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1o HanpasieHuto noArotosku 06.04.01 «buonorus» GI'BOY BO «Henl'V»

DoHJ OLIEHOYHBIX CPEACTB N0 aucuuiumHe «L{urorenernka»

cTp. 2

Hamnpasnennocts (nmpodunn): 'eHeTrnka

MNACHOPT ®OHJA OIIEHOYHBIX CPEACTB
Hanpasnenue noarorosku: 06.04.01 BuoJiorus

Hucnununa: Ilutoreneruka
Cemectpsl u3yueHus: 3
dopMa IPOMEKYTOYHOM aTTECTALUU: 3a4€ET

2. MIEPEYEHb ®OPMUPYEMBIX KOMIIETEHIIUIA
2.1. KoMmneTeHIIMH, 3aKPeNJI¢HHbIE 32 TUCHMIIIUHO
N3zyuyenune qucruminabl «LluToreHeTukay HamnpasieHo Ha GOpMUPOBAHUE CIIETYFOIIIX

KOMIIETEHIIHI:
Konpt Copnepxanue Konp! u conepxanue IIepedyens mutaHMpyeMBbIX
KOMIIETEHLIUH KOMITETEHIUH VHJIUKaTOpPOB pEe3yJIbTaToOB 00Y4EHUs 110
(mo ®I'OC) corsacHo ®I'OC JTUCIUTUIAHE
1 2 3 4
I1K-1 Cnocoben [IK-1.2  Anammsupyer | 3HaTh:
UCIOJIb30BaTh 3HAHUE | HOPMAaTHBHBIC Host TOCTKEHUS
HOPMAaTUBHBIX JIOKYMEHTHI, WHJUKaTOpa TIK-1.2:
JIOKyMEHTOB, perjlaMeHTHpYIOLIHe YCTPOUCTBO u
PETJIaMEHTUPYIOIINX | OPraHU3aIHIo U | OpraHu3aIuio padoTHI
OpraHHU3aLUI0 METOJIUKY TPOBEICHHS | LIUTOICHETUYECKOU
NPOBEICHUS HAYYHO- | HAYYHO- n1aboparopuu, MepbI
UCCIIEJ0BATEIbCKUX UCCJICJIOBATENILCKUX W | ITPOM3BOJCTBEHHOM
pabot IV | TIPOM3BOACTBEHHO- 0€30MaCHOCTH.
PYKOBOJICTBa TEXHOJIOTMYECKHX paboT | YMeTh:
pabounm OHMOJIOTrMYECKOTo Jis JOCTHKEHUS
KOJIJIEKTHBOM u | mpoduis. MHJIMKaTOpa [K-1.2:
obecrieueHus Mep HaXOMUTh  HOPMaTHUBHEIC
HPOU3BOACTBEHHON JIOKYMEHTBI,
0e3011acHOCTH periaMeHTHpYoIIre

OpraHu3aIMIo TPOBEACHUS
HUP B mutoreHeTnyeckomn

71a00paTOPHH.

Baaners:

st JIOCTHKCHUS
WHANKATOpa T1IK-1.2:

Croco0aMH MIaHUPOBAHUS
Hay4YHBIX UCCIIEIOBAaHUH 1
MIPOU3BO/ICTBEHHBIX 32124 C
coOJTI0/IeHEM Mep
MPOU3BOJICTBEHHON
0€30MacHOCTH.
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[K-2 CnocobeH IIK-2.1 Nmeer | 3HaTh:
WCIIOJIb30BAThH B | IIPEICTABIICHUE 00 | s JOCTHKECHHUS
HAy4HOU U | OCHOBHBIX METOAaX | UHAUKATOpPA [K-2.1:
IIPOU3BOJACTBEHHO- TEHETUKH U | TEPMUHOJIOTHIO,
TEXHOJIOTHYECKOMN MOJIEKYJISIPHOU HCIIOJIb3YEMYO B
JEATEeILHOCTH 3HaHUS | OMOJIOTHHU. JTUCHUIUIMHE, TPUMEHEHUE
byHIaMEHTAIBHBIX U LHUTOTE€HETUYECKUX
MIPUKJIATHBIX METOJIOB HCCJICIOBAHUS B
pazzienoB OMOI03UMETPHH,
TEHETUYECKUX OHKOJIOTU U u
JMCUUTUIAH MpeHaTaIbHOM
JIMarHOCTHKE IJI0/1A.
[IK-2.2 PaccmarpuBaer Hos HOCTH)KeHH;{
N HUHMKATOpa TIK-2.2:
MPUHLHUIIBI  YCTPOMCTBA pErJaMEHT paGoTHI
1 paboTbI COBPEMEHHBIX | 1\yroreperueckoii
naboparopuid nabopaTopuM,  PEaKTHBBI,
o0opyi0BaHue,

HE00X0IMMOe [Tt paOOTEHI.
Ymern:
Jost
WHMKaTOpa
BBITIOJIHSATH
KapUOTUIIMPOBaHUE
XpOMOCOM YeJI0BeKa,
BBIITIOJIHATH
IIUTOTCHETHYECKYIO 3aIHCh
pe3yIbTaToB
KapUOTHITPOBAHUS C
UCIIOJIb30BAaHUEM
IMUTOI'€HECTHUYCCKUX
CHMBOJIOB, YMETh YUTATh H
3aIHCBIBATh

JOCTUXKCHU S
TIK-2.1:

LIUTOr€HETHYECKUE
JIMarHo3bl.

Baanern:

st JIOCTHKECHUS
WHJUKATOpa T1K-2.1:
HaBbIKaMU paboThI c
yueOHOM u Hay4YHOH
JIUTEPATypOH, aTyiacaMu
XPOMOCOM.

3. COAEP) KAHUE OLHEHOYHBIX CPEJACTB IO JMCHUIIJIMHE

3.1 Buabl OlleHOYHBIX CPeACTB

KOMIICT CHI_II/II/I/ IJIAaHUPYCMBIC

Kon

Haumenosauu
€ OLICHOYHOI'0

HaumenoBauu
€ OLICHOYHOI'0
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DoHJI OIEHOYHBIX CPEJICTB MO JucHuInHe «LluToreHeTnkay»
1o HanpasieHuto noArotosku 06.04.01 «buonorus» GI'BOY BO «Henl'V»

cTp. 4

pe3yNIbTaThl O0y4YCHUS KoHTposmpyembie CpeICcTBa JIs CpelcTBa Ha
TEMbI/pa3aeibl TEKYIIEro MIPOMEKYTOYH
KOHTPOJIS Oli aTTecTaluu
Ne 3ananus
IK-1 Pasnen 1. IIpeamer u VCTHBIN Bompocs k
3uarn: 3aJ]auu HUTOTCHETUKU.  |OIpoC, 3auety Ne 1-
Jutst poctmwkenus nHANKaropa  |Hcropust HayKH. pedepatuBHbl | 26
I1K-1.2: YCTPOKUCTBO HWPaznen 2. Ctpoenue € COOOIIEHHSI.
OpraHHU3aLUI0 PaboTBIXPOMOCOM.
LUTOT€HETHYECKOM Pasnen 3.
naboparopuu, MeprlHomeHnkiatypa
MIPOU3BOJICTBEHHOI XPOMOCOM YEJIOBEKA.
0€30MacHOCTH. Bunst okpacku
Ymers: XpPOMOCOM.
Jliia noctuxeHuss MHIUKaTopa |Pasmen 4.
IK-1.2: HaxoJMTh|[{uToreHeTrKa
HOpPMAaTHBHBIE JOKYMEHTBL, XPOMOCOMHBIX
perIaMeHTHPYFOIINE MIEPECTPOCK.
opranuzanuto nposeaecHuss HUP|Paznen 5. Kiietounsrit
B HUATOr€HETUYECKOM|[TUKIT U €ero peryIsIysL.
naboparopuu.
Baaners:
JIJ1st TOCTHYKEHUST MHIAMKATOpa
ITIK-1.2: cnocobamu
TUTAHUPOBAHUS HAYYHBIX
HCCIIENOBaHUMN 1
MTPOU3BOJICTBEHHBIX 3124 C
COOII0OICHUEM MEP
MIPOU3BOJICTBEHHOM
0€30MacHOCTH.
IIK-2 Pazpnen 1. Ilpenmer u YcTHBIN Bomnpocsr k
3HaTh: 3aJ]au¥ IATOTCHETUKH.  [OTPOC, 3agery Ne 1-26
Jlnst nocTukeHust MHAMKaTopa  (Mcropus HayKu. pedepaTHBHBI
[1K-2.1: TEpMHUHOJIOTHIO, |Paznien 2. CtpoeHne € coo0IIeHN.
UCIIOJIb3YEMYIO B IUCLIUIUINHE, [XPOMOCOM.
MIPUMEHEHHE Pasznen 3.
[IUTOT€HETHUECKUX meronoBHomeHkIatypa
WCCIICIOBAHUS BXPOMOCOM YeJIOBEKa.
OMOJ03UMETPUH, OHKOJIOTUH HBHIIBI OKpacku
MpeHaTaIbHON JMarHOCTHK{XPOMOCOM.
JI0/1a. Paznen 4.
Jnst moctrxeHus HHAMKaTopa |[{urorenernka
[1IK-2.2: permameHT  pabOTHIXPOMOCOMHBIX
[IUTOT€HETHYECKOM MIEPECTPOEK.
nabopaTopuu, peaktuBblLPaznen 5. Kierounslii
obopynoBaHue,  HEOOXOIUMOE| UK K €r0 PEryJIsIHsL.
JUTs1 pabOTHI.
YMmern:

Jns nmocTvKeHusT WHIMKAaTopa
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[IK-2.1: BBINTOJIHATH)
KapUOTHUIIUPOBAHUE XPOMOCOM
YeJI0BEKA, BBITTOJIHSTH|
[UTOTEHETHYECKYIO 3aIMCH
pe3yIbTaToOB

KapUOTUITUPOBAHUS 0
HCIOJIB30BAHUEM

LIUTOr€HETUYECKUX  CHMBOJIOB,
YMETb YUTaTh U 3aIIUCHIBAThH
LUTOr€HETUYECKUE TUarHO3Bl.
Baanern:

JUst JOCTHXKEHMSI MHIMKaTopa
[1K-2.1: HaBbIKaMu pabOTHI €
y4eOHOH 1 HayYHOH
JUTEepaTypoi, aTaacamu
XPOMOCOM.

Ipumeuanue: munogvle 3a0anus, Kpumepuu U NOKA3AMeNU OYEHUBAHUS 8 DAMKAX
meKyuje2o KOHmMpOoJsi npedCcmasiensvl 8 paboyell npozpamme OUCYunIunvl (mooyas). Iloanvle
KOMNIEKMbl OYEHOYHBIX CPEOCME U KOHMPOIbHO-USMEPUMENbHBIX MAMEPUALO8 XPAHAMCS HA
Kageope.

3.2 Conep:xaHue OLEeHOYHBIX CPeICTB
OrieHOYHBIC  CpEICTBA IMPOMEXKYTOYHOM aTTECTAllMd  MPEJACTABICHBI  EpeYHEM
BOIIPOCOB JIJIs 3a4eTa

Teopernueckue Bonpockl k 3auety no aucuumiinbe "luroreneruxa".

1. Iousitue o uuroreneruke. [Ipexmer, 3axauu.

OtBer: Llutorenernka (OT LMTO... U T€HETUKA), HAyKa, W3ydarollas 3aKOHOMEPHOCTH
HACJIEICTBEHHOCTH BO  B3aMMOCBSA3M €O CTpOEHHEM U QYHKIOUSAMH  pa3IMYHbIX
BHYTPUKIIETOUHBIX CTPyKTyp. OCHOBHOW mpenMer wuccienoBanuii L. — Xpomocomsl, HuX
Mop(hoorusi, CTpyKTypHasi 1 XMMH4Y€ECKasi OpraHu3anus, QyHKIUHU U TOBEJCHUE B ACIAIIMXCS
U HexensAmuxcs kierkax. Kak morpanmynas Hayka LI, mcnosbp3yeT MeToAbl T'€HETUKH U
LHUATOJIOTMM M TECHO CBs3aHAa C pa3lelnamMu 3THUX HayK — MOJEKYISIPHOW T'€HETHKOM,
UTOXUMUEH, Kapuojoruen, kapuocucrematukod u nap. Ilonmpasnmensercs nHa oOmgyro 11,
M3YYaloIllylo OOIIME KIETOYHbIE OCHOBBI HacieICTBeHHOcTH, M L. pacTeHuil, *UBOTHBIX,
YEJI0BEKA.

2. OcHOBHBIE 3TaNbl Pa3BUTHS HUTOTeHETHKHU.

OtBer: B wuncropum pa3BUTHS MEIUIMHCKOM IUTOTEHETHMKHM MOXHO BBIIEIUTH
HECKOJIbKO 3TamnoB. [lepBble, camble paHHUE HAOIIOACHUS XPOMOCOM YeJIOBEeKa HA4YaJuCh C pa-
6ot B. ®nemmunra (1880), koraa B aensmuxcst KI€TKaxX pPOTOBHUIIBI I71a3a YeloBeKa OH OOHa-
py)ui1 oT 22 10 28 XpoMaTHHOBBIX Tesl. CaM TepMUH "XpoMocoma', B JOCIIOBHOM II€pEBOJE
O3Hauaromuil "okpammBarolieecs Temblie", BrepBble Obl1 BBeAeH B. Bambaeitepom B 1888
roxy. B 1912 romy Winiwarter BnepBble NpU HCCIEIOBAHUNM CEMEHHHMKOB 4YeJIOBE€Ka OOHa-
pyxun 47 xpoMocoM B MeTadaszax CHepMaTOroHui, 23 ayTocOMHbIE Mapbl M HEMmapHyro X-
xpomocomy. OH MPEeANOI0KUI, YTO KEHCKUN TOJ XapaKTepu3yeTcs: KapuoTHUIoM XX, a MyXK-
ckoii -XO0.
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Crnenyromuii 3Tam MOXHO Ha3BaTh "TEMHO# spoi" passutus muroreHeruku (Hsu,
1979). On nmpomnmuies ¢ 1923 mo 1952 rr. B 1923 rony anrnumiickuii uccrnemoBatens Painter
OpU W3YYEHHHM TECTHKYJ TpeX JIyIIEBHOOONBbHBIX YCTAHOBWUJ, YTO MAMIUIOMIHOE YHUCIIO
XpOMOCOM Yy 4elloBeKa JJisi 000MX TOJIOB paBHO 48, a crucTeMa MOJIOBBIX XPOMOCOM Y JKEHIIUH
npeacrabieHa xpomocoMamMu XX U XY y MykuuH. Cleayer OTMETHTh, YTO B 3TOT MEPUO/T
CHOCOOBI TOJIyYEHHs MPErapaToB XpOMOCOM OBUIM €lle JajeKH OT ujeaja, ¥ MOITOMY OIIH-
00YHOE MPE/ICTaBICHHUE O KOJMYECTBE XPOMOCOM Y YEJIOBEKa JePKaIOCh JOCTATOUHO JIOJTO.

