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2022-2023 oKy KbUIbIHA
’KApaThUIBICTaHy-MaTEMaTHKAIBIK OareITTArbl
«BUOJIOT Uy moHi 60HBIHITIA

OKY sKyYMbIC OaraapiaMacshl
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Keumicinmi: 6aciIbIHBIH OKY ic sKe@HIHIEri opslHOacapsl

CoryiacoBaHO: 3aMECTUTENb PYKOBOAUTESA
~ o
no yaebHol padore Kaceimosa I'. J1.

"31 "aBrycra 2022r.

2022-2023 oKy >KBUIBIHA
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150104 2 «AyBUI IIapyaIIBUIBIFE] OHAIPICIHIH TPAKTOPIITEI MAITHHHUCI»
_Herisri opra 6iniM HeTiziHAe KYHII3T1 OKY HBICAHBI
JKammer carat cabr 22
2 Kype, 22 Ton

PaGouas y4eOHasi mporpaMmma
o npeametry «bBUOJIOI' My
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" TEXHUKNY -
kBaudukanmsg: 150102 2 «MacTtep 00 SKCILIYyaTaIllui U PEMOHTY MAIIIUH U MEXAHU3MOBY

Ha 2022 — 2023 yueGHpI TOJT
dopma oOyueHwMst ouHas, Ha 6a3¢ OCHOBHOTO CPEIHEr0 00pa3oBaHus
O611ee KOJTUYSCTBO YacoB 22 '

2 Kypc, 22 rpymnmna
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2022-2023 oKy XBUIBIHA
JKApaTBUIBICTaHy-MaTeMaTHKANIBIK OarbITTarbl
«BUOJIOTUSI» noui 6ofibHIIIA

OKY KYMbIc OaraapjiamMachl
Mamanasirsr 07320100_«Frumapartap MeH KyphUIBICTAD/IBI Cally YKOHE IaliianaHy
Bimixrimiri: 3W07320103 «Kyprak KypbUIbc ozici 6oiipHima mamany 3W07320104 «Ken
npodenpal medepi KYPBUIBICIIBD),
3W07320105 «Opiey KypbUIBIC KYMbICTAPBIHBIH IMe0epin
YKamnmer caraT caHbl 24
2 Kype, 25 Ton

PaGouasi yueOHas nporpamma
o npeamety «BUOJIOT VST
€CTECTBEHHO-MATCMATHYCCKOT'0 HAIIPABJICHUS

Cremnanbaocts: 07320100 «CTpOUTENBCTBO ¥ OKCILTYaTaLUs 3IAHUH U COOPYKCHINY
kpandukarms: 3W07320103 «Mactep cyXoro CTpOUTEIbCTBAY. 3WQ7320104
«MacTep-cTPOUTENb IAPOKOTO TPODUIIY, ‘
3W07320105 «MacTep OTAEIOYHBIX CTPOUTEITBHBIX pabom
1 xype, 15 rpynmna
Ha 2022 — 2023 y4eOHbIH 1O :
dopma o6yueHus ouHas, Ha 6a3e OCHOBHOTO CPEIHETO 00pa3OBaHMUs
O01ee KOIUYeCTBO YacoB 24

2 Kypc, 25 rpymnmna

OKYy >yMBIC GaraapiamMackHbIH aBTOPE/ABTOp pabouedl yueOHON IPOTPaMMBL: FO.A.Ilorpomckast
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1. I[TosgcHUTEILHAS 3AIMACKA

TumoBas ~ yueOHass mporpaMma paspaboTaHa B COOTBETCTBHMH C NPUKa3aMH Munuctpa
o6pazoBarus 1 Hayku Pecrry6muku Kazaxcran ot 31 oxrsiopst 2018 roza Ne 604 «OO6 yTBEpKAEHUN
TOCYIapCTBEHHBIX 06ME00S3aTeIPHEIX CTaHIapTOB 00pa30BaHHs BCEX YPOBHEH 00pa3oBaHus» U OT
8 Hos16pst 2012 roma Ne 500 «O6 yTBEpKIEHHH THIIOBBIX YUCOHBIX ITAHOB HAYATBHOTO, OCHOBHOTO
cpeaHero, o6mero cpexHero obpasoanus PecryGmukn Kasaxcramy.

CrmMcoK  DEKOMEHIyeMolf JMTepaTypsl cocTaBleH Ha ocHose Ilpmkasa Mumnuncrpa
o6pasoBanns u Hayku PecmyGuuku Kasaxcran ot 17 mas 2019 roma Ne 217 "O6 yTBEpKIACHUHU
nepedHs yIeGHUKOB, Y4eGHO-METONMYCCKHX KOMIUIEKCOB, IOCOOHE M IpyroH JIOTIOTHUTEIBHOH
JITEPATYPhI, B TOM YHCIIC Ha 3JIEKTPOHHBIX HOCUTEISIX .

Ilenb: pasBUTHE COBPEMEHHBIX OMONOTMYECKHX 3HAHMH ¥ YMCHHH Y 00 yJarommxces;
[IOHMMaHHE CYIIHOCTH, PAa3BHTHs U MPOSBIEHHS JKM3HW Ha DasHbIX YPOBHAX €€ OpraHW3alliy,
[10JITOTOBKA BCECTOPOHHE PA3BUTOMN JIMUHOCTH, KOTOPAs TOHAMAET 3HAYECHHUE JKU3HH KaK HaMBBICIICH
[ICHHOCTH.

