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Hanpasienue 06.03.01 BbuoJsiorusi, Hanpap/ieHHOCTb (nmpo¢duian) buosaorusi, ¢poua
OLIECHOYHBIX CpeACTB ISl MPOMEKYTOYHOH  aTrecTallMd MO0 JUCHUILIMHE:
«PagunanMoHHasi reHeTHKA», roJ Hadopa 2026, ¢popma o0yueHHus1 oUHAasA

YTBEpKIECH:

[Tpopekrop mo yaebHoi padore yrBepxkaeno 03.03.2026 A.A. CanamaToB
CornacoBaH:

YdeHBIM COBETOM (paKyIbTeTa OMOIOTHIECKOTO

[Ipotokon 3acemanus ot «27» depass 2026r. Ne

[Ipencenarens YueHOro coBera
dakynpTeTa OMOJIOTHIECKOTO COTJIACOBAHO J[.C. CramkeBuu

3acenanuem Kadeapsl paguanumoHHON OUoI0TUN
[Tporokoin 3acenanus ot «20» gepais 2026r. Ne 7

3aBenyromuii kKadeapoi COTIJIaCOBAHO A. B. AkieeB

ABTOD (COCTaBUTED) 10.P. Axmanyminaa

CrpykTrypa (poHIa OLIEHOYHBIX CPEACTB COOTBETCTBYET Npukasy pekropa ®I'cOY BO
«Heal'¥» ot 27.09.2022 r. Ne 573-1 «O0 yTBep:kIeHHH 1IA0I0HOB JOKYMEHTOB.
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Conep:xanue

1. [TaciopT doHIa OLIEHOYHBIX CPEACTB

2. [lepeuenp (popMUPYEMBIX KOMIIETEHIIUN

2.1. KomneTeHmm, 3aKperui€éHHbIC 32 TUCIUTUTHHON

3. ConeprkaHue OIEHOYHBIX CPEJICTB MO AUCIUILIMHE

3.1. Buasl OLIeHOUHBIX CPEICTB

3.2. ConepxaHne OLIEHOYHBIX CPEJICTB

4. ITopsimok MPOBEACHUS U KPUTEPUU OLICHUBAHUS IPOMEKYTOUHOU aTTECTALIMKU

4.1. Iopsimok poOBECHUS TPOMEKYTOUHOM aTTeCTAIUU

4.2. Kputepuu OlICHUBAHUS MPOMEKYTOYHON aTTECTAIMH 110 BUaM OIICHOYHBIX CPEJICTB
4.3. PesynpTarhl TPOMEXKYTOUHOW aTrTecTalii W YPOBHU CHOPMHUPOBAHHOCTH
KOMIETEHIINN.
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1. IacmopT (pOoHIA OLIEHOYHBIX CPEACTB

Hamnpasnenue nmoarorosku: 06.03.01 buosorus
Hamnpasnennocts (mpoduis) buonorus
JucuumuimHa PaamanmoHHasi reHeTHKA
Cemectp(bl) u3yueHus: /

®opma (bI) TPOMEKYTOUHOM aTTECTALUU: SK3aMEH

2. Ilepeyensb ¢popMHUpPYEeMBIX KOMITETCHIIM I
2.1. KomnereHuuu, 3aKkpenJiéHHbIe 32 TUCHUILTHHON

N3ydyenne aucUMIUIMHBI «PaauanvioHHas TEeHETHKa» HalpaBlieHO Ha (GopMHUpOBaHHUE
CIEAYIOIIUX KOMITCTCHIUN:

Koa n HauMenoBanune

KOMITeT TN I/Iﬂunxatopm JOCTHKEHHS IlepeyeHb NJIaHNPYyeMBbIX Pe3yJILTATOB
coraacio ®rOC Kommerenuuii coraacao OIIOII BO o0y4eHHs M0 JMCUHUILINHE
1 2 3

IIK-1 Cnocoben IIK-1.3 CocraBmuser [IK-1 Cnoco6en mpumensts [1K-1.3
MPUMEHSTH HayYHO-TEXHUYECKYIO CocraBinsieT 3HaTh: COBPEMEHHBIE METO/IBI
COBPEMEHHBIE METO/IbI JIOKyMEHTAIIHIO. Hay4HO-TeXHUUECKYI0 [lyisi ocTKeHns
06paboTku, aHamM3a u IIK-1.4 Vicnionb3yeT TeopeTHIeCcKue 00pabOTKH, aHAIKM3a U IOKYMEHTAIIHUIO.
CHHTE3a I0JIEeBO, 3HAHUS 00 OCHOBHBIX OMOJIOTHYECKHUX Nuaukartopa [1K-1.3 cunTesa
MPOU3BOJICTBEHHOM 1 3aKOHOMEPHOCTSIX. TIOJIEBOM, MTPaBUJIa HAIIUCAHUS U
nabopaTopHOH [TPOM3BOJICTBEHHON 1 0(hOpMIIEHUS
6uostorn4ecKoit Hay4JHO-JTabopaTopHOl TexHndeckoit [1K-
HHpOpMALNH, 14 Hcnonp3yeT TeopeTHyecKue
MpaBHJIa COCTABIICHUS 3HaHMS 00 OCHOBHBIX OMOJOTHYECKHX
HayYHO-TEXHUYECKUX 3akOHOMEepHOCTsIX. bronornueckoi
MPOEKTOB M OTYETOB TOKyMeHTaIu. nHpopmMarmu, s

TOCTH>KEHUSI TIPaBUIIa COCTABICHUS
HMKaTOpa IIK-1.4: nayuHo-
TeXHUYECKHUX 3aKOHOMEPHOCTH ACHCTBHS
[TPOEKTOB ¥ OTUYETOB MOHU3UPYIOMINX
M3JIy4E€HUI HA TEHETUYECKUN anmnapar
KJIETOK, OCHOBHBIE MEXaHHU3MEI,

Jexanue B OCHOBE

CIOHTaHHOTO U
MHAYLIUPOBAHHOTO MyTareHesa.
YMmets: s TOCTHXKEHUST MHIUKATOpa

IIK-1.3: xauecTBeHHO
[IPE/ICTABIISITH PE3yIIbTaThl 1a00PaTOPHBIX,
MPAaKTHYECKUX | pedepaTuBHBIX padoOT

B (hopMe OTUETOB, CIIPABOK,
peuen3uit Jyis  JOCTHXKEHUS] MHAUKATOpPA

ITK-1.4: koppekTHO

HCIIOJIB30BaTh T€HETHIECKHE

1 paaroOHOIOTHYECKHE TEPMUHBI
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[IepBsiit 3K3eMILIIP
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U TIOHSTHS, CBOOOHO OPHEHTHPOBATHCS
B NIPUHATHIX B paAHALIMOHHON
FCHETUKE CUMBOJIaX U 0003HAYCHUSIX.
Brnagets: [Inst  gOCTHKEHHS UHIUKATOpa
IIK-1.3: HaBbIKaMu
HaIlMCaHUs OTYETOB,
perneH3ni, CrpaBoK 1 0030poB
JIOCTHKEHUS UHIUKATOpa
IK-1.4:
ICIIOJIb30BaHNUs CIPAaBOYHON M HAYYHOH, B
TOM YHCJIE IEPUOTUIECKON, INTEPATYPHI
[10 paJuallMOHHON
TeHEeTHKE, pacuera 2103
00JTy4eHUs], YaCTOTHI
MYTHPOBAHHUS IPU HUCIIOJIL30BaHUHU
A3JIMYHBIX ITOAXO0J0B.

JLomst

3. ConeprkaHue OIEHOYHBIX CPEACTB MO IUCHHUILIHHE
3.1 Buabl OlleHOYHBIX CPEICTB

Kon, Ilepeuensn Kontpoaupyembie Cemectp Homep HanmeHoBaHue
HaHMEHOBaHHUE TUIAHHPYEMBIX TeMbl/ 3ajaHus OLIEHOYHOT0
KOMIIETEeHIHH pe3yJibTaToB pazaenbl (HOMep U cpencTBa
coriaacio ®IrocC 00yueHus Mo Ha3BaHMe pa3jesia u3
JUCHHILIMHE PIIJ n.2.2)
IK-1 3HaTh: COBPEMEHHBIE 7 3ananue
Crocobe | MeToBl HAyYHO- OTKPBITOTO THIIA
H IIPUMEHSATh TeXHUYeCKyto Js C pa3BepHYTHIM
COBpPEMCHHBIC JIOCTHIKCHUS OTBETOM
METO/IBI 00paboTKH, aHATH3a
00paboTKH, U TOKYMEHTAIIHUIO. ! 3anamme
aHaJINn3a u Wupukaropa I1K-1.3 OTKPBITOTO THITA
CHHTE3a IMOJIEBOM, | CHHTE3a IOJIEBOA, € Pa3BCPHYTEIM
MPOU3BOACTBEHH | MpPaBUIJIa HAIUCAHUS OTBCTOM
ol u Y IPOU3BOJICTBEHHOU 7 3ananue
nabopaTropHO 1 0(OpMITCHHS OTKPBITOTO THUITA
OuooruuecKoi Hay4YHO- C pa3BEepPHYTHIM
nHpOpMAIIH, nabopaTopHOH OTBETOM
TpaBUiIa texanyeckoit [1K-1.4 7 3ananue
COCTaBJICHUA HCHOJ’IBByeT OTKPBITOI'O THIIA
Hay4JHO- TEOpPETHICCKHE C pa3BEPHYTHIM
TEXHHYECKHUX 3HaHHS 00 OCHOBHBIX OTBETOM
MPOEKTOB U OHOJIOTHYECKUX
OTYETOB 3aKOHOMEPHOCTSIX.
buonornueckoit
JIOKYMCHTAITHH.
nHpOpMaLNH,
JImst moCTXKeHUs
MpaBuIIa
COCTaBIICHUS
WHJUKaTOpa TIK-
1.4: Hay4yHO-
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TEXHUYCCKUX
3aKOHOMEPH
OCTH JCUCTBUS
MPOEKTOB U OTYETOB
MOHU3UPYIOLINX
W3ITy4YEHUN Ha
TCHETUICCKUI
ammapar
KIJIETOK, OCHOBHBIC
MEXaHU3MBI,
JIeXKAaIue
B OCHOBE
CIIOHTaHHOT
o i
WHIYUUPOBAHHOTO
MyTareHesa.
Vwmerts: s
JOCTHIKCHUS
HMHAMKATOpa TIK-
1.3: xa4eCTBEHHO
TIPEICTaBIATh
pe3yIbTaTHI
71a00paTOPHBIX,
MPAKTUUECKUX U
pedepaTHBHBIX
pabor B
dhopme oTUETOB,
CIIPABOK, PELICH3UI
Honst JIOCTHIKEHHUS
MHIUKATOpa TIK-
1.4: XOppEKTHO
HCIIOJIh30BaT
b FCHETUYECKHE U
PaaroONOIOTHUECKH
€ TepMUHBI U
MOHSATHS, CBOOOTHO
OPUEHTUPOBATHCS
B IIPUHSTHIX
B paJualuoHHON
reHETHKE CUMBOJIAX U
0003HAYECHUSIX.
Brnagers: Jlis
JIOCTHOKCHUS
WHIUKATOpa
IK-1.3:
HaBBIKAMU
HaIUCaHUs
OTYETOB,pELICH3MH,
CIPaBOK U 0030pOB
st
JIOCTHOKEHUS
WHIUKaTOpa
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TIK-1.4:
HUCIIOJb30BaHUS
CIIPABOYHOU U
Hay4HOMU, B TOM
YUCIe
NEPUOANYECKOM,
JIUTEPATYpPHI 110
paavaluoOHHON
TEHETHKE, pacuera
103 00y4IeHuS,
JaCTOTHI
MYTHPOBaHUS MPU
HUCIIOJIb30BaHUH
Ppa3InYHBIX
IMOJIXOJIOB.

3.1 Cooeporcanue oyenounvix cpeocme
OneHovHbIE CpEACTBA MPOMEXKYTOUYHOM AaTTECTAIlMU» IPE/ICTABICHBI MEpPEYHEM
BOIIPOCOB JIJISl 9K3aMEHa.

3.1.1 Teopemuueckue eonpocel K IK3ameHy

1.Paananuonnas Oouosorus. Lleab, nmpeamer uzydenus. 3ajayu U 0COOEHHOCTH.
Ilonss- THe 00 OCHOBHOM PpagMOOMOIOTHYEeCKOM mapagokce. CBsi3b € JPYrUMH
JUCHHMIIJINHAMH.

