabTaTi
oCMOCY HaAXOAUTH BOJA, ycepeAuHi KJIiTUHU
dbopmyerbcsa Typropuuii tuck. lle mampyxe-
HUHW cTaH KJIITHHHOI 00O0JOHKH, IO CTBOPIO-
€ThCs THCKOM BHYTPIIIIHBOKJIITMHHOI pPigmHMU.
3aBAsAKY Typropy TKaHWHU MAaIOTh MPYKHICTH,
creba 30epiraroTh BepPTHUKAJIbHE IMIOJIOMKEHHS,
BiIKPUBAIOTHCA MPOAUXU. SHUKEHHIM TYPTropy
CYIIPOBOAKYIOTHCS IPOIeCH B’ SHEHHS i cTapiH-
HA KaitmH (Man. 26.2).
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Man. 26.2. Porib 0OCMOTMYHOTO 11 TYPropHOro TUCKY
B MPYXHOCTI TKAHUH POC/INH: @ — 3POCTaHHA TYPropHOro
TUCKY CMPUYNHIOE BIAKPUTTA 3aMUKaOUMX KITUH NPOAMXIB,
a BTpaTa Typropy — ix 3akpuBaHHA; 6 — Konu Boau y Basi
He 3a/NWAETbCA, OCMOC «3MYLLYeE» iT BUXOAUTU 3 KNITUH Ha-
30BHi. Boga BMNapoByeTbCA, i KBiTW B'AHYTb

AnonnactTUyHUM Ta CUMMIACTUYHNN
LUIAXW TPAHCNOPTY BOAM
N MiHepanbHUX PeyoBUH

Bonma 3 posumHeHWMHM MiHEpPaJIbHUMU pe-
YOBUHAMM, IO MOTPANUIU 3 I'PYHTY B KOPiHb,
pyXxaeThcAd MO HOro IeHTPY, a TOUHiIlle — [0
cynuH Kcuaemu. Ile mepemimieHHs Ha3WBaIOTH
pamiaxpHuM (260 6ITU3PKUM) TPAHCIIOPTOM BOAU
B KopeHi. IIIBUAKiCTDL pPyXy BOAM B KOPEHi Ay:Ke
HesHauHa — OJu3bKO 1 MM/TOf.

Pagianpanii (0IM3BKUWIT) TPAHCIIOPT BOIU
B KOpeHi 3milficHIOEThCA KiJbKOMa cmocobaMu
(mag. 26.3).

« CMMIIACTUYHMI HIJAX: PEYOBUHU TPaH-
CIIOPTYIOThCA 3 I[UTOIJAa3MM OOHiel KiaiTmHU
B IIUTOILJIA3My iHIIOI Kpi3h naasdmodecmu —
nuTomsadMaTuuHi Mmictru. IluTommasma BcCix
KJIITUH, 3’€JHAaHAa IJIa3MOlecCMaMM, Ha3UBAETHCS
cumnaacmom. CUMILIACT CIYTye IJIA TPAHCIIOP-
TyBaHHA MiHEPAJbHUX 1 OPraHiYHUX PEYOBUH.

0 Kniouosa iges
[lornnHaHHA BUWKMUW pPOCIMHaAMWM MiHepanis

3 I'PYHTY 3AINCHIOETBCS KPi3b MemMOpaHu KRiTWH
KOpPEHEeBUX BOJIOCKIB LIAAXOM aKTUBHOrO
TpaHcnopTy. Bopa Hagxogutb 3aBAAKM OCMOCY.
PagianbHuin (6n13bKNUiA) TpaHCMOPT BOAWU i MiHe-
paniB y KOpeHi M NNCTKax 3AiNCHIOETbCA TpbOMa
LIAXaMu: Mo anonnacty (cuctemi KNiTMHHUX CTIHOK
i MPKKIITMHHMX NPOCTOPIB), CMNAACTy (LMTOoMNa3Mmi
KNiTWH, 3'€QHaHMX Na3MofecmMamm) Ta BaKyossXx.

KopeHeBuin
BOMOCOK ¥/

Wnax no —~
anonnacty

MNapeHxima

CyavHu

:I Kcunemu

Man. 26.3. LLUnaxu TpaHCNOpTy BOAM B KOPEeHi
BifJ KOpEeHeBUX BOJIOCKIB A0 CyAWH

« AonIacTUYHUN NIJISX: PEUOBUHU TPAHC-
TIOPTYIOTHCA TI0 ANONJAACMY — B3aeMO3B’ a3aHi
CHUCTEMi KJITHHHMX CTIiHOK i MiRKKJIITHHHUX
nmpocTopiB. AmomjacT HeOOXimgHMHA aad TpaH-
CIIOPTYBaHHSA BOAM II MiHepaJbHUX CIIOJYK.

- Ilo Bakyoasix: BoJia TPAHCIIOPTYETHCA TIO
cucTeMi KJIITUHHUX BaKyOJIeH.

[NepemiweHHA BOAWV B IUCTKY

Boma 3 xaiTuH mapeHXiMu KOpeHs HaIXO-
IUTH y cyouHUu Keujemu. I1o Keunemi minepasib-
Hi peYOBUWHU MOIIMPIOITHCS II0 BCili poOCIUHI.
OCHOBHMMU CIIOKMBAaYaMU IIUX PEYOBUH € Yac-
TUHU POCJIMHU, IO POCTYTh.

IToTpamnaoun mo KcuaeMi B JIUCTKH, BOIa
M MiHepaJbHI PEUOBUHU POS3MOMIJIAITHCA dUe-
pes3 posTaNy;KeHy MepeKy IPOBIIHUX NYyUYKiB
IO KJITUHAaX. 3aBAAKU PACHOMY PO3TAIYIKEHHIO
KCUJIEMHU B JIUCTKY MaiiKe KOKHa KJIITHHA KOH-
TaKTy€ 3 IPOBiJHOIO cCUCTEMOIO. PyX peuoBHUH IO
KJiTHHAX JUCTKAa 3MiHCHIOETLCS, AK 1 B KOPEeHi,
TphOMA INLJIAXaMU: IO aIOIJIACTY, CUMILIACTY
Ta BaKyOJISX.

3anuTaHHA Ta 3aBAaHHA

1. Yum ocmoc BiApi3HAETbCA Bif 3BMYanHOI Andy-
3ii? 2. Yum pgns pocnuH HebesneyHe 3HEBOAHEHHA?
3. Ak perynioetbca poboTta npoguxis? 4. Yum Bia-
Pi3HAIOTBCA CUMNAACTUYHUNA Ta anoOMIacTUYHUIN TpaH-
CMOPTHI WnAxu?
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§ 27. TpaHcnopTHa cncTtema pPoC/InNH:

NPOBIAHI TKAHWUHN

0 [TomipkynTe

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

Q 3raganTe

« bygoBa cTebna e [TpoBigHi nyykn

o Kcnnema o Onoema

» TpaHcnipadia

[poBiAHI TKAHNHW POCITUNH

TpaHcnOPTYBaHHA PEUOBUH Yy BEPTUKAIHHO-
MYy HAIIPAMKY V BUIIUX POCJNH 3OiMCHIOIOTH IPO-
BifiHi TKaHWHU — KcuiieMa (fepeBuHA) i (hroema
(ny6). ITo rcuimeMi IPOXOAUTL BUCXimHUI (Bin
KOPEeHs [0 TaroHiB) pyX BOAU 3 PO3YMHEHUMU
B Hill MiHepaJlbHUMHN COJIIMUH. PeuoBUHU, IO
YTBOPIOIOTHCSA B Pe3yJIbTaTi (DOTOCUHTEZY, IIepeMi-
MIyIOThCA MO (pyroeMi Bim JMCTKIB mo iHImx uac-
THH pocanHu (cTebia, KopeHsa, KBiTku). Keumema
11 (pioeMa posTaIllioBaHi mOPsA i yTBOPIOIOTH IIPO-
BigHi myuku (mai. 27.1).

bynosa kcunemn

Kcunema ckiyiajaeTbca 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 €eJIEMEHTIB € BUTATHYTUMU KJITHHaAMHU 3i
3nepeB’aHinuMu obosoukamMu. Ili raiTuHM €

LR R \ Curo-
Cyauhu N S \ NoAi6Hi
kKevnemy [ B i ‘ TPy6KM

L - ‘ |- dnoemn

N T ‘ | Curo-
Mepdo- g Y nopibHa
pauis 1< W D‘ nnacTviHKa

Man. 27.1. Cuctema NpoBIgHMX TKAaHUH BULLUX POCINH
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MepTBUMU i He MIiCTATH IIPOTOILJIACTIB, 1T0 3HA-
YHO MOJIETTIIYE TPAHCIIOPT PEYOBUH.

Tpaxeimgu — Ie AyKe HOBri, posTalIoBami
y pAL KJIiTWHU, V cTiHKax axkux € mopu. Ilepe-
CyBaHHS BOAM 3 KJITUHU B KJITHUHY 3IiHiCHIO-
€ThCA KPi3b IIi IIOpPHU.

Cymuan — 11e GiJIbI crelriasisoBaHi mpoBigHi
eJIeMeHTH, I110 € JOBTUMHU (Bif KiJIbKOX caHTHUMe-
TPiB IO KiJIBKOX METPiB) HMOPOKHUCTUMHU TPYO-
kamu. Ili TpyOKuM yTBOpPEHi OJHUM PAIOM KJIi-
TUH — YJeHUKaMu cyouru. Y Micugax 3’eTHaHHS
4JeHUKIB € nepgopayii — HACKpi3Hi oTBODU,
Kpidh AKi BMiHCHIOETHCA TPAHCHIOPTYBAaHHA pe-
yoBuH. [lepemimnieHHsa pPO3UMHIB CyAwHAMHU Bij-
OyBaeThCcsa HabaraTo IIBUAINE, HiXK Tpaxeimamu.

MexaHi3Mmn TpaHCNOpPTY PeyYOBUH
no Kcunemi

Kcnmemoro Bosa mepecyBaeTbCs 10 JIUCTKIB,
3 AKUX BUIAPOBYETHCA Kpisb mpoauxu. lleit Ha-
NPAMOK PYXY PO3UYMHIB HAa3WBAIOTh BUCXiTHUM
TIOTOKOM. AJle CyAUHAMU i TpaxeilaMu PO3UMHU
MOJKYTh TPAHCIOPTYBATUCA HE TiJIbKU BEPTU-
KaJIbHO, ajie i TOPU3OHTAJBLHO — 0 KUBUX
KJiTuH abo cycigHixX IpOBiJHUX eJeMeHTiB.

ITigitom BOoAM mo Kcuiemi BimOyBaeThcs 31e-
OisIBITIOTO 3a pPaXyYHOK TPaHCImipamii — BUIAapOBY-
BaHHA BOAU JUCTKAMU. Y HACTITOK IIbOTO B KPOHi
pPOCJIVMHYM BUHUKAE HecTaua BOMU, i 3HEBOIHEHi
KJITMHA TPUCMOKTYIOTH BOAY 3 PO3TAIIOBAHUX
HIDKYe cyauH Keuiaemu. 11a cucHa cuna migaimae
BOAY B cyAuHax 3i mBuakicTio Bix 1 7o 10 m/rox.
Hpyra BaskauBa cuia, sika 0epe yJacThb y ImigiAomi
BOJIVI,— KOpPeHeBu# THCK. [[pmunHOI0 KOpEeHEeBOTO
THUCKY € Pi3HA KOHIIEHTPAIlid PO3YMHEHUWX MiHe-
pajJbHUX PEUOBUH Yy Pi3HUX YaCTUHAX POCIUHU.
Takosk migitoMy BoAM B CyAUHAX CIIPUAIOTH Kalli-
JsapHi edeKTH — 3YerIeHHA TOJAPHUX MOJIEKYJI
BOJY OJHA 3 OJHOIO Ta 3i CTIHKaM! CyJWH.

Bbynosa ¢pnoemu.
Bynosa cutonogibHmnx TpybokK

OCHOBHOIO YaCTHUHOIO (DJI0OEMHU € CUTOHOMi0-
Hi IPOBiAHI eJJeMeHTH — CUTOIOMIOHI KJIiTHHUI
i curononiOoHi TpyOKU (Mas. 27.2). o ii ckiaamy
BXOAATHh TAKOYK KJIITMHU OCHOBHOI (mmapeHxima)
Ta MexaHiuHOI (1y06’sAHI BOJIOKHA) TKAHUH.
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Q00 G —— Cutonogi6bHa

nnacTUHKa
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KniTuHHa
cynyTHMUA A

—— TOHKUI Wwap
ymTonnasmu
(Appo BigcyTHE)

— CutonopibHa
} nnacTuHKa

Man. 27.2. bynosa cutonopfi6bHoi Tpy6KM

CuronmogioHi kaiTunu, Ha Bigminy Big Tpa-
xeim KcujieMu, € JKUBUMU. BOHU MaloOTh BUIO-
BiKeHY (DOPMY 1 MpOoHM3aHI HACKPI3BHUMU OTBO-
paMu, Kpidh AKi TPAHCIOPTYIOTHCA PEUOBUHU.

CurtomnonioHi TpyOKHU CKJamatoThcs 3 0esJi-
i KJiTuH-uleHuKiB. HackpisHi oTBopm aBOX
CYCimHiX KJITMH yTBOPIOIOTH CUTOIONIOHI IIIac-
TUHKU, KpPi3h AKi IepeMilyloThCA PO3UUHU.
IIi xuiTuHYM KUBi, ane B HUX HeMae Anep. [lopyu
3 KJiTHHaAMU-YJeHUKaAMM! PO3TaIllOBaHi KJiTH-
HU-CYIIYTHUIIl, AKi MalOTh Aapa i IIUTOMJIa3My
3 opraHejsamMu. KIiTHHU-CynyTHUII TigTpUMY-
IOTh OOMiH PEUOBUMH y KJIITMHAX-UJIEHUKaX CHU-
TOIIOAIOHUX TPYOOK.

MNepemilweHHA peyoBnH No Gproemi

Ha Bigminy Bij Kcmyiemm, opraHiuHi pedo-
BUHU MOXKYTh TpaHCIOpPTyBaTucd mno ¢oemi
# yropy, i Bums. Maitzxke 90 % ycix pedoBuH,
110 IIepeHOoCATHCA, CTAHOBUTHL caxaposa. 1lIBuna-
KicTb pyxy caxaposu cranoButh 20—100 cm/Tox;
3a JeHb IO CTOBOYDPY BEJMKOTO JepeBa MOXKe
mepeMicTuTHCA KiJIbKa KijJlorpaMiB IILOTO BYT-
JeBOLY.

0 Kniouosa iges

EBontouiiHe BUMHUKHEHHA MPOBIAHMX TKaHWH
noB'A3aHe 3 BMXOLOM POCAUH Ha cyxopin. Kcu-
nema (Tpaxeign 1 cyauHmn) 3abesnevye BUCXigHNIA
pyx Bogu 1 MiHepanbHUX peyoBuH. ligiom Bogn
no Kcunemi BifOYBAa€eTbCA 3a PaxyHOK TpaHCni-
pauji, KopeHeBOro TUCKY N KaninApHuUx edekTis.
®Onoema 3abe3neyye nepemilleHHA PEYOBUH,
YTBOPEHMX MNif Yac GOTOCMHTE3Y, Bif NUCTKIB OO
iHLWWX YaCTUH POCJIVIHM.

EBontouia TpaHCNOPTHOT cncTemu
B POC/IVH

BuHuKHeHHA MTPOBIAHMX TKAHWH IIOB’sA3aHe
3 BUXOJIOM POCJHH Ha CYXOIiJl, KOJIu 3’ ABUJIacsA
HeOoOXiHiCTh TOCTaBKMW PEUOBUH BijJi KOPEHiB 10
JUCTKIiB, i HaBmaKu.

Kcunema. Y mpomeci eBoamoIii mepium-
MU BUHHUKJIHN Tpaxeimu. Ix BuABIeHO B mmep-
MIUX TPUMITUBHUX HaseMHUX pociuH. CynmHm
3’aABUJIVICA 3HAYHO IIi3HIIlEe IMIJISXOM IIePEeTBO-
perHsa Tpaxein. CyuyacHi cmopoBi if rosioHaciHHI
pocauHM 34e6iJbIIIoro MalTh TiJIBKM TPaxeimun;
CYAUHU B HUX BificyTHi (OKpiM JeAKUX BUIIAJ-
KiB). Maii:ke B yCcix IOKPUTOHACIHHUX POCJINH
e ¥ Tpaxeinu, i cyauHU.

daoema. CuronoidHi KiIiTuHN 3a 6YI0BOIO
OiJIBIIT TPUMITUBHI MOPIBHAHO 3 O6araTOKJiTHUH-
HUMHU CUTOMONIOHUMY TpyOKaMu. BoHU € xapak-
TePHUMU [IJIA CIIOPOBUX i TOJIOHACIHHUX POCJIMH.
Y mokpuToHaciHHUX NPOBiAHI eJeMeHTU IIpen-
cTaBJIeHi OiJbIT e(DeKTUBHUMU CUTOIOMIOHIMU
TPpyOKaMu.

BunukzeHHsI CyAUH KCHJEMHU i CHTOIIOMmiO-
HUX TPYOOK ()JI0EMU B MTIOKPUTOHACIHHUX POCJIMH
TOJIETIIINJIO TPAHCIIOPTYBAaHHSA BOJAU, 1110 BUSBU-
JIOCSA BaYKJIMBUM €BOJIIOI[ITHUM IPVICTOCYBAHHAM
IO JKUTTS HA CYXOJOJIi.

@ MNpakThyHa poboTa

Bu3HayeHHA iHMeHcusHocmMi mpadcnipayii ma
8i0OHOCHOI mpaHcnipayii eazoeum memoodom

1. MoMmicCTiTb INCTOK NeNnaproHii 3 YepewKkom y npo-
6ipKy 3 BOAOI, Ha MOBEPXHIO AKOI TOHKMM LUapPOM
HaHeceHo onito. 3BaxTe Lo NPobipKy.

2. Yepes 30 xB iwe pa3 3BaxTe NpobipKy Ta BU3Ha-
yTe KinbKiCTb BOAMW, 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 noTim uepe3 30 XB MOBTOPITb
3Ba)KyBaHHA. Po3paxynTe BifHOCHY TpaHcnipauito.
4. CoopmyntonTe BUCHOBOK.

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Wo cninbHoOro mixk Tpaxeigamu i cutonogibHUMm
KniTnHamun? Y 4yomy ixHi BigMiHHOCTI? AK BM BBaXka€Te,
UM € B HUX CMiNbHUI €BONOUINHUIA «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 BillUaCTVX NIOCKUX YepBiB Oyno BUABMEHO 3a-
KOHOMIPHICTb: UMM BinbliMM € po3Mmip Tina, TM
6iNblINA CTYMNiHb Fany»eHHA M€ iXHI KULLEYHVK.
3 yum ue moxe 6yt moB'A3aHO?

Q 3raganTe

o OYHKLii KPOBOHOCHOI cMCTeMM
o Tunun i 6ygoBa KPOBOHOCHUX CYyAMWH
» bygoBa cepus

TpaHCNOpPTHI cncTemn TBapuH

Meraboaiuni mporecu, 1o mepebiraroTb
Yy KJiTMHAX Tijla TBApUH, BUMaramoTh Oea3repeps-
HOTO IPUIJINBY TOKWBHUX PEUOBUH i KHCHIO,
a TaKOK BUJAJIEHHA MPOAyKTiB 06MiHy. Bci opra-
HIBMU THUM YU iHIIIUM ILISXOM 3IiACHIOIOTH IIepe-
HEeCeHHs PEeYOBUH 3 OJHi€l yacTWMHU Tijla B iHIITY.

B omHOKIITHHHUX OpraHidMiB ImepeHeceHHS
peuyoBUH Bifi0yBaeTbca TLIAXOoM AuU@Yysii mose-
KyJ, MepeMillleHHAM AKUX COPUAE PyX IIUTO-
mirasMu. ¥ BeJIHMKHX TBapUH iCHYE cIlelliaJbHa
cucTeMa BHYTPIITHBOTO TPAHCIIOPTY.

Haitnpocrinri i3 cyuacHUX TBapwH, y AKUX
€ crelliaJbHa TPAaHCIOPTHA CHUCTEMa,— Ie He-
MepTHHH. Y HUX € OJHA COMHHA i aBi 6Giumi
KPOBOHOCHI cyauuu, 3’¢JHAHI MOMEepeUYHUMU
cynmHamMu. ¥ Oigpmux i CKJIagHO OpraHis3oBa-
HUX TBapWH CHCTeMa KPOBOOOITYy CKJIAZAETHCS
3a3BrUail i3 KPOBOHOCHUX CYAUH i cepIid.

TpaHcnopT peyoBUH
Y KMLIKOBOMOPOXHUHHMX, rYOOK,
MNOCKUX | KPYrNINX YepBiB

KumrkoBomopo:KHUHHI, TYOKH, IIJIOCKi uep-
BU He MAalOTh KPOBOHOCHOI cucTeMu. ¥ KHUIIKO-
BOMOPOKHUHHUX i I'yOOK TPAHCIOPT PEYOBUH
IO BChbOMY OpPTaHi3My B3IiNCHIOETHCA ILJIAXOM
nu@ysii (moJinu, ryoxu) abo 3a JOIOMOTOIO PO3-
rajJyXeHb KHITKOBOI MOPOKHUHU (MeIy3u’).

Pigunua, 1110 MUPKYJII0€ B KaHAJAX KUIITKOBOI
TMOPOKHUHU KUIITKOBOIIOPOKHUHHUX,— TiAPOJIiM-
da — pmocraBifge M0 KJIITUH TOKWBHI PEYOBUHU
i Bumasisie mpoayktu oomimy. Iigposmimda micTuTh
COJIL Ta opraHiuHi peuyoBMHMU; Ii CKJIAJ HECTAJIMI.
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V¥V niaockux UepBiB TPAHCIIOPT PEUYOBUH Bij-
OyBaeThbCA TAKOMK ILIAXOM audysii. ¥ HuUX He-
Ma€ MOPOKHUHU Tijla, i PEUYOBUHUN TPAHCIIOP-
TYIOThCA TKAHMHHOIO PIAMHOI0 MiXK KJIITMHaAMU
mezomepmu. Hudysia moaermryerbcs Crolme-
HOIO (pOPMOIO Tijla i YMCIEHHUMM PO3TaIy:KeH-
HAMU KUIIeYHUKA.

Y Kpyramx 4yepBiB PEUOBUHU HEPEHOCATHCS
pPiIMHOIO TIEPBUHHOI MOPOKHUHU TiJia.

KpOBOHOCHa cancTteMa

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

- pizuHa, dKa MUPKYJI0E (KPOB, JiMpa, re-
moJsrimda);

s CYOIUHU, SKUMU IIUPKYJIIOE piguHa (apre-
pii, BeHU, KamiyaApwm);

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

T'emogsimpa — pigka TKaHUHA, II0 IUPKYJIIIOE
B CyIWHAX i MiIKKJITUHHNX OPOXKHWHAX DaraTbox
OesxpebeTHUX TBapUH (UJIEHUCTOHOTi, MOJIIOCKI)
3 HE3aMKHEHOI0 CHCTEeMOI0 KpoBoobiry. Ckiaga-
€ThCS 3 BOM, HEOPTaHIUHMUX i Opra’HiuHUX CIIOJIYK.

KpoB — pinka cmosyuHa TKaHWHA, 1110 CKJIAa-
IaeThCA 3 IJIa3MU i KJIiTuH ((PpopMeHUX eIeMeH-
TiB) — JIEKOIIUTIiB, EPUTPOIIUTIB i TPOMOOITUTIB.
IMupkysioe y 3aMKHEHill cucTeMi KPOBOHOCHUX
CyIVH.

Y He3aMKHEHili KPOBOHOCHII cucremMi KpPOB
BUXOJAUTH 3 KPOBOHOCHUX CYAWH, IOTPAIJIAE
B TOPOKHUHY Tija abo MPOMiKKU MiK opra-
HaMM i Jepe3 BiZKPUTi KiHI[I BEHO3BHUX CYIUH
3HOBY HaAXOIUTH 10 KPOBOHOCHOI cucTeMu (Hje-
HUCTOHOTi, YacTWHA MOJIOCKiB, TOJKOIIKipi).
Y 3amMKHeHill KPOBOHOCHiW cUCTeMi KDOB Teue
TinTbKM cyamHamm (KijsibuacTi uepBu, XpeOeTHIi
i meari immi TBapuHmM).

EBoniouisa KPOBOHOCHOI CUCTEMM

Yy XOPAOBUX

V xopmoBUX KPOBOHOCHA CHCTEMA 3aMKHEHA.

TosoBHi eBostoIifiHi 3MiHUM B cuCTeMi KpO-
BOOOiry moB’s3aHi 3 mepexomoM Bin 3s0poBo-
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ro OUXAaHHSA OO JIeTeHeBOro: Yy 3eMHOBOJHUX
3’ABJIAETHCS APYTe KOJI0O KPoBooOiry (mase, abo
JereHese) i, K HACJIiIOK, YCKJIAIHIOETHCA Oy I0Ba
cepiid (hopmyroTbesd aABa nepexaceps) (mas. 28.1).

Hani eBojrorisa e NMIIAXOM 30iJbITTEHHS
BMiCTy KMCHIO B KPOBi, IIT0 HAAXOAUTHL OO Opra-
HiB: y IJIa3yHiB BUHUKA€E HEIIOBHA IIePEroOpoaKa
B IIJIYHOUKY, a y HTaXiB i ccaBIiB (hopMyeETH-
cd YOTHPUKAMepHe cepiie. ¥ HOTaxiB i ccasiiis
IO OpraHiB HAAXOIUTH TiJABKU apTepiasbHa
KPOB; 3aBIAKHU KpaloMy 3abe3leueHH0 KUCHeM
Y TKaHUHAX IMiITPUMYETHCA BUCOKUUN PiBEeHb 00-
MiHY PEYOBUWH, IO 3YMOBJIIOE TEILIOKPOBHICTH.

bynoBa KpOBOHOCHOI cCTeMM Y XOPOOBUX

TBapunu BynoBa KPOBOHOCHOI CHCTEMU

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

Pubu OpHe KoJ10 KpoBooOiry. Cepiie 1BO-
KaMepHe (mmepezncepms i MIIYHOUOK).
V¥ cepiii — BeHO3HA KPOB

Amdi6ii IBa xosa KpoBoobiry. TpukamepHe

cepiie (IBa mepeacepad i IIJIYHOUYOK).

KpoB y miyHOUKY cepiia 3minraHa

Penruiii IBa xosa KpoBoobiry. Cepiie TpuKa-
MepHe 3 HeTIOBHOIO [TePeropoaKOoI0
B IIYHOUYKY. KpPOB y IIIYHOUKY

3MiNIyeThCA HE TOBHICTIO

IIraxu IBa xosa KpoBoobiry. Cepiie uoTu-
i ccasiri pukamepHe. ApTepiajbHa Ta BEHO3-
Ha KPOB He 3MillIyI0ThCA

PenTunii

Man. 28.1. Cxemn KpoBoobiry y xpebeTHux

KntouoBa igen

bynoBa KpOBOHOCHOI cuctemun
y 6e3xpebeTHnX
Kinpuacrti uepBu

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

CnrHHa KpOBOHOCHa
cyAviHa

HecnpaBHi  YepeBHa KpOBOHOCHa
cepusa cyaunHa

YaeHuCTOHOTr

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

Cepus

TP~

Moarockn

Kposonocua cucrema HesamKkHeHa. Cepiie 3i mury-
HOYKOM i mmepecepasiM, po3TaliioBaHe Ha CIIUHHO-
My Oorri Tina

lWnyHouok  Cepue

Mepencepas

N Jlerenn

KpoBoHOCHI cyanHu

KomnoHeHTam1 KpOBOHOCHOI CUCTEMU € PiMHA, AKa LIMPKYOE (KPOB,
nimda, remonimda); cyamHn (aptepii, BeHW, Kaninapu) i nynbcyouni
opraH (cepue, Bugo3miHeHa cyauHa). EBontouiiHi 3mMiHM KpoBoobiry
XOPAOBMX MOB'A3aHI 3 MepexofoMm Bif 30pOBOro AMXaHHA OO nere-
HeBOro: 3'ABNAETbCA Apyre Kono Kpopoobiry (mMane, abo nereHese)
1 ycKnapHoeTbeA bynosa cepua (popmytoTbea ABa nepencepas, a no-
TiM i ABa WAYHOUKa ANA NOAIMWEHHA NOCTa4aHHA KUCHIO Y TKaHUHN).

03al'll/lTaHHﬂ Ta 3aBOAHHA

1. Yn € eBonoUiiHOWO NepeBarot
3aMKHEHa cucTteMa KpoBoobiry mopis-
HAHO 3 He3aMKHeHo1o? 2. AKi eBonOLN-
Hi nepeBary YOTMPMKaMEpPHOro cepus
NMoOpPiBHAHO 3 TpuKamepHum? 3. Coop-
MyJIOiITe OCHOBHi HanpAMKU eBOSIOLT
KPOBOHOCHOI CMCTEMW Yy XOPAOBUX.

O]
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§ 29. TpaHCNOpPT pe4yoBUH Yy Nia3mi KpoBi

0 [NomipkynTe

Po3unHHi peuoBMHM nerko mepeHocCATbCA 3a J0-
NOMOTrO KPOBi, PO3YMHAIOUNCH Y Ti nnasmi. A AK
TPaHCMOPTYBaTU HEPO3UMHHI PevyoBUHN?

é 3raganTe

o Cknag Kposi o OyHKLii KPOBI

 [lna3ma Kposi

TpaHcnopTHa QyHKLUiA KPOBI

KpoB TpaHcmoprTye IOKWBHI PEUOBUHU —
OinKu, KUpU, BYIJIEBOAM, BiTaMiHI, a TaKOMXK
oHU MiKpoO- i MaxkpoejeMeHTIiB Bim TpaBHOI
CHCTEeMH JO BCiX KJIITHH Tija.

3 TpaHCIOPTOM IIOB’sA3aHA EKCKPEemopHa
(QYHKUiA KPOBI — BUAIJIEHHA 3 OpraHidamMy KiH-
IeBUX MPOAYKTIB 0OMiHY pedoBuH (CEeUYOBUHU,
CeuoBOi KHCJIOTH TOINO) ab0 HAAJUIIKOBUX pe-
yoBUH (coJeit, BOOM).

3aBOAKY TPAHCIOPTY 3AiMCHIOETHCA W Ou-
xaavHa QYHKYis Kpo6i: Bifi OpTaHiB fUXaHHSA [0
TKaHUH Ta iHIINX OPraHiB Tijia KPOB TPaHCIIOP-
Tye KHCEeHb, a HasaJ 3abupae BYIJIEKUCJIUI Tas.

KpoB mepeHOCUTH TaKOX TOPMOHU, 3a [0-
IOMOTOI0 AKUX 3OIACHIOETHCA T'yMOpPaJbHA pe-
ryndamnida poboTu opraHismy. 3aBOAKU pezy.is-
MOpHIll pYHKYIT KpOBi MiNTPUMYETHCA CTATICTH
BHYTPIIITHBOTO CepefoBUINla OPTraHidMy, pery-
JIOIOTHCA BOAHUI i COJBOBUI OajilaHC TKAHWUH,
TeMIepaTypa Tijga, KOHTPOJIOITHCA OOMiHHI
nporiecu i (isiosoriuni QyHKIIII.

TakoX KpPOB MIEePeHOCUTH IMYHOTJIOOYJIi-
HU — OLIKH-aHTUTINA IMYHHOL cucmemu.

TpancmopTHa (PYyHKITIiSg KPOBi 3MiMICHIOEThCSA
AK IJIa3dMOI0, TaK i ()OPMEHUMU eJieMeHTaMu
(xiiTmHAMY) KPOBi.

[Mna3ma KpoBi

IInasma KpoBi — Iie piKa yacTmHA KPOBi,
III0 MiCTUTH PO3UMHEHIi ToHM, HeopraHiuHi i op-
TaHiyHi PeYOBHHU, a TAKOMK IPOAYKTHU KJIITHUH-
"ol mucumimnanii. Ilmasma cTaHOBUTHL OJIM3BKO
55 % saraabHOro 00CAry KpoBi, TOOTO B JIIOQU-
HU e mpubausuo 2,5—3 gitpu. ¥ ii ckaaxai mic-
TuThca 93 % Boam i 7 % pPO3UYMHEHUX PEUOBUH.
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Jlo opraniuHux pedyoBUH IIJa3MU KPOBi Ha-
JIeKaTh:

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

« rurroko3a — 0,12 %

o gimigm — 0,8-1%;

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

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

Jlo HeopraHIUHMX PEUOBUH IIJIa3MU KPOBi
HaJIEXKaTh:

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

» ra3u (KUCeHb, BYTJIEKUCJIUN ras).

TpaHcnopTHI 6inKM Nnasmu KPoBi

V miasmi MicTUTBCA KiJIbKa COTeHb OiIKiB,
YyacTWHA 3 AKUX 3AIMCHIOE TPAHCIIOPT PEYOBUH.
OCHOBHUMHU TPAHCIOPTHUMH OiIKaMu KPOBi €
anvOymin, o-eno0yainu i B-eno6yninu. Bouu me-
PEHOCATH CIIOJYKH, II[0 IOTAHO PO3UMHAIOTHCA
V BOMi,— KHMPHI KHCJIOTH, riapo)obHi TOpMOHH,
JKUPOPO3UMHHI BiTaMiHM, a TaKOK MOHM Ta iHIITI
PEYOBUHU.

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

Ha Bigmimy Bim anbpOyminy, meaxki TpamHc-
mopTHiI O6iIKM KPOBi € BY3bKO cHenupiuHUMU.
30KpeMa, IepyJaoILIa3MiH cIelliaaisoBanuil Qs
nepenocy onis Kyupymy, Tpanchepun — HoHiB

Depymy.
CoemnianbHi OiIKM TepeHOCATH CTepOimHi
abo immmi rigpodob6Hi ropMOHHM — TeCTOCTepPOH,

KOPTHU30JI, TUPOKCUH Ta iHIImi. ICHYIOTH TaKOXK
OKpeMi IIepeHOCHUKHU AJA TigpodoOHMX BiTami-
HiB, 30kpema A i D.

Jlimigm, m10 CUHTE3YIOThCA Y TKAHUHAX Op-
raHisMy, IepeHOCAThCA IIJIa3MOI0 KPOBi y CKJai
cIeIiaJbHUX KOMILIEKCiB 3 OiikamMm — .Jzino-
npomeriHis.
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HaliBaxknuBiwi TpaHCMOPTHI 6inKkx Nnasmm KpPoB.i

Binku miasvu PeuoBunmH,
KpoBi 1[0 TPAHCIIOPTYIOTHCSI

AnpOyminn

Anpbymin KupHi Kucmoru, 6imipy6in,
reM, COJIi JKOBUHUX

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

TupokcuHs,
petuno (BiTamin A)

TpancTuperun

o-I'modyminu
ITepynomnasmin Vouu Kynpymy Cu?t

Perunos-3s’asy-
ounii 610K

Perunou (BiTamin A)

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

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

TpaHCKOPTUH Koprusos, KOPTUKOCTEPOH,
IporecTepoH
B-Tmo6yminn
Tpauchepun Vouu ®epymy Fe?', Fed*
Tpauckobanamin | Iliankobamamin

(Bitamin B,,)

To6ynin-3B’asy-
oyuii 60K

TecTocTepoH, ecTpamion

TpaHcnopT ninigis

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

0 Kniouosa igen

3aBAAKM TPAHCMOPTHIN GYHKLT KPOBI 34iCHIOIOTH-
CA TaKOX ii ANXanbHa, EKCKPETOPHA, PerynAaTopHa
i 3axucHa oyHKuii. TpaHcmopTHa ¢YHKLiA KPOBI
3[iNCHIOETLCA AK NNa3Molo, TaK i GopmeHUMU ene-
MeHTamu KpoBi. OCHOBHMMM TPAHCMOPTHUMU 6in-
KaMK Niasmmn KpoBi € anbbyMmiH, a- i B-rnobyniHn.
Jlinign nepeHocATbCA MNMa3mol0 KPOBi y cknagi
KOMMMeKCiB 3 Ginkamy — ninonpoTeiHiB.

binok (npoTteiH)
QOocdoninian
XonectepuiH, wWo
NnoB'sA3aHUIN 3 XUp-
HUMW KUCTIOTamu

BinbHui

| &/ﬁ% .— XonectepuH
SiEe]
\%’%

N

Tpurniyepnan

J

Man. 29.1. bynosa ninonpoteiHiB. 30BHiWHA 06010HKa
NiNonpoTeiHy CKnajaeTbca 3 rigpodinbHux 6inkiB i docdo-
ninigie, a BHYTPIWHE AAPO MICTUTb XNUPW | XUPONOAiGHi
peyoBMHM

HopmanbHa apTepin

e ———————————————————————————
MoTik KpoBi _
. _____________________________________________|

3By>keHa apTepia (aTepocknepos)

oy T

Man. 29.2. ATepocKnepoTUYHi 3MiHWN y CyAMHax

0 [lizHanTeca binbue
Yum BUWMA YyMICT RiNigiB, TUM HWXKYa LWiNbHICTb

ninonporeiHiB. bnnsbko 60-70 % ycboro xonectepuHy
nnasmMm KpoBi KOHLEHTPYETbCA B JinonpoTeiHax
HM3bKOT wWinbHocTi (JIMHLL). AKkwo aHani3 Kpos.i
BABMB niaBuweHnin ymict JIMHLL, ue o3Havae, wo
iCHy€ BMCOKUI PU3MK aTepoCK/epo3y

Aximo 6anaHc JgimigiB y KpoBi sMiHIOETHCS,
BMHUKAIOTH IIATOJIOTiUHI ITpollecu, 30KpeMa aTe-
pockyepos (man. 29.2). ITpuunHaMu TaKuX II0-
PYIIEeHb MOXKYTh OyTU €eHJOKPUHHI abo cra KoBi
3aXBOPIOBAHHS, XBOPOOU MEeUiHKM, HEIPAaBUJIbHE
XapuyBaHHA, HaJiHHA i HagMipHe B)KHBaAHHSA
AJIKOTOJIIO.

3anuTaHHA Ta 3aBOaHHA

1. Aki BaxxnumBi GyHKLUIT KPOBi MOB’'A3aHi 3 il rONOBHOIO
byHKLUi€ — TpaHCNOpPTyBaHHAM peyoBuH? 2. Yomy 6a-
raTo pe4yoBMH TPAHCMOPTYIOTbCA B KPOBI CrelianbHMM
nepeHOCHMKaMK1, a He CaMOCTINHO «fobupatoTbca» Ao
KNiTH? 3. AKMUM YMHOM KpPOB MiATPUMYE romeocTas?
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§ 30. TpaHcnopT rasiB y KPOBOHOCHIN cuctemi

0 [NomipkynTe

Yomy y noguHN KPOB YEPBOHA, a y KasbMapa
6naknTHa?

Q 3raganTe

 lemorno6iH i epuTpoLUTH
 [a3000MiH y TKaHMHax

TpaHcnoprT rasis

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

I1i rasu MOXKYTh TPAHCIIOPTYBATHUCA y ILIa3-
Mi KpOBi AK y PO3UMHEHOMY BUTJIAMI, TaK i 3a
IOIIOMOTOIO0 CIemiaJbHUX IepeHocHuKiB. Crro-
JYKH, 100 3B’A3YIOTH i TPAHCIOPTYIOTH KHCEHD
i ByrJexkucauii ra3, HAa3WBAIOTh AUXAJIBHUMU
nirmeHramMu. TakKuMy JUXaJbHIMU TirMeHTaM’
€ 2emo02/100iH i zemouiaHiH. Bouu mepeOyBarmoOTh
y posumHeHoMy cTaHi (y remosimdi 6e3xpeder-
HUX) ab0 MiCcTATbCSA B KPOB AHUX KJIITHHAX —
epurponurax (y KpoBi xpebeTHUX).

HJuxanpHi IirMeHTH € MeTaJIoIpoTeiHAMHU —
KOMILIeKcaMu OiJKiB 3 aToMaMu MeTaJiuHuX
eJIeMeHTiB. ATOMHI MeTAJIIiUYHUX eJIeMeHTiB Bifi-
rpaioTh KJIOUYOBY POJb y IPUETHAHHI W TpaH-
CIIOPTYBaHHI KUCHIO.

Kucensr rojsoBHUM UYMHOM 3B’ SA3y€ThCA
i TpaHCHOPTYEThCA AWMXAJbHUMHU IIirMeHTaMU
(y miommum — remoryiobinom). Komumenrpariia
O, B miasmi KpoBu AyKe HesHAUHA, TOMY IO
el ra3 IOTaHO PO3UYMHAETHCA Y BOJ.

OcHOBHA YacTHWHA BYIJIEKHUCJIOTO rasy, Ha-
BIIAKU, TPAHCIOPTYETHCA I1Ja3Moi0 KpoBi. IIpu-
6ausao 90 % CO,, yTBOpeHOro B TKaHWHAX,
epeTBOPEThCA Ha Tigporerkapbomar HCOS,
AKUHA JeTKO PO3UMHSETHCSI 1 TPAHCIOPTYETHCS
y CKJIaAi IaasMu KpPoBi. ¥ JiereHAX 3 TigporeH-
KapOoHaTy 3HOBY yTBOpIOEThCA CO,, AKMY BU-
BOAWTHCSA HA30BHI mixg uvac auxaHHA. llesdxa
KinpricTh Byriekmesoro rasy (5 %) TpaHcmop-
TYeThCA y PO3UMHEHOMY cTaHi. Jluine GJIM3bKO
5 % CO, 3B’A3yeTbCA 3 TeMOrI00iHOM.
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[emorno6iH

T'emormo6in — depymoBMicHUIT 0iJ0K
KPOBOHOCHOI CHCTE€MH TBapWH, SAKUI 000pPOT-
HO 3B’s3y€ThCA 3 KUCHEM i 3abesmeuye ioro
mepeHeceHHA Bil opraHiB AMXaHHS OO TKAaHUH.
Kpim Toro, remorsob6in Gepe yuyacTh y TpaH-
CIOPTYBaHHI BYTJIEKUCJIOTO rady y 3BOPOTHOMY

HaIIPAMKY.
Y xpebeTHUX TBapuH reMOTrJI00iH MiCTUTHCA
Yy YepBOHMX KJIITMHAX KPOBI — epUTPOIIUTAaX.

Y Oinbimocti 6e3xpebeTHUX BiH PO3UMHEHUN
y 1iasmi Kposi.

3a 0yZoBOIO reMOTJIOOIiH € CKJIagHUM Oij-
KOM, III0 MiCTUTBH O0iJIKOBY UaCTUHY — TJIOOIH —
i pepymoBmicHy ywactTuny — rem (maia. 30.1).

BinkoBa wacTuHa reMOTJIOOIHY CKJIATa€Th-
CA 3 YOTHUPHOX MOJNIMENTUIHUX JIAHIIOTIB: O,
o,, B, i B,. Koxxunit manmor moegHaHui 3 of-
HUM T'eMOM, TOOTO 3 OJHi€I0 MOJIEKYJIOIO TIe-
MOTIJIO0iIHY 3B’A3YIOTHCA MAKCHUMAJIbHO YOTHUPU
monekyau O,.

®opmu remornobiHy

¥V kamisgpax JereHiB KUCEeHb IPUETHYETHCA
0 TeMOTJIOOiHY, YTBOPIOIOUM OKCHI'€MOIJIO0iH.
Okcuremorio0iH HajJae apTepiaJbHiil KpoBi uep-
BOHOTO 3abapBieHHs. IloTokoM KpoBi epuTpo-
IUTH, 10 MiCTATH OKCUI'€MOIJIOOiH, JOCTaBJISA-
IOTHCS IO OPTaHiB; TYT KHNCEHb BUBLIbHAETHCS
i mepexoauTh y TKaAaHWHU. BigmaBiiu KuceHb,
reMorJIo0iH 3B’s8ye HEBEJUWKY KiJIbKicTh BYyTI-
JEeKHNCJIOTO rasdy, IIepeHOCAYUd HMOro B JIereHi.
CHonyKy BYIVIEKMCJIOT'O ra3y 3 I'eMOIJIO0iHOM
Ha3WBAOTh KapOreMoryo0iHOM; BiH Hajmae Be-
HO3HIiNl KPOBi TeMHOTO BiATiHKY.

KoukypyBaT; 3 KHCHEM 3a 3B 30K 3 Te-
morsobinom mozke uaguuii rasz CO. Ilpu mpomy
YTBOPIOETHCA KapOokcuremoraooin. 38’ a3ox CO
3 remoryobinom y 240 pasiB mimHimwmi, HixK
3 KHCHEeM, TOMY IIifi Yac OTPYE€HHS YaTHUM TIa-
30M Ilepejava KHCHIO TKaHHUHAM OJOKYEThCH.

Miorno6iH

Miormo6in — depymoBMicHUE 6iJ0K, I110
3B’sI3y€ KHCEHb, AKUI HAAXOAUTH IO CEPIIeBUX
i cresmeTHUX M’A3iB y XpebeTHUX TBApUH i JIFO-
nuHu. Mioryio6id € riao0yaapHuM OiTKOM, SKUHA
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Eputpount \

[em

I

MoninentugHnn
naHyor

Man. 30.1. Monekyna remMorno6iHy noauHn

CKJIAZAETHCSA 3 OJHOTO IIOJIIIIEIITU/IHOrO JIAHITIO-
ra, 1o Hece rem 3 aromom @epymy (mana. 30.2).

Miorso6in 3B’s3ye i 36epirae KuceHb, CTBO-
piooun B M’s3ax iioro peseps. Lleit pesepsB Bu-
TpavaeThcA Y Pas3i KMCHEBOTO roJIoAyBaHHs, Ha-
OPUKJIAL, HiJ Yac iHTeHCHBHOI poboTu M’s3iB.
Miormob6im Hagae M’ A30BUM BOJOKHAM UE€PBOHO-
T0 KOJIBODY.

[emouiaHiH

T'emomianin — KynpymoBMmicHUI 0iJIOK, ITT0
3B’d3ye i TTepeHOCUTh KUCEHb Yy MOJIIOCKIB (To-

YUneHunctoHori

MoninentngHnn
naHuor

[em

Man. 30.2. Monekyna Miorno6iHy noguHu

JIOBOHOTHX, UYEPEBOHOTHX) Ta UYJIEHHCTOHOTUX
(MEeY0XBOCTiB, ITaBYKOIIOMi0OHMX, PAKOIIOi0HMUX ).
Ilixg uac 3B’sA83yBaHHA KUCHIO 6€3KO0OJILOPOBUIL T'e-
MOIliaHiH 3a0apBIIOEThCA y OJAKUTHUI KOJIIp.

Ha sBigminy Bim remorso6iHy, MOJIEKYJIH
reMoIliaginy posumHeHi B remoJimdi. 3aBas-
KM I[bOMY MOHOMEPH TIeMOIliaHiHy MOXKYThb
o0’eqHyBaTHCA B [Oy)Ke BeJIUKI 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 MONEeKyn remouiaHiHy

0 Kniouosa iges

[a3n MOXyTb TpaHCMOPTYBaTUCA Yy MNa3Mi KpPOBi
AK Y PO3YMHEHOMY BUIIAAI, TaK i 32 LOMOMOrO
nepeHOCHUKIB. Byrnekncnuim ras TpaHCNoOpTY€ETbCA
30e6iNblIoro naasmMo KpoBi. TpaHCMOPT KUCHIO
3abe3neuyeTbca AMXanbHUMMX MirMEHTamMy remo-
rno6iHom abo remoLljiaHiHOM.

03aI'II/ITaHHﬂ Ta 3aBAaHHA

1. Ak noguHa MoXe OTpYITUCA YaAHUM ra3om?
AKMX 3aM06iXKHMX 3axofiB Cif Y»KUTK, Wo6 UbOro He
ctanoca? Wo cnig pobutn B pasi OTPYyEHHA YagHUM
razom? 2. fKi NPUYMHN BUHUKHEHHA aHeMii (HecTaui
remorno6iny) B nioguHu? 3. Yomy M'A3mn Kanbmapis 6ini,
a M'A3N KUTIB YepBOHi?
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§ 31. Hapxoa)XeHHA rasiB A0 opraHiaMy TBapuH

0 [omipkymnTe

Lkipa y ponyx 6ifbll 3pOroBina, HiXK y »ab, a ixHi
nereHi MatoTb 6inblw cKnagHy O6ynoBYy MOpPIBHSA-
HO i3 abamu. 3 yum Ue Moxe 6yTyn nos's3aHO?

Q 3raganTe

« [a3006MiH o [lnxanbHa cucrema

OpFaHI/I ONXaHHA TBapWUH

Hangxom:xenua rasiB go opramismy TBapuH
3abesmeuye auxajabHa CHUCTEeMAa, (PYHKIIi€0 SAKOI
€ IIOCTauYaHHA 10 OPraHidaMy KMCHIO i BUBEJIEHHSA
3 HBOT'O Tas3omONiOHMX TPOAYKTIB OoOMiHy, Ha-
caMIiepesi BYTIJIEKUCJIOrO Taasy.

Hudysia rasiB uepes mMoOBepXHIO Tijia Bix0y-
BAaEThCA y IPiOHUX TBAapUH — BOAHUX (PAKOIIO-

niObHUX, YepBiB) a00 Ha3eMHUX, AKi MeIIKaiTh
y Bojorux ymoBax (uepBiB, am®i6iit). ¥V Ha-
3eMHUX BUJIiB MOKPUBU 3BOJIOKEHI, i3 BeJIMKOIO
KiJTBbKiCTIO 3aJ103, IIPOHU3AaHI I'yCTOI0 MeperKero
KPOBOHOCHUX KaIiJApPiB.

3a0pa — opramu AUXaHHS BOOZHUX ab0 Ha-
MiBBOAHUX TBapuH (paK OMOAIOHWX, MOJIIOCKIB,
pub, ampibiit). ¥V 6esxpebeTHUX 3510pa € BUPOC-
TaM’ TOBEPXHi Tija, y XpebeTHNX PO3BUBAIOTH-
cd 3 OTBOPIB y CTiHIII II0oTKH. 3sg0pa MaioThb
po3TaNy:XeHy IIOBEePXHIO i PACHO IIPOHU3AHI
KpoBoHOCHMMU Kanimgapamu. KoyxkzHa TBapuHa,
sAKa Mae 3a0pa, Mae Te abo iHIIIe IPUCTOCYBAH-
Hs, 110 3a0e3meuye OMHBAHHS IX BOMOIO.

Tpaxel — opranu AuxXaHHA JPiOHUX Ha3eM-
HUX Oe3xpebeTHUX (KOMaxX, IMAaBYKOIIOOITHUX).
Tpaxei € cucTreMoi0 AUXAJIbHUX TPYOOUOK, IIO
TPOHU3YIOTH yCe Tijo i BiAKpPMBAIOTHCA HA IIO-
BepxHi Tina muxanpnamu. IloBiTpa BTATyeTHCA

EBontouia grxanbHoi cnctemm y 6e3xpebeTHnX TBapuH

Huoxuai 6e3- | V Hmoxunx 6e3xpebeTHNX (KMIIKOBOIIOPOMKHUHHI, IIOCK] Ta KpyrJi yepBu, 6iibNIicTs Kigbyac-

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

Mopchki Vuepime gnuxajabHa cucTeMa 3’ ABISETHCA B MOPChKUX KibuacTUX UepBiB; Ha IXHiX mapamomiax

KinbuacTi € crelfiaisoBaHi opranu fuxaHusa — 3a0pa (emitenianbui Bupoctu 3 Kaminapamu). Ilpu mbomy

YyepBH 3HAYHUN ra3o00MiH Bif0yBaeTheA i uepes MOBePXHIO Tijia

Mouarocku VY GinbIiocTi MOIIOCKIB opranaMu quxaHusa € 3a0pa. Hasemui mosrrocku BrpaTuan 3s16pa i 3100y
JIeTeHi — BUA03MiHEeHYy MaHTIHY HOPOKHUHY, CTIHKY SAKOI ITPOHM3aHi KPOBOHOCHUMU CYyAUHAMU

Ynenucro- | VY ujieHMCTOHOTrHX Oy[0Ba OPraHiB JUXAHHSA 3aJEKUTh BiJ YMOB IPOKUBAHHS.

HOTi Opranamu [TUXaHHA PaKOMOAiOHUX € 3510pa, AKi po3TaIoBaHi Ha Hi’KKax i Horoilesenax,
e BOHU IIOCTifiHO OMHBAIOTHLCA BOJIOIO.
HuxanbHa cucreMa MaByKOMOAIOHUX IIpe/icTaBieHa abo JereHaMu, abo TpaxesaMu, AKi BiAKpu-
BAIOThCS HA30BHI oTBOpamMu (CTUrMaMm) Ha OiYHMX YacTUHAX UJIEHUKiB.
Y Komax gfuxaHHA 3MiHICHIOETHCA 3a JOTIOMOTOIO Tpaxei

EBontouis nereHb y xpebeTHux
Am}i6ii | Jlereni 3’sBasiorses B aMmdibiil Ak y mepminx XpeGeTHUX, 10 BUAILIN Ha CyXoia. Bouu dhopmy-
IOThCA Yy BUIVIAJI IAPHUX BUPOCTIiB UepeBHOI YacTUHY IJIOTKU. IIoBiTpSA B JereHi morpaise 3 po-
TOBOI MOPOKHUHY 38 PaXyHOK KOBTAJBHUX PYXiB. JlereHi KpymHOKoMipuacTi, MaloTh HEBEJIUKY
IuxXaJbHy I0BepxHI0. ToMy razoodmin e sHauHoio Miporo (60—70 % ) spificHioeThCA Uepes IMIKi-
PAHI TOKPUBYU, AKi TPOHMBAaHI KPOBOHOCHUMY KalliigpaMu i 3a6e3medueHi CJIN30BUMY 3a7103aMU

Penmuaii | V penruiniii y 38°A3Ky 3 OCTATOUHNM BAXOAOM Ha CYXOMLI AUXAaJbHA CUCTEMAa YCKJIASHIOETLC.
IIkipHe nuxauHA 3HUKAaE. [{uxasbHa MOBEPXHA APIOHOKOMIpPUYACTUX JieTeHeBUX MIIlIKiB 30i/IbIITy-
eTbcsa. POPMYIOTHCS IMTOBITPOHOCHI MIIAXY: Tpaxes i Opouxu. [luxanHs 3MiCHIOETHCA 3a PAXYHOK
CKOPOUEeHHS MiKpebepHUX M’ A3iB, iK1 3yMOBJIIOIOTH PYX I'PYAHOI KJIITUHU
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IIrtaxu

3akiHueHHs mabauyi

V¥ nraxiB JiereHi MaioTh YHCJIEHHI IIePEeropogKy 3 Meperkelo KPOBOHOCHUX Kalmiaapis. Big Tpa-

xel iige OpoHXiajabHE HepeBo, AKe 3aKkiHuyeThesa Opouxiomamu. YacTrHa OPOHXIB BUXOQUTE 34
MesKi JereHiB i yTBOpioe moBiTpAHi MimKu. ITix uac mosboTy KPOB HACHUUYETHCA KUCHEM i mif uac
BIUXY, i mig vac Buauxy (IoABifiHe TUXaHHA). ¥ CTaHI CIOKOIO IITaX AMUXAE IIJIAXOM PO3IITUPEHHS

i cTuckauusa rpyaHoi KiaiTku (mast. 31.1)

Ccasui

CcaBIli MaioTh JieTeHi aJbBeoJAPHOI 0yI0BU, 3aBAAKU YoMy iXHs moBepxHA B 50—100 pasiB 6iab-

1I1a 3a MoBepxHIo Tija. Tpaxes posminsaeTbcsa HA OPOHXM, AKI TepeBOomoAiOHO pos3rayKeHi i 3a-
KiHUYYIOThCSA TOHKOCTIHHIME OPOHXioJIaMu 3 I'POHAMU aJIbBEOJI, I'YCTO OOILJIETeHNX KPOBOHOCHUMU
Kamingpamu. OCHOBHUM M’A30M Y IIpolieci auxaHHA € giadpparma (mast. 31.2)

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

JlereHi — opraHu IWXaHHS HAa3eMHUX TBa-
pUH (IesSKUX YepPeBOHOTUX MOJIOCKiB, am®ibiii,
penTuiaiii, mraxiB, ccaBiiB). Epouoniiino Bu-
HUKJU AK BHUPOCTU TPABHOTO TpPakKTy. dacto
MaTh KOMipKOBY OyZ0BY i MOBiTPOHOCHI IIJIsi-
xu. I'ycTo obmyieTeHi KPOBOHOCHUMM CyIWHA-
mu. IloBiTps B JereHi aKTHMBHO HATHITA€TBHCA
poboToio M’s3iB.

Etann eBontouii 396poBoro anapary
y XopaoBux:
* 3BMEHIIIeHHA YKcja 30poBUX IMiauH (Bifg

150 map 3A0poBUX MLIiINH y JAHIIETHUKA IO
4—7 map 3sg0poBUX MIIIKiB y KicTKOBUX puo);

Tpaxen

.

JNereni

3apgHi noBiTpAHI
MiLLKK

MepepHi nosi-
TPAHI MiLLKN

Man. 31.1. nxanbHa cuctema nrtaxis

0 Kniouosa iges

Y [piGHVX TBapWH ra3000MiH 3INCHIOETbCA Au-
dy3HO uepe3 noeepxHto Tina. CnewianizoBaHi op-
raHWn guxaHHA 6e3xpebeTHNX MatoTb eniTesnianbHe
NMOXOMPKEHHS, @ OPraHu AMXaHHSA XOPAOBMX 3a Mo-
XOIKEHHAM MOB'A3aHi 3 KulweyHuKom. EBontouin
AVIXanbHOI cuctemn y xpebeTHux BigbyBanacs
LWIAXOM 36inblUeHHA AMXanbHOI MOBEPXHi 1 yAo-
CKOHaJIeHHA CUCTEMM HarHiTaHHA MOTOKY BOAU
(356pa) abo nosiTpa (nerei).

* 30i/IBITIEHHA IMXAJbHOI ITIOBEPXHI MIIAXOM
YTBOpPEHHA 3s10POBUX TEJTIOCTOK;

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

Etanu eBontouii nereHb y xpebeTHux:

* BiTOKpeMJIeHHS IUXAJbHUX ILIAXiB Bin
KUIIIeUHUKA;

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

s VCKJIATHEHHS OyZOBU MMOBITPOHOCHUX
NLIAXiB;

* VIOCKOHAJIEHHSA CUCTeMU HarHiTaHHA IO-
BiTpA.

JlereHi

AnbBeonn

Man. 31.2. lnxanbHa cuctema NognHn

03aI'II/ITaHHﬂ Ta 3aBAaHHA

1. Yomy TpaxenHa puxanbHa cCMCTEMa MoLMpPeHa
cepeq APIOHMX TBapWUH, TakMX SIK KOMaxu A MaBYKOMo-
LiOHi, i He TPanNNAETbCA Yy BENVKMX TBapUH? 2. Y NOBITPI
MICTUTBbCS 3HAYHO Ginblue KWCHIO, HiX y Bogi. Yomy
6inblWicTb pMb He MOXYTb AMxaTh Ha cyxogoni? 3. Ha-
BilLLO opraHiamam MoTpibeH KUCEHb?

6/
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§ 32. Hapxoa»XeHHA rasiB Ta NOXXUBHNX PeYOBUH

[0 OpraHi3amiB pocauvH i rpubis

0 [omipkynTe

CymapHa [OBXWHA KOpPEHeBUX BOJIOCKIB OfHI€el
pOCAVHM nweHuui moxe carati 20 Km. Hasiwo
pPOCnuHI Le noTpibHO?

Q 3raganTe

« Mpoauxum o ABTOTPOOMU, retepoTpodu

o [lxaHHA » XemoTpodu, dpotoTpodu

o OoTocnHTe3 » Ocmoc, Typrop

OcobnunsocTi pocnuH i rpnbis

Pocnimem # rpmbum maroTh cminbHI pucu:
BOHU BeAYyTh HEPYXOMUH CIIOCi6 KUTTA 1 mpu-
KpimaeHi mo cybeTpary, 3 SIKOrO I IIOTJIMHAIOThH
MOKVBHI PEYOBUHU.

Ane mi rpynu oprauidmiB Bifgpi3HAOTHCA
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 CEPENOBUINA Mi-
HepaJIbHi PEUOBMHU, TOMY IO OPTaHiuHI BOHU
cuHTe3yTh cami. Ha Bigminy Big pocauH, rpu-
0u MOTJIMHAIOTH i3 cepemoBUINA i MiHepasbHIi,
1 opraHiuHi cmoJiyKu.

Pocinuum #i rpubu, g i Bci sKuBi opramis-
MU, AuxXamoTb. lIpy IbOMYy BOHU IOTJIHMHAIOTH
aTMoc(hepHUA KUCEeHb i BUAIIAIOTL Y HABKOJIMIII-
HE cepeloBUIlle BYTJIEKUCIN ras. Aje poCITHU
3maTHI 00 (poTocuHTE3y i BogHOUYAC MOTPEOYIOTH
HAAXOIKEeHHSA AK KUCHIO (A AUXaHHA), TaK
i Byryiekmcsoro rasdy (nas (hoTOCHUHTE3Y).

BCMOKTYyBaHHA pocnnHaMn peyoBUH

i3 'pyHTY

S BaMm yiKe BijoMo, MiHepaJibHI peuyOBUHU
I BoJa IOTPAILIAITHL B OPraHi3M POCJIUH uepes
Kopiub. Boma HagxoauTs 3a JOIIOMOT'0IO0 OCMOCY,
a MiHepaJIbHi PeYOBUHU IIEPEHOCATHCA MIITXOM
aKTHUBHOTO TPAHCIIOPTY.

Ilornuuanua BOAM ¥ MiHepaJbHUX COJIEH
3 TPYHTY BimOyBaeTbcs B 30HI BCMOKTYBaHHS
KOpeHsd, Je Jo0pe po3BUHEHA pisomepma 3 Kope-
HEBHMH BOJIOCKaMu. MIOHU MiHepaJbHUX coJeii
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I'PYHTOBOTO PO3YMHY IMEPECYBAIOTHCSA 3 TEUi€lo
BOJIM IO MOBEPXHi KOopeHeBUX BoJIOCKiB. Tpamc-
HOPT HOHIB KPi3h IUTOILIAZMATUUYHY MeMOpaHy
BCEpeIUHY KJITHH KOPEHEBUX BOJIOCKIB BimOy-
Ba€THCS IPOTHU I'PaJieHTa KOHIIEHTPAIIil i eJeK-
TPUYHOTO TOTEHIlially, TOMY BUMAarae BUTPAT
eueprii. To6TO noziuHAHHA NOHUBHUX PELOBUH
pocauHamu € npoyecom, nid wac K020 umpa-
Yaemuvcs enepeid.

Isxepesom eHeprii, HeoOXimHOi maa ak-
TUBHOTO IIOTJIMHAHHSA eJIeMeHTiB MiHepaJIbHOTO
JKUBJIEHHSI, € TPOIleCU KJIITMHHOTO NUXaHHS.
VY pasi moripieHHSA POCTYy KOpPEHIiB i rambmy-
BaHHA OuxaHHsa (moramoi aepariii rpyHTiB) Iro-
TVIMHAHHA NOKUBHUX PEYOBUH YIIOBIIBHIOETHCH.

[a3006MiH y pOCnnH

B oprauism pocsinH rasu 3 moBiTpA moTparn-
JISIIOTHh Uepes JIUCTKU, KopeHi it crebaa. KoxHa
KJIITHMHA caMOCTiliHO OOMiHIOETHCS 3 HABKOJIUIII-
HIiM cepemoBUIIeM BYIJIEKHUCJIUM Ta3oM i Kuc-
HeM mmmaxoM audysii. Kucens Jserxko mudys-
Iy€e 3 IOBiTPA B HMPOMiMKKaxX MilK YaCTHHKAMU
I'PYHTY y BOAY i mOTiM y KOpeHeBi BOJIOCKH.
YTBOpeHa B KJIiTMHaX POCJAUHU BYTJIEKUCJIOTA
In(QYHAYE Y 3BOPOTHOMY HANIPAMKY i BUXOIUTH
3 KOpeHA Ha30BHI TAKOXK yepes3 KOPEeHEBi BoJoOC-
Ku. ¥ JHCTKaxX rasoo0MiH 3ilicHIOETHCA uepes
nponuxu. ['asu AUYHIYIOTH TAKOXK Uepes Co-
YeBUUYKHY HA KOPEHAX i cToBOypax cTapux Jepes
i yarapHuUKiB.

HaiiinTencuBHimuii rasoodmMin BigdOyBaeTh-
cdA ueped mpoauxu. IIpoauxu BeAyTh Y CUCTEMY
MUKKJITUHHUKIB, YTBOPEHUX NTYXKO PO3TAIIIO-
BAHUMU KJIITHHAMHU I'y0UacTol MapeHXnMU JIUCT-
kKa. I[To MisKKJIITUHHOMY IIPOCTOPY A0 KJIITUH II0-
CTAYa€eThCA KUCEHD JJIsd MUXAaHHA, BYTJIeKUCIUN
ra3 nas (QOTOCUHTE3Y i BUAANAIOTHCA TPOIYKTHU
oomimy (man. 32.1).

T'azoo0MiH Kpishk mpomuxu 3abesmedye aBa
OCHOBHi IIpomecu: IuUXaHHA Ta (OTOCHUHTES.
Yneun Oinmbrmia uactura CO, mnisa dorocuHTE3y
i O, pnsa nUXaHHA HAAXOAWUTH Y POCIHMHY KPi3b
OpoauXU. YHOUL HmpoauMXu 3aKpuTi, i aaa gu-
XaHHA POCJIVHYU BUKOPUCTOBYIOTH O,, yTBOPEHU
y mporeci poTocrHTE3y i HAKOMWYEHUN y MiK-
KJIITUHHUKAX.
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Haaxoa»KeHHA NOXXMBHUX pevyoBUH

[0 opraHi3my rpnbis

Kupnenus rpubiB 34ifiCHIOETHCS IIJISIXOM YCMOK-
TyBaHHS BOAY i PO3UMHEHUX Yy Hill OpraHiuHuX i Heop-
TaHIiYHUX PEYOBUH yCi€i0 moBepxHer wMinesiro. Ilasa
TOTO 1100 BOJA 3 PO3UMHEHMMH B Hill IIOKUBHUMHU pe-
YOBMHAMM HAAXOAmWJA i3 cybcrpary (HAampukjaam I'PyH-
Ty) y Mimesiii, rpubu CTBOPIOIOTH Y KJITHHAX BUCO-
KU OCMOTHUYHUHA TUCK, HACTITKOM AKOTO € YTBOPEHHS
Typropy (maux. 32.2).

Taxuii cmoci® KMBJIEHHSA 3MYIINye Tijo rpuba
MIOBHICTIO 3aHypIOBaTuCA B cybcTpar. PoaranyskeHuii
Mimenifi momomarae rpuby OXOMUTH MAaKCUMAaJbHY
ILJIOIY AJISI BUJIYUEHHS MOKUBHUX peuoBuH. [Ipu 1b0-
My rpub He MOKe MaTHU BeJuKi pos3mipu, ToMy IO
HaIXOJKEeHHA II0KUBHUX PEUYOBUH y TJIMOMHY Tija
BUKJINKAE TPYIHOIIII.

Ak mxepesna eneprii rpubu BUKOPHUCTOBYIOTH
CKJIanHi opraHiuHi peuoBmHu. AJie, IK BaM Bigomo,
BeJIMKi OioIosriMepu He MOKYTh IPOHUKATU B KJIITUHY
Kpiss ii memOpany. Tomy rpubu BugiisgioTh ¥ HABKO-
JUIITHE cepenoBuilie (epMeHTU, AKi PYHHYIOTH BHUCO-
KOMOJICKYJIAPHI ITOJIiMepu A0 MOHOMEPiB, IO IIOTiM
HaAXOAATh y KJITHUHY.

BigmosigHO, rpubu pPoO3BMUBAIOTHCI Ha I'PYHTAX,
OaraTtux Ha opramiumi peuoBmum. Hacrto rpmubu BuU-
KOPHUCTOBYIOTh fAK JKHBUJIbHE CEpPemoBUINE iHIIL op-
raHismMm abo ixHi 3anuInky (mapasuTwuHi ¥ mBijeBi
rpubu, rompodaru, TpyroBuKm). IHOAI rpmbm BCTy-
HaloTh Y B3AaEMOBUTIMHI XapuoBi B3a€MOBITHOCHHU
3 pocaumHamu (Maja. 32.3).

[a3006MiH y rpunbis

Ax i gnaa iHmmrx aepoOHUX OPraHisMiB, AJs Tpu-
0iB XapaKTepHO KUCHeBe NUXaHH:A, IO 3abesmeuye
BUJIydyeHHA eHeprii 3 iski. Ilpu mpomy neaki rpudu,
HATPpUKJIAL [OPLKAKI, MOKYTH OOXOAUTHUCA MAJIOIO
KiJIbKiCTIO KUCHIO.

T'azo00MiH BifOyBaeThCsa KPish YCIO IIOBEPXHIO Mi-
mesito. IlepedbyBatouu B I'pyHTi, Milesiit morpebye 1mo-
CTiTHOTO TPUTOKY IOBITPA, TOMY TPUOHUIIA 3aJIITa€
Heramboko, y 6—12 cm Bixg moBepxHi I'pyHTY.

0 Knioyosa iges

[MorNMHAHHA NOXUBHNX PEYOBUH POCANHAMM 1 rprbamm
notpebye eHeprii. PocIvHM nornvHaoTb MiHepanbHi pe-
YOBVHM 1 BoZdy KOpeHAMM. [a3006MiH BinbyBaeTbca au-
by3HO Kpi3b Npoanxu, COYEBUYKN A KOPEHEBI BOMOCKM.
[pnbu BCMOKTYIOTb i3 cybcTpaTy rasu, Bogy, OpraHiyHi
I HEOPraHiYHi PeYOBUHM MOBEPXHEI MiLenito.

00"0
CroBnyacTta
napeHxima

.o“'
ly6uacTa ":‘;
napeHxiMma "‘ ‘ . ooooﬂ%'

/‘\, ,’)QHQ I

o, \
MiXXKRITUHHNIR

npocTip Mpoamx

Man. 32.1. Cxema razoobmiHy Kpi3b npoguxu

L»-ﬁ“:

Man. 32.2. Bennknin TypropHuin TUCK ycepeanHi rpu-

6iB 4O3BOMSE 1M MPOPOCTATU HaBiTb KPi3b acdansro-
BE MOKPUTTA

Man. 32.3. Mikopu3a % nMWanHUK — NpUKIaan
B3a€EMORIT rpubiB i POCIMH 3 METOl B3aEMHOrO Mo-
NiNWeHHA XNBNEHHA

03aﬂl/lTaHHﬂ Ta 3aBJaHHA

1. Ak NpoTArom Ao6y 3MiHIOTbCA IHTEHCUB-
HIiCTb | XapakTep razoobmiHy y pocnuH? 2. Lo
BiiOYBa€TbCA 3 MiHepanbHUM XWBNEHHAM POC-
JIMH y BUMafKax: a) BUCKXaHHA I'PyHTY; 6) 3aTon-
JIEHHA IPYHTY; B) 3acONeHOCTi rpyHTy? Bignosigb
NMoACHITb. 3. Buxoasum 3 ocobnnBOCTEN KUBJEH-
HA rpubiB MOACHITb, YoMy rpuby He JocCAraloTb
CKNMagHoI opraHisauii, AK BULi POCIVHW N TBapu-
HW. 4. fIK B3aeMOLiloTb rpnb i pocsiviHa y Mikopu3si
Ta B CKNagi MUWanHuky?
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§ 33. Tunn reTtepoTpoPHOro KUBNEHHA

0 [omipkynTe

Ynm pi3HATbCA XMBNEHHA NUCULi, JOLOBOro
yepp'AKa Ta Mmigii?

Q 3raganTe

« TeTepoTpodu
« MapasnTtn, cMMBiOHTM, canpoTpodu

OCHOBHI cnocobu reTepoTpopHOro
XKUBNEHHA

Sk Bu BiKe 3HaEeTe, rerepoTpodHi OpraHis-
MU He 3JJaTHiI CMHTe3yBaTU OpTaHiuHI PeUYOBUHU
3 HEOPTAHIUHUX NMIJIAXOM (POTO- a00 XeMOCUHTE-
3y. Im HeoOxigmi rorosi opramiumi pevoBuwHH,
BUpPOOJIEHI iHINTMMM opraHisMaMu; BOHU OTPU-
MYIOTBH iX 3 IMKelo.

Criocobu reTepoTPO(PHOTO KUBJICHHS MOIi-
JAI0TH Ha KiJIbKa TUIIiB:

+ 3aJIEYKHO BiJ] AiKepeja IMOKUBHUX PEUO-
BUH — Ha 20Jl1030liHe, canpompogHe, cumbio-
mpogHe, napasumuyHne;

+ BaJIe’KHO Bil MeXaHiI3My NOTJIMHAHHSA
isxi — Ha ¢azompogHe Ta ocmompogpHe.

[ono3oiHe nBneHHs

Tomo30iiHe SKHMBJIEHHA — JKUBJIEHHS, IIO
CKJIAJAETLCA 3 eTaliB IOTJIMHAHHA 1:Ki, 11 mepe-
TPaBJIOBAHHS, BCMOKTYBaHHS, aCUMLIAIII I BU-
IiTeHHA HellepeTpaBJIeHUX 3aJUINKiB. I'ojro30ii-
HUHW TUI KUBJEHHA XapaKTEePHUI AJIA TBApUH.

BinbHOiICHYIOUI rO/I030MHI OpranisMu MaioTh TPaB-
HY cucteMy. TBapuH, IO KUBJIATHCSI T'OJO30M-
HIM CIIOCO00M, MOJKHA MOMLIATA HA M’ ACOITHUX,
poCIMHOIZHUX i1 BceigHUX.

CanpoTpodHe XKNBNEeHHSA

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

Io campoTrpodis HaIexKaTh 0akTepil rHUTTA,
Gararo rpubiB, HesdKi UJEHMCTOHOrI, a TAKOMK
campodiTu (mapasuTUUYHiI KBiTKOBI pocCJaMHUI
i meaki Bogopocti). Ilo uacTKOBUX campoTpodin
HaJeXaThb 0araTo XM:KakiB i BceigHMX TBapuH.
Cepen camporpodiB BuUAiIATL gerpuTodaris,
HeKkpodaris, Kompodaris (masa. 33.1).

Herpurodarnu — TBapuHU ¥ O6akTepii, AKi
SKUBJIATHCA OeTPUTOM. [eTPUT € CYKYHHiCTIO
apidHux (Bif KiJIbKOX MiKpoMeTpiB A0 KiJbKOX
CAaHTUMETPiB) YACTUHOK — B3aJUIIKIB POCJIUH-
HUX abo0 TBapMHHUX OpraHismiB abo ix Bumi-
JeHb. [leTpuT MiCTUTBCA Y TPYHTAX, CYCIEH3iAX
a00 MOHHUX Bimkiaamax Bomoiim. Bomui merpuro-
¢aru 6epyTh yuacTb y 0ioJIOTiUHOMY OUMIIIEHHI
BOJ (HaOpUKJIAL, OJBOCTYJIKOBI MOJIIOCKHU), a Ti,
0 MEMIKAITh y I'PYHTi,— Yy I'DYHTOYTBODPEHHI
(r'pyHTOBi OakTepii, JOITOBUI UepB’dK).

Hexpodaru — opraniamu, 1m10 KUBIATHCA
nmoMepJguMu TBapuHamu. Hekpodaramu € 6araro

L &

HowoBsunin yepB'sik — peTputodar

lieHa — Hekpoddar

Kyk-rHonoBuk — konpodar

Man. 33.1. Canpotpodu
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XonepHuii BibpioH

TpunaHocoma
B KPOB'AHOMY pychi

MoButnyA

MeyviHKoBMIA CUCYH

Man. 33.2. OpraHizmu-napasuTu

KoMaxX (PKYKH-MepTBOIIM, IIKipoigu, JUUYMHKU
IBOKPUJINX); AeAKi mraxu (rpudu, cunu, Mmapa-
0y, KpyK Toio) Ta ccaBii (rieau). Hexkpodaru
BifirpaioTh B3HAYHY pOJIb Yy HIPUPOSHUX €KO-
cucreMax, poOJIAYM BHECOK Yy PO3KJIAM PEIITOK
MEepPTBUX TBapUH.

Kompodaru — 1e TBapuHmM, L0 KUBJIATH-
ca eKcKpeMeHTaMu. IIpencTaBHUKAMU € KyKU-
THOHMOBUKHU, AesdKi TBOKPUJI Ta iXHI JUUMHKH,
meaki xkiimnt ta inmi. Kompodaru mprcKopiooTh
PO3KJIa[ OPTaHiYHMUX PEIITOK Ta HiABUIYIOTH
POJIOYiCTh I'DYHTY.

Bepyuu yuacte y wmiHepasisarmii opramiu-
HUX CHOJYK, CAIlPOTPO(U € BaKJIMBOIO JIAHKOIO
B Kpyroobiry peuoBuH i emeprii. BaraTo campoda-
TiB BiirparTh MO3UTUBHY POJIb «CaHiTapiB Mic-
meBocTi». OgHAK JedaKi 3 HUX, HAIIPUKJIAA MYyXH,
TepeHoCATh 30YIHUKIB XBOPOO 3 €KCKPEMEHTIB
Ha XapuoBi IPOAYKTU, CHPUAIOYU IIOIIMPEHHIO
3aXBOPIOBaHb — naudeHTepii, yepeBHOTO TUDY,
reJbMiHTO3iB. XpebeTHi campodaru (30Kpema,
CBUHI), IOiatoun TPynu, COPUAIOTHh MUPKYJIAIIL
TPUXiHEIbO3Y, JIEIITOCIiPO3y, TOKCOIJIa3MO3y Ta
iHIMUX 3aXBOPIOBAHb.

CrmbioTpodHe XKNBNEHHA

CumbioTpodHe KMBJIEHHA — TUI KUBJIEH-
HS, XapaKTepHUH AJI CUMOiOTUYHNX OPraHi3MiB,

0 Knioyosa iges

3anexHo Bif AXKepena MOXMBHUX PEYOBMH Cro-
cobu reTepoTpodHOro KMBJIEHHS MOAINATb Ha
rosio301iHe, canpoTpodHe, cnmbioTpodHe 1 na-
pasUTUYHe; 3aneXHO Bif MexaHi3My MOrfIMHaHHA
i — Ha ¢aroTpodpHe Ta ocMOTpPOdHe.

3a AKOTO OAUWH OPTaHi3M JKMBUTHCA BiaxXogamu
iHmIoro, He 3aBJaouym TOMYy IMIKoau. Hampu-
KJIag, HiTpudikyioui 6axTepii, I10 JKUBYTh Ha
0000BUX pOCJMHAX, IocrauaioTh iMm Hirpores.
Y KuIeUHWKY CCaBIliB KUBYTh OakTepii, aAKi
IOIIOMAaraloTh PO3IIEIJIIBATA IOKWBHI pedo-
BUHU, HAIPUKJIAL KUIIKOBa maauuka E. coli.

[Napa3nTnyHe XnBJeHHA

ITapasuTuuHe :KMBJIEHHA — TUI KUBJEH-
HdA, 3a AKOTO OpPraHisM OTpUMYyeE€ OpraHiuHi pe-
YOBMHHU BiJl opraHisMy xassiHa, 3aBHa0uu oMy
icrorHOi mKogu. Tak KUBIATHCA MesdKi HAHIIPO-
crimti (ManapifiHui ILIasMomiil, Au3eHTepiiHA
ameba), 6akTepil (FudTepilina maJanyKa, XoJep-
HUU BiOpioH, cTadisiokoKkm), BUII pocauHu (I1o-
BUTHUIA €BPOIIEHicbKa, BOBUOK), TBAPUHU (CHUCY-
HU, CTBOYKKOBI uepBu, ackapugu) (man. 33.2).

Cnocobu nornMHaHHA iXKi

3a cmocoboM MHOTJIHMHAHHSA i1 rereporpo-
¢diB mominAroTh, Ha (QarorpodiB Ta 0CMOTPO-
diB. ParoTpodu 3aKOBTYIOTh TBEPAi MIMaTKU
ixxi; mo Hux HajJexxaTb TBapunu. Ocmorpodu
MOTJINHAIOTH OPTaHiYHI PEYOBMHU 3 PO3UYUHIB
OesmocepeqHLO Uepel3 KJIITHHHI CTiHKH; Iie
rpubu, rpubomonidbHi opraHisMm i GiJbIIicTh
bakTepiii.