3amaun:

1) PACIIMpPUTh 3HAYMMBIE OMONOTHYCCKME 3HAHWS W YMEHHS, OMIPEICIIAIONHUC pPOIb
yeJI0BEKa B IPUPOJIC Ha OCHOBE NOHUMAHUS 3aKOHOB €€ Pa3BUTHS,

2) IIPUMEHATE 3aKOHBI Pa3BUTHSA U (QYHKI[MOHUPOBAHUS IIPUPOIBI B KaYCCTBE OCHOBBI U
cpezncTBa Juist IPHOOPETeHN HOBBIX 3HAHMUH, MX JAIBHEHIIETO PACTITHPEHNUS 1 yTITyONIeHNUS,

3) GopMHpOBaTH B TIPOLECCE OBJTAAEHHS CHCTEMOW 3HAHMH M OCHOB HAyYHOTO
MHPOBO33PEHUS; TBOPUECKON CAMOCTOATENLHOCTH H KPHTHYECKOTO MBIIIICHHS, HCCIICA0BATEIECKIX
YMEHUH;

4) pa3sBHBaTh  KauecTBA  WHMIMATABHOX  JIMYHOCTH,  IIO3BOJIIOIINC cBOOOJIHO

OpPHEHTHpOBATBCS B OKPY)XAIOIIeH  JE€HCTBHTCIBHOCTH, €  TOTOBHOCTBIO — MPUHNUMATH
CaMOCTOSITCIbHBIE PEINCHHUs, CBSI3aHHBIC JTHYECKHIMH BONPOCAMH M C JIMYHBIM y9acTHCM B
CONMAIBHOM JXM3HM 00IIECTBA M B TPYLOBOM IEATCIHLHOCTH,

5) pasBMBaTh y OOYYAIOIMXCS HHTEIUIEKTYaIbHBIE yMEHHS, HEOOXOMMMBIC IS
IPOIOIDKEHUST 00pa3oBaHms B caM000pasoBaHus.

B THmoBOH mporpamMme MO OHOJIOTMH €CTECTBCHHO-MATeMaTHHYECKOTO  HAIPaBJICHHUS
npenyeMoTpero 19 paszernos: «MoekynapHas Ouonorus U Guoxumusy», «Kmerounas OUOIOTHsI»,
«[luranme», «TpaHcmopr Bemects», «Jlpixanme», «Boimenenney», «KICTOUHBI UMK,
«PasmuOKeHHE», «POCT W pasBuTHEY, «3aKOHOMEPHOCTH HACICICTBEHHOCTH M M3MEHYMBOCTHY,
«DBONIONHOHHOE pa3BUTHE», «OCHOBBI CeNMeKIuuy,  «MHOroodpasue MHBBIX OPraHU3MOBY,
«KoopnuHamust w  perymsnus», — «[lBwkenuwe», «buomenuumuHa H OMOMH(POPMATUKAY,
«Buotexmonorus»y, «brocdepa, sKocucTeMa, MOMYJSANHUA», «DKOJOTWS U BIHMIHHE HC/IOBEKA Ha
OKPYKAIOILIYIO CPEIY».

O6BeM yueGHOH Harpysku ydeOHOM AMCHHIUTAHBL "Bronorns” cocTaBiseT 150 wacos.
IIpeycMOTPEHO MPOBEACHHE TA00PATOPHBIX PadOT I MOJCITHPOBAHHS.

[Ipu  cosmamwu  paboumx  y4eOHBIX [POTPaMM  OpPTaHM3alMsA — TEXHUICCKOTO U
npoeCCHOHATFHOTO 00pa30BaHUs HMEET MTPaBO:

- BBIOMpATh pa3NMYHBIC TEXHOJOTHM O0ydeHWs, GOPMBI, METOABI OPraHU3AUNN ¥ BUIBI KOHTPOJIS
yueOHOro Ipolecca;

- pacipenensTh o0t 06beM YacoB y4eOHOro BPEMEHH Ha PasielNbl U TeMbI (OT 0ObeMa 9acos,
BBIZICJICHHOTO HA U3YUYCHUE AUCIUIUINHEI);

- 060CHOBAHHO U3MEHSTEH YUECOHYIO IPOrpaMMy B U3YUICHHUH €€ OPSIIKa.



Ne HaunmeHoBa Coaep:xanue PesyabTaT Kpurepun oneHKH
HHE pa3jiesia pasjeJia 00y4ueHHS
1 MoaexyJsip 3HaueHNE BOABI IS 1) Ouenuts 1) O6msicHsET
Has Omosiorusi | JKU3HU Ha 3eMIIe, 3HAYCHUE U (byHIaMEeHTAJIBHOE
H OHOXHMHS Knaccupuxanus GyHKIIIH 3HAYCHNE BOJIBI JJIS
YTJIEBOJOB: HEOPTaHWYECKUX ¥ | XKU3HHU Ha 3eMJIe;
MOHOCaXapH/Ibl, OpPraHUYeCKUX B3aMMO/ICHCTBHE
JTUcaxapusl, BEIIECTB JUIS MEX]Ty @HTUTCHOM U
TIOJTUCAXaPHIBL. KH3HHU. AHTHUTEIIOM;
Xumudeckas CTPyKTypa. MEXaHU3M
CaoiicTBa U (pyHKIHUS 2) lIpoBouTh oOpa3oBaHus

yTIIEBOJOB.
Penynupyromnue u
HEPEAYLUPYIOIINE
caxapa.
JlaGoparopHas
"HccnenoBanue
BOCCTaHOBUTEIBHOM
crocoOHOCTH
PeLyLHPYIOLIHX U
HEPEIyIUPYIOLINX
caxapos'.
CTpyKTypHBIE
KOMIIOHEHTBl  JIUIIHIOB.
Ceoiictea u (QyHKIHH
xupoB. Kiaccudukarus
OeIKOB IO  COCTaBy
(IpoCTEIE, CIOXHBIE) M
o yHkmusiM. CTpoeHwe
U YPOBHH CTPYKTYPHOH

pabora

OpraHU3aluu OEIKOB.
Jlenatypanus u
peHarypanus OeKoB,;
JlaGopatopHass ~ pabora
"BrnusHHE ~ pa3IHMYHBIX
ycaoBuil - (Temueparypa,
pH) Ha  CTPyKTYpy
OenkoB".

Comepxanue OCIIKOB B
OMOJIOTHYECKUX
00BeKTax.
JlaGoparopHass ~ paboTa
"Omnpenenenue
comepkaHust OENKOB B
OMOIOTUYECKUX
obbekTax".