Panuanyonnas reHeTHka, Hayka, Jie)allas Ha CThIKE T€HETHKH W PaAMOOHOIOTHH U

M3ydarouiasi FeHEeTHYEeCKOe JEUCTBUE H3JIYyYeHHH, T. €. BO3HUKHOBEHHE HACJIEeIyeMbIX
W3MEHe- HUW (MyTaluil) y OpraHu3MoB B pe3yibrare ux oOmydeHus. PaguoOuornorus —
HayKa, U3ydJarolas JeUCTBHE HOHU3UPYIOIIMX M HEUOHU3HPYIONIMX W3JIYYCHHH Ha
ouosiornyeckue OOBEKTHL. PaauoOHoIIorHs, SBISASIChH CAMOCTOSTEILHOH KOMINIEKCHOM
HayYHOW TUCHHUIIMHON, UMEET TECHBIE CBSI3U C PSAOM TEOPETUUECKUX W MPUKIAJIHBIX
oOnacTeil 3HaHM — OWOJIOTHEH, (PU3MOIOTHEH, ITUTOJNOTUEH, TEHETUKOW, OHOXUMHEH,
Oouopusukol, syepHol ¢Quszukoi, (dapmakonorued, TUTHEHOW U  KIMHUYECKHUMHU
muctummuHamu. [lapanokc paguoOuonoruu: bomnbilioe HECOOTBETCTBHE MEXAY Malloit
BEJIMYMHON TOIIONMIEHHOW JHEPTrUU M BBIPAKEHHO- CTHIO PEAKIUH OHUOIOTUYECKOTO
oobekTa. [Ipumep: mpu obOnydeHnun denoBeka maccoil 70 Kr B aOCONIOTHO CMEPTEIbHOM
no3e 10 I'p momtomtaercst Bcero 167 kamopuii, 4To IMpHU NEPEBOJE B TEIIOBYIO SHEPIHIO
OyZIeT COOTBETCTBOBATh HAarpeBaHMIO opranu3ma denoseka Ha 0,001 C.

2.Ecmecmeennvle u anmponozennsle UCHOYHUKU UOHUSUDYIOWAUX U3TYYeHUIL.
Kocmuueckoe n3nydeHue — 3TO MOTOK MOHU3UPYIOIIUMX YaCTHUIl, KOTOPBIM MajgaeT Ha

3eMiIr0 U3 KOCMHYECKOI'O MIpOCTpaHCTBA. HepBI/I‘-IHOGZ I'amaktuueckoe HU3JTy4YCHUC,
ConHeuHoe H3j1y4ye- HUC, I/ISJ'IyLICHI/Ie 3apsKCHHBIX YaCTHL], 3aXBAYCHHBIX MAIrHUTHBIM
IIOJIEM 3CMIJIM. BTOpI/I‘lHOCZ Bo3Hukaer npu B3aHMMOJICHCTBUU NEPBUYHOIO H3JIYUCHUA C
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BEPXHUMHU clogMu atMocdepbl. OHO TOCTUTaeT MOBEPXHOCTH 3eMJIM U BO3ICHCTBYET Ha
ouocepy. Pammonyknmuapl, mpu- HaJIeKallle paJuoaKTUBHBIM ceMelcTBam./[pyrue
PAIUOHYKIIU/IBI, HE MNpHUHAJEKAIINE K ceMelcTBaMm. PaanoHykiuabl, oOpa3oBaBLIUECS
MO/ IEMCTBUEM KOCMUYECKOTO U3JTydeHUs! (BTOPUUHOE U3ITYUYECHHUE).

[loBpiieHHOE  OONMydyeHHUE MPUPOJHBIMU  PAAMOHYKIMJAMHU:  CXKHUTAHUE  YIUIA,
ucrnonp3oBanue (ochaTtHeIXx pyn, CTpoUTEIbHBIE Marepuaibl, pagoH. OOmydyeHue
TEXHOTCHHBIMH PAJIMOHYKJIM- JaMH: TPOU3BOJICTBO M HCIBITAHUE SJIEPHOTO OPYXKUS,
paiualoOHHbIE aBapHM, MPEANPHUATHS SACPHOTO TOIUIMBHOTO IMKIA, AaTOMHBIA (DIIoT,
MIPOMBIIIUICHHBIE SI/IEPHBIE B3PBIBBI, JIOKAJIIbHBIE UCTOYHUKH. [[pyrue BUIbI JeSATEIbHOCTH:
npeAMeTsl  001ero moTpeliaeHusi, OBITOBas TEXHUKA, aBHUAINEPENeThl, HapyLICHUE
3aIUTHBIX CBOWCTB aTMOC(hephl, MEIUIIMHA.

3.Knaccugpuxauusn PaAOUOAKMUBHBIX U3JIy4eHuil. Kopnyckynapuoie u
INEKMPOMAZHUMHBLEUTTYYEHUS, UX XAPAKMEPUCMUKA.
[Mamma-u3nyyenue (y) — MOTOK KBAHTOB 3JIEKTPOMATHUTHOW 3HEPTUU (BOJH) BBICOKOM

ya- cToThl. du3nyeckas NpUpoaa dTUX BOJH Takas Ke, KaKk Uy PaJHOBOJIH, BUIUMOIO
CBeTa, yNbTPadroIETOBBIX M HH(PPAKPACHBIX JTydel, pEeHTT€HOBCKOTO M3ITydeHus. SInepHoe
npouc- xoxkaeHne. OHM HUCIYCKAarOTCS sIpaMHd aroMoB Tpu anbda- u Oera-pacmajne
MIPUPOAHBIX U MC- KYCCTBEHHBIX PAaJMOU30TOINOB B TEX CIy4asx, KOTAa B JOYEPHEM sIpe
OKa3bIBaeTcs M30BITOK SHEPIHM, HE 3aXBAaUYCHHBIM KOPIYCKYISPHBIM U3IydeHueM. ['amma-
Jy4yd BO3HUKAIOT TAaKKE IIPU AHHUTWISALMU YacTHLBI M aHTUYacTUlbl. McTouHuk
PEHTI€HOBCKOTO M3JIyYeHMs- PEHTIeHOBCKasg TpyOka. MHoOrue d4acTuipl HMEIOT JiBa
Ha3BaHUs, KOTOPbIE OTHOCATCA K pa3- HBIM CIIOCO0AM UX MOJYYEHHUS — €CTECTBEHHOE U
HCKYCTBEHHOE.

4 Jluneiinas nomeps 3nepeuu. Kpusasa bpizza.
DTO sHEeprusi, NepeanHas 3apsHKCHHOM 4YacTUIle Ha eIUHUIE JUIMHBI €€ mpodera B

Belle- crBe, KaB/MkM. Penxononusupyromue usnydenus — JIID < 10 kaB/mxm. Kpusas
Bpoarra — rpaduk 3aBUCUMOCTH IOTEPH SHEPTHH YaCTHUIIBI OT TIIyOMHBI IPOHUKHOBEHHS B
BemectBo. [l ambda-yacTUIl M JPYTUX MOHOB KpHBas HMEET BBIPAKEHHBIH IHK
HE3aJ0JIT0 JI0 OCTAHOBKH YacTUIBl. DTOT NMHMK MPUHATO Ha3bIBaTh NMUKOM bparra. Otu
naHHbIe ObUTH TTONyYeHbl B 1903

rony YunbsimoM bparrom Ha npumepe anbsa-pacnana. Kpusas oTpakaeT TuHaAMHUKY B3au-
MOJIEUCTBUS YaCTHUIbI C BemecTBOM. OCHOBHBIE MTOTEPHU SHEPTUU CBA3aHbI C MOHU3ALUEH
3apsi- AKEHHOM yacTULEHl aTOMOB BELIECTBA, CEUEHHE ITOrO Mpoliecca pacTeT ¢ NaJeHUEM
SHEPTHUH, BCIEACTBUE YETr0 OCHOBHYIO YacCTh DHEPTHMU YacTHIA TEpPSAET NEepel MOMEHTOM
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OCTaHOBKH. JTO 0OCTOATEIHCTBO UCIOJIB3YeTCs B MPOTOHHOW Tepamuu, IJii TOrO YTOOBI
COCpPEIOTOYUTHh OCHOB- HYIO 103y B TOPaXCHHONM TKAaHU BHYTPEHHUX OPraHOB,
MUHUMAJIBHO 00JIydast 3I0POBBIC KIIET- KU, PACTIOJIOKCHHBIE OIIKe K TTIOBEPXHOCTH

5.0mnocumenvnasn oOuonocuueckas 3pgexmuenocmev uznyuenuii. Ceazo ObI ¢
xXapaxkmepu- CUKamMu UOHUZUDPYIOUW€20 U3IYYEeHUA.
BoznelictBue pasHbIMM BUJAMU H3JIYyYEHUH, HO B PaBHBIX MOIVIOMICHHBIX J03aX

NPUBOIUT K Pa3IMYHBIM MO BennuuHe dS(p¢ekTam. DTO CBOMCTBO H3IyUeHUS, YacTO
Ha3bIBAEMOE €ro Kaue- cTBoM, ompenenserca ero JIIID. Jlng komuyecTBEHHON OLIEHKU
KauecTBa U3Iy4yeHUs BBEACHO MOHATHE OTHOCHUTEIbHOM Omojormueckoil 3¢hdekTuBHOCTH
(OB2). OBD oueHMBaOT CpaBHE- HUEM J03bl U3JyYEHHMs, BbI3bIBAIOILEH ONpPEIEICHHBbIHI
ouonoruueckuit 3dext, ¢ A030i CTaHIAPTHOTO HM3NMy4eHHUs, 0OYCIOBIUBAIOLICH TOT Ke
spdexr. Panee B kadecTBe CTaHAApPT- HOTO M3IYYEHHUS MPHHUMAIOCH PEHTIEHOBCKOE
W3JIy4eHHE, TeHepupyemoe Mpu HampsikeHMHn Ha Tpyoke B 180—250 xB. Ceituac B
KaueCTBE CTAaHAAPTHOTO MOYKHO HCIOJb30BaTh Y-U3dyde- HUe. Tak Kak OHO LIMPOKO
IIPUMEHAETCS IIpU JIy4EBOM TEpanuy ONyXOoJed M Uil KOTOPOro CO- OTBETCTBEHHO
M3BECTHBl KOJIMYECTBEHHBIC JaHHBIE O CBSI3M C JI030H caMbIX pasHeIX 3(ddexro
nopaxenus. Crnenyer uMersb B Buay, yto OBD y-uznyuenus (3¢p¢pexTuBHOCT AecTBUS Ha

CANHULY MOTJIOIIEHHOM J03BI IO CpaBHCHHUIO C PECHTICHOBCKUM I/I3J'Iy"IeHI/ICM) COCTaBJIACT
0,8

—0,9. Cootnomrenue JIIID u OBD numeer makcumym. [IpuunHa 3TOro SIBIEHUS COCTOUT B
TOM, 4YTO TUOENb KJIETKH MPOMCXOAUT MOCJE MOMIOLIEHUS JIOCTAaTOYHOTO KOJIMYECTBa
SHEPrUU B HE- KOTOPOM KputuieckoM ooweme. EctecTBeHHO, uTo ¢ poctoM JIIID Takas
BEpOSATHOCTh yBenu- uyuBaercs. Ho mocne Hekotopbix BenuuuH JIIID Hactymaer
HACBIIIEHUE, U KaX/as MOoCIeny- Iolas YacTHIla TepsSeT SHEPTUI0 yKe B YOUTOH KIeTKe;
clieIoBaTeNNbHO, 3(PPEKTUBHOCTD U3- JTy4eHHUH ¢ Takol JocTaTtouHo Belcokoi JIIID nanaer,
TaK KaK dDHEpPIrus pacXoAyeTrcs BXOJO0- CTYIO.