3anuTaHHA Ta 3aBAaHHSA

1. AKi TMN XUBMEHHSA | CNOCIO MOrAMHAHHA K Xa-
pPaKTEPHi ANA XVIXKNX TBapUH? ONA KOMaxOigHWX pocC-
nUH? ana rpubis? 2. AKMIA TN KUBMEHHA MpUTaMaH-
HWUIA NOAWHI? Y BUKOPUCTOBYEMO MU CMMOIOTpOdHE
XapuyBaHHA?

/1
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§ 34. BHYTpIiWHbOKAITUHHE TPaBNEeHHSA

0 [omipkynTe

BcepenuvHi KNiTMH Hemae TpaBHOI CUCTEMM.
AK KNiTMHa Nepepobnsie PeyoBUHY,
AKi BOHa mornvHyna?

Q 3raganTe

e TpaBneHHsA o TpaBHi bepmeHTH

o EHpounTO3 « Jlizocomn

Cnocobu TpaBneHHA

TpaBaenns — Ipoliec, 3a AKOro BimOyBa-
€ThCs TIepeTpaBJIOBaHHA iXKi Ta i1 3aCBOEHHSA
KJIiTuHaMu. ¥ pe3yabTaTi XapyoBi MIPOAYKTH Ie-
PETBOPIOIOTHCS Ha KOMIIOHEHTH, IT030aBJIeHi BU-
IoBol cuenu(ivHOCTI I MpuUAATHI 10 3aCBOEHHHA.

IcHyroTH pisHi cmoco0u TpaBIeHHA:

* BHYMPIWHbOKAIMUKHHKHe — TOYKUBHI pe-
YOBMHU HAIXOIATH yCEPEIUHY KJITHHU i pPo3-
MIeIII0I0ThCA hepMeHTaMu 1i IuTOmIasMu abo
Jisocom;

s no3axaimunne (NOPOICHUHHe T 308HiUL-
He) — BimOyBaeTbCA y MOBAKJIITUHHOMY CepeIoBuT-
1l 3aBAAKU (pepMeHTaM, AKi BUAIIAIOTEH KJIITUHU;

s npucminkKoge —BiTOYBAETHCSA HA CTPYKTY-
pax KJiTuHHOI MeMOpaHH.

BHYTPIWHbOKNITMHHE TPaBNeHHA

BryTpimiHbOKJIiTMHHE TpaBJIeHHA — TUII
TPaBJIEHHA, 3a SAKOTO TOYKWBHI PEUOBUHU PO3-
MIEeTTIOIOThCA (PepMeHTaMU B KJITHMHaAX opra-
"Hismy. IIpu 11pomMy KJIiTHHA aKTUBHO 3aXOILIIOE
MOKVBHI PEUOBUWHU 3 HABKOJIUIIIHLOTO CEPENO-
BUIA IIJIAXOM €HJOI[UTO3Y.

BHyTpinmHbOKIiTHHHE TPaBJIEHHS HAaWAAaBHIi-
II1e 3 eBOJIIOIITHOI TouKu 30py. BoHO BilacTuBe
BCiM OJHOKJITMHHUM i JeAKUM NPUMITUBHUM
0araTOKJITHHHUM opraHismam (ryoxam i iioc-
KM uepBam). SIK JomaTKOBUII MeXaHi3M Tpas-
JIEHHS, BOHO TPAILIAETHCA y TOJIKOIIKipUX, ne-
AKUX KiJTbYacTUX 4YepBiB i 6araTbox MOJIIOCKIB.
Y Bummx TBapuwH i JIOAWHU BHYTPiNIHBOKJIi-
TUHHE TPABJIEHHA BUKOHYE 3aXUCHI (PyHKI[I —
Moro 3MiHCHIOIOTH JEeUKOIUTHU KPOBi 1 TKAHWHHI
makpodaru mig yac ¢aromurosy (man. 34.1).
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Man. 34.1. Makpodoar 3axonoe 6akTepito

Ponb nizocom
Y BHYTPIWWHbOKNITUHHOMY TPaBieHHi

BHYTPINTHBOKJIITUHHE TpaBJIeHHA BinOyBa-
€ThCA y CHEIiaJIbHUX OpraHejJax — TPaBHUX
BaKyoJIgX, SAKi MOMKYTh iCHYBaTH IIOCTiiiHO a0o
yTBOpIOBaTHCA Iif yac (haronuToly UM IIiHOIU-
To3y (Mas. 34.2). ¥V meperpaByieHHi 13Ki 6epyThb
yuacTth Jiidocomu. Ili opramesm MicTAThH TOHAZ
30 rigposiTnyHUX (PEePMEHTIB, 1110 PO3IIEIIIOITh
0iIKM, HYKJIEeIHOBI KMCJI0TH, BYTJIEBOAU ¥ JIiIIigu.
Jlizocomm, 110 BimOPYHBKOBYIOTBCS Bij] amapary
Tonpmxi, MicTATH 1Ii (PepMEHTN B HEAKTUBHOMY
crani. Taki opranesu Ha3WBAIOTh NMEPBUHHUMMH
Ji3ocoMaMu.

*
%9
®OarouynTtos *)
*I*)
'
TpaBHa Bakyons *)
(*T*} : MepBuHHa
' @ nisocoma
7
[* Yl
09
|
. " QN
BTopuHHa nisocoma N -
AT
|
Ek3ouunTto3
S 3a/IMLWKOBOrO
TinbyA

Man. 34.2. Cxema BHYTPILUHbOKAITUHHOIO TPaBfieHHA
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00 Y6ikBiTMH

Binok, wo mae 6ytn
3pyNHOBaHMUM

binok 3 npuegHaHnm
y6iKBITVHOM

MpoTteocoma

o8 .
y 8

binok notpannse
[0 npoTeocomu

OparmeHTn 6Ginka
(nenTnan)

Man. 34.3. Cxema poboTM MpoTeOoCcoOMU

Kosim mnepBuHHiI JisocoMu 3JIMBAOTHCA
3 TpaBHUMU ((paroruTOSHUMM) BAKYOJIAMU, Til-
poJsituuHi (hepMeHTU aKTUBYIOThbCA. Taki Jriso-
COMU, IO YTBOPIOIOTHCA B PE3YJbTATi 3JUTTA
TMEePBUHHUX JIi30COM 3 TPAaBHUMU BaKyOJAMU
i mMicTATh aKTUBHI (hpepMeHTU, HAa3WBAIOTH BTO-
PUHHUMH JIi30COMaMuU.

Ilix miero rigposiTuuHMX (QEPMEHTIB JIi30-
coM OiosoriuHi moJimMepu POSINEIIIIOTHCA OO0
MOHOMEPiB, AKi HAAXOOATh y IIUTOILIA3MY.

Ilicna meperpaBiIeHHA JridocomMa CTae 3a-
JMIIKOBUM TiJIbIleM 3 HelepeTpaBJIeHUMH 3a-
JUMIKaMHU 1K1 i (pepmMeHTaMM. SAJTUIIKOBI TiIb-
A BUJANAIOTHCA 3 KJIITWHUW MiJ] Yac 3JUTTHA
TPaBHOI BaKyoJIi i3 30BHINIHLOIO MeMOpaHOIO.

Ponb npoteocom
Y BHYTPILWHbOKNITUHHOMY TPaBfIE€HHI

VY kiaiTuHax eykapioTiB, apxeil Ta HedKUX
O0akTepiit y rigposisi 6inkiB 6epyTh yuacThb Ta-
KOK IIPOTE0COMM — BeJIUKi 0iTKOBI KOMILIEKCH,
10 CKJIaJAIOThCSA 3 BEJMKOr0 YHMCJIa IIPOTeas.
IIporeasu — 1e depMeHTHU, IO PYHHYIOTH OiJI-
ku. IIporeocomMmu mepeTpaBiiOOTh OiIKM, AKi
CTAIOTh HENOTPiOHMMM! KJIITUHI IIicid BHUKO-
HaHHS CBOIX (PYHKIIili, a TaKOXX MOIIKOIMKeHi
1 HempaBUJIBHO 3ropHYTi Oinkm (Mman. 34.3).
Ho Toro x, mpoTeasy BUNAJAIOTH OiJIKM BipyciB
1 HAOIUMIKOBI (hepMeHTH.

Ho 6inkiB, 1m0 mignAramoTh PyHHYBaHHIO,
MPUKPINJIIOTHCA MOJIEKYJIU CIIeIiaJbHOTO 0iJI-

0 KnioyoBa iges

BHYTPILUHbOKNITUHHNA TN TPaBNEHHA € €BOJIIO-
LinHO HaraaBHIWUM. [OXMBHI PeYOBUHU aKTUB-
HO 3aXOMJIII0TbCA 3 HABKOMMLLIHBOIO CepefoBuLLa
LUIAXOM €HAOLMTO3Y N PO3LLENIoTbCA BCEPean-
Hi KNiTMHW. Y nepeTpaBnieHHi ki 6epyTb yyacTb
depmeHTM nisocom i npoteocomn. Moxknuee Ta-
KOX MepeTpaBfeHHA BMACHUX CTPYKTYP KAiTUHK
y npotecax aytodaroumTosy i aBTORI3y.

Ka yOiKBiTMHY, AKHII PO3Ii3HAETHCS MPOTEO-
COMOIO.

IIporeasu mporeocomM poO3PMBAIOTH IIEIITU/-
Hi 3B’SIBKM y MOJIeKyJax OinKiB (3HiliCHIOIOTH
IPOTE0JIi3). ¥ pe3yabTaTi yTBOPIOIOTHCA KOPOTKI
MeNTUuAN 3aBIOBKKU (—8 aMiHOKMCJIOT.

AyTtodarountos i aBToni3

depMeHTHU JIiB0COM MOXKYTh IIepeTpaBJIIoBa-
TH He TiJIbKM PEeYOBUHWU, IO HAMIHINJIX 330BHI,
a W CTPYKTYpPHU KJITWHU, 3AiMiICHIOIOUN ayToda-
TOIIMTO3 1 aBTOJIi3.

Aytogaronuros — poasIIelieHHA B Ji30-
coMax BJACHUX MaTepiayiiB KJIiTMHU: 3amac-
HUX PEeYOBUH, MAKPOMOJIEKY.JI abo opranei, aKi
BTPATUJN (PYHKIiOHAIBHY aKTHUBHiCTH. AyTO-
daronuTo3 BUKOPUCTOBYETHCA KJITUHOIO IJIs
BHUINEHHSA HEeIOTPiOHUX CTPYKTYP, HAIPUKJIAT
miJ vyac 3aMiHM cTapuxX oprames HOBUMH, abo
IJIs IlepeTpaBJieHHsA OLJIKiB Ta iHIINX PeYoBUH,
YTBOPEHUX yCepearHiI caMol KJIiTHHU.

ABTOIi3 — caMomepeTpaBIeHHA KJIITUH IIic-
JIsl pyHHYBaHHA MeMOpaH JIi30CoM, CIIPUUYNHEHO-
ro IIaToJIOTiYHMMY 3MiHaMu abo cTapiHHaM. AB-
TOJII3 IPU3BOAUTL A0 3arubesi Kiaituuu. IHomi
el mpoliec He € MATOJOTiUYHUM, a CYIIPOBOIKYE
PO3BHUTOK oprauiamy abo audepeHIlilOBaHH:A
crerfiasisoBanux wKJaitwH. Hampuxian, mig uac
IIepeTBOPeHHA IIYyroJIoBKa Ha Kaly Jisocomu,
110 MiCTUJINCS B KJIITHHAX XBOCTA, IIEPETPABJIIO-
IOTHh HOT0: XBiCT 3HMKA€E, a YTBOPEHI PeUOBUHU
BCMOKTYIOThCS i BUKOPUCTOBYIOTHCSA iHIIUMMU
KJiTHMHaAMM TiJja.

3annTaHHA Ta 3aBJaHHA

1. AK BHYTPIWHbOKAITMHHE TPaBNEHHA BUKOHYE
3axucHy ¢yHKUilo y niognHn? 2. Yum po3spisHATbCA
NEepBUHHI 1 BTOPWHHI Nlizocommn? 3. Yomy HapnvLIKOBI
bepmeHTM B KNiTWHI pyliHyloTbcA? 4. flka ponb ni3ocom
B embpioreHesi niognHn?

/3



Tema 3. OOMiH peUYOBVH | NepeTBOPeHHA eHeprii

§ 35. lNo3aKkniTNHHE i 30BHILUHE TPaBNeHHA

o [No3akniTHHe TpaBneHHA
[NomipkyiTe .
ITosaksiTuHHE TpaBJIeHHA XapaKTepPU3YETHCA TUM, IO
MnaHapii YacTo nontoloTb Ha APIGHMX TpaBHI (DEPMEHTU CEKPETYIOThCA y 30BHIIIIHE cepeloBUIlle,

paykKiB, Xo4 BOHU i He MaloTb 3y6iB,
Wo6 po3rpu3Th IXHIN XiTMHOBUN
naHuup. Ak BOHN MOXYTb OTPUMY-
BaTU NMOXKWBHI PEYOBMHM i3CEpepnHU
naHuMpa CBOEI epTBu?

mepeTpaBJIeHHA I3Ki BigOyBaeThCA I03a KJIiTUHOIO, YTBOPEHi
PEUYOBWHU IIOTIM YCMOKTYIOTHCA B KJITUHY.

TakuM UYMHOM OpraHidaMu IIepPeTPaBJIOIOTH BeJUKi
OpraHiuyHi MOJIEKYJIN, AKi He MOKYTb IIPOHUKHYTU OesItoce-
pPenHbO Kpi3h KJIITMHHY MeMOpany. Biosoriuni makpomo-
JeKYyJIU PYHHYIOTHCA A0 HEBEJIMKUX CIOJIYK, AKi i 3acBO-

é 3rapaiite I0I0ThCA ICJIi.TI/IHOIO. ' '
ITozakaiTuaHe TpaBJIeHHSA MOJKe BimOyBaTucs 30BHi
» OcmoTpodHe KMBEHHA opraHiamy (308HiulHE TpaBJeHHsA) ab0 B TPAaBHUX MOPOIK-

» YKuBneHHa pocnvH HUHAX Tija (nOpoMHUHHEe TPaBJEHH).

Mo3aKkniTMHHe TpaBneHHA y 6aKTepil i apxen

MikpooprauismMu morJMHAOTH 3Ky 1 BUAIIAIOTH IPO-
IYKTH OOMiHY Bci€lo ImoBepxHE0 KJiTmHH. AJe MOKHUBHI
PEYOBUHU MOKYTH HAAXONUTHU B KJIITUHY TiJIBKU B PO3YU-
HEHOMY BUTJIAl, TOMY POSIIEIJIEHHA HEPO3UMHHUX CKJIAM-
HUX OPTraHiYHWX CHOJYK Ha Oiabin mpocTi BigOyBaeThcs
30BHi. TpaBHi (hepMEHTU CEKPETYIOTHCA KJIITUHAMU MiKpPO-
OpraHiamMiB B 30BHIiIIIHE cepemoBuUile ab0 3aKPiIlIIOOTHCS
Ha 30BHIITHIA MemOpaHi yMm Ha KJIITMHHINA cTiHmi. Takum
YMHOM, IIepPeTPaBJeHHA 1’Ki BiOyBaeThCcA m03a KJIITMHOIO.
YTBOpeHi MOHOMEPU BCMOKTYIOTHCA Yepe3 KJIITUHHY MeMO-
paHy.

[Mo3aKniTMHHE TpaBNEHHA Y XVXUX rpnbis

Icuye 6smsbro 200 BuzmiB xmkmx rpudiB. Bouum yTBO-
PIOIOTH 3 HUTOK MIiIleJIil0 cIemiaJbHi JIOBUi cucTeMu, IIT0
HaraJyioTh pubaJbCcbKi cHAcCTi 3 0esiuuio raukis, KJIeHKi
Mepeski abo Kinbig-sammopru. Ilicasa saxomaenusa 3400mui
rijpu rpmba HMPOPOCTAIOTh Uepes IMOKPUBU KEePTBU 1 BUIi-
JSAI0Th TpaBHi (pepmenTu. Ilotim crenianabHi acumimamiimi
BeHepnHa MyXonoBka rij)y BCMOKTYIOTH i 3aCBOIOIOTH IIEPETPABJIEHI PEUOBUHMU.

Man. 35.1. Xuxi pocnvHmn .

[Mo3akniTnHHe TPaBJIEHHA Y XXX POCTTNH

Icuye 6auspko 630 BumiB KomaxoimHux pocauH. Ile
ImepeBasKHO OaraTopiuHi TpaB’sSHMCTI POCJMHU, ajie cepen
HUX TaKOK TPAILIAITLCA HalliBUarapHUKM 1 HeBeJuKi ua-
rapHUKHU. 3a3BUuaii BOHU JKUBJATHCA, IK 1 BCi pocauHu,
MOTJIMHAIOUM PEYOBUHU 3 I'PYHTY Ta (poTOCHHTE3youn. AJje
faraTto 3 HUX POCTYTh Ha 0oJioTaxX — Ha I'PyHTaX, yKpau
OiIHMX Ha MOXKWBHI ejeMeHTH. TOMYy BOHU BUKOPUCTOBY-
I0Th v 13Ky OpiOHMX TBapwH (IepeBaKHO KoMax) AK I0-
maTkoBe mxepeso Hitporeny, Kaiito, @ochopy Ta iHmux
Man. 35.2. Xmxa nuumHKa Xyka-nnasyHuA eJIeMEeHTiB.
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Tema 3. O6miH peyosuH i nepeTopeHHa eHeprii 3y 33y S

KomaxoigHi pocsimHM 3aCTOCOBYIOTH PisHi
MPUMAaHKY, TPUBAOJIIOIOTL KOoMax 3abapBJeH-
HAM, COJOAKMMM BUIIJIEHHAMH a00o 3amaxoM.
BoHu J0BIATH 3M00MY 3a JOMOMOTOI0 JUIKUX
BUAiJIEHb 1 JIOBUMX amapariB (BUAO3MiHHUX
JUCTKiB) — CXJIOONYBAJbHUX JHNCTKiB, JIOBUMX
riaeunkiB (maa. 35.1). ¥V macTKy BUIAIIAIOTHCS
epmMeHTH, AKi IIEPETPABIIIOIOTH CIIiliIMaHy KepT-
BY. YTBOPEHi IPOAYKTHU TPABJIEHHSA, IePEBAKHO
aMiHOKWMCJIOTH, BCMOKTYIOTHCA 1 3aCBOIOIOTHCH.

30BHILLHE TPaBNEHHA Y YN€HUCTOHOT X

Oco0muBuil BUMA KUBJIEHHA — 30BHIIIIHE
TPpaBJIeHHS — XapaKTepHe AJd JedKuX IPiOoHuX
IpeACcTaBHUKIB TBapUH: IMaBYKiB, XMMKUX JIUUU-
HOK KYKiB, 0a00k i myx. Ili xmiKaKu croyaTky
BIIOPCKYIOTh Y Tijio 3700mui TpaBHi (epmeHTH,
AKi po3M’AKIIYIOTH TBePAi TKAHWHH, a IIOTiM
YCMOKTYIOTh YaCTKOBO IIepeTpaBJIeHY I:KY.

Man. 35.3. lNoyaTok npoLlecy 30BHiLUHbOIO
TpaBNeHHA MaByKa-oCu

Hampukaan, xwuika JIUYMHKA JKyKa-Ija-
BYHIIA, CXOIIMBIIU CBOIO KE€PTBY IIeJIellaMH,
BIOPCKYe B Hel TpaBHY piIuHy, SKa mapajisye
3mobouu (maJi. 35.2). HacTtynHa mopifis TpaBHOIO

[lizHanTeca binbue COKY IIOYMHAE IIepeTPaBJIIOBATHU IIapajli3oBaHy
0 "KEePTBY, PoO3pimkye 1ii, micasa Yoro JUYMHKA
BCMOKTY€E 13Ky uepes TJIOTKY.

ITaByKu Tak KOHCEPBYIOTH CBOiX JKepTB Ha

Y peAaknx BUAIB MOPCbKMX 3ipok dopmyeTbCA
06'eEMHMIN LWNYHOK, 3JaTHUN BUBepPTaTUCA 4Yepes
poT. 3ipka o6BoONiKae WAyHKOM 3406KY, AKY He

MOXe MPOKOBTHYTW (HampuKNag, MyLWslo MOMIOC- naBytuHi. IlifimaBmu 3gobuy, maByK BOMBae€ ii
Ka), i TaKUM YMHOM 3[iNCHIOE 30BHILUHE TpaBJieH- orpyroo. OTpyiiHi 3a103U IaBYKiB PO3TALIOBaHI
HsA. MopcbKa 3ipKa Patiria miniata po3cTensie cBiii B xeJinepax. Boum ortoueni m’ssamwu, Imig uac
LAYHOK MO [iHY i NepPeTpaB/lioe OpraHiuHi peyoBuUHMY, CKOPOYEHHA AKNX OTPYTA BIOPCKYETHCA 4depes

IO 3HAaXOAUTD. OTBip Ha KiHIIi Ma3ypyBaToOro WieHNKa XeJilep.

—— : Ha mHeBeslmKMX KoMax OoTpyTa IaBYKiB mie maii-
sKe mutTeBo. IlifimaBiu ¥ yOouBIIHM 370014, I1a-
BYK pospmBae Ii xesinmepamMum i BOOpcKye B Hel
TpaBHi coku (MaJ. 35.3). Uepes meBHUil yac ma-
BYK BUCMOKTYE€ YTBOPEHUH MOKUBHUI DPO3UYUH.
ITpucrocyBanHsaM NTaBYKiB AJisi Xap4yyBaHHS
pimkoro ixKero € (QPiIbTPyHOUMU amapaT POTOBOIL
TMOPOKHUHY 1 TJIOTKHU, IOTYKHUN CMOKTAJIbHUN
LIJTYHOK.

BraskaroTh, 110 MMO3aKUINKOBE TpPaBJIEHHS
€BOJIIOIITHO BUPOOUJIOCA Y YIEHUCTOHOTUX IJIs
TOT0, HI00 MOMOJIATH TBEPAUN XiTMHOBUII NAH-
IUp i yac XapuyBaHHA OJHUX YJIEHUCTOHOTUX
iHmuMu. BigcyTHiCTH MOTYKHUX IIIeJIell 3MY-
CIJIO MaBYKiB HmepedTH 40 PO3UMHEHHS TKAHUH

u Kniouosa ies JKepPTBU 1 XapuyBaHHA PiIKOI0 1:Kelo.
[Mo3akniTMHHe TpaBfieHHA BUKOPUCTOBYETHCA 3anunTaHHA Ta 3aBAaHHA
MavKe BCiMa >KMBUMW OpraHiaMamy Ansa nepe-
TPaBNIEHHA BENVKMX OPraHiyHMX MONeKys, AKi He 1. Yomy 6akTepii BUKOPUCTOBYIOTb MO3aKNiTUHHE
MOXYTb MPOHUKHYTN 6e3nocepefHbo Kpi3b K- TpaBneHHA? 2. Yum BiOpi3HAETbCA XUBNEHHA XKUX
TUHHY MeMbpaHy. TpaBHi GepMeHTU ceKpeTyTbCA rpubiB i XwKux pocnuH? 3. 3a AKUX NPUYUH MaBYKM
Y 30BHILLHE CepefoBLLe; YyTBOPEHI PEYOBMHU NO- BMKOPWCTOBYIOTb 30BHIWWHE TpaBneHHA? 4. Yomy yKyc
TiM YCMOKTYIOTbCA B KAITUHY. naByka Moxe OyTu He6e3neyHum Ans NLUHK?
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§ 36. [NlopoXHUHHE Ta NPUCTIHKOBE TPaBJIEHHA

0 [omipkynTe

AKLWO TBapuUHM ByLyTb NepeTpaBoBaTh Ky,
TiNbKW BUAINAIOUYN TPaBHi GepMeHTU B MOPOXKHM-
HYy KUMLLEYHWKa, TO BUTPATW Ha iX CuHTe3 byayTb
JyXe 3HauHumK, 60 bepMeHTM ByayTb MOCTINHO
B/BOAWTNCA 3 OpraHiamy 3 pelutkamm ixi. K TBa-
PUHAM MOXXHa 3eKOHOMUTK CBOI depmMeHTN?

Q 3raganTe

» TpaBHa cucrtema » TpaBHi dpepmeHTM
e [laCMBHMIN Ta aKTUBHWI TPAHCMOPT PEYOBUH

yepes membpaHy

[NopOXHMHHE TpaBneHHA

IloposkHMHHE TpaBJIeHHA — THUII IT03aKJIi-
TUHHOTO TPaBJIEHHS, 3a SSKOTO IIOKUBHI PEUOBU-
HU POBIIEIIIOIThCA (hepMEeHTaMU B TOPOYKHU-
HaX TPaBHOTO TpakTy. IlopokHUHHE TpaBJIeHHS
3abesmneuye TiApPOJi3 BEJUMKHX XapPUYOBUX MOJe-
KyJ [0 oJiiro- Ta MoHoMepiB. Takuii Tun Tpas-
JeHHSA XapaKTepHUU AJA O6araTOKJITUHHUX
OpraHi3MiB — KpPyIJIux i KijgpuacTux UepBis,
MOJIIOCKiB, UJIEHMCTOHOTUX i XOPAOBUX.

Opranu TpaBJIeHHA CKJIAJAlOThCA 3 TPABHOTO
KaHaJay i TpaBHUX 3ayio3. TpaBHUI KaHAJ yTBO-
PIOIOTH POTOBA IIOPOKHUHA, CTPABOXi, ILIYHOK,
KUITeUHUK. KUITeUHUK JIOAUHY TiJIUThCA Ha TOH-
Kuii i ToBeTuii. CauHHI 3ay103u, 3a7I03U IILIYHKA
U KUINeUHWKA, MiJIMIYHKOBA 3aJI03a BUIIJIAIOTH

Cknagku
3 BOPCMHKaMu

ToHKa KuLKa

Man. 36.1. CTpyKTypa CTiIHOK TOHKOrO KWLIEYHUKa

76

TpaBHi coku. TpaBHi coku MicTATb hepmerTH (Tifg-
poJiasu), SKi 3mifICHIOIOTH TiApPOJi3 ImoJriMepiB —
0isnKiB, CKJIAIHUX BYTJIEBOJiB, sKupiB. IloposkHIH-
He TpaBJIEHHS 3aBepIIyEThCS YTBOPEHHAM HeBe-
JUKUX MOJIEKYJ — JAucaxXapupiiB, AUMNEINTHUIIB,
JKUPHUX KUCJIOT, MOHOIJIIIIEPULIiB.

MpucTiHKOBE TPaBNeHHA

IIpucrinkoBe TpaBiieHHA Bi0yBaeThCA HA Be-
JUYE3HiN ITOBEPXHi TOHKOTO KUIIMEUHUKA, YTBO-
PeHOI CKJIagKaMM, BOPCUMHKAMU 1 MiKPOBOPCHUH-
KaMHi CJan30BOI 000JI0HKM. BoHO 3pificHIOETHCA
3aBAAKHU TiAPOJITUYHUM (pepMeHTaM, AKi BOYIO-
BaHi B MeMOpaHu KJITUH KUIITKOBOTO eIiTeIito —
eHTepouTiB. PepMEeHTH-TiApoIa3u 3AiNCHIOIOTH
OCTATOUYHMUH TifpPOJi3 MOKUBHUX peuoBmH. Iasi
BiIOYyBAETHCA BCMOKTYBaHHSA — TPAHCIOPT MOJIe-
KyJ uepe3 eHTEepOIUT y KPoB abo Jimdy.

Byp,osa BOPCNHOK TOHKOIO KULWLEYHWKa

BHyTpinrHA mOBEPXHSA TOHKOI KHWIIKH MAae
XapaKTepHUH peabed 3aBIAKU HAABHOCTI CKJIa-
0K, BOPCUHOK i KpunT (may. 36.1). Ili cTpyk-
Typu 30iJBIITYIOTh 3araJIbHY IIOBEPXHIO TOHKOTO
Kumreunuka B 600 pasiB, 1o cupuse 3mificHeH-
HIO (DYHKIIiI TpaBJeHHA.

Ha cximagkax CTIHOK TOHKOIO KHIIIEUHHKA
€ BUNMHAHHS CJAN30BOI OOOJIOHKM — BOPCHH-
Ku. Bucora BopcuHOK craHoBuTh 0,5—1,5 mm.
Ha 1 wmm2? ciamsoBoi O00OJOHKH PO3TAIIOBA-
HO O0au3bko 30—40 TaKMX BOPCHUHOK. ¥ IIeH-
TPpi BOPCHUHKMN IIPOXOAUTH JIiM(paTHUHUHA Kairi-

BeHa
Aprtepia (
.H\ JlimdpatnuHa
cyaviHa
M’azoBa
nnacTnHka
CN30BOI

Migcnusosun
wap

Man. 36.2. bygoa BOpcuHKM
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TpaBHi depMeHTM ntoanHN

Tun dbepmenTin IIpukaagn

IIporeosiTuuni pep- Ilemcun, Tpuncux

MeHTH (IpoTeasu)

o- i B-aminasza,
B-ramaxrosugasa

Awminoxituuni dep-
MeHTHU (amisasm)

JlimosiTuuHi dep-
MeHTH (JIimasm)

Jlimasa mIyHKOBOTO COKY,
Jimasa MmigImIyHKOBOI 3aJ0-
31, Jinasa KUITKOBOTO COKY

aap (man. 36.2). Y KOKHY BOPCHUHKY BXOAUTDH
mo 1-2 aprepiosnu, sAKi posmamamThCcA Ha Ka-
minapu. 3 KamiMIsgpiB KpoB 30uMpaeThcsa y Be-
HYJy, SKa IPOXOJUTh Y3IOBK OCi BOPCUHKU.

bygoBa MiKpOBOPCUMHOK TOHKOIO
KMLweYyHnKa

OcHOBHY Macy eIiTeJdiaJdbHUX KJIiTHH,
AKi BKPWBAIOTh BOPCUHKY, CTAHOBJATL €H-
TepouuTH. EHTEPOIUTH NOKPUTI MIKPOBOP-
cuHkamMu, y cepesabomy mo 1700-3000 1aTyx
Ha KJiTuHy. Bucora KOMKHOI MiKpPOBODPCUH-
Ku — Oamsbko 1 mxm. Ha 1 mm? emiresiio
TOHKOTO KHIIIeUHHKA PO3TAIIOBAHO OJU3BKO
50-200 MaH TaKMX MiKPOBOPCHUHOK. 3aBHs-
KM IM IIOBepPXHA IPHUCTIHKOBOTO TpaBJIeHHA
i BcMOKTyBaHHA 30imbmyerbcss B 30—40 pasis.

Y wmemOpaHu MiKPOBOPCHHOK YyOymoBaHi
(epmeHTH, AKi 6€PYTHh YUACTH Y POIIIEIJIEHHI Ta
TPAHCIIOPTi PEUYOBUH, IO BCMOKTYIOTHCS (MaJib-
Taza, iHBepTasa, JlaKTasa, Tperajgasa, JYJKHa
docharaza, MOHOTIIiINlepUAIinasa, IeNTHUAAZU
To1rio). Ili pepMeHTH CUHTE3YIOTHCA BCEPEeIUHI
€HTEepPOIIUTIB i BOYZOBYIOTECSA B iXHIO MeMOpany
SAK iHTerpasbHi 6inKH.

IIporiecu, 110 Big0yBaOThHCA Ha MiKPOBOPCHUH-
KaxX, OTpUMAaJI Ha3By NMPUCTIHKOBOTO (MeMOpaH-
HOTO0) TpaBjeHHA. BoHu Oyyi BIepIie OIMCaHi
ykpaincbkum yuerum O. M. Yromesum 1958 pory.

0 Kniouosa iges

MMOpOXHMHHE TpaBNeHHA 3AINCHIOETbCA depMeH-
TaMu B MOPOXHMHAX TPABHOrO KaHany. Takui Tun
TPaBNEHHA XapaKTepHWi Ana 6araToKMITUHHUX
TBapwuH. MNpucTiHKoBe TpaBneHHs BifOyBa€eTbCcA Ha
MNOBEPXHi MIKPOBOPCUHOK TOHKOMO KuLLeYHMKa. KiH-
LeBi NPOAYKTV TPaBNEHHA TPaHCMOPTYIOTbCA BCe-
PEeAVHY eHTePOLNTIB, 3BifKM NEPEHOCATbCA B KPOB
(amiHokmcnoTy, Byrnesoau) abo nimdy (kupn).

o posuien- IlpomykTu
e CHHTEe3yIThCSI Mgy POAYK
JIIOIOTH rigpomaisy
IInyHOK, migMIyHKOBA Binku AwmiHokuc-
3aJ103a JIOTH
Cnunni samosu, migmaya- | Ilomicaxa- Ouiro-
KOBa 3aJ103a, CIN30Ba pugu i moHOCa-
000JI0OHKA KUIIIeYHUKA Xapuau
IInyHOK, migMIyHKOBA He#irpanbui | [mimepost
3aJI03a, CJIM30Ba 000JIOHKA | JKUPU i skupHi
KUIIIEUHUKA KHCJIOTU

BCMOKTYBaHHSA peUYOBUH Y TOHKOMY
KULIEYHUKY

KiHmeBi mpoaykTu TpaBJeHHSA TPAHCIIOP-
TYIOTbCA BCEPEAUHY €HTePOInTa, 3BiKU Iepe-
HOCATHCSI B KpPOB (aMiHOKHCJIOTH, BYTJIEBOJIM)
abo gimdy (sxkupu). IlepeHecenHsa pevyoBUH Bix-
OyBaeThCA IIJIAXOM ITACUBHOTO U aKTHUBHOTO
TPaHCIOPTY.

AGcopbIiiss Bogu BigOyBaeThCsA IIACHUBHO 34
IOIIOMOroo ocmocy. Bararo fomis (Ca?", K,
Mg?*, Zn?", Cu?') BCMOKTYIOTbCS IILJIAXOM IIPO-
croi abo moaerimenoi audysii. BecMoxTyBaHHS
mouis Na' BigOyBaeThCs IIJIAXOM aKTHBHOIO
TPAHCIIOPTY 3 BUTpaTolo eHeprii ATd.

BceMmokTyBaHHA OisbIIocTi OpraHiuHMX pPedo-
BUH BiJOyBaeThCA 3aBAAKYN aKTUBHOMY 3aKauyBaH-
HIO uepe3 MeMOpaHy eHTeponuTa (CHeliaJbHUMHI
nepeHocHUKamu 3 BukopuctanaaMm AT®) i Hacry-
HUM TAacCWBHUM TPAHCIOPTYBAaHHAM y KpPOB abo
adimpy. Tax, HATIPUKIAL, 3MIHCHIOETHCA BCMOKTY-
BaHHS aMiHOKICJIOT, IVIFOKO3U # TaJIaAKTO3HU.

TpancnopTyBaHHA KUPIB B3AilMiCHIOETHCA
Y BUIVIAAI TUINEPOJSy U KUPHUX KucJoT. [Jri-
IepoJ HAAXOOUTH YCEePeIUHY eHTEePOIIMTIB Ia-
CUBHO, KHUPHiI KHCJIOTH TPAHCIOPTYIOTHCA 3a
YYacTIO JKOBUHUX KUCJIOT. ¥YCEpeauHi eHTepo-
IUTiB BiZOyBaeThCSA PECUHTE3 TPUTJIIePUIiB.
Iz Tpurainepunis, xojectepoiy, (ocdosiminis
i r100yTiHiB YTBOPIOIOTHCA XiJOMIKPOHU — KU~
POBi YacTHMHKU, YKJIaAEeHi B JIIIOIPOTeiHOBY 000-
aoHKY. IIli1AaXoM macBHOTO TPAHCHOPTY BOHU
MOTPAILJIAIOTL y JiM(MaTUUYHI CyIuHMN.

3annTaHHA Ta 3aBJaHHA

1. Lo B nopanbwomy BigbyBaeTbca 3 ninigamu, AKi
Haginwnu go nimén? 2. Lo B nopanbLiomy BigdyBa€eTb-
€A 3 aMiHOKMCNOTaMK, K Haginwnm o Kposi?

/7
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§ 37. TpaBneHHA B TOBCTOMY KULLUEYHUKY

0 [omipkynTe

3BiKN B TOBCTOMY KULIEUHUKY OLUH
3'ABNAOTbCA GaKTepii?

é 3raganTe

* BiTamiHum » bpogiHHA

o TOBCTUN KMLUEYHUK o AneHauKc

TpaBHi npouecn B TOBCTOMY
KNLEYHNKY

Y TOBCTOMY KUIIIEUHUKY B3aBEPIIYIOTHCA
OpOIleCH TPAaBJEHHA IIiJl i€l IIiAIIYHKOBO-
ro, KHIIKOBOT'O COKiB, BiZOyBaeThbCs YaCTKOBE
POSIIeIJIeHHsT XapyoOBUX BOJIOKOH (pepMeHTaMu’
KHUIITKOBUX MiKpooprauiamiB. 3aj03u CJIM30BOL
O0OJIOHKHM TOBCTOI KUINKHN BUOIIAIOTH HebAraTo
TPABHOT'O COKY, SIKMI MiCTHUTBL CJIU3 i HEBEJIUKY
KiJgbKicTh (hepMeHTiB. ¥ mpolecax mepeTpaBJieH-
HA T3Ki TOBCTUII KUINIEUHUWK Bifirpae He3HaAUHY
POJIb, OCKiNBbKM iKa MaliKe IIOBHICTIO IIEpeTpaB-
JIIOETHCS 1 BEMOKTYETHCA B TOHKOMY KUIIIEUHUKY.

Y ToBCTOMY KUIIEUHUKY BigOyBaeThcs
BCMOKTYBaHHS BOJAW, y HEBEJIWKHUX KiJIbKOC-
TSAX — COJIel, TJIIOKO3H1, BiTaMiHiB, aMiHOKMCJIOT,
YacTKOBE BCMOKTYBaHHsI OiIKiB.

Mikpoopraniamu, AKi KMBYTh y TOBCTiit
KWIIIi, CHHTEe3YIOTh (hepMeHTH, NedAKi BiTamiHm
Ta (isiosOrivHO aKTMBHI PEYOBUHMU.

-

5,.4

\

”~

NakTobakTepii BipinobakTepii

Man. 37.1. MonouyHoKkucni 6akTepii

/8

Ponb cmbioTYHMX MiKpOOpraHi3mis

3HauHa POJb y IIpoOllecaxXx TpPAaBJIEHHA Ha-
JEeKUTh MiKpoopraHismaM — OakTepisaM, IO
JKUBYTH y TOBCTOMY KUIIeYyHUKY (main. 37.1).
Ho 90 % is HuUX cTaHOBIATH OidimobarTepii,
igmi BuUAM mpeAcTaBJeHi JiaKToOaKTepiaMu,
CTPENTOKOKAMHU, KUIITKOBOIO MaJUYKOI0 TOIIO.

®depmeHTH O0aKTEPiNl POBIIEILIIIOIOTH BOJIOK-
Ha KJIITKOBUHU (I[€JI0JI03Y) A0 OIITOBOI KIICJIO-
TU, TJIIOKO3U Ta iHmux nponaykriB. Tomy poJb
OaKTepill 0co0JIMBO BaKJaMBa B TPaBJEHHI Tpa-
BOIHUX TBapwWH, JOBKWHA TOBCTOTO KWUIIEY-
HUKa B AKWUX 3HAUHO OijbIlla, HiK y XUEKHUX
(man. 37.2).

Mikpooprauismu 30poAKyIOTh BYTJIEBOIU 10
KHCJIUX IIPOAYKTIB (MOJOUHOI Ta OITOBOI Kuc-
gotu). KucioTu TpUrHiuyoTh PO3SMHOKEHHS
XBOPOOOTBOPHUX i THUJIBHUX OaKTepiii.

Ilix miero rHMIBHUX OaKTepill y TOBCTOMY
KUIIeYHUKY PYUHYIOTHCS HEBCMOKTAHI MTPOIYK-
TH TIepeTpaBJieHHs OijJKa.

MikpoopraHnismMu TOBCTOTO KUIIEUYHUKA CUH-
Te3ytoTh Biramin K, Biraminu rpynu B (B, —
riamin, B, — pubodrnasin, B, — maHTOTeHOBY
Kucaory, B, — HikoruHOBY KmCcaory, By — mi-
puzpokcus, B, — (omiesy Kucmory), amiHOKuC-
JoTH, OiJIKM Ta iHIINi PeuoBWHMU.

diziogoriuHO AKTUBHI PeUYOBUHU, AKi IPO-
IVKYIOThCA KUIIKOBMMU MiKpoopraHizmamuwu,
BIJNBAIOTh HA TOHYC KHUIIMKOBOI CTiHKU, Tix-
CUJIIOIOTH CEKPEIlil0 TPABHOTO COKY, CIPUSIOTH
TMOCUJIEHHIO TPOIEeCiB yCMOKTYBaHHS BOMMU,
aminokwuciaor, #oniB Kauabiito, Pepymy, Bi-
raminy D.

Kopuchi mikpoopranisaMu mpUrHidyOTH PicT
i POBMHOMKEHHSI MaTOTeHHUX MiKpoOiB.

Heratusua poJsib MiKpooprauismiB Kurieu-
HUKa IIOJIATAE B TOMY, IO BOHU YTBOPIOIOTH
€HIOTOKCUHU, CIPUYNHAIOTH OPOMiHHA i THUJIb-
Hi mpoIlecw 3 YTBOPEHHSAM OTPYHHUX PEUOBUH
(immosn, ckartos, (PeHOJ) i B MEBHUX BUMATKAX
MOXKYTh CTATH IPUUYNHOIO 3aXBOPIOBAHB.

[lizHanTeca binblwe

Y KULWEYHWKY NIOANHM MELLKAE 613bko 500 pi3Ho-
MaHIiTHUX BMAIB MiKpOOpraHi3aMiB. 3aranbHa KinbKicTb
6aKTepil CTaHOBUTb 6NN3bKO 50 TPUSIbNOHIB.
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CrpaBoxig
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Man. 37.2. bygoBa TpaBHOI CUCTEMMN 3aNI€XKHO Bif TUNY iXi

[lizHanTeca binblue

PocnvHHa >ka nepeTpaBoETbCA 3HAUHO BaXkue, HixX
TBapvHHa. ToMy B POCAVHOIAHUX TBApWH TPaBHUN
TPAKT MOMITHO [AOBLUE, HiX Yy M'ACOIAHMX, @ TaKOX
MaE€ crevjianisoBaHi Bigainv gna nepeTpasBieHHA poc-
JIMHHWUX BOJIOKOH depMeHTamMmn 6akTepin. Y »ymnHUX
TBapVIH NpoLec po3KnafjaHHA DKi 3a JOMOMOroto 6ak-
Tepil NOYMHAETLCA Lie Yy MepLin Kamepi LIyHKa
(py6ui). MoTim >ka BiAPUryeTbCA | NEepPeXOBYETbCA,
nicnA Yoro NPOXOANTL Yepes iHLWi TPU Kamepu LUTYyH-
Ka i pyKe OOBIMA KULEYHUK. Y TPU3YHIB i Hemap-
HOKOMUTHUX OCHOBHA YacTMHa MpoLecy TpaBneHHA
3[INCHIOETLCA Y CTIMIN KULLL, ie TAKOX XNBYTb CUM-
6i0TNYHI GaKTepil, AKi JonomMaratoTb NepeTpPaBIoBaATY
KNITKOBUHY.

MoHATTA Npo NpobioTnKKM i NpebioTrKN

KumikoBi mikpooprauismu HeoOXimui aiasa
HOPMAaJbHOTO (PYHKITIOHYBaHHS TPaBHOI cuC-
TeMH i TiATPUMAaHHA KUTTEBOTO TOHYCY opra-
Hi3My. 3a IEBHUX YMOB, HAIPUKJA 38 YMOBU
HeIIpaBUJIBLHOTO XapuyBaHHs abo Hicjs JOBro-
TPUBAJIOTO JIIKYBaHHS aHTHOIOTUKAMM, MiKpO-
dJopa KuIlleyHUKa IpUrHiuyerbca. Pos3suBa-
€ThCsA XBOPOOJIMBUM cTaH — AusbaxkTepios.

0 Kniouosa iges

Y TOBCTOMY KWLUEUYHWKY 3aBepLUyioTbCA NpoLecu
TpaBfieHHA | BCMOKTYBaHHA PeyoBUH. Bennke 3Ha-
YeHHA Ma€E AiANbHICTb MiKPOOPraHi3miB, AKi CUH-
Te3yloTb }i3ioNoriYHo akTUBHI peyoBUHU. MpUrHi-
YEeHHA MIKpPOOpPraHi3MiB KuleYyHKa Npu3BOAUTb
[0 XBOpobnMBOro ctaHy — pAmsbakrtepiosy. Big-
HOBUTN MOPYLUEHMI 6aNaHC MOXHA BXKUBAHHAM
npe6ioTnkis abo NpobioTUKiB.

BigHoBuTH mopyIienuii 6aJaHc MOKHA IBO-
Ma cmocobaMu — ByKMBaHHAM IIpebioTukiB abdo
mPO0iOTHUKIB.

IIpeGioTMKU — I1e PEUOBUHU, IT[0 CIIPUAIOTH
pocTy ¥ PO3MHOKEHHI0 KopucHuX OakTtepiii. Ile
MOJKYTh OyTHM HU3BKOMOJIEKYJIAPHI BYTJeBOAU
(maxTyiosa, padginosa), po3UMHHI Xap4uoBi BO-
JokHa (iHyJiH, HeKTuH, IIOJIiJeKcTpo3a), poc-
JUHHI eKCTPAKTU ¥ aHTUOKCUAAHTH (BiTamMinu
A, B, C). PevoBuHU-IPeO6iOTUKY MiCTATHCA 1€~
PeBa’KHO B MOJIOYHMX i POCIMHHUX MPOAYKTAX
(KYKYpPYABAHUX MJACTiBIAX, Kpylnax, xJibi,
nuobyJi, yacHuUKy, (acoJji, ropoci, 6amaHax Tta
iHmux (GppyKTax, oBoyax i Tpamax).

IIpo6GioTuku — 1e BuAM i°Ki abo JiKapchKi
mpemaparu, IM0 MiCTATH JKMBi MiKpoopraHisMmu.
OcHOBHMMU TPOOIOTMKAMU € JaKTo- i 0idimo-
OakTepii, AKi € CKJIAZOBUMU KHUCJIOMOJOUHUX
npoayKTiB. I[o mpoayKTiB-mpoOioTHUKiIB HaJe-
KaTh cMeTaHa, Horypr, Kedip, aiipaH, KyMuc,
KBallleHa KamycTa Ta iHImi. ¥ pasi TAKKOIo
I130aKTepPiody BIKHBATU TiJIbKU KHCJIOMOJOYHI
IPOAYKTH HEZOCTATHHO, a AJIS BiTHOBJIEHHS Mi-
Kpodiopu HeoOXiZHO ByKMBATHU JIIKApCbKi IIpe-
mapaTu 3 Ipo0ioTHKAMIU.

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 UboMy 3anobirtn? 2. AKi nikapcbki
npenapaTn-npobioTUKM BM MOXeTe nobaunt B anTe-
kax? 3. fIki NpoAyKT! MaloTb BXOAMTW A0 [AIiE€TH, WO
CNPUVAE XUTTERIANBHOCTI KNWKOBOI Mikpodropu? 4. flke
XapuyBaHHA MOXe MpPUrHidyBaTW AiANbHICTL GaKTepiln
y TOBCTOMY KULLEYHUKY?

79
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§ 38. OepmeHTU. Perynauia metaboniuHnx wnaxis

0 [NomipkynTe

JocnTb YacTo NPUKPINIEHHA HEBENNKOI MONeKy-
nm po GepMeHTy Ha [OCTaTHbO BENUKIN BiacTaHi
Bifj Or0 aKTMBHOMO LIEHTPY CYTTEBO 3MiHIOE OrO
AaKTUBHICTb. Ha YoMy rpyHTYeTbCA Le ABuLie?

Q 3raganTe

» Karani3 o OepmeHTU

o MeTtabonism

MeTaboniyHi wnaxm

Y wiaitmHax mocTifiHO BimOyBaeTbcs 6es-
Jiu OioxiMiuHMX peakIiii, 1o 3a0e3IeUYyIOTh
o0oMmin peuvoBmH. Ili peakiii yTBOpPIOIOTH IIeBHi
TOCJiTOBHOCTI, B AKUX HPOAYKTHU OTHUX pPeak-
i cramoThb cybcrparamu aaA HacrynHux. Cy-
KYIIHICTh ITOCaimoBHMX OioximMiuHMX peakririi,
3aBIAKU SKUM BilOyBa€ThCA CHUHTE3 CKJIATHUX
CIIOJIYK 3 IIPOCTIIllIMX a00 po3maj CIIOJNYK 10 KiH-
IeBUX MIPOAYKTiB, HA3UBAETHCA META0OJIUHNM
muasaxom. Merabosiuni mIIgXM BCiX pedyoBUH
noB’sA3aHi MiK c000I0, YTBOPIOIOUU €IUHY Me-
pe:xxky OioxiMiuHMX peakIiiii B opramismi.

QepMeHTaTUBHUI KaTani3

depMeHTATUBHUI KaTaji3 — Ie IPUCKO-
peHHA 0ioXiMiUYHMX peakIliti 3a y4acTio (pepMeH-
TiB. Bigmosigzo, ¢depmenTn — 1 OGiosoriumi

KaTajisaTopu, II0 IPUCKOPIOIOTHL XiMiuHi peak-
mii B KMBUX opraHismax. PeareHTu B peakirii,
10 KaTaisyeThcsa (hepMeHTaMU, HA3WBAIOTHCSH

Cy6cTpar

AKTUBHUIA LEHTP

MepMmeHT-cybCTpaTHUN

DepmeHT KoMrieKc

Man. 38.1. CneundiyHe 3B'A3yBaHHA CybCTpaTy 3yMOBNEHe

NPOCTOPOBOI GYAOBOI 1 XiMIYHOIO CMOPIAHEHICTIO aKTWB-
HOro LeHTpy dpepmeHTy

80

cybcmpamamu, a OTPUMYBaHI PEUOBUHU — NPO-
Jdykmamu.

depmenTu 3a3BUUYail € OLIKOBUMU MaKpo-
MoJieKyJiaMu. BoHU creriu@iuHo 3B’ A3yIOTh Cy0-
cTpaTHu peakIlii B ocoOJMBiN OiIAHIII — AKTUB-
HoMy 1ieHTpi (Mas. 38.1). IIpu mbomy cybeTpaTu
OPi€HTYIOTHCA TAK, IO HAOYBAIOTH ONITHUMAJILHO-
ro IIOJIOKEeHHs IJs mepebiry peaxiiii. Exmepris
aKTUBAIIlii, IIT0 HeoOXigHa s mepebiry peakirii,
OpU IIbOMY 3HIKYEThCS (Maj. 38.2).

3arajbHe PiBHAHHSA peakIlii 3a yuyacTio qep-
MEHTY Ma€ BUTJIAMI:

D+ C—>PC > D+ 1II,
ne ® — Qepmenr, C — cyb6erpar,
®dC — depmenT-cybCcTpaTHUIN KOMILIEKC,
II — mpoxyxT pearii

@depMeHTHU € Ay:Ke eDEKTUBHUMU KaTajisa-
TOpaMu — IIBUAKICTH peakxIiiii 3a (hoepMeHTaATHUB-
HOTO Karanisy 30inbiryersesa B 10°—10'2 pasis.

®depMeHTH MAaOTh BUCOKY chenudivaicThb
momo cyocrpariB. BoHu KarTasisyioTh IepeTBO-
peHHA TinbKM onHiel ab0 HeKiIbKOX OJM3bKUX 3a
CTPYKTYpOIo peuoBuH. CrienmudiyHicTs 3yMOBIEeHA
IIPOCTOPOBOIO i XiMiUHOIO CTPYKTYPOIO TiIAHKY aK-
THUBHOT'O IIEHTPY, 1110 3B’ s3ye cyocTpar (mas. 38.1).

KodepmeHTn

Kodepmentn (KodaxkTopu) — 1e HE3bKOMO-
JeKYJIAPHiI HeOiJIKOBI pPeuoBUHU, YYaCTb AKUX
HeoOXimHa mia KataiitTuuHol mii ¢pepmenTi. Ko-
(hepMeHTY TPUEAHYIOTHCA [0 aKTUBHOTO IIEHTPY
(epmenTy i 6epyTh ydacTb B YTBOPEHHi (ep-
MEeHT-CyOCTpaTHOr0 KoMILTeKcy. Kodepmenramu
e Biraminm, geaxi iomm (K', Mg?' i Mn?").

EHepria akTusauii
6e3 KkaTtasnizaTtopa

EHepria akTmBauii
3 KaTafizatopom

MouaTtkoBuUi

CTaH KiHueBmi cTaH

Xig peakuii

>
>

Man. 38.2. 3a ym0oBU pepMeHTAaTUBHOTO KaTanidy 3HUXKY-
€TbCA eHepria akTuBauii peakuil
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Perynauia metaboniyHnx wnaxis

[IIBuakicTh pisHUX MeTaOOJMIUYHMX ILIAXiB
PeryJIoeTsCs, iHaKIme MeTaboJIisM y KJIITHHI Bifg-
OyBaBcs 0 HEy3rO[»KeHO 1 He BiAmoBigaB Ou HasAB-
HUM 1moTpedam oprauismy. Hafimpocrimiuii criocio
peryasiii I'pyHTYeThCS Ha MOCTYIHOCTI cyOcTpa-
Ty: 3MEHIIIeHHA KOHIIEHTPAIlii cy0cTpaTy 3HIKYE
MIBUAKICTE PeaKIliil, a 301IbIlIeHHS KOHIIEHTPAIlil
cy0bCcTpaTy CTUMYJIIOE€ METaOOJIuHUHA ITLIAX.

Aje ocHOBHaA peryusilid 3ailCHIOETHhCSA
OIJIAXOM 3MiHM KOHIEHTpalii a0 aKTUBHOCTI
depmenriB. KoHmenTparia meBHOTO (PepMeHTY
B KJIITHHI PeryJiroeTbCcsa Ha eTarax TPaHCKPUIIILil
i TpaHcadAlii, y nporeci ¢opmMyBaHHA i pyHHy-
BaHHA (epMeHTHOTO 0OijsiKa. AKTUBHICTE (ep-
MEHTY 3MIiHIOETHCA 3a PAXYHOK XiMiuHOI Monau-
(dikarii abo asocTepuuHOI peryssirii.

Perynauia TpaHcKpunuii pepmeHTiB

Vueni ®@. Karkob i ;K. Mouo chopmyaio-
Basu Teopiio omepona (1961 p.), 110 HpomoHyE
IBa MexXaHisMm peryiadilii IIBUIKOCTI TpaH-
ckpuniii y mpokapioriB: indyxuyin i penpeciw.
TpaHCKPUIIiA PEryIOeThCA OJOKYBaHHAM abo
BUBIJIBHEHHAM onepamopa — IIIAHKU, 3 AKOL
MOYMHAETHCA TPAHCKPUIIIA CMPYKMYpHOzO
2eHa. B eykapioTiB perynadamnid yCKJIaIHIOETHLCS
1 sasyuyae mOTATKOBi PeryJsaTOpPHI TiIAHKY I'eHO-
My (eHXaHCcepHu, CaJiIeHCEPHU), aJIbTEePHATUBHUN
CILIalfiCUHT Ta iHIIII MexXaHi3Mu.

AnocTtepuyHa perynauifa akTUBHOCTI

depmeHTiB
AXTUBHICTL (DEPMEHTIB PEryJTIETHCA CIIe-
IialbHUMM peYOBMHAMH — iHTriOGiTOpamu

(OpUTHiIUYIOTH AKTUBHICTH) i aKTHBATOpPaMH.
IIi peyoBUHU 3BOPOTHO 3B’A3YIOTHCA 3 PeEryJisi-
TOPHUM I[€HTPOM MOJEKYyJau (PEPpMEHTY, AKUI
OIPOCTOPOBO BiaJIeHU# BiJi aKTUBHOTO IEHTPY.
3B’sA3yBaHHs 3MIiHIOE€ TPETUHHY CTPYKTYPY MO-
Jeryau (GepMeHTy i, BIAMIOBiAHO, CTPYKTYPY
AKTUBHOTO IEHTPY. ¥ pPe3yJabTaTi 3MiHIOETHCS

0 KnioyoBga igen
XimiuHi peakuii B XMBUX OpraHiamax MpUCKO-

ploTbca PpepMeHTamn — Ayxe ePeKTUBHUMMU
i BUcokocneundiyHMMKM KaTanizatopammn 6inko-
BOI npupoawn. LUBnAKicTb pi3HMX MeTaboniuHux
LWNAXIB PErynioeTbCA KOHLEHTpaLielo cybcTpaty,
LWBMAKICTIO CUHTe3y abo po3nagy depmeHTiB, 3Mi-
HOM aKTMBHOCTI pepMeHTIB (anocTepryHa peryna-
Lia, ximiuHa mopwmdikauis).

PerynatopHui Cy6CTpaT MpuepHaHHA
LEeHTp |Hr|6|Topa

\ 3HUXKEHHS
<§) KaTaniTUYHOI
\ AKTUBHOCTI

AKTUBHUIA LEHTP
AKTUBHUIA dpepmeHT HeaktnBHuin pepmeHT

PerynatopHui Cy6 cTpar

EeHT
u P / aKTmBaTopa

\ MinBMLWEHHA
Q) <§) KaTanliTUYHOI
AKTUBHOCTI

AKTI/IBHI/II/I LEeHTP

MpueaHaHHA

HeakTuBHuii ¢pepmeHT  AKTUBHUIA pepMeHT

Man. 38.3. lNpuHuMn anoctepunyHoi perynauii
AKTUBHOCTI pepmeHTy

MIBUJAKICTL peakIiii, mo karairisdyerbca. Taka
peryisdilia Mae Ha3By aJIOCTEPUYHA PeryJiailis
(man. 38.3). AkTuBaTropamMu Ta iHribiTopamu
MOJKYTh OyTH cyOcTpaTH i MPOAYKTH peakriiii.

AJtocTepruHa peryJsdlia Mae gysKe BaKJINBe
3HaueHHA. BoHa 3yMOBJIIOE INBUAKY BiANOBiIb
KJITUHM Ha YMOBH, IO 3MiHIOIOTHCSA, & 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, Hanpukraaz
dochopunoBanua (mpuegHanHsa QochaTHUX
rpym) abo TiiKo3mIoBaHHA (IPUETHAHHA BYT-
JIEBOAHUX BaJUINKiB). AKTUBHICTL (DepMeHTIB
TaKOK PEryJIIOETHCA MIJIAXOM O0OMEKEHOTO IIPO-
TeoJisy (BumasieHHA parMeHTy mMojekysu). Ta-
KUM TLIAXOM (epMeHTH iHAKTUBYIOThCS abo,
HaBMaKW, CTAIOTh aKTUBHUMU.

@ MpakTnyHa poboTa

Bugs4YyeHHA akmueHocmi hepmeHmie cauHu

1. BukoHanTte pocnig i3 B3aemofii pO3UMHIiB CIVHMK
(bepmeHTy aminasa) i Kpoxmasno 3a yMOBU:

a) pi3Hoi Temneparypu;

6) pi3Hoi KnucnoTHocTi (pH) cepepoBuLa.

2. CoopmyntoliTe BUCHOBOK.

3annTaHHA Ta 3aBOaHHA

1. Wo € kopepmeHTOM remornobiHy? xnopodiny?
2. Aki dakTopy (30BHILHI, FEHETUYHI Ta iHWI) MOXYTb
NopyLINTX NPaBUIIbHY pPerynauilo MeTaboniyHoro wns-
xy? 3. Lo moxe cTaTncA, AKWO NOPYyLWNTLCA perynauis
neBHOro mMeTaboniyHoro wnsxy?
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§ 39. AHaepoOHi npouecn eHepreTU4HOro ooMiHy

0 [TomipkynTe

[nikonis fa€ KMAiTUHI Habarato MeHLe MoseKysn
ATO, HiX, HanpuKnag, npouec okUcHoro ¢oc-
dopunioBaHHA. YoMy ToAi 1Oro NPOAOBXKYIOTH
aKTUBHO BUKOPWCTOBYBATU >KUBi opraHiamu?

Q 3raganTe

« Katabonism e Ponb ATO

o CybcTpati Ta NPOAYKTU peakuii

Kataboniam i KNiTMHHe AnXaHHA

fAx Bam yke Bimomo, KaraboJsism (eHep-
reTUYHU OOMiH, AUCHUMIiAAIA) — Ie mpoliec
posmangy CKJIASHMX PEeYOBMH Ha OiJBII IIPOCTi,
10 3a3BUYail mepedirae 3i 3BiIbHEeHHAM eHeprii.

o mporieciB KaTaboaisMy HAJIEKUTD KJIITHH-
He, a00 TKAHUHHE, TMXAHHA — CYKYIHICTH pe-
aKI[iil 0ioJIOriYHOr0 OKMCHEHHS OPraHiuHuX pe-
YOBUH, ¥ AKUX OPraHidMU OTPUMYIOTH €Hepriio,
HeoOxXimHy mna xurrexianpHocTi. 1la eHepria
3amacaeTbecd B XiMiuHMX 3B’sA3KaxX MaKpoepriu-
HuX cunoayk (AT® ta iH.), AKi € yHiBepcaabHUM
I:KepesoM eHeprii masa OioximiuHmx mporecis.

BuginamoTh 1Ba OCHOBHI THUIN KJITHHHOTO
IMXaHHsA: aHaepoOHe (Oe3KucHeBe) Ta aepobOHe
(kucHeBe).

3a aHaepoOHOTO0 AUXAaHHSA OKWCHEHHS Op-
TaHIYHUX PEYOBUH 1 OJep’KaHHA eHeprii Bifg-
OyBaeTbca Oe3 yuacTi KucH0. IIpu mpomy pos-
MIellJIeHHS OPTaHiuYHUX PEYOBUH € HEeIOBHUM
i BuminAeTbcsa He3HaYHA KiJbKicTh eHeprii. o
IporeciB aHaepoOHOTO MUXAHHA HAJEXKATbh 2Jli-
Koai3 1 pisHi BuAM O6pOJiHHA.

3a aepo0HOro TMXaHHA OKMCHEHHS OpraHiu-
HUX PEUOBHUH i oJlep:KaHHS eHeprii BimOyBaeThCcs
3a y4acTI0 KHUCHIO. PosIenjeHHs opramiuvHMX
PEYOBUH € IIOBHUM i BigOyBa€TbCs 3 YTBOPEH-
HAM KiHneBux npoaykris okucuenns H,0 i CO,.
Y pesyabraTi aepoOHOTO AUXAHHSA BUMIIAETLCSI
i samacaeTrbca 6araTo eHeprii. 3aragbHa QopmMy-
Ja 0i0JIOTiYHOrO OKMCHEHHS MA€ BUIUIAL:

CeHmOs + 602 — 6CO2 + 6H20 + Enepria
T'imiokosa Kwucens Byrie- Bona

KUCJIUN Tas
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Etanu katabonismy

I eran, migroroBumit

BigbyBaerhcsa y TpaBHOoMYy Kamaui. CKaanHi opra-
HiUHi CIIOJIYKM PO3MagaloThCsa HA MPOCTi mix aieio
TpaBHUX (pepMeHTIB. Buninaersca TinibKu TemmoBa
eHeprid.

II eram, Ge3kucHeBHii (TIiK0Ti3)

Big6yBaeTbca y niuTomIadmi KiIiTuHu 6€3 yuacTi Kuc-
HI0. MoJieKyJia IJII0K03Y POSIIEIIIOETHCSA 3 YTBOPEH-
HAM 2 MOJIEKYJ IipOBMHOTPagHOI KucjaoTu. EHepria
BUKOPUCTOBYETHCS IJiA cuHTE3y 2 MoJsieKya ATD.

IIT eram, kucHeBU# (aepodHEe KIIITUHHE TUXAHHS)
3OifiCHIOETECA Y MITOXOHAPisAX 32 y4ACTIO KMCHIO.
Y TBOPIOOThCA KiHlleBi TpoayKTH oKucHenHa — H,0
iCO,. Y pesysbTaTi pO3IIENICHHA 2 MOJIEKYJI ITiDOBH-
HOT'PaIHOI KUCJIOTHU CUHTE3YeTheA 36 moerkys ATD.

Mmikoni3

Taikomis — 1me aHaepoOHMII IIPOIEC OKMC-
HeHHS TJII0OKO3U, AKUHN € OgHUM 3 m:Kepea ATD
I kiaituau. OKpiM IbOro, y IPOIleci IIiKkorisy
YTBOPIOIOTHCS CIOJNYKHU, IKi BUKOPUCTOBYIOTHCS
B MOJAJILININX TPOIlecax KJITUHHOTO AUXaHHSI.

IIpotiec raikosisy BigOyBaeThCsa y IMUTOILIA3-
Mi KJIiTHHY i ckIagaeTbesa 3 10 mocaizoBHUX 6io-
XiMiuHMX peakIii. ¥ pe3yabTaTi IUX peaxIrii
3 OJHiel MOJIEKYJIM TJIIOKO3U YTBOPIOIOTHCSA IBi
MOJIEKYJIU TipyBaTy (IIipOBUHOTPAIHOI KUCJIOTH).

IligroToBUMii eTam TJIiK0Ji3y BimbyBaeThcs
3 BUTPaTOIO0 eHeprii aBox moJsiekya AT®, a Ha
OCTAaHHBOMY eTalli CHHTEe3YIOThbCS YOTHUPU MOJe-
Kyau AT®D. Takum umHOM, €eHepreTUUHUI Oa-
JIaHC TJIiKOJIi3y cTaHOBUTH ABI moseKynau ATD
Ha OOHY MOJIeKYyJay riaoko3u (maa. 39.1).

CymMmapHe piBHAHHSA TJIIKOJIi3Y:

C.H,,0, + 2AIl® + 2 — 2C,H O, + 2AT®D.

I'iroxosa IlipyBar

VY mporeci raikoaisy cunres AT® BigOysa-
€ThCA MIJIAXOM cyocTpaTHOro ocopuiroBaHHs,
3a AKOro 3anuilok (ocharunoi kucaoru (H,PO,)
nepeHocutbca Ha AJIP GesmocepemHbO Bim BU-
COKOeHepreTuyHux (pocPopuabOBaHUX CIIOJYK
(y manoMy BUIIAAKY ITPOMiKHUX IIPOAYKTIB TJIi-
KoJigy). CybcTpaTHe (hochopmIroBaHHA TOPiBHS-
HO 3 oKucHUM (ochopunaoBanuam (auB. §40)
Iae HesHAUHY KiabKicTb moiexya ATO.
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Ane BesMKOIO IlepeBarol TJIiKOJi3y € Te,
110 JJiA HBOTO He moTpibeH KuceHb. Came ToOMy
M’A3U JIIOAWHU MOMKYTBH IIPAIIOBATH HAaBiTH 3a
HecTaui KUCHIO I yac BeJUKUX (PiBSUUHUX HAa-
BaHTa)KeHb. HeoOXiHYy eHeprito BOHU OTPUMY-
IOTh 3aBIAKMU TJIiKOJi3y.

T'irikosis BUHUK ITle HA PaHHIX cTamifgX eBo-
JIOIii i ChOTOAHI € OZHMM 3 OCHOBHUX MeTa-
0OJiUHMX TPOIECiB y BCiX JKMBUX OPraHidMiB.
B aepoOHUX opraHisMiB KiHIIEBi TPOAYKTH TJIi-
KOJi3y MmiAJdaraioTh IONAJBININM IIePETBOPEH-
HAM y OiloxiMiuHMX IIMKJIax, IO HaJeXXaTh IO
aepoOHOTr0 KJIITMHHOTO AUXaHHsS. B aHaepoOHUX
opramismiB mipyBar maji migigsrae OpogiHHIO.
A nsa nesxkux aHaepoOiB IUIIKOJII3 3a/IUIITAETHCA
€IVUHUM CIIOCOO0OM OJepsKaHHSA eHeprii.

bpogiHHA

Bponinaa — 1ie aHaepoOHMII TIPOIlEC OKUC-
HEHHS BYIJIEBOJiB, AKUUA J03BOJISE KJIITHHAM
OTPUMYBATH €Hepriio y BUriIani mojerya ATO.
Ilepirum etamom OpominHA € riaikosis. Ha nacrymn-
HOMY eTalli 3ajIe’KHO Bij Tuiy OpOmiHHS 3 MpPO-
IYKTY TJIKOJIi3Y (IIipyBaTy) yTBOPIOIOTHCS CIIUPT,
MOJIOUHA 1 JIMMOHHA KHCJOTH a00 iHIIi CHOJIYKH.

BinbiricTs TumiB OpPOgiHHSA 3AiMCHIOIOTH Mi-
Kpoopraxismu. 3ajie;XHO BiJ TOro, sKi peuoBUHHI
YTBOPIOIOTHCS, BUAIJIAIOTH JeKiJIbKa Pi3HOBUIIB
OpomiHHJ.

ITix yac mosouHOKUCAO020 OPOJiHHA (HaTpU-
KJIad, Yy MOJIOUHOKHUCIUX 0aKTepiil) yTBOPIOETH-
cA MOJIOUYHA KMCJIOTA:

C,H,,0, = 2CH,~-CHOH-COOH.

Cnupmose 6podinnsa (3OIACHIOETHCA IPiK-
mKaMU 1 JessKuMHK OaKTepisiMi) XapaKTepusy-
€ThbCS YTBOPEHHSIM MOJIEKYJI €TaHOJy i ByrJe-
KHCJIOTO Tasy:

C,H,,0, = 2C,H.OH + 2CO,.

2
0 Kniouosa iges

KnitTmHHe auxaHHA — CYKyMHIiCTb peakuiin 6iono-
rYHOr0 OKMCHEHHA OPraHiYHMX PEYOBUH, Y AKUX
OpraHiaMu OTPMMYIOTb eHeprito, HeobXxigHy ana
XKUTTERIANBHOCTI. OCHOBHMMM TUNaMU KNiTMHHOTO
JOVXaHHA € aHaepobHe (6e3KncHeBe) Ta aepobHe
(kncHeBe). [lo npoueciB aHaepobHOro AUXaHHA
Hanexatb 2/1ikosi3 i 6podiHHA. Thikoni3 € ofHUM
3 OCHOBHUX MeTaboniyHMX NPOLIECiB B YCiX »Wu-
BVX OpPraHi3miB. Y pe3ynbraTi rnikonisy 3 ofHiel
MOJIEKYNIN TJIIOKO3W YTBOPIOKOTbCA [ABi MONEKyIu
nipysaty i ABi monekynu ATO.

Crapisa
BUTPayYaHHA eHeprii
)

CH.O

6 12 6
[nioKo3a

2 ATO ? 2 AL
4 ADO # 4 ATO
+2HO

— >

2CH,0

3473
[Bi monekynu nipyBaty

Crapgin
BigAaui eHeprii

Man. 39.1. Cxema rnikonisy

3a oymosoxkucn0z0 0podiHHA (OIITOBOKUCIII
baxTepiil) IPOAYKTOM € OIITOBA KHCJIOTA:

C,H,,0, + 20, — 2CH,COOH + 2CO,.

Bigomi Takoxk macasanokucae, IUMOHHOKUC-
Jle Ta iHimi Buam OpPOmiHHSA.

Bpozninua mocimae Ham3BUUYaliHO BaKJIUBE
Miclle cepes IPUPOTHUX IIPOIEeCiB. Y KUBil
IpupoAi came OpoAiHHA 3a0e3mneuye eHeprieio Ti
opraHiammu, AKi JKUBYTh y 0€3KNCHEBUX yMOBaX.

Bponinasa BimbyBaeThcsa i B opramiami Jro-
IVHN. 3a BEJIMKWUX HABAaHTAKEHb Yy KJIITWHAX
3 IipyBaTy BHACJiJOK OPOMiHHS YTBOPIOETHCS
MOJIOYHA KMCJIOTa, HAKOIMMUYEHHS AKOI IPU3BO-
IUTH 10 000 B M’sA3aX ITicjas (PisMUHUX BIIPAB.

JltonvHa BUKOPUCTOBYE OPOMiHHA I Ofep-
JKaHHS 0araTboxX XapyoBuUX IpoayKTiB. Hampu-
KJIaJl, OTPUMAHHA KUCJIOMOJIOUHUX IIPOAYKTiB
(cmeranu, Kedipy, cupis, HOTypTy), KBaAIlIEHUX
OBOUiB, CHJIOCYBaHHS KOPMiB TOB’sI3aHO 3 [i-
AJBHICTIO MOJIOUHOKHUCAUX OaKTepili. CuupToBe
OpOMiHHA BUKOPUCTOBYEThCA IJA BUIIIKAHHS
xJIiba.

3anuUTaHHA Ta 3aBJaHHA

1. Ake 3HaueHHA Mae€ rNikoni3 ANA opraHiamy nio-
AvHn? 2. Yomy came rmikosli3, a He KMCHeBe [MXaHHA,
€ YHiBepcanbHMM CMOCOBOM OTPUMMAHHA eHeprii KNiTu-
Hoto? 3. Po3rnAHbTE AeTanbHille BUKOPUCTAHHA noan-
HOO Pi3HUX BUAIB OPOAiIHHA.
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§ 40. AepobHe anxaHHA

0 [omipkymnTe

Mig yac aepobHOro AuxaHHaA, AK i B Npoueci

ropiHHA, 3 OpraHiYHMX PEYOBUH YTBOPHOKOTHCA
CO, i H,0. Ane XuBi KNiTMHN B LbOMY MpOLeCi
e 1 3anacailoTb eHeprito. AK iM Ue BOAeTbcA?

Q 3raganTe

« [nikoni3 » bygoBa miToxoHApin

AepobHe auxaHHA

fAx Bu mam’Araere, 3a 6E3KMCHEBUM €TAIIOM
KaTtaboaisMy iifie KMCHeBUII eTam, abo aepoOHe
auxaHHda. AepoOHe AUXaHHS XapaKTepHe s
6inmbIiocTi opraHismis i BimOyBaeThcss B MiTo-
xoHApiax wkjaitmau. Ilig yac mboro mpoiiecy op-
TaHiYHI PEeYOBWHU, YTBOPEHi y XOAi TJIiKoOJIi3y,
oxucHiooThCA KucHem 10 H 0 i CO,. 3nauna vac-
THHA eHeprii, sKa Opu IbOMY BUIIJIAETHCS, 3a-
HacaeThCA KJIiTUHAMU Y BUTJISAAL MoyieKya AT,

KnatouoBuM eramoM aepoOHOTO AMXAHHS €
muka KpebGca, a00 IUKJI TPUKAPOOHOBMX KHC-
JOT. 3a BCTAHOBJEHHS cxeMu IuKJIYy X. Kpebc
orpumaB HobGesniBcbKy mpemio 1953 pory. Came
B PEaKI[igX IIbOTO IUKJY YTBOPIOIOTHCA CIIO-
JYKU, dKi € I:KepejioM IIPOTOHIB 1 eJIEKTPOHIB
I TIpolecy OKMCcHeHHsA. [lepeBaskHa KiqbKicThb

Mipysat

1 |_HAH

AueTtun-KoA Co,

Okcanoauetat Lutpar
HAOH
9 3
Manar I3oumTpar
umTp co,
8 4 HAZ(®)H
Oymapat 2-OkcornyTapat
OALH Q 5 Co,
CyKkumHat CyKuwnHin-KoA HAOH
ATO AQO

Man. 40.1. Cxema peakuiil UMKy TPUKapOOHOBUX KUCIOT
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moJieKya AT® BupoObJseThCs Ha OCTaHHIN cra-
Oil KJIITUHHOTO AWMXAaHHS: Y IPOIlecaxX OKMCHOTO
¢dochopuarOBaHHSA B €IeKTPOHHOTPAHCIOPTHOMY
(muxaapbHOMY) JIAHIIO3I MiTOXOHIPIiii.

Linkn Tprkap60OHOBUX KNCNIOT

IlipyBaTr, yTBOpeHUI y pPe3yJbTaTi TJIiKOJi-
3y, TPAHCIIOPTYETHCA 3 ITUTO30JII0 IO MATPUKCY
MiToxoHApPil. ¥ MITOXOHApPiIAX 3a YMOB JOCTAaT-
HBOTO HAAXOMKEHHS KHCHIO IMipyBaT OKMCHIO-
erbesa. Ha meprromy eTami BiH yTBOPIOE CIOJTYKY
anmeTmia-kogepmenT A, ckopoueHo armerua-KoA.
ITe ocHOBHMIT cyOCTpaT AJS PEAKIiN IMUKJY TPU-
KapOOHOBUX KUCJOT. ['0/10BHA (DYHKIIiA aI[eTHUJI-
KoA — gmocraBasaru y meit mukja aromu KapGomy
y CKJaAi ameTuJbHOI I'PYIIH.

Y pearkmiax nuray (man. 40.1) BigOysa-
€ThCs TOCTiJOBHE OKUCHEHHS HPOMIiKHUX CIIO-
JYK — OPraHiYHUX KHCJIOT — 3 YTBOPEHHIM
CO,. Ha KinmbKOX eTanmax IHUKJy €HEpria OKHuC-
HEeHHSs 3aI1aca€TbCAd Y BUTJIAAI BiJHOBJIEHUX KO-
depmentis HAITH - H i ®AJTH,.

IIpomixKHI CIIONYKHU ITUKJIY TPUKAPOOHOBUX
KHCJIOT € IIollepefHUKaMHU IJisi CHUHTe3y Oara-
THhoX peuoBuH. TakuM YMHOM, ITUKJ TPUKaApOO-
HOBUX KHMCJIOT II0B’A3ye KaTabouiuHi Ta aHabo-
JiuHi mporecHu i € IeHTPOM MEepPeTUHy 0araTbox
MeTaboJiuHUX ILIAXiB.

lNepeHocHuKn ligporeHy

YacTo ofHUM 3 eTamiB XiMiUHOTO IIEPETBO-
PeHHS OpPraHivHUX PEUYOBUH YCEePeaUNHI KJIITUHUI
€ BiJOKpeMJIeHHs Bifx iXHiX mMoJsieKysa aTomis I'in-
poreny. BoHU HIpPUETHYIOTHCSA OO CIEIiaJIbHUX
MOJeKysJ1 — mepeHocHHMKIB Iimporeny, axi mo-
CTaBJISIOTH I1X Yy MiToxoHApii. 3asBuuaii y KaiTu-
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 KijgbKicTs Moaerkya AT® yrBopio-
€ThCA y IIpoIlecax OKHCHOTro (pochopuiroBaHHA
B €JIEKTPOHHOTPAHCIIOPTHOMY (IUXaJIbHOMY) JIaH-
031 MiToxoHApPiK. [[mxanbHUN JIAHIIOT SBJISAE
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binkoBuI KOMMNNeKc NepeHOCHUKIB eNeKTPOHIB

ATD-cnHTasza

/_/%
Mixxmem6paHHMit H Q@ H Q@ H' Q@ H@ — QW
npoctip Q9
BHyTpiwHs \5 s i
MeMbpaHa ri > 0 1

H*Q’E
' [H]

Matpukc HAIH rf\ HAQ

< D>

- | / ALO
g0
L+ T By / ATO
Ho & He @

EneKTpOHHOTPAHCMOPTHUIA NaHLor

OkucHe ¢pochopunoBaHHA

Man. 40.2. Cxema [uxafbHOrO NaHLlora Ha BHYTPILWHIN MeMbpaHi MiTOXOHAPIN

cob010 meKinbKa O0iMKOBUX KOMILIEKCiB, yOymo-
BAaHUX Yy BHYTPIIIHIO MeMOpaHy MiTOXOHIPIi.
Y memOpany Tako:k yoymoBana AT®-cuurasa —
KOMILIeKC, 1o cuHresye AT®.

BuBisbHeHI B IIMKJI TPUKapOOHOBUX KIC-
JIOT eJIEKTPOHU, aKIeIITOBaHI Ha KodepMeHTax
HAIH-H i ®AIH,, HaAXOAATL 0 AUXATBHOTO
JIAHITIOTA, Jie TOCJIiJOBHO IIEPEHOCAThCA 3 KOMII-
Jekca Ha KomIuiekc (mas. 40.2). Ilig uyac mepe-
HeCeHHs eJIEKTPOHIB BimOyBaeThCS IIOCIiTOBHE
OKICHEHHS U BiJHOBJEHHS eJEeMeHTiB AuXaJjb-
HOTro JlaHIlora. HanmpuKiHIIl eJIEeKTPOHU IIOENHY-
IOThCS 3 KMCHEM, YTBOPIOIOUM MOJEKYJIH BOIH.