CtpoeHne MOJIEKYITBI
JIE30KCHPUOOHYKIIEMHOB
ot kucaote! (JIHK).
CrpykTypa

JIC30KCHPUOOHYKIIEMHOB

SKCIICPUMEHTHI I10
OIIPEACIICHUIO
OPTaHNYCCKUX
BCIICCTB.

bepmeHT-CcyOCTpaT
KOMILJIEKCa; CBOMCTBA
TEHETHUECKOTO KOJA;
2) Kimaccudunupyer
YTJICBOBI MO UX
CTPYKTYpE, COCTaBY H
GYHKIUAM;

3) OnuceiBaeT
XUMHAYECKOE CTPOCHHE
¥ (YHKIIAHU )KAPOB;
TPOIIECC PETUINKALAH
JIE30KCUPUOOHYKIICHH
OBOM KHUCJIOTEI HA
OCHOBE IIPaBHJI
Yapradda;
TPaHCKPUIIIHIO U
TPaHCIISIIHIO B
nporecce OMOCUHTE3A
Oenka;

4) Uccnenyer
BITASTHUE PA3THYHbIX
yCIIOBHAH Ha
CTPYKTYpY O€NKOB;

5) Onpenenser
PEYIUPYIOLENE U
HepeIyIUupPYIOLIHe
caxapa; OeJIKH 110 UX
CTPYKTYpE, COCTaBY H
(GYHKIHAM;
coziepkaare OCIIKOB B
OMOJIOTTIECKUX
00BEKTAX;

6) Paznmuuaer
cTpoeHUE U QYHKIMH
THIIOB MOJICKYI
PUOOHYKIICHHOBO
KHCJIOTBI;

7) YcTanaBimuBaeT
CBSI3b MEXILY
CTPYKTYpOH




| bepMeHTOB.

OH KHCIJIOTHI (IepBHYHAS
Y BTODHYHAs LICTTH).
OyHKIIHH MOJISKYIIEI
J€30KCHPHOOHYKICHHOB
O KHCI0TE MexaHu3M
PEILTHKAHA
JAS30KCHPHOOHYKJICHHOB
OH KHCIOTHIL.
OKCIOCPHMEHTEI
Mesencora u Crans.
IIpasuna Yapradda.
Crpoenue u QyHKIHH
MOJIEKY T
PHOOHYKJICHHOBO#
kuciote! (PHK).
Marpuyunas
PUOOHYKIICHHOBAS
kucioTa. Pubocomuas
PUOOHYKIIEHHOBAS
Kuciora. TparcnoptHas
PHUOOHYKIEHHOBAS
kucnora. Cxozerea u
pa3IuYus B CTPOCHUH
MOJIEKY T
JIE30KCHPUOOHYKIIEHHOB
OM KHCIIOTHI U
PUOOHYKIICHHOBOU
KHCIOTBI. CTpOEHUE |
CTPYKTypa aHTHTEIL.
CrenuduvaocTh
AHTUTEN (aKTUBHOT'O
1eHTpa). Mexanusm
B3aMMOIEHUCTBUSI MEKIY
AHTHTEHOM M aHTHTEJIOM.
Mexanmnsm
B3aUMOJIEHCTBHS
bepmenTa u cyocTpara.
Posnp akTHBHOTO 1IEHTpA
B (DepMEHTAaTHBHOM
Karamuse. Teopus
Quinepa.
Nvmobnmm3anms

JlaGoparopras  pabora |
"HUccnenoBanue BIHSHHS
AMMOOHTH3aIHI
depmeHTOB Ha HX
aKTHBHOCTB .
Korkypertroe B
HEKOHKYPEHTHOS
HHIHOHPOBaHHS
depMeHTOB.
Perymmposanne
aKTHBHOCTH ()EpMESHTOB.
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JAS30KCHPHOOHVKICHH
OBOH KHCIIOTEL
KOHKYPSHTHOE H
HEKOHKYDEHTHOE

| HHTHOHPOBaHHE

| bepMeHTOB.




JleiicTBre
JIeKapCTBEHHBIX
NIpenapaToB H HOHOB
TSDKEITBIX METAIOB Ha
aKTHBHOCTH EPMEHTOB.
Jlaboparoprast  pabota
"BimsHEEe HHTHOHTOPOB
H  axkTHBaTopoB  Ha
CKOpOCTB
(epMEeHTaTHBHBIX
PCaKmHy .
TpasCcKpHIIHS.
ITocTTpascKpUNIINOHHAS

| MomuHKaHs Ipe-M

puOOHYKIEHHOBAs
KHCIIOTa. DTallbl
tpaHcisiuy. CBoicTBa
TeHETHUECKOI0 Koza:
TPHUIIJIETHOCTE,
BBIPOXKICHHOCTB,
YHHBEPCAJIBHOCTb,
HETMIEPEKPBIBAEMOCTb.

2 Kaerounas
0HOJIOTHS

OcoOeHHOCTH CTPOCHHUS
# QyHKIUNE OpraHONIOB
B Ki1eTke. OCHOBHEBIE
KOMITOHEHTHI KJIETKH:
KJISTOYHAsI CTCHKA,
IIa3MaTHyecKas
MemOpaHa, UTOoIIa3Ma
W €€ OPraHOH b
(memeMOpaHHBIE,

| omHOMeMOpaHHEIE U

| ;ByMeMOpaHHBIE). f1npo.

OcuoBHbIC QYHKITHH
KOMTIOHEHTOB KJICTKH.
B3anMOCBsI36 MEXIY
CTPYKTYPOH, CBOHCTBAMH
H QYHKIHIMH
KJICTOYHOH MEMODAHEL
JKHAKOKpHCTAIITMYECKAs]
MOe7TE MeMOpaHBL

| ©OyHKIIHH MEMOpaHHBIX
| 6enxoB, hochoaIunuaoB,

TJIHKONPOTEHHOB,
TJTAKOJTAIIH/IOB,
X0JecTepoa.
JIabopartopHast paboTa
"BrinsiHAE pa3nHYHBIX
daxTopoB Ha MeMOpaHy
KJICTOK .

OcoberHOCTH
CTPYKTYDPBI H QYHKIIHH
KJICTOK OaKTepHii,
rpHOOB, pacTCHHI H

1) Uccnenosarsb
TIOJTYTIPOHUIIAEMOCT
b MEMOpaHBL.

1) OOBsicHSIET
0COOEHHOCTH
CTPOCHHS U QyHKINH
OpTraHOWIOB KISTKH,
BUIVIMBIE 1101
3JIEKTPOHHBIM
MHKPOCKOTIOM;

2) OmpenensieT cBs3b
MEXIy CTPYKTYpOH,
CBOHCTBaMH H
GYHKIHAIMHA
KJIETOUHOH
MeMOpaHBI,
UCTIOJB3YsI
KHIKOCTHO —
MO3aMYHYIO MOJIEITb.

2) CpaBHUBATb
KJTCTKH TIPOKapHOT
T 9yKapHoT.

