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AKNPALUIOBATU 3 NIAPYYHNUKOM?

KUTTA! AkMMKM nNpekpacHMMW W QUBHUMWU € 1oro npoasu! fAK AMBOBMMXHO
NOEAHYIOTbCA y BiocMcTeMax NepepBHICTb | HeNnepepBHICTb, CTabiNbHICTb | 3MIHHICTb,
OOMiHaHTHe N peLecrMBHe, YONOBiYe Ta XKiHOYe, MO3WTUBHE N HeraTmsHe. Bce ue
NOPOAXKYE 3AaTHICTb 4O CaMOOPraHisauii n pyxy Bnepeg.

Migpy4YHUK MICTUTb TEOPETUYHNIA I NPAKTUYHWIA MaTepian, Wwob 3auikaBuTu Bac,
MOTVBYBaTK, BKa3aT Ha HeOOXiAHICTb Mi3HaHHA deHOMeHY XUTTA, NOro Han3aranb-
HilWKX 3aKoHOMipHOCTeN GYyHKLiOHyBaHHA Ta 30epeXeHHA B CyYaCHUX YMOBaX eKo-
NOTIYHOT KpU3 K.

Y ubomy NigPYYHUKY, AK iy mONepeaHix, 3MiCT FPYHTYETbCA Ha 3acafax NPOAYKTMB-
HOro BMBYeHHSA Gionorii i3 3acToCyBaHHAM KOMNETEHTHICTHOro niaxody. MiapyyHnK
Ma€ Ha MeTi He NuLLe HaJaTy TeOPEeTUYHI 3HaHHA. BiH Jonomoke Bam Yy NPOAYKTUBHIN
1 TBOPUIN AiANbHOCTI Ta $OPMYBaHHI CTaBNeHHA [0 HaBKOMULIHbOTO CBITY.

Matepian nigpyyHvuka nogineHo Ha Temu 1 okpemi naparpadu. OCHOBHUMMU
yacTrHamm naparpadis NiApyYHMKa € Taki pybpurKu.

BcTtynHa yacTuHa MicTuTb enirpa¢ Jo naparpada, pybpuku «OcHoeHe
noHammsa U kn4oei mepminu», «lpuz2adatime!», «3Haliommecsa!»,
«Y ceimi yikaeozo», «HosuHu Hayku», «[Tomipkyiime!», a Takox inocTpa-

TUBHI 3aBaHH#A, BBiJHI BNPaBU, KNacUyYHi eKcnepumeHTU ans ¢opmyBaHHA MOTUBALT

0O HaBYaHHA. Kpim TOro, nogaHo 3aBAaHHA, KONbOPOBI intoCcTpauii, BigoMocTi npo
)KVIBy npupoay, KPOCBOPAMK.
«3MICT» micTnTb MaTepian ana 3acBO€EHHA N GOpPMyBaHHA 3HaHb, YMiHb,
HABUWYOK, CNOCOBIB AifANbHOCTI Ta NepeKoHaHb. Benuknmun nitepamn cnHbo-
ro konbopy sugineHo OCHOBHI MOHATTA, wo opraHi3oBy0Tb HalBaXnu-
BiLlYy iHbOpMaLlito, a ManMu CUHIMU NiTepamn — KII4oBi TepMiHM, WO y3arasbHIOTb
neBHY YacTUHY iHpopmauii. OCHOBHI MOHATTA 1 KIOYOBI TepMiHM € 060B'A3KOBUMMU
OnA 3anam’ATOBYBaHHA Ha BiAMiHY Bif NOHATb, NodaHUX Kypcusom. MaTepian «3mi-
CTy» NOAINEHNI Ha YaCTMHW, A0 AKX NOJAETbCA 3aNUTaHHA, a B KiHLi — y3aranbHto-
BaJIbHUI BUCHOBOK.
@ «AIANbHICTb» micTnTb MaTepian ana ¢opmyBaHHA CcNocobiB NPOAYKTUBHOT
M AiANbHOCTI, PO3BUTKY TBOPYOT aKTUBHOCTI 1 OCAIAHNLbKNX YMiHb, 3[iCHEH-
HA MiXKNpeaMeTHMX 3B'A3KiB Towo. Llen matepian cnyryBaTiMe 3MiLHEHHIO,
NOrnnGNeHHI0, PO3LUMPEHHIO 3HaHb LUIAXOM CaMOCTIMHOrO BMKOHaHHA 3aBAaHb Ta
CTBOPEHHA BNACHMX OCBITHIX NPOAYKTIB, AKUMU €: NpOeKMU, MAaOHKU, PUCYHKU, 8U-
CHOBKU, 00C/1iOXeHHs, 3006yma iHgpopmayis, npeseHmauis, 871acHi pekomeHOayil Towo.
Y Ui yacTuHI HaBOAATLCA TEMM NPOEKTIB, TBOPUYI 3aBAaHHA, MiXKNpeaMeTHi 3aBAaHHA
«bionoria + ...» Towo. Ana dpopmyBaHHA NPAKTUYHUX N AOCTIAHWLBKUX YMiHb NOJAHO
npaKkTU4Hi poboTK, AOCNIAHULBbKI 3aBAAHHSA i TabOPaTOPHI AOCHigXKEHHS,
Q «CTABJIEHHA» mictutb 3aBAaHHA Ana GopmyBaHHA CBiTOrMAZy, nepeko-
@ 2 HaHb, eMOLNHO-OLHHNX HOPM LLOAO MPUPOAW, XKUTTA, HayKW, CYCMiNnbCTBa
-~ ta BnacHoro 3gopos's.
~ «PE3YJIbTAT» MiCTUTb 3aBAAHHA 1 3aNUTaHHA O1A 3aKPIiMJIEHHA, KOHTPOJIO
Y, M KOpeKLUii 3HaHb Ta CaMOOLiHIOBaHHA HaBYalbHOI AiAnbHOCTI. BoHM nopa-
0TbCA 3 MOCTYNOBUM YCKNaAHEHHAM Ta i3 3a3Ha4YeHHAM PiBHA IXHbOI CKnag-
HOCTI 11 OLiHKK B 6anax.
Micna KoXHOI TeMV NOJAETLCA MaTepian nig pyoprKot «Y3araibHEHHA 3HaHb».
Ina nepeBipKM AKOCTI 3aCBO€EHHA MaTepiany Temu B pybpuui «CamOKOHTponb
3HaHb» NPOMNOHYTbCA 3aBaaHHA y dopmati 3HO.

Ujupo 3udumo e8am ycnixia y HaB4AHHI U 30ilicCHeHHI 8/1aCHUX
iHmenekmyaneHux siokpummis!

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

Ak NnpautoBaTtL 3 NigpyYHNKOM?
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BCTYN

XXl cmonimms — cmonimms 6ionoei.
13 pe3onoyii KOHECKO

§1. MDXAUCUUNNIHAPHI 3B’A3KU BIONOTII TA EKONOTII

OCHOBHi NOHATTA 11 KNo4oBi TepmiHu: BIOJIOTIA. EKOJIOTIA.
MpurapanTe! Lo Take 6ionoris i ekonoria?

MomipkynTe!

Mpobnema — uUe cKnagHe 3aBHAaHHsA, WO noTpebye
PO3B’A3yBaHH#A, ane Noro cnocobu i MOXKINBWIA pe3ynibTaT HeBifo-

Mi. PO3B’A3yBaHHA HayKoBMX Npobnem NpuBOAWTb [O HayKOBMX »T%
BiAKpMTTIB. AKi X Npobnemun NOANHN MOXYTb 6yTr po3B'A3aHi 3a J
JOMOMOroto 6ioforiYHNX 3HAHb? s

3MICT

Yomy XXI cTonitTa € cronitTam 6ionorii?

[BapuATb neplue CTONITTA — Le CTONITTA 6ionorii, Wo NpUNLWNo Ha 3MiHy CTo-

nittio ismkn. BIOJIOTIA ctana He nuwe dbyHAAMEHTaNbHOW HAYKO NPO Xumms 8

ycix (1020 NpoABaAx, a M YaCTUHOIO NIOACHKOT KyNbTypY 1 AYXOBHOCTI CyCNiNbCTBa, WO

CYTTEBO BMJIMBAE Ha BCi ranysi gianbHocTi nioguHu. CyyacHa 6ionorifa - ue cuctema

Hayk npo *unTTa, npo BIOCUCTEMW. bionoriyHi BigKPUTTA reHeTUYHOro Koay, Mexa-

Hi3MiB WITYYHOrO CUHTE3Y, peKkombiHaLil N MepeHeceHHs reHis, 6iocuHTe3y 6inkis,

CTOBOYPOBUX KNITUH 34aTHI 3MIHUTU MEOUYUHY, CiflbCbKe 20cn00apcmeo, Npomuc-

n08icme Ui 0XOpoHY npupoodu Ta 3abe3neunTn po3B’A3yBaHHA rnobanbHUX Npobnem

nopcTBa.

OCHOBHUMM HanpPAMamMy Cy4aCHUX 6iONOTUYHUX JOCTIAXKEHD €:

1) BUBYEHHA MeXaHi3MiB perynAuii NpoLeciB Ha BCiX PiBHAX OpraHisauii »1Boro 3

METOI0 Mi3HaHHA 3aKOHOMIPHOCTEN XUTTA;

2) BWBYEHHSA 3aKOHIB iCHYBaHHA Ta PO3BUTKY

6iocdhepn 3 MeTo BCTAHOBEHHS rapmo- OcHoBHi rno6anbHi npo6nemn

HIMHUX BIOHOCUH MiX Npupodok Ta Cy- noAcTBa

CMiNIbCTBOM; 1. leononimuyni (npobnemu BiNHW i
Mnpy, Tepopl/lsmy)

2. EkonoeiyHi (3meHLWweHHA 6iopi3Ho-
MaHITTs TOLLO)

JocCnigKeHHs 6ionoriuHMX npouecis 3 Me-
TOK KOHCTPYIOBAaHHA Ha X OCHOBi HOBUX
BiONOriYHUX N TEXHIYHUX CUCTEM; T -

3. AemoezpadpiuHi (Hanpuknag, 3mi-
BMBYEHHA BMVMBY YMOB KOCMOCY Ha opra- Ha KINbKOCT] HaceneHHs 3emni)
HI3M AnA 3'ACyBaHHA MeXaHi3MiB aganTauii |4 CouianbHi (Npobnemn oxopoHU
MKMBUX iCTOT A0 Ail KOCMiIYHUX YMHHWKIB; 3[0POB's, OCBITH)
JocnifXeHHA GionoriyHMx npoueciB i |5. EkoHomiuHi (eHepreTuyHi, cupo-
00’€EKTIB 3 METO BUKOPUCTAHHA 3HaHb BWHHIi, NPOA0BOIIbYI)

51 6e3onnaTHOro po3MillleHHs niapyyYHuKa B Mepexi IHTepHeT mae
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ansa 6ioTexHoNoriYHoro BUPOOHMLTBA NiKiB, XapuyoBUX MPOAYKTIB, CUPOBUHMU,
BVMIKOPVICTaHHSA COHAYHOT eHeprii, 10OYBaHHA eKOJIOriUHO YMCTOrO NanvBa, efekK-
TpoOeHeprii, OXOPOHW NPUPOAN, BU3SHAYEHHA MOXKINBOCTEN BUKOPUCTAHHA Xap-
YOBUX MPOAYKTIB 3 FeHETUYHO MOANPIKOBAHUX OPraHi3miB;

6) [OCNifXeHHA MexaHi3MiB iANIbHOCTI MO3KY 3 METOI0 Mi3HaHHA 3aKOHOMIPHOCTEN
perynauii npoueciB MUCNEHHA, NaM'ATi, eMOoLili TOLLO;

7) BMBYEHHA MeXaHi3MiB CMafKOBOCTI 1 MiHIMBOCTI 3 METO PO3POHSIEHHA MEeTO-
[iB PaHHbOrO [iarHOCTYBaHHA Ta BUJIIKOBYBaHHA CMafKOBMX XBOPOO NOAWHMY,
NiKyBaHHA HOBUX iHEKLiNHNX XBOPOO, AOCiAXKEHHS 3aXBOPIOBAHb POC/IUH Ta
MeXxaHi3miB ¢iToimyHiTeTy;

8) BMBYEHHA MOJNIEKYNAPHMX i KNITUHHUX peakLii opraHiamiB Ha rnobasnbHi KaTa-
CTPOdIiUHI 3MiHW KNiMaTy Ha NnaHeTi;

9) BMWBYEHHA 3aKOHOMIPHOCTEN CTAPiIHHA XKMBUX iCTOT A1A NOJOBXEHHA TPUBANOCTI
XKUTTSA | pO3B'A3yBaHHA NPO6eM JOBrOMITTA NOAMHM.

Omxe, XXI cTonitTa € CTONITTAM GiONOrii, TOMY O OCHOBHI rnobanbHi
npo6siemn MoXyTb 6yTV po3B’A3aHi 3a 4ONOMOrol 6i0IOFiYHUX 3HAHb.

flk noB’A3aHi mix cobolo 6ionoria Ta ekonoria?

EKONOTIA (Big rpeu. olkoc — fim, J1020C — HayKa) — Ue HayKa npo 83A€MO38’A3KU
XKUBO2O MiX C06010 ma 3 HABKOJIUWHIM cepedosulyem. EKonoris BMHUKNA sIK CyTO 6io-
noriyHa Hayka, afie B Halll YaC BOHa nepeTBoOpmiaca Ha HayKy npo ¢yHaameHTanbHi
BnactueocTi EKOCMCTEM T1a ix KoMnoHeHTiB. OfHMM 3 NepLUKX, XTO NoYaB po3rnaaa-
TV €KOMOrilo He AK BYy3bKy 6ioNoriuHy HayKoBY AUCLMMNIIHY, @ AK MKAUCLMNTIHAPHY
HayKy, 6yB BUaTHUN ameprKaHCbKKIA 300510r 11 ekonor KOdxuH Odym (1913-2002).
Y HaykoBin npaui «OcHoBu ekonorii» (1953) yueHnin 3anponoHyBaB HOBY CTPYKTYPHY
OpraHisauito eKonorii, LeHTpasnbHe micLe B AKil BigBegeHO ekocnctemam. HoBa KOH-
uenuia Ogyma ctana cnpaBXHbOI PEBOSIOLIEI0 B €KOSOTi.

CyyacHa eKonoria € MiXXANCLMNAIHAPHOK CaMOCTINHOK HayKoo, MOB’A3aHOI0 3
6araTbMa iHLWMW HayKamu i nepefycim 3 6ionorieto. EkonoriuHi 3HaHHA HeobXigHi ans
nocnigKeHb 3 6omaHiku, 30010¢ii, gizionoeaii, Mopghonoeii, cucmemamuku, 6iozeozpa-
¢hil, esonroyitiHoi bionoeii, 2eHeMuUKuU, 6iomexHos102il, OCKiNbKM 6ionoriuHi cuctemn — Le
BifKPWTi CMCTEMN, LLIO B3AaEMO3B'A3aHi i3 HABKONNLLHIM CepefoBuMLEM TPUEQNHUM MO-
TOKOM pPeyYyoBUH, eHeprii Ta iHdpopmaLii. [Mpn Lbomy ekonoria € 6ionoriyHo HayKoto
yepes Te, WO AOCNIAXKYE BioNoriyHi cuctemu Ta iXHi BNaCTUBOCTI.

Ha cyuacHomy eTani po3BUTKY CyCninbCTBa OiONOriuHi 11 eKONOriYHi 4OCigKEeHHSA
06’efiHy€e cninbHa 1 Haf3BMYaNHO aKTyanbHa MeTa: HaflaTu 3arasibHy KapTuHy OyHK-
LiOHYBaHHA NPUpPOAN Ta BU3HAUUTU MicLe i posib NIIOAVHN B MPUPOAHMX MpoLecax.
Came icHyBaHHA XMBOI MPUPOAN Ha HalLiN NAAHeTi Ta NPOLBITAHHA NIOACHKOrO Cy-
CNinbCTBa 3aexatb Bifj TOro, HacKiNbKK WBUAKO 6yayTb PO3KPUTI 3aKOHOMIPHOCTI
iCHYBaHHsA ekocucTeMm i biochepw 3aranom.

OTXxe, XxapaKTep MiXKaucuuniiHapHMUxX 3B'A3KiB Gionorii 1 ekonorii
Ha CyyaCHOMYy eTani PO3BUTKY CyCMinbCTBa BU3HAYaETbCA HEOOXiAHICTIO
pO3B'A3yBaHHA FMo6anbHMX Npobnem NOACTBa.
flke 3HaUeHHSA GionoriyHMX 3HaHb AnA naNHN?

bionoriyHe ni3HaHHA € OpraHi3OBaHOIO HiANbHICTIO BIAMOBIAHO AO MeTW 1 3a-

BAAHb, pe3ynbTaTOM AKOI € HOBi 3HaHHA MPO »KMBY Npupogy. [Ana HakonnyeHHA Ta

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 1. MixxgucumnniHapHi 38'A3Ku Gionorii Ta ekonoril
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06pO6KM 3HaHb Bionoria BUKOPUCTOBYE TaKi MOHATTSA, AK Haykosul ¢hakm, 2inomesa,

meopid, 3akoH. CKNnagHiCTb NPOABIB KUTTA 3YMOBJIOE BUKOPUCTaHHA HaMpi3HOMa-

HITHIWKWX MeToaiB Gionoril, ¢isuku, ximii, reorpadii, MatematTku. Cepes OCHOBHUX

MeTOfiB BUOKPEMIIIOIOTb NOPIBHAIbHO-ONUCOBUU, eKcnepuMeHmasibHUl, MOHIMOPUHe,

MOO0esI08aHHA Ta CMamucmu4Hud.

JNleoHappo pa BiHui wopo focnigxeHb npupoan paams: «Busyaroyu pyxu soou,

He 3a6y0b 3 KOXHO020 3HaUOeH020 (hakmy 3pobumu 8UCHOBOK 0714 NPAKMUKU, Wob

meos HAyKa He 3anuwuiaca HenompibHowo». HUHI 3 ycix NpMpoaHUYMX HayK came

GionoriyHi QocnigKeHHA MaloTb BeNMYe3He MNpPaKTUYHE N HAyKOBe 3HAYEHHA B

XUTTI moguvHWM 1 cycninbcTBa. Hacamnepep 6Gionoriu-

Hi AOCNigXeHHA BaxNWBI ANA Takux ranysen BianbHOCTI

NIOANHN, AK:

1) cinecbke i nicoge 2ocnodapcmeo (BUPOLLYBaHHSA KyJlb-
TYPHUX i AUKOPOCNX NiICOBUX POCINH, PO3BeAEHHA
IOMalLHIX TBapwWH, 6opoTbba 3i wWKiAHUKaMKN Ta
XBOPO6AMU POC/INH | TBAPVIH);

2) npomucsosicme (BUPOOHMLTBO XapuoBUX MPOAYKTIB,
NOXMBHUX PEYOBUH Y Xap4osili hpomucsio8ocmi; y
nezKit npoMmucno8ocmi — OTPUMaHHA CUPOBUHW ANA
HaTypasibHUX TKaHWH 3 NIbOHY, 6aBOBHUKY, ofAry 3i
WKipu; aHTUOIOTVKIB, BiTaMiHiB, GepPMeHTIB y Mikpo-
6ionoziyHiti npomucsaosocmi); In. 1. MoHa Jisa

3) meduyuHa (NpoodinakTrka Ta NiKyBaHHA HeiHbeKL - (NeoHapgo Aa Binui,
HUX Ta iHOEKUiHMX 3axBOplOBaHb, 36epeXeHHsA Ta  1503) — oguH i3 HalBuaaT-
3MiLJHEHHA 3J0POB’'A NIOAMHY, 3POCTAHHA TPUBANOCTI  HiluMX TBOPIB MUCTELTBA
XKUTTA);

4)  oxopoHa npupodu (ANA paLioHaNIbHOrO BUKOPUCTaH-
HA | 36epeXXeHHA NPUPOAHNX Pecypcis, po3B’'A3yBaH-
Hs1 €KOJIOTIYHUX NPO6SIeM NOACTBA);

5) cenekuia (AnA CTBOPEHHA I NONIMNLWEHHA AKOCTi cop-
TiB pOC/AIUH, MoOpig TBapuH N LWITaMiB MiKPOOpPraHis-
MiB, LLIO X BUKOPUCTOBYE Nt0ANHA ANA PO3B'A3yBaHHA
couianbHUX Npobsiem);

6) cnopm (ANA Ni3HaHHA QI3MYHUX MOXKINBOCTEN Op-
raHiamy foAvHW Ta opraHisauii WwnAxis 1 cnoco6is
TXHbOrO PO3BUTKY);

7) mucmeuymso (ONnA CTBOPEHHA eCTETUYHUX O6'EKTIB,
cuTyauin abo AN, AKUMK MOXKHa NOZINUTUCE 3 iHLIK-
MW JIIOAbMU I BUKOPUCTATU ANA PO3BUTKY 0COBUCTO-

-
E cri) (in. 1); In. 2. Mnig 3aHOHIT, Wo
@ 8) mexHika i mexHonozii (ANA BUBYEHHA MOXIUBOCTEN  (pyrysag 3paskom nig yac
BUKOPWCTaHHA »KMBOTO Mifj YaC CTBOPEHHA MALUWH,  CTBOPEHHS anaparis TwMy
NPUCTPOIB, NPUNagiB UM BUPOOBHMYMX MpPOLECiB Yy «iiTatoye Kpuno»
neBHil ranysi BMpobHuLTBa) (1. 2) Towo.
Omxe, XXI cTonitTTa € cTONITTAM 6iONOFiT LWe 1 Tomy,
WO HeMa€ TaKol ranysi NPakTUYHOI AiANbHOCTI NIOAUHN,
6 ONA AKoT 6ionoriyHi gocnig»keHHA He Manm 6 »KOOHOro 3HaUYeHHS.

paBo Anst 6e3onnaTHOro po3MilLleHHs MigpyyYHUKa B Mepexi IHTepHeT mae
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AIANbHICTb

3aBAaHHA Ha 3aCcTOCyBaHHA 3HaHb. Kpio6ionoria

[locArHeHHs cyyacHoi 6ionorii Cnpusny BUHUKHEHHIO HOBUX HAMNpPsAMIB, pO3inis
" ancumnnid. 3ictaBTe 6i0NoOriYHi BigKpUTTA 3 po3ainamu 6ionorii Ta oTprmariTe Ha3By
TEXHONOrIi 36epexXeHHA OPraHi3miB y CTaHi FMMOOKOro 3aMOpPOKEHHA Ta MOXKITMBOCTI
TXHbOTO OXKMBEHHA.

1 BigkpuTTA reHeTUYHOro Kofly, MexaHi3MiB CMHTe3y reHiB A Papio6ionoria

2 BigkputTa npocTopoBoi cTpyKTypu AHK 1, KnituHHa iHxeHepis

3 CTBOpPEHHSA NepLnx riopuaHnX KNiTmH I, biokibepHeTuka

4 BigkpuTTA NPUHUMMIB OpraHisaLii X1Bux opraHiamis K, leHHa itxkeHepis

5 BigkputTa NnprHUMMiB opraHisauii 6inKoBNX MoONeKyn K, UntoreneTuka

6 [ocnigXeHHA 3aKOHOMIpHOCTel ynpaBniHHA B 6iocuctemax H lMpoTteomika

7 BigkpuTTa posi XPOMOCOM Y CMafKOBOCTI O bioHika

8 [locnigxeHHA BNAVBY NOHI3y040Oro BUNPOMiHIOBaHHA Ha xuBe |P MonekynapHa 6ionoria

Bbionoria + Ekonorisa. EKkonorisauia Hayk

Y l0pxmHa Ogyma € uikaBe GopmMynioBaHHSA WOAO NpeameTa
ekonorii Ta 1i 38'A3KiB 3 Gionorieto: «Ekos102isa — ye b6ionozis Hasgko-
JIUWHbBO20 cepedosuwa». CNpauncb Ha BNACHMI JOCBig, oui-
HiTb Lie BM3HAYeHHA Ta HaBeAiTb NPUKNaau, Wo NigTBePAXY0Tb
YmM CNPOCTOBYIOTb BMUCHiB HayKoBLA. LLlo Take ekonorizauia Hayk?

A ﬂ CTABJIEHHA
«2 Bionoria + ApxiteKktypa

3icTaBTe Ha3BY 3aNPONOHOBaHNX 00'EKTIB i ABMLL POCNH-
HOTO CBIiTY 3 BU3HAYEHHAMN, LLO MOACHIOIOTb IXHE 3aCTOCYBaH-
HA B BiOHIiLi, Ta OTpUMaNTe Npi3BuLLe BUAATHOrO apXiTeKTOpPa,
AKUIN YacTo 3BepTaBcA [O ifen xuoro. KynbmiHali€lo TBOp-
yocTi MUTLA cTaB cobop CeaAToi PoauHn y bapcenoHi.

1 Kpunatka |A Cte6510 nweHnLi AK MOAeNb AN1A KOHCTPYIOBaHHA BUCOTHUX CMOPYL,

2 ConomwuHa |I Tnig KneHa Ak Mmogenb Ans BUBYEHHA 06epTanbHOI MiAMOMHOI cinn Kpuna
3 Kunkn [ YTBOpeHH:A napanenbHuX XBUAACTUX CKIaJOK Y/ BUTUHIB

4 TodpysaHHA [I  3miuHeHHA BUPO6iB ab0 KOHCTPYKLi eneMeHTaMu 3 MiLHILOro maTtepiany
5 ApmyBaHHA |Y CyAMHHO-BONOKHUCTI NyYKMN AK ONOPHA KOHCTPYKLiA NNCTKIB

BucnoBiTb CBOI CyfeHHA NpO 3HauyeHHA OioNoriYHMX 3HaHb B apXiTEKTYPI,
30Kpema 11 Ana po3BUTKY JIIOACTBA 3araaom.

PE3YJIbTAT

§ 1. MixxgucumnniHapHi 38'A3Ku Gionorii Ta ekonoril

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wo BrBYae 6ionoria? 2. Ha3BiTb OCHOBHI rasy3i 3acTocyBaHHA 6i0N0OriYHNX 3HaHb.
1-6 |3.lLloBrBuae ekonoria? 4. Yomy ekonoris € 6ionoriyHoto Haykoto? 5. Lo Take 6iono-
riyHe nisHaHHA? 6. Ha3BiTb OCHOBHI ranysi 3acTocyBaHHsA GiONOriYHUX AOCHIAXKEHD.
7. Yomy XXI cToniTTA € cTONiTTAM Gionorii? 8. Ak nos’A3aHi Mix coboto bionoria Ta
ekonoria? 9. ke 3HaueHHA 6i0NOriYHNX 3HAHb ANA NOAUHN?

10-12 | 10. OuiHiTb BaXnu1BicTb 6i0NOriYHUX 3HaHb ANA PO3BUTKY NIOACTBA. 7
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Biokpumi cucmemu - cucmemu, Wo NoCMItiHO 06MiHIIOMbCA iHopMayieto,
peyoBUHOI0 Ui 8ilIbHOK eHep2i€lo i3 308HIWHIM cepedosuUieM.
J1. poH bepmanaapi

§ 2. PIBHI OPTAHI3ALIT BIOCUCTEM TA IXHI/ B3AEMO3B’A30K

OcHOBHi NOHATTA N Knio4oBi TepmiHn: BIOCUCTEMU. PiBHi opraHisauii
6iocncrem.

MpurapanTe! Lo Take 6iocuctemn?

3Hanomrecsa!

Kapn Jliodsiz pon BepmanaHghi (1901-1972) -
aBCTPINCbKNIA BioNIOr, 3aCHOBHMK y3arajibHEHO! CUCTEM-
HOI KOHUenuii, Wo oTprvmana Ha3By «3aranbHa Teopid
cnctem». OCHOBHaA igea 3anpOnNOHOBaHOI TEOPIl: 3aKOHM,
O KepyTb cucTeMamm, — €AUHI ANA PisHUX cuctem. Ta-
KMMW 3aKOHOMiPHOCTAMM € NPUHLMMN 3BOPOTHOTO 3B'A3-
Ky, EAHOCTI, iepapxii, eMepaXeHTHOCTI (panToBOi NOABM),
3aKOH MiHIMYMY Ta iHLLi.

3MICT

AKnMu € ocHOBHI Giocucremn?

CyyacHe po3yMiHHA OpraHi3auii XUTTA FPYHTYETbCA HAa CUCTEMHOMY MNiAXogdi, 3rif-
HO 3 AKUM XMBa Npupoga icHye y dopmi biocnctem. byab-AaKa i3 XUBUX NPUPOAHUX
CUCTEM € UYiNICHOIO CYKyNHICMIO 830EMONOB’A3AHUX KOMNOHEHMI8, W0 BUKOHYOMb
ocobnusi ¢yHKyil i 3a6eanedyrome ixHio €OHicme. Yci 6iocmcTemmn € nepepBHUMU 1A
BiJOKPEMNEHNUMUN OfHa Bif OAHOI, MaloTb MEBHI PO3MIpU N CTPYKTYpY, TPUBaNiCTb
icHyBaHH#A 11 cneundiyHi o3Hakn. OCHOBHMMM TNamMm 6ioCUCTeM € KNiTUHA, OpraHism,
nonynsuis, BUA, ekocuctema Ta biocdepa.

KnitnHa - 6ion02iyHa cucmema 3 HaliMeHWUMU po3mipamu U Halinpocmiworwo
cmpykmypor. OCHOBHUMU KOMMOHEHTaMU KNiTUHW € MOBEPXHEBUI anapart, LnTo-
nnasma i AApo (Hykneoia), Wo nobynoBaHi i3 MoneKkyn XiMiYHMX PeYOBMH Ta TXHiX
KomnnekciB. KniTMHMW € OCHOBHUMW enlemeHTamu OyAoBU 1 XUTTELIANBHOCTI BCiX
OpraHi3miB HaLLOI NaaHeTwn.

OpraHi3m - 6ios102i4Ha cucmema, AKa Nobyd0o8aHaA i3 KNIMUH i 3a80aKU cucme-
Mam pe2ynayii ma npucmocysasibHUM MexaHi3Mam Moxxe 8i0HOCHO CAMOCMIUHO iCHY-
8amu 8 nesHomy cepedosuwi. OpraHiaMmm NOAINALTb Ha OAHOKIITUHHI, KOJIOHianbHi
N 6aratokniTUHHI. Came Ui GiocncTeMn € HaMpPi3HOMAHITHIWMMK dopMaMKN XKNBOT
npupoaMu.

MNonynauia — 6ios102iyHa cucmema i3 8iIbHOCXPEWYB8AHUX MiX COOOK Op2aHi3mie
00H020 8UQY, AKI NPOXUBAIOMbE MpuBAUl Yac HA NedHili mepumopil U 8i0HOCHO i30-
J1608aHiI 8i0 iHWUX MaAkux camux epyn. KomnoHeHTamy NONynALii € opraHiamu, a cami
nonynauii € CTPYKTYpHOIO oAnHULE0 BMAIB. Ha piBHI nonynALin noynHaoTbcAa eBo-
NOUiNHI npouecn, ToMy NnonynAauii € eneMeHTapHUMK OQUHULAMN eBONIoLii.

Bug - 6ionoeiuHa cucmema i3 cykynHocmi nonynayid, AKUM enacmusi:
a) mopdgogpizionozivHa nodibHicms,; 6) 8ibHe BHYMPpIWHLOBUOOBE CXPEUYBAHHS;

BCTYN
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8) ymeopeHHsA ny1ioH020 NOMOMCMB8A; 2) HecxpewysaHicme 3 iHWUMU 8u0amu, 6) cninb-
Ha mepumopis iCHy8aHHA — apeas; e) NpuCMoCco8aHicme 00 yMO8 iCHYy8AHHA 8 MeXax
apearny; €) cninbHe Nnoxo0xeHHA. Bup € o0CHOBHO GOPMOLO opraHizaLii XuUTTA.

EkocucTtema - cykynHicme pi3HUx 8udig8 ma cepedosuwd ixHb02O iCHY8AHHS,
Wo noe’sa3aHi obMiHOM peqosuH, eHepeil ma iHgpopmayii. Y mexax biocuctem Lboro
paHry BUoKpemniolTb 6ioTnuHUN (bioueHo3) Ta abioTuyHMiA (6ioTOM) KOMMNOHEHTH,
WO noB'A3aHi MiX cobot Kpyroobirom peuyoBuH. EKocnctemun icHytTb yHacnigok
po3noginy GyHKUiN MiXK NpofyLieHTaMu, KOHCYMeHTaMu 1 peflyLieHTaMu.

Biocdepa - biocucmema Hatisuujoeo nopsAOKy, ckaad, cmpykmypa i 8;1acmuego-
Cmi AKOI 8U3HAYAOMbCA hYHKUIOHYBAHHAM XUBUX Op2dHi3mig. Lle eagnHa rmobanbHa
ekocmcteMa 3emni. KUBUI i HEXUBUIN KOMMOHEHTU Giochepur NoB’A3aHi Mix coboto
Kpyroo6irom peyoBuH y BUrnagi 6ioreoximivHux LMKnis.

Omxe, BIOJIOIYHI CUCTEMMU (Big rpeu. 6io — »WTTA, cucmema — CKNlafeHa
i3 YaCTUH) — Lie CYKYMNHICTb B3aEMOMNOB’A3aHNX KOMMOHEHTIB, JiANbHICTb
AKX BM3HAYaloTb IXHIO EQHICTb Ta iCHYBaHHA B NPOCTOPI 1 Yaci.

Y yomy nNpoABNAETbCA B3aEMO3B'A30K PiBHiB opraHisauii 6iocucrem?

Kputepiem pgnAa BMOKpemMneHHA piB-
HiB opraHi3auii 6iocuctem € cCTyniHb
cKnagHocTi cmpykmypu (Big nat. struc-  BIOCOEPHUIA
tura - OypoBa), TOOTO pPoO3MAWYBAHHA
830€EMONOB’A3AHUX KOMNOHeHmMis8. [ina xa-
PaKTEPUCTMKU PIiBHIB OpraHisauii Xutra
3aCTOCOBYIOTb LWe W TakUM KpuTepin, AK
npouyec (Big nat. processus — nepemilleH-
HA, PyX), WO O3Haya€ MeBHi 3aKOHOMIpHI
byHKUiOHanbHi 3MiHK 11 ABULWWA. Buokpem-
NoBaTM piBeHb oOpraHisauii gouinbHO B
TOMY BUMaAKy, AKLLO Ha HbOMY BUHIWKalOTb
HOBi (emepp)KeHTHi) BNacTMBOCTI, WO iX
HeMa€ B CUCTEM HUXKYOTO PiBHA.

YABNEeHHA Npo CTPYKTYPHI PiBHI op-
raHisauii cknanoca B 20-x pokax XX cT.
(1. doH bepTtanaHodi, I. Y. bpayH), a B ce-
penuHi 40-x pokiB XX cT. cpopmyBanacs
Teopia piBHiB opraHizauii (P. Oxxepapa,
A. EMepcoH) AK KOHKpeTHe BUpaXkeHHSA
yNnopAAKOBaHOCTI »KMBOTO.

fIK BU BXe 3HaETe, PO3pPi3HAIOTb MO-
nekynapHull, KaimuHHUU, Op2aHizmosud,
nonynayiliHo-eudosud, ekocucmemHul
(6ioceoyeHomuyHul) Ta biochepHuUU piB-
Hi opraHisauii 6iocuctem (in. 3). 3a He-
00OXigHOCTI, WO BM3HAYAETbCA OCOOMMBOCTAMU [OCNIAKYBAaHOTO 06'€KTa, MOXKHA
BMOKPEMIIIOBATK AOAATKOBI PiBHI: MKAHUHHUU, pigeHb Op2aHis, piseHb cucmem opaa-
Hig, bioyeHOMUYHUU.

MOJNEKYNIAPHUIA

In. 3. OCHOBHI piBHI opraHisauii 6iocnctem
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MonekynapHuli pieeHb xumms Nos'A3aHW 3 opraHisauieo cneyndivHUx ans
XMBUX OPraHi3aMiB OpraHiuyHMX CNONYK, IXHbOI B3aEMOJIED MiXK COH010 i 3 HeopraHiu-
HUMU peyoBUHamu. Mpy LboMy BiOYBalOTbCA XiMiUHI peaKuil 11 ¢i3nyHi npouec ne-
peTBOpEHHSA eHeprii, peyoBMH Ta iHGopmaLii. Ha monekynapHomy piBHi opraHisauii
nepebyBatoTb HEKNITUHHI GopMM XUTTA (BipycH, NpioHK, Bipoian).

KnimuHHuli pieeHb x)xummas npefcTaBneHNi BiNbHOXNBYYMMU OQHOKNITUHHMY
opraHiamamu 1 KniTMHamy 6araTokniTUHHUX OpraHi3miB. KOMNOHeHTaMu CTPYKTYpu
KNITUH € PEYOBUHMU Ta TXHi KOMMNekcu. Ha KniTMHHOMY piBHI BigbyBalTbCca npouecu
noginy n nepepavi iHbopmadii, aHaboniamy i1 Kataboniamy.

OpezaHizmoeuli pieeHb XUmms BU3HAYaETbCA KNITUHAMU B OAHOKMITUHHMX i
KOJIOHiaNnbHMX OpraHi3amMiB, TKaHMHaMK, OpraHamu 1 cucTeMaMu opraHis — y Oara-
TOKNITUHHNX OpraHi3miB. EnemeHTapHO0 ofgnHMLEI0 PIBHA € OKpeMi KNiTUHHI opra-
Hi3MMK 3 NEBHUMW OCOBNNBOCTAMU OYLOBU, XKUTTERIANBHOCTI (KMBMEHHA, AUXaHHA,
BUAINEHHA, PO3MHOXEHHSA TOLLO) Ta MOBEAiHKN.

MonynayiiiHo-eudosuli pieeHb XNTTA NpefCcTaBNeHNIA NONYNALIAMY 1 BUAAMY,
WO € HajopraHiaMoBMMU GionoriyHMK crctemamu. CTPYKTYPHMMU KOMMOHEHTa-
MM € rpynu CcrnopigHeHnx ocobmH, 06'egHaHNX NeBHNUM reHodoHAOM i cneyundivHo
B3aEMOJI€0 3 HAaBKONULWHIM cepefoBuuleM. Ha ubomy piBHi dopmytoTbca Mikpo-
eBOJIOLINHI nNpouecn afjanTtauioreHesy, perynauii YncenbHOCTI nonynAuin, BUAO-
YTBOPEHHA TOLWO.

Exocucmemnuli (6iozeoyeHomuyHuli) pieeHb Xumms NpeacTaBleHUN pi3HoO-
MAHITHICTIO MPUPOAHUX i WTYYHUX eKocnucTemM. KOMNOHeHTaMn € XMBi YrpynoBaHHA
(6ioLeHO3K) 1 yMOBY cepefioBHLLa iCHYBaHHA. Ha LLbOMy piBHi 3AiICHIOIOTbCA B3aEMO-
Lif opraHi3amiB pi3HMX NonynAuin mixx coboto, a TaKoX BMINB €KOMOMYHUX YNHHUKIB,
|0 BM3HAYalTb iX YNCENbHICTb, BUAOBUI CKNAA i NPOAYKTUBHICTb.

BiocghepHuli pieeHb )ummsa o6’eqHye yci ekocuctemun 3emni. Ha ubomy piBHi
BifOyBatoTbcA 6ioreHHa Mirpadis XnBoi peYoBUHU, 6IONOTIUYHUI KPYroobir peyoBuMH
Ta NepeTBOPEHHA eHepril.

OcHoBOI B3aEMO3B'A3KY BCiX PIBHIB opraHisauii 6iocnctem € noTtoku peyo-
BVIH, eHeprii Ta iHpopmaLii 1 NPUHUMUN CTPYKTYPHOI iepapxii cucTem, 3rifHo 3 AKUM
6ynb-AKa 6iocmcTemMa € KOMMOHEHTOM 6iOCMCTEMU BULLOTO paHry, i, B CBOK 4Yepry,
CKNafa€eTbCA 3 NiANOPALKOBaHMX i1 6IOCUCTEM HVXKUYOTO PaHTy.

OTxe, piBHI opraHisauii 6iocucrem — Le NeBHWI TUN B3aeMogii
CTPYKTYPHUX i GYHKLIOHANbHUX CKNAAHUKIB GIONOFiYHUX CUCTEM.

[IANbHICTb

M CamocriiiHa po6oTa 3 intocTpauiamn. Xapakrepucruka 6iocncrem

Po3ni3HaliTe Ha MantoHKax GiocncTtemun pisHMX PiBHIB opraHisauii. Ha3gitb ix
KOMMOHEHTW Ta HaBefiTb NPUKMagM NPOLECiB, XapaKTePHUX ANA 3006paxKeHunx
6iocucteM. 3anoBHITb Y poboyomy 30WKTI TabnuLlo «XapakTepucTka OCHOBHUX
TMNiB 6iocnctem» i cbopmynioite BUCHOBOK NPO MOAIOHICTb Ta BigMIHHOCTI pPi3HKX
6iocucrtem.

BCTYN

HasBa 6iocucremun CTPYKTYPHi CKNagHUKN QDyHKUioHanbHi npouecn
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bionoria + Ekonorisa. XapakTepucruka piBHA opraHisauii 6iocucrem

Pu6a-knoyH (Amphiprion ocellaris) pocuTb ya-
CTO BCTYMa€ Yy B3aEMOBWUriAHI B3aEMOBIHOCUHN
3 akmuHiamu (Hanpuknapg, Heteractis magnifica).
Lynanbua umx TBAPUH MICTATb Hebe3neuHi »Kanki
KNiTUHM i 3axuLatoTb pub Ta IXHIO iKpPY Bif XKaKiB.
Y cBOW uepry, pubu-KnoyHU OUMLLAITb aKTUHIIO
Bif, CMITTA | BifraHAIOTb Bif, HET XMXKaKiB, Hanpuknag
KpabiB i pnb-meTenukis, AKi He NPOTX NonacysaTn
Wwynanbuamm uux ictTot. Ha3eiTb i oxapaKkTepusymTe
piBeHb OpraHisauii Lnx B3aEMOBIgHOCKH.

CTABJIEHHA

3-nomixk nNpepcTaBHUKIB Knacy CcaBui 3aaT-
HiCTb MpPOAYKYBaTW OTPYMHUIN CEKPeT MaloTb
ANLUeKNagHi ccaBLi Ta OKpeMi NpeacTaBHUKN KO-
MaxoigHuX. | niwe opgnH BiZOMUI BUA € cepen
npumartis. Lle manutd moacmuti nopi (Nycticebus
pygmaeus), nowmpeHnin y nicax B’etHamy, Jlaocy
n Kambopxi. Ha BHyTpiwHbOMY 60U NiKTbOBOIO
cyrnoba B Li€i TBAPUHU € 331031, CEKPETU AKKX,
3MilYIOYNCb i3 CAIMHOW, NEepeTBOPITbCA Ha
cunbHy oTpyTy. ONMwWiTh Len opraHiam Ak 6io-
cmcTemy.

PE3YJIbTAT

3aBAaHHA A4NA CAMOKOHTPOJIO
1. Wo Take 6iocuctemu? 2. Ha3eiTb 0CHOBHI TUNK Giocuctem. 3. HaBeaiTe npuknagn
6iocncTem pisHuX piBHiB. 4. LLlo Take piBHi opraHisauii 6iocuctem? 5. Ha3gitb oc-

§ 2. PiBHi opraHi3auii 6iocctem Ta ixHiil B3aEMO3B'A30K

1-6 R L .
HOBHI piBHI opraHi3auii 6iocnctem. 6. Ha3BiTb KpuTtepii, 3a AKMMU XapaKTepr3yioTb
6iocmctemu.

7.9 7. AKNMU € OCHOBHI 6ioccTemmn? 8. B uomy BUABNAETLCA B3aEMO3B'A30K PiBHIB Op-

raHizauii 6iocuctem? 9. Yum biocuctemun pi3HATHCA MiXK cob010?

10-12 [ 10.Y Yyomy nonaraioTb NOAIOHICTb Ta BIAMIHHOCTI pi3HMX Giocuctem?

n
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HatinomaemHiwe Ha 3emni, noku wo yHikassHe y Bcecgimi
ma Hatieaxuye 0718 po3yMiHHs. .., — ye XUTTA.
3 0osidHuka biosnoeii

§3. BJIACTUBOCTIKMUBOI'O

OcHOBHi NOHATTA 1 KniouoBi TepmiHn: KUTTA. Camoperynsauia. Camo-
oHoB/NeHHA. CaMOBiATBOPEHHSA.

MpurapanTe! Lo Take 6iocuctemn?

MomipkynTe!

«[lanopomes, w0 pocme 6 nici, — xuea cucmema?
be3nepeyHo. A Mopo3AHI 8i3epyHKU Ha wubyi? esHo, 8u 300-
2a0demecs, WO Hi, X04d 308Hi 8OHU By8aOMb CXOXi Ha TUCMKU
nanopomi. fIka x 8iOMiHHiICMb Mix nepwum i Opy2um? AKUW0 Ha
3amep3ny wubKy enade COHAYHUU NPOMiHb, MO KpUXAHA Nano-
pome po3made, a CNPasxHA came 3a80AKU COHAYHOMY c8imity
pocmume (i po3gusamumemscs, 60 NO2JUHAE U020 eHepeito.
AKi ocobnusocTi 6iocmcTem Bigpi3HATD X Bif Gi3NUHMX um
XiMiYHUX cncTtem?

3MICT

Y yomy cyTb BU3HavanbHNX O3HaK Giocucrem?

OpraHizauia 6iocuctem nos’A3aHa 3 BHYTPILWHbOI BMNOPAAKOBaHICTIO CTPYKTY-
pv 1 npouecis, ANA NIATPUMAHHA AKOI YCi XNBI CUCTEMU MOXKYTb BUBINIbHATK, Nepe-
TBOPIOBATM 1 BUKOPWCTOBYBATK €Heprilo 330BHi. Kpim TOro, XnBe 3gaTHe He nuwe
nigTpymyBsaTn, a 1 36inbliyBaTV CBOI eHepreTU4Hi 3anacu. AK Big3Hayas BijoMUIA
6ioximik B. O. EHrenbrapar (1894-1984), came «y 30amHocmi Xu8020 cmaoptosamu
NopA0OK i3 Xaomu4H020 MenJsio8020 Pyxy MOJIeKys1 nosfeae Hatenubuwd, KOpiHHA 8i0-
MiHHICMb XUB020 8i0 Hexuso20». MpoaBamMy L€l Ha3aranbHiLLIOT BNaCTUBOCTI >KMBOFO
€ BCi iHLWIi 03HaKn 6iocncTeM, WO BigPi3HAIOTD iX Bif Gpi3UUHKX UM XiMIUHMX CUCTEM.

Yci biocuctemn € BigKpuTUMM, TOMY WO MOCTIIHO OOMiHIOOTBCSA i3 CepenoBu-
L|eM peyoBHaMW, eHepri€eto Ta iHGopMaLi€lo, a B 3aKPUTUX HEXMBUX CUCTEM TaKOTO
06MiHy He BifbyBaeTbcA. Tak, POCUHHMIA OpPraHi3aMm OTPUMYE i3 cepefoBMLLA CBITNO-
BY, 3BYKOBY, XiMiuHY iHbOpMaLiito, NOXKUBHI PEUOBMHIW, COHAYHY eHeprito, a Bifa€ B
cepenoBuLLe KINCEHb, BOAY, TEMO.

Bypab-Akii 6iocnctemi BnacTuBi MexaHiamum camoperynauii, Wo 3abe3neyye ixHio
BMOPAAKOBAHICTb 1 CTiKiCTb Y Yaci. Camopezynayis 6iocuctem BUSBNAETbCA Y 34aT-
HOCTi MiATPMMYBaTV AMHaMiYHY CTaniCTb CBOrO BHYTPIWIHbOro CTaHy (romeocTas).
MexaHi3my camoperynsuii fy»e pisHOMaHITHi y 6iocncTtemax, BOHM 3abe3neuyioTb
byHKLUil0 KepyBaHHA BiAMoBiAHO [O YMOB [OBKINNA i BUABNAIOTLCA Ha BCiX PIBHAX
opraHisauil XnTTa. Hanpuknag, KOHUeHTpauia PeYoBUH Y KITUHAX PerynioeTbcA
HasABHICTIO Ta 3MiIHHOI aKTUBHICTIO PEPMEHTIB, Y OpraHi3miB fOCNIA>KEHO rymMopasib-
Hi, HepPBOBI Ta iIMyHHI MeXxaHi3Mun perynayii, Ha piBHI NONYNALiT ONMCaHO MeXaHi3Mu
perynauii uncenbHoCTi Ta iH. Yum cknagHilwoio € CTpykTypa biocmctemn, TM pisHO-
MaHITHiWMMK 6yyTb MeXaHi3Mu perynauii i Tum CTilKiwoto BoHa 6yae Ao BNAUBY Ha-
BKOJINLIHbOIO CepefoBuLLa.

BCTYN
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LLle opHi€ BaXknMBO OCOBNUBICTIO BioCUCTEM € 3AaTHICTb
[0 camoBifTBOpeHHA cob6i nofioHux. Lia BnacTtueicTb € PpyHAa-
MEHTaNIbHOI0, OCKINIbKM 3abe3neuye HaCTYMHICTb XUTTA Ha 3emli.
«Omne vivum ex vivo» («Bce XuBe Bif >KMBOro»), Ik 3a3Ha4YnB e
B XVII cT. iTanincoknn nikap i Hatypanict OpaHuecko Pepni (1626-
1697). Came BiH BnepLue B icTopii 6ionorii 3niicH1B eKcnepuMeH-
TV, WO CMPOCTOBYIOTb YABMIEHHA MPO CaMO3aPOMPKEHHA XUTTA
(BBaXKanocb, o puby MOy BUHMKATLU 3 MYJly, YEPBU — 3 FPYHTY,
MyXn — 3 M'Aca i T. iH.).

Ha monekynspHoMy piBHi CaMOBIATBOPEHHSA BijOYBaETbCA Ha
OCHOBI MaTpuuHoro cuHTe3y [IHK, PHK 11 6inkiB, KniTMHW BigTBOPIOIOTL CO6i MOAIOHMX
LWIAXOM MOfiNy, OpraHiaMy PO3MHOXYIOTbCA HECTaTeBMM UM CTaTeBMM CMOCOOOM,
BIATBOPEHHsA nonynaAui 3abe3nevyeTbCs PO3MHOXKEHHAM OPraHi3miB Ta iXHbOo 3aT-
HICTIO 0O pO3CeNneHHA.

Yci 6iocnctemun 3paTtHi 36epirat CBOE iCHYBaHHA B MeXax MeBHOro KiHLEeBOro
nepiogy 3aBAAKM NpoLiecaMm CaMOOHOBJIEHHS, WO CNPAMOBaHI Ha yTBOPEHHA HOBUX
UM BiHOBNEHHA MOLKOAXKEHMX CKNAAHUKIB (KOMMOHEHTIB). Tak, nowkogxeHa JHK
Mo>Ke OyTu BiHOB/IEHa Yepe3 MexaHi3My penapadii, HOBi MITOXOHAPIT Y/ NnacTuam
YTBOPIOIOTLCA LUIAXOM MOAINY, BiAHOBIEHHSA KIITWH UM OpraHiB 3abe3neuye pereHe-
paLisi, OHOBMIEHHA OPraHi3MiB 3[iNCHIOETbCA 3a JOMOMOrO CTOBOYPOBUX KIiTUH, a
CaMOOHOB/NEHHA eKOCUCTEM — Y pe3ynbTaTi CyKLeCil.

In. 6. OpaHuecko
Pepi

OTxe, GionoriuHi cuctemum — Ue BiAKPUTI BMOPAAKOBaHI cuctemu,
3[aTHi O camoperynsAuii, CaMOBIATBOPEHHA Ta CAMOOHOBMEHHA
BHAC/NIJAOK MOCTINHOIrO MOTOKY PeYOBUH, eHeprii Ta iHpopMmaLlii.

AKMMY € oNncoBi CTPYKTYPHO-PYHKLiOHaNbHi 03HaKM XKUBOro?

Kutta - Ue ocobnmea dopma icHyBaHHA MaTepii, WO BigPi3HAETLCA Bify HEXMBOIT
npupoan ocobnmnBOCTAMN CTPYKTYpPY Ta npouecis. Y 6ionorii icHytoTb pi3Hi dopmynio-
BaHHA, B AKUX XXWTTA BU3HAYaETbCA Cyb6CcTpaTOM (CyO6CTpaTHMIA Nigxia) abo po3rnaga-
€TbCA AK CYKYMHICTb cneymndivuHnx npouecis (GyHKLioHanbHUIA nigxia).

«Kumms - ye cnoci6 icHy8aHHA 6iKOBUX Mis, CYymmeBUM MOMEHMOM AKO20 €
nocmitiHuli 06MiH pe4yo8UH 3 HABKOJIUWHbLOK NPupo0oto» (O. EHeesnbc).

«Xusi mina, aKi icHytome Ha 3emni, AenAMb cobolo 8IOKpUMI, camopezyio-
8aJIbHI Ma camogiomeopro8asbHi cucmemu, ujo nobyoosaHi 3 biononimepis — 6inkie
i HykneiHogux kuciom» (M. B. BonbkeHwmeuH).

«Kummas — ye 2nobaneHa niaHemapHa camosnopAaoKo8aHd, eHepzemuyHo ma
iHhopmayitiHo 8ioKpuma cucmema, ujo A8715€ coboto sesiuKke po3maimma popm €ou-
HoI'y gi3uKko-ximidyHOMY 8iOHOWEHHI Xusoi pedyosuHu» (B. I. BepHadcekud).

«Kumms € hopmoto icHysaHHA biononimepHUX min (cucmem), 30amHux 0o ca-
Mopensnikayil 8 ymosax nocmitliHo2o 06MiHy pe4o8UHaMU U eHep2i€to 3 HaBKOMUWHIM
cepedosuwem» (B. I. fonboaHcoKkud).

«Kummsa — ye akmugHa 8acmusicme Xugoi mamepii, Wo 8i0bysaemscs i3
suMpamamu eHepezii Ha NIOMpUMaHHa U 8i0MBopeHHs cneyugidyHoi cmpykmypu»

(6. M. MeoHikos).

Mpobnema ni3HaHHA CyTi XUTTA € HAIrONOBHILWO NPo6ieMoto He nuLe 6ionorii.
HaykoBLUi HaBOAATb Pi3Hi TNYMayeHHA NOHATTA KUTTA» 1 BUOKPEMIIIOITb Pi3Hi 0Co-
6n11BOCTi GEHOMEHY XUTTA.

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 3. BnacTMBOCTI KMUBOrO
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Di3nka. «xKumms € aguwiem, sKe 81acmuge 8iOKpUMuUM cucmemam, wjo 30amHi
CAMOYUHHO 3HUXY8amu 8/1aCHY 8HYMPIiWHIO He8NOpAOKOBAHICMb 3a PAXYHOK peyo-
8UH abo 8inbHOI eHepeii, ompuMaHux 3 008KinA | 32000M 8udineHol' y suz/adi npo-
OyKmie xummeoianeHocmi U mensomun.

Ximia. «Kumms - ye He snacmusicme AKoi-HebyOb MoJIeKy/U, a padwe pesysb-
mam 83aemo0ii Mix MoseKyiamu».

KibepHeTuKa. «Kusi cucmemu — ye cucmemu, Kpizo ki npoxoosms 6e3nepeps-
Hi NOMOKU pey4yosuH, eHepzii, iHpopmayil i Aki 30amHi cnputimamu, 36epieamu G
nepepobnamu iHgpopmauito».

Qinocooin. «xKumms — ocobnusa, cknadHa popma pyxy mamepii, Halisaxauei-
WUMU 03HAKAMU AKOI € N0Opasznugicme, picm, pO3MHOXeHHS, 8 OCHOB8I AKUX J1eXamb
npouyecu cCaMmoOHOB8/1eHHA PEYOBUHY.

Monpw yci HamaraHHA HayKOBLiB OAHO3HAYHOIO BU3HAYEHHA MOHATTA WKUTTA» N
[OCi He icHye. )KuBvM opraHiamam nputaMaHHa HM3Ka O3HaK, AKNX HeMaE y GinbLuo-
CTi HeXMBUX cucTeMm. MNpoTe cepell HUX HEMAE XOAHOT, AKa 6yna 6 npuTamaHHa nuwe
XUBOMY. EAVNHUI CNOCI6 ONUCAaTV XUTTSA — Lie NepeniunTy BU3HavanbHi 03Hakm (aTtpu-
6yTW) Ta ONNCOBI CTPYKTYPHO-OYHKLIOHaNbHI O3HAKM »KUBOTO.

Cxema 1. O3HAKU XKUBOI'O

YNOPAAKOBAHICTb AK HAM3ATAJIbHILWWIA ATPUBYT XKUTTA

0

OYHAOAMEHTAJIbHI BJIACTUBOCTI XKUTTA
Camoperynauia. CamosiaTBOpeHHA. CaMOOHOBNEHHA

0

CTpYKTYpHO-pyHKLiOHanbHa opraHisawis XnTTa

CTpYKTypHa opraHisauis QdyHKUioHanbHa opraHisauis
. €EOHicmb ximiyHO20 CKNa CHo8Hi enacmueocmi xummsa. O6MmiH

1. €0 0 o 06
(nomibHicTb GioenemeHTiB Ta C>. peyoBuH. AganTmBHicTb. PicT. Po3BuTOK.
6iomonekyn) Motik CnapgkoBicTb. MinnuBicTb. fTomeocTas. Mo-

2. Knimunna 6ydoea PEUOBWH, | npaznusicTb

3. PieHesicmob opzanizayii EHepTITa | fpoyecu mumma: pyx, KuBneHHs, [n-
(MOneKynu — KNiTnHM — iHOPMAUIT | yap1s, TpaHcnopTyBaHHA peuoBMH, BU-
opraHiamu — nonynauii — Bugm — LiNeHHA, PO3MHOXKeHHA, PICT, perynauia
ekocucTemn — 6iochepa) npouecis

OTmxe, KUTTA - ue NnpuHUMN iCHYBaHHA GioNoriyHMX cuctem,
AKi BiAPI3HAIOTbCA Bifj HEXKMBOTO CKJTAAHICTIO Ta BUMCOKOK CTPYKTYPHOIO
" GYHKLiIOHaNbHOI0 BMOPAAKOBAHICTIO, WO MiATPUMYETbCA 3aBAAKM
34aTHOCTI MNOrMHATK, MEePETBOPIOBATU Ta NepenaBaT €HEPrilo 330BHi.

BCTYN

BIANBbHICTb

x//‘ CamocrTiliHa po6oTa 3 Tabnuueo

Bu3HauTe NpoABm KUTTA, WO iX BMBYAKOTb 32 JONOMOrOI BKa3aHMX HayK. 3anoB-
HiTb Y po60oYoMy 30LKTi TabnuLo Ta 3p0obiTb BUCHOBOK MPO 3HAUYEHHS iIHTEFPOBAHOIO
nigxoay ANA Ni3HAHHA CYTi XKUTTA.
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Hayka MpoABmn KutTA

Ximina

Qi3nka

leorpadia

KibepHeTnka

Couionoris

MaTemaTtuka

Bionoria + Minepanoria

MNiBgeHHa uvacTvHa PymyHil cTtana Bigoma
CBOIMM ©KMBMMW» KaMEHAMM, WO BMilOTb pO-
CTW, ANXaTW i HaBiTb PO3MHOXYBaTUCA. MicLieBe
HaceneHHA Ha3uBae€ ix TpoBaHTamu. Lli kKameHi
MatloTb 06TiuHy dopmy, Ha 3pi3i MOXHa po3rie-
0iTV BIKOBI KinbLA, 30CepeaeHi HaBKONO He-
BENMKOro TBepaoro Aapa. KameHi 3gatHi we n
[10 PO3MHOMEHHS, WO Haragye 6PYHbKyBaHHA.
YoMy X Ui «HeopraHiYHi GopMM XNUTTA Ha OCHO-
Bi KPeMHiIlo», AK X Ha3MBaloTb AeAKi HayKoBLi,
He Hane)aTb [0 XKMNBOI Npupogmn?

ﬂ CTABJIEHHA
» g
= bionoris + Mucreurso

XosediHa Bonn (Hap. 1947) - cyuacHa
6puTaHCbKa XyaoXKHNUA B cTuni denTesi. i kap-
TMHW HaA3BUYANHO NONYNAPHI B YCbOMY CBITI.
KosediHa nepeKkoHaHa, WO XY[OKHUK, AKWUIA
nepebyBa€ B OTOUEHHI NpeKpacHOT NpupoaK, €
CBOEPIQHMM KaHanom AnAa nepefavi eHeprii Big
Martepi-3emni ycim niogam. MucteyTso i noro
ecTeTUYHi MOXMBOCTI ONOMaralTb 3pO3yMiTh
NPUHAAHICTb Ta BPA3fMBICTb HABKOMMLIHLOMO
cBiTy. LLlo Take ecTeTnKa? Y yomy nonsarae ecre-
TUYHA LiHHICTb XUBOI Npupoan?

PE3YJIbTAT

3aBfjaHHA ANA CAMOKOHTPOJIIO
1. Ha3BiTb PpyHAamMeHTanbHi BNacTUBOCTI »uBoOro. 2. YoMy Giocmctemn Ha3uBaTb
Bigkputumn? 3. LLlo Take camoperynauis, cCamoBiATBOPEHHA Ta CAMOOHOBJIEHHA?
4. HaBegiTb 2-3 npuKnagn BU3Ha4yeHb NOHATTA KUTTA». 5. Ha3BiTb 03HaKM CTpyK-
TYPHOI OpraHisauii XnTTA. 6. Ha3BiTb BNAaCTUBOCTI Ta OCHOBHI NMpoLecy »UTTA.
7.Y YoMy CyTb BM3HAYaNbHNX O3HAK XKUTTA? 8. AKMMU € OMNCOBI CTPYKTYPHO-OYHK-
7 -9 | uioHanbHi 03HaKM XMBOro? 9. Y YoMy NONAra€ CKNafHiCTb BU3HAYEHHA TaKoro ABK-
wa, Ak KUTTA?
10— 12 | 10. Yomy ni3HaHHA CYTi KUTTA € NPO6IEMOIO HayKW 3arasom, a He e 6ionorii?

§ 3. BnacTuBOCTI X1BOro
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XXI cmonimms — 0o6a nepemasopeHHs Homo
technocraticus Ha Homo ecologicus.
3 nidpyyHuka «OCHOBU eKOM02i4HUX 3HAHb»

§ 4. CTPATETIA CTAJIOrO PO3BUTKY MPUPOAU 1 CYCMIJIbCTBA

OCHOBHi NOHATTA 1 KNIOYOBi TepmiHu: HaBkonuwHe cepegoBuiye. Cranui
PO3BUTOK NpUpoOAU i cycninbcTBa.
Mpurapanre! Lo Take npupoga?

X Momipkyiite!

Y 1973 p. lfeHepanbHoto Acambneeto OOH 6yno 3a-
CHOBaHO BcecBiTHIN geHb OXOPOHW JOBKINMA, AKAN Bif3Ha-
YatoTb 5 yepBHs. LLlopoky Lboro aHA BifbyBatoTbcA 3axoau,
npuceaYeHi nesHin Temi. Temy 2018 p. cdopmynboBaHO Tak:
«biti 3abpyoHeHHI0 nnacmukom!». AKa X meTa BcecBiTHbOro
[HA OXOPOHW AOBKINNA?

3MICT

AlKolo € CTPYKTYpa HaBKONMUNLIHbOrO cepefoBuLla?

HaBkonuwHe cepegoBuiye, abo AOBKINNA, — Yye 4acmuHa npupoou, Wo omo-
yye JII0OUHY, NIOMpUMYE iT iCHy8aHHA, CMBOPIOE yMOBU 0715 0is/IbHOCMI U CyCninbHUX
8iOHOCUH, 6e3nocepedHbO 8NUBAE HA i XUmmsA i 300pos's. ToHATTA «npupoaa» i
«HaBKOJULLHE cepefoBuLLe» Ayxe MoAibHi, ane neple € 3Ha4YHO WKMpPLWKMM. HaBKo-
NULWHIM cepefoBMLLIEM Ha3MBalTb Ty YaCTUHY NPUPOAMK, 3 AKOI NI0ANHA B3aEMOAIE
Yy CBOEMY XUTTi 1 BUPOOHUUIN AianbHOCTI. HAaBKONULWIHE cepefoBuLLe CKNAfaeTbCA 3
[ABOX B3a€EMO3aNeKHNX YaCTUH: NPUPOAHOI i WTYyYHOI. [MpnpogHNM KOMMOHEHTOM €
nnaHeta 3emns 3 ii pi3HOMaHITHUMIK 060IOHKaMK — aTMocdepolo, rigpochepoto, niTo-
cdepoto Ta biocdepoto. CycninbHy YaCTUHY CepefoBULLA XUTTA NIOANHN CTAHOBAATb
CYCMiNbCTBO i CYCNiNbHI BIZHOCUHW, LLO YTBOPIOIOTb LUTYUYHUN KOMMNOHEHT JOBKIiNAA.

HaykoBLUi BMOKpeMioloTb fBa OCHOBHI acneKTW y BMBYEHHI BIGHOCUH NIOANHN
3 HaBKONMWHIM cepeposullem. [Mo-neplie, 4OCNIAXKYIOTb BCIO CYKYMNHICTb BMJUBIB,
O YMHATb Ha NIOAMHY cepefoBuLLe i Pi3HIi YWHHMKK JOBKinAA. [No-gpyre, BUBYaOTb
aganTauii NIoOQMHN | NIOACBKMX CMiSIbHOT A0 HABKOJIMLWHbOIO CepefoBuLLa.

CborogHi BCi Npo6siemn HaBKONMWHBLOIO CepefoBula € NPEAMETOM HOBOI
HayKu nif Ha3Bol eHealipoHMeHmMoJ102iA (Bif aHrN. environment — HaBKONULLHE
cepeposuilye, AoBKiNNA). LUa Hayka Mae BupakeHU NpuKnagHUn (NpPakTUUYHWIA)
XapakTep, a TpaauLiiHa ekosoria € il TeOpeTUYHO OCHOBOW. MeTogonoriyHnmm
3acafjamun eHBaNpPOHMEHTONOTIT CNYryoTb HayKOBa Teopia NPUPOAOKOPUCTYBaHHA,
BUYEHHS MPO OXOPOHY NMPMPOAN Ta CyyacHa KOHUenuis 36anaHCOBAaHOIO PO3BUTKY
NPUPOAK N CyCninbCTBa.

BCTYN

OTe, HaBKONULLHE cepedoBMLLe € YaCTUHOK NPUPOAK
i Ma€ NPUPOAHNI Ta WITYYHUA KOMMOHEHTN.

Y yomy cyTb cTpaTerii cTaioro po3BUTKY NpypoAu i cycninbcrBa?
Cranuii po3BUTOK npupoau i cycninbctBa (aHen. Sustainable development) —
pO38UMOK CYyChinlbCMad, 3a AKO20 eKOHOMiYHe 3pOCMAaHHA, MamepianeHe 8upobHU-
16 Umaeo i cnoXusaHHA 8i0bysarMbCA 8 MeXax, Wo IX 8UHAYAE 30amMHicmb ekocucmem

paBo Anst 6e3onnaTHOro po3MilLleHHs MigpyyYHUKa B Mepexi IHTepHeT mae
iHicTeégcTBO OCBITU | Haykn YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoZepHi3auii 3micTy ocsiTu https://imzo.gov.ua




00 camosioHo8s1eHHsA. TepMiH «CcTanuii (36anaHcoBaHUI) po3BUTOK» 3'ABUBCA y 1980 p.

y LOKyMeHTi «BcecBiTHA cTpateria oxopoHu npupogu» (BCOI), nigrotoBneHomy

Mi>kHapOoAHMM CO30M OXOPOHW NPUPOAM | NpupoaHuX pecypcis (MCOM). La cTpa-

Teria MicTuna NPMHUMNOBO HOoBe nonoxeHHA: 3bEPEXKEHHA MPUPOAV HEPO3PWB-

HO MOB'A3AHE 3 MNTAHHAMW PO3BUTKY CYCMIJIbCTBA.

ABTOPOM iHHOBAULINHOI €KOHOMIYHOI
Teopil CTanoro Po3BUTKY, BUCBITNEHOI B
MoHorpadii «Mo3a 3pocTaHHAM: EKOHO-
MiYHa TeopiA CTanoro po3BUTKY», € NpPO-
BiAHUI OOCNIAHUK €KOHOMIYHUX aCMeKTiB
3abpyaHeHHA poBkinnAa lepman [Jeiini.
Teopia cTtanoro po3BWTKY € anbTepHaTu-
BOI KOHLIENLil eKCTEHCMBHOIO €KOHOMIY-
HOrO 3pOCTaHHA, WO irHOPYE eKONOriyHi
Hebe3neku.

CTanuin po3BUTOK — Lie [OBONi CKlafHa KOHCTPYKLiA, AKa nonarae B 36anaHco-
BaHOMY PO3BUTKY TPbOX KOMMOHEHTIB: EKOHOMIYHOrO, COLia/IbHOro Ta EKOSIONiYHOro
(in. 4). He moXHa roBoOpuUTU NPO CTaNni PO3BUTOK, PO3MNIALAIOYN NTNLLE OAUH i3 KOM-
noHeHTiB. Ha in. 4 306pakeHo Tpu Kona: couiym (CycninbCcTBO), EKOHOMIKA, LOBKINNA
(npupopga). finaHKa nepeTuHy Kin i € 30HO CTanoro po3BUTKY.

KoHuenuia ctanoro po3BuTKY FPYHTYETbCA Ha TakUX N'ATY NpUHLKNAX.

1. JlioAcTBO MOXe HafjaTy PO3BUTKY CYCMiNbCTBa CTANIOro XapaKkTepy, Wob BiH Bigmno-
BiflaB noTpebam ntofen cyyacHoro 1 ManbyTHiIX NOKOSiHb.

2. OO6MexeHHs, WO iCHYITb y ranysi ekcnnyaTauii npupoaHnxX pecypcis, Nos'A3aHi i3
Cy4YaCHMM piBHEM PO3BUTKY TEXHIKM i couianbHOT opraHisauii, a TakoX i3 34aTHi-
cTio 6iocdhepn 4o CamMoBiAHOBEHHS.

3. HeobxiaHO 3a10BOJIbHUTU €/IeMEeHTAPHI MOTPe6U BCiX Nofei i HagaTh iM MOXu-
BiCTb peanizyBaTu CBOI Hafil Ha 61aronosiyyHe XnTTs.

4. HeobxigHo, Wob BMKOPMNCTaHHA NPUPOAHNX PecypciB BiAMNOBIAaNo eKonoriyHnm
MOKIMBOCTAM MJIaHETH, 30Kpema BUPOOHNLITBO eHepril.

5. Temnu pocTy KinbKoCTi HacesieHHs MatoTb BiANOBIZAaTU BUPOOGHMYOMY NOTeHLiany
6iochepu, AKUIN Yy CyYaCHNX YMOBAX LUBULKO 3MIHIOETbCA.

B OCHOBI CTiINKOro po3BUTKY NeXunTb nepexig Ao «3efeHOoi» eKOHOMIKK. «3ene-
Ha» eKOHOMIKa — Ue eKOHOMIKd, AKA pauyioHaabHO BUKOPUCMOBYE NPUPOOHI pecypcu,
36epieae ekocucmemu | b6iopisHoMaHimmas
ma 3a6e3neyye npu YyboMy 3pDOCMAHHA piBHie
0doxodis i 3aliHamocmi. Lle «<H1n3bKoKapOoHo-
Ba» €KOHOMIiKa, €KOHOMiKa 3 MiHiManbHUM
BMKOPUCTaHHAM BYINIEBOAHEBUX pPeCypcCiB,
€KOHOMiKa 3 HW3bKOI eHeproemMHicTio. B
YMOBaxX PeCcypCHOi Ta eHepreTUYHoOIl 3anex-
HOCTI YKpaiH1 came NOCTynoBa 3aMiHa «KO-
pVYHEBOI» iHAYCTPianbHOI EKOHOMIKM Ha
HOBY «3eJIeHy» YMO/IUBJIIOE 3abe3neueHHsn
HaL|iOHaNbHOI be3neKn AepKaBn BHANGNMKYT | 5. Cyumsonn npiopuTeTHIX HanpAMiB

pecatnpiyus. MNepeabayeHo ynpoBagKeHHnA «3€/1eHOT» EKOHOMIKM B YKpaiHi 17

In. 4. TpuegmHa KoHuenuiaA
CTanoro po3BUTKY

§ 4, Ctparerisl CTa/Ioro po3BUTKY NPUPOAU 11 CycninbCTBa
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TaKNX IHCTPYMEHTIB «3eNeHOI» eKOHOMIKU, AK «3eNeHi» TEXHONOTII, «3eNeHNn» TpaHC-
nopT, «3efieHe» OyAiBHULTBO, «3e/1eHi» 3aKyniBNi, «<3eN1eHa» eHepreTrKa Ta iH. (is1. 5).

OT1xe, Ak chopmynboBaHo Yy 3BiTi Komicii OOH,
«30a/laHCOBaHNI PO3BUTOK NMPUPOAM N CYCRifbCTBA — Lie PO3BUTOK,
O 33Zl0BOJIbHAE MOTPEOM HUHILIHIX MOKOJiHb i HE 3arPOXKY€E MOXKMBOCTI
HaCTYMHMX NOKOMiIHb peani3oByBaTN CBOI NOTPe6U».

Y yomy nonsirae Heo6XigHiCTb OHOBIEHOT CMCTEMU LiiHHOCTE WoA0 npupoau?
OCHOBHOIO MPUYNHOIO EKOSIOTIYHOT KPU3N Y BIAHOCUHAX IIOANHMN N NPUPOAN € He
36iMblUEHHA HaceNeHHs, He PO3BUTOK MPOMMCIOBOCTI, He Halli eKOHOMiYHi abo no-
niTMuHi cnctemmn, a CUCTEMA LIIHHOCTEW, wo BM3HaualoTb CTaBAEHHA NIOAUHN [0
TOro, Wo ii oTouye, Ao npupoan. OCHOBHMMM LiiIHHOCTAMMU, LLO BM3HAYaloTb CTaBIeHHA
NOANHN [0 NPUPOAN, € EKOHOMIYHA, NI3HABAIbHA, eCMemuYHd, emuyYyHad Ta iH.

BrBYeHHAM LiHHOCTEN NPUPOAM 1 OLiIHIOBAHHA NIIOANHOIO 3HAYEHHA NPUPOAN,
LLLO MOTMBYE il NOBEAIHKY, 3aIMAaETbCA eKONOoriYHa eTuKa. Lje 84eHHA npo npuHyunu U
npobsemMu MopanbHUX 834EMOBIOHOCUH JII0OUHU 3 NpUPOOoIo Ui Cychiibcm8om. 3acHo-
BHMKaMW L€l ccTemmn NOrnAgiB, AKY Lie Ha3MBalTb eTUKOI0 3eMIi, € aMepPUKaHCbKINI
ekonor O. Jleononso (1887-1948) i HimeUbKMIA NiKap, MiCiOHep, My3VKaHT, naypear
Hob6eniscbkoi npemii mupy A. Lleeiiyep (1875-1965). Ha BiamiHy Big 6ioeTuku, wo
LOCNiOXKY€E MOpanibHe CTaBIEHHA NIOAUHU [0 XUTTA, €KOMOriYHa eTuka BUBYAE MO-
panbHi CTOCYHKW OAVHN 1 NTPUPOAN B3arani — XnBoi  HexnBoi. OCHOBOI CyYacHOI
€KOJIOTiYHOI eTUKN € B3aEMOAOMOBHIOBANIbHI M PIBHO3HAYHI CBITOrNAAHI KOHUemN-
Lii — 6ioueHTpu3m i ekoueHTpM3M. Cy6’ekTaMm B LIMX KOHLENLiAX € OpraHiamu, BUAK
KMBUX icTOT Ta ekocuctemun. O. Jleononbg BUOKPEMMB TaKi NPUHUMMIN €KOSTOTiYHOT
eTuku: 1) npuHUUN 36epexeHHa Npupoau; 2) NpUHUMN 36epexkeHHA Giopi3HOMaHIT-
TA; 3) NpYHUMN WinicCHOCTI Npupoawn; 4) NPUHLUMM NoBary Ao NPUPOAW; 5) NpuHUUN
BiQMoBiganbHOCTI.

OCHOBHUMY 3aBAaHHAMM CyYaCHOT EKOMOTIYHOT eTHKY €: NnepebyaoBa MopasbHOT
CBiAOMOCTI NoAMHMY, BUXOBaHHA NMOOOBI 1 cniBuyTTA fO Npupoaun, GopMyBaHHA Bif-
noBifanbHOCTI NOAUHN 3a CTaH Npupoamn, popmyBaHHA PIBHONPABHOTO CMiBiCHYBaH-
HA NIOAVHN N NPUPOAMN.

OTxe, Nnpupondy BPATYBATU 3MOXKe TifibKM CTBOPEHHA HOBOI
LiHHICHOI cncTeMun, 3aCHOBaHOI Ha BMCOKOMY OLIiHIOBAHHI
BHYTPILLUHIX i 30BHILIHIX LiIHHOCTEN NPUPOAN, BUKOPUCTAHHA AKMX
He CMPUYUHUTL 3arnbeni Nnpupoaw.

@ BIANbHICTb

M CamocTinHa po6oTa 3 intocTpauieto «Llini cranoro po3BuTky»

=
>
= .
O 3 Migtpumass 4 5 6 8 /\/ 9 %/
I} ,qoﬁpo[o ‘I ! %
Sorees H BuKopHCTakHs locToitti poboui IiHoBawji
v/~ N | o ol
eHepril 3pOCTaHHS CTpyKTypa
12 Al Jaxver == = Mup i T
qac’#fmom, 12& L MNaHeTH e <® s 1 cnpases- 17 @ s ’=
LU0 XUBYTb NMBICTb Cnignpaus VR
BITOBIAHO o 3abeaneyents - 3abesneyeHs o sapam mw
3MGI:IUJeHH.R 10 HpMHLaniB BIAHOBIAaane @ KATT nif Xatta . ) [LIOCATHEHHS nobanbHi
18 HEPIBHOCTI  cranoro posauTky  CMIOXMBAHHA BOJI0K Ha 3emni e wini
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15 BepecHA 2017 p. ypag YKpaiHu onpuniogHme HauioHanbHy gonosigpb «Lini cta-
noro po3BUTKY: YKpaiHa». Y gonosigi npeactaBneHo 17 rnobanbHuX uinen cTanoro
PO3BUTKY 3 ypaxyBaHHAM crieundikn HaLioHanbHOro PO3BUTKY KpaiHWU. Po3noginite
Lini 3a TPbOMa KOMMOHEHTaMM CTafioro PO3BUTKY.

bionoria + AHrninicbka mosa. UNEP

Mepeknafitb TEKCT i NIAroTyNTE NOACHEHHA NPO MiXkHapoAHy nporpamy «KOHEMM».

«The United Nations Environment Programme (UNEP) is an international entity
whose mandate is to promote sustainable development and prudent use of the global
environment. It assists many countries to achieve resilient, low-emission pathways
through its flagship programmes in adaptation, forestry, energy efficiency and transition
to sustainable development. Its key activities include promoting investment in clean
technologies in order to reduce emissions, protecting biodiversity and ecosystems,
alleviating poverty, and ecosystem-based adaptation in order to
reduce human vulnerability and strengthen resilience to the impacts
of climate change. It works with the financial communities to mobilize
financial resources for investments in low carbon and climate resilient
development; developing climate finance readiness and capacity-
building; and undertaking policy and research analysis». Urnited Natns Envcnment Progamme

CTABJIEHHA

* "5 bBionoria + EkoHomika. EKOHOMi4Hi LiHHOCTI npupoan

MNpoaHanisylTe BUCNIB iHAiaHUIB i HAYKOBE NOBIAOMIEHHA.

MiBHiYHOAMeprKaHCbKI iHAiaHLi Ka3anu: «Konu 6yde 3pybaHe ocmAaHHE Oepeao,
6y0e ompyeHa OCMAaHHA piyka i 6yde 3/108/1eHA OCMAHHA pubd, dyxe No2aHo, AKWO
Jnuwe modi 1l00UHA 3pO3YMiE, WO BOHA He MOXe icmu 2pouwi».

HosuHu ekonorii: «Haykosyi U ekoHomicmu Hew00a8HO CNilbHUMU 3ycunnﬂmu
docnidunu 5 ekocucmem, 3MiHeHUX JIOOUHOIO 3 KOMep- E—'W- s -
yitiHoto memoto. JJocnioHUKU 3pobusiu OuBHUU 8UCHO-
80OK: 3a yMOBU 306epexeHHA ekocucmem y 8UXiOHOMY
He3MiHeHOMY CMaHi ix eKoHOMi4Ha YiHHicme 6yna 6 Ha
14— 75 % 6inbworo, aHixx nicsia aHMponoz2eHHo20 hepe-
MBOopeHHs».

CoopmynioiiTe BUCHOBOK MPO HEOOXiZHICTb 3MiHM
€KOHOMIYHUX LiHHOCTEN NMOAMHN Wo[o npupogn. B KosediHa Bonn. 3emna moix
UOMY CYTb €KOJOTi3aLii EKOHOMIKU? npeakis. (MouaTok 1990-x pp.)

PE3YJIbTAT

3aBAaHHA AnA CAMOKOHTPOJII0

1. o Take HaBKoNUWHE cepepoBuLle? 2. Ha3BiTb OCHOBHI KOMMNOHEHTN JOBKINAA.
3. LLlo Take cTanuii po3BUTOK NpUPOAK 1 cycninbctBa? 4. Ha3giTb npuHUMNN cTa-
NOro Po3BUTKY Npupoaun 1 cycninbcTia. 5. Lo Take wiHHOCTI npupogu? 6. Ha3Bitb
OCHOBHI LiHHOCTI IIOAVNHM WOAO NPUPOAN.

7. flKolo € CTPYKTypa HaBKONMLLIHBbOTO cepepoBuLya? 8. B yomy nonsarae cyTb cTpate-
7 -9 |rii cTanoro po3BUTKY Npupoau 1 cycninbctea? 9. Yomy Heob6XifHO OHOBUTY CUCTe-
My LiiHHOCTen Wwogno npupoan?

10-12 | 10. AKnMm € rmobanbHi Lini cTanoro po3BUTKY NPMPOAN i cycninbcTBa?

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 4. CTparterisi CTanoro po3BUTKY NPUPOAN i CyCninbCcTBa
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CamMOKOHTpPONb 3HaHb

Tect 1. BCTYN

I. 3aBpaHHA 3 BUGOpOM ofHi€el npaBUAbHOI Bignosigi (no 1 6any 3a koxHy npa-
8UJIbHY 8i0N08IOb)

1. [JoTuk go nuctka mimo3su copomnmeoi (Mimosa pudica) cnpuun-
HAE NOro NPOBMCaHHA. Ha3BiTb BNacTUBICTb.
A 06MiH peyoBMH b po3sutokK
B cnagkoBicTb ' noppa3nusictb

2. ki peyoBUHN HEOOXigHI ANA aBTOTPODHOIO XMBJIEHHA TPOsAHA?
A 6inkn 1 Byrnesoau b CO,iH,0
B Kkucenb 1 BOga I miHepanbHi coni i onii

3. 3 npukonaHoro naroHa Bep6wu 6inoi (Salix alba) BupocTae HoBe fepeBo. Ha3BiTb
ABULLE, LLIO € OCHOBOIO nofii.
A TpaHcnipauina

b pereHepauin

B Tponism I cTateBe pO3MHOXEHHA

4. [lo akoro piBHA opraHi3auii u1Boi MaTtepii HanexmTb 06'ekT? O \* P, x
A 10 MONEKYNAPHOro }k\y.;f/ \ { g =
B [0 KniTMHHOrO ‘ i”’/ﬁ )

B po opraHiamoBoro

I po ekocuctemHoro
5. YuHi Hacunanu y ABi MOCYAMHM Wapamu NeperHin i Nicok, Micia Yoro NOMicTuAx B

OfIHY i3 HUX KiflbKa AOLOBUX YePB'AKIB, a iHLWY 3anuwunnmn 6e3 3miH. Ha3giTb meTop.

A MOHiTOpUHF b mopenioBaHHA

B ekcnepumeHTanbHumn I cratuctuyHum

Il. 3aBAaHHA Ha BCTaHOBJIEHHA BiANOBIAHOCTI (4 6asu 3a npasusibHe 3icmas-
JIeHHSA)

6. YcTaHOBITb BiANOBIAHICTb MiX QYHKLiOHaNbHUM NpoLecom i piBHeM opraHisauii
KMBOI MaTepil.

1 6iokaTanis A ekocncTeMHuUn

2 miTO3 i Meno3
3 HepBoBa perynauia GyHKLin
4 Kpyroo6ir peyoBuH I eHepril

B nonynauinHo-smaoBuin
B opraHiamoBuin

I KNiTMHHWUI

A monekynapHun

Ill. 3aBpaHHA 3 BU6opoM npaBunbHOI KoM6iHauil Bignosigen (3 6asu 3a npa-

= 8UJIbHY KOMOIHAUIIO)
g 7. BubepiTb 03HaKW, WO xapakTepun3yoTb 3anua 6inoro (Lepus timidus).
A PiBeHb b HanexHictb B Cnoci6
Jo rpynu KUBMEHHA
1 monekynsapHun 1 amdibii 1 xuxak
2 KNITUHHUN 2 pentunii 2 napasut
3 opraHiamoBuii 3 nTaxu 3 o¢itodar
4 ekocucteMHUn 4 ccasui 4 canpodar
20
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3) A ff
Tema 1.b

Mpupoda! BoHa 8iuHO cmBoptoe HOBi 06pasu: me, Wo €, —
mo2o He 6ys10; me, Wjo bys10, — 8Xe bisblue He N08MOoPUMbCH. ..
1. B. feme

§5. BIOPIBHOMAHITTA. BIOCUCTEMATUKA

OCHOBHi NOHATTA 1 Kno4voBi TepmiHn: BIOPI3HOMAHITTA. BIOCUCTEMA-
TUKA. QinoreHeTnuyHa cuctematuka. Knacndikauis.

Mpurapaiite! Lo Take 6Giopi3HOMaHITTA 1 cucTeMaTrKa?

'\A Momipkyiite!

MixxHapoOHuli 0eHb 6ios02iuHO20 pi3HOMaHimmsa
(aHrn. International Day for Biological Diversity, IDB) — mixHapog-
HUI OeHb, AKUI oronocuna leHepanbHa Acamb6nea OOH ana 3a-
NyYyeHHA yBarn o npobnem 6iopi3HOMaHITTA, WO € OCHOBHO
YMOBOI iCHYBaHHA Giocdepu. Llein geHb Becb CBIT Bif3Hauae
22 TpaBHs, NounHatoun 3 2000 p. A wo Take GiopisHOMaHITTA?

3MICT

AKi YIHHVKN BNANBalOTb Ha pOopMyBaHHA Ta PO3BUTOK 6iopi3HO-
MaHiTTA Hawoi 3emni?

BIOPI3BHOMAHITTA - ye miHAugicmb xugoi npupoou 8cepeduHi 8udis, Mix suoamu
ma mixx ekocucmemamu. bionoriyHe po3maiTTs, WO BigoOpaxKae KinbKicTb, Pi3HOMaHiIT-
HICTb i MIHAMBICTb »KNBOI NPUPOAMK, ICHYE CKPIi3b — AK Yy BOAi, TaK i Ha cyxoponi. BoHo
CKnafjaeTbea 3 ycix GopMm XKMTTA Ta OpraHi3miB: Bif NpioHiB, Bipoigis i Bipycis, 6akTepil
Ta apxe aX JO BULLMX POC/VH, CNPaBXHIX TBapUH 1 noguHn. Bci Tunn GiopisHoma-
HITTA — 2eHeMuYHe, sudo8e 1 eKocucmemHe — NOB'sI3aHi MiX cobot0. Tak, reHeTUYHe
Pi3HOMaHITTA 3abe3neyvye BULOBE, Pi3HOMAHITHICTb EKOCUCTEM CTBOPIOE YMOBY AJIA BU-
LOYyTBOPEHHSA. AKi X YUNHHUKU BNINBalOTb Ha BiopisHOMaHITTA?

MpuumrHoto eBontoLii 6iOPiI3HOMaHITTA € MPOTUPIYYA MiXK YMOBaMK CepefoBuLLa,
L0 MOCTINHO 3MIHIOITbCA, | CNAAKOBICTIO XMBOI Npupoan. Tomy Ha bopmyBaHHA Gio-
Pi3HOMaHITTA BNANBAOTb 308HIiWHI (HanprKnag, reonorivHi, KnimaTuyHi) Ta BHympiw-
Hi (Hanpuknag, peKombiHaLiA reHis, ropn3oHTaNIbHE NepeHeCeHHnA reHiB) YNHHUKN.

B eBoniouii K1MBOro Ha 3emni NOCTiINHO 36inblyBanocs Giopi3HOMaHITTA 6io-
CUCTeM Pi3HKX piBHIB opraHisadii nig gieto eeomoyitiHux YUHHUKIB. Lle pywiliHi YuK-
HUKU egosoyii (NpupoaHnin fobip) Ta esleMeHmapHi YUHHUKU egosttoyii (nonynAuinHi
XBWNi, i3onAauis, gpend rexis).

BaraTo HayKOBLiB CTBEPAXYIOTb, L0 eBOJOLiA 6iOPi3HOMaHITTA TiCHO NoB’A3aHa
3 eBOJIIOLIEI eKoCncTeM, Yepes Te OKpPiM BigOMUX eBONIOLINHNX YNHHMKIB Ha €BO-
nouito 6iopi3HOMaHITTA CyTTEBO BMINBAIOTb eKos102ivHi (abiomuyHi, 6iomuyHi Ta aH-
mponiyHi) YUHHUKU.

§ 5. biopi3HoMaHiTTA. CuCTemMaThKa
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Ocob6nvBMM € BNANB aHTPOMIYHOIO YMHHMKA. 3rigHo 3 gonosiga BcecBiTHbOro
doHay aukoi npupoawu (anrn. World Wildlife Fund, WWF) 3 BnnviBom pisanbHOCTI nogu-
HU NoB’A3aHe CKOpoUueHHA biopisHOMaHITTA 3emni Ha 28 %.

OT1xxe, eBontoLisi 6ioPiI3HOMAHITTA € iICTOPUYHMM MPOLECOM,
Wo BiAOyBa€eTbCA Mif Ai€l0 Pi3HUX YMHHMIKIB.

AKi ocHOBHI MeTOoAM, HAaNPAMM Ta pPo3A4inu cyyacHoi 6iocucremaTukn?
BIOCUCTEMATUKA (Big rpey. cucmemamikoc — ynopanKkoBaHWUN) — HAYKA, Wo
onucye, Hasugae U Kaacugikye icHyrodi ma sumepsi opeaHiamu. OCHOBHe 3aBhaHHSA
L€l HayKn — CTBOPEHHA CUCTEMW OPFraHiYHOro CBIiTY ANA OpieHTaUil y Benn4vesHin
pi3HOMaHITHOCTI opraHi3amiB. HannowwupeHilwmm meTogom 6GiocmctemaTuku € no-
piBHANBHO-MOpgooziyHUU. |3 apceHany CyyacHUX MeTOLIB BUOKPEMMMO Xemo-
cucmemamuky (BMBYEHHA CKNagy PeYoBUH M 0COBNMBOCTEN OOMIHY peuYOBUH),
Kapiocucmemamuky (BOCNiG>KeHHA XPOMOCOMHOTO Habopy Pi3HUX BUAIB), 2eHOCUCMe-
mMamuky (BuBYeHHA HykneotuaHoro cknagy AHK i PHKy pisHux opraHiamis). OctaHHIM
Yyacom Habyna 3HAYHOro MOLUMPEHHA MOJIEKYIAPHA cuCmeMamukd, nobyfoBaHa Ha
aHanisi reHetmyHoro matepiany. OCHOBHMMM HanpAMamM CyyYacCHOI CUCTEMATUKK €
undppoBunn (beHetrka), eBonouiiHui (pinictuka) Ta ¢inoreHeTUUHUI (KNagncTmka).
(DeHemuy4HA cucmemMamuka FPYHTYETbCA Ha 3arabHiil NOAIGHOCTI opraHi3MiB i MoXe
He BigoOpaxaTn ¢inoreHeTnYHi 3B'A3KN. PopoBigHe pAepeBo y
LbOMYy BUMaAKy Ha3UBAETbCA AeHAporpamoto. EsosroyitiHa cuc-
MeMamuka rpyHTYETbCA Ha 3HAHHAX €BOMIOLINHMX BiHOCUH MiX
CnopigHeHMMU rpynamm 1 NogibHocTi 6araTbox 03HaK opraHismis.
QinoreHeTn4yHa cucTtemaTuka — Hanpam biocucmemamuku,
W0 8U3HAYAE esosMOYiliHI B3AEMUHU ceped pi3HUX 8udie Ha 3emi,
AK Cy4acHUX, mak i sumepsiux. IHWa Ha3Ba LbOro HanpsaMmy — Kna-
ANCTUKa (Bif rpeu. k1a0oc - Tifka) yepes Te, WO OpraHi3Mm Kna-
cUGiKyI0Tb Y NOPAAKY IXHbOO Bifrany»KeHHsa Bif eBonioLiiHoro - 6. Binni XeHHir
[epeBa, He3Baxakuu Ha MopdonorivuHy

-

|'|O,U,|6H|CTb. 3aCHOBHMKOM Ta aBTOPOM Kna- JNaHUeTHUK

JVCTUKW € HiMeLbKnii eHTomonor B. XeHHi2 . ~
- (1913-1976) (in. 6). ¥ cyuacHin 6iocucte- c
= MaTuui inoreHeTKa CNyrye OCHOBHMM — Xpebet MiHora
= nigxopom po Gioknacmdikauii, i Bci cyvac- —
3 Hi cMCTeMI NeBHOK MipOIo MICTATb iHdOp- Pyxﬂgﬁg; Tyweue
I .
o M.auno, OTpMMaHy 3a [OMOMOrol LbOro gy
o niaxony. Pe3yanaT0M KNagnctTnyHoro . I:I Canamangpa
I . R MapHi KiHUiBKM
- aHasi3y noxoa)KeHHA TakCOHa € Alarpamu, Ha3emMHoro Tuny ‘
© . ;
s o IX.Ha3I/II'BaIOTb knadozpamamu (1. 7). Avsior Yepenaxa
= BignosigHO [o 3aBAaHb, WO cCTO- Ay

ATb nepej cucTemMatukow, Yy i cknagi 8

o . 0J10CCA
BVMIOKPEMJIIOIOTb PO3[iNM — TaKCOHOMIO Ta
. Jleonapp

HOMeHKnaTypy. TakcoHomisa 8uBYAE NPUH-

yunu, Memoau u npasuna Knacud}iKaqn'_ In. 7. KﬂaﬂorpaMa OKpEeMUX TaKCOHIB

[HWKUMK cnoBamu, Ue Teopia Knacudikawii. XOPROBUX 3 BUAINEHMN

. . . XapaKTepHMU B13HaYalbHUMUN

2 lfonoBHa MeTa GionoriyHoi TakcoHOMii — o3HaKaM (anomopdiamn)
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CTBOPEHHA NPUPOAHOI CUCTEMM OPFraHiYHOro CBITY Ta 3'AcyBaHHA dinoreHeTMUYHOT
cnopigHeHocTi. bionoziyHa HOMeHKIamypa 8ugyae cucmemy HAyKOBUX HA38 MaA
npasus HalumeHy8aHHA 2pyn Xusux 0p2aHi3mie, 06'€OHAHUX 3a Ne8HUMU CNOPIOHEHUMU
38’A3kamu. nA 3BedeHHA LUUX NPaBWi iCHYIOTb crneuiafibHi HOMEeHKNaTypHi KogeKkcun
(Hanpuknag, «MixHapoaHuii Kogekc 60TaHiYHOT HOMeHKNaTypu», «<MixXHapoaHWIA KO-
[eKC 300/10TIYHOT HOMEHKNaTypu»).

OTXe, cyyacHa cucTteMaTmka ONUCY€E N ynopAazKoBye
icHyloui 1 BUMepni BUAK, KNacudikye Ta BM3HAYa€E eBOSIOLIMHI 3B'A3KM
ANA CTBOPEHHA CUCTEMMU OPraHiYHoOro CBITY.

AKi npuHUMNK HayKoBoOi Knacudikauii opraHiamis?

Knacudikauia (Big nar. classis — pospsg, facio — pobutin) — ye po30in cucmemamu-
KU, 8 AKOMY XUBIi 0p2aHi3amMu po3no0isifiome 3a NeeHOK CUCMeMOI0 iEpAPXiYHO OpedHi30-
8aHUX Kamezopil-makcoHig. KnacndikyBat opraHiam NeBHOro Buay — Lie BU3HAYUTK
CTYNiHb AOro MOAIGHOCTI 1 BiAMIHHOCTI Bif iHWMX OpraHi3MiB Ta BKa3aTu MicLe B cu-
CTemi opraHiyHoro cBiTy. Jlnwe 3acTocyBaHHA pi3-
HUX MeTodiB CUCTEeMATUKW, [MNOOKUIA aHani3

TakcoHOMiYHe NONOXKeHHA BUAY

. . TBapuH
03Hak OynoBu, GYHKLUIN, NOBEAIHKA Ta peTenbHe -

- . L. [lomeH Eykapiotu
NOCNimKeHHA inoreHeTUYHMX 3B'A3KIB  [al0Tb LlapcTso ST ——
3MOry BigHecTn BI/.Ifl no I'I‘eBHOFO uaqua, TI/II‘I)Z, - Xoprosi
Knacy Towo. KoxHi rpyni nputamaHHi 3a3Bryan Knac Ceanui
BU3HayasbHi BiAMIHHOCTI, Lo BnacTuai nuwe ii. Ix Pan Nconopi6Hi
Ha3MBalOTb AiarHOCTUYHUMKM O3HaKaMu. TaK, BO- PoanHa Mcosi
NIOCAHUIN MOKPUB, Aiapparma € AiarHOCTUYHUMMU Pin Mec
O3HaKamu CCaBUiB, @ HaABHICTb NJIOAIB, KBITIB N |Byg Mec CBINCHKMI

NOABINHOro 3anigHeHHA — 03HaKaMM KBITKOBUX.
Po3snopin opraniamie Ha rpynu 3giNcHIOETbCA
3a JOMOMOrol CUCTEMATUYHUX KaTeropin, AKu-

TakcOHOMiYHe NoNoXKEeHHA Buay

pocnuH

MU € OOMEH, yapcmeo, mun, Kidc, pso, poouHa, -

o . [omeH Eykapiotu
pio i 8ud. [loMmeHn NOERHYIOTb AEKiNbKa LapCTB, LlapcTso 3eneni pocunn
LapcTBa — MOEAHYIOTb TUNM i T. 4. Y cnctematmui Bingin Crpentoditi
Lie NPUHLMN Ha3MBaOTb NPUHYUnom iepapxii.y - KBITKOBI
cucTemaTuui pocnuH 1 6akTepin 3amicTb TUNy i Mopaaok PozoLBITI
pAdy BMKOPUCTOBYIOTb BigAin i nopAagaok. 3a He- PognHa PO30BI
OOXiAHOCTI MOXyTb GyTV BUKOPWUCTaAHI MPOMIXHI | pig A6nyHs
KaTeropii 3 npedikcamn Haod- uu nid-, Wo [OAa- |Bug A6n1yHA [OMALLHS

I0TbCS 10 OCHOBHUX (Hanpuvknag, niguapcTBo,
HaguapcTBO, MiATMN, HAATUM).

OCHOBHOI0 i HaliMeHLLOo ofunHuLeto Knacudikaulii € Bua. Hasea Buay 3rigHo 3
npuHyunom GiHapHOi HOMeHKJIamypu CKNafaeTbCA 3 ABOX C/iB: NepLue C/I0BO BKa-
3y€ Ha POAOBY HaNeXKHiCTb, a Apyre — Ha BMAoBY. Hanpnknag: nec csiticokud (Canis
familiaris) abo abnyHa gpomawHs (Malus domestica). Ina nopo3ymiHHA MiX HayKOBLsA-
MU Pi3HMX KPaiH Woao Ha3e opraHi3mis B XVII cT. noyanu 3acTocoByBaTu Mi>KHapOaHY
6ionoriuHy HOMEHKNaTypy Ha OCHOBI TATUHCbKOT MOBM.

OT>e, OCHOBHMMM MPUHLMNAMM HAyKOBOI CUCTEMATUKN € MPUHLUNN
iepapxiyHoOCTi Ta BiHAPHOI HOMEHKIATYPW.

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 5. biopi3HoMaHiTTA. CuCTemMaThKa
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,@ LIANBHICTb

M JlabopaTopHa po6oTa 1

Bu3HaueHHs TAKCOHOMIYHOIO NOJIOXKEHHA BUAY B CMCTEMi OpraHiuHoOro cBity
MeTa: po3BMBaTU YMiHHSA 3aCTOCOBYBATU 3HAHHA NPO KpUTEPIT BUAY Ha NpakTuLi
Ta GopMyBaTK MPAKTUYHI YMIHHA XapaKTepun3yBaThi BUAN.
O6napgHaHHA: intocTpaLii (repbapii, HaTypanbHi 06'€KTU TOLLO) ABOX BUAiIB OQHO-
ro poay.

Xin po6otn

1. YKaxiTb YKpaiHCbKi 1 NaTUHCbKI Ha3BW BULiIB, 0OpaHMX ANA XapaKTepucTmuKm.

2. 3a JOMOMOrol0 OCHOBHUX TakKCOHOMIYHMX KaTeropi BM3HauTe micue BUAIB Y
CUCTeMi OPraHivyHoro CBiTy.

3. Has3BiTb 03HaKN pOJOBOI HANEXXHOCTI, AKi CBifYaTb NPO HANTICHILI POANHHI 3B'A3-
KK, Wo BigoOpaxatoTb NogibHICTb Ta CMiNbHICTb MOXOAXKEHHSA. flka NpUYMHa no-
Li6HOCTI BMAiB?

4. YKaxiTb 03HaKM BUOOBOI HAIEXHOCTI. lka NpuynHa BigMiHHOCTe BUAIB?
Mipcymok po6otu. PopuHa: lomiHign

Pig: WnmnaHse

LLinmnaH3e 3BUYaiHUN

bionoria + EBonouin

16 LLinmnaH3se Kapnunko-
Bun (6oHo60)
Pig: liogn
JlioanHa posymHa
Pip: Fopunn
3axigHa ropuna
18 .
14 CxigHa ropuna
Pip: OpaHryTaHm
r 3 KanimaHTiNncbKnin opaHryTaH
- CymaTpaHCbKUI opaHryTaH

MpoaHanisynte Knagorpamy romiHig, y
AKIN BigoOpaXkeHO eBONIOLiINHI 3B'A3KN MiX
iCHYlUMY HUHI BUAaMu (UMdpU BKasyoTb
Ha Yac PO3XOMXKEHHA rPyn Y MinbliOHax POKiB
TOMY) Ta 3a il LONOMOrOK BU3HAUTE TAKCOHO- Y
MiUHe NOoJIOXKeHHA BUAY JIl00UHA po3yMHa.

18

CTABJIEHHA
Bionorisa + Typusm. biopisHomaHiTTA i Typnsm
22 MAY 2017
Tema MixkHapogHoro AHA 6i0NoriYHOro PisHOMaHITTA y INTERNATIONAL DAY
I . . FOR BIOLOGICAL DIVERSITY
2017 p.: «biopisHOMaHITTA Ta cTanuii Typusm». Temy obpa-
= HO Yy 3B'A3KY i3 nporonoweHHAM leHepanbHot Acambnecto
= OOH 2017 poky MixXHapoAHUM POKOM CTanoro Typusmy.
I . . : . il Y4
<§i Yomy niaTpumka 6iopisHOMaHiTTA € 060B'A3KOBOIO YMOBOIO B
% B opraHisauii TYpucTUUHOT AianbHOCTI? AKe 3HauyeHHA Bio-  Biodiversity and Sustainable Tourism
o cucTeMaTUKM Yy BUBYEHHI GiopisHOMaHITTA?
o
[¥a]
= PE3VJIbTAT
©
=
@
3aBAaHHA ANA CAMOKOHTPOJIO
1. Lo Take 6iopisHOMaHiTTA? 2. Ha3BiTb BUAK 6iopisHomaHiTTA. 3. LLlo Take cnuctema-
1-6 |Tuka?4.Ha3BiTb cyyacHi meToan cuctematurkm. 5. LLlo Take knacndikauia? 6. Ha3sitb
OCHOBHi CCTEMAaTUYHI KaTeropii.
7. AIKi YUHHVIKM BNNIVBalOTb Ha GOPMYBaHHA Ta PO3BUTOK BiOPi3HOMAHITTA Hawof
7-9 |3emni? 8. Ha3BiTb OCHOBHi MeTOAW, HANPAMK Ta PO3[iAN Cy4YacHOI CMCTeMaTUKMN.
9. AIKi NpUHUMNY HayKoBOI Knacudikauii opraHiamis?
24 10-12 | 10. flke 3HaUeHHA CUCTEeMaTUKM AN1A CydacHMX GionoriyHnx gocnigkeHb?
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Buodu susHa4yaromscs He 8iOMiHHOCMAMU, d 8i0OKpeMIeHicmio.
E. Matp

§6. CYYACHI KPUTEPIi BUAY

OCHOBHI NOHATTA N KNtouosi TepmiHu: Kputepii sugy. BIOJIOMNYHUA BUA.
MNonynsauisa. NigBug.

MpurapanTe! AKi € piBHi opraHizauii *knsoi npupogun?

X Momipkyiite!

3 KOMUCb YWUCNIEHHOro pAgy
XOOOTHMX HUWHI 3anUWKNOCA BCbOro [Ba
poan - agpukaHcbkuli Ta iHOIlicoKul
c/oHU. AdpurKaHCbKi CoHu 06’eaHyI0Tb
OBa BUAW — CJIOH cadsaHHuli (Loxodonta
africana) Ta cnoH nicosuli (Loxodonta
cyclotis). IHAINCbKI (a3ificbKi) cnoHn y cy-
yacHin dayHi npefctaBneHi nuwe ogHUM BUAoMm — Elephas maximus, Ha3Ba AKOro
YKpaiHCbKOI MOPBOIO 36iraeTbca 3 Ha3Bow pofy. Yomy Le pisHi Buan?

AdPpUKaHCbKMIN CIOH IHAINCbKNIA CNOH

3MICT

Akumun € KpuTepii BUAY?

KpuTepii Bugy (8Big rpeu. kpumepioH — 3acib ana cygkeHb) — 03HAKu nodibHocmi
MiX 0COBUHaMu 00HO020 8UDY, A MAKOX O3HAKU, 3a 0ONOMO20I0 AKUX 0OUH 8UO 8i0pi3-
HAMb 8i0 iHWO020. BUOOBY CaMOCTIHICTb NMEBHOI rpynu 0COOUH YCTaHOB/IOTL 3a
TaKNMU KpUTepisMu, AK MopgosoidHul, kapiomuniyHul, ¢isionoz2idHud, penpooyk-
mugHud, 6ioximidHul, 2eoepacpiyHul, ekonozidHud.

Mopdonoeziunuti kpumepiti nepepbavae Bugi-
NEeHHA Ta ONUC 30BHIWHIX O3HaK y 0CcobWH ofHOro
BuAy. Tak, 3a po3mipamu, 3abapBrieHHAM Nip’s MOXHa
PO3pi3HNUTK 3eneHoro 1 YyopHoro gAatnie (1. 8). Len
KpUTepiln € HAN3PYYHILLMM | TOMY LUIMPOKO 3aCTOCOBY-
€TbCA B cuctematuui. lNpoTe B npupopai TpannAaoTbca
BUAN, WO X HEMOXKNBO PO3PI3HATM 3@ 30BHILIHIMN
03HaKamu. Lle Buan-aBinHnKyM — MopdosioriyHo cxoxi
Mi>K co00l0, ane BiApi3HATbCA 3a iHWKMMK O3HaKa-
mu. Tak, 3a Ha3BOI NAUKOK YOPHUL BUABAEHO ABa BU- 1. 8. HopHuii (1) i 3eneqnii (2)
OU-ABINHKKK, B AKUX 38 Ta 42 XPOMOCOMMU. ARTIN

KapiomuniyHuli (2zeHemuy4Huli) Kpumepiti NOB'A3aHUI 3 BUBYEHHAM KiNlbKOCTI
XPOMOCOM Yy KapioTuni Ta ocobnmeocTeli ixHboi 6ygosu. Came Ui 0cobnMBOCTI BM3Ha-
YalTb 2eHemMuUYHy 8i0OKpeMJieHiCMb K TONOBHY 03HaKy BUy. Lle NoAcHETbCA TUM,
Lo 0CcOONMBOCTI Ta KiflbKiCTb XpOMOCOM BMNAMBalOTb Ha Nepebir menosy i 3abesneuy-
I0Tb BiAHOCHY FreHeTUYHY i301ALil0 BUAIB Y Npupogdi. Y TMX Bunagkax, Konm mixkemgose
CXpelLyBaHHA BCe X Taky BigbyBaeTbcs, ribpunaHi ocobmHn abo € ctepunbHUMK, abo
i3 MeHLOoI0 KNTTE3[ATHICTIO. Lle oanH i3 HanHaginHiWmx KpuTepiis, NpoTe N BiH He
€ abcontoTHMM. TaK, ycCi WicTb BUAIB-ABINHNKIB ManApinHOro KoMapa MakTb 2n = 2,
46 XpOMOCOM € He fiiLe B KapioTUni NIOAMHK, a Ny NIONUHY.

§ 6. CyyacHi KkpuTepii Bugy
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QizionoziuHuli Kpumepiti nonsrae B NoAiOHOCTI NPOLIECiB XKUTTERIANBHOCTI 0CO-
OGUH OAHOTO BUAY.

PenpodykmueHuli Kpumepilii NOB'A3aHNI i3 HEMOXIMBICTIO CXpeLLyBaHHA 0CO-
6UH Pi3HKX BUAIB Yepe3 MOPdONOriuHi, eTONOriYHI, KapioTUNiyHi Ta iHWii BigAMiHHOCTI.
Ane n uen KpuUTepin «CNpaLboBY€E» He 3aBXAN: BCTAHOBNEHO YMMano PisHUX BUAIB,
AKI MOXYTb CXpeLLlyBaTWCA B IpMpogi 1 faBaTu nnigHi ribpugn. NMpuknagamm € mixksu-
[OBI ribpuan 3anuya-pycaka i 3anua-6inska, ogHo- 1 gBorop6oro Bep6ofiB, TepeHy
1 anuyi Ta iH.

bioximiyHuli Kpumepiti onNA BU3HaUeHHA BUAOBOT HaNeXHOCTi nepeabayae aHa-
ni3 ocobnmBocTe 6yfoBYM i CKNnagy MakpoMosekyn Ta nepebiry neBHMX GioxXiMiuHNX
peakuii. Tak, 0CO6UHM OQHOTO BUAY MatoTb CrinbHY cTpyKTypy AHK, cuHTe3ytoThb no-
Li6HI 6inkn. Ane 11 6ioxiMiuHWIN KpUTEpIl € BigHOCHMM. Hanpuknag, 4ns ocobuH Bugy
XapaKTepHuiA 6inkoBui nonimopdiam abo B 0COOMH Pi3HUX BUAIB € OQHAKOBI reHu.

leozpachiyHull KpUTepili MOB'A3aHUN 3 TUM, L0 KOXEH BUA 3aiMa€ NeBHy Tepu-
Topito abo akBaTopilo (apean). Ane y BenunuyesHoI KinbkocTi BuAiB apeanu abo 36i-
raloTbcs, abo nepekpmBaloTbca. Kpim Toro, icHyloTb BUAN, WO HEe MaloTb YiTKMX MeX
NOLUMPEHHSA, @ TAKOX 8UOU-KOCMONoslimu (pAcka, KIMHaTHa Myxa, PYAUIA TapraH), Wo
MELLKATb Ha BENNYE3HUX NPOCTOpax cyxonosny abo OkeaHy.

ExonoeziyHull Kputepil nepepbayae NpUCTOCOBAHICTb O MEBHMX YMOB iCHY-
BaHHA. [1nA KOXHOro BMAY XapaKTepHi NeBHi yMOBY cepefoBULLA ICHYBaHHA, WO iX
Ha3MBaloTb eK0J102i4HOI0 Hiwero. Tak, »KOBTelb IAKMI POCTe Ha 3annaBHUX NyKax, a
YKOBTeUb MoB3yunii — no 6eperax pivok. OgHakK icHylOTb BUAW, AKI HE MAlOTb CYyBOPOT
€KOJIoTiYHOI NPNYPOYEHOCTI.

KpuTepii Bugy nos'asaHi Mix coboto i BU3HavatoTb AKICHY ocobnusicTb Buay. Ane
YO[EH 3 HMX He € abcoNtoTHMM. JTnLe B CyKyMnHOCTI onrcaHi KpuTtepii gatoTb 3Mory 3 10-
CTaTHbOK HARINHICTIO BCTAHOBUTU MPUHANEXHICTb OPraHiaMy A0 TOrO UK iHLWOro BUay.

OTXe, BUAW | HaNEXHICTb 0COGMHM [0 NEBHOrO BMAY BM3HAYAKOTb
3a CYKYMHICTIO O3HaK-KpUTepIiB, AKi B3aEMHO AOMOBHIOIOTb O4VH OAHOrO.

Yomy B HayLli HeMa€ EANHOro po3yMiHHA BUAYy?

YHiBepCanbHOro BM3HaYeHHA BUAY HEMAE, ane y CTaHOBMIEHHI LibOro NOHATTA Bi-
Airpanu ceoto ponb Pi3Hi KoHUenuii. HanaasHiwWwolo i HalnowrpeHiwoto € Mmopgosio-
2i4Ha KOHYenyis, 3rigHo 3 AKOI BUOOM € CYKYMHICTb OCOOWH, AKi Bigpi3HAIOTbCA Bif
iHLWMX NEBHMMU 30BHILWIHIMK O3HakKamu. KoHuenuia He cTana 3araJbHOMPUNHATOK
yepes Te, WO Y NPUPOLi 0COOMHM OAHOrO BUAY MOXYTb BifpPi3HATUCA Y BUMNaAKax
cTaTeBOro aumopdismy (Hanpuknag, camui N CaMKW iHOINCbKOro C/IOHA UM XYKiB-
onexi), nonimopdiamy — HaABHOCTI B Mexax NonynAuii AeKiNbKox rpyn ocobuH, Lo
BifPi3HATbCA 30BHIWHIMM 0COBMBOCTAMY (HaNpUKNag, YepBOHa 11 YOpHa popmu
COHeuvKa ABOKpPanKkoBOro) ToLo.

B ocHoBI 6i0/102i4HOI KOHUENYii 8UOY NEXNUTb MOHATTA PENPOAYKTUBHOI i3onALii i,
BiANOBiAHO, BiACYTHICTb ribprAiB 3a yMOB NPOXKMBaHHA Ha OAHIN TepuTopii 6Nn3bKIMX
BUAiB. Afle BOHa TaKOXX € HEJOCKOHAJIO, NPO WO CBifyYaTb YNCIIEHHI NPUKIAAW Ti-
6puan3sauii BUAiB y NPMpPOAI Ta HaABHICTb FiOPUAHNX 30H MK ONU3bKMMK BUAAMM.
HawnyxnBaHiwmm y 6ionorii € BU3HaueHHaA Bray, cGopMynboBaHe came 3 no3umuiii 6io-
noriunoi KoHuenuii suay. BIONIOTYHUIA BUJ, (naT. species) — cykynHicms 0cO6UH y
ckn1adi nonynayid, wo xapakmepusylomsca cnadkosow NoOiOHICMI0 03HAK, 8i/TbHO
cxpeuwylomecs i 0arome nioo4Ye NOMOMCMB0, NPUCMOCO8AHI 00 NEBHUX YMO8 XUum-
26 mas i 3aiimarome y npupodi negHy mepumopito — apearn.

Tema 1. BIOPI3HOMAHITTA
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3riaHoO 3 noslimuniyHOK KOHUenUyieo BUA MOXe OXOMJoBATU Pi3Hi 3a crnocobom
XUTTA | 6ynosu popmm (nigsugm, rpynu nonynauin). MpenctaBHUKY LUKX FPyn Yac Bif
yacy MOXyTb CXpeLlyBaTUCA i JaBaTy NiigHe NoToMcTBO. Afle B 0COOMH oiHOrO BUAY
€ CNiNbHWI reHOGOHA, | BOHW 3aXULLEHi Bii NPOHUKHEHHA reHiB iHLWVX BUAIB NEBHUMU
6ap’epamu izonsuil. Buan, ski He po3aineHi Ha nigBMAW, Ha3MBaATLCA MOHOMUNIY-
HUMU. HalyacTile TakumMmn BUgAaMn € eHOeMiku (Hanpuknag, canamaHapa niasmmucTa)
un penikmu (Hanpuknag, ratepis). Bugu, Wwo cknagaTbca 3 A4BOX i Oinblue NigBuais,
Ha3nBaTbCA nosimuniyHumu. Tak, BUE Oypwuii Begmigb mae 8 nigBugis, a nucmuya
3BMYaNHa — ax 17.

3aBAAKN BUKOPUCTAHHIO MOMEKYNAPHO-BI0NONYHNX | FeHeTUYHMX METOAIB Ao-
CNifKeHb Yy cucTemMaTuli CTaB MOXVBUM OYpXSIMBUN PO3BUTOK ¢hinoceHemuyHor
KoHUenuii sudy, AKa Bigobpakae eBONOLiHI 3B'A3KM MiXK OpraHiamamu i He akLeHTYye
yBary Ha penpoayKTUBHiN izonauii. Hanbinblworo 3HaueHHsA HabyBalTb KNagnCTUYHI
MeToAV 1 NobyfoBa Kaforpam, y AKUX Afia OLiHIOBaHHS eBONIOLIHMX BiIIHOCKH BU-
KOPWCTOBYIOTbCA NMLIE YHiKaNbHi ANA NeBHOI0 TaKCOHa O3HaKMU.

OTe, pi3Hi nornagu n KoHuenuii Ha NOHATTA BUAY MOB’'A3aHi
3i CKNIAQHICTIO y3arajibHeHHA BParkalouoro BUAOBOrO Pi3HOMAHITTA
Ta Pi3HOMAHITHICTIO CMNOCO6iIB IXHbOrO BUHUKHEHHSA.
AKi ocHOBHI CTPYKTYpHi oguHuLi Bugy?

Y npupogi Buan i3onboBaHi 0auH Big ogHoro. MpoTe 0cobuHK 1 OAHOrO BUAY
BCepeanHi apeany nowmnpeHi HepiBHOMIpPHO. B noro mexax micusa, cnpuaTnmei ana
IXHbOrO iCHYBaHHA, YepryTbCa 3 AiNAHKaMW, HENPUAATHUMU ANA IXHbOro »KUTTA.
Yepes Te BcepeauvHi apeany BuA pO3MafaeTbCs HA APIOHIiWi nonynAuinHi rpynu
ocobuH. Monynauia - ye cykynHicms ocobuH 00H020 8UDY, AKi ynpo0oosx 6a2ambox
NOKOJIiHb iCHYIOMb Yy MexXax nesHoi mepumopii 8udy, 8islbHO cxpeuwlyromscA i 8iOHOCHO
i30/16080aHiI 8i0 iHWUX nonyAYiU 8udy.

BuiLioto CTPyKTYpHO OfMHULEI0 B MeXax BMAY B POCIMH M TBAPWH € NigBuaw,
AKI MOXYTb BIAPI3HATUCA OAMH Bif OAHOrO Pi3HUMW O3HAKaMMK: 30BHILIHIM BUMNA-
oM, 0cobnvBoOCTAMU OyOBY, NOBEAiHKOW, disionoriuHummn GyHKLiamy TOLIJ,O (in. 9).
MiaBua - 2eoepagiyHo abo ekoso2i4Ho 8ido-
KpemsieHa 4acmuHa eudy, 0coObUHU AKOI nid
0i€to YUHHUKIB cepedosuwa Habyu cmitikux
ocobsiugocmell, Wo 8iOpi3HAOM®b iX 8i0 iHWUX

OTmxe, nonynauii n nigeuan € opmamm icHyBaHHA bionoriyHoro suay,
o 3abe3neyvyioTb MOro NMPUCTOCOBaHICTb JO KOHKPETHUX YMOB
iCHYBaHHA B MeXax TepuTopii apeany.

>
niogudie. HasBHicTb NiABUAIB XapakTepHa g
TiNbKN ONA NONITUMIYHUX BUAIB, AKi MalTb =
BeINKi apeann 3 PisHOMaHITHAMU YMOBaMW. “E’
Y cknagi nigBuAiB BMOKPEMOIOTbL reorpa- In. 9. MigBnAM BUAY NAvcka Gina 2
&biuni pacu (y TBapuH) Ta eKOTUNU (y POCINH). (Motacilla alba) g
2
>
|9
)
wn

RIANbHICTb

HaBuyanbHuii npoeKkT

CKnaflaHHA XapaKTepucTUKN BUAY 3a BUAOBUMU KpUTepiamun
AdpUKaHCbKWI Ta iHAINCbKII (a3iMCbKNIM) CNOHM PI3HATBCA HACTINBKY, WO iX Bif-
HOCATb A0 Pi3HUX BUAIB. 3aCTOCYNTE 3HAHHA MPO KpUTepii BUAY Ta 4OBEAiTb, WO Le 27
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pi3Hi BUauW. BukopucTtalite 3anponoHoBaHy Tabnuuto Ta NigrotyiTe ana 3axucty Ha-

BYaSIbHUI NPOEKT, B AKOMY HaBe[iTb XapaKTepuCTUKy o6paHoro Bmay.
Ta6nuua. XAPAKTEPUCTUKA BUAIB 3A BUAOBVMU KPUTEPIAMNA
Kputepiin Bugy CNoH caBaHHUI CnoH iHgincbKknmn

1. MopdonoriyHui

2. KapiotuniuHum

3. QisionorivyHumn

4. BioximiuHum

5. TeorpadiuHni

6. Ekonoriunmin

3aBAaHHA Ha 3aCToCyBaHHA 3HaHb

Mopcbkuin gpakoH py6iHoBun (Phyllopteryx
dewysed) — BUJ, MOPCbKUX iCTOT ACKPaBO-YepPBOHOr0
KONbOPY 3 POXKEBNMY BEPTUKANbHUMM LUTPUXAMU, AKI
XMUBYTb Y MOPCbKIi BoAi Ha rmubuHi 45 — 50 m. Mpo-
aHanisynTe onuc Ta cnpobyiTe CamOCTINHO BU3HAUU-
TV Micue LbOoro Buay B CMCTEMi OPraHiuyHOro CBiTy.

«li opeaHiamu xapakmepusylomecs nepesaxHo noJi2eHOMHUMU KAimUuHamu,
chopmosaHuUM A0POM ma HAABHICMIO MeMbpaHHUX opzaHesn. OOHUMU 3 HAU20/108Hi-
Wux 03HAK € 2emepompogHicme i 30amHicme akmugHo pyxamucs. MopgonoeaidHi
ocobsiugocmi: Has8HicMb Ha negHili cmadii xumms xopou, Hep8ogoi Mpybku ma 356-
posux winuH. llapHi nnasui yux MopcbKux icmom He Marome mM'a3ucmux jonameti 6ins
ocHo8U. Pi3Hi 8uOU MewKawms ceped MOPCbKUX Mpas i mpumaromecs y 800i sepmu-
kaneHo. Camyi yux meapuH npukpinasome ikpuHKU 0o xgaocma. LLje 0OHi€t 03HAKOI €
3poci wienenu i ManeHbKUU mpy6konodibHul pomb».

CTABJIEHHA
bionoria + Cinbcbke rocnogapcTso

Y mexax BuUAy Kykypyo3a KysiemypHa (Zea mays)
B CuUCTeMaTuLi PO3pPi3HAIOTb AeB'ATb NiABMAIB Ky-
KYpyA3wn, cepep AKUX BUOKPEMUMO KpPeMEHWCTY
(Z. mays indurata), 3ybonopi6bHy (Z. mays indentata),
Kpoxmanucty (Z. mays amylacea) Ta uykpoBy (Z. mays
saccharata). 3a AKUMI O3HaKaMmn PO3pPi3HAIOTb Ui Nig-
BUAW KYKYpyA3u? BuaHaute TaKCOHOMIYHE MONOXKEeH-
HA KYKYPYA3U B CUCTEMi OPraHiYHOro CBiTy Ta OLiHiTb
npakTUYHe 1 HayKoBe 3HaUYeHHA LibOro BUAY.

PE3YJIbTAT

Tema 1. BIOPI3HOMAHITTA

3aBAaHHA ANA CAMOKOHTPOJIO
1. Lo Take kputepii Bugy? 2. Ha3eiTb 0cHOBHI KpuTepii Buay 3. LLlo Take 6ionoriu-
HunM BuA? 4. Hasepitb npuknagm Buais. 5. Lo Take nonynayia? 6. Lo Take nigsna?
7. Aknmn € kpuTepii Buay? 8. YoMy B HayLi HeMae €AMHOro po3ymiHHA suay? 9. Ha-
3BiTb OCHOBHi CTPYKTYPHI OANHWLI BUAY.
10-12 10. ﬁa KOHKpeTHOMY MpuKnagi CKNagitb XapakTepucTuky Buay 3a BUAOBUMU KPU-
28 Tepiamun.
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Icmomu Ha mexxi Ximil ma xummea.
O. M. lLLIkpob

§7. HEKNITUHHI ®OPMU XUTTA. BIPYCU

OCHOBHi MOHATTA N KNOYoBi TepmiHun: HeknitnHHi popmm xutta. Bipoigu.
Mpionu. BIPYCU.

MpurapanTe! Lo Take MOneKkynApHUI piBeHb opraHisawii XuTra?

MomipkynTe!

Ha 3emni € Taki MakpoMonekynu n cuctemm mosne-
KyJl, Wo nepebyBaloTb Ha MEXI MiX HEXWUBOIO 11 KUBOI Npu-
popoto. BoHu, AK i BCi iHWI Tina HeXXMBOI NpUpPoAN, YTBOPEHI
3 aTOMIB 1 NPOCTUX MONEKY . A AKi X O3HaKN NOEAHYIOTDb IX i3
XUNBOI Npupogoto?

3MICT

Aki ocobnuBocCTi opraHisauii Ta PyHKUiOHYBaHHA HEKNiTUHHMNX
dbopm xutTa?

HeknituHHi dopmm KuUTTA — ye dBMOHOMHI CMPYKMypu HA MOJIeKynAPHOMY
pigHi op2aHizayii xumms, 0o AKux 8iOHOCAMb 8ipoidu, npioHu ma sipycu. CrinbHUMMN
03HaKamu Lmx GopMm KUTTA €: @) CyOMIKPOCKONiYHi po3mipu; 6) BiACYTHICTb KNiTUHHOT
6yZOBUY; B) BHYTPILIHbOKAITUHHWI MApa3nTU3M; B) 34aTHICTb 36epirati CBOT 03HAKM Ta
3MiHIOBaTMCA Nif YNIUBOM YMOB; I) 3[aTHICTb 1O CAMOBIATBOPEHHS.

Bipoigw — HeknimuHHi popmu xumms y 8uzna0i 00HOIAHY02080] KinbyenodibHoi

PHK, wo He kodye 6inkis. Bipoign 6yno Bigkputo B 1971 p. amepurKaHCbKM Gionorom
T.O. fiHepom. Lli cybmikpocKoniuHi YaCTUHKM 3aX1CHOI 6iKkoBOT 0O0MOHKU He MatoTb,
ixHA PHK mictutb 250 - 375 HykneoTtngis i mae macy Big 86 — 130 k[a. Bipoigu notpa-
NAAITb Yy KNITUHM OpraHi3aMy xas3siHa nifg vyac Noro BereTaTBHOro PO3MHOXEHHS, 3a
Z[ONOMOroto KoMax abo MexaHiuYHUM LWAAXOM Y pa3i NowWwKoAXeHHA. Bipoian MoxyTb
3aBfaBaTV 3HAYHUX 36UTKIB POCIMHHULTBY, OCKINIbKM CMPUUYUHAIOTL BipPOifHi 3axBo-
plOBaHHA POCNVH (BepemeHonodibHicmeb 6y166 KApMonJi, KAPAUKOBICMb XpU3aHmMem,
KaoaH2-kaddaH2 KOKOCOBUX NAJIbM, X80p0o6a X08Mmux nJsm pucy Ta iH.).

MpioHn — HeknimuHHI hopmu xumms,
wo € 6iKosUMU YacmuHKamu 6e3 Hyknei-
Hogoi" kucsiomu. [pioHn cknagatoTbca i3
ocobnueoro 6inka, AKUIA icHye y Burnagi
nBoX ¢GopM: HOpManbHUIA 6iINOK Macoto
6n13bko 25 400 a. 0. M. Ta aHOMaNbHU, L0
BiAPI3HAETbCA BTOPUHHOIO CTPYKTYPOIO
| 3AATHV TIEPETBOPIOBATV HOPMAnbRN o ®opma npioHiB: 1 — HopmanbHa pop-
6inok Ha cobi nogibHun (in. 10). Ocobnu- Ma Ginika; 2 — aHOManbHa bopma Ginka
BOCTAMMW MPIOHIB € BiACYTHICTb BNAaCHOro
reHoMy, BMCOKa CTilKicTb 0 TeMnepaTtypu, ynsTpadionety, pagiauii. lMpioHn He po3-
Ni3HaTbCA IMYHHOK CMCTEMOIO AK UY>KOPIAHI 6iNKM 1 He NPOBOKYOTb iIMYHHOI Bif-
nosigi. Binkpms npioHn B 1982 p. amepukaHcbKkuin 6ioximik C. MpysiHep. Ha cborogHi
MPiOHN 3HaAeHo B KNiTMHax 6akTepil, ApiXKaXiB 1 ccaBuiB. OnvcaHo noHag 10 He-

1

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 7. HeknitnHHi dopmu xutTa. Bipycn

29

MiHicTepcTBO OCBITU | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHi3aLii 3micTy ocsiTu hitps://imz@lgov.




6e3neyYHnX NPiOHHMX XBOPOO TBaPWH 1 NIOAUHU (Kopos’aquli ckas, ckpelini oseuyp, 2y6-

yacma eHyeganonamis Komsa4ux, pamasneHe civMeliHe 6€3COHHsA, X8opoba Kypy Ta iH.).
BIPYCWU (naT. virus — oTpyTa) — ye HeKi- 4 ) 3

MUHHI hopMu Xumms, AKi € 8HYMPiWHbO-

KAimuHHUMU abcotomHUMU napasumamu '

(in. 17). Hapa3i 6nusbko 5 000 B1ziB BipyciB ,Q\

ineHTUiKoBaHO, TOAi SIK BUEHi BBaXKaloTb, ﬁ?

o iCHY€ MOHaa MiNbOH BUAIB BiPYCiB. In. 11. BipycHi yacTmHKmM: 1 - repnecy;
BigkpuTo Bipycmn B 1892 p. pocilicbkum 60- 2 - rpuny; 3 - TIOTIOHOBOI MO3aiKV;
TaHikoMm [l. IBaHOBCbKMM (1864—1920). Po3- 4 - Gakrepiogar

Mipu 6inbwocTi BipyciB — y mexax Bif 20 o 300 HM, Xxoua € cepef, HAX A CNPaBXHi
BeneTHi cepep HeKNITUHHUX dopm XuUTTA. Lle mera- i1 mimisipycu 3 po3mipamu 6nu-
3bKO 600 HM.

Bipycy matoTb kancuo 3 GiNKOBUX YAaCTUHOK — Kancomepie i HyKNeiHOBY KUCIO-
Ty — cepyesuHy. CTPyKTypy, WO MiCTUTb HYK/IEIHOBY KUCNOTY i Kancui, Ha3nBawTb
Hykneokancudom. MoBHicTio cdopmoBaHa iHbeKLiHa BipyCcHa YacTUHKa Ha3MBa€ETb-
€A 8ipioHOM. YHiKanbHa BNacTMBICTb BipYCiB — Pi3HOMaHITHICTb OpraHi3auii reHeTny-
HOro maTtepiany. BipycHa HykneiHoBa KucnoTa Moxe 6yTu npefactaBfieHa ofgHo- abo
asonaHutorosumn monekynamm AHK (OHK-BmicHi Bipycu) un PHK (PHK-BMmicHI Bipy-
cun). ins BipyciB xapakTepHa cneyndiyHiCTb, WO MOonAraE B MOXINBOCTI B3aEMogil
BipYCiB NnLLe 3 MeBHVMM PELENTOPaMU KIITUHHUX MeMOpPaH.

Bipycu € BHYTPILWHbOKAITUHHMMY Mapa3nTaMm apxeil, bakTepil 1 eykapioTis i no3a
KNITUHaMK >KOAHUX O3HaK XXWTTA He BUABNAIOTb. [1nA CBOro BiATBOPEHHA BipyCcy BUKO-
PUCTOBYIOTb PECYpPCH KNITMHM-Xa3AiHa, YUM CMPUYMHAIOTb BipYCHI 3axBoptoBaHHA. Oc-
HOBHUMM CUCTEMATUYHUMM OAQUHMLAMM ANA BIPYCiB € NOPAAOK, POANHA, Pif Ta BuUA.
Kateropii LapcTBa Ta BigAinis, 6iHapHa HOMeHKNaTypa A4 BipyCiB He 3aCTOCOBYIOTbCA.

OTXe, HEKNITUHHI GOpPMK XKNTTA € CKNAZOBOI YacTUHO Biocdepn,
OCKiNIbK/ NobyfoBaHi 3 opraHiYHMX PeYyoBMH, MalOTb BIOTUYHI
B3aEMOBILHOCMHM, IM MPUTaMaHHI CMNAfgKOBICTb, MiHIVBICTb,
BOHM 34aTHi O CaMOBIATBOPEHHA Ta iH.

fAlke noxopm»KeHHs BipyciB?

e~
'E LUnaxm 1 mexaHi3amn eBontoOLii BipyCiB e He JOCTaTHbO BMBYEHO. ICHyE AekinbKa
z rinoTes NOXo[KeHHA BipyCiB: 2inome3a pezpecusHoi egostoyii (Bipyc BUHUKAN wnaA-
% XOM CMPOLLEHHA KNITUH Mapa3uTUYHUxX G6aKkTepil), 2inomesa napasenoHoi esosoyil
% (Bipycr BUHUKNM HE3aneXHOo Bif KNiTWH, BUKOPUCTOBYIOUM IXHIi MOXNBOCTI), 2inome-
CQL 30 «CKAXXeHUX 2eHie» (Bipycu — Lie «36iri» YaCTUHU reHOMY KNiTUH-Xa3siB).
'f Haibinbwi 3miHM y nornsgax LWOAo 4
g NOXOAPKEHHA BipYCiB CTanncA BHaCNiAoK
= BIAKPUTTA BeJleTeHCbKMX BIipYCiB, AK-TO

MimiBipycK, mMamaBipycu, meraBipycu Ta

iH. (in. 12). MeraBipyC uinincbkum mae

Hanbinbwwnii 3-nomix Bipycis AHK-reHom,

AKWUIA Hanivye 1 259 197 nap HykneoTungis

7 micTnTb iHpopmadilo npo 1120 6inkis, In. 12. OpHi 3 HabiNbLIKX BipyCiB:
30 WO CyMipHO 3 6araTbMa MapasvUTUYHMM 1 - meraBipyc; 2 — mimiBipyc
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6aKkTepisMu. Y BeneTeHCbKNX BipyCiB BUABNEHO reHu 6inkis, WO iX paHille HiKonu He
BUABMANN B XOAHOIO 3 BipyciB. Ane 1 Le LWe He BCe: Yy MaMaBipycCiB BUABJIEHO cynep-
napasutu — Bipodarm-cynyTHuKN. | 30BCiM HewoaaBHoO, y KBiTHI 2017 p., B XKypHani
Science 6yno ony6nikoBaHO MOBIAOMMEHHSA NPO HOBUI BENIETEHCbKMI BipYC, WO Ha-
3BaHUI «knocHoueipyc» (Klosneuvirus, KNV) Ha yecTb HeBennukoro micteuka Knoc-
TepHoNOypr B ABCTpiIi. Bipyc MicTuTb Malixe noBHMIA Habip i3 19 bepmeHTiB-CnHTETa3
ans BoynoByBaHHA 20 TUMNiB aMiHOKUCNOT Y npoLeci 6iocuHTe3y binkis.

DinoreHeTUYHI AOCNIAXKEHHA NPOTEOMIB (YCi€l CyKynHOCTi 6iNKiB) HOBOBIAKPUTUX
BeNeTeHCbKMX BipyCiB MOXYTb CBIAUYNTM HAa KOPUCTb FiNOTe3n perpecrMBHOI eBONoLl,
3rifHO 3 AKOI0 BipYyCU BMHUKIN Bif KNITUHHUX iCTOT WWAAXOM CMPOLEHHA i €, TaKUM
YMHOM, HalJaBHIWNMYM icTOTaMK Ha 3eMni. AGO, MOXITMBO, BefleTeHCbKi Bipycu niwnu
Bif MeHWwmx JHK-BipycCiB WIAXOM NOCTYNOBOro HaKOMNYEHHA JOAATKOBMX reHiB.

MopiBHAHHA reHOMIB BeneTeHCbKMUX BipyCiB 3 aHanoramm B gomeHax bakTepin,
ApxeiB Ta EykapioTiB cBifuaTb Ha KOPUCTb rinOTe3n NPo Te, WO BipyCU — Lie MBI iCTo-
T, AKi MOXYTb CTAaHOBUTN OKPEMUI IOMEH OPraHiuHOro CBiTy. IX NpoTeoMU CXoi Ha
Taki cami y 6aratbox 6akTepiil, offHaK Yy BipyCiB HasaBHi BifiKK, IO X HEMAE Y KNITUHHNX
OpraHi3miB, a Lie CBi4UMTb NPO 0COBNUBICTL IXHBbOT eBONIOLiI.

OTXKe, Ha CyyacHOMy eTarni PO3BUTKY HayKU He iCHyeE
€AMHOro Nornagy Woao BUHMKHEHHA BipyciB. HaTomicTb
nownpeHi NOrAAW, WO Pi3Hi BipyCy BUHUKaNN He3anexHo
Ha Pi3HMX eTanax PO3BUTKY KWUTTA Ha 3eMJii.

Ak Bipycn B3aemogitoTb 3 KnitTnHammn?

Bipycn He MOXyTb CaMOCTIIHO MOLWMPIOBATACL Y NPUPOAi, 1 gonomaraioTb im
Yy LUbOMY Hacamnepefq »MBi opraHiamu: komaxu (Hanpuknag, nonenuui nepeHocATb
65113bko 160 pi3HUX apboBIpYCiB), KAiWi, rpyHMo8i HeMamoou, poC/IUHU-Napasumu
(HanpwrKknag, NoBUTULA NepeHocUTb 613bKo 50 BipyciB poCiuH), 100UHa (ana Bipy-
ciB rpuny).

LLnAxu NnpoHMKHEHHA BipyCiB A0 OpraHiamy xa3siHa 6yBatoTb pisHumu. Lle: 1) no-
8impAHO-KpanauHHUG wax (Bipycu rpuny, BiTpAHOT Bicnu, Kopy); 2) 3 ixero ma 8000to
(Bipyc AWypy 3 MOJIOKOM ypaxeHoi KopoBu, renaTtut A); 3) Kpi3e nokpusu mina (Bipy-
Cu repnecy, ckasy, naninomu); 4) nio 4ac nepenu8aHHA Kposi ma xipypeiuHux onepauit
(Bipyc renaTtuty B); 5) cmamesum wnaxom (Bipyc repnecy, CHIly); 6) 3a yyacmi nepe-
HOCHUKi8 (KniwwiB — Bipyc TaroBoro eHuedanity, Komapis — BipyC MMXoMaHKK 3ika);
7) 3 nusiKom pocauH (Bipycmn mo3aikm KapTonni).

3anexHo Bifl BNMacTMBOCTEN BipyCy i KNiTUHM-Xa3dAiHa, @ TaKoX YMOB CcepefoBu-
LWa po3pi3HAITb Taki OCHOBHI TUMNW B3aEMOZil BipYCiB i3 KNiTUHO: @) NnpodyKkmusHa
iHgbekyia — PO3MHOMXEHHSA BipyCy NMPU3BOAUTb [0 PYWHYBAHHA i 3arnbeni KniTuHu;
6) abopmusHa iHpekyis — B3aEMOAIiA, 3a AKOI KNiITVHW 3a/MILATbCA XUBMMU, @ [0-
3pini BipioHW He YTBOPIOIOTLCA; B) BipO2eHis — reHOM BipyCy NOEQHYETbCA 3 FeHeTUNY-
HUM anapaTom KAITUHK i Nig Yac noginy KNiTMHM MOXe TPUBanunin Yac nepegaBaTnca
OOUipHIM KNiTUHaM; Yepes AeAKMI Yac 3a NEeBHUX YMOB NOYNHAE PO3MHOXKYBATUCA i
CNPUYMHAE 3arnbenb KNiTUHN.

§ 7. HeknitnHHi dopmu xutTa. Bipycn

OTke, B3aemofii BipyciB i3 KNiTMHaMm1 MatoTb

Pi3HOMaHITHMI Ta CKNAagHUI XapaKTep.
3
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BIANBbHICTb

x\,/‘ 3aBfjaHHA Ha NOPIBHAHHA

3a gonomoroto TabnuLi NOpPiBHANTE HEKNITUHHI GOPMU XKUTTA. YKaXiTb CMifbHI 1
BiOMiHHI O3HaKW.
Ta6nuua. MOPIBHAJIbHA XAPAKTEPUCTUKA HEKJTITUHHUX ®OOPM XUTTA
O3HaKa Bipoign MpioHn Bipycn
BiokputTa
Po3mipn
XimiuHuin cknag
OcobnuBocTi
XBOpO6U

bionoria + MeguuuHa. BipycHi 3axBoploBaHHA

Marixe 95 % Bigomux iHGeKUiNHMX 3aXBOPOBaHb CNpu-
uynHATb abo Bipycu, abo GakTepil. bakTepianbHi xBopPOOU
CyvyaCHa MefuLVHa NiKye epeKTVBHO 3a OMOMOIOK BEINKOI
KiNIbKOCTi pi3HMX aHTMGIOTUKIB. A OCb 3 BipyCHUMYN XBOpPO6a-
MU MeAunLMHa NOKM WO CNpaBUTUCA He Moxe. H/HI onncaHo
noHap 500 BipyciB, WO cnpuunHATL iHOEKLiHI 3axBopto-
BaHHA JIIOAUHN | TBAPUH, cepep AKUX HalHebe3neuHiwnmy €
2emMopaziyHa nuxomaHka Eéona, cemopaziyHa nuxomaxka Map-
6ype, CHIZ, 6nusekocxioHul pecnipamopHuti cuHopom (MERS),
saxxkuli 2ocmpuli pecnipamopHuli cuHopom (SARS) Ta iH. Yum Bipyc E6ona
Bipycy Bigpi3HAOTLCA Bif 6aKkTepiin? Ha Bally yMKyY, YoMy Cy-

YacHi MeaNLMHI BaXXKO NepemorTu BipycHi iHbeKkuii?

CTABJIEHHA

bionoria + biopisHomaHiTTA. Bipycm Bipycis

Y 2008 p. BcepefuHi MimiBipyciB, WO Mapasuty-
I0Tb Yy KNiTUHax akaHmamebu 8ceidHoi (Acanthamoeba
polyphaga), 6yno BigKpuTO NapasnTy BipyciB, WO X Ha3Ba-
nu Bipodaramm. BnacHuii reHom BipodariB € 4UBOBUXHUM:

E BiH MiCTUTb reHu, 3ano3nyeHi y MimiBipycis, apxei, 6akTe-
z piodaris i BipyciB eykapioTiB. A UM MOXHa iX BMKOpWCTa-
% ™ ana 60poTbbu 3 BipycHUMM iHPeKUiasmn? O6rpyHTynTE ] )
= CBOI Cy>KEeHHA. Blpod)én./l BCepEAuHl
= MimMiBipyciB
% PE3YJIbTAT
©
E) 3aBfaHHA ANA CAMOKOHTPOJIO
1. LLlo Take HeKNiTUHHI popmu XnTTA? 2. Ha3BiTb HeKNITUHHI popmum xunTTA. 3. Lo
1-6 |Take Bipycu? 4. HaBepitb npuknagu Bipycis. 5. Ha3BiTb rinote3an noxoaeHHsA Bipy-
ciB. 6. Ha3BiTb OCHOBHI TUNW B3aEMOAIi BipyCiB i3 KniTHamu.
7.9 7. fIki ocobnuBocTi opraHizauii Ta GYyHKUIOHYBAaHHA HEKNITUHHUX GOpM XKNUTTA?
8. Aike NoxoaxkeHHs Bipycie? 9. AK Bipycy B3aEMOAIOTb 3 KNiTUHaMMK?
10-12 |10. Wo € cninbHOro i BigAMIHHOrO MiX Bipycamu, npioHamm 1 Bipoigamu?
32

paBo Anst 6e3onnaTHOro po3MilLleHHs MigpyyYHUKa B Mepexi IHTepHeT mae
iHicTeégcTBO OCBITU | Haykn YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoZepHi3auii 3micTy ocsiTu https://imzo.gov.ua




Bipycu — makuti camuti KoMnoHeHmM 008KisNA, AK 800a YU NOBIMPA.

OcHo8u cucmemHoT bionozii

§8. POJIbBIPYCIBY MPUPOAI N XUTTI NIOAUHU

OcCHOBHi MOHATTA 1 Kno4oBi TepmiHu: BIPYCU. BionoriuHuin metop,
60poTb6M 3i WKigHNKaMK.

MpurapanTe! Lo Take Bipycn?

HoBuHun Haykun Toniska
(kancupg)

Bipycn € HanumcneHHiwow 1 Hanpi3HOMaHIT-
Hiwoto GopMOI0 XMTTA Ha nnaHeTi 3emna. Tak, y 1 mn
OKeaHiuHoi BoAM nuve BipyciB-6akTepiodaris MicTUTb- CTepKeHb
ca 6nmnsbko 5-10°. Bipycu perynioioTb KinbKicTb Mikpo- CkopoTnnBwmii HuTka
OpraHiamiB i BNMBalOTb TakMM YMHOM Ha GOTOCUHTe3, “oxon BigpocTKa
Kpyroob6ir peuyoBuH, npouecn miHepanisauii y 6iocoepi BIAPOCTIA A
Ta iH. K PO3MHOXYIOTbCSA | fIKa PoJib BipyciB y bionoriu-
Hin eBoNOUIiI?

3M|CT nnacTnHKa

AKi 0co6nMBOCTI XKMTTEBOTO LMKAY BipycCiB?

Y XUTTEBOMY LMKAi BipycCiB yeprytoTbcs ABi $a3n — no3aknitmHHa (BipioH) i
BHYTPILUHbOKNITMHHa (/1. 13). Ma3a BipioHa XxapaKTepu3yeTbCA BifCY THICTIO Oy Ab-AKMNX
NPOABIB XXNTTA, @ YNPOAOBX BHYTPILUHbOKNITUHHOI da3n XUTTEBOTO LMKNY BUABMA-
I0TbCA BIACTUBOCTI BipyCiB, WO 3aKOJOBaHi B iXHbOMY reHOMi, i BifOyBa€eTbcA iXHE
BiATBOpPEeHHsA. He3anexHo Bif TNy reHeTUYHOro Matepiany Bipycu matoTb MoAiOHi
3araibHi CTafil XUTTEBOrO LUKIY.

Adcop6uyia eipycie — ue NpUKpiNieHHA BipiOHIB JO MOBePXHEBOro amnapaty
KNiTUHK-xa3siHa. Mix 6inkamu BipyciB 1 peLienTopaMmn KNiTUHW BUHUKAIOTb €NEKTPO-
CTaTUYHI B3aEMOSIT, WO 3a6e3neuyioTb TMMYaCcoBe HeCTilKe NPUERHAHHA BipiOHIB.

lMpoHUKHeHHA 8 KAIMUHY B Pi3HWX BipyCiB 3[iNCHIOETLCA PISHUMK LUNAXaMK:
a) eHOounTo3y (Biponekcmucy) 3 yTBOpeH-
HAM BHYTPILWHbOKIITUHHMX BaKyonew;
6) 3MMTTAM Maa3MaTUYHOI MeMOpaHu 3
00OO0JNIOHKOI0 BipyCy; B) LUNAXOM BMOPCKY-
BaHHA (Hanpvknag, y 6aktepiodaris) Towlo.

«Po30s2aHHA» gipycie y KniTuHi 3a-
6e3neuye 3BifIbHEHHA HYKJIETHOBOI KNCJ10-
T BipyCY Bif 3aXMCHOI 6inkoBOT 060NOHKNM
ONnA  HacTynHol peani3auii  BipycHoOro
reHomy. Y ¢aris Ui€i cTagii HeMag, ocKinb-
K 6inkoBa 06OMOHKa 3anMLWAETLCA Ha
noBepxHi 6akTepianbHOI KNITUHN.

BiomeopeHHa KomnoHeHmie eipyc- In. 13. XutTeBuin umkn daris: 1 — agcopbuis
HUX YaCMUHOK 3a6e3neuyioTb TpU Npo- bakTepiogara; 2 — nopckysanta [IHK y
Lech: TpaHCKpUNUWiA, TpaHcnAuiA i KNiTnHy; 3 — cuHTes BipycHux [HK i 6inkis;

o . 4 — 36MpaHHA BiPYCHMX YaCTUHOK; 5 — BUXIA
pennikauia. TpaHckpunyisa nondarae B ne- i3 KNiTUHN
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penucyBaHHi iHpopmauii 3 BipycHux JHK un PHK Ta yTBOpeHHi iPHK, wo BinbysaeTb-
cA B Afpi (Hykneoigi). TpaHc/Ayi€0 Ha3MBAETbCA NpoLec nepeefeHHs iHbopmalii
iPHK y nocnifgoBHicTb amiHOKUCIOT MoneKyn 6inkiB. BinbyBaeTbca TpaHcnALia Ha pu-
60comax 3a gornomoroto TPHK i pepmeHTiB. Penstikayis — CUHTE3 MOSIEKYN HYKNETHOBOT
KNUCNOTK, WO KaTasi3yeTbCA nepeBakHO KNITUHHUMK pepmeHTaMm. Takum YMHOM, Bif-
TBOPEHHA BipYCiB BifOyBaeTbCA BiJOKPEMNEHO, HEOJHOYACHO i B Pi3HNX YaCcTUHAX Kni-
TUHW. Taknii CNoci6 PO3MHOXKEHHSA BipYCiB Ha3MBaloTb PO3'€AHAHMM (AU3'IOHKTUBHUM).
36upaHHa sipioHie BifOyBacTbCA ycepeAnHi KNITUH abo LWNAXOM Bi6PYyHbKOBY-
BaHHA B 30BHiWHE cepefoBuLie. Buxio sipycie i3 KniTH MOXe CynpoBOAXKYyBaTUCA
36epeXKeHHAM XUTTEQIANBHOCTI KNiTUHW abo 1T pyHYBaHHAM i 3arméensio.

OTXe, HaM3arasbHIWMMN OCOBANBOCTAMU XKUTTEBOTO LUKAY BipyciB
€ HaABHICTb ABOX (a3, BUKOPUCTAaHHA PECYpPCiB KNiTUHNK
Ta PO3'€AHAHNI CNOCI6 PO3MHOMEHHS.

flka ponb BipyciB B eBONIOLii OpraHiamis?

Bce xuBe Ha 3emni HaCMYEHO Pi3HNMK Bipycamu, WO CBiAYUTb NPO TXHi HeobXia-
HiCTb y XUMBIi Npupogdi Ta Baxnmei GyHKUIT y 6iocdepi. Bipycu Bigirpatotb Knoyosy
6ionoriuHy ponb Ha BCix piBHAX opraHisauii XuTTa. BoHM BU3HaualoTb eBostoLiio
OpraHi3miB 3aBAsSKMN CBOI NAaTOreHHOCTI, 3aTHOCTI 4O AHTArOHICTUYHUX | CUMOBIOTNY-
HVX BiAHOCKH Ta y4acTi B rOPU30OHTa/IbHOMY MepeHeCeHHI reHiBs.

lamoezeHHi sipycu € pywiliHO CU/ION €800~ 4
uitimyHHOI cucmemu. KoXKeH »1BWiA OpraHism, Bif
KWLWIKOBOI Nanuykn, XIopenn, ApiKAXiB Ao Cu- _
HbOrO KMTa UM CEKBOI, MOXe iHdiKyBaTMCA Npu-
HalMHi OHMM, a 3a3BUYail KinbKoma Bipycamu.
BipycHMMIM 3aXBOPIOBAHHAMN POCIINH € XX08MA-
HUYdA, Mo3di4Hi Xx80opobu, cmpokamosaucmicms,
2omuka Ta iH. (in. 14). Y noguHn Bipycu cnpuun- In. 14. XKosTaHuuA Gypsaka (1)
HATb 2enamum B, npocmudi eepnec, nanisiomy, i mo3aika Tomaris (2)
HamypansHy sicny (QHK-BmicHi BipycHi iHdeKLii), epun, 2enamum A, eHueganim, Kip,
CBUHKY, hosniomienim, cka3, CHIJ] (PHK-BmicHi BipycHi iHpeKuii) Ta iH. HannowmnpeHiwn-
MU BipYCHUMMW 3aXBOPIOBAHHAMY TBAPVIH € AWYP, YYMKA COOAK, 4yMKa KypeU Ta iH.

BipycHa iHdeKLia € noTy»KHOI0 cuoto, KoTpa GOPMyE MeXaHi3MM 3aXUCTY Xa3siB.
Hanpuknag, moandikauii noBepxHi KNiTMH 3 MeTol0 3anobiraHHA MPOHUKHEHHIO
6akTepiodara, cuctema CRISPR 6akTepili Ta apxei, rymopanbHUN W KAITUHHWIA
iMyHiTeT nioanHM Towo. Y npoueci eBonwouii Bipycn BMpobnATb CBOI crnocobu
3aXMCTy Bif iMyHHOI cucTemun. Hanpuknag, BOHW 3paTHi 6nokyeBaTn poboty
NK-kinepis, inTepoepony, T-nimdouuTis.

3aBAAKM NATOreHHOCTI Bipycu pe2ysiioome YyucesbHiCMb C80iX xasAis (Hanpuknag,
OHK-Bipycr MOpPCbKMX BOLOWM PerynioTb KifbKiCTb GakTepill) i BNAMBaOTb Ha
npouec ¢poTocnHTe3y B CBITOBOMY OKeaHi, Kpyroobir Kap6oHy i HaBiTb Ha noropgy. Tak,
6ioreHHi cynbdypOoBMICHI ra3u BUBINbHAIOTLCA Yepes Te, WO Bipycy BOMBalOTb NEBHI
BUAM BogopocTeli. MNoTim B atmocdepi BHACNiJOK OKUCHEHHS YTBOPIOTbCSA KUCIOTHI
KpanvHKK, Wo CAyryTb Agpamu KoHAeHcauil gna xmap.

3a gonomoroto BipyciB BifbyBa€ETbCA 20pU3OHMAsIbHE NepeHeCeHHs 2eHi8, TOOTO
34 nepefaya reHeTnyHoi iHGopmaLii Mix ocobuHamun pisHux sugis. Oparmentn OHK

Tema 1. BIOPI3HOMAHITTA

paBo Anst 6e3onnaTHOro po3MilLleHHs MigpyyYHUKa B Mepexi IHTepHeT mae
iHicTeégcTBO OCBITU | Haykn YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoZepHi3auii 3micTy ocsiTu https://imzo.gov.ua




BipyciB 6araTbma BMaMu OpraHiamiB 4acTo «MpUpyYvanTbCa» N MOUYNHAIOTL BUKOHY-
BaTW KOPUCHi GyHKLUIT. Lle ABMLLe HACTINbKM NOWNPEHO, LLIO HAayKOBL,i 3anponoHyBanu
cneuianbHUN TePMiH — «MONeKynApHe OAOMalLHeHHA». Tak, eHOO2eHHI pemposipy-
cu, Wo iX NAnHa ycnagKyBana MinbNOHW POKiB TOMY, 34aTHi BNAMBATU Ha reHu, Aki
BignoBigaTb 3a QyHKUiOHYBaHHA nnaueHTu. Lli Bipycn BigirpatoTb BaXnusy ponb
B embpioreHesi, fonomaratun 60poTnca 3 iHOEeKUinHUMKN Bipycamu, Y CTBOPEHHI
HEMPOHHMNX MepeX rosIoBHOrO MO3KY NIIOAVHN TOLLO.

Y npoueci eBoniouii cGopmMyBanncs He NMLLE aHTArOHICTWMYHI, @ 1 cumbiomuy-
Hi 8iOHOCUHU 8ipycig 3 iHWUMKN opraHiamamu. Tak, MyTyaniam Bipycy i rpuba pae
3MOry npocy BUTPMMYBATU BUCOKI TemnepaTypu. Bipyc BUTKOro 3akpyuyBaHHA
TIOTIOHY 36iNblUy€e MNOJOBUTICTb N TPUBANICTb KUTTA KOMax-6inokpnnok y 12 Ta
6 pasiB BIANOBIAHO, AKLLO BOHW XKMBAATbCA Ha 3aparkeHNX BipyCOM POCMHAX TIOTIOHY.

OTXe, Bipycr € NOTYXKHMM €BOIOLIMHUM YNHHUKOM,
i KoXHa dopma XUTTA Ha 3emni 3a3HaBasa i 3a3Ha€ BMN/VBY BipyciB
Yy MUHYJIOMY 1 TenepilHbOMY Yaci.

Ak Bipycn BUKOPUCTOBYIOTbCA Yy 6GionoriuHux metopax 6opoTb6u 3i
wKignusumm Bugammn?

Bionoriuni meToau 60poTbbuU — Ye BUKOPUCMAHHA 8ipyci8, op2aHi3mige abo npo-
O0yKmia iXHbOI XXUmmeOianbHoCcMi 071 3anobieaHHA abo 3MeHWeHHA WKoOU, Wo ii 3ae0a-
oMb wKioHUKU. MeToto 6ioNoriuHnX MeTofiB 60pOTbOM € He MOBHE BUHULLEHHS BUAY,
a YyTPMMaHHA MOro KinbKocCTi Ha onTMManbHOMY piBHi. Bnepue 6ionoriyHuin metoq
60poTbOM 3 BMKOPMCTAHHAM BipYyCiB 3acTocyBanu Ana 60poTbbu 3 Kponuvkamu B
AscTpanii. MonynsAyito Lux TBApWH 3apa3unm BipycoM MikcomaTo3sy. XBopoba LWBUAKO
nowmpwnace i nprseena go 3armbéeni 99,8 % Kponis, WO Ha NeBHUN TepMIH 3HM3UNO
TXHIO UMCenbHICTb. Y KpPOnuKiB, AKi BUXnK, chopmy- ‘
BABCA IMYHITET NPOTU MikcomaTo3y. [ina 6opoTtbbu 3
UMM/ TBapUHaMy AeLo MisHille noyanau 3acToCoBY-
BaTW BipyC reMopariyHoi IMXOMaHKu KpOoriB.

HawnuacTiwe BuKoOpuCTOBYOTL Bipycu ana 60-
poTbby 3  KOMaxamu-WKigHMKamu. Hanpuknag,
npeacTaBHUKN 6aKynoBipyCiB MOXYTb CNPUYNHATY
noniegpo3u i rpaHynbo3mn y TakUx KoOMax, AK Hemnap-
HWI Ta KiNbYacTUI WOBKOMPAAMW, aMepUKaHCbKnIA bi-
JINA METeNNK, COCHOBA COBKA, MUNbLWMKK Ta iH. (in1. 15).
Tak, B KaHapgi, B npoBiHLii OHTapio, ans 60poTbbu 3
ANMHOBUM MUNbLUMKOM BUKOPUCTaNu BipyCHWUIA npe-
napat noniefpo3sy. XsBopoba pi3ko 3HM3UNA Yncenb-
HiCTb WKIAHWKA, | 6yno 36epexxeHo BennKi nnoLi nicis.