IlepeHecenHsT eJIeKTPOHIB IO AUXATHLHOMY
JIAHITIOTY CYIIPOBOMKYETHCA BUKAUYBAHHAM IIPO-
TOHIB i3 MaTpUKCy B MiKMeMOpPaHHUI IIPOCTip.
Tak cTBOPIOETHCSA MPOTOHHUI TPATIEHT, 3a AKO-
O KOHIIEHTPAIliAd IPOTOHIB Yy MiKMeMOpaHHOMY
mpocTopi 6inbIta, HiK y MaTpuKci. YHacCTigoK
IIbOT'0 BUHUKAE Pi3HUIA MOTEHI[iaJIiB 3 000X 00-
KiB MeMOpaHM: IO3UTUBHI 3apsAgU IIepeBaKaioTh
y MiKMeMOpaHHOMY ITPOCTOPi, a HETaTWUBHI —
y MaTpukci MiToxoHApPi#. 36iMbIIIeHHA KOHIIEH-
Tpallii IPOTOHIB y MisKMeMOpPaHHOMY IIPOCTOPi
akTuBye AT®-cuHTaszy. ¥ pasi JocATHEeHHS IIeB-

0 Kniouosa iges
EHepreTMuHa epeKTUBHICTb aepO6HOro AUXaHHS

y 18 pasiB BuLa 3a ePeKTUBHICTb FNiKONMI3y: Ha
cTagii aepobHOro AUXaHHA 3 ABOX MOJSIEKY”N Mipy-
BaTy yTBOpPlOETbCA 36 monekyn ATO. Kniouosum
eTanom aepobHOro AvxaHHA € LMK TPUKapOOHO-
BMX KUCNOT. MepeBaxHa Kinbkictb ATO BUpobna-
€TbCA y npouecax OKUCHOro ¢ochopunioBaHHA
B €N1eKTPOHHOTPAHCMOPTHOMY (AMXaIbHOMY) NlaH-
L103i MIiTOXOHZPIMN.

HOl pisHuii moreumianie AT®-cuHTasa Tpamc-
IOPTYy€E TMPOTOHU HA3aJ y MAaTPUKC, IPU IIHOMY
yTBOPIOEThC ATD.

Taxum 4YuHOM, Y MiTOXOHAPiAX OKUCHEHHA
(IepeHeceHHA eJIEKTPOHIB) cupsskene 3 ¢ocdo-
punioBanHAM (AP + & = ATD), TobTO Bin-
OyBAETHCS IIPOIIEC OKMCHOTO (poCc(hOpUIIOBAHHS.

ITosicHeHHA MexXaHi3MiB CIIOJIyUYeHHSA POOOTH
IuxajabHOro JjaHioora i cuatesy AT® oOyio sa-
MIPOIIOHOBAHO aHIJIilicbKUM Oioximikom II. Mit-
yesiom 1961 poxy.

EHepreTnyHmin 6anaHc aepobHoro
1 aHaepOOHOro OKUCHEHHSA FNIOKO31

Eneprernunuii 6ananc okucHeHHs 1 MmoJe-
KyJIU TJIIOKO3W TAKUM:

« 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®D. ITpu mpoMy eHepreTuyHA
e(eKTUBHICTh aePOOHOI0 NUXAHHS BUSABJIAETHCS
y 18 pasiB BuiIromo 3a epeKTUBHICTh ITIiKOJi3y.

03a|‘|l/ITaHHF| Ta 3aBJaHHA

1. Yum cybcTpaTHe dpochopurnioBaHHA BigpisHAETbCA
Bif oKncHoro ¢ochopunoBaHHA? AKUN i3 LMX Npoue-
ciB edpekTMBHIWNN? 2. K BUHMKIM MiTOXoHAPII? Ha aki
CyyacHi opraHi3amm BOHM Cx0xi? 3. Y pasi nopyLleHHA
reHiB, AKi KogytoTb GINKN MITOXOHAPIN, BUHMKAOTL Tak
3BaHi «MITOXOHApPIaIbHI XBOPOOU». fIK B/ BBaXKa€Te, AKN-
MV CUMMNTOMaMU BOHW XapakTepusyoTbca? AKi TKaHNHN
CTpaxfalTb Hacamnepen?
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§ 41. Kataboniam >XUPHUX KUCNOT, aMiHOKUCNOT

i HITPOreHOBMiCHUX OCHOB

0 [NomipkynTe

AKWO pOo3rNAHYTU ABi HAaCUYEHi XXMPHI KUCNOTH
NPYOIN3HO OAHAKOBOI AOBXMHY, OAHA 3 AKUX M€
napHy, a Apyra — HenapHy KinbKictb atomis C, T0
AKY 3 HUX KNITUHI nerwe niggati B-OKUCHEHHIO?

é 3raganTe

» bygoBa XWpHUX KNCNOT, Tprauunriiuepuais,
docooninigis

» bynosa amiHokucnot

« bygoBa Hykneotugis, nypuvHu, NipumMiguHu

I>Xepena eHepril y KNiTUHI

Peakmii mukiay TpukapOOHOBUX KUCJIOT
i okucHe (docdopinoBaHHA Y MIiTOXOHAPiAX
€ VHiBepCaJbHUM IIJIAXOM OTPUMAHHA eHep-
rii gyma aepoOHMX opraHiaMmiB. AJie BYyTJIeBOIU
(TyII0KO03a, IMiPyBaT) He € ENWHUM IKEePeIOM s
cuHTe3dy amnetua-KoA, axuii sajlydyeHUi OO0 -
KJIy TPUKapOOHOBUX KucJoT. g yHiBepcanabHa
MOJIEKYJIa MOKe YTBODPIOBATHUCA TAKOMK ITiJT yac
OKVCHEHHA KWUPHUX KWUCJIOT, Ae3aMiHyBaHHSA
1 oxkucHeHHA amMiHoKucaor (maJj. 41.1). TobGTo
KJiTHMHA BUKOPHCTOBYE Pi3Hi cybcTpaTt — BYTI-
JeBOou, KUPU Ta OiIKM — [OJd BUBIJIbHEHHS
eHeprii y mporiecax Karaboaiamy.

3-OKMCHEHHS KUPHUX KUCJIOT

dAx mMu BiKe 3’sAcyBaji, TOJIOBHUU cyOCTpaT
OUKJIY TPUKapOOHOBUX KHCJIOT areTuja-KoA

ikoreH Tpurniuepug binok
InikoreHonis JNinonis Mpoteonis
lnikoni3 B-Okuc-
Mipysar HEHHS
e3aMiHyBaHHA
OKWCHEeHHA A Y

I OKNCHEHHS

Auetun-KoA

Man. 41.1. Auetun-KoA — ueHTpanbHa Mosekyna
KaTaboniamy
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MOJKe YTBOPIOBATHUCA B pPe3yJbTaTi OKUCHEH-
HS JKUPHUX KUCJOT. BinbHI JKUPHI KUCIOTH
YTBOPIOIOTHCA B KJITWHI Iix vac Jzinonisy —
posmiennenHa JimigiB. Hattuacrime xiaiTmHa
POBIIEeIJIOE TPUANUMATIiIepuan ((Kupu), AKi
BiIKJIAMAOTBCSA B Hill SIK pPe3epBHE [IKEpeJtio
emeprii, a Taxko:X (Qocdoaimigum mMemOpaH, 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 (KataboJiuHi mporecu).

Ilepiioto cramiero KaraboJisMy KUPHUX
KHCJIOT € (-OKMCHEHHA — cHeNu@iuHmi miaax
OKWCHEHHSA KUPHUX KWCJIOT, III0 3aBEPIIYETHCA
yTBOpeHHAM areTui-KoA.

B-OKncHeHHA XUPHUX KHCJIOT Iepedirae
B MaTpHUKCi MiTOXOHZApiil, TiMIBKM B aepoOHUX
ymoBax. Ile mukigiunmit mporec, 3a AKOTO Bix
KapOOKCHUJIBHOTO KiHITA sKUPHOI KUCJIOTU TOCJIi-
IOBHO BimokpeMJoeTbcsa mo 2 atromMu KapOomy
y Burasani 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 NTOJAJBIIOMY INIPOXOAUTH IUKJI
TPUKAPOOHOBUX KHCJOT i AMXAJbHUHN JAHIIOT.
ITuka P-OKMCHEHHSA IIOBTOPIOETHCA LNOTU, HOKU
BCsA JKUPHA KHCJIOTa He Oyme mepepobOjieHa Ha
ametmi-KoA (man. 41.2).

P-OKMCHEHHS KUPHUX KHUCJIOT € OJHUM
3 TOJIOBHUX JJKepeJ eHepril ayis cuatesy ATd
i yHiBepcanpbHUM OiOoXiMiYHUM TpoIlecOM, AKUNA
mepebirae B ycix sKmBuX opranismax. Haiiim-
TeHCHUBHIiIIEe -OKNCHEHHsS Big0yBaeThCsa B Uep-
BOHUX CKeJIeTHUX M’ f3aX, CepiieBoMy M’ d3i,
nupkax ¥ meuinmi. IIBuaricTs B-oxucHeHHS
30iJBITYETHCA B pPa3i ByTJIeBOAHOTO TOJIOAYBAH-
HA I iHTeHcuBHOI (hisuunOoi podboTu. Ilpu mpomy
KOHIIEHTpPAIlid JKUPHUX KUCJIOT ¥ KPOBi 30iJb-
IIyeThbCA B pe3yJbTaTi iX MoOisisarii 3 Kupo-
BOl TKAHUHU.
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—> 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 KUCOT

He3amiHyBaHHA aMiHOKMCNOT

Sk Bam BimoMo, B KJIITHHAX KUBUX OpraHis-
miB npucyTHi 20 OCHOBHUX BUiB aMiHOKUCJIOT.
J1s KOXKHOI aMiHOKMCJIOTHY icHye crenu(piuvHui
IIIJIAX PO3IIENJIEHHA BYIJIEIEBOrO cKejeTa. AJje
B pesyJIbTaTi KaTaboJIisMy BCiX ABAIIATH OCHOB-
HUX aMiHOKWCJIOT YTBOPIOIOTHCA BCHOT'O IMiCTHb
PEUYOBUH, AKI MOMKYTb OKMCHIOBATHUCS Y ITUKJIL
Tpukapbonosux kucior xo CO, i H,O 3 yrBoO-
peaaam AT® (man. 40.1).

TaxkuM YMHOM, KaTaboJaidM aMiHOKUCJIOT IO
KiHIIeBUX IPOAYKTiB BUBi/IbHAE eHepriio. OgHAK
eHepreTuYHa POJIb aMiHOKUCJIOT, 3BUYANHO, He-
BeJIMKA, BOHA cKJjazae jurre 10—15 % morpedu
oprauiamy B eHeprii.

Kara6oaism 6inbiIocTi aMiHOKHMCJIOT IIOYN-
HaEeThCs 3 BifIemeHHA o-aMiHorpynu. AMiHo-
KMCJIOTa BTpauae aMiHOTPYNY B pe3yJabTaTi ABOX
TUIIIB peakKI[iii: TpaHCaMiHyBaHHA i Jge3aMiHy-
BauHA. [[esamMiHyBaHHSA — Ile BiJOKpeMJIeHHS
aMiHOTPYIIM BiJf aMiHOKHCJIOTH 3 YTBOPEHHAM
BiJILHOTO aMOHiaKy. ¥ BHUIIUX TBAPWUH OCHOBHUM
MJIAXOM € OKHCHE JAe3aMiHyBaHHS, 3a SKOTO,
OKpiM aMOHiaKy, YTBOPIOETHCSA O-KETOKMCJIOTA:

Okcnpasm L- 1a
D-amiHokucnot

B ROHSOR

CH —-NH, C—-NH C-0+ NH,
| | |

COOH oan oaiH COOH COOH

0 KnioyoBa ines

OfHVIM 3 TONOBHUX AXKepen eHeprii Ana CUHTesy
ATO € 3-OKUCHEHHA »KUPHMX KNCOT, WO 3aBepLUy-
€TbCA YyTBOPeHHAM aueTun-KoA. Katabonizm ami-
HOKMCJIOT 3aBEePLUYETbCA 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
CeuoBMHa CeyvoBa KucnoTa

Man. 41.3. HitporeHoBMicHi KiHLEBi NpofyKTn Katabonismy

VYTBOpEHI O-KETOKUCJIOTHN OKWCHIOKTHCA
Yy PeakIisax MUKJIY TPUKAPOOHOBUX KUCJIOT. AJje
BOHU TAaKOXK MOYKYTbH IIePeTBOPIOBATUCS Ha BYT-
JeBoxu abo Jgimimm.

IIle oxmH TPOAYKT Ae3aMiHyBaHHA — aMOHi-
aK — € TOKCHYHOIO coJiyKoo. HaBiTh HeBeauKe
OiABUIITEHHS MOr0 KOHIIEHTpAIlil HeraTuBHO BILIH-
Bae Ha opraHism. ToMy B TKaHMHAX Bi0yBaeTbCs
3B’A3yBaHHA aMOHiaKy 3 yTBOPEHHAM HETOKCHUU-
HUX cooayK. OCHOBHUH MIISX 3HEIIKOIKEeH-
Hd aMOHiaKy — cuHTe3 ceuoBuHU (MaJs. 41.3),
AKa BUBOJUTHLCS 3 OpPraHisMy i3 ceuero.

PoswwenneHHA HITPOreHOBMICHUX OCHOB

IlypuHOBi Ta MipUMiINHOBI HYKJIEOTUIN PO3-
KJIAQOaloThCAd 3 YTBOPEHHAM Pi3HUX KiHIeBUX
TPOAYKTIiB.

IIypunosi miTporenoBmicHi ocHoBu (ameHiH,
ryaHiH) 30epirafoTh IMUKJIIYHY CTPYKTYPY IIypHU-
Hy. KiHmeBuM mIpoayKToM iX PO3KJIALY € ceuoBa
Kmcaora (man. 41.3).

Ha Bigminy Big nypuHiB, KijgbIleBa CTPYK-
Typa IipUMiAMHOBUX OCHOB (THMiH, ITMTO3UH,
ypamuia) pyRHYETbCA 3 YTBOPEHHAM 3BUUAWTHUX
KiHIIeBUX TPOAYKTIB KaTabosisMy — ByTJIeKUC-
JIOTO ra3y, BOAMW I aMOHiaKy. 3 aMOHiaKy yTBO-
poeTbes cevoBmHa (Masa. 41.3).

CeuoBrHaA i ceuoBa KHCJIOTA BUBOAATHCS
3 opraHismy i3 ceuero.

03a|‘|l/ITaHHH Ta 3aBJaHHA

1. Jo AKux npoueciB HanexuTb KAITUHHE AuXaH-
HA — KaTaboniuHmx ym aHaboniyHnx? 2. OnNuwitb, AKi
MeTabonivHi WNAXM NepeTUHaOTbCS Ha LUK TprKap-
60HOBUX KNCNOT. 3. [10 AKNX NPOLECiB HaNneXnTb LUK
TPUKAPOOHOBMX KUCNOT — KaTaboniyHux um aHabo-
niyHnx? Bignosigb aprymeHtyinTe. 4. fAKi peyoBUHN €
KiHLUEeBMMMN MpoAyKTamy Kataboniamy HiTporeHoBmic-
HUX Ccnonyk?
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§ 42. biocnHTes 6inka.TpaHckpunuia i npouecuHr iPHK

0 [omipkynTe

Y reHomi ntoguHn npnbnnsHo 20 000 reHis.
A B il KNiTMHax cuHTe3yeTbcA noHag 100 Tucay
6inkiB. AKMM YnMHOM?

Q 3raganTe

» bygosa AHK i PHK
» bynoBa reHiB eykapioTiB ¢ EK30HW 1 iHTPOHMU

» Hykneotnanm

o [MPUHLMN KOMMIEMEHTAPHOCTI

MOHATTA NPO NNACTUYHWIA OOMIH
Y KNiTUHI

IlnacTuunuit 0OMiH y KJIITUHI SBIsE cO60IO
CYKYIIHICTh peakIlifi CHHTe3y OpTaHiuYHUX peuo-
BUH 3 BUKOPHCTAHHAM eHeprii.

Y pesyJsbTaTi IJIaCTUYHOrO OOMIiHY KJIiTHHMI
3a0e31IeuyIoThCA OyAiBeJIbHUM MAaTepiaJoM IJis
CTBOPEHHA CBOIX CTPYKTYpP i opra"HiuHumu pe-
YOBUHAMMU [IJIs eTalliB eHepreTUYHOTro OOMiHYy.

ITpukaagamMmu Takoro OiOCHMHTE3y € CHUHTE3
0inKiB 3 aMiHOKMCJIOT, CUHTE3 BYTJIEBOIIiB Y IIPO-
meci oTocumHTE3Y, CHHTE3 KHPIiB 3 TIJIillepuHy
i KUPHUX KHCJIOT.

[MOHATTA NPO MAaTPUYHUIA CUHTES

CuHTe3 CKJIAJHUX IOJiMEPHUX MOJIEKYJI
Ha OCHOBi resmerwuuHol iHdopwMmalii KJaiTuHHU,
sarkonoBanoi B mosekyusi ITHK, BigbyBaernhcs
3a TUIIOM TaK 3BAHOTO MATPUYHOTO CHHTE3Y.
MarpruHUME HA3WBAIOTHCA IIPOIECU CUHTE3Y,
3a AKUX Ha OCHOBi IIEPBUHHOI CTPYKTYPU OZHOTO
GiomosriMmepa (MaTpuUIli) CHHTE3YETHCA ITIEPBUHHA
CTPYKTypa iHmroro GiomoJsrimepa (Komii).

Jlo MaTPpUUYHUX ITPOIECIB Yy JKUBUX KJITUHAX
HaJge)xaTh pemaikania (6iocuntes JHK Ha Mma-
tpuni [JTHK), rpanckpunuisa (6iocuuares PHK Ha
marpuri JJHK) i Tpancasania (6iocuuTtes 6irka
3a mocJuigoBHicTio HyKJIeoTunie PHE).

Etanun 6iocuHTe3y binka

BiocuHTes 0Oinka cKJIamaeTbCcsa 3 TaKUX
eramis:

* TpaHCKpUNLia — cuaTed Moneryau iPHK
Ha Martpuni gpingsaxkm [[HEK;
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- mpouecuar PHK — pospiBanus i momu-
dikamnia iPHEK;

* TPAHCIAIISA — CHUHTe3 01JIKOBOI MOJIEKYJIU
nHa marpuii iPHEK.

Tpauckpuniiia i nponecuur iPHK Binbysa-
IOTbCA B AIPiI KJIITHHU, TPAHCAAILIA — y IIU-
rTomsasMi Ha pubocomax. Ilicasa cuHTE3y mOJIi-
MeNTUAHUN JAHIIOT YKJIAAAETHCI B IIPOCTOPOBY
CTPYKTYPY 1 HmiggaeTbcsA Pi3HUM IIOCTTPAHCJA-
mittauM MomudikaIiam.

TpaHcKpunuin

Ha erami TpaHckpunmii Biz0yBaeTbCcs CHH-
te3 moaexkyau iPHK 3a 3paskom oxmoro 3 jaH-
mioriB mosiekysau HHEK. Ilig uac cuHTe3y Mo-
aexkyaun PHEK HyKJIeoTHAN IPUEIHYIOTHCS 3a
NPUHIIMIIOM KOoMIlJIeMeHTapHocTi. Hasmporu
amenisioBoro HykKJeotuny B jgaHiosi [JHK pos-
mimyerbea ypuguaosuii aykiaeorus PHK (a e
TuMiguaoBuii, axk y cuutesi [JTHE).

TpaHCKPUIIITisa 3iICHIOETHCA BEJIMKUM KOMII-
JekcoM (epMeHTiB, rojoBHuUM 3 axkux € J[HEK-
sane:xua PHK-mosimepasa (man. 42.1). Taxa
Ha3Ba O3HAYa€, IO BiH CTBOPIOE IIOJiMEPHUH
naumokok PHK 3a spaskom momexkynau [THE.

IIpomec TpaHCKpUOILl MOYMHAETHCA, KOJIU
PHEK-mosnimepasa BuaBjisde Ha Jjanmosi JTHE
30HY ITpomMoTopa. BoHa nmpukpimtoersesa go JTHEK
y Hifi 30HI I MOYMHAE TPOCYBATUCA Y3MOBMK Ii
nauiora. Ilpu mboMy moABifiHA CITipaab MOJIEKY-
au [ITHK poskpyuyersesd, i PHK-moximepasa 3uu-
Tye indopmariito yuire 3 ogHoro Jjauitiora J[HK.
Bona posnisnae HykJgeoruau Ha Janiiosi [JTHEK
i mpmemHy€e BiMMOBiMHI HYKJIEOTHUAM O JIAHITIOTA
PHEK (3a mpuHIiinnoMm KominieMmenTapuocti). Hosi
HYKJEOTUIU IPUETHYIOTHCA IO «XBOCTa» JIAH-

PHK-nonimepasa

Po3kpyuyBaHHs

OHK
—

lMoyaToK CMHTe30BaHOro naHuora

Man. 42.1. lMpouec TpaHCcKpunLil
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EK30H 1 IHTpOH Ek30H 2
Ek30H 1 Ek30H 2
,_— IHTPOH, 1o
BMpPIi3aHO
3’eAHaHi eK30H!U b 3 NlaHuora
A_
EK30H 1 Ek3oH 2

Man. 42.2. Cxema cnnancmHry PHK

miora PHK, mio cunresyerbea. [inauka ITHE,
3 AKOI (pepMeHT yiKe 3uMTaB iH(popMaIlito, 3HOBY
CKPYUYyeThbCA B cmipayb. IIpormec TpaHCKpummii
3akinuyerbeda, kKoau PHK-mosrimepasa mocsrae
OiIAHKY TepMiHaTOpa.

Ho3piBaHHA (npouecnHr) PHK

HospiBanusa PHK e BakiuBuM eTamom pe-
amigarmii cmagkoBoi iHdgopmMmallii B eykapioris.
Bono BimactuBe Bcim tTunmam PHK i He BimOyBa-
€ThbCsS TiIBKM B OKPEMHX BUIIaIKaX.

ITIix uac gospiBamus PHK BigOyBaeTbca me-
KiJIbKa IIpoIleciB, 30KpeMa:

* CIUIAMCHMHT — BUPiBaHHA iHTPOHIB i 3’ex-
HaHHA eK30HiB y cuHTe30BaHill mosiekysi PHE
3a momomoroio masioi anepuoi PHK (maPHK)
(mam. 42.2);

* KemlyBaHHS — JOJaBaHHSA 10 MOYATKY
moaeryau PHEK mexinmbkox wMomzmdikoBaHUX
HYKJIEOTHUAIB, AKi mAomomMaramTh TPAHCIOPTY-
BaTHU il B I[UTOILIa3My;

* MoJIiafieHiJIlyBaHHA — JOJaBaHHA IO KiH-
na mosexkyau PHEK mexinbKox azeHisoBUX HY-
KJIEOTHIIB, AKi momoMaramTh TPAHCIOPTYBATU
ii B muTOomIasMy.

0 KniouoBa 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.

5’-KiHeub —=.-

Metna 1

i /I'IeTnﬂ 2 —

¥ AHTUKOLOOH — @

Man. 42.3. lNpoctoposa cTpyKkTypa TPHK

AnbTepHaTUBHUN CANAVNCUHT

IIpomec mospiBaHHA [M03BOJIAE KJITHHAM
eyKapioTiB IIPOBOAUTHU TaK 3BaHUI ajJbTepHa-
THBHUH CILIAWCHMHI, Tig Yac AKOro 3 onHiel
mosiekynu PHK MoXyTh yTBOprOBaTHMCA pisHi
KoM6GiHarrii ek3ouiB. IIpu iboMy 3 OZHOTO IOYAT-
KOBOI'0O BapiaHTa yTBOPIOIOTELCS PisHi 6inku. IIpo
MacIITad IIbOro IIPOIeCy CBiZUUTE TOM (PaKT, IO
B reHomi Jrroguuu Tpoxu Oiabime 20 000 rewis,
a B KJIITUHAX HaIiuyoTh noHaz 250 Tucad OiaKiB.

TpaHckpunuia TPHK i pPHK

Tpaucooprai PHEK cunresyiorsca PHE-
moJiiMepasol B KJiTHHHOMY sAzapi. Buximmi
TPAHCKPUIITH IIiAJaloThbcsAa OaraTocTamiiHOMY
MIPOIECUHTY, Y pPe3yJabTaTi sAKoro (OPMYETHb-
ca tunoBa guasa TPHK mpocropoBa cTpyKTypa
(man. 42.3). Ilicna pospiBamma TPHK mnepe-
HOCATHCA 3 SApa B IIUTOILIA3MY CIIEI[iaJJbHUMN
IIePeHOCHUKAaMU.

B eykapioriB HajiuyeTbcA Big KiJIbKOX
COTeHb O0 HOecATKiB Tucau reHiB pPHK, aki
Iy:Ke iHTeHCWBHO TpaHCKpuOyioTbcs. Cmouar-
Ky PHEK-monimepasa cuuTe3ye MOBI'Y MOJIEKY-
ay-nonepenuauka pubocomuoi PHK, saxka morim
pospisaeTsrca ma okpemi Buagm pPHK. Micua
3ocepemxenua rexHis pPHK B azxpi kaituam
pasom i3 pubocomammu, 1[0 30UPAIOTHCS, YTBO-
PIOIOTH fAnepIie.

3anuUTaHHA Ta 3aBAaHHA

1. AKi BNacTUBOCTI »KMBOro 3abe3neyyoTbca Npo-
Lecamy MaTpPUYHOro cnHTe3sy? 2. 3a paxyHOK AKMX Npo-
LieciB 36inbLlIY€ETbCA PI3HOMAHITHICTD BiNKiB 3a HE3MIHHOT
KiNIbKOCTi reHeTUYyHOro matepiany?
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Tema 3. OOMiH peUYOBVH | NepeTBOPeHHA eHeprii

§ 43. biocnHTes 6inka. TpaHcnALiA

0 [omipkymnTe

Yomy B geAKknx BMMagKax y »UBUX OPraHiamiB BuU-
HUKNM MoAMiIKOBaHI BapiaHTU reHeTUYHOro Kogy?

Q 3raganTe

» bygnoBa 6inka o AMIHOKMCIIOTK GinKiB

« MenTngHUn 3B'A30K » bynoBa pubocom

[eHeTUYHUIN Kop,

Bynmosa wmoxerkysu 0inka BU3HAYAETHCHA
nocaigoBuicTio HyKJeoruniB y [IHK. Kosxua
aMiHOKWCJIOTA KOAYETHCA 3a JTOIOMOTOI0 TPHOX
HyKJeoTuniB. Takmili TpUIJIET HYKJIEOTUIIB,
BiAIIOBiAHUI IIeBHiN aMiHOKMCJIOTi, HA3UBAETh-
ca kogoHoMm. Cucrema 3amucy craakoBoi iH(op-
marii B MoOJIeKyJiaXx HYKJEIHOBUX KWCJIOT, 3a
AKOIO IIOCJiJOBHICTh HYKJIEOTHUAIB Y MOJIEKYJIaX
OHEK i PHK BusHauae mocJIiloBHiCTh aMiHOKHC-
JIOT y MOJIeKYJi OifKka, HasMBA€TLCS TIeHeTHU-
HHUM KOJIOM.

Hanpukian, rpumiaery AYT BinmoBimzae ami-
HOKucJygoTa Meriouin (Met), Tpumiaery AVI] —
amiHokuciora igoseinnuu (Ine), a HyKJeoTuam
YAA, VAT i YTA e crom-KomoHaMu, BOHHU CHUT-
HaJIIBYIOTh IIPO 3aKiHYEHHS CUHTE3Y IIOJimel-
THUJHOTO JIAHIIOTA.

T'eHeTnuHUII KON yHiBepcalbHUU — BiH
IpaIioe 3a OMHAKOBUMU IIPUHIUIIAMU B Opra-
HisMax pisHOro piBHA ckJaagHocTi. OgHAK Bigo-
MO KiJIbKa BUHATKIB. ¥ reHOMaxX MiTOXOHAPiH
i IpoKapioTiB BUSABJIEHO aJbTEePHATWBHI Bapi-
aHTU JesIKUX KOJOHIB. A HemaBHO y HeAKUX
rpyI opraHismiB OyJsio BigkpuTo aBi pigkicui
aMiHOKMCJIOTU: CeJIEHOIIMCTeIH, 110 KOAYEThCS
cromn-komonom YI'A, i miposisuH, 110 KOAYETH-
ca crom-kKomounoMm YAT.

YHiBepcaJbHICTh T€HETUYHOTO KOIY CBif-
YUTHL OPO Te, M0 BiH CKJaBcA [JyKe DPaHO
B IIpoOIleci eBOJIIOIil, a BiAXMJIEHHA Bix yHiBep-
CaJbHOCTI — HPO Te, IO caM KOJ 3MiHIOBaBCH.

AmiHoauunn-TPHK

20 pisHWX aMiHOKHCJOT, HEOOXimZHUX
IJis CUHTe3y 0ijKa, MiCTATbCA B IIUTOILIA3MI

90

KaitTuHu. [nd ydacTi B cCMHTe3l BOHU MAaioTh
OpuemgHATHUCS OO0 BigmoBimuux mosekya TPHE.
ITpuennaraa kKaTasi3yoTh (hepMEeHTH aMiHO-
anmuia-tTPHK-cunrerasu. BoHu mpamiooTh
ny:xe cmemugiuao — koxkHa 3 20-Tm amiHo-
anuia-TPHK-cuHTeTas posmisdHae TiAbKU OOHY
amiHokwuciaory i Bimmosigmy it TPHK. Moue-
kyjga TPHK, koBajleHTHO IIOB’si3aHa 3 aMiHO-
KICJIOTOI0, HasuBaeTbesa amMimoanmuia-TPHE.

TpaHcnaudin

Tpancasanis, a6o O6iocuHTe3 Oiara,— 1€
eram, MmiJ yac SKOro 3a iHdopMmaillieio, 1o mic-
Tuthbca B iPHK, cunTedyeTbca moOJinenTuaHNI
JAHIIOT MOJIEKYJau OiJIKa.

IIpomec Tpamcasaiii BimOyBaeTbcsa B pu-
docoMax, AKi MicTATbCA B IIUTONJIA3Mi KJIi-
TuHu. CuHTe3 BigOyBaeThbCA 3TiTHO 3 reHe-
TUUYHUM KOIOM, TOOTO KOMKHOMY TPUILIETY
mykJgeotuniB iPHK BigmoBimae meBHa amiHO-
KICJOoTA.

BiocunuTes 6isiKka 3a0e3leuyeThCs eHepriero
3a paxyHOK posmierieHHsa ATO.

IIpomec Tpamcaailii cKJIazaeTbca 3 TPHOX
eramiB: imimiarii, emoHramii Ta Tepminarii.

Inimiamis — mo4aToK CHMHTE3Y ITOJIiIIenTHII-
Horo JaHIora (man. 43.1, A). Ha npomy erami
BifOyBaeTbCs: MPUEAHAHHA MAaJOi CyOOMMHMUIL
pubocomu mo janiora iPHK, posmismaBanHs
CTapT-KOJOHY, IIPUETHAHHSA BEJIUKOI CyOOAUHU-
i pubocoMU Ta TPAHCIOPT 0 PUOOCOMH IIePIIOoi
aMiHOKMCJIOTH.

Crapr-KOmOHOM 3aBKAu € KomoH AVTI.
Ho HpOrOo mpumeanyerbca TPHK, mio mpuno-
CUTH OO pUOOCOMHU aMiHOKMCJIOTY METiOHiH, SKa
1 OyIe IepIIo aMiHOKHKCJIOTOI Mai0yTHBOTO
MOJIIIIeNITUAHOTO JIaHI[IoTa.

Moaneryna TPHE mpuemHyerbecsa O0 MoJe-
kyau iPHK 3a momomoroio cBoro TpuIliery,
AKWU HAa3WBAIOTh aHTUKOSOHOM, 32 IPUHIIUIIOM
KOMILJIEMEHTAPHOCTI.

Emonrania — HapolllyBaHHSA IIOJiNEITH]I-
HOoro Janmiora (mana. 43.1, B). Ilicaa crapr-
KomoHa pumbocoMa aHaJIidye HACTYIIHUIT KOIOH,
posmisHae ¥oro Ta MpUEAHYE OO HHOTO BiAIIo-
Bimzuy moiaeryay TPHEK 3 mHacrymHomo amino-
KHCJIOTOIO.



Ha man. 43.1, B HacTymHUM KOZOHOM
e I'VII, a HaCcTyIHOIO aMiHOKUCJIOTOIO, AKa
TPaHCIOPTYEeThCA 3a momomorooo TPHE,—
BaJIiH.

Mixx gBOMa aMiHOKMHCJIOTAMH YTBO-
proeTbeA menTugHuii 38’ sa30K. MoJekyia
TPHK npu mpomy 3BilbHAETHCA i 3aam-
mae pubocoMmy.

ITicia mboro pmbocoMa mepeMiIy-
eTbca M0 HacrtymHoro tpumiaery iPHE,
posmisdHae HOro Ta NMPUEAHYE HACTYIHY
moaekyny TPHE, axka mpuHOCUTH OO pu-
6ocoMu BiAHOBiZHY aMiHOKHuCJOTY. BoHa
IPUETHYETHCA 0 MOMEePeIHbOI aMiHOKMC-
JIOTH 3a JOIIOMOTOI0 MeIITUAHOTO 3B’ SA3KY,
1 mosimenTUAHUNA JIAHITIOT TTOAOBXKYETHCHA.

Tepminamis — 3aBepIllleHHA TpPAaHC-
aamii (max. 43.1, B). Iloummaerbcs
3 poasmisHaBaHHA PHUOOCOMOIO CTOII-
rKomouny — YAA, VAT a6o YT'A. Cunres
TMOJIITTEeIITUAHOTO JIAHI[IOTA 3aBEPIIYETHCAH,
pubocomMa posmamaeTbcsa HA CYOOTMHUIII,
mosexkyau TPHEK ta iPHK 3BinbpHAIOTHCA.

Pnbocomm

Pubocomu — HemeMOpaHHi opranesu,
[0 CKJAJalThcsA 3 pubocOMHUX OiIKiB
i monmexysn pPHEK. PubGocoma moske mguco-
IiroBaTHU Ha ABi OKpeMi cyOOmMHUIIL — Be-
JUKY U Maiy.

ITo cyri, pubocoma — Iie BeJIMUYE3HUN
depMeHT, AKTUBHUI IEeHTP SIKOro KaTaJi-
3y€ CHHTEe3 IMenTUuaHuX 3B a3KiB. Taxoix
Ha pubocoMax € OiIAHKU 3B’ A3yBaHHA
iPHK i tPHK, ginsukum 3B sa3yBaHHSA
pubGOCOMHUX CyOOAMHUIIL OAHA 3 OIHOIO,
IiaAHKY 3B A3yBaHHA pubocoM 3 MemOpa-
HaMU €HIOILJIa3MATHUYHOTO PEeTUKYIYMY.

Ha ogmiii moaerkyni iPHK omuouac-
HO MOKe «IIpaIfoBaThu» KiJbKa puOOCOM.
Cuinbao 3 iPHK BoHU yTBOPIOIOTH MOJipu-
6ocomu (mmoJsticomm).

KntoyoBa iges

Tema 3. O6miH peyosuH i nepeTopeHHa eHeprii 3y 33y S

A. IHigiauia .
AmiHOKKCnOTa
AHTUKOOH
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B. TepmiHauis MPOHVKHEHHS B pubocomy

@ o @ HacTynHoi TPHK 3 amiHoKncnoTtoto
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CuHTe30BaHa
mMonekyna 6inka
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3aKiHUeHHA cuHTe3y 6inka

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 HyKkneotugis y monekyni AHK, aHTMKoZOHM
BianosigHMx TPHK i nocnigoBHiCTb amiHOKMCNOT
y dparmMeHTi MONeKynM CUHTe30BaHOro Ginka.

2. Y monekyni 6inka Taka NocnifoBHICTb aMiHOKKMC-
noT: Tpe-nen-tmp-nis-cep-rni. Mobyaynte AinAHKY
iPHK, Ha sKkin 3akogoBaHWUN Liel Ginok.

\

TpaHcnAuia — npouec, mig Yac sKoro 3a iHpop-
Madi€to, Wwo mictutbca B iPHK, cnHTe3yetbca no-
ninenTUAHWIA NaHutor monekynu 6inka. CuHTe3
BifOyBa€TbCA 3rilHO 3 FEHETUYHUM KOLOM, TOOTO
KOXXHOMY Tpunnety Hykneotuais iPHK signosinae
neBHa amiHoKucnoTa 6inka. TpaHcnAuis BigbyBa-
€TbCA Ha pMBOCOMAX y LUTOMIA3Mi KITUHN.

QBaI’H/ITaHHﬂ Ta 3aBAaHHA

1. BBaxkaloTb, WO reHeTUYHUI KOA eBOSIOLIOHYBaB
Bif ABONiTepHOro (ogHa amiHOKMCNOTa BM3HAYaETbCA
[BOMa HyKneotuaamm) go TpunitepHoro. Lo B cyyac-
HOMY reHeTMYHOMY Kofi CBigunTb npo ue? 2. [ina yoro
KniTMHa yTBOPIOE nonipnéocomm?

o1



Tema 3. OOMiH peUYOBVH | NepeTBOPeHHA eHeprii

§ 44. MNocTTpaHcnAUiiHe fo3piBaHHA OiNnkis

0 [omipkynTe

AK KNiTMHa BUXOAUTDL i3 cuTyauii, Konn 6inok
nicnA CBOro CMHTE3y He 34aTeH CaMOoCTiHO
yTBOPIOBaTU NOTPIGHY Ans NOro ¢yHKLiOHyBaHHA
TPETUHHY CTPYKTYPY MOneKynm?

é 3raganTe

» bygosa amiHokucnot

o Pagnkanu amiHoOKucnot

o ligpodinbHicTb, rigpodobHicTb

o TpeTHHa i YeTBepPTMHHa CTPYKTypu 6inkis

lo3piBaHHA binka

ITicna sakiHueHHs CHUHTe3y MO:Ke BimOyBa-
THUCS IIPOIEeC MOCTTPAHCIAIINHOTO A03PiBaHHSA
b6inxa. IlocTTpaHCHANifiHI 3MiHH BKJIIOYAIOTH
BUJAJeHHA (parMeHTiB HOJimenTHUIHOTO JIaH-
miora, MpueIgHaHHA HeO0iJIKOBOI YacTHMHM, OCTAa-
TouHe (POPMYBAHHSA HPOCTOPOBOI CTPYKTYpU
MoOJIeKyJIu. ¥ pesyabTaTi popMmyeThbesa PyHKILiO-
HaJIbHO aKTUBHUU O0iJIOK.

Qonpinr
Sanumiaoun pudocoMy, IIOJIMenTUIHUN

JIAHI[IOT 3TrOPTAEThCA, i 0iTOK HabyBae IeBHOIL
IpocTOPoBOi cTpyKTypu (KoH(Mopwmaiii). IIpo-

ropodobHa

& / B3aemopis

I4N
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

\ MoHHi

3B'A13KM

Man. 44.1. 38'A3KK, WO CTabini3yloTb TPETUHHY CTPYKTYpY
Monekynu 6Ginka

92

Iec CIOHTAHHOTO 3TOPTAHHS NOJIINENTUIHOTO
JIQHITIOTAa Ma€ Ha3BY (POJITiHT.

Kinmesa ¢gopma 06iaKoBOI MoJexkyam Oara-
TO B YOMY 3yMOBJIEHA HOTO IEPBUHHOIO CTPYK-
TYypPOIO, TOOTO IIOCJiOBHICTI0O aMiHOKUCJIOT
y HOJiIenTUAHOMY JAaHIIOKKY. BiactusBocTi
aMiHOKMCJIOT, TaKi K eJeKTPUUYHUHN 3apdAn,
rizpopinsuicTs i rizpodobHicTh, BU3HAUAIOTH
XapakTep ix B3aeMojil ogHaA 3 OJHOIO i KJIITHH-
HUM OTOUYEHHSIM.

Hampuknaan, y rao0yJIapHUX IUTOIIA3-
MaTUUYHUX OiJKiB rigpogobuHi amiHOKHCIIOT-
Hi 3aJUIIKN 3aHYPIOIOTHCA B TJIN0 MOJIEKYJIH,
a rigpodinbHi PO3TOAINAIOTHCA II0 IIOBEPXHI.
Takoxk (opMyBamHSA CTPYKTypH OijKa BU3HA-
YaeThCsA YTBOPEeHHAM B3B’A3KiB (rizpodobHux,
€JIeKTPOCTATUYHHUX Ta iH.) Mi}K paguKagaMu
aMiHOKUCJIOTHUX 3anuinkiB (majs. 44.1). Hua
migTpuMaHHA KoH(opMallil 6iIKOBUX MOJIEKYJI
BeJIMUe3He 3HAUeHHA Mae (OpMyBaHHSA KOBa-
JIEHTHUX OUCYJAb(MimHux 3B A3KiB Mijk aTomamu
Cynbhypy O6iuHMX pagWKaiB IUCTEiHY.

¥ pesysbraTi hopmyeThea i migTPpUMyeETHCA
TpeTUHHA CTPYKTypa 0ijiKa, 10 00yMOBJIIOE HIOTO
BJIACTUBOCTI ¥ (hyHKIii. 30KpeMa, B MOJeKyJaax
(epmeHTIB (POPMYIOTHCA aKTUBHI IIEHTPU, IO
BUKOHYIOTh KarawitTuyri QyHKIii. Ha okpemux
MOJITIeNITHAaX y CKJIaAi OiMKiB 3 UeTBepPTUHHOIO
CTPYKTYPOIO ()OPMYIOTHCA MMOBEPXHi, 1110 KOHTaK-
TYIOTh 3aBISAKN HEKOBAJEHTHUM 3B A3KaM (rix-
podobHUM, HOHHUM, BOAHEBUM). Y MOJEKYyJIax
0inKiB KIiTMHHUX MeMOpaH (opMylOThCA KaHa-
JIY AJIs1 TpaHCMEeMOpPaHHOTO TPAHCIIOPTY PEYOBUH.

HenpasuabrHa mpocTOpOBa CTPYKTypa CIPU-
YnHSAE YTBOPEHHS HEAKTUBHUX OinKiB, AKi mo-
PYIIYIOTH HOPMAJbHY POOOTY KJIITHMHU i HaBiTH
ychboro opraHiamy. SckpaBuMm IIpUKJIATaMU
IIBOTO € YTBOPEHHA HpioHHUX OiJKiB, 110 mpu-
3BOAATH [0 PYHHYBAHHSA HEPBOBOI TKAHUHU a00
(bopMyBaHHA aHOMAaJILHOTO T€MOTJIO0IHY, IO BU-
KJINKAITh CePHOBUIHOKJIITUHHY aHeMilo.

ITopyiierHEss TpPeTMHHOI CTPYKTypu OiJi-
Ka — denHamypauis — BigOyBaeTbcs 3a 3MiHU
BHYTPINTHBOKJIITUHHUX YMOB, 30KpeMa, y pasi
MiABUIIEHHS TeMIIepaTypu, 3MiHU KUCJIOTHOCTI.
3a He3HAUHUX IOINKOIKEeHb MOJKJIMBE BiTHOB-
JeHHA CTPYKTYpPU i QYHKIIA — penHamypauis.



Tema 3. O6miH peyosuH i nepeTopeHHa eHeprii 3y 33y S

3ropHyTa
MoneKyna
6inka

5 3" iPHK

¢ 4 a3
Ad A

Man. 44.2. MpuHuMn poboTK LWanepoHis

LWanepoHn

Y doapiury mesxkux 6inKiB 0epyTh yd4acTb
O0inKku mamepoHu. BoHu momomararmTh CUHTE30-
BaHUM OiJTKaM 3ropTaTUCA B NPABUJIbHY KOH-
dopmarito (man. 44.2).

IITameponu He TiTbKU 0EPYTHh yYacTh y (hoJi-
IiHTy Jo3piBarouymx JIAHI[IOTIB, aJje W momoma-
railoTh HOMIKOMKEHWM OinKaM 3HOBY HalOyTu
mpaBwiIbHOI KoH(popmarii. Hanpukian, cuaTes
IIamnepoHiB IMeBHOro KJacy (0inKiB TeIIoBOro
IIOKY), IIT0 0epyTh ydacTb y crabijisarii mer-
TUMAIB, 3POCTAE 3a IiBUIIEHHA TEeMIIEPATypu Ta
inmux gopmax crpecy. Ilpu mboMy BOHU 3aXU-
1aTh OiIKW KJIITWUHU Big meHaTypairii.

MNocTTpaHcnauinHi mogudikauii

ITicis 3aBepIIIeHHSA TPAHCIALIl BEJIMKA Yac-
THUHA OiJIKiB HmigmaeThCA MONAJIBINNM XiMiUHUM
mMoau(iKkamiam.

Bigomo 6isbIlle IBOXCOT BapiaHTiB IIOCTTPAH-
caamiiinux moxudikaliii 6inkis. Barato 3 Hux
3IifiICHIOIOTHCS Ha MeMOpaHaxX eHIOIJIasMaThY-
HOTO PeTUKyJAyMy. BLIKM miggaroThCsa aleTnaio-
BaHHIO, IVIIKO3UJIIOBAHHIO, (pochOpUIIOBAaHHIO Ta
iHmuM XimMiuauMm neperBopeHHaM. Hanpukian,
TJIIKOBMJIIOBAHHSA € HeOoOXiZHMM eTamoM J03pi-
BaHHA OiJKiB miasmaTuuHOl MeMOpaHu. s
b6araTbox 0iJIKiB, 0cO0JMBO (pepMEHTiB, BayKJIU-
BUM € IPUETHAHHA HeOIJIKOBOro KOMIIOHEHTA
(mpocreruunoi rpymnu). OOMerkeHUIl ITPOTEOJIi3

0 KnioyoBa ines

Micna TpaHcnAuii BinbyBaeTbca dongiHr — 3rop-
TaHHA MONINENTMAHOrO NaHuora y MPOCTOPOBY
CTPYKTYpY, AAKa 6arato B YOMy 3aneXXuTb Big NOcsi-
JOBHOCTI aMiHOKMCNOT. Y dongiHry 6epyTb yyactb
6inkn wanepoHu. MocTTpaHcnAuinHi mogudikawii
GiNKiB BKJIIOYAIOTb TaKOX XiMiUHi NMepeTBOpPEeHHs.

HeoOXigHMI NI aKTUBYBAaHHA HEaKTUBHUX OiJI-
KiB-momepenHukKiB. TakuM UYMHOM, HAIPUKJAI,
IIPOTOPMOHM II€PEeTBOPIOIOTHCSI Ha TOPMOHM.
Y nedakux BUMNAAKaX BiJl MOJIiNEeNTUIHUX JaH-
IIOTiB MOKYTH BUIAJSATHCSA KiHIIeBi aMiHOKHc-
JIOTU, ab0 TPUEAHYBATUCA CUTHAJIBbHI MEeNTUAU
I BUXOAY MOJIeKyJu Oinka 3 riaitmau. Kpim
TOTO, AJsA ()OPMYyBaHHA CKJIAJHUX OiJKiB HE00-
XiiHe YTBOPEHH:A 3B’A3KiB MijK OKpPEeMUMMU JIaH-
moramMu (HaOpUKJIAL, Y MOJIEKYJi IreMOorJyiodiHy
00’€IHYIOThCA YOTUPU OKPEMi JIAHITIOTH).

CuHTe3s i fo3piBaHHA
LMTOMNMA3MaTUYHMX, MEMOPAHHMX
i cCeKkpeTopHuMX binkis

Bogoposunnui 6inKM Aaa BHYTPIIIHIX IIO-
Tpeb MUTOIJIA3MU CUHTE3YIOThCSA Ha pubdocoMax,
BiJIbLHO po3rarmoBaHux y muromiasmi. Taxi 6ij-
KU 3TOPTAIOThCA B IPOIleci BUXoAy 3 pubocomm
Y BOZHOMY OTOUEHHi, ()OPMYIOUHU TIJIOOYJIAPHY
CTPYKTYPY 3 IIOJISPHOIO IMOBEpPXHeIo i rigpodoob-
HUM SIPOM ycepeauHi.

Memb6panui 6iiKu abo cexperopHi 6iaKwm,
AK1 BUBOOATHCA 3 KJITUHU UYepe3 MeMOpaHu,
CHUHTE3VIOThCA Ha pubocoMax, OB SI3aHUX
3 MeMOpaHaMM eHOIIJIa3MaTUYHOTO PETUKY Y-
my. Ilicoa cuHTE3y 0iIKM 30BHiITHIX MeMOpaH
yOyZOBYIOTBHCS B MeMOpaHy eHI0ILIa3MaTUIHOTO
PETUKYJAYMY i TOCTABASAIOTHCA N0 amapary I'ojb-
I3Ki, a mOoTiM — 10 ITOBEepPXHi KJITWHU.

CekpeTopHi 0iTKW TAKOK TPAHCHIOPTYIOTHCA
o amaparty I'osbaki, ane He mo MeMOpaHax, a IIo
M0 KaHajaX eHJO0IJIa3MAaTHUUYHOTO PEeTUKYJIYMY.
JJa mogasibIioro TpaHCIOPTY BOHU IaKYIOThCS
armapatoMm ['osbIKi y CEeKPeTOpHi myXupIri.

YV KaHajgax eHIOIJIa3MATHUUYHOTO PETUKYJIY-
My i1 mumcrepHax amapatry loapmxi Oinxku mo-
3piBalOTh — MiAJIATAIOTh TOCTTPAHCJIAIINHUM
MomudikaiiaMm.

03aﬂl/ITaHHFI Ta 3aBJaHHA

1. Aki B3aemogpii NiATPUMYIOTb TPETUHHY Ta uyeT-
BEPTUHHY CTPYKTYpKn 6inka? 2. MoACHiTb, AK NomMuUnKa
B reHi (3amiHa OfHOro HyKneoTuay Ha iHWWnI) MoxXe
npu3BecT Ao nopyweHb obMiHy pevyoBuMH. Bukopuc-
TOBYWTE Balli 3HaHHA MPO FeHeTUYHUIN Kogh, GOongiHr,
bepmeHTaTVBHUI KaTani3, metaboniyHi wnaxu. 3. Yum
NpoCTOpOBa CTPYKTypa UMTONNamMatTnyHmx Ginkis Bia-
pi3HAETbCA Bif CTPYKTYpW MeMbpaHHUX 6inkis? 4. Mo-
ACHITb 3HAaUEHHA 0OMEXEHOrO NPOTEOoNi3y B AO3PiBaHHI
6inkis.
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§ 45. ®otocuHTes. CBiTNOBa ¢dasa

0 [omipkynTe

KntouoBy ¢yHKLUito B npoLeci ceitnoBoi ¢asun ¢o-
TOCMHTE3y Bifirpae monekyna xnopodiny. A Hasi-
Wo ToAi MOTPIOHI iHWI NiIrMeHTN y CKNagi aHTeH-
HOro Kommnekcy?

Q 3raganTe

e Mnactugn o Xnopodoin

» bygoBa xnoponnactis

DoToCnHTES

doTocuHTE3 — IIe IIPOIleC YTBOPEHHS KU-
BUMU OpPraHi3MaMu OPTaHiYHUX PEUYOBUH 3 HEOP-
raHiyHUX 3 BUKOPUCTAHHAM eHeprii cBiTia:

6CO, +6H,0+ HePMA_c g o 4 60,

IIporiec oTocuHTE3Y CKJIAZAETHCA 3 TBOX
OCHOBHUX (pa3 — cBiTsI0BOi i TemuoBOi. Ilig uac
CBiTIIOBOI (pa3Mm KBAHTHU CBiTJIa BJIOBJIIOIOTHCS
xJgopodisoM, eHeprisa KBAHTIB BUKOPUCTOBYETH-
ca pasa cunresy AT® i HAII® - H,. Ilo6iunum
OPOAYKTOM € KMCEeHBb. ¥ XO/i TeMHORBOI (ha3u 3a
paxyuox AT® ra iHIINX TIPOAYKTIB CBiT/IOBOI
(dasu BinOysaerbca (Qikcamia monexyn CO, i
YTBOPIOIOTHCA MOJIEKYJIU TJIOKO3MU.

Ho dorocmHTE3y 3maTHI pocawHU i mesaxi

baxTepii.

Y kiaitTuHax pocauH (oTocumHTEe3 BimOyBa-
€ThCA B XJIOpPOILTacTaX: cBiT/ioBa (pasa — Ha
MeMOpaHax THUIAKOIAiB, TEeMHOBA — Y CTPOMi.

CgiTnoBa $a3a: NornnHaHHA

eHeprii CoHuA

CoHsiuHA eHeprisi yJIOBJIIOETHCA (POTOCHUH-
TETUYHUMHU IIIrMEHTAMU, cepel AKUX OCHOBHY
poJib Bimirpae xjopodia a. Kpim Toro, icHyOTH
xJjopodinu b, ¢, d, f. JonmomiskHUMU mirmMeHTa-
MU € Kapomunoiou (3KOBTi, moMapaHueBi, uep-
BOHi) i @ikobininu (4epBOHI I CHHI ImirMeHTH
YepBOHUX BOIOPOCTEM).

®dorocHTETHYHI TirMeHTH 3TpPyloBa-
Hi Ha MeMOpaHax THJIAKOIAIB y KOMILIEKCHU
nBox tumiB — ¢orocucremy I (®C I) i ¢oro-

cucremy II (PC II). Koxxkua dorocucrema ckjia-
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CsiTno MembpaHa Trnakoigy QoTtocuctema

HonomixkHi
nirmMeHTn LeHTp

PeakuinHunin

Man. 45.1. Cxema nepegfayi NOrnnHeHoI eHeprii
B @HTEHHOMY KOMMAeKci poTtocncrtemu.
EHepria nepepactbca Big Monekynu 4o MONEKynu,
NOKM He [OCAra€ peakuiiHOro LeHTpy

IaeThcA 3 KiJIbKOX COTEHb MOJIEKYJI IIirMeHTiB.
Veci mirmenTn poTocucTeMy MOMKYTH ITOTJIMHATH
KBAHTU CBiTJIa, ajie TIJIbKY OJHA MOJEKYJia XJIO-
podiny doTocumcTeMu MOKe BUKOPUCTOBYBATHU
MOTJIMHEHY eHeprilo y POTOXiMiuHMX peaKIliax.
IIa MosekyJia HAa3MBAETHCS PEAKI[IMHUM I[€H-
Tpom (MaJj. 45.1). Yci iHIri MoJIeKyau mirMeHTiB
YTBOPIOIOTh AHTEHHHI KOMILIEKC: BOHU YJIOB-
JIOIOTH €HEePTriio cBiTya i mepemaioTh ii B peak-
MiAHUN IeHTP.

CeitnoBa ¢asa: ¢oTtonisz Boan

VY pocamH GOTOCHHTE3 TOUMHAETHC 3 (POTO-
cucremu II. EHepria morsimHeHOTO CBiTJIA Bijg aH-
TeHHUX KOMILJIEKCIiB IlepefacThbCAa B PeaKIliiHu i
meatp ®C II i nmepeBoAUTL OAUH 3 €JIEKTPOHIB
xjgopodiny a B 30ymkenmit cran (maa. 45.2).

30ymKeHnil eJeKTPOH MIepegacTbCs Ha MO-
JEKYJIy-TIePeHOCHUK, a B MOJIEKYJi XJopodiay
3’ABJISAETHCSA ITO3UTUBHO 3apslKeHa eJIeKTPOHHA
«IipKa».

Brpauenunii xaopodijsioMm eIeKTPOH 3aMiIy-
€THCA €JIEKTPOHOM, AKUU YTBOPIOETHLCA B pe-
3yJibTaTi (hoTOJIiBy BOAM Iig Aielo cBiTia:

2H,0 = 4H" + O, + 4e7, ne e© — eJeKTpPOH.

IIix vac poTo1i3y B pe3yabTaTi pO3IIenieH-
HA MOJIEKYJIU BOOU YTBOPIOIOTHCH:

* @IeKTPOHM, IO B3alOBHIOIOTH «IiPKU»
y dorocucremi II;

- mpotoHu H';

* MOOIUHUI TPOAYKT — MOJIEKYIAPHUNA K-
ceusb O,.



Tema 3. O6miH peyosuH i nepeTopeHHa eHeprii 3y 33y S

AKuentop AKuentop
CsitTno €NeKTPOHiIB CsitTno €NeKTPOHiIB
_ 2e
2e
26 HAL® + 2H*
JTaHutor JNaHutor
nepeHOCHWKIB nepeHOCHUKIB
€NIEKTPOHIB eeKTPOHIB HALIOH + H*
WME o A
H,O0 — %2 O, + 2H* \/
®oTtocuctema |l ®oToniz Boan QoTtocuctema |
Man. 45.2. Cxema po6otn dpotocuctem | i Il. Y ueHTpi KoxHoi OC po3milleHnIn peakuiiHUiA LeHTp (MoneKkyna xnopodiny a)

CeitnoBa ¢a3a: POTOCUHTETUYHWIA
NAHLIOT MepPEeHECEHHS eNeKTPOHIB

EneKTpoH, BUOYINIEHUN 30yI:KeHUM XJIOPO-
dimom DC 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 eneKTPoH 30yI:KyEThCA BAPYTre i 6epe yuacTb
y Biznosnenni HAJI®" no HANI® - H,. Taxwuii
PYX €eJIEKTPOHIB IO JIAHITIOTY IIEPEeHOCHUKIB Ha-
3WBAIOTh HEIMKJIIYHUM IIOTOKOM, a00 Z-CXeMOI0.

Y MmemOpaHax THJIAKOIAiB MOMKYTh 3IiMCHIO-
BaTHCA IMKJIYHI IOTOKU eJIeKTPOHIB. ¥ HUX
€JIEKTPOH 30YIKYEThCA TiJIBKM B PeakKIliliHo-
my tnentpi @C I, i He BimOyBaeThcs yTBOPEH-
Ha HAII® - H,. Iorik crae OUKJIIYHUM, KOJIH
eJIeKTPOoHU Binx peaxiiiinoro neatpy ®@C I mepe-
narotbea He Ha HAJIID*, a moBepramoThcsa Hasas,
y JIQHITIOT IepPeHOCHUKIB eaeKkTpoHiB Bix @C II mo
@C 1. Takuii pyx eIeKTPOHIB 3a0e3meuye TiaIbKU
AT®, ane ve HAJI® - H,.

CeiTnoBa ¢a3a: NPOTOHHWI rPadi€EHT
Ha MmembpaHax TUnakoifgis

IlepeneceHHsI €JEKTPOHIB CYIPOBOAKYETH-
cAd iHmmM mTporecoM: mepeHocom mporoHiB H*

0 KnioyoBa ifes

QoTocMHTE3 — Le Mpouec YTBOPEHHA XMBUMM
OpraHiaMamm OpraHiYHMX PeUYOBUH 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 XNOPONIacTiB.
EHepria KBaHTIB BUKOPWUCTOBYETbCA ANIA CUHTE3Y
ATO i HALO® - H.. Mo6iuHNM NPOAYKTOM € KUCEHb.

Y BHYTPIIIHBOTHJIAKOIZHME mpocTtip. Ha mem6-
pPaHi TUJIAaKOINiB BUHUKAE eJeKTPOXiMiuHUI
rpagieaT. HaxonmwmueHi HIpOTOHU <«IpopuUBa-
IOThCA» 3 BHYTPIIIHBOTUJIAKOIZHOTO ITPOCTOPY
B cTpoMy 110 KanHasax AT®-cunTasu; 1pu bOMY
cunresyerbcsa AT®. Ileit mexaHisM Ha3UBAETH-
ca ¢orodochopuIroBaHHA; TOTO TPUHIIUT CXO-
KHUH 3 MEXaHi3MOM OKMCHOTO (hoc(hOopUIIOBaHHA
B MiTOXOHIPiAX.

OCHOBHI IPOAYKTHU CBiTJIOBUX peakIiliii ¢o-
rocunresy — HAJ® - H, i AT® — mnaxonu-
YyIOThCA B CTPOMi, TOOTO TaM, Je BOHU MalOTh
BUTpPaAUaTHUCS B PeakIlisgx TeMHOBOI (asm.

@ MpakTnyHa poboTa

BudineHHa i po30ineHHA cymiwi poC/IUHHUX nie-
MeHmMie Memooom nanepoeoi xpomamozpadii
1. 3po6iTb aLETOHOBY BUTAMXKY 3 JIMCTKIB OAHi€l
3 KIMHaTHUX POCIINH.

2. Po3ginitb mirmeHT! Ha ¢pakuii 3a 4ONOMOroio
CMYXKM XpomaTtorpadiuyHoro abo ¢inbrpyBanbHO-
ro nanepy, BUKOPUCTOBYIOUN AK PO3UYNHHUK CYMilll
6eH3eHy i 6eH3uHy (3:1).

3. lgeHTndikynTe po3sgineHi nirMeHTV 3a IXHIM Ko-
JIbOPOM Ta MiCLieM pO3TallyBaHHA Ha nanepi, BU-
CyWiTb ManepoBy CMY»KY i BKenTe ii B 30LMT.

4. Coopmyntonte BUCHOBOK.

033I‘II/ITaHHﬂ Ta 3aBOaHHA

1. K, Ha Balwy AyMKy, eyKapioTMyHa KNiTMHa «3[40-
6yna» xnoponnactn? 2. MNopisHANTe 6ynosy xnopodiny
Ta rema. 3. YoMy OCHOBHUIA GOTOCUHTETUYHMIA NirMEHT
pPOCNUH Ma€ 3eneHuin konip? 4. Aki 0cobnmBoOCTi eKo-
noriil YepBOHMX BOJOPOCTEN 3YMOBIIOKTb Te, WO B HUX
OCHOBHVMW MirMeHTaMn € YepBOHi $iKoGINiHN?
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§ 46. ®oTtocuHTe3. TemHoBa ¢dasa

0 [omipkynTe

3 AKoi cnonykn pocnuHn 6epytb KapboH ana
CUHTe3y BYrNeBOAiB?

é 3raganTe

» MoHocaxapwugu, nonicaxapuau
» Kpoxmanb, Lentonosa, rioKosa, caxaposa

Mpouecn TeMHOBOI dpa3n GoToCUHTE3Y

¥V mpomecax TeMHOBOI (asu (HPOTOCUMHTEIY
YTBOPIOIOTHCS BYTJIEBOAYM — TEPBUHHI OpraHiuHi
peuoBuHu. Came B 11i#i (pasi BigOyBaeThCA BKJIIO-
uenHs atmocdepnoro CO, y craan Giocdepu.
Peaxii cuHTe3y opramiuHuUx pevyoBUH BimOyBa-
I0ThCA 3 BUKOPHUCTAHHAM eHeprii, HaKoIudYeHol
y xomi cBiTsioBoi (hasu (mai. 46.1).

TemHoBa (haza (oTOCHMHTE3Y 3IilICHIOETHCA
y ctpomi xjopomsiactiB. Ila ¢asa HazuBaeThcsa
TEeMHOBOIO TOMY, II[0 CBiTJIO He Oepe B Hiil Oesmo-
cepenHboi yuacTi. Y pOCJIMH BOHA BiOyBa€ThCSA
AK yIeHb, TaK i BHOUI.

CyKymHICTH TOCHITOBHUX pPeaKIili TeMHO-
BO1 (ha3u HasmBaeThCA HUKIOM KaasBiHa. [{uki
Ha3BaHUI Ha YeCTh aMePUKAHCHKOTo Oioximika
Mensina KanbpBiHa, SKuii oTpUMaB 3a HOTro Bin-
kpurtsa HobGemiBchbKy mpemiro 3 ximii 1961 p.

Cgitno

H.O 0]

CsitnoBa ¢asa
ATO  HAOOH

Co, HAA®® ALO+O
TemHoBa
¢daza
Byrnesogu

Man. 46.1. B3aemo3B'A30K CBiTNIOBOI i TEMHOBOI
da3 dotocnHTesy

96

Lnkn KanbBiHa

ITig uac Gioximiunmx peariiii mukay Kaab-
BiHA 3a y4acTIO BYTJIEKHCJIOTO ra3y i IPOAYyKTiB
ceitaoBoi (asu porocunresy HAII® - H, i ATD
YTBOPIOIOTHCA MOJIEKYJIN TJIIOKO3MU.

Cunres 1 MoJerkyan TUIIOKO3U BifOyBaeThCcA
3a 6 obepris nuKIy i morpedye 6 momexyn CO,,
12 monexyn HAJIIPH i 18 monerya ATO.

IMurkn KanbBina cKIagaeThcsa 3 TPHOX CTa-
nmifi: KapOOKCUIIOBaHHS, BiIHOBJIEHHS Ta pere-
Hepaiii (manx. 46.2).

Kapo6okcuroBanua. 11s cragia HaliBaKJIMBI-
II1a, OCKiJIbKY caMe Ha Hili meopraumiunuii Kapoou
y ckaani CO, BKJIIOUAETHCA N0 CKJIaay OpraHid-
HUX pevoBUH. KJII0U0BOIO peaKIlieio € mpue HaH-
HSI MOJIEKYJIM BYTJIEKHCJIOTO Tasy A0 5-KapOoHO-
BOI cmmostyKu puo0yJ1030-1,5-6icocary. Peakiris
Karayiisyerbcsa hepMeHTOM puldyno300icocpam-
Kapborcuaasorw (ckopoueno — RuBisCo). IIpo-
Imecu KapOOKCUJIIOBAHA 3MiMCHIOIOTHCA 3a YUACTIO
AT®, orpumanoi mixm uac cBiTsi0BOI (pasu ¢o-
TocuHTedy. HoBa, Bike 6-KapOOHOBA CIIOJIYKA,
HeCTifiKa i IIBUAKO PO3KJIANAETHCA Ha IBI MO-
Jeryau 3-gocdoraineposioBoi kucaoru (3-PI'K).

Bignosiaenna. 3-®I'K BigHOBIIOETHCA IO
3-docdoraineposoBoro axapgeriny (3-PT'A),
YyacTUHa MOJEKYJ SKOro e B IIUTOILIa3My Ha
cuHTe3 6-KapOOHOBOr0 MOHOcaxapuay (TJI0K03u

3i cBITNOBMX peakLiii

BN 12 A00 + 120

Heopr

[ndocdorniueponosa kKucnota (12 monekyn)

Qocdorniyeponosa Kucnota % 3i cBITNOBUX peakLin
(12 MOQEKyﬂ) % 12 HALO-H
@ = 12 HALO*
6CO, 2 © A
s Tpiozodocdat (12 monekyn)
g
S [nioko3a
] (1 monekyna)

Pubynosoaudocdart (6 monekyn)

6A00 +<5®\— PubynosomoHodpocdat
(12 monekyn)

6 ATO
i3 CBiTNOBUX peakuin

MNepeTtBOpeHHA
KapbOHOBMX
cnonyk

Man. 46.2. Cxema umkny KanbBiHa —
wnaxy ¢ikcauii KapboHy nig yac doTocmHTesy
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Man. 46.3. Mogenb monekynu RuBisCo

abo ppykrTosu). Tyr, kpim ATP, BUKOPUCTOBY-
eTtbca Takoxxk HAIID - H.

Perenepanis. Yacruna wmoaeryna 3-®PI'A
BUKOPHUCTOBYEThCA IJIsI CHUHTE3y puoyJi030-1,5-
Oicochary, AKUN BCTyNae B HOBUM ITUKJI.

®epmeHT RuBisCo

RuBisCo (man. 46.3) € ayske BasKJIHUBUM
depmeHTOM Ha 3eMJli, OCKIJIBKM caMe BiH BKJIIO-
uae Heoprauiunuii CO, 3 armocepu y Giosoriu-
HUI Kpyroobir. Iamoro nogi6buoOro (hepmMeHTy He
icaye. Ile#t (hepMeHT BUABJIEHUN y (POTOCUH-
Te3yIUNX KJIITHHAX yCiX Has3eMHUX i BOSHUX
eyKapioTuuHuX (QororpodiB i miamobaxTepiii,
y OinbIIocTi mMypmypHUX i 3eJeHHUX OaKTepin
Ta y 0e3XJOPOPIIbHUX XeMOaBTOTPOPHUX OaK-
Tepili. BBaskaeThcs, IO e HAWIIOMIMPEHIiIINHi
Ha 3eMJii i mepeBakHUI y KiJdbKicHOMY Bifm-
HOIIIeHHI OiJIOK.

Peakmisa, mo xaramisdyerbca (epMeHTOM
RuBisCo, BigOyBaeTbCsa OysKe IMOBLIBHO (Kijb-
ka moyekya CO, Ha CeKyHIy), TOMYy B CTpPOMIi
XJIOPOILJIACTiB el (PepMEeHT MO:Ke CTAaHOBUTU
IO IIOJOBUHH Bchoro Oinka. Ha piBui 1mboro
depMeHTy 3AiMCHIOETHCA PEryJIaIlis IIIBUIKOCTI
nukyay Kaabsina.

0 KnioyoBga igen

Y xopi TemHoBOi da3n GOTOCUHTE3Y Yy CTPOMI
xnoponnactis BifgbyBaeTbca dikcauia monekyn
CO, i yTBOpIOIOTHCA MOJNIEKYNIN toko3W. Hapani
rNoKO3a MOXe MosiMmepur3yBaTUCA B KPOXMmarb,
Lentonosy Ta iHWi opraHiyHi cnonyku. CyKynHicTb
Noc/ifoOBHMX pPeaKLil TEeMHOBOI a3 Ha3BaETbCA
umknom KanbgiHa. KntouoBa peakuia NnpueagHaHHA
monekynu CO, kaTanisyetbca dpepmeHtom RuBisCo.

Man. 46.4. YMicT Kpoxmasio B MPOAyKTax XapyyBaHHA

CunHTe3, 3anacaHHA | BUKOPUCTAHHA

KpoxXmarJtio

Tpurapb6onosi pochocaxapunau (3-PI'A), 110
yTBOpMJIKCA Ha Apyriit craxii nmuxkay KanbBiHa,
TPAHCHOPTYIOTHCS B IIUTOIJIA3My KJIITHUHU, e
3’€IHYIOThCA OAWH 3 ONHUM i yTBOPIOIOTH IlIec-
TUKapPOOHOBUN caxapui — TJIIOK03Y abo (PpyK-
To3y. Hamaui raroxkosa MosKe IIoJiMepu3yBaTUCA
B KPOXMAaJib, IEJIIOJIO3Y Ta iHIIL CHOOJYKH:

nCH O~ (CH, O, + nHO.

KpoxMmanb € ocHOBHUM 3amiacHUM IIoJicaxa-
puzmoM y pocaunHax. Y KJIiTMHAX BiH 30epiraern-
cd Yy BUTJIALL KPOXMaJbHUX 3€PeH AiaMeTpPoOM
Big 1 mo 100 mrMm. 3asBuuaii KpoxMaJib KOHIEH-
TPYETHCA B JUCTKAX y Hepios akTUBHOTO (oTo-
CUHTE3y, IIiCJAA YOr0 MEePETBOPIOETHCSA HA PO3-
YUHHY caxapody, AKa TPAaHCHOPTYEThCA B iHIIIL
YaCTUHU POCJIVHU.

Kpoxmanps HakKonmuuyeThca y HaciHHI W BuU-
KOPHUCTOBYETHCS IIiJi Yac IIpOpocTaHHA. Bin-
KJIaleHHA KPOXMAJI0 HAKOMUUYYIOTHCA TAKOK
y migseMHux mnaroHax (0Oyapbax, IuOyJIUHAX,
KOPEHEeBUIax), IMapeHXiMi NpoBiIHUX TKaHWH
KopeHiB i cTreben. OcobamBO GaraTuMu HA KPOX-
Majb € OyJan0u KapToILIi, HAaciHHA 3JaKiB, 0o-
00BUX, IpeuaHmx pocauH (maa. 46.4).

03an|/|TaHHﬂ Ta 3aBJaHHA

1. Aki npopykTn ceitnoBoi da3n doTocnHTE3y BU-
KOPUCTOBYIOTbCA ONA peakuin TemHOBOT da3m (ymkny
KanbgiHa)? 2. Aki ocobnusocTi pepmeHTy RuBisCo cBia-
YyaTb MpO Te, WO Ue Ayxe AaBHin depmeHT? 3. Yomy
POCNMHM 3anacaloTb BYrNeBOAM Y BUMNALI KPOXManio,
a He caxapo3u uu uennosun?
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§ 47. DoTocuHTE3 y NpoKapioTiB. [NnaHeTapHe 3HauyeHHA POTOCUHTE3Y

0 [TomipkynTe

Yn moxe BigbyBaTnca $oTo-
CUHTe3 6e3 BUAINEHHA KUCHIO?

Q 3raganTe

« [IpokapioTn
« ABTOTpOOMU, reTepoTpodu

Man. 47.1. LliaHo6aKTepii 34ilCHIO0Tb
KNCHeBUI GOTOCUHTES

Man. 47.2. Cipkob6akTepii 34ilCHIOITb
6e3KNCHeBNI OTOCUHTE3

KnitTnHHa memb6paHa

baktepiopogoncmH

Man. 47.3. bakTepiopogoncnH —
TpaHcMeMOpaHHWIA GiNoK, Wo 3abes-
neuye 6e3xnopodinbHM GoToCUHTES

B apxen popy Halobacterium

98

DoTocnHTEe3 Yy NpoKapioTiB

doTocuHTE3yIOUNMH € 0arato rpyn 60aKTepiii, 30KpeMma Iria-
HOOakTepii. ¥ GaKTepiil HeMae XJIOPOILJIACTiB, TOMY ()OTOCUHTE3
BimOyBaeThCcA B IIMTOIJIA3Mi Ta HAa BHYTPIIIHIX CKJIAZKAX IJIa3-
MAaTUYHOI MeMOpaHu — Me30Co0Max.

Ha mesocomax poaramntoBaHi ()OTOCHMHTE3YIOUi IIirMeHTH —
baxTepioxaopodisu, AKi 3AilICHIOIOTH CBiT/IOBY (hady (OoTOCHH-
Te3y; TeMHOBa (pa3a BigOyBaeThbCcA B IIUTOILIA3MI.

IToxgi6mo mo xJopodiny, GaKTepioxJopo@iau IIOTIMHAIOTH
€Hepriro CBiT/Ia ¥ BUNYCKAIOTh E€JIEKTPOHU, AKi IIepelaroThbCA II0
€JIeKTPOHHOTPAHCIIOPTHOMY JIAHITIOTY i 3a0e3meuyioTh cuaTe3 ATD,
HAJII® - H. Mani Binbysaersea dikcanisa CO, y KapOOHOBI CIIONYKY.

BaxrepianbHuii (porocuHTes MOKe BimOyBaTucsA SK 3 BUIi-
JIEHHAM KICHIO, TaK i 0e3 Iforo BUIiJIeHHH.

KucneBuii (oxkcurenunmii) ¢gorocuHTes BinOyBaeThcA y Iia-
HOOaKTepilt (cMHBO-3eJeHUX Bojgopocreir) (man. 47.1). Binm mo-
Ii0HMIT 10 (POTOCHMHTE3y BUIIUX POCJIKH:

- 3abesmeuyeTbca xJopodisom a;

* CYIPOBOMIKYETHCA BUIAIJIEHHAM MOJIEKYJISPHOTO KUCHIO;

- BimOyBaeThcA 3 ()OTOJIIBOM BOAM SK MIiKepeJia eJIeKTPOHiB.

BeskucHeBuii (aHOKCUTEeHHUII) (POTOCHMHTE3 BifOyBaeThCs
B IyPOYPHUX, AeAKUX 3eJIeHUX i resiobaxrepiii (man. 47.2). Ile
HaMpaBHimnI, npumiTuBHiI opMu dorocuHTE’y, AKi:

+ 3a0e31eUyIThCA 6aKmepioxaopo@inom;

- BimOyBaioThbca 0e3 BUAIJIEHHA KUCHIO B HAaBKOJIUIITHE cepe-
JIOBUIIIE;

* AK TOHOpPa eJEeKTPOHIB BUKOPUCTOBYIOTHL HE BOAY, a iHIMIi
peuoBMHU — TigporeH cyabdim, moseryaapHuii I'imzporeHn, mo-
aeryaapauii Cyabdyp, Tiocyab(aT, OpraHiuHi CIIOIyKH.

B ekcrpeManbHUX radodiibHUX apxeOaxkTepili BUABJIEHUI
TaKk 3BaHUU Oe3xJiopodinbHHil (oTocuHTE3. Posb xj0podiny
B HUX BUKOHYE 0ioK 6axmepiopodoncun (man. 47.3). Ile dio-
JIeTOBUII CBITJIOUYTAMBUM IIIrMEHT, HIOAIOHHII OO POLOIICHHY
ciTKiBKM OKa. BiH morysimHAEe CBIiTJIO i IIEPETBOPIOE IOTJIMHEHY
euneprito Ha AT®. BesxsopodinbHuii 6aKTEePiopPOIOICUHOBUNA
dorocuHTE3 € HANOIMBIIT TPUMiTUBHUM THUIOM (hoTocuHTe3y. 11o-
piBHAHO 3 HUM XJIOPOGiIbHUIT (POTOCUHTE3 MA€ CYTTEBO OiJIBIITY
eeKTUBHICTL 3allacaHHA eHeprii.

I'InaHeTapHe 3Ha4eHHA (I)OTOCVIHTe3y

Ilepiri semui opranismMu Oyiu aHaepoOHMMU TeTepoTpoda-
MH — BOHHU IIOTJIMHAJU TOTOBi OpraHiuHi pevyoBMHU 3 IEPBUH-
HUX BOJOMM. 3roJoM TIOTOBOI OpradHikKu CTaJi0 He BHCTAYaTH,
I opraHisamMu ImouaJyii ITyKaTH iHII mkepesa pedoBuH. OmHiero
3 amamTaiiii 6yJa0 BUHUKHEHHS aBTOTPO(MHOrO TUIY JKUBJICHHS.
Ilepiri aBTOTPOGY BUKOPUCTOBYBAJM 0e3KUCHEBUIL homocuHmes.
CaMOCTiiHO CHHTe3yIUl HeOoOXiJHI peuoBMHM, BOHHU II€pPecTaIn
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Man. 47.4. MNMepBrnHHa NPOAYKLiA OpraHiyHOi peyoBMHM B npoueci GOTOCHHTE3Y Ha Cyxomoni

KOHKYPYBaTU 3a HUX 3 rereporpodaMu, MOCiau
HOBi €KOJIOTiUHi HimIi Ta cTBOpMIN 6€3/Tid HOBUX
¢opwm i Buzis.

HacrynauMm eramom OyJa mosBa KUCHEE020
¢omocunmesy. MoyeKkynapHUN KHUCEHb BUJA-
JISIBCSA 3 KJIITUH SK MOOIYHWU TPOAYKT, OCKiJIb-
KU BiH OyB TOKCUUYHHUH AJA AABHIX aBTOTPOd-
HUX aHaepoObiB. 3rofoM KHCeHb HAKOINUYBaBCS
B aTMmoc(epi, i opraHisMu modyajgum BUPOOIATHU
croco0u 3axucTy Bim foro TokcuuHoi mii. Tax
BUHUKJIN aepobu. 3’ABuancA HOBI meraboiu-
Hi IIJIAXU, 0 BUKOPUCTOBYIOTH KHCEHb I
epekTuBHOrO BUPOOJEHHA eHepril (KucHese
Jduxanns). AHaepobu 3HUKJIE abo 30eperJucs
Y BaXXKOMOCTYITHUX MiCI[IX.

VHacaigoK BUCOKOI KOHIIEHTpAIlil KUCHIO
B aTMmocdepi chopmyBaBca 030H08ull uiap. Bin
3aXWIaB ILJIAHETY BiJi KOPCTKOTO COHAYHOTO
BUMPOMiHIOBaHHsA. OpraHisMm 3MOTJIH BUNTHU
3 BOAM HAa CYXO[iJ, IO 3YMOBUJIO Pi3KUIl CTPU-
00K BUIOYTBOPEHHS.

CroromHi OCHOBHMMU (DOTOCHHTE3YIOUNMU
opranismamu Ha 3eMJi € 3eJeHI pocJauHY i 1Mia-
HOOaKTepii. POTOCUHTE3 € OCHOBHUM J2KEPeIoM
Oiosoriunoi eneprii (mas. 47.4). @oToCUHTE3Y-

0 Kniouosa iges

KncHeBuin poTocrHTes 3a fonomorot xnopodiny
NPUTamMaHHWI 3eN1eHUM POC/IMHaM i LiiaHobaKTe-
pisim. BeskucHeBwui | 6e3xopodinbHU GOTOCUH-
Te3N € HalAaBHIWIMK i NPUMITUBHUMYK dOpMamMu
boToCKHTE3Y, WO 3[INCHIOTLCA feAKUMM baKTe-
piammn 11 apxeAmn 3a AOMOMOrow 6GaKTepioxno-
podiny i 6akTepiopoaoncuHy. BUHUKHeHHA doTo-
CMHTe3y 3MiHUJIO €eBOJIIOLil0 OpraHi3miB i cknag,
atmocdepu, nitochepu i rigpochepun 3emni.

