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B coorBercTBHH ¢ [IpaBMnaMu of6ydeHHs N0 MporpaMMaM BBICIIETO oGpasonammj
IporpaMMaM IIOJTOTOBKH HayYHO-IIEJArOTHYECKHX KaJpoB B aclMpaHType, IporpaMMam
OpAWHATYphI, peann3yeMbiM B CaHKT-IleTepOyprckoM rocyaapCTBEHHOM YHHBEPCHUTETE,
yTBEp)KAEHHEIME nprka3oM oT 30.08.2018 Ne 8577/1 (c mocnenyromumH HU3MEHEHHSAMH H
JononaeHusamy), mpukasom or 03.07.2018 Ne 6616/1 «O6 ytBepkaeHun ¢opM Iporpamm
rOCyIapCTBEHHOM HMTOroBoM arrectamuu» (C NOCHCAYIOIUUMH H3MCHCHHAMH H
JONONHEHUAMH) H B LEIAX METOAHYECKOro oOecrmedyeHHs TroCyAapCTBEHHOH HTOroBOHM
aTTeCTAllMH II0 OCHOBHBIM 00pa30oBaTeIbHBIM IporpaMMaM B 2024 roxy

ITPKA3BIBAIO:

1. VTBepauTe mporpaMMmy TIOCYHapCTBEHHOM HTOroBoi#f arrectamuM B (GopMe
TOCYJapCTBEHHOI'0 9K3aMeHa II0 OCHOBHOM 0Opa3oBaTeNbHON @porpaMMe IOArOTOBKH
Hay4HO-NeJaroruieckux kaapoB B acmupanType MK.3017.* «Kierousas ¥ MOJEKyJIpHas
6uonorusny Hanpasienus 06.06.01 Buonoruueckue Hayku (IIpunoxenue Ne 1).

2. VTBepmurs NporpaMMmy TrOCYZapCTBEHHON HTOTOBOHM arrecTanud B (opMe
BBITYCKHOM KBaJM(UKAMOHHOM paboThl 1O OCHOBHOH 0OGpa3oBaTeNBHOH Mporpamme
TIOATOTOBKH HAy4YHO-IIEAarorudeckux kaapoB B acrupantype MK.3017.* «Knetouynas u
MOJIEKYJISIpHAs 6nonorus» HaIpaBJICHUs 06.06.01 buonoruyeckue HayKH
(ITpunoxenue Ne 2).

3. Havansnuky YnpasieHus MapKkeTHHra ¥ MeguakoMMyHuKauuii [llummakosy I1. O.
ofecnieunTs pasMeleHre HacTosIero npukasa Ha caiite CII6I'Y B pasnene «Meroauyeckoe
obecrieuenue roCyaapCTBEHHOH HTOTOBOH aTTeCcTallHH B 2024 TOAy»
(https://edu.spbu.ru/gia/16-normativnye-akty/4 14-metodicheskoe-obespechenie-
gosudarstvennoj-itogovoj-attestatsii-v-2024-godu.html) ne mosxgaee oguoro paGoduero IHA C
JaThl H3JaHKS HAaCTOAIIEro MPHKa3a.

4. 3a paspSACHEHHEM COACPXKAHHs HACTOSINETO NPHKa3a oOpamaTsCs MOCPeNCTBOM
ceppuca «BupryanpHas mnpueMHas» Ha moprane CIIGI'Y x npopekropy mo ydeGHo-
MeToamdeckoif pabore.

5. TlpemnoxeHus 0O W3MEHEHHIO W/HIM MNONOJHEHHIO HACTOAIIEro MpUKasa
lflarlpaBJI;m, Ha aJ[pec IEKTPOHHOM MOYTHI org@spbu.ru. T
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6. KoHTpoJIb 3a HCHIOJIHEHMEM HACTOSAIIEro IPHKa3a OCTaBIAIO 3a COOOMH.
OcHoBaHHe: MPOTOKON 3acedaHusa YueGHo-MeTomudeckod komuccuu mo YI'CH 06.00.00
Buonoruueckue Hayku ot 29.09.2023 Ne 05/2.1/06-03-10.

H.o. npopexropa
1o yye6HO-MeToau4decKoit pabore U M. A. ConoBseBa
247 264 3



IMpunoxernne Ne 1
VTBEPXJIIEHA
npuxa3oM oT1/3.4{ 2023 Ne 4‘/50’//4

IIporpamma rocyzapcTBeHHoi HTOroBoO#i aTTecTanHuM
B (hopMe rocy1apcTBeHHOro K3aMeHa
[0 OCHOBHOIi 00pa3zoBaTe/LHOM MporpaMmMe NOAroTOBKH HAYYHO-IIeAarori1ecKAX
Kxagapos B acnupanType MK.3017 «Kierounasi u MoJieKyJaspHasi 6H0I0rHD»
1o HanpasJjennio noaroroBkn 06.06.01 Buosornyeckue Raykn

yYPoBeHb 00pa3oBaHAs NOArOTOBKA KAAPOB BhicIeli KBaInGuKANHH

1. O6mue nonoxeHns

1.1. TocynapcTBEeHHBIH 3K3aMeH B COOTBETCTBHH C TpeOOBaHHAMM AEHCTBYIOMIErO
00pa3oBaTeNbHOr0 CTaHAapTa IPOBOJUTCA IS IPOBEPKH BHIIOIHEHHS TOCYJapCTBEHHBIX
TpeOOBaHMA K YpPOBHIO H CONEPXaHHIO IOJTOTOBKH BBITYCKHHKOB M YpPOBHA HX
NOATOTOBJICHHOCTH K  PpEIICHHI0O KaK TEOpPEeTHYECKMX, TaK M  NPaKTHYECKHX
po)eCCHOHAIBHEIX 3a1aY.

1.2. Iensio rocygapcTBEHHOTO O5K3aMeHa SB/AETCA ONpeAeNeHHEe YPOBHA
MOATOTOBJICHHOCTH BBIIYCKHMKOB M IpOBepKa C(HOPMHPOBAHHOCTH KOMIICTECHIHIHA,
IIPEAyCMOTPEHHBIX Y4eOHBIM IUIAaHOM OCHOBHOM o00pa3oBaTeNbHOH NporpaMMbl B
COOTBETCTBHH ¢ TpeOOBaHUAMHM AeHCTBYIOIEro 00pa3oBaTeIbHOrO CTaHAapTa.

1.3. O6beM rocynapcTBeHHOH HTOroBo#l arrecTamuu, y4eOHBI NEpHOJ H CPOKH
TOCyJapCTBEHHOH MTOroBOM aTTecTallMd YyKa3aHHI B aKTyalbHOM Y4YeOHOM IUIaHE H
KaJIeHIapHOM y4e6HOM rpaduke.

1.4. SI3pIx mMpoBeNEHUA rOCYAapCTBEHHOTO 9K3aMEHa: PYCCKHId.

2. [TepeyeHp MpHMeEPHBLIX BOMPOCOB, BBIHOCHMBIX Ha roOCyJapCTBEHHBIH YK3aMeH,
OLIEHOYTHBbIE CPEeACTBA (BHABI H NPUMEPHI KOHTPOJILHBIX 3aXaHuH)
2.1. IlepeyeHs IpUMEPHEIX BOIPOCOB, BHIHOCHMBIX Ha FOCYJapCTBEHHBIN SK3aMeEH:

bunodmnsuka
TepMoauHamMuka 6HOIOrHYECKHX MIPOLIECCOB.
THNBl  TEpMOAMHAMHYECKHMX  CHCTEM. buocucteMsl  KaKk  OTKPBITBIE

TEpMOJMHAMMYECKHE CHCTEMBL. TepMoIMHaMHYecKHe (QYHKIHH COCTOAHHSA CHCTEMEI.
ITepBblit 3aKOH TEPMOAMHAMHMKH H €ro MPUMEHHMOCTh K OmocucremaM. TemsoBoit Gananc
opraHu3Ma. BTopoii 3aKOH TePMOAMHAMHKH H HampaBlIeHHE OHOJOTHYECKHX IMPOLECCOB.
CsoGoguas sneprus u pabora. CrarucTadeckuii cmpicn 3HTponmu. IIpasuno ¢as I'm66ca.
OCHOBHBIE IIOJIOXEHHSA TEPMOJMHAMHKH HEOOpaTHMBIX IIpOLECCOB. TE€OpHS IOTOKOB
Onzarepa. DHTpOImUA OTKPBITOM CHCTEMBI U e m3MeHeHHe. CTalMOHapHOE COCTOSHHE.
Teopema IIpuroxuna. YcroiunBoe M HEYCTOHYHMBOE CTAlHOHAPHBIC COCTOSHHS CHCTEMEL.
TepMomnHaMHYecKas TEOPHUS POCTa U pa3BUTHA OpraHu3MoB [Ipuroxuna-Buam.

CTpyKTypHas oprau3anus H cocTaB GHOJIOrHYECKHX MeMOpaH.

Mem6pannple  Januael.  XUMHYecKHe cBoicTBa. JKHPHOKHMCIOTHBIA  COCTaB
MeMOpaHHBIX NUNKIOB. TEPMOTPONHEIA ¥ JHOTPONHBIH MesoMopdu3M ymmuaoB. Cocras u
cTpykTypa MeMmOpanueix Genkos. Tomorpadus MemOpaHHBIX OenxoB. benox-THNHAHEBIE
B3auMozelicTBuss B MeMOpane. Crenuanu3upoBaHHblE YIOPANOYCHHBIC JIHNHAHBIE
MHKpPOAOMEHEI B MeMOpaHe (padThl): poiib B IIponeccax BHYTPHUKICTOYHOH CHIHATH3ALNH.
CTpyxTypHO-(pyHKIMOHAIBHAS OpraHu3anus MeMOpaHbl 3pHTPOLIHUTOB. MakpoMOJIeKy IApHEIE
OeNKOBbIE KOMIUIEKCEI B MeMOpaHe 3SpHUTPOLMTOB. BepTHKalibHBIC M TOPH3OHTAIBHEIE
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B3aMMOJICHCTBHA B MeMOpaHe 3pHTpOLHTOB. HaciienCTBEHHbIE I€MOJIMTHYCCKHE aHEMWH,
CBSI3aHHBIE C HAapYIIEHHEM CTPYKTYphI M QYHKIHUH MeMOpaHEI SPHTPOLIATOB.

JuHamMugeckas CTpyKTypa MeMOpasH.

Qa3oBble IepexoApl JNHNHAOB B MeMOpane. TepMoauHaMHUYecKHe I1apaMeTphi
¢a3zoBeix mnepexonoB. MoHHble kaHambl OHCNOMHBIX MUOUAHBIX MeMOpaH npu ¢azoBoM
nepexone. Pacder pasMepoB THNUAHBIX JOMEHOB IpH (ha3oBoM mepexoze. Teopun ¢a3oBoro
nepexoga. HickyccTBeHHble MeMOpaHHBIC CTPYKTYpHl H IEPCHEKTHBBl HMX NPaKTHYECKOI'O
npuMeHeHHs. CBs3p Mexay (a3oBBIM COCTOSHHEM JIMIMIOB H ¢yHKuMed MemOGpaH.
H3MeHenre IMIMIHOTO cocTaBa. AanTamus.

Tpancnopr BelecTB yepe3 MeMOpPaHEIL.

IlaccuBHBEIE TpaHcmoOpT BewecTB uepe3 MeMOpaHy. TpaHCIIOPT HOHOB 4Yepes
MeMOpany. dnexTpoaudy3HoHHAS TEOPHA TPAHCIIOPTA HOHOB Yepe3 MeMOpaHbl. Y paBHEHHE
anexktpoanddysuun Heprcra-Ilnanka. IIpuGmmxenwe mnocrosHHoro mons [onbaMaHa.
HoHHBII TpaHCIOPT 4Yepe3 celieKTHBHbIe KaHaiuel OmomeMOpad. TpaHCIOPT B OTKPHITOM
KaHane. TeopHs CENeKTHBHOCTH. TpaHCIOPT HMOHOB 4Yepe3 Bo30yaumble MeMOpaHBIL.
INotenuman mokos u ero npupoma. Vonnele mnoTokd B Bo30yaumoi MemOpanre.
Maremarnyueckas Mojenb MeMOpaHbl HEpPBHOrO BOJOKHA XoJkkuHa-Xakcmd. HM3mepenne
TOKOB HOHHBIX KaHAJIOB METOIOM JIOKaTbHOM (ukcanmu moTeHnuara Ha MemOpane (patch-
clamp method).

CrpykTypHO-GOYHKIIMOHAIBHAS OpraHu3als, (papMakoIOrHiecKue XapakKTEpHCTHKH H
MEXaHU3MEBI PEry/IUH HOHHBIX KaHATOB MeMOpaH.

CynepceMeHCTBO  NOTEHUMAN-3aBUCUMEBEIX  KaHanoB. CeneKkTHBHbIE  QHIBTPHI
IOTEHIHA-3aBUCHMBIX HOHHBIX KaHaIOB. MozeNb CKONb3sIIeil MM Bpalarolmeiicss Criupain
paboTsl ceHcopa HampspkeHMs. Nat-kaHanbl. KanweBble kaHambl. KanbunueBble KaHambl
Xnopuetle  KaHausl.  CymepceMeMCTBO  JIMTaHI-YNpPaBIfeMBIX  HOHHBIX  KaHAIOB.
[lerTamepHBIE, TETpaMepHbIE H TPUMEPHBIE KaHaNbl. KaHajbl, ynpasiseMble UKIAYECKUMH
HYKJIeOTHIaMH. Monynauns akTHBHOCTH MOHHBIX KaHalOB (apMaKOJIOTHIECKHMH arcHTaMH,
TOKCHHAMH, pa3JIHYHBIMM CHCTEMaMM BTOPHYHBIX IIOCPEIHHMKOB. OBOJIONHS HOHHBIX
kaHaoB. [TaTonorns HOHHBIX KaHAJIOB.

MexaHn3MbI BHYTPHKJICTOYHOH CHIHAIH3ALHAH.