1) Onpenenser u
OTIMCHIBAET OCHOBHBIE
KOMITOHEHTHI KJIETOK C
HCIIOJIE30BAHUEM
MHUKpodoTOorpadnii;
2) Onpenensier H
OTIUCHIBACT
baxTHYeCKHH pa3Mep
KOMITOHEHTOB KJIETOK.




 JlaGoparopHast

KMBOTHBIX.
OmnpeneneHre OCHOBHBIX
KOMITIOHEHTOB KJIETOK.
pabota

"Onucagne OCHOBHBIX

| KOMIIOHEHTOB KJIETOK C

HCIIOIE30BaHHEM
mukpodoTorpadpuii”.
Pacuer nuneEfHOTO
YBEIHYCHHS OpraHell.
Paznuune mexny
pa3speleHHeM U
YBEITHUYCHHEM
OTITUYECKOTO U
3JIEKTPOHHOTO
MHUKPOCKOIIOB.
Hcnons3oBanue
OKYJISIPMETPOMETpa U
00BEKTMHKPOMETPA IS
BEIUMCIICHUS pa3Mepa
KJICTOK.

JlaGopatoprast ~ pabota
"OmnpenencHue
(bakTHUeckoro pasmepa
KJIETOK ¢
HCTIOTE30BaHUEM
MHKPOMETpa "
00BEKTMHKpPOMETPA".

ITutanue

@aKxTOpEI H YCIOBHS,

| BIIHSIOIMHC HA

aKTHBHOCTH (DEPMEHTOB!
pH: Temmnieparypa;
KOHIICHTpAlHs
cyOcrTpara, pepMeEHTa,
HHTHOHTOpA H
aKTHBaTOpa;
JlaGoparopHas padoTta
“BamsaHe pa3sIHYHBIX
VCIOBHE Ha aKTHBHOCTH
depmenToB”.
CrpyxrypHBIC
KOMIIOHSHTHI
XJOPOILIAcTa H HX
@yuxmEH. [IarvenTs!

@orocuEHETE3a. 3HaYCHAS
Rf

JIaGoparopras  palota
"Hccnenosanne

COZSpXaHHs NHIMCHTOB
$oToCcHHTE32 B KIETKax
Pa3sAH9HBIX PacTCHHH .
CsaeroBas daza

$oTocHHTE3a.

®DorodochoIHpOBaAHHEE.

1) IlmarnpoBath
OKCIIEPUMEHT I10
0COOEHHOCTSIM
IpoLEecca MATaHus
pacTEeHHUH,
3aMHCHIBATH
pe3yJIbTaThl H
bopMyTHpOBaTH
BBIBOIBL

2) Onpenensrs
BO3/ICHCTBHE
Pa3THYHBIX
GbaxTopoB Ha

| aKTHBHOCTH

| depmeHTOB.

1) VYcranaBmuBaeT

B3aMMOCBSI3b  MEXKILY
CTPYKTypOH "
bysken

| XJIOpOILTAcTa;

2) OoOswscHsET
MIPOLIECCHI,
MPOTEKAIONIHE NPH
CBETOBOH (ase
doTocHHTE3a;
HPOIECCHL,

dorocEHETE3a:
3) Hcecmexyer m
o0nscEseT
TAMETEPYIOMES
daxTop=
¢doTocEETSE:

4) Hazumaer myTs
drxcames
yracpoza ¥ G-

pPacTeEEE

Il
(]




| puKcanus JTAOKCHJIa
yriaepoaa B KIETKax

| TeMIepartypa.

| doTocHHTE3a".

TemuoBast daza
dboTocuHTE3A. [axn
KaneBuHa. AnaTtoMus

mcra C3 =w C4
pacrermii. OcobGernHOCTH

Me3o0HmIa. AKIETITOPE!
AHOKCHA YTIepoaa.
JIaGoparopras pabora
"Usygenne me30dmnia
mucta C3 u C4 pacteHuit
C TIOMOIIBIO
MHKpOIIpenapaToB".
@akTophbl, BIUSIOIINE Ha
CKOPOCTH (DOTOCHHTE3A.
JImmuTHpYrOITHE
bakTops! HOTOCHHTE3A:
HWHTEHCHBHOCTb WA
JUTMHA BOJIHBI CBETA
KOHIIEHTpaIHs
YTJIEKHCIIOTO rasa,

JlaGoparopras paboTa
"BmasHue
JTHMHTHPYIOITHX
daxTopoB Ha
HWHTCHCHBHOCTD

XemocuHTe3. CpaBHEHHE
nporieccoB GoToCHHTE3a
H XEMOCHHTE3a.

Tpascnoprt
BEHIECTB

| JIaboparopHas

| IIIOIMANH NOBCPXHOCTH K

Crpoenne u OyHKIHA 1)Cucrematn3npoB
reMoriIo0HHa H aTh pa3HbIC THITEI
MHEOII0OHHA YelI0OBEKa. TpaHCIIOpTa
Kpussie aucconnanyin BCINCCTB.
KHCIOpOAa Uis

reMorI00HHa H

MHOTI00HHA ¥ 9CII0OBCKaA.
Bmmsua®e cooTHOmMCHAS

2) OObscHSTS
MEXaHH3M Pa3HBIX
THIIOB TpaHCHOpTa
00BeMy Ha CKOpOCTh BEIIECTB.
maddy3un. 35ageHAe
OTHOIICHHS BEIHIHHE]
HNOBESPXHOCTH KICTOK ‘
SPHTPOLHTOB K 00beMYy; |
paborta |

"OnpenencHre

| OTHOIICHHS  BEJIHYHHEI |
| HOBEPXHOCTH K 00BEMY |

| 1) PaccanTriBaer
|
| 3HAYECHHE OTHOLICHHS

BEIHYHHEI
pearapyeMoii
HOBSPXHOCTH K
o0neMy:;

2) Cpasansagy
MCXZHEIME
NacCHBHOIO H
aKTHBHOTO
TpaECIopT:

3) OOnscaseT xpEssc
JIHCCOIHEAIEH

TMOI .;&“n‘.:.; =
MEOTI00HES ¥
B3POCEONO Opra=ms:
H 3MOp#Eo=z-

KICTKH . MCXIHEIM
| Mexagu3M [IACCHBHOIO | D2CCHBE0T0
TpaHCIOopTa: IPOCTOH | TPaECIOpPTa:
TpaHcnopr, aHpOy3ud | MCXZHN3IM




gepes
KaHaJIbl,

MeMOpaHHbIe
obneryeHHas

| I dy3mst.