3 meToto 36iNbLIEeHHA NaTOreHOCTi BipyCiB Y iXHil
reHeTUYHWI maTepian BOYQOBYIOTb UYXOPifHi reHu.
Hanpwvknag, y reHom BipyciB nomilanu reH oTpyTn  In. 15. Kinbyactuin woekonpaz:
CKOPMIiOHIB, FeHN FOPMOHIB, IO NOPYLYIOTb HOP- 1 - ryceHnus; 2 - popocna
MasibHU PO3BUTOK KOMaX. KOmaxa

§ 8. Ponb BipyciB y npupogi 1 4nA NiognuHN

OTXe, BUKOPUCTAHHA BipyciB ana 60poTbbu 3i WKigHNKaMM

€ NMepcrnekTUBHMM HaMPAMOM Yy 3aCTOCYBaHHI 6ionoriyHnx meTopmis. 35
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AIANbHICTb
x/‘ CamocrTiliHa po6oTa 3 Tabnuueto

Bipycu i 6akTepii — HaMeHLWi 06'eKTN XMBOT NPUPOAN, O MOXKHa NO6GauUNTL
nuLLe 33 JOMOMOTOH NMOTYXHOMO MiKPOCKOMA. 3anoBHiTb TabnuuUo i BU3HauTe BigMiH-
HOCTI MiXK Bipycamu 11 6akTepiamu.

Ta6nuua. MOPIBHANIbHA XAPAKTEPUCTUKA BIPYCIB I BAKTEPI

O3Haku Bipycn BakTepii

Po3mipn

[eHeTUYHMI anapaTt
OcobnuBocTi 6ynosu
OcCobNNBOCTI XKUTTERISNBHOCTI
OcobnunBocCTi NoBefiHKM
Po3mMHOXeHHA

Bionoria + MepguuuHa. BipycHi 3axBoploBaHHA

Po3ni3HaiTe Ha inocTpauiax 3a 30BHIWHIMM O3HaKamMy BiPYCHI 3aXBOPIOBAHHA:
1 —kip; 2 - reprnec. I'I|,qr0Ty|/|Te I'IOBIJJ,OMHEHHFI npo ui BIpyCHI XBOpOOMU.

CTABJIEHHA

Bionoria + leomeTpis. IkocaegpuuHa popma

Y 6araTbox BMAIB BipyciB (aneHOBipycy, Bipycu nonio-
MI€NiTY, repnecy, naninomMu) BipioHN MaloTb NPaBUNbHUI
6araTorpaHHWUin Kancug y BUrNAAI ikocaeapa, BCepeanHi
AKOro MICTUTbCA HyKNeiHOBa KncnoTa. Lo Take ikocaeap?
Yomy ikocaeppuuHa dopma € «BUTiLHO» NPUPOAHOIO
CTPYKTYypOlto?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

1. Lo Take XMUTTEBUN LUMKN BipyciB? 2. Ha3BiTb OCHOBHI CTafii >KUTTEBOrO LINKNY Bi-
pycis. 3. HaBegiTb npuknagmn BipyCHUX 3aXBOPIOBaHb POCNH, TBAPVIH i NIIOANHMN.
1-6 |4. ki BnacTBOCTI BipyciB BU3HauatoTb IXHIO posib B eBontoLii? 5. LLlo Take 6ionoriu-
HUI MeTo 60poTbOMU 3i WKigHUKaMU? 6. HaBeiTb NprKnaam BUKOPUCTaHHA BipyCiB
ans 6ionoriyHoi 60poTb6M 3i WKIAHUKAMN.

7. ki 0cobnMBOCTI XMTTEBOTO UMKy Bipyci? 8. flka ponb BipycCiB y eBoniouii op-
7-9 |rani3miB? 9. ki Bipycy BUKOPUCTOBYIOTb y 6iofnloriyHOMY mMeTogi 60poTbbu 3i LKia-
HUKamn?

Tema 1. BIOPI3BHOMAHITTA

10-12 [10. Yum Bipycu Bigpi3HAIOTbCA Bif 6aKkTepiin?

36
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Hateaxnusgiwuti ma npodykmugHul cyyacHuli Hanpam 6ionoeaii — ye 3HaHHsA npo my
yacmuHy npupoou, 00 AKOI Hanexxams HalopibHiWi NPedCMAasHUKU Xu802o.
M. beepiHk

§9. MPOKAPIOTUYHI OPFTAHI3MW: APXEI

OCHOBHi NOHATTA Il KNoYoBi Tepmiun: APXEI. Apxei-ekctpemodinm.
Mpurapanite! X10 Taki npokapioTn?

‘\ 3HaliomTeca!

Kapn Boys (1928-2012) - amepuKaHCbKWI
6ionor, noginve BCi opraHiamu Ha gomeHu bakTepii, Ap-
xei Ta Eykapiotn. [lo noro gocnigxeHb *nBy npupoay
NoAaiNAnM Ha aBa HaguapcTtea — [NpokapioTn Ta Eykapio-
1. QinoreHeTnYHe fepeBo xuTTA, 30ygoBaHe Boysom,
NoKasye 3HauyHy Pi3HOMaHITHICTb CBITY MiKpoOpraHi3mis.

3MICT

Aki oco6nuBocTi BigpisHAIOTb apxei Big 6aKkTepill Ta eyKkapioTiB?

APXEI (Archaea) - npokapiomuyHi 0OHOKAIMUHHI MIKpOOp2aHizmu 3 GioximiyHuUMU
ocobausocmAmMuU, Wo 8idpizHAMb iX 8i0 6akmepili ma eykapiomis. Lle HaiipaBHiLwi op-
raHiamu, npepkmn AKNX 3'aBUnnca Ha 3emni 6nunsbko 3,8 mnpp pokis Tomy. Pasmipu ap-
xen - Big 0,4 oo 15 Mkm y giameTpi. HanmeHwnmmn cepep apxeis € HaHoapxei (0,4 MKM),
AKI NapasunTyoTb Y KNITUHAX iHWKX apxen (1. 16).

Apxei 6ynu Bigkputi y 1977 p. K. Boy3om,

AKMI pa3oM i3 cBOiM acnipaHTom k. Qokcom

NOPiBHIOBaB NOCNIZOBHOCTI HYKNEOTUAIB Y reHax

16S-pPHK pi3Hunx opraHiamis. OgHOro pasy BOHM

BUABWAN MIKPOOPraHiaMu, B AKUX HYKNeoTUAHI

nocnigosHocti pPHK BigpisHanuca Big pPHK

GakTepil i eykapioTiB. Lle cTano ogHieto i3 Hal-

BaXNMBiWMX HaykoBux nogin XX ct. Hosa rpyna

oTpvmana Ha3sy APXEI (Bin rpeu. apxeoc — nyxe In. 16. Hanoapxen

NaBHil) | HOBNI TAKCOHOMIUHWIA paHT — foMeH. Lle (Nanoarchaeum equitans) i 6inb-

BIAKPUTTA CTano OCHOBOIO ANA cTBopeHHA K. Boy- tua KRiTMHa-XasAln apxel IrHikokyc

(Ignicoccus hopitalis)

30M CUCTEMU TPbOX JOMeHiB (1985), wo byna nep-

LUO MOMNEKYIAPHO-DINOreHEeTUUYHOI CUCTEMOLO XUBOT NPUPOAN. Y Hill BUOKPEMITIOIOTD

nomeHu Apxei, bakTepii Ta EykapioTu. BinkpuTTio apxelt cnpuss Baanui Bubip o6'ekTiB

OnA MoneKynapHo-ginoreHeTMYHMX gocnigkeHb. leHn pPHK € gy»ke KOHCepBaTVBHOIO

YaCTUHOLO FeHOMY, BOHW He 3MiHIoBanv CBO GYHKL0 NOHaA 3 MApf POKiB i HasABHI B

yCiX KNiTUHHUX icTOT. Bce ue 3pobuno ix uyfoBrMm Mapkepom GinoreHeTUYHUX Nogin.

Apxei MatoTb CBOIO He3anexHy eBOJOLiHY iCTOpIilo | xapakTepusyloTbca 6araTb-

Ma PifKiCHMMU BNacTUBOCTAMY, WO BiAPi3HAIOTH iX Big O6akTepili Ta eykapioTis. fKi

Le ocobnmeocTi?

1. [leHom apxeiB npepctaBneHun geonaHuorosoto HK y Hykneoigi Ta Kinbuesnmm
nnasmigamu. Mictutb 6inKu-ricTOHW, YHiKanbHi iIHTPOHM, WO Bigpi3HAITLCA Bif
eykapioTnuHux. lenn TPHK 1a pPHK apxeiB pi3HATbCA Mix coboto cneundiyHnm
CKNagoMm 11 NOCNIAOBHICTIO HYKNeoTuais. 37
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2.  KnimuHHa 060/10HKG apxei He MICTUTb MypeiHy, B 6araTbox BUAIB YTBOpPeHa
noBepxHeBMMU binkamun (Tak 3BaHUN S-lwap) Ta ncesgomypeiHom. O60JI0HKa
30iNCHIOE ePEeKTMBHUIN 3aXUCT, i TOMY, MOXK/IMBO, apXel HIKONN He YyTBOPIOTb
Crop Ans iCHyBaHHA 3a HECNPUATINBUX YMOB, AK Lie € y 6aKTepill.

3. KnimuHHi MemMbpaHu pi3HATbLCA CTPYKTYPOIO i XiMiYHUM CKNafomMm, Lo Br3Hava-
t0Tb TXHI0 BiNbLUy CTIMKICTb 32 eKCTPeManbHUX YMOB iCHyBaHHsA. Y apxeiB membpa-
HW OZHOLIAPOBI, yTBOPEHi 3 0cobnueux ditaHonrniuepuais, a He docdoninigis,
AK B IHLWWX KNITUHHUX OPraHi3miB.

4. Pyxu 3abe3neuyloTbCA OXeymuKkamu, BIOMIHHUMW Bif IXKryTuKiB GakTepiii:
POCTYTb LUIAXOM MNPUELHAHHA cyboauHUUb 6inka ¢nareniHy Bif OCHOBW,
Ixepenom eHeprii ana ixHboro pyxy € ATO Touo.

5. Po3mHoxeHHsA HecTaTeBe (BiHAPHUI NOAIN, MHOXUHHUIA NOAIN, pparmeHTalis i
OpPYHbKYBaHHA).

6. KueneHHA xemMmoOaBTOTpodHe 1 xemoreTepoTpodHe 3 BUKOPUCTAHHAM Halpis-
HOMAHITHILINX AXXepen eHepril: CBiTNa, OpPraHiuYHMX CNosyK, aMOHiaKy, MOHIB
MeTanis, BOAHIO Ta iH. ApxeAM MpuTaMaHHi YHiKanbHi mMeTaboniuHi npouecu:
6aKTepiopoaoONCUHOBUN GOTOCUHTES | MeTareHes.

OTe, apxei € CamOoCTIHAM AOMEHOM »KMBOI NPUPOAN i BiAPI3HAIOTbLCA Bif
6aKTepil  eyKapioTiB HN3KOK O3HAK Ha MONeKyNAPHOMY PiBHi opraHisauii.

Aki oco6nuBi npouecn metabonismy xapakTepHi ana apxen?

Ha nouaTkoBux eTanax po3BUTKY XKUTTA apxel 6ynv AOMiHyloUnMn Gopmamu XnT-
TA i BigirpaBanu Beyyy ponb y 6ionoriyHin mirpauii enemeHTis. Y Ti yacn ocobnuse
3HayeHHA Manun npouecn OTPUMaHHA eHeprii 3a YMOB BMCOKOIro BMICTYy MOJeKynsap-
HOro BOAHIO 1 BiICYTHOCTi KMCHIO Ta OpraHiuyHnx pevosuH. Lli npouecn 36epernucs B
apxen fo TenepiHbOro yacy.

MeTareHes - npouyec ompumMaHHsa eHepeii' y 6e3KuUCHe8UX yMO8AX 3 ymMmeOopPeHHAM
memaHy. Cepef, MeTaHOreHHUX apxel € aBTOTpodHI BUAW, AKi 3aaTHi fo dikcauii Byr-
NEeKNCNoro rasy,  retepoTpodHi BUAK, AKI NPOAYKYIOTb MeTaH 3aBAAKMN 34aTHOCTI 0
MeTaHOBOro 6pofiHHA. ABTOTPOdHNM apxesM-MeTaHOreHaM AJ1A KUTTA LOCTaTHbO
BOZHIO, BYINIEKNCJIOrO rasy 1l BOAW. YHiKanbHa B »KMBOMY CBITi peakLif CMHTe3y MeTa-
HY CNYTyeE ONA HUX GXKepenoM eHepril ANA CMHTe3y BAaCHUX OPraHiYHUX CronykK:

CO,+4H,—>CH,+2H O +E

Li ictoT MmoXKyTb BMXMBaTK HaBiTb B ymoBax Mapcy un BeHnepu. bansbko 1,5 %
KapboHy, wo 6epe yyactb y biochepHoMy Kpyroobiry, NpoxXoauTb Yepes cTafito Me-
TaHy 3a yyacTi MeTaHOreHHUX apxell. YTBOPEHHA MeTaHy BilOyBaeTbCA Ha AHI MOpiB
1 npicHUX BofoWM, Y 6onoTax, FpyHTax TYHAPY 1 prcoBUX NoniB. MeTaHOreHu € BHY-
TPILWHBbOKNITUHHUMN CUMBIOHTaMV AeAKUX TBAPUHOMOAIOHMX OpraHi3MiB, BXOAATb
[0 CKNagy KMLKOBOI MiKpopriopu, TePMITIB, XKYNHMX TBapWH, NPUMaTIB 1 IIOAUHMN.

BaktepiopogoncnHoBuil $pOTOCUHTE3 BiOKPUTUA Y CONENOOHUX apxeii-rano-
oinis, AKi matoTb dioneToBUI CBITNOUYTNMBUIA NirMeHT — HGakTepiopogoncuH. fano-
binv icHyOTb 3aBAAKM BUKOPUCTAHHIO OPraHiuYHUX CMONYK, BOHW MOXYTb POCTU 3a
HaABHOCTI KMUCHIO 1 6€3 Hboro. 3a BifCYTHOCTI KUCHIO 1 HaABHOCTI ACKPaBOro CBiTna
B HUX YTBOPIOKTbCA NypnypoBi GpoTomeMOpaHu, WO MiCTATb MirMeHT, NodibHUN JO
NIOACbKOro POAOMCMHY. 3a yUacTi LbOro NirMeHTy eHepria CBiT/ia NepeTBOPIETLCA B
38 eHeprito AT, Lo gonomarae im nepexxnTn nepiogn Hectaui KMCH0. NanodinbHi apxei
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€ OCHOBOI €KOCUCTEM 3 eKCTpeMaNnbHMMK YMOBaMM XUTTA. Tak, y Bogax MepTsoro
Mops B CKnagi 6akTepianbHUx maTiB BMABNeHO 20 BUAiB conentobHux apxen. Tam ixHs
KiNbKiCTb JOCATa€ EeCATKIB MiJIbMOHIB KNITUH Ha 1 mi.

OTxe, apxel y Hal yac nocigatoTb y 6iochepi cBOepigHe Micue, 3aicHIO0-
yn MeTaboniyHi NpoLecn B yMOBax, HEAOCTYMHUX AJ1s iHLWWX OpraHi3mMiB.

[e nowwmpeHi apxei?

Apxei nowmnpeHi NOBCIOAHO — Bif FigpoTepManbHNX AxXeper, KpaTepiB BY/IKaHIB,
" gHa lMiBHiYHOro J/IboJOBUTOrO OKeaHy A0 TPaBHOI CUCTEMU NIIOAMHN 1 TepMiTiB. Ha
CbOrofHi onucaHo Bxe noHag 50 BnAiB apxeis, afanToBaHUX 40 HANPIZHOMAHITHILINX
YMOB. 3a OLiHKaMV BUEHMX, apxei y cyyacHin 6iocdepi ctaHoBNATL 6nM3bKo 20 % Bif
i 3aranbHoT 6iomacwu (is1. 17).

Bigomo, Wwo cepep apxeli € BenvKa KinbKicTb BUfiB-ekcTpemodinis, AKi XKMBYTb
3a y»Ke BUCOKUX TemnepaTyp, yacTo Buule Big 100 °C, AK Ti, KOTPUX 3HAWLLK B rense-
pax i YopHUX Kypusax (Tak 3BaHi apxei-tepmodinm). [HWMX BUABNEHO B Haf3BNYaNHO
conoHomy (apxei-ranodinu), Kucnomy (apxei-aungodinm) abo nyxHomy (apxei-anka-
nodinu) cepeposuLyi. Tak, apxena niponobyc (Pyrolobus fumarii) xvee 6ins NigBogHUX
rigpotepmanbHuUX gxkepen, Temnepartypa Boam Akux +106 °Ci pH 5,5. Buxkntu 3a Takux
YMOB BOHU MOXYTb 3aBAsK/ 0COONMMBOCTAM KNITUHHUX MeMbpaH Ta BeNWKIil KinbKo-
CTi HYKNEOTUAHMX Nap ryaHiH — LUTO3MH, CNOJTyYeHUX TPbOMa BOAHEBUMU 3B A3KaMU.
LLle ogHa apxea memaHonipyc (Methanopyrus kandleri) icHye 3a Temnepatypu +122 °C.
Apxea mepmokokyc (Thermococcus gammatolerans) BuTpMye BNAMB pagiadii, o
nepeBuLLyE neTanbHy o3y ana niogunHn B 3 000 pasis.

Cepep apxeln € 1 sudu-me3o@inu, AKi XNBYTb 3a 3BUYANHNX YMOB BOLHOIO UK
IpyHTOBOrO cepepoBuiLa. barato apxeis € cumbiompogHumu sudamu pisHNX opra-
Hi3MmiB. Tak, MyTyanicTU4Hi MeTaHOreHHi apxei 6epyTb yuyacTb Y po3LensieHHi Lento-
NO3K1 B KULWEYHNKY TepMITiB Ta XynHMUX TBapuH. ONncaHo BMAK apxen-KomeHcanis,
AKi >KMBYTb Ha WKIpi, y TPaBHIn cMcTemi niognHu.

In. 17. MNpepacTtaBHKKM apxelt: 1 — nipokoKyc (Pyrococcus furiosus) — € pxepenom GpepmeHTiB
y 6ioTexHonorii; 2 — meTaHObpeBi6akTep (Methanobrevibacter smithii) 3 KNLWEYHNKY NIOAVHY;
3 — deponnasma (Ferroplasma acidophilum), aka npoxmBae 3a pH 0;

4 — TePMOKOKYC, Aika BUTPUMYE BeNuKi 031 pagiauil

OTKe, apxei MOWNpPEeHi CKPi3b i 3aMMatoTb €KOMOTiYHI HiLui,
WO € BaXKKOAOCTYMHMMW ANA iHWNX OpraHi3MmiB.

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae
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AIAJIbHICTb O3Haka Oco6nmBocTi
. 4 Camocriitna po6ora 3 Tabnuyeto MosepxHesnit anapar
. - . Lntonnasma
Ha3BiTb ocobnuBocTi OynoBM W >KUTTE- "
) . N ! Hykneoig
BiANbHOCTI apxell Ta 3anoBHiTb Yy pobouyomy KnBnenHn
3ownTi Tabnuuo «OcobnuMBOCTi opraHizauil [nxaHns
Ta ¢yHKUiOHYBaHHA apxen». Lo € npuunHoto Pyx
ocobnumBocTeli opraHisauii apxein? PO3MHOKEHHS
CnopoyTBOpEeHHs

bionorisa + Ximia. MetaHoBe 6poaiHHA

MertaH (CH,) — ue ra3 6e3 konbopy 1 3ana-
Xy, MarlOpPO3UYMHHWIA Y BOZ, ane fJobpe po3unH-
HUI B OPraHiYHUX PO3UMHHUKAX; Maike BABIYi
nerwunin 3a nositpa (in. 18). Y npupogdi metaH
YTBOPIOETbCA BHACNIfOK THUTTA POCINHHUX
peLwTok 6e3 fOoCTyny NOBITPA, po3Knagy Kam's-
HOro ByrinnAa nig 3emnelo. 3BigcM nNoxopauTb
noro Ha3sBa 6010THUN, abo PygHUKOBWIA, ras.
MeTaH € ocHoBOlO 6iorasy, Wo MOro oTpumy-
l0Tb 3aBASKM MeTaHOBOMY G6popiHHIo. LLlo Take 6ioras i MeTaHOBe 6pOAiHHA?

CTABJIEHHA

In. 18. KynectepxHesa (1), maclutabHa
(2) mozenb Mmonekynu meTaHy

bionoria + Midonoria. Knacudikauia apxei

Y pomeHi Apxei BMOKPEMNIOWTb YyXe
13 TuniB, cepepn AKUX HaMbINbW JoCnigKeHU-
Mn € KpeHapxeotu Ta EBpiapxeotun. ¥ 2015 p.
BuaineHo Tin Jlokiapxeotu (3a iMeHeM CKaH-
OWHaBcbKoro 6ora JIoki) 3 npepcTaBHUKamu,
o X BBakaloTb nepexigHUmyn Gopmamm Mmix
npokapiotamu n eykapiotamu. ¥ 2016 p. 6ys
OMMCaHUN LWe oauH Tun apxen — TopapxeoTun

e~
'E Ha yecTb 6ora Topa. |, HapewrTi, y 2017 p. onu-
E caHo Tunu lenmpanbapxeotn n OfiHapxeoTu (Ha YecTb 6oriB fenmaana 1 OgiHa). Lo
% Lie 3a CKaHJMHaBCbKi 60rn? ki 0co6nMBOCTI BUPI3HAIOTL rPynu apxei Mixk coboio 1
I . .
™ CnyryoTb 03HakaMu Ansa Knacudikauii apxen?
[a
o
L2 PE3YJIbTAT
©
=
[
= 3aBAaHHA ANA CAMOKOHTPOJIO
1. XTo Taki apxei? 2. HaBepgitTb npuknagn apxen. 3. LLlo Take meTareHes? 4. Lo Take
1-6 |b6akTepiopogoncnmHoBuii poTocnHTE3? 5. XTO Taki apxei-ekcTpemodinn? 6. Haeegitb
npuknagy cumbiosy cepep apxeil.
7.9 7. AIki 0cobNMBOCTI Bigpi3HATL apxel Big 6akTepilt Ta eykapioTis? 8. Aki ocobnusi
npouecu metaboniamy xapaktepHi ana apxein? 9. [le nowmpeHi apxei?
10-12 | 10. OuiHiTb 3HaUeHHA apxeln ansa icHyBaHHA 6iocdhepu.
40
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3emna — nnaHema 6akmepidi.
Kpetz Benmep

§ 10. MPOKAPIOTUYHI OPTAHI3MW: BAKTEPII

OCHOBHi NOHATTA i KnoyoBi Tepminn: BAKTEPII. lopuzoHTanbHe nepe-
HeCeHHS reHiB.

MpuraganTte! XT10 Taki npokapiotn?

HoBuvHn Haykn

Y 3pa3kax BOAW 1 'PYHTY, B3ATUX Ha TepUTO-
pii 3aBoay 3 NepepobKM NNacTMKOBUX MAALLOK, Byno
3HangeHo baKTepii HeBiJOMOro paHille BUAYy ideoHe-
na (Ideonella sakaiensis). Lli 6akTepii gna cBoro *ume-
NeHHA BUKOPWCTOBYIOTb NIaCcTWK, PO3Knagatymn noro
Ha 6e3neyHi AnA NpUpPoAM KOMMOHeHTU. HaykoBui
nigpaxyeanu, wo 6akTepii 3gaTHi po3knacTu nnac-
TMKOBUI NaKeT i3 HaMOLWWPEHIWOro NnacTuky nonietuneHtepedtanaty BCboro 3a 6
TUXKHIB. TaKy BNacTuBiCTb GaKTepii pO3BMHYNM YNPOAOBX OCTaHHbOIO AECATUNITTA —
Le iXHA BigNoBifb Ha BeNMKY KiNbKiCTb >Ki HOBOro Tmny. AK 3a3HavatoTb Mikpobionoru,
6aKTepii MalTb Bpa<atouy 34aTHICTb alanTyBaTUCA [0 HAaBKOJMILHBbOIO cepefoBULLa.

3MICT

Yum 6akTepii BigpisHaTbLCA Big apxei?

BAKTEPII (Bacteria) - npokapiomuyHi 0dHOKAIMUHHI MikpoopaaHizmu. Y npoLie-
ci eBonoUii 6aKTepii aganTyBanncb [0 XKUTTA Y I'PYHTI, BOAI, NOBITPI, Ha NOBEPXHi 1
BCEPEeAUHI XMBUX opraHiamiB. OCHOBHMMYM rpynamu OakTepili € cnipoxeTu, NpoTo-
6aKTepil, akTMHObGaKTepii, Mikonnasmu Ta iH. bakTepil € HanuMcNeHHIWKYMKN N Hali-
MOLMPEHIWMM OpraHi3aMamMmn HaLWoT NiaHeTn. Y HUX NpocTa 6yaoBa KNiTWHU, BUCOKI
TEMMY PO3MHOXEHHS, BEMKa Pi3HOMAHITHICTb TMNIB 1 CNOCO6IB XUBMEHHA, BUCOKA
MiHNMBICTb 3aBAAKN MOOINbHUM FeHeTUYHMM eNeMeHTaM Ta FopPU3oHTaNIbHOMY ne-
PEeHEeCeHH!I0 reHiB, HaABHICTb MeXaHi3MiB 3aX1CTYy Bif BipyCiB, BOHN MatoTb 34aTHICTb
BMajaTti B aHabio3 1 yTBOPOBATM CNOPUW Af1 BUTPUMMYBAHHA HECMIPUATIINBMX YMOB.
Ha cyuacHomy eTani BigbyBa€eTbCA nepeBaxkHo GioxiMiuHa eBOJIOLiA, 3aBAAKN YOMY
BOHU MOXYTb OMaHOBYBaTV HOBi €KOJIOTiUHI Hilli, BUpobnaoun HoBi dbepmeHTH ana
3aCBOEHHA HOBUX MOKNUBHUX PEYOBUH.

Y cyuacHin cuctemi opraHiuyHoro cBiTy Wi opraHiamu o6’egHaHo B floMmeH bakTepii.
AKi X Hali3aranbHili ocobnnBOCTI OY[0BY Ta XKUTTERIANBHOCTI 6aKTepil Bigpi3HAIOTL
X Big apxen?
1. KnimuHHa o60s0HKa 6GakTepianbHuX 1 =TPamHeratiBHa | Jlinononi- 2 ™ FPaMNO3NTMBHA

KNiTUH MiCTUTb nentugornikaH (mype- RMMM&“W ;?;?:ﬂ:

iH), wo YTBOPIOE XOPCTKY peLwliTky ans W nehmzzfj:‘;au %

3axch¥ 1 onopw, 6epe .aKTI/IBHy y‘-IaCTF; .

B OOMiHi pPEUOBUH, POCTi, PO3MHOMEHHI. MWW HA MEMOPaHa Sy

3a ocobnuBocTAMY 6YAOBU KNITUHHOT . .

. . In. 19. Cxema 6ynoBU KNITUHHOI
CTiIHKM 6aKTepii NofinAlTb Ha rpamHe- OBONOHKM FPaMHEraTMBHIX (1)
raTVBHi Ta rpaMno3nTuBHi (is. 19). Ta rpPamMno3NTMBHYX (2) GakTepilt

§ 10. MNpokapioTnuHi opraHiamu: 6akTepil
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2. OcHOBOIO K/IIMUHHUX MembpaH b6akTepiin € aBa wapu docdoninigis i pisHoma-
HiTHI 33 ¢yHKUiAMKN BinkoBi monekynu. [lyxe BaxnuBuMun Ana 6akTepin € Taki
bYHKLUiT MembpaH, AK TpaHCNOPTYBaHHS PEUYOBUH, MEPETBOPEHHS eHepril, CUH-
Te3 PeyoBUH, WO BifOYBaOTLCA 3a YYaCTi BHYTPIWHbOKNITUHHMX BAMHaHb ($poTo-
MeMbpaH, Me3ocom).

3. [Ona 6GakTepii xapakTepHa HaA3BMYalHA Pi3HOMAHITHICTb TUNIB XKUBJIEHHSA:
¢omoasmompogpHuli (UiaHobakTepil), xemoasmompogHuli (3anizobakTepil,
cipkobakTepii), pomozemepompogpHuli (NypnypHi 6akTepii), xemozemepompod-
Hul (canpoTpodHi bakTepil).

4. [eHu 6aKTepianbHOI KNITUHW CKNagaloTbcA i3 6e3nepepBHOi KoAdyBasibHOT
NOCNiJOBHOCTI HyKneoTuaiB. Moginy Ha IHTPOHW N €K30HM HEMAE. XapaKTePHOIO
03HaKol0 H6aKTepiil € HAABHICTb Y KNITWHI, NOPAL 3 HYKeo oM, HEBEIMKUX aBTO-
HOMHWX Nna3smig.

5. YHikanbHUMuy ans 6akTepi npouecaMm XUTTELIANbHOCTI € 6inbLlwicTb TUNIB 6po-
HiHHs, dikcauia a3oTy, 6akTepioxnopodinbHM 6e3KUCHEBNIA GOTOCUHTES Ta iH.

6. Y 6aratbox 6akTepiil BifOyBa€ETbCA YTBOPEHHA CNOp ANA iCHYBaHHA 3a HECNPUAT-
NBUX YMOB, AeAKi 3AaTHI A0 IHUMCTYBaHHA ANA 3aXUCTY 1 NOLWKPEHHSA.

OTxe, 6aKTepii MalOTb HU3KY BiAMIHHOCTEN 6yHOBU N XUTTERIANBHOCTI,
O CTasI0 OCHOBOW ANA IXHbOro BUOKpemneHHA B gomeH BAKTEPII.

AKi cnoco6u po3mMHOKeHHs Ta 06MiHY cnagkoBoto iHpopmauielo y 6akrepin?

HaluacTiwe y 6akTepiin cnocTepiraeTbca WBUAKNIA 6iHapHuUl nodin, Wwo 3a cnpu-
ATNANBUX YMOB Bifj0yBaeTbcA B Mexax Bif 15 fo 30 xB. PisHoBugom 6iHapHoro noginy
€ bpyHbKyB8aHH:A. Ha ofHOMY 3 MOM0CiB MaTePUHCLKOIT KNITUHW YTBOPIETLCA 6PYHbKa,
AKa 36inbLIYETbCA, @ NOTIM BiLJOKPeMITIOETLCA. Y AesKknx 6akTepil BUABNEHO MHOXUH-
Huti nodin. Momy nepenyoTb penikalis XpOMOCOMN i 36iblUEHHSA KNITUHK, B AKii
Jani BiAOyBa€eTbCs KiflbKa NMOCNiAOBHUX GiHAPHUX MOAINIB 3 YTBOPEHHAM 6araTbox
APIOHUX KNITUH.

CTaTeBOro po3MHOXEHHA Y 6aKTepill HEMA€, OCKINbKN He YTBOPIOIOTLCA raMeTu.
Ane HalironoBHilla NoAis CTaTeBOro BiATBOPEHHSA, a Came 0OMiH reHeTUYHKM MaTepi-
anom, y Hux €. CyTTEBY pOsib Y LibOMY Npoueci Bifjirpa€e ropnsoHTanbHe nepeHeceHHA
reHiB Mi>k opraHiamamm pisH1X Bugis.

lopu3oHTanbHe NnepeHeceHHA reHiB — npouyec, Niod Yac AK020 Op2aHi3M nepedde
2eHemuyHUU Mamepian iHWoMy opeaHiamy, AKul He € toeo Haujaokom. Cepepi apxei
Ta GaKTepili ropn3oHTaNbHe NepPeHEeCeHHA TMeHiB € AOCUTb 3BUYANHUM HaBiTb MiX
BigAaneHnmn BmaaMn. 3aBAAKN LibOMY ABULLY B
JoAfepHUX opraHiamiB 3abe3neuyoTbcss KOMOI-
HaTMBHa MIHAMBICTb | 34aTHICTb MPUCTOCOBYBa-
TUCA A0 YMOB AOBKINAA. ICHYIOTb TpW 3aranbHi
MEXaHi3MN rOPU3OHTaNIbHOTO MepeHeceHHsA re-
HiB: TpaHcdopmaLlia, TpaHCAyKLUia ” KoH'lorauis
(in. 20). Tpancpopmauyisa (Big nar. transformatio —
NnepeTBOPEHHA) — nepedaya 2eHemMu4yHO20 Mad-
mepiasny MiX KaAimuHamu 3a y4acmi i3071608aHor
JHK. Mpn TpaHcdopmalii He noTtpibeH 6e3no-

Tema 1. BIOPI3HOMAHITTA

In. 20. MexaHi3mun ropusoHTanbHOro
nepeHeceHHs reHie: 1 — TpaHchopma-
42 CepeﬂHII/I KOHTAKT MK KﬂlTVlHOlO'AOHOpOM | Lliﬂl 2 - TpchﬂyKLliﬂ; 3- KOH’lOraU,iﬂ
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KniTuHot-peymnieHTom. TpaHcdykyia (Big nat. transductio — nepemilleHHs) — nepe-
0aya eeHeMu4YH020 Mamepiasy 8i0 0OHIET KNiMUHU iHWIld 3a donomMozoto gipycis. fiBuiye
TpaHCAyKLUii BigKpuTe ameprikaHcbKMK BUeHUMM [. Jlegepbeprom i H. LinHgepom
we y 1952 p. KoH’to2ayis (sig nat. conjugatio — NoEAHaHHA) — nepedayd 2eHemu4Ho20
mamepiasy 8i0 KIimuHU-00HOPA y KAiMUHi-peyunieHmosi npu 6e3nocepeoHbOMY KOH-
makmi knimuH. HeobxiiHO YMOBOI KOH'torauii € HaABHICTb Y KNiTUHI Nnasmigu.

OTXe, pO3MHOXKeEHHA apxel Ta b6akTepil BinbyBaEeTbCA HeCTaTeBO,
a BU3HAYa/lbHMM NPOLLECOM KOMOIHAaTUBHOI MiHIMBOCTI
€ rOPUN30OHTaNIbHE MEePEHECEHHS reHiB.

Ak 6akTepii B3aemogiloTb Mi>k c06010 Ta 3 iHWMMM opraHismammn?

Yacto 6akTepii «cniBnpauoTb», dopMytoun 6ionniBKM Ta 3MiHIO0YM LWBNUS-
KiCTb POCTY 3aBAAKM «BifuyTTIO KBOPYMY». Lli B3BaEMUHM MOXKYTb Oy TIW iCTOTHUMUN ANnA
3pOCTaHHsA BCi€i rpynu opraHi3mis. bionniBku (6iodinbmun) — cninbHul cauzosuti wap
i3 3aHYpeHUMU 8 Hb020 KOJIOHIAMU 6akmepil. BionniBKM 3axmLialoTb X Big HecnpuAT-
NNBMX YMOB CEPELOBMLLA, a TaKOXK 3abe3mneuytoTb YMOBU AS1A 06MiHY MiXK OKpeMrMm
KNiTUHaMWN NOXMBHUMYK pevoBrHamu, AHK, depmeHTamun, npogyKTaMm XUTTERIANb-
HocTi Towo. bionniBkn yTBOPIOIOTL CNiNbHe cTabinbHe cepefoBULLe iCHYBaHHA Gak-
Tepin, 3aBAAKM YOMY OCTaHHi MOXYTb BUXKMBATW B AyXKe Ba)KMX i ManonpuaaTtHuUX
[N iHWKUX opraHi3miB ymoBax. [lepebyBatoun B yrpyrnoBaHHsX, 6akTepii cniskytomsca
i KoOOpOUHYtOMb CB80I NOBEDIHKY 3a80AKU Cekpeuil MoneKyIapHUX cuzHanis. Lle ssuwe
HA3MBAETbCA «BiAUYTTAM KBOpyMy». [loro Brneple cnoctepiranu y 6ioniomiHeu-
ceHTHoOI 6akTepii (Vibrio fischeri), wWo *nBe AK CUMOIOHT Y CBITNOBUX OpraHax-poTodo-
pax O4HOrO 3 BUAIB raBaliCbKMX Kanbmapis.

B3aemo3B's3KM MiXK 6aKTepiaMU 1 iHWMYK OpraHi3amamm MoXyTb 6y TV CUMGiOTUY-
HUMW Ta aHTMGIOTUYHMMM. [TPUTaJAEMO, L0 HANMOLWMNPEHILLIUMU BUAAMU CUMOBIO3y €
Mymyaniam, KOMeHcaniam, napasumusm. Nprvknagamm MyTyaniCTU4HMUX B3aEMOBIA-
HOCWH y GaKTepiii €: a) BiAHOCUMHN MiX BOLHEBMMMN aHAaepOOHMMMK BakTepiamM, AKi
CMOXMBaKTb OpPraHiyHi KNCNOTU i BUAINATb H, Ta MeTaHOreHHUMK apxeamu, AKi
Moro crnoxuBatoTb; 6) cniBicHyBaHHA GynbboukoBMX GakTepin i KopeHiB 6060BUX
pocnuH (6akTepiopu3sa); B) cniBiCHyBaHHA 3 OpraHi3aMoOM JIOAVHW MOMOYHOKUCIINX
6akTepiit. MprMKNagoM KOMeHCaniamy MoXyTb OyTu BiZHOCMHW opraHiamy noAnHU
3 6idigobakTepiamMK 1 KMNLWIKOBOW Nanuykoto. Mprknagom napasntusamMy € criBicHy-
BaHHA XBOPOOOTBOPHUX HGAKTEPIN (Y4yMHA MannyKa, XONepHUn BibPioH, 30N10TUCTMI
cTadinokok, TybepKynbo3Ha Nannyka) 3 OpraHiaMoMm JIOANHN YN TBAPVIH.

AHMU6I03 — Lie B3aEMOBIZHOCUHN, 33 AKMX CNOCTEPIra€TbCA NPUrHiYEeHHS PO3BUT-
Ky abo MOBHe BifMUpPaHHA OAHWX BUAIB MNif Ai€0 NPOAYKTIB 0O6MiHY, WO X YTBOPIOE
iHWWi BUA. HanyacTiwe ui npoAyKTy Ha3nBaTb aHTUbioTMKamu. Tak, Jlyi MNMacTep we
B 1877 p. onncaB KOHKYpeHLito GaKTepill r'pyHTY i 6akTepii-30yaHVKIB c1bipcbKoT
BUpa3Kku. € cepep 6akTepi i cnpaBXHi xvxaku. [Jo HUX HanexaTb 6[1e/10BiOpioHN,
TepatobakTepu, ANKTiOOaKTepu Ta iH.

OTXe, B3aEMOBIAHOCUHN MiXK 6aKTepiAMM Ta opraHiamamm
B Pi3HMX YrpynoBaHHAX € CKNAAHUMW, ANHAMIYHUMMK N TaKUMU,
Lo 3aneaTb Big 3MiH YMOB cepefoBULLa.

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae
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BIANBbHICTb

x/‘ CamocrTiiiHa po6oTa 3 Tabnuueio

3a gonomorot Tabnuui Ha KOHKPETHMX NPUKNagax (ranokBagpaTtyM i KMLIKOBa
nanuyka) nopisHANTe apxel Ta baktepin. ChopmynioliTe BACHOBOK NPO NPUUYMNHM NO-
JiGHOCTI Ta BiAMiIHHOCTEN.

Os3Haka Apxei BbakTepii
KinbkicTb BUAiB
KnitHHa o6onoHkKa
KnituHHi membpaxun
MnBneHHA
Ocob6n1BOCTi FeHOMy
YTBOpEHHA cnop

e

bionoria + MaremaTuka. Po3MHOXeHHsA 6aKTepiii

PosrnaHbTe cuTyauilo, Konn ofHa MpoKapioTMYHa KJiTMHa nepebyBae B ONTW-
ManbHUX YMOBaXx i1 6e3 nepeLko po3MHOXKY€ETbCA. CKiNbKy KNiTUH 6yfe B MofeNbHil
nonynAuii yuepes 10 NOKONiHb, AKLO NOAIN KNITUH BiAOYBaeTbCA WOKOXHI 20 xB? 3a-
NOBHITb Tabnumuo i nobyayTe rpadik pocty nonynaAuii (Ha ropM3oHTaNbHIN Bici — vac,
Ha BEPTUKANbHIN — KiNbKICTb KITWH). 3annwWiTb MaTeMaTUUHWIA BMpPA3, Wo Bigobpa-
»a€ 3aKOHOMIpPHICTb POCTY nonynAuii.

Yac, xB 0 20 40 60 80 100 | 120 | 140 | 160 | 180 | 200
Kinbkictb
6aKTepin

CTABJIEHHA

Bionoria + MeguuuHa. MpoekT «Mikpo6iom nioguHn»

3aBaAku npoekTy «Mikpobiom nAMHU» CKna-
OEHO CMMCOK KOPUCHMX 6akTepii, WO iCHYOTb B
opraHi3mi nogrHu. 3 Lboro Cnrucky Brokpemumo 6idi-
pnobakrtepii (Bifidobacterium longum) Ta naktobakrepii
(Lactobacillus Johnsonii). ilka KopucTb UMX GakTepil
ANA OpraHismy nioguHu?

e~
'_
':—_: PE3YJIbTAT
<
=
% 3aBAaHHA ANA CAMOKOHTPOJIIO
o 1. XTo Taki apxei? 2. HaBepiTb npriknaau apxei. 3. Ha3BiTb cnocobu po3MHOMXeHHs
% 1-6 npokapioTis. 4. LLlo Take ropm3oHTanbHe nepeHeceHHs reHis? 5. LLlo Take 6ionnis-
- Kun? 6. HaBegitb npuknagm cmbiosy Ta aHTN6io3y Mixk 6aKTepiamu 1 iHWKMMK opra-
2 Hizsmamu.
© 7. flKi 0ocobnmMBOCTI BiAPi3HAITL apxeii Bif 6akTepili Ta eykapioTis? 8. Ha3BiTb cro-

7-9 |cobu po3MHOXEHHA Ta 06MiHY cnagkoBoto iHhopmalLi€to y 6akTepiit. 9. Ik 6bakTepii

B3aEMOJiI0Tb MiX COOOI0 Ta 3 iHWNMYK OpraHiamamm?
10-12 | 10. OuiHiTb NO3UTUBHE I HEraTMBHE 3HAYEHHs BAKTEpIl ANA opraHiamy NoAVHN.
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[Tosiea eykapiomie € Opy20t0 30 3HAYEHHAM
(nicns 3apo0XeHHs camoezo XXumms) noodieto 6ios102i4HOI egostoyji.
B. MapmiH, M. Paccen

§ 11. EYKAPIOTHU

OcHOBHi NOHATTA 1 Knio4oBi TepmiHn: EYKAPIOTIU. Cucrema eykapiotny-
HUX OpraHismiB.

MpurapanTte! X1o Taki eykapiotn?

HoBuHMN HayKn

HewonaBHO Ha rnMbMHI 651M3bKO 3 KM Henopa-
niK Bif rigpoTepmanbHOro Kypus «3amok Jloki» BigKpuTo
HOBUM TUMN apxeln, Ha3BaHUX Ha YeCTb CKaHAWHABCbKOro
6ora 6elukeTy 1 o6maHy. Y reHomi Lokiarchaeum € nogi6Hi
[l0 eyKapioTUYHYX reHw, Lo KoayoTb 6inku, BignosiganbHi
3a 3MiHY GOpMU KNITUHK, BE3VKYNAPHE TPaHCMOPTYBaH-
HA, BIANbHICTb UMTOCKeNeTa Towo. TakMMm YMHOM, NoKiap-
XeoTn BUABWUINCA HaMbinbw BiporigHMMK KaHaugaTaMu
Ha ponb NpefKiB eyKapioTUYHNX OPraHi3mis.

3MICT

AKi 03HaKM eyKapioTiB Bigpi3HAIOTDb iX Big apxen Ta 6akTepin?
EYKAPIOTM (Big rpeu. ey — nobpe, kKapioH — A8po) — 00MeH 00HOKIMUHHUX, KOJ10-

HianbHUX | 6@eamoKIiMUHHUX Op2dHi3Mis, W0 Xapakmepusyromsca Haa8HicmMio A0pa

ma membpaHHux opzaHes. Lle Hapi3HOMaHiTHiWa rpyna opraHiamis, Aka JOMIHY€E B

6iNbLIOCTI CyYacHNX eKOCKCTEM, 3a BUHATKOM aHaepo6HUX 30H. 3aranbHMK O3HaKa-

MU eyKapioTiB €:

+  HaasHicmb A0pa " JOCKOHanNIWOoI cuctemu perynsuii reHomy. Lintonnasma i3 npo-
Llecamy aKTUBHOTO MeTabosi3My BifjoKpeMunach Bifi OiNsAHKN 30epexxeHHs 1 ne-
penucyBaHHsA CNafikoBoi iHbopMmaLii. 3aBAAKY LbOMY pi3Ko 3pociia afanTuBHICTb
eyKapioTiB ;O 3MiHHNX YMOB CcepefoBuLLa 6€3 BHECEHHA CMAZKOBYX 3MiH Y FeHOM;

«  HAABHICMb XpPOMOCOM, WO CKNAfaTbCA 3 NiHiNHOI Makpomonekynu JHK Ta 6in-
KiB-TiCTOHIB. 3 NOABOIO XPOMOCOM Y eyKapioTiB NOB'A3aHe BUHUKHEHHA CTaTeBO-
ro PO3MHOMEHHSA 3 NOro MOXKMBOCTAMM KOMOiIHaLiIHOT MiHIMBOCTI;

«  MO3diyHUU npuHYyuUn opaaizayii binkosux 2eHigs. BnacHe kopyBanbHa 4acTuHa
TakMX reHiB npepcTaBneHa NOCNiIJOBHICTIO OKPeMMUX «3MiCTOBHUX» LiNAHOK —
€K30HiB, pO3AineHnx «6e33MiCTOBHUMUY» iHTPOHAMU;

« 0sowaposicme KAiMUHHUX MeMbpaH. Y membpa-
Hax po3pi3HATL G6ininiaHMn wap i3 pocdoninigis
i pi3Hi 3a po3TawyBaHHAM 1 GYyHKLiAMMN GinKy;

*  HadAeHicmb oOpeaHes i3 8/dCHUM 2eHemu4yHUM
anapamom — MITOXOHAPI Ta NAacTug, Wo MaioTb
€HAOCUMOIOTNYHE MOXOXKEHHA | MOXKYTb Pi3HUTU-
cs bygoBoto;

«  CKJIAOHA CMPYKmMypa 0x2ymukis, y AKNX BUOKPEM-
NOOTb  aKCOHeMy (ABi LeHTpanbHi MiKpoTopy-
6OuKYM | AeB'ATb Nap MOB'A3aHMX MiKpoTpy6oyok 1. 21. Tonepeyunnii po3pis
«9+2»), a TakoXX MempaHy (i. 21). €YKaPIOTUHIX JKTYTUKIB 45
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+  HasgHicmb eHOOUUMO3Yy — TPAHCMOPTYBAHHA PEUYOBUH Y KNITUHY 3 YTBOPEHHAM
MeMOpaHHUX MiXypLiB — Be3uKy. XapakTepHuid Ana KniTuH, no36asneHnx Ki-
TUHHOT 0O0NOHKMU;

«  CKNaoHiwi peakyil ma npoyecu XummeoifibHOCMI, AK-TO NMPOLLECUHT, KPOCUHTO-
Bep, MiTO3 1 Melo3 Ta iH.

OTXXe, 0O eyKapioTiB BifHOCATb OpraHiamMu 3i CKnagHiLow0
OopraHi3aui€lo KNiTUH i NpoueciB XKUTTEQIANBHOCTI.

AKi ocHOBHI eTanu NoxoA»<eHHA eyKapioTiB?

Eykapiotn BuHuknu 1,5 — 2,0 mapa pokis Tomy
i MalTb MOHO®INEeTUYHE MOXOMPKEHHS Bif AKOICb
rpynu opraismis. Ha nouatky 2012 p. C. Yxao i3
cniBaBTOpamM MOBIAOMUAN NPO BIAKPUTTA MOXKNN-
BOrO 3arafibHOro npepkKa eykapioTis. Hum Buasmaca

MOPCbKUA OOHOKNITUHHUI OXKITYTUKOHOCELb KOMO- / /’/
avktioH (Collodictyon triciliatum) (in. 22). OpHak ue A
BiAKPUTTA He [a€ BignoBidi Woao BUTOKIB MOXO- B !
[XeHHA fomeHy EykapioTtn. In. 22. KonopikTioH i3
MopiBHAHHA 6ygoBu JHK i1 opraHisauii reHomy — 3axomnieHot KOJOHI€EID 3eneHnx
CBiAUMTb MPO Te, WO eyKapioTy 3HauYHO GMXKYi Ao BOAOpOCTEIA

apxemn, aHix fo 6akTepin. Lle nigTBepaKyt0Tb Taki 03HaKK, AK HaABHICTb GinKiB-ricTo-

HiB Y reHOMI, NepepBHa opraHisalia CTPYKTYPHUX FeHiB, CBITIOUYTAUBMIA GiNOK po-

JOMNCUH Ta iH. Ane y CTPYKTYpi eyKapioTUYHOT KNiTUHW € N O3HaKM GakTepianbHUX

opraHi3mis. Le kinbuesa JHK, pubocommn 70S, nepeBaxaHHA docdoninigis y memo-

paHax ToLo.
CuHTeTYHa TeopiA MOXOJKEHHA eyKapioTiB chopmMyBanaca Ha nouyaTky

XXI cT. Ha OCHOBI CMHTE3Y aBMo2eHeMUYHOT 2inome3u NOXOAXKEHHA AAPa Ta BiNbLIOCTI

OfHOMEMOPAHHYMX KIITUHHUX OPraHen, a TakoX eHooCUMbBiomuy4Hoi 2inome3u Noxo-

[XKEeHHA MITOXOHAPIN Ta NNacTuA. AKi »K OCHOBHI eTany BUHUKHEHHA eyKapioTiB 3rigHo

i3 ui€to Teopiet?

1. YTBOpEHHA B NPOKapPiOTUUYHOI KNITUHWN BHYTPILLHIX BNYHAaHb KNITUHHOI MeMbpa-
HU, WO NpuBenu Ao yTBOpeHHA Aapa, EMNC, komnnekcy lfonbaxi, TpaBHUX BaKyo-
nen, Ni3ocom.

2. 3aBAAKM ropu3oHTanbHOMY MepeHEeCceHHIo reHiB Y MPUMITUBHIUX eyKapioTiB ¢pop-
MYIOTbCA MIKPOTPYOOUKYM Ta BUHUKAIOTb LIUTOCKENET, IXKIYTUKY, BEPETEHO NOZinNy.

3.  LlWnaxom eHpocMmbio3y eyKapioTUUYHOT KNiTUHK 3 aepobHMMK GakTepiamu op-
MYIOTbCA MITOXOHAPIT 3 AUCKONOAIOHNMY KprCTamu.

4. TonBa eyKkapioTis, y AKMX GOPMYIOTbCA MITOXOHAPIT 3 TPyOUYaCTMMU KprcTaMm Ta
MITOXOHAPII 3 MIAaCTUHYACTUMK KPpUCTaMu.

5. Cumbio3 reTepoTpodHOI eyKapioTMYHOT KNiTUHK i3 LiaHOGaKTepi€to Ta yTBOPEH-
Hs eyKapioTiB 3 ;BOMeMOpPaHHNMY NaacTuaamu, ki OTpUMany Ha3By NepBUHHO-
CUMOBIOTUYHMX. Big LMX opraHi3amiB MoxoAsaTb 3efeHi POC/NHMN.

6. [mBepreHUia retepoTPObHUX KNITUH 3a TUMaMK KMBJIEHHA 3yMOBWUSIA MOABY
eyKapioTiB 3 ocMOTpodHMM (rpubu) Ta eykapioTiB 3 ¢paroTpodHM (TBapUHM)
XKUBNEHHAM.

Tema 1. BIOPI3HOMAHITTA

OTXe, NosABa eyKapioTiB Bigob6paxkae 3aranbHy NporpecmBHy
CnpAMOBaHicTb 6ionoriyHoI eBoNtOLi, WO BTINOETLCA Y 30iNbLIEHHI
46 6iopi3HOMAHITTA Ta MiABULLEHHI CTIMKOCTI Giocnctem.
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Yomy cyuyacHa cuctema eyKapioTUYHMX OpraHiamiB € ¢pinoreHeTn4HOO?

Cuctema eyKapioTUYHUX OpraHisamiB — iepapxiyHa 8nopAOKO8AHA CyKynHicme
2pyn, Wo NOEOHYE eyKapiomuyHi op2aHi3aMu HA OCHOBI KOMnJiekcy Kpumepiig. Bu3Ha-
YanbHUMW KPUTEPiAMM Cy4yacHOi CUCTEMMU eyKapioTiB € MoJsieKynapHo-ginoze-
Hemud4Hul (NoAibGHICTb NOCNIAOBHOCTEN HYKNeOTUAIB Y FeHax, Lo iX obpaHo siK
Mapkepu ¢dinoreHesy) Ta OHOBNEHUI yumosoaiyHul (HanbinbWw iHGOPMATUBHUMY
BBaXKalOTbCA KiNbKICTb Ta pO3TallyBaHHA AXKIyTUKiB, dopma MiTOXOHAPIaNbHUX KPUCT,
CTPYKTYpa LMTOCKeNeTa, BUAM X0pOoMnacTiB 3a 0CO6NMBOCTAMN BUHUKHEHHA). Han-
6iNbLUNA BHECOK Y CTBOPEHHA Cy4acHOi cucTeMu eykapioTis 3poburna rpyna HayKkoB-
uis nig kepisHuuteom C. Eana (in. 23). 3a cyyaCcHMMU YABIEHHAMMN, B MeXaxX fOMEHY
EykapioTu BokpemnioTb rpynu Ekckasatu, [liadpopetnkm ta AMopaoer.

Exckasamu (Bif rpeL. ekc — 30BHiLWHIN, kasa — 60po3Ha) — epyna HaloasHiwux U
HadnpumimugHiwux eykapiomuyHux 0OHOKAIMUHHUX op2aHi3mig. Han3saranbHiwmmm
0O3HaKaMmu €: poToBa 60pPO3Ha, Yepes AKY NOMMNHAETLCA XKa; KiNbKiCTb AXKryTUKIB, AK
npaeuno, 6inblWw HiXK ABa; MITOXOHAPIT cNpoLeHi abo 3 ANCKONOAIOHMN KpucTamu.
[o rpynu EkckaBaTy HanexaTb BiflbHOXKMBYUYi (€BrfieHM), NapasuTUyHi (nenwmanii,
TPUNaHOCOMM) Ta MyTyaniCTUYHI (TpUxoHiMpu) dopmu.

Aiagpopemuku (Big rpeu. diaghopemukoc — pi3HOMaHITHI) — 00HOKIMUHHI, KoJ10-
HianeHi ma 6a2amoKIiMuUHHI 0p2aHi3aMu, 8 AKUX ynpo0O08X XUMMEBO20 YUKJTY € KIi-
muHu 3 08oma Oxeymukamu. Hamsigomiwi npefncraBHuky rpynu: Pocnunnm, 3eneHi
BogopocTi, Mmaykoditosi BogopocTi, YepsoHi BogopocTi, bypi BogopocTi, DopamiHi-
dbepw, Papionapii, CnopoBuku.

Amopdei (Bin rpeu. amopgpeoc — 6e3dopMHi) — 0OHOKAIMUHHI, KONoHianeHi ma 6a-
2aMOKAIMUHHI Op2aHi3mu, 8 AKUX ynpo0O08X XUMMEBO20 YUKITY € amebOoiOHi KimuHu abo
KAimuHU 3 00HUM Ox2ymukom. [1o rpynu Hanexatb TBapuHu, prnbu, yepenallkosi amebu.

3anponoHoBaHa cMcTema Lie He 3aBepLUeHa, afe B Hill BifobpaxeHa cnopigHe-
HICTb OCHOBHMX rpyn eyKapioTiB, WO AoBeAeHa AOCNIAXEHHAMN TXHIX FeHOMIB i Kni-
TUHHOT 6yaoBWU.
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In. 23. CyuacHa cuctema eykapioTis (3a C. Ednom, 2012) 47
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OTXXe, cyyacHa cucTeMa eyKapioTUUYHUX OpraHi3miB €
MONEKYNIAPHO-PINOreHEeTUYHOI, WO KNACUPiIKyE OpraHi3mMn 3a €QHICTIO
NMOXOZMEHHSA, @ He 3a TUMOM XMBJIEHHA abo PiBHIB opraHizauil.

RIANBbHICTb

3 CamocriiiHa po6oTa 3 Tabnuueto OsHaka |MpokapioTu| Eykapiotu
. . . OpraHi3mu
3a ponomoroto Tabnuui NopiBHANTE Npo- .
.. . . [eHeTUUYHUIN
KapioTiB 3 eykapioTamu. 3po6iTb BUCHOBOK maTepian
NpPOo NPUUYNHN NOAIGHOCTI 1 BigMIHHOCTEN. Opravenn
CamocrTiiiHa po6oTa 3 inocTpaui€io Lintockenet
PosnisHalTe Ta 3icTaBTe Ha3Bu CTpykTyp | ERAoLmMTO3
eyKapioTUYHOI KNITUHWM 3 IXHIMW MO3HaYeHHsA- CTPYKTYF’a
MW Ha intocTpadii. MpaBunbHa BiANOBIAHICTb AWYT“K'.B
Mopin KniTuH

JacTb Ha3By MeToAy BM3HAUYeHHA NoCnigoB-
HOCTelN HyKNeoTUAiB y reHoMi opraHi3mis,
o il po3poburB aBOKpaTHUI Naypeat Hobe-
niscbkoi npemii ®@. CeHrep (1918-2013).
CTpyKTypu  eyKapioTUYHOI  KAiTUHMK:
A - miToxoHapii; B1 — mixypeub-Be3nkyna;
B> — rnagka ENGC; E1 — agpo; E2 — wopcTKa
ENG; K - pubocoma; H, - komnnekc fonbaxi;
H, - Bakyons; H, - rianonnasma; C - agepue;
Y - KNiTHHA MemMbpaHa; A - nisocoma.
1 2 3 4 5 6 7 8 9 (10|11 | 12

10 1112 1

CTABJIEHHA

Bionorisa + leomeTpis. 3akoH KBagpaTa-Ky6a

O6’em i NOBEPXHA eyKapioTUYHUX KIITWUH Y AecATKM 1 COTHI pasiB
nepeBuLLyOTb 06'€eMM 11 MAOLLY KNiTWH NPOKapioTiB. A 6inbwnin 06’'em
€YKapioTUYHUX KNITUH, 3rifHO i3 3aKOHaMWN reomeTpil, BUMara€ 3Hau-

E HOro 30iNbLUEHHA MOBEPXHIi IXHIX MeMOpPaH. Y YoMy CyTb 3aKOHY KBa-
I LpaTa-Ky6a, Wwo 6yB ynepLue chopmynboaHuii . fanineem we 1638 p.?
<§t 3acTocyinTe 3HaHHA 3aKOHY | MOACHITb, HOMY eyKapioTUYHI KNITUHWU Ma-
% 0Tb Jo6pe PO3BMHYTI MEMOPaHHI CTPYKTYpWU.
ron !
2 PE3YJIbTAT
©
E) 3aBAaHHA ANA CAMOKOHTPOJIO
1. XT0 TaKi eykapiotn? 2. Ha3BiTb Hal3aranbHilli 03HaKun eykapioTis. 3. Ha3BiTb ri-
1-6 |noTes3u, WO NOACHIOTb NMOXOAXKEHHA eyKapioTis. 4. Big koro noxofgatb eykapiotun?
5. lLlo Take cnctema eykapioTis? 6. Ha3BiTb OCHOBHI rpynu eyKapioTiB.
7. AIKi 03HaKM eyKapioTMYHMX OpraHi3miB Bifpi3HAIOTb iX Bif apxeln Ta 6akTepin?
7-9 | 8. fKi OCHOBHI eTany Noxod»keHHA eykapioTi? 9. YoMy cyuyacHa cuctema eykapio-
TUYHVIX OpraHi3miB € GinoreHeTNYHO?
18 10-12 | 10. AKMMHM € cyyacHi nornaan Ha CUCTeMy eyKapioTUUYHNX OpraHi3miB?
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Ibubu - ye «npogpecis», AKy 6azamopasoso U He3anexHo 00UH

8i0 00H020 06UpPAIU NPEOCMABHUKU Pi3HUX 2i/I0K Oepesd XUmms#.
3 niopyyHuka «3aeaneHa mikosnozis»

§12. TPUBU

OCHOBHi NMOHATTA W KnwouvoBi TepmiHn: NPUBU. OcmoretepoTtpodHe
KUNBJ1eHHA.

MpurapainTte! XT10 Taki retepotpodu?

MomipkynTe!

Mepen Bamy uyypaepHaubKuil rpub 2ioHesmym

Meka (Hydnellum peckii), abo «KpoBOTOUMBUIA 3y6», WO
TPannAeTbCA Y XBOMHMUX nicax €sponu 1 MNiBHiYHOT Ame-
pviku. Moro Tino BuainAe piaviHy 4epBOHOrO KONbOpy
OnA NprBabftoBaHHA KOMax, AKX OpraHism BUKOPUCTO-
BYE [J15 XXMBJIeHHs. YoMy Lie rpunb, a He poC/iIMHa YK TBa-
pvHa?

3MICT

Aki oco6nuBocTi opraHisauii Ta ¢pyHKLioHyBaHHA rpn6is?

TepMiH «rpnbm» (Tak caMo AK | «PpOCINHM» ab0 «TBAPVIHU») OMMCYE NEBHWI CMOCI6
XKUTTA 1 3yMOBAEHI HM 0COBNNBOCTI BYAOBU N XUTTERIANBHOCTI (i1 24).

Mpunbwn € eykapiomuyHUMU Op2aHi3Mamu, KNiTUHW AKUX MatoTb Taki 0CO6MBOCTI:
1) CTPYKTYPHUM KOMMOHEHTOM Kapkaca KNiTMHHUX 0O0NOHOK € nonicaxapup 2/110KaH,
a nonepeyHi MiCTKN Mi>XK MOro MoneKynamMm yTBOPIOE XimuH (MepeBakHO Y CNPaBXHiX
rpw6is) abo yestos103a (NnepeBa)KHO Y HECMPaBXHiX rpnbiB); 2) opraHenamu pyxy rpu-
6iB MOXYTb By T OXX2ymuKu (CnpaBHi rpnbu) abo ncesdonodii (cnn3oBuKnM); 3) KNiTu-
HU 6araTbox rpmnbiB MiCTATb HEBETUKI 8aKYOJIi, K € BMICTULLEM 3anaCHUX MOMXUBHUX
PEYOBVH i WKIANMBUX NPOAYKTIB MeTabosi3my; 4) y rpubiB PO3BUHYTI cekpemopHi
MiXypui (6e3uky/iu), Lo BiANOBIAAIOTb 3a TPAHCMOPTYBAHHA Ta BUAINIEHHA 33 MeXi Lin-

§12.Tpnbu

In. 24. He3uuHi Bugn rpm6is: 1 — Gyniro rHunbHWi; 2 — repauin rpebiHyacTuii; 3 — KnaBapis
6nipo-6ypa; 4 — peLwiToYHMK YEPBOHWIA; 5 — eHTOMOoNa 6naknTHa; 6 — raHogepmMa 6ancKyya 49
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TOMNa3Mu pi3HMX CNONYK; 5) 3anacatoTb rpubu 2sikozeH (CnpaBXxHi rpubu) abo miko-
JIaMiHapuH (HeCnpae>XHi rprubu), KiHLEeBM NPOAYKTOM 0OMiHY GiflKiB € ceyo8uUHa.

Yci rpnbu, He3anexxHo Bif MOXOAXKEeHHS, 06'€AHYE ocMozemepompogHuUl cnocib
)KUBJIeHHS, TOOTO >KMBNEHHA OPraHiYHUMU PEeYOBUHaAMU, WO MOMIMHAOTLCA BCi€ElD
NnoBepxHel rpubHULI pa3oM 3 HEOOXIAHUMUN MiHepanbHUMK CronyKamu. Yci ginax-
K1 Miuenito BijokpemneHi Bif cepefoBuLia nuile KNiTMHHO 0OONOHKOK 3 XITUHY
abo uentn03un i NnasMaTMYHO MeMbpaHoto, BiAMepnnX KNiTUH, AK y KOpi KOpeHiB
POCNNH, HeMaEe. Y cybcTpaTi opraHiuHi peuoBrHY MICTATLCA JOCUTb YacTo Y BUMNALI
CKIMafHUX CMONYK, TOMY rprubu CEKPETYIOTb Ha30BHI pepMeHTU-Tiaponasu, Aki po3Lie-
NI0I0Th Lii PeUYOBMUHM Ta 34iNCHIOTb 30BHILIHE TPaBE€HHA.

Mpu ocmoretepoTpodHOMY }KNBMEHHI HaAXOAKEHHA MOXNBHUX PEYOBUH A0
KNITUHW 3aneXunTb Bif noLi ii nosepxHi. Tomy B xofi eBontouii y rpm6is 36inblumnaca
nnouwla Tina. Mprbu «nparHynu» ii 36iNbWKTA, He 3MiHIOYN NPY LbOMYy 06’'eMy CBOro
Tina. BeretaTvBHe Tifo nepeBa)kHOI GinbLWOCTi rpnbiB ABNAE po3ranyxeHy cuctemy
HUTOK (ridiB), AKA Ha3MBaETbCA 2pubHuUyeto (miueniem). Fidu rpubis gyxe weudko U
HeobmexeHo pocmyms. OKpeMUii rpnb MoxKe 3a 24 rof yTBOPUTU FPUOGHULIIO JOBXN-
Hot 1 KM. Taknin WBUAKNIA PICT KOMMNEHCYE 8i0CYMHICMb aKmMusHo20 nepemiujeHHs
Ha piBHi opraHi3miB. 3a Takoi CTPYKTYpu rpnbu novanm poImMHoXysamucs U po3sce-
JIAMUCk 30 y4acmi pisHOMAaHimHux cnop. "KUBNAYNCH YCIEI CBOEIO NMOBEPXHelo, nepe-
BaXKHa GinbLWicTb rpubiB PO3BMBAETHCA BCEPEOUHI IPYHTY, BiAMepioi opraHiku abo
XnBoro opraHiamy. OcKinbku Tino rpnbiB nepebyBae B Cy6CTpaTi, CNOPOHOCHI OpraHu
YTBOPIOTbCA Hafl CybCTPATOM i JOCUTb YaCTO 3 YTBOPEHHAM MIOAOBUX Tifl.

OTxe, y wupokomy posymiHHi TPUBW (Fungi sensu lato) —
6e3xnopodinbHi eyKapioTUUHi reTepoTpodHi opraHiaMu, AKi MaloTb
3a3BMYai rpnbHULIO, 34aTHI O OCMOreTepOTPODHOTO KMUBNEHHA,
HeobMeXeHOro POCTY Ta PO3MHOXEHHSA 3a JOMOMOroK Crop.

Yum 3ymoBneHi pisHOMaHITHICTb | nownpeHHA rpn6is?

lpnbn — ue opHa i3 HalAaBHIWMX, HaMGINbWMX Ta HaMPI3HOMAHITHILLWX Trpyn
eyKapioTMYHMX OopraHi3miB. HaliaaBHiwi naneoHTonorivHi 3Haxifgky rpmbis BUABNEHO
y BYNIKaHIYHUX Nnopojax Bikom 2,4 Mmnppg pokKiB. BigkpuTta 6yno 3aiicHeHo nig vac 6y-
piHHA 900-MeTpoBOi TOBLLi AaBHiX 6a3anbTiB Ha TepuTtopii MAP. I3 uacom rpubu ctanu
HeBil'EMHVIM CKNagHMKOM YCiX BOGHUX i HA3eMHIKX eKocucTem. Mprbu TpannsaoTbca Ha
BCiX KOHTVHEHTaX 3eMHOI Kyi 1 HaBiTb B AHTapKTufi.

BinbwicTb rpnbiB XMBYTb Y FPYHTOBOMY Ta
Ha3eMHOMY cepefoBKLIaX, NAaPasUTYIOTb Y Ku-
BMX OpraHiamax. [MowwvpeHi rpnbu 11 y Hangas-
HilLLOMYy BOAHOMY CepefoBULLaX XUTTA. BoOHi
2pubu (ncaTupena, canponerHis, ¢ianouedana)
pO3KNafaloTb OpraHiyHi peLwTKn, napasnTyioTb
Ha pPOCNMHaX i TBapuMHaX, BCTynawTb y cumbio-
TWUYHI BIGHOCMHMU 3 iHLWMW OpraHi3mamu (is. 25).

lpnbu 3 pyxe 6aeamum apceHasom mpas-
HUX hbepMeHMi8 MOXYTb PYWNHYBaTU OyAb-AKi
maTepiann, WO MICTATb OPraHiYyHi peyoBMHN, In. 25. McaTtvpena BofasAHa —
50 ocobnmBo B ymoBax Tenna n sonoru. Metanesi BOAHWI WANWHKOBUI rpr6
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BeNIeTHi TEXHIKM, BUTOHYEHI MeXaHi3Mu 3 nnacTuky, ¢otonniska, izonauia kabenis,
peakTVBHe ManuBO, WTYYHI TKaHUHU, papbu, ONTUYHE CKNO NPWUNagAiB — Ui peasnbHi
BTiJIEHHSA IHTENEKTY NIOAVNHUN BUABNAIOTLCA 0€3CMAUMN Nepes MeLIKaHUAMU rPUOHO-
ro LapcTaa. 3a cnocob6oM XMBEHHSA FPMOU MOAINAIOTb Ha CanpPOTPOHI, MapasnUTHYHI,
MyTyanicTuuHi Ta xuxi. CanpompodHi 2pubu € HanBaxnNMBiWVMK pefyLieHTaMun op-
raHiYHOT PeYOBMHM Ta FPYHTOYTBOPIOBaYaMu Ha nnaHeTi. Mapasumu4Hi epubu B3a-
EMOJIIOTb Malixe 3 yciMa eyKapioTamu; 30Kpema, ditonatoreHHi rpubu napasnTyoTb
Ha POCJIMHAX, 300MaTOreHHi — Ha TBapMHaX, BKITIOUYHO 3 JIIOANHOI, @ MiKO®iNIbHI — Ha
iHWWX BUgax rpubis. Mymyanicmu4Hi 2pubu yTBOPIOIOTH B3AEMOBUTILHI CTOCYHKM 3
iHWWMW opraHi3Mamm: MiKopr30yTBOPIOBaYi — 3 KOPIHHAM CYAUHHWX POCSIVH, aMbpo-
3ieBi rpmbu — 3 MypaLuKamm 1 TepmiTamu. ICHYI0Tb Xui 2pubu, AKi NOBNATL HEMaTop,
cnniTalym XUTpoMyapi NacTku, 3 AKUX Ti He B 3M0O3i BUOpaTuca (Hanpuknag, apTpo-
60Tpic, 300naryc).

IHWOo 0cobnuMBICTIO, WO 3abe3neuye NOWMNPEHHA Ta Pi3HOMaHITHICTb rpubiB, €
Ppi3HOMAaHimMHicme cnocobi8 pO3MHOXeHHSA A 3MiHV TeHeTUYHOro MaTepiany. Hanno-
LWMPEHILIMM CMOCOBOM PO3MHOXKEHHAM rPUbIB € po3MHOXeHHS cnopamu. Tx noaina-
l0Tb Ha CMOPU HECTAaTEBOIO PO3MHOKEHHA 1 CNOPU CTaTEBOIO PO3MHOMXEHHS, abo, AK
X Ha31BaloTb Y MiKOJIOTiT, — MITOTUYHUMY 1 MENOTUYHMYK cnopamu. Mimocnopu - ue
cnopu, Wo YTBOPKITLCA B pe3ynbTaTi Bifoco6NeHHA GparMeHTiB, reHeTUYHO ifeH-
TUYHUX 3 BereTaTMBHUM Tinom. IxHi agpa YTBOPIOIOTbCA B XOA4i MITOTUYHOrO NOAINY
3BMYAlHMX Adep. 3a CNOCOO60M YTBOPEHHSA X YMOBHO MOAINATb HA CMOPaHriocno-
pv Ta KOHigii, @ 3a pyXAMBICTIO — Ha PYXJINBi 300CNOPK Ta HEPYXJIMBI aniaHOCMOPX.
Metiocnopu - Le cnopw, WO YTBOPIOIOTLCA B pe3ynbTaTi BifocobneHHA ¢parmeHTiB
Tina, yTBOpeHUX yHacnifoK reHeTUYHOi pekombiHauii. IXxHi aapa yTBOpIOOTbLCA B XOAi
MEeNOTUYHOrO NOAINY 3UrOTHUX Afep | He € iAeHTUYHMMN 3i 3BUYaNHUMK AagpamMu. 3a
CNocobOM YTBOPEHHS BUOKPEMITIOIOTh TPU TUMY MeNoCnop: 3Urocnopu, ackocnopwu
Ta 6asupgiocnopu. Cnopwu rprbiB MaTb Mani po3mipu i 3a3BMYall PO3HOCATLCA BiT-
pOM, B OKPeEMUX BULIB BOHM MOXYTb NMoLwMpoBaTUCA Bofgoto abo TBaprvHamu. Cnop
YTBOPIOETbCA BeNMYe3Ha KinbKicTb (Hanpuknag, neyepuuda 3a 2 pobu yTBOpIOE
2 MAapga cnop, Tino TpyToBmKa — 10 mapa cnop wopivHo). Cnopn MoXyTb YTBOPIOBa-
TWCb Y CNOPaHriAX (eHOAOreHHi Cnopu) Ta BifOKPEMIOIYMCh Bif cnewianizoBaHuX ri-
¢diB (eK30reHHi cnopu).

BezemamugHe po3MHOXeHHs TPUOIB 3[iNCHIOETBCA YacTUHAMK Milenito, 6pyHb-
KYBaHHAM.

CraTeBe PO3MHOMXEHHA — AyXe CKMagHe N Ma€ TeHAeHLUilo A0 3HWKHEHHA.
OCHOBOI CMameso20 pO3MHOXeHHSA TPUOIB € TPW TUMU FEHETUYHOI peKkombiHauii:

1) npeceKkcyanbHWUin npouec — Le obmiH nnasmigamm 6e3 reHeTUYHOT Mmogmdikauii 3
. . o =
B3a€EMOJi0UMX OCOOUH (HanpurKnag, y CIM30BUKIB); 2) MapaceKcyanbHUA NpoLec — e o
06MiH Afpamu 6e3 IXHbOro 3IUTTA 1 MeNOTMUYHOrO NoAiNny (Hanpuknag, y acnepriny a
un neHiymniymy); 3) ctateBUn npouec 3 yTBOPEHHAM CTIMKOro AWMOifHOro Aapa Ta e
noginom wnaxom menosy (y 6inbwocti rpnois).
OTXe, BU3HAYa/IbHUMWN OCOBNNBOCTAMY AJ1A MOLWMPEHHA
N pi3HOMAHITHOCTI rpnbiB € Pi3HOMAHITHICTb TXHiIX CNocobis
KNBNEHHA Ta PO3MHOEHHSA.
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BIANBbHICTb

Xf‘ HaBuaemocs nisHaBaTh

YKaxiTb 3HaUeHHs BKa3aHUx ocobnmBocTell 6ynosu rpnbis ans 3abesneyeHHs ix-
HbOrO MOLUMPEHHA I Pi3HOMaHITTA. 3aN0BHITb y poboyomy 3owunTi Tabnuuto Ta chop-
MyJItOTe BUCHOBOK.

O3Haka 3HauyeHHA
BeretatusHe Tino - rpubHuLA
HaABHICTb KNITUHHOT 060NIOHKN
Po3BrHYTE BE3UKYNAPHE TPAHCMOPTYBAHHA
OcmoreTepoTpodHe KUBSIEHHA
HeobmexxeHuni WBUAKNIA picT
Po3mHOXeHHA cnopamu

bionoria + ActrpoHOMiAi. AHTapKTU4HI rpn6mn

[Ba BUAM aHTapKTUYHMX rpubiB i3 poay Xpio-
minec (Cryomyces antarcticus i Cryomyces minteri)
Ha Mi>KHapOAHI KOCMIUHIN CTaHUil BMXUAKX B KNi-
MATUYHUX YMOBaX, 6NM3bKUX A0 MapciaHCbKux. Lli
rpubu 6yno 3ibpaHo B fonuHi Mak-Mepgo, o BBa-
XAETbCA HAMMNOCYLWNMUBILNM PAVNOHOM AHTapKTU-
an. Tpnbun nepebysanu B ymoBax Mapca npoTarom
18 micauis. Y pesynbrati 60 % KNiTUH 3anMwmnnmca
HeywKogxeHnmY, a IHK — HopmanbHO QYHKLIOHY0UO0. A AKMMU € YMOBU XUTTSA Ha
Mapci? Aki ocobnumBocTi rpnbis 3abe3neuyoTb IXHE BUXUBAHHA B eKCTPeManbHMX
ymoBax?

a CTABJIEHHSA
» I
ﬂﬁ Bionoria + Ekonoria. (pu6un-pepyuexHTn

CanpoTpodHi rpnbu i 6akTepii pa3om yTBO-
ptotoTb rpyny pedyyeHmis, 6e3 AKUX Kpyroobir
peuoBrH y 6Giocdepi Hemoxnusuii. Ocobnuso
BAXK/IMBUMU € Ti rpnbu, siKi ceKpeTytoTb depmeHT

e~ .
E Lenonasy, Wo po3LWensoe Lentonosy KIiTUHHNX
E 060MOHOK POCAMH. XTO TaKi rpubu-pegyueHTn?
g OuiHiTb IXHE 3HaueHHA AnA icHyBaHHA 6iochepu.
I
o™
g -
5 \/’ PE3YJIbTAT
@ OuiHka 3aBAaHHA ANA CAMOKOHTPOJIO
1. XT0 Taki rpnbun? 2. Ha3BiTb 0COGNNBOCTI KNiTWH rpunbiB. 3. HaBeniTb npuknagu
1-6 |rpu6is. 4. Ha3BiTb cepepoBmLLa icHyBaHHA rprbiB. 5. Ha3BiTb OCHOBHI rpynu rpubis
3a CNocob6oM XUBMEHHA. 6. Ha3BiTb OCHOBHI CMOCO6U PO3MHOXEHHA FPUGIB.
7.9 7. ki ocobnmBoCTi opraHisauii rpm6is? 8. ki 0co6nMBOCTI GpyHKLiIOHYBaHHSA rpu-
6iB? 9. YuM 3yMOBNEHI Pi3HOMAHITHICTb | MOWMPEHHA rpnbis?
10-12 | 10. flke 3HaueHHA rpunbiB-peayLEeHTIB ANA icHyBaHHA Giochepn?
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[pubu — ue opeaHiamu, wo ix sus4aOMb MiKos02U.
. Xoykceopm

§ 13. PI3HOMAHITHICTb 'PUBIB

OCHOBHi MOHATTA N KNOYOBi TepmiHu: HecnpaBxHi rpubu. CnnsoBukn.
CnpaBHi rpu6m.
Mpwuragarite!  XT0 Taki rpnom?

&

MomipkynTe!

Y yomy nonsra€e NogibHICTb MiXX OTPYNHUM YepPBOHMM Myxomopom (1), 3e-

NeHo NNicHABO Ha xnibi (2), nekapcbknmn gpixkaxamu (3) i TPyTOBUKOM CrpaBX-
HiM Ha gepesi (4)?

3MICT

Aki opraHiamu HanexaTtb Ao rpuéonogioHUX?

Ha 3emni icHye noHag 1 500 000 BugiB rpu6is, npote nuwe 5 % 3 HUX onuca-
HO BUeHUMU. LLlopOKy BifKpUBaloTb COTHIi HOBUX BUAIB. K MOKa3anu MoneKynapHo-
dinoreHeTnyHi pocnigkeHHa nouatky XX| cT., pi3Hi rpynu rpubis matoTb pisHe
NOXOMKEHHA, N CUCTEMATM3YBaTU IXHE PI3HOMAHITTA CKnagHo. B HaykoBumx Konax
NPOMOHYIOTb Pi3Hi Niaxoan Ao kKnacudikauii opraHiamis uiei rpynu. Y TpaguuiiHomy,
abo wupokomy, po3ymiHHi (Fungi sensu lato) rpyna F'PUBU noegHye cnpasHi rpnbu,
HecnpaBXXHi rpnbu i cNN30BUKNU. [JOCUTb YaCTO HECMPABXKHI FPUOY 1 CIN30BUKN PO3-
rNsafaTb AK rpnbonoaibHi opraHiamu.

HecnpasxxHi rpubu — ye epyna 2pubis, y
AKUX KTIMUHHA 000J10HKA 3 Yeslton03u; 3and-
caome MIKOIAGMIHapuH, Oxeymukosi cmadii
Maroms 00UH abo 08a Ox2ymuKu, MimoxoHOpil
3 mpybyacmumu Kpucmamu. 3a HOBITHbOIO
CUCTEMOLO, HECMNPaBXHi rprbu YyTBOPHOTH
Kinbka rpyn y cknagi rpynu Xpomasnbseonsa-
™. lNpeacTtaBHYKaMM HecCnpaBXHIX rpubis
€ nabipuHTynu, canponerHis, ¢itodpTopa, In. 26. HecnpassHi rpnbu-napasutu:
nnasmonapa, riboxmutpiym Ta iH. Hansigomi- 1 - ditodpTopa y KaPTO”“_i?
Wi 3 HUX — piToPTOpa Ta canponeris (in. 26). 2 - canponerHia Ha pu6i
®imogmopa (Phytophthora infestans) cnpuunHA€E cepinio3He 3axXBOPIOBaHHA KapTomni,
Bigome fK GpitodTopo3. MPMb TakoK MOXKe iHDIKyBaTV NOMIgOPW i AeAKi iHWi BUAM nac-
nboHoBmx. QitopTopo3 6yB ronoBHMM BrHYBaTLeM Benukoro ronogy B Ipnangii (1845)
i KapTonnaHoro ronogy B Wotnangii (1846). CanponezHia napasumapHa (Saprolegnia
parasitica) cnpyunHaAe iHpeKLiiHe 3aXBOPIOBAHHA akBapiyMHUX prb abo iXHbOT iKpu.

CnunsoBUKMN — 2pyna 2pubis, y AKUX CNOPOHOCHI CMpYKmypu Hazadytomse niaooosi

mina epubis, pazompopHuli cnocib xxusseHHs, pyxaugicme Ha secemamugHiti cmaoii

pO38UMKY, 8iI0CYMHicMb KiMUHHOI 060/10HKU. Pi3Hi rpynn cnu3oBuKiB HanexaTb Ao
rpyn Ame6030i, Pisapii Ta EkckaBaTu. BeretatuBHe Tino cnv3oBuKiB Mae Burnag 6a-
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ratoafepHol pyxanBOI LuMTONMIasMaTUYHoOI
Macu - naasmoois po3mipamMin Bif KinbKox
MiniMeTpiB [O [EKiNbKOX AeCATKIB CaHTu-
meTpiB (/1. 27). Mna3mogii MicTATb NirmeHTH,
|0 HaJaloTb TM Pi3HOMaHITHOrO 3abapBeH-
HA. [>Kepeniom XUBNeHHs € bakTepil, KNiTn-
HY rpun6iB Ta OAHOKNITVHHI TBAPUHOMOMIGHI. In. 27. Cmsosukm: 1 — CTEMOHITIC;

B npupoai CNM30BUKM — Lie aKTUBHI 6akK- 2 - nikorana fiepesHa
Tepiodaru, AKi BigirpatoTb 3HauHy ponb y perynsauii 6aktepianbHoi dnopu rpyHTis,
€ 306ygHMKaMy 3axBOPIOBaHb KYNbTYPHUX POCAUH (Hanpwknag, niaasmoodiogopa €
306y HUKOM Kinn KanycTun, cnoHeocnopa — napLi KapToniii).

OT1Xe, rpnbonofibHNMN opraHiaMamn € NpeacTaBHUKM
HecnpaBXHix rpubiB i CIN30BUKIB.

Aki 0co6nMBOCTI Ta Pi3HOMAHITHICTb CNpPaBXHiX rpn6is?

CnpaBsxHi rpubu — ye epyna epubis, 6inbwicme 3 AKUX ymeoptoe miyeniti, KnimuH-
Ha 060/710HKa Micmume XimuH, 3anNAcarmMe 2J1iKo2eH, Mams 0OUH 3d0HIl 0X2ymuk
abo smpamusu Uo2o i MimoxoHOpil 3 nnacmuHyacmumu Kpucmamu. Y CnpaBXHix
rpnbiB ABOreHOMHI KNiTUHW, B AKUX NpPencTaBieHo g0epHUll Ta MimoxoHOpianbHul
2eHOMU, a PO3MipU CaMOro reHoMy 3HaYHO MeHLWi, HiX y TBapuH. OKpim Toro, cnag-
KOBICTb rpnbiB 4OCUTb YaCTO MOB’A3aHa i 3 N1a3aMigaMy MiITOXOHAPIN UM UUTOMIA3MU.
Apep y rpubHuLi 6araTo, Wo 3abe3neuye 3axMCT B MyTaLil Ta 3HaYHe NOCUNEHHA
AKTVBHOCTI OKpeMux reHiB. 1o cknagy KniTMHHUX 06010HOK 6araTtbox rpnbiB BXoAATb
MenaHiHK, AKi 3axMLwaioTb Bif GepMeHTaTUBHOrO posLensieHHs, ynbTpadionetoBoro
BUMPOMIHIOBAHHA Ta BUCKXaHHA. JudepeHuiioBaHi TKaHWHW Ta BereTaTuBHI opraHu
B TiNi rpn6iB YiTKO He BUPaXKeHO.

CnpaBxHi rpubu po3rnafaloTb AK CamMoCTiHy rpyny Fungi (Big. nat. fungus -
rpub), sika B cyuvacHin cuctemi opraHiyHoro cgity (C. Egn i3 cnisaBTopamu, 2012)
HaneXxuTb Ao rpynu OnicTokoHTW. [1o cnpaBXXHix rpubiB y Wil cuctemi BigHOCATb Bi-
cim Bipainis, cepepn Aknx Xumpudiomikomu (CMHXUTPIYM — 30yAHWK paKy KapToni),
3ueomikomu (Mykop — 6ina LBifb, pr30onyc — YopHa UBiNb), Ackomikomu (Bpixaxi,
acnieprin, neHiyuniym, Tprodeni, 3mopLwkn) Ta basudiomikomu (Myxomopwu, nevepui,
6OPOBVIKN, TPYTOBUKM, AOWOBMKNK). [InA Knacudikalii rpnbiB BUKOPUCTOBYIOTb TaKi
OCHOBHI KaTeropii, AK LapcTBo, BiAAiN, Knac, nopaaok, poanHa, pig ta Bua.

3a 6y0BOI0 CpaBXHi rprby NOZiNAITb Ha HUXYi (3 HECENTOBAHOI rPUGHULEID)
i suwi (3 rpnbHMLEID, NOAINEHOO Ha CeNTK), a 3a PO3MipamMMn — Ha MAKpPO- Ta MiKpo-
miyemu. OCHOBHVMY €KOOTIYHUMU TPpynamu, WO MaloTb Afs JIOAVHW Hanbinblue
3HAUYEHHA, € WANUHKo8I 2pubu, 2pubu-napasumu, ysinesi 2pubu, opixoxesi epubu.
JlixeHizoBaHi rpubu (abo NMWarHUKK) B CyyYacHiin cuctemi rpubiB He yTBOPIOOTb
OKpeMmoi ccTeMaTUYHOT rpynu, a po3rnafanTbCa AK BUAK rpubis, B3aEMOMOB'A3aHMX
3 pi3HUMIK BYAAMM BOJOPOCTEN Ta LiaHObaKTepil.

LLanuHKoOBI rpnbwm — ye 2pubu, 03HAKamMu AKUX € HAABHICMb NJI000BUX MIJT 3 HiX-
KOI0 ma wankot, canpompogHulti ma mymyanicmuyHuli cnocobu xusseHHs U 30am-
Hicmb ymeoprosamu mikopu3y. 3a ocobnmBocTaAMK 6y0BU NOBEPXHI, AKi NOB'A3aHi
i3 CNOPOHOCHMM LIAPOM Ha HWPKHIN YaCTWHI LWanNKK, WanuHKOBI rpnbn nopinawTb
Ha: mpy6uyacmi epubu (6inun rpnb, macniok, NinbepesHuK) Ta nracmuHyacmi epubu
(CMPOKKM, MUCUYKN, PUKIKI). 3@ BUKOPUCTAHHAM B XY rprbu NoginsaTb Ha: 6e3y-
MOB8HO icmigHi (6innin, NiKOCUYHNKIN, MACITIOKW), YMOBHO icmigHi (CUPOIKKN), ompyHi
(6niga noraHKa, YePBOHUI MYXOMOP, HECTIPABXHi OMEHbKN).

Tema 1. BIOPI3HOMAHITTA
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Fpnbu-napasuTtn - ye 2pyna 2pubis, AKi XUBAAMbCA 3a PAXyHOK NOXUBHUX pe-
YOBUH XUBUX Op2aHi3amMis, Marome pi3HOMAHIMHI cnocobu 3dpaeHHA Ma ymaeo-
prolome 8esiudesHy Kinbkicme cnop. lpubamu-napasntamm € TPYTOBUKM, CaKKOBI,
ipacTi, piXKoBi, BOPOLIHNCTOPOCAHI FprbN.

LiBineBi rpubwm — ye 2pyna 2pubis, 3a2a716HUMU 03HAKAMU AKUX € YMBOPEHHS HA-
Jlbomy Ha cy6cmpamax, canpompo@Hul cnocib xueieHHA ma 8udisieHHA 3aXUCHUX
pevyosuH-aHMubiomukig. [1o HX BIGHOCATb HMXYi OAHOKNITUHHI (Hanpuknag, Mykop)
i BULi 6araTOKNITUHHI (HanpyKnag, neHiyus, acnepein) rpubw. Liinesi rpmbu nowm-
PeHi Mo BCill 3eMHii Kyni. Ix NpupogHUM MicLIeiCHYBaHHAM € BEPXHI Lapw FPYHTY.

ApixpxeBi rpubu — ye 00HOKAIMUHHI 2pubu, 03HAKAMU AKUX € 30amMHicMb 00
aHaepobHo20 OUXaHHSA, 6PYHbKYBAHHA, canpompogHull U napazumuyHuli cnocobu
XxuesneHHA. MpefcTaBHUKaMW TPYNW € NeKApcbki i BUHHI Opixoxi, kKaHanga 6inAsa
(36yAHUK MONOYHML), MTHEBMOLMUCTUC (36YAHVK NMHEBMOHIT) Ta iH.

OTXe, cnpaBXHi rpvbu € HaMpPi3HOMaHITHILLOI rPyno rpubiB, WO Mae
CrifibHi 3 TBAPMHAMM O3HAKW i MOCTYMNAETbCA M SinLe 3a KiNbKiCTO BUAIB.

Yomy nuiiainHuKM € cum6ioTMUHMMM acouialiAMmy opraHiamis?

JinwanHnkmn (nixeHisoBaHi rpubu) - ye acouiayii cnpasxHix epubie (Miko-
6ioHmu) ma ¢omocuHmesyyux op2aHiamig (pomobioHmu). JlixeHizoBaHi rpnbun €
npepcTaBHUKamuy BigAiny ACKOMIKOTY, i iXHA YacTKa cepefi CNpaBXHix rpnbiB cTaHo-
BUTb 6113bKko 20 %. TpyMBanuii Yac BBaX<anu, Lo JixeHi3oBaHi rpubu y BinbHOMY CTa-
Hi 6e3 BogopocCTel iCHyBaT! He MOXYTb. Afle MONeKYNAPHO-TeHEeTUYHI JOCNiAKeHHA
[loBen, Wo oAWH | T camuin BUA rprba Moxe »KUTK 1 PO3MHOXKYBATUCA | AK canpo-
TPO®, i AK CMBIOHT B acouiauii 3 GOTOCMHTE3YIUM OpraHi3MOM.

QoTobioHTaMU NULLAHWKIB € NPeACTaBHUKM 3eleHUX BogopocTel (mpebykcis,
knadogopa, mpeHmenonis) Ta LiaHobaKTepin (Hocmok, aHabeHa). OKpim Toro, Bcepe-
[VIHI Tina 6araTboX NMLLANHMKIB MOXYTb KUTW 1 HEGOTOCMHTE3YIoui OpraHi3mu (6ak-
Tepii, APIPKAXI).

JInwaiHnkn MaoTb CBOEPiAHY GopMy BereTaTMBHOrO Tina (cnaHi, abo Tanomy) y
BUMNALI KiPOYKN (HAaKUMHI NWILANHUKK 2pddic, 1ekaHopa), NNCTKONo[iObHOoI NnacTuH-
KU (MucTyBaTi NUWANHNK CMIHHA 30/10MAHKA, napmenis) abo Kylmka (KywncTi nu-
LWAHWKW f2e/b, 60poday).

PO3MHOXeHHS y NMWanHNKIB 30e0inblIOro BereTaTyBHe 3a JOMNOMOrol0 0Co6nu- g
BVIX YTBOPIB, AKUMMU € BUPOCTU Ha TiNi abo BcepeauHi Hboro. LLle ogHieto ocobnuBicTio ;fl
NVILAMHVKIB € YTBOPEHHA 0COONMBUX NNWANHUKOBMX PEYOBMH, WO 3aXULLAOTb Bif 2

. : - . . 9
NoifaHHA Ta MiKPOOpPraHi3miB, HafJalTb 3abapBNEHHA Ta KOHTPOJIOTb CBITNIOBUN T
BMJINB, PETYJIIOIOTb B3aEMOBIAHOCKHY 3 POCIMHAMW TOLLO. z

s
OTxe, nixeHizoBaHi rpubuy - Le cMMbioTMUYHe 06'egHaHHA (acouiauin) 2
. . . fa
CnpaBXHix rpnbie 3 ogHUM abo Aekinbkoma BMaamm &
bOTOCKHTE3YIOUMX OPraHi3MiB. =
wn
BIANIbHICTb
CamocrTiiiHa po6oTa
Po3nisHaBaHHA pi3HNX NpeACcTaBHUKIB rpunbiB i cknagaHHA cxem Knacndikauii

BnpaBa 1. Po3rnaHbTe nnogosi Tina neyepuui 08ocnoposoi (Agaricus bisporus).
3HalAiTb i NO3HaYTe Ha MaloHKY B pO60YOMY 30WKTi: T — WANWHKa; 2 — HiXKa; 3 - ripn
Miuenito; 4 — NoKpMBaso; 5 — nnacTMHYACTUIN CNOPOYTBOPIOBaNbHUIA Wap (rimeHodop). 55
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AKi 03HaKM CBigYaTb NPO HaneXHiCTb nevepuui fo
CnpaBXHix rpnbis?

BnpaBa 2. Ha3BiTb OCHOBHi cuctemaTnyHi KaTe-
ropii, Lo BM3HayaloTb MicLie neyepuui 080CcnNoposoi
y CMCTeMi OpraHiyHoro CBity.

Bnpasa 3. 3ictaBTe 3anponoHoBaHi Ha intocTpa-
Lisix rpnéu 3 iXHiMM Ha3BaMK Ta BKaXiTb Big4iN, 4O AKOro BOHM Hanexatb: a — CUHXU-
2 — 3MOPWOK icmigHud.

)

N &
Bionoria + Ictopia. Ponb rpu6is y ictopii

Pixxku nypnypoei (Claviceps purpurea) - ue Bug ¢ito-
naToreHHux rpubis, AKWI 3irpaB POKOBY POSb Yy TpariyHo
BiOMOMY «MOJIOBAHHI Ha caneMCbKuX Bigbom». Llen Bug
rpubiB HanexmTb A0 Cymuyactux rpubis (AckomikoTa) i
napasmuTye 34e6inbworo Ha »uti. OTPyeHHsA 3epHa BigOY-
BA€ETbCA Yepe3 HaKoMWUYeHHA Hebe3mneyHoro ankanoigy

AV
¥
8

€ProToKCrHy. B YoMy CyTb Takoi iCTOPMUYHOT NOAii, AK «Mo- 3an cyay. In. 1876 p.
NIOBaHHA Ha CafeMCbKMX BifibM»? K BiIGYBAETbCA 3apaXKEHHA XKuTa NyprypoBMMM
pixkamu?

CTABJIEHHA

> j bionoria + EkonorisA. B3aemoBigHOCVHN rpun6iB i pocnuH

Hainbinbwmm opraHiamom Ha 3eMJli € oNeHbOK TeMHUIA
(Armillaria ostoyae), aAkniA pocTe B NiCOBOMY 3anoOBifHUKY
Manyp amepuKkaHcbkoro wraTy OperoH. loro BeretatmeHe
TiNo 3almac nig 3emneto nnouy 8,4 km? i carae macmy 600 T.
BiK Ui€l icTOTM CTaHOBUTL BXKe MOHAaZ 2 TUCAYi pokiB. Jo-

i CNifXeHHA HayKOBLiB OBOAATD, WO el rpub cTaHOBUTb
'J—_: Jy>Ke cepino3Hy 3arpo3sy anAa nicis. [OACHITb, Yomy.
< ]
3 PE3Y/NIbTAT
g —_—
™
[a
o 3aBfaHHA ANA CAMOKOHTPOJI0
[¥a]
i 1. XTO TaKi HecnpaBHi rpn6u? 2. Ha3BiTb 03HAKMN CIM30BKKIB. 3. XTO TaKi CNpaBXHi
2 1-6 |rpnbu? 4. Ha3giTb OCHOBHI eKOMIOTiUHI rpynu cnpaBKHix rpnbiB. 5. XTo Taki NixeHi-
& 30BaHi rpmbu? 6. HaBeaitb Npuknaau NixeHizoBaHux rpubis.
7. Aki opraHiamu Hanexatb fo rpubonopi6Hnx? 8. fAKi 0cobnmBoCTi i pi3HOMa-
7 -9 |HiTHICTb cnpaBXHix rpm6is? 9. Yomy NUWANHKKNA € CUMBIOTUYHUMK acouialiamu
opraHismis?
10-12 10. OuiHiTb 3HaueHHA rpubiB ANA TakMx ranysei AiANbHOCTI NOAMHK, AK icTOpiA Ta
MefuLmnHa.
56
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CropiHkKa inocTpay
ExonoriuHi rpynu rpu6is
1 2 A

In. 28. Tpubu-napasnTn poc-
nvH: 1 — ipXa nweHnui;
2 — TPYTOBUK CipUYaHO-OB-
TII; 3 — caxKa KYKYpyA3wu;
4 — piXKN XNTa; 5 — napwa
A6nyHi; 6 — diTodpTOPO3 Kap-
Tonni; 7 - GOPOLIHKCTA poca
TpoAHA; 8 — nnofgosa
FHUMb rpyLUi

In. 29. Liginesi rpmnbwu:

1- neHiymn (Ma€e KUTUYKOBI Fipn — KOHigieHOCL
3i cnopamum); 2 — acneprin (Ha BepxiBKOBUX ridax
AKOro GOPMyIOTbCSA MOTOBLLEHHS 3 BUPOCTaMu,
L0 3arasioM Harafye «KoLuiaTy rosioBy»)

In. 30. IcTiBHi WanNWHKOBI rpn6K:
1 - 6innii rpu6;

2 — ninbepesHuK; 3 — MacsItoKY;
4 — NigOCUYHUK;

5 — NIUCNYKK; 6 — ONEHBbKU NiTHI

In. 31. LWanvHKoBi rprbw, Wo iX BUPOLLYOTb In. 32. Xuxi rpnbu: 1 — KopanLenc Ha
y KynbTypi: 1 — neyepuui (WamniHbNOHN); Mypaci; 2 — XvXKnii HemaTodoigHUN
2 - ruBa; 3 - rpmb wWwiitake rpn6 apTpoboTpurc

In. 33. OTpyNHi WanMHKOBI
rpubu: 1 — MyxomMop yepBo-
HWI; 2 — OMEHbKN HeCrnpaBX-

Hi; 3 — 6niga noraHka (abo

MyXOMOP 3€eneHNiA)

§ 13. Pi3HOMaHITHiCTb rpu6is

In. 34. NixeHizoBaHi rpubu: 1 — 30M10TAHKa CTiHHa (KCAHTOPIA HACTIHHA); 2 — KNaAoHiA oneHAYa
(«oneHaumnn mox», abo Arenb); 3 — UeTpapia icNaHACbKa («<icnaHACbKUI MOX»);
4 — eBepHiA cnBoBa («ayb6oBUIA MOX»); 5 — ycHen («bopopatuii Mox»); 6 — rpadic NMCbMOBUIA 57
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OO0Hi pocnuHu 1to61Mb COHUE, iHWI — MiHb, ane X00Ha He 1lbums mempsau.
M. na3kos

§ 14. POCJZINHN. BOAOPOCTI
OcCHOBHi NOHATTA 1 Knto4oBi Tepminn: POCJIMHU. BOAOPOCTI.
MpurapanTte! X10 Taki eykapiotn?

MomipkynTe!

MixxHapopHuit geHb pocnuH (Fasci-
nation of Plants Day) Bin6yBa€eTbcA nif erigoto €B- MixkHapoZHUK

; . S JeHb pocnuH
ponelicbKoi opraHisauii 6ionorii pocnuH (EPSO)
i Big3HauaeTbcA y 39 KpaiHax CBiTy, 29 3 AKNX -
KpaiHu €Bponu, a iHwWi — MiBgeHHoT Ta MNiBHIYHOT
Amepuikn, Asii, ABcTtpanii Ta Adppuku. NMoHag 450 ycTaHOB 6epyTb yUyacTb y 3axo4ax 3
MeTOI0 MOLINPEHHA B CYCMiNbCTBI HAYKOBMX 3HaHb NPO POCIVHNU. A AKi eyKapioTUuHi
OpraHi3mMu Ha3uBaTb Y CyyacHil bionorii pocnnHamn?

A

“@w

3MICT

AKi oco6nuBocTi pocnuH BigpisHAITD X Big iHWNX ¢oToaBTOoTpOdiB?

Y cyuyacHin ¢inoreHeTMYHIN cucTemi eyKapioTUUHUX OpraHi3miB [O rpynu
POCJIMHU B lumpoKoMy po3yMiHHiI Lboro noHATTa (Plantae sensu lato, abo Apxenna-
cmuou) BigHocATb Mnaykogimoesi eodopocmi, YepeoHi sodopocmi Ta 3eneHi poc-
nuHu (Plantae sensu stricto, abo pocnnHW y By3bKOMY PO3yMiHHi). [lo 3eneHnx pocnmH
(Viridiplantae) HanexaTb Xnopogimu i3 3eneHnmm sBogopocTtsmu Ta Cmpenmoghimu,
[0 AKMX HaneXaTb XapoBi BOQOPOCTi Ta BuLi pocnnHu. Came Ui rpynn mMatoTb Chifb-
HICTb MOXOAXEHHS, WO AOBEAEHO WAXOM ceKBeHyBaHHA [JHK Ta 03Hakamun KniTuH-
HoT 6yfoBu. fAKi > Hal3aranbHiwi o3Haky 36ipHoi rpynu POCJIMHIA?

PocnuHu - ue eykapioTnuHi GoTOCUHTE3YIOUi OAHOKNITUHHI, KONOHianbHi Ta 6a-
raTOKNITMHHI OpraHiaMu, B AKUX KNITUHW TPUrEHOMHI — 3 AAePHUM, MITOXOHAPiaNb-
HUM Ta XIOPOMIACTHUM reHOMamMu. POCNIMHM XapaKTepr3yoTbCA 3HAYHOK 3MiHHICTIO
pO3MipiB reHomy, KinbKoCTi 1 MOp(I)OﬂOFi'I' MEPBVHHNN TnaykodiTosi BogopocTi
XPOMOCOM. KiflbKiCTb XPOMOCOM 3MiHIO-  EHAOCUMBIO3 %

e~ . v o
E €TbCA B MeXKax Bia 4 oo 1000 i 6inblue, ane
= . . . . L MepBUHHMN
z 6inblicTb BUAIB MICTUTb B AAPI Bifl 12 A0 eykapiotnunuii xassin
= 60 XPOMOCOM. / %
% KMBReHHA pocnuH asmompogHe. ’ \
= . . :
S BoHM BMKOPUCTOBYIOTb eHeprilo CBiTna ——
v ANA CUHTE3Yy OPraHiuyHNX PeYOBUH i3 Heop- YepBoHi
— . BOOPOCTI
] raHiuHux. [>xepenom Kap6oHy npu ubomy
& € BYINEKNCNINI ra3, a fxKepesiom eneKkTpo- iaHoGaKTepin
HiB n ligporeHy — Boga.
3eneHi
Xnoponnactnm poc/inH MakTb MpoKa- BOROPOCTi
pioTUYHE MOXOAXKEHHA, TOMY B Cy4acHil
cucTeMi opraHi3mis iX BIGHOCATb A0 rpynu .
. .. In. 35. Cxema nepBMHHOTO eHJoCKMMGi03y
ApxennacTtugu, Wwo B nepeknagi 3 rpeLbKoi :
. K ) (3yMOBVIB noABy I'J'IayKOd)ITOBVIX, YepBOHUX
58 O3Hayae «BONoAapi ApesHix nnactugy. Li Ta 3eneHnx BOAOpOCTel)
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opraHenu BUHUWKIW 3aBAsAKM NePBUHHOMY eHJoCUMGio3y LiiaHobaKTepi 3 eyKapio-
TUYHUMU KNiTuHaMu (i1, 35). MepBUHHUN cUMBi03 — Lie NOrNIMHAHHA eYKapioTUYHOI
KNiTVHOIO WNAXoM $aroymTo3y BiflbHOXMBYUMX LiiaHOBaKTepiil, AKi Nicna ropmsox-
TaSIbHOTO MepeHeCceHHs reHiB Bif CMMbIOHTa B AAPO KNITUHU-Xa3sAiHa eBOJIIOLiOHY-
Banu y ABoMeMbpaHHi NepBrHHI nnacTuau. Taki xnoponnacT KpiMm POCiuH € e B
YepBOHKX I rnaykodiToBMX BOLOPOCTEN.

Xnoponnactv pocnvH MIicTATb 3eneHi GOToCMHTe3ytoui NirMeHTU xs10poginu
a, b i d: xnopoginu a (rnaykoditoBi BogopocTi), xsiopogpinu a i b (3eneHi pocnunum),
xnopoginu a i d (uepBoHi BogopocTi). OKpim XxnopodiniB y YepBOHUX BOJOPOCTEN €
yepBoHi GiKOGINiIHY, a y rnaykodiToBUX — cuHi ¢ikobiniHu. CymicHa BisnbHICTb LMX
NirMeHTiB 306iNblIye CNeKTP MOrMMHaAHHA N epeKTMBHICTb OTPUMaHHA eHeprii ana
bOTOCUHTE3Y B Pi3HUX YMOBaAX.

OTxe, POCJIMHWU — ogHOKNITVHHI, KOMOHianbHi Ta 6aratokniTUHHI
eyKapioTUYHi opraHiamu, Halr3aranbHiWwyMy 0cob6nMBOCTAMY
AKNX € GOTOABTOTPOPHE XKUBJIEHHA, HAABHICTb NEPBUHHNX

nnactTug i xnopodoinis a, b i d.

Aki oco6nuBocTi Bogopocrtein?

BOLOPOCTI (Algae) — pi3HopiOHa epyna cnaHesux ¢omocuHmesyryux opaa-
Hi3Mmi8, AKi Xusymb nepesaxxHo y 800i YU NPUCMOCY8AIUCL 00 XUMMSA HA Cyx0OOo/i.
Tino BOAOPOCTEN MA€E Ha3BY «C/IdHb», XUBJIEHHA (OTOABTOTPOHE, XJIOpONIacTu
Ha3nBalTb XpOMAamMo@opamu,; BOHU MOXYTb MaTW Pi3Hi GOpMy Ta MOXOAPKEHHS,
3aMnacHMMK pevyoBMHaMK € 3Aebinbloro ByrneBoAn (Kpoxmasnb, NamiHapuH, BO-
NIIOTWH, NENKO3UH) 1 Xnpu (onii), WO HaKONMUyTbCA N BifKNaAaloTbCA y BUrNALI
BKJIIOUEHb y LuTonnasmi abo nnactugax.

Pi3Hi rpynu BogopocTeil BUHUKAM B Pi3HMIA Yac Bif Pi3HUX NpeakoBux Gpopm
(nonipineTnuHe NOXOLXEHHS) Ta PO3BMBAINCA OKPEMO, ane B pe3yfbTaTi eBosoLil
Habynu 6arato nofibHux puc. Cepen BOAOPOCTEN € rpynu, WO HanexaTb [0 pOoc-
nuH (rnaykodiToBi, YepBOHI, 3eNeHi, XapoBi BOAOPOCTI) 1 pa3oM 3 Ha3eMHUMU POC-
NIMHAaMM CTaHOBMATb OKpeMy rinKy dinoreHeTMYHOro Aepesa eykapioTiB Mg Ha3BO
Apxennacmuou. Taki rpynn BofopocTel, fiK OiaToOMOBi, 6ypi, 30110TUCTI, XOBTO-3e-
neHi, OiHOQITOBI HanexaTtb [0 iHWOI Tifnku eBonouii
eykapioTiB (XpomanbBeonatu) i maioTb inoreHeTny-
Hy cropigHeHicTb 3 iHdy3opiamu, popamiHipepamuy,
pagionapiammn Ta cnopoBukamu. A Taka rpyna, fK
€BrNeHOoBi BOAOPOCTI Hanexutb Ao rpynu EkckasaTtu
N cnopigHeHa i3 OXryTUKOHOCUAMU (TPUMAHOCOMMU,
nevwmanii). Mu posrnaHeMo nuwe BOAJOPOCTI, AKi
HanexaTb 1O POCJIVH.

MaykodiToBi BogopocrTi (Bia rpeu. enaykoc - cu-
HbO-3eNeHNN, pimoc — POCANHA) — OQHOKNITUHHI poc-
JINHHI OpraHiaMu, AKi XMBYTb Nuwe Yy NPiCHOBOAHUX
Boformax i 6onotax. Lli HanpaBHiwi ¢poTocKMHTE3ylOUI eyKapioTU MaloTb YHiKasbHi
03HaKu: ABOMeMOpaHHi xnoponnact (WiaHenw) i3 wapom mMypeiHy Mixk membpaHa-
MW, HasiBHICTb xnopodiny a Ta ¢ikoObiniHiB, WO 3yMOBIOTb ACKPaBe CUHbO-3eNeHe
3abapBieHHn, 34aTHICTb A0 ¢ikcauii a3oTy Towo. HayKoBLi BBaXKaloTb, WO B MeXax

In. 36. MaykoditoBa
BOAOPOCTb LiiaHopopa

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

MiHicTepcTBO OCBITU | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHi3aLii 3micTy ocsiTu hitps://imz@lgov.

§ 14. PocnuHun. BogopocTi
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rpynu Apxennactugm rnaykoditm  BUOKpeMUnucb
y CaMOCTINHY Tpyny Lie [0 PO3XOAXKEHHA 3eneHuX i
YyepBOHKX BogopocTei. MpeacTaBHNKamMu rnaykogito-
BMX BOAOPOCTeN € yiaHogopa (in. 36), enaykoyucmuc
Ta iH.

YepBOHi BOAOPOCTi - Lie OAHOKAITUMHHI, KoJo-
HianbHi abo 6araTOKNITUHHI, 34e6iNblWoro MOpPCHKI,
opraHi3mu. XapaktepHe 3abapBfieHHs YePBOHUX BOLO-
poCTell BU3HAYAETbCA NMepeayciM HasBHICTIO 0cobnu-
BUX MIrMEHTIB — ikob6iniHig. 3aBAsSKMA LM CMOfyKam
BOAOPOCTI MOXYTb BJIOBMIIOBaTY ClabKke CBITNO HaBiTb
Ha rMnéuHax 200 — 250 M. Y MaTpuUKCi KNiTUHHOT 060-
NIOHKM HaABHi arapu. 3anacatoTb YepBOHI BOJOPOCTI
0CO6NMBY pPEUYOBUHY — GarpAHKOBMI KPOXMalb, LWO
BiAKNagaeTbcA B umtonnasmi. LlikaBo, Wwo »KOAHi ixHi
KNiTUHWY, B T. Y. 1 CTaTeBi, He MaloTb AXKryTuKiB. Hameigo-
MilUMIMK YePBOHUMMK BOJOPOCTAMU € nopgipa, Kopasi-
Ha, inogpopa (in. 37). In. 38. 3en§Ha .BOAOPOCTb

3eneHi BOJOPOCTI — POCAMHHI OpraHiamm i3 cniporipa
3e/IeHUM KOMbOPOM CNaHi, WO BM3HAYAETbCA NepeBa-
KaUUMKU 3eNeHUMKU nirmeHTaMmu. KnitTuHu 6inbocTi
BVAIB BKPUTO KNIiTUHHOIO OOONIOHKOI 3 Lenonosu, y
xJfioponsiactax oguH abo Kifbka nipeHoiaiB, xpomaTo-
dopw, Ha BiAMIHY Bif xloponnacTiB iHWKX BOJOPOCTEN
3abe3neuyloTb He nuwe GOTOCUHTE3, a 1 € Micuem
BifKNaflaHHA KpOXMas. 3efieHi BOJOPOCTi NOLWMpPEHi
B NPICHNX Ta COJZIOHMX BOAOMMAX, MOPAX Ta OKeaHax,
Ha3emMHUX ekocuctemax. [lo 3eneHux BopopocTeNn In. 39. CraTesi opraHu
HanexaTb TaKi poau, AK XJ1amiOOMOHAOd, 80J1bBOKC, XapoBOi BOAOPOCTi
XJi0pena, yIompukc, yne8a, auyemabynapis, cnipoeipa
(in. 38).

XapoBi BogopocTi — Lie 6araToKNiTVHHI OpraHi3mu, siki NOEQHYIOTb O3HaKM BOJO-
pocTen i BULUX POCVH. 330BHi Lii BOGOPOCTI CXOxi Ha xBoLwi. O3Hakamu XxapoBuUx BO-
JOpocCTell € 0cObNUBMI BepXiBKOBUIA PICT, HAABHICTb BY3/iB i Pi3HMX KNITUH Y By3ax,
6araToKNiTMHHI opraHy s CTaTeBOro i BEreTaTMBHOrO PO3MHOXeHHSA. HaliBuuoro
PO3BUTKY [OCAraloTb CTaTeBi opraHy — aHTepupii 1 apxeroHii (isn. 39). BoHu 6arato-
KNITUHHI, y 6inbloCTi BMAIB PO3BMBAIOTLCA Ha OAHIN pocnuHi. Ina BeretaTuBHOro
PO3MHOXEHHS Ha pu130ifax yTBOPIOKTbCA OynbOOUKY, a Ha By3/1ax TaJloMy — 3ipyacTi
CKyMueHHA KNiTuH. [lo xapoBux BOAOPOCTEN HanexaTb NpefCcTaBHUKN TakuUX POAiB,
AK Xapa, Himesna, mosinena.

In. 37. YepBoHa BOJOpPOCTbL
dinodpopa pebpucta

S 2

Tema 1. BIOPI3HOMAHITTA

OT1Xe, BOJOPOCTI — Lie nonidineTmyHa pisHopigHa
rpyna opraHi3miB, AKi HanexaTtb AO BigdaneHux
rinok ¢inoreHeTMYHOro AepeBa eyKapioTiB.
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AIANbHICTb O
CamocTiiHa po6oTa 3 giarpamoto O— —8

DinoreHeTWYHi AepeBa MOXyTb Oyt npep-
CTaBfeHi y BUMNAAi Knagorpam, Wwo BigobpakaloTb
NOCNIfOBHICTb eBOMOLUINHMX nodin Ta ¢inoreHe-
TWUYHI 3B'A3KM MiX rpynamm opraHi3mis. Po3micTitb
UndpU BKazaHMX rpyn y KpyKeukax Ta oTpumalTe KnagucTuyHy giarpamy PocnuH:
1 - Apxennactuguy; 2 — MaykoditoBi BogopocTi; 3 — YepBoHi BogopocTi; 4 — 3eneHi
pocnuHu; 5 - Xnopoditu (3eneHi BogopocTi); 6 — Ctpentoditn; 7 — XapoBi BOAOPOCTi;
8 — HazemHi pocnnHu.

Bionoria + Ximia. Cuniyin i pocnvHn

[na 6inblOCTi CyyacHUX arpoHOMIB, CafliBHUKIB, KBITHUKaPiB CIOBOCMOMNYYEHHA
«Crnidin i pocnuHmM» € He3BMYHUM. YacTiwe 3 )KI/ITTGAIFU'II:HICTIO pochH acouitooTbeA
TaKki enemeHTu, Ak HitporeH, ®ocdop, Ka-
nin Ta iH. OgHaK ocTaHHIM Yacom Gionoru
BMABNAIOTb NigBULLEHY 3aLikaBieHiCTb A0
Lboro enemeHTa. ke * 3HaueHHA mae Cini-
uin gna pocnun? CnpoOyiiTe NOACHUTU [0-
cnign 3 Tpenenom LWOAO XKUTTEQIANbHOCTI
nenaproHii 30HanbHOI.

CTABJIEHHA

bionorisa + ®i3uka. 3a6apBneHHA BogopocTel

3icTaBTe efleMeHTV GyOBU XJIOPOMAACTIB 3 iXHIMW MO3HAUYEHHAMM Ha intcTpauii

1 OTpUMaNTe Ha3By YePBOHUX GOTOCKMHTE3YOUNX NIFrMEHTIB YePBOHMX BOJOPOCTEN:
@ — 30BHiLHA MeMOPaHa; | — MixXMeM6-
paHHMI NpOoCcTip; K- BHYTPILIHA MemMOpaHa;
O - cTpoma; E;, — Tunakoig; P, — membpaHu
Tunakoigis; W, — rpavn; T — namena; P, -
3epHa Kpoxmanio; U, — pubocomu; H - xno-
ponnactHa AHK; N, — KpanavHwm onii.
flke 3HaueHHA [OnA BOJOPOCTEN Mae€
pi3He 3abapBneHHs IXHbOT C/aHi?
1 2 3 4 | 5 6 7 8 9 11011 |12

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOIO

1. XT0 TaKki pocnnHu? 2. Ha3BiTb OCHOBHI rpynu pocauH. 3. XTo Taki BogopocTi?
4. Ha3BiTb rpynu BogopocCTel, WO HanexaTb A0 POCAUH. 5. HaBegiTb npuknagm

1-6 . . . . .
rnaykoditoBux i UepBOHKX BOAOpOCTel. 6. HaBeliTb NpuKknaau 3eneHnx i XxapoBux
BOJOPOCTEN.

7_9 7. AKi 0COBNNBOCTI POCNUH BiAPI3HAIOTb iX Bif iHWMX poToaBTOTpOdiB? 8. Ha3giTb

0Cco651MBOCTI BogopocTeid. 9. ki BoJOpoCTi HanexaTtb Jo rpynu PocinHu?

10-12 | 10. ke 3HaYEHHA ANA POCINH MA€E HaABHICTb Pi3HUX GOTOCUHTE3YOUMX MirMeHTIB?
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| cmebnuHka mpasu 2i0Ha 8enuKo2o ceimy, 8 AKOMy 80HA pocme.
Pa6iHopaHam Tazop

§ 15. BULlI POCJIUHA

OcHOBHi MOHATTA 1 Kno4osi TepmiHu: BULLI POCJIMHU. Moxonopi6Hi.
CyauHHi cnopoBi pocnnHn. HaciHHEBI pocnuHw.
MpurapanTte! XT0 Taki 3eneHi pocnnHn?

& Momipkyiite!

MocnpoHia okeaHiuHa (Posidonia oceanica) — Halbinb-
la POC/MHA Y CBITi, AKa pocTe KOMOoHiAMM Ha aHi CepepnsemHo-
ro mopsa Henoganik Big baneapcbKnx ocTposiB. Pazom 3 iHWMMK
MOPCbKMMW TpaBaMy NOCIAOHIA YTBOPIOE NiABOAHI NYKN Ha rnu-
6uHi Big 1 o 50 m. [locnig»KeHHA OfHIET 3 KOJIOHIN BUABWAN pe-
KOpAW POCANHHOIO CBITY: AOBXKMHA cAra€e 8 KM, a Bik — Big 12 000 go 200 000 pokis.
LlikaBo, Lie BOAOPICTb UM Ha3eMHa POCNNHA, Aka NOBEPHYIAcA A0 XUTTA Y BOAi?

3MICT

Aki oco6nnBOCTi BMPi3HAIOTb BULLi pocnnHn?

BULLII POCJTUHW, abo Em6piodiTtu (Embryophyta), abo HazemHi pociuHu, — rpyna
3eNeHUX POC/INH, MPUCTOCOBAHMX [0 KUTTA Ha CyXOA0Ni. 3a Cy4aCHUMU YABAEHHAMMU,
[0 BULUX POCIINH HanexaTb MoxonogibHi Ta CyanHHI pocnnHn, npegcTaBneHi rpy-
namu CyanHHi cnoposi Ta HaciHHeBi. EMOpiodiTn noxofATs Bif NpicCHOBOAHMX 3ere-
HUX BOLOPOCTEN, @ iXHIMWU HaNBAVXUMMM CyYaCHMM POAMYaMU € XapOBi BOJOPOCTI.
Yepes Te y BULLMX POCAINH € O3HAKM, O BKa3yOTb Ha CNOPIAHEHICTb i3 BOJOPOCTAMMU.
IXHi KNiTUHHI 06010HKM NOBYAOBaHI 3 MONEKYN LIe0N03M1, WO YTBOPIOTb KapKac,
3aHYPEHU y MaTPUKC i3 remilentonosn i NeKTUHiB. KNiTMHHI 06010HKK, AK Npasuio,
Npo30pi ANA COHAYHOrO CBIiTNa, Ay»e CTiMKi 40 XIMIYHMX 1 MeXaHiYHUX BNUBIB, MPO-
HWUKHi AN BOAW 1 PO3UMHEHUX PEYOBVIH. Y 3e/IEHMX POC/IMH IBOMEMOPaHHi niactngm
3 xnopodinamu a i b, yTBOpIOETLCA Nonicaxapui Kpoxmarsb, Wo BigKNagaeTbcsa Npo
3anacy BUrnAgi 3epeH y CTpomi nnactug ToLo.

[MpoTe YyMOBM KWTTA Ha CyLi AyXe BiAMIHHI Bif, YMOB XWUTTA Yy BOAI: BOHW MiHIN-
Billi Ta pi3HOMaHITHiWi. Lle cTano NpryMHOI0 BENMKMX 3MiH Yy OpraHisauii Ha3eMHnX

= POC/NH: a) HAaABHICTb TKaHVH; 6) NosiBa BereTaTVBHUX OPraHiB — KOPeHA Ta NaroHa,
E L . . .
= WO 3AINCHIOTb YCi NpoLecn XUTTEQIANbHOCTI; \‘
<§i B) YCKNaAHeHHA UMKy BigTBOpeHHA. Ha BigmiHy 31"{:6
o Bifl CBOIX rannoigHux npegkKis BuLLi pocnm.m Xa- S apogoK
a pPaKTEpPU3YETLCA YepPryBaHHAM B OHTOreHe3si BOX \
o NOKONiHb — HecTaTeBOro (rameTtodiT) i cTateBOro
2 . oro (ramerodin (Cropodi)
i (cnopodit). FameTodiTHE NOKONIHHA NpPOAYKYE
2 rannoifHi ctatesi KNiITUHW — rameTn. lameTun 3nu-
[ . .
= BalOTbCA B 3UrOTYy, 3 AKOI dopMyeTbCA 6araTokni-

TUHHU 3apPOAOK (emMBpioH), a 3rofaom i cnopodiT.

HectateBe NOKONIHHA WNAXOM MeN03y YTBOPIOE .

7 In. 40. Linkn BiATBOPEHHA BULLNX
cnopu, 3 sIKUX PO3BMBAETbCA rameTodiT (is. 40). POCAMH
OT1xe, BULLI POCJIMHU (Em6pioditn) — Le 6araToKNiTUHHI pOCanHY,
B SIKMX HAfABHi TKAHWUHW, OpraHu Ta BiAOYBa€eTbCA LMK

62 BiITBOPEHHA 3 YepryBaHHAM MOKOJIiHb.
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Aki oco6nnBoCTi Ta pisHOMaHiITHicTb Moxonofi6Hunx?

Moxonogi6Hi — Le HeBWCOKi TpaB'AHUCTI '
POCVHY, AIKi € HANGINbL NPUMITUBHUMYK 3 BU-
WMX poCauH. Mpo Le cBiaunTb IXHA NOAIOHICTD i3
BOAOPOCTAMU, AK-TO: BIACYTHICTb Kcunemu i dno-
emMu, HasBHICTb pu30ifiB, cnaHeBa bynoBa Tina.
BogHouac moxonopfibHi € BUWMMM POCIMHAMM,
AKI MaloTb O3HaKM NPUCTOCYBaHHA [0 XWUTTA Ha
cyxofoni. Y Hux 3'ABUANCb MOKPUBHI 1 OCHOBHI
TKaHWHW, NPOCTi 3a GynoBO CTEGNO i NNCTKU.
Ona moxonofibHMX xapaKTepHe uepryBaHHA
NOKOJiHb, afne Ha BiAMIHY Bif iHWNX BULWMX CMO-

In. 41. MpepcTaBHUKM MOXOMOAiOHMX:

POBUX POC/VH Yy TXHbOMY LMK BIATBOPEHHA 1 — aHTOLLEPOC FagKNiL;
2amemodpim nepegaxae Hao cnopogimonm. 2 - MapLaHLis MiHMBa;
Moxonogi6Hi BKoualoTb TpU rpynu: AHTO- 3 — 303yNMH NIbOH 3BUYANHWI;

LepoBi, MeyiHouHUKK | CripaBKHi Moxu. TUNOBUM 4 - charHym BunHyTUiA

NpeacTaBHMKOM AHTOLIEPOBUX € aHMouyepoc 2aadkul. Lia pocnvHa uikaega Tvm, wWwo i

C/laHb Ma€ CNIM3UCTI MOPOXHUHMU, B AKMX NOCENATLCA LiiaHobaKTepil 3 pogy HocTok.

Hanbinbw Bigomymun npepctaBHMKamu [MeUiHOYHUKIB € mapwaHuis MiHauea
(NevyiHOUYHMK 3BMYANHNI), AKa TPANNIAETbCA TaM, [ie HiKonu He ByBa€e cyxo: no bepe-
rax pivok, y 6010TMcTux Micusx, Ha BOrKUX CKenaAx, 3pybax cTapux Konopssis, CTiHax
CiNIbCbKMUX XaT TOLLO.

Hargigomilwmmm npepctaBHMKaMy CNPaB»KHiX MOXiB € 303y/IUH JIbOH i cghazHo8i
(mopah’aHi) moxu (in. 41). DocnigeHHAM MOXONOAIOHNX 3aIMAETbCA OKPEMUIA PO3Ain
60TaHikun — 6pionoais.

OT1xe, MoxonopaibHi — BULi cnopoBi 6e3cyanHHI poCinHY,
B AKMX Y KUTTEBOMY LMKNI NepeBaka€ rameTodir.

AKi 0co6NNBOCTi Ta Pi3HOMaHITHICTb CNOPOBUX Ta HACiIHHEBUX POCNH?

Ina CyanHHunx pocnuH (Tracheophyta), no Akux Hanexatb CyAuHHI CNOPOBI Ta
HaciHHEeBI, xapakTepHa TeHAEHLis 1O NepeBary i B4OCKOHaNleHHs cnopodita npu oa-
HoYacHoOMy cnpouleHHi rameTodiTta. Y Liei rpynu Bxe 3'aBnA0TbCA I'IpOBIp,HI TKaHI/IHVI,
AKi BUKOHYIOTb [Bi BaxnuBi GyHKLUii. [o-nepuue, C
BOHM YTBOPIOOTb TPAHCMOPTHY CUCTEMY, LWO
30INCHIOE NepeMmilleHHA MOXKMBHUX PEYOBUH i
BOAM MO BCcbomy Tiny. [o-gpyre, Tino pocnmHm
OTPUMYE BHYTPILLHIO ONOPY.

CyavHHI cnopoBi pocanHu (Pteridophy-
ta) — suwi poCc/IUHU, AKi PO3MHOXYIOMbCA MA pO3-
cenolomeca 3a 0onomozoto cnop. Cnopu y Lmx
pPOCNH — 0COONUBI OKPYrAi KNiTUHW, AKi cny-
ryloTb AN HECTaTeBOr0 PO3MHOMEHHA Ta PO3-
cenieHHA. BoHM MaloTb OBGONIOHKMU AnA 3axucTy
Bil HECMPUATIMBUX YMOB, xioponnacty, agpo, - 42. [IPeACTaBHNKM CyAnHHMX Cro-

. poBux pocivH: 1 — nnayH 6ynaso-
He3HayaHWn 3anac MOXWBHWUX peyvoBuH. Cno-

nomiGHWIA; 2 — XBOLL, NiCOBUIA;
pOBi POCNNHN MNOWMVPEHI Ha BONOrMUX AiNAHKax 3 — WUTHKK YONOBIUNi
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cyxopony. Y noBiTpAHOMY cepeoBULLi, AKe € 4OCUTb CYXMM i CNPUSE BUNAPOBYBaHHIO
BOAMW, CTaTeBUI NPoLeC 3HaYHO YCKafHI0ETbCA. Yepes Te y Takux pocinH popmy-
I0TbCA CTINKI NPOTU BUCUXaHHA cniopu. BoHM po3citooTbca, NOTpannaTb Y cnpuaT-
NNBI YMOBW, i 3 HUX BUPOCTAE MOKOJiHHA, WO YTBOPIOE rameTu. | came Ha LiboMy eTani
BOAa € BMPILLaNbHUM YMHHUKOM iCHYBaHHA, OCKIiNbKM 3abe3neyye 3ycTpiy 4oosiumx
ramert i3 XXiHounmu. 13 rameT nicna 3annigHeHHA YTBOPKETLCA 3Ur0Ta, 3 AKOI Gopmy-
€TbCA 6aAraTOKNITMHHUI 3aPOAOK, a 3rofoM i cnopodiT. 3a CyYaCHUMN yABNEHHAMM,
[0 CYAVHHUX CMOPOBUX POCINH Hanexatb lMnayxu, Xeowi, [Tlanopomi (in. 42).

HacinHegi (Spermatophyta) — epyna suwjux cyOUHHUX POC/IUH, AKi PO3MHOXYIOMb-
€A Ma po3n0o8C0XyMbCA 3a 00NOMO20K0 HACIHHA. 10 HACIHHEBUX POCIINH HanexaTtb
CazoeHuku, XeoliHi, lHk208i, THemoei Ta Keimkoei (i/1. 43). O3HakaMn BAOCKOHANEH-
Hsl HACIHHEBUX POCIIVH €: 1) PO3MHOXEHHA HACIHHAM, WO MiCTUTb 3aPOA0K MallbyTHbOI
POCVHY, 3anac NOXMBHUX PEYOBUH i HACIHHEBY LUKIPKY, WO 3axMLLa€e 3apofoK Bif
HeCnpuATIMBOro BMIUBY CEPeOBULLa; 2) NoA8a nujKy U 3anusieHHs, Wo 3abe3neuye
nepeHeceHHA NUIKOBUX 3ePeH i3 CNepMiaMM [0 HAaCIHHEBMX 3a4aTKiB 3 ANLEKNITUHA-
MU; 3) HasBHICTb HAaCIHHEBOTO 3a4aTka, Lo 3abe3neyye 3amniHeHHsA Ta PO3BUTOK 3a-
popjKa 3a paxyHOK NOKUBHUX PeYOBUH fO0Ope PO3BNHEHOrO HECTAaTEBOrO NMOKOJTIHHSA;
4) 3annioHeHHs He3asexHe 8i0 800U, BHyMpiwHe (cnepmii MPOHMKATb 10 HACIHHEBOTO
3ayaTka 3 ANLEKNITUHO Yepe3 NUIIKOBY TPYOKy, a He yepes BoaHe cepepnosuLye). Lli
O3HaKM Janu 3Mory HaCiHHEBMM POC/IHaM NPUCTOCYBATUCA [0 HA3EMHUX YMOB »KUTTA
i 4OCArTY BULLOrO PiBHA PO3BUTKY NMOPIBHAHO 3i CMOPOBMMY POCIIMHAMM.

In. 43. NpefCcTaBHUKN HACIHHEBMX POCINH: 1 — CarOBHUK MOHMKAOUMiA; 2 — COCHA 3BMYalHa;
3 - riHKro gBosnonaTteBe; 4 — BeNbBiviA ANBHA; 5 — MarHonis BENIMKOKBITKOBA

OT¢e, CyAVHHI POCNMHW NOZINATb Ha ABI rpynn —
CYOVHHI CrIOPOBi N HACiHHEBI.

e~
'_
=
T @ OIANbHICTb
3 x,/‘ CamocriiiHa po6oTa
I
[22] . . . . o .o
a Po3nisHaBaHHA pi3sHNX NpeACTaBHUKIB POCAVH i CKnagaHHA cxem Knacudgikauii
o . . . e
o BnpaBa 1. Po3rnaHbTe 3anponoHOBaHi BMAW POCAWH. 3icTaBTe inlocTpauii 3 Big-
: NOBIAHUMYM Ha3BaMu BUAIB. YKaXiTb 03HaKW, 3@ AKMMYW BN PO3Mi3HaBaan 3anpornoHo-
E, BaHi BUAW POC/INH.
Bugm Buwmx pocnuH: 1 — KanuHa 3BnYaiiHa; 2 - nnayH-6apaHeub; 3 - cocHa cmbip-
CbKa; 4 — XBOLY NOSIbOBUIA; 5 — 303YNMH TbOH BOSIOCKOHOCHWIA; 6 — OPAAK 3BUYANHUIA.
A FY B : B\ ¥l T IR O AR E y &
64
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BnpaBa 2. 3a fornomorot Tabnuui Br3HauTe iXHI0 HaneXHICTb 4O OfHIEl 3 rpyn

BULNX POCSTINH.
Ta6nuua. AEAKI OSHAKU OCHOBHUX I'PYN BULLIUX POCJIUH

Mopd¢onoriuHi 03HaKM fOpOCNoi 0CO6GUHN lpyna MpeacTraBHNKN

C1ebno Hepo3ranyeHe, MNCTKM APiOHi, 3eNeHi, KOPeHiB He-
Ma€, pu3oiou Ha cTe6ni, apxeroHii Ta aHTepuaii Ha BepxiBKax
pOCNVH
Crebno OuxomomidyHo po3zanyxeHe, NUCTKN APiOHi, 3 ofHiEl0
XKUIIKOIO, KOPeHi 000amkosi, COPOHOCHI KOIOCKK (cmpobinu)
CTe6510 UNeHncTe, 3 By3namu, MiCTUTb KDEMHE3EM, JIUCTKN pe-
[lyKOBaHi, KOpeHi J0AaTKOBI Bifi KOpeHeBULa, CTpobinu
Ctebno nigsemHe (KopeHeBulle) 3 [OOATKOBMMU KOPEHSAMMU,
nMcTKonodibHi naroHu (Baii), cnopaHrii y copycax
Crebno npAmMocTonAYe, € TOHKa Kopa, AepeBuHa, Kambil, nncT-
KW y BUTNALI XBOI, KOPEHi 20/108Hi 11 6iYHi, HACIHHA B WIMLLKaX
Crebna TpaB'sHUCTI abo AepeB'sHUCTI, NUCTKU NpocTi abo
CKNajHi, KOpeHi ronoBHi, 6iuHi 11 JOAATKOBI, KBiTKa, HaCiHHSA, | KBiTKOBI
nnoawu

Bnpasa 3. BisHauTe NON0XKeHHA OAHOrO 3 BUAIB Y CUCTEMI 3e/IeHX POC/IVH i 3a-
MOBHITb cxemy Knacudikauii.

CnpaBXHi
MOXM

MnayHn

XBoui

Manopori

XBOWHI

LlapcTBO Bipgin Knac Mopapok PoguHa Pig Bug

CTABJIEHHA

bionoria + AHrninicbKka moBa

«Alternative energy can be found in plants. Indeed it
sounds like science fiction, but Dutch scientists have
found a way to harvest electricity from plants. When the
plants perform photosynthesis, they convert solar energy
into chemical energy (carbohydrates) that they use to
grow. However, they don't use it all themselves. Some of
this energy is released through the roots to feed micro-
organisms that in turn provide minerals to the plants. But it’s not a perfectly closed
system, so some energy escapes, and this is what scientists have been able to harvest».
MNepeknagiTb TEKCT N OUiHITb 3HAYEHHA AOCNIAKEHDb 3 OTPUMAHHA eNeKTPUYHOTO

=

CTPYMy 3a JOMOMOIO0 POC/INH. g
19)

- [e]
PE3YJIbTAT e

g

@

OuiHka 3aBAaHHA A4NIA CAMOKOHTPOJIO 1n
[V7,]

1. XTo TakKi BuLi pocnvHn? 2. Ha3BiTb OCHOBHI rpynu BULMX POCIUH 3. XTO TaKi
1-6 |moxonopi6Hi? 4. Ha3giTb gekinbka npeacTaBHUKIB MOxonoAibHUx. 5. XTo Taki cy-
AVHHI pocnnHmn? 6. Ha3BiTb rpynu CyagMHHMX POCIVH

7. AKi 0co6NMBOCTI BUPIi3HATb BULLi pocnnHn? 8. Ha3BiTb 0co6nMBOCTI Ta pisHOMa-
7 -9 |HiTHicTb MoxonogibHux. 9. ki 0co6NMMBOCTI Ta Pi3HOMaHITHICTb CMOPOBYUX Ta HaCiH-
HEBUX POC/INH?

10. OUiHiTb HayKOBI AOCNIAXKEHHA POC/INH Y ranysi anbTepHaTUBHUX OXKepen eHep-
rii. 65

10-12
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TeapuHu — npodyKkm icmopu4YHOi Noc/1i008HOCMI 3MiH,
wo bynu Halkpawumu y csiti yac.
P. [lokiH3

§ 16. CNTIPABXXHI TBAPUHU

OcHOBHi NOHATTA 1 Knto4oBi TepmiHn: CMPABXXHI TBAPUHW. TBapuHo-
nopi6Hi opraHiamm.

MpurapanTte! X10 Taki eykapiotn?

MomipkynTe!

OZHOKNITMHHUI aMebOIgHNI OpraHi3m xpusa-
me6a npomeHucma (Chrysamoeba radians) mae pxryTmk
N YyTBOPIOE MCEBAOHIXKKY, 3haTHa Ao daroumTosy I rete-
POTPOdHOrO XMBNEHHS, ane ii He BifHOCATb O CNPaBXHIX
TBapuH. Yomy?

3MICT

flke micLe TBapUH y cncTeMi eyKapioTYHNX opraHismiB?

Hanbinbw iHbopmaTBHUMM AN1A HAYKOBLIB WO0 BU3HAYEHHA MiCLA CNPaBXKHiX
TBAPUH Yy CUCTEMI eyKapioTiB BUABWUANCA He reTepoTpodHe XUBMEHHSA i HaABHICTb
rNiKoKanikcy, a Taki LMTONOriYHi KpuTepii, AK KiNbKiCTb 1 pO3TallyBaHHA OXKIYTUKIB,
bopMa MiITOXOHAPIANbHUX KPUCT. Y CyyacHil cuctemi opraniyHoro cgity (C. Egn i3 cni-
BaBTOpamu, 2012) fnA cnpaBXHiX TBapVH BU3HAUUAW MicLe B rpyni 3afHbOmXIyTU-
KoBi (OnicTokoHTa). Lia Ha3Ba nNo3Hauyae 3a0HE pO3MAlly8aHHA 0XK2ymuKa B PYXOMil
KNITUHI (AK y CnepmaTo300HiB 6inblIOCTi TBAPWH), TOAI AK iHWIi eyKapioTn 3aebinbLio-
ro MaloTb NepegHin AXryTuK.

MiToxoHApii eykapioTiB HanexaTb 40 HalbiNbll KOHCEPBATUBHUX OpraHes, 0cob-
NNBOCTI AKMX HEe 3MIHIOITbCA B XOAI afanTBHOI eBONoLi, Tomy 6ynoBa MITOXOHAPIV
BKa3yE Ha MOXOMOXEHHA MeBHOI eyKapioTUYHOI
rpynu HaginHile, HiX aHaTOMiYHi un disionoriyHi
03HaKu. Y cnpaBHix TBapyH MimoxoHOpii Matome
naacmuH4yacmi Kpucmu, WO € BaXK/MBOIO BiAMIH-
HICTIO Bif IHLIWX FPYN, Y AKAX MITOXOHAPIT MOXYTb
MaTV AMCKOMOAIOHI um TpybyuacTi kpuctu (isn. 44).

Xnoponniacmie y 8Cix cnpasXHix meapuH He-
MaAge, ane B OKPeMUX BUAIB NOWUPEHUN CMMOBi03 In. 44. MiToxoHApii TBapUH
3 BOAOPOCTAMM 1N UiaHOGaKTepiAMK, 3aBAAKK i3 MNaCTMHYACTMMN KPUCTamm
YoMy Ui iICTOTV MOXYTb NOBHICTIO BiAMOBUTUCH Bifl reTepoTPOdHOro XuBMeHHs. Tak, y
2i0pu 3es1eHOI B eHTOAePMI XMBYTb 3eNeHi BOLOPOCTI xJ10pesia 38udatiHa, KOH8ooma
KUBUTbCA, BUKOPUCTOBYIOUN 3e/leHY BOAOPOCTb NJIAMUMOHAC, Y KIITUHAX enisii
bYHKLiOHYIOTb XJIOpONNacTy Bifj XKOBTO-3eNeHOI BOJOPOCTi gowepii. Ane y nepeBa-
HOT GiNbLIOCTI CNPaBXHiX TBAPUH >KMBJIEHHA XeMOreTepoTPOPHE, HasiBHE aKTVBHE
nepemilieHHa y npocTopi (abo ynpoaosx XuUTTa, abo Ha NeBHil cTagii oHToreHesy).
Okpim TOro, AnA CrnpaBXHiX TBAPWH XapaKTepHi 0OMeXeHuin picT, Noapas3nNmBicTb y
bopmi pednekcis, BiiCyTHICTb KNiITUHHOT 060NIOHKY, 3aNacaHHA riKoreHy, HafABHICTb
3apOLKOBYX IUCTKIB, CTafin 6nacTynu i racTpynu B 3apOAKOBOMY PO3BUTKY.

Tema 1. BIOPI3HOMAHITTA
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YciBugm tBaprH 06’'egHaHo y rpyny CIMPABXK-
HI TBAPUHMU (Tono3oi). Y mexax Lboro Lapctea
HalnyacTiwe BrOKpemnoTb Tpu nigrpynu: Oi-
nactepii, Komipuesi gkrytukosi (XoaHodnarena-
Tn) Ta baratokniTnHHiI TBapnHM (MeTa3zoi).

BBaa€eTbcA, WO NpefKkamu CrpaBXHix TBa-
puH 6ynu ofHoALepHI ameby 3 TOHKUMU Hepo3-
rany>keHumMmu nceBaoHixkkamu (dinonogisamm). Ha
CbOrOfHi BiAKPUTO 1 ONMCAaHO ABa Cy4acHi BMau,
AKi AaloTb HayKoBUAM iHpOpMaLilo Npo nprpo- In. 45. Minictepia (Ministeria
AY OOHOKNITUHHUX Mpeakie TBapuH. CyyacHnX vibrans) ~ npeAcTaBHNK dinactepiit
npencTaBHUKIB i€l rpynn ob’egHytoTb y niguapctso DinacTtepii, a KOHKPETHUMMU
npeacTaBHUKaMWU € MiHicmepia Ta kancacnopa (in. 45). baraTOKNITUHHI TBapUHW Mo-
XOAATb BiJ KOMOHiaNIbHUX IXKIYTUKOBWX, a iX HANbAUKyi Bigomi poandi — Komipuesi
IXKIYTUKOHOCL. Y fesaKknx 6araToKNiTUHHUX TBapViH, Hanpuknag y rybok, [o CbOrofHi
36epernnca KniTMHU-xoaHoUUTU. Brao3miHeHi KoMipueBi KNiITUHU € HaBiTb y Tini fto-
LAVIHV — BONTOCKOBI KNITUHWN CNTYXOBOTO (KOPTIEBOro) opraHa.

OTtxe, CMPABXHI TBAPUHW - KniTUHHI eyKapioTUYHi opraHiamu,
CMOPIAHEHICTb AKUX JOBOAATb TaKi Han3arabHilli O3HaKW, AK HaABHICTb Y
KMITUH OAHOrO 3aAHbOrO AXryTrKa, MITOXOHAPIM 3 MAACTUHYACTUMM
KprcTamMu, BifCYTHICTb BIACHUX XJIOPOMIACTIB 1 GOTOCUHTESY.

Aki oco6nnBOCTi TBAPMHOMNOAIGHNX OpraHiamiB?

Taki icToTu, ik eBrieHa 3eneHa, popaminidepu, pagionapii, iHPy3opii, cnoposu-
K1, ameba-npoTen, YepenallkoBi ameou, nemwmaHii, 1amonii, TpMnaHOCOMM Ta iHLWi,
AKMX paHille Ha3mBanu «HanWnpoCTilLMMKY, CbOrOAHI BUBEAEHO 3i CKnagy LapcTsa
CnpaBHi TBapuHMU (is1. 46). 3a NOAIGHICTb 4O TBAPWH iX Lie Ha3MBalOTb «TBAPUHOMO-
LOiGHMMY opraHiamammy», ane y ¢inoreHeTUUYHNX CCTEMax BOHW HanexaTb [0 Pi3HUX
rpyn i/ MaloTb Pi3HE NMOXOMKEHHS.

§ 16. TeapuiHu

In. 46. Pi3HOMaHiTHICTb OLHOKNITUHHUX TBapMHOMOAiIGHMX: 1 — ameba npoTei;
2 - iHdy30pisa TydenbKa; 3 — eBrneHa 3eneHa; 4 - iHdy3opia Tpybay; 5 — dopamiHipepa;
6 — TpUnaHocoma; 7 — ameba An3eHTepiitHa; 8 — apuena; 9 — pagionspis 67
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AKi X 03HAKM BiApPi3HAIOTb TBAPUHOMOAIGHNX Op-
raHiamiB Big cnpaskHix TBapuH? Po3rnaHemo ix Ha
npuKnagi HamBigoOMILLMX OpraHi3miB — ame6u npoTes,
€BIJIeHW 3eneHoi Ta iIHPy30pii TypenbKu.

3rifAHO 3 MONEKYNAPHO-TEHETUYHUMMWN JOCTiAXKEH-
HAMWU ame6a 38u4yailiHA HanexuTb A0 HaaLapCTBa
Ame6030i, Wo Ma€e cnifbHi KopeHi 3 ONicToKOHTaMMu.
Lle rona onoHosipepHa ameba. B Hel € nanbuenoaioHi
ncesgonopii ana nepemilleHHs 1 daroretepoTpod-
HOrO »WBNEHHA. [KryTuKiB B3arani HeEMa€, MiTOXOH- In. 47. MiToxoHapii 3
Apii MatoTb Tpy6yuacTi posranyxeHi kpuctu (isn. 47). TPYbUaCTUMK KpUCTaMu

Y eeanieHU 3esieHOI € xnoponnaacth 3 TpboMma
MemMOpaHamy, WO BUHWUKAW 3aBAAKW BTOPUMHHOMY
CMMb6io3y reTepoTpodHUX eyKapioTiB i3 3eneHUuMU
BogopocTtaMu. OKpiM TOro, eBriieHn MalTb OfHe
AAPO i ABa OXKryTUKKN (OAMH OOBIUN Ta OJMH KOPOT-
K1), MiTOXOHZAPII i3 AMCKONORIOHMMIY KpUCTaMu, MiK-
COTPOTPOdHE KMBNEHHA, 3anacaloTb O6IM3bKUA [0
KpoxMasnto nonicaxapug napamin (in. 48). Lli Ta peaki
iHWi 0co6MBOCTI BKa3yloTb Ha CMOPIAHEHICTb eBrne-
HU 3 HaNAABHIWNMK eyKapioTamu, AKX BIAHOCATb A0
rpynu Ekckasatu. In. 48. MiToxoHapil 3 AncKko-

KnitnHn ingysopii mygenoku BKpuTi anbseo- MoAiGHIMM KpyCTamu
NAPHOIO Nenikynot, Wo YTBOPeHa Mia3mMaTUYHO
MeMOpaHOLo Ta CMIOWEHUMN MeMOPAHHUMM LMCTePHAMK — anibBeonamMu. MiToxoHapiT
MatoTb TpybuacTi KpucTun. CyKynHICTb Nenikynm i eKTonnasmum 3 ycima il cTpyKTypamu
YTBOPIOE KOPTEKC. KNiTnHa BKpMTa YNCII@HHUMW BiNKaMW. YHiKanibHOI BNAaCTMBICTIO
iHdy30pin € HaABHICTb ABOX GYHKLIOHaIbHO Pi3HNX FEHOMIB, LLO MICTATLCA B MasloMy
(reHepaTnBHOMY) 11 BeniMkoMy (BeretatmsHomy) agpax. OKpiMm Toro, KnituHu iHdy3o-
pii MaloTb cneuianizoBaHi CTPYKTYPU (KNITUHHWIA POT, KNITUHHY FNOTKY, MOPOLUMLIO,
TPUXOUNCTW), ABi CKOPOTNMBI Bakyoni, 34aTHi A0 KOH'torauii Towo. Y cyyacHin cuctemi
opraHiuHoro cBiTy iHdy30pii HanexaTb O MONIOAOT 1 MepPCNeKTUBHOI rpynu — Xpo-
MasibBEONIATU.

OT1xXe, TBapuHONOAiI6GHI opraHiamun —
36ipHa rpyna HecnopigHeHNX OQHOKMITUHHMX OPraHi3mis,
06’'egHaHnX Taknmm MopdodisionoriyHNMmM o3Hakamu,
AK BiACYTHICTb KNITUHHOT CTIHKW, reTepoTPOdHE >KMBJIEHHA Ta aKTUBHUN
ameb0igHNIA, OXIYTUKOBUIN abo BIIKOBUI PYyX.

Tema 1. BIOPI3HOMAHITTA

RIANBHICTb

x/,‘ CamocrTiliHa po6oTa 3 Tabnuueo

3anoBHiTb Tabnuu Ta 3p06iTb BUCHOBOK MPO MOXOMMEHHA 3efIeHUX POC/UH,
CrpaBXHix rpunbiB i crpaBXHiX TBAPUH.
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Ta6nunus. MOPIBHAJIbHA XAPAKTEPUCTUKA POCJIUH, FPUBIB N TBAPUH
O3HaKu 3eneHi pocnuHu | CnpaBXHi rpu6m | CnpaBXHi TBapUHA

KpucTtu mitoxoHapin
Bugwn xnoponnacTis i nirmeHTn
IKryTnkm (KinbKicTb i po3TaLuy-
BaHHA)
Tino
Tvn XnBneHHA
OcCHOBHI rpynu
CamocrTiiiHa po6oTa 3 inocTpayiamn

3acTocyiiTe cBOi 3HaHHA 6ionorii, po3ni3HaNTe Ta Ha3BiTb enemMeHTN GyoBM ame-
6w npoTen Ta iHdy30pii Typenbku. [loBegiTb, WO Li OQHOKNITUHHI iCTOTW € CaMOCTil-
HYMMW TBAPVMHOMOAIGHUMY OpraHizMamm.

Q CTABJIEHHS
N —
;\2 bionoria + ®isuka. EneKTpoHHMI1 MiKpocKkon

EpHcm Asaycm Pycka (1906-1988) — BUHaxigHWK
€NeKTPOHHOIro MiKpockona, naypeat Hobeniscbkoi
npemii y ranysi ¢isuku (1986 p.). MNpototnn nepuuo-
ro efleKTPOHHOro MIiKPOCKOMa, WO CKnagaBca 3 ABOX
NMocCNiJOBHO pPO3TallOBaHMX MarHiTHUX niH3, 6yB
npepcTaBneHnin Haykosuem 9 6epesHsa 1931 p. Akui

NPUHUMN gii eNeKTPOHHOro Mikpockona? Yomy BuHaum- In. 49. TpoM6 3 HUTOK
[IEHHA €NeKTPOHHOro MIKPOCKOMa HaNeXuTb [0 Hal- d)i6p.I/IHy' i NEKTPOHHIM
6inbLUNX BIOKPUTTIB, WO BMAMHYIN Ha XNUTTA BCiX Hac? MIKPOCKOMOM

PE3YJIbTAT

3aBAaHHA [4/11 CAMOKOHTPOJIO
1. XT0 TaKi cnpasxHi TBapnHK? 2. Ha3BiTb OCHOBHI rpynu cnpasHix TBapuH. 3. o
1-6 |AKOro HaLAPCTBa HaneXaTb CNpaBXHi TBapuHN? 4. XTo Taki TBapMHONOAiOHI opra-
Hi3mn? 5. HaBepiTb NprKnaamn TBapuUHONOAiGHNX OpraHi3miB.
7. flke micue TBapUH y cMCTeMi eyKapioTUYHMX opraHismis? 8. ki ocobnusocTi TBa-
7-9 |puHonopibHux opraHiamis? 9. Yomy ameba nporteli, iHdy3opia Typenbka He Hane-
»KaTb 4O CNPaBXHiX TBAPUH?
10. lWLo cninbHOro i BiAMIHHOIO MiXK CMPABXKHIMX TBapPUHAMK, CMIPABXHIMU rpnba-
MU 11 3€NeHUMIN POCSIHaMKn?

§ 16. TeapuiHu

10-12
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Tema 1. BIOPI3HOMAHITTA
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paBo

TeapuHu — 4acmuHa NpUPOOHO20 3dKOHY, | BOHU MAloMs C80i Npaesa.
XK. K. Pycco

§ 17. BATATOK/NITUHHI TBAPUHU

OCHOBHiI NOHATTA 1 KntouoBi TepmiHn: BATATOKJTITUHHI TBAPUHW. NepBuiH-
Hi 6araTokniTuHHI. CNpaBKHi 6araToKNiTUHHI.

MpuraganTte! XTO Taki TBApUHNK?

MomipkyinTe!

lopa 3eneHa (Hydra viridissima) (1), nnockumn
yepB'sik kKoHBoMoTa (Convoluta roskoffensis) (2), montock
enisia 3eneHosyxa (Elysia chlorotica) (3) matloTb 3eneHe 3a-
6apBneHHaA i 3aaTHI Ao GoTOCKHTESY, ane iX BiHOCATb A0

6araTokniTMHHKX TBapuH. Yomy?

3MICT

BaraTokniTVHHI TBapVHW € HAaNGINbLLOIO N HANCKNAA-
HiLIO rPYNoIo XMBUX OpraHiaMiB. 3a 0cobANBOCTAMU
opraHisauii po3pi3HATb Neps8uHHi 6a2amoKIimuHHI Ta
CNpaesxHi 6a2amokKimuHHi.

o nepesuHHUX 6a2amoKNiMUHHUX HanexaTb TBa-
PVIHHI ICTOTK, B AKX HEMAE CUMETPIT, TKAHMH Ta OPraHis.
CnpaexHi 6azamoknimuHHi XapakTepusyTbCA HaAB-
HICTIO CMMeTPIi, MOABOIO CMPAaBXHiIX TKAHWUH, OPraHiB i
CUCTEM OpraHiB. Y cnpaBXHix 6araToKniTMHHUX TBapUH
3'ABNATbCA TPaBHa, HEPBOBA, CTaTeBa CUCTEMMU, Opra-
HUW YyTTA. BinbLlicTb iCTOT L€l rpynu BXe Ma€ BUAINbHY
CMCTeMy, @ BULLi TBAPWHU — Lie 1 KPOBOHOCHY Ta Au-
XanbHy cuctemu. Y npoueci embpioreHesy B CrpaBHix
6araToKNiTMHHMX YTBOPIOIOTbLCA 3aPOLKOBI NUCTKY, 3
AKX PO3BUBAIOTLCA TKaHVMHW Ta OpraHy AOPOCNX TBa-
puH. Cepen crnipaBXHiX 6araTOKMITUHHUX HAWHVXYUNA
piBeHb MocifaloTb pebponnasBy Ta KHigapii, a HaliBu-
WM — XOPAOBI TBAPUHU 3 TaKMMU rpynamu, AK puou,
amoi6ii, nnasyHu, nTaxu, ccasLi.

Otxe, BATATOKJIITUHHI TBAPUHU - ue op-
raHiamu, B AKUX Tino nobynoBaHe 3 BENNKOI Kinb-
KOCTi KNiTUH, WO crewuiani3yloTbCA Ha 3QiMCHEHHI

neBHUX QYHKLIN i pi3HATbCA 6ygoBOtO.

AKi 0c06NMBOCTi Ta Pi3HOMAHITHICTb NePBUHHNX
6araToKNiTUHHMNX?

MnactuHvacTi (Placozoa) - nepBUHHI 6GaraTokni-
TUHHI TBaPUHW, TINO AKNX CKNAJAETbCA 3 5 TUNIB KNITUH:
eniTeniafNbHUX 3 MKryTMKamMu, BOJIOKHUCTUX, ameboif-

51 6e3onnaTHOro po3MillleHHs niapyyYHuKa B Mepexi IHTepHeT mae

Aki oco6nuBocTi 6araToKNITUHHNX TBAPUH?

BaraTokniTHHI TBapuHN
(Metazoa)
MepBUHHI

6araToKniTUHHI
Tun MnactuHyacTi
Tun Iy6Kn
CnpaBXHi
6araToKNiTUHHI
Po3zpnin PagianbHi
Tun Pebponnasu
Tun »Kanki, abo KHigapii
Po3pin binatepanbHi
[pyna MNepBuHHOpPOTI
Tun MNnocki yepsu
Tun Montockn
Tun KinbyacTi uepsun
Tun Kpyrni yepsu
Tun YnenncroHori
[pyna BropuHHoOpOTi
Tun lonkowwKipi
Tun Xopposi

-~

In. 50. Tpuxonnakc — Hannpu-
MiTUBHilIa 6araToKNiTHHA
TBapvHa
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HUX 3 NCeBAONOAIAMM, 3a/I03UCTUX | CNM30BUX. Y NNACTUHYACTUX HEMAE 3apOAKOBUX
NINCTKIB | OpraHn He GopMyIoTbCA. Y HUX HEMAE NepefHbOi UM 3afiHbOI, BEPXHbBOI UK
HVXHbOT YacTUH Tina. TnoBmm npefcTaBHUKOM FPYMNM € KPUXiTHA MOpPCbKa icToTa
Tpuxonnakc adzepeHc (in1. 50). MXNBUTbCA TPUXOMSIAKC MiKpOOpraHiaMmamu, AKX 30B-
HILIHbO NepeTpaBIIOE 1 MOMNMHAE 3aBAAKM MIHOLUTO3Y UM parouymnTye 3a ONOMOroo
nceBAonNodil, a Pyxa€TbCaA 3a JOMOMOrOI0 AXKIYTUKIB, O BKPMBAIOTb TiNo.

lMy6ku (Porifera, Spongia) — nepBMHHI 6araTOKNITUHHI acMMeTPUYHI TBapPUHMY,
Ham3aranbHiWMMM O3HaKaMM AKKMX € HAABHICTb NOP Y CTiHKax Tina Ta ABOLAPOBICTb
Tina. [lo TNy HanexnTtb 65MM3bko 5 000 BUAIB MpicHO- XTY
BOAHUX i MOPCbKMUX ry6OK. Y Tifi, WO Haragye MilloK yum 3
Kenux, 3HNU3y € OCHOBa [NA NPUKPINAeHHA Jo cybcTpaTy,
a 3Bepxy — BYCTA, WO Befje A0 KNLLIKOBOI MOPOXHUHN. Y
Tini ry6ok po3pisHatoTb Big 10 go 20 Tmnis KnituH. Lle
NMOKPMBHI MiIHAKOLMUTK, KOMIipUEBi XOaHOUWUTW, TPaBHi
ameboUunTK, pe3epBHi apxeounTu Ta iH. Haneigomiwnmm
npeacTaBHUKaMu € 60052a cmasekoaa (in. 51), kowuk Be- In. 51. bopsara cTaBkoBa
Hepu ma Kenux HenmyHa. (Spongilla lacustris)

Otxe, MepBuHHI 6aratokniTuHHI (Prometazoa) - rpyna NnpUMiTMBHUX
aCMETPUYHMX 6araToKNITUHHUX TBAPWH, Y AKNX XUTTEBI PYHKUiT
BMKOHYIOTb AndepeHLUinoBaHi KNiTUHW Pi3HMX TUMIB, AKI NOAiOHI

[0 KNiTUH OZHOKNITUHHUX TBAPUHOMOZIGHMX OpraHi3mis.

