ObIIUI BAJJ 57 u3 100 6a110B

BONIPOC 1: 3AIIPOC HECKOJIBKHUX OTBETOB

Boi6epute BCE npaBuiibHbIC OTBETHI.

Konbuatble 4epBU — CETMEHTUPOBaHHBIE KUBOTHBIE, @ 3TO 3HAUYUT, YTO BAOJIb IJIaBHOM OCH UX TeJla 3aKOHOMEPHO
TIOBTOPSIIOTCS] HEKOTOPBIE CTPYKTYPBL. BBIOEpHTE 31IeMEHTHI Tena IOk IEBOTr0 YepBsi, HOBTOPSIOMINECS BAOJb €TI0
nepenHe-3aaHeH ocu.

JlauHbIe OTBETHI: L4 3,
I'pynnsl meTnHoK

2 d.

HepsHeie y31b1

. A e.
ﬂ Oprassb! BbIJICJICHUS
Bepnsie otBeTsI: L4 3.

I'pynmns! meTuHoOK
2 d.

HepsHble y3ibl
Ae.

Opransbl BbIJICJICHUS
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BOIIPOC 2: 3ANPOC HECKOJIBKHUX OTBETOB

Boi6epute BCE npaBuiibHbIe 0TBETHI.
Ctporue aHa3poObl — OPraHU3MBbl, HECIIOCOOHBIE K OKUCIUTEIEHOMY (POCHOPUINPOBAHUIO C yIaCTUEM KHCIOPO/A,
MIPUYEM HX )KU3HEIESATEIbHOCTh HHTHOMPYeTCs 1a)ke MUHIMAJIBHBIM KOJIMYECTBOM JAaHHOTO ra3a. DT OpraHU3Mbl

JlanHbIe OTBETHI: 'l g,

MoryT ObITH BO30yAUTENIAME 3200/I€BaHUN YeTOBEKa
4 b.
MoryT 06HuTaTh B pyOIIe KBaUHBIX KHBOTHBIX
2 d.
ﬂ WHorpma BeIpabaTHIBAIOT B KAYECTBE MPOIYKTa METa0O0IM3Ma METaH

Bepnsbie otBeThI: L4 3.

Moryt ObITE BO30yANTENIMH 3200JI€BaHI YeTIOBEKa
_F'I b.

Moryt 06uTaTh B pyOIIe KBAUYHBIX KHBOTHBIX
2 d.

I/IHOFHa BBIpaﬁaTLIBaIOT B Ka4CCTBEC IPOAYKTA MeTaboIM3Ma METaH
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BOIIPOC 3: 3AIIPOC HECKOJBKHUX OTBETOB

Boi6epute BCE npaBuiibHbIC OTBETHI.
O0s13aTenbHBIMU (pazamMu pa3pabOTKH JEKapCTBEHHOTO MperapaTa sBISIOTCS:

IIaHHLIe OTBCTHI:

B X

Bepnsie oTBeThI:

_-'I a-

HUccnenoBanne 3¢ GeKTHBHOCTH Ha OOJBHBIX JIFOJIX C IPIMEHEHHEM IuTare0o

4 b.

IIpoBepka 3¢ (eKTHBHOCTH Ha OOJBIION PA3HOPOIHON TPYIIIIE 30POBHIX U OOIBHBIX JTIOICH

o C.

TeCTHpOBaHI/Ie npenapara Ha J'Ia60paTOpHI>IX JKUBOTHBIX

Q4.

TecTrpoBaHue CBOWCTB BellleCTBa Ha OaKTePHAIbHBIX KYJIbTypax

_F'I e.

HccnenoBanue MexaHU3MOB pa6OTbI Ha 3JOPOBLIX JIIOAAX

4 a.

HccnenoBanue 3¢pGeKTHBHOCTH Ha OOJBHBIX JIOJSX C MPUMEHEHHEM TUIale0o

4 b.

ITpoBepka 3 dexkTHBHOCTH Ha OOJBIION Pa3HOPOAHOM IPYIIIE 3M0POBBIX M OOJBHBIX JIIOACH

4 C.

TectupoBaHue npenapara Ha JJaOOpaTOPHBIX JKUBOTHBIX

4e.

I/ICCHC,I[OBaHI/IC MEXaHHU3MOB pa6OTBI Ha 3J0POBLIX JIFOAAX
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BOIIPOC 4: 3ANIPOC HECKOJIBKHUX OTBETOB

Bri0eputre BCE npaBuiibHbIe 0TBETHI.
VY Arabidopsis thaliana (cemeiictBo KamyctHbie) sxeHCKast TaMmeTa COJepKuT B siipe 5 xpomocom. ClieioBaresibHo, y
9TOTO BHJA B HOPME

Z[aHHI)Ie OTBECTHI:

BepHI)IG OTBEThI:

4 b.

Mukpocnopa coaepKHUT 5 XpOMOCOM

2 d.

Kitetka mucToBoit mapeHxumMbl coaepkuT 10 xpomocom

Qe

3penblii 4iIeHHUK cocyaa coaepkut 10 xpomocom

4 b.

Muxkpocnopa COIepKHUT 5 XPOMOCOM



A d.

Kunetka nuctoBoit mapeHxumMsl cogepkut 10 xpomocom
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BOIIPOC 5: 3ANIPOC HECKOJIBKUX OTBETOB

Boi6epute BCE npaBuiibHbIC OTBETHI.
Mornekyna AT® obpasyercst B KIeTKe B X0J1€

JlaHHbIe OTBETHI: 'L 5.

dotodochopunupoBanus

_F'I b.

OxucautensHoro hochoprIMpoBaHus

2 d.

Cy6ctparHoro dochopunrpoBanus

# e
ﬂ Pa6oter AT®-cunrassl

Bepnsie otBeTsI: L4 3.

dotodochopunupoBanus

_F'I b.

OxucnutensHOro (hochopHIMpOBaHUS

_-'Id.

CybctpaTtHOro pochoprunnpoBaHus

_-'I e.

Pa6oTer AT®-cunTa3HRI
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BOIIPOC 6: 3AIIPOC HECKOJIBKHX OTBETOB

Bri0epure BCE npaBuiibHbIe 0TBETHI.
Wuneiinsl, ocHOBaBIIME IEpBbIe ToceeHus Ha octpoBe Kyba, Morim 6pats ¢ co0oii B ITyTeIecTBus

JlanHsie oTBeTsI: &l (.

3epHa Kode

v I3
m Kaxao-60051

Bepnsie otBeThI: L4 .

Bsistenble aHaHachI

_-'I e.

Kaxao-60051



I 0
u3 5 0a/10B

BONIPOC 7: 3AIIPOC MHOI'OKPATHOI'O BBOJA NPONNYIMEHHOI'O TEKCTA

Hepe,u BaMHu 1/1306pa>1<eHH;1 Pa3INMIHBIX CTa)II/Iﬁ JKU3HCHHOT'O IIUKJIa HEKOTOPOT'O poJa paCTeHHﬁ. PaCCMOTpI/ITe PUCYHKH U
BBITNTIOJIHUTC 3aJIaHUs.

1. YcraHoBHTE NPaBHIBHBIN MOPSIOK CTaUH )KU3HEHHOTO LIUKJIA Y MIPEICTaBICHHOTO POJia PaCTeHUH, HaunHas ¢
sinexyneTkd. OTBET 3aluIInTe B OTBEJCHHOE M0JI€ B BHJIE [TOCIIEA0BATENLHOCTH OYKB O3 3HAKOB MpENMHAHUS U TIPOOEJIOB,
PETUCTp HE Ba)KEH.

Ortser: [Y]

2. BribepuTe npaBUIIbHBIE XapaKTEPUCTHKH JIAHHOTO )KU3HEHHOTO IIMKJIA (OTBET 3aITUIINTE B OTBEACHHOE MOJIE B BUJIE
MIOCJIE/I0BATENILHOCTH JIATUHCKHUX OYKB B a1paBUTHOM MoOpsiaKe Oe3 3HAKOB IPETTUHAHMS U TPOOEIIOB, PETUCTpP HE BaXKEH):
a. Jly1s 3TOTO pacTeHus XapaKTepHO 00pa3oBaHKE CIIOP

b. OmtogoTBOpeHNE MPOUCXOAUT C IIOMOIIBIO BETPa

C. AHTepI/IIlI/II/I 1 apXCTOHUU PA3BUBAIOTCA OJHOBPECMEHHO HAa OAHOM PACTCHUU

d. My»XcK#e raMeTsl 3THX PACTEHHH HECYT OJIMH JKT'YTHK



c. raMeTO(i)I/ITLI OTOT'0 paCTCHUA MOTYT KUTb CAMOCTOATCILHO

Ortser: [0]

3. ITo xapaKkTepHBIM ACTANISM CTPOCHHS ONPENEINTEe, K KAKOMY IOPSAKY OTHOCHTCS MPEACTABICHHOE PacTCHHE
U 3aMUIINTe PyccKoe Ha3BaHMe TOro MOPSAIKa B OTBEJCHHOE TI0JIE:

Ortsert: [p]

4. 3anumuTe B OTBEICHHOE IOJIC pyccKoe Ha3BaHHe CTPYKTYpHI, 0003HaYeHHOH Ha pucyHKe B cTpenkoii:

Ortser: [t]

5. Vkaxure TJIOUAHOCTDH KJIETOK TKaHU, HCIIOCPCACTBEHHO 0pr>1<a}ome1>'1 3apoJbIll Y 3TOI'0 paCTCHUA (I‘aHJ’IOI/IﬂHI)Ie,

JUTUTOUTHEIC, TPUTUIOUIHBIC)?

