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BOIIPOC 1: 3ANIPOC HECKOJIBKUX OTBETOB

Boioepute BCE npaBuiibHbIE OTBETHI.
O06s3aTenpHBIME (ha3aMu pa3padOTKH JIEKAPCTBEHHOTO TpeTapara sSBISIOTCS:

JlanHsIe OTBETHI: £l 3.

TeCTI/IpOBaHI/Ie CBOWCTB BCIICCTBA Ha 6aKTepI/IaJ'II>HI)IX KyJbTypax

4 b.

TeCTPIpOBaHI/Ie npemnapara Ha J'Ia60paTOpHI)IX JKUBOTHBIX

_F'I C.

IIpoBepka 3¢ (eKTHBHOCTH Ha OOJBIION PA3HOPOIHON TPYIIIE 3M0POBHIX 1 OOIBHBIX JTIOICH

_-'I e.

m HCCJ’IG,I[OB&HI/IC 3(1)CI)€KTI/IBHOCTI/I Ha OOJIBHBIX JIOA49X € IPUMEHCHUCM rmaue60

Bepnbie otBeTsI: Ll b,

TectupoBaHue npenapara Ha JJaOOpaTOPHBIX )KUBOTHBIX

o C.

[IpoBepka 3¢ pekTHBHOCTH HA OOIBIION PAa3HOPOIHON TPYIIIE 3M0POBBIX U OOJIBHBIX JTIOJCH

2 d.

HCCJ’IG,I[OB&HI/IC MEXaHHU3MOB pa6OTBI Ha 3J0POBBIX JIFOAAX

_-'I e.

HUccnenoBanune 3¢ GeKTHBHOCTH HA OOJIBHBIX JIOJSX C MPUMEHEHHEM TUIa1e0o

0
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BOIIPOC 2: 3ANIPOC HECKOJIBKHX OTBETOB

Bri0epure BCE npaBuiibHbIe 0TBETHI.
V Arabidopsis thaliana (cemeiictBo KamycTHbie) skeHCKast raMeTa COIEPKUT B simpe 5 xpomocoM. Ciie10BaTeNnsHo, y
OTOT'0 BUJa B HOpME

JlanHbIie OTBETHI: ' g,

Kinerka nuctoBoit mapeHxumMsl cogepkut 10 xpomocom

4 b.

@ Muxkpocnopa COIepKHUT 5 XPOMOCOM

Bepnsie otBeThI: L4 3.

KneTka nucroBoit mapeHxXuMbI coaepkut 10 xpomocom

4 b.

Muxkpocnopa COIepKHUT 5 XPOMOCOM
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BOIIPOC 3: 3ANIPOC HECKOJIBKHUX OTBETOB

Boi6epute BCE npaBuiibHbIC OTBETHI.
Wnpeiinsl, ocHOBaBIIHE TIEpBEIE TIOceneHNs Ha ocTpoBe Kyba, Mormu 6paTh ¢ coOO0H B IMyTEIIECTBUS

JlanHbie OTBETHI: 'L ¢,

Bsenrsle aHaHachl

Q4.
m 3epHa Kode

Bepnsie otBeTsI: L4 b,

Kaxao-600b1

4 C.

Bsinensle ananachl

0
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BOIIPOC 4: 3ANIPOC HECKOJIBKHUX OTBETOB

Boi6epute BCE npaBuiibHbIE OTBETHI.
Mornekyna AT® oOpasyercs B KJIETKE B X0J1€

JlanHbIe OTBETHI: 'l 3.

Pa6oTer AT®-cuHTa3EI

4 b.

dorodochoprmrpoBaHus

_F'Id.

Cy6ctparHoro dochopunipoBanus

& e.

ﬂ OxucautensHoro hochopraIupoBaHus

Bepnsbie otBeThI: L 3.

Paborer AT®D-curTa3EI

4 b.

dorodochopunrpoBaHus

_F'Id.

CybctpaTtHoro dochopunnpoBaHus

_-'I e.

OxucauTensHOro (hochopHIMpOBaHUs

5
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BOIIPOC 5: 3ANIPOC HECKOJIBKUX OTBETOB

Boi6epute BCE npaBuiibHbIC OTBETHI.
Crporune aHa’poObI — OpPraHU3MEBI, HECTIOCOOHBIE K OKHCIUTEIHHOMY (OCHOPHINPOBAHHIO C YIACTHEM KHCIOPOAA,
MIPUYEM HX )KU3HEAESITENbHOCTh HHTHONPYEeTCs Aa)kKe MUHIMAIBHBIM KOJIMYECTBOM AAHHOTO ra3a. OTH OpraHU3MbI

JlanHbIie OTBETHI: ' g.

HWHuorna BI)Ipa6aTI>IBaIOT B Ka4CCTBC MPOAYKTa MeTaboIu3Ma MeTaH

4 b.

MOFyT o0uTaTh B py6ue KBAYHBIX )KUBOTHBIX

4 C.

ﬂ Moryt ObITE BO30YANUTENSIMU 3200JI€BaHHI YeIOBEKa

Bepnsie otBeTsI: L4 3.

WHorna BeIpabaThIBAIOT B KAYECTBE MPOIYKTa METa00IM3Ma METaH

4 b.

Moryt obutarh B pyOlie >KBauHbIX )KUBOTHBIX

o C.

Moryt OBITE BO30yAHUTEISIME 32007IeBaHUN YEITOBEKa

5
u3 5 6ajl10B

BOIIPOC 6: 3ANIPOC HECKOJIBKHUX OTBETOB

Bri0eputre BCE npaBuiibHbIe 0TBETHI.

KosnbuaTble 4epBH — CErMEHTHPOBAHHbBIE XKUBOTHBIE, & 3TO 3HAYMT, YTO BJOJIb TJIABHOH OCH UX TeJla 3aKOHOMEPHO
TIOBTOPSIIOTCSI HEKOTOPBIE CTPYKTYPBL. BBIOEpHTE 351eMEHTHI Tela JOXKIEBOTO YEPBsl, TOBTOPSIOIINECS BIOIb €TI0
niepeiHe-3a1HeH ocu.

JlanHsie oTBeTH: &l b,

[Tapanoaun

_F'I c.

HepsHeie y3ib1

_-'Id.

Opl"aHLI BBIACJIICHUA

x|

_-'I e.

I'pynmsl meTHHOK

Bepusie otBeTsI: L4 .

Hepsasie y3isl

2 d.

OpFaHBI BBIACJIICHUA

_-'I e.

I'pynnsl meTnHOK
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u3 5 0a/10B

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

Hepe,u BaMHu 1/1306pa>1<eHH;1 Pa3INMYHBIX CTal[I/Iﬁ JKM3HCHHOT'O NUKJIa HEKOTOPOI'O poda paCTeHI/Iﬁ. PaCCMOTpI/ITe PUCYHKHU U
BBITNTIOJIHUTC 3aJIaHUs.

1. YcraHoBHTE NPaBHIIBHBIN MOPSIOK CTaAWH )KU3HEHHOTO LIMKJIA Y MPEJICTaBICHHOTO PoJia pacTeHH, HaunHas ¢
sinexyneTkd. OTBET 3aluIInTe B OTBEJCHHOE 10JI€ B BHJIE [TOCIIEA0BATEIbHOCTH OYKB 0€3 3HAKOB MPENHHAHUS U IPOOEIIOB,
PETUCTp HE Ba)KEH.

Ortser: [Y]

2. BribepuTe npaBHIIbHBIE XapaKTEPUCTHKH JaHHOTO XU3HEHHOTO IIMKJIA (OTBET 3alUIIUTE B OTBEAEHHOE I10JI€ B BHJIE
TIOCJIE/I0BATENILHOCTH JIATHHCKHUX OYKB B a1)aBUTHOM TOpsiaKe Oe3 3HAKOB IPETTMHAHUS U IPOOEIIOB, PETHCTP HE BaXKEH):
a. Jly1s 3TOTO pacTeHus XapaKTepHO 00pa3oBaHKE CIIOP

b. OmtogoTBOpeHNE MPOUCXOAUT C IIOMOIIBIO BETPa

C. AHTepI/IIlI/II/I 1 apXCTOHUU PA3BUBAIOTCA OJHOBPEMCHHO Ha OTHOM paCTECHUHN

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



c. raMeTO(l)I/ITI)I 9TOT'0 PAaCTCHUA MOTYT JKUTb CAMOCTOATCIIbHO

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 MIOJIC PyccKoe Ha3BaHHe CTPYKTYpHI, 0003HaYeHHOH Ha pucyHKe B cTpenkoii:

Ortser: [t]

5. YKaxuTe IIONAHOCTh KJIETOK TKaHH, HEOCPEICTBEHHO OKPY’KaIOIEeH 3apOJIBIII y 3TOTO pacTeHHs (TarIonIHbIe,
JIUIIONTHBIE, TPUILIOUHEIE)?

Ortsert: [u]

BriOpanHbIii 0TBeET:

MeToa OLleHKH

Iepen BamMu M300paxKCHUS PA3IMYHBIX CTAIUHN )KU3HEHHOTO IUKJIa HEKOTOPOTO pojia pacTeHuid. Paccmotpure |

1. YcraHOBHTE NPaBUIIBHBIN MOPSIOK CTaUH KU3HEHHOTO LIMKJIa Y MPEJICTABICHHOTO POJia pacTeHHH, HAUMHAas
I0CIIEI0BATEILHOCTH OyKB O€3 3HAaKOB NMPENMHAHNS U IPOOEIIOB, PETHCTP HE BayKEH.