AKNMM € cyyacHi nornAaM Ha cucTemy crnpaBXKHixX 6araToKniTMHHNX?

CnpaBxHi 6aratokniTuHHi TBapuHmn (Eumetazoa) — epyna npumimusHux cu-
MempuyHUX 6a2amMOKIIMUHHUX MBAPUH, y AKUX XUmMEBi (pyHKUil 8UKOHYIOMb pi3-
Hi OpeaHu U cucmemu Op2aHis, a 8 XUMmMEBOMY YUK HAABHI 3apo0Kosi 1ucmku. 3a
CUMETPIEI0 yCi CNpaBXHi 6araToKNITUHHI NOZINAITL Ha ABa po3ainu — PagianbHi Ta
binaTepanbHi, WO € BifoOpaKeHHAM KapAnHaabHUX eBOJIIOLIHX NEPETBOPEHDb Op-
radisauii Tina TBapuH.

PapianbHi (Radiata), abo [iBowaposBi, — ye 2pyna cnpasxHix 6azamokaimuHHuUX
MmeapuH, 03HAKAMU AKUX € padiasbHa (npomMeHes8a) cumempis ma 08a 3apooKo8i iucm-
Ku. Y MeXax po3finy BUOKpeMoTb ABa Tunu — Pebponnaeu Ta XKanki. Lle xvxaku,
yepes iIXHE TifIoO MOXHa NPOBECTU ABI 11 Ginblue NNOWNH CUMETPII, Y HUX 3'ABNAETHCA
andy3Ha HepBOBa CUCTEMA, Y Tili — KULLKOBA MOPOMXHMHA, @ MiX eKTO- 11 eHTOAEPMOI0
HasfABHa Me3ornes, fyxe fobpe po3BUHYTa pereHepadia.

Pe6bponnasu (Ctenophora, Big rpeu. ktenos — rpe-
6iHb, phoros — Ti, WO HeCyTb) — ye 2pyna cnpasxHix mea-
PUH, XapakKmepHOI O3HAKOK AKUX € HAABHICMb HA Misi
sucmynie 3 gitikamu. HuHi Binomo 65113bko 200 BUgiB, AKi
XMBYTb Y MOpsX. Ha noBepxHi Tina pebponnasis € Bicim
BaNIMKiB (pebep), Ha AKUX MICTATbCA rpebHeBi NNacTuH-
KW, yTBOpeHi Bikamu. [ig 4yac pyxy nnacTMHKK pos-
KnagalTb CBITNO Ha CNeKTP, TOMY BUHUKAE into3ia, Wo
no Tiny pebponnagis NpobiraloTb BECENKOBI NePennBm.
BinbwicTb LMX TBAPWMH MA€ ABa LynanbLA, BKPUTI KNENKUMU KRiTUHaMK ANA Nosto-

BaHHA. [peAcTaBHUKaMM Fpynn € 8eHepUH NOAC, MHemioncuc (in. 52). 7

§ 17. baraToKniTUHHI TBapuHK

In. 52. Pebponnas MHeMi-
oncuc (Mnemiopsis leidyi)
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Xanki (8ig nat. Cnidaria — Ti, Wo *anatb) — ye 2py-
na cnpasXHix meapuH, XapakmepHUMU O3HAKAMU AKUX
€ XasKi KnimuHu ma 08i xummesi ¢popmu — noninu U
medysu. [lo Tuny Manki Hanexutb noHag 9 000 Bugis
BOAHUX TBapWH, 06’eqHaHMX y ABi rpynu — Kopanosi
noninu (akmuHii, Kopasi-Mo3KOBUK, 4epB8OHUU Kopa)
Ta Mepny3030igHi (2idpa 3suyvaliHa, medy3a-xpecmosuk,
syxama MeOy3d, Medy3d-KopeHepom, MOpPCbKA 0cda) In. 53. Tigpa 3BKYariHa
(in. 53). OcTaHHi MONEKYNAPHO-reHeTUYHI AOCiAKEHHA (Hydra vulgaris)
posenu, wo Kopanosi noniny € Hanbinblw NPUMITUBHOIO Ta CMiIbHOK NPEAKOBOIO
dbopMmoto Ana BCix iHWNX NpeACTaBHUKIB TUMY.

BinatepanbHi (Bilateria), abo TpuwapoBi, — ye epyna cnpasxHix 6a2amokiii-
MUHHUX MBApuH, HAal3d2anbHiWUMU O3HAKaMu fAKUX € binamepaneHa (0806i4yHa)
cumempis ma mpu 3apooKogi lucmku. XapakTepHa O3Haka OyaoBM TBAapWH LbOro
po3gainy — ABOGiIYHa CMMeTPIs, WO NOAINAE Tifo Ha [ABi YacTMHM (NpaBy 1 NiBy, nepea-
HIO 11 3afiHI0, CMIMHHY 11 YepeBHY). B embpioreHesi TBapyH € BXe TPW 3apOLKOBi NNCT-
KW — eKTO-, @HTO- 1 Me30AepPMa, 3 AKNX GOPMYIOTbCA TKaHUHU 11 opraHu. [locnigxeHHA
fJosenu, wo rpyna binatepanbHi € MoHodineTnyHow, T06TO ABOGIYHOCUMETPUYHI
TBapVHW Manu CnifbHOro npeaka. 3roqom nicna CBOEI NOABU BOHW PO34INMANCA Ha
ABi rinkn — NepBUHHOPOTI 11 BTOpnHHOPOTI. OCHOBHA BiAMIHHICTb Mi>XK HAMK — Y CMO-
co6i popmMyBaHHs POTOBOro OTBOPY. I3 TUX TWMIB, WO X BMBYAlOTb Yy LWIKONI, O Nep-
BUHHOPOTUX Hanexatb IMnocki yepeu, Montocku, Kineuacmi yepeu (ix noegHanu
y eBOJIOLiiHY Tpyny Ha OCHOBI TaKMX CMiNIbHUX O3HaK, AK cripanbHe ApobneHHA Ta
HABHICTb NMYMHKKM Tpoxodopu) Ta Kpye- e ‘
i yepeu " YneHucmoHozi (yTBOPIOOTH Y ,@% ,.4_2? *k
Apyry eBOMOLIHY NiHilo, ANA AKNX CMiNb- | |
HUMMW O3HaKaMW € KYTUKYsa Ta JIMHAHHA).
PaHiwe nnocki yepBn BBaxanuca npeg-
Kamu Kpyrnmx 4epB.is, a KinbyacTi — npeg-
Kamu uneHmcToHorux. Ocobnuee micue B
cucTemi TBapuH nocigae rpyna Bropuh-
HOPOTI, Y AKX B embpioreHesi Ha Mmicui [Mepeutropori | [ BropurHopori
NEePBMHHOTO pPOTa PO3BMBAETLCA aHYC,
a poToBUN OTBipP POPMYETLCA Ha NPOTU-
nexHomy 6oui 3apopka. [o ui€i rpynm
Hanexatb [onKkowkipi Ta Xopdoai (in. 54). In. 54. CnpolyeHa cuctema GinatepanbHuxX

n

Montockn

Mnocki yepBu
KinBYacTi ueps

Kpyrni uepsu

lonkowkipi

binatepanbHi

OTXXe, TAaKCOHOMIUYHA PeBOMOLIA, CNPUYNHEHA
MONEKYNAPHO-TreHETUYHUMY [OCAIAXKEHHAMU, NPMBeNa A0 3MiH
i y cuctemaTumui 6araToKNiTMHHUX TBAPWH.

Tema 1. BIOPI3HOMAHITTA

BIANBbHICTb

M CamocTiiiHa po6oTa

Po3nisHaBaHHA pi3HNX NpeACTaBHUKIB TBAPUH i CKNagaHHA cxem Knacudikauii
BnpaBa 1. Po3rnAHbTe 3anponoHoBaHi BUAW TBapuH. 3icTaBTe intocTpadii 3 Bia-
NOBIAHMMM Ha3BaMM BUAIB. YKaXiTb 03HaKK, 33 AKMMU BM PO3Mi3HaN 3anponoHoBaHi
BNV TBAPUH.
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Buan cnpaBxHix 6araTokniTMHHKX GinaTepanbHUX TBApWH: 1 — niaHapia mo-
NOYHO-6ina; 2 — paBAuK BUHOrpagHuii; 3 — MeAnyHa N'ABKa; 4 — ackapuaa NioacbKa;
5 - xpyw, TpaBHeBUIA; 6 — NAHUETHNK EBPOMENCbKUI.

BnpaBa 2. 3a ;ONOMOro TabnuLi BU3HauTe HaNeXHiCTb 306pakeHNX TBAPUH A0

OAHIE€T i3 cncTemaTUYHMX rpyn.
Ta6nuua. AEAKI O3HAKU OCHOBHUX TPYN CMPABXHIX TBAPUH

. MpepcraB-
XapakTepHi 03HaKun lpyna pumm

CnnoweHe Tino, nepeaHin Ta cepefHin Bioginv TpaBHOT cuctemu, Mnocki
opraHu BUAiNEHHs — NpoToHeppuaiT yepsm
lono.a, Tyny6, Hora, MaHTif, YepenaluKka, opraH1 BUAINEeHHA — HUPKK | Montockn
CermeHTauis Tina, BTOPUHHA NOPOXHWHA Tina, opraHu BugineHHsa — | KinbuacTi
meTaHedpuail yepBU
Tino BKpwuTe KyTUKY/IOI0, MePBUHHA NOPOXKHNHA Tifla, OpraHun BUAi- Kpyrni
NeHHA — WKipHi 3an03u yepBsu
XiTMHOBWIN eK30CKeneT, 3MillaHa NOPOXKHMHA Tifla, OpraHn AnxaHHA — YneHuncro-
356pa, NlereHeBi MilWKy, Tpaxeil Hori
iﬂfi:))gzl WinunHW B rNoTuUi, HepBOBa TPyOKa, Xopaa, Tio BKpuTe Xoprosi

Bnpaga 3. BusHaute cuctemaTiyHe NONOMXKEHHA OAHOTO 3 BUAIB CNPaBXHIX TBAPVIH.

LlapctBo Tun Knac Pap PoauHa Pig Bug

4. Nigcymok poboTu.
CTABJIEHHA
» I

‘«ﬁ bionorisa + Etonoria. MoBegiHka TBapuH

MoeediHka — Lue NpycToCyBasnbHi Ail, CNPAMOBaHi Ha BCTa-
HOBJIEHHA WUTTEBO HEOOXiAHMX 3B'A3KIB OpraHiamiB i3 ce-
penoBueM. Y TBapuH NoBefiHKa € 6inbll Pi3HOMAHITHOW 1
CKNaAHiWoLo, HiXK Y pOC/IvH i rpunbiB. fKi » ocobnmeocTi 6ynosu
N XXUTTEQIANBHOCTI TBAPWH BMU3HAYalOTb IXHIO CKNagHiwy nose-

AiHKy?

PE3YJIbTAT

OuiHka 3aBAaHHA ANA CAMOKOHTPOIO

1. XTo Taki 6araToKniTUHHI TBapUHK? 2. Ha3BiTb OCHOBHI rpynu UKX TBapWH. 3. XT0
1-6 |Taki nepBYHHI 6araToKNiTMHHI? 4. Ha3BiTb ABa TMNU NEPBUHHUX GaraTOKMITUHHMX.
5. XT0 TaKi cnpaBHi 6araTokNiTMHHI? 6. Ha3BiTb OCHOBHI TMMU LIUX TBAPUH.

7. Aki ocobnusocTi 6araToKNiTUHHMX TBAPUH? 8. IKi 0CO6NMBOCTI Ta Pi3HOMaHITHICTb
7-9 | nepBuHHMX 6araToKNiTMHHUX? 9. IKMMK € CyYacHi NOMNAAN HA CUCTEMY CMPaBXHIX
6araToKNITMHHUX?

10-12 | 10. MNopiBHANTE NEPBUHHMX Ta CNPABXKHIX 6araTOKNITUHHUX TBAPUH.

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 17. baraToKniTUHHI TBapuHK
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Tema 1. BIOPI3HOMAHITTA
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biopi3HOMaHimms 8u3Ha4aemoscA AK po3maimms
XKUBUX Op2aHi3Mi8 3 ycix 0xepes, CKIAOHUKAMU AKUX BOHU €.

KoneeHuyis OOH npo 6iopizHomaHimmas (cm. 2)

Y3aranbHeHHA Temu 1. BIOPIBHOMAHITTA

BIOPIBHOMAHITTA -
ue MiHAUBiCMb Xu8oi NpupoOU 8cepeduHi 8Udi8, Mix 8UOAMU MA MiX eKOCUCMeMAamu.

dbopmu xuTTA

Apxei

bakTrepii

Tunun 6iopisHOMaHITTA Hanpamu cuctematmkmn
1.TeHeTuyHe 1. ®eHeTMYHa cncTeMaTUKa
2. Bugose b |2.EsoniouiiiHa cucTemaTuka
3. EkocuctemHe | 3. OinoreHeTnYHa cmcTemaTmKa
Kputepii Bugy g CucremMaTnyHi KaTeropii
1. MopdonoriyHuin | 1. Aomen
. . . . 2. UapctBO

2. KapiotuniuHui (reHeTuyHmin) 3 -

. . . 3. Tun (Bigain)
3. OizionoriyHun H

- . 4. Knac
4. bioximiuHunn o 5. Pag (MopsiaoK)
5.TeorpadiuHunin M TR PAR

h . 6. PoanHa
6. Ekonoriunuin A )
7. PenpoayKTuBHWiA H 7. Pin
’ I 8.Bup

OCHOBHI rpynu >uBoi npupoamn T Po3ginun cuctematnkm
1. HekniTUHHI popmn XntTa T
2. Apxei A 1. TakcoHoMiA
3. bakTepii 2. HomeHknatypa
4. Eykapiotn

OCHOBHI FPYNU »KNBOI nepueogun
HekniTuHHi

EykapioTu

OCHOBHI O3HaKN

1) MonekynapHun
piBEHb XUTTA;

2) cybmiKpocCKo-
nivHi po3mipu;

3) napasutumsm;

4) 3paTHICTb A0
CaMOBIATBOPEHHA

1) be3'apepHi
opraHismu;

2) KNiTUHHa 060NOH-
Ka 3 NceBoOMypeiny;
3) KNITUHHI Membpa-
HW OJHOLLAPOBI;

4) IHK ma€ iHTpOoHH,
€ 6iNKN-rictoHn

1) be3'apepHi
opraHismu;

2) KNiTUHHA 060NOH-
Ka 3 MypeiHy;

3) KNITUHHI Membpa-
HV ABOLIAPOBI;

4) IHK 6e3 iHTpoHiB,
Hemae 6inKiB-ricToHiB

1) ApepHi opraHizmu;

2) HaABHICTb TCTOHIB i
XPOMOCOM;

3) mo3aiuHa 6y[oBa reHis;
4) eHOOUWUTO3;

5) cknagHi fKryTmKm

OCHOBHI rpynu

Bipycn
MpioHn
Bipoign

KpeHapxeoTu
EBpiapxeotun
Jlokiapxeotn
TopapxeoTn
leimpanbapxeoTun
OgiHapxeoTu

CnipoxeTtun
Mikonna3smu
AKTVHOGaKTepil
MpoTeobakTepii
LliaHo6akTepii

BopopocTi

3eneHi pocIinHN
TBapurHoMNogibHi opraHiamu
CnpaB»KHi TBApUHK
lprnbonopaibHi opraHiamu
Mpun6m
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CamMOKOHTpPOJb 3HaHb

Tect 2. BIOPI3BHOMAHITTA
I. 3aBpaHHA 3 BU60OpOM OfHi€l NpaBuNbHOI BignoBigi (no 1 6asy 3a koxHy npa-
8UJIbHY 8i0N0BIOb)
1. Posgin 6iocuctemaTnKiy, WO 3aAMAETbCA BM3HAUYEHHAM €BOJIIOLiNHMX B3aEMUH
cepep pi3HUX BUAIB KUTTA Ha 3eMli — e cmcTemaTunka

A wTyyHa b peHeTnuyHa
B ¢inoreHeTnuHa I eBonouinHa

2. [lprCTOCOBaHICTb 1O MEBHMX YMOB iCHyBaHHA nepegbavae Kputepin
A KapioTuniyHun B 6ioximiuHui
B ekonoriuHumn I mopdonoriuHmii

3. UWo npepcraBnae reHeTMYHUI MaTepian BipycCy TIOTIOHOBOI MO3aiku?
A ogHonaHutorosa PHK b nBonaHutorosa PHK
B ogHonaHutorosa IHK I peonaHutororsa AHK

4. Axkun cBiTNOYyTNMBMIA NirMeHT 3abe3neuyye ¢GoOTOCMHTE3 y CONEMOOHMX
apxeiB-ranodinis?

A 6akTepiopofoncuH b 6akTepioxnopooin
B ¢iko6iniH I xnopodin a
5. AKuiA TUN XMBNEHHA y LiaHobaKTepiin?
A doToaBTOTPODHNUN b xemoaBTOTPOPHUI
B dpoToreteporpodHuii I xemoreTepoTpodHMi
Il. 3aBpaHHA Ha BCTAHOBJIEHHA BiANOBIgHOCTI (2 6asu 30 npasusbHe 3icmas-
JIeHHS)
6. YCTaHOBITb BIANOBIAHICTb MiXK FPYMOI0 BULLMX POCAVH i NpeACTaBHUKaMMU.
A CnpaBHi Mmoxu 1 mMonopunbHKKY, 6apaHeLb
b lManopori 2 cdarHym, nonitpux
B XBowHi 3 TuC, TyA, Knnapuc
I KBiTKOBI 4 marHonisi, pobiHia

5 WUTHUK, opnAak
7. YCTaHOBITb BiAMOBIAHICTb MiXX FPyNOI0 CNPaB»KHiX TBAPWH i NpeaCcTaBHUKaMMU.

A Xanki 1 BeHepwuH nosac, MHemioncuc
b lMnocki yepsu 2 Ackapuau, rocTpuKkim
B Kpyrni uepsu 3 [JaodHii, komapi N
I YnenwncroHori 4 [lnaHapii, cncyHn §
5 AKTUHI, rigpu 2
Illl. 3aBpaHHA 3 BM6opoOM npaBunbHOI KOM6iHauii BignoBigen (3 6as1u 3a npa- §_
8UJIbHY KOMOIHAY0) 'E;:
8. YKaxiTb Ha3BW TaKCOHIB, LLO XapaKTePU3YIOTb CUCTEMATUYHE NOJSIOXKEHHA 300pa- 3
»KEHOT TBapUHN. §
A Bup b Knac B Tun
1 paBnuk BuHorpagHuii 1 [IBOCTynKoOBI 1 YneHucroHori
2 CNU3YH YOPHUN 2 YepenawkoBi 2 Xopaosi
3 nnaHapia MonoYHa 3 YepeBoHori 3 Montockun
4 6e33y6Ka piukoBa 4 TonoBOHOTI 4 Cnn3oBuKK
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Tema 2. OBMIH PEYOBUH I
NMEPETBOPEHHSA EHEPTII

O3HaKu Xue020 € uwe NPoABAMU 20/108HOI 871CMUBOCMI XUB0I Mamepii —
30amHocmi 8U8iIbHAMU, nepemeoprosamu U 8UKOPUCMO8Y8AMU €Hep2ito 3308Hi.
H. IpiH, Y. Cmaym, [. Tedinop

§18. OBMIH PEYOBWH | NEPETBOPEHHA EHEPTII -
OCHOBA ®OYHKL|IOHYBAHHA BIOCUCTEM

OCHOBHi NOHATTA 1 KntouoBi Tepminn: OBMIH PEHOBUH | MEPETBOPEHHA
EHEPTII. Acuminauia. Ancuminauia.

MpurapanTte! Lo Take 6ionoriyHa cuctema?

4 Momipkyiite!

Cucmema - ye MHOXUHA iEpapxid-
HO Op2aHI308aHUX B3AEMOOiOHUX e/leMeHmis.
Cnctemn MOXyTb ByTW 3akpumumu (y HUX
MOXMBUIA JiLIe OOMIH eHepri€l) i 8i0Kpu-
mumu (HaABHWI OOMIH PEYOBUH 1 eHeprii),
NPOCTUMM N CKNAZHUMU, HEXUBUMN N XKNBU-
MK, 3a popmamn pyxy maTepii po3pi3HATb
bi3nyHi, ximiuHi, 6ionoriyHi, couianbHi cuctemn. B YoMy >k rOfMOBHA BiAMIHHICTb MiXK
HEXIMBOIO (CHIXMHKa) 1 >K1Boto (pagionspis Acanthometra tetracopa) cuctemamm?

3MICT

Yomy o6MiH pevyoBUH Ta eHeprii € 0OCHOBOIO YHKLiOHYBaHHA
GionoriuHnx cucrem?

bionoriuHi cnctemu € BigKpUTUMIN CCTEMaMU, AKI MOXYTb iCHYBaTV inLLE 33 YMOBW
MOCTIIHOIO 308HiWHbL020 O6MiHY PeYOBMHAMM, €Heprielo Ta iHpopMaLli€lo 3 HaBKONMLL-
HiMm cepefioBuLiem. OKpiM TOro, BCepeaHi XUBUX CUCTEM TaKOXK BilOyBa€TbCA iHTEH-
CUBHWIN BHYMPIWHIl 06MiH pe4yoBUH, eHeprii Ta iHbopMaLil MiX OKpeMUMKn YacTHaMIM
6iocuctemm (opraHenamm KniTvH, opraHamy opraHiaMy, opraHiamamu B eKocucTemi).
OBMIH PEYOBUH | NEPETBOPEHHA EHEPTII - cykynHicms npouyecis, wo 3a-
6e3neqyoms Ha0X00XeHHs pedosuH U eHepeil i3 cepedo8uwd, iXHE nepemeopeHHs y
bion102iYHUX cucmemax ma suddneHHA npodykmis xummedianeHocmi U eHepeii'y ce-
pedosuwje. O6MiH peyoBUMH i MepeTBOPEHHA eHeprii XapaKTepHi AnA BCix biocncrem
i BinOyBalTbCA Ha yCiX PiBHAX IXHbOT opraHizauii. Tak, Ha MoNeKynapHOMY PiBHi B
06MiHi peuoBuH 6epyTb yyacTb GioenemeHTn, 6ioHeopraHiuHi Ta 6ioopraHiyHi pe-
YOBMHM, Y KNiTMHAX OOMiIH PeYOBUH Ta eHeprii 34iNCHIOETbCA 3a yyacTi GepMeHTIB,
B OpraHi3mi BibyBaloTbCs NPOLIeCU B3AaEMOMNEPETBOPEHHSA PEUOBUH. Y eKocucTemax

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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i 6iocdepi 06MiH peyoBUH 1 eHeprii Ha3MBalOTb GiONOriYHNM KPYroobirom, TOMy Lo
MNOro 34INCHIOTb XNBi OPraHiaMn — NPOoAYyLEeHTN, KOHCYMEHTU N pedyLeHTn B Xap-
YOBMX NaHUOrax.

Y 3aranbHOMy MOTOL}i PeYOBVH, eHeprii Ta iHGopMaLii, Wo NPoHN3Ye Ta 06'egHYyE
yCi 6ionoriyHi cuctemmn, MoXKHa BMOKPEMUTU TpW eTanu: 1) HAAXOMPKEHHA PEYOBMH Ta
eHepriiy 6iocrctemu; 2) BHYTPILIHbOCUCTEMHI NePeTBOPEHHSA PEYOBUH Ta eHepril; 3) Bu-
[laneHHA PeYoBUH Ta eHepril i3 6iocnctemn. Hanpriknag, y KNiTMHax poOCinH COHAYHE
CBITNO MOTpannAe Ha xsIopodin, NepeTBOPIOETLCA B EHEPTit0 XiMiUHNX 3B'A3KIB ATO i
TMOKO3W, @ KNCEHb, L0 YTBOPIOETLCA AK KiIHLEBUI NPOAYKT, BUBINAETLCA B aTMOChepY.

O6MiH peyoBUH BifOYBAETLCA | B HEXUBIN NPUPOAI, OAHAK Lel npoLec 3Hay-
HO Bifpi3HAETbCA Bifg 0OMiHY B XMBUX cucTtemax. Lia BigmiHHICTb 3ymoBneHa Ha-
camnepeg TuM, wo OBMIH PEYOBWH Y BIOCUCTEMAX 3ABE3MEYYE NOCTIVHE
CAMOOHOBJIEHHSA, CAMOPETYJIALIKO | CAMOBIATBOPEHHA TA 3[INCHIOETHCA
3ABIAKW 3IATOIMKEHIN 1T YNCITEHHUX CTPYKTYP. Y pesynbTtaTi 06MiHY peuoBuH
eHepria B 6iocMcTeMax MoXe HakonuuyBaTuca, 36epiratuca  BUKOPKUCTOBYBATMCA
ANA NpoueciB XUTTERIANbHOCTI. OKpiM TOro, o3Hakamu GionoriyHoro obmiHy peuo-
BVIH 1 NepeTBOPEHHA eHeprii € noeTanHicTb nepebiry, 6iokaTaniTMUHWIA XapakTep i
perynboBaHiCTb NPOLECiB BHYTPILUHbOCUCTEMHOIO MePEeTBOPEHHS.

OTxe, GYHKLiOHYBaHHA GIiONOriYHNX CUCTEM MOXIIMBE NuLLe
33 YMOBU HaAXOOXKEHHSA, MepeTBOPEHHA 1 BUAANIEHHA NEBHUX PEYOBUH,
eHeprii Ta iHpopMmauii.
Y yomy nonArae eAHiIcTb NpoLeciB acuminauii i gncuminayii?

O6MiH peyoBUH 11 NepPeTBOPEHHS eHeprii B OpraHi3ami CKNafaeTbCaA 3 izios1o2iyHuUX
(>KMBNEHHA, TPaBJIeHHs, AUXaHHA, TPAHCMOPTYBaHHA PEYOBUH, BCMOKTYBaHHSA, BULi-
NeHHs), pizudHUX (Andy3in, 0OCMOC, PO3UMHEHHS) 1 XiMiYHUX (OKNCHEHHS, BiAHOBIEHHS,
rigponis, 6poaiHHA) npoueciB. LIlo CyKynHiCTb NnepeTBOpeHb po3riafaloTb K €4HICTb
[BOX NPOTUAEXHNX | B3AaEMOMOB'A3aHNX NPOLECIB — acuMinAauii i gucuminadii (in. 55).

Acuminsauia (8ig nart. assimilatio — ynofiibHeHHs, 3acBO€HHA), abo aHabonism, —
YacmuHa 3a2anbHo20 06MiHYy pedosuH U eHepeil, WO NosiA2dEe 8 NOUHAHHI, Ha2po-
MaoXeHHi ma nepemeopeHHi pedyos8uH, WO HAOX00SMb 8 Op2aHi3M. 3aBOSKU LM
€HeproBMTPaTHUM NpoLecaM OpraHiaM 3aCBOKE NOXMBHI PEYOBMHU, YTBOPIOE Bac-
Hi peyoBUHU, OyAy€e 3 HUX CBOT CTPYKTYpU, 3abe3neuye picT i pO3BUTOK, OHOBNEHHS
CKNAaAHMKIB Ta HAKOMMYEHHA 3anaciB A1A BUKOPUCTAHHA X AK Axxepena eHeprii.

,U,mcvainﬂuiﬂ (Big naT.. dissimilatio - NornuHanHs exeprii
HecxoXxun), abo karabonism, — uye ua- YYYYY
CMUHA 3a2asbHO20 O6MIHY, ni0 4ac AKo20
8idbysaomeca poswensieHHs, pyUHy8aHHA
CKJIAOHUX Op2dHiyHUX cnosyk (6inkig, Xu-

pie, eyznesodie, HykneiHosux Kuciom) 6 Poswenneni OOMIH PEYOBUH  (prasopayi

opaaHiami Ha npocmiwi. Hainpoctiwmmn PR Ta eneprit VA
KiHLUEBUMM NpoAdyKTaMn JUCUMINALIT BCiX

OpraHiamiB € Bofa, BYrfieKUCnui ras i amo-

HiaK. Y npoueci gucuminadii BUBiNbHAETbCA yvyvvy

eHepris, AKa NepeTBOPIOETLCA B iHLWI dop- BuBinbHeHHA eHeprii

MU Ta aKyMymlo€TbCA B MoneKynax ATO. In. 55. Cxema 06MiHY peyoBUH Ta eHeprii
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§ 18. O6MiH PEYOBMH i NEePEeTBOPEHHA eHepril — 0CHOBa GYHKLiOHYBaHHSA GiocncTem
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Mpouecn acuminAuii He 3aBXAW NepebyBaloTb Y piBHOBA3i 3 Npouecamu ANcCK-
MminAuii. Ha npouecn acuminAuii 1 gucmMminAdii BNANBalOTb Taki YNHHUKN, AK YMOBM
cepefioBuLLa, BiK, CTaTb, CNOCIO XUTTA, BUA AiANbHOCTI, ¢pi3ionoriyHnin cTaH Touwo.

OTXe, acMMinALiA N ANCUMINALIA € B3AEMHO MPOTUNEXHUMU | HEPO3PUBHO
NoB'A3aHMMN NOTOKamu pevyoBuH Ta eHeprii. CUHTE3 PEMOBUH MNMOTPEBYE
EHEPTII, LLIO BMBINbHAETHCA NI YAC PO3LWEMNIEHHA PEYOBUH.

flke 3HaYeHHA pe4voBUH, eHeprii Ta iHpopMmauii gna 6iocncrem?

PeuoBUHa - ye CyKynHicme amomis, amomMHUX YaCMUHOK YU MOJIeKyJ1, Wo nepeby-
8410Mb Yy NEBHOMY azpe2dmHoMy cmaHdi. XiMiYHi pe4yoBUHM, WO CKNafalTbCA 3 aTOMIB
OAHOro BMUAY, € NPOCTMMK (MeTanu i HemeTanu), 3 aTOMIB Pi3HUX BUAIB — CKNagHUMU.
CknagHi XimiuHi pe4yoBUHM NOZINAITLCA Ha Opa2aHivyHi (Hanpuknag, mani MoneKkynu,
MaKpOMONeKynu) i HeopaaHidyHi (OKCMAW, OCHOBK, KNCNOTK 1 coni). KoxkHa peyoBurHa
Ma€ CBOi creymndiyHi BNaCTUBOCTI, TOOTO 03HAKMU, 3a SKNUMU MOXKHA BigpisHUTY i Big
iHWKMX peyoBUH. O3HaKK, 3a AKUMY Pi3Hi peyoBMHUN NofibHi Mix coboto abo Biapis-
HATbCA OfHA Bif OA4HOI, HAa3MBaTbCA 8/1ACMUBOCMAMU pe4yo8uH. Po3pi3HATb ¢i-
3MYHI 1 XiMiYHi BNAaCTUBOCTI PEYOBUH, WO BU3HaYaloTb XiMiuHi 11 GisnyHi npouecy, Aki
BifgOyBatoTbcA B 6iocuctemax. PeuoBuHU HagxoaAaTb o GiocucTtem 11 6epyTb yyacTb y
NAACTUYHKX 1 eHepreTUYHUX NepeTBopeHHAX. [nacTnyHa GyHKLis peyoBUH nonArae
B YTBOPEHHI BTACHMX PEYOBWH, TKaHWH, OPraHiB XXnBOro. EHepreTnyHi nepeTBopeHHs
pPEeYOBUH MOB'A3aHi 3 yTBOPEHHAM ab0 PyIHYBaHHAM IXHiX XiMiUHMX 3B'A3KIB.

EHepria (Big rpeu. eHepzoc — RianbHUN) — ye 3a2asbHA KiNbKicHA Mipa pyxy i
83aemo0ii 8cix 8udie Mamepii. EHeprisi He BUHMKAE Hi 3 YOrO i HiKyAW He 3HMKAE, BOHA
MOXe TiNbK/ NepexoAnTn 3 OAHOro CTaHy B iHWMIA (3aKOH 36epexeHHA eHeprii).
BHacnigok icHyBaHHA 3aKOHY 36epexeHHs eHeprii NOHATTA «eHepria» 06'efHyE BCi
ABvWa npupoaun. MoHATTA eHeprii MoB's3aHe 3i 3gaTHicTiO ¢i3nyHoro Tina abo
CUCTEMUN BUKOHYBaTU pPob6oTy. Mpu uboMy Tino abo cucTemMa 4acTKOBO BTpayae
eHeprilo, BUTpayvatoun ii Ha 3MiHW B HaBKOMWLLHIX Tinax. bionoriuni cncremn 3patHi
oTpumyBaT ceimnosy (eHepria CoHuA) abo XiMiyHy (eHeprifa peuvyoBUH) eHep-
rito 330BHi, NnepeTBOpPIOBaTA ii B Pi3Hi BUAN (MEXaHiuHy eHeprilo pyxy, enekTpuuHy
eHeprito 30y>KeHHS, TENIOBY eHeprilo AnA Tepmoperynauii Towwo).

Inpopmauin (Big nat. informatio — NOACHEHHs, NOBIAOMIIEHHS) — Ye CYKYyNnHicmeb
gioomocmel (0aHux), ski cnpulimarme i3 HABKOJIUWHbLO20 cepedosuwd (8xiOHa
iHpopmayis), sudarome y HaskoNUWHE cepedosuwie (8uxioHa iHgpopmauyia) abo 36e-
piecarome 8cepeduHi negHoi cucmemu. Jna 6i0NOriYHMX CUCTEM BUOKPEMAIOOTDL TaKi
BuAm iHbopMmaLii, AK 308HiWHA 1 BHympiwHsa, di3nyHa (CBITNOBa, 3ByKOBA, MeXaHiy-
Ha, rpaBiTauiliHa, TenioBa) i xiMiuHa (HX0Ba, CMaKoBa). TaK, 30BHIiLLHA iHbopMaLis
Npo HABKOJIMWHE CepefoBULle CNPUAMAETbCA GOTO-, XeMO-, TEPMO-, MexaHope-
LEenTOPHUMW MOJEKYNaM/ UM KIiTUHaMK, BHYTPILWHA reHeTMYHa iHpopmauia 3anu-
caHa Ha [OHK. 3aBaaKky 30BHiLWHIN iHpopMaLii 34iNCHIOETLCA NOAPA3NUBICTb KMBOTO,
a reHeTuyHa iHbopmauia 3abesneyye iHaMBIAYaNbHUI PO3BUTOK Ta 3B'A30K NOKONiHb
y yaci.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

OTXXe, TPUEQUHUIN MOTIK PeYOBUHK, eHepril Ta iHdopMmauii
BMKOHYE MPOBIiAHY IHTErpaTUBHY posb ANA CaMoopraHisauil

Ta UinicHOCTI 6ioNOriYHMX CUCTEM.
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AIANbHICTb

CamocTiiiHa po6oTa 3 Tabnuueto

3a gonomoroto Tabnuui B pobouomy 30-
WNTI NOPIBHANTE eTany OOMiHY pPeyoBMH Ta
nepeTBOPEHHA eHeprii y 3anponoHOBaHMUX
opraHi3mis. Yomy 06MiH peyoBKMH Ta NepeTBo-
peHHA eHeprii € OCHOBOK QYHKLIiOHYBaHHA
umx opraHismis? Lo € cninbHOro 1 BigMiHHOIO
B OOMiHi peYOBVH Ta eHeprii X opraHiamis?

Ta6nuuya. OCHOBHI ETANU OBMIHY PEYOBUWH | NEPETBOPEHHA EHEPTII
O3Haka Kanuna lFopo6eLb xaTHii
1. Hapxopa»keHHA pe4yoBUH Ta eHeprii 4O OpraHiamy
2. BHYTpPIWHbOKNITUHHI NepeTBOPEeHHA
3. BupaneHHA peyoBUH Ta eHeprii 3 opraHiamy
bionorisa + KibepHeTuka. «<4opHa CKpuHbKa»

«YOopHA CKpUHbKA» — Lie TEPMiH, AKUN BUKOPUCTOBYIOTb
y TexHiLi 1 KibepHeTULi AnA no3HayeHHs 00'eKTa um cucte-
MU, PO MPUHLMMNN AiT AKUX HIYOro HEBIJOMO, KPiM TOTO, L0
neBHOMY BXifJHOMY CUrHany BiANOBIAAE MEBHUN BUXIAHUN
curHan. «4opHa CKpuHbKa» € BaXKNMBUM €/IeMEHTOM Ta-
KOX y NniaHyBaHHi eKcneprMeHTy Ta B Hayui 3aranom. Bu-
KOPWCTOBYIOUYM JaHe MOHATTA, HayKOBLi OTPUMYIOTb 3MOTY
BVMIKOPWCTOBYBATW TOW PiBEHb 3HAHb MPU AOCHiIAXEHHI 00'€KTA, WO HEOOXigHWI AnA
[OCATHEHHA ONTMMaNbHOrO pe3ynbTaTy NiaHyBaHHA. HaBegiTb Npuknagm 3acTtocy-
BaHHA METOLY «4OPHOI CKPUHbKM» B 6ionorii.

g CTABJIEHHSA
» IS
;\ﬁ bionoria + NMcuxonorisa. O6miH pe4yoBUH 1 PenpoAyKTuBHa noBegiHKa

PenpognykTrBHa noBefiHKa noanHy GOpMyeTbCA Nif BNAMBOM MOMITUYHUX, €KO-
HOMIYHUX, ETHOKY/IbTYPHUX, €eTUYHUX YNHHUKIB | BUABNAETbCA AK peakLia nogen Ha
30BHIiLLHI 1 BHYTPILIHI CTUMYNW A0 MPOAOBXKEHHA POAY | NNaHyBaHHA MalnbyTHbOT po-
ONHU. A U Ma€ penpoayKTMBHa NOBefiHKa 3BOPOTHWIA BNANB?

HaBegiTb npyknagu, Wo 4OBOAATb B3aEMOBMINBM PENPOAYKTUBHOI NOBEAIHKN Ta
0OMiHY PeUOBWH 11 NepeTBOPEHHSA eHeprii B opraHiami nioguHu.

PE3YJIbTAT

3aBAaHHA A4NA CAMOKOHTPOJIO

1. o Take 06MiH peyoBYH i NepeTBOpPeHHA eHeprii? 2. Ha3BiTb OCHOBHI eTanu 3a-
ranbHoro o6miHy peyoBuH Ta eHeprii. 3. LLlo Take acuminauia? 4. Lo Take gucumina-
uia? 5. Lo Take noTik peyoBuH, eHeprii Ta iHpopmaLii? 6. AKi rpynu pevosuH, BUAK
eHeprii Ta iHpopmaLii matoTb micLe B biocnctemax?

7. Yomy 06MiH peyoBUMH Ta eHeprii € OCHOBOW QYHKLIiOHYBaHHA 6ionoriyHmx cu-
7-9 |ctem? 8.Y YoMy nonfAra€e €QHICTb NpoueciB acuminAauii 1 gucuminauii? 9. Axke 3Ha-
YeHHs peYoBUH, eHeprii Ta iHpopmaLiil ana 6iocucrtem?

10-12 [10. Wo € cninbHOro # BigMiHHOIro B 06MiHi peYOBMH Ta eHeprii Pi3HNX opraHi3mis?

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 18. O6MiH PEYOBMH i NEePEeTBOPEHHA eHepril — 0CHOBa GYHKLiOHYBaHHSA GiocncTem

79

MiHicTepcTBO OCBITU | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHi3aLii 3micTy ocsiTu hitps://imz@lgov.



Cusiu Yyomupu, Wo NOEOGHAUCY,
Teopame xumms, cmeopusu i cgim.
O. lWunnep

§ 19. BIOEJIEMEHTW. BIOHEOPTAHIYHI PEHOBUHW: OTNA4
BYAOBU U BIONIOTIYHA POJIb

OcHOBHi NOHATTA N Kno4voBi TepmiHn: BIOEJIEMEHTW. BIOHEOPIAHIYHI
PEYOBUHWN.

MpuraganTte! Lo Take ximiuHi enemeHTN?

MomipkynTe!

Y cknapi XnMBoro € marmxe BCi XimiuHi enemeHTu [lepio-
AnyHoi cuctemn . |. MeHpeneeBa, ane OCHOBHi O3HAKW »XUBOTO
BM3HAYaloTbCA BNACTMBOCTAMU 1 OYHKUiAMU nvwe npubansHo
30 6ioenemeHTiB. AKi PyHKLii GioenemeHTiB B 0OMiHi peyoBrH?

3MICT

flka ponb 6GioenemeHTiB B 06MiHi peyoBMH Ta nepeTBOPEHHi
eHeprii?

BIOFEHHI EJIEMEHTWU (6ioenemeHTN) — ye XiMiyHi elemeHmu, wo 8xo09me 00
CK/1ady Xugoi mamepil, 8uAsiAMb nesHi 8aacmugocmi ma eidiepalome 8aX1UBY
posib y npoyecax xummeoianeHocmi. Hanbinblwumin BMICT y X1Bili nprpogi npunagae
Ha enemeHTu-opraHoreHu (FigporeH, OkcureH, Kap6oH, HitporeH), Wwo € Tunosmmun
HemeTanamu. bionoriyHe 3HaYeHHA OpraHoreHiB 3yMoOB/IeHe TaKUMM BIAaCTUBOCTAMU:
1) aTOMV OpraHoreHiB fIerko CnonyyaTbca MiX cob0to, yTBOPIOIOYM MiYyHi KosaseHm-
Hi 38’A3Ku, WO 3abe3neuye cTinkicTb 6iomonekyn; 2) ligporeH Ta OKCUreH MOXyYTb
yTBOpIOBaTU C/1a6Ki 800Hes) 38’A3KU, AKi 3yMOBIIOIOTb MOXIIMBICTb 3MiHU CTPYKTYpU
6iomonekyn; 3) MaloTb Mani PO3Mipu, Many BifHOCHY aTOMHY Macy i € nerkumm ene-
MEHTamW, Lo BaXNIMBO ANA YTBOPEHHA Giomonekyn.

MakpoenemeHTamu € metanu — Kanin, Kanbuin, Hatpin, MarHin, ®epym i He-
meTanun — Qocdop, Xnop, Cynbdyp. ATOMHa Maca LMx eneMeHTiB fgewo Ginblua, ane
TXHill 30BHILWHIN €NEeKTPOHHMUI Wap Ma€e abo noTpebye AnsA 3aNOBHEHHA HEBEUKY
KinbKicTb enekTpoHiB. OCHOBHMMU BNAcTUBOCTAMU MakKpoeneMeHTiB €: 1) BMCOKa
3[aTHICTb YTBOPIOBATU UOHU Ta yyacTb B YyTBOPEHHi UOHHUX 38A3Ki8; 2) BinbluicTb €
CUNTbHUMU 8IOHOBHUKAMU ab0 OKUCHUKAMU, TOMY B CKnafi 6iocnctem JOCUTb YacTo
6epyTb yyacTb y perynauii XUTTeBux GpyHKLin.

Mikpoenemenmamu € LINHK, Vog, Kynpym, MaHraH, Moni6aeH, Ko6anbT Ta iHLwi,
IO PO3TaLLOBYIOTbCA B HUXKHIM YacTUHI Tabnuui, y nepeBaHil 6inbwocTi € meTana-
MU 3 BiJHOCHOK aTOMHOI0 Macoto, Ginbluoto 3a 50. MikpoeneMeHTV akTUBYIOTb abo
NPUrHivyOTb GepMeHTUN Ta BXOAATb [0 CKNafHMX GepMeHTIB, TOMY iX Ha3nBalTb «Kd-
manizamopamu kamasnizamopie». [1o MiKpoenemMeHTiB HanexaTtb i Taki Baxnusi gna
xuBoro HemeTanu Ak Onyop, Cuniuin, CeneH Ta iH.

bioenemeHTn B bBiocncTemax BUKOHYIOTb CBOI QYHKLIT y cknapi 6iomonekyn y
bOopMi HEPO3UMHHKMX CMONYK Ta NOHIB. 3a GYHKLiAMK 1 6ioNOriYHUMU BNaCTUBOCTA-
MU 6ioenemMeHTN KNacudikyoTb Ha CTPYKTYPHi Ta MeTaboniuHi (perynaTopHi, 6ioka-
TaNiTMYHi Ta KPOBOTBOPHI). CMpyKmypHi 6ioenemeHmu 6epyTb yyacTb B yTBOPEHHI
30 CNONyK i BMKOHYIOTb ponb OyfiBenbHOro maTepiany ana KniTWH, TKAHWH N OpraHis.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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Tak, Kap6oH, OkcureH, HitporeH, lgporeH yTBOpIoloTb OpraHiuHi pevosurHu, KanbLii
n ®ochop - KiCTKK, Yepenaluky Momtockis, Cunilit — ONOPHI CTPYKTYpM AiaTOMOBUX
BOAOPOCTEN, XBOLWiB, pagionapiin. bBiokamanimuyHi enemeHmu 3abe3neuyoTb BU-
COKy 6ionioriyHy akTUBHiCTb depMeHTiB i BiTamiHiB. Hanpuknag, KobanbT € B cknagi
LiaHkobanaminy, Kynpym yTBOptoe LuTOXpoMu. Pe2ynamopHi enemeHnmu B cknagi
FOPMOHIB 3[INCHIOTb eHOOKPUHHY perynauilo (of € CTPYKTYPHUM KOMMOHEHTOM
TUPOKCURY, LIMHK — iHCYNiHY), TPaHCMOPTYIOTb PEUYOBUHM KPi3b MeMOpaHu (HaTpil-Ka-
NiEBUIA HACOC), CTBOPIOIOTb Pi3HMLIIO MOTeHLianiB Mo Pi3Hi 60KN MemMbpaH AnsA CMHTe3y
ATO (hoHm TigporeHy) Ta iH. KposomeopHi 6ioenemenmu (Oepym, Kynpym) 6epyTtb
yyacTb y npoLecax reMonoesy.

OT1xe, 6ioeneMeHTV BUKOHYIOTb Y BiocMcTeMax CTPYKTYPHY,
6ioKaTaniTMyHy, perynatopHy Ta KPOBOTBOPHY GYHKLi.

AKi npocTi HeopraHiuHi peyoBNHN GepyTb yuyacTb B O6MiHi peuyoBUH i
nepeTBOpPEeHHi eHeprii?

BIOHEOPTAHIYHI PEHOBUHU - ye npocmi (i cknaoHi HeopeaHiuHi pe4osuHu, He-
CMaya AKux y Xusomy npuzsooume 00 nopywieHHa bionoziyHux ¢yHkyid. Lii npocTi i
CKNafHi pevoBrHM € 060B'A3KOBUMUN KOMMNOHEHTaMM 6yab-AKoi biocnuctemu.

3 Hememarie Halbinblue 3HaYeHHs B BiocMcTeMax MaloTb KUceHb Ta a3oT. Oc-
HOBHOI OCOBNMBICTIO, O 3yMOBJIIOE 6iONOriYHE 3HAUEHHA HEMETATIB, € Te, L0 BOHU
MatoTb 3[4aTHICTb NPUEAHYBATM €NIEKTPOHU Ta € OKUCHUKAMU B OKNCHO-BIQHOBHUX pe-
aKuiax. ickpaBMM NPUKNAAOM TaKNX PEUOBUH € KNCEHb AK aKLENTOp eNIeKTPOHIB Y
peakuiax KNCHeBOro po3luenneHHa 6iomoneKkyn. Baxknusmum gna »KUTTERIANBHOCTI €
1 @30T He3BaXkalumM Ha NOro XiMiyHy iHepTHICTb. ¥ GiocucTemun Leit ra3 HagXoauTb
3aBAAKM a30TodiKCyoUin gisanbHOCT 6ynbbouKoBMX HaKkTepii, LiaHobaKTepil.

Y lMepiogunuxin cnctemi [. |. MeHgeneesa 85 enemeHTiB € memasnamu. [ecAatb 3
Hux (HaTtpin, Kanin, MarHin, Kanbuiin, MaHraH, ®epym, Kobanbt, Kynpym, LinHk, Mo-
nibaeH) BifirpaloTb BaXIMBY POJb Y XUTTERIANBHOCTI OpraHiaMiB i oTpUManun Hassy
«MeTanun Xutta», abo GiomeTtanu. Metanu matoTb 34aTHICTb BigAaBaTu €NeKTPOHN i
O6yTV CUbHUMU 8iOHOBHUKAMU B OKWCHO-BIAHOBHMX peakKuisax. Lli peyoBmHM nerko
YTBOPIOIOTb CTilKi NOHM, L0 6epyTb yYacTb Y TPAHCNOPTYBaHHI peuoBuH (Hatpin, Ka-
nin), B3aEMonepeTBOpPeHHi dopm eHeprii (Kanbuiil y M'i30BOMY CKOpOUEHHI). BoHM
BXOASTb 10 CKnagy ropmoHiB (LmHK, KobanbT), pepMeHTiB 1 AUXanbHUX Ta GOTOCUH-
Te3ytouumx nirmeHTiB (Depym, Kynpym). Baxki meTann YMHATbL TOKCMYHY Aito Ha opra-
Hi3mun (Kagmin, Mepkypin).

OTXKe, NPOCTi PeYOBMHY B CKNaAi XUBOro 3[iMCHIOITb OKNCHO-BIOHOBHY,
CTPYKTYPHY, PErynaTtopHy, eHepreTuyHy dyHKLil.

flke GionoriuHe 3HaYeHHA CKNagHNX GioHeopraHiuHNX peyoBUH?

Cepep CKNafHUX PEYOBUH BYOKPEMIIOIOTb OKCUAN, KUCIOTH, OCHOBW, CONI.

Okcudamu € cknagHi 6iHapHi cnonyku enemeHTiB 3 OkcureHom. KucsiomHi okcu-
ou (CO,, SO,, SOs, N,Os, P,0s) nepeBaxHO fOOpe PO3UMHSAIOTLCA Y BOAI 1 YTBOPIO-
l0Tb MiHepasbHi KucnoTu. Kap6oH(IV) okecng CO, € perynatopom AvXaHHsA, a YagHuin
raz CO — TOKCUYHOW PeyoBUHOW. OCHOBHI OKCUOU (32 BUHATKOM OKCUAIB NYKHUX i
OeAkux ny>KHosemesnibHUX meTanis, Takmx Ak K,O, Na,O, MgO) nepeBa)kHO Hepo3-
UMHHI y BOAi 1 3[aTHi pearyBaTu 3 KMC/OTaMU 3 YTBOPEHHAM BaXUBUX ANA »KU-
BOro conewn Ta ocHoB. Cepepn ampomepHuUx okcudie Hanbinbwe 3HayeHHA mae H,O0.

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 19. XimiuHi enemeHTN. BioHeopraHiuHi peyoBUHK: ornsAg 6y[osw i 6ionoriyHa posb
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Y XKUBUX CUCTEMAX BaXKNUBY PONb BUKOHYE rigporeH nepokcug H,0,, AKnin € cunbHUM
OKVCHMKOM i TOMy Hebe3neuHum ansa KnituH. Ponb HiTporeH (Il) okcnpy AK curHanbHoT
MOJIEKYIN B KUBMX OpraHiamax 6yna Bigkputa y 1980-x pokax.

Kucnomamu Haszusaromeca cnosiyku, wo micmame y mosekynax amomu iopo-
2eHy ma KuciomHi 3anuwku. OCHOBHO OioNOriYHOK BNACTMBICTIO KUCNOT € iXHA
3AaTHICTb JO Aucouiauii 1 BU3HaYeHHA KWCIOTHOCTI PiAWH BHYTPIWHbOrO cepepao-
BuWa. Kucnotn yTBopiotoTb BaxnuBi ana »xmeoro aHioHn NOs, Cl, SO7, CO? (6epyTb
yyacTb y perynauii npouecis) Ta kaTionn H', Big KoHueHTpauii Akux 3anexutb pH
piouH n cekpeTiB. CusbHi KUCIOMu akTUBYOTb TpaBHi depmeHTn (HCI), 3paTHi pos-
YMHATU MiHepasnbHi CNOMYKK, WO HaaXoaATb AnA obmiHy peuosuH (H,SO,), 6yaytotb
Baxnusi 6iomonekynu (3annwkn H;PO,y cknagi ATO, Hykneotugis, docdoninigis
TowWo). Y c/1abKux Kucsiom nuile HeBenmKa YacTHa MONEKYN AMCOLE NMOBHICTIO Ha
MNOHW, ane 1 BOHW aKTUBHO 3anyyvatoTbca ana perynauii pH kposi (H,COs 1 kapboHaT-
Ha bydepHa cuctema), ana yTBOpeHHA opraHiuHux cnonyk (H,S ana 6aktepianbHoro
boTOCUHTE3Y) TOLLO.

OcHoBamu HA3uBarMe cnosyku, 00 cKAady AKUX 8X00AMb amom Memany i 2io-
pokcunbHi 2pynu. OCHOBM MatoTb 3AaTHICTb 3B'A3yBaTu oHu H' Ta 6epyTb yuyacTb B
YyTBOpPEeHHi bydepHux cnctem. binbLlicTb OCHOB y BOAi HEPO3UMHHI, TOMY XUBi Opra-
Hi3MW YTBOPIOIOTb iX AK KiHLEBi NPOAYKTW OKMCHO-BIAHOBHMX peakuin. PO3unmHHi oc-
HoBM OepyTb yuyacTb: 1) B yTBopeHHi conelr (NaOH, KOH); 2) y peakuisx HenTpanisauii
(Ba(OH), — ana HenTpanizauii HCl 1 3meHweHHA KncnotHocTi, AI(OH); — anAa HenTpa-
ni3auii ankanoifis POCNMHHOI iXKi y TBapuWH); 3) B FPYHTOYTBOPEHHI 1 CTBOPEHHI YMOB
icHyBaHHA AnA rpyHToBux mewkaHuis (Ca(OH),) Towo.

MinepanweHi coni - ye npodykmu nosHo2o0 abo 4acmkogo20 3amiujeHHs amomis
liopozeHy e kucsiomax Ha amomu Memarnig. PO3UnHHI coni nig yac gucouiauii poskna-
JATbCA HA KAMIOHU Memarsiie Ta aHIOHU KUC/TOMHUX 3a/1UWKI8, 3aBAAKN YoMy BifOy-
BAlOTbCS HAOAXOLXKEHHS i3 cepefoBuLLa iCHYBaHHA Ao GiocncTeM 6araTbox MOMXUBHMX
eNleMeHTiB, OKMCHO-BIfHOBHI peakuii, peakuii 06MiHy 3 OCHOBaMW, KUC/IOTaMW, iH-
LWMKN conAMU. Hepo3yuHHI coni 6arato opraHiamiB BMKOPUCTOBYIOTb AN NobGyaoBM
3aXMCHUX Ta OMOPHUX YTBOPEHb (Hanpuknag, Kanblin kapboHat, Kanbuin docdat
YTBOPIOKOTb YepenallKu, CKeneTu Kopanis, 3you xpebetHux). Kucsi coni, ki yTBopto-
I0TbCA Yy peaKLiaxX MixK lyraMmu i KucnoTtamu, 6epyTb yyacTb y dopmyBaHHi 6ydepHux
cucTeMm. I3 po3yuHHUX cone AnA opraHiamis Halbinblue 3HaYEHHA MatTb COfli, WO
X yTBOpIOIOTb KaTioHn Hatpito, Kanito, Kanbuito, MarHito, ®epymy Ta 3anuiiKku xno-
puaHOT, cynbdaTHOI, HITpaTHOT KNCNOT. Lli NoHW 3a6e3neyytoTb TPaHCMOPTYBaHHSA pe-
YOBWH Kpi3b MeMbpaHu KNiTuH, perynsauilo poboTn cepus, NpoBefeHHA 30yaKeHHs,
aKkTMBaUilo pepmeHTiB ToLo.

OTxe, CKnafHi HeopraHiyHi pe4yoBUHM BepyTb yyacTb y HaMBa)<UBILLMX
npouecax GpYHKLiOHYBaHHA YCix 6ionoriyHmMx cuctem.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

[IANbHICTb

M CamocrTiiiHa po6oTa 3 Tabnuuelo «3Ha4YeHHA 6ioenemeHTIB»

Mepen Bamu XiMiuHi cumBonn 16 HeoOXigHNX Ans XKTTs 6ioenemeHTis: Na, Ca, K, Mq,
Fe, B S,Cl,H,O,C N, |, F, Cu, Co. PosTtawyiite ix y BignosigHomy pagKy Tabnuui «bionoriuxe

. 3HaAYEHHA efIeMEeHTIB OpraHi3my IoAVHM» HABNPOTU GYHKLN, L0 BOHM BUKOHYIOTD.
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CumBon 3Ha4yeHHA

Y cknagi monekyn ycix opraHiYHUX pe4yoBuH

Y cknagi Bogv i 6iomonekyn, y4acTb Y peakLifX OKUCHEHHSA

Y cknagi BOAW i OpraHiuyHUX peyoBUH, y4acTb Y peakLuifax BifHOBEHHA

Y cknagi 6inkiB, HykneiHoBux Kucnot, ATO, depmeHTiB, BiTamiHiB
TpaHCNopTyBaHHA PEYOBUH 3 KNITUHW, perynauia putMy cepuesoi AiAfbHOCTI
Y cknagi KicTok, perynayisa putmy cepus, 3CifaHHA KPOBi
TpaHcNopTyBaHHA PEYOBUH Y KNITUHY, 3AiINCHEHHA NOAPA3NNBOCTI
KoMnoHeHT xnopooiny, akTMBYe AiANbHICTb depMeHTiB KaTabonizmy
KoMnoHeHT remornobiny, miornobiHy, depmeHTiB-4MTOXPOMIB

BxoanTb [0 cknagy KicTok, 6inkiB, HyKneiHoBmx Kncnot, ATO Towo
BxoanTb [0 CKnagy LWITYHKOBOTO COKY

BxoanTb [0 cknagy cynbdypoBMiCHNX aMiHOKMCIIOT, BiTaMiHy B, (TiamiHy)
BxofmTb fo cKnagy emani 3y6is

BxoanTb [0 CKnagy TMPOKCUHY, TPUNOATUPOHIHY

KoMnoHeHT remoLiaHiHy MOJOCKiB, depMeHTiB AUXaHHA

Y cknagi Bitaminy Biy, AKMI perynoe KPOBOTBOPEHHA

3aBAaHHA Ha 3icTaBneHHA «OpraHism nloguHM i MeTann»

EkcnepumeHTanbHO [OBeAEHO, WO B OpPraHismi N0AUHW Ha MeTanu npunagac
6n13bko 3 % (y nognHy macoto 70 Kr e ctaHoBUTb 2,1 Kr): Kanbuin (1700 r), Kanii
(250 1), Hatpin (70 r), MarHin (42 r), ®epym (5 r), LUnHk (3 r). 3icTaBTe Ha3BaHi 6iomeTa-
N 3 iXHiM 6ioNoriyvM 3HaUYeHHAM Ta OTPMMaiTe Ha3BY XIMIYHOTO efleMeHTa, 3 AKOro
3aBAAKM NOro 6ionoriuHin cymicHoCTi ana xipyprii BUpobnawTb 3acobu ans 3WrBaH-
HA TKaHWH, HePBIiB, BUrOTOBJIEHHA NPOTE3iB TOLO.

1 Kanbuin | A, Y Burnagi katioHiB 3a6e3neyye TpaHCNOPTYBAaHHA PEUYOBUH i3 KNITUHN

2 Kanin | A, KoMnoHeHT remorno6iHy i miornobiHy

3 Hatpin |J1 KomnoHeHT iHcyniHy, PHK-nonimepasun, JHK-nonimepasun

H Y Burnagi noxis nigTpymye romeocTas piavH, TPaHCNOPTYBaHHA PEUYOBUH Y
KNITUHN

4 MarHin

5 ®epym |T; Y cknapgi KicTok, 3y6iB, perynioe 3cifaHHsA KpoBi 1 poboTy cepusa

6 LuHk T, HeoOxigHWUn Ana eHepreTMKn BaXkNMBUX NPOLECIB, MPOTUCTPECOBMUIA €lIEMEHT

ﬂ CTABJEHHA
» [
ﬂj bionoria + Ximia. 3HaueHHsA 6GioHeorpaHiuHoOI Ximii

bioHeopeaHivyHa ximia BuHuKna y 60-x pokax XX cT. i ckna-
[AETbCA 3 KifIbKOX TICHO MOEAHAHMX MiX cOOO0l0 po3Ainis, AKi BU-
BYAlOTb BUAINEHHA 3 OpraHi3miB, CMHTe3, OyAoBY Ta BIacTUBOCTI,
a TaKOX MeTOAWN AocChifKeHHA 6ioHeopraHiYHUX cnonyk. HuHi ua
HayKa nepexmBaE mnepiog CBOro CTPiMKOro po3BuTky. OuiHiTb i
3HAUYEHHSA ANA MeguLUHU, arpoHOMIi, 6ioTexHonorii Ta ekonorii.

PE3VJIbTAT

3aBAaHHA AnA CaMOKOHTPOJIIO

1. Wo Take 6ioenemeHTW? 2. Ha3BiTb OCHOBHI rpynu 6ioenemeHTis. 3. LLlo Take 6io-
HeopraHiuHi peyoBnHK? 4. Ha3BitTb OyHKUIT NnpocTux GioHeopraHiYHUX CronyK.
5. HaBegiTb npvknagn HarBaXnNuUBIiWNX ANA XNUBOTO CKIAAHUX HEOPraHiYHMUX CNo-
nyk. 5. Ha3BiTb GyHKUIT cknagHmx 6ioHeopraHiuYHVX PeYOBUH.

7. flka posib XiMiYHUX eneMeHTiB B 0OMiHi peuoBUH i NepeTBOPeHHiI eHeprii? 8. Aki
7-9 | npocTi HeopraHiuHi peyoBUHN 6epyTb yyacTb B OOMiHI PeUOBMH i NEPETBOPEHHI
eHeprii? 9. flke 6ionoriyHe 3HaYeHHA CKNAAHMX 6iOHEOPraHiYHNX PeYOBUH?

10. OUiHiTb 3HaUeHHsA BioHeopraHiYHOT Ximil ANAa MeguUMHK, arpoHoOMiIT, GioTexHo-

10-12
norii Ta eKonorir,

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 19. XimiuHi enemeHTN. BioHeopraHiuHi peyoBUHK: ornsAg 6y[osw i 6ionoriyHa posb
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3HaueHHs bioximii nonszae 8 momy, ujo 80Ha 0ae hyHOameHmMasneHe
pO3yMiHHA M020, AK hyHKUiOHYytomb biosio2iyHi cucmemu.
H. Ipin, Y. Cmaym, []. Tetinop. bionoeis

§ 20. BIOOPTAHIYHI PEHOBUHW. BUIKWU, HYKNEIHOBI
KUCNOTU: ornAaa 6YAOBU 1 BIONIOTIYHOI POJII

OcHOBHi MOHATTA 1 Knw4oBi TepmiHn: BIOOPrAHIYHI PEYOBUHMN.
BUTIKU. HYKNTETHOBI KUC/IOTMW.

MpuraganTte! Lo Take peyoBMHN?

MomipkynTe!

OpeaHi4Hi peyosuHu — pedosu- BIOOPIrAHIYHI PEHOBUHM

HU, WO Marme KO8AJIEHMHO 38’A3AHI N1aH- Mani monekynu Makpomonekynu

utoxku 3 Kap6ory. CborogHi Bigomo noHag | Moxomepu Giononi- | biononivmepu:

20 MiNbIOHIB OpraHiuHUX peyoBuH, cepen | MEPIB: MOHOCaxapu- [nonicaxapnan,
.o . . an, aMIHOKNCNIOoTHY, 6|J'|K|/1, HYKJeIHOBI

AKNX € NPUPOAHI 1 WTyuHi. LlikaBo, a uim

j o o ) Hykneotuan. Buwi KNCNoTu.
6ioopraHiuHi peuoBUHW BigpPi3HATHCA Bif KUPHI KNCIOTH TliniaHi komAnekcm

iHLWWX OpraHiyHmx?

3MICT

AKi oco6nuBocTi Ta ponb 6iomonekyn B 06MiHi peuoBMH 11 eHeprii?

BIOOPTAHIYHI PEHOBUHW - peyosuHu, wjo 8xo0sms 00 cKady Xusoi npupoou
ma 6epymb y4acme y nepemeopeHHAX pe4o8uH, eHepeail ma iHgpopmadii. Lli opraHiu-
Hi PEUOBMHU XMBOFO MaloTb NMEBHI 0OCOBNNBOCTI, WO TiICHO MOB'A3aHi i3 IXHIMK QYHK-
uiamu. biomonekynn malTb BUCOKY eHepeOEMHICMb 3aBAAKN YMCNEHHUM 3B'A3KaM,
30amHicmb 00 OKUCHEHHA 3 BUAINEHHAM BeNKOI KiNnbKOCTi eHeprii, 30amHicme 0o
2ioponimu4Ho20 po3knady 3a yyacTi BOAW, 3anexHy Bifj YMOB 3MiHHY aKmugHicme 3
BM3HavyaNlbHUM BMNBOM GepMeHTIB Ta iH. [ina GiomMmonekyn xapaKTepHi N cK1aoHi
83demonepemsopeHHA. Hanpuknag, 3 BYreBofiB yTBOPIOIOTbCA 1 BigKIagaloTbCcA
Xupwu, 3 6inKiB MOXyTb dopmyBaTMCA BYrNeBOaM N XNpW, 3 XKUPiB — ByrneBoau. B3a-
€MO3B'A30K MiX 0OMiHOM GifNKiB, XXMpIB i BYrneBofiB BUHMKAE Ha OCHOBI CMiNbHOCTI
NPOMIMXHMX MPOAYKTIB Ta YHiBepcanbHoi eHepreTnuyHoi poni ATO. [ina 6iomonekyn
XapaKTepHOW € 83deMO0isA 3 6ioHeop2aHiYHUMU pedosuHamu. Tak, y aBToTpoodis bio-
mMonekynu yteoptototbca 3 CO, n H,0, po3knag 6iomonekyn y peakuisix OKUCHEHHS
BifOyBaeTbcsA 3 yTBOpeHHAM CO,, H,0 Ta amoHiaKy.

OcHoBHUMY OYHKUiAMM BioopraHiuHMX peyoBrH B 0OMiHi peyoBUH €: 1) cmpyk-
mypHa - yyaCTb Y peaKkuiaX CUHTe3y 3 YTBOPEHHAM pPi3HMX HOBUX MOJMEKyS;
2) eHepeemuyHa - y4yacCTb y peaKuifax po3knagy Ta 3abe3neyeHHi eHepreTUyHmx
notpeb xmBoro (rnokosa, ¢pykrosa, ATD); 3) peeynamopHa — y4acTb y perynauii
GioximiuHux npoueciB Ta OyHKUIN (pepMeHTU, BiTamiHM, FOpMOHNK); 4) pe3epeHa —
XiMiYHa iHepTHICTb Ta HEPO3UMHHICTb Y BOAI 3yMOBNIOKOTb BiAKnagaHHA NeBHKX 6io-
MOJIeKY/T NPO 3anac (Kpoxmasib, FiKOreH, Xupwu, onii); 5) 3axucHa — 6iomonekynu
3HELKOAKYIOTb BHYTPILLHI 1 30BHILUHI WKIAAMBI peuyoBMHY, 3aX1LLAt0Th Bif ynbTpadio-
NeToBOro BUMNPOMIHIOBaHHA, XBOPOOOTBOPHIX BipyciB, 6akTepil (nisouum); 6) iH¢ghop-
mayjitliHa — y4acTb y npouecax cnpuiiMaHHs, 36epexeHHa 1 peanisauii iHbopmauii
(peuenTopHi 6inkum, PHK, OHK).

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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OTxe, Ham3aranbHiWUMKN GYHKLiAMK BioOpraHiYHUX PEYOBUH € CTPYKTYP-
Ha, eHepreTMyHa, PerynsaTopHa, 3aX1McHa, pe3epBHa Ta iHpopmaLiliHa.

flka 6ynoBa Ta 6ionoriuHa ponb 6inkiB B 06MiHi peuoBUH?

BIJIKU - ye sucokomonekynapHi 6iononimepHi opzaHiyHi cnosyku, MoHomMepamu
AKUX € amiHokucsiomu. binku € 6iononimepamu 3 20 pi3HUX MOHOMEPIB — NMPUPOJHUX
OCHOBHUX (NnpomeiHo2eHHUX) amiHOKUcIom, COyYeHnX Yy MakpOMONeKynn B cre-
UMOiYHIN KiNbKOCTI, CKnagi  NocnifoBHOCTI 3a AONOMOro nenmuoHUX 38°a3Kie. No-
PAAOK pO3TallyBaHHA aMiHOKMCNOT y MoneKynax GinkiB BU3HaYaeTbCA NOCNIAOBHICTIO
HyKneoTuiB B reHax. binku noginAloTb 3a XiMIYHUM CKNAZOM Ha NPOCMi Ta CK/IAOHI.
MpocTi 6inkn (KkepaTuH, KonareH) nobynoBaHi nulle 3 aMiHOKMCIOTHUX 3ayLLIKIB, a
cKnagHi (MyuyH, remorno0iH) MicTATb Le 1 HeBINKOBI KOMMOHEHTY (aTOMK MeTaliB, MO-
nekynu ninigis, ByrneBopfis, HyKNeiHOBUX KUCNIOT TOLO). BOKpeMiolTb YOTUPY PiBHI
CTPYKTYpun OinkiB: nepeuHHy, 8MOpPUHHY,
mpemuHHy I Y4emeepMmuHHY.

BinbwicTb 6inkiB HabyBae NpaBUIbHOT
CTPYKTYpU nvLlie B MEBHUX YyMOBax cepe-
gosuwa. 3i 3MiHO LX YMOB OifIOK 3MiHI0€E
CBOIO CTPYKTYypy, abo peHaTtypye. [eHa-
mypauyia - npoyec nopyweHHsa NpupooHoTi
cmpykmypu 6inKis i3 36epexeHHAM nepeuH-

In. 56. CTpyKTypHa opraHisauia 6inkis:

HoI. YMHHMKamMK, WO CrPUYNHAIOTD 3MiHY 1 - NepBUHHA CTPYKTYpa (naHuor);
KoHdopMmaLii 6inkKiB, €: HarpiBaHHA, BUMPO- 2 - BTOPYHHA CTPYKTYypa (cripanb);
MiHIOBAHHSA, CWJIbHI KUCNOTW, CUNIbHI OC- 3 - TpeTnHHa CTpyKTypa (rnobyna);

HOBW, KOHLIEHTPOBAHI COMi, BaxkKi meTanu, 4~ Y€TBEPTUHHA CTPYKTypa (MynsTMep)

OopraHiyHi PO3UMHHUKM TOLWO. 3@ YMOBU 36epeXxeHHA NePBUHHOI CTPYKTYypU Binody-
BaETbCA peHAmMypauyis — 8ioHo8/IeHHA 8mpayvyeHoi NpupoOHOI cmpykmypu 6inkis. Ta-
KM YMHOM, 0c06n1MBOCTI 6iNlka BM3HaYalTbCA NOro NEePBUHHOK CTPYKTYPOID. A OCb
npouec pyiHyBaHHA NepBUHHOT CTPYKTYpU GinKiB 3aBXxan € HeobopoTHUM. Lle Bxe
decmpykuyis.

bionoriuyHa ponb 6iNKiB BUABNAETbCA Ha KOXKHOMY 3 eTaniB MmeTaboniamy. Hagxo-
IKEHHA PeYoBUH, eHeprii Ta iHbopmauii y 6iocuctemu 3abe3neuyeTbca Ginkamm, LWo
3[iiICHIOIOTE MPAHCNOPMHY, pyX0o8Yy, 3axXucHy, noxueHy byHKLUii. AHaboniuHi 1 Ka-
TaboniuHi NnepeTBOpEHHA BCepeAUHi biocncTem peanisyoTbCa 3aBAAKN naacmuYHit,
eHepzemuyHil, kamanimud4Hili, pe3epeHil, pe2ynamopHili GyHkuiam 6inkis. Y Bu-
[aneHHi 1 3HELWKOAXKEHHI MPOAYKTIB 0OMiHY 6epyTb yyacTb 3aXUCHI 6inKu.

OTxe, 06MiH 6iNnKiB nocigae LeHTpanbHe micue
y BCbOMY Pi3HOMaHITTi 06MiHHMX npoLeciB Giocuctem.

§ 20. bioopraHiuHi peyoBuUHW. BinKkw, HyKNeTHOBI KncnoTu: ornag 6ynosu i GionoriyHoi poni

flka 6ionoriuHa ponb HyKNeTHOBMX KNCNOT y meTabonismi?

HYKJIEIHOBI KUCNIOTWU - cknadwi sucokomonekynspHi 6iononimepu, nobydosani
3 Hyk/ieomuoig. Y BCiX XMBUX OpraHi3mMax HYKNeiHOBI KNCOTW BUKOHYIOTb posib 30e-
pexeHHs, nepeaavi N peanisauii cnagkoBoi iHpopmauii. Bneplue ix BuaBneHo B Agpi
KNiTUHK, 3BigKW 1 MOXOAWUTb Ha3Ba LuMX cnonyk (Big nat. nucleos — appo). Lle iHpop-
MaLinHi «monekynu xuTTa»: IHK 36epirae reHeTnuHy iHbopmadito, a pisHi Tunu PHK

cnpusAoTb i peanisauii. HykneiHoBum Kncnotam, AK i 6inkam, nputamaHHa nepBrHHa
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CTPYKTypa — MeBHa MOC/iAOBHICTb po3Ta- Unrosnw Hirpore- Lnrosun o
LYBaHHA HYKeOTUAIB, @ TaKOX CKNagHiLi *\ FHOBMICHI #\
BTOPUWHHA | TPETUHHA CTPYKTYpW, AKi dop- ryaHil-: u S TyaHiH ’ .
MYylOTbCA 3a [OMOMOrOl BOAHEBUX 3B'A3- Cﬁi ..
KiB, eneKkTpocTaTUyHMX, rigpodobHMXx Ta A.u:erjo . cl;lci% AHELEE -
iHLIMX B3aemopii. &f) 53

HyKneiHOBi KMCNOTN — OCHOBHI «AiNOBI ypa[W.n. Tumin ™
0cobu» cnHTe3y BiNKoBKX MoneKyr. Bee, wo g neHTog,c{ ﬁ
HeOobXiAHO KNiTWHI ANs XUTTA, 3aNporpamo- Hitpore- pocgarra Hitpore-

. HOBMICHI cnipanb HOBMICHI

BaHO B AinAHkax monekyn IHK — renax. 3a- OCHOBM OCHOBM
KofoBaHa B HVX iHopMaLlia peanisyeTbca PHK PM%T:y_ ,ue&g:f:w- AHK
monekynamu PHK: iPHK nepenucye iHbop- P:(’L?’;*gfaa pM6iﬂ{ﬁg§?°Ba

MaLito 3 reHa " nepeHocuUTb ii Ha pubocomu,
B yTBOpEHHI AKMX 6epyTb yuacTb pPHK. Ha - 57. Ocobnueocti Gyaosm i ctpykypu
. ) PHK i AHK
monekyni iPHK, AK Ha maTpuui, CMHTe3yETb-
Csl MONieKyna neBHoro 6inkKa, a oKpemi aMiHOKMUCNOTY AN Oro CUHTE3Y NOCTavyaloTbCA
TpaHcnopTHoto PHK (TPHK) (. 57, ma6a. 1).
Ta6nuusa 1. NOPIBHAJIbHA XAPAKTEPUCTUKA OHK TA PHK
O3HaKu AHK PHK
[e3okcmpuboHyKkneoTuau: aoeHinosi, | PuboHykneotuan: adeHinosi, ypuouso-

MoHomepu . . L : . L .
mumiounosi, 2yainosi, yumuousosi | 8i, 2yaHinosi, yumuousnosi
HiTporeHoBMiCHi OCHOBI: HiTporeHoBMiCHi OCHOBI:

Cknan aoeHiH, 2yaHiH, MUMiH, Yumo3uH. aoeHiH, 2yaHiH, ypayus, Yumo3suH.

Hykneotugis | Byrnesog — des3okcupu6o3a Byrnesog - pu6o3a.
OpTodocdaTHa KucnoTa OpTodocdaTHa KucnoTa

CTpyKkTypa MopginHa cnipanb OpuvHapHWIA NaHuor

BnactueocTi | 3paTHicTb fO pennikauii n penapauii | HesgaTHi Ao pennikauii n peHaTypauii
IHbopmauiiiHa (iPHK), TpaHcnopTHa
(TPHK), ctpykTypHa (pPHK)

QyHKUiT CnapkoBa

OTXe, HYKNEeIHOBI KNCIOTU pa3om 3 Gifikamuy 36epiratloTb 1 peanisyoTb
reHeTn4Hy iHbopMmaLilo, Lo € OCHOBOI OOMiIHY PEeYOBMH
i mepeTBOpPeHHA eHeprii B Giocnctemax.

RIANBbHICTb

3aBAaHHA Ha 3acToCyBaHHA

3HaHD « OyHKW GU1KIB» DyHKLiA GinkiB Mpuknaam 6inkie

1 Mnactvuna A TlencuH, TpUNCuH,
3icTaBTe Ha3BaHi GyHKLii 3 TMK binka- n ManbTasa

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

MM, WO X peani3yoTb. 3aNoBHITb Tabnuuw |2 KatanitnuHa |E PogoncuH, iiogoncuH
BiANoOBigen Ta OTpMManTe Ha3By Uinoro |3 PerynatopHa |WM KaseiH monoka
Kn inkiB, neyyoTb YMOBU Ans H AKTUH, MiO31H, TY6Y-
.acy6 ‘ w’,o 3abe3ne yK.) y o. a 4 PeuentopHa ' yOy
3CigaHHA GinkiB, BUTPMBaniCTb KNITUH B A
yMOBax BUCOKOI TemnepaTypw. Migrotyitte |3 3axucHa O binku KneitkoBMHu
NOBIAOMAEHHS NPO Lii GiNKM. 6 PesepBHa M IHcyniH, Ba3onpecuH
7 Pyxosa P ®i6puH, aHTnTINa
LU KonareH, kepaTtuH,
8 [MoxxmBHa .. P
oceiH
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1 2 |3/ 4 /5|6 |78

Bionorisa + AHrninicbka moBa. Hykneotngn n NH,
KUTTA

Mepeknafitb TeKCT i MOACHITb 3HayeHHA
HYKNeoTWZiB ANA KUTTA.

«Nucleotides are organic molecules that
serve as the monomer units for forming the
nucleic acid polymers deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA), both of which
are essential biomolecules in all life-forms on
Earth. Nucleotides are the building blocks of nucleic acids; they are composed of three
subunit molecules: a nitrogenous base, a five-carbon sugar (ribose or deoxyribose), and
at least one phosphate group. Nucleotides also play a central role in life-form metabolism
at the fundamental, cellular level. They carry packets of chemical energy - in the form of
the nucleoside triphosphates ATP, GTP, CTP and UTP - throughout the cell to the many
cellular functions that demand energy, which include synthesizing amino acids, proteins
and cellmembranes and parts; moving the cell and moving cell parts, both internally and
intercellularly; dividing the cell, etc. In addition, nucleotides participate in cell signaling
(cGMP and cAMP), and are incorporated into important cofactors of enzymatic reactions
(e.g. coenzyme A, FAD, NAD, NADP).

a CTABJIEHHS
% B CTABNEHHA
«2 Bionoris + Ximis.

KpioenekTpoHHa MmikpocKonis

HobeniscbKy npemito B ranysi ximii y

2017 p. oTpumanu HaykoBui XK. Jiobole,
M. ®paHk i P. XeHaepcoH, AKKX Bif3HaueHo
32 «P0O3BUMOK KpioeseKmpOHHOI MiKpOCKO- B b
nii, AKA CNPoWye Ma noninwWye BUSHAYEHHA X No6owe . dpaHk P XeHaepcoH
cmpykmypu  6iomonekyn». KpioenekTpo-
HHa MIKpOCKONifA Aa€ 3MOry 3amMOpPO3nUTU 6iIOMONIEKYNN Mif Yac pyxy Ta Bi3yanisysaTu
npovecu, Wo € BUPiWanbHUMN ANA PO3YMiIHHA XiMil X1TTA. LLlo Take KpioeneKTpoHHa
MiKpockonia? fike 3HaYeHHA MOXe MaTu Leln meTod OOCigXKeHb AnA PO3B'A3yBaHHA
npob6nem 36epeXeHHs 340POoB’s NOAUHN?

PE3YJIbTAT

OuiHka 3aBAaHHA A4N1A CAMOKOHTPOJIO

1. LLlo Take 6iomonekynu? 2. Ha3BiTb rpynu Ta ¢yHKLUii 6iomonekyn. 3. Lo Take 6in-
kun? 4. Ha3Bitb dyHKLUiT 6inkis y 6iocuctemax. 5. LLlo Take HK? 6. Lo Take PHK?

7. Alki ocobnmBocTi Ta ponb 6ioMmonekyn B 06MiHi peyoBUH i1 eHeprii? 8. fika bygosa
7-9 |Ta 6ionoriyHa posnb 6ifnkiB B 06MiHi peyoBuH? 9. Aka 6ioNnoriyHa posb HyKNeiHOBUX
KNCNOT y MeTaboniami?

1-6

10-12 | 10. Big yoro 3anexaTb BNacTMBOCTI 1 GyHKLi BiNKiB i HyKNneiHOBUX KNCnoT?

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae
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Po3mipu, popma U 6ionoziuri pyHKUIT Makpomonekyn
U knimuH 3anexame 8i0 CmpyKmypHUX KOMNOHeHMI8.
Anbbepm JleHiHOxep

§ 21. BYFNIEBOAW, NINIAWN: OTNAL BYAOBU 1 BIONOTNIYHOI
POJII

OCHOBHi NOHATTA 11 KNO4OoBi TepmiHu: BYITIEBOAW. NIMIAN.

MpuraganTte! Lo Take opraHiyHi peyoBUHNK?

BcrynHa BnpaBa

Mepen BaMu CTPYKTYpHi GOpMynu anaHiHy, pubosu, »upy i ageHinoBoro
HyKkneotuay. flka i3 uux dopmyn intocTpye rpyny Byrnesogis? MoAcHiTb cBiii BUGIp.

HaN
=N

0 N
I \
HO —P—0 «N N/>
| o)
o)

CH,-0-CO-R
[

CH,-0-CO-R
[

CH,-0-CO-R"

OH OH
3MICT
flke 3HaYeHHA BYrNeBOAIB AN 06MiHYy pe4yOBUH i NepeTBOPEeHHA
eHeprii?
BYIIEBOAMW (yykpu) — opeaHiyHi cnonyku, 0o HaiinowmpeHiwi Byrnesoam
cknaody akux exo0ame KapboH, liopozeH ma Okcu- opraHismis
2eH. IxHa 3aranbHa popmyna - C,(H,,0),, 38iakn 1 | |. MoHocaxapupm:

BUXiHa Ha3Ba ByrneBoais (Byrneub i Boga). Ctpyk- | A-MeHTosu: pu6osa, desokcu-
Typa BYrneBoOfiB He 3aKoAoBaHa §e3noce|ci.engo '; f’é‘;’égmenmmsa’ bpykmosa
reHeTMYHo, a yTBOpK')GTbCFI BHacnigok cepii dep- Il. [caxapuau: caxaposa,
MEHTATUBHUX peakKLin GOTOCUHTE3y 3 HU3bKO- AQKMO3a, MANLMO3d
MOJIEKYNAPHUX CMONYK abo TriioKoHeoreHesy i3 lll. Monicaxapuam: kpoxmans,
NipOBUHOIPaAHOI KNCI0TU, KA € MPOMIPKHOIO CMO- | yenronosa, ximuH, 2nikozeH,
nykoto MeTaboniamy KniTuH. nekmuHu

ByrneBopau 3a XiMiyHMM CKNagoM MOXYTb By Tu
npoCcTUMK i CKnagHUMK. [Tpocmi 8y2s1ego0u yTBOPEHI BiANOBIAHO [0 3aranbHoi dop-
mynu C,(H,0),. CknadHi 8yesnego0u yTBOPIOOTLCA BHACNIAOK B3aEMOAii Monekyn npo-
CTUX BYFNEBOLIB MixX coboto.

ByrneBoau 3paTtHi OO 6E3KWCHEBOro M KuUCHe-
BOrO pPO3LEN/IeHHA, WO 3yMOBIOE IX MPOBigHY
eHepzemMuY4Hy (hyHKUit0 B MeTaboni3mi *usoro (rnto-
Ko3a, dpykTo3a). MoHaa 2/3 eHepreTMUHUX NoTpeb
opraHi3my 3abe3neyyeTbca 3aBAAKN BUKOPUCTaHHIO
ByrneBofiis. CmpykmypHy pyHKYil0 BUKOHYIOTb He-
PO3UMHHI 1 CTilKi BYrneBOAmn KNiTUHHUX OOOJSIOHOK
rpubis (ximuH), pocnuH (yemronosa), 6aktepin (my-
peiH), NpocTi ByrneBogmn CiyryTb «OyniBenbHUMY
6nokaMmm» ANnA YTBOPEHHA HyKneoTuais (pnbosa i
88 fAe3okcmpnbosa), oniro- yn nonicaxapugis (rnwKo-

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

In. 58. Cxema monekynu
rnikorexy
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3a, ranaktosa). PesepeHa ¢yHKYia ByrneBofiB nonArae B 3anacaHHi Kpoxmasiio B
3€eMeHNX POCSINH 1 BogopocTei. OCHOBHOK GOPMOI0 3anacaHHsA roKOo3M B KNITUHAX
TBaPWH, 6inbLoCTi rpunbiB, 6araTbox 6aKTEPIll Ta APXEN € 2/1iKO2eH, O MAE KOMMaKTHY
po3srany»eHy CTPyKTypy (in1. 58). 3B'A3yBaHHA 1 BMAaneHHA 3 OpraHiamy nioguHU
papioHYKNiAiB 3a yyacTi NEeKTUHIB iNOCTPYE 3axucHy hyHKYilo ByrneBopiB.

OTXe, BYrnieBoAM B 0O6MiHi peyoBUH crneLiani3yloTbCa Ha BUKOHAHHI
eHepreTnYHoOI, CTPYKTYPHOI, pe3epBHOI Ta 3aXMCHOT QYHKLIN.

Aki oco6nuBocTi 6ynoBum i1 ponb ninigiB y meta6oniami?
JINIAW (Big rpeu. s1inoc — XUp) — ye pi3HOMAHIMHi 3a ximiyHUM cknadom 6io-

Op2dHiYHi CNOJTYKU XUB020, CNi/TbHOIO 03HAKOIO AKUX € IXHA HeNnosapHicme, Yepes wo

80HU PO3YUHAIOMbCA JUWe 8 HenosIAPHUX PO3YUH- o o

Hukax. Monekynu ninigis MOXyTb MICTUTN 3aNULLKN ) g

C
CNUPTIB, XUPHUX KNUCNOT, CynbpaTHOI KNCNOTH, BYr- I

neesopis, 6inkiB Ta iH. BnactusocTi 6aratbox ninigis C|H2
3HAUYHOK MIpPOI BM3HAYATbCA HacuyeHUMn (He Cle
MatoTb MOABIMHUX 3B'A3KIB) XUPHUMMK KUCIOTaMW CH,
(in. 59). binbwicTb Ninigis (BOCKW, XXNpK) Xxapaktepu- Cle

3yI0TbCA HEPO3UMHHICTIO Yy BoAi (rinpodobHicTio) Ta |
PO3YMHHICTIO B HEMOMAPHUX PO3UYMHHUKAX: ecTepax, (|:H2
aueToHi, xnopodopmi, 6eH3eHi Ta iH. Taki BnacTuBocTi Cle
3yMOBEHI BiICYTHICTIO MONAPHUX Fpyn Y iXHiX Mone- CH,
Kynax. IHwi rpynwu ninigis (bocdoninigw, rnikoninign) Cle

BUABNAIOTb NOABINHI amdidinbHi BnacTmBocTi, ToOMy |
Lo MicTATb nonApHi (rigpodinbHi ronosku optodoc- C|HZ
baTHOI KMCNOTK UM cnnUpTy) | HENONAPHI (NaHLIXOK Cle
XUPHOT Kncnotu) rpynu (in. 60). CH,
3a CTPYKTYpHUMYM 0COBANBOCTAMM NiNign Knacudi- C|H3
KYI0Tb Ha NpocTi 1 cknagHi. MpocTi ninigm € noxigHymm (|:H
MKUPHUX KUCNOT i cnupTiB. HamBigomilwi 3 HUX — BOCKM s
CH,

(6oXONVMHWI BIiCK, CepmaleT, NaHosiH, CybepuH, Ky- ]
TUH) N KUPWU (POCSIVHHI — COHALWWHMKOBA, TPOAHAOBA CH;
onii, MacNo Kakao; TBAPUHHI — KUTOBUI XUP, CBUHAYNN
Xup, pnb'aunin xmp). OcHOBHUMU YHKLIAMN BOCKIB
€ 3aXUCHA, a XNPiB — eHepzemMuYHd, pe3epeHa, 60-
doymeopiosanbHa. bionoriuHe 3HaueHHA MNPOCTUX
ninigis 3ymoBfieHe T!Mm, WO cepef an'( € TaKi 'Heo6xi,qu Oprobocharta rpyna
ANA KNTTA PEUOBMHI, AK HEHACUYEHI XUPHI KUCNIOTU,  (1inh o hinena roniska)

XKMPOPO3UMHHI BiTamiHu, ocdoniniam, cteprHn.
CknagHi ninigym okpim ninigHoI YacTMHK MiCTATb
M iHWi pe4yoBMHW. Y NiNONPOTEIHIB TaKNMW CMOnYyKa-
MK € 6inkn, y docdoninigis — 3annwok optodocdat-
JTaHUoXKN

HOI KUCnoTw, y rikoninigis — syrnesogu. Lli cnonyku KUPHIX KMCTOT

BUKOHYIOTb 3Ae6inbloro cmpykmypHy ¢yHkuyiro. [1o (riApOGOGHI «xBocTIY)
ninigiB BifHOCATb N XMponogibHi cnonyku (ninoigu),
Wo € IXHIMM nonepeaHUKamn abo noxiaHvmu. binb-

In. 59. ManbmiTHOBA
Kncnota (C15H31COOH) -
HacuyeHa XUpHa K1csoTa

In. 60. Bygosa monekynu
docdoninigy

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae
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WicTb i3 HMX 3[iNCHIOITb B OpraHiami peaynamopHy ¢yHkyito. Mprknagom nogio-
HUX PEUYOBVH € CTEPOIAU (XONeCcTepUH, XOBUHI KMCNOTK, CTaTEBi TOPMOHM Ta FOPMOHN
HaHUPKOBYX 3aJ103 — KOPTUKOCTEPOIAK). [1o XKUPONomdiOGHNX CMOYK HaNeXaTb Xu-
popo3uunHHi BiTamiHn A, D, Ei K.
OTxe, ninign B 6iocmcTemax 34iMCHIOITb EHEPreTUYHY, CTPYKTYPHY,
3axXVCHY, PerynsatopHy, BOAOYTBOPIOBasIbHY, pe3epBHY QYHKLT.

Y yomy cyTb i€papxii MONeKynsipHOro piBHA opraHisauii xurtra?
lepapxis moneKynspHoro piBHA opra-

. . . KnituHa
Hi3awuii XXUTTA — NopA00oK nidnopAa0Ko8AHOCMI 3
npocmux XiMiYHUX CMPYKMYypHUX esleMeHmie
. . OpraHenu
U monekyn cknaoHiwum. CTaloum YacTUHO P 3

CKNafHIWoro uinoro, NpocTi CTPYKTypu BTpa-
YalTb CBOK iHAMBIAQYaNnbHICTb, NpPOTe HOBe
Line HabyBa€ HOBMX BNacTMBOCTEN.

HagmoneKkynsapHi komnnekcm
(pnbocomu, xpomaTuH,
AKTUH-MiO3VMHOBUI KOMMIEKC)

Ona monekynapHoro piBHA opraHisauii A
XKUTTA XapaKTepHa NeBHa iepapxia biomonekyn, Benuki Giomonekynin
Lo BXOAATb Ao Moro cknagy (is1. 61). Yci 6ioop- (6inKku, HyKNETHOBI KMCOTH,
raHiYyHi peYoBMHM NOXOAATDL Bif Ay»Ke NPOCTUX nonicaxapugu, ninign)
HU3bKOMOJIEKY/IAPHUX nonepeOHUKi8, W0 Haj- T
XOAATb y 6iocucTemu i3 HaBKONMLWHBOTO cepe- Mani 6iomonekynu
gosua: CO,, H,O, N,. Y xusomy, B3aemogitoun (amiHOKMCNIOTY, MOHOCaxapyaw,
MiX CO6010, BOHM YTBOPIOKOTb NPOMIXKHI CnosTy- HYKNEOTUAM, XMPHI KMCnoTm))
Ku (Hanpuknag, aueTtaTtu, KeTOKMCIoTK), AKi 1 T
YTBOPIOWTb MPOCTi OPraHiuHi peuoBuHM, abo | MPOMiXHI cnonykm (pu6osa, auetar)
mani biomonekynu. Lle nepepycim yotupu Kna- T
CW MOJIEKYI — »KNPHi KMCNIOTKN, MOHOCaxapuau, HVBbKOMO”E'g”ZPSi :lo"'eF’eﬂHV'K“

2, V12, IN2

aMIHOKUCNOTM Ta HyKneoTuau. IX Ha3vBawTb
byoigennbHUMU 6JIOKAMU, OCKINIbKN 3 HUX YTBO- | 61, Cxema iepapxii MONEKyAAPHOTO
poloTbCA MOJIEKYNIN HACTYMHOTO IEpapPXiyHOro piBHA opraHi3auii »knTTA
nigpisHA. Po3mipu, popma i ximiuHi BnacTmeo-

CTi 6iomoneKkyn gatoTb 1M 3MOTY He TiNIbKU ClyryBaTu OyfiBenbHUMU 6nokamu npu
CTBOPEHHI CKNafHOI CTPYKTYpUY KNiTUH, a 1 6paTh yyacTb y 6e3nepepBHMX NpoLiecax
nepeTBOPeHHA peyoBKHU i eHeprii. MpocTi 6iomonekynu cnonyyaoTbca Mixk coboro
pi3HOMaHITHMMM KOBaneHTHMY 3B'A3KaMu, yTBOPIOIOUM Makpomonekynu (6inku, no-
nicaxapugu i HyKneiHoBI KNCIOTN) Ta MONEKYNAPHI Komnnekcu (ninign).

Benuki Monekynu MoXyTb CMOMy4YaTUCH MiXK COOOI0 38 JOMOMOrOl0 HEKOBAJEHT-
HUX B3aEMOLiN Y HAOMOeKynApHI komnsekcu, abo MonekynapHi aHcam6i. Lle pn6o-
comun (komnnekcn pPHK i 6inkiB), xpomatuH (OHK 11 6inkn), bepmeHTHI Komnnekcn
(6inkoBa 1 HebinkoBa YacTMHW cknagHux epmeHTiB) Ta iH. HagmonekynapHi komn-
nekcy o6’efHYIOTbCA B KNITMHHI CTPYKTYpU: MembpaHu, AApo, MiToXoHApPIi Towo. A
BXe Lii CTPYKTYPHiI KOMMNOHEHTY BM3HavaloTb GOpMy, po3Mipu 1 GYHKLIT KNITWH.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

OTxxe, ONA MONEKYNAPHOro pPiBHA OpraHisauii X1TTA XxapakTepHa nesBHa
CTPYKTYpHa i€epapxifa: XiMiYHi enemeHTn — NPOoCTi Ta CKNafgHi HeopraHivHi
CNONYKM — NPOMIXKHI Cnonykn — mani 6iomonekynm —
90 BENIMKI 6ioMONEKYNN — HAAMONEKYNAPHI KOMIMJIEKCU — OpraHenu — KiTuHa.
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AIANbHICTb O3HakKa ByrneBopu | Nlinign
3aBAaHHA Ha NOPIBHAHHA Ximiunui cknan
3 3 . BnactuBocTi
3a gonomoroto Tabnuui nopisHslTe Byre- Corires
BOAW 1 ninign. 3po6iTb BUCHOBOK MpPO eHep- Posnan
I'?Tf/ll-'lHe n nnaCTv!qu 3HaYeHHA BYIMeBOAIB I [ . o rpynn
ninigis y metabonismi. Oyrkuii

Bionoria + XyaoKHe MmncreyTBo

AkBapenb - ¢apbu, Wo CcknagawTbca 3
pO3TepToro MirMeHTy, 3MillaHOro 3 PO34YNMHOM
POC/IMHHOrO (BULLHA, YepellHsa) npo30poro
BOAOPO3UYMHHOrO Kfiet. 3aBAAKM LibOMY Kneto
aKkBapeslb MOXHa PO3YMHATW y BOAI AnNA Ha-
HeCeHHA TOHKMX MPO30pKVX LWapis, WO MiLHO
npunnnaTb Ao nanepy. Lia kneika cymiw Byr-
neBopiB y 6ionorii Ha3MBaETbCA «Kameb» (rymi). lke 3HaUeHHSA LIbOro CeKpeTy B OOMiHi
PEUYOBMH POCIIMHHMX OPraHi3MiB, AKi NOro BUAINATL? AKWMIA XiMiYHWI CKnag Kamepgi?

g CTABJIEHHA
gy —
aﬁ Bbionoria + Ekonoria. AganTtauii Kcepodinis

Kcepodinu — HasemHi TBapUHW, WO npucTo- [ <&
CyBanMca Ao XUTTA B 6e3BOAHMX MICLEBOCTAX |
(nyctenax, HaniBnycTenax, cyxux ctenax). Mpwm-
KNnagoMm TakKuxX TBapUH € ofHorop6bui sepbniog,
TYWKaHYMKN, aMePUKAHCbKNIN KEHIypPOBUI Na-
LtoK Ta iH. OfHi 3 HMX 3a[0BONbHATLCA NKLe
3anacamu Boau, WO MICTUTbCA B X, iHLLIT ycniLw-
HO BMKOPWCTOBYIOTb METabosiuHy Bogy. AKuUA
MeTaboniuHMi npouec 3abe3neyye yTBOPEHHA
BOAW 3 XMpiB? Y yomy nonaraloTb nepesaru
XKUPIB AK Apkepena Boau nepeq syrnesogamm’?

PE3YJIbTAT

3aBAaHHA A4NA CAMOKOHTPOJIO

1. Wo Take Byrnesoan? 2. Ha3Bitb GpyHKLii ByrneBoaiB B 06MmiHi peyoBuH. 3. LLlo Take
1-6 |ninign? 4.Ha3BiTb OCHOBHI rpynu ninigis. 5. LLlo Take iepapxia MoneKkynAapHoOro pisHA
opraHisauii K1TTa? 6. Ha3BiTb CKNagHNKM MONEKYNAPHOIo PiIBHA OpraHi3aLii XuTTa.
7. flke 3HaueHHsA BYrNEBOAIB AN 0OMiHY PeUOBUH 11 MepeTBOPEHHA eHeprii? 8. AKi
7-9 |ocobnuBocTi 6ynosu i ponb NinigiB y metaboniami? 9. Y yomy cyTb iepapxii Moneky-
NAPHOro PiBHA opraHisauii Xutra?

10. Ha KOHKpeTHOMY nNpuKnagi 4oBefiTb TBEPAXKEHHA NPO 3aNeXHiCTb Poni Xnpis
Yn BYINMEBOAIB Bif CTPYKTYPHUX CKNAJHMKIB.

§ 21. Byrnesoaw, ninign: ornag 6ynosw i 6ionoriyHoi poni
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€OHICMb hyHKUIOHYBAHHA XUB0O2O — 8 0OMIHI pe4yo8UH,
Wo 8 3a2as1bHOMY NOOIGHUU y 8CiX KITIMUHAX.
AHOpe JTbgo8

§ 22. CTPYKTYPU KNITUH, AKI 3ABE3MEYYIOTb MPOLECU
OBMIHY PEYOBWH TA EHEPTII

OCHOBHi NOHATTA 1 KMo4yoBi TepMmiHn: METABOJ1I3M. Mem6paHHe TpaHc-
nopTtyBaHHA. bioTrpaHcdopmalis.

MpuraganTte! Lo Take KniTnHa?

MomipkynTe!

Tenamoyumu (Big rpew. 2enap — neyiHka, yumoc — Kni-
TUHA) — KNITUHW NEYiHKK, AKI CEKPETYIOTb XOBY | 6epyTb aKTUBHY
yuyacTb B 0OMiHi pe4yoBMH OpraHiamy 11 3HeLKOAKEHH| TOKCUHIB.
Y renatoumTiB € CBOT cnocoby memOpaHHOro TpaHCNOPTYBaHHSA,
iHTEHCMBHMI MeTaboni3m, BOHU MICTATb GepMeHTU, AKUX HeEMaE
B YCiX IHWMX KNITUHaX opraHiamy. AK y Lmx KniTuHax BigbyBa€eTb-
¢ 06MiH peyoBVH Ta eHeprii?

3MICT

Ak Big6yBa€eTbCA TPAHCMOPTYBaHHA PEUYOBUH Kpi3b niasmaTny-
HYy mem6paHy?

O6MiH peyoBUH, eHeprii Ta iHbopMaLil Ha PiBHI KNiTUH BiAGYBaeTbCA BHACNIAOK:
1) HagXoOXeHHA PeUYOBVH 1 eHeprii y KNiTUHY; 2) MeTabonismy; 3) BuAaneHHs i3 Kni-
TUH. AKi CTPYKTYpY KNiTH 3a6e3neuytoTb Li npouecn?

Mem6paHHe TpaHcnmopTyBaHHA (naT. transporto — nepemilyio) 3abesneuye
nepeHeceHHs Pi3HOMAHITHUX PeYOBMH, eHepril Ta iIHpopMaUii Kpi3b KNiITUHHI Memb6-
paHun. Mani monekynu Ta MOHWU NPOXOQATb
Kpi3b MemOpaHW WAAXOM MacMBHOro abo

TpaHcnopTyBaHHSA PeuoBUH Kpi3b

Mmem6paHu
aKTMBHOrO TPAHCNOPTYBaHHA, a nepeHe-
. MacnBHe TpaHc- AKTMBHE TpaHC-

CEeHHA MaKpOMONneKy 3[iNCHIOETbCA 3aBaA- nNopTyBaHHA nopTyBaHHA
K1 eHJ0- 1 eK30LUTO3Y. Kpizb MembpaHy

OyHKUIT TUX UK HWKX KNITUH 060B'A3-  |MpocTta Andysia | (oHHI Hacocn)
KOBO MO3HavaloTbcA Ha 6yaoBi IXHIX KNiTuH- | Monerwiena Y memGpaHHii
HUX MeM6paH. TaK, renatouuTin Ha ogHomy | Ady3ia YNakoBUI: €HAOLNTO3

Ocmoc (barouynTos i niHoywm-

3i CBOIX NOJIIOCIB MaloTb MiKPOBOPCUHKIM 260
BHYTPILUHbOKAITUHHI BUM'AYYBaHHA MeM6-
paH AanA 36inbleHHA NOBEPXHi 1 BCMOKTYBaHHA LIAAXOM Ougpy3ii peuoByH i3 KPOBI.
Po3urHHi y BoAi cnonykun TpaHCNopTyoTbCA B KNITUHU LASXOM 0CMocy, a rigpodob-
Hi HEMONAPHI PEUOBMHY — LINSXOM hoJle2wieHoi dugpys3ii 3a yuyacTi Ginkis-nepeHoc-
HUKiB. MembpaHa renaTouunTiB Ma€ BUCOKY GEPMEHTHY aKTUBHICTb AJiA aKTUBHOIO
TPAHCMOPTYBAHHA NOHIB 11 MONIEKYN AK yCepeAuHY KNITUHWY, TaK i 3 KNITUHN. AKTUBHE
TPaHCMOPTYBaHHA PEYOBWH KPi3b MeEMOPaHY 34iNCHIOETbCA NPOTY rpagieHTa iX KOH-
LeHTpalii i3 3aTpaToto eHeprii ATO Ta 3a yyacTi cnevianbHUX MemOpaHHKX 6inkiB, AKi
Ha3uBaTbCA UHOHHUMU Hacocamu. Hanpuknapn, Hampili-kaniegul Hacoc 3abe3neuye
nepemilleHHs HU3bKOMONEKYNAPHUX CMOJYK (aMIHOKUCIOT, FI0KO3M) Kpi3b Membpa-

TO3) Ta €K30UM1TO3

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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HY 3a paxyHOK pi3HOI KOHLUeHTpauii noHiB Na* i K* BcepeanHi KNiTMHW i 330BHi. 3a
yuacTi ATO BinbyBatoTbCA eHAOLUMTO3 Ta eK3ouuTo3. Mpu eHdoyumosi nnasmatTmyHa
MeMOpaHa yTBOPIOE BUPOCTY, sIKi MOTIM NepeTBOPIOIOTLCA Ha BHYTPILHbOKITUHHI
nyxumpui, WO MiCTATb 3aXONAeHNN KNiTUHO MaTepian. Po3pi3HAOTb ABa BUAW eHAO-
uutosy: garoumntos i niHouutos. LLnAaxom eHgoumTO3y BiAOYBAETHCA BCMOKTYBaHHA
NiNONPOTEIHOBMX YaCTUHOK i3 KPOBI NiCNA NPUNOMY XUPHOT iXKi, a WIAXOM eK3oyu-
mo3y — BUBINIbHEHHA B KPOB XUPOBUX KParuH, >KOBYi. Y 3[iNCHEHHI TpaHCNopPTY-
BaHHS PEYOBUH BeJIMKe 3HAUEHHA MAOTb MiXKKNITUHHI KOHTaKTU. Tak, 6ins »oBUYHUX
KaHanbLiB, y fKi CEKPETYETbCS XOBY, MEMOPaHU renaToLuTiB 3B'A3aHi LWiNbHUMN KOH-
TaKTamu 1 jlecMocomamm gna 3anobiraHHa andysii. Jna nepegayi curHanbHUX mone-
Ky 4/ NOXKMBHUX PEYOBUH MiXK renaTtoLMTaMm iCHYIOTb WiNMHHI KOHTAaKTW.

OTxe, BMOPAAKOBaHICTb N perynsAuilo NOTOKY peyoBUH, eHeprii Ta iHpop-
MaUii y KNiTMHY i 3 KNiTUHN 3a6e3neyye membpaHHe TPaHCMOPTYBaHHS.

AKi cTpyKTypM KniTHM 3a6e3neuyloTb npouecy metabonismy?

METABOJII3M (Big rpeu. Memabosie — NepeTBOPEHHS, 3MiHa) — CyKynHicme Ximiy-
HUX npouyecis, ujo 3abe3ne4yyoms nepemaeopeHHs pedosuH, eHepeail ma iHgpopmayii 8
knimuni. Lli 3miHn cnpamoBsaHi Ha BIIOPAOKOBAHICTb knitrHW, TOMY B MeTaboniuHmx
npovecax 6epyTb yyacTb YCi CTPYKTYpU KniTHWU. Ocob6nmBocTi 6yfoBM KRITWH, Kiflb-
KICTb 1 Pi3HOMaHITHICTb 1X CTPYKTYp 3anexaTb Bif iHTEHCMBHOCTI npouecis il MeTa-
6oni3my Ta GyHKLUIN B opraHi3mi. [InA Toro o6 nepekoHaTUCh y LibOMy, PO3rAHEMO
ocobnmocTi 6yfoBu renatouunTis (in1. 62).

Y LeHTpasnbHill YacTUHI renaTounTa po3milleHe S0po 3 ogHMM abo ABOMa A0ep-
yamu. Anpa MoxyTb OyTu aunnoigHumMmM (2n), TeTparnoigHUMK (4n)  HaBITb OKTa-
nnoigHumu (8n), Wo 3anexuTb Bif QYHKLIOHaNbHOro cTaHy opraHiamy. KinbkicTb
TaKunx Agep i3 Bikom NocTynoBo 36inbLyeTbcaA i fo cTapocTi gocarae 80 %.

OcHoBHOI YHKLIED renaTounTa € ymeopeHHa U CeKpeyis X084i y »KOBUHI Ka-
Hanbli. Yepe3 Te B KniTMHax fobpe po3BUHYTI cekpemopHi mixypuyi. Llntonnasma
renaTtouuTiB PsICHIE MIMOXOHOPIAMU, KiNbKiCTb AKMX B OJHI KNITMHI MOXe fgocsrati
2000. Lli nBoMeMOpaHHi opraHen OKMCHIOTb OPraHiuHi PeYOBUHU 1 CUHTE3YIOTb Y

BeNnuKin KinbkocTti ATO.
e

S Memb6paHHi
BMN'AYYBaHHA
KniTnHHa membpaHa .
p Jlizocoma
Mepokcncoma
[ecmocoma
LLinHHWIA KOHTaKT
LinbHW KOHTaKT Bakyons
Anepue
MoBUHMI KaHaneub
XpomaTtunH

Komnnekc lonbgxi
MKnposi KpannunHn
LLopcTka eHpo-

MiTtoxoHapisa nnasmatnyHa citka

Mmapka eHgonnas-

3epHa rnikoreHy MaTU4Ha CiTKa

In. 62. bygosa renatounta
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BaxxnuBy ponb BigirpatoTb renatounTn B cuHmesi bisnkis, 8y2nesodis i ninidis. e-
NaToUWTN CUHTE3YIOTb anbOyMiHKW, Ginbluy YacTUHy rnobyniHiB i 6inkis, Wo 6epyTb
yyacTb y 3CifjaHHi KpoBi. binku B renatoymTax cMHTE3y0TbCA B wopcmkil ENC, Haa-
XOAATb A0 KomnaeKcy [onedxi, HabyBaloTb GpYHKLiOHANbHUX 0COBNMBOCTEN, YNaKo-
BYIOTbCA B MiXypLi 1 BUAINAIOTLCA 3@ JOMOMOro eK30LuMTo3y B KpoB. MeTaboniam
BYrneBofiB 1 ninigis nos'asaHun 3 enadkoto EMNC, aka po3ciaHa B uutonnasmi y Bu-
rnagi UMcTepH, Tpy6ouoK i mixypuis. fenatounti nig gieto iHcyniHy nepeTBoploloThb
HaANLOK FII0KO3M Ha MiKOreH, AKMN BiAKNAaJAETbCA Y BUrNALI 3epeH Yy LMTOMIasmi.
3a HecTaui rnioKO31 3epHa 2J1iKo2eHy PO3LLenoTbCA [0 MIoKO3W. Y rematoumtax
TaKOX Bif0YBAE€TbCA HAKOMMYEHHSA NiAILIB Y BUTMALI XKUpPOBUX KpanJiuH.

OTKe, KiNIbKiCTb, HAABHICTb Ta y4yacCTb CTPYKTYP KNITUHMN
B TUX UM iHLWINX NpoLecax BM3HAYAETbCA caMe 0COBNMBOCTAMMU
MeTaboniamy Ta GYHKUIAMN KNITUH.

Ak Bin6yBa€eTbCA 3HELUKOAKEHHA Ta BUAiNIEHHA PeYOBUH i3 KNiTUH?

Y KniTHY pa3om 3 HeoOXigHUMK ANnA 1l XUTTA PpeYoBMHAMM MOXYTb NoTpanna-
T 330BHi Yy»KOpigHi abo yTBOPOBATMCA BCEPEAUHI TOKCUYHI PeYOBUHU (aMOHiaK,
rigpporeH nepokcug, iHAON, ckaTon). BOHM 3a3HaloTb NepPeTBOPEHDb | BUAANAOTLCA.
bioTtpaHchopmauia (Big rpeu. bios — xntTs, nat. transformatio — nepeTBOpPeHHA) —
bioximiuHi npoyecu, 8 X00i AKUX pe40B8UHU 3A3HAMb 3MiH Ni0 Oi€lo pi3HUX (hepMeH-
mig knimuH. Y xopi nepuwoi ¢a3u bioTpaHchopmauii Monekyna WKiaIMBOI peyoBUHN
36arauyeTbca NONAPHUMU GYHKLIOHANbHUMKU rpynamu, Wwo pobutb ii peakuinHo-
30aTHOM i PO3UMHHOW Y BOAi. Y Apyrin ¢asi BigbyBaloTbCA CUMHTETUYHI Mpouecyu
NO€EAHAHHA 3 eHOOTeHHVMN MOJieKynamu (Hanprknag, 3 riioKypOHOBOK KMCIOTOH0,
cynbdatamu, rniyMHOM), Y pe3ynbTaTi YOro YTBOPIOKTLCA NOMAAPHI CNONYKK, AKi i
BMBOAATLCA 3 KNITUH.

3HewWKOoMKEeHHA TOKCMYHMX CMONYK y KNiTMHax 3abe3neuyeTbca dpepmeHTamu
oKCMaopenyKTasamu, rigponasamu, nepokcuaasamm Ta BifbyBaeTbca B LMTOMNIa3Mi,
ENC, mikpoTinbusx, MiToxoHApisX, lisocomax. Tak, 3a gonomoroio pepmeHTis EMNC Bia-
OyBa€ETbCA AETOKCMKALLiSl a/TKOTOJ10, MEPOKCMAA3a MiKPOTineLb PO3LLenoe rigporeH
nepoKCcuA Ha BoAy N KNCeHb. Y renaToumTax OTPYNHUI aMOHiaK 3HELLKOAXKYETbCA B
npoueci NnepeTBOPEHHA Ha CEYOBMHY.

OcHOBHMMN npouecamn KNiTUHHOTO BUAINEHHA €@ a) PO3YMHEHHA MPOAYKTiB
06MiHY peyoBMH 11 BUAANEHHA iX 3 KNITWH 3a yyacTi BaKyosei, 3aNnwKoBMX Tineub;
6) i30n0BaHHA NPOAYKTIB 0OMiHY y BUrNALI KNITUHHUX BKIIOYEHb.

OTxe, y KniTHax BiabyBaloTbCcA Npouecy, Nif Yac AKX 3HELIKOAXKYIOTbCA,
NepeTBOPIOIOTbCA M BUAANATLCA HA30BHI LWKIAIVBI PeYOBUHN
Ta NIATPUMYETbCA KNITUHHWIA FOMeOoCTas.

@ BIANBbHICTb

x‘;‘ CamocTinHa po6oTa 3 intocTpati€io

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

PosrnAaHbTe inlocTpauito KAITMHW AIOAWHM i3 MO3HAYeHUMM CTPYKTYpamu:
1 — KNiTMHHa MemMbpaHa; 2 — NIHOUMTO3HWI MiXypelb; 3 — KNITUHHUIA LeHTp; 4 — Tia-
nonnasma; 5 - 3epHucta EMNC; 6 — HesepHucTa ENMC; 7 — agepHi nopu; 8 — ceKpeTopHi
Mixypui; 9 — komnnekc fonbaxi; 10 — miToxoHapia; 11 —agpo; 12 — agepue; 13 - niso-

94 comu; 14 — paroymnTosHi mixypui.
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BusHauTe ponb No3HauYeHNxX CTPYKTYp y 06mi-
Hi PEYOBVH Ta NepeTBOPEHHI eHeprii, 3aNOBHITb
y pobouomy 3owwuti Tabnuuo. 3pobiTb BUCHO-
BOK MPO B3aEMO3B’'A30K Mi>k OyOBOIO KNiTUHM Ta
npouecamu ii meTabonismy.

HasBa cTpykTypmn Ponb B 06MiHi peyoBUH, eHeprii Ta iHpopmauii

Bionoria + Ximia. loHun it meTa6oniam KniTuH

IcCHyBaHHA WNOHIB yneplue TEOPeTUYHO mne- EﬂEKTpOI-?

pen6aune Mankn Qapagen 6nmsbko 1830 p., J ' /
\ +

ONMCyloUM MOBEAIHKY YacTMHOK MOJeKys, Lo
36upatoTbca 6inA katogy Ta aHogy. OfHak Mme-

XaHi3M oHisaLii He posyminu fo 1884 p., ax FeitTparioHi E'gj”ez”:ﬂ'gﬁ
nokn CBaHTe AppeHiyc He onncas MOro y CBOIl J J
DOKTOpPCbKIN gucepTadii. LLlo Take noHn? B akux Q - > 9
npouecax MetTaboniamy KNiTuH NoHW 6epyTb Hail- HeraTUBHUI HioH

aKTUBHILWWY yyacTb?

CTABJIEHHA

bionoris + MeguunHa. PereHepauia neviHku

Y nediHui Mmuwen BUABNEHo cneuianbHi KNITUHW, AKI Bifl-
noBigatoTb 3a 1T BiAHOBNEHHA. [1o unx nip 3anMwanoca He-
BiJOMVM, YHACNiJOK YOro BijOYBA€ETbCA pereHepaLis Lboro
opraHa. HoBi KniTnHW Ha3Banu 2i6pudHUMuU 2enamoyuma-
mu. BUusiBfieHi KNiTMHY JOMOMOXYTb HayKOBLIAIM PO3PO6UTM
6e3neyHi cnocobu nikyBaHHA XBOPOO NeviHKn. 3acTocynTe
CBOI 3HaHHA Npo 6yaoBYy renaToLuWTIB 1 NOACHITb, AK BiAOy-
BAETbCA YTBOPEHHA »KOBYi Ta BIiAHOBIEHHA NeYiHKN Ha K-
TUHHOMY PiBHi.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. o Take membpaHHe TpaHcnopTyBaHHA? 2. Ha3BiTb OCHOBHI BUAW TPaHCMOPTY-
BaHHA. 3. Lo Take meTaboniam? 4. HaBefiTh NpuKnagn cTpykTyp KniTvHK, wo be-
pyTb yuacTb y npouecax metabonismy. 5. LLlo Take 6ioTpaHcdopmauin? 6. Haegitb
npuknagn WKigaMemMx Ana KNituH Cnonyk.
7. Ak BiAbyBaETbCA TPAHCMOPTYBAaHHA PEYOBMH KPi3b MiasmaTnyHy membpaHy?
7-9 | 8. Aki cTpyKTypwu KNiTHW 3abe3neuyioTb npouecy metaboniamy? Ak BifbyBaeTbcaA
3aXWUCT KNiTUH Bif He6e3neyHrx peyoBnH?

§ 22. CTpyKTypu KNiTWH, AKi 3abe3neuyioTb npouecn obMiHy peyoBUH Ta eHeprii
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Xoua eHepeis icHye y 6azambox popmax, 0714 xugux icmom
cmarome y npu2odi nuwe 08i 3 HUX — ceimsioea U XiMiuHa eHepeis.
H. Ipin, Y. Cmaym, [j. Tetinop

§ 23. OCOBJINBOCTI OBMIHY PEHOBWUH B ABTOTPOOHUX
OPTrAHI3MIB

OcHOBHi NOHATTA 1 KNto4oBi TepmiHn: ABTOTPOOHE *KMBJIEHHA.

MpurapanTte! Lo Take 0OMiH peyoBUH 11 eHeprii?

3Hanomrecsa!

Pig Menapronia (Big rpey. nenapeoc — neneka)
M€ BeNuKy KifbKiCTb BUAIB 1 COPTIB i3 4ygOBUMU Pi3HO-
6apBHUMU CYUBITTAMYU — BINVMK, YEPBOHUMU, POXKEBUMMU,
dionetoBMMM, ABOLUBITHUMU KBiTKaMu, 3 Bi3epyHKaMu Ha
neniocTkax. 3a rapHoro gornagy ui HeBmbGarnmei pocnu-
HW UBITYTb [0 Mi3HbOI OCeHi. AKi X yMOBM HeoOXiaHi ans
nenapzoHii 30HaneHoi cadoeoi (Pelargonium zonale
hortorum)?

3MICT

AKi 0co6NMBOCTI XKNUBNEHHA 3e/IeHNX POC/IMH AK aBTOTPOPHUMX
opraHismis?

ABTOTPO®HE »KUBJIEHHA (Big rpeu. aymoc — cam i mpoghoc — ika) — ue Hao-
XOOXEeHHSA 8 OP2aHi3M Heop2aHiYHUX peyosuH, HeobXiOHUX 0/1A CUHMe3y 8/ACHUX Op-
2AHIYHUX CNOJIYK. 3aNeXxHO BiA AXKepen eHepril, WO BUKOPUCTOBYETbCA MPU LibOMY,
po3pi3HATb poToaBTOTPOPHE XKMBNEHHA (BNacTuBe LiaHOOaKTepiaM i 3eneHum
pPOCANHAM, Y KIITUHAX AKWX € 3eeHi NirMeHTy, Wo BOMpPaTb 30BHILIHIO CBITIOBY
eHeprito) (i71. 63) Ta xeMoaBTOTPOdHE XKUBJNEHHS (y iesiKMX rpyn 6akTepii, AKi BUKO-
PUCTOBYIOTb BHYTPILLHIO XiMiYHY eHeprilo HeopraHiYHKX CMonyK).

AKMMUN X € 0COBNMBOCTI OOMiIHY PEUOBUH 1 eHeprii Yy 3eleHNX POCANH K Hail-
LOCKOHaniwoi rpynu aBtotpodis?

Mo-nepuue, y 3efeHNX POCNINH HAOXO0XeHHA HeopeaHiYHUX peyosuH 3abesneydy-
oMb pe2ynbo8dHi npoyecu No8IMpAHO020 | MiHepaslb-

HO20 XueseHHs. losimpsaHe XueneHHs — Le NpoLec co
MOr/INHAHHA Ta 3aCBOEHHA 3 NOBITPA BYrNEKNCIOro 2
rasy, AKUA € BUXiZHUM NpoayKToM Ana GOoToCMHTe-

3y. HapxopxeHHa CO, BifOyBaeTbcA Kpi3b Npoauxu

NNCTKa, TOMy CaMe Lieli BereTaTBHUI OpraH € opra- H20
HOM MNOBITPAHOrO XWUBNEeHHA. MiHepasibHe XueJieH- =
HA — Le npouec NOMMMHAHHA Ta 3aCBOEHHA 3 IPYHTY Inioko3a
BOAM Ta XiMIYHUX efleMeHTiB, HeOOXigHUX ONA XKUT-
TegianbHocTi. OpraHOM MiHEepanbHOro »KMBIEHHA B
POC/INH € KOPiHb.

Mo-ppyre, 3BMYaNHNM ABULLEM A71A 3€JIEHUX POCSIVH € NOEAHAHHA aBTOTPOGHOro
XKUBJIEHHSA 3 reTepoTPOHUM 1 BUKOPUCMAHHA 20MOBUX Op2AHIYHUX pe4OBUH i3 30B-
HiLWHbOrO cepepoBuLia abo i3 pe3epBiB y KAiTMHAX. B ycix pocnuH € nepiog, Konu

0.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

In. 63. Cxema $oTOaBTOTPOD-
HOTO XMBJIEHHA B POC/IVH
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OpraHiam BUKOPUCTOBYE AJIA KUTTA paHille CMHTE30BaHi Ta BigKnageHi Npo 3anac
OpraHiyHi peyoBMHU. Y TEMHOBUI Nepiof KMBNEHHA POC/INH TaKOX € reTepoTpod-
HUM. 33 OCOGNMBOCTAMU MKUBJIEHHSA Cepel POCINH BUOKPEMIIIOIOTL Taki rpynu:
PpOC/UHU-canpogimu (ANNHHWK 3BMYaliHWIA, THi3AiBKa 3BUYaliHa), pOC/IUHU-HANien-
apasumu (omena-6ina, A3BiHeLb, NepecTpiy, o4YaHKa), poCcJIUHU-napasumu (BoB-
YOK, NeTpiB XPecT, NOBUTULA), POCIUHU-XUMAKU (BEHEPMHA MYXONOBKa, POCUYKa
KPYTIONNCTa, XXUPAHKA, NYXUPHUK, HEMeHTeC).

Mo-TpeTe, 3eneHi pocnnHM i3 cepepoBuLla ompumytoms eHepeito CoHyA. YTBO-
PEeHHA NIOKO3M 3aneXnTb nepedycim Bif AKOCTI N KiNIbKOCTI CBIT/IOBOI eHepril, Wwo
MOTMNIVMHAETLCA XN0POdINOM i KapoTMHOIgaMM NUCTKIB. Hanbinblue 3HauyeHHA AnA
POCNVH MatoTb CYHI, GioNeToBI 1 YepBOHI NPOMEHI BUAUMOro crnekTpa. Ha noyaTko-
BUX CTagiax BereTauii 4nA pOCTY N PO3BUTKY POCIMH Ba>KNUBUMU € CMHI MPOMEHI, a B
fopocnomy Bili 6inbLl HEOOXIAHUMU CTalOTb YEPBOHI MPOMEHI.

OTe, 0CO6NNBOCTAMY KMUBJIEHHA 3€NEHUX POCVH € MOBITPAHE
N MiHepasnbHe »KMBJIEHHSA, BUKOPUCTAHHA FOTOBMX OPraHiYHUX pevyoBUH
i cBiTNOBOI eHepril.

AKi oco6nuBOCTi BHYTPIWHbOKAITUHHOIO MeTaboniamy aBTOTpOdHUX
opraHismiB?

BusHa4yaneHUMU npoyecamu agmompogHo20 Memaboiamy € aHaboiuHi peakyil.
Lle pisHi Bugn ¢oTtocuHTesy apxeit, GotobakTepiln Ta eyKapioTUUHUX POCIUH i XeMO-
CUHTE3 3aMi30-, CipKO- Ta HITPUdiKytoumx 6akTepii. Y geakux conentobHux (ranodinb-
HUX) apxel cnocTepiraeTbca 6e3xsopoinbHuli pomocuHmes, WO 3[iINCHIOETbCA
3a yuacTi 6akTepiopogoncuny. MNpUHUUNOBOI BIAMIHHICTIO MiX KucHesum ¢homo-
CUHMe30M 3eJIeHUX POC/IVH 11 LiiaHo6aKTepiln Ta 6akmepianbHum pomocunmesom
3€eMeHNX i NYpRypHUX CipKOOaKTepill € Te, L0 OCTaHHIl BifOyBa€eTbCA 3a yyacTi bakTe-
pioxnopo¢iniB y aHaepobHUX YMOBaX, KNCEHb HE BUAINAETbCA, AxKepesioMm lgporeHy
€ cipkoBoaeHb. KucHeBuii GoTocrHTe3 BiiOYBAETHCA 3 BUAINEHHAM KUCHIO 3a Y4acTi
xnopodinis  KapPOTUHOIAIB y 3eneHnX PocsvH Ta xopodinis i ikobiniHiB — y LiaHO-
6akTepin. [Ixxepenom lgporeHy Ta MONIEKYNAPHOIO KNCHIO ANA Lboro GOTOCUHTE3Y
cnyrye sopga.

e ogHielo ocobnumBicTio aBTOTPO®IB € IXHA 34aTHICTb NMepPeTBOPIOBATY MPOAYK-
TV GOTOCMHTE3Y Ha aMIHOKUCIOTHY, XUPHI KUCNOTW, HYKNEeOTUAM, 3 AKUX Jani yTBO-
piooTbcA cKnagHi 6iomonekynu. Takuil aBTOTPOPHUIA aHaboni3M, WO NoB'A3aHUA 3
bOTO- 1 XeMOCUHTE30M, Ha3MBAETLCA NEPBUHHUM CUHME30M Op2dHiYHUX pedyOBUH.
| oCb Ty T BUABNAETLCA We OfHa 0CO6MMBICTb, MOB'A3aHa 3 BUKOPUCTaHHAM MiHeparsb-
Horo HiTporeHy y BUrnAfdi amoHiaKy M HiTpaTiB, a TOYHiWe iXHiX NOHIB (NHz, NO3).
3eneHi POC/IMHN MOXYTb 3aBAAKM LibOMY CMHTE3YyBaTU yCi HeOOXiAHi iM aMmiHOKMCnoTH
B NpoLecax aMiHyBaHHA 1 nepeamMiHyBaHHA.

biocuHTes 6inka B aBTOTPOdIB BifOYBAETHCA TaK CaMo, K i y TBapUWH: Ha pMboCo-
Max 3a yyacTi iPHK 1 TPHK. OgHak y pocnuH icHye 0ooamkosull wnsax cuHme3sy 6inka
3a donomoezoto hepmeHmis-mpaHcnenmudas (TpaHcnenTugasu). BiH nonarae B Tomy,
Wwo depmMeHTM nepeHoCATb NenTUAW Bif OAHIEl 6inkoBOi Monekynu o iHwoi. Mpu
LUbOMy BifbyBa€TbCA peKkoMOiHaUA AiINAHOK Pi3HMX GINKOBUX MONEKyN i3 3afjaHO
aMiHOKMCJIOTHO MNOCIAOBHICTIO. B pe3ynbTaTi HOBI 6iNKK YTBOPIOIOTLCA 6€3 BENMKIX
BUTPAT eHeprii Ta peYoBUH. 97
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Ona kataboniamy aBTOTPO®IiB TakKoX XxapaKTepHi 0cob6nmMBOCTI, MoB'A3aHi 3
xemo- 11 doTocnHTe30M. ABTOTPOdHI OpraHiaMmu B peakuiax Kataboniamy poswien-
JOKTb CMHTE30BaHi HUMUW X OPraHiuyHi pPeyoBUHU (HaMyacTiwe rnwKoly abo
Kpoxmanb). Okpim Toro, ATO crHTe3yeTbCA He NnLie B NpoLueci AUXaHHA MicnA oKuc-
HEeHHA IKo3MK, a 1 Nig vac cBiTnoBoi dasn doTocuHTe3y 3aBaakn doTodocdoputo-
BaHHIO.

OT1Xe, MeTabosni3am aBTOTPODHMX OPraHiaMiB Ma€ 0CcobNMBOCTI,
O BM3HAYalOTbCA IXHbOK 34aTHICTIO 4O NEPBUHHOFO CMHTE3y
OpPraHiYHMX CMOJYK 3 HEOPFaHiYHMX PEYOBUH.

AKi ocobnuBocCTi BUAiNeHHA pevyoBNH Y aBTOTpod)lB"

Ekckpeuia - cykynHicme npouecis, cnpamMosaHux

Ha 8uBe0eHHA HesUKOPUCMAHUX NPoOyKmig obMiHy pe-
YOBUH U eHepeii, a Makox 4YyXopiOHUX i wkidnusux 015
KaimuHu cnosyk. OCo6NMBOCTAMU eKCKpeLil y aBTOTpO-
diB € Te, WO BOHM — MEPBUHHI NPOAYLEHTN i cuHmMe-
3ylomoe 8 HeOOXIiOHIU Kinbkocmi yci nompibHi opeaHiyHi
peyosuHuU. Hanpuknag, y poCiuH CMHTE3YETbCA NuLle
CTiNbKM OBiNKiB, CKiNbKM HeobXxigHO Ha [aHuM uvac. In. 64. TyTaLia Ha AMCTKAX
BoHwu Hikonu He yTBOpPIOIOTb 6iNKiB Yy HaANULIKY | TOMY MPUBOPOTHA GANCKYYOro
BUAINATb AyXe Mano HiTPOreHOBMIiCHMX BigxomiB —
NpoayKTiB po3lenneHHaA 6inkis. OKpiMm Toro, KiHyesi npodykmu o6MiHy pe4yosuH y
aBTOTpOdHMX opraHi3mis (O, CO,, Bofa) c/1y2ytome 8UXiOHUMU CNOSTyKaMU 0718 iHWUX
peakyit. Hanpuknag, y pocnnH CO, BUKOPUCTOBYETbCA B TEMHOBIN $a3i poTocuHTe3Y,
a Bofa — B CBiTNOBIN. CneyianizosaHux opeaHie ekckpeuil y asmompocpis Hemae, ogHaK
NPOAYKTY BUAINEHHA B HUX MOXYTb HaKOMMUyBaTUCA Ta BUOANATNCA B CepeaoBuLLe
3 TKaHVHaMW N opraHamu, Wo BigMMpaloTb. Tak, Y 3eNeHMX POC/IMH BigxoAmM MeTa-
60ni3My BiKNafaloTbCA Y BIAMEPNMX TKaHWHAX, Y JINCTKAX Y KOpi, WO NepiognyHo
BUAanATbCcA. BugineHHa Boan y Burnagi napu BinbyBaeTbca nig yac TpaHcnipauii
yepes Npoanxm, COYEBMYKM, BUOANEHHA HaANULWKYy Boan (ryTauia — Big nat. gutta —
Kpanna) — yepes BoAaHi npoamxu (rigatogu) Towo. Boga BunapoByeTbca yepes yci
YaCTMHU POCAVHN Ta HaMiHTEHCUBHILLE Lie 34iNCHIOTb NUCTKN (if1. 64).

CBOEpPiAHMM CNOCOOOM BUAINEHHSA € BHYTPIWHbOKNITUHHE BUAINEHHA Ta i3onauia
nepeBefieHNX y BaXKKOPO3unHHY GopmMy NpofyKTiB 06miHy. Hanpuknag, opraHiyHi
KUCMOTH, WO MOXYTb CIPUYNHUTI LWKOAY KNITWHI, 3B’A3YI0TbCA 3 KaTiOHamWU i BifKna-
JaloTbCA 'Y BUTNARZI KpUCTaniB y untonnasmi (Hanpuknag, BKIOYEHHA 3 KanbLill oKca-
naty B LWABNI0).

OTXXe, BUIINEHHA PEUYOBUH Y MPOLECi XUTTERIANBHOCTI € BaXK/TMBUM
KOMMOHEHTOM OOMiHY PeYOoBVH i FOMeOoCTa3y POCAMHHOIO OpraHiamy.

OBMIH PEHOBUH Y ABTOTPO®HWNX OPrAHI3MIB - Le 06miH,

O XapaKTepn3y€eTbCA HaAXOAXKEHHAM HEeOpPraHiYHMUX PEYOBUH, AKI €
oxepenom KapboHy, FigporeHy n HiTporeHy, nepeBakaHHAM y KNiTUHaX
aHaboniuyHMX peakui, NePBMHHNM CUHTE30M BJIACHUX OPraHiYHUX CMosyK
i BUKOPMCTaHHAM KiHLEBUX MPOAYKTIB 0OMiHY AnA peaKLuil.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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RIAJIbHICTb Mpoka-| Eyka-
—— O3HakKka . .
piotn | piotn

CamocTiiiHa po6oTa 3 Tabnuueto

- Tun poToCuHTE3y
3a gonomoroto Tabnuui B poboyomy 30- OpraHizMU-GoTOTPOGM

WnTi NopiBHANTe npouecn GOTOCUHTE3Y B Ikepeno iaporeHy
npokapioTie Ta eykapioTie. CHopmymnioliTe nyepeno Kap6oHy
BMCHOBOK NPO MOAIGHICTb 1 BIAMIHHOCTI $O- | xxepeno eweprii
TOCUHTe3Yy B Pi3HNX GOTOABTOTPOPHUX Opra- |GoTonirmeHTy
Hi3MmiB. BuxiaHi npoayKTu
KiHueBi npogyKTn

Bionoria + ®isuka. LLiTyyHe ocBiTNEHHA POCANH

[InAa BMPOLLYBaHHA POC/INH Mif WTYYHUM
OCBITNIEHHAM 30€06iNbOro BUKOPUCTOBYIOTb

100]% AKTVBHICTb

— CuHTe3 xnopodininy

i H 80 — QoTtocuHTe3
efleKTPUYHI XKepena CBiTna, AKUMN MOXYTb —_ Qoromopdoreres
OyTV Namnu pPO3XKaploBaHHSA, JIIOMiHECLeHT- 60
Hi, ra30po3pAdHI, iHAYKUinHI namnn. HuHi B 40

npodecinHoMy POCIMHHULUTBI 34ebinblioro
3aCTOCOBYIOTb JIIOMIHECLEHTHI namnu i CBiT-

20

0
nopioan. MoAcHITb nepesary NOMiHECLEHT- 400 445 500 600 660 700
HUX flamn i CBITNOAIOAIB ANA BMPOLLYBaHHA

POCNVH 3a YMOB LUTYYHOrO OCBITNIEHHS. Brinve foBXuHWM XBUNi CBiTNa
Ha PO3BUTOK POCINH

[loBXX1Ha XBWANi CBiTNa, HM

g CTABJIEHHS
» I
ﬂj Bionoria + Ekonoris. fymyc

Y XWBMIeHHI POCNUH BeNMKe 3HauyeHHA
MaloTb FYMYCHi OpraHiuHi pe4oBUHU IPYHTIB.
Y 3eMnepoOCTBi 3 fJaBHiX-AaBEH BiJOMO: UMM
6inbLue rymycy B FpyHTi, TUM BiH pOAIOYILLIWIA.
Tomy He BMMafKoOBO CTBOPEHE 3 AOMOMOroto
LOWOBMUX KanipopHINCbKNX YepB'AKiB op-
raHiuHe fo6puBo «biorymyc» HWHI WMpPOKO
3aCTOCOBYETbCA Yy BUPOLLYBaHHI pocinH. Lo
Take rymyc? flke ekosioriyHe 3Ha4YeHHA rymy-
CY IPYHTIB ANA XUTTERIANBHOCTI POCANH?

PE3YJIbTAT

3aBAaHHA 411 CAMOKOHTPOJIO
1. XT0 Taki aBToTpOodun? 2. Ha3BiTb OCHOBHI rpynu aBTOTPOdHKX opraHismis. 3. Lo
Take aHaboniam 1 KaTaboniam? 4. Ha3BiTb BU3HauanbHy ocobnmBicTb meTaboniamy
aBToTpOGiB. 5. HaBepiTb NpuKnaan peyoBuH, WO BUAANAIOTLCA 3 KNITUH aBTOTPOd-
HUX OpraHi3miB. 6. ki 0cOBNNBOCTi 06MiHY PEYOBUH Y aBTOTPOPHMX OpraHi3mis?
7. AKi 0cOBNMBOCTI XKUBMEHHA 3€MeHNX POC/IVH AK aBTOTPOdHMUX opraHiamis? 8. AKi
7-9 |ocobnusocTi meTaboniamy aBToTpodHMX opraHiamis? 9. Aki 0cobnMBOCTI BUAiNeH-
HA peyoBVH y aBTOTpodiB?
10-12 | 10. MopiBHANTe Nnpouecy $OTOCMHTE3Y B MPOKaPiOTiB Ta eyKapioTiB.

§ 23. Oco6nmBOCTi 06MiHY peUYOBIMH B aBTOTPOGHUX OpPraHi3miB
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lemepompogamu Hazusarome opzaHiamu, AKi BUKOPUCMOBYIOMb
0151 XKUBJIEHHS CKJIAOHI OpedHiyHi cnosyKu.
H. Ipin, Y. Cmaym, [j. Tetinop

§ 24. OCOBJINBOCTI OBMIHY PEHOBUH Y
FETEPOTPO®HUX OPTAHI3MIB

OcHOBHi NOHATTA 1 Knto4oBi TepmiHn: TETEPOTPO®HE KUBJIEHHA.
MpurapanTe! Lo Take aBTOTPOPHE XKUBNEHHA?

X BcTynHa BnpaBa
Moxini . . . :
: 'nlﬂlTb HaBefeHi opraHvBMVl Ha ABi rpy Asrotpodu
Ny i 3aNoBHiTb Tabnnuky: 1 — 6inuii rpn6; 2 — KneH
leTtepoTpodu

roCcTPONUCTWIA; 3 — MONOYHOKKCAI 6aKTepil; 4 — yno-
TPUKC; 5 — OynbboYKoBI 6akTepil; 6 — TPYTOBUKY; 7 — aypenisa; 8 — MarHonis; 9 — HaBiky-
na; 10 - namiHapis. LLlo 6yno kputepiem gns po3noginy opraHiamis Ha rpynu?

3MICT

Yomy po3pi3HAITD Pi3Hi TUNW 1 BUAV reTepoTpodHOro XKBeHHA?

FETEPOTPO®HE MXUBJIEHHA (Big rpeu. 2emepoc — pi3Huin i mpogoc - xKa) —
ye npoyec Ha0X00XKeHHs 8 OpedHi3M 20MOBUX OP2AHIYHUX peYOBUH, WO C/Ty2ylomb OXe-
penom KapboHy. 3anexHo Bif Ikepen eHeprii po3pi3HaloTb ¢poToreteporpodpHe
XKUBNEHHA (NypnypHi HecipyaHi 6akTepii, reniobakTepii MatoTb 6akTepioxnopodiny,
LLIO BMKOPUCTOBYIOTb 308HIlWHIO CBIMJI08Y eHepeilo) Ta XemoreTepoTpodHe KUBNeH-
HA (apxel, 6inbWwicTb 6aKTepiil, TBAPWHM, rPUOK, LLIO BUKOPUCTOBYIOTb 8HYMPIlUHIO
XIMiYHY eHepeilo opeaHiYHUX cnosyK). Y MBIl NPUPOAI BUOKPEMTIOIOTL e OAWH TWM
XKMBNEHHA — MiKCOTPOodHMI. MiKcTOTpOdHE XKUBNEHHA (Bif rpew. MiKco — 3MilaHuni
i PKa) — ye npoyec HaOXo0XeHHS 8 OP2aHi3mM 3a 0OHUX yMO8 cepedo8uUld HeOp2aHiyHUX
pevyosuH 0719 homoasmompodHO20 XUBJIeHHH, d 3d IHWUX MO8 — 20MOBUX Op2aHiYHUX
pevyoB8UH 071 XeMo2emepompopHO20 XUBJIEHHA. IHLIMMIN CNOBaMK, Lie 3MillaHe »KNB-
NEHHSA, WO CNOCTepiraeTbCA B KOMaxOiAHUX POCAUH, POCANH-NAPasnTiB, €Brf1eHN 3e-
NEHOT, 4iaTOMOBUX BOQOPOCTEN, MeBHMX Fpyn O6akTepil.

Hain6inbLu nowmpeHmuy € opraHiamm 3 xemoreTepoTPOGHUM TUMOM XKUBJIEHHA — Xe-
MoreTepoTpodu. Came BOHV EMOHCTPYIOTb pi3HOMAHIMHICMb 8Udi8 2emepompogHO20
XKUBJIEHHA. 3@ [PKEPENoM roTOBUX OPraHiYHUX PEeYOBUH iX KNacnikyloTb Ha XUXKAKi6
(XvKi TBAPUHM, XU3Ki TP, XVXKi POCIIMHM OTPUMYIOTb FOTOBI OpraHiUHi peyoBUHYM 3 Tina
CBOEI XepTBU), pimodhazie (pocnHOIAHI TBAPVIHM BUKOPUCTOBYIOTb OpraHiuHi pevosu-
HU 3eN1IeHOT Macu), canpogazie (>Kyk-rHOMOBWK, PIUKOBI paku, rieHu, rpndu CnoxmBea-
0Tb OPraHiYHi PEYOBUHY BIIMEPIINX OPraHi3miB), napasumis (YepBu-refibMiHTY, 6110XU,

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

In. 65. TBapPVHU 3 PiI3HUMYK BMAAMU XEMOTETEPOTPODHOIO KMBJIEHHSA:
1 — Tirp (xmkak); 2 — naHb (ditodar); 3 — XKyk-rHomoBuK (canpodar); 4 — 6noxa (ekTonapasur);
100 5 - ry6aH-unCTUIbHUK (CUMBIOTPOd)
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BOLUI KMBAATbCA NOXKMBHUMM PEYOBMHAMU >KMBUX OPTraHi3MiB, UM 3aBAAI0Tb iM LLKOAN)
Ta cumbiompodpie (aKTVHii, ry6aHN-YNCTUNBHYIKM, MIKOPU3HI FPUOU XKUBNATHCA MOXKUB-
HUMW PEYOBMHAMM XKMBUX OPraHi3MiB, He 3aBAatoum im wkoaw) (is. 65).

Cnocobu 3006yBaHHA XXi B reTepoTpodHMX OpraHi3MiB € Ay»Ke pisHOMaHITHUMY,
ane LWNAX 3aCBOEHHA MOXMBHUX PEYOBUH Y BiNbLUOCTI 3 HUX MNOAIOHMI | CKNafaeTbCA
3 TaKuUX eTanis: NOMMMHaHHA i — NepeTpaBioBaHHA CKNAAHMX NMOXNBHUX PEYOBUH —
BCMOKTYBaHHA Manmx 6iomonekyn — metaboniam — BUAiNeHHs.

OTXe, TMNU N BUAW reTepoTPOPHOIO XKMUBMEHHA PO3PI3HAIOTL 3a AXKepe-
NIOM eHeprii Ta gepenaMmm OTPMMaHHA TOTOBMX OPraHiYHMX PeyoBYH.

Aki ocobnuBocTi MeTaboniamy rereporpodis?

BusHauanbHUMKM 11 nepeBa)kauvMu npouecamn metaboniamy retepoTpodis
€ KamaboniyHi peakyii po3wjensieHHa CKAAOHUX Op2dHiYHUX pedyoB8uH. 3aBAAKU iM
BifOyBalOTbCA BUBIIbHEHHA XiMiUHOI eHeprii, nepeTBopeHHsa ii B eHeprito ATO i Bu-
KOPWCTaHHA ANA XUTTERIANbHOCTI Ta peakuin aHabonizmy. Kataboniam 6inbwocTi re-
TepoTpodiB MOXKHa NOZINNTA Ha TP eTanw.

e [idzomoeuuii eman - ue cneyndivyHUN AnA reTepoTpodiB eTan nepeTpasioBaH-
HA 1 po3LensieHHs 6iononimepiB 4O Manux Mosiekyn: 6inkn — O aMiHOKMCOT,
XKUPW — [0 KUPHUX KACAOT i rAiLepony, nonicaxapugm — 40 MOHocaxapuais. Lien
eTan BifOyBa€TbCs Y TPaBHill CUCTEMI, @ TAKOXK BHYTPILUHbOKITITUHHO B i30COMaXx.
Y umx npouecax He BUZINAETbCA AOCTAaTHLOT KiNbKOCTI eHeprii gna cuHTesy ATO,
BCA BOHA BTPAYa€ETbCA B TEMNOBIN GOpMi.

o bBe3skucHesuli (aHaepob6Huli) eman — Po3LLENIEHHA MOHOMEPIB A0 e MEHLUIMX
MOneKy”n, nepeBaxHo aueTun-KoA; Ha LboMy eTani B peakuiaX CUHTE3Y€ETbCA He-
3HayuHa KinbkicTb ATO. 3a HeNoBHOrO po3LuensieHHA 1 MOJIb MKO3U BUBINTbHAETb-
¢ 200 k> eHeprii. OgHMM i3 OCHOBHUX LUNIAXIB 2-r0 eTany aepOOHOro ANXaHHSA €
rnikonis.

*  KucHesuli (aepobHuli) eman Bknoyae Lnkn Kpebca Ta oKUCHIOBanbHe dpocdo-
puUnoBaHHSA, WO BiAOYyBalOTbCA B MITOXOHAPIAX. Ha LibOMy eTani opraHiyuHi peyo-
BWHW OKUCHIOKTbCA A0 BYINEKMCIOrO rasy, a BCi BifLenseHi Big HUX eNeKTPOoHN
Ta NPOTOHU NEPEHOCATLCA Ha KMCEHb, BHACNAOK YOro YTBOPOETbCA BoAa. Ha
LbOMY eTani CUHTE3YETbCA HalbinbLa KinbKictb ATO. Tak, 3 1 MOJb F1I0KO3M BU-
BiNnbHAEeTbCA 2600 KX eHepril.

BuinbHeHa eHepria 1 Mani monekynu 6epyTb yyacTb B aHaboniuHUX npouecax
YTBOPEHHA BNAaCHMUX OPraHiYHMX peyvyoBUH. TaKy CYKYMHiCTb nepeTBOpPeHb Ha3uBa-
I0Tb BMOPUHHUM CUHME30M Op2aHiYHUX peqyoB8UH. Lle CHTEe3 34iNCHIOETLCA 3aBAAKN
BHYTPILUHbOKNITUHHIN eHepril OKUCHEHHA PeYOBUH, @ He 30BHILHIN CBITNOBIN eHep-
rii, AK y aBToTpOo¢iB. LLle opHieto ocobnueicTio aHabosi3my reTepoTpodiB € nompeba
8 HE3AMIHHUX aMIHOKUC/IOMAx N XUPHUX KUCJI0MAx, WO He CUHTE3YITbCA B IXHIX Op-
raHiamax i MaloTb HaxoauTy 3 ieto. Ha BigmiHy Bif aBTOTpodiB, 3aaTHNX 3aCBOIOBA-
T HiTporeH mMiHepanbHMX cnonyk, retepoTpodHi opraHiamu notpebytoTb HiTporeH B
opraHiuHin popmi (amiHokncnoTn, 6inkn).

§ 24. OcobnmBOCTi 06MiHY PEUYOBUH Y reTepoTPOdHUX OpPraHi3mis

OTxe, MeTaboi3m reTepoTPOPHMX OpraHiamiB Mae 0cobAMBOCTI,
O BM3HAYAOTbCA BUKOPUCTAHHAM FrOTOBMX OPraHiuYHMUX PeyoBUH
Ta IXHbO 3[AaTHICTIO 4O BTOPUHHOIO CUHTE3Y OPraHiYHUX PeyYOBUH.
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Ak Big6yBa€eTbCA eKcKpelif y rerepoTpodHNX opraHiamis?

Y 3B'A3KY 3 Pi3HOMaHITTAM BUAIB KNB-
NEHHA 1 nepeBaXkaHHAM KaTaboniuyHuX
peakuin pos3LlienneHHA B opraHiami rete-
poTpodiB yTBOpIKOIOTLCA I 8UOANAIOMbCA
Oyxe pi3Hi peyoguHu. Takumu crionykamu Mnocki
MOXyTb GyTu: 1) KiHLUEBI NpoaykTu okuc-  1€PBY
HEHHA (BYrnekucnum ras, soga); 2) Hagu-
WOK BOAW 1 conew; 3) OTPYWMHI CNonyKu,
WO Hajinwnm Jo opraHiamy 3 ket abo
yTBOPUAMCA Nif Yac peakuin (Hanpuknag,
TOKCUHW); 4) KiHUeBi npoayKT o6MiHy 52;;‘;“
6inkiB (aMOHiaK, ceyoBuMHa); 5) uyxopigHi
peyoBMHM (Hanpuknag, oOTpyTOXimikaTtu,
pagioHyknign).

BuaineHHAa 3 opraHisamy moxe 3pinc-
HIOBaTWCb WnAxoM aundysii (y rpubis, TBa-
priHOnofibHMX OpraHismis, 6akTepiil) ab0  pakonopi6Hi
3a yyacTi cneuiaibHUX BUAINbHUX OpPraHis ETE
(npomonepudii, Memaregpudii, 3eneHi 3a- |
103U, 8UOiNIbHI Mpy60oYKU, HUPKU) (in. 66).

CBO€pigHMM Ccnocobom BUAINEHHA €
BiKNaJlaHHA MepeBefeHNX y BaXKOpO3-
YMHHY GOPMY MPOAYKTIB OOMIHY B KNiTu-
Hax Tina (Hanpuknag, y KNniTMHax >kMpoBoro
Tina Komax).

OnAa retepoTpodiB BaKIMBUM BULOM
06MiHy peyoBUH € 0O6MIH 6inKiB. Y Hbomy
KiHYyesuUMU NpoOyKmMamu € HimpozeHo8Mmic-

Hi CnoJlyKU — aMOHiaK, CeYoBMHa, Ce4yoBa
KMCNOTa, WO WBUAKO BUAANATLCA 3 opra- |
Hi3mMy. [locuTb YacTo y 3B'A3KY 3 nOTpebamu In. 66. OpraHun BMAiNEeHHA NPeACTaBHUKIB
€KOHOMIT BOAW NEerkopo3unHHi aMoHiakK i Pi3HWX pyn TBapuH
CeYOBYHa 3aMiHIOTbCA Ha BaXKKOPO3UMHHI PEUOBUHI, AKAMU € TyaHiH (Hanpuknag, y
naByKiB) abo ceyoBa KucnoTa (Hanpuknag, y Komax, nnasyHis, ntaxis).

BuginbHi
Tpy6ouKu
(npoToHedpugii)

BuainbHi
TPY60UKM 4

Komaxn

Manbniriesi
TPy6OoUKM

Hupku

CcaBui

OTxe, 3aBepluanbHMin eTan obMiHy peyoBUH 1 eHeprii y retepoTpodis
TaKOXK Ma€ CBOI 0COBGNMBOCTI, AKUMU € HASABHICTb HITPOreHOBMICHUX
KiHLIeBMX MPOAYKTIB i cnewianisoBaHMX OpraHiB BUAIIEHHSA.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

OBMIH PEYOBUH Y FTETEPOTPO®HUX OPTAHI3MIB - ue o6MmiH,
O XapaKTepu3y€eETbCA HaAXOOPKEHHAM FOTOBUX OPraHiYHNX PeYvyOBUH,
AKi € grkepenom BinbHOI XimiuHOT eHeprii, Kap6oHry, lNgporeHy 11 Hitporeny,
nepeBarkaHHAM Yy KNiTUHaX KaTaboniuHMx peakuil po3LWenneHHa Lnx
pPEeYOBUH, BTOPUHHUM CUHTE30M BJIACHUX OPraHiuYHMX CNONYyK
i BUOANEHHAM i3 KNITUH KiHLEBUX MPOAYKTIB OOMiHY, 30Kpema aMoOHiaKy.
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DIANbHICTb
2 3aBAaHHA Ha NOPiBHAHHA

3a gonomoroto Tabnuui B poboyomy 30WunTi NOPiBHANTE aBTOTPOdHUI Ta reTe-
pOTPOdHUI TN 0OMiHY PEUOBUMH 1 NepeTBOpeHHs eHeprii. ChopmynioiiTe BUCHO-
BOK Mpo NoAibHiCcTb Ta BigMIHHOCTI.

O6MiH pe4oBMH | O6GMiH pe4yoBUH Y
O3Haka y aBTOTPOGHUX rerepoTpodHUX
opraHismis opraHismis

OcobnmnBOCTi HAAXOAMKEHHA PEYOBUH i1 eHepril
OcobnuBocTi meTaboniamy

OcobAnBoOCTI BUAiNEHHA

lpynu opraHiamis i3 TNOM 06MiHY

Bionorisa +TBapuHu. 0co6nMBOCTi 06MiHY pe4yoBUH y NTaxiB

Struthio camellus — Taka naTUHCbKA Ha3Ba LIbOro
nTaxa, B AKi cnoso camellus o3Hayae «Bepbog». | e
He AMBHO, afke NMpo NofibHICTb adprKaHCbKMX CTpa-
yciB 3 Bepb6togamMmm roBopaTb onyKii ovi, Benuki Bii Ta
po3mipy Tina. Lle HanbinbLuni i3 cyuyacHunx ntaxis. Moro
3picT carae 270 cm, a maca — 175 kr. Mano xTo 3Hag, Wo
CTPaycC — EANHUIA CyYaCHUI NTax, y AKOro € CEYOBUMN Mi-
Xyp. ki 0co61MBOCTi 0OMiIHY PEUOBVH 1 MePETBOPEHHA
eHeprii y opraHiamis Lboro suay?

CTABJIEHHA
. «»j bionoria + Ximisa. Oco6nuBocTi 6pogiHHA

KBaleHi 0OBOYi OTPUMYIOTb 3aBAAKM MOJIOUYHO-
Kncnomy 6pofiHHI0, 38 AKOrO YyTBOPIOETbLCA MOMOYHA
KMCNOTA, WO € KOHCEPBAHTOM OBOYEBOI NPOoAYyKLUii. KOH-
cepBoOBaHy npopykuitlo Tpeba 36epiratn 6e3 goctyny
KMCHIO, iHaKLLe Ha pO3Cosii po3BMBaATUMETbCA TPUOOK
oigiym (Oidium lactis), aAKnit NPU3BOAUTD O 3MEHLLEHHSA
KiNIbKOCTi peYOBNHU-KOHCEPBAHTY | PO3BUTKY NpoLecis
FHUTTA. A O Take 6POJiHHA AK Npouec KaTtaboniamy?

PE3YJIbTAT

3aBAaHHA A4/ CAMOKOHTPOJIO
1. XT0 Taki retepotrpodu? 2. Hasgitb ocHOBHI rpynu retepotpodis. 3. Ha3Bitb eTa-
nun KaTaboniamy retepoTpodHKx opraHiamis. 4. Ha3BiTb BU3HavYanbHy ocobnueicTb
1-6 |meTtaboniamy retepotpodis. 5. HaBefiTb Npriknagn peyoBuH, WO BUAANATLCA B
reTepopHmx opraHiamis. 6. AKi 0C06IMBOCTi OOMiHY PEUYOBIH Y reTepoTPOPHIMX Op-
raHiamie?
7. YoMy po3pi3HAOTb pi3Hi TUNK 11 BUAKW retepotpodHoro xusneHHa? 8. Aki ocob-
7-9 |nuBocTi metaboniamy retepotpodis? 9. fIk BigbyBaeTbCA eKcKpeLin B reTepoTpod-
HUWX OpraHiamis?
10. Ha KOHKpeTHOMY NpuKnafi opraHiamiB oxapakTepusyinte 06MiH PeUYOBUH Y re-
TepoTpoodis.

§ 24. Oco6nMBOCTi O6MiHY PEUYOBMH Y reTepOTPOdHYKX OpraHi3mis

10-12
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Icmopis 6ioximii — ye 3Ha4HOK Mipoto icmopis 00CioKeHb thepmeHmie.
A. JleHiHOxep

§ 25. POJIb ®EPMEHTIB Y 3ABE3MNEYEHHI METABOJ1I3MY
KNITUHU TA LIJTICHOIO OPrAHI3MY

OcCHOBHi NOHATTA 1 Knto4oBi TepmiHn: ®EPMEHTHN.

MpurapanTte! Lo Take 6ioNoOriYHO aKTUBHI PEUYOBMHM?

3Hanomrecsa!

OpHoro pa3y AnekcaHop ®nemiHz (1881-
1955) BMNaAKOBO UXHYB Yy YawKy eTpi, B ki nepeby-
Banu 6aKTepii, i Yepes Aekinbka AHIB BUABUB, WO B TUX
MicLAX, Kyau noTpanuan KparnauHu cnvHu, Gaktepil
6yno 3HuLleHo. B pe3ynbraTi 6yB BigKPUTUI 3aXUCHUIA
dbepmeHT nizounm, WO € HAWMOLMUPEHIIMM NPUPOA-
HUM aHTUGIOTMKOM. MepLy CTaTTo NPO Le BiAKPUTTA
6yno onybnikosaHo B 1922 p.

3MICT

Aki oco6nuBocTi pepmMeHTIB 3yMOBAIOIOTb iIXHE 3HAaUYEHHA?
®EPMEHTWU (Big nat. fermentum - 3a-

KBacKa), abo eH3mmm, — sucoKocheyuidHi 1

6inkosi monekynu, abo PHK-monekynu, aki €

6ionoeiyHUMU  Kamanizamopamu npouecie

0O6MiHYy peyosuUH i nepemeopeHHA eHepeii y

KnimuHax ma opzadiami. TepMiH «bepMeHT»

3anponoHnysas we B XVII cT. HigepnaHACbKuin

ximiK i ¢pisionor fl. BaH [lenbMoHT (1580-1644).

Hayka npo ¢epmeHTn BMOKpemunaca B

OoKpemy ranysb 6ioxiMiuHOT HayKn — pepmeH-

monozito (eH3uMosoz2ito), WO IHTEHCUBHO |5, 67. Katanitnuki (1) Ta perynstopHi (2)

PO3BMBAETHCSA B TICHOMY 3B'sI3KY 3 XiMmi€to, di- LieHTpU pepmeHTy

3ionorielo, TOKCUKONOriel, Mikpobionorieto,

reHeTuKo, papmMakosnorieio Ta iH.
3aranbHUMMN 0COBNMBOCTAMM YCix GepMeHTIB €:

«  HAABHICMb aKMueHuUx (kamanimu4yHux) yeHmpia (in. 67) — BiNAHOK, AO AKMX
NPUERHYIOTLCA Monekynu cybctparty. Li ginaHkmn y npoctnx ¢pepmeHTax yTBO-
PIOIOTb aMiIHOKMNCIIOTH, @ Y CKNagHUX — HeBiNKoBI YacTMHU-KodpaKkTopw (BiTamiHu,
noHn Kynpymy, ®epymy, MarHiio);

+  HAABHICMb pe2ynamopHuUxX yeHmpie (in. 67), RO AKNX MOXYTb NPUEQHYBATUCA
Pi3Hi MONeKynu i CNPUYMHATA 36iNblueHHA ab0 3MeHLEeHHA KaTaniTMYHOI akTUB-
HOCTi. Yepes Ui LeHTpW Ha aKTUBHICTb depMeHTIB BNIMBalOTb TaKi perynaTopHi
UMHHUKW, AK NPOJYKTN peakLiil, FOpMOHM, HellpomMegiaTopu Ta iH. PerynaTopHi
UMHHVKY, WO NiABULLYIOTb aKTUBHICTb GepMeHTIB, Ha31BalTb dakmusamopamu
(MOHW KMCNOT, »KOBYHI KUCNIOTU ANA Ninas), a Ti, WO 3MEHLYIOTb, — iH2i6imopamu
(HanpuKknag, KaTioHW BaXKKMX MeTaniB);

Q‘F@
=\
B

\

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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«  CcneyugiyHicme, WO BM3HAYAETbCS 3A4€06iNblIOro KOMMIEMEHTAPHO BigNOBigHi-
CTIO MiXK insHKOK GepMeHTy 1 MONEKYIOol CybcTpaTy;

«  3a/1exHicmb akmusHocmi Big neBHUX YMOB (pH, TemnepaTtypu, TUCKY, KOHLeHTpa-
Lii cybcTpaTy Ta depmeHTiB);

+  HesuUMpAamHicmbe — NPUCKOPIOIOTb peakLii, ane cami Npu LbOMy He BUTpayatoTbCA
Ta iH.