C 1952 ropa Havanach "TMIOTOHMYECKas 3pa" B pa3BUTHM LUTOICHETHKH YEJIOBEKA
(Hsu, 1979; Therman, 1986). B1952 romy Hsu momecTwt KJIETKH B THIIOTOHUYECKUN PacTBOP
U TONYYMJI Tpernaparbl ¢ XOpOIIUM pa3dpocoOM MHUTOTHYECKHX XpOMOCOM. Mcmomnb3ys 3TOT
BaKHBIH MeToAMYECKui npueM, B 1956 roay mBenckue ydensle Tjio u Levan nmpu uzydeHun
KylnbTyp (uOpOOIACTOB JIETKOrO SMOPHOHOB 4YeNOBEKa, a BCKOpe M aHrnudane Ford u
Hamerton npu u3y4eHHH CIepMaTOLUTOB TECTUKYJISIPHON TKAaHMW YCTAHOBHIIM, YTO JHIIOH]I-
HO€ YMCJI0O XPOMOCOM 4YeJIOBEKa paBHO 46. DTO OTKPBITHE CTUMYJIMPOBAIO OypHOE pa3BUTHUE
[IUTOTEHETHKH YEIOBEKA B IMOCIEIYIOIINE TOIbI.

C 1959 roma nHaumHaercs "TpucoMHas 3pa" pa3BUTUS LIUTOT€HETUKHU, Koraa JlexxeH c
coaBropamu (Lejeune et al.) omyOnukoBanu mepBble pe3ynbTaThl U3yudeHHs (udpoOIacToB
KOXH OT JCBATHU JAeTel ¢ O6ose3npio Jlayna. Bo Bcex kieTkax Obuia 0OHapyXeHa TPUCOMUS 110
21 xpomocome. B atom ke ronmy Popa c coaBtopamu (Ford et al.), a Taxxke J[xexkobe u
Crtponr (Jacobs, Strong) cooOmpumm o0 IUTOTCHETHYSCKUX HAXOJKaX TPU CHHIPOMAX
[HepemeBckoro-Tepuepa u Kiaitndenstepa cootrBerctBenHo. Bl 960 roxy Ilaray c
coasropamu (Patau et al.) u DaBapne ¢ coaBropamu (Edwards et al.) ommcanu nBe HOBBIC
ayTOCOMHBIE TPUCOMUH, HICHTU(UIIMPOBAHHBIE MTO3JHEE KaK TpucoMuu xpomocom 13 u 18, a
Hoysmr (Nowell) u Xanrepdopn (Hungerford) omucamu "dunagensduiickyro" xpoMocomy
IpU XPOHMYECKOM MHEINIOJIeHKOo3€e, KOTopas SIBUJIACh MCTOPUYECKH IepBOM crerupuieckon
XpPOMOCOMHOM MyTaluei, 00HapyKEHHOW IIPU ONPEAEIEHHOM TUIIE paKa.

3. XpoMocOMHAasi OPraHu3alusi HACJeJACTBEHHOr 0 BellecTBa. @YHKIMH XPOMOCOM.
OTtBer: XpOMOCOMHBINM YPOBEHb OPraHU3ALIMH HACIEACTBEHHOTO MaTEpHaIa XapaKTe-
pu3yercsi 0COOEHHOCTAMU MOpQoioruu 1 GpyHKImi xpomocoM. Poib xpomocoM B nepenaue
HacJIeICTBEHHON HH(OpMaIiK ObLTa ToKa3zaHa Ojarogaps: 1) OTKPBITHIO XPOMOCOMHOTO OTIpe-
JeJICHHSI 110J1a; 2) YCTaHOBJIEHUIO TPYII CLEIUIEHUs TeHOB; 3) MOCTPOCHUIO T€HETHUECKUX U
LUTOJIOTUYECKUX KapT XpoMocoM. MeTtada3zHas XxpomocoMa (CIUpaIn30BaHHBIA XpOMATHH)
COCTOMT U3 2-X xpomatull. opma onpenensercs HaIuIueM IEPBUYHON NEPETIKKY — LIEH-
TpoMepsl. OHa pazfensieT XpoMocoMy Ha 2 meda. PacrnosokeHue eHTpOMeEphI OnpeaessieT
OCHOBHBIE (hOPMBI XPOMOCOM: METalleHTpUUeCcKue (paBHOIJIEUnE), CyOMeTaleHTpruIecKue (He-
paBHOILIEYHE), aKPOLIEHTPUUECKHE (PE3KO HEpaBHOIUIEUNE) U TEJIOLEHTpUUECKUe (OHOILIe-
ype). CTeneHb Cnupain3alii XpoOMOCOM HEOIMHAKOBAsA. YYaCTKH XPOMOCOM CO clIaboii cru-
panu3anuei Ha3pIBAIOT YYXPOMATHHOBBIMU. DTO 30HA BHICOKON META0OINYECKON aKTUBHOCTH,
rae JIHK cocTouT u3 yHUKaIbHBIX MOCIEI0BATEILHOCTEN. 30HA C CHIIBHOW CIIMpaIu3alue —
reTepOXPOMATUHOBBIN yUaCTOK, 00eCTIeUBAIOLINI TPaHCKPUMIHIO. Pa3nuyatoT KOHCTUTYTHB-
HBI F€TEpOXPOMATHH — FEHETUUECKN MHEPTHBIN, HE COJIEPIKalNil FTEHOB U HETIEPEXOASINN B
AYXpOMAaTHH, a TaKke (aKyJIbTaTUBHBIN, KOTOPBIA MOKET MEPEXOUTh B aKTUBHBIN 3yXpoMa-
TUH. KOHIIEBBIE OT/EIBI IUCTANIBHBIX YYaCTKOB XpOMOCOM Ha3bIBAIOT TE€JIOMEpaMu. TenoMepsl
o0ecneunBaoT CTa0MIBHOCTh CTPYKTYPBI XpPOMOCOM U OTPAaHUUMBAIOT YUCIIO KIETOYHBIX JIe-
neHuid. XpoMOCOMBI 00JIaJal0T CIIEAYIONMMH CBOMCTBaMU (IIpaBUiIaMu XpoMocoMm): 1. Muau-
BUyaJIbHOCTh — HErOMOJIOTHYHBIE XPOMOCOMBI Pa3InyaroTcst Mexay coOoit. 2. [TapHocth —
TOMOJIOTHYHBIE XPOMOCOMBI 00pa3ytoT mapbl. 3. [IoCTOSHCTBO ymMcia — BCE COMATHUECKUE
KJIETKA OpraHM3Ma MMEIOT MOCTOSIHHOE YMCIIO XPOMOCOM, XapakTepHoe ais Buaa. 4. Hempe-
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PBIBHOCTh — PEMPOAYKIIHS XPOMOCOM U IIepeaua HaclieJICTBEHHON HH(GOpMAIUU MU Jiejie-
HUU KJIETKH.

4. XpomMocoMBbl BUPYCOB. XpOMOCOMBI IPOKAPHOT. XPOMOCOMBI ME30KAPHOT.

OtBer: YV JIHK- comepxammx BHPYCOB, OakTepuid, CHHE-3€ICHBIX BOJOPOCIEH, a
TAK)KE€ B CAMOPEILNIMUUPYIOIIMXCA OpraHeiulaX KJIETOK Yy JyKapHOTOB, T.e. B INIACTHIAX,
MHUTOXOHJAPHAX M T.J. XPOMOCOMa MPEACTABISET COOOH TONYIO JBYCHHPAIBHYIO MOJICKYITY
JIHK. Monekyna 3ta y HEKOTOPBIX (popM JIMHEIHA, HO y OONBIIMHCTBA KOHIIBI €¢ COSAMHEHBI
Tak, YTO OHa oOpa3yeT KOJIbLO, KOTOpPOE 3aKpyuyeHO B MIMWIbKY, H XpOMOcoMa
CBEPXCIHAPAIN30BaHA.

Pennukanus 3tux xpomocom — monekysn JJHK HaumHaercs ¢ onpelneneHHON TOYKH U
MPOTPECCUPYET, MOKA HE 3aKOHUYUTCS peruivKanus Bcedl xpomocoMmbl. Jlnmna monekyn JIHK,
CIIy’KallliX XpOMOCOMaMH BHPYCOB, IIPOKapUOTOB U KJIETOUHBIX OpraHeiui, coctaBiser oT 0,4
10 1 MK y MEIKHX BUPYCOB M KHUHETOILIACTOB, 5-100 MK y Opyrux BHpYCOB, IJIACTHI U MH-
toxoHapuit u gocturaer 1000-2000 Mk y 6axrepuii. Y GonpmmucTBa PHK-conepkammx Bupy-
COB XpOMOCOMa MpezcTaBiIeHa rojaoi ogHoHuTeBoi Monekynoit PHK, kotopas mogo6Ho oaHo-
HuteBoil /JIHK mpeBpamaercs B 3apakCHHON KJIETKE B PEIUIMKATUBHYIO JBYHUTEBYIO MOJIEKY-
ay. OHaKo U3BECTHBI U BUPYCHI ¢ IByHUTEBOM Moinekynoil PHK. ¥V Gakrepuii reHom opranu-
30BaH B KOMIIAKTHOE TE€JI0, HA3bIBAEMOE HYKJIEOTHIOM.

B ommuue OT NpoxkapuoTOB B XpOMOCOMax 3ykapuoroB Mouekyisl JIHK umeror
TUTaHTCKHUE Pa3MEphl, AJIMHA UX MOMKET JIOCTUraThb HECKOJIbKMX CAHTHUMETPOB. Y 3YKapuOTOB
XpOMOCOMa COCTOMT M3 MHOYKECTBA PEILNIMKOHOB, T.€. B XpPOMOCOME €CThb MHOYKECTBO OIIpe-
JIEJICHHBIX TOYEK, ¢ KOTOphIX HaumHaeTcst perumkanusa JJHK. OObryHO BO3Ne KaxkioM Takon
TOYKH MHHUIMALUK 00pa3yroTCs JIB€ BUIKH peIuinkainuu u cuate3 HoBoit Hutu JIHK uner B o6e
CTOPOHBI 10 KOHIIOB JJAHHOI'O PEIIMKOHA. B 3yXpOMAaTHHOBBIX y4aTKaX XpOMOCOM pEIIMKa-
U] BCEX PEIIMKAHOB MPOMCXOAMUT OoJiee MM MEHEe OJIHOBPEMEHHO, IeTepOXpOMAaTHHOBBIC
K€ YUYaCTKHU PEITULHUPYIOTCS C ono3jgaHueM. /InHa perinkoHa y 3yKapuOoTOB KOJeOJIeTcsl OT
10 no 150 MHKpPOHOB, YTO coOTBeTCTBYeT Npubau3uTenpHo 20-300 Thicsyam map HyKJIEOTH-
noB. B xpomocome 6niBaeT ot 200-300 o 6osiee 1000 permukoHoB. B renome apo3oduiisl Ha-
CUMTBIBAETCSI, MO-BUIUMOMY, cBbIlIe 1000 pernaukoHoB, B TeHOME yenoBeka ux okoso 37000.

Snpo mMe3okapuoT, Ha3bIBAEMOE NTUHOKAPUOH, COJEPXKHUT OT 5 10 284 «XpOMOCOM» U
Xapakrtepusyercs 3HauuTenabHbIM coiepkanueM JIHK (3—200 nr), mo KuHeTHYecKuM mna-
pameTpaM HaloOMHUHAIOIIEe 3YKAPUOTUYECKOE, HO OOOTalleHHOE S-TUAPOKCUMETHIIYPALUIOM
(3—19 mom. %).

5. XpoMocoMBbI 3yKapHoT: CTPOeHHe, i c10, popma, pa3Mepsl.

OtBer: XpOMOCOMBI 3YKapHOT HMEIOT CJIOXHOE cTpoeHue. OCHOBY XpOMOCOMBI
COCTABJISIET JIMHEWHAs (HE 3aMKHYTasl B KOJBI[0) MaKpPOMOJIEKYJA JI€30KCUPUOOHYKIEHHOBOM
kucnotsl (JIHK) 3nauntensHOU mmHbI (Hampumep, B Monekynax JIHK xpomocom uenoBeka
HacuuThiBaeTcs oT 50 10 245 MUJUTMOHOB Map a30THUCTHIX OCHOBaHUWM). B pactsaHyToM BuHIe
JUIMHA XpOMOCOMBI Y€JIOBEKA MOKET JocTurare S cM. [lomuMo Hee, B COCTaB XpOMOCOMBI BXO-
JISAT TSTH crienuain3upoBanabix 0enkoB — H1, H2A, H2B, H3 u H4 (Tak Ha3piBaeMbIe THCTO-
HBI) U PSIJT HETUCTOHOBBIX OenkoB. [locnenoBarenbHOCTh AMUHOKUCIIOT THCTOHOB BBICOKOKOH-
CEpPBATHBHA U MPAKTUYECKU HE PA3JIMYAETCS B CAMBIX PA3HBIX IPYNIaXx OPraHU3MOB.