6.do3a UOHUUPYIOU| 20 U31y4eHu. IKcno3uyuonnas, noznoujennas,
IKeueanenmuasn, Ipghexmusnan 003vl. Onpeoenenue. EOunuyvl uzmepenus.
Ho3umerpus — (ot rped. dosis — 103a, mopuUs U metro — U3MEpsITh) — HU3MEPEHUE

pacces- HHMS W TONIOIICHMS SHEPTHMH HOHM3UPYIOLIETO W3JIy4EHUs B OIPEACICHHOM
Marepuaiie. J1o3a u3iIydeHus CTPOro 3aBUCUT OT DHEPIMM U BUJA NAJAIOLIET0 U3JIyUYEHHUs, a
TaK)ke OT MPUPOJBI NOMIOMIAIIEro Mareprana. OCHOBHOM JO3UMETPUYECKON BEIMUYNHON
SABJISIETCS 1032 MOHU3M- PYIOLIETO U3JIy4eHHs. JlO3UMETPUYECKHUE BEIIMYMHBI CBA3AHBI C
MOTJIOUICHHOM »Heprueil u3- JydeHus. MHorooOpasue ycioBUil 00dydyeHuss H
MHOTO()AKTOPHBIN XapakTep €ro MOCIEACTBUI
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— HeoOXoauM I1eNnblii HaOOp J03MMETPUYECKUX BEIWYHH. OKCHO3MIIMOHHAS J03a
U3IIy4eHUs - OSTO KOJIMYECTBEHHAs XapaKTePUCTUKA HOHHU3UPYIOUIEH CrocoOHOCTH
PEHTIC€HOBCKOIO MraMMa- M3JIy4eHUs B BO31yXe, H3MEPEHHas [0 KOJIHUYECTBY
o0Opa3oBaHHBIX 3apsoB (map WOHOB) B Bo3ayxe. Ku/kr, pentren. IlormomieHHas mo3a
U3JIy4eHHUSI - OCHOBHOM KOJMYECTBEH- HBIM I10Ka3aTeilb BO3IACHCTBUS HMOHU3UPYIOLIUX
U3JIydyeHul Ha o0imyyaemble TKaHU. Onpenens- eTcs KOJIUYECTBOM 3HEPIUH, NEPEIaHHON B
mpouecce oOMydeHHUs: eIUHHUIIE Macchl 00Ny- 4yaemoro BeulecTBa. IlommomieHHas nos3a
MOHHU3UPYIOMIETO u3NyueHuss D — 3To oTHoUIeHWe NpupaimeHus cpeanerd sHepruu dw,
MepeaHHON MOHU3UPYIOIIUM U3Ty4eHHEM BEUIECTBY B 3J€MEHTapHOM o0beMe, K macce
dm BemectBa B 3TOM oObeme. I'p, paa. DKBUBaJIEHTHas 1032 - 3TO MOMIOLIEHHAs 1034 B
OpraHe WM TKAaHU, YMHOXXCHHas Ha COOTBETCTBYIOIIMI B3BEIIMBAIOIINN KOd(D(UIIMEHT
s naHHoro Bunaa minydenus. H = Doorn k. 3B, 69p. DddexTuBHas 103a - 3TO BEJIIMYHHA,
UCTIONb3yeMasi KaKk Mepa pUCKa BO3HUKHOBEHHS OTAAJICHHBIX I10- CICICTBHHA OOIydeHHS
BCET0 Tela 4YeJOBeKa M OTIEIbHBIX €r0 OpraHoB M TKaHEH C YY4eTOM UX
paauouyBcTBUTENbHOCTU. E = H 1., 3B, 09p.

7.Memoowl 003umempuu UOHUZUPYIOUWLUX UZTTYUEHUIL.
buonoruueckne — OCHOBaHbBI Ha OILICHKE PEaKIIMil, KOTOPbIe BO3HUKAIOT B TKAHSAX IMPHU

oOnmyyeHun wux onpeneneHHo pgo3on MU (spuremHas npo3a, SNUISHUMOHHAS J03a,
JeTanbHas J103a). XUMHYECKHE — 3aKJI0YaloTCsli B perucTpanuyd  HeoOpaTUMBIX
XUMHUYECKMX PpEaKIMH, IPOUCXONALIMX B HEKOTOPBIX BEIIECTBAX 0] BIUSHUEM
obnyueHui (pazuoxuMH4yeckuil Me- Tox, Qotorpaduueckuil merox). dPusnmyeckue —
OCHOBaHbl Ha crnocoOHocT WU BBI3BIBaTP HMOHU3AIMIO BELIECTBA M IpeBpallaTh
ANEKTPUUYECKU HEUTPAJIbHBIN ra3 B 3JIEKTPONPOBOIAIIYIO cpely (MOHM3ALMOHHAS KaMepa,
FaSOpa?;pf[)IHI)H\/JI CUCTUUK, CIII/IHTI/IJ'IJ'ISIHI/IOHHI)II\/'I J03UMCETP, TepMOJ'II-OMI/IHGCIIGHTHI:Jﬁ
JO3UMETP, TOTYIPOBOITHUKOBBIE AETEKTOPBHI).

8.Hauanvnvie >manvl pazeumusn Jjyueeozo nopaxcenusn. IIpamoe u nenpamoe
oelicmeue UOHUZUPYIOUe20 U3TYYEeHUA HA 2eHemuYecKue CmpyKmypbl.
[Tornomenre >HEPruu M3IyYEHHUs JFOOBIM BEIIECTBOM — HOHU3AIMS W BO30YXKICHUE

€ro aroMOB M MOJEKYJI — MHUTpPAIUs IOIVIOIEHHON HEPIuH IO MaKPOMOJIEKYIISIPHBIM
CTPYKTY- paM U MEXAY OTIEIbHBIMH MOJIEKYIaMHU —> Pa3pbIBbl XMMHYECKHX CBSI3€M —>
oOpa3oBaHHe CBOOOJHBIX PATUKATIOB U PEAKIHUUA MEXKIy HUMU WM APYTUMH, KaK YKe
MOBPEKJICHHBIMU, TaK W HHTAKTHBIMU MoJIeKynamu. [Ipsmoe neicTBue H3IydeHUS
(TIOTTIOMIEHHS YPHEPTUH U3TYYCHHs] CAMUMH MaKpOMOJIEKyJIaMHi OEITKOB, HYKJICOPOTEU 0B,
CTPYKTYypamMH  BHYTPUKJICTOYHBIX  MeMmOpaH). Hemnpsimoe — nelicTBue — W3IydeHUs
(moBpexaeHne OMOMOJIEKYT XWMHUYECKH BBICOKO- AKTHMBHBIMH TMPOMYKTAMU PaJHOTIH3a
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BOJIBI )

9.Paouonus 600bl. Ponb c60000HbBIX pAOUKAI08 6 NOGPEIHCOCHUU KIEMKU.

dusnueckass CTaaus paguoiiu3a BOJABI 3aKIIOYACTCSl B PA3JIOKEHUU BOJABI 0]
neiicteuem M. Momnekynsl pacmamarorcs — HacTymaeT ¢asza MEepBUYHBIX (U3UKO-
XUMHUYECKHUX PEAKIIHU

DU3NKO-XMMHYECKHE CBONCTBA HMOHU3UPOBAHHBIX M BO30YXIEHHBIX MOJIEKYI BOJbI
OynyT OTJIMYaThCsl OT MOJIEKYJ BOJIbI 3JIEKTpUYECKH HeiTpanbHbIX. [IponomkurensHOCTb
CYIIECTBO- BaHHS HMOHU3UPOBAHHBIX U BO30Y)KIEHHBIX MOJIEKYI BOABI OYEHb KOPOTKasl.
VIMeHHO B BOJE pPacTBOPEHbI OE€NKH, HYKJIEHHOBBIC KHUCIIOTBHI, (PEPMEHTHI, TOPMOHBI U
JAPYTUe KU3HEHHO BaXk- HBIC BEILECTBA, SBJIAIOLINECS OCHOBHBIMU KOMIIOHEHTAMU KIIETKH,
KOTOPBIM JIETKO MOXKET OBbITh Ie€pellaHa 3HEprus, NepBOHAYAIbHO IMOMIOIIEHHAs BOJOM.
[lepBuuHble paAuallMOHHBIE MOBPEXKICHUS HAa OMOXMMHUYECKOM YPOBHE MPHUBOLAT K
00pa30BaHUIO HOBBIX XMMHUYECKH BBI- COKOAKTHBHBIX IPOAYKTOB, KOTOPHIC BBI3BIBAIOT
JIOTIOJIHUTENbHBIE TOBPEKICHUS OHOJOTMYE- CKU BaXKHBIX MaKpoMousieKyl. Takue
IIOBPEXKICHMS KaCalOTCsl HE TOJIBKO SAEPHBIX KOMIIOHEH- TOB, HO U LIUTOILIA3MaTUYECKUX U
IpYTrUX CTPYKTYp KJIETKH, BOBJIEKas B paguoOHonoruyeckue 3(pQexTsl Bce BaxKHbIE
CHCTEMBbI )KMBOH KJIeTKH — (hepMEeHTaTUBHBIE, PEryIsSTOPHbIE, 3aIlUT- HbIE U APYTHE.

10. Ocnosnbie monexynapnvie «<Mumienu» Oelicmeus paouayuu.

1. THK — ocHOBHast MUIlIEHb B ICWCTBUU PaJMALIUU HA KJIETKU: HAPYLUICHUS CTPYKTYpPHI
a30- TUCTBIX OCHOBAHUH, BBIIICIUIEHUE OTAEIbHBIX OCHOBAHMW M3 LIENIEH, pa3pylICHHUs
bocordup- HBIX CBS3EH, NPUBOJAIIME K OJMHOYHBIM M JIBOWHBIM pa3pbiBaM ILIETIOYEK
JHK, cumsku JJHK- JHK u JIHK-6enok, Hapymenus ctpykrypsl JIHK-memOpannoro
komrIuiekca, aktuBanus JIHK-a3. HauGonee cymiecTBeHHbIE TPOSIBICHUS TOBPEXKIAIOIIETO
nevictBust panuanuu Ha JIHK: HemocpencTBeHHON NMpUUMHON penpoayKTUBHOW TuOenn
KJIETOK SIBJISIFOTCS Hepemapupo- BaHHble noBpexaeHus [IHK, mpexne Bcero, ABoiHbIE
paspbiBel Leneil u noBpexaeHus JIHK-memOpanHOro komruiekca; BO3HUKHOBEHHE
HaCJIEyeMbIX TOBPEXKIEHUN T€HETUYECKOro Mare- puaja — MyTalluid MOXKET BbI3BaTh
3JI0KQUYECTBEHHOE MEPEPOXKIAECHUE COMATHUYECKUX KIETOK WM JeeKThl pa3BUTHS Y
notoMcTBa; aAecradmimszanus JIHK, mpomecc pemapanuum ee mnoBpe- XACHUW MOTYT
CIOCOOCTBOBaTh BHEJPEHHIO B TEHOM KJIETKM WM aKTUBAallMM OHKOBHUPYCOB,
MIPEICYIIECTBOBABIINX B TEHOME B PEIIPECCUPOBAHHOM COCTOSTHUH.

2. BHyTpukiieTouHble MeMOpaHbl: peakluu CBOOOJHOPAJAUKAIBHOIO MEPEKHCHOTO
OKHCIIe- HHMsS  JIMIUAOB, JECTPYKTUBHBIE  HM3MEHEHUS  MeMOpaH, TOpaKeHHe
MeMOpaHOCBSI3aHHBIX (DEPMEHTOB, HapylUIeHHE NPOHUIIAEMOCTH MeMOpaH, HapylleHue
aKTUBHOTO TPAHCIOPTa Be- IIECTB Yepe3 MEeMOpaHbl, CHI)KEHHE HOHHBIX I'PAJUEHTOB B
KJIETKEe, HapylieHue mporecca cuH- Te3a ATD, BeIXxoa (QEepMEHTOB H3 MECT UX
cieun(UYecKoil JIOKaNu3aluu, MOCTYIUIEHHI0 MX B SAPO M KakK CIEACTBHE HTOTrO
Je30praHu3alysl sIEPHbIX CTPYKTYp u rubenp kieTku ("paHHM HekpoOuos"),
uHTepdazHas rudenp kierok. Kierounsle mMemMOpaHbBl WUIpalOT pPoOJib B HEMUIIEH- HBIX
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addexrax meiicreus NU.

11. Ocnoenvie peakyuu knemok na oonyuenue. JIemanvnole peakyuu.
PenponyktuBHas rubeins kieToK. BoNbIIMHCTBO 00My4E€HHBIX U CIIOCOOHBIX K JIEJIEHUIO

KJIETOK IOru0ar0T HE MOMEHTAJIbHO, a I0CJI€ IEepBOro IMOCTPaJUALMOHHOIO MMTO3a.
Mop@do- noruueckoil OCHOBOM HMHAKTHUBAI[MM PEMPOAYKTHBHON CIIOCOOHOCTH KIJIETOK
CIly’)KaT ~ XpOMOCOMHBIE  aleppauuud -  (parMeHTbl, BHYTPUXPOMOCOMHBIE U
MEXXPOMOCOMHBIE 0OMEHBI. BOBIIMHCTBO OOMYYEHHBIX U CIOCOOHBIX K JICIEHUIO KIETOK
norubaroT HE MOMEHTAJIbHO, a I[I0CJ€ MEePBOr0 IOCTPAJUALMOHHOIO  MHTO3a.
Mopdonornyeckoit 0CHOBOM MHAKTUBALIMK PETIPOAYKTUBHOMN CIIOCOOHOCTH KJIETOK CITyXar
XpPOMOCOMHBIE abeppauuu - (pparMeHTbl, BHYT- PUXPOMOCOMHBIE M MEXKXPOMOCOMHBIE
OOMEHBI.

Wntepdaznas rudens kietok. MHaTepdazHo, To €cTh 10 BCTYIUICHHUS B MEPBBIH MOCTE
OOJlydeHHsI MHTO3, TOTHOAIOT KIETKM KaK paJnOYyBCTBUTEIBHBIX TKAaHEH, TaK W
paguope3u- CTEHTHBIX.PAJ CTPYKTYpHBIX H3MEHEHUH 3aKOHOMEPHO COIPOBOXKAAKOT
uHTEep(ha3Hyo THOEIb: alONTO3 WK HEKPO3.