OTXe, 30aTHICTb pepMeHTIB BNIMBaTK Ha LWBUAKICTb GiOXiMiUHMX
peakLiln € BMpiWanbHOI YMOBOIO ANA npoueciB 06MiHy peyoBUH
i mepeTBOpPeHHA eHepril Yy KNiTMHaxX Ta opraHiamax.

Ak knacngikyrotb pepmeHTn?

Y cyuvacHin eH3umonorii Bifomo noHag 3000 depmeHTiB; X KnacndikyTb 3a
Pi3HMMUN KpUTEpIAMN.

3a micuem yTBOpeHHA depMeHTU MoginAwTb
Ha eHfo- 1 ek3odepMeHTU. [epeBaxHa 6inbLicTb
bepmeHTIB filoTb BCepenyuHi KNiTUH abo opraHis-
My, e BOHWU yTBOpUNMCsA, TOOTO € eHOoghepmeH-
mamu. 3a3Bnyan GepmeHT iMeHyTb 3a TUMOM
peakuii, AKy BiH KaTanisye, gofatoun cydikc -asza
[0 Ha3Bu cybcTpaty (Hanpuknag, nakrasa — dep-
MEHT, Wo 6epe yyacTb Y NepeTBOPEHHI NaKTo3u).
MapasntnyHi 6akTepii Ta rpnbu-nNapasnTn BUKO-
pUCTOBYIOTb eK3oghepMeHMU AK UNHHWKKM, LIO
nocnabnioloTb OpraHiam xassiHa, PYMHYIOTb MOro 3aXMCHi CUCTEMM, PO3LLENSIIITb
MaKpomoneKkynu. TpaBHi pepMeHTU XUXKUX TBAPUH (NaBYKK, 3Mil, TMUMHKM >KYKiB-Mna-
BYHLIiB) CEKPETYIOTbCA ANA 30BHILUHbOr0 TPaB/IeHHA, 3aXMCTY Bif XmxaKiB (is1. 68).

Knacuoikauia pepmeHTiB 3a XiMiUHMM CKIaAoM BKITHOYAE NPOCTi Ta CKNagHi dep-
mMeHTU. lpocmi ¢pepmeHmMu (OQHOKOMMOHEHTHI) MIiCTATb nuwe OINKOBY YacCTWHY.
Binbwictb depmeHTIB L€l rpynn MOXyTb KpucTanidyBatuca. Mprknagamm npoctux
bepmeHTiB € prboHyKneasa, rigponasu, ypeasa Ta iH. CK1a0Hi pepmeHmu (ABOKOM-
MOHEHTHI) cknapatoTbcA 3 6inkosoro (anodepmeHTy) 1 Hebinkosoro (KodakTtopa)
KOMMOHEeHTIB. BinkoBWi i KOMMOHEHT BM3HavaE cneyugiyHicme hepmeHmis, CUHTE3Y-
€TbCA, AK NPABUJIO, OPraHi3MOM Ta € YyTAMBMM A0 3MiHU TemnepaTypu. Hebinkosui
KOMMOHEHT 8U3HAYAE AKMUBHICMb CKNagHUX GepMeHTIB i, AK MpaBuno, HaAXoaMTb B
opraHi3m y Burnagi nonepenHukia abo B rotoBoMy BUrnAAi Ta 36epirae ctabinbHicTb
3a HecnpuATANBUX YMOB. KodaKkTopy MoXyTb OyTK AK HEOpraHiuYHUMY MoneKynamm
(Hanpuknag, NoHW MeTaniB), Tak i opraHiyHUMKM (Hanpuknag, ¢nasiH). MNprknagamm
cKknagHux GepMeHTIB € okcupopedykTasu (Hanpuknag, KaTanasa), nirasu (Hanpwu-
knag, JHK-nonimepasa, TPHK-cuHTeTa3n), niasn 1a iH.

IcHye knacudikauia depmeHTiB i 3a TMNOM peakKLii, 3rigHO 3 AKow iX nopins-
I0Tb Ha 6 KnaciB: okcudopedykmasu, mpaHcgepasu, 2i0ponasu, niasu, i3oMmepasu Ta
nizasu.

In. 68. JInunHKa >Kyka-nnaeyHus,
AKMI MA€ 30BHILLHE TPaBNEHHA

§ 25. Ponb depmeHTiB ¥ 3abe3neyeHHi meTaboniaMy KNiTMHW Ta LiICHOrO opraHiamy

OT1xe, bepmeHTU KNacudikytoTb 3a MicLieM YTBOPEHHS,
XiMIYHUM CKNAAOM i TUNOM KaTaliTUUYHUX peaKLin.
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Alka 6ionoriuHa ponb pepmeHTIB?

3a 6ionoriYyHMM 3HaueHHsAM GepMEeHTU MOAINATb Ha MeTaboniyHi, TpaBHi
3aXUCHI.

Meta6oniuHi pepmeHTn - 2pyna epmeHmis, wjo kamanizyrome aHaboniyHi G
kamaboniyHi peakyii' y knimuHax. BoHn MOXyTb MicTUTKCA B rianonnasmi (bepmeHTr
6popiHHA), B sgpi (PHK-nonimepasa, [JHK-nonimepasa), B mitToxoHapiax (gerigpore-
Ha3W N LUTOXPOMU AMXaNIbHOMO NaHLora), Ha pubocomax (cuHTeTasu 6inkis), y xno-
ponnacTax (pubynosobidpocdaTtkapbokcmnasa, abo PybicKo, — depmeHT dikcauii CO,)
Ta iH. Y KniTMHax meTaboniuHi nepeTBOpeHHsA CybCTPaTiB 3AiMCHIOITLCA MOCNIJOBHO
Jekinbkoma depmeHTamu. KoxkHUI 3 unx pepMeHTIB KaTanilye NeBHy AinAHKY 3aranb-
Horo metaboniyHoro wnaxy. CykynHicTb GepMeHTiB, AKi KaTaniayloTb NnepeTBOPEHHA
cybcTpaTy uepes naHUr NOCNIAOBHUX peaKLiil, Ha3UBAETbLCA MyNbTUGEPMEHTHUM
KOMMIeKcom (MynbTudepmeHTHO cuctemoro). MeTaboniuHi depmeHTr GepyTb
yyacTb Y npouecax QUXaHHA, POCTY, MO4Pa3NMBOCTi, CKOPOUEHHA M'A3iB TOLO.

TpaBHi dpepmeHTn - 2pyna ¢epmenmis, wo
pOo3Wensitoe CKaoHi opeaHiyHi cnoslyku ma ix komn-
nekcu 0o npocmiwux. Lii epmeHTN B KMBIili Npupo-
Ai cnocTepiratoTbca B N1i30COMax TBAPUHOMOAIOHNX
OpraHi3miB, CEKPeTOpHUX MiXypusax rpubis, Tpas-
HUX CeKpeTax KOMaxOigHUX POCAUH, TPaBHIN cu-
cTemi TBapwuH (in1. 69). TpaBHI depmeHTM HanexaTtb
[0 rpynu rigponas, Wo KaTtanisyTb peakuii rigponi-
3y. Tak, y TpaBHOMY TpaKTi XxpebeTHNX TBapyH i fto-
LOVIHM HasABHI NpoTeasn (KaTanisyoTb po3LenneHHs
6inkie), ninasn (pepmeHTN poswenneHHs ninigis),
aminasu (pepMeHTU posljenneHHa Byrnepogis), I 69. Henentec — komaxoigHa
HyKneasu (.p03LLleI'IJ1|OlOTb HYKNeiHOBI Kncnotn Ao pocinHa ; ;r;{af:emqlv;ig(epmema-
HyKneoTugis).

Cepen pepmMeHTIB € 1 TaKi, WO 3axMLLIalOTb Bii TOKCMUYHUX PeYoBUH (Hanpuknag,
AHTUOKCUIAHTHI depmMeHTM MepoKcMAaasa, KaTtanasa i CynepokcupamcmyTasa), Bif
BTPAT KPoBi (Hanpuknaa, bepmMeHT 3cifaHHA KpoBi — TPOMOiH, ¢ibprH). OCHOBHUM
3axucHUM ¢pepmMeHTOM 6araTbox OpraHi3MiB € Ni3ouuMm, WO MICTUTLCA B JIeNKoLU-
Tax, A€YHOMY BifKy, WKipi, CIN30BMX 060NOHKaX i pifvHax opraHiamy (CiuHuM, cnisHoT
piavHm). Nlizounm po3LWensoe PeYOBMHY, WO € OCHOBOI KJITMHHOT 060/I0HKM 6aK-
Tepil i 3axumLLae cnn3oBi 0OONIOHKN OKa, MOPOXKHMHM POTa, KULLEYHUKY Bif iHbeKUin.

=«

OTxe, ponb pepMeHTIB nonAarae B 3abe3neyeHHi metaboniamy KnituH,
nepeTpaBoBaHHI CKNafHMUX PEYOBUH [0 MPOCTILLMX i 3a6e3neyeHHi
3axXUCTY Bif HECMPUATANBUX YNHHUKIB.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

AIANIbHICTb
x//‘ MowyKoBe 3aBAaHHA «XapaKTepucTka okpeMux ¢pepmeHTiB»

3anoBHiTb TabnUL0 NPO OKpeMi BIAKPUTTA Y GepMeHTONO I Ta NigroTynTe noei-
LOMIIEHHA NPO GpepMeHT, Ha3By AKOro BY OTPUMAETE MiC/A BCTAaHOBEHHA BignoBia-
HOCTI Mi>K MPi3BULLEM HAYKOBLA i BIAKPUTTAM.
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HaykoBeLb BigkputTta

E [loBiB, WO eKCTPaKT KNiTUH APiXAXIB 34ilCHIOE cnupToBe 6po-
AiHHA TaK camo, AK | He3pyMHOBaHI APIXAXKOBI KNiTUHM

2 E.BroxHep I 3paTHicTb pepmeHTiB [0 KprcTanisauii

H, CneyndiyHicTb pepMeHTiB BU3HAYAETHCA TOUHOI BifNOBIAHICTIO
Mix dopmamun bepmeHTy I cybcTpaty

4 A.[.PoseHdenby |H, [oBeneHHA 6inkoBoi nprpoan pepmeHTis

5 [I.b. CamHep P 3anponoHoBaHWi TepmiH «hepMeHT»

Bionoria + MeguuynHa. OTpyTa 3min

1 A.BaH lenbmMoHT

3 I.E. Qiwep

OTpyTa ragloKm 3BUYAMHOI, Ha AKY B YKpaiHi
MOXHa HaTpanuTK B NiCOBIN, NiCOCTENOBIN 30HaxX Ta
B KapnaTax, ma€ nepeBaxHO remopariyHui BRauB.
Yum 6numkue micue yKycy fo ronosu, TUM BiH Hebes-
neyHiwmin. HaBecHi oTpyTa ragtoku € 6inbL TOKCKUY-
HOW, HiX BRiTKY. CMMNTOMU OTPYEHHA: B'ANICTb,
rofIOBHUI 6inb, Hy#OTa, iIHKONM 6NOBOTA, NPULIBMA-
LUEHWI NYNbC, NAMOPOYNIMBICTb. 3aCTOCYTE 3HAHHA
npo GepMeHTU I MOACHITb MexaHi3M BNANBY OTPYTU
rafilokun 3BMYanHOI Ha »KMBi OpraHiamu.

CTABJIEHHA

Bionoria + XapuoBa npomucnosBictb

CrnuyxHU GepMeHT (XiMO3MH) — TpaguLinH1iA
NPOAYKT ANA 3BYPAXKEHHA MOMOKa, WO LWNPOKO
BUKOPUCTOBYETbCA B CMPOBApPiHHI. B Itanii okpim
CMYYXHOTO XiMO3MHY LUMPOKO 3aCTOCOBYIOTb iHLUI
bepmeHTH, Wo X BUPOONAITD MUTAANUKK TENAT i
ArHAT. Lle Hapae cneundiyHoro nikaHTHOro cMaky
iTaniNncbKnm cupam. Ake 3HaYeHHSA Lnux GepmeHTIB y
npoLecax BapiHHA C1PiB 3 MONTOKa?

PE3YJIbTAT

3aBfjaHHA ANA CAMOKOHTPOJII0
1. o Take depmeHTn? 2. HaBepite npuknagn depmenTis. 3. LLlo Take npocTi i
1-6 |cknagHi epmenTn? 4. Ak KnacmoikyoTb pepmeHTM 3a 6ioNoOriYHNM 3HaUYEeHHAM?
5. lLlo Take meTaboniuHi pepmeHT? 6. LLlo Take TpaBHi pepmeHT?
7. Aki ocobnuBocTi pepMeHTiB 3yMOBIIOIOTb IXHE 3HaueHHA? 8. AK pepMeHTH Knacu-
dikytoTb? 9. flka 6ionoriuHa ponb pepmeHTi?
10. flKe 3HaYEHHA MaloTb 3HaHHA MPO GEPMEHTUN B XapYOoBiil NPOMUCIOBOCTI 1 Me-
ANUWHI?

§ 25. Ponb depmeHTiB ¥ 3abe3neyeHHi meTaboniaMy KNiTMHW Ta LiICHOrO opraHiamy

10-12

107

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITU | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHi3aLii 3micTy ocsiTu hitps://imz@lgov.




«BimamiHu, dopozuli mogaputy npedgodumertto, 3a0apmMa Hikomy He 0aroMebCsa».
I. Inegh, € Mempos. [JeaHaouysame cmineuie

§ 26. BITAMIHWU, IX POJIb B OBMIHI PEYOBWUH TA EHEPTII

o

OcHOBHi NOHATTA 1 Knto4oBi TepmiHn: BITAMIHU. Bopopo3uunHHi BiTami-
HU. 2Knpopo3unHHi BitamiHu.

MpurapanTe! Lo Take 6ioNoOriYHO aKTUBHI PEUYOBMHI?

(/)

HoBunHM HayKn

BcecBiTHA opraHi3auisa oXopoHu 3g0-
pos’a (BOO3) Bupiwmna gocnigutn ctaH cnpas
LOAO BMKOPUCTAaHHA BiTaMiHHMX npenaparis y
CBiTi. Pe3ynbTat pgocnigxeHb 6yB Takum: CBiXi
oBoYi Ta GPYKTM HabaraTto KOPUCHiLLi, aHiX BiTa-
MiHHI npenapaTtu. Wo kpawe: dbpykTn um niryn-
K1 ackopbiHoBoi Knucnotun? Yomy?
/&

3MICT

Aki oco6nuBocCTi BiTamiHiB B3Ha4aloTb IXHE 3HAaYeHHA?

BITAMIHM ( Big nart. vitae — XXUTTsi Ta dmin — amiH) — 6j0/102{4HO AKMUBHI peyo8UHU
Pi3HOI XiMiYHOI NpUPOOU, HeObXIiOHI 8 He8esTUKUX KiflbKoCcmsx 019 HOPMAslbHO20 0OMiHY
pevyoBUH i XUMMEDiAAbHOCMI XUBUX Op2aHi3Mig. BiTamiHN He BUKOHYIOTb B OpraHi3mi
aHi eHepreTUYHOI, aHi CTPYKTYPHOT OYHKLI, ane € HeOOXigHVMMN AnA 06MiHY peyoBUH
i nepeTBOpeHHA eHeprii (is1. 70).

ICHYBaHHA i 3HaYeHHA BiTaMiHIB ANA XUTTA HaNPUKIHLi MUHYNIOro CTONITTA BCTa-
HoBuB M. I. JlyHiH (1881). MNi3Hiwe nonbcbknin ximik K. QyHk (1912) Ha3BaB peyoBu-
HY, WO BUAINWAN 3 BUCIBOK, «BiTaMiHOM», OCKINIbKM Ti MONeKyna MicTuia amiHorpynmny.
Lis Ha3Ba 36epexkeHa [0 Lboro 4acy, xoya HiTporeH € He B ycix BiTamiHax. ¥ 1913 p.
aMepuVIKaHCbKuiA Gioximik E. B. Makkosiym 3anponoHyBaB Ha3uBaTy BiTamiHW fiTe-
pamu natuHcbKoi abeTkun. HigepnaHacbkuin nikap K. EikmaH OBIB, WO 3aXBOPIOBAH-
HA Gepi-6epi CNPVUYMHAE HecTaya BaXKNMBMX ANA opraHiamy peyoBuH. HuHi Bigomo
6n13bKo 50 BiTaMiHiB, WO TX BMBYAE HayKa
eimamiHonozia.

3a BNacTMBOCTAMM BiTaMiHV NOAINAITb
Ha 8000- Ta XXUPOPO3YUHHI. PO3UMHHICTb
BM/MBA€E Ha BCMOKTYBAHHSA, TPaHCMOPTY-
BaHH#A, 36epiraHHA Ta eKcKpeLito BiTamiHiB.
Tak, rigpodinbHi BiTamiHM MiCTATbCA y CO-
KOBUTWX CKNagHUKax ixi, a rigpodobHi —
B Xupax i oniax. BogopoO3UnHHI BiTaMiHn
BCMOKTYlOTbCA 6Ge3nocepefHbO B KpPOB,
UPOPO3UMHHI  NOTPaNAATb  CroYvaTky
B NniMmdy, a NoTim y KpoB i nepeHocATbCA
TPAHCNOPTHUMN Ginkamu. Y KniTMHax Bo-
JOPO3UMHHI BiTaMiHN BiIbHO LIMPKYSIOIOTb
y umMtonnasmi, B TOM Yac AK XMPOPO3UMNHHI

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

In. 70. BiTamiHn B xap4yoBuKXx NpoayKTax
108 NIOANHN
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OenoHYTbCA Y BUMNAAI BKNIOYEeHb. HeBeNMKNIM HaanMwoK BOAOPO3UYMHHUX BiTaMiHIB
MOXe Jlerko BUBOAUTUCH Yepe3 OopraHu BUIiNeHHA. Yepes Te WO XUPOPO3UNHHI
BiTaMiHM HaKOMUYYIOTbCA B Tifli, IX BXXMBAIOTb Y BIAHOCHO BEIMKUX KiNIbKOCTAX Yac Bifj
yacy, o6 3a40BONILHUTI NOTPE6U OpraHi3mMy, a 0Cb BOJOPO3UMHHI MaloTb HAAXOAUTK
perynapHo.

ABTOTPOOHI MiKpoOpraHiamMu " 3eneHi POCAUHU CMHTE3ylTb BiTaMiHU camo-
CTiHO. He BCi BiTaMiHN € 060B'A3KOBUMM AJN1s Pi3HMX BUAIB TBAPUH. Tak, BiTamiH C €
HeoOXigHVM ANA NoANHN, NIOAVHOMNOAIGHMX MABM i MOPCbKIMX CBUHOK, a AN1s1 KPOJIVKIB,
LYpPiB, MULLEN BiH He € BiTaMiHOM, OCKINIbK/ CUHTE3YETbCA B OpraHi3mi. [etepoTpod-
Hi OpraHi3Mu BYKOPUWCTOBYIOTb CMHTE30BaHI BiTaMiHM B CKNagi ixi abo BCTynaTb B
MYTYaniCTUYHi BIAHOCUHW 3 OpraHiamamu, 3gaTHUMK iX YTBOpIlOBaTW. | nuwe pgeaki
BITaMiHU MOXYTb CMHTE3yBaTUCA B KNiTMHax retepotpodis. Tak, y KNiTMHaxX POCTKO-
BOTO LUAPY WKipW NIOANHN CUHTE3YETbCA BiTaMiH D, y KNiTUHaxX NeyiHKn yTBOPIOITbCA
BiTamiHu B, 11 B3, ane B HegoOCTaTHIM KiNnbKOCTI. YCi iHWI BiTaMiHX B OpraHi3mi noguHm
He CUHTe3ylTbCA B3arasi, TOMy MaloTb 060B'A3KOBO HAAXOAUTY B CKMafi XapuyoBUX
NpoayKTiB.

OTXe, BiTamMiHM NOTPiOHI OpraHi3mMy B HEBENVKIN KiIbKOCTI,
BOHM € BOAO- i >KNPOPO3UYMHHUMU; TXHE 3HAUYEHHA BM3HAYAETbCA YYacTio
B XWUTTEBO BaXKNMUBMX MpoLiecax 0OMiHY peyoBUH.

AKi 0co6GNMBOCTI 1 3HAUYEHHA BOAOPO3UVIHHUX BiTaMiHiB?

BopoposunHHi BiTamiHm € rigpodinbHMMK cnonykamu, WO Hepo3YunH-
Hi B XMpax i opraHiyHMx po3umHHMKax. Ui BitamiHn mictaTb HiTporeH, He Ha-
KOMUUYTbCA B KIIiTMHAX | BMABMAIOTb CBOW fil0 B CKNagi GepMmeHTIB; MOXYyTb
CIPUYNHATY TinoBiTamiHO3W. [lo rpynv BOJOPO3UYMHHUX BiTaMiHiB HanexaTb BiTami-
HU B, (TiamiH), B, (pubodnasiH), B; (HikoTMHOBA KncnoTa), B; (maHToTeHOBa K1cnoTa),
Bs (nipngokcun), By (doniera kucnota), B, (WiaHokobanamin), H (6iotnH), C (ackopbi-
HOBa KUCJI0TA).

Bimamin B, (miamiH, aHmuHespumHuti) — KpuctaniyHa cnonyka, [obpe posumH-
Ha y BOAi, CTilKa NPOTN CBITNa, KACHIO, HarpiBaHHA y KNCIoMy cepefoBuuli. TiamiH
B CKnagi ¢pepMeHTiB aKTMBHO BM/IMBAE Ha OOMiH PEYOBVH, a TAaKOX Ha HepBOBY
perynauito. Hectaua uboro BiTamiHy Npu3BOANTb 0O 3aXBOPIOBAHHA Gepi-6epi.

BimawmiH B, (pubognagiH, eimamiH pocmy) WWINPOKO PO3MOBCIOAKEHNIA Y POCTNH-
HOMY CBITi, CMHTe3y€eTbCA MiKpoopraHiamamu. € nonepefHMKoM GnaBiHOBUX CKNaA-
HUX depMeHTiB, Wo 6epyTb yyacTb y peryntoBaHHi OKMCHO-BIJHOBHUX MpPOLIECIB.
Y Takuii cnoci6 prnbodnasiH Bifirpae BaxnvBy pofb y BYrneBOAHOMY, 6inkoBomy
" X1POBOMY OOMIHi.

BimawmiH By, (yiaHokobanamiH, aHmuaHemiyHul) TKAHUHaAMU TBapPVIH He YTBOPIO-
€TbcA. Moro cuHTes y npupogai 3AiNCHI0ETbCA TiNbKKU MikpoopraHismamu. Motpe6u
NIOAVHW A TBapUH Y HbOMY 3abe3neuyloTbCA MiKpodnopoto KuweuyHuky. LliaHoko-
6anamiH BxoauTb A0 CcKnagy GpepMeHTiB CMHTEe3y HYKNEIHOBUX KUCNOT, € YNHHUKOM
pocTy 1 CTUMYNATOPOM remornoesy, BMAMBaE Ha OQyHKUIl neyiHKu 1 HepBOBOI
cUCTeMM, akTMBYE OOMIH ByrneBoAiB i ninigis.

Bimawmin C (ackopbiHosa Kucsioma, aHmuckopbymHuli) — 6e3KonipHa KpucTaniy-
Hi PeUYOBMHA, MAE KUCIMI CMaK, PO3UYMHAETbCA Y BOAI | PYMHYETbCA 3@ TPMBANoro
KUM'ATIHHA. MiCTUTbCA B 3HAYHMUX KiNbKOCTAX Yy MNNOAAX WUMNLLMHW, KanycTi, IMMOHaX,
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anenbcuHax, XpiHi, Arogax, xBoi Ta iH. BigkpuTtTa BiTamiHy C noB’A3aHe i3 3axBopto-
BaHHAM MiJ HA3BOW «YUH2a», abo «cKopbyT». BitTamiH C € aHTMOKCMAAHTOM, PErYNIOE
BCi BUAM 0O6MiHY peuyoBUH, 3CilaHHA KPOBI, pereHepaLiio TKaHUH, CMHTE3 KOJlareHy,
NigBULLYE NPOHUKHICTb KaninApis, CTINKiCTb f0 iHbeKLin.

OT>Xe, BOAOPO3UMHHI BiTaMiHM CMHTE3YIOTbCA NepeBaKHO POCAMHaMM
" mikpoopraHiamamu. Lli BiTamiHK BNAMBalOTb Ha NpoLiec KPOBOTBOPEHHA
B OpraHi3mi, y cknagi ¢epmeHTiB peryntoioTb 06MiH peyoBuH,
NigBULLYIOTb CTIMKICTb A0 iHbEeKUin Ta iH.

flke 3HaYEHHA XKNPOPO3UMHHMX BiTaMiHiB ANA opraHismy niognHn?

Murpopo3unHHi BiTaMiHN HEpO3UMHHI Y BOAI, ane pPO3YMHATLCA B OpraHiy-
HUX PO3UYMHHMKAX, TEPMOCTINKI 1 HeuyTnMBi O 3MiH pH cepepnoBMLLa; MOXKYTb Ha-
KOMMUYBaTUCA B OPraHi3aMi " CNPUYMHATK TinepBiTamiHO3W. [JO XMPOPO3UNMHHUX
BiTaMiHiB HanexaTb BiTamiHu A (peTtuHon), D (kanbundeponu), E (Tokodpeponn),
K (dinoxiHoHw).

Bimamin A (pemuHon, aHmukcepoghmaneMiyHUl) CUHTE3YETbCA TiNbKN Yy TBaPUH-
HUX TKaHMHax. PocnnHmn no3baBneHi Lboro BiTaMiHy, 0OfHaK 6araTo 3 HUX MICTATb Ka-
POTUH, WO € MONepeaHNKOM peTuHony. BiTamiH A — aHTMOKCMAAHT, perymtoe npouecu
3pOroBiHHsA, 6epe yyacTb Y CUHTE3i POJONCUHY, HEOOXiAHWI ANA NIATPUMKY iMYyHiTe-
TY 1 IPOTUNYXJIMHHOTO 3aXUCTY opraHismy. Hectaua BiTamiHy A B opraHismi nioguHm
CNPUYMHAE 3aXBOPIOBaHHS, BijoMe AK Kyps4a ciinoma.

Bimamin D (kaneyugepon, aHmupaximHud) MiCTUTbCA NepeBa)KHO B OpraHiamax
TBaPVIH 1 NIOAUHN. Y POCSINH 1 Tpn6IB € TXHI nonepeaHnKn — ctepuHu. Bitamin D uun-
HUTb ropmoHonoAi6Hy fito, 6epe yuactb y meTabonismi Kanbuito Ta Qocdopy. Y pasi
HecTaui BiTamiHy D y nognHu po3BrBaOTbCA paxim, octeomansuis n geaki ¢opmu
0CTeornoposy.

BimamiH E (mokogheposn, aHmucmepuibHUl) MiCTUTbCA B POCIIMHHUX OJiAX N Yn-
HUTb aHTUOKCUAAHTHWUI BNAMB. BigCyTHICTb LMX BiTaMiHiB y TXi HeraTMBHO MoO3Ha-
YAETbCA Ha 34aTHOCTI OpraHiamy A0 PO3MHOXeHHA. Yepes Te BiTamiH E Ha3mBatoTb
TaKOX BiTaMiHOM PO3MHOXeHHsA. ABiTamiHO3 E nopyluye o6MiH peuoBuH.

Bimawmin K (¢pinoxiHoH, aHmuzemopaziyHull) Ha3nBalOTb BiTaMiHOM Koarynauii,
OCKIiNbKM NifgBULLYE 3CifaHHA KPOBi. Kpim TOro, BiH NPMCKOPIOE 3aroloBaHHA paH i pe-
reHepauito TKaHWH nicnA onikis. Y niogein aBitamiHo3 K TpannAaeTbca gy»ke pigko, noro
CMHTE3YI0Tb OpraHi3mMm KMULLKOBOI Mikpodnopu.

OTXe, »KMPOPO3UNHHI BiTaMiHN BM3HAYaloTb 34ATHICTb OpraHiamy
[0 PO3MHOXEHHSA, 3abe3neyytoTb 3CifaHHA KPOBI, peryntoloTb 06MiH coner,
BMANBAOTb Ha PYHKLil0 30py Ta iH.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

BIANBbHICTb

M CamocTinHa po6oTa 3 Tabnuueto

PisHOMaHIiTHiCTb Ta 3HaYeHHA BiTaMiHiB ANA opraHismy nlOANHNY
Ha 2012 p. 13 peyoBuH B HayLi BU3HaHO BiTamiHamu. 3aMOBHiTb Y poboyomy 30-
WwnTi Tabnuuto Ta 3pobiTh y3aranbHEHHS LWOAO POi BiTaMiHiB y MeTaboni3Mi KNiTUH Ta
0OMiHi pe4yoBUH opraHiamy NOAUHN.
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Ta6nuua. KOPOTKI BIAOMOCTI MPO OCHOBHI BITAMIHA

BOAOPO341HHI BITAMIHA KNPOPO34YUHHI BITAMIHA
HasBa OyHKUiT HasBa QOyHKUiT

B, (tiamiH) D (kanbundeponn)

B, (pnbodnasiH) E (Tokodeponu)

B; (HiKOTMHOBa KMCnoTa) K (¢pinoxiHoHN)

Bs (naHTOTEHOBa KucnoTa) A (peTtuHon)

Bs (NipnaokcuH)

By (B., donieBa Kucnota)

B;, (UiaHKoGanamin)

H (6ioTuH)

C (ackopbiHoBa KucnoTa)

Bionoria + Jlitepatypa. Bitamin A

«Cmapuli makox nug WOOHA NO KyxXJI0 XXUpY 3 aKyJs-
yoi neyiHku, <...> Wo 0obpe donomazas npomu 3acmyou
ma 2puny U 6y8 KopucHul 01 oyel» (E. TemiHreein. Ctapuii
i Mope). OgHUM i3 KOPUCHUX KOMMOHEHTIB MeYiHKM € BiTa-
MiH A, Wwo 6yB Bigkpuntui wWwe 8 1913 p. OnuwiTb, AK Big6Y-
BAETbCA 3aCBOEHHA BiTamiHy A B opraHi3mi nioganHu. Yn
KOPMWCHO AS1A OpraHi3My CnoXuBaTu y BESIMKIN KiNlbKOCTI
BiTamiH A?

a CTABJNEHHA
2
«2 bionoris + MeguuynHa. Kanbundeponu Ta ix 3HaueHHA

OcCTaHHIM YacoM OTpuMMaHoO 6araTto AaHux, AKi CBig-
yatb Npo Te, wo ¢yHKUiA BiTamiHy D He obMexyeTbcA
perynioBaHHAM obmiHy Kanbuito i ®ocdopy. loBegeHo
noro epeKTUBHICTb Y NPodiNnakTuLi NyXIMHHNX 3aXBOPIO-
BaHb MOJIOYHOI 331031, NPOCTaTN, TOBCTOIO KNLIEYHUKY,
a TaKOXX OXMPIHHSA, XBOpPOO cepua i aenpecii. Jocnian 3
HemaTofaMu nokasanu, Wo Kanbuudepon B3aeMOAie 3
«reHaMyi JOBrofiTTaA» i 3aXMLWae KNiTUHW Bi PO3BUTKY MOpPYLUEHb Y AiAnbHOCTI 6in-
KiB Ta iIX HenpaBUNbHOrO 3CifaHHA. A AK i Ae CMHTe3yeTbcA BiTaMiH D B opraHi3mi
NOANHN?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOIO
1. LLlo Take BiTamiHn? 2. Ha3BiTb AeKiNbKa ocobnmBocTei BiTamiHiB. 3. LLlo Take Bo-
1-6 | #OpO3unHHI BiTamiHM? 4. HaBepiTb NpuKnaan BOAOPO3UMHHUX BiTamiHiB. 5. LLlo Take
MKNPOPO3UNHHI BiTaMiHN? 6. Ha3BiTb XNPOPO3UMHHI BiTaMiHW.
7. Alki 0cO6MBOCTI BiTaMiHIB BM3HavatoTb IXHE 3HaueHHA? 8. AKi 0cobnmBoCTi 11 3Ha-
YeHHA BOJOPO3UYMHHUX BiTaMiHiB? 9. flke 3HaUEHHA XNUPOPO3UNHHUX BiTaMiHIB?

§ 26. BiTamiHu, ix ponb B 06MiHi peYoBUH 11 eHeprii

10-12 | 10. foBegiTb yyacTb BiTaMiHiB B 0OMiHi peUOBMH OpraHiaMmy NiognUHMN.

m
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BinbHa eHepeis — ye ma eHepeis peakyil, uwjo Moxe 6ymu nepemsopeHa 8 pobomy.
3 nidpyyHuka 6ioximir

§ 27. EHEPTETUYHE 3ABE3NEYEHHA NMPOLECIB
METABOJII3MY

OCHOBHi NOHATTA 11 Kntouosi Tepminu: OBMIH EHEPTII. AT®. KNITUHHE
AUNXAHHA.

Mpurapanre! Lo Take meTaboniam?

MomipkynTe! Astotpodu

[na opraHi3amiB Hawoi nnaHeTn
OCHOBHUM [PKepenoM eHeprii € COHAYHe
CBiTNO. He3HauHoO Mipo B npouecax me-
Taboniamy MoXKe BUKOPUCTOBYBaTUCA Ten-
noTa BYNKaHIYHOrO MOXOAXKEHHA, eHepria 3
Hagp 3eMHOI Kopu Ta iH. EHepria noTpi6Ha
opraHiamam Jnsa CUHTe3y BJIaCHUX OpraHiy-
HUX PEYOBWH 3 HeopraHiyHMx (aBToTPODU)
abo 3 rotoBUX opraHiyHUX (retepoTpodn).
A wo BigbyBaeTbcA 3 eHeprieto nicnA ii Haa-
XO[PKEHHA B KNITUHY?

3MICT

flka ponb ATO y 3a6e3neyeHHi npouecie metabonismy?

OBMIH EHEPTII - ye cykynHicms npouecis, wjo 3abeznedytoms HAOX00XKeHHS, ne-
pemaeopeHHsA ma sudasieHHsA eHepeii'y biocucmemax. K 3a3HayaloTb HayKOBLi, «xoyd
eHepeis icHye y 6azamvox ¢popmax, 014 aHabosizmMy Xusux icmom NpudamMHUMU €
Jiuwe 08i i3 HUX — c8ims08a U ximiyHa eHepzis». OCHOBHUM >KePesiom CBITIIOBOT eHep-
rii € CoHue, a XiMiYHOI — XiMiYHi 3B'A3KN rOTOBUX OPraHiYHNX PEUYOBUH.

EHepreTnuHi nepeTBOpeHHA CBITNOBOI Y/ XIMIYHOI eHeprii y KNiTUHaXxX Bigpi3HA-
I0TbCA Bifl eHepreTUYHUX NPOLECiB HEXKUBOI NPUPOAN TUM, LLO: @) OCHOBOIO € OKUC-
HO-BiiHOBHI peakLii, Wwo BiabyBatoTbcA 3a yyacTi depmeHTIB; 6) MaloTb NOCTYMNOBUNA
(noetanHmi) xapaktep; B) 3QiMCHIOITbCA 3a yyacTi BUCOKOCMeLiani3oBaHMX CTPYK-
Typ — poToMemMbpaH, Me30COM, MITOXOHA I Ta X/TIOPONNACTIB; I) A1 aKYMYJIIOBaHHS,
36epeXeHHs I BHYTPILIHbOro NepeHeceHHs eHeprii cnyrye ATO.

ApeHosuHTpudochatHa kmcnota (AT®) - opeaHiuHa cnosykd, Wo Hanexume
00 8iNbHUX HYK/IeoMuOi8 i € yHiBepCanbHUM XiMIYHUM aKyMyaamopom eHepaii y Kii-
musi. Mpuragaemo, wo monekyna ATO e NH,
HYKNEOTUOM, SIKUI CKNAafaeThes i3 afeHi-  Tpndocharhizanuwkm  AAeHiH |
Hy, pu6o3u i TpboX 3anuwKis opTopocpar- @ O O HC\/ T| N
Hoi Kucnotw (in. 71). Mig yac BigwenneHHn O‘fl”\o‘lf’/o‘ﬁ’_o‘c"'z N/C\N/CH

o\ o o
H

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

docdaTHOi rpynu Big ATO BMBINbHAETbCA
6nn3bko 42 k[ eHeprii Ta yTBOPIOETb-

MakpoepriyHi
ca A0 (apeHosnHandochaTHa KucnoTa). A
Konu x Big monekynu ATO BigwennioTbcA
aBa ¢ocdat-iioHu, To yTBOpoETbcs AMD

112 In. 71. Cxema 6ynoBu monekynu ATO
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(apeHo3nHMoHodochaTHA KNCNOTA) | 3BiNbHAETbCS 6nM3bKo 84 KK eHepril. Mpoue-
Cu po3sLuensnieHHA 11 yTBopeHHsA ATO BigbyBatoTbCa NOCTIMHO BifNoBigHO OO CXemu:
~ 42 kOX ~ 42 KX
AMO =—5 A0 =*—5 ATO

EHepria makpoepriyHumx 38'A3KiB ATD BUBINbHAETLCA B peaKuiax rigponisy i Bu-
KOPUCTOBYETbCA A1A BUKOHaHHA 6yab-AKoi po6oTn KNitHu. CnHte3 ATO BigbyBaeTh-
€A 3aBAAKM peakuiam GochopusiioBaHHs, WO MOXYTb 34iMICHIOBAaTUCA B LMTOMa3Mi
(cybcTpaTHe dochopunioBaHHs), B MITOXOHAPIAX (OKMCHIOBaNIbHE pochopusitoBaHHs)
abo B xnoponnacTtax (potopocopuntoBaHHA).

OTxe, ocHOBHa ¢yHKUia ATD — Lie eHepreTUYHa, OCKINbKU CronyKa
6epe yyacTb B eHepreTMyHoMy OOMiHi, 3amacalum B CBOIX
MaKpOEepPrivYHMX 3B’A3KaxX 3HAYHY KiNbKiCcTb eHepril.

AKi € cnoco6u oTpuMmaHHA eHeprii XXMBUMN opraHismammn?

Y X1Bi NpUpoAi PO3pPi3HATb TPY OCHOBHI CNOCO6K OTpUMaHHA eHeprii. MNep-
LUWI i3 HUX BNACTUBUI aBTOTPODHUM OpraHiamam, Apyrui — reTepoTpodpHmm, a TpeTil
BNACTMBUI aBTO- 1 reTepoTpodam:

1. Y aBTOTPOdHMX OpraHi3amiB 30BHiLIHA eHepria NOrMHAETLCA XII0podinom
(6akTepioxniopodinom) i1 NepeTBOPIOETLCA B XiMiuHy eHeprito ATO. [lani 3 Byrnekuc-
NOro rasy 1 BoAW B TEMHOBI $a3i CMHTE3YETHCA MIOKO3a. AK BU BXKE 3HAETE, B XKUBIN
npupogi uen cnoci6 Bnactnsmin GotoaBToTpodam, y AKUX CNOCTEPIraETbCA KNCHEBUN
doTocnHTEe3 (UiaHOGaKTepil, pocnHN) 1 GakTepianbHUI GOTOCUHTES, WO Ha BigMi-
Hy Bifi KUCHeBOro ¢oTocrHTe3y BilOYBaETbCA B aHaepoOHMX YMOBax 6e3 BUfineHHA
KUCHIO (MypnypHi 11 3eneHi cipkobakTepii). Mopag 3 ¢oToCcuHTE30M 3B'A3yBaHHSA BYr-
NeKnCcNoro rasy B Npupofi 34iNCHIOETbCA B NPOLIeCi XeMOCUHTE3Y 3 BUKOPUCTaHHAM
XiMiYHOT eHeprii OKUCHEHHS1 HEOpPraHiYHUX CMoNyK (CipKo, 3ani30- Ta HiTPUdIKyoui
6akTepii).

2. Y 2emepompogHuUx opaaHizmie ximiuHa eHepria NOXMBHUX PEYOBMH nepe-
TBOPIETHLCA B NpoLecax KNITUHHOrO AUXaHHA B €Heprilo MakpoepriyHux 3B'A3KiB

§ 27. EHepreTuyHe 3abe3neyeHHs npoLecis metaboniamy

KNMITUHHE ONXAHHA AEPOBHE VXAHHS
MiToxoHgpis
Mmioko3a S
(CsH1205) /HAﬂH(H*') E
l =€} o
1. Lukn E I ;
Mmikonis 4 —ze 50
(aHaepobHe AUXaHHs) / Kpebca F |_||+ =
Auetun-KoA SN OAIH | g =
2
ES /\ 11l OkvcHio- ?'H" z
o|E 2 Nipysar 1/20,+2H*+2e" J <8
= - X
glg (©HO) TIIOBaHHA ALD| o
E‘ § I ®n w
Vo =it
Qo
arg
.3 ,
e R[], e |
i—»'
3aranbHui BUXig,
g 38 monekyn ATO A ;
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ATO (in. 72). Lli eHepreTUyHi nepeTBOpPEHHA BifOyBalTbCA B MITOXOHAPIAX AK NpoLie-
cu rnikonisy, 6pofliHHSA, CyGCTPATHOrO Ta OKMCHIOBANbHOTro GpochopurioBaHHs.

3. Y asmompogHux ii 2emepompogHuUX op2aHiamie BHYTPILLIHbOKNITUHHI ne-
peTBopeHHs eHeprii ATO B pi3Hi dopmun eHeprii (eneKTpryHy, CBITNOBY, TEMNIOBY, Me-
XaHiYHy) CNPUAIOTb BUKOHAHHIO KAITUHOIO MPOLeCiB XUTTERIANbHOCTI. YacTnHa ui€l
eHeprii BTpaya€eTbCA y BUrNAAI TenaoTu.

OTXe, 3a CNOocOOOM OTPMMaHHA eHepril XNBi opraHiamMy nNoginAlTb
Ha aBTOTPO®IB i reTepoTpodiB.

flka ponb npoueciB AuxaHHA B 3abe3neyeHHi opraHiamis eHeprie€to?
KNMNITUHHE OUXAHHA - ye cykynHicme npoyecie 6i0s102i4H020 OKUCHEHHA No-
JKUBHUX pe4yoBUH 3 8UBIiIbHeHHAM XiMi4HOT eHepeii, wjo akymymoemeoca 8 ATO. MNpouecn
[AVIXaHHSA B KNiTMHAX OpraHiamMiB pisHUX LApPCTB »KMBOT Npupoaun nofibHi 3a 6aratbMa
03Hakamu. O3HaKamu NoAibHOCTI € yTBOPEHHA TaKUX YHIBEPCaNbHUX PEYOBUH, AK Mi-
poBuHOrpagHa Kucnota n ATQO, BUKOPUCTAHHA KUCHIO AK aKLenTopa enekTpoHiB 1
rigporeHy, poswenneHHs ao KiHuesux npoaykTis H,0 i CO,, BUKOpUCTaHHA NogibHmx
bepmeHTiB TOWO. BUOKpemnooTh fiBa OCHOBHI TUMW KNITUHHONO ANXaHHA: aHaepoob-
HUI Ta aepobHWI. KNiTUHHE ANXaHHA € YaCTUHOIK eHEePreTUYHUX NepeTBOPEHb, 3aB-
OAKM AKMM NOETaNHO BUBINIbHAETbCA €Heprisa BMACHUX OPraHiuHMX PEYOBUH.
Ta6nuusa 2. ETAMU EHEPFTETUYHOIO OBMIHY

HasBa etany Xapaktepucrtuka

I. MigroToBunin
(y TpaBHUMX Bakyonsax,
nizocomax uv TpaBHOMY KaHani;
BUBINIbHAETLCA BCbOIO
0,2 - 0,8 % eHeprii)

Min pielo TpaBHYX GepMeHTIB CKNafHi opraHiuHi cnonyku
po3LWennioTbca A0 CNOYK, WO iX MOXe 3acBoloBaTh op-
raHiam. EHepreTnuHumii edeKT Lboro etany He3HauHUi, i BcA
eHepria po3CiloeTbCA Y BUMNAAI TeNnoTn

MpocTi opraHiuHi cnonykn posuwennoTbca 6e3  yua-
CTi KWCHIO: PO3LUENneHHA [NoKO3M — FAIKOMI3, »KUPHUX
KNCNOT — Ninoni3, aMiHOKMCNOT — npoTeoni3. EHepreTny-
HUN edekT rnikonisy — 200 kx (116 kKOX — Ha TennoTy,
84 k[ — Ha ATD):

CeH1,06 + 2A00 + 2H;PO, — 2 CGH,05 + 2H,0 + 2ATO

Il. Be3KncHeBum”
(aHaepo6Huin)
(y rianonnasmi KnituH;
BUBINIbHAETHCA NnLe
5 -7 % eHeprii)

I1l. KucxeBnii (aepo6Huii) AepobHe nepeTBOPEHHA BYINEBOAIB MPOAOBXKYETbCA 3a-

(y MaTpHKci 11 Ha KpUcTax BAAKN PO3LLENIEHHIO NIPOBUHOrPagHOI KACNOTU [O BOAM

MITOXOHZAPIN 3a yuacTi KUCHIO; i Byrnekucnoro rasy. EHepretuuHuin edekt: 2600 KX
BUBINBbHAETbCA OCHOBHA Kinb- | (1088 KIK — Ha TennoTy, 1512 kX - Ha ATO):

KicTb eHeprii (NoHap 90 %) | 2C,H,0, + 60, + 36H;PO, + 36AZID —> 6CO, + 42H,0 + 36ATO

CyMapHUM eHepreTMYyHUM pe3yfbTaToM po3LienneHHA 1 Mofb MKo3n
€ 2800 k[ eHepril
(200 kX + 2600 k[>x), 3 Akoi B 38 monekynax AT® akymyntoeTbca 55 %
(42 kO X 38 = 1596 K[x), a 45 % (1204 k[1K) — pO3CiloETLCA Y BUrNALZI TENNOTN.
PiBHAHHA NOBHOrO PO3LUEnIeHHA MI0KO3U:

C6H1,06 + 60, + 38AD + 38H;PO, — 6CO; + 44H,0 + 38ATO

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

OTXe, KNITUHHE AMXaHHA € CYKYMHICTIO MPOLEeCiB,
nif Yac AKUX PO3LLENIOTbCA MOXMBHI PEUYOBUHN, BUBINIbHAETHCA

11 XiMiYHa eHepria Ta aKyMyJIOETbCA B MaKpoepriyHmx 3B’A3kax ATO.
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AIANbHICTb

CamocrTiiiHa po6oTa 3 incTpauieio

Po3rnaHbTe cxemMy GOTOCUHTE3Y Ta aiTe BU3HAUEHHA OCHOBHUX CKagoBMX MPO-
uecis. Y poboyomy 30WWNTi 3aNOBHITb Tabnuuo.

Ta6nuusa. ®A3U N NPOLIECU
OOTOCUHTE3Y

Hassa BusHauyeHHA

|. CiTnoBa dasa

* Ootoni3 Boan P——

* BigHoBneHnHa HA® soan

* QotodpocdopuntoBaHHaA

Il. TemHoBa da3a Conone dosa N { emons gasa

xnoponnacry / xnoponnacry

* Lnkn KanbsiHa ; Tioko3a

bionorisa + ®isuka. JllomiHecueHLUinA XXNBoOro

«To 6nakumHull npoMiHe cangipd, mo onasaos8uli npoMiH6 monasa, mo obuosa
KOIbOPpU 3Milly8aIUCH | 3dC/1iNJII08A/TIU PO3KILWUHUM CAUBOM, WO 0Mo4y8asio 8HOYi MO-
JIIOCKQ, | 8iH 30a8a8csA 00OHUM i3 Haliuy0osiwux meopiHb
npupodu». Tak ¢paHuUy3bKkunii HaTypanict XK. b. BepaHi
onncye GionoMiHecLeHUilo OQHOro 3 FMOOKOBOAHNX
KanbmapiB. Ak BifOyBalTbCA eHepreTUyHi nepeTso-
PeHHs nig yac 6iontoMiHecUeHLii?

g CTABJEHHS
» T
ﬁj Bionoria + [JomaluHi TBapuHu

3onomucmuti pempieep (FfondeH pempisep) — no-
poAaa MNciB, AKa CbOrofHi cTana yHisepcanbHoto. oni-
LencbKi cobakn " pATYBaNbHUKKW, MACAUBLI 1 NiKapi,
HAHbKW | KOMNaHbMOHY — OCb AlaneKo He MOBHUI nepe-
NiK TOro, Ha Wo 3aaTHiI Ui ncyn. CAyXHAHWUA, PO3YMHU, 3
NPUPOOHNMY 3Li6HOCTAMY O PO6O0TM, JOOPOAYLLIHMA
i BNeBHeHMI cobaka. He 6arato icHye iHWWX nopig,
NpeACcTaBHUKUN AKNX BUABAAIOTb TaKy camy Ao6po3ny-
NnnBY, M'AKY i NtobnAYYy HaTypy, AK 3010TUCTUN peTpiBep.
flk BinOyBa€eTbCA eHepreTnyHe 3abesneyeHHs meTabo-
NiYHMX NpoueciB y Ui€l nopoan ncis?

PE3YJIbTAT

§ 27. EHepreTuyHe 3abe3neyeHHs npoLecis metaboniamy

OuiHka 3aBAaHHA ANA CAaMOKOHTPOIO

1. WLo Take 06miH eHeprii? 2. LLlo Take ATD? 3. XT0 Taki aBTOTpOodKr? 4. XTO Taki rete-
potpodu? 5. LLlo Take KniTHHE AnxaHHA? 6. Ha3BiTb eTanu eHepreTyHoOro ooMmiHy.
7.flka ponb AT® y 3abe3neyeHHi npotiecis Metaboniamy? 8. ki € cnocobu oTprmMaH-
7 -9 | HA eHeprii »XMBUMW opraHiamamn? 9. Aka posb NpoueciB AMxaHHA B 3a6e3neyeHHi
opraHi3miB eHeprieto?

10. Ha KOHKpeTHOMY NPUKIaAi >KUBUX OPraHi3mMiB NOACHITb, AK BifOyBaeTbCA MOro
eHepreTnyHe 3abe3neyeHHs. 115

1-6

10-12
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bioeHepeemuka i Memab6oi3m K/limuH — «0CHOBHA cmpasa» OUHAMIYHOT GioXimil.
A. JleHiHOxep

§ 28. ObMIH PEHOBWH B OPTAHI3MI TIOAWHIA

OCHOBHi NOHATTA 1 KNOYOBi TepMiHK: O6MmiH 6inkiB. O6miH ninigis. 06miH
BYrneBOAiB.

MpurapanTe! Lo Take meTaboniam?

BcrynHa BnpaBa

Po3rnaHbTe cxemy «ETanm o6miHy peuoBUH i mepeTBOPEHHA eHeprii» Ta BU-
3HauTe 3HaYeHHA 0O6MiHY PEYOBUH 1 eHepril.

I. HapxopKeHHA pe4yoBMH Il. MepeTBOpEHHA 11l. BupaneHHA peyo-
Ta eHeprii pe4YOBUH Ta eHeprii BMH Ta eHeprii
AHabonism .
MuneneHHsA. TpaBneHHA. Ty BugineHHs.
NXaHHA. TennoyTBOpeHHs . Tennosigpava
A yT8OP Kata6onizm Aa

3MICT

AKi cucremu opraHiB 3a6e3nevyoTb 06MiH pe4YOBUH B OpraHismi
nognHn?

CncteMHMI piBeHb opraHisauii yTBOpeHuMin opraHaMmum, NOEAHAHUMN B CUCTEMU BU-
KOHaHHAM cninbHoi GyHKUil. B opraHiami nognHyu BUOKPEMIIIOIOTL TPaBHY, AUXaJbHY,
KPOBOHOCHY, BUAINbHY, ONMOPHO-PYXOBY, HEPBOBY, EHOAOKPUHHY, MOKPUBHY, CEHCOPHI
Ta iHWi cuctemun. B 06MiHI peyoBuH, eHeprii Ta iHpopmaLii 6epyTb npsmy abo onoce-
penKkoBaHy yyacTb YCi CCTeMU OpraHiB, ane HarBaXJ/IMBilla POJib HANEXNTb CUCTEMAM,
WO 34INCHIOTb HAAXOAKEHHSA, NOMIMHAHHA, TPAHCMOPTYBAaHHA Ta BUAANEHHA peyo-
BUH 1 eHeprii (i1, 73).

TpaeHa cucmema 3abe3neuye Gi3nyHe N XiMiuHe po3LUensieHHA CKNagHUX op-
raHiYHMX PEYOBMH Ha MPOCTi 3 NOJANbLINM TXHIM BCMOKTYBAHHAM Y KPOB Ta niMmdy
1 BUAAnNeHHA HemnepeTpasrieHNxX pelTok. Lia ¢isionoriyHa cnctema € HackpisHowo 1
CKNafa€TbCA 3 TPABHOrO KaHany n TpaBHWUX 3ano3. JuxaneHa cucmema 30iMICHIOE
HaAXOAPKEHHA KUCHIO 1O KNIiTUH, Fa3000MiH Ta BUAANEHHSA 3 KNiTWH BYrNeKUCIOro rasy
AK KIHLEBOro NPOAYKTY OKMCHEHHA OPraHiYHMX peyoBUH. 3aBAAKN UXaHHIO BUBINb-
HAETbCA XiMiYHa eHepria NOXKMBHUX peyoBUH. KpOBOHOCHA cucmema TpaHCNOPTYE
No 3aMKHEHI CUCTeMi CyAWH Bify TPABHOT CUCTEMU 11 NIereHb A0 KNITUH NPOCTi MOXKNB-
Hi peYOBMHU Ta KNCEHb, a Bif KNITUH JO OPraHiB BUAINEHHA — MPoAyKTW MeTabonismy.
TpaHcnopTyBaHHA PeYOBMH KPOBOHOCHOIO .
cmcTemMolo BifbyBaETbCA 3a yuyacTi KpOBi, bxa 4 BoRa co,

WO CKNafaEeTbCA 3 nnasMu Ta GpopmeHux
enemeHTiB. CeyosudinbHa cucmema € cy-
KYMHICTIO OpraHiB, WO 3AiNCHIOTb YyTBO-
PEeHHA Ta BUAANEHHA ceui, B AKI MiCTATbCA
CeYOoBMHA, HAANMLLOK COJie N BOAW, CeYO-
Ba KMC/IOTa, KOBYHi MirmMmeHTV Towo. LUki- g:&if(’ﬂg(?s“e”i g?&i@igﬁé‘éﬂm
pa B 0OMiHi peyoBUH peanisye BULINbHY 1

TepmoperynatopHy ¢yHkuii. MoToBi 3ano-  In. 73. O6MiH peyoByH 11 eHeprii y noanHu

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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31 BUZANATb HAANMLLOK BOAN 1 CONeN, a uepes yClo NOBEepXHIo LWKipK BifbyBaeTbcA
TennoBigfaya B 30BHILLHE cepefoBuLLe.

OTxe, ¢isionoriuHi cuctemMy opraHis opraHiamy ftogMHM 3abe3nevyoTb
30BHILLHIN (3aranbHWA) 0OOMiIH PEUYOBMH 1 MEPETBOPEHHA €Heprii y 3B'A3KyY
3 HaBKOJMLUHIM CepefoBULLEM.

Aki ocobnmBocTi 06MiHY 6inkiB, ninigis Ta ByrneBoAiB B opraHismi nroguHn?

[AvnHamiuHa 6ioximia — po3gin 6ioximii, Wo BMBYAE O6MIH PeUYOBMH B OpraHi3mi
Bil MOMEHTY HaXO[KEeHHA NMOXKMBHMX PEUYOBUH A0 YTBOPEHHA KiHLEBMX MPOAYKTiB
06MiHY, MexaHi3Mu HeTpanizauil TOKCMYHMX NPOAYKTIB, BUBEAEHHSA iX 3 OpraHiamy i
perynioBaHHA WBWAKOCTI BiANOBIAHNX NepeTBOPEHb.

[na o6bmiHy 6inkiB B opraHiami noanHM XxapakTepHi NeBHi 0ocobnnBoCTi: ymeo-
DeHHsA Ce40B8UHU AK KiHYe8020 npodyKkmy 0bMiHy, 8i0CymHicme npoyecie 0enoHy8aHHsA
6inkie, 0OHOHanpaAMIieHe nepemeopeHHA bisikie Ha Xupu U 8y2reso0u, HeobxioOHicmeb
014 6iNIK08020 CUHMe3Y He3aMIHHUX i 3aMIHHUX aMiHOKUC/10m, cuHmMe3 chneyugiyHux
6inkie Ta iH. OcobnuBocTi MeTaboniamy 6iNnkiB NoB'A3aHi Nepedycim 3 ix n1IACMuUYHO
yHKyi€ro B opraHismi. ix yuacTb y 3a6e3neueHHi eHepreTuyYHnx BUTpaT opraHismy rno-
PiBHAHHO 3 Ninigamu 1 ByrneBogamu € Habarato MmeHwwot. BoHa He nepeBuwye 15 % i
CKMAfaETbCA 3 eHeprii, WO BUAINAETbCA NiJ Yac po3LLernIeHHs 3HOLWEeHKX b6inkKiB. Po3-
wensieHHA 6inkie y TpaBHI cuctemMi BifOyBa€TbCA Y WAYHKY 1 TOHKOMY KULLEYHUKY
3a yuacTi epMeHTIB-NpoTeas Ao aMmiHOKUCNOT. Lli npocTi opraHiuHi Monekynu Hagxo-
OATb Y KPOB | TPAHCNOPTYIOTbCA A0 KNITUH, Ae 3[INCHIOETbCA BHYMPIWHbOKAIMUHHE
nepemaopeHHa amiHokucsiom. Y KniTuHax 3 aMiHOKUCIOT Ha prbocomax BifbyBaeTbcA
6iocuHme3 6inKig, BNacTUBUX NuLLe JaHOMY BUAy opraHi3mis. Perynauia obminy 6in-
KiB BiiOYBa€eTbCA 3a yuacTi rinoTanamyca Ta FOPMOHIB TUPOKCUHY, MIOKOKOPTUKOIAIB
i comaToTpONiHy.

[na o6bmiHy ninigiB xapaKkTepHi: ymeopeHHsA 8e1uKkol Kinbkocmi eHepeii nio yac
OKUCHEHHS, HaA8HICMb npoyecie 0enoHy8aHHA, MOXJ/1UBICMb ymeopeHHs 3 binkie ma
nepemeopeHHs Ha 8y2/1e800U, HEOOXiOHICMb 0718 CUHMe3y 8/1ACHUX XUPi8 HE3aMIiHHUX
ma 3amiHHUX XUPHUX KUcsom Ta iH. Lli ocobnBocTi NoB’A3aHi 3 TUM, WO XUpPW BUKO-
HYIOTb eHepeemuyHy N NIAcMuyHy yHKUIT. 1K fxkepeno eHeprii >Kupw y npoueci oknc-
HeHHA BUAINATb yABiui Ginblue eHeprii, HiX Byrnesoam i 6inku. Po3wensieHHA xupig
BifOyBa€TbCA NEPEBaAXKHO B TOHKOMY KMLIEYHWKY Mif Ai€l0 TpaBHUX pepMeHTiB-ninas.
HeobxifHO0 yMOBOIO pO3LLENIeHHA XKUPIB € iX NOAPIOHEHHA 3 yTBOPEHHAM EMYJIbCil,
YOMY CMPUAIOTb XKOBYHI KNCNOTW. Y TaKOMY BUTAALAT XUPW MOXYTb pO3LLenoBaTnca
[10 KUPHUX KNCNIOT 1 Fnilepony Ta 6e3nocepejHbO BCMOKTYBATUCA CTIHKaMM KULLOK.
[nAa BigKknagaHHA Npo 3anac XMpW HagxodATb A0 KNITUH MNigWKIPHOT KNITKOBUHW,
canbHuKa, 6ypoi XnpoBoi TKaHnHW. LleHTp perynauii o6MiHy »u1piB po3miwlyeTbca B
rinoTanamyci, AKMIN BNIMBAE Ha NePeTBOPEHHSA XUPiB Yepes rinodis, ctaTtesi, WKTO-
nofibHy i NigLwnyHKOBY 3an03u.

[na o6miHy ByrneBofiB xapaKkTepHi s1eeke (i WeUOKe OKUCHEeHHA 3 YMBOpeHHAM
3HAYHOI Kiflbkocmi eHepeil, 30amHicmes nocmavyamu eHepzito 8 KUCHe8UX | 6e3KUCHe8UX
YMOBAX, HAABHICMb npoyecie 0enoHy8AHHA 8 NeYiHYi Mma M’A3ax, MOXJ/usicme ymeo-
peHHs 3 binikie U xupie Ta iH. OCO6NNBOCTI NepeTBOPEHb BYINIEBOAIB B OpraHi3mi fto-
OVIHV NOB’A3aHi Nepefycim 3 iX OCHOBHOIO eHepeemuyHoio yHKyi€e. Po3lenneHHa
BYrneBofiB Bif0yBaeTbCA B POTOBI MOPOXHWHI, TOHKOMY 1 TOBCTOMY KMLLIEYHMKAX.
Y TpaBHin cuctemi fia ¢pepmeHTiB-aminas nOANHU N MiKpoopraHiamis mikpodno-
pyV CNpUA€E YTBOPEHHIO MOHOCaxapuaiB. Lli mani Monekynm BCMOKTYIOTbCA CTiHKaMM

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 28. O6MiH peYOBUMH B OpraHi3mi NogMHN
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KMLWEYHUKY B KPOB i HaAXoAATb A0 MeYiHKW, fe YyTBOPITbCA FI0KO3a N rMikoreH.
YacTurHa rnioKo3n NepeTBOPIETLCA Ha XNPW N OKUCHIOETbCA B TKaHUHaX. AKLLO B Op-
raHismi cnoctepiraeTbca HecTaya Byr/ieBOfIB, TO BOHN CUHTE3Y0TbCA 3 BiNKiB i XKMpiB.
LleHTpom perynsuii ByrneBofHOro 06MiHy € rinoTasiamyc NpoOMiXKHOTO MO3KY. IHCy-
NiH — EANHNIN TOPMOH, AKUIN 3HUXYE KOHLIEHTPAaLito [MI0KO3M B KPOBI; FOPMOHM 1t0-
KaroH Ta agpeHaniH NiaBMLWYOTb piBeHb MMIOKO3M B KPOBI.

OTXe, 0co06MMBOCTI MeTaboni3My B OpraHiami JtognHM
NnoB'A3aHi 3 QYHKLIiAMU NOXUBHUX PEYOBUH Yy 3arajibHOMY
0OMiHi peyoBUH i MepeTBOPEHHI eHeprii.

flke 3HaYeHHA BCMOKTYBaHHA NOXXNBHUX PeYOBUH?

BcmOKTYBaHHSA NOXXUBHUX PEUOBUH — dkmugHull ¢hizionoeziyHul npoyec mpaH-
CNOPMYBAHHA NOXUBHUX PeYOBUH Kpi3b C/1U308y 060/IOHKY MpAgHO20 mpakmy 8 pi-
OUHU 8HYMpiwHb020 cepedosuwyd. Llen npouec BinOyBa€eTbCsA MiC/A OCTaTOUYHOrO
nepeTpaBiieHHA CKNagHWUX MOXKUBHMX PEYOBMH [0 MpocTux. OCHOBHOW AiNAHKO
TpaBHOI cucTtemMu, fe BifOYBaEeTbCA BCMOKTYBaHHA MOXMBHUX PEYOBVH, € MOHKA
KuwkKa. Llbomy cnpuaioTb il CTPYKTYpPHI 0COONMBOCTI 11 BeNlMKa NoLya 3aranbHoi no-
BEPXHi, Wo cTaHoBUTb 6nM13bko 200 m2. OCHOBHOW CTPYKTYpPHO-OYHKLiOHaNbHOW
OfMHKLIEI0 BCMOKTYBaHHA MOXNBHWX PEYOBUH € BOP-
CUHKa (in1. 74).

Po3pi3HAOTb nacusHe 8CMOKMYBAHHA, WO 34iNC-
HI0ETbCA 3aBAAKN Andysii, nonerweHin gndysii n oc-
MOCY, Ta dKmueHe 8CMOKMYBAHHA 3a Y4acCTi NOHHMWX
HacociB Ta eHAoumMTO3Yy. besnocepeaHbO y KPOB Uepes
EHTEePOLMTN LWAAXOM aKTUBHOIO TPAHCMOPTYBaHHA
abo yepes NPOMIXKKM MiXX HUMK Wwnaxom audysii ne-
pPexoaATb PO3UMHHI Yy BOAI MIOKO3a, aMiHOKMCIOTH,
HYKeOTUAN Ta HUXKYI XKMUPHI KucnoTu. NpoayKtn pos-
LenneHHA ninigis HagxofATb y KpoB abo 3a3HaloTb
pecrHTe3y 3 yTBOpeHHAM xupiB 1 docdoninigis, Wwo
BiibyBa€eTbCA B eniTeniafbHMUX KNiTMHAaX BOPCUHOK
(eHTepoumTax). MoTim xmpwu n docdoninign NoegHy-
I0TbCA 3 GiNKaMuy 11 YTBOPIOIOTb YaCTUHKM (XiNOMiKpo-
HK), AKi WAAXOM MNiHOUMTO3Y HaaxogAtb y nimdy, a
3rofoM NOTPanATb Ny KPOB.

Benvka ponb y npouecax BCMOKTYyBaHHA Hasne-
MWUTb IHTEHCMBHOCTI KPOBOTOKY. AKLLO A0 NPUNMaHHA
i Kpi3b CM30BY 060NOHKY TOHKOT KULLKM NPOXOANTb
65113bko 200 MSI/XB KPOBI, TO NiJ YaC BCMOKTYBaHHSA

In. 74. BopcrHKa TOHKOI KuLU-
Ku: 1 — eHTepouunTH; 2 — MIKpPO-
BOPCUHKMK; 3 — apTepiona;
KpOBOTiK 3pocTae 4o 500 — 600 mn/xB. [Magki M'A31 B 4 - kaninapy; 5 - nimdpaTtnuHa

CTiHLi TOHKOI KMLIKK 3a6e3neuytoTb PUTMIUYHI CKOPO-  CYAMHa; 6 — HEPBOBI BIAPOCT-
. . . . H !

YeHHA BOPCMHOK, WO NOCUJIIOE BIATIK i3 KPOBOHOCHMX Ki; 7 — rnagki m'asu

i nimdaTMyHUX Kaninspi..

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

OTxe, BCMOKTYBaHHsA 3abe3nevye HagXoO>KEHHA MOMXUBHUX PEYOBUH
y pigviHM BHYTPIWHbOrO cepefoBuULla i fani 4O KNiTUH.
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AIANbHICTb

MpakTuyHa po6ora 1

CknapgaHHA cxem o6miHy ByrneBogiB, ninigis Ta 6inkis B opraHiami nioguHu
MeTa: po3BrBaTV YMiHHA 3aCTOCOBYBATU 3HAHHA /15 MOACHEHHA NPOLeciB Blac-

HOro opraHiamy; GopmyBaTVi NepeKoHaHHA NPO EAHICTb Ta B3aEMO3aeXHICTb NpoLe-
CiB 0OOMiHY pEeUYOBVIH.

1.

Xig po6otn
Po3rnsHbTe 3arafibHy cxemy OOMiHY MOXMBHMX PEUOBUH B OpraHiami ntoguHu.

Ha3BiTb Tpy eTanun o6MiHy peyoBUH.

2. 3a ponomorolo cxemu Ta 3arnporoHOBaHMX 3anuTaHb CKNaAiTb okpemi cxemu 06-

MiHYy BYrneBofiB, NinigiB Ta 6iNkiB B opraHi3mi nioguHu.
3anuTaHHA ANA KOHKpeTusauii smicty cxemmn

1. AKi NOXUBHI PEUOBUNHU € y CKNagi iKi? Cxema. OEMIH PEYOBUH

2. ki TpaBHi depMeHTV po3LEenI0Tb B OPTAHI3MI JIIOAVUHU
CKNafHi NOXKMBHI PeYOBMHM TXKi? MoxueHi PoswwenneHns i

3. Y AKOMy BUMAQI BCMOKTYIOTbCA MO- | PeuOBMHMiXi | | B TpaBHii cucremi
>KMBHI peyoBuHN? v

4. Aki BMAM TpaHCnopTyBaHHA 3abe3neuy- Bcz'mleHa;:yﬂ &
I0Tb HAAXOMAPKEHHA PEYOBUH Y KNITUHN?

5. fki npouecn ob6bmiHy 3abesneuvyoTb KniTuan - Kpos. Jlimda.
nepeTBOPEHHA MOXNBHUX PEYOBUH? TkarmHHa pianta

6. ki KiHueBi npoaykT 06miHy Bugana-  AHABOJIIBM Ki“”e:érn?“‘;“y””
I0TbCA 3 KNITUH Y KPOB? 1

7. Y Akomy BuMMAAi TPaHCMOPTYIOTbCA Kpos. Nlimda.
KiHLeBi NpoayKTu! 06MiHY? TKaH"'HHf pianHa

8. ki opraHu 6epyTb yyacTb y BULANEH- -
Hi NpofyKTiB 0OMiHY? KATABONI3M Oc:wo;ar::eu:‘ﬂzxm

Mipcymok po6oTu. Y yomy nonaratotb
€QHICTb Ta B3aEMO3AJIEXKHICTb NpoLeciB 0OMiHY peuoBVH B OpraHi3mi NoguHn?

CTABJIEHHA
S ﬂj 3aBpaHHA «MeTa60ni3M rolOBHOro MO3Ky»

Maca ronoBHOro Mo3Ky y niofuH1 CTaHOBUTb 6113bKo 2 % macu
Tina. MpoTe nNoTpebu B peuoBMHAxX Ta eHeprii HaA3BNYaAHO BENMKI.
Tak, NoTpebu B KNCHi y AOPOCIOT IOAVMHY B YMOBaX CMOKOK CTaHOB-
nATb 29 - 25 % Big 3aranbHKX NoTpeo, a B AiTelt Ao 4 pokis — Ao 50 %.
AKi 0cob6nMBOCTI MeTaboNi3My rofIOBHOrO MO3KY B NIOAUHN?

PE3YJIbTAT

3aBflaHHA ANA CAMOKOHTPOJII0

1. fIKi cuctemn opraHis 6epyTb yyacTb y 0OMiHi peuoBuH y noanHu? 2. fike 3Ha-
YyeHHsA $i3ionoriyHmx cmctTem opraHiB y 3abesneyeHHi 06mMiHy peuoBuH? 3. Ha3Bitb
1-6 |ocobnuBocTi 06MiHy 6inkiB. 4. Ha3BiTb 0cobnnBocCTi 06MiHY KMpiB Ta BYrneBOAIB.
5. lLlo Take BCMOKTYBaHHSA MOXMBHUX pevyoBrH? 6. Y 3anexutb meTaboniam KnituH
Bifj BCMOKTYBaHHA?

7. Aki cuctemmn opraHis 3ab6e3neyyoTb 0OMiH PpeyoBUH B OpraHi3mi NoguHn? 8. AKi
7-9 |ocobnusocTi obMiHy 6inkKiB, ninigis i ByrneBoais B opraHiami niognHn? 9. flke 3Ha-
YeHHsA BCMOKTYBAHHS MOXUBHUX PEYOBUH?

10-12 | 10. Ym 3ymoBneHi 0ocobnrnBocTi 0OMiHy pe4YoBMH i nepeTBOpPeHHA eHeprily NoanHn? 119
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Ompyma - ximi4Huli KOMNoHeHM cepedo8UA NPOXUBAHHH,
W0 Ha0xo0uUMb 8 KislbKOCMI, KA He 8i0N08i0de 8/1aCMUBOCMAM Op2aHi3My.
|. CaHoubkul

§ 29. MOPYLUEHHA OBMIHY BIOEJIEMEHTIB |
BIOHEOPTAHIYHUX PEYOBWH, MOB’A3AHI
3 X HECTAYEIO ABO HAZJTULLKOM

OCHOBHi NOHATTA 1 KNIOUYOBi TepMiHu: bioenemeHToswu. NuTHa Boga.
Mpuraganre! Lo Take 6ioenemeHTW, GioHeopraHiuHi peyoBMHK, GioopraHiyHi
peyoBnHN?

MomipkynTe!

B ogHomy 3 HamBigomiwmx pomaHis A. [Jioma
«pa¢p MoHTe-KpicTo» aBTOp BKaga€ y BycTa roloBHOroO
repona Taki cnosa: «[lepw 3a 8ce 8CMaHosumo, wWo om-
pym camux no cobi He iCHye: MeOUYUHA KOpucmyemocs
HaucunabHiWuUMuU ompymamu, asne, AKWOo yMisno 3acmoco-
8y8amu, B0OHU Nepemeoproombca Ha pamieHi Jiku. [1po-
me nam'amadme: y maseHbKil 003i — ye JiKu, y 8euKil
003i — ompyma». Yomy nopywyioTbCA Npouec 0OMiHy
PEYOBUH i NepeTBOPEHHA eHeprii?

3MICT

AKi xBOpo6M NOB’A3aHI 3 NOPYLEHHAM BMiCTY XiMiUHUX enemeH-
TiB B OpraHismi nlognHun?

BioenemeHTV HapxoaATb y 6iocMcTeMM 3 MOBITPA, BOAU, 'PYHTY, @ [0 XKMBKX Opra-
Hi3MiB We 1 3 eto. Hectaua abo HaANMLLIOK NEBHUX eNleMeHTIB Y biocmcTemax Moxe
nopywunt GyHKLiOHYBaHHA, TOMY B MpOLEeCi eBONoUii BUHUKAN Pi3Hi MexaHi3mu
perynadii gnAa NigTpMMaHHA NOCTIMHOIO 1 ONTUMaNbHOrO efleMeHTHOro cknagy. Ane
yepes neBHi NPUUYNHK (3abpyAHEHHA HABKOMUIIHBOrO CcepefoBKLia, HecTaya ene-
MEHTIB, «LBiTiIHHA» 1 OTPYEHHA BOAM, iIHOEKUiNHI Ta iHBa3iliHIi XBOpobwK) cTane cnis-
BifJHOWEHHs GioenemMeHTIB y 6iocMcTemMax 3MIHIOETbCS, WO CMPUYMHAE XBOpPOOHU i3
3aranbHO Ha3BoI 6ioesrlemMeHmMo3u (6inbLU BXXMBaHILLIOO € Ha3Ba MiKpoesieMeHmosu).

bioenemeHTo31 (MikpoenemeHTO3M) — mumyacose abo mpuease NOPyweHHs
bioenneMeHMHO20 CK1Aady Op2aHiamy, ujo npueHiyye npoyecu xummeodisneHocmi. Ui no-
pyLUEeHHA BMHMKaOTb BHACNiAOK HAaAMLWKY, HecTadi un gncbanaHcy bioenemMeHTiB y
XMBOMY OpraHi3mi i1 TpanniaTbCA B YCiX OpraHi3mMiB, afie HanbinbL BUBYEHUMU € 6io-
eneMeHTO3U NIIOAMHU. Y CyyacHili MeguLUHI CTPIMKO PO3BMNBAETbLCA bioesieMeHMHaA
MeOuyuHa, Wo BMBYAE CKNlaf, BMICT, 3B'A3KM i B3aemopilo 6ioenemeHTiB B opraHiami
NIOANHU B HOPMI 1 3@ NATONIOTIYHMX CTaHiB. 3rifHO 3 HAMMOLUMPEHILIO Cy4YacCHOI
KnacndikaLi€o po3pi3HATb NPUPOAHI EHAOrEHHI, NPUPOAHI €K30reHHi, TEXHOTEHHi
Ta ATPOreHHi 6ioenemeHTo3MU.

MpupopaHi eHporeHHi 6ioenemeHTO31 MOXYTb OyTU BPOAXKEHUMU (HAaNpuKnag,
3ani3o- un UuHKoAediUNTHI cTaHn AUTMHK dopMmytoTbca Yepe3 HecTauy Depymy 1
LinHky B opraHi3mi matepi) 1 cnagkosumu (xgopoba BinecoHa — KoHosasnosea 3 nopy-
LWeHHAM 06MmiHy Kynpymy).

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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MpupoaHi ek3oreHHi 6ioenemeHTo3n, abo eHOemiyHi xeopobu, NoB’'A3aHi
3 HeCTAuel UM Hag/IMLWKOM NeBHUX B6ioeneMeHTiB B Till um iHWii reorpadivHin micue-
BOCTi (Hanpvknag, eHdemiyHuli 306, ¢ps1100po3, cesieHo3, MOs1i6OeHO3).

Cepe[, TexHOreHHUx 6ioenemeHTO3iB, NOB'A3aHUX 3 BUPOOHMYOI AiANbHICTIO
NIOAVHK, PO3Pi3HATb NpodeCiiHi, CyCifcbKi Ta TpaHCrpecnBHi XBOpobu. lpodgecitiHi
X80pOb6U BUHMKAIOTb Yy JIIOAEN, AKi NpaLioTb Ha WKIAAMBUX BUPOOHMLTBaX (Hanpu-
Knaj, aHTPaKo3 y LAxTapiB, CUNiKO3 Yy PObITHMKIB LeMeHTHMX 3aBofiB). Y nogen,
AKi NPOXMBaTb Henoganik Big BUPOOHMLTBA, MOXYTb BUHUKHYTUW CyCiOCbKi X80pO-
6u (xeopoba Minamamy, xsopoba iTai-iTaln). B ocTaHHi pokn npuBepTaloTb yBary
mpaHcepecugHi xgopobu. Linm TepMiHOM No3HavatoTb 6ioenemeHTo3u, WO BUHKKAKOTb
Ha 3HauHil BigCTaHi Big BUPOOHULTBA B pe3ynbTaTi aTMochepHOro v BOAHOrO nepe-
HeceHHA 3abpyAHVKIB, AKUMW € CMIONYKM BaXKKMX MeTaniB, pagioHyKnian, YyKopiaHi
PEUOBMHU-KCEHOBIOTUKM TOLLO. 32 MipOI0 TOKCUYHOCTI eNIeMeHTV MOXKHa PO3MiCTU-
TW B TaKiln nocnigosHocTi: Hg, Pb, Zn, Cd, Ni, Cu Ta : y _' Qs A % &
iH. MpyKnNagammn TpaHCrpPecnBHMX XBOPOO MOXKYTb el !
O6yTV MepKypianiam (3a HaOQNVLLIKY CNONYK PTYTi),
caTypHi3M (3a Hagnuwky cnonyk [niombymy),
cnpaepos (3a HaanuwwKy cnonyk ®epymy) Ta iH.

AlTporeHHi 6ioeneMeHTO3M NOB'A3aHi 3 iHTEH-
CUMBHMM ab0 TPUBANUM JIiKyBaHHSIM Pi3HUX XBO-
pob npenapaTtamu, WO MICTATb MIKPOENEMEHTH
(Hanpuknap, apzipos) (in. 75). In. 75. JlioanHa, B AKOI PO3BUHYB-

MpodinakTuky 6ioenemeHTO3iB MPOBOAATL B (¢4 apripos yHaCHiAoK TPMBANOMO
pi3Hi cnocobu, cepep AKUX: BXMBAHHA XapUYOBUX  BxWBaHHA Npenapatis ApreHTymy
NPOAYKTIB, WO MICTATb TOW UM iHWKWI 6ioenemeHT
(HanpwKknag, NOAOBaHy CiNb, CENAHCBKUIA cMp, Wo 6araTnii Ha Kanbuiil, poA3HKM
BMHOrpagy, Wo MmictaTb 6araTo Kanito), BUKOPUCTaHHA crelianbHUX 3acobiB 0co-
6uctoi ririeHn (Hanpuknag, dnyopoBmicHi 3y6Hi mactu), pauioHanbHe 36anaHco-
BaHe XapuyBaHHA 3 BUKOPUCTAHHAM POCIMHHUX MPOAYKTIB, BXMBaHHA GionoriyuHo
AKTUBHUX [OOABOK [0 TKi, KOMMIEKCHMX Npenaparis ToLLO.

OTXe, HAANULWOK, HecTava abo ancbanaHc GioenemeHTIB MOXYTb CTaTu
NPUUYNHOIO 3aXBOPIOBAHD, WO Ha3UBalTb bioenemeHTo3amu
(MikpoenemeHTO3amu).

Aki xBOpo6M NOAVHN NOB’AAI3aHi 3 HeCcTauel YN HaANNLWLKOM HeopraHiy-
HUX cnonyk?

Ha BigMiHy Bif OpraHiYHMX peyvyoBUH, WO B
nepeBa)<Hii BiNbWOCTI yTBOPIOIOTLCA B KAITUHAX,
HeopraHiyHi HagxoAATb [O OpraHi3mMiB i3 HaBKoO-
nuWHbOro cepeposua. OueBMAHO, WO Y LbOMy
BUMAZKY Ma€ 6yTr 6anaHc MiX KinbKiCTO peUYOBUH,
WO HagxodaTb i wWo BmaanAwTbcA. [opyleHHA
Lboro 6anaHcy MOXyTb NMPU3BOAUTU LO 3aXBOPIO-
BaHb.

XB80pobu,no8’a3aHi3HadIuUWKOM 6ioHeop2aHiy-
HUX pe4yos8uH. Yepe3 nopyLueHHA 06MiHy peuyoBUH

§ 29. MopyLeHHA 06MiHy 6ioenemeHTiB | 6ioHeopraHiuHKX PeYOBUH, MOB'A3aHI 3 iX HecTaueto abo HaAIMLLKOM
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MOXYTb BilOyBaTUCA MOPYLIEHHA XMBJIEHHA TKaHWH, WO CNPUYMHAE BaXKi 3axBO-
plOBaHHA — 0CMeoxoHOpo3 Ta hodaezpy, 3a AKNX CNOTBOPIOTLCA CYrnobu KiHLiBOK,
BTPAYAETbCA THYUKICTb XpebTa, po3BMUBAOTLCA Hamaau 6ono B HUpKax (in. 76). Y
HUPKax, )XOBUYHOMY MiXypi 1 CeHOBOMY MixXypi Yepes BiAKNagaHHA cofien opraHiuyHnX
(ceyoBoi Ta WaBneBoi) abo HeopraHiuHMX (KapboHaTHOI UM opTodocdaTHOI) KUCNoT
PO3BMBAETbCA XKOBYOKAM'AHA abo ceyokam'aHa xeopoba. Hapnvwok HiTpatis y
OpraHi3mi NOAVHN NePeTBOPIETLCA HA HITPUTW, AKI B3aEMOAIOTb 3 remornobiHom
KPOBI, yTBOPIOIOUM METFeMOTTI00iH, L0 He MOXe TPaHCNOPTYBATH KrceHb. B opraHis-
Mi NOPYLUYETbCA TKAHVHHE AVNXAHHSA 1 PO3BUBAETHCA XBOPOOa MemeaemMoe21obiHeMis.

Xs8opobu, nos’a3aHi 3 Hecma4deto HeopeaHiyHux pe4yosuH. MNprKnagom 3axBopto-
BaHb, NOB'A3aHUX 3 gediuntom KanbLito, € ocmeonopo3s, o Npu3BoANTbL A0 MNia-
BULLEHHA KPUXKOCTiI KICTOK i BUCOKOro puU3unKy iX rnepenomis. LIMHK € Baxnnsum
UMHHVKOM [nA 340POBOro ¢GYHKLiOHYBaHHA YOMOBIUMX PENnpPOAYKTUBHUX OPraHiB.
Lleli enemeHT Lie Ha3MBaAKTb «YONOBIUMM MeTanom». KputnuHum pediunt LuHKy
MOXe CTaTh MPUUNHOK 006posAKICHOI 2inepnnaszii npocmamu (ageHOMU NpPOCTaTH).
Hectaua ®epymy B opraHiami Moxe CNpUUYUHWUTA 3aaizodegiyumHy aHemiro, 110
BUABMAETLCA 3HMKEHHAM PiBHA epUTPOUUTIB i remornobiHy B KpOBi. 3a AaHMMM
BOO3, pediuut Gepymy BUABNEHO B KOXHOIO N'ATOr0 XmTena 3emi.

OTXe, AK HaQNMLWOK, TaK i HeCTaya HeoOpraHiYHMX PeYoBUNH OQHAKOBO
WKIZINBI ANA OpraHiamy NIogvHN.

flke 3HaYeHHA AKOCTI NUTHOI BOAW ANA NiATPUMaHHA 340POB’A NIOAVNHN?

MuTtHa BoAaa — ye 8004d, WO npu3Ha4eHa 0/ UW00eHH020 HEoObMeXeHo20 U be3-
ne4yHo2o exusaHHa stoouHor. Cepel OCHOBHUX MOKAa3HWUKIB AKOCTI MUTHOI BOAWU
BVIOKPeMIOTb: ¢i3uyHi (cMak, 3abapBneHHsA, 3anax, KanamMyTHICTb), XiMiYyHi (Mmi-
Hepanisauin, TBepaictb, pH), 6ionoziuHi (HasiBHICTb GakTepin, BipycCiB i NapasunTis).
MuTaHHA AKICHOT NMTHOT BOAM B YKpaiHi HaNneXXnTb 4O HANTOCTPIWNX colianbHUX NPo-
6nem. 3aHenbaHWI TEXHIYHUI CTaH BOAOMOHIB, 3aCTapifli TEXHONOTiT BOJOOUNLLEHHS,
3abpyAHEeHICTb KPUHMLb HiTpaTamu, BiACYTHICTb CUCTEMW BOLHOIO MOHITOPUVHTY,
CTiYHi BOAW, HapauioHanbHe BOAOBUKOPUCTAHHA — Lie JaneKko He MOBHUN nepenik
NPUYNH TaKoT CUTyaLil.

HeBignoBigHiCTb BOAW CaHiTapHMM BUMOTam MOXKe CTaTU NPUUNHOI OaKTepianb-
HUX (YepeBHUN TN, AN3eHTepiA, xonepa), BipycHMX (renatut A, NnonioMieniT), iHBa-
3iHKX (amebHa an3eHTepin), refibMiHTO3iB (ackapraos, NaAm6/i03), a TaKoXK XBOPOO,
noBs’A3aHMX 3 XiMiYHMM 3abpyfHeHHAM Boan (MeTremornobiHemis, dnioopo3sn). Y da-
XOBOMY KOJi BBaXa€eTbCA, WO NiABULLEHa TBEPAICTb MUTHOI BOAN € OAHI€E0 i3 NPUUNH
PO3BUTKY ceYOKaM'AHOI xBopobu. MNigBuLLeHI BMICT XNI0pULiB y BOAI MOXe CnpuaTu
PO3BUTKY XBOPOO CrCTEMU KPOBOOOIry, HOBOYTBOPEHb CEYOCTAaTEBUX OPraHiB, XJ10-
puyaiB i cynbdaTiB — BUHUKHEHHA HOBOYTBOPEHb CTpaBoxoay, WiyHkKy. Haannwok QPe-
pymy NopyLuye npoLec KpOBOTBOPEeHHS. [MpoLiec XnopyBaHHS, WO 1 JOCi € OCHOBHUM
MEeTOAOM OYMLLEHHA MUTHOT BOAN, BeAe A0 MOABU XTOPOOPraHiYHNX TOKCUYHMX CNO-
NYK, WO MalTb MyTareHHUIN 1 KaHLeporeHHNN edekT.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

OTXe, AKicHa NUTHa BoAa Mae 6yTn ymcTolo 3a GionoriyHumuy,
GI3UYHUMM 1 XIMIYHMW MOKA3HUKaMM.
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AIANbHICTb

CamocTiiiHa po6oTa 3 Tabnuueto

3acTocyiiTe 3HaHHA i BU3HauTe NPUUYNHY BKa3aHMX NOpyLUeHb. 3anoBHiTb y pobo-
YoMy 30LWLKnTi TabNMLI0 Ta OBIPYHTYITE 3B'A30K MiX KiNIbKiCTIO €/IEMEHTIB UM PEUYOBUH,
L0 HAAXOAATb B OPraHi3M, Ta NOPYLIEHHAMY MeTaboni3my.

MopyweHHsa lpyna xBopo6 MpuunHa
EngemiuHni 306
Onoopo3
XBopo6a MiHamaty
Apripo3
OcTeoxoHpo3
Moparpa
Ceuokam'sHa xBopoba
OcTeonopos
3anizogediuntHa aHemis

bionoria + Ekonoria. fAkictb Bogn

XapaKTepHUMM 03HaKamu HU3bKOI AKOCTI BOAU € 3a-
nax XJopy, »OBTYBaTUW KOMip, «MeTaneBu» MpucMmak,
YTBOPEHHA MJIIBOK Ha MOBEPXHi, 3MiHa KOJIbOPY OBOYIB
i PpyKTiB Nig yac BigBaploBaHHA. AKMMK € cnocobu ouw-
LeHHA BOAM B AOMALLHIX yMOBax?

a CTABJIEHHS
% | CTABNEHHA

;\ﬁ Bionoria + Ictopia. MapiHHA Pumy 11 caTypHism

YnpopoBx 6aratbox CTONITb iCTOPUKM BMBYAKOTb NMPU- L
UYMHK 3aHenagy Prmcbkoi imnepii. 3po3ymino, wo He mae 82
NPOCTOi 1 OQHO3HAYHOI BiAMOBIAI Ha Te, WO TpanuaocAa 3 P
MOTYTHbOIO B MUHYSIOMY LiMBiNi3auieto. OgHak € rinotesm, ! 2
Lo OTPY€EHHSA cnonykamu Mnombymy Bigirpano ganeko He 07 -20 |
OCTaHHI0 ponb y 3aHenagdi Pumy. LLlo Take caTtypHi3m? AK 1.8 al

BifOyBanocb OTPyeHHA cronykamu [nombymy B cTapo-
OaBHiX pumMnaH?

PE3YJIbTAT

3aBAaHHA A4NA CAMOKOHTPOJIO
1. Wo Take 6ioenemeHTo3n? 2. HaBeaiTb NpriKnaau XxBopoo, NoB'A3aHNX 3 HaJINLL-
KoM abo HecTaueto 6ioenemeHTiB. 3. LLlo Take 6ioHeopraHiuHi peuoBuHU? 4. HaBe-
AiTb NpuKnagn nopyweHb 06MiHy 6ioHeopraHiyHux peuvoBuH. 5. Lo Take nuTHa
Bopaa? 6. Ha3BiTb OCHOBHI MOKA3HMKW SKICHOI MUTHOT BOAW.
7. Aki xBOpoOM NOB'A3aHi 3 NOPYLUEHHAM BMICTY XiMiYHUX €fleMeHTiB B OpraHi3mi
moauHn? 8. Aki XBopobu NoanHM NOB’'A3aHI 3 HecTayelo abo HaAIMLLKOM Heopra-
HiYHMX cnonyk? 9. flke 3HaYUeHHA AKOCTi MUTHOI BOAW ANA NIATPUMAHHA 300POB'A
noguHn?
10. Ha KOHKpeTHMX Npuknagax obrpyHTyinTe 38'A30K MiXK KinbKicTio enemeHTiB abo
pEeYOoBUH i NOpyLIeHHAMY MeTabonizmy.

§ 29. MopyLeHHA 06MiHy 6ioenemeHTiB | 6ioHeopraHiuHKX PeYOBUH, MOB'A3aHI 3 iX HecTaueto abo HaAIMLLKOM
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Hexali Hawa ixa 6yde nikamu, a Hawli liku — HAWO iXKeto.
linnokpam

§ 30. PALLIOHANIbHE XAPYYBAHHA -
OCHOBA HOPMAJIbHOIO ObMIHY PEYHOBUH

OcHOBHi MOHATTA N Knwu4oBi TepmiHu: PALIIOHAJIbHE XAPYYBAHHA.
EHepreTuyHuin 6anaHc niognHu.

MpuraganTte! Lo Take *XnBneHHA?

3Hanomrecsa!

OfvH i3 3aCHOBHMKIB Tiri€EHN XapyyBaHHA, BigoOMWUI
apabcbkuii nikap Aeiyenna (Aby Ani XyceliH I6H A60annax I6H CiHa)
(651. 980-1037) nepwuii po3pobrB NpaBua paLioHanbHOro xap-
YyBaHHSA. Voro pekomeHnpgaLii Woao pisHOMaHITHOCTI i Ta nomip-
HOI KiNbKOCTI iT CMOXKMBAHHA BaXkNMBi 1 Tenep. HaBegiTb Nnpuknagn
pekoMeHaLin palioHanbHOro xap4yyBaHHA.

3MICT

Yomy pauioHanbHe xapuyBaHHA € OCHOBOIO HOpMaJsnibHOro o6mi-

HY pe4yoBUH?

PALIOHAJIbHE XAPYYBAHHA (Big rpeu. payio — po3ym) — ye xap4yy8aHHs,
30 AK020 00 Op2dHi3My 3 Xap408UMU NPOOYKMAMU HAOX00AMb YCi NOXUBHI peyo8UHU,
8imamiHu ma MiHepasnbHi coni 8 KibKocmsax, HeobXiOHUX 019 HOPMAslbHOI XUumme-
disasibHocMi. TaKUM YMHOM, paLioHaNbHE XapuyBaHHA — Lie PO3yMHE, po3paxoBaHe
3a6e3neyeHHA NIONHN TXKelo.

HaykoBUi BMOKpeMnoTb AeKinbKa HalBaXKkNMBIiWMX NPUHLKUNIB palioHanbHO-
ro xapyyBaHHA: 1) MOXUBHICTb Ta KaNoOPIiNHICTb iXXi MaloTb BignoBigaTn eHepreTny-
HUM BUTPATam OpraHi3my; 2) ans 3abe3neyeHHs NaacTUYHUX BUTPAT JOTPUMYBATUCH
6inKoBOro onTUMyMmy, Wo cTaHoBuTb 100 — 110 r 6inka Ha fo6y, a nig Yac ¢i3nyHoT
po6oTtn — o 130 — 140 r; 3) MaKcMMasibHa Pi3HOMAHITHICTb Ki AN1A MONOBHEHHSA
KiNbKOCTi peYoBUH, WO 3[iNCHIONTb perynatopHy dyHKuilo; 4) 4OTPUMaHHA iHAUBI-
AYanbHOr0O pPeXrnMy XapuyBaHHA, WO BM3HAYAETbCA MacColo, BiKOM Ta piBHEM pyxo-
BOI aKTMBHOCTI KOXHOI NoanHu. PekomeHgauii wono pauioHanbHOro xapuyBaHHA
IPYHTYIOTbCA Ha BMMOrax LOAO XapyoBOro pa- .

LioHY 11 CKNlagy Xap4oBUX MPOAYKTIB, pexXmumy 1

YMOB XapuyBaHHA.

Ha OCHOBI UMX NPUHLMMIB N BUMOT MOX-
Ha cpopmynioBaTh TaKi OCHOBHI pekomeHpauii
OO paLioHaNbHOMo XapyyBaHHA.

e 3abe3neuyeHHA pizHOMaHimHocmi U 36a-
JIGHCOBAHOCMI Xap4oBOro pawuioHy (Habip
Npodykmis, HeobXxiOHUX /OOUHi HA nesHUl
nepiod), B AKOMY CMiBBiJHOLEHHSA BiNKiB, K-
piB Ta BYrneBOAIB 3rifHO i3 CyYyaCHUMMW BU-
moramu ctaHosuTtb 1,0: 2,3 : 5,8. HeogmiHHO BUIKW : YKUPU : BYTIEBOAU =
BXMBaTU 0BOYi Ta GPYKTH, WO MiCTATb 8ima- =10:2,3:58
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MiHU, neKmuHo8i pe4oguHU (3abe3neyytoTb 3B'A3yBaHHA Ta BUANEHHA 3 OpraHis-
My TOKCWHIB, CMONYK BaXKKUX MeTaniB, pafioHyKknifis), k1imkosuHy (3abesneuye
MOTOPHY Ta CeKPeTOpHY QYHKLIT KMLLOK, € A>KEPeNnoM peyoBUH AnA MiKpoopra-
Hi3MiB KMLWEYHWKY, AKi CUHTe3YI0Tb BiTamiHu B;, By, By, K).

*  JloTpUMaHHA CyMiCHOCMIi NPOAYKTIB i BXUBAHHA 3MilLAHOI TXi, AKa 3aCBOIOETbCA
Kpalie.

e JloTPUMaHHSA pexumy xap4yy8aHHs i NpUAMaHHA XXi B OfHI 1 Ti cami roguHu, wob
3abe3neunTyi HopMasbHYy CeKpeLilo TPaBHMX COKIiB. XapuyBaTuca Kpatle 4 pasu
Ha [ieHb, iHTepBan MK CMOXMBAHHAM Ki He Ma€ nepesuLlyBaTtu 6 roa. Mepwnin
CHifaHOK — 25 % pfob6oBoro pauioHy, 06ig — 35 %, nigseyvipok — 20 % i Beueps —
20 %. HeobxigHo icTh nepLui cTpaBy, Wo 30yaXKyoTb aneTuT, NigBULLYIOTb cekpe-
Lito 335103 | € BaXK/INBUM [KEPESIOM BiTaMiHiB, MiKpoenieMeHTiB.

*  BaxnuBvmn ymosamu Xxap4y8aHHA € TapHUN HACTPIN Nig 4Yac NPUUMaHHA TXi,
noBinbHe 1 gobpe ii NepeXoByBaHHA, PO3yMHa KyJliHapHa 06po6Ka XapuyoBUx
NPOAYKTIB, KAaTeropmnyHa BiMOBa Bifj TIOTIOHOKYPIHHA 1 BXXMBaHHA afIKOrofbHUX
Hanoi..

OTXe, pauioHanbHe XxapuyyBaHHA CNpUAE 36eperkeHHI0 340POB's,
OMiPHOCTI WKIANMBAUM YNHHNKAM CepefoBMLLa, BUCOKIM npaue3faTHoOCTi
Ta aKTUBHOMY AOBFOJITTIO.

AlK BU3HaUYaETbCA eHepreTUYHUN 6anaHc opraHismy nloguHn?

OCHOBHMUM KpuTepieM paLlioHabHOrO Xap4yyBaHHA € AOTPUMAHHA eHepreTuny-
Horo 6anaHcy opraHiamy, TO6TO KislbKicme eHepeil, W0 HaA0X00UMb 8 Op2aHi3mM, Mae
00pisHIOBAMU Ki/lbKOCMI eHepeaii, ujo 8UMPAYaembca 8 npoueci XummeoianibHocmi.

EHepreTuuHum 6anaHc NoanHN — ye cnisgioHoOWeHHs MiX KislbKicmio eHepeil, Wo
HAoxo0ume 8 Op2aHi3M, i Kisibkicmio eHepeil, Wo 8uUdiNAEMbCA HUM. FKLLO Len 6anaHc
Oyzne MO3UTVMBHMUM, Maca Tina 36inblwyBaTUMETbCS, 1
AKLWO HeraTMBHUM — 3MeHLWYyBaTUMeTbCcA. Xapuy-
BaHHA NOAUHN b6yfe palioHanbHUM 3a YMOBW Bpa-
XOBYBaHHA BCiX €HepreTnyHuX BUTPAT JIOAUHN 3a
NMeBHUI NPOMIXKOK Yacy. Yepes Te BUHUKAE HeobXxia-
HiCTb BM3HaYeHHA eHepreTUYHOI LiiIHHOCTI Xap4yoBux
NPOAYKTIB i BUMIPIOBAHHA eHepreTU4yHmx BUTPaT
OpraHi3my 3a pi3HUX HaBaHTaXeHb.

Xapuosa UiHHICMb (NOXUBHICMb) TXi XapakTe-
pU3YETbCA XIMIYHMM CKNagoM MpPOAYKTY 3 ypaxy-
BaHHAM 1NOr0 CMNOXMBAHHA B 3arasbHOMPUAHATIN
KiNbKOCTi. YCi peyoBMHW, WO BXOAATb JO CKNagy
XapyoBMX NPOAYKTIB Ta i, NOQiNA0Tb Ha 2 rpy-
nu: NOXMBHI (6iNKK, Xnpw, Byrnesogmn) N AofaTko-
Bi (BiTamMiHW, opraHiyHi KMcnoTu, MiHepanbHi coni,
XapyoBi fob6aBku). EHepeemuyHa UiHHICMb (Kaso-
piliHicmb) XxapaKTepusye Ty YaCTKy eHeprii, WWo Bu-
BifIbHAETbCA 3 MOXKMBHUX PEYOBMH Xi B npoueci
OKVCHEHHA i BUKOPUCTOBYETbCA A5 3abe3neyeH- In. 77. Npsama (1) 1 Henpsama (2)

HA disionoriyHnx GyHKUin opraHiamy. B pesynbra- KanopvmeTpis 125
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Ti OKMCHEHHA 1 T Xupy opraHiam otpumye 39,2 k[ (9 kkan); 1 r 6inka — 17,6 kX
(4 kkan), 1 r Byrnesogis — 17,6 k[ (4 Kkan). EHepreTnyHa LiHHICTb NPOAYKTY BUMIipIO-
€TbCA B Kinokanopisx (kkan) abo Kinogxoynax (kAx) y po3paxyHKy Ha 100 r npogyKTy.

EHepreTnuHi BUTpaTV opraHiamy BUMIpIOIOTb fIBOMa OCHOBHUMW METOAAMU: NpPs-
MOI0 i HenpAMoto KanopumeTtpieto (i, 77). lMpama kanopumempia — metop 6e3noce-
pPeaHbOro BMMIPIOBAHHA KiNbKOCTI TeNOTKY, BUAINEHOT OpPraHiaMoM 3a MeBHUI Yac.
[nAa uboro BUKOPUCTOBYIOTb KanoprMeTpu — repMeTUYHi Kamepu 3 MOABIMHUMMU CTiH-
Kamu, MixK AKUMW LUMPKYNOE Boaa. Henpsama kasopumempia — MeTOf, BU3HAYEHHA
KiNbKOCTi BUAINEHOro TeMI0TU 3a KiNbKICTIO CMOXUTOrO KUCHIO Ta BUAINEHOrO Byrne-
KWUCNOro rasy.

OTXe, BU3HaUYeHHs MeTaboniuHNX NOTPeb 1 opraHisauis paLioHanbHOro
XapuyBaHHA BigbyBalOTbCA HAa OCHOBI eHepreTMYHoro 6anaHcy.

AKi HacnigKM HecTayvi YN HagNULLIKY NOXMBHUX PeYOBUH B OpraHismi nio-
AVHN?

Hedocmamme exugaHHA 6inkie Npu3BoAWNTb A0 MOPYLIEHHSA Mpaue3faTHOCTI,
NPUIHIYEHHA 3aXUCHUX CUJT OpraHi3my, NiaBULWEHOT CNPUAHATANBOCTI A0 iHpeKUil i
B KpalHiX BUMaaKax — 4o oucmpogil i «<rofiogHuX HabpsKiB». 3a HAOMIiPHO20 8XXUBAH-
HA 6i1Ki8 MOCUNIOIOTLCA NPOLECU FTHUTTA B TOBCTIN KWL, WO CNPUYMHAE po3niaan
TpaBJieHHs. KpiM TOro, Hagnunwok 6inkiB cnpuse po3BUTKY nodazpu B OCib, AKi MatoTb
CXWUIbHICTb A0 LibOro 3aXBOPIOBAHHA.

3a He0oCMAamMHb020 8XXUBAHHSA 8Y2/1€800i8 TMIOKO3a MOXe YyTBOPIOBaTUCA i3 MiKo-
reHy. [epLuoto 03HaAKOI MOHMMXEHHA BMICTY LIyKPY B KPOBIi € CUSIbHE Big4yTTA ronogy
i 3HVXKeHH:A Gi3nYHOI 1 pO3yMOBOI NpaLe3faTHOCTI. AKLLO BMICT LyKPY B KPOBi 3HU-
XKYETbCA HACTINbKM, L0 NepecTaE 3a0BObHATY NOTPeby B HbOMY FrOIOBHOMO MO3KY,
TO HacCTymnae€ BTpaTa CBIAOMOCTi 1 cygomu (2inoznikemiyHul WokK). 3a HA0IUWKOB020
8XXUBAHHA 8y2/1€800i8 BOHN MePETBOPIOIOTLCA Ha XMUPW | B TaKOMy BUrnAgi Bigkna-
JaloTbCA Npo 3anac. HagmipHe BXXMBaHHA BYINE€BOAIB MOXe NPU3BeCcTU A0 po3nagis
TpaBJfieHHA Yepe3 NOCUSIeHHA npoueciB 6PofiHHA B TOBCTOMY KMLIEYHKKY, a 3a Tpu-
BaJIOro CMOXMBaHHSA BENUKOT KiIbKOCTI — 4O yyKkposozo diabemy.

3i 3HUXEHHAM 8XUBAHHA XUpPi8 3MEHLWIYETbCA HAAXOOMXEHHA MUPOPO3UNHHUX
BiTaMIiHIB, LLO MOXe CIPUYUHUTI 2iN0BIMAMIHO3U 3a »XNPOPO3UYNHHUMIN BiTaMiHaMu
A, D, E i K. Uumn nopyweHHAMY € KypAaYda cflinoTa, paxit, 6e3nnigHicTb, NnopyLeHHA
3CiflaHHA KpOBIi TOWO0. KpiMm TOro, MoXe CnocTepiraTuca Hectaya He3aMiHHUX XUPHUX
KMCNOT, WO 3yMOBJIIOE NOABY LKIPHUX 3aXBOPIOBaHb, MOPYLIeHb 0OMiHY pe4yoBUH, No-
LWKOOPKEHHA MITOXOHAPIN Ta iH. 3@ HAAMIPHOTO BXXMBAHHA HACUYEHUX XUPHUX KUCNOT
MOXe MiABULLYBATNCA BMICT XONeCcTepony, WO NPU3BOAUTb A0 YTBOPEHHA KOBYHMUX
KaMeHiB, aTepockneposy. 3 nidBuWeHHAM y payioHi emicmy xupig 36inbluyeTbca Bif-
KnafjaHHA KMpy B OpraHi3mi.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

OTXe, AIK HeCTaua, TaK i HAAANLWOK MOXUBHUX PEYOBUH
NpY3BOAATb O MOPYyLWeHb 06MiHY PEYOBUH i PO3BUTKY 3aXBOPIOBaHb,
TOMY Xap4yBaHHA Ma€ GyTV MOBHOLHHUM i AOCTATHIM.

@ BIANbHICTb
DocnigHuubKa po6oTta

- Mpupb6anTe B Mara3uHi xapuyoBuid NPOAYKT 3 MapKyBaHHAM i BOCNifiTb Oro

126 Xapu4oBi IKOCTi 32 AOMOMOTOI0 €TUKETKI. 3aMOBHITb Tabnuuio.
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Ta6nuuysa. XAPAKTEPUCTUKA XAPYOBOTIO MPOAYKTY
O3HakKa Xapaktepuctuka
Ha3Ba xapuyoBoro npogyKry
lpyna NnpoayKTiB (3a MOXOAXKEeHHAM)
Cknag: a) MOXMBHI pevyoBUHN; 6) 4OAATKOBI
PeUYOBUHYU; B) XapUoBi OOABKM
OyHKUiT XapYoBOro NPoAyKTy
XapuoBa LiHHICTb (MOMXWBHICTb)
EHepreTnyHa WiHHICTb (KanopinHicTb)
KpaiHa-BMpPO6HUK
bionoria + Hayka. MeTta6onom nioguHu

Bce nonynapHiwmmmn cTaloTb Yy Hayui gocni-
IKeHHA meTabonomy NoAUHK, TOO6TO BCi€l CyKymnHO-
CTi BiHOCHO HEeBENMKUX MOJIeKys-MeTaboniTiB, Wo
byHKUiOHYOTb Y KniTHax opraHismy. Y 2004 p. B Ka-
Hafi CcTapTyBaB MiKHapOAHWI MpoeKT «MeTabonom
noanHn» (Human Metabolome Project). Ha cboropHi
HayKoBLji BxXe oxapaKTepusyBanu 2500 meTaboniTis,
1200 nikapcbknx npenaparis i 3500 xapyoBMX KOMMOHEHTIB, WO iX 3HaAeHO B opra-
Hi3Mi NognHN. ke 3HaUEeHHA LUMX JOCNiAXeHb ANA 340POB’A NognHN?

CTABJIEHHA

ﬂﬁ bionorisa + [lieronoria. liera DASH
AHrnincoka abpesiaTypa DASH (po3wmndpoByeTb-
ca Ak Dietary Approaches to Stop Hypertension) o3Hauae
«XapyuoBi nigxoan ana NpoTugaii rinepteHsii». [JoBege-
HO, IO U BereTapiaHCbKa fi€Ta epeKTUBHO 3HUXKYE
Macy, piBeHb XONeCTEPUHY, a TaKOXK 3MEHLUYE PU3NK
[OeKiNIbKOX TUNIB paKy, cepLeBO-CYANHHUX 3axBOPIo-
BaHb, iHCYNbTY, CcepLeBOi HefOCTaTHOCTI, ieMiYyHOT
XBOPOOYU cepLiA, yTBOPEHHA HUPKOBUX KaMeHiB, fliabe-
Ty. 3aCTOCyMTe 3HAaHHA peKoMeHAaUil Woao pauioHanbHOro XxapyyBaHHA Ta OUiHITb
nepesaru 1 HeJONiKN BereTapiaHCbKOI gieTn.

»

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO
1. LLlo Take pauioHanbHe xapuyBaHHA? 2. Ha3BiTb OCHOBHI MPUHLUMNY paLioHaNbHO-
ro xapuyBaHHs. 3. LLlo Take eHepreTnuHnin 6anaHc nognHu? 4. HaseiTb OCHOBHI Me-
1-6 |TOAW BUMIpIOBaHHA eHepreTUYHNX BUTPAT NoAUHNY. 5. HaBeaiTb npuknagm xsopoo,
NPUYMHOI0 AKX € HAANNLLIOK MOXMBHUX Pe4oBUMH. 6. HaBefiTb npuknagm xsopoo,
NPUYNHOIO AKNX € HECTaYa MOXMBHUX PEYOBUH.
7. Yomy pauioHaNibHe xapuyBaHHA € OCHOBOK HOPManbHOrO O6MiHY PeYOBUH?
7-9 |8.fK BM3HaYaETLCA eHepreTUYHMIA GanaHc opraHismy nognHn? 9. Aki Hacnigky He-
CTayi UM HagNNLWKY NOXMBHNX PEYOBUH B OPraHi3mi NognHN?
10. OUiHiTb 3HaUYeHHA pPaLioHaNIbHOrO XapuyBaHHSA AK OCHOBY HOPMaJibHOro 06MiHy
pPeyYOoBUH.

§ 30. PauioHanbHe XapuyBaHHA — OCHOBA HOPMaJIbHOTO O6MiIHY PEYOBIH

10-12
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Yyxa uyxuHa He noxariie.
M. MupHut

§ 31. HETATUBHUI BNJIMB HA OBMIH PEYOBUH
YYXKOPIAHUX CNONYK TA iX 3HELUKOAXEHHA
B OPTAHI3MI JTIIOAVHA

OCHOBHi NOHATTA N KNoYoBi TepmiHn: KceHobioTnkn. NMcnxoakTuBHI pe-
yoBuHU. bioTpaHcpopmauis.
Mpuragaiite! Lo Take 06MiH peyoBUH?

X

3Hanomreca!

MabyTb, BCi BM 4ynu TepMmiH «OpraHiyHi npo-
OyKTu». BiH acouiloeTbca 3 uMmocb 6e3neyHrM Ta eKo-
noriyHum. NMprHanmHi, 6e3neyHiwnm Ta eKONorivHilLKM,
HIXK Te, WO MW WOAHA BXUBAEMO B XKY. | Le AincHo TakK,
appke opaaHivyHi npodykmu (6ionpogyKkTu, organic food
aHMINCbKO) — ye npodyKmu, 8U2OMOBJIEHHSA AKUX ne-
pedbayae MiHiMmasnbHe 8UKOPUCMAHHA necmuyudis, CUH-
memuy4HuUX MiHepaneHUx 006pus, pe2yssmopie pocmy, Wmyy4yHUX Xap4osux 00b6asoK.
Lle npopyKTun 6e3 KceHobiOTUKIB (Bif rpeL. KCeHOC — Uy»KUI, 6ioC — XNUTTA).

3MICT

Y yomy nonsArae HeraTMBHUI BIJINB KCEHOGIOTUKIB Ha opraHism
nognHn?

KpimMm MOXMBHMX PeYOBMH B OpraHiam foguHN 3 XapuoBUMU NpoJyKTaMu, NOBi-
TPAM, MUTHOIO BOLOI abo KpPi3b LWKipy MOXYTb NMOTPANUTA N YyKopigHi XiMiuHi pe-
YOBUHMU, WO iX Ha3MBalTb KceHobioTMKamu. Lli peyoBMHM He BUKOPUCTOBYIOTbLCA B
OpraHi3mi Hi AK NNACTUYHWI, Hi AK eHepreTUYHMI MaTepian. [lo KceHob6ioTMKIB Hane-
aTb 0iOKCUHU, TiKU, HAPKOMUYHI pe408UHU, necmuyuou, MiHepaabHi 006pusd, MUliHi
3acobu, padioHykiou, cuHmemuy4Hi 6apsHUKU Ta iHwWi. HallHe6e3neyHiwyrmMmn y Uin
rpyni € BIOKCUHN, NeCTULMAN, CONYKN BaXKMUX MeTanis, HiTpaTu.

AioKcuHu - rpyna xnopoBMiCHUX BYFMEBOAHIB i3 MOTY>KHOK TOKCMYHOIO Ai€l0 Ha
opraHi3m. HaliHebe3neuHiwmmn gxxepenamm 4ioKCKHIB € NigNPUEMCTBA 3 XJIOPOBMIC-
HUMM TEXHONOTIYHUMU MNpoLecammn (XiMiyHi, Lentono3HO-Naneposi, MeTanyprinHi),
CMITTECNaNOBaNbHi 3aBoAM Ta 3Banua XiMiuHUX BigxoAis. CrnanioBaHHA Oy[b-AKMX
XJTOPOBaHWX BYFNEBOAHIB (F'yMun, NOPOJIOHY, NliHONEYMy, NonieTuneHy, NnacTuky) cy-
NPOBOMKYETbCA BUKUAOM LiMX CNONYK B atMochepy. [liokcmHu fobpe po3umHATbLCA
B >KMpax i TOMY B OpraHi3m HagXxoAaTb FOfIOBHVM YMHOM i3 M'AICOM, PUOOIO Ta MOSTOKOM.

Mecmuyudu - ximikaTu, L0 BUKOPUCTOBYIOTbCA AN1A 60pOoTbOM 3i WKigHUKaMK Ta
INnA 3axucTty pocnunH. Ocobnueo HebesneuYHVMY € XJIOPOOPraHivHi necTumnamn (rek-
caxnopaH, nonixgoponiHeH), pocdopoopraHiyHi iHcekTUuMan (anxnodoc, Kapbo-
doc, xnopodoc), pTyTbopraHiyHi peuyoBuHK (rpaHo3aH). Yci 6e3 BUHATKY nectnuungn
3a peTenbHOro BUBYEHHS BUABNANM ab0 MyTareHHy, abo iHWY HeraTuBHY fiito Ha XUBy
npupogy i noanHy. bnunsbko 90 % ycix ¢yHriuuais, 60 % repbiuunais i 30 % iHceKTULK-
AiB € KaHLepOreHHUMM CroflyKaMMu.

Y 3B'A3KY 3 aHTPOMOreHHUM BMIMBOM 3HaYHO 3pic piBeHb 3abpyAHEeHHA AOBKINNA
128 cnonykamu saxxkux memannie (Cu, Ni, Cd, Zn, Pb, Hg). Brucoka noteHuiiHa Habe3ne-
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Ka 3abpyfHEeHHA HMMU 3HAUYHOK MipOl NoB'A3aHa 3 iX 34aTHICTIO O HAaKOMUYEHHS.
CnonyKm BaxKKUX MeTaniB BUABNAIOTb TOKCMYHY Aito Ha 6inku, nopyLyoumn Lum Big-
noBigHi GyHKLii opraHiamy.

OcobnunBoi yBaru y 38'a3Ky 3 Hag/IULWIKOBVIM BMICTOM Y XUBil1 peyoBUHi NOTpeoy-
0Tb Himpamu. Lle TepMiuHO HecTiliKi, LOOpe PO3UNHHI Y BOAI CMONYKK, AKI MOXYTb
HaKoMM4yyBaTUCb B KOpeHennoAax i nnogax pocnumH. Cami HiTpaTn He € OTPYNHUMU,
ane B OpraHismi NI0ANHN BOHU NepPeTBOPIOITbCA Ha HITPUTHU, AKI B3aEMOAIIOTb 3 re-
MOTI06iHOM KpoOBi. B opraHi3ami nopylyeTbca TKaHWHHE [VXaHHA, BHACNiQOK Yoro
pO3BMBaETbCA XBOPOHa MeTremornobiHemia. Kpim Toro, s HiTpuTiB € Hebe3neyHow
[ONA OpraHi3amy yepes yTBOPEHHA KaHLEePOreHiB — HITPO30aMiHiB.

OTXe, KCeHOBIOTUKIN — YYXXOPiOHi pe4OBUHU, W0 HE CUHMEe3YIoMbCA 8 Op2aHi3Mi
JII0OUHU, ase nompansiayu ecepeduHy abo Ha NOKPUBU Mind, MOXYmMb CnpUYUHAMU
anepeiyHi peakuyii, Mymauii, xaopobu, nociabnoeamu imyHimem, nopywysamu o6MmiH
pevyosuH Moujo.

Y yomy nonsra€ HeraTMBHUI BMJIVB NMCUXOAKTVIBHUX PEYOBUH Ha O6GMIH
pe4yoBuH?

McrxoaKTUBHI peYoBUHMN — PeYOBUHU, W0 CNPUYUHAIOMb 38UKAHHA MA 3d/1eX-
Hicmb 30 yMO8 cUCMeMamuyHo20 iX 8XKUBAHHSA, BHACTIOOK 4020 3MIHIOEMbCA NOBEOIHKA
JI0OUHU. [0 L€l rpynu peyoBUH HanexaTb afkorosb, HIKOTMHOBMICHI, onioigu, KoKa-
TH, CHOTBOpPHI, 6apbiTypaTh Ta iH.

Bci NcvxoakTWBHI peyvoBrHW BMNBAKOTb HA POOOTY rONIOBHOIO MO3KY NIOAUHU:
NMPUCKOPIOTb Nepefavy CEHCOPHUX CUTHANIB abo NepeLLKOA»KaloTb HEPBOBUM LIEH-
Tpam BMKOHYBaTK CBOi QyHKLUii. B 0OCHOBI epeKTiB, 3yMOBNEHMX [i€0 NCUXOTPOMHUX
peyoBUH, — iX BMAUB Ha HerpomediaTopu (peyoBMHMU, WO nepedaroTb CUrHaNM Big
OfHOTO HeMpPOHa A0 iHWOoro). HannowrpeHiwMy peyoBnHaMu L€l rpynu € eTaHon,
HIKOTUHOBMICHI (is1. 78) 1 HAPKOTUYHI PEUYOBUHN.

EtaHon (eTnnoBun cnupT) y KAiTMHaX NOCTINHO

YTBOPIOETLCA Ha eTanax oOMiHy ByrieBogiB. Y Hopmi
Y KPOBIi NOAMHM 3aBXAN MiCTUTbCA 6nmn3bko 0,001-
0,015 r/n cnnpTy. HeBenuka KinbKicTb eTaHONY He €
Hebe3MeYHOI0, OCKINIbKM WBUAKO 3HELIKOOXKYETbCSA
bepmeHTaMy neyiHkK. Bnnve ankoronto Ha npote-
1 0OMiHY B OpraHi3mi, Ha CTPYKTYpYy KNiTWH CKna-
,qaeTbcn 3 Ail ABOX pellO'BI/IH — eTUNoBOro cnmpTy Ta In. 78. TioTioH ChipaHil
MOXIAHOTO aueTanbAeriay, WO CPUYNHAE PI3HO-  (vicotiana tabacum) - pocinka
MaHiTHi po3nagn BHYTPILWHbOKNITUHHOIO O6MIHY. POANHY MacibOHOB
HaBaxnumBilwmMmMmn 3 HUX € YLWKOLOXKEHHA MeMbpaH,
NOpyLUEHHA OKWUCHO-BIAHOBHMX pPeaKUill, Hectaya NOXKMBHUX PEYOBUWH, 3HVIXKEHHA
LUBMAKOCTI CMHTE3Y BifKiB, 3MiHU B OOMiHI HellpomepiaToOpiB, MOPYLIEHHA MeXaHi3MiB
perynsuii dyHKUi opraHiamy. 36inblUeHHSA KibKOCTi €TaHOMy B OpraHi3mi Npr3BoanTb
[0 BUHUKHEHHSI MeTaboNiuHOI 3a1eXKHOCTI Bifj HbOTO.

Y TIOTIOHOBOMY AMMI LWKIANMBUX crionyK 6arato (YagHuii ras, 6eH3nipeH, dop-
Manbgerin, auetanbgerin, 6eH3eH Tollo), ane HalHebe3neyHilnmMm € HIKOTUH. Lle
ankanoig, Wo B OpraHi3mi BUABNAE HEPOTOKCMUHY OTPYNHY fito. iaeTbca npo ek-
30reHHUIN HIKOTKH. Y camOMy OpraHi3mi MiCTUTbCA BNACHUI NPUPOAHNIA eHOAOTeHHUI
HIKOTWH, WO CUHTE3YETbCA KNITMHAMU MeYiHKM B HEBETMKUX KibKOCTAX | BXOAUTb A0
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cknagy 6aratbox depmeHTiB, Wo 6epyTb yyacTb B 0OMiHi peuoBuH. Ha BigmiHy Big
TIOTIOHOBOTO HIiKOTMHY Lisi peYOBMHA HeoTpyiiHa. LLlo X BigbyBa€eTbCA, AKLWO HIKOTUH
noTpanssAe B OpraHiam nig vac TIOTIOHOKYPiHHA? OpraHiam NiogMHM nepectae BMpoo6-
NATU CBIM HIKOTWH i CTA€E 3a1€XKHUM BiJl TIOTIOHOBOTO.

HapkomuyHi pe4o8UHU — 4yXOpiOHi 000 0OMIHY peqo8UH CNOJTYKU, UjO CNpU-
YUHAIMb 3a1eXHICMb YHACTIOOK 3amiujeHHs OOHIEl 3 peyo8UH NpUPOOHO20 Memabo-
ni3my. AK 3acBifuMNN [OCNIAXKEHHA, TONOBHUI MO30K CaM BUPOONAE peyoBUHM, AKi
UMHATDb Ail0 Ha MeBHi HEPBOBI LLEHTPU MO3KY, WO BUKVKAE Y JIIOQUHM NOYYTTA 3a0-
BOJIEHHA. YCi NoBefiHKOBI aKTW, AIKi MaloTb GiONOriUHY Ta couiafibHy 3yMOBEHICTb,
CYNpPOBOXKYIOTbCA NO3UTUBHUMU emoLisMu. OpraHiam Hibu cam cebe CTUMYIIOE Ha
npasunbHy nosediHKy. Qi3ionoriyHUN mexaHi3m nonArae B TOMy, WO Nig Yac 3ago-
BOJIeHHA NoTpeb NigBuLLYETHCA CMHTE3 eHAoPdiHiB (eHKedaniHiB), WO BUKNUKaOTb
no3nTuBHI emodii. MNpu BXMBaHHI HAPKOTUKIB GOPMYETLCA 3aNeXHICTb, | HAPKOTUYHI
PEUYOBVHY CMPUAMAIOTBCA OPraHi3MoM sk eHAoPdiHM 1 eHKedaniHu.

OTXe, NCUX0AKTUBHI PeYOBMHMN MalOTb BUPAXKEHWIA HEVMPOTOKCUUHWUNA i
NCUXOPYMHIBHUI edeKT, NogibHICTb O BHYTPILIHIX YNHHUKIB OOMiHY peyo-
BVH i, 3aMiHAOYM X Y NpoLecax XUTTEQIANbHOCTI, CMPUUYNHAIOTb 3aNEXKHICTb.

AK Bif6yBaeTbCA 3HELKOMKEHHA TOKCMYHUNX CMONYK B OpraHiami niognHn?

bioTpaHchopmalis — 3HEWKOOXeHHA MOKCUYHUX peYoB8UH WJ/IAXOM nepemaso-
peHHsA iX y MosneKkynapHy ¢opmy i3 3miHeHUMU 6iono2iYHUMU 81ACMUBOCMAMU i 8UBe-
O0eHHHA 3 opzaHi3my. baraTo WKigNMBMX PEUYOBUH, MOTPANMBLLN B OPraHi3M NogMHM,
3a3HaloTb 3HELKOMXKEHHSA | BUAINATLCA Y BUMNALI MeTaboniTiB. B opraHiami Takox
3HeLKOMXKYTbCA KiHLEBi NpoayKT! meTaboniamy, Wo MatoTb NOTEHLINHO TOKCUYHI
BNaCTMBOCTI ()KOBUHi MiIrMEHTU, aMOHiaK), NPOJYKTW rHUTTA GINKiB y TOBCTIN KWL
(beHonun, iHponu, ckatonn).

B opraHi3mi niognHn 3HewWwKoOXeHHA Hebe3neyHnx CronyK 3AiNCHIOE NneviHka
3a yyacTi cneuianbHux pepMeHTIB i MeMbpaHHUX peLenTopiB, AKi perynioTb iXHI0
AKTVBHICTb. 3HELKOMPKEHI CMOJTYKN BMAANAIOTLCA 3 OpraHi3mMy i3 ceuelo abo »oBulto.
BioTpaHcdopmalia kceHobioTUKIB BifOyBaeTbcA y ABI dpasu:

1-wa ¢asa: moougpikayis — Lue OKNCHO-BIAHOBHI Ta rigponiTUUHI peakuii, Wo Ka-
TanisytoTbca pepmeHTamum EMNC (umtoxpom P450, enokcuarigponasa). Monekyna kce-
HoGioTrKa 36arauyetbca GyHKUioHanbHUMK rpynamm (-OH, -COOH, -SH, —NHZ), o
po6UTH ii PO3UNMHHOI Y BOAI.

2-ra $asza: KoH’'l2ayia — peakuii cnHTe3y 3a yJyacTti pepmeHTiB-TpaHchepas. o
NPOMIMHMX NPOAYKTIB MeTaboniaMy NPUERHYIOTLCA eHAOTEHHI MoneKynu (rnioKypo-
HOBa KMCNOTa, CynbdaTHa KNCIOTa, FyTamiH), Y pe3ynbTaTi Yoro yTBOPHOTHLCA Mo-
NAPHI CNONYKW ANA BUAANEHHSA 3 OpraHiamy.

Ynpopos 6araTbOX POKiB MepeTBOPEHHA KCEeHOOIOTUKIB B opraHiami po3srna-
[A€ETbCA TiNbKM AK NO3UTUBHE ABKLLE, CNPAMOBAHE Ha 3MEHLIEHHs TOKCUYHOCTI, a
BUMAAKYM 30iNIbLUEHHA TOKCMUYHOCTI BBaXKanmcs BUHATKOM. OfHaK i3 yacom 6yno BCTa-
HOBMEHO, WO MiABULLEHHA TOKCUYHOCTI € WBMALLE NPABUIOM, aHiX BUHATKOM. Yepe3s
Te TepMiH 6iompaHcgopmayisa € TOUHILLMM, HiXK 0emoKCcUKauis.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

OTXe, »KMBMM OpraHiamam BflaCTUBI MexaHi3M/ 3HELIKOAXEHHA
Ta BUAANEHHsA TOKCMUYHUX PEYOBUH, WO MaloTb eK30reHHe abo
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AIANbHICTb

CamocTiliHa po6oTa 3 Tabnuueto

3anoBHiTb y pobouomy 30wnTi Tabnuuto Ta 3pobiTb BUCHOBOK MPO Y4YacTb CUCTEM
OpraHiB y 3aX1CTi OpraHi3my logMHN Bifi KCEHOBIOTHKIB.

Cuncrema OpraHun 3Ha4yeHHA
TpaBHa
LuxanbHa
CevoBuainbHa
Lkipa
IMyHHa

bionoria + MeguuyuHa. Bitamin PP

HikomuHosa kucnoma (HiauuH, BiTamiH Bs, BiTamiH PP, aHTMnenarpiuyHui BiTa-
MiH) — BOAOPO3UYNHHWNIA BiTaMiH, AKWIA MA€ HACTiINbKN KOPWUCHI BAAaCTUBOCTI, WO odiLin-
Ha Mef1LMHa NPUPIBHIOE MOTO [0 NiKiB. ke 3HaueHHs BiTamiHa PP B 06MiHi peuyoBuH?
Ha3BiTb xapy4oBi NPOAYKTK, WO MICTATb BiTamiH PP.

CTABJIEHHA

bionoria + flieronoria. XXuTtHiin xni6

Xni6 y xapuyoBoMmy paLioHi NIOANHU Nocifae 0cob-
nuBe micue. [lietonorn pagatb AOPOCAi NOAUHI ynpo-
IOBX OHS 3'igatm 6nmu3bko 150 — 200 r KUTHbOrO W
150 - 200 r nweHnyHoro xniba. Bu3HauTte nepesaru i He-
[ONIKN BXMBaHHA XXMTHbOTO xJ1iba Ta 06rpyHTyNTE 3Ha-
YeHHs Lboro xniba AnA HopManbHOro 06MiHy peyoByH.

PE3YJIbTAT

3aBAaHHA A4/1 CAMOKOHTPOJIO
1. Wo Take KceHobioTuKN? 2. HaBediTb NpuKnagy HanwWKignAMBilLMX KCEHOOIOTHKIB.
3. Lo Take ncnxoaKTuBHI peyoBUHU? 4. HaBediTb NpuKnagn NCUX0akTUBHUX peyo-
BVH. 5. LLlo Take 6ioTpaHchopmauin? 6. Ha3eiTb ABi OCHOBHI ¢pa3u GioTpaHcpopma-
Uil KCeHOBIOTVKIB B OpraHi3mi 0AVHN.
7. Y YoMy nOnAra€ HeraTMBHWIA BIJIMB KCEHOOGIOTMKIB Ha OpraHism noguHnu?
7-9 |8.Y4omy nondArae HeraTMBHWUIA BMIVB Ha OOMiH PEYOBMH NCUXOAKTUBHUX PEYOBUH?
9. Ak BifOYBaETbCA 3HELLKOLMKEHHA KCEHOBITVKIB B OpraHiami noanHm?
10. O6rpyHTYyTe 3HaUYeHHA Pi3HMX Gi3ioNoriYHUX cucTeM opraHiamy NoaMHU AnAa
3aXWCTY Bif KCEHOBIOTUKIB.

§ 31. HeraTMBHUI BNIMB Ha OOMiH PEUOBUH UY>XOPIAHMX CMOMYK Ta iX 3HELIKOMXXEHHS B OpraHi3mi NiognHn
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Ipowi — midb, 0052 — ye miH, a 300po8’s — cnpasxHiti ckapo.
HapooHa myopicme

§ 32. HEMPOT'YMOPAJIbHA PEryNnsLif NPOLECIB
METABOJII3MY B OPTAHI3MI TNIOANHIA

OCHOBHi MOHATTA N KN4oBi TepMmiHu: Perynsuia o6miHy pe4yoBuH Ta
eHeprii.

MpurapanTe! Lo Take 06MiH PeUOBUH i NEPETBOPEHHSA eHeprii?

MomipkynTe!

XTO Mo-CNpaBXHbOMY LMPUI 3 HaMK, Bigaa-
HUI HaMm i MOBUTb Hac, XTO NPUHOCUTbL PadicTb i fapye
TENNOTYy, PATYE Bif CaMOTHOCTI i 3anikoBy€ AyLUEBHi
paHn? Hy, 3BMYaliHO X, Halli TBAPWHM, HaLi BAAYHI 1
BipHi Apys3i, y AKMX BCIM Ham BapTo 6arato 4oro no-
Buntnca. Ocb nuwe Aekinbka HaykoBUX ¢akTiB npo
NO3UTUBHWI BMAVB OMALUHIX TBaPWH Ha NIOAUHY: 3HU-
KYIOTb BipOrigHICTb MpoABIB aneprii, NigBULYOTb Ca-
MOOLLHKY, 3MiLJHIOIOTb IMYHITET, M036aBNAOTb Bif HEraTMUBHMX eMOoLii Towo. A e AKi
UYMHHVKW BMANBAKOTb HA OPraHi3mM NoguHu Ta it 06MiH peyoBuH?

3MICT

AKi YNHHMKN BNNMBalOTb Ha Npouecn meTabonismy B opraHismi
nognHn?
YrHHMKM perynauii metaboniamy Bu3HaualoTb

YMHHUKW PEFYRALII

iHTEHCMBHICTb NpOLEeCiB HAAXOAXKEHHSA, NepeTBOPEHHSA
1 BUAaneHHsa PeYOBUH Ta eHeprii. IX noainaoTb Ha cTa-
TUYHI N [VHAMIYHI, 30BHILIHI 1 BHYTPILLHI.

YMHHUMKM perynaudii meTabonisamy, wo He nigaa-
I0TbCA KopeKLUii 3 60Ky NnoAnHY, Ha3nBalTbCA cTaTu4-
Humu. Lle cnadkogicme, cmame, mun cmamypu mina,
8iK, Hep8o8i N eHOOKPUHHI 8NUBU pe2ysiAMmOpPHUX CU-

METABOJI3MY

CTaTUYHI YMHHUKN

CnapkoBicTb, CTaTb, TUMN CTa-
Typw Tina, BiK, BNANBMK pery-
NIATOPHUX CUCTEM

OuHaMiuyHi YAHHUKN

PauioH n pexum xapyyBaH-

HA, Maca Tina, emouinHun
CTaH, COH, ¢i3nyHa aKTuB-
HiCTb, XPOHiUHi XBOpO6Y

cmem. TaK, 3 BIKOM iHTEHCUBHICTb OOMiHY 3HVXKYETbCA
Ha 7 — 10 % KO»KHi JecATb POKiB, 4OCATaloYn B CTapoOCTi
CBOrO MiHiIMyMy, a NpoOCTyfa YM TPaBMM aKTUBI3ylOTb
06MiHHI npouecy. O6MiH peYoBUH Y YONOBIKIB Y cepefHboMy Ha 10 — 20 % BuLWKMIA,
HiX Y KIHOK, OCKIiNIbKM Y HMX BiJCOTKOBa YacTKa M'A3iB € BiNbLUOI0 BiJHOCHO MacK Tina.
Bucokunin piBeHb 06MiHY peUOBUH Y ANTAYOMY Billi MOACHIOETHCA BUCOKOK aKTUBHICTIO
npouecis, MOCUAEHNUM POCTOM TKaHWH. Y NOXMAOMY Billi NOPAL, i3 3HVKEHHAM BMICTYy
BOAW, KiNbKOCTI 1 aKTUBHOCTI KNITUH 3HMKYETbCA 1 M'A30Ba aKTUBHICTb.

B iHwWy rpyny 06’eaHyIOTb YAHHIK, BIUB AKUX JTIOAMHA MOXE 3MIHIOBATHU. IX Ha-
3Banu AVHamiyHMMWM. Lle pauioH i pexxum xapyysaHHa, maca mind, ncuxoemouyitiHut
CMaAH, COH, (hi3UYHA AKMUBHICMb, XPOHIi4YHi X860pobU. BaXKnnBmm € BMANB Ha OOMIH pe-
YOBVH 3arasibHOI KifIbKOCTi 1 cknagy iki. Pa3om i3 reHeTMYHNMN YNHHUKaMM Ta CNOCO-
6OM KNTTA CamMe PKa BU3HAYa€ CTaH 340POB'A KOXKHOT KOHKPETHOT toanHu. Hepapma
icHyl0Tb NprKa3ky «Mu € Te, Wo MU iMo», «CBOK XBOPOOY LUyKall Ha [Hi CBOEI Tapin-

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT
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K. [priAMaHHA BXi NigBULLYE IHTEHCUBHICTb OOMIHY PEUOBWH, LLIO TPMBAE NPOTArOM
5 - 6 rop. Taknin BNAMB TKi Ha piBeHb OOMiHY peUYOBVH Ta eHepril Ha3UBAETbCA cneyu-
hiyHOIO OuHamiyHoro Ddi€ro ixxi. MexaHi3m TakoT fii ki 6inbLlicTb [OCNIAHMKIB Nosic-
HIOIOTb BM/IMBOM Ha KNITUHW NPOAYKTIB po3nagy i MPOMiXXHOro obMiHy, akTuBi3aLi€to
NepurcTanbTUKKN KALWEYHWKY | NOCUIEHHAM PO6OTY TPaBHUX 3a103.

Ha meTaboniam BNnvBaloTb 30BHIilUHI /1 BHYTPIilWHI YMHHUKW. TaK, TpUBanun
BM/IMB Ha OpraHi3m NOAUHN HU3bKOT TemnepaTypu NigBuLLYE 0OMiH PpeUYoBUH (3i 3HU-
XKeHHsIM TemnepaTypu noBiTpsA Ha 10 °C piBeHb 06MiHY NigBULLY€ETbCA Ha 2,5 %). [o-
60Bi Ta CE30HHI 3MiHVM B NPUPOAI BU3HAYaloTb CMafKOBY PUTMIUYHICTb MpoLeciB 06MiHy
peyoBuH. Tak, NigBULLEHHA IHTEHCMBHOCTI 0OMiHY PEUYOBUH CMOCTEPIra€TbCA HaBeCHI
Ta PaHHIM NITOM, @ 3HUKEHHA — Ni3HbOI 0CeHi N Y3UMKY. Iif Yac BigNOUYMHKY 06MiH pe-
YOBWH 3HVXKYETbCA Ha 13 % (3a paxyHOK po3cfiabneHHA ckeneTHUX M'a3iB). Ha piBeHb
06MiHY BNNBAOTb 1 Taki BHYTPILLIHI YWHHUKM, AK FOPMOHN Ta YYacCTb eHepreTuyHmX
cucTem y 3abesneueHHi KNiTnH eHeprieto. Lle pocdatHa cnctema ATO (3abesneuen-
Hsl eHepri€lo Ha yac, MmeHwwri 3a 30 ¢), rikoni3Ha (aHaepo6bHa) (Big 30 ¢ go 3 xB) Ta
aepobHa (Ha yac, 6inbwwii 3a 3 XB) CUCTEMMU.

OTXe, Ha MeTaboni3m BMIMBAOTb CTaTUUHI 1 ANHAMIYHI,
30BHILUHI Ta BHYTPIWHI YNHHWKW; IXHA B3aEMOAIA BM3HAYaE
0Co6NNBOCTI OOMiIHY PEUOBVH Y KOXHOT JIIOAUHN.

Ak perynioeTbca meTabonism B opraHismi nioguHn?

Perynauia o6miHy pe4yoBuUH Ta eHeprii — CyKynHicmo pigHe8o opedHi308aHUX
bioximiyHux U ¢hizionoziyHux npoyecis, ujo 30iliCHIOIOMb NPUCMOCYBAHHA 0OMiHY peyo-
8UH U eHepeii 00 nompeb op2aHiamy. Ha monekynsspHOMy piBHi opraHisauii opraHiamy
NIOAVHM BifOyBa€eTbCs 2eHeMUYHA pe2ynAyis, o BU3HaYae cHTe3 pepmeHTiB. Pery-
NALiA Ha PiBHI reHiB Befe [0 36iNblIEHHA UM 3MEHLLEHHA KOHLEHTPAUIl TUX Y iHLINX
bEepMEeHTIB WNAXOM BMIMBY Ha aKTUBHICTb GEPMEHTHUX TEeHIB perynatopHux 6in-
KiB-iHAYKTOPIB UK penpecopis. Llei Tmn perynauii obMiHy peuyoBMH BUPI3HAETLCA BU-
cokolo cneymdivHicTio, ane cam npouec BiabyBaeTbCA NOBINbHO (3a3BMYal rogMHamu).

KnimuHHa peaynayia rpyHTyeTbcA Ha 0CO6GMMBOCTAX B3aemofil depmeHTy i
cy6cTpaty. 3a HasABHOCTI CybCTpaTy KiTMHA CUHTE3yeE GpepMeHT, 3a BiACYTHOCTI —
NPUNUHAE cMHTe3. OKPiM TOro, aKTUBHICTb GEPMEHTIB Y KNiTUHAX 3aNeXnTb Bif YMOB,
B AKKX Ji€ depMeHT, a came Big pH cepefoBuLla, TemnepaTypu, KOHUeHTpaUii Ak dep-
MeHTY, Tak i cybcTpaTy. Hanpuknag, HakonnYeHHA KNCAUX NPOAYKTIB peakuii Moxe
CNOBINbHUTY WBUAKICTb BioKaTaniTMYHOI peakKuii.

TymopaneHa peaynayia o6MiHy peyoBUH Ha PiBHI OpraHiamy nonsrae B gii rop-
MOHIB Ha aKTMBHICTb depmeHTy abo Ha AifnbHICTb TKaHWH Ta opraHis. Hanpuknag,
TUPEOTPOMNHUN FOPMOH rinodiza BNAMBaE Ha WNUTOMNOLIOHY 3a103y, iKa MOXe cekpe-
TyBaTV GinbLUe Yy MeHLIE TUPOKCVHY, O Befle A0 NPUCKOPEHHS UM CMOBifIbHEHHA 00-
MiHy peuoBuH. [yMoparnbHa perynsuia obMiHy peuyoBrH Ma€ NOBINbHY PErynoBasbHy
gito, i 1l NpoABM nignopAgKoBaHi HePBOBIN cnucTemi. PerynioBanbHa AifA rOPMOHIB €
pi3HOGIYHOI | MOXe ByTW peanizoBaHa Yepes aKTMBaLilO 1 NPUTHIYeHHA GepMeHTIB,
6iocrHTe3y 6inKiB, 3MiHY MPOHUKHOCTI KNITUHHUX MemMOpaH Towo. fopMoHK b6epyTb
BaXK/IMBY yyacTb K Y mepMiHO8il pe2ynauii, Tak i y mpusanil peeynayii (apantaduii)
06MiHY peuyoBMH 1O YMOB cepefoBHLLa, KiflbKOCTi Ta AKOCTI BXMBAHOI ixXi, peryns-
Uil HaOXOAXEeHHA | 3aCBOEHHA KiNbKOCTI PiAVHN Ta enekTponiTiB B opraHismi. licna
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peanisauii cBoix OyHKUIi BifgOyBaeTbCA pyMHYBaHHA rOPMOHIB. HeBenmka yacTuHa
3a/IMLWKIB FOPMOHaNbHNX NPOAYKTIB MOXe 3HOBY peCcuMHTe3yBaTUCb Y FOPMOHMU, ane
6inbLua ix YacTVHa NigAAETbCA HE3BOPOTHOMY KaTabosi3my. BuaaneHHs ropMoHiB Ta
TXHiX MeTaboniTiB 3[iNCHIOETLCA NEPEBAXKHO i3 CEYEIO 11 XKOBUIO.

Hasuwmm piBHem perynauii o6MiHy peyoBrH B OpraHi3mi NoauHN € Hepeoea
peaynsayis. KOHTponb 3a 0OMIHOM PEYOBUH 1 NePeTBOPEHHAM eHeprii HaneXuTb Jo
iHTerpaTMBHUX NPOLIECIB, O PerynioTbCA rinotTanamycom. Kpim LeHTpis ronogy, cu-
TOCTi 1 Cnparu, UeHTpIB, WO perynoTb 06MmiH 6ifkiB, ByrneBogis, ninigis, BOgHO-co-
NboBMI OBMIH, Y rinoTanamyci po3milleHuni i LeHTp TepMmoperynsayii. BoHn noegHaHi
B OAWH iHTErpaTuBHUN LEHTP, AKNN pery-
noe yci ui npouecn. Hanvactilwe Hepso-
Ba CMCTeMa CBOI PerynatopHy oyHkuio
30IMCHIOE 4Yepe3 eHOOKPUHHY CUCTemy.
flIckpaBuM NpUKNagoM LbOro 3B'A3KYy €
BM/IMB eMOLin Ha 0bMiH peuyoBUH. HepBo-
Ba perynsuia o6MiHy peyoBrH nepebyBae
TaKOX Mifi KOHTPONIEM KOPU BENMKOIO MO3-
Ky, TOMY Nl0A/iHa MOXe CBIAOMO 1 LWBUAKO
BM/IMBaTW Ha NPOLECU XapuyBaHHA N YNH-
HUKW, Bif AIKNX 3aN1eXNUTb OOMIH peYOBUH.
Taka perynioBajsibHa fid KOpW FOJIOBHOIO
MO3KY Ha3WBAETbCA KOPMUKAJIbHOIO pezy-
nauyieto.

HepBoBa perynauia o6miHy peyoBuH
30iNCHIOETbCA TpbOMa wnaxamu: 1) Bugi-
NEHHAM HeWpomepgiaTopiB — 6ionoriuyHo

(AKTT)

AKTVMBHUX PEeYOBUHMU, 3a AOMOMOrOI0 AKUX pocty)
nepepawTbCcA iMNYNbCU 3 HENMPOHIB Yepes In. 79. Tinotanamo-rinodizapHa
CuHancu (Hanpuknag, CepoTOHiH, aape- cuctema perynsii

HaniH, rictamiH, aueTUnxoniH); 2) 3MiHo YMOBHI No3HayKu 20pMoHie 2inogiza:

KOHLeHTpaLii 1OHiB, Wo akTueyloTb abo  AKTI - anpeHoKopPTMKOTPOMHMIA FopMOH
CMOBINbHIOTb fito depmeHTiB; 3) 3a goro- TTT - TpeoTponHuit ropmo
. . ALl — aHTNAiypeTUYHNN rOPMOH
MOTOI0 BMJ/IVBIB Ha EHAOKPVHHI 331031 (Ha- T 2 ;
. . . . = JIIOTEIHI3yl04Y TOPMOH
npuknag, Aia rinotanamaca vepes rinodis OCT - GONIKOCTAMYIOIUNIA FOPMOH
Ha eHOOKPWUHHI 3ano3wu) (in. 79).

OTxe, perynauia o6MiHy peyoBMH B OpraHi3mi NoANHN 34iINCHIOETLCA Ha
Pi3HMX PiBHAX NOro opraHisadii.

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

RIANBbHICTb

%’,/‘ CamocrTiiHa po6oTa 3 Tabnuueto

Perynsauis o6miHy peyoBUH B opraHismi niognHn
OpraHi3am NoAMHN Ma€ Taki piBHI opraHisauii, AK MONEKYyNAPHUNA, KNITUHHUA, pi-
BEHb OpraHiB, CUCTEMHUIA, opraHiamoBui. HaBegitb npuknagn ¢isnyHmx, XimiyHUx um
dizionoriyHyx npouecis 06MiHy peyoByH, WO BiOYBaOTbCA Ha KOXHOMY i3 LIMX PiBHIB
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opraHi3auii opraHiamy noguHu. 3anoBHiTb y poboyomy 30LmnTi Tabnumuio Ta chopmynto-
Te BUCHOBOK.

PiBeHb opraHisauii Mpuknaan npoueciB 06MiHy pe4yoBUH
MonekynapHuin
KnitnHHmi
PiBeHb opraHis
CucremHuin
OpraHiamoBui

Bionoria + ®isnka. 3aKoH NoBepxHi Tina

Makc Py6Hep (1854-1932) - Himeubkuin oisionor,
chopmynioBaB 3aKOH MOBEPXHI Tina, AKMIN Bifgobpaxae 3a-
NEXHiCTb Mi>K IHTEHCMBHICTIO OOMiHY peYOBMH Ta NJoLLelo
Tina. B OCHOBI LibOro 3aKoHy NexuTb CyTo di3nyHe ABMLLEe
BMAANIEHHA BHYTPILLHbOT TEMMOBOI eHeprii 6yab-AKoro Tina
yepes NOro NOBepxHi0. B oMy CyTHICTb 3aKOHY MOBEpPXHi
Tina? Aki ¢i3nyHi npouecn 3abesneuyoTb TENNOBIgAAYY B
OopraHi3mi nognHu?

CTABJIEHHA

bionorisa + Cnopt. O6MiH peuyoBuH i 6ir

AK nokasanu [OCNigXKeHHA, IHTeHCUB-
HiCTb OOMiHY pPEYOBUH Yy CNPUHTEPIB Y
3abirax Ha 100 m cTaHoBUTb 22 KBT, a B Ma-
padoHuiB (Ha 42 km 195 m) - 1,6 kBT, wo
Maike B 13 pasiB MeHLwe (in. 80). BusHaute
1 MOACHITb: 1) AKMI YNHHUK BMNAMBaE Ha 00-
MiH PEYOBUH Yy LbOMY MNPUKNagi; 2) yomy
UVM JOBLUOK € AMCTaHLiA Biry, TUM HUXKUYNM
€ piBeHb MeTaboni3my B 6iryHa; 3) yomy Tino
CNpuHTEPa MYCKynucTe, a MapadoHusa -
HaBMNaKu.

In. 80. MapadoHcbKuii 6iryH i cnpuHTep

PE3YJIbTAT

3aBfjaHHA ANA CAMOKOHTPOJII0

1. LLlo Take YMHHVKM 06MiHY peuoBKH? 2. Ha3BiTb rpynu YNHHWKIB, WO BMNIMBAOTb
Ha 06MiH peyoBUH. 3. HaBeiTb NpUKNagn 30BHILWHIX 1 BHYTPILUHIX YNHHWKIB 0OMi-
1-6 | Hy pevoBuH. 4. Lo Take perynauis 06MiHy peyoBrH? 5. Ha3BiTb OCHOBHI TMMu pery-
nALii 06MiHy peyoBVH Ta eHeprii. 6. HaBeaiTb NpuKknagm HepBOBOI i TyMOpanbHoOI
perynsuii 0bMiHy peYoBUH.

7. AKi YNHHVIKM BNNMBaOTb Ha OOMiH PeYOBWH 1 MePeTBOPEHHA eHeprii B opraHi3mi
7-9 |nognHn? 8. K perynioeTbcsa 06MiH peyoBMH B opraHi3mi nioguHn? 9. Ak Bigbysa-
€TbCA HEPBOBA I r'yMopasibHa perynauis obMiHy peYoBuH?

10. Aki di3nyHi, ximiuHi Ta PisionoriyHi NpoLiecn CTaHOBNATbL OCHOBY 0OMiHY peyo-
BUWH, eHeprii Ta iHdpopmaLii?

§ 32. HenporymopanbHa perynsuia npouecis metaboniaMmy B opraHismi nogrHu

10-12
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Y3aranbHeHHA TemMmu 2.
OBMIH PEYOBWH | NEPETBOPEHHSA EHEPTII

OBMIH PEYOBUH | NEPETBOPEHHA EHEPTII -
Lie CyKYMHiCTb NPOLECiB, o 3abe3mneuyioTb HAAXOAKEHHSA PEUOBUH 11 eHepril i3
cepefoBuLLa, IXHE NEPETBOPEHHSA y 6IONOTiYHUX CUCTEMaX Ta BUAANIEHHA NPOAYKTIB
KUTTEQIANBHOCTI N eHeprii HA30BHi.

Etanu o6miHy pe4oBUH bioenemeHTn, WO HagxoAATb
1. Hapxop»KeHHA pevyoBUH 11 eHeprii fo) 1. OpraHoreHu (C, O, H, N)
2.MNepeTBOPEHHA PEYOBKH 11 eHepril B | 2- MakpoenemerTu (Na, K, Ca, Fe, Mg, P, S, Cl)
3. BuganeHHA peyoBuH 11 eHeprii M | 3. MikpoenemenTu (I, F, Cu, Zn, Co, Mn)
Tunu o6MmiHy pe4yoBUH 1 bioHeopraHi4Hi pe4oBUHN, L0 HAAXOAATD
. . H |MpocTi peuoBrHU: MeTanu i HemeTanu
ABTOTPODHUI TUM O6MIHY -
. ; CKnagHi peYoBUHN: OKCUAM, KUCSIOTH, OCHO-
leTepoTpodHMI TN O6MIHY . h
P |Bu i1 coni
OcHOBHi npouecu metabonismy E bioopraHi4Hi pe4oBUHN, L0 HAAXOAATD
I. AHaboni3m (biocuHmes 6inkis. :
biocuHmes syznesoodis. biocuHmes nini- B 1. Mani monekynu: MOHocaxapuam, aMiHO-
0is. biocuHme3 HyKelHosuUX Kuc0m. " KUCNOTK, XXUPHI KNCIOTU, HYKNeoTUAMN
®omocuHmes. XemocuHme3s) H 2. Makpomonekynu: 6inku, nonicaxapuam,
1. Kataboniam (Mikoni3. bpodiHHA. HyKneiHoBi Kucnotu. JIinigHi komnnekcn
OKucCHIosasnbHe (hochoputo8aHHA)

CKnaj xap4oBuUX NpoAYKTiB

[opaTkoBi peuoBUHN

(3axucHa, pe2ysiamopHd,

iHGpopmauitiiHa pyHKYiT)
Bopa. MiHepanbHi peyo-
BMHW. OpraHiyHi Kncnotu.
KnitkoBurHa. MeKkTnHW.
BitamiHn. XapuoBi go6aBku.
CmakoBi 106aBKK

MoXuBHi peyoBUHN
(cmpykmypHa Ta eHepzemuyHa yHKUii)

binku (po3wenntoTbCA Ha aMiHOKUCIOTN)

1 1 6inKiB Nig Yac OKUCHEHHsA BUBINbHAE 17,6 KX eHepril
Kupu (po3LennioloTbCA Ha XKUPHI KUCIOTK | riiLepon)

1 1 KMpiB Nig Yac OKNCHEHHA BMBINbHAE 38,9 KX eHepril
Byenesodu (po3LiennoloTbCa O MOHOCAXapyAiB)

11 BYrneBoOAiB Mif YaC OKMCHEHHA BUBINbHAE 17,6 KX eHeprii

Ta6nunysa 3. PIBHOMAHITHICTb A 3HAYEHHA BYTNIEBOAIB, NINIAIB A BINKIB

Tema 2. OBMIH PEYOBUH | MEPETBOPEHHA EHEPTIT

HasBa Knacuoikauis QYHKLT
|. MoHocaxapugm (pnb6o3a, fe3okcnprnbo3sa, riKkosa,
dpykTO3a)
Byrne- | Il. Qucaxapwan (nakTo3a, caxapo3sa, Tperanosa, Manb- | EHepretnyHa. CTpyKTypHa.
BOAM TO3a) PesepBHa. 3axmcHa
Ill. Monicaxapuaw (rnikoreH, Kpoxmanb, LEeNtoN03a,
MypeiH, XiTWH)
I. MpocTi ninign (Bockwn, onit, unpwn) EHepretnyHa. CTpyKkTyp-
Tlinigu Il. Cknagni ninigw (rnikoninign, pocdoninign, ninonpo- | Ha. PesepsHa. 3axncHa.
TEIHW) PerynatopHa. BogoyTso-
II. Ninoigw (ctepoigw, TepneHn) proBasbHa
o . . . EHepretnyHa. CTpyKTyp-
I. MpocTi 6inkn (anbbymiHwu, ro6yniHW, FiCTOHN, CKne- p PyKTYP
. Ha. Pe3epBHa. 3axncHa.
. ponpoTeiHn)
binkun . . . . . PerynatopHa. PeuentopHa.
Il. CknagHi 6inku (rnikonpoTeiHy, ninonpoTeiHy, .
.. . .. KaTanitnuHa. PyxoBa.
HYKneonpoTeiHy, XpoMonpoTeiHu, pocponpoTeiHn)
136 TpaHcnopTHa
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CamMOKOHTpPOJb 3HaHb

Tect 3. OBMIH PEYOBWH | NEPETBOPEHHA EHEPTII
I. 3aBpaHHA 3 BU6GOPOM NpaBUAbHOI BiANOBIAi (no 1 6any 3a KOXHY NpagusbHY
8i0N08iob)
1. Po3wwenneHHA opraHiyHyX PeYoBUH rymycy nig Ai€to depMeHTiB 3 KNiTWH rprbis
€ NPUKIaZoM

A aHabonizmy b katabonizmy
B meTabonizmy I TpaBneHHA
2. fAkwui i3 MikpoenemeHTIB 6epe yyacTb B yTBOPEHHI BiTaMiHy By,?
A Kobanbt b MaHraH
B LinHK I Moni6aeH
3. YKaxiTb HiTPOreHOBMiCHY OCHOBY pUOOHYKNeoTUgiB, AKOI Hemae B AHK.
A apeHiH b ryaHiH
B TumiH I ypauun

4. YKaxiTb poC/IMHY-HaniBnapasnTa, Ana AKOI XxapakTepHe
aBTOTPOdHE 11 reTepoTPODHE KMUBNEHHS.
A BULWHA b omena 6ina
B pocmnuka I noButnuA
5. YKaxiTb yMOBY, Bifl AKOI HE 3aN1eXKNTb aKTUBHICTb TPaBHUX GepMeHTiB.
A TemnepaTtypa
b KoHueHTpauia cybcTpaTy 1 depmeHTy
B pH cepepoBua
I KoHueHTpauia noHis Hatpito 1 Kanito
Il. 3aBpaHHA Ha BCTAHOBJIEHHA BIANOBIAHOCTI (2 6asu 3a npasusibHe 3icmas-

JIeHHHA)
6. YcTaHOBITb BiANOBIAHICTb MiXK Fpynoto 6iomonekyn Ta npeacTaBHUKaMM.
A moHocaxapugun 1 anaHiH, BaniH, nenynH
b amiHokmcnoTtu 2 TeCTOCTepPOH, eCTPOoreH
B ninoign 3 KonareH, KepaTuH, oceiH
I nonicaxapugn 4 punbo3a, rnoKosa

5 uentonosa, XiTuH
7. YCTaHOBITb BifNoBiAHICTb MiX NpoLecammn 06MiHYy PeUYOBUH Ta CTPYKTYpamu ey-
KapiOTUYHOT KNITUHW, WO iX 3QiNCHIO0Tb.

A pennikauifa 1 xnoponnactn

b rnikoni3 2 rnaaka ENC

B GiocuHTe3 nininis 3 rianonnasma

I ¢oTocnHTE3 4 wopcTka ENC
5 Aapo, Hykneoig

Y3aranbHeHHs Tamu 2. OBMIH PEYOBWH | MEPETBOPEHHA EHEPTII

lll. 3aBpaHHA 3 BM6OpOM npaBuNbHOI KOMGiHaLii BignoBigen (3 6as1u 3a npa-
8UJIbHY KOMbIHAUiO)
7. YKaxiTb O3HaKWM, O XapaKTepu3yloTb 306 paxXeHNn opraH JOPOCIOoT NIOAUHN.

A HasBa b HanexHictb fo cuctemn B 3HaueHHA

1 Hupka 1 TpaBHa 1 ceyoyTBOpEHHA

2 WAYHOK 2 pauxanbHa 2 GioTpaHcpopmauisa

3 cenesiHka 3 BufinbHa 3 KPOBOTBOpPEHHsA

4 neuviHka 4 KpOBOHOCHa 4 ra3oobMmiH 137
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Tema 3. CMMTAAKOBICTb | MIHJIUBICTb

Ycnaokosytomsca He cami 03HAKU, a CNA0KO8i YUHHUKU,
W0 8U3HAYAIOMb PO3BUMOK YUX O3HAK.
I. MeHdenb

§33. OCHOBHI MOHATTA TEHETUKIU

OCHOBHI NOHATTA 1 Kno4oBi Tepminn: TEHETUKA.

MpurapanTte! Lo Take reHeTunKa?