Ortsert: [u]

BriOpanHbIii 0TBeET:

[epen BamMu n300pakeHUst pa3IMYHBIX CTaJIUH KU3HEHHOTO IIMKJIa HEKOTOPOTO pojia pacTeHuil. Pacc

1. YcranoBute HpaBI/IJ'ILHHﬁ MopAA0K CTaZ[I/Iﬁ JKM3HCHHOT'O JUKJIA Y MPEACTABJICHHOI'O poda paCTeHI/If
OCJIEA0BATCIIbHOCTHU 6yKB 0e3 3HaKOB NpenrHaHusa U np06en0B, PETrUCTP HE BAKCH.

Otser: & BrEBJA
2. BribepuTe npaBHIIbHbBIC XapaKTEPUCTHKH JIAHHOTO )KU3HEHHOTO IIMKJIa (OTBET 3aIUIIUTE B OTBECE
nopsiike 6e3 3HaKOB MPENUHAHUS U TIPOOEJIOB, PETHCTP HE BaXKEH):

a. JInst 3TOro pacTeHus XxapakTepHO 00pa3oBaHUE CIIOp

b. OmiogoTBOpeHHE MPOUCXOAUT C TIOMOILBIO BETpa

c. AHTepUINY U apXETOHHU Pa3BUBAIOTCS OJJHOBPEMEHHO Ha OJTHOM PACTCHHU
d. My»XCKHe raMeThl 3TUX PACTCHHUIH HECYT OJIUH JKI'YTHK

e. [amMeTouTHI 3TOTO pacTeHHst MOTYT )KUTh CAMOCTOSITEIIBHO

Orser: & bc

3. ITo xapaKTepHbBIM ACTAISIM CTPOCHUS ONPEICIUTE, K KAKOMY TOPSIKY OTHOCHTCS MPEACTABICHHOE
OTBEJICHHOE T10JIC:

Orset: ¥ cocnoBbie

4. 3anumuTe B OTBEICHHOE TTOJIE PyccKoe Ha3BaHWe CTPYKTYpHI, 0003HauUe€HHOH Ha pucyHKe B cTpes
Orser: & apxeroHnmii

5. YkaxxuTe IIOUIHOCTh KIETOK TKaHU, HEMOCPEICTBEHHO OKPYKAIOMIEH 3aPOIBIII Y 3TOTO PACTCHUS



BOIIPOC 8:

MeToa OLleHKH

Tounoe coomsemcmaue

MeToa OLIeHKH

Tounoe coomsemcmsue

MeToa OLleHKH

Coesnaodenue wabnona

Coenaodenue wabnona

MeToa OLIeHKH

Cosnadenue wiabnona

Cosnaodenue wabnona

MeTo/ OLleHKH

Tounoe coomsemcmaue

OrtBer: & ranJiouaHbIe

“paBl/l.Jll)lll)le OTBETHI AJIsA: Y

BEBJIAT

HpﬂBl/l.Tl]:-H]:-Ie OTBEThI 1JIfl: O

A

ﬂpaBmleme OTBETHI AJIs1: P

[Ccocromsre( )?()?()?()?()?()?()?()?()?()?()?
[Xx]soitrere( )2()?()2()?()?()?()?()?()?()?()?

HpﬂBl/lIl])H])Ie OTBETHI IJIA: t

[Aa]pxeronuii( )?()?()?()?()?()2()?()?()?()2()?
[Aaliinererka( )?()2()?()?()2()?()?()?()2()?()?

ﬂpammmu.le OTBETHI 1JIsI: U

TammonHeie
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3AIIPOC MHOT'OKPATHOI'O BBOJA NPOIIYWEHHOI'O TEKCTA

Hepe)l BaMH - 1/13o6pa>KeH1/151 NEpEAHCTO KOHIIA TEJIa PA3JIMYHBIX JKUBOTHBIX (COOTHOIIIGHI/ISI pasMEpoOB HE CO6J'IIOJ:[CHI:I).
OHpeJleJII/ITe, K KaKHM KJIaccaM OTHOCSTCS 3THU KUBOTHBIC. 3aIIUIIINTE PYCCKHUE Ha3BAHUEC 3TUX KJIACCOB B OTBCACHHBIC MOJISA
pPAAOM C COOTBETCTBYIOIIMMHU HOMEPAMU.

1. [0]
2.1
3.1yl
4. [u]
5. [t]

BriOpaHHbIii 0TBeT:

[lepen Bamu - n300pakeHNst IEPETHET0 KOHIIA TeJa Pa3INIHBIX )KHBOTHBIX (COOTHOIICHHUS pa3MepOB



MeTo/a OLleHKH

Tounoe coomsemcmaue

MeToa OLIEHKH

Cosnaodenue wabnona
Cosnaodenue wabnona

Cosnaodenue wabnona

MeTo/a OLleHKH

Cosnaodenue wabnona

Cosnaodenue wabnona

MeTo/ OLIEHKH

Cosnaodenue wabnona

Cosnaodenue wabnona

MeTo/ OLIEHKH

Cosnaodenue wabnona
Cosnaodenue wabnona

Cosnadenue wabnona

BOIIPOC 9: 3CCE

JKMBOTHBIC. 3aIUIINTE PYCCKHUE HAa3BAHUC 3TUX KJIACCOB B OTBCACHHBIC MOJISA PAAOM C COOTBETCTBYION

1.9 MJIEKOITUTAKOIIHE
2.G MHOTOIIeTHHKOBBIE YePBH
3.9 PBIOBI

4.9 amMpuoun

5. 2 nacexombire

ﬂpamml.m.le OTBETHI 1JIsl: O

Mekomnuraromme

IIpaBuiabHBIE 0TBETHI AJis: |

[Mm]uoromerurkosbie yepsu( )2()?()?()?2()?2()?2()?()?()?
[KxJompuensi( )?()?()2()2()?()?()?()?2()?
[AaJuremansi( )?()?2()2()?()?()?()?()2()?

IIpaBubHBIE OTBETHI JJISA: Y

[KxJocTrsre peiowi( )?()?()?()?2()?()?2()?2()?()?
[Jln]yuenepsre peiosi( )?()?()?()?()?()?()2()2()?

“p‘dBMJlbllblC OTBETHI JIsI: U

[33]emmosomeie( )2( )2()?()2()2()?()2()2()?
[Aa]mbubnu( )?()?()?()?2()?()?()?2()?()?

“p‘dBl/l.Jlblll)lC OTBETHI IJI4: t

[HuJacexompie( )?()?()?()?()?()?()?()?()?
[Fr]excanomsi( )?()?()?()2()2()2()?()?()?
[urJectrrorne()?()?()?()2()?()2()?()2()?
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[lepen BaMu TeKCT, coAepxKaliuii MATh OMOJIOTHYECKUX OIIMOOK. BHMMAaTenbHO MpoYTHTE €ro,
HalauTe OMMUOKY U OOBSICHUTE, B YEM OHU 3aKIIOYAIOTCS, BIICAB OTBET B OTBEJICHHOE TOJIE.

A Bunmanue! Ucnpasnenue ¢pa3bl HCKIIOYUTEIBHO OTPUIIAHUEM (MOXKET — HE MOJKET, UMEET — He

HUMECT U T.H.) HC 3aCYUTHEIBACTCA. HCO6XOI[I/IMO C(I)OpMYJ'II/IpOBaTB YTBCPAUTCIIBHOC MPECAJIOKCHUC.



OBynsAlMsS TMPOUCXOMUT y dYeloBeKa Ha cTaauu Meradaspl TEpBOrO JeleHUs Meio3a.
OrmiogoTBOpeHNE SIUIIEKIETKM B HOPME OCYIIECTBIAECTCS TOJBKO OJHHUM cliepMaTo3ougaoM. Bo
BpeMs 3TOr0 IpoIlecca akpocoMma CIIepMAaTo30U/a, KOTOpasi CONEPKUT JHM3HUpYIoLe (GEepMEHTHl U
IpeicTaBiIsieT co00if 0co0yI0 pa3HOBUIHOCTh MUTOXOHIPHUHU, CIIMBACTCS C HAPYKHOI MeMOpaHOil u
BBIOpAchIBa€T CBOE COACPKUMOE, pacTBOpsioliee sifieByro o6omouky. Kak Tonbko sizipo
CIiepMaTo30M/ia IMPOHUKAET uepe3 MeMOpaHy SIHMIEKIeTKH, Ha €€ IOBEPXHOCTU IPOUCXOIUT
JJIEKTPUYECKas peakius, 3a KOTOPOH CHEAYIOT XHMMHYECKHE IMPOLECChl. IJTO TMPUBOJUT K
VIUIOTHEHHIO OjecTsieil 00OJOYKM BOKPYT SIMIIEKJIETKH, YTO JIeJaeT €€ HEeNPOHULAeMOW Ui
JIPYTUX CIIEPMaTO30M/I0B.