6. I'mcToHOBBIE OeJIKHM: XapaKTePUCTHKA, PPAKLHOHHBINH, Cy0(pakuMOHHBIIH
COCTaB.

OtBeT: ['UCTOHBI — OOWIMPHBIN KJTAacC SACPHBIX OETKOB, BBITOIHSIOMINUX JIBE
OCHOBHBIE (DYHKITMU: OHU y4yacTBYIOT B ymakoBke HUTeHl JIHK B snpe u B smureHeTHUECKOM
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PEeryJsliMi TaKUX SACPHBIX TMPOIECCOB, KaK TPAHCKPUIILIMS, PEIUTUKALUsS U peraparus.
CymectByeT maTh pa3nudablx Tunos rucroHoB HI1/HS, H2A, H2B, H3, H4. l'ucrousr H2A,
H2B, H3, H4, nazpiBaeMble KOPOBBIMH THCTOHAMHU (OT aHTJI. COre — cepleBuHa), opMUPYIOT
HYKJIEOCOMY, IMPEJICTABISAIONIYI0 COO0H OENKOBYIO TI00YiIy, BOKPYT KOTOPOH HAaKpyueHa HUTH
JHK. T'mcron HI1/HS5, Ha3piBaeMblii JIMHKEPHBIM THUCTOHOM (0T aHTI. link — cBs3b),
CBSI3BIBACTCS C BHEIIHEH CTOPOHOI HyKieocombl, (pukcupys Ha Heil Huth JIHK. B xpomaTtune
rucToHsl coctaBisiloT 25—40 % cyxoro Beca. biiaromapsi BBICOKOMY COJEp:KaHUIO JIN3UHA U
aprUHMHA TUCTOHBI MPOSBIAIOT CHJIBHO OCHOBHBIE CBOMCTBA. ['MCTOHBI HEMOCPEICTBEHHO
koHTakTupytoT ¢ JIHK u crnocoOHbI HEHTpann30BaTh OTPUIATEIbHBIN 3aps GOoCcPaTHBIX TPYIII
JIHK 3a cy€r nonoXUTEIpHBIX 3apsiioB aMUHOKHUCIIOTHBIX OcTaTkoB. [locienoBarenbHOCTD
AMUHOKHUCJIOT B 3TUX OenKax SBISETCS KOHCEPBATUBHOW U NMPAKTUYECKH HE pa3inyaeTcs B
OpraHu3Max pas3lUYHBIX TAKCOHOB. [ HMCTOHBI MPHUCYTCTBYIOT B Spax 3YKapHOTHYECKUX
KJIETOK; Y OaKTepHil THCTOHOB HET, HO OHU BBIABIICHBI y apxei rpynnsl Euryarchaea.

7. Ynakoka JIHK: cTpoenue Hykiaeocombl. B3anMojeiicTBe THCTOHOB MeKAy
c000ii 1 ¢ /IHK. Poib HyK/1€0COM B reHeTH4YeCKHMX IpoLeccax.

OtBeT: XpOMOCOMBI 3YKapUOT — 3TO CHUPAITU30BaHHBINA XpoMaTHH — KoMIuteke JTHK
u 6enxoB, rre 40 % npuxomutcs Ha JIHK, 40 % — Ha rucTOHOBBIE (OCHOBHBIE) OCIIKH U TIOYTH
20 % — na HeructoHoBble Oenku u HemMHoro PHK. I'mcToHBI — XpoMOcCOMHBIC O€NKH C
BBICOKMM COJIEp’)KaHMeM apruHuHa u nu3uHa. Mx 5 kmaccos: H1, H2A, H2B, H3, H4. T'uctons:
CTaOMIIN3UPYIOT CTPYKTYPY XPOMOCOMBI U UTPAIOT POJIb B PETYJISALMU AKTUBHOCTH T€HOB.
Herucronossie (kucinbie) 6enku. B xpoMocoMax ux KOJIMYECTBO MPUOIU3UTENIBHO BABOE
MeHbllle TUCTOHOBBIX. CymectByer ©Oonee 100 BuIOB HerucroHoBbiXx OenkoB. OHu
pa3Hoo0pa3Hbl 10 MOJIEKYJISIPHOMY BECY, CTPYKTYpE, BUAOCHEUPUUHBI. DTH OEIKU MOTYT
OBbITh OTBETCTBEHHBI 32 PEIUIMKALIUIO, pelapaluio, TPAHCKPUIILUIO, BO3MOXKHO, UTPAIOT POJb U
B aKTHBAalWU TreHOB. K HUM OTHOCST aKTWH, MHO3HH, TyOynuH, ¢pepmentsl cunre3a PHK u
JHK-nonumepassl u ap. M3 5 knaccos rucronos, 4 (H2A, H2B, H3, H4) o6pa3yrot
cBO€0Opa3HbIe MAapOBHUIHBIE TeNbIIa — KOPHI qruaMeTpoM okoio 10 am. B omHy Kopy BXoauT 8
MoJieKys rucToHoB. Otpe3ok aBycnupanbHoil HutH JIHK (okomno 140 HykieoTHIHBIX Tap)
obOpasyet BOKpyT Hee mouTH 2 obopota. Kopa, BMecte ¢ monekyinoit 19 JIHK, obpasyer
YHHUKaJIbHYIO TOBTOPSAIOLIYIOCS €AMHUIY OpTraHU3allii HAcJIeICTBEHHOTO MaTepuaa 3yKapHuoT
— HykieocoMmy. CoceTHUE HYKJIEOCOMBI COEUHEHBI IPYT C APYTOM KOPOTKUMH JTMHKEPHBIMU
orpeskamu JIHK (1-10 um mnm 30-100 map Hyk;ie€oTHIOB), YTO (POPMHUPYET XPOMATHHOBYIO
WIM HYKJIEOCOMHYI0 HUTh. K Kax1oMy TakoMy OTpe3Ky MPHCOEIMHEHbI MOJEKYJbl THCTOHA
H1. Jlomyckaercs, uto BcienactBue BizaumojeiictBus H1 ¢ Hykineocomamu HPOMCXOIUT
KOHJeHcalusa xpoMatuHoBoi HUTH (d = 10 HM), yTO opMHUpPYET XpOMATHHOBYIO criupainsb (d =
25 um).

8. YnakoBka [IHK: HagHyk/IeocOMHbIe YPOBHH YKJAaAKH. Po/jib HermcTOHOBBIX
0eJIKOB.
OrBer: Takum o6paszom, yposuu ymakoBku JIHK crnemyromme: 1) HykiieocoMHast HUTh;,

2) CyNepHYKJIEOCOMHBIH — XPOMAaTHHOBAs CIUPAIIb; 3) XPOMOHEMHBIH — YJIOKEHHAs IETIISIMU
U CIHUpaIn30BaHHasi XpOMaTHHOBAsI CIIUpalib. 4) XpOMOCOMHBINA — 4-5 CTENIEHb CIUPAIU3AINH
JIHK. Ha aTom ypoBHE ynokeHHas NEeTJISIMU XpOMAaTUHOBAs CIIMPaJIb CIUPATU3YETCS €IIE pa3 U
dopmHpyeT XpomaTHIy, KOTOpas SBISETCS  CTPYKTYPHBIM JJIEMEHTOM XpoMOcoMmbl. B
uHTepha3HOM sifpe XpOMOCOMBI ~ I€KOHJCHCUPOBaHbl M IIPEICTABICHBl XPOMAaTHHOM.
Jleciupanu30BaHHbBIN YYaCTOK HA3bIBAETCS 3YXPOMATUHOM (Pa3pbIXJIEHHBIH, BOJTOKHUCTHIH
XpOMaTHH). TO HEOOXOIMMOE YCIOBHUE JUISl TPAHCKPUMIIKMU. Bo BpeMst moKost MexXIy
JEJIEHUSIMU ONPEIETICHHBIE YYACTKH XPOMOCOM U LIEJIBIE XPOMOCOMBI OCTAOTCSI KOMIIAKTHBIMH.
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Heructonossle (kucnble) Oenku. B Xxpomocomax HMX KOJIMYECTBO MPUOIU3UTEIBHO
BJBOE MeHbIe TMCTOHOBBIX. CymectByer Oosee 100 BHIOB HETMCTOHOBBIX OenkoB. OHH
pa3sHOOOpa3Hbl M0 MOJEKYJISPHOMY BECy, CTPYKType, BUAocHnenu(PUUHbL. ODTH OEIKH MOTyT
OBITH OTBETCTBEHHBI 3@ PEIUIMKALINIO, PENapalio, TPAHCKPUIILIUIO, BO3MOXHO, UTPAIOT POjb U
B aKTUBAalMM reHoB. K HUM OTHOCAT aKTWH, MMO3UH, TyOyiuH, gepmentsl cunte3a PHK u
JHK-nmonmumepassl u 1ip.

9. IleHTpOMEpPa M KHHETOXOP: CTPOeHHe, (POPMBI y PA3IHMYHBIX OPraHHU3MOB,
MOJIeKyJIsIpHas CTPYKTYpa.

OtBer: KuHeroxop — OelkoBasi CTPyKTypa Ha XpOMOCOME, K KOTOPO#l KPETsATCS BO-
JIOKHA BEpETEeHA JICICHUS BO BPEMsl JCNeHUs KIeTKH. KHHETOXOpPBI UTPAOT BaXKHEUIIIYIO POIIb
IPH CErperamiu XPOMOCOM JUIS MTOCIIEAYIONIETO Pa3IeieHHs] POJUTEILCKON KIIETKH Ha JIBE J0-
YepHUE.

Kunetoxops! GopMUPYIOTCS Ha IIEHTPOMEPAX XPOMOCOM Y 3YKaproTOB. KHHETOXOPBHI
O/IPA3/ICISIFOT Ha JIBE 00JaCTH — BHYTPEHHIOK, KPEIKO CBI3aHHYIO ¢ rieHTpoMepHoii JTHK, u
BHEIIIHIOI, B3aHMO/ICHCTBYIONIYIO C MUKPOTPYOOYKaMH BEPETEHA JICIICHHS.

B Hadane MUTO3a OBICTPO PACTYIINE U TYT XK€ PACIaJAIOIIHECs MUKPOTPYOOUKH aKTHB-
HO «OUIYMBIBAIOT» IUTOIUIA3MY KJIETKH B TOHUCKax KHHETOXOpP. CBSI3KM MHKPOTPYOOUEK,
KpeIsiluecss K eAMHUYHOMY KHHETOXopy, HasbpiBaroT «K-myukamu» (anrn. K-bundles). C
XOJIOM 3BOJIIOIUH U YCIOKHCHUEM OPTaHU3MOB, YHCIO MHKPOTPYOOUCK, 3aKPEILISIONMXCS 3a
CIMHUYHBIA KHHETOXOp, I[O-BHIMMOMY, BO3pacTaio: y Ipoxokei Buma Saccharomyces
cerevisiae Kk KMHETOXOPY KPEMUTCs OJHa MHKpOTpyOouka, y Schizosaccharomyces pombe —
OT JIBYX JI0 4YeThIpeX, y myiuku Drosophila melanogaster ot ueTbipéx a0 miecTH, y MIIEKOIH-
taromux — ot 20 u 6ozee.

CTpYKTYpPHO KHHETOXOPBI COCTOSAT U3 MHOXKECTBAa OCIKOB, MX HA0Op pasziHyeH y pa3-
HBIX BHJIOB, HO MHOTHE W3 HHX TOMOJOrWYHBI. OCHOBHBIMH OCIKaMH, BXOJSIIIMMH B COCTaB
KHHETOXOpa SBJISIOTCS OCNKH, CBS3BIBAIOIIIE €r0 ¢ XPOMATH/IOMN, U OCNKHU, YUYaCTBYIOIIUE B Te-
pEeHOCe XPOMATHIBI 0 MUKPOTPYOOYKaM BepeTeHa JICIICHHS.

LleHTpoMepa — y4acTOK XpPOMOCOMbI, KOTOPBIN CBS3bIBACT CECTPUHCKUE XPOMATHUJIBI,
UrpaeT BaXHYI pOJb B MpOIECCce JCNEHHs KJICTOYHOrO SIIpa W yd4acTByeT B
KOHTPOJIE 3KCIPECCHH T'CHOB. XapakTepusyercst crienupuIeCKUMU
TIOCJICIOBATEIbHOCTHIO HYKJICOTUIOB U CTPYKTYPOIA.

LlenTpoMepa MPUHUMAET y4acTHE B COSAMHEHHH CECTPUHCKUX XPOMATHI, (GOpMHPOBa-
HUM KHHETOXOPa, KOHBIOTAIIMH TOMOJIOTHYHBIX XPOMOCOM M BOBJI€YEHA B KOHTPOJb JKCIIPEC-
CHU TCHOB.

MMeHHO B 00JaCTH IEHTPOMEPHI COCAMHECHBI CECTPHHCKHE XPOMAaTHIbI B mpodase u
Meradase MUTO3a ¥ TOMOJIOTHYHBIE XPOMOCOMBI B Mpodase U MeTadasze MepBoro IeICHUs Meii-
o3a. Ha nieaTpomepax jxe mpoucxoauT (GOpMHUPOBAHHE KMHETOXOPOB: OENKHU, CBSI3BIBAIOIINCCS
C LEHTPOMEPOH, (HOPMHUPYIOT TOUKY MPHUKPEIUICHHS TSI MUKPOTPYOOUEK BepeTeHa JCICHUS B
aHadaze u Tenodasze MUTO3a U MeHo3a.

10. TesiomepsI: pyHKIMH, CTPOEHHE Y PA3JIMYHBIX OPraHU3MOB.

OtBer: KoHlEBbIE OTIENBI JUCTAIBHBIX YYaCTKOB XPOMOCOM Ha3bIBAIOT TEJIOMEpaMH.
Tenomepsl o0ecnieunBaOT CTAOUIBHOCTh CTPYKTYPBl XpOMOCOM M OTPAHHUYMBAIOT YUCIIO KJle-
TOYHBIX JCJICHUMN.