OCHOBHBIE IIPHHIHMIBI BHYTPHKJICTOYHOH cHrHamM3auuH. [lepBHdYHbIE M BTOPHYHBIE
MecceHmKepsl. Peuentopsl u 3¢ dexTopsl. B3amMonelicTBue u B3auMmoBiHsAHHE (crosstalk)
Pa3sIMYHBIX CHCTEM BTOPHYHBIX NMOCPEIHHKOB. CTpPyKTypHO-QYHKUMOHAIbHAS OpraHH3allHs
MeMOpaHHBIX penenTopoB. CynepceMeHCTBO NHraHA-YIPaBIAEMBIX PEUENTOPOB-KAaHAIOB.
CynepceMeiicTBO penienTopoB, cBa3aHHBIX ¢ G-6enkamu. ['eTepoTprMepHBIE H MOHOMEPHEIE
G-6enku. CTpyKTypHO-QYHKIHOHAIbPHAS OpraHW3alMsi CHTHAJILHBIX CHCTEM B KIETKaX.
AJlCHUIATHHKIA3HEIH MyTh nepepavyd HH$opmanuu. PochOMHOZUTUAHBIA HyTh NEpefavyd
CHTHaIa. ApaxuIOHOBas KHCJIOTA M €€ IMPOIYKTHI: yJacTHe B IpoLleccaX BHYTPHKICTOYHOH
curHammu3anuyn. JKMpHBIE KHMCIOTHI W MOZYNALMS AKTHBHOCTH MOHHBIX KaHAJIOB.
TuposuHkHHa36I ¥ THpo3uHocdaTaspl. Pementopbl ¢ THPO3MHKHHA3HOH aAKTHBHOCTBIO.
HepenentopHsle THpO3WHKHHA3BL THposmH(pochaTasbl. Momymauus aKTHBHOCTH HOHHBIX
KaHaJIOB THPO3WHKHUHA3aMH M THpo3uHbocdaTazamu. I'yaHHnIaTUHKIa3Has CHCTEMA.

Mexanu3mbl Ca2-+-CHrHaJIM3alMy B KICTKaX.

Ca2+ - yHHBepCaIbHbI BTOPHUYHEINA MecceHKep. MexaHusmbl MoOmmsanun Ca2+
M3 BHYTPHKJIETOYHBIX nemo. Ca2+ - Ieno MbIIEYHBIX KIETOK. PHaHONMHOBEIE PELENTOPEI.
Ca2+-meno HeMEBIMEYHEIX KIeToK. IP3-penentopsl. Mexann3msl Bxoza Ca2+ B KIeTKH. THIIBI
H CTPYyKTYpHO-QYHKIMOHANBHas OpraHM3allis MNOTCHIHan-3aBHCAMBIX (Ca2+-KaHaloB.
Mexanun3mel Bxona Ca2+ B HeBo3OyauMele KiIeTKH. Jleno-3aBucuMeit Bxog Ca2+ B KIETKH.
Monemn neno-3aBucuMoro Bxoma Ca2+ B wierku. [lemo-3aBHcuMBle Ca2+-KaHaBL
dyHKIMOHANBHAA POJIb Aerno-3aBucuMoro Bxoaa Ca2+. Bo3MoxHas pojib A€IO-3aBHCHMOIO
Bxoaa Ca2+ B pa3NHYHBIX NATOJOIHYECKUX MpoLEcCax.

Papuanuonnas 6uodusuka.
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PapgnoaktBHOCTb. OCHOBHBIE JO3MMETPHYECKME BEIMYMHBI M HX EOMHHIBI
u3mepeHus. Ilormomenue SHepruM HOHM3MPYIOIMX H3MydeHmH. O6imydeHHe OpraHH3Ma.
OcHoBHBIE NPHHIMNEI B paguobuonoruy. IIpsMoe geficTBue HOHM3UPYIOIIETO H3TydeHHsd Ha
Omonornueckue o0wexThl. HempsMoe pelicTBHE HMOHM3HDYIOMIETO M3Iy4eHHMs. Peaknus
KJIETKH Ha JeiicTBHEe MOHHM3MpyIomed paguauud. MexaHn3mbl rubemd oGIydeHHBIX KIIETOK.
HeticTBue Manbix 103. Peakuus opraHnsmMa Ha AeHCTBHE palHallMH.

Monexynapras 6Hodpu3uKa.

Konpopmaimonsnas 5HEprus M IPOCTPAHCTBEHHAas OpraHu3ans OHOIOIMMEPOB.
JuHamMpyeckas NOIBHXXHOCTb MAaKpPOMOJEKYN. ONEKTPOHHBIE CBOHCTBA OHOMOIMMEPOB.
OGpa3zoBsaHue MOJEKYJISIPHEIX KOMILIEKCOB. AJLIOCTEpHYECKHE B3auMozeHcTBHs. Bruodusnka
(epMEHTaTHBHOI0 KaTayms3a.

[ocynapcTBeHHEIM 3K3aMEH BKIIIOYAET KOHTPOJIBHBIE 3a/JaHMs B BUIE TECTOB.

IlpuMepsl KOHTPOJIBHBIX 3ajaHuil (TecTa): HpuBeAeHH! MO 3 Bompoca U3 IBYX
BapHaHTOB TeCTa:

Tect Nel

1. Bce WOHHEIE KaHaIBl, BXOAMIOME B CYNEPCEMENCTBO IMOTEHIHAI-3aBUCHMEIX
HOHHBIX KaHAJIOB, HMEIOT CICAYIOIIHE CTPYKTYPHEIE 3JIEMEHTHI:

a. CCHCOp HallpsDKECHHUA;

6. IoMeH, oOanaromui THPO3HHKUHA3HONH aKTHBHOCTBIO;

B. CEIEKTUBHEIN QUIBTD.

2. B HeB030ynuMBIX KileTkax Bxox Ca2+ B KJIETKY OCYIIECTBILIETCS COTTIACHO:

a. MmozeH XomKKHHa-XaKCIH;

6. Ieno-3aBUCUMOMY («EMKOCTHOMY») MEXaHU3MY;

B. MOJIEJIH (IIAPHK HA LETI0YKe ),

3. Beibepure ¢axkTOphl, BIHAIOMME HA TEMIIEPATypy TEPMOTPOMHOro (a3oBoro
nepexoja JUIHIOB!

a. JUIMHA )KUPHOKHCIIOTHOH LIenH;

0. KOJIM4ECTBO NBOWHBIX CBA3EH B )KHPHOH KHCIIOTE;

B. HamHane $ocHOHHO3UTONBHOM IPyIIIb;

TecTNe2

1. BeiGepure M3 CIMCKa KaHAIBI, OTHOCAIIMECH K CyNepceMEiCTBy JMraHj-
yIIpaB/ISI€MBIX PEECITOPOB-KaHAIOB:

a. HUKOTHHOBBIH alleTHIIXOJHHOBBIA PELIEIITOD;

6. rmyTamaTHBI peLenTop;

B. 10paMHHOBBIN penenTop.

2. Mobunusauus Ca2+ u3 zeno B HeBO30YAUMBIX KJIETKaX IPOHCXOIMT € YIaCTHEM:
a. penenTopoB uHo3uToNTpHOChara;

6.IJIMIMHOBEIX PELENTOPEI;

B. PEUENTOPOB cArma-1;

3. CymecTBYIOT ClIEAYIOINHE IIyTH OKUCIIEHHUS apaXxHJOHOBOM KHCJIOTEI B KJIETKE:
a. I'yaHWIaTIUKIIa3HEIH;
0. afeHIIATIUKIIA3HbII;
B. IIHKJTOOKCHI'€Ha3HBEIIA.
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MouexyaspHas Onosorns:

Pemmkanus JTHK.

Penmukamus y npoxapuor. JHK-momamepasa KopaGepra. @parmentsi Oxasaku.
MyranTel 1o pemmkauud. WHunmamus permmikamud. Benku, B3amMopeiicTByromme ¢
opumkuHoM, MX QyHkumu. ITorpebnocts B PHK-mpalimepe mpu pemmkanuu. Ydactme
TPaHCKPHUNLIMOHHBIX (pakTOpOB B HHMUMAUWM perumkanuu. [IpaiimMocoma, ee cocras,
¢bynxuuu komnoHeHToB. CyOneaunuunbil coctaB JJHK-nomamepaswr III, xapakrepucTrka
cybbenuauu. Bmnka perumxanmn. Tepmunanus perumkanuu y E. coli. MexaHusmel,
ofecrieunBalOIINe TOYHOCTD PEIUTHKAIMK. Peryiaiua HHHUIHAIMA peIUIHKaluy Y GaKTepHit.

Perumkamus y »ykapuor. OpraHm3anus TI€HETHYEeCKOro MaTepHana 3yKapHoT.
XpoMaTHH-PEMOACTHPYIOIIME KOMIUIEKCEL. JYyKapHOTHYECKHE OPHIDKHHBEI H IpPOGIEMEI,
CBA3aHHBIE C HX HAeHTUQMKaNWeH W XapaKTCPHCTHKOH.  ArS-IIOC/IEOBAaTENbHOCTH Y
OpoXOKeH, NX CTPYKTypa, MyTallMOHHEBIH aHamn3. OpHIDKHHEL BUPYCOB. OpHIKHUHEI BBICIINX
sykapuoT. Jykapuorudeckue HK-nomumepassl. Opranu3anus 3yKapHOTHYECKOW BHIIKH
pernkauun. TomomsoMepassl 3ykapuoT. Kiterounsnii i u perynsnus pervmvkamma JIHK.
Munopnsie JIHK nomumepassl sykapuor. Hcnpasinenue omm60oK pemMKanyy.

TpaHCKpUIIIMSA U peryisuus 3KCIPECCUH FeHOB Y MIPOKAPHOT.

Tpanckpurmus y npokapuor. OnepoHHas OpraHH3alMsi FEHETHYECKOTO MaTepHana
npokaproT. aumuanmusa tpanckpunuun. bakrepuansasie nmpomotopsl. PHK-nommmepasa E
.coli. Perymamms sKkcmpeccHH TeHOB 3a CYET CMEHHBIX O-CyOBEOWHHIN. OJIOHralUs
TpPaHCKpHUNUMH, Oenku, B3aumopeicrByomme ¢ PHK-mommMmepasoif B XoAe 3JIOHrauuH.
Tepmunanus Tpanckpurnumy. Tumel OakTepHaNbHBIX TepMHHATOpoB. Rho- He3aBHcHMas
tepmuHaiusg. Pakrop Rho um ero poms B TepMuHamum TpaHckpunuwmu.Koopmunamms
pEILIHKAIMH ¥ TPAHCKPHIIIMH Y IIPOKAPHOT.

Perynaumus SKCIpeccHH T€HOB y IpOKapHOT. I'eH-perynsrop lac-omepoHa u ero
npoaykT. Pasmuunsle tunel Mytanuit B reHe lacl. Omepartop u ero crpykrypa. CpolicTBa
MyTallfif B OIIEpaTOPHOM ydacTKe. SIBleHHe roko3Hol perpeccun y E. coli. benok crp, ero
bynxmpm. Perymanms skcnpeccmm lac-omepoHa M IpyruX KaTaGOJHTHBIX YIJIEBOAHBIX
onepoHOB (ara, bgl) kak pesynbTar OOBEIMHEHHS HEraTHBHOM ONEPOHOCHEIUPHUYIHON H
IO3WUTHBHOH HANONEPOHHOU cxeMbl perymanud. CTpykTypa trp-omepoHa, FeH-peryiasaTop H
ero INpOAYKT, OmepaTrop, pois Tpunroana B akTHBalMH Oenka-penpeccopa. Perynaunuu
9KCIIPECCHHA TPHUNTO(AHOBOIO ONEPOHA U JPYTHX ONEPOHOB OHOCHHTE3a 3a CYET MEXaHH3Ma
arreHoanuu. Mcnonp3oBanue anTHcMBbICHoBEIX PHK s perymdmum sxcnpeccHd IeHOB Y
Gaxrepmii.

Perynauus pasButHs ¢ara. SIBneHHe aHTHTEpMUHAIINM TPAHCKPHIIHH.  Beiku
perynsropsl cl u cro.

TpaHCKpHIILMA y YKapHOT.

PHK-momumepassr I, II, III, ux cyObegwHWYHEIY cocTaB H  (QyHKIHH.
Muroxouapuansias PHK-momumepasa. Opranm3amus IIPOMOTOPOB pa3sHBEIX IOJIMMEpas,
KOHCEpBaTHBHbIE H BapuaOenbHple JJIEMEHTH NPOMOTOPOB. MOIYNBHEIA NPHHIHII
OpraHM3allil  3YKapHOTHYECKMX  IPOMOTOPOB. TpanckpunuuoHHEle  (GaKTOpEL,
B3aumozeicTeyromue ¢ npomoropamu PHK-mommepas I, II, III. Ilonarne o GasampHBIX
TPaHCKPHIIIMOHHBIX ¢(akTopax H Oenkax-akTHBaTopax. 1epMHHAUUs TPAHCKPHIIIMH Y
9YKapHOT.

IMocTTpaHCKpHIIIHOHHAS MOAX(HUKAIHS IEPBUYHEIX TPAHCKPHUIITOB.

Co3peBaHre INPOKAPHOTHUECKHX M DYKAPUOTHYECKHX IEPBUYHBIX TPaHCKPHIITOB,
Mexanusmel Mogudukanun PHK. PegaktrpoBanne TpaHCKpunToB. Mo3andHas opraHu3anuu
9YKapHOTHYECKHX TIeHOB. PacnpocTpaHeHHEe MHTPOHOB Yy NpPEACTaBHUTENECH pasHBIX
cucTeMaTHIecKuX rpymi. Kiaccudukanus HHTPOHOB U THIIOB CIUIAHCHHTA.

Cmnadicuar Ttpancmoptaeix PHK sykapuor. Xapakrepuctuka TPHK-HHTpOHOB,
peaknMH CIUTalicHHra, obecneumBaromue WX ¢epMeHTH. [€HETHYeCKHMH KOHTpOJb
cruaiicuara TPHK.
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Crnaiicuar Matpuunsix PHK sykapuor. Xapakrepuctuka MPHK-uHTpoHOB, peakuuu
caiicuara. Poms Mameix spepHbX ypammnborateix PHK B peakmuax cruraiicuHra.
CnuadiceocoMa. benky crunaiiceocoMsl, HX GYHKIHH. ABTEPHATHBHEL CIACHHT KaK OIMH
M3 3TAlOB PETYJIAINH SKCIIPECCHH FEHOB Y SYKapHOT. SIBJIeHKe TpaHCCILIaiCHHTa.

Cospesanue pubocomusx PHK u popmupoBanue cyobeqMHAL pHOOCOM Y 3yKapHOT.

