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BOIIPOC 1: 3ANIPOC HECKOJIBKUX OTBETOB

Boioepute BCE npaBuiibHbIE OTBETHI.
Wnpeiinsl, ocHOBaBIIHE TIEpBEIE TIOceneHNs Ha ocTpoBe Ky0a, Mormu 6paThk ¢ cOO0H B IMyTEIIECTBUS

JlanHble OTBeThI: L4 5.

Bsanensle ananacel

4 C.
ﬂ Kaxkao-060051

Bepnbie orBeTsI: L4 5.

Bsnensle anaHachl

_o-'l C.

Kakao-60051
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BONIPOC 2: 3AIIPOC HECKOJBKUX OTBETOB

Bri0eputre BCE npaBuiibHbIe 0TBETHI.

KonbuaTbie 4epBr — CErMEHTHPOBAHHBIE )KUBOTHBIE, @ 3TO 3HAYHT, YTO BIOJIb TIIABHOM OCH MX T€JIa 3aKOHOMEPHO
MIOBTOPSIIOTCSI HEKOTOPBIE CTPYKTYPBL. BBIOEpHTE 37IeMEHTHI TeNa JOXKIEBOTO YEPBsI, TOBTOPSIOIIUECS BIOIb €0
nepeiHe-3aaHeH ocu.

Jlannbie oTBeThI: L4 .

I'pynmnsl mernHoK

+ C.

OpraHsbl BbIJICIICHUS

_o-'l e.

4

HepaHeie y3mb1

Bepusie otBeTsI: L4 .

I'pynmsl meruHoK

_o-'l c.

Opl"aHBI BBIACICHUA

e

HepsHble y3bl
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BOIIPOC 3: 3ANIPOC HECKOJIBKHX OTBETOB

Boi6epute BCE npaBuiibHbIC OTBETHI.



VY Arabidopsis thaliana (cemeiicTBo KamycTHble) sKeHCKasi raMeTa COICPIKHT B simpe 5 xpomocom. CrieoBaTesbHO, Y
9TOTO BHAA B HOPME

[Jannbie oTBeTHI: L4 3.

Muxpocropa COIEpKHUT 5 XPOMOCOM

_-'I d-
Knerka nrcToBoit mapeHXUMEI coaepkuT 10 xpomocom

Qe

3penslif wieHuk cocyaa coaepxut 10 xpomocom

Bepnble orBeTsI: L4 5.
Muxkpocnopa coaepKUT 5 XpOMOCOM

—-’Idu

Krnerka nuctoBoil mapeHxumsl cogepxut 10 xpomocom

0
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BOIIPOC 4: 3AIIPOC HECKOJIBKUX OTBETOB

Bei6epute BCE npaBuiibHbIE OTBETHI.
Ctporue aHa3poObl — OPraHU3MBbl, HECIIOCOOHBIE K OKUCIUTENbHOMY (HOCHOPUINPOBAHUIO C yIaCTHEM KHCIOPOAa,
MIPUYEM UX XKU3HEACSITEIBbHOCTh HHIHOUPYEeTCs Jajke MUHUMAIIbHBIM KOJIMUECTBOM JIaHHOT'O Tra3za. OTH OPTaHU3MBI

JlaHHbIe OTBETHI: (L hy,
Moryt obutath B pyOlie >KBauHbIX )KUBOTHBIX
_F'I d.
MoryT OBITH BO30YIUTENIME 3200JICBAaHUN YEIOBEKA
_-'I e.
iV | WHora BeIpabaThIBAIOT B KaueCTBE MPOAYKTa MeTab0IM3Ma MEeTaH
Bepnsie otBeTsI: L4 .
MoryT o6uTaTh B pyOIe )KBaYHBIX HKUBOTHBIX
_F'I d.
MoryT OBITE BO30YIUTENIME 3200JICBAaHUN YEIOBEKA

Ae.

WHorna BeIpabaThIBAIOT B KAYSCTBE MPOIYKTa METa00IM3Ma METaH

5
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BONIPOC 5: 3AIIPOC HECKOJBKHUX OTBETOB

Brioepute BCE npaBuiibHbIe 0TBETHI.
Monexyna AT® obOpasyercs B KIE€TKE B X0/1€

-

[lannbie oTBeTHI: 4 3.



Cy6crpartHoro dhochoprapoBaHus

_o-'l C.

Pa6oter AT®-cuHTa36!

—-’Idu

OxucnurensHoro GochopupoBaHus

_o-'l e.

doTodochopunrpoBaHus

Bepunbie orBeTsI: L4 5.

Cy6crpatHoro dhochoprapoBaHus

_F'I C.
Pa6oter AT®-cuHTa36!

A d.

OxucnurensHoro GochopurpoBaHus

_F'I e.

doTodochopumpoBaHUsL

5
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BOIIPOC 6: 3ANIPOC HECKOJIBKUX OTBETOB

Bei6epute BCE npaBuiibHbIE OTBETHI.
Ob6s3aTenbHBIMU (pazaMu pa3pabOTKH JEKapCTBEHHOTO MpETapaTa sBISIOTCS:

Jlannbie oTBeThI: L4 g

IpoBepka 3 pekTHBHOCTH Ha OOJIBIION Pa3HOPOAHOMN IPYIIIE 30POBBIX U OOJBHBIX JIIOJICH

A b.

HCCJ’ICI[OB&HI/IC 3(1)(1)6KTI/IBHOCTI/I Ha OOJIBHBIX JIIOAAX ¢ TPUMEHCHUEM rmaue60

_o-'l c.

TecTupoBaHue npenapara Ha JJaOOpPaTOPHBIX KUBOTHBIX

B Bepnbie orBeTsI: L4 5.

ITposepxka 3¢ pekTHBHOCTH Ha OOJIBIION Pa3HOPOAHON IPYIIIIE 3I0POBBIX M OOJIBHBIX JIIOJEH

4 b.

HccrnenoBanne >3pPpeKTHBHOCTH HA OOJIBHBIX JIFOSMX C MPUMEHEHHEM IUTare0o

_F'I c.

TGCTI/IpOBaHI/Ie npenapara Ha J'Ia60paTOpHLIX JKUBOTHBIX

2 d.

HccnenoBanue MeXaHU3MOB paOOTHI Ha 3I0POBBIX JIFOISIX

0
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BOIIPOC 7: 3ANIPOC MHOTI'OKPATHOI'O BBOJA INPONIYIIEHHOI'O TEKCTA



[epen BamMu m300pakeHUs pa3IMIHBIX CTaIUH KU3HEHHOTO IIUKJIa HEKOTOPOTO poja pacTeHui. PaccMoTpuTe pucyHKH U
BBITIOJTHATE 3a1aHHA.

1. YcraHoBHTE NpaBUIIBHBIN MOPSIOK CTaAUN JKU3HEHHOTO LIMKJIA Y MPEICTABICHHOIO POJia PACTEHUIl, HaunHas C
sinexsneTkn. OTBET 3alMIINTe B OTBEJCHHOE T10JI€ B BHJIE ITOCIIE0BATEIEHOCTH OYKB 03 3HAKOB IIPEIUHAHUS U TPOOEIIOB,
PETUCTpP HE BaKEH.

Ortser: [Y]

2. BribepuTe npaBHIbHBIC XapaKTEPUCTHKH IaHHOTO KU3HEHHOTO IIMKJIa (OTBET 3alHUILIUTe B OTBEACHHOE I10JI€ B BHJIE
MOCJICIOBATEILHOCTH JIATHHCKHUX OYKB B aj(aBUTHOM MOPsAKE 0€3 3HAKOB MPEMUHAHUS U POOEIIOB, PETUCTP HE BAXKEH):
a. Jl71st 3TOTO pacTeHUs XapaKTepHO 00pa3oBaHUE CIOP

b. OmIog0TBOpEHNE IPOUCXOIUT C IIOMOIIBIO BETPa

C. AHTepUANY 1 apXETOHUH PA3BUBAIOTCS OTHOBPEMEHHO Ha OJTHOM PACTEHUH

d. My»XcKue raMeTsl 3THX PACTEHHIA HECYT OJINH JXI'YTHK

e. [ameToduTI 3TOrO pacTeHnst MOTYT KUTh CAMOCTOSTEIIHHO

Ortser: [0]

3. 1o XxapakTepHBIM JIETaISIM CTPOCHUSI ONPEEIINTE, K KAKOMY MOPSIKY OTHOCHTCSI PE/ICTaBICHHOE pacTeHNE

U 3aMHLIATE PYCCKOe Ha3BaHMe TOTO HOPSIIKa B OTBEICHHOE IOJIE:
Ortser: [p]



4. 3anumuTe B OTBEJICHHOE T10JIE PycCcKOe Ha3BaHUe CTPYKTYpbl, 0003HaUE€HHOH Ha pucyHke B cTpenkoii:

Ortser: [t]

5. YKaxuTe INIONJHOCTh KJICTOK TKaHH, HEMOCPEACTBEHHO OKPYKAIOIIEH 3apOIBIII y 3TOTO PACTEHHS (TalIONIHbIC,

TUTUTOUIHEIE, TPUTUIONIHBIE)?