VY OONBIIMHCTBA DYKAPHOT TEIOMEPHI COCTOST W3 CHCIHATM3UPOBAHHOW JTUHEHHOMN
xpomocomHo JIHK, cocTosdieit 3 KOpoTKMX TaHAEMHBIX IIOBTOPOB. B TeTOMEpHBIX ydacTkax
xpomocom JIHK BMecte co cmemuduueckn cBs3piBaommmucs ¢ teaomepabivu JJHK-moBTo-
pamu O6erKamMu 00pa3yeT HyKJICOMPOTEHTHBIN KOMIUIEKC — KOHCTUTYTUBHBIN (CTPYKTYPHBIN)
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TEJIOMEPHBIN FE€TEPOXPOMATHH.

TenomepHble OBTOPHI — BECbMa KOHCEPBATUBHBIE IOCIIEA0BATEIbHOCTH, HAIpUMED
MIOBTOPBI BCEX MO3BOHOYHBIX COCTOAT U3 mectu HykiaeotunoB TTAGGG, noBTopel Bcex Hace-
kombIXx — TTAGG, noBtops! 6onbimnHCcTBa pactenuii — T T TAGGG.

KoH1eBbIE OT/IENBI JUCTANBHBIX YYACTKOB XPOMOCOM HAa3bIBAIOT TeloMepaMu. Tenome-
pBl 00€CneunBalOT CTAOUIBHOCTh CTPYKTYPHI XPOMOCOM M OTPAaHHUYMBAIOT YUCIO KIETOYHBIX
JNEJICHUH.

Y OONBIIMHCTBA 3YKapUOT TEJIOMEPbl COCTOAT U3 CHENHATU3UPOBAHHON JUHEHHON
xpomocomuoi JTHK, cocrosieil u3 KOpOTKMX TaHJIEMHBIX IIOBTOPOB. B TEIOMEpHBIX ydacTKax
xpomocom JIHK BMecTe co cmnernuduueckn cBs3piBaommmMucs ¢ teaomepabivu JJHK-moBToO-
pamu OenkaMu 00pasyeT HYKIJICONPOTEHIHBIA KOMIUIEKC — KOHCTHTYTHBHBIM (CTPYKTYPHBIH)
TEJIOMEPHBIN TeTEPOXPOMATHH.

TenoMepHble MOBTOPbl — BEChbMa KOHCEPBATUBHBIEC MOCIIEI0BATEIBHOCTH, HAIPUMEP
MOBTOPBI BCEX NMO3BOHOYHBIX COCTOAT U3 mecTu HykieoTu10B TTAGGG, noBTOphl BCcex Hace-
koMbIX — TTAGG, noBtops! 60onbmnHcTBa pacteHuit — TTTAGGG.

11. HomenkiiaTypa XxpomocoM u4esioBeka: J[lenBepckasi kiaccuukanus.
Homenkiarypa, npuMeHsilomasics s Av¢gepeHualbH0 OKPAalIeHHBIX XPOMOCOM.
HN3mepenue JNIMHBI XPOMOCOM.

HomeHknatypa XpoMOCOM 4YEJIOBEKa OCHOBaHAa Ha MEXAYHAapOJHOM CHUCTEME
CTaHJAPTH3AIMH, KOTOpas TMO3BOJSAET OO003HAYUTh HOPMAIBHBIA WM MATOJOTHYECKHUHA
KApUOTHUIIBI C MCIOJIb30BAHUEM CIICLIMAJIBHBIX CHUMBOJIOB U 3HAKOB, OTPAXKAIOLUX YHCIIO
XpPOMOCOM U THIl HApYyIIEHUS - HEOCTATOK, U30BITOK MM IIEpepacipeesieHue XpOMOCOMHOTO
Mmarepuaia.

JlenBepckast KilacCH(pHKAIHISI XPOMOCOM, KOTOpasi TOMUMO pa3MEpOB XPOMOCOM,
YUUTBIBAET UX (POPMY, OJIOKEHHE HEHTPOMEPHI U HAJIMYME BTOPUUHBIX MEPETSHKEK U
CIYTHUKOB. 23 mapbl XpOMOCOM 4YesloBeKa pa3ounu Ha 7 rpyni oT A 10 G. BaxHbiM
napameTpoM siBisiercst eHtpoMepHblii nuneke (I{H), koTopsiii oTpakaer oTHomIeHHE (B %)
JUTMHBI KOPOTKOTO IJIeYa K JUIMHE BCEH XPOMOCOMBI.

B ocnoBe Ilapuxckoil knaccudukanuu xpomocom venoBeka (1971 r.) mexar merojisl
crenuaibHoOi AudQepeHnanbHON UX OKPACKH, IPU KOTOPOH KaXXIA0H XpOMOCOME BBISBIISIETCS
XapaKTEepHBIA TOJIBKO JIi HEE MOPSAOK YEpPENOBAaHUS IONEPEYHBIX CBETIIBIX U TEMHBIX
CErMEHTOB.

Xpomocomuasa  uamorpamma  (ISCN) —  cxemaruueckoe  H300pa)keHHUE,
MOKa3bIBAIOLIEE pa3Mep XPOMOCOMBI M €¢ mojocaTocTb. Ilomocel mposBisAOTCA 1pU
OKpAlllMBaHUU XHMHUYECKUM pPAaCTBOPOM M BHJIHBI B MHMKPOCKOI — WCIIONB3YKOTCS IS

OIIMCaHHA MECTOITIOJIOKCHMA I'CHOB Ha Ka)KI[DfI XpoMoOCoME.

12. Inpdepenunanbuas okpacka: Q, G, R.

Oxoyl0 4eTBepTH BeKa Ha3ajJ B MPAKTUKY XPOMOCOMHOIO aHaiM3a CTajl LIMPOKO
BXOIWTH MeTOAbl Au(depeHnnanbHOT0 OKpalliBaHUS XpPOMOCOM. BrepBeie MeTtom ObIT
npeiokeH KacnepccoHoM, KOTOPBIH 1Moka3al, 4To npu o0paboTKe mpenapaToB MUTOTHYECKUX
XpPOMOCOM C TOMOIIBI0 (hIIyopoXpoMa aKpUXUHHUIIPUTA BO (HIYyOPECIIEHTHOM MHKPOCKOIIE
BUJIHBI TIONIEPEYHBIE CBETSIIUECS MOJIOCH (09HABI), PACIONIOKEHNE KOTOPHIX XapaKTEpHO IS
KaXJI0i XpOMOCOMBI. DTOT MPHEM IUTOJIOTHYECKOTO aHAIM3a B COYETAHWU C T€HETUYCCKHUMU
HaOJIOICHUSAMH YK€ B HAcCTOsIIEee BpeMs MO3BOJIMJI HA4aTh COCTaBJIEHHUE XPOMOCOMHBIX KapT
YeloBeKa, TO €CTh HAaXOIWUTh MeECTa pACIONOKEHUS TEHOB Ha ONpPEACICHHBIX YYacTKax
XpoMOCOM. MoeKyJIsIpHble MEXaHU3Mbl TaKO# crenu(uiecKkoil OKpacku 10 CUX MOp elle He
SICHBI, MHOTHE HCCIIEZIOBATENIN CITIOCOOHOCTD OTAEIBHBIX YYaCTKOB XPOMOCOM K OKpAIINBaHUIO
CBSI3BIBAIOT C MX XUMHUYECKHUMM DPA3JIMUYUSIMU M HEPAaBHOMEPHOH KOHJAEHCAalMel pa3HbIX
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YYacCTKOB I10 JUIMHE XPOMOCOMBI.

Q-okpacka(dayopeciieHTHas ¢ UCIOIb30BaHUEM (hIr00poXpoMoB). bonbimmHCTBO (ito-
OpPOXPOMOB UMUTHUPYET 3€JI€HOE, a HHOT/Ia OPAHXKEBOE U Ja)ke KpacHoe cBedyeHue. s uccie-
JIOBaHUSI XpPOMOCOM B 3THX CIy4asX NPUMEHSIOT MOIIHbIE PyTHHHO-KBapIleBble Jamibl. U3
(GIII0OPOXPOMOB  Yallle BCEro HCHOJIb3YIOT MPOU3BOJHBIE AKpHIWHA (AKPUXMH M aKPUXHH-
UIIPUT). aKpUXUHA WUIIPUTA). PUCYHOK Ka)X10H XpPOMOCOMBI, OKpallleHHOM(QQ-METOA0M, CIIeLHu-
¢uyeH 1o 4uciIy, pa3MepaM U IOJO0XKEHUIO MO-Pa3sHOMY CBETSAIIMXCSI CETMEHTOB, YTO U obOec-
NCYNBACT UACHTU(DHUKAIIMIO BCEX XPOMOCOM.Q-OKpacka SIBIISICTCSI MHAWKATOPOM XPOMATHHA C
HOBBIILIEHHBIM cofiepkaHneMAT-nap ocHOBaHMH, MOCKOJIBKY OHM MHTEHCHBHEE (UII0OpecLu-
PYET B COOTBETCTBYIOIINUX YYACTKAX XPOMOCOMBI.

G-okpacka. MeToaHKH, ¢ MOMOIIBIO KOTOPBIX MOIy4atoT G-0KpacKy XpoMOCOM, pa3Ho-
00pa3Hbl. OOLUM JUIsl BCEX HUX SBISETCA:

Bo-niepBbIX, onpenenenHas npeaBapuTeabHas 00paboTka npemnapaToB XpoMOCOM Iepet
OKpaIIMBaHUEM,; Yallle BCETO MPUMEHSIETCS peBapUTeNIbHAs 00paboTKa TPUIICHHOM.

Bo-BTOpEIX, HCTIOIB30BaHKE IS OKpPAITMBAaHHUS HE(DIIOOPECIUPYIOUINX OCHOBHBIX Kpa-
curtenei (a3ypbl, METUICHOBBIN CUHUI);

[To unciy, BeTMYMHE W PACIIONOKEHUIO BBISBISIOMINXCS CETMEHTOB pUCYHOK G-OKpac-
KA aHAJIOTM4eH pUCYHKY mIpu Q-okpacke. Ha G-okpalleHHBIX XpoMocOoMax HaOIr0laroTCs
U3MEHEHHS PUCYHKA JTMHEHHON N (HepeHInPOBAHHOCTH XPOMOCOM, CBSI3aHHBIE CO CTEIIECHBIO
MHUTOTHYECKOW KOH/IEHCALIUH XPOMOCOMBI.

R-okpacka. Pucynok npu R-okpacke npotuBononoxen pucyHky npu G—okpacke. Kio-
YEeBbIM MOMEHTOM BBINIOJHEHUs R-0Kpacku sIBIsieTCs HarpeBaHue IpenapaToB XpOMOCOM IpU
BbIcOoKkOol Temriieparype (78-90C). OxpaiinBaHue npenapaToB MOKHO MPOBOAUTH KaK CMECHIO
Kpacureneit PoMaHOBCKOro-I'MM3bl, Tak U aKpUIUHOBBIM OPaH>KEBBIM.

13. Iu¢depennuanbuas okpacka: C, NOR, T. Mexanusm au¢gepeHnuaibHOro
OKpALIMBaHMSA.

Oxoyl0 YeTBepTH BeKa Ha3aJ B TPAKTHUKY XPOMOCOMHOTO aHAIM3a CTalH HIMPOKO
BXOAMTh MeTofbl AuddepeHnanbHOro OKpalmMBaHUs XpoMocoM. BrepBble MeTon Obul
npeiokeH KacnepccoHoM, KOTOPBIH Moka3al, 4To npu o0paboTKe mpenapaToB MUTOTHYECKUX
XpOMOCOM C TIOMOIIBI0 (IyOpOXpoMa aKPUXUHHIIPHTA BO (IIYOPECIEHTHOM MHKPOCKOIE
BUJIHBI TIONIEPEYHbIE CBETALIMECS MOJIOCH! (03H/IbI), PACHOIOKEHUE KOTOPBIX XapaKTEpPHO IS
K10l XpOMOCOMBI. DTOT NMPHUEM LUTOJOTHYECKOTO aHAIM3a B COYETAHUU C T€HETHUYECKUMHU
HaOJIOICHUSAMH YK€ B HacTOsIIee BpeMs MO3BOJIMI HA4aTh COCTaBJIEHUE XPOMOCOMHBIX KapT
YeloBeKa, TO €CTh HAXOJWUTh MeECTa pACIOJOKEHHsS TE€HOB Ha OIpPEIeNICHHBIX Y4acTKax
XpoMOCOM. MoeKyIsipHble MEXaHU3Mbl TaKOM crelupUUecKoil OKpacku 10 CHUX IMOp elle He
SICHBI, MHOTHE HCCIIEZIOBATENN CITIOCOOHOCTh OTAEIBHBIX YYaCTKOB XPOMOCOM K OKpAIIWBAaHHIO
CBSI3BIBAIOT C HX XMMHUYECKMMM pa3IUuUsAMU U HEPaBHOMEPHOW KOHJEHCaluell pas3HbIX
YYaCTKOB IO JUTMHE XPOMOCOMBEI.

C-okpacka (ot anri. Constitutive heterohromatin — KOHCTUTYTUBHBIN T'€T€POXPOMATHH)
BBISIBIISICTCS B BUJIE BapHaOEIbHBIX 110 BETMYMHE TEMHOOKPAIICHHBIX CErMEHTOB KOHCTUTYTHB-
HOT'O TreTepoXpoMaThHa B MPHUIIEHTPOMEPHBIX pallOHaX XpOMOCOM, B TO BpeMs Kak dyxpoma-
TUHOBBIE YYaCTKH XpPOMOCOM IMPOKpAIIMBaIOTCA O4eHb OsieqHo. MeTosl nonyuenus C-okpac-
KA MOTYT BapbUpPOBaTh, HO BaXKHBIM YCJIOBHEM SIBIISIETCS MpeABapUTeiIbHas 00paboTKa mpemna-
paToB IIENOYBI0 C TIOCIEAYIOUIeH IBYXYacOBOM HHKyOamueil mpemapara B JIBYKPaTHOM
CTaHJApTHOM coJjieBOoM pacTBope pu 65 °C. B kauecTBe IIETOYHBIX PACTBOPOB OOBIYHO MPH-
MEHSIFOT THIPAT OKHCH OapHsl MM HATPUSI.