Orger: Bedaar
2. BeiOepure npaBUIIbHBIC XapaKTEPUCTHKH JAHHOTO KH3HEHHOTO ITUKIIA (OTBET 3aITUIINTE B OTBEJCHHOE TOJIC
0e3 3HaKOB MPEMIHAHUS U IPOOEIIOB, PETUCTP HE BaXKCH):

a. JInst 3TOT0 pacTeHus XapakTepHO 00pa30BaHUE CIOP

b. OmI0o10TBOpEHKE TPOUCXOAUT C MIOMOIIBIO BETpa

C. AHTepI/I)II/II/I 1 apXETOHHUU PA3BUBAKOTCA OAHOBPEMCHHO Ha OTHOM pAaCTCHUU

d. My»cKue raMeTsl 3THX PACTeHUH HECYT OJIHMH JKT'YTHK

e. "'ameToduThI 3TOr0 pacTeHUsI MOTYT KHUTh CAMOCTOSITEIBHO

Orser: & be

3. 1o xapaKkTepHBIM JIETANISIM CTPOCHUSI ONIPEAEIIUTE, K KAKOMY HOPSIKY OTHOCHUTCS IPE/ICTABIEHHOE PacTeHUE
Otser: " XBoiinbie

4. 3anummTe B OTBEICHHOE TI0JIE PYCCKOe Ha3BaHUe CTPYKTYpBhI, 0003HaUE€HHOI Ha pucyHke B cTpenkoii:
Otser: & siinexaerka

5. YkaxuTe IOUIHOCTh KIIETOK TKaHH, HEMOCPEJICTBEHHO OKPYKAIOILEH 3apOJIBIII y 3TOTO PacTeHHs (Tariou]

Orser: & ramnjiouaHas

npaBl/IqlbllblC OTBETHI JIS1: Y



Tounoe coomsemcmsue BEBJIAT

MeTo/ OLIeHKH

ﬂpaBHJLHLIe OTBETHI 1JIsfA: O

Tounoe coomsemcmesue A

MeToa OLleHKH

Cosnaodenue wiabnona

Cosnadenue wiabnona

MeToa OLleHKH

Coenaodenue wabnona

Coesnaodenue wabnona

MeToa OLIeHKH

"paBl/l;leble OTBETHI 1JIs1: P

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

"paBl/l;leble OTBETHI JIsA: t

[Aa]pxerommii( )?()?()?()?()?()?()?()?()?()?()?
[Aaliuexnerxa( )?()?()2()?()2()?()2()?()2()?()?

HpﬁBHJLHLIe OTBETHI AJIfl: U

Tounoe coomseemcmeue 1 amiouiHbIC
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BOIIPOC 8: 3AIIPOC MHOI'OKPATHOI'O BBOJA NPONIYIWMEHHOI'O TEKCTA

[epen Bamu - n300pakeHAS IEPEIHET0 KOHIIA TeJla Pa3INYHBIX JKUBOTHBIX (COOTHOIICHUS pa3MEpOB HE COOITIOICHEI).
Omnpeznenure, K KAKHM KJIaCCaM OTHOCSTCS 3TH )KUBOTHBIC. 3aIUIIUTE PYCCKHE HA3BAHUE ITUX KJIACCOB B OTBEICHHBIC ITOJIS
PSIOM C COOTBETCTBYIOIIMMH HOMEPaMHU.

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

BriOpaHHbIii 0TBeT:

[lepen Bamu - n300pakeHNst IEPETHET0 KOHIIA TeJa Pa3INYHbIX )KUBOTHBIX (COOTHOIICHUS pa3MEpOB
JKHBOTHBIE. 3alMIINTE PyCCKHE Ha3BAHME 3TUX KJIACCOB B OTBEJCHHBIC MOJIS PAIOM C COOTBETCTBYION



MeToa OLIEHKH

Tounoe coomeemcmaue

MeTo/a OLleHKH

Coenaodenue wabnona
Coenaodenue wabnona

Coenaodenue wabnona

MeToa OLIEHKH

Cosnaodenue wabnona

Cosnaodenue wabnona

MeTox OlIeHKH

Coenaodenue wabnona

Cosnaodenue wabnona

MeTo/ OLIEHKH

Cosnaodenue wabnona
Cosnaodenue wabnona

Cosnaodenue wabnona

1.9 Miekonuralouue
2.9 MHoOromeTHHKOBbIE
3. @ Kocrubie PBIOBI
4.% AMdpudnu

5. 2 Hacexombie

"paBHJ’lLIILIC OTBETHI 1JIsl: O

MekonuTaronme

IIpaBuiabHbIC OTBETHI 115 |

[Mwm]uoromerurkobie depBu( )?( )?()?()?()?2()?()?()?()?
[KxJompueni()?()2()?()2()?()2()?()2()?
[Aa]arennuei( )?()?()2()2()?()?()2()?()?

"paBHJ’lLIILIC OTBETHI IJIs: Y

[Kx]octabie puiowi( )?()?()?()?()?2()?2()?()?()?
[ln]yaenepeie perGer( )?()?()?()?()?()?()?()?()?

I'lpammmn,le OTBETHI AJIsA: U

[33]emmoBommeie( )2( )2()?()2()2()?()2()2()?
[Aa]mbubnn( )?()?()?()?2()?()?()?2()?()?

“p‘dBl/l.Jlblll)lC OTBETHI IJI4: t

[HuJacexompie( )?()?()?()?()?()?()?()?()?
[Irlexcanmozei( )?()?()?()?()?()?2()?()?()?
[Mm]ecrunorne()?()?()?()?()?()2()?()?()?
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BOIIPOC 9: 3CCE

[lepen BaMu TEKCT, COACPIKAIIHN MATH OMOJIOTHYECKUX OMMOOK. BHUMATEIBHO MMPOUYTHTE €TO0,

HalauTe OMMUOKU U OOBSICHUTE, B YeM OHU 3aKIFOYAIOTCS, BIMCAB OTBET B OTBEJICHHOE TOJIC.

Buaumanue! Vcnpasnenne (paszpl UCKITIOUUTEIBHO OTPUIIAHHEM (MOXKET — HE MOXKET, UMEET — He
| MMeeT | T.II.) He 3acUuThIBaeTcs. Heooxoaumo chopMynupoBaTh yTBEpAUTENLHOE MPENIOKEHHUE.

OByndLMg TNPOUCXOJUT y dYelloBeKa Ha cTaauu Meradasbl NEpBOro JelieHus Meiosa.



OrmiogoTBOpeHNE SIUILIEKIETKM B HOPME OCYIIECTBIAECTCS TOJBKO OJHHUM cliepMaTo3ougoM. Bo
BpeMsI ATOTO MpoIecca aKpocoMa CIIEPMATO30U/Ia, KOTOpasi COACPKHUT JU3UPYIONTHEe (PEepMEHTHI U
MPEJCTaBIseT COO0H 0COOYI0 Pa3HOBUIHOCTh MUTOXOHAPHH, CIMBACTCS ¢ HAPYKHOH MeMOpaHOH u
BBIOPACBIBAET CBOE COJIEPKMMOE, pacTBOpsrolee sHIeBy0 o000y04Kky. Kak TombkO sipo
CIIepMaTo30M/la TMPOHUKAET Yepe3 MeMOpaHy SIMICKICTKH, Ha €€ IOBEPXHOCTH IPOUCXOIUT
AJICKTPUYECKAsl pPeakius, 3a KOTOPOW CIEAYIOT XHUMHYECKHE IMPOLECChl. OTO MPUBOJIUT K
YILIOTHEHUIO OJiecTAedl 000JI0YKM BOKPYT SIUAIEKIETKH, YTO JeNIaeT €€ HEMPOHUIAeMOW st
JIPYTUX CIIEPMAaTO30U/IOB.