Ortser: [u]

BriOpanHbIii 0TBeET:

MeToa OlleHKH

[epen BamMu M300paXkeHUs pa3IMYHbIX CTaUH KU3HEHHOTO [IUKJIa HEKOTOPOTro poja pactenuil. Pacc

1. YcraHoBUTE NPaBHIBHBIN MOPSIOK CTaANH KU3HEHHOTO IMKJIA Y TIPEJICTaBICHHOTO POJia pacTeHHI
TI0CIIEI0BATENILHOCTH OyKB 0€3 3HAaKOB MPEMHMHAHNS W IPOOEIIOB, PETHCTP HE BayKeH.

Otser: / BEBJAT
2. BribepuTe npaBHIIbHbBIC XapaKTEPUCTHKH JIaHHOTO KU3HEHHOTO IIMKJIA (OTBET 3aIUIIUTE B OTBE/ICH
nopsijike 6e3 3HaKOB MPENMHAHUS U TIPOOEJIOB, PETHCTP HE BAXKEH):

a. [l 3TOTO pacTeHus XapakTepHO 00pa3oBaHHE CIIOP

b. OmiogoTBOpeHHE MPOUCXOAUT C TIOMOILBIO BETpa

c. AHTepUANHU U apXeTOHNH PA3BUBAIOTCS OHOBPEMEHHO Ha OJTHOM PacTeHUH
d. MysKCcKHe TaMeThl 3TUX pacTeHH HECYT OJIUH XKI'YTHK

c. FaMeTO(l)I/ITBI 9TOT'0 PACTCHUA MOT'YT JKUTh CAMOCTOATCIIBHO

Otser: & abc

3. Ilo xapakTepHBIM JieTalsIM CTPOSHHUS ONPEASIIUTE, K KAKOMY HOPAAKY OTHOCUTCS HPEJICTAaBICHHOE
OTBEACHHOE I0JIE:

Orser: & Tonocemennbie

4. 3anumuTe B OTBEJICHHOE TI0JIE PyCCKOe Ha3BaHUe CTPYKTYpBhl, 0003HaUeHHOH Ha pucyHke B cTper
Orser: & apXeroHui

5. YKaxuTe IIONAHOCTh KJIETOK TKaHH, HEIIOCPEICTBEHHO OKPY’KaloIeH 3apOo/IbIII y 3TOTO PACTEHHS

OrtBet: @ ranjJouaHbIC

HpaBl/lﬂbeIe OTBETHI NJIsl: Y



BOIIPOC 8:

Tounoe coomsemcmaue

MeTo/ OLIeHKH

Tounoe coomsemcmsue

MeToa OLleHKH

Cosnadenue wiabnona

Cosnaodenue wiabnona

MeToa OLleHKH

Coenaodenue wabnona

Coesnaodenue wabnona

MeToa OLIeHKH

Tounoe coomeemcmaue

BEBJIAT

HpﬂBHJ’leble OTBEThI 1JIsl: O

A

ﬂpaBmleme OTBETHI AJIs1: P

[Celocuorre( )?()2()?()?()?()?()?2()?()?()2()?
[Xx]soiinbre( )?()?()?()?()2()?()?()?()2()?()?

IIpaBuibHBIE OTBETHI 1JIs: t

[Aa]pxeronmii( )?()?7()?()2()?()2()?()?()?()2()?
[Aalitnexnerka( )2()?()2()?()2()?()2()?()2()?()?

HpﬂBl/l.Tl]:-H]:-Ie OTBETHI 1JIfl: U

T"announeie

I 8
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3AITIPOC MHOT'OKPATHOI'O BBOJA NPOIIYWEHHOI'O TEKCTA

[epen Bamu - n300pakeHAS IEPEIHETO KOHIIA TeJla Pa3INYHBIX )KUBOTHBIX (COOTHOIICHUS pa3MEpOB HE COOITIOICHEI).
Omnpeznenure, K KAKHM KJIaCCaM OTHOCSTCS 3TH )KUBOTHBIC. 3aIUIIUTE PYCCKHE HA3BAHUE dTHX KIACCOB B OTBEICHHBIC TTOJI
PSIOM C COOTBETCTBYIOIIMMH HOMEPaMHU.

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

BriOpanHblii oTBeET:

Hepe,u BaMHU - I/I306pa)KCHI/IH NEepEAHCTO KOHIIA TEJa PA3JINYHBIX JKUBOTHBIX (COOTHOH.IBHI/U[ pasMepoB
JKHBOTHBIC. 3aIUIIIHNTE PYCCKHUEC HAa3BaHUC 3TUX KJIACCOB B OTBECICHHLIC MOJISI PAAOM C COOTBETCTBYIOI



MeTo/ OLleHKH

Tounoe coomsemcmaue

MeToa OLIEHKH

Cosnaodenue wabnona
Cosnaodenue wabnona

Cosnadenue wabnona

MeTo/ OLleHKH

Coenaodenue wabnona

Cosnaodenue wabnona

MeTo/ OLIEHKH

Cosnaodenue wabnona

Cosnaodenue wabnona

MeTox OLIEHKH

Cosnaodenue wabnona
Cosnaodenue wabnona

Cosnaodenue wabnona

BOIIPOC 9: 3CCE

1.9 MuekonuTamwme
2. & MHOTOLIETHHKOBbIE YePBU
3. @ kocTubIe PBIOBI

4. ampuoun

5. ) nacexombie

ﬂpamml.m.le OTBETHI 1JIsl: O

Mekomnuraromnme

IIpaBuiabHBIE 0TBETHI AJs: |

[Mm]uoromerunkossie uepBu( )?( )?()?()?()?2()?()?2()?()?
[KxJompuensi( )?()?()2()2()?()?()?()?2()?
[AaJuremansi()?()?2()?2()?()?()?()?()2()?

IIpaBuibHBIE OTBETHI JJISA: Y

[KxJoetasie piobi( )2( )2()2()2()2()2()2()2( )?
[JIn]ysenepsie puiosi( )?()2()?()?()?()?()?()?()?

“p‘dBMJlbllblC OTBETHI JIsI: U

[33]emuoroansie( )2( )2()2()2()?2()?2()?2()2()?
[Aa]mbubun( )?()?()?()?2()?2()?2()?()?()?

"paBl/lJ'leble OTBETHI 1JIs: t

[Hu]acexompie()?()?()?()?()?()?()?()2()?
[I'r]excanonsi()?()?()?()?()?()?()?()?()?
[m]ecrunorne( )2()?()?()?()?()2()2()2()?
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Hepez[ BaMU TCKCT, conepmamnﬁ IIITh OMOJIOTHYSCKUX OIMMOOK. BHMMaTEIbHO MpoOYTHUTEC €TO,
HaﬁHHTe OIIMOKHU U O6’B$ICHI/IT€, B YEM OHH 3aKJIIOYarOTCs, BIIMCAaB OTBET B OTBCACHHOC IT0JIC.

Buumanue! Ucnpasnenue ¢paspl UCKIIOYUTETHLHO OTPUIIAHUEM (MOXKET — HE MOXKET, UMEeT — He
B nmeer u 1.11.) He 3acunThBacTest. HeoGxoxuMo c)opMyTHPOBATE YTBEPANTEIHHOE MPETOKEHHE.



OBynALusg TNPOUCXOIUT Yy 4YelloBEKa Ha cTaauu Meradasbl MEpBOro JelieHus Mekosa.
OnnonoTBOpeHNE AWLEKIETKA B HOPME OCYIIECTBISETCS TOJIBKO OJHHUM CHEpMaTo30MAOM. Bo
BpeMs 3TOr0 MIpoliecca akpocoMma CIepMaTo30Maa, KOTOpas COACPKUT JIU3UpYoImue (HEepMEeHTH U
MPEACTABISIET CO00M 0COOYI0 pa3HOBUIAHOCTh MUTOXOHIPHH, CIUBACTCS C HAPY)KHOU MEMOpaHOU U
BbIOpAchIBa€T CBOE COACPKUMOE, pacTBoOpsioliee sifleByro o00010uky. Kak Tombko sapo
CIiepMaTo30M/ia IMPOHUKAET Yepe3 MeMOpaHy SHIEKIeTKH, Ha €€ MOBEPXHOCTH MPOUCXOAUT
JJIEKTPUYECKasi peakius, 3a KOTOPOH CIEAYIOT XHUMHUYECKHE TMPOIECChl. ITO NPHUBOAUT K
VIUIOTHEHHIO OJecTsiiell 00OJIOUKH BOKPYT SIMIIEKIETKH, YTO JENaeT €€ HEMpPOHHUIIAeMOM s
JPYTUX CIIEPMATO30U/I0B.