12. 0cuoenbtepeakuuu KJ/1eémoK Ha oﬁﬂyuenue. He/lemaﬂbnbtepeakuuu.
PannanmoHHBIN OJIOK MHUTO30B. 3aﬂep>i<1<a MUTO30B SBJIACTCA IIPUMCPOM HECTOXACTHUYC-

CKOT'0 PaJHallMOHHOrO 3(p(eKTa: ¢ yBEIMYEHUEM JJ03bI BO3PACTAET HE JI0JIS PEArupyromux
KJIETOK, a BeJWYMHAa peakiuu.PannannoHHblii OJOK MHUTO30B NPENOCTaBISET KIIETKE
JIOTIOJIHU- TEJIbHOE BpeMs JUIsl OCYIIECTBIEHHUS MOCTPAJAMALIMOHHOTO pernapaTUBHOIO
CHHTE3a HYKJIEMHO- BBIX KHCIOT. PaualinoHHble HapyIIeHUs ClIeU(pHUECKUX KIETOUYHBIX
¢bynkuuii. Hapymenuss ¢(yHKUMA KIETOK, COXPAaHMBIIUX JKH3HECHOCOOHOCTb, MOTYT
CYIIECTBEHHO BIHUATh Ha INaro- JIOTHUeCKUi mpouecc.M3MeHenne ¢GyHKIMOHAIBHOM
aKTUBHOCTH  HEPBHBIX KJIETOK. Jl0303aBHM- CcHMOE€  yBEIMUYEHHE  aAATE€3UBHOCTU
HEUTPO(DUIBHBIX TPAHYJIOLUTOB, HAPYIIEHHE MUTPALIUU K 00BeKTy (haronuTo3a. Myranuu.
Hekoropble MyTanuyu cCOBMECTUMBI C IPOXOXKACHUEM KIETOK uepe3 (pasy muroza. Moryr
SIBUTbCSI MPUYMHOM pa3BUTUSl TaKUX IOCIEACTBHM, Kak 3J0Kade- CTBEHHBIE OITYXOJIH.
JIOMUHaAHTHBIE MYyTallMM B 3apOJBIIIEBbIX KJIETKaX MOTYT SIBUTbCA NpU- YMHOW rubenu
IUIOAAa WJIM BO3HHMKHOBEHHUS Y HEro FeHETHYECKUX aHOMalIMi. PenieccuBHble My- Tanuu B
3apOJIBIILIEBBIX KJIETKAX MOTYT MPOSBUTHCS B OECKOHEYHOM Psy TOKOJICHUH, ITOIYH - HAACh
TEHETUYECKOMY 3aKOHY PacCILEIJIEHHS IPU3HAKOB.

13 Ilepsuunvie nospercoenus, svizvieaemvie ¢ /IHK uonuzupyrowieit paouayueil.
Ilocneo- cmeus nospesxcoenuit /[HK.

Ha nepBom stane obmyuenus B JJHK oOpa3yercs ciiokHbI Makpopaaukan ¢ JByMs
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TUIIaMU JIOKAJIM3alM1 HECIIAPEHHBIX IEKTPOHOB, KOTOPBIM COOTBETCTBYIOT ITOBPEKACHUS
OCHOBaHMH (IIOTEpH, BCTAaBKU M XHUMHUYECKHE MOIUGUKALMHM) U IOBPEKIACHUSL
caxapodocdarHbix 1eneld (OOUHOYHBIE M JABOMHBIC pa3pbiBbl (pochonudupHBIX U
MEXYIVIEpPOJHBIX cBsA3el). [Ipruem HyKII€eOTHIHbIE OCHOBAHMSI IMOBPEXKIAIOTCS Yalle, YeM
caxapodocdarnas yacte JJHK (mpumepno B Tpu pasa). [1o nanueim B. A. Illapnaroro, 80—
90 % cBOOOIHBIX JIEKTPOHOB M PAIUKAJIOB, 00PA3YIOIIUXCS PU O0yUYCHHH, PEarupyIOT C
a30TUCTBIMH OCHOBAHUSAMH — CaMbIMU JTA0MJIBHBIMU YacTAMH MOJIEKYJIbl — U Tosbko 10-20
% SHEepruM pacxoayeTcsl Ha pa3- JoxkeHue yrieBogopoaHoro ¢pparmenra JJHK. Haubonee
pazuoyCTOMYMBBIMU SIBJISIFOTCS YIVIe- POAHbIE CBSI3U, KOTOpBIE B 7,5 pa3a crabuibHee, YeM
¢dochonnsdpupusie. M3 a30THCTBIX OCHO- BaHMM OosblIel paJuOdyBCTBUTEIBHOCTHIO
00JIaIal0T MUPUMUAMHOBBIE, W3 KOTOPBIX CaMblii JTaOWIBHBIA — THMUH. llypuHOBBIE
OCHOBAaHMUA B J[BAa pa3za yCTOMYMBEE NUPUMHIMHOBBIX. llon nelicTBHeM MOHU3HpPYIOLIEH
paguanuu yamie noBpexaaercs oaHa HuTh JJHK. Dto nezamu- HUpoOBaHHE OCHOBAaHMIA,
AJIKWINPOBAHUE, BO3HMKHOBEHHE OKCUMOB IIMTO3MHA, JUMEpU3alMs M THJparanus
IIUPUMUIMHOBBIX OCHOBAaHUU W Ap.Bropnunble peaknuu — 3TO pa3pbiBbl BOJOPOI- HBIX
CBsi3ell, KOH(QOpMAIMOHHBbIE W3MEHEHUs HaaMONeKyisapHbIX cTpykTyp [AHK, a Ttaxxke
BHYTPU- M  MEXMOJCKYISpHblE  CHIMBKM  IOJIMMEpPHBIX  ILemned. Paspymenue
Ha/JMOJIEKYJIIPHOM CTPYKTYphl (Jecnupanu3anus) oOyCIOBIEHO B IEpPBYK oOudepelib
nBorHbIMHM paspbiBaMu JIHK, xoTopble BO3HMKAIOT, €CIM OJMHOYHBIE pPA3PbIBBI HUTEH
JIHK pacrnonokeHsl Ha pacctos - HUM He Oosee 10 map HykieoTu0B Ipyr oT Apyra. [lox
BIUSTHUEM OOJIy4€HHUs IPOUCXOAUT HE TOJBKO pa3phiB noinumepHoit crpykrypsl JIHK, HO 1
pa3zHooOpa3Hble U3MEHEHUSI B XUMHUYE- CKOM CTpyKType MojeKyinbl. OCOOEHHO Ba)XKHO TO
00CTOSITENILCTBO, YTO 3TH M3MEHEHMsI Ka- CaloTCs a30TUCTBIX OCHOBaHMM, M3 KOTOPBIX
COCTaBJIEH KOJ reHeTnueckoi nHpopmaruu. [1o- naganue kBaHTa SHEPTUU NMPU 0OIyIEHUU
KIETKH — IPOLECC CTOXaCTHYECKHH, OIHAKO KOHEY- HOE IOBPEKICHUE BO3HUKAET
IIPEUMYIIECTBEHHO B OIPEIEICHHBIX Y4aCTKaX XpPOMOCOM, B TaK Ha3bIBAEMBIX TOPSIUUX
TOYKaxX. OTO SBJIEHHE MOXKHO OOBSCHUTH MUTpallMed SHEpPruu WU 3aps- Ja BIOJb
XpOMOCOMBI K Haubosee «paHUMbIM» MecTaM. CylllecTByeT MUTpanusi 3JIeKTPOHHOTO
B030yxaenust o monekyne JIHK Ha Gompmme paccrosaus — 103-104 map ocHOBaHMIA.
OOpa3zyromuiics Mo JEeWCTBHEM Y-OOJNyYeHHS aHHOH-PAJUKal MOXET BO3HUKATh
CllydailHO B JIIOOOM U3 YEThIpeX HYKJIEOTHJIOB, a 3aTe€M HECNapeHHBIH 3IIEKTPOH
nepefaeTcss Ha TOT HyK- JICOTHJ, KOTOpBIA 00jajaeT HauOOJBIIMM 3JIEKTPOHHBIM
cpoactBoM. [Tocne 3Toro aHMoOH- paaukan crabunusupyercs. [IMpuMuIMHOBBIE OCHOBAaHUS
Kak HaumOoiee 4YyBCTBUTENbHBIE U SBISIOTCA TEPBHUYHBIMHU TOYKAMHU IPHUIOKESHUS
MIOBPEXKAAIOIIET0 ACUCTBUS paJualllu.

14. JiBynuresbie paspeiBbl JJHK. Munyknus nsynuteBsix paspeiBoB M. Ilonstue
0 KJIa- CTEPHBIX MTOBPEXKICHUSIX.
JiBynuteBsie pa3pbiBbl ([IP) B JIHK dopmupyrorcs B pesynsrare: HenpeanamepeHHbIX
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CO- OBITMI: BO3IEHCTBUS HK30T€HHBIX Ar€HTOB, TAKHUX, KaK pajualys U ONpe/eICHHbIE
XMMHYe- CKHE BEIIECTBA, YHJIOTCHHBIX MIPOLECCOB, B TOM YHCJIE PEIIMKALUYU U Perapalum
JHK. Hame- pennoii unaykumu [P B wmeioze [ JIP BbI3BIBAIOT TOMOJIOTMYHYIO
pPEeKOMOMHAIINIO; B XO/I€ pa3- BUTHUS COMAaTHMYECKUX SAEP Y MPOCTEUIIHNX, MEPEKITIOUCHHS
TUNA CHapuBaHMUA Yy JApoxokei, ¢opmupoBanusi T-kiaerouHoro penentopa Ha T-
TUMQOIUTAX U MEPEKITIOUEHUS KJIACCOB UMMY- HOINIOOynHa y B-mumdounTos.

WU pazpeiBaer JHK BHYTpH XpoMOCOM. DTH pa3pbIBbl MOT'YT MIPOUCXOIUTH MPSIMO UITU
KOCBEHHO. [IpsiMO¥i MyTh: CTOJKHOBEHHE YAaCTHUI] BEICOKOM SHEPTUU WU (POTOHOB C LEMBIO
JHK wu napymenue dochommddpupnoro ocroBa. Hempsimoit myrs: MU pacmeruiser
Mosiekynbl Boabel psgom ¢ JIHK, coszmaBas Bomopom U CBOOOAHBINA THAPOKCHUI-PAIUKAIL
I'mppokcwibHble  paauMkansl  MOryT pearupoBarb ¢ cocenHed JIHK, mnpoussons
onnonuteBbie pa3psiBbl JJHK (OP). IIportuBonexamniye Ha HeOosbimom pacctosiuuu OP,
CO3/IaHHBIE TIPSMBIM HJIM HEMPSMBIM TyTeM, MOTYT CHOHTaHHO mpeBpamiarbess B [P
l'unore3y mpocroro mpeodpazoBanuss OP B JIP craBat mom comHenue: 10-kpaTHOe
yBeln4YeHne ckopoctu obpazoBanust OP (manpumep, ¢ 10-4 mo 10-3 Ha omuH wim 1Ba
BUTKA CIIHPAJIH) OJKHA YBEIHMYUTh CKOpocTh obpazoBanus JIP B 100 pa3 (c 10-8 mo (10-
3 ¢ 10-3) = 10-6). PaguaimonHo-uuaynupoBantsie JIP yBenuunuBaroTcs

JUHEIHO C POCTOM 03Bl U3JIyYEHUs /0 HECKONbKUX coTeH I'p. CTOIKHOBEHHE C ONHOMN
MOHM- 3UPYIOLIEH YacTUIEeH CO3/IaeT MHO)KECTBEHHBIE MIOBPEXKICHUS, B TOM UUCIIE OJIN3KUE
npotuBo- jgexaugue OP. JlokanbHO MHOTOKpaTHO moBpexaeHHble caiThl (locally multiply
damaged sites, LMDSs). Knactepusie moBpexaenust — asa win 6onee nospexaenuit JJHK,
CO3/IaHHBIX OJHUM TPEKOM H3JIy4YE€HMsI, KOTOPhIE HAXOAATCS B NpeneIax OQHOrO WIH ABYX
cnupanbHbix BUTKOB JIHK. JIHK-nuraza ne moxer 3anarare OP, ecnu mnepepbiB He
SABIIAETCS «UUCTBIM», TO €CTh COCTOSLIMM M3 OAHOrO 3'-TMAPOKCHJI KOHLA U OAMH 5'-
¢docharHoro koHma. "I'ps3Hble" onuHOUHBIE M JBOWHBIE paspsiBbl Henu JHK moryr
COIEP)KATh TMPAKTUYECKH HENPOLECCUPY- €Mble, HEJIUrupyeMble KOHUbL. Henpsmoe
oOpazoBanue /[P BO BpeMsi MOMBITKM 3KCUM3MOHHOW pemapanuu ocHoBaHuii (BER)
KJIacTepu30BaHHbIX mnopaxkeHudl. OP wu npyrue mnospexnaenus JHK (okucnenHble
OCHOBaHUS M YYacTKH IIOTepU OCHOBAHUI) MOJBEP>KEHBbl HKCIU3MOHHON pernapanuu
ocHoBanuii (BER), oOpa3oBanue pemapaniMoHHON Opemy, 3amoiHSIOTCS C MOMO- IIIbIO
JHK-nonumepasel u ckpemstoress JAHK-nurazoit llla. OnnoBpemennsie nonsiTkn BER
KJIACTEPHBIX OKUCIIUTENIBHBIX OBPEXKICHUNH MOTYT npon3BoauTh OP B 00enx nutsax AHK,
KOTOpBIE MOT'YT IipeoOpa3oBathest B JIP

15.Penapayus oeynumeswix paspwieos /[HK.
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Heromomoruunoe COEMHEHUE KOHIIOB (Non-homologous end-joining,
NHEJ).EnunctBen- Huiii nyte pemapanuu [P, xotoperi paboraetr B GO m G1 ¢dazax
KJIETOYHOrO IMKia. Penapamnus myrem romolorunueckoir pexomOunaimu (homology-
directed recombination-mediated repair, HRR). AnbrepnaruBHoe (omocpemnoBaHHOE
MukKporomosiorueit) coenunenne koo (Alterna- tive (microhomology-mediated) end-
joining, alt-EJ/MME)).