Cawmpble nepBbI€ dTaIlbl Pa3BUTHS 3apOAbIIIA IPOUCXOAAT BO BpEMs €r0 HaXO0XK/ICHUS B SMYHUKE.
Ha sTom sTane mpoucxomut apoOiieHne, oOpa3yeTcsi MHOTOKJIETOYHAs OiacTysia TUIa MOPYJbI, a
3aTeM BHYTPU MOPYJIbl BO3HHMKACT MOJOCTh W TakuM o0OpazoM (opMupyeTcs OJIacTOIHCTA.
bnactomucra gocturaeT MaTKM M HAuYMHAET NPOHUKATH B €€ SHAOMETPHUM. DTOT mMpolecc
Ha3bIBaeTCsl MMILUIaHTanuend. Clenyrolmuid 3Tan pa3BUTHS UJIET MApaUIeNbHO ¢ MUMIUIAHTALUEH U
Ha3zbIBaeTCcs Heupymsiued. Ilpu sTom oOpasyercs aBa 3apOABIIIEBBIX JIMCTKA: JKTOIEpMa M
SHTOJIEpMA. DKTOJIEpMa MO3)KEe JIaeT Hauyajo MOKpOBaMm, HEPBHOM cucTeMe, OopraHaMm 4yBcTB. U3
SHTOJEPMBI MPOUCXOIAT BCE OTHAEJbl MHUILEBAPUTEILHOM CHUCTEMBI. 3aT€M MEXAY JBYMS TUMHU
JIMCTKAMHM  BO3HHMKAET  TPETH:  ME30lIepMa,  MPEAIIECTBEHHUK  OMOPHO-IABUIATEIIHHOM,
BBIJICJIUTENIbHON, KPOBEHOCHOW U MOJOBOM cucTeM. J[pyrue KJIEeTKH 3apoJblilia IpopacTaoT BHYTPb
MaTKd M BMECTE C KJIETKaMH HJOMETPHUS MATKH JAlOT Hayalo IUIAlEHTE. 3aTeM U3 DKTOJIEPMBbI
3apojiblilla BHYTPb HMHBArMHUPYET W OTIMOYKOBBIBAECTCS HEpBHAs TpPyOKa - STOT 3Tam pa3BUTHUS
HA3bIBACTCSI HEUPYIISIIUCH.
Harnerii 1. OByJsiuust MPOCXOMT HA CTAAUK MeTadasbl BTOPOTO JIeNIeHHs: Meio3a. 2. AKpocoMa — BHAOM3MEHEHHBIN
OTBET: anmnapat ['onpmxu. 3. OmIoJI0TBOpeHNe POUCXOAUT B (HaIONIHUEBBIX TPKOAX, CIIEIOBATEIBHO MIEPBbIC

CTaIuy Pa3BUTHA MPOTEKAIOT B Tpybax/MaTke. 4. B xome apobienue odpa3yercs Mopyia, mocie BHYTPH
00pazyeTcs moJI0CTh — OJIACTOIEIh, TEHEepPh 3TO 00ACTYIA, TTOCIIE YeTo MPOXOANT TacTpysaius. [1pu aTtom

MMITIaHTALUSI IPOXOJMT HE paHee racTpysuu. 5. DKToAepMa B Me30AepMa 00pa3yroTces eIe B X0
racTpyJsIInY, B X0Je HEUPYISAIMN U3 HUX 00Pa3yIOTCsl OCEBBIC OPTaHbl.

Bepuenii  [OtcyrcTByer]
OTBET

3
u3 5 6ajlioB

BOIIPOC 10: 3AINPOC MHOTOKPATHOTO BBOJA MMPOINYIMEHHOI'O TEKCTA

B oannom 3ad0anuu e6am HeobXoOumMo npoaHanuzuposamv pacmenm mexKcma, NOCEAUEHHbIU
Memoouxe uccie0o8aHutl, U Ha OCHOBAHUU CEOUX 3HAHUU U UHpOpMayuu U3 mexcma 6blNOJIHUNDb
3a0aHus.

Merton nonumepasHoi uenHoi peakuuu (IILIP) B Hacrosimiee BpeMsi IIMPOKO NpPUMEHSIETCS B
ouosnorun u memunuHe. Knaccuueckast TP mo3BosisseT monyyuTh OONBIIOE KOJMYECTBO KOIHUM
uHTepecyome Hac mocinenoBarensbHocTH JIHK. CrnemumdbuyHocTs maHHON peakmuu 0O0eCTieUrBaIOT
HEeOOoJIbIINE MOCTEeI0BATENbHOCTH HYKJIEOTHAOB - mpaiiMepbl. Mx moaluparoT k 000MM KOHIIAM
ammnuuupyemoro yyactka JJHK takum o6Gpa3om, 4ToObl MOCIEI0BAaTENBHOCTh TaK HA3bIBA€MOIO
IpSIMOTO IpaiiMepa COOTBETCTBOBAJA MOCIEIOBATEIBLHOCTH HA 5°-KOHIIE IIeNH, TOT/1a Kak OOpaTHBIN

{npaiimep 06paTHO KOMIIEMEHTApeH MOCIEIOBATENBHOCTH Ha ee 3°-koHme. Hampumep, ecim
uHTepecyromuii Hac ydactok JIHK 3akanumBaercs mocnenoBarensHocThio 5 -AAGCTA-3°, To
oOpaTHbIil mpaiiMep OyaeT uMeTh mocienaoBaTenbHOCTh: 5 -TAGCTT-3". UroObl mpaiiMepsl MOTIH
y3HaTh HeoOxoaumyro mnocnenoBatenbHocTh JIHK cmecs gma [P peakuum HarpeBaroT 10
OTIpe/IeIEHHONM TeMIEepaTyphl - TEMIEpaTyphl OT)KUTA MpaiiMepoB. DTa TeMIlepaTypa pacCuuThIBAeTCS
nyTeM TpuOaBiIeHHs K TeMIlepaType IUIaBleHUs (TemmepaTypa, HpU KOTOPOH HPOHCXOIUT
pa3beIMHEHUE JBYXIIETIOUEYHOW MoJiekyiasl mnpaimepa) 4°C  rpanycoB. JIHK-mommmepasa,
OCYILECTBIAIONIAs PEIUIMKALNIO HHTepecymoero Hac yyactka JIHK, ucnone3yer npaiiMep B kauecTBe
3aTpaBKU JUIsl Hadajla CHHTe3a. B pesynpraTe NaHHON peakuuu MOJy4yaeTcsl KOMHs HeoOXO0IuMOi



mocienoBarensHocT JIHK.

Jlst Toro, uTo0BI pazmuunTh nociaeaoatenbHocTd JJHK, MOXXHO HCTIOB30BaTh peCTPUKTA3BI —
(hepMeHTHI, KOTOpPBIE Y3HAIOT M Pa3pe3aroT CTPOro OMpeeNICHHBIC TOCIEA0BATEIPHOCTH HYKICOTH OB
B JIHK (tak HaswsiBaeMble caiiThl pectpukimu). Hampumep, pectpukrasza Pfull, y xotopoii caiit
pectpukiuu HeceT mocienoBareibHOCTh 5 -GCATC G-3", mpu peakiuu ¢ IOCIEI0BATEILHOCTHIO
JIHK ©Oyner paspe3ath ee Ha jBa (parmMeHra, COAEpKallde Ha KOHIAX IMOCIEIO0BATEILHOCTH 5 -
GCATC-3 u5-G-3.

1. B mpemioKeHHOH MOCIIeA0BaTEIbHOCTH HYKJICOTHIOB 3aKOAMPOBAH MENTHA jauHOM 19
AMUHOKHCJIOTHBIX ~OCTaTKoB. Bam HeoOXoauMo T1omo0parh mpaiMepbl [Uiss aMIuIdpUKaIUN
HYKJIEOTHIHOM ITOCIIEI0BATEILHOCTH, KOMUPYIONIEH JMaHHBIA IENTHI, HAauYWHAas CO CTapT-KOJOHA
(ATG), u cogepxameii crom-komoH (TGA, TAG, TAA). Ilomuute, 4T0 mpaiiMepsl JOKHBI OBITH
cieun(UYHbI U 00JIaAaTh MPUMEPHO OJUHAKOBOM TeMIepaTrypoil ruiaBineHus (pazauuus He Oonee 2-4
°C). Temmeparypa miaBieHusi paccunutbiBaetcs mo dopmyse: 2(A+T) + 4(G+C), rae OykBbI - 3TO
KOJIMYECTBO HYKJIECOTHIOB KaXJOr0 THIA. Pa3sMep KaxkIoro mpaiimMepa IO/KEH COCTaBIsATh 15
HYKJICOTHUJIOB. 3alMIIUTE B OTBEJACHHOE IOJIE€ MOJYYEHHbIC MpaliMephl B HAMpaBjieHUU OT 5°- K 3’-
KOHIIy B BH/€ MOCJIEI0BATEIbHOCTH 3arjIaBHBIX JIATHHCKHX OyKB 0e3 mpo0ejioB (B TOM 4YHCIIe
KOHIIEBBIX) U YKQKUTE TEMIIEPATYPY MX IJIABJICHUS.

5’ - CACATGACAATAACGGATCATTCTTATACCACGCGTAAAGATCTACCTGGT
ACGTTGTCATGATTT -3’

Otser:

[psimoii mpaiimep: [X]

OOpartHsblit mpaiimep: [Y]

Temneparypa IIaBjIeHus npsaMoro npaiimepa: [2]°C

Temneparypa miasnesus odparaoro npaiimepa: [K]°C

2. [Tomyuensslit B npeasiaymeit yactu 3aganus [P npoaykt BcTpanBaeTcs B miasMuLy JUIsl CHHTE3a
Oenka B OakTepusx. BaMm maHBl TOCIENOBATENBHOCTH (CAaHTBI PECTPUKIHH), MO KOTOPHIM JBE
pecTpuKTassl (3HIAOHYKIIEa3bl pecTpukiun) crerupuuno paspesator JHK. B orBere ykaxute pazmep
(bparMeHTOB, KOTOpBIE MOJy4YaTrcs B pe3ylbTaTe PEAKIHW PECTPUKIUH, MPOM3BEACHHOW ITUMHU
peCTpUKTa3aMH ISl TUIa3MUJIbl, COZIepIKalllel BCTaBKY B PAaBUIILHON OpUEHTALUH 1IETIH.