Mexarn3m
TPaHCIIOKAIHH BEIIECTB
Y PacTcHHH.
CuMnnacTHEIHA,

| amOMJIaCTHBIN,
| BAaKyOJIIpHBIA IIyTH

TPaHCIOPTA BEIIECTB U
HX 3Ha4eHHe. TUIb
TpaHCIIOpTa BEMIECTB
9epe3 KIETOYHYIO
MeMOpaHy. MexaHu3m
AaKTHBHOIO TPaHCIIOPTa
Ha IpEMEpE HaTpUU-
KaJIneBOro Hacoca. Posp
aKTHBHOTO TPaHCIIOpTa B

MIOA/IEPIKaHHH
MeMOpPaHHOTO
[OTeHIMasIa. BoaHbi
MOTEHITHAT;
JlaGopatoprast ~ pabora

"OnpeneneHne BOIHOTO
MOTEHIHAJIa KJIETOK B
pacTBOpax C pa3IMIHON
KOHLIEHTpanuen coneit",

| TpancioKamuH

| ~
BEIIECTB Y PACTCHHII;
CYIIHOCTB

CHMILIACTHOIO

b 8§55

dllOIIaCTHOIO,

THIIOB TPaHCTIIOpTa
BEINIECTB Tepe3
KICTOYHYIO
MeMOpaHy; MeXaHH3M
aKTHBHOIO
TPaHCIIOpPTA Ha

| IPHMEPE HATPHH-

| KaJIHEBOTO HACOCa;

| 4) Onpenenser pos

[ aKTHBHOTO

| TpaHCTIOpTA B

| IOZUIepXKAHNH

MeMOpaHHOTO

MOTCHIIHATIA,

5) Uccnenyer BomHBII

MOTEHIHAJ KIETOK B

pacTBopax ¢

pa3IM4YHON

KOHI[EHTpanuei

COJIEH.

Jpixanue

CrtpoeHue u QyHKITHH
aleHO3UHTPUPOCHOpPHOIH
KUCIOTE! (AT®). Cunres
afeHo3uHTpUpochHopHOM
KHCJIOTBL: OTAIHBI |
aspoOHOTO U
aHa’poOHOrO pacmasna
TJIFOKO3BI. Buer
MeTadoam3Ma. JTarsl
9HEPreTHYECKOTO
obmena. CTpyKTypHBIE
KOMIIOHEHTHI
MHTOXOHJIPHH U UX
dyaxumn. B3anMocsa3s
CTDYKTYDBI
MHTOXOH/IPHH H
HPOIECCOB KISTOYHOTO
meixaawns. [{axn KpeGea.
OcHoBHEIC H
HPOMEXYTOTIHEIC
COCIHHCHHS HKTA H
HPOAYKTH PEaKilHH.
3IexTpOHEHO-
TPAHCTIOPTHAA [IeTlkb.
3HagcHEE Aus
OHONOTHYSCKHX CHCTEM.

1)O0BACHITE
3HaYCHUE
aneHo3uHTpHPOCH
ata (ATO®).

2) OOBsICHATE
MEXaHU3M
KJIETOYHOTO
JBIXaHMUS.

1) OmmuceiBaeT
CTpoeHHE U QYHKIINH
aneHosuHTpHbOCharTa
(AT®); Bumas!
MeTabO0IH3Ma; JTalbl
3HEPreTHYECKOTrO
odmena; nukiT Kpebea;
2) CpaBHHBAECT CHHTE3
AT® B a3podHOM H
aHas3poOHOM
JBIXaHAH.

dap e
3)YcramasmBaer




MHTOTHYECKOHN
aKTUBHOCTH B KJIETKaX
KOpemika Jiyka'.
["ameTorenes y pacTeHui
U KUBOTHBIX. [ 'aMeTEI.
Cranuum ramMeToreHesa.
Cnoporenes u
TraMeTOTeHE3 y PacTeHUH.
BosxukHOBEHHE
OHKOJIOTHYECKHUX
HOBOOOpa30BaHMH.
®DakTopEl,
CIIOCOOCTBYIOIIHE
BO3HHKHOBEHHIO
IIpeIpaKOBhIX
cocrosiHu#. CrapeHue.
Teopuu o mponecce
crapeHus. ['amerorenes.
Crtagum ramMeToreHesa
genoBeka. Pasmians
MEXIY
CIIEPMATOTCHE30M H
oorere3oM. CpaBHeHEE
cIepMaroreHe3a H
OOTeHe3a.

6 | Boizesenne | AGcopbuust u 1) AsamasupoBate | 1) OObsicHseT
peabcopOnus. OVHKINE MI09eK B
ObpazoBanne MOTH. mpornecce
Perynsmus obmena OUHINCHES XPOBH
Bogel. Oprasnl MEIICHE. | SCHOBSER.
SfdexT AciicTBEs.
lNEmodyexmms.
NEnepdvexams.
Hexyectsesso0e
OYHINCHES KPOBH H
JAPYTHX KHIKOCTCH
GSEeIOBSISCKOro Tela.
Ilparammn zeficTBus 2) 3aare npramEn | 1) OOnscaser
maanmasa. Meroasl HapyIICHHS MEXaHH3M THATH3A;
AHATH3A: GyHKIHE NO9eK. 2) HazuiBaer
IICPHTOHCANBHEIH, IpPSCHMYIIECTBA H
TEMOIHATH3. HEAOCTaTKH
XpoHrdecKas MoYeyHas TpPaHCIUIAHTallHH
| HEIOCTaTOYHOCTb. MIOYEK H JHATH3A.
| | TpaHCIUIAHTALHS TOYEK
H IHaIH3.
[TpenmymecTa 1
HEJIOCTATKH
7-8 | Kaerou Muro3. IIpomeccsr, 1) Onpenensits 1) Uccnenyet dazser
HBII NHKJL. IPOMCXOJISIINE B KJIETKE | 3HAUCHUE MHTO3a C TIOMOIIIBIO
PazmHuozxke B pa3IM4HbIE (Pa3sl KJIETOYHOI'0 LIMKJA | TOTOBBIX
HHE MHUTO3a. B Pa3MHOXKEHUH U | MHKPOIIPEIIapaToB;
JlaGoparopnast pabota DPa3BUTHHU KHBBIX 2) ObmpscHseT
"OnpeneneHue ypoBHS OpraHU3MOB. 0COOEHHOCTH

(bOpPMHpPOBaHUS TaMeT
y pacTeHuil u
KUBOTHBIX,

| pasIu9Hs MEXKIY
CIEPMATOTEeHE30M 1§
OOTCHE30M;

3) Asamm3HpyeT

-~

2)3HaTh MEpHI 1O
npodHIaKTHKE
OHKOJIOTHYECKHX
3200 1eBaHHIA.