16.Memoowt oemexkyuu 0gynumeswix paspoiéos /JHK.
Meton IHK — komet («kDNA-Comet assay»), Bepssie onucanubiii Ostling 1 Johansson

B 1984 r, sBnsercs OBICTPHIM M BECbMa YYBCTBUTEIBHBIM METOAOM PpEruCTpanuu
nospexaennii JIHK n n3yuenus penapanuu [IHK Ha ypoBHE OIMHOYHBIX KieTOK. [l
JETEKLMH JBYHUTE- BBIX Pa3pbIBOB METOJ IPOBOASIT B HEUTPAIBbHBIX YCIOBHUSX CPEIBbI.
®ochonupunuposanue ru- crona 2HAX (yY2ZHAX). Kommieke 6enkos ATM — MRE. [{ns
aktuBaiuu 6enka ATM HyxeH e oguH OenkoBbiil komruiekc — MRN. MRN cocrout u3
6enxoB MRE 11, RAD 50, NBS 1. benokx NBS 1 mnpencraBnser coboii IpoaykT reHa,
KOTOPBI MYTHPYET IPU CHHIPOME XpOMOCOMHOHN HecTabmibHOoCTH Huiimerena. OcHOBHas
¢yakmuss NBS 1 — mpsimoe cBsizeiBa- HUe ¢ ATM W €ro TpaHCIOPTUPOBKA K MECTY
MTOBPEXKICHMUSL.

17.0cobennocmu 603HuKHOGEHUA NMOUKOBBIX MYyMAWUIL NOCIE 00YYeHUsL.
TepMuH «TOUKOBask MyTalus» JONTOE BpeMs MOHUMAJCS Pa3HBIMH HCCIEIOBATEISIMU

II0- Pa3HOMY, IOATOMY CJIEYET YTOYHHUTH, YTO COMIACHO COBPEMEHHBIM IIPEICTABICHUIM
TOYKO- BBIMU MYTAl[MsIMU Mbl Ha3bIBa€M CTAOMJIbHBIE U3MEHEHUS Ha YPOBHE HYKJIEOTH/I0B
JIHK. Ilpu obpa3zoBaHMM TOYKOBOM MyTallMM HE HAPYLIAETCS IEIOCTHOCTh XPOMOCOMBI U
HE 3aTparvBacT- CA €€ OCJKOBBIH KOMIIOHEHT. TOYKOBBIE MYTAllUU TPEACTABISIIOT CO0O0
U3MEHEHHs B OJHOM T€He M MOTYT OBbIThb JOMMHAaHTHBIMH, PELECCUBHBIMU WIIH
CLICTUIEHHBIMH C IOJIOM. boJIb- IIMHCTBO pajMalliOHHBIX NE€HETHKOB-3KCIIEPUMEHTATOPOB
paboTaroT ¢ Apo30¢pUIOi U MBIIIAMH, Y KOTOPBIX BBI3BIBAIOT MYTAlLlMH, BIUSIONINE HAa BCE
OpraHbl U CHUCTEMbl OpraHuzmMa. MyTanu MOTyT OBbIThb COBEpIIEHHO HE3aMETHBIMHU, HO
MOTyT OBIThb WM JIeTalbHbIMU. B paHHuMX palOoTax Ha apo3oduiie ObUIO MOKa3aHO, YTO
4acTOTa BBI3BAHHBIX OOITy4Y€HHEM MYTAlU{ JIM- HEHHO 3aBHCHUT OT JI03bl B JMAIa30HE /103
Hrke 50 mlp. Okcrpamosmsuuss npsMoOd OO OCH TOKa- 3bIBAET YAcCTOTY CIIOHTAHHBIX
MyTauuii. BuaHo, 4To B ciyyae TeHHBIX (TOYKOBBIX) MyTallMii HE OOHapy>KHMBaeTcs
"moporoBoi" mO3bI, T.€. JH00as1, Jake camas MajieHbKas 1032 3 (EeKTUBHA I UHIYKIIUA
MyTauui. JIuHelHas 3aBUCHMOCTb MyTallMd OT J103bl aHAJOIMYHA 3aBHUCUMOCTH BBIXO/A
OJMHOYHBIX XPOMOCOMHBIX U XPOMAaTHUAHBIX Pa3pblBOB. JTa JIMHEMHOCTH IpeaIonara- €r,
YTO MOIIIHOCTH JJ03bl HE BJIMSAET HA BBIXOJ MYTAallMil U YTO BO3MOXKHOCTh pelapanuy MyTa-
LU HE CYILLIECTBYET.
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Korna BbIBOZIBI 3TUX paHHUX MCCIIENOBAHUM Ha Apo30¢uiie ObUIN HKCTPAIOINPOBaHbl HA
YeJI0BEKa, yueHble IPUIUIN K 3aKII0YEHHUIO0, YTO JIt00as 103a HE3aBUCUMO OT €€ BEJIHMYUHBI
Y MOIITHOCTH IPUBOJUT K ONMACHOCTH KyMYJISITUBHOTO TEHETUYECKOTO 3((PeKTa, ITOCKOIBKY
010- JoruyecKas penaparys MyTauuii HeBO3MOXKHA.

18.Kauecmeennvie acnexmot XPOMOCOMHbBLX Mymauuﬁ, 6blI36AHHDbIX 06]lylleHll8.M.
HJ’IH KJ'IaCCI/I(bI/IKaI_[I/II/I paaualiuOHHO-UHAYIHUPOBAHHBIX XPOMOCOMHBIX HapymeHI/Iﬁ

co3iaHa coOCTBEHHas KiaccuUKaius adeppaluid, KoTopas JHUIIb YaCTUYHO COBIAAACT C
Kiaccuduka- ueid, UCIOoIb3yeMO B MEUIIMHCKON TeHETHKE.

B pannanmonHoil OMONIOTMH XPOMOCOMHBIE a0eppal MOXXHO IOApA3AeIuTh Ha
cTaOuJIb- Hbl€ (CHMMETPHUYHBIE) U HECTAOUIIbHBIE (HECHUMMETPHUUHBIE) - B 3aBUCUMOCTH OT
COXpPaHEHUs T€HETHMYECKOro Marepuayia Ipu AEJICHUM KIETKH, U Ha XPOMOCOMHbBIE U
XpOMaTH/IHbIE - B 3a- BUCUMOCTH OT (pa3bl KJIETOYHOTO IIUKJIA, B MOMEHT KOTOPOH KileTKa
ObL1a 00IyUeHa.

Hecrabunbnble abepparuu 310 GparMeHThl (OJMHOYHBIC U MAPHBIE), JULIEHTPUICCKHE
U KOJblieBble XpoMOocoMbl. CBOE Ha3BaHHE 3TU adeppaluy MOIY4YMIIU B CBSI3U C TEM, YTO
OHHM, KaK NpPaBUJIO, HE MEPEXOIAT K JOYEPHHM KJIETKaM BO BPEMS MHUTO03a, IOITOMY CO
BPEMEHEM HX YacTOTa CHUXKAETCS. DTU abeppalluu JIETKO OMPEEestoTcs B MeTadase.

CummeTpuuHble OOMEHBI, €CIIM OHU 3aBEPLICHbI, HE BBI3BIBAIOT MOTEPU I€HETUUYECKOTO
Marepuaia M He MPEensTCTBYIOT JIeNeHUI0 KIeTKU B aHadase. [loaTroMy Takue abepparuu
Ha3pl- BaroT "craOwibHbIMU". CrabuibHble aleppalid MOXHO OHpPEAETHTh, TOJBKO
WCTIONB3ys  CHEIHUaIbHBIE METOAMKH OKpPackKu XpomMocoM — auddepeHmairHoe
OKpalMBaHue U (hIr00- peclieHTHas 1n situ rTHOpuAN3aus.

Abeppanuy XpoMOCOMHOTO THIIAa BO3HUKAIOT, KOIZIa KJIETKA IOJIBEpIIIach OOIyYSHHUIO B
G1l- ¢aze xkneroyHoro 1mMkna wiM S-paze g0 Havana perukanud. HauOonee
XapaKTepHBIMU CPEAM HHUX SBISIIOTCA TaK Ha3blBaeMble OOMEHHbBIE XPOMOCOMHBIE
abeppalMy, a MMEHHO JUIEHTpHYE- CKUE U KOJBIEBBIE XPOMOCOMBI, a TaK)Xe IMapHbIe
¢parmMeHThl. AlGeppalnu XpOMaTHIHOTO THIa BO3HUKAIOT B KIIETKe, 0OIyd4eHHOW Mmocie
peruukauuu JIHK. HanGonee tunuunbiMu aGeppalsiMd XpOMaTUIHOTO THIMA SBISIOTCS
TeTpapaaualibl U OAMHOYHBIE (PparMeHTHI.

19. Konuuecmeennvie acnekmol paouayuoHHO-UHOYUUPOBAHHBIX abeppayuil
Xpomocom nocie o0nyueHus.
OnbITHl ¢ )XKUBOTHBIMH M JAHHBIC TIO OOJYYCHHBIM OOJIBHBIM TIOKa3aJid, YTO BBIXOJ

abeppa- mmii (y) mocie oOnyueHHs KIETOK M3iydyeHHeM ¢ Huskod JIIID mydme Bcero
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OITMCHIBACTCS MPOCTHIM MaTeMaTHYECKUM YPABHCHHEM:
2 2
J = J o=
y=aD + Dy =aD + BD°
rne D — no3a, a @ u f — KOHCTaHTHI.

OTO ypaBHEHHE XOPOULIO COMIacyeTcs C TMIOTe30il O TOM, YTO HEKOTOpble abeppaiuu
SB- JIIOTCSl PE3YJIbTaTOM IPOXOXKIEHUS Yepe3 XpPOMOCOMY JIMIIb OJHOW MOHH3UPYIOLIEH
YyacTULBI (OHO NOMAJAaHHUE), IO3TOMY MX BBIXOJ IPONOPLUOHANEH A03€ (aD), B TO BpeMs
Kak Jpyrue adeppanuu BbI3BIBAIOTCS MPOXOKICHUEM JIBYX OT/ACIBHBIX YaCTHUI], U UX BBIXOA
TIPOTIOPIIMOHA- JIeH KBajpaTy 1035l (D?). OnHoynapHble abeppaluy TUHEHHO 3aBUCAT OT
JI03BI, ISl O0JIee CIIOKHBIX adepparyii 3aBUCIMOCTh HEJTMHEWHAS

20./lomunanmuo-nemansusie mymauuu. Memoowt o6Hapyscenus.

JIOMMHAHTHBIC JIETAIbHBIE MYTAllMM — 3TO TOYKOBBIC HJIM XPOMOCOMHBIE MYTAallHUH,
BO3- HUKIIKE B IOJIOBBIX KIJIETKaX pPOJIUTENEeHd U BbI3bIBaIonIve rudenb sMOpuoHa. TecT
00bekT — apozoduia. JIJIM o0ycrnoBieHbl U3MEHEHUEM HACIEICTBEHHOCTH B IMOJOBBIX
KJIETKaX POAM- TeNel, MPUBOASIIMX K rubenu moroMkoB B F1, B OCHOBHOM BO Bpems
SMOPUOHANILHOTO MEPH- OfIa.