ABTocmmaiicHHr. PacnpocTpaHeHHe W KJIACCHQHKanMs aBTOCIUIAHCHPYIOMHUXCS
uHTpoHOB. CTpyKTypa M MEXaHU3M BBINEIUIEHHS MHTPoHOB | THma. ABTO- H
rerepokatanuTudecke cpoiictBa MHTpoHHON PHK. Ilonatme o pubosume. Marypassl H
Apyrue 6eNnKH, y4acTBYIOIINE B CIUTAMCHHIe MUTOXOHIPHAIBHBIX TpaHCKpHITOB. CTPYKTypa
uHTpOHOB II THIIa M MeXaHH3M HMX BHIIEIUIEHAA. DBOJIONMOHHOE POACTBO HHTpOHOB II THIa
# narponoB MPHK. Mo6unsaocts nHTPoHOB I ® II Tuma. MuTpons! III THma. TBUHTPOHEL
I'mnoTe3s! 0 NPOUCXOMIACHNH HHTPOHOB M MX 3BOJIOLHH.

Perynsauus sxcrpeccus reHOB y 3yKapHoT.

TpaHckpuIIMA M CTPYKTypa XpoMaTHHA. PerynsaropHeie mociieIoBaTelbHOCTH, HX
CTPYKTYpa H JIOKaIH3alMA. DHXaHCEpHl, cailileHcephl BhICIIMX 3ykapuoT, UAS m URS-
HOCHECJOBaTeNbHOCTH  Apoxokel. UHcymaropel.  bBenkm, B3amMozedcTByrompe C
perynsTopHeIMH  mocnenoBarenbHOCTAMH. OcHoBHble THnbl JJHK-cBaspBaromux |
aKTHBAPYIOIIMX  JOMEHOB JYKApHOTHYECKHX  peryisaTopHeix OenkoB.  [Ipumepsl
HaJBTOpHYHOM CcTpYKTYphl JJHK-CBA3BIBaIOIMX JOMEHOB GEIKOB-aKTHBATOPOB.

Perynsuuu 3KCIpecCHH FeHOB y 3YKapHOT ¢ IIOMOIIBIO Maibix Hekoaupylommx PHK.
SBnenne PHK-untepdepenumu: mi- u siPHK y XuBOTHBIX M pacTeHmil, ux OuoreHes u
¢ynkuu. RISC u RITS xoMIuteKcs.

Tpancnsmus. OcHOBHEIE KOMIOHEHTHI ammapata TpaHcisiuuu: TPHK, amuHoammi-
TPHKcuHTeTassr, pubocoma, OenkoBble (akTopbl TPaHCIANMH. Y HHBEPCATBHBIN
TEHeTWYEeCKHH KOO M OTKJIOHEHHS OT Hero. I[IpuHIMNBI B3aMMOACHCTBHSA KOAOHOB H
aHTHKOZOHOB. Moaupukanus HywreotnnoB TPHK u ee ¢yHKkumOHanbHOE 3HAYCHHE.
Crpykrypa amunoanuia-TPHKcHHTETa3, MEXaHH3M peakHH, peAaKTupyromas QyHKIHA.

Tpancnanua y npoxkapuorT. VHMnuanus TpaHCIALMH: HHHOUMPYIOIIHE KOMOHEI,
ununuupytomas TPHK, Genkosrle dakropsl waumuammu. Pone 16S pPHK B mHunmaunun.
Vaunuupyromuit KoMIulekc. OioHranus. benkoBble (akTOphl JIOHTalMH y NPOKApHOT.
Pu6ocoma: Gonpmas ¥ Manmas cyOuyactuuma puGocomsl, pPHK, Genkm, ¢yHKIMOHANIBHEBIC
caiftel pubocomsl. PuGocomubldi nuki. TepMuHAmUsS TPaHCIAIMH: TEPMHUHHPYIOIME
TPHILIETHI, 6eKOBbIe aKTOPH TEPMHUHALIMH.

Tpascnanus y asykapuor. Oxcmopr MPHK u3 sanpa. MHunuanus TpaHCISIMH:
HHHLMHpYIOIMEe KoNoHbI, uHMIuMHpyomast TPHK, OemkoBeie ¢akTopel HHHLIMALHUH.
OykapuoTHdeckas pubocoMa. DyoHranus. bBenkoBble (akTophl JJIOHTaNMH. TepMHHAIMS.
benkoBble pakTophbl TepMuHanuH. Mexanusmel gerpaganuu MPHK B nutonnasme.

I'ocyzapcTBeHHEIH 9K3aMEH BKIIOYAeT KOHTPOJIBHBIC 3a/1aHHUs B BUAE TECTOB.
ITpuMmepsl KOHTPONBHBIX 3ajJaHMii (TecTa): NpHBEeAEHH! IO 3 BOIpoca H3 IBYX
BapHaHTOB TECTa:
TectNel
1. Kaxwue u3 nepeuncneHHbIX pepMeHTOB yyacTBYIOT B permkanau JJHK nmpokapuot?
a) JHK-nonmumepasa I
6) JHK-nonumepasa III
B) 'enukaza

2. Kakoe U3 cieqyomux yTBepaeHuit o TeoMepase BEpHO?
a) tenomepasa — 310 PHK-3aBucumas PHK-nomamMepasa
6) Tenomepasa — 510 PHK-3aBucumas JJHK-nommepasa
B) Tenomepasa — 510 JJHK-3aBucumas PHK-nonumepasa
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3. Kakoe u3 yrBepxnennii o puboszumax BepHo?
a) pu6o3uM — 310 PepMeHT GEeNKOBOH MPUPOIBI
6) pu603UMBI — 3TO NOIMPHOOHYKISOTHIBI
B) puOO3HMBI HE HMEIOT aKTHBHOI'O LIEHTPa

TecTNe2
1. VyactHHKaMu npouecca TPAHCISIUA SBISAIOTCS
a) amuHOUMNI - TPHK
6) npe-mPHK
B) 23S pPHK

2. Kakas n3 ¢popm THK obOnanaeT 9yBCTBHTENBHOCTBIO K OJJHOHHTEBOU 3HIOHYKIEa3e?
a) B-popma
6) H-dopma
B) Z-popma

3. Kaxue u3 pepMeHTOB MaTPHIHOTO CHHTE3a He TpeOYIOT 3aTpaBKu?
a) JIHK-nommmepasa I
6) JHK-nonmumepasa III
B)oOpaTHas TpaHCKpHIITa3a

buoxumusn:

YPpOBHH CTPYKTYpHO# opraHn3anuu Oeka.

JloMeHHI B Mopxymm roOymsapHEIX GenkoB. OmuromepHile Gemxu. Camoc6opka
CyOBEeNMHHI: OCHOBHBIE THIBI CBA3edl MexIay CyObeAMHMOAMH M THUIOBl CHMMETPHUH
OJIMI'OMEPHBIX 0€KOB.

Henarypaius u ¢onauHr GeNKoB.

Tepmomunamuka © KuHeTHKa JAeHarypanud. @onauar GenkoB in  vitro.
KoMmnsiotepHoe MomenupoBanne ¢onauara. Kunerndyeckuit aHanu3 ¢onamara cTpyKTypHO-
TOMOJIOTHYHBIX mnpoTeHHoB. Hsp70 cucrema manepoHpoB (DnaK, DnaY, GrpE).
MlanreponoBas cucreMa Hsp700Hsp90. OcHOBHBIE cTamgud KOTPaHC/ILIMOHHOH H
HOCTTPAHCIAUOHHOM TpaHCIOKanmuk cekperopHeix OemkoB. Illamepormusr  Hsp60.
CxnagpiBanue 6€NKOB B 3aMKHYTOH MOJIOCTH. KOTpaHCIAMOHHEIHA (HOIAMHT ONHIIENTHIOB B
IIUTO30JI€ DYKApHOTHIECKUX KieToK. Donaasbl.

OH3UMOJIOTHA.

QepMeHTaTHBHEIE W He(pEepMEHTaTHBHBIE XHUMHWYECKHAE pEaKIMd B OpraHu3Me.
Xumuyeckas mnpupoga ¢epMentoB. Tumel peakmuii, KaTaIH3HPYEMBIX (epMEHTaMH.
Knaccudukanus n Homenxnarypa ¢epmenTos. Kuaernka Muxaemaca-Merntes. Km u Vmax.
IMocrynatel Muxaenuca. Biusune ¢pakTopoB cpeisl Ha CKOPOCTh pEpMEHTATUBHEIX PEaKIHiA.
IMomudpyakumonansHeni Karamus. OmnpenencHHe NOHATHA AKTHBHBIM HeHTp. [IpuHNWMIIE!
OpraHM3alli¥ aKTHBHBIX LEHTPOB (epMeHTOB. DakTophl (EpPMEHTATHBHOIO KaTaiu3a.
MexaHHU3MBI peryJIAIUA CKOPOCTH (PepMEHTaTHBHBIX PeaKLnH.

broxumus munuoB.

OGmas xapaxTeprcTHKa TUIMI0B. OCOGEHHOCTH CTPYKTYPhI H (DPH3UKO-XAMHYECKHE

cBoiictBa  numuAoB. Am¢pudpmwibHOCTh.  JKWpHBIE — KHMCIOTBL,  CTPYKTYPa,
knaccudukanud. OcoGeHHOCTH KMPHOKHCIOTHOTO COCTaBa Pa3IMYHBIX JHNUAOB. BiusHue
XKHUPHOKHCIIOTHOTO COCTaBa Ha (U3MKO-XHMHYeckue cBoiicrBa MemOpan. CTpoeHme H
Ononoruveckue (QYHKIMH TPHLIHUOEPUIOB M BOcKoB. Dochommmumel. OcoGeHHOCTH
CTPYKTYPBI, OCHOBHEIE (DPU3HKO-XMMHUUYECKHE CBO¥cTBa. IIOHATHE O MOJEKYISPHBEIX BHAAX
¢dochomumupoB. [nuxonmumupasl. CrTpoeHHe, >XKAPHOKMCIOTHBIA COCTaB, JIOKAIH3alHUA,
dyHkumoHanbHad pob. OCOOEHHOCTH  CTPYKTYPHO-GYHKUMOHAQIBHOH  OJpraHH3aluy
MHKpOJOMeHOB MeMOpaH (“rafts”).



buoxuMHuS yTriIeBOIOB.

CrpyxTypa ¥ QyHKIMH MOHO, OJIUTO H IIOJMCaxapuIoB. I mKkonpoTenHsl. buocunTe3
acriaparMH-CBA3aHHBIX OJIMIOcaxapuoB. broyorudyeckas poib INIMKO3WIMPOBAHHSA OEIIKOB.
Ocobennoct O- u N-rimuxosmmpoBaHdsa. MHorooOpasue akTHBHBIX GOpM CaxapoB M HX
y4yacTe B OHOCHHTETHYECKHIX IPOLIeccax.

ITyrn meTabomm3sma.

OcobennocTn Merabonmu3Ma a30T-COAEPXKAIMMX COeqUHEHHMH. 3aMEHHMEIE H
He3aMEHHMble aMHHOKHUCIIOTEL. O6pa3oBaHre 6GHOJIOTHYECKH aKTHBHBIX BEIIECTB B IIPOIECCE
KarabomM3Ma aMHHOKHCIIOT. TpaHcaMHHHpOBaHHeE, Je3aMuHHpoBaHHe. OGe3BpeXHBaHHE H
BHIBeZIcHHE aMMHaka. LIuiu1 cHHTe3a MOYeBMHBL bHocHHTe3 M KaTaboJmM3M HYKJICOTHHOB.
Mera6omu3m yrireBomoB. I'imkomus, rimokoHeoreHes, neHro3odochaTHeni myTs: cy6CcTparsl
H TPOMEXYTOYHBIE NPOMYKTHI, peryminusa. JIMOHOel KaK SHEPreTHYECKHE BEINECTBA.
Tpancnopr NHNHIOB MeXIy IEYEHBIO M XUPOBOH TKaHbIO. OTIOXEHHE XHPOB B 3amac.
Okucnenve W OMOCHHTE3 XHUPHBIX KHCIOT. Perymsaums obMeHa nHIMOOB B OpraHH3Me.
KeronoBrle Tena, ux o6paszoBanue 1 3Ha49eHME. KeTo3, keToHEMHUS.

Buosnepreruka

Maxkpospruueckue coenuHeHnsd, ux Kiaccudpukamus. Poms AT® B 6moxmMmyeckux
nponeccax. buocuHTes AT® (okucimtensHoe M cybcrparHoe ¢ochoprIIpoOBaHHE).
Bo3HHKHOBEHHE IpOTOH-IBHXYymeH cuisl. KouBepcus ¢opM 3SHEprud B OpraHu3Me.
OxucnurensHOe ¢dochopumpoBanue. Hoxkazarenncrea rumore3sl  Muryenna.
OxucnutensHsle npoueccsl B opraHu3max. Pomb kucnopona. Llenmu mepeHoca 37EKTPOHa.
AxTHBHBIE ¢$OpMBI KHcIoOpona. MemOpanHBI TpaHCOpT. MoeKyispHas OpraHH3alHs.
MexaHH3MBL

MornexynspHble MEXaHH3MBI KOITHPOBAHUSA ONHHYKJICOTHIIOB.