X HoBuHu HayKu

AHaniz ¢parmenTiB JHK pgaBHix Kiwok, uui 3a-
NINWKN 3HAXOAWUAW B EFUMNETCbKUX Nipamigax, nigTeepaus,
L0 CyYacHi mopoam AOMALLHIX KillOK MOXOAATb Bif OQHOro
3 niaBuaiB Kiwku oukori (Felis silvestris), a came Big gUKOI ni-
BilcbKoT Kiwkn (Felis silvestris lybica), apean akoi oxonoe
niBHiyHy AdpuKy 1 niBaeHHo-3axigHy Asito. OgomaluHeHHsA
noyanocs we B HeoniTi. Y Taknin cnoci6 naseozeHemuka
JOrnomarae 3po3ymiTi eBOSIOLil0 OpraHiYHoOro cBiTy. A Ake
3HaYEeHHA iHWWX PO3AiNiB Cy4yacHOI reHeTUKn?

3MICT

AKi ocHOBHI po3ainu cyyacHoi reHeTUKN?
FEHETUKA (Big rpeu. geneticos — NOXOMXKEHHA) — Hayka
npo 3aKOHOMIipHOCMI cNadKo8OCMIi Ma MiHAUBOCMI Op2aHi3mis.
[laTolo HapopKeHHA reHeTuKK BBaXkaeTbca 1900 p., konu 6yno
nepesigkpuTo 3akoHu . MeHpens, chopmynboBaHi HUM Lwe y
1865 p. TepMiH «reHeTVKa» 3aNpoOnoHyBaB OAWH i3 il 3aCHOBHU-
KiB aHrnincoKkuii 6ionor Bineam bemcoH (1861-1926) y 1906 p.
Benunke 3HaueHHA gnA CinbCbKOro rocnogapcTaa, MegmunHy,
BeTepuHapii, cnopTy, KpUMiHanictuky, dapmaueBTUKN MatoTb
TaKi BXe BiJOMi BaM po3ginu, AK cenekuinHa, meanyHa, pagia-
LinHa, nonynauifHa, monekynapHa reHeTnka. OKpiM Ha3BaHUX PO3[iniB BUHUKAN 1
PO3BMBaOTLCA eniceHemuKa, eko2eHemuKa, hapmMaxKoeHemuKd, NCUXO02eHeMuUKa Ta iH.
Enizenemuka p[ocnifye 3MiHN aKTUBHOCTI FeHiB, 3a AKMX cTpykTypa AHK 3anu-
LIAETbCA HE3MIHHOW. HanKpallolo iNoCcTpaLi€lo 3HaYeHHA LbOro PO3Ainy reHeTuKku
€ POSib enireHeTUYHNX MeXaHi3MiB y npouecax iHAUBIAYanbHOIro PO3BUTKY, KOn 3
KNITUH 6nacTynu 3 ogHakoBKM reHOTUMOM BMHUWKAKOTb Pi3Hi crneuianizoBaHi KNiTUHMN.
Lle ogHMM npuKnagom, WO MOKasye 3HaYeHHA enireHeTUKn, € JOCNIAXKeHHA, Wo A0-
BOAATb 3a/1€XHICTb 340POB'A NIOAUHMN Bifi TVX YMOB, 3a IKMX Bif0YBanocsa Noro paHHE
bopmyBaHH=.

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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CyyacHa nofvHa XuBe Yy cepefoBULLi, WO LWBUAKO 3MIHIOETbCA. Y HbOMy
BUHMKAE 6araTo HOBUX [A/A FeHOTUMIB Jlofaen YMHHUKIB. Peakuii reHoTuniB Ha
3MiHM YMOB CepefoBuLa iCHYBaHHA JOCNiAXKYe ekozeHemuKkd. Okpemum ii po3gi-
NOM € (hapmakozeHemukKa, 10 BMBYAE 3HAYEHHA CNaKOBOCTi Y popMyBaHHI iHAW-
BiAyanbHMX peakLin opraHiamy Ha fikapCbKi npenapaTy, WO MOXKYTb MPOABAATUACA Y
BUMNAAI NigBULLEHOT Yy TANBOCTI, TONIePaHTHOCTI WoJo BNAMBY abo HE3BUYHOI, Yacom
napagoKcanbHoOI Bignosigi.

McuxozeHemuka, abo reHeTrKa NoBeAiHKN (aHrn. behavioural genetics), BBYae
PONib TEHETUYHMX UMHHVKIB Y BM3HAUYEeHHI 0CcobnmMBOCTel noBefdiHKM. HUHI BXe €
3arasibHOBIJOMMM $aKTOM, LLO 30BHILLHICTb, PUCK XapaKTepy Ta 0co6/MBOCTI nose-
OiHKM nognHu 6arato B YOMYy BU3HauyalTbCA CMafKOBUMMN YMHHMKaMK. OfHaK HOBI
HayKOBi [JOCNiXeHHA 3acBifuytoTb, WO POfb reHiB y dopmMyBaHHi NoBefiHKKU opra-
Hi3MiB € LWe 6inbll 3HAUYLOI0, HiXXK MPUNHATO BBaXKaTW. Tak, BUEHi BUABUIN JOKa3N
iCHYBaHHSA reHiB, WO BM3HAYaloTb COPOM'A3NINBICTb, CXUIIbHICTb A0 WACTA, 34aTHICTb
nepeHoOCUTM CTpeC, TATy A0 NOJOPOXKEN YN SIIHOLLIB TOLO.

3 pocnigxeHb CnagKoBMX OCHOB rpyn KPOBi TBAPUH i NIOANHN, YYTANBOCTI Pi3HUX
BM[iB OpraHi3aMiB Ta oKpemMmnx oCoOMH A0 Aii TOKCMHIB | CNPUIAHATANBOCTI A0 iHbEK-
Ui po3noyana CBill po3BUTOK iMyHo2eHemukKa. HuHi ii LOCATHEHHA 3aCTOCOBYIOTb Y
TpaHcnnaHTonorii, 6iotexHonorii, cenekuii Ta iH.

OTXe, BOCATHEHHA CYyYaCHOI FeHETUKM € OCHOBOI 6araTbox AOCHigXeHb
N OOCArHEHb y TakUX rany3ax QianbHOCTI NOAWHN, AK MeQULHA,
eKonorif, Ncuxonoris, 6ioTeXHONOris, MPOMMUCIOBICTb TOLLO.

Yomy reHeTunKa € HayKoto?
[eHeTUKa € BaXKNMBOIO HAyKO CyYaCHOCTI, OCKinb-
K1 Ma€ npeameT Ta 06'eKTM JOCNigKeHb, BNlaCHi MeTo-

OCHOBHi NOHATTA reHEeTUKN
1. CnagKkoBicTb

OV, MOHATTA 1 CUMBOJIW, TEOPETUYHY OCHOBY Y BUMNALI

2. MiHnuBicTb

3aKOHIB 11 TeOPIl Ta NpaKTUYHe 3HayYeHHA. [[pegmeToM |3 ren

reHeTVkn € pyHAaMeHTanbHi BNacTUBOCTI XMBOro — |4. Oex

CNagKoBICTb | MIHAMBICTD. 5. TeHoTtun
6. ®eHoTynn

CnagKoBicTb — 30aMHiCMb XUBUX Op2aHiamie
nepedasamu cg8oi 03Haku U ocobsusocmi iHOugidyase-
HO20 po38UMKY HAwjaokam. Po3pi3HATb fBa BUAW
CNafjKoBOCTi: AAepHY N uuTonnasmatuuHy. Matepi-
aNlbHMW HOCIAMM CNAaAKOBOCTI € XPOMOCOMWU, [0
cknapy Akux Bxoautb AHK. Mepepauy cnapgkosoi iHdopmMaLlii HACTYNHOMY NMOKOJTiHHIO
30iNCHIOITb CTaTeBi KNITMHM 3a CTaTEBOr0 PO3MHOMEHHA i COMATMUHI KNiTUHU Y
BUNAAKY HeCTaTeBoro BigTBOpeHHA. [1pn uboMy nepeatoTbCA He 0O3HaKK 1 BNacTUBO-
CTi ManbyTHbOro OpraHi3my, a CNafKoBi 3aAaTKK, WO iX Ha3MBAOTb FeHaMu.

leH - 0inAHKa mMoneKynu HyKaeiHo8ol Kuciomu, ujo Kooye iHgpopmauyito npo 6inok
abo PHK ma su3Ha4ae o3HaKku opaaHiamig. KOXXHUIM reH po3TalloBaHWiA Y NeBHil Xpo-
MOCOMi, ie 3aiMa€ BM3HayeHe MicLe — NOKyC. KoxHa comaTyHa KniTuHa MiCTUTb Au-
NAOIAHWIA Habip roOMOJIOTIUYHKX XPOMOCOM, WO MatTb Y CBOIX JIOKyCax pi3Hi dpopmu
OQHOro reHa. Asenli - cmaHu 2eHd, Wo 8U3HAYAIOMb NPOABU O3HAKU U po3mawiosd-
Hi 8 00HAKoBUX OiIAHKAX 20MOJI02iYHUX XPOMOCOM. Aneni OfHOro reHa BM3HavyaloTb
pi3Hi NPoABM O3HaKM (Hanpuknag, XoBTe 11 3eneHe 3abapBneHHA ropoxy). OgHa 3

7. JOMiHaHTHMI anenb
8. PeuecmBHUI anenb
9. lomo3uroTa

10. leTepo3uroTa
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rOMOJIONYHNX XPOMOCOM Hece asneslb Bif MaTePUHCbKOro OpraHismy, a gpyra — Big
6aTbKiBCbKOro. AnesibHi reHn MoXyTb OyT domMiHGHMHUMU (NO3HAYalTb BEINKU-
MU NliTepamn naTUHCbKoi abeTku: A, B, C, ...) i peyecusHumu (No3HavaloTb ManvMin
niTepamu NaTUHCbKOI abeTKu: a, b, ¢, ...). B 060X rOMOMOTiYHMX XPOMOCOMAX MOXYTb
nepebyBaTi ofHaKoBi abo pi3Hi anenbHi reHn. lomosuzoma — ye ou- abo noninsnoio-
Ha KnimuHa (0cobuHa), 20MoJ102i4HI XpOMOCOMU AKOI HeCymob 0OHAKOB8I dasesii NegHo20
2eHa. [oM0O3UroTHa ocobrHa B NOTOMCTBI He A€ PO3LLeneHHA, YTBOPIOE OVH COPT
rameT; nosHavaiwTtb AA abo aa. lemepo3suzoma — ye ou- abo NoninIoiOHA KNiMuUHa
(ocobuHa), 20Mos102i4Hi XpOMOCOMU AKOI HeCymeb pi3Hi aneni negHozo 2eHa. [eTepo3u-
roTHa 0cobuHa B MNOTOMCTBI A€ PO3LUENSIEHHS, YTBOPIOE Pi3Hi COPTU rameT; No3Ha-
yaloTb Aa.

AnenbHi reHn B rOMO3UroTHOMYy abo reTepo3vMroTHOMY CTaHi YTBOPIOKOTb
reHoTun. feHomun - cykynHicme ycix 2eHie opzaHiamy, wjo odepxaHi 8i0 bameokis.
Lle cnagkoBa nporpama opraHiamy, Aka € LiniCHO N B3aEMOZII0YOI0 CUCTEMOIO re-
HiB. [eHOTUN Y B3aemogii i3 cepefoBULLEM BU3HAYAE heHOMUN — CYKYNHICMb 03HAK
i enacmusocmeli opzaHiamy, fAKi € pe3ynibmamom 83aemolii eeHomuny 3 ymosamu
308HiWHb020 cepedosuwya. DeHoOTMN 0COOMHM 06'€eAHYE He nuLe 30BHIiWHI Mopdo-
NOTiYHi 03HaKK, a N B6ioXiMiuHi, LMTOMOriUHi, aHAaTOMIUHIi Ta iHWI O3HAKWY, WO 3aBAAKN
MiHAIMBOCTI MOXYTb MaTV HaPi3HOMaHITHiLWi NPOABMW.

MiHnuBicTb - 30amHicme xusux opea-
Hi3mi8 Habysamu HOBUX O3HAK i ixHix cma-
Hig y npoueci iHOUBIOYyabHO20 PO3BUMKY.
3abe3neyye MpMCTOCOBAHICTb OpraHi3mis
0O YMOB cepefoBulia (HecnagkoBa MiH-
NMBICTb) Ta NOABY O3HaK, 3aBAAKU 4YOMY
YyTBOPIOKTbCA HOBi BMAW i BigbyBaeTbcA
iCTOPMYHUIA PO3BUTOK »KMBOFO (CMagKkoBa
MiHAMBICTb). O3Haka - ue ocobausicme
Oop2aHi3my, wo icHye y c8oix nposasax. Ha-
NpuKnap, 3abapBneHHA HAciHWH FOPOXY | 81, PisHomaHiTHICTb deHiB 3a 03HaKOIO
NMOCIBHOrO € O3HAKO, a »KOBTUI N 3ene- 3a6apBJIEHHSA B KilLKU JOMAaLIHbOT
HU KOMNIp HaCiHWH — LUe NPOABU O3HaKWn
3abapBrieHHs. KOXXHa O03HaKa BM3HAYAETbCA CKNAAHUMU NPOoLecaMy Ha MOJEKYsAp-
HOMy piBHi opraHi3sauii 3a yvacTi 6ifKiB, 3aKOfOBaHMNX MNEBHVM F€HOM YU reHaMW.
Jna nosHaueHHs nposAsiB o3Hak B. MoraHceH we B 1909 p. BBiB NOHATTA deH.
®PeH - oKpeMuii BapiaHT MeBHOT O3HaKW, L0 BM3HAYAETbCA FEHOTUMOM 1 yMOBaMu
cepeposwuwa (in. 81).

OTXe, reHeTVKa BMBYA€E ABI NPOTUNEXHI 1 HEPO3PUBHO MOEAHAHI
BIACTUBOCTI, XapaKTePHi 4151 BCbOTO »KMUBOTO.

Tema 3. CMAAKOBICTb | MIHJTUBICTb

BIANIbHICTb
M CamocrTiliHa po6oTa i3 cumBonamm

BusHauTe OCHOBHI CMMBONW reHeTUKM i 3anuWitb y poboui 3ownTtn. MoACHITb
CMMBOJU, WO TX BUKOPMCTAHO Ha intocTpaLii cxeMn MOHOTiOpUAHOro CxpelLlyBaHHs.
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.. — 6aTbKiBCbKi 0COOUHM

.. — CXpeLlyBaHHA 0cobuH

.. — Y0noBivi 0cobuHu abo rameTu
.. = XiHOUi 0CO6UHM abo rameTu
.. — Hawagku, abo ribpuan

.. —rametun

.. — CTaTeBi XpOMOCOMMU

.. — BOMiHaHTHI NPOABM O3HaKMN
.. — peuecmnBHi NpoABY 03HaKM
.. — TOMO3UTrOTU AOMIHAHTHI

.. = TOMO3UrOTN peLecnBHi

.. — TeTepo3nroTn

bionoria + AHrnilicbka moBa

Mepeknafitb TeKCT i NiAroTynTe NOBiJOMNEHHA Npo Binbrenb-

Ma MoraHceHa.

«Wilhelm Johannsen (1857-1927) was a Danish botanist,
plant physiologist, and geneticist. He is best known for coining the
terms gene, phenotype and genotype, and for his 1903 "pure lin"
experiments in genetics. The terms ‘genotype; ‘phenotype’ and ‘gene’
originally had a different meaning from that in the Modern Synthesis.
These terms were coined in the first decade of the twentieth century

F, - reHepauis

F, - reHepauis

by the Danish plant physiologist Wilhelm Johannsen. His bean selection experiment
and his theoretical analysis of the difference between genotype and phenotype were
important inputs to the formation of genetics as a well-defined special discipline».

Q CTABJIEHHS

3 -' Bionoria + Jlitepartypa

Mepepn Bamy YoTupw intocTpadii. 3HandiTb MiXX HUMK 3B’A30K, BM3HauTe TeMy Ta
nigroTynTe TBip-MiHiaTIOPY B TaKOMY »KaHPi Cy4acHOI niTepaTtypu, AK ONOBigaHHA.

PE3YJIbTAT

3aBAaHHA AnA CAMOKOHTPOJII0

1. Wo BuBYae reHeTuKa? 2. Ha3BiTb OCHOBHI po34inu cyyacHoi reHeTuKN. 3. Ha3BiTb
1-6 |ranysi gianbHOCTI NOAVHY, ONA AKX FeHeTUKa Ma€ Halnbinble 3HauyeHHs. 4. o
Take cnagkoBicTb? 5. LLlo Take miHnuBicTb? 6. LLlo Take reH i peH?

7. AKi OCHOBHI pO3Ainn cyyacHoi reHeTuKmn? 8. flke 3HaUYE€HHA reHeTUKN B NPaKTny-
HiN AiAanbHOCTI NtognuHK? 9. Yomy reHeTnKa € HayKoto?

10-12 | 10. Yomy cnapKoBiCTb 1 MIHNUBICTb € PyHAAMEHTaNbHUMMN BNAaCTUBOCTAMMU »KNBOFO?

[MpaBo anst 6e30nNnaTHOro0 PO3MiILLLEHHS!

niapy4Huka B Mepexi [HTepHeT mae

§ 33. OCHOBHi NMOHATTA reHETUKMN

141

MiHicTepcTBO OCBITU | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHi3aLii 3micTy ocsiTu hitps://imz@lgov.



JocmosipHicme U kopucHicms 6y0b-aK020 ekcnepumeHmy
8U3HA4YarMbcsa npudamHicmio o6paHoz2o0 mamepiany.
. MeHdenb

§ 34. 3AKOHOMIPHOCTI CMAAKOBOCTI.

I TA Il BAKOHU MEHOENA
OCHOBHi NOHATTA N Knw4oBi Tepminm: FN6pugonoriuHnm metog. 3AKOH
OAHOMAHITHOCTI ribPUAIB NMNEPLUOIO NOKOJIIHHA. 3AKOH PO3LLENN-

JIEHHA.
MpurapanTe! Lo Take cxpelyyBaHHA?

& Momipkyiite!

Fopox nociBHUi (Pisum sativum) — ogHOpiYHa TpaB's-
HUCTa POC/IMHA poauHu Bo6oBI, WO yYacTo Ciyrye ob’eKTom
HayKOBUX JocnigxeHb. [Opox NOCiBHMI CTaB HaMAaBHIWWUM MO-
JeNbHMM OPraHi3aMOM y reHeTuLi, Noro BUKOPUCTOBYIOTb B €KO-
Norii ANA BUBYEHHA MOX/IMBOCTEN POCAVH LWOAO MOLWYKY BOAU,
3[4aTHOCTi BUKOPVCTOBYBATMN 3BYKU A1 POCTY B HAaNpPAMKY BOAN,
Yy KOCMiYHin 6ionorii gna gocnifgeHHA pocTy B YyMOBax HeBaro-
MOCTI Ta iH. IKi 0CO6MMBOCTI rOPOXy NOCIBHOrO AIK MOAESIbHOTO
opraHismy?

3MICT

3aBasakv yomy I. MeHgenb gocar ycnixiB y gocnigKeHHi ycnagky-
BaHHA 03HaK?

CBoi gocnigkeHHs 3 ribpuansauii pocnvH Fpezop Mozann Mendens (1822-1884)
po3nouas wwe B 1856 p. OCHOBHI » 3aKOHOMipHOCTI cnagkoBocTi 6yno cbopmynbo-
BaHO HUM B 1865 p. i ony6nikosaHo B npaui «[Jocnign Hag poCiIMHHMY FiGpraamms.

OcHoBoto ansi GopMystoBaHHA 3aKOHIB CMagKoBOCTI CTany GaraTopiuHi gocnian 3
CXpeLlyBaHHA 20poXy nocieHo20 (Pisum sativum), AKNI BUSIBUBCA ifeanbHUM 06'€K-
TOM JocnigkeHb. [TOPIBHAHO 3 iHWMMW BUAAMU FOPOX MaE HKU3KY nepeBsar: 1) pisHo-
MaHiITTA COpTIB, WO PIi3HATLCA KOHTPACTHUMW (anbTepHATUBHMMU) NPOABaMM O3HaK
(Hanpuknag, »koBTe N 3eneHe 3abapBNeHHA HaCiHUH); 2) HeCKNagHe BUPOLLYBaHHS;
3) camo3anuieHHaA Ta nepexpecHe 3anuneHHs, Wo 3yMOBIOITb MOX/IMBICTb LTYYHOrO
cXpeLllyBaHHs; 4) UiTKe ycnafkyBaHHA O3HakK. [. MeHgenb ana gocnigxeHb BULINWB Yy
ropoxy NOCIBHOrO cepef Pi3HOMaHITTA Oro
O3HaK 1 IXHiX MNPOABIB NKLe CiM FOMIOBHUX:

1 — NOBEpPXHI0 HaCiHHA; 2 — 3abapBreHHA @ O *] & (%
HaciHHA; 3 — 3abapBneHHA KBITOK; 4 — po3- )

TallyBaHHA KBIiTOK Ha NaroHi; 5 — JOBXNHY
cTebna; 6 — dopmy 606iB; 7 — 3abapBneHHs
606iB (is1. 82).

Opyrotlo  0co6nuMBICTIO  AOCHigXeHb
. MeHgena 6yno Te, wo BiH obupas anA
,EI,OCHIAII'B ?PraH|3MM, AKl f-lanemanl/l fo qu-. In. 82. O3HaKM ropoxy MocCiBHOrO,
cmulem-uu, TO6TO op.eaHlsMu, 8 AKUX Y pAOI o ix Gyrno enginero I. MeHpenem ans
142 NOKOJIiHb HE cnocmepieanocs po3wenseHHa [OCHIAKEHb CNafKOBOCTI

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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03HAK nid Y4ac camo3dnuJsieHHs. IHWNMK CTOBaMU, B POC/IVH, AKi BUPOCTasN 3 >)KOBTOIO
HaCiHHA, JO3piBaNu NuLIe XOBTi HAaCiHWHW, @ B POC/IUH i3 3e/IeHUX HACiHNH — nnwe
3eseHi.

B rtoHoCTi I. MeHgensa py»e uikaBuna ¢i3vka, BiH BVBYAaB MaTeMaTKy 1 0CO6JIMBO
TakKi i po3ginu, AK Teopia MMOBIPHOCTEN 11 CTaTUCTMKA. Bce Le gano 3mory HayKoBLeBi
npaBWIbHO OPraHi3yBaTU HayKOBe AOCHiKEHHS, 060B'A3KOBUMU YMOBAMU AKOTO €:
1) ckpynynbo3He MnaHyBaHHA yCix AOCHifiB; 2) CyBOpe AOTPUMAHHA BCiX METOAUK;
3) TouHa peecTpaLia eKkcnepuMeHTiB i GikcyBaHHA OTPUMaHUX pe3ynbTaTis; 4) oTpu-
MaHHA JOCTAaTHbOI ANA CTaTUCTUUYHOT 06PO6KNM KiNIbKOCTI AaHUX.

Yci Ui ymoBM CTanu OCHOBOW TFiGPMAONOriYHOro MeToay AOCHiIAXEHHA CnafKo-
BOCTI, WO Moro 3anoyaTtkyBas came . MeHgenb. FN6puponoriudnii metopg — ye cxpe-
WyBaHHA 6ambKisCbKUX 0COBUH i 8UBYEHHA HAWAOKIiB-2i6pudig 3 Memor 8U3HAYeHHs
ocobiugocmeli ycnadky8aHHA Mux YU iHWUX 03HAK U 8s1acmusocmed.

OTXXe, acneKTn opraHisalii ekcnepumeHTiB, 3anoyatkoBaHi I. MeHgenem,
€ HeobXigHUMUN YMOBaMU MPOBELEHHA OyAb-AKOro HayKoOBOrO AOC/iAMEHHS.

Ak Big6yBa€eTbCA ycnagKyBaHHA O3HaK Mif Yac MOHOri6bpugHoro cxpeluy-
BaHHSA 0COGUNH?

Coi gocnigkeHHaA . MeHgenb po3noyas 3 MOHOTiGPUAHOro cxpellyBaHHS, 3a
AKOro 6ambKi8CbKi 0COBUHU pi3HAMbCA NPOA8aAMU O0HiI€ei 03Haku (in. 83). Ans pocnigis
6yN1I0 B3ATO POC/IVIHW YMCTUX JTiHI i3 XKOBTVM 1 3eIeHUM 3abapBNeHHAM HaciHHA. Y
nepLIoMy NOKOMiHHI HaLWaAKiB YCi rOpOLWMHW 3aBXAMN Oynn nuLLe )XOBTOro KOSbopy.
Asuwe nepedaxxaHHs 8 2ibpudie nepuwio2o NOKOJTIHHA NPOABI8 03HAKU 00HO20 3 6ambKie
MeHpenb Ha3BaB AOMiHYBaHHAM O3HaK (Bifi nat. dominancio — naHyBaHHsA), NPOAB
03HaKM B ribpuriB NepLuoro NnokosiHHA — 0OMiIHAHMHUM, A TOW, WO He NPOABUBCA, —
peuyecusHum (Bif, nar. recessus — BigcTyn). OQHOMaHITHICTb NepLioro ribpugHoro no-
KONiHHA Ta BUABMIEHHA B ribpunais nuwe AOMiHaHTHOrO NPOABY O3HAKM B Cy4yacHil
reHeTuLi Ha3nBAETbCA nepwum 3akoHom MeHoens, abo SAKOHOM OJHOMAHITHO-
CTITIBPUAIB NEPLUOIO NOKOJIIHHA:

Mig yac MoHOriGpMAHOro cxpeLlyBaHHA 6aTbKIBCbKUX OCOOMH,
WO Pi3HATbCA NPOABaMU OAHIEl O3HAKM, B MOTOMCTBI COCTepiranTbCcA
Nvle AOMiHaHTHI MPOSIBU O3HAKW, N YCi HawagKkyu 6yayTb OfHOMAHITHUMMN
AK 3@ FrEHOTUMOM, TaK i 3@ GpEeHOTUMOM.

Mpu cxpellyBaHHI reTepo3nroTHMX ribpuais Nepworo NOKoNiHHA MiXx coboio B
LPYroMy NOKOJiHHI 3'ABAATLCA OCOOMHU fK 3 JOMIHAHTHMMM, TaK i 3 peLecrBHUMM
CTaHaMU O3HaK, TO6TO BUHUKAE po3wjensieHHs B NEBHMX BigHOWEHHsX. Po3wenneH-
HA O3HaK — AguuWe noAsu 060X nNpoAgie 03HAKU y 2ibpudie Opy2020 nokosniHHA (F,),
OMpUMAaHUX 8i0 Cxpeuwly8aHHA 2emepo3ueomHux ocobuH. Tak, y pocnigax MeHpens

i3 8023 »0BTUX Ha'CII-!I/IH ropoxy, OTpI/IMaHI/I)f P Q@ x3@
y BpYyromy noKoniHHi, 6yno 6022 XoBTuX i
2001 3eneHux. Y3aranbHowum GakKTUUYHUN Fre ?

. o rameTun A a
MaTepian, MeHgenb AiNLOB BMCHOBKY, WO Y 0@ x 3
OPYromy nokoniHHi 75 % ocobuH matoTb AOMi- ® 3 A |@
HaHTHUI NPOAB O3HaKW, @ 25 % — peuecuBHNA  F: 1 @A) 2 1 @ a (aa)

(po3wenneHHa 3 : 1). Lia 3akOHOMIpHICTb OT-
pumana Ha3By Opyz020 3akoHy MeHdens, abo In. 83. Cxema MOHOTIGPUAHOTO
3AKOHY PO3LLENMJIEHHA. CXpeLLyBaHHsA

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 34. 3akoHomipHocTi cnagkosocri. | Ta Il 3akoHn MeHpensa
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Mig yac MOHOriIGPMAHOrO CXpeLLyBaHHA ABOX Fi6puAiB nepLlioro
MOKOJIHHA, AKi € reTepo3nroTamu, B MOTOMCTBI CMOCTEpiratoTbCA
po3uenneHHa 3a ¢eHoTunom 3 : 1 i 3a reHotunom 1:2: 1.

OT>Xe, OCHOBHMMYM 3aKOHOMIPHOCTAMM, LLO MOACHIOTb yCnafKyBaHHA
NPOABIB O3HAKW, € MepPLWIM Ta APYrnin 3akoHn MeHpens.

AKnMN € oCHOBHI B3aemopii anenbHNX reHiB?

OCHOBHMMM BUAAMUN B3aEMOAIT anefibHMX reHiB € NOBHE JOMiHYBaHHA, HEMOBHE
JOMiHYBaHHA, KOOOMiIHYBAaHHA Ta MHOXUHHWIA aneni3m.

lMoeHe 0omiHy8aHHA — ye hopMa 83AEMOOIi aneslbHUX 2eHie, 3a AKoI'y eemepo-
3U20MHO020 Op2aHi3My OoMiHaGHmMHul anenb (A) nosHicmio npueHiyye Oito peye-
CUBHO20 (a). Y pe3ynbTaTi TaKOro BMAMBY B reTepo3nroT CNocTepiraeTbCa AOMIHaHT-
HUI NposB 03HaKu. Mpuknagom uiei bopmm B3aemogii € ycnaikyBaHHA KONbOPY Mo-
LiB y TOMaTa, JOBXUHU CTebna B ropoxy Ta iH.

HenoeHe OomiHyeaHHA — ye popma 83ae- ¢ -
MOOii anenbHUX 2eHis, 3a AKOT y 2emepo3ueom-  p She ﬁ P
Ho20 opeaHizmy (Aa) domiHaHmHud aneno (A)
He NoBHICMIO npueHidyye peyecusHul anesno
(a), 8HAC/NIOOK 4020 NPOABIAEMbCA NPOMIX-
HUU CMAaH 03HAKU. 3a NMOBHOrO AOMiHYBaHHA & i
po3luensieHHA 3a FeHOTUMNOM i ¢peHOoTMNOM F.
36iraeTbca  ctaHoBuTb 1 : 2 : 1. Mpuknaga-
MU O3HaK, AKi yCNagKoBYIOTbCA 3@ HEMOBHUM
LOMiHYBaHHAM, €: dopma BonoccA NOANHU
(kyuepnBe, xBunacTe 1 npame), 3abapBneHHA Nip'a Kypewn (YopHe, 303ynacTe 1 Gine),
3abapBJieHHs KBIiTiB HIUHOT KpacyHi (UepBOHe, poxeBe 11 6ine) Ta iH. (is1. 84).

MHo)XuHHUU aneni3m - ye Agulwye, 3a AK020 03HAKA 8 NONYJIAYii BUSHAYAEMbCA He
0soma, a Oekinbkoma anenamu. MHOXWUHHI aneni BUHMKaloTb BHAaCNiAOK MyTaLii ogHO-
ro reHa B pi3HMX 0COOMH. TaK, y MIOJUHN TpY anesfbHi reHn (ix nosHavatots i° 1%, 18) B
Pi3HUX NOEQHAHHAX BM3HaualoTb 4 rpynu KpoB.i 3a cuctemoto ABO. Cepii MHOXUHHUX
anenel BU3HayalTb TaKOX 3a6apBlieHHsA XyTpa B INCULb, KONip LWepCTi riManancbKo-
ro Kponuka. Y myxu gpo3odinu Bifoma cepisi anenis 3a reHom 3abapBneHHA oueit, Wo
CKnagaeTbcA 3 12 Bapialii: YepBOHa, KOPanoBa, BULWHEBA, abprKOCoBa, 6ina Ta iH.).

KodomiHyeaHHA — Le B3aEMOAIA anenbHUX reHiB, 3a AKOT Yy GeHOTMNI opraHiamy
NpoABnAlTbCA 06MABa aneni reHa. 3a TMNOM KOLOMiHYBaHHA B NIOAUHN yCMaKoOBY-
€TbCA YeTBepTa rpyna Kposi (reHotumn 1A18).

EE § BE

In. 84. MNpuknagn nosHoro (1) i Henos-
HOro (2) BOMiHYBaHHHA

OTxe, Mi>XK anenbHVMK reHamm 3a y4acTi iXHiX GyHKLioOHanbHMX
NpoayKTiB MOCTINHO BigOyBaloTbCA Pi3HOro pofdy B3aemopii.

Tema 3. CMAAKOBICTb | MIHJTUBICTb

DIANIbHICTb
M MpakTnuxa po6ora 2 (A)

Po3B’A3yBaHHA TUNOBUX Brpas 3 reHeTUKN. MoHoribpuaHe cxpeljyBaHHA
Mera: 3akpinuTy 3HaHHA | Ta Il 3akoHiB MeHzensa; dopmMyBaTh YyMiHHA PO3B'A3Y-
BaTU BMPaBM 3 reHEeTMKM Ha MOHOFIOpUAHe cxpeLlyBaHHA 3 MOBHUM JOMiHYBaHHAM,
144 HEeNOBHMM AOMiHYBaHHAM Ta ABMLLEM MHOXXWHHOTIO anenismy.
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3pa30K po3B’A3yBaHHA BNPaBM 3 FeHETUKMN
Bnpaea. Y momamig yepgoHe 3a6apeneHHsA nao0ie 0omiHye Hao xo8mum. [omo-
3U20MHA YepPBOHONJTIOHA POC/IUHA CXPEWyEMbCA 3 X08MONJIiOHO. Akuli Konlip N100i8
Mamumyme Haujaoku?

JaHo: Po38’Aa3aHHA
A - 4epBOHi NoaM Lle MoHOri6puaHe cxpellyBaHHA 3 MOBHUM JOMiHYBaHHAM:
a — >KOBTi Nnoaun P AA X aa
G
F,-? F, Aa-100%
(4epBoOHONNIAHICTD)

Bidnosgiob: BCi Halaaky 6yayTb YepBOHOMMIAHMY 32 GEHOTMMNOM i1 reTepo3mnro-

TaMu 3@ FeHOTUMOM.
3apaui 3 reHeTUKM ANA CaMOCTiliHOT po6oTu

Bnpaea 1. Y pasi cxpewy8aHHA 4ucmoi aiHii muwel 3 KOpUYHe8ow wepcmio 3 Yu-
cmoto niiHiero muwel i3 Cipoto wepcmio ompuMyroms HaWaokie 3 KopuyHesol wWep-
cmio. Bid cxpewysarHa F, ompumyome KopuyHesux i cipux muwel y cniegioHoweHHi
3: 1. [loAcHime pe3ynemamu cxpewysaHe.

Bnpaea 2. HasgHicme nieveHmy y 80/10CCi 1I00UHU OOMIHYE HA0 anbbiHizamom. Yo-
J108iK | OpyXXUHA — 2emepo3u20mHi 3a hizmeHmMauiero 800CcA. Yu Moxauge HapooxeH-
HA 8 HUX OUMUHU 3 anbbiHi3MoM?

Bnpaea 3. Y 1100uHU 8MiHHA 80/100iMU NepesaxHo NPasoto PyKoto — 0OMiHAHMHA
03HAKa, nigoto — peyecusHa. Yonosik-npasuwida, Mamu Aako2o byna niswero, 00pyxuscs 3
XiHKOIO-npaswer, 6ambKo AKoI nigwia. Aka imosipHicme HapoOXeHHs OUMUHU-JTi8wWi?

Bnpaea 4. [pu cxpewysaHHi 4opHO20 nigHA 3 6iNo0 KypKoto 8ci Kypyama 6ynu
cmpokamumu. B 0pyzomy nokoniHHi ompumaro: 24 cmpokamux, 12 yopHux i 10 6inux.
Akum 6yde nomomcmao 8i0 Cxpewy8aHHA: a) cmpokamux Kypel 3 HOpHUMU NigHAMU;
6) cmpokamoeo nigHA 3 6i10t0 KypKoto?

Bnpaea 5. YepsoHokeimkosy hopmy Hi4HOI KpacyHi cxpecmusiu 3 6iloKeimKogoro.
Axkum 6y0e nomomcmaeo 8i0 cxpewy8aHHs 2ibpudie nepuwio2o NOKOJiHHSA 3 6ioK8imko-
8010 POC/IUHOIK Y pa3i HeNo08HO20 OOMIHYBAHHA?

Bnpaesa 6. Y 6amobka 3a cucmemoto ABO | epyna kpoasi, y mamepi — Ill epyna. fiki epy-
nu Kposi MoXxymes 6ymu y ixHix dimed, AKWOo Mamu 2emepo3ueomHd 3a Yi€ro 03HAKo?

CTABJIEHHA

»

aﬁj 3aBaaHHA «<HeuymBiTep, napTeHoreHes 1 3akoHu Menpgensa»

Y ¢Biln yac npodecop 6oTaHikn 3 MioHxeHa K. Hereni nopagus I. MeHgenio nos-
TOPUTY AOCAIAN Ha iHWKUX BUAaX. MeHaenb WwaHo6aMBO Norogmecs 3 M. Ane y fo-
Cnigax Ha HeuymBiTPi, a 3rogom i Ha 6gkonax . MeHzenb He OTPYMAB NiATBEPAMKEHHS
BIOKPUTUX HUM QyHAAMEHTaNbHUX 3aKOHIB CnagKoBoCTi. MoACHITb, Yomy.

PE3YJIbTAT

§ 34. 3akoHomipHocTi cnagkosocri. | Ta Il 3akoHn MeHpensa

3aBAaHHA AN CAMOKOHTPOJIO
1. o Take ribpugonoriuHnii metog? 2. Ha3giTb nepeBary ropoxy MOCIBHOrO fK
1-6 |006'ekTa reHeTUUYHNX JocnigKeHb. 3. CoopmynioliTe nepwmin 3akoH MeHgensa. 4. Y
YoMy CyTb Apyroro 3akoHy MeHpgenaA? 5. Ha3BiTb OCHOBHi B3aeMofii anenbHUX reHis.
7. 3aBaaku yomy I. MeHgenb gocar ycnixis y AOCNIAXKeHHi ycnagKyBaHHA O3HaK?
7-9 | 8.1k BipbyBaeTbCA ycnaaKyBaHHA 03HaK NPy MOHOFIGPUAHOMY CXpeLlyBaHHi 0Co-
61H? 9. AKNMW € OCHOBHI B3aEMOJIiT anefibHUX reHis?

10-12 | 10. Yomy 3akoHN MeHpena matoTb CTaTUCTUYHIMI XapaKTep? 145
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Cnaodkosi 3a0amku nio 4ac ymeopeHHs 2ibpudis
He 3miwytomeocs U 36epizatomoscs 8 He3MiHHOMY 8U2/1A0i.
. MeHdenb

§ 35. 3BAKOHOMIPHOCTI CIMAAKOBOCTI.
3AKOH YUCTOTU rAMET. Il 3SAKOH MEHAENA

OcCHOBHi NOHATTA 11 Knto4oBi TepmiHn: 3AKOH YACTOTU TAMET. 3AKOH
HE3ANIEXKHOIO YCNAAKYBAHHA O3HAK.

Mpwuragaiite! Lo Take guribpuaHe cxpelyyBaHHA?

BctynHa BnpaBa

MNepeknagiTb 3 aHMNINCbKOI MOBW, 3iCTaBTe MOHATTA FrEHETMKN 3 BU3HAYeH-
HAMU Ta OTPMMAliTe Ha3BYy MiCTa, B AKOMY Ha nocagi abata ABrycTMHCbKOrO MOHacCTU-
pAa npautoBas I. MeHgenb.

1 Genotype |B A system of interacting genes in an organism

O The phenomenon, in which one of the allelic genes completely
suppresses activity of the other one

3 Splitting N Different development of one feature in posterity of an organism

4 Dominance |R The whole complex of signs and properties of the organism

2 Phenotype

3MICT

Y yomy nonAra€ sHa4eHHA 3aKOHY YNCTOTU rameT?

MosiBa cepen HalafKiB OCOOMH 3 peLecMBHVMM MPOSABOM O3HAK fafia 3Mory
Mengento [inTn BUCHOBKY, IO «CMAAKOBI 3adaTKM» MOXYTb MPUrHiYyBaTUCb, ane
He 3HuKaTU. OCKIiNbKM Nepeaaya CTaHiB 03HaK 3AiMICHIOETbCS Yepes3 rameTu, To 6yno
chopmynboBaHo 2inome3y yucmomu zamem. lMi3Hilwe UA rinoTesa oTpumana LMToONo-
riuHe NOACHEHHA i B CyyacHi reHeTuLi GOPMYNIOETLCA AK 3aKOH YMCTOTU rameT, Lo
Ma€ Hal3arasibHiWwuni xapakTep, TOOTO BUKOHYETbCA 3a 6araTboX yMOB.

3AKOH YUNCTOTWU AMET: nig yac yTBOpeHHA
CTaTeBMX KNITUH Yy KOXHY FameTy noTpansfe nuwie oauH anenb
3 KOXHOI Mapu anefbHUX reHis.

Ak Yy»Ke 3a3Hayanocd, B JIOKycax romo-

NIOTIYHNX XPOMOCOM MICTATbCA aneni rexHa. i 2

AKLLO Le reTepo3nroTHa ocobuHa, To B 0A- P
Hill i3 FOMOJIOTIUHUX XPOMOCOM MICTUTbCA @ % @
JOMIHaHTHMI anenb, B APYri — peuecns-

/NN /NN
BiOYBa€TbCA Mel03, i B KOXHY 3 ramet ﬂ @@ » » @ Q
NnoTpan/sf€ rannoigHuii Habip Xpomocom.
FameTV HecyTb NuLie OfHY XPOMOCOMY 3 In. 85. Cxemun meito3y B HopMi (1)
KOXHOI Mapy rOMOJIOTIYHMX XPOMOCOM, i i nopywierA meiiosy (2)
BiANOBIAHO NNLLE OAWH FeH 3 KOXXHOI napwu
anenbHUX reHis, TO6TO rameTn € YncTumu. | nuwe nicnAa 3annigHeHHA — 3AUTTA ABOX
rameT, KOXHa 3 AKUX Ma€ anesbHWiA reH, BiaOyBaeTbCA YyTBOPEHHA 3UroTH, 3 AKOI pPO3-
BMBAETbCA OopraHiam. OCHOBHOK YMOBOIO BMKOHAHHA 3aKOHY YMCTOTW raMeT € Hop-
146 ManbHUI Xifi Meno3y. Y BUNagKy Hepo3XOoA»KeHHA XPOMOCOM B OfiHY raMeTy MOXYTb

HUIN. Y pa3i YyTBOPEHHA CTaTeBMX KIiTWH

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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notpanuTy obraBi romonoriyHi xpoMmocomu 3 napu. MNpu LboMy cTaTeBa KniTvHa byge
HeCTV Napy anenbHUX reHiB, WO pO3TalloBaHi B Ui napi xpoMocom (isn. 85).

OTKe, 3riiHO i3 3aKOHOM YMCTOTW FaMeT POo3LIEeneHHA NOTOMCTBA Mifg Yac
CXpellyBaHHA reTepo3nrOTHMX OCOOMH MOACHIOETLCA TUM, L0 FaMeTu €
reHETUYHO «YMCTUMMY», TOOTO HECYTb TifIbKM OAVH FeH 3 aNinenbHOi napu.

Ak Bin6yBa€eTbcA ycnaaKyBaHHA ABOX 11 6inblue o3HaK?

BuByailoumn posuiennieHHs npu guribpugHomMy cxpelyyBaHHi, MeHaenb 3BepHyB
yBary Ha Taky 06CTaBUMHY. Y pasi cxpeLlyBaHHA POC/IVH 3 )KOBTVM INafeHbKUM i 3e-
NEHMM 3MOPLIKYBATUM HACiHHAM Yy OPYromy MOKOMiHHI 3'ABNANNCA HOBI KOMGiHaLii
O3HaK: XOBTe 3MOpLIKYyBaTe i 3efieHe rnajgeHbke, AKNX He 6yno y BuxigHux ¢opm. I3
Lboro crnoctepexeHHa MeHzenb 3po0OVB BUCHOBOK, LLO PO3LLENSEHHA 338 KOXHO
03HaKol10 BiOyBa€eTbCA He3anexHo Bif Apyroi o3Haku. LLlob noacHUTM Ui pesynbTaTty,
I. MeHaenb NpoCTeXUB yCnafgKyBaHHA Pi3HMX CTaHiB KOXKHOI 03HaKu okpemo. Cnis-
BiZJHOLIEHHA HACiHHA Pi3HOro KOMbopy FribpuaiB APyroro MOKOMIHHA Oyfno Takum:
12 YacTVH HaCiHHA Mano »KOBTU KONip, a 4 — 3eleHnin, TO6To po3LensieHHs 3a O3Ha-
KO0 KOJIbOpPY, AIK i B pa3i MOHOri6pMAHOro cxpellyBaHHsA, cTaHoBuno 3 : 1. MNogibHe
criocTepiranu i B pasi po3LensieHHA 3a 03HaKOI CTPYKTYPW NOBEPXHi HaCiHHA: 12 ya-
CTVH HACiHHA Mano rnafeHbKy NOBEPXHIo, a 4 — 3MOpPLIKyBaTy. TO6TO po3LensieHHs 3a
O3HaKOI CTPYKTYPU MOBEPXHI HACIHHA TakoX CTaHOBMO 3 : 1.

3AKOH HE3AJIEXXHOIO CINAAKYBAHHA O3HAK: ko)kHa napa 03Hak
YCNaAKOBYETbCA He3aNeXHo Bif iHLWNX O3HaK.

LinToreHetnyHi ocHosu lll 3akoHy MeH- b AABB aabb
Oena MOXHa pO3rAHYTM 3a JOMOMOron —= v o
pewitkn lMeHHeTa. baTtbkiBcbki dopmu (P) rameT& y
3 UMCTUX NiHIA MalOTb O3HaKW: »KOBTi rMa- P
neHbKi (AABB) i 3eneHi 3mopLuKyBarTi (aabb). - Aasb ()

Y KBiTKax LWWNAXOM Meno3y yTBOPKOTbCA - /// \\
rameTu (AB) Ta (ab) 3 rannoigHum Habopom (F2) ;—— A8 M B b
Xxpomocom. [lig vac 3annigHeHHA rameTu AABB | AABb | AaBB | AaBb

YyTBOpPIOIOTb AMNAOIAHI 3urotn (AaBb), 3 AB
AKNX PO3BMBalOTbCA ribpuaHi pocnuHm (F,) > s s

. AABb | AAbb | AaBb | Aabb
3 KOBTUMM 1 FMafeHbKUMU FOPOLLMHAMMN.

Ab
Mig yac cxpellyBaHHA UM camosanuneH- F, ~ O v O

Ha ribpugun (F,) BXe yTBOPOBATMMYTb MO AaBB | AaBb | aaBB | aaBb
yotvpwy TMnu ramet (G) — AB, Ab, aB i ab. B @ | @ 0 0
Tomy cepep ribpuais Apyroro noKomiHHA AaBb | Aabb | aaBb | aabb
(F,) MOXnuBMMM € 16 KOMBIHaLi rameT, Lo ab (- O 0 °

yTBOpIOIOTH GEHOTUMNOBI Knacy y cniBBia-
HOLWEHHI 9: 3 : 3v: 1. TpeTinn 3akoH MeHze- In. 86. AMriGPUAHE CXPeLLyBaHHS rOpPOXy
nA cnpaBefnvMBUN e AN O3HaK, Y AKKX NOCiBHOTO
reHu, Wo iX KoAaylTb, MICTATbCA B Pi3HUX
Xpomocomax (is1. 86).

[ina 3anucy cxpellyBaHb BUKOPUCTOBYIOTb CrelianbHi peLiTky, Wo ix 3anpono-
HyBaB aHrNiNCcbKU reHeTK P. MNMeHHeT (1875-1967). MpurHuMn nobynoBu pewiTku
MeHHeTa nonArae B TOMy, O 3BEPXY MO rOPM30HTani 3anncyoTb raMeT 6aTbKiBCbKOT
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0Cob6uHY, 3NiBa NO BepTMKani — rameTy MaTePUHCbKOT 0COOMHY, B MicLLAX NEPETUHY —
MMOBIPHI reHOT!N1 NOTOMCTBA.

OT1xe, 3a guribpnaHoOro Yn NoniribpnaHOro cxpelyyBaHHA
Pi3HOMaHITHICTb HallaAKiB JOCATA€TbCA 3aBAAKN BUNAAKOBOMY
1 HEe3asIeXXHOMY PO3XO>KEHHIO FOMOMOriYHNX XPOMOCOM.

AKi ocHOBHI NonoXeHHA Teopii ycnagKkyBaHHA MeHgena?
3akoHoMipHOCTI MeHaens 6yno coopmynboBaHo wWwe B 1865 p., TOOTO Konu Lie

He Oynu Bigomi 6yfoBa reHa 1 MOMeKynApPHi MexaHi3mMu ycnafgKyBaHHA O3HakK. Ane

He3BaXkalouu Ha Ue, 3dKOH 0OHOMAHImHocmi 2i6pudie nepw020 NOKO/iHHA, 3aKOH

po3uwensieHHs, 3aKOH He3aJ1eXH020 ycnadKye8aHHA 03HAK Ta 3dKOH Yucmomu 2ad-

mem cTanu ocHoBo GOpPManbHOI reHeTUKM i € 6a3ncoM CyyacHOT KNacuyHoi reHe-

TUKMW.

OCHOBHVMM NONOXEHHAMYN Teopii ycnagKyBaHHA MeHaena € Taki.

1. KoXHa 03Haka [,aHOro OpraHiamy KOHTPOJIIOETbCA Mapo CMajKoBMUX 3aAaTKiB
(anenbHux reHis). [1Ba aneni ogHOro reHa, HasBHi B OfHIEl 0COOUHYU, HE MOXYTb
3N11MBaTUCb MiX coboto un moandikyBaTy ofjHe ofHOro. Yepes Te 3anuwatoTbCs,
AK BUCNoBNoBaBcA MeHzenb, «<He3abpygHeHUMM».

2. fAKWwo opraHi3am MiCTUTb fiBa Pi3Hi aneni 3a NeBHOK O3HAKOI, TO OAVH i3 HUX MOXe
MPUrHivyBaTh NPOAB iHIWOro (NPUHYUN OOMiHYB8AHHSA).

3. [Tlig yac meno3y cnagKkoBi 3afaTKU PO3[inATbCA, i KOXKHa rameTa OTPUMYE No
OfHOMY 3aAaTKy 3 KOXKHOI napuv (npuHyun po3wjensieHHA). AKWO cTaTeBe pPoO3-
MHOXEHHSA 1 3annigHeHHA He BigoyBalTbCaA (AK y BUNAAKY 3 HEUYyNBITPOM, AKOMY
BNaCTMBUIN NapTeHoreHes), 3aKOHOMIPHOCTI He CNPaBAXKYOTbCA.

4. Tlpn yTBOPEHHI YOMOBIUMX 1 »KIHOUMX FaMeT Y KOXKHY 3 HUX MOKe NoTpanuTu
Oyb-AKUN anenbHWI reH 3 OfgHIiEl Napy (NpUHYUN He3asnexHo20 ycnaoKy8aHHs
O3HJK).

5. KOXHuIn opraHiam ycnagkoBye No 0gHOMY anenbHOMY reHy 3a KOXHOK 03HaKolo
Bifj KOXKHOTO 3 6aTbKiB (NPUHYUN Yucmomu 2amem).

OTXXe, 3akoHOMipHOCTI MeHaena ctanu NigrpyHTTAM A8 PO3BUTKY
KNacM4YHOI reHeTUKM, a Ha CyYacHOMY eTari AatoTb 3MOry 3pO3yMiTu
Habarato cknagHiwi mogeni ycnagkyBaHHA O3HaK,

O B »KMBIiM NpUpPOLi € nepeBakalounmMm.

BIANbHICTb
ﬂ‘ MpakTuuHa po6ota 2 (B)

Po3B’A3yBaHHA TUNOBUX BMpaB 3 reHeTUKU. inri6pngHe cxpellyBaHHA

MerTa: 3akpinuTn 3HaHHA |ll 3akoHy MeHgens; popmyBaT yMiHHA PO3B’'A3yBaTU

BMPABU 3 FeHETUKU Ha ANTIOPUAHE CXPeLLyBaHHS.
BnpaBu 3 reHeTUKN ANA CaMOCTIlIHOrO PO3B’A3yBaHHA

BnpaBa 1. Y fiognHN reH KapooKOCTi JOMIHYE Hag reHom 6JIaKUTHOOKOCTI, a
BMiHHA BONOAITU NPaBOoIo PYKOI — HaA NiBOPYKIicTIo. Lli napu reHiB po3milleHi B pi3-
HUX XpOMOCOMax. AKUMM 6yayTb AiTh, AKLWO: 1) MaTn reTepo3nroTHa 3a oboma o3Ha-
Kamu, a 6aTbKo — 6/TaKMTHOOKMIA NiBLLA; 2) MaTK GIaKUTHOOKA 1 reTepo3nroTHa 3a
NpaBoOpPYKiCTIo, @ 6aTbKO — NiBLUA 11 reTEPO3MTOTHUI 33 KOJIbOPOM O4Yen?

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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BnpaBa 2. HopmanbHi Kpuna 4 YepBOHi oui y fpo-
300in1 — JOMiHaHTHI NPOABM O3HaK, BiACYTHICTb Kpu
i 6iNOOKiICTb — peLecuBHi. [MreTepo3UroTHy Camky
CXPECTWN 3 FOMO3UTOTHUM 6E3KPUTUM YEPBOHOOKNM
camuem. Y nepliomy nokosliHHi fictany 320 ocobuH.
CKinbKy 3 HUX TeOpeTMYHO Moxe ByTu: 1) 6inooKmx
CaMOK 3 HOPMaNbHMMU KprnamMu; 2) 4epBOHOOKUX OCO-
OGUH 3 HOPMaNbHVMK Kpunamm?

BnpaBa 3. Y cyHUUb MIOAM MOXYTb O6yTu YepBoO-
Humn (A), 6invmm (a) abo poxkeBumun (Aa), a yalleyka — ;
HopManbHoW (B), nuctkonogi6Hoto (b) i npomixHo0 s
(Bb). Cxpectmnu mi>k cob0to POCIMHK 3 POXKEBMMU MO-

Jamu 1 NPOMIPKHOIO YalleyKol. flka YacTMHa NOTOMCTBa MaTume: 1) YepBOHiI Nnoau i
HOPMaJIbHY YalleuKy; 2) poXeBi NI0AM 1 NPOMIXKHY Yalueyky?

Bnpasa 4. Camka wumnaH3e mace | rpyny Kposi 3a cuctemoto ABO Ta HopmanbHy
nirmeHTauito, a y camus IV rpyna KpoBi i1 anbbiHi3m. flka BiporigHicTb HapOAKeHHsA
Hawagkis: 1) 3 [l rpynoto KpoBi 1 anbbiHi3MOM (CaMKa reTepo3nroTHa 3a O3HaKoIo Mir-
MeHTaUii); 2) 3 Il rpynoto KpoBi 1 HOPManbHO NirMeHTaLui€lo (CaMKa roMO3UroTHa 3a
O3HaKolo nirmeHTauii)?

CTABJIEHHA

» I
2 bionorisa + JlatuHa. JlaTuHcbKa abeTKa

NaTnHnua — abeTka NAaTUHCbKOT MOBMU, L0 iCTOPUYHO
€ Bifrany>keHHAM eTpycbKoi abeTKu, AKa, B CBOIO Yepry,
nocTana 3 rpeubKoi. BAHMKHEeHHA NaTUHCbKOT abeTKkn aa-
TytoTbVIl CT. gO H. e.JliTepamu naTUHMLi B reHeTULi No3Ha-
YaloTb GaTbKIBCbKi 0COOMHWK, AOYipHI 0COOMHW, rameTuy,
NPOABM O3HaK Ta iH. 3anuWiTb NiTepy CyyacHOI NaTUH-
CbKOT abeTKK, BKaXiTb IXHIO Ha3By Ta PO3KomyinTe Bifo-
Muii Bupa3 CeHekn, AKUIA y nepeknagi 3 NaTuHM 3BYyYnTb
AK: «HaBuyaroum, M1 cami BUMMOCA».

4 15| 3 | 5 |14 4 |15 4 19 (19 3 |9 13]|21]|19

PE3VJIbTAT

3aBflaHHA ANA CAMOKOHTPOJIO

1. lLlo Take 3aKOH yncToTK rameT? 2. Ha3BiTb OCHOBHY YMOBY fii 3aKOHY YACTOTM ra-
meT. 3. LLlo Take 3aKOH He3anexHoro ycnajgkyBaHHA 03HaK? 4. Ik po3TalloBYylOTbCA
1-6 |anenbHi reHn y BUNaAKy He3aNexXHoro ycnajKyBaHHs o3Hak? 5. Y skomy poui 6yno
chopmynboBaHO 3akoHU MeHgens? 6. Ha3BiTb YOTMPY 3aKOHOMIPHOCTI, IO € OCHO-
BOIO KJIaCUYHOI reHEeTUKMN.

7.Y yomy nonAra€ 3Ha4yeHHA 3aKOHy 4McToTu ramet? 8. Ak BifbyBaeTbCA ycnag-
7-9 |KyBaHHA [BOX 1 Ginblue 03Hak? 9. AKi OCHOBHI NONOXKEHHA Teopii ycnagKyBaHHA
MeHpena?

10-12 | 10. AKi UUTONOriIYHi OCHOBM TPETLOTO 3aKOHY MeHaenAa?

§ 35. 3aKOHOMIPHOCTI CNagKoBOCTI. 3aKOH uncToTM ramet. lll 3akoH MeHpensa
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AHaniz — Memo0 00C/i0XeHHA, WO NOJIA2AE 8 NPAKMUYHOMY
abo meopemu4yHOMY po34sieHy8aHHI Yisno2o Ha CKadosi YacmuHuU.
EHyuknonedis cyyacHoi YkpaiHu

§ 36. TIBPUAOJIOTIYHUIA AHANI3: OCHOBHI TUMU
CXPELLYBAHb

OCHOBHi MOHATTA N Knwo4vosi Tepminm: TBPUAOJIOTIYHUA AHANIS.
CXPELLYBAHHA. AHani3syloue cxpeLlyBaHHA.
Mpuragairte! Lo Take ribpugonoriyHnin meton?

X Momipkyiite!

Oner PoManuyk

AHani3 — BMBYEHHA 06'eKTa AOCHIIKEHHSA SIK CYKYMHO-
CTi eNemMeHTIB, WO yTBOPIOOTb CUCTEMY. Y HayKOBUX [OCHIOMKEH-
HAX BiH Nepefbayac oLiHIOBaHHSA NOBeiHKM 00'€KTa SIK CUCTEMMA 3
yciMma YMHHUKaMK, Lo BNNBAIOTb Ha Noro dyHKLioHyBaHHA. Llen
MeTOo LWMPOKO 3aCTOCOBYETbCA B €KOHOMILi, NCuxonorii, megu-
LUHi, 6ioximii, MaTemaTuui TOWO i HaBiTb y XypHanictuui. Lo x
Take ribpugonoriyHunin aHanis? Y KYPHANICTULI

3MICT

AKi npuHLUMNN 1 3HaYeHHA ribpugonoriyHoro aHanisy?
FBPUAONONIYHUIA AHANI3 - ye O0CNiOXeHHA Xapdkmepy ycnadKyeaHHs
03HAK 3a 00NOMO20I0 CUCMeMU CXpeuysaHs. [Ana 3aiiCHEHHA LbOro aHanisy oTpumy-
l0Tb ri6pVAN | BUBYAIOTb pe3ynbTaTy yCNaaKyBaHHSA iXHiX O3HaK y pagi nokosiHb. Mpu
LbOMy NOTPiIGHO BpaxoByBaTW B3aEMOSIT reHiB Mix CO0010, BN/IMB YMOB CepefoBuLLa,
BHYTPILLHI MexaHi3My MiHNMBOCTI Towo. M6pMACNOriYHMIA aHani3 pPa3om i3 Moneky-
NAPHO-TEHETUYHUM Ta XPOMOCOMHMM € OCHOBHVMU BUAAMWN FEHETUUYHOIO aHani3y.
OCHOBHi MPVHUMMW NPOBEfEHHSA FiOPUAONOriYHOro aHanisy chopmynioBas Lie
I. MeHgenb. Lle: 1) pobip maTepiany ansa oTpvMaHHA ribpuAis (OTpYMaHHA OCO6UH 3
UNCTUX NiHIN, BULINEHHA 03HAKW UM AEKINbKOX O3HAK ANA AOCNIAXKEHHS; 2) OTPUMAHHA
ribprais (4iTke JOTPMMAHHA YMOB Ta NPaBUI CXpelLlyBaHHA); 3) iIHAVBIgYanbHUN aHa-
ni3 ribpuais (3 060B'A3KOBUM iKCYyBaHHAM pe3ynbTaTiB AnA IXHbOI aHaNiTUUYHOI 06-
po6KM); 4) BUKOPUCTaHHA MaTeMaTUUYHOI CTAaTUCTUKI, CKIIalaHHA CXeM CXpeLLyBaHHS.
KnacuuHa cxema ribpugonoriyHoro aHanisy BK/OYaE TaKi eTanu, K BULiINEHHA
rOMO3UrOTHUX 6aTbKIBCbKUX HOPM, OTPUMAHHA Bif IXHbOrO CXpellyBaHHA ribpuais
Ta CXpellyBaHHA LUX ribpugis nepLioro
NOKONIHHS Mi>XX CO60l0 ANsi OTPUMAHHA Ti-
6GpWAIB APYroro NOKOMiHHA.
l6puponoriyuHnii aHanis pae 3mory
BU3HAUNTW: @) XapaKTep yCrnaaKyBaHHsA 03-  Fi
Haku (BMABUTK TUMN B3aEMOIi reHiB i BCTa-
HOBUWTW KiNbKiCTb reHiB, Wo 6epyTb y4acTb
y NposBi 03HaKW); 6) po3TallyBaHHA reHiB,
L0 AOCTIAXKYIOTbCA (Y FOMONOTIYHNX UM He-
FOMONOTIUHIX, Yy CTaTeBMUX YM ayToCcoMax); In. 87. OcHOBHi eTanu ribpugonoriyHoro
B) rpynu 3uenseHHs 1 inpopmauito Ans no- aHanisy ycrnagkyBaHHA O3HaKM
6y[OBM FreHETUYHMX KapT XPOMOCOM Ta iH. 3abapBneHHs MIOAIB y CyHULb

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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l6pugonoriyHmii aHani3 WMPOKO 3aCTOCOBYETbCA He JMlie B reHeTuui, a 1
y cenekuii y NOEAHaHHI 3 MeTogamu ribpramnsauii Ta oUiHIOBaHHA MILHKKIB 3a Ha-
LWaAKaMu, B TEHETUYHIN iHXKeHepil — A51A OTPMMaHHA OPraHi3MiB i3 3a4aHVMK BflacTu-
BOCTAMU, y CcMCTemaTuui — ANA BUABNEHHA iNoreHeTUUYHOI CNOPIAHEHOCTI Pi3HUX
BMAiB opraHiamis Towo (is1. 87).

OTXe, CYyTHICTb ribpMAoNoriYHOro aHanisy NonAra€e B CXpeLlyBaHHi
0COOMH 3 HacTYMHMM aHasni3oM pesynbTarTis.

AKi TMNN cxpeLyyBaHb 3aCTOCOBYIOTb ANisl riGpuagonoriyHoro aHanisy?

CXPELLYBAHHA (y reHetuui) — npupodHe Yyu wmy4yHe NOEOHAHHA 2eHeMUYHO20
mamepiany cnadkoeo pi3HUX KIIMUH YU Op2aHi3mie 3 piaHumu 2eHomunamu. Hawap-
KiB, IO BUHUKAW Bif CXpeLlyBaHHA ABOX 6aTbKiBCbKMX OCOOUH (MO3HaYatoTb NaTuH-
CbKoto niitepoto P, Big nat. parents — 6aTbKun), Ha3nBaloTb AOYipHIMK 0cOBMHaMuK, abo
ribpugaMmn (No3HauvaloTb NAaTUHCbKO JiTepoto F, Big nart. filia — gutuHa). Y cxemax
CXpeLlyBaHHA Ha MepLIOMy MiCLi 3anuncyoTb 0COBMHY XKiHOYOI cTaTi, MO3HAvaloTb i
3Hakom @ (m3epkano BeHepw), yonosiuy cTaTb nosHauawTb 3 (WuT i cnnc Mapca).
CxpellyBaHHA Mi>K HAMW NO3Ha4yalTb 3HAKOM MHOXeHHA (X ).

CxpelllyBaHHsA € 060B'A3KOBMM efleMeHTOM YCix BUiB ribpngonoriyHoro aHanisy
OpraHi3miB i3 cTaTeBUM PO3MHOXKEHHAM ab0 cTaTeBUMMU NMpouecami. Y po3ainbHOCTa-
TEeBMX OPraHi3amiB CXpeLlyBaHHA 34INCHIOETbCA 3a YyacTi cneuianisoBaHMX CTaTeBUX
KMiTUH — rameT Ta 3 yTBOPEHHAM 3UroTU. Y NPOKapioTiB 1 OQHOKNITUHHNX eyKapioTiB
(Hanpuknag, iHdy3opii) cxpellyBaHHHA 30iNCHIOETbCA 3aBAAKN KOH'toravil, TpaHCcayK-
uii 1 TpaHcdopMaLlii, 3a AKMX BigOYBalOTbCA 3MiHM CMaKOBOro MaTepiany.

Po3pi3HATb MOHO-, AW- 11 NONIriGpUAHI, NPOCTI 1 CKNagHi, 3BOPOTHI 1 peLnnpok-
Hi, CMOpPigHEeHI N HeCcnopigHeHi cxpeLlyBaHHA Ta iH.

Ta6nuusa 4. XAPAKTEPUCTUKA OKPEMUX BUAIB CXPELLYBAHHA
A. 3anexHo Bif KiNbKoCTi Nnap NpoABiB 03HaK, 3a AKMMU Pi3HATbCA 6aTbKiBCbKi popmu
CxpellyBaHHA 6aTbKiBCbKMX OCOBUH, AKi Pi3HATLCA 3a OfHIE Napoto
aAJIbTEPHATUBHUX MPOABIB O3HAK
CxpeluyBaHHsA 6aTbKiBCbKMX 0COOVH, siKi Pi3HATBHCSA 3a IBOMA Napamu
aNlbTePHaTUBHUX MPOABIB O3HAK

CxpeluyBaHH:A 6aTbKiBCbKMX 0COOWH, AKi PI3HATHCA 33 TPbOMA |
6inblue Napamu anbTepPHATVBHMX NPOABIB O3HAK

b. 3anexHo Big oco6nusocten

MoHoribpugHe

OuribpngHe

MoniribpuagHe

3BOpPOTHE CxpelyyBaHHsA F, 3 ogHi€to 3 6aTbKiBCbKUX dopm
Cncrema ABOX cxpellyBaHb (MPAMOro i 3BOPOTHOO), B O4HOMY 3 AKX
PeunnpokHe opraHi3aMu 3 03HaKamW, Lo BUBYAKOTbCA, BUKOPUCTOBYIOTb AK MaTe-

PVHCbKI, B iHWOMY — K 6aTbKiBCbKi: 1) @ AA X & aa; 2) @ aax & AA

3aBAAKM CXpeLlyBaHHAM OTPUMYIOTb MOTOMCTBO Bif 6aTbKiB ANA BM3HAYeHHA 3a-
KOHOMipHOCTe ycnagKyBaHHA O3HaK, PO3TallyBaHHA reHiB, WO KOHTPOSIOIOTb Lii 03-
HaKu, B3aEMOJiT reHiB, poni HaBKONMULIHbLOIO cepeioBULLa Y GOpPMyBaHHI O3HaK TOLLO.

OTXe, cXpellyBaHHA € 0O0B'A3KOBVIM €/IeMEHTOM FiGpPKA0IOriYHOrO
aHanisy, Wo €, B CBOK Yepry, OCHOBHUM METOLOM FeHETUKN.

[inA yoro B reHeTuLi 3aCTOCOBYIOTb 3BOPOTHI CXpelLlyBaHHA?
3sopomHe cxpewyeaHHsa, abo 6ekkpoc (Bif aHrn. backcrossing, Big back — 3HoBy
i cross — cxpelyyBaTtu) — cxpewy8aHHA 2ibpudda nepuwo2o NOKOJIIHHA 3 OOHI€E 3 6ameb-
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KigcbKux popm. Y reHeTuLi BUKOPUCTOBYETbCA AN BU3HAUYEHHA reHOTUMY 0COOMHN
(aHanisyloue cxpellyBaHHA), y cenekuii € OCHOBOI MeTody 3BOPOTHUX CXpeLlyBaHb
INs NigCUNEHHs B ribpuaiB NposBy OAHOrO 3 6aTbKiB, MOAOMAHHA CTEPUSIBHOCTI Bifg-
JaneHux ribpuais, 3aKpinaeHHA reTepo3ncy B HaCTYMHUX NOKOMiIHHAX TOLLO.

AHanisyloue cxpellyBaHHA — Ye cxpelly8aHHA 2ibpudd 3 He8i0OMUM 2eHOMUNOM
(abo AA, abo Aa) 3 peyecusHor 20M03U20MOI0, 2eHOMUN AKOT 3aeXou (aa). Y cxemax
cxpeLyyBaHHA 0COOVH i3 JOMIHAHTHO O3HaKow Y dbeHOoTUNi 11 HEBILOMUM reHOTUMOM
3anucyloTb y BUMMALI Tak 3BaHOr0 heHomunogo2o padukasna A-. Take NO3HaYEHHsA 03-
Hayvag, WO OpraHi3mMm TOYHO MA€E OAVH anesb, Lo BU3HAYAE JOMIHAHTHUIA CTaH O3HaKW,
a Apyrui anenb € HeBiJOMMM. Y pasi cxpellyBaHHA Takol 0COBMHU i3 peLecMBHOI
roMO31roTOK MOXJIMBI [1Ba BapiaHTW.

|-G 8apiaHm. fIKWo Npu cxpelLlyBaHHi 0CO6MHM 3 JLOMIHAHTHO 03HaKoto (A) 3 pe-
LLeCMBHO FOMO3MIOTHOMO (aa) 0COBMHOI0 yce NOTOMCTBO BUABUTLCA OJHOMAHITHUM,
3HAUNTb, aHaNi30BaHa 0COOMHA 3 JOMIHAHTHOI O3HaKOK roMO3UroTHa (AA).

II-G sapiaHm. AIKIWO NpU cxpeLlyBaHHi 0COOMHM 3 JOMiIHAHTHO 03HaKolo (A) 3 pe-
LileCMBHOI rOMO3MroTolo (aa) OTpMMaHe NOTOMCTBO Ja€ po3lyenneHHa 1:1, To gocni-
[yBaHa ocobuHa 3 JOMiHaHTHOI 03HaKolo retepo3mnroTHa (Aa) (in. 88).

Q. .

HKLI.I,O reHOTI/II'I peuecrBHa AKLWO peuecrnBHa
romosurota aa reHotun Aa romosunrotTa aa

"®
@ § % @ Aa \}i?
oty @8 |8 o Ble

Aa Aa Aa aa
Yci ribpman 3 nypnyposmmm MonoBuHa ribprais 3 nypnyposmmm
nenocTkamm nenocTkamu, a NofoBMHa — 3 6inmm

In. 82. Cxema aHani3yo4oro cxpelyyBaHHA
OTKe, aHani3yloue cxpellyBaHHA YMOXKNMBIOE BU3HAYEHHA reHoTUny
ribpuais, TMNiB rameT Ta iX CMiBBiAHOLIEHHS.
BIANbHICTb
x/,‘ CamocrTiliHa po6oTa 3 Tabnuueto

MpoaHanisyinTe 3aKOHOMiIPHOCTi MOHOTiIGPMAHOIO CXpPeLlyBaHHA i 3aNOBHITb Tab-
Lo KiNnbKiCHOT XapaKTepuCTUKn au-, Tpu- i noniriopnaHnx cxpeLlyBaHb.
Ta6nuua. KNIbKICHI 3BAKOHOMIPHOCTI 3A PI3BHUX TUMIB CXPELLYYBAHHA

Tema 3. CMAAKOBICTb | MIHJTUBICTb

MapameTp MoHori6pugHe Auri6puaHe TpuripuaHe| MoniriGpuaHe
Yucno tunis ramert, yteopeHux F, 2
Yumcno kombiHauin ramety F, 4
Po3wennexHa 3a peHoTunom y F, (3:1)
Po3wenneHHA 3a reHotunom y F, (1:2:1)
Ymncno peHoTMNoBUX Knacis 2
15 KinbKicTb reHOTMNOBUX KNacis 3
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CamocrTiiiHa po6oTa 4

Po3B’A3yBaHHA TUMNOBUX BMpaB 3 reHeTUKIN

BnpaBa 1*. flki TMNn rameT yTBOPIOIOTb OPraHi3aMyM 3 TakKMMK FeHOTUMNAMM:
a) AABBCC; 6) AABBCc; B) AaBbCC; r) AaBbCc?

BnpaBa 2*. Y ropoxy »OBTWU KoJlip HaciHHA (A) JOMiHY€E Haf 3eneHum, rnagka
¢dopma HaciHHA (B) — Hap 3mopLuKyBaToto, 6i6 npocToi dopmu (C) — Hag 6060Mm i3 ne-
peTaxkamu. CxpeleHo pocnunHy AaBbcc i3 pocnuHoto aabbCc. BusHaute po3suen-
NEeHHA B HaCTYNMHOMY NMOKOJiHHI 3a deHoTUMnoM.

Bnpaga 3*. KapooKuii, TEeMHOBONOCKIA, pe3yC-NMO3UTMBHUIN YONIOBIK OOPYXKYETbCA
3 6/1aKUTHOOKOIO, CBIT/IOBONIOCOI0 Pe3yC-HEraTUBHOIO »KiHKOI. BU3HauTe NMOBIpHiCcTb
HapOoAXKeHHA 6JTAKUTHOOKOT CBITNIOBOSIOCOT ANTMHM, AIKLLO OATbKO reTepo3nroTHNI 3a
[OMIHaHTHMMM MPOABaMU O3HaK.

bionoria + YkpaiHcbKa nitepatypa. MeTtog nocepefHuKa

«MidypiH Haxunugca Hao Mos000k0 POC/IUHOI, 3aMUC-
JieHul i cymHuU, Haye nikap Hao xeopot OUMUHOIO.

- Hi! Jo nepcuka Ham, sudHo, we oaneko. Cawo, 3a-
nuwu: OuUKUl Mu20anb 3 KylemypHUM NePCUKOM He cxpe-
wyemscA... lNowykaemo obxioHux winsaxie» (O. [oBXeHKO.
MiuypiH). | HaykoBeLb 3HaNWOB Len Wwnax. Tak 3’ABMBCA
B cenieKLUil poCIH MeTof CXiguacToro cxpeLlyBaHHs, abo
MeTOA MocepefHnKa, Wo MOoro 3acToCOoBYOTb AS1A NOAO-
NaHHA HecxpeLlyBaHOCTI BUAIB. Y YOMy NofArae cyTb me-
ToAy nocepeaHunKa?

a CTABJIEHHA
» I
aﬁ Bionoria + [JJomawHi TBapuHN. MOpCbKi CBUHKMN

Y XMBUN KYTOYOK [iTW MPUHECTUN ABOX YOPHMUX
MOPCbKUX CBUHOK (Cavia porcellus), BBaxatoum ix um-
cTonopogHumu. lNpoTe B HaCTyNHOMY MOKOSiHHI cepen
X NOTOMCTBA 3'ABUNNCH BiNi CBUHKMW. YCTaHOBITb reHo-
TUMW LUMX CBUHOK, AKWO BiOMO, WO YopHe 3abaps-
NeHHA JOMiHY€e Hag 6invm. BUCnoBiTb CyfKeHHs Wwopno
NPaKTUYHOrO 3HaUYEHHA 3HaHb MPO BUAN CXPeLLyBaHb.

PE3YJIbTAT

3aBAaHHA A1 CAMOKOHTPOJIO
1. Wo Take ribpuponoriyHnin aHanis? 2. Ha3BiTb OCHOBHI ranysi 3acToCyBaHHA ri-
6puponoriyHoro aHanisy. 3. LLlo Take cxpelyyBaHHA B reHeTuui? 4. Ha3BiTb oCcHOB-
Hi TMNK cxpelyBaHb. 5. LLlo Take 3BOpOTHI cxpellyBaHHA? 6. LLlo Take aHanisyloue
cxpelyyBaHHA?
7. AKi NpUHUMNK 11 3HaYeHHA ribpugonoriyHoro aHanisy? 8. Aki TMNW cxpeLlyBaHb
7-9 |3acTocoByioTb AnA ribpraonoriyHoro aHanisy? 9. [ina 4yoro B reHeTULi 3aCTOCOBY-
I0Tb 3BOPOTHI CXpeLlyBaHHA?
10. Ha KoHKpeTHOMy npuKnagi NpoAeMOHCTPYTe NpaKTUYHe 3HaUYEeHHA 3HaHb NPo
TUMNWN CXPeLLyBaHb.

§ 36. l6pugonoriyHMiA aHani3: OCHOBHI TUMM CXpeLlyBaHb

10-12
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IHOugidyansHicme (8i0 nam. individuum — HenodinbHe, HenosmopHe) —
HeNno8MOopPHAa c8oEPiOHICMb by0b-AK020 A8UWA, OKpeMOT icmomu, JII00UHU.
3 eHyukoneoir

§ 37. CYYACHI MONEKYNAPHO-TEHETUYHI METOAU
[OCHIAMEHD CAAKOBOCTI JIIOAUHU

OcHOBHi NOHATTA 1 Knto4oBi Tepminn: MOJIEKYJTIAPHA TEHETUKA. Mone-
KYNAPHO-TeHeTUYHi meToAu.
MpurapanTe! Lo Take cnagKoBiCTb i MiHNNBICTb?

X Momipkyiite!

EnemeHTOM cyuyacHOro amsaiHy xutna fo-
CUTb YaCTO CTaloTb reHonopTpeTn (306pakeHHa [OHK)
MeLUKaHLiB, 3a ONOMOro AKUX NigKPeCoTb 0Co6-
NMBOCTI cTuio opopmiieHHs. Lo € ocHoBol Henos-
TOPHOCTI TaKMX NOPTPETIB i YOMY BOHW iHAUBIAYaNbHi?

3MICT

LLlo e npegmeTom gochigKeHb MONEKYNAPHOI reHeTUKNn?
MOJIEKYJIAPHA TEHETUKA - ue po30in 2eHemuku
U monekynapHoi 6ionoeii, Wo eusyae MOJeKYApHi OCHO8U
cnaokogocmi Ui MiH/IUBOCMI XUBUX Op2aHi3mia i sipycis. Ak ca-
MOCTIMHMI HanNpAM MONeKyNApHa reHeTnKa BMOKpemunachb
B 40-x pp. XX cT. y 3B'A3Ky i3 ynpoBagXeHHaAM y Gionorito
HOBMX METOAIB, WO Aanyv 3MOry rubLUe i ToYHile gocnign- MonekynapHa
TV 6yAoBY i GYHKLII reHETUYHOro anapata BipyciB i KNiTuH. Gionoria
HanronoBHiwmmMn fOCArHEHHAMN MONEKYNIAPHOI FreHeTUKN
€ 3'ACYBaHHA XiMiYHOI MPUPOAN reHa, LWTYYHWI CUHTE3 FreHa,
3'ACYBaHHA MexaHi3MmiB pensikayii, mpaHckpunuyii, 380pomHoi
mpaHckpunuii, mpaHcaayii, penapayii, perynauii ekcnpecii ta
6iocuHTe3y 6inKiB. OCHOBOIO Li€l HAYKM € KOHLeNUia 2eHemuyYyHo20 KOOy, AKUIA NepBUH-
HO 3YMOBJIIOE TaKi O3HaKM XMBOI MaTepii, AK CNagKoBICTb i MiHANBICTb. 3a 4ONOMOrO0
MeToZiB MOJIeKyNAPHOI reHeTUKM NornmnbneHo po3ymiHHA MyTaLiiHOro npouecy, 3'Aco-
BAHO MeXaHi3mMu KpocuHzo8epy. MonekynapHa reHeTuka ctana nigrpyHTAM, Ha AKOMY
chopmyBanacb monekynapHa 6ionorisa, cnpuana po3suTKy Gioximii, 6iodisunkn, uutono-
rii, mikpobionorii, Bipyconorii, 6ionorii po3BuUTKy, BigKpuna HOBi Nigxoan 0 PO3yMiHHSA
eBonoLil XKUTTA Ha 3emni. [locArHEHHA MONEKYNAPHOI FreHETUKN yxe peani3yloTbCa B
cenekuii, 6ioTexHonorii, MeanuUMHi, CNopTi, KpMMiHanicTuui, aHTponosnorii (is1. 89).

In. 89. MNpeameT gocni-
LXeHb MOoJieKynApHOI
reHreTuKu

OTXe, MONeKynApHa reHeTrKa BMBYAE CTPYKTYpW, Wo 36epiratoTb i
bopmytoTb reHeTMyHy iHbopMmauito, Ta iX GYHKLUiOHaNbHI BNACTMBOCTI.

Tema 3. CMAAKOBICTb | MIHJTUBICTb

Alki oco6nmBocTi opraHisauii MoneKynspHoO-reHeTUYHUX [ochifXKeHb
CnapKoBoOCTi?
MoneKynsapHo-reHeTU4HiI MeToau — ye Memoou 00CAIOKeHHA cmpyKmypu U MiH-
JIUBOCMIi 2eHEMUYHO20 anapamy, 3 AKUM nos’s3aHi npoyecu 36epexeHHs U peanizauil
€naokoeoi iHgopmayii. 3a X JOMOMOrOK HAYKOBLi MOXYTb BM3HaYaTV NMOAiOHICTb Ta
BiAMIHHOCTI reHOMIB Pi3HMX OPraHi3MiB, BUABNATU YLWIKOAXKeHHA cTpyKTypu OHK, BCcTa-
154 HOBNIOBATU HYKNEOTUAHI NOCNIAOBHOCTI FEHIB Y HOPMI 1y pa3i 3axBOpIoBaHb TOLLO.
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[na npoBefgeHHA MONEKYNAPHO-TEHETUYHUX AOCAIAXEeHb BMKOPUCTOBYIOTb He
Bcto [1HK, a nuwwe HeBenuki parmeHTH, WO € Pi3HUMU B Pi3HUX 0COOUH. Tak, CTyniHb
nofibHOCTi reHOMIB Pi3HUX nogelt cTaHoBUTb 99,9 %. | nuwe 0,1 % NocnigoBHOCTEN
OHK maloTb MiHAMBICTb, WO i1 Ha3MBalTb CTPYKTYPHKM nosimopdizmom [JHK. Ha no-
yatky 80-x pokiB y monekynax [IHK nioguHu 6yno BuABNeHO AiNAHKM, YHiKanbHi 3a
CBO€t O6ynoBoto B KOXHOT NoanHu. Li ainAHKn Ha3nBatloTb sapiabesbHUMU maHoem-
HumMu nosmopamu (BTI). MacwTtabu ui€i BapiaTMBHOCTI TakKi, WO MiX NOCNiAOBHO-
ctamu OHK gBox ntofen (AKLWO BOHW HE MOHO3UTOTHI GAIM3HATA) iCHYIOTb MiNbAOHM
BiAMIHHOCTEN, WO JOCUTb YacTO Y OpraHiamiB ¢eHOTUNOBO He BUPAXKEHO.

[na BUABNEHHA HeobXigHUX dparMeHTiB 3aCTOCOBYIOTb MeTog ribpuan3aii HK
3 BUKopuctaHHam [JHK-3oHgaiB. BupizaHHsa BignosiaHux ¢parmenTiB JHK 3giicHIo0TH
3a JOMOMOrol 0Co6nMBUX GEePMEHTIB-«HOXULb» — pecmpukmas. Pi3Hi pecTpurkTasu
po3ni3HalloTb TiNbKK BIANOBIAHI NOCNIAOBHOCTI HyKneoTuais i po3piszatoTtb AHK y Bu-
3HAYEHUX MiCLAX.

HacTynHym eTanom MONeKynAaApHO-TeHeTUYHOrO aHanildy € ofdeprkaHHA Konin 3
pocnigxysaHux ¢parmenTis IHK. OTprumaHHA gocTaTHbOI KinbKocTi pparmeHTis AHK
BifOyBaeTbCcA wnaxom amnnigikauii JHK 3a nonomoroto nonimepasHoi naHLrosol
peakuii. KonitoloTb BMOKpemneHi pparmeHTn AHK 3a nonomoroto cneuianbHux den-
MeHTIB — nonimepas. KonioBaHi ¢pparmeH-
1 [HK 3a gonomoroio enektpodopesy Ha
reni po3ginAwTb Ha ¢ppakuil. ig gieto enek-
TpuyHoro nona ¢parmeHTn JHK pyxatoTb-
CA B reni 3i WBUAKICTIO, L0 3aNeXnTb Bif iX
JOBXMHW: UUM BOHM KOPOTLLi, TUM LWIBKA-
KicTb Ginbla. Y pe3synbTaTi Uboro ¢pparmeH-
™ [HK uepe3 geaknn yac 3amMmatoTb NeBHe
Micue Ha reni y BUMMAAi OKpemMmnx CMy»KoK, In. 90. TeHetnumir ananizatop
Wwo pae 3mory OLiHUTU HEMNOBTOPHICTb ;c:;gf::;(:f:“ﬁ ::g'e'ln'ogjs:::m
cTpykTypu OHK (in. 90).

OTke, 0CO6/MBOCTAMYM OpraHi3aLii MONEKYNSPHO-TEHETUUYHMIX METOAIB AOCHi-
IXKeHb € BUKopuCcTaHHA ¢pparmeHTiB JHK, depmeHTiB-pecTpurKTas i cnevjianb-
HUX METOAIB ANA OTPUMAHHA, PO3MHOMEHHA 1 BUBYEHHA AinAHoK [JHK.

flke 3HayeHHA HaWNOWMWpPEHIWNX MOJNEKYNAPHO-
reHeTUYHUX meToais?

[lo HamBaXkNMBIWNX METOLIB MONEKYAPHOI reHeTnKu,
O nexaTb B OCHOBi reHOMHUX TexHonorin i JHK-giarHo-
CTUKW, HanexaTb: CEeKBEHYBaHHA reHiB, nofiMepasHa NnaH-
LloroBa peakuif, 3aCTOCYBaHHA reHeTUYHNX MapKepiB Ta iH.

CeKkeeHy8dHHA 2eHie (Bif naT. sequentum — NocnifoB-
HiCTb) — MemoOu 8CMAHOB/IEHHA NOC/1I008HOCMI HyKJeo-
mudig y monekynax [JHK (in. 91). BuHainfeHo 6puUTaHCbKUM
yuyeHum Opegepbikom CeHrepom y 1977 p. Benuka wsug-
KICTb CEeKBEeHYBaHHA, WO CTasla [AOCTYMHOK Ha MNOYaTKy In. 91. CeKBeHyBaHHA
XXI CT. 3aBAKN HOBUM TEXHONOTIAM, CMPUANA BCTAHOBNEH-  dnarmenta AHK pisHMMN
HI0O NOBHOI NOCNIJOBHOCTI reHoMy ntoanHN. CeKBeHyBaHHA meToAamm
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30iMCHIOTb 3a AOMOMOroO aBTOMAaTUYHNX CEKBEHATOPIB, B AKMX 3aCTOCOBYHOTbCA
dnyopecueHTHO-MiueHi npaiiMmepu. [na KOXKHOIO 3 YOTMPbOX HYKJeoTuaiB 6epyTb
YOTMPW Pi3Hi GNyopecUeHTHI MiTKU, KOTPi BUMPOMIHIOIOTb CBITNO B Pi3HMX CeKTpab-
HUX AianasoHax. CKaHyBaHHA reno nicna enekTpodopesy NasepHUM MPOMEHEM,
wo 36yakye dnyopecueHLito, Aa€ 3MOTy BU3HAUUTLK Pi3Hi HYKNeoTuam i npoymTaTti
NocCnifoBHICTb.

MonimepasHa naHyrozoea peakyis (MJIP) - memoo 36inbWeHHA KibKocmi
¢ppazmermis [JHK y 6ionoziuHomy mamepiani. MeTog LWUMPOKO BUKOPUCTOBYIOTb Y
GioNOriuHiN i MegUUHIN NpakTWLi ONA KNOHYBAHHA TeHiB, QOC/IXKEHHA MyTauil,
BUAINEHHA HOBUX TlEHiB, CTBOPEHHA TFeHeTUYHO MopfidikoBaHMX oOpraHiamis, gia-
FHOCTUKIM 3aXBOPIOBaHb, ineHTUdiKauii manux kinbkocten [HK, BcTaHOBNEHHA 6aTb-
KiBCTBa TOWO. BuHaxifHMK meToay — amepuKaHcbKkumid 6ioximik K. Mannic Tak nucas
npo Hboro: «[loyuHato4u 3 eduHoi monekynu [JHK, Hocia eeHemuuHoi iHpopmauii, /1P
moxe Haoamu 100 mineAapois nodibHUX MONIeKY/1 3a Kislbka 200UH. Peakuito Oyxe ne2ko
nposecmu, 80HA 8UMA2A€ OOHIEI Mecmogoi mpy6Ku, He3HA4YHOI Kislbkocmi peazeHmie
ma dxxepesia mensiomu.

TeHemu4Hi mapkepu — cneyugiyHi HyKneomuoHi Noc1ido8HOCMI 3 8i0OMOIO nep-
B8UHHOIO CMpyKMypolo, AKi 0arome 3mMo2y ideHmugikysamu aHanizosaHy HykneiHosy
kucsiomy. MoneKynapHo-reHeTUYHMY MapKepaMmy MOXYTb ByTu OiNKu Ta BinAHKK
OHK'y Burnagi reHis abo KOPOTKMX NOCNiAOBHOCTEN HyKNeoTuaiB. Ha cborofHi reHe-
TUYHI MapKepwu BXe 3aCTOCOBYIOTbCA B TaKUX rany3ax JiANbHOCTI NIOAVHN, AK KPUMi-
HanicTuka, bioTexHONOriA, cenekuisn, aHTPOMOJIOriA, FeHETMYHA iHXeHepis, MeanUnHa,
cnopT Ta iH. Tak, y reHeanorii AnA BCTaHOBMIEHHA CMOPIAHEHOCTI MO YOMOBIYil NiHIT
aHanisytoTb Y-xpomocomu 3a gonomoroto STR-TecTiB. [1nA LbOro BUKOPUCTOBYOTbCA
cneuianbHi JHK-mMapkepu, HyKneoTugHa NOCNifLOBHICTb Yy AKMX NMOBTOPKETbHCA He3-
niv pasiB — «KOPOTKi TaHAEMHiI noBTopw» (aHrn. Short Tandem Repeats, STR). Ockinb-
K1 Y-XpOMOCOMa nepefaeTbcs TiflbKM Bif 6aTbKa, TO YMC/IO MOBTOPIB y MapKepax
CMHa Oyfae TakMm CaMuM, WO iy 1ioro 6aTtbKa. Y cinbcbKomy rocnogapctsi STP-aHa-
ni3 cnyrye ana pocnigeHb BapiabenbHOCTi reHomy Ta nonimopdismy, Lo BRANBaE
Ha NPOAYKTMBHICTb COPTIB, Y MeAULIMHI iCHYIOTb MapKepu CNafKoBUX i OHKOMOTiYHNX
3aXBOPIOBaHb, y CAOPTi — A4/1A BM3HAUYEHHA CXMUNbHOCTI CNOPTCMEHIB A0 3aHATb MeBs-
HVM BUAOM CNOPTY. Y KPMMIiHaNICTULIi LWUAPOKO 3aCTOCOBYETbCA METO «reHeTUUYHUX
BigOUTKIB ManbLiB».

OTXKe, CEKBEHYBAHHA reHiB, Nofimepa3Ha naHLUroBa peakuis,
3aCTOCYBaHHA FeHETUYHMX MAapKepiB fOMOMaraloTb BUBYATK NpoLecu
XKUTTERIANBHOCTI HA MONIEKYNAPHOMY PiBHI OpraHisauii XuTTa
N 3aCTOCOBYBATM Lii 3HAaHHA B Pi3HUX rany3ax AianbHOCTI NIOANHN.

Tema 3. CMAAKOBICTb | MIHJTUBICTb

RIANBbHICTb

M CamocTiiiHa po60Ta Ha 3icTaBneHHn

3icTaBTe 3aNpONOHOBaHi TEPMiHY i3 BU3HaYeHHAMY. 3aMnoOBHITb Tabnuuky Bigno-
Bifen Ta oTpMmanTe Ha3By HayKM, Wo BuBYyae [JHK ogHoro opraHismy. MNoAcHiTb nep-
CMEeKTUBW L€l HAyKN.

1 2 |3, 4 |5|6 |78
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1 Penapauin A BukopuctaHHA cnagkoBoi iHbopmauii reHiB ana cuHTtesy 6inkis i PHK
2 Pennikauia I' Mpouec BUNpaBneHHA KNITUHOI NowkomeHb il HK

3 TpaHckpunuia |E lMpouec camonoasoeHHA monekynm [HK

4 TpaHcnauis I CykynHicTb BCi€i cnagkoBoi reHeTUYHOI iHpopMaLii opraHiamy

5 KpocuHrosep |K Mpouec yTBopeHHA foaaTKoBKX Konin dparmeHTa AHK

6 leHom H Mpouec nepenuncysaHHA iHpopmauii 3 HK Ha iPHK

7 Amnnidikauia | M O6MmiH AinAHKaMn Mixk FOMONOFiIYHUMIK XPOMOCOMaMM

8 Ekcnpecia O CuHTe3 6inkis Ha maTpuui iPHK, wo BinbyBaeTbca Ha pnbocomax

bionoris + MpakTuka. leHeT4YHi MapKepu

MeTon «reHeTM4HMX BiAOGWUTKIB nanbLliB», abo
¢iHeepnpuHmuHe (Bif aHrn. fingerprinting — 3HATTA
BiOOUTKIB nanbuiB) — MeTOA PO3pi3HeHHA iHAUBI-
AYyyMiB 32 ONOMOrOK BMKOPUCTaHHA 3pas3KiB IXHIX
OHK. Mepwwii BapiaHT mMeTopy OyB po3pobreHwuii
A. Oxeddpecom y Jlectepcbkomy yHiBepcuTeTi B
1985 p. «30N10TNM CTAaHZAPTOM» Ha CbOTOAHI BBaXa-
€TbCA JOCNIMKEHHA IHOMBIAYaNbHOCTI NOAUHN 332 JOMOMOrol MONiMOPGHMX reHe-
TUUYHUX MapKepiB. MOACHITb NepcneKTUBM 3aCTOCYBaHHA FeHeTUYHUX MapKepiB Ha
npakTuLi.

a CTABJNEHHA
»
ﬂj bionoris + MeguuynHa. Metop CeHrepa

@®pedepik Cenzep (1918-2013) — 6puTaHCbKMIA Gioxi-
MiK, ABiui naypeaT HobeniBcbkoi npemii 3 ximii (8 1958 p.
«3a BCTAHOBJIEHHA CTPYKTYp 6inKiB, 0CO6GMMBO iHCYNiHY»
i 1980 p. — «3a BHECOK LWOAO BM3HAYEHHA NOCIiIfOBHOCTI
OCHOB Y HYKJIEIHOBUX KM1CSIOTax»). Y 1977 p. 3anponoHyBas
MeTOA POo3KoAyBaHHA nepBMHHOI cTpyKTypu [1HK, 3acHoBa-
HUN Ha depMeHTaTUBHOMY CMHTE3i BUCOKOPaAiOaKTUBHOI
KoMmnneMmeHTapHoi nocnigosHocTti [JHK Ha ofHOHUTKOBIN
OHK, Wwo pocnigKyetbea, AK Ha MaTpuui. Ha3BiTb Lel meTog
Ta OUiHITb NOro 3HaUYeHHA ANA MeguuUvHU N OOCNiOKEeHHA
CNajKoBOCTI NOAMHMN.

PE3VJIbTAT

3aBAaHHA ANA CAaMOKOHTPOJIO

1. lLlo Take monekynAapHa reHeTtnka? 2. Ha3siTb OCHOBHI ranysi 3aCToCyBaHHA [JO-
CArHeHb MoNeKynApHoOiI reHetukun. 3. LLlo Take mMonekynAapHO-reHeTU4Hi MeToan?
4. Ha3BiTb cy4yacHi MONeKynApHO-reHeTUUHI MeTOAN [OCNIAXKEeHHA CnafKoBOCTI.
5. LLlo Take cekBeHyBaHHA? 6. LLlo Take reHeTnyHi mapkepu?

7. Wo € npegmeTom focnigxKeHb MONIEKYNAPHOT reHeTMKK? 8. AKi ocobnmnsocTi Mo-
7 -9 | nekynApHO-reHeTUYHUX [OCNIAXKeHb CNaAKOBOCTI? 9. flke 3HaYeHHA HaNMOLWMpPEHi-
LINX MONEKYNAPHO-TEHETUYHUX METOAIB?

§ 37. CyyacHi MoneKynapHO-reHeTUYHi MeToAN AOCNIIXKeHb CNAAKOBOCTI IIOANHMN

10-12 | 10. M0oACHITb 3aCTOCYBaHHA reHETUYHNX MapPKepiB.
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Kpawe sug4umu 3atige, aHix Hi4020 He sus4UMU.
CeHeka Cmapwuti

§ 38. OPTAHI3ALIA CNAAKOBOIO MATEPIAJTY
EYKAPIOTUYHOI KNITUHW TA MOTO PEAJTI3ALIIA

OCHOBHi NOHATTA N KnovoBi TepmiHn: TEHOM. EKCIPECIA FEHIB.
MpurapanTte! Lo Take eykapioTnuyHa KniTuHa?

MomipkynTe!

Hali6inblunii reHOM BUSIBNIEHO B POCIINHM
BOpPOHAYe OKo (Paris japonica). Bin mictutb 149 mnpga
nap Hykneotuais. [lo UbOro BigKpUTTA HAMOGINbWNM
reHOMOM BBaKaBCA FeHOM ABOAULIHOI prubu npo-
TonTepyca (Protopterus aethiopicus) — 130 mnppg
nap Hykneotugis. [eHOM NIOANHW CKNAfjaeTbca 3 3,2 MAPA Nap HyKkneotugis. Yomy x
TOZi B NIIOAUHU OpraHisauina 6yfoBu, XUTTERIANBHOCTI 1 NOBefdiHKM € CKNagHiLwow?

3MICT

Aki ocobnuBocTi opraHisauii cnagkoBoro matepiany eykapioTunu-
HUX KNiTUH?

FEHOM - cykynHicme cnaokosoi iH- FEHOM eyKapioTU4HMX KNITUH
opmayii y KnimuHax opeaHiamy nesHoz2o OyHKUioHanbHUN HedyHKuio-
8U0y. [eHOM NOEAHYE OCHOBHI KOMMOHEHTH, KOMIIOHEHN Ha/lbHUN

CTpyKTypHa YacTuHa KOMMOHEHT
1. CTPYKTYpHi reHu 3 iHTpo-| lNcesporeHn,

AKMMU € TeHU Ta HedyHKUioHanbHi nochi-
posHocTi [JHK. HalixapakTepHiwi ocobnu-

) L - Hamu 1 eK30Hamu TaHAEeMHi
BOCTi OpraHisauii CnagkoBOro Mmatepiany |2 pogunu renis (knactepn)| nostopu,
eyKapioTiB Taki. PerynatopHa YacTuHa reHeTUYHi
+ HaABHICTb B eykapioTUYHUX KNITUHaX . MOoGinbHi ene-

. .. |1. PerynatopHirexn .

TaKUX BUAIB reHoMy, AK A0epHuUl, Mi- |5 PerynaTopHi enemeHTH MeHTY, cren-

moxoHdpianeHUl i naacmudHul. Xa- cepr Ta IH.

paKTepHO 0cobnUBICTIO AREPHOro reHoMy € 38’a30k JJHK 3 6inkamu-zicmoHamu
1 YTBOPEHHSA [1€30KCPUOOHYKIEONPOTETHOBMX KOMMIEKCIB — XPOMOCOM.

«  Po3mip reHomy eyKapiOTUUHUX KIiTUH Ma€ TeHAeHLilo [0 36inblieHHA B Mipy
yCKNagHeHHA opraHiamis. Tak, reHOM KMLWKOBOI NafNyKy Hanivye 4,6 MJH, reHOM
Apo3odinm — 130 MAH, a reHOM NOAMHMW — 3,2 MAPA Nap HYKNeoTuAiB.

+  OCHOBHUMW KOMMOHEHTaMMN eyKapioTUYHWX FeHOMIB € (hyHKYiOHAIbHI NOC/1id08-
Hocmi Hykneomuoig [JHK.

« Y cknagi dyHKUiOHaNbHOI 1 HedyHKUiOHaNbHOT YaCTUH FeHOMY eyKapioTUYHMX
KNITUH € YHiKanbHi NocnifoBHOCTI (MpeAcTaBfieHi B reHOMi OfHI€0 KorMi€) 1
NOBTOPIOBaHI NOCNIAOBHOCTI (NpeaAcTaBneHi AekinbKkoma abo 6aratbma Konisimu).

«  [InAa cTPYKTYPHOI YaCTUHM reHOMY eyKapioTiB XapaKTepHUN MOo3aiyHuli npuHyuUn
6y0osu. CTPYKTYpPHI reHn MatoTb AiNAHKY, WO KOAYTb cnafgKkoBy iHbopMaLiio, —
€K3O0HMW, i JiNAHKM, WO ii He KOAYloTb, — iIHTPOHN.

«  YreHomi eykapioTiB BifOyBaloTbCA YCKNALHEHHA 1 ypi3HOMAHIMHeHHs OifIAHOK pe-
2yJ1AMOpPHOI yacmuHu (HanpurKnag, eHxaHcepw i canieHcepwy, Wo NocunooTb abo
nocnabnioTb TpaHCKpunuio). Knoyosy ponb B eBoOLiT eyKapioTis Bigirpae He
nosiBa HOBMX KOZyBaNbHMX MNOCiILOBHOCTEW, a HOBi KOMbiHaLjii cTapux i nosasa
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NocnioBHOCTEN 3HAUHY POJib BifirpatoTb MOGINbHI FeHEeTUYHI eneMeHTK.

«  binblwy yacTVHY eyKapioTUYHOro reHoMy CTaHOBUTb HAdUWKo8A (HedyHKLio-
HanbHa) JHK, wo He mMicTuTb iHbopmaLii npo cMHTe3 GyHKLiOHaNbHUX NPOAYKTIB.
Tak, y KMLWKOBOI Nanuukm yactka Takoi [JHK ctaHoButb 15 — 20 %, y gpo3odinm -
90 - 95 %, a B ntoanHN — axk 95 — 98 %.

« B eykapioTyHOMy reHomi cnocTepiraeTbcsa 36inbWeHHA po3mipie cnelicepig — pi-
naHok JHK, wo BigoKpemnioloTb reHn OfuH Big OfHOro. Y npoKapioTiB cnericep
CKNAfa€eTbCA 3 AeKiNIbKOX nap HyKNeoTudiB, @ B eyKapioTiB Ui AiINAHKM 3Ha4YHO
Ginbui (in1. 92).

Cneiicep EnxaHcep Onepatop Ek30oH IHTpOH Ek30H IHTpoH Ek3oH TepmiHatop

- @HK

: TpaHCKvpVII'ILliﬂ

npo*lPHK

BI/Ipi3aHHﬂviHTpOHiB

| | | | 3pina iPHK

In. 92. OcobnmBOCTi opraHisaLii reHoTUMy eyKapioTUUYHOT KNITUH

« [eHOM nepeBaxHOI 6iNbWOCTI eyKapioTiB 3aBAAKM CTAaTEBOMY PO3MHOXEHHIO
OTPVMYE iBa HAabopW anesibHUX FreHiB Bif ABOX OATbKIB Pi3HOT CTaTi.

OTXe, reHOM eyKapioTiB Bipi3HAETbCA 0COONMBOCTAMU OpraHisauii
byHKUiOHaNbHOT 1 HedYHKLIIOHAaNbHOT YacTWH, cepef AKMX BUOKPEMUMO
36iNbLIEHHA PO3MIpiB, HAABHICTb MO3AiYHOT CTPYKTYPW, HAANNLIKOBICTb

Ta YCKJIAaAHEHHA PerynaTopHMX MOCaifOBHOCTEN.

AKi oco6nuBocTi peanisauii cnagKoBoro marepiany eykapioTuuHoi KnitTuHmn?

EKCIMPECIA TEHIB - npouecu sukopucmaHHA cnadkosoi iHgpopmayil 2eHie 0na
CcUHmMe3sy pyHKYioHanbHUX Nnpodykmis — monekyn PHK i 6inkie. AKWO KiHLeBMM NpoayK-
TOM eKcrnpecii reHiB € 6ifIOK, TO Npouec ekcnpecii Ha3MBa€eTbCA BiocuHmesom 6inkie,
areH - 6inkosuM. IHbopMaLisa 3 Taknx reHiB nepenucyeTbesa Ha iPHK, wo nepeHocntb
il jo pnbocom — opraHen cumHTe3y 6inkis. Akwo Ha reHax [HK BigbyBaeTbca cuHTE3
TpaHcnopTHUx PHK, To ue reHn TPHK; sikwo cnHtes pnbocomanbHux PHK, To Ue reHu
pPHK. biocnHTe3 PHK Ha3uBaeTbcA mpaHckpunyiero. Takum YMHOM, 3aBAAKM eKcnpe-
cii reHiB y KniTvHax 3'aBnAwTbcA 6inky, iPHK, TPHK i pPHK.

EKCNPECIA TEHIB B eykapioTM4HUX KNiTUHaX

§ 38. OpraHi3auia cnakoBOro matepiany eyKkapioTUUHOI KNiTUHM Ta AOro peanisadis

PHK-renn BinkoBi reHun

TpaHckpunuia biocuHTe3 6Ginkis

OcHOBHI cTagil OCHOBHi eTanu
1. Iniuiauin 1. TpaHcKpumnuia 3 yTBopeHHAM npo-iPHK
2. Enonrauin 2. MNpouecuHr i3 cnnacnHrom Ta ekcnopt iPHK
3. TepmiHauin 3. TpaHcnauyia
Pesynbtat: ytBOpeHHA TPHK i pPHK | 4. MicnaTtpaHcnauiina moandikauina

Pe3ynbrat: yTBOpEHHA b6inkiB

OcobnwmBocTi: 1) BifoKkpeMneHicTb TpaHCKpUNLUii 1 6iocnHTe3y 6iNKiB; 2) HaABHICTb NpoLe-
CYIHTY i3 CNancMHrom; 3) akTMBHa 1 CKNafHa perynauia akTMBHOCTI reHiB
AKi >k 0COBNNBOCTI eKCNpecii reHiB B eyKapioTUUHMX KNiTUHax?
1. Ha BigmiHy Bif npokapioTie eykapioTnyHa iPHK cnHTe3yeTbCA y KNiITMHHOMY AAPI
(TpaHckpunuia iPHK), 3Bigkn TpaHcnopTyeTbca fo uutonnasmm (ekcnopt iPHK)
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[NA cMHTe3y 6inkiB. TakUM YMHOM, mpaHckpunyisa U 6iocuHmes3 6isikie € okpeMumu,
8iddineHUMU y npocmopi U yaci, emanamu ekcnpecii 2eHis.

2. IHWa BiAMiIHHICTb NonArae B mMo3aiuHin OyAoBi reHiB, WO MalTb iIHTPOHU Ta eK-
30HK. CnoyvaTKy iHpopmaLisa 3 6INKOBUX reHiB NepPenmnCyeTbCA Ha NonepeaHrKa
iPHK (npo-iPHK), a noTim HeiHpOpMaTMBHI iHTPOHHI BiNAHKW BUpi3aloTbca (cnnai-
CUHI) N NEPBUHHUI TPAHCKPUNT NepeTBOPIOETbCA Ha 3piny iPHK (mpouecuHr).
Tomy npouyecuHe eykapiomuyHoi iPHK € Hegid'eMHO0 YacmuHo MpaHckpunuii.

3. [na eykapioTiB xapakTepHa audepeHLianbHa eKcrnpecia reHiB y pisHUX Knitu-
Hax opraHiaMmy, Tomy 6araTOKNiTUHHI OpraHiamMy MalTb Pi3HOMaHITHI AndepeH-
LinoBaHi KNiTMHK. Xo4a B YCiX KNiTUHaX MiCTATbCA OOHAKOBI reHu, IXHA eKcnpecia
BifOyBa€eTbCA HeofHaKoBO. Perynauia KNiTMHHOT audepeHuiauii 3niNcHI0ETbCA 3a
Jonomoroto cneumnoivuHmx 6inKiB — TPAHCKPUNUINHUX YMHHMKIB. Ha peani3auiio
cnapkoBoi iHbopMmaLii BNMBatOTb AK BHYTPILHI (ropMOHU, BINKOBI TpaHCKpun-
LifHI YMHHUKK, BINKM-iHOYKTOPW, GINKN XpOMaTuHY, ManeHbki aaepHi PHK), Tak
i 30BHiWHI (TemnepaTypa, BUNPOMiHIOBAHHA, aHTMOIOTUKKN, TOKCUHM). Taknm yun-
HOM, eKcnpecia eykapiomuy4HUX 2eHi8 AKMUBHO pe2ysTlEMbCA | € OCHOBOI pocmy,
po3sumky U ougeperyiayii kKnimuH ma ixHeoi adanmauii 0o yMo8 HasKOAUWHbO-
20 cepedosuwa (in. 93).

OTXe, eKcnpecis reHiB € peanisaui€to cnagkoBoi iHpopMauii KniTuH
3 yTBOpeHHAM PHK i 6inkKiB, AKa B eyKapioTUYHMX KNiTMHaxX BiabyBa€TbCA 3

In. 93. OcHOBHI eTanu ekcnpecii 6inKoBYKX reHiB: 1 — TPAHCKPUNLiA; 2 — NPOLECHHT
i3 cnnancrHrom; 3 — ekcnopt iPHK; 4 — TpaHcnauis; 5 — nocTTpaHcnAUinHa Moandikalis

NeBHUMN OCOBNMBOCTAMU.

Tema 3. CMAAKOBICTb | MIHJTUBICTb

BIANbHICTb
CamocTiHa po6oTa 3 Tabnuueto

3a gonomoroto Tabnuui BM3HauTe 0COONMBOCTI OpraHi3adii cnagkoBoro maTepia-
Ny eyKapioTUYHMX KNiTVH. 3aN0OBHITb y po6oyomy 30LKTi Tabnuuio Ta 3pobiTb 3aranb-
HWUI BUCHOBOK MPO BiIMIHHOCTi reHOMY eyKapioTiB Bifj reHOMy apxeii Ta 6bakTepiii.
Ta6nuua. XAPAKTEPUCTUKA TEHOMY EYKAPIOTUYHUX KNITUH
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O3Haka Xapaktepucrumka

Buan reHomy

Po3mipu reHomy

OcobnnBoCTi AAEPHOrO reHoMy
KoMnoHeHTn reHomy

Cknap GpyHKLiOHaNbHOrO KOMMOHEHTa
Cknag HepyHKLiOHanbHOro KOMMOHEHTa
OcobnrBocTi 6yA0BU CTPYKTYPHOT YaCTUHN
OcobnnBOCTI PErynATOPHOT YaCTUHN

Bionoria + AHTpononorisa. 0co6nMBOCTi reHOMY NIOAVHYN

B >xypHani Nature mixkHapOoAHWIA HAyKOBUIA KOHCOPLIiyM onybnikyBaB pe3ynbraTi
OOCNIAXKEHHA reHOMY WMMMNaH3e — TBapUHW, AKa Hau-
6inblw cxoxa 3 Homo sapiens. LlumnaH3e cTaB yeTBep-
TUM CCaBLEeM, FreHOM AKOro MOBHICTIO po3wundpyBanu
BUEHi MicnAa reHoMiB muLi, Wwypa Ta nogmHn. Lo Take
reHOM NoAnHN? Y YoMy MonfAraloTb MOro 0co6amBoCTi
NMOPIBHAHO 3 FEHOMOM LUMMMaH3e?

Q CTABMEHHA
» [N
ﬂj Bionorisa + EnektpoHika. biouinu

Biouin (aHrn. biochip) - maTpuuAa 3 HaHeceHMMMU Monekynamu 6inkiB abo
HYK/TIeIHOBUMX KUCNIOT ANA OAHOYACHOrO BMKOHAHHA BENMKOI KiNbKocTi aHanisis. Oc-
HOBHA YacTKa cydyacHux OGiouinis npunagae Ha OHK-
yinu. JHK-6iouinamn Ha3MBalOTb TaKOX TEXHOJIOTIT Ans
ineHTUdikauii monexkyn IHK ta aHani3y ekcnpecii reHis.
[HK-6iovinn cTBOpEHO aHaNoriyHoO 3 eNneKTPOHHUMU
MiKpocxeMamu-yinamm, TO6TO B HUX Pi3HE NOXOAPKEHHS
1 nofi6Hi GyHKLUIT. ke X Npr3HayeHHs yinis? B AKux ra-
ny3ax 6ioYinu MatloTb HalLWMpPLLIE 3aCTOCYBaHHA?

PE3YJIbTAT

3aBAaHHA A4/1I CAMOKOHTPOJIO
1. Wlo Take reHom? 2. Ha3BiTb KOMMNOHEHTN FreHOMY eyKapioTUYHUX KIiTUH. 3. HaBe-
AiTb NPVIKNagnM ocobnmBoCTel reHoMy eyKapioTUUHUX KNiTuH. 4. Lo Take ekcnpe-
cia? 5. Wo € pyHKUioHanbHMMKU NpoAdyKTamu ekcnpecii reHis? 6. Ha3BiTb OCHOBHI
eTanu ekcnpecii 6iNKoBUX reHis.
7. AKi ocobnmBoCTi opraHisaLii cnagKoBoro maTtepiany eykapioTyHux KnituH? 8. Aki
7-9 |ocobnunBocTi peanisauii cnagkoBoro matepiany eykapioTUuHoi KnitTuHmu? 9. Ynm ekc-
npecisa PHK-reHiB Bifpi3HAETbCA Big ekcnpecii 6inkoBrX reHis?
10. Y yomy nonsratoTb BigMiHHOCTI reHOMY eyKapioTiB Bifj reHOMy apxeli Ta 6akTe-
pin?

§ 38. OpraHi3sauis cnagkoBoro maTepiany eykapioTUUYHOI KNiTUHU Ta NOro peanisauis

10-12
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[eHemuka 8sadxae, a enizeHemuKda — ys1auwmosye.
1. Medasap

§ 39. TEHW. PErynauiad AKTUBHOCTITEHIB

OcHOBHi NOHATTA 11 Knto4voBi Tepminn: FEH. CTpykTypHi reHun. PerynatopHi
reHn. PEFYNAUIA AKTUBHOCTI FEHIB. EnireHeTukKa.

MpuraganTte! Lo Take reHn?

HoBunHM HayKn

lpyna HaykoBUiB AoBena, WO BOCbMWHO-
rM Ta iHWi rOfIOBOHOr MOJMIIOCKM 34aTHI peaarysatu
BnacHy iPHK ana perynauii cuHtesy 6inkiB, He 3mi-
HIoYM caMuX reHiB. Y Takui cnoci6 BigbyBatoTbcA
wemaKka mogmdikalis 6inkis i 3miHa ixHix GyHKUIN, Wo
3abe3neyvye NIaCTUYHICTb NOBEAIHKU. A L0 TaKe reHn
i AK PerynoeTbCA iXHA aKTUBHICTb?

3MICT

Ik opraHisoBaHa AiANbHICTb reHiB?

FEH (Big rpeu. genos — pig, nNoxopxeHHs) — ye OinaHka [HK, wo micmume
iHgpopmayito npo nep8UHHY cmpykmypy mosekynu 6inka abo PHK. 3a3Hauumo, wo €
rpyna HeKniTMHHNX GOPM KNTTA, B AKX reHeTnYHa iHpopmauia 3anucaHa Ha PHK. Lle
PHK-BmicHi Bipycu 11 Bipoigu.

KoXeH reH micTutb KofyBanbHy MOCNIfOBHICTb, Aie 3anucaHa iHdopmauia npo
NpoAyKT, Ta MeBHUIN Habip PerynaTopHUX efleMEHTIB, WO KOHTPOMOTb Noro fAi-
ANbHICTb. PerynaTopHi nocnigoBHOCTI MOXyTb nepebyBaTn AK y 6e3nocepenHiin
6113bKOCTI Bify KOAYBaNIbHOI MOC/iIOBHOCTI HYKNEOTUAIB (HanpuKnag, NpoMomopu —
LiNAHKN, 3 AKX MOYMHAETHLCA TPAHCKPUNLiA), TaK i Ha BiACTaHi (Hanpuknag, eHxaHce-
puU — BiNAHKMN, O NOCUIOTb TPAaHCKPUNLto).

HakonuuyeHi 3HaHHA MPO reHW 3yMOBAIOIOTb iCHYBaHHA [AEKiNbKOX BapiaHTIB
Knacmoikauii. 3a po3TawlyBaHHAM Y KNiTMHAX BUOKPEMIIOTb A0epHi 2eHU i yumo-
naasmamudyHi 2eHu (PO3TaLloOBaHi B MiTOXOHAPIAX i xJloponnacTax).

3a PyHKLiOHAaNbHUM 3HaUYEHHAM FeHy MOAINAITb Ha CTPYKTYPHI I perynaTtop-
Hi. CTPYKTYpHi reHn koaytoTb 6inok a6o PHK, a perynatopHi BM3HaualoTb MoYaTok,
WBMAKICTb N NOCNiAoBHICTb NpoueciB cnHTe3y PHK Ha maTtpuui HK. Po3mipu pery-
NATOPHUX reHiB, AK NPaBW10, HE3HaYHI — KiflbKa AeCATKIB Nap HyKNeoTuAiB, CTPYKTYpP-
HUX — COTHI 1 TUCAYI HYKNeOoTUAIB.

3a ¢yHKUiOHaNbHYM MPOAYKTOM eKCrpecii BMOKPeMIoTb OifkoBi reHu i
PHK-reHun. binkoei 2eHu mictaTb iHGOpPMaL|ilo NPO NepBUHHY CTPYKTYpY binka, ana
6GiocrHTe3y Ha OCHOBI LUX reHiB yTBoptotoTbcs iPHK(abo maTpuuHi MPHK). PHK-2eHu
KOAYIOTb BenuKy KinbKicTb pisHux Bugis PHK, Aki He nigpatotbca TpaHcnauii. Lle
TpaHcnopTHi PHK (TPHK), pu6ocomHni PHK (pPHK), maneHbki agepHi PHK (MaPHK), mi-
Kpo-PHK (MKPHK).

3a aKTMBHICTIO PO3PIi3HAIOTb KOHCTUTYTUBHI 1 HEKOHCTUTYTUBHI reHn. KoHcmu-
MmymueHi 2eHuU — ye 2eHU, W0 € NOCMIlIHO aKMUBHUMU, Yepe3 me wo 6inKu, AKi HUMU
KoOytomebcs, HeobxioHi 0712 nocmiliHoi KnimuHHoI disneHocmi. Lii reHn 3abe3neuytoTb
CUHTE3 6inkKiB, GepMeHTIB i He NOTPebYITb creuianbHOl perynauil. Y 6araTokniTuH-

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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HUVX eyKapioTiB TX LWe Ha3MBalTb «reHaMy JOMaLlHbOro rocnofgapcTea». HekoHcmu-
mymueHi 2eHu — ye 2eHu, AKi cmarme akmusHUMU Jiuwe modi, Koau 6inok, AKUli 8OHU
KoOytoms, nompibHuUl knimuHi. BOHV peryniolTbcs KniTMHOW abo opraHiamMom i 3a
yyacTi KofoBaHux 6inkis 3abe3neuyioTb andepeHuialito KNiTuH. Ui reHn y knitnHax
eyKapioTiB Ha3/BaloOTb «reHaMM PO3KOLLI».

OTxe, reHn — Ue He Tinbku ginaHkn AHK, wo mictaTb neBHy iHpopmaLito,
a  cuctema enemeHTiB, Wo 3abe3neyye ekcnpeciio Ui€i iHpopmauii.

flke 3HaYeHHA Ma€ perynsALlia aKTUBHOCTI FreHiB ANA KNiTH?

PErynaula AKTUBHOCTI TEHIB - ye ckiaoHa cyKynHicme MonekynapHUX Me-
XAHi3Mmi8, 3a80AKU AKUM KAIMUHU MOXyms 36inewygamu abo 3MeHWwys8amu Kinekicme
¢hyHKyioHaneHUX NpoOyKmie ekcnpecil nesHUX 2eHig y 8i0nN08idb HA 3MiHy 308HIWHIX
ymog. XntTta Oyab-aKOT KNiTUHM BU3HAYAETbCA CYKYMHICTIO iT reHis. 3aBasaKkn reHam
3[iMICHIOETCA BYAb-AKNIA NPOAB Ta OYAb-AKi 3MiHW XXUTTERIANBHOCTI Ha BMIVBU YMH-
HUKiB cepepoBuLLa. KNiTMHA XMBe B 3MiHHUX YMOBaXx cepefioByLLa i Ma€ pearyBaTtu Ha
Ui BNAMBKM 3MiHaMK CBOIX BioximiuHKx npouecis. Came perynauis akTUBHOCTI FeHiB i
3abe3neuye Lo MiHAMBICTb KNITUH 6e3 3MiH reHOTMNY. A Lie, B CBOIO Yepry, 3yMOBJIIOE
FHYUKICTb BNAaCTUBOCTEN XNBUX CUCTEM | MOXKUBICTb NPUCTOCYBAHHA A0 3MiHU YMOB
cepepoBULLA. ICHYE HaBITb HayKa NPO TaKi MexaHi3Mu — enireHeTurKa.

EnireHeTuka - Hayka, wo 8U84YAE 3MIHU eKCnpecii 2eHis, ujo 3yMo8sieHi MexaHi3ma-
MU, He N08’A3aHUMU 3i 3MiHamu nociidosHocmi Hykneomudie [JHK. Taki 3MiHU MOXYTb
3aNMWaTCA BUAUMUMU BMPOAOBXK AEKiTbKOX KNITUHHUX MOKOJiHb abo HaBiTb Kifb-
KOX NOKOMiHb XNBMX OPraHi3miB. AKLLO reHeTnKa BMBYa€E NpoLecy, Lo BefyTb A0 3MiH
y reHax opraHi3miB, TO enireHeTuka JOCAILXY€E 3MiHW aKTMBHOCTI eHiB, 3a AKUX
cTpykTypa [HK 3anvwaetbca He3miHHOO. EnireHeTMKa BMBYaE npouecy, Wo aKkTu-
BYIOTb ab0 MPUrHiUYOTb aKTUBHICTb FeHIB Y BigNOBigb Ha NpUAMaHHA iXi, GpisnuHe
HaBaHTa>XeHHA, CTpec TOLLO.

> OMNEPOH =
CTPYKTYPHITEHU
Perynatop MNMpomoTtop  Onepatop TepmiHaTo
AHK [ | [

* ¢ ¢ ¢ TpaHcKkpunuia

1 I I [ liPKH
\ ¢ ¢ ¢ TpaHcnauia
IHayKTOP
=, (edekTop) 7N

HeakTuBHMi AKTUBHUIA
penpecop penpecop

binok Z BinokY Binok A

In. 94. Cxema perynauii akTMBHOCTI reHiB 3rigHO 3 KOHLenui€o onepoHa

Brneple mexaHi3aMy 3MiHW aKTUBHOCTI reHiB moAcHUAN ¢paHUy3bKi HayKoBLi
®. Xakob6 i K. MoHo y 1961 p. BoHM 3anponoHyBanu KOHLeNLUio onepoHa, 3rigHo
3 AKOIO HAa aKTUBHICTb CTPYKTYPHUX FeHIiB Y NPOKapiOTUYHNX KNITUHaX BNANBAE pe-
FYNSTOPHWIA TeH, WO BiAMNOBIZAE 32 CUHTE3 perynatopHux 6inkis (1. 94). Ui 6inku
6/IOKYI0Tb TPAHCKPWLio, ane 3 MOosABOI B KIiTMHI NEBHOrO CcyO6CTpaTy (Hanpuknag,
MOJIOYHOTO LYKPY — JTaKTO3U) BOHW iHAKTUBYIOTbCA, O YMOXIUBIIOE TPAHCKPUMLito
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1 yTBOpEHHA dyHKLioHanbHOro npoayKty. Lium npogyktom € bepmeHTy, Wwo posuien-
NIOI0Tb JIAKTO3Y 1 CNPUAIOTD Tl 3aCBOEHHIO.

Hankpawum nprknagom enireHeTUYHUX 3MiH A8 eYKapioTUYHNX KNiTUH € Npo-
uec ougpepeHyiayii knimuH. OfHa 3annigHeHa ANUEKNITUHA — 3UroTa AiNuTbCA 1
andepeHLiloeTbCA B Pi3Hi BUAW KNITWH, AKI HaABHI B X1BOMY opraHi3mi. Lle 3gincHio-
€TbCA WNAXOM aKTUBALl OQHUX FeHiB Ta NPUrHiYeHHA iHLWKX, a rinoTes3a, Wo NOACHIOE
Ui 3MiHW, Ha3UBA€ETbCA 2inome3o0to dughepeHyianbHOl akmueHocmi 2eHie.

OTXe, 3aBAAKM perynauil akTUBHOCTI reHiB BigbyBatoTbcA BignoBigHa
NPUCTOCOBAHICTb KITUH Ta OQHOKNITUHHMUX OPraHi3aMiB A0 3MiHHMX
YMOB cepefoBuLia Ta gudepeHuiauia KNiTUH nig yac po3BUTKY
6araToKNiTMHHMX OpraHi3miB.

AIK perynioerbca akTUBHICTb reHiB B €yKapioTUYHIN KNiTUHI?

KniTnHun 6yab-AKoro eykapioTMYHOro OpraHiamMy MiCTATb OAHAKOBY reHETUYHY iH-
dbopmaLito, ane nig yac iXHbOro PO3BUTKY BOHA peanizyeTbcA BUbipkoBo. OfHOYacHO
yCi reHu, Lo € B FeHOMI KMiTUH, HIKONM He «NpaLioioTby, TOOTO aKTUBHVMM YCi FeHn
BOAHOUAC HiKONM He ByBatoTb. fKi XX MexaHi3Mu 3a6e3neuyroTb perynsaLito akTMBHOCTI
reHiB B €yKapioTUUYHUX KNiTUHax?

Perynauia akTMBHOCTI reHiB 3rigHO 3 KOHLieNLi€lo onepoHa XxapakTepHa nuwe ana
reHiB, po3TalloBaHMX Y MITOXOHApPIAX 1 nnacTngax. Cuctema perynauii AaepHuX re-
HiB € HabaraTto cknafHilwot 1 pi3HOMaHITHiWoW. HaaBHICTb Afpa N HYKNeOoCOMHOI
opraHisauii XpomaT1HY CYTTEBO PO3LUNPAE MOXKIMBOCTI perynauii. ¥ eykapioTnuHmx
KNiTUHaX eKcnpecia reHiB perynioeTbCA Ha KOXKHOMY 3 eTaniB — Ha PiBHI TpaHCKpuN-
uii, npouecunry PHK, ekcnopty PHK, TpaHcnAuii 1 nocTTpaHcnauiinHoi moandikauii
6inkiB. Haibinbl yHiBepcanbHUMK enireHeETUYHNMIY MexXaHi3MaMu perynauii € Taki.

Peaynsayis 3a yuacmi manux PHK. PHK-inmepdgepeHuis — mexaHi3m perynauii, wo
30iMCHIOETbCA 3a gonomorot manux (20 — 25 HykneoTtuais) monekyn PHK. OcHOBHuU-
MU Mosiekynamu € maneHbKi agepHi PHK (MaPHK) ta mikpoPHK (MkPHK), aki Bxke nicna
TPaHCKPMNUiT MOXKYTb BCTYNATN Y B3AEMOZIIO i3 KOMMNIIEMEHTapHMMM NOCifOBHOCTA-
My iPHK Ta 3MiHIOBaTW TXHIO aKTUBHICTb.

Pezynayia wnsxom memusnoeaHHsa. Lle Halbinbw foOCNigKeHn MexaHi3m pe-
rynauii, NoB'A3aHWI i3 NpUeAHAHHAM MeTUNbHOI rpynu (CH,) Ao uUTO3UHY B CKNadi
Hykneotugis AHK, o 3a3Bmyar NpuUrHivye akTMBHICTb reHiB Ha PiBHI TPaHCKpMMLii.

Pezynayis Ha pieHi xpomamuHy. Lle HanbinbL yHiBepcanbHWiA cnoci6 perynayii
3a AONOMOrOI0 3MiHW CTaHy XPOMaTUHY BMPOAOBX XUTTA KNiTUHW. [leKoHAeHCcoBa-
HUI eyXpOMaTWH CTBOPIOE MOXKNMBOCTI ANA 3UMTYBaHHA iHGOpMaLii 3 reHiB, a yLinb-
HEHWI KOHAEHCOBaHWI reTepoXpoMaTuH — HNoKye.

OTXKe, ANA eyKapioTUUYHMX KIITUH XapaKTepHi CKNagHi N pi3HOMaHITHI
MONEKYNAPHI eniereHeTNYHi MexaHi3mu, Lo 3MIHIOIOTb aKTUBHICTb FeHiB
i He 3auinatoTb NepBUHHOT CTPYKTypn OHK.

BIANBbHICTb

M 3aBAaHHA Ha GOopMyBaHHSA NOLWYKOBUX YMiHb
3icTaBTe npi3BULLa BUEHUX Y rany3i 6ioNoril i3 MOAENbHMM OpraHi3amamu, AKX
BOHV BUKOPUCTOBYBa/IN, Ta OTPUMaTe Ha3By rpynu 6ifkiB, HeEOOXigHMX ANA yTBO-
peHHA XpomaTuHy. [laiiTe KOPOTKY XapaKTepuUCTUKY Uil rpyni 6inkis. Ak BinbyBaeTbcA
164 perynAuia akTMBHOCTI reHiB 3a iXHbOI yyacTi?
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1 b. Mak-KniHTok I Kykypyasa

2 [. MeHpenb N Auetabynapis

3 T.X. MopraH I Topox nociBHui

4 [.bigniE. Tentym |H lMNec cBincbKkmm

5 A. OneminHr O lleHiynn No3HayeHMn : .

6 I|.T1.MaBnos C [po3oodina HopHoUepeBa 1 2| 3| 4|5 |6|7
7 C.bpeHep T Hemnpocnopa rycrta

Bionoria + PauioHanbHe xapuyBaHHA. DonieBa Knucnora

HuHi HayKOBLAM yXe BifOMO, WO KOMMOHEHTN Xap-

YOBMX MPOAYKTIB UMHATb BMNB Ha enireHeTUyHi npo-
uecn. Mamxe BCi »iHK/ 3HalOTb, WO MiJ Yac BariTHOCTI
yXe Ba)K/NIMBO BXMBATW JOCTATHIO KinbKicTb ponieBoi
KNCNOTN.
BiCTb LUbOro BiTaMiHy B pauioHi. Cnpasa B ToMy, Wo ¢o-
ni€eBa KMcnoTta BnamMBaEe Ha meTuntoBaHHA HK. Lo Take

EnireHeTnka gonomara€e 3po3ymiTu Baknu-

¢donieBa KMCNIOTa | B YoMy nosiArae ii 3B'A30K 3 MeTUIIO-

BaHHAM?

CTABJIEHHA

bionoria + MeguuuHa. NepcoHidpikoBaHa meguumnHa.

Ha cborogHi gomiHaHTHUM (NepeBa)alunm) y

fiarHocTvui 1 nikyBaHHI OyAb-AKUX 3aXBOPIOBAHb ’ ** * **

€ Nigxia, AKUN FPYHTYETbCA Ha TOMY, WO MiCNA BCTa-

HOBNEHHA f[iarHo3y BCi nofanblui 3ycmnna nikapa [\ —>*
CNPAMOBAHO Ha JliKyBaHHA XBOPOOU 6e3 ypaxyBaHHA (e *
iHoMBiAyanbHUX ocobnuBocTel nauieHTa. Ane mamn- . m—)> ——
6yTHE 3a nepcoHidikoBaHow MeguumHotw. Lo Take & -*

nepcoHidikoBaHa MeanLMHa i AKe 3HaYeHHA Y ii po3-
BUTKY MO>Ke MaTu reHeTnKa?

PE3VYJIbTAT

3aBAaHHA AnA CAMOKOHTPOJII0

1. Wo Take reHn? 2. LLlo Take perynATopHi n cTpyKTypHi reHn? 3. LLlo Take perynauin
aKTMBHOCTI reHiB? 4. LLlo Take enireHeTnka? 5. Ha3BiTb OCHOBHWMIA cnoci6 perynauii
AKTUBHOCTI TeHiB Y NPOKapioTUUYHMX KNiThHax. 6. Ha3BiTb Halbinbl yHiBepcanbHi
MeXaHi3M1 perynauii akTMBHOCTi reHiB B €yKapioTUUHIlN KNiTUHI.

7. Aki opraHizoBaHa AiAanbHICTb reHiB? 8. ke 3HaueHHA Ma€ perynAauia akTMBHOCTI
reHiB AnAa KNituH? 9. Ik perynioeTbca akTUBHICTb reHIiB B €yKapioTUYHIN KNITUHI?

10-12

10. O6rpyHTYiiTe 3HAUEHHA enireHeTKM A7 PO3BUTKY MeAMLMHM Ta NPodinakTuKm
3aXBOPIOBaHb.
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Kapiomun — ue KinbKicmes i 8u2/1590 XpomMocom
8 A0pi eykapiomuy4HoT KIimuHu.
Bikinedis

§ 40. KAPIOTUN JIIOANHWU. XPOMOCOMHUI AHAJI3

OcHOBHi NOHATTA 1 KNo4voBi TepmiHn: KAPIOTUM JIOAWHWU. Xpomocomu.
XpomaTtuH. XPOMOCOMHUW AHANI3.
MpurapanTe! Lo Take KapioTun i xpomocomu?

'\ 3HaliomTecs!

Ao Xin Tio (1919-2001) — amepUKaHCbKINIA re-
HeTUK, AKMI ynepLue po3ni3HaB HOPMasibHY KifbKiCTb Xpo-
MOCOM Yy KniTuHax noguHu. s nopgia sigbynaca 22 rpygHa
1955 p. B |HCTUTYTI reHeTukn JlyHACbKOroO yHiBepcuteTy
B LUBewii, Kyan HaykoBeLpb OyB 3anmpolueHWin gns [ochi-
DKeHb. [lo ui€l gatm BBaXkanoca, Wo B KiiTMHax Homo
sapiens, AK i B LUMMMNaH3e Ta ropuiun, € 48 XxpOMOCOM.

3MICT

Aki oco6nuBocTi KapioTuny noguHM?

Kapiotun nognHn xapakTepusy€eTbCa 3a TUMM CamUMU NPaBUaaMu, WO 1 Kapio-
TUMW eyKapioTMYHMX opraHi3mis. Lle cneyugiuHicme, cmabineHicme, napHicme, iHOU-
8idyaneHicme Ta HaCmynHicme. Ana JOCNigXeHHA 0COBNNBOCTEN KapioTuny noguHu
i XpOMOCOMU pO3TalLOBYIOTb Yy BUFNAAI igiorpamm (Big rpeu. idioc — cBOEpPigHWIA, 2pa-
ma - Hanwnc). CKknafgaHHA igiorpamu, Ak i cam TepMiH, 3anpPONOHOBAHO YKPATHCbKNM
yutonorom C. I HagawwuHum.

Y 1960 p. 6yno po3pobneHo nepuy JeHBepPCbKY MiXHapoAHY Knacudikadito xpo-
MOCOM fitoAnHKN. Y ocHOBY 1T 6yno noknageHo ocobanBocCTi po3mipiB XpoMocomMM Ta
po3TalyBaHHA LeHTpomepu. B igiorpami XxpoMocoMy po3TaLlOBYIOTbCA MOMAPHO Y
nopAaKy 3MeHLUEeHHA PO3MipiB (KpiM CTaTeBMX XPOMOCOM). 3 LLiEI0 METOIO BUMIPIOIOTb
JOBXWHN XPOMOCOM y MiKpomeTpax. [JoBXMHa XPOMOCOM KONIMBAETbCA Bif 2,3 A0
11,0 MKM. Bu3HauatoTb TakoX CniBBiHOLWEHHA JOBXWUHW KOPOTKOIO niaeyva Ao JOBXN-
HU BCi€l Xxpomocomu. 3a popmoto, po3mMipamu, NepeTsaKKaMm BCi XPOMOCOMM SO MHM
noAinAlTb Ha 7 rpyn; iX MO3HavyaloTb NATUHCbKMMK fliTepamu (in. 95)

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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Y HopMi KapioTvn NOAWHN CKNagaTtbca i3 46 XpOMOCOM, 3 HUX 44 ayToCcoMu
(22 napw), Lo matoTb OAHAKOBY OYA0BY B YOSIOBIUOMY 11 KIHOUOMY OpraHi3max, Ta ofgHa
napa crateBux xpomocom (XY -y yonosiki i XX - y »iHOK). XpomocomHa dopmyna
»KiHouoro Kapiotuny — 44A+XX, yonosiyoro — 44+XY. Taknin KapioTmn 3annwaeTbCcA
HEe3MiHHMM YNPOAOBX YCbOro »MTTA. Bigomo, Wwo noasiiHa fo3a reHHNX NPOAYKTIB
X-XpOMOCOMM € CMepPTEeNIbHOIO AS1A OpraHiamy. Yepes Te B XiHOUMX KNITUHAX BUHUK
cnevianbHUN MexaHi3m, Wwo 3abe3neuye nocTiiHe nepebyBaHHA OfHIET X-XpOMOCoMM
B iHaKTVBOBaHOMY CTaHi y Burnagi Tinbusa bappa (a6o ctateBoro X-xpomaTurHy). BoHa
iHAaKTMBYETbCA Le B paHHbOMY eMbpioreHesi 4O PO3BUTKY CTaTeBMX 3a03.

Omxe, KAPIOTUIN NKOOUHN - ue KinbKicHa 1 AKicHa
BugocneundiuHa cyKynHicTb 0cobnmBocTenl XPpOMOCOMHOIo Habopy
COMATUYHUX KNITUH NIOOVHMN.

Ak opraHizoBaHi XxpomocomMmu B KapioTuni niognuHn?

Xpomocomu (Bif rpeu. xpomamoc — 3abapBrieHnin, coma — TinbLe) — cmpykmypu
KnimuH eykapiomis, wo 3a6e3nedytoms 36epexxeHHs, po3nodin ma nepedayy cnaoko-
goi'iHghopmauii. i maTepianbHi Hocii ana nepepavi indopmaLii HACTYNHOMY NOKOJIiH-
HIO KNiTUH GOPMYIOTbCA i3 XpOMATUHY Nepes NoAinom KnitnH. XpomatuH (Big rped.
Xpoma - 3abapBneHHs) — komniekc JHK 3 6inkamu, wo gpopmye xpomocomu. OCHOBHa
YyacTKa B CKnagi xpomaTuHy npunagae Ha HK i agepHi 6inku-rictoHu, wo yTBopio-
I0Tb [€30KCMPUOOHYKNEONPOTEIHOBI KoMMnekcn. HykneonpoTeiHOBMI KOMMeKC 3
opHieto monekynot [JHK i € xpomocomoto. Hanpuknag, y KnitTuHax noguHn € 46 xpo-
MOCOM, i BignogigHo, 46 monekyn [JHK. Po3pi3HAioTb ABa QyHKLiOHaNbHi CTaHU Xpo-
MaTVHY: eyXpOMaTLMH Ta reTepoxpomaTiH. LLinbHo ynakoBaHuii, abo KOHLeHCOBaHUN,
XPOMaTNH Ha3nBaloTb eemepoxpomamuHom. [JHK retepoxpomaTtviHy HefoCTyMnHa
ONA TPaHCKPUNUIi, | TaKUI CTaH XapakTepHUiA ana 6araTbox HeKOAyBaNbHUX [iNAHOK
abo reHiB, ekcrnpecia AKMX He NOTPiIOHa B KOHKPETHOMY TUMi KNIiTUH. AKLO XpoMma-
TUH YNaKoBaHWI HELiNbHO, NOro Ha3NBalTb AEKOHAEHCOBAHUM XPOMATUHOM, abo
eyxpomMamuHom. Y LibOMy CTaHi BiH 6inbLl JOCTYMHWIA ANA Pi3HOMaHITHMX GepMeHTiB
i 3a3BMYaAN € TPAHCKPUNLINHO aKTUBHUM.

OCHOBHMMM PIBHAMMK OpraHi3auii XpomaTuHy B AAPI KNITUH € HYyK/I€0COMHUU,
Hyk/ieomepHuU, xpoMomepHuUl, XxpomamuoHul Ta xpomocomHud. Lio 6araTtopiBHeBy
CTPYKTypOBaHicTb 3abe3neuyioTb Npouecu cnipanisaii Ta KoHAeHcadlii. IxHi Moxnu-
BOCTI BparkailoTb. Tak, y NIOANHN [OBXMHA PO3Kpy4e-
Hoi [IHK HalMeHL Ol XpOMOCOMU CTaHOBUTb GN3bKO
14 000 MKM, a 1T [OBXWMHa NicNA YLWiIbHEHHA nuwe
2 MKM.

XpOMOCOMHUI piBEHb OpraHisauii XpomaTuHy Bu-
HUKae 6e3nocepefHbo nepep noginom KnitmH. Qop-
MYIOTbCA OfHOXPOMATUAHI XPOMOCOMM, WO MicnA
pennikauii AHK cTatoTb gBoxpomatugHumm. MNepeq no-
JiNOM y KNiTUHaxX N0ANHU MICTUTbCA 46 ABOXpPOMaTUA-
HUX XPOMOCOM. Xpomamuou (1) NOEAHYIOTbCA B OiNsHLi
NepBUHHOI NepeTAXKKKY, e po3TalloBaHa yeHmpomepdad
(2) - HeBenmKa HiNAHKa, WO NOAINAE XPOMOCOMY Ha ABi
YaCTMHK, yTBOPIOYN NPU LboMy dogze niede (4) i Ko-

) In. 96. Cxema 6ynoBu
pomke nsneye (3) 3 Tenomepamu (5) (in. 96). MITOTUYHOT XPOMOCOMM
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OTXe, nig yac NoAiNny XpomMaTuH KOHAEHCOBaHUN Y XPOMOCOMMU,
O X YiTKO MOKHa pPO3rfefiTi HaBiTb Mif CBITIOBMM MIKPOCKOMOM,
Todi AK y mepiof iHTepda3n XPoMaTUH Po3cnabneHnii i po3ainaeTbcs
Ha ey- Ta reTepoXpoMaTuH.

flke 3HaUYEHHA XPOMOCOMHOrO aHanisy?

XPOMOCOMHUWN AHAJI3 - ye do-
cnioxeHHs U aHaniz mopghosnoeil, KinbKo-
cmi G cmpykmypu okpemux Xpomocom abo
Kapiomuny & yisiomy. JocnigXeHHA Xpo-
MOCOM € OCHOBOK YUmoz2eHemu4yHo20
memody [OCHiKEHHA CNAfKOBOCTI. Y nto-
OVHU HaN3PpyYHilLMM 06'eKTOM A aHanisy
€ KYNbTMBOBaHI B cneyiasibHOMY PO3UMHi
nimpoumnTn nepudepiiHoi Kposi (Memoo
Kynemypu kaimuH). Mig yac BUroToBneHHA
MiKpornpenapaTiB XpOMOCOM A0 KyNbTypu
KNITUH JOAalTb ankanoif KONXiuyuH, LWwo
3ynVHAE NOAIN KNiTMHN Ha cTapil MeTada- In. 97. XpomocomHuin aHani3 Kapiotumny
3u. MoTim KNiTrHKM 06pO6NAIOTL FIMOTOHIY- NIOAVHY: KNacnuHe (3 Anckamm) i criek-
HUM po3unHom KCl, skuin Bigokpemsioe TpanbHe (B KONbOPI) KapioTUMyBaHHA 3
XPOMOCOMMW OfHY Biff OOHOI, NicaA Yoro ix BVSAIBNIEHNMU XPOMOCOMHMMU MyTaLlis-
dikcytoTb | GpapbytoTb. 3aBAAKM Takin 06- M1 32 1, 3 i 9-TOK Napamm xpoMOcom
po6Li KOXKHa XPOMOCOMA CTA€ BUAVMMOLO Y CBIT/IOBOMY MiKpOCKomi. XpoMocomMu Ha
Ui cTagii cknapaTbca 3 ABOX XpoMaTug i MatoTb X-nofioHy popmy. KoxHa xpomo-
CcoMma Npwu 3acToCyBaHHi Memody K1dCUYHO20 KapiomunysaHHsA NO CBOIN [OBXUHI Au-
bepeHLiloeTbcA Ha TeMHI Ta CBIiTRI cMyrn — AUCKK. MocnifoBHICTb po3TallyBaHHA LX
AWCKIB, iX popMa € cneundiyHMMm ana KoxKHoT xpomocomu. CneuianicT 3a gonomo-
roto Komn'toTepHoT nporpamm 36npae XxpoMocomu, 3adikCoBaHi Ha 3HIMKY, MONMapHO
1 MOPIBHIOE, UM BCi CMY>KKM Ha MiCLli, Y HEMAE 3alBMX abo BiACyTHIX JinAHOK (is1. 97).
Memoo cnekmpasbHo20 Kapiomuny8aHHs [AE 3MOTY MapKyBaT/ KOXHY i3 XPOMOCOM i
BOAHOYAC AOCNiAXKYBaTW yBeCb KapioTun. OCTaHHIM YacoOM Y XpPOMOCOMHOMY aHani3i
[NA BUABNIEHHA XPOMOCOMHMX MyTaLlill BUKOPUCTOBYIOTb Memod ¢/1yopecyeHmHoi 2i-
6pudu3sauyii, akni nonsarae y ¢apbysaHHi Xxpomocom GpnyopecLeHTHUMMN 6apBHUKaMM,
L0 3B'A3yI0TbCA 3i cneundiyHMY JinAHKaM1 XPOMOCOM.

3a 4ONOMOTrO XPOMOCOMHOIO aHani3y B MeMUHI reHeTuLi 4OCNiAXYI0Tb Kapio-
TUN NOAVHY B HOPMI 1y pa3i natonorii, y ¢inoreHeTuui BMBYalOTb AeAKi 3aKOHOMIp-
HOCTi MyTaUiMHOro Ta eBOJMOLINHOro npouecis. BumiptoBaHHA JOBXMHWN Tenomep
Ha KiHLEeBMX AiNAHKaX XPOMOCOMM AA€ 3MOry cnewianicTam-repoHTosIoraM OuUiHUTK
WBUAKICTb MpoLecy CTapiHHA OpraHiaMy JIIOANHMW, OCKISIbKN TeTOMepU 3MeHLWY0TbCA
3 KOXKHMM MOZINOM KNiTUH. Y CyAOBili MeAULUMHI XPOMOCOMHWIA aHani3 3aCTOCOBYIOTb
ONA BU3HAUYEHHA CTaTeBOI HANIEXKHOCTi KPOBI.

-
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OTXe, BUABMIEHHA MOPYLUEHb Yy CTPYKTYpPi KapioTuny 3acHOBaHe
Ha BMBYEHHI XPOMOCOM MIOAMHN B HOPMi 1 Yy pasi naTonorii.
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AIANbHICTb
CamocTiliHa po6oTa 3 inlocTpadi€to. OpraHisauia xpomaTuHy

3icTaBTe piBHi opraHiszauii XpomaTuHy i3 2nm 11nm 30nm 300 nm 700 nm 1400 nm
NO3HaYeHHAMM Ha inlocTpalii Ta 3anoBHiTe 14> <7 R ’

y pobouomy 3owwuti Tabnuuto. MoACHITb,
AKMM YMHOM CTBOPIOETHCA [yXKe BUCOKMN
piBeHb YL iNIbHEHHA XPOMOCOM, L0 [OCATAE
7000 - 10000 pasi..

:

2 3 4
Ta6nuua. XAPAKTEPUCTUKA PIBHIB OPTAHI3ALLII XPOMATUHY
PiBeHb opraHi3sauii xpomaTuHy | [lo3HauyeHHA Mpouecwn 11 piBeHb yLiNbHEHHA

Bionoria + AHTponoreHes

LWWinmnaHse KapnukoBum, abo 60Ho60 (Pan paniscus), —
BUA JIIOANHOMOAIOHMX MaBM 3 POAMHM roMiHigiB. KBy Tb 60-
Ho60 B TponiuHMX nicax LieHTpanbHOT AGprKK Ha HEBENHKIl
TepuTopii Mixk piukamu KoHro i Jlyanaba. YucenbHicTb cTaHo-
BUTb Nne 6nun3bko 10 TMcAY ocobuH. boHo6o cTaB WMpoKo
BifOMUM Hayui B 1960-X pokax i MOKWU 3anMLWaETbCA ManoBu-
BUEHMM BMAOM. [loBeiTb 3a JOMOMOrol0 LUUTOreHEeTUYHOrO MeToAy, WO WUMNAaH3e
Kapaukosul € HANGAMXKYMM [0 JTIAVHN PO3YMHOI 3 HVHI iCHYIOUMX BUAIB TBAPVH.

a CTABAIEHHA
gy —
ﬂj bionoris + MeguuynHa. XpomocomMHuiA nacnopt

)

XpOMOCOMHMIA aHani3 € OCHOBOW CTaH-
JApTHOro KapioTunyBaHHA, WO MPOMNOHYETb-
A MeguyHUMKM nabopatopiamu N LEeHTpamu
[ONA OLiHIOBaHHA PenpOAyKTMBHOIO 340POB'A
noApyxHix nap. Taki LMTOreHeTWYHi pocni-
IPKEHHA OTPMManu Has3By «XPOMOCOMHOIO
nacnopta». Aka iHpopmauia BigobparkeHa B -
XPOMOCOMHOMY MacnopTi? BUCNoBiTb CBOI CyAXXeHHA WoA0 3HaYEHHA XPOMOCOMHOIO

aHanisy ansa npodinakTMKM cnagkoBux XBopoob NoauHN.

PE3YJIbTAT

3aBpaHHA ANA CAMOKOHTPOJIO
1. Wo Take KapioTun nioanHn? 2. Kol € XPOMOCOMHa bopmMyna KapioTUmy »KiHKK
1-6 |1nyonosika? 3. Lo Take xpomocomu? 4. LLlo Take xpomaTtunH? 5. LLlo Take xpomocom-
HUIM aHani3? 6. Ha3BiTb ranysi 3acToCyBaHHA XPOMOCOMHOTIO aHani3y.

7. Aki ocobnmBocTi KapioTuny noanHK? 8. AK opraHizoBaHi XpOMOCOMU B KapioTumi
noanHn? 9. Ake 3Ha4YeHHA XPOMOCOMHOrO aHanisy?

10-12 10. flke 3HaUEHHA XPOMOCOMHOIO aHanisy Ana npodinakTMKM CNagKoBUX XBOPO6

noguHn?
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[eHom 110OUHU 3HaMeHye coboto Ha0baHHsA tACcMad.
13 3azanvHoi 0eknapayii npo 2eHom s1OUHU | Npasa 1OUHU

§41. TEHOM 1O AVHN
OCHOBHi NOHATTA 11 KNto4oBi TepmiHv: TEHOM JIOAUHW. leHomika.
MpuraganTte! Lo Take reHom?

MomipkynTe!

MixxHapogHun  gOKymeHT «3aranbHa pe- /\
Knapauis npo reHom NIOAVHY i NpaBa NIOAUHU» Of- NN

HOrONMOCHO NPUNHATO [eHepanbHOW KOHbepeHLie

IOHECKO Ha i 29-m cecii 11 nuctomaga 1997 p. II

Y  BCTYMHIM  YaCcTWHI  JOKYMeHTa  3a3Haya€TbCA:

«...Haykoei 00cnioxeHHA W000 2eHOMY MOOUHU [ Npakmuy- S ——
He 3acmocy8aHHsA IXHix pe3ysibmamis giokpusarome 6e3-

MeXHi nepcnekmugu 0715 noJslinWeHHsA 300po8’s okpemux j1todell | 8Cb020 l00Cmad. .. ».
LLlo Take reHOM NIOANHN | AKe 3HAYEHHA MaloTb NOro AOChigKeHA?

3MICT

Aki Hal3aranbHiWi 0co6nAMBOCTI reHOMY NOgUHN?

FEHOM JIIOAUHW — cykynHicme ycix 2eHig i MixaeHHUx npomixkie mosexkyn JJHK
JI0OUHU, Wo Micmamsca 8 A0pi U MimoxoHOpiax KaimuHu. [eHOM NIOAUHN Ma€E 3HauHy
NofibHICTb [0 IHWKX eyKapioTUUYHNX FreHOMIB,

a came: Mo3aiyHUl npuHYun 6y0o8u Kody8asib-
HOI YacmuHu, HaA8HICMb YHKYiOHAbHUX ma
HeyHKUioHanbHux nocnidosHocmeli JHK, Had- o= EE EE =25 G& 5= | EEEE
JIUWKOBICMb HepYHKYIOHAIbHUX NOC/1i008HO-

cmet [JHK Ta iH. Y TOWM e 4yac reHoM NoAnNHN 1 2 3 4 5 6 7 8 9

Ma€ HK3Ky ocobnusocTeii (is. 98). EE BE HE == == EE ==
[eHOM nOAVHK yTBOpPEHUI AQEPHOI Ta EE EE EE EE EE E EE

MiToxoHgpianbHoo [OHK. MitoxoHapianbHuin 0 11 12 13 14 15 16 17 18

OHK po3mipom 6513bko 16 500 nap Hykreo-
TNAIB, AKa MiCTUTb 37 reHiB. binbWwicTb i3 HUX
BiANOBifalOTb 3a KWCHEBUI eTan KIiTUHHOro In. 98. TeHom nofMHN B HOPMI
ONXaHHS.

AOepHU reHoMm NMIANHN CKNAJAETbCA 3 22 nap ayTOCOM i ABOX CTaTeBUX XPO-
MocoM (X Ta Y). 3anexHo Bif po3mipiB Ta Mopdonorii XpomMocomu NoANHU NoaineHo
Ha 7 rpyn (A, B, C, D, E, F, G). Hanbinbwoto 3a po3mMipamu € xpomocoma 1, Lo Hasne-
XWUTb Ao rpynu A (pisHonneuosi xpomocomum). fi Monekyna OHK mae maixe 248 MnH
nap OCHOB, WO CTaHOBUTb 6nM3bKo 8 % Bcboro Matepiany [HK nofcbKoi KniTuHM.
Ha cborogHi BBa)kaeTbCA, Wo B 1-1 XpOMOCOMi MicTUTbcA 3 511 reHiB. HalimeHwoto €
Xpomocoma 21, Npo Lo CBiAUUTb KinbKiCTb HYKNeoTuAiB B ii cknagi — 47 mnH nap, abo
1,5 %. Xpomocoma 21 Hanexutb fo rpynn G (UeHTpoMepr po3TalloBaHi Ha KiHLAX
XpOMOCOM), i y Hi € Big 300 go 400 reHi..

reHOM NpeAcTaBieHNN KifibLLeBOIO MOSIEKYIOD ... EE _____ EE ..... Eﬁﬁé ....... E ...... E .......
X X
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3aranbHi po3mipu agepHux monekyn OHK nio- Mosropu
OVIHV CTAaHOBAATb 61M3bKO 3,2 MApA Nap HyKneo-
TUAIB. Y reHOMI JTIOAVHM KiNbKiCTb BiNIKOBUX reHiB
popisHioe 21 Tuc. 1 reHis PHK — 4 tuc. 3aranbHa
OOBXMHa KoAdyBaNbHUX AiNAHOK reHiB [OPIBHIOE Miskrenma <.
34 MnH nap HykneoTtuais i ctaHoBUTb 1,2 % re-  [OHK \  Ek30Hn
HoMmy. KinbKicTb reHiB niogvHu He € HabinbLWwo IHTpOHY
(Hanpuknag, y muwi xatHboi 22 000, y HemaToau 7. 99. BiHOCHMIA BMICT
(Caenorhabditis elegans) — 20 000), ane B nogUHM MOCHIBOBHOCTEI PI3HNX TUMIB
€ anbmepHamusHuUl cnaaudcuHe, Wo [JaE 3Mory y reHOMi NIOAVHN
KNiTUHam OTpMMyBaTW Pi3Hi 6inkx 3 oHOrO reHa.

XapaKTepHO 0CO6MMBICTIO rEHOMY NIOAVHW € HU3bKWIA BIAHOCHMWIA BMICT eK30-
HiB (1,5 %) 1 iHTPOHIB (6n11M3bKO 34 %) (1. 99). InA NOPIiBHAHHA B reHOMi HemaToau
(Caenorhabditis elegans) 27 % npunagae Ha eK30HM i 26 % — Ha iHTpoHK. Cepef NOBTO-
piB BUCOKMM BMiCTOM XapaKTEPU3YIOTbCS FeHETUYHI MOGiNbHI enemeHTV (Hanpuknag,
OHK-TpaHCNo30HM), WO MOXyTb mepemilyyBaTica B reHoMi. OKpiMm Toro, 65113bKo
1 % reHomy nioAMHU 3aimMatoTb BOYAOBaHi reHn peTpoBipycis (poanHa PHK-BmicHKX
BipycCiB).

OTXe, HaM3aranbHilLMMN OCOONMBOCTAMMN FeHOMY NIOANHN €
A0EpPHUA Ta MITOXOHAPIaNbHUIA KOMMOHEHTM, 0CO6/IMBa XPOMOCOMHA
OpraHisauif, He3HayHa KinbkicTb GYHKLiOHaNbHMX reHiB i BMCOKa
HaOIMLWKOBICTb HEeYHKLIOHANbHNX MNOCNiLOBHOCTEN.

AKNMN € OCHOBHI HanNpAMU focNigKeHb reHoOMY NANHN?

leHomiKa — Hayka, Wo suB4YAE 3aKOHOMIPHOCMI OpedHizayii ma yHKYioHy8aHHA
2eHoMy. B cyvacHin reHoMmiLi BUOKPEMIIOIOTb HU3KY HanpAMIB, cepef AKnX npiopwm-
TETHUMU € CTPYKTYPHUI, GYHKLiOHaNbHWIA, NOPIBHANbHUIA, 6ioiHGOpPMaTUBHIIA.

MNpepmeToM cmpyKmypHoOi 2eHOMIKU € CeKBEHYBaHHA F€HOMIB i CTBOPEHHA iX
KapT. Ana yboro y 1990 p. 6yB po3noyaTuii Mi>kHapOAHUIN NPOEKT «[eHOM NMIOAUNHMY.
Y 2003 p. npoeKT B OCHOBHOMY 3aBepLUNBCA. [0NIOBHOK METO NPOeKTy Oyno BM3Ha-
YeHHA TOYHOI NOCNIAOBHOCTI HykneoTuais y monekynax OHK KoXHOI xpomocomu.
Kpim Toro, noTpibHO 6yno ofep aTvi FeHETUYHI KapTu XPOMOCOM 3 iHpopMmalLli€o npo
HasfBHICTb Ta PO3TallyBaHHA reHiB, @ TAKOX MPO Te, IK FeHN BM3HaYaloTb Ti a0 iHLWi
O3HaKu opraHiamy. Afe 6arato o3Hak 3anexatb Bif AeKiNbKOX reHiB, 4acTo po3Ta-
LIOBAHUX Y Pi3HMX XPOMOCOMaX.

QDyHKYioHAaNbHa 2eHOMiKa [oCNifXye 0COONMBOCTI eKcrpecii Ta B3aeMof|i reHis
y HOpMi Ta B pa3i naTonorin. Baxxnusum ii HanpAMOM € BMBYEHHA GioNOriyHMX GyHK-
Uil NpoAyKTiB akTUBHOCTI reHiB — PHK Ta 6inkiB. MounHatoum 3 2003 p. noHag 400 yue-
Hux i3 Benukoi bputaHii, CLUA, Icnanii, Cunranypy, AnoHii npavoBann Hag npoeKTomM
«EHUmKnonegia enemenTis JHK» (Encode), 1o maB Ha MeTi BCTAHOBUTU MPU3HaYeHHA
yCiX HePYHKLiOHaNbHMX YaCcTUH reHoMmy. Y paMKax Lboro AoChifKeHHA BUABMIOCA,
IO MOro «3alBi» YaCTUHW PErynioloTb akTUBHICTb iHLWMX reHiB. Kpim Toro, HaykoBLi
BMOKPEMUN Knac reHiB-«nepemmnkadis» — ginaHok [HK, wo BMunkaTb abo BUMMKa-
I0Tb Y KNITUHaX NeBHi reHn.