Cawmble nepBbI€ 3Tallbl Pa3BUTHS 3apObIIIA IPOUCXOIAT BO BPEMSI €r0 HAXO0XK/ICHHS B SIMYHUKE.
Ha sToM sTame mpoucxoaut apoGieHue, o0pazyeTrcs MHOTOKJIETOYHAs OJIacTyina THIIa MOPYJIBI, a
3aTeM BHYTPU MOpPYJbl BO3HHKAE€T IIOJOCTh U TaKUM oOpa3oM QopMupyeTcs OJacTOLHUCTa.
EHaCTOLII/ICTa AOCTUTAaCT MATKU U HAYUHACT IPOHUKATH B €€ BHIIOMCTpI/IfI. OTtoT MponeCcC Ha3bIBACTCHA
nMIutaHTauuend. Clenyromuid 3Tan pa3BUTUS WAET NapajulesIbHO C MMIUIAHTAIMEd M Ha3bIBaeTCs
Heipynsamuen. Ilpu sToMm oOpasyercs ABa 3apOJBIIIEBBIX JIMCTKA: 3KTOAEPMAa U SHTOJEpMA.
DKTOZlepMa MO3KE AAeT HAadyaJlo MOKPOBaM, HEPBHOM cUCTeMe, opraHaMm 4yBCTB. M3 sHTOIEpMBI
IMPOUCXOAAT BCC OTHCJIbI HHHleBapHTeJIBHOI;'I CHUCTEMBI. 3aTeM MCXKAY ABYMSA STUMH JIMCTKAMU
BO3HMKAeT TPETUH: Me30JepMa, MNPEIUIECTBEHHUK ONOPHO-ABUTATEIbHOW, BBIICIUTEIbHOM,
KPOBEHOCHOH U MOJI0BOM cucTeM. [[pyrue KieTKu 3apojbliia IpopacTaloT BHYTPb MATKH U BMECTE C
KJIETKaMU SHJOMETPHs. MAaTKU JAal0T HAuyajo IUIALleHTe. 3aTeéM M3 3KTOAEPMBbI 3apojbllla BHYTPb
HHBArMnHUPYCT U OTIOYKOBBLIBACTCA HCPBHAA pr6Ka - OTOT OJTall Pa3sBUTUA HA3LIBACTCA
HEUPYIALUEH.

Hannpiif 1. OByIAIUS IPOUCXOIUT Y YEIIOBEKA HA CTaIny MeTada3bl BTOPOTO JEeJICHUS Mei03a, Tak Kak OJIOK Metio3a

OTBeT: y 4eTI0OBEeKa IIPOUCXOUT UMEHHO Ha 3TOH CTauH (SHIEKJIETKA 3aBEPIIUT ACICHHE TOJIBKO MOCIIe
OIIJIOZIOTBOPEHHUS)

2. AkpocoMa criepMaTo30m/ia npeAcTaBisieT co0oil MPOU3BOJHOE anmnapaTa [ oabmpKku.
3. Camble TIepBbI€ ATAIbI Pa3BUTHSI 3aPO/IBIIIA IIPOUCXOAAT B MATOUHBIX TPYOax.

4. bractonucra odpa3yeTcst IIyTeM MUTPALUK B TI0JIOCTh IPYIIIBI KJIETOK-3MOpHOOIacTa (TepsoT KOHTaKT €
MOBEPXHOCTHBIMU KJIETKaMH), KJIETKH 000JI0YKH 0J1aCTOIUCTHI-TpO(d00IacT.

5. IapaniensHO ¢ UMIUTAHTALMEH TPOUCXOIUT TacTPYIALUA-00pa30BaHHEe ABYX 3aPOIBIIIEBbIX JINCTKOB:
9KTOAEPMBI U 3TO/IEPMBI.

BepHnprii [OtcyrcrByer]
OTBET

4
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BOIIPOC 10: 3AINPOC MHOTOKPATHOTO BBOJA MMPOINYIMEHHOI'O TEKCTA

B oannom 3a0anuu eam HeobOX0OUMO NPOAHAIUBUPOBAMb (hpazmenm meKcma, NOCEAUJeHHbIU
MemoouKe UCCIe008aHull, U HA OCHOBAHUU CEOUX 3HAHUU U UHDOPpMAyuu U3 mMexkcma GblNOJHUMb
3a0anus.

Meton nonumepasHou nenHoi peakuuu (IILIP) B Hacrosmiee BpeMs IIMPOKO MPUMEHSETCS B
ouomornn u Memuuuue. Kmaccuueckas IIIP mo3BosiseT modydnTh OOJBIIOE KOJMYECTBO KOMUN
juHTepecymomeit Hac nocienoBatenbHocTH JIHK. CrnenududHoCTh JaHHON peakiuu O0ecTeuyuBaroT
HEOOJIBIIINE TIOCIIEIOBATEILHOCTH HYKJICOTHJIOB - MpaiMepsl. MX moaduparoT k o0OWMM KOHIIAM
ammummdumupyemoro ydactka JIHK Takum oOpa3zom, 4TOOBI MOCIEIOBATEIHLHOCTh TaK HA3BIBAEMOTO
MPSIMOTO TpaliMepa COOTBETCTBOBAJIA MOCIEAOBATEIIBHOCTA Ha 5°-KOHIIE IETH, TOrAa KaKk OOpaTHBIN
npaiiMep OOpaTHO KOMIUIEMEHTapeH IOCIe0oBaTeNbHOCTH Ha ee 3’-koHie. Hampumep, ecnu
uHTepecyromuii Hac y4actok JIHK 3akanumBaercs mnocnenoBarenbHocThio 5 -AAGCTA-3°, To



obOpatHbIii mpaiiMep OymeT uMeTh mocienoBarebHOCTh: 5 -TAGCTT-3". Urtobsl mpaiiMepsl MOTIH
y3HaTh HeoOxoaumyro mocienoBareabHocTh JIHK cmecs mns ITIHP peaknum HarpeBaroT [0
OIPECIEHHON TeMIEPATYPhl - TEMIEPATYpPhl OT)KUra MpaiiMepoB. JTa TeEMIIepaTypa pacCUUTHIBACTCS
nyTeM TMpuOaBlieHUss K TemIrepaType IUlaBlieHUs (TeMmmeparypa, IOpU KOTOPOH MPOUCXOIUT
pa3peAMHEHUE JABYXLENOYEYHON Mojekyasl mpaiimepa) 4°C  rpanycos. JHK-monumepasa,
OCYIIIECTBIISIOIIAs PEIUIMKALNIO HHTepecyromero Hac yyactka JIHK, ucnonb3yer mpaiimep B KauecTBe
3aTpaBKH JUIs Hadaja CUHTE3a. B pesynpTare JaHHOW peaKkIMU TOIYy4aeTcss KOMUS HEOOXOIUMOii
nocinenoBarenpHoct JIHK.

s Toro, 4To0sl pa3znuuuTh nociaenosareiabHocty JJHK, MOKHO MCIIOIB30BaTh PECTPUKTA3HI —
(bepMeHTBI, KOTOpPBIE Y3HAIOT U Pa3pe3aroT CTPOro ONpeesieHHbIE MOCIEI0BaTEIbHOCTH HYKICOTH OB
B JIHK (Tak Ha3piBaeMmble caiiTel pectpukimu). Hampumep, pecrpukraza Pfull, y kotopoii caiit
pecTpUKIMKH HeceT mocienoBareabHOCTh 5 -GCATC G-3°, mpu peakiud ¢ IOCICI0BATEIbHOCTHIO

JHK Oymer paspe3arth ee Ha jBa (parMeHTa, COACpIKaIlie Ha KOHIAX IOCIIEA0BATEIbHOCTH 5 -
GCATC-3' u5-G-3.

1. B mpennokeHHOW MOCIEI0BATEIbHOCTH HYKJIEOTHIOB 3aKOAUpPOBaH menTua JuuHou 19
AMUHOKHUCIIOTHBIX ~OCTaTKOB. Bam HeoOXxoammo momoOpaTh mpaiMepbl ais  amIuTA(UKaIim
HYKJICOTHIHOM IOCIIeJIOBATEIbHOCTH, KOJUPYIOUIEH MaHHBIA MENTHA, HAayuHasi CO CTapT-KOAOHA
(ATG), u coaepxamieit crom-komoH (TGA, TAG, TAA). [lomuute, 4To mpaiMepsl AODKHBI OBITH
cnenuuYHb 1 00J1a1aTh MPUMEPHO OJMHAKOBOM TeMIiepaTypoi IuiaBlieHus (paznuuus He Oonee 2-4
°C). Temmepatypa 1uiaBieHust paccuuThbiBaetcs o popmyne: 2(A+T) + 4(G+C), rue OykBbI - 3TO
KOJIMYECTBO HYKJICOTHAOB KaXAOro THma. Pasmep KaxIoro mpaiimMepa JOMKEH COCTaBIATh 15
HYKJICOTHUJIOB. 3alMIIMTE B OTBEJCHHOE I0JI€ MOJyYEHHbIE MpaiiMepbl B HampaBieHUU OT 5'- K 3’-
KOHIY B BH/E IO0CJeJ0BATEJbHOCTH 3arJIABHBIX JATHHCKHX OyKB 0e3 mpoeoB (B TOM 4mcJie
KOHIIEBBIX) H YKQOKHUTE TEMIIEPATYPY MX TIIABJICHUS.