Cawmble nepBbI€ 3Talbl Pa3BUTHS 3apOAbIIIA IPOUCXOAAT BO BPEMs €r0 HaXOK/ICHUS B SUYHUKE.
Ha »sTom sTame mpoucxoaut npobiieHue, oOpa3zyeTcss MHOTOKIIETOYHAs OjacTyia TUIa MOpPYJbI, a
3aTeM BHYTPU MOPYJIbl BO3HHMKAEeT IOJOCTh U TakuM oOpazoMm ¢dopMupyercs OiacTouucTa.
brnacronucra nmocturaer Marku M HAYMHACT MPOHUKATh B €€ JSHIOMETPUN. IDTOT Mpoliecc
Ha3bIBaeTCsl MMILIaHTauuend. Clenyrolmui 3Tan pa3BUTUS HMJET MAPALIEIbHO C MUMIUIAHTALUEH U
Ha3biBaeTcsl Heupymsiued. [lpu stom oOpasyercs JBa 3apOABIIIEBBIX JIMCTKA: 3KTOJIEpMa M
SHTOJZEpMa. DKTOJEpMa IMO3KE J1aeT Hauyajgo IOKpOBaMm, HEPBHOM cHUCTEeME, OpraHaMm 4yBcTB. U3
SHTOJEPMBI MPOUCXOMAT BCE OTHAEINbI MUILEBAPUTEILHON CUCTEMBI. 3aT€M MEXIY JABYMsI 3TUMH
JUCTKaMM  BO3HUKAET  TPETHUM:  Me30/epMa,  MPEAIIECTBEHHUK  ONOPHO-ABUIATENIbHOM,
BBIJICJIUTEIIBHON, KPOBEHOCHOW U IOJIOBOM cHUCTeM. J[pyrue KIETKH 3apOJpblllia IPOpacTaloT BHYTPb
MaTKM M BMECTE C KJIETKaMM 3HJOMETPUS MATKU JAal0T Hayalo IUIALEHTE. 3aTeM U3 3KTOJIEPMbI
3apojplllia BHYTPh MHBAarMHUPYET U OTIOYKOBBIBAETCS HEpPBHas TpPyOKa - ATOT 3Tam pPa3BUTH
Ha3bIBAE€TCs HENPYISIUEH.

JlaHHBIH OTBET: 1)OBYIIIINS IPOUCXOAUT Ha cTaanu MeTadasbl Metiosa I1.
2)aKkpocoma MpeCTaBISET COO0I BUAOM3MEHHBIH anmapar ToJIbIXKH, a HE MUTOXOHIPHH.
3)3apopiil HaYMHaeTCsl POPMHUPOBATHLCS MOCIIE OINIOAOTBOPEHHS B MaTOYHOHU TpyOe.
4)ITocne obpazoBaHust MOPYJIbI, 0Opa3yeTcs OiacTonucTa; 6J1acTyna y YeloBeKa OTCYTBYET.

5)cnemyromuii 3Tan 3a UMIUTAaHTAIMEH - TaCTPYJIALHS, a He HeHp YA

Bepmnerii otBer  [OTCyTCTBYET]
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BOIIPOC 10: 3ANPOC MHOTOKPATHOTI'O BBOJA MMPONYIMEHHOTIO TEKCTA

B oannom 3ad0anuu 6am HeobXo0uMo NpoaHaIUUPOBAMb pasMeHm meKcma, NOCEAUEeHHbIU
Memoouke UCCIe008aHUll, U HA OCHOBAHUU CEOUX 3HAHUL U UHGOpMAYUU U3 MEKCMA 6bINOJTHUMDb
3a0aHusl.

Meton monumepasHoi nenHoi peakuuu (IILIP) B Hacrosiee BpeMsi IIMPOKO MPUMEHSIETCS B
omonmornn u MmemunuHe. Kmaccuyeckas [IIIP mo3BomsieT moayduTh OOJBIIOE KOJIMYECTBO KOMHUU
uHTepecyromiei Hac mocnenoBarenbHocTH JJHK. CrenududyHOoCTs NaHHONW peakiuu 00eCreunBarOT

|HeGomnbInme mOCIENOBATENPHOCTH HYKICOTHIOB - mpaiiMepbl. WX MOZOMpPAIOT K OGOMM KOHIAM
ammmduuupyemoro ydactka JJHK takum oGpa3om, 4ToOBI MOCIEIOBATENHHOCTh TaK HA3bIBAEMOTO
MPSIMOTO TIpaiiMepa COOTBETCTBOBAJIA TMOCIEAOBATEIPHOCTH Ha 5°-KOHIIE IIETH, TOrAa KaKk OOpaTHBIN
npaiimep o0OpaTHO KOMIUIEMEHTapeH IOCIeI0BaTeIbHOCTH Ha ee 3’-koHie. Hampumep, ecnu
uHTepecyromuii Hac ydactok JIHK 3akanumBaercs mocienoBarenbHocThio 5 -AAGCTA-3°, To
oOpaTHBIN mpaiiMep OymeT WMeTh mocienoBarenbHOCTh: 5 -TAGCTT-3". Urobsl mpaitMepsl MOTIIH



y3HaTh HeoOxoammyro mocienoBarenbHocTh JIHK cmecs g IIIP peakumm HarpeBarT 10
OTIpe/IeNIEHHOM TeMIEepaTyphl - TeMIepaTyphl OTXKUTA MpaiiMepoB. DTa TeMIlepaTypa pacCunuThIBACTCS
myTeM TMpuOaBIeHUs K TeMIepaType IUIaBlIeHUs (TeMmeparypa, OpH KOTOPOW MPOUCXOTUT
pa3beIMHEHUE JBYXIICTIOUCYHOW MoJiekyiasl mpaimepa) 4°C  rpanycoB. JIHK-mommumepasa,
OCYILECTBIIAIONIAs peINIMKALNI0 uHTepecytomero Hac yyactka JIHK, ucnone3yer npaiimep B KauecTse
3aTpaBKU JUIsl Hadajla CHHTe3a. B pesynbraTe HaHHON peakluu MOJy4yaeTcsl KOMmUs HeoOXOoIuMOoi
nocnenoarenpHoct JTHK.

Jiig Toro, 4to6bl pa3nuuuTh nociegosarenbHoctu JIHK, MOKHO UCTIOIB30BaTh PECTPUKTA3HI —
(hepMEeHTHI, KOTOpPBIC Y3HAIOT M Pa3pe3aroT CTPOrO OMPeelICHHBIC TOCIEI0BATEIFHOCTH HYKICOTH OB
B JIHK (tak HaswsiBaeMble caiiThl pectpukimu). Hampumep, pectpukrasza Pfull, y xotopoii caiir
pectpukiuu HeceT mocienoBareibHOCTh 5 -GCATC G-3", mpu peakiuu ¢ IOCIEI0BATEILHOCTHIO

JTHK Oyner paspe3ath ee Ha jBa (parmMeHra, COAEpKallde Ha KOHIAX IOCIEIO0BATEILHOCTH 5 -
GCATC-3 u5-G-3.

1. B mnpemioxkeHHOW MOCIeAOBATEIHbHOCTH HYKICOTHIOB 3aKOJUPOBAaH NeNnTHa uHOM 19
aMUHOKHCIIOTHBIX ~OCTarkoB. Bam HeoOxoauMo mogoOparh mpaiimMepbl [ amIuid(uKanuu
HYKJICOTHHON IIOCIENOBATEIIBHOCTHA, KOAMPYIOLIEH [aHHBIA IENTHJA, HA4YMHAs CO CTapT-KOJOHA
(ATG), u cogepxameii crom-komoH (TGA, TAG, TAA). Ilomuure, 4T0o mpaitMepsl JOKHBI OBITH
cienn(UIHbBI U 00JIaAaTh MPUMEPHO OJUHAKOBOM TeMIIepaTypoil ruiaBineHus (paznuuus He Oonee 2-4
°C). Temmepatypa IUIaBIE€HHs paccuuThiBacTcs o dopmyne: 2(A+T) + 4(G+C), rme OykBBI - 3TO
KOJIMYECTBO HYKJICOTHIOB KXKIOro THMAa. Pasmep Kaxmoro mpaiimMepa JODKEH COCTaBIATh 15
HYKJICOTHIOB. 3allMIINTEe B OTBEACHHOE TOJIE MOJYy4YeHHbIE MpaliMepbl B HAMpaBleHUU OT 5°- K 3’-
KOHIIY B BH/I€ IOCJIeI0BATEJIbHOCTH 3arJIaBHbIX JIATHHCKUX OYKB 0e3 mpo0esioB (B TOM 4Mcje
KOHIIEBBIX) U YKOKUTE TEMIEPATYPY UX IUIABJICHUS.

5’ - CACATGACAATAACGGATCATTCTTATACCACGCGTAAAGATCTACCTGGT
ACGTTGTCATGATTT -3’

Orser:

[psimoii mpaiimep: [X]

OOpartHsblit mpaiimep: [Y]

Temneparypa IaBjieHus npsaMoro npaiimepa: [2]°C

TemnepaTypa nuasieHus oopatHoro npaiimepa: [K]°C

2. [Tomyuennslit B npeasiaymeit yactu 3aganus [P npoaykt BcTpanBaeTcs B miasMuLy JUIsl CHHTE3a
Oenka B OakTepusax. Bam gaHbpl mocnenoBaTelIbHOCTH (CalThl PECTPUKINU), 1O KOTOPHIM JIBE
pecTpHKTa3bl (3HAOHYKJIEa3bl pecTpUKIUM) crennpuuno paspeszaor JJHK. B orBere ykaxure pazmep
(parMeHTOB, KOTOpbIE IMOJYy4aTcs B pe3yJbTaTe pPEaKUUH PECTPUKLNHU, MPOU3BEACHHOW ASTHUMH
pECTPUKTa3aMHM JUIs IUIA3MUJIBL, COJIEPKALEd BCTaBKy B IPaBUJIBHON OPUEHTALMH LIETIH.