Tonumopdusm Bropuunsix crpykrtyp HHK (B-, A-, Z-, H-dopmsr). CsolicTea
KONbHEBhIX KoBaleHTHO3aMKHYTHIX JHK (cymepcrmupamusauus JHK). Tonomzomepassl,
CBOMCTBa U MEXAHU3M JeHcTBHA. MoJIeKy ISpHbIe MEXAHU3MBI PEIUIMKAHM PO~ H 3YKapHOT.
DepMEeHTaTHUBHEI ammaparT peIUIMKaldd, mnpaiiMocoma, pemiamucoma. OcobGeHHOCTH
peIUmKauy TenoMep. MonexynasdpHble MEXaHW3Mbl TPAaHCKDHIILMH IPO- H IYKapHOT.
Ocobennoctu crpoenns PHK-nomumepas. OCHOBHBIE 3Talbl TPAHCKPUNUMH. Perynasuus
TPAaHCKPUIIAHA Ipo- H dyKapHoT. CTpyKTypa M ME€XaHH3M JCHCTBHS TPaHCKPHIIMOHHBIX
¢akropoB. Ilpoumeccunr TPHK, pPHK, npo-MPHK, co3peBanme 5' ® 3'-KOHLOB,
ayTOCIUIAMCHHT, JOKa3aTeNnbCTBO ¢epMeHTaTUBHBIX cBoiictB y pPHK TerpaxmMens:
(pubo3umubli KaTanu3). MonekynspHsle MexaHH3MBI o6paTHOM Tparckpunun. CHCTEMEI
pectpuximu ¥ Mogudukanuu JJTHK, ux poss B 9BOMONUH.

buocunres Genka

Oco6GeHHOCTH TIEPBUYHOM, BTOPHYHON ¥ TPETHUHOH CTPYKTyph! TpancnopTtHeX PHK
(TPHK). Ocuoennie ¢ynxkupmn TPHK. IIponeccurr TPHK. CrpoeHue m coctaB pubocom
IPOKApHOT ¥ JyKapuoT. VIHMIMANKs U TepMHHAUMA TPAHCISUMM Kak MOAU(HIHpPOBAHHEIE
BApHAaHTHl LMKJIA SJIOHrAlMH. OJOHraHs TPaHCIAIMH. beikoBble (akTOPHl 3JIOHralMH
tpanciauun (EF-Tu, EF-Ts, EF-G). Peakuus Tpancnentuaauui. TpaHCnoKalmsa pubOCOMBL
Junamudeckoe IepenporpaMMHIpOBaHIE TPaHCIIALHH (mepexoaupoBaHHE):
3aIpOrpaMMHPOBAHHEIM CHBHT PaMKH CUMTHIBAHHS, «IPHDKKH» PHGOCOMBI, BKIIOYEHHE B
NOJHIENTHAHYIO LEelb OCTaTKOB CENEHOUMCTEHHAa W MHPPONU3HWHA, TPaHC-TPAHCIIALHA).
HepuGocomurri cuaTe3 mnentunoB NRP-cuHTeTasamMu. HeMaTpuuHpii CHHTE3 MAaibiX
HENTHIOB Ha MIPHEMeEpE [IIyTaTHOHA.

TocymapcTBeHHBIH 3K3aMeH BKIIIOYAET KOHTPOIBHBIC 3aJaHKS B BHIE TECTOB.
[lpuMepsl KOHTPOJBHBIX 3aiaHMii (TecTa): NMPUBEAEHH MO 3 BOMpOCAa M3 IBYX
BApHAHTOB TECTA:

TectNel
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1. Bpibepute THI BOXZOPOIHBIX CBA3EH, CTaOHIM3HPYIOIIMX BTOPHYHYIO CTPYKTYpY Oeika:
a) C=0...H-N
6) C=0...H-0
B) C=N...H-N

2. Brifepure onpeneneHne TpeTHIHON CTPYKTYpHI Oeka:
a) HOPAJOK YepeOBaHHA AMHHOKHCIIOT B IOJMNEIITHAHON LeTH;
6) npocTpaHCTBEHHad CTPYKTYypa Oenxa, 00ycioBIeHHAsA B3aUMOACHCTBHEM
MEXIY CTPYKTYPHBIMH JOMEHAMM;
B) IOJIHAA MPOCTPAaHCTBEHHAS CTPYKTYypa berka;

3. IIpoMeXyTOYHBIMH NPOAYKTaMH IJIMKOJIN3A SBIAIOTCA:
a) cykumHHI-KOA
6) okcaoanerar
B) pubyno3o-5-pochar

TecTtNe2
1. IlpenmecTBeHHHKaMM CHHTE3a MYPUHOBEIX HYKJIEOTHIIOB SIBJISETCA:
a) acmaparmHoBas KHCJIOTa
6) rmouH
B) TIJIyTaMHHOBAs KHCJIOTa

2. Kucnopon B JpIXaTeNbHO# e MUTOXOHAPHH ABJIAETCH:
a) TEepMHUHAIBHBIM aKIENITOPOM 3JIEKTPOHOB
6) ucToYHHKOM 00pa30BaHMA YIJIEKHCIIOro ra3a IpH OKHCIICHHH
YIJIEPOJACOAEPXKAIIKX COeTHHEHHI
B) HemocpeacTBeHHbIM okucnuTeneMm HATH

3. Kaxkue u3 nepeunciieHHbIX JIMIHMOB HIIH HX KOMIIOHEHTOB ABJISIOTCS HE3aMEHHMBIMH
¢axTopamu nUTAHHUA:
a) JIMHOJIEBas KHCJIOTa
6) EHOJIEHOBas KUCIOTA
B) NAJILMUTHHOBAs KHCJIOTa

Bnorexnonorus:

Ipenmer, ucTopust pa3BUTHS H OCHOBHbIE HANPaBJICHUS OHOTEXHOIOTHA

OCHOBHBEIE IPEANOCBUIKA BO3HMKHOBEHHS H IpEeIMET H3yd4eHHs OHOTEXHOJOTHH.
ITonsatua «crapag» H «HOBag» OHOTEXHOJOTHMHM, BKJIAJ COBPEMEHHBIX JOCTHXEHHH
MOJIEKYJIpHO# OHOJOTMH B CTAaHOBJEHHE W pPa3BUTHE «HOBOH» OHOTEXHONOTHH. OTallbl
pasBuTHA OHoTexHomorud. OCHOBHBIE IPHHIMIBI pa3BUTHA OHOTEXHOJOTHYECKHX
npou3BoACTB. OGBEKTE GHOTEXHOJIOTHH B UX OroTexHONormueckue ¢pyHkumu. OcobeHHOCTH
pa3BuTHA GHOTEXHOJIOTHH B IVIaBHBIX permoHax mupa. IIpaBuna TexHuxu 6e30IacCHOCTH B
OHOTEXHOJOTHYECKOH MPOMBILUIEHHOCTH H KOHTPOJIb NPOXYKUHH. IIepCHEeKTHBBI pa3sBHTHA
OHOTEXHOJIOTHH B OCHOBHBIX OTPac/iX HapOJHOTO X03siCTBa.

BHOTEXHONOrHS MEKPOOPraHH3MOB

O6mme BompocaMH perynasamuu Meraboim3Ma B MHKpOOHO# kxierke. Perymamus
aKTHBHOCTH, WHAYKIWH M pENPEecCHH CHHTe3a (pepMeHTOB. MeToOsl  IeHETHYECKOro
KOHCTPYMPOBAaHHSA MHKPOOPraHH3MOB in vivo. MyTareHes, MyTaHTbHl, MyTareHsl, MyTallHH,
PEBEPTaHTHI, ayKcOTOpo(sl. MeTonsl BBIIETIECHAA MYTaHTHBIX KIIETOK; THOpHAM3aIMs
DYKapHOTHYECKHX MHKPOOPraHH3MOB; HCIIOIB30BaHUE IIIA3MHJI M MEXaHH3Ma KOHBIOIallMH,
HCNOJb30BaHHEe (aroB M MeXaHM3Ma TPAHCAYKIUHM; MCHONB30BAaHHE TPAHCIIO30HOB;
HCIOJIB30BaHUE MEXAHN3Ma TPaHC(POPMAINH KIIETOK; METOJ CIIMSHMS IIPOTOIIACTOB.
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Mertonsl reHETHYECKOr0 KOHCTPYMPOBAaHHS MHKPOOPraHH3MOB in Vitro BKIIOYAOT
metoapl nomydenus pekoMOMHaHTHRIX JITHK (ucrounmku THK u MeTtombl BOCCOEIHHEHHS
¢parmenroB JJHK); merompr BBenenms pexomOunanTHeX JJHK B wierku (mma3sMunsl,
6axrepuodar 0, mponssogHbie GakTeprodara U — hasMuab 1 xocMuAbl, 6axTepuodar M13
— KaK BEKTOpHEIE MOJEKYJB). MeToasl HICHTHOHKANMH KIOHOB, COIEpXalmuX
pEKOMOMHAHTHBIE MOJIEKYJIB; SKCIPECCHIO YYXXEpOJHBIX TI€HOB B MHMKPOOpraHH3Max,
JOKAIM30BaHHBEI W  caliT-cnenududeckuit MyrtareHe3. ['eHeTwdeckad HHXCHEpHs
NPOMBIIUIEHHO-BAXHBIX MHKPOOPraHM3MOB (IICEBIOMOHANBI, AKTHHOMHIIETHI, GalyiuIel,
KOpHHEOAKTEPHH, IPOXOKH).

OcHOBHBIE CTaau¥ OCYIIECTBIEHAS OHOTEXHOJIOTHYECKHUX MIPOLIECCOB.

OcHOBHEIE CTagud OHOTEXHOJOTHYECKOrO0 IIPOM3BOACTBA M  CHIDhEBYIO 0a3sy
6uorexHomorud. TEeXHONOTHsA HPUTOTOBJICHHS ITHUTATENBHBIX Cpel; NOAJEpXaHHE YHCTOM
KYJIBTYpHl MHKPOOPTaHH3MOB; OCOOEHHOCTH CcTaguu (GepMeHTauMH I8 OBYX THIOB
O6HMOTEXHONIOTHYECKNX IIPOLECCOB — IPOM3BOACTBA OHOMAacChl M NMPOM3BOACTBA BTOPHYHBIX
MeTaloJMTOB;, 3Tall BHJENEHUS M OYMCTKM NPOAYKTa; IOJMyYeHHE TOBapHEIX (GopM
IpenapaToB

CeipbeBast 0aza: IONyYeHHE YTIEBOJOPONHOTO CHIpbS IIyTEM IpAMOH II€PErOHKH
HedTH M myTeM mepepaGoTKH HePTSHBIX MUCTHIUITOB; ITOJMyYeHHME 3TaHOJNA; IOTydYECHHE
METaHoJla ¥ €ro IOATOTOBKA UK MCIONB30BaHHMA METaHOTpO(amMH; MOTydeHHE YIIICBOAOB
THAPONH30OM PAacTHTEJBHOIO CHIPBA; NOMYYEHHE YKCYCHOM KHCIOTHI (IIyTeM NpAMOTo
KaTAIMTHYECKOr0  OKHMCIIEHHS  OTHWICHa, IIyTeM  KapOOHWJIHMpOBaHHSI  METAaHONA);
HCIONB30BaHHE MENacChl JUI1 OHOTEXHOJIOTMH; IIOJydeHHe THApoNM3aTtoB Topda s
6uocuHTe3a Genka; MOAroTOBKAa OTXO0J0B HEJLTIONO3H0-0YMaXKHOH MPOMBIIIJICHHOCTH.

IIpuMeHeHne OHOTEXHOJIOTHYECKAX IIPOLECCOB B NHINEBOH NPOMBINUIEHHOCTH.
IlpousBoacTBOo kopmoBoro Oenka. Heobxomumocte ynmoTpeGneHus  HE3aMEHHMBIX
aMHUHOKHCJIOT: BaJIHMH, JIHLHH, JW3UH, TPEOHWH, TpuntodaH, METHOHHH. bronormuecku
IONHOLEHHble Oenku. AMHHOKHCIIOTHBIH COCTaB 3€PHOBBIX KYJBTYp, HCHNONB3YEMBIX B
KOPMOIIPOH3BOJICTBE. CoxmepxaHue  HE3aMEHMMBIX  aMHHOKHCIOT B Oemkax
MHKpoopraHu3MoB. KopmoBbIe Jpoxoku. TeXHONOrusA riryOMHHOro BhIpalMBaHWsA KOPMOBBIX
apoxoke B (epMeHTepax. benkoBrle KOHIEHTpaTel M3 Gaxtepmii. KopmoBpie Genkm u3
Bojopocieit. TexHonorusa noirydeHus 6enkoBoOif MacChl B3 KJIeTOK OakTepuii U BOXOPOCICH.
benxn muxpockonudeckux rpubkoB. KopMoBble OenkoBble KOHLICHTPAaThl H3 pAacCTCHHH:
OeNKOBBIM Koaryiar, (epMEHTHPOBAHHEI KOPHYHEBBIH COK, XOM. MHKpPOGHONOTHYECKHMH
CHHTe3 JI3UHa B Tpunrodana. [Ipou3BoACTBO KOPMOBHIX BHTAMHHHBIX IPENapaToB IPYIIEI
B. KopmoBrle ymnuasl. BakHeiimue (pepMEeHTHbIE Ipenaparthl, IIPHMEHIEMBIE B CEJIECKOM
XO3sHCTBE.

BroTexHONOrHs NPOM3BOACTBa MeTaGoNMHUTOB M OHoTpaHCOpManms OpraHMYECKHX
COEIMHEHH

BHOTEXHOJIOTHS MOyYeHH NEPBHYHBIX M BTOPHYHBIX MeTabomuroB. IIpon3BoacTeo
aMHHOKHCJIOT. MHKpOOHOIOrHUeCKHE METOABI IONy4eHHs amuHOKHCIOT. I[Ipomssoacrso
JMH3MHA, TpHNTodaHa, aprdHHHA, DIyTaMHHA ¥ Ap. XHUMHKO-(epMEHTaTHBHBIE CIIOCOOBI
NOJTydeHHs aMHHOKHCIOT. [lonydenne L-nus3uHa, Tpuntodana. [Ipon3BOACTBO BHTAMHHOB.
IIpon3BoncTBO

opraHmjecKux KUcioT. [TomydeHue ykCyCHOMH, TMMOHHOM B Ip. KHCIIOT.

brHoTexHOMOrNs NONy4yeHHd BTOpHYHBIX MeraboimnroB. ToHkmi OMOCHHTE3 H
MHKpoOHoOJoruueckas  TpaHcopManum  opraHMyeckux  coeauHeHHd.  IlomydeHue
aHTHOMOTHKOB, IPOMBIIUIEHHO BaXXHBIX CTEPOHMIOB. TpaHchopMaunus CTEPOHAOB IIyTEM
BBEICHHS THAPOKCHIBHOW TpYNIBl, IYTEM JETHAPOT€HW3alMH; IIPUPOJHBIC CTEPHHEI
(xonecTepuH, 3procTepHH, CTUTMACTEPHH) KaK ChIpbE Uil IONYYECHHA JIEKapCTBEHHBIX
IpenapaToB; METOABI IIPOBEACHHUS IIPOLIECCOB MHKPOOHOIOTHYECKHX TpaHchopManuil H myTH
nx wmHTeHCH(uKamuu. TpaHcdopManus yriIeBOJOB IIyTEM OKHCJICHHS, BOCCTAHOBICHHA,
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m3oMepusanmu. [IpuMepsl TpaHcQOpMalMM YIJIEBOAOB: IpeBpallicHHE IVIMIEpHHA B
JMOKCHalleTOH; mpeBpaimenne JI-copbuta B L-cop6o3y; npeBpaineHue KCHIO35! B KCHIIHT.