5’ - CACATGACAATAACGGATCATTCTTATACCACGCGTAAAGATCTACCTGGT
ACGTTGTCATGATTT -3’

Otsert:

[Mpsimotii nipaiimep: [X]

O6parHbiit mpaiimep: [Y]

Temnepatypa HiaBaeHHs npaMoro npaiimepa: [2]°C

Temneparypa miasienus ooparnoro npaiimepa: [K]°C

2. [Monmyyennslit B mpeapiaymeit yactu 3agaaus [I1P npoaykt BcTpanBaeTcs B IIa3MHILy JUTSI CHHTE3a
Oenka B OakTepusix. Bam maHbl mocienoBaTeIbHOCTH (CalThl PECTPUKLMHU), MO KOTOPHIM JBE
pecTpukTassl (3HAOHYKIIEa3bl pecTpukiuu) cnenuduyno paspesaroT JHK. B oTteBere ykaxkurte pazmep
(GparMeHTOB, KOTOpble MOJy4yaTcs B pe3yJbTaTe pPEaKLUUU PECTPUKLUH, MPOU3BEACHHOW ASTUMHU
pEeCTpUKTa3aMH JIJIsl TIa3MU/IbI, COJIEprKalllell BCTaBKY B PAaBUILHONW OpHUEHTAIMH LIETIH.

Milul 5" - A|CGCGT - 3°

Hpal 5" - GTT|AAC - 3



4800 n.H.

MEeCTO BCTaBKu

Hpal
Hpal 3800

Hpal
1000 1000

4800 n.H.

@ npomoTop

OTBeT 3anMIINTE B OTBCACHHOC 1M0JI€ B BH/I€ MOCJCI0BATCJIABHOCTH YUCEC/I, PACIOJOKCHHBIX 11O
BO3paCTaHUI0O M PA3ACJICHHBIX OAUHOYHBIMU npoﬁe.ﬂaMn.

Ortser: [M]

BbiOpaHHblil 0TBET:

B oannom 3a0anuu eam neobxooumo npoanaruzuposams ppacmenm mekcmad, noce
3HaHUU u ungpopmayuu us
Meroxa noaumepasnoit nienHoi peaknuu (IILIP) B HacTosImee BpeMs HIUPOKO IT
MO3BOJISIET TOJIYYUTHh OOJBIIOE KOJUYECTBO KOMHUN HMHTEPECYIONIEH HAc IOCIE)
obecreunBarOT HEOObIIKE MMOCIIE0BATEILHOCTH HYKJICOTUIOB - mpaiimepsl. Mx n
JHK takum oOpa3oM, 4ToOBI MOCIEIOBATEIBHOCTh TaK HA3bIBAEMOTO MPSMOTO Ipa
L[EeNH, TOr/1a Kak oOpaTHBIN mpaiiMep 0OpaTHO KOMILJIEMEHTAPEH MOCIEI0BATEIbHO
yuactok JIHK 3akanumBaercs mociemoBarenbHocThio 5 -AAGCTA-3", 10 00p:
TAGCTT-3". UroObl mpaiiMepbl MOTJIHM Y3HaThb HEOOXOAMMYIO MOCIIEI0BATEb
OTIPE/ICIICHHOW TEeMITepaTyphl - TEMIIepaTypbl OTXKUTA MpaiMepoB. DTa TEMIIEpAaT,
IUIaBJIEHUs (TeMIepaTypa, Ipyu KOTOPOH MPOUCXOIUT pa3beIMHEHUE ABYXIEOYECUH:!
OCYILECTBISIONIAsl PEeIrMKanuio uHTepecyromero Hac ydactka JIHK, uncnonb3yer
pe3ynbTaTe NaHHOM peakluy MOMy4aeTcsl KOMUsI He0OXOAUMOM MOCIeI0BaTeIbHOCTI
Jns toro, ytoObl paznuuuth nocienoBatenbHocTH JIHK, MoxxHO ucmon
pa3pes3aroT CTPOro onpeAeNeHHbIe MocienoBaTeNbHOCTH HykieoTnn0B B JIHK (Tak
Pfull, y koTopoii caiiT pecTpHKIMH HeceT mocienoBaTeapbHocts 5 -GCATC G-37, 1y
ee Ha JiBa ()parMeHTa, CoJaeprKaIlne Ha KOHIax mociaeaoBateaboctu 5 -GCATC-3

1. B mpeanokeHHOI MOCIeI0BATENbHOCTH HYKIICOTHIOB 3aKOIUPOBAH MENTHU] ]I
nmoio0paTh mpaiMepsl IS aMITTUUKANNA HYKJICOTHIHOM ITOCIIeIOBATEILHOCTH,
(ATG), u coxepxaineit cron-komon (TGA, TAG, TAA). IlomHuTe, YTO Mpaim
OJIMHAKOBOHM TemIieparypoi TuiaBieHus (pasnuuus He Oonee 2-4 °C). Temmepar
4(G+C), rae OyKBBI - 3TO KOJIHYECTBO HYKJICOTHIOB KaXJOro THma. Pasmep K
3anuinuTe B OTBEJACHHOE IOJIE€ TMOJYYEHHbIE MpaliMephl B HAMpPaBICHUU OT 5’-
JIATHHCKHUX OYKB 0e3 n1po0esioB (B TOM 4HcJ/ie KOHIEBBIX) M YKOKUTE TEMIIEPATYP

5" - CACATGACAATAACGGATCATTCTTATACCACGCGTAAAGATCTAC
ACGTTGTCATGATTT -3’

OrtBer:

[Mpsimoii mpaiimep: “# ATGACAATAACGGAT

O6parnsrii npaiimep: “# TCATGACAACGTACC

Temneparypa niuaBiaeHus npsaMoro mpaiitmepa: & 40°C

Temneparypa niaBieHus oOpaTHOro npaiimepa: 4 44°C

2. TlomyuenHslii B mpensinymneid dactu 3amanust [1LIP mpoaykt BcTpamBaercsi B



MOCJIEIOBATEILHOCTH (CAalThl PECTPUKIIMK), TI0 KOTOPHIM JIBE PECTPUKTA3bl (IHIO
OTBETE YKKUTE pasMep (PparMeHTOB, KOTOPHIE MOJYYaTCs B PE3YNIbTATE PEaKIIUY
TUTa3MHUIBI, COJICPIKAIIel BCTABKY B IIPABUIIBHOM OpPUEHTAIINH TICTIH.

Mlul 5" - A|CGCGT - 3

Hpal 5" - GTT|AAC - 3

MeCTO BCTaBKU

Hpal 0 0
Hpal
3800 {g’g(l) 3%;)00 b
1000
4800 n.H. 4800 M.H.
® npomoTop

OTtBer 3anMIuMTe B OTBEJCHHOE II0JIe B BHAE IOCIEI0BATEIbHOCTH YHCEJ
OMHOYHBIMH NpodeIaMH.
Otser: €3 968 972 1028 1032 2800

MeTo OLleHKHU IIpaBuJibHBIE OTBETHI AJIsI: X
Cooeporcum ATGACAATAACGGAT
MeTox OLEHKH [IpaBu/IbHBIC OTBETHI AJH: Y
Cooepoicum TCATGACAACGTACC
MeTox oneHKH IlpaBuJibHBIE OTBETHI AJISI: Z
Tounoe coomeemcmaue 40

MeToa OleHKH [IpaBuabHBIE 0TBETHI 1JIs: K
Tounoe coomsemcmeue 44

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

4
u3 5 0aj10B

BONIPOC 11: OTBET, OTPAHUYEHHBIN MO JJUHE

Kakum 06pa30M BbI CMOZKETEC YCTAHOBUTD NMIPABUJIBHOCTD IMOCJIEA0BATC/ILHOCTH, nonyqennoﬁ
B pesyabrare III[P peaknnu B npeabinymeM 3aganun? Kparko onumure npuHIMAN
NPeIJI0KEHHOI0 METOAA.

7@ Hauneiii  [IpaBHIIBHOCTH NOCIIEIOBATENBFHOCTH (PParMEHTOB MOXKHO YCTaHOBHUTB C TOMOIIBIO METO/1a CEKBEHUPOBAHUSL.
orBeT: B cucremy ¢ pparmentamu no6asisror ANTP u ddNTP, nonmumepasy u npaiimepst (B 4 pa3Hble eMKOCTH
no0aBisieM pasHble AUAe30KCHHYKIICOTHbI, KoTopble npepbiBatoT cunte3 JJHK B onpenenenHom mecte),
Jiajiee ¢ MOMOIIBIO CIELUAILHOTO Tells IPOBOIUM IEKTPOodopes, KOTOPHI MOMOKET Pa3InIHuTh
HYKJICOTH/IbI C TOYHOCTBIO 110 1, 3aTeM, KOMOMHUPYsI ()parMeHThl, yCTAaHABIMBAEM TOCIIEIOBATEIbHOCTh



uenoro yyactka JIHK. Ho ceituac ans aTux mneneit MCHonab3yOTCs clieluaibHble CEKBEHATOPBI.

Bepubiit  [OtcyrcTByer]
OTBET

5
u3 5 0ajl10B

BOIIPOC 12: 3ANPOC MHOTOKPATHOTIO BBOJA MMPONYIMEHHOI'O TEKCTA

Brumamenvno npouumaiime nl)eaﬂO.?iceHHble &DaZMeHmbl mekcma u paccmompume pPUCyHKU, samem nepexoéume K
BbINONHEHUIO 3A0AHUL.