I04i aBTOTPO(PU BUKOPUCTOBYIOTH I AJIA CHUHTE-
3y OpPraHiyHMX pPeuoBUH. ['eTepoTpodu iCHYIOTH
3a paxyHOK eHeprii, 3amaceHoi aBToTpodamu
y BUIIAAlI XiMiuHMX 3B’A3KiB, BUBLIbHsOUM Ii
B Ipollecax IUXaHHA 1 OpomiHuHs.

OyHKUiT doTOCKHTE3Y

- HakonuueHHsa opraHiumoi Oiomacw.
YV mporieci (poToCHUHTE3Y POCAWMHU YTBOPIOIOTH
160-240 muapxn TtoHH Oiomacu Ha pik (y mepe-
PaxyHKy Ha CyXy PeYOBMUHY). 3a Yac iCHyBaHHS
JKUTTS Ha 3eMJIi opraHiuHi 3ajuIIKN HAKOIIN-
yyBanauca i mMoaudirkyBanucsa (rymyc I'PYHTIB,
MyJi, Top(d, Kam’sHe BYTiJJIs, OCagoBi mopoau
MOpiB i okeamiB).

- IlinTpumka ckaaxy armocdepu. Ilopiu-
HO B Xoni (poTocmHTE3y B aTmochepy HaIxo-
authb (0—120 mapn ToHH KucHio. ChboTomHi BiH
cTaHoBUTH 0sm3bK0 21 % B3a ob6cArom moBiTpA.
doTocuHTE3 i IUXAaHHA IMiATPUMYIOTh BiTHOCHO
cranuit piserb CO, B armocdepi (0,08 %), ymicr
SAKOTO BILJIMBA€ HA TEIJIOBUII PEKUM ILJIAHETHU.

- YTBOpeHHA 030HOBOrOo mapy. Ha Buco-
Ti 6M3bKO 25 KM ming miero coHsuHOI pamiamii
3 kucHio O, yrBOproeTbcss 030H O,. Illap o3z0-
HY 3aTpUMy€ 3HAUHY YacTUHY YJIbTpadiosero-
BOT'O BUIOpOMiHIOBaHHA (MoB:KMHA XBuai 240—
290 M), 3ry0OHOTO AJIA JKUBUX OPraHi3MiB.

03aI‘II/ITaHHFI Ta 3aBOaHHA

1. [e XuUBYTb Cy4acHi aHaepobu? Haeegite npukna-
an. 2. Wo take napHukoBuin edekT i AKMA ra3 aTmo-
coepun noro cTeopioe? 3. AK BY BBAXKAETE, AKMM LUMS-
XOM niwna 6 eBonouia, AKOM He BUHUKAN aBTOTpodu?
4. 3pobiTb NpunywweHHs, Ak BigbyBanaca 6 esontouin,
AKON He BUHUK KUCHEBUN HOTOCUHTES.
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§ 48. XemocuHTE3

0 [TomipkynTe

Bigomo, 1o npoLec XeMOCUHTE3y He 3anexuTb
Bil COHUA i MoXe BigbyBatuca uinogoboso.
Ane B macluTabax Hallol MiaHeTU XeMOCUHTE3
He TaK MowunpeHuin, sk GoTtocHTe3. Yomy?

Q 3raganTe

o OKVCHEHHS, BiIHOBJIEHHSA
o ATO » Kpyroobir peuoBuH

M pouec XeMOCNHTE3Y

OpuuM 3 BUIiB aBTOTPO(HOTO JKUBJIEHHS € Xe-
MOCHHTE3 — IIPOIiec, ¥ AKOMY eHepriio AJs yTBO-
peHHs OpraHiYHMX PEUYOBUH OPraHidM OTPUMYE
Bif peakIlii OKMCHEHHsS HEOPTaHiUYHUX CIIOJYK.

Tagkuii TUII JKUBJIEHHS XapaKTePHUN TiIBKU
oas GakTepiit i apxeii.

XemMocUHTe3 3[4iMCHIOEThCA 0e3 yuacTi cBiT-
aa. Ile BigpisHsAEe XeMOCHHTE3yIOUi OpraHismMu
BiT ()OTOCMHTE3YIOUMX, OCKIJIBKM OCTAaHHI BU-
KOPHCTOBYIOTh fAK [I:Kepejio eHeprii CcoHsuHe
CBiTJIO, a He eHeprilo XiMiUYHMX peaxIliii.

s omepskaHHA eHeprii MiKpoopraHisMu Bu-
KOPICTOBYIOTH €HepPrilo peaKIliii OKMCHEeHH cip-
KOBOJHIO, aMOHiaKy, Boxuio, ¢epym(Il) orkcumy
Ta iHIINX pedyoBUH. EHepris, 10 OTPUMYETHCS
miJg yac OKMCHEHHs, 3amacaeTbesa y opmi ATD.

PeuoBumHaMM, 3 AKMUX BigOyBaeThCA CUHTE3
OpraHiuHMX MOJIEeKYJI, € BYIJIeKHCJIHuii ras ado
MeTaH.

IIpomec xemocunTe3y BizxpuB 1889 pory
BUAATHUHN yKpaiHCbKUi Mikpo6iosor C. M. Bu-
HOTPAJICHbKUMA.

[Pynn xeMOCHHTE3YIOUYNX OpraHi3mis

3amizobakTepii. 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 BigKJIamaoTh y cBOili causoBitt o6osonIti. 111
MiKpOOpraHisMu IOIIMPEeHi B IPiCHEHX 1 MOp-
CcbKHUX Bomoiimax (Mmaj. 48.1, 48.2).

CipkoobakTepii. OKHCHIOIOTH CipKOBOJEHD
(rizporeH cyab(ix) KO MOJIEKYJISPHOI CipKuU:

2H,S + O, = 2H,0 + 28

Y pasi HecTaui CipKOBOJHIO OKHCHIOIOTH

cyabpyp o0 cyab(PaTHOI KUCJIOTH:
28 + 30, + 2H,0 = 2H,SO,

CipkobakTepil MOKYThH JKUTH B OKeaHaX Ha
BeJIMUE3Hil rimbuui, y THX MicmAx, e 3 pos-
JOMiB 3eMHOI KOpU y BOJYy BUXOIUTL CipKO-
BoJgeHb. KoJiocasbHa KiJbKicTh ciprobaxTepii
icaye B YopHomy MoOpi, B AKOMY Ha TJIuHOMHAX
noHan 200 M Boma HacudueHa CipKOBOIHEM.

TionoBi 6akTtepii. OKUCHIOIOTH BifHOBJIEHI
cuonyku Cyabdypy Ta aBoBajieHTHOTOo Pepy-
My no cyabdaTHoi Kucjoru. lleaki mpexacras-
HUKUW TiOHOBMX OaKTepill 37aTHI BUIKUBATHU
1 POBMHOIKYBATHCA 32 €KCTPEeMAaJIbHIX KOHIIEH-
Tpariii Kucaotu (pH = 2). BinbmricTs i3 HUX €
aepobamu.

Man. 48.1. 3ani3ncTi KBapuUTN — pe3ynbTaT KUTTERIANb-
HOCTi 3anizob6akTepin
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Hirpudikyroui 6akrepii. OKUCHIOIOTL amo-
HiaK, IO YTBOPIOETHCSA B IIPOIleCi THUTTSA Op-
ramiuaux peuoBuH (0inKiB), mo HiTpUTHOI Ta
HiTpaTHOI KUCJIOT:

2NH, + 30, = 2HNO, + 2H,0,
2HNO, + O, = 2HNO,

VYTBOpeHi KHCJIOTU B3aEMOLIIOTH 3 I'PYH-
TOBUMU MiHepajaMu, YTBOPIOIOUM HITPUTU Ta
"Hirpatu. Hirpudirkyioui O6arkTepii nmomupeni
B I'PYHTiI Ta Bomoiimax. BaraTto 3 HuX € cumOi-
OHTaMM POCJIUH.

BogneBi 6akTepil OKUCHIOIOTH BOJEHb, AKUN
YTBOPIOETHCA IIiT Yac aHaepPOOHOTO PO3KJIAJaAHHS
opramiunmx pemtok: 2H, + O, = 2H,0. Orpuma-
HY €Hepriio BUKOPUCTOBYIOTh JJIA MEPETBOPEHHS
CO, ma meraHn Ta iHIIi OpraHiuHi CHOJIyKH.

3HaYeHHA XeMOCUHTe3y

OpraHiuHa NOpPOAYKIIiA XEMOCHHTE3y CcTa-
HoBUTh MeHine 1 % Big ¢orocuuTesy, mpoTe
BiH Mae BeJimue3He 3HAUYEHHS AJA OiosioTiyHMX
i reoximiuHmMX mporeciB Ha 3emuti. OcHOBHE 3HA-
YeHHSA XEeMOCHHTe3y II0JIdATrae 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 HiTpudiKywuum
O0axTepism. Boum momwmpeni B mpuponi, i 3miii-
CHIOBaHi HUMU TIPOIeCU BifOYBAaIOTHCS Y TOCUTH
BeJuKux Macrmirabax. IIporec mHiTpudikarii e
I)KepeJsioM HiTpariB i HiTpuTriB — cnoayk Hi-
TPOTeHY, IO 3aCBOIOIOTHCS POCAMHAMHU i BKJIIO-
YaloThCA O CKJIAAy OPraHiyHMX pedoBWH. [0
TOTO K, JKUTTEAIANbHICTD HiTPUGiIKyIOUNX OaK-
Tepili — HaWBaAKJIMBIININN YMHHUK POJIOYOCTI
I'pyHTiB. BakamnBy poJib y mporecax mIepeTBO-
PEHHA PEYOBWH Yy I'PYHTAX BifirpamTh TaKOK
BOIHEBi OakTepii.

3asisobakTepii BifirpaioTh BayKJIUBY POJIb
y Kpyroobiry rtakmx ejgeMeHTiB, Ak Pepym

0 KnioyoBga iges
XemMocuHTes — BUA aBTOTpOd)HOFO KUBJIEHHA,

y AKOMY eHeprilo AnA YyTBOPEHHA OpraHiuyHux
PEYOBUH OpraHi3aMm OTPUMYE Bif peakLiil OKuC-
HEHHSA HeopraHiyHMx cnonyk. [lJo XxeMOCMHTETUKIB
HanexaTtb 3anizobakTepii, cipkobakTepii, TIOHOBI,
HiTpndikytoui, BoaHeBI 6akTepii. XemocnHTe3 3a-
6e3neuye Kpyroobir HamBa)KNMBILLUX eIeMEHTIB 3i
3MiHHUM CTyneHem oKuncHeHHsA: Oepymy, Cynboy-
py, Hitporeny Towio.

Man. 48.3. CKynuyeHHA XMBUX OpraHimis
6insA «yopHOro nanis»

i Manran. 3aBasgKu IXHIN KUTTEOISILHOCTL Ha
IHI BOOOWM BigKJIAZAIOThCA 3aJIidHI I Mapras-
eBi pynmu.

CiprkobakTepii, yTBOpIOOUM CyJIb(paTHy KHC-
JIOTY, CHPUSIOTH IIOCTYIIOBOMY PYWHYBAaHHIO
i BUBITPIOBAaHHIO TipCHhKUX IIOPiZ, PYyHHYBAHHIO
KaM’ dHUX i MeTaJIeBUX CIIOPY/I.

XeMOCUHTE3YIOUi OpraHidaMu BUPOOJISAIOTH
OpraHiuHi peuoBMHH TaM, Ae (POTOCHUHTE3 He-
mockjauBuii. I'TnOOKO Ha OHI OKeaHiB iCHYIOTH
CIIPAB)KHI «0a3M JKUTTA» HABKOJO «YOPHUX
naxiiB». «Yopui mamii» — 1me migBomHi rapsa-
ui mKepesia, Bojla AKWX HACWUEHa CIIOJyKaMU
Cyabdypy. CipxobaxTepii BUKOPHUCTOBYIOTH IIi
CIIOJIYKHU [AJIA CBOTO POCTY, & HUMU JKUBJIATHCS
immmi skwmBi oprauismu (maj. 48.3).

@ MpakThyHa poboTa

Po3e’a3yeanHa 3a0a4y Ha memy «®omocuHmes
i xemocunmes»

1. Po3paxyiiTte, CKinbKy Kinlorpamis rloKO3N CUH-
Te30BaHO POC/MHaMK Nig 4Yac GOTOCUHTE3Y, AKLLO
BiJOMO, LWO B pe3ysnbTaTi LibOro npouecy BUAINNBCA
KuceHb o6’emom 22 400 5.

2. BusHaute, AKy KiIbKiCTb PeYOBMHN aMOHiaKy Mno-
BUHHI OKUCHUTW HiTpUdiKytoui bakTepii Ana crHTe3y
rMoKo3u macoto 360 r, AKLWO AnA CUHTe3y 1 MOnb io-
KO3 BUKOPUCTOBYETHCA 613bKo 12 600 KK eHeprii?

3anuTaHHA Ta 3aBOaHHA

1. Yum xeMocrHTe3 Bifpi3HAETLCA Bi GOTOCUMHTE3Y?
2. Yum xeMOCUHTe3 Bigpi3HAETbCA Bif reTepoTpodHoro
KusneHHA? 3. HaBediTb Npuknaam BUKOPUCTaHHA NoAu-
HoOlo TIOHOBUX HaKTepii i 3anizobakTepin. 4. HamantoliTe
cxemy Kpyroobiry HitporeHy B npupogi.
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§ 49. YTBOpeHHsA rnikoreHy. biocuHTes ninigis

0 [omipkynTe

[nikoreH, Kpoxmarnb i KNiTKOBMHaA € nonimepamm
OfHI€l i TiEl camoi cnonykn — rnokosn. Ane ui
noslimepu MatTb Ay»e pi3Hi BnactmeocTi. Yomy?

Q 3raganTe

« MNonicaxapuau, rnwoKo3sa

- bynosa kpoxmasnio

- bynosa XunpHux Kucnot

- bynosa docdoninigis, *kupis, xonectepony

[mikoreHes

¥ pocimHax, K BU B)Ke 3HAETe 3 MaTepiary
§ 46, ruoKo3a, IIT0 CMHTe30BaHa B peakIliax (go-
TOCUHTE3Y, TIOJIIMEPUBYETHCS 0 Kpoxmasrio. Came
KpOXMaJib € 3allaCHUM IIoJicaxapuaoM POCJIVH.

Y rpubiB, TBapuH i JIOAWUHU BYIJIEeBOAU
TaKOK 3alacalThCid, ajie IepeBa’kHO y BUTJIS-
ni raikoreny. Ile mosricaxapup, Tek moJriMep
raoko3u. CTPYKTYpHO TJIIKOTEH € aHaJoToOM
KpOXMaJiio, ajie Ma€ OiJbIuii CTymiHb posra-
ayxxeHocti (man. 49.1).

IIpo1iec GiocuHTE3y IIiKOreHy HAa3UBAETh-
ca raikoreHe3oM. [JIiKoreHe3 CTHUMYJIIOETHCA
ropmoHoM iHcyminom. Ilosnimepwmsariia smiii-
CHIOETBLCSA KilbKoMa )epMeHTaMMU, 1110 OYAYIOTH

Kpoxmanb

KOO

MnikoreH

S8 i

Man. 49.1. CTpyKTypa riikoreHy nopiBHAHO
3i CTPYKTYpPOIO KPOXMasio
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[lisHalTeca 6inblue

ByrneBogau, siki M1 BXMBaEMO 3 ixeto (xNi6, GpyKTn,
conofouli) y npoueci TpaBneHHA POo3LennioTbCa
0O [/II0KO3KM, AKa MnoTparnyifa€e B KpoB. Lla rnwoko-
332 MOXKe BMKOPUCTOBYBaTMCA abo AnA MOTOYHUX
eHepreTnyHux notpeb, abo Ana CTBOPEHHA 3anaciB
eHeprii. CNoYyaTKy OpraHi3aMm CUMHTE3Yy€E 3 [JII0KO3M
rNikoreH, a Mi3Hille NOYMHAE MepeTBOPIOBATY [H0-
KO3y Ha »X1pWu.

npami abo poarajysKeHi JIAHIIOXKKHN TJiKoTre-
HY. ¥ JiHIAHUX AiJISHKAaX OCHOBHOTO JIAHIIOTA
BaJIUIIIKY TJIIOKO3U 3B a3aHi 1,4-TIiK03UIHUI-
MU 3B’sABKaMU, TOMAi AK TOUKMU POSTANYIKEHHIA
dopmyioTbess 1,6-Taiko3suaHUMU 3B’ sA3KaMU
(man. 49.2).

CuuTe30BaHU TJIKOTEH HAKOMUUYYETH-
cAd TepeBaKHO B KJITHMHAX MeUiHKM 1 M’ a3iB
(mau. 49.3). Moro 3amacu € eHepreTHYHUM pe-
3epBOM OpTraHidMy, IO IMBUIKO MOOiJIizyeThCs
y pasi morpebu. 3a HecTaui B opramismi ruro-
Ko3u (uepes KijgbKa ToguH Imicad imki abo mim
yac (pisMUHMX HaBaHTAKeHb) IJIIKOTeH IeYiH-
KU POBIIEIIIOETHCA (DEPMEHTaMM [0 TJIIOKO3U,
KA HAAXOIUTh ¥ KPOB 1 BUKOPUCTOBYETHCA IJIA
XapuyBaHHSA BCbOTO OpraHiamy. ¥ M’sg3ax TIJIi-
KOTeH IepepolJIAeThCA Ha TVIIOKO3Yy BUHATKOBO
I JIOKAJBHOTO CIIOKWBAHHA; BiH € TOJIOBHUM
I)KepesoM eHeprii AJsa mpalolodyux M’ A3iB.

o5
. -0 0
MnikoreH cr ox
o (0]
Oxr
1,4-rniko3vagHnn of 0 1,6-rniko3ngHun
3B'130K /./ 3B'A30K
CH,0H CH, . CH,OH |
OH OH OH

Man. 49.2. [nikoreH — nonimep rIOKO3N
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rnikoreH

Man. 49.3. BKntoueHHsA rnikoreHy B KNiTMHax MeyiHkn

biocnHTe3 XMPHUX KNCNOT i ninigis

JHupum B opramismi cuHTE3yHOThCA 3 BYTI-
JEeBOMiB, TOMY HAWIIBUAIINE XHUPHI KUCJIOTH
i JKUPU CUHTE3YIOThCA MicJaA BXKUBAHHA BYyTJIe-
BomHeBOoi I:ki. HaiiGinpIl aKTUBHO Ieil HpoIiec
BiOyBaeThbcA y TEUiHI[I Ta KUPOBif TKaHWHI.

CuHTe3 JKUPHUX KHUCJOT i "KUPiB HA38UBAETHCS
ainorenesom. IxHiil cunTe3 BimGyBaeThCA y IUTO-
mirasmi Kiaituau. CybcTpaToM IJIs CUHTE3Y € BiKe
moOpe Bimoma Bam cmosyka — aretusi-KoA. IIpo-
Iec € MUKJIIYHUM: V KOXKHOMY ITUKJIL 10 paguKary
JKUPHOI KUCJOTHU, IO IOCTYIIOBO IIOJOBIKYETHCA,
IojmaeThesa aBa atromu Kap6ory. ¥V KOKHOMY ITHKJIIL
BukopuctoByeTbcss HAIID - H i ATD. Kinnerum
IIPOAYKTOM CHHTE3Y € MaJbMiTHHOBA KUCJIOTA, 10
mae 16 aromiB Kapbony (mas. 49.4).

Tumti sKmMpHI KucjaoTH B opraHismi JiroguHU
CUHTE3YIOTHCA caMe 3 MaJbMiTHHOBOI KWCJIOTHU.
AJle TOOBIKEHHA JAHIIOTIB YKUPHUX KUCJIOT [0
18, 20 i 22 aTromis Kapbony BimOyBaeThbCs BiKe
He y IIUTOILIa3Mi, a B MiTOXOHAPiAX.

[lizHanTeca binbuie

CepepHbOCTaTUCTMYHA NI0AMHA MAE 3anac »Kupy npu-
6nK13HO 13 Kr, LUbOro morno 6 BUCTaunty Ha 40 gHiB
ronofyBaHHA B YyMOBax NOMipHOro ¢i3MyHOro HaBaH-
TaXKeHHA. A 3arajibHi 3anacu MikoreHy B OpraHi3mi
HecrnopTcmeHa npubansHo 200-300 rpami, Yoro
BMCTAuUNTb MEHLI HiXX Ha opHy o0y ronopyBaHHA.

0 KniouoBa ifes

3anacu rnikoreHy i XupiB € eHepreTMYHNUMN pe-
3epBaMu y TBapwH i noguHn. Obuasi peyoBrHM
MOXYTb CUHTE3YBaTMCA 3 [/IIOKO3M 4Yepes yTBO-
peHHsA aueTun-KoA.

0)
I

H, H, H, H, H, H H
CC B0 60 00 C0 el Cl ¢

TN

C
H, H, H, H, H, H, H,

Man. 49.5. KniTVHW XMPOBOI TKaHWHW

OnHak He BCi JKMPHI KUCJIOTH MOKYTH OyTH
HaMu CuHTe30BaHi. /g JIOAMHN He3aMiHHUMU
€ OBl KUPHI KHciaoTH — JIiHOJIeBa i O-JriHO-
JIeHOBa. IX [M)KepesoM MoOKe OYyTH TiTbKM ixKa.
Bonu mictaTsca y Beix pocamuHUX ogaisgx. He-
cTaya TaKUX KUCJIOT IPU3BOAUTH A0 IMOPYIIEHHSA
00MiHy pPeUYOBUH.

CuHTe30BaHi KUPHI KUCJIOTU BXOAATH MO
CKJIANy iHIIUX MOJIEKYJI: }KUPiB i ocdorimigin.
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-
macaioTbed B HuX (Maa. 49.5).

Ha Bimminy Big ByrsieBomiB, KUPU CTAHOB-
JISITh JOBTOTPUBAJINI €eHEPTeTUYHUN pe3epB Op-
ramismy. Byraesonu K, 3amacu SSKUX OPeICTaB-
JIeHi B OpraHisMi JIOAWHU y BUTJIALL TJIIKOTEHY,
BUKOHYIOTh OiJIBIII ONEpATHUBHY (DYHKIIiIO eHep-
rOMOCTAYaHHA MIPOTATOM HETPUBAJIOIr0 Yacy.

03aﬂl/ITaHHH Ta 3aBHaHHA

1. Yomy edpeKkTMBHIMM 3acobOM MPOTH 3alBOi Baru €
Ji€Ta, B AKil 3HAYHO oOMeXeHe CNoXKUBaHHA Byab-AKNX
Byrnesofis? 2. YoMy rnikoreH HasnBaloTb «TBAPVHHUM
Kpoxmanem»? 3. Ik NoB'A3aHi WNAXM MeTaboni3my rno-
KO3u Ta xupis? 4. MNopiBHANTE rMiKOreH i Xnpu K eHep-
reTUYHi pe3epBu TBapPWH i NognHU. 5. Yomy He MOXHa
NMOBHICTIO BUKJIOYATU 3 paLioHy Xunpu? xonecrepon?

103
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§ 50. BupgineHHAa y TBapuH

0 [omipkynTe

Po3mip Tina 6ypoi nnaHapii He fJye Bigpi3HAETb-
cA Big po3mipy Tina rigpu. Mpu ubomy y 6ypoi
niaHapii € cnewianisoBaHi opraHn BUAiNeHHs,

a y rigpwm ix Hemae. Yomy?

Q 3raganTe

» Ek3ouuTo3 e [poTto- i meTaHedpugii

» bynoBa HuUpok e« QinbTpauia i peabcopbuis

Ekckpeuia Ta ekcKkpeTun

¥V xoxi 0OMiHYy pEeYOBUH YTBOPIOIOTHCS PisHi
Bimxonu, sKi MOBMHHI BUBOAUTHUCSA 3 OPramHis-
My. SIKIII0 BOHM HAKONMHUUYYIOTHCA IIOHA] IIeBHOI
KOHIIeHTpAaIlil, To BUHUKAE 3arpo3a IOPYIIeHH
HOPMAaJILHOTO Tepebiry (isiosoriuHMX mporiecis.

Exckpenisi — 1e BUBeJeHHA 3 OPraHiaMmy
KiHIIeBUX IPOAYKTIB OOMiHY PEUOBUH.

Exckperu — Ie KiHIEBi IPOAyKTU OOMiHY
PEUYOBUWH Y KMBUX OpPraHiaMax, AKi Oinblie He
0epyTh yYacTi y *KUTTEBUX MPOIlECax.

OcHOBHI TPOAYKTH eKCKpenii y TBapuH:

* BYIJIEKUCJIMH ras, 110 YTBOPIOETHCA B IIPO-
meci KJIITHMHHOTO OUXaHH;

- HiTpOTeHBMiCHI IpOAYKTHU po3many GinKis
i HyKJIeIHOBHUX KHCJIOT — aMOHiaK, CeYoBUHA
i ceuoBa KmCJIOTA;

* JKOBUHi IIirMeHTU, AKi yTBOPIOIOTHCA IMif
yac pyHHYBaHHS TeMa B IeYiHIIi.

BuaineHHA npoaykTiB meTabonismy
KNITUHOO

IlepemitienHsAs peuoBMH i3 KJITHHU B 30-
BHIIIIHE cepemoBUINEe BigOYyBae€ThCHd IIJIAXOM
ek3onuTo3y. lleii mpoliec MO3BOJISAE KJITHHAM
BUJIAJATYA BiIXOIM, a TaKOXK CEKpPeTyBaTH TIop-
MOHH i OiJIKHI.

Bunanenusa BigxomiB y KIiTHHI 30iICHIOIOTH
JisocomMm, SAKi PYyHHYIOTH BigmpalbOBaHi KJIi-
TUHHI KOoMIIOHeHTHu. lleperpaBieHuii marepian
BUBIJIBHAETHCA y IMO3AKJITUHHE CepemaoBHUIIE.

Knaituuu, AKi cekpeTyioTh 6iosoriuHo ak-
TUBHI pPeYoOBWMHU, (POPMYIOTH CIlelliaJbHi ce-
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KpeTopHi Besumkyau. Taki BeSUKyJIU MiCTATH
TOPMOHU, HelipoMeziaTopu abo TpaBHi (hepmeH-
T. BoHU (QopMyioThCs 3 MeMOpaH KOMILJIEKCY
Tonpmexi ¥ BUBIIBHAIOTH YMiCcT HA30BHI michasa
HaIXOIKEeHHA B KJITUHY CHeIiaJbHOTO CUT-
HaJIY.

Pi3HOMaHITHICTb OpraHiB BUAiINEHHA

B OZHOKJITMHHUX TBAPUH BUIIJEHHS Bif-
OyBaeThcsa 0e3mocepelHbO dUepes3 KJIITUHHY
MeMOpaHy, Y HIKUYUX Oe3xpebeTHHX — Uepes
emigepmic. ¥ TBapuH, IO CTOATHL HAa BUIIO-
My I111a6JIi eBOoJIIOIil, PO3BUHYJIUCA CIIeialbHi
oprauu, sSKi BUKOHYIOTh (PYHKITiI0 eKCKpeIlrii.
Byraekwmciuii ras BUIiIAEThCA Uepes JIeTeHi,
Tpaxeli abo 3sa0pa; BoJa, ceuoBMHA i coai —
yepesd mKipy (3 morom) i HupKHM (i3 ceuero).
Exckpernia XOBUHMX HOirMeHTiB Big0OyBaeTh-
cd uepes IEUYiHKY i BUBOAUTHCA 3 OpPTraHiszMy
3 IOCJIiIoM.

OpraHuv BUAiNeHHA y TBapUH

TBapuHU Opranu BUAiIeHHS
YepBu IIporouedpunii, meranedpumii
YnerucToHOri 3eJieHi 3a/1031, MaJIbIirieBi

cyouHu, Tpaxel

Pubu, semuo- Hupkwu, neuinka, 3a6pa, mkipa

BOIHI
Haszewmni xpe- Hupkwu, meuinka, jgerewxi,
OerHi mIKipa

EBontouia BuAinbHOT cuctemm
y 6e3xpebeTHmnx

MInaxom gugysii yepe3 KIiTUHHY MeMOpa-
HY BUJAJIAIOTh IPOAYKTY OOMiHY I'yOKM 1 KHUIII-
KOBONOPOKHUHHI, AKI He MalOTh CIEIiaJIbHUX
OpradiB BHUIiJIEHHS.

Ilepmi BupinpHi opranu — mnpoToHedpH-
mii — 3’ABIAITBCA y ILJIOCKUX uepBiB. IIpo-
ToHe()PUIil PEryai0I0Th IIEPEBAKHO BMiCT BOIHU
B opraHiami (maa. 50.1).

Binpmr mockoHaJsi opraHu BUIIJIEHHA —
meraHedpugii — 3’ABAAIOTBCA Y KimbuacTux
uyepBiB. Meranedqpugiii aABasge cob0o0 KaHaJI,
BHYTPIIIHIN KiHeIb SKOTr0 BifIKPUBAETLCA B MO-
POKHUHY Tijla BOPOHKOIO 3 BifiKaMu, a iHIIHWI
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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, PO3TAIlIOBaHi 0iJid OCHOBM aHTEH.
Bonu aBIAIOTL 0000 MIillIeUKN 3 KAHAJIOM, AKUHA
ime mo ceuoBoro mixypa. Ceua HaKOOUUYETHCSA
B CEYOBOMY MiXypi, a8 HOTiM BUJITUBAETHCSA HA30BHi.

Y Komax i maByKOIOZiIOHMX € MaJIbIIiri-
eBi Tpy6bouku. IlpogyxkTum oOMiHY HaAXOIATH
Tyau 3 reMoJiMdu i mo TpyboUYKaX BUBOAATHCS
B TpaBHU TpaKkT. KpiMm TOro, y KOMax € }KupoBe
TiJIO, Te HAaKONMUYYIOThCA INKiAJIMBI peuyoBUHU.

Y MOJIIOCKiB IOJIOBHUMU OpTaHaMU BUIiJI€H-
HA € HUPKH, CXO0Ki Ha MeraHedpumii.

EBontouia BuAinbHOT cuctemm
y XpebeTHunX

Cucrema BUIiIJIEHHA XPeOETHUX €BOJIOIiO-
HyBajla BiJl OKpeMUX HUPKOBUX KAaHAJIBI[IB —
He)poHIB — 10 chmemialbHUX OpPraHiB — HHU-
PoOK, AKi cKJamaioTbcsa 3 0araTbOxX BUMIJIBHUX
KaHaJBI[IB i3 3arajJibHOI0 BHUBiJHOIO IIPOTOKOIO.
Y HaseMHUX XpeOeTHUX yIOCKOHAJIIOIOTHCA CIIO-
cobu Mmimimisarii BTpaTm Bogu HIIAXOM ii 3BO-
poTHOI peabcopOITii.

0 Kniouosa iges
B OOHOKMITMHHMX OpraHi3miB ekckpeuia Bigoby-

BAETbCA LWAAXOM eK3ouuTo3y. Haibinbw npocTi
opraHv BUAiNeHHA y 6araToKNiTUHHNX TBAPUH —
Lue npoTtoHedbpuaii NIOCKNX YepBiB i MeTaHed-
puaii Kinbyactux 4epBiB. Cuctema BUAINEHHA
XpebeTHUX eBOJIOLiOHYBaNa Bif OKpemux Ka-
HanbuiB — HedpOHIB — A0 cneuianiaoBaHUX
OpraHiB — HUPOK.

IlepemgHUpPKM KPYTJIOPOTUX i Jeaxux pub
cxoxKi Ha MeraHedpuaii KimbyacTuX 4UepBiB.

IlepBunHi, abo TyayOHi, HUpDKH € B Oinb-
mocti pub i 3eMHOBOAHUX. BOoHU MaioTh MaJb-
mirieBe Tinble — 3’€¢IHAHHSA BOPOHKU HEDPUIii0
3 KJIyOouKoM Kaminapi. Tax BCTaHOBJIIOETHCS
besmocepenHiii 3B 30K MisK KPOBOHOCHOIO Ta
BUAIJIBHOIO cHUCTeMaMK. BumiibHHI KaHaJelb
CTae MOBIIUM, YTBOPIOE BUTHHU, IO JO3BOJIAE
BUKOHYBAaTU B3BOPOTHE BCMOKTYBaHHSA BOIW,
TUIIOKO3U 1 iHIIWX PEUYOBUH.

Bropunni, a6o Ta3oBi, HUPKH PO3BUHEHi
B ILIA3yHiB, nTaxis i ccaBnis. OapuHuiemo 0ymo-
BU HUDKU € He()POH, AKUY NOUNHAETHCA KaICy-
aoro lllymaauacekoro — Boymena 3 Kiy6ouKoM
KamiiapiB. ¥ CcyIuHHUX KJIyOOuKax BimbOysa-
€ThbCA Qinvmpauis 1 yTBOPIOETHCA II€ePBUHHA
ceua. Bi HUPKOBOTO TiJIbIA BiIXOAUTH BUILIb-
HUI 3BUBHCTHH KaHaJelb. ¥ TOBIUX JiJAHKAX
HUPKOBOTO KaHAJbIA BinbyBaeThcsa peabcopo-
yisi — B3BOPOTHE BCMOKTYBAaHHA BOAU, i TOMY
BUIIIAETHCA AysKe KOHI[EHTPOBaHA BTOPUHHA
ceua. Yce Ile MO3BOJIMJIO TBAapPUHAM YCHiIITHO
IIPUCTOCYBATHUCA IO YKUTTA Ha CYXOHOJIi U eKO-
HOMHO BUTpauYaTU BOJLY.

03aﬂl/ITaHHF| Ta 3aBOaHHA

1. Yn 3aBXAM NPOAYyKTM eKCcKpeLii € HenoTpibHUMK
Biaxogamy metabonismy? HaBepiTb npuknagu, AK ekc-
KPeTn MOXYTb BMKOPWCTOBYBATUCA AK XiMIYHI CUrHanm
(He TinbKM Ha piBHI KNiTWH, ane 1 Ha PiBHI OKpeMux
opraHi3smis). 2. flki opraHy BMKOHYIOTb OYHKLilO eKc-
Kpeuii B ntognHm? Aki npoayKTn o6MiHy peyoBUH BOHU
BMBOAATL? 3. AK 3anobira€Tbcsa BTpaTa BOAW B Ha3eM-
HUX TBapUH? 4. Yum manbnirieBe Tinbue Bigpi3HAETbCA
Big MeTaHedpuaito?
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§ 51. Ocmoperynsuis

0 [omipkynTe

Jliogw, AKi noTpanunn y KopabenbHy aBapito,
CTpakpaloTb Bif Crparv, Xoya HaBKOMO HWX 6ara-
TO MOPCbKOI BoAan. Yomy He MoxHa i nutn?

Q 3raganTe

» Ocmoc o OCMOTUYHUI TUCK

Ocmoperynadia Ta il MexaHiamu

BaxksmuBy poJsib B opramismi BigirpaioTs
tioru Harpio, Xiopy, Kamaito, Maruiro, Kais-
miro, Pepymy, KOHIEHTpAIlid SAKHX ITOBUHHA
CTPOT'O PEryJiBaTHUCS, OCKIJIBKU IIi WOHU Oe-
PYTh y4acTh y 6araThoX IIPOIlecax, BKIIOUYAIOUN
po6ory (epMeHTiB, cuHTe3 OiJIKiB, yTBOPEHHS
TOPMOHIB, IPOHUKHICTH MeMOpaH, €JIEeKTPUUHY
aKTUBHICTH 1 M’sI30Be CKOPOUYEHHS.

Peryinamia BimHOCHUX KOHIIEHTPAI[INA PO3YN-
HEHUX PEYOBUWH i BOAM BCepPeAUWHI TKAHUH Tija
HABUBAETHCA OCMOPETYJIAIi€IO.

JKuBi opramismMm HacensoTh piBHOMAHIT-
Hi cepemoBuUIia — CYXO[iJ, MOPCHKi Ta mpicHi
BoJoMMU. ¥ COJIOHi# Bozi (rimepToHiuHOMY Ce-
PeIoBUIIli) Boja 3 KJITUH «IIparHe» BUUTH Ha-
30BHi, TOAi AK y mpicHi# Bojmi (rimoToHiuHOMY
CepemoBUIli) — HAaBOAKM, IIOCTiHHO HAAXOAUTH
y riaituay (manx. 51.1). 3posymino, 110 KOHT-
POJbL BHYTPIIIHBOKJIITHHHUX YMOB Y Pi3HHUX
yMOBaxX iCHyBaHHA IOTpeOye PiBHMX amamTaliiii.

linepToHiuHe cepepoBulLe

H,0

VA

S oF,

Mnasmonis — BigaineHHA npoTonnacty Bif KNITUHHOI
CTiHKM Y TiNepTOHiYHOMY CepeaoBULLi

Icaye nmBa Tunmu peakIiii TBapmMH Ha KOH-
IEeHTPAIi}0 OCMOTUYHO aKTUBHUX PEUYOBUH Yy 30-
BHimmIHBOMY cepenoBuiii. IToilkisiocmomuyHi TBa-
pUHU He MalOTh aKTUBHOI cucTeMu crabimisarii
KOHIIEHTPAI[ii OCMOTUYHO aKTUBHUX PEUOBUH;
KOHIIEHTPAIliA coJiell y pifmHax IXHBOrO Tija €
TaKoIo K, AK 1 HazoBHi. ['omoilocmomuuri TBa-
PUHU 3JAaTHI TiATPUMYBaTH CTAJIiCTh KOHIIEH-
TpaIlii 0CMOTUUYHO aKTUBHUX PEUOBUH Y PiAUHAX
BHYTPIIITHBOTO CEPENOBUIIIA.

Cmocobu ocMOpPeryJdanii roMoioCMOTHUHUIX
TBaApWH, II0 PEryJIITh YMICT BOOAW B OpraHis-
Mi, pisHomaniTHiI. Bugindaimorts zinepocmomuuni
i zinoocmomuuni MexXaHIBMU PeryaAlrii.

linepocmoTryHa perynauia

Mexanism ocmoperyJsilii HasuUBalOTL Ti-
MEePOCMOTHYHUM, HAKINO OCMOTUYHUN THUCK
(KoHIleHTpAIlisA coJieii) y pigmHaAX oOpraHismy
OijpIINI, HiXK Yy BSOBHIIIHBOMY CepeIOBMIIIi.
Ho rimepocMOTHYHMX BUAIiB HaJIeKaTh MEIIKAaH-
i IPiCHUX BOZOMM i MOPCBHKI XpAIOBI pulOu.

VY npicHOBOIHUX OpPraHi3MiB KOHIIEHTpAIlid
cojieil y KJiTmHax i pigmHAaAX Tija BuIa, HiXK
Y HaBKOJIUIIIHbOMY CEPeJOBUIIi, TOMY BOJa IIO-
CTifilHO HAAXOOUTH Y HUX IILJIAXOM OCMOCY Ue-
pe3 kiaitmHHI MemOpamu. Taxum opranismam
3arposkye HeOesIlleKa PO3AyTHCA Bifi IIPOHUKA-
rouoi Boxu. TomMy HaAJIUIIOK BOAW IIOCTiHHO
BUBOAUTLCSA. ¥ IIPICHOBOAHUX OTHOKJIITHUHHUX
HaAJIUIIOK BOAUW BUBOAUTHCSI 34 MTOIIOMOTOIO
CKOPOTJIMBUX BaKyoJiell, y 0OaraTOKJiTHHHUX
TBapuH — HedppuAiaMu abo0 HUPKaAMMU.

linoToHiuHe cepepoBuLle

H,0

Oennasmonis — noeepHeHHA nNpoTonnacTta KNituH
y MOYaTKOBUI CTaH 3 HOPMallbHUM TYpropom
y FiNOTOHIYHOMY CepefoBULLi

Man. 51.1. Mna3moni3 i gennasmonis POCANHHOI KNITUHW
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Iama npobsiema TPiCHOBOAHMX OpPTaHi3-
MiB — TOCTiAHUWI BUTIK coJiell y TiOTOHiIUHE
HaBKoJUIITHE cepenoBuiiie. CobOBi pecypcu mo-
MOBHIOIOTHCA IIIJIAXOM AKTUBHOTO TPAHCIOPTY
coJiell i3 30BHIIIHBLOTO CepPemOBUINA B TKAHUH-
HY pinmmnay i KpoB. [[laHW# aKTUBHUNA TPAHCIIOPT
3AIMCHIOETHCA eIliTeJiaJbHIMMU KJIITHHAMM, IO
MiCTATHCA B INKipi y 3eMHOBOZHUX i 3sa06pax
y pub. ¥V pub i O6ararbox BomHUX 0Oe3xpeber-
HUX 3A0pa € OCHOBHUM OPTaHOM OCMOPEryJasIlii,
0inpIin eeKTUBHUM, HiK HUPKHU.

MopchKi XpsAIoBi pudbu (akyam, cCKaTH) Tex
MAalOTh TillepOCMOTHUHY peTryJAIilo. IxHii Box-
HU OaJsiamc 3a0e3meuyeThcsa 3a PAaXyHOK HAKO-
OUYeHHA B KPOBi MysKe BHCOKOI KOHIIeHTpAaIii
CEUYOBUHU.

linoocmoTnyHa perynauis

MexaHidM ocMoOperyJisilii HasuBaOTh Iimmo-
OCMOTHMYHHUM, TKIIO OCMOTUYHHUHA TUCK (KOHIIEH-
Tpalia coJieil) y pigumHAX OpraHisMy MeHIIIHH,
Hi’K y BSO0OBHIIMIHBOMY cepemoBuiii. I'imoocmo-
TUYHA PEryJIAIisd XapaKTepHa IJA MOPCHKUX
KOCTUCTUX PUO, MOPCHKUX IIJIa3yHiB, MOPChKUX
CCaBIIiB.

OCK1JIBKY B TijJli MOPCBKHUX MEIIKAHIIIB MEH-
Iie coJjieit, HidK y HaBKOJUIIHBOMY CePeOBUIII,
BOHU IIOCTiiHO BTpPaydaioTh BOAY Uepes IIOKPUBU
Tisa, 3s30pa Ta i3 ceuero. Tomy iM 3arposkye 3He-
BomHeHHs. [ KoMmIleHcarril BTpaT BOAW BOHU
3MyIIIeHi Bech yac 0araTo IUTH.

Ane KOBTaHHSA MOPCHKOI BOAU ITPU3BOIUTH
IO TIOTJIMHAHHS BeJMKOI KinbKocTi coseir. Hap-
JINIIOK OiJBIIIOCTi coJiell MOpPCbKi puOuM BUBO-
IATH HUPpKaMu a0o yepe3 TPaBHUI KaHAJ 3 eKC-
KpemeHTamu. Cosni Harpito pubu eKCKpPeTymoThb
CUeIiaJIbHUMHY KJIITMHAMHU 3A0POBOTO amapary,
a MJIa3yH! i MOPCHKiI mITaxwm — KJIITHHAMH CO-
JbOBUX 3ayio3 (Maja. 51.2)

0 KnioyoBga iges

PerynAauia KoHLEHTpauii pO3YMHEHNX PEeYOBUH
i BOAM y TKaHWHax Tifla Ha3MBAETbCA OCMoOpe-
ryndauielo. MexaHiam ocmoperynauii Has3uBalTb
rinepoCMOTUYHUM, AKLWO KOHLEeHTpauia conen
y pignHax opraHiamy 6ibLua, HiXX Yy 30BHILUIHbOMY
cepenoBuLi (MewwKaHLi NPiCHMX BOAOWM i MOPCbKi
XPALWOBI prbWK), i FiNOOCMOTUYHIM, AKLLO KOHLIEH-
Tpauia conen y piguHax OpraHiamy MeHLUa, HiX
y 30BHIlWHbOMY cepefoBULli (MOPCbKi KOCTUCTI
pubu, nnasyHu, ccasui).

Ocmoperynaudia y ccaBuis

¥ ccaBIIiB OCHOBHUM OPraHOM OCMOPETryJIAIlil
€ HUPKU. BoHU 3MaTHI BUAIIATH CUJIBHO po30asJie-
HY ceuy 3a HAAJIUIIKY BOAW B OpraHismi i OiibIm
KOHIIEHTPOBaHY ceuy — y pasi medimurty BOAHU.

Y nmopuHU i ccaBIiB ocMoperyadlisa 3ades-
meuyyeTbcA Ha pedaeKTopHOMY piBHi. Cmeriari-
30BaHiI perenTopu (OCMOPEIENTOPHU) IOCTiNHO
MOHITOPATHh KOHIIEHTPAIil0 OCMOTUYHO aKTUB-
HUX PEUYOBUH y CHUPOBATIL KPOBi I IepemaroThb
iagopmariro go ITHC. Timoranamyc Bumpinse
TOPMOH Ba30NPECUH, KNI CEKPETYETHCSI B KPOB
i peryioe BmicT Bogu B Tiji. 30Kpema, BasoIlpe-
cuH 30iabllye peabcopOIlito BoAM B TIPOTOKAX
HUPOK, TUM CAMUM ITiIBUIITYIOYN KOHIIEHTPAILiI0
ceui i1 3aMeHITyrouu ii obCAT.

Ocmoperynsuia B yMoBax nocyxm

Opranisamu, IO MEIIKAIOTh y CePeIOBUIIIaX
3 nmepinmuToM BOAM, MAIOTh CHEIliaJibHI IPHCTO-
cyBauud. OmHuM 3 MexXaHi3MiB ocMoOperyJAiii
€ 30iJbIIeHHA 3JaTHOCTI HUPOK KOHIIEHTPYBAa-
TH ceduy, IO J03BOJIAE OOXOAUTUCA 0e3 TUTHOIL
Boau. Il;masyHu i nTaXyu BUKOPUCTOBYIOTH CEUOBY
KHCJIOTY SIK KiHIIEBMI IIPOAYKT OOMiHY CIIOJNIYK
Hitporeny, y pasi BujfijJieHHA AKOI BTpaya€eTh-
cA HaUMeHINa KijgbKicTh Bogu. [esaki dAmipkwm
MalOTh HOCOBi 3ajio3u1, IO EKCKPEeTYITh CiJb.

Conbosi
3a103u

y
4

Man. 51.2. ConboBa 3ano3a. ¥ MOPCbKMX NTaxiB i nnasyHis,
BUMYLLEHVX YXKMBATW ANA MUTTA CONMOHY BOAY, € 0COONMBI
COJIbOBI 3an03K, WO BUBOAATb HAANMLLIOK COMEN 3 OpraHiamy

3annTaHHA Ta 3aBJaHHA

1. Yomy opraHi3m eKcKpeTye KiHLeBi NpoayKTn ob-
MiHY PeYOBVH, a He HaKoMMuye ix y TKaHuHax? 2. Yu
MOXYTb OAHI OpraHi3Mu BUKOPMCTOBYBaTH NOBIUHI Npo-
OYKT MeTaboniamy iHWMX opraHiamis? HasepiTb npu-
Kknagun. 3. M'aco akyn i ckaTiB He BXUBatoTb Y iXKy. Yomy?
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§ 52. BupineHHA y pocnuH

0 [omipkynTe

BuginbHi opraHu 11 cuctemmn TBapuH fobpe Bigomi.
A uun noTpi6HI BUAiINbHI opraHn pocsMHam?

é 3raganTe

Ponb TpaHcnipauii B XUTTi pocnuH

PocnnHHi ekckpeTu

Pocaunau He CUHTE3YIOTH OLJIOK YV HAAJHUIIKY
i TOMYy BUAIJIAIOTH NyKe MaJIo HiTPOTeHBMiCHUX
BiZIXOMiB, AKi YyTBOPIOIOTHCA MiJ Yac PO3IIeIlIeH-
Ha 6inkiB. Tpu KiHIeBi IpoayKTH, SKi yTBOPIO-
IOThCA y XOAi OOMiIHHMX IIPOIlECiB,— KICEHb,
BYIJIEKUCJINE r'a3 i BoJja — BUKOPHUCTOBYIOTHCS
PoCIMHAMEN AK BUXiAHI PeUOBWMHU JIS iHIITUX
peakIifi. €quHUNE ras3omomiOHMil MPOAYKT, IO
BUIIJIAETHCA POCIMHAMU Y BeJUKiN KiJIbKoc-
Ti,— IIe KHCEeHb, II0 YTBOPIOEThCA y XOoAi (o-
TOCUHTE3Y.

IIpogykTamMy BUAiJIEHHA y POCIWH TaKOMXK
€ HeKTap, AyOWJbHI PEeUOBUHU, CJIU3, CMOJIH,
edipHi oxii, opraniuni KucjoTHu, BiTaMiHu, IIy-
KpHU, TOPMOHU, (pepMEeHTU Ta iHIIi PEeYOBUHU.
KinbkicTs peuoBuH, 110 BUALIAETHCSI POCINHOIO,
moxke craHoBuTu no 30 % Bim mMacu CIOIYK,
YTBOPEHUX ITIi yac (PpOTOCUHTE3Y.

Bararo pocamHHUX €KCKpeTiB MamTh 0io-
JIOTiuHe 3HAYEeHH.

CosoaKuil HeKTap BasKJIUBUM /s 3aJIyUeH-
HA KoMmax-zanujaioBauiB. EQipui oJii 3ymoBiio-
IOTh 3alax, IO BiJIAKye TPaBOIJHUX TBapUH
(kMuH, KpommBa TOIO). Bick 3axuiiae moBepx-
HIO OpPTaHiB i IepemnIkoaKae BUIIAPOBYBAHHIO
Bogu. CMOJIM 3aTATYIOTH MeXaHiuHi YIIIKOIKeH-
HS 1 3aXUIIAI0OTh POCJIMHY Bif 6aKTepiii i rpubis,
110 PYWUHYIOTH JepeBUHY (COCHA, AJMWHA Ta iH.).

Bupginennsa KopeHaIMU CIeIiaJbHUX T'PYH-
ToBuUX (hepMeHTiB cupude MiHepaJisallii op-
ra"Hivanx 3aauinkiB y rpyHTi. IIpoTeomitmuni
epMeHT KOMaXOITHWUX POCJAWH (POCHMUKA Ta
iHmi) smifiCHIOIOTH ITO3aKJITHHHE TPaBJIEHHS.

Heari xKopeHesi, cTe0J0BiI ¥ JMCTOBI Bumi-
JIEHHS PEeryJii0Th B3aE€MOJIII0 Pi3HUX POCJIUH
y GiToreHo3i (HampUKJIa[, TPUTHIUYIOTH PicT
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Man. 52.1. BugineHHAa HeKkTapy

KOHKYPEHTIB, CIPUAIOTE MiKopusi). OcobiuBuM
BUIIJIEHHAM € POCAUHHUI Ira30mnoai0Hnil TOPMOH
(diroropmon) erunen C,H,. Bin KoHTpOIIOE 10~
3piBaHHA IJIOAIB, PO3IYCKaHHs OYyTOHIB, CTapiH-
HS Ta OMaJJaHHSA JIUCTKIiB.

BuainbHi CTPYKTYpY pOCinNH

Buninenus y pocauH 3miHCHIOETHCSA KJIiTH-
HaMM JINCTKIB i KOpeHiB, a TaKOK KJIiTHHaAMU
CIleliaJIbHUX BUIIIBPHUX TKAHWH (3aJI0BUCTUMU
BOJIOCKAMU, MOJIOUHUMU CYAUHAMU, HEKTapHU-
kamn) (mai. 52.1). PeuoBunu, 1110 BUAIJIAIOTHCH,
MOJKYTh HAKOIMYYBATUCA ¥ BaKYOJIAX i KJITUH-
HUX CTiHKax. Barato mpoayKTiB MeTabosismy
POCJUH BiIKJIagaeThCA y 3MEPTBLINX TKaHUHAX
(mepeBuHA), a TAaKOXK y JuCTKax abo Kopi, aki
POCIVHU TEPiOUYHO CKUAAIOTH.

[yTauia i TpaHcnipadin

Boxga cramosuts 80-95 % wmacu pociau-
Hu. OCcHOBHA Maca BOAM HAAXOAUTH Y POCIUHY
3 I'PyHTY. BCcMOKTyOUNCh Uuepe3 KOPiHb, Boja
mepexoauTh y TKaHWHU cTedjsa i jgucTkiB. [o-
CATHYBIIIU JUCTKiB, YacTWHA BOAW BUKOPUCTO-
BY€TBbCA Ha picT i MeTaboJisM KJIiTHH, a 6iabIia
ii vactura (o 90 %) BuUAinsgeThCA y BUTIAAL
napu (TpaHcmipaiia) abo pigmuu (ryraiis).

SIK BaMm Bimomo, TpaHcIipaIia — Iie IIporec
BUIIAPOBYBAHHSA BOAM POCJUHAMU Yepe3 MPOIU-
xu emigepmu. Yepes TpaHcHipallilo POCIUHN BU-
TpadalmTh BeJIUKY KiJbKicTh Bogu. Hanpukian,
3a BereTaTUBHUN MEePioJ OJHA POCJIMHA KYKYpPY-
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nsu BumnapoBye 200—-250 1 Bogm, a A6ayHA — I0
26 ToHH. Y cmexoTHi JiTHi mHI BuTpaTa BOaHU
Ha TpaHCIIipallilo IIepeBUINye il HaAXOAKEHHH,
TOMY BUHUKAE BOOHUU AediluT, 10 MOKe IpU-
3BECTU 10 B’STHEHHS POCJIUHMU.

IaTencuBHiCTh TpaHCHipaIlii PeryaeThCS Ha-
caMIepe/ CTAaHOM MPOAMXiB. 3a TapHOI'O OCBiTJIEeH-
HA BigOyBaeThbcA ()OTOAKTUBHE BiIKPUTTA IPOIU-
xiB. Ha cBiTJi B 3aMuKa0unx KJIITMHAX MPOJUXiB
30isbITyeTHCSA BMicT IyKpiB i fioniB Kauito, 110
Belle A0 IiABUINEHHA OCMOTHYHOIO THUCKY i Han-
XOmKeHHs BoAu. Typrop KJIiTMH 30iJbIIyeThCSd,
i mpoauXuM BiTUMHAIOTHCA THUM IIUPINE, YUM BU-
WA piBeHb OCBiTJIEHHA. SIKIO K TpaHCHipaIisa
HAATO iHTEHCUBHA 1 IEPEBUIITYE IIOTJIMHAHHA BOAU
KOpeHeM, TYPrOpPHUN THCK Y 3aMUKAIOUUX KJITH-
HaX CHAaJa€, i MPoaAuXu 3aKPUBAIOTHCH.

¥ mporeci eBouttoILil B pocauH chopMyBaIIH-
cdA PisHI IPUCTOCYBAHHA IJIA 3MEHIITEHHA TPAHC-
miparrii: BOCKOBUI HaJIIT Ha IIOBEPXHi JIMCTKiB
i mmoxiB, 3aHypPeHH TPOAUXiB y Me3odina, omy-
IIeHiCTh, PEAYKIIiA JIMCTKOBOI TOBepxHi. 3a He-
cTadi BOAM POCJUHU MOMKYTBH 3ropraTu abo Ha-
BiTH yTpauaTH JIMCTKH.

YWHHUKY cepeloBUIIa TaKOMK BILIMBAIOTH HA
iHTeHCUBHIiCTH TpaHcmiparii. ['oToBHUM YMHHU-
KOM, IO PEeryJIlo€ TpaHcIripallito, € cBitmio. Ilixg
yac MaKCHUMAaJbHOI OCBITJIEHOCTi CIIOCTEPiraeTh-
cA ¥ MaKcuMaJIbHA iHTEHCUBHICTL TpaHCIiparrii.
TpaHcmipamia Tako:K B3aJIeKUTh BiJi BOJOTOCTi
MOBiTpA, TeMIepaTypH, BiTpy. 3HAYHO BILIU-
Ba€ Ha 1IHTEHCHUBHICTL TpaHcIipallii mMinepajvHe
acusnenns pocaurn. Y pasi Hecraui Hitporeny,
dochopy 1 Kamito inTeHcuBHiCcTH TpaHCcmiparmii
MaKCcHUMaJIbHA, a 3a 30aJIaHCOBAHOTO MiHEPAJIbHO-
T'0 KUBJIEHHSA TPaHCIIipallid pisKo 3MEeHIITYEThCA.

T'yramia — mporiec BUBeleHHA BOAU Y BUTJISA-
Il Kpamenb piguHM HA MOBepXHi pocawHU. ['yra-
Iia BimOyBaeThesa uepes zidamodu — clelliajbHi
BOJIHI IPOAMXU HA KpadAx 1 KiHUMKAaX JHUCTKiB
(man. 52.2). TgaTogu Bizkpuri mocriiino. I'yra-

0 Kniouosa iges
OCHOBHUMU €KCKpeTaMn POC/INH € KNCEHDb, BYyrne-

KUcnuin ra3 i Boga. Boga BunapoByeTbca y npo-
Lecax TpaHcnipauii Ta rytauii. Npogyktamu Buai-
NEHHA Y POC/IVH TaKOX € HeKTap, cmonu, edipHi
onii, uykpu, pepmeHTN Ta iHLWI peyoBUHK, barato
3 AKUX MaloTb 6ionoriyHe 3HauyeHHs. BugineHHs
3[INCHIOETbCA KNITMHAMW JINCTKIB, KOPEHIB, a Ta-
KOX KMTMHaMW BUAINbHUX TKaHWH. barato npo-
DYKTIB MeTaboni3my BiIKnaJacTbCaA y KRiTUHAX.

Man. 52.2. lyTauin

Iid BimOyBaeThCcA B TOMY BUIIAIKY, KOJU HAIXO-
MKEeHHSA BOAW B POCJUHY IEPEBUIIYE TPAHCIipa-
mwiro. 'yramia xapakTepHa OIS POCANH TPOIiUYHMUX
JIiciB uepes BeJUKY BoJioricTh aTMocdepu. Ha Te-
puTopii YKpaiHu IPUKJIAIOM TYTYIOUUX POCIUH
€ Bepba JaMKa, dgKa pocTe Ha Oeperax BOJOMM.

Jlnctonap

Y pasi HacTaHHA 3UMOBOI TOCYyXHU JepeBa
B IOMIipHi# 30HI CKUAAIOTH yce aucts. o KiHia
JiTa — IOYaTKY OCeHi B JIUCTKAX 3MEHIIYEThCH
iHTeHCUBHICTH OOMiHY PEYOBUH, IIOCTYIIOBO PYIi-
HYIOThCA XJopodin i xJyopomynactu. Mix ocHo-
BOIO JIUCTKA i cTebGjoM moumHae (hopMyBaTHUCA
BiJOKPEMJTIOBAJILHU IITap MEPTBUX KJITUH KOP-
Ka. ¥ 1masyci JucTKa B Iell yac ocTaTo4yHo (op-
My€eThCA OPYHBKA, IiCJSA YOTO JIMCTOK OIlajac.

3HaUYeHHA JINCTOIA[a TMOJATAE y BUAAJIEHHI
3 POCIMHU MPOAYKTIiB OOMiHYy pPeUYOBUH i 3MeH-
IIeHHI BUIIAaPOBYBaHHSA, 10 OCOOJIMBO BaKJINBO
B3UMKY, KOJHU MalKe NPUIUHAETHCA HAIXO-
[PKeHHA BOAU 3 I'PYHTY. KpiMm TOTO, 3MEHIIIeHHS
IJIONTI IArOHiB 3HUMIMKYE KIJBKiCTH CHiry, mIo
3aTPUMYEThCA Ha TiJKax, 1 3MeHIITye WMOBip-
HICTH TOJIOMKU IIaroHiB.

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. [lnAa Ha3zeMHMX OpraHi3aMiB Ba)knMBO 3anobiratu
BTPaTi BOAM 3 opraHiamy. OfgHak poCivHM BTpayaloTb
go 90% Boaw, WO Haginwna, yepes TpaHcnipadito.
Yomy X TpaHcnipauia He 3HMKNA B npoueci eBonouii
Ha3eMHuUx pocnuH? 2. LLinpokonucTi gepesa BMAanATb
NpoAyKT! 0OMiHY PEUYOBMH Pa3oM 3 ANCTAM, fiKe LWWo-
PiYHO CKMAAETbCA. A AK BMAANATb MoOGiYHI NPOaYKTH
XBOVIHIi pocnnHn?
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§ 53. Ponb BugineHHA y nigTpMMaHHi romeocTasy

0 [omipkynTe

HedpoHn rpusyHiB, Wo XMBYTb Y MycTeNi, MaloTb
Hag3BUYaMHO JOBri netni [eHne, a y ixHix
poawnyiB, Wo XMBYTb Yy ficax, Ui netni Habarato
KopoTuwi. Yomy?

é 3raganTe

» [omeocTas
 [Incuminauia 6inkis, Byrnesodis, Xupis
» bygoBa HMPOK Ta CEUOBUAINbHUX LIAAXIB

Ponb ekckpeuii Ta ocmoperynauit
B NigTPYIMaHHI roMmeocTasy

ExKckperia i ocMoperyadaiia € gysxe BasKJIu-
BUMU MOPOIleCaAMU KUTTEMNISIILHOCTI, BOHU IIin-
TPUMYIOTH CTAJiCTh BHYTPIIITHHOTO CEPEeIOBUIIIA
opranismy (romeocras). IxHaA QyHKIiA mosArae
B IATPUMII CTAJOCTi CKJaay W obcAry piguu
BHYTPIIITHBOTO CEPeJOBUINa OPraHidMy, HacaM-
mepejs KpoBi.

Ilnsxom exckpenii BUAAJSOTLCA MTOOIUHi
OPOAYKTH MeTaboJiisMy, 0araTto 3 SKUX € TOK-
CUYHMMHN 1 HeraTWBHO BILJIMBAIOTL Ha Imepeoir
HOPMaJbHUX MeTa0OJiuHUX pearIrii.

IIporecu exckperii @i ocmoperyJaiii mifg-
TPUMYIOTh MOHHUUN CKJIQJA PiAUH Tija 3a paxy-
HOK peryadanii xormenrtparii #ouiB Na', K,
Mg**, Ca*", Fe**, H', Cl", I, PO?, HCO;.

IIporecu exckperii @i ocmoperyJaiii mifg-
TPUMYIOTh IOCTiHY KOHIleHTpaIlito iouis I'ig-
poreny H* (To6TO miATPUMYIOTH KUCJIOTHICTH
cepemoBUINA).

IInaxom ocmMoperyadrnii KOHTPOJIIOETHCS
BMiCT BOAM B pifmHaxX Tija.

TokcnyHi npoayKT 0OMiHY peyoBUH

Kinnesi npoayxkTu oOMiHY peuoBMH He MO-
JKYTh JOaJji BUKOPUCTOBYBATHCS OPTaHizMoM
i maoTh Buayuatucsa 3 Hboro. OCHOBHUMU Bin-
xXomaMu, AKi HeoOXigHo BUIANIATA 3 OpraHiamy,
€ BYIJIEKHMCJUNI Ta3 i BoJa Bij pO3IIenJeHHS
TJIIOK0O3H1, aMOHiaK BiJ IepepoOKu aMiHOKUCJIIOT,
comi. HacTuHa HUX MPOAYKTIB € TOKCUYHOIO,
TOMY B OpraHismi ¢opmyioTbcA MeXaHiZzMu,
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CIOPAMOBAHI HA IIePETBOPEHHA IUX MIKiIJIUBUX
peuoBuH ab0 Ha HEIIKigauBi, a00 MEHII IIKixg-
JUBI AJA opraHiamy.

Barato 3 mpoaykTiB meraboJismy OinkKiB
(amowniak, iHgO0JI, (heHONM, aPOMATUYHI aMiHM) €
IysKe TOKCUUYHUMU i, 32 BUCOKMX KOHIIEHTpaIlii
COIPUYMHAITh YPa’KeHHA PiBHUX BHYTPIIIHIX
opraHiB. S3HEIIKOAKEeHHA TOKCUYHUX ITPOAYKTiB
posmnany OinkiB BimOyBaeThca B medinIi. Amo-
HiaK TepeTBOPIETHCA HA CEYOBUHY ab0O CEUOBY
KucyoTy; (peHoa, iHZON i cKaToa 3’ €THYIOTHCS
i3 cyap(haTHOI ¥ TJIIOKYPOHOBOI KUCJIIOTaAMU,
YTBOPIOIOUM MEHIII TOKCUYHI cmoayku. B exc-
Kpellii HiTPOTeHBMiCHUX PEUOBUH T'OJIOBHY POJIb
BifirparoTh HUPKW, a HeBeJWMKAa KiJIbKIiCTbh Imx
PEeYOBUH BUBOAUTHLCSA Uepes JereHi I IMOoTOoBi 3a-
JIO3U IIKipu.

OnHieo 3 HAUNTOKCUYHIIIINX PEUYOBUH € AMO-
Hiak — TPOAYKT PYHWHYBaHHA aMiHOKWCJIIOT.
Bin mae mBuUAKO BUganATHCA 3 OpPraHisMmy.
Y 1mpicHOBOAHMX OpPTraHi3MiB aMOHiaK PO3UMHS-
€ThCS V BEJUKIA KiJTbKOCTiI BOAM i BUAIIAETHCS
OesmocepeIHHO B HABKOJIUIITHE CEPENOBUIIE, HE
BCTUTAIOUU JOCATHYTHU TOKCUYHOI KOHIIEeHTpAIrii.
Y MOpPCBKUX i CyXOmiJBHUX OpPraHidMiB 3amacu
BOJIM B OpraHisMi oOMe:keHi, i BOHU He MOXKYTb
MAapHOTPATHO BUTpadyaTu il Ha BUBEAEHHSA aMo-
"Hiaky. Taki TBapmHM BUKOPHUCTOBYIOTH iHIIII
c1oco0uM eKCKpellil HiTPOreHBMiCHUX HIPOAYKTIiB.
ToloBHUM HITPOTE€HBMiCHUM €KCKPETOM Yy CCaB-
IIiB € CeYyoBUHA, AKa YTBOPIOETHCA B IIEUiHITL
3 aMoHiaKy i Aka mabaraTo MeHII TOKCHYHA,
Hi’k amMoHiak. B iHImux HaseMHuUX TBapuH (KO-
MaX, OTaxXxiB) eKCKPEeTOM € CedyoBa KMCJIOTa Ta
ii cosi. BoHnu maii:ke He TOKCHUHI I MaJoOpoO3-
YMHHI, IJs9 IX eKcKperii moTpibHa HeBeJUKa
KiJIbKicTh BOAU.

0 [lizHanTeca 6inble
JeAki MeTaboniT, WO HAKOMUUYIOTbCS POC/IMHAMM

B KNITMHHUX BaKyosNAX, BUKOHYIOTb 3aXWUCHi yHKLT.
o6 YHVUKHYTW 3HULLEHHA TPABOIZHUMW TBAPUHaMWU,
POCIVHWA CUHTE3YIOTb Pi3Hi OTPYIMHI pevyoBUHU, AKi
BVBINIbHAIOTbCA 3 BaKyoJiel Y pa3i MOLKOAMXKEHHA Kii-
TH. Cepep HUX i BUCOKOTOKCUYHI ankanoigu, i npo-
CTO HEMPUEMHI Ha CMaK PEYOBUHM, WO HeraTvBHO
BM/INBAIOTb Ha TPaBJIEHHSA.
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Byraexkucauit ra3 TaK0OK € TOKCUYHUM IIPO-
aykToM MmeraboJsisamy. HaBiTh HesHauHe IIif-
BUINIEHHA HOT0 KOHIIEHTpAIlili IPWU3BOAUTL M0
OiABUINEHHSA KWCJOTHOCTi, IOTipHIIeHHA caMo-
MOYYyTTsA, TOJOBHOTO 0O0JII0, 3HUIKEHHSA yBaru.
Buganenua momax 90 % Byriiekmcioro rasy
3a0e3meuyioTh JereHi. TakoK uepes JiereHi Bu-
BOAATHCA iHIIM JIETKI PEUOBUHU, HAIIPUKJIA BU-
napu edipy # xJsopodopmy mimg yac HapKosy,
BUIIApU AJKOTOJI0 B pasi cm’ AHiHHA.

Pocinuuu gk KiHmesi mpoaykTu oOMiHy Bu-
OUJISAI0Th He TiJIbKM BYTJIEKHCJIWN ras i Bondy,
a i1 Kuceub. PoJib KMCHIO B OpraHidMax ABoicra.
Binsauii, aromapauit OKcureH i 030H (haKTUIHO
€ KiaiTmHHUMU orpyramu. B atrmocdepi umcro-
ro0 KUCHIO JUXAHHA POCJUH 3HUIKYETHCA, a 3a
TpuBaJoi oro mil pocauHa ruse. Ile moB’sa3aHO
3 IIOCUJIEHHAM BiJIbHOPAAWMKAJIbLHUX peaKIiid,
MOIIKOKeHHAM MeMOpaH YHACJIiTOK OKHCHEH-
HA IxX JimigiB i, 3pelrroro, 3 mopyllneHHAM 0a-
raTboX IPOIeciB OOMiHYy PEUOBUH.

MakTopu, Wo NopyLwyTb NpoLec
BUAINEHHA Y NIOAVHN

- CmagkoBi Ta BpOIKeHI 3aXBOPIOBaAHHSA
opraHiB BupginenHs. CmagkoBi gedexkTum HU-
pox (HedpomaTii) MOKYTH BUHHUKATH B PiZHUX
CTPYKTYpPax BUIIJIBHOI CHCTEMU, HAIPUKJIAL
y KJIyOOYKOBOMY amapari, ()epMeHTHUX CHUCTe-
MaX 1 TPaHCIOPTHUX KaHaJaX HUPKOBUX Ka-
HaJBIIiB, CHOPUUYMHSATA aHATOMiIUHI aHOMAaJIii
HUPOK i CeuoBHUAINBbHUX HLIAXiB (Maya. 53.1).

- Indekuiiini 3axBoproBanua. Hupkosi in-
dekiii saszBuuall COPUUYMHAIOTL OaxTepii, AKi
ypasKkaoTh HUPKOBI JIoXxaHKU ab0 HUPKOBY IIa-
peaximy. TpamnaioTbca TaKoK IIapasuTapHi Ta
BipycHi 3axBopioBaHHA. [H(peKIia 3HUKYE aK-
TUBHICTh POOOTH HUPOK.

0 KniouoBa ines

EkckpeLia 1 ocmoperynauia € gy»ke BaXIMBUMMN
npouecamu XUTTEQIANbHOCTI, BOHU NiATPUMYIOTb
CTaniCTb BHYTPIWHbOrO CepefoBuMlLa OpraHiamy
(romeocTas). LUnaxom ekcKkpeuii BuaansawTbCA
nobiuHi MpoayKkT! meTaboniamy, 6arato 3 AKMX
€ TOKCMYHUMU; Lie MPOAYKTW MeTaboniamy 6inkis
(amoHiaK), Byrnekmcnuim ras, KuceHb (y POCINH).
HopmanbHi npouecn BUAINEeHHA MOXYTb OyTW Nno-
pyLUeHi BHaCNiOK 3axBOpioBaHb HUPOK (CnafKo-
BMX Ta iHPEKLiNHYX), rOpMOHanbHOro aAncbanaHcy,
OTPYEHHA | TPaBM HUPOK.

300poBa HMpKa Monikicto3 HUpPKK

FigpoHedpo3s

Man. 53.1. CnagkoBi 3aXBOPIOBaHHA HUPOK — MONIKICTO3
i rinpoHedpo3. HupkKoBa napeHxima 3amilLyeTbca
YMCNEHHUMI KicTamy abo HMPKOBOI NIOXaHKOI0,

AKa 30iNblyETbCA yepes NoraHui BigTik ceui

« InTokcukania. [lo ypakeHHs HUDPOK MO-
JKYThb IIPU3BECTU OTPYEHHA AJKOTOJIEM, BAKKU-
MU MeTajJaMU, OTPYWHUMU PeYOBUHAMU B IOOY-
Ti Ta B IPOMUCJIOBOCTi, YKYCU OTPYHUHUX 3Mik
i xoMmax, HaIMipHI m0O3W OeAKMX JiKapChbKUX
mrpermaparis.

- TpaBmu. HupkoBa HemocTaTHICTH PO3BU-
BAETHCS B pasi CUJIBHOTO TpaBMYyBaHHS HUPOK.

« Topmonanpuuit mucoamanc. I[lopymennsa
peabcopOiIrii MOKYTh OyTH 3yMOBJI€HI HeZOCTAT-
HBOIO CeKpeIlielo rOpMOHiB (aJbIOCTEPOHY, Ba-
30ompecuHy) abo OGJIOKAZOI0 PEeIelTOPiB A0 IMX
TOPMOHIB.

@ MpakTryHa poboTa

KpumuyHuii aHanis peknamu xap4osux npooyk-
mie ma 6iodo6asok

1. 3Hangite B IHTEpHeTi Bigeoponuku abo TeKkcTu
peKnamMmn xapyoBux NPOAYKTiB Ta 6iogob6aBok (abo
CKOPUCTaNTeCA TUMM, WO PO3MILLEHO B €NeKTPOH-
HOMY [oZaTKy).

2. MNpoaHanisyiiTe iX, 3BEPHITb YBary Ha KOPEKTHICTb,
HayKOBICTb Ta 06'€KTUBHICTb iHdOpPMaLLii, AKa B HUX
MICTUTbCA.

3. ChopmynioniTe BUCHOBOK.

03aI'II/ITaHHﬂ Ta 3aBAaHHA

1. Y xopi MeTaboniamy 6inkiB yTBOPIOOTbCA Ayxe
TOKCMYHI NpoayKTn. Yn o3Hayva€ ue, Lo M1 He MOBUH-
Hi BXMBaTW GINKOBI NpoayKTV B Ky? 2. Yn € KunceHb
KopucHUM abo HebesneyHUm Ansa opraHiamis? 3. Ak
MoOpPYLLYIOTbCA MPOLeC BUAINEHHA Y pa3i BeIMKMX Oni-
KiB? 4. flKk NopyLlyTbCA Npouecy BUAINEeHHA nig 4ac
CMHAPOMY 3[aBNOBaHHA?
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Tema 3. OOMiH peUYOBVH | NepeTBOPeHHA eHeprii

§ 54. B3aeMo03B’A30K MeTaboniYHuX WNAaxiB

0 [omipkynTe

Y pesynbTati GOTOCUHTE3Y POCAUHY YTBOPIOKTb
Byrnesoan. OTpUMaTK iHWIi OpraHiyHi peyoBUHM
3 NPOAYKTaMU XapuyBaHHA, AK TBAPWUHW, BOHU
He MOXYTb. 3BiKW pOCAUHWU 6epyTb ninigwn, 6in-
KN M HYKNEIHOBI KMNCNOTW ANA CBOIX KNITUH?

Q 3raganTe

» MeTaboniam o LInkn TprkapboHOBUX KUCNOT

» biotexHonorii

B3aemonepeTBOpPEHHA MiXK pPi3HUMM
K/lacamu opraHiyHMX peyoBuH

OOMiH peyoBUH B OopraHismi JiroguHu BigOy-
BaeThCA He XaoTUuHO. BiH iHTerpoBanuii i ToH-
KO HACTPOEHMI. YcCi mepeTBOPeHHs OPraHigvHUX
pevYoBUH TicHO MOB’A3aHi oaguH 3 ogHuM. Hampu-
KJaJZ, y pasi HagMipHOTO CIOKUBAHHA KUPiB
BOHU MOKYTb BUKOPUCTOBYBATHUCS [IJIsT YTBOPEH-
HA TJIIOK03u. BiKu I ByTrJIeBOAM MOMKYTH Iepe-
TBOPIOBATHUCS Ha JIIigW, a BYIJIEBOAU B JESIKUX
BUIIIKAX MOKYTBH IIEPETBOPIOBATHCA Ha OiTKU.

Kupu Byrnesoau (nonicaxapuam)
MKnphi

Mmiuepon <— MoHocaxapugu
KNCNoTn Lep PYA

NH
I'IlpyBaT
¢K_, co,

AueTvm KoA (C)

LI,TK > co,

D

2H* 2H* 2H* 2H*

AMmiHOKKCNOTH

BzaemorniepeTBOpeHHSA OKPEMUX KJACIB peuo-
BUH MOYKJIMBI 3aBAAKMN IIUKJY TPUKAPOOHOBUX
KHCJIOT, B SKOMY CIIOJIyYalOThCSI BCi OCHOBHIi
MJIAXY PO3Maay ¥ cuHTe3y peuoBuH (May. 54.1).
BzaemornepeTBOpeHHA 3iICHIOIOTHCA Uepes KJI0-
4yoBi MeTaboOJiTH, AKi € CIIJIBbHOIO JIAHKOIO Ha
nIAxax posmnany adbo cuHresdy. Ilo Takux mera-
6ostiTiB HasexaTh ImipyBaT, anetuia-KoA, docdo-
riinepar, metaboJsitu mukJay Kpebcea.

ByraneBogm B pesyabTaTi Trigposidy yTBO-
pPoOIOTH MOHOcaxapuam (TJIIOKO03Yy), AKi 3maTHi
IepeTBOPIOBATUCA Ha TPio3u, 30KpemMa HipoBU-
HOTpaAHy KHCJOTY, II0 HAAXOAUTH 0 ITUKJIY
TpuKapOoOHOBUX Kucjaor. I, HaBmaku, Tpiosu
3IaTHI YTBOPUTU TJIIOKO3Y.

Binku B pes3ysbTarTi Trigposisy yTBOPHIOIOTH
pisHi aMiHOKHUCJIOTH, SKi B IIPOIECi OKMCHOTO
IesaMiHyBaHHS JAalOTh aMOHiaK i KETOKHMCJIOTH.
KeroxkuciaoTu HagXOAATh Yy IMHUKJI TPUKAPOOHO-
BuUX Kucjaor. HaBmaku, mipoBUHOTpagHa KIC-
JI0OTa, a TaKOXK KEeTOKMCJOTHU ITUKJY TPUKapOo-
HOBUX KHCJIOT (CQ-KeTorJiyrapoBa, (yMaposa,
IIIaBEJIEBOOIITOBA) IIEPETBOPIOIOTHCA Ha aMiHO-
KUCJIOTU, AKi OpraHi3M BUKOPUCTOBYE B IIPOIlECi
OiocuHTe3y OiJKiB.

Binku Benuki monekynu
¢ (xapyoBi PeUYOBUHN i KOMMOHEHTN KNIiTUH)

Monekynu, wo BigirpatoTb ponb
6ynisenbHMX 6nokis

CninbHi NpoayKkTn po3nagy

MpocTi mani monekynn —
KiHLeBi NpofyKTn Kataboniamy

O,——> [uxanbHuii naHuior mitoxoHapin —> H,0O

TN

AD'(DK_/

ATO

Man. 54.1. OcHOBHI WNAXM B3aemonepeTBOpeHHA Ginkis, XupisB i Byrnesoais
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Tema 3. O6miH peyosuH i nepeTopeHHa eHeprii 3y 33y S

[mioko3a

Mipysat

\
v

JlakTar

AueTtun-KoA

CyKumHat

y

OuroBa KucnoTa

EtaHon

Man. 54.2. Cxema BMPOGHMLTBA €TaHOMY KULLIKOBO Nanuukoto E. coli
3a paxyHOK 6/10KyBaHHA MapanesibHUX MeTaboniyHmx Wnaxis (X)

IIpoxgykTu; rigponidy sKuUpiB — KUPHI KuC-
JIOTM — B Pe3yJbTaTi J-OKHCHEHHS TAlOTh ale-
Tui-KoA. HaBnaku, Tpiodu MOMKYTHb JaTH IJIi-
IepuH, a aneTua-KoA HeoOXigHUNA I CUHTE3y
BHUCOKOMOJIEKYJISPHUX KUPHUX KHUCJIOT. ¥ pe-
3yJAbTaTi MOXHA 3HOBY OTPUMATH KUPHU.

MeTaboniyHa iHXeHepis

OgHMM 3 TTEePCIEeKTUBHUX HOBUX HANPAMKIB
y OiorexHoJioTii € MeTaGogiuHa iH:KeHepis —
COpsAMOBaHA 3MiHA KJITHMHHOTO MeTaboJisMy 3a
JIIOTIOMOTOI0 BBEJIeHHs, BUAAJEHHA abo momumdi-
Karmii MeTaboOJiYHNX NLIAXIB 3 BUKOPUCTAHHAM
TexHosiorii pexombOimanTHux [HK. 3aBmammam
meTabosriunol iHyKeHepil € CTBOpeHHsS B OpraHis-
Mi MeTabOJiUHUX MLIAXiB, AKi paHillle B JaHOMY
opramismi He icHyBasim abo B3araji He icHyBaJu
B IIPUPOi.