HpPOICCT CIEpCERS

L VSN v oo




9 l Poct CtBOIOBBEIE wreTkd: | 1) 3HaTh ‘ 1) O0mscHsET
| pasBHTHE | MIOHSTHE W  CBOMCTBA | IPaKTHYECKOE mpoIecc
(camooOHOBIICHHE, | IpEMeHeHHE
maddepeHIHaNHS). | CTBOJIOBBIX KIISTOK
Baam CTBOJIOBBIX | B MEIHIIHEE.
KJISTOK: 3MOpHOHAIBHBIE
H COMAaTHYECKHE.
IIpaxTegeckoe
HCIIOJIE30BaHHE.
| DTHYECKHH acleKT.
10 3axonomepHoc | MomndukannoHHast 1) 3nate ocHOBHBIE | 1) Heocaemyer
™ | HK3MEHYHBOCTb. 3aKOHOMEPHOCTH 3aKOHOMCPHOCTH
HACJEACTBEHHO | BapuWamuoHHBIE  DPsIIbI | HACJIEACTBEHHOCTH = MOIHOEKANHOEHOHN
CTH H HW3MEHUYHUBOCTH yTEM pEIICHHS H3MCHYHBOCTH;
| H3MEHYHBOCTH | IIPU3HAKOB. 3a/1ad. 2) Ilpamensier
41 JlaBGoparopras padota | IIHTOJIOTHYECKHE
| "Nsyuenne OCHOBBI
| MOIU(DUKAITNOHHON JUTHOPHIHOTO
W3MEHUHBOCTH, CKpCIIMBaHHS,
IIOCTPOCHHE HaCIIeI0BaHHUS
BapHALMOHHOTO psifia U TIPU3HAKOB
KpUBOH". CIICTICHHBIX C ITOJIOM
[TuTonmormueckue 1 MHO>KE€CTBEHHBIN
OCHOBBI HaCIICIOBaHMSI AJJIeNTU3M IIpU
| IPH3HAKOB. pEIICHHH 3a]1a4;
Hesasucumoe 3) CpaBHUBaeET
pacnpesielicHue B3aNMOJICHCTBHE
XpOMOCOM TIpH QJICTTBHBIX U
JHTHOPHIHOM HEaJUICTbHBIX T€HOB;
CKDEIHBaHNH. 2) 3uath npuunHbl | 1) Hazeiaer
Hacnenosanwue, U TIOCTIEICTBUS OCHOBHBIE ITOJIOKEHHS
CHETUISHHOE C MOJIOM. MyTaIui. Teopun Xyro 1e
MEHOXECTBCHHBIE Opusa;
annemn; Pemenne 3anad. TIPUYHHEBI MyTarcHe3a
XpomocoMHas TEOpHUs U THIIBI MYTalHii;
HaCJISACTBEHHOCTH. 2) OnHceIBaeT
Hapymenne XPOMOCOMHBIS
3aKOHOMEPHOCTEH 3a00eBanns
HACTIeI0BAHHS | denoBexa, cs3aEEbe
NPH3HAKOB B pe3yJIbTaTe | C aHOMANHIMHE YHCI2
KDOCCHHTOBEDA. XpOMOCOM
BsamwmozeiicTeue (ayTocomEmE B
aTICIBHBIX H NONOBEE):
HEA/UICAbHBIX TCHOB. 3)Vcraasmmsact
JuHCcTas. CBE35 M)
KoMmmMeRTapHOCTE. penapans
Iommmepns. Teopus JAC30KCHD
MyTanmAd XyTo 1 OBO#H KECEOTEL C
@pu3a. CnoHTaHHEIE H pexoMOEEzmEcE
HHIVIIHPOBAHHEBIE AC30XCEPEOOEVE ICES
MYTamHH. | OYcUHbIe, OBOE EECEOTEL
XPOMOCOMHEIE, 4) Hcoomssyer
TeHOMHEIC, SISPHEIC H CTaTECTEICCEES




\ * MUTOIIIIa3MaTHICCKUEC METOIBI U aHalIku3a

MYyTaIl|H. | TOCTOBEPHOCTH
MopaenupoBaHue | HaclleZoBaHHS
"CocraBieHue _ NPH3HAKOB (X~
KapHOTPaMMBI KPHTEPHIL, t
XPOMOCOMHOT0O Habopa KpHTEPHii);
yenoBeka. Mzyduenne 5) PackpeiBaer
TCHOMHBIX MyTaIui'", 3H3YCHHE MTPOSKTa
XpOMOCOMHEBIE "TI'eroM genoBexa”.

3a00JIeBaHMs YEIOBEKA,
CBSI3aHHBIE C
QHOMAaJILHBIM
KOJITIECTBOM XPOMOCOM.
CrionTaHHBIE MyTaLUN
JIE30KCUPUOOHYKIICHHOB
oif KuCIOTEL. OmubKH
TeHETUYECKUX
MIPOLIECCOB: PEIUTUKALUH,
: penapanui,
pexoMGHHAIHH.
CratucTH4eCKHE METOABI
JUTSI aHaJIu3a
JIOCTOBEPHOCTH
HaClleIOBaHU
TIPU3HAKOB (szpmepnﬁ,
t-KpuTepui).
JlaGopatopHas  pabora
"AHamu3 JOCTOBEPHOCTH
HacJIeI0BaHUs
IPH3HAKOB".

ITpoekT "I'eHom
genoBeka'.
CexBeHHPOBAHHUS
TeHOMHOI '
JE30KCHPHOOHYKICHHOB
Oif KHCIIOTEI 9€]I0BEKA.
bronorugeckoe
3HaYCHHE HCCIISI0BaHHH,
MPOBEICHHBIX B paMKax
IMpOeKTa




ETE
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| SBosIOLHOHHO
€ pa3BHTHE.
OcHoBBI
CEIeKIHH.
Mguoroo6pasue
ANBBIX
OPraHH3MOB.