Mlul 5" - A|CGCGT - 3

Hpal 5" - GTT|AAC - 3

MEeCTO BCTaBKU

Hpal 3800

Hpal
1000 1600

4800 n.H. 4800 n.H.

@ npomoTop

OTtBer 3anumuTe B OTBCACHHOC MOJI¢ B BUAC MOCJI€A0BATCIbHOCTH YMCE, PACHOJOKCHHBIX IT0

BO3paCcTaHMIO U pasa¢JICHHbIX OIUHOYHBIMH HpOﬁeﬂaMl/l.
Ortser: [M]

Bruibpannelii oTBeT: B oannom 3a0anuu eam neobxooumo npoanaruzuposams pacmenm mekcma, noce



3HaHUl u ungopmayuu us
Meton nonumepasHoi nenHoi peakuuu (I1LIP) B HacTosiiee BpeMsi IIUPOKO I
MO3BOJISIET MOJNYYUTh OOJBIIOE KOJMYECTBO KOMHUM HHTEPECYIOIIEeW Hac MOCIeE,
oOecrieunBarOT HEOOBIINE M1OCIE0BATEILHOCTH HYKIEOTUIOB - mpaimMepsl. X 1
JHK Takum 06pa3oM, 4ToOBI MOCIEA0BATEIHHOCTh TaK Ha3bIBAEMOTO MPSMOTO Ipa
LIENH, TOT/Ia Kak 0OpaTHBIN mpaiiMep 00paTHO KOMIUIEMEHTAPEH IMOCIEI0BATEIbHO
yuactok JIHK 3akanumBaercs mociemoBaTeabHOCThi0 5 -AAGCTA-3, 10 00p:
TAGCTT-3". YroObl mpaiiMepbl MOIJIM y3HATh HEOOXOAMMYIO IOCICIOBATEIb
OTpe/IeIEHHON TeMIlepaTypbl - TeMIlepaTypbl OT)KUra IpaiMepoB. DTa TeMIepar,
IUTaBJICHUS (TeMIepaTypa, Ipyu KOTOPOH MPOUCXOAUT pa3beMHECHUE ABYXICOUCTH
OCYIIECTBIISIIOIIAs peIUIMKaIUio uHTepecyromero Hac ydactka JJHK, ucnonesyen
pe3yibTare NaHHOW PEeaKLUH MOIydaeTcs KOs He0OOXOqMMOI 1MOCe10BaTEIbHOCT]
Jns toro, ytoObl pasznuuuth nocienoBaTenbHocTH JIHK, mMoxxHO ucmorn
paspe3aroT CTpOro OrpeesieHHbIe nmociaeaoBarebHocTH Hykieotu 0B B JIHK (Tak
Pfull, y kotopoii caiiT pecTpukiuu HeceT nocienaoBareabHocth 5 -GCATC G-3', 11
ce Ha JBa (pparMeHTa, CoJeprKallie Ha KoHIax nociuenosarensHoctu 5 -GCATC-3°

1. B npemsios)keHHON TOCIIe0BATEIIbHOCTH HYKJICOTUIOB 3aKOJUPOBAH TMENTHII 1
no00path mpaiMepsl sl aMIUIM(UKAIUK HYKJICOTUIHON IMOCIEI0BATEILHOCTH,
(ATG), u comepxaieit cron-kogon (TGA, TAG, TAA). IlomHute, 4TO Mpaim
OJIMHAKOBOM TeMreparypoil miaBneHus (paznuuus He Oomnee 2-4 °C). Temmepat
4(G+C), rae OYKBBI - 3TO KOJUYECTBO HYKJICOTHIOB Ka)J0oro Tuma. Pasmep k
3anummre B OTBEICHHOE IOJIC IMOJIyUYEHHBIE MpaiiMepbl B HAIPABICHUU OT 5’°-
JIATHHCKHUX OYKB 0€3 npo0es10B (B TOM YHCJIe KOHIEBBIX) H YKOKUTE TEMIEpaTyp

57 - CACATGACAATAACGGATCATTCTTATACCACGCGTAAAGATCTAC
ACGTTGTCATGATTT -3’

OrBer:

[Tpsmoii mpaiimep: “# ATGACAATAACGGAT

O6paruslii npaiivep: @ AAATCATGACAACGT

Temneparypa IaBIeHus npsamoro npaiimepa: & 40°C

Temneparypa niuasiaenus obparHoro mnpaiimepa: @ 40°C

2. Tlonyuennslit B mpensiaymieid yactu 3aganus 1P nmponykt BcTpauBaercs B
MOCJIEI0BATENBHOCTU (CAlThl PECTPUKIMU), 110 KOTOPBIM JIBE PECTPUKTA3bI (IH/C
OTBETE YKaXKUTE pa3Mep (pparMeHTOB, KOTOpBIE MOJy4yaTcs B pe3yjbTaTe pPeakiuy
I1a3MUbl, COZiepKalllell BCTaBKY B IPAaBUJIbHOM OpUEHTALUU 1IETH.

Mlul 5" - A|CGCGT - 3

Hpal 5" - GTT|AAC - 3°

MeCTO BCTaBKK

Hpal 0 0
Hpal
3600 Hpal 3800

1000

4800 n.H. 4800 M.H.

@ npomoTop



OTBer 3anMIIMTe B OTBEJCHHOE II0JIe B BHAE MOCIEI0BATEIbHOCTH YHCEJ
OJMHOYHBIMH NPOOEIaMH.
Orser: & 1028 1035 2800

MeTox oneHKH IIpaBuJibHBIEC OTBETHI JJISI: X
Cooepoicum ATGACAATAACGGAT
MeTox OLlEHKH [IpaBu/IbHBIE OTBETHI AJH: Y
Cooepoicum TCATGACAACGTACC
MeTox oneHKH IIpaBuJIbHBIC OTBETHI NJISI: Z
Tounoe coomsemcmeue 40

MeTox OLlEHKH [IpaBu/bHBIE OTBETHI As: K
Tounoe coomeemcmeue 44

MeTox oneHKH IlpaBuJjbHBIE OTBETHI AJIs1: M
Tounoe coomeemcmaue 1028 1032 2800

2
u3 5 6aji10B

BONIPOC 11: OTBET, OTPAHUYEHHBINA MO JJUHE

Kakum 00pa3om Bbl cMo:KeTe YCTAHOBUTH NPABUJIBLHOCTD 110CJI€10BATEJIbHOCTH, NOJTY4eHHOM
B pesyabrare IIIP peaknnn B npeabinymem 3aganun? Kparko onumure npuHOMAN
NPeNJI0KEeHHOr0 MeTOAA.

Harneii  Ecin Hy>HO rpy060 npukunyTh npouwita [P uim Ob1a nomymena ommoka, MO>KHO TIPOBECTH 3JIeKTpodopes

OTBET: B [TAAT. C ero nomMoIiipi0 MOKHO IIOCMOTPETh: MOJYUMINCH JIM (OArMeHThl TPEOYeMOii IJTHBI, IIOCKOJIBKY
ITAAT nnoTHBIN, METOJ TOCTATOYHO YyBCTBUTENBHBIN. [IpUHITMI: B refe, Mo IeHCTBHEM 3JIEKTPHIECKOTo
nosst aerokercs JJHK, npoucxoauT pa3aeneHue B OCHOBHOM IO Macce. Psiom mymieH maaep, 4Toob!
OTrpagyupoBath. [ BU3yaln3aui MOKHO JOOABUTH B Iesib OPOMUCTHIH 3THIUI, HanpuMep. 3aTeM
HOJIy4eHHYIO IOPOXKKY CPAaBHHUBAIOT C JIDJICPOM, HOJIydaeM Maccy (parMeHra.

Ecnu He Tpy60 NPUKHHYTH, TO ceKBeHUpoBaHKe. MoxkHO 1o CaHrepy. B cMech 700aBISIOT TepMUHHUPYIOIITHE
: Hykneotuasl (AdNTP), mommmepasy u mpaiiMepsl, KOTOpBIE HCob30Banuch st [P, oOpruHbIe
Am Hykneotuabl, ddNTP mibo comepxar pagmoakTHBHBIN H30TOII (CTaphlil MeTO), 100 ¢ dryopodopom. 1o
oJIocaM 3J1eKTpodopesa MOKHO ONPENETHUTS, I/l ObUT IPUCOETMHEH TEPMUHUPYIOIINH HYKICOTH]L 1
OTIPEIeTINTh TaKUM 00pa3oM I0ciIeJ0BaTeIbHOCTh. Ecim muku n1BosT, 3Hauut 310 cMmech [1L[P npoxykros n
NpUIETCs TIepeesbIBaTh (BO3MOXKHO HecieM(pUIHbIE TpaiMepsl WK Apyras ommnoka). Eciou nuku
COOTBETCTBYIOT HCKOMOH MOCIIEOBATEIbHOCTH 1 He IBOsAT, To I[P npouuia ycnemHo. \

MoskHO TIonpoOoBaTh U Apyrue MeTo sl cekBerupoBanus (Hanomopsl, NGS u npouue), Ho CaHrep
JIOCTAaTOYHO ONTHMAJICH JUIS OTIPEIeNEeHUs ITOCIeA0BaTeILHOCTH IpaitMepoB.