NOR-okpacka (ot auri. Nucleolar Organizer Region — Snpsimko-O6pasyromue
Paiionst — SIOP) unu Ag-okpacka (cepeOpeHue) — MpUMEHSIETCs Ul BBISBICHUS
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AJPBIILIKOOOPA3yIOIIUX pPailoHOB, PACHOJOKEHHBIX B KOPOTKHX Iuledax (cerMeHT ql2 —
CIyTHUYHAasl HUTh) BCEX 5 Map aKpOLEHTPUUYECKUX XpoMocoM uenoBeka (13, 14, 15, 21 u 22),
C MIOMOUIbIO OKPALIMBaHUA COISIMU cepedpa.

T-okpacka (ot anrm. Telomere — Temomepa) — mpUMEHSETCS Ui BbISBICHUS
TEJIOMEPHBIX PallOHOB XpOMOCOM B KOPOTKHUX U JJIMHHBIX IJICYAX.

14. ®dayopecuenTHas in Situ ruépuaAN3anusi: METOAMKA, THIIHI 30H/I0B.

B nurorenernke MIIEKONUTAIOIIMX IHOCIEAHHME I'OJbl 03HAMEHOBAHbI CTPEMMTEIBHBIM
pa3BUTHEM HOBBIX METOJIOB HCCIICIOBAHUI, B OCHOBE KOTOPBIX JIEKHT (hayopeciieHTHas in
Situ ruOpuan3aysi HyKJICHMHOBBIX KHCIIOT.

Tuner JIHK-30H10B 11 00,1aCTh MX TIPUMEHEHUS:

1. Hentrpomepocnenuduunsie JJHK-30H161.9TO KIOHHMpPOBAHHBIE B COCTaBE KaKOIO-
160 BekTopa (Hanmpumep, 6akTepuanbHOi azMuasl) parmentsl JJHK, conepsxamue

2. BBICOKOIIOBTOPSIFOIIMECS MOCIEIOBATEIHHOCTH HYKJICOTHIOB B IIEHTPOMEPHOM WIIH
MPUIICHTPOMEPHOM TeTepOXpoMaTHHe, HO oOJajalnue TMOJHOW WIM OTHOCHTEIBHOM
cnenu(UIHOCTRI0 K LEHTPOMEPHBIM paiioHaM OMNpeIeNieHHBIX XpomMocoM. IIpu momHOM
cneruduynocty Takux JJHK-30HIOB OHM CBS3BIBAIOTCA C IIEHTPOMEPHBIM PalOHOM TOJIBKO
OJIHOM XpOMOCOMBI, a oOTHocuTenbHO cremupudeckue JIHK-30HmBI CBs3BIBalOTCS  C
HEHTPOMEPHBIMU pallOHaMU JBYX WM Oonee XpomocoM. IIpumeHstoTcs ans aHanuza
YHCJIOBBIX HApYHIICHHH XPOMOCOM B MeTa(asHbIX W HHTEP(Pa3HBIX KIETKAaX, HUCCICAOBAHUS
MIPOUCXOKICHHUSI MApKEPHBIX XPOMOCOM, aHAJIM3a XPOMOCOMHOTO MO3aullKM3Ma, ONpEAesICHUs
I10JIA IJI0/1A.

3. Tenomepubie JIHK-30u151. OTO Ki1OHUpOBaHHbIe hparmentsl JJHK, conepixarue
MOCJIEZI0BATEIbHOCTH HYKJIEOTUIOB, ClieHU(UYHBIE K TEIOMEPHBIM pailoHaM OIpeIEICHHBIX
xpomocoM. [IpumensitoTes Ui aHanu3a CTPYKTYPHBIX HAPYIIEHUH XpOMOCOM (0COOEHHO
CKPBITBIX MUKPOJIEJIELIHI) B TEPMUHAIBHBIX pallOHaX KOPOTKOTO WJIH JJIMHHOIO IUleya
KOHKPETHON XpPOMOCOMBI.

4. Xpomocomocnenubuunsle JHK-O0nbimoTexkn.910 COBOKYNHOCTH YHUKAJIBHBIX
nocnenosarenbHocTedl JIHK, mokpeiBaromux BCIO JJIMHY ONPENEIEHHONM XpOMOCOMBI. Takue
JAHK-30H1BI, NOJHOCTBIO OKpAIIMBAIOIINE WHIMBUIYAIBHYIO XPOMOCOMY IIOCJE MPOBEACHUS
npouenypsl  THOpUAM3alMM M JETEeKUWH, [OJy4YWiIM Ha3BaHue "painting"-mpoObl.
[TpumeHsitoTcst UIsl UAEHTU(UKALMN IeJIBIX XPOMOCOM WJIM UX (parMEHTOB B HCCIIEAYEMBbIX
MeTaa3HbIX IUJIACTUHKAX, MPHU HCCIEAOBAaHUM MPOMCXOXKAECHUS CIOXKHBIX TpaHCIOKalui,
JTYTUIMKAIUN, HTHCEPLUI U MapKEPHBIX XPOMOCOM.

5. YuukaneHble JIHK-30Hab1. DTO KIOHMPOBAHHBIE YHUKAJIbHBIE MOCJIEI0BATEILHOCTH
JIHK, ctporo cneunduuHbie 15 ONpEesIEHHbIX palloOHOB XPOMOCOM WJIM OTJIEIbHBIX T'€HOB.
[IpumeHsOTCS  AJI1  MCCIENOBAaHUS CHHIPOMOB, CBSI3aHHBIX C  MMKPOCTPYKTYPHBIMH
IIEPECTPOMKAMHU XPOMOCOM U IS LIeJIed KapTUPOBAHUS T€HOB.

15. ®dayopecuenTHas in Situ ruépuausanus: monudukanuu meroaa (CISS, PRINS,
myabTuuBeTHasi FISH, cpaBHuTesbHas reHomHas ruOpuausaunms, RXFISH, Fiber-
FISH).

Momudukanun FISH-merona:

1. CynpeccuonHas rubpuansanus in situ(anra. - Chromosomal In Situ Supression -
CISS).IMpunnun CISS-ananu3a 3akirodaeTcss B MCMOJIB30BAHUU NJISI THOPUAM3AIMU MEUEHBIX
penopTepHOl MOJIEKYJION (HampuMmep OMOTHMHOM) Habop xpomocomocrenuduueckux JIHK-
npo0, MapKUPYIOUIMX BCIO JUIMHY aHAIM3UPYeMOW XPOMOCOMBI, BMECT€ C H30BITKOM
HEMEUYEHOM  BbICOKONOBTOpsAronieiics  koHkypupyromed  JHK.  IucneprupoBaHHbIE
MOBTOPSIONINECS MMOCIEeI0BATENFHOCTH, JoKanu3oBanHbie B JIHK-ipo6ax, ObicTpo
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rubpuausyiorcs ¢ koukypupyromed JIHK (cynmpeccupyrorcs), B TOBpeMs Kak yHHKaJIbHbIE
[IOCJIEZI0BATEIbHOCTY OCTAIOTCA OJHOHUTYATHIMU M IIO3TOMY HE TEPSIOT CIOCOOHOCTH
ruOpuaAN30BaThbCsl B JajbHEHIIEM C COOTBETCTBYIOIIEH XpOMOCOMOW. OTH MEYEHHBIE
YHUKaJbHbIe mocienoBarenbHocTd JIHK nerektupyrorcss Ha XpoMocoMax ¢ MOMOIIBIO
KOHBIOTUPOBAHHBIX C (IIIOOPOXpOMOM MouieKys. O01acTb MPUMEHEHHs] COOTBETCTBYET 00JIaCTH
UCTIONIb30BaHus "painting"-mpo0.

2. Cunre3 JIHK in situ ¢ moMompi OJUTOHYKJICOTHIHBIX IpaiiMepoB(aHII. -
Oligonucleotide Primed In Situ DNA Synthesis - PRINS).Metox 3akiouaercst B
ammmduramun  JJHK in  vitro HemocpeaCTBEHHO Ha IIMTOJOTHMYECKUX Ipernaparax c
UCTIOJIb30BAHUEM OJIMTOHYKJICOTUIHBIX MPaMEPOB, (IAHKUPYIOIIUX HCCIETYyEeMbId (hparMeHT
JIHK. Drta TexHONOrus MO3BOJSET MPOBOAUTH OBICTPYIO HACHTHU(UKAIMIO XpPOMOCOM Ha
LIUTOJIOTUYECKUX npernaparax 3a cyer amruiukanm BBICOKOKOITUHHBIX
XpoMocoMocTenn(pUIHBIX CeMENCTB MmoBTOpstoluxcs nociuenoparenbHocreit JJHK ¢

3. HCHOJBb30BaHUEM  (IIOOPECIIEHTHO MEUYEHBIX HYKIeOoTHAOB. COBpeMEHHbIE
moaudukanu PRINS-ananu3a qaroT BO3MOKHOCTh UIACHTH(OHUIIMPOBATh U YHUKATBHBIC TCHBI.

4. MynetuusetHas FISH.OTo texnomorus okpamvBaHus B OJHOW MeTadaze pa3HbIX
Y4aCTKOB XPOMOCOM MJIM HECKOJIbKMX IMap TOMOJOTHYHBIX XPOMOCOM pPa3HbIMHM IIBETaMHU.
3akiro4aeTcsi B OJIHOBPEMEHHOM HCMOJIb30BAaHUHU B paMKax OJHOM peakuuy THOpUAM3AIMU in
situ Heckonmbkux JIHK-30HIOB, MCUEHHBIX pa3HBIMH PEIMOPTEPHBIMA MOJICKYJIAMH HITU
HYKJIEOTHAaMH, KOHBIOTHPOBAHHBIMU C pa3HbIMH (uIroopoxpoMamu. B mocienHue roasl HOBbIE
TEXHOJIOTMH MO3BOJISIIOT OKPALIMBATh KaXIyI0 U3 23 map XpoOMOCOM B MHJIUBUAYaJIbHBIN LIBET.
Haubonee wacto nns mMeueHus HCHoOib3yrOT Bcero 5 dumroopoxpomos (CyS, DEAC, FITC.
Spectrum Orange, Texas Red) nim nx koMOUHAIMK APYT C JPYTOM.

16. TerepoxpomaTun. Buabl. ®opmupoBanue B oHTOreHese. MosekyasipHas
opranu3anus. Konsroranus. Penummkanus.

JIHK cmocobHa cBsI3bIBaThCS €  pa3iUyHBIMU  OelkaMu, o00pa3ysi  CTPYKTYpy
Ha3bIBAEMYIO XpOMATHHOM. XPOMAaTHH MO/Ipa3AessieTcsl Ha JBa (PyHKIMOHAIBHBIX COCTOSHUS:
DYXpOMAaTHUH M TEeTEPOXPOMATHH. ['€TepoXpoMaTHH pa3ienseTcs Ha KOHCTUTYTHBHBIM -
CYUIECTBYIOIIUN IOCTOSIHHO B TEYEHMM BCETO KJIETOYHOTO IMKJIA U (aKyJIbTaTUBHBIM,
oOpaszyroluiics B ONpeAEJIeHHbIE MOMEHThl BpPEMEHHM B ONpeAeleHHbIX MecTax. K
OTJINYUTEIBHBIM CBOMCTBAM TI'E€TEPOXPOMATHHA OTHOCAT: KOHICHCUPOBAHHOE COCTOSHHUE B
uHTEepdaze, TPAHCKPUITIIMOHHO HEAKTUBHOE COCTOSHHUE, TO3MHSS perUMKanus B S-¢aze

KJIETOYHOTO IMKJIA .. Tak Jk€ K OCOOEHHOCTAM TeTepoXpoMaThHa MOXKHO OTHECTH
HEJIOPETUTHKAITUIO B MIOJTUTEHHBIX XpOMOCOMax y IPO30(HIIBL.
OyxXpoMaTHH o0oramieH cieIylmuMil Moaupukanusamu: anetuwiuposanue H3 u H4,

METUITUPOBAHUE H4K?20, H4K9 u H3K27.

Jns rerepoxpomarrHa xapakrepHo metuinposanue H3K9, Ho ata moaudukanus BcTpedaercs
TaKXe U B 3yxpomatune, ocooenno B ORF.

DaKyJIbTATHBHBINA reTepoOXpOMaTHH

OObIYHO (paKyJIbTaTUBHBIE T€TEPOXPOMATUHOBBIE YUACTKU MPUCYTCTBYIOT TOJIBKO B
OJTHOW M3 TOMOJIOTMYHBIX XpOMOCOM. THUIUYHBIM MPUMEPOM (aKyJIbTaTUBHOTO I'e€TEPOXpO-
MaTHHa SIBJISETCS HEaKTUBHAs MOJIOBask XpOMOCOMa IIPU FOMOT'AaMETHOM KapUOTHIIE, K MpH-
Mepy, HeakTHUBHast X-XpoMocoMa Yy KEHCKHUX 0CO0eH MIIEKONMHUTAIOIIUX, JeaKTHUBUPYIOLIas-
csl B KOH/ICHCHPOBAHHOE T'€T€POXPOMATHHOBOE COCTOSIHUE; TaKasl TeTepoXpoMaTHHOBast X-
XpoMmocoMa Habmoaercsi B uHTepdase kak tenblie bappa. Kpome storo, npu ramerorenese
U Ha paHHUX CTaAusIX sMOpuoreHeza obe X-XpOMOCOMBI SIBISIOTCS YXPOMaTHHOBBIMU H
TPAHCKPUIILIMOHHO aKTUBHBIMH.