VY npozoduiisl IJIM MoryT nposiBIsSTHCS Ha OO0 cTauK OHTOTeHe3a OT siiila 10
nMaro. PaccMoTpum MeTo, KOTOpBIN N03BOJIAET yuuThIBaTh [IJIM, nposBistronuecs paHo
B OHTO- T€HE3€ — Ha CTa/INU AHA. YUUTHIBAIOTCS Ai11a, U3 KOTOPBHIX HE BBILIUIN JTUUHUHKH.
Tect 00BEKT — 1abopaTopHble MIIEKONUTAONIUE (MBIIIH, KpbIckl). OOIy4aroT caMIOB
WIM CaMOK JKC- IEPUMEHTAIBHBIX >KHUBOTHBIX —> MapUBalOT UX C HEOOITY4EHHBIMU
IapTHEpaMH MPOTUBOIO- JIOKHOTO I0JIa — ONPENENIAI0T JOMUHAHTHBIE JIETAJIbHBIC
MyTallui MpeHaTaJbHBIMU METO- 1aMu (00cIeJ0BaHNuEe MAaTKH OEpEMEHHBIX CaMOK,
MOJICYET KOJIMUYECTBA KEITHIX TeJ, )KUBBIX U MEPTBBIX SMOPHOHOB, ONpe/eIeHue
OTHOLIEHUS MEPTBBIX AMOPHOHOB K OOIIEMY YHCIy UMILIAHTAHTOB).

21.JIOMMHAHTHO-J1€TAJIbHbIE€ MYTAllMH B ONMBITAX HA CAMIIAX MbILIEH B
ONBITAX /10 HACTYIJIEHUS CTEPUILHOCTH U B ONBITAX MOCJI€ HACTYIJIEHUS] BPeMeHHOI
crepuiabHocTH. 1908 1. Pero u Iro6poitie; 1932 CrpaHackoB: OIUIOIOTBOPEHUE
MPOUCXOUT HOPMAJIbHO, HO MO3JHEE HEKOTOPhIe YMOPUOHBI pe3opoupyroTcs. CHeIt:
rubens SMOPHOHOB MPU UMIUIAH- TallUM WM BcKope mocie Hee. ['epteur: 1.
CIIOCOOHOCTh CIIEPMHUEB K OIUIOJOTBOPEHHUIO HE U3MEHSETCS JaKe MpU OOJBIINX 033X
BO3JICUCTBUS. 2. HA CTAANH JAPOOJICHNUS HAOTI0Iat0TCs OTKIIOHEHUs. bpeHHeke: o0t
MIPOLIEHT aHOPMAJIBHBIX YMOPHUOHOB, 6€3YCIOBHO, BBIIIIE, YEM MPOIIEHT UX THOETH 10
UMIUIaHTaNUU. Paccern: HeKoTopble SMOPHOHBI, 0OHAPYKUBAIOIIUE HE- HOPMATHHOE
npobiieHue, NeHCTBUTENBHO T0KUBAIOT 10 MOMEHTa UMILTaHTaluu. [Ipy mo- BeIIeHUH
TI03bI THOETH 0 UMIUIAHTAIMU BO3PACTaeT M0 CPaBHEHHUIO C THOEINBIO MOCie Hee.
[IporieHT MepTBOPOKICHHBIX TOTOMKOB B CKPEIIIMBAHUU C OOTYYCHHBIMU CaMIIaMU B
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MIEPUOJI, MPEALIECTBYIOMIUNA CTEPUIILHOCTH, BBIIIE, YeM B KOHTpoJie.B 3HaunTenpHON Mepe
3TOT 3P PEKT OOBSICHIETCS MATTBIM pa3MepoM ToMeTa. J{Jisi yCTaHOBIICHUS 9YacTOTHI
MYyTalui, MEPTBO- POKJIECHHBIC HE SIBJISIFOTCS MOAXOASIIUM MaTepUaIoM B CHILY
3aTpyJHEHUH B OMPENICIICHHH TOTO, KAaKOW UMEHHO (akTop 00yCIOBIMBAET UX THOECTb.
[Ipupona xpoMocoMHbIX abepparuii, 00yCIOBIUBAIOIINX JOMUHAHTHYIO JIETATbHOCTH!
Uwrco MOTOMKOB B ITOMETaX MaAaeT B JIOra- pUPMUIECKON IPOTPECCHH € JO30U. ITOTO
MO>KHO OXHUJATh, €CJIM JOMUHAHTHBIE JIETaJIN BO3- HUKAIOT B PE3yJIbTaTe OJTHOYAAPHOTO
nevictBus. Cpelid MOTOMCTBA B CKPEIIMBAHUAX, IPOBE- IEHHBIX JI0 epUoja
CTepUJILHOCTH, 3HAUUTEIHHO 0OJIee BHICOKUI MPOIIEHT FMOENH B IepBble 75 THEN mocie
pOXzeHusi, Hexxkenu B KoHTpoJie. IlporieHT rubenu Ob1 O0bIIe IS TO3HUX
CKpEIMBAaHUMN, UeM ]ISl pAaHHUX.

HOTOMCTBO, MMOJIY4YCHHOC OT 06J1y‘~IeHHI)IX CaMIIOB B CKPCIIMBAHUAX, IIPOBCACHHBIX
ImocJjie nepuoaa CTCprUILHOCTH. YHC10 IIOTOMKOB B IIOMETE YMCHBIIACTCA HE3HAYUTCIIBHO.

[TonoBble KIETKH 00ay4aroTcs B CTaJud CIIEpMaToroHuid. Jleramu BO3HUKAIOT B
CIIEpMAaTOrOHMAX, HO MHOTME U3 HUX HE MOTYT IIPOMTH 4epe3 BCE KIETOUHBIE NEJICHUS OT
CIIEPMAaTOrOHMM 10 CrIepMaTo30M10B. 3a4aTKoBbIi 0TOO0p. [locie 0baydyeHns HabmonaeTcs
YMEHBLIECHUE YUCIIA CIIEPMATOTOHUM. bOJIBIIIYIO YaCTh YMEHBIIEHUS YUCIA CLIEPMATOTOHUI
nocie OOMy4deHHs W TOCIENYIOUIMH IEepHOX CTEPUIBHOCTH MOXHO OTHECTH 3a CYET
BO3HMK- HOBEHUS B KJIIETKaX JIOMUHAHTHBIX JeTanel. JJOMMHAaHTHBIE JIETaau BBI3BIBAIOTCS C
Oonblllell YacTOTOM B CIEPMATOTOHMSIX, 4YeM B crepmaro3ougax. CrepMaToroHuu
JTUIUION/IHBI, a CIIEPMAaTo30M[bl TaruionHbI;MI3MeHeHne cocTosHus XpomocoM, ¢a3
MUTOTHUYECKOT0 1IMKJIa; Pa3nnyHble 0COOEHHOCTH 0OMEHA BEIIECTB.

22.JIOMUHAHTHO-JIETAJIbHbIE MYTAIIMU B ONBITAX € 00J)y4eHHBIMH CAMKAMHU.
HaGmronenust mo yMeHBIIEHUIO YKCciia TOTOMKOB B ioMeTe. CHeIT u DUMC: pu
MOBBIIIEHUH J03bl YUCIIO TOTOMKOB B IOMETE CHIKANIOCh ObICTpee Mpu 00IYIeHUH CaMOK,
a He camIloB. bornee cuibHBIN 3P QeKT CBSA3aH C MOBPEKIAIONUM JACHCTBUEM U3ITYUCHUS
Ha MaTh, YTO BPEIHO OTPAXKAETCSI HA Pa3BUTHH JeTeHbIIeH. [1070BbIe KIIETKH CaMKH
00JIy4aroTcs B CTa- MU OBOILIUTOB.

23.Mymauyuu, cnuxcarougue xHcusnecnocoonocms. Memoowst uoenmupurxayuu.
Meton cemu J0KycoB. OTHOCUTEIBHBIE YAaCTOTHI JKU3HECIMOCOOHBIX TOJNyJIETane u

JeTajab- HBIX THUIIOB pa3jIMyaroTCsd B 3aBHCHUMOCTH OT JoKyca.Hamnume y MHOrmx
BBISIBJICHHBIX H3MEHE- HHMI pELEeCCHUBHOIO JIETAaJbHOTO JIEWCTBUS YKAa3bIBaeT, dYTO,
HEKOTOpbIE MyTaIlMK MOTYT ObITh HEXBATKaMH.

24, Memoovl oyenku UHMEHCUGHOCMU MYMAWUOHHO20 npoyecca y 4uenosexd.
Honynayuonnstit u hpenomunuyeckue nooxXo0st (NPAMOU U HENPAMOU MEMO0).
MyTalmoHHBI TpoLecC Y YelOBEKa MOXKET OBITh OXapakTepU30BaH B HECKOIBKUX
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[IABHBIX HANPABJICHUSX: HMHTEHCHBHOCTh, CIEIU(MUYHOCTh, JTUHAMUKA NPUYHHHBIC
daktopeLILII. Dd- poumcon (1932), JIx. Xommeitn (1935): OTKpbUIM HOBBIA METOI
OIICHKM 4YacTOThl ~MyTalliid, Ha4YaloCh W3YYCHHE WHTCHCHUBHOCTH CIIOHTAHHOTO
MYTAIMOHHOTO TMporecca. BO3HUKHOBEHHE MyTallMM TPU OOBIYHBIX (PHU3UOIOTUIECKUX
COCTOSIHHSIX OpTraHu3Ma 0e3 JOMOIHUTEIBEHOTO BO3ACHCTBHS KAKUMH-THOO0 BHEITHUMU JISI
opraum3ma  ¢akropamu. Ompenensiercs KaKUMU-TO  (aKTOpamMH: XHUMHYECKHUMH
BEIIECTBAMH, BO3HUKAIONIMMU B Tpoliecce OOMEHa, €CTECTBCHHBIM (OHOM pajualliH,
OIIMOKaMH PEITUKAIMU U T. 1. 3aBUCUT OT CBOMCTB CaMOro reHa, CUCTEMbl T'€HOTHIIA,
(U3NOTIOTHYECKOTO COCTOSTHHSI OpTraHU3Ma M KOoJIcOaHUI YCIIOBUI BHEIIIHEH CPEIbI.

Meronpl  OLCHKM  HMHTEHCUBHOCTM ~ MYTAallMOHHOIO  IIpoliecca y  4YeJlOBeKa:
¢beHOTHIIMYECKUE W TOMYISAIUOHHBIE. (DeHOoTMIHYECKHe METOAbl OCHOBAHBI HAa Y4YeTe
Y4aCTOTHI OIPEIEIEHHBIX be- HOTHIIOB, BBI3BIBAEMBIX crelu(pruIecKuMI
mytauusamu.IIpsamoin meron. Henpsimont metoz.

25.U3yuenue yacmomul 2eHHBIX MYMAayuil y uenoeexa.
[Ipsimoii meton. IlpuMenuM [uist M3ydeHUs] Te€X JOMUHAHTHBIX MYyTalUd, MPH KOTOPBIX

3a200- JIeBaHHE XOPOILO JUATHOCTUPYETCS M UMEET MECTO I0JIHAs! IPOSBIISIEMOCTh MyTaLlUU
B TeTepo- 3UroTHOM reHorune. CyIIHOCTb METONA CBOAUTCS K ONPENEIECHHUIO YacTOTHI
MOSIBJICHUS B I10- MYJSALUU U30JUPOBAHHBIX cllyyaeB MyTaHTHOTo (penoruna. U=M/2N, rae
U — yacToTa BO3- HUKHOBEHMSI MyTaluid, M — KOJIMYECTBO MYTaHTHBIX (peHOTUnoB; N —
KOJIM4YEeCTBO 00cieno- BaHHBIX. Hempsimoil Meron. OcHOBaH Ha NpPUHLMIIE PaBHOBECHUS
MEXIy MYTAlMOHHBIM IPOLECCOM M SJIMMHHALMEH MYTAHTOB, UMEIOIIUX MOHWKCHHYIO
AKHU3HECIOCOOHOCTh. JKM3HECIOCOOHOCTh = KOJIMYECTBO OCTABICHHOIO IOTOMCTBA.
Hakoruienue MyTaHTOB B MOMYJISIUH 3aBHCUT OT JBYX (AKTOpOB: HHTEHCHBHOCTH
MYTaIMOHHOTO Mpoliecca U CIOCOOHOCTH MYTaH- TOB K BOCIIPOU3BECHHUIO.