Mlul 5" - A|CGCGT - 3

Hpal 5" - GTT|AAC - 3

MEeCTO BCTaBKU

Hpal 0
3§Bo Hpal .
Hpal 3800
1000 Hpal
1000

4800 n.H. 4800 n.H.

@ npomoTop



OTBeT 3anuIINTe B OTBeJEHHOE MOJie B BH/E MOC/IeI0BATEIbHOCTH YHCEJ, PACMOJIOKEHHBIX IO
BO3PACTAHHUIO U pa3/ieIeHHbIX OJUHOYHBIMHU NMPodeIaMHu.

Otser: [M]

BeiOpaHHbIi OTBET:

B 0annom 3a0anuu 6am HeobX00UMO NPOAHATUIUPOBAMNYL pazmenm meKcmad, noce
SHAHUL u ungopmayuu u3
Meroa nonumepaznoit niennoit peakiuu (I1L[P) B HacTosiiee BpeMst MIUPOKO IT
MO3BOJISICT TOJYYHUTh OOJIBIIOE KOJMYECTBO KOIMH HMHTEPECYIOUIeH Hac MOCIe;
oOecreunBarOT HEOOBIINE MTOCIE0BATEILHOCTH HYKIEOTUIOB - mpaiMepsl. X 1
JHK takum o0pa3zom, 4TOOBI MOCIIEI0BATEILHOCTh TaK HAa3bIBAEMOTO TPSMOTO TIpa
I[EeNH, TOT/1a KaK OOpaTHBIN mpaiiMep oOpaTHO KOMILIEMEHTApEH MOCIEI0BATEIHHO
yuactok JIHK 3akanumBaercs mociemoBaTenbHOCThi0 5 -AAGCTA-3", 10 00p:
TAGCTT-3". YroObl mpaiiMepbl MOIJIM Y3HATh HEOOXOAMMYIO IOCICIOBATEIb
OIIPENICIICHHOW TEMIIepaTyphbl - TEMIIEPATyphl OT)KUTA MpakMEpoB. DTa TEMIIepar
IUTaBJICHUS (TeMIepaTypa, IpU KOTOPOH MPOUCXOIUT pa3beMHECHUE ABYXICOYCTH
OCYILECTBIISIONIAs PEIUIMKAIMI0 MHTepecyromero Hac ydactka JIHK, wmcmonb3yen
pe3ysibTaTe NaHHOW peaKIUy MOTyJaeTCsl KOMHsI HeOOXO0IMMOM ITOCIIeIOBATEILHOCT]
Jus toro, 4toObl pasnuuuth mnocienoBarenbHocTn JHK, MoxHO wmcmon
paspe3aroT CTPOro OIpeAesieHHbIe mocieaoBarenbHocTH Hykieotu0B B JIHK (Tak
Pfull, y koTopoii caiiT pecTpHKIMU HeceT mocienoBareabHocts 5 -GCATC G-37, g
ce Ha JBa (pparMeHTa, CoJeprKallie Ha KOHIax nociuenosarensHoctu 5 -GCATC-3°

1. B npemios)keHHOH TOCIIe0BATEIIbHOCTH HYKJICOTUIOB 3aKOJUPOBAH IMENTHI 1
no00path mpaiMepsl ISl aMIUTM(UKAIUK HYKJICOTUIHON IMOCIIEI0BATCIbHOCTH,
(ATG), u comepxaieit cron-komon (TGA, TAG, TAA). IlomHuTe, 4TO Mpaim
OJIMHAKOBOM TeMIreparypoil miaBneHus (paznuuus He Oonee 2-4 °C). Temmepar
4(G+C), rae OyKBBI - 3TO KOJUYECTBO HYKJICOTHIOB Ka)J0ro Tuma. Pasmep k
3anummMre B OTBEICHHOE IOJIC IMOJIyUYEHHBIE MpaiiMepbl B HAIpPAaBICHUU OT 5’°-
JATHHCKHUX OYKB 0€3 mpo0es1oB (B TOM YHCJIe KOHIIEBBIX) H YKOKUTE TEMIEPaTyp

5" - CACATGACAATAACGGATCATTCTTATACCACGCGTAAAGATCTAC
ACGTTGTCATGATTT -3’

OrtBer:

[Tpsamoii mpaiimep: “# ATGACAATAACGGAT

O6paruslii npaiivep: @ TCATGACAACGTACC

Temneparypa IiaBaeHus npsamoro npaiimepa: & 40°C

Temneparypa niuasiaeHus oopaTHoro mpaiimepa: 0 44°C

2. Tlonyuennslii B mpensiayiieid yactu 3aganus 1P mponaykt BcTpauBaercs B
MOCJIEI0BATENBHOCTU (CAlThl PECTPUKIMU), 110 KOTOPBIM JIBE PECTPUKTA3bI (IH/C
OTBETE YKaXUTE pa3Mep (pparMeHTOB, KOTOpBIE MOJy4yaTcs B pe3yjbTaTe pPeakiuy
I1a3MUIbl, COiepKallel BCTaBKY B IPaBUJIbHOM OpUEHTALUU IIETH.

Mlul 5" - A|CGCGT - 3°

Hpal 5 - GTT|AAC - 3



MEeCTO BCTaBKU

Hpal
N o
1000
4800 n.H. 4800 M.H.
@ npomotop

OTBer 3anMIIMTe B OTBeJEeHHOE II0Jie B BHAE IMOC/IeJI0BATEIbHOCTH 4HCEJ
OJIMHOYHBIMH IPOOEIAMH.
Orser: € 1000 1000 2800

MeTox oneHKH IIpaBuJIbHBIEC OTBETHI AJISI: X
Coodeporcum ATGACAATAACGGAT
MeTox OLleHKHU [IpaBuJIbHBIE OTBETHI AJIs: Y
Cooepoicum TCATGACAACGTACC
MeTox oneHKH IlpaBuJibHBIE OTBETHI AJIS: Z
Tounoe coomeemcmaue 40

MeToa OLEHKH [IpaBuabHBIE OTBETHI 1JIA: K
Tounoe coomeemcmeue 44

Metoa ouneHKH IIpaBuiibHBIC OTBETHI JJIs: M
Tounoe coomeemcmaue 1028 1032 2800

3
u3 5 6ajl10B

BONIPOC 11: OTBET, OTPAHUYEHHBIN MO JJUHE

Kakum 00pa3om Bbl CMO:KeTe YCTAHOBUTH IPABUJILHOCTD NOC/I€10BATEILHOCTH, NOJTy4eHHOH B
pesyabTtare IIIP peakuun B npeasiaymem 3axannn? Kparko onummre NpHHIAI
NPeNJI0KEeHHOr0 MeTo/1A.

Jlan MeToJ IIp COCTOUT U3 HECKOJBKHUX MPOIIECCOB.
HBIHI

OTBC ]-3T0 AEHATYpAaLMsA AHK PO BBICOKOIT Temmeparype (mpuMepHo 90 rpamaycoB), KOMIUICHMEHTapHBIC ABYIETIOUEHBIC

j T: MOJI MOJIEKYJIBI THK Pa3beIUHIIOTCS U 00pa3yIoTCs ABE OTHOIETIOYEYHBIC MOJIEKYJIBI JIHK .

2- 3TO OTXKUT TIpaiiMepoB IpH Oosiee HU3KoW Temneparype ( mpumepHo 70 rpagycoB) , K HEenu JHK (AHK-MaTpHILA)
KOMIUIEMEHTapHO CBS3BIBAETCS Ipaiimep.

3-970 anonranus. JIHK nmoauMepasa HapallMBaeT HOBYIO Lielb JHK MEX/1y NnpaiiMepamMu Ha OJTHOIIETIOUeUHbIX
MaTpHLax IHK.

4- aMJ'II/I(bI/IKaIII/IH (bpal"MeHTOB , IOBTOPEHHUE ITpouecca u HaHLHeﬁmHﬁ 3KCHOTCHIIPIaJ'ILHLIﬁ POCT KOJIMYECTBA



(parMeHToB JHK .
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BOIIPOC 12: 3AHNPOC MHOTOKPATHOTO BBOJA MMPONYIMEHHOI'O TEKCTA

Brumamenovno npoqumaﬁme nDe()ﬂOOIceﬂHble d)l)aZ]l/leHmbl mekcma u_paccmompume PUCYHKU, 3amem nepexodume K
BbINONIHEHUIO 3A0AHULL.

®dparmeHT 1.
HecmoTpa Ha oTcytctBMEe MOPGPONOTMYECKM BbIPAXKEHHbIX XPOMOCOM B MHTepdasHOM sape 3yKapwuorT,
reHeTUYeCKUN MaTepman COXPAHAET YEeTKYIo Cerperauuio B MPOCTPAHCTBE — MMEHHO OHa OTBeYaeT 3a
MHOTOYPOBHEBYIO Perynsaumio akcrnpeccun B reHome (PucyHok 1). CambiMy KpPYMHbIMW KOMMapTMEHTamMu
NMPUHATO CYMUTATb XPOMOCOMHbIe Tepputopum (XT) — orpaHuYeHHble 06/1acTh, 3aHMMaeMble XPOMaTUHOBLIMU
dmbpunnamm B uHTEepdasHoM agpe.