B3anmocss3p Mexy
HACJIEJICTBCHHOH

| H3MEHYHUBOCTEIO U
| 3BOJTIOIIHEH.

Hacnencreennas
H3MEHYHMBOCTh — OCHOBA
3BOJTIOIHH.
KombunarusHas

H3MCHYHBOCTh, MyTaIlHH.

EctecTtBeHHEIH 0TGOD.
boprba 3a
cymecTBoBaHue. [Ipeiid
resos. [lonmynsamuonnsre
BOJHEL JloKa3aTenbpCcTBa
9BOJIIOIIHH,

| CpaBHHTENTBHO-

aHaTOMHYECKHE.
OMOpHOIOTHYECKHE.
[TaneonToONMOTHYECKHE.
buoreorpaduueckue.
broxumudeckwe.,
Crioco0mr
BHI000pa30BaHMsL.
MexaHu3mer
BHI000pa30BaHMSL.
Wzomupyromue
MEXaHU3MBbI
BHI000pa3oBanus. Pons
PENPOAYKTHBHOMH
H30JISLUH B
BH1000pa30BaHNUH.
[omumutonus u
rHOpHAN3aIsL. DTallbl
aHTPOIIOTeHe3a.
ITpoanTporEL.
ApXaHTpoIEL.

1) 3Hats ocHOBHBIE | 1)OGBscHSET

MMOJIOKCHHS
TCOPHH 3BOJIFOIHH.

3)AsamH3AEpYyeT
JIOKa3aTeabsCTBa
3BOJIFOLHH.




[TaneoaHTpOoITHL.
HeoanTpomsr.

Crnioco0s! ymydnreHust
CEIIECKOXO03SIHICTBEHHBIX
PacTeHHH H JXUBOTHBIX C
TIOMOIIBIO METOIOB
CEJICKIHH.

| I'mOprmasanms

(cxpenmBanue).
Iommmmonus.
HckyccTBeHHBIH
MyTareHes3. JTarbl
(bopMHPOBaHHS KU3HU
Ha 3emIre.
OHIOTEHETHYECKHE
apeBbs. KnmagorpamMmer.
[Tonsrtue "Ilocnenuuii
YHUBEpPCAIBHBINA 001N
TpeaoK".
Monemmposanue
"CocraBiieHue
KJ1agorpamMm".
Paznuunbie GopMmer
(bHIIOTeHETHYECKUX KapT.
OTnuunst KITagorpamMm 1
(bHIIOreHETHIECKUX
JICPEBBEB.
OBOIIOLHOHHOE
3HA4YEHHUE KIaJ0rpaMM |
GHIOTeHETHIECKUX
JIEPEBBEB.

2) loka3wiBaTh
3TAIBI 3BOJIIOIHA
J)KH3HH Ha 3eMIe.

1) HassiBaeT criocoGs! |
BHAI000Da30BaHuS:;
STalbl aHTPOIIOTECHE3a:
2) Knaccagumapyer
OCHOBHEIS

MCXaHW3IME

BHI000pa3zosz=uEs:;

3) Pacxpumact
CHOCOOH YIVIIICERS
CECIIHCKOXO3SHCTS
BIX PaCTCHHHE H
KHBOTHBIX C
IIOMOIIBIO METOI0B
CEJICKIIHH;

4) CpaBruBaeT
KJIaJOrpaMMEl B
buIoreHeTHYECKHE
JIEPEBBSI.
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l Koopaunanus
H
peryasuus

CtpoeHne HEPBHBIX
KJIeTOK. MeMmOpaHHBIH
noteHnHal. [lotenmman
ne#icteus. Uannmanms u
TPaHCMHCCHS
NOTSHIHATA JCHCTBHS.
Ilepeaaga ummyiieca
BIONS aKCOHA HEHpOHA.
PedpaxrepHsblii nepro U
€ro polb.
IIpermymecTBa
MHCTHHA3ANAA
HelipoHoB. CpaBHEHHE
MHSTHHU3HPOBAHHBIX U
HEeMHUCTHHU3UPOBAHHBIX
HelpoHOB. CTpocHHE
[IEHTPAIFHON HEPBHOU
cucteMsl. CTpoeHHe U
GYHKIIHH TOJIOBHOTO
mosra. Ctpoenue u
GyHKIHH CIHHHOTO
Mo3ra. Bujsl
MEXaHOPEIENTOPOB.
Peaxmus
MEXaHOPELENTOPOB Ha
U3MCHEHHUS
pasapaxuresei Ha
npumepe Tenen Ilaunan.
B3aumocBs3b cTpOeHUS H
byHKIHA
XOJIMHEPTUIECKOTO
cuHanca. MexaHusm
CHHANTAYECKON
Tepenadu Ha IPUMEpE
XOJIMHEPTUYECKOTO
cunarca. CHCTeMBI
yIIpaBIEHUS B OMOJIOTHH.
[TonsTHE "CHCTEMBI
ylpaBicHHSA" B
ouosyoruu. OCHOBHBIE
KOMITOHEHTBI CUCTEMBI
ynpasieHus. [[puanmmn
oOpaTHOl CBSI3U HA
MIPUMEPE PETYTHPOBAHUS
TeMIIepaTypbl/ypOBHS
YTIIEKHCIIOTO
ra3a/rmoko3sl. [lepenaya
TOPMOHAJIBHBIX CUTHAJIOB
yepe3 MeMOpaHHBIE
penenTopsl. Mexanusm
JIEUCTBHSI TOPMOHOB Ha
KJISTKH - MUIIIEHH Ha

| IpEMepE HHCYIIMHA U
| acTporeHa. PoctoBble

1) 3Harh MEXaHU3M
KOOPJIWHALUA U
PETYJISIIHH,

1) OmnwuceiBaet u ‘\

0OBSICHSIET
| AHAIIHAITHIO U

TPaHCMHCCHIO

MOTCHIHAIA ACHCTBHS

B
MHCTHHH3HPOBAHHEIX
AKCOHOB HEHPOHOB:
2) PackpeiBaer
3HaYCHHE
pedpaKkTepHOTO
HepUOoJa H
MUEITHHOBOX
000JIOUKH;

3) OO®wsicHsIET
CTpOCHUE U PYHKIIUU
CIIUHHOTO U
TOJIOBHOT'O MO3Ta.