MeTaboaiuHa iHKeHepis 3maTHa CTBOPIO-
BaTu OioJioriuHi cucTeMu, IO BUPOOJATUMYTH
XiMiuHi peuoBWMHU, AKi BasKKO I JOPOTO Onep-
JKyBaTH TPAAUIIMHUME cliocobamMy XimiuHoi
igaycrpii. TakuMu pedyoBUHAMU MOMKYTH OYTH,
HaIPUKJIAaL, KOPUCHI OiJIKM 3 BUCOKUM YMiCTOM
He3aMiHHIUX aMiHOKMCJIOT, iCTiBHI BAKIIMHM, aH-

0 Kniouosa iges

B3aemonepeTBOpeHHs 6inkKiB, XMpiB i ByrneBoais
B OpraHi3Mi 3A4iMCHIOTbCA Yepes3 KIYoBi MeTa-
6oniT 06MiHY pevyoBUH — nipyBaT, aueTun-KoA,
docdorniuepat Ta mMeTabonitTy LUKNY TpUKap6o-
HOBUMX KUCNOT. OgHUM 3 MepcrnekTUBHUX HOBUX
HanpAMKIB y 6ioTexHonorii € MeTaboniyHa iHxe-
Hepia — cnpAMOBaHa 3MiHa KNITMHHOrO MeTa-
60ni3My 3a Agomomoroi Moaudikauii iCHyrUnX
MeTaboNiuHNX WNAXIB.

TUTiJIa, HOBi moJiiMepwu, IO He 3aCMiUyIOTh Ha-
BKOJIMIITHE CepPeIOoBUIIIE.

ITpuknagamu pesyabraTiB MeTaboJiuHOI
iHKeHepil € cTBOpeHHs OaKTepPil-IPOAYIEHTIB
eranony (Man. 54.2), posranay:KeHUX COUPTIB,
OYPIIITUHOBOI KUCJIOTU, CHHTETUYHOTO KayuyKy
Ta iHIIUX OPTaHIYHUX PEYOBUH.

Cucremu MerabosiuHOl iHKeHepii TaKoXK
BUKOPUCTOBYBAJM [JA CTBOPEHHA IIITaMiB
IpiskIKiB, AKi BUPOOJIAIOTHL OHiOigM AJiA 3He-
0oJIIOBaHHS, i OaKTepili, ki BUPOOJSAIOTH 0io-
POBKJIaAHI ITOJiMepu AJA XipypriuHoTo IIIOBHOTO
MaTepiainy.

® MpakThuHa poboTa

Po3e’a3yeaHHa 3a0ay Ha memy «EHepzemu4Hul
o6MiH»

1. Y npoueci eHepreTnyHoro obmiHy posLiennno-
cA 12 monekyn rnoko3u. NoBHOro po3swenneHHA
3a3Hanu 3 MOJseKynu [JIoKO3M, a 3 peLuTolo Bif-
Oynunca nuwe peakuii 6e3KMCHEBOro etamy O6MiHY.
CKinlbkn MoneKyn nipoBMHOrpagHoi Kucnotu Ta ATO
yTBOPUNOCA?

2. Y npoueci eHepreTMyHoro obMmiHy yTBOPUNIOCS
100 monekyn ATO. [oBHOro posiiensieHHA 3a3Ha-
NN 2 MOMEKYNU [oKo3M, a 3 peLuTolo Bigbynuca
nunwe peakuii 6e3kmcHeBoro etany ob6miHy. CKinbKu
BCbOrO MOJIEKYJT [IIOKO3M PO3LLennnoca?

3annTaHHA Ta 3aBJaHHA

1. K B/ BBaXKa€Te, YoMy BCi MeTaboOmniuHi WNAXM
B KJiITUHI B3aemonos'aA3aHi? 2. fKi, Ha Bawy AymKy, ne-
peBarn 1 NepcnekTBY, a MOXe, i HeJONiKU Ma€ MeTa-
60niyHa iHXeHepisa NOPIBHAHO 3 TPAAMLINHOK XiMiYHOIO
NpPOMNCIOBICTIO?

13



Tema 3. OOMiH peUYOBVH | NepeTBOPeHHA eHeprii

§ 55. O6MmiH pe4voBUH i eHepril

0 [omipkynTe

AKAM YMHOM OpraHi3M NtoANHN OOMIHIOETbCA
€HEepri€lo 3 HaBKOJMLWHIM cepefoBuLLem?

é 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 emeprii (mas. 55.1). T'osoBHY posb y IOEN-
HaHHI aHaboJivHMX i KaTaboJiuHMX IIpoIlecis
Bigirpae AT®.

ITpomecu amabGosismy i Karaboaismy mepe-
OyBaroTh B OpraHiami abo B cTaHI AmHaMiuHOIL
piBHOBaru, abo 3 mepeBasKaHHAM OJHOTO 3 HUX.
IlepeBaskamusa aHabOJiYHMUX IIPOIIECiB HAJ KaTa-

0OJIiYHMMU IIPU3BOAUTH 0 3POCTAaHHA, HAKOIIU-
YeHHS Macu TKaHWH, a TepeBakaHHA KaTaboiu-
HHUX IIPOIeCiB BeJle IO YaCTKOBOTO PYHHYBaHHSA
TKAHUHHUX CTPYKTYP, BUAiLIeHHA eHeprii. Cran
piBHOBaXHOTO a00 HEPiBHOBAKHOT'O CIIiBBiJHO-
IeHHs aHaboJidaMy ¥ KaTaboJisMy 3aleXKuTh
Big BiKy (mepeBaskaHHA aHA00Ji3MYy B JUTAYOMY
Bimi, piBHOBara y spijzomy, mepeBaskaHHA KaTa-
00J1i3My B CTApoOCTi), CTaHY 30POB’ s, (PiBUUHOTO
a00 TICMXO0EeMOITiHOTO HaBaHTaKEHH.

[NepeTBOpPEHHA eHepril B XXUBIW KNITUHI

BuyTpinmai meTabosriuHi mpoliecu CYIpoBO-
IKYIOTHCS IIePeTBOPEHHAMU OTHUX (DOPM eHep-
rii ma immri. Tak, HanpukJazn, XxiMmiuHa eHeprisa
TJIIOKO3U ITI€PETBOPIOETHCA Y XOMAi KJIITUHHOTO
OKMCHEHHS YaCTKOBO HA TEILJI0, YaCTKOBO — Ha
eHepriio makpoepriunux 3B’a3KiB AT®. 3a pa-
XYHOK rigposisy AT® moske BimOyBaTucs mepe-
HECeHHs PEeYOBUH 3 JIJIAHKMN 3 MEHIIOI KOH-
IeHTPAIli€I0 0 TIIAHKY 3 0iIbII00 (OCMOTHYHA
pobora), mepeHeceHHs HOHIB y Miciie 0ijbIl Bu-
COKOI0 eJIEeKTPUYHOTO MOTeHIliany (eJeKTpuuHa

KaTtabonism (ancuminauis) MeTaboniam AHabonizm (acuminauin)
P . . ‘\ o .
Co, H,0 TBapUHHI N POCNHHI Po3nag opraHiyHMX peyoBuH Mobyposa 1 pict
6inkn, ninign, Byrnesoamn, 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 npoue-
¢ ¢ CiB XUTTERIANBHOCTI
YTBOpPEHHA Bual 3 YTBOpPEHHA
HU3bKOMONEKYNAPHUX NAIMAETbCA a”ac.aET:_% BVICOKOMONEKYIAPHUX
PEeyoBIH eHepria eHepria (ATO) PEeYOBIH

S

Bupinaetbca B HaBKOMMLIHE
cepepoBuLle

H,0 Mpoayktn po3naay

Tennosa
eHeprin
co

2

EHepria xiMiuHNX

e

CrHTe3 OpraHiYHMX PEeYOBMH, BNACTUBMX
NIOANHI, 3 NOMMHAHHAM eHeprii

3B'A3KIB

Man. 55.1. B3aemo3B'A30K npoueciB Katabosniamy i aHaboni3aMy FPYHTYETbCA Ha €QHOCTI GIOXIMIUHUX MepeTBOpPEHD,
o 3abe3neyvyloTb eHEpPrielo BCi NPOLEcH KUTTERIANbHOCTI
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poboTa), B opraHiaMi TBapmHU — CKOPOUEHHS
M’as3iB (MmexaHiuHa po6Gora). Ilpu oMy BimOy-
Ba€ThCS MEPETBOPEHHA YAaCTUHU XiMiuHOI eHep-
rii AT® Ha TemioBy, OCMOTHUYHY, €JEKTPUUHY
Ta MeXaHiuHy eHepriio.

3 posBuTkoM y XIX—-XX cT. TepmMogmHaMi-
KM — HaAyKW IIPO B3a€MOIIEPETBOPEHHSA TEILJIOTHU
1 eHeprii — cTaJ0 MOXKJIMBO KiJbKiCcHO pospa-
XOBYBaTU IIEPETBOPEHHA eHeprii B OioxiMiuHMX
peakiiax i mepembauaru iX HAIPSIMOK.

TepmoanHamika oOMiHy peyoBUH

3 TOYKM 30py TepPMOIMHAMIKM, JKUBi opra-
Hi3MU SABJSIOTH CO00I0 BiIKPHUTI HepiBHOBAKHI
CHCTEeMH, OCKLJIbKM BOHU OOMIiHIOIOTHCS 3 Ha-
BKOJIMIIIHIM CcepemoBUINlEeM AK eHeprier, Tak
i peuyoBUHOIO, i IPU IILOMY IIEPETBOPIOIOTH i Te,
u immre.

IIpunusHenHas oOMiHY PeYOBHH Ta IIOTOKY
eHeprii aAsd opraHisMiB o3Hauae BTPATy CTPYK-
TypHOI oprasizarii i cMepTs.

ExcrnepuMeHTaIbHUM MLIAXOM OyJIO BCTa-
HOBJIEHO, II[O0 OO IIpoIeciB, sKi BigOyBaroTbCS
B 0ioJIOTiUHUX cucTeMax, MOKHA 3aCTOCOBYBATHU
nmepmuii i Apyru# 3akoHu TepmoamHamiku. Cy-
MapHa KiJbKicTh eHeprii, AKy OTPUMYE KUBUN
opramiam 3 iKeio 3a IIeBHUH IIPOMIXKOK dacy,
IOPiBHIOE KIJIBKOCTI eHeprii, 10 BUIIIAETHCS
Y BUTJIAI TeIlJIa i MiCTUTBCA B TPONYKTAX BUJIi-
JIeHHS, Ta eHepreTUYHUM BUTpPaTaM Ha poboTy,
10 3AiMCHIOETHCH.

KinpkicTs TemsmoTu, BUAIJIEHOI OprauisMom,
MOJKHaA TOYHO BuUMipaTu. /s mporo oprauism
IIOMIIIIalOTh Y CIeIiaJbHy Kamepy, dKa moope
isospoBaHa Big cepemosBuia, TOOTO He Bin-
OyBaeThbcA OOMiHY eHepriero 3 HaBKOJUIIHIM
cepemosuirieM (Maja. 55.2). ExcuepuMmenTu, Bu-
KOHAHI IIMM METOAOM, OOBEJIM, II0 KiJbKicThb
eHeprii, sKa HaAXOAUTHh B OpPraHiaM, JOPiBHIOE
eHeprii, 110 BUAIIAETHCA IIiJ Yac HTPOBEIEHHS
KaJiopuMeTpii.

0 KnioyoBa iges

Y KniTMHax opHoYacHO BigOyBalTbCA Mpouecu
€HepreTMYHOro Ta MNacTUYHOro OOMiHy. BoHu
NnoB’'si3aHi MiX o600 MOTOKaMV PEUYOBVH i eHepril.
[OfI0BHY POJib Y MOEAHAHHI aHAbONIYHYKX i KaTa-
6oniuHnx npouecis Bigirpae AT®. Xusi opraHiamu
HanexaTb O BiAKPUTUX TEPMOAMHAMIYHMX CUC-
TEM: BOHU OOMIHIOIOTbCA PEUOBMHAMM 11 eHeprieto
3 HaBKOJIMLLHIM CepefoBULLEM.

13onauia |
Migirpita I
BOda ——
D XonopgHa
BOAA
MNogiTpsa
BUXOAUTb

_ MNosiTpAa

HaaXoAUTb

CnoXmnBaHHA KNCHIO NIOANHOK

Man. 55.2. Kamepa ansa npAMOro BUMIpIOBaHHA KiIbKOCTi
TensoTy, BUAINEHOI opraHiaMom

[li3HanTeca Ginblue

TepmoanHamiKa — HayKa, WO BUBYA€E 3arasibHi 3a-
KOHV NepeTBOPEHHA Pi3HUX BUAIB €Heprii B CUCTEMI.
Po3pi3HAOTL TpU TUNK cucTeMm:

130/1608aHA — He OOMIHIOETbCA 3 HAaBKOMMLLHIM Ce-
penoBuLEM aHi PeYOBUHOLIO, aHi eHeprielo.
3amkHeHa (3akpuma) — OBMIHIOETbCA 3 HABKOJMLL-
HiIM cepefoBMLLEM TifIbKWN €Hepri€elo.

Biokpuma — OBMIHIOETbCA 3 HABKOMULWIHIM cepe-
JOBULLEM PEYOBUHOIO i eHeprieto.

Mepwwuii 3aKoOH TepmMoAVHaMIKM € 33aKOHOM 36e-
peXkeHHA eHeprii. BiH B13Hauvag, Wo 3aranbHa eHep-
rin B i30N1bOBaHiNl cuCTeMi — BeNUYMHA CTana i He
3MIHIOETbCA i3 YacOM, a NULLE NEePEXofnTb 3 OJHiel
dopmu B iHLIY.

[Apyruii 3aKOH TepMOANHaMIKIN BY3HAYaE, WO BCi
peanbHi NpoLecn CynpoBOAXKYIOTbCA PO3CitOBaHHAM
NEeBHOI YaCTUHW eHeprii B TennoTy.

@ MpakTyHa poboTa

MopieHanebHa xapakmepucmuka 3MiH y npoyeci
esosloyii op2aHie mpaesieHHsA, OUXAHHA Ma eu-
dineHHA Ak onmumi3ayis ix 0o npoyecie mema-
6onizmy

1. Po3rnsHbTe 306pakeHHA OpraHiB TpaBHOI, Au-
XaNnbHOI Ta BUAINIbHOI CUCTEM Pi3HMX Fpyn TBapuWH
(Hanpuknag, pub, am¢ibin, nTaxis Ta ccaBuiB). YcTa-
HOBITb 3MiHW, AKi BigOyBanucb i3 UMMM OpraHamu
y npoueci eBosoLii.

2. CoopmyntonTe BUCHOBOK.

3annTaHHA Ta 3aBJaHHA

1. OnnwiTh, AK OAHI BUAM eHeprii NepeTBOPIO0TbCA
Ha iHWi B npoueci dpoTocuHTesy. 2. AKi BUAM eHepril
BUAINATLCA Nig Yac pobotn m'sasis? 3. AKol cuctemoro
3 TOYKM 30py TEPMOAMHAMIKU, € KOCMiYHMIA Kopabenb
3 KOCMOHaBTammu?
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OcCHOBHI NonoxeHHsa Temn «OOMiH pe4yoBUH i NepeTBOPEHHA EHeprii»

OCHOBHI HeOpraHiyHi peyoBUHN KAITUHN

KommonenT DyHKIIT

H,0 VYTBOpeHHS BHYTPIIIIHBOTO CePEeOBUINA OPTaHidaMy, miATpuMKa opmu Tija (Typrop),
yuacThb y MmetaboJismi (orouris, rinposia), Tepmoperyasaiia (IoToBUIiIeHHA, TyTallia),
TPAHCIIOPT PEUOBUH

H*, Nat, K", Cl” VYTBOopeHHs MeMOpaHHOTO moTeHItiany Aaa cuaTesy AT® ta mepemaui cursaris,
Yy TOMY YHUCJIi, HEPBOBOTI'O iMIIyJIbCY

HCO;, HPO?, 3abesneuenHa 0y(epHUX BJIACTUBOCTEH CUCTEMU TKAHUH

H,PO,

Ca**, PO 3abesnevyeHHA MiITHOCTI OMIOPHUX CTPYKTYP TBApuH (KiCTKU, MYIILIi MOJIIOCKiB)

Mg, Fe, Zn, Cu, | YTBOpeHH:A aKTHUBHOIO I[eHTPY 'OPMOHIB, (hepMeHTiB, BiramiHiB, TpaHcopTHUX 6iIKiB,
Mn nirmMeHTiB (poTOCHHTERY

biononimepwu

ITonimepu Monomepu O060B’I3K0Bi eTeMeHTH OcHoOBHIi QyHKIIT
Binku AwmiHOKUCTOTH C,H,O,N,S KaranitTuuna, cCTpyKTypHAa, MOTOPHA,
TPAHCIIOPTHA, PEryJIsaTOPHA
ITonicaxapumu Mowuocaxapugu C,H,0 MexaniuHa, pesepBHA, PETyJIATOPHA
Hupu Tninepun i sxupui C,H,0 PesepBHa, TepMoizosio0ya, peryaaTop-
KMCJIOTH Ha, CTPYKTYypPHA
Hyxneinosi Hyxneorunu C,H,O,N,P Iadopwmartriiina, peryiaTopHa, KaTaJsi-
KUCJIOTH THYHA

Memb6paHHWI TpaHCnopT

ITacuBHUI TPAHCIIOPT:
o0 A. ITpocra gudysis
‘ " 1 — nudysia kpisb Gochorinigamii 6imrap
2 — nudysia Kpisb 6i0K-KaHa
B. ITonermena nudysia Kpisb GiJIOK-nepeHoCHUK
3 — cuMmmopT
4 — aHTUIIOPT
AKTUBHUI TPAHCIIOPT:
5 — Kpisb OiI0K-Hacoc i3 migBogoM eHepril

TpaHcnopT peyoBUH y 6araTOKNITMHHUX OpraHi3miB

Pocauan Teapuanu

Kcennema (Tpaxeinu, cyguHM) — TPaHCIOPT T'emonimda — piguHa, 1110 TPAHCIOPTYE NOKUBHI PEUOBUHU
BOIM I MiHepaJIiB BiJf KOPeHiB [0 JUCTKiB

dyoema (cutononioHi Tpy6ru) — tpaHcnopr |~ KpoB — pinka TkaHMHA, 110 MicTUTH naas3my (pizunHy) i ghop-
OpraHiuHUX PEUOBUH BiJl IMCTKIB 10 KOPEHIB | MeHi esemenmu (ePUTPOLUTH, JEHKOIMTH, TPDOMOOIITH)

Tvnn XneneHHa

3a mxepesnom KapGony 3a maxepesioM eHeprii 3a mxepesiom igporeny
+ aBrorpodue — CO, + horoTpodhHe — eHepria ceitia - giTorpocdHe — HEopTraHiUHiI peUOBUHU
« rereporpocHe — opraHiuni | * xemorpodHe — eHepria ximiuHo- + opraHoTpodHe — oprauiuyHi peuo-
PeYoBUHU r0 3B’ S3KY BUHU
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TUnn reTepoTPoPHOro KMBNEHHSA

3a mKepesoM MOKMBHUX PEUOBHH

(mepodaris)

canmporpodHe — JKUBJIEHHS BiIMEpPJINMU PEIITKAMU JKUBUX iCTOT
cumobioTpodHe — oiepyKaHHSA IMTOKUBHUX PEUOBUH BiJ mapTHEpa 3a
B3a€MOBUTITHUM CIM01030M

[eTepoTpodHUIN MeTaboNi3M: aepobHe ANXaHHSA

Crapgia 1. Cragis 2.
Taikomxis IMuka TpuKapO0OHOBUX KHCIOT
Cragin ) MNipysat
BUTpauaHHs eHeprii HAH
Auetun-KoA o,
cﬁHlloﬁ
niokosa
2 ATO 2 ARo OkcanoateTar 2 Lvrpar
HAZH
9 3
Manat I3oumntpat
4 AL® 4 ATO z
+2HO é 4 HAZ(O)H
OATH Dymapat 2-OkcornyTtapat
E E Q 7 5 o,
CykumHat CyKkumHin-KoA HAOH
Cragin 2C,H,0,
Bigpaui eHeprii [1Bi Monekynu nipysaty
ATO AO
BuxinHi peuoBuHuU: r1I0K03a | BuxigHi peuoBuHM: mipysar
IIpoxykTu: mipyBar, ATPD ITIponykTn:
(2 monexymm), H,0O CO,, HAITH, ®ATH
ABTOTPOdHUI MeTaboniam: poToCKHTES
Crania 1. CeitiioBa
Akuentop AkuenTtop
Cgitno eNeKTPoHiB Cgitno €NeKTPOoHIB
26
28 26 HALO + 2H*
NaHuor JaHutor
NepeHOCHVIKIB nepeHOCHKIB
eneKTpoHiB NIeKTPOHIB HALOH + H*
wlo o o et
H,0 — 1 0, + 2H"
Dotocunctema I Dotocuctema |

Dortoniz Boan

Buxinni peuosunu: H,0
IIpomyxru: HAII®H, ATD

roJIO30iiHe — MOTVIMHAHHSA KUBUX iCTOT (XMKAITBO) Ta IXHIX YaCTUH

3a MexaHi3MOM IOIrJIMHAHHI T3

+ ¢pharoTpopHe — IOTIMHAHHA
MJIAXOM 3aKOBTYBaHHSA

+ ocMOTpo(hHEe — TOTJIMHAHHSA
MIJIAXOM YCMOKTYBaHHSA

nmapasuTUYHe — OJlePiKaHHA MOKUBHUX PEUOBUH Bijf opra"ismy-xassina

Cragisa 3.
EJeKTpOHHOTPAHCIIOPTHUM JTAHITIOT

BinkoBuin KOMNneKc NepeHOCHNKIB eNeKTPOHIB

ATO-cuHTasa

OkucHe

ENeKTPpOHHOTPaHCMOPTHII NaHLor
docdopunioBaHHA

Buxigni peuosuan: HAJTH, ®ATH

IIponykTn:
AT® (36 moxexy), H,O

Cragia 2. TemaoBa

13 cBiTNOBMX peakuii

B D) 12 A00 + 12 O

Heopr

Jundocdorniueponosa kucnota (12 monekyn)

(Docd)oréﬂueponoaa )KI/ICﬂOTa % 3i cBiTNOBMX peakuin
12 monekyn, v
e 2 12 HABO-H
I <]
T I
2 p=3 12 HAJO*
6CO, = . @
g Tpiosodocdar (12 monekyn)
X
8 niokosa
g (1 monekyna)

cnonyk

x
Pubynosoandocdar (6 monekyn)

6 ATO
3i cBiTNOBUX peakuin

MepeTtBOpeHHsa
Kapb6OHOBNX

Pu6ynosomoHodpocpat
(12 monekyn)

Buxinni peuopunu: CO,

IIpomykTH: riroxosa



Tema 4. CnagKoBiCcTb
| MIHIMBICTb

§ 56. LLnaxu nepepaui iHpopmauii B XKMBUX cucTemax

0 [omipKymnTe

Y TMO-TexHOnOorifiX WNPOKO BMKOPUCTOBYIOTb
reH mMepysu, KM BiANOBiga€e 3a CUHTE3 6iNka,
WO CBITUTbCA Nif BrAMBOM ynbTpadioneTy. AKwWwo
TaKUA reH yBeCT JO OpraHiaMy Ko3u Tak, Lo6
CUHTE30BaHWI HUM 6iNIoK NOTPansfaB y MOMOKO,
TO Y/ MOXe NIOAUHA, Wo N'E Take MOJIOKO, OTpu-
MaTW Lel reH y CBill reHom?

Q 3raganTe

» Hykneotnanm » Pennikauia

e TpaHcKkpunuia e TpaHcnAuia

LleHTpanbHa forma monekynapHol
Gionorii

®pencic Kpix 1958 poxy sampomonyBaB
TaK 3BaHy IEHTPAJbHY AOTMY MOJIEKYJIAPHOI
6iosorii. Ila morma cTBepAsKyBaJia, IO TOTIK
irdopmMmaliii B KMBUX OopraHisamMax BifOyBaeThCs
TinbKu B Hanpamky Big IHK mo PHE, a mo-
TiM g0 6inkiB. AJe micasd momadbIINX JOCJi-
IUKeHb norMy OyJo BimpemaroBaHo, i B cyuac-
HOMY (DOPMYJIIOBAHHI BOHA Ma€ TaKUN BUTJIAI:

Pennikauia TpaHckpunuin TpaHcnauia

HK PHK 6i
A T_> —) 6inok

A

3BOpOTHa Pennikauis
TpaHcKpunuisa PHK

Man. 56.1. Cxema nepepavi iHpopmaLii B >KMBUX OpraHis-
Max 3rifJHO 3 LeHTPanbHO JOrMOI0 MOJNIeKYNsipHOI Gionoril

moTiKk im(opmarmii B KMBUX OpraHidamMax MOKe
BimOyBaTHCA MijK HYKJeIHOBUMU KUCJIOTaAMU Ta
B HAIPAMKY BiJ HYKJIEITHOBUX KMCJOT 0 OiJIKiB,
ajle He MOJKe IIPOXOAUTH Bif OiIKiB mo HyKJei-
HOBUX KwmcioT (mayu. 56.1).

3 IHK ma IHK Ta B manpamxry [THK—
PHK—6inok imdopmalisa mepemaeTbcsa B yCix
KJiTMHAX JKMBUX OpraHismiB (mmig uvac pemJri-
Kamii, Tpaumckpummii i Tpauciasamnii). Ilepemauy
ingopwmariii 3 PHK ma PHK BUKOpPHCTOBYIOTH
nesaki Bipycu. A mepemava imgopmariii 3 PHE
Ha JIHK BuKOpuUCTOBYETHCA AeAKMMU Bipycamu
i, B IeAKWX BUMAAKAaX, y KJIITHHAX JKUBUX OP-
raHiamiB (Tak 3BaHa 3BOPOTHA TPAHCKPUIILis).

Mpouecn nepenavi iHpopmauii B KNiTUHI

3BigKu i Kyan

depMeHTH Ta CTPYKTYPH,

IIpouec nmepexacThesa Kouu BigdyBaeTncs . .

. . AKi 0epyTh yJ4acTh y mpoueci

indopmania PyT® ¥ ¥y pont
Pennikania | 3 JHK ITig yac mogBoenusa JJTHK nepen momi- HOHEK-3ane:xua [[HK-mmosrimepasa,
OHE ma [[HE JIOM KJIiTHHU Tomoizomepasa, reikasa
Tpauckpun- | 3 IHK Ha neprromy erarmi cunresy 6i1ka IOHEK-3ane:xua PHK-nonimepasa,
misa uwa PHK ToIoidoMepasa, rerikasa
Tpaucaamnia | 3 PHK Ha gpyromy erami cunTesy 6inka Pu6ocoma

Ha 6i0K

3BOpoTHA 3 PHEK ITig vac mepemimenusa mobinbHUX reHe- =~ PHK-zane:xua [[HK-morimepasa
Tpanckpun- | #ma [[HK TUYHUX €JeMEeHTIiB Ta IijJ uac pO3MHO- (peBeprasa), Tommoisomepasa, reJi-
misa JKeHHA PeTPOBipyciB y KIiTUHI Kasa
Pemnikania @3 PHEK V¥ mporieci BinTBopeHHA B KJIiTHHI BCix PHEK-3zane:xua PHK-nosrimepasa,
PHEK Ha PHK PHEK-BipyciB, okpim peTpoBipyciB TOIloiBoMepasa, rejikasa
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3BOPOTHA TPAHCKpULiA

3 1mpollecamMu peIlnTiKamii, TpaHCKPHUIIIil
i TpaHcaAmnii Bu BiKe 3HaAioMi. ¥ IIporeci 3Bo-
porHoi TpaHcKpunilii moxii BizOyBatoThCs y 3BO-
POTHOMY IIOPAAKY HOPIiBHAHO 3i 3BUYANHOIO
TPAaHCKPUIIicl0. SMiHiCHIOE HOTO0 TAKOMK KOMII-
JeKc ()epMEeHTiB, TOJOBHUM 3 SAKUX € (hepMeHT
PHEK-zanexxna JHK-momimepasa (ii wacto Hasu-
BalOTh peBepTas30i0 ab0 3BOPOTHOIO TPAHCKPHUII-
Tazoio). Ileii gepmenT Oyaye nanimiokoxk [THE
3a 3paskoM JaHIio:kka PHE.

ITpuHIMT MTOGY0BY HOBOI MOJIEKYJIN TaKOMK
0asyeTbcsA Ha SBUINI KOMILJIEMEHTapHOCTi, aje
BiATIOBiAHICTE V IbOMY BUIIAAKY AEINO iHITa mo-
PiBHSAHO 3 TPAHCKPUIIIIi€IO.

TpaHCKpUIIIis 3BOPOTHA TPAHCKPUIIIisS
IOTHK PHK PHK ITHEK
(8pasdok) (O0ymyeThcsi) (3pasdok) (Oyayerbes)
T 1T 1T, r
10 r r T
T A A T
A v v A

Ypununosuit mykigeorusn no ckiaany HHE
He BXOJIWUTHb, TOMY HABIIPOTH AaJeHiJIOBOrO HY-
kiaeotuny PHEK posraioByeTbcss THUMIiAMIOBUIA
HyKJeoTn  y dauio:xkKy [JTHK, a HaBnpoTn ypu-
IUJIOBOTO — aMeHiJIOBUIi.

Oco06sI1BO UacTo Iieil Impolec BUKOPUCTOBY-
IOTh Bipycu, Yy SKUX HYKJEIHOBOIO KMCJIOTOIO
¢ PHK. Bouu mpoHUMKaiOTh y KJIITUHU KUBUX
OopraHiamiB i TaM 3a ZOMOMOroOI0 (PepMEeHTy pe-
Beprasu 3i cBoei PHK ytBopiorors [THEK. A Bike
usa [JHK BOymoByeThCcA B r'eHOM KJIITUHU ¥ IIO-
YMHAE€ KOHTPOJIIOBATHU IIPOIleCHU, SKi B Hill Bif-
O0yBaioThbcA. TaKoK pA BipyciB BUKOPUCTOBYE
IJI PO3MHOMKEHHS B KJIITHHI ABUIIE PeIlTikarii
PHEK 6es cunTesy mpomiskuoi mosexkyau [THE.

OpHuM i3 THX, XTO BiJKPUB SIBUIIlE 3BOPOT-
HOI TpaHCKpUMIlii, OyB yKpaiHCbKU# yueHUi
C. M. T'epiiieH30H.

0 Kniouosa iges

Y XMBUX CCTeMax CrnaakoBa iHpopMaLisa nepena-
€TbCA nepeBaXHO Yy Hanpamkax OHK — PHK —
6inok Ta JHK — [HK. MoxxnuBa Takox nepegava
iHbopmauii y Hanpamax PHK — OHK i PHK — PHK.
[lns 3abe3neyeHHs nepegadi uiei iHdopmaLii XunBi
OpraHi3amy BUKOPUWCTOBYIOTb crieuianibHi pepmeH-
TL: MoniMepasy, TONoi3oMepasu, refikasu TOLO.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

Man. 56.2. Mogenb monekynu Tornoisomepasu NIOANHN

DepmeHTH, Wwo 3abe3neuyoTb

nepepavy cnagkosoi iHGopmauii

DYyHKIIIOHYBAaHHSI HYKJEIHOBUX KIUCJIOT
y KJiTuHax 3a0esleuye BeJUKUN KOMILJIEKC
MOJIEKYJI, OCHOBHUMHU 3 AKUX € (DEPMEHTU: II0-
Jimepasmu, rejrikasu, Tomoisomepasu Torro. Ilo-
adimMepasum — 1ie (pepMeHTH, SAKi 3miliCHIOIOTH
moJiiMepuaallilo HUTKM HYKJEIHOBOI KUCJIOTHU
3 HYKJIEOTUIiB, BUKOPUCTOBYIOUMN K MAaTPUILIO
B)KE ICHYIOUMWH JIAHIJIOT HYKJEIHOBOI KWCJIOTH.
3ajierKHO Big TOro, SAKMHM JAHIIOT BUKOPHUCTO-
BYETBCA i KA KHUCJIOTa CUHTE3YETHCHA, iCHYIOTH
Kimbka BumaiB nosimepas. Hampuwraazn, ITHE-
sanme:kna PHK-mosmimepasa cuHTe3ye MOJIEKYTY
PHK na ganmo:xkky IIHK (e ¢pepmenT Gepe
yuyacTh y mporeci TpaHckpumiii). A JTHEK-
danesxkHa J|HK-monmimepasa cuHTe3ye HOBI MoO-
aeryau JTHK mig uac pemmikarrii.

Tomoizomepasu — 1e GpepMeHTH, AKi 37aT-
Hi 3miHBaTu TomoJsoriro JIHK (ii mpocTopoBy
oynoBy) (man. 56.2). Ile mosBoJisie TpuUBeCTHU
minaaky I[ITHK B craH, Koau MOKJauMBa pobora
iHmux (hepMeHTiB.

Temikasu — 1e ¢epmMeHTH, AKi Bigmosima-
IOTHh 3a PO3AiIJIEHHS MABOJIAHI[IOTOBUX MOJIEKYJ
HYKJIETHOBUX KHMCJIOT Ha OMHOJIAHITIOTOBi. Takuit
Ipoliec € Ay’Ke BasKJIUBUM, HAIPUKJIAL, Hepes
MOYATKOM PeIlIiKallii abo TpaHCKPUIIILii. SaIex-
HO BiJ TOTO, 3 AKOI HYKJIEIHOBOIO KWCJIOTOIO
npaiiioe depmeHnTt, Bumgiasiors [JHK-remrixkasu
i PHK-renikasu.

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. 3a Akum 3pas3kom i wo cuHTesye PHK-3anexHa
OHK-nonimepasa? 2. Yn notpibHi Tonoizomepasn i re-
nikasu B 6akTepianbHin knituHi, HK Akoi mae Burnag
Kinbuesoi monekynu? 3. Y AKil NOCNiZOBHOCTI NOBUHHI
npawutoBaTn nonimepasa, refikasa i Tonoisomepasa ana
3abe3neyeHHn npouecy pennikawii?
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 57. FleHn 1 reHOMI

0 [omipkynTe

KinbKicTb reHiB y reHomi nioguHu 6Ginblue,

Hi>XK Y reHOMi KMLIKOBOI Manunyky, npubnnsHo

B 5 pasiB. A Kinbkictb Hykneotugis [HK y reHomi
noanHK Ginble ax y 700 pasiB. Yomy mae micue
Taka pisHuuAa?

Q 3ragante

o [eH * [eHOM o 1HK

» Hykneoig » Xpomocomu

[eH Ta oro CTpyKTypa

Kowxxuauii ren e ginauakormo moaexyau [THEK.
Biu BigmoBinae 3a yrBopeHHA ofHiel a00 KiIBKOX
O3HAK opraHiamy. Ajse OiJbIIiCTh O3HAK YTBO-
PIOIOTHCA B Pe3yJIbTaTi B3aeMOil KiIbKOX T'eHiB.

B AKuMX cTpyKTypax posTallloBaHi reHu?
Y mpokapioTiB BOHH 30Cepel:KeHi y BeJuKii
Kimbresiit momexysi [THK (1me mykaeoiz abo
baxTepiambHa Xpomocoma). Kpim Toro, BoHU €
B HeBeJUKUX KijgbleBux MoJjgekyiaax THK —
maasMizax.

B eykapioTiB reEu MicTATBCA B XpOMOCOMAax
Anpa, MITOXOHApPiAX i miaacrtupax. Bimmosimao
IO MicIld po3TalllyBaHHSA TI'eHU eyKapioTiB mo-
OiIAI0TL Ha AJepPHi, MITOXOHApiaJbHI Ta reHu
TLJIACTHU/L.

Vci remn mMalTh OOHAKOBY cxeMy OYIOBH.
Bouu craagarmoTbecsa 3 KigbKox gimanHoK. I'o-
JIOBHOIO MiJIAHKOIO Oy/[b-IKOTO T'eHa € Ta, dAKa
MicTuTh iH(opmariio mpo OYZOBY MOJIEKYJIHU
6inka a6o PHK (upoaykry rena). Ile komyroua
yacTUHA TreHa. IHII miISHKM reHa — HEKOOY-
foui. BoHu He micTaTh iHMopMalii npo OymoBY

MpomoTop OnepaTtop CTpYKTYpHUIA TeH 1

CTpyKTYpHUIA TeH 2

MOJIEKYJI, CUHTe3 AKWUX 3abesleuye TeH, aje
BigmoBimaioTk 3a poboTy reHa. Hekomyroummmu
IiTAHKaMu reHa € IpoMoTop i Trepminarop. Ipo-
MOTOP — Ile OiIAHKAa reHa, AKa II03HaUa€e MicIie,
e mounHaeTbesa cuntes PHK, repminaTop — me
3akiHuyerbcsa cuHTe3d. Kpim Toro, mo ckJjaanmy
reHa BXOAATH PETyJIATOPHI AiNAHKU, AKi pery-
JIIOIOTH HOT0 POOOTY.

[eHn npokapioTis

T'enu mpokapioTiB MaiOTh BiTHOCHO IIPOCTY
CTPYKTYypy. Yacrimie 3a Bce BOHU MiCTATH iH-
(opmariio TiIBKY IPO OJHY CTPYKTYPY — MO-
nekyany 6imka abo PHK. T'enu mpoxapioTuuuHmx
opraHismiB yacTo opraHisoBaHi B onmeponu. Ome-
POH — CTPYKTypa, AKa CKJAJAETHCI 3 KiJIbKOX
CTPYKTypHUX reHiB (maja. 57.1). CTpyKrypHi
TeHU B OIIEPOHI PO3TAIIIOBaHI MOPAJL i MAalOTh Ha
BCiX OJWH CIiJIBHUI IIPOMOTOP, OOWH CITiIbHUN
TepMiHATOP i OAWH CHiIBHUNA omepaTop, AKUM
peryJiroe iioro pobory.

IIpuksagom omepoHa MOKe OyTH JIaKTO3HUM
ONIepPOH KMITKOBOI majanuKu. BiH micTuTh rexu,
AKiI KoayoTh (epMEHTH, IIOTPiOHI s cuHTe3y
BYTIJIEBOLY JIAKTO3H.

[eHn eykapioTiB

Ha Bimminy Big reHiB mpokxapioriB, reHm
eyKapioTMUYHMX OpraHisMiB He yTBOPIOIOTH OIle-
pouiB. Ko:xkHuil i3 HMX Mae BJACHI IIPOMOTOP
i repmimatop. Kpim Toro, GymoBa IuX TreHiB
OinbIn cKJIagHa. ¥ ckJaanai ixubol minauxku [JTHK
€ TOCJiIOBHOCTI HYKJEOTHUIIB, AKi He MiCTATH
indopwmairii, ToTpi6bHOI AJA CHUHTE3Y TPOAYKTY
rera (mojaexyau 6inxa abo PHK). Taki ginauxu
HasWBawTh iHTpoHamu. Ti minaukwm, aki wmic-
TATH MOTPiOHY iH(oOpMAaIlilo, HA3WBAIOTH €K30-

CTpYKTYpHWIA TeH 3 TepmiHaTop

Man. 57.1. bygoBa onepoHa NpOKapioOTUYHOrO OpraHiamy

PerynatopHa
nocnifaoBHicTb 1

PerynatopHa

[MpomoTo ; .
P P NoCNifoOBHICTb 2

Ek3oH 1 IHTpoH 1 EK30H 2 IHTpPOH 2 EK30H 3 = TepmiHaTop

Man. 57.2. bygoBa reHa eykapioTM4HOro opraHiamy
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HaMu. 3a3BUYall €YKaPiOTUUYHUN I'eH MiCTUTH I10
Kimbka iHTpoHiB Ta exsouiB (Manx. 57.2).
BakamBOI0 YaCTUHOIO €yKapioTUUYHUX TeHiB
€ PeryJasaATOpHi AiJIAHKH. 3 JOIOMOIOI0 ITUX Mi-
JISTHOK KJIITMHA MOXKe TPUCKOpIoBaTH abo BIO-
BLILHIOBATH CUHTE3 MMPOIYKTY T'€Ha.

OcobnmBOCTi reHOMIB NPOKapIoTiB

OcHOBHA YacTHHA IeHOMY IIPOKAapioTiB 3o0ce-
pemskeHa B OaxTepianbHiilt xpomocomi. Ile Kinb-
meBa mosiekysaa [ITHK, aka sasBuuaii B O4HOMY
MicCIli IPUKPIILIIOETBCS A0 KJIITUHHOI MeMOpaHU.
Kpim miei JHK no ckiany remomy eykapioris
BXOIATh muaasMmizu. llmasmizm € mMajleHbKHMU
KimpmeBumu mosexysaamu JIHK, saxi poararmo-
BaHi B I[UTOILJIAa3Mi KJiTHHN.

TI'enom mpoxapioTiB He MiCTUTH 400 MIiCTUTH
oyske Majo Hekoxyioumx minsuor [[HEK.

Ocob6nmBOCTi reHOMIB eyKapioTiB

XapaKTepHOIO PUCOI0 TeHOMIB eyKapioTiB €
Te, 110 Oinbirta yactuHa ixHbol JJTHK mpexcras-
JIeHa HeKoAyounMu gingaakamu. CrouaTky Tary
IHK masBasiu cMmiTTeBOIO, 60 AyMmMaJiu, IO BOHA
HemmoTpiOHa. AJie MOTiM BUABUJIOCS, IO BOHA
MOJKe BimirpaBaTwm Ba’KJUBY POJIb Y Peryaarii
po6oTHM TEeHOMY Ta €eBOJIIIiMHUX Ipoliecax.
IIpore ocTaToyHO POJIL HEKOAYIOUUX IiJITHOK
OHEK 1me me 3’scoBaHO.

T'emomMu eykapioriB mominAaoThCA Ha OBi Be-
JINKi yacTMHU — AlepHY i nozaanepHy. OcHOBHA
yacTWHAa TeHiB eyKapioTiB 30cepeasKkeHa B Anep-
Hifl vacTuHi remomy. AmepHa uyacTuHA mpen-
cTaBjieHa TeHaMH’, SKi po3TallioBaHi B XPOMO-
coMax Anpa KJIITUHH.

ITozasamepHa yacTuHa TeHOMY IIpeACTaBJe-
vHa [[HK mitoxonapint i mmactun. la THK mae
(opMy KinbIlsd, BoHaA He HOB’sg3aHa 3 OiJIKamMu
i 3a cBoerw OymOBOIO IysKe CXOyKa Ha OakTepi-
asbHy Xpomocomy. llesaki eykapiotu (Hampu-
KJan, OPisKAKi) MOKYTH MaTH TaKOXK Y CBOIX
KJIITHHaX OJaasMigu.

0 Kniouosa iges

[eH — ue oanHnyA cnagkoBocTi, AinaHka AHK, oo
CKnagy AKOI BXOAWUTb KiNlbKa KOMMOHEHTIB (npo-
MOTOP, TEPMiHATOP, KOAyoUi BiNAHKM TOLWO). [eHn
npoKapioTiB MatoTb 6inbl cknagHy 6yAoBy, Hix
reHn eykapiotis. CyKynHiCTb yCiX reHiB i Heko-
aytounx ginAaHok OHK KnitTuHu yTBOPIOE ii reHoMm.
3a Oy#oBOI reHOMIB MPoOKapioTV Ta eyKapioTu
TaKOX Pi3HATbCA MK CO60I0.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

KpimM cTpyKTypHUX i peryiAaToOpHUX TeHiB
y TeHOMaX eyKapioTWYHWX OPTraHi3MiB Tpamis-
IOTBCA MOBTi MiIAHKHW ITOBTOPIOBAHUX HYKJEO-
TUIHUX IIOCJIiLOBHOCTEI DiBHOI AOBXKMHU. IxHI
(GYHKIIII IITe HeJoCTaTHBO BUBUEHi. ¥ TeHOMax
eyKapioTiB TpamIAThCA TAaKOXK MOOiJIbHI Ie-
HeTUYHi eqeMeHTH (MOOiLNBHI reHm), aKi smarHi
nepemimniatuca BcepeauHi reaomy. 1li renu He €
CTPYKTYPHUMU a00 PeryJIATOPHUMHU, i iX YacTo
PO3IJIAIAIOTH K BHYTPiNITHLOI€HOMHUX ITapa3UTiB.

Perynsauina akTMBHOCTI reHiB

Y renowmi moguau nouan 20 000 rexis. Aute
I SKUTTEOIAIBPHOCTI I BUKOHAHHSA CBOIX (DYHK-
i KOXKHil okpeMill KaiTuHi moTpidHO HabaraTo
MmeHmIe rediB. Tomy OinpIna iX yacTuHa y KJIi-
TUHAX € «BUMKHEHOI», HEAKTUBHOIO.

Aue i Ti reHu, AKi mpamoiOTL, He 3aBXKIU
MIPaIOI0Th OAHAKOBO. fIKIIO € morpeba y BU-
poOJIeHHi cJAMHU, TO T'eHHU, IKi BUPOOJISIOTE II0-
TpiOHI (hepMeHTH, TPAIIOIOTh aKTUBHO. A KOJII
morpeba MMUHAE, IHTEHCHBHICTL 1XHBOI POOOTH
cJIi 3MeHINyBaTU. TaK KJIITMHU MOMKYTH €KO-
HOMUTU PECYPCH OpraHisamy.

Y kiiTuHax peryJsdllid peaJisallii reHeTud-
Hol imdopmairii moske BimOyBaTHCsA 3a JOIIOMOTOIO
KinbKox mMexaHismiB. Ilepmuii MexaHism — B3a-
€MOJIiA MPOAYKTIB PeryjasiTOpHUX T'eHiB (3a3Bu-
yaii O0ifKiB) 3 MEeBHUMUM CTPYKTypaMu TeHiB:
0oIIepaTopoM, IIPOMOTOPOM ab0 PeryJaATOPHUMU
mingauxkamu. Ile 703BoJIA€ 3MiHIOBATHY IITBUAKICTD
poboTu reHiB ab0 «BMUKATU» YU «BUMUKATH» 1X.

Hpyruii MmexaniaMm — mMonudikKalisa esaKux
HyKJeoTuniB y jgaHmoxkkax JTHK. Akimo qo Hux
npueaHyeTbcA MeTuabHMA pagukan (CH,), To
3unTyBaHHA iH(Gopmanii 3 ginaaku [[HK 3a Ta-
KUM HYKJIEOTHJIOM CTA€ HEMOYKJIMBUM.

Tperiii MexaHi3M — IaKyBaHHA MEBHUX
minauoxk JHK 3a mgomomoroio 6ifKiB TakuM
YMHOM, II00 3 HMUX He MOKHaA O0yJ0 3UMTATU
crnagkoBy iHdopMmalio. Kpim Toro, peryadaiisa
MOJKJIMBA I Ha OijgbIn Mmi3HIX eramax, KOJIA
Kiaituaa 6J0Kye podory PHK a6o 6inkis, aki
€ IpoAyKTaMu poboTU TeHa.

03aﬂl/ITaHHﬂ Ta 3aBOaHHA

1. Cknagitb CNUCOK «HeAOoNiKiB» ONEPOHIB MOPIBHA-
HO 3 eyKapioTMYHMMM reHomamu. 2. binblwa yvactuHa
JOHK B reHomi eykapioTiB € HeKkoAyluUMMU AiNAHKaMW.
Ane nig yac aHanisy reHomy fy»ke Ba)K/IMBO BU3HAUUTK
KiNIbKiCTb FeHiB y reHoMmi. IKMM YMHOM MOXHa Ji3HaTucA,
wo neBHa AainaHka OHK € reHom?
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 58. [eHeTuKa AK HayKa. MeToan reHeTUKN

0 [NomipkynTe

Yomy nofgmHa cxoxa Ha cBoixX 6aTbKiB, ane B Tou
e yac He € IXHbO Kori€to?

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 O0yJio 3amporio-
HOBAHO aHIJIilicbKuUM reHetukoM B. Berconom
1905 pory. B ocHOBYy TeHeTMKH OyJIO TOKJAa-
IeHO 3aKOHOMIipHOCTi CIIafKOBOCTi, AKi BUABUB
I'. Mennenp mig yac BUBUYEHHA PIiBHUX COPTiB
i ri6pugiB ropoxy B 1860-x porax.

Hapom'keHHA TeHEeTUKU BiZHOCATH M0
1900 poky, wkoaum X. me Ppis, K. Kopemc
i €. YepMmakx moBTOpPHO Bigkpuau 3akoH I'. Men-
[leJid, ajle PO3BUTOK T'eHETUKM mouyaBcA Habara-
TO paHimie. Y:Ke B JaBHI yacu JIOAU IOMidau
IeBHI 3aKOHOMIPHOCTI yCIIaZKOBYBaHHA O3HAK
i HamaraJucsa 3acTOCOBYBATH iX NJIsl BUBEIEHHS
HOBUX copriB i mopixg. Tomy mepmuii mepion

PO3BUTKY T€HEeTHMKHU 3 JaBHiIX dYaciB 1o cepen-
nHu XIX crosiTTa OyB mepiogoM HaKOTWMUYEHHS
irgopmarii Tpo 3aKOHOMIPHOCTiI CHIamZKOBOCTI
¥ minauBocti. Jlpyruii mepiox (1865-1900) —
e ImepioJi BUHUKHEHHSA TeHEeTUKU AK HaAYKH.
Bin posmouasca 3 Buxonmy pobotu I'. Menngens
i BaKiHUMBCA TEPEBiIKPUTTAM HOTO 3aKOHIB.

Tperiit mepiox possurky (1900-1953) 6y.i0
MIPUCBAYEHO BUBUEHHIO TeHETUYHUX ITPOIIECiB HA
KJaitTuaHOoMy piBHi. Came Tomi OyJs0 cpopMoBaHO
XPOMOCOMHY TeOPil0 CIaAKOBOCTi I BUABJIEHO
poJsib xpomocoM. A micisa 1953 poky (3 MOMEHTY
BCTAHOBJIEHHsS ocobsimBocTeii cTpykTypu [HEK)
pO3moYaBcsA Cy4acHUN mepioa PO3BUTKY I'eHeTH-
KW, KOJIM JOCJIi/I)KeHHA MePeBaKHO IPOBOAATD-
cAd Ha MOJIEKYJIAPHOMY PiBHIi.

3aje)kHOo Bij 00’eKTa IOCTimsKeHHS BUIi-
JISIOTh TeHeTUKY POCJUWH, TBAapWH, MiKpoopra-
Hi3MiB, JIOAWHU TOIIO.

l'emeTnka AK HayKa BUHHUKJA BHACJiIOK
npakTuuHux norpeb. Ilig yac posBemenHsa mo-
MAITHIX TBApWUH i KYJBTYPHUX POCIUH 3TaBHA
BUKOPUCTOBYBAaJIX ribpuamsalrio mopis abo cop-
TiB, AKi BigpisHAaMCA MiK c000I0 3a MeBHUMU
osHaxkamu. IlopiBHIOIOUM TiOpUAM 3 BUXIJHUMU
dopmamMu, JIOAW OABHO IIOMITHJIMN IesIKi 0co0-
JIUBOCTi yCTIafKyBaHHA O3HAK. A ToeTHAHHS 6a-
raTopiyHUX CIIOCTEePEeKeHb 1 MOTpedu IIiABUIIeH-
HA BpPOXKaAWHOCTLI Ta e(PeKTHUBHOCTI CiIbCBKOTO

KnacuuHri metoam reHeTUYHNX JOCiAXKEeHb

CyTts MeTomy

BuBuennsa pomoBozis oprauismis. Ile mae 3Mory mpocTeKuTH XapakTep yCIagKyBaHHS

BceranoBiieHHA yacTOTU 3yCTPiYASIBHOCTI aJieJIiB y MONYJIAIiAX OPraHidMiB Ta TeHETUYHOT

Hasga
Teneanoriuanit
pi3HUX CTaHIiB IEBHUX O3HAK Yy DA MOKOJIiHb
ITonmymamiiiao-
CTATUCTUIYHUNA CTPYKTYPU MOy AT

Ti6pumonoriuauit | CxpeuryBanHu4A (ribpuamsaiisa) opranismis, AKi BifpisHAIOTHECA 38 IEBHUMU CTaHAMU O[T~
Hiel umM KiJIbKOX cITaJKOBUX O3HAK. Hamankis, ofmep:KaHUX Bif TAKOTO CXPeIyBaHHA,

HA3WBAIOTH ribpugamMu

IMurorenernunuii | BuBueHHA XpOMOCOMHOTO HaOOPY (KapioTumy) opraHismis

Bioximiunnii

BansHOKOoBUMIt

BuBuennsa ocobsmBocTei 6i0XiMiuHMX ITPOIECiB B OPraHi3MiB 3 PiSHMMU I'eHOTUIIAMU

BuBueHHS MOHOBUTOTHUX OJIM3HAT (OPraHidMiB, AKi MOXOAATH 3 OAHi€l 3UT0OTH) Ta MOPiB-

HAHHA 1X 3 JUBUTOTHUMU OJIUBHATAMY (AKi YTBOPIOIOTHCSA 3 PisHUX 3UrorT). [ocaimxyoun
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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TOCTIOZAPCTBA CTAJIO IIPUYUHOIO OYPXJIMBOTO PO3-
BUTKY reHeTHKHN y XX CTOJITTI.

Ha BuBUeHHI reHEeTHYHUX 3aKOHOMipHOCTEHN
I'PYHTYIOTHCS TeXHOJIOTil CTBOpPEeHHS HOBUX i mO-
KpallleHHsA iCHYIOUMX HOPiJ CcBilicbKUX TBapuH,
COPTiB KYJbBTYPHUX POCJHH, a TaKOXK MIiKpO-
opraHisamiB, AKi BUKOPHCTOBYIOThCA y (hapma-
IEeBTUYHIN MPOMUCJIOBOCTI 1 MmenuiiuHi. Benuke
3HAUYEHHA MAa€ reHeTUKAa JJIA MeIUIIUHU Ta BeTe-
puHAapii, OCKIJIBKYT faraTo 3aXBOPIOBAHbB JIIOAUHY
1 TBaApWH € CIaAKOBUMU, i AJd 1X AiaTrHOCTUKH,
JiKyBaHHA Ta IpodiJaKTUKM TOTPiOHI reHeTHY-
Hi Jociuim:xeHHS.

CnapKoBiCTb i MiIHNUBICTb

Cnadxogicmv — 1ie 3TATHICTH JKUBUX Oopra-
Hi3MiB ImepemaBaTy 0COOMHAM HACTYIHOTO IIOKO-
JiHHSA 0CcO0JMBOCTI cBoei opraHisaiiii, a TaKoM«K
XapaKTepHiI PUCH CTAaHOBJIEHHSA ITMX OCOOJIMBOC-
Tell y mpoieci po3BuTKy. IlpukigagamMu cramko-
BOCTi € pyauii KOJIip BoJIOCCS, SKUUA TiTH OTPHU-
MYIOTH Bifi 0aThKiB, OJHAKOBA KiJBKIiCTh KPUJI
i ocobyimBOCTi iXHBOI OYMOBU B PiBHUX IMOKOJiHDb
MyXHU Ipo3odiau, oJHAKOBe 3a0apBJiIeHHA A0JIYK
OITHOTO COPTY.

Minnausicmv — 1ie BJIACTUBICTH OpraHisamMy
3MiHIOBATH CBOIO OpraHisallio, a TaKok HaOy-
BaTH HOBUX O3HAK y IIpolleci iHAMBiAyaJIbHOTO
po3BuTKy. IIpmkiagamMy MiHJIMBOCTI € IT0sABa
JUCTKiB KOHIOIIIMHU 3 YOTHPMA JIOIMATAMM, Ha-
pom:xenHsa 0isiol BopoHHM y cipux OaTbKiB, He-
CXOMKiCcTh pigHMX OpaTiB B OGHIN pPOAMHI.

MeToan reHeTUYHUX AOCNiAXKEeHb

T'eHeTKa BUKOPUCTOBYE BEJUKY KiJIbBKiCTH
METOMiB JJA NPOBEIeHHsS MOCIiIKeHb, Tpaau-
MifHUME 3 AKUX € ribpumosioriuHmii, reHea-
JOTIUHUI, NONMYJAMiAHO-CTATUCTUYHUNA, ITU-
TOreHeTUYHU, OioxiMiuHMIA 1 OGJIM3HIOKOBUII.
IIi meTomU 3aCTOCOBYIOTHCS B)Ke 0araTto poKiB.

B ocranHi poKM HaANGIABIN MOITUPEHUMU
cTajy BiJHOCHO HOBI MeTOOM MOJIEKYJIAPHOIL
Oiosorii: ceKBeHyBaHHs TIeHiB, moJimMepasHa
JIAHITIOTOBA peakIlisi, 3aCTOCYBAHHSA TeHEeTHY-

0 KnioyoBga igen

leHeTMKa — ue HayKa, AKa BMBYAE 3aKOHOMIpP-
HOCTi CNAgKOBOCTI 1 MiHIMBOCTi opraHiamiB. OcHo-
BHUMWU MeTOAAMV TeHETUKN € FibpugonoriyHuni,
reHeanoriyHnin, LUTOreHEeTUYHUI, GioXiMiuHuin,
GNN3HIOKOBUI TOLLO.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

HUX MapKepiB. BoHu 3acHoOBaHi Ha HOBITHiX
TEeXHOJIOTiAX i MO3BOJISIOTH CYTTEBO 301JIBIITUTU
e(peKTUBHICTh TeHETUUYHUX IOCIiIKeHb, aKe
npanpooTs Hanpamy 3 [IHK, B akiit 30epira-
e€ThCcA CHagKoBa iH(opMaIlisa.

¥ pesyiabrari cekBenyBaHHa [[HK BcTamos-
JIOETHCA IMOCJTiOBHICTh HYKJIEOTUIIB y II€BHO-
My reHi abo y Imijomy reHomi.

ITomimepasna ganmiorora peakmnia (I1JIP)
3a JOTOMOTOI0 crienupiyHnX (PEPMEHTIB J03BO-
Jisie 6araTopasoBO KOMiloBaTU OKpeMi (hparmen-
™u [JTHK, 3HauHo 36iibHIyiounm iX KOHIIEHTpA-
I[if0 B PO3YMHI NPOTATOM He Iy:Ke TPUBAJIOTO
yacy. lle#i mpomec HasmBawTh aMmiidika-
miero. Y pesyabrati amimridgikamii mMolkHa
OTpMMATH [AOCTATHIO AJA aHaJdidy KiJbKicTb
MaTepianiB, HaBiTh AKIIO Ha TOYATKYy OyJO
3HAWJEHO JINITe OAVH HEBEJIMUYKUHA (hparMeHT
OHK. IIJIP nosBoJisie TaKoX IIPOBOAUTHU Be-
JUKY KiJbKiCTh pPi3HUX MaHINyadAIliir 3 re-
HeTUYHUM MaTepiasom (KJIOHYBaHHA TeHiB,
CeKBEHYBaHHS TOIIIO).

MeTon reHeTMYHHMX MapKepiB IIoJisirae
B imeHTudikamnii meBHux renis, mingHoxk [[HEK,
XpPOMOCOM ab0 OCOOWH 3a JOIIOMOTOI0 IPUTAMAH-
HUX JUIle IM CIOoJy4YeHb HyKJeoTumiB. MoJe-
KyaapHo-reHeTuuHi maprepu ([JHK-maprepu)
€ mojiMoppHUMU (TaKUMU, IO MAIOTh KiJIbKa
BapiaHTiB) O3HaKaMu, BUABJIEHUMU METOJaMU
MOJIEKYJIAPHOI 0iojorii B HYKJIEOTHAHIN IIOCJTIi-
moBuocti JTHK. BoHu BUKOPHCTOBYIOTBHCS IJIs
MOPiBHAHHA PisHUX rpym (copriB, mopia, mira-
MiB, BHUIiIB, POJIB TOIIO) >KMBUX OPraHisMis.
3a IomOMOroi0 ITLOTO METOJNYy MOKHa BCTAHO-
BUTHM HASBHICTHh IIEBHUX N'eHHUX MYTAaIliil y re-
HOMi, BUBHAUUTU Habip reHeTHYHUX MapKepis,
10 € cueru@ivHuM OJId IIeBHOTOo 0i0oJIOTiuHOrO
BuAy ab0 HaBiTh OKPEMOro iHAMBHIA.

03aﬂl/ITaHHH Ta 3aBJaHHA

1. Yomy 6nM3HIOKOBMIA METOA [O3BONAE BUABUTU
ponb reHoTWny i BAAMBY cepefoBua y $opmyBaHHi
03HaKun? 2. HaBilwo noTpibHO NPOBOAUTU CEKBEHYBaHHSA
Ta BUKOPUCTOBYBaTW reHeTU4Hi mapkepu? 3. llig vac
npoBeAeHHA MNoJfliMepasHoi NaHLUKroBoi peakuii npo-
Lec BifbyBa€eTbCA 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 UMHOM 3a [OCTaTHbO HEBENWKY KiNbKiCTb
UuMKniB (3a3Buyan ix 25-30) BOAETbCA OTPMMATU BENUKY
KinbKicTb Komii (go minbapaa pasie 6inblly, HiXK Ha no-
yaTKy peakuii)?
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 59. [eHeTyHa TepmiHonoria. Tunn cxpeulysaHb

0 [omipkynTe

Llo xouyTb cKasaTu, KOMM KaxyTb, O B MEBHOMY
BMNagKy Oyno 3pincHeHo TeTparibpuaHe cxpe-
LyBaHHA? 3 AKOI MOBM B FeHeTUKY NoTpanvs
npeodikc TeTpa-?

Q 3raganTe

» [eHeTyKa e [eH
o Anenb

o [annoigHa KniTnHa

o [lunnoigHa KnitnHa

OCHOBHI TepMiHM | NOHATTA reHeTUKN

Temetukra, AK i Oygb-IKa HaykKa, Ma€ CBii
NOHATIWHWI amapar i cucTeMy ITO3HAYEHb.

IF'ew — guckperHa (QyHKIIiOHaJIbHA OIU-
HUIA CIIAJAKOBOCTi, 3a MJOIIOMOIOI0 SKOI Bin-
OyBaeThbcs 3amuc, 30epiraHHa Ta mepemaua re-
HeTMYHOI iHpopMarii B pAAl MOKOJIiHb, TeBHA
minaaka monexkyau JJTHK (a6o PHK y meaxkux
BipyciB) posramioBaHa Ha IeBHiN miagHIi
(y meBHOMY JIOKyCi) XpoMoOcCOMHU eyKapioTis,
y OaxrepianbHili xpomocomi um maasminmi
y mpokapioTiB abo B MOJeKyJi HYyKJeiHOBOI
KHUCJOTHU BipycCiB.

Anens — OOWH 3 MOKJIMBUX CTaHiB (Bapi-
aHTiB) reHa.

Anens TUKOTO TNy — aJiesib, AKWH IIOIIHN-
PeHUil y IPUPOJHUX HMOMYJAIiAX IIEeBHOTO BUIY
i ByMOBJIIOE PO3BUTOK O3HAK, IO € XapaKTep-
HUMU IJIA IBOTO BUAY.

Jlokyc — Mmiclie po3TanryBaHHA aJiesIiB II€B-
HOTO reHa Ha XPOMOCOMi.

T'omosurora — pguniaoigHa abo IIOJIILIOIL-
Ha KJiTumHa (ocoOWHA), TOMOJIOTiUHi XPOMOCO-
MU SIKOI MaloTh OJHAKOBL ajiejli IeBHOIo I'eHA.
Y roMo3uUroTHOMY CTaHi NPOABIAITHCA i [MO-
MiHaAHTHi, i perecuBHi ajeJi.

I'eteposurora — aumnaoigHa abo MOJIiTLIO-
inHa wKJiaitTuHa (0coO0MHA), TOMOJIOTiIUHI XpOMO-
coMHu AKOI MaloTh PisHi ajesi meBHOTO TeHa.
Y rerepo3uroTHoMy CTaHi 3a YMOBU IIOBHOTO
IOMiHYBaHHS ITPOABJISIETHCA Oifd TOMiHAHTHOTO
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ajiesisi, a 3a HEIOBHOTO JOMiHYBaHHSA O3HaKa
Ma€ IPOMi’KHe BUPaKeHHA MiK TOMiHAHTHUM
i periecuBHUM ajeIAMU.

T'emizurora — pumnioigna kjaitumHa (0ocobu-
HA), AKa Mae€ JIUIle OAWH aJieJib IIeBHOTO T'eHa.
Ilei#t cran BMHWKae BHACJIILOK TOrO, IO y Je-
AKNX BUAIB 0COOMHM oOnHiel 3i craTeil MaloThb
oBi pisui crateBi xpomocomu abo JuIllle OIHY
CTaTeBy XPOMOCOMY.

TenoTun — cykymHicTh ycix reHiB KiiTu-
HU, JIOKaJIidoBauuX y aAapi (y xpomocomax) abo
y PiBHUX PEILIIKYIUUX CTPYKTypaX ITUTOILIA3-
MU (IJIacTUAaX, MiTOXOHAPiAX, miIasmigax). I'e-
HOTHUI — IIe CIIaJJKOBa OCHOBA OpraHiamy, €au-
Ha cHCTeMa B3aEMOJIiIOUMX T'eHiB, TOMY HIPOSB
KOJKHOTO I'eHa 3aJIeKUTDh BiJ HIOro re HOTUIIHOTO
cepenoBuina. 'eHOTUN — HOCIN reHEeTUYHOI iH-
dopwmartrii, aruil KOHTPOJIIOE (POPMYyBaHHS BCixX
O3HAK Opramiamy, ToOTO IOoro (PeHOTHUIy.

PeHOoTHII — CYKYOHICTHL BJIACTUBOCTEH
i o3dHaK opraxiamy, IO CKJAaJNUCA Ha OCHOBI
B3aeMOJ[ii TeHOTUITy 3 yMOBaM! 30BHINTHBOTO
cepemoBuinia. PeHOTUII HIKOJIM He BimobOpaskae
TeHOTHII ITiJIKOM, a JIUIIle Ty MOro YacTUHY, dKa
peaidyeTbcA B IIEBHUX yMOBax OHTOTEHE3Y.
¥V mporeci po3BUTKY opraHidamy (GeHOTHUII 3Mi-
HI0OETbCA. MeKi, B AKUX 3MiHIOIOTBCA (heHOTHU-
IIOBi IIPOSIBU T€HOTUITY, HA3WBAIOTHCA HOPMOIO
peaxirii.

[iépuagonoriyHnm aHani3 Ta OCHOBHi
TN CXPeLLyBaHb

Tiopugosoriunuii aHajxis — I1e QOCJIiAKeH-
HA XapakKTepy YCHaAKyBaHHS O3HAK 3a JOIO-
MOTOI0 CHCTEMHU CXpeIlyBaHb. VIOro OCHOBOIO
€ ribpuamsaris, AKa TOJIATAE B CXPEITyBaHHI
opraHismiB, 10 BiApisHAOTHCA MiK c000I0 3a
OfHi€I0 YM KinbKOMa CIaJKOBMMU O3HAKaMWU,
HaIPUKJIA[L 3a 3a0apBJIeHHAM HaciHUH, (h)OPMOIO
KpuJi, ODOBXKUHOIO Hir tomro. Hamraakis, oxep-
JKaHUX Bil TAKOTO CXpeIlyBaHHA, HA3UBAIOTH
riopumammu.

Hna mpoBeleHHA AOCJiiB 3 TeHETUKU U ce-
JeKIii BueHi 3AiNICHIOIOTH CXPEIyBaHHSA Opra-
HisMiB i mocuimKyoTh 6aTbKiBChbKi opramismm
Ta OpraHidMu IIepIIOT0, APYroro ¥ HACTYIHUX
IOKOJIIHb. 3aJIe’KHO Big KiJabKocTi reHiB, dAKi



aHaJi3yIOTh, PO3PiBHAIOTH MOHOTiIOpUIHE (OAUH
reH), TuriopuaHe (IBa reHu) i moairiopumane (6a-
raTo TeHiB) CXpelryBaHHS.

Ilig yac BUBUEHHS yCIaAKyBaHHS, 3YeILIe-
HOTO 3i CTaTTIO, YacTO BUKOPUCTOBYIOTH 3BO-
POTHE cXpelryBaHHSI, KOJW O3HAKa, SKa BU-
BUAETHCA, B MEPIIOMY BapiaHTi CXpelryBaHHIA
€ y caMKH, a B APyroMy — y caMiid.

[eHeTnYHa cMmBONiKa

s samucy CHCTEeM CXpeIlyBaHHS Ta
pO3B’A3aHHS TeHeTUYHUX 3ajJlau y T'eHEeTUIli BU-
KOPUCTOBYIOTH CIIEIliaJbHy CHCTEMY IIO3HAUEHb
i cuMBOJIiB.

SARIo reHiB KiJibKa, TO BOHU B 3aIllHCy PO3-
TAIIOBYIOTHCA B aj()aBiTHOMY HOPAAKY. omi-
HAHTHUHA aJiesib 3aBXKAU TUINYTH IIEepej] pere-
CHBHHUM aJjiejieM TOrO K T'eHa.

OCHOBHIi reHeTUYHI cMMBON

BarbkiBchbKU# opranism P

Ti6puau mepIroro mOKOJiHHA F,

Ti6puau npyroro moKoJIiHHS F,

Tameru G

3HaK CXpeIyBanHs X

MareprHCHKA 0COOMHA Q

BarbKiBcbKa 0coGuHa d

Asesb IeBHOTO reHa — JIATUHCHKI A,B,a,b

OyKBU

Auteni ogHOrO reHa — OgHAKOBI Aa, AA, Bb

OyKBU

HominauTHi amenri — Beuki 6yKBU A B, R

PernecuBHi asmeni — majieHbKi OykBu | a, b, r

TemoTunoBa popmysia ocobuHu Ab, aa,
AaBb, AArr

Bynp-axkuit anens (oMiHAHTHUI Y1 — (Hampuk-

pelecuBHUM, AKIIO IIe He Ma€ 3Ha- aan, A—B-)

YeHHA) Y TeHOTUIOBiN hopMmyIi

0 KnioyoBga iges

leHeTnKa 3acTocoBye 6arato cneuudiyHmx Tepmi-
HiB Ta cneuiasibHy reHeTU4YHy cumBORiKy. OgHUM
3 OCHOBHUX METOAiB reHeTUUYHUX AOCNIAKEHb € Ti-
6PUZONOTIYHMIA, Mif Yac AKOrO BUKOPUCTOBYIOTHCA

Pi3HOMaHITHI TN CXpeLlyBaHb.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

@ -y e @D < Cly

AKWO peuecrBHa AKWO peuecrBHa

reHotun BB romo3urota bb reHoTun Bb romosurota bb
®
o b @ . o |
Bb | Bb Miépuan (F,) Bb | bb
o E D o @ |
Bb Bb Bb bb

Yci ribpuan 3 nypnyp-
HVMW NenocTKamm

MonosuHa ribpumgis 3 NypnypHUMm
nenocTkamu, a NosioBMHa — 3 6inummn

Man. 59.1. Cxema aHanisylo4oro cxpeljyBaHHA

AHanisyloue cxpellyBaHHA

Y xomi mocaimikeHb T€HETHUKHW YacTO IIPO-
BOAATH TaK 3BaHi aHaJi3yOui cxXpemryBaHHS.
Amnanizyroue cxpenryBaHHS — Ile CXPeIyBaHHS
0COOMHU 3 HEeBiIOMUM IeHOTHIOM 3 OCOOMHOIO,
TOMOSUTOTHOIO 34 PEIleCUBHUMU aJIEJAMU BCixX
Jocaim:KyBaHux reHiB. PosrasHemo #oro Ha
KOHKpeTHOMY mpukJani (maa. 59.1).

IlypnypHi nmenxfocTkm — moMiHaHTHA O3HA-
Ka, AKa BU3HAYAETHCA JOMIHAHTHUM ajiejieM
P. Binmi meaiocTKM — pellecuBHA O3HaKa, dAKa

BU3HAYAETHCS PEIECUBHUM ajieseM p. SIKII0
pociiiHa, Ky MU JOCIiPKyeMO, Ma€ IypPITyp-
Hi meslocTKH, TO B Hei MosKe OyTw aBa pisHi
TeHOTUIIN, AKi 3a0e31euyioTh TaKUHA (PeHOTHUII:
PP i Pp. fdKIo MU CXpPecTUMO III0 POCIUHY
3 POCIMHOIO, SKa Mae 0iji mesocTku (BoHA
MOJKe MaTU TiJIbKYU TeHOTHUIl pp), TO Pe3yJIb-
TaT CXPeIlyBaHHA Oyme 3ajiedkaTH TiJbKH Bif
ii remoTuny. SKmnio BoHa mae resotun PP, To
BCi HamagkKy Biff cXpeIlyBaHHA MaTUMYTh Te-
HoTunu Pp i mypmypHi memdfocTKu. A AKImo ii
reHoTun Pp, TO mOJIOBUHA HAIaAKiB MaTuMe
nypnypHi (remorun Pp), a mojsioBmHa — Oiji
(reHoTHI pp) WEJIOCTKHU.

3anuTaHHA Ta 3aBOaHHA

1. [Ina yoro mMoXHa BMKOPMWCTOBYBATW aHasisyloue
cxpelyyBaHHA? HaBegite npuknagu. 2. Akum byae pe-
3ynbTaT aHani3ylouyoro cxpeLlyBaHHA 3 AUreTepo3nroToro
AaBb? 3. Cknapitb cxemy OyAb-Akoro TpuribpugHoro
CXpeLlyBaHHs.
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§ 60. 3akoHOMIpHOCTI ycnagKkyBaHHA. 3akoHu . MeHpaena

0 [omipkynTe

Anenb, WO BM3Ha4Ya€ TeMHe 3abapBneHHA oyeil

y NOAVHW, AOMIHYE Hap anenem, Wwo 3yMOBJIIOE
IXHII 6GNakNTHUI Konip. Y MOXKIMBE HapOLXKEHHSA
61aKNTHOOKOT ANTVHW Y TEMHOOKMX 6aTbKiB?

e [eH « [6puanzauin
o Anenb o [eHOTUN
o QeHoTMn

CTBOpEHHSA ribpuaonoriyHoro metoay

AocnigXeHb

OcCHOBU CyYacCHOTO I'iOpHI0JOTiYHOTO METOLY
crBopuB I'perop Mengens (man. 60.1). Bim mo-
CJIiIKyBaB HACJHiAyBaHHS Pi3HUX O3HAK IOPOXY.
ITpoBiBIIM MaTeMaTHUHI IMiAPAaXYHKU POSIOLLITY
pisHUX BapiaHTiB O3HaAK y HaImIanakis, I'. Mengeab
3Mir' yCTaHOBUTHY 3aKOHOMiPHOCTI yCcIaaKyBaHHA
O3HaK i chopmy.rroBaB cBoi 3akoHu. Came I'. Men-
JleJb 3aIlPOIMOHYBAB «3aJaTKU» O3HaK (reHu)
MO3HAUUTH JiTepaM! JIATUHCHKOTO aJdasiTy.

3aKOH YMCTOTW ramMeT Ta LUUTONOriYHa
OCHoBa 3akoHiB . MeHaens

Y cBoix pmociaigax I'. Mennenb yneBHUBCH,
10 i 6aThbKiBCbKUIT, i MATEPUHCHKUHA OpraHisMu
MaloTh ABa BapiaHTu (ajejs) CIAaIKOBOTO «3a-
maTky» (rema). I KoKHOMY 3i CBOIX HAIAAKiB

Man. 60.1. lperop MeHpenb (1822-1884),
YyecbKunii CBALLEHUK, 3aXOMn/oBaBCcA H6OTaHiKo
i NpoBoaAMB 6araTto GioNOriYHUX JOCNigKEHD
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BOHU IlepefalTh TiIbKU onumH 3 Hux. lle mpa-
BUJIO OTPUMAJIO HA3BY 3aKOHY YHCTOTH TaMeT.
Kosu misuinie BuBumJm OyZOBY Aapa KJi-
TUH XUBHUX OPraHi3aMiB, TO BHUABUJIN B HUX
napHi xpomocomu. Ili CTPYKTypU pPo3XOoauanCs
HOOIWHIII 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 reHu KJiTWH.

Cxemu cxpellyBaHHA

Hocaigu 3i cxpemryBaHHA B TeHETUIll 3a-
MUCYIOTh Y BUTJISAAI CXeM CXPeIlyBaHHS, BUKO-
PUCTOBYIOUM T€HETUYHY CUMBOJIIKY. ¥ IIEpPIIIOMY
PAOKY 3aIliCyIOTh 'eHOTHUIIOBI (hopMyiu 6aThKiB,
y APYrOMYy — THUNOM iXHiX ramMer, y TPeTbOMY —
TeHOTHUIIU IIEePINOro MOKOJiHHA i T. A. SKIro re-
HiB KiJIbKa, TO BOHU y 3aIIMCYy PO3TAIIOBYIOTHCS
B ajmdaBiTHOMY mopanKy. omMiHaHTHUEN ajesb
3aBXK/UM IUIIETbCA IIepe]] PEeIeCUBHUM aJiejieM
TOTO K TeHa.

IIpuxnad
P AAbb x aaBB
Tamern
F AaBb

1
Hamaaku, sSxi yTBOPIOIOTHCA B pe3yJbTaTi
CXpenlyBaHHs, MOKYTb BiIpisHATHCA MiXK co-
0010 AK 3a (PeHOTHUIIOM, TAK i 3a TeHOTHUIIOM.
Y rakomMy BHHOAAKy KamKyTh, IO BimOyJocs
po3leNJieHHd O3HAKH y HAIaAKiB 3a TeHOTHU-
oM i ¢eHOTHIIOM. 3aIHCYIOTEL II€, PO3OLIAIUN

BB bb
X BaTtbku (P)

€ W
@ rameTun (G)

li6bpuan nepworo
nokoniHHa (F,)

Man. 60.2. MposAB 3akoHy OAHOTUMHOCTI ribpugis
nif yac cxpellyBaHHA cobak



BB X bb /“ﬂ Batbku (P)

Bogd [ W

li6puan nepworo
MoKoniHHA (F))

d 8 b

B
! ' BB Bb l6puan gpyroro

b d /-‘é nokoniHHs (F,)
Bb & b

Man. 60.3. lpoAB 3aKOHY pPO3LLEn/IeHHA CNAJKOBUX O3HAK
nig Yac cxpelyyBaHHA POCIVH

TpyInu HaIaAgKiB 3a JOOMOTOI0 ABOKpamku. Ha-
MIPUKJIAL, PO3IIENIeHHA 3a reHoTunoM 1 (AA) :
2 (Aa) : 1 (aa) osuauae, 1110 BCiX HAIAAKIB MOMK-
Ha MOMiINTA Ha 4 YaCTWHU. 3 HUX OJHA YaCTHHA
Oyme matu reHotun AA, nBi — reHorun Aa i 1mie
ofiHa — TEHOTHII ad.

3aKOH OQHOTUNHOCTI ribpuaiB NepLoro
NOKOSIHHA

Hamagku mepIioro moKOJIiHHSA BiJf CXpeIry-
BaHHA CTiHKuX (Gopm, AKi BigpisHAIOTHCA 3a
OJHi€I0 03HAKOI0, MAIOTh OJHAKOBUI I'eHOTHUII Ta
(hemoTun sa miero osHakowo (mana. 60.2).

3aKOH po3LensieHHA CNagkoBMX O3HaK
y HalagKiB ribpnga
ITig wac cxpemryBaHHA TiOPUAiB IIEPIIIOTO

HOKOJIIHHS MiX co00i0 cepen TiOpumiB APyroro
TOKOJIIHHSA y  IIeBHUX CITiBBiTHOIIIEHHAX
3’ABJATHLCA OCOOMHM 3 (PeHOTHUIIAMHU BUXITHUX
O0aTbKiBChbKUX (opM Ta TiOpuAiB IEPIIIOTo
mokoainug (maia. 60.3).

Y npomMy BUIIQAKY MU CIIOCTEPiraeMo y apy-
TOMY IIOKOJIiHHI pOS3IIeNnJieHHs 3a T'eHOTUIOM

1(BB) : 2(Bb) : 1(bb),

a 3a (enorunom: 3 ((piomeroni) : 1 (6iui).

3aKOH He3aneXxHoro KoOM6iHyBaHHSA
CNagKoBMX O3HaK

l'enu, aki BU3HAUYAIOTH Pi3HI 03HAKY 11 TIepe-
0yBalOTh y PiBHUX TPylax XPOMOCOM, CIAAKY-
IOThCS He3aJIeXKHO OAUWH BiJl OJHOI0, YHACJiIOK

0 KniouoBa ines

lperop MeHpenb chopMyrnoBaB Kiflbka BaX/u-
BMUX 3aKOHIB, fIKi BCTAHOBJIIOIOTb 3aKOHOMIPHOCTI
ycnagkyBaHHA MOHOreHHMX 03Hak. Lli 3akoHu cTa-
JIN OCHOBOI KJTACMUYHOI FEHETUKN.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

? (e8] 3 faabb)

batbku (P)
rametn (G)
l6puan nep-

AaBb LLIOrO MOKOJIiH-

3 AB Ab  aB  ab Ha (F)

e

AB | AABB|| AABb|| AaBB| | AaBb|
l6puan

"
Zpyroro no-

a8 [AaBB)[AaBb) [aaBB] (aaBb] o™+ (F)

@

Man. 60.4. NpoaB 3aKOHY pO3LUEnSIeHHA CNaJKOBUX O3HakK
nif Yac cxpeLlyBaHHA FOPOXY 3 HaCiHHAM PIi3HOro Kosbopy
i dopmn

YOro cepej HAIlAaAKiB APYTroro MOKOJIIHHA Y IIeB-
HUX CIIiBBiJHOIIEHHAX 3 ABIATLCA OCOOMHU
3 HOBUMU (BiZHOCHO 0aTbKiBChKMX) KOMOiHAILi-
avu o3Hak (mas. 60.4).