Xpomocomunie
TEPPNTO PN

KoMnapTseHTsl

TAlbi M
cyb-TAlu

INAHCEP NPOMOTOR  IMXAHCED-CARNEHOED Wucynnrop-amcynatop

Pucynok 1. Uepapxus opranusanyy XxpoMaTnHa B HHTep(ha3HOM sape

BHYTpW KaxKpoi XT reHeTMYecKkuid matepuan noApasfensatoT HA ABa KPYMNHbIX KomnapTmeHTa — A u B, rae
nepBbli NpeacTaBnAaeT coboit aKTUMBHO 3KCMPECCUMPYIOWMINCA XPOMATUH, @ BTOPON — PernpeccUpoBaHHbIN.
Cneaylowmii ypoBeHb MPOCTPAHCTBEHHOM OPraHM3aLMuM XpPOMaTUHA — TOMOJIOTMYECKM aCCOLUMMPOBaHHbIE
aomenbl (TAObl). ®U3MYECKM OHM NpeacTaBaAloT coboi CrpynnMpoBaHHble NETAM XPOMaTUHA, coAeprKaline
HECKO/MIbKO FEeHOB M acCOUMMPOBAHHbLIX C HMMM 3HXaHCEPOB M caineHcepos (PucyHok 1). [eicteue
perynaTopHbIX 3N1emMeHTOB Ha reHbl apyrmx TAloB penpeccupyetca benkamu-mHcynatopamu — CTCF u
KoresmHom. 3Tu ABa 6enKa UrpatoT peLulatoLlyto poab B NoaaeprKaHum cTpyKTypbl TALLOB M pacnonaratorcs Ha
WX rpaHuuax. Yacto pesynbTaTthl McCAefoBaHWA CTPYKTypbl TALOB NpeacTaBAAloT B BMAE XMTManos, rae
uBetom 0603HaYaeTca ypOBEeHb B3aUMOAEWCTBUIA Mexay pasHbiMM ydacTkamu [HK (PucyHok 2). Mo
CHWMKEHMIO 4acToTbl B3aMmogencteuit yyactkos JHK u opueHTaummn caiitos CTCF MOMKHO MapKMpoBaTb
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rpaHnubl TAOoB. BHyTpu KpynHbix TAZLOB eCTb y4acTKM MOBbIWEHHOrOo B3aMmMoaencTsma BHyTpu cy6TAos.
HakoHel, oTaenbHble TeHbl U WX LWUC-PEryifaTOpHble 3/eMeHTbl 006pasyloT XPOMOCOMHbIe MeTAM 33 CYET

AencTeuma TPaHCKPUNUMOHHbIX ¢dakTopos (PucyHok
YacTtora BzaumogemncTemi
1 Yerkas > Pasmbitan
Huskaa Bbicokas rpaHuua ’ rpaHvua
X TAOa o . TAla .
*% ' Fe, %
S $
L s
& » &
R S DA L XXXXXXK, PITRL o
cy6TAbl
Opwuenraumsa CTCF o S = e — - - - 1
YpoBeHb uHcynsaumm i i HW3KMA BbICOKMIA

1).

PucyHok 2. Mprmep XMTMaNOoB, OTPAXKAKOLLLMX YACTOTY B3aMMOLENCTBUI Mexay ydacTkamum [HK.

dparmeHT 2.

YacTto NpMYMHaMM HacnenCcTBEHHbIX 3ab0neBaHNI ABNAKOTCA NPOCTPAHCTBEHHbIE NEPECTPOIMKN XpoMaTuHa. B
KayecTBe nMNpuMmepa MOXHO  pPacCMOTPeTb  pasfiMyHble  AyNJMKauuMM B JIOKyCe, cOoAeprKallem
reHbl KCNJ2, KCNJ16 v SOX9. F'eHbl KCNJ KoanpyloT Kanuesble KaHanbl, a SOX9 agnaetcA OogHWM U3 [NaBHbIX
PerynaTopoB PasBUTUA MYXKCKMX roHag,. B Hopme reHbl KCNJ n SOX9 obpasyioT asa HesaBucumbix TALa (Puc.
3a). UHmpa-TAL gynnvKauma 3aTparMBaeT peryasaTopHbIi y4acToKk BHyTpu SOX9 TALa. Ha pucyHke 3b BugHo
MoBbILWEHHOE B3aWMMOLENCTBME ABYX AYNJULMPOBAHHbIX Y4YaCTKOB MeXKay coboli — 3TO npuBOAUT K
Hecneundunyeckomn akcnpeccum reHa SOX9 n GeHOTUNNYECKON CMEHE MOJIa C KEHCKOFO Ha MYXKCKOW. MHmep-
TAL aynankauusa npoucxoguT Ha rpaHuue KCNJ v SOX9 TAOos (Puc. 3c). 3To npuBoauT K GOpPMUPOBaAHUIO
HoBoro TA[a, rae reHbl KCNJ HaxogATcaA No4 KOHTPONEM PerynaTopHbiX anemeHToB SOX9. lNpu passutum
KOHEYHOCTEWM MbIWEN, HEeCyWMX AaHHYK0  AYyNAMKaumio, MPOCTPAHCTBEHHbIA  XapaKTep  3aKcrnpeccuun
reHa KCNJ2 coBnagaeT c TakoBbiM Yy Sox9, yero He Habnwogaetca y mblwen amkoro tuna (Puc. 3d). Mlogu
c uHmep-TAL pynavkaumeln AeMOHCTPUPYIOT cMHAPOM KyKa — runoniasuio Horren u Hepopassutue danaHr
nanbues. Kanvesble KaHasbl y4acTBytOT B BMP cUrHannHre, KOTopbl UPaeT KNoYeByo posib B MopdoreHese
KOCTEN.
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PucyHok 3. a - xuTman B3anmoaencTenii yyactkos AHK y mblwelt aukoro tmuna (Wild type); b -y
mblwen c uHmpa-TAL aynankauuei (Dup-S), rae ctpenkoi o6o3HayeHo nosiBneHne Hoeoro cyb-TAa;
C - Yy mblwen ¢ uHmep-TAL aynnukaumeit (Dup-C), rae ckobkamm 0603Ha4YeHO NOABAEHME HOBOTO




TA[a; d - NpOCTPaHCTBEHHbIV NATTEPH 3Kcnpeccun reHoB SOX9 n KCNJ2 B pa3BmBatoLLMXCS
KOHEYHOCTAX MblLIEeN AUKOro TUNa 1 ¢ uHmep-TAL aynankaumen.

B Kascoom u3 npueedénnvix nusnce 3a0anuii ésioepume BCE npasunvusie sapuanmul omeema. Kascowlii omeem
3anuuiume 6 CHEYUAILHO OMEEOEHHOE NoJle 6 BUOE NOCIE008AMENbHOCIU OYKEG 8 Alpasumnom nopsaoke 6e3 3HAK0E
npenunanus u npooenoe (pezucmp He 6axcen).

1. NpouunTaiite ®parmeHT 1 1 BbIbEpUTE NPABUNbHBIE YTBEPHKAEHUA:

KomnapTmeHTbl aKTUBHOIO U penpeccMpoBaHHOro XpOMaTUHA XapaKTepHbl A1A BCeX
XpoOMoCcom

CTCF 1 KOresuH pasrpaHn4MBaOT XPOMOCOMHbIE TEPPUTOPUN MEKAY COOOM

CHUXKeHHbIM YpOBEHb B3aMMOAENCTBUIN MeX Ay NOCNeA0BaTEe/IbHOCTAMM KOppenmpyeT
C pacnonoxkeHmem y4yactkos cBA3biBaHnA CTCF

Ha rpaHunuax cy6TAZloB ecTb yyacTku cBasbiBaHuA CTCF
Ortger: [K]

2. MpouunTarite PparmeHT 2 1 BbibepuTe NPaBUAbHbIE YTBEPKAEHUA:

Mpu cnHapome KyKa perynatopHble anemeHTbl SOX9 M3MeHAT NPOCTPAHCTBEHHbIN
XapakTtep akcnpeccmnun KCNJ2

NHTep-TAL oynanKauma conpoBoXKaaeTca nosasaeHmem HOBOro AOMOAHUTENBHOTO
TA[a

Mpu nHTpa-TAL AyNAMKALMM SHXAHCEP CTan AeNCTBOBATb HAa HOBbIE FeHbI-MULLEHMU

YBennyeHue yposHA akcnpeccnum SOX9 npu cmeHe Nona NponcxXoamT 3a cyer

yBenn4yeHunAa KOMUMHOCTU reHa
Ortser: [l]

3. MpouunTante PparmeHTbl 1 1 2 1 BbIGEPUTE NPABUAbHBIE YTBEPHKAEHMUA:
Mpw nHtep-TAL AynaMKaumMmn BO3HUKAOT HOBble y4acTKu ceasbiBaHmA CTCF
Mpwn nHTpa-TAL Aynankaumm HoBbln cy6-TAL MeeT YeTKMe rPaHnLbl, KaK U1
obwuin SOX9 TALL
MOKHO CKa3aTb, YTO NPU GeHOTUNNYECKOM CMEHE NONA XPOMATUH U3MEHAET
CTPYKTYPY Ha ypoBHe cy6-TALLOB 1 XpOMOCOMHbIX NeTesb
Mpu cnHapome Kyka HoBoobpasoBaHHbI TA/l byaeT HaxoaMTCA B O4HOM

KOMMapTMeHTe BmecTe ¢ coceaHnmm TAamu
Ortser: [mM]