UnxenepHas s3H3uMoorus. IMMoGunu3oBaHHbIe GepMEHTHI

Hcroynukd (EepMEHTOB, TEXHOJIOTHA KYyIbTUBHPOBAaHHA MHKPOOPTraHU3MOB —
NPOAYLEHTOB (PepMEHTOB, TEXHOJIOTHH BBIIENCHHUS ¥ OYHCTKH (epMEHTHBIX IpenapaToB.

HnxenepHas 9H3HUMOJIOTHS. OTnuuus CBOGOIHBIX ¢$epMeHTOB oT
AMMOOWIIM30BaHHBIX, CyTh Ipolecca MMMOOWIM3aLIMK, OCHOBHBIC IPEHMYIIECTBA
HCIONB30BaHUA NMMOOHIM30BaHHBIX (PEPMEHTOB B CpaBHEHHH C (epMeHTaMH CBOOOAHBIMH.
Mertonsl ¢usndeckoif HMMOOWIM3auM: axcopOUUs Ha HEpPacTBOPHMEIX HOCHTEIIX,
UCNONB30BaHUE (Byx(asHEIX CHCTEM, 3aKiioueHHe (EpMEHTOB B TIeiM, METO.
IMOJYNIPpOHHUIIaeMBIX MeMeOpaH. Mertoapl XHMHYeCKOH HMMOOWIN3AllMK: KOBAlICHTHOE
CBA3BIBaHHE, METOJ CONOJIMMEpH3auuu H ¢opMupoBaHHe (epMEHTHHIX CETOK. Bimsanme
HOCHTeJII Ha  KATAIHTHYECKYI0O  aKTHBHOCTh  HMMMOOWIIM30BAaHHBIX  ()EPMECHTOB.
Wcnonp3oBanne HMMMYHOGEPMEHTHOTO aHaM3a B PAa3MYHBIX OTPacisAX HapOAHOIo
XO3MHCTBA: XAMHUYECKHIf aHAIN3, MEIULINHA, [THIIEeBas IPOMBIIUIEHHOCTb.

Okonoruyekas 6uoTexHonorns. buosgepreruxa

[IpuMeHeHHEe GHOTEXHONIOIHYECKUX POLIECCOB [UIA peIIeHHs MpobieM OKpyKarommeH
cpeaBl. DKOJOrHYecKass OHOTEXHOJOrUA. MeTo[pl OYHMCTKH CTOYHBIX BOZ: MEXaHHYECKHE,
XHMHYECKHE, PU3HKO-XUMHUYECCKHE, OHONOrHYecKue; KOHCTPYKIUH U Ha3HAYCHHE a3POTCHKOB
H OHOQMILTPOB, HCHONB3YEMBIX Ha OYHCTHBIX COODYXKEHHAX. PaiiMuds mepBHYHOIO,
BTOPHYHOTO U TPETHYHOI'O OTCTOS CTOYHBIX BOJ,.

Brosnoruyeckue MeTOxbl OYMCTKH CTOKOB. A3poOHBIE MPONECCHl OYMCTKH CTOYHBIX
BOI. AHa3poOHBIE IPOLECCHl OYMCTKH CTOYHBIX BOJ. YTHIM3AaOUA TBEPIOBIX OTXOMOB.
Buoouncrka ra3oBO3AywIHBIX BBIOpOCOB. bBuomerpanmamus KceHOOHMOTHKOB, HE(TAHBIX
3arpsa3HeHui, mnecTHIUIOB. IloydeHWe SKONOTMYECKM 4YHMCTOM SHepruu. buoras.
IMpousBomcTBO  dTaHONa. bHOTEeXHONOrMA  mpeoOpa3oBaHHA  CONHEYHOM  SHEPrHH.
dorompou3BoacTBO Bomopoja. bakTepuanpHOEe BHIIENAYMBAHHE MHHEPATBHOIO CHIPbA.
BrocopOuus MeTaLIoB U3 pacTBOPOB.

Buorpanchpopmannsd KCEHOOMOTHKOB M 3arpsA3HMIONIMX OKPYXalolIylo Cpeny
BEHIECTB, NPOM3BOAHBIX Ha(TATMHA H CATHHWIOBOM KHCIOTHL. IIpOIECCHI OKHCIEHHA H
BOCCTAHOBJICHHS KCEHOOHOTHKOB IIOX BO3JEHCTBHEM MHKpPOOPraHW3MOB M ()epMEHTOB B
H04YBE U BOJE.

[TonyyeHHe 3KOJOTMYECKH YHCTON JHEprHH. TEeXHONOrWs NpoM3BoicTBAa OHorasa.
Craguu GHOMeTaHOreHe3a: rHApOIH3 GHOMONIUMEPHBIX MOJEKY), ¢pepMEHTalMs MOHOMEPOB,
alleTOreHHasd CTaIWfA, METAHOTeHHAs CTagus. YCJIOBHSA MeTaHOOOpa3oBaHHA M (u3MYECcKHe
cBolicTBa O6norasa. TeXHHKO-3KOHOMHYECKHE NOKa3aTeNu GHora3oBhIX ycTaHoBOK. MupoBo#
OnBIT OHMOKOHBEepCHM HaBo3za B Ouoras. IIpom3BoAcTBO 3TaHONAa KaK albTEpPHATHBHOIO
HCTOYHHMKA SHEpPruH. Pacrenus, MCIONB3YIOIIHECS IS NMPOM3BOICTBA 3THIOBOIO CIMPTA.
IepcnexTBa 3aMeHBI GeH3HHA STaHONOM. BHOTEXHOJNOrHs Npeo6pa3oBaHHA COIHEYHON
sHepruy. PoToNpOU3BOACTBO BOJOPOA.

Knerounas 1 TkaneBas 6MOTEXHOIOTUS

KynsTHBHpOBaHHE KIETOK J>XHBOTHBIX in Vvitro. OcoGEHHOCTH KyIbTHBHPYEMBIX
KJIETOK XHBOTHBIX: IUTOIUIa3MaTHYecKass MeMOpaHa ¥ (PyHKIMH, CBA3aHHBIE C HEH (KOHTaKT
KJIETOK, peHOMEH KOHTAKTHOrO HHIrHOMpOBaHHS, CIIMSHHAE KIETOK, TPAHCIIOPT BEINECTB Yepes
MeMOpaHy); pocT KIeTKH (KJIETOUHBIH LMK, pery/uis pocTa: Macca KIETKH, KOHGHIypamus
KJIeTKH H (aKTOpsl pocTa; pojb MeMOpaH B pery/LilliH pocTa KIETKH); XuddepeHnnanus
KJIETKH; TpaHChOpMalus KIETKH; CTAPCHHE KICTKH.

Hcmonp3oBanne OHOTEXHOJIOTHH B )KMBOTHOBOACTBE. 1€XHOJOTHS TPaHCILIAHTALHH
3MOPHOHOB (CYIIEPOBYIIALHUA, HCKYCCTBEHHOE OCEMEHEHHE NOHOpA, H3BIEYCHHE SMOPHOHOB,
XpaHeHHe 3MOPHOHOB, Iiepecafika 3MOPHOHOB); KIE€TOYHas HWHXEHEPUA (IOTydCHHE
ONHOAHIEBHIX GNM3HENOB; KIOHHpOBaHHEe OSMOPHOHOB IyTeM II€pecalkH  saep
SMOPHOHAIBHBEIX KJIETOK B SHYKICHPOBAHHBIE AHIEKIETKHM; MEKBHIOBBIC IEPECAIKH
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SMOPHOHOB M NOJy4YeHHE XMMEPHBIX XHBOTHBIX); TEXHOJIOTHSA OIUIOJOTBOPEHHSA AHIIEKICTOK
BHE OpraHM3Ma XHBOTHBIX (CO3pEBaHHE OOLMTOB in Vitro, KamanurTauus CIIEpMaTO3HOJOB,
OIUIONOTBOpPEHHE in Vitro 1 obecrieyeHne paHHUX CTaguil pa3BUTHS SMOPHOHOB).

OcobeHHOCTH KYNbTHBHpPOBaHHA H30JMPOBaHHBIX KIETOK pacteHuid. Mcropus
pasBuTHs OHOTeXHONOTrHH pacTeHMil. KaTycHble M CyCIHECH3HOHHBIE KYJBTYpHI, Kak
OCHOBHBIE€ THITHI NEPECaJOYHBIX KYJBTYp BBHICIONX pacTeHHi. KyabTypbl KIETOK pacTeHHM
KaK INpPOMBIIUIEHHBIE HMCTOYHHKM BEIIECTB PACTHTENBHOrO IPOHCXOXACHHSI. (DaKkTOpHI,
BIIHAIOIIME Ha BHIXOJ NMPOAYKTOB: MPOUCXOXKACHHE TKAHH — FEeHeTHYeCKas XapaKTEpHUCTHKA,
YCTIOBHS KyJIbTHBHPOBaHHS — XHMHYECKHe M ¢u3nueckHe (axTophl; celieKuus u othop;
6uoxuMHYeCKHe MaHUIYJIAnuH; Ouorpancpopmamms. CucTeMsl mis pocta OuoMacchl M
CHHTE€3a BTOPHYHBIX COEOWHEHMI: (akTophl, BIHAIOIKE Ha pocT OHoMaccel; Omomacca u
IPOAYKTHBHOCTD; MPOAYLHPYIOINKE CHCTEMBI — KpymHoMaclitaOHOe KyJlbTHBHpOBaHHE H
HMMOOHIIN30BaHHBIE KIETKH. OKOHOMHYECKHME AaCleKTBl W IIePCIEeKTHBH pa3BHTHA
IIPOMBIIUIEHHOTO KyJIbTUBHPOBAHHUS KJIETOK PACTEHHIA.

Hcnons3oBanue OHOTEXHOJIOTHMHM pAacTeHHIi B CENBCKOM XO3SHMCTBE, CENCKUHUH H
pacTeHHEBOACTBE: MEXBHAOBEIE H MEXPOAOBble T'HOpHIbI; FeHeTHYecKas M3MEHYHBOCTh B
KYJIbTHBHPYEMBIX KAUTyCHBIX KJIETKaX; MOJHIUIOMAM3ALMUA in vitro, moiydeHue in vitro u
HCIIONIB30BAHUE TI'aIlVIOMJOB; YCKOPEHHOE MHMKpOpPa3MHOXEHHME [EHHBIX XO3siCTBEHHO-
BaXHEBIX KYJIBTYD.

OCHOBBI F€eHETHYECKOH HH)XEHEPHU

Wcropuss pa3BUTHA TIEHETHYECKOH  MH)KCHEpHH, IIOHATHE OHOMHXXECHEPH.
buorexnonorus pekombuHatHex JIHK, K1OHMpoBaHHE M SKCIpPECCHA I'€HOB B Pa3IHYHBIX
OpraHu3Max.

TexHomorun, wucnoie3yeMble M8 TpaHchOpManMH pacTeHMH C  IIOMOIUBIO
arpoGakrepuii. Meroas! TpaHCpoOpMaMH pacTUTENBHBIX KIETOK, 3KCIIPECCHIO YYXKEPOAHBIX
TEHOB M €€ pPETY/MIHI0O B TPAHCI€HHBIX DPACTEHUAX. YCIEXH M IEPCHEKTHBHI T€HHOM
AHXEHEpHOM 6HoTeXHOJIOrnH pacTeHui. Iloydenne TpaHCITeHHBIX pacTEHHH, YCTOHYHBBIX K
CTPECCOBEIM Bo3aeicTBHSM. ITomyueHne TpaHCTeHHBIX pacTeHMi, yCTOHIMBBIX K HACCKOMBIM.
ITonyyenue TpaHCreHHBIX PAacTEHHH, YCTOMYMBEIX K IpHOHOMN, GakTepHanbHOH, BHPYCHOM
urpexuu. [Tomyuenne TpaHCTEHHBIX pacTeHuM, yCTOHIMBEIX K repOuIuaaM.

OcHOBBl MeTaboNIMYeCKOi WHXCHEPHM pacTeHmii: MetabomyecKasd HWHKECHEPHS
JHNMOOB, CaxapoB M IIONHCAaXapuOoB, KOHCTPYHMPOBaHWE TpPAHCI€HHBIX pacTEHHH-
nponyueHToB OenkoB. Mcmonb3oBaHHE IeHETHYECKOW HHXKCHEPDHM B )XKMBOTHOBOACTBE.
IMpurorosnenue JTHK 11 MUKPOMHBEKIMH, TOATOTOBKA JOHOPOB H H3BJIe€4YeHHE 3SMOPHOHOB,
BU3yaM3allid IPOHYKJIEYCOB B 3MOpuoH, Mukpounbexuus J[HK, mepecanka 3MOpHOHOB,
H3yYeHHE HMHTETPAalMd H SKCIPECCHH TIE€HOB Y TPAHCTCHHBIX JKHBOTHBIX, H3YYCHHE
HaclieioBaHUs TpaHCreHoB. Co3jaHne pa3HbIX TUIIOB TPAHCTE€HHBIX KMBOTHBIX: TPAHCTCHHEBIE
KHBOTHbIE C HOBBEIMH XO34HCTBEHHO-IIOJIC3HBIMH CBONCTBAaMH; TPAHCTCHHEBIE >XHBOTHBIE C
YCTOWUMBOCTBIO K  3a00neBaHMsAM; TPaHCICHHBIE  JKMBOTHBIC, IIPOXYLMPYIOUIHE
OHONOrHYECKH-aKTHBHEIE BELIECTBA. DHOTEXHOJIOTHYECKHH KOHTPOJIh BOCIIPOH3BOICTBA
CEJIbCKOXO3AMCTBEHHBIX KHBOTHEIX

brotexnonorus u 6n06e30macHOCTH

AcnekTsl 6uobe3onacHOCTH, cBA3aHHBIe ¢ OHoTexHOooruel. ITonaTns Ge3omacHOCTH
u Grob6e3onacHocTH. [I03UTHBHBIE aCIIEKTHI BIHSHEA OMOTEXHOJIOTHH Ha HEBOCHHBIE aCIIEKTHI
6esomacHOCTH. BHMOOE30macHOCTP B KJIETOYHBIX, TKAaHEBHIX H  OpPraHOI€HHBIX
OuorexHomorusax. 'eneTnueckuit puck 1 6H06e30MacHOCTh B OHOMHKEHEPHH H TPAHCTEHO3€.
OcHOBHBIE NOJIOXKEHHA CTaOMIBHOM 61100€3011acCHOCTH B OHOMHXXEHEPHH.