KoHcTHTYTHBHBIN reTepoXpoMaTHH

© ®I'eOY BO «Yenl'Y»




DoHJ OLIEHOYHBIX CPEACTB N0 aucuuiumHe «L{urorenernka»

1o HanpasieHuto noArotosku 06.04.01 «buonorus» GI'BOY BO «Henl'V» crp. 14

KOHCTUTYTUBHBIN (CTPYKTYpHBIN) TE€TEPOXPOMATUH COACPKHUTCI B OOEUX TOMO-
JIOTUYHBIX XPOMOCOMAaxX M JIOKAJIM30BaH IPEUMYIECTBEHHO B 3KCIIOHUPOBAHHBIX y4acT-
KaxX — LIEHTpOMEpE, TeIoMepax, sapblkoBoM opranusarope. [JHK koncrurynBHOro rere-
pOXpoMaTHhHa SBJSETCS NpenmylecTBeHHo caresumTHoM JIHK, cocrosmen u3 TaHaeMHBIX
noBTopoB (K mpumepy, HS1 (Human Satellite 1), HS2, HS3, anbda-caremnmur u npouune
CaTeIUTUTHI 4YelioBeKa). B mHTEepdazHOM sape KOHCTUTYTHBHBIA IeTEPOXPOMATHH 00pa3yer
XPOMOILIGHTPBI C BHYTPEHHEH CTOPOHBI siIEPHONM MEeMOpaHbl, U KpOME 3TOT0 B paiioHax siji-
PBIIIKOBBIX OpraHu3atopoB. [Ipobiema QyHKIMOHATBHONH POJIM CTPYKTYPHOTO Te€TEPOXpPO-
MaTHHA B 3YKAPUOTUYECKOM KIJIETKE OCTAETCSI OTKPBITHIM.

17. TeHermueckoe coAepkaHHe TIeTePOXPOMATHHOBBIX paiioHOB. DyHKIMHU
rerepoxpomMarusa. PoJs B 3BoJIIOIMH.

XpOMaTHH BCTPEUYAETCS B IBYX Pa3HOBUIAHOCTAX: DYXPOMATHH U I€TEPOXPOMATHH.
[lepBoHayanbHO 3TU  JBe (HOPMBI pa3IUYAIUCh LUTOJIOIMYECKH IO TOMY, HACKOJIBKO
WHTEHCHBHO OHHM OKpPAIIMBAIUCHh - JyXPOMAaTMH MEHEE HMHTCHCUBHO, a TI'E€TEPOXPOMATHH
MHTEHCUBHO OKpAIllMBAETCs, YTO YKa3bIBAaeT Ha OoJsiee IUIOTHYIO YNakKoBKy. I'erepoxpomaTuH
0OBIYHO JIOKAJIM30BaH Ha mepudepun sapa . HecMoTps Ha 3Ty paHHIOI TUXOTOMHIO, HEJJaBHHE
JJAaHHbIE KaK Yy JKMBOTHBIX, TaK M Yy pPACTEHMH IIOKa3aJd, 4TO CYIIECTBYeT Oosee IBYX
Pa3JIMYHBIX COCTOSIHMM TIe€TEPOXPOMATHHA, M HA CAMOM J€JIe OH MOJKET CYIEeCTBOBATH B
YEeThIPEX WM IATH «COCTOSHUAX», KaXJ0€ M3 KOTOPBIX OTMEYEHO Ppas3InYHbIMU
KOMOMHAIUSIMU SIIUT€HETUYECKUX METOK.

I'erepoxpoMaTH B OCHOBHOM COCTOMT W3 TI'€HETHYECKHM HEAKTHBHBIX CATEJUIMTHBIX
IIOCJIEIOBATEIbHOCTEN , © MHOIME T'€Hbl B TOM WM WHOW CTENEHU PENpPECCUPOBAHBI, XOTS
HEKOTOpble BOOOIE HE MOrYT SKCIPECCHpPOBATHCA B 3yXpoMaTuHe. M LeHTpomepsl, H
TEJIOMEPHI TE€TEPOXPOMATUYHBI, KaK U TeJI0 bappa BTOpOii HHAKTUBUPOBAHHON X-XpPOMOCOMBI y
JKEHILIMH.

['eTepoxpoMaTHH CBsA3aH C HECKOJIBKUMHU (DYHKUIHUSAMHU, OT PETYJISLUU T€HOB J0 3allUThI
LEJIOCTHOCTU XPOMOCOM; HEKOTOpBIE U3 JTUX POJIEH MOXKHO OTHECTH K IIJIOTHOW YIIAKOBKE
JHK, xoropas nemaer ee MeHee MOCTYMHOW st OCJIKOBBIX (PAKTOPOB, KOTOPBIE OOBIYHO
cea3piBatoT JIHK wim  cBszanHble ¢ Hel (akropel. Hampumep, oOrosneHHble KOHIIBI
neyxuenodeqyHoid JIHK o0OBIYHO HWHTEpHpeTHpPYIOTCS KIETKOM Kak IOBpEXJEHHAs WIH
BupycHas JIHK, 3amyckaromjass OCTaHOBKY KIJIETOYHOrO Iukiaa , pemapanuto JHK wm
paspylieHue pparMeHTa, HanpuMep, SHJOHYKJIea3aMu B OaKTepHUsX.

Hekoropsle y4acTKM XpOMAaTHHA OYE€Hb IUIOTHO YIAKOBAHBI BOJOKHAMH, COCTOSTHUE
KOTOPBIX CPaBHMMO C COCTOSIHUEM XPOMOCOMBI NpU MHUTO3€ . ['eTepoxpomMaTHH OOBIYHO
HaclielyeTcsl KJIOHAJIbHO; KOT/la KIJIETKA JENUTCS, JIBE NOYEpHUE KJIETKH OOBIYHO COJieprKat
reTepoXpoMaTUH B OJHUX U Tex ke obnactsax JHK, 4To mpuBOAWUT K 3MHUIreHETHYECKOMY
HACJICNOBAHUIO . Bapuanuu 3acTaBiIAIOT IeTepOXpPOMATHH BTOPraTbCsi B COCEIAHHME I'€HBbI WIH
OTCTyHaTh OT N'€HOB HAa KpallHUX ydyacTKax JIOMEHOB. TpaHCKpuOMpyeMblii MaTepual MOKET
OBITH MOAABIICH MyTEM pa3MeLIeHUs (B IMC ) Ha 3TUX I'PAHUYHBIX JOMEHAaX. DTO MPUBOIUT K
MOBBIIICHUIO YPOBHEH JKCIIPECCUU, KOTOPBIE BapbUPYIOTCS OT KJIETKH K KJIETKE, YTO MOKET
OBITH MPOJIEMOHCTPUPOBAHO U3MEHYMBOCTHIO 3(p(peKTa mogoxKeHus .

18. MexaHu3Mbl BO3HUKHOBEHHsI XPOMOcOMHBbIX nepectpoek. IloBpe:xkaenus [THK
pa3jJIMYHBIMU MyTareHaMu. [loHsiTHE 0 NOTEHIHAJBLHOM NOBPEKICHUH.

XpOMOCOMHBIE TEepPEeCTPOUKH (XpPOMOCOMHBIE MYTAallUW, WM XPOMOCOMHBIE abeppa-
[IUU) — THUIl MYyTalHil, KOTOpbIE U3MEHSIOT CTPYKTYypy XpoMocoM. Kiaccuduuupyror crnemy-
IOIIME BUABI XPOMOCOMHBIX IMEPECTpoeK: Jenenuu (yTpara ydacTKa XpPOMOCOMBI), HHBEp-
cuu (M3MEHEeHHe MopsiJIKa FTeHOB y4acTKa XpOMOCOMBI Ha 0OpaTHbIN), AyIIMKaluu (TOBTOpe-
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HUE y4acTKa XpOMOCOMBI), TPAHCIOKAIMH (TIEPEHOC y4acTKa XPOMOCOMBI Ha JPYTYIO), a TaKkKe
JTULEHTPUYECKUE U KOJIbLIEBbIE XPOMOCOMBI. M3BECTHBI TaKk)XKe M30XPOMOCOMBI, HECYIIIME JBa
OJIMHAKOBBIX IUieya. Eciam mepecTpoiika M3MEHSeT CTPYKTYpPY OAHONH XPOMOCOMBI, TO TaKylO
MEPECTPONKY HA3BIBAIOT BHYTPUXPOMOCOMHON (MHBEPCUH, JCICLHH, TYTUTMKALUU, KOJIbIEBbIE
XPOMOCOMBI), €CITU K€ JABYX Pa3HbIX, TO MEKXPOMOCOMHOM (IyIUIMKALMU, TPAHCIOKALUU, JU-
HEHTPUYECKUE XPOMOCOMBI). XpOMOCOMHBIE MEPECTPONKH MOIPA3ACISIOT TAK)KE HA cOAaHCH-
poBaHHbIE U HecOamaHcupoBaHHble. COanaHCUPOBaHHbBIE NEPECTPORKH (MHBEPCUH, PELUITPOK-
HBIC TPAHCIIOKAIIMN) HE MPUBOJAT K IMOTEPE MM TOOABICHUIO TEHETHYECKOTO MaTepuaia Mmpu
dbopMUPOBaHUH, TIOFTOMY UX HOCHUTENHM, Kak IpaBMiIo, (eHOTUNIMYecCKHn HopMmaiibHbl. HecOa-
JAaHCUPOBAHHBIE IEPECTPOMKU (AeNeuuu W IYMJIUKalUU) MEHSIOT J030BOE€ COOTHOIIEHHE
TCHOB, U, KaK MPaBHJIO, UX HOCUTEIHCTBO COMPSDKEHO C CYIIECTBEHHBIMU OTKJIOHEHUSIMU OT
HOPMBI.

XpOMOCOMHBIE TIEPECTPOUKHU UTPAIOT POJIb B IBOJIOIMOHHOM Mpoliecce U BUA000pa3o-
BaHWH, B HApyIICHUU (HEPTHUIHLHOCTHU, B OHKOJOTUYECKUXU BPOKICHHBIX HACJICICTBEHHBIX 3a-
0oJeBaHUIX YEIIOBEKA.

19. Buasl  o0MeHHBIX  mepecTpoeKk. PekoMOMHAIMOHHBIH  MeXaHHM3M
BO3HUKHOBEHMS NepecTpoex.

OOmenHBIE abeppaluu OYeHb Pa3HOOOpa3HBL. B WX OCHOBE JIGKUT OOMEH ydacTKaMu
XpOMOCOM (WJIM XpOMAaTU[) MEXAY Pa3HbIMH XPOMOCOMaMH (MEXXPOMOCOMHBIN OOMEH) WM
BHYTPU OJHOW XpOMOCOMBI (BHYTPUXPOMOCOMHBIM OOMEH) NpH MepepacrpereieHu TeHeTH-
yeckoro wmarepuaiga. OOMEHHbIE IEpecTPONKU ObIBAIOT JABYX THIIOB: CHUMMETPUYHBIE WU
ACHMMETpPUYHBIE. ACUMMETPHYHBIE OOMEHBI MPHUBOIAT K OOpPa30BAHMIO IOJMICHTPHUECKUX
XpOMOCOM M alleHTpu4ecKux (parmeHToB. [Ipy cuMMETpUUHBIX k€ OOMEHaX MPOUCXOJIUT CO-
€MHEHHUE alleHTPUYECKUX (PParMEHTOB C LEHTPUYECKUMHU, B PE3YJIbTATE YEr0 XPOMOCOMBI,
BOBJICUEHHBIE B OOMEHHYI0 a0eppalnio, OCTAI0TCS MOHOLIEHTPUYECKHMHU.

BryTpruxpoMocoMHble 00MEHbI MOTYT HMPOUCXOAUTH KaK BHYTPHU OJIHOTO (BHYTpHILIE-
4yeBOoil 0OMEH), Tak U MEeXIy OOOMMHM IUIeYaMHM XPOMOCOMBI (MexIuieueBoi oOMmeH). Kpome
TOT0, OOMEHBI MOTYT OBbITh MPOCTHIMHU M CJIOKHBIMH, KOT/Ia B MPOILIECC BOBJIEUYEHBI HECKOJIBKO
XxpoMmocoM. B pesynbTare MoryT oOpa3oBaThCsi HEOOBIYHBIE U JOCTATOYHO CIIOKHBIE KOH-
¢urypauun xpomocoM. JI10060i oOMeH (CMMMETPUYHBIH U aCUMMETPUYHBIN, MEXXPOMOCOM-
HBI ¥ BHYTPUXPOMOCOMHBIN) MOXKET OBITh IMOJIHBIM (PELUITPOKHBIM) WM HETIOJIHBIM (HepeLu-
npokHbIM). [Ipy monHOM oOMeHe MPOUCXOIUT COEMHEHUE BCEX MOBPEXKACHHBIX YYacTKOB, a
IPU HETIOJIHOM 0OMEHE YacTh U3 HUX MOXKET OCTaThCs C OTKPBITHIM MOBPEXKACHHBIM yYaCTKOM.

20. Tunbl XpOMOCOMHBIX MEPeCTPOEK: HEXBATKH, TPAHCIOKALMH.

Jeneumm - XpPOMOCOMHBIE MEpPECTPONKH, NPU KOTOPBIX MPOUCXOAMUT MOTEps
ydacTKa XpOMOCOMBI. Jlenenns MoXkeT ObITh CIEJCTBHEM pa3pbiBa XPOMOCOMBI MJIH pe3yJibTa-
TOM HEpPaBHOIO0 KpoccHHroBepa. [1o monoxeHuro yTepsIHHOIO ydacTKa XpOMOCOMBI JeNeluu
KJIacCU(UIUPYIOT HAa BHYTPEHHUE (MHTEPCTUIIHATIbHBIE) U KOHIIEBbIE (TEpMUHAIILHBIE).

Tpancaoka nusi — TUI XPOMOCOMHBIX MYTAIIMi, IPH KOTOPHIX MPOUCXOJUT MEPEHOC
y4acTKa XPOMOCOMBI Ha HETOMOJIOTUYHYIO XpoMocoMy. OTAETbHO BBIJIEISIOT PELUIPOK-
HbI€ TPAHCJIOKALIUHU, TPU KOTOPBIX MPOUCXOAUT B3aUMHBIM OOMEH y4yacTKaMU MEXIy XpOMOCO-
MaMH, 1 POOEpPTCOHOBCKHE TPAHCIOKAIIMH, WM LIEHTPUUECKUE CIUSHUS, TIPU KOTOPBIX MPOUC-
XOJUT CIIUSHHE aKPOLIEHTPUUYECKHX XPOMOCOM C TOJHOW MM YaCTUYHOW yTpaToW Marepuana
KOPOTKHX ILJIEY.