Y npomy BUMIAAKY MU CIIOCTEPIraeMo y apy-
roMy IIOKOJIHHI POBINEIJeHHsS 34 T€HOTUIIOM:

1(AABB) : 4(AaBb) : 2(AABb) : 2(AaBB) :
1(aaBB) : 2(aaBb) : 1(AAbb) : 2(Aabb) : 1(aabb),

a 3a (Qemorumom: 9 (Kcosmi znadenvki) :
3 (3eseni enadenvki) : 3 (Hoemi amopuikysami) :
1 (3eneni 3mopwkrysami).

T'enorunu AABB, AaBb, AABb i AaBB Bu-
3HAYAIOTh OAJHAKOBUI (DEHOTUII, TOMY IO B HUX
MiCTUTBCSA Xo4ua 6 II0 OAHOMY IOMiHAHTHOMY
ayeyifo obox reniB. fAkuit amens Oynme B iHMmIin
XPOMOCOMi B IIbOMY BUNIAAKY, He Ma€ 3HAUEHHS.
Tomy wacTo BcCi Ii BapiaHTM I'eHOTHIIIB ITO3HA-
4aoTh Ik A—B—. Tupe Ha Mmicii gpyroro ajeas
MO3HAYAE Te, IO TaM MOKe OyTu OyAb-AKUM
ajyesb (IOMiHAHTHUN YW PeIlecUBHUMI). Y Tako-
My BUIIAJKY 3aIlVC PO3IIEIJIEHHA 32 T€HOTUIIOM
Oyme MaTu BUTJIAML:

9(A-B-) : 3(aaBB) : 3(AAbbD) : 1(aabb).

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Yomy ropox BUABMBCA BAanMM 06’'eKTOM AnAa po-
cnigkeHb, AKi 3gincHoBaB . MeHgenb? 2. Ha KOHKpeT-
HOMY NpPUVKNagi NOACHITb, AK MPALIOE 3aKOH po3LLenieH-
HSl CMAfKOBMX O3HAK Yy HalwapkiB riopuais. 3. Cknagitb
reHeTMYHy 3afady, AKa inocTpyBana 6 3aKOH He3anex-
HOro KOMOGiHYBaHHA CMAafKOBUX O3HaK.
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§ 61. Bsaemopia aneniB. MHOXXNHHUIA aneni3m

0 [NomipkynTte

[inAa npoBefeHHA AOCHiOXeHb rpyn KpPOBi Y Ha-
ceneHHA B cuctemi rpyn Kposi ABO BuginAiotb
TPW anend i YoTMpW rPynn KPOBi, a B CUCTEMI
pe3yc — fABa anenda i ABi rpynu Kposi. Yomy?

Q 3raganTe

e [eH * Anenb
o [lomiHyBaHHA e« [omo3urota
o [eTepo3nrota e« [unnoigHui opraHiam

B3aemopia aneniB ogHoro reHa

Sk Bu BiKe 3HaeTe, NOMIHAHTHUN aJjenb
y TeTepO3UrOTHUX OCOOMH IIPUTHiUye nOilo pe-
IIeCUBHOTO aJjejd. AJie CTYyIIiHb AOMiHYBaHHS
Moske OyTu pisHuM. Po3pisHAIOTE MOBHE JOMiHY-
BaHHA, HeTIOBHE JOMiHYBaHHS i KOMOMiHyBaHHS.

MHOXVUHHWUNM aneniam

SIK BU BiKe 3HAETe, B OPraHi3dMi AUILIOITHUX
eyKapioTiB KOKHUI I'eH, PO3TAIIIOBAaHUI B ayTO-
coMi, IpeAcTaBJIEHUN Y IBOX eK3eMILIsApax. Ta-
KOJK BaM BifJloMO, III0 MOKYTh iCHyBaTum pisHi
BapiaHTH TeHiB, AKi HA3WBAIOTHCA aJeJIAMU.
3po3yMiso, IO B OpPraHisdMi OZHOYACHO MOMKe
OyTu TiJBbKU ABa PisHi anesi. Aje AKI0 MU PO3-
TJITHEeMO He ONHY OCOOMHY, a Iy IIOIYJAIiio,
TO BUSBUTBLCH, IO KiJbKiCTh BapiaHTiB OJHOTO
reHa Moske 0yTu mabararto Oinbinoro. HasgsHicTb
IBOX 1 OijbIlle aJiesliB y IOMYJIAIlil Mae Ha3BY
MHOKUHHOTO aJIeJri3my.

Ile sBUIlle BUHMKAE Uyepes Te, IO B opra-
HisMax mocTiiiHo BigOyBaroThcsa myTalrii. I my-
rTamii, AKi crajgucd Ha PisHUX IiJAHKaAX reHa,
MOJKYTH CTBOpPIOBATHU PisHi #oro BapianTu. Mix
co0010 ajieii MOKYTh B3aEMOIIATH IIO-Pi3HOMY.
Hanpukiaan, sk y BUIIagKy I'PyIl KPOBi B JIIOAU-
HU, JABA ajejii MOXKYTh OYyTHM KOJOMiHAHTHUMU
MisK c00010 i JOMiHAHTHMMH! IIO BiJHOIIIEHHIO

BapiaHTu B3aemogii anenis ogHOro reHa

Oco6auBocTi THIIY TOMiHYBaHHSA

IToBHe moMiHyBaHHS

Y reTepo3uUroTy IPOABIAAETHCA TIIBKY Iid JOMiHAHTHOTO aJje-
JId, I 0O3HAKa BUTJIALAE TAK, AK 1 B JOMiHAHTHOI TOMO3UTOTI

HemnoBHe moMiHyBaHHSA

T'eTeposurora Mae MPOMiKHUHA ITPOAB O3HAKH IMOPiBHAHO 3 IIPO-
ABOM Ii€el 03HAKM Y JOMiHAHTHOI Ta PeIrecCuBHOI TOMO3UTOT

KogominyBanusa

O0uaBa BapiaHTH 0O3HAKHU IIPOSBISAIOTHEC OgHOUYacHO. Hampu-
KJIaJ, FeTepo3urora 3a rpyiom Kposi AB micTurs HAa MeMOpa-
HaX epUTPOIUTIB i auTured A, i auturer B ogHouacHo (amesi
A i B e xomominaaTauME). Anesb 0 IIbOro reta € pereCuBHIM

Cxema B3aeMozil aaeiris

@ 090

AA aa Aa
3efIeHNN >KOBTUI 3eN1eHnin
o + o — <

AA aa Aa
YepBOHUN 6innn poXeBuit

aHTUreH A aHTUreH B
4 s

rpyna Kposi A rpyna Kposi B

110 BiTHOMIEHHIO 10 iHIITUX aJIesIiB, i TeTepo3uroTu, AKi MicTATH
el ajeyib, MalOTh Ha MeMOpaHax abo auTured A, abo aHTUTeH
B. PigHuma Mik KOZOMiHYBaHHAM i HETIOBHUM JOMiHYBaHHAM
y TOMY, IITO IIiJf YaC KOJAOMiHyBaHHs O0OUABi O3HAKY IPOABJIIA-
I0ThCS IIOBHiCTIO
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AHTUreHN BiACYTHI
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Man. 61.1. leHeTUYHe BU3HAYEHHS IHTEHCMBHOCTI 3abapBneHHsA WepCTi Yy Kponis

Mprknagn nnenotponii

Opranizm IIpuknagu miieioTpomii
Osec 3abapBJiIeHHA JIYCOUKHU i JOBXKMHA OCTi HACIHMH BU3HAYAETHCA OTHUM I'€HOM
Kimka Bini kimkwu 3 ronyoumMu ounMa MamTh CXUJIBHICTD 0 IIyXOTH
Jlroqmuaa Auens pynoro 3a6apBiaeHHS BOJIOCCS TaKOMK BU3HAUAE OLIBIN CBIiTINIT KOJip ITIKipK i POBBUTOK

JIJACTOBUHHSA.

Cungpom MapdaHa BUHUKAE AK Pe3yJIbTAT IIOPYIINEeHH B I'eHl, AKUH BifmoBigae 3a cuuTe3 011~
HOTrO 3 TIiKompoTeiniB. Hacaigkom 1{bOro 3aXBOPIOBAHHSA € PO3BUTOK JOBIUX MAJIbI[iB (apax-
HOJAKTUJIiA), HOPYIIeHH 30PY (HedeKT KpUIlITaJInKa), BaaAu CepIlsd Ta AesaKi iHIi osHaKu

0 Tperhoro ajeis. AGo ajesli MOXKYTh yTBO-
pIOBaTH PAJ 3a 34ATHICTIO ZOMiHyBaTH.

Tak, rea C y KpoJIuKiB BifmmoBigae 3a inTen-
CUBHIiCTh 3abapBieHHs 1repeTi (maa. 61.1). Ogun
3 oro ajeiiB (ajiejib IIOBHOTO 3a0apBJIeHHS) €
IOMiHAHTHHUM AJIS BCiX iHINMMUX ajesaiB i 3abeasme-
uye piBHOMipHe r'ycTe 3a0apBJjeHHA BCHOTO Tija.
Hpyruit anens (IMIUHIIUIOBOTO 3a0apBJIEHHA) €
PEelleCUBHUM [0 TIEPIIOro ajiejid i JOMiHAaHTHUM
Oad iHmumx aJeniB. Bin 3abesmeuye MeHII iH-
TeHCHUBHEe 3a0apBJIeHHS IIIEePCTi IO BCHOMY TiJIy.

Tperiti anens (rimasalicbKoro 3abapBJIeH-
HsI) 3a0e3meuye cBiTjie 3a0apBJeHHS BCHOT'O Tija
3 TEMHUMU IJIMaMU Ha IeIKUX JiIAHKax (J1amu,
Byxa Toilo). BiH € pelieCuBHUM [0 JTBOX IEPIITUX
aJIesIiB i JOMiHAHTHUM I HacTymHOro. OcTanHini
ajiesb IILOr0 reHa (ajeb aabbiHi3My) BU3HaUae

0 KniouoBa ines

Aneni ogHOro reHa MoOXKyTb B3aEMOZIATU MiX
cobot. Hacnigkom Takoi B3aemMogii € ABuLA A0-
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
BM3HauyaT GOpPMyBaHHA KiNlbKOX O3HaK (ABMLLe
nnenoTponii).

BifcyTHiCTh 3a0apBieHHA MO Bciii miepcrti. Bim
€ pelecuBHUM II0 BiJHOIIEHHIO MO BCiX iHITIMX.

Mnenotponia

ILneitorpomis, abo mogupikyioua aisd reHa,—
Ie 3JaTHICTHL OJHOTO r'eHa A0 BU3HAYEHHS pis-
HuX o3Hak. Ilya eykapioTiB Taka BJIacCTUBICTH
ixHiX TreHiB € HOPMOIO, 00 3aBAAKHU IIPOIlECY
aJIbTEPHATUBHOIO CILJIACUHTY KOMKHUI 3 T'eHiB
MOJKe YTBOPIOBATU KiJibKa PiBHUX IIPOAYKTiB.
VY noguHu, HATPUKJIAL, ¥ CEPETHHBOMY 3 OJHOTO
reHa MO’Ke YTBOPIOBATHCA MIiCTh PidHUX O0ij-
KiB. A KOKHUU 3 IuX OiJKiB yiKe € OKpeMoio
o3Hakor. Ilpukiaanu mneiioTpomii MoKHa IIO-
0aunuTH AK y JIOOIWHU, TaK i B IHIIUX JKUBUX
opraHismis.

03aﬂl/ITaHHF| Ta 3aBaHHA

1. Ha KOHKpeTHMX npuknagax noAcHiTb, YUM KOAO-
MiHYyBaHHA BiApPi3HAETbCA Bifj HEMOBHOIO JOMiHYBaHHS.
2. Po3B'axiTb 3agavy. [OMO3MrOTHOrO Kponuka 3 rima-
Nancbkum 3abapBrieHHAM CXPeCTUIN 3 FOMO3UTOTHUM
KPOJIKOM i3 WVHLLWIOBMM 3abapBneHHAM. A ribpua
Bifl LbOro CXpeLlyBaHHA CXPeCTUIN 3 KPOJIMKOM alb-
6iHocoMm. flke 3abapBneHHa OyayTb matu ribpuan Big
nepLoro i Apyroro cxpelyyBaHb? 3. BukopuctoByoumn
[OoOaTKOBI Kepena, 3HaNAiTh iwe ABa-TpU NpuKnagm
nnenoTponii B Pi3HMX OpraHiamis.
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§ 62. XpomocomMHa TeopiAa cnagkoBocCTi. KpocnHroeep

0 [omipkynTe

AKAM UMHOM OWTVMHA OTPMMYE O3HaKW i 6aTbKa,
i matepi?

Q 3raganTe

e« IHK « Xpomocoma » Anpo
e Mito3 « Mewos

prm/l 34ernJieHHA

ITicna BigkpurTta 3akouiB I'. Meunesna B Ha-
yIIi TOCTYIMOBO MOYaJ W HaKommuyBaTucA (haxTu
Ipo Te, IO B JeAKWX BUIALKAX POSIIEIJIeHHS
03HaAK BimOyBaeTbCcs He TaK, SK Ile Iepeadavain.
Busasunocs, 110 reau, ki posTaioBadi B OgHil
XPOMOCOMi, YCIIAAKOBYIOTECA Pa3oM (3UEILIeHO).
Taki rein HasBajau 34eIIEHHMMHU reHamMu. A pa-
30M ycCi reHu, AKi poaTaloBaHi B OOHiIN XpoMo-
COMi, YyTBOPIOIOTH Ipymy 34eruieHHA. KiabKicTb
TPyn 3YeNJIeHHSA B OPTaHi3MiB IIEBHOTO BUAY
IOPIBHIOE KIJIBKOCTI XPOMOCOM B OJAMHAPHOMY
(ramioigHoMy) HabOpi, AKWUI MiCTUTBCA y cTa-
TeBUX KJaiTmHax. Hampurianm, y aposodinm ix
4, y ximgu — 19, a B aroguau — 23.

YTBOpeHHA rameT y pasi

34enieHoro ycrnagKyBaHHsA

IIpukigagomM 3uYemJeHOTO YyCIaAKyBaHHSA
TeHiB Mo:ke OyTH yCHaAKyBaHHS IBOX O3HAK
y MyImku aposodisu — KoJIbopy Tina # opmu
Kpua. YopHuii Koiip (a) i sauatkoBi Kpuaa (b)
BU3HAYAIOTHCS PEIeCUBHUMHU ajieJIAMU, a cipe
Tisio (A) i moBri kpuia (B) — OOMiHAaHTHUMU.
T'enu, aKi BUBHAYAIOTH IIi O3HAKM, PO3TAIIOBaHI
mopsAn B onHii xpomocowmi. I1lo Gyxe y Bumaaky,
AKIIO MU CXPECTUMO CAMKY apo3o(dinu, AKa €
PEIeCBHOI0 TOMO3WTOTOI0 3a UMM O3HAKaMU
(remotun aabb), i3 camiem, y AKOrO B OOHII
XPOMOCOMi po3TallloBaHi ABa JOMiHAHTHI aJeJi,
a B iHmi# — pgBa penecuBHi (reHotun AaBb)?

AK6u mi o3HAKM ycHamKOBYBaJUCA Hesa-
JIEJKHO, TO Yy T€TEePO3UTOTHOI MyXU MaJix O yTBO-
puTtucsa dotupu Tunu ramert: 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-
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MOBiTHO, HANIAAKX BiJ IIHOTO CXpeIlyBaHHSA
OyayTh MaTHU TiABKM OBa (DEHOTHHOU: cCipe Tijo
3 IOBTMMU KPWUJIaMM ¥ YOPHE Tijo i3 3ayaTKoO-
BuMH Kpumiaamu (mana. 62.1).

XpOMOCOMHa TeopiA CNagKOBOCTI

XpoMocoMHa Teopiss crmaakoBocTi Oyja 3a-
IPOIIOHOBAaHA MalKe Biapasy micisa mepesin-
KpuUTTA 3aKoHiB I'. Mennens. Ii sampononysanu
T. Bosepi Ta B. Carron (1902-1903). Ane cBiit
CyJYacHUI BUIJIAL BOHA OTPUMAJIa OeIro MisHilme
saBasaku poboram T. X. Mopraua ta #oro ciis-
pobitHukiB. I[a Teopia mosBoamya 30cepeguTu
yBary BUEHHX Ha APl KIiTMHU AK MicIi 36epi-
raHHA cunagkoBol iH(opMmallii i Ha xpomocomax
AK Ha Hociax miel imdopmarrii.

OCHOBHi TOJIOMKE€HHS XPOMOCOMHOI Teopil
CIIATKOBOCTI:

+ MarepiaibHOIO OCHOBOIO CIIaZKOBOCTI €
XPOMOCOMM.

« T'enm posramoBani B XpomMocomMax y Ji-
HiliHiTI mocJimoBHOCTI.

« I'enu, aki JoxaJrizoBaHi B OAHIN Xpomo-
COMi, YyTBOPIOIOTH OHY TPYyIy 3UeIlJIeHHA i 1e-
penarmThCA HAIlagKaM PasoM.

- KinpkicTh rpyn 3uenjieHHsA OOPiBHIOE ra-
IJIOITHOMY YHCJIY XPOMOCOM.

« TamyoigHe YKMCIO XPOMOCOM € TOCTiHHUM
IO KOYKHOTO BUMY.

« O3Haku, gKi BUBHAUAIOTHCA 3UEIJIEHUMU
reHaMU, TaKOK YCIaJKOBYIOTHCS 3YEILJIEeHO.

« MixX roMoJIOTIYHMMU XPOMOCOMAMU MO-
JKyTh BimOyBaTmcss KPOCHHTOBEpW ¥ OOMiH mi-
JSTHKaMU.

+ YacTroTra KPOCHHIOBEPY IIPAMO IIPOIIO-
pIifiHa BiAcTaHI MiK reHaMu.

bygosa xpomocom

KoxHa 3 XpoMOCOM € JOBTOI0 MOJIEKYJIOIO
IHEK, axa yTBOPIOE CKJIaJHUI KOMILIEKC i3 0ika-
MU zicmonamu. BiibIly yacTUHY CBOTO iCHYBaH-
Hs XPOMOCOMH I1epe0yBaioTh y HEKOHIeHCOBAHO-
MYy CTaHi I MalOTh BUIJIA] TOHKUX HUTOK. JIuie
Oif yac KJIiTHHHOrO IIOAiIY BOHU KOHIEHCYIOTh-
cA ¥ YTBOPIOIOTH UiTKO OKPECJIEHI XPOMOCOMHU.

Ilix wac mominy KJiiTmHEM MalXe Bci
XpomMocomMu MaioTh X -moaioHy hopmy (Mas. 62.2).



lomonoziuyHi Xxpomocomu 3i 34ensieHUMU 2eHamu

AB . .
X\ Cipe Tino,

ab [oBri Kpuna

YopHe Tino, ab
barbku (P) 3apoaKoBi Kpuna 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
KOJKHa 3 XpPOMOCOM CKJIAZAeEThCA 3 OBOX
OOHAKOBUX HUTOK (xpomamud), Aki 3’emHaHi
MiX co00I0 B OfHiIl TOUIli, II0 HA3UBAETHLCS
UeHmpomepoio, a YaCTUHU XpoMaTuj Bix miel
TOUKU 0 IXHIiX KiHIIB — naeuamu.

VY GinpIrocTi eyKapioTiB KOKHA 3 XPOMOCOM
Mae ImapHy il roMoJoTiuny XxpomMmocomy. I'omoJio-
riuui XpoMocomMu AyOJIIOIOTH OTHA OOHY. ¥ KOMK-
Hii i3 XpoMocOoM TakKoi mapm € miIAHKHU, SKi
KOIYIOTH OJHAKOBI I'eHU.

Kapiotun

CyKymHiCTh yCix XpOMOCOM KJITHUHMW Ha3u-
BaiOoTh KapioTumnom. [[Jig KOKHOTO 3 BUIiB eyKa-
pioTiB BiactuBuii cBifi Kapiorun. Kinbkicrs,
po3Mip i CTPYKTypa XpOMOCOM IILOTO KapioTu-
Iy € OJHUM i3 KpUTepiiB BUAY, AKUIN J03BOJIAE
BU3HAUUTH HaJEXKHicTb ocobuH o Hhoro. Ka-
pioTun JgOIUHU MicTuUTh 23 Iapu XPOMOCOM.
Opmma 3 mMux map — Ie crareBi xpomocomu (XX
y kisok i XY y wosoBikiB). Bei inmri xpomoco-
MU JIOAVHU HA3WBAIOTHh ayTOCOMAaMMU.

MexaHi3m KpocnHrosepy

B excmepumenTax MopraHa Ta HOTO CIIiB-
poOiTHMKIB I yac BUBUEHHS yCIaAKyBaHHS
3YeIJIeHUX O3HaK OyJ0 BUSBJIEHO, IO Cepen
riopuniB aposodis € meBHA YacTUHA MyX 3 Ie-
pexoMOiHaIli€eo IIMX O3HAK i Mae Micie mopy-
IIeHHs 3YeIlJIeHOro ycunamakyBaHHA. lle OyJuio
HACJIiTKOM KPOCHHT'OBEDY.

0 Kniouosa iges
[eHn eykapioTiB poO3TalloBaHi B XPOMOCOMax —

CKNagHuX CTPYKTypax, AKi cknagatotbca 3 [HK
i 6inkis. OcobnunBOCTi Nepepayi cnagkosoi iHop-
MaLilo AnAa LbOro BUMafKa OMMCYe XPOMOCOMHa
Teopia cnagkoBocTi. OfHielo 3 ocobnuBocTel
XPOMOCOM € MOX/MBICTb OOMiHY AiNAHKaMM Mix
XPOMOCOMaMu — 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 KpOCMHTOBEpP — IIe 00-
MiH DiJTAHKAMU I'OMOJIOTiYHUX XPOMOCOM y IIPO-
meci meiiody. Came uepe3 KPOCHHIOBEP HeMAae
abCOJIIOTHO ITOBHOTO 3YEIJIEHHS I'eHiB, 3a AKOTO
BOHU TepemaBayiucsa 0 3aBKIU Pa30M.

ITepexpentenaa Misk XpoMaTuAaMu TOMOJIO-
TiYHUX XPOMOCOM MOJKe BifmOyBaTHCsS OSHOUYACHO
B KiJgbKOX Toukax. KpocurHrosep, 1o BimbOysa-
€ThCsA JUINIe B OJHOMY MicIli, Ha3WBalOTh IO-
OOWHOKHUM, Yy JBOX TOUYKaX OJJHOYACHO — IIO-
OBililHUM, y Tpbox — motTpiiitHum. Hacmpasgi
B JKVUBUX KJITHHAX KPOCUHTOBEpD 3aBXKAU €
MHOKUHHUM, a BCi iHIIII BapiaHTU CTOCYIOThCA
KOHKPETHUX TeHiB, AKi MOCIiIKYIOTh y TMEeBHiN
rpyni suvemaeHHsa. 'ameru, y AKuUX BigOyBcd
KPOCUHIOBep, HAa3UBalOTh KPOCOBEPHUMM.

KapTn xpomocom
Buxogauu 3 mojsioiKeHbB XPOMOCOMHOI Te-

opii cmagKoBOCTI I MexaHi3My KPOCHHTOBEPY
0OyJI0O CTBOPEHO TeHeTUYHi KapTu Xxpomocom. I'e-
HETUYHOI0 KAapPTOI XPOMOCOMM Ha3WBAIOThH 11
rpadiute 300pasKeHHs 3 IIO3HAUEHUM HA HHBOMY
posramnyBaHHAM reHiB. Ha KapTi mosHauaioThb
Ha3BU TeHiB, BiAcTaHi MiK remamu Ta iHOmi
MicIle po3TallryBaHHA IeHTpoMepu. ['eHeTmuHi
KapTyu XPOMOCOM OCOOJIMBO MOKJATHO CKJIaJIeHi
IJIS XpoMocoM apo3odinm i KyKypynsu, sdKi €
00’eKTaMU I'eHeTUUYHUX IOCJiIKeHb y:Ke 6araTo
pokiB. CryiazeHi BOHM TaKOMK i JIT XPOMOCOM
JIIOAUHYU Ta 6araThboX CBiMCHKMUX TBApUH i KYJIb-
TypHUX pocyauH. [[i KapTu MaoOTh BeJUKe 3HA-
YeHHA OJIS CeJIeKIIiiiHoi poOoTum ¥ miarHOCTHU-
KM BaXKKWX CHAJKOBUX 3aXBOPIOBAHb JIIOJAWHMU.

3anuTaHHA Ta 3aBOaHHA

1. Yomy pposodina BusBMNacAa Jyxe 3pyUYHUM
00'eKTOM ANsi reHeTUYHUX AocnigkeHb? 2. [lesiki reHu
ropoXy MICTATbCA B OAHI XPOMOCOMI, ane ix ycnagky-
BaHHA BigbyBaeTbcA 3rigHo i3 3akoHamu . MeHgens,
TOOTO He3anexHo. [MoACHITb, AKUM YMHOM Lie MOXXNBO.
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 63. leHeTUKa cTaTi

0 [omipkynTe

OpHe 3 pocnigXeHb BUABWUIO OCOOUMHU MULLIEN-
caMUiB, AKi Manu B CBOIX COMATUYHUX KNITUHAX
no ABi X-xpomocomu (Kapiotun camku). MoscHiTb,
AK MOIMa BMHUKHYTU Taka CUTyauis.

Q 3raganTe

o Cratb o PO3MHOEHHA

* Xpomocomu » CtaTeBi xpomocomu

Cnocobun BU3HaUYeHHsA cTaTi

¥V kuBUX opramismiB icHye KijbKa cIo-
co0iB BH3HAUEHHS TOr'0, SAKOI crarTi ocobuHa
posiB’eTbcsa i3 suroTu. MaiitbyTHIO CTaTh MOKYTH
BUBHAUATHU B0BHIIIHI yMOBH (AKIIIO JUYUHKA
yepB’AKa OoHeJil mepeOyBae Ha AHI OKeaHy, TO
3 Hei po3BUBaEThCA cCaMKa, a SKIIIO Ha X000T-
Ky caMK! — TO caMIli), IJIOIAHIiCTh OpraHiamy
(y Om:xin i mypax ramaoigHi ocoOOMHM — caMIli,
a DUILJIOIAHI — caMKM) UM cHelliajbHi cTaTeBi
XPOMOCOMH, AK y aAposdodin (iHimi xpomocomu
B IIbOMY BUMNAAKYy HAa3WBAIOTL ayTOCOMAMMU).

CrateBi xpomocomu

SKImo opradiaM BHM3HAUA€E CBOIO CTATh 3a
JIOIIOMOT'OI0 CTAaTEeBUX XPOMOCOM, TO BiH Mae
oxHy abo mBi Taki xpomocommu. SIKIIo crarte-
BUX XPOMOCOM [IIBi, TO BOHM 3a3BHYaill Bigpis-
HAIOThCA 3a po3MipoMm (omHA BeJuWKa, a iHIIA
MajeHbKa). A ocobmHU pi3HOI cTaTi MamTH abo
IBi BeMmKi xpomocomu (romMoraMeTHa CTaTh),
a0o OmHY BeJHKY W OAHY MaJIeHbKY (reTepo-
ramMeTHa crtaTb). [lo3HAUalOThL TaKi XpoMocoMu
JaTuHCbKUMU JiTepamu. Hampukiazn, BeIukry
XpPOMOCOMY MOJKYTH II0O3HAUaTH Jiteporw X,
a mMaJyry — Jitepoio Y.

Y pisHHX OpPraHi3MiB roMoraMeTHOI0 MOXKe
OyTu AK KiHoua, Tak i uosoBiua cratrb. Ha-
OPUKJAL, Y CCABI[IB i MyX T'OMOTaMETHOIO €
sKiHoua crarh (ii mpeacTaBHUKU MAalOTh TO ABi
X-xpomocomu, remotun — XX), a rerepora-
MeTHOI — dYoJioBiua (ii mpejgcTaBHUKM MaioThb
onay X- i omHy Y-xpomocomu, reHOTHUII — XY).
V¥ 6inbmrocTi nraxis i MeTeNINKiB, HABIAKU, I'O-
MOraMeTHOIO CTaTTi0 € doJioBiua (ii mpexacras-
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Yonosik XY Kinka XX 9
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ameTn
3urota
[HiBunHka 9 Xnonumk d

of
@ Kapiotun
OcobuHKN YyonoBivoi cTari d OCoBUHN XiHOYOI CTaTi 9
(NiBHWKN) (KypKn)

Man. 63.1. YTBOpeHHsA rameT y TBapuH 3 Pi3HNMW BapiaH-
Tamun romo- i reTeporameTHOI CTaTi

HUKHN MaloTh IO JBi OJHAKOBI XpoMocommu, aJje
MMO3HAYAIOTHCA BOHM BJKe IHIIOIO JIATHHCHKOIO
Jiteporo — Z, reHotun — ZZ), a reTeporaMer-
HOI0O — KiHoua (remorun — ZW) (mana. 63.1).
IcuyroTh TaKOK iHIII BapiaHTVM BU3HAUEHHA
CcTaTi 3a HOIIOMOI0OIO0 CTaTEBUX XPOMOCOM. ¥ Ie-
AKUX TBAPWH CTATEBi XpPOMOCOMHU OJZHOTO THUIIY,
# oHA CTATh Mae€ JIUIIEe OOHY CTaTeBY XPOMOCO-
My, a ifma — aBi ogHaxkosi. Tak, cepen KJOIiB,
ANIIPOK 1 JedAKMX ITaxXiB TPaANJATbHCA BUIU
3 TeHOTHIIAMU YOJIOBiUuOl Ta sKiHOUOI crareint ZZ
i Z0 ra X0 i XX Bigmosinuo (mmudpa 0 y 3anucy
O03HAYa€ BiCyTHiICTH APYroi mapm XpPOMOCOMM).
A xaukoa3p00 Ma€ II’ATh IIap CTaTeBUX XPO-
MocoM. ¥ ¥Oro ramerax MicTUThCcA abo II'ATH
X-xpomocoMm, a6o m’saTb Y-xpomocom. IIi xpo-
MOCOMH YTBOPIOIOTH OOWH KOMILJIEKC 1 I yac
OOy KJIITUHU PO3XOAATHCS 3aBXKIU Pa3oM.

yCI'Ia,L'l.KyBaHHFI, 3yenneHe 3i CTaTTio

T'enu, aAxi posTamroBaHi y cTaTeBUX XPO-
MOCOMAaXxX, Ha3WBAIOTHCA T€HAMM, 3YeIlJIEHUMU
3i crartio. IIpukaagamMu Takux TeHIB € TeHU
3abapBieHHA oueit y X-xpomocomi aposodinm,
TeHUu JaabTOHidMy I remodinii B X-xpomocomi



JIOAVHYU Ta TeHW TinepTpUxo3y U iXTiosy
B Y-XpOMOCOMi JIIOIWHU.

OcobauBicTio reHiB, aAki 3uemseHi 3i crar-
TIO, € Te, 1[0 BOHU MOYKYTb IlepedyBaTu y CTaHi
reMi3uroru.

T'emiszurora — 11e gumiaoigHa ocobmHa, SKa
Mae JIMIle OOWH aJjieib IeBHOro reHa. llei cran
BUHHNKA€E BHACJIiJZOK TOro, IO OCOOMHU OnHiel
3i crareil MaloTh ABi PisHi cTaTeBi XPOMOCOMIU.
Hampurknan, y agioguau B X-XpPOMOCOMi TeHiB
barato, a B Y-xpoMmocoMmi majio. Uepes Iie Ha-
BiThb pelecuBHi ajeni remis X-xpomocomu Oy-
IyTh TIPOABIATHCA Y (heHOTHUNI, OO0 HEMAE NPYroi
XPOMOCOMY 3 JOMiHAHTHUM aJiejIeM.

PosrisgaeMo 0co0JIMBOCTI yeIagKyBaHHS Te-
HiB, 3UeIJIEHUX 31 CTaTTIO, Ha IIPUKJIAII ccaB-
iB. 3 reHaMu, AKi po3TaIlIOBaHi B Y-XPOMOCOMi
caMmIiiB, yce mpocTto. Bonu mepegamoTbca HANPS-
MYy Bi caMIis 1O caMIls i B CAMOK ITPOABJIATUCT
He MOKYTh. BOHU 3aB:KIu 1epe0yBaioTh y CTaHi
reMmisurotu, 60 B HOpPMi I XpomMocomMa B AIpi
KJIiTMHU TiIbKM OJHA.

YcenankyBaHHA TeHiB, dKi posTarroBaHi Ha
X-xpomocomax, 6iybIin ckaagHe. B opranismi ca-
MOK BOHU TOBOIATHCA AK 3BUYAWHI M'eHU ayTo-
coM (HecTaTeBUX XpomMocoMm), 60 X-xpomocom
TyT aBi. B opramismi camiiiB 1mi reHu mnposs-
Js10Th cebe y crani remisuroru. Tomy osHa-
KM, AKi BUBHAYAIOTHCS PEIECUBHUMU aJIEJIAMU
TaKWX T'eHiB, MPOABIAIOTHCA Y CAMI[iB 3aBXKIU.
A orpumyioTh BOHHU iX Big cBOiX MaTepis.

YcnagKyBaHHA, 3anexHe Bif cTaTi

CraTh MOKe CYTTEBO BILIMBATH i Ha ycIaji-
KyBaHHS I'eHiB, sIKi po3TallloBaHi B ayTocoMax.
Takuii Tun ycmagKyBaHHA Mae Has3BY ycHaja-
KyBaHHSA, 3aJjeskHe Bim crari. MoxauBi pisHi
BapiaHTU TPOABY I[BOTO TUNY YCIAAKyBaHHA.
Hanpuraan, odHaka MOKe PO3BHUBATUCS TiIbKU
B onuiel crari. Tak, po3Mip MOJOUHUX 3aJI03
Ta JKUPHICTh MOJIOKA Yy CCABI[iB BU3HAYAIOTHCSH
ayTOCOMHMMM TeHaMu. AJjie y caMIliB MOJIOYHI

0 KnioyoBga igen

ICHYIOTb KiflbKa cneuianbHUX reHeTUYHUX MeXaHi3-
MiB, AIKi 3a6e3neuytoTb Y KUBUX OPraHi3miB BM3Ha-
YyeHHA cTaTi. l[eHn, AKi po3TalloBaHi B CTaTeBUX
XPOMOCOMax, MaloTb AeAki 0cobnmMBoCTi ycnaaKy-
BaHHA i MOXYTb MO-Pi3HOMY MPOABAATACA B OCO-
6UH pi3HOT cTaTi. [lesKi 3 reHiB, AKi PO3TallOBaHi
He B CTaTeBMX XPOMOCOMAX, TaKOX MaloTb MeBHi
0Co6MBOCTI YCMafKyBaHHA, MOB'A3aHI 3i CTaTTIO.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

3aJ103U HE PO3BUBAIOTHCA 1 MOJIOKO He BUPOOJIS-
10Th. ToOTO reHn B reHOMi 0COOMHU €, ajie uepes
Te, 0 «CTaTh HE Ta», BOHU He IIPAIOIOThH.

Iamuii BapiaHT IPOABY yCIAAKyBaHHA —
3MiHa [OOMIHAHTHOCTI O3HaKU B3ajJie’KHO Bifn
crari. Tak, B oBelb € I'eH, SKHU BifgmoBigae
3a PO3BUTOK porarocTi (HadaBHiCTH poriB) abo
KoMoJiocTi (BimcyTHicTh poriB). ¥ camiiiB [mo0-
MiHye ajieJib IILOTO TeHa, AKMWU BimmoBimae 3a
poraricTh, a y cCaMOK, HaBIaKW, AJOMiHAHTHUM
€ ajieJib KOMOJIOCTI.

Take ABUIlle BUHUKAE 4yepe3 Te, IO opra-
HiBM € CKJIaJ[HOIO CHCTEMOIO i Ha IIPOSB O3HAK
BILIMBa€ Oarato pisHmxX (PaxTopiB, HaAIPUKJIALI
pPiBeHBb TOPMOHIB Yy KpOBi. ¥ camIliB 3HAUHO BU-
il piBeHb YOJOBIiUMX TOPMOHIB, II0 BIJIUBAE
HaA PO3BUTOK ILJIOTO PAAY O3HAK, y TOMY UHMCJIi
# Ha PO3BUTOK POTiB.

IixaBuM mpuKJIamOM BILIMBY TOPMOHAJIBHO-
ro piBHA Ha PO3BUTOK O3HAKWU, yCIaAKyBaHHSA
AKOI 3aJIeKUTh Big cTaTi, € HiBHIYHUI OJIeHb.
Ile emwHWMIT BuA, y AKOro poru MaroTh i cam-
mi, i camMmku. Po3BUTOK pOTiB y caMOK IIbOTO
BUJY CTaB MOOIYHUM e(EeKTOM NPUCTOCYBAHHSA
IO KUTTA B ymMoBax IliBHOUi, AJIS 4Oro oJeHIM
IOoBeJoCs MiABUIMTYBAaTH 3arajJbHUN PiBeHBL Tec-
TOCTEPOHY B opraHismi (y Bcix ccaBIliB wosioBiui
¥ JKiHOUi cTaTeBi TOpMOHU BUPOOJIAIOTH O0UIBI
craTi, ajle 40JIOBiUMX TOPMOHIB 6ijbIlle y cam-
IiB, 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-
6yBa€TbCA yCnaaKyBaHHA O3HaK, 3aNeXHUX Bif cTaTi.
2, Po3g’axime 3a0ady. [eH, AKNIN BU3Hayae 3abapBneHHsA
LIepCTi y KOTiB, po3TalloBaHui y X-xpomocomi. OauH i3
oro aneniB B13Haya€ YopHe 3abapBrieHHs, a iHWnn —
pyae. Y BnMNafKy, AKWO OPraHiamM € retepos3mroTolo 3a
UMM reHoMm, To Noro 3abapBneHHA € YepenaxoBUM
(4acTMHA BONMOCMHOK MA€ YopHe 3abapBrieHHs, a vac-
TUHa — pyge). AKUN Konip WepcTi MaTUMYTb HallaaKu
Bifj CXpeLlyBaHHA pydoro KoTa 1 yepenaxoBoi KilluKn?
3. AHani3 XpoMoCcoM Kaukoasboba Mokasas, WO Moro
6-Ta XpPOMOCOMa € FOMOJIOTOM CTaTeBOi XPOMOCOMM
niaueHTapHUX 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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§ 64. [eHOTUN | B3aEMOJiA reHiB

0 [NomipkynTe

Yomy ans bopmyBaHHA O3HaKK 3a3BMYall Heob-
XifHa B3aEMOJifA KiIbKOX reHiB?

Q 3raganTe

o CnagKoBicTb o MiHnuBicTb

o Peanizauia cnagkoBoi iHdopmauii

[eHOTMN AK uWinicHa cuctema

Hns Toro 1mo6 B opraHismi 3’saBuiacs IeB-
Ha O3HaKa, YacTillle 3a Bce IOBUHHO BifOyTHUCS
KiJTbKa pisHmMX mponeciB. Hampukaanm, y Myxu
Ipo3odinu (KIacuuyHOTo 00’€KTa TeHeTUYHUX J0-
CIimyKeHb) 3a0apBJIEHHS OUell 3yMOBJIeHEe HasaB-
HICTIO B HUX IBOX IIIrMEHTIiB — SACKPaBO-UYE€PBO-
HOTO ¥ KopuuHeBOro. /i BUPOOIeHHS KOMKHOTO
3 HUX Mae€ Bim0yTucs JeKijbka OioxiMiuHUX pe-
akiiti. Ko:kHY 3 IIMX peakIlii KaTajidye OKpe-
MU (PepMeHT, AKUHA KOAYETHCA OKPEMUM T'€HOM.
I mopymrenas Oyab-IKOr0 3 HUX MHO3HAUAETHCS
Ha 3abapBiieHHi oueil aposodinm (man. 64.1).

OsHaxu, AKI BM3HAUYAIOTHLCSI OJHUM T€HOM,
HA3MBAalOTh MOHOTEeHHUMH. AJjie HaBiTb BOHU MO-
KYTh YTBOPIOBATHCS BHACJIiZOK B3aemojii. Bu
BJK€ O3HAMOMMJINICS 3 IIUM SABUIIEM, KOJIW POBTJIS-
JaJiy IMOHATTS HEIIOBHOTO NOMiHYBaHHS aJIesIiB.

Bimomo Gararo Bumagkis, Koy o3Haka abdo
BJIACTUBOCTiI OpraHisMy BHM3HAUYAlOTLCSI IBOMA
a0o0 OisbIlle piBHMMU reHaMU, AKi B3a€MOIiIOTH
MixK coboro. Ajie ciaijg mam’saTaTu, 10 B3a€MOi-
IOTh He caMi renu, a MojiekyJu 0iikiB abo PHE,
YTBOpPEeHHA SAKUX BOHU 3abesmeuyioTh. Ilim uac

Man. 64.1. Pi3HoMaHiTHiCTb 3abapBneHHA oyel y fpo3oodin
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B3aeMOJil HeaJeJIbHUX T'eHiIB BigOyBaeThbCcs Bin-
XWJIEHHS BiJl MEHJeJiBCbKUX 3aKOHOMipHOCTeI
poBIIeILIEHHA 3a (DEHOTUIOM y Hamankis. Pos-
PiBHAIOTHL TaKi OCHOBHI TMHM B3aeMoOjil TeHiB:
KOMILJIeMeHTapHicTh, emmicTas i mosrimepis.

KomnnemeHTapHicTb

Ilix vac KoMmIeMeHTapHOI B3aeMomii reHiB
PO3BUTOK O3HAKM BiJOyBA€THCA JIMIIIE Y BUIIAJ-
Ky, KOJU KOXKHUM i3 HeaJleJIbHUX TIeHIiB Mae
xoua 0 IO OMHOMY JOMiHAHTHOMY aJjesio. Ha-
MPUKJIAL, V BU3HAUEHHI (opMu IJoza y rap-
Oysa OepyThb yuacTb ABa reim — A i B. fAxrmio
IIeBHA POCJMHA Ma€ B KOXKHOMY 3 IUX TIeHiB
xoua O OOWH AOMIHAHTHHU ajejlb, TO (opma
ii muoxmiB Oyme AMCKOIOAiIOHOIO. A YTBOPUTHCS
Taka (popMa BHACJIIIOK B3ae€MO[Iil JOMiHAHTHUX
ayieniB aBoxX rexiB. ToOTo muckomomiOHiI maomu
MaioTh OyIAb-AKi ocoOmHM 3 TeHOTUTIOM A—B-—.

SAximo oxmu i3 rewiB Oyme mpeacTaBJIeHUI
pelecuBHOI0 TOMOBUTOTOIO, a iHIMUUA MaTUMe
xoua 0 OIMH TOMiHAaHTHUI ajiejb (0COOUHU 3 Te-
HoTUTIaMu aaB— i A—bb), TO KOMILIeMeHTapHa
B3aeMoiA He BimOymeTbcsa i oM MaTUMYTh
cepuuny dopmy. Ocobuna 3 oboma reHamu
y CcTaHi perecHBHOI I'OMO3UIOTH MATHME BIIO-
ByKeHi miaomu (maj. 64.2).

EnicTtas

VY pasi emicraruunoi B3aemopmii reHiB m0-
MiHaHTHUH ab0 pelecUBHUN ajiejib OJHOr0 reHa

BaTbKM (P) ‘ ‘

AAbb ChepuuHa aaBB CéepunyuHa

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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abapsneHHA X _ 3abapBneHHsA Binun TeMHO-YepBOHUI

wepcTi aaii | J) wepcri AAII aaaa, AAAA,

S SRR
KopuuHese : ManeBe BaTbku (P) >>>>>// %
batbku (P) H?

i YepBoHun
) ; Manese Tiopna, {F,) Apa Aa
ricpua (F,) S 3a6apBneHHs e
) /S,' wepcTi Aali
<3P SO
| = SO
) TemHO-4epBOHUIA Binuii
Mi6puam (F,) S b h H- v
? ) /Su AAAA, ) a,a,a,d,
Manesi —-/- YopHi A-ii  KopuuHesi aaii riopuan (F,) YepBoHuit

12/16 3/16 1/16 AaAa »
1717 272
Man. 64.3. EnictaTyHa B3aEmMOgia reHis ‘)))))))) AAaga,

TemHyBaTo-uepBoHun d,d,AA,  Cgitno-uepsoHUi

OPUTHIUYE IIPOAB JOMiHAHTHOTO ajejid iHIIOTO AAAa, AaAA, Aaaa, aaAa,
resa. BigmoBigHO, pO3pi3HAIOTHL JOMiHAHTHUMN

i pemecuBHHuil emicras. Hampukaazg, y cobak Man. 64.4. [onimepHa B3aemogif reHis
IOMiHAHTHMH ajejnb rema A 3abesmeuye dUop-

KOJIbOPY HACiHWH IIIIEHUIII B3a€MOMIiIOThH ABA IO~
JiMepHi reHU, KOYKEH 3 AKUX Mae€ II0 IBa aJeJi.
A zabapBiieHHsS HaciHWUH 3yMOBJIEHE KiJIbKiCTIO
IOMIHAHTHUX aJjielliB IIuxX reHiB. Yum Oinbiire
ITOMIHAHTHHUX aJIeJIiB, TUM OiJIbIIIa iIHTEHCUBHICTH
YepPBOHOTO 3a0apBJIeHHs. ¥ PEINeCUBHUX I'OMO-
3UTOT HacimHA 0ijle, a B O0COOMH i3 I'eHOTHUIIOM
AAAA, BOHO TeMHO-uepBOHE (Mai. 64.4).

He 3a0apBJIeHHs, a PelecUBHUII — KOPUUYHEBe.
A nmomimanTHHUI ajxens reHa I ysaraji 0J0Kye
CUHTEe3 BIiANMOBiAHUX (pepMeHTIB i cOpuumHsIE
MosBY 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 (Maj. 64.3).

MNonimepis
. . . . [MpakTuHa poboTa
¥V pasi nmonimepHOI B3aeMofii reHiB g 1Ipo-
By O3HAKU HeoOXilHA HaABHICTH Xxo4a 6 OLHOTO Poze’sa3yeaHHss munoeux 3ada4y 3 2eHemMuKu:
JOMiHAHTHOTO aJyesid B OyAb-AKOTO 3 KiTBbKOX re- ycnaoKyeaHHs 03HaK
HiB. Ili reHU BUKOHYIOTH OHY DYHKIIif0 (Hampu- 1. Y NIOAMHN TeH, Wo BUKNNKAE OAHY 3 GopMm craj-

KOBOI [JIYXOHIMOTW, pPeLecuBHUN CTOCOBHO reHa
HOPMaJIbHOro Ciyxy. flke MOTOMCTBO MOXHa YeKaTu:
a) Bif W06y ABOX reTepo3nroTHYIX 3a AaHNM reHoOM
6aTbKiB; 6) Bif LWNOOY rMYXOHIMOI »KiHKW 3 HOPManb-
HUM YONOBiIKOM?

KJIaJ, 3a0e31euyoTh CHHTE3 OZHOTO IIirMeHTY),
ajie MOJKYTh PO3TAIIIOBYBATHUCS B PiBHUX XPO-
MOCOMAaX. X HAa3WBAIOTH MOJIMEPHHMMH TeHAMH.

IlonimepHi TreHm 3as3BmYyaill BU3HAYAKOTH

KisnbKicHI o3Haku (po3Mip, 3abapBJeHHSA TOIIO). 2. Y matepi | rpyna kposi, a B 6atbka — IIl. Yu
HifoTh BOHU, JONOBHIOIOUX OLUH OZHOTO, TOMY MOXYTb AiTW yCnagKyBaTu rpyrny KpoBi matepi?
1X 3a3BU4YaM MMO3HAYAIOTh OJHAKOBUMM JIiTepa-
MU JaTUHCBKOTO ajipaBiTy, AOmaroum HUMKHIN
oo . 3anuTaHHA Ta 3aBAaHHA
YHMCJIOBUM iHJEKC IOJd TOro, Io0 po3pisHATH 0
reiu Mik coboro. Hampuwrmaax, A A a,a, aGo 1. Yn MOXyTb OpraHiamMu 3 OLHAKOBMM FeHOTU-
AaAA,. nomM Matu pisHuin deHotun? Bignosiab o6rpyHTyiiTe.
3a UM MexaHi3MoOM BifOyBaeThCA yCIamKYy- 2, Posg’axime 3a0ady. Y pocinHu reH A BU3HAYae 3a-
BaHHS KOJILOPY HACIHHA y IIIEHUI Ta KOJLOPY 6apBreHHs oUBITUHW. [loMiHaHTHWIA anenb A 3abe3neuye
mKipu y Jgionmau. Tak, y pasi ycmagkyBaHHS yepBoOHe 3abapBeHHs, a peLecuBHUiA anenb a — bGine.
[loMiHyBaHHA € HEMOBHUM, i FreTePO3UTroTV MatTb POXe-
0 Kniouosa iges Be 3abapBneHHA OUBITUHM KBiTOK. fIKi reHotMnn 1 de-
HoTUNK 6yayTb MaTtu ribpuan Big CxpellyBaHHA ABOX
Pi3Hi reHn B reHoMi B3aEMOAiOTb MiX cobolto. reTepo3nroTHNx ocobuH? 3. Yomy nig uyac B3aemopii
MowwnpeHMn TMNnamu B3aEMOAIT Pi3HUX reHiB € pi3HMX reHiB BiAOYBAa€ETbCA BiAXUNEHHA Big MeHAenis-
KOMMIeMeHTapHICTb, enicta3 i nosnimepis. CbKMX 3aKOHOMIPHOCTelN po3LenneHHaA?
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 65. MiHAMBIiCTb O3HaK

0 [omipkynTe

Yomy npoTu BipycCy rpuny Ayxe BaKKO CTBOPUTMU
BaKLMHY?

Q 3raganTe

« CnagkosicTb

e MiHnuBicTb

o [eHn

* XpoMOCOMHa Teopi CNafKOBOCTI

Pi3HOMaHITHiICTb dopm
MIiHTNBOCTI O3HaK

Bu BiKe 3HaeTe, mi0 MiHJIUBiCTE — IIe
BJIACTUBICTH KWBUX OPTaHi3dMiB 3MiHIOBaTHCH.
IIi amiEm MoKyTH BimOyBaTuCA SAK i3 camMuM
OpraHi3MOM YIIPOZOB:K IIEBHOTO Uacy, Tak i 3i
3MiHOI0O MOKOJIIHb Y KOXKHOTO 3 BUIIB JKUBUX
opraxiamis.

¥V reHerurli BUIIJIAIOTHL OB OCHOBHI (hopmm
MiHJIWBOCTI — cHmagKoBy (TeHOTHUIIOBY) i He-
crmagkoBy (Momudikaiiiny, a6o (heHOTUIIOBY).
3MiHM, AKI BUHUKAIOTh y BUIAJIKY CIATKOBOIL
MiHJIMBOCTi, IIepefaoThCsa HAIAAKaM, a HecIaJ-
KOBOI — HAIIaJKaM He IIepelaloThCH.

CrnagkoBa MiHJIWBICTH MOAIIAETHCA HA KOM-
OiHaTHUBHY I MyTalifiny. 3a KOMOiHATMBHOI MiH-
JIUBOCTi He 3MiHIOEThCA cTpyKTypa JJHK. Binoy-
BA€ThCA JIVIITE TIEPeKOMOIHYBaHHSA aJesiB pisHUX
reHiB. 3a MyTamiiiHOI MiHJWBOCTI CTPYKTypa
IOHK moske smintoBaTucs. Taki sMiHU He 3aB:KAU
moB’sA3aHi 31 3MiHOIO TOCJIiJTOBHOCTI HYKJIEOTH-
IiB y Me:xax reHa. 3MiHEH MOXKYTb BigOyBaTucs
AK Ha PiBHI OKpeMHX XPOMOCOM, TaK i BCHOTO
regomy B Iijiomy. Hampukiaana, aBi xpomocoMu
MOKYTb 00’ e THATHCA B OnHY. AOO 3arajbHa Kijb-
KiCTh XpOMOCOM y T€HOMi MOJKe IIOIBOITHCH.

YacTo BUeHi BUIIIAIOTHL AK OKPEMHI BU
MiHJIMBOCTI OHTOTe€HeTUUYHY MiHJUBicTh. BoHa
BimOyBaeThCcA TPOTATOM KUTTA OCOOMHU Mif
KoHTpoJseM reHiB. Came IIg MiHJIMBICTBH BiAmmo-
Bimae 3a Te, 1110 OAHA II Ta camMa JIOAWHA Y BiIli
OJHOTIO, IIIeCTU, ABAAIATU U ciMIecsaTu POKiB
BUTJIAAE 30BCIM IIO-pisHOMY.
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Komb6iHaTrBHa MiHNMBICTb

Komo6inaTuBHa MiHJIMBiCTH mOB’s3aHA 3 OT-
PUMaHHAM HOBUX HOEMHAHb T'€HIB y T€HOTHIII.
Bu Bike m100pe 3HaOMi 3 UM THUIIOM MiHJIHBOCTI
Ha npukJani 3akoHiB I'. Mengens i Bzaemomil
TeHiB.

B eykapioriB, fKi PO3BMHOKYIOTBCA CTaTe-
BHUM IILJIAXOM, KOMOiHATHBHA MiHJIMBiCTHL mOCH-
TaeThbCs B pe3yJabTaTi TPhOX MPOIECiB:

— He3aJIeKHOTO PO3XOIKEeHHA XPOMOCOM
oig yac mMenosy;

— BUOAJKOBOTO MOETHAHHS raMeT IIiJ dac
3aIlIiTHeHHd;

— perkombiHaIii reHiB 3aBOAKM KPOCUHTO-
BEpY.

Cami renu mpu 1boMy He 3MiHIOIOTBHCS, aJie
BUHUKAIOTh HOBIi X MOEMHAHHS, IO CIPUYUHIOE
MOABY OpraHi3MiB 3 iHImMIMMH TeHOTHUIIOM i (e-
HOTHUIIOM.

Hacaigxkom Komb6iHaTmBHOI MiHJAMBOCTI
e gABuie rereposucy. I'ereposuc (Bim rperr.
heteroisis — BUmO3MiHU, IEepPETBOPEHHA), ab0
«TibpugHa cuia», MOMKe CIIocTepiraTucs B IIep-
IIOMYy MOKOJiHHI B pasi riépmamsaimii wmix
IpeIcTaBHUKAMU PisHUX BUAIB abo copriB. Bu-
OiJAI0Th TPU OCHOBHI (popMU TeTepos3ucy: pe-
MPOAYKTUBHUY (MiABUIIYETHCA BPOMKANHICTSH),
comaTuuHU (30LMBITyIOThCA JiHiIMHI posmipu
opraHiamy) i aganTuBHUN (IigABUIYETHCS CTili-
KicTh M0 mil YMHHUKIB cepemoBUIIA).

MiHNMBICTb O3HaK GaKTepii

KombinaTuBHa MiHJIMBICTH TPAILIAETHCI He
TiTBKU B €yKapioTiB, AKi 3MiMiCHIOOTS il mix yac
CTaTeBOTO PO3MHOKEHHsS. ¥ MiKpooprauismis,
AKi PO3BMHOMKYIOTHCS HECTATEBUM IILISIXOM, TEX
BUHUKJIN CIeliaJbHI MexXaHi3MM KoMOiHATUB-
Hoi mimamBocti. Ile Kom’torarisi, TpaHCAYKI[is
i Tpanchopmarisa.

Kow’roramia — e GesmocepenHili KOHTaKT
MiK JBOMa 0aKTepiaJJbHUMHU KJIITUHAMU 3a [10-
TIIOMOTOIO CIIeIliaJIbHUX IIOPOKHUCTUX TPYOOUOK
(F-mineii), mig yac AKOTO TeHETUYHUHA MaTepia
3 ogHiel KIiTUHN MepeHoCUuThCs B iHINY. 3a3BU-
yall KOH IoTaIlid KOHTPOJIOETHCS TeHaMu, AKi
poaTaloBaHi B maasmimi.



Tpanchopmania — me nepenecenua [THEK,
saKa OyJsia i307bOBaHA, 3 ONHUX OaKTepiaJTbHUX
KaiTuH po immumx. Hatiuacrime Boma BimOyBa-
€ThCA Ticas 3armbesi 0axTepiaJbHUX KJITHUH.
ITicna Toro sk 3aruOJi KJIITUHU PYHHYIOTHCH,
okpemi (pparmernTn ixapoi JJHK mMoxyTh moriu-
Hatuca immumMu OaxTepismu. Ilorim OakTepii
BOYIOBYIOTH IIi ()parMeHTH Yy CBOIO KiJIBIEBY
mostekysy JTHEK.

TpaHcayKIiss — Ile TepeHeceHHA OaKTe-
piarpHUX TeHIB 3 OAHiel KJITWMHM B iHIIY 3a
momomorom OaxTepiodara. Konu Gaxrepiodaru
PO3BMHOMKYIOTECSA B KJIITHMHiI, TO B AedAKi 3 Bi-
pycuHux yactuHOK norpamnise [JTHK ne Bipycy,
a Oaxrepii. BipycHa uyacTHHKA MMEePEHOCUTH ITIO
IHK B immy OaKTepiaJbHy KJIITHHY, Ie BOHA
BOYIOBYETLCS B OaKTepiaJibHY XPOMOCOMY.

3a [OmOMOroi0 TaKWX IWIpoIleciB OaxTepii
MOJKYTh, HAIIPUKJIAZL, OOMiHIOBATHCA TeHAMU
cTifikocTi Mo aHTHOIOTHUKIB.

Minnusictb Bipycis

MiuausicTs v BipyciB Moske OyTH AK cHaj-
KOBOIO, TaK i HecmagkoBoro. HecmagkoBa MiH-
JMBICTHh BipycCiB BUHUKAE, KOJU Bipyc IOKUIAE
KJITUHY, B AKifl YTBOPUBCHA, 1 3aXOILJIIOE YACTHU-
HY 1i KaiTuHHOI MeMOpaHu, YTBOPIOIOUMN CBOIO
30BHIIITHIO 000JIOHKY. PidHi minauku meMmOpaHu
IeImro BiApisHAOTBCA MiK c0000, i ToMy pisHi
BipiOHM TaKOK MalOTh He3HauHi BigminuocTi. I1i
BimMiHHOCTI HaIIagKaM He IepefaioThCd.

CnagkoBa MiHJIMBiCTH BipyciB, AK i iHmMmMx
opraHisamiB, Mo:ke OyTHM MyTaIlliiiHOIO i KOMOi-
HaTuBHOKO. MyTamiiiHa MiHIMBiCcTH y BipyciB €
HacJiZKoM MyTalliii. ¥ BipyciB HeMae Takmx
pemapalifiHux cucTeM, AKi BUIIPABASAITH II0-
IMIKOKEHHS CIIaJIKOBOT0 MaTepiany, AK y KJIi-
TuHax. ToMy IaHCW HAa BUHUKHEHHA MYTaIlill
y HUX OinbImi, HiK Yy KJIITUHHMX opraHismis.
Haii6inpmuii puUsMK BUHUKHEHHS MYyTallil
y PHK-BipyciB, 60 PHK € menm crabisbHOIO,
ik [[HK, 3 TouKu 30py 30epeskeHHsA IeHeTUY-
HOl im(opmarrii.

0 Kniouosa iges

MiHAMBICTb € XapaKTEPHOK O3HAKOK BCiX MMBUX
opraHi3miB. BoHa TpannaeTtbca i B eykapioTis,
i B nNpokapioTis, i y BipyciB. MiHANBICTb MOXe
nepepaBatnca (cmagkosa) abo He nepepaBaTtucA
(HecnagkoBa) Hawagkam. Kpim Toro, mportarom
KUTTA Y XKMBUX OPraHi3mMiB CMOCTEPIraETbCA OH-
TOreHeTUYHa MiHIMBICTb.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

BipioH

— aHTUreHn — CEermMeHTU reHis

N
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o
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o

N

Man. 65.1. PekombiHaLia y Bipycy rpuny

Kom6inaTuBHa MiHJIUBiCcTH y BipyciB BuHU-
Kae BHACJIIIOK 3apakKeHHs OfHiel KJIITUHU KiJlb-
KoMa pisHMMU BapiaHTamm Bipycy. ¥ mporeci
«30ipKu» BipioHiB IIi pisHOBUAM BipyCcy MOMKYTH
oomintoBatucs gpparmenramu [JTHK i yrBoproBa-
T HOBiI KombiHarii. Ile sBuUIle € gy:Ke xapak-
TepHHUM JIJd Bipycy rpumy. Moro reHoMm ckia-
IaeThbcAd 3 BOChbMU OKpeMux (pparmentie PHEK.
Y pasi zapakeHHs OAHiel KJIITUHM KiJbKoMa
Bipycamu 11i (pparMeHTH IIepeMilIyIThCA, IO
CcTae IPUUYMHOIO MOSBM HOBUX BapiaHTIB Bipycy
rpuny (mana. 65.1).

@ MpakTnyHa poboTa

BusieneHHA ma onuc HOpMaabHUX i MymaHmMHux
¢dopm Opo3socpinu

1. Po3rnAaHbTe HopManbHi dopmn gposodinu. 3sep-
HiTb yYBary Ha HOpMaJsibHi O3HaKW: Cipe Tifo, YepBoO-
Hi oui, cdopmoBaHi Kpuna. Bigpi3HiTb camuiB Big
CaMOK.

2. Po3rnaHbTe MyTaHTHI dopmun gpo3odinu. BrsHau-
Te, AKi 03HAaKM B HUX € MYTaHTHVMMW.

3. Cknagitb MOPIBHANbHY Tabnvulo HOPManbHUX
i MyTaHTHUX dopm apo3odin.

4. CoopmyntonTe BUCHOBOK.

03aﬂl/ITaHHﬂ Ta 3aBOaHHA

1. Ha KoHKpeTHOMYy npwuknagi noAcHiTb ocobnu-
BOCTi KOMOiHaTUBHOI MiHnMBOCTI. 2. CKnagitb CNmncok
daKTopiB, AKI MOXYTb BMIMBATM Ha MIHAUBICTb >KMBUX
opraHi3mis. 3. BukopuctoByloun fopaTkoBi gxepena,
HaBediTb NMpuUKNagn retTeposncy i 3anpornoHynTe no-
ACHEHHA MexaHi3My LbOro ABMLLa.
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 66. MyTauii

0 [omipkynTe

Yomy npotu Bipycy imyHopediunTy ntoamHn (BIJ1)
JyXe Ba)KKO CTBOPUTW BaKLVHY?

é 3raganTe

« MiHnuBicTb « CnagkoBa MiHNMBICTb

« OHK + O6MiH pevyoBUH

MyTauii

Myramiero (Bix matuH. mutatio — 3miHa)

Ha3WBAIOTh 3MiHY O3HAKM, IO 3yMOBJIEHA 3Mi-
HOIO CIIaJJKOBUX CTPYKTYDP, IIepe0yq0BOI0 TeHe-
TUYHOTO amnapary. MyTailii 3MiHIOIOTHE T'€HOTHUIL
ocobmHU. BOHM BMHUMKAIOTHL PalTOBO U iHOM;L
HaJTalOTh OPraHisMy 3HAUHUX BifAMiHHOCTEH Bin
BUXimHOI (hopmMu.

VYueHuM Taki 3minu O0ysau Bigomi gasuo. My-
TAIifHIA MiHJAMBOCTI IPUCBATUIU CBOI POOOTHU
C. I. Kopxknuceruit i I'. ge @pus. OcraHHROMY
HaJIeKUTh TepMiH «MmyTaris». Kpim Toro Bim
chopmyIrroBaB OCHOBHI IOJIOMKEHHS Teopili my-
ramin (1901-1903):

+ Myramii BHUHUKAIOTh PAITOBO AK JUCKPET-
Hi (mepepBHi) 3MiHM O3HAK.

+ HogBi ¢opmu € crifikumu.

- Ha Bigminy Bim HecmmagkoBoi MiHJIMBOCTI,
MyTAaI[iliHi 03HAKW HE YTBOPIOIOTH HEIIEPEePBHUX
pAnmiB i He 30CEpPEIKYIOTHCSA HABKOJO SAKOTOCH
cepenHbporo Tuny. MyTarii € AKicHUMU 3MiHAMU
B OpraHiamax.

« Myrarnii nposaBasioTbca mo-pisHomy. Boun
MOKYTb OyTH i MIKIAJIUBUMU, i KOPUCHUMU.

- BiporigHicTh BUABJIEHHA MyTaIliili 3aje-
JKUTh BiJ UmcJja JOCTimKyBaHMX OCOOMH.

« OpHi # Ti cami myTaii MOKYTh BUHUKATHA
TIOBTOPHO.

MonekynapHa ocHOBa MyTaL,in

Moaerynaa IHK, ak i Oyab-aka inma moJe-
KyJjia, MOJKe 3a3HaTU MNOMIKOAXKEeHb, AKi MU Ha-
3uBaeMo MmyTtaniaMmu. i momKogKeHHA MOXKYTh
OyTu pisHUMU. Moike OyTH IIOIIKOI:KEHO OIUH
HyKJeoTu] abo Bimgpasy mapy HYKJIEOTHUIIB.
Mo:ke craTuca pospuB ogHoro 3 jaHioris JTHEK
a0o HaBiTH 000X JIAHITIOTiB OJHOYACHO TOIIO.
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Myrarmifina MiHINBiCTh BUHUKAE BHACJIITOK
3MiH CTPYKTypHu ab0 KiJIbKOCTiI UM po3TalyBaH-
Ha mosekys [THK. Bcei ;xkuBi opranisamu mamoThb
mexaHidamu penaparnii JJHK, axki mosBoasaooTs
JiKBiZyBaTH Taki mopyiieHHsa. Ase KO MexXa-
Hi3MU perapariii He BIIOpPaOThCA i3 3aBHAHHAM,
To BuHUKae 3mina JJHK, aka Oyzae nepemaBatucs
HamaakaMm. Bunnkue myTamisa. Caing sasHauuTu,
110 B 0araToOKJITHHHUX OpraHisMax HaIllagxKam
Oyae mepemaHO JHIIe Ti MyTallii, AKi BUHUKJIN
y cTaTeBUX KJIITHMHAaX.

Knacuoikauii myTauin

Hapasi Bigomi myramii B ycix KJjaciB TBa-
puH, pocauH i BipyciB. Icuye Oararo myrarii
i B moguan. CaMe MyTallisMu 3yMOBJIEHA Pis3HO-
MaHiTHiCTS (mosiMopdisM) JIOACHPKUX IIOMYJIS-
Imifi: pisHA mirMeHTAallid MIKipu, BOJOCCA, KOJIip
oueit, popMa HoOca, BYX, IIiAOOPiAAs TOIIIO.

Icaye Kinmbka BapiaHTiB KJaacudikaiii my-
TaIin:

+ 3a TUIIOM MPOABY O03HAKH B I'eTePO3UTOTi
MyTallii MomiJATh, Ha AOMIiHAHTHI (IIPOABIA-
IOThCA Y T'eTepPO3UroTi) i perecuBHi (He IPOSAB-
JAITHCA Yy TE€TEPO3UTOTI).

- 3a JoKaJgizalico B KIITHHI PO3PisHAIOTH
AnepHi (3MiHIOIOTHL Te€HUW, PO3TAIIOBaHI B AApi
KJITUHU) 1 MUTOIIa3MaTUYHI (3MiHIOIOTHL T'eHU,
posTarmioBaHi B IIUTOMJIA3Mi KJIITWUHMW, HAIpPU-
KJIad, Y MiTOXOHAPisAX abo IIacTHaaX) MyTalrii.

« 3aJeKHO BiJi MPUUYUHU BUHUKHEHHS BU-
IiNAI0Th CIOHTAHHI (IPUYMHA BUHUKHEHHA He
BCTAHOBJIEHA) Ta iHAYKOBaHi (IPUUYNHOIO BUHUK-
HEHHA € Ois BCTAHOBJIEHOTrO (paxkTopy — (hismu-
HOro, XimiuHoro abo OiosoriuHOro) myraiii.

« BaxksimBuM € TaKoXK Te, y AKUX caMe KJIi-
THHAX BUHUKAIOTH MyTarii. SIKIo BOHW BUHU-
KalTh y COMAaTHUUYHUX KJITHHAX — COMATHUYHI
MyTallii, To MOXKYTh IlepeJaBaTHUCA HAaIlaJKaM
JIUIIIEe 32 YMOBU BETETATUBHOTO PO3MHOKEHH.
SIKI10 X BOHM BUHMKAIOTH y TaMeTax — reHepa-
TUBHI MyTaIrii, To MOXKYTb epeaaBaTHCa HaIIal-
KaM 3a 3BUYANHOTO CTATEBOTO PO3MHOYKEHHS.

[eHHi, XxpOMOCOMHI Ta reHOMHI MyTau,il

IIpoTe oxHieio 3 HAMOIABII HOIINPEHUX KJIa-
cupdikaliii Mmyrarliii € iX po3Mo/IiJl 3a PiBHEM Op-



ManiHHA

YO npomeHi Mpomuncnosi

BUKNAN

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

3ananbHi
npouecu

Papiauia Momnnku nig vac

pennikauii

Man. 66.1. MyTtareHHi pakTopun

raisaiii cmaJKkoBOro Martepiaiy, Ha AKOMY Bif-
OyBaeThbCsa MyTallid. SIKIII0 MyTallis 3MiHIOE JIMIIIEe
OIWH IeH (3aMiHa, BTpaTa 4YM AOONABAaHHS IIapu
HYKJI€OTHU/IB), Ile € MPUKJIAZOM T'€HHOI MYyTAaIfii.
¥ pasi, Ko 3auinaeTbCcAa KOMILIEKC I'eHiB Ha
XpoMocoMi (3amiHa, BTpara, AoJaBaHHA Y1 3MiHA
MicIld PO3MIIEeHHA MiIAHKN XPOMOCOMHU), IIe €
MIPUKJIAA0M XPOMOCOMHOI MyTaliii. A Koy 3MiHI
BifOyBalOThCA Ha PiBHI reHomy (3MiHa KiJgbKoc-
Ti OKpeMHUX XPOMOCOM UM BCHLOTO XPOMOCOMHOTO
Habopy), Ie € TPUKJIAJOM TeHOMHOI MyTalrii.
Jlo TeHOMHUX MYTAaIlili HaJeXXaTh MOJIIILIO-
imia i rerepomnoinia (ameymmaoimis). Ilosmimmo-
imis — 1le 30iJbIIIEeHHA KIiJIBKOCTI XpoOMOCOM
MIJIAXOM OOJaBaHHS IiIMX XPOMOCOMHUX Ha-
O0opiB y pesyJbTaTi HMOPYIIIEHHS Melio3y.
T'erepomnoigia — 1e 3mMiHA KiJIbKOCTiI Xpo-
MOCOM, IO He € KPaTHOI0 ramjoigHoMy Habopy.
fABuine, Kosu sxa-HeOyAb i3 XpOMOCOM y T'€HO-
TUIIi Ma€e He ABi, a TPU TOMOJIOTiIYHI XpOMOCOMU,
Ha3WBaIOThCA TpUcomiero. TpamisaeTbes i BTpara
OIHi€l 3 TOMOJIOTIYHUX XPOMOCOM — MOHOCOMIsf.

MyTareHHi ¢pakTOopKn

dakTopu, AKi 3maTHI iHAYKyBaTH MyTallili-
HUHA edeKT, HA3WBAIOTh MyTareHHHMH. ¥CTa-
HOBJIEHO, IO Oyab-Ki (paKTOpU B0BHIIIIHBOTO
i BHYTPIIITHBOTO CEPemOBUINA, AKI MOMKYTH IIOPY-
IIIyBaTU TOMeOCTas, 3AaTHI COPUUYNHATH MyTaIlii.
Tpaaurmiiiao ix mominATh Ha (piduuHi (peHTTe-
HiBCBhKe Ta iHIIIi BUOPOMiHIOBaHHA, YIbBTPA3BYK,

0 KnioyoBga iges

MyTauii — ue panToBi 3MiHN O3HaK, WO CNPUYMHe-
Hi MOPYLIEHHAMM B CMAaAKOBUX CTPYKTYpPaXx »KMBO-
ro opraHiamy. IcHye 6arato pisHoOBMAIB MyTaLii
(reHHMX, XPOMOCOMHUX, FreHOMHMX ToLo). lNoABi
MyTaLiil cipuse Aia MyTareHHUX $akTopis.

TeMIepaTrypa ToIlo), XiMiuHi (XiMiuHi crosyKm)
Ta O6iosoriuni (Bipycu, Tokcuum) (maa. 66.1).

3HauHy 3arposy SK MyTareHu AJA JIIOJUHU
MOJKYTh CTAHOBUTHU MIKiAAMBiI 3BUUKU. I TIOTIO-
HONAJIIHHA, I aJIKOT0JIb, 1 HAPKOTUYHI peuoBU-
HU € JOCUTH CUJBHUMU MyTareHHUMHU (HaKTO-
pamMu. BoHU 3yMOBJIIOIOTH IIiABUINEHHS PUBUKY
BUHUKHEHHSA MYTAIlil y HaIIagKis.

Myrarenni (axkTopu IIIMPOKO 3aCTOCOBYIOTH
Y CeJIeKIIHHIA TpaKTHUIIL 3 METOI0 OTPUMAHHSA HO-
BUX COPTiB pocJsmH i mopix TBapuH. Tak, Ha pocau-
HU Oil0Th KPUTUYHUMU TeMIIepaTypaMu, i0Hi3yIo-
YUM BUIIPOMiHIOBAHHAM, XIMiUYHMMU PEeUYOBIHAMU
(HaMOiJIBIIT TOMIMPEHUN AaJKaJoif] KOJXIIIWH).

® MNpakThyHa poboTa

Po38’a3yeaHHa munosux 3a0ay 3 2eHemMuKu: eu-
3HayeHHA muny mymauit

1. Y MepuKo-reHeTMUYHy KOHCYyJbTalilo 3BepHynucaA
6aTbkn N'ATUPIYHOT AiBuUMHKNW. [icns gocnigkeHHA
il KapioTny 6yno BUABMEHO, WO B ii COMaTUYHMX
KMTUHaX MIiCTUTbCA NO 46 XPOMOCOM, ajne ofHa i3
Xpomocom y 15-11 napi AoBwa 3a 3BUYalHY, TOMY
Wo Ao Hel npuepaHanaca xpomocoma 21-i mapw.
Akun BuAa MyTauil B Ui€l AiBUNHKIN?

2. Y pesynbTaTi cxpellyBaHHA caMKu Apo3odinu
3 MO3aiYyHMMM ouMMa 3 GINOOKMM camueMm Yy Mo-
TOMCTBI OfilepKafii CaMOK i3 MO3aiuHUMK 1 Binvmn
0uMMa, CaMLiB — i3 YepBOHUMU 1 Ginumn. BrsHaute
TUM MyTaLinHOT MIHAMBOCTI 3a3HauyeHnx dopm Apo-
30dinu.

03a|‘|l/ITaHHFI Ta 3aBJaHHA

1. Yomy mBi opraHiaMm MoXxyTb OyTu MyTareHHu-
Mn dakTopamun? 2. MOACHITb, Y YOMY MONArae pu3snK
ANA HawaaKiB NOANHN, AKLWO BOHA BXMBAE HAPKOTUYHI
peyoBMHU. 3. 3anpornoHyiTe Ta OOFPYyHTYNTe 3axoau
3aXUCTy Bif BNAMBY MyTareHHUX GakTopiB.
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 67. MognodikauintHa MiHNNBICTb

0 [NomipkynTe

Yn MoKe 3picT nioguHu 6yTr Ginblunm,
HiX 3 meTpu?

Q 3raganTe

« MiHnuBicTb - CnagKoBicTb

+ Qopmy MiHNMBOCTI » QakTOpMK CcepepoBMLLa

MopgudikauiniHa MiHNMBICTb

HecnmaakoBy MiHIMBICTS illle Ha3UBaIOTh (he-
Homunogoiw, abo modugirkauiiinor. Mogudika-
mii — e (QeHOTHUHOBiI 3MiHM, SKi BUHUKAIOTH
Oig BIIMBOM YMOB cepemoBuiria. Moaudikarrii-
Hi 3MiHUM O3HAKU He YCIIaAKOBYIOThCH, aje ii mgia-
na3oH (HOpMa peakIlii) reHeTUYHO 3yMOBJIEHUN
i ycnagkoByeThcA. BoHU He CIPUUYUHSAIOTH 3MiH
reHorumry. Mogudikariiina MiHIMBiCTh BigmOBi-
Jla€ yMOBaM iCHYBaHH$, BOHA € IPUCTOCYBAaJIb-
HOIO (MaJ. 67.1).

YHacIiooK Iiel MiHJIMBOCTI Imig miero Ha op-
ra"idam (paKTOPiB HABKOJUIIHBOTO CEPEJIOBUIIIA
3MIiHIOETHCA IHTEHCHUBHICTHP (hePMEHTATHUBHUX
peakiiiii abo BigOyBaeThbCA «BKJIOUYEHHSA» YU
«BUKJIIOUEHHSA» MEeBHUX T'eHiB. XapaKTepHUMU
pucamMu mMoau@iKamifHOl MiHJIMBOCTI € Taki:

+ 000pOTHiICTh — 3MiHU 3HMKAIOTh 32 YMOBU
3HUKHEHHA cuenu(iyHnX YMOB CepeloBHUIIA, IO
CIPUYUHUJIN TOABY MoAUDiKaIrii;

* MAalOTh I'PYHOBUU XapakxTep;

* 3MiHH y (DEHOTUIII HE YCIAJKOBYIOTBHC;

* YCHAJKOBYETHCS HOPMAa pPeakIlil reHOTHUIIY;

Man. 67.1. MiHnMBICTb po3mipy M'A3IB PyKW NOANHN
B YMOBaXx pi3HMX Qi3NYHMX HaBaHTaXKeHb
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« icHye cTaTHUCTMYHA 3aKOHOMipHiCTH Bapi-
aliiHuX pPAmiB;

- Mmommikarii mudepeHIiooTs (HEeHOTHUI,
He 3MIHIOIOUU T'eHOTUILY.

ITpuknagamu MogudikaIiiiHOl MiHJIMBOCTI €:

+ 3MiHA MacHW Tijla TBapuWH y pasi 3MiHU
KinbKkocTi 13Ki;

- 3MmiHa 3abapBJIeHHS XyTpa y 3aMisa 3u-
MOI0;

+ 3MiHa PO3Mipy OKpPeMHuX JIMCTKIB Ha OX-
HOMY JepeBi;

+ YTBOPEHHs 3acMarw Ha IMIKipi JirogmH!
OiJl BIJIMBOM COHSAYHUX ITPOMiHiB.

Hopma peakuil

OcHOBOIO, KA BU3HAUA€ iCHYBaHHSA MOIU-
dikamitinoi mimamBocTi Ta il MeKi, € HopMa
peakirii. Hopma peakiii — 11e Bce pisHOMAaHITTS
eKcIrpecii reHiB 3a yMOBU HE3MiHHOT'O T'€HOTUILY,
3 SIKOro BUOHMpAaeThCsa HaNOiAbIN BigmoBigHMi
yMOBaM CepPeIOBHUINA PiBeHb aKTUBHOCTI KOXKHO-
ro 3 redis, mo i Gopmye (eHOTHUII, AKUA HA-
0inbIIIOI0 MipoIO BiAIIOBiZae icHyoOuMM yMoBaM.

Hopma peakrifii aas KOKHOI 0O3HAKU Mae
Me:xxy BuaBy (majs. 67.2). Hampukaazn, mocu-
JeHe TOAYBaHHSA TBAPUHU 3YMOBUTDL 3POCTAHHSA
ii macu, mpoTe BOHa mepebyBaTuMe y MeKax
CIIEKTPY BUABJEHHA Iliei O3HAKM AJA IIHOTO
BULY.