I'ocymapcTBeHHBIH 3K3aMeH BKJIIOYACT KOHTPOJIBHEIC 3aJJaHHs B BUJE TECTOB.
[IprMepsl KOHTPONBHBIX 3afaHdif (Tecra): NPHBEACHH! IO 3 BOIOpOCa H3 JABYX
BapHaHTOB TECTa!
TectNel
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1. MEKpOKIOHATBEHOE Pa3MHOXEHHE in Vitro JUIs arpoIpOMEBIIIIEHHOTO KOMIUIEKCA
HCIIOJIE3YETCH

a. JUIsl 03ZI0POBJICHASA OT BUPYCOB [OCaIOYHOr0 MaTepuana

0. AN pa3MHOXEHHS YHHKAILHBIX T€HOTHIIOB

B. LA TTOJIyYEHHS MYTaHTOB

2. Kakue crioco65! KICTOYHOM CENEKIMHA HCIIOJIB3YIOTCS 1A TIOTYYEHHUs AyKCOTPOPHBIX
MYTaHTOB?

a. npsiMas (IO3HTHBHAA) CEJIEKIUU

6. orocpeoBaHHAs CEJICKIIHSA

B. HEraTHBHAs CEJICKIHA

3. IlpuMeHAIOTCS CIeRYIOHE CIOCOOHI MOJIYYeHNs paCTeHUH-pereHeparos in vitro
a. ITyTEM COMaTHYECKOr0 3MOpHOreHesa
6. myTeM 3UroTH4YecKoro sMGpruoreHesa
B.IMyTeM noberooGpa3oBaHus

TecTNe2

1.C nomompro coMaTuueckoif ruOpHIM3aul MOXKHO HONYUUTD
a. TETEPO3UTOTHI 110 BHESNEPHBIM IETEPMHHAHTAM
6.accumerpuunbie rHOPHIBI
B.THOPHIEI OJTHOCTBIO COOTBETCTBYIOIINE MOJIOBEIM

2. OCHOBHEIE BEKTOPHBIE CHCTEMBI [UI1 IIEPEHOCA TEHOB B PaCTEHHE- 3TO
a. BUPYCHI
0.TpaHCIIO30HBI
B. arpobaxrepuu

3. Kaxue rens! u3 arpobakrepuansHoit mirazmuas (Ti -mnasmMuia) nepeHocsTes B
TeHOM pacTeHHA IpH TpaHchopMmauu?

a. TeHbI CHHTE3a OIIUHOB

6. reHBI CHHTE3a ayKCHHOB

B. TeHEI CHHTE3a STHJIEHa

I'eneTnka:

HacnencrBeHHOCTD.

I'enernxa u ee MeCTO B CHCTEME €CTECTBEHHBIX HayK. 3aKOHEI MeHzend. AJUiebHbIE
B3auMogeiicTBus. [lokasarensctBa pomd JJHK B HacnenctBeHHocTH. Pemnmmkamms JJHK.
XpoMaTHH, €ro CTpyKTypa. XpoMOCOMEI 4YeJioBeKa. MaTepHalbHble OCHOBEI MEHIEIEBCKHX
3akonoMepHocTel. CueruieHre ¢ I0JI0M HaclefoBaHue. BaanmoneiicTBue reHoB.

IMpoueccel, Beaymmue K peKOMOHHAIMH Y 3YKapHOT.

PexoMOnHaummsa y sykapuor. XpoMOCOMHas TEOpHs HACIEICTBEHHOCTH. MeTons!
TEHETHYECKOr0 M IMTOJIOrHYECKOro KapTuposanus. IIponeccsl, Beaymue Kk pekOMOMHAUH Y
IIPOKApHOT H BHpycoB. Teopus rexa.

YHuBepcalbHbIE CBOMCTBa reHeTHYeCKoro Marepuana. Meroxns! pabotsi ¢ THK.

HexpoMocoMHOoe HacnemoBanwe. Kietounble opraHemwnsl, copmepxamue JTHK.
MuroxoHApHanbHas HAaclIeACTBEHHOCTh. MHTOXOHApHAIbHBIE IeHbl H OOJIE3HM YeNIOBEKa.
Metonsr paboter ¢ JJHK u PHK. OcHOBHEIE 3Tanmbl reHHO-HHXKEHEPHOTO Mpolecca. baHku
reHoB. 'eHoMHBbIe GuOGMHOTEKH. JJOCTHKEHHA TEHHON HHXCHEPHH.

Tumnsl u3MeHIHBOCTH. MyTalMOHHEIH ponecc.

Tunel N3MEHYNBOCTH MX 3HAYEHHE B 3BOJIIOUWH M U1 F€HETHYECKOro aHamsa. Ponb
TeHOTHNAa U cpelbl B Moau(HKanmMOHHOM H3MeH4HBocTH. HopMma peaknun. MyTtamuoHHEBIH
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nponecc. OCHOBBI FeHETHYECKOH 6e30macHoCcTH. XpOMOCOMHBIE ITepecTpoiiku. [ eHeTHUecKue
HOCJIEACTBHA XPOMOCOMHBIX IIEPECTPOEK.

I'eHeTHYeCcKHE OCHOBBI 9BOJIIOLHH.

lenernka mnomymanuit. [IpobGieMa TreTepOreHHOCTH NPHPOAHBIX IOMYJIALMH.
HacnepoBanune B nonyaauuax. KONHYECTBEHHBIE XapaKTEpHCTHKH monuMopdusma
IPUPOAHBIX momyanuii. BugooOpasoBanue ¥ MuKpodBomonusa. [lomy saiMoHHas reHeTHKa
yejoBeKa. OBOJIOIMA TIEHETHYeCKOro koja. HempekpbmBarommiics reHeTHYeCKHH KOX H
IepeKpHIBAIOIINECS I'€HEI.

I'eHeTnyeckuii MaTepuan B OHTOI€HE3E.

Perynamusa skcnpeccMd reHOB. AKTHBHOE M HEaKTHBHOE COCTOSHHE XPOMAaTHHA.
Perynsanmsa 3KCIIPECCHM I€HOB Ha YPOBHE TPaHCKpUNIMH (TEOpHA onepoHa). PerynaropHas
obnactp reHa. ODHXaHCepBl M caifJieHCEphl. AJILTEPHAaTHBHBIA CIUIalicuHr. Perymanus
9KCIIPECCHH [IE€HOB Ha IIOCTTPAaHCKPUNIMOHHOM YypoBHe. Mampie PHK B perymanuu
IKCIOpecCMH TreHOB. Mexanusmel gudpepeHnmanuu  kierok. CTBONOBBIE  KIETKH.
KnonupoBanue xuBOTHBIX. [lepecTpoiiku reHOB B OHTOTEHE3E.

I'eHeTHKa KOJMMYECTBEHHBIX NIpU3HaKoB. MoaudukanuoHHas H3MEHIHBOCTS.

Ponp reHoruma m cpexsl B M3MEHYMBOCTH KOJNMYECTBEHHBIX IIpH3HAKOB. I'eHBI-
Monubuxaropel. I'ereposmc. I'eHeTWdeckMi KOHTpOJb  INpEApPAcHoONOXEHHOCTH K
3aboyeBaHMsAM Y YeIOBeKa.

Mopdo3sr u ¢eHoxommn. Pomp HacnencTBEHHOCTH W (akTOpoB cpeasl B
(opMHpOBaHHH BPOXKIAEHHBIX IIATOJIOTHH Y YeIOBEKa.

OKosyioruyecKkas reHeTHKa.

I'enernveckas Toxcuxonorusa. OneHKa reHeTHYeCKO aKTHBHOCTH (akTOPOB CPEIBI.
Myrarene3 u KaHueporeHe3. Mexanusmbl penapauun JHK. 3abosneBaHHA denoBexa,
cBa3aHHbIe C HapymeHweM penapauuu J[HK. I'eHerudeckuit KOHTPONB YCTOHYHBOCTH
(9yBCTBUTENIFHOCTH) K (JaKTOpaM OKpPYXKAOILIeH Cpeasl.

OCHOBEBI F€HETHKH YEJIOBEKa.

I'ubpuonornyueckuii aHaIM3: METO POJOCIOBHBIX. IlomMmnonaus ¥ XpOMOCOMHEIE
OoJie3HH yenoBeKa. MeTosl JHarHOCTHKHA XpOMOCOMHEIX GoJe3Hei genoBeka. [ eHeTnueckue
METOb! HACHTH(HUKAUMH JIMIHOCTH M YCTaHOBIICHH OTHOBCTBA. ['eHoTepanus.

IocynapcTBeHHBIM DK3aMeH BKIIOYaeT KOHTPOJIbHBIE 3alaHKS B BHIE TECTOB.
IIpuMeprl KOHTPONBHBIX 3afaHHM (TecTa): NpHBENEHBI HO 3 BoOmpoca H3 JBYX
BapHaHTOB TECTA:

TectNel
1. BriGepute TepMHHEI, KOTOPBIE UCIONB3YIOT /IS ONMCAHMS B3aUMOACHCTBHS T€HOB
a. 3MHCTa3
6. KOMILIEMEHTapHOEe B3aUMOJEHCTBHE
B. KOAOMHHHPOBAHHE

2. Ounagensuiickas XpoOMOCOMa UMeET OHKOTeHHBI 3¢ dEKT, TOCKOIBKY €€
BO3HHUKHOBEHHME CBSI3aHO C:
a. MPOTSKEHHON AeNnenueH, Py KOTOPOH TEPAIOTCA FEeHBI-OHKOCYTIPECCOPEI
6. nHBepcueli, IPH KOTOPO# OHKOI'EH MONANacT MOX AEHCTBHE
KOHCTHTYTHBHOT'O CHJIBHOTO IIPOMOTOpA
B. TpaHCJIOKalueit, mpu KoTopoil popMUpyeTcs XHMEPHBIH GeIoK ¢
MMOCTOSHHON KMHAa3HOH aKTUBHOCTBIO

3. T'eHerHyeckHil KOA ABAACTCA
a. HenepeKphIBacMbIM
0. TPUIUTIETHHIM, YHHUKQJIBHBIM JUIS IPEACTaBATENEH KaXIOro BHAa
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B. BBIPOXXICHHBIM

TecTtNe2
1. BribGepute TEpMHHEI, KOTOPHIE HCIIONB3YIOT UL ONMCAHUSA B3aUMOACHCTBHS
ajuienet  OgHOro reHa
a. IOJIMMEPHS
6. IOMHHHpOBaHHE
B. MEXXa/UIebHAasA KOMILJIEMEHTAIIHS

2. HepacxoxneHue X-XpoMOCOM B Mei03¢€ y XKEHIMUH MOXXET IIPHBECTH K POXKICHHUIO
pebeHka ¢

a. carapomom Kimitadensrepa

6. cunapomom Teprepa-lliepmesckoro

B. cHHApoMoM JlayHa

2. Hcnons3ys OpoxxxkeByIO IBYTHOPUIHYIO CHCTEMY, MOXKHO:
a. CTPOHTH '€ HETHYECKUE KapThl
6. n3yJarh B3auMoeHCTBHA OEIKOB
B. IOJIy4aTh GOJBINOE KOJIMIECTBO rETEPOIOTHYHOro 6€enka

MaremaTrnveckas GnoJiorus, GuonHpopMaTHKA:

IMpemmer ® 3amauyd  OGHOMHGOPMATHKM B COBPEMEHHBIX OHOMEAHIMHCKHX
HCCIICAOBaHHAX.

OcHOBHBIE NpPHHIMIB, 3a7a4d ¥ IOIXONBl aHalIW3a TeHOMHBIX, NPOTEOMHBIX H
IOpYTHX NaHHBIX, MOJyYaeMbIX COBPEMEHHEIMH METOAAaMH MOJCKYNIApHOH Omonormu. basel
JaHHBIX M MX KCIIONIb30BaHHE Ha BCEX JTanax paboThl ¢ IKCIEPHMEHTAIBHBIMH JaHHBIMH.

I'eHOMHBIIT IPOEKT U aHAIM3 KA9eCTBA JaHHBIX

DTanbl FTeHOMHOI'O NPOEKTa W MX B3aMMO3aBHCHMOCTb. 3HAKOMCTBO C BXOJHBIMH H
BBIXOJHBIMH JAHHEIMH Ha Ka)KJIOM 3Talle, OlleHKa HX Ka4ecTBa, pOopMaThl JAHHBIX.

C6opka GakTepHanbHBIX TCHOMOB.

BoccTaHOBIEHHE IIOJIHOM IIEPBHYHOM IIOCIEZOBATEILHOCTH IE€HOMA. AJITOPHTMEI
cOOpKH M X IIPHMEHEHHE B 3aBHCHMOCTH OT HCIONB3yeMO# CHKBEHCHOM TEXHOJIOTHH.

Oco6eHHOCTH METareHOMHKH

BuonndopMarnueckue MOAXOMBI K aHAIM3y MUKPOOHBIX cOOOIECTB pa3sIUYHOH
cioxHOCTH. OcoGeHHOCTH aHAM3a — OT COOPKH 10 HHTEpIpETAlHU JAaHHBIX.

AnHoTanus 6aKTepHaATEHEIX TEHOMOB.

IMpuioxenue GHONOrHYECKHX 3HAHUI K aHaHM3y CTPyKTyphl reHoMoB. [Tonck ORFs.
Onpegenenue 6HoMOrAYecKoi QyHKIKHH reHoB. Merabonu4eckue myTH.

TpanckunroMuxa.

OueHka ypoBHS 3KCIPECCHH I'€HOB, COOpKa TPaHCKPHIITOB, BHIGOP aHAIHTHYECKOIO
HOAXO0za.

O6nacTv npuMeHeHHst OHONHPOMATHKH.

buonndopmarnka B OHONOrH, MEOUWLIMHE, 5SKOJIOTHH, CEINBCKOM XO3SHCTBE,
KPUMHHAIIUCTHKE U T.I.

Hayunoe wuccienoBaHue acUpaHTa, €ro akTYaJlbHOCTb, METOAOJIOTHA M HOBH3HA.
Hcropus pa3sBHTHS KOHKPETHOH HaydHOH mpoOyieMBl, €€ poib H MECTO B KIETOYHOM
O6uonormu wm rucroioruu. ChnermuanbHBIE 3HAHHA H METONOJIOTHYECKHE IIOAXOABI K
PELICHHIO KOHKPETHOH HayuHOM IIpOOIEMBIL.