4. CooTHecuTe NOCNe0BaTe/IbHOCTU 3/IEMEHTOB B reHOME U X GeHOTUNMUYECKUM NPOSAB/IEHNEM:
FeHbl KCNJ16/KCNJ2 - caint CTCF - sHxaHcep SOX9 - reH SOX9 - cant CTCF: oMKt Tmn
FeHbl KCNJ16/KCNJ2 - caint CTCF - aHxaHcep SOX9 - sHxaHcep SOX9 - reH SOX9 - cant
CTCF: cmHgpom Kyka
FeHbl KCNJ16/KCNJ2 - caint CTCF - aHxaHcep SOX9 - reHbl KCNJ16/KCNJ2 - caint CTCF -
3HxaHcep SOX9 - reH SOX9 - caiit CTCF: deHOTUNMYECKAn CMeHa Nnoa

FeHbl KCNJ16/KCNJ2 - caint CTCF - reH SOX9 - caint CTCF: dpeHoTUNMYECKasa CMeHa nona
Ortser: [n]

5. CooTHecuTe peHOTUNMYECKMNE NPOABAEHMA U UX MONEKYNAPHDBIE MEXAHU3MbI:
CuHapom Kyka - HapyleHne MMNopTa KanbLMA B KNETKU
CuHgpom KyKa - HapyweHue BMP curHanmHra
CmeHa nona - nsmeHeHne WNT curHanmHra
CmeHa nona - yBeninyeHne KoHueHTpaumnm benka Sox9

Ortser: [0]



BbiOpaHHbIil 0TBET:

Buumamenvno npotmmaﬁme nl)e()]lOOIC@HHble d)l?aaMeHmbl mexkecmda u paccmompume pucCyHKu, 3amem
®dparmeHT 1.

HecmoTpsa Ha oTcyTcTBME MOPGONOTMYECKM BbIPAXKEHHBIX XPOMOCOM B WHTEpdasHOM
cerperauMio B MPOCTPAHCTBE — MMEHHO OHa OTBEYAeT 3a MHOTOYPOBHEBYH peryaswy
KOMMNApTMEHTaMW MNPUHATO CUYUTATb XPOMOCOMHble Tepputopun (XT) — OrpaHUYeHHt
UHTepdpasHoOM sape.

Xpomocomunie
eppuTopue

KoMnaprseHTet

TAbi M
oyb-TAlu

- *_?ﬁbcﬂ-‘— -_.,.-"': i ﬂ/

FNAHCEP NPOMOTOP  IXANCED-CARNEHOED  HMcynrTop-wHcynaTop

Pucynox 1. Mepapxus oprann3anuy XpoMaTrHHa B HHTEp(Ha3HOM sape

BHyTpu Kakgoi XT reHeTM4yecKMin matepuan noapasfenAtoT Ha ABa KPYMHbIX KOmMap
9KCMNPECCUPYIOLLMNCA XPOMATUH, @ BTOPOM — penpeccupoBaHHblii. Creaylowmin ypoBeHb
accouMmpoBaHHble aomeHbl (TALbl). ®U3nMYecKM OHM NpeacTaBaAaoT cobon crpynnmupo
acCOUMMPOBAHHbIX C HUMW SHXaHCEPOB W caineHcepoB (PucyHok 1). [elictBue peryn:
6enkamu-uHcynsatopamu — CTCF n KoresmHom. ITu ABa 6enKa MrpaloT peLlatollyto Pos
rpaHuuax. Yacto pesynbTaTbl UccnefoBaHMIA CTPYKTypbl TAOB npeacTaBnaoT B BUAE Xl
mexay pasHbiMu ydactkamu JHK (PUCyHOK 2). MO CHUKEHUIO YacTOTbl B3aMMOLENCTBUIA |
rpaHnubl TAoB. BHyTpu KpynHbix TALJOB eCTb Yy4acTKM MOBbILEHHOr0 B3aUMOAENCTB

YacTtora BzaumogeincTenin
Yerkan
Huskas Bobicokas rpasuua

TAla s

5, D, ¢ 34 0:23
AAM":“ *\’:‘\o"\&:&":

cy6TAlb
Opuenrauyus CTCF

YposeHb nHcynaumn 1

perynsaTopHble 31eMeHTbl 06Pa3ytoT XPOMOCOMHbIE NET/IM 33
dakTopos (PucyHok 1).

PucyHOK 2. Mpumep XMTMaNoB, OTPaXKatoWwmMxX YacToTy B3aMMOAENCTBUI MEXKAY Y4acTKaMy

®dparmeHT 2.

Yacto npuMyYMHaMM HacneacTBeHHbIX 3a601eBaHNN ABAAIOTCA MPOCTPAHCTBEHHbIE MepecT
pasnuyHble AyNAVKauuM B JIOKyce, cogepKawem reHol KCNJ2, KCNJ16 n SOX9. leHbl KC
rNaBHbIX PErynaTOpPOB PasBUTUA MYXKCKMX roHag. B Hopme reHbl KCNJ n SOX9 o6pasyto
3aTparnBaeT PeryiaTopHbIiN y4acTok BHYTpM SOX9 TAfla. Ha pucyHKe 3b BUMAHO NOBbILWEH]
coboli — 3To NpuBOAMT K Hecneundmyeckon akcnpeccumn reHa SOX9 n peHoTUNMUYECKON (
npoucxoamT Ha rpaHuue KCNJ v SOX9 TAos (Puc. 3c). 31o npuBoaut K GopmMupoBaH
perynaTopHbix 31emeHToB SOX9. Mpu pasBUTUM KOHEYHOCTEN Mbllen, Hecywux aAaH
reHa KCNJ2 coBnagaeT c TakoBbIM y Sox9, Yyero He Habnogaerca y mMbiwei AUKOro Tuna
cuHApoM KyKa — runonnasuto Horren U Hefopassutme panaHr nanbues. Kanvesble KaHanbl
B MopdoreHese KocTel.
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PucyHok 3. a - xuTman B3anmoaenctenii ydyactkos IHK y mblwieit amkoro tuna (Wild type);
Mblweln ¢ uHmpa-TAL aynavkaumen (Dup-S), rae ctpenkoli 0603HavyeHo NosiBieHne HOBO!
C- y mblwel c uHmep-TAL aynnukaumeit (Dup-C), rae ckobkamm 0603Ha4YeHo nosABeHME
TALa; d - NpOCTPaHCTBEHHDBIV NATTEPH 3Kcnpeccun reHoB SOX9 n KCNJ2 B pa3BUBatOLLMXCS
KOHEYHOCTAX MblLelN ANKOro TMna u ¢ uHmep-TAL, aynavkaumeii.

B kaorcoom u3 npueedénnvix nusice 3aoanuii evioepume BCE npasunvuvie sapuanmor omeema. Ka
nocnedosamenvHocmu 0yKe é angasumnom nopaokKe 6e3 3HaK0é NPEenuHaAnUsA u npodenoe (pecucn

1. NpounTtaitte PparmeHT 1 1 BbIGEPUTE NPABU/IbHDBIE YTBEPKAEHMUA:
KomnapTmeHTbl aKTUBHOIO U penpeccMpoBaHHOro XpOMaTMHa XapakK:
CTCF 1 KoresnH pasrpaHUYnBaOT XPOMOCOMHbIE TEPPUTOPUN MEKAY
CHU)KEHHbIM YypOBEHb B3aUMOAENCTBUIN MeXAy Nocne0BaTeIbHOCTS
CTCF
Ha rpaHunuyax cy6TALoB ecTb y4acTku cBasbiBaHuA CTCF
Orser: & abcd
2. MpouunTante PparmeHT 2 1 BbibepuTe NPaBUIbHbIE YTBEPKAEHUA:
Mpn cuHpgpome Kyka perynatopHble anemeHTbl SOX9 nameHAT Npoc
NHTep-TA aynavkauma conpoBOXKAaeTcA NoAsaeHMem HOBOro A0mMC
Mpu nHTpa-TAL AyNAMKaUMM SHXAHCep CTan AeNCTBOBAaTb Ha HOBbIE |
YBenunueHue yposHa akcnpeccum SOX9 npu cmeHe Nosa nponcxoant
Orser: & abc
3. MpouunTante PparmeHTbl 1 1 2 1 BbIbepUTE NPaBUAbHbIE YTBEPKAEHUA:
Mpn nHutep-TAL AynanKaumMmn BO3HMKAOT HOBblE YYACTKM CBA3bIBAHMUS
Mpu nHTpa-TAL Aynankaumm HoBbiM cyb-TALL nmeeT YeTKMe rpaHuLb
MOMHO CKa3aTb, YTO NP1 GEHOTUNMUYECKON CMEHE NOA XPOMATUH U:
neTtenb
Mpu cmHapome Kyka HoBoobpa3oBaHHbIM TAL 6yaeT HaxoauTCs B Of
Ortser: " acd
4. CooTHecuTe Nocnen0BaTeIbHOCTU 3/1IEMEHTOB B reHOME U UX GeHOTUMUYECKUM N
FeHbl KCNJ16/KCNJ2 - cant CTCF - aHxaHcep SOX9 - reH SOX9 - cant C
FeHbl KCNJ16/KCNJ2 - cant CTCF - aHxaHcep SOX9 - sHxaHcep SOX9 - |
FeHbl KCNJ16/KCNJ2 - cant CTCF - aHxaHcep SOX9 - reHbl KCNJ16/KCN
beHoTUNUYEeCKaa cmeHa nona
FeHbl KCNJ16/KCNJ2 - cant CTCF - reH SOX9 - caint CTCF: deHoTMMNMYE
Orser: & bd
5. CooTHecuTe deHOoTUNUYECKME NPOABAEHUA N UX MONEKYNAPHbBIE MEXaHU3MbI:
CuvHapom Kyka - HapylweHne MMnopTa KanbLuma B KNETKU
CuHapom KyKa - HapyweHne BMP curHanmHra
1. CmeHa nona - uasmeHeHne WNT curHanunHra