Bepnbiit  [OtcyrcTByer]
OTBET

5
u3 5 0a/10B



BOIIPOC 12: 3AHNPOC MHOTOKPATHOTO BBOJA MPOINYIMEHHOI'O TEKCTA

Brumamenvno npouumaﬁme npedjzoofceHHble d)l)az.M@Hmbl mexkcma u_paccmompume PUCYHKU, 3amem nepexoaume K
BbINONIHEHUIO 3A0AHULL.

®dparmeHT 1.

HecmoTpa Ha oTcytctBMe MOPGPONOTMYECKM BbIPaXKEHHbIX XPOMOCOM B MHTEppasHOM fAape 3yKapworT,
reHeTUYEeCKUN MaTepuan COXPAHAET YEeTKylo Cerperaumio B MPOCTPAHCTBE — MMEHHO OHA OTBeYaeT 3a
MHOTOYPOBHEBYIO pPerynsaumio akcnpeccum B reHome (PucyHok 1). CambiMM KpPYMHbIMW KOMMApTMEHTaMu
NMPUHATO CYMUTATb XPOMOCOMHble Tepputopum (XT) — orpaHUYeHHble 06/1acTh, 3aHMMaeMble XPOMaTUHOBbIMU
dmbpunnamm B uHTepdasHom agpe.

Xpomocomunio
TOPPITOPUG

KoMnaprseHTet

INXAHCEP NPOMOTOR  IMXAHCED-CARNEHOED  WncynrTop-smcynaTop

JPI/IC}’HOK 1. Uepapxust opraHu3aiiiii XpoMaTHHa B HHTEP(A3HOM siape

BHyTpM Karkpow XT reHeTUYecKuih maTepuan noapasfenatoT Ha ABa KPYMHbIX KomnapTmeHTa — A u B, raoe
nepBbli NpeacTaBaAeT coboii aKTUMBHO 3KCMPECCUMPYIOWMIACA XPOMATUH, @ BTOPON — PenpeccUpOoBaHHbIN.
Cnegyowmin ypoBeHb MNPOCTPAHCTBEHHOM OpraHM3auuM XpPOMaTUHA — TOMOJIOFMYECKM aACCOLMMPOBAHHbIE
aomeHbl (TAAbl). dr3Myeckn oHM NpeacTaBasatoT cobol CrpynnuMpoBaHHbie NETAN XPOMaTUHA, CoAepKalume
HECKOJIbKO TeHOB M aCCOLMMPOBAHHbLIX C HUMW 3HXAHCepoB M canneHcepoB (PucyHok 1). [elictBune
PEerynaTopHbIX 371eMEHTOB Ha reHbl gpyrux TALos penpeccupyetca bHenkamu-uHcynatopamm — CTCF u
KOreavHom. 3Tu ABa 6esika UrpatoT peLlatoLLyto posb B NoAAepaHun cTpyKTypbl TALOB U pacnonaratotca Ha
WX rpaHuuax. Yacto pesynbTaTbl MccnenoBaHuM CTPyKTypbl TAOB npeacTaBnAaloT B BUAE XMTMAMOB, rae
uBeTom 0603Ha4YaeTcs ypPOBEHb B3aMMOLENCTBUMIA Mexay pasHbiMM ydactkamu [JHK (PucyHok 2).

CHU)KEHUIO 4acTOoTbl B3aumogencTsuii ydactkos JHK u opueHTaumm cantos CTCF MOXHO MapKMpoBaTb
rpaHnubl TAOoB. BHyTpu KpynHbix TAZLOB eCTb y4acTKM MOBbIWEHHOTO B3aMMOAencTBMA BHYTpu cy6TAos.
HakoHeu, oTAenbHble TeHbl U WX LUC-PEryNATOpPHblE 3/1eMeHTbl 0OpasyloT XPOMOCOMHbIE MET/IM 33 CYET
nencreuns TPaHCKPUNLMOHHbIX ¢dakTopoB (PucyHok

YacToTa B3aumogemncreum

Yerkan . Pasmbitan
Huskas Bbicokas rpaHuua d rpaHvua
TAa 50 & TA,[la b
DD & & 37
N & ®
AL & ¢ \ ’og XX ’:0’
O o LB i
e, oS e, k oto)..\
cy6TAbi
Opuentauma CTCF —————————tp——tap— i ) S S "
YpoBeeHb uHcynaummn l | HW3KKiA  BblcOKWMiA

1).

PucyHoK 2. Mprmep XMTMaANoB, OTPAXKAKLLMX YAaCTOTY B3aMMOLENCTBUI MexXay y4acTkamum AHK.

dparmeHrT 2.



Yacto nNpuyYnMHaMK HacneacTBEHHbIX 3ab0seBaHUIN ABAAIOTCA NPOCTPAHCTBEHHbIE NEPEeCTPOMKM XpomaTuHa. B
KayecTBe MNpUmMepa MOXKHO  pPacCMOTpeTb  pas/nyHble  AyNJWKauMKM B JIOKyCe, coAepKaliem
reHbl KCNJ2, KCNJ16 n SOX9. T'eHbl KCNJ KOANPYIOT Kanumesble KaHanbl, a SOX9 aBnaetcA OogHWM W3 [NaBHbIX
perynaTopoB pa3BUTUA MYMKCKUX roHag. B Hopme reHbl KCNJ n SOX9 obpasytoT ABa Hesasucumbix TAfa (Puc.
3a). Uumpa-TAL, gynavkauma 3aTparMBaeT perynsTopHbIi y4acTok BHYTpM SOX9 TAa. Ha pucyHke 3b BugHo
NOBbILIEHHOE B3aMMOAEWNCTBME ABYX AYNJIMUMPOBAHHbBIX Y4YacTKOB Mexay coboil — 3TO npuBoAMT K
Hecneundpuyeckom akcnpeccum reHa SOX9 n GeHOTUNMYECKON CMEHEe MOJIa C YKEHCKOTO Ha MYXCKOW. MHmep-
TAL gynavkauma npoucxoaut Ha rpaHuue KCNJ v SOX9 TAOos (Puc. 3c). 9To npuBoauT K GOPMMPOBAHUIO
Hosoro TA[a, rae reHbl KCNJ HaxogATcA NoA KOHTPOJEM pPerynaTopHbIX snemeHToB SOX9. lpu passutum
KOHEYHOCTEN MblWeN, Hecywmux [AaHHYl AynaMKauumio, NPOCTPAHCTBEHHbLIA  XapaKTep 3KCApeccum
reHa KCNJ2 coBnagaeT c TakoBbiM Yy Sox9, yero He Habnawogaetca y mbiwen amkoro tuna (Puc. 3d). Mlogu
c uHmep-TAL pynavKaumeln AeMOHCTPUPYIOT cMHAPOM KyKa — runonaasuio Horren u Hepopassutue danaHr
nanoues. Kanvesble KaHasbl y4acTBytOT B BMP curHanuHre, KOTopbl UFPaeT KNoYeByo posib B MopdoreHese
KocTen.

a 110,000,000 111,000,000 112,000,000 113,000,000
Wild type s
- - . d  Wild Dup-C Wild Dup-C
5 Kenj16 Ken2 ¢ Sox8 ¢ t up- t -
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PucyHok 3. a - xuTman B3anmogencranii yuactkos JHK y mbiweilt ankoro tuna (Wild type); b -y
mblwen ¢ uHmpa-TAL aynankauuei (Dup-S), rae ctpenkon o6o3HayeHo noseaeHne HoBoro cy6-TAa;
C - Yy mblwel ¢ uHmep-TAL aynnmkaumei (Dup-C), rae ckobkamm 0603Ha4YeHO NoABAEHME HOBOMO
TAa; d - npoCTpaHCTBEHHbIM NaTTepH aKcnpeccnn reHoB SOX9 n KCNJ2 B pa3susatowmxca
KOHEYHOCTAX MblWen ANKOro TMna u ¢ uHmep-TAL aynavkaumen.

B kascoom uz npueedénnvix nusice 3adanuii evioepume BCE npasunvnsie sapuanmol omeema. Kasicoviii omeem
3anumume é CneyuaIbHO OMeedeHHoe noJjie 8 6ude nOC1e008amebHOCHU OYKE 8 ANasumnHoM nopaoKe 6e3 3HAK08
npenuHanua u npoodenos (pecucmp He 8ax3ceH).