[Tonynsaunonnslii Meton. OCHOBaH Ha ONPEAEICHUM CPEJHEH YacTOThl MyTalui Ha
JIOKYC Ha OCHOBaHMH d(PdekTa UHOPUAMHTA, 0OYCIOBIEHHOTO TMOBBIIIEHHONH CMEPTHOCTHIO
MIOTOMCTBa OT Takux OpakoB. Ha ocHOBaHMM 3TOro MeTOAAa pPACCUUTHIBAIOT TakK
Ha3bIBAEMBIN JICTAJIBHBIA OKBUBAJIEHT Ha ramery.Meron TpyloeMKHi, UMEEeT MHOIO
HCTOYHHUKOB OIIMOOK

26.U3yuenue yacmomul XpomocomMHulx 601e3nell y uenoseKd.
CXomHBl € TPSIMBIM METOJOM YdYeTa JIOMHHAHTHBIX MyTaruid. ONpenenseTcss Yucio

MYTaHTOB B MOMYISALUU. B OOJBIIMHCTBE ClydyaeB XPOMOCOMHBIE OOJE€3HH — ATO BHOBb
BO3HHKIITKE MY- TalluK. YacToTa MyTaIu BEIYUCIAETCS HA TUIIONAHBINH Habop U=M/N
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rme U — wyacrora wmyranuid; M — KOJIMYECTBO MYTAaHTOB; N — KOJHWYECTBO
o0cneoBaHHBIX.Me- TOIBI OIICHKHM HMX YacTOT OOJBIIMHCTBA XPOMOCOMHBIX OoOje3Hen
TpynoeMKu. TpeOyloT TOTallb- HOTO KapHOTHITMPOBAHHS OOJBIIUX TPYHI HACEICHUS.
Uckmtouenus: Tpucomust mo xpomocome 21 u abeppauun X-XpoMOCOMBI. DKCIPECC-METOL
OILICHKU YaCTOT aHEYIIOUAUM Mo X- XpOMOCOME — OMPE/IEICHUE MOJI0BOTO XpOMaTHHa.

27.Paduauuomto-uudyuupoeannaﬂ HecmaouibHOCMb 2eénoma, ee B803MOJICHbLIE
npuduUHbl U Me- mMoObl 6bIABNCHUA.
PaI[I/IaI_II/IOHHO-I/IHI[YI_II/II)OBaHHaH HECTAOMIBLHOCTh T€HOMA — 3TO SABJIEHHE ITOBBIIIEHHON Ya-

CTOTBI O0pa30BaHUs TEHETHMYCCKUX HAPYIICHHH Yy TOTOMKOB OOJYYEHHBIX KIICTOK.
deHoMeH 3akirouaeTcs B 00pa3oBaHUK de NOVO MHOXECTBEHHOTO TOSBICHUSI T€HOMHBIX,
XPOMOCOM- HBIX, XPOMATHJHBIX W TEHHBIX MYyTalUid HEKJIOHAJIBHOTO XapakTepa, T.C.
BO3HUKAIOIINX B I'e- HOME IOTOMKOB OOJIyYEHHBIX KJIETOK CIIy9allHBIM 00pa3oMm, a He
MEPEAAIOIIUXCS 110 HACIIE- CTBY.

HecTaOmIbHOCTS MOXKET IPOSIBIISITHCS B OT/NAJICHHBIC CPOKHU TTOCIIEC OOMydeHHUsST uepe3
MHOTO ITUKJIOB JIeJeHUs (MHOTa COTEH), U B HEKOTOPBIX FCHEPAIUSIX YHMCIO KICTOK CO
CTPYKTYpP- HBIMH MYTAIlUsIMU in vitro MmoxeT nocturarbh 10% u Gonee OT Bceil momynsiuu
KJIETOK, IIPH 3TOM HAOIIOAaeTCsl MaccoBasi THOENb KJIETOK.Y MHOTOKJIETOUHBIX
OpPraHU3MOB HECTA0WIIb- HOCTh T€HOMA TMPOSBIISETCS B YBEITMYSHUH YHCIIa COMAaTHUYECKUX
MYTAHTHBIX KJICTOK.

PanuanymonHo-uHIyIMPOBaHHYIO HecTabunbHOCTh reHoMa (PVHIY), kak mpasuio,
orpejie- 10T MO: YBEIMUYEHHUI0 4acTOThl adeppaiuii XpoMOCOM Y IOTOMKOB OOJIYyYEHHBIX
KJIETOK, 4a- CTOTE BBIXOJAa MUKPOSIAEP, YBEIMUYECHUIO BBIXOJA KJIETOK C aHOMaJIbHBIM
KapHOTHUIIOM, Ma- JIUTHU3ALlUM U OHKOTEHHOM TpaHchopMaluu, OTCPOYEHHOM
PEeNpOAYKTUBHON THOETH, 0TCPO- YEHHOMY MO/IaBICHUIO PoU(epaui, OTCPOUCHHOMY
anonro3y. PUHI' MoxeT peann3oBbl- BaTbCs B NOBBIIIEHUH PAJUOYyBCTBUTEIBHOCTH U
OTCYTCTBHUSI aJIalITUBHOTO OTBETA MOCJIe 00ydeHus: B Manbix fo3ax. PUHI moxeTr ObITh
MHJYLIMPOBAaHA B IOJOBBIX KJIETKaX POAU- TEJEH U IPH OIJIOJOTBOPEHUU NIEPEIAaBATHCS
IIOTOMKaM, KOTOpbI€ OylyT Fr€eHETUUECKH HeCTa- OMIIBHBIMH, YTO MOXET MPUBOAUTH K
MOBBIIIEHHOMY YPOBHIO MyTallMi, XpOMOCOMHBIX a00e- paluii, mpeHaraibHON
CMEpPTHOCTH, BPOXKJACHHBIM MOPOKaM pa3BUTHs, KaHIeporenesy u ap. HecrabuibHOCTh
reHoma (HI') MoXHO paccMarpuBaTh Kak IMOWCK HOBBIX BapHUaHTOB ajal- TUBHOTO
renotuna. B pesynsrare HI' Bozpacraet yacrora MmyTaiuii 1 peKOMOMHAIN, TPOUCXOIUT
HapyILIeHUE 3KCIIPECCUU TeHOB, (POpPMUpPYETCs CTOWKas Je3UHTerpaunus OHMoXu-
MHYECKOIo X034icTBa KieTku. Ha opranusmennoM yposHe HI' MmoxeT nposiBUTBCS B
yTsDKe- JIEHUU 3a00J1€BaHUi, TPOJIOHT AN UX T€YEHHUS, CHIXKEHUHU Y3PPEKTUBHOCTH
TEepaneBTUYe- CKUX BO3AEUCTBUI. MeXaHN3MBI: HEITPABUIIBHO PEIAPUPOBAHHBIE
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nospexaenus JJHK, Bbico- kuit ypoBeHb CBOOOIHBIX PaIiKaOB KUCIOPOAA, U3MEHEHUS
CIEKTpa METUJIMPOBAHMUS U alle- TUJIMPOBaHUs ornpeeiaeHHbx yuactko JJHK.

28.TpanczenepayuoHnslit henomen paouauuoOHHO-UHOYUUPOBAHHOU HECMAOUILHOCIU
2€HOMA 6 IKCNEPUMEHMAX HA JHCUBOMHBIX U Y Ye108EKA.
D¢ ekt 00aydeHUs MOJIOBBIX KIETOK POAUTENEH perucTpupytoTcss (eHOTUITHIECKUMHU U

TCHOTUITUYECKUMH  HM3MEHEHHsIMH.  (DEHOTHUINHMYCCKUE:  CHW)KEHHE  POXKIACMOCTH,
aKyIIepCKUE IMAaTOJIOTHU POJIOB, pasjMuHbie TepartoreHHbie 3(dexTsl. [eHOoTHTHYECKHE:
YBEIIMYCHUE Ya- CTOTHI MYTAI[Mii, IMOBBIIICHHE YaCTOThI XPOMOCOMHBIX abeppaiui,
MOBBIIICHHOE 00pa30BaHUEe MUKPOSIEP, U3MCHEHHE KCIIPECCHH TCHOB M MHOTHE IPYyrHe
NpPU3HAKU HECTAOMJIBHOCTH TE€HO- Ma. TpaHCreHepaluoHHas Iepeaaya HeCTaOMIbHOCTH
reHoMa B OKCIEPHMMEHTAaX Ha JKUBOTHBIX: MPH OOJYyYEHHH CaAMIIOB KMBOTHBIX
paaualiOHHO-MHAYIIUPOBAaHHAS ~ HECTAOWJIBHOCTH ~ TCHOMa  MPOSBIUIACh Yy HX
HEOOTYICHHBIX TTOTOMKOB.

IpescTaBieHbl JaHHBIE, CBUIETEIBCTBYIOIINE O CYIIECTBOBAHUH [TOPOTOBOM JO3bI IS
IPOSIB- JICHHsI TPAHCTE€HEPAIIMOHHON HECTaOMILHOCTH IPU OCTPOM OOJIyYEHHH OTIA
[Mughal S.R., 2012] — 50 u 100 cI'p. XpoHrndeckoe pagualliOHHOE BO3ICHCTBHE Ha
TIOJIOBBIE KJIETKH CaMIIOB BBI3BIBAET CIBHIH CO CTOPOHBI KPOBETBOPHOM CHCTEMBI
MOTOMCTBA MIEPBOTO TOKOJICHHS. BIusi- €T Ha 9yBCTBUTEIBLHOCTD K BTOPHYHBIM
KaHIeporeHaM.I Mmore3a: cTpeccoBbie BO3ACHCTBUS (2 0COOEHHO XPOHUYECKUE) Ha
OpraHM3M OTIIOB MOTYT Yepe3 MOJIOBBIE KIETKH IPUBOANTE K AUCHYHKITHOHATBHOCTH
CHCTEMBI THITOTAIaMYC-TUIIO(H3-KOpa HaIIOYEYHHKOB HX ITOTOMKOB, YTO B CBOIO
odYepesib, BBI3BIBAET HECTAOMIIBHOCTH B PabOTE COMAaTHYECKMX KIETOK MHOTHX OPIaHOB.
B TpancrenepanoHHoi HECTAOMIBHOCTH T'€HOMA CYIIECTBEHHYIO POJIb MOTYT HI- PaTh
JMCTAHIIMOHHBIC 3P PEKThI HOHU3UPYIOIIETO U3TYUCHHS.

TpancrenepaimonHas nepegada HecTaOUIBLHOCTH TEHOMA y YeJIOBEKa:
TpancrenepanmonHas HeCTaOMILHOCTh T€HOMa Y ITOTOMKOB JIMKBUIATOPOB aBapHH Ha
YADC JlocToBEpHO NMOBBILIEH- HbIE YaCTOTHI a00epalnii XpOMOCOM, T€HHBIX MyTallUi
(TCR-myTarumn) u npeaukropos amno- nro3a [Cyckos .., 2008]. [ToBeimieHHas qacToTa
abeppauuii XpoMocoM B TUMGOLMTAX KPOBU Y JETEH, POXKACHHBIX OT OOITYYEHHBIX OTIIOB-
nukBHUaTOpoB [AramxansH A.B., 2009].Yactora MmyTanuii B MUHHCATEINIUTHBIX JIOKycax
HE OTIIMYANack OT KOHTpoiabHOH rpymmsl [Furitsu R, 2005; Livshits L.A., 2005]. Yactora
XPOMOCOMHBIX U XpOMaTUAHBIX abep- paruil B tumdponnTtax nepupepudeckoil KpoBu
JeTel, OTIIbI KOTOPBIX SABISUIMCH Mpodeccnona- TaMu-saepimkamu I. O3epcka, He
OTJINYAJIaCh OT KOHTPOJIbHBIX YPOBHEH.

VY nereit npodeccronanoB-aToMIIMKOB I. CapoBa pa3inyus 10 CPABHEHHUIO C KOHTPOJIbHON
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rpynmol Mo 4YacToTe MyTallMii B MHUHUCATEIUIMTHBIX JIOKYCaXx OTCYTCTBOBAJIU.
HccnenoBanuss HeCTaOMIBHOCTM TE€HOMA IIOTOMKOB JIIO[EH, IOJIBEPTIIUXCS Jy4eBOU
Tepaluy, KaK MPaBWIIO, HE MOATBEPKAAIOT TPAHCTEHEPAMOHHBINA (peHomeH. OTcyTcTBUE
OJHO3HAYHOCTH  MPEACTaB-  JICHHBIX  JAHHbIX W CTPOTHX  JOKa3arelIbCTB
TpaHcrenepanuonno mnepegaun  PHUHIT  mMoxer ObITh  CB3aHO, BO-TIEPBBIX, C
MCCIICIOBAHUEM KOTOPT JIIOJCH, MOABEPTIIMXCS OOIYYEHHIO B MPUHIUIHAIBHO PA3HBIX
YCIIOBUSAX U pexuMax (mpodeccuoHanbHOe, aBapuiiHOe, TepareBTU- yeckoe). Bo-BTophIX,
WCCIIEOBAHNS OTIIMYAIOTCS METOAUYECKUMH MOJAXOIaMU, NMPUMEHS- €MbIMU ISl OLICHKHU
PUHI. Bo3MmoxxHbIE OOBSICHCHHS BBIPQOKCHHOCTH  MEXBHUJOBBIX  pa3jiudyvii B
TpaHcreHepauuonHo mepenade PUHI. Beipaxennocts reHermdeckux 3hdexrtoB y
IIOTOMCTBA OOJIyYE€HHBIX 3aBUCUT OT PENPOAYKTUBHOIO MOTEHILIMAaa Buja. Pa3Has creneHpb
3P PEKTUBHOCTH MEXaHU3Ma IOCTPAHALIMOHHON penapanuu, KOTOPBIN
COBEPIIECHCTBOBAICS 110 MEPE IBOIIOLMH U JOCTUTI MAKCUMYMA Yy YEJIOBEKA.