CmeHa nona - yBesinyeHne KoHUeHTpaunm 6enka Sox9

Orser: ' bd
MeTo OLlEHKH [IpaBuabHBIE 0TBETHI 1JI: K
Tounoe coomeemcmeue acd
MeToa OIEeHKH IIpaBuibHbIE 0TBETHI AJ1s: |
Tounoe coomsemcmeue ab
MeTo OLIEeHKH [IpaBu/ibHBIE OTBETHI AJs: M
Tounoe coomeemcmeue acd
MeTox oneHKH IIpaBuJjibHBIE OTBETHI AJIS: N
Tounoe coomsemcmeue a
MeTo OLIEeHKH [IpaBuJIbHBIE OTBETHI AJs: O
Tounoe coomeemcmeue bd
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BOIIPOC 13: 3ANPOC MHOT'OKPATHOI'O BBOJA MMPONYIMEHHOI'O TEKCTA

VY cymuaThIX rprOOB (aCKOMHIIETOB) BCE CIIOPBI, 00pa3yrolecs B pe3yibTaTe Meio3a U3 0HOM U ToM
e TUTIIIONTHON KIIETKHU, OCTAOTCS B 0011el 000104ke — cymKe. [Ipu 3ToM CTpoeHHe CyMOK Y pa3HbIX
ACKOMMIIETOB Pa3HOE. Y HEKOTOPHIX BUJIOB BCE CIIOPHI B CYMKE PACIOJIOKEHBI B OHY JINHUIO, B
CTPOTOM COOTBETCTBUH C MOPSIIKOM pacxokaenust xpomatu (I-e u l1-e nenenue meitosa
OPHEHTUPOBAHBI y 3TUX BUJOB 0IMHAKOBO). Kak OyJyT BBIMVIAIETh CYMKH, €CITH HCXOIHBIN TUTLION]T
6611 aureteposurotoii D0, 0:0.? Ipeanonoxum, 9To NepBHIii FeH KOHTPOIUPYET pasMep KIeTOK (B
npucytcTBue amtenu D; Gopmupyercs kpynHas cropa, a B IpucyTcTsre amnenn D, — Menkas), a

BTOPOM — MUTMEHTAIUIO (aJUIeNh d; oOecreurnBaeT 0eKEBYI0 OKPACKy CIIOp, alljIesib A, — KEJNTYIO).
3anonauTe Tabnuily. B oTBeTax ncnons3yiiTe cneayrone 0003HaYeHUs: KpymHas criopa — L, menkas
criopa — S, 6exeBas criopa — R, sxkenras ciopa — Y.

KonmuecTBo criop B cymKe [yl
|| MnouasocTs Kaxmoit 3 rux (N wm 2n) [o]
Cpeau HUX: KOJIMYECTBO CIIOP, HECYNIHMX ayutelb | [U]
b,
KOJMYECTBO CIOP, HECYIIHUX ajuIensb | [P
gl
BhInummTe pacionokeHue KIETOK B CYMKE, €CITH BTOpasi CIIopa cjeBa MeJIKas (1
HW3BECTHO, YTO: OexeBas
BTOpasi CIIOpa CIpaBa KpymHas [t]
OexxeBast
BeInummTe Bce BO3MOYKHbIE BAPHAHTBI CYMOK € Y4E€TOM 000MX T€HOB [b]




Bb10OpaHHbBIil 0TBET:

MeToa OLlEHKH

Tounoe coomeemcmaue

MeToa OleHKH

Tounoe coomsemcmaue

Tounoe coomsemcmaue

MeToa OLleHKH

Tounoe coomeemcmaue

MeToa OlleHKH

Tounoe coomsemcmeue

MeToa OLleHKH

Tounoe coomeemcmaue

MeToa OlleHKH

Tounoe coomsemcmeue

MeTox OlIeHKH

Tounoe coomsemcmeue
Tounoe coomsemcmeue
Tounoe coomsemcmeue
Tounoe coomsemcmeue
Tounoe coomsemcmeue
Tounoe coomsemcmeue
Tounoe coomsemcmeue

Tounoe coomsemcmeue

VY cymuartbix rpuOOB (aCKOMHIIETOB) BCE CIIOPBI, 00pa3yIOIIHECs B PE3YJIbTaTe MEH
obmeit 06o0uke — cymKe. [Ipu 3TOM CTpoeHHe CyMOK y pa3HBIX aCKOMHIIETOB pas]
B OJIHY JIMHUIO, B CTPOTOM COOTBETCTBHH C MOPSIIKOM pacxoskaeHust xpomatuy (I-e

oauHaKoBo). Kak OyayT BBITTISAETH CYMKH, €CIM UCXOAHBIN TUIITON]] ObLI TUTETED

KOHTPOJIUPYET pasMep KJIETOK (B IPUCYTCTBHE amnenu D, popMupyercs kpyrnHas c

MUTMEHTAIIO (aJutesh d; 00ecTieyBaeT OCKEBYIO OKPACKY CIIOp, aJuIeib &, — JKET
cnenyromuye 0603HavYeHHs: KpymHas cropa — L, Menkas ciopa — S, 6exeBast criopa

KonngecTBo criop B CyMke

D4

[TnouaHoCTh Kax 1o u3 Hux (N wiu 2n)

2 on

Cpenu Hux:

KOJIMYECTBO CIIOP, HEC!

b,

KOJIMYECTBO CIIOP, HEC!

0.

BrinummTe pacnoiokeHue KIETOK B CYMKE, €CITH
HW3BECTHO, YTO:

BTOpast CIIopa CJICBa M
OexeBas

BTOpasi Criopa CIipana K
OexeBas

BremummnTe Bce BO3MOKHBIC BAapHUaHTBI CYMOK C YUCTOM 000MX IeHOB

np‘ilBlUlbllblC OTBETHI NJIsI: Y

4

np‘dBllththt‘ OTBETHI AJIsA: O

1n
n

IIpaBubLHBIC OTBETHI AJISA: U

I'lpammhnme OTBETHI IJIsI: P

IIpaBubHBIC OTBETHI AJIs: |

SRSRLYLY

np“lBllﬂhtht‘ OTBETHI I t

SYSYLRLR

n])‘dlilldlbllblc oTBeThI AJs1: b

SRSRLYLY LRLRSYSY SYSYLRLR LYLYSRSR
SRSRLYLY LRLRSYSY LYLYSRSR SYSYLRLR
SRSRLYLY LYLYSRSR LRLRSYSY SYSYLRLR
SRSRLYLY LYLYSRSR SYSYLRLR LRLRSYSY
SRSRLYLY SYSYLRLR LYLYSRSR LRLRSYSY
SRSRLYLY SYSYLRLR LRLRSYSY LYLYSRSR
LRLRSYSY SRSRLYLY SYSYLRLR LYLYSRSR
LRLRSYSY SRSRLYLY LYLYSRSR SYSYLRLR



Tounoe coomsemcmsue
Tounoe coomsemcmsue
Tounoe coomsemcmsue
Tounoe coomsemcmsue
Tounoe coomsemcmsue
Tounoe coomsemcmsue
Tounoe coomsemcmsue
Tounoe coomsemcmsue
Tounoe coomeemcmaue
Tounoe coomeemcmaue
Tounoe coomeemcmaue
Tounoe coomeemcmaue
Tounoe coomeemcmaue
Tounoe coomeemcmaue
Tounoe coomeemcmaue

Tounoe coomeemcmaue

BOIIPOC 14: DOCCE

LRLRSYSY LYLYSRSR SRSRLYLY SYSYLRLR
LRLRSYSY LYLYSRSR SYSYLRLR SRSRLYLY
LRLRSYSY SYSYLRLR LYLYSRSR SRSRLYLY
LRLRSYSY SYSYLRLR SRSRLYLY LYLYSRSR
LYLYSRSR LRLRSYSY SYSYLRLR SRSRLYLY
LYLYSRSR LRLRSYSY SRSRLYLY SYSYLRLR
LYLYSRSR SYSYLRLR LRLRSYSY SRSRLYLY
LYLYSRSR SYSYLRLR SRSRLYLY LRLRSYSY
LYLYSRSR SRSRLYLY SYSYLRLR LRLRSYSY
LYLYSRSR SRSRLYLY LRLRSYSY SYSYLRLR
SYSYLRLR LYLYSRSR LRLRSYSY SRSRLYLY
SYSYLRLR LYLYSRSR SRSRLYLY LRLRSYSY
SYSYLRLR LRLRSYSY LYLYSRSR SRSRLYLY
SYSYLRLR LRLRSYSY SRSRLYLY LYLYSRSR
SYSYLRLR SRSRLYLY LRLRSYSY LYLYSRSR
SYSYLRLR SRSRLYLY LYLYSRSR LRLRSYSY
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Latime paszeepHymbili omeem. Hcrionb3ylme 8ns1 omeema crieyuasibHo 0meedeHHOe rorie.