1. MpounTtaiite ®parmeHT 1 1 BbIbEpPUTE NPABU/bHbIE YTBEPHKAEHUSA:
KomnapTmeHTbl aKTUBHOIO M penpeccMpoBaHHOIO XpOMaTUHA XapaKTepHbl 414 BCeX
XpOMOCOM
CTCF v KOresuH pasrpaH14MBalOT XPOMOCOMHbIE TEPPUTOPUN MEKAY COOOM
CHUXKeHHbIM YpOBEHb B3aMMOAENCTBUIN MeX Ay NOCNeA0BaTe/IbHOCTAMM KOppenmpyeT
C pacnonoxeHnem yyactkos cBAsbiBaHnA CTCF



Ha rpaHuuax cy6TALLoB ecTb y4acTku cBasbiBaHuA CTCF
Ortser: [K]

2. MpouunTarite PparmeHT 2 1 BbibepuTe NPaBUIbHbIE YTBEPKAEHUS:
Mpu cnHapome KyKa perynAatopHble anemeHTbl SOX9 M3MeHAKT NPOCTPAHCTBEHHbIN
XapakKrtep akcnpeccmnn KCNJ2

UHTep-TA aynavKauma cCoOnpoBOXAaeTCA NoABAEHMEM HOBOro AOMNONHUTENBHOIO
TAOa
Mpun nHTpa-TAL AyNAMKALMU SHXAHCEP CTan AeNCTBOBAaTb HAa HOBbIE FEeHbl-MULLEHMU

YBenunyeHue ypoBHA akcnpeccum SOX9 npu cmeHe noaa NpomcxoamT 3a cyeT

yBenn4eHunAa KOMUMHOCTU reHa
Ortser: [I]

3. NpouunTante ®parmeHTbl 1 1 2 1 BbIbepUTe NPaBUIbHbIE YTBEPKAEHUA:

Mpw nHtep-TAL AynaMKaumMmn BO3HUKAOT HOBble y4acTKu cea3sbiBaHuA CTCF

Mpun nHTpa-TAL Aynankaumm HoBbln cyb-TAL nMeeT YeTKMe rPaHnLbl, KaK U1
obwuin SOX9 TAL

MO’KHO CKa3aTb, YTO NPU GeHOTUMNYECKOM CMEHE NONA XPOMATUH U3MEHAET
CTPYKTYPY Ha ypoBHe cy6-TALLOB 1 XpOMOCOMHbIX NeTe b

Mpu cuHapome Kyka HoBoobpasoBaHHbIM TAL 6yaeT HaxoAUTCA B O4HOM

KOMMapTMeHTe BmecTe ¢ cocegHnmm TAamu
Otset: [M]

4. CooTHecuTe Nocnea0BaTeNIbHOCTU 31EMEHTOB B FTeHOME U UX GEHOTUMNYECKMM NPOABAEHNEM:
FeHbl KCNJ16/KCNJ2 - caint CTCF - aHxaHcep SOX9 - reH SOX9 - cant CTCF: AuKnit Tun
FeHbl KCNJ16/KCNJ2 - caint CTCF - aHxaHcep SOX9 - sHxaHcep SOX9 - reH SOX9 - cant
CTCF: cunapom Kyka
FeHbl KCNJ16/KCNJ2 - caint CTCF - aHxaHcep SOX9 - reHbl KCNJ16/KCNJ2 - caint CTCF -
aHxaHcep SOX9 - reH SOX9 - cait CTCF: deHOTUNMYECKAA CMeHA NoAa

FeHbl KCNJ16/KCNJ2 - caint CTCF - reH SOX9 - caiit CTCF: deHOTMNMYECKasa CMeHa nona
Ortger: [n]

5. CooTHecuTe GeHOTUNMYECKNE NPOABIEHMA N UX MONEKYNAPHbIE MEXAaHMU3MbI:
CunHppom Kyka - HapylueHne MMNopTa KanbLmA B KNETKU
CuHgpom KyKa - HapyweHne BMP curHanmHra
CmeHa nona - nasmeHeHne WNT curHanuHra
CmeHa nona - yBeainyeHne KoHUeHTpaunm benka Sox9

Ortser: [0]

Bl>lﬁ|)21lllll)lii OTBET: Brumamenvno npouumazlme nl)ed/lOJfC@HHble (bdeM@Hmbl mekcma u paccmompume puCyHkKu, samem

®parmeHT 1.
HecmoTpa Ha oTcyTcTBME MOPQPONOrMYECKM BbIPAXKEHHBIX XPOMOCOM B WMHTepdasHOM
cerperayMio B MPOCTPAHCTBE — MMEHHO OHa OTBEYAeT 33 MHOTOYPOBHEBYH perynswy

KOMNapTMEHTaMU MNPUHATO CUYMTATb XPOMOCOMHblE Tepputopmn (XT) — orpaHUYeHHt
nHTepdasHom agpe.




Xpomocomunie
TEPPNTOPMM

KoMaapTMeHTs

TAui M
oyb-TAlu

L.

INAHTEP NPOMOTOR  IMXAHCED-CARNEHOED Wucynnrop-amcynatop

Pucynox 1. Mepapxusi opranu3anuy XxpoMaTuHa B MHTEp(a3HOM sizipe

BHyTpu Kakgoi XT reHeTM4yecKMin matepuan noapasfensAtoT Ha ABa KPYMHbIX KOmMap
9KCMNPECCUPYIOLMNCA XPOMATUH, @ BTOPOM — penpeccupoBaHHbii. Creaylowmin ypoBeHb
accouMmMpoBaHHble AomeHbl (TALbl). ®U3nMYecKM OHM NpeacTaBaAaoT cobon crpynnmpo
aCCOUMMPOBAHHbBIX C HUMWM 3HXAHCEPOB W caineHcepoB (PucyHok 1). [elictBue peryn:
6enkamn-mHcynatopamm — CTCF n KoresmHom. 3Tn ABa 6enka MrpatoT peLlaroLLyto pori
rpaHuuax. Yacto pesynbTatbl UccnenoBaHUi CTPyKTypbl TALOB NpeacTaBnaloT B BUAE X
Mexay pasHbimu yyactkamm OHK (PucyHOK 2). Mo CHUKEHMIO YacTOTbl B3aMMOAENCTBUI
rpaHuubl TALoB. BHyTpu KpynHbix TALlOB €CTb Y4aCTKM MOBbILEHHOrO B3aWMOAEWNCTB

YacToTa B3aumopgeincTemit
Yerkas
Huskaa Bbicokan rpaHmy
b TAlla
TR

— A\M vv)x‘

Opuentaumsa CTCF ittt

YpoBseHb nHcynauuu s o B

perynaTopHble 3nemeHTbl 06pasyloT XPOMOCOMHblE META
TPaAHCKPUNLMOHHBIX GaKkTopoB (PUCyHOK 1).

PucyHOK 2. Mpumep XMTMaNoB, OTPaXKatoLWwmMxX YacTOTy B3aMMOAENCTBUI MEXKAY Y4acTKaMy

®dparmeHT 2.

Yacto npuMyYMHaMM HacneacTBeHHbIX 3a601eBaHNN ABNAIOTCA MPOCTPAHCTBEHHbIE MepecT
pasnuyHble AynavKauuum B NIOKyce, cogepKawem reHbl KCNJ2, KCNJ16 v SOX9. eHbl KC
rNaBHbIX PEryiATOPOB PasBUTUA MYXKCKMX roHag. B Hopme reHbl KCNJ n SOX9 o6pasyto
3aTparnBaeT PeryiaTopHbIN y4acTok BHYTpM SOX9 TAfla. Ha pucyHKke 3b BUAHO NOBbILWEH]
coboi — 3To NPMBOAMT K Hecneundpuueckom akcnpeccum reHa SOX9 n GeHOTUNUYECKON C
npoucxoauT Ha rpaHuue KCNJ v SOX9 TAos (Puc. 3c). 3to npuBoaut K GopmMmUpOBaH
perynaTopHbix 31emeHToB SOX9. Mpu pasBUTUM KOHEYHOCTEN Mbllen, Hecywux AaH
reHa KCNJ2 coBnagaeT Cc TakoBbIM y Sox9, Yyero He Habnogaerca y mMbieid AUKOro Tuna
cuHApoM KyKa — runonnasuto Horren U Hefopassutme ganaHr nanbues. Kanvesble KaHabl
B MopdoreHese KocTel.
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PucyHok 3. a - xuTman B3anmoaencTenii ydyactkos IHK y mblwieit amkoro tuna (Wild type);
Mblweln c uHmpa-TAL aynnvkaumei (Dup-S), rae ctpenkoli 0603HavyeHo NosiBieHNe HOBO!
C- y mblwel c uHmep-TAL aynnvkaumei (Dup-C), rae ckobkamm 0603HauYeHo NosABeHME
TALa; d - NpOCTPaHCTBEHHDBIV NATTEPH 3Kcnpeccun reHoB SOX9 n KCNJ2 B pa3BUBaOLLMXCS
KOHEYHOCTAX MbILIEN AMKOro TUNA U ¢ UHMep-TALL aynankaumen.