2) OOBSICHSTD
CHCTEMBI
yIIpaBJICHUS B
OuonorHUH.

1)YcranaBiauBaet
B3aUMOCBSI3b
CTpOCHUS U QYHKIIUN
XOJIMHEPTHYECKOTO
CHHaIICa;
2)OmuceIBacT
PEaKIIHIO
MEXaHOPEUEeNTOPOB
(tenpuia [launean) HA
pa3IpaskKuTelNu;
CHCTEMBI YIIPaBJICHHUS
B Omomoruu;
3)O0®mscHsET
MCXaHH3M JACHCTBHSA

TOpPMOHOB;




BeIecTBa. Mexanu3m
JIEHCTBHS POCTOBBIX
BEILIECTB Ha PacTCHHE,
JleficTBHEe ayKCHHA U

rud0epeUHHa.
Jlaboparoprass  pabota
"BoszefictBHe  aykcuHa
Ha POCT KOpHS'".
IS  Ism=ecuue Crpoerre  momepeuHo- | 1) MHTeprpeTn- 1) Uccrenyer
MOJIOCaToOH  MBIIEYHOU | pOBaTh YJIBTPaCTPYKTYPY
TKaHH. CrpykTypa | yIbTpacTpyKTypy | MONEPEYHOMOIOCATHIX
mEOQHOpPWILIa  (30HBL | OIEPEYHO- MBIIIIT;
JTHCKH, CapKOMEpEI, | II0JI0CATOMH 2) O0bsicHsieT
aKTHH, MHO3WH H Jp.). | MBIIICYHOM TKAHH | MEXAHH3M
Mexasn3M  CcokpalleHus | Ha MBIIIEYHOTO
MBIIICYHOrO BOJIOKHA. T- | MUKpodoTOrpadus | cokpalmeHus ¢
CHCTEMA MBILIEYHOTO | X. HOMOIIBIO TEOPHH
| BOJIOKHA. Crpoenwne, CKOJIB3SIIINX HUTEIH;
| JoKamH3amMA W 00IIHe 3) Pazmuuaer
CBOMCTBa OBICTPRIX U OBICTpEIC U
MEJUICHHBIX MBIEYHEIX MEJJICHHBIE
BOJIOKOH. Turer MBILIEYHBIE BOJOKHA;
CKEJIETHBIX  MBIIICYHBIX 4) YcranaBnuBaeT
TKaHEd  OTHOCHTEIIEHO CBSI3b CTPOCHHS,
aKTHHA. JIOKaJTH3ally |
00ImuX CBOMCTB
OBICTPBIX H
MEIUIEHHBIX
MBIIIEYHBIX BOJIOKOH.
16 buomennuuna | [IpumeHenue 1) 3narp 1) PackpeiBaer
u OMOMEXaHUKH B HHTETPaIHio IpUMEHEHHE
ouonHdopmaTi | poOOTOTEXHUKE. Onostorun, QU3NKKH | OHOMEXAHHKH B
Ka Buomexanmka U UHOOPMATHKH. pPOOOTOTEXHHKE;
WHXXCHEpHAast 2) OOvscHsET
(9K30CKEIETOHHI, 2) OnuceiBath MEXaHH3M paboTs
poGOTOTEXHHKA H T.1I.). POJIb ¥ METOJIBI cepanac
Bruomexanuka OHOMH()OPMATHKH. | HCMIONB30BaHHEM
MEIUITTHCKAS 3ICKTPOKaPIHOTPaMM
, (TpoTe3upoBaHue H JIp.). BI
; buomexanuka 3) OOsscaseT
3proMeTpuyecKast BO3AcHCTRES
(onTHMHU3aAIHS U Ip.). TCKTPOMAT HETELIX B
MonenupoBanue 3BYKOBEIX B00= =2
"WU3yuenne OPraHH3M SCIOSCEE

| OHOMEXaHHKH JIBHKEHHS

Ha3EeMHBIX JKHBBIX
OpraHu3MoB".
IIpoBoasmas cuctema
cepana. Mexann3m
aBTOMAaTHH CepAma.
CkopocTs npoBencHns

JIHITECTHEAE B
HVICHER
MCXZHFEIMNOS

PCTVIEEE TTHOSE, =
DT eSS FWE
DOCERROSETCIERSITS




I BO30YXKIEHUS B CEPIIIE. T€HOB;
' CoKpaTtuMOCTh | 4) O0BsacHseT
CEpIASYHOH MBIIIIIEL 3HaYeHHE MeToAa

JnexkTpokapauorpadus,
€€ IHarHOCTHYECKOE
3HaYCHHE.
Mozaemposanue
"Hccrenoanue
ITEKTPHICCKAX
IIPOIIECCOB,
MPOTEKAMIIHX B
cepane”. OcobeHHOCTH
BO3IEHCTBUS
3IEKTPOMAarHUTHBIX U
3BYKOBBIX BOJIH Ha
OpraHW3M YeJIOBEKa.
[Tonsitne
"Onurenetnka". O6mue
IIpeICTaBICHUS 00
SIUTCHETHKE.
MonexynspHbIe OCHOBBI
STUTECHETHKH.
ONUTEeHETHYECKHE

3 EeKTH y YenoBeKa.
OINUTEHEeTHKA U
SMUTCHOMHKA.,
MetunpoBanue
JI€30KCHPUOOHYKIIENHOB
o#t kucnoTel. [lonsaTue
"BruonHpopmaruka'.
[Ipumenenue
UHCTPYMEHTOB
OnonmHpOpPMATHKH B
uccienosanuu. Meton
9KCTPaKOPIIOPATHEHOTO
OILIOZIOTBOPEHHUS H €T0
3HA4YCHHE. DTHUYECKUE
aCIIEKTHI
9KCTPaKOPIIOPaTBHOTO

| OIIOIOTBOPEHHS.
3HaueHHe
MOHOK/IOHATBHBIX
aaTHTen. [Ipon3BoacTeo
MOHOKTOHATEHEIX
a"THTEN. J[HarHoCTHKA H

JCICHHEC 3200JICBAHHH C

0
MOHOKIIOHATbHBIX

3KCTPaKopIo BHOIT

OILTOZOTBODPCHES

(3KO):

JIHarHOCTHES H
JICICHHH
3a00IeBaHMii.
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