MopiBHAHHA CTPYKTYpU Ta PYHKLIOHYBaHHA reHOMY NIOAUHU 3 FeHOMamMu pi3-
HUX OCOOWH i BUAIB € NpeAMETOM NOpieHANbHOI 2eHOMIKU. [laHi i3 ceKBeHyBaHHA 171
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YMOX/IMBIIOIOTb BUABNIEHHA iHAUBIAYaNnbHUX 0CcOBNMBOCTEl reHOMIB. BcTaHOBNEHO,
o 6yab-AKi ABi NOAVHM MaOTb iAEHTNYHI NOCNiILOBHOCTI HyKNeoTuaiB i nogiGHi Ha
99,5 %. | nuwe 0,5 % 3ymoBnOOTL iIHANBIAYaNbHI BIAMIHHOCTI — KONip o4en, picT, 0co-
6/1MBOCTI TeMMepaMeHTY, CXUbHICTb JO 3aXBOPOBaHb Ta iH. HaABHICTb OgHaKOBUX
LiNAHOK y reHoMax pi3HMX BUIB fa€ 3MOry BCTaHOBUTU (inoreHeTUYHi 3B'A3KN Mix
HUMW YM NPOrHO3yBaTW GYHKLIT reHiB. Tak, HayKOBLi BUABMAN NOJIOHICTb perynatop-
HUX enemMeHTIB NIogMHN 11 pubn Gyry, ane reHoM pubu mae Habarato MeHLY KinbKiCcTb
HedyHKuUioHanbHOT [1HK, o 3HaYHO Nonerwuye NoLwyK N BUBYEHHA LINX PEryNATOPHUX
efleMeHTiB.

bioiHhopmamueHuti HanpAM JOCNIAXKeHb FeHOMY CNPAMOBaHNI Ha OfepPXaHHA
BMCOKOAKICHUX HYKIEOTUAHUX MOCNiJOBHOCTEN F€HOMIB i3 pparMeHTiB, OTPUMaHMX
3a JOMOMOrot TpaauuiHnx meTtodis cekBeHyBaHHA [JHK. OcHoBY LbOro Hanpamy
CTaHOBMATb KOMN'tOTePHI MeToaM aHanisy nocnigosHocten AHK, PHK Tta 6inkis.

OTXXe, OCHOBHVMM HanpAMamMn JOCNiAKEHb FreHOMY JIOAVHUN € CTPYKTYp-
HUIN, GYHKLIOHaNbHWIA, MOPIBHANBHUI Ta 6ioiHGOPMaTUBHUIA.

flke 3HaueHHA gocnigKeHb reHoOMY NIoANHN?

3HaHHA reHoMy NOAMHY BiAKPUIOTb HOBI WAAXM ANA AiarHOCTYBaHHA Ta NiKyBaH-
HA CNagKoBUX XBOPOO6 Y MeduyuHi. Ha cborofiHi BX<e onmcaHo reHu, BignosiganbHi 3a
TaKi 3aXBOPIOBAHHA, AK XBOpo6a AnbLreiMepa, MyKoBicUMA03, Wn3odpeHis. Hangi-
€BilIMM crnocobom nikyBaHHsA byna 6 3amiHa edeKTHOro reHa Ha HoOpMasnbHWIA i3 3a-
CTOCyBaHHAM MeTofiB reHoTepanii. Llle ogHM BaXKnuBmMM pe3ynbtaToM AOCHIiAKEeHb
reHomy NIOANHN € BUABMIEHHA TEHIB, WO BM3HAYyalTb CXWIbHICTb JO ankoronismy,
HapKoMaHii abo iHwWMx HabyTmx xBopob. Lle JacTb 3mory 3ailicHIOBaTU paHHIo fAiia-
FHOCTUKY 1 NpodinakTnKy XxBopoo.

Bigomum dakToMm € Te, WO NiKM MOXYTb 3yMOBJIIOBaTW Pi3HY peaKLilo B Pi3HUX
nmogen. PapmaLeBTUYHI KOMNAHIT BXXe MiaHyoTb BUKOPUCTOBYBATU JOCIOKEHHSA re-
HOMY [ PO3BUTKY NepcoHihikoeaHoi meOuyuHu 1 papmakozeHemuKu.

AHani3 noaibHocTi B nocnigoBHocTax OHK pi3HMX opraHi3amiB BigKpWBaE HOBI
MOXNUBOCTI AnA ¢dinoreHeTUUYHNX AOCNiAKEHb Y cucmemamuyi 1 esostoyiliHill
6ionoait.

BrBUeHHA pi3HOMaHITTA NIOACHKOro reHoMy B pi3HUX BUAIB pody JltognHa, pis-
HUX eTHiYHMX rpyn BuAay JllogrMHa po3ymMHa AacTb 3MOry OTPUMATU HOBI aHi Wono
3aKOHOMIPHOCTEN iCTOPUYHOIO PO3BUTKY B aHmponosoeii. BapiabenbHicTb reHomy
NMOAVIHM CNpuAna NosABi HOBOTrO HanmpAMy reHOMIKW — emHOo2eHOMIKU, fika CBOIMMU
LOCNIMKEHHAMUN CNPUAE PO3BUTKY eTHorpadii, ictopii, apxeonorii, niHreicTuku. We
OfHMM LiKaBMM HaNnpsAMOM reHOMIKUN € Nnasie02eHOMIKa, 110 3aiMa€ETbCA BUBYEHHAM
paBHix OHK, oTpuMaHumx i3 BUKOMHUX pewTokK. Tak, gocnigxeHHa [OHK 3 KicTok He-
aHgepTanbUiB BUABWUAW, HaNpUKNag, He3[4aTHICTb iXHiIX OpraHiamiB nepeTpasnaoBaT
NaKTo3y.

Tema 3. CMAAKOBICTb | MIHJTUBICTb

OTXXe, [OCNIAXKEHHA reHOMY NIOAVHU BifKPUBAE 6E3MEXKHI NePCNeKTBU
Ana 6aratbox ranysei AianbHOCTI NIOANHW, ane Npu LbOMY BOHU HE MaloTb
CTaTN OCHOBOIO ANA NPUHUMKEHHA NIOACHKOI FNiAHOCTI N HEXTYBaHHA
npaBamu NOAUHN abo OKpeMux rpyn Nogen.
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AIANbHICTb

CamocTiiiHa po6oTa 3 Tabnuueto

3a fonomoroto Tabnuui Br3HauTe 0COBANBOCTI reHOMY JIANHN. 3aMOBHITb Y pO-
60uyoMy 30LWKNTi Tabnuuio Ta cGopMyoiTe BUCHOBOK MPO MPUUYNHU NOAIGHOCTI 11 Bif-
MIHHOCTel reHOMY NIIOAVHU N FEHOMY iHWMNX eyKapioTUYHMX OPraHi3miB.
Ta6nuua. OCOBJINBOCTI TEHOMY NIOANHNA

O3HakKa

Oco6nuBocTi

PostawysaHHa JHK

OpraHisauisa xpomocom

KinbKicTb Nnap ocHoOB

KinbKicTb reHis

CniBBi4HOLWEHHSA €K30HIB Ta iHTPOHIB

O3HaKu NoAi6bHOCTi 40 reHOMIB iHLIUX eyKapioTiB

bionoris+ BigkputTa. [lo60Bi puTMK 1 eKcnpecia reHis

Naypeatamn Hobeniscbkoi npemii B
ranysi ¢isionorii i meguuuHn 2017 p. cTa-
NN TPOE aMmepUKaHCbKNX yyeHnx — [1. Xonn,
M. Po36aw Ta M. AHr. JlocniaHUKM BUABUIA
reHV, WO KOHTPOJIoTb A00O0BI Gioputmm

i MOACHUNN MoZenb X perynauii, Wo rpyH- 2 v
TYETbCA Ha NPUHLUMI 3BOPOTHOTO 3B'A3KY Ixeddpi Maiikn Maiikn
MK 6inKamMmn 11 iHTEHCMBHICTIO eKcnpecii Xonn Pos6aw Anr

reHiB: HaKoMMYeHHnA 6inKa ranbmye iXHiln cMHTe3 i HaBnaku. Ha npuknagi uboro Bia-
KPUTTA OUiHITb HAYKOBE 3HAaUYeHHA [OCIAXKEeHb FreHOMY JTANHN.

Q CTABJIEHHS
»

«2 Bbionoria + Hayka. leHom nioguHn

MpoekT «feHOM nogUHW» BapTicTo B 3 MApg Aonapis 6ys 3a-
nyweHun B 1990 p. MiHictepctBom eHepreTuky CLUA i IHCTUTyTOM
oxopoHu 3gopos’a. Okpim CLUA go MiXkHapogHOro KoHcopuiymy
BBiNWNN reHeTukn Kntato, ®paHuii, HimeuunHu, AnoHii 1 Benukoi
BpuTtanii. Yomy ana peanisauii npoekty 6yno noegHaHoO 3ycuns

6araTbox HaykoBLiB? Yomy Ha embnemi NpoeKkTy «[eHOM NIoAUHN»
Ha3BaHO TaKi HayKu, AK bionoria, ximis, di3nKa, eTrKa, iHbopmaTrKa Ta iHKeHepia?

PE3YJIbTAT

3aBaaHHA ANA CAaMOKOHTPOJIIO

1. Wo Take reHom ntogmHu? 2. Hasefitb Nnpuknagm oco6nmBocTein reHomy NoAnHN.
3. o Take reHomika? 4. ilka ronoBHa MeTa NpoekTy «[eHoM ntoAnHU»? 5. HasediTb
npuKnagn NpakTMUYHOro 3aCTOCYBaHHA Pe3ynbTaTiB AOCSIAXKEHHA reHOMY JIIOANHN.
6. Ha3BiTb ranysi 3acTocyBaHHA 3HaHb NPO reHOM NIOAUHMN.

reHoMmy NIANHN?

7. AKi Hal3aranbHili 0co6MBOCTI reHoMy NtofAMHN? 8. AKMMUN € OCHOBHI HanpAaMK
7 -9 | pocnigeHb reHoOMy NtoAanHU? 9. flke HayKoBe 1 MpaKTUYHe 3HaYeHHA JOCNigXKeHb

10-12

10. Yomy Ha embnemi npoekTy «feHOM NAVHU» Ha3BaHO TaKi HayKu, AK Gionoris,
ximisi, disvika, eTuka, iHpopmaTtuka Ta iHxeHepia?
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MiHicTepcTBO OCBITU | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHi3aLii 3micTy ocsiTu hitps://imz@lgov.

§ 41. [eHoM NOANHN

173



Cepe0 ycix xugux opeaHiamie 1100uHa — Haubinbw yikaguli ceHemu4yHUlU 06’ekm.
3 nidpyyHuKa 2eHemuKu

§ 42. TEHETUKA TIOAVHIA

OCHOBHi MOHATTA N KnwuoBi TepmiHn: TEHETUKA JIIOOUHW. JlioguHa
po3yMHa.

MpuraganTte! Lo Take reHeTnKa?

MomipkynTe!

CepefiHA TPYBaNiCTb aKTUBHOIO »KUTTA JIIOANHN
6e3nepepBHO 3pocTa€. Hanpuknag, B 6aratbox KpaiHax €B-
ponu cepefHA TPUBANICTb XXWUTTA CTAaHOBUTb 76 POKiB AnA
yonosikiB i 81 pik — AnA xiHokK. Lle Ha 30 pokiB 6inbLie, HiX
CTONITTA TOMY. IKLIO HUHILWHA TeHAeHLiA 36epexeTbca, No-
NOBWHA Aiten, HapoaxeHux nicna 2000 p., AoXMBe JO CTa, @ OKPeMi i 11 4o cTa ' aTtge-
CATUN POKIB. A AKY PONb Yy Uil TeHAEHLI Biirpae reHeTUKa MNIOJMHN AK HayKa?

3MICT

flke 3HaUYEHHA Ma€ reHeTVKa NIOAVNHN AK HayKa?

FEHETUKA JIIOAUHWN - 6ionozivyHa Hayka, wo 0ocnioxye ocobnugocmi cnaoko-
s8ocmi U MiHIUBOCMI JIIOOUHU. YCi OCHOBHI 3aranbHi 3aKOHOMIPHOCTI CMagKOBOCTI, WO
X YCTaHOBNEHO Af1A TBAPWH i POCAUH, cnpasBeanusi i ana noanHn. OgHak y JliognHn
PO3yMHOI € couianbHi i1 6ionoriuHi 0co6MMBOCTI, O 3yMOBUAN BUOKPEMIEHHS FreHe-
TUKW NIOAVHU AK CAMOCTINHOT HayKMW.

Baromuin BHECOK Yy pO3BUTOK FeHeTUKW MIogMHK 3pobuB
aHricbkun 6ionor @. fanemon (in. 100). AHanisyloun cnagko-
BiCTb psAfy cimell, yYeHUN [ifilLOB BMCHOBKY, WO OCOOAUBOCTI
NIOAVIHM 3yMOBJIEHI He NMLle YMOBaMy CepefoBuULLa, a i cnajKo-
BicTio. CyyacHM eTan PO3BUTKY aHTPOMOreHeTUKM XapakTepu-
3YETbCA CTPIMKMM 3POCTaHHAM 00CAry 3HaHb MPO MONIEKYNAPHY
6yOBY reHeTUYHOro MaTepiany Ta MexaHiamu MmyTareHesy. CBig-
YeHHAM Takux yCrixiB € peanisauia miXkHapogHoi nporpamu «le-
HOM JTIOAVHV». In. 100. ®. lanb-

[eHeTnKa NOANHM MA€ Pi3HI HANPAMK, WO PO3BUHYNNCA B Ca-  ToH (1822-1911)
MOCTIHI ranysi. MeduyHa zeHemuka BMBYAE CMAfKoBi XBOpOOM,
po3pobnAe meToamn AiarHOCTUKK, NiKyBaHHA 1 npodinakTuku. LJumozeHemuka Bu-
BYAE XPOMOCOMU JIIOAUHM, IX CTPYKTYPHO-YHKLiOHaNbHY OpraHisaLito, KapTyBaHHS,
pO3pobnAe MeToAN XPOMOCOMHOIO aHanisy. [lonynayiliHa 2eHemuka [OCHiaXye reHe-
TUYHY CTPYKTYPY NIOACbKUX NONYyAALil, YacTOTy 3yCTpivanbHOCTI anenis | reHoTMNiIB,
OLiHIOE reHeTUYHI HacniaKu 3abpyaHeHHst JOBKiNns. bioxiMiyHa 2eHemuKa BUBYaE
WNAxXy peanisauii reHeTUYHOI iHGopmaLiil Bif reHa Ao 03Haku. Po3pobka cuctemu
3axMCTy reHopoHAy nopel Bif MOHi3ylouoi pafiauii — ogHe 3 OCHOBHMX 3aBAaHb
padiayitiHoi 2eHemMuku. IMyHOM02i4HA 2eHeMUKA BWBYAE TF€HETUYHY 3YMOBHEHICTb
iMyHONOTYHMX O3HaK OpraHiamy, iMyHHUX peakuin. OapmakonoziyHa 2eHemuka
[OCHIKYE reHeTUYHY 3yMOB/EHICTb peakLit okpeMux Ntofei Ha nikapcbki 3acobu Ta
Jil0 OCTaHHIX Ha cnagKoBWUI anapar.

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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MigrpyHTAM ANAa BUBYEHHA 3aKOHOMIPHOCTEN CNagKyBaHHA B NIOAVHN CTano fo-
CNiIXKEeHHA CrMaIkoBMX XBOPOO, AKMX HUHI onucaHo BXxe 6nn3bko 9 000 (oHKosoriu-
HUX, CEPLEBO-CYANHHUNX, MCUXIYHMX TOLLO).

OTXe, reHeTVKa NOAVUHN € OCHOBO Gionoril noanHy;
BOHA JOCNIAXKY€E MOAIOHICTL N BiAMIHHOCTI MiX Nogbmu
Ha Pi3HUX PIBHAX OpraHisauii XuTTA.

fAki oco6nnBocCTi NOANHN AK 06’ €EKTa reHeTUYHMX JoChigKeHb?

JliopuHa posymHa - 6iocoyianeHull 8ud, Ha iCMOPUYHE CMAHOB/IEHHA AKO20
8nuHynu 6ionoe2ivHi U coyianbHi YUHHUKU aHmMponozeHe3y. [locnif)eHHA NOANHN AK
reHeTMYyHoro o6’ekTa Nos’A3aHe 3 MeBHMMU TPYAHOLLAMN, ane Mae I CBOi nepeBsaru.

1. Hemoxxnusicme eKkcnepumMeHManbHUX CXpewyeaHsb y ITy4YHMX ymoBax. He
MO>KHa BiibMpaTn 6aTbKiB i3 MOTPIGHMMU FreHOTMNaMM Ta O4epP>KyBaTL 1 aHani3yBaTu
IXHIX HalWaAKiB. Y pasi reHeTUYHOro aHasi3y CTOCOBHO JIIOAUHW 3HMKAE MOX/UBICTb
3aCTOCYBaHHA OCHOBU FiGPUAONOriYHOro MeToay.

2.Mi3Ha cmameea 3pinicme i 0082a mpueanicms 2eHepayiti — oA 3MiHW OHO-
ro NOKONiHHA B NOANHM NOTPi6HO 20 — 30 POKiB, WO YTPYAHIOE aHani3 ycnaaKyBaHHA.

3. Hegenuka KinoKicme Hauwjaokis, y To 4Yac K NPoOBefeHHA CTaTUCTUYHOro
aHanisy posiiensieHHs 03HaK NOTpebye AOCTaTHbO BENMKOI KiNlbKOCTI HallaaKis Bif
ofHi€l napm 6aTbkiB. [InA po3B'A3yBaHHA Li€i npobnemMun BefyTb NOLWYK 6aratogiTHMX
poanH abo Jo6MpPatoTb NOTPIOHY KiNbKiCTb HEBENIMKUX CiMEN, Y AKX CNOCTEPIraeTbCA
O3HaKa, WO LikaBUTb AOCTigHWUKA.

4. BiocymHicme yucmux s1iHill i HeMOXIMBICTb IXHbOrO OTPVMAHHA € Le OfHI€l0
06'EKTUBHOIO NMPUYMHOLD, AKA YTPYLHIOE aHaNi3 ycnaAKyBaHHA O3HaK.

5. Benuka KinbKicme xpoMocom (2pyn 34ensieHHs1). XpOMOCOMHWIA Habip nogn-
HU CKNaja€eTbcA 3 23 nap XpPOMOCOM i, BifnoBigHO, 23 rpyn 3yennieHHA. Benvka Kinb-
KiCTb XpOMOCOM YTPYAHIOE TXHE rEHETUUHE 1 LMTOMOriYHEe KapTyBaHHs, 0Co6/1MBO 3a
[OMOMOrol0 MeTofliB KNaCUYHOT FreHEeTUKN.

6. Hemoxnugicme cmeopeHHA CMAHOAPMHUX YMO8 iCHY8aHHA pNA Pi3HUX
rpyn iHAuBIAYyMiB 3HaUHO YTPYAHIOE BUBYEHHA yCrafKyBaHHA 6araTbox O3HaK Jto-
OvHW. HaBKONMLWHE cepefoBULLE YNHUTL BeIMYE3HUN BMIMB Ha GOPMYBaHHSA HU3KM
03HaK, OfIHaK Liell BMNB HE MOXKe 3MiHIOBATUCA 3a Ba’kaHHSAM OOCNigHMKa.

He3Barkaloun Ha BKa3aHi npobnemu, NoanHa AK reHeTUYHUI 06'EKT MA€E TaKoX
pAL BaXkNMBUX NepeBar: iCHye BENMKWA MacMB faHMX LWOAO aHaTomii, disionorii Ta
Gioximii NOANHK; iICHYE MOXNMBICTb CMiNKyBaHHA 3 00'€KTOM AOCNIAXKEHHS, L0 noser-
Lye OTPMMaHHA iHbopMmaLii Npo Noro poamnyiB i Jonomarae foCNifgKyBaTy O3HaKW,
noB'A3aHi 3 BiAUYTTAMYN, emMoLifAMY, iIHTENIeKTOM; NPAKTUYHO MOBHICTIO BCTAHOBJIEHO
reHOM JII0AUNHW.

OTXe, reHeTUYHI [OCNIKEeHHA NIOANHN NOB'A3aHi 3 HU3KOK TPYAHOLLIB
" nepeBar, 3yMoBJieHuX ii 6iocoLlianbHO NpYpPoaoLo.

AKnMN € 3B’A3KN Ta OCHOBHI MeTOAM AOCAiAXKeHb Yy reHeTuLi nioguHK?
[eHeTVKa NMoAUHU TICHO CMiBMpPaUtoe 3 iHWKMK GionoriyHnmn (eBonouiHa 6io-
norisi, aHTPOMNOJIOrifA, repoHToNOrisA, 6ioximisa, uuTonoria, MmonekynspHa Gionoris)
HebionoriuHumu (di3uka, ximis, reorpadia, MaTematuka) Haykamu. Pesynstatin gochi-
IKeHb reHeTUKM NI0AMHN 3aCTOCOBYIOTbCA Y MeANLMHI, eKONOorii, NCMXONOTii, CopTi,

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae
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negaroriui, KpumiHanictuui, pinocoodii, couionorii Towo. BogHouac notpebu reHeTU-
K/ JTIOQUHMN CTUMYIOIOTb PO3BUTOK CyYaCHUX HanpAMIB 3arajibHOT reHeTUKM, MOSeKy-
nApHoi 6ionorii, 6ioTexHoNorii Ta iH.

MeTogu, Wo iX BUKOPUCTOBYIOTb Y FeHeTULi NI0ANHW, MPUHLMNOBO He BiApi3HA-
I0TbCA Bifl 3arabHOMNPUIHATUX ANA iHWKX 00'eKTIB — Lie reHeanoriyHnin, 6aIN3HIOKO-
BUW, LUTOrEHETUYHWIA, NONYAALINHO-CTaTUCTUYHWIA, BioXiMiYHUI, fepMaToridiuHnNR,
MOJIEKYNAPHO-FeHETUYHI, OHTOFeHEeTUYHMIA Ta 6araTo iHWMX.

leHeanoziyHuii Memoo nonAra€e y Bu-

BUEHHI NIoACbKMX POAOBOAB. Lle pae smory (l_) i i‘j;.lj tl Iil

BM3HAUMUTLN Ta NPOCTEXNUTM XapaKTep ycnaa-
KyBaHHA O3HaK y pAAi noKoniHb (in1. 107).
bnusHiokoeuli Memod NoNArac y BU-
BUYEHHI MOHO3UFOTHUX GNIN3HAT (OpraHi3mis, In. 101. PopoBig cim'i, B Akiil
AKi NOXOAATb 3 OAHI€ET 3UroTN) Ta NOPIBHAHHI TpannAeTbca anbOiHi3m
X 3 AU3NTOTHUMY BNM3HATamMK. JocnigxKyto-
4K Taki OpraHiaMm, MoOXHa 3'ACyBaTW BMAMB YNHHWKIB JOBKINAA Ha MPOABU reHOTUMy.

LjumozeHemuyHuli Memoo 3aCHOBaHUN Ha MIKPOCKOMIYHOMY BMBYEHHI XpOMO-
coM. MeTo Aa€ 3Mory BMBYaTU CTaHAAPTHUI KapioTun NIOANHU, @ TaKOX BUABNATU
CnagKkoBi XBOPOOY, CNPUUYNHEHI TEHOMHUMU | XPOMOCOMHUMU My TaLliiMU.

bioximiyHuli Memod [ONOMara€ BM3HAYWTU MEBHI PEYOBMHU (MEepeBakHO
bepmeHTN) 3 MeTolo [iarHOCTYBaHHA CMaAKoBMX XBopob. JocnifgKeHHsA € ayxe Tpy-
OOMICTKMMM, NOTpebyioTb crewianbHOro obnagHaHHsA, TOMY iX He BUKOPUCTOBYIOTb
ANA MacoBUX NONYAALINHUX JOCTIAKEHD.

MonynayiiiHo-cmamucmuy4Huli Memod [a€ 3MOry aHanisyBaTu MOWWPEHH:A
CnagKkoBKX XBOPOO NOAUHN Ta MPOrHO3yBaTK iX YacCTOTY B HACTYMHMX MOKOJIHHAX,
OUiHIOBATM HaCNigKN CropioHeHVX WnobiB, BM3HAYATX BIJIMB YMHHUWKIB HA MiHU-
BiCTb JIIOOMHMN.

OTXxe, cepep yCiX »KMBUX OpraHi3miB NognHa — HanLiKaBiwmnn
i HAMCKNAZHIWWIA reHeTUYHUIA 06'EKT, TOMY ANA AOCHiOXEHHA
BYKOPUCTOBYIOTb Pi3Hi METOAM N MOXKIUBOCTI iHLWNX HayK.

DIANbHICTb
CamocrTiiiHa po60Ta Ha 3icTaBneHHA

3icTaBTe MeTOAW reHeTUKM NIOAMHA i3 IXHIM BU3HAUYEHHAM Ta OTpUManTe TeEPMIH,
AKMM NO3HaYaloTb BYEHHS NPO cnadkose 300p08’s IIOUHU Ma Waxu tio2o NoslinuweH-
HA. [igrotynTe NOBiAOMMEHHA NPO Le BYEHHS, WO CTasio OQHWM i3 PO34iniB reHeTnkmn

Tema 3. CMAAKOBICTb | MIHJTUBICTb

NIOANHN.
1 leHeanoriyHun A BriBUeHHsA NpoABYy O3HaKM B NPOLeCi iHAMBIAYanbHOro PO3BUTKY
2 bnnsHiokoBUNn B [ocnigykeHHA poni cnagkoBOCTI Ta cepeioBuLLa B NPOABI O3HaKN
3 UutoreHetuynnn | [na gocnigXeHHA KapioTuny NognHn
4 [lonynAauinHumn E BuBYeHHA reHeTUYHOI CTPYKTYpPU BUAOBMX rpyn
5 bioximiuHuI € BuiBYeHHA pogoBOAiIB NOAUHM
6 [epmatornidiunnii |1 PYHTYETbCA Ha BUBUYEHHI penibedy WKIPK Ha NasbLiB, 4ONOHAX
7 MonekynapHo- -
reHeTHUHI K YMOXnunBnooTb BUBYEHHA OpraHisadii reHeTuYHoro anapaTty
176 8 OHTOoreHetuyHuin |H 3acHoBaHi Ha BMBYEHHI MeTabonizmy

paBo Anst 6e3onnaTHOro po3MilLleHHs MigpyyYHUKa B Mepexi IHTepHeT mae
iHicTeégcTBO OCBITU | Haykn YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoZepHi3auii 3micTy ocsiTu https://imzo.gov.ua




bionoria + flaktunockonis. lepmarornidika

€rvneTcbKa CMHb — 34aBHA BigoMa crHA papba ans
Xusonucy, ABnsie coboto noapibHeHe MigHe ckno. [AnA
I NpUroTyBaHHA CNAaBAATb MiCOK i3 Kpenaot, cofot
n kynpym(ll) okcuaom. HelwonasHi JocnigkeHHA BUABK-
NN, WO ACKPaBO-CYHIN MOPOLLOK MAE€ e OfHYy BRacTu-
BiCTb, AKa POOUTb NOro ifeanbHUM ANA 3HATTA BiAOUTKIB
nanbuis. Lo Take gepmaTornipiuHmin meton? Y AKmx ra-
Ny3AX MeTO[, 3aCTOCOBYETbCA HanwumpLue?

CTABJIEHHA
» R

ﬂj Bionoria + Neorpadin. MpoekTt «feHorpadia»

3 2005 p. peanisyeTbcsa MixkHapogHUi npoekTt «lfeHorpadia», Wo 3anmaeTbcA
nocnigpKeHHAM MiToxoHapianbHoi (MTOHK) Ta Y-xpomocom HaceneHHA Ha Teputopii
3emMni 3 MeTOK CKNagaHHA AeTanibHOro reHeTMYHOro aTnacy HapopdiB CBIiTY Ta BU-
BUYEHHS JaBHiX Mirpauin niogen. Lo Take reHoreorpadis Ta Ake NpakTUYHe 3HaYEHHS
npoekty «feHorpadis»? BUCNOBITb CyAXeHHs LWOA0 HEOOXiAHOCTI 3B'A3KIB reHETUKM
JIIOOVHM 3 iHLWUMW HayKamu.

PE3VYJIbTAT

3aBAaHHA AN CAMOKOHTPOJIO

1. Wo TaKe reHeTumKa nognHmn? 2. Lo take eBreHika? 3. Yomy noanHa € 6iocouianb-
HUM Braom? 4. HagegiTb Npuknagn ocobmBoCcTen NOANHY SIK rTeHETUYHOTO 06'€eK-
Ta. 5. 3 AKMMM HayKaMKn HaWTiCHiWe «cniBnpaute» reHeTuKka niognHn? 6. Hassitb
OCHOBHi METOAN reHeTUKN NIOAUHMN.

7. flke 3HaUEHHA Ma€E reHeTUKa NIAVHN AK HayKa? 8. Ha3BiTb 0cO6MBOCTI NIOAMHM
7-9 |aK 06'ekTa reHeTUYHUX AochigXeHb. 9. AKMMM € 3B’A3KN Ta OCHOBHI MeToau AOCi-
OXeHb y reHeTuLi noanHn?

10. Yomy JTioarHa po3ymHa € 0COGNMBUM i LiKaBUM O6'€EKTOM reHeTUUYHUX JOCTi-
OXKeHb? 177

§ 42. [eHeTUKa NOAUHN
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HedocmamHbo 3HaHHA, He0bXiOHe MAKOX IXHE 3aCMOCYBAHHS.
V. B.leme

§43. YCINAAKYBAHHA O3HAK Y JIIOAVHA

OCHOBHiI NOHATTA 1 KntouoBi Tepminm: YCMALKYBAHHA O3HAK.
MpurapganTte! Lo Take cnagkoBicTb?

X Momipkyiite!

Y Hapogi AMOYKM Ha LWOoKax Ha3uBalTb «MITKOI
WacTa» i «nouinyHKOM aHrenar. 3a3Bmyan AMOYKM 3'ABNA-
I0TbCA Ha 000X LIOKax, afe B AeAKNX BUMNaAKax 3anaguHka
BVHVKAE TiIbKM 3 0JHOro 60Ky. BoHM MOXyTb OyTn pi3HOI
dbopmMu, po3mipy i rMOGUHN. BueHi cTBepaXyloTb, WO Ue
reHeTMYHa OCObBNMBICTb, AK i KOMip ovel un popma poTa.
A AK yCcnagKoBYOTbCA AMKUM Ha LivyKax?

3MICT

Yum po3pi3sHAIOTbCA MOHOreHHe WM MoJjireHHe ycnapgKyBaHHA
O3HaK noanuHn?

YCMNAOKYBAHHA O3HAK - ye nepedaya eeHemuy4HOI iHGhopmayii Ha pieHi Kii-
MUH Yu YinicHoeo opeaHiamy 8id 6amekig 0imam abo 8io npeokis Haujaokam. Bci o3Ha-
K1 OpraHiamy niofHW NPOABAATLCA Nif fi€lo 0gHOro abo 6araTtbox reHis.

MoHoreHHe ycnagKyBaHHA — ye YCchaoKy8aH-
HA 03HAK, WO KOHMPOJOMbCA aneamu 00HO20
2eHd. Tak ycnagKoBYIOTbCA AKICHI O3HAKU, WO YiTKO
BUABNAOTLCA Y GeHOTWMI 1 MaloTb KOHTPACTHI (anb-
TEPHATMBHI) NPOABK, WO iX NIerko BigpisHMTK. Ha-
NpuKnag, y NOgMHY MOHOreHHO YCnagKoBYHOTbCA
AMKM Ha Wiykax abo AmKa Ha nigbopingi. PeHoTu-
MOBUIN NPOAB L€l 03HAaKN BN3HAYAETbCA AOMIHAHT-
HVM F€HOM, a MiHIMBICTb AMOK Ha LivKax 3aneXxuntb
Bifl 0co6n1MBOCTE BYA0BU BUNMYHOIO M'A3a i M'A3a
cmixy, wo 6epyTb yyacTb y GOpMyBaHHiI NOCMILLIKN
noanHW. TobTo NPoAB AKICHMX 03HaK 3aNeXnTb, AK
npaBwno, Bif OAHOrO UYMHHWKA, TOMY MOHOreHHe
yCrafKyBaHHA HAa3UBAOTb e MOHOMAKMOPHUM. 3a
MOHOrEHHOTO YCNafikyBaHHA MaloTb Micle B3aemo- . 102. Mpuknaan moHoreHHoro
[ii anenbHNX reHis. (dopma BoOnoOCCA) | nonireHHoro

Ane vacTiwe 3a Bce 6yBag, WO Bigpasy Kinbka (3abapeneriuA wikipu) ycnaaKy-

o . . . . BaHHA B NOAVIHN
reHiB BignoBifaloTb 3a MPOAB TIi€El UM IHLWOI O3HaKM.

MonireHHe ycnagKyBaHHA — ycNAOKy8AHHsA 03HAK, NPOA8 AKUX BU3HAYAEMbCSA 83AEMO-
0i€ro Kinbkox abo 6azameox HeanenbHUX 2eHig (in. 102). HaykoBo ioBefieHo, Lo AiA Nito-
LAVIHV CTYNiHb NPOABY TaKMX O3HaK, AK KOJip LWKipwW, BONOCCA, OU€el, CTYMNiHb PO3YMOBOTO
PO3BUTKY, PIiCT, 3aNeXnTb Bif AiANbHOCTI Bigpa3y 6araTbox reHis i1 6araTbox YUMHHWKIB
HaBKOJIMLLIHbOrO CepeAoBuLla. Tak, y NIOAMHM PiCT BU3HAYaloTb 5 nap nonimepHux He-
anenbHUX reHis. Ha pict pisHoHanpAmneHo BNAnBaoTb Gi3nyHa akTUBHICTb, CKNag, ixi,

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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LWKIANMBI 3BMYKM TOLLO. BOHM MOXKyTb 3MilLlyBaTV CTYMiHb NPOABY POCTY B MO3UTUBHUN,
abo HeraTMBHUI GiK, TOMy MonireHHe ycnafKyBaHHA Ha3MBalOTb e NOiIhaKMOPHUM.
MonireHHO ycnagKoBYIOTbCA Ki/lbKiCHI 03HAKU, WO, AK MPAaBUIIO, € MiHAMBIWNMM 3a AKiC-
Hi. lnA HUX HEMaE YiTKO po3meXxkoBaHMX GeHOTUMOBKX KNAciB, i Mif Yac aHanisy Takmx
03HaK CrnocTepiraloTbCA MOCTYNOBI MaSIONOMITHI NepexXoan Mi>k 0cobrHamu.

OTXe, ycnagKyBaHHA O3HaK Y NIOAUHW 34iMCHIOETbCA 3@ Y4YacTi
OOMIHaHTHUX I pPeLeCcrMBHUX, anefbHUX Ta HeanenbHUX reHis,
po3TaloBaHMX Y XpoMocoMax Aapa abo MITOXOHAPIAX LuTonnasmu.

AKNMY € OCHOBHI TN ycNagKyBaHHA O3HaK y nioaviHN?

3a xapaKTepoM MpoABY KifIbKiCHUX Ta AKICHMX O3HaK BUOKPEMIOIOTb JOMiHAHT-
He Ta peuecMBHe ycnaaKyBaHHsA. 3a AOMIHAHTHOro ycnagKyBaHHA CNoOCTEPIraeTb-
CA MPUTHIYEHHA OQHOrO anens iHWWM, BHACTifOK YOro AOMIHAHTHUA CTaH O3HAKK
NPOABAAETbCA B KOKHOMY MOKOJiHHI. YCNafgKyBaHHA, 3a AKOro OAMH i3 anefibHuX
reHiB MOBHICTIO NPUrHiYY€E NPOAB iHWOro y ¢beHoTMNi HalaaKiB, Ha3MBAETLCA NOB-
HUM OOMIHYBAHHAM (Hanpuknag, TemHe BOJIOCCA B NIOAMHM). AKLWO X JOMIHAHTHI
aneni nuwe 4YacTKOBO MepeBakaloTb Haf peLecUBHMMN, HACNiAKOM 4YOro € nosBsa
NMPOMIXHOrFO MPOABY O3HAKW, TO CMOCTepiraeTbcsi HenoeHe 0OMiHYy8AaHHA (Hanpu-
Knag, ycnagkyBaHHsa ¢bopMU BONOCCA B NIIOAMHU: KyyepsiBe — JOMIHAHTHUN NPOsB,
npsiMe — peLleCUBHUN, XBUIACTE — MPOMIXKHNN). € e KOOOMiHY8AHHS, 3a AKOTO CMo-
CTepiraeTbcsi BUAB 000X anefiB reHa 3a OfHOYACHOI HAaABHOCTI iX y retepo3urort. Ha-
npvknag, yeTsepta rpyna Kposi (I*1?) 3a cuctemoto ABO € pe3ynbTaTom B3aeMogii BOX
LOMiHaHTHMX anenis " i1 |5 3a pewecMBHOro ycnagKyBaHHsA CTaH O3Haku nepepga-
€TbCA CNAAKOBO, ane NPUrHiYyeTbCA | He MPOABNAETLCA Y FeTepO3UTrOTHUX HallaAKiB
(Hanpwuknag, cBiTne Bonoccs, 61aknTHI oui).

[eHu, WO BM3HAYalTb KiNbKICHI N AKICHI O3HaKM NIOAWMHM, PO3TallOBaHi B XPo-
MOCOMaX; X NMOAINATbL Ha ayTOCOMU Ta CTaTeEBIi XPOMOCOMU (FTOHOCOMM). 3anexHo
Bifi LLbOro KpMTEpPIilo PO3PI3HAITb ayTOCOMHE 1 34enseHe 3i CTaTTio yCnafKyBaHHA.
YcnafKyBaHHA 03HaK, AKe 3[iNCHIOETLCA 32 yYacTi reHiB XpOMOCOM, Lo € NofibHUMM
Y YOJSIOBIUMX N KIHOYMX OPraHi3MiB, HA3MBAETbCA ayTOCOMHUM. TaKUM YMHOM yCnag-
KOBYETbCA B NOAUHN KONip oyel abo pe3syc-dbakTop. YcnagKyBaHHA O3HaK, WO 3[ic-
HIOETbCA 3a YYacTi reHiB CTaTeBMX XPOMOCOM, Ha3UBAETbCA 3YenIeHUM 3i CTaTTIo.
OckinbKu ctateBUMMN € X- Ta Y-XpOMOCOMU, BUOKpPeMoTb X- Ta Y-3uenneHi tunu
ycnagKyBaHHs.

MNoepHaHHA BMAIB yCNagKyBaHHA 3a XapakTepoM MpPOABY O3HaK i po3TallyBaH-
HAM reHiB y XpOMOCOMaXx, A€ 3MOTY BUOKPEMUTW TUNW yCnaaKyBaHHA. [na noguHu
XapaKTepHi yCi OCHOBHI TWNW YyCnafKyBaHHA O3HaK — ayTOCOMHO-LOMiHAHTHUI,
AYyTOCOMHO-pPeLeCBHNN, 34enieHNn 3i CTaTTio AOMIHAaHTHUI, 3YenieHnn 3i CcTaTTio
peuecmBHUA. Y NigpyyYHUKax 3 reHeTUKM NoAnHM abo MeanyHoi 6ionorii BUOKpemIto-
I0Tb LLe ronaHapuyHui (Y-34enneHun) Ta MiToxoHApianbHWUA TUNW yCNafKyBaHHA, ane
MW O3HAaNOMMMCA NULLE 3 OCHOBHUMMU.

OTXe, OCHOBHUMW TUNaMKn YCnagKyBaHHA O3HaK Y JIIOAUHM
€ ayTOCOMHO-[OMIHaHTHNI, ayTOCOMHO-PELIeCMBHUIA, 3UENIeHNI
3i CTaTTIO AOMIHAHTHUI, 3UenyIeHN 3i CTATTIO PeLeCMBHUN.

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae
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AK BU3HauUMTN TMN ycnagKyBaHHA O3HaKM B nloguHu?
YHiBepcanbHMM METOAOM, AKUN YMOXINBIIOE

BM3HAaY€HHA TUNY YyCNagkKyBaHHA O3HaK, € MeTOo[ !

ME

CKNlaflaHHA Ta aHani3y poAoBOAIB. ‘

[na pogosogay, B AKOMY CnocTepiraeTbca aymo- |l - - I;hé
COMHO-0OMiHaHMHe ycnafKyBaHHA O3HaKM, XapakK-
TEPHVMW € HAABHICTb HOCITB JOMIHAHTHOIO MPOABY " (5&(5*&‘(5
O3HaKM B KOKHOMY MOKOJiHHI Ta 0fHaKoBa 4acToTa T 23 456 7 89
NpoABY O3HaKW Cepefj YONOBIKIB i XIHOK, WO BKa- | 103. AyTOCOMHO-BOMIHAHTHMIA
3y€ Ha po3TallyBaHHA reHa B ayTocomi (isn. 103). 3a MR ycnapKyBaHHs

ayTOCOMHO-,D,OMiHa HTHUM TUNOM YCNaAKOBYHKTbCA

3ef1eHi Oui, KOPOTKO30pIiCTb, AOBTI Bil, HAABHICTb pe-
I
3yc-daKTopa. 1 5 3 2
5

Y popoBogax 3 aymocoMHO-peyecusHuUm

yCcnafKyBaHHAM XapaKTepHUMMN € HaABHICTb noko- ! 3 Y 7
NiHb, y AKUX PELECUBHIN NPOSAB He CNOCTepiraETb- W

€A, a TaKOX OJJHAKOBa YacToTa NposABYy O3Haku cepen Il = 9 Qﬂ
YONOBIKIB i XIHOK (/1. 104). 3a ayTOCOMHO-peLecns-

HAM TUMOM MepeaaloTbcs BNakUTHI ovi, Hopmanb- 1 104. AYTOCOMHO-peLieciBHuiA
TWN YCNaAKyBaHHs

HUI 3ip, KOPOTKi Bii, BigCYTHICTb pe3yc-dakTopa,
anb6iHi3Mm.

X-3yenneHe OoMiHAHMHe ycnafKyBaHHA Xa-
PaKTepU3y€ETbCA Pi3HOIO YacTOTOK MPOABY O3HAKM
cepep YOnOoBIKiB i XXiHOK (cepef *KiHOK BOHa Tpannsa-
€TbCA YacTiwe) i TMM, WO O3HaKy 6aTbKa ycnajko-
BYIOTb BCi JOHbKM i HIKONN — CHW. 32 TaKUM TUMOM
nepepaTbCsA TEMHa emMasb 3y6iB, paxiT, He uyTnu-
BiCTb Ao BiTamiHy D (in. 105).

3a X-3yensieHo20 peyecueHO20 ycrnaaKyBaHHA
NPOAB 03HaKN TPANAATUMETbCA MaliXKe BUKIIIOYHO Y
YONOBIKIB, O3HaKa HiKO/IN He NepefaBaTUMETbCA Bif
6aTbka 4O CVHA, a TiNIbKA [0 OHYKa yepe3 JOHbKY.
Take ycnafgkyBaHHA xapakTepHe ANA AaNbTOHI3MY,
remodinii (in. 106). I

In. 105. X-3uenneHuin JOMiHaHT-
HWUIA TMN yCNafKyBaHHA

OTxKe, ANnA BM3HAYEHHA TUNy
yCnagKyBaHHA O3HaKM HamyacTile
3aCTOCOBYIOTb MeTO[ CKNafaHHA
N aHanisy pogoBogiB.

In. 106. X-3uenneHnn peuecrs-
HWUIA TUN yCNaaKyBaHHA

Tema 3. CMAAKOBICTb | MIHJTUBICTb

BIANbHICTb
X//‘ CamocrTiliHa po6oTa 3 Tabnuueto

3a gonomoroto Tabnuui NopiBHANTE MOHOTEHHE Ta NoJlireHHe ycnagKyBaHHA 03-
HaK y niogunHun. 3po6iTb BUCHOBOK NPO MNOAIOHICTb Ta BiAMIHHOCTI LMX BUAIB yCnafKy-
BaHHA O3HaK.
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Ta6nuua. MOPIBHAJIbHA XAPAKTEPUCTUKA MOHO-
W NONIFEHHOIO YCNAAKYBAHHA

MoHoreHHe MonireHHe
ycnagKyBaHHA | ycnafKyBaHHA

O3HaKa NOPiBHAHHA

YuacTb reHis

Buawn o3HaK 3a GEeHOTMNOBMM NPOSIBOM

OcobnmBocTi GeHOTUNOBKX NPOSBIB

Ha3Ba 3a xapaKkTepoMm BNAMBY YNHHWKIB CepefoBMLLa
Bn3HauanbHi BUAW B3aeEMopii reHis

CamocriiiHa po6oTa 5

CknapaHHA cxeMu pofoBoAy
3aBgaHHA 1. [1na cKnagaHHA PoLOBOAIB KOPUCTYIOTbCA CTAaHAAPTHUMM MO3Ha-
UeHHAMU. Br3HauTe CyTHICTb OCHOBHUX YMOBHMX MO3HAYeHb 415 po6oTu 3i cxemamu

ponoBofiB. D O DTO . ‘/D/O

3aBgaHHA 2. O3HaNoOMTeCh i3 NpaBuiamMK, WO AOMOMOXYTb CKNacTu CXemy po-
nosogy: 1) ocoba, pofioBif AKOT CKNaga€TbCA, HA3MBAETbCA NPOOGAHAOM; il Ha cxemi
MO3HavalTb CTPINKOIO; 2) 0Ci6 )KiHOUOT CTaTi NO3HAYaAKTb KPY»KEUKOM, 0Cib UoNoBiYOi —
KBaJlpaTMKOM; CMBOJIM OCOOMH i3 MPOSIBOM JOCifKYBaHOT O3HAKN — 3aTOHOBYIOTb;
3) KOXXHOMY MOKOJIHHIO BUAINAIOTb OKPeMUI PAQOK, Ha AKOMY 3/1iBa Hanpaso B paj
PO3MILLYIOTb YNEHIB POAUHUN B MOPALKY HAPOOPKEHHS; 4) CMMBONM OCib, siki nepeby-
BatoTb Yy Wtobi, 3'€AHYI0Tb NiHi€l0; 5) NOCNiAOBHI NOKOMIHHA NO3HaYaloTb PUMCbKUMU
undpamu, HallaaKiB OAHOrO NOKOJIHHA — apabCbKUMN.

3aBpaHHA 3. CTBOPIiTb CXeMy POAOBOAY 3a YMOBO 3afaui. «[TIpobaHO — 0i84YUHKA,
AKA MAE CUMNAMUYHI AMKU Ha Wokax. bpam i cecmpa i — amok He marome. Mamu 0igyuH-
KU MAKoX Mae AMKU Ha WOKAx, a 6ameKo — Hi. Y mamepi disuuHku 08a 6pamu, 0OUH i3
HUX — 3 AMKamu, opyauli — Hi. babycs npobaHOa 3a MamMepUHCbKOIO JIiHIED — 3 AMKAMU,
a 0i0 — Hi. fiki 2eHoMunNu ycix 4neHie cim’i?». BusHauTe xapakTep ycnafkyBaHHA O3HaKM.

CTABJIEHHA
bionoria + MeguunHa. Pesyc-pakTop

Crictema «Pe3yc» 6yna Bigkputa y 1940 p. K. JlaHgwTenHepom
i O. BiHepom 3a JONOMOroOl0 KpPOBi Makaku-pe3syc. BariTHum »in-
KaM i3 pe3yc-HeraTMBHOI KPOB'0 (3a YMOBW, AKLLO iXHil YONOBIK
€ pe3yc-no3nTNBHUM) PeKOMEHAO0BAHO MpPOBeAeHHA npodinak-
TUKU aHTUpe3yc D-imyHornobyniHom y TepMmiHi 28 — 30 TUXHIB
BariTHOCTI. A AK yCnagKoBYeTbCA pesyc-dakTop?

PE3VJIbTAT

3aBAaHHA ANA CAaMOKOHTPOIO
1. o Take MOHO- 11 nonireHHe ycnagkyBaHHA? 2. HaBediTb Npuknagn MOHOreHHUX

1 NONIreHHNX 03HaK y NoANHN. 3. Ha3BiTb OCHOBHI TUMKW yCNaAKyBaHHA O3HaK Y Nto-
AVHW. 4. HaBegiTb Npurknaan O3HakK, WO yCNagKkoByloTbca 3a uumu Tunamu. 5. Lo

Take ayTocoMHe ycnaaKkyBaHHA? 6. LLlo Take 3uenneHe 3i CTaTTio ycnagKyBaHHA?
7. Y1Mm pi3HATbCA MOHOTEHHE 1 MoAireHHe ycnagKyBaHHA O3HaK NtognHu? 8. Aknmun

7 -9 | € OCHOBHI TUMNKX yCNaAKyBaHHA O3HaK y NoAMHW? 9. AK BU3HAuYMUTV TUN YCNaaKyBaH-

HA O3HaKnNy J'I}OHI/IHI/I?
10. Ha KOHKpPEeTHOMY anKna,qi nose,qin 3Ha4Y€HHA 3HaHb NPO TUNW yCnagKyBaHHA

O3HakK. 181
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3yensieHi 2eHU, W0 JTOKA/TI308AHI 8 OOHIU XPpOMOCOMI,
yCcnaoKkosylomsCA pasom i He 8UABAIOMb HE3A/IEXXKHO20 PO3NO0OIsY.
3akoH MopzaHa

§ 44. 34EMNEHE YCNAAKYBAHHA. MO3AXPOMOCOMHA
CNAAKOBICTb Y NIOANHIA

OcHOBHi NMOHATTA N Kmo4voBi TepmiHu: 3YEIMJIEHE YCNAJKYBAHHA
O3HAK. 3uenneHe 3i cTraTTioO ycnagKyBaHHA o3HaK. LiutonnasmartunuHe
ycnaaKyBaHHA O3HaK.

MpurapanTe! Lo Take ycnagKyBaHHA O3HaK?

MomipkynTe!

T. X. MopraH cxpelyyBaB Apo30¢in i cnoctepiras
3a yCrnaAKyBaHHAM BeNIMKOI KiNbKOCTi TXHiIX O3HaK. AHani3
pe3ynbTaTiB AONOMIT AiNTU BUCHOBKY, WO AeAKi O3HaKu
nepefawTbCcA Hawagkam pasom. Yepes Te MopraH npuny-
CTUB, WO reHu, AKi BU3HAYaloTb Ui «MOEQHAHI» O3HAKK, He
pO3KMAaHO Mo BCil KNiTUHI, a 3i6paHo B 0CO6NMBKX OCTpIB-
uax. Yepes Te BMXoguno, WO BCi CMagKoBi O3HaKM fpo30-
bin noginalTbCA Ha YoTUPM rpynu. NOACHITb, YoMmy.

3MICT

CKinbKM rpyn 34enieHHs € B noguHu?

3YEMJIEHE YCMALOKYBAHHA — cnadkyeaHHs 2eHis, wjo micmamaecs 8 00Hil xpo-
mocomi. A came ABULLe PO3TallyBaHHA reHiB B O4HIN XPOMOCOMIi Ha3Banu 34enfieHHAM
reHiB. YCi reHn ofHi€l XxpoMOCoOMY NepefaTbCA CNafKoBO Pa3oM i YTBOPIOIOTb OAHY
rpyny 34enneHHA. OCKinbKN B FOMOMIONYHMX XPOMOCOMaX PO3TaLlOBYOTbCA OfHAKO-
Bi reHu, rpyny 34ensieHHA YTBOPIOKTb [Bi FOMONOriYHi XpomocoMu. Tomy KinbKicTb
rpyn 34ensieHHs BiAMNOBIJA€E KiNbKOCTIi MAap roMOMIOFiYHNX XPOMOCOM, abo KiNbKOCTi
XPOMOCOM FanoifgHoro Habopy. Taknm YMHOM, y JIIOAVHU HaniuyoTb 23 rpynu 34e-
NAEHHA Y NpeACTaBHUKIB XKIHOYOI CTaTi | 24 rpynu 34enneHHA y NpeACcTaBHUKIB YO0-
Biyoi cTaTi (22 ayTocomu Ta ABi ctaTeBi xpomocomu X nY) (in. 107).

Y nognHM aHanis rpyn 34enieHHa KnacuyHMmn MeTogamm HEMOXANBUIA BHaCNi-
[OK BiJCYTHOCTi MOX/IMBOCTEN eKCNepuMeHTanbHNX CXpeLlyBaHb. [InA KapTyBaHHA
XPOMOCOM NIOAMHN HanyacTile 3aCTOCOBYBaNv MeTO[ aHanisy podoBOAIB i meTon
ribpuansadii ComaTYHUX KNITVH (NepeBa)Ho 3 KNiTMHamu muwi). Ha cborofHi Bigo-
Mi yCi 24 rpynu 34ennieHHA. Y NIoAUHN 34enneHo
ycrnagKoByloTbCA pe3syc-dpakTop I oBanbHa ¢opma
epuTpoumTiB (1-lwia Xxpomocoma), rpynn KposBi 3a
cuctemoto ABO 1 cuHapom fedeKTy Hirtis i KoniH-
HOI Yaweuku (19-Ta xpomocoma).

HalinoBHiwe nobygoBaHO KapTy X-Xpomo-
comu, y Akin 6nmsbko 1400 reHis; 3 Hux 6inok-
KoayBanbHuUX — 841. Hamsigomiwmmmn o3Hakamu,
33 AKUX FeHW po3TalloBaHi B rpyni 34ensieHHA 3
X-Xpomocomoto, € remodinist  4anbTOHI3M.

Tema 3. CMAAKOBICTb | MIHJTUBICTb

In. 107. CrateBi xpomocomm
XiY noguHn
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lpyna 3uenneHHA Y-XpOMOCOMMU € HabaraTo MeHLUO 3a 06CAroM i Mae 61M3bKO
90 reHiB, 6inok-kKoyBanbHMMM 3 AKUX € 23. HalBigomiwyMy reHamu Y-Xpomocomu
€ reHV HaMipHOro OBOJIOCIHHA BYLIHUX PaKOBUH (FiNepTpurx03), pPOroBuMx JIYCOK Ha
WKipi (ixTio3), a HaMBaxxnuBiWMUM — reH SRY (Big aHrn. sex determining region Y — ginan-
Ka Y-XpomMOCoMM, L0 BM3HAYaAE CTaTb), WO € K/IOUYOBMM FrEHOM PO3BUTKY OpraHiamy
3a YyonogiumMm TMNom. Hesennkunin o6car Y-xpomocomu i NOCTyrnoBa BTpaTa Helo reHis
CMOHYKann OKpPEMUX YYEHMX 3a8BUTK, IO B MalibyTHbOMY BOHa B3arasi 3HuKHe. Op-
HaK MOJNeKyNAPHO-TeHeTUYHI [OCNIAXKEHHA MOKa3anu, Wo NpoLec «3HOWEHHA» YOso-
BiUOT XPOMOCOMY 3YNMUHMBCA, i BOHA 3a/IMLIAETLCA CTabiNbHOI YNPOAABXK OCTaHHIX
25 MSIH pokiB. LA cTabinbHICTb MOXOAUTD i3 XKUTTEBO BaXK/IMBOIO ocepefKka Y-Xpoco-
MOMM i3 12 reHiB, AKi He MaloTb HIYOrO CNiIbHOrO 3 BU3HAYEHHAM CTaTi Y/ PO3BUTKOM
yonogiyoi cTaTeBoi cuctemMn. BoHu «BignoBigaoTby 3a Taki GyHKLUIT, AK CMHTe3 BINkKiB i
perynauia TPaHCKPUNUIT iHWNX reHis.

HaABHICTb y NOANHM ABULLA 3YENIeHHA O3HaK HaJa€ HaA3BUYANHO BaXKITNBY iH-
dopmauito ons BUABMEHHS Ta AiarHOCTUKM CMaJKOBUX 3aXBOPIOBAHb. 3 BUCOKOIO Bi-
pOrifHICTIO MOXHa nepeabdaunTyi reHOTUNY Ta GEHOTUMY CUHIB | OYOK MOAPYMKA,
AKLWoOo 6aTbKo, MaTV abo 060E MatloTb O3HAKM, L0 YCMALKOBYIOTbCA 34ErNseHO.

OTXe, y MOQNHY PO3pPi3HAIOTb 23 rpyny 34ensieHHA (KiHoya cTaTb)
abo 24 rpynu 34enneHHA (Yonogiya CTaTb).

Aki oco6nuBoCTi 3UenneHoro 3i cTaTTio ycnagKyBaHHA O3HaK Y NoAVHA?

YcnaaKyBaHHA, 34ensieHe i3 cTaTTio — ye ycnaoKye8aHHA 03HAK, 2eHU AKUX pO3-
mawoeaHi 8 cmamesux XpoMocomax. Y NOAVHN BUOKPEMIOTb TPU FPYNu reHis
CTaTeBMX XPOMOCOM, AKi YyCNaAKOBYIOTbCA MO-Pi3HOMY: MeHU pOo3TallOBaHi TiNbKu
B X-XPOMOCOMi, reH/ po3TalloBaHi TiIbKM B Y-XPOMOCOMI, i reH1, HasiBHi B 060X CTaTe-
BMX XPOMOCOMaX. YCnafKyBaHHA O03HaK, 3UenieHnx 3i CTaTTio, Ma€ CBOI NMeBHi ocobnu-
BOCTI, AAKi BiAPI3HAIOTb NOroO Bif iHWMX TUMIB YCNagKyBaHHA:
¢ O3HaKW, FeHn AKUX NOKani3oBaHi B X-XpOMOCOMI, yCNagKOBYIOTbCA YONIOBiKaMu

1 XKiHKamu;

+  AKLWO peLecrBHU anefibHNUIN reH 3uensieHnin 3 X-XxpoMOCOMOI0, TO B »KIHOYOI CTa-

Ti BiH NPOABNAETbCA /IMLLE B TOMO3MIOTHOMY CTaHi, @ B YOJIOBIUOT — 3aBXAW;

«  03HaKW, 34enieHi 3 Y-XpOMOCOMOI0, YCMagKOBYOTbCA NULLIE NpeacTaBHUKaMM YO-

NOBIYOI CTaTi.

OpfHielo i3 HamBigOMIWIMX O3HaK, WO YCNAafKOBYETbCA 3YEnneHo 3i CTaTTio,
€ 0a/IbMOHI3M — He3[aTHICTb PO3PIi3HATM YepPBOHWIA | 3eIeHNIA KoNbopu. BuHMKae
BHacnifok aedekTy B reHax X-xpoMOCOMY, WO BM3HAYaTb PO3BUTOK KONOOUOK CiT-
KiBKW, YYTAINMBUX A0 LMX KONbOPIB. IHWWI NpUKNag peuecuBHMX, 3UensieHunX 3i CTaTTio
O3HaK , — 2emo@inisa, 10 NPOABNAETLCA B MOPYLUEHHI 3CiAaHHA KPOBI.

Po3srnaHemo ana npuknagy ycnafkyBaHHA JanbTOHi3My. BctaHOBMEHO, Wwo uen
NPoAB O3HaKW BU3HAYa€E peLecnBHU anesb, IOKanizoBaHUn y X-XxpoMocoMmi. AKLLO
UosOBIK 3 JaNbTOHI3MOM (XY) OAPYXKYETbCA 3 FOMO3UIOTHOIO >KiIHKO 3 HOPMaJIbHUM
KonipHuM 3opom (XPXP), To BiporigHicTb NOsSBY AaNbTOHI3MY cepefi HallafaKiB JopiB-
HIO€ Hynto. Bci Hawagkm 3a ¢eHOTMNOM MaTMMYTb HOPMabHUIA KOAipHWIA 3ip, ane B
reHeTuli o4YoK Oyae HasiBHU peLIeCUBHUN anerb.

OTXe, ycnafgKyBaHHA, 34ernsieHe 3i CTaTTio, MAa€E 0COGMNBOCTI,
O BU3HAYalOTbCA PO3TallyBaHHAM FeHiB y CTaTeBMX XPOMOCOMAX.

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 44. 3uenneHe ycnaakyBaHHs. [103axpOMOCOMHa CMAAKOBICTb Y NIOAUHN
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Yum BU3HaAYaETbCA LUTOMNa3MaTUYHe ycnagKyBaHHSA nioguHn?

MosaxpomocomHa (UMTonsasmaTM4Ha) CNAgKOBICTb — Cnocib 36epexeHHA U
nepedaui zeHemu4HoI iHhopmauyil 3a 00NOMO20t0 opzaHes1 Yyumonsasmu, 30amHux 00
camogiomeopeHHA. Y KNiTuHax NoAnHW € opraHenu, wo MictaTb BnacHy JHK i1 BnacHi
reHu. Lle mitoxoHApii, Wwo mictaTb iHpopmaLito Npo pepMeHTUN I peryntoTb KNiTUH-
HUM meTaboniam. Ha BigmiHy Big ctanoi kinbkocTi AHK y cknagi xpoMocom KinbKicTb
OHK mMiTOXOHAPIN MOXe 3MiHIOBaTMCA 3 BIKOM 3aN1€XKHO Bifj YMOB CepeOBULLA, aKT1B-
HOCTI TOLLO.

OcKinbKn MIiTOXOHAPIT MIiCTATbCA B UUTO-
naasmi KNiTuH, TO, 04EBUAHO, yCNaAKYBaHHA IXHIX
reHiB Matume fAkicb ocobnmeocTi. OcobnnBOCTI
LbOro ycrnagKkyBaHHA 3yMOBJIeHi nepegycim TUMm,
O rameTu Pi3HUX CTaTer MalTb Pi3HY KiNbKiCTb
MITOXOHAPIN. HaruacTiwe AnuekniTuHa MicTUTb
TUCAYI MITOXOHAPIN, @ CNepMaTO300H — OAUHMU- e
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Li. Okpim Toro, mitoxoHgpia uonosivoi ravern PITM P MNP MMM
B3arani He noTpannAe B AWLEKNITWHY NiA 4aC | 108, MaTepuHCbKi XapakTep
3annigHeHHA. Y pesynbTaTi B 3UroTi NMepeBaka-  LUTONNa3MaTUYHOrO YCraaKyBaHHSA
I0Tb MITOXOHAPIT AnuekniTuHW. LinTonnasmartnu- B JIIOAMHN
Ha CMafKOBIiCTb MA€ MAaTEPUHCHKINIA XapaKTep — YCMAaAKOBYIOTbCA i BUABNAIOTL cebe
NMLLIE TeHU, WO MICTATbCA B uMTonnasmi anyeknituHm (in. 108). ditam nepepatoTbea
BMK/IOYHO MITOXOHAPIT MaTepi, y pe3ynbTaTi YOro YONOBIKM Ta »KIHKM MOXYTb MaTu
BiANOBIAHY O3HaKY, ane TiNbKW XiHKWN NepefatoTb il CBOIM AiTAM.

Ockinbku miToxoHapianbHa OHK HanexuTb Tinbku ogHOMy 3 6aTbKiB, TO pekom-
6iHaUifHMX 3MiH, BnacTuBKx ana sgepHoi AHK y meino3si, HeMag, oTKe, HeMa€ 1 KoM-
6iHaUiHOT MiHNMBOCTI. HykneoTuaHa NocnifoBHICTb 3a3HA€E 3MiH Bifi MOKOMIHHA [0
MOKOJiHHS TiNIbKYM 3@ paxyHOK MyTaLili, o BiiOYBaloTbCA B AECATOK pa3iB iIHTEHCUBHI-
we, HX Yy agepHin [IHK. HanpukiHui XX cT. BUHUK HOBUI pO34in MeAULNHN — MiTOXOH-
ApianbHa natonoria. KnacuyHnmm nposBaMm MiTOXOHAPiaIbHUX XBOPOO BBaXKatoTbCA
Mionartii Ta eHuedanonarii.

OcTaHHiIM Yacom MiToxoHApianbHy [IHK BUKOPMCTOBYIOTb B MONYNALiINHUX JOCHI-
OXKEeHHAX, BUPILEeHHI NUTaHHA nownpeHHA Homo sapiens Ha NnaHeTi Ta NOXOAXEeHHA
NOACbKNX Pac, MOXOAMXEHHSA | FeHETUYHOT CTPYKTYPU OKPEMUX €THOCIB i nonynALin.

==

OTXe, unTonsasmaTuyHe (NosaspepHe, NO3aXPOMOCOMHE)
ycnagKyBaHHA — Le ycnagkyBaHHA reHiB, WO BU3HAYAETbCA iXHIM
pO3TallyBaHHAM Y LMTOMIA3MaTUUYHUX CTPYKTypax.

RIANBHICTb

M CamocriiiHa po6oTa

Po3B’A3yBaHHA TUNOBWUX BNpPaB 3 reHeTUKW. YcrnaaKyBaHHS, 3UensieHe 3i cTaTTio
BnpaBa 1. [JanbToHI3M — peLecrBHUA NPOAB O3HAKU, FeH AKOI po3TalloBaHUN
B X-XpoMocomi. IKMX fiTe MOXHa ouiKyBaTu Bif Woby: a) YONOBIK 3 HOPMaNbHUM
KONiPHVM 30POM, XiHKa 3 FTeHOM [aNIbTOHi3MY B FeHOTUNi; 6) YONOBIK 3 AANILTOHI3MOM,
XKiHKa 3 HOPManbHNM KONIbOPOBKM 30POM; B) YOMOBIK 3 Ja/IbTOHI3MOM, KiHKa 3 reHOM
JanbTOHI3MY B reHOTunI.

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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BnpaBa 2. YonoBik 3 panbToHi3aMoM
OAPYXKYETbCA 3 KIHKOIO 3 HOPManbHUM .
KonipHVM 30poM, 6aTbKO AKOT 6yB 3 Aanb- E
TOHi3MOM. fIKuM Byge 3ip y ixHix gitein? '

BnpaBa 3*. 3gopoBa 3a ¢eHoTMNnOM

XKiHKa, y MaTepi Kol 6yB AaNbTOHI3M, a B M\

6aTbka — remodinia, ogpyxeHa 3 4osoBi-

KOM, AIKUI Mae obuBa 3axBOPIOBAHHSA. ﬁY 'ﬁ" r ﬂﬁ

Br3HauTe IMOBIPHICTb HapOAXXeHHA B Ui Fﬁ Hﬁ iﬁ H.
] | i i

Cim'i ,D,ITEI/I{ AKi TaKoXK MaTUMyTb 06MABI Ui Y g Sy Xhxh
xBopobu (is1. 109).

In. 109. Cxema ycnagkyBaHHsA remooinii B

CTABJIEHHA cim’i, ge 6atbko 3 remodinieto, a matu 3

HOPManbHUM 3CifaHHAM KPOBI

; - bionorisa + leHeanorisa.

YcnapgKyBaHHA remoinii

MNprknagom reHeanoriyHOro Aepesa, y AKOMY NPOCTEXYETbCA 34enseHe 3i cTaT-
TIO ycnafKyBaHHA remodinii, € pofoBig aHrNiNcbKoi Koponesu BikTopii, y reHoTumni
AKol 6yB reH LbOro 3axBopioBaHHA. Yepes Hawazkis Koponesu Biktopii remodinisa
nepepanacb y KOponiBCbKi poAnHM He Tinbku Bennkoi bpuTanii, a i1 Icnanii Ta Pocii.
Lo Take remodinia? 3a JONOMOrol0 CXemy BU3HauTe TUN ycnagkyBaHHA remodinii.

BikTopis,
Koponesa Benvkoi bputaHii
Anica, repuyornHa Ensapa VI, Beatpuica, npuHueca
lecceHcbKa i PeliHcbka Koposb Benukoi bputaHii BenMK(l'l'EpmaHi'l'
repuor OnbaHi flopa fleononba
Opigpix MayHTﬁaTTeH

Anica, rpadpuHa
ATnoHcbKa

860 londoouh

OnekcaHapa |Mukona ll, IpeHa, npuHueca Anbdorc XII,|Biktopia €srenis
®epopisHa |Imnepatop Pocii - leccen-[JapMwraarcoka| feHpix koponb Icnanii| bateHGep3bka

b dbdm abdaddodah

Onekcin Banbpemap AnbdoHco,

Mwkonaitosuy npuHL ACTYpiicbKIi
MO3HAYEHHA:
O I:’ XiHKa 6e3 remodinii, XiHKa, B reHoTUni .. XiHKa 3 reModinielo O I:’ npeaKm CyyacHoi 6puTan-
YonoBik 6e3 remodinii AKOI € reH remodinii YONOBIK 3 reModinieln CbKOI KOPOTiBCbKOI CiM'T

3aBAaHHA AnA CaAMOKOHTPOJII0

1. Lo Take 34yenneHe ycnagkyBaHHA? 2. HaBeaiTb NpuKnagm o3Hak, Wo ycnagKkoBy-
I0TbCA 34enneHo B noanHn. 3. LLlo Take 3uenneHe 3i cTaTTIo ycnagKyBaHHA O3HaK?
1-6 |4.HaBegiTb NnpyKnagn o3Hak, WO YCNagKOBYIOTbCA 34enIeHo 3i CTaTTIO B JIIOAMHN.
5. o Take uutonnasmatmyHe ycnagkyBaHHA? 6. HaBeditb npuknagn uitonnasma-
TUYHOrO YCNaAKyBaHHA O3HaK.

7. CKinbKu rpyn 3yenneHHs B noanHu? 8. AKi ocobnmneocTi 3uenneHoro 3i cTaTTio
7-9 |ycnagKyBaHHA O3HaK y noAnHN? 9. Yum BM3HaYa€eTbCA LMUTONNasMaThyHe ycnaa-
KyBaHHA?

10-12 10. Ha KoHKpeTHOMY NpuUKNagi foBeAiTb BaXKNBICTb BUBYEHHA 3UerneHoro ycnaa-

KyBaHHs O3HaK.

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 44. 3uenneHe ycnagKyBaHHsA. [103axpOMOCOMHa CMagKoBiCTb y NOANHN
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Kumms miHnuee, Haye Mmope...
Jlone Oe Beza

§ 45. 3BAKOHOMIPHOCTI MIHJINBOCTI IIOANHIA

OCHOBHi NOHATTA 11 KNto4oBi TepmiHn: MIHJIUBICTb. MogudikauiniHa miH-
nuBictb. MyTauiitHa miHnuBicTb. Kom6iHauiliHa MiHAMBICTD.

MpurapanTte! Lo Take miHNMBicTb? LLlo Take HecnagkoBa I cNagkoBa popmu
MiHTNBOCTI?

MomipkynTe!

OpHoAnueBi 6NM3HATa € reHETUYHO OJHOPIA-
HUMW, y HUX NoAiOHa 1 KUTTEBa Nporpama. HagiTb AKLLO
AiT 6ynu posnyyeHi Bigpa3sy nicna HapoAXKeHHs, 3ro-
[OMBUABMAETbCA, L0 BHMX OAHAKOBI CMaKM 1 3aX0OnsieH-
HA, BOHW NPUOAN3HO B TOMY CamMOMy BiLli OfpY»KyloTbCA,
Yy HUX HapoOmXKylTbCA AiTW ofHiei cTaTi (Hanpwuknag,
CUHWK), | BOHW AatoTb iM 6M3bKi 3@ 3ByYyaHHAM iMeHa.
A AK MiXK HUIMW BUHWKAIOTb BiAMIHHOCTI?

3MICT

AKi MonekynApHi mexaHi3amu MiHAINBOCTI?
MIHJIUBICTb - 30amHicme opeaHizmie Habysamu HOBUX O3HAK, WO CNPUYUHA-
tome 8iOMIHHOCMI MiX 0cObUHAMU 8 Mexax 8udy. Po3pi3HATb ABi OCHOBHI dopmu
MiHAMBOCTI — CMAaAKOBY N HecnagkoBy. [puyMHaMM CnafKoBOI MiHAMBOCTI € 3MiHN
CTPYKTYypM abo AiaNbHOCTi reHeTMYHOrO anapaTy, a NPUYMHaAMV HeCNaAKoBOT — BNIMB
YMOB CepefoBuLLa.
Ta6nuusa 5. MOPIBHAJIbHA XAPAKTEPUCTUKA ®OPM MIHJIUBOCTI
O3Haka HecnapgkoBa CnapgkoBa
BUHUKHEHHA 3MiHN peHoTUny los’A3aHa 3i 3MiHO reHoTUNY

TumyacoBicTb, MacoBicTb, cnpAmo- | CTanicTb, iIHANBIAYaNbHICTb, HECMPAMO-
BaHICTb, BU3HAUYEHICTb, KMPUCTO- | BaHiCTb, HEBU3HAUYEHICTb, BiACYTHICTb
CYBasbHICTb» «MNPUCTOCYBaSIbHOCTI»

3aranbHi Bna-
CTUBOCTI

BnnvBe YnHHMKIB cepefoBuLLa 1 BHY-
MpnunHn 3MiHM yMOB cepefoBuLLa TPILWHI NPUPOAHI MexaHi3mu (Menos,
3aniAHeHHA)

Mpouecn, Wwo € | 3MiHK eKcnpecii reHiB, gudepeH- | 3MiHU reHeTUYHOro anapaTy WAAXOM

Tema 3. CMAAKOBICTb | MIHJTUBICTb

OCHOBOIO LianbHa aKTUBHICTb reHis MyTauin, pekombiHauin AHK

3HauyeHHAa gna | ApanTauia go ymMoB cepefoBula, |HenTpanbHe, WKianvMee, NPUTrHiYeHHA

0CO6VH NiABULLLEHHA XXUTTE3AATHOCTI KUTTERIANBHOCTI

Bugn MopaudikauitHa, OHTOreHeTMYHa Komb6iHauinHa, myTauiiHa

3aKkoHoMip- . 3aKOH romMonoriYHMX pAgiB cnagkoBol
. CTaTUCTUYHI . .

HOCTI MiHANBOCTI

MonekynapH1umM mexaHiamammn HecrnagKkoBOol MiHMBOCTI € 3MiHWN eKCMpecii reHiB.
BinbyBa€eTbcA Le 3aBAAKM NpoLecam perynaulii akTUBHOCTI reHiB Ha PiBHI TpaHCKpUN-
Lii, NpouecuHry, TpaHcaaLii i nicnaTpaHcnAuinHoT mogudikauii 6inkis.

OCHOBHUMW MexaHi3Mamy CrnafKoBOi MIHIMBOCTI € MyTalii Ta pekom6GiHauil.

186 MyTauii MoXyTb BigbyBaTMCA B CTaTeBUX M COMAaTUYHMX KNiTUHAX, Ha PiBHi reHi.,
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XPOMOCOM, KiflbKOCTi XPOMOCOM. YNPOJOBK *KUTTA MOXKYTb NPOABAATUCA MyTaLil co-
MaTUYHNX KNITWH, @ FreHepaTUBHI MyTauil — y HalWaaKiB.

Ponb ¢popm MiHAMBOCTI AnA opraHiamiB € pi3HOW. [3 CNagKoBOK MiHAUBICTIO
noB’si3aHa NosBa HOBMX O3HaK YMNPOAOBX XUTTA, @ HeCnagKoBa — 3abesneuye iHAU-
BiAyanbHUN PO3BUTOK i MPUCTOCYBaHHA OPraHi3amiB O YMOB CepefoBuLLa, LWO 3Mi-
HioloTbcA. HoBi HabyTi 03HaKW € iHOAI WKiANMBUMN, L0 NPU3BOAATb O 3aXBOPIOBaHb
(HanpwKnag, OHKONOrIYHNMX).

OTxe, MiHNMBICTb NOB'A3aHa 3i 3MiHaMK reHOTUNY 1 GEHOTUMNY Ha MOMEKY-
NAPHOMY PiBHi, TOMY BUOKPEMJIIOTb CMafKoBY 1 HecnagKkosy ii dopmu.

AKi 3akoHOMipHOCTI Moau¢ikauinHOT MiHNMBOCTI NlOANHN?
MopudikauiiitHa miHnuBICcTE — ye popma Hecnadkosoi MiHIUBOCMI, WO NO8’sa-

3aHa 3i 3MiHamMu gpeHomuny 8HAc1i00K 8nusy ymos icHysaHHs. MogudikauinHi 3mi-

HM O3HaK He YCMafKOBYIOTbCA, ane iX HopMa peakuii, To6To fgianasoH MiHANBOCTI, €

CNafKoBOW i BU3HAYa€eTbCA reHoTunom. MogudikauiiHa MiHAUBICTb, AK NpaBuKno,

Ma€ AOLINbHUI XapaKTep, BiAMOBiAAaE YyMOBaM iCHYBaHHA i € MPUCTOCYBasbHOIO.

BUHMKHeHHA mopmdikalin nos’A3aHe 3 TMM, WO YMOBU cepefoBULLa BMAMBAKOTb

Ha ¢pepMeHTaTMBHI peakLii, o BigbyBalOTbCA y OpraHi3mi i NeBHMM YMHOM 3MiHi0-

IoTb iX Xif. AK npuknag npuctocyBanbHUX MoAaudikauil Po3rfnaHEMO MexaHi3m

YTBOPEHHS MirMeHTY MeJlaHiHy. 3a 1oro BMPOOGSIeHHs BiANOBIAaTb YOTUPU FeHH, Lo

pOo3TalloBaHi B pi3HMX xpomocomax. ig gieto ynbTpadionetoBoro BUNPOMiHIOBaHHA

3 KNiTWH WKipW (KepaTUHOLMTIB) BUBINIbHIOIOTHCA B MIXKKIITUHHWIA NPOCTip ocobnusi

MikpoPHK. Lie 3ymoBnioe akTrBaLito Ta nocuneHuin 6iocnHTes depmMeHTy TUPO3MHa3L,

LL|O KaTasli3y€ OKNCHEHHA aMiHOKNCIOTU TMPO3UHY 1 Nofasblue yTBOPEHHA MeNaHiHy.
Mpu gocnigeHHi moandikaLinn BUABNAIOTbLCA 3aKOHOMIPHOCTI, WO MaloTb CTaTu-

CTUYHMI XapaKTep.

«  Pi3Hi 03HaKu marome pi3HUU po3max Hopmu peakyii. Hopma peakyii — mexi mo-
ougpikayitiHol MiHIUBOCMI 03HAKU, W0 8U3HAYAOMbCA 2eHOMuUnom. Mexi Hopmu
peakuii 3yMOB/IEHi reHOTMMOM, ane NPOAB O3HaKM B MeXax HOpMU peakLil 3mi-
HIOETbCA Nif Ai€I0 YMOB CepefoBuLa.

«  byOb-AKka 03HAKa MoXxe 3MiHI08AMUCH JIULIE 8 NeBHUX MeXax. [eHN BU3HaYaloTb He
roTOBi NPOABUN O3HaK, @ HOPMY peaKLil O3HaKu.

«  binbwicme opeaHizmie marome eapiaHmu, 6/1U3bKi 00 cepe0Hb0o20 3Ha4YeHHs. Lle
MOACHIOETLCA TUM, LLIO NMOEJHAHHA NMLLE CPUATINBMX a60 HECMPUATIVBUX YMOB
TPannAEeTbCA PiAKo.

«  Ha po3max modugikayiliHoi MiHnugocmi enausarme 308HiWHI Ma 8HymMpiliHi
ymosu. YM OQHOPIZHIWNMN € 30BHILWIHI YMOBM PO3BUTKY JaHWUX OCOOGUH, TUM
MEHLLOK MipOIo NPOSABASETLCA MoANdiKaLiliHa MIHNTMBICTb.

§ 45. 3aKOHOMIPHOCTI MiHAIMBOCTI NOAVHM

OTXe, 3aKOHOMipHOCTI MoandIKaLiNnHOT MIHINBOCTI € CTaTUCTUYHUMU,
TOMY LLO NMPOABAATLCA NPY AOCiAKEHHI 6araTbox BapiaHT
TI€El UM IHWOI O3HaKMW.
flke 3HaUeHHA cNagKOBOI MiHNMBOCTI gNna nognuHN?
Komb6iHauiiiHa miHnuBicTb — ye ¢popma cnadkoeoi MiHIUBOCMI, AKA BUHUKAE
3080AKU nepepo3nodisly 2eHeMUYHO20 Mamepiany 8 Hauwjaokie. 3a KOmbiHaUiHOT
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MpUUYMHO BUMHUKHEHHSA NPOABIB KOMOiIHALUiNHOT MiHAMBOCTI € romosioriyHa Ta
HeromonoriyHa pekom6iHayii JHK. [xepenamu KomOiHaUilAHOI MiHIMBOCTI €:
1) KpocuHroBep; 2) He3anexHe PO3XOAXKEHHSA FOMOJIOTIUHMX XPOMOCOM MpU Me-
1n03i; 3) BUNagKoBe 3NUTTA rameT Mif yac 3annigHeHHA. 3aBAAKN He3aneXHoMy Ta
OAHOYACHOMY 3AINCHEHHIO LMX NPOoLueciB BUHUKAE BeNMKa Pi3HOMaHITHICTb reHo-
Tunis. fomonoziyHa pekombinayia - ye npoyec oO6MiHy HyKI€OMUOHUMU NOCI-
008HOCMAMU MiX 20MOJI02iYHUMU Xpomocomamu abo naryroeamu AHK. Llen Tun
pekombiHaUil BUKOPUCTOBYETbCA KNITHAMU s BUMpPABAEHHA nowKogxeHb OHK,
YTBOPEHHA HOBMX KOMOGiHaLil FeHiB nig yac Meno3y, nepeHeceHHs MOGiNbHYX reHe-
TUYHNX eNeMEeHTIB, FOPM3OHTaIbHOTO NepPeHeCeHHA FreHiB MiXK PiI3HUMN KNiITUHaMW.
Hezomonoziyna pekomGiHayis — ye npoyec 06MiHy HyK1eomuOHUMU NOC/1i008HO-
CMAMU MiX He20MoJ102i4HUMU Xpomocomamu abo naHuyrzamu [JHK. Mpuknagom Takoi
pekombiHaUil € BUNagKkoBe BOYLOBYBaHHA BipyCHUX ab0 6akTepianbHUX GparMeHTiB
OHK'y OHK knituH nioguHn.

MyTauiiina miHnuBicTb — ye popma cnao-
KoBsoI'" MiHAUBOCMI, WO nos8’s3aHa 3i 3MiHamu
2eHomuny 8Hacniook mymayid. Liio miHnunsicTb
3YMOBJIIOIOTb 3MiHM F€HOTUNY OCOOUH Ha PiBHI
reHiB, XPOMOCOM i KilbKOCTi XPOMOCOM. BuHu-
KaloTb MyTauiliHi 3MiHW Nig Oi€0 BHYTPILWHIX Ta
30BHILIHIX YNMHHUKIB. MyTauiiHi 3MiHN reHOTU-
ny 3yMOBJIIOIOTb MOABY O3HaK, O MOXYTb MaTu
pi3He 3HauyeHHA. binblwicTb MyTaLi, WO NPoAB-
NAITHCA B OPraHi3amMiB, MatoTb LWKIAAVBUA XapaK-
Tep, OCKINIbKM 3HWXKYIOTb MPUCTOCOBaHICTb go  In. 110. feTepoxpomia (pisHe 3a6aps-
YMOB CepefjoBuLya (Hanpuknag, remodinis). Ce-  18HHA 0ueil) Ak HeilTpanbHa myTauia
pea npoABiB MyTaLUiIHOT MiHINBOCTI € 1 HENTPabHI MPOABU O3HAK, O He BM/INBAIOTb
Ha NPUCTOCOBAHICTb, ane 3a NeBHUX 3MiH CepefoByLLA iICHYBaHHA MOXYTb BUABUTACA
KOpPUCHUMU (Hanpuknag, reTepoxpomia ouen y noguHu) (in. 110). MyTauiiHi 3miHun
MOXYTb MaTW 1 afanTUBHE 3HaYeHHs, 3abe3neuyoum NPUCTOCYBaHHA 4O YMOB ce-
penosua. Came myTaulisMu 3ymoBiaeHWI noniMopdiam NoacbKmux NoNynayin: pisHi
nirMmeHTaLis WKipy, Konip oyen, popma HOCa, BYX TOLLO.

OTXe, cnagkoBa MiHNMBICTb 3abe3nevye reHeTUYHY Pi3HOMAHITHICTb
OCOBUH i € A>Kepenom nosABU HOBUX O3HAK.

BIANBbHICTb

X//‘ Na6opatopHa po6oTa 2

BuBUeHHA 3aKOHOMIPHOCTE MiHNNBOCTI B NIOAVNHN

MeTta: dopmyBaTy JOCNiAHMLbBKI YMiHHA BU3HayaTy 3aKOHOMipHOCTI Mmoamndika-
LifHoT MiHnuBOCTI, 6yayBaTy BapialiiHWi pAg, BapialiiiHy KpuUBY, BU3HauyaTu cepea-
HE 3HaYeHHA O3HaKMW.

O6napHaHHA i maTepianu: poCTOMip YK FOTOBI AaHi AnA aHani3y.

Xig po6oTtn

1. Bnbupaemo o3HaKy AnA AOCNIIXKEHHS | BU3HAYAEMO CYKYMHICTb CMOCTEPEXEHb

KiNbKiCHOT 03HaKK, TO6TO BUGIpKY.

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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2. Bwu3Hayaemo fiana3oH MiHINBOCTI O3HAKW,
TO6TO HOpMY peakLuii. Bu3Hauaemo xapak-
Tep ycnagKyBaHHsA O3HaKu (KifibKicHa abo
AKiCHa, MOHOreHHe abo nonireHHe ycnag-
KyBaHH#).
3. OO6umncneMo 4acToTy 3ycTpiyanbHOCTI
BapiaHT O3HaKku. Pe3synbratm 3anmcyemo
B Tabnuulo i cKnagaemo BapiauinHum — =
pAag.

Bapiauiiiiui pap ana aHanisy pocty
OKpemi BapiaHTh, v [145-149|150-154(155-159|160-164(165-170|171-174({175-179|180-184

Kinbkictb
crnocrepexeHb, p

4. bypyemo BapiauliliHy KpuBy.
5.  BwusHauaemo cepefHe 3HaYeHHA O3HaKW. [1n1A XapakTepuCTUKN MiHIMBOCTI O3Ha-
K1 obuncniotoTs i cepeiHe 3HaueHHA (M) 3a popmynoto:
M=3(v-p)/n,
ae M - cepefiHE 3HaUeHHA O3HaKW; vV — BapiaHTa O3HaKW; p — YacToTa 3yCTpivasib-
HOCTi BapiaHTW; n — 3arafibHa KinbKiCTb BapiaHT.
6. [igcymok po6oTu.

ﬂ CTABJIEHHSA
% M| CTABNEHHA

2 bionorisa + JlioguHa. bansHoKoBMI1 MeTop,

bnnsHoKkoBMIA MeToA fa€E 3MOry Aa€E 3MOry BCTaHOBUTHU
BMN/IMB reHOTWMY Ta YMOB cepefioBuLla Ha GOpPMyBaHHsA ne.-
HOI O3HaKun. Y GNU3HIOKOBUX JOCHIAXKEHHAX BUKOPUCTOBY-
I0TbCA AK MOHO3UIOTHI, TaK i AN3UTOTHI 6nM3HATA. Y1iM BOHM
Pi3HATbCA MiXK cob60t0? flke 3HAUEHHA [OCNIAKEHb ONU3HAT
0N1A BUBYEHHA MiHTMBOCTI B NtoanHN?

PE3VJIbTAT

3aBAaHHA AnA CaAMOKOHTPOJII0

1. o Take miHnmBicTb? 2. AKi € dopmun miHnmeocTi? 3. LLlo Take HecnagKoBa MiH-
nuBictb? 4. HaBepitb npuknagm moandikauiiHoi MiHAMBOCTI B NtoguHu. 5. LLlo Take

1-6 . . . PV A
cnaakoBa MiHNMBICTb? 6. HaBefiTh NpuKnaan KoM6iHaLiiHOT Ta MyTaUiliHOT MiHNK-
BOCTI B JIIOAUHMU.

7.9 7. Ha3BiTb MonekynapHi MexaHiamu MiHnuBocTi. 8. AKi 3akoHoMipHOCTI Moandika-

LiHOT MiHNMBOCTI ntoauHN? 9. AKe 3HaYE€HHA CNAaAKOBOI MiHNVMBOCTI ANA NoANHWU?

§ 45. 3aKOHOMIPHOCTI MIHIMBOCTI NOAVHM

10-12 | 10. OUiHiTb 3HaUYeHHA 6/IM3HIOKOBOIO METOAY ANA BUBYEHHSA MiHIMBOCTI NIOAUNHN.
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byOb-sKa 3mMiHa npoknaoae Wnsax iHWUM 3MiHAM.
H. Makiasenni

§ 46. MYTALIT TA TXHI BNACTUBOCTI
OCHOBHI NOHATTA 1 KntovoBi Tepminm: MYTALLII. MyTarenes.
MpurapanTe! Lo Take myTauii?

3Hanomrecsa!

ly2o 0e ®pi3z (1848-1935) — HigepnaHa-
CbKUI 60TaHiK, reHeTuK. MNepeBiakpuBs i nigTBepanB
y 1900 p. ogHouacHo 3 K. KoppeHcom Ta E. Yepma-
KoM 3akoHu I. MeHgensa. BBiB y HayKy NOHATTA Npo
MyTaUii Ta po3pobuB MyTaLiiiHy Teopito. Mogenb-
HVM OpraHi3MoOM A/ NOoro JoCNigKeHb cTana poc-
nuHa eHotepa Jlamapka (Oenothera lamarckiana).

3MICT

Ak KnacnoeikyoTb myTauii?

MYTAUIT (Bin nat. mutation — 3miHa) — cmiliki 3MiHU 2eHemu4HO20 anapamy,
W0 BUHUKAOMb panmoso i npu38o0ame 00 3MiH Mux abo iHWUX cNadKoBuUX 03HAK U
¢yHKyit opearizmy. MyTauii MoxkHa KnacrnikyBaTy 3a xapakTepoM NPosBY, 3a MicLieM
BMHWKHEHHS, 3a XapakTepoMm 3MiH CNajKoBOro anaparTy, 3a NOXOAXKEHHAM TOLLO.

3a xapaKTepom NpoABY MyTaLlii NOAINAITb Ha AOMIHAHTHI 1 peLecuBHi. binbLwicTb
3 HUX € peLleCUBHVIMM 11 He NPOABAATLCA B reTepo3urot. JomiHaHmHi mymauii - ue
MyTaLil, Lo NPOABNATLCA Y FOMO- | reTepO3nroTHOro OpraHi3mMy Ta 3'ABNATbCA BXKe
B NepLIOMy NOKOosiHHI. Hanpuknag, nonigaktunia, abo 6aratonanicTb, € MyTaLi€o, L0
yCrnajKoBY€ETbCA 3@ ayTOCOMHO-AOMiIHaHTHUM TUNoM. PeyecueHi Mymauyii — ue myTa-
L, Lo He NPOABAAIOTLCA Y reTepo3UroT i 3'ABAAIOTLCA TiNIbKM B APYTrOMY i HACTYNMHUX
NOKONIHHAX. TaK, y NIOAUHN peLecuBHUI XapaKTep MaE Taka MyTauis, AK anb6iHi3m.

3a BNAMBOM Ha XUTTERIANBHICTb PO3PI3HAIOTL NeTaNbHi, cybneTanbHi Ta HeNT-
panbHi. JlemansHi Mymauii CNpUYMHAITb 3armbenb opraHi3aMiB We 4O MOMEHTY Ha-
poarkeHHA abo [0 HaCTaHHSA 3[aTHOCTI 4O PO3MHOXEHHS. Y NIOAVHY [0 TaKUX MyTaLlil
HanexuTb remodinis. MyTauii, iKi 3HUKYIOTb XUTTE3[ATHICTb OCOOMH i YacTKOBO abo
MOBHICTIO 3yNUHAIOTb PO3BUTOK, Ha3MBalTbCA Cyb1emanbHUMU. AKLLO »K MyTaLii 3a
3BMYHMX YMOB He BM/MBAOTb Ha »KMUTTE3[ATHICTb OPraHi3mis, TO iX Ha3nBaloTb Helim-
paabHUMU.

3a MicueM BUHMKHEHHA MyTauii KnacudikyloTb Ha COMaTUYHI Ta reHepaTUBHI.
ComamuyHi Mymayii BUHWKalOTb B COMATUYHUX AWMAOIAHUX KAITUHAX, 4acTo He
nepepalTbCsA CMagkoBO 1 0OMeXeHi TiElo 0cobrHOI, B SIKOT BUHUKNN. Hanpuknag,
y NOAUHM COMATUYHUMK MyTauisMU € MO3aiuM3M abo MyxXIUHHE MepepomKeHHsA
KNiTrH. MyTauii, WO BUHUKAX B rameTax UM KNiTUHaX, 3 AKMX BOHWN yTBOPIOOTLCA, i
nepepfalnTbCA HalaAKam y BUNAAKy IXHbOT yyacTi B 3aM/ifHeHHi, Ha3nBaloTb 2eHepa-
MusHUMU Mymaviamu.

3a xapaKTepoMm 3MiH CMaIKOBOTO anapaTty MyTauii 6yBatoTb FeHHUMU, XPOMOCOM-
HVMW Ta FEHOMHUMW. [eHHi MyTaUii — CTiNKi 3MiHN OKpeMUX FreHiB, CNpUYNHEHI Nopy-
LUEHHAM NOCNIAOBHOCTI HYKNeOTUAIB y MofieKynax HykneiHoBux Kucnot. Li myTauii

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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BMHMKaKOTb BHAC/IAOK BMMAfiHHA NEBHUX HYKNeOTNAiB, MOABW 3aliBUX, 3MiHWN nopAa-
Ky iX po3TalyBaHHA. [eHHUMK MyTaLiaMy B IOAMHN € NONiAAKTUAIA, anbbiHi3M. Xpo-
MOCOMHI MyTaLii — e MyTaLii, o BUHMKaOTb y pe3ynbTaTi nepebyaoBu XpOMOCOM.
BOHM MOXYTb BUHUKATK AK B MeXax OJHIEI XpPOMOCOMMU, TaK i Mi>K FOMONOTIYHUMN 1
HEromosioriYHMMK Xpomocomamu. MpuKknagom XpoMOCOMHUX MyTaLil € CUHAPOM
«KOTAYOro KpUKy» (46,5-), roctpuin neiikos (46,21-). leHomHi mymauyii — ye mymauyii,
W0 No8’a3aHi 3i 3MiHoIo Kinbkocmi Habopie xpomocom. OCHOBHUMM BUAAMU FEHOMHMX
MyTaLili €: 30iNblUEHHSA KiNIbKOCTi XPOMOCOMHMX HabopiB (No1inn0idis), 3MeHLWeHHs
KiNIbKOCTi XpOMOCOMHIMX HabopiB, 3MiHa UKCia XPOMOCOM OKpemux nap (aHeynsnoi-
0is). NpukKnagamu reHOMHUX MyTauili € cuHgpom LdayHa (47, 21+) B IOAUHMN.

OTXe, MPMYMHOIO MYTaLiNHOI MIHAMBOCTI € MyTauil,
WO KNacudikyoTb 3a Pi3HUMU Kputepiamu.

Yomy BuHUKaloTb myTauii?

[xepenom myTaLili € nepebyaoBu HyKneoTuaHMX nocsigosHocTein JHK, wo BuHu-
KatoTb y pe3ynbtari: 1) mogudikauin monekynu AHK nig yac pekombiHauiii; 2) nommnok
nig vac pennikauii n penapadii; 3) iHTerpadii yy>kopigHoi (Hanpuknag, sipycHoi) AHK;
4) wkipnunBoi fii peyoBUH-MeTaboniTiB (Hanpuknag, soan, H,0,); 5) nepemiweHHA
reHeTUYHNX MOBINbHUX eNeMeHTIB; 6) MOPYLUEHb LiTICHOCTI XPOMOCOM Ta iX KifIbKOCTi.

MNowkopxeHHa OHK, wo € npuynHO MyTauil, BUHMKAOTb BHACAifOK BNAUBY
30BHILLHIX Ta BHYTPILIHIX YAHHUKIB, AKI HA3MBAOTb MyTareHammu, a NPoLec yTBOPEHHA
MyTaLii — MyTareHe3om. MyTareHHi YAHHWKM 3a [XKepesioM BBy NoAinAioTb Ha ek-
302eHHi (Hanpuvknag, pagiauia, eK30TOKCUHU OpraHi3mMiB) Ta eHO02eHHI (Hanpuknag,
nomMunKy pennikauii, penapauii, pekomb6iHauii), a 3a npupogoto BNANBY — Ha Pi3uydHi
(ramma-npomeHi, ynbTpadionetoe BUNPOMiHIOBAHHSA, TeMnepaTtypa), XimiyHi (nectu-
Luuan, aHTUGIOTUKM, CMIONYKN BaXKUX MeTaniB) Ta 6ioso2iuHi (Bipycu rpuny, yncTa
[HK, aHTreHn MikpoopraHi3miB, «cTprbatoyi reHn» Ta iH.).

MyTtareHes — npouec 8UHUKHeHHA Mymauil nio Oi€l0 308HIWHIX i 8HyMPiWHIX
YUHHUKIB. 30aTHICTb MyTyBaTK NMpuTamaHHa BCiM dopmaM XUTTA Ha 3emni, BOHa €
OCHOBOIO MiHNMBOCTI. MyTareHes, wWo Bif6YBaEeTbCA Mif Ai€0 NPUPOAHUX YMHHUKIB
(npupogHuMin pagiauinHnin GoH, eKCcTpemanbHi BUCOKI UM HU3bKi TemnepaTypu), — e
npupooHuli (chNOoHMAaHHuli) MymazeHes, a cami MyTalLlii, LLIO BUHMKalOTb, Ha31BaloTb
CNOHTaHHUMM. AKLWO MyTaLil CIPUYNHEHO AI€0 WUTYYHUX MyTareHis, TO MAETbCA NPO
wmy4Hul (iHOykoeaHuli) MmymazeHe3. Hanpvknag, pagioakTvBHi BUKUAW # Bigxo-
IV, BUNPOMIHIOBaHHA rafiXeTiB, AiOKCMHU, NeCTULMAM, LUTYYHO CUHTE30BaHi aHTubio-
TUKKN TOWO. [HAYKOBaHMI MyTareHe3 y CyyacHUX nonynauisax noguHn BigdbysBaetbca
iHTEHCMBHO.

MNoaBa myTauin y KNiTMHax NlOAMHN € HOPMANbHUM NPUPOAHNM ABULLEM i3 Npu-
POAHOI0 YacTOTOlO, sika OUiHIETbCA B 10 —10° B ofHiin KNiTUHI 3a fo6y. MNepeBaxHa
yacTKa UMX NMOLWKOAXeHb BUAANAETbCA CUCTEMaMK penapauii, i TiNbKM HeBenuka
KiNbKiCTb 3anvWaeTbca Y BUMNAQI MyTaUilA, WO MOXYTb OYTU WKIAIMBUMN, HENTPasb-
HUMW 1 iHOAI aAanTUBHUMMU.

§ 46. MyTauii Ta ixHi BNacTMBOCTI

OTXe, MyTaLii BUHMKaOTb BHACNiAOK nepebOynoBn HYKNEOTULHUX
nocnigosHocten OHK nig gi€to BHYTPILWHIX Ta 30BHIWHIX YAHHUKIB.
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AKNMIN € OCHOBHI 6ionoriyHi aHTUMyTaLinHi MexaHizmn?

MyTareHn B CyyaCHUX yMOBax CYMpOBOLKYIOTb NIOANHY BCOAU: HAKOMMUYIOTb-
cA 'y GpyKTax i oBoYax, yTBOPIOTLCA Mif Yac NPUroTyBaHHA Ki, BXOAATb A0 CKnaay
KOCMETUYHYX Ta NiKapCbKunx 3acobis, Npenapatis nobyToBOI XiMil, HaABHI Y BUXJIOMHKX
rasax aBTomo0iniB i npoMncNoBux BUKMAaxX. JTlogu KOHTaKTYOTb 3 HUMK N Yac pobo-
T 32 KOMN'tOTepoM abo TeslepOHHOT PO3MOBMU. 36ifbLLUEHHS YAaCTOTU NOSIBU WKiANNBUX
MyTaLil y NIOAVMHM NOB'A3aHO i3 36iNblIEHHAM KOHLEHTpaLil y AOBKiNAI MyTareHis, po-
CTOM KiNbKOCTi HaceneHHA Ta nocnabneHHAM iMyHHOT CTINKOCTi NIOAUHN.

OnAa 3axmcTy Bif WKigNMBUX MyTareHHWX BMIMBIB YCi XKMBi opraHiamm matoTb 6io-
NOTiYHI AaHTUMYTaLiiHI MexaHi3MW. Y NIogMHN BOHM peani3oByloTbCA 34e6ifblworo Ha
MONEeKYNAPHOMY, KNITMHHOMY Ta OPraHi3aMOBOMY PiBHAX.

Ha monekynapHomy pigHi BinbyBaeTbca penapauyis [JHK — cykynHicTb npoLiecis, 3a
[OMOMOTrOI0 AKMX KNITMHA 3HaXo4UTb 1 BUNPaBAAE NowkKogKeHHA. OCHOBHMMY BUAA-
MM penapadii € BUpi3anbHa Ta pekombiHalinHa. LLle ogHUM BaxknuBMM MoOneKynsp-
HUM MeXaHi3MOM € 8UPOOXeHICMb 2eHemMUYHO20 KoO0y. OfHY aMiHOKMCIOTY MOXYTb
KOAyBaTW AeKinbKa pPi3HMUX TPUNETIB, 3aBAAKN YOMY BUMNAAKOBa 3MiHa O4HOrO Tpu-
nneTy He 3aBXAW CYyNPOBOAXKYETbCA 3MIHOK CTPYKTYpK 6inka. Ha piBHi reHiB icHytoTb
CBOI MexXaHi3mu, AK-TO NOBMOPIOBAHICMb 6a2amboX 2eHig y reHOMi, HaA8HICMb iHMpo-
Hi8, WO € NacTKaMm gna MyTauin Ta iH.

Ha knimuHHOMY pigHi 3axX1CT Bifi MyTareHiB 3abe3neuye anonmos. Lle 3anporpa-
MOBaHa 3arnbenb COMaTUYHMX KNiTWH, WO CNOCTepPiraeTbCA B pasi 3aKiHUEHHA TEPMiHY
MKUTTA KNITUHK, @ TAKOX Y pasi Pi3HNX 3aXBOPOBaHb. ANOMNTO3 He AOMYCKaE MyTaHTHI
KNITUHW 00 NoAiny n 36epexeHHA MyTauil B opraHiami. Y KniTuHax opraHiamy icHye
SOS-cucmema, wo ii Bigkpue y 1975 p. M. PagmaH. Lla cnctema BMUKAETbCA, AKLLO
nowkogxeHb [HK cTae 3a6araTo i BUHMKAE 3arpo3a XUTTIo KNiTMHU. SOS-cncTema ak-
TUBYE rpynu reHis, WO 3yMOBJIIOIOTb 3aXMCHY BIANOBIAb Ha nowKkoaxeHHA JHK.

Ha pigHi op2aHismy aHTUMyTaLinHUI 3aXUCT 3[INCHIOE IMYHHA cucmema, fika po3-
Ni3Ha€ KNITMHKW 3 MyTauiaMu 11 3a yyacTi cneyniyHMX PpeyoBUH i KNITKH iX iMMobinisye
Ta pO3Lensioe. 3HELKOXKEHHA XiMIYHNX MyTareHiB B opraHiami niogunHu Moxe Bifoy-
BaTUCA 3aBAsAKM npouecam bioTpaHcdopmadii. HanakTueHiwe Taki npouecu Binbysa-
I0TbCA B MeYiHLi 3a yyacTi cnevlianbHyX peLenTopis i pepMeHTiB.

OTxe, 6ioNOriyHi aHTUMYTaLiiHI MexaHi3Mn peani3oByOTbCA
Ha MONEKYNAPHOMY, KNITMHHOMY Ta OPraHi3aMOBOMY PiBHAX.

[IANbHICTb

%//‘ CamocriiiHa po6oTa 7

Po3B’A3yBaHHA BNpaB Ha MyTauii

Bnpaea 1. BusHaute, AKi 3 HaBegeHMX 3MiH € B NOAUHN MyTauiamu (A), a aki —
Moaundikauiamum (b): a) paxiT; 6) 3acmara Ha COHU;; B) anbbiHi3Mm; I) MiABMLLEHHSA KiNbKOCTI
€pPUTPOLINTIB Yy KPOBI TIOANHN Y BUCOKOTiIPHUX YMOBaXx; A) remodinis; e) peHinkeToHypis.

Bnpaea 2. B ofHii i3 nonynAuiin TBapuH KifbKiCTb XPOMOCOMHUX MyTaLiln cTa-
HOBUTb 65M3bko 7 Ha 1 000 HoBOHapomKeHux. O6UMCNiTb YaCTOTy BUMHMKHEHHA
XPOMOCOMHUX MyTaUill y AaHii nonynauii. (YactoTy myTauin MoxHa obumcnmnti 3a
dopmynoto: P, = M / 2N, ge P,, — yactoTa noABmM MyTaLi; M — KinbKicTb BUABNEHMX
192 MyTaHTHUX deHoTuniB; N — 3arasbHa KiNbKiCTb 06CTEXEHNX OpraHi3miB.
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Bnpaea 3. Y pe3synbtati MyTauii Ha ginaHui reHa — ITL TI'T LALL AUT AIT LAA -
BigOynocsa 3aMilleHHA B TPETbOMY TPUMAETI: 3aMiCTb afieHiHy BUABNEHO LUUTO3VH. 3a-
NUWITb aMiIHOKUCNOTHNI CKNag noninentuay Ao myTauii i nicna Hel.

Bnpaea 4*. flka 3miHa KogyBanbHoro naHutora AHK — AT TTA UTLL AL ATT -
6inbLIOIo MipPOIO BNIMHE Ha MEePBUHHY CTPYKTYpPY binKka: BUNagiHHA OAHOro nepLoro
HyKneoTuay 3 Apyroro TpunneTy abo BMNagiHHA yCbOro Apyroro TpunneTy? 3anuwitb
BIAMOBIgHI AiNAHKM GINKOBMX MONEKYN y HOPMI Ta NicnA MyTauilHUX 3MiH Y FeHi.

Bionoria + BigkputTa. TayToMepis HiTpaTHUX OCHOB

Onvea bpoeapeuys (Hap. 1986) — cTapLia HayKoBa CniB-
pobiTHMUA IHCTUTYTY MoneKynapHoi 6ionorii i reHeTukn HAH
YKkpaiHn B KueBi, AKa 3axuctuna OOKTOPCbKY AucepTauito
«MiKpOCTPYKTYpPHi MeXaHi3M1 BUHUKHEHHA CMOHTAHHMWX TOY-
KOBMX MyTaLin» n Ha noyaTKy 2016 p. cTana HaMMoNOALWNM
[OKTOPOM HayK YKpaiHu. 3rigHo 3 ii OCNiAKeHHAMM, OfHUM
i3 mKepen MyTauiiHMX 3MiH € «MyTareHHa TayTomepwu3alis
HITpaTHMX OCHOB». LlikaBo, a un 3mokeTe BM po3ibpaTnca B
CyTi Ui€i HayKoBoOI ceHTeHLii? LLlo Take TayTOMepia?

CTABJIEHHA
j Bionorisa + 300poB’s. TIOTIOHOKYPIHHHA AK MyTareHHUI YNHHUK
Cepepi 3BMYOK BUOKPEMIIIOOTb Hali- Kapil HikoTuH
. S . . K
WKIgNMBIWI: Le HapKOMaHis, ankoronism, CMOM o"'l_‘cfofa",' A

TOKCMKOMaHifi 1 TIOTIOHOKYPiHHA. LUKia- yHUIbHa . , Amoniak
NNBI  3BUYKM MEepeLIKoAXaloTb  NII0ANHI reKcaMIH J lapmorix

Lo K HoprapmomH
PO3BMBATMCA IK PO3YMOBO, TaK i Gi3nUHO, 5yTaH

MOXYTb CNPUUNHATY MyTaLii. OBrpyHTYIR- ALleTOH
Te CYAPKEeHHA LWOoAO WKigNNBMX 3BUYOK (Ha- [iboroTs
npuknag, TIOTlOHOKypiHHFI) AK MyTareHHux Manip / LIa,D,HI/IVI
YMHHUKIB. MeTaH
MI/ILIJ AK
BeHsnipeH (Dap6a
TMonowiit MeTaHon

PE3YJIbTAT

3aBAaHHA AnA CAMOKOHTPOJII0

1. Lo Take myTauii? 2. HaBeaitTb npuknagn myTtauin y nioanHn. 3. Lo take myTare-
He3? 4. Ha3BiTb OCHOBHI Axepena myTauin. 5. Ha3BiTb OCHOBHI aHTUMYyTaUilHi Me-

§ 46. MyTauii Ta ixHi BNacTMBOCTI

1-6 . . L L .
XaHi3mu B nioagnHW. 6. HaBeAiTb NpUKNaan aHTUMYyTaLiiHUX MexXaHi3MiB Ha Pi3HKX
piBHAX OpraHi3auyii opraHiamy nognHM.

7.9 7. Ak knacndikytoTb MyTaLii? 8. Yomy BUHMKaOTb MyTauii? 9. AKMMK € OCHOBHI 6Gio-

NOTiYHi aHTUMYTaLiHI MexaHi3Mn?

10-12 | 10. O6rpyHTYy¥Te CyAKEHHA LWOAO WKIATNBUX 3BUYOK AK MyTareHHMUX YNHHUKIB.
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Hemae Hivo2o 6innb cmasno2o, Hix 3MiHU.
Kapn bepHi

§47. 3BAXUCT rEHOMY JIIOAWUHMU BIA WKIAJIUBUX
MYTATEHHUX BIriJinBIiB

OcHOBHi NOHATTA 1 KNto4oBi TepmiHn: MYTATEHU. AHTumyTtareHn.

MpurapanTe! Lo Take myTauii?

3Hanomrecsa!

Cepeiti Muxatinosu4 lepwieH30H (1906 — 1998) - Bu-
[aTHU YKPATHCbKWI yYEeHWIA y rany3i moneKkynapHoi bionorii Ta
reHeTnky, akagemik AH YPCP, oguH i3 3aCHOBHUKIB IHCTUTYTY
MonekynapHoi 6ionorii i reHeTukn HAH YkpaiHu, aBTop rino-
Te3n MyTareHHoi Aii ek3oreHHol [IHK AK NOTy>KHOro YMHHMKa
BM/IMBY Ha MiHNMBICTb Ta aganTaLito XXMBUX CUCTEM.

3MICT

AKi MexaHi3Mu WKigNMBOro BNANBY MyTaLili?

MYTATEHW - ye YUHHUKU, AKi MOXymb cnpuduHAmuU mymayii. Qns Toro wo6 YnH-
HUK OyB MyTareHoM, BiH Ma€ NErko NPOHMKaTU B KNiTUHW, 36epiraty IXHE XNUTTA Ta
BMIMBaTW Ha FEHW 1 XPOMOCOMM. 3a MPUPOAOI0 LMX BMAIMBIB MyTareHu NoginatTb Ha
bi3nyHi, XimiuHi 1 6ionorivHi.

Cepepn ismyHMX MyTareHiB Halbinblue 3HAUEHHA MA€E NOHi3yloUue BUNPOMIHIO-
BaHHA (peHTreHiBcbKe, ynbTpadionetoBe, raMma-npomeHi). [poHMKaoumn B KNiTUHNK,
NPOMeHi PYNHYIOTb BOAHEBI 3B'A3KN MiX HYKneoTuaamu, BUOMBAKOTb eNeKTPOHMU i3
30BHILIHBbOT 0O0NOHKM aTOMiB abo MoneKyn, yHacnifok Yoro BMHUKaOTb BUCOKO-
aKTUBHI 8iNbHIi padukanu. Lle aToMn 4 MONEKYnM 3 HeCnapeHM efieKTPOHOM Ha
opb6iTansx, Wo MaloTb BUCOKY XiMiUHY aKTUBHICTb, 3yMOBJIEHY HAsfABHICTIO BiflbHUX Ba-
NeHTHOCTeN. BoHW nopyLwytoTe cTpyKTypy 6inkis, y monekynax AHK BuHuKatoTb pos-
puVBY, 3'ABNAIOTLCA XPOMOCOMHI 1 reHHi myTauii. Jo ¢i3anyHmnx myTareHiB Hanexatb
TaKOX homoHu cgimna, nidguujeHa abo 3HUXeHa memMnepamypa ToLo.

XimiuHi myTareHu Oyno BigKpuUTO Mi3Hiwe 3a Qi3nYHi. 3HAUHNIA BHECOK Y TXHE
BMBUYEHHA 3p06una yKpaiHCbKa LWKOMa reHeTrKK, oyosntoBaHa akagemikom C. M. lep-
LWeH30HOM. HuHi Bifomo 6arato ximiuHmx MyTareHis. Lle eidpoeeH nepokcud, Himpam-
Ha Kucioma, popmansoezio, xnopogopm, inpum. OfHUM i3 HANMACOBILLINX MyTareHis
€ 6eH3nipeH, WO YyTBOPIOETLCA Mif Yac 3ropAHHA OeH3MHY UM ropiHHA HIKOTUHY. HaBiTb
MiHiManbHi 03K Li€l peYOBMHN YNHATb KaHUEPOreHHWn Ta MyTareHHun snnus. [o
XiMiYHMX MyTareHiB HanexaTtb TaKOX necmuyuodu, desKi ikapcoki npenapamu (aHTu-
6GiOTUKM 3 MPOTUNYXJIMHHOIO Ai€l0, XiHiH, aHAPOTeHW), 8AXXKi Memasu (KagMmil, pTyTb,
CBUHeUb), AesAki xap4osi 006asku. MyTareHHUI BMIVB YMHUTb 1 BiJOMWIA ankanoig,
KOIXIUUH, WO PYNHYE BEpeTEHO NOAINY Ta NPU3BOAUTbL A0 NMOABOEHHA YMCIa XPOMO-
COMHUX HabopiB y KNiTUHI. [lo Hebe3neuHnx XiMiYHUX MyTareHiB BigHeceHO a3becm Ta
0iOKCUHU, AKi YTBOPIOIOTbCA BHACNIJOK TEPMIUHOI NepepobKMU opraHiuyHOl CMPOBUHY
abo xnopyBaHHA Nifg Ji€l0 BUCOKMX TemnepaTyp. MexaHi3m WKignneBmx BNaMBIB aHa-
194 NOTiYHMIA ONPOMIHEHHIO, ane AifA € 6inbl cneyndiyHo 1 TPMBaNILWOI.
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[lo 6ionoriuHnx myTareHiB Hanexatb Bipycun (Hanpuknag, Kipy, KpacHyxu, rpu-
ny), TOKCVIHW refibMiHTiB, rpubiB-napasuTis, UBinesux rpnbis (Hanprknag, adpnatokcu-
HW acneprinis) OTPYMHUX POCAVH 1 TBAPUH. Y KNiTUHAX, YpaKeHUX Bipycamu, MmyTauii
CNoCTepiranTb 3HAYHO YacTille, HiXK Y 340POBUX. Bipycn BHOCATb BNAacHY reHeTUYHy
iHbopMaLiito B reHOM KNITUHU, 3MiIHIOIOUM CTPYKTYPY FeHiB.

OTxe, MyTareHamu € 30BHilWHi abo BHYTPiWHI, Gi3nyHi, XimiuHi 1 GionoriyHi
UNHHUKMN, WO CNPUYUHAIOTb 3MiHN B CTPYKTYPIi FreHiB i XpOMOCOM.

AKMn € 3axo4m WOAO 3aXUCTY FeHOMY JIIOAVNHN Bif WKigAIBUX MyTareH-
HUX BAANBIB?

Y Halll Yac BMOKpPeMIIIOTb AeKinbKa OCHOBHUX MiaXodiB ANna opraHisauii coyiase-
HO20 3axucmy reHoMmy NIoAVHN BiA WKiANMBUX MyTareHHUX BNAMBIB: 1) CTBOPEHHA
6e3BiAXOAHNX TEXHONOTIN, 3aMKHYTVX LIMKIiB BUPOOHULUTBA Yy NPOMUCIOBOCTI; 2) ne-
pexig Bif XiMiuHMX 3aco6iB 6OPOTLOU B CiflbCbKOMY rOCMOAAPCTBI A0 HELIKiAANBIMX
6ioNoriuHMX; 3) CTBOPEHHA CTIMKMX COPTIB POC/INH, WO He NOTPebYTb XiMiYHKX 3a-
co6iB 3axucTy; 4) TeCTyBaHHA Ha MyTareHHiCTb papmMaLEeBTUYHNX NpenapaTis, NecTu-
ungis; 5) BunyyeHHa abo HelTpaniszauis MyTareHHWX YMHHWKIB Yy HaBKOJIMLLUHbOMY
cepefoBuLLi Ta iH.

Hainbinbw peanbHUm 3acobom ana iHoueidyanvHozo 3axucmy NHK nognHu Big
HEe3BOPOTHUX 3MiH € BUKOPUCTAaHHA aHTUMYyTareHiB s 3HMXKEHHA TeMniB MyTauin-
HOro npouecy. AHTUMYTareHm — pe4yosUHU, WO 3HUXYIOMb Yyacmomy Mymadyit. BoHun
HelTpani3yloTb MyTareH o noro peakuii 3 monekynot [JHK ab6o 3HimMaloTb MOLIKO-
mkeHHAa [HK, wo 3ymoBneHi mytareHom. AHTMMyTareHHy Aitlo MaloTb BiTaMiHM, Kapo-
TUHW, FyTaMiH, CEPOTOHIH, a TakoX AeAKi Gi3nUHi UMHHUKK (geHHe cBiTno). Bigomo
noHag 500 cnonyk, AnA AKMX AOBeAEeHO 3[4aTHICTb A0 3aXMUCTy reHoMy Bif Ail myTare-
HiB. Tak, NpUnom KapoTuHy, BiTamiHy C i BiTaMiHy E 3MeHLUy€e CMOHTaHHE MOLIKOAKEH-
HA [HK y nimdoumnTax KpoBi. AHTMOKCMAAHTH, WO MICTATbCA B 3€JIeHOMY Yal, 3Ha4HO
3MEHLLYIOTb YaCTOTY XPOMOCOMHMX MyTauii. lna 3anobiraHHA WKiANMBOMY MyTareH-
HOMY BM/INBY 3a [JOMOMOTO0 aHTUMYyTareHiB l0ANHI NOTPIOHO BXMBATK Ginblue HaTy-
panbHUX CBIXKMX NPOAYKTIB, 0COBNNBO KanycTu i 3eneHi, Kpyn, xniba 3 Buciskamu. Y
IXHbOMY CKNagi € BiTaMiHW 1 KNITKOBMHA. BXXMBaHHA KNITKOBUHM NPUCKOPIOE npouec
NPOXOAXKEHHSA TKi CTPAaBOXOAOM i, IK HACiAOK, 0OMeX-
Y€ PYWHIBHY Ail0 Ha KNLWeEYHUK AeAKMX WKIAINBMX pe-
YOBWH, LLO MiCTATbCA B TXKi.

Benuke 3HaueHHA Ana 3anobiraHHA WKIATMBAM My-
TareHHUM BM/IBaM Ma€ CMAH iMyHHOI cucmemu Nogn-
HW. Tomy He cnif BigKnagaTn y «10Brii AWMNK» NiKyBaHHA
XPOHIUYHMX XBOPOO, Lie NOCNabntoe iMyHITeT 11 NOCUIIOE
WKIgNMBMA  MyTareHHuUn Bnaums. Lopocnum nwgam
cnif nepiogMyHO BMKOPUCTOBYBaTM TpaB'AHi 36opu
ONA OUMLLEHHA NeYiHKK, B AKIN BifOyBalTbCA OCHOBHI
npouecu 6ioTpaHchopmauii wKignmemx peyosunH. Oco-
611MBO KOPWCHI renaTonpoTeKTOpHi BNAacTUBOCTI MaloTb
posmoponwa nasmucma (Silybum marianum), nacka-
seyb sonomucmudi (Bupleurum aureum) (in. 111). He |5 111, Postoponwa i nacka-
cnip BXmBaTK 6e3 KOHCYNbTaLli 3 nikapem HeBigomi ni- BeLlb — NiKapCbKi POCANHM
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KapcbKi npenapaTn, 0cobnMBo aHTUbGIoTU- Tabnuusa WKignMBMX XapuoBuX

KW, a AKLLO BXe Npoxoaunte aHTUOIOTUYHWI [o6aBok

Kypc nikyBaHHs, TO 060B'A3KOBO MOTPIOHO | flyske

BXXMBATW NpenapaTtn 3 KOpUcHUMK GakTe- | HebesneuHi

piAMYM, WO 3abe3neuyloTb NEBHUIN 3axXMCT E102,E110, E120, E124, E127,
. . . . E129, E155, E180, E201, E220,

Bifg myTareHiB. Wkignueuin Bnnues myTare-

. . . He6 . | E222,E223, E224, E228, E233,
HIB MOXYTb NIACUANIIOBATLN AOeAKlI pevyoBU- ebe3neyHi £242, E400, E401, E402, E403,

E123,E510, E513, E527

HU, WO Ha3nBalTb KOMymazeHamu. BoHun E404, E405, E501, E502, E503,
cami no cobi He 34aTHi O MyTareHHol Aii, E620, E636, E637
He MaloTb BIACHOI MyTareHHOI akTUBHOCTI. E131, E142, E153, E210, E212,

KaHuepo- E213, E214, E215, E218, E219,
reHHi E230, E240, E249, E280, E281,
E282, E283, E310, E954

Tak, KOMyTareHamy BBa)kalTbCA KodeiH,
TOKCVHW refbMiHTIB, fesKi papMaKkonoriyHi

npenapartu. ) LUnyHKoBi E338, E339, E340, E341, E343,
Nxepenom  WKiANMBNAX MYTareHHUX | saygopio- | E450, E461, E462, E463, E465,

BMNMBIB € 1 AesKi xap4yoei 006aeku. Tak, |BaHHA E466

NPy KOHCEPBYBaHHI BUKOPWUCTOBYIOTb Ha- E151, E160, E231, E232, E239,

LipHi 3a-
Tpiit rnytamat (E621). HebesneuHum npn | ygoposaris | oo - oo 12 E320,E907, 951,

HarpiBaHHi TaKOX MoXe 6y TV HaTpil HITPUT ET105

(E 250), o mic v Bape os6aca P E154, E626, E627, E628, E629,
Vs WO MICTUTBCA y BapeHKX K X. |rosnaan E630, E631, E632, E633, E634,

Hatpin HIiTpuT - ayxe wkignvea peyosun- |KAWEUHVKY | o

Ha, 0cobnmBO 3a HarpiBaHHA. [lo3a y 2 T |Tyuck E154, £250, E252

3[aTHa y6|/|T|/| JIOANHY. | A np06ﬂeMa € Hebe3neyni

aKTyasibHOIO, 3 OrNAdYy Ha 3BUYKy GaraTbox | Ana gitei

NOfEeNn BapUT COCUCKN Ta CMaXUTU Nikap- E103,E105,E111, E121, E123,

cbKy KoB6acy. LUKIgnMBMM cTaHe HagiTb |3200POHeHi |E125 E126,E130,E152 E211,

E270

. . . E952
3BNYaAHNN KOpP, AKWO MOro TepMIYHO
""yv P, AKW p ) - E104,E122, E141,E171,E173,
06po6UTK: 33 NOro TprBanoro HarpisaHHa | ligo3pini 241 E477

YTBOPIOETbCA HebesneuHa AnA 340poB'A
opraHiuHa crnionyka rigpokcumeTundypdypon. AHanisytoum cyyacHuin cTaH y coepi
BMKOPMCTaHHA XapuoBMX [,06aBOK, MOXKHa LiTV BUCHOBKY, WO LiiNKOBUTO yoe3neun-
T cebe Bif WKiANMBOro BNAUBY Hebe3neyHVX NPOAYKTIB HEMOXKINBO. Anle HaM Lin-
KOM Mg, cuiy 3MEHWNTU PU3UNKK, MOB'A3aHI i3 BXXMBaHHAM LWKiANMBUX Jo6aBoOK. [Ann
LbOro BapTo 3anam'aTaTi TaKi NpaBua: a) He MOXHa KynyBaTu NPOAYKTU KyCTapHOro
BMPOOHMLTBA; 6) KyMyoun NPOAYKTU, BAPTO YHUKATK TaKUX, WO MiCTATb ACKPaBi CUH-
TETUYHI GaPBHVKMN, HE BXXMBATK CONOAOLLIB, COKIB Ta Fa30BaHOI BOAM i3 CUHTETUYHUMN
6apBHMKaMK; B) He BapTO 3/10BXMUBATA NPOAYKTaMU, WO MiCTATb KOHCEPBAHTW; I) CAif
YHUKATM BXMBAHHA MPOAYKTIB, WO MICTATb 3aMiHHMKU LKpPY, Hanpuknag acnaptam
(E 951), HaTpin umnknamart (E 952), caxapuvH (E 954). 3a3Bnuaii Ui fo6aBKM MiCTATbCA Y
JeLleBunX COIOAKNX HAaMOAX Ta B XKYBa/lbHUX FyMKaXx.

Tema 3. CMAAKOBICTb | MIHJTUBICTb

OTxKe, WKIgANBNN MyTareHHUM BMIVB Ha Fr€HOM JIIOAMHN MOCUITIOETbCA
y 3B'A3KY i3 cyyacHMM cTaHoM 6iocdepur. OCHOBHMM 3aBLAHHAM €
nonepeakeHHA nofdanbworo 3abpyaHeHHA 6iochepn myTareHamu i nowyk
cnoco6is 3axucty JHK niogrHm Big ypaxatuoi fii myTareHis.
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BIAJIbHICTb

3aBAaHHﬂ Ha 3aCTOCYyBAaHHA 3HaHb

3anoBHiTb y poboyomy 30wwmnTi Tabnuuio 1 chbopmyntoliTe OCHOBHI 3aX0au WoAo
3aXMCTy NIOAVHN Bif WKIAAVBUX MyTareHHWX BNAnNBIB,

lpyna MpepcTaBHUKN OCHOBHIi 3aX041 W00 3aXUCTY Bif MyTareHis
Di3nyHi MmyTareHu
XimiuHi MyTareHu

bionoriuHi myTareHn

Bionorisa + JlikapcbKi TpaBu. AganToreHHi BNacTUBOCTI JliIKapCbKNUX POCVH

ApanToreHu — Le rpyna npenaparis, WO
NiATPUMYTb POOOTY IMYHHOI CcrcTemMu Jito-
ONHW Ha JOCTaTHbOMY PiBHI 1 NiABULLYIOTb
MNOro CTINKICTb NPOTY WKIANNBMX Gi3UYHMX,
XiMiuHUX Ta GionoriyHnx myTareHis. Lli npu-
poAHi 3acoby CTUMYNIOIOTb 3axUCHI CUK
OpraHiamy nognHW, NPUCTOCOBYIOTb MOro
[10 3MiH MOroAu, KonvBaHb aTMOCEepHOro TUCKY, MiABMLLYIOTb CTINKICTb O CTPeCiB,
bi3nuHy 11 po3yMoBY npavle3aaTHiCTb. AGanToreHHi BacTMBOCTI MaloTb TaKi pociu-
HK, AK iMOUpP, acTparasn, poaiona poxeBa, 06MiNMXxa, MMMOHHVK, exiHaues. CTBOPiTb
6yKneT, nocTep abo npeseHTaUilo LUMX afanTOreHHUX POCNH i BU3HAUTe 3arafbHui
MeXaHi3M IXHbOT fiil Ha OpraHi3m ngUHN.

Q CTABJEHHSA
» I
ﬂﬁ Bionoris + Ximis. «<BeHson»

beH3eH (6eH30M) — Nepwunin npeacTas- o € &3 -
HUK TOMOMOTIYHOro pPAAY apoMaTUYHUX m !2 -%
e & %

BYrNeBO/HiB, MONeKyNiApHa cbopmyna CeHs. Mnactmaca Kayuyk Nlikn  Po3unHHMKN

I3 cepegnHm XX cTopiyya NpakTUYHO BeCb
peavHy XX cTopivua np ~ N7
NMPOMUCSIOBUA 06CAr GeH3eHy BUpobnsa- ot
. - .. S e *c//rs—‘ [t3
I0Tb crnocobom AaerigporeHisauii HadpToBOI Lo =% :
H/c% '}C\H S

CUPOBUHW. beH3eH mMae LiHHI BNacTMBOCTI
AK PO3YMHHUK, ajfle yepe3 NOro BUCOKY
TOKCUYHICTb | KaHLEPOreHHICTb Take BUKOPUCTAHHA HUHI Ay»e obmexeHo. AKuin me-
XaHi3M WKiANMBOro MyTareHHOro BnivBy 6eH3eHy Ha opraHi3m loguHn?

C
I
BonokHa H BbapBHuK®

PE3YJIbTAT

3aBAaHHA ANA CAaMOKOHTPOIO
1. Wo Take myTareHn? 2. Ha3BiTb OCHOBHI rpynu myTareHis. 3. HaBeaiTb npuknagm
1-6 |myTareHiB 3 KOXHoi rpynu. 4. LLlo Take aHTUMyTarenn? 5. HaBepiTb npuknagn aHTu-
MyTareHiB. 6. LLlo Take komyTareHn?
7. fIKi MexaHi3mu WKignnMBeoro BNAnBY MyTauin? 8. AKMMuK € couianbHi 3axoan 3axu-
7-9 | cTy reHoMy NIOAVHN Bif WKIANMBUX MyTareHHUX BNAMBIB? 9. AKUMU € iHAMBIAYanbHi
3axofu 3aXMCTy Bifi MyTareHis?
10. Ha3BiTb Ta 06r'pyHTYiTe OCHOBHI 3aX04M LWOAO 3aXMCTY NOANHY Bif WKiQIMBUX
MyTareHHuX BranBiB.

10-12

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 47. 3aX1CT reHOMY NIOAVHU Bif WKIANNBMX MyTareHHUX BMvBIB
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XKumu — o3Hauae peazysamu, a He 6ymu Xxepmaoro.
. Ipace

§ 48. TEHETUYHUIA MOHITOPUHT Y JIIOACbKUNX
CNJIbHOTAX

OCHOBHi NOHATTA 1 KnouoBi Tepminn: FTEHETUYHUIA MOHITOPUHT. lexe-
TUYHUI CKPUHiHT. MoneKynapHo-reHeTN4YHa AiarHoCTUKa.

MpurapanTte! Aki € meToam GionoriyHMx gocnigkeHb?

MomipkynTe!

CnoBO «MOHITOPUHT» 3aM03MYEHE 3 aHTNINCbKOI
MOBW. Moro 3HaueHHa — e BiACNiQKOBYBaHHA, MOCTiNHe
cnocTtepexeHHsA. TepmMiH O3Havya€ cMCTeEMU Y METOAN Op-
raHisauii gocnig»keHb 3 MeTO BU3HAYEHHA AWHAMIKK B
Pi3HUX rany3ax 4ianbHOCTI NOANHU. TaK, € EKONOTiYHMIA MO-
HITOPUHT, GpIHAHCOBUIA MOHITOPUHT, OCBITHII MOHITOPUHT.
A W0 TaKe reHeTUUYHNIA MOHITOPUHT?

3MICT

flka meTa 1 HaNPAMN reHETUYHOro MOHITOPUHry?

FEHETUYHUIA MOHITOPUHT - ye cucmemamuyHe chocmepexeHHs 3a CMAHoM
2eHooHOyY nonynayil, wjo 0ae 3moey oyiHloeamu HassHUl MymauitiHuli npoyec ma
npozHo3ysamu Uozo 3miHu. Llei Bup cnoctepexeHHs nepeabayae 36upaHHA, 06po6-
Ky, aHani3, 36epexeHHs iHdopMaLii Npo BUHUKHEHHA 3aXBOPIOBaHb, 3yMOBJIEHUX MY-
TareHHVM BIJIVIBOM CepeoBULLa.

OCHOBHOK MeTOI FeHETUYHOIO MOHITOPUHTY € KOHTPOJNib Ta MonepenXeHHA
CNafKoBMX WKigNMBMx nopyeHb. OKpiM TOro, 3a JONMOMOIo MOHITOPUHTY MOXHa:
a) BM3HauaTU CNPAMOBAHICTb CMAAKOBOI MiHANBOCTI B MONYNALiAX NIOAUHY;

6) BMW3HAYaTM YACTOTY AEAKUX MyTaLill Ta iIHTEHCMBHICTb MyTaUiliHOrO npovecy;

0

'Q B) MPOBOAMUTU «iHBEHTAapU3aLiitlo» Ta CTBOPIOBATU PEECTP CMAAKOBMX 3aXBOPIOBaHb

g NOANHNY;

I r) MpPOrHo3yBaTW KiNbKiCTb Nogen 3i cnagkoBMMK 3a- =

= XBOPOBaHHAMU; /

E [) OUiHIOBaTU WKIAANBUIA BNINB MyTareHHUX YNHHUKIB

o cepepoBuLa.

= [eHeTNYHNI MOHITOPUHI 3AINCHIOIOTb Y TakMX HanpA-

= Max, AK (heHoMuniyHUl MOHIMOpPUH2 (CMOCTEPEXEHHS 3a

t;); YacTOTOW AOMIHAHTHUX MyTaLil), 6ioxiMiyHUU MOHIMOpUH2 /

2 (BMABNEHHA GIOXIMIYHMX MOPYLUEHb), YumozeHemu4Hul '.x‘ A ‘

= MOHIMOpuH2 (CNOCTEPEXEHHA BUBYEHHA YaCTOTN XPOMO-  * : — '
COMHUX Ta FeHOMHWX MyTaLli1), MOJIeKy/IapHO-2eHemuyHul In. 112. CKPUHIHF HOBO-
MOHImMopuH2 (Po3pobNAITb 3 METOK BUABMIEHHA FreHeTUNY- HaPOMKEHUX — BaXKNMBa

HUX MOPYLLEHb), MOHIMOPUH2 dpxigHUX 0OKyMeHmMig (Ana  Npoueaypa, AKa onomarae

BU3HAUYEHHS TEMMIB MyTauiiiHOro npouecy 3a 3miHamu  30EPerT! 3A0POB'A i XuTTA
.y NTUHN

YacToT NIETaNbHUX MyTaLlil). A
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OTKe, reHeTUYHMIA MOHITOPVIHE € CYKYMHICTIO 3axoAiB Ana
BiflCNiAKOBYBaHHA MOABM 1 MOWMVPEHHA CMafKOBUX 3aXBOPIOBaAHb.

[nAa yoro 34ifiCHIOIOTb CKPUHIHT Yy MeauLUHI?

CKpWVHIHT (Bif aHrN. screening — NpoCiloBaHHA, COPTYBaHHA) — CTpaTeria B opraHi-
3aLil OXOPOHU 340POB'A, CNPAMOBAHA Ha BMABNEHHSA 3aXBOPIOBAHb Y NIOAUHM B NPO-
Lleci MacoBOro 0OCTEXeHHA HaceNeHHsA. Y MeAULMHI 3aCTOCOBYIOTb MAco8Uli CKPUHIH2
BCbOrO HaceneHHs, NpeHamanbHuUl CKpUHiH2 HOBOHAPOOXeHUX, KapdionozidyHud, ypo-
J102i4HUU, 2iHeKoM02i4HUU CKpUHiHe Towo (in1. 112). CKpUHIHM-Nporpammn JailoTb 3MOry
BMABUTU 3axBOpoBaHHA abo cnagkoBy naTosorito Ao ii KniHiYHoro nposABy i, 3acTo-
coBylOUM NpodinakTUyHe NiKyBaHHSA, 3a6e3neunT 30OpPoB's NIOAMHN B CYCMiNbCTBI.
CKPUHIHTOBI AOCNIOXEHHA He BCTAHOBJIOOTbL AiarHo3u, Le pobnsaTb Nikapi. BoHu
nuwe BUABNAIOTb JltOfEN 3 BUCOKOK MMOBIPHICTIO XBOPOOW. Pe3ynbTaTii CKpUHiHro-
BMX O6CTEXKEHb BMKOPWCTOBYIOTb TaKOX A1 BUBYEHHA MOLUIMPEHOCTi 3aXBOPIOBAHHA,
UMHHVKIB PU3NKY Ta IXHbOrO 3HaYEHHA B PO3BUTKY XBOPOOMU.

OCHOBHMMW YMOBaMM NPOBEAEHHA CKPUHIHM-Nporpam € nigrotToBaeHnin nepco-
Han, CTaHJapTHa 1 HeCKaAHa MeTOAVKA BUABMIEHHA O3HaKKM Ta OLiHIOBAHHA OTpMMa-
HUVX pe3ynbTaTiB.

3HauyeHHA CKPUHIHTY 0CO6NMBO BaXknNMBe Nif Yac gucnaHcepmsauii HaceneHHs. B
NPaKTULIi OXOPOHU 340POB’'s BXKe CTanu 3BMYaNHUMKN MacoBi NpodinakTniHi megmny-
Hi ornagw, ¢nooporpadia n mamorpadis.
CKpUVHIHr-Nporpammy Mo4YrMHalTb 3acTOCO-
BYBaTW B Kapgionorii (4nA BUABNEHHA ile-
MiYHOT XBOpPOOM cepus Ta apTepianbHOT
rinepteHsii), oOHKosnorii (gnA BUABNEHHA
NyXANHHUX XBOPO6), dapmakonorii (ana Bu-
ABJIEHHA BMMBIB TUX UM iHWNX NpenaparTis)
1 meguyHin reHetuui (in. 113).

leHeTUYHUIT CKPUHIHT - ye mMemood
PAHHbO20 BUABJIEHHA 2eHeMUYHUX nopy- )
weHb. Hansaromiwmx pesynbTtatis 6yno In. 113. Crpuninrose obctexentia y

) CyYacHUX nepecyBHUX LUPPOBIMX
OOCATHYTO NiA Yac BUABMEHHA CNagKoBUX dnIoopoMoBinsax
nedeKTiB 06MiHY peuoBUH (beHinkeToHypii,
ranakTo3emii TowWo) Yy HOBOHApPOAXeHMX. [eHeTUYHNI CKPUHIHT HOBOHAPOOXKEHUX 3
METOI0 BMABMIEHHA MepeiyeHnX CagkoBux 3aXBOPIOBaHb, 6€3 CYMHiBY, € ofHMM i3
CepMO3HUX JOCATHEHb MeANYHOI reHeTMKW. BiH ga€ 3mory gocartm npakTUyHO NoB-
HOro BMMNpaBieHHA GeHOTUNY, a OTXKe, NiKyBaHHA JOCUTb BENUKOI KiNnbKOCTi 0Ci6, AKi
B iHWIOMY BMMafKy cTanu 6 noabMu 3 iHBanigHicTio. CKPUHIHF HOBOHAPOAXKEHMX Ha
dbeHinkeToHypito B 6aratbox KpaiHax 3[iNCHIOETbCA BXe BNPOLOBXK KiNlbKOX AecATu-
NiTb, NIATBEPAXKYIOUN CBOIO BUCOKY epeKTUBHICTD.

§ 48. [eHETUYHUNI MOHITOPWHT Y NIIOACBKUX CMiNIbHOTax

OTXe, CKPUHIHT Y MeguUMHi — e cucTema NepBUHHOIO OOCTEXEHHSA
rpyn KniHiYHO 6€3CMMNATOMHUX OCi6 3 MEeTOK BUABNEHHA BUMALKIB
3aXBOPIOBAHHA.
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Y yomy nepeBara MeTO/iB MONEKYNAPHO-TeHETUYHOI fiarHOCTUKIN?

MonekynsapHo-reHeTu4Ha fiarHocTuka — 2pyna memooig oocnioxerHHsa [JHK 3
Memoto 8UsBJIEHHA 2eHEMUYHUX NOpyWeHs y it cmpykmypi. Ana unx focnigeHb BUKO-
pucTtoBytoTb [AHK, AKY BUAINAOTb i3 BEHO3HOT KPOBI, CIMHMW, HABKONOMAIAHOI PiANHWY,
3i cnm3oBOT 060/10HKK poTa Towo. [JOCUTb YaCcTO BUCTAYAE HaBITb KPamniMHKK KPOBi,
3cKpibka 3 enitenito WoKM abo ofiHIET BONOCAHOT LMOYNnMHM.

OCHOBHMMW MeToAaMM MOJNEKYNAPHO-TeHETMYHOI [iarHOCTUKM € YumozeHe-
muyHuli Memod (BUBYEHHS XPOMOCOMHUX MOPYLUEHb 33 JOMOMOIO MiKpOMaTpULlb,
HaHeceHux Ha OHK-uinu), Memod nonimepasHux naHyr2o08ux peakyili (BUABNEH-
HA BipyciB, iHbeKLi 3a fonomoroto 6araTokpaTHOro AybntoBaHHA 06paHoi AinAHKM
[HK), memood ¢pepmeHmHoi 2i6pudusayii (BukopucTaHHa reHeTnyHuX JHK-mapke-
piB Ans BUABNIEHHA MNOPYLUEHNX reHiB), MiKpoYinyeaHHa (MeTof NopiBHAHHA Bujine-
Hux ginaHok OHK i3 reHeTMYHUMKU Mapkepamn Ha JHK-uinax).

MonekynapHo-reHeTM4Ha fiarHOCTMKA Ha CbOrOfHI akKTMBHO 3aCTOCOBYETbCA B
MEAWNYHI FreHeTULi, a TakoX y papmaKkoreHeTu1Li, CTOPTUBHIN MeauLMHi, Mikpobiono-
rii, 6ioTexHonorii, BeTepuHapii, CinbCbKOMy rocnofapcTsi:

a) AnA BUABNEHHA iHbeKUiNnHUX 3axBoploBaHb NtoauHK (BipycHi renatutu, CHIL, en-
uedanit, iHdeKUil, Wo nepefaloTbCA CTaTEBMM LWIAXOM) Ha PaHHIN cTagii 6e3 Ha-
ABHUX 30BHILUHIX MPOABIB, WO IX HEMOXK/TMBO BU3HAYUTU 3BUYANHUMU MeTOAaMU;
ONA [OCNIAXKEHHA anepriyHnX peakuin nognHn;

AN AiarHOCTUKM CnagKkoBurxX xBopob (cuHapomm [layHa, EnBapaca, Matay);

ONA BU3HAUYEHHA iHAMBIAYaNbHUX FeHETUYHMX 0cobnmBoCTel 1 epeKTUBHOro
NepCcoHanbHOro NikyBaHHs;

[) OnA OuiHIOBaHHA CNOPTUBHUX NEPCNEKTUB Y AiTewn;

€) [NA BYBYEHHS FeHeTUYHOro Pi3HOMAHITTA HalOoro reHoGoHAY, Y AKOMY MOXYTb

OyTV 1 KOpPUCHI MyTauii. Tak, BYEHi BigKPWIN HaBiTb reH HECMPUNHATIMBOCTI A0

BIN-indekuii. 3a npoBegeHMY focnigXeHHAMU, 2% HaceneHHA YKpaiHu 3aBAsAKN

HaABHOCTI B HUX ABOX KOMIiN LibOro MyTaHTHOrO reHa He 3axsopitoTb Ha CHIL;
€) [NA MOHITOPUHTY iHEeKLiNHNX 3aXBOPIOBaHb Yy AOMALLHIX TBapWH Ta KOHTPOJIO

AKOCTI 1 6e3neKn reHeTUYHO MoANPIKOBaHUX MPOAYKTIB

2

-
~

OTxxe, MeToan MoNeKynApHO-TeHeTUYHOI AiarHOCTMKN MatoTb nepeBaru
B AHK-giarHocTMui NOPIBHAHO i3 iHWUMKW MeTogamMn MeguyHol
reHeTKM B TOMY, WO AalTb 3MOry BUABUTK Ta JOCIAWUTM Came nep-
LIOMNPUYMHY 3aXBOPIOBAHHA Ha MONEKYIAPHOMY PiBHi.

OIAJIbHICTb
Xf‘ bionoria + Jlirepatypa. Knacudikauia saxsopioBaHb

«fAkocb 00 Yexosea npuliwisia o2psaoHd, 300p08d, 2apHO 002HeHd 0aMa i MJTOCHO No-
cKkapxunaca:

— HydHo xumu, AHmoHe Masnosu4y! Bce make cipe: ntodu, Hebo, Mope i Hagime K8i-
mu meHi 30atomecA cipumu. | Hemae 6axaHe. .. [lywa e Hyoe3i. HanegHe Axkacs xgopoba.

- lje x8opoba! — enesHeHo ckazas AHMoH [lasnosuy. — Lle xgaopoba yoasaHHs. Jla-
MmuHolo ... pritvorialis».

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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3icTaBTe Ha3BaHi MeETOAM MEANYHOIO AiarHOCTYBaHHSA 3 OpraHamMu, Wo AOCSiLXKY-
l0TbCA Ta OTPUMANTe NaTUHCbKE CNOBO, AKMM NO3HavaloTb XBOpoOby. AK knacndikyoTb
xBopobu?

1 Cniporpadia b meTon 06CTEXEHHA WNYHKY

2 Oniooporpadia 0 MeToj AiarHOCTYBaHHA OPraHiB rpyaHOT NOPOXKHUHMN
3 Kapgiorpadia m MeToJ BUMipIOBaHHA 06'eMy nereHb

4 Tactpockonis r MeToj BUBYEHHA poboTM cepuA

5 Peorpadis S MeTop AiarHOCTYBaHHSA FOJIOBHOrO MO3KY

6 EHuedanorpadia |u mertop fiarHOCTYBaHHA KPOBOTOKY

MpoekTt

CKpUHiHr-nporpamm gnsa HOBOHaPOKeHNX
CKPUHIHT y MeAMLUHI — Lie NpoBefleHHA HM3KWN 6e3neyHumx
i NPOCTUX [OCNIAXKEHb BENMKOI rPpYNn HaceNeHHs, Wo AatoTb
3MOry BUABUTU FPYMNU PU3NKY LOAO PO3BUTKY Oyab-AKOro
3axBOPOBaHHA. CKPUHIHT HOBOHAPOMMXEHUX — Lje OOCTeXeH-
HA BCiX HApPOMKEHUX AiTen AnA BUABNEHHA MEBHUX BaXKKUX
CrnagKoBUX 3aXBOPIOBaHb. Y CBiTi CKPMHIHrOBe JOCNIgXEHHA
oxontoe 6nm13bKko 40 cnagkoBux xBopoO. [1na voro i Ak 3ain-
CHIOIOTb CKPUHIHM-NPOrpamm HOBOHapPOLXeHUX?

Q CTABJIEHHS
» R
«j Bionoria + MeguuuHa. Ty6epKynbos B YKpaiHi

B YkpaiHi B 2012 p. 3aBAAKM ycniwHin pobo-
Ti nporpamy «3ynuHUMO Tyb6epKynbo3 B YKpaiHi»
Breplue novyann 3acToCOoBYBATUCA iHHOBALiNHI MoO-
NeKynApPHO-reHeTUYHI MeTOAM AiarHOCTUKN Ty6epKy-
NbOo3y. 3aCTOCYBaHHA TakKMUX METOAIB AA€E 3MOry BKe
B [leHb 3[adyi aHai3iB NOCTaBUTK NIIOAUHI AiarHo3 i
CBOEYACHO po3noyaTi Kypc flikyBaHHA. A AK 3a Aono-
moroto gocnigxeHb [HK BusasnawTb Ty6epKynbo3? OuiHiTb nepeBary MoneKynsapHo-
reHeTUYHUX MeToAiB Nepen TybepKyniHOBOW NPo6oto, B OCHOBI AIKOT — TecT MaHTy.

PE3YJIbTAT

OuiHka 3aBAaHHA ANA CAMOKOHTPOJIIO

1. lLlo Take reHeTUYHMIA MOHITOPWHT? 2. Ha3BiTb OCHOBHI HaNPAMMN reHETUYHOTO MO-
HiTopuHry. 3. Lo Take cCKpuHIHr? 4. lka MeTa reHeTUYHOro CKpuHiHry? 5. LLlo Take
MONeKynAPHO-TeHeTNYHa AiarHocTnka? 6. Ha3giTb MeToAn MONeKynApHO-reHeTny-
HOI AiarHOCTMKKN?

7. flka MeTa 1 HaNPAMU reHeTUYHOIO MOHITOPUHIY? 8. [1NA YOoro 34iNCHIOITb CKPU-
7 -9 |HiHr y meguuuHi? 9. Y yomy nepeBara MeTOAiB MONEKyNAPHO-TeHETUYHOI fiarHo-
CTUKIN?

10-12 | 10. 4nA Yoro i AK 30iNCHIOTb CKPUHIHI-MPOrpamm HOBOHaPOLXeHUX?

1-6

§ 48. [eHeTUYHWI MOHITOPUHT Y JIIOACHKIMX CNibHOTaX
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JlloduHa — ye biocoyianeHa icmoma, meopeub Kysibmypu ma ii meopiHHs.
NN

§49. OCOBJINBOCTI TEHO®OHAY JNIOACBKUX CMIJIbHOT

OCHOBHi NOHATTA 11 KNoYoBi Tepminn: NMONYNALII IIOONHW. FeHeTnuHa
XapaKTepucTuka nonynsuin. FleHodpoHA nonynALin nloguHM.

MpurapanTe! Lo Take nonynaw,ii?

MomipkynTe!

HauioHanbHa 6i6nioteka YkpaiHu imeHi B. |. Bep-
HalcbKoro — Haibinbla 3a o6cArom GoHAy Ta NoLE
npumilleHb 6ibnioTeka Ykpainu. i 6i6nioTeununii poHa Ak
roIOBHOIO HayKoBO-iHGOPMaLIHOTO LeHTpa AepKaBu
CTaHOBUTb 6/13bKO 15 MITH 0AKHMLb 36epiraHHs. A Lo Take
reHoboHA NOACbKMX nonynsAuin?

3MICT

LLlo BupisHaA€e nonynauii nioguHn?

TepmiH «nonynayina» B 6ionorii NpuBHeCeHO i3 NIOACLKMX CNiNbHOT. BiH noxoautb
Bifl NaTMHCbKOro cfioBa populus, Wwo 1ioro B [JaBHboMy PUMi BXMBanu CTOCOBHO CY-
CNiNbCTBa B 3HAUYEHHI «HAPOa», «rpyna Ntofen».

nonynaula JIDAWHU (noacbke yrpyrnoBaHHsA) — ye 8i0HOCHO cmabinbHa U 8io-
HOCHO i30/1b08aHA 2pyna ocobuH sudy JIOUHA po3yMHd, AKi MeWKAarms Ha cninbHil
mepumopii, 8inbHO 8cmynaome y w06 G marome cnineHul 2eHogpoHO. OCHOBHOIO
YMOBOIO iCHYBaHHA NOACHKMX MONYNALIN € BINTbHWUIA W06, y TOW Yac AK Y TBAPUH — Lie
BiNlbHe cxpellyBaHHA (MaHMiKciA). 3a3BUYan NprKNagom NoACbKMX NONynALin € Ha-
CeneHHA MiCTa, cena Ym NeBHOI MiCLLeBOCTi. 3a KPUTEPIEM YNCeNTbHOCTI PO3PIi3HAIOTb
gesiuki nonynayii (MoacbKi pacn) Ta mani nonynayii (pemu, izonatn). Jemu — mani no-
nynsayii yncenbHictio 1 500 — 4 000 ocib, a izonamu — po 1 500 oci6. Y Takux nonynaui-
AX MOXIMBUI NepexiJ peLecuBHUX reHiB y roMO3MTIoTHUI CTaH, WO 36inbLuye YacToTy
CNagKoBUX 3aXBOPIOBaHb. [301ALiMHI 6ap’epy, WO NnepellkoaKatoTb WtoOHUM BifHO-
CMHaM 11 yTBOPEHHIO CiMT, MaloTb couianbHUIN XapaKTep, ToMy Y GopMyBaHHI nonyns-
Ui NIOAVHN OCHOBHY POSib BiflirpatoTb He TepuTopianbHi, a POAUHHI 3B'A3KN.

JlloguHa AK 6ionoriyHmii BUA YTBOPIOE TaKi cami monynALil, AK i iHWi BUAM opraHis-
MmiB. OCHOBHMMM XapaKTepucTkamu nonynaAuin € mopdoddisionoriyHa, ekonoriyHa 1a
reHeTnyHa. MopdodizionoriuHa xapakTepncTmka nepegbavae onnc ocobnmsocTen
30BHILIHbOT OYA0BM Ta XUTTEBUX GYHKLI OpraHiamis nonynaAuiin, ekonoriyHa — cTo-
CYETbCA BNACTUBOCTEN nonynsayin, wo ¢opmMyTbCa y B3aEMOBIJHOCUHAX 3 YMOBaMU
cepepoBMLLa (YNCENbHICTb, MPUPOAHWI NPUPICT, WiNbHICTb, CTPYKTYpa Towo). leHe-
TUYHA XapaKTepucTuKa nonynAulii - ye susHavyeHHs ocobiusocmell ii 2eHemMu4HoOI
CMpYKmMypu, mobmo AKiCHo20 ck/1ady 2eHis, Hacmomu asesie ma 4acmomu 2eHomu-
nig. BUBYEHHAM reHeTUYHOT CTPYKTYPY MONYNALiN Ta TUX NpoLecis, Wo BifbyBaTbCA
B HMX, 3aIMA€ETbCA reHeTMKa nonynauin. [1na focnigKeHHA NoACbKUX nonynauin
3aCTOCOBYIOTbCA TaKi cami MiAX04n N MEeTOAMW, WO 1 AnA NPUPoaHUX nonynauin. Ane
npu LbOMy BPaxoBYOTb 0COBMMBOCTI NOANHM AK BGiocouianbHOro Bugy, WO Mopo-
IXKYIOTb coyianbHi 8i0MiHHOCMI NoACbKUX NonynALiin. BOHM BU3HavaloTbCA npaLeto,

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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CYCNiNbHMM CNOCOBOM KUTTA, YUNEHOPO3AINbHO MOBO, abCTPAKTHUM MUCTIEHHAM,
HaABHICTIO APYroi CUTHanbHOI cucTemu Towo. MNonynAauinHi apeanu NOACbKUX CMifb-
HOT MOB'A3aHi i3 couianbHM CepefoBULLEM ICHYBaHHS, CBOEPIAHMMM € OCOBNMNBOCTI
nosefiHKM (TiNbKW NOAUHA BifYyBaE COPOM, CTBOPIOE KyNbTypy, Nam’ATae MUHYIe,
BMi€ CMIATUCA N NaKkaTy, 3HA€E NPO CBOK CMEPTHICTb). CKNagHIWNMMN € CUCTEMU KOMY-
HiKaLii Ta BHYTpiLUHbONONYNALiMHI 3B'A3KN Mi>K 0COOMHaMM, Y NOACbKMX MONYNALiAX
€ reHu, BIACYTHi Y TBapUH (HanpuKnag, <reHun iHTeneKkTy») Ta 6araTo iHworo. Lli Ta iHwi
O3HaKM NPAMO 4M onocepefKoBaHO BM/IMBAIOTb Ha reHEeTUYHY CTPYKTYPY 1 npouecu
B nonynayisax.

OTxe, nonynauii NIOANHN BUPI3HATHCA CcoLiafibHUMK 0COBNMBOCTAMY,
|0 MO3HAYATbCA Ha IXHi MopdodisionoriuHin,
€KOJIOTiYHI Ta FeHEeTUYHIN XapaKTepUCTUKax.

Aki oco6nuBocTi reHopoHAY NOACLKNX NONYNALin?

[nAa xapakTepuCTUKN reHETUYHOI CTPYKTYpW nonynauii we y 1928 p. 6ys BBe-
OeHNN TepMiH «reHOpOH», WO MOro 3anponoHyBaB BiAOMWIA Yy CBill YaC reHeTUK
O. C. CepebpoBcbkuii (1892-1948). FeHodoHA — cykynHicmeb ycix anenie, 2eHig i 2eHo-
munig o0Hi€el nonynayii opzaHiamie. Cepep reHiB nonynaAuii € ogHaKoBi AnA ycix oco-
OUH, a € 11 BiAMiHHI, TOMY BUOKPEMJIIOIOTb TaKi BMAaCTUBOCTI reHOOHAY, fIK 2eHeMuUYyHa
OO0HOPIOHICMb Ta 2eHemMuYHa pizHopioHicMb. OKpiM Toro, Ans reHopoHAY NonynAuin
XapaKTepHi 1 Taki BMAaCTUBOCTI, AK LiNiCHICTb, BIAKPUTICTb, ANHAMIUHICTb.

CKnagHWin 11 pi3HOMaHITHUI reHodpoHA 3 GaraTbma BapiaHTaMy OKPEMUX FeHiB
CNpUAE KpaLlin NPUCTOCOBAHOCTI NMONYNALIN A0 HAaBKONUILIHLOrO cepefoBulla. Ha
HUHILHbOMY eTani PO3BUTKY BUAY ANA reHodOoHAY NIOACLKMX NONYNALUiA XapakTepu-
HUMW € TaKi 0COBNNBOCTI.

o 3pocmae 2eHemu4Ha pi3HopiOHicmb 2eHOoMunie npu 36epexxeHHi 3a2anbHOT
CYKyNHocmi 2eHi6. leHeTNYHa reTeporeHHicTb (pi3HOPIAHICTb) nonynAuin 3mi-
HIOETbCA BHACNIAOK MyTaLill i pekombiHauin OHK, wo gocntb 4acto NprvBOAUTHL
[0 reHeTnYHoro nonimopdiamy. Jlioam pisHATLCA MiXK COBO0I0 3a aHTUTreHaMK rpyn
kpoBi ABO, pesyc-cuctemu, cuctem Haddi, Jibtoic, Kenn, 3a BapiaHTamn remo-
rno6iHy, pepmMeHTiB TOLLO.

« Cnocmepizaembcs 3aiexxHicmb 2eHOOHOY Cy4acHOi 1l0OUHU 8i0 2eHOOHOY
iT npedkie. TeHeTMYHA reTeporeHHICTb Aa€ 3MOry nonynAuii BUKOPUCTOBYBaTH
ONA NPUCTOCYBaHHA He NMLEe 3MiHW, WO BUHWKAOTb, @ 1 Ti, WO BUHUKAN AyXe
[aBHO 1 iCHYIOTb y NpuxoBaHOMy BUrNAZi. 3i 36iNblIeHHAM YacTOTU 3yCTpivanb-
HOCTI peLecMBHUX anenis, WO BiAMNOBIAaOTb 3a MyTalii, BOHU MOXYTb NepenTn
y rOMO3UroTHWIA CTaH i NpoABuTUCb ¥ deHoTuni. PeuecnsHi myTauii € pezepsom
cnaokosoi miHausocmi nonynsayid.

e 3pocmae 2eHemu4He 06MsAXKeHHA (2eHemuyYyHUli 8aHMa), T00TO HasABHICTb
cepeq peuecMBHUX MyTaLliil y reHOPOHAI WKIAANBMX CNAafKOBMX 3MiH. YUeHi BBa-
XaloTb, WO 3pOCTaHHA YMCna TaknUX MyTaLin nNig Ai€lo myTareHis cepefoBuLla He-
raTUBHO NO3HAYAETbCA Ha PO3BUTKY NIOACTBA.

OTKe, OCHOBHUMW OCOBNNBOCTAMU JIIOACHKUX MOMYNALUIA € 3pOCTaHHA
reHeTUYHOI Pi3HOPIAHOCTI BHACNIJOK HAaKOMMWYEHHA B pe3epBi CnagkoBol
MiHAVBOCTI WKIANVNBUX peLecnBHUX MyTaLil.

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae
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AIKi YMHHMKN BnAMBawTb Ha ¢opmMyBaHHA reHopoHAy nonynAuii nto-

AnHNn?
leHodoHA nonynAuin  GOPMYyeETbCA YNPOAOBX BuixigHi reHoTnu i eHoTunm
eBonouii. Yepes Te UMHHMKamun, WO BMAUBAOTb Ha ® & o o

reHoboHA nonynAuii Ta 3MiHIOTb I1XHIO reHeTuy- w w
HY CTPYKTYpy, €: 1) npupopgHii gobip; 2) myTtaLinHuin
npouec; 3) nonynauiiHi xsuni; 4) gpeld rexis; 5) i3o-
nAUis, Wo oO6MeXye BinbHe cxpeLlyBaHHA (MaHMIKCilo);

6) mirpauii.