Hopma peakmii BusHauaeThbCcA T'€HETHUUHO.
g pisHuMX O03HAK € Pi3HI MeKi BUABY HOpPMU
peaxirii. HampukJian, cUJIbHO BapiloBaTH MOKe
BeJIMUYMHA YO0, MIPOAYKTUBHICTE 3JaKiB (Kijib-
Kicui 3miHM), ci1abko — iHTEeHCUBHICTL 3abapB-

Man. 67.2. BepxHI0 i HUXKHIO MeXi 3pOCTy NoanHU
BU3HAYa€ HOpMma peakuii



IHTepBan BapitoBaHHA — Big 60 fo 128 mMm

Po3amax = 128 - 60 = 68 (Mm)

Man. 67.3. BapiauiiHnin pag LOBXMHW NNCTKIB

JIeHHsI IIepcTi y TBapuH abo KigbKicTh 3y0iB
y aoauHu (AKicHI 3MiHM).

BigmoBimHo mo 1bOro, HOpMa peakIlili MoiKe
OyTu BY3bKOIO (dAKicHi sminm — 3abapBJiieHHS
JISIJIEYOK Ta iMaro AeAKuUX MeTeJUKiB) Ta Imu-
pokoio (KinbKicHI 3MiHM — pO3Mipu JUCTKIB
POCJIMH, PO3MipH Tijia KOMax 3aJie:KHO Bim xap-
yyBaHHA IXHIiX Jsajgedok). IIpore mis medAKux
KiTbKiCHUX 3MiH XapaKTepHa By3bKa HOpPMa
peakiii (;KUpHiICTHL MOJIOKA), a AJA JOedKUX
AKiCHUX 3MiH — Imwmpoka (ce30HHiI 3MiHM 3a-
OapBJIeHHSA y TIeCIIiB).

BapiauinHmnn pag i BapiauinHa Kprea

Bapiamiliauii pam — 1Ie IIOCTiZOBHIiCTH
Oyab-AKUX UYHCeJ, PO3TAIIIOBAHUX 3a IIOPSI-
KOM 3pPOCTaHHS IXHiX BeJuuuH. [TpoMizKOK Mixk
KpallHiMu uWjieHaM! pPANY Ha3WBAIOTh iHTEepBa-
JIOM BapilOBaHHA, a JOBKUHY IILOTO iHTEepBa-
Jy — PO3MaXOM.

BapiamifinuMm pamzoM € i paHXUPYBaHHSA
BimoOpaskeHHA NpoABYy MoaudikamiitHol miH-
JUBOCTI — pPAJ 3HAUEHb MEeBHOTO MOKA3HUKA
a00 xXapaKTepUCTUKU OPraHisMy, PO3MIilleHux
3a IMOPAAKOM B3POCTAHHS YU CHIAJaHHA KiJb-
KicHOTO BHpaKeHHsA (IOBKHWHU JIUCTKA, 3Mi-
HU iHTeHCHBHOCTi 3a0apBJeHHs XyTpa Ta iH.)
(man. 67.3).

Bapiamniitna kpuBa € rpadiunum Bimobpa-
JKeHHAM IIPOSABY MoAM(MiKaImiiHOI MiHJIMBOCTI.

0 KnioyoBa iges

MogandikauiiHa MiHAMBICTb BMHUKAE B OpraHis-
Mi nig BNAYBOM cepefoBuLla i € cnocobom 1ioro
NPUCTOCYBaHHA A0 YMOB iCHyBaHHA. Mexi uiel
MIH/IMBOCTi 3yMOBJIEHI CMafAKOBICTIO, @ KOHKpeT-
HUN NPOAB 3aNeXUTb B YMOB ICHYBaHHA.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

Yncno nuctkis

A
4
3
2
1
0 >
[e)) (o)) (o)) (o)} [e)) (o))
n ~ & — ™ n [oBXWHa,
| | | — — —
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Man. 67.4. BapiauiiHa KpviBa [OBXWUHW JINCTKIB

Bona gemoHCTpye AK miamasoH Bapiarrili moxas-
HUKa, TaK 1 4acTOTy 3yCTPidaJIbHOCTI OKpPeMUX
BapianTiB. [lgsa moOymoBu BapiaiiiiHol KpuBoi
10 TOPUBOHTAJBHIN OCi BigKJIamaOTh 3HAUEHHS
BapiaHTiB, a II0 BePTHUKAJbHIN — dYacToTy Iix
BusBJIeHHA (Maj. 67.4).

ITicia moOymoBu KpHBOI BHULHO, IO Hali-
OiJIBINI YACTO TPANJIAIOTHLCSI CepelHi BapiamTu
OPOABY IOKA3HMWKA. IIpUUYMHOIO I[HOTO € mOid
GaKTOPiB HABKOJUIITHLOTO CEepemoBHUINla Ha Op-
ra"iam. [eAki axkTopu TpUTrHiUYyIOTH eKcIpe-
cifo reuis, iHIII — mocuIOIOTH. MalisKe 3aBXKIHU
mi ¢axTopu, mifoum Ha OpraHiaM, HeHTpaJai3y-
IOTh OJVH OJHOTO, TOOTO KpaliHi BUABU O3HAKU
MiHIMi3yIOTBCS 3a YacCTOTOI 3yCTPivaJbHOCTI.
Ile i € mpuunHOO 6iNBIIIOI 3yCcTPivaJIbHOCTI OCO-
OuH i3 cepenHiM IIPOABOM O3HAKIU.

@ MpakTnyHa poboTa

BueuyeHHA miHnueocmi pocauH. lobydoea eapia-
yitinoz2o paody U eapiayiliHoi Kpueoi

1. 3pob6iTb BMMipU MEBHOI XapaKTepucTMKu Oyab-
AKOI POC/IVHN (HanpWKIaa, AOBXUHM abo LWMPUHN
JINCTKOBOI M/IAaCTUHKM) abo cKopucTaiTecs TUMU, WO
HaBefeHO B €NEeKTPOHHOMY [OAATKY.

2. MobyayiiTe BapiauiiHWi pag Ta BapiauiiHy KpuBy.
3. CoopmyntonTe BUCHOBOK.

03al'll/lTaHHﬂ Ta 3aBAaHHA

1. HaBepitb nprknagn moaudikauiiHoi MiHNNBOCTI
Yy POCAVH i TBapUH. 2. Y AKUX BUMadKax € MOXINBUM
BUXif, BENMYMHM O3HaKWM (Hanpuknag, 3pocTy noau-
HW) 33 MeXi HopMuK peakuii? 3. Bumipante [OBXKHY
20 nncTKiB Byab-aKoro gepesa abo KiMHATHOI POC/IMHM.
Ha ocHOBi oTpvMaHuX JaHux nobypynte BapiauinHWUiA
pAg i BapiauiiHy KpuBy.
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 68. NonynAuinHa reHeTnKa

0 [omipkynTe

Yn Moke nomynAuia Cknagatuca 3 OfHiel ocobu-

HK1? Yomy?

Q 3raganTe
« Bupg « Monynauis
o [eHeTuKa » EBontouis

MNonynAauii Ta iX XapakTepuUCTUKK

IMomyasAnmia — 1e CYKYOHICTH OCOOMH Of-
HOTO BHUJY, SAKi BiATBOPIOIOTH cebe IPOTATOM
BEeJIMKOI KiJTBKOCTi MOKOJIiHB i TpuMBaJMuii dYac
3aliMalOTh MHEeBHY TEPUTOPi0, (PyHKIioOHYyHOUMN
i posBuBawuUHCh B OZHOMY ab0 KiJIbKOX yIpy-
NOBaHHAX JKUBUX OpraHisMmiB. Buam KuBux
OpraHisMiB CKJIaZalOThCA i3 CYKYHHOCTI CBOiX
MOITYJIAILi#. Y OiabIIIOCTi BUAIB HAPAXOBYETHCS
Kinmbka momyJdArniii. AJjse icHyOTH i Buam, AkKi
MAalOTh TIJIbKYW OOHY ITOMYJISILifO.

Kosxuilt momynailii B1acTuBi meBHI XapakKTe-
PUCTHKU, 3a AOIIOMOTOIO IKVUX MOXKHA XapakKTe-
pusysaru ii craH. Ile m1igbHICTD, PO3IOAIT OCO-
OMH 3a BiKOM i cTaTTIO, XapaKTep PO3MiIlleHHS
B Me)Kax NPOKWBAHHA, THUII POCTY Ta iHIIIi.

YncenbHICTb i WinbHICTb nonynAuil

YuceapHicTh MOMyJaAIlil — Ie 3arajbHa
KiJIbKicTh OCOOMH Ha TEBHiN TepuTOpii, AKi Ha-
JexaTth A0 oxuiel momysArnii. Hiaa momynAamin
IpiObHUX opraHidMiB (0COOJMBO BOJHUX) UNCEJIH-
HICTH PO3PaxOBYIOTh Ha NeBHHUU 00’em (Boau,

Yucno nap y Konowii
Yucno nap Ha 10ra

1937 1941 1945 1949 1952 Poku 1946 1950 1954

1958

I'PYHTY, OBiTpA). UncenpHIiCTh MOMYAAILl 3 Ua-
coM MoOke 3MiHioBatumcsa (maim. 68.1).

Axiro Mmu OyneMo paxyBaTy He 3arajbHy Kilb-
KicTh 0COOMH, a cepefHio KiJIbKICTh Ha OISUHUILIO
IO UM 06’€My, TO BM3HAUMMO HILIBHICTH ITO-
myssii. Hampukaan, yrcerbHICTb MOy ATl A1i-
POK Ha OCTPOBi CcTaHOBUTL 256 0cOOMH. A IIijib-
HicTh 1iel momysamii — 20 ocobuH Ha rexrTap.

Kpim minbHOCTI BaKJIMBOIO XapaKTEePUCTU-
KOI0 IOOyJAIl € pPO3IOAiJ OCOOMH y MerKax
TepuTOpil, AKY 3aiiMae IOIIyJaAlisd,— Ii mpo-
CTOPOBA CTPYKTypa. ¥ IIEBHUX MIiCI[IX TEPHUTO-
pii mIpoKMBAHHA IiJIBHICTH OCOOMH MOXKe OyTHU
HabaraTo OiJMBINOIO, HiyK Ha iHImi#l TepuTOopii.
Hampuknan, y micuax, 3pyyHUX IJId PO3MHO-
JKeHHs abo Jo0yBaHHSA IXKi.

CraTeBa 11 BikoBa CTPYKTypwv NONynAwin

ChniBBigHOmeHHaA 4YoJgOBiWol ¥ KiHOYOI
craTe y IONyJAIil Mae BayKJIMBE €KOJOTiu-
He 3HaueHHs. Bomo 06e3mocepeqHbO OB’ s3aHe
3 TIoTeHIiajaoM ii po3MHOKeHHsA. Busdnauaersca
CIiBBiZHOIIIEHHA cTaTell IK BiJTHOINIEHHS KiJlb-
KOCTi caMIIiB 0 KiJIbKOCTi caMOK abo KiabKocCTi
caMIIiB [0 3araJibHOI KiJIbKOCTi caMIIiB i caMOK.

Hysxe BaKJINBUM MOKA3HUKOM JJIA IOy~
mii € ii BikoBa crpykrypa. lle cmiBBimHOIIIEeH-
HSI YMCEJILHOCTI 0COOMH PiBHMX BiKOBUX KJIaciB
i moxosims. He 000B’A3KOBO MOMYJAIisI Mae
CKJIQZATUCS 3 0COOMH pisHoro Biky. Hampukian,
yci 0COOMHM B MOMYJIAIIAX OJHOPIYHUX POCIUH
MaioTh OJHAKOBUI BiK.

CraTeBa I BiKOBa CTPYKTYypPHU IOIIYJAIMii
BimoOpaskarmTh ii 3maTHICTH MO PO3MHOKEHHI.

Yucno NUUMHOK,
WO 3uMytoTb Ha 10Mm?

1962 Pokun

1880

1900

1920 1940 Pokn

Man. 68.1. [InHamika 4nmcenbHOCTI NONYAALUIN TPbOX Pi3HUX BUAIB TBAPUH
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Hampukinan, SKIO B MOMYyJaAIil mepeBaskaioTh
crapi ocobumHH ab0 OysKe MajJo CaMOK, IIIBUI-
KO UHCEeJIbHICTh IONyJaANil 30iJbIIyBaTHCa He
Ooyme.

MNonynAauivHa reHeTnKa

T'eHeTHUYHY CTPYKTYPY IOOYJIAIIN Ta TreHe-
TUYHI TIPOIlEeCH, AKi B MONyJAIiAX BimOyBaOTh-
cAd, BUBUYAE MOMyJAIllilHA TeHeTuKa. llomysis-
mifiHa TeHeTUKAa IIOACHIOE IIPOIlecH aJanTalii Ta
BUJAOYTBOPEHHS Uepe3 3MiHy UacTOT aJjieJiB re-
HiB AK HACJHIAKY eBOJIOIMiliHUX ImpoiieciB. BoHa
BUBYAE Te, AK 3MIiHIOIOTHCSA UACTOTH aJIeJiB IIif
Iiero pisHUX eBOJIOMiNHUX (haKTOPiB.

Ilonynamitina reHeruka cdopMmyBagacs
y 20-40-x poxax XX croxirra. Bona crana
OCHOBOIO CYyYacCHOI CUHTETUYHOI Teopii eBoJIio-
mii. Haii6inpmiuii BHECOK y i PO3BUTOK 3PO0OI-
au BueHi Coroan Paiir, Pounanpn ®Pimep, ko
Xoapeiia, Cepriti YerBepukoB, 'osdpi Xapmi
(man. 68.2), Binbrenbm BaiiaOepr (man. 68.3)
Ta iHImi.

BamauBumMu mMeromamMu, AKi COPUAIN PO3-
BUTKY IOMYJAIINHOI T€eHEeTUKU, CTAJU METOIU
6ioximii Ta MomerymapHoi 6iosorii. ¥ 60—-70-x
porkax XX CTOJITTA INMHUPOKE B3aCTOCYBAHHSA
OTPUMAB MeTOJ OilKoBOro esieKTpodopesy.
3a I0IMoMOTroI0 IIFOT'0 METOAY BIAJIOCS BCTAHOBU-
TU BeJHWKe pisHOMaHITTS opM OinKiB, AKiI KO-
nyBaaucsa onuuM remom. 11i poboTu cTasiu ocHO-
BOIO HOBO1 €BOJIIOIiMiHOI Teopii HeHTpPaJIbHOCTI.
Hocnigsxennsa pisHomaniTTa 6inKiB (0C00IUBO
iBohepmeHTiB — pPidHUX (PopM OmHOTO (hepMeH-
Ty) IIXPOKO BUKOPHUCTOBYIOTH i 3apas.

Ane 3 Kiama 1970-x pokiB y remeruili o-
OyJAif AJA OpOoBedeHHS NOCTiKeHb MoYaJiu
mupoko BukopuctoByBatu JIHK-texnosorii.
I 3apas i meTogu € ogHUMM 3 HAMOIIBII IIOIY-
aapuux. KpiMm Toro, cTBOpeHHs HOBUX METOIiB
BugisieaHa [JHK 3 BUKOIHUX PEIITOK JA03BOJIAE
OPOBOAUTHU aHAaJi3 HABITH JaBHO BUMEPJUX IIO-
oyndanivn i BumiB. Tak, 3aBAAKM UM MeTOIaM
yAajgocs BCTAaHOBUTH, IIIO0 HeaHAepTaJbCbKe Ha-
ceJleHHA €BPOIIM MEHIII aKTUBHO, Hi’K IIpeiCcTaB-

0 Kniouosa iges

byab-Aknnm BnA XMBMX OpPraHi3amiB CKnafgaeTbcA
3 nonynAuin. KoxHa 3 nonynAauin CKnagaeTbca
3 NpeAcTaBHUKIB BUAY, AKI B3aEMOAiIOTb MiXK CO-
6010, i Ma€e NeBHY CTPYKTYpY (BiKOBY, CTaTeBy, NPoO-
CTOpPOBY TOLLO).

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

Man. 68.2. I. Xapgi

Man. 68.3. B. BaiiHb6epr

HUKHU Cy4YacHOI JIIOAUHU, 0OMiHIOBAJIOCS reHaMu
3i cBoiMu cycimamm.

MNonynAauia AK ognHMLA eBontoLil

Ilomynsarii € TMMU OCHOBHUMMN KOMIIOHEH-
TaMMu, 3 AKHX CKJIAJAIOTHLCSI BUIU KUBUX OpP-
raHismiB. Ycd CYKymHiCTH TeHIB ycix ocobuH
momyJaAMii ckaazgae ii reHodgonn. Koau axuiich
daKkTOp BHUIIYE YACTUHY OCOOMH ITOMYJIAIlil, BiH
3MiHIOE CHiBBiTHOIIIEHHA PiSHUX BapiaHTiB IeHiB
y reHodoHAi momysAlii. A 3miHa reHOGOHIY
3 YacoM MO:Ke HPU3BOAUTH 1 [0 €BOJIOIiHHUX
samin. Tomy came momyJisllii, a He OoKpeMi op-
TaHi3MHU € YyUYaCHUKAMU €BOJIIOI[ITHOTO IIPOIEeCy
A eJleMeHTAaPHUMU OJWHUIIMU €BOJIOITiI.

@ MpaKTnyHa poboTa

BusHayeHHsA xapakmepy ycnaOKye8aHHA ma MiH-
Jlueocmi opzaHismie

1. MNopiBHAWTE POCAUHN OQHOrO BUAY, 3HaAWAITb
03HaKy nogibHocTi B ixHin 6yaosi. MoAcHiTL npu-
YMHKU NoAiI6HOCTI 0COBMH OfHOrO BUAY.

2. 3HangiTb y OOCNIAXKYBaHUX POC/VNH O3HaKMW Bif-
MIHHOCTI. flka BNacTUBICTb OPraHi3miB 3yMOBJIOE
BiAMIHHOCTI MiX 0COOMHaMU OAHOrO 1 TOro Camo-
ro sugy?

3. flki 3 BUABNEHUX BaMW BiOMIHHOCTEN MOXYTb
OyTV 3yMOBJ/IEHI CMAAKOBOW MIHMBICTIO, @ AKi —
HecnaaKkoBo?

4. CoopmyntonTe BUCHOBOK.

03ar||/|TaHHﬂ Ta 3aBJaHHA

1. MoAcHiTb, YOMYy OKpema 0cobMHa He Moxe 6yTu
efleMeHTapHoo oAnHULEeo eBontoLil. 2. Yomy TexHono-
ria BiATBOPEHHA AMHO3aBpiB, WO MoOKa3aHa y daHTac-
TMYHoMy inbmi «Mapk KOpcbKoro nepiogy», He MoXe
6yT peanbHO BTiNleHa B XWUTTA?
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 69. EnemeHTapHi npouecn esonwouii. BuaoyreBopeHHA

0 [NomipkynTe

Y moxe HOBWI BUA YTBOPUTUCA 3 OfHI€El OCO-

6uHN?

Q 3raganTe
- EBontouia o MakTopy eBontouil
« [TonynAuin » BugoytBopeHHs

®akTopwu eBontoLii

EnemenTtapui ¢akTopu eBogmomii — 1e
ABUINlA Ta IIPOIleCU, SAKiI 3MiHIOIOTH TeHO(OHI
monysamii. 3mMiHu B TreHOMOHAI MOMyJaAIil
3 YacoM MOJKYTh HaKommuyBaTucsa. Tomy oco-
OMHN B TOMYJIAIil IIOUMHAIOTL Oemaji OijbIie
BigpisusaTuca Big cBoix mpeakis. Tak i BigOy-

BA€EThCA €BOJIIOI[id.

Ho darxTopiB eBoJOIlii BigHOCATH MyTaIlrii
(MyTamniiHui poIiec), MONMYJAAIiNHI XBUJIi (XBU-
Ji KUTTA), Opeilid reHiB, isonsdIriro, mirpaiiro
i mpupoauuit 1006ip.

3akoH Xappai — BanHb6epra

Y Tux ymoBax, KOJW CUTYyaIl[ifd B IOMYJIAIL]
JKUBUX OpPraHiaMiB BigHOCHO cTabinbHa, pisHi
BapiaHTHU reHiB mepedyBalOTh ¥ CTAOLIbHUX CHiB-
BigHOIeHHAX (y craHi piBHOBarm). lleit cran
ommcye 3akoH Xapai — Baiiabepra, Axkuii BcTa-
HOBJIIOE BiATIOBiAHICTH MiXK YacTOoTaMU Pi3SHUX
aJIesIiB Ta YacTOTaMU T'e€HOTHUIIIB, AKi 3a y4JacTio
IUX aJieiB YTBOPIOIOTHCH.

YMoBU, 3a AKUX IIed 3aKOH HIPAIlloE, € Ta-
KUMMU:

* CXpEeIlyBaHHSA B MOITYJIAI] € BIIBHUM i BU-
HagKOBIIM;

+ Y IOIyJAAIii BifcyTHA Mirparis;

EBontouinHi pakTopu

dakTop Onuc (paxkTopa

Myramii IIpupomHmMii Iporec MOCTIHHUX 3MiH

(myramifiHuii | cmagKoBoi iH(GopMarlii BHaACTIZOK il

mporiec) MyTareHHuX (paxTopiB

ITonynamniiai KomuBamHA YMCEeIbHOCTI IPUPOTHUIX

XBUJIL (XBWJII | HOMyJAIil, AKe BiZOYBa€ThHCA IOCTIHHO

SKUTTSI) BHACJIOK KJIIMAaTUUYHUX, Oi0IOTivHTX
a00 iHmux haxTopiB

Hpeiid rernie | 3miHa yacTOTH ajiejIiB IeBHUX I'eHiB
yepes BUIIAAKOBI mporecu. Hampukaaz,
BUBEPIKEHHS BYJIKaHa, TOBiHL a00 110~
TPaIIAHHS HEBEJIMKOI Py OCOOUH Ha
HOBY TepuTOpio (epeKT 3aCHOBHUKA)

Izonamnia Pozpinennsa nomysnAanii ogHOTO BUAY
yepes3 BUHNKHEHHS MijK HUMU AKKXOCH
6ap’epiB ((pisuuHMx 460 €KOJIOTiUHUX)

Mirpamia Ilepemimensa ocobuH 3 opHiel momyrsa-
mii B inmry a6o Ha HOBi TepuTOpPil

ITpupoguui HudepeniriiioBane BUKUBaHHA GiJbIII

Io0ip IPUCTOCOBAHUX IO IIEBHUX YMOB iCHY-
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BaHHA OCOOUWH y MOTYJIAIil

ITpuxknan gii

VY npenkis TroAuHY BHACTIZOK MyTaIlii ABi xpo-
MocoMu 06’ enHaNMCA B ogfHYy. ToMy B JII0OAMHMT

23 mapu XpoMOCOM, a y IIIUMIIaH3e, AK i y HaIloro
CIiJILHOTO TIpenKa,— 24 mapu

ITepiognuHO BUHUKAIOTE CIIAJaX¥ PO3SMHOMKEHHS
KoMax (HampukJaang, capauu). [Ipu mboMy TBapuHU
MOJKYTB IOIINPIOBATHCSA 3a MeXKi TepuTOpii cBOTO
3BUUYANHOTO IIPOKUBAHHA

Kouu gioau moTpanuian Ha AMePUKAHChKUHN KOH-
TUHEHT, cepeli HUX BUIIAAKOBO He BUSBUJIOCS JIO-
Ileli 3 ayiesieM, AKUH BifmoBizae 3a hopMyBaHHSA
IITi IV rpyn kposi. Tomy m0 HOBOI XBuJIi Mirparii
3 €Bponu, HaceJeHHA AMepuKu MaJio TiabKu I abo
II rpynu kposi

ITonymamii, sxi moTpanasaam Ha OCTPOBU, YACTO He
MOTJIM KOHTAKTYBATH 3 MOMYJIANIIMUA MaTEPUKa

1 yTBOpIOBAJIM HOBI BuI, K B’IOpKU Ha ['ajamna-
TOCBKHX OCTPOBaX

Puba-ronka 3 HopHoro mopsa mirpysaJa B p. JHi-
mpo, a 3BiaTH no Kanany [ainpo-Iorbac morpamnu-
ja B p. CiBepcbkuii [foHenb

ITix yac BUKOpUCTAaHHSA aHTUOIOTUKIB BUIKUBAIOTH
TinbKU Ti 6aKTepii, AKi MaOTh 10 HUX CTiHKiCcTH



Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

Cnocobu BMAOYTBOPEHHSA
Cmoci6 BuIoyTBOPEHHSA IIpouecu, aki BigoyBaroThCs

Teorpadiune (amomarpuune) | HoBi (hopmMu opraHisamMiB BUHUKAIOTH AK PE3YyJIbTAT PO3PUBY apeasy i IpocTopo-

BUAOyTBOpeHHA (MaJ. 69.1)

BOI iBousarii. ¥V KoKHIN i30/1bOBaHiT TOTYAAIIT BHACTiTOK Apeli(py reHiB i mo-

6opy sMiHIOETHCA reHOGOH . lani HacTae PenpPOAYKTUBHA i30J1A11id, 110 Bee
10 YTBOPEHHA HOBUX BUAiB. [I[prunHaMu pO3pUBY apeaay MOMKYTh OYyTH IipchbKi
TIpoIlecH, Jb0JOBUKM, YTBOPEHHA PiUOK Ta iHIII reosioriuHi mpoIiiecu

Exousoriune (cuMmmaTpudne)
BUIOyTBOpeHHA (MaJy. 69.2)

Hogi ¢hopmu 3aiimaroTh pis3Hi eKoJOTiuHi HimIi B MeXax 0JHOTO apeaJry.
Izonsarnia BinOyBaeThcsa BHACIIIOK HEBIATIOBiAHOCTI Yacy i miciia cxpelryBaHHs,

TIOBEIiHKM TBApPUH, IPUCTOCYBAaHHA 10 PiBHUX cIIOCO0iB 3alIMJIEHHA Y POCJINH,
CIIOKMBAHHA Pi3HOI iKi TOIIO

BugoyTBOpeHHS MIIAXOM
CXPpeIyBaHHs

BumgoyTBOpeHHSA IIIIAX0OM
moJrinioimii

« y momyJadAnii BiAcyTHiI myTairii;

* IIONYJIAIis Ma€ BeJUKY UHCEJIbHICTh.

MaremaTuuHo 3aKoH Xapai — Batiubepra misa
IBOX ajieJliB OJHOTO I'eHa OIUCYIOTH (POPMYJIOO:

p*+2pq +q* =1,

Ie p — me vacrtora (y YacTKax OIWHUIL)
[IepIIOro ajieid I'eHa, a ¢ — dYacToTa APYro-
ro anens. Bigmosiguo, p?ig¢? — uwacroru oGox

TUIiB I'OMOBUTOT, 2pg — YacTOTa I'eTePO3UTOT.

3po3yMiso, 110 B peaJbHOMY IIPUPOJHOMY
CEPEemoBUII MOCATHEHHA I[UX YMOB MOBHICTIO
HeMOJKJImBe. AJie 328 YMOBU JOCTATHBO OJIU3BKOIL
curyalii (myske Majio MyTalliii, cXpellyBaHHS
MaliKe BijbHe, Mirparii mai:Ke HeMae) pospa-
XYVHKU 3a I[i€io GopMyJIOI0 Mail0Th IiITKOM IIPUIi-
HATHUN pe3yJibTaT. SIKII0 K Ile CIIiBBigHOIIIEH-
HS IMOPYIIYETHCA, TO IIe € CUTHAJOM IIpPO Te,
110 BimOyBaroThbCsA SKiCh €BOJIIOIiIHI IIpoliecu
1 3MiHIOETBCA TeHOMOHI TOMYJaAIMii.

HanpaBneHicTb enemeHTapHUX

npouecis eBontoLil

3 eBOJMWIIMHUX (PAKTOPIiB TIIBKU IIPUPOJI-
HU#l [0o0ip € HampaBJIeHUM — BiH fie y meB-
HOMY HampsaMi, Bigduparoum OiJIbII IIPHCTOCO-
BaHMX OCOOMH. Yci iHimi gaxTopm eBoJIOIil €
HeHanpaBJIeHUMH. BoHU 3MiHIOIOTH YaCTOTU

0 KnioyoBga igen
Mig pieto dpakTopiB eBontoLii YacTOTN anenis reHis

y nonynAuiax 3miH0TbCA. Hacnigkom Lpboro npo-
Liecy € eBOJIIOLiA XMBUX OpraHi3mie. Pesynbtatom
eBonioLii € BUAOYTBOPEHHA — npouec dopmy-
BaHHA HOBUX BUAIB »KMBUX OPraHi3mMiB.

Hosa opma yTBOPIOETHCS BHACTIMOK CXPEIyBaHH ABOX BUAiB. IIpuKIamom
TaKOTO BUAOYTBOPEHH € camBa (Tri6pug TepeHa Ta ajamdi)

Hoga ¢opma yTBOpIOETHCA 3i cTapoi nuraxom mosimaoigusarrii. Ileit croci6 Bu-
JOYTBOPEHHSA IOIIVPEHUNA Y POCIUH

a9y

Man. 69.1. leorpadiuHe (anonatpuyHe) BULOYTBOPEHHSA

e

Man. 69.2. EkonoriyHe (cumnaTpuyHe) BUAOYTBOPEHHA

pisHUX BapiaHTiB TeHiB y reHOMOHII IOMYyJIs-
mii BUIIagKOBHUM YMHOM. | HampaMu ITUX 3MiH
MOXKYTh y pPisHi MomMeHTH OyTu pisHumu. AJe
HeHaIIpaBJIeHi (paKTOpY BUKOHYIOTh Iy:Ke BarK-
JUBY poJib. BoHU 3a0€e31euyoTh IPUPOSHUN I0-
0ip MarepiamamMu 1Jisi PoOOTH.

Cnocobu BMaoOyTBOPEHHA

Icaye KinbKa MOMKJIUBUX CIIOCOOIB yTBO-
peHHA HOBOTO BuAy. HallBasKJIMBIIIOH YMOBOIO
YTBOPEHHS BUAY € i30JIAIiA HOT0 OKpPeMUX IIO0-
nyaamii. Kiacugikailis cmocobiB BUIOYTBOPEH-
Hs moOygoBaHa caMe Ha PisHUII y cmocobax
CTBOPEHHA i30aAMii MiK piSHUMU TOMYJIAIid-
MU BULY.

3annTaHHA Ta 3aBJaHHA

1. Aki icHyoTb dakTopK eBonouii? 2. Bukopuctosy-
10U JOAATKOBI AxKepena, nigbepitb oanH-ABa NPUKNagn
apendy reHis gna nonynAauin noguHn. 3. PisHoBMAOM
AKOro BUOOYTBOPEHHA — CUMMATPUYHOrO YK anona-
TPVUYHOrO — MOXHA BBaXkaTh BMAOYTBOPEHHA LUASAXOM
noninnoian3au,ii?
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 70. leHeTnKa noguHN

0 [omipkynTe

[eHeTMKa NoanHN

T'emeTnka dIOMMHU BUBYAE ABUIINA CIALKO-

Yomy TpaHcniaHTauis OpraHis Mi>k MOHO3VTOTHU- BOCTi # MiHJIMBOCTI Yy momyIAIidAX Jiofeii, 0cob-
Mun 61r3HIOKaMK € HabaraTo MeHLW NpobaeMHo, JIMBOCTI YCHAAKYBAHHS HOPMAJBHUX i IATOJO-

HiXK MK OU3UTOTHUMW?

é 3raganTe

o [eHeTuMKa

riYyHMX O3HAK, 3aJIE’KHICTh 3aXBOPIOBAHHS Bif
TeHeTUYHOI CXMJIBHOCTI ¥ (haKTOpiB cepemoBu-
ma. 3aBIaHHAM MeJUYHOI TeHEeTUKY € BUABJIEH-
HA i mpo@isaKTUKa CIIaJKOBUX 3aXBOPIOBAHbB.
« TeHOM NIOAVHM Oco0/IMBO BaKJIMBOIO TeHETHKA JIOAUHU €

« MeToau reHeTUUHIX A0CHimKeHb 3 OTJIANYy Ha Te, IO CIIAZKOBICTh JIOAWHU — IIe

Meton,
TOCHIIKeHb

Teneanoriuami

MomaexkynsapHO-
TeHeTUUYHUKN

Bioximiunnii

ITonmymamitino-
CTATUCTUUYHUN

ITuTorenermu-
HUN

MogenroBanusa
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BasKJIMBA CKJIamoBa ii 3gopoB’s. [[o akTopis, AKi
OCHOBHi MeTOAV FreHETUKM NIOAUHN

Ocob6auBoCTi MeTOTY

I'pyHTyYeThCH Ha IPOCTEXKEHH] 6yAb-AK0I 0BHAKY B P/ IIOKOJIIHB 31 BKA3iBKOIO POTMHHUAX
3B’ A3KIB MiK WieHaAMM POLOBOAY. BUKOPMCTOBYEThCA AJIA OL[iHKY PUSUKY YCIIaJKyBaHHSA
TeHEeTUYHOT'0 3aXBOPIOBAHHA.

Teneanoriunuii meton 0yB yBeneHuii y HayKy B Kinmi XIX ct. @. I'axbToHOM.

MosnekyIsapHO-TeHETUUHUNA METO, JOCTiMKeHb CIIaIKOBOCTI JIIOAUHU € CYKYITHICTIO PidHO-
MaHITHUX TeXHOJIOTiH i mpalftoe 3 MoJIeKyJIaMu HYKJIeIHOBUX KHUCJIOT i 6inKiB. 3asBuuaii yci
I[i TeXHOJIOTii BUKOPUCTOBYIOTH ¥ KOMILJIEKC.

Jlo HaKI61IBIIT TOMTMPEHNX MOJIEKYJIAPHO-TEHETUUHNX TeXHOJIOTiH HaJIe}KaTh:

+ cekpenyBauHda [[HK (mosisfirae y BCTaHOBJIEHHI IOCTiJOBHOCTI HYKJIEOTUAHUX OCHOB Ha
neBHil ginaamni THEK);

+ moJIiiMepasHa JIAHIIOTOBA PeaKIlid (BUKOPUCTOBYE MPUHINTI KoMiieMeHTapHocTi [THK
s 30imbmienHs 11 KiabkocTi y mpo6i);

+ FeHETUYHI MapKepu (moJsArae B ineHTudikailii nepuux rexis, gingaok [JHK, xpomocom
a60 0coOMH 3a JOIIOMOI0O0 IPUTAMAHHUX JIUIIIE IM CIIOJYYeHb HYKJIEOTUiB);

« DHK-mikpouin (mosigrae B ToMy, I10 Ha CIEIiaJIbHIiH IIJIaTi pO3TAIIOBYETHCA BeJIUKA
KinmbKicTh 30HAIB — HeBenukux mosiekys [JTHK, 3 akumu B3aemonirors PHEK, 1o nagsHi
Yy DOCIIIKYBaHUX KJIITHHAX)

BurkopuctoByeThCs A JiarHOCTUKY 3aXBOPIOBAHb OOMiHY PEUOBUH, IPUUNHOIO AKUX

€ 3MiHa aKTUBHOCTi OKpeMux (hepMeHTiB.

3a momomororo 6ioximMiuHux MeToxAiB BigKpuTo 6,13bK0 5000 MOIEKYIAPHUX 3aXBOPIO-
BaHb, AKi € HACIIIKOM IIPOSIBY MYTAHTHUX TeHiB. ¥ pas3i BUHUKHEHHS 3aXBOPIOBaHHA BIA-
€ThCsA BU3HAYUTU a00 caM aHOMAaJbHUM 610K — depMeHT, a60 IPOMiKHI MPOAYKTH 0OMiHY

Jl03BOJIsIE BUBUATH MOIIMPEHHA OKPEMUX TeHiB y MOMyaAIiAX Jofeii. 3a3Buuail mpo-
BOISATH OesocepesHe BUOIpKOBe MJOCTiIMKeHHA YACTUHY IOyl a60 BUBUAIOTh apXiBu
JiKapeHb, IOJIOTOBUX OYAMHKIB, a TAKOMK MPOBOAATH OIUTYBAHHS IIIJIIX0OM aHKeTyBaHHA.
Bubip criocoby 3anmekuth Big metu mocaigskenHda. OcTaHHiNM eTam JOCTiAMKEHHA MOJIATAE

y cratTuctTuyHOMY aHamisi. Ileit MeTox H03BOJIsSIE BUSHAUUTU T€HETUYHY CTPYKTYPY MOIYJIsA-
i (cIiBBiAHOIIIEHHA MiXK YaCTOTOIO IOMO- i IeTepPO3uroT)

IpyHTyeThCA Ha BUBUEHHI XpOMOCOM JIIOAMHY B HOpMI it 8a maTosrorii. Bir Bigirpae cyrre-
BY POJIb ¥ BUBUEHHI Ta JiarHOCTUIII CIIaJKOBUX 3aXBopOBaHb. Oco0uBoO eheKTUBHUM Iieit
METO/[| CTaB IicJid PO3POOKY MeTOiB AupepeHIIifHOTO 3a0apBIEeHHA XPOMOCOM

I'pyHTyeTHCH Ha TOGYNOBI MaTeMaTnyHOI Mofei pisHOMAHITHUX Gi0JIOriYHMX IpoLeciB

i po3dpaxyHKY peakIlii 3M0/1eJJbOBaHOI CUCTeMH Ha Aif0 MeBHUX (haKTOPiB. 3a JOIIOMOTOI0
MOJeJTI0BaHHS BUBYAIOTH IIPOIlEC B reHO(DOHIaX Pi3HUX MOMYJIAIIHN JIOAUHU, 0COOJIUBOCTI
pob6oTu (hepMeHTIB micjiA BUHUKHEHHS MyTalliil y reHi, SKuii iX KOAye, TOIIO



BU3HAYAIOTH 3[0POB’ A JIIOAUHM, BiTHOCATHh TaKOMK
BILIMB HABKOJIUIITHLOTO CEPEOBUINA, PiBeHb Me-
IWYHOrO OOCJIYyrOBYBaHHS I CHOCIO JKUTTA.
T'enmeturka goauHE 00’€dHYE KiJbKa Ha-
OpPAMiB JOCTiIKeHb CIAIKOBOCTI JIIOAWHU.
Tak, meduyHa zeHemuka 30cepemxkeHa Ha [I0-
CIiMKeHHAX CIaJKOBUX 3aXBOPIOBaHBb i MOpPiB-
HAHHI ycmagKyBaHHA 1 peasizaifii HopMaJabHUX
i maToJoriuHMX O3HAK Ta 3aJIeKHOCTi 3axXBO-
pIOBaHb Bif reHeTUUYHUX (PaxkTOpiB. A HA MeXKi
TeHeTUKHU JIIOAUHU, OioJsorii siioguHu I aHTPO-
noJiorii chopmyBanaca anmponozeHemuka. 1lei
HaOpAM JOCJIiIKYe IpoIecH, SKi BimOyBaOThLCA
B CyYaCHUX Ta IIPOXOAUJIN B MaBHIX IIOIIyJIs-
miAxX JOIWHU, 3aJydYaloun JaHi IMOMyJIAIlifHOl
TeHeTUKU JIOANHN, TeHeTUKH! MOBeIiHKU, IIITO-
TeHeTUKU, IMyHOTeHEeTUKU, aHTPOIIOJIOTII TOIIO.

MeToau reHeTUKN NaAnHN

HociimkeHHA TeHeTUKY JIIOAUHY TI0B’ A3aHe
3 BeJIMKUMHU TpyaHOIaMu. IIpuumHNM — y He-
MOJKJIMBOCTi €KCIHePUMEHTAJIbHOTO CXPEIlyBaH-
Hs, IOBLJIBHIN 3MiHIi IIOKOJIiHb, MaJIill KiJIBKOCTIL
HOTOMKIiB y Ko:kHill cim’i. Kpim Toro, Ha Bin-
MiHY Bif KJaacmuHUX 0O0’€KTiB, II[0 BUBUYAIOTH-
cA y 3arajibHIA TeHeTuIli, y JIOIANHU CKJIATHUNA
KapioTuil, BeJnKa KiJIbKICTh I'pyNn 34YeILIeHHS.
IIpore, He3Ba)kaUM Ha BCi IIi TPYAHOIIi, TreHe-
TUKA JIIOOUHU YCIIIITHO PO3BUBAETHLCS.

Y BUBUYEHHi IeHETUKU JIIOAUHU BUKOPUCTO-
BYIOThCS TaKi MeToau: IeHeaJIOTiuHUM, MoJie-
KyJIApPHO-TEHeTUUYHUM, OioXiMiuHUIA, ITOITyJIs-
IMiAHO-CTaTUCTUUYHUM, ITUTOTCHEeTUUYHUI, METO[
MO/JIEJIIOBAHHSA TOIIO.

CknapaHHA poaoBoaiB

30upaHHs OaHUX ITOUYMHAETHCSI 3 IMPOOAH-
Ixa — ocobu, POAOBia AKOI HEOOXiTHO CKJacTH.
Hum morke OyTu JroguHa — HOCIH AKOI-HeOyAb
03HaKM, abo ocoba, AKa 3BepPHyJIacA 3a IIOPaIoIo
IO JIiKapa-TeHeTUKa. 3a3BUYAl POAOBiM CKJIama-
IOTh 34 OfHielo abo KiimbKoma o3Hakamu. Merton
BKJIIOUA€E ABa eTamnu: 30ip BigomocTeil Ipo ciM’o
1 reHeaJioriuHM aHaJIi3.

0 Kniouosa iges

[eHeTMKa NoAVHN — Le AyXe BaXXMBUM po3gin
reHeTUKW, AKNA BMBYAE CMAAKOBICTb i MIHNUBICTb
noanHW. Y Ui ranysi 3acToCcyBaHHA MEBHUX Me-
TOAIB FEHETMYHMX AOCHifKeHb MOTPebye Bpaxy-
BaHHA He TiNbKW GioNoriyHuX, ane 1 couianbHUX
Ta MOPasbHUX aCMeKTiB.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

1 2
1
1 2 3 4
1
1 2 3 4 5
v
1 2 3 4 5 6

— HOCIT 03HaKu

Man. 70.1. Poposig

Ilix vac ckJaamaHHS POMOBOAY MHOKOJIHHS
MOJKHA IIO3HAYATH PUMCLKUMU IIU(PpPaMu 3BEPXY
BHUS (3JiBa Big pomorony). IlpeacraBHuMKY OgHO-
I'0 IIOKOJIIHHSA PO3TAIIOBYIOTHCS B OJAHOMY TOPH-
30HTAJbHOMY PAAY 3a MOPAIKOM HAPOIKEHHS
(siiBa HampaBo). ¥ MeKaxX OJHOTO IMOKOJiHHSA
KOKHUU UJIeH IT03HAUAEThCA apadChbKuUMU Iu@-
pamu. Ko:KHUiT 4ujeH pOAOBOLY MOKe OyTH IIO-
3HAUEHUHN BiAHMOBiZHUM INIHQPOM, HAIIPUKJIAL
II-5, III-7 (man. 70.1).

@ MpakTnyHa poboTa

CknadaHHsA podoeodie

1. CKnagitTb cxemy pofoBogy NeBHOI poAnHM (CBOET
a60 iHLWOT), BUKOPUCTOBYIOUMN FEHETUYHI CUMBONMN.
2. [poaHanisyiTe poAoBIA i BU3HauTe TUM yCNagKy-
BaHHA (QOMIHAHTHWUI Y/ PeLeCcrBHUIA, 3UeNNeHn Yn
He3uyenneHnn 3i CTaTTIO TOWO) O3HaK, AKi B PO3-
rNAHYNN.

3. ChopmynionTe BUCHOBOK.

03aI'II/ITaHHﬂ Ta 3aBAaHHA

1. 3HangiTb Ta NpoaHanisynTe poAdoBiA KOPOneBu
BikToOpii AK npuKknag ycnagkyBaHHA remodinii. YKaxiTb
HallafKiB Koponesu, AKi He oTpumanu anena remodinii,
Ta MOSICHITb, YoMy Le Bigbynocsa. 2. [leaki 3 KnacuuHmx
METO[IiB reHEeTVKN He BMKOPWCTOBYIOTb Y AOCHIAKEHHAX
reHeTuKn nofnHN. AKi Lue MmeToan 1 Yomy iX He BUKO-
PVCTOBYIOTb Y LibOMY BUMaAKy?

14/



Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 71. CnapgKoBi 3aXBOpIOBaHHA Ta ix npodinakruka

0 [omipkynTe

Yy MOXKyTb CNagKoBi 3aXBOPIOBAHHA Ta YPOLXKEHi
BaAM MaTW OfHAKOBWI 30BHILLHIN NpoaB?

Q 3raganTe

« CnaakosicTb o MyTauii

» [eHeanoria o [eHeTMKa NoaANHU

CnagKoBi 3aXBOPIOBaHHA i Bagu
NOANHN

Ax i B iHmMUX KWBUX OpraHi3dMiB, reHETUUHI
TOPYIIIeHHA B OPTraHi3Mi JIOAWHU MOMKYTbH Bil-
OyBaTHucs Ha PisHMX PiBHAX opramisarii cman-
KOBOI'0O MaTepiaJy, IO i cTae IPUUYNHOK CIIaj-
KOBUX 3aXBOPIOBaHb. BiAmoBigHO, TPAILIAIOTLCS
TeHOMHi, XPOMOCOMHi 1 TeHHi 3aXBOPIOBaHHA.

Ha Bigminy Bijg cmagxoBuxX 3aXBOPIOBAHbD,
OPUPOJAKEHI Baau BUHUKAIOTH He B Pe3yJIbTaTi
nomkomxkerHa [[HK. Ilpupomxeni Bagu — 11e
CTPYKTYDHI IIOPYIIeHHA, AKi BHHUKAIOTH 10 Ha-
POIKeHHSA JUTHUHH 1 IPOSABISIOTLCA Bigpasy adbo
yepes NEBHUI dac IIicjad HapOKeHHA. IX Ipu-
YWHOIO € IMIOPYIIeHHA Ipollecy eMOpiorenesy mifa
Yyac BHYTPIITHBOYTPOOHOTO PO3BUTKY 3apOAKa.

IIprunHOIO TPUPOIKEHUX BaJ MOXKe OyTH
Iis Giosoriunmx, xiMiuHMX a60 QismuHmMX Pax-
TopiB. Hampukiianm, 3aXBOpPIOBAaHHA BariTHOIL
JKIHKM Ha KPacHYXy MOJKe OyTH IPUUYNHOIO IJIy-
XOTH Yy AUTUHU, a Oisd CHOTIMHOTO TaligomMimy
cTajla IPUYMHOIO HAPOMKEeHHS HiTell 3 HEepos3-
BUHEHUMU KiHIIiBKaMH.

a 6

Man. 71.1. ['aTa napa romosioriyHMx XPOMOCOM Y 3[0pO-
BOI (a) Ta xBOpOi Ha crHApoM JlexeHa (6) nioanHK
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[eHOMHI Ta XpPOMOCOMHI
3aXBOPIOBAHHA NIOANHMN

T'emoMHI ¥ XpoOMOCOMHI B3axBOPIOBaAHHA
JIOAWHU 3a3BUUYall € OyKe TIRKUMU H PigKo
OyBalOTh CyMiCHUMU 3 KUTTAM. Tak, Iijg yac
YTBOPEHHA TPUILJIOILHOI 3UTOTH 11 PO3BUTOK
PO3IIOUMHAETHCH, ajie 3apPOJOK T'MHe Ha JOCUTD
paHHiIX cTagigx pO3BUTKY. 3MiHM KiJIbKOCTi
XPOMOCOM B OKpeMux mnapax (Tpucomii i MoHO-
comii) Tesx Bimomi. Auie B OinbIIOocTi BHIIAAKiB
3apOAKHY 3 TAKUMU IIOPYIIEHHAMHU T T'MHYTb.

€ numre kinpka BuHATKiIB. Tak, mo Hapo-
IJKeHHA AOMKMBAIOTH HEMOBJSATA 3 TPUCOMisIMU
mo 13-t1 (curapowm Ilaray), 18-#1 (curapom Enx-
Bapaca) i 21-i1 (cumapom llayHa) XpoMocoMax.
Ane mogu i3 cumapomamu Ilaray i ExgBapaca
MaloTh 3HAUHI aHOMAaJil PO3BUTKY Pi3HUX CHUC-
TEeM OpPraHi3My i JKUBYTH AysKe HenoBro. Jlrogm
i3 curapomom [layHa »KUBYTH MOBIIE, ajie B HUX
€ 1IpobJieMHu 3i 370POB’sIM.

Yacrimie TpanasioThCA TOPYIIEHHS Y YNCi
craTeBuUX xpomocoMm. lle moB’s3aHe 3 TUM, IO
Y-xpomocoma mMicTuTh IysKe MaJsIo I'eHiB, a 3aliBi
X-xpoMocoMU iHAKTUBYIOTHCA KJIITHHOIO, IIepe-
TBOpIOIOUYMCH Ha Tinbile Bappa. Tomy remorunu
XYY i XXX axuxoch 0COOJUBUX B30BHINIHIX
MpPOsABiB He MaOTh. Ajie 3a YMOBU MOMAJIBIIIO-
ro 30iJbIIEHHS KiJBKOCTi CTaTeBUX XPOMOCOM
BUHUKAIOTH npobsemu. CIafkoBUMU 3aXBOPIO-
BaHHAMU € cuHApoMm Kisaiindenbrepa (reHoTmn
XXY) i cungpom IlleperreBcrkoro — TepHepa
(B renomi € Jgurmie ogHa X-Xpomocoma).

IIpukaagoM XPOMOCOMHOTO 3aXBOPIOBaHHS
y JIOAUHU € cuHIpOM Jle:keHa, AKUA BUHUKAE
BHACJiZOK yTpatu ¢parMeHTa XpPOMOCOMHU 5
(Mas. 71.1). Moro me HasWBaiOTh CHHIPOMOM
KOTAYOT0 KPHUKY, 00 mjau OaraThbox mOiTeii i3
UM CUHJPOMOM CXOXKUI Ha KOTAUYUHN KPUK.

IIle ogHUM MPUKJIAZOM XPOMOCOMHOTO 3a-
XBOpPIOBaHHA € xopesa I'anrinrrona. Bona Bu-
HHUKa€e B pe3yJbTaTi 0araTopasoBoi AyMIiKaIii
oxuoro 3 xKomoHiB (CAG) rema IT-15, posrarmio-
BAHOTO Ha XpoMmocoMmi 4. ¥V 310poBUX JIIOei et
KOJOH MPUCYTHIN y KiMTbKOX Komisgx. AJle micis
TOr0, K KOHill KOomoHy cTaHe Oijbine 36, pos-
BUBAETHCA xopesa ['aHTiHrTOHA. 3aXBOPIOBAHHA
posBuBaeThca y Bimi 35—50 pokiB i crae mpu-



Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SN

I'IpMKnanm Fr€HHUX 3aXBOPOBaHb NNIOANHN

3axXBOPIOBAHHA

MyxogBicmumos

BigomocTi mpo 3aXBOpIOBaHHA

BuHukae BHACIIIOK IIOIIKOAKEHHA IeHa, PO3TalIoBaHOro Ha xpomocomi 7. IlpusBoguTs

IO 3aTryIIleHHs CEeKPEeTiB 3aJ103 30BHIITHBOI ceKkpelrii. Bukinkae suauni mpobiaemu B poboTi

TpaBHOI i AUXaJIBHOI cucTeM

deninkeTonypis | BuHuKae BHACIILOK HOIIKOAMKEHHS I'eHa, PO3TaIlloBaHOro Ha xpomocomi 12. ITpusBoguTh
10 HEMOJKJIMBOCTI IMepepodKy aMiHOKMCJIO0TH (PeHinamaHiny. 3a BigcyTHOCTI TiKyBaHHS
IIPUBBOJUTH A0 YPasKeHHA HEPBOBOI CUCTEMU

HanbroHizm

BuHukae BHACTiIOK IOMIKOAMKEHHS OJHOTO 3 TPhOX T'€HiB, 110 BiAMOBia0OTh 38 CUHTES

0inKa OICHUHY, AKUU copuiiMae BigmoBigHMii Korip. ['eH CHHBOTO OIICUHY PO3TAIIIOBAHUI
Ha XpoMocoMi 7, a reHr 4YepBOHOTO i1 3e1eHoro — Ha X-xpomocoMi. IIpusBoaguTs 10 BTpaTU
MOJKJIMBOCTI CITpUMaTH BiAIOBIAHUN KOJIip

Temodinisa

BuHukae BHACTiIOK IOMIKOAMKEHHS OJHOTO 3 I'eHiB, ITI0 BiITTOBiTaloTh 3a IIpoIlec 3cigaH-

Ha KpoBi. I1i reru posramioBaHi Ha X-xpomocomi. IIpu3BoAUTE 10 ITOPYIIIEHHA IPOILECiB

3CciaHHA KPOBi

CepnoBunuokJi- | Bunukae B pesyabrari 3aminu nykJjaeotuny A Ha T B rexi, axuii posrairoBaHuii Ha XPOMO-

TUHHA aHeMisd

comi 11. Hacaigkom myTartiii € 3amina B MoJIeKyJIi B-J1aHITiora reMOrJI00iHy aMiHOKUCIOTH

rayraminy Ha BaJiH. Taka MoJIeKyJia 3HAYHO TipIe TPAHCIOPTY€E KUCEeHb

YUHOI aTpodii KIITUH JeAKUX BiAAiJIiB Ta Kopu
TOJIOBHOTO MO3KY.

[eHHi 3aXBOPOBAHHA NMOAUNHN

3a DOmOMOrOI0 CyYacHMUX METOHiB MJOCJi-
IKeHb ysKe Bigkpuro 0am3pko 5000 moiexy-
JAPHUX 3aXBOPIOBAaHb, AKi € HACTIIKOM IIPOSABY
MyTaHTHUX TeHiB. [[edKi 3 TaKUX 3aXBOPIOBaHb
MOKY IO JIKyBaTWU He BIA€ThCA, ajie AJA Je-
AKUX 3HAWJEHO MIIAXW JIIKYBaHHA.

BuaBneHHsa Ta npodinaktnka
CrMagKoBMX 3aXBOPIOBAHb

BusiBieHHA CIagKOBUX 3aXBOPIOBAHbL MOK-
JUBe MeKiTbKoMa crocodbamu. [[J1d mboro MOMKHA
OPOBOMUTHY aHAJiI3 KapioTuiry, mIo J03BOJIUTH
BUSABUTHU IIONIKOMKEHHA XpoMocoM abo 3MiHy
iXHBOI KiJMbKOCTi, a60 BUKOHATH OioxXiMiuHi aHa-
Jisu, AKiI TOKaKyTh 3MiHYy aKTUBHOCTI (hepMeH-
TiB 200 medimuT Y1 HAAJHUIIOK IIeBHUX PEYOBUH
B OpraHiami (HampukJaz, TOPMOHIB).

Mo:xHa mpoBecTH aHAaJIidW aMHIOTUYHOI pi-
IUHW 1 BUSABUTU 3aXBOPIOBAHHS 3apogKa IIe

0 Kniouosa iges

CnafKoBi 3aXBOPIOBaHHA JIIOAVHN AyXe pi3HOMa-
HiTHi. BOHU MOXYTb BMHMKaTN Yyepe3 nopyLleHHsA
Ha pi3HMX PiBHAX OopraHi3auii cnagkoBoro mare-
piany: reHHOMy, XPOMOCOMHOMY, reHOMHOMy. [1n14
nNpodiNakTUKN Taknx 3aXBOPIOBaHb BUKOPUCTOBY-
I0Tb FeHeTNYHE KOHCY/bTYBaHHS.

B Timi marepi. /[[y'Ke BasKJIUBUM € OOCTEIKEHHS
HOBOHAPO)KEeHNX. 3a AOIIOMOTOI0 HEeCKJIaJHO-
IO TECTy MOYKHA PAHO BUABUTHU 3aXBOPIOBAHHSA
Ha (eHinKeTOHYpio0. Ile Mo3Bossie momepeauTH
PO3BUTOK IIHOTO 3aXBOPIOBAHHSA IIIJIAXOM Iepe-
BeleHHA NUTHUHHN Ha ocobauBy gmiery. Hanssu-
YallHO MEePCHEeKTUBHUM € TAKOK BUKODPUCTAHHS
MOJIEKYJIAPHO-TeHETUYHNX METOIiB JiarHOCTUKU
CIIAAKOBUX 3aXBOPIOBAHb.

3apas BimoMi COTHiI 3axXBOPIOBaHBL, V AKHX
MexaHisMu O0ioxiMiUyHMX TOPYIIIeHb BUBUYEHO
IOCUTH MOKJATHO, ajie CIaJKOBI 3aXBOPIOBAH-
Hsd JIOOZUHYU HabaraTo IPOCTillle MOMIepPemuTH,
HisK BmjaikyBatu. Tomy ana ix momepemKeHHS
CTBOPEHO CHCTEMY I'eHETUYHOT'0 KOHCYJIbTyBaH-
HdA. ¥ TeHeTUUYHUX KOHCYJIbTAIliAX MOKHA IPO-
aHaJidyBaTH POAOBOAM OaTHKIB i pospaxysaTu
PUBUK HApPOAKEHHA NUTUHU 31 CIagKOBUM 3a-
XBOPIOBAHHSIM.

03aﬂl/ITaHHﬂ Ta 3aBOaHHA

1. Yomy 36inblueHHA KifbKOCTi X-XpOMOCOM Y io-
JNHU € MEHLU Hebe3MeyHuM, HiXK 36iNbleHHA KilbKOCTI
6ynb-aAKoi 3 aytocom? 2. Bigomi BMNagky Hapoa»KeHHs
OUTUHM NWe 3 OfHI€E CTaTeBOK XPOMocomoto. Ane
3aBXau ue xpomocomMa X. YoMy He HapoaXyloTbca AiTn
3 €AMHOI0 CTaTeBOlo Y-Xpomocomoto? 3. 3anponoHymTe
N OBr'pYHTYINTE rinoTe3y, fIKa NOACHIOE, YOMY HapPOLXKY-
I0TbCA AiTN 3 Tpucomiewo came no 13-in, 18-n i 21-n
XPOMOCOMax, a 3 TPMCOMIE MO iHLWNX XPOMOCOMaXx
MMHYTDb ille Ha eMOPiOHaNbHIN cTadii PO3BUTKY.
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OcHoBHi nonoXxeHHA Temn «CNagKoBIiCTb i MIHNBICTbY

LleHTpanbHa gorma monekynapHoi 6ionorii

Pennikauia TpaHckpunuia TpaHcnauia

HK PHK 6i
1| T_> —) 6inok

A

3BOpOTHa Pennikauis
TpaHCcKpunuis PHK
HykneiHoBI KucnoTtu
OsHaku JAHEK PHEK
ITyxop Iesokcupubosa Pubosa
Hirporenoswmichui ocaoBu | I'ITA T TITAY
IBosaHIIOTOBA O60B’A3K0BO (OKPiM JeAKUX BipyciB); He B ycix moJsiekyaax i He 1o Bciit ixHiit
CTPYKTypa yTBOpEHAa ABOMA aHTHUIIAPAIETbHUMHA IOBYKWHIi; yTBOPEHA METJIAMYU OJHOTO
JIQHITIOTaMU JIQHITIOTa, 3aMKHEHOTO Ha cebe
ITpurknagu Xpomocomua THK, nrasmiau, [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-zamnexHi Pennikamisa Cunres qouipunoi [[HK na marpuni matepuncbkoi [JTHE

OHK-noximepasu

OHK-3amnexHi Tpauckpumirisa Cunres PHK na matpuni JHK

PHEK-nosimepasu

Tonoizomepasnu Pennikamis, 3wmina Tonosorii JJHK 1misxom po3pisaHHsA i TOBTOPHOTO
TPAHCKPUIIIiA 3IIUBAHHA

Tenikasu Pemurikaris, Pospinennsa kommiaemenTapaux jgaHmnoris JHK
TPAHCKPUIIILiT

BynoBa onepoHa NpoKapioTUYHOro opraHiamy

lNpomoTop Onepatop CTPYKTypHWI reH 1 CTpYKTypHWIA reH 2 CTPYKTypHUI reH 3 TepmiHaTop

bynoBa reHa eyKkapioTMYHOro opraHiamy

PerynatopHa
NocNifoBHICTb 1

PerynatopHa

MpomoTo ; .
P P NoCNifOBHICTb 2

Ek30oH 1 [HTpOoH 1 EK30H 2 IHTpoH 2 EK30H 3  TepmiHaTop
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3aKOHW CMaIkoBOCTi

3aKOH OTHOTUITHOCTI riopumis
IIePUIOTO IMOKOJiHHSA

3aKO0H PO3IIEILIEHHS CIIAa{KOBUX
O3HAK y HAIIAJKiB riopuaa

3aKOH He3aJIeKHOTO KOMOiHyBaHHSA
CIIATKOBHMX O3HAK

P ) &
AABB aabb
r @ x @ " @@ i

A|A A|A /A\ / \ 1 o .A ABB. o
AABB | AABb | AaBB | AaBb

G @ ® G ® O [ ) a a
" S A a A a | AR 3N BR |
\ / Fz AABb | AAbb | AaBb | Aabb
@ C . O Q AR AR R
1 AaBB | AaBb | aaBB | aaBb
AA Aaaa o & 0 @
AaBb | Aabb | aaBb | aabb

BapiaHTun B3aemogii aneniB 0gHOro reHa
IToBHE mOMiHyBaHHS HemoBHe moMiHyBaHHS KoxominyBanHa

AA aa Aa AA aa Aa AA aa Aa

[eHeTnKa cTaTi

Yonosik XY

3urota

LiBunHka 9

Xnonunk d

HeanenbHa B3aeMogis reHis

XKinka XX Q z

3urota

OcobuHM YosoBivoi cTaTi d OCoBUHN XKiHOYOI cTaTi Q
(niBHKKN)

(KypKn)

IIpukaagu posuienieHs

PiznoBug CyTHicTh .
3a OHI€I0 03HAKOIO
. YV BusHaueHHi 03HaKU 0EPYyTh yIaCTh

KoMIeMeRTapHiCTS pyTey 9:6:1 9:3:4 9:7 9:3:3:1
JBa TeHU

Emicras Autenb OJTHOTO TeHA IPUTHIUYE TIPOSB 12:3:1 7:6:3 13:3 (mominaHTHUIT emicras)
ajieJid iHIIIOro rexa 9:3:4 9:7 13:3 (peuecuBHU emicras)
CrymiHb MPOsiBY O3HAKY 3AJIEMKUTD

Ionimepisa BiJ KiIbKOCTI JOMiHAaHTHUX aJyeseii 1:4:6:4:1

MOJIIMEPHUX TE€HiB

151



Tema 5. Penpopaykuin
Ta PO3BUTOK OpPraHi3mis

§ 72. bypoBa BipyciB

0 [TomipkymnTe

AIK MOXXHa 3apa3nTnCA BipyCHOW iHbeKLien?

Q 3raganTe

e BnactmsocTi XnBux opraHiamis
» bygoBa KnituHu

Bipycn B cuctemi opraHiyHoro cBity

Bipycu € BHYTPINIHBOKJITUHHUMY Tapasu-
TaMU — BOHU PO3MHOXKYIOTHCA TiJIBKY B YKUBUX
KJITUHAX, BUKOPUCTOBYIOUU IXHi#l (hepmeHTa-
TUBHUH amapar.

Y Takcomomii KmBOI mpupoam BipyciB
BUOIJNIAIOTH B OKPEMHUH TAaKCOH HEKJIITMHHUX
dopm xutra Vira. OcCHOBHOIO BiAMiHHiCTIO Bi-
PYCiB Big KJiTHUH € BiAcyTHicTh 0OMiHY peuo-
BUH i He3ZATHICTh MO CaAMOCTiHOTO PO3MHO-
KeHHdA. [lo3a KIiTHHOIO Bipycu He BUABJIAIOTH
O3HAK JKHMBOIO i MOBOAATHCA AK arperartu 0io-
mosiekya. IlosakiaiTuaHa hopma Bipycy Ha3u-
BA€ThCA BIPIiOH.

VriMm BipycM BUKOPUCTOBYIOTH ILiJIKOM
yemimHaui cooci6 BigTBopenusA. ITogioHO m0 Beix
JKUBUX OpraHidMiB, BOHH MalOTh T'eHETUUYHUH
MaTepias, SKUU MIepelaloTh CBOIM UMCJICHHUM

KomiagmM. Bipycm MOMXYyTH BUIAO3MiHIOBATHCH
HykneiHosa
[
KNCNOoTa
. . (ogHONaHuo-
binkosun rosa PHK)
Kancug

v

BipioH npocToro Bipycy
Bipyc mromrioHos0i mo3aiku

1 eBosmoIioHyBaTu. KpiM TOro, BOHM aKTHUBHO
BILIMBAIOTh Ha €BOJIIOIIil0 KWBUX OPraHi3MiB.
IcuyBanHsa BipyciB OyJo BigkpuTo 1892 pory
sugaTEuM yueauMm . V. IsaHOoBCchKMM mif uac
BUBUEHHA MO3aiyHOI XBOPOOU TIOTIOHY.

bynoBa Bipycis

Poswmipu BipyciB BapitoroTs Big 20—30 (Bipyc
HeKposy TioTioHy) g0 300—400 HM.

TosoBHMMU KOMIIOHEHTAMU Bipycy € Mo-
nerkysna HykjJaeinoBoi kucioru (JHK abo PHE)
i saxmcHa obosioHKa — kancud (mana. 72.1).

HykneinoBa KuciaoTa Bipycy MoKe OyTu
npencrasigeHa mojekyaoo [THK ado PHK, axa
MO:Ke OyTU OJHOJIAHI[IOTOBOIO a00 IBOJIAHIIOTO-
BOIO, KinbIleBOI0 a0o0 JiHiliHOIO. 3a THUIIOM HY-
KJeIHOBOI KHUCJOTH Bipycu KJIacu@iKyoTh Ha
HOHK-BmicHi i PHK-B™micHI. Tomy 3a KilbKicTio
BapiauTiB opramisamii remomy Bipycu mHabararto
pisHomaHiTHimIi, HiXK 6akKTepii i eykapioTu.

Kamncup ckiaazaeTbesa 3 OfHAKOBUX OiIKOBUX
YAaCTUHOK — Kancomepisg. Jleski Bipycu moBepx
Kalcuay MAaloTh JiNnigHy O000JOHKY — cynep-
Kancud. BiiKu Kamcuay KOAYIOTbCA BipycHUM
TeHOMOM, a CYIIePKAaIICHU]l YTBOPIOETHCA 3 MeMO-
PaHM KJIiTHHU-Xa3sdiHa.

PisHOMaHITHiCTb BipyciB

Bipycu mommpeni Bcrogm i € HaliumcJieH-
HimmuMu OGiosoriunmMm o6’eKTaMu Ha SeMJIi.

HykneiHoBa
KucoTa

Kancupg

(OHK)

JlinonpoTeigHa
060/10HKa

(cynepkancug)

BipioH cknagHoro Bipycy
Bipyc 2epnecy

Man. 72.1. bygosa Bipycis
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Man. 72.2. [lia Bipycy TIOTIOHOBOI MO3aikn y ToMaTiB

Bonu ypakaioTs yci hopMu KJIITUHHUX OpraHia-
MiB, Yy TOMY YMCJi TBapuH, POCJIUHU, OaKkTepii
Ta Tpudu.

Cepen BipyciB TBapuH i JIOMUHM iCHYIOTH
30yIHUKHN Oy:Ke HeOe3lmeuHHX XBOPoO, TaKMUX,
HaOpUKJaL, AK Bicma, mojsiomieJsit, ckas, Bi-
pycuutii renatut, rpun, CHII] Tomro. BaraTto Bi-
pyciB, [0 AKUX YyTJAHBA JIOAWHA, Ypaskae TBa-
puH, i HaBnmaku. Kpim Toro, gesxi TBapuHu €
IepeHOCHUKaMH1 BipyciB JIIOUHMA.

Bipycu TBapmH i JIOAMHM MOMKYTBH IIOIIIH-
pIoBaTHCH:

« TBApUHAMU-TIePEHOCHUKAaMU (HanpuKJaa,
Bipyc ckaasy);

* IOBITPAHO-KPAIIEJILHUM IIIJIAXOM IIiJT Yyac
Kalnro abo uxauHHa (Bipyc rpumy);

« peKaJTbHO-OPAJBLHUM IIIJAXOM Mim Uac
KOHTaKTy i3 3apakeHO0 i»Keio abo Bomoio (Bi-
pycHu, I0 CIPUUYMHAIOTH KUIITKOBI pPo3Jianm);

* CTATEBUM IMIJIAXOM i ITiJ Uac rmepesuBaHHA
3apaskenoi kpoBi (BIJI).

Bipycu pocauH 3aBIarOTh BeJINYE3HOL KO-
IU CiIbCBKOTOCIOZAapPChbKUM KyJbTypaM. Ha-
OPUKJIAL, BipyC TIOTIOHOBOI MO3aiKW € mpuUYu-
HOI0 BTpPAT He TiJbKH TIOTIOHY, a ¥ TOMATIiB

0 KnioyoBga iges

Bipycn € HeknitTuHHO dopmoto KuTTa. Kom-
NMOHEeHTaMM BipyCy € HykneiHoBa Kucnota (OHK
abo PHK), 6inkoBa obonoHKa (Kancua) i ninigHa
060M0HKa (cynepkancua). Bipycn ypaxatoTb Yyci
dopMM KNITUHHUX OpraHi3miB, iHOAI BUKMMKaOUM
Hebe3neyHi 3axBOPIOBAHHA.

Tema 5. PenpogyKLia Ta PO3BUTOK OPraHismis 333 S

binkoBa o06onoHKa

.
loniBka = HykneiHoBa
Kucnota

[ S BHyTpiwWwHin
3 CTPUKEHD

XBocCTOBUI
BipPOCTOK

basanbHa
naacTUHKa

Dibpunu i‘

Man. 72.3. bygoBa 6akTepiodara

(man. 72.2), mepriB i GamTaHHUX KYJIBTYD,
y SKMX BiH BUKJIMKAa€ HEKPO3 IIJOAIB. Ypo-
JKalo0 PUCY 3aBla€ IIMTKOAM BipyC KapJaMKOBOCTI
pucy. Kapromnisa Haiiuacriie cTpakjae Bif Bi-
pPycy KapamkoBocTi Kapromiai. Bipychi saxBo-
PIOBAHHS CIPUUYNHSAIOTL Y POCIUH HEepiBHOMipHe
3a0apBJeHHS, TOKOBTIHHS # XJOPO3 JUCTKIB,
MMOPYIIIEHHS POCTY (KapJUKOBiCTh), 3MOPIIKY-
BaTiCTh i CKPYYYBaHHSA JHUCTKIB, HAAMIpHY Ky-
IHCTiCTD.

Bipycu snerxo mepemarorbes Bim oxHiei poc-
JUHU 10 iHIM0I yepe3 KOHTAKT i3 COKOM XBOPUX
pocauH (y pasi TpaBMyBaHHSA POCJUH, I Yac
miKipoBKM po3cajau, TaCUHKYBAaHHS TOIIO), Ye-
pe3 HaciHHA, a TAKOXX KOMaxaMU-TePEeHOCHU-
KaMu.

Bipycu 6akrepiit — Oaxmepiogpazu — Bu-
0ipKOBO ypaskaloTh OaKTepianbHi Kiaituuu. Tu-
moBa (paroBa YacTKa CKJAJAETHCA 3 TOJiBKH
Ta xXBocTta (MaJj. 72.3). ¥ roxiBmi micTurhcs
OHEK a6o PHK. Ha kiumi xBocTa poaTraliioBaHa
0azasibHa IJIACTUHKA, 3a JOMOMOTOI0 KOl Bi-
PyC 3aKpillIIOETHCS Ha MOBePXHi 6axTepii. XBicT
Ma€ BUIJISA HMOPOYKHUCTOI TPYOKU, II0 SAKiil re-
HeTUYHUN MaTepiaj IoTpamise 3 ToJOBKHU ¢ara
B IUTOILIA3My OakTepii.

3anuTaHHA Ta 3aBdaHHA

1. HaBepiTb aprymeHTn «3a» i «npoTu» TOUKMU 30pYy
Ha Te, Wo Bipyc — ue: a) dopma XuUTTA; 6) HEXMBUIA
KOMMNEKC OpraHiyHuX Monekyn. 2. Yn icHytoTb Bipycn,
KOPWVCHI AnAa mognHu?
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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 mig 4ac ix po3mHo-
XKeHHA?

é 3raganTe

o Pennikauia OHK
* 3BOPOTHA TPaHCKpMMUiA

[Mpouecn XUTTEQIANBHOCTI
N PO3MHOEHHA BipYyCiB

Sk Bu BiKe 3HaEeTe, Bipycu € BHYTPIIIHBO-
KJIITUHHUMHM I1apa3muTaMM, OCKiJIbKM BOHU He
3IaTHI PO3MHOKYBATHUCA 1032 KJIITUHONO. Bipy-
CU BUKOPHUCTOBYIOTH PeCypcHu KJITHUHU-XasdiHa
IJIS YTBOPEHHS CBOIX UMCJIEHHUX KOIill.

¥V BipyciB po3pisHAIOTH ABi KUTTEBL (hopMu:
mo3aKJiTUHHY (BipioH), 110 He BUABJAE O3HAK
KUTTENIANBHOCTI, 1 BHYTPIiIMHBOKJIITHUHHY,
B CTaHi AKOI BipyC aKTUBHO PO3MHOKYETBHCS.

Ilosa opramismom-xassaiHoM BipycHi uac-
TUHKU [OeAKHH Yac He BTPAvYalOTh 3JAaTHOCTI

[eHOM
KNITUHN-
xa3siiHa =

OpHonaHuo-

roea [OHK
Memb6paHa

KNIiTUHN

Man. 73.1. NpoHukHeHHs PHK-BmicHoro (BIJ)
y T-nimdouut
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Io 3apakeHHs. Hampukianm, Bipyc mosriomiesti-
Ty 30epirae iHGeKIiliHy aKTHUBHICTHL IIPOTATOM
KinbKOX mi0, Bipyc Bicmu — JeKiTbKOX MicAIliB.

Bipionu B3araJji MaioTh BUCOKY KUTTE3AT-
HiCTb, BOHU MOYKYTh HABiTh MEPEHOCUTHU BUCOKI
mo3m papiamii Ta BuCOKmMIT TuCK. IIpoTe BOHU
TUHYTH B yJbTpadiosieToBOMYy OIIPOMiHEHHi, 3a
YMOB BHCOKOI TeMIlepaTypu, MijJi BILIUBOM Je-
3iH(pikyounx peuoBwH. Aje Bipyc rematuty B
30epirae 3maTHICTH [0 3apasKeHHA HABITH Imicjs
KOPOTKOYACHOTO KHUII ATiHHA.

JKurTeBuii MUKA Bipycy CKJIagaeThCA 3 YO-
TUPHOX eTamiB.

1. Ilpuxkpinaenaa mo KiaitTuum. Binxwu Bi-
PYCHOrO KalcHuay B3B’A3YyIOTbCA 3 pelenTopa-
MU Ha IOBEePXHi KJaiTmHH-xasdina. Coemudirka
3B’s3yBaHHsS BU3HAUa€ KOJIO XasdiB Bipycy. Ha-
npukriaan, BLJI ypaskae 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 MO3aikwu,
MaOTh HINPOKUI CHEKTP XasdiB.

2. IIponuxkHenHsa B KiaituHy. Bipyc mepe-
HOCUTL yCepeouHy KJITHHU CBili T€eHeTUUYHUNA
marepiai, a iHomi ¥ BiacHi 6inKu, AKiI momoma-
raloTh y peaJjisalrii #ioro cmagkoBOl mporpaMu.

J1a TpOHVKHEHHA B KJIITMHU TBapUH Bipy-
CU BUKOPUCTOBYIOTH Pi3Hi cmmocobu: mesKi BIop-
CKYIOTh HYKJIEITHOBY KHWCJIOTY Uepes IJIa3MaThu-
HY MeMOpaHy, iHIIi 3JMBAOTHCA 3 KJITUHHOIO
MeMOpaHOI0, TPEeTi HOTPalJAKTb y KJIITUHY
MJIAXOM €HJOIIUTO3Y.

IIpomec imdikyBanHa Bipycamu rpubiB
i pocamH BimpisHAETHCA Bif iH(MIKyBaHHA KJIi-
TUH TBapWH, TOMY IO KJIiTUHU POCJUH i rpu-
0iB MaoThL MIIHY KJITMHHY CTiHKY, i Bipycu
MOJKYTb IPOHUKHYTHU BCEPEAUHY TiIbKU IicJiA
ii momkomxeHHsa. BakTepii TakoX MaroTh KJIi-
TUHHY CTiHKY; Bipycu ii yIIKOIKYIOTH abo0 K
BIIOPCKYIOTH 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
BimOyBaeTbcAa 30MPaHHA BipyCHUX YACTUHOK.



BnopckyBaHHAa OHK
y 6GaKTepiasnbHy
KNITUHY

Man. 73.2. IHdikyBaHHA 6akTepianbHOT
KNiTMHN 6akTepiodparom

4. Buxipn i3 kaituaun. 3asBuuaii po3MHOMKe-
Hi BipyCHI YaCTMHKY 3aJIUIITAIOTH KJIITUHY ITiCas
ii sarmbesi. Imoai Bipycu mpocTo BimoKpeMm.JIio-
IOThCA Big KJiTumHHOI MeMOpaHH: Bipyc o63a-
BOIUTHCS CBOEIO OOOJIOHKOIO, a KJITHWHA IPOJO-
BJKY€E JKUTH i TpogyKyBatu Bipyc. Hesaki Bipycu
BOYIOBYIOTh CBili TeHOM y XPOMOCOMY KJIiTH-
Hu-xasdaiHa. llefl reHOM peNJIiKyeThCA pPas3soM
3 TeHOMOM KJITWHU i He BuUABJIsdE cebe, TOKU
TeBHI YMHHUKY He CIPUYMHATH MOr0 aKTUBAIIiI0
(HampuKJam, Bipyc repiecy).

OcobnmBocTi penpoayKuii pisHUX

rpyn Bipycis

- IHK-BMmicHi BipycH (Bipyc TIOTIOHOBOI MO-
3aiku, repnecy). Bipycu nmpurpinaroroTbed 10
MOBEePXHI KJITHHUN, IIPOHUKAIOTH yCepeauHy,

0 Kniouosa iges

MUTTEBMI LMKN BipyCy CKNafa€eTbCA 3 TakMX eTa-
niB: NPUKPINAEeHHA OO0 KITUHU-Xa3AiHa, NPOHUK-
HEHHA B KNiTUHY, penikauia BipyCHUX YacTUHOK,
BUXiA 3 KNiTHW. [na BMpo6HUUTBA BnacHoi PHK
a6bo [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

-
1 7
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Man. 73.3. Penpogykuia [JHK-BmicHoro Bipycy

3BIILHAIOTHCSA Bif Karcupy. ¥ KIITUHHOMY AApi
depMeHTU KJIITHHU-Xa3d1Ha PeIIiKyTh Bipyc-
my IHK i rpanckpubytors ii B iPHK. Pu6ocomu
KJIiTHHN-Xa3daina tpancawoTs iPHK B 6inkm
Bipycuoro kamcuzny (maja. 73.3). Bipyc mia Bu-
po6uunTBa Biaacuoi PHK i THK BukKopucToBye
depMeHTU KJIITUHU-Xa3diHa.

- PHK-BMmicHi Bipycu (Bipyc Kopy). Pemuri-
Kallisg 3a3Buyail BigmOyBaeTbCcsA B IIUTOILIA3Mi.
Hna xomitoBaHHA cBoix remomiB PHEK-Bipycu
BUKOPUCTOBYIOTH BJacHuii ¢epment PHEK-
pemiikasy.

- PerpoBipycu (BIJI). Mictars omgHOMaH-
mioropy PHK i BUKopucTOBYIOTH BiacHUi (ep-
MEHT — 360POMHY MPAHCKpUnmasy, 1o Iepe-
HOCUTh reHeTnuHY iHMopmariro 3 PHK na [THK.
Orpumana [[THK moike BOymoByBaTuCA B T€HOM
KJiTUHN-Xa3diHa a00 BUKOPUCTOBYBATUCHA MIJIA
TpaHcKpuniii (man. 73.1).

03aﬂl/lTaHHH Ta 3aBJaHHA

1. MosAcHiTb, AK BIJ1 npurHivye peakuito imyHHOI cuc-
Temn. 2. Yn MOXHa [nA NikyBaHHA BipycCHOI iHdeKLil
BMKOPUCTOBYBaTK aHTUGioTUKN? 3. AKi nigxoan MoxHa
BMKOPUCTOBYBaTK Yy Ppapmakonorii 4na po3pobKu aHTu-
BipyCHMX npenaparis?
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Tema 5. PenpofyKLia Ta pO3BUTOK OpraHi3mis

§ 74. BipycHi iHpeKuii

0 [omipkynTe

YoMy aHTUOIOTUKN He € EPEKTUBHUMW MPOTH
BipyCcHUX XBOPOO, 30Kpema rpuny?