TpaHcnokanuu, Takke Kak M JIpyrue XpOMOCOMHBIE EPEeCTPONUKH, UTPalOT POJib B BH-
1000pa30BaHUU, B CHIDKEHHHM (PEPTHILHOCTH, B OHKOJIOTMYECKMX M BPOXKJICHHBIX HacClel-
CTBEHHBIX 3a00ieBaHMsIX. Pa3zanuHble TpaHCIOKAIMM B COMAaTHMYECKHUX KJIETKaX MPUBOIAT K
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Pa3BUTHIO J'II/IMd)OM, CapKOM, JICHKO30B.

21. Tunbl XpOMOCOMHBIX NepecTPoeK: AYIJIMKALMH, HHBEPCHH.

Jymnukanuss — pa3HOBHJIHOCTE XPOMOCOMHBIX IEPECTpOEK, IPU KOTOPOH y4acToK
XpPOMOCOMBI  OKa3bIBa€TCs YJIBOCHHBbIM. MOXET IpOU30HTHM B pe3yibTaTe HEPABHOIO
KPOCCHUHIOBEpa, OIIMOKH ITPY FOMOJIOTUYHOW PEKOMOUHAIIUH, PETPOTPAHCIIO3ULIUH.

HHBepcust — XpoMOCOMHasl HEpeCTpOrKa, PU KOTOPOM MPOUCXOAUT ITOBOPOT y4acTKa
xpomocomsl Ha 180°. MHBepcun sBISOTCS cOalaHCUPOBAHHBIMU BHYTPUXPOMOCOMHBIMHU
nepectpoiikamu. Pa3znuyarot napaneHTpuueckue (MHBEpTUPOBAaHHBIN (parMeHT JISKUT 110
OJIHYy CTOPOHY OT LIEHTPOMEpPHbI) U NEPULIEHTPUUECKUE (LIEHTpOMEpPA HAXOAUTCS BHYTPHU
MHBEPTUPOBAHHOT'O (pparmMeHTa) MHBepcUU. MIHBepcHM UrpatoT posib B 3BOJIIOLIUOHHOM
npoiiecce, BUJ000pa30BaHNU U B HAPYIIEHUSIX (EPTHIBHOCTH.

22. Tumbl XpPOMOCOMHBIX HepecTpOeK: TaHJAeMHble COeJUHEHHS XPOMOCOM,
pasjeeHne XpoMoCoM.

TanneMHble AyIUIMKAUUU MOSBISAIOTCA B IIOJOBBIX KIETKax IIpU Melo3e B
pe3yJibTaTe HEPaBHOIO KPOCCUHIOBEPA (B 3TOM ClIyyae BTOPOM TOMOJIOT HECET JEIELUI0) UM B
COMAaTHUYECKUX KJETKaX B pe3yjbTaTe HEaUIeNIbHON TOMOJIOTMYHOM peKOMOMHALMU TIpU
penapanuu aByHureBoro paspeiBa JIHK. B mpomecce KpoccuHroBepa y reTepO3UroThl IIPH
KOHBIOTallUM XPOMOCOMBI C TaHAEMHOHN NyIUIMKallMed U HOPMaJIbHONW XpPOMOCOMBI, KaK U IIPH
nenernyu, GopMHUPYETCsi KOMITEHCAIMOHHAS TIETJIS.

23. ®@a3pl KJIETOYHOI0 HUKJIA. JK30TeHHbIE PeryJ/siTopbl.

Bech kierounblii 1ukia coctoutr u3 4 stanoB: npecunrerudeckoro (Gl), cuHTeTHye-
ckoro (S), mocrcunrernueckoro (G2) u coocrBenno muto3a (M). Kpome Toro, cymiecTByer Tak
HazbiBaeMblll GO-Tiepuoll, XapakTepU3YIOIKN cOCTOsIHUE NOKoA KieTku. B Gl-nepuone xier-
KM UMerT aurmonaHoe conaepxanne JJHK Ha omHO snpo. B 3TOT mepmoa HauMHAETCs pocT
KJIETOK, IJIABHBIM 00pa3oM, 3a CUeT HaKOIJICHUS KJIETOYHBIX OEIKOB, YTO 0OYCIIOBJIEHO YBEIH-
yenueM kosmmuectsa PHK Ha knerky. Kpome Toro, Haunnaercs noaroroska k cunresy JJHK. B
CIIEYIOIIEM S-TIepruojie npoucxoauT ynsoenue koinndectsa JJHK u coorBeTcTBEHHO yaBauBa-
etcs yncio xpomocoM. [locrcunrernyeckas G2 (asza HazbIBaeTCs TakKe MPEMUTOTHYECKON. B
sToi (paze mpoucxoauT aktuBHbIM cuHTe3 MPHK (matpuunas PHK). Benen 3a aToii cramueit
cienyeT COOCTBEHHO JIeJIeHHE KJIETKHM HaJBOE WM MUTO3.

Jlenenue Bcex 3yKapHOTHYECKUX KJIETOK CBSI3aHO C KOHJIEHCaluell y/IBOCHHbIX (periu-
LIMPOBAaHHBIX) XpOMOCOM. B pe3ynbrare AeneHHus 3TH XpOMOCOMBI MEPEHOCSTCS B JI0YEpHUE
KJIeTKH. Takoil THUIl JeeHus SyKapuOTHUECKUX KIETOK - MUTO3 (OT rped. mitos - HUTH) - SBJIsA-
€TCsl €JMHCTBEHHBIM IOJIHOIICHHBIM CIIOCOOOM YBeNMYeHUs uucia kietok. [Ipouecc Muroru-
YeCKOro JeNeHHs MOJpa3JelisiloT Ha HECKOJIBKO 3TamoB: mpodasza, npomeradasa, meradasa,
anadaza, renodasa.

Perynsropubie ¢akTopbl, KOHTPOJUPYIOUIHE PA3MHOKEHUE KIETOK, MOXHO YCIOBHO
pa3feNuTh Ha JBE€ TPYIIbl: BHEKJIETOYHBIE (MM SK30TE€HHBIE) WM BHYTPUKJIETOUYHbIE (WU JH-
JIOTeHHbIE). DK30TeHHbIe (PaKTOPBI HAXOAATCS B MUKPOOKPY)KEHUH KJIETKU U B3aUMOJICHCTBY-
0T C IIOBEPXHOCTBIO KJIETKH. DPaKTOpbl, KOTOpPHIE CHUHTE3UPYIOTCA CaMOM KIETKOM H
JIEMCTBYIOT BHYTPU HEe, OTHOCATCS K SHAOreHHBIM (hakropam. Takoe moapasieneHue BechbMa
YCIIOBHO, TOCKOJbKY HEKOTOpble (aKTOpbl, OyIyud OSHIOTEHHBIMH I10 OTHOUIEHHIO K
NPOAYLUPYIOIIEH HX KJIETKE, MOTYT BBIXOJUTb W3 HEE M JEHCTBOBaTb KAaK DK30I'CHHBIE
PEryJsaToOphl Ha IPYTHe KIETKHU.

Y MHOTOKJIETOYHBIX OPraHU3MOB PEryJIsaLus Mponudepannun pa3IuyHbIX TUIIOB KIETOK
MIPOUCXOJUT BCIEACTBUE AEMCTBHSI HE OJHOTO KAaKOro-IMOO pOCTOBOTO (pakTopa, a uX
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coBOKyIHOCTH. KpoMe TOro, HeKoTopble pocTOBbIe (aKTOpPbI, OyIyud CTUMYJIATOPAMU MJIs
OJIHMX THUIIOB KJIETOK, BEIYT ce0s KaK MHTUOUTOPHI 1O OTHOILIEHHUIO K ApyruM. Kiaccuueckue
pocToBBIE (DAKTOPHI MIPEACTABIISIIOT COOON MOJUTIEIITUIBI C MOJIEKYJIsIpHOU Maccor 7-70 x/la. K
HACTOSIIIIEMY MOMEHTY H3BECTHO 0Ojiee COTHM TaKUX pOCTOBBIX (hakTopoB. OIHAKO 371€ChH
OyIyT pacCMOTPEHBI TOJILKO HEKOTOPBIE U3 HUX.

24. KoHTPOJIb KJIETOYHOT0 HUKJIA. 'eHbI KJIETOYHOT0 IIUKJIA.

Ha3nauenue peryiasTopHbIX MEXaHU3MOB KJIETOYHOI'O [IUKJIA COCTOUT HE B PETrYJISALUU
IPOXOXKJEHUS KJIETOYHOI'O IMKJIa KaK TakOBOrO, a B TOM, YTOObI 00€CHEeUnTh, B KOHEYHOM
cuere, 0€30MMOOYHOCTH  pACIpPEAENEHMs HACIEACTBEHHOIO  Marepuaja B IIpolecce
penpoayKIMU KJIEeTOK. B OCHOBE peryisuuu pa3MHOXKEHHUs KIETOK JIEXKUT CMEHA COCTOSHUI
AKTUBHOH Mponudepaniu 1 npoaudepaTHBHOrO opraHa. Perynsropasie pakTopbl, KOHTPOJIHU-
pYIOLIE Pa3MHOXKEHUE KJIETOK MOXKHO YCJIOBHO pa3/JeNIuTh Ha JIBE I'PYIIIbl: BHEKJICTOUHBIE
(MM SK30T€HHBIC) WITM BHYTPUKJICTOYHBIE (MIJIA YHJIOTEHHBIE). DK30T€HHBIE (PAKTOPHI HAXOIST-
Cs1 B MUKPOOKPY>KEHUH KJIETKU U B3aUMOJIEHCTBYIOT C TOBEPXHOCTBIO KIETKH. DaKTOpPbI, KOTO-
pBI€ CHHTE3UPYIOTCS CaMOM KJIETKOU U IEHCTBYIOT BHYTPH HEE, OTHOCSTCS K SHIOTCHHBIM (hakx-
TopaM. Takoe nojpasesieHre BechMa yCIIOBHO, IOCKOJIBKY HEKOTOpPbIE (paKkTOpbl, OyaydH 3H-
JIOT€HHBIMH 110 OTHOILIEHHIO K MPOAYIUPYIOIMIEH HX KIIETKE, MOTYT BBIXOJUTH U3 HEE U JICH-
CTBOBAaTh KaK 3K30T€HHbIE PErYJISTOPHI Ha Apyrue kieTku. Eciu perynsaropHsie pakTopbl B3au-
MOJICHCTBYIOT C TEMH K€ KJIETKaMH, KOTOPBIE UX MPOAYLIUPYIOT, TO TAKOW THIT KOHTPOJIS Ha-
3bIBAETCS Ay TOKPUHHBIM. [IpH mapakpuHHOM KOHTPOJIE CUHTE3 PErYJISTOPOB OCYLIECTBISETCS
JpyruMHu Kietkamu. I'eH p53 onmyxoib-cynpeccupyronuii red pS3 - pakTop TpaHCKPUIILUH.
OH perynupyert skcnpeccuto 6osee 10 6eIK0B, OTBETCTBEHHBIX 32 aKTHBALIMIO PA3IMYHBIX
cynpeccopHbix cucteM. Cpeau HUX MHAYKTOPBI alloNTO3a, PEryysTOpbl KIETOUYHOIO LHUKIIA,
CeKpeTUpyeMble HHIHOUTOPBI pocTa. OCTaHOBKA KJIETOYHOTrO IUKIa pu noBpexaeHusax JJHK
B G1 oGecnieunBaercst maruouposanuem cyclin-Cdk, B G2 - nnakTuBanuei kommiekca cyclin

B-Cdkl.

25. IIMKJIUHBL, THKJIWH3ABUCUMbIE KHHA3BI.

[{uknuHBl — CEeMeMCcTBO OENIKOB-aKTUBATOPOB LHMKJIWH-3aBUCUMBIX MPOTEHHKHUHA3 —
KITFOYEBBIX (DEPMEHTOB, YYACTBYIOIIMX B PETYJISAIMH KJICTOYHOIO IMKJIA DYKApUOT. [[UKIHHBI
MONyYUJIM CBOC Ha3BaHWE B CBSI3W C TEM, UYTO HX BHYTPUKIETOYHAS KOHIICHTPAIUS
NEPUOTNIECKH U3MEHSETCS TI0 Mepe MPOXOKICHHUS KIETOK Yepe3 KIETOYHBIN UK, TOCTUTas
MaKCHMyMa Ha €ro ONpeeeHHbIX CTaIUsAX.

Karanurnueckas cyObeIMHNIIA IMKINH-3aBUCHMOM MIPOTCHHKWHA3BI YACTUIHO
AKTUBHUPYETCA B pe3yJibTaTe B3aUMOJICHCTBUS C MOJIEKYJION IIMKJIMHA, KOTOpas o0pa3yer
peryisITOpHyl0 cyObenuHuily ¢epmenta. (OOpa3oBaHHE 3TOTrO reTEPOUMEpPa CTAHOBUTCS
BO3MOJXKHBIM TOCJ€ JOCTHKEHUS [IUKIMHOM KPUTHUECKOIM KOHIIEHTpaluu. B oTBeT Ha
YMEHBIIICHNE KOHIICHTPAITUH IIMKJIMHA IPOUCXOANT WHAKTUBANUS (hepMeHTa. J[Jist moHoM
AKTUBAIIH [IUKJIHH-3aBUCUMON MPOTEUHKUHA3HI JIOJKHO pOU30iTH
cnenuduueckoe hochopunrponanue u 1edpocHoprIMPOBaHUE OMPEIEIIEHHBIX aMUHOKUCIOTH
BIX OCTAaTKOB B TOJHIENTHAHBIX I[EMAX JSToro Komruiekca. OnmHuM U3  (QEepMEeHTOB,
OCYIIECTBIIAIONINX TOA00HBIE peakiiuu, sBisercs kuHaza CAK (CAK — CDK activating
kinase).