®parmeHT 1.
HecmoTpa Ha oTcyTctBMe MOPGHONOTrMYECKM BbIPaXKEHHbIX XPOMOCOM B MHTepdasHOM sape 3yKapuorT,
reHeTUYEeCKM MaTepuan COXPAHAET YEeTKYl0 Ccerperauuio B MPOCTPAHCTBE — MMEHHO OHA OTBeYaeT 3a
MHOTOYPOBHEBYIO Perynauuio sKcnpeccum B reHome (PucyHok 1). CambiMM KPYMHbIMU KOMMNAPTMEHTaMM
MPUHATO CYMTaTb XPOMOCOMHbIe Tepputopumn (XT) — orpaHUYeHHble 06/1acTh, 3aHMMaeMble XPOMaTUHOBLIMMU
dmnbpunnamm B uHTEepdasHom agpe.

Xpomocomunie
TEPPNTOPMM

KoMnaprseHTel

TAuiw
oyb-TAlu

L2

FNAHCEP NPOMOTOR  IMXAMCED-CARNEHOED  WMcynrTop-smcynatop

Pucynox 1. Mepapxust opraHu3anyy XxpoMaTiHa B HHTEp(ha3HOM siIpe

BHyTpu Kaxkpon XT reHeTUMYeCcKUin maTepuan noapasfenatoT Ha [Ba KPYnHbIX KOMnapTmeHTa — A u B, rae
nepBbln NpeacTaBnfeT coboil aKTMBHO 3KCMPECCUMPYIOWMIACA XPOMATUH, @ BTOPON — PEenpeccUpOoBaHHbIN.
Cnepyowmi ypoBeHb MPOCTPAHCTBEHHOM OpPraHU3auMM XpPOMaTUHA — TOMOJIOTMYECKM aCCOLMMPOBAHHbIE
aomeHbl (TAAbl). PM3nMYEeCKM OHM NpPeAcTaBAAaOT cobOW CrpynnMpPOBaHHbIE NETIN XPOMATMHA, coaepiKalume
HECKO/IbKO TFeHOB M aCCOLMMPOBAHHLIX C HUMW 3HXAHCepoB M canneHcepoB (PucyHok 1). [OevictBue
PerynsTopHbIX 371eMEHTOB Ha reHbl apyrux TALos penpeccupyeTca benkamu-uHcynatopamm — CTCF u
KoresmHom. 3Tu ABa Oesika UrpatoT peLlatoLLyto Posb B NoaaepaHum cTpyKTypbl TAZLOB M pacnonaratotca Ha
MX rpaHuuax. Yacto pesynbTaTbl MccnenoBaHWMW CTPYKTypbl TALLOB npeactaBnsaloT B BUAE XMTManos, rae
uBeTtom 0603HaYaeTcs ypoOBEHb B3aAMMOLEWNCTBUMIA MexAy pasHbiMM yyacTkamu [JHK (PucyHok 2). Mo
CHUMKEHMIO 4acToTbl B3auMmogencteui yyactkos JHK n opueHTtaumm cainttos CTCF mMOXKHO MapKmpoBaTtb
rpaHuubl TALoB. BHyTpu KpynHbix TAZlOB eCTb y4acTKM MOBbIWEHHOIO B3aMMOAeNcTBMA BHYTpU cyb6TAlos.
HaKoHeu, oTaesibHble TeHbl U UX LMC-PEryaTOPHbIE 3/1eMEHTbl 06pPasyioT XPOMOCOMHbIE METAM 33 CYET
aencreus TPaHCKPUNLMOHHbIX dakTopos (PucyHoK



YacToTa B3aumoaencTeni

1 Yerkan > Pasmbitan
Huskaa Bobicokaa rpaHuua ’ rpaHvua
"‘. T/;ﬂa _il : % TAla B
S— wate,
Opuentauma CTCF it ——tp— - <
YpoBeHb uHcynauum | 1 H ".Bblcomﬁ

1).

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

®dparmeHT 2.

YacTto npuMyYMHaMM HacnenCcTBEHHbIX 3ab0NeBaHUI ABNAIOTCA NPOCTPAHCTBEHHbIE MEPECTPOMKN XpOoMaTUHaA. B
KauecTBe Mpumepa MOXKHO  PaCCMOTPETb  pas/IMyHble  AynavKauuum B JIOKYCe,  coAepKallem
reHbl KCNJ2, KCNJ16 n SOX9. TeHbl KCNJ KOaMpylOT Kanunesble KaHanbl, a SOX9 AsnaetcA O4HUM U3 TNABHbIX
PerynaTopoB pPa3BUTUA MYMKCKUX roHan. B Hopme reHbl KCNJ n SOX9 obpasytoT Asa He3aBucumbix TAfda (Puc.
3a). Uumpa-TAL, aynavKauma 3aTparMBaeTt perynaTopHblid y4acToK BHYTpu SOX9 TALa. Ha pucyHke 3b BuaHo
NoBbILEHHOE B3aMMOLENCTBME [ABYX [AYNJIMLMPOBAHHbIX Y4Y4acTKOB Mexay cobo — 3To npuBoaMT K
Hecneunduyeckoi akcnpeccum reHa SOX9 n GeHOTUNUYECKON CMEHEe MOJa C YKEHCKOTO Ha MYXKCKOW. MHmep-
TAL aynavkaums npoucxoguT Ha rpaHuue KCNJ n SOX9 TAOos (Puc. 3c). 310 npuBoauT K GOPMMPOBaHUIO
HoBoro TA[a, rae reHbl KCNJ HaxogATcA no4 KOHTPONEM PerynatopHbiX anemeHToB SOX9. lNpu passutum
KOHEYHOCTEM MbIWEN, HeCcyWwmMx AOaHHY0  AYyNAMKaumio, MPOCTPAHCTBEHHbIA  XapaKTep 3JKcrnpeccuun
reHa KCNJ2 coBnagaeT c TakoBbiM Yy Sox9, yero He Habnogaetca y mblwen amkoro tvna (Puc. 3d). Mogm
¢ uHmep-TAL, aynavKkaumen AeMOHCTPUPYIOT cMHAPOM KyKa — runonnasuio Horreil U Hepgopassutue danaHr
nanbues. Kannesble KaHasbl y4acTBytOT B BMP cUrHannHre, KOTopbi UrpaeT KNtoveByto posib B MopdoreHese
KOCTeMn.

a 110,000,000 111,000,000 112,000,000 113,000,000

Wild type

o e B i, . i
p o Keni16 Keni2_ @ Sox @ d  Widtype Dup-C Wild type Dup-C

p 110,000,000 111,000,000 112,000,000 113,000,000

S o
Intra-TAD %

Dup-S

>

" N
- o Tal 2 . ’ 5
e i i, a3
O Kenj16 Kerye ) ' x
S— e Sox9 @
© 110200000 111,000,000 112.000.008 12000, 000
Inter-TAD -~
Dup-C . Q ;
Kerj16 Kengz @ :
.—'ﬁ - T Sox9 ©
5 4

PucyHOK 3. a - xuTman B3ammogenctamuii yyactkos JHK y mobiweit gukoro una (Wild type); b -y
Mbiwer ¢ uHmpa-TAL paynnvkaumeit (Dup-S), rae ctpenkolt 0603HavyeHo nosisiieHne Hoeoro cy6-TALa;
C - Yy mblwen ¢ uHmep-TAL aynnvkaumeit (Dup-C), rae ckobkamm 0603Ha4YeHO NOABAEHME HOBOTO
TAa; d - npocTpaHCTBEHHbIM NaTTepH aKcnpeccun reHoB SOX9 n KCNJ2 B pa3suBatowmxca
KOHEYHOCTAX Mbllen ANKOro TMna u ¢ uHmep-TAL aynavkaumen.




B kaoicoom u3 npueedénnvix nudice 3aoanuii evioepume BCE npasunvnuvie eéapuanmol omeema. Kasicowvlii omeem

3anuuwiume 6 CHeYUAaIbHO OMEEOCHHOE NOJIe 8 8U0e NOC/1e008AMETbHOCHU OYKE 8 alhasumnom nopaoke 6e3 3HaKoe
NpenuHanus u npodenos (pecucmp He 6ai)3cen).

1. NpounTtaitte ®parmeHT 1 1 BbIGEPUTE NPABU/IbHDBIE YTBEPKAEHUA:

KomnapTmeHTbl aKTUBHOIO U penpeccMpoBaHHOro XpOMaTHUHA XapaKTepHbl A1 BCeX
XpOMOCOM

CTCF v KoresuH pa3srpaHM4YMBalOT XPOMOCOMHbIE TEPPUTOPUN MeKAY coboin

CHUXKEHHbI YPOBEHb B3aUMOAENCTBUI MEX Ay NocneaoBaTe/IbHOCTAMU KoppeanpyeT
C pacnonoxeHnem y4yactkos ceA3biBaHmAa CTCF

Ha rpaHnuax cy6TALoB ecTb y4acTku ceasbiBaHus CTCF
Orser: [K]

2. MpouunTarite PparmeHT 2 1 BbibepuTe NPaBUIbHbIE YTBEPKAEHUA:

Mpu cnHgpome KyKa perynatopHble snemeHTbl SOX9 U3MeHAOT NPOCTPAHCTBEHHbIM
XapakTtep akcnpeccmn KCNJ2

NHTep-TA aynavkauma conpoBOXKAaeTcA NoABeHMEM HOBOro AOMNOAHUTENbHOIO
TAa

Mpu nHTpa-TAL AyNANKaUMKM SHXAHCEpP CTan AeNCTBOBATb HAa HOBbIE FeHbl-MULLEHMU

YBenunueHue yposHa akcnpeccnm SOX9 npu cmeHe nona npoucxoauT 3a cyer
yBe/n4eHMA KONUMUHOCTM reHa
Orteer: [I]