B kasicoom u3 npueedénnvix nHudice 3aoanuii evioepume BCE npasunvnuvie eéapuanmot omeema. Ka
nocneoosamenvHoCmu 0yKe 6 angasumnom nopaokKe 6e3 3HaKo6 NPenUHaAHUA U npooenos (pezucn

1. NpouuTtaitite PparmeHT 1 1 BbIGEPUTE NPABU/IbHDBIE YTBEPKAEHUA:
KomnapTMeHTbl aKTUBHOIO M PENPeccMpoOBaHHOIO XPOMATMHA XapaK
CTCF v KoresumH pa3srpaHM4YMBalOT XPOMOCOMHbIE TEPPUTOPUN MEKAY
CHU)KEHHbIM YypOBEHb B3aMMOLENCTBUIN MeXAy NOCnen0BaTeIbHOCTS
CTCF
Ha rpaHnuax cy6TAoB ecTb y4acTku ceasbiBaHus CTCF
Orser: & acd
2. MpouunTante PparmeHT 2 1 BbibepuTe NPaBUIbHbIE YTBEPKAEHUA:
Mpn cuHgpome Kyka perynatopHble anemeHTbl SOX9 nameHAT Npoc
NHTep-TA aynavkauma conpoBoOXKAaeTcA NoAsaeHMem HOBOro 40mC
Mpu nHTpa-TAL AyNAMKAUMM SHXAHCep CTan AeNCTBOBAaTb Ha HOBbIE |
YBennyeHue ypoBHa akcnpeccum SOX9 npm cmeHe Nosa NponcxoanT
Orser: & abcd
3. MpouunTante PparmeHTbl 1 1 2 1 BbIbepUTe NPaBUAbHbIE YTBEPKAEHUA:
Mpn nHutep-TAL AynNAnKauMmn BO3HMKAOT HOBblE YH4ACTKM CBA3bIBAHMUS
Mpu nHTpa-TA AynanKaummn HoBbln cyb-TA MeeT YeTKMe rpaHunLb
MoOHO CKa3aTb, YTO NPU GEHOTUMNYECKON CMEHE N0AA XPOMATUH W:
neTtenb
Mpu cnHapome KyKa HOBoobpa3oBaHHbIM TALl 6yaeT HaxoauTCs B Of
Ortser: " acd
4. CooTHecuTe NOCNeA0BaATENbHOCTU SN1EMEHTOB B FEHOME U X PEHOTUNMUYECKMM T
FeHbl KCNJ16/KCNJ2 - cant CTCF - sHxaHcep SOX9 - reH SOX9 - cant C
FeHbl KCNJ16/KCNJ2 - cant CTCF - aHxaHcep SOX9 - sHxaHcep SOX9 - |
FeHbl KCNJ16/KCNJ2 - cant CTCF - sHxaHcep SOX9 - reHbl KCNJ16/KCN
dbeHOTMNNYECKaA CMeHa Noa
FeHbl KCNJ16/KCNJ2 - cant CTCF - reH SOX9 - cait CTCF: deHoTMMNMYE

Ortser: "' a



MeTo OLlEHKH

Tounoe coomsemcmaue

MeToa OIEeHKH

Tounoe coomeemcmaue

MeToa OLEHKH

Tounoe coomsemcmsue

MeTo/ OllEHKH

Tounoe coomeemcmaue

MeToa OLEHKH

Tounoe coomeemcmaue

5. CooTHecuTe GpeHOTUNUYECKNE NPOABNEHUA N UX MONEKYNAPHbBIE MEXAaHMU3MblI:
CnHpgpom Kyka - HapyleHue nMnopTa KanbUmA B KNETKU
CuHpgpom Kyka - HapyweHue BMP curHanuHra

1. CmeHa nona - uasmeHeHne WNT curHanuHra
CMeHa nona - ysenmyeHme KoHueHTpaumm 6enka Sox9

Ortser: “#' bd
[IpaBuabHBIE OTBETHI 1JIA: K
acd

IIpaBuibHbIE 0TBETHI AJ1s: |

ab

l'lpzmu.n,m,le OTBETHI AJisA: M

acd

npaBll.lbllbl(‘ OTBETHI JJIfl: N

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

bd
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BOIIPOC 13: 3ANPOC MHOTOKPATHOTI'O BBOJA MMPONYIMEHHOTIO TEKCTA

VY cymuaThIX rprOOB (aCKOMHIIETOB) BCE CIIOPBI, 0Opas3yrolecs B pe3yibTaTe Meio3a U3 0HOM 1 Toi
e TUTIJIONTHON 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
CTPOrOM COOTBETCTBUH C OPSIIKOM pacxoskaenust xpomatu (I-e u l1-e nenenue meitosa
OpPHEHTUPOBAHBI y 3TUX BUJOB OMHAKOBO). Kak OyJyT BBIIIIAIETh CYyMKH, €CITH HCXOTHBIN TUTUIOMN]T

6bin nurereposurotoit 0.0, .0,? Mpeamonoxum, 4To nepBbIil TeH KOHTPOIUPYET pa3Mep KIETOK (B

npucyTcTBue amtenu D; Gopmupyercs kpynHas cropa, a B IpucyTcTsre amnemn D, — Menkas), a

1 BTOPOM — MUTMEHTAIHIO (aJUTenh d; obecrneunBaeT 0eKEBYI0 OKPACKY CIIOp, aJlJIeNb A, — KENTYIO).
3amonHuTe TabNMIly. B 0TBeTax MCMONMB3yiiTe Cleayromme 0003HaYeHHS: KpyITHas criopa — L, menkas

criopa — S, 6exeBas cropa —

R, sxenrast criopa — Y.

KommuecTBo ciop B cymke

[yl

ITnouaHOCTh Kax a0l u3 Hux (N uiam 2n) [0]

Cpenu HuX:

KOJIMYECTBO CIIOP, HECYIIHMX ayuiess | [U]

b,




KOJIMYECTBO CIOP, HECYIIHX ayuiesb | [P]

0.
BeInUIIKTEe PaCcMoNokKEHHE KIETOK B CYMKE, €CIU BTOpasi CIiopa ClieBa MeJIKast [
M3BECTHO, YTO: OexeBas
BTOpas CIOpa CIpasa KpynHas [t]
OexeBast

BrimmmimmTe Bce BO3MOKHEIC BAapHUAHTEI CYMOK C YUETOM 000X I'eHOB

[b]

Bb10OpaHHbIil 0TBET:

MeToa OlleHKH

Tounoe coomsemcmeue

MeToa OLleHKH

Tounoe coomeemcmaue

Tounoe coomeemcmaue

MeToa OlleHKH

Tounoe coomeemcmaue

MeToa OLleHKH

Tounoe coomsemcmeue

MeTox OlIeHKH

Tounoe coomeemcmaue

MeToa OLleHKH

Tounoe coomsemcmeue

VY cymuathix rpu00oB (aCKOMHIIETOB) BCE CHIOPBI, 00Pa3yIOLIHECs B Pe3yJIbTaTe Mei
obmeit 06o04Ke — cymKe. [Ipu 3TOM CTpoeHHEe CYMOK y pa3HBIX aCKOMHIIETOB pas]
B OJIHY JINHHUIO, B CTPOTOM COOTBETCTBHU C TIOPSAKOM pacxoxaeHus xpomatuy (I-e

oauHaKoBo). Kak OyayT BBITTISAECTH CYMKH, €CIM UCXOAHBIN TUITON]] OBLI TUTETED

KOHTPOJIMPYET pasMep KJIETOK (B IPUCYTCTBHE amnenu D, popmupyercs kpynHas c

MUTMEHTAIMIO (aJuielb &, o0ecieunBacT OEKEBYIO OKPACKY CIIOP, ajliellb A, — Ke
cienyromue o003HaYeHHs: KpynHas criopa — L, Menkas ciopa — S, 6exeBast criopa

KonungecTBo criop B cymke

8 [TK mocjie Meiio3a OTHO JeJIeHUs] MUTO30M JIJISi THITH®

HECYHIUX aJIJIC]Ib bz

[TImonaHOCTh KaX0# U3 HUX | ' n
(n mm 2n)
Cpenu HuX: KOJIMYECTBO CIIOP, X (2 B pe3yabTare Meiio3a, not

KOJIMYECTBO CITOD,
Hecylux ajuiens J,

(% W

Beinumure pacnonoxeHue
KJIIETOK B CYMKE, €CIIU
U3BECTHO, YTO:

BTOpasd Criopa CJICBa,

MeJikasa OexxeBas

Q 2*[mo aBa QyIUVIMKATA PAAOM, ’

BTOpas criopa
CIpaBa KpyIHas
OexeBas

€ 2*(LR)(LR)(SY)(SY)

y4eToM 000UX TeHOB

BremummnTe Bce BO3MOKHBIC BAapHUaHTBI CYMOK C

Q (B 1ajbHeIIeM MHOKUTEND 2
(SR)(SR)(LY)(LY) 3. (LY)(LY)(S
xpomatun). IIpyu renHoii KoHBepc

I'lpammhnme OTBETHI IJIsI: Y

4

IIpaBuIbLHBIC OTBETHI AJIA: O

1n
n

I'lpammhnme OTBETHI AJIsl: U

nplellIthhle OTBETHI IJIsI: P

n])‘dlilldlbllblc oTBeThI aJ1: |

SRSRLYLY

I'lpammhm.le OTBETHI I t

SYSYLRLR



MeTo OLleHKH

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

Tounoe coomsemcmsue

BOIIPOC 14: 3CCE

n])ilBll.T[belt‘ OTBeTHI JJisi: 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
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

8
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Latime passepHymbiti omeem. Hcrionb3ylme dns omeema crieyuarnbHO omeedeHHoe rore.

B coBpeMeHHON GMOTEXHONOIMYECKOW MPOMbILLIIEHHOCTU NPUMEHSIIOT Pa3fnYHble CUCTEeMbl Ans
MonyYeHns LIeneBoro peKOMOUHAHTHOro Oerka, UCNonb3yeMoro B M3roTOBIIEHUUN NIEKAPCTBEHHbIX
npenapatoB. OQHOM M3 TakMxX CUCTEM NABNSAETCS KynbTypa 6GakTtepuanbHbiX knetok. Onuwmte
npoLecc NonyyYeHnst KNeTOYHOM CUCTEMbI AN CMHTe3a peKOMBUHAHTHOro 6enka Ha OCHOBE KIeTOoK

Gaktepuin. OueHNTe, KakMMK OCTOMHCTBAMW U HeJocTaTkaMy obnagaeT AaHHas cucTema.