26. ToYKHM KOHTPO.IA KJITOYHOr0 HUKJIA. MHTHONTOPBI KJI1E€TOYHOI0 IIUKJIA.
KoHTpobHBIE TOUKH KJIETOYHOTO LIUKJIA
1. Touka Beixona n3 G1-(asbl, HazpIBaeMast
CrapT - y MIIEKOTIUTAIOLUX ¥ TOUKON PECTPUKIINH
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https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BB%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%82%D0%B5%D0%B8%D0%BD%D0%BA%D0%B8%D0%BD%D0%B0%D0%B7%D1%8B
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D0%BC%D0%B5%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B5%D1%82%D0%BE%D1%87%D0%BD%D1%8B%D0%B9_%D1%86%D0%B8%D0%BA%D0%BB
https://ru.wikipedia.org/wiki/%D0%AD%D1%83%D0%BA%D0%B0%D1%80%D0%B8%D0%BE%D1%82%D1%8B
https://ru.wikipedia.org/w/index.php?title=%D0%A1%D1%83%D0%B1%D1%8A%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D0%BA%D0%BB%D0%B8%D0%BD-%D0%B7%D0%B0%D0%B2%D0%B8%D1%81%D0%B8%D0%BC%D0%B0%D1%8F_%D0%BA%D0%B8%D0%BD%D0%B0%D0%B7%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%82%D0%B5%D1%80%D0%BE%D0%B4%D0%B8%D0%BC%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%81%D1%84%D0%BE%D1%80%D0%B8%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/w/index.php?title=%D0%94%D0%B5%D1%84%D0%BE%D1%81%D1%84%D0%BE%D1%80%D0%B8%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%B8%D0%BD%D0%BE%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%B8%D0%BD%D0%BE%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D1%8B
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y apoxokeid. [locne nepexona yepe3 Touky pectpukiuu R B konieG1
HACTYTJICHHE S CTAHOBHUTCS HEOOPATUMBIM, T.€. 3aITyCKAIOTCSI IIPOLIECCHI
BEYIIHUE K CIEAYIOIIEMY JICTICHUIO KIETKH.
2. Touka S — mpoBepKa TOYHOCTH PEIUIMKALHIH.
3. Touka G2/M-niepexo/ia — mpoBepKa 3aBEPIICHHS PEIUTHKAIHH.
4. Tlepexon ot MeTadassl K aHadaze MUTO3A.

4, TOPAAOK TPOBEJIEHUSA W KPUTEPUU = OLIEHUBAHUSA
MMPOMEXYTOYHOM ATTECTALIUA

4.1. Tlopsinok MpoBeeHNsI MTPOMEKYTOYHOMH aTTeCTAlMU

B paMkax Tekymiero KOHTpPOJISI B TECUYECHHE CEMecTpa JUisl OIICHKH 3HAaHWH, YMEHUH,
HABBIKOB, TOJyY4aeMBbIX B XOJI¢ HM3YUYCHHUS TUCIUIUIMHBI, YYUTHIBAIOTCS YCTHBIC OIPOCHI,
pedepaTuBHBIE COOOIICHUS.

KputepreM ycHemHOCTH OCBOCHHS Yy4eOHOrO MaTepuaja Mo OKOHYAHHK) Y4eOHOro
cemecTpa (IIPOMEKYTOYHAsI aTTECTAIMs) SBISICTCS SKCIEPTHAs OICHKA NpernojaBarers,
YYHUTHIBAIOIIAS: TEKYIIYI0 YCIEBAEMOCTh B TEUCHHE ceMecTpa (YCTHBIA Ompoc, pedepaTuBHEIC
coobuienusi). Kpome TOro, sKcrepTHas OLEHKA IMPENoaBaTeiisi MOXKET OCHOBBIBATHCS Ha
PETYISIPHOCTH TIOCEIICHHUS O0SI3aTeIBbHBIX YUYCOHBIX 3aHSITHH, YCHEIIHOCTH BBITIOJHEHUS
YCTaHOBJICHHBIX Ha JTAHHBII ceMecTp 00bEMOB paboueii MporpamMmel.

[TpoMexxyTodHast arrecTalsi NpoBoAWTcS B (opMme 3adera 1o Owieram. buier
COJICPKHT JIBA TEOPETUUCCKHUX BOIIPOCA.

4.2. KpuTepuu OleHMBAHHUS NMPOMEKYTOYHON ATTECTALMH 10 BUAAM OLEHOYHbBIX
CpeacTB

4.2.1. Kputepuu onileHHBaHUS TEOPETHYECKOT0 BOMpoca

3auTeno.

CryzaeHT riyOOKO M TOJHO BiaJieeT COAepKaHUEM y4eOHOTo marepuana U MOHSTHM-
HBIM anmapaToM; yMEET CBS3BIBATh TEOPHUIO C MPAKTUKOU, UILTFOCTPUPOBATH TpUMEPaMHu, (ak-
TaMH, JAHHBIMU HAy4YHBIX MCCJIEIOBAHMI; OCYIIECTBISIET MEXIPEIMETHBIE CBSI3U, MPEIIIOKE-
HUAL. I[enaeT BBIBOJbI; JIOTHUYHO, YE€TKO. HCHO nu KpaTKO N3JIaract OTBETHI HA ITOCTABJICHHBIC
BOMPOCHI; YMeeT 0OOCHOBBIBATH CBOU CYXACHHS U MPO(PEeCcCHOHATBHO-TMYHOCTHYIO MO3UIIUIO
Mo u3yiaraeMomy Bompocy. OTBET HOCUT CaMOCTOSATENIbHBIN XapakTep. JomylieHHbie ommoKu
HCIIPABJISIOTCS CTYJEHTOM MOCIE AOMOTHUTENBHBIX BOIMPOCOB IK3aMEHATOPA.

He 3auTeno.

CryzneHT oOHapyKUBaeT 3HAHUE W MOHMMAaHHE OCHOBHBIX IMOJIOKEHHH yd4eOHOTo Mare-
pUalia, HO WU3JaraeT ero HemoJIHO, HEMOCIIEI0BATENbHO, HOIMYCKAET HETOYHOCTU U CYIIECTBEH-
HbIE OIIMOKM B OMNPENEICHUU TOHATUH, (POPMYTHUPOBKE MOJOKEHUN, HE MpPUBIEKACT s
apFYMeHTaHI/II/I OTBE€Ta OCHOBHBIC ITOJIOXKCHHA HUCCIIEA0BATCIIbCKUX, KOHHGHTyaJ'IBHI)IX 158 HOpMa-
TUBHBIX JJOKYMEHTOB, HE yMeeT 000CHOBAaTh CBOM CYKJICHHUS, HAOII0AaeTCs HApYIICHUE JIOTH-
K W3NokeHus1. OTBET OTJIMYAETCS HU3KHUM YPOBHEM CaMOCTOSITEIHHOCTH, HE COACPIKUT COO-
CTBEHHOM MpodeccCHnOHATEHO-TUYHOCTHON TTO3UITHH.

I/IJ'II/I, CTYJIeHT UMECT paSPOSHeHHLIe, 6eCCI/ICTeMHBIe 3HAHU:. HC YMCCT BBIACIISITH I'J1IaB-
HOE M BTOPOCTENEHHOE; MOMYCKaeT OMIMOKM B OMPEICIICHUN MOHITHHA, (OpMyITHpPOBKE Teope-
TUYCCKHUX l'[OJ'IO)KeHI/If/'I, HCKaXXarolue nuX CMBICII; HE OpI/IeHTI/IpyeTCﬂ B HOpMaTI/IBHO-KOHIIeHTy-
QNBbHBIX, MPOTPAMMHO-METOJUYECKUX, HCCIEIOBATEIbCKUX Marepuanax, OecrnopsaouyHO |
HEYBEPEHHO M3JIaraeT MaTepuall; He YMEET COCUHITh TEOPETUUECKUE TOJIOKEHUS C MEAaroru-
YeCcKOW MPaKTHKOI; HE yMEeT MPUMEHSTh 3HAHUS JUIT 000CHOBaHUS M 00BsiICHEHUS (DaKTOB, HE
YCTaHaBJ'II/IBaeT Me}KHpeJIMeTHI)Ie CBA3U.
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4.3. Pe3yabTaTbl MPOMEKYTOUYHOI aTTECTAIMH M YPOBHU CHOPMHPOBAHHOCTH
KOMIIeTeHI Ui

[Ipu moBeICHUM UTOTOB YUUTHIBAIOTCS PE3YJIbTATHI TEKYIICH aTTEeCTaI|H.

Oco0eHHOCTH TIPOBEICHUS TPOLICTYPhl OIIEHUBAHUSI PE3YJIbTATOB O0YUYCHHsI MHBAJIUIOB
U JUI C OTPAaHWYEHHBIMH BO3MOXKHOCTSMH 370pPOBbsi 0003HA4YeHBI B paboueil mporpamme
JTUCIUTITAHBI (MOTYJIS).
«1 ypoBeHbB» - 03HaKOMIIEHUE (MMETh 00IIIee TPEICTABICHIE, Y3HABATH);
«2 ypOBEHbY - IOHUMaHHE Y4eOHOro MaTepHalia, U3j1araéMoro B yueOHUKE, METOIMYECKOU
pa3paboTKe WM MperogaBaTesem;
«3 ypOBEHb»- YMEHHUE JJIOTMYHO, TOCJICI0BATEIBHO, JOCTATOYHO MOJIHO U TOYHO U3J1araTh
W3Y4YEHHBII MaTepHall;
«4 ypoBEHBbY» - TBOPUECKHU HCIIOIb30BAThH MMOTYUYEHHBIE 3HAHUS.

st yoosnemsopumenvhoii (OIIOKATEITHHON) OIICHKH 3HAHUHN TpeOyeTcss MUHUMYM 3-1
YPOBeHb YCBOCHUS YUeOHOTO MaTepuaia.

TpeboBanus (KpuTepuaabHble IOKA3aTeJN) K YPOBHIO OCBOEHUSI

JUCHHUILINHDI
Pesynbrar 3auera TpeboBaHMs K 3HAHUAM
3auyTeno CryaeHT ray0OKO M TOJNHO BJaJieeT COAEpKaHHEM Y4eOHOTO

MaTepuaiga M TOHATUHHBIM ammapaToM; YMEET CBS3bIBaTh
TEOPHUIO C MPAKTUKOW, WIUTFOCTPUPOBATH IMpUMepamHu, (hakTamu,
JAaHHBIMU Hay4YHBIX UCCIJIEIOBaHU; OCYIIECTBIISIET
MEXIIPEJMETHbIE CBS3M, MpeuiokeHus. Jlemaer BBIBOJBI,
JOTUYHO, YETKO. JSICHO M KpaTKO W3/1araeT OTBEThl Ha
MOCTaBJIEHHBIE BOMPOCHI; yMeeT 00OCHOBBIBATh CBOM CYKJICHHS
U Npo¢eCcCHOHANBHO-TMYHOCTHYIO MO3MIMIO I0 H3JIaraeMoMy
Bonpocy. OTBET  HOCUT  CaMOCTOATEIBHBIM  XapakTep.
JomnymieHHble OMMOKKM  HCHPABISIOTCS  CTYAEHTOM  IOCIe
JIOTIOJTHUTEIIbHBIX BOIIPOCOB IK3aMEHATOPA.

VYuurbiBaeTcs ydyacTHE B JUCKYyCCHSIX Ha JabOpaTOpPHBIX
3aHATHAX U 3aILNTA JOKJIAI0B.

He 3auTteno CTYJEHT OOHapyKMBaeT 3HaHME€ M MOHMMAHHE OCHOBHBIX
MOJIOKEHUH y4yeOHOro marepuaia, HO H3JIaraeT €ro HEMoJHO,
HEMOCJIE0BATENIbHO, JOIYCKAaeT HETOYHOCTU M CYILECTBEHHBIE
OLIMOKH B ONpE/IEICHUN MOHATUH, (POPMYIMPOBKE MOIOKEHUH,
HE TMPUBJIEKAET AJI apryMEHTAllUU OTBETa OCHOBHbIE TIOJIOKEHUS
UCCIIEIOBATEIbCKUX,  KOHLENTYaJbHbIX W  HOPMaTHBHBIX
JOKYMEHTOB, HE yMeeT OOOCHOBaTh CBOU  CYXKJEHUS;
HaOJrofaeTcsl  HapylleHWe  JIOTUKM — M3yokeHus.  OTBer
OTJIMYAETCS HU3KUM YPOBHEM CaMOCTOSITEIbHOCTH, HE COJIEPIKUT
COOCTBEHHOM MPO(heCCHOHATBHO-TUYHOCTHOMN MO3UIUH.

Wnu, cTyneHT uMeeT pa3po3HEHHbIEe, OECCUCTEMHBIE 3HAHUS: HE
YMEET BBIAEHATh IJIABHOE M BTOPOCTENEHHOE; JOIYCKAeT
OIMOKK B ONpENENIEHUH  TOHATHI, dbopMynupoBKe
TEOPETUYECKUX IOJIOKEHUHN, MCKAXKAIOIIUE UX CMBICI; HE
OPUEHTUPYETCS] B HOPMATUBHO-KOHIIENTYaJIbHBIX, IPOIPAMMHO-
METOAMYECKHX, UCCIIeI0BATEIbCKIX MaTepraliax, 0ecropsj04HO
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U HEYBEPEHHO H3JaraeT Marepual, HE YMeEeT COCAUHATH
TEOPETUYECKHUE IOJIOKECHHS € MENaroru4ecKod IPaKTHKOW; He
yMeeT MpPHUMEHSATh 3HaHUS A OOOCHOBaHHMS M OOBIACHEHHS
(akTOB, HE yCTaHABIMBAET MEXIPEAMETHBIE CBSI3U.
Y4uThIBaETCS Y4acTHE B TUCKYCCHUSX HA TAOOPAaTOPHBIX
3aHATHUAX U 3al0UTa JOKJIA0B.
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