3. MpouunTante PparmeHTbl 1 1 2 1 BbIbepUTE NPaBUIbHbIE YTBEPKAEHUS:

Mpu nuTep-TAL AynamMKauum BO3HUKAKOT HOBble y4acTKu ceasbiBaHuA CTCF

Mpw nHTpa-TAL AynanKauum HoBbIN cy6-TALL UMeeT YeTKME rpaHuLbl, KaK U
obwuin SOX9 TAA

MOKHO CKa3aTb, 4TO NP GEeHOTUNMUYECKON CMEHE N0aAa XPOMATUH U3MEHAET
CTPYKTYpY Ha ypoBHe cy6-TALJOB 1 XpOMOCOMHbIX NeTesnb

Mpu cMHgpome Kyka HoBoobpa3oBaHHbIM TAL byaeT HaxogaMTcA B 04HOM

KoMnapTmeHTe BmecTte ¢ cocegHnmm TALdamu
Oteer: [M]

4. CooTHecuTe Nocnen0BaTeIbHOCTU 3/1IEMEHTOB B FTeHOME U UX GEHOTUMNYECKMM NPOABJEHNEM:
F'eHbl KCNJ16/KCNJ2 - cant CTCF - aHxaHcep SOX9 - reH SOX9 - cant CTCF: AMKnit Tun
FeHbl KCNJ16/KCNJ2 - cant CTCF - aHxaHcep SOX9 - aHxaHcep SOX9 - reH SOX9 - calit
CTCF: cuHapom Kyka
F'eHbl KCNJ16/KCNJ2 - cant CTCF - aHxaHcep SOX9 - reHbl KCNJ16/KCNJ2 - caint CTCF -
3HxaHcep SOX9 - reH SOX9 - cant CTCF: deHOTUNUYECKAA CMeHa Nnoa

FeHbl KCNJ16/KCNJ2 - cant CTCF - reH SOX9 - caitt CTCF: deHoTMNMYECKasa CMeHa nona
Ortser: [n]

5. CooTHecuTe peHOTUNMYECKME NPOSBAEHMA U UX MONEKYAAPHbIE MEXAHU3MbI:
CnHgpom Kyka - HapylweHue nMmnopTa KanbLma B KNETKU
CuHapom KyKa - HapyweHne BMP curHanumHra
CmeHa nona - uasmeHeHne WNT curHanunHra
CmeHa nona - yBesinyeHne KoHLeHTpaunm 6enka Sox9

Ortsert: [0]

Bhl(’)p‘dHthiJl OTBET: Brumamenvno npotmmazlme nDeaﬂOQfC@HHble d)DaZM@Hmbl mexkcma u paccmompume puCyHKu, 3amem nepexodu

®dparmeHT 1.

HecmoTps Ha oTcyTcTBME MOPGONOTMYECKU BbIPaXKEHHbIX XPOMOCOM B MHTepdasHOM agpe syKap
NPOCTPAHCTBE — MMEHHO OHA OTBEYAET 33 MHOTOYPOBHEBYHO PETyALMIO SKCNpeccun B reHome (Pucy




Xpomocomunie
eppuTDpue

KoMnapTseHTsl

TAJbi M

LR

FNAHCEP NPOMOTOP  IMXAMCED-CARNEHOED  WcynrTop-umcynatop

Pucynox 1. Mepapxus opraHu3anyy XxpoMaTuHa B HHTEp()a3HOM sijipe

BHyTpu Kaxpgoh XT reHeTUMYecKMM maTepuan noApasfenAoT Ha ABa KPYMHbIX KOmMMapTme
9KCMPECCUPYIOWLMNCA XPOMATMH, a BTOPOM — penpeccupoBaHHbI. Cheaylolwuit ypoBeHb MNp
accounmpoBaHHble aomeHbl (TAbl). ®PU3MYECKM OHM NpPeAcTaBAAT CobON  CrpynnUpPoBaH
aCCOUMMPOBAHHBIX C HUMM 3HXaHCEepPOB W caineHcepos (PucyHok 1). JeicTBue perynsaToOpHbIX :
nHcynatopamun — CTCF u KoresmHoMm. ITU ABa Oefka UrpatoT peLlatolyo pPosib B MoAAeprKaHWU
pe3ynbTaTbl UCCNef0BaHUIN CTPYKTYpbl TALLOB NpeAcTaBAsOT B BUAE XMTMANos, rae LBeTom 0603H
OHK (PucyHoK 2). Mo CHUXEHUIO 4acToTbl B3aumoaencTeuit yyactkos OHK 1 opueHTauum cantos
TAloB eCTb y4acTKM MOBbILWEHHOIO B3auMoaencTeus BHyTpy cy6TAZJoB. HakoHeu, oTaenbHble rer

Yactorta BzanmopgeincTeni

Yerkan . PasmbiTas
Huskaa Bbicokas rpanuua d rpaivua
’ TAla 200 @ TAa k
Y N
Vo : BRI TR XA o odn
A0 Bote e Sirsisaliorion. £ SR B
cy6TA b1
Opwvientauma CTCF ——————— s toap—tnap - - -
ypoBeHb WHCYnaumn l | Hu3kuii Boicokuii . )
neTnn 3a CYeT AencTemnA Tpa

PucyHok 2. MNprmep XxMTManoB, OTPaXKaroLWMx 4acTOTy B3aMMOAENCTBUIM mexay y4acTKamum AHK.

®dparmeHT 2.

YacTto npuymMHamm HacnencTBeHHbIX 3a60n1eBaHUI ABAAOTCA NPOCTPAHCTBEHHbIE NEPECTPONKU XPC
Aynavkaummn B nokyce, coaepawem reHol KCNJ2, KCNJ16 v SOX9. F'eHbl KCNJ KOAMPYIOT Kaaunest
pa3BUTUA MYXKCKUX ToHad. B Hopme reHbl KCNJ n SOX9 obpasyioT asa Hesasucumbix TAfa (Puc. 3a
BHYTpM SOX9 TAla. Ha pucyHKke 3b BMAHO NOBbILWEHHOE B3aMMOLENCTBME ABYX AYNANLMPOBAHHD
aKcnpeccum reHa SOX9 n peHOTUNUYECKON CMEHE MoJIa C YKEHCKOro Ha MYKCKOW. MHmep-TAL, ayn.
3710 NnpmBoANT K dopmupoBaHuio Hosoro TALa, rae reHbl KCNJ HaxogsaTca nog KOHTPOAem peryns
HecyLMX AaHHY AyNAWMKALMIO, NMPOCTPAHCTBEHHbIV XapaKTep akcnpeccun reHa KCNJ2 cosnaaaer
(Puc. 3d). oan c uHmep-TAL AynavKauuMen OEMOHCTPUPYHOT CMHAPOM KyKa — runonnasuio |
y4acTBytoT B BMP curHanunHre, KoTopblid UrpaeT KAYeByHo posib B MopdoreHese KocTeil.



d  Widtype Dup-C Wild type  Dup-C

99 9%
4 4l 4

50

Kenj2

Sox9

PucyHok 3. a - xuTman B3aumogenctaumii yyactkos JHK y mbiwelt gukoro tuna (Wild type); b -y
Mblwen ¢ uHmpa-TAL aynavkaupein (Dup-S), rae ctpenkon o603HauYeHO NosiBAeHUe HOBOro cy6-T/
C - y Mblwen ¢c uHmep-TAL aynnvkaumei (Dup-C), rae ckobkamm 0603Ha4yeHO NosiBJAeHNEe HOBOTO
TALa; d - NpoCTpaHCTBEHHbIM NATTEPH 3Kcnpeccnn reHoB SOX9 n KCNJ2 B pa3BmBaroLLLMXCA
KOHEYHOCTSX MbIWEN ANKOro TMNa u ¢ uHmep-TAL aynankaymei.