FOCYIlapCTBCHHHf;I 3K3aMCH BKIIIOYACT KOHTPOJBHBIC 3aJaHHA B BHIC TECTOB.
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[TpuMepsl KOHTPONBHBIX 3ajlaHuii (Tecra): NMpWBENEHBI MO 3 Bompoca M3 JABYX
BapHaHTOB TECTa:

TectNel
1. 3adeM npousBoauTcs cO0pKa reHOMOB?
e  YroGBI BOCCTAaHOBUTH IOJNHYIO [TOCIIEA0OBATEILHOCTD H3y9aEMOT0 FeHOMa
e VYMEHBIIUTH 00BEM aHAIN3APYEMBIX JAHHBIX
e HcopaBuTh OIHOKH B CHKBEHCHBIX IIPOYTEHHAX

2. KOHTHroM Ha3bIBaeTCs:
e Opno mpourenue JJHK
o KoHCeHCyCHas  HempepeiBHas  mocienosarenbHocTh  ydactka  JTHK,
HOJTydeHHas B pe3ybTare cOopku ucxoaHsx npoureruii JJHK
e Koaupyromas 4acTb reHa

3. Yrto u3y4aeT npoTeomMuKa?
e CTpyKTYpHI O€NKOB
o  ODyHKuMH 6eIKOB
e BsaumopeiicTBus OenkoB

TecTNe2
1. K TexHONOrusM MOJIHOMeHOMHOT'O CEKBEHHPOBAHMS OTHOCSTCS:
e Meron Illumina
e Meron Oxford Nanopore
e Meton Ion Torrent

2. B cocTaB HyKJIEOTH/a BXOJAT:
e Caxap
e ®docdarHas rpynna
¢ AMHHOKHCIIOTA

3. KoncepBaruBHEIe 061acTH B HeciaeayeMbIx nociegoBarensHocTax JJHK moryT GeITh
AACHTHQHIUPOBAHEI IIPY TOMOIIIH:
e [lo3umuoHHOro aHayIM3a
e MHOXECTBEHHOIO BEIPABHUBAHUS
e Amnaimmusa Merabosnoma

Muxpodnonorns:

Cucremarnka, TAKCOHOMMS H HOMEHKJIaTypa IIPOKapHOTOB

Qenorunuyueckas kinaccudukanpsa. OCHOBHbIE THNBI KJIETOYHOIO CTPOCHHS Y
npokapuoTtoB. Mopdonoruueckue THNBI  NPOKAPHOTOB. I 'paMIONOXKHTENBHBIE H
rpamoTpuuarenbiple  Gakrepur  OCHOBHBIE Ipynmbsl  (EHOTHNMYECKHX  IIPH3HAKOB
OpOKapHOTOB. Moneky/ispHas NaleOHTONOTHA. ApXeH Kak «Ipyrue» IPOKapHOTEL
OBOMOLMOHHBI Ayalnu3M NpPoKapHoToB. CXOJCTBO M OT/IMYME MeEXAy OaKkTepHsMH H
apxessmu. Hoseifimue npencraBieHHs 00 3BOJIOLMOHHBIX B3aMMOOTHOINEHHSAX apXxed ¢
sykapuoTamu. [lonm¢asHas  TakcoHoMHs. KaTeropus BHoa y  IPOKapHOTOB.
dunorenerngeckoe ApeBo 6akrepuit

Mera6onu3M nIpoKapHOTOB

Onepreruyecknit  Merabommsm. Cy6GcrpatHoe  QocdopummapoBanne. IIpoToH-
Tpancinomupyromas  AT®asa/ATd-cunaraza. Xemorpopusa. Bpoxenus.  Jlpixanue.
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XemonutoTpodus. AKUENTOPHl JEKTPOHOB IbIXaTeNbHOM uenu. MexanusM oOpa3oBaHHA
METaHa y aBTOTPO(HEIX U IeTepOTPOHBIX METaHOTeHOB. brOCHHTE3 anleTaTa aleToreHHEIMU
Oaxrepuamu (myte Byna). @ororpodms.. KoHcTpykTuBHBNII MerabGomusM. VYriepomHas
aBToTpodHs (MOHOKapGoTpodus). BoccraHoBHTENBHBIM NMeHTO30(OChaTHEIM NyTh (UMK
KaneBuna). BoccTaHOBHTENBHBIN MUK KapOOHOBBIX KMCJIOT (LMK JPHOHA). ACCHMHILALKMAL
dopmanpaernma B pubynesomonodocdaraom mukie (uuiie Ksaiina) 4 ceppHOBOM LHUKIIE.
VYriepoanas u a3otHas aBToTpodus. Porocuntes. XeMOCHHTES.

Pa3noo6pasue, YMCICHHOCTD H PacIpOCTpaHEHHe IPOKapPHOTOB.

I'eorpadmaeckoe pacmpocTpaHEHHE IPOKAPHOTOB. IIpOKAPHOTEI-KOCMOIIONHTEI H
SHIEMHKH. ABTOPKOJIOTHS M ajanTalus MPOKAPHOTOB. OKOJOTHYECKHE CTPECCHI.
CHHSKOJIOTHS TNPOKAapHOTOB. OnuOHO3; MHKpOOHBle MaThl H KOHcopumu. Ksasu-
sHAoIMTOON03 GakTepuit. DHIOUUTOOH03. BHYTPHKIETOYHEN Mapa3sHTU3M 300IaTOT€HHBIX
6axrepuii. Kcenocomel. JkTo6H03 ¥ 3HI06M03 GakTepHii ¢ XHMBOTHBIMH M PacTCHHAMH..
OKxTO6HO3 M SHIOIMTOOHO3 y apXxeil.

Meroasl CKpHHHHIA, HAKOIUIEHHS, BHIJCJCHHA W KYyIbTHBHPOBAHHA IPOKAPHOTOB.
[MIP-auarHocTHKa IpOKapHoTOB. KynbTHBMpOBaHHE INPOKAapHOTOB. [IMTaTeNBHEIE CPENBL
Merons! KynsTHBUpOBaHHA. Tunbl pepMenTepoB. MacmrabupoBanue KynbTyp. Anaparypa,
HCTIOJNb3yeMas JUIs YOpaBIeHHs M MOHUTOpWHra pocta. HekynbTHBHpyemble (DOPMEL
Peannmanus gapeBHnx Oaxtepuit. Buotexnomorms. bBuomormdeckas oOdYMCTKa OTXOIOB.
Innpomerarwryprus. WHTpomykuus Oakrepuii B IpHpOAHBIE 3KOCHCTEMEI B KayecTBe
yanoOpeHmii, areHTOB peMeauanuu W OuwomecTHnuaoB. Pemus-npoGrieMbl; MopaTopHii Ha
FEHETHYECKH MOAUGUIMPOBaHHbIE OaKTEPHH.

CrpoeHue npoKapuOTOB.

KoMnapTmeHTanm3anus y npokapuoroB. MemOpaHHble umuasl 6akTepuit H apxei.
Crpykrypa muromasmatudeckoii MeMOpansl. TpaHcrmopT depes memOpany. IlaccuBHas u
obneruenHas 1uddy3ms. AKTHUBHBLII TpaHCHOPT. OKCKpeHHMss  MeTaGoJIMTOB H
aHTHMHKPOOHBIX areHTOB. JKCIOPT, ocymecTBIseMbnit ABC-Tpancnoprepams.

Iluromnasmaruyeckuit koMmaptMeHT. CrtpoeHme xpomocoM Oaxrepmii U apxei.
ITnasmuper. PuGocombr Oaktepuii M apxef. Llurockener y mpokapuoros. JlerpamoCoMEI.
[lanepornnsl.  Crenuaiu3dpoBaHHBIE  KOMIApTMEHTHL. MarHMTOCOMBI, MAarHWTHas
opueHranusa. Kap6okcucoMmsl. IlepumnasMaTHYCCKuil KOMIAPTMEHT TI'PaMOTPHLATEIBHBIX
GaxTepuit. Dx3omnasmMarudeckuii koMmapTmeHT. JKryruku n ¢umOpuu Gaxrepuii H apxei.
I'enom npokapuoT). Perumnkanus xpomocoM u miasmug.  PoTopeakTuBallys. CucreMsl
penapaiuu. Myrtanun. PexomOuHaims. I'OpH30HTaIBHEIM IEPEHOC TEHOB. JKCIPECCHS
reHoma. Tparckpumuua. OCoGeHHOCTH TpaHCKpHIIMH y apxei. IlocTTpaHCKpHIIHOHHBIA
npoueccur MPHK. Onmrenermueckoe HacnenoBanue. KieTOuHBI LUK IPOKapHOTOB.
Crapenne U cMepth KieTkd. Kierounsii poct. Kpupas mepuoaudeckoro pocra, ee ¢assl H
ocobeHHOCTH (u3HoNOrMdeckoro cocroaHus Oakrepuit B HuX. Jlmaykcus. PaxTopwl,
BIMAIOIIHE Ha MPOXO/DKHTENBHOCT Jar-mepuoia M Jpyrux ¢a3 xpuBoil pocrta. [JleneHue
KIeTKd B (pparMeHTAalWs TPHXOMa KakK JBa cmocoba pasmHOxeHMs Oakrepmit. MexaHn3m
neneHus Gaxrepwii U apxedl. Tumnl kierouHo# mudbdepenunammn 1 muddepeHIHPOBAHHBIX
xietok. CBoiicTBa 5HAOCHOp; MeXaHH3M  00pa3soBaHHMsA  SHAOCIOP;  PEryAnMs
cnopoobpa3opanus. Lluctel. Perynauus TpaHCKpHNUUH. I10CTTpaHCKPUIIIIMOHHAS PETyIAIH.
Perymsauus Metabonmuszma. Perymsamusa mnoBeaeHus. Takcucel Kak —HHIHBHAyaIbHas
HoBeJicHYecKas peakuus. MexaHn3Mm xemortakcuca. KoJIEKTHBHOE NOBEJCHHE Ha OCHOBE
BHYTPHIOIYJIAIHOHHOM KOMMYHUKAITHH.

MenunuHCcKas MUKPOOHOJIOTHSL.

MenuuuHckas  MuKpoGHonorusa. I'eHerwdeckas  OpraHu3alHss  JE€TEPMHHAHT
BHPYJICHTHOCTH. Peryisuus 3Kcmpeccdd ¢axropoB martoreHHocTd. Kiaccuduxanum
3aboneBanmit. DTansl HHPEKIMOHHOTO Impouecca. IlyTH nepenayn MHQEKIMOHHOTO areHTa.
SlBneHue HOCHTeNnbCTBA. CaHHMTApHO-NIOKa3aTeNbHble Ipynnbl OGaktepuil. OCHOBHBIE
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nmaToreHHble 0aKkTepuy; BBI3bIBaMbleé HMMH IATOJIOTHYECKHE COCTOSAHHUA. IIpoAymeHTHI
MHKOTOKCHHOB H alIbIF'OTOKCHHOB — IIp061eMbI 6€30MacHOCTH BOABI U NMIIEBBIX NPOAYKTOB.

ITpomenmnennas Mukpobuonorus. Crrenu¢uka HCIONB30BaHAS MHUKPOOPTraHW3MOB U
KIEKTOYHBIX KYJIBTYp Ha NPOM3BOACTBE. [IpOMBINUIEHHEBIH MHKpPOOHONOrMYECKHit mpouece
Kak KyJbTHBHPOBaHHE C HCIIOJB30BaHHEM MHKpOOHOM MM KIETOYHOH KYJIBTYPHI
(mpoxyueHTa), mMMTaTeNbHOM cpeanl (CeIpbsA) M KyiasTHBaTopa ((depmeHTepa). Crmoco6sl
KyJIbTHBHUDOBAHHA, THIB cpen H ¢epmentepoB. l[leneBele npoxykrtel.  Ilomydenue
TPaIMIMOHHEIX ITHINEBBIX NMPOAYKTOB B KOpMOB. OOpaGoTKa CIOXHOTO CHIpbS IS JIETKOM
NpOMBIIUIEHHOCTH.  [IpomsBoacTBo  OHMOMacchl ~ MuKpoopraHm3moB.  [lomydeHue
OHOIIONIMMEPOB, JIMMHAOB, MHKPOOHBIX IIOJIMCaxapuJOB M HYKJIEHHOBBIX KHCIOT.
ITpou3BOACTBO BHTAMHHOB, NMEPBHYHBIX METabOIMTOB, METabOIMYECKHX HHTEPMEIHATOB U
BTOPUYHBIX MetabonuroB. Ilomydyenwe mpoaykroB OumokoHBepcuH. IIpom3BoacTBO
IbTepPHATUBHEIX 3HEpronocuteneil. ['mapomeramryprusa. buonorndeckas o9ucTKa OTXOMOB;
OuopeMemuanys. 3aMKHYThIE OKOJOTHYECKHE CHCTeMbl. HerpaauIMOHHBIE IIPOXYKTHI
¢bepMeHTany OctpeModuiabHBle TpoxyneHThl. Hcnmonb3oBanue pekomOunanTHBEX [THK,
KJIOHHPOBaHHbIX I'¢HOB, aMIUTH(pAKALMH [UTa3MUA,

Bupycsl

BupHOH; cocTaB BHpHOHA: reHoM BHpyca. OHTOreHe3 Bupyca. THIIBI BHPYCHBIX
HHpEKIHiA.

EcrecTBeHHas 3ammuTa OT BHpycHOM mH(pekumu. CHcTeMaTHka H GHOpasHooOpasue
BHPYCOB, HX POJIb B 3KocucTeMax. CoBpeMEHHEIE [IPEACTABICHHS O MPOHCXOXKICHHH BHPYCOB
1 ux 3pomouun. Ocobennoctr 6axreprodaros. KynsTuBHpoBanue, KOJIHYECTBEHHEIH yIeT U
npenapatuBHoe noxydenne. Onrorene3 6akrepuodaros. GeHomen nmusoreHnd. Mnarerpanms
H oakciusus ¢Qara JsMOpa.  JlusorenHas konBepcus. IlceBmomasorenms. <Parosad
TpaHcaykuua. O6mas Tpaucaykuus; ¢par P22, Crnenupain3supoBaHnas TpaHCIYKIMs; (ar Mio.