Haunblii  CHauana nenaem pekombunantHyto tasmuny (ITLP rena nkomoro 6enka, 00paboTka pecTpKTazaMu

OTBET: IUTa3MU/Ibl, TUTHPOBAHKE, BCTaBKa). 3aTeM BCTaBJsieM BEKTOp B OakTepuio. [Toyuaem konouu0. [IpoBogum
CKpUHUHT Ha Hanndue uckomoro oenka (MDA, nanpumep). Yoexxaaemcsi, 4TO KOJIOHUS TIPOAYIUPYET
HCKOMBEII OEJIOK (€CITK HeT, TO MOBTOpsieM). BeipammBaem OakTepuu B MacCOBOM KosmdecTBe. bakrepun
MPOAYIHPYIOT OEJOK, OCTAIOCh TOJIBKO OYHCTUTH UCKOMBIN MPOAYKT OT MPMECEH.

JlocToMHCTBa B TOM, YTO OaKTEPUAIBHYIO KYJIBTYPY JIETKO Pa3MHOXKHUTH U COJIEPKATh, YUUTHIBAsL, YTO BEKTOP
MOXXHO BCTPOUTB B JIFOOYIO HENPXOTIIMBYIO OakTepHio TeM Oosee. benka HapaOaThIBaeTcst TaKMM 00pa3oM B
JIOCTaTOYHOM KOJIMYECTBE, HE HY>KHBI CIICIIMAIbHBIE PEareHThI Ul CHHTE3a JIKapCTBa KakK B CIIy4aeT ¢
XMUMHUUYECKHM CHHTE30M. KpomMe Toro, MoskHO M30eKaTh IpoOIeMbl HeXKelaTeIbHBIX JHAHTHOMEPOB, KOTOPBIE
MOTEHIIMATBHO MOTYT UMETh, HAIIPMEP, TEPAaTOTeHHBIA 3P PekT. PepMeHTHI B 3TOM ITaHe Ooee
cnenn(UIHbIe, YeM XUMUUECKUH CHHTE3.

HenocraTok 6akTepHaIbHBIX KyIbTYp B TOM, YTO OEIOK HEOOXOANMO OYHINIAThH OT MpuMeceil. 1o
JIOCTUTAEeTCS PA3IUIHBIMHU CIIOCO0aMH, HO B 3TOM IUIaHE XMMHYECKHNA CHHTE3 Ooiee BRITOICH, TK 3a9acTyI0
o0pa3zyeTcs TONbKO LENeBOi MpoaAyKT. Takke BO3ZMOXKHBIA HEAOCTATOK 3TO, TO, YTO HY>KHO ONPE/IEIEHHO
3HaTh Kakue ()epMEHTHI OTBEYAIOT 38 OMOCHHTE3 TAHHOTO OEJKa, IOJKHBI OBITh CEKBEHUPOBAHBI HX



IoCJICA0BATCIbHOCTH.

Bepubiii  [OtcyrcTByer]
OTBET
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BONIPOC 15: 3CCE

IpencraBieHHbIe H300PaKeHUS HILTIOCTPUPYIOT UCHIOJIb30BAHUE PA3JTHYHBIX TEXHOJIOT Wit
MpH U3yYeHHH THAPOOHMOHTOB. BHINOJIHUTE 32/1aHUsA, 3AITHCAB OTBETHI B CIIENHATIbHO

'.ﬁ' !.:,* A § | = S e & (‘ ! ".I"

OTBEIEHHOE IO0JIe.

1. YeraHoBHTe 0OIHO3HAYHOE COOTBETCTBHE MEKAY U300pakeHUsIMH, HA3BAHUSIMU IPUOOPOB 1
pe3yJIbTaTaMHU MX HCIOJb30BAHMA. 3aNMIINTE KAK10€ NMOJYYeHHOEe COOTBETCTBHE B MOJIE JIs1
oTrBeTa B Buje X - Y - Z, rjae X - OyKBeHHOe 0003HaYeHHe U300pakeHus1, Y - HOMep npudopa
(apa0ckasi uugpa), Z - Homep Metoauku (pumckasi uuppa). BHUMAHUE! Onun u3
NpHOOPOB M OAMH U3 Pe3yJbTATOB — JIHIIHHE!

[TpuGopsr: Pe3ynbTaThl nCcTiONB30BaHUS:

1. Jlnouepnarenb I. OToOpaTh TPOOKI BOJIBI H3BECTHOTO 00BEMA C ONPEACIICHHON TITYOUHBI
2. [ImankTOHHAsS Il. IToacuuTath KONMMYECTBO 0coOei paukoB-mukionos (Cyclops) B o0beme
CETh poObI

3. Kamepa I11. OTo6path MpoOBI TPyHTA U3BECTHOU TLIOIIA TN

boroposa




4. Kamepa I'opsiea | IV. OTobpath nmpoObI TpyHTa M3BECTHOM IIJIOMIAIN C COXpaHEHUEM
BEPTUKAJIHLHON CTPYKTYPHI OCaIKa

5. I'pynToBas V. B3sITh KOTUYECTBEHHYIO IPOOY 300IIJIAHKTOHA
TpyOKa
6. batromerp VI. IlogcunTaTh KOJIMYECTBO OJHOKJIETOYHBIX BOJOPOCIEH B €IMHULIE

o0beMa rmpoObI

1. YcranoBuTe 01HO3HAYHOE COOTBETCTBHE MEKIY H300PAKEeHUsIMH, HA3BAHUSAMH NPUOOPOB U
pe3yJbTaTaMM UX UCIOJIb30BAHMA. 3aNMIIUTE KAXK/I0€ M0JTy4eHHOe COOTBETCTBUE B MoJIe A5
orBeTa B Buae X - Y - Z, rae X - 0yKkBeHHOe 0003HAYeHUEe H300pa:keHus, Y - HoMep npudopa (apadckasn
unpa), Z - Homep Metoguku (pumckasi muppa). BHUMAHUE! Oaun u3 npudopoB u ogHA U3
METOIMK — JINIIHHE!

2.1. Boioepute BCE npaBuiibHble BApuaHThI oTBeTa. OTBeT 3aNMIIKMTE B OTBeeHHOE I10JIe B
BHA€ MOCJI€I0BATCJIBbHOCTH COOTBETCTBYIOIIUX JATHHCKHUX 6yKB B aJI(l)aBI/ITHOM nmopsaake, oe3
Nnpo0eJioB U 3HAKOB NMPeNNHAHUA (PErucTp He BAKEH).

JlHouepnaTeb, N300paKeHHBIN Ha 0 HOM U3 GoTorpaduii, MeeT paboUyrO TUIOIIAb
1/40 Mm% C noMoIIbIo 3TOro NpHOOPa MOKHO € JOCTATOYHOM TOYHOCTBIO OLIEHHUTh
IUIOTHOCTH ITOMYJIALMY CIECAYIOMINX OPTaHU3MOB:

A Portlandia arctica (poromuii IByCTBOpYATHII MOJUTIOCK, cOOUparoImuii AeTputodar,
MaKCUMaJIbHasl IJTMHA pakoBUHBI — 20 MM)

B. Rhizogeton fusiformis (koJloHHambHBINA THAPOUI, OOUTATENIh TOBEPXHOCTH CKal,
BaJyHOB U KaMHEH, XUIIHUK, MaKCUMaJIbHAs JUTHHA MTOIHIoB 10 M)

C. Kamuarckuii kpabd

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

2.2. BbiOepuTte npuoopbl, KOTOPbIE OTHOCAT K OPYAMSAM JI0BA 1JIsl KOJIMYECTBEHHON OLleHKH
NNJIOTHOCTH l'lOl'lyJ'lﬂlII/lﬁ. 3anummre B OTBCACHHOC I10JI€ COOTBETCTBYIOLIIHNE 6yKBeHHbIe
o0o3HaueHuns pororpadpuii.

3. J1sisi u3MepeHusi COJIEHOCTH MOPCKOH BObI Yallle BCEero HCMOJIb3YIOT apeoMeTphbl,
KOHJAYKTOMETPBI B pe()pakToMeTphI - NPUO0PHI, pa00Ta KOTOPBIX OCHOBAHA HA CBA3H
COJICHOCTH BOJbI U JIPYI'UX €€ (l)PI3]/I‘leCKI/IX CBOMCTB. YKa)KI/[Te, 0 KaKHX CBOMCTBaX BOJAbI UA€T
pedYb B OTHX TpexX CJIy4asx.

Harmeri 1. JI-1- 11I; B-2-V; I'-4-11; A-5-1V; b-6-I.

OTBET!

2.

2.1 ABD

2.2BA

3. ApeomeTp n3MepseT MIIOTHOCTh; CBOMCTBO — IUIOTHOCTH. KOHAYKTOMETp H3MepsieT

AIIEKTPOIPOBOIHOCTE; CBOMCTBO —AJIEKTPOIPOBOIHOCTE. PedpakTomMeTp n3aMepser cmiocoOHOCTh BOJIBI
OTpa)kaThb CBET; CBOMCTBO — OTPa’KEHUE CBETA.

Bepnblit [OtcyrerByer]
OTBET