B kasicoom u3 npueedénnvix nudice 3aoanuii evioepume BCE npasunvuvie eapuanmol omeema. Kascowii or
nocnedosamenvHocmu 0yKe 6 anghasumnom nopaoke 6e3 3HaK08 NPEenUHAHUA U npodenos (pezucmp He 8ast

1. NpounTaitite PparmeHT 1 1 BbIbGEPUTE NPABU/IbHDBIE YTBEPKAEHUA:
KomnapTmeHTbl akTUBHOIO U penpeccMpoBaHHOro XpOMaTMHA XapaKTepHbl A
CTCF v KoresuH pa3rpaHM4YMBalOT XPOMOCOMHbIE TEPPUTOPUN MeEXKAY CoOboM
CHUKEHHbI YypOBEHb B3aMMOLENCTBUIN MeXAy NOCNen0BaTeNbHOCTAMM KOP
Ha rpaHnuax cy6TALoB ecTb y4acTku cBasbiBaHus CTCF

Otser: @ acd

2. Mpountante PparmeHT 2 1 BbIGEPUTE NPABUNbHbIE YTBEPKAEHUA:
Mpun cnHgpome Kyka perynatopHble anemeHTbl SOX9 N3MeHAIT NPOCTPAHCTB
UnTep-TAL AynavKaumna conpoBOXKAAETCA NOABEHMEM HOBOMO AOMNO/HUTEN
Mpu nHTpa-TAL AyNANMKaLUK SHXAHCEpP CTan AeNCTBOBATb Ha HOBbIE FreHbI-MV
YBenunueHue yposHa akcnpeccum SOX9 npu cmeHe nNosa NpoucxXo4uT 3a cyer

Ortser: "' ab

3. MpouunTante PparmeHTbl 1 1 2 1 BbIbepUTE NPaBUAbHbIE YTBEPKAEHUA:
Mpn nHtep-TAL AynavKaumMmn BO3HMKAOT HOBbIE Y4aCTKM cBA3biBaHMA CTCF
Mpw nHTpa-TAL Aynankauum HoBbln cyb-TALL MeeT YeTKMe rpaHnLbl, KaKk U
MOHO CKa3aTb, YTO Npun GeHOTUNUYECKOM CMEHE NONA XPOMATUH U3MEHSET
Mpu cnHapome Kyka HoBoobpasoBaHHbIM TAL 6yaeT HaxoAUTCA B O4HOM KO

Ortser: "' acd

4. CooTHecuTe NOCNen0BaTeNIbHOCTU 3/IEMEHTOB B FTeHOME U UX GEeHOTUMNYECKMM NpoABAEet
FeHbl KCNJ16/KCNJ2 - cant CTCF - aHxaHcep SOX9 - reH SOX9 - cant CTCF: gui
FeHbl KCNJ16/KCNJ2 - cant CTCF - aHxaHcep SOX9 - sHxaHcep SOX9 - reH SOX:
F'eHbl KCNJ16/KCNJ2 - canT CTCF - aHxaHcep SOX9 - reHbl KCNJ16/KCNJ2 - cai

dbeHoTMNNYecKana cMeHa nona

FeHbl KCNJ16/KCNJ2 - cant CTCF - reH SOX9 - caint CTCF: deHoTMNMYECKan Cm

Ortset: ' a

5. CooTHecuTe deHOTUNUYECKME NPOABAEHUA U UX MONEKYNAPHbBIE MEXaHU3MbI:
CuHapom KyKa - HapyweHne nMnopTa KasibLUuA B KNETKU
CuHapom KyKa - HapyweHne BMP curHanumHra

1. CmeHa nona - uameHeHne WNT curHanuHra
CmeHa nona - yBesinyeHne KoHUEeHTpaunm 6enka Sox9



Ortser: "' bd

MeToa OIEHKH IIpaBuabHbIE 0OTBETHI 1Js: K

Tounoe coomeemcmeue acd

MeTo OLleHKH [IpaBuIbHBIE OTBETHI 1JIs: |

Tounoe coomseemcmeue ab

MeTo OeHKH npaBlL‘lLllLIC OTBETHI JAJIfA: M

Tounoe coomeemcmeue acd

MeToa OLIeHKH npilBll,lehlt‘ OTBETHI AJIsi: N

Tounoe coomsemcmesue a

MeTox oneHKH IIpaBujibHbIE OTBETHI AJIs1: O

Tounoe coomeemcmesue bd
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BOMNPOC 13: 3ANPOC MHOI'OKPATHOI'O BBOJA INPONNYIMEHHOI'O TEKCTA

VY cymuartbix rpuOoB (aCKOMHIIETOB) BCE CIIOPHI, 00pa3yIOIIMECS B PE3yJIbTaTe Meiio3a U3 OAHOU U TOM
e TUTIIIOUTHON KIIETKH, OCTAIOTCS B 001Iei 000104Ke — cymKe. [Ipu 3TOM CTpoeHHe CyMOK Y pa3HbIX
ACKOMHUIIETOB pa3Hoe. Y HEKOTOPBIX BUIOB BCE CIIOPBI B CYMKE PACIIOI0KEHBI B OJIHY JIMHUIO, B
CTPOrOM COOTBETCTBUH C MOPSIIKOM pacxoskaenust xpomatun (I-e u ll-e nenenue meitosa
OPHUCHTHPOBAHLI Y 5TUX BHI0B OI[I/IHaKOBO). Kak 6YJIYT BBITTIAACTD CYMKH, €CJIN I/ICXO}IHBIﬁ JUIIIION T
661 gurereposurotoit 0.0,.0,? Tpeamonoxum, 4To nepBHIil TeH KOHTPOIUPYET pa3Mep KIETOK (B
npucyTcTeue amtenn b, Gopmupyercs kpynHas criopa, a B IpucyTcTBHe amnenn D, — Menkas), a

BTOPOM — MUTMEHTAIUIO (aJUTens d; obecreurnBaeT 0€KEBYIO0 OKPACKy CIIOp, aJljIeNib A, — KENTYIO).
3amonHuTe TabnuIy. B oTBeTax Mcmonb3yiiTe creayromue 0003HaYeHH: KpyIHas criopa — L, menkas
criopa — S, 6exeBas cnopa — R, xenras criopa — Y.

KosnuecTBo criop B CymMKe [yl
ITnouaHOCTh Kax a0l u3 Hux (N uiam 2n) [o]
- Cpenu Hux: KOJIMYECTBO CITOpP, HECYIUX ayutens | [U]
b,
KOJIMYECTBO CIOP, HECYIIUX ayuiensb | [P]
0
BuInuIIUTE paciosioKeHue KIETOK B CYMKE, €CIH BTOpas CIIOpa ClieBa MEJIKast [
HU3BECTHO, YTO: OexxeBas
BTOpas CIOpa Crpasa KpyIHast [t]
OesxeBas
BeInumuTe Bce BO3MOXKHbIE BAPHAHTBLI CYMOK € YYE€TOM 000UX TE€HOB [b]

BriGpannblii oTBeT: YV cym4atbIx TpuOOB (ACKOMHIIETOB) BCE CTIOPBI, 00PA3yIOIIHECS B PE3YIHTATE MEHH



MeToa OLIEHKH

Tounoe coomeemcmaue

MeToa OleHKH

Tounoe coomsemcmaue

Tounoe coomsemcmaue

MeToa OLIEHKH

Tounoe coomeemcmaue

MeToa OlleHKH

Tounoe coomsemcmeue

MeToa OlleHKH

Tounoe coomsemcmeue

MeToa OLleHKH

Tounoe coomeemcmaue

MeToa OLleHKH

Tounoe coomsemcmaue
Tounoe coomsemcmaue
Tounoe coomsemcmsue
Tounoe coomsemcmsue
Tounoe coomsemcmsue
Tounoe coomsemcmeue
Tounoe coomsemcmeue
Tounoe coomsemcmeue

Tounoe coomsemcmeue

o0meit o6o0uke — cymMKe. [Ipy 3TOM CTpoeHne CyMOK y pa3HbIX aCKOMHIIETOB pasi
B OJIHY JIMHUIO, B CTPOT'OM COOTBETCTBHH C MOPSIIKOM pacxokaeHus xpomatuy (I-e

0MHAaKOBO). Kak OyyT BBITISAETH CYMKH, €CITH UCXOTHBIA TUTIIIONT OBLIT JUTETEP

KOHTPOJMPYET pa3Mep KIETOK (B IpucyTcTBHe amnenu D, Gopmupyercs kpymHas

NUTMEHTAIUIO (aJU1esb d; o0ecreunBaeT 0SKEBYIO OKPACKY CIIOp, alielb A, — Ke

cienyronme o003HauYeHHs: KpynHas criopa — L, Menkast cro

pa— S, O6exeBas ciopa

KomnnuaectBo cniop B cymke

04

ITnouaHOCTH KaXx10# 13 HUX (N win 2Nn)

_o-'ln

Cpenu HUX:

KOJIHNYCCTBO CIIOP, HEC

b,

KOJIHNYECCTBO CIIOP, HEC

0.

Brinuimte PacIoJIOKCHHUEC KIICTOK B CYMKE, €CJIN
HU3BECTHO, YTO:

BTOpasi CIiopa clieBa M
Oexenas

BTOpAasi CIIopa Crpana |
OexeBas

BreimuninTte Bce BO3MOKHEIE BApHUAHTBI CYMOK C YUCTOM 000X I'eHOB

l'lpzusu.muuc OTBETHI 1JIA: Y

4

l'lpzmu.n,m,le OTBETHI AJIsi: O

1n
n

l'lpzusu.muuc OTBETHI JIfl: U

2

nl)aBll.1hthe OTBETHI 1JIsA: P

2

[IpaBuabHBIE OTBETHI 115 |

SRSRLYLY

[IpaBuiibHBIE OTBETHI AJI4: t

SYSYLRLR

IIpaBuabHbIe 0OTBETHI 1J1s: 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
LRLRSYSY LYLYSRSR SRSRLYLY SYSYLRLR



BOII

s

BOII

Tounoe coomsemcmsue
Tounoe coomsemcmsue
Tounoe coomsemcmaue
Tounoe coomsemcmsue
Tounoe coomsemcmsue
Tounoe coomsemcmsue
Tounoe coomsemcmsue
Tounoe coomsemcmsue
Tounoe coomeemcmaue
Tounoe coomeemcmaue
Tounoe coomeemcmaue
Tounoe coomeemcmaue
Tounoe coomeemcmaue
Tounoe coomeemcmaue

Tounoe coomeemcmaue
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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 passepHymbili omeem. Hcrionb3ylime 8551 omeema crieuuasibHo omeedeHHoe riorie.