4.  MOPAAOKIIPOBEAEHUA N KPUTEPHUHU
OLHEHUBAHHUA ITPOMEKYTOYHOU ATTECTALIHA

4.1. NopapoK NpoBeAeHUA NPOMEIKYTOYHOM aTTecTauum

B paMKax TeKyuwero KOHTponsa B Te4YeHue cemMmecTtpa AOJ1d OUEeHKU 3HaHMVI, yMeHMVI,
HaBblKOB, NoJiydaeMbliX B Xo4e WU3y4YeHUda AUCUUMIUHBI, YYUTbIBAKOTCA YCNEeLWHOCTb OTBETOB Ha
BOMPOCHLI YCTHOINO " NCbMEHHOro onpoca, NnpaBuiibHOCTb peLleHna 3aaad.

Kputepmem ycnewHocT OCBOEHUs y4ebHOro mMatepuarnia Mo OKOHYaHUK Yy4yeGHoro
ceMecTpa (MpOMeXyTodHas aTTecTauusi) SIBMASIETCS 9JKCMepTHas OueHKka npenogaBartens,
yYMTbIBalOLLAs: TEKYLLYID YCNeBaeMOCTb B TeYeHUe cemecTpa (YCTHbIA Onpoc, NMUCbMEHHHIN

onpoc, peweHue 3aga4). Kpome Toro, akcneptHas oueHka npenogaBaTtens MOXeT OCHOBbIBaTbCS
Ha perynsapHocTu mnoceleHns obs3aTenbHblX Y4Y4eOHbIX 3aHATUWA, YCMEeLHOCTU BblNOMHEHUS
YCTaHOBIEHHbIX Ha AaHHbIN cemecTp 06bEMOB paboyen NporpaMmbl.

lMpomexyToyHaa artTectauus npoBoguTcsa B (opme 3k3ameHa no 6Gunetam. buner
COLEPXMUT [iBa TEOpEeTUYECKUX Bonpoca.

4.2 KpHTepI/Il/I Oll€éHUBaAHUA HpOMe)KYTO‘lHOﬁ aTTecTanuuu Iio
BHU/1dM OII€HOYHBIX CpEeACTB

4.2.1 Kputepum oueHMBaAHUA TEOPETUUYECKOro BONpoca

OtnnyHo. CtygeHT rmyboko M NOMHO BnageeT copepXXaHuem y4yebHOo-NpOorpaMmMHOro
mMaTtepuana; ucyepnbiBatoLle, NocrnesoBaTenbHO, KOPPEKTHO M NOFMYECKM CTPOWHO ero uanara- €T.
He 3aTpygHsISiCb C OTBETOM NpW BMOOU3MEHEHWM 3agaHusi, cBobogHo cnpaensieTcs c Mo-
CTaBMEHHbIMW 3ajadvaMu, MoKasblBaeT 3HaHWs MoOHorpaduMyeckoro MaTtepuana. npaBUibHO
060CHOBLIBAET NPUHATUE PELUEHNS; BNAAEET HaBblkaMn U MPUEMaMU BbINOSIHEHMS NpaKTUYe- CKUX
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paboT; oBbHapyXNBaET yMeHNe CaMoCTOATENbLHO CTaBUThL 3aaaqun, 06o6LuaTh U u3narate marepuan,
dhopMynunpoBaTh BbIBOAbI; MPU USNOXEHUM MaTepuana OCYLIECTBNAET MEXNPEAMET- Hble CBA3U;
BNageeT NOHATUINHLIM annapaToM U YSICHUI B3aMMOCBSA3b OCHOBHBIX MOHSATUI OWC- LMMIMHBI U KX
3HayeHue Ons npuobpeTeHns npodeccum.

Xopowo. CTygeHT TBepAao 3HaeT yyebHOo-nporpaMMHbIN Matepuan, rpamoTHO U MO Cy-
LLeCTBY M3naraeT ero; OTBET OTNMYaEeTCs MeHbLUeNn 0BCTOATENbHOCTLIO, MYBGUHOW 1 NOM- HOTOW; B
OTBETE Ha BOMPOC HEe [OMYCKaeT CYLIECTBEHHbIX HETOYHOCTEW; MOXET MPaBUIIbHO MPUMEHUTb
TEOpeTNYeCcKMe MOMOXEeHUs W  BriageeT HeobxoAVMbIMM  HaBblKaMy  MPW  BLIMOMHE-  HWUK
npakTUyYecKkmx 3agad.

YAOBﬂeTBOpMTeanO. CTYD,eHT ycBOWUIT TOJIbKO OCHOBHOW martepuan, HO He 3HaeT OT-
JenbHbIX getanen, gonyckaet HeTOYHOCTW, HEe A0CTaTO4YHO MpaBUJlibHblE (*)OpMyﬂVIpOBKVI, Ha-
pywaet nocnegoBaTtesibHOCTb B U3NMOXEHUUN mMaTtepuana U UcnbiTbiBa€T 3atpygHEHUA B BbINOJI-
HEeHUN NPaKTNYEeCKNX 3agaHun. OTBET OTNMYAETCS HU3KUM YPOBHEM CaMOCTOATESIbHOCTW.

HeynoBnetBoputenbHo. CTyaeHT He 3HaAeT 3HauYMTENbHOM 4YacTu MpPOrpaMMHOro
mMaTepuana, AONycKaeT CyLIeCTBEHHbIe OLIMOKN, OTCYTCTBYET NOrMKa B U3NOXEHUM Matepua- na, ¢
GonblWMMK 3aTPYOHEHUSIMW BbINOMHSAET NpakTUYECcKMe 3afaHusi, OTCYTCTBYIOT MeXnpen- MeTHble
CBS13U

4.3. Pe3yabTaThl NIPOMEXKYTOYHOU aTTECTAllMM U YPOBHU
cGOpMHUPOBAHHOCTH KOMIIETEHIIUN

Mpv nogBeaeHUN UTOMOB YYUTBLIBAKOTCS Pe3yrnbTaThl TEKYLLEN aTTecTaluu.

OcobeHHOCTM NpoBeaeHnst npoueaypbl OLEHMBaHUSA pe3ynbsTaTtoB 0byYeHnss MHBanuaoB U
My € OrpaHVYEeHHbIMW  BO3MOXHOCTSMW 300pOBbsi 0BO3HaveHbl B pabodert nporpamme
AVcumnnuHel (Mogyns).

«1 ypoBeHb» - 03HAaKOMIeHWe (MMeTb 00LLEee NpeaCTaBneHVE, y3HaBaTb);

«2 YpOBEHb» - MOHMMaHWe y4ebHOro MaTepuana, u3naraemoro B y4ebHuke, MeToguyecKkon
pa3paboTke nunu npenogasarenem;

«3 YypOBEHbY - yMEHME NTOMMYHO, NocneaoBaTeNibHO, JOCTAaTOMHO NOSHO M TOYHO M3naraTb U3y4YeHHbIN
maTtepwuarn;

«4 YpOBEHb» - TBOPYECKN NCNOJNb30BaTb MNoJTy4YeHHbIE 3HaHUA.

Ana ydoesnemeopumersibHOU (NONOXUTENbHOW) OLEHKU 3HaHMK TpebyeTtcs
MUHUMYM 3-U ypo8eHb YCBOEHUS y4ebHoro matepmana.

Tpe6oBaHusA (KpUTepuanbHble NokasaTesnu) K YypOBHIO
OCBOEHUSA AUCLUNIIUHbI
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Pesyinbrar s3x3amena

TpeOGoBaHMs K 3HAHUSIM

OT1iIu4yHO

CTYIEHT TIIYOOKO M TOJHO BJaJeeT COJEep)KaHUEM Y4eOHOTo
Marepuaia ¥ TOHSATUUHBIM allllapaToM; YMEET CBS3bIBATh
TEOPUI0 C TPAKTUKOW, WIUIIOCTPUPOBATH MpHUMepamu, ¢ak-
TaMM, JAHHBIMM HAYYHBIX HCCJIEJIOBAHMM; OCYIECTBISET
MEXIPEAMETHbIE CBS3HM, MpeasiokeHus. JlemaeT BBIBOJBI
JIOTUYHO, YETKO. SICHO M KpaTKko WH3jaraeT OTBEThl Ha IIO-
CTaBJICHHBIE BOIIPOCHI; yMeeT OOOCHOBBIBATH CBOM CYXKICHHS
U Tpo(heCcCHOHANTBHO-TMYHOCTHYIO TTO3UIMIO TIO0 U3J1araeMo-

My Borpocy. OTBET HOCUT CaMOCTOSITENILHBIN XapakTep.

Xopomio

OTBET CTYJICHTAa COOTBETCTBYET YyKa3aHHBIM BBIIIC KPHUTEPH-
AM, HO COJEpXaHHEe OTBETa HMEET OTHAeJIbHble HETOYHOCTHU
(HECYIIIECTBEHHBIE OIIMOKH) B M3JI0KEHUH TEOPETUUYECKOro U
MPAKTUYECKOTO MaTepuana, OTJIWYaeTcs MEHbIIeH 00CTos-
TEIBbHOCTBIO, TIYOMHOU, OOOCHOBAaHHOCTBHIO M TOJHOTOM; JO-
MyIIEHHbIE OMNUOKU UCIIPABIISAIOTCS CTYIEHTOM IOCIE J10-
MTOJIHUTEJIbHBIX BOTIPOCOB TPETIOIaBaATEIIs.

y,[[OBJ'I@TBOpI/ITeJ'IBHO

CTYJEHT OOHapy>KMBaeT 3HAHUE U MOHMMAHME OCHOBHBIX IIO-
JOXEHUH Y4eOHOro MaTepualia, HO H3JIaraeT €ro HEeIMOJHO,
HETOCJIE0BATENILHO, JIOMYCKAeT HETOYHOCTH M  CYIIECTBEH-
HbI€ OINMOKU B OMpEIENIeHUU TMOHATHH, (HOPMYIHUPOBKE TMO-
J'IO)KGHI/Iﬁ, HC IIPUBJICKACT JIs apryMmCHTAaluu OTBETAa OCHOB-
HBIC TIIOJIOKE€HHUA  HCCICOO0BATCIIBCKUX, KOHICNITYAJIbHBIX H
HOPMATHUBHBIX JOKYMEHTOB, HE yMeeT OO0OOCHOBaTh CBOH
CYXKJEHHUS; HAONIONAeTCs HapyIIeHHEe JIOTHKH HW3JI0KCHHUS.
OTBeT OTJINYAETCA HU3KUM YPOBHEM CaMOCTOATCIIBHOCTHU, HE
COJIEPKUT COOCTBEHHOM NMPoheCcCHOHATBHO- TUYHOCTHON
TIO3UIHNH.

HeynosnerBopurensHO

CTYJIEHT HMEET pa3pO3HEHHbIE, OCCCHUCTEMHbIE  3HaHUS: He
YMEET BBIIENATh TIJIABHOE M BTOPOCTENEHHOE; JOIMYCKAeT
OIIMOKK B OMNpEeAETCHUU MOHATUH, (HOPMYITHUPOBKE TEOPETH-
YECKUX IIOJIOKEHUM, MCKAXKAIOLIUE WX CMBICI; HE OpPUEHTH-
pyercs B HOPMATHBHO-KOHIIENTYaJIbHbIX, MPOrPaMMHO-METO-
JMYECKUX, MCCIEJOBATENbCKUX MaTepualax,  OecHopsIo4HO
U HEYBEPEHHO M3JIaraeT MaTepuall; He YMEET COEAMHSITH TEO-
PETHUYECKHUE TIOJOKEHUS C TENaroru4eckoi NPaKTHKOW; He
yMeeT MPHUMEHSTh 3HaHMS ISl 000CHOBAaHUS U OOBSICHEHUS
(bakToB, HE yCTaHABIMBAET MEXKIIpeIMETHbIE cBsi3u. He Bna-
neeT (pakTHYeCKUM MaTepHaioM.
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