PywiiHoto cunoto dopmyBaHHA reHodoHAy mo- » «
nynauin niogeii € npupodHuli 006ip — npouec, sHac- > :VC')HCHK"gg"é_
JIIOOK AK020 8uUXUBAOMb | JUWAKMbL NOMOMCMBO uyioTh

6 d P ymncenbHiCcTb
nepesax}Ho 0COOUHU 3 KOPUCHUMU 8 OGHUX YMOBAX chao- nonynai

KosuMu 3miHamu. Ioro TUCK y MIOACHKUX MOMyNALAX
nocnablas, WO 3YMOBIEHO 3POCTAHHAM 3HAYEHHA
couianbHMX YMHHKKIB. OfHaK 3a NPUPOAHMM O60POM In. 114. [ipeiid revis
3anuwmnaca GyHKuia ctabinizauii reHodoHais i nia-

TPVMKWU CNafKOBOro Pi3HOMAHITTA NoNynAuin. YCi iHWi YAHHUKN € eneMeHTapHUMMU.
BoHuy B3aemonoB’sizaHi Mix coboto i nepebyBatoTb Mif KOHTPONEM NPUPOAHOrO A0-
60py. MymauyitiHuli npoyec € NePBUHHNM [PKEPEIOM HOBUX O3HAK, a cami MyTauii —
efleMeHTapHMM eBOJIIOUINHUM MaTepianoM. Y AaHnin Yyac MyTauilHUI npouec y fio-
OVIHM BiAOYBa€eTbCA Ha TNi NigBMLLEHOT KOHLeHTpaLii myTareHiB. MMonynayitiHi xeu-
J1i — NepioAnYHI KONMBaHHA YMCeNbHOCTI NonynALii. 3aBAAKY NONYNALIAHAM XBUAAM
MOXe LWBMAKO 36iNbllyBaTUCA YacToTa 3yCTPiuyanbHOCTI OAHMUX anenis, TOAI AK iHLWi
B3arasi MoxyTb 6yTu BTpaueHi. Jpeli¢h 2eHie (reHeTUKO-aBTOMaTW4HI npoLecn) —
8UNAOKOBA U HecnpAMOBAHA 3MiHA Yacmom 3ycmpidyansHocmi anenig y nonynauyii
(in. 114). HanuiTkiwe Le ABMLIe BUABNAETbCA B HEUNCSIEHMX nonynayiax. Hacnigkamu
Apendy reHiB € NOWMPEHHA MyTaHTHUX pPeLLeCBHUX anenis Hanepekip NpUpoaHOMy
no6opy. I3onayia — suHUKHeHHA 6Y0b-AKUX nepeuwkod, WO NOPywyome 8illbHe cxpe-
wysaHHa U 06MiH cnadkosoro iHpopmauieto. OcHOBHUMU dopMamu i3onAuii € reo-
rpadivyHa Ta eKonoriyHa. 13051auis K eBONMOUINHUI YNHHUK 3aKPIinoe 1 Niacunoe
YTBOpPEHi B MONyNALiAX reHOTUMHI BigMiHHOCTI. Miepayiamu Ha3nBaloTb nepemiujeH-
HA 0CObUH abo ixHix 2amem 3 OOHi€ei nonynayii 8 iHwy. BHacnigok mirpadin Binobysa-
€TbCA MOTIK reHiB, WO 3MIHIOE FeHeTUYHUIN cKnag nonynauin. MirpauinHi npouecn B
MOACBKMX NONYNALIAX 32 OCTaHHI Yacy 36inbwmnmcs.

MigcymkoBuin reHOTUMN | peHOTUN

OT1xe, reHoPOHA nonynAuii, WO € eneMeHTapHO eBOJIOLINHO OfVHU-
ueto, GopMyeTbCA Ta 3MIHIOETLCA Nif Ai€0 €BONMOLINHUX YNHHUKIB.

Tema 3. CMAAKOBICTb | MIHJTUBICTb

OIANbHICTb
x/‘ CamocrTiiiHa po6oTa 3 Tabnuueio

3a gonomoroto Tabnuui NnopiBHANTE No-
nynauii nloguHn n TBapuH. Lo € cninbHoro
1 BiAMIHHOIO MiX HUMIK? 3P06iTb BUCHOBOK
Npo NPUUYUHU NOAIGHOCTI 1 BigMIHHOCTEN.
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O3Hakm Monynsauia niogvHu | MonynAuia TBapuH
AKi 3B'A3KN MaloTb BU3HayanbHe 3HaYeHHA?
LLlo € 0cCHOBHOI YMOBOIO iCHYBaHHA?
AKi 0cO6NMBOCTI € NepeBaXkatouUnMmn?
AKi YWHHMKM MaloTb BMpIlLaNbHe 3HaYeHHA Y
dopmyBaHHI?
AKMMU € 0cO6NMBOCTI reHodoHZY?

bionoris + CrapopaBHs icTopis. IHGpegHi wnobn

Y cTapopaBHi Yacu B 6aratbox LLapCbKMX AMHACTIAX YKNa-
[anuca TinbKK cimenHi abo, AIK roBopATb Y reHeTuui, iHopeaHi
wnobun. 3 NOKONIHHA B NMOKONIHHA B CyAUHax 6araTbox €rv-
NeTCbKUX ¢apaoHiB, MpaBUTESNiB FPEKO-MaKeLOHCbKOI Au-
HacTil, BOXKAiB iHKIB TeKNa TiNbKn «bnaknTHa» KpoB. Ha »arb,
AK BUABUIIOCb, BOHA He rapaHTyBania HapoAXeHHA MyApuX,
CUNbHUX BYXOM i Tinom Hawagkis. Tak, y TyTaHxamoHa 6yno
KiNbKa reHeTMUYHMX BigXWneHb, BKIIOYAOUN XBOPOOY KiCTOK
i KnuwoHoricTb. MNoACHITb, YOMYy B Takux Cim'ax 3'aBnanunca
LiTN 3 nCUxiyHMMK Ta GisMYHNMYN Bagamu.

a CTABJIEHHA

> 1 —_—

Q

ﬂj bionoria + Couionoria. JlioacbKi cninbHOTY i NlogcbKi nonynauii

CoujianbHa chinNbHICTb — rpyna nogen, Wo cknanaca
06'eKTMBHO B NpoLeci iICTOPUYHOrO PO3BUTKY, pearnbHo ic-
HYE€, XapaKTepn3y€eTbCA BiBHOCHOIO LiNiCHICTIO | CAMOCTINHNM
Cy6'eKTOM COLianbHOT Ta iCTOPWYHOT Aijii. Y € BiAMIHHOCTI MixX
TEPMiHaMM «MONYNALiA Nogen» Ta «IOACbKI CNinbHOTU»? AKi
rpynu Niofgen MoXKHa BBaXKaTu nonynAuiammn?

PE3YJIbTAT

3aBAaHHA AN CAMOKOHTPOJIO
1. lLlo Take nonynsauia nogen? 2. Lo Take reHeTMYHa xapakTepmucTuka nonynawii?
3. Wo Take reHodoHA nonynsAuin? 4. Ha3eiTb OCHOBHiI BNAacTUBOCTI reHOGOHAY.
5. Ha3BiTb pywinHuii YNHHUK GOpMyBaHHA nonynAuii. 6. Ha3siTb enemeHTapHi
YMHHUKN GOPMYyBaHHSA NonynALin.
7. Wo Bippi3Hae nonynauii niognHn? 8. Aki ocobnmBocTi reHopoHAY NIOACHKMX NO-
7-9 |nynAauin? 9. Aki YNHHUKKN BNAMBaIOTb Ha GOPMYyBaHHA reHOoOHAY NOMynALin nio-
ANHN?
10-12 | 10. Wo cninbHOro 1 BiAMiHHOro Mi>k NoNynAUWiAMN NIOAVNHN A TBAPUH?

§ 49. OcobnmBOCTi reHoGOoHAY NMOACHKUX CMiNIbHOT
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3akoH — kamezopis, Wo 8i006paxae HeobxioHe,
icmomHe, cmitike, noemoptosaHe, 3azasibHe. ..
Minocogcbkuli CI0BHUK

§ 50. 3AKOHOMIPHOCTI PO3MOAINY AJIEJIIB Y nonynauli

OCHOBHi NOHATTA 1 KNo4oBi TepmiHn: TEHETUKA MONYNALIN. 3akoH re-
HEeTUYHOI piBHOBarn. 3akoH roMoJIoriYHNX PARiIB CNagKoBOI MiHANBOCTI.

MpurapanTe! Lo Take nonynaw,ii?

3Hanomrecsa!

Jlyioxi Jlyka Kaseanni-Cgpopya (Hap. 1922) — itanincbKum
reHeTuK, OfVH i3 HanBIZOMILLMX Yy CBIiTi CyyacHOT NonynALinHoI re-
HeTUKW. Y3aranbHUBLUWN Pi3HY FEHETUYHY, apXeosioriyHy N NiHrBi-
CTUYHY iHdOopMaLlito, CTBOPUB TEOPito NOXOLXKEHHA pac 1 HAPOAiB.
Pe3ynbrati noro npadi 3ibpaHo B KHUXKKax «lctopisa 11 reorpadin
reHiB noguHu» Ta «feHun, Hapoam 1 MoBU». A ANA AKUX ile ranysemn
MaloTb 3HaUYEHHA AOCNIAXKEHHA reHeTUKN nonynauin?

3MICT

flke 3HaueHHA Ma€ reHeTNKa NonynALin?

FEHETUKA NONynALIn - HAyKa, Wo 8UBYAE 2eHeMUYHy CmMpyKmypy npupooHUX
nonynayit, a makox 2eHemuyHi npoyecu, Wo 8 HUx 8i06y8amMucA. 3aCHOBHUKAMY
Hayku € P. Qiwep, Ix. XongewnH, C. Pant, C. C. YetBepukos, C. M. leplueH30H Ta iH.
OCHOBHOIO MeTO foCAiAXKeHb NONYAALINHOI FeHETUKM € Mi3HAHHA 3aKOHIB, L0 NOAC-
HIOKTb 3aNeXHOCTI Mi>K reHoTMNaMu Ta GeHoTUNamm 0CobUH Ha NonynALiHO-BMAO-
BOMY PiBHi nonynayin.

Tema 3. CMAAKOBICTb | MIHJTUBICTb

In. 115. MowwpeHHs NlloauHn po3ymHoi 3 AbpurKin No cBiTy
(lunAxu mirpadii ” KinbKicTb poKiB Tomy)

[eHeTrKa nonynAuii Ma€e 3HaYeHHA ANA PO3BUTKY e8osToyitiHOI meopii. Tak, 3aB-
OAKN 1T JOCATHEHHAM BCTAHOBJIEHO, WO efleMeHTapHO OAUHMLEK eBosiouil € no-
nynayis, a He oKkpema 0CobMHa, WO NPUPOLHI NoNyNALUil HacKYeHi pPi3HOMaHITHMK

peLecuBHMMM MyTaLiaMK, AKi € «pe3epBOM CMaKOBOI MiHANBOCTI» Ta iH. (1. 115).
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MeTtoam pocnig»keHHA reHeTUYHOro CKnagy nonynAuil BUKOPUCTOBYKOTbCA B
aHmMponosioeii [NA BUBYEHHA ICTOPUYHOIO MOXOMXKEHHA Ta CTAHOBIEHHA JIOAUNHUN
PO3YMHOI.

leHeTnKa nonynAuii Bigirpae BaXxnnBy posib B emo/iozii ANA [OCHiIAKeHb NoBediH-
K1 opraHi3miB. PiBeHb reHeTUYHOro noniMopdiamy BBaKaeTbCA B MONYNALiNHIA reHe-
TULiI BaXKNIMBMM MOKAa3HMKOM, Bifj AKOTrO 3anekaTb eBOosoLUiiHa NNacTUYHICTb BUAY Ta
MNOro NPUCTOCOBaHICTb A0 3MiH cepefoBuLla. AK 3'ACyBanoca, HU3bKUI reHeTUYHNIN
nonimop®isam NpuUTaMaHHUN BUAAM, Y SKUX HEUUCSIEHHI, ane BenuKi N 3axulLeHi Ha-
WaAKKY, a BUCOKUN — BUAAM, Y AKUX HaLaAKW YNCTEHHI, APiIOHI 1 He3axuLeHi. Takui
pe3ynbTaT 3MyLLYE NO-HOBOMY OL{IHUTW €BOMIOLiiIHY POSib TYPOOTU NPO NOTOMCTBO.

3HaHHA 3aKOHOMIpPHOCTEN NONYAAUINHOI FeHeTUKN [al0Tb KoY ANA PO3YMIHHA
eBOJIIoLIT CNOPIAHEHNX rPYyN Y cucmemamuuyi, NONerwyTb NOWYKW BUXIAHOTO cnaj-
KOBOrO MaTepiany B cesiekyii Ta BUBYEHHSA CMafKOBMX 3aXBOPIOBAHb NIOAMNHUN Yy Medu-
YUHi TOWO.

OTxe, [OCNIAKEHHA TeHeTUKM NONyNALUiN € akTyanbHUMK 1N 3aTpebyBaHi y
6aratbox rany3sax AisnbHOCTI JIIOAMHMN.

Y yomy cyTb 3aKOHY reHeTU4HOI piBHOBarun?
MaTtemaTnyHy 3anexHicTb MixK YacToTamu ane-
niB | reHOTUNIB B ifeanbHin nonynALii BCTaHOBUAN
opHo4acHOo y 1908 p. i He3anexHo oAuH Bif OAHOro
BUOATHUI aHTNINCbKMA MaTemaTuk k. Xapgi (1877-
1947) i HimeubKunin nikap B. BaltH6epr (1862-1937)
(in. 116). Lla 3aKoHOMIipHICTb BigOoMa AK 3akOH Xap-
ni - BallHGepra (3akoH reHeTU4HOI piBHOBarm), In. 116. Ox. Xapai (nisopyy)
AKNI € OCHOBHNM 3aKOHOM reHeTUKM NonynALin. i B. BanH6epr
YactroTu anenei i reHoTUNIB Yy nonynALii 3anMwaTMMyTbCA CTaNNMM 3 NOKOJMIHHA
B NOKOJIiHHA 3a HAABHOCTi MEBHNX YMOB.

PisHAHHA Xappai — BaliHbepra:
p(A)+qg@)=1
(ANA BU3HaYeHHA reHeTUYHOI CTPYKTYPY NONYNALiN 3a YaCTOTO anenen);
p? (AA) +2pq (Aa) + g* (aa) = 1
(ANA BM3HAYEHHA reHEeTUYHOI CTPYKTYPU NOMYNALiA 3a YaCTOTOK FreHOTUMIB).

Y nonynAuivHin reHeTuui 4acToTy AOMIHAHTHOrO
anens A nosHauyalwTb yepe3 p, YacToTy peLecrBHOIO (2) (2)
anensa a - 4epes g. 3a yMOBM, WO A i a — eanHi anenireHa, \/\/
p+qg=1(abo 100%). Dopmyna

(p+q)?=p*+2pg+qg°>=1(abo 100 %)

€ anrebpaiyHnm Bupa3om 3akoHy Xapai — BaiHb6epra

[OnA OBOX anenis, e p — YacToTa OMIHAHTHOrO anens A;

g - YacToTa peLiecMBHOrO anens a; p? - yYactora gomi- | (@ (Qg) &

HaHTHUX romo3uroT AA; 2pq — yacToTa retepo3unrot Aa;
g% — YacToTa peLecMBHUX roMO3UroT aa (in. 117).

Monynsuis, B AKiN 36epiraeTbca reHeTMYHa piBHOBA- In. 117. Cxema oTpumarHa

anrebpaiyHoro Brpasy 3a-

ra, HasvBaeTbCA ideas1bHOI NonynAyiero. YmoBamu ic- KoHy Xappi — BaiH6epra

HYBaHHA ifeanbHNX NONyNAUin €: 1) BenrKa YnCenbHiCTb 207

A AA Aa
(p) ) (pa)

§ 50. 3aKoHOMipHOCTI po3noginy anenis y nonynauii
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nonynAdii; 2) BinbHe BUNagKoBe cxpeLlyBaHHA B nonynauii (naHmikcia); 3) BiacyTHiCTb
MyTaUii; 4) BiiCyTHICTb fO6OPY 3a MEBHOK O3HAKOID; 5) BiACYTHICTb FTEHHOIO MOTOKY,
TO6TO Mirpauiii reHis i3 cycigHix nonynauin. AKWo nopywyeTbca xoya 6 ogHa yMOBa,
TO reHeTMYHa CTPYKTypa nonynAuii 3SMiHIOETbCA.

Y npupodi igeanbHi nonynauii He TpannAwTbCA, iICHYIOTb peasibHi nonynsayii, B
AKNX YNCENbHICTb OCOOMH He 6yBa€ HeCKiHUEHHO BENUKOIO, BiflbHE CXpeLLyBaHHA He-
abcontoTHe, BifbyBaloTbCcA MyTaUilHMIA NpoLec, NpupoaHui fobip, mirpadii. Ane ue
He 3MeHLUY€E LiHHOCTI 3aKoHy Xapai — BaH6epra. BiH BM3Haya€ ymOBY reHeTUYHOI
piBHOBaru nonynAuii Ta ymoBu, WO ii NOpyLwyTb.

OT1Xe, 3aKoH Xapgi — BanHb6epra fae 3mory BU3HAYUTU FEHETUYHY
CTPYKTYpPY nonynAuii Ta TeHAeHUii 3MiHM reHoTMNIB 0COOMH y monynauiax
nig Aai€lo ymoB cepefoBuLLa.

flke 3HaYeHHA 3aKOHY FOMOJIOTIYHUX PAAIB CNAaAKOBOI MiHANBOCTI?
MopiBHIOYY O3HAKU Pi3HUX COPTIB KYNbTYPHUX POCAVIH | BAN3bKNX [0 HUX OW-
Kkux Buais, M. |. Baunos (1887-1943) BusaBMB 6arato CrifibHUX CNaaKoBux 3MiH. Lle
gonomorsno romy coopmynioBati y 1920 p. 3aKOH rOMOJNIOTIYHKX PARJIB CNafKoBOT
MiHBOCTI.
leHeTNYHO 6nM3bKi BUAN Ta poAu XapaKTepusylTbca Nogi6Humm pagamm
CMagKoBOI MiHIMBOCTI 3 TaKOI0 NPaBWIbHICTIO, WO BUBYUBLUY pAA dopm
y MeXaxX oAHOro BUAY 4um poAy, MoXHa nepeabauntu HaABHICTb popm
i3 NoAiGHMMM NOEAHAHHAMM O3HaK Yy MeXKaxX 6nu3bKux BuAiB um pogais.

M. I. BaBunoB 3a3HauaB, WO rOMOJIOTiYHI pAAM YacTO BUXOAATb 3a MeXi poJiB i
HaBiTb poanH. KopoTkonanicTb BigMiYeHO y NpefAcTaBHYKIB 6araTbox pAfiB CCaBUiB:
y BeNMKOI poratoi xyno6bu, oelb, cobak, noanHu. AnbbiHi3mM NowmpeHnin y BCix ntog-
CbKMX pacax i CnocTepiraeTbca B yCix KnaciB xpebeTHNX TBapuH.

OCHOBOIO rOMOJIOTIYHNX PAAIB € NOAIOHICTb GeHOTUNIB, WO BUHWNKAE AK pe3ysb-
TaT B3aEMOZii OfHAKOBUX FeHiB Y reHOTUMaxX 0COOMH Pi3HMX nonynAuii. TeopeTnyHo
OCHOBOI rOMOOTIT PAAIB CNAaAKOBOT MIHNMBOCTI Y 6IM3bKUX TAKCOHOMIYHUX TPy €
YABNEHHA NPO €AHICTb 1X MOXOAXEHHA LWAAXOM AMBepreHuil nig Ji€lo NnpupoaHoro
Jo6opy.

MutaHHA nikyBaHHA i NpodinakTUKM cnagkoBMx XBopob He MOXKHa pPOo3B'A3aTu
6e3 NOCNigKeHHA Ha TBapuHax i3 CNagKoBMMK aHOManisMu, AKi NoaibHi o Tux, Wwo
crnocTepiraloTbCa y NniognHK. barato naTonoriyHMX CTaHiB, WO TX BUABNIEHO Yy TBAPVH,
MOXYTb OYyTU MOZEenAMM CMafKoBUX XBOPOO NoauHU. Tak, y cobak cnocTepiraeTb-
cA remodinis, AKa 3uenneHa i3 ctatTio. [InAa BUBYEHHA M'A30BOI AncTpodii cnyryoTb
MULLI, BeIKa poraTta xyfoba, KoHi, eninencii — kponi, nautoku, muwi. Cnagkosa rny-
XOTa iCHY€E Yy rBiHENCbKMX CBMHOK, MuLLei i cobak. Bagn 6ynosu obnuuua niogmHu,
roMoJIOriuHi «3anauili ry6i» Ta «BOBYIN Nalyi», CNOCTepiraloTbCA B NNLbOBOMY BifAini
yepena muwieri, cobak, cBnHen. CnagKoBMMM XBOPOHaMU 06MiHY, TaKUMU AK OXKNPIH-
HA | LyKpOBWIA JiabeT, XBOPiOTb MuLLI.

Tema 3. CMAAKOBICTb | MIHJTUBICTb

OTXe, 3rifHO i3 3aKOHOM FOMOJIOFIYHUX PAAIB, BUBUMBLLK pAL dopMm Y
MeXax OfHOro BUAYy YM popy, MOXHa nepenbaunTy HaaBHICTb Gopm i3
nodibHNMY 03HaKaMU B MeXax ONM3bKUX BUIB UM POAIB.
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BIAJIbHICTb

CamocrTiiiHa po6oTa 8

Po3B’A3yBaHHA BrpaBs 3 reHeTUKM Ha 3acToCyBaHHA 3akoHy Xappai - Baiin6epra

BnpaBa 1. [lpoaHanisynte etanu po3s’a3y-
BaHHA 3amnpornoHOBaHOl 3afaui Ta cdopmynioin-
Te 1O KOXHOTO 3 HUX BiANOBIAHI Aii.

«B €sponi Ha 20 mucsy HaceseHHA npunaode
1 1100uHa 3 anvbiHiamom. CKinbku 8iocomekie sito-
Oell € 2emepo3U20MHUMU HOCIAMU peyecusHo20
anens anvoiHizmy?»

9*= 26000

S -
a= /30000 = 000005 =0,071

p=1-0,0071=0,9924
2pg= 2x0,0071x0,9924 =0,014=1,4%

BnpaBa 2. [Jo cknady nonynayii ntodel 8xo0ame 9 % como3zuzom AA, 49 % 2omo3u-
eomaai42 % cemeposzuecom Aa. Busnaume yacmomy anenie A i a 8 nonynayi.

BnpaBa 3*. Y nonynayii nucuys Ha nesHili mepumopii susgneHo 9 991 pydux oco-
6uH i 9 nucuyb-anebiHocie. AnbbIiHI3M KOOYemMbCA peyecusHUM asesnem, a pyoe 3abaps-
JIeHHA — 00OMiIHaAHMHUM. BusHayme 2eHemuy4Hy cmpykmypy yiei nonynauii nucuys.

bionoria + Anre6pa. biHom HbloToHa

HaBepeHi dopmyna i BM3HaueHHA € OKpe-
MUM BMNagKkom biHoma HbtoToHa. HasBiTb i nosac-
HiTb L0 anrebpaiyHy 3aKOHOMIPHICTb. B AKux wwe
iHWMX rany3ax 6ionorii oKpiMm reHeTNKK nonynsa-
Ljifl 3aCTOCOBYIOTbCSA 3HAHHA anrebpu?

Q CTABJIEHHS
» I
ﬂﬁ bionorisa + Ximia

3aKkoH romonoriyHux pagis M. |. BasunoBa
nopisHwtoTb i3 [lepiognyHnum  3aKOHOM
[.1. MeHgeneeBa. [oACHITb, Yomy. AKe NpakTnNy-
He 3HauYeHHA MaloTb 3HAaHHA 3aKOHOMIPHOCTEN
po3noginy anenis y nonynauiax? Ake 3HayeHHA
MNepiognuHoro 3akoHy [. |. MeHgeneesa?

PE3YJIbTAT

(a+ b)*=a’+ 2ab + b?
Keadpam cymu 0sox supasie dopigHtoe
K8adpamy nepuiozo 8upasy nioc
No0BoEHUL 006YMOK Yux 8UpaA3ig NiIoC
K8adpam 0pyz020 8Upasy

3aBAaHHA anA CaMOKOHTPOJII0

1. LLlo BMBYa€ reHeTnKa nonynAuin? 2. Ha3BiTb OCHOBHI ranysi 3acToCyBaHHA nony-
1-6 | nAauinHoi reHeTnKN. 3. XTO i B AKOMY poLii cbopmynioBaB 3aKOH reHeTUYHOI piBHOBa-
rn? 4. Ak GOpMynIoETbCA 3aKOH reHEeTUYHOT PiBHOBaru B nonynauiax?

7. flke 3HaUeHHA Ma€ reHeTKa nonynAuin? 8. B yomy cyTb 3aKOHY reHeTUYHOI piB-
HoBarun? 9. lke 3Ha4YeHHA 3aKOHY rOMOOTiYHUX PAAIB CNafKOBOI MiHANBOCTI?

10-12

y nonynauiax?

10. flke NpaKTNYHE 3HaYEHHA MaloTb 3HAHHA 3aKOHOMIPHOCTeN po3noginy anenis

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITU | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHi3aLii 3micTy ocsiTu hitps://imz@lgov.
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BmineHHsa 8 xumms Hayko8oi icmuHuU npo 3aKOHU chadkogocmi
donomoxxe no3basumu 1l00cmMao 8i0 6azameox ckopbom i 20pA.
I.11. [Nasnos

§ 51. CYYACHI 3ABAAHHA MEAWYHOI TEHETUKU

OcHOBHi NoHATTA N Kno4oBi Tepminn: MEANYHA TEHETUKA. Meaviko-
reHeT4YHe KOHCYNbTyBaHHA. [eHOTepanis.

MpuraganTte! Lo Take reHeTnKa?

HoBunHM HayKn

Y 2013 p. €EBponericbKa KOMiciA 3aTBepAmna MoXx-

NUBICTb 3aCTOCYyBaHHA MPOAYKTa reHHoi Tepanii Glybera pna P "
BUTIKOBYBaHHA Bif pifKiCHOI cnafgKoBOi XBOpo6Y, WO CNpr- . : e

Y 1 T ——
UMHAE CMepTeNbHO Hebe3neyHuii naHkpeatut. Glybera 3a Ll J—

LLONOMOrot0 BipycCy [OCTaBNAE B KNITUHU NOTPIOHWIA TeH, i —
BXe uepes AeKifbKa TVXHIB KNITUHU NOYMHATb HOPMasnbHO GyHKLUioHyBaTu. Lle 6yB
nepLUni reHoTepaneBTUYHUI NPOAYKT, CXBaneHUn y 3axigHOMY CBiTi.

3MICT

AKi cyyacHi 3aBgaHHA MeANYHOI reHeTUKN?

MEOWUYHA TEHETUKA - ye po30in eeHemuku /t00UHU, WO 8UBYAE pPOJib CNAO-
KOBUX YUHHUKI8 y pO38UMKY 30X80PI0BAHb. Bypxnuneum po3BuToK MOSIEKYNAPHOI re-
HeTrKK, 6ionorii KNiTUHW, MONEKYNAPHOI 6ioNOril PO3LWMPUB MOXANBOCTI MeANUYHOI
reHeTUKM LWOoAO0 PO3YMiHHA GiOXIMIUHMX Ta MONEKYNApPHO-TeHeTUYHMX npouecis —
OCHOBM CMafikoBUX 3axBoptoBaHb. CyyacHi MefMKO-reHeTUYHi JOCNifKeHHA 0Co6-
NINBO iHTEHCUBHO 3AINCHIOITbCA Ha MONEKYNAPHOMY, KNiITUHHOMY, OpraHiaMmoBOMY,
nonynAuinHO-BMAOBOMY PiBHAX 32 OMOMOrOK TakMX METOAIB, AK LUTOreHeTUUYHUN,
meTog ribpuaunsauii JHK, meToa noniMmepasHUX NaHLIOroBMX peakLii, MOAeNtoBaHHsA
Ta iH.

OCHOBHVMM Cy4YaCHUMW 3aBAAHHAMMN MeAMNYHOT reHeTUKM €:

+  BUABJNIEHHA Ta ONMWC CMaKOBMX 3aXBOPIOBaHb, KiNlbKIiCTb AKMX 36inbLiyeTbeaA. Ha
CbOrofHi Bxe onncaHo 2 200 ayToCOMHO-AOMIHaHTHMX, 1 420 ayTOCOMHO-peLie-
CVIBHUX, 286 34enIeHnX 3i CTaTTio reHHUX Ta 61n3bko 800 XPOMOCOMHUX 3aXBO-
ploBaHb;

«  BW3HAUYEHHA POJi FeHOTUNY N YMHHUKIB CePefoBULLA B PO3BUTKY NOJi2eHHUX
(MynemugpakmopiansHux) 3axe0pro8aHb, AKMMU € ileMiyHa XxBopoba cepus, Ly-
KpoBuii fiabeT, BMpa3koBa xBOpo0Oa, rinepTeHsia Towo;

+  po3wmndpyBaHHA NPUPOAY BENIMKOI KifIbKOCTI CNaIKOBUX 3aXBOPIOBaHb 0O6MiHY
peyoBVH i po3pobneHHA epeKTUBHMX MeToAiB NPodiNnakTMKy N NikyBaHHA (Ha-
npuKnag, HemepeHoCUMICTb NaKTo3u, GEHINKETOHYPIsA);

+  Ni3HaHHA CKNagHOI NPUPOAN CXMAbHOCTI 4O OHKOJMIONYHMX 3aXBOPIOBaHb Ta Me-
XaHi3miB il peani3auii;

+  pO3pOo6MIeHHA JOCNIHMLBKUX NPOrpam N MeTOAVK ANA PO3LUMPEHHA MOXINBO-
CTell MeOUKO-2eHemu4H020 KOHCY/IbMYB8aHHS;

« npodinakTvka Ta BUIIKOBYBaHHA CMajKOBUX XBOPOO 3a AOMOMOrO HOBITHIX
TEXHOJIOTi 3MiHW TeHiB Ta MeTOiB 2eHomepanit.

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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Benuky ponomory y BupilleHHi npobnem meguyHol
reHeTUKN HapalTb nabopaTopHi TBapuHW. Tak, cTBOpe-
HO TUCAYI Pi3HMX NIHIN HOKAYTHUX MULLIEN, KiflbKa COTeHb
3 AKUX CAYTYIOTb MOAENbHUMN O6'€KTaMM ONA BUBYEHHSA
XBOPOO NOANHN. «<HOKayTHa MuLLa» — Lie MyTaHTHI MuLui,
B AKUX BMMKHEHO MeBHi reHu. IHakTusytoun cneundiyHmin
reH y muwi xamdsoi (Mus musculus) Ta pocnigxyoun 3mi-
HY 1T deHoTMNY, AOCAIAHNKA MOXYTb 3pOOUTU BNCHOBKM
wopo dyHKuUii gaHoro reHa. [Micna poswmndpyBaHHA reHOMY
wnopkoesoi xabu (Xenopus tropicalis) BueHi BUABMAn 61m3b-
Ko 80 % reHiB, nofibHKX Ao THX, WO BigNoOBigaloTb y Noau-
HU 32 BUHUKHEHHA CNagKoBUX 3aXBOPoBaHb (is1. 118).

CyyacHa MefMuHa reHeTMKa iHTEHCMBHO PO3LLMPAE
CBOI JOCNIAXKEeHHA B Pi3HUX HanpAMax: BUBYEHHA reHOMY In. 118. Muwa xaTHs
NOANHN, MITOXOHAPiaJIbHA reHeTrKa, IMyHOreHeTnKa, reHe- i Wwnopkosa xaba
TUKa PO3BUTKY, KNiHIYHa reHeTnKa Ta iH. TponiuHa

OTXe, NpegMeToM MeAUYHOI reHEeTUKN € CMAKOBI MreHHi 1 XPOMOCOMHI
XBOpPOOW, Bay PO3BUTKY Ta XBOPOOU 3i CNaAKOBOIO CXUSIbHICTIO B NIOAVHM.

Alk opraHi3oBy€eTbCA MeANKO-TeHETNYHE KOHCYIbTYBaHHA?

Mepaunko-reHeTUYHe KOHCYNbTYBaHHA — Ue npouyec, Nos'a3aHull 3 8UpiueHHAM
npob6nem, wo npuzsoo0ame 00 NoA8U abo puU3UKY NOABU CNAOKOBUX 3AX80PIOBAHb Y pO-
OuHi. Lle cBoepigHa MeanyHa gonomora i Halbinbl po3noBclogkeHa ¢opma npodi-
NAKTUKK CNagKoBUX XBOPOO.

Mepunko-reHeTMYHe KOHCYNbTyBaHHA Aa€ 3MOry
niKapAM He TiNbKW AiarHOCTyBaTu XBOpoOy, a i Ha-
JaBaTu MNaLi€HTaM KOHKpPeTHi pekomeHpauil wogo
nikyBaHHA. 3rigHO 3 OTPUMaHWMWU pe3ynbTaTaMi
niKapi-reHeTUKN MOXXYTb HanpaBAATY NaLi€eHTIB JO
cneuianicTtis By3bkoro npodinto, nosigomnatu im
Npo iCHYBaHHA crneuianbHUX JOCNIAHULbKNX NPO-
rpam (in. 119).

OCHOBHUMW  3aBAAHHAMU  MeANKO-TeHeTuY- In.119. Koncynerauia N
HOrO KOHCYNbTYBaHHA €: 1) BCTAaHOBNEHHA fiarHo3y NIKApKI-TEHETVIKA MONOAIN
CNajKoBOro 3axBOPIOBaHHA; 2) BM3HAYeHHA Tuny rOAPYHIA Nap!
yCnagKyBaHHA 3aXBOPIOBaHHA; 3) PO3paxyHOK CTYMeHA pU3MKy MOBTOPEHHA 3axBO-
PIOBaHHA; TEHETUYHWI PU3KK, WO He nepeBuLye 5 %, PO3LIHIOETbCA AK HU3bKWIA, 4O
20 % - Ak nigBuwWweHnin i noHag 20 % — AK BUCOKNIA; 4) NOACHEHHA 3MiCTY MPOrHO3y;
5) cnocTepexxeHHA i BUABNEHHA rpynu NiABULLEHOrO PU3NKY cepep POAMYiB; 6) no-
WMPEHHA MeAMKO-TEHETUYHNX 3HaHb cepef HaceneHHs.

MepunKko-reHeTYHa KOHCYNbTaLifA CKNAfaEeTbCA 3 YOTMPbOX eTaniB: 0idzHoO3, npo-
2HO03, BUCHOBOK, nopada. Mpu Lbomy HeobXifHMM € BiaBepTe | LOO6PO3MUNMBE CRINKY-
BaHHA JNlikapA-reHeTuKa 3 poANHOIO XBOPOro.

OTXe, opraHi3auia MeguKo-reHeTUYHOrO KOHCY/bTYBaHHA MOB’A3aHe 3
iHPOPMYBaHHAM NIOAUHM NMPO PU3UK PO3BUTKY CMAZKOBOrO 3aXBOPIOBaAHHA,
nepepgavi MOro Hawagkam, a TakoXK MPO AiarHOCTMYHI Ta TepaneBTUYHI Aii.

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 51. CyyacHi 3aBfjaHHA MeNYHOI FeHeTUKM
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AkuMmn € ycnixm Ta nepcneKTMBM reHoTepanii?

leHoTepanis — ye s1iky8aHHA 3aX80PI0BAHb WIIAXOM 3aMiHU 0eheKMHUX 2eHig HOp-
maneHumu. OCHOBOIO reHoTepanii € CYyKYMHiCTb MeToAiB NiKyBaHHA CNagKoBUX, OH-
KONOTIYHNX, AEAKMX BiPYCHUX 3aXBOPIOBAHDb LUAAXOM BHECEHHA 3MiH Yy FreHeTUYHUI
anapart KNiTUH NauieHTIB 3 METOI CMPAMOBaHOI 3MiHW reHHUX AedeKTiB abo HafaHHA
KNiTUHaM HOBUX GYHKL .

MNepwwnm ycnixom reHoTepanii CTaB BUMNAAoK BUIKOBYBAaHHA AUTUHU Bif TAKKOTO
imyHopediuuTy 3a pepmeHTOM apgeHO3UHAe3amiHa3n. 14 BepecHs 1990 p. giBuMHLI
6yno nepecagkeHo BAacHi Nimpountm i3 nonepeaHbO 3MiHEHVIM FEHOMOM. 3rofloM
6ynu 3giicHeHO Yeprosi TpaHcdysii reHeTUUYHO 3MiHeHMX T-niMmdouuTIB i 3aranbHUM
pe3ynbTaToM NliKyBaHHA CTano 3HayHe NONiMWeHHA CTaHy NauieHTKM Ta il HopMarnb-
HWUI CNOCi6 XNUTTA.

Y reHoTepanii BUOKPEMIOTb TaKi BUAM, AK: @) COMaTUYHa reHoTepania — BBe-
[EHHA TeHiB y COMATUYHI KNiTMHM naLieHTa; 6) no3aopraHiamMoBa reHoTepanis — BBe-
[EHHA reHiB y KynbTUBOBAHI KNiITUHM | NepecafKka LUMxX KNiTUH NauieHTaM. 3anexHo Bif
cnocoby BBefeHHA [IHK y reHOM navjieHTa reHoTepania moxke BigbyBaTnCA B KynbTypi
KNiTuH (ex vivo) abo 6e3nocepeHbo B opraHismi (in vivo).

CraHJapTHa cxeMa 3aCTOCYBaHHA reHoTepanii CKNagaeTbCa 3 AeKiNbKOX NOCif0B-
HUX eTaniB: 1) CTBOPEHHSA reHeTUYHOI KOHCTPYKLIT; 2) BUbip BeKTopa Ans [OCTaBKY B
KNiTMHW-MileHi (HaluyacTiwe Le ageHoBipycy, bakTepiodparn); 3) nepeHeceHHs BEKTO-
pa I reHeTUYHOT KOHCTPYKLIi Y KNiTUHM (32 4OMOMOrol0 HAHOYACTUHOK abo ninocom);
4) ouiHIOBaHHA epeKTUBHOCTI NepeHeCceHHA B yMOBaX KITITUHHUX KyNbTyp; 5) ouiHioBaH-
HA epeKTNBHOCTI Ha NabopaTopPHUX TBAPMHaAX; 6) KNiHIYHiI BUNPOOYBaHHA Ha NOAVHI.

HuHi y cBiTi BXXe 6n113bko 400 NpoeKTiB NPOXOAATb KIiHiYHI BUNpoOyBaHHsA, cepes
AKMX MPOEKTU NiKyBaHHA MyKoBicUnzo3y, remodinii, imyHogediuunTis, cepnonogibHo-
KNiTUHHOI aHeMil Towo. OgHUM i3 OCHOBHUX iIHCTPYMEHTIB AN1A CyYaCHUX reHoTepa-
NeBTUYHKX NPOEKTIB € bioTexHonoria peparysaHHA OHK CRISPR/Cas9. s cuctema
pefaryBaHHA reHOMY BUKOPUCTOBYETbCA AN1A BHECEHHA 3MiH Y reHeTUYHWIA anapar,
BMAANEeHHA Yyn pefaryBaHHA MyTaHTHUX reHis. TexHonoria CRISPR-Cas9 BukopucTo-
Bye dbepmeHT-«HOXKHULI» Cas9, wo 3a gonomorot PHK-riga po3nisHae Ta po3pislae
OHKy notpibHOMy Mmicui. 3a fonomoroto i€l cuctemm po3pobnatoTbca TeXHONOrIT Ans
BUAaneHHA BIJ1 3 KNiTWH XUBOro OpraHi3my, NikyBaHHs xBopobu MapKiHCOHa, amaB-
po3y Jlebepa, NyxnnmH MO3KY, paKy KpoBi Ta iH.

OTXe, reHoTepania CTa€ OQHUM i3 HaNBaXNMBILMX IHCTPYMEHTIB
MmeguumHm XXI ctonitra.

RIANBbHICTb

M CamocriiiHa po6oTa 9

Po3B’sAi3yBaHHA BNpaB 3 MeAN4YHOI FeHEeTUKN

BnpaBa 1. Ha cxemi 306paxkeHo pofosig cim’ 3 03- !
HaKO CMBOro macma BonoccA. BusHaute tun ycnagky-
BaHHA L€l 03HaKn i reHotunm oci6: |- 1,11-2,3i4; 11l - 2,

3talvV-1,2. n
BnpaBa 2. OgHa 3 ¢opm wusodpeHii ycnagkosy-

€TbCA AK peLecnBHa O3HaKa. Bu3HauTe MMOBIpHICTb Ha- i

Tema 3. CMAAKOBICTb | MIHJTUBICTb
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POAXKEHHA AUTUHM i3 WN30dpeHi€eto Bif 6aTbKiB, AKi He MaloTb LbOro 3aXBOPIOBAHHA,
AKLLO BifoOMO, Lo 6abyca 3 60Ky baTbKa i Aig 3 60Ky MaTepi Manu Lie 3aXBOPIOBAHHSA.
Bnpaga 3. Y f0avHY FeH, WO CNPUYMHAE OfHY 3 $OPM CMaJKOBOI MyXOHIMOTH,
peLecMBHM BIZHOCHO A0 reHa HOPManbHOro ciyxy. Big Wby rnyxoHiMoi XiHKK 3
YOJIOBIKOM, Y AKOFrO HOPMasNibHUI CAYX, HAPOAMBCA FMYXOHIMUIN XAon4YnK. BusHaute

reHOTUMNW BCiX YeHiB CiMm'.
MpoekT «leHOoTepanisa Ta il nepcnekTuBN»

Po3srnanbTe intocTpauito, nepeknagitb TEKCT i 3anNpPONOHYyNTe NOro MOACHEHHS.
Bukopuctante MmoxnuBocTi IHTepHeTy (Hanpuknag, http://www.livemd.ru/tags/
genoterapija) Ta NiAroTynTe NPOeKT NPo NepcneKkT1BM reHoTepanii.

Ex VivoG Th
.. EX VIVOo Gene erapy
Ex vivo gene therapy is performed with
the genetic alterations of patient's target
§ cells happening outside of the body in a
gene inserted target cells i
o Tl DNA ) oe el culture. Target cells from the patient are
from paticnt infected with a recombinant virus
3 containing the desired therapeutic gene.
These modified cells are then
cells Ii""""‘ reintroduced into the patient's body,
. s where they produce the needed proteins
cultured cells .
SR NGy /ﬁ that correspond to the inserted gene.
genetically-altered ®
virus — )
Inside the body,
the genetically
altered cells
produce the desired
patient's sample proteins e“mde_d
target cells are by the therapeutic
now genetically DNA
altered with
therapeutic gene

g CTABJIEHHS
4 CTABJIEHHA

wﬁ 3aBgaHHA Ha 3icTaBneHHA «Bugn Tepanii»

Tepania — ye KoMnneKkc 3axogdis, cnps-
MOBaHUX Ha YCYHEHHA AKOro-Hebyab
3aXBOPIOBaAHHA, MOJErWeHHA 1Noro cumn-
ToMiB abo BiAHOBMEHHA nMicNA TpPaBMU.
3ictaBTe BMAM Tepanii 3 BignoBigHMMN
UMHHUKaMW JliIKyBaHHA Ta OTpMManTe Tep-
MiH, AKMM MO3HayaTb y MeAnLMHI npoLec
03[0pPOBJIEHHA, BiJHOBNIEHHA 340pPOB'A.
Yum reHoTepania BiAPI3HAETbCA Bif iHLWMX
BMAiB Tepanii?

1 2 3 4 5 6 7

—

AniTepania

A, MeaunuHi n'aBkun

2 TipypoTtepania

A JlikapcbKi pocnnHu

3 ApomoTepanis

I XonogHi  rapaui
KaMeHi

H

QitoTtepania

H 3anaxu netknx
peyoBuH

5 Apt-Tepania

C lMpopyKktn
64XKiNbHULUTBA

6 CroyH-Tepania

LI MucteutBo 11
TBOPYICTb

7 MMenotepanis

A JlikyBanbHi rpasi

PE3YJIbTAT
3aBAaHHA A1 CAMOKOHTPOJIO

1. lo Take megnyHa reHetmka? 2. Lo € npegmetom gocnigXeHb MeAMyHOI reHe-

1-6 Tmkun? 3. LLlo Take MefiKO-reHeTMYHe KOHCYNbTyBaHHA? 4. Ha3BiTb OCHOBHI eTanu
MeNKO-TeHEeTUYHOro KOHCYNbTyBaHHA. 5. LLlo Take reHoTepania? 6. HaBegitb npu-
KNnagm ycnilHUX reHoTepaneBTUUYHNX TEXHOSOTIN.

7_9 7. fIki cyyacHi 3aBgaHHA MeAnYHOT reHeTnKKn? 8. Ik OpraHi3oBY€ETbCA MeANKO-reHe-
TUYHE KOHCYNbTyBaHHA? 9. AKMMM € YCNiXun Ta NepcnekTUBM reHoTepanii?

10-12 | 10. OUiHiTb NepcneKkTBY reHoTepanii.
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OcmaHHi 0ocsazHeHHsA 2eHeMUuKU 0arome Hose pO3yMiHHSA X80pob,
W0 NOYUHAMeCs 8i0 MOJIEKYJIU, AKA KOOYE O3HAKU.
T.I. byxiescoka

§ 52. XBOPOBU CINMAAKOBOI'O NOXOAXEHHA

OCHOBHi NOHATTA 1 KntouoBi TepmiHn: CMAJKOBI XBOPOBW. XBopo6wu i3
CNagKoBoOI CXWIbHiCTIO. Bpog»keHi Bagu.

MpuraganTte! Lo BMBYaE MeanyHa reHeTnKa?

MomipkynTe!

CnapkoBi xBopobu Bigomi 3maBHa. Tak,
apaxHopakTunia («naByyi Manbli») 306paxeHa Ha
KkapTuHi C. boTTivenni «MopTpeT IoHaKa», axoHAPO-
nnasifa («kkapnmMkKoBiCTb») — Ha KapTuHi [1. Benackeca
«[JoH CebacTbAHO aenb Moppa». fKi X 0cobnnBoCTi
Ta MNPUUYUHU LIUX 3aXBOPIOBAHb i YOMY BOHU BUHU-
KaloTb 3HOBY 11 3HOBY?

3MICT

AKi xBopo6U BMBYa€E cyyacHa Mef4Ha reHeTUKa?

CyyacHa MegMnyHa reHeTrKa BMBYA€E pPoJib CMAJKOBOCTI B PO3BUTKY NMaTONMOTiYHNX
CTaHiB ab0 3axBOPIOBaHb. 3aNE€XHO Bifi BHECKY CMAfKOBOCTI 1 YNHHWKIB CEpeoBULLA
yci XBopo6u noginAoTtb Ha: 1) cnadkoei (B3HayanbHa posb CNagkoBocTi); 2) xeopo-
6u i3 cnadkoeoro cxunbHicmMio (PO3BMTOK 3aXBOPIOBAHHA 3YMOBJIEHUIN B3aEMOJIEI0
reHoTuny " cepefosuia); 3) epodxeHi eadu NOOUHU (XBOPOOU, CMPUYMHEH] BHY-
TPILWHIMW UM 30BHILIHIMWN YMHHUKaMMX CePeOBULLA, LLIO BUHMKAIOTb 4O HAPOLAXKEHHA).
3a3HauMMOo, WO MeXa MiX LMK rpyrnamu € fy>ke YyMOoBHot. MpakTuyHO BCi XBOpobu
NIIOAMHN MAloTb reHeTUYHY CKNAAoBY i MEBHOIO MipOI0 3aexaTb Bif 30BHILLHbOrO ce-
peposuwa. locuTb YacTO O3HAKM 3aXBOPIOBaHb € KiHLEBUMYM BapiaHTamMun NposBiB y
HOPMI peakLii HOpManbHNX O3HaK.

CMAJKOBI 3AXBOPKHOBAHHA - cnadkosi po3nadu opzaHiamy, nos’a3aHi 3 no-
DYWEHHAM 2eHemuy4yHo20 anapamy (2eHie, YinicHoCmi XpoMOCOM YU KislbKocmi Xpo-
mocom). CyTo CnafiKoBMMU XBOPOHaMU € 3aXBOPIOBAHHSA, MPUYMHAMY SKUX € 3MiHU
CragKoBOro anapary — reHHi, XpOMOCOMHI Ta FreHOMHIi myTauii. BignosigHo go uboro
BCi CNajikoBi 3aXBOPIOBAHHA NIOANHY MOXHA 06'€AHATU Y ABI FPYNW: 2eHHI Ta XpoMo-
COMHI. 3a NoKani3aui€lo reHiB, AKi CNPUYNHAIOTb PO3BUTOK CNAfKOBMUX 3aXBOPIOBaHb,
X NOAINATb Ha A0epHi Ta MimoxoHOpianbHi. 3a y4acTio reHiB y PO3BUTKY CrMajKo-
BMX 3aXBOPIOBaHb cepef HUX BUOKPEMIIOIOTb MOHO2eHHI Ta noJlieeHHi XBOpOOWU.
MoOHOreHHi 3yMOBJIeHi [li€l0 OQHOO reHa, Wo 3a3HaB MyTaLii, a nosnireHHi (Mynbtrdak-
TOpiarnbHi) — BU3HAYAOTbCA [i€I0 MHOXMHHUWX F€HIB Y KOMMJIEKCi i3 6araTbma YMHHU-
Kamu cepefoBuLla.

XBOpoOU i3 cNafiKoBO CXUNbHICTIO — Y€ 3aX80PIOBAHHSA, 019 PO3BUMKY AKUX
HeobxiOHa 83aemMo0ia BHyMpIiWHiX cna0KOBUX MA 308HIWHIX HECNPUAMIUBUX 8NJ1U8I8
cepedosuwa. [lo ui€i rpynu xBopob HanexaTtb BGifblUicTb 3aXBOPIOBaHb NIOANHN, Ce-
pen AaKnx nogarpa, LykKpoBuia giaber, rinepTeHsis, BUpa3koBa XxBopoba, 6poHxianbHa
acTMa, WusodpeHis, eninencia Ta iH. CNaikoBa CXUNbHICTb 10 XBOPOOYU TaKOX MOXe
MaTW MOHOTFeHHy abo monireHHy npupoay.
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Bpopa:keHi Bagu po3BUTKY — cmiliki cmpykmypHi 4yu Memo6os1i4Hi 3MiHU opaaHis,
IX yacmuH 4u OinAHOK Mind, Wo 8UX00AMb 3a MeXi HoOpMasbHUX 8dpiayili 6yoosu ma
nopyuwytome ix gyHkYii. pUYMHN PO3BUTKY Baf Pi3HOMAHITHI — AK 30BHILLHI, TaK i BHY-
TPiLWHi. HUMM MOXyTb 6yTI MyTalLii, Bik 6aTbKiB, EHAOKPUHHI XBOPOOYU, MOPYyLIEHHA Me-
Taboni3my, a TakoXX €K30reHHi YHHUKN HaBKOJTNLLIHbOTO CePefiOBULLA, O NOPYLLYIOTb
eMbpioHanbHU PO3BUTOK (OKPeMi NiKK, anKkorosb, BipycK). 3anexHo Bif NPUYUH YCi
BPOOPKEHI Baay PO3BUTKY MOAINAIOTL Ha CMAfKOBi, EK30reHHi Ta MynbTUdaKTOpianbHi.
Hanbinbw Baxkkumu € Bagm po3sutky LIHC, cepus, TpaBHOI cnctemu, HAPOK, a Halmno-
LUMPEHILIMMU — PO3LUENIEHHA BEPXHbOI ryou Ta MifiHEBIHHSA, BUBUX CTErHa, KINLLIOHO-
rictb Towo. CnagKoBUMY Bagamu MeTaboniamy € XBOpobu, MOB'A3aHi 3 MOPYLUEHHSM
06MiHy amiHOKMUCNOT (beHinkeToHypiA), Byrnesopis (ranaktosemis), ninigis (xsopoba
Tea — Cakca), HeopraHi4YHMX NOHIB (MyKoBicLnA03). NprKnagom ypoaxeHux Hecnagko-
BVIX Baf, € TaNnigoMiaHuii, CUPiniTMUHMIA, ankorosibHUM i AesKi iHWi CUHAPOMN.

OTXe, cyyacHa MenyHa reHeTrKa BMBYAE XBOPOONMBI cTaHM abo 3axBo-
ploBaHHA, AKi HanyacTiwe NoAinATb Ha CragKkoBi XBOpobu, xBopobu i3
CMaAKOBOI CXWMJIbHICTIO Ta BPOAXKEHI Bagu.

AKi ocHOBHI rpynu Ta 0co6AMBOCTi CNafikoBUX 3aXBOPIOBaHb?

Cepep 3arafibHOi 3aXBOPIOBAHOCTI HAaCeNeHHA cnagKkoBa CTaHOBUTL 15 — 25 %. Ha
CbOrofHi BigomMo 6nm13bko 3 500 cnagKoBKX 3aXBOpPIO-
BaHb i iX KiNibKicTb 3pocTae. CnagKoBi XxBopobu nogina-
I0Tb Ha FEHHi Ta XPOMOCOMHI.

leHHi x8opobu - cnadkosi x8opobu, cnpuyuHe-
Hi 2eHHUMu mymayiamu. Li xBopobu nepepatotbcA
Bifl MOKOJIHHA [0 MOKONiIHHA 6e3 3MiH | MOXyTb OyTK
OOMIHAHTHMMK ayTOCOMHUMU (nonigakTunia), peue-
CUBHVMMMW ayTOCOMHUMU  (anbbiHi3M), peuecMBHUMYN
3yensieHMMN 3 X-XpOMOCOMot (remodinis, pganbTo-
Hi3Mm), 3uenneHnmm 3 Y-xpomocomoro (ixTios). Mneno-
TPOMHOK [i€l0 OJHOro reHa MOACHIETbCA XBOpPOOa
MapdaHa. HalinowmpeHiloto cnagkoBoto NaTosorieto,
LL{O BM3HAYAETbCA FeHaMW, € KOPOMKO30picme (Mionis).
HaykoBUi BCTaHOBUAN, WO CNajKoBa KOPOTKO30pPICTb
HaaBHa y 30 % npeAcTaBHUKIB €BPOMEOIAHOI pacy i
Bpaxae€ fo 80 % ypoaxeHuis Asii (i1.120).

Mionia

XpomocomHi xeopobu - Ue cnafkoBi XBOpobOW,  In. 120. OCHOBHOK NPUUNHOIO
CMPVYMHEHI XPOMOCOMHUMM Ta FEHOMHUMM MyTa-  Mionii € BufoBXeHa popma

uiamu. CnifbHUM ANA BCiX XPOMOCOMHUX XBOPO6 € ouHoro Abnyka

MHOXWHHI ypaMeHHA 1 CTiKa CYKYyNHICTb CUMNTOMIB, O Ha3NBAETbCA CUHAPOMOM.
XpomocomHi myTauii 34e6ifblworo cnpuYrHALTb TAXKKI aHOManii, HeCyMiCHi 3 XunT-
TAaMm (Hanpuknag, dinagenbdiicbka XpOMOCoMa, CUHLPOM «KOTAYOr0 KpUKy» (46,5-)),
TOMY B3arasi He ycnafgkoByTbcA. [Tprknagamy reHOMHUX MyTauin € cuHapom [JayHa
(47, 214), cnHppom Matay (47,13+), cuHppom EpBappca (47,18+), cuHppom TepHepa
(45,X0), cuHapom KnanHdenbrepa (KnacnuHuin kKapiotun 47, XXY) Ta iH. Hannowwupe-
HiLLOI0 XPOMOCOMHO XBOPObOIo € cuHOpOoMm JlayHd, o BM3HAYAETbCA NMOABOI Tpe-
TbOI 3aBOI Xpomocomu 3a 21 napoto (Tprucomia 21). YactoTa 3axBOpioBaHHA cepef
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HOBOHapoAXeHux ctaHoBUTb 1 : 700. CniBBiAHOLIEHHA XBOPUX XNOMUMKIB i 4iBYaTOK
popisHioe 1: 1. YacToTa 3aXBOPIOBaHHA JiTel i3 cuHApOoMOM [layHa 3aneXuTb Bif BiKy
matepi. llicna 35 pokiB CyTTEBO 3pOCTaE YacTOTa HAPOAXKEHHA JiTen i3 CUHOPOMOM
[ayHa, a y Biui 45 pokiB BOHa cTaHOBUTb Bxe 1:12.

OT>Ke, OCHOBHUMY FpynamMy CMagKoBUX 3aXBOPKBaHb € FE€HHi Ta XPOMO-
COMHi XBOPO6U, NPMUYNHAMM SIKUX € FEHHi, XPOMOCOMHI Ta reHOMHi MyTalLlil.

Aknmn € 3axoaun npodinakTMKM cnagKkoBmx XBopo6 nognHmn?

MpodinakTuka cnagKkoBmx NATOMOFIA MOXe Oy TN MepBMHHO, BTOPVHHOIO Ta Tpe-
TUHHOIO.

lMepsuHHa npoghinakmuka nepepbavae nonepen KeHHA 3a4aTTa XBOPOI ANTUHM,
AKe 3abe3neuyloTb MNaHYBaHHAM HapOMXKEHHA AiTell Ta NOJMIMNWEHHAM >KUTTEBOFO
cepenoBuLLa NIOAVHN.

MnaHyBaHHA HapPOMXKEHHSA AiTel 3[iNCHIOTb 33 TaKMU MPUHLMNAMK: OOPaHHSA
ONTUMaNbHOro PENPOAYKTUBHOIO BiKY, AKUIN ANA XKIHOK CTaHOBUTb 21 — 35 poKiB; Haj-
TO paHHi abo Mi3Hi BariTHOCTI 36iNbLIYIOTb PU3UK HAPOLXKEHHA OUTUHM i3 BPOLXKEHOHO
NaToJIOri€lo; BiAMOBA Bifj AITOHAPOAPKEHHA Y BUMAAKaX BUCOKOro pM3NKY CnagKkoBoil
4K BPOAXKEHOT NaTosIOrii; BigMOBa Bif HiTOPOAIHHSA B 6N1M3bKOCNOpigHEHNX Witobax.

BmopuHHy npoginakmuky 3[iCHIOIOTb LASXOM MPUNUHEHHA BariTHOCTI B pasi
BUCOKOI BipOrifHOCTi 3axBOPIOBaHHA Nnoay. Mloro moxHa NpoBoanTY TiflbKK y Bigno-
BiiHi TePMiHM Ta 3a 3rofo10 XiHKW. 3BNYANHO, MPUNMNHEHHA BariTHOCTI — He HalKpalle
pilleHHs, ane nuile BOHO MOXJMBE 3a OiNbLIOCTI TAXKKNX reHeTUYHKX JedeKTiB.

TpemuHHa npoghinakmuka nonarae B KOpeKLii BUABY aHOManbHMX FreHiB, ocobnu-
BO ycnilwHa B pa3i xBopob 3i cnagkoBO CXWibHIcTO. 3a il JONOMOrol MoXHa Ao-
CArHY TV MOBHOI HOpMani3auii abo 3HVXXeHHs CTyneHsA BUABY NATONONYHOro npouecy.
3LiNCHIOITb TPETUHHY NPOQINAKTUKY fK 4O HAPOLXKEHHS (HanpuKnag, pesyc-Hecy-
MiCHiCTb, rafiakTo3emif), Tak i nicna HapoaXeHHA (GeHinKeToHypiA, rinoTnpeos).

OcCHOBOI CyyacHOI MpodinakTUKM CnagkoBOi MaTOJNOrii € TeopeTuyHi 3aca-
AV TeHeTUKM NIANHW Ta MeAnLUNHK, AKi AalTb 3MOry YCBIAOMUTN: 1) MONEKyNApHY
npupoay CnagkoBKX 3aXBOPIOBaHb 1 MEXaHI3MU TX PO3BUTKY; 2) 3aKOHOMIpHOCTi 30e-
PEeXeHHA MyTauin y Cim'aX Ta nonynauiax; 3) MexaHiamu BUHUKHEHHA MyTalii y 3a-
POOKOBUX | COMATUYHUX KNITUHAX.

Otxe, AnA 3anobiraHHA CNafikoB/M 3aXBOPIOBAHHAM iCHYIOTb
3aX0AMN MEePBUHHOI, BTOPUHHOI N TPETUHHOT NPOdIiNaKkTUKN.
)4 mAanbHicTb

CamocrTiiiHa po6oTa 10

3acTocyBaHHA 3HaHb
Bnpaga 1. [lo akoro Tmny myTadil (A — reHHi, b - XpOMOCOMHi, B - reHOMHi) Hane-
»aTb Taki xBopobu: 1) cuHapom [ayHa; 2) cuHapom MNaTtay; 3) KOPpOTKO30piCTb; 4) anb-
6iHi3M; 5) CUHOPOM «KOTAYOTO KpUKY»; 6) cuHapom EfBapaca; 7) «pinagenbdincbka»
XPOMOCOMa; 8) MyKOBICLINA03.
BnpaBa 2. Y nogvHn fanbToHI3M (MOPYLUEHHA KONiPHOro 30py) KOAYETbCA pe-
LleCMBHMM reHOM, JTOKasi3oBaHNM y X-XPOMOCOMi. YONOBIK 3 HOPManbHUM KOSTiPHUM
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30POM OfPYXKUBCA 3 FeTepPO3MTroTHOIO 3a LIiE€I0 03HAKOI0 XiHKO. AKa MMOBIPHICTb Ha-
POAXKEHHA B Wi CiM'T fiTen 3 fanbTOHI3MOM?

BnpaBa 3*. Y nioanHu remodinis — peLecnsHa, 34enieHa 3 X-xpoMoCoOMOIo 03-
Haka. Anb6iHi3M (BifCYTHICTb nirmMeHTaUil) 3yMOBNEHMIA ayTOCOMHUM peLeCUBHUM
reHoMm. B ogHin poawvHi, e 4YonoBik Ta XiHKa HOpPMafbHO MirMeHTOBaHi Ta MaloTb
HOpMaJsibHe 3CilaHHA KPOBIi, HAPOAMBCA CMH 3 060Ma aHOManiAMM. YKaxiTb reHoTMNu
6aTbKiB. fIkolo MOXe Oy T NMOBIPHICTb NPOABY 060X aHOManin y Apyroro cuHa? AKot
MO>Ke ByTM IMOBIPHICTb HAPOAXKEHHA HACTYMHOMO Pa3y AiBYUNHKN 3 HOPMasbHOIO Mir-
MEHTaL i€l Ta HOPManbHMUM 3CiJaHHAM KpPOBi?

Bionoria + CycninbctBo. [litn CoHuA

[itok i3 cnHgpomom [layHa yacTo HasmBaloTb MDKHAPOZHWIA AEHb NIOAUHU

«gitbMn CoHusa». Y 2006 p. 6yno Bm3HaueHo Bce- 3 CUHAPOMOM AAYHA
CBITHI [eHb Noge i3 cuHapomom [ayHa, wWo fp'éigrﬂﬁ',";22::?2:3.??’::%"2?;3’#2""”&
. . o o cel eIHI.I.IHMM_. \
BiAmiualoTb 21 GepesHa. B ueit AeHb npuitHaTo LRSS 0‘9///

ofAraty 6arato KOJIbOPOBUX LUKAPMETOK, KpaBa-  [Hensas i ;e

7 . . norNsAamMm iHWKuX ‘
TOK, NOB’A3YBaTN KONbOPOBI XyCTUHM Ta LWani ana
Toro, wob BiguyTw, Wo Take 6yTM iHWUMK. Ha ga-
HUIN MOMEHT € BENMKa npobsiema B CYCniNbCTBi, IKe He 3aBXAU roTOBe CNPUAMATL
«iHWMx». Yomy giten i3 cuHgpomom [layHa HasmBaoTb «4iTbMy COHUA» | YUM BOHM
BifPi3HAIOTbCA Bif iHWNX giTen?

Q CTABJIEHHA
» IS
ﬂﬁ bionoris + PenpogyktueHa meaununHa. KputnyHi nepiogn possuTky niogei

Lle we oavH NposiB TONEPAHTHOCTI,
SIKMI Ay)Xe HeoGXiAHMI HaLIOMY CyCcninbCTBY!

Mig yac BariTHOCTI B NIOAUHN BUOKPEMIIOIOTb
nesHi nepiogu, konu GopmMyBaHHA OpraHiB i cmctem
nnopy BifbyBa€TbCA HAMOINbLL IHTEHCUBHO, | BiH OCO-
6/11MBO YUY TNUBUI A0 Al 30BHILLHIX YAHHUKIB, TAKMX K
XiMiyHi (Hanpwknag, Tanigomig, ankorosb, HiIKOTKH),
6ionoriyHi (Hanpuknag, Bipyc Kipy um KpacHyxwu),
oisnyuHi (Hanpwknag, pagiadia). Mepiogn embpiore-
He3y, ANA AKX XapaKTepHa nigBuLieHa YyTauBiCTb
[0 BMNAMBY MOLWKOAXKYBANbHUX YNHHWKIB, HAa31BalOTb KPUTUUYHUMK nepiogamu. Konu
CrNoCTepiralTbCsa KPUTUYHI Nepioan embpioreHesy B nognHn? O6rpyHTYNTe CyIKEHH:A
OO BMMBY WKIAIMBYX YNHHMKIB Ha GOPMYBaHHA CNafKOBMX Baf PO3BUTKY.

PE3YJIbTAT

3aBAaHHA A4/1A CAMOKOHTPOJIO
1. Ha3BiTb OCHOBHIi rpynu XBopoo6, WWo iX BUBYAE MeMyHa reHeTuka. 2. Lo Take
cnapkosi xBopobu? 3. Ha3Bitb ABi rpynu cnajkoBux 3axBoptoBaHb. 4. HaBepgiTb
npuknag cnagkoBux 3axBoproBaHb. 5. AKi MyTaLii € nprunHolo cnagkosux xBopo6?
6. LLlo Take KpUTUYHI Nepioamn 3apofKOBOro Po3BUTKY?

7. ki xBOpOOU BMBYAE CyyacHa MeanyHa reHeTuka? 8. Ha3BiTb OCHOBHI rpynu Ta
7-9 |0cobnmnBOCTi CNagKoBMX 3axBOploBaHb. 9. AKUMK € 3axofu NpodinakTukn 1 Aia-
FHOCTVIKM CNafKoBUX XBOPOO NOANHN?

10. O6rpyHTYIMTe CyAXXEHHS LWOAO BMIMBY WKIANMBUX UMHHMKIB Ha GOpMyBaHHA
CMafiKoOBWX Baj PO3BUTKY.

10-12
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Y3aranbHeHHA Temu 3. CMAAKOBICTb | MIHJIUBICTb

Ta6nuua 6. TUNU YCNAOAKYBAHHA

A. 3anexHo Big nokarnisauii reHis

flnepHe ycnagKyBaHHSA

YcnapKyBaHHA 3a yyacTi reHiB, po3TalloBaHKX y XpOMOCOMax Afpa
eyKapioTiB UM HyKJieoiga NPOKapioTiB

LlutonnasmatmyHe YcnagKyBaHHA O3HaK, FeHU AKMX PO3TallOBaHi B CTPYKTYpax LNUTO-
ycnagkyBaHHA nnasmu (MiTOXOHAPIN, NnacTug, nnasmig)

AyTocomHe YcnapKyBaHHA 3a yyacTi reHiB ayTocoM. BuokpemnioloTb ayTocom-
ycnagkyBaHHA HO-AOMIHaHTHWI Ta @y TOCOMHO-PELIeCUBHUI TUMW YCNaAKyBaHHA
3yenneHe YcnagKyBaHHA, WO 34iNCHIOETbCA 3@ YYacCTi reHiB, pO3TallOBaHMX B
ycnagKkyBaHHA OfiHiN XPOMOCOMI

3yenneHe 3i cTaTTIO
ycnaakyBaHHA

YcnagKyBaHHA 3a yuacTi reHiB cTaTeBMX XPOMOCOM. BrokpemniooTb
X-3uenneHnn (GOMiIHAHTHWI i peLecnBHU), Y-34enieHnin Tunm
ycnaaKyBaHHsA

b. 3aneHo Bif KinbKOCTi reHiB, 10 BU3Ha4aloTb NeBHY 03HaKy

MoHoreHHe

Tun ycnagKyBaHHA, 3a AKOTO CrnagkoBa O3HaKa KOHTPOJIIETbCA
OAHUM reHOM

[MonireHHe

yCI'Iap,KyBaHHﬂ, 3a AKOro O3Haka KOHTPOJETbCA OeKinlbkoMa reHamm

B. 3ane)Ho Bif NposABYy O3HaK y reTeposmnror

YcnagkyBaHHA 3 MOB-
HM AOMiHYBaHHAM

YcnagkyBaHHSA, 32 AKOrO OAVH i3 anesibHUX reHiB MOBHICTIO NPUTHi-
Yy€ NPOAB iHLWOrO, BHAC/IAOK YOro y reTepo3nroTHMX opraHiamis
BUABNAETLCA NIMLLE OJUH NPOAB O3HaKW (Hanpurknag, 3abapBneHHs
i dopmuy HaCiHHA ropoxy)

YcnapgKyBaHHA 3
HEerNoOBHNM AOMiHYBaH-
HAM

YcnaaKyBaHHSA, 3a AKOro JOMIHaHTHI afneni nnLle YacTKOBO NnepeBaXxa-
I0Tb Ha[ peLeCcMBHUMM, HACTILKOM YOro € NOABa NPOMIPKHOrO MPOABY
03HaKu (Hanpuknag, cnagkyBaHHA Gopmy BOIOCCA Y IOANHN)

Ta6bnuya 7. OCHOBHI 3BAKOHOMIPHOCTI
CMAAKOBOCTI 1 MIHIMBOCTI OPTAHI3MIB

HasBa

®opmynioBaHHA

3aKoH AOMiHYBaHHA
(I 3akKoH MeHpens)

Mpw MOHOTiIGpPUAHOMY CXpeLLyBaHHi 6aTbKiBCbKUX OCOBVH, L0
BiAPI3HAIOTbCA NPOABaMM OfHIEl O3HaKM, Y MOTOMCTBI criocTe-
piraloTbca nuile JOMiHaHTHI NPOABKN O3HaKMW, i YCi Halaakn
6yayTb OAHOMaHITHUMM AK 338 FEHOTUMOM, TaK i 38 GeHOTUNOM

3aKOoH po3LuiensieHHA
(Il 3akoH MeHpens)

Mpw MmoHoribpraHOMy cxpellyBaHHi ABOX ribpuais nepuuo-
ro MOKONIHHA, AKi € reTepo3nroTamu, y noTomMcTBi crnocTe-
piraloTbcs po3iennieHHs 3a ¢eHoTmnom 3 : 1 i 3a reHoTuH-
nom1:2:1.

3aKOH He3aneXHoro
ycnagKyBaHHA 03HaK
(Il 3akoH MeHpgens)

KoxHa napa O3HaK yCnagKoBY€ETbCA HE3aJTIEXKHO Bif iHLWINX
O3HaK

3aKOH YMCTOTU rameT

Mig yac yTBOpeHHA CTaTeBMX KIITUH Y KOXHY rameTy noTtpan-
NAE Nie OAMNH anesb 3 KOXKHOI Mapu anefibHUX reHis

3aKOH 3yenneHoro
ycnapgKyBaHHA
(3akoH MopraHa)

3uenneHi reHu, AKi noKanizoBaHi B OAHI1 XPOMOCOMi, yCNagKo-
BYIOTbCA Pa3oM i He BUABNAIOTb He3aeXXHOro po3noginy

3aKOH roMoJIOriYHNX
pAagiB y cnagKosin
MiHAMBOCTI

(3akoH BaBunoga)

leHeTMYHO 6NM3bKi BUAM Ta POAY XapaKTepu3yoTbca NogibHu-
MW pAAaMN CNagKoBOi MIHAMBOCTI 3 TaKOK NPaBUIIbHICTIO, LLO
BMBUMBLLY PAS GOPM Y MeXKax OAHOro BUAY Yn poay, MOXHa
nepeab6baunTn HaaBHICTb GOPM i3 NOAIOHMMY NOEQHAHHAMM
03HaK y Mexax 6nu3bK1x BUAIB UM POSIB.
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CamMOKOHTpPOJb 3HaHb

Tect 4. CMTAAKOBICTb TA MIHJIUBICTb
I. 3aBpaHHA 3 BUGOPOM NpaBuNbHOI BigNoBiAi (no 1 6any 3a KOXHY NpagusibHy
8i0N08IOb)
1. CxpeulyBaHHA, 3a AKOro 6aTbKiBCbKi 0COOUHU PISHATHCA Pi3HMMM CTaHaMK [1BOX
03HaK, Ha3nBa€ETbCA

A MOHOTI6pMAHUM B TpuribpugHnm
B guribprngHnm I TeTparibpngHum
2. YKaxiTb 00'eKT gocnigkeHHaA T. X. MopraHa.
A myxa-gpo3odina B mopcbKa cBMHKa
B ropox nocisHum I rybka-6opsara
3. CyKynHicTb ycix 0cobuH nonynauii Ha3MBa€eTbCA
A reHodoHOM B reHoTMnom
b peHoTMMOM I 6ioTonom

4. MeTof BUBYEHHA YCNafKyBaHHA O3HaK, WO NOMATAE B CXPeLlyBaHHi OpraHiamis,
AKi PI3HATbCA NEBHUMM CTaHaMW O3HaK, Ha3MBa€ETbCA
A GioximiuHUM B reHeanoriyHum
b ribpugonoriyHum I ynTOreHeTUYHUM
5. Mogaundikauii — ue
A cnapKoBi 3MiHWN reHeTUYHOro MaTtepiany B BikoBi 3MiHW reHOTUMY

b peakuii Ha 3MiHy ymOB cepefoBuLia I HecnagkoBi 3MiHW reHoTUNY

6. YKaxiTb ponb MyTaUin ana esontoLii.
A npucTtocyBaHHA [0 yMOB CEPefOBULLA B camoBpoCKOHaneHHA opraHiamis
B 36inbLIeHHS MiIHNNBOCTI I 3MeHLWweHHA MiIHNNBOCTI

7. YKaxiTb po3LienneHHs 3a GeHOTUNOM Npu MOHOTIOPUAHOMY CXpellyBaHHi reTe-
PO3UrOTHUX BaTbKIBCbKNX OCOOVH.
A3:1 B1:1
b1:2:1 ro:3:3:1
8. KpocuHrosep - ue
A OOMiH AiNnAHKAMMN rOMOJTOTIYHUX XPOMOCOM
b 06MiH AinsAHKamMn HEroMOMOTIYHNX XPOMOCOM
B 0o6MmiH ginAHkamu aytocom
I 3AnTTA XPpOMOCOM

0
9. [lo xiMiYHMX MyTareHiB BigHOCATb 5
. I
A Bipycn b remnepatypy E
B ynbtpadionetosi npomeHi I ankanoig konxiumH g
- . . . . 2
10. Y rapbysa 6inuii Konip NNoAie AOMiHYE Haf XOBTUM. BusHaute Konip y F, npu z
cxpeLlyBaHHi FOMO3UTOTHUX OCOOUH 3 BiIMM | )KOBTVM KOJIbOpPaMU. S
A yci 6ini B yci xoBTi 5
B 50 % - 6ini, 50 % — xoBTi T 75 % — 6ini, 50 % — »KOBTIi
11. CkinbKun anenbHWX reHis, WO BM3HavaloTb rpynu Kposi cuctemu ABO, € B 3pinin
cTaTeBin KNiTUHI NioguHn?
A1 b2 B3 r4 A6
12. I3 3anpoOnNOHOBAHMX NOHATb YKaXiTb OfHe, 3a/Be 32 3HAaUYEHHAM.
A reHHi myTauil B xpomocomHi myTauii
B comatunyHi myTauii I reHoMHI myTauii 219
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Tema 4. PEMNPOAYKLIA
TA PO3BUTOK

HeckiHueHicmb cKiHUeH020, 6e3cmepms CMepmHoe2o.
OcHosu cucmemHor 6ionoaii
H. I. OkonimeHko, []. M. [pod3uHcbkul

§ 53. PENPOAYKLUIA AK MEXAHI3M 3ABE3MNEYEHHA
BE3MNEPEPBHOCTI ICHYBAHHA BUAIB

OCHOBHi NOHATTA 1 Knto4voBi TepmiHn: PO3MHOKEHHA (PEMPOAYKLLIA).
HecrateBe po3mHOKeHHA. CTaTeBe pO3MHOMXEHHH.

MpuraganTte! Lo Take po3MHOXeHHA?

MomipkynTe!

PO3FJ'IF|HbTe IJ'IIOCTpaLlII Ta 3anpon0Hy|/|Te NOACHEHHA.

M”%@E G
»w@@@ //a!

@.) f'

3MICT

Alk 3a6e3neuyeTbca 6e3nepepBHiCTb iCHyBaHHA BUAIB Y Yaci?
PO3MHOKEHHA, a6o PEMPOAYKLIA (Big nat. re- — npedikc, o 03Hayae 380-
poTHy abo NOBTOPHY fAito, i produco — cTBOPIOID), — 8i0meopeHHA cobi NodibHUX, Wo €
0CHOB0I0 be3nepep8HOCMI icHy8aHHA 8UQY. 3AATHICTb PO3MHOXKYBATUCh NPUTaMaHHa
BCiM >KMBMM OpraHiamam, i peanisyeTbca LA YHiBepcasbHa BAaCTUBICTb XMBOrO Ha
KOXKHOMY 3 PiBHiB OpraHisauil.
Ha monekynapHomy piBHi cnagkoBa iHpopMaLlisi BIATBOPIOETbCA 3aBAAKM NpoLiecy
penpogykuii JHK, wo Ha3nBaeTbcAa pennikalieto. 3 ogHiel monekynu IHK yTBoptotoTh-
cA ABi pouipHi. BinbyBaeTbca npouec camonoaBoeHHa [HK nepep noginom KnituH.

Ha kniTuHHOMY piBHi BifOyBaeTbCA penpoayKLUia KNITWH LWAAXOM MiTO3Y 1 Melio3y
3 YTBOPEHHAM HecTaTeBUX aunnoigHmxabo =< =
CTaTeBUX ranioigHUX OOYipHiX KNiTWUH, AKi
6epyTb y4acTb y penpoayKLii opraHismis.
Ha opraHiamoBomy piBHi penpoayKLiio
XMBUX iCTOT 3abe3neuvyioTb [ABi OCHOBHI
bopMUN PO3MHOXKEHHA — HecTaTeBe 1 CTa-
TeBe. [InA 3[iINCHEHHA PO3MHOMXEHHA Yy
6araToKNiTMHHUX OPraHi3miB iCHYTb pe-

Tema 4. PENMPOAYKLIA TA PO3BUTOK

i > In. 121. CuHin kKT | prba-micalb — TBAPUHU
NPOAYKTUBHI CNCTEMIU OPraHIB. 3 Pi3HMY CTPATETIAMU PO3MHOXKEHHS
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Ha nonynauinHo-BngoBOMYy piBHi BiATBOPEHHA BMAIB NOB’A3aHe 3i cTpaTeriamm
po3MHoXeHHsA. Lli 4Bi ronoBHi cTpaTerii Bigomi Ak K-cTpateris (BigTBOpeHHA He3Hau-
HOT KiNnbKOCTi Hawapkis) i R-cTpateria (penpopykuia BeNUKOI KinbKOCTi HalagKis).
K-cTpaterom y TBapuHHOMY CBITi €, HanNpuKnag, cuHit kum (Balaenoptera musculus) —
Halnbinblia TBAapMHA Ha 3eMili, CaMKU AKX HapPOAKYIOTb OfHE MajnsA B [Ba POKMU
Bnpofosx 40 -45 pokiB XWUTTA. «<HansmnpgatHilwmm R-cTpaterom» TBapmHHOIO CBITY €
puba-micaue (Mola mola) — Halbinblia 3a Macoto Bifoma KicTkoBa puba i Hannogoui-
Wwa pmba y cBiTi (0AHa camka Moxe BiaknagaTty fo 300 MAH iKpUHOK) (is. 1217).

OTXe, penpoayKLif € HEOAMIHHOIO YMOBOIO
icHyBaHHA BGioforiYHMX CcUCTEM Y Yaci.

AKi oco6nnBoCTi HecTtaTeBOi GOPMU PO3MHOMKEHHA?

HecTtateBe po3MHOXKeHHsA — ye 8i0maopeHHA cobi nodibHUX 3a y4acmi Hecmame-
8ux KnimuH. NepeBaroto TaKoro PO3MHOMEHHSA Y TBAPUH € Te, Lo BOHO BiiOYBaETbCA
6e3 3aTpaT eHeprii Ha MOLWYKN NapTHepa NPOTUNIEXHOT cTaTi. BogHouac HecTaTeBe
PO3MHOXEHHsI Ma€ N CYTTEBUI HefoNiK — NoAibHiCTb HawagKiB. AKLWO cepenoBuLle
iCHYBaHHs OpraHi3amiB 3 HECTaTEBUM PO3MHOMXEHHAM 3MiHUTbLCA, TO NOAIOHMM opra-
Hi3MaM OQHOrO BMAY 3 OAHAKOBMMY MPUCTOCYBAHHAMM 3arpoKye 3arnbenb. Yepes e
HecTaTeBa GOPMaA PO3MHOXKEHHS XapaKTepHa ANA HUXKYMX OPraHi3MiB i BiOyBa€eTbCA
TORI, KON B HaBKOJINLLHbOMY CepefloBULLi € CNPUATANBI YMOBU.

OCHOBHMMU cNocobamuy HeCTaTeBOrO PO3MHOMEHHSA € MO HaBnin, CnopoyTBO-
peHHs, GparmeHTauia Ta 6pYHbKYBaHHS.

Modin Haenin — cnocié po3MHOXEHHA B OAHOKNITUHHUX, 3@ AKOTO 3 OAHi€i MaTe-
PUHCBKOT KNITVHM YTBOPIOKTbCA [Bi OYiPHI, NPUYOMY yABiudi APiOHiLLi, KOXKHa 3 AKMX
[la€e HOBUWIA CaMOCTINHMIA opraHiam (Hanpuknag, y 6akTtepiin, apxen, ame6, iHby3opiit).

MHOXUHHUU NOOiN (WU3020HisA) — CNOCIO PO3MHOXEHHA OQHOKIITUHHUX, 3@ AKOTrO
3 OHIi€l MAaTePUHCBKOI KNITUHM YTBOPIETLCA 6araTo fouipHix. Takumin cnocib HecTaTe-
BOrO PO3MHOEHHA CNOCTePiraeTbCA y CMOPOBUKIB, MPeACTaBHUKOM AKKX € Nia3mo-
i ManapinHnM.

bpyHbKY8AHHA — CNOCIO PO3MHOMEHHS, 33 AKOrO Ha KNiTWHI (HanpuKknag, y apix-
OxiB) abo Tini (Hanpwuknag, y rybok, rigp, KopanoBux noninis) GpopmMyeTbcs OPyHb-
Ka-KniTMHa yn 6pyHbKa-0araToKNITUHHUIA YTBIp, WO 3rofloM BifOKPEeMIIETbCS abo
3a/IMLWAETHCA HA BCE XKUTTA.

CnopoymeopeHHsa — Cnoci6 PO3MHOXEHHS, WO 3[iNCHIOETbCA 3a YyYacTi cnop, Lo
bopmyloTbca BcepevHi OAHOKNITUHHMX OpraHi3miB (Hanprknag, xnopenu, xnamigo-
MOHaau) abo B crewianizoBaHUX opraHax 6araToKNITUHHUX OpraHi3MiB (Hanpuknag, y
BULLUX CMOPOBUX POC/INH)

OpazmeHmayis — cnocié PO3MHOXEHHS, 3@ AKOro Tiflo 6araToKNITMHHOI TBapUHU
LinUTbCA NonepeyYHNM NOAINOM Ha 6araTo YaCTVH, KOXKHa 3 AKX POCTe 1 yTBOPIOE HO-
BUI OpraHi3m. Y Taknii Cnocié MoxyTb PO3MHOXYBaTUCA HATYACTI 3eNeHi BOJOPOCTI,
6araToLLeTVHKOBI YepBY, MOPCbKi 3ipKMu.

BezemamugHe po3MHOXeHHS — CNOCiO PO3MHOMXEHHS, WO 3AiNCHI0ETbCA baraTo-
KNITUHHUMI YacTUHaMW, AKi BiJOKPEMIOITLCA Bifl MaTepPUHCbKOro opraHismy. Moro
OCHOBY CTAHOBUTb fABULLE pereHepadil. s popma po3mHOKeHHA Halbinbw xapak-
TepHa ANA KBITKOBUX POC/IUH.

OTXe, HecTaTeBe PO3MHOMKEHHS OOMEXKYE PiI3HOMAHITHICTb O3HAK Y HOBUX

0CO6OWH, ane MoXe 3a KOPOTKUI CNpUATIMBUIA Nepiof 3a6e3neuynTtu WBnA-
Ke YTBOPEHHA BeNNKOI KiNIbKOCTi HawaakiB 3 nofibHMMY 03HaKamu. 221

§ 53. PenpogyKuisa sik MexaHi3m 3ab6e3neyeHHs 6e3nepepBHOCTI iCHYBaHHS BULIB
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flke 3HaYEeHHA CTaTeBOro PO3MHOXXEHHA B Npupoai?

CraTeBe pO3MHOMEHHSA — 8i0meopeHHs cobi NodibHUX 3a yuacmi cmamesux KJii-
muH. Li KNiTMHM MicTATb ranioigHnin Habip XPOMOCOM, OCKINbKM Y CTaTeEBOMY PO3-
MHOeHHi 6epyTb yyacTb ABi 6aTbKiBCbKi 0COO6UHN. O60B'A3KOBOI YMOBOI CTaTEBOrO
PO3MHOXEHHA € 3yCTpiy raMeT i IXHE 3AUTTA — 3anifHEHHA, WO CYyNnpPOBOOXKYETbCA
YTBOPEHHSAM MOBHOTIO 1 HEOOXiAHOrO ANiA PO3BUTKY HOBOFO OpraHiamMy AUMIOIAHOrO
Habopy XxpoMocom. lameTu, Lo iX YyTBOPIOE YONIOBiYa 0COOMHA, Ha3UBATbCSA Crepma-
TO300HaMK (cnepmisiMun), a XKiHOUi ramMeTn — ANLEKNITUHAMMW.

OCHOBHMMMK Crocobamim CTaTeBOro PO3MHOXKEHHSA € MoJlieMOpioHiA, napTeHore-
He3, PO3AiNbHOCTATEBICTb Ta repmadpPoOaANTI3M.

[MoniembpioHia — npoLec po3BUTKY KiIbKOX 3apOAKIB 3 OfHi€l 3annigHeHol anle-
KniTuHW. MoniemOpioHiAa foCUTb MoLWMpPeHa cepep Pi3HMX Fpyn TBAPUH (BillyacTmx
i KinbuacTux yepBiB, iHOAI UNEHMUCTOHOrMX, pMb, NTaxiB, ccaBuUiB). K CTane ABULE
noniemopioHia NpuTaMaHHa AeAKMM KOMaxam (Hanpuknag, i3guam) i ccaBuam (Ha-
npuknag, 6poHeHocuAm). NoniemMbpioHia TpannAeTbCcA TaKoX y pocnvH. Mpu ubomy
B OAHI HaCiHWHI PO3BUBAETLCA KiNbKa 3apOAKiB (TioNbnaHwy, Ninia, natarTa, CyHuUi
Towo). logaTKoBi 3apOoAKM B HACIHVMHI MOXYTb PO3BMBATUCA He TiNbKK i3 3annigHeHOl
ANLEKNITUHK, a 11 3 IHLWWX KNiTUH HaciHWHK 6e3 3annigHeHHs.

[MapmeHozeHe3 — cNoCi6 PO3MHOXEHHS, 3@ SIKOrO PO3BUTOK HOBOFO OpraHiamy
30iNCHIOETbCA i3 He3anigHeHOI ANLEKNITUHN. 3a NnapTeHoreHesy AOYipHi opraHiamm
MaloTb iAEHTUYHUIN 3 MAaTEPUHCbKMM Habip cnagkoBoi iHpopmauii i po3BMBaOTbCA
y BUAIB, OCOOUHN SKMX PIAKO 3ycCTpivaloTbCsa MiX coboto. MNputamaHHmii 6araTtbom
pocnvHam (KBiTKOBUM) i 6e3XpebeTHM TBaprHaMm (nonenvusam, nasovyHnKam, Kono-
BEePTKaM, esK/M BUaM LBipKYHIB, METENMKIB Ta OC), a TaKOX AesKNM XpebeTHUM
(pnbam, amodibism, sAwipkam). MapTeHoreHes Moxe 6yTW rannoigHUM (Hanpuknag, y
MeLOHOCHOT 6K0nKn) 1 AUNAOIAHUM (HanpuKnag, y nonenvub), pakyabmamusHUmM
(Heobos'azkosuM) (Mypaxu) Ta obnieamHum (0608’A3k08uM) (KaBKa3bKa CKeJibHa
Awipka). NMapTeHoreHes WYPOKO PO3MOBCIOAXKEHN TAKOXK Y POC/IVH, HabyBatouu pis-
Hux dopM. Hanpurknag, napTeHokapnis y 6aHaHiB abo LUTPYCOBUIX.

Yonogiui # XiHOUYi raMeT MOXyTb YTBOPIOBATUCA B O4HOMY OpraHi3mi abo B op-
raHi3amiB pi3HOT CTaTi, TOMY 3a UM KpUTEPIEM BUOKPEMITIOIOTb TaKi CMocobu po3mHo-
YKEHHS, SIK PO3AiNbHOCTATEBICTb 1 repMadpPoOaNTH3M.

Po30inbHocmamegicme — cnocib cTaTeBOro PO3MHOXKEHHS, 38 AKOro CrepmMaTo30-
OHV YTBOPIOKOTbCA B YONOBIYOMY OpraHi3mi, ANLEKNITUHY — B XXiHOYOMY (Hanpuknag,
Y UNIEHUCTOHOTMX, XpebeTHuXx). MowrnpeHe Le ABKLle i cepel KBITKOBUX POCIIVH, Y
AKUX PO3PI3HAIOTb OQHO- Ta ABOAOMHI POC/INHN.

lepmagpodumusm — cnocid CTaTeBOro PO3MHOXKEHHS, 32 AKOrO YOJIOBiUi Ta KiHO-
yi rameTn PO3BMBaOTbCA B OJHOMY OpraHi3mi (Hanpuknag, niocKi Ta ManoLeTVHKOBI
yepBwu, N'ABKM). Taknin CNOCi6 3MeHLLYE 3aTpaTu eHepril Ha NOLWYK NapTHepPa, NigBULLYE
MMOBIPHICTb 3anNULIMTL HaWAAKIB Y OPraHismis, WO BedyTb MNPUKPINAeHUNn, napasun-
TUYHUIA, MaNOPYXUBUIA, FMMOOKOBOAHMIA CMOCI6 XUTTA. Y repmadpoamnTiB iCHYOTb Me-
XaHi3muK, siKi 3arMobiraloTb camo3ansifgHeHH. Y TBapUH Lie HeEOJHOYaCHe [J03piBaHHA
YONOBIUMX i XKIHOUMX rameT, MeBHI 0CO6NMBOCTI 6YAOBU CTAaTEBOI CUCTEMU. Y POCIINH —
ofHOCTaTeBi KBiTKM (y 080- Ta 00HOOOMHUX pOC/IUH), PO3TaLLyBaHHA TUYMHOK | MaTOYOK
Ha Pi3HMX PiBHAX 32 JONOMOTrOK CTOBMUMKIB Pi3HOI AOBXKIMHYU (2emepocmunis), HeOAHO-
YyacHe [03piBaHHA TMUMHOK | MaTOUYOK B OfHIl KBITLi (Ouxo2amis) Ta iH.

Tema 4. PENMPOAYKLIA TA PO3BUTOK

OTXe, cTaTeBe PO3MHOXXEHHS MA€E NepeBary Haj HeCcTaTeBMM, OCKiNIbK/ HOBI
0COOMHY yCMaAKoOBYIOTb O3HaKn 060X 6ATbKIBCbKMX OCOOVIH i TOMY MaloTb
m MOX/MBICTb KpaLle NMPUCTOCOBYBATUCA 4O HABKOJIMLIHbOIO CepeoBuLa.
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AIANbHICTb

CamocTiiiHa po6oTa 3 Tabnuueto

MopiBHANTE O3HaKN HeCTaTeBOro M CTaTEBOrO PO3MHOXEHHA Ta cPopmyntonTe
BMCHOBOK MPO IXHI0 posib y 3abe3neyeHHi 6e3nepepBHOCTI iCHyBaHHA BULIB.
Ta6nuusa. MOPIBHAJIbHA XAPAKTEPUCTUKA ®OPM PO3MHOEHHA
OPTAHI3MIB

O3Haka HecTtaTeBe po3mHOXeHHsA | CTaTeBe PO3MHOMEHHA
Mogin kniTnH
YuacTb KNiTuH
Habip xpomocom y KniTnHax
[xepesno MiHNMBOCTI
YyacTb 6aTbKiBCbKMX OCOOUH
|QeHTUYHICTb HawaaKiB
OCHOBHi CNOCO6U PO3MHOXEHHS
bionoriuHe 3HaYeHHA

Bionoria + PocauHn. Unkn BigTBOpeHHA CNOPOBUX POCAVH

Mpuragante UMKN BiATBOPEHHA NanopoTein Ta Has-
BiTb NOro CTaail. ke 3HaYeHHA Ma€ HaABHICTb Y IXHbOMY
LMKAI NOKOMiHb, WO PO3MHOXYITbCA HecTaTeBo (cro-
poodita) Ta ctateBo (rametodita)? OUuiHiITL NepeBaru
HecTaTeBOl Ta CTaTeBOI penpoaykuii y npupogi. Yomy
6araTo BMUAiB POC/INH MOEAHYIOTb Y CBOEMY LMK Bifl-
TBOPEHHA HecTaTeBe 11 CTaTeBe PO3MHOMKEHHA?

CTABJIEHHA

Bionoria + Mucreurso. Penpoaykuis

MopiBHANTe penpopykKuii KapTuH «CoHAWHUKM» Knoga MoHe, BaH lora i Mapii
MpuiAMayeHKo i3 NPUPOLHMM COHAXOM — pe3ynbTaTom GionoriyHoi penpogykuii. Lo
€ CNiNbHOTO 1 BIAMIHHOIO MiX Xy OXKHbOIO 1 BionoriuHot penpoayKuien?

P

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. LLlo Take penpopaykuia? 2. Ha akmx piBHAX BiAbyBaeTbcA penpoaykKuia 6ionoriu-
Hux Buais? 3. Lo Take HecTaTteBe PO3MHOXeHHA? 4. Ha3BiTb OCHOBHI ¢popmMM He-
CTaTeBOro Po3MHOXeHHsA. 5. LLlo Take cTaTeBe po3MHOXKeHHA? 6. Ha3BiTb OCHOBHI
bOpPMU CTAaTEBOTO PO3MHOMKEHHS.
7. Ak 3abe3neuyeTbcsa 6e3nepepBHICTb iCHyBaHHA BMAIB y yaci? 8. Aki ocobnnso-
7-9 | cTi HecTaTeBOi GOPMU PO3MHOXKEHHA? 9. flke 3HAYEHHA CTAaTEBOr0 PO3MHOMEHHA
B npupogi?
10-12 | 10. [MopiBHANTe HecTaTeBe Ta CTaTeBE PO3MHOMEHHS.

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 53. PenpopyKuia sik MexaHi3m 3abe3neueHHs 6e3nepepBHOCTI iCHYBaHHSA BUAIB
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lMpupoda He nuwe OUBOBUXHILIA, AHIX MU 1T ya8/18€MO, —
80HA OUBOBUXHIWA, AHIX MU MOXeMO cobi yasumu.
Jx. XonoeliH

§ 54. OCOBJINBOCTI PETEHEPALIIT OPTAHI3MY JIIOAUNHWU

OcHOBHi NOHATTA 1 Knio4oBi Tepminn: PEFTEHEPALIA. DisionoriuHa pere-
Hepauis. PenapaTtviBHa pereHepadis.
MpurapanTe! Lo Take pereHepalia?

X Momipkyiite!

lyOGKM 33 CBOEID 3[aTHICTIO A0 pereHepalii ne-
peBepLyoTb YCi Bifomi 6araToKNiTUHHI TBapuHHI opra-
Hi3mu. [poBeaeHi [ocnign Nokasanu, Wo HaBiTb NPOTePTi
Kpi3b CUTO OKpeMi KNiTuHW ryboK 3aaTHi y Boai 36upatu-
CA B CKYMUYEHHs 1 yTBOPIOBATM MOBHOLHHI 0COOUHMU. AKa
BIACTUBICTb »KNBOTO € OCHOBOIO Lii€i 30aTHOCTI?

3MICT

AKi mexaHi3mun pereHepauii?

PETEHEPALLIA (Big nat. regeneration — BiAHOBNEHHSA) — ye npoyecu 8iOHOB/IeHHSA
Op2aHi3MOM ympayeHuUx abo NOWKOOXeHUX YACMUH, a MAKoX 8i0meopeHHA UinicHo-
20 Op2aHi3My 3 negHoi tio2o YyacmuHu. TepMiH «pereHepadis» 3anponoHysaBy 1712 p.
dpaHuy3bkun yuenmin P. Peomiop (1683-1757), sknin BMBYAB pereHepawito KiHLiBOK
pPiYKOBOro paka.

PereHepalin € 3aranbHo6ioNoOriYHUM ABKMLLEM i BigOyBa€TbCA Ha yCix piBHAX Op-
raHisauii >kMBMx iCTOT B yCix opraHiamiB. Ha monekynapHomy pieHi Bin6yBaioTbcA
BiZIHOBNEHHA MONEKY, CUHTE3 PErynaTOpHUX BiNKiB (HanpuKnag, KeNnoHiB, WO ranb-
MYIOTb MiTO3), JiANbHICTb reHiB pereHepadii Towo (Hanpuknag, y BiAHOBMIEHHI XBO-
CTa y AWipKK 3agiaHo 326 reHiB). Ha knimuHHOMY pieHi 3[icHIOETbCA pereHepalis
BHYTPILUHbOKNITUHHOI Ta KNITUHHOT dopmu. [1na 8HympiwHboKNiMuHHOT pezeHepayil
XapaKTePHUM € BiHOBNIEHHS YaCTVH KNiTUHW, OpraHen abo IXHiX KOMMOHEHTIB, 36ib-
LIEHHA KiNbKOCTI KNiTWH abo iX po3mipis. KnimuHHa pezeHepayis, TO6TO BifHOBNEHHA
BTPayeHnx abo MOLKOAKEHUX KIITWH, 3AINCHIOETbCS 3aBAAKM MITO3Y i amiTo3y. Npu
LibOMY HayacTille 3aMiHIoITbCA KNITUHK Tina (Hanprknag, 3a y4acTi NPOMIPKHUX Ki-
TUH Y TY6OK 1 KNLIKOBOMOPOMHUHHWX), KNITUHW MOLWWKOZXEHOT TKaHUHM Y opraHa
(HanpurKknag, 3a yyacTi CTOBOYpPOBMX KNITUH) ab0 CTUMYIOETLCA MOAIN KNITUH, Lo 30e-
pernuca (Hanpuknag, 3a y4yacTi YMHHKKIB pOCTy).

Ha mkanuHHOMY pieHi pereHepalif BnacT1Ba TKaHWHaM yCixX TUMIB, ane HarBuLla
3AaTHICTb 4O CAMOOHOBJIEHHA MPUTAMaHHa Y POCAVH TBIPHUM TKaHUHaM, y TBapUH —
eniTenianbHUM i cnonyyHUM. Y BUNafKy Nos8Hoi pezeHepayii BinbyBa€eTbCA BiAHOBNEH-
HA TKaHWHW, NOAIGHOT A0 BTpayeHOoi (HanpuKnag, pereHepawia cnm3oBoi 060M0HKN
KULWEeYHUKY), @ Y BUNagKy HenosHoi pezeHepayii — Ha MiCLi NOLKOAXEHOT TKaHNHW
YTBOPIOETbCA iHLWA (HanpuKnag, y pasi NoWKoAXeHHS enigepmicy Wwkipy GopmyeTbca
CMONYYHOTKAHVHHUI pybeLb).

Ha pieHi opaaHie 31aTHICTb 1O pereHepauii He 3HMKNA, a Habyna ¢opmu (BHY-
TPILWHbOKAITMHHOI @60 KNITUHHOI), WO BiANOBIAa€ iXHiN cneuianizauii. OTxe, BCi TKa-
224 HWUHW 1 OpraHu MatoTb 34aTHICTb 4O pereHepauii, pisHUMM € nuwe ii popmu.

Tema 4. PENMPOAYKLIA TA PO3BUTOK
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Ha opeaHizmoeomy pieHi pereHepauis, Hanpuknag, € OCHOBOIO IXHbOro HecTa-
TEBOIO PO3MHOXEHHSA. TaK, y OeroHin 3 NMCTKOBOro XuBLUA GOPMYy€eETbCA LiNiCHNIA
OopraHism.

OTXe, 3gaTHICTb A0 pereHepalii € dyHOaMeHTaNbHO BNACTUBICTIO YCiX
OpraHi3miB i BifOYBa€TbCA Ha BCiX PiBHAX IXHbOI OpraHi3adii Ta BCix eTanax
IXHbOrO PO3BUTKY — Bif 3apOAKiB A0 HAaNCTapiWMX NpefaCcTaBHUKIB nonynaLil.

AKi BUAN Ta 3HaUEeHHA pereHepauii?

OCHOBHUMW BUAaMu pereHepadii € ¢pisionoriyHa Ta penapaTuBHa.

DisionoriuHa pereHepalis — ye npoyec 8iOHOB/IEHHA (YYHKUIOHYIOUUX CMPYK-
myp opaaHiamy (opaaHen, KJimuH, MKaHuUH, opzaHis). BoHa € npoasom Takoi dyHAa-
MEeHTaNbHOI BNACTUBOCTI XUBOFO, AK CaMOOHOBJNIEHHA. 3aBAAKWU Ui pereHepauii
3abe3neuyoTbCA CTanicTb CKMay BHYTPIWHbOrO cepefoBULLa Ta HOPMasbHa »KUT-
TeRiANbHICTb. Mprknagamu ¢isionoriuHoi pereHepalii € BifHOBNEHHA eniTenito cnu-
30BMX OOONOHOK, POTiBKN OKa, KNITUH KPOBIi, HEMPOHIB, KICTKOBOrO MO3KY, MeYiHK/
TowWo. Y 6araTbox TKaHMHAX iCHYIOTb CrelianbHi KambianbHi KiMuUHU, WO NOCTIiHO
NMOMNOBHIOTb HEOOXIAHWNI CKNag KNiTUH. Hanpuknag, HepBoBa TKaHMHA MICTUTb Hell-
pobnacTtu, KicTKoBa — 0CTe06/1acTu, XPALWOBa — XOHAPOONACTU, KiICTKOBUN MO30OK —
CTOBOYpPOBI KNiTMHW. Y M'A30BMX TKaHWHAX HELOAaBHO BiAKPUTO KNiTUHU-CATENiTH,
O MOXYTb 3aHYpPIOBaTUCA BCEPeAMHY M'A30BMX BOJIOKOH i MepeTBOPKOBaTUCA Ha
Anpa abo capkonnasmy. IHTEHCUBHICTb BIAHOBNEHHA B AiNAHKAaX, WO MICTATb Kam-
GianbHi KNITUHK, € fyXe BenrKot. Tak, LMNiHAPWUYHNIA eniTeNil TOHKOTo KULLEYHUKY
BIJHOBJNIOETbCA Uepe3 KOXHi 2—-3 fobu, KNiTMHW POriBKM OKa pereHepyoTbca yepes
KOXHUX 7-10 ai6, eputpoumtn — 100-120 gi6.

PenapaTuBHa pereHepaLjisi — npoyec 8i0HO8/IEHHA NOWKOOXEHUX CMpyKmyp op-
2aHi3My (opaaHes, KJIIMUH, MKAHUH, op2aHis). Llen B pereHepauii po3roptaeTbCca Ha
NigrpyHTi dpizionorivyHoi, TO6TO Ha OCHOBI TX CAMMX MEXAHI3MIB, i BiA3HAYaETbCA NnLe
6inbLIOI0 IHTEHCKBHICTIO NPOABIB. Yepes Te penapaTUBHY pereHepaLitlo po3rnagaiTb
AK HOPMasNibHY peakLilo OpraHiaMy Ha YLWKOAMXEHHS, WO XapaKTepu3yeTbCA Pi3KNM
nocuneHHaM Gi3ioNoriyHrX MexaHi3miB BigTBOPeHHA cneundiuHnx cTpykTyp (in. 122).

§ 54. OcobnMBOCTi pereHepallii opraHiamy NAMHA

/%

d@ &

CToB6YpoBi Bnacrema i
KNiTUHN o A

3ary6neHa (TRTECVR LR \ MosBa KicTok
KiHUiBKa p Y Y B s N Ta TKaHNH

In. 122. MexaHi3m penapaTMBHOI pereHepaLii BTpaYeHoi KiHLIBKM Y JIMYNHKN
ambicTomn — akconoTna 225
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Y GionoriyHoMy acnekTi pereHepauifa € MPUCTOCYyBanbHUM npouecom, chop-
MOBaHVM Y XOAi eBonoLil, AKNA NPUTaMaHHUI YCbOMY >KMBOMY i CMPAMOBaHWIA Ha
BiHOBNIEHHA CTPYKTYpU Ta PyHKLil TKaHNHW. 3HAUEHHA pereHepaLii nonAarae B Ma-
TepianbHOMy 3a6e3neyeHHi 20Meocmasy Ha Pi3HMX PIBHAX CTPYKTYPHOI opraHisauil.
PereHepauia 3abe3neuye 8i0HO8/1eHHA BTpayeHUX abo YLWKOMAKEHUX CMPYyKmMyp op-
raHiamy ab6o uinoro opraHismy. Kpim Toro, 3aBgaku pereHepalii opraHiam BigHOBIOE
BTPAYeHi y npoueci XUTTEQIANbHOCTI KNITUHW N TKaHWHW (HanpukKnag, OHOBNEHHA
KNITUH KPOBI, WKipK, eniTenito TpaBHOro KaHany). Y BOAOPOCTEN 1 3eNeHNX POCVH
pereHepadin € 0CHOB0I 8e2eMamuBHO20 PO3MHOXEHHS.

OTXe, pereHepauis — npouec BigHOBNEHHA
GYHKUIOHYIOUMX 1 NOLWKOMXKEHUX CTPYKTYP,
a TaKoX 3[iNCHEHHA PO3MHOXYBaNIbHOT QYHKLT.

AKi YMHHMKN BNAIMBalOTb Ha NpoLecn pereHepadii B opraHismi niooguHn?
BrBueHHA npoueciB pereHepadii 4ano 3MOry BCTaHOBUTM, WO pereHepawia no-

OibHa fo embpioreHesy. TinbKy B pasi embpioreHe3y opraHu yTBOPIOIOTHCA BREpLLE,

a B pasi pereHepadii — Bgpyre. CnagkoBa OCHOBa UMX npoueciB ogHakosa. [1ig vac

pereHepadii gitloTb Ti cami MexaHi3Mu, BHacNiAOK AKUX BifOyBaeTbCA aKTMBaLia TUX

reHis, Wo 6ynu akTUBHI B eMOpioHanbHOMY nepiogi. PereHepaluito BapTo po3rnaga-

TV AK NOBTOPHWI PO3BUTOK, Y AKOMY FONIOBHY POJib BifirpaloTb HenporymopanbHa

perynauia, iMyHONOTiYHi YNHHUKM N QYHKLiOHaNbHe HaBaHTaXKeHHS, WO CTUMYJIIOE

BifHOB/IOBaNbHUI Npouec.

Mpouec pereHepalii y NOANHN 3aNeXNTb Bif LiNOT HU3KWM eHAOreHHNX | eK30reH-
HUX YMHHUKIB, AKNMW BU3HAYAIOTbCA IHTEHCMBHICTb PO3BUTKY i KiHLUEBUI pe3ynbrat
npouecy. Hanbinbw BaroMrMy YMHHUKaMM, WO BIJIMBAKOTb Ha NpoLec pereHepaldii,
€ TaKi.

1. Bik.Y nignitkoBomy i1 loHaLbKOMY BiLli npoLecy pereHepalii BifOyBaTbCs iHTEH-
CUBHiLe i 6inbL JOCKOHANO, HiXK Y NiTHIX a0 Ntofen cTapeyoro BiKy.

2. XapuyBaHHsA 1 06MiH. BucHaxeHHA, HegoigaHHA, rino- abo aBiTamiHo3KM (ocobnu-
8o AediunT BiTamiHiB C i D) iCTOTHO 3aTPUMYIOTb 1 YNOBINIbHIOWTb pereHepaLiHi
npowecu.

3. TopMmoHanbHuI ¢oH. MopyeHHs GyHKLIOHYBAaHHA 3a103 BHYTPILLHbOI ceKkpeLil
(0co6nMBO HagHUPHMKIB, FiNOQi3a, CTaTeBMX 3aJ103) 3MEHLUYE WBUAKICTb NpoLe-
CiB pereHepaui.

4. CraH KpOBOTBOPEHHA 11 KpoB0oobiry. HasBHICTb aHeMil € JoBefeHO Y NpaKTuLi
03HaKOI0 3HUXKEHHA pereHepauiiHOl 34aTHOCTI OpraHiamy.

5. CTaH ueHTpanbHOT HEPBOBOT cMcTeMU. [OCTPi abO XPOHiUHI CTpecn nocnabnwTb
npowecu pereHepadil.

MoXnnBoCTi 3aCTOCyBaHHA pereHepauii 4na NikyBaHHA NIOAUHN BUBYAE pe2eHe-
pamusHa meduyuHa. Hain6inblu BaroMmmx pesynbTaTiB JOCATHYTO B CTOMATONOFI, fi-
KyBaHHsA 0ONNCIHHA, OYHNX, HEPBOBUX, CEPLIEBO-CYANHHIUX XBOPOO.

Tema 4. PENMPOAYKLIA TA PO3BUTOK

OTXe, BUBYEHHA Npobnem pereHepalii BifKpUBA€E NEPCMEKTMBN
Ni3HaHHA 3aKOHOMiPHOCTEN, YMOB, MeXaHi3MiB MpoLeciB BigHOBEHHA
i po3po6eHHA MeToAiB BMIMBY Ha HUX.
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BIAJIbHICTb

CamocrTiiiHa po6oTa 3 Tabnuueto

MopiBHsAlTe BUAKW pereHepadii i cbopmyniolite BUCHOBOK NPO 3arasibHi I BigMiHHI

0co6MBOCTI.
Ta6nuua. MOPIBHAJIbHA XAPAKTEPUCTUKA BUAIB PETEHEPALLIT
O3Haka QisionoriyHa pereHepauin PenapaTtuBHa pereHepatiis

BusHaueHHA
3HayeHHsA
IHTEHCUBHICTb
Mpuknagn

bionoria + MegnunHa. PereHepauif KicTKOBOI TKAHUHWN

MNMowkKopXeHa KiCTKOBa TKaHWHA MOXe 3a3HaTW HU3KWU CTagi penapaTMBHOMO
npouecy 1 BiAHOBUTU CBOI aHAaTOMiuHy dopMmy, CTPYKTYpYy i dyHKUiOHanbHy npu-
JaTHicTb. Y npoueci BigHOBMEHHA KiCTKOBOT TKaHMHU BifiOYBalOTbCA CKMAAHI 3MiHN,
O 3anexaTb Bif KPOBOMOCTaUYaHHA KiCTKK, BiKy NIOANHM, 3araJibHOro CTaHy opra-
Hi3My. Ha3BiTb OCHOBHI cTafii i NOACHITb, AK BiAOYBAETHCA 3POLUEHHA KiCTOK MicnA
nepenomy.

flBuwe pereHepauii Bigome noasam 3 rMO0KOT AaBHUHM i
BifobpaxeHo B 6araTbox midax abo kaskax. Hatak Ha BigHOB-
NEHHSA OpraHy €, Hanpuknag, y rpelbkomMy Midi npo MNpometes.
Konwu BiH 6yB NpuKyTWiA [0 CKeni 3a BUKPAAEHHA BOTHIO, LO-
[eHHO open B1iAaB NeviHKYy, i LWoAeHHO BOHa BigHOBIOBanacs.
MNigTBEepaKeHHAM TOMY € 1 OAWH i3 noaBurie [epakna — noeau-
HOK 3 NlepHEeNCbKOIo rigpoto. A AsKMM € 0COBNNBOCTI pereHepa-
Liii B OpraHismi toAnvHM NOPIBHAHO 3 FiAPOIo MPiCHOBOAHO0?

PE3YJIbTAT

§ 54. Ocob6MBOCTI pereHepaLii opraHiamMy IIOAVHN

3aBAaHHA AN CAMOKOHTPOJIO
1. Lo Take pereHepauia? 2. Ha3gitb ABi dopmm pereHepadii 3. Lo Take disiono-
1-6 |riuHa pereHepauia? 4. HaBeaiTb npuknagu ¢isionoriyHoi pereHepadii. 5. Lo Take
penapaTtmBHa pereHepauia? 6. HaBefitb nprknagm penapaTtmBHOi pereHepadii.
7. AKi mexaHi3amun pereHepauii? 8. ki BUAN Ta 3HaUeHHA pereHepauii? 9. AKi YNHHK-
KW pereHepaLii BNAMBaloTb Ha NPOLeCH B OpraHi3mi noguHn?
10-12 | 10. Ha KOHKpeTHOMY NnpurKnagi NOACHITb 3HaYeHHA pereHepadii. 277
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KoxHa ntoduHa - ye icmopis, wjo 8iopizHAEMbCA 8i0 6yO0b-AKOI iIHWOT.
A. Kappeno

§ 55. TPAHCIJIAHTAUIA TKAHWUH TA OPTAHIB Y NIOANHIA

OcHOBHi NOHATTA 11 KMovoBi TepmiHn: TPAHCIJIAHTALIA. TpaHcnnaHTo-
noria.

MpuraganTte! Lo Take TKaHWHW 11 opraHn?

3Hanomrecsa!

HaykoBy TpaHcnnaHTONOri0 3ano4YaTkyBaB MeTOf, Cy-
OVUHHKX WBIB, AKUIA po3pobus y 1902 p. dpaHLy3bKuMin Xipypr
Anekcic Kappeno (1873-1944). Llein meTop yMOXNBUB TPaHC-
nnaHTauito opraHiB i3 36epexeHHAM KpoBoobiry. HaykoseLb
CTaB 3aCHOBHMKOM eKCnepuMeHTanbHOT TPaHCNIaHTaLil XUTTe-
BO BaXJIMBUX OpraHiB i oTprmas HobeniBcbKy npemito 3 ¢isio-
norii i megnuuHm (1912). A wo Take TpaHcnnaHTauia?

3MICT

AKi pocArHeHHA cyyacHOi TpaHCMIaHTONOTi?

TPAHCIUJTAHTALIA (Big naT. transplantatio — nepecag»KyBaHHs) — ye 3amiujeH-
HA NOWKOOXeHUX 4u 8i0CYmHiX MKAHUH abo opedHi8 87ACHUMU MKAHUHAMU a6o
MKAHUHAaMu U op2aHamu, wo ix 83amo 8i0 iHwo20 opedHiamy. MNepecapKy opraHis
i TKAHWH Ha3MBalOTb TPAHCMNAHTALIEID, @ HAYKY, WO 3aMA€ETbCA BMBYEHHAM LIbOro
npotecy, — TpaHcnnaHtonorielo. [JinAHKa opraHa, Wo nepecagKyTb, Ha3UBAETbCA
TpaHcnnaHTatom. OpraHism, Bifl AKOro ofep»KyTb MaTepian Ana TpaHCnaHTauii, Ha-
3MBAETbCA JOHOPOM; OPraHi3M, AKOMY nepecaXyoTb TPAHCMIAHTAT, — PeLUNIEHTOM
(in. 123).

Mepuwy y cBiTi TpaHCMNaHTaLUilO HAPKK Bif, NMOMepPOl NIOAUHN 3[4iNCHUB YKpPaiH-
cbkuin nikap 0. 0. BopoHuin (1895-1961). Binbynacsa ua nogia 3 keitHA 1933 p.

Mepecapka opraHis i TKaHVH MOXe BiOYBaTMCA B MeXax TOF0 CaMoro opraHiamy
(asmompaHcnnaHmayis), Mixxk opraHiamamu ogHoro Buay (asompadcniaaimayis) abo
Mi>K OpraHiamamu pisHUX BUAiB (KCeHOMpaHcnaanmauis).

Y KRiHIYHIA npakTuLi HalbiNbLIOro NOLWNPEHHA 5
Habyrna nepecagka TKaHUH i YaCTUH OpraHiB, Hanpu- A
Knag m'A3iB, CYXOXWNOK, LWKipK, KiCTKOBOI, XpALO- ‘D
BOI i KMPOBOI TKaHVH, CYAUH, HEPBOBUX CTOBOYPIB,
KiCTKOBOro MO3Ky, neuiHku, cepua. Ocobnusum Bu-
[JOM TpaHCnnaHTaLil € nepennBaHHA KPOBI, 3a AKOTO f
BPaXOBYIOTbCA rpyna KpoBi i pe3yc-bakTop foHOPa
i peunnieHTa. B opTanbmonorii WWMpoko BUKOPUCTO-
BYIOTb NnepecajKy pOoriBku OKa 3a MeTofoM, po3po-
6neHum akagemikom B. 1. OinatoBum (1875-1956). 3
yncna OpraHis, WO X TPAHCMAHTYIOTb, HanyacTiwe
34iNcHI0TL nepecagKy Hupku. O6Haginnuei pe-
3yNbTaT OTPUMAHO B pasi TpaHchnaHTauil WKipw,
€HOOKPUHHMX 325103, 30KpeMa AE€YHMKIB, AEYOK, K- In. 123. OpraHm nioANHN —
228 TOMOAIOGHOI Ta BMIOYKOBOI 3a/103. TpaHCnnaHTaTh

Tema 4. PENMPOAYKLIA TA PO3BUTOK
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OTXe, ycnixu cyyacHoi Xipyprii galoTb 3MOry 34iMCHATX TEXHIYHO nepecaa-
Ky HaBaXKNMBILUNX OAA XKUTTERIANBHOCTI TKAHVMH Ta OpPraHis.

AK1M € ronoBHe 3aBAaHHA Cy4YacCHOI TpaHcnaHTonorii ?

TpaHcnnaHTonoria - po3gin MeauLUMHK, WO BUBYAE Nepecaky TKaHMH, OpraHis
a60 X WTYYHMX 3aMiHHUKIB. LLlopiuHO B CBITi 3giicHI0ETECA 6M3bKo 100 THC. Nepeca-
[OK OpraHiB (HMPOK, cepua, NeyiHKKM, NigWwnyHKOBOI 3251031, JIereHb).

BBefieHHA B opraHi3am uyopigHux 6inKiB, He BNACTUBUX AaHil OCOOUHI, BUKIIN-
Kae iIMyHHi peakuii, cnpAMOBaHi Ha 3HULLEHHA YyXKOpiAHOro 6Ginka i 36epexeHHnA
CTanocTi BnacHoro 6inkoBoro cknagy. BiaToprHeHHA TpaHcnnaHTaTta BigbyBaeTbCA
yepes aHTUreHHy BiAMIHHICTb NOro Bifl aHTUreHiB peumnieHTa. Peakuia BigTOPrHeHHA
TpaHCMNIaHTaTa 3yMoB/eHa aHTUTIamK. Y LibOMy NofArae TpaHCcnnaHTauinHum iMmyHi-
TeT — HafiMHWI 3aXUCT OpraHi3my Bif uy>kopifHux 6inkis. byab-Akuin opraHiam npar-
He 1o 36epeXKeHHs iIMyHONOTiYHOro roMeocTasy, TO6TO CTanoCTi AHTUTEHHOTO CKNagy
TKaHWH. Yepe3 me no0os1aHHA iMyHO/I02i4HO20 6ap'epa HECYMiCHOCMi MKAHUH — HAU-
CK/Ia0Hiwa npobaema mpaHcniaHmosnoeil.

MpoTe iHOAI opraHi3am MoXKe CPUNMaTI YyXKi aHTUTeHN AK
CBOT BNacHi 11 He BUPOOGNATU NPOTU HUX aHTUTIN. Take ABMLLE
Ha3BaHe iMyHOJI02iYHOO mosiepaHmMHicmio, TO6TO TonepaHT-
HICTIO OOHOrO OpraHi3amy AO aHTWreHiB iHWoro. fiBvue imy-
HOJOriYHOI TonepaHTHOCTI 6yno BigKpuTe B 1953 p. UeCbKuMm
embpionorom M. Mawekom i aHrnicbkum 3oonorom M. Mega-
Bapom (in. 124). MpoBefeHi HUMN eKCnepruMeHTX MoKasanu:
AKLWO Ha eMOpPiOHaNIbHOMY eTani PO3BMTKY BBECTU B OpraHiam
yyKopigHi 6inku (@HTUreHw), To Hagani BXe JOPOCi TBAPUHU
CNPUNMaTUMYTb iX AIK CBOI BNlacHi. OpraHiam 6yae fo HUX Tofie-  In. 124. M. Mepasap
paHTHUM. JocnigkeHHa M. laweka i 1. MegaBapa nigreepannn (1915-1987)
rinotesy O. bepHeTa (1949) Npo Te, WO CTBOPEHHA iIMYHONOriYHOro roMeocTasy Bif-
OyBa€eTbCA B paHHi Nepiofl PO3BUTKY OpraHiamy, Konuv 3aknafaerbca i dopmyeTbcsa
nimdoigHa TKaHMHa.

[na noponaHHA TKAHUHHOI HECYMICHOCTI Nif Yac TpaHcnaHTauil BUKOPUCTOBY-
t0Tb pPi3Hi MeTogu. [lo cneumnoivuHUX METOAIB HaneXaTb: a) A006ip AoHOpPa 1 pelunieHTa
3a TKaHWHHOW CYMICHICTIO; 6) ranbMyBaHHA TPaHCNNaHTaLiNnHOrO iMyHiTeTYy (Hanpu-
Knag, 3aCTOCYyBaHHA LMKIOCMOPWHY UM iHWNX NpenapaTiB Ana npodinakTnkmy peakuii
BiATOPrHeHHsA); B) GOpMyBaHHA TONEPaAHTHOCTI B peunnieHTa 1O aHTUIeHiB JoHopa.
HecneundiuHi meToam AiloTb Ha iIMyHHY CMCTeMY BCbOrO OpraHiamy. BoHU ranbmyioTb
He TiNbKW TpaHCNNaHTauinHuin, a i iHbeKUinHmiA iMyHiTeT. Liboro gocaratoTb pisHO-
MaHITHUMM 3acob6amu: raibMyBaHHAM aKTUBHOCTI iMyHHOT CUCTEMW, OMPOMIHEHHSM,
BBEAEHHAM crieLiaibHOI CMPOBAaTKM, FOPMOHIB Ta iH. [poTe HanBa)knMBilLe 3aBAaHHA
CYYaCHOI iMyHONOTii — He MPOCTO 3arafibMyBaTW IMYHITeT, a 3arafibMyBaTu caMe TpaH-
cnnaHTauinHnmn imyHiteT, 36epirwmn GyHKUio 3ax1CTy opraHiamy Bif iHbeKLin.

OTXe, roIoBHMM 3aBAAHHAM TPAHCMIAHTONOTIT € MOAOMAHHA
6ap'epa 6ionoriyHoOI HeCyMiCHOCTI.

AKNMIN € OCHOBHI HaNPAMUK TPaHCNAHTONOri?

B ocTaHHi gecATnniTTA pO3BMBaOTbCA TPU OCHOBHI HaNpPAMK TPaHCMAAHTONOrII:
1) OTPMMaHHA WTYYHWX OPraHiB; 2) BUPOLLYBaHHA OpPraHiB 1 TKAHUH METOLOM KITOHY-
BaHHA; 3) BUKOPUCTaHHA TPaHCMAHTATIB Bif TBapuH (in. 125).
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HoBum y TpaHCnnaHTONOrIi € po3Ain, NOB'A3aHNI 3i CTBOPEHHAM i 3aCTOCYBaHHAM
LUTYYHMX OPraHiB ANA TMMYacoBOi abo MOCTINHOI 3aMiHM TOTO YK iHLWOro opraHa fto-
AvHn (imnnaHTayia). Tak, Hanpuknag, iMNIaHTOBaHMM OPraHOM MOXYTb C/yryBaTu
LUTYYHI KNanaHu cepus, WO HAMUW 3aMiHAIOTb YpaXkeHi. 3aCTOCOBYIOTb TPaHCNIaHTaL o
npoTesiB CyAUH, KpuLWTanmnkKa oKa, 3pobneHunx i3 CUHTETUYHUX MaTepianis. € mogeni
MiHiaTIOPHUX MeMBpPaHHMX OKCMreHaTopIB, NIereHb, MiAWIYHKOBOI 3a/1031, NEYiHKY,
HUPOK, cepua. lNepcneKkTUBHUM € OTPUMAHHA OpraHiB 3a gornomoroto 3D-npuHTepis.

. Cepue
MaHKpeaTnyHi [P
ocTpiBLi

- 8 Hupka
KnitHn Z
MO3KY
< A 3 MeyiHka
YepBoHi 3 - : 3 =
K.pOB'FIHi 3 2\ 7 3 E
TinbuA ToHKa
KULIKA
TKaHVHW
OKa NereHi

In. 125. TKaHWHW 1 OpraHy CBUHI, WO X BUKOPUCTOBYIOTb ANA TpaHCMNaHTauil

BupouwysaHHA oKpemux KaimuH, MKAHUH | Op2dHi8 Nno3d Op2dHI3MOM HA Xu-
8UJTbHUX Cepedosuax i 3a nesHUX yMO8 HA3UBAEMbCA eKCcnnaHTauieto. Liell meton
BVIKOPMCTOBYIOTb Y HAaYKOBMX AOCNIAPKEHHAX ANA 3'ACyBaHHA 6araTbox NUTaHb Teo-
PEeTUYHOT i NPaKTUYHOT Gionorii Ta MeauUUHNU. KNiTUHHI KynbTypu BUKOPUCTOBYIOTb
ANA OTPUMaHHA OiNAHOK WKipK, Aeaknx ¢epmeHTiB, aHTUTiN. OCTaHHIM Yacom Bennke
NpakTUYHe 3HAYEHHA Ma€E MeTO Ky/bTUBYBAHHA KNIiTUH KiCTKOBOrO MO3Ky. KynbTu-
BYBATU B MEBHUX YMOBaX MOXHa TaKOX Liini i30/IbOBaHi opraHu, y3ATi Big Xnsoro abo
3arnbnoro opraHismy. lna 4boro BUKOPUCTOBYIOTb CreLianbHi Kamepu, B KX CTBO-
ptooTb BiANOBIAHI yMOBU. Yepe3 cyanHM opraHa nponyckaTb KpoB abo creuianbHi
PO3UYMHW, HACUYEHI KNCHEM, ANA NIATPUMAHHA NOro XUTTERiaNbHOCTI. Jocnign 3 Big-
HOBNEeHHA GYHKLiM TakuX i30/IbOBaHMX OPraHiB, AK cepue i FONOBHUI MO30K, Manu
BeNMye3He 3HauYeHHA A5A PO3BUTKY peaHiMaTonoril.

Oyxe nogibHMMy [O NOACBKUX € OpraHW CBUHI, Ko3u, npumartis. Ha cborog-
Hi JOCNIAHUKN BXe YCMilWHO BMAANATb €HAOreHHI PeTpoBipyCn 3 reHOMY CBUHI,
BMKOPUCTOBYIOUM TexHiKy pegaryBaHHa reHiB CRISPR-Cas9, i BupollyoTb CBMHEN,
nos6asneHunx Bipycis. Lle, y cBoto Yepry, ycyBa€ ofjHy 3 Haibinblumx nepewwkos ana
TpaHCnnaHTauii opraHiB Big CBUHEN [0 NIOAUHN.

OTXe, NepcneKTVBY TPAHCMIAHTONOTT NOB'A3YIOTH i3 BMPOLLYBAaHHAM

OpraHiB  TKaHWH, OTPMMAHHAM LUTYYHUX OPraHiB i BUKOPUCTAHHAM
OpraHiB i TKAHWH Bif OpraHi3amiB iHWKX BUAIB.

@ BIANBbHICTb

M Po3B’AsyBaHHA KpocBOpAa
CyvyacHUI CTPIMKMIA PO3BUTOK BGionorii cnpusB NosiBi NPUHLKMOBO HOBMX Me-
TOAIB pereHepadil 1 TpaHCnnaHTauil, WO € OAHIEI0 3 MPUYUNH PO3BUTKY HayKu Mpo
230 MOPaJIbHICTb MOBEAIHKM NoAMHMN Y 6ionoriYHo-MefnYHin ranysi i B cpepi oxopoHu
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300poB'a. Po3B’A3aBlWIN KpocBOpa, BU OTPUMAETE Y BU- 6 8

ZineHnx KNiTMHKax Has3By Uiei Hayku. igroTynte npo 4 |5

Hel KOpOTKe MoBIJOMIEHHA. TRk B 7

1. Bug Tolypocladium inflatum, 3 NpogyKTiB XUTTERI-
ANbHOCTI AKOro fo6yBaloTb NPUPOAHUI LMKNOCMO-
PVH — Le NapasnTUyHUM...

2. binbmo - Le NOMYTHIHHA...

OpraHi3m, Bifi AKOro OTPUMYIOTb OPraHn v TKaHVHMN.

HaykoBelb, AKMI 3anoyaTKyBaB y TPaHCMIAHTOJO-

rii MeTod CyANHHUX LUBIB.

PeyoBurHY, WO CNPUUYNHAIOTD BIATOPrHEHHA.

YKpaiHCbKN nikap, AKWIA 38iCHMB NepLy Yy CBIiTi TPaHCNNaHTaLilo HAPKK.

OpraH, Wo oro HanyacTile TPaHCMIAHTYI0Tb Y CyUYacCHiN NPaKTUYHIA MeanLUHI.

HaykoBeLb, OOWH i3 aBTOPIB BigKPUTTA iIMyHONOrYHOI TONEPAHTHOCTI.

bionoria + HaykoBa ¢aHTacTuka. lepcnekTnBm TpaHcnnaHTonorii

w

>

© N W

QaHTacTVMKa — aHp XyAOXHbOI niTepaTypu, B AKOMY
3a [ONOMOroK AOofJaBaHHA BUrafilaHWX, YABHUX efleMeHTIB
CTBOPIETbCA CBIT, BIiAMIHHUN BiJ CbOrofeHHOro, peasibHo-
ro. Temy TpaHcnnaHTauii opraHiB posrnaganu y cBoix ¢aH-
TacTnuHux TBopax O. benses («fonosa npodecopa Joyens»,
«JTiognHa-amoibinax), M. bynrakos («Cobaue cepue»), M. Pe-
Hap («JokTop JlepH»), K. TpyHepT («fonosa mictepa Crenna»).
LLlo K TakOro HEMOXJIMBOIO € B CYYaCHil TPAHCMIAHTONOTIT?
OUiHiTb HaNBNWXKUi NepCneKTUBN LbOro po3ainy.

CTABJIEHHA

» I
«j Yomy A. LliBapueHerrep 3aBiB MiHi-CBUHOK?

Kinbka pokiB Tomy Ha3ag aktopy ApHonbgy LBapueHerrepy
3aMiHMAM OAWH i3 KNanaHiB cepua. TpaHCMAaHTauUilo 34iINCHUAN
YCMilHO, i WO LikaBo, AOHOPOM AN1A aKTopa CTafna CBUHA. W we B
3apoAKOBOMY CTaHi Oyno BBeAEeHO reHu NIOAVHK, WO AOMOMOrn
YHUKHYTU npobnem BigToprHeHHsA. 3 Toro yacy LliBapueHerrep Bu-
K/04MB 3 paLioHy CBMHUWHY i NOro foMaLUHIMK ynio6neHuAMN cTanm
MiHi-cBMHKU. ChopmynioliTe BNAcHi CyAKeHHSA LWOAO LbOro Hanps-
My TpPaHCnaHTauil TKAHWH 1 OpraHis..

PE3VYJIbTAT

3aBAaHHA [4/11 CAMOKOHTPOJIO

1. Wo Take TpaHcnnaHTauia? 2. Aki € BUAK TpaHcnnaHTauii? 3. AK Ha3MBaETbCA HayKa
npo TpaHcnnaHTauito? 4. Ha3giTb OCHOBHY Npo6nemy CyyacHOT TPaHCMIAHTONOTII.
5. Wo Take ekcnnaHTauia? 6. HaBepniTb npuknagy opraHiB i TKaHWH, WO iX TpaHC-
NNaHTYOTb Y IIOAUHN HakyacTiwe.

7. AKMMM € [OCATHEHHA CyYacHOI TpaHcnnaHTonorii? 8. AKNM € rofioBHe 3aBAaHHA
7 -9 | cyyacHoi TpaHcnnaHTonorii ? 9. Ha3BiTb OCHOBHI HanpAMK PO3BUTKY Hayku npo
TpaHcnaaHTauito.

10 - 12 | 10. OUiHiTb NepCneKTNBM TPaHCMIAHTOSOTII. 231
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KnimuHu He suHukaroms de novo, a ymeopioromecs

WIIAXOM penpoOyKyil nonepeoHix KNimuH.
K. CeeHcoH

§ 56. PENPOAYKLUIA KJTITUH

OCHOBHi MOHATTA N Knto4oBi Tepminn: PEMPOAYKLUIA KNITUH. MITO3.
AmiTos.

MpurapanTe! Lo Take penpoaykKuia?

MomipkynTe!

OpraHi3m nognHy, 3a OLiHKaMn HayKOBLiB, CKNa-
Jaetbea 3i 100 000 (10™) mapg KAITWH. | GinbwicTb i3 Ui€l
KiNbKOCTi KNITWH Tina 3amMiHI0I0TbCA HOBUMU KOXHi 7-10 po-
KiB. lNpouec oHOBNEHHA KNiTUH BifbyBa€eTbCA No-pisHOMY B
Pi3HMX YacTWHax Tina, afne NOBHe OMOJIOAXKEHHA «3 HIr A0
ronosm» TpmBae 6nm3bko 10 pokis. 3aBAAKM YoMy BifbyBa-
€TbCA «OMONIOAXKEHHA» OpraHi3my noguHu?

3MICT

fAlke 3HaueHHA penpoayKLuii KniTnH?

TepmiH «penpofyKuia» € 3arafibHO6i0NOriYHUM NOHATTAM, O XapaKTepu3ye Big-
TBOPEHHA Ha Pi3HUX piBHAX. Tak, penpogaykuia AHK BiabyBaeTbCA Ha MONEKYNAPHOMY
piBHi, penpopyKuin BipyciB — Ha CYyOKNITUHHOMY, penpoayKLia KNiTUH — Ha KNITUHHO-
My, penpoayKLia opraHiamiB — Ha OpraHiamoBomy.

PEMPOAYKUIA KNITUH - giomeopeHHA HOBUX KIIMUH WJ/IAXOM nodiny 8uxioHol
KnimuHu. BigTBOpeHHA KNiTUH — Le He NPOCTO BMHUKHEHHA ABOX KNiTUH 3 OfHI€El, a
YTBOPEHHSA ABOX KNiTWH, AKi MiCTATb OJHAaKOBY CMafKOBY iHpOpMaLlito, Ta Le 11 nogibHy
[0 iHbopMaLil 6aTbKiBCbKOT BUXiAHOT KNiTWUHK (i1, 126). 3a 30aTHICTIO A0 penpogyKuil
KNITUHW TBaPMHHOIO OpPraHi3My MOAINATb Ha YOTUPK KaTeropii: 1) sucokocneyiani-
3080aHi KIMUHU, WO He [inATbCA (HEMPOHW, KNITUHN CKENETHUX M'A3IB, KapAiomiouun-
TW); 2) NOHOBIOBAHI KAIMUHU (HanpuKknag, eHTePOUUTN — KNiITUHW eniTenito CIN30BOT
060JIOHKNM KULLIEYHWKY, WO KMBYTb 5— 10 AHIB i OHOBMIOKTLCA 32 JONOMOrO Kambi-
anbHUX KNIiTWH); 3) cmosbyposi knimuHu (36epiratoTb 34aTHICTb O NOAINY NPOTArOM
BCbOTrO XXUTTA OPraHiamy i 3aMiHIOIOTb KNITUHU, AKi TMHYTb); 4) KNITUHK, AKI 3a3BMYal
He PO3MHOXYIOTbCA, ajie 3a NeBHUX YMOB MOXYTb fileAndepeHLitoBaTica i BCTynatny
MiTO3 (HanpuKnag, renaTounTn, AKI HabyBaloTb 3gaTHOCTI A0 Nofdiny 3a penapaTuBHOI
pereHepauii).

3 penpopaykui€lo KNiTMH NOB'A3aHi PicT opraHi3mis, ¢isionoriuHa 1 penapaTus-
Ha pereHepalis, HecTaTeBe PO3MHOMKEHHA. 3aBAAKU KNiTUHHOMY noginy 3abesneuy-
€TbcA 6e3nepepBHICTb iICHYBaHHA HACTYMHMX MNOKONMiHb KMITUH i LinicHMX opraHi3mis,
OCKIiNbKW iHAUBIgYanbHe XUTTA GiNbWOCTI KNITUH 0OMeXeHe MOPIBHAHO KOPOTKUM
TepmiHOM. Penpopykuis KniTH y 6araToOKNiTUHHUX OpraHi3amis pi3ko 36inblye ix
aflanTUBHI MOXIMBOCTI 1 CTBOPIOE HEOOXiAHI NepefymMOBU ANA iHAMBIAYanbHOro Ta
icTopuyHoro po3suTky. OCHOBHMM TUMNamMun penpoaykLii KNiTMH € Mimo3 Ta amimos.

Tema 4. PENMPOAYKLIA TA PO3BUTOK

OT1xe, penpopyKuia KniTvH 3abe3neuye 6e3nepepBHiCTb iCHyBaHHA
232 HaCTYMHWX MOKOMiHb KJITWH i UiNNX OpraHi3mis.
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Yum miTo3 Bigpi3HAETbCA Big amiTo3y?

Penpopykuia KnituH B OpraHiami nognHu
MOXe BigbyBaTncA WAAXOM MiTO3y (HempAMuKi
nogin) i amitosy (npamuii nogin).

MITO3 (Big rpeu. mitos — HUMKa) — ye nooisn
eyKkapiomuy4HUX K/1imuH, 8HAC/1IO0K AKO20 ymeo-
protomecs 2 00YipHi KIIMUHU 3 MAKuUM camum
HAbopoM XpoMOCOM, Wo Uy MamepuHCbKOI KJli-
muHu. MiTo3 y KNiTMHHOMY UMKNi BigbyBa€eTbcA
nicna iHTepdasu, nig yac AKoi KNiTMHa pocTe,
CMHTe3Yy€E OpraHiyHi CNonyKun, NoABOKE CNafKo-
BY iHpOpMaLlito, 3anacae eHeprilo Ta roTyeTbcsA
[0 MiTo3y. MiTo3 YMOBHO MoginsATb Ha 4 da3u:
npodasy, Metadasy, aHadasy i Tenodasy (in. 126). [n. 126. KnitTvHHWi1 ynKn

Mpodasa - dasa KoHAeHcauii XpoMoCoMm.

OcHoBHMMYM Npouecamu Npodasu €: 1) KoHAeHcaLia (YL inbHEHHA) ABOXPOMaTUAHNX
XPOMOCOM; 2) PO3XOAXKEHHA LEeHTpioNnen [0 NontCis; 3) 3HNKHEHHA Agepus; 4) pos-
nag sgepHoi 060noHKK; 5) dopmyBaHHA BepeTeHa Noginy.

Metadasza - pasa po3TallyBaHHsA XPOMOCOM Ha eKBaTopi KniTnHu. Cnoctepira-
€TbCA NPUKPINIEHHA KOPOTKMX HATOK BepeTeHa Noginy Ao LeHTpoMep i po3TallyBaH-
HA OBOXPOMaTUAHNX XPOMOCOM Ha eKBaTOpPi KNiTMHW B OAWNH pAfA.

AHadasa - paza po3xogKeHHA XpoMocoMm. B aHadasi BigbyBatoTbcAa CKOpOUeHHA
HUTOK BepeTeHa noginy Ta PO3XoA>KeHHA OAHOXPOMATUAHUX XPOMOCOM [0 NOJIOCIB.

Tenodasa - daza gekoHaeHcauii xpomocom. Lie ceoro pogy «npodasza HaBnakuy,
B AKil BigbyBaloTbCA: 1) AeKOHAeHcalis OfHOXPOMATUAHMX XPOMOCOM; 2) po3Tally-
BaHHA LeHTpionen 6ina agpa; 3) dopmyBaHHA AfepeLb; 4) yTBOPEHHA AfepHOT 060-
JIOHKW; 5) pyiHYyBaHHA BepeTeHa Moginy.

IHTepdasy

£
=
© m
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©n) a5
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Mpodaza MeTadasa AHadasza Tenodasa
BepeteHo PynHyBaHHA ﬂnepHm MeTadasHa YTBOpEHHsA yTBOpeHHH
nogi ' RIacTUHKa KK

Xpomocomm, AKi CKNadaloTbCs 3 HA
[IBOX XpomaTtung BepeTeHo noginy [JlovipHi xpomocomu AfepHoi o6on0HKV|

In. 127. ®a3n mito3y: 1 - npodasa; 2 — metadasa; 3 — aHada3a; 4 — Tenodasa

BionoriyHa ponb MiTO3y nonArae B TOYHOMY BiATBOPEHHI KNiTUH, 3a6e3neyeHHi
PiBHOMIPHOrO PO3MOAiSly XPOMOCOM MAaTEPUHCLKOI KNITUHU MiXK ABOMa JOYipHIMK
KNiTUHaMK i NigTPMMaHHi cTanocTi Kapiotuny. MiTo3 € 0CHOBOIO POCTY, pereHepadii i
HecTaTeBOro PO3MHOEHHSA OpraHi3mis.

AmiTO3 — ye npamul nodin KIiMuH, Wo 8i0by8aembCs wWsxom nodiny A0pa, 6e3
pennikayii JHK U koHOeHcayii xpomocom ma 6e3 ymeopeHHA 8epemeHa nodiny. BiH
BTAaCTUBUI BMCOKOCMELiani3oBaHUM KNiTMHaM (HEMPOHaM, XOHAPOUNUTaM, IENKOL M-
TaM KPOBi, KNiTUHaM eHAO0TENiI0 KPOBOHOCHUWX CYAVH), KNITUHAM NyX/VH, CTapilounum
KniTMHam abo KniTMHam, NpupeYeHrM Ha 3arnbenb (Hanpuknag, KniTMHam 3apoaKo-
BVX OOOJIOHOK CCaBLiB). AMITO3 MOXe CynpOBOAXKYBaTUCb MOAINOM KNiTUHNY 3 YTBO-
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PeHHAM OBOX KMiTWUH 3 NpU6IM3HO OAHAKOBOK CMafKoBOW iHPopMali€, a Moxe
06MexXyBaTNCb NoAinom sigpa 6e3 noginy LMTonaasmu, Lo NPUBOANUTL O YTBOPEHHSA
[IBO- Ta GaraToagepHUX KNituH (in. 128). AMITO3 NOPIBHAHO 3 MITO30M TpanNNIAETbCA
pigwe i Bigirpae aopyropagHy ponb y KNiITUHHOMY MNOAINI OpraHi3miB, OCKINIbKN KNITUHN
nicna amitosy 36epiratoTb GyHKLiOHaNbHY aKTUBHICTb, NOAINATACA YXKe He MOXYTb.
bionoriuHa ponb amiTo3y — Le WBMAKe NONOBHEHHA KAITMHHUX NONYyNALiN y npoueci
penapaTturBHOI pereHepadil.

OTXe, MITO3 € OCHOBH/M CNOCOH6OM penpoayKLUii eykapioTUYHNX
KNiTWUH Tina, Wo BM3Ha4yae picT, Gpi3ioNoriyHy pereHepauio Ta HecTaTeBe
PO3MHOXEHHA eyKapioTiB; amiTo3 — TpanniaeTbcA pigwe 1 3abesneuye
penapaTtnBHy pereHepadwiio.

AKi YNHHVKN BNANBalOTb Ha MiTO3?

Ha miTo3 BNAMBaoTb 30BHILUHI 11 BHYTPILLHI, BHYTPILIHbOKAITUHHI 1 NO3aKNITUHHI
YUHHUKW. [TyCKOBMM YMHHMKOM A MITOTUYHOMO NOAINY KNITUH € CNiBBiAHOLEHHA
o6’emiB Agpa i unTonnasmu. Benuky ponb Bigirpae Takox cuHTes JHK i MiKKAITUHHI
B3aEMOfil.

[lo BaXNMBIWX 308HIWHIX YUHHUKI8 perynauii MiTo3y BifHOCATb [060BI puTMK. Tak,
y TBapWH, AKUM NPUTaMaHHWUIA HIYHUI CNOCIO XUTTA, MaKCMMYM MiTO3y Npunagace Ha
JeHb, @ Y AeHHUX TBapWH 1 NIOANHN — Ha Hiy. [aMMa-nNpomMeHi BNanBaloTb Ha MIiTO3,
CNPWYMHAIOYY B KNiITUHaX rMUOoKi nopyweHHA. MiTOTUYHI XpOMOCOMU 3MiHIOTbL Gop-
My, PO3PUBAIOTHLCA, OKPEMI BINAHKN XPOMOCOM MOXYTb 3HNKaTU. PEHTreHiBCbKi npome-
Hi NpM3BOAATbL A0 TMMYACOBOrO MPUMMHEHHA MITO3Y, ane AKWO KNITUHU He 3arnHynu
Bifj ONPOMIHEHHSA, TO MITOTUYHUI NOAIN NOCTYMNOBO BiAHOBAETbCA. MiTO3 ranbmyeThb-
CA BUCOKOIO TemnepaTypoto, BUCOKNMI [03aMU MOHI3ylouol pagiauii, Ai€lo poCNHHKX
OTPYT (HaNpVIKNag, ankanoig KONXiluvH, Wo BUAINEHUN 3 6ynb6oumnbynvH NisHbOUBITY
OCiHHbOrO, MA€ 3[aTHICTb NPUrHiYyBaTV YTBOPEHHA MITOTUYHOIO BEPETEHA).

BHympiwHiMu YuHHUKAGMu perynauii MiTo3y € BNANBY CUCTEMU HENPOTymoparb-
HOI perynsuii, 3yMOBIeHi [iielo FOPMOHIB HaJHMPKOBUX 3an03, rinodisa, wuronogio-
HoOI i cTaTeBUX 3an03. Tak, ANA aKTMBaLil KNITMHHOTO LUKy NOTPIGHUI NpOorecTepoH,
IO € YNHHMKOM POCTY. MiTO3 XKOPCTKO perynoeTbCA AK CaMoIo KNITUHO (Hanpunknag,
3MIHOI CUHTE3Y LMKIiHIB 1 LUKNiH-3aneXHUX pepMeHTiB), TaK i Tl OTOUeHHAM (Hanpu-
Knag, BiACYTHICTIO KOHTaKTIB 3 NOJIOHUMU KNiTHAaMK abo BMIMBOM ropmMoHiB). Llle
OAHVM YMHHUKOM perynaAuii € NOCNiAOBHICTb 3[iNCHEHHA CTagin MiTo3y. Kpim Toro,
BCTaHOBJIEHO, O NiCA MNEBHOI KiNIbKOCTI NOAINIiB BMUKAETbCA reHeTUYHa Nporpama,
L0 He [oMNYCKAaE PO3MHOMEHHA HaLaAKiB L€l KNITUHN.

OTxe, Ha NoyaToK, Nepebir | 3aBepLUeHHA MiTO3y BNIMBaOTb Pi3Hi
30BHILWHI Ta BHYTPIWHI YAHHUKW.

Tema 4. PENMPOAYKLIA TA PO3BUTOK

BIANIbHICTb
M CamocrTiliHa po6oTa 3 Tabnuueo

Po3srnaHbTe cxemy amito3y. [TopiBHANTE Len nogin COMaTUYHUX KNITUH i3 MiTO-
30M. 3anoBHITb Y po6oyomy 30LwKnTi Tabnuuto «[opiBHANbHA XapaKTepucTnKa mMitosy
1 amiTo3y» Ta chopmysonTe BUCHOBOK MPO IXHIO MOAIOHICTb 11 BigMIHHOCTI.
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In. 128. Cxema amiTo3y 3 YTBOPEHHAM [BOX KNIiTUH (A)
i nBoAgepHoi KNituHu (B)

O3HakKa MiTtos Amito3

1. AnA AKUX KNiTUH BRacTUBUA?

2.Mopin appa

3. Cnipani3auifa n KOHgeHcauia XpoMOCoM
4. YTBOpEHHA BepeTeHa noainy

5. KniTvHuW, yTBOPEHi 3 MaTepUHCbKOT

6. OYHKLiOHYBaHHA KNiTUH

7. bionoriyHa ponb

Po3B’A3yBaHHA BnpaB. MiTo3

BnpaBa 1. O6uncniTh, CKiNbKM KNiTUH YTBOPUTbLCA BHACNifOK
8 nocnigoBHMX MiTO3iB 4 COMaTUYHUX KNITUH B OpraHi3Mi nognHun.
CKinbKy XpoMocom Oyae B KOXHIll 3 HUX, AKLLO B MAaTE@PUHCbKUX

KNiTUHax ix MicTUTbCA No 23 napu?
l

BnpaBa 2. B aapi comaTnyHOT KNiTUHM Ha cTagii npodasun mi-
To3y MicTuTbes 13,68 - 10~° mr HK. Aka kinbkictb HK 6yge B agpi > 2

COMaTUYHOI KNITUHM ofpa3y NicnA 3aBepLlUeHHA MiTo3y? ‘
W)

a CTABJEHHA
» I
«2 Bionoria + BigakpurTa. Perynauia KniTmHHoro uukny

J1.Tapteenn, P.TanT i . Hepc oTpumanu
HobeniBcbKy npemito B ranysi ¢isionorii i
MmegmunHm 2001 p. 3a BigKPUTTA KNOYO-
BUX PerynaTopiB KNiTUHHOrO UnMKy. BoHu
BigHAMLWIM K/TIOYOBI MONEKYNIN — LINKIHN i
LUUKAiH-3anexXHi pepMeHTH, L0 peryioTb
KNITUHHUA UKD B eyKapioTiB. ke 3HayeH-
HA Ma€ BifKPUTTA PerynaTOpHUX MOJSIEKYN
KNITUHHOTO LmKny?

J1. TaptBenn P. Fant M. Hepc

PE3YJIbTAT

§ 56. PenpopyKuia KiTvH

3aBAaHHA A4NA CAMOKOHTPOJIO
1. Wo Take penpopykuia KNiTMH? 2. Ha3BiTb OCHOBHI TUMNX PenpoayKuii KNiTuH.
1-6 |3.LUo take mito3? 4. LLlo Take amiTo3? 5. HaBegiTb NpnKnagn 30BHILIHIX YAHHUKIB
perynayii mito3y. 6. Ha3BiTb NnprKnagn BHYTPILLHIX YNAHHWKIB perynauii MiTo3y.
7. flke 3HauyeHHA penpoayKuii KNiTMH? 8. Ynm MiTO3 BiApi3HAETbCA Bif amiTo3y?
9. fIKi YAHHVKM BNANBAKOTb Ha MiTO3?
10-12 | 10. AKe 3HaYEHHA Ma€E BIAKPUTTA PEryNATOPHUX MONEKYN KNITUHHOIO LKy? 235
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3miHa 6ymma... ye nepexio KisbKicHO20 8 AKiCHe i Hagnakxu.
I.B. ®.[ezesnb

§ 57. PICT I PO3BUTOK KJIITUH TA YYHHUKWN,
WO HA HbOI'O BIJIMBAIOTb

OCHOBHi MOHATTA N KnouoBi TepmiHn: LUNTONEHE3. Pict knituH. ANODE-
PEHUIALIA KNITUH. JeTtepmiHaLis KNiTUH.

MpuraganTte! Lo Take KniTnHa?

MomipkynTe!

3aKoH B3aEMHOro nepexopy KinbKiCHUX 3MiH B
AKiCHI — Lie 3aranbHUIN 3aKOH PO3BUTKY: Ki/lbKiCHi 3MiHU hocmy-
Nnogo Hakonu4ylomsca U CNpU4UHAIOMb 3MiHY AKocmi 06’ekma
abo Asuwa, wo 30ilicHIEMbCA cmpubkonodibHo. byab-akui
npegmeT abo ABKLLe Ma€E NEBHY AKICTb, WO BiApPi3HAE Oro Bif
iHWKMX NpeaMeTiB Ta ABWLY, | NeBHY KiNbKiCTb, O XapakTepunsye
X WonJo po3mipi, 06’emy, macu Towo. Yn cnpaBeanveuin Len
3aKOH ANA XUTTA KNITUH?

3MICT

Aki Big6yBaloTbCA PicT i pPO3BUTOK KNiTUH?
LIUTOTEHE3 - ye picm (i po38UMOoK KJlimuH, ujo Cynpo8ooXytombCs 830EMON0B -
30HUMU KislbKICHUMU U AKICHUMU nepemeopeHHAMU. [1icna CBOro yTBOPEHHA KAITUHU

MOUYNHAIOTb «KiNIbKICHO» POCTW I «AKICHO» PO3BUBATUCA. [IPUKNALOM LMTOreHeTUY-
—

BMI3HAYAETbCA MepeBa)kaHHAM aHaboniu- b
g b i
RS N

6yBaTUMETbCA 3 MEBHUMU OCOGNMBOCTAMM,

BOAM, BiACYTHICTb WKIANMBUX YNHHUKIB, QYyHKLIi, pH cepenoBuLLa TOLO. I3 BHYTPILLHIX

Pi3HOMaHITHOCTI KNITUHHMX NPOLieciB.

3MiHW MaloTb HE3BOPOTHUI, HaNPAMMEHWI Ta 3aKOHOMIpHUIA XapaKTtep. ig yac pos-

HUX NepeTBOPEHb € yTBOPEHHA KNITUH KPOBI, CNepmaToreHes, oBoreHes ToLo.
HUX NPOLIeCiB CMHTe3y Haf KaTaboniyHumm }
]
Lo 3a/ieXaTb Bifj 30BHILIHIX Ta BHYTPILUHIX In. 129. PicT i pO3BUTOK epUTpOLMTa
UYMHHMKIB BUOKPEMIVMO FreHeTUUHY iHbopMaLito Ta HAaABHICTb YAHHUKIB pocTy. YUHHU-
Po3BUTOK KNITUH — ye CYKynHicme AKICHUX 3MiH, ujo 8edyms 00 noAsu 8iOMiHHO-
236 BUTKY BiIOyBalOTbCA 3MiHV B LUTOMAa3Mi KIITUH YHaCNifoK iT B3aEMOAIT 3 sapom.

Tema 4. PENMPOAYKLIA TA PO3BUTOK

PicT KniTuH — ye cykynHicme KinbKicHUX
. . . [ ™ N

3MIiH, WO 3yMO8/IIoroMb 306ibWeEHHS po3Mmi- .. _,©_’@_,@__ F 0

pie, macu ma o6’emy KnimuH. PicT KniTuH | I.
TS

npouecamu posnagy peyvoBuH. YCi KNiTuHn

3[aTHi 4O POCTY, asne B KOXHOI 3 HMX BiH BiJ-

UMHHUKIB. Ha picT KNiTMH BNAUBaloTb Tem- (820pi) i POCAVIHHOI KNiITUHW (8HU3Y)

nepaTtypa, HafaBHICTb MOXNBHUX PEYOBUH 1

KU pocmy — NpupopAHi GifKy, Wo 3B'A3Yy0TbCA i3 peLenTopamm Ha NOBEPXHi KNiTWH i

CTMMYIIOIOTb Npouecu pocTy. KpiMm TOro, YAHHUKM POCTY BaXNMBi ANA perynoBaHHA

cmeU NopiBHAHO 3 NohepedHiMu cmadiamu. Y pe3ynbTaTi PO3BUTKY BUHUKAE HOBUI CTaH

KNiTVHK, WO BU3HAYaETbCA 3MiHaMW ii XiMiuHOro cknagy, 6ynoBu i XUTTegianbHocTi. L

paBo Anst 6e3onnaTHOro po3MilLleHHs MigpyyYHUKa B Mepexi IHTepHeT mae
iHicTeégcTBO OCBITU | Haykn YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoZepHi3auii 3micTy ocsiTu https://imzo.gov.ua




Mpouecam pocTy " PO3BUTKY NMpUTaMaHHI NEBHI OOMEXEeHHA, WO CTPUMYIOTb
36iNblUEeHHA PO3MIpPIB 1 3MiHY dopMM B NeBHUX Mexax (i1. 129). 3i 36inblueHHAM Ni-
HiIIHMX PO3MipiB BABIYI NNOLa NOBEPXHi KNITUHN 30iNblIyeTbCA B 4 pa3un, a 06'em —
y 8 pasiB. Lle mae BaxnvBe 3HaueHHA AN 0O6MiHY peuyoBUH, eHepril Ta iHbopMaLii
i3 30BHILWHIM Ana KNiTMHU cepepoBuiLem. Po3mipu KniTuH obmexytoTbca nepepycim
edekTuBHicTio gndysii, Wo 3abe3neyye TPAaHCMNOPTYBAHHA BaXX/IMBUX MOHIB, efleMeH-
TiB | MONeKyn y uMTonnasmi i Kpisb KNiTUHHY MeMOpaHy.

3HaHHA UMTOreHe3y KOXKHOI KIITUHW | TOFO, AK reHN KOHTPOJIOKTb iIXHi HOpMarb-
HUI PO3BUTOK, JOMOMOXYTb HAaYKOBLAM PO3KPUTM MEXaHI3MN BUHUKHEHHA 3aXBO-
poBaHb i BNAMBATN HA CAMOOHOBIEHHA KNITKH.

OTXe, UMTOreHes KNiTUH € HEPO3PUBHOK B3aEMOMOB'A3AHOK EAHICTIO
NpoLueciB IXHbOro POCTY N PO3BUTKY.
AKi KniTMHN € BUXigHMMK B npouecax unroandepeHuiauii?

IudepeHuiauin (Big nat. differentia — BigMiIHHICTb) KNITUH — Lie YTBOPEHHA pi3-
HUX KNiTVH i3 NOYaTKOBO OAHOPIAHUX, WO 3a06e3neuye TaKy BaXKNMBY AJiA OpraHi3mis
pi3HOMaHITHICTb (is1. 130). TeHeTUYHMIA MaTepian KNiTUH NP LbOMY 3aMILIAETLCA He-
3MiHHUM. [lndepeHuiauia KNiTH CTBOPIOE Pi3HOMaHITHICTb dopmu, GYHKUIN 1 noBe-
OiHKW, He NOPYLLYOYN NPU LibOMY EAHOCTI OpraHi3miB. A BIiAMIHHOCTI Mi>K KNiTUHaMW,
AKi MaloTb OfJHaKOBUIN Habip reHiB, BM3HauYa€ dugepeHyianbHa akmueHicmb 2eHie.
Y npoueci andepeHuiaLii BMUKAOTbCA reHU, Nig Ji€l AKNX KNiTUHA NepeTBOPOETHCA
Ha NeBHU OWH TUM, i NPUTHIYYIOTbCA 3@ yYacTi cnevlianbHMX OiNKiB reHu, Aki mornm 6
cnpsAMyBaTy ii No iHWoMy Wnaxy andepeHiawii.

OndepeHuiauis KNiTUH B opraHiamMi NoguHn
n XxpebeTHUX TBapVH BiAOyBa€eTbCA B embpiore-
He3i 3aBAAKM 3apoOKOBUM CMO8BOYpOBUM Kili-
MUHAM i MPOAOBXKYETbCA Yy MOCTEMOpioreHesi
3aBOSKN CMOB6YPOBUM KJIiMUHAM 0OpPOCI020
0p2aHizmy. IX MOXHa BWABMATU MPAKTUYHO B
KOXHil TKaHVHI JOPOCIOro OpraHiamy, B AKOMY
BOHW 6epyTb yuyacTb B pereHepadii, 3aro€HHi
paH. MNoka3aHo, WO KinbKicTb CTOBOYPOBUX Ki-
TVH B OpraHi3mi 3pocTae npu ¢isMYHNX HaBaHTa-
XKEeHHAX, Y CTPeCOBUX CMTYyaLiaX i 3MEHLWYETbCA
3 BiKOM.