B coBpeMeHHON GMOTEXHONOTMYECKON MPOMBbILLIIEHHOCTU NPUMEHSIIOT Pas3fnyHble CUCTEMbIl AnNs
MonyYeHns LeneBoro pekoMOUHaHTHOro 6ernka, UCNonb3yemMoro B M3roTOBIIEHMUN NEKAPCTBEHHbIX
npenapaTtoB. OQHOM M3 TakMX CUCTEM SIBNSAETCA KynbTypa GakTepuanbHbiX KneTok. OnuwuTe
npoLecc NosnyyYeHnst KNeTOYHOM CUCTEMbI NS CMHTe3a pekoMOMHaHTHOro 6enka Ha OCHoOBe KNeToK
6akTtepuin. OueHuTe, KakKMMmmn JOCTOMHCTBaMM U HegocTaTkammn obnagaeTt AgaHHasa cuctema.

JlanHbIit
OTBET:

W3 OpraHu3Ma JOHOpa U3BJIEKAIOT HEOOXOAMMYIO JHK , IOJBEPTAIOT THAPOJIN3Y U U3BJIECKAIOT HYKHBIH I'eH.
JTaHHBIM T€H BCTPAUBAIOT B OaKTEPHAIBHYIO IUIa3MHUAY. B OaKTEPHAIBHYIO KyJIbTYpy KJIETOK BBOJST JaHHYIO
TUTa3MUHYIO THK , KOTOpast KOAUPYeT IMOCIeI0BaTeIbHOCTh HE00X0IMMOT0 OeJKa ¥ TeHbl yCTOMYHUBOCTH K
aHTHOMOTHKaM . [IponcxoanT oTOOp KIETOK Ha Cpeie C aHTUOMOTUKOM U CHHTE30M PEKOMOMHATHOTO
6enka. OTOOpaHHBIC KIETKU HEHTPU(YTUPYIOT M OYHUINAOT. [10TydaroT YUCThIi PeKOMOMHATHBIN
6eJ0K,FOTOBBIH K SKCIUTyaTaI[iH WIH HEOOIBIIOH KOPPEKTUPOBKH AaMIHOKHCIIOTHOM MOCIIEI0BATEIBHOCTH.

HanpuMep, ¢ IOMOUIbIO JAHHOI'O METOAa NOJYHal0T HHCYJIMH - TOPMOH HO,H)KCHY,I[OQHOIZ JKEJIC3EI .

IUTFOCBI TAHHOI'O METO4a : BBICOKAA CTCIICHb OYUCTKH , HU3Kasl CTOUMOCTD IpoLecCa U JICTKOCTb IPOBEACHUS
MaHI/IHyJ'IFILII/Iﬁ , OTHOCUTCJIbHAA CTa0UJIBLHOCTh , aBTOHOMHas peIyIMKalunsd , BO3SMOKHOCTb XpPaHUTb
HOHy‘{eHHBIfI OCJIOK B TCUEHHE JJIMTEJIBHOTO CPOKa

MHHYCBI: BO3MO>KHAsI OITAaCHOCTh YT€UYKH PEKOMOWHATHOTO Oellka IpH He COOII0ICHNH HOPM CTEPHIIN3AINH ,
CHHTe3 Oellka OTIIMYHOIO OT HaTypaJlbHOTO OeliKa ( HampuMep, Ha I1apy aMHUHOKHCIIOTHBIX OCTAaTKOB ),
OpIcTpast MyTanus OaKTepUANbHBIX KYJIBTYP , OBICTPOE HAKOIIJICHHE MPOTYKTOB OOMEHa BEIEeCT B

MUTaTENLHOM cpelie

Bepnbiit  [OrcyrcTByer]

OTBET

BONIPOC 15: 3CCE
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IIpencraBieHHble H300pPaKeHUsI HILTHCTPUPYIOT HCIMOJIL30BAHNE PA3THYHBIX TEXHOJIOTHH
NP U3yYeHNH TUAPOONOHTOB. BhIMoTHUTE 3a/1aHNs, 3aIIHCAB OTBETHI B CIENUATBHO
OTBEIEHHOE

1. YeraHoBHTe 0OIHO3HAYHOE COOTBETCTBHE MEKAY U300pakeHUsIMH, HA3BAHUSIMU NPUOOPOB 1
pe3yJIbTaTaMHU MX HCIIOJb30BAHMA. 3aNMIINTE KAK10€ NMOJYYeHHOEe COOTBETCTBHE B MOJI€ JIst
orBeTa B BUje X - Y - Z, rjae X - OyKBeHHOe 0003HaYeHHe U300pakeHus1, Y - HOMep npudopa
(apabckas nudpa), Z - Homep Metoauku (pumckasi mugpa). BHUMAHUE! Oann u3
NpuOOPOB M OIUH U3 Pe3yJIbTATOB — JINIIHHUeE!

[TpuGopsr: Pe3ynbraThl ncnionb30BaHus:

1. Inouepnarens I. Oto6paTh poOBI BO/IBI U3BECTHOTO 00bEMA C OIPEIeICHHON TITyOHHBI
2. [ImankTOHHAsS Il. IToacuuTath KONMKMYECTBO 0coOei paukoB-mukiaonos (Cyclops) B o0beme
CETh poObI

3. Kamepa I11. OTo6path MpoOBI TPyHTA U3BECTHOU TLIOIIA TN

boroposa

4. Kamepa 'opsieBa | IV. OTo6path mpoOsI TpyHTa U3BECTHOM IUIOMIAINA C COXPAaHEHUEM
BEPTHKATBHON CTPYKTYPHI OCaJIKa

5. I'pynroBas V. B3sITh KOTUYECTBEHHYIO IPOOY 300IJIAHKTOHA
TpyOKa




6. barometp V1. IloacunTtaTh KOJTUYECTBO OJHOKIECTOUYHBIX BOJIOPOCIICH B €AMHUIIE
o0beMa mpoObI

1. YcranoBuTe 01HO3HAYHOE COOTBETCTBHE MEKIY H300PAKEHUAIMH, HA3BAHUSAMH NPUOOPOB U
pe3yJbTaTaAMHU UX UCIOJIHL30BAHUSA. 3aNUIIATE KAKI0€ MOJIyYeHHOE COOTBETCTBHE B M0JI€ ISt
orBeta B Buje X - Y - Z, riae X - 0yKBeHHO€e 0003HAUeHUEe N300pakeHusi, Y - HOMep npudopa (apadcekas
unpa), Z - Homep Metoguku (pumckasi nuppa). BHUMAHUE! Oaun n3 npudopoB u ogHA U3
MeTOAMK — JIUIITHHE!

2.1. Boioepute BCE npaBu/ibHbIe BApHAHTHI 0TBeTa. OTBET 3alIMIINTE B OTBEIEeHHOE 110JI€ B
BH/I€ MOCJIeI0BATEILHOCTH COOTBETCTBYIOIIUX JATHHCKUX OYKB B aji(paBUTHOM mopsake, 0e3
npoodesI0B U 3HAKOB NPeNUHAHUSA (PErucTp He BaKeH).

JlHouepmarenb, n300paKeHHBINH HAa OAHOW u3 hoTorpaduii, uMeeT paboUuyIo IUIOMAAb
1/40 Mm%, C moMomipIo 3TOTo npudopa MOKHO C JOCTATOYHONW TOYHOCTHIO OIIEHUTH
IJIOTHOCTH HOIYJIALMH CIIEAYIOIIUX OPraHU3MOB:

A. Portlandia arctica (poromuii 1ByCTBOpYATHIN MOJUTIOCK, COOMPArOITUI AeTpUTOdar,
MaKCUMaJIbHasl IJTMHA pakoBUHBI — 20 MM)

B. Rhizogeton fusiformis (koJioHHaNbHBINA TUAPOUI, OOUTATENIb TOBEPXHOCTHU CKal,
BAJIYHOB U KaMHEH, XUIITHUK, MaKCUMaJTbHAs JuTiHA ToauIoB 10 Mmm)

C. Kamuarckwmii kpabd

D. Micronephthys minuta (poro1iuii MHOTOIIETUHKOBBIN Y€pPBb, XUIIHUK, MAKCUMaJIbHasI
uHA Tena 15 mm)

2.2. BoiOepuTe NpudOPbI, KOTOPbIE OTHOCAT K OPYAUSIM JIOBA /IS KOJINYECTBEHHOW OLEHKHU
MJIOTHOCTH MOMYJIAIUIA. 3aNMIINTE B OTBEIEHHOE MO0JIe€ COOTBETCTBYIONINE OYKBEeHHbIE
o0o3HaueHnuns pororpapuii.

3. Jlsist u3MepeHusi COJIEHOCTH MOPCKOW BO/IbI Yallle BCEro HCMOJIb3YIOT apeoMeTPhbl,
KOHIYKTOMETPBI U pe(h)pakTOMeTPHI - IPUGOPHI, Pa00Ta KOTOPHIX OCHOBAHA HA CBA3H
COJICHOCTH BOJIbI H IPYTHX ee (PU3HMYECKUX CBOMCTB. YKAKATE, 0 KAKHX CBOHCTBAX BOJbI HAET
peub B 3THX TpeX caydasix.

Haunbiii otet: 1) A-6-1
B-5-1V
B-2-V
r-3-11
J-1-111
2.1) AD
2.2) B[
3)ApoMeTpHl - INIOTHOCTH BOJIBI
KOHJYKTOMETPBI - 3JIEKTPOIPOBOIHOCTD BOJBI

pedpakTpoOMeTphI- MPEIOMIICHUE CBETOBBIX JTydei

Bepnsiif orBer  [OTCcyTcTBYeT]