Q 3raganTe

o KNiTMHHWI | rymMOpanbHWiA iMyHiTeT
o BakuyuHu

IHpeKuinHMn npouec,

BUKITNKAHUN BipycaMVI

Kosxuauii Bipyc mMae meBHy cuernu(iuHy BuU-
O0ipKOBiCcTHL Xas3siB, [0 BU3HAUAETHCA THUIAMU
KJITHH, AKi BiH Mo)Ke iHQirkyBaru.

¥V BipycHUX iH(QeEKIil € iHKyOaiiiHUN Iepi-
O/, TIPOTATOM SKOTO CHUMIITOMM 3aXBODPIOBAHHS
BimcyTHi. 3as3Buuail iHKyOaliliHUN mepion Tpu-
Ba€ BiJ meKiIbKOX OHIB OO JEKiJTbKOX THUIKHIB,
ajie B IeAKUX BipyciB MoKe TpuBaTuU MicAili abo
HaBiTh poku (BILJI).

ITicna imky6alrifinoro mepiogy abo oguouac-
HO 3 HUM HacTae mepion nmomupeHHs iHdexii,
Oig yac AKOTro 3apaskeHuil OpraHisM € I:KepesioM
BipyCHUX YaCTHHOK.

Hani HacTae BJIacHe mepiox 3aXBOPIOBAHHS.
Bipycu cipuunHaOTh 3arn0esib 3aparkeHnuX KJIi-
TUH, BiJf YOTO CTpask/la€ BeCh OPraHi3M.

0 [lizHanTeca binbuie

'f“un

MNangemia icnaHcbkoro rpuny 1918-1919 pokis
6yna cnpuumHeHa Bipycom rpuny A. 3abpana XuTTA
50-100 mnH ocib.
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BipycHi ingexmnii MoKyTh OyTH TOCTPUMU
(rpum, Bicma, ckas, JuxomaHka HKo6osa) i xpo-
mHivaumu (rematutu B i C). Inoxi Bipycu mepe-
OyBaloTh B opraHiami B cTaHi cmokoo (Bipycu
reprmecy, OIepi3yiouoro JUIIA).

Yac Bim uacy BimOyBaloThbCcA cIajaxu iH-
(exmitinmx 3axBOpIOBaHb (30KpeMa BipyCcHUX),
mig vac AKUX (iKcyeThbcad HE3BUYHO BeJIUKAa
KimbKicTh xBopux. SIKI0 cmanax BigOyBaeTbhcs
B OKPEMOMY PerioHi, I0T0 Ha3MBAIOTH eIiIeMi€lo,
AKIIIO 3aXBOPIOBAHHA IIOIMHUPIOETHCA IIO BCilt
3eMHill KyJji, To foro Ha3WBaOTL MaHIEMi€IO0.

AHTUBIPYCHUW IMYHITET

OpranisMu MamOTh BPOAKEHHN iMyHITeT IIpo-
T BipyciB, c()OpMOBaAHMI y MPOIIECi €BOJIIOIii.
B ycix Bupais, y Tomy umcii apxei, Ha KJITHH-
HOMY DPiBHI iCHYIOTH creriajbHi (h)epMeHTHi cuc-
TeMU, K1 PYHAHYIOTh OJHO- U IBOJIAHITIOTOBi Bi-
pycui PHEK.

OxpiMm TOro, y xpebeTHUX ITIiCJId KOHTaKTY
3 Bipycom opraHiam BuUpOOJise OiloK iHmepge-
POH, AKWH IPUTHIUYE YTBOPEHHA HOBUX BipyciB,
BHUINYIOUN ypaskeHi Ta cycigui kiaitmau. Ille
ONHUM BHUIOM AaHTHBIPYCHOTO 3aXWUCTy € CIe-
mudpivai aaTuTiAa (TyMOpasbHUN iMyHiTET) —
iMYHO2A00YNiHU, AKI TPUETHYIOTHCA IO Bipycy
i HeATpaJIi3yTh HOTO.

Hao6ytuii imyniter popmyeThcs michas me-
peHeceHOTO 3aXBOPIOBAHHA ab0 MIJISAXOM BakK-

Enigemia nuxomaHkm E6ona B 3axigHii Adpuui
2014 poky 3abpana »utTa 6nm3bko 8 Tuc. ocib. Jle-
TaNbHICTb 3aXBOpPKOBaHHA — Big 25 o 90 %.



[lizHanTeca binbLue

BinkpnTtTa 1987 pOKy aHTMBIPYCHOI cucTeMn apxen
CRISPR-Cas9 3ymoBuiO MPOPMB Y CYYacCHIN FeHHiIn
iHXeHepii. La cnctema ¢dyHKuUioHye AK GakTepianb-
HUIM iMyHITET NpoTW BipyciB. byno gosepeHo, wo ii
MOHa BMKOPUCTOBYBATU AK iIHCTPYMEHT A1 TOYHOI
KopeKLii reHoMy 6e3nocepefHbo BCEPeAVHi KNiTn-
Hu. Lle BiaKprBa€ NOTEHUiNHI MOXNNBOCTI NOBHOIO
NiKyBaHHA CNajKOBUX 3aXBOPIOBaHb JIOAVHMN.

nuuarii. Bin 3pilficHIOETBCA IMYHHUMU KJli-
munamu: T-riMmdonuTu pPos3mi3HAOTH BipycHi
¢parmenTu, a T-kijmepu PyHHYIOTHL ypaskeHi
KJIiTUHU (KJITUHHUN iMyHiTeT).

Ilepion crifikocti HabyToro imyHiTery sHa-
YHO BapiIOEThCA 3aJIeKHO BiJl BUAY BipycHOI iH-
dexrii. o neaxkux iH(eKIiil, HaIpuUKJIam Kopy,
BiTpPAHOI Bicliu, MapoTUTy, KpacHyXu, iIMyHIiTeT
3a3Buyaii 30epiraeTbcA MPOTATOM KUTTA. Ilo-
BTOPHI 3aXBOPIOBAHHA TPAMJIAIOTHCI PiAKO.

Ane imyniTeT mo Bipycy rpuny 36epiraerbcs
OpoTATOM KiJnbKOX MicsariB. IloBTopHe 3axBo-
PIOBaHHSA IOACHIOETHCA THUM, IO Bipyc TIpumy
IIBHAKO MyTye. VIoro moBepxHeBi reHM HOCTiii-
HO 3MIiHIOIOTBCA Ta 3 ABJIAIOTHCA HOBI IITaMu
Bipycy. 3 TOUKM 30py iMyHHOI cmcTemMu, Taki
moaudiKoBaHi BapiaHTM BUTJISALAIOTH AK abco-
JIOTHO HOBi iH(eKIii.

Heaki Bipycu (B Tomy umcai BIJI Ta Bipycu
renaTuTy) YHUKAOTh iMyHHOI BiAmosimi Ta Bu-
KJIUKAIOTh XPoHiuHi XxBopobu. [To Toro :x BILJI,
MOTPAIIIAIYN B OpPTraHisM JIOAWHU, Bpa)Kkae
imynHi kiaitmaum — T-mimdomnutu. Ile 3HUIKYE
CTiiKicTh iMyHiTeTy m0 Oyab-aKUX iH(EKIIil,
y Tomy umcai 1 go BIJI.

MNpodinakTnka i nikyBaHHA

BIPYCHUMX iHpeKUin

EdexTuBauMu meromzamu 60poTsbu 3 Bipyc-
HUMHI iHQEeKIiaMH € BaKIIMHAI[iSg i BXKUBAHHSA
OPOTUBIPYCHUX IIpeIaparis.

0 Kniouosa iges

Etann iHdeKuiiHOro npouecy BipyCHUX iHeK-
Lin: iHKy6aLiiHWiA nepiod, nepiof MOLIMPEHHSA
iHdeKUii, nepion 3axBoptoBaHHA. IMyHiTeT npoTn
BipyCiB BK/OYaE GEPMEHTHI CMCTEMU, WO PYNHY-
1oTb BipycHi PHK i IHK, yTBOpeHHA cneumndiuHnx
aHTUTIN Ta iHTepdepoHy. EpeKTUBHUMU MeTogamu
60poTbOY 3 BipyCHUMM iHdEKLiAMM € BaKLMHALIA
i NpOTMBIPYCHI Npenapatu.

Tema 5. PenpogyKLia Ta PO3BUTOK OPraHismis 333 S

IIpoTuBipycHi BakmuHM BUKODPUCTOBYIOTH
3 MeTOI0 TPOo(diTaKTMKYU BipyCHUX 3aXBOPIOBAHb.
Ix yBomaTs 3mopoBuM mIOomsM, I06u chOpPMY-
BaTHU iMYHITET 4O MOMKJIMBOI iH(eKIii. 3araib-
HY BaKIMHAIII0 HACeJeHHS HPOBOAATH IIIOMO
0COOJMMBO TSKKUX 1 CMEPTEeJbHUX BipyCHUX
iH(eKIIiti, TaKUX AK Bicma, Kip, mosiomiedir.
Ho immmx BipyciB BakIMHAIil0 MOYKHa POOU-
T 3a TOTpedu, HANIPUKJIAA Iepel, Ce30HHUMU
cmajaxaMu TPuUmy abo micasa yKycy TBapuHU
3 MTiJT03POI0 Ha CKas.

BcecsiTHa opranisarmisg oxopoHHu 3m0pOB’dA
OHOBJIIOE BaKIIMHY IPOTHU I'PUNY KOXKHIi IIiBPOKY.
ITe HeoOXiAHO, OCKiIBKY IITOPOKY BipyC €BOJIIO-
I[i0OHY€, 3MiHIOIOUM CBOI aHTUTeHHi BJIACTUBOCTI.

Bucoka wminnuicts BIJI Takox € mpuum-
HOI0O TOTO, YOMY CKJIQJHO PO3POOUTU BaKIIMHY
IO IILOTO BipycCy.

IIporuBipycHi mpemapatué BiKUBAIOTH Mif
yac 3aXBOPIOBAHHA. BOHUW NHepepuBaIOTh KUT-
TEBUM IUKJ BipyCiB i TPUTHIUYIOTH iX PO3MHO-
JKeHHA BcepeawHi kiaitTmaU. Taki mpenapatu Mo-
JKyTh OJIOKyBaTH HeoOXimHi Bipycy ¢epmeHTH
(HampuKJaz, 3BOPOTHY TPaHCKpPuUITasy). dacrto
MIPOTUBIPYCHI IpenapaTy € aHaJoraMu HYKJeo-
THUAiB, 1110 BOYJOBYIOThCS B T€HOM Bipycy B XOmi
pemaikarii, aje mpu IIbOMY HOBOCHWHTE30BaHi
OHK neakTusHi.

IIle ommu cmoci®6 mpodisakTUKM BipyCHUX
3aXBOPIOBaHb — 3aIN00iraHHA MOTPAIISTHHIO Bi-
pycy B oprauism. Ile MOKJIMBO, AKIIO Bimomi
MIIAXY ToIMupeHHA iHdeknii. Hanpukaanm, nasa
mpodiJIaKTUKY 3apasKeHHsS T'PUIIOM PEKOMEHY-
IOTh He KOHTAKTyBaTu 3 HOCciAMU iH(MeKIIil, yHu-
KaTu MiCIlb MAacOBOTO CKYITUYEHHS JIIOAel y me-
piogu emigemii. IIia mpodimaKTHUKU BipyCHUX
KHUIIKOBUX iH(pEKIIifl peKOMEHIYIOTh MUTHU PYKU
Ta TPOAYKTHU XapuyBaHHA. [{1d mpodimakTukm
CHIy cuoixg yHUKaTH BUIAAKOBUX CTATEBUX
KOHTaKTiB, BUKOPHCTOBYBATHU OJHOPa30Bi Me-
IVWYHI iHCTPYMEHTH, MPOBOAUTU KOHTPOJb J0-
HOPCBKOI KpPOBi TOIITO.

OBaI'II/ITaHHFI Ta 3aBJaHHA

1. Yomy cknagHO po3pobuTtn BaKUUHM A0 BipyciB
rpvny Ta BIJ1? 2. ik BN fymaeTe, 8O AKNX HacnigKiB npu-
3BeJe MacoBa BiAMOBa BiJ OOOB'A3KOBOI BaKLMHaLL?
3. 3anponoHyiTe 3axoan AnA NpodinakTMKM 3axBopto-
BaHHA Ha rpun. 4. 3anponoHywTe 3axoaun Ana npodinak-
TUKKM 3axBoptoBaHHA Ha CHIJ. 5. 3anponoHynTte 3axoan
Ana nNpodinakTMKy BipyCHNX 3aXBOPIOBaHb POCIUH.
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Tema 5. PenpofyKLia Ta pO3BUTOK OpraHi3mis

§ 75. Bipycu 1 eBonouin

0 [omipkynTe

KN BHECOK B eBONIOLO NIOAUHN 3pobuB Bipyc
Bicnn?

Q 3raganTe

- PerpecuBHa eBoniouisa (oereHepaduis)
» Mnasmign
+ BHYTPIiLUHBOKIITVHHUIA €HA0CMM6i03

[inoTe3n noxod»KeHHs BipyciB

Icaye KinbKa rimores BUHUKHEHHS BipyciB
(mai. 75.1)

1. T'imore3a perpecuBHOI eBoJoIii. Bipy-
CU € HaIlaAKaMHt CTAapOJaBHIiX OSHOKJIITUHHUX
opraHiamiB, OymoBa AKHUX CIPOCTHJACA Yepes
HapasuTUYHNI crocid Kurrtd. [imoTesa rpyury-
€ThCA Ha iCHYBaHHI cKJamgHux, Beaukux [THEK-
BipyciB, reHOMU AKWX MalOTh COTHi TeHiB (Ha-
npuKJazn, Bipyc Bicnu, maj. 75.2). Bouu moriu
OyTH BHYTPIIIHBOKJITUHHNMU IIapasuTaMU i 3a-
3HATU PETPEeCUBHOI (JlereHepaTUBHO1) €BOJIIOILiT.

2. Timore3a BMHMKHEHHS 3 MOKJIITHHHHX
dopm skutTTda. Bipycu e HamagkamMu craponas-
HiX DOKJITHHHUX (POPM KUTTH, AKi IMepelInin
0 TTapasUTUYHOTO croco0y icuyBamudA. ['imore-
3a I'PYHTYETHCS HA BEJIMUE3HIN Pi3HOMAaHITHOCTI
TeHeTUYHOTO MaTepiajy BipyciB: y AKoOCTi HY-
KJIeTHOBUX KucJoT BoHu MaioTh AK [IHK, Tax
i PHK, 1m0 MOXyTb OyTH OLHO- II JBOJIAHIIIO-

FinoTesa perpecMBHOi
eBonouii

o ()
MapasntnyHa Kni-

TUHA 3 yTpayeHUMU
CTPYKTypamu
T
LoKniTNHHI
CTPYKTYypH

Man. 75.1.
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Finotesa BUHMKHEHHA
3 AOKMITUHHMX ¢opM KUTTA

Blpyc

o () 3
T

e

‘_.;‘ e

Man. 75.2. Bipyc HaTypasbHOI BiCN1 Ma€ BENUKi po3mipu
i asonaHutorosy [HK

roBumMu. BBarkaeTncd, 110 10 BUHUKHEHHSA IIep-
muxX KJIITUH AK HOocil cmagkoBol iHdopmarii
BUKOPUCTOBYBaJINCA PidHi (hopMU HYKJIEIHOBUX
KHCJIOT.

3. I'imore3a «ockakeHiaux reHiB». Bipy-
CU — BUAO03MiHEHUI M'eHEeTUYHUHN Marepiai, IIo
«BTiK» i3 KuaiTuHu. I'imoresa r'pyHTyeThCcA Ha
CXOJKOCTi BipyciB 3 MOOiIBHUMM TeHETUUYHUMU
eJeMeHTaMM — IIa3dMifjlaMu, TPAHCIIO30HAMMU,
Bipoigamu, F-axropamm Oaxrepiii. Bipycu-
«BTiKaui» cTaJu BiJHOCHO aBTOHOMHUNMM, ajie
MeBHY 3aJIe}KHICTh Bif KJiTuH 30epersu.

ITeBHa piu, KOKHA 3 TiOTE3 Mae apryMeHTH
«3a» 1 «poru». HaitimoBipHimre, 1o Bipycu Bu-
HUKaJIU PiBHUMU NIIIAXaMU 1 Ha pPiSHUX eTarax
€eBOJIIOIiI, a B IOAAJBIIIOMY €BOJIIOIiOHYBaJIN
CIIiIBHO 3i CBOIMU KJIITMHaAMMU-Xa3daMU.

B3aemogisa Bipyc — xa3AiH

Bipycu B3aemopniioTh 3 KiiTmHaMu 3a KJia-
CUYHOIO CcXeMOI0 mapasuT — Xasdaidn. Hosi im-
(dex1ii sasBuuaii mepebiraioTh y BayKKiii ¢op-

Finortesa
«OCKaXKeHinux reHis»

-
ABTOHOMHa f\T\A
Blpycono,q|6Ha OHK a6o PHK "7
dopma

M

/\ss‘\.\

_‘/’
’VVL/ ,'
TN -

Tpwn rinote3n noxopkeHHA BipyciB



Mi, HEPiAKO 3i cMepTeJbHUM pPe3yJIbTaTOM, ajie
B IIpoIieci eBOJITOIi1 BOHM CTalOTh 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 OBOX Xas3diB: B OJHOTO BUIY
BiH BUKJIMKAa€E TS)KKe 3aXBOPIOBAaHHA, a 1HIIIOMY
He 3aBJae€ IIKOIM i «30epiraerbcsa» B HbOMY. Ha-
MpUKJIal, Bipyc cKasy B Ipupomai sbepiraerbcs
B rpusdyHax, Bipycm eHIedasiTy mepeHOoCAThCS
KJLIaMu.

Yac Bixg uacy Bipycum 3MiHIOIOTH Xas3dAiB.
BBamkaerbca, 1o HaTypajJbHa Bicma JIIOOUHU
3’ABUJIaCh y pes3yJsbTaTi eBoJIoIil Bicnu Kopis,
a eBOJIIOIiA Bipycy imMyHome(dinmurty seeHUX
MaBIl npusBesa A0 BuHuUKHeHHA BIJI.

Ponb BipyciB y BUHUKHeHHi IHK-reHomiB

Icuye rimoresa mpo Te, IO Bipycu IIepIIu-
Mu B eBouornii Bukopucrasu [IHK nna mepe-
HeCeHHs crnaakoBoi ingopwmarii. Ila rimoresa
I'PYHTYETHCS Ha MPUITYIIEHHi, 110 CIIOYaTKYy BCi
JKUBi cucreMu BuKopucroByBasu Tiibku PHE
nasa 30epeskeHHA 1 peaJsisalrii crmagxoBoi iH@op-
marrii. HatigaBuinti Bipycu Takoxx O0yau PHEK-
BMmicuuMu. Aje srogom BoHu 3minumau PHE mHa
HTHE, 106 yHUKHYTHU il 3aXWUCHUX CHUCTEM KJIi-
TUH, AKi 3HUITYyBaJIu MoJekyJu BipycHoi PHK.
BigmoBigHo, Bipycu «pospoduiau» i hepMeHTHHII
amapar g pemrikarnii JJHEK. IToctynoBo B ycix
JKUBUX CHCTeMax 3AilicHuBcs nepexin Bix PHK-
o NHEK-rexomis.

Bipycu i ropusoHTanbHe
NnepeHeceHHA reHis

B eBoutto1rii Bipycu € BasKJIUBUM «3aC000M»
TOPU3OHTAJIHLHOTO IIEPEeHECEHHS TeHiB, IO 3a-
Oesleuye reHeTHUUYHE Pi3HOMAHITTA OpraHisMiB.

T'opusoHTaJbHE MIEepeHeCceHHs TeHiB — IIpo-
Imec, 3a SKOro reHeTHYHa iH@opMallisg Iepe-
IaeThbCcd He Bif 0aThbKiB OO0 HaIIagKiB, a MixK

0 Kniouosa iges

Bipyc MoOrnM BUHUKHYTW 3 JOKAITUHHUX Gopm
YKUTTA, CTapofaBHIX OAHOKMITUHHUX OpraHi3MmiB,
6ynoBa AKMX CNPOCTUNACA Yyepe3 MapasvuTUYHWNA
Cnoci6 »unTTa, abo 3 MOBIbHNX FreHETUYHUX efe-
MEHTIB KNiTUH. B eBontouii Bipycn 3abe3neuyioTb
rOpU30OHTaNlbHE MEepPEeHEeCeHHA TeHiB, MOXJBO,
BOHU cHopmyBanu KNiTUHHe AApPO.

Tema 5. PenpogyKLia Ta PO3BUTOK OPraHismis 333 S

HeCIIOpiJHEeHMMM opraHismamu, AKi iHomi Ha-
JeKaTh HaBiTHL A0 pPisHUX OioJOriuHMX BUIIB.

®dparmentu THK BipyciB, axi sapaxysaau
pisHi KiaiTmHHU, y mpoiieci eBoJirollii BOYZOBY-
BaJMCA B T€HOMU ITMX KJIITUH, «OJOMAaIIHIOBA-
JIUCA» BUNUMU OPraHidMaMu i MOUWHAJIU BU-
KOHYBaTH KOPUCHI (PyHKITii.

IIi sasuImKm BipyciB € CyTTEBUMU €JeMeH-
TaMU T€HOMiB Cy4acHUX OPTraHisMiB. ¥ JIIOAUHU
M ccaBIIiB BOHM CKJIQZAIOThL OO IIOJIOBUHHU BCixX
mocuigosuocteit [THEK.

Busuennsa (GyHKIIA mux yOymZoBaHUX eJie-
MEHTIB JJO3BOJIMJIO BCTAHOBUTHU JeAKi AysKe KO-
pucHi «HaAOaHHSA», OTPUMAHI 3aBAAKH BipycaM.
BBakarTh, 110 3a AOIIOMOIOI0 T'OPH30HTAJIBHO-
TO IIepeHeceHHA TeHiB copMyBajacd cucTeMa
aJalITUBHOTO iMYHIiTETY y XpeOeTHuX, BUHUKJIA
IJIaIleHTa Y CCABI[iB, y JIIOAWHW PO3BUHYJINCS
OinbIiri iHTENeKTyaJbHI 34i0HOCTI IOPiIBHAHO
3 IpuUMaTaMU.

BipycHe noxopeHHsA KNiTMHHOrO Afpa

Icrye mymka, 1o Bipycu 3irpajm KJIOUYOBY
POJIb Ha IIOYATKOBHUX eTallax eBOJIIOIlii, Ie 10
MOy OpraHi3sMiB Ha IIPOKapioTiB i eykapioTis.
2001 pokry OyJia 3ampoIIOHOBAaHA Trimoresa Bi-
PYCHOTO MOXOMKEHHSI KJIITHHHOTO AApa, 3TiJHO
3 KO0 AJPO CYyYacHUX eyKapioTiB € maBHIM Bi-
pycoM, «ocimmm» y 6e3’anepHiil KiiTuHi. ¥ pam-
Kax rimoTe3u 3aIpOIIOHOBAHA MOJEJb €BOJIIOIil
eyKapioTiB, y dAKiii Bipyc, CX0KUH i3 cyuyacHUM
BipycoM BicIi, PO3BUHYBCA B KJITUHHE AOPO.
ITocTymoBo 11€#i Bipyc cTaB OCHOBHUM CXOBHUIIEM
indopwmarii B KIiTuHIN, AKa 30eperya 3gaTHICTD
IO TPAHCJAINl TeHiB i KHUTTE3XATHOCTI.

Ha kopucTth rinmoresu cBiguuThH TE, IO KJIi-
TUHHE SAPO i Bipycu MaioTh Ay:Ke CXOXKYy Oymo-
BY: 00uABa ABJIAITH COOOI0 XPOMOCOMM, YKJIa-
IeHi y O0iIKOBY Kamcyay. ¥ OedKuX IIOPiBHAHO
IIPOCTUX OpraHidaMax, TaKUX SK IIapasuTUUHI
YepBOHI BOJOPOCTi, AAPO MOKe ITPOHUKATHU
3 KJiiTmHEU B KJaituHy. lleil mpomec ny:xe Ha-
ragye BipycHe iH(piKyBaHHA.

03aﬂl/lTaHHﬂ Ta 3aBOaHHA

1. fAlka 3 rinote3 noxoAeHHA BipyCiB 3[aA€TbCA
BaM Haibinbll focToBipHOW? Bignosigb aprymeHTyiTe.
2. 3anpornoHynTe aprymMeHTU «3a» YU «MPOTU» KOXKHOI
3 rinoTe3s noxogXKeHHs BipyciB. 3. ki ocobnmBocTi 6y-
JOBW KNITUHHOIO siapa pobnATb NOro CXoXMM Ha Bipyc?
4. flke 3HaueHHA BipycCiB B eBONOLii CyyacHOI noguHu?
Hasegitb npuknagw.
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Tema 5. PenpofyKLia Ta pO3BUTOK OpraHi3mis

§ 76. MpioHn 1 Bipoigwn

0 [omipkynTe

Yn moxyTb 6inKku BigTBOptOBaTU Cami cebe,
6e3 yyacTi HyKNeiHOBMX KMCNOT?

Q 3raganTe

o BTopuHHa 11 TpeTuHHa CTPYKTypu Ginka
o o-cnipanb i B-cTpyKTypa

[pioHn

IIpioan — 1e indexiiini areatu, AKi € 6iJ-
KaM¥ 3 aHOMAaJbHOIO TPETHHHOI CTPYKTYPOIO.
BoHu He MicTATHL HYKJIEIHOBUX KUCJOT.

YV meBHOMy ceHci, mpiomm moxiOHi g0 Bi-
pyciB, ocKijbKu 3maTHi 36iJBIITyBaTU CBOIO UM-
CeJIbHICTb, TiJIbKM BUKOPUCTOBYIOUU PECypcu
KJiTuau. Pasom 3 TuM a4 iX PO3MHOKEHHS
He morpioui JHK a6o PHK.

IIpiouni 6inKu TBapwH i JIOAWHU yTBOPIO-
I0OThCA 3 HOPMAaJbHUX KJIITMHHUX OiIKiB, AKi
BimmmoBimaroTh 3a 000JOHKM HEPBOBUX BOJIOKOH.
IIpocTopoBa cTpyKTypa O6iIKiB MOKe aHOMAaJIBLHO
3MiHOBaTuCA. JIK IIpaBmMJIO, IIiJ Yac IEepPexony
0ika 3 HOPMAaJBHOTO CTaHY B NPiOHHUU HOTO
o-cmipajsii mepeTBOPIOIOTHCA HA B-CTPYKTYpH
(man. 76.1). YHacaimox mporo 0ijoK HaOyBae
KaTaJIiITHYHOI aKTUBHOCTI 1 KaTajisye IepeTBo-
peHHA memasi OigbIMOI KiJIBKOCTI HOBUX HOP-

a-cnipanb

HopmanbHuii 6inok

MpioHHMI 6inok

Man. 76.1. CtpykTypHi BapiaHTu Ginka
KNITUHHUX MembpaH PrP
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Mo30K, ypaKeHUn NpPioHHOI0
xBopoboto

HopmanbHun Mo30kK

Man. 76.2. PyiiHyBaHHA TKaHWH FONOBHOIO MO3KY B pasi
xBopobu Kpentudpenbara—Akoba (rybuacta cTpyKTypa TKa-
HUHW, YTBOPEHHA MOPOXHWH)

MaJibHUX OiNKiB Ha mpiowui. Takum ymHOM, 3a-
OYCKAEThCA JAHITIOTOBA PEAKI[is M YTBOPIOETHCS
0e3J1iu HETPABUJIBHO BTOPHYTHX OiIKiB. ¥ KuIi-
TUHI HaKOMMMYYIOThCS iX BifKJIageHHSI — aMiJio-
imu. YpaskeHi amisoizaMy TKaHUHMN BTPAUaIOTh
HOPMAaJIbHY CTPYKTYPY ¥ BiAMUPAIOTH.

VY ccaBiiB mpioHHi 3axXBOPHOBAHHS ypasKa-
I0Th HEPBOBY TKaHUHY, I[IepeBa’KHO T'OJIOBHUH
Mo030K (Majs. 76.2). BoHuM CcOpUYMHAIOTH He-
BUJIiKOBHI cTanm — TrybuacTi eHmedasomarii
(KopoB’aunii CKas y BeJHKOI poraToi xymoowu,
CKpeiIli B OBeIlb), IO IIPU3BOAATH OO CMEPTi.
VY nropmHM BigoMi Taki mpioHHI 3aXBOpPIOBAaHHA,
aK xBopoba Kpetitiipenapara — fAkoba i Kypy.

3a maHMMU CYYaCHHUX OOCIiJKeHb, OCHO-
BHUH IIJIAX IIOINWPEHHS IIPiOHHUX 3aXBOPIO-
BaHb — 3apaskeHa i:ka. Hanpukiaz, y:KuBaHHA
M’sica KOpiB, ypakeHHX ry0dacTUM eHIiedaJri-
TOM, IPU3BOAUTD OO PO3BUTKY XBopoou Kpeiri-
dbenapara — fAxoba B adogumau. Takoxk y cim’ax
3 ImeBHUMM MyTalliamu reHa PrP maroTs miciie
CIaKOBi IIPiOHHI 3aXBOPIOBAaHHA.

IakyGamnifinuit mepio;q npioHHWUX XBOPOO
CTAHOBUTL Bi MicAIlsd 4O KiJIBKOX JeCATHUIITH.

IlpioHu He BUKJIMKAIOTH iMYyHHOI BigmoBimi
opramismy. Bomm HamsBmuaiiHo cTiiiki mo mii
xiMiuHVX i (Hi3MUYHUX YMHHUKIB, BUTPUMYIOTH
KUII'ATiHHA, HE POBIIEILIIOITHCA IIPOTeasaMu
(bepmeHTaMU, IO PO3IIEINJIIOIOTL 0iJKM) i He
IePeTPaBJIIOIOTHCSA B TPABHOMY TPAaKTi.



[lizHanTeca binbLue

MpioHHa xBOopob6a Kypy 6yna onwmcaHa 1957 poky
cepep, abopureHis nnemeHi ¢ope y Bucokorip’ax MMa-
nya — Hosgin IBiHei. CnoyaTKy y XBOpMX NMOPYLUYETb-
CcA KoopAuHauia pyxiB, CTa€ HecTiKow xoga. [MoTim
MOYNHAETbCA TPEMTIHHA KIiHLIBOK i ronoBsu, nognHa
BTpaya€e nam'aTb i po3ym. Ha octaHHix cTagiax niogu-
Ha rnepecTae pyxaTucs i BMUpaE NpUGAM3HO Yepes pik
Bifl MoyaTtKy neplmx cumntomis. Manyacu BBaxkanu
NMPVYMHOIO XBOPOOY 3/1e YaKknyHCTBO. Afle HacnpaBAi
iHbiIKyBaHHA BifbyBanocs yepes KaHibaniam — abo-
puyreHv NpakTWKyBany puTyasibHe MOIfAaHHA MO3KY
nomepnux poaunyis. BoHn BBaxkanu, Lo, 3'iBLUM MO30K
MOKiHOro, BOHU NpKAGaloTb MOro po3ym i cuny. 3 BU-
KOPIHEHHAM KaHibaniamy Kypy MpakTU4YHO 3HMKNa.
3a BigKpUTTA iHbEKLINHOrO XapakTepy XBOpoby Kypy
KapntoH Taingysek oTpumas HobeniBcbKy npemito
3 ¢isionorii Ta meanurHn 1976 poky.

Bipoigun

Bipoinn — imdexmifini aremTu, 1Mo CcKJa-
IAlOThCS TiJIbKM 3 KiabieBoi moserkyaum PHE.
VY BipoinmiB memae 0in1K0BOiI 060J0HKU. BipoigHa
PHFK ny:xe maneHbKa — 3aBAOBYKKU JIUIIIE KiTb-
Ka COTeHb HYKJIEOTHiB; BOHA He KOAye OiJKiB.

ImoBipHO, KomiroBauusa Bipoiguoi PHK 3xiii-
cuoetbea PHK-monmimepaszamMu KiaiTmHU-Xas3sdi-
Ha. [leaki Bipoinm pemyIiKyOThCA B KIITUHHOMY
Anpi, iHNIi — y xJopoIlnacrax.

Bipoigym cupuuymHAOTL 3aXBOPIOBAHHS POC-
JWH, Taki AK KapJUKOBICTh XpHU3aHTEM, Bepe-
TeHOmoAiOHicTs Oynan06 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
MeXaHiUHOIr0 MOITKOAKEeHHS POCINHU. ¥ cepeaun-
Hi ypa’sKeHOI POCJWHU Bipoigu IepeMimiamTbCs
0 KJIITMHHUX KOHTAKTaX — ILJIa3MOJEeCcMax.

Croromui 1mie He 30BCciM 3po3yMinuit MoJe-
KyJIApHUN MexXxaHi3M, IO IPU3BOAUTH OO 3a-
xBopooBauHA. [IpunyckawoTs, 1o Bipoigaa PHE
MosKe OJIoKyBaTu abo samimaru kiaituaay PHE,
HOPYINTYBaTU CILJIAWCUHT, BBAEMOIIATU 3 KJIITUH-
HUMU OiTKaMu.

0 KniouoBa ines

MpioHn — ue iHdeKUiNnHi areHTH, AKi € Ginkamn
3 aHOMa/bHOI TPETMHHOK 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 kapTtonni
CMPUYMHAETbCA Bipoigamum

¥ cyuacHi#l HayIli Bipoigu BUKOPUCTOBYIOTH
AK MOJEJNbHI 00’€KTH AJIA BUBUEHHS CTPYKTYPHU
i pyurnit PHK, a rakox esosrroniii ITHK i PHE
TeHOMiB.

[Noxop»keHHA BipoiaiB

IcHye rimoresa mpo Te, IO TEePIIUMU MOJIE-
KyJlaMH1, 3TaTHUMU OO CAMOBiITBOpeHHSA, Oyau
pisai Buazum PHEK. Bouu sBigmpamiosanu mexa-
Hi3M CcaMOKOHiIOBaHHA i peaJsizalfii cmagxoBoi
iHgopmarii, 3ymMOBUBINIU IIepexin Bia HeXKMBOI
OPUPOAU OO0 *KUBUX OpraHiamis. Bigayuusam cra-
poznaBaboro PHK-cBiTy € pisHoGiuHI (pyHKIIIT Cy-
yacHux BuAiB PHK: BoHU mepeHOCATH CIagKOBY
ingopmaiiro (iPHK, PHEK petpoBipycis), 6epyTh
yuacTs y ciutaicuury (MaPHK) i cunTesi 6inka
(rPHE, pPHK), maroTs KaTaIiTUYHY aKTUBHICTH
(pubozumn).

denomeH 30epiranaa cuagKkoBol iH(popmalii
B moJiekyJi JIHK Bunuk misuimre. Ha Bigminy Big
PHEK, IHK me 3maTHa n0 camopelntikariiii, aje
BOHA XiMiuHO cTabiabHIiIIA i CKJIamaEThCA 3 TBOX
KOMILJIEMEHTAPHUX JIAHITIOTIB, IO JO3BOJISE Bia-
HOBUTH iH(poOpMAaIlilo B pasi IIOIIMKOAMKeHHS O]-
HOrOo 3 HuX. ¥ migomy JHK mosBosse GiabIm
HamiiHO 30epiratm OinbIni oOcsaru imdopmalrii.

Arimo ma rimoresa Bimmosimae mificHoCTi,
Bipoify MOMKYTH OYTH «KUBUMU 3aJUIIKAMU»
norgituaHOoro PHK-cBiTYy: BOHM peILTiKyIOThCHA,
He KOAYIOTh OiJKMU, AeAKi 3 HUX BUKOPUCTOBY-
OTh [IJIs1 pemrikarmii pubosumu.

3anuTaHHA Ta 3aBOaHHA

1. Ynm cxoxi 1 uum BiOpIi3HATbCA Bipycy, NPioHN
Ta Bipoign? 2. Yn mMo)kHa BBa)kaTu MpioHM i Bipoigu
HeKNITMHHUMK dpopmamu kuTTa? 3. O6roBopiTb, y Yomy
MO>Ke MonAraT! eBonioLiiHe 3HauYeHHA BipoiAiB? NpPioHiB?
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Tema 5. PenpofyKLia Ta pO3BUTOK OpraHi3mis

§ 77. PenpoayKuifi NpoOKapioTUYHUX KNiTUH

0 [omipkynTe

[MpokapioT He MaloTb CTaTEBOrO PO3MHOMKEHHS,
ane y HUX iCHyloTb MeXaHi3Myn 06MiHY reHeTUYHOIo
iHbopmalieto. AKi cnocobn 06MiHY reHeTUYHoI
iHpopMalli€to icHyloTb Y nNpoKapioTis?

é 3raganTe

» bynoBa 6akTepianbHOI KNiTUHK
o Pennikauia OHK

biHapHuK nogin

IIpokapioTuuyHi KJIITHHU PO3MHOKYIOTHCA
HeCTATeBUM IIJIAXOM. PO3MHOMKEHHIO IIepenye
moaBoeHHA KiabieBoi mosexkyau [THE, saka
B IIPOKApPioTMUHINA KJIiTHHI icHye y BUIIALL
KOMIIaKTHOI CTPYKTYPU — HYKJIEOINy, IO IpPU-
KpilIeHu#l 10 Me30coMHU (BIMHAHHSA ITUTOILIA3-
MaTUYHOI MeMOpaHu BCepefuHYy KJITUHN).

Penurikaria kinbiesoi moserynau [JTHK 6ax-
Tepili MOUYMHAETLCA 3 TOUKHU iHimiamii pemrika-
mii. Bouma BimOyBaeTbcsA OLHOYACHO B IPOTH-
JeKHUX HanpAMKax. depe3 IMeBHUU Uac Iicjsa
pemrikarii JIHK i posxom:xkeHHa HOYipHiIX Xpo-
MOCOM KJIITMHA IIOYMHAE NIJIUTUCH.

Y 6inbmrocTi BUOAAKiB mpoKapioTwuyHi KJIi-
TUHU JIiAATHBCSA HABIIJI 3 YTBOPEHHAM IBOX OJ-
HAKOBHUX 3a PO3MipOM JOUipHIX KJIITHH, TOMY
el npomec HA3WBAIOTh OiHAPHUM IOJiJIOM
(mam. 77.1).

«— KnitTHHa memb6paHa

l KnitTnHHa memb6paHa

BPOCTaE MiX ABOMa

JOHK

v

[HK pennikyetbca

monekynamu JHK,

J x po3ginawun ix
@ @ Mopin 3aBepLueHni

Man. 77.1. CxemaTnyHe 306pakeHHA GiHapHoOro noginy
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YTBOpEHHA
a neperopoaku
6 YTBOpPEHHA
nepeTaxKku
8 BpyHbKyBaHHA

Man. 77.2. CxemaTyHe 306paxkeHHs1 Cnocobis
noAiny npoKapioTMYHOI KAITUHU

B omux Bupmip OGakTepiii OiHapHUI mOmija
BimOyBaeTbCcA MIIAXOM (QOPMYBAHHS nepezo-
podku, 1o 3pocrae Bix mepudepii g0 meHTpa
(man. 77.2, a). B inmux BuAiB OaxkTepiit GiHap-
HUH noAin BinOyBaeTbCA HMIIAXOM YMEOPEeHHA ne-
pemsacKu: KJIITHHA IMOCTYIIOBO CTOHIITYETHCA TI0-
cepequHi, TOKY He PO3ipBeTHCS HA ABi caMoCTiiHi
KiaitTuau (Mana. 77.2, 6). Inoxi mouipHi KiiTuHU
OaKTepill Iicjig MOAiy He PO3XOIATLCSI i 3aJIu-
IAaI0ThCA IIOB’sI3aHUMU MidK coboro. Ile cmpm-
YMHIOE YTBOPEHHA KJITUHHUX CKYMYeHb Pi3HOIL
dopmu. Hanpukaaz, chepuuri 6aKTepii MOKYTH
yTBOpPIOBaTHM mNapu (OUIJIOKOKHU), JAHIIOKKN
(cTpenToxoKu) ab6o rpoHu (cTadiIOKOKM) KIITHH.

PisnoBumom Gimapuoro moximy € 6pyHbvKy-
6GHHS, TKe MOXKHA PO3IJVIAJATA AK HEePiBHOBEJIU-

[lisHanTeca 6inblue

Po3MHOXeHHs npokapioTiB BigbyBa€TbCA 3 Benu-
Ye3HOI LWBUAKICTIO. 3a CAPUATAMBUX YMOB iXHi
KNITUHW JinATbcA KOXKHi 20-30 xBUAWH. 3a JO6Yy
B 6aKTepill 3MIiHIETbCA CTINbKU MOKOJiHb, CKiNIbKN
B NtognHM 3a 5000 pokiB. 3a HAaABHOCTI igeanbHUX
YMOB, WO BUKIOYAOTL 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 po3-
MHOXEHHA MPOKapioTiB CNpuAloTb X LWBUAKOMY
MOLWMPEHHIO Ha mnnaHeTi. OgHaK X PO3MHOXEHHA
obmexeHe KNiMaTUYHUMK YMOBaMMU, Ai€I0 COHAYHO-
ro cBitna, 60poTb60I0 MK BUAAMU, HAKOMNYEHHAM
NPoAyKTiB 06MiHY pPevyoBMH.



Man. 77.3. Cxema yTBOpeHHs crop y 6akTepiii. Crnopa
PO3BMBAETLCA BCEpeauHi KNiTuHM GakTepii: oo 60 % Boau
nepexoauTb y 3B'A3aHWI CTaH, MPOTOMNNACT CTUCKAETbCA
i MOKPUBAETLCA Jy»Ke LWiIbHO 060NIOHKOI

Kuii 6imapuuii mogija. ITig uac OpyHbKYBaHHSA Ha
OJTHOMY 3 IIOJIFOCIB MaTepPUHCHKOI KJITUHU YTBO-
PIOETHCS MaJIEeHbKUM BUPICT, SKUH 361IbITyETH-
cA i 3romom BimoxpemuaweTrbea (mana. 77.2, 8).
Y pesyabTaTi OpyHbKYBAaHHSA YTBOPIOIOTHCS OB
HEePiBHOIIHHI KJITHMHU, N0 PO3PiSHAIOTHCA 3a
¢dopmoI0, posMipamMm Ta IHIIMMH O3HAKaMU.
MarepuHCchbKa KJIITHHA IIOCTYIIOBO CTapie, a mo-
yipHd KJITWHA, HaBIaKW, aKTUBHO J00YIOBYE
KJITUHHI CTPYKTYPH 1 Kpallle IPUCTOCOBYETHCA
IO MiHJMBOTO CepeIoBUIIA.

YTBOpPEHHA criop

3a HeCUpPUATIUBUX YMOB IaJIWYKOHOTiOHI
O0akTepii 3maTHI yTBOpIoBaTH cnopu (MaJa. 77.3).
Ha noBepxHi O0axTepiaJbHOI KJIITUHU yTBOPIO-
€ThCcs IliJibHaA OaraTomrapoBa 000JIOHKAa, yci
JKUTTEBI IIpollec B KJIITHHI TPUNNHSIOTHCH.
CoopoyTBOpeHHA HE € PO3MHOXKEHHAM, TOMY
10 3 KOXKHOI KJIITHHHU (PopMyeThCA OJHA CIIOpa
i 4Kcgo 0COOMH IIPH IILOMY He 30iJbIIyeThCH.
Y Buraani cmopu mpOKapioTWYHA KJITWHA BU-
TPUMYE [it0 BUCOKUX a00 HU3bKUX TEMIIepaTyp,
OTPYMHUX PEUYOBUH, 3HEBOJAHEHH:, 30epiraiouu
JKUTTE3NATHICTh IIPOTArOM OaraThboxX POKiB. 3a
CUPUATINBUX YMOB O0OJIOHKA CIIOPU PYUHYETH-
cd, 1 mpoItecH KUTTENIAIBLHOCTI BiTHOBIIOIOTHCS.

KoH'torauis
Hna 6akTepii XxapaKTepHUHN CTAaTEBUH IIPO-
mec — KoH'oraimig. Ile mepeHeceHHA YaCTUHU

0 Kniouosa iges

MpoKapioTUYHI KNITUHN AiNATECA HABMiN GiHAPHUM
noginom. CnopoyTBOpPeHH:A i KOH'lorauisa y 6akTe-
pift He € cnocob6amm Po3MHOXKeHHA. Cnopu yTBO-
PIOIOTbCA ANA NepeHeCceHHA HeCMPUATANBIX YMOB,
a KoH'loraljia Npu3BOAUTb [0 O6MiHY FreHaMn MixK
0COBMHaMK.

Tema 5. PenpogyKLia Ta PO3BUTOK OPraHismis 333 S

AHK

HoHop PeunnieHT
O\ ([©\[CT™
—>

F-pakTop *

el
o)\e) \exo

KoH'torayinHmm mictok

Man. 77.4. Cxema KoH'torauii y 6akrtepiia

TeHeTUUYHOT'0 MaTepiaJy IIig yac 6es3mocepeaHbo-
ro KOHTAKTy OaKTepiaJbHUX KJIITHH. ¥ IIpolle-
ci xkom’roramii mo crmemiaazbHOMY KaHAJY, IO
YTBOPIOETHCA MiK ABOMA KJIITMHAMM, (hpparMeHT
HOHEK 3 oxgHiel KiIiTUHM nepenaeTbca iHIITN KJTi-
Tuni (Man. 77.4).

Ina koH’forairii 6axTepiii HeobXigHa cIelri-
aJbHA IJIa3Mijfa, AKa HasuBaeTheA F-haKkTopoMm.
Kow’roramis BigOyBaeThcAd 3a HASIBHOCTI ABOX
TumniB KJjituH: gouopiB (F'), 1mo BoJomiroTh
F-dpakropom, i perunienris (F-), 1o He MamTh
voro. F-axkTop MicTuTh TeHU CTPYKTYp, 3a
JOIIOMOTOI0 SKUX BimOyBaeThCA MPUKPIILIEHHS
KJITHHHA-TOHOPA A0 KJIiTuHU-penuirieHTa. Ilotim
MiK KiaiTuHamMmym (GOpMyeThCs KOH’ OraiifiHmi
MicTOK, uepe3d AKUN IepemaeThbCcAd KOIIid
F-pakropa, a Tako:k iHImi maasmigm 3 IUTO-
mia3mu gqouopa. Ilicaa nmorpannauaasa F-gakropa
B PeIUMOieHTHY KJITHMHKY BOHa crae F*.

Kowr’roramisa He € cmocoboM CTATEBOrO PO3-
MHOKEHHS, OCKiJIbKM UMCJIO OaKTepiil mpu IIbo-
My He 30inbITyeThesA. KoH’foramiro BU3HAUYa0OTh
AK CTaTeBUU MPOIeC, II[0 IPUBOAUTH A0 TOPU-
30HTAJBHOTO IIepPeHeCeHHs TeHiB i cmpusae ooMi-
HY KOPUCHUMHU O3HaKaMu. 30KpeMa, KOH oraifis
3a0esreuyye ITBUKE IOIIUPEHHA MiK OGaKTepi-
AMU TeHiB cTifikocTi 70 aHTHOIOTHKIB y CKJami
IJaIas3Mifg.

3annTaHHA Ta 3aBaHHA

1. Aki npouecy npu3BoaATb A0 pekombiHaLlii reHe-
TMYHOro MaTepiany B npokapioTis? 2. Ynm crtaTteBuin
npotec 6akTepil Bigpi3HAETbCA Bif CTAaTEBOrO PO3MHO-
eHHA eykapioTie? Yum BiH nogibHWIn go Hboro?
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Tema 5. PenpofyKLia Ta pO3BUTOK OpraHi3mis

§ 78. PenpoayKuia eyKapioTUMHUX KNiTUH

0 [omipkynTe

Yum BIAPI3HAETbCA reHeTUYHUI MaTepian eyka-
PIOTUYHMX KNITUH Bif reHeTMYHOro martepiany
npoKapioTiB?

é 3raganTe

» bygoBa KnitTmHHOro Agpa
» Xpomocomu

[eHeTUYHUI MaTepian
B eyKapioTUYHUX KNITUHaX

KnitTuamu eykapioriB BigpisHaOThCA Bix
KJITUH HOpoKapioTiB O6inbHI CcKJIagHOIO OYyI0-
BOIO, HacaMmepeJ HASBHICTIO TAKMX KJIiTHH-
HUX CTPYKTYP, AK AAPO, PO3BUHEHA Mepe’ka
BHYTPIIMTHBOKJIITUHHUX MeMOpaH, MiTOXOHAPii
Ta miractuau. EykapioTuuHe A1po MiCTUTH BeJu-
KY KiJIbKiCTh T€HETUYHOTO MaTepiajuy, Io IIpe-
CTaBJIeHUN, SK IIPABUJIO, KiIbKOMa OeCATKaMU
moserya JHK. Komniekcu mux mosekya JJHE
3 O0iTKaMM Ha3WMBAIOTh XPOMOCOMAaMM.

Habip xpomocom y AApi KJIiTHHH, 1110 XapaK-
TEePUIYETHCA IX YHCJIOM, Po3MipoM i ¢opmoro,
HasuBaioTh Kapiorunmom. KapioTtun € Bumgocme-
MupivHOI0 XapaKTepUCTUKOI0, TOOTO pidHi GioJo-
riuui Buau mMamTh pisHi Kapiotunu (man. 78.1).

ComaTnyHi 1 cTaTteBi KNITUHN

BaraTokaiTuHHI eykapioTuuHi opraxismm
MaloOTh PiSHiI TUIIN KJIITHH, AKi cHeliajai3yroThb-
cA Ha BUKOHAHHI PiBHMX QYHKIIiN. ¥Yci KIiTuHN
IOJIiNISAIOTh, HAa COMATUYHI Ta cTaTesi.

. \po
B~ N4 8y »
AT Y
ook || %
* Q ®
P51y
=/. 7 3
>y
JlogrHa [po3odina

Man. 78.1. Kapiotunu nig mikpockomnom
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Yncno xpoMocom y npeacTaBHUKIB PisHNX
6ionoriuHnx Buais

Bun
Manapitiauit niasmomii
Pagionapia
IInomoBa mymika
Komap-niuckyn
Piunwnit pax
Papiuk cagoBuit
Kopon
OKyHBb 3BUUYANHUN
Kaba
T'ycka
Kypka
3aenn
Homarmasa Kimka
Cobaka
Koposa
Kinp
Bicior
Cion
IMMummoanze
Jlroguua
ITammopoTs
Anuna
Mogpuna
CocHa
ITmeHnA-0MHO3EPHAHKA
ITmenua TBepaa
ITmennna m’axa
Kyrypynsa
Kapromnsa
Topox
Bumraa
Tpymma
Aonyus

Yucao xpomMocom
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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AvnnoigHnin (2n = 46) y coMaTUYHUX KNiTUHAaX
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Fannoighun (n = 23) y rametax

Man. 78.2. XpOMOCOMHMIN Habip NognuHN

CrareBuMu KJIiTHUHaAMu (raMeTaMH) Ha3uBa-
IOTh KJIITUHU, cIelliasiszoBaHi Ha PyHKIIiI cTaTe-
BOT'O PO3MHOKeHHA. BOHU MiCTATEL MOJIOBUHHUHA
Habip TeHeTUYHOTO MaTepiaay i mig uac 3auTTs
OIHA 3 OJHOIO YTBOPIOIOTH MEPIY KJIITUHY HOBO-
ro opraHismy.

CoMaTHYHUMM KJIITHHAMHM Ha3WBaIOTh ycCi
iHII TUOIM KJIITUH, 3 AKUX OyAyeThCS TiJIO Op-
ra"ismy.

Yucyio XpoMOCOM y COMAaTUYHUX KJITHHAX
ocobuHU ab0 BUAY HA3WBAIOTh MUILJIOITHUM (II0-
nBifinuMm) 1 mosmauamTs 2n. Tak, y JOZUHNI
2n = 46.

VY craTeBUX KJITMHAX YMCJIO XPOMOCOM Ha-
3WBAIOTh TAILUIOLTHUM (OAWMHADHUM) i IO3Haua-
I0Th n. ¥ Jioguau n = 23 (manx. 78.2).

Henpamunn nogin eykapioTUYHMUX KNITUH

IIporec momisy eyKapioTHUHUX KJITUH 3HA-
YHO CKJIAOHININN TMOPiBHAHO 3 MOAIJIOM ITPOKA-
pioTiB. EykapioTuuHi KJIiTHHN PO3SMHOMKYIOTHCA
MIJITXOM CIIeIliaJibHO BUPOOJIEHUX MexaHi3MiB
HeIPSIMOro MOAiJly — MiT0o3y i Meiiosy.

VYcekaagHeHHS T€HEeTUYHOTO amapaTry eykKa-
pioTiB, HaABHICTb y IXHIX KJIiTMHaxXx He OonHiel,
a 6ararbox moJsiekyJs [IHK cTBopumio mpobiaemy
ix piBHOMipHOrO posmnonisy mix vyac noxiny. I{as

0 Kniouosa iges

EykapioTnuHe Aapo MiCTUTb KinbKa AeCATKIB Xpo-
MocoM — KomnsekciB monekyn OHK 3 6inkamu.
Habip xpomocom y Afpi Ha3MBalTb KapioTMMom,
i BiH € BugocneundiuHoO XapakTepuctukoto. Pe-
NPoAyKLUiA eyKapioTUYHMX KNiTUH BiaOyBa€TbCA
LLIIAXOM MITO3y 1 MEeno3y.

BUpilTeHHa 1iei mpobseMu B XOi eBOJIOIII BuU-
HUK CIeIiaJbHUHM MexXaHisM IIoAiJly — MiTo3.
ITosBa cTaTeBOro pPO3MHOKEHHS IIpU3Bea 10
BUHUKHEHHSA Meiio3y — 0CO00JUBOTO TUIY KJIi-
TUHHOTO MOy IJs YTBOPEHHA CIelliajizoBa-
HUX CTATE€BUX KJITHH.

[lizHanTeca binbuie

Yncno xpomocom He 3anexxunTb Big KinbkocTi JHK,
O B HUX MiCTUTbCA. ¥ 14-T XpOMOCOMax aMepuKaH-
cbkoi amdibii Amphiuma 'y 6nu3sbko 30 pasis 6inbLue
OHK, Hix y nioanHu. HanmeHwa xpomocoma amibit
6inblue HanBINbWKX XPOMOCOM JIIOLNHWN.

Po3mip reHomiB y npeACcTaBHUKIB Pi3HNX TaKCOHIB
30BCiM He BIifMOBIAAE HALIOMY YABJIEHHIO MpPO Te,
XTO 3 HUX «BULUE», @ XTO «HMXKYE» Ha EBONOLiN-
HUX cxodax. EBoniouiiHO NpuMITUBHI opraHiamn 3a
Bmictom [JHK Ha KniTMHY Hepigko nepesepLluyioTb
npeacTaBHUKIB €BOMIOLIMHO MPOLBITalouMX TAaKCOHO-
MiYHVIX FPYN: HAaNpPWKag, Po3Mip reHoMy ABOANLLHNX
pub marixe B 35 pasiB nepeBuLLyE PO3MiIpP reHoMy
JOANHN.

OBaI'II/ITaHHFI Ta 3aBJaHHA

1. BukoHalnTe 3aBfaHHA, KOPUCTYlOUMCb Tabnuueto,
HaBefeHolo B maparpadi: a) BU3HaUTe, CKiNbKM Xpomo-
COM MICTUTbCA B rameTax i 3UroTi 3a3HayeHUX BUAIB;
6) MOPIBHANTE YNCNO XPOMOCOM Y Pi3HWUX BUAIB rLle-
HUUi, 3pobiTb BUCHOBOK; B) MOPIBHANTE YMCIIO XPOMO-
COM B €BOJIOLiHO 6M1M3bKMX BUAIB, 3p06iTb BUCHOBOK.
2. Y npoueci eBonoUii KNITUHU «WyKann 6anaHco» MixK
KiNIbKICTIO reHEeTUYHOro maTepiany i YNCIIOM XPOMOCOM,
y AKWX BiH po3nogineHui. Aki, Ha Bawy AymKy, npobne-
MU CTBOPIOE ANA KNITUHW BeNurKa KinbKicTb XpomMocom?
3aHafTO BeNMKi 3a PO3MipOM XpoMocomm?
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Tema 5. PenpofyKLia Ta pO3BUTOK OpraHi3mis

§ 79. XntteBuinn unkn KnitmH. IHTepdasa

0 [omipkynTe

Ha sakiin ctapii iHTepda3n noTpannaHHA XimiuyHOro
MyTareHy B K/iTMHY MOXe CPUYMHUTU MOLUIKO-
[PKeHHA CnagKkoBOro marepiany?

Q 3raganTe

 Pennikauia OHK
o ATO

KUTTEBUI LNKN KNITUHWX

JKuTTeBUil UK KIITMHM — IIe Iepiof il
icHyBaHHSA BiJi YTBOPEHHA NLIAXOM IOAiJIY MO
HACTYIIHOTO IIOAily abo mpupomHoi 3aruberi.

Y EUTTEBOMY IMUKJII BUIIJIAIOTL OBi BEJIUKI
craznii — inTepdasa i Bmacue moxmis (maa. 79.1).

Intepdasa — mepion KUTTEBOTO ITUKJIY
MidX OgBOMA IIOCJIZJOBHUMM IIOAijIaMU KJiTH-
HU. ¥ Iel yac KJIITMHA POCTe 1 BUKOHYE CBO1
dyurmii B opramismi. OgHa 3 HaWBaKJIUBITIIIX
momiii imTepdasu — pemikaiisg (IIOJBOEHHS)
IOHEK mepen momiiom.

ITogin eyKapioTMYHMX KJIITHH MOJKe Bif-
OyBaTucs IILJIAXOM MiTO3y abo Meiosy.

InTepdasa OHK = 2n — 4n
(6-8 roguiH)
OHK = 2n
(6-12 roauH) S Pennikauin
OHK
G, Picr,
nigrotoBka
LORCHEIESY, G, Migrotoeka
ARK fo noginy
OHK = 4n
(3-4 roguHNn)
e
R ' Mogin
KnitnHa ‘<

B Crokoi © OHK = 4n — 2n (1 roauHa)

Man. 79.1. Cxema XWUTTEBOrO LMKy KNITUHU
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[lisHalTeca 6inblue

TpvBanictb KNITMHHOFO UMKNY B KAiTUH 6a3anbHo-
ro wapy enigepmicy LIKipu, YepBOHOrO KiCTKOBOro
MO3KY, KMLUKOBOrO eniTesito TBApPWH, KNITUH TBipHOI
TKaHVHW POC/INH CTaHOBUTb 8-36 roguiH. JlenkouunTn
TIOAVHN [inATbCA KOXHi 4-5 ni6. HakopoTwi Ki-
TUHHI UMKy (6nn3bko 30 XBWAWH) BRACTUBI embpi-
OHaJIbHUM KJiTMHaM FOJIKOWKIpUX i 3eMHOBOAHUX Ha
cTagii opobneHHs.

MNepiogn iHTepdazn

1. Ilpecunrernunuii nepiox (G,). Kiituna
3pocTae i BUKOHYe cBol (hyHKIII B opranismi.
30iabIIyeThcs KigbKicTh MeMOpan i oprame,
CUHTE3YIOThCS Pi3HI CIOJYyKH, 3amacaeTbCcs
eHepria. KaiTuau mpoBOoAATH HEPBOBI iMOyJIbcu,
CKOPOUYIOTHCS, CEKPETYIOTh PEUOBUHU TOIIO.

2. Cunrernunuii mepiox (S). Posmoumua-
€ThCsS MiArOTOBKA KJITHHHU A0 Imoxiny. Bim0Oy-
Ba€ThCS ONHA 3 HAWBaKJIUBIIIMNX MOAill iHTEp-
(asu — pemrmikarnia (mogBoerusa) [[HK. Takox
TMOBOIOIOTHCA IEHTPOCOMMU.

3. Tlocrcunrernunuii nepiox (G,). Kiitu-
Ha 3aBepIllye IiAToTOBKY M0 momiay. OcodamBo
iarencuBHO cuHTe3yeThecd AT®P, cTBOpIOIOTHCA
HOBI MeMOpaH! ¥ opraHesu.

TpwuBanicTb iHTepdaszn

TpuBasicts iHTepdasu i KIiTHMHHOTO IU-
KJy Bapiioe 3aJIe’KHO BiJi BMJOBOI HAJIEXKHOCTI,
TUNY KJIITUH 1 BiApisHAETbCA HABITH y Pi3SHUX
KJiTrHaAX omHiel i Tiel sk TkamuHU. ¥ OijbIoc-
Ti KJIiTHWH, 110 aKTUBHO iJIATHLCS, TPUBAJICTH
imTepdasu craHoBUTL O0gM3bKO0 10—24 roauH.
V¥V riaiTuHax, 110 MOBiJIBLHO AiIATHCS, el mepion
MOJKe CTAHOBUTHU JeKiJbKa MicAIliB.

Maiiske Bci BigmimHOCTI B wacToTi momi-
Jy KJITUH 3yMOBJIEHI PiSHHUIEI0 B MOBKUHI
npecuHTeTuyHOro mepioxy G,. V cepenHbomy
B Oinmbmrocti KiaiTwH BiH TpmBae 3—8 romguH,
a B KJITHH, IO IIOBiJIbHO OiIATHCA,— THXKHI
¥ HaBiTh poKU (KJIiTuHU meuinkm). Hesaxi Kui-
TUHU iCHYIOTH V¥ TAaKOMY CTaHi Bce CBO€E JKUTTH,
He TepexoAs4yu B HacTymnHy a3y i He Hmpucry-
maroyu 10 noxiay. Jlo TakuX KJIITWH HajaeKaTb
crelliayizoBaHi KJIITHHN 0araTOKJITHHHUX Op-
raHisMiB, HaIpPUKJIAJ €PUTPOIUTU, HEPBOBI Ta



M’sA30Bi KiuiTuHH. KaKyTh, 110 Taki KJIiTuHU
nepexoaaTh y (asy cmokow G,.

Yac, 3a AKUN KJIITHHA IPOXOAUTH Iepiogm
S, G, i MiTO3, BiTHOCHO CTANIUi — y CCABIIiB BiH
Bapiroe Big 10 go 25 rogmu. Cam mpoiliec IOmiay
HabaraTo KOPOTIIWM, HiK eTam MiATOTOBKHU M0
HBOT'O: MiT03 cTaHOBUTH 0/in3bK0 1/10 wacTuuu
KJITUHHOTO ITUKJY.

Perynauia iHtepdasn

IcHYIOTH CKJIagHI MeXaHi3M1 KOHTPOJIIO KJIi-
TUHHOTO HUKJIy. Tpusanicte nepiomy G, sHa-
YHOIO MipOI0 BUBHAYAETHCA 30BHIITHIMHU yMOBAa-
MU i curHaJiaMu Bif iHmux KiitwH. TpuBaricTs
nepiony G, peryJareTbCA PO3MIpOM KJITHHH.

Y KiaiTuHHOMY IMKJI iCHYIOTH TaK 3BaHi
KoHmpoavhi mouxku. Ile KirouyoBi eramm, Ha
AKUX KOHTPOJIIOETHCA IIPABUJIBHICTH IIPOIIECiB,
[0 BimOyBaloOTbHCA, a TaKOMK 30eperKeHHs Ie-
HETUYHOTO Marepiaay. BaskjimBa KOHTPOJBHA
TOYKa € Ha mouaTky (asu G,. fxmo ymoBu
CIPUATIAMBI Ta KJITMHA OTPUMYyE Bim cycin-
HiX KJITHH CHUTHAJMW 3POCTAaHHS ¥ IIOAiJIy, TO
BOHA IMOYMHAE MIiAroToBKY mo perikamii JTHE.
VY dasi G, € KOHTPOJIbHA TOUKA, KA 3aTPUMYE
KJIITHHY y il ¢asi G,, AKIIo micaa pemmikamii
BUsBUJIOCA moinkomkenusa JTHK.

Ilepexix Bixg omHOro mepiony KJIITHHHOTO
OMUKJY OO0 iHIIIOTO PeryJareTbcsa (epMeHTOM
MUKJIIH3aJEeKHOI NIPOTeiHKiHa300. Bamausy
poJsb y IIbOMY IpoIieci Bimirpae OiJIOK IIMKJIIH.

KouTposbHi ToOuKu 3a6e3mMeuy0Th MPaBUIb-
HICTH i BHMCOKY TOUHICTH IIPOIECIiB AYILIiKAIii
i posxomxeHHA XpomocoMm. IlopyIiieHHA KOHT-
POJII0O KJIITUHHOTO IIUKJY MOXKYTbH IPU3BOLUTHU
10 PO3BUTKY PaKOBUX 3aXBOPIOBAHb.

Ocob6numBiI KNITUHHI LMK

OnucaHi 3aKOHOMIPHOCTI KUTTEBOrO 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 IIeHTPAJTHLHOI HePBOBOIL
CUCTeMU, Hicasa eMOpioHAJIBLHOTO mepiomy BTpa-

0 KnioyoBa iges

MutTeBUN UMKN KNiTMHM — Ue nepiog i icHy-
BaHHA Bif YTBOPEHHA LIAAXOM MOAiNY A0 HacTyn-
Horo noginy abo NpuMpoaHoi 3armbeni. Y XutTe-
BOMY LMK BUAiNALTb ABi cTagii — iHTepdasy
i BnacHe nogin (mito3 abo merios).

Tema 5. PenpogyKLia Ta PO3BUTOK OPraHismis 333 S

YaloTh 3JAaTHICTh A0 moxinay. vKuUTTEBUU IUKJI
KJIITWH, II10 He IiJISThCs, BKJIOYAE JIUIIIE IIePios
G, i ckmamaeTbca 3 POCTY, TPUBAJIOTO (HYHKILi-
OHYBaHH#A, CTAPiHHA W CcMepTi.

Kraituam neuinkoBol TKaHWHY (TeIaTOIUTN)
IicJIA CBOTO YTBOPEHHSA NMIIAXOM MiTO3y TaKOMK
BCTYHAIOTh y nepiox G, mig yac AKOTO BOHM BU-
KOHYIOTH CBO1 uncjaeHHi pyHKIii. BoHI MOMXYTh
poramu nepebyBaTu Ha cranii G, He BCTynaouu
B mepiox S. OgHak y pasi momkomxeHHs abo
BUJAJIEHHA YACTHUHU IIeUiHKU BOHU IIPOJOBIKY-
IOTh HOPMAJIbHUN KJIITHUHHUHA IIUKJI — BXOOATH
y S- i G,-mepiogu, a moTim AinATHCA.

KiaitTuam meuinkm, a TaxkoX Ogedaki immri
KJITHHU OpraHisdmMy JiogwmHu (HapUKJIam, ITig-
IIIJIYHKOBOI 3aJ103M) 3MaTHI I A0 iHIIIOTO BUIO-
3MiHEHOT'O KUTTEBOTO ITUKJIY. BOHU IpPOXOOATH
G,- Ta S-mepiogu imTepdasu, ogHAK TOTIM He
BCTYyMaioTh aHi B mepiog G,, ami B miTo3, T0O-
TO He OinaTbeA. ¥ pesyabrari Kigbkicts [JTHE
B KJiTWUHI 30iJBIIyeTbCSA — KJITUHA NE€PETBO-
proeTheda Ha nosrimioiany. Ilominmoigai KiriTuaM
MeUYiHKK MalTh OiJbIINI po3Mipu ¥ IIPaIfOIOTh
0iybiln e)eKTUBHO.

TpuBajicTh KUTTEBOTO ITMKJIY MOXKe OyTH
pisKo cKopoueHa B eMOpioHAAbHUX KJaiTuH. Bi-
JIOMO, IO BEJUKi ANIEKJITHHU BiKe MiCTATH
y IIATOILIa3Mi yci KOMIIOHEHTH, HeOOXimHi s
yucyieHHUX moxiniB. Tomy micaa samiaigHeHHS
KJIITUHN IiaATbCSI HAA3BUUYANHO NIIBUIKO 1 He
MalTh y KUTTEBOMY IUKJi mepioxis G, i G,.

@ MpakTnyHa poboTa

LlumozeHemuyHa xapakmepucmuka A0pa coma-
MuYHOI KAimuHu y pi3Hi nepiodu KnimuHHoz20
yukny

1. Po3rnaHbTe cxemy KAITMHHOrO LMKy COMaTuy-
HOI KNiTMHW. 3BEPHITb yBary Ha 4MCiO0 XPOMOCOM
Ta XpoMaTua y Agpax KMTUH Ta ixHi MopdonoriyHi
0CO6NMBOCTI Yy Pi3Hi Nepioan KNITUHHOIO LMKAY.
2. Cknagitb Tabnuuto, y AKIN yKaxiTb 03HaKW Agpa
y Pi3Hi Nepiogn KAITUHHOIO LMKIY.

3. ChopmynionTe BUCHOBOK.

3anuUTaHHA Ta 3aBJaHHA

1. HepBOBi KNiTMHW NOAUHU [INATbCA TiNbKU Ha
cTapii emOpioHanbHOro po3BUTKY. YoMy nisHille BOHM
nepecrawTb AIMTUCA | nepexoaaTtb y ¢pasy cnokowo G,?
2. Y yomy MonAra€ nNpu3HavyeHHA KOHTPOJIbHMX TOYOK
KNiITUHHOTO uukny? 3. Yn moxe KniTvHa NponTu CTagito
pennikauii JHK, ane Tak i He nouaTtn nogin?
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Tema 5. PenpofyKLia Ta pO3BUTOK OpraHi3mis

§ 80. CTpyKkTypHa opraHisauisi XxpoMaTUHY

0 [omipkynTe

YoMy WinbHICTb MaKyBaHHA Pi3HUX AiNAHOK Xpo-
MaTVHY MoXe OyTu pi3Hot?

Q 3raganTe

» bygosa monekynu [HK e bBinkn
* Xpomocomu

IHTepdazHMIN XpoMaTrH

Monerkyau [IHK B intepdasHomy Ampi mifg
CBITJIOBUM MiKPOCKOIIOM BUIJIAJAIOTH SAK 0e3-
CTPYKTYPHE IIepeIlIeTiHHSA HUTOK, IO Ha3u’-
BalOTh XPOMATHHOM. XPOMATHUH SABJSAE COOOIO
rominiexc JIHK i 6inkis. Biaku xpomaTuny Bu-
KOHYIOTH CTPYKTYPHY U PeryasaTopHy (pyHKITii.
CTpyKTypHi 6GiJKH TiATPUMYIOTH TPUBUMIPHY
cTpykTypy wmosekyau [THK, crabimisyiors ii
Ta 3aXUMIAIOTh BiJl MOMIKOAMKEHb. PeryasaTopHi
OlJIKM PeryJoioTh aKTUBHICTH I'eHiB.

Hurku JHK y xpomaTwHi IIeBHUM YWHOM
ymakoBaui. Pospisasiors Oinbin mrigbHi (rere-
poxpoMaTHUH) i MeHII IIiJbHI (eyXpoMaTuH) mi-
JIAHKY XPOMAaTHHY, III0 MAIOTh Pi3HY (YHKILiO-
HaJIbHY aKTuBHicTH (Masa. 80.1).

XpomatvH

l

EyxpomatuH

l

leTepoxpomatuiH

(cnabo KoHaeHco-
BaHWUI, aKTUBHWIA)

(cMNbHO KOHAEHco-
BaHWUIN, HEAKTUBHUI)

I l

KoHcTpyKTMBHMI
(cTpyKTYpHMIA)

®QakynbTaTMBHUI

(MiCTUTb reHu, He (He MiCTUTb reHiB)

aKTUBHI B Ui Kni-
TVHI B Ll 4ac)

Man. 80.1. EyxpomaTtuH i retepoxpomaTuiH

168

JliHkepHa
ninAHKa

Hykneocoma

Man. 80.2. HykneocomHe yknagaHHa OHK

Hykneocomn

EjeMeHTapHOI0O OOWHUIEI0 YIAKOBKU XPO-
MaTHHY € HyKJeocoMa. HyKjeocoma € UCKOIIO-
Ii0HOI0 YACTMHKOIO, IO CKJALAETLCSI 3 OiJIKiB
ricToHiB, HaBKOJIO K01 0OOMOTaHa ABOCIIipaJbHA
OHEK (man. 80.2).

XapaKTepucTuUKu HyKneocom

« Ilo ckaagy HYKJIEO0COMHU BXOIUTH YOTUPU
napu ricronosux 6inkis H2A, H2B, H3 i H4
(Bcboro Bicim O6inKiB).

« [liameTp HYKJIEOCOMHOTO JVICKa CTAaHOBUTH
11 um, a fioro ToBIMHA — 5,5 HM.

« IHK po6urs 1,67 obepra (147 map Hy-
KJIEOTHiB) HABKOJIO HYKJIEOCOMHOTO sapa.

« Hyxkneocomm posraIrroBaHi y3J0BXK MO-
aexkyau JHK ma Bigcrani 10—-20 HM oxma Bin
OJHOI.

« MHinguxka NHK wmixk HykJIeocomamu Ha-
suBaeTbca JinkepHoioo [HK i cranmoButh 10—
100 map HYKJEOTHUIiB.

« 3 minkepuoio JJHK mixx mBoma cycimHiMu
HYKJIeocoMaMu 3B’s3yeThedA rictom HI.

[lizHanTeca binblwe

3a gonomoroto FISH-TexHonorii, wo po3eonse dap-
OyBaTV KOXXHY XPOMOCOMY B OKPEMMI KOJIp, YUeHi
nisHanuca, wo B iHTepdasHomy AApi Xpomocomm
pO3TalloOBaHi HE XaOTUYHO, a 3aliMaloTb MEBHE Mic-
Le i MaloTb KOHKpeTHe oToyeHHA. NopyleHHA ubo-
ro NMopAAKy CrOCTepiraeTbCA B pa3i XPOMOCOMHMX
naTosorin.
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Tema 5. PenpofyKLia Ta pO3BUTOK OpraHi3mis

Hinsuka nmoasiuoi coipasi [[THK

+ Hykaeocomumii piBens

30HM

300THM
| 0

700 Hm

1400 HMm

TUJ

JOHK mamorana Ha 6iJIKOBi « HAMUCTUHU» —
OlIKM-TiCTOHY 3 YTBOPEHHAM HYKJIEOCOMHOI HUTKU

CosneHoimgHUIl piBeHb
CKpyuyBaHHSA HYKJIEOCOMHOI HUTKHU 3 YTBOPEHHIM
XPOMATUHOBOTO BOJIOKHA — (hibpuau

ITerenpunii piBeHn
ITakyBaHHA XpoMaTUHOBUX (HiOPUI HETIAMU

JloMeHHUI piBeHb

YTBOpeHHS eTeJIbHUX NJOMEHIB, IKi CBOEI0O OCHOBOIO
Kpiniarsed fo 6irkoBoro Mmarpukcy B minaakax JHE
3 BucoKuM ymictoMm A /T map HyKJeoTUAiB

XpomocomHUIT piBeHb
Ocranniii (Buiuii) piBerb komnaxkrtusarii [JHK. Mi-
TOTHUYHA XPOMOCOMA, 110 CKJIAZAEThCA 3 IBOX XPOMa-

Man. 80.3. CtpykTypHa opraHisauia JHK Ha pi3HMX cTagiax KNiTMHHOro umkny (piBHi KOHAeHcauii XpomMaTuHy)

CTpYKTYpHIi 3MiHM XpOMaTUHY
B KNITUHHOMY LMK

Ilepen mopmisioM KJIITMHU XPOMATHUH KOH-
nercyerbead — JHK ckpyuyerbcs i 3a yuacTtio
crueriaJbHUX 01JIKiB CIIaKOBYETHCA B KOMITAKTHI
cTpyKTypu — xpomocomu. IIlinmsHa ymakoBka
IHK y xpoMocomaX IIE€pPelIKOIKa€ POo3pUBaM
muTok [ITHK y npomeci moxiny wkaituawum. Ic-
Hye IeKiIbKa PiBHIB KOHIeHcallil XpoMaTuUHY
(man. 80.3). Binku xXpoMaTwMHY MOMiISIOTHCS
Ha ocHOBHI I Kuciai. OcuOBHI GinKM mpexncTas-
JIeHi ricToHaMu, SKi 3a0e3Meuyi0Th IIPOCTOPOBE
yraanauuda [JHK. Kuciai 6inku xpomaTtury me-
PEeBaYKHO € PeryJATOpHUMHU Oimkamu abo dep-
MeHTaMu, II0 0epyTh ydyacTb y MeTabosismi
HYKJIEITHOBUX KUCJOT.

0 Kniouosa iges

Mepepn noginom KNiTMHM XPOMaTMH YNaKoOBYETbCA
B KOMMAKTHI CTPYKTypu — Xxpomocomu. LinbHa
yrnakoBKa MnepelKkoaa€ po3pueam HuUTok [HK
y npoueci noginy. EnemeHtapHo0 oguHuueto yna-
KOBKMN XPOMAaTUHY € HyKneocoma.

@ MpakThnyHa poboTa

BueyeHHs 6y008U XpOMOCOM HA nocmiliHoMy npe-
napami 2i2aHmMCcbKUX XxpomMocom mMomunasa

1. Po3rnsaHbTe 3a 36inblueHHA MiKpockona 64X no-
CTINHUIA MiKponpenapaT CAUHHWX 3an03 MOTWUAA
1N 3HaWZiTb HAa HUX KNITMHW, NOTIM — AApa KNiTWH.
2. Po3rnaHbTe Apgpa 3a 36inblieHHA MiKpocKomna
160X. 3HaNAITb y HUX BeNIeTeHCbKi XPOMOCOMM, AKi
CXOXi Ha MOCMYroBaHi NiHil 3i «3gyTTAMM» Ta Npo-
30py Kapiornnasmy.

3. 3amanionTe 3HaMdeHi XPOMOCOMMU N MigNULWITbh
IXHi YacTnHW.

4. ChopmynioiTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. flke 3HauyeHHA ANA QYHKLiIOHYBaHHA 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 AHK)?
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Tema 5. PenpofyKLia Ta pO3BUTOK OpraHi3mis

§ 81. MitoTnuHun noain

0 [omipkynTe

Yomy MiTO3 He MOTpibHWI GakTepiam?

Q 3raganTe

» bygoBa KnituHm o KNiTMHHUM unkn

o IHTepdaza o XpomaTuH

» Xpomocoma

3aranbHa cxema i bionoriyHe 3HayeHHA
MITOTUYHOTO NOAiny

MiToTHYHUH OO — IIe CI0ocib HempsaMoro
nojisly eyKapioTMUHMX KJIITWH, 3a SAKOTO Te-
HETUYHUUN MaTepiaj piBHOMIpHO PO3IOAINIAETD-
cd MiK mouipHiMm KiaitmHamu. Y pesyabTaTi
MiTOTHYHOTO TOMiJIy YTBOPIOIOTHCSA ABi MOuipHi
KJITUHU, SAKi € TOYHOI0O TeHEeTHUUYHOIO0 KOMi€lo
MaTepuHChbKOI KiaitTuHu (man. 81.1).

Ot:xe, 3aBEAHHAM MITOTHUYHOI'O IOJIJIYy €
TOYHE KOIIiIOBaHHS IreHeTNUHOi iHndopmarrii i Bia-
TBOPEHHA YMUCJIEHHUX KOMi# (KJIOHIB) BUXimHUX
KiaiTuH. OcHOBHUMU OioJIOTiYHMMU IIpOIlecaMu,
AKi peaJisyroTbCcsd 3a PaXYHOK MiTOTHYHOTO IIO-
iy, € picT opraHisamiB, pereHeparis opraHis
i TKAaHWH, a TAaKOX HeCTaTeBe PO3SMHOYKEHHS.

InTepdasa

2n2c

Pennikauin
AHK

2n4c

/N

Mito3
2n2c 2n2c

Man. 81.1. 3aranbHa cxema MITOTUYHOrO noginy. 2n — Au-
NnoigHe YnMcno XpoMocoMm, 2¢ — Kinbkictb AHK y gunno-
inHomy Appi, 4c — nopBoeHa Kinbkictb AHK B Agpi nicna

pennikauii

170

igrotoBKa KNiTMHW O MITO3Yy

Ha cragii S inTepdasu BimbyBaeThca pemi-
kamia [JHK. ¥V pesyabraTi 3arajbHa KiJIbKicTb
TeHEeTUYHOTO MaTepiasly B KJITHHI MOABOIOETH-
ca. Komii monmexkyn IIHK, 1o yTBopmauca mifn
yac pelsikarii, He BiJOKPeMJIIOIOTHCA OAHA BiJ
ONHOI, a 3aJuINalThCA 3’ €THAHUMHU B IiJIdH-
i meHTpoMepwm — TaK MAaiOyTHI XpoMocoMu
HabyBatoTh X-moxi6uoi ¢gopmu. Ili xomii Hasm-
BalOTh CECTPUHCHKMMH XPOMATHAAMM, BOHU