CToBOYpPOBI KNiTUHM 3@ CBOIMW MOXJIMBOC-
TamMM (NOTEHLiE) NOAINATb Ha Taki OCHOBHI

KnitnHa cnonyuHoi

Jlenkouunt )
KaTteropii:1) momunomeHmHi KnimuHu — Knitn- »,
HU, AKi MOXXYTb AndepeHuitoBaTnCA B Oyab-AKUI O 25 0
TUM KNITMH OPraHi3mMy i 3 AKX MOXe yTBOPUTKCA EpuTpount Heitpon

Linuin opraHiam (Hanpuknag, 3urota, 6nacto-
Mepu); 2) nopunoOmeHmHi KJaimuHu — KRitu-
HW, AKI TaKOXK MOXYTb AaTh NOYATOK KOXKHOMY
TUMY KNiTUH, ane HOBUW OPraHi3aM 3 HUX YTBOPUTUCA BXe He MoXe (Hanpuknag,
Me3€eHXiMHI KNiTMHW, AKi JaloTb NOYATOK KMiTMHaM KPOBI, XPALOBOI, KiCTKOBOI Ta
rnagkoi M'A30BOT TKaHWH); 3) yHinomeHmMHi KnimuHu — KAiTUHK, AKI MOXYTb nepe-
TBOPIOBATUCA NMLLIE Ha KNITUHW OQHOrO TUNY (Hanpuknag, KNiTMHU eniTenito WKipw,
CMepmMaToroHiiB).

In. 130. Cxema audepeHuiadii KNiTnH
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Otxe, AUOEPEHUIALIA KNITUH, abo untoandepeHuiauis, -
npouec BUHVKHEHHA CTPYKTYPHUX i QYHKLIOHANbHUX BiAMIHHOCTEN MiX
KNiTUHamMK, B pe3y/bTaTi Yoro Ui KNiTMHW CTaloTb CrnelianisoBaHMM gna

Pi3HMX MPOLIECiB XUTTERIANBHOCTI 6araToKNITUHHMX OpraHi3miB.

AKi YNAHHVKN BU3Ha4aloTb PO3BUTOK KNITUH?

Metepminauia knitTuH (Big nat. determinatio — BU3HaueHHA) — CyKynHicme npo-
uecis, AKi cCnpAMo8ytoms po38UMOK KaimuH. Lle npouec BU3HaYeHHA LWAAXY PO3BUTKY
KNITUHW Ta BUHWKHEHHA AKICHOT CBOEPIAHOCTI KNITUH. EANHOI Teopii MexaHi3my fe-
TepMiHaUii y Hayui noku Wwo Hemae. HaykoBLi BBaxaloTb, Lo feTepMiHaLlia BigOyBa-
€TbCA BHACNIAOK Al HU3KN YNHHUKIB, OCHOBHUMM 3 AKUX € TaKi.

1. JucgpeperuianbHa akmusHicme 2eHis. OAundepeHuialis KniTMH BigdyBaeTbca 6e3
3MiH reHoTumny, TO6TO BCi KNITUHU MalOTb NMEBHUI Habip reHis, BNacTMBMI opra-
Hi3My, ane eKcnpecia Uux reHis peryaloeTbCa TakuM YMHOM, WO Pi3HI KNITUHN
CUHTE3YI0Tb Pi3Hi BiNKM i cTalTb cneuianizoBaHUMy KniTMHaMu. OCHOBHMMM
MeXaHi3aMamu, Lo 3yMOBNIOIOTb BUBIPKOBY AifNIbHICTb FeHIB, €: a) FeHETUYHI Me-
XaHi3mun perynauii (Ha piBHi TpaHckpunuii, npouecunry PHK, TpaHcnauii i nic-
naTpaHcnAuinHoi mopudikauii 6inkie); 6) enireHeTUYHI MexaHi3mu perynauii
(PHK-iHTepbepeHLin, meTunoBaHHA, perynayia Ha piBHi XpoMaTuHy).

2. YumonnazmamuyHul po3nodin (cerperayis), B pe3ynbraTi Yoro AKiCHO BiAMiHHiI
JINAHKW LMTONMa3Mu 3UroT! NOTPaNAATb B Pi3HI AOYipHI KNiTHW. LUnTonna3sma
BM/IMBAE MEBHUM YMHOM Ha aKTMBaLito abo rasibMyBaHHA reHis, Wo NpUBOAUTb 4O
CuHTe3y neBHUXx monekyn PHK, a Tum camum i cuHTe3y 6inkKis, JaHOrO TUMNY KNITUH.

3. Em6pioHanbHa iHOyKyia — B3aEMOBMINBM MOPYY PO3MILLEHMX KIiTUH.

4. IHmezpayia kKnimuH — ye CykynHicms npouecis, wo 3abesneqytomeo icHy8aHHs Kili-
MuH y cmanux abo mumyacosux KAimuHHUX KOMNJIEKCax 0715 BUKOHAHHA NeBHUX
yHKYiG. Y TaKNX KOMMeKcax nepLioyYeproBy posb BifgirpaoTb Mi>KKNITUHHI KOH-
TaKTWU. 3aBAAKM iHTerpauii NposBRATbCSA BAACTUBOCTI GiONOriUHMX CUCTEM, WO €
edpeKkTOM B3aemogii KNiTuH. Lli HOBI BNacTMBOCTI, AKUX HEMAE B OKPEMUX KAITUH
i AKi BUHMKaIOTb B KNITUHHMX KOMMeKcax, Ha3nmBalTbCcA emMepoxeHmMHUMU (Big
naT. emergo — BUHWKalo).

OT>Ke, OCHOBHUMUW YNHHUKaMW feTepMiHaLii PO3BUTKY KNITUH € HM3Ka
BHYTPILWHIX i 30BHIWHIX AnA KNITUHW 6ioNoriYHMX, XIMIYHUX Ta di3NUHKX
BMAUBIB Ha ii cnagkoBy iHpopmaLito.

[IANbHICTb

M 3aBaHHA Ha 3aCTOCYyBaHHA 3HaHb

Mepen Bamu intocTpauia npouecy andbepeHuiadii eputpouuTia (epuTponoesy).
3acTocynTe CBOI 3HaHHA Ta iNOCTPaLilo ANA BUKOHAaHHA TECTOBOro 3aBAaHHA. 3a yMo-
BW NpaBUSIbHKX BiANOBIAEN OTPMMAETe Mpi3BuLLe HAayKOBLA, AKUIN BiAKPUB epuUTpo-
umnTr. Ha3BiTb 0COBNMBOCTI PO3BUTKY €PUTPOLMTIB, BifOOPaKeHNX Ha intocTpauii.

Tema 4. PENMPOAYKLIA TA PO3BUTOK

|. CroBbyposi Il. Hanis- Ill. YTBOpEHHA cnevjianizoBaHnx KNiTUH
KNITUHW CcTOBOYpPOBI

@P2a®0e

PaHHi Mi3Hi
[emounto-  [lpoeputpo- epuTpo-  epuTpo-
238 bnactu 6nactu 6nactu  6nactu RZola

Hopmo6nactu Petu- Eputpo-
unTI
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TecT-KOHCTpYlOBaHHA «PO3BUTOK epuTpoLUTiB»
1. [e yTBOPIOKOTbCA €PUTPOLMTIN B OpraHiami JOPOCNoi NiognHn?
K y neuiHui J1y yepBOHOMY KiCTKOBOMY MO3KY
My HupKax Hy cenesiHui
2. YKaxiTb BUXigHI KNiTUHK, 3 AKUX MOUYNHAETbCA €PUTPONOE3.
I yHinoTeHTHi cToB6ypoBi  E nntopunoTeHTHI remaumTobnactu

€ npoeputpobnacTm XK petukynouuntn
3. CkinbKuy TprBae npotec andepeHuiaLii eputpouuTia y Hopmi?
A 100 - 120 gHiB b 50 - 60 gHiB
B3 -5 pHiB I ynpopoBs»x ogHOro gHsA
4, Aki KNiTMHW € 6e3nocepeHiMK NonepegHKaMm epUTPOLUTIB?
B remoumnTtobnactu I eputpobnactn
I Hopmob6nacTn E petukynouutun
5. [le yTBOPIOETbCA FOPMOH €PUTPOMOETHH, WO Perymioe eputponoes?
K'y HagHUpKOBIN 3an03i J1y nevinHui
My Tumyci H y Hnpkax
6. ki BiTamiHM HEOOXiAHI ANA POCTY I PO3BUTKY €PUTPOLINTIB?
A TiamiH  ackopbiHOBa KKcsoTa b peTuHoOn i HIKOTMHOBA K1CNOTa
B eprokanbuundeponu I uiaHko6anamiH i ponieBa Kucnota
7. Axi 6ioenemeHTn HeOOXigHI Ana eputponoesy?
Y Qepym i Kobanbt @ HaTpiit i Kanbuii
X Xpom i Hikenb L, Antominin i MarHin
8. fka dyHKUiA BU3Hauae ocobnusocTi 6yaoBu eputpouunTiB?
K aunxanbHa J1 3axucHa
M 3cigaHHA KpOBi H noxunsHa
CTABJIEHHA

- ﬂj bionorisa + BigkputTa. |HA_yKOBaHi cToBOYpOBI KNiTUHN

NaypeaTtamu Hobeniscbkoi npemii 2012 p. 3 dpisionorii i megnumnHn ctanu 6putaH-
CbKuin 6ionor [l. fepfoH Ta ANOHCbKMIA HaykoBelb C. iIMaHaka «3a poboTu B ranysi
6i0n0rii pO3BUTKY i OTPMMaHHA iHAYKOBaHMX CTOB-
6ypPOBUX KNiTUH». IXHi eKCnepuMeHTV [OBOAATD,
LLIO KOXHa KNiTMHa Ma€ 34aTHICTb nepenporpamy-
BaTu cebe, 06 3HOBY CTaTV OHOIO | NepeTBOPYU-
TUCA Ha B6yab-AKYy KNiTUHY OPOCIIOrO OpraHismy.
B yomy cyTb IXHiX eKCnepuMeHTIB i AKe 3HaUeHHA
LibOro BigKpUTTA ANA NognHn?

PE3YJIbTAT [. lfepgoH C. AimaHaka

§ 57. PicT i po3BUTOK KNITUH Ta YUHHWKW, LLO Ha HbOTO BMJIMBAOTb

3aBAaHHA 4N CAMOKOHTPOJIO
1. Wo Take unToreHes? 2. Aki npouecu € iioro ocHosoto? 3. LLlo Take gudepeHuiadia
1-6 |kniTMH? 4. Ha3BiTb OCHOBHI KaTeropii ctoBbypoBux KnitnH? 5. LLlo Take geTepmiHa-
Ui KNiTH? 6. Ha3BiTb OCHOBHI YMHHWKMY, WO BU3HaYatloTb gudepeHuiaLito KNiThH.
7. AKi BipOyBatoTbCA PICT | PO3BUTOK KNiTUH? 8. fIKi KNITUHY € BUXiAHVMI B poLiecax
uutoandepeHuiaii? 9. AKi YWHHUKN BU3HAYAIOTb PO3BUTOK KIITUH?
10. Ha KOHKpeTHOMY NpuKnagi oxapakTtepusynTte npoLec yTBOPEHHA, POCTy 1 Au-
depeHuiaLii KNiTUH.
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Je noyamok mozo KiHys, AKUM 3a8epuuyemsCa NOYAMOK?
Koszbma lMpymkos

§ 58. CTAPIHHA TA CMEPTb KJ1ITUH

OcHOBHi MOHATTA N Knio4oBi TepmiHn: CTAPIHHA KNITUH. CMEPTb
KJIITUH. AnonTo3. Hekpos.

MpuraganTte! Lo Take KNITUHHWIA UMKN?

MomipkynTe!

Y ¢BiTAi CyyacHMX rinoTe3 CTapiHHA OpraHis-

MiB, AKMX HanivyloTb noHag 200, HayKoBLUi BUMOKpem- L\?
NIOTb  HaluacTiwe 9 KIYOBUX O3HaK: 2eHOMHY ,@ : Iﬁ\
HecmabinobHicms, mesoMepHi CKOPOYeHHSA, MiMmOXOHOpI-

anbHy OUCPYHKUiI0, enieeHemuyHi 3miHu, empamy 6inKo- gsxi"'\ g
8020 20Meocmasy, Hecmady U NOpyWweHHA HAOXOO0XeHHSA /N
NOXUBHUX pe4YOBUH — HYMPpIEHMIB, BUCHAXEHHA CMos- @m
6yposux KJIMUH, 3MiHU MiXKIIMUHHOT KOMyHikauii ma ~

KimuHHe cmapiHHA. A Wo Take CTapiHHA KNiTUH (aHrNin-
cbKot moBolo — cellular senescence)?

3MICT

AKi o3HaKM cTapiHHA KNiTUH?

Yneplue KniTMHHe cTapiHHA onucas B 1965 p. J1. Tendnik (Hap. 1928). byno BcTa-
HOBJIEHO, O HOPManbHi KNiTMHM BTPayaloTb 34aTHICTb A0 penpoayKLii nicna nesHoi
KinbkocTi noginie. Moganblui AOCNIAXKEHHA Y LbOMY HanpAMi BUABWAN, WO B NpoLe-
Ci CTapiHHA KNITWMH 3MIHIOETbCA He NuLle IXHA 3[aTHICTb [0 NOoAiny, a  CTPyKTypa Ta
bYHKUiOHYBaHHA YCix i cKknagHWKIB.

MoBepxHeBuit anapart. Y KAiTUHHIN MemMOpaHi cnocTepiraloTbCA YW iNbHEHHSA i
NOTOBLUEHHA, 3MEHLUEHHA IHTEHCMBHOCTI TPAHCNOPTYBAHHA PEYOBMH, KiNbKOCTi MiX-
KNITUHHNX KOHTaKTIB

LUunTonnasma. 3MiHIOETbCA LWiNbHICTb Fianonna3mu, Lo NO3HAYa€ETbCA Ha IHTEeH-
CMBHOCTI GioXiMiuHUX peakuinn n 6iodizmuHmnx npouecis. OfHie0 3i cTannx 03HakK
CTapiHHA KNITUH € MOopdonoriyHi 1 GyHKLiOHaNbHI 3MiHKM MiTOXOHAPIK. Konu cTapi-
I04a KNiTMHa BUABNAE 3HaYHe ywKogXeHHA ceoel [IHK, BOHa NpoayKye curHanu, wo
CMOHYKaTb MITOXOHAPII 4O YTBOPEHHA BiIbHUX pafuKanis, AKi «<3MyLIYIOTb» KNITUHY
rMHYTN abo NpUNUHUTK Npouec noginy. e ofHieto 3 BiKOBUX 3MiH KNITUHK € 36inb-
LUIEHHA KiNIbKOCTI N1i30COM, X pyHYBaHHA 1 BUBINbHEHHA GpepMEHTIB, WO CNPUYNHAE
NMOLIKOMXEHHSA opraHesn i MembpaHn. O3HaKamuy KNiTMHHOTO CTapiHHA € 1 HAKOMUYeH-
HA B 3a/IMLUKOBUX TiNbLAX NiIrMEHTY cTapiHHA (ninodycunHy), 3miHa BianoBiai Ha gito
YNHHUKIB POCTY.

FeHeTYHMI anaparT. 3 BiKOM KNIiTUH 3MIiHIOETbCA CTPYKTYpa XPOMaTUHY, 3MEH-
LYETbCA TPAHCKPUNUINHA aKTUBHICTb eyXpoMaTUHY Ta WBMAKICTb pennikauii AHK,
BTpayae edbeKTUBHICTb cncTema penapauii JHK. MoTy>XHMMM akTMBaTOpaMu CTapiHHA
€ ABOHNTKOBI po3pusn [HK, wo BrHMKaTb BHaCNifoK Ail NoHi3ytouoi pagiaii (anb-
¢da-, 6eTa-, raMmMa- 1 peHTreH-NPOMEHi).

Tema 4. PENMPOAYKLIA TA PO3BUTOK
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Y KniTMHax 3 BIKOM NPOABAAIOTLCA He NMLIe NPOLECU CTapiHHA, @ 1 PO3BMBAKOTLCA
npouecy aHTcTapiHHA. Ix nepe6ir 3a6e3neuyoTb NPUPOAHI FeHOTUMHI (HaNpYKnag, cMc-
Temu penapadii HK, cuctema aHTMOKCMAAHTIB, CUCTEMA MIKPOCOMabHOTO OKMCHEHHA
Uy>KOpPigHUX peyoByH) Ta GeHOTUNHI (HanpuKnag, NifBULLEHHA IHTEHCUBHOCTI FMiKONi3y,
nosea 6aratoagepHOCTi N NoninnoiAil y KniTnHax, 36inbweHHA 06'eMy MiTOXOHAPIN 3a
YMOB 3HVXEHHSA iXHbOro Uncna, rineptpodisa anapaty fonbaxi) MexaHiamu.

TakuM YMHOM, HaBIiTb Liell faneko He NMOBHUI Nepenik BikOBUX 3MiH yKa3ye Ha Te,
O CTapiHHA KNITWH € fy»e CKNagHMM NpoLecoMm, WO OXOMNIE YCi Tl cknagosi. MNonpn
6araTopiyHi 'PYHTOBHI JOCNIAKEHHS Lie He 3'ACOBaHO NPUYMHM CTapiHHA. IcHYE pag
rinoTes KNiTMHHOIO CTapiHHA, cepef AKNX: MOJIeKy/IApHO-2eHemuUYHi 2inome3u (BiKOBI
3MiHM € CMagKoBO 3anporpamoBaHUMM), mesoMepHa 2inomesa (CKOPOYeHHA Teno-
Mep MiciA KOXKHOro NoABOEHHA XPOMOCOM i BTpaTa 34aTHOCTI A0 NOAiNy), e2inomesa
8i/IbHUX padukasig (MPUUYMHOIK KNITUHHOIO CTapiHHA € WKiANMBI BNIMBW BifIbHUX pa-
[VIKaniB), 2inome3a 8UCHAXeHHA cmogbyposux KaimuH (yNoBiNbHIOTb CBi Nogin i He
TaK YacTo NepeTBOPIOITLCA Ha COMATUYHI KNITUHW), 2inome3a nopyweHHs 6isIKog8ozo
2omMeocmasy (HaKoMMUYEHHA MNOLIKOLXKEHWX 1 3MiHEeHNX BinKiB) Ta iH.

OTmxe, CTAPIHHA KJNITUH - ue npupoaHniA 3aKOHOMIPHWI | HE3BOPOTHUIA
npoLec BiKOBUX 3MiH 6y[oBUW i GYHKLIN KAITUH, WO CPUYUHAE 3HUXKEHHA
IXHIX afanTUBHUX MOXKXJIMBOCTEN.

Yomy KRiTUHN T’MHYTb?

CmepTb KNiTMH MOXe HacTaBaTu AK Y HOPMI, TaK i B pasi natonorii. [MHyTb KNiTuHW
B emOpioHanbHOMy PO3BUTKY (Mig Yac dopmyBaHHA TKaHUH i opraHis) Iy Jopocnomy
opraHi3mi BHacnioK cTapiHH=A, B pa3i BTpatn GyHKLUI i Nig Ai€to WKigNMBUX YNHHUKIB.
Po3pi3HAoTb ABa BUAW 3arnbeni KNiTuH: anonTos i Hekpos (is.1317).

AnonTos - 2eHeMUYHO 3aNPO2PAMOBAHA 3a2ubesib KJTIMUHU, 8 AKil Npo8iOHY posib
BUKOHYIOMb BHyMPIiWHbOKAIMUHHI MexaHizmu. Llel Bug 3arnbeni KNiTuH € eHepreTny-
HO 3aneXKHUM 1 perynboBaHnm npoLecom. Y pasi anontosy A4po 1 yutonnasma gi-
NATbCA Ha KiflbKa YaCTWH, He BifbyBaeTbCA pPyNHYyBaHHA
KNITUHHOI MemMbpaHu, BMICT KNITUH He NOoTpanse B no-
3aKNiTUHHE CcepefoBULLE N HEe CMPUYMHAE 3anafieHHA.
OcobnuBe 3HayeHHA arnonTo3 MaEe B eMOpioHanbHOMY
pPO3BUTKY, KONM BifbOyBa€eTbCA 3MiHa emMO6pioHanbHUX
3ayaTkiB. Y 3pifiomy opraHiami anonTto3 3abe3neuye Kni-
TUHHWI TOMeOoCTas — BifHOCHY CTaniCTb CKNagy TKaHWH
i opraHiB, a B pa3i CTapiHHA Y1 NaTONOrii Perynioe Kib-
KiCTb KNiTMH B OpraHax BignoBiAHO A0 3HMXEHHA GYHK-
LiOHaNbHMUX MOKMBOCTEN OpraHiamy. ANONTo3 TakoX
Biflirpae BaXnmBYy ponb B pa3i 3apakeHHA iHpeKLinHN-
MW areHTamu, 30Kpema BipyCHUMU, Y NiKBigauil nyxnuH-
HUX KNITUH.

Hekpos - ye 3a2ubesnb knimuH y pe3ysiemami He380-
POMHO020 NOWKOOXeHHA nio Oi€r0 WKIOUBUX YUHHUKIB.
[lo HUX HanexaTb neperpiBaHHA, NePeOXONIOAXKEeHHH,
HecTaya KWUCHIO, MOPYLIEHHA KPOBOMOCTauYaHHA, AiA
OTPYyT, XiMiYHMX MpenapaTi, MexaHiuyHi Tpasmu. Llen

§ 58. CTapiHHA Ta CMepTb KNITUH
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npouec reHeTUYHO He 3anporpaMoBaHuUiA, € NACUBHKM i He NoTpebye 3aTpaT eHepril.
Y pasi Hekpo3y BiAOYBaOTbCA XaOTMUHE PYHYBAaHHSA KIITUHHUX MeMOpPaH 1 opraHen,
BMBiNIbHEHHA GpepMeHTIB 11 po3LenneHHs BMICTY. HeKpo3 KNITUH CynpoBOAXKYETbCA
3ananeHHAM, WO CnpuYMHeHe NpofyKTamu po3nagy KniTuH. Peakuia 3ananeHHAa —
Lie ocHoBHa ¢isionoriyHa BigMiHHICTb HEKPO3Y Bifj anonTosy.

OTxe, 3arnbenb KNiTUH Moxke OyTn NpupogHMM abo maTonoriyHum
npouecom, Wo BifdyBaeTbCA Nif Ai€lo reHiB abo WKignnemx
UMHHUKIB cepeaoBuLLa.

AKi npuuvHM | HacNigKN NOpyLWeHb KNITUHHOrO LuKny?

KniTuHHMI 4MKn - Le nepiof iCHYBaHHA KNiTu-
HW Bif ogHOro noginy go iHworo (in. 132). Perynadia
KNITUHHOTO UWKIY 3AINCHIOETbCA TOPMOHAMMU, YMH-
HUKaMM POCTY, BinkaMU-UUKAiHaMK | LMKIiH-3anex-
HUMU PepmeHTamMU, 6e3 AKX HEMOXKINBUI Nepexia
fo noginy.

Hacniokamu nopyweHHA KRITUHHOFO LMWKy €
BTpaTa 34aTHOCTI NeBHUX KNITUH JO NOoAiny, CTapiHHA
KNiTUH, 3arnbenb KNiTUH, BUHUKHEHHSA NMYXJINH.

lMpuyuHamu nopyuwieHb KNITUHHOIO UWUKY MO-
XyTb OYyTU HecTaya MOXMBHUX PEYOBUH, 3MiHU
BM/IMBIB UYMHHMKIB POCTY, nowkomkeHHa OHK, no- In. 1’32- Eranu i dasn
pylweHHA noaBoeHHA monekyn [HK i po3xopxeHHA KITHHOTO LMKITY:

. . Lo . . M - mito3; | — iHTepdaszu
XpomaTug, BipyCHi reHu, 30BHILHI WKigAnBi BNAMBK (G: — NpecNHTeTNYHa dasa;
1T l

Touo. S - cuHTeTMYHa dasa;
OCHOBHMMU eTanamm KNiTMHHOTO LMKIY € iHTep- G, - nocTcnHTeTNYHa dasa;
¢daza T1a mito3. OfHaK He BCi KNiTUHW NPOXOAATb Ui Go - dasa cnokoto)

eTanu. Tak, HeCcTaya NOXXMBHUX PEYOBUH abo YMHHUKIB POCTY 3MYLUYE KAITUHY nepe-
xopuTtn y asy cnokoto (G -$pasa), ynpoaosx AKoi Noainy He BiabyBaeTbCA.

Mpuknagom nopyweHHA perynauii KNiTMHHOTO UMKNY € HEKOHTPONbOBaHUM
NoAin KNiTMH N BUHUKHEHHA NyXAWH. Y HOPMIi KNiTMHA, B AKOI nowkogxkeHa JHK, He
BCTynae B S-dasy. Y pasi myTauilt abo enireHeTUYHMX 3MiH reHiB, Lo BiANOBIfAOTb 3a
nogin KNiTUH i LinicHiCTb reHoMy (MPOTOOHKOreH), aHTUOHKOTeHW, reHn-MyTaTopm),
aHOpMarnbHi KNITMHM NOYMHATb WBUAKO PO3MHOXYBATUCh. IK HAacNifoOK poO3BMBa-
I0TbCA HOBOYTBOPEHHA. OfHMM i3 MexaHi3MiB 3axXMCTy Bif HUX € anonTo3. BogHouac €
reHv (QHTVOHKOreHN), Lo NPUTHiYYIOTb YTBOPEHHA PAKOBUX MYXJIVH.

OTXe, MOPYLEHHA KNITUHHOMO LUKy 3YMOBJIIOIOTb FrEHETUYHY
HecTabiNnbHICTb Ta NOpyLeHHA audepeHLiaLii KNiTuH.

AlANbHICTb
X//‘ CamocrTifiHa po6oTa 3 inlcTpaui€cto

Tema 4. PENMPOAYKLIA TA PO3BUTOK

[epoHTONOriA — HayKa, WO BMBYAE NpoLec CTapiHHA OpraHi3my noguHn. B cyvac-

Hil FepOHTONOTII WBKUAKO PO3BUBAETLCA HOBUI HaNpAM JOCIAXKeHb, MOB'A3aHNN 3

OMWCOM enireHeTUYHUX MeXaHi3MiB BiKOBUX 3MiH. Po3rnAaHbTe cxemy, AKa inCcTpye

enireHeTMYHi YMHHMKK, WO BNANBAIOTb Ha NPOLEC CTapiHHA NI0AMHW, Nepeknagitb

24 1 Ha3BiTb iX. CbopmynioliTe BNacHi CyXeHHs NPo BMAUB CNOCOOY XUTTA Ha npouec
CTapPiHHA NIOOUNHN.
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Bionoris + lepoHTONOria. AjanTauiliHO-perynATopHa rinoresa crapiHHA

OpfHoYacHO 3 pyHYBaHHAM i Aerpajali€to, XxapakTepHumMmn
ONA npouecy CTapiHHA, B XO4i eBONoLii BUHUKAW 1 npouecy,
CNPAMOBaHiI Ha BWXXMBaAHHA W MiABULEHHA CTINKOCTI Giono-
riyHMx cuctem. Lle mexaHi3amMun aHTMCTapiHHA. Bneple Ha HuX
3BEPHYB yBary BUAATHUN YKpaiHCbKMI yueHun B. B. ®ponbKic
(1924-1999). Y yomy cyTb aganTauiiHO-PerynATOpPHOI rinoTe-
31 cTapiHHA OponbkKica?

CTABJIEHHA
«ﬁ Bionorisa + leHeanorisA. YcnagKyBaHHA O3HaK y NIOAVHMN

»

CuHAaKTWNIA y NIOANHM € BafOl0 PO3BUTKY |
M CNagKkoBMM 3aXBOPKOBAHHAM, LLO XapakKTepu-

3Y€TbCA MOBHVIM UM YAaCTKOBMM 3POLLEHHAM MiX ' & é
coboto fBOX i bGinblie cycifHix nanbLiB pyk abo t Ty 5|7 5 Aak
3 4

Hir. PO3BMBaETbCA BHACIAOK NOPYLUEHHA 3aru-
6eni KNiT1H, 3aBAAKN YoMy B HOpMi flocsaraeTbea Il
pO3AineHHA nanbuis. A AKMIN TUN yCnagKyBaHHA

y Ui€l 03HaKkn?

PE3VJIbTAT

3aBAaHHA ANA CAaMOKOHTPOIO
1. Wo Take cTapiHHA KNiTUH? 2. HaBegiTb npuknagn o3Hak CTapiHHA KNnituH. 3. Wo
1-6 |Take anonto3? 4. LLlo Take Hekpo3? 5. HaBeAiTb NpyKNaan YMHHKKIB, WO NOpPYyLIY-
I0Tb KNITUHHUI LMK, 6. Ha3BiTb OCHOBHI HAaCNiAKM NOPYLUEHHA KINITUHHOTO LINKIY.
7. AlKi 03HaKM cTapiHHA KNiTNH? 8. YoMy KIITUHN ruHyTb? 9. AKi NpUYMHM i HacnigKu
NopyLUeHb KNITMHHOTO LuKny?
10-12 | 10. O6rpyHTYyTe CyAKEHHA NPO BMANB CMOCOBY XKUTTA HA NPOLIEC CTaPiHHA NIOAUHN.

§ 58. CTapiHHA Ta CMEPTb KiTWH

7-9
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Pak — He 8upoK, a 0iazHO3 3aX80PHOBAHb.
Bucnig medukie

§ 59. OHKOJIOr'4YHI 3AXBOPIOBAHHA TA OHKOTrEHHI
YAHHUKN

OcCHOBHi NOHATTA 1 Kno4oBi TepmiHn: OHKOJIOTYHI 3AXBOPIOBAHHA.
OHKOreHHi YWMHHUKM. NMpo¢inakTnka OHKONOriYHNX 3aXBOPIOBaHb.

MpuraganTte! Lo Take 3axBoptoBaHHA?

HoBunHM HayKn

Y XKUBii NPUPOAI € TBAPUHWN, AKI Mai>Ke He XBO-
pitloTb Ha pak. [nA npuknagy AOCUTb YacTO Ha3MBalOTb
CNOHIB. YOMy X CNOHM He BPa3fvBi 4O OHKOJOFiYHUX 3a-
XBOpPIOBaHb? B iXHbOMY reHOMi HafBHi reHu, Wo BUABAAIOTb
YWKOMAKEHHSA | BMUKAOTb MeXaHi3aMu anonTosy. Y noguHmn
Leln reH HaABHUN B €AMHOMY eK3eMnnApi, B TOW Yac AK y
CnoHiB ix € 20 Konin. LLlo Take OHKONOriYHI 3aXBOPIOBaHHA
Ta AIKa POJIb FeHIB Y IX BUHUKHEHHI?

3MICT

flka ponb reHiB y BUHMKHEHHi OHKOJIOriYHNX 3aXBOPIOBaHb?

OHKOJIOTIYHI 3AXBOPKHOBAHHA (Big rpew. OHKOC — NyXWHa i J1020C — HayKa) —
ye cnaodkosi NopyweHHs, W0 3yMOo8JIeHi NOABOI0 8 OpP2aHi3mi 3MiHeHUX (mMpaHcgopmo-
8aHUX) cOMamuyHux KaimuH. Lli xBopobu CynpoBOAXKYIOTbCA YTBOPEHHAM MyXJINH
fobposkKicHoro (ageHoma, naninoma, ninoma) abo 3n0AKiCHOro (pak, capkoma, age-
HoKapuuHoMma, nimboma) xapaktepy. OHKO3axBOPIOBaHHA — Lie Apyra 3 OCHOBHMX
NPUYNH CMEPTHOCTI Y CBITi NicnAa cepueBo-CyANHHMUX. HarnowmnpeHiwmnmm oHKono-
FYHMMUN 3aXBOPIOBAHHAMU € pak JiezeHb, MOJIOYHUX 3a/103, hepedMixyposoi 3a103u,
moecmoi KUWKU, WKipu, 1eUKo3.

TpaHcdopMOBaHi KNITUHN XapaKTepu3yloTbCA HU3KO OCOBNUBOCTEN: Hepery-
NbOBaHUN 6e3MEXHNI PICT, HEKOHTPONbOBaHM Nogdin, nopyLweHHa audepeHuiauii,
34aTHICTb fo iHbinbTpaUii (BpoCTaHHA B HABKOMMLLHI TKAHWHW) Ta 3HULLLEHHA CYCiAHIiX
HOPMaNbHUX KNTUH, MOXMBICTb MirpyBaTh NO OpraHiamMy 1 yTBOpBaT! Memacma-
3U — BTOPWHHI KOJOHIT B opraHax i TKaHnHax. B opraHiami TBapuH 1 niognHN TpaH-
chopmaLii 3a3HaOTb HAMGINbLIOK MiIPOIO KNITUHK eniTeNiaNbHNX TKAHVIH.

MNepeTBOpEHHA HOPMaNbHUX KNITUH Ha TPaHCGOPMOBaHi BU3HaYaloTbCA 3MiHaMU
2eHig, BIANOBifanbHMX 3a perynayio KNiTMHHOro LuKny, agudepeHuiauii Ta 3anporpa-
MOBaHoI 3arnbeni KnitmuH. Kpim myTtauin y TpaHchopMoBaHUX KNiTMHaX BifbyBaoTbCA
" 3MiHW eKcnpecii AeAKux reHis. [eHn, NpnYeTHi 10 PO3BUTKY OHKO3axBOPOBaHb, 3a-
3BMYa NOAINATb HA TPY FPYNU — MPOTOOHKOreHW, aHTUOHKOTeHU Ta reHN-MyTaTopul.

lMpomooHKozeHU — reHn, HopManbHa QYHKLIA AKX NonArae B CTumynauii nogi-
ny KNITUHW Ta NPUrHiYeHHi anonTo3y. [lo ui€i rpynu BiAHOCATb TaKOX reHu, Wo CTU-
MYJIIOI0Tb MPOPOCTaHHA CyAVH B opraH abo TKaHuHy. MyTauii 41X reHis cTumynioloTb
PO3BUTOK HOBOYTBOPEHD, | NPY LibOMY BOHM NEePeTBOPIOOTbCA Ha OHKO2eHU. AHmu-
OHKO2eHU, abo 2eHU-cynpecopu NyxJviH, — FeHW, HopmasibHa GYHKL s AKUX NONAraE B
244 3aTPMMaHHI NpoueciB NOAINY KNiTWH Ta akTMBawil anonTo3y. [1na po3BUTKY HOBOYTBO-

Tema 4. PENMPOAYKLIA TA PO3BUTOK
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peHHA B GinblocTi BUNagKiB noTpibHa iHakTMBaLia obox anenis reHis. lfeHu-myma-
mopu — reHu, HopManbHa GYHKLiA AKUX NONAra€e B NiATPUMAaHHI WiNiCHOCTi reHomy.
IxHa iHaKTMBaLiA yHACNIAOK MyTaLill € NPUUNHOI 36iMbLUEHHSA YaCTOTW MyTaLliil 6yab-
AKWX FeHiB, y T. 4. NPOTOOHKOrEHIB i FeHiB-CynpecopiBs.

OTXe, BAHUKHEHHA Ta PO3BUTOK OHKOJMOTiYHMX 3aXBOPIOBaHb MOB’'A3aHi 3
JiANbHICTIO NPOTOOHKOrEHIB, OHKOreHiB, aHTUOHKOTIEHIB i FreHiB-MyTaTOpIB.

AKi YNHHUKN CNPUYNHAIOTb OHKOJIOriYHi 3aXBOpPIOBaHHA?

OHKOreHHi YMHHUMKW - Ue YUHHUKU, WO MOXyMmb CNPUYUHAMU abo npuckKopro-
8amu po38UMOK HOB0yMaopeHHA. BOHN MOXyTb Npu3BecTn A0 He3BOPOTHOI il abo
NOLLKOAXEHHA B TUX YaCTMHAX reHeTUYHOro anapary, Wo 34iNCHIOITb KOHTPOMb Haj
COMATUYHUMU KNITUHAMU.

MpuYUYnHaMK 3MiH reHiB i PO3BUTKY HOBOYTBOPEHb MOXYTb Oy TV 30BHILUHI Ta BHY-
TPIiLWHI, NPUPOAHI N aHTPOMOreHHi, HeOpraHiyHi N opraHivyHi YUNHHKKK. Bin3bko 80 %
yCiX BUMNafKiB OHKO3aXBOPBaHb BUHUKAOTb Nif i€l 30BHILWHIX XiMiYHMX, Gi3UUHKX
N 6ioNOriYHNX KOMMOHEHTIB CepefloBMLLa i MAlOTb BUMNAAKOBUN (CMOpaanYHUIA) Xa-
pakTep (Hanpuknag, TpaBmaTu3alis WKipu i CM30BMX 0600HOK). [Jo BHYTPIiWHIX
UYMHHUKIB, WO CNPUAIOTb PO3BUTKY OHKOJMIOTIYHMX 3aXBOPIOBaHb, HaneaTb reHeTny-
Ha CXWJTbHICTb, MyTauil, NOPYLIEHHA IMYHHOT CUCTeMM Ta JiANbHOCTI eHOOKPUHHKX 3a-
7103 TOLLO, WO € NPUYMHOI 6111M3bKOo 20 % OHKOXBOPOO.

3a npiopuTeTHiCTIO HeBe3NeKM Ha NepLLIOMY MiCLli Ha3MBalOTb XiMiYHi OHKO2eHHI
YUHHUKU (6eH3nipeH, HITPO30CNONYKN, BaXKKi MeTanu — HikeNb, XpOM, MULL'AK, Kaj-
Min, 6epunii, kKobanbT, CBUHeLb, AioKcUHWM). Lii XimiuHi cnonykn noTpannsaoTb Jo op-
raHiamy JIIOAVHW PiI3HUMU LWAAXaMU: Yepes NOBITPA (Hanpuknag, Npu BAUXaHHI nuny
i3 a36ecTy abo TIOTIOHOBOrO JMMY), TPaBHUI KaHan (HanprKnag, HiTPo30CNonyKu, Wo
YTBOPIOIOTLCA MNif Yac CMaKeHHA M'ACa, BXMBAHHA aIkoroso), Kpisb WKipy (Hanpu-
Knag, NpoAyKTW ropiHHA nannea).

QDi3u4HUM OHKO2EHHUM YUHHUKOM € WNOHi3yloue BUMPOMIHIOBAHHA. 3acTocy-
BaHHA PEHTrEeHIBCbKOro BUMPOMIHIOBaHHA B MeAWLUHI 36iNblinio 3arposy pusnky
nig Yac o6CTeXXeHHA Ta NiKyBaHHA, TOMY iCHYIOTb CyBOPi NMOKa3aHHA A0 NPOBELEHHA
peHTreHorpadii. YnoTpadionetoBe onpomiHeHHA B HaAMipHUMX [0O3aX CNPUAE PO3-
BUTKY paKy LKipu i menaHomu (ocobnmBo y Ginowkipux
i pynoBoniocux nogen).

[lo 6Gionoz2iyHuUX OHKO2@HHUX YUHHUKI8 HanexaTb
Bipycu, 6akTepii (Hanpuknag, renikobaktep ninopi), poc-
NVHHI ankanoign, MikoTOKCUHM (Hanpuknag, apnaTokcu-
HU LBineBuUx rpmnbiB), MapasnTUuHi TBapuHN. Bipycu, wo
CNPUYMHAIOTL HOBOYTBOPEHHSA, Ha3MBaloTb OHKOBIpyCa-
Mu. [lo ui€l rpynn Hanexatb peTpoBipycy NeKomn sto-
OVHWN, afeHOoBIpyCM capkomu, ManoBaBipycy naninom,
repnecBipycu paky WNNKM MaTkn Ta iH. OHKOreHHi Bipycu
TpaHcHOPMYIOTb 3apaKkeHy KNiTUHY 3a paXyHOK OHKore-
HiB, HaABHYX y reHoMmi Bipycy. [lo ocCHOBHMX iHdeKLil, Wwo
iHILIIOIOTb OHKOMNOTIiYHI 3aXBOPIOBAHHA, HanexaTb Bipycn
naninomu noauHu, renatuty B i C. Li Bipycn HavacTiwe

In. 133. Maninoma i
Bipyc naninomu
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BiANOBIfanbHi 3a paK WNNKN MaTKK, WAYHKa Ta neviHky (1. 133). MNpuunHamm oHKo-
NOTIYHMX 3aXBOPIOBAHb MOXKYTb Oy T 1 renbMiHTY. Y pasi LuMcTocomaTosy (MPUUYNHOL0
€ KPOBSAHi CMCYHU) B CEYOBOMY MIXYpi 1 NPAMIl KULWLi HePiAKO YTBOPIOTLCA nani-
NOMU i KapLUMHOMMU, ONiCTOPX03Y (MpUYMHa — KOTAYNIN CUCYH) — YaCTO PO3BUBAETHCA
pakK neviHku.

OTXe, BUHUKHEHHA TPaHCPOPMOBAHOI KNITUHM | HaABHICTb YMOB
AnA 1l PO3MHOEHHA B OPraHi3mi BM3HauyalTbCA A€ 30BHILLHIX
i BHYTPILUHIX OHKOr€HHUX YMHHUKIB

Aki 3axoamn npodinakTNKM OHKONOTiYHMX 3aXBOPIOBaHb?

MpodinakTka oHKO3axBOPOBaHb — Ye KOMNJIeKc 3axo0is, CNpAMOBAHUX HA NO-
nepeoXxeHHsA 3aX80PIOBAHb MA YCYHEHHA YUHHUKI8 pu3uKy. OCHOBHUM YMHHUWKOM, 1O
3YMOBJIIOE PO3BMTOK OHKOJIOTIYHUX 3aXBOPIOBaHb, € CTapiHHA. 3 BiKOM 36iMblUyeTbCA
MNMOBIPHICTb BUHWKHEHHSA OHKOKIITWH i mocnabneHHA ¢yHKUiT imyHHOT cuctemu. binb-
LWiCTb OHKO3axXBOPIOBaHb PO3BMBAIOTLCA B OCi6 cTaplumx 3a 55 pokiB, Tomy Ans Ui€i Bi-
KOBOI KaTeropii 0co6/1MBO BaX/IMBO 3BepTaTh yBary Ha nosiBy HE3BUYHMX CUMMATOMIB
i perynapHo o6cTexyBaTucs.

3HayHy posb Yy PO3BUTKY OHKOJIOTIYHOIO 3aXBOPIOBAHHA Bifirpae cnagkoBiCTb:
3a HasIBHOCTiI OHKOJOTiUHOI naTosorii y 6aTbKiB, 6paTiB Ta cectep pU3NK BUHUKHEHHS
TaKOro caMoro 3axBOpIoBaHHA NigBuULLYyeTbCAY 1,5 — 2 pasn. Y po3BUTKY OHKOMOTiYHOI
naTonorii Mae 3Ha4YeHHA PaLioOH XapuyBaHHSA, WO MICTUTb BEINKY KiNbKiCTb TBapPUH-
HUX KM PiB, CONi, BYrneBOfiB, KOHCEPBAHTIB ab0 XiMiuHMX BapPBHIKIB, BXMBaHHA KOM-
YeHOI, KOHCEPBOBAHOI, CMaXeHOoI Ki. KopeKuia CTU0 XUTTA Ta 3MEHLUEHHA BNANBY
UYMHHVKIB PU3UKY 3HMXKYIOTb IMOBIPHICTb 3aXBOPiTK Ha pak Npu6mr3Ho Ha 40 %.

Y 6aratbox BMMNagKax pak MoXKHa nonepeant NnpodinakTMYHMMM 3axogamu. Mo-
pagun pyxe npocTi. MoTpi6bHO BiAMOBUTUCA Bif KYPiHHSA, BXKMBaHHS afnkorofibHUX Ha-
noiB, perynapHo 3anmatunca ¢isnyHo KynbTypoto 1 NiATPYMYyBaT HOpMasnbHYy Macy
Tina. TakoX NOTPiGHO NPaBUSIbHO XapuyBaTUCA, BXXUBATV 0BOYi, GPYKTU, KNITKOBIHY,
0OMeXNTUN BXMBAHHA KOHCEPBIB, KONUEeHUX CTpaBs, KoBbac, cocncok. Kpatlie 3'ictu
LUMATOYOK BigBapHOro m'aca. CMaXkntm CTpaBmM He PeKOMEeHAYETbCA, OCKINbKM Nif vac
CMaXXeHHA BUAINATbCA KaHLepOoreHu; Kpalle Baputh abo Tyl KyBaTu. 3QilicHIONTe
npoodinakTuKy iHPeKUinHUX XBOPOO, 3axmlyaliTe WKipy Bia ynbTpadionetoBoro Bu-
NPOMIiHIOBaHHA i npoxofbTe NpodinakT1yHi ornaaun. AKLWO AOTPUMYBATUCA LUX NPO-
CTUX nopag 3i 340pPOBOro cnocoby XWTTA, TO MOXHa BifUYTHO CKOPOTUTU PU3UK
3axBOpITH.

OTKe, Hal3aranbHIWUMK 3axofamun NPodiNakTKM OHKO3aXBOPIOBaHb €:
1) opraHi3auia NpaBUIbHOrO XapyyBaHHA; 2) BigMOBa Bif WKiAANBUX
3BMYOK; 3) NO3UTUBHI emMoUil; 4) aKTUBHUI CNOCI6 KUTTS;

5) npodinakTnyHi ornagu.
@ DIANbHICTb

7“4l Camocriitna po6oTa Ha 3icTaBNeHHA

Tema 4. PENMPOAYKLIA TA PO3BUTOK

Mi)xxHapoOHuli Knacugikamop xeopo6 € 3aranbHONPUNHATOW Knacudikauieto
N5 KoZlyBaHHA MefMYHKX 3axBoptoBaHb. Knacndikatop cknagaetbca 3 21 posginy,

KOXKEH 3 AKUX MiCTUTb MiApO34inuv 3 kKogamu xBopob i cTaHiB. 3icTaBTe Ha3BM 3anporno-
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HOBAHVIX 3aXBOPIOBaHb i3 po3AinaMmu MixkHapogHoro knacudikatopa xsopob. 3a ymo-
B/ NpaBUSIbHMX BiAMNOBiAen OTpUMaETe iM'a NikapA, AKMIA ynepLle Ha3BaB 3/10AKICHY
NyXAnHY KapuMHOMOIO (Bif rpel. KapyuHoc — Kpab). [loBediTb 3B'A30K HOBOYTBOPEHb
3 iHLIMMU 3aXBOPIOBAHHAMM NIOAVHM.

1 HoBoyTBOpEeHHA A TacTpuT, naHKpeaTuT

2 [lapa3utapHi 3aXBOPIOBAHHA I' MenaHoma, nenko3s

3 XBOpoO6U KpoBi I EHTepo6io3, onictopxos

4 XBOpOO6W eHOOKPUHHOT cMcTeMU K Katapakra, rnaykoma

5 XBOpo6y HEPBOBOI CMCTEMY O MeHiHriT, eHuedanit

6 XBOpPOOW OKa M, AHemisa, meTremornobiHemis

7 XBOpoO6Y OpraHiB fMxaHH:A M, UykpoBsuii giaber, rineptupeos
8 XBOpOOU OpraHiB TpaBfieHHs P ®apuHriT, nTHeBMOHiA

9 XBopobu WKipu T Bituniro, pepmatntnn

bionorisa + NMcuxonoris. Cnoco6u 60poTb6M 3 HeraTUBHUMU emoLiAMUN

JliogMHa, AKa »KuBe 3 MO3UTUBHUMMU
emouiaMn 1 BYMKaMu, He CXuibHa Ao 3a-
XBOpPIOBaHb. [lyxe Baxxnusy posib y npoodi-
NaKTULi NyXAKH BigirpaloTb came onTUMi3m
M YMiHHA CNPaBRATUCA 3i CBOIM HEraTUBHM-
MW eMOoUiAM/ B Pi3HOMAHITHUX CTPECOBUX
cuTyauiax. A AKMMK € OCHOBHI cnocobu 60-
poTbOU 3 HeraTVBHMMMN eMoLiAMN?

a CTABJIEHHS
% B CTABNEHHA

Q

«3 Bionoria + CycninbcTBO. BcecBiTHill AeHb 60poTb6U NPOTU paKy

Llen peHb Big3HavaoTb WopivHO 4 noToro. Me-

TOI0 NPOBEAEHHA 3axofiB y Lel AeHb € MigBULLEeH- Py—
HA 06i3HAHOCTI WOAO OHKOJNOTIYHNX 3aXBOPIOBaHb. Beeceimuiii denv
Bigomo, Wwo BUHMKHEHHI0 Mmaixe 50% unx 3axsopto- bopomsbu npomu
BaHb MOKHa 6yno 6 3anobirTi 3a 4ONOMOrow HOpPM paxy

3[,0pOBOT NOBEAIHKN. AKUMM € Lii HOPMM NMOBERIHKN?
OUiHiTb BaXNMBICTb NPOGINAKTUKA OHKONOTMiYHUX
3aXBOPIOBaHb.

PE3YJIbTAT

3aBAaHHA AnA CAMOKOHTPOJII0

1. lWo Take OHKONOriYHI 3axBOpOBaHHA? 2. HaBefiTb NpMKnagM OHKO3axBOPOBaHb.
3. Lo Take OHKOreHHi YMHHMKN? 4. Ha3BiTb OCHOBHI Fpyny OHKOT€HHNX YNHHUKIB.

§ 59. OHKONOriYHi 3aXBOPIOBAHHA Ta OHKOT€HHI YNHHWKN

1-6 - . . Lo
5. o Take npodinakTmka oHKo3axBopioBaHb? 6. Ha3BiTb Hali3aranbHiwi 3axogu
npo¢inakTMKN OHKO3aXxBOPIOBaHb.

7.9 7. AKi reHn 6epyTb yuyacTb y PO3BUTKY OHKO3axBoptoBaHb? 8. AKi YMHHUKKU cnpuym-

HATb OHKO3axBoptoBaHHA? 9. AKi 3axoan NpodinakTUKM OHKO3axBOPOBaHb?
10-12 | 10. OuiHiTb BaXMBICTb NPOdINaKTNKN OHKOMOTYHNX 3aXBOPIOBaHb.
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Melio3 - uye «<3aMeHWeHHs», 6e3 AK020 HeMOXK/1uge «30i/IbLUeHHS».
OO0uH i3 6iono2iyHUX Napadokcie

§ 60. MENO3. OCOBJINBOCTI TAMETOIEHE3Y B JIIOAVNHW.
CTATEBI KNNITUHWU

OCHOBHi NOHATTA 1 Kno4oBi TepmiHn: MENO3. TAMETOTEHE3. CTATEBI
KJITUHW.
MpurapanTe! Lo Take cTaTeBe PO3MHOXKEHHA?

X

3Hanomreca!

OfHMM i3 3aranbHNX 3aKOHIB PO3BUTKY € 3aKOH €HO-
CTi Ta 6OPOTHOU NpOTUNEKHOCTEN: KOXHUU npedmem, Asuuje,
npouec € cynepeusiusoro eOHicmio npomusexHocmed, Ujo 830EMO-
nNpoHUKarme, nepexodams 00OHA 8 OOHY, nepebysarome y cmawi
€0HoCcMi U 6opomsbu. Yn cnpaBeanvBUA 3aKOH ANiA Melno3y Ta ra-
MeToreHesy?

3MICT

flke 3HaueHHA Meno3y B 36inblueHHi 6iopi3HOMaHITTA opraHismiB?
MEMO3 (gig rpeu. melio3is — 3MeH-

LWEHHA) — ye nodin eykapiomuyHUX KimuH,

8HACNIOOK AKO20 YMBOpPIOMbCA OOYIpHI KJli-

MUHU 3 y08i4i MeHWUM Habopom XpOMOCOM.

3HayeHHA Melo3y NonsArae y NigTprUMLi cTa-

6iNbHOCTi XPOMOCOMHUX HabopIB, WO 3a0e3-
neuye cnaokogicms, Ta B CTBOPEHHI HOBUX
crnosiyyeHb 6GaTbKiBCbKMX 1 MaTepPUHCbKUX
reHiB, Wo cnpuae miHausocmi. Meno3 mae

HU3KY 0COBNMBOCTEN, WO BifPi3HAIOTb MOro In. 134. Cxema meiio3y:

Bifl iHLWIKX cNOCO6iB NoAiny KniTuH, a came: mero3s | (1) i menos Il (2)

«  BiObyBaeTbCA Y 2 NOCNiAOBHI eTanu — Melio3 | Ta Melio3 Il, KOXHWI 3 AKNX CKNnaaa-
€TbCA 3 4 dpa3: npodasu, metadasu, aHadpasn i Tenodasum (in. 134);

+  Ha nepwomy eTani Merno3y po3noAinATbCA FOMOJIOTiYHI XPOMOCOMM 3 YTBOPEH-
HAM ranfioigHoro Habopy XpoMoCoM, TOMy Lieli MOAIN Ha3MBalTb peayKUinHUM
(Mel103 1); 3MeHLLIeHHA KiNbKOCTi XpPOMOCOM YABiUi 3abe3neuye MOXKINBICTb NOEN-
HaHHA KNITUH | BIZHOBNEHHA HOPMasibHOIo ANMJIOIAHOIO KapioTuny;

«  CTaH cnagkoBoi iHGopMaUil Nicis Neploro nNoginy Bxe BUAO3MIHEHWIA 3aBASAKN
pexkomb6iHayii JHK, wo 3abe3neuye nepepo3nofin reHeTuyHoi iHbopmauii Ta
BVHVIKHEHHS HOBMX KOMOIiHaUil reHiB; pekombiHauia JHK mix romonoriyuHmmm
XPOMOCOMaMW € OAHUM i3 BM3HAUYaNbHUX MpoueciB 36ifblueHHA cnagKoBoi pi3-
HOMAHITHOCTI O3HaK;

«  HaJpyromy eTani po3xoAAaTbCA XPOMaTUAN FOMOOTIYHMX XPOMOCOM, TOMY NoZin
Ha3MBAETbCA eKBaUinHUM (meno3 ll);

«  3arajibHYM pe3yfbTaTOM MeNo3y € YTBOPEHHS KAITUH 3 ranjoigHumMm Habopom
XPOMOCOM i Pi3HVMMM KOMGiHaLiAMN reHiB; came Ui KNiTMHNM 6epyTb yyacTb Y 3a-
NAigHEeHHI 1 CTaTeBOMY PO3MHOXEHHI, AKOMY XM1Ba Np1poaa 3aBAAYYyeE CBOIM pi3-
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OTXXe, Meno3 € KNYOBMM MeXaHi3MOM CMafgKoBOI MiHAMBOCTI, WO NpuTa-
MaHHWUI YCiM OpraHiamam, AKMM BIacTUBE CTaTeBE PO3MHOMEHHS.

Aki oco6nuBocTi rameToreHesy B noguHN?

FTAMETOTEHE3 - npoyec ymgopeHHs Ui 003pieaHHA cmamesux KaimuH. PO3BUTOK
rameT y JIIOAVHU BiAOYBa€ETbCA B AEYHUKAX i CIM'AHMKAX AEYOK. Mpouecn yTBOPEHHS
YOJIOBIUMX I XKIHOUMX FAaMET € MOCNiAOBHVMM 11 Bif6yBaloTbCA yNpoJoBX cmadili po3-
MHO€eHHA, pocmy, 003pi8AHHA I hOPMYBAHHA 3 NEBHNMN OCOONNBOCTAMMU.

Ta6nuusa 8. MOPIBHAJIbHA XAPAKTEPUCTUKA PO3BUTKY
HOoNnoBIYUX I KIHOYNX TAMET
Crapgis CnepmaroreHes OBoreHes
B embpioreHesi 3 yTBOpeHHAM

Po3mHoOXeHHA B embpioreHesi 3 yTBOpeHHAM OBOTOHIiB
CrnepmaToroHiis
Y ctaTeBO3pinomy Bili 3 yTBO- . . .
. B embpioreHesi 3 yTBOpeHHAM OBOLUTIB
Pocty peHHAM cnepmaTouunTis I-ro

NOPAAKY |-ro nopagky

MourHaeTbcA B embpioreHesi i npopos-
KYETbCA 3 HACTAHHAM CTaTeBOI 3PiNoCTi.
Meli03 HepiBHOMIHWI 3 yTBOPEHHAM OBO-
uuTa ll-ro nopAagKy Ta HenoNAPHUX Tinewb

Y ctateBO3pinomy BiLi 3 yTBO-
[o3piBaHHA peHHAM cnepmatng. Menos
piBHOMipHWIA

Y cTateBO3pinomy BiLi 3 yTBO-

. Hemae
PEHHAM CepmMaTO300HIB

(DopmyBaHHA

Y piByaToK o 7 MicAuA eMOpioreHe3y yTBOPIOETLCA BIM3bKO 7 MiNbIAOHIB OBOroO-
HiiB, ane gani 6inbLWicTb i3 HXX 3a3HA€E anonTo3y; y HOBOHAPOXKEHOI AiBUMHKY 3anu-
WwaeTbca 6nun3bko 400 000 oBouuTiB I-ro nopagKy. [lani BOHM BCTynawTb B npodasy
Meno3y, i nogin 3ynuHAeTbCA. 1ig yac cTaTeBOro o3piBaHHA NePBUHHI OBOLUTM NPO-
OOBXKYIOTb MENOTUYHWUI NMOAIN, CTalOTb BTOPUHHUMIK OBOLMTaMM | NOYMHAIOTb BUBIfb-
HI0BATUCA OAMH 3@ OAHUM, y npoueci oBynAuii. OgHaK 3aBepLUeHHA Meno3y B TIOANHN
BifOyBa€TbCA BXKe MicnA 3annigHeHHA. MNepexia oBouunTiB y cTagilo fo3piBaHHA nNpo-
[OBXYETbCA YNPOAOBXK YCbOro penpofyKTMBHOrO Nepioay i 3a3BMYan 3aKiHYyETbCA
Ha 45 — 50-my poui XuTTA.

Y yonosivyomy opraHi3mi, Ha BifMiHY Bif XiHOYOro, yTBOPEHHA rameT NoYNHa€ETb-
CA NiCNA HaCTaHHA CTaTeBOI 3PiNOCTI N NPOJOBXKYETbCA A0 CTAPOCTI.

OTxe, oBOreHes Bifgpi3HAETbCA Bil cepMaToreHesy 3aBepLleHHAM cTagii
PO3MHOXEHHSA Le B eMbpioreHesi Ta BiACyTHICTIO cTagii dopmyBaHHA.

Yomy yonoBgiui Ta }KiHoui rameTn pi3HATbCA MiXK co6010?

CTATEBI KNNITUHU (rameTn) — ye K1imuHuU 3 2ans10iOHUM HA60POM XPOMOCOM, AKI
BUKOHYIOMb (hyHKUil0 hepedayi cnadkosoi iHghopmauii 8id ocobuH 6amekigceko2o no-
KOJTIHHA HAWaoKam nio 4ac cmamego2o PO3MHOXEHHS.

Yonogiui rameT Ha3mBaloTbCA cnepmaTto3ooHamu. Lle 3pe6inbworo pyxnusi
KNITUHK, AKI BUKOHYIOTb TaKi GyHKLIi: 1) nepefatoTb NONOBUHY cnagkoBoi iHdopma-
Lii Bij 6aTbKiBCbKOro opraHiamy; 2) 3abe3neuyioTb akTBaLito Npouecis ANLEKNITUHN
nicna it 3annigHeHHs; 3) BHOCATb B ANLEKNITUHY LeHTpioni Ana opraHisadii ii nogi-
niB. QyHKLii cnepmaTo300HIB 3yMOBJIOIOTb IXHi BUAOBXEHY GpopMy, APiOHI po3mipu
" cneyundiyHy 6yaosy. Po3mipn 4onoBiuMx rameT y fIOAVHN KONMBAKOTLCA B MeXKax
50 - 70 mKM. HopMmanbHi cnepmMaTo300HM MaloTb FOSIOBKY, MPOMIMKHY YacTUHY W
xBicT (in1. 135). lonoska micTUTb AAPO 3 ranoigHMM Habopom xpomocom (22A+X abo
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22A+Y), TOHEHbKNI Wap LWATOMA3MM i aKpoco-
My 3 depmeHTaMmn s po3sLensieHHs 06010HOK
oBouuTa. Y wulyi MiCTATbCA ABi LeHTpioni, oaHa
5 3 AKNX PO3POCTAETLCA N YTBOPIOE OCbOBY HUTKY.
[HWa yeHTpioNa 3aNnWAETLCA Nif ALPOM i pa3om
i3 HAM MOXe NPOHUKHYTWU B ANLEKNITUHY. [Ipo-
MIXHA 4acmuHd MiCTUTb MITOXOHAPIT y BUMMAAI
cnipanbHoi HUTKKM, ATO Ta rnikoreH gna pyxis
KNiTHW. Xgicm mae anapat 3 20 MiKpoTpyb0UOK,
AKi 3a6e3neyuyoTb NepeMilleHHs KNiTUH 3i WBua-
3 kicTio 6n1m3bKo 50 MKM/C.

AnuekniTUHM — XiHoui cTaTeBi KNiTUHW. Lle
30e6inNblIoro HepyxauBi KNiTMHK, WO MatoTb Ky-
nacty GopmMy Ans Kpaworo nepemiwieHHs oa-
nonieBumn Tpyb6ammn fo mMatku. Ona ANUeknituH

1 - ronoska; 2 - npomixHa BNacTuBI Taki QyHKLUil: 1) NnepefaBaHHA cnagko-
YyacCTMHa; 3 — XBOCTOBA YaCTUHa; .. .. .
4 - aKpOCOMa; 5 — AAPO; BOI iHGOopMaUii Bii MaTepMHCbKOrO OpraHiamy;
6 — LeHTpioni KNITUHHOIO LEHTPY; 2) ynopsafKyBaHHA NpoLeciB 3annigHeHHs; 3) Ha-
7 = WWINKa; 8 — MITOXOHAPIA KOMMUeHHA 3anaciB MOXWUBHUX PeYOBUH ANA
cnipanenopi6Ha; 9 - MikpoTpy6ouKy PO3BUTKY 3UroTn. Yepes Te ANUEKNITMHU MaloTb
3HaYHO Ginblli PO3MipK, HIXK CNEepPMaTO300HMU.
Tak, giameTp ANUEKNITUHU NIOANHN CTaHOBUTb
130 — 200 mKMm. Y noanHn B 3annigHeHHi 6epe
y4yactb oBouuT Il nopAagky (in. 136). 330BHi 0BO-
UUT BKPUTUIA DOIKYSIAPHOI 060/IOHKOK, WO
YyTBOpPEHA Le KNiTMHaMmm AeuHunka. QonikynapHi
KNITVHW YTBOPIOIOTb BOPCUHKY, WO (GOPMYIOTb
npomeHucmuli 8iHeUyb Ta O6JIUCKYYY OOOJIOHKY.
3aranom 060NOHKM BUKOHYOTb 3aXUCHY, MOXNB-
Hy Ta 6ap’epHy ¢yHKUii. Iig Heto po3TawoBaHa
naasMamuy4Ha Mem6paHa, a fani KopTUKanbHUN
wap i3 rpaHyn. Lintonnasma ANLEKNITUHW Ha3u-

In. 135. Cxema 6ynosu
CnepmMaTto300Ha:

In. 136. Cxema 6ynosu osoumTa Il no-

o e pAZKY B MoguHu: 1 — Agpo;
BAETbCA 080NJIA3MOIO | MiCTUTb BENIVKY KiNbKiCTb 2 - ENC; 3 - oBonnasma; 4 — Mito-

XOBTKOBUX BKJ/IIOYEHb, 6araTo MITOXOHAPIA, XOHAPIA; 5 — KoMMeKe [onbaXi;
pubocom, po3suHyTi EMNC n komnnekc fonbai. 6 — KOBTKOBI BK/IOUEHHS; 7 — KOp-
A9po nexwTb B QiNAHL, BiNbHIiA Big uMTONnasmy, — TMKNbHI rpaHyny; 8 — nnasmatniHa

mMembpaHa; 9 — 65McKyya 060M0HKa;
10 - ponikynapHa ob6onoHKa

OT1xe, ocobnusocTi 6yfoBu, XiMiyHOro cknagy Ta npouecis
XUTTERIANBHOCTI raMeT BM3HAYaTbCA IXHIMU QYHKLIAMN.

i Ma€ rannoigHuit Habip xpomocom (22A+X).

Tema 4. PENMPOAYKLIA TA PO3BUTOK

[IANbHICTb

%//‘ JNla6opaTopHa po6oTa 3

BuBueHHsa 6yfoBu cTaTeBUX KNITUH NIOANHA
MeTa: o3HaioMuTMCb 3 0COOAMBOCTAMM OYy[OBM CTaTEBUX KAITMH NIOANHY;
3aKpinnTY 3HaHHA NPo Gy[OBY raMeT JIIAVHUN Y B3aEMO3B'A3KY 3 IXHIMU QyHKLiAMY;
3aKpiNnnUTV HaBMYKK POBOTM 3 MiIKPOCKOMOM.
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O6napgHaHHA: MiKpockonu, MiKponpenapaTu, enek-
TPOHHO-MiKpOCKonNiuHi doTorpadii ANLEKNITUH i cnepma-
TO300HIB, ANAAKTUYHI KapTKK 3i cxemMamu Oy[OBM FamerT.

Xig po6otm
1. Po3rnAHbTe OBOUUT NIOAUHW Mif MiKPOCKOMOM, Ha
intocTpauiax nigpyy4HrKa i 3anponoHoBaHil Mikpodo-

Torpadii. 3amantoiite B poboUmMiA 30WNT Ta NiANULWITL

enemeHTy 6y[0BY, WO BU TX PO3Mi3HaNN.

2. Po3rnAaHbTe CNepmaTo300HM NOAMHW Mif MIKPOCKO-

NOM, Ha iNCTpauiax NigpyyHMKa, Ha 3anponoHoOBa-

Hi MikpodoTorpadii. 3amantolite B poboumnin 3ownT

Ta nignuWiTh enemeHTy OyA0BY, AKI BU pOo3ni3Hanu.
3. TllopiBHANTe rameTn NIOANHN i 3aNOBHITb TabNNL0.

MopiBHANBbHA XapaKTepuUCTUKa ANLEKNITUH i cnepmMaTo300HIB
O3Haku AnuekniTuHn CnepmaTo300HU

Habip xpomocom
OcobnusocTi 6yaoBu
[e yTBOpIoOTHCA?
Po3mipu

dopma

[MoXK1BHi peyoBMHMK
3p0aTHICTb AO PYXy
QyHKLT

4. CdopmynioiTe BUCHOBOK

Po3B’asyBaHHA Bnpas. Meiio3

Y Aappi nepBUHHOI CTaTeBOI KNITUHM MOPCbLKOTO Kaka
MictuTtbes 3,6 - 1072 mr HK. Aka maca AHK mictutumeTbca
B KJIiTUHaX: a) Ha cTagii npodasu I; 6) Ha cTagii npodasum Ii;
B) B AApi ANLeKNiTMHW nicna menosy Il; r) B Agpi cnepmaro-
300Ha nicna menosy 1?7

CTABJIEHHA

bionorisa + JlatuHa. Ab ovo

Ab ovo - y pocniBHOMY nepeknagi «3 anuysar. CTinkmuin ¢pa3eonoriyHuin 3s80por,
AKNI 03HAYAE «i3 CAMOrO MoYaTKy». 3aCTOCyTe 3HaHHA NPOo 6y OBY 1 YTBOPEHHS ra-
MET Yy NIoAVHY Ta JOBeAiTb CNpaBeAnmBiCTb NaTUHCbKOTO BrUpasy Ab ovo.

PE3VJIbTAT

§ 60. Mein03. OcobnmnBoCTi rameToreHesy B itoguHu. CTaTesi KNiTUHN

3aBAaHHA A4N1I CAMOKOHTPOJIO

1. Wo Take meno3? 2. Ha3giTb ABa eTanu meno3y. 3. LLlo Take rametoreHes? 4. Ha-
1-6 |3BiTb cTajii rameToreHesy. 5. LLlo Take rametn? 6. Ha3giTb ocob6nmBocTi 6yaoBu Aii-
LEKNITUH Ta CNepPMaTO300HIB NIIOANHMN.

7. flke 3Ha4YeHHsA Meln03y B 36inblueHHi 6iopi3HOMaHITTA opraHi3mis? 8. fki ocobnu-
7 -9 | BOCTi rameToreHesy B nognHn? 9. YoMy 4onoBiui Ta XKiHOUi rameTn Pi3HATbCA MiX
coboto?

10-12 | 10. [MopiBHANTe cTaTeBi KNITUHW NIOQNHN. 251
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Juso 3apo0xxeHHs HOB8020 XUMMS NOYUHAEMbCA i3 3aNJ1IOHeHHS.
Jlumsya eHyuknoneois

§61. CYTb TA BIONIOINYHE 3HAYEHHA 3ANMNIAHEHHA
OcHOBHi NOHATTA 1 Knto4oBi Tepminn: SAMJIIJHEHHA. 3urora.
MpuraganTte! Lo Take 3annigHeHHA?

3Hanomrecsa!

«[lepw aHix 6yde yonosik, mae 6ymu xnon4uk. [lepw Hix
XJ10NYuK — 6y/1a OUMUHA, a neped Heto — 3apod0oK. Bapmo 3anuma-
mu U 0ani, a wo x 6yno neped 3apodkom? [lepwi HUMKU npupoou
madlxe 3aeXou NpuxosaHi, HiIbU 8 HiYHili mempsagi, U Yyepes c80t
MOHKICMb MAK camo He nidKopAMbCA 20cmpomi po3ymy, sK i 20-
cmpomi oka». TUM He MeHLU, ONMpPaKynUcb Ha pesynbTaTn CBOIX
Jocnig»eHb, BUAaTHUM nikap i npupogo3Haseub Binbam Mapeen
(1578-1657) chpopmynioBaB cBiin Bigomuin npuHumun Omne vivum
ex ovo («Bce »uBe 3 anya»).

3MICT

B uomy cyTb Ta GionoriuHe 3Ha4YeHHA 3annigHeHHA?

SAMMAHEHHA - npouyec 3nummsa 4vosio-
8i4oi eamemu 3 AUUEKTIMUHOI 3 yMBOPeHHAM
ounsoioHoI 3uzomu, AKa 0A€ NOYAMOK HOBOMY
op2dHi3my. B OCHOBI 3annigHeHHA, 3n1TTA agep
>KIHOYOI 11 YOJIOBIUOI CTAaTEBUX KJIiTUH, WO AOBIB
we B 1875 p. Himeubkun 3oonor Ockap lepTsir
(1849-1922) Ha OCHOBI AOCNIAXKeHb 3annigHeH-
HA B MOPCbKOTO Kaka.

3annigHeHHA XapakKTepU3yeTbCA 3HAYHOI
Pi3HOMAHITHICTIO pi3HOBUAIB. TaK, Yy CpaBXHix
TBAapVH PO3PIi3HAIOTb 308HIWHE I BHYMPIWHE,
Y 3efleHNX POC/INH — 0OUHAdpHe Ta nodeiliHe. 3a
y4yacTio YONOBIYMX FameT Y 3anfigHeHHi po3pis-

In. 137. 3annigHeHwni oBOLWT Ntoau-
HU: 1 - monouuTy; 2 — NPOMEHUCTUN

HAKTb MOHO- i nosicnepmito. FameTn MOXyTb pi3- BiHelb; 3 — AAPO CNepMaTo300H3;
HUTKCA OYAOBOIO, WO 3YMOBIOE Pi3Hi crnocobu 4 - 6nnckyya 30Ha; 5 — Agpo
CTaTeBOTrO PO3MHOXKEHHS: i302amis (rameTn 060x oBouuTa

OpraHiamiB OflHaKOBI 3a pPoO3Mipamu N PyxnuBi), aHizozamia (rameT HeodHaKoBi 3a
po3Mipamu 1 pyxnnBi), 002amis (ANLEKNITUHA BENMKA HEPYXJIMBA, YOSOBiYa — ApiOHa
" pyxnuea) (in. 137).

Mig yac 3annigHeHHA BifOyBa€eTbCA 3NUTTA ANLEKNITUHN 1 CNepMaTo300Ha i No-
€[HaHHA NULLe ABOX Afep 3 rannoigHMMM Habopamm XPOMOCOM. Y pe3ynbTaTi BUHU-
Ka€ 3uroTa — 3anjlioHeHa AlyeknimuHa 3 oun0ioHUM HabopoM XPOMOCOM i HOBUMU
KombiHayismu 2eHis. TepmiH BBiB HiMmeLbKniA 60TaHiK E. CTpacbyprep (1844-1912).

3annigHeHHA € AOCUTb CKNagHOK CYKYMHICTIO Pi3HMX mpouecis, y AKux bepe
yuyacTb 6araTo pi3HUX peYoBUH, HaNpPUKNag CTaTeBi FOPMOHU (aHAPOreHn 1 ecTpore-
HW) Ta 2aMOHU (@QHLPOraMOHK 1 FiIHOraMoHN). faMOHM — Lie peYOBUHU, LLO BURINAIOTb-
252 CA rameTamu i BMMBalOTb Ha 3arligHEeHHs.

Tema 4. PENMPOAYKLIA TA PO3BUTOK
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bionoriuHe 3HaueHHA 3annigHeHHA nonarae B Tomy, wo: 1) BigbyBaeTbCcA Bia-
HOBJIEHHSA XPOMOCOMHOIO Habopy, NPMTaMaHHOrO JaHOMy BUAy; 2) 3abe3neuyetb-
cA 6e3nepepBHICTb Mi>K MOKOMIHHAMYK OpPraHi3miB; 3) cnocTepiraeTbca 36iNbleHHs
CMaflKOBOrO Pi3HOMAHITTA, OCKINIbKU HallafKN MOEQHYIOTb Yy CO6i O3HaKM AK maTe-
PVHCbKOTO, TaK i 6aTbKiBCbKOrO OpraHi3mis; 4) 3aBAAKN BUOIPKOBOCTI 3anfigHeHH:A 1
KOMOIHaLiNHI MiHNMBOCTI 3a6e3nevyeTbcA iCHYBaHHA BUAY B Yaci.

OTxe, 3annigHeHHA — Ue CKNagHWI npoLuec, CYyTHICTb AKOro MosAra€ B
3/IUTTi rameT 3 YTBOPEHHAM 3UroTu, a 6ionoriyHMM 3HauYeHHAM
€ 3abe3neyeHHA Pi3HOMAHITHOCTI OCOOMH.

Ak Bin6yBaeTbca 3annigHeHHA B mognHN?

Y KOXKHOro BUAYy OpraHiamiB € neBHi 0cO6NMBOCTI 3annifHEHHS, afie OCHOBHI CTa-
Oii nogibHi. Y npoueci 3annigHeHHA po3pi3HATb 3 eTanu: AUCTAHTHY B3aEMOZit0 Ta
aKTMBaLiA CNepMaTO300HIB, KOHTAaKTHY B3a€EMOZIil0 11 akTUBI3auilo ANLEKNITUHN Ta
NPOHVKHEHHA CNepMaTo300Ha B ANLEKNITAHY 3 HACTYMHUM 3AUTTAM Aagep. 3annig-
HEHHA B NIIOAVNHW BHYTPILWHE, 3AINCHIOETLCA WAAXOM MOHOCNEPMIT Y BEPXHIN YacTUHi
MaTKOBMX TPYO XiHKM Nicna oBynALil — BUXOAY OBOUMTa 3 A€YHMKa (1. 138).

| etan. Jucmanmua 83aemodis ma akmueayid cnepmMamo300Hié NoYnHa-
I0TbCA i3 BHYTPILUHbOrO OCIMEHiHHSA, WO 3abe3neuye NoTpanisHHA YONOBiUMX rameT
y XiHouunin opraHiam. CnepmaTo300HU HAabyBalOTb 34AaTHOCTI A0 3aMigHEHHA Nule
nicnA Toro, Ak NpoBeayTb 6M3bKO 7 rofA y CTaTeBUX WAAXaX XKiHKW. IXHA akTuBaLis
3[INCHIOETbCA CEKpeTaMU 3a5103 MaTKM Ta aHApOramoHamu, Wo yTBOptooTbCA Oa-
raTbma 4OJIOBiUMMW rameTamu. Y CrnepmaTo300HiB nepebynoBYeTbCA MikoKanikc,
NOCUSIIOETLCA PYXSIMBICTb, 3MIHIOETbCA MPOHUKHICTb ANA NOHIB TOWO. 3AaTHICTb JO
3annigHeHHA YonoBiui rameTn 36epirailoTb ynpogosx 36 — 88 rof.

Il etan. KonmakmHa 83aemodis U Mogin
akmueizauia AalyeKsaimuHu € cTafico ne- awora ||
pexofly XiHouMx rameT Bif CTaHy CMOKO 2;3;?;%%&:4 . @_>@ @ @\
[0 aKTMBHOMO PO3BUTKY. 3anfigHeHHA Bia- cnepmato3ooHa <7 \ ;
OyBa€TbCA NulLe 3a NEBHOI KOHLUeHTpauii @
yosnoBiuMx ramert. Lle noACHIETLCA Heob- ‘
XiQHICTIO HasIBHOCTI MeBHOI KinbKoCTi dpep-
MeHTy (rianypoHigasm), wWwo po3Liensioe
donikynapHy obonoHky osouuta. lameTn
3yCTpivalTbCAa Y MaTKOBUX Tpybax Bxe 3a
KiflbKa rofnH nicna crateBoro akry. Jluwe
OAVH 3 6n11M3bKo 450 MSTH CNEepPMaTO300HiB
MOXe 3anfigHUTM oBOLUMT. [TPOHMKHEHHA
CNepmMaTo300Ha B XiHOUy rameTy Kpisb In. 138. MocnigoBHicTb npovecis
i 06ONOHKN BiAOYBAETbCSA TaKMM UYMHOM. 3annigHeHHA y NOANHN
Micna peuenTopHOI B3aeMogii 3 yuTonnas-

MU OBOLMTa B MicLi AiT bepmMeHTIB akpoCOMU YTBOPKETLCA CNPUNMANbHUA ropOouK
(akpocomanbHa peakuif), AKNIA 3axOMJ0E rONOBKY 1 WNNKY i BTATYE iX BcepeauHy
Pa3oMm i3 UeHTpioNAaMKN Ta CnipanbHOK MITOXOHAPIE. [licna NPOHNKHEHHA BTOPUH-
HWUI OBOLMT 3MiHIOE OOMiH PeUOBUH, BTpayvae GonikynapHy 060M0HKY, 1 3 KOPTMKaSb-
HUX rpaHyn dopmye 060MOHKY 3annigHeHHA (KOPTMKanbHa peakLin). 753

3anni

Osynauia

§ 61. CyTb Ta 6ionoriyHe 3HaueHHs 3anigHeHHA

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITU | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHi3aLii 3micTy ocsiTu hitps://imz@lgov.



Il etan. 37umms aannoidHux sdep 060x KNiMUH (CHKapioramis) CynpoBOAXY-
€TbCA BiAHOBNIEHHAM AUNIOIAHOrO Habopy xpomocom. Ha uin cTagii BinbyBaeTbcs re-
HeTUYHe BU3HauveHHs cTaTi. CTaTeBi KMITUHM XiHKM MatoTb 22A+X, a raMeTn YONOBIKiB
MicTATb 22A+X a6o 22A+Y (ge A — HecTaTeBi xpomocomu; X, Y — cTaTeBi XpOMOCOMM).
AKWO Nig Yyac 3annigHeHHA Ao ANUeKNiTUHN 3 22A+X XpoMoCcoOMamu NOTpannAe cnep-
MaTO300H 3 22A+X XpOMOCOMaMK, TO YTBOPKETLCA 3aPOAOK XKiHOYOI CTaTi, @ AKLLO 3
22A+Y xpomocomamu — 3apofoK YONOBiYOi cTaTi. AKTUBAaLiA 3UroTu 4o Noainy pos-
NOUYMHAETbCA BXe Yepes Kinbka roguH nicna 3anfnigHeHHA. BoHO npogoBKyeTbcA
BMPOAOBX KiJIbKOX Ai0 3a paxyHOK HAKOMUYEHUX NMOXUBHUX PEUYOBUH LUTOMIA3MN.

OTXXe, OCHOBHUMM CTafiAMM 3amniigHEHHA € aKTMBaLiA CNepPMaTO300HIB,
AKTMBALiA AVNLUEKNITMH Ta IXHE 3INTTA N 3INTTA ranoigHnX agep.

AKi npUYMHM NopyLeHHA NpoueciB 3anigHeHHA B nloguHN?

Y 3annigHeHHi 6epyTb yyacTb rameTu, WO YTBOPIOIOTLCA CTaTeBUMM 3ano3amu. [lo
3HVXKeHHA QYHKLiN CTaTeBKX 3a103 Y YOMOBIKa I KiHKM MOXYTb MPU3BOANTY LUKiANBI
3BUYKM, onepaLii 1 TpaBMK, ONPOMIHEHHS, XiMioTepanis, 3ananeHHA cevyocTaTeBoil CUC-
Temu, Pi3HOMaHITHI BipyCu Ta 3aXBOPIOBaHHS, WO NepefanTbCA CTaTEBUM LUIAXOM (xna-
Migio3, roHopes, cudinic, TPXOMOHia3), NopyLeHHA GYHKLiN eHOOKPUHHOT CUCTEMMU.

CTaH 340pOB’A KIHOYOro OpraHiamy — Lie OCHOBHUI YUNHHMK YCMILLIHOTO 3anfifHeH-
HA. [pMYMHaMU NOPYLLUEHHA HOPMAJNIBHOTO CTaHY KiHK/ MOXYTb Oy TU: HEperynapHuin
MEeHCTpYyanbHUA UMKA i BifCYTHICTb OBYNALii, FOPMOHanbHi NOpYyLIEeHHA, HOBOYTBO-
peHHs, ocobucTa ririeHa Towo. Ha 3annigHeHHA YMHWUTL BNAMB 1 BiK XiHKKU. Hankpa-
WM nepiof onA 3ayaTTa guUTnHM — Le 22 - 30 pokis. KiHoua penpoayKTnBHa cuctema
Npauiloe MeHLW aKTUBHO MicnA 35 POKIB, 3HUXKYETbCA AKICTb FTEHETUYHOro maTepiany
ANLEKNITMH, 3pOCTAE KiNbKICTb NopyLlleHb GYHKLIN KiHOUMX CTaTeBUX opraHis. Mpu-
YMHOIO MOPYLLIEHb NPOLIECIB 3aMAifHEHHA MOXe BYTU HEMPOXIAHICTb MaTKOBUX TPYO,
LL|0 BMHWKAE Yepes 3anasibHi 3aXBOPIOBaHHSA Ta YTBOPEHHS craiok. MeguuHunia abopt
pi3KO NifgBYLLYE PU3UK BUHWKHEHHSA 3ananbHOro npouecy B Tpybax. BuckobntoBaHHA
NOPOXHUHW MaTKM Nif Yac BUAaneHHaA 3anaigHeHol ANLEKNITUHN HEMUHYYe TPaBMYy€E
i MicLA 3'€eAHaHHSA 3 Helo MaTKOBUX TPYO.

FameTu NoANHY MaloTb 0OMeXXeHY TPMBANICTb XKITTA i LLie MeHLU TPUBaNUN TEPMIH
3[aTHOCTI A0 3annigHeHHA. Tak, y NIOAUHM OBOLMT 36epirae CMPOMOXHICTb JO 3annig-
HEHHA nuwe BNpoaosX 24 roa. CnepmaTo300HM YOJOBiIKa B CTaTEBMX LUIAXAX KiHKK
3annigHoBanbHy 34aTHICTb MOXYTb BTpayaTu BXe yepes 48 rof. Takum YnHOM, 38aT-
HICTb rameT A0 3annifHeHHA 3aneXuTb Bif YMOB CepefoBULLA BHYTPILLHIX XiHOYMX
OpraHis.

Crpax BiANoBiganbHOCTI 3a ANTMHY, XBUJIIOBAaHHA Yepe3 HeBMEBHEHICTb B yCNil-
HOMY BMHOLYBaHHI N0AY TaKOX MOXKYTb NepeLuKkoAXaTth 3aniigHEHH!0.

OTXe, NPUYNHaMK NOpPYyLIEHb NPOLECIB 3annifHEHHA B NOAVHN MOXYTb
6yTn $i3ionoriunHi N NCUXONOTiUYHI YNHHUKN.

Tema 4. PENMPOAYKLIA TA PO3BUTOK

RIANBbHICTb

M 3aBfaHHA Ha 3icTaBNeHHA. 3annigHeHHA B NIOAVHN

3icTaBTe 3anponoHoBaHi 6ionoriuHi TepmiHM Ta oTpuManTe y Tabnuui Bignosigen
HayKOBY Ha3BYy MpoueciB 3annigHeHHA. ke NOXOAXKeHHA Lboro noHATTA? BusHaute

954 3a OMOMOrOI0 LIMX TEPMiHIB 0COBNMBOCTI MpoLiecy 3aniigHEHHS B TIOAVHN.
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1 OsynAuin A XiHoui cTaTeBi rOpMOHM

2 3uroTa E 3annigHeHa AnuekniTMHa

3 CuHkapioramis 3 Yonosiui cTaTeBi rOPMOHM

4 TianypoHigasa I, YTBip cnepmaTo300HiB 3 pepmeHTamu

5 Eakynauia I, CrateBuin opraH Ana po3BUTKY 3apOAKa

6 lamoHun N Cim'aBnnopckyBaHHA

7 Akpocoma J1 PeyoBnHM rameT AnA BNANBY Ha 3annigHeHHA

8 AHJporeHu P 3nuTTA rannoigHnx Agep YonoBivoi 1 XKiHoYoi rameT
9 EctporeHn T ®epmeHT akpocomu AnsA po3LyenneHHA 06010HOK ALA
10 KpocuHrosep ® Buxig ANLEKNITUHM 3 AEYHNKA

11 Matka Ll O6MiH AinAHKaMn Mi> rOMONOTiYHUMY XPOMOCOMaMM
12 KoBTe Tino A YTBip, WO BNHMKAE B AEYHMKY Nicna oBynAuii

Bionoria + XapuoBa npoMucnoBicTb. MM1NBO i1 CTaH penpoAYKTUBHOI cMcTemu

CopTiB NMBa HaniuylTb HaBiTb He JECATKM, a COTHI
Tucau. Cepep obuBatenis nobyTye AymMKa npo Kopuc-
HICTb LbOro CNMPTHOrO Hamow. be3ymoBHO, y nuBi €
KOPWCHI BiTaMiHW, MiKpOeneMeHTN, OpraHiyHi KNCNoTu.
BoaHouac BOHO MiCTUTb TaKOX €TaHOJ, CIONYKN BaXKNX
MeTanis (Hanpuknag, Kagmito), pOCMHHI aHanorn xiHo-
UYMX CTaTEBUX FTOPMOHIB. KU BNIMB MatOTb HaBeAEHI WKIANMBI pe4YOBMHN Ha 3ania-
HEHHA N CTaH penpoayKTUBHOI CUCTEMU NIOANHN?

g CTABJIEHHA
» I
;\-2 bionorisa + Ximia

MMPOHUKHEHHA  CnepmaTo300Ha B
OBOLUT 3MiHIOE B HbOMY OOMiH PeuyOBUH:
NiABULWYETbCA  MPOHUKHICTb  KNITUHHOT
MEMOpPaHK, MOCUIIIOETLCA  MOTIMHAHHSA
Q®ocoopy i Kanito, suginaeroca Kanbuin,
306inblyeTbcA OOMIH BYrneBofiB, aKTu-
BYETbCA CUHTE3 GiNKa. Y nepLui XBUAUHU NiCNA KOHTAKTY 3i CNepmMaTO300HOM sAliLe-
KNiTVHa BUKMZA€E Ha3o0BHi LMHK, AKMIA 0o 3annigHeHHA iIHTEHCMBHO HaKomnuuyBana.
HaykoBuUi Ha3Banu Le ABKLie <LMHKOBOI iCKPOIo». fIke 6ionoriuHe 3HaUeHHs Ha3Ba-
HUX GioenieMeHTIB ANA ANLEKNITUHN Ta PO3BUTKY 3UroTn?

PE3YJIbTAT

3aBAaHHA AnA CAMOKOHTPOJII0

1. Wo Take 3annigHeHHA? 3. LLlo Take 3uroTa? 4. Ha3BiTb Tp1 OCHOBHI CTaAii 3annia-
1-6 |HeHHA B NoAnHN. 5. HaBeAiTb NpMKNaanM 30BHILIHIX YMHHMKIB, WO MNOPYLYOTb 3a-
rigHeHHA. 6. AKi BHYTPILIHI YAHHWKN NOPYLUIEeHb NPOLECiB 3anigHeHHs.

7.Y YoMy cyTb Ta b6ionoriuHe 3HaueHHnA 3annigHeHHA? 8. Ik BigbyBaeTbcA 3annigHeH-
HA B NtognHN? 9. Ha3BiTb NPUYMHM NOPYLIEHHA NPOoLeciB 3annigHEHHA B NIOANHN?

10-12 10. O6rpyHTYITE CyfAXeHHA NPo HeoOXifHICTb BiANOBiAaNbHOro CTaBNEHHA [0 Na-

HYBaHHA CiM"T.

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae

§ 61. CyTb Ta 6ionoriyHe 3HaueHHA 3annigHeHHA

255

MiHicTepcTBO OCBITU | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHi3aLii 3micTy ocsiTu hitps://imz@lgov.




JlroduHa po3ymHa — ye biocoyianbHuli 8uo0.
3 niopyyHuka

§ 62. OCOBJIUBOCTI PENPOAYKLII NIOAUHU

Y 3B’A3KY 3 1l BIOCOLUIAJIbHOIO CYTHICTIO

OCHOBHi NOHATTA 1 Kn4voBi Tepminu: PEMPOAYKUIA JIKOAUHWN. Penpo-
AYKTUBHE 340pOB’A. PenpoayKTnBHa meguumHa.

MpuraganTte! Lo Take po3MHOXeHHA? XTo Takun Homo sapiens?

3Hanomrecsa!

AuekniTMHY Nig Mikpockonom neplumnm nobauns Kapna
bep (1792-1876). Cranoca ue B ganekomy 1827 p. 3a HayKoBi 3a-
cnyrn 6yB HaropomeHUn 30/10TOK Mefansio, Ha AKil BuKapOy-
BaHO NaTUHCbKUIA BuchiB: Orsus ab ovo hominem homini ostendit
(«MoyaBLwKM 3 ANLUA, BiH NOKa3aB NIOAMHI NIOANHY»).

3MICT

Y yomy 6GiocoujianbHa CyTHiCTb penpoayKuii J'IIOAI/IHI/I’

BionoriyHnmn ocobnusocTAMK penpoayKuii NAUHN €
pPO3[iNbHOCTATEBICTb 3 BUCOKMM CTYMNeHeM CTaTeBOro AUmMop-
bizmy (in. 139). Kpim pi3HuUi y penpoayKTUBHIN cucTeMi Ta
NepPBUHHUX CTaTeBUX O3HaKax € BifAMIHHOCTI 1 Yy BTOPUHHUX
CTaTeBUX O3HaKax i MoBeAiHUi. Y NogCbKoMy CyCninbCTBi nowm-
peHnMM € colianbHi NOrnAAM NPo reHAepHY PiBHICTb YONOBIYOT
1 XiHoyoi cTaTel. leHOep (aHrn. gender — cTaTb, Bif nat. genus —
pin) — couianbHo-6ionoriyHa xapakTepucTrKa, yepes AKy BU-
3HAYalOTbCA MOHATTA «YOJIOBIK» | «KiHKa», MCUxocouianbHa,
COLIOKYNbTYpPHA POJib YOJIOBIKA i XKIHKU AK 0COBMCTOCTEN, Ha
BiZIMiHY Bifj CTaTi, WO No3Havae 6ionoriyHi BigMiHHOCTI.

Mpouec po3MHOXeHHA B NIOANHU NOB'A3aHNIN 3 BHYTPILU-
HiM 3annigHeHHsM (3auyatTam). Lle 6GionoriyHMin mexaHiam
3INTTA CNepmaTo300Ha 3 OBOLMTOM, AKMM PO3MOYMHAETHCA
PO3BUTOK HOBOrO OpraHiaMmy B Tinli maTepi. binbw HiX y 98 %
BMMaAKIB Nif yac 3auaTTa BifbyBa€TbCA 3annigHeHHA Tinbku - 139. Penpoayk-
OAHI€ET ANLEKNITUHN, LLIO 3yMOBJTIOE PO3BUTOK OAHOTO MNoAa. Y )TK"I'::; (CBV:;E;";
1,5 % BUNaAKiB po3BUBalOTbCA ABilHI (6n113HATA). MprbansHo wonosika (@Hu3y)
B ofgHOMY 3 7 500 BUNagKiB BariTHOCTi pO3BUBAlOTbCA TPIlHI.

3paTHicTb Jo penpopyKuii MatoTb Tinbky GionoriyHo 3pini iHauBIgW. Y nogmHmn
CTaTeBe A03piBaHHA BigbyBaeTbcA Big 9 fo 16 pokis y gisuaT Ta Big 11 go 18 po-
KiB — y Xx/10nuiB. 34aTHICTb O penpoayKLuii 36epiraetbca y )iHok go 40 — 45 pokis, y
YOJOBIKIB — A0 NiITHbOTO BiKY, HAaBITb YNPOAOBX YCbOro »MWTTA. Y I0OHaLbKOMY BiLli 3a-
BepLUyeTbCA NybepTaTHMI Nepiod, TO6TO Nepiof cTaTeBoro fo3piBaHHA. Lle o3Havae
3[aTHICTb MONIOAMX NIOfeN A0 3a4aTTA AUTUHK 6e3 WKoAW ANA CBOro 340PO0B'A, a AnA
LiBUMHM WWe N 30aTHICTb BUHOCUTY i HAapoanUTK 380poBy AnTuHyY. CtaTeBa 3pinictb —
OfiHa 3 HaMBaXKNMBIWMX 3acaf NOAPYKXA. [TpoTe cTaTeBa 3piNicTb — LWe He MOKa3HUK
256 couiaNibHOI FOTOBHOCTI [0 Wio0y.

Tema 4. PENMPOAYKLIA TA PO3BUTOK
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3apopoK NIOAVMHN PO3BUBAETLCA B MATLi »KIHKM Mifg 4Yac BariTHOCTI BMNPOJOBX
265 - 270 pHi.. Monoru B NOAUHU 3a HOPMAJIbHMX YMOB BifOYBalOTbCA HaNpPUKiHLi
40-ro TUPKHA BariTHOCTI (CTPOKOBI, a0 cBO€YacHi, monoru). TpUBaTb MO0 y Nep-
wopoginen 6nmsbko 18 — 20, y TuX, WO NOBTOPHO HapoaXytoTb, — 12 — 14 rop. Lle
6ionoriuHi ocobnmeocTi. CoLianbHUM acnekTOM HanpuKnag € Te, LWo »KiHKaM y cyvac-
HOMY CYCNinbCTBi HaJa€eTbCA AeKpeTHa BignycTKa. B YkpaiHi Taka Bignyctka 3 30-ro
TUPKHA BariTHOCTI TepMiHOM Ha 126 OHiB i BUNNaTo matepianbHOI JONOMOrn Nno Ba-
FITHOCTI 1 nonoram.

Otxe, PENMPOAYKLIA NIOAWUHW - GionoriyHa 30aTHICTb NOAMHN
BiATBOPIOBATU CO6i MOAibHMX, WO BigOYyBaETHCA i3 BU3HAYANIbHUM
BM/IMBOM COLialibHUX YMOB.

AKNMIN € YMHHUKN PUBUKY ONA PENPOAYKTVNBHOrO 340poB’'a?

PenpogyKkTuBHe 3[0pOB'si — Ye CMAH NOBHO20 (Pi3UYHO20, NCUXiIYHO20 U CO-
yianbHo20 61a20N0/1y4Ys, A HE NPOCMO 8iOCYMHICMb 30X80PIOBAHbL, WO CMOCYIOMbCA
penpodykmusHoi cucmemu, if pyHKyiti i npoyecis. Lle noHATTA GaratonnaHoBse i1 3acTo-
COBYETbCA He nuLwe y GionoriyHoMmy, a 11 colianbHOMy acnekTax. Tak, po3pi3HAOTb pe-
NpoAyKTUBHE 340POB’A NiANITKIB, *KIHOK, YONOBIKiB, MONOA|, Hauii Ta iH.

PenpoaykTrBHe 300pOB'A, AK i 340POB’A B LiNOMY, BUSHAYAETLCA Pi3SHUMUN YNHHU-
Kamu. [o-nepLue, BOHO 3aneXnTb Bif CNagKoBOCTI. baTbKy nepegany Ham CBOT O3HaKM
1 BNaCTUBOCTI, 30Kpema i Ti, L0 BM3HaYaloTb PenpoayKTrBHe 300poB'a. [To-gpyre, pe-
NPOAYKTUBHE 3[40POB'A 3aNIEXNTb Bifi CNOCOBY KUTTA, KOPUCHMX i WKIANBUX 3BUYOK.
[lo nopylieHHA penpoayKTMBHOIO 340POB'A MOXYTb Mpu3BecT 6e3signosifanbHe
CTaBneHHA o cebe, BiACYTHICTb aHani3y Hacnigkis cBoixX Ain, HenpasunbHe iHPopMy-
BaHHA MPO crnocobm n metoan NpodinakTnKn HebaxaHoi BariTHOCTI, MPO 3anobiraHHs
iHbekuiaM, wo nepedaromecs cmamesum WisxomM. 3a BULOM 30yOHVKIB 3aXBOPIOBaH-
HA, WO nepepatoTbca ctateBuM wnaxom (3MNCLL), nopinaoTbea Ha: BipycHi (CHIL, re-
HiTanbHWI repnec, renatut B), 6akTepianbHi (cudinic, roHopes, xnamifios), NpPOTO30MHi
(TpyxomoHia3, nambnios), rpubkKoBi (KaHAMAO3M), NapasuTapHi (KopocTa, No6KoBMIA
neanKkynbo3s). 1o YNHHMKIB pU3NKY AnAa penpoayKTMBHOMO 300POB'A HanexaTb: a) He-
CNpUATIVBUIA ANA 300POB’'A Cnocib XuTtTa (CTpec, rinognHamis, HepauioHanbHe xap-
uyBaHH#A); 0) WKIANMBI 3BMYKK; B) HECMPUATIMBI €KOJIOTYHI YMHHUKU CcepepoBULla
(3abpyaHeHicTb AOBKINA, BUCOKMI piBEHb paAialii TOWo); r) HEraTUBHI YAHHUKK CO-
LianbHOro cepefioBuLLa (HU3bKMIA PiBEHb XKUTTA, 6€3p06iTTA TOWO); A) CNafKOoBI Mopy-
LUEHHSA; €) HeJOCTYNHICTb MeANYHMX MOCAYT i MOCAYT 3 KOHCYNbTYBaHHA.

MnaHyBaHHA Ta peTenbHa NiArotoBka ManbyTHiX 6aTbKiB [0 BariTHOCTI, 30POBUI
CNoci6 XnTTA, BiAMOBA Bif WKigANBMX 3BUYOK CNPUAIOTb HOPMasibHOMY nepebiry Ba-
riTHOCTI Ta MONOTiB, HAPOAXKEHHIO 340POBUX AiTEN.

OTxe, TypbOTa NPO CBOE 340POB'A, Y T. Y. i PENPOAYKTVBHE, MatoTb CTaTK
HOPMOIO 11 KyNIbTYPOIO MOBEAIHKM KOXHOI NIOAUHM Ta CYCNifibCTBa B LiIOMY.

AKi cyyacHi MOXXNMBOCTi Ta NepCNeKTUBUN penpoayKTUBHOI MeanunHn?

PenpopayKkTuBHa MefuuiHa — ye 2a/1y36 MEOUYUHU, AKA 3aliMaembcs 8i0HOB1eH-
HAM penpodyKmueH020 300p08’s ma supiwleHHAM npobiem HapooxeHHs dimed i nia-
HY8AHHA CiM'l. Y penpoayKTUBHIN MeANLUNHI BUKOPUCTOBYIOTbCA 3HAHHA FeHeTUKM,
riHekonorii, Kpiobionorii, LuTonorii, MonekynapHoi 6ionorii.

MpaBo anst 6e3onnaTHOro po3MileHHs NigpyyYHUKa B Mepexi IHTepHeT mae
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OCHOBHOIO METOAMKOI PEeNnpPOAYKTUBHOI MeQULMHM € eKCTpakoprnopanbHe 3a-
nnigHeHHs (EK3, «wTyyHe 3annigHeHHA», «3annigHeHHs B Npobipui»). Lle metoguka,
3riAHO 3 AKOIO ANLEKNITUHM XKIHKM 3aniAHIOTbCA No3a 1l opraHismom i uepes Kinbka
[i6 BBOAATHCA B MOPOXKHUHY MaTKU 3 METOK PO3BUTKY BariTHOCTI. EKcTpakoprnopanb-
He 3annifgHeHHA BnepLe B icTopii NloacTBa 6yno nposefeHo B 1978 p. 3aCHOBHMKOM
eKcTpakoprnopanbHOro 3anigHeHHs BBaxaeTbca P. EnBapAac, AKun 6y Haropogxe-
Huny 2010 p. HobeniscbKkoto npemieto 3 disionorii i meguumHm (in. 140).

—

OTpumaHHa
ANLEKNITUH -

MNMepeHeceHHs embpioHa Ha
cTagii 2-4-8 6nactomepis
y MaTKy

[loHopcbKa
cnepma

3annigHeHHA
«B Mpo6ipLy

Crapin 2-4-8 6nactomepis
(apobneHHs)

Crapis )
3NUTTA rameT
(3annigHeHHs)

In. 140. Cxema LWITYYHOro 3annigHeHHA

PenponykTvBHa MeguuUMHa iHTEHCMBHO pPO3BMBAETbCA. Po3pobneHo HOBIT-
Hi MeToAVKM, CMPAMOBAHI Ha peanisalilo penpoayKTUBHOI GYHKLIT nap, AKi He mo-
XKYTb 3a4aTvl AUTUHY NPUPOAHMM LAAXOM: a) iH'EKLA CMepMaTo300Ha B LMTOMNIa3My
ANUEKNITMHY; 0) MeToAMKa JOHOPCTBA ANLUEKNITMHU; B) CypOraTHe MaTepUHCTBO;
r) MeToZlMiKa 3aMOPO>KyBaHHs eMbOpioHiB; 1) 6aHK OHOPCHKOT cnepmMu; €) MeToAuKa
CTUMYNbOBaHUX LUMKNIB Ta iH. Ha noyaTtky 2017 p. penpoayKTonoru KniHiku «Hagia»
BUCTYNUAN i3 3aABOI0 NPO HAPOAXKEHHA B YKpaiHi nepLoi y CBiTi ANTMHM nicnAa 3a-
CTOCYBaHHA METOAUKMN NPOHYKeapHOro nepeHeceHHs («4UTUHN Bif TPbOX 6aTbKiBY»).
CyTb MeTOZy NONAra€ B TOMy, WO NaUi€HTLi BBOAATb JOHOPCbKY ANLEKIITUHY, 3 AKOT
BMAANEHO BflacHe AAPO Ta BBeAeHi ranfoigHi Agpa YonoBika 1 KiHKW, AKi CTaHYTb
reHeTUYHVMK 6aTbKamy AUTUHW. B pe3ynbTaTi Uiei maHinynayii 6yno oTpumaHo «pe-
KOHCTPYMOBaHy» ANLEKNITUHY, WO Mana reHeTu4yHui Habip agepHoi HK Big matepi
i 6aTbKa i uTonnasmaTtuyHoi [IHK Big foHopa, TO6TO ANTMHA Ma€E «TPbOX H6aTbKiB».

3a3HauMMO, WO AOCATHEHHA YKPaiHCbKUX CreLianicTiB y ranysi penpogyKTnBHOI
MeAVLUMHM He MOCTYMaloTbCA AOCATHEHHAM B iHWMX KpaiHaX. [HCTUTYT penpopyk-
TMBHOI MeanunHN B KMEBI — Lie BXKe Mi>KHAapOAHUN MeQUYHWIA LeHTP 3 NiKyBaHHA AK
XiHOYOro, TaK i yonosivoro 6e3nnigaA. LleHTp Ma€e BnacHi BigaineHHa embpionorii,
penpoayKTosorii, BnacHWI KpiobaHK.

Tema 4. PENMPOAYKLIA TA PO3BUTOK

OTXKe, MOX/IMBOCTI CyYaCHOI penpoAYyKTUBHOI MeANLNHY € AyXe ONTUMi-
CTUYHUMWN — 3aBAAKM ePEKTMBHUM MeToAMKAM fikapi 34aTHi 4OMOMOrTr
cim'aM peanisyBaTi Mpito NPO MaTePUHCTBO, BUiIKOBYBaTU 6e3nniaan
258 i 3aranom cnpuATA NOMIMNLUEHHIO PENPOAYKTUBHOIO 340POB'A Hauil.
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BIAJIbHICTb

CamocrTiiiHa po6oTa 3 Tabnuueto

3a gonomoroto Tabnuui Br3HauTe 6ionoriuHe 1 couianbHe y HaBeleHUX NPoABax
PO3MHOXeHHs nognHu. ChopmynionTe BUCHOBOK NPo BiocouianbHy CyTHICTb penpo-
JyKUii noguHN.

Mposas bionoriuHe CouianbHe

CraTeBe PO3MHOXEHHA
CraTb
CrateBa noBefiHKa
3annigHeHHA
BariTHicTb
Monorun

bionoria + CumBonika

Yomy B Hapopi KaxyTb: «Jleneka npuHiC AUTUHY»?
Mo-nepuie, AK NepeniTHi NTaxu, 6ini nenekun BigniTaloTb Ha
niBAeHb BOCEHW | MOBepTalTbCA B EBpONY Yepes AeB’ATb
micauis. Mo-gpyre, NiTHA Hiv Ha 21 YepBHA — Le 6yno A3nY-
HMLbKe CBATO Wby N HapOoAXKyBaHOCTI, 3 AKMM MOB'A-
3yBaNiM 3auaTTA AiTel, a iXHE HAPOLXKeHHs BigbyBanoca
NPU6IM3HO B TOM Yac, KON NENeKn NpuiliTanu 3 BUPItO.
Arle OCHOBHOI0 MPUYMNHOIO MOABU LibOro BUPa3y € BCe-TakU Te, WO 6aTbKamM HENPOCTO
BiANOBIAATU Ha HE3PYUHi 3anNMTaHHA Manux AiTen Ha TeMy 3a4aTTAa. 3acToCynTe CBOI
3HaHHA penpoayKLUii NANHN | CTBOPITb TBIP-NOACHEHH:A «3BigKn 6epyTbca QiTn?».

CTABJIEHHA
»* . .
> 3 bionorisa + OxopoHa 3g0poB’s

BcecBiTHA opraHizauia oxopoHu 3gopos’a (BOO3)
onpunogHuia CyMHy cTatuctuky: 39 % xiHok i 20 % yoso-
BiKiB € 6e3nnigHUMu. HaliuyacTiwe npuunHamu 6e3nnigaa
€ 3anasbHi 3aXBOPIOBaHHA CTaTeBOI CUCTEMU, NOPYLUEHHA
po60oTK iIMyHHOI Ta EHOOKPUHHOT CUCTEM OpraHi3mMy, Kce-
HOGiOTMKN. Ane Hanbinbw noWKpPeHo CY6'eEKTUBHO
npuurHolo 6e3nnigaa  nopyleHb PO3BUTKY € WKIiaAMBi 3BuUKM. OBIpyHTYITE Cy-
IPKEHHs Npo BM/IMB CMOCOOY XUTTA HA PENPOAYKTUBHE 3[0POB'A.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOIO

1. Wo Take penpopykuis noguHu? 2. Hasepgite nprknagu 6ionoriyHnx oco6nu-
BOCTeN penponykuii moguHu. 3. HaBeliTb nNprknagu couianbHUX ocobnvBocTen
penpogaykuii nioguHu. 4. LLlo Take penpoayktueHe 3gopos’a nognHn? 5. Lo Take
penpofyKTuBHa MeanLunHa? 6. Y YHomy CyTb eKCTpakopnopanbHOro 3anaigHeHHA?
7.Y yomy 6iocouianbHa CyTHICTb penpoayKLii nioanHN? 8. AKUMK € YNHHWKN PU3N-
7-9 | Ky AnAa penpofyKTMBHOro 340poB'a? 9. AKi cyyacHi MOXNIMBOCTI Ta NepCneKkTUBY
penponyKTUBHOT MeaNLMHIA?

10. O6rpyHTyIiTe CyXeHHA MPO BMAMB CNOCOBY XUTTA Ha PenpofyKTUBHe 340-
pPOB'A NOANHN. 259
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MooHa yacmuHa matibymHb020 Ny100a He iCHye 8 AlYi akmyasbHO,
ase 8Ci HaCMUHU ICHYrOMb y HbOMY NOMeHYids1bHO.
B. [apeseli

§ 63. EMBPIOTEHE3 JIIOANHU

OcHOBHi NOHATTA 1 Knto4yosi TepmiHn: EMBPIOTEHE3 JIOAWHU. Em6pio-
HaJbHa iHAYKLiA. 3apoAKoBi 060NOHKN.
MpurapanTte! Lo Take oHTOreHes?

L/

MomipkynTe!

«3annioHeHa AGyekiMuHa — ye He NpoCMo KJAimuHHa
maca 6e3 ocobausuXx 8/10CHUX Xapakmepucmuk. BoHa Ha yiti cma-
0ii 8i0pi3HAEMbCA 8i0 Nyn’AHKA KBIMKU Yu 3apo0Ka meapuH. BoHa
nosHicmio U abconomuo € XUTTAM nrodceKkoi icmomu, | 8oHa
MAae me came Xumms, ujo U HOBOHAPOOXeHUl MastoK, OUMUHA,
nionimok a6o 3pina 1duUHA», — TaK NMCaB aMepPUKaHCbKNI Jlikap
E. XaHT. A AKol0 € Bala AyMKa LWoAO NpaBa 3apoAKa Ha »KuTTa?
3apofoK — Lie BXe HOBUI i HEMOBTOPHUIM OPraHi3M Yy nuLle YacTHa OpraHiamy ma-
Tepi, WO NOBHICTIO 3aNeXXnTb Bif Hel?

3MICT

Aki nepiogn em6pioreHesy nioagnHN?

EMBPIOTEHE3 JIKAWHW - po3sumok opaaHiamy nt00uHuU 8i0 3uzomu 00 Hapoo-
XeHHA. BiH TpuBae 40 TMXHIB, i 3@ Len Yac 3 OQHIEI KNITUHN BUPOCTAE OPraHi3m, AKNN
CKJTAaJa€eTbCA 3 MiNbApAIB cnewianizoBaHnx KNiTuH. EM6pioreHes noguHm nig vac Ba-
riTHOCTI NoAinAlTL Ha TPX Nepioawn: nepeasaponkoBuii (1 TMXKAEHD), 3apOAKOBMUIA
(nepwi 2 — 8 TvxHI) i NRigHUA (9 — 40 TUXKHI).

Mepep3apoakoBuii nepiof — ye nepiod 8i0 3uzomu 00 opMy8aHHA IMNIAHMO-
8aH020 3apooka. Micna 3annigHeHHA 3UroTa akTMBHO AINMTHLCA WAAXOM MiTO3Y i nepe-
MiLLY€ETbCA MO MATKOBIM TPy6i Ao MaTKU. Yepes Tpn fobu GopMyeTbCa CKynueHHs i3
12 - 16 KNiTUH, AiIKe Ha3MBaETbCA Mopy/d (Big naT. morula — srigka woskosuLi). MNoginu
KNITUH NPOAOBXYIOTbCS i Yepes 5-6 Aib nicna 3annigHeHHs BUHUKAE cTagis (6nn3bko
100 KniTVH), BCepeaynHi AKOI € NOPOXHUHA. Tenep Ue oAHOWapoBa H6araTokNiTMHHA
cTagia-6nacrtyna, Aika y NiogMHU Ma€ Ha3By 6i1acmoyucma (in. 141).

LpobneHHs

Appo

] 3uroTa [ i
ANLEKNITUHN

Anpo
CnepmaTo300Ha

\ 3anfigHeHHA

Tema 4. PENMPOAYKLIA TA PO3BUTOK

‘. Cnepma-

i OsynAui / TO300HU
/‘ \ d_:g;';,in.I/IVI @
: onikyn .
IMnnaHToBaHa " v K cB)'I(;?-lFI)AI_/IrHHI/IVI
6nactoyucrta Tino

In. 141. Cxema noyaTKoOBMX CTafill embpioreHesy NogNHN
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Yca cykynHicme MimomuyHUX nooinie 3u2omu, Wo 3asepwyomsca ymeopeHHAM
61acmoyucmu, Ha3vBaloTb Opo6sieHHAM. Ha 7- feHb nicns 3anfigHeHHsA 6nacto-
LMCTa 3aHYPIETLCA B C/IM30BY 060NIOHKY MaTKU 1 MPUKPINIOETLCA A0 Hel (imnnaHTa-
LiA) 3a JOMOMOTOI0 BMPOCTIB-BOPCUHOK. [TOUMHAETHCA PO3BUTOK 3apOKa.

3apoaKkoBuit nepiog — ue nepiod opMys8aHHA 3apoOKda, WO Mpusede 8i0 Mo-
MeHmy iMnaaHmauii 00 ymeopeHHa naody. MNoTpanuBwy B MaTKy, 3apOfoK NOYNHAE
WBMAKO pO3BUBATUCA. B npoueci eacmpynayii BUHWKaloTb TpU 3apOAKOBi NNCTKMN
(ekTopmepMa, Me3ogepmMa 1 eHToAepMa) N YTBOPIOIOTbCA 3apOAKOBi 060M0HKK. [ani
PO3NOYNHAETLCA 2iCMO- Ta Op2dHo2eHe3 — YTBOPEHHSA TKaHUH Ta OpraHis. Y Hbomy
BMOKPEMIIOTb (hasu Helipyiayii (yTBOPEHHA OCbOBOI0 KOMMJIEKCY OpraHiB: HEpBOBa
Tpy6Ka, TpaBHa TpPybOKa, xopha) Ta popMysaHHsA iHWUX opeaHigs. Ha 16 — 18- geHb y
3apofKa, AKMI He GiNbLUNiA 3a PUCOBE 3ePHO, BXKE € CEPLIE, 3a4aTKU BYX, OUEA, PYK, Hir,
roONOBHOro MO3Ky. HanpuKiHUi 3apoAKoBOro nepiofy 3apofoK yXe Ma€ yCi opraHu,
npvTamaHHi 4OPOCAI NIOAUHI; NOFO Ha3UBaOTb NJI00OM.

MnigHunit nepiop — ye nepiod po3sumky njooa, WO MpuUsdAe 3 NOYaMKy mpemso-
20 MicAyA 00 HapOOXeHHA. PO3BMBAETLCA NN Yy NJ10008OMY MiXypi, IO PO3MILLEHUIA
BCEPEAUHI MaTK/ 1 YTBOPEHUIN TKaHWHaMM OpraHi3amy MaTtepi i1 3apofKoBUMK 060-
NoHKamu. Ha 9-my TvKHI nnig gocarae gosxunHu 3,0 — 3,5 cm i macn 4 1. 13 12-ro Tnx-
HA BiiOYBAETbCA CKOCTEHIHHA CKeneTa, NoYMHaTb GyHKLioOHYBaTV M'Aa3u, 3 18-20-ro
TVXKHA NNig NOYMHaE pyxaTucsa, 3 28-ro TUXKHA BiH 34aTHUIA pearyBaTtu Ha 3BYKW. Ha
9-my micAui BariTHOCTI Maca nnogy gocarae 3,2 — 3,8 Kr, a foBxunHa — 50 — 54 cm. Ta-
KUM YMHOM, y NnigHOMY nepiofi BigbyBalTbcA npoLec mopghozeHesy opraHis (yao-
CKOHaneHHsa Gpopmu, NPUAHATTA HOBOTO BUMNAZY 3aBAAKN NpoLlecam eMOpioHanbHOI
iHOYKLUiT, anonTo3y, poCTy TOLWO).

OTXKe, OCHOBHUMW eTanamn embpioHaNIbHOro PO3BUTKY JIIOAUHW €
nepen3apofKoBUi, 3apoAKOBMIA Ta MAIAHNA Nepiogu.

Ak BigGyBa€eTbCA B3aEMOAIA YaCTUH 3apoAKa, AKNI PO3BUBAETbCA?

CnpsmMoBaHicTb eMOPIOHaNbHOrO PO3BUTKY Ta MNOABY PI3HNX KNITUH i3 OQHOPIAHUX
BUXIGHMX BU3HaAYaloTb Pi3Hi YMHHMKKU. e untonnasmatnyHmnin po3nogin »OBTKOBUX
BK/IOUYEHb, HaAcnabke ynbTpadionetoBe BUMPOMIHIOBaHHA, MiXKKNITMHHA KOMYHiKaLlif,
Mirpauil KNniTuH, a TaKoXK B3aEMOJiA YaCTUH 3apofKa.

Em6pioHanbHa iHAYKUiA — A8uwe 83aeMO0ii MiX YacmuHamu 3apookd, 3aeos-
KU YoMy OOHQ i3 HUX BU3HAYAE HANPAM pO38UMKY CyCiOHbOl. EMbpioHanbHa iHAYKUiA
Cnpuse 36inblEHHI0 Pi3HOMAHITHOCTI KNITUH | 3AiINCHIOETBCA 3a 6e3nocepeHboro
KOHTAKTY KNiTUH Mi>k C06010. [loCnig»KeHHA B3aEMOZIV Mi>K KNiTUHaMK Nig Yyac embpio-
reHesy 3anoyaTkoBaHi HimeLbKum 3oonorom B. Py (1850-1924). Baromuin BHECOK y
PO3BUTOK ysABNEHb NPO Le ABuLe 3pobunu [. lepgoH, Y. Yanng, X. TugemaH Ta iH. 3a
BIIKPUTTA opraHisyounx edekTiB y eMOpioHanbHOMY PO3BUTKY HiMELbKUIA embpio-
nor I. Wineman (1869-1941) otpumas HobeniscbKy npemito 3 disionorii i megnumHm
(1935). Mi3Hiwe 6yno BCTaHOBJIEHO, WO Li B3aEMOBMIMNBMN 3[iNCHIOTbLCA 3a yJacTi
cnevianbHUX 6iNKOBMX peyYoBUH-iHAYKTOPIB. EkcneprmeHTanbHoO 6yno fosefeHo, Wwo
6inKM-iHAYKTOPY € BXe y He3annigHeHOMy AL, ane nepebyBalTb y HEaKTUBHOMY
CTaHi Yepe3 HaABHICTb iHribiTopiB. INig yac embpioreHe3y 3MiHIETLCA NOHHUI CKNag
LUTOMNNAa3Mu I MO3aKNITUHHOIO CepeoBULLa, O NMPUBOAUTD 10 BUXOAY iHribiTOpPIB i3
KNITUHW | pO36JI0KYBaHHA iHAYKTOPIB. AK HAaCcNiJOK iHAYKTOPY BXOAATb B AAPO 1 aK-
TUBYIOTb BiAMOBIHI reHy, Wo cnpurae gudepeHuiauil KNiTUH, ricTo- 1 opraHoreHesy.

§ 63. EMbpioreHes noanHn
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OTXe, B3aEMOJisi YaCTUH 3apPOAKa, O PO3BMBAETLCS,
3a6e3neyvye CNpAMOBaHICTb PO3BUTKY.

flke 3HaYeHHA 3apoAKOBMX 060/IOHOK B eMOpioreHesi niognHn?

3apoakoBi 06010HKU (M03a3apOKOBI OpraHy, NPOBI30PHI OpraHn) — Mumyda-
co8i opzaHu, Wo ix ymeoproe 3apo0oK nio Yac embpiozeHe3sy i Aki 3abezneqyrome 1io20
picm i po3gumok. [Jo N03a3apofKOBMX OPraHiB NIOAMHN HaneXaTb XOPiOH, aMHIOH,
niaueHTa, anaHToic, XOBTKOBU MILLOK, MYMKOBUI KaHAaTWK Ta iH. (is1. 142).

Y nioanHu xoemkoeuli Miwok 6epe akTYBHY YYacTb Y KUBJEHHI 1 AWXaHHi eM6-
pioHa, ane GyHKLiOHYE HeOBro — JO 8-TO TWXHA, a NOTIM 3a3HAa€E 3BOPOTHOTrO PO3-
BUTKY. AMHiIOH GOpMY€E aMHIOTMUYHY 0OONOHKY, L0 BUPOONAE aMHIOTUYHY PigKHY, AKa
CTBOPIOE HeobXilHe AnA pPo3BUTKY 3apofKa BofdHe cepeposuuie. OKpim TOro, amHi-
OH 3abe3neuye nif NOXUBHUMMN PEUYOBUHAMMU, BUKOHYE 3axnCHY GyHKLiO, amopTu-
3yl04n MOXNMBI CTPYCK Ta YAapu, nonepeaxae noTpaniaHHA A0 NAOAY WKIAANBUX
areHTiB. AJIGHMOIC € OPraHOM >KMBNEHHA, rA3000MiHYy Ta eKcKpeLil Ha nepwunx eTa-
nax po3BUTKY 3apOAKa, i Ha 2-My MicALi embpioreHe3y anaHToic pefyKyeTbca. Xopi-
OH, abo BOpCMHKOBa 000MIOHKa, MPOHUKAE B C/IM30BY
060MOHKY MaTKM i Pa3om 3 Hel YTBOPIOE MiaLeHTy.
Mnayenma (Big nat. placenta — KOP>UK) € 0COGNBUM
OpraHoMm, AKU 3abe3neyvye nifg MNOXMBHUMU pPeYo-
BVHAMW i KUCHeM, BOMpPAE KiHUEBi MPOAyKTU OOMiHY,
CEKPEeTYE roOPMOHMY, i clyrye 6ap’epom ana LWKignnBmnx
peuoBrH. OfHielo 3 HalBaXnUBIWMX GYHKLiA Lboro
6ap’epa € 3abe3neyeHHn imyHonoriyHoro 3axucty. Op-
HaK Kpi3b NjaueHTapHUIN Gap’ep Nerko npoHMKalTb
aNkoroJsib, HAPKOTUYHI PEeYOBUHM, HIKOTKH i 6araTto ni-
KiB. DOpMyBaHHA NaLeHTN 3aKiHYYETbCA HaNPUKIHUI |, 134, Po3TaluyBaHHA nnoga

3-ro micauA BariTHOCTI. B MaTLi nepes HapOIKEHHAM:
[0 BaXkNMBUX M03a3apPOAKOBUX OPraHiB MoguHNM 1 - M'A30Ba 060NOHKA MaTKK;
HaNeXUTb TaKOX NynKoeuli KAHAMUK, KW 3a6e3- 2 - cnzosa obonoHKa

MaTKK; 3 — aMHioH; 4 — nnig;
5 — aMHIOTMYHa pigVHa;
6 — NYNKOBUI KaHaTUK;
7 — nnaueHTa

neyye eMO6pPioOH NOXUBHUMYK PEUOBMHAMU Ta KUCHEM,
nepeLlKoAXa€ MPOHMUKHEHHIO LWKIAJMBUX PEYOBUH 3
naaueHTn 4o embpioHa, BUKOHYOUM B TaKuiA CNocib 3a-
XUCHY QYHKLit0.

OTxe, B eMOpioHaNbHOMY PO3BUTKY NIOAUHN BaXKNnBY ponb
BiAirpaloTb TMMYACOBI MPOBI3OPHI OpraHu, AKi yTBOPIOIOTbCA
" QYHKUIOHYIOTb y 3apOfKa i AKX HEMAE B JOPOC/IOMY CTaHi.

@ DIANBHICTb

7&/‘ JlabopaTopHa po6oTa 4

BuBueHHs eTaniB em6pioreHesy
MeTta: 3akpinuMTK 3HaHHA Npo nepioan
Ta OCHOBHi npouecu embpioreHesy NOANHY;
po3ni3HaBaTK Ha iNCTpauiaxX OCHOBHI cTagil
embpioreHesy, 3apOfKOBi IMCTKMN Ta 3aPOLKOBI
060M0HKYM Nnogy.
O6napHaHHA: intocTpadii, Tabnuui.

Tema 4. PENMPOAYKLIA TA PO3BUTOK

262

paBo Anst 6e3onnaTHOro po3MilLleHHs MigpyyYHUKa B Mepexi IHTepHeT mae
iHicTeégcTBO OCBITU | Haykn YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoZepHi3auii 3micTy ocsiTu https://imzo.gov.ua




Xig po6otn

1. Po3rnaHbTe intocTpauii cTagin nepea3apoaKoBO-
ro nepiopy po3BWTKy CcaBUiB. Bukopucrante 3a-
NPOMOHOBaHI TePMiHM 1 YTBOPITb 3 HUX pAfd, WO
BifoOpakae NpaBunbHy NOCNiJOBHICTb CTaAil Opo6-
JIeHHsA: 6:1acmoyucmad, 3u2oma, Mopysid, cmadis 080X
61acmomepis, cmadis 8ocbmMu 61acmomepis, cmadis
yomupbox 6racmomepis.

2. Po3srnaHbTe intocTpalii cTagi 3apofgKoBoro nepiogy
PO3BUTKY NaHLUETHUKA. 3amantonTe i Nignuwitb Taki
enemeHTn OyoBu, AK: ekmodepmad, eHmooepma, Me-
300epma, Hepeosa mpy6ka, xopod, mpasHa mpy6Ka.

3. Po3rnaHbTe cTagilo naigHoro nepiopy nANHN
Ha 4-5-my MicAudi BariTHOCTI. 3icTaBTe MO3HaYeHi
yacTuHY OyZOBM 3 Ha3BaMW: NJii0, XOPiOH, AMHIOH,
XX08mMKo8UU MiWOK, NyNKoBUU KAHAMuK, naayeHmd,
AMHIOMUYHA piduHa.

4. 3anoBHiTb Tabnuuo: «KXapakTepucTrKa Nnepioais eMopioreHesy NOANHNY.

5. Nigcymok po6oTu.

HasBa nepiopy TpuBanictb OcCHOBHI npouecn

1. Meped3apoodkosuli

2. 3apoodkosuli

3. MnioHui

CTABJIEHHA
bionoria + Mucreurso. lNnaueHTa nloguHN

OpHuM i3 HamBigOMIWMX MantoHKiB JleoHapao ga BiHui
(1452-1519) € 306parkeHHsA NOACHLKOro N0oAA. 3aBAAKM LN
po60Ti JleoHapao BBa)KAETLCA MEPLLOIO JIOANHOLO B iCTOPIT,
AKa NPaBWbHO NOKa3ana po3TallyBaHHA nnogy NogvHN B
MaTLi, MONIOXKEHHA rONI0BU, PYK, Hir, NynoBWHN, CYAUH. €an-
He, B YOMY MUTeLb MPUNYCTUBCA NOMUJIKY, Lie 306paKeH-
HA nnaueHTU. Ha MantoHKy 3apofKa JIloauHU BiH 306pa3us
nAaueHTy... KOpoBU. lke 3HaUEeHHA NnaueHTN AnA ccaBUiB?
Yum nnaueHTa NOANHW BiJPI3HAETbCA Big NNaUeHTX iHWnX
niaueHTapHUX ccaBLiB?

PE3YJIbTAT

3aBfaHHA ANA CAMOKOHTPOJIO
1. Wo Take embpioreHes? 2. Ha3BiTb nepioan embpioreHesy noguHu. 3. Lo Take
1-6 |embpioHanbHa iHAYKUiA? 4. flke 3HaUeHHA embpioHanbHOT iHAYKUiT? 5. Lo Take 3a-
ponkoBi 06050HKIM? 6. Ha3BiTb 3apoaKOBi 0O0NOHKM NIIOANHN.
7. Aki nepioan emb6pioreHe3sy noguHU? 8. AK BigbyBaETbCA B3aEMOpiA YacTUH 3a-
7-9 |popaka, Wwo po3BmnBaETbcA? 9. Ake 3HaUeHHA 3apoAKOBUX 060NOHOK B embpioreHesi
nognHn?
10-12 | 10. OxapaKkTepu3yiiTe nepioan embpioreHesy nioagnHU.

§ 63. EMbpioreHes nogunHu
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Xoua csim 3azasiom pyxaemocs sneped, Mos1o0b Ujopasy po3no4UHAE 8Ce CNOYAMKY.
1. B. feme

§ 64. NOCTEMBPIOHAJIbHUW PO3BUTOK JIIOANHU

OcHOBHi NOHATTA 11 KntovoBi TepmiHn: MOCTEMBPIOTEHE3. CrapiHHa nio-
AVIHW.

MpuraganTte! Lo Take oHTOreHes?

MomipkynTe!

LLlo € cninbHOroO 1 BiAMIHHOIO MiX
noctembpioreHe3om NIOANHY | METENUKIB?

3MICT

Aki GionoriuHi 1 couianbHi 0co6nMBOCTIi nocTtemb6pioreHesy
nognHn?

NMOCTEMBPIOTEHE3 JNIOAWUHU - ye pos-
8UMOK 8i0 HAPOOXeHHA 00 CMepmi OpeaHi3my,
AKul eHacniook 6iocoyianeHoi npupoou J1I0OUHU
mae ocobsiusocmi. OfHI€0 3 OCHOBHUX MOAiN Nno-
cTembpioreHesy € cTaTeBe J03PiBaHHs, 3a HACTaH-
HAM AKOI Y HbOMY BMOKPEMJIIOTb TPU nepioau:
nepegpenpoayKTUBHUI, PENPOAYKTUBHMUI Ta MNic- 1. MepeapenpoayKTMBHMIA nepiog
NAPENpPOAyKTNBHMIA. 2. PenpofyKTusHui nepio

MepedpenpodykmueHuii nepiod - ye nepiod | 3. ficnapenpoaykTNBHMI Nepiog
Xumms op2aHiamy 8i0 HAPOOXeHHA 00 HACMAH-
HA cmamesoi 3piniocmi. [OPIBHAHO 3 TBapuHamu
CTaTeBe [03piBaHHA NOAUHN BifbyBa€TbCA AOBOJI Mi3HO, i CaM Nepiof BiApPi3HAETbCSA
BiJHOCHO BiNIbLIOIO TPUBAJICTIO, OCKINbKIM OKpiM $i3ioNoriyHOro i GpisMyHoro po3BuT-
Ky BifOyBaloTbCA NCUXIYHUIA PO3BUTOK N dopmyBaHHA BHI, MucneHHs, po3ymoBoi
AiAnbHOCTI Ta iH. JllognHa po3yMHa — Lie BUA 3 HaNMOBINbHILIOK 3MiHOI MOKONiHb.

PenpodykmueHuti nepiod — ye nepiod cmamegoi 3pisiocmi op2aHiamy, ujo xapak-
mepu3yembCa 30amHicmio /1I00UHU 00 pO3MHOXEHHA. Y KIHOK Liei nepion TpUBaE Bif
9 — 16 pokis go 45 - 50 pokis, y yonosikis Bif 11-18 pokis. MKiHounin opraHism nic-
NA HaCTaHHA CTaTeBOI 3PiNOCTi 34aTHUIA 3aBariTHITU KOXHOro MicALA, y TOM Yac AK
y 6inblIOCTi TBAPWH LA 3A4aTHICTb 3'ABNAETHCA Y NEBHUI Nepiog PO3MHOXKEHHA. Ane
GiNbLLICTb XKIHOK He MOXe HapoAUTM Ginbll HiXK 6 — 11 AiTel 3a BCe XUTTA, OCKINbKN
OpraHi3m 3HOLYETbCA BiA nonoris. | uA noTeHUinHa NNigHICTb He peani3oBYETbCA B
Cy4yaCHOMY CyCniNbCTBi. Ba)KnvMBO yMOBOIO CTaTEBOI 3PiNOCTI € BU3SHAYEHHA KOXHOIO
NMIOVHOI0 CBOEI cTaTeBOi couianizauil. LLlo6 ctatn gopocnoto noauHow, HeobxiaHo
Kpim isionoriuHoi 3pinocTi cpopmyBaTi couianbHi ycTaHoBKM. OKpim TOro, Ha pe-
NPOAYKLi0 NIOANHW BAIMBAKOTb i coLianbHi HOPMU. Tak, 3rifHO i3 3aKOHOM MOJIOAUM
noaam B YKpaiHi MOXXHa ogpyKyBaTnca 3 18 pokis.

MicnapenpodykmueHuii nepiod — ye nepiod, Wo xapakmepusyemsCs 8mpamoro
Op2aHi3My 30amHOCMi 00 pO3MHOXeHHsA. B opraHiami nognHM 3MeHLWyloTbCA BMICT
BOAMW, IHTEHCUBHICTb OOMiHY PEUYOBMH, NMOCNABMIOTLCA XUTTEBI OYHKLIi, 3MeHLy-
I0TbCA Maca Tina Ta horo po3mipu. Ha ubomy etani BigbyBaeTbCcA CTapiHHA OpraHis-

OHTOrEHE3
Em6pioreHes

1. MNepen3aponkosuii nepios
2. 3apopKoBuii nepiog,
3. MnigHnin nepiog

MocTtem6pioreHes

Tema 4. PENMPOAYKLIA TA PO3BUTOK
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My. CepefiHA daKTUUHA TPUBaNiCTb XUTTA NIOLEN Y PO3BUHYTUX KpaiHax CTaHOBUTb
74 poKu, a B KpaiHax, WO po3BMBalTbCA, — 56 pokiB. B YkpaiHi cepegHa Tpusanictb
XUTTA YONOBIKIB CTAaHOBUTb 66,4 POKY, XKIHOK — 76,3 poKy. Y ANOHIi »iHK1 f0X1BalOTb
10 86,8 poky, a yonosiku y Lsenuapii o 81,3 poky — Lie HalKpaLli MOKa3HWKN Y CBITi.
BepxHbOl BNOOBOK MeXelo AnaA NoanHyM BBaxatoTb 115 — 125 pokis.

OTxe, ana noguHm Ak 6iocouianbHOro BUAY XapaKTepHi Mi3HA cTaTeBa
3pinicTb, 6inblwa TpMBanicTb Nepea3apofKoBOro nepiody, HM3bKa
NOTEHUiNHa N peanbHa MAiAHICTb, HANMOBINbHILWA 3MiHa MOKOJiHb, MOABa
nepexigHoOro nepiogy Mix nepiogamu ctaTeBoOl 3pifOCTi Ta NiITHbOrO BiKY.

AKi YMHHMKM | AK BNAMBaKOTb Ha PicT i po3BUTOK Yy noctemb6pioreHesi
nognHn?

PicT i pOo3BMTOK NIOAVHN € CYKYNHICMIO KiTbKICHUX MA AKICHUX 3MiH Op2aHi3my,
wo 3abesneqyroms i ummedianbHicme ma adanmayito 0o ymos cepedosuwya. Ll
npouecn CTaHOBNATb LiNiCHY AMHaMiuHy 36anaHCOBaHy €AHICTb, AKa 3[INCHIOETbCA
npu B3aemofii eH0o2eHHUX (FTeHOTWM, TOPMOHU, MIXKKIITVHHI B3aEMOZIl, CUTHaNbHI
peyvoBrHM, MyTauii) N ek302eHHUX (HaBKONULIHE cepeoBULLe: MOXKNBHI N AOAATKOBI
peyoBUHM, eHepria, iHpopMauia, 6iOTUYHI 1 abiOTUYHI B3aEMOBIAHOCKHY, WKIigANBI
3BMYKM, XBOPOOOTBOPHI BMIMBU) YMHHMKIB. BOKpeMniolTb HM3KY 3aKOHOMiIpHO-
CTel, WO XapaKTepm3yoTb BMANBU YNHHMKIB Ha PICT 1 PO3BUTOK JTIOAUHMN.

HenepepeHicme. PicT i po3BMTOK KNiTWH, OpraHiB, CUCTEM OpraHiB, opraHiamy
MOXYTb OYyTU OOMEXEHUMU N HEOOMEXEHUMU, MPOrPECUBHVIMU I PErpecuBHIMM,
WBMAKMMM 1 NMOBINBHUMYW 3aN€XHO Bif Ail YNHHKKIB, ane y 6yab-AKOMY BUMNAAKY Ui
npouecu BinbysatoTbca MOCTIVHO i HEMEPEPBHO.

FemepoxpoHHicmb («Pi3HOUYACOBICTbY») MOMATAE B TOMY, O Pi3HI CTPYKTYpU dpop-
MYIOTbCA B MEBHUWI YaC XKUTTA OPraHiamy B TOMY NOPAAKY, LLO NOro BU3HAYAE FreHOTUM.
Tak, MOnouHi 3y6y GopMyioTbCA paHille 3a MOCTilHI, CNoYaTKy 3'ABNAITLCA 3apOAKO-
Bi IMCTKM, @ BXKe NOTIM TKaHUHW.

HepieHomipHicmb NpoABNAETbCA PiI3HUMU TeMNamMn POCTy N [O3PiBaHHA opra-
HiB abo cncTem ynpopaoBs oHToreHesy. Tak, OKpeMi YaCTUHWN HePBOBOI CUCTEMM PO3-
BMBalOTbCA | GOPMYIOTbCA PiI3HUMM TeMNaMK i B pi3Hi cTpoKuW. BereTaTuBHa HepBOBa
cUcTeMa € JOCUTb 3PIiNOt0 BXKe NPU HAaPOMXKEHHI, a COMaTUYHa — [O3piBaE NisHiwe.
BypxnvBuin picT Tina B fOBXUHY Ha NepLIOMY POLi >KUTTA NOB'A3aHWI 3i 30iNbLUeHHAM
Macwu Tina, a YnoBiflbHEHHA POCTY B HACTYMHi POKM 3yMOBJIeHe akKTUBHUMM npoLeca-
MU audepeHuialil KNiTUH, TKAHUH, OpraHiB.

Haditinicmb. OpraHiam NoavHy Big Npupoan HagdineHnn MmexaHiamamu Hagmip-
HOCTI, NNacTUYHOCTI, Ay6noBaHHA ¢yHKUiA. Tak, AnA reHeTMYHOro Kogy BracTvBa
BUPOAKEHICTb, Y pasi BTpaTy 30pYy BifbYBa€ETbCA KOMMEHcaLia WoA0 OTPUMAHHS iH-
dopmauii uepes fJOTUK.

FemepoceHcumugHicmb (<pPi3HOUYTNMBICTb») Nepefbayvae PisHy CNPUNHATAW-
BiCTb KNiTWUH, OPraHiB Yn CMCTEM OPraHiB WOAO TUX UM iHWKNX BMIMBIB CepefoBuLLa
Ha NeBHOMY eTani po3BUTKY. Tak, NiANITKN Y CBOEMY BiLli fy»Ke YyTNu1Bi 4O BNMBIB ce-
pefoByLLa Yepes ropMOHANbHUI «LUTYPM», @ KPUTUUHUMMN Nepiogamu 4ns po3BUTKY
3apopjkKa € imnnaHTauia i nnayeHTauis.

IHOugidyanbHicmb xapakTepusye oCoONMBOCTI POCTY i PO3BUTKY KOMXHOFO KOH-
KPEeTHOro opraHi3my, WO BU3HAYalOTbCA B3AEMOJIEI0 reHOTUMNY 1 YMOB CepeoBMLa.
HaBiTb MOHO3UrOTHI 613HATa 3 OAHAKOBMM F€HOTUMOM BifPi3HATUMYTbCA TUMK a6O
iHWMW NPOABaMM O3HaK.
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OTXXe, yClo Pi3HOMaHITHICTb YMHHUKIB, WO CAPaBAATb NO3UTUBHUN
abo HeraTvMBHWI BMJIMB HA OPraHi3m, MOAINATb Ha €HAOrEeHHI
Ta €K30reHHi, a OCHOBHMMW 3aKOHOMIPHOCTAMMW IXHbOrO BMUBY
€ HenepepBHICTb, FreTEPOXPOHHICTb, HEPIBHOMIPHICTb, HAAINHICTb,
reTepOCeHCUTUBHICTb, IHAVBIAYaNbHICTb.

AKi npUYVHKM cTapiHHA NOAHN?

CrapiHHA NM0OAWHN - npoyec 3AKOHOMIp-
HO20 BUHUKHEHHA 8iKOBUX 3MIH, AKi Nocmynoso
npu3800siMb 00 CKOPOYEHHSA NnpuCmocy8aibHUX
moxnusocmet opzaHiamy (in. 143). O3HaKmM CTa-
PiHHA NPOABAAIOTLCA Ha BCiX PIBHAX OpraHisauii
KUBOTO OpraHi3my. Tak, y KNiTMHaxX 3HWXYETbCA
aKTUBHICTb depMeHTiB, MOpPYLIYETLCA CaMOBif-
HOBMEHHA 6iNKiB, HYKNeTHOBMX KNCOT TOLLO.

Hayka, o BMBYAE 3aKOHOMIPHOCTI CTapiH-
HA, Ha3MBAETbCA rePOHTONOTIE (Big rpeub 2e- In. 143. CrapiHHA NioANHY
pPOHMOC — CTapuiA, J1020C — Hayka). CyyacHy repoHTosorito 3acHyBaB |. MeyHUKOB, a
nojanblloro po3BUTKY LA HayKa Habyna B npausax O. boromonbus, O. HaropHoro, .
WmanburayseHa, O6pi gi Mpes.

HuHi icHye noHag 300 rinoTes WoAoO NPUYMH CTapiHHA, cepef AKUX Hanuika-
BilLMMU €: «eHepreTuyHa» rinotesa M. Py6Hepa (KOXHW BUL Ma€ CBill eHepreTny-
HUI GOHA, WO BUTPAYAETLCS MPOTATOM XKUTTA); «reHETUYHI» rinoTesn (MexaHiamu
CTapiHHA NOB’A3aHi 3i 3MiHOIO CTaHy reHeTMYHOro anaparty KiTMHK); rinoTe3a camo-
OoTpyeHHA |. |. MeuHrKoBa (3 BikOM B OpraHi3ami HarpomMag»KylTbca NPoAyKTN a3oTu-
CTOro 06MiHyY, THUTTA, WO CNPUYMNHAE IHTOKCMKALi0); «CNOSTyYHOTKaHWHHa» rinotesa
0. O. boromonbua («/1l0ANHA Ma€E BiK CBOEI CMONMYYHOT TKAHNHWU»); HEPOreHHa Teopia
I. M. MaBnoBa (CTapiHHA BU3HAYa€TbCA CTAHOM HEPBOBOI CUCTeMM); «BiNlkoBa» rino-
Te3a O. B. HaropHoro (cTapiHHs — Lje pe3ynbTaT 3racatouoro CaMoOHOBJIEHHS bifKiB);
rinotesa MiToTUYHOrO «NimiTy» J1. Xeidnika (ana KNiTMH opraHiamiB BnacTusmin o6-
MeXKEeHUN MITOTUYHWIA NOTeHLian); «rinoTanamivyHa» rinotesa B. M. [linbMaHa (3 Bikom
3MIHIOETbCA aKTUBHICTb rinoTanamyca, AKUN € BULLMM LLEeHTPOM perynaii BeretaTus-
Hux yHKUIN); apanTauiliHo-perynatopHa rinoTtesa B. B. ®ponbkica (BinbyBaeTbca
MO6ini3auis afanTUBHKX MexXaHi3MiB, HanpuUKnag NoCUNeHHsA rikonisy, rineptpodis
i noninnoigia KNiTKH Ta iH.), Teopia HakonuyeHHA myTauin 1. MepaBapa (3 Bikom yac-
TOTa MyTaUili, WO 3aN1ILAETLCA B reHODOHAI, 36iNblIyeTbCA), TefloMepHa rinotesa (y
6araTbox KniTMHaXxX NOAVHW BTpaTa 34aTHOCTI JO NoAiny nos'A3aHa i3 BTpaToto Teno-
Mep Ha KiHLAX XPOMOCOM).

OTXKe, CTapiHHA — Le HeMUHYYMI npouec, ane alodnHa CNpPoOMOKHa
YNOBiNbHUTY NpupoaHi disionoriyHi npouecy ctapiHHA. [na uboro
NoTPi6HO perynApHO 3aMmaTcA COPTOM, paLlioHaNbHO XapyyBaTuCs,
YHMKaTW CTPECOBUX CUTYaUiln, BIQMOBUTUCA Bif WKiQINBUX
3BUYOK i UepryBaTu akTUBHY AiANbHICTb 3 BiANOUYNHKOM.

Tema 4. PENMPOAYKLIA TA PO3BUTOK
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BIAJIbHICTb

3aBAaHHﬂ Ha 3aCTOCYyBAaHHA 3HaHb

BikoBi nepiogu — Le nepiofu XXMTTA NIOANHMU, LLO Pi3HATLCA 0COBNMBOCTAMMU POCTY
" po3BUTKY. Ha3BiTb MeXi BikOBUX NepiodiB NognHN Ta HaBeiTb NPUKIaan BikOBUX
ocobnumBocTen.

Mepioa TpuBanictb BikoBi 0c06n1BOCTi pOCTY i1 PO3BUTKY
HoBoHapog»KeHicTb
lpyaHWIA BiK
OuTtuHCcTBO
MipniTkoBUN Nnepiopg,
lOHau bk Nnepion
3pinui BiK
Moxmnuii Bik
Crapeunii BiK

Bionorisa + AHTpononoria. AKkcenepallisi OHTOreHesy

MNpuckopeHHA TemniB iHAMBIAYanbHOro pPoOCTy Ta
pPO3BUTKY AiTel i NigniTKiB NOPIiBHAHO 3 nonepegHiMu
NOKOMIHHAMWN B MeXKaX NeBHOro iCTOPUYHOro yacy Ha-
31BAETbCA akKcenepadielo. Lle ogHa 3 ocobnusocTen
noctembpioreHesy MOAVHU. KM € NPOTUIEXHE A0 akK-
cenepadii noHATTA? [NouikaBTeca 1 Ha3BiTb OCHOBHI rino-
Te3u, WO NOACHIOTb akcenepadwito.

CTABJIEHHA
«j Bionoria + Jliteparypa

¥

B aHrnincokoro nnucbmeHHnKa Jadiena dedo (1660-1731), aBTo-
pa pomaHy «He3BuuarHi npurogn PobiH3oHa Kpy30», AKKUiA 3 nprmMxu
oni NpoXwuB 28 pokiB Ha 6e3/tgHOMY OCTPOBI, € TaKi pagKu: «...Have
Kpedumop i 60pXXHUK, A N00isiu8 CMOpPIHKY HAsnisn i Hanucas sigopy4
«N02aHo», a Npagopyy «0obpe», i ocb Wjo 8 MeHe guliwsio...». Llikaso,
a wo X 3anucas Pob6iH30oH Kpy30 Ha umx ctopiHkax? Moginite i BU ap-
KyLl HaBMin, ane NiBOpyY HanuUwWiTb «HeraTMBHI YNHHWKK», @ MPaBO-
pyy — «[103UTUBHI YNHHWKWNY». Ha3BiTb MO TPX HaBaXMBiLL, HA BalLy YMKY, MO3UTUBHI
Ta HEraTMBHI YNHHMKN 1 OLiHITb IXHi BNANB Ha PICT i PO3BUTOK NIOANHMN.

Pogiuzon

PE3YJIbTAT

3aBAaHHA AN CAMOKOHTPOJIO

1. LLlo Take noctembpioreHes nognHu? 2. Ha3giTb nepiogn noctembpioreHesy nio-
annHn. 3. Wo Take pict i po3BuToK nognHn? 4. Ha3BiTb OCHOBHI 3aKOHOMIPHOCTI
pocTy i po3BUTKY ntoanHN. 5. LLlo Take cTapiHHA noguHn? 6. HaBeaiTb npuknagm
rinoTes, WO NOACHIOOTb CTaPiHHA.

7. fki 6ionoriyHi i couianbHi ocobnmnBocCTi NocTembpioreHesy noguHN? 8. AKi i AK
7-9 | YMHHUKM BNAMBAIOTb Ha PICT 1 PO3BUTOK B noctembpioreHesi nioauHm? 9. Hasitb
NPUYNHN CTAPiHHA NIOANHN.

10-12 | 10. OuiHiTb BNANB NO3UTUBHUX | HEraTUBHNX YNHHUKIB Ha PICT i PO3BUTOK NIOAUNHN.
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Tema 4. PENMPOAYKLIA TA PO3BUTOK
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paBo

Y3aranbHeHHA Temu 4. PEMPOAYKLIA TA PO3BUATOK

PEMPOAYKLIA (po3MHOMeHHA) — 8i0meopeHHsA cobi nodibHUX, 3a80sKU YOMY 3a-

6e3neyyromecs 6enepep8Hicme i cnadkogicme Xumms.

Ta6nuusa 9. MOPIBHAJIbHA XAPAKTEPUCTUKA ®OPM
PO3MHOEHHSA OPTAHI3MIB

O3HakKa

HectaTeBe po3MHOXeHHA

CraTeBe pO3MHOXEHHA

Mogin KNiTWH, WO € OCHOBOO

Mito3

Mewos

KnitnHu, ski 6epyTb yyactb

ComaTunuHi

CraTeBi

®a3u (rannoigHa, gunnoigHa)

[vnnoigHuin Habip xpomocom

FannoigHuin Habip xpomocom

[>xepeno MiHAMBOCTI

MyTauii

MyTauii. leHeTnyHa pekom-
6iHaLiA

YyacTb 6aTbKiBCbKMX OCOOUH

30e6inbluoro ogHa

3pe6inblioro Asi

|A@HTNYHICTb NOKONIHHA

[eHeTnyYHO TouHi Konii 6aTbKiB

[eHeTNYHO BiAMIHHI Bif

6aTbKiB
. . . . MapTeHoreHes
Mopain HaBMin, MHOXWHHWIA NOAIN, . s
. MoniembpioHin
OcHOBHi B1An 6PYHbKYBaHHSA, CMOPOYTBOPEHHS,
lepmadpoautnsm

BeretaTBHe PO3MHOMXeHHA

Po3ginbHocTaTeBicTb

bionoriyHe 3HaueHHA

Cnpuse 36epexxeHHio HalbinbLuoi
NPUCTOCOBAHOCTI 3@ HE3MIHHUX
YMOB iCHyBaHHA.

3abesneyye WBUAKE BIATBOPEHHA
BEJINKOI KiNbKOCTI HallaaKiB

CnpuAe reHeTUYHOMY Pi3HO-
MaHiTTI0 OCOOUH i CTBOPIOE
nepeAymoBU A1 OCBOEHHA
HOBUX YMOB.

3abe3neyye NoBinbHe BigTBO-
PEeHHA HEBENMKOT KiNIbKOCTI
Halwaakis

IHAUBIAYANIbHU PO3BUTOK (oHTOreHes) - ye p038UMOK 0CO6UHU 8i0 ii 3apo-

0XeHHs 00 cmepmi.

Ta6nunua 10. MNEPIOAU3ALIA OHTOTEHE3Y BATATOKNITUHHUX OPTAHI3MIB

Y TBapuH (Ha NnpuKnagi XopAoBNX TBapPUH)

Y pocnviH (Ha npuKnagi NOKPUTOHACiHHMNX)

|. EMOGpioHanbHWI nepiog,
[pobneHHs

lacTpynauin

licToreHes Ta opraHoreHes

HecTtaTeBo3pinun nepiop

MNepiop ctatesoi 3pinocTi
Mepiod cTapiHHA | cMepTb

Il. MocTtembpioHanbHU Nepiof

MNepiop cTaTeBOro Ao3piBaHHA

MNepiog 3pinocTi

|. EMGpioHanbHWI nepiog,

MNpoayKyBaHHA 3apOAKOBOI MepucTemun
YTBOpPEHHA 3apOoAKOBOro KOPiHLA Ta NaroHa
®opmyBaHHA HaCiHNHY

II. MocTembpioHanbHwWiA Nepion

Mepiop npopocTka

MNepiog monogocTi

MNepioa cTapiHHA | cMepTb

Tunun noctembpioreHesy TBapuH

MpAMNIA PO3BUTOK — Ue po38UMOK, 3d AKO20 WOUHO HAPOOXeHa MmedpuHd 3d2asloM Hazadye
dopocny (ccaBui, Na3yHW, NTaxu, XPALOBI pubK, NaByKy, CKOPMIOHK, BiiYACTi Ta MANOLWETUHKOBI
Yyepsw). bionoriyHe 3HaYeHHA NPAMOro PO3BUTKY MONAraE B TOMY, L0 3MEHLUYETbCA BPa3NuBICTb
HapOAXeHOI TBapVHU LWOAO 30BHILLHIX YAHHUKIB.

p©6, 3eMHOBOAHWX);

Henpamuii po3BMTOK — ye po38UMOK, 3a AKO20 yMBOPIOEMbCA IUYUHKA, AKA NEpemaopIoEMbCA HA
0dopocsy 0cobuHy 6e3nocepedHbo abo Yepez nepemaopeHHsA (3eMHOBOAHI, KICTKOBI pnbu, Komaxu,
Kniwi, 6inbwicTb MOMOCKIB, 4epsiB). bionoriyuHe 3HaUYeHHA HENPAMOro PO3BUTKY: >KUBUIbHA
byHKUiA, paLioHanbHe BUKOPUCTaHHA PecypciB, po3cerieHHs, 3a6e3neyeHHs 3apaeHHs Xa3Ais
PisHOBMAW HENPAMOro po3BUTKY:
e HenpAMUU pO38UMOK 3 NOBHUM NepemeOpeHHAM — Lie PO3BUTOK JINYMHKK, AKWUIA Cynpo-
BOIPKY€ETbCA NepebynoBoto BCiX il opraHis i cuctem (Hanprknag, y TBEpAOKPUINX, KiICTKOBMX

e HenpAmuli pO38UMOK 3 HENOBHUM NEPemMBOPEHHAM — Lie PO3BUTOK JIMYNHKU, AKa MA€ CrMiNbHi
pucn 6ygosu 3 AOPOCIMMU OCOOUHAMK, B 3B'A3KY 3 UMM MEPETBOPEHHA CTOCYBaTUMYTbCA
OKpEeMUX OpraHiB i cuctem (Hanpuknag, y NPAMOKPUINX, TapraHiB, KomniB, TEPMITiB).
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CaMOKOHTpPOJb 3HaHb

Tect 5. PEMPOAYKLIA TA PO3BUTOK
I. 3aBpaHHA 3 BUGOpPOM NpaBuNbHOI BifgnoBiAi (no 1 6any 3a KOXHY NpagusibHy

8i0N0BIOb)

1. flK Ha3MBa€ETbCA NPoLEC PO3BUTKY KiNbKOX 3apOfKiB 3 OHI€l 3urotun?
A napteHoreHes b noniembpioHin
B pparmeHTauia I 6pyHbKYBaHHA

2. flka 3 HaBefeHMX iCTOT 3aTHa [0 pereHepaLii HalnbiNbLIO Mipoio?
A ry6ka-6opara b ackapuga nogcbka
B BocbMUHIT I )Kyk-oneHb

3. YKaxiTb OCHOBHY Npo6sieMy Cy4yacHOT TpaHCNNaHTONOTrIi.
A nepecagKyBaHHs opraHis b nigbip aHTureHis

B nogonaHHA cymicHoCTi I nogonaHHA HeCYMiCHOCTI TKaHVH 1 OpraHiB
4. (®a3a po3XOAKeHHA OQHOXPOMATUAHUX XPOMOCOM A0 MOJIOCIB KNITUHY — Lie

A npodasa b meTtadasa B aHadasa I tenodasa
5. TeHeTnyHoO 3anporpamoBaHa 3arnbenb KniTUH — ue

A HeKkpo3 b miTo3 B anonTo3 I ymTo3

Il. 3aBpaHHA HAa BCTAHOBJIEHHA BiANOBIAHOCTI (2 6a/1U 3a npasusibHe 3icmaessieHHs)
6. 3icTaBTe cnoci6 HecTaTeBOro PO3MHOXEHHA 3 OpraHiamamu, Ana AKUX BNacTu-

BUW.
A nogin HaBnin 1 ppixpxi
b 6pyHbKyBaHHsA 2 ManAapiH1N NnasMoain

B cnopoyTBopeHHsa 3 xnamigomoHaga
I MHOXMHHWI noain 4 ameba npoTen
5 Aawipka
7. 3icTaBTe cTafilo cnepmMaToreHesy NoAVMHY 3 KNiTMHaMU, AKi yTBOPHOOTHCA.
A cTapia po3mHOXeHHA 1 cnepmaTounTu I-ro nopagky

b cTapia pocty 2 cNnepmMaTo300HM
B cTagia go3piBaHHA 3 cnepmaTtoroHii
I ctagisa dopmMyBaHHs 4 HenonApHi TinbuA

5 cnepmatungnm
lll. 3aBpaHHA 3 BM6OpOM npaBuabHOI KOM6GiHaWil BignoBigein (3 6asu 3a npa-

8UJIbHY KOMBIHAUIO) 2

8. YKaxiTb 03HaKW, WO XapaKTepusylTb eMbpioHaNbHy CTajito, Mo3HayeHy uud- g

poto 5. 2

A Hasga B KinbkicTb B Y Akux opraHismis §

3apOAKOBUX NINCTKIB HasABHa? é

1 3uroTa 1 ogvH 1 BogopocTi o o @ g

2 Gnactyna 2 OBa 2 BMLWi POCANHMN 1 2 S
3 racTtpyna 3 Tpn 3 xopposi
4 Henpyna 4 yotupn 4 4neHWCTOHOTrI b

3 4 5
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§ 39. TEHW. PETYNALIA AKTUBHOCTI TEHIB 162
§ 40. KAPIOTUM IIOMNHM. XPOMOCOMHMI AHANI3 166
§ 41. TEHOM JIIOINHY 170
§ 42. TEHETVIKA JIOZIVIHM 174
§ 43. YCMAJIKYBAHHS O3HAK Y JIOINHY 178
§ 44. 3UYENJEHE YCMAJKYBAHHS. TO3AXPOMOCOMHA CMAJKOBICTb

Y NIOAVHM 182
§ 45. 3AKOHOMIPHOCTI MIHAIMBOCTI IIOAVHM 186
§ 46. MYTALIII TA XHI BNACTVBOCTI 190
§ 47. 3AXVCT FEHOMY JIOZVIHW BI WKIASIVBMAX MYTATEHHMX BMJIVBIB ........194
§ 48. TEHETVYHUM MOHITOPUHT Y IIOACBKUX CMITIbHOTAX 198
§ 49. OCOBJIVBOCTI FEHO®OHAY NOACHKMX CMINIbHOT 202
§ 50. 3AKOHOMIPHOCTI PO3MOLINY ANENIB Y NONYAALT 206
§ 51. CYYACHI 3ABAAHHA MEUYHOI FEHETUKM 210
§ 52. XBOPOBW CTMAJIKOBOTO MOXOIPKEHHS 214

Y3azanbrerns memu 3. CIAJKOBICTb | MIH/IMBICTb 218

CamMoKOHMPpPOJIb 3HAHb 219
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Tema 4. PEMPOAYKLIA TA PO3BUTOK
§ 53. PENPOAYKLIA AK MEXAHI3M 3ABE3MNEYEHHA BE3MEPEPBHOCTI

ICHYBAHHA BMAIB 220
§ 54. OCOBJIMBOCTI PEFEHEPALLIT OPTAHI3MY JTIOAVHW 224
§ 55. TPAHCIMJIAHTALUIA TKAHH TA OPTAHIB Y JTIOAWHW 228
§ 56. PEMPOAYKUIA KNITUH 232
§ 57. PICT I PO3BATOK KINITUH TA YAHHWKW, LLO HA HbOTO BIMJIMBAIKOTD......... 236
§ 58. CTAPIHHA TA CMEPTb KNITWH 240
§ 59. OHKOMOTIT4YHI 3AXBOPHOBAHHA TA OHKOTEHHI YAHHUKW ... 244
§ 60. MENO3. OCOBJIMBOCTI TAMETOIEHE3Y B JIIOAVHW. CTATEBI KITITUHW. ...248
§61. CYTb TA BIOJIOTNYHE 3HAYEHHA 3ANIOHEHHA 252
§ 62. OCOBJIMBOCTI PENPOOYKLIT NIOAVHN

Y 3B'A3KY 3 1l BIOCOLIAJIbHOIO CYTHICTIO 256
§ 63. EMBPIOTEHE3 IIOAUNHW 260
§ 64. NMOCTEMBPIOHAJTbHWIA PO3BUTOK NTIOAVHW 264

Y3aeaneHeHHa memu 4. PEMIPOYKLIA TA PO3BUTOK 268

CamokKoHMPpOoJsib 3HAHb 269
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