B coBpemeHHON OMOTEXHONOIMYECKON MNPOMBILLNIEHHOCTU MPUMEHSIOT pPasfnyHble CUCTEMbI AN
NONyyYeHUs1 LEeneBoro pekoMOMHAHTHOro 6enka, MCNosib3yemMoro B W3roTOBIIEHUM FEKAPCTBEHHbIX
npenapaToB. OQHOM 13 TaknX CUCTEM SBMSIETCA KynbTypa bakTepmanbHbIX KneTok. Onuwmnte npouecc
NOMy4YeHUs KNEeTOYHON CUCTEMbI ANSA CUHTE3a PeKoMOUHAHTHOro 6enka Ha OCHOBE KNEeTOK GaKTepui.

OueHunTe, KakKMMn AOCTOMHCTBAMN U HeaocTaTkaMmm o6nap,aeT AJaHHaA cucrtema.

Han JIns Havana HaJoO BBIACNUTH HYXKHBIH HaM I'eH U3 KJIETOK U HapaboTaTh ero konuu ¢ nomoiusio [11[P. C nomomsio

HBI TpaHCc(opMalnK WK TPAHCITYKIWH (Yepe3 BUPYCHBIH BEKTOP) HYXKHBIH Te€H JJOCTaBJIsETCS B OAKTEPHIO U

OTBE BCTpaMBAeTCs B €€ TeHeTHYecKui MaTepual. K 1eneBomy reHy MoxHO npukpenuTs red GFP win xakoii-to apyroit

T:  Mapkep, 4ToOBbI YI0CTOBEPUTHCS O MIPUCYTCTBUU Oelka B Oakrepun. Kononus GakTepuii pacteT U HapabaThIBaeT
HYXXHBII HaM OeJIoK, Jlasiee OEJIOK BBIICISETCS U3 KOJIOHUH, OUHMIAETCS U UCTIONIB3YETCs JAJIsl IPOU3BOICTBA

JIEKapCTB.

Z[OCTOI/IHCTBaZ BaKTepI/II/I O4YCHb 6LICTp0 HapamuBarOT CBOIO MaccCy, B HG,HOJ'IFI/Iﬁ CPOK NOJIYy4YuM 0celoK B J0CTaTOYHOM

kommaectBe. Cpena amst pocra Oakrepuit, Hanpumep E.Coli He TpeOyeT 00ipIIuX 3aTpart.

Henocrarku: cunrtes 6enka y 6akTepuii HIeT HHBIM CIIOCOOOM, YeM y 3YKapHOT, HapuMep y OaKTepuii OTCYyTCTBYeT
crutaticuar nPHK, mosToMy nepen BcTaBkoii B 0aKTEpHIO T€H JOJDKCH MPOITH HEKOTOPYIO 00paboTKy (yoaneHue

I/IHTpOHOB), 4TOOBI HE BO3HUKIIO np06neM C CUHTE30M 3YKapUOTUYCCKUX OCJIKOB.

Bep [OtcyrctByer]
HBII

OTBE

T
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IIpencraBieHHble H300pakeHUs] WLTIOCTPUPYIOT HCIOJIB30BAHME PAa3IHYHbBIX TEXHOJIOTHH
NPH U3yYeHNHU T'HAPOOHOHTOB. BBINOJIHUTE 32/1aHUA, 3AIIHCAB OTBEThI B CIIEHAIBHO

OTBeJIEHHOE

e

o’

S

1. YcraHoBHTe 0IHO3HAYHOE COOTBETCTBHE MEKAY U300pakeHUsIMH, HA3BAHUSIMU IPUOOPOB 1
pe3yJibTaTaMHU MX HCIO0JIb30BaHUA. 3aNHIINTe KajK10€e MoJyYeHHOe COOTBETCTBHE B MoJIe [JIsl
orBeta B BUJIe X - Y - Z, rae X - OyKkBeHHOe 0003Ha4YeHne H300pakeHus, Y - HoMep npudopa
(apadckasi uugpa), Z - Homep Mmetoauku (pumckas uugppa). BHUMAHUE! Onun u3
npuOOPOB M OMH U3 Pe3yJIbTAaTOB — JINIIHHUE!

[TpuGopsr:

PGBYHBTaTBI HUCIIOJIB30BAHUA:

1. Inouepnarensb

I. OTo6path MpoOkI BO/IBI H3BECTHOTO 00BEMA C ONPEEICHHOMN TITyOUHBI

2. [InankToHHasg
CETh

Il. T[ToacuuTath KOJMIMYECTBO 0cOOei paukoB-1inkionos (Cyclops) B o0beme
poObI

3. Kamepa
boroposa

I11. OTo6pathk MpoOBI TPyHTa U3BECTHOMN TIIOIIATN

4. Kamepa ['opsieBa

IV. OTo6paTh npoObI TpyHTa U3BECTHOM ILIOIIAN C COXpPAaHEHUEM
BEPTHKAIBHON CTPYKTYpHI OCa/IKa

5. I'pynToBas
TpyOKa

V. B3aTb KOJIMYCCTBCHHYIO Hp06y 300IINIAaHKTOHA

6. batomerp

VI. IToacuutaTs KOITHYECTBO OAHOKJIETOYHEIX BOJOPOCICH B SIUHHIIE




o0bema mpooObI

l. YcranoBure OTHO3HAYHOE€ COOTBETCTBUE MEKAY n306pame}mﬂMn, Ha3BaHUfMHU l'lpPIﬁOpOB u
pe3yJbTaTaMM UX UCIOJIb30BAHMA. 3aNMIIUTE KAXK/I0€ MOJTy4eHHOe COOTBETCTBUE B MoJIe A5
orBeTa B Buae X - Y - Z, riae X - 0yKkBeHHOe 0003HaUYeHUEe U300pakeHus, Y - HoMep npudopa (apadckasn
uudpa), Z - nHomep Meroauku (pumckas uudpa). BHUMAHHUE! Oqun u3 npuéopos u oaHa u3
METOIMK — JINIIHHE!

2.1. Boioepute BCE npaBuiibHble BApHaHThI oTBeTa. OTBeT 3aMIIKMTE B OTBEeHHOE 110JIe B
BH/IE MOCJIEI0OBATEIbHOCTH COOTBETCTBYOIIMX JATHHCKUX OYKB B aJI(p)aBUTHOM Mopsiike, 0e3
l'lpOﬁe.J'IOB H 3HAKOB IIPCNMUHAHUA (pernch HE Ba)KeH).

JlHouepnaTelb, N300paKeHHbIN Ha 0 HOM U3 GoTorpaduii, UMeeT paboUyro TUIOIIAIb
1/40 m2. C moMoIbI0 3TOro NpHOOpa MOKHO € JOCTATOUHONH TOYHOCTBIO OLIEHUTh
IJIOTHOCTH NOMYJISILAN CIIEAYIOIIUX OPTaHU3MOB:

A. Portlandia arctica (poromuii AByCTBOPYATHI MOJITIOCK, COOMpArOIIHiA feTputodar,
MaKCHMaJIbHAs JJIMHA pakoBUHBI — 20 MM)

B. Rhizogeton fusiformis (koJloHHambHBIN THAPOW, OOUTATENIb IIOBEPXHOCTH CKaJl, BATYHOB
Y KaMHEH, XUITHUK, MaKCUMaJlbHas JTHHA 1MoaumnoB 10 Mm)

C. Kamuarckuii kpab

D. Micronephthys minuta (porominii MHOTOIIIETHHKOBBIN Y€pPBb, XUIIHUK, MAKCUMaJIbHAs
JUTMHA Tena 15 M)

2.2. BoiOepuTe npudopbl, KOTOPbIe OTHOCAT K OPYAUSIM JI0BA /IS KOJINYEeCTBEHHOH OLIEHKHU
INJIOTHOCTH l'[Ol'lyJ'[ﬂIlPlﬁ. 3anummure B OTBECJACHHOC I10JI€ COOTBETCTBYIOLIHNE 6yKBeHHbIe
o0o3Havenusi pororpadmuii.

3. liist M3MepeHHsl COJIEHOCTH MOPCKOii BOJIBI Yallle BCEro HCMOJIb3YIOT apeoMeTpbl,
KOHAYKTOMETPbI U peppakToMeTphI - NPUGOPHI, pAaG0Ta KOTOPHIX OCHOBAHA HA CBSI3U
COJICHOCTH BO/JbI U JIPYI'HUX €€ (l)H3H‘leCKI/IX CBOMCTB. chaﬂmTe, 0 KaKHX CBOMCTBaX BOJAbI UA€ET
pe€Yb B 3TUX TPEX CayvasaXx.

Jlanmiit 1. A-5-1V B-1-1 B-2-V r-3-11 j1-6-111
OTBCT. 2.1. AD
2.2. BBI"

3. PacTBOpHMOCTb B BOzie KHCI0po/ia (BayKHO JUIsl MHOTHX OOMTaTesnei), TeMmeparypa BoJibl, CKOPOCTh
TEUEHHS BOABI.

Bepusrit [O1cyrcTByer]
OTBET