Bropasroobpasue GakrepuodaroB. OcobenHocTn BupycoB apxeit. OcobeHHOCTH
BAPYCOB ITPOTHCTOB, I'pHOOB, Boopocieit U pacteHuit. O6mue cBOACTBAa BHPYCOB KHBOTHBIX.
OHTOreHe3 BHPYCOB JKHBOTHHIX. XO3fMHCKas CHeNU(PHUIHOCTH BHPYCOB JKHBOTHBIX.
CoBpeMeHHasi CHCTEMaTHKa BHPYCOB JXMBOTHBIX. MeTOABl KyIbTHBHPOBaHHA. THHOEBI
HH(}pEKIH, OCyIIECTBIIEMBIX BUPYCAMH XUBOTHHIX. bropazHoo6pa3re BUpYCOB XKHBOTHEIX.

locynapcTBeHHBIN 3K3aMEH BKITIOYACT KOHTPOJIBHEIC 3aJJaHHs B BUJE TECTOB.
IlpuMepsl KOHTPONBHBIX 3amaHuii (TecTa): HMpUBEAEHH! MO 3 Bompoca H3 OBYX
BapHaHTOB TECTa:

TectNel

1. Muxomna3sMslI 3T0:
a. MHKpOOpraHu3Mbl, 06pa3yiolye MHOTOSAEpHBIH Mina3Moauit
6. mpokxapuoTsl 6€3 KJIETOYHOH CTEHKU
B. BO30YIHTENH aKTHHOMHKO30B

2. Penenropamu 6axteprodaros MoryT OBITh:
a. JINTIOTIOIUCaXapu bl HapyXHON MeMOpaHBI
6. 6enKkK Hapy)KHOK MeMOpaHbI
B. MypEHH-TeUX0aTHBI! KOMIUIEKC KJIETOYHOM CTEHKH

3.V Gakrepnit K QyHKIHOHAILHBIM BKIIOYEHHAM IIUTOILIA3MATHIECKOM JIOKATH3alMH
OTHOCATCS:

a. KapOOKCHCOMBI

6. XJIOpOCOMEI
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B. noymdocdaTHbIE rpaHyJIBI

TecTNe2

1. ®uToBHpPYCH PaCIPOCTPAHMIOTCS MO TKAHAM BBICIIErO PACTEHHUS C IIOMOIIBIO:
a. KoJUTIareHasbl
6. rnarypoHHOa3b!
B. TPAaHCHOPTHBIX OeKkoB (0€NKOB ABM)XEHUA) BHPYCHOTO IPOUCXOXKACHUA

2. Y npokxapHOTOB TEpMHHAIBHBIM aKLIENITOPOM SJIEKTPOHOB JUIA JBIXAaTECIBHON LM MOTYT
CITY)KMTB:

a. HUTpaTHEIi aHHOH

6. cynbdaTHbLi aHHOH

B. YTJICKHCIIOTa

3. bakTepuaibHBIE XPOMOCOMEI MOT'YT:
a. IMETh JIMHEeHY0 dopMy
0. oxaltMIATECS MeMOpaHHO# CTPYKTYpO#, CXOIHOM ¢ snepHO# 060m0uKO#
B. coaepxarb He MeHee 50% Genka

®u3noJiorns 1 OHOXHMHS PACTEHHI:

OcobeHHOCTH cCTpoeHHs pacTuTenbHod KieTkd. Sapo. PubGocombl. Ilmactupsl.
Muroxonapund. OHIOIUIa3MaTHYeCKHH peTHKynyM. Amnmapar [ompmku. Bakyons.
Iepoxcucomsl, TJIHOKCHCOMBI, 0JIEOCOMEI. Llutockener. Mukpotpy6ouxu.
Muxpodunamentsl. Knerouynas crenka. CTpyxTypa ¥ pyHKIHYM KIETOYHOH CTEHKH PaCTCHHH.
Ctpoenne M cHHTe3 MHKpoduOpwin nmemmono3sl. CTpoeHHe M (QYHKIMH TeMHIEILTIONO03.
Crpoenne 1 QyHKIMH NEKTHHOB.

®otocuHTe3. PoTOCHHTETHUYECKHI ammapaT pacTeHHs. IIUTMEHTHI XJIOpPOIIACTOB.
Xnopopuwwn. Pu3MKO-XMMHYECKHE CBOMCTBA XJIOpOQH/UIa. DHEPreTHYECKHE COCTOSHHS
MOJNeKynsl  xinopopmuia.  buocmnHres  Monexkymsl  xnopodmima.  KapoTHHOHIBL
OuxobuwmmnporenHbl. CBeroBble peakuuu (OTOCHHTE3a. ACHMMETPHA paclpeneICHHS
OenKOBBHIX KOMIUIEKCOB B THJIAKOMAHBIX MeMOpaHax. Crpoenme ¢orocmecrem I, II u
KOMILJIEKCAa IIUTOXPOMOB. AHTEHHBIE (CBeTOCOOMpaloImne) KOMIIEKCH. PasiencHue 3apsnos
B portocucremax. POTOOKUCICHHE BOABL Z-cXeMa HOTOCHHTE3a M TPAHCIOPT JJIEKTPOHOB B
¢oTocucremax. MexaHH3M TpaHCIIOPTa 3JEKTPOHOB M IPOTOHOB B KOMILIEKCE HHTOXPOMOB
b6/f. 1uknuueckuit TPaHCIOPT JIEKTPOHOB M peakuus Menepa. ®orodocdoprmiposanue.
XemuocMmotnuecknif MexaHusM cuHTesa AT®. Crpoenne u o¢yHxumorHposanne ATO-
CHHTa3HOro KoMiutekca. [TyTu CBA3BIBaHHS YIIIEKHCIOTHI (TEMHOBBIE peakuHu HOTOCHHTE3A).
C3-nyte ¢orocunTesa (L{ukn KameBuna). C4-myts ¢orocuHTe3a. POTOCHHTE3 IO THILY
toNcTAHKOBEIX (CAM-Merabomasm). PoroapixaHune ¥ MeTaboNMM3M IIMKOJIEBOH KHCIIOTHI.
CurTe3s KpaxMmana H caxaposbl. Tpaucnopt accuMmiiToB. Ctpoenne (pnosmel. MexaHH3M
¢noamHOro TpaHCmOpTa. 3aBHCHMOCTH (HOTOCHHTe3a OT (axkTopoB BHemHelt cpennl. Cser.
VYrunexucnora. Temneparypa.

Knerounoe apixanue pacteHWi. THIIEI OKHCIHTEIBHO-BOCCTAHOBHTENLHBIX PEaKIHiA.
Imaxomm3. OO6pameHwe TIHMKOMW3a W IHOKOHeoreHe3. bpoxenwe. Luxn 1u- H
TpuKapGoHOBHIX KucioT (1K1 Kpebea) [IpeBpalnenue xupoB B YrieBoAsl. [ THOKCHIATHBIA
mikn. IlentozodocharHeii myre okucineHdsa rImoko3bl. CuHTes AT® B mpouecce
OKHCIHTENBHOTO  (ochopwmupoBanus.  CrpoeHHE  3NEKTPOH-TPAHCIIOPTHOH — UEMH
MHTOXOHApH#H. TpaHCmOpPT »SNMEKTPOHOB BO BHYTpPeHHEH MeMOpaHE MHTOXOHOPHH.
OxucymrensHoe (QochopmmmpoBanre. Mexannsm pab6otel ATQP-CHHTa3HOTO KOMILIEKCa
MHUTOXOHAPHI. OCOOEHHOCTH KIETOYHOrO AbIXaHUs pacTeHui. Iluanna-ycToiiunBoe qpIXaHne
pactenuii. HeMuUTOXOHApHANBHEIE BJIEKTPOH-TPAHCIIOPTHBIE LENM PACTHUTENBHOH KIECTKH.
3aBHCHMOCTB JBIXaHHA OT cogepkaHus kucnopoaa u AJI®. AkTiBHBIE HOPMEI KHCIIOPOAA.



21

Boxanbnii pexxum pactennit. @yHkuuu Boasl B pacTeHUH. CTPYKTYpa ¥ CBOHCTBa BOZBL.
Bonusle pacTBopel. BoaHeni 06MeH pacTUTENbHBIX KiIeTOK. DOpMEI BOABI B PaCTHTEIBHBIX
Kietkax. Boaueit morennuan. Ocmoc. TpaHCHOpT BoABI B pacTHTENBHOM KiIeTke. BonHbIit
6aranc pacreHus. Ilornomenne BoAbl KOpHAMH. PaguambHBIH TPaHCIIOPT BOALI B KOpHE.
Kopuesoe naBnende. Tpancmupammsa. VYcreuuHas TpaHcnupamus. KyTukysaspHas
tpancnupaums. Kyrud. Bocka. CyGepun. IlepeapuxeHue BOAbI MO COCYAMCTON CHCTEME
pactenns. Boansiii oOMEH y pacTeHuit pa3InIHEIX 3KOJOTHYECKHX IPYIIIL.

MeMOpaHHBIH TPaHCHOPT B PACTEHHAX. OJEKTPOXHMHUYECKHM MHOTeHmal. Bupmsl
MeMOpaHHOrO TpaHCHopra. IlepBHYHO-akTHBHBIA TpaHCHOPT HOHOB. VOHHEIE HAacOCHI
TpauncoptHeie AT®a3er P-tuma. Ilpotonrele AT®ase V-tuma. Tpancnoprabie
nupodocharassr — H+-PPasel. ABC-mepeHocuMkH. BTOpHYHO-aKTHBHBEIN TpaHCIIOPT.
IlepeHocunkn KaTHOHOB. AHHOHHBIE IIEpEHOCUMKH. IlepeHOCUMKH aMHHOKUCIOT H
yrieBonoB. Monnble kaHanbl pacreHuii. CTpoeHHe ¥ QYHKIMOHHPOBAHNE HOHHBIX KaHAIOB.
K+-xananel pacturensHbIX KieTok. Ca2+-kaHanel pacteHuit. HecenekTHBHBIE KaTHOHHEIE
KaHanbl. AHHOHHBIE KaHABL. MexaHO4yBCTBUTENBHBIE HOHHBIE KaHAIEL. MoHOdOpEL. Meton
II3TY-KJIaMIl PErHCTpallii HOHHOro TpaHcmnopra. Mcmons3oBanne MeMOpaHHBIX BE3HKYN JIA
H3y4eHHus MEMOPaHHOTO TPaHCIOPTa HOHOB.

MunepanpHOE NUTaHAE pacTEHHH. DIIEMEHTHEIH cOCTaB pacTeHuid. Makpo3eMeHTEL.
Asor. @ochop. Kamii. Kanbnmii. Cepa. Marumit. Kpemunit. Mukpoanementsl. XKeneso.
Mens. Iluak. Mapranen. Momubaen. Bop. KoGamsT M Hukenb. Xiop. ACCHMHIALMSA
HEOpraHW4eCcKMX HOHOB pacCTEHHMSMH. ACCHMMIIMA a30Ta. IIpeBpameHne a3ora B NOYBE
MHKpOOpraHH3MaMH.  A30TQHKCHpYyIOIIHE  MHKpoopraHusMel. — Pukcamms  a30Ta
KITyOeHbKOBEIMH GakTepusMu. MoJeKyJsIpHbii MexaHM3M a30T(HKcaumu. ACCHMHIALUA
HUTpaTa. ACCHMHJIALMS aMMOHHA AcCHMWIANMA Cyinbdata. Mukopusa. YnobpeHus.
BrIpammBanue pacTeHuii 6€3 MOYBEI.

Beinenenne BemecTB pacTeHHAMH. CrocoObl CEKpeIlMM BEINECTB Y PaCTHTEIBHBIX
opranu3mMoB. HapyxHble CEKpeTOpHBIe CTPYKTYphL JKene3kH, KeIe3uCThie BOJIOCKH.
Hexrapuuku. ConeBble xene3kn M Bonockw. ['mpmarompl. BHYTpeHHHE CEKpPETOpHBIE
CTPYKTYPBHL

lopmonasisHas  cuctema  pacteHuit. IloHstHe  ¢HTOropMoHa.  AYKCHHBL
®usunonornyeckas pons UYK. Mera6onuzm UYK. Tpaucnopr UYK. Mexaunsm nelicTus
NYK. I'n66epenmunbl. Cunres rub6epeumuoB. JleiictBHe ru66epe/siMHOB Ha IPOLECCHI
pocTa M pa3BuTHA. MexaHusMm jpeiictBus rubOepermmHoB. L[uTOKMHMHBL XHMHYecCKas
CTPYKTypa B CHHT€3 IMTOKHHMHOB. ®Du3moioruyeckas posib IUTOKWHMHOB. MexaHusm
OeWCTBUA LHTOKMHMHOB. AOcnu3oBas xucioTa. XuMHYeCKas CTPYKTypa H CHHTE3
abcuu3oBoit kuciaoTel. Pusnonoruyeckas pons ABK B pacterun. Mexannsm geiicrsus ABK.
Ortunen. CuHre3 3THNeHA M uuii SHra. Qusuoyorudeckas pojib 3THJIECHA B PaCTCHHAX.
MonekyniapHeIii MeXaHH3M JNEMCTBHA 3TWIEHa. bBpaccmHocTeponzapl. MexaHusMm IeHCTBHSA
GpaccunocTeporioB. dusmonoruueckas ponb GpaccurocTepousio. JKacMonaTel. Mexanusm
JEeUCTBHA JKaCMOHOBOM KHCIOTEL. @u3Honormdeckas ponp xacMoHaroB. CamMmuiosas
KHCJIOTa. BHOCHHTE3 CamMuMIoBoii KUCIOTH. MexaHu3M ANeHCTBHA CAIHIMIOBOX KHCIOTHI
npn mnaroreHese. MH3ponormyeckas aKkTHBHOCTh CAIHIMIOBOM KHMCJIOTBI B PacCTCHHSX.
IlenTugabie ropMOHBI paCTEHHUIA.

@Ou3HoNOrud pocTa M pa3BUTHSM pacTeHuH. OCHOBHBIE JJIEMEHTHI B MEXaHH3Me
MopdoreHesa pacteHus. I'eHBI M TPAaHCKPUIMOHHBIE (AKTOPBI — PETYNATOPbl Pa3BHTHA
pacTeHHil. dnureHeTHYecKuit KOoHTposb pa3euTus. MukpoPHK. TTonaprocts. Koppemsiuuu B
xofe pocta W MopdoreHesa. Mepucremsl. Poct pacrenmii. [lenenue xnerok. Poct
pacTHKeHHEM. DMOPHOHANBHBIA 3TAll Pa3BUTHS PaCTHTENBHOro opranmiMa. GopMupoBanue
saponpimna. Perymanus smOpuorenesa pacrenumit. ®opmuposanue ceMsaH. DopMHpOBaHHE
mwionoB. Ilokoit cemsaH. Amnomuxcuc. BereTaTuBHBIH 3Tanm OHTOr€He3a PpacTEHHA.
I[IpopacTanne ceMeHH. ANHKajlbHas MepucteMa mobera. Pasputue mucra. PasBute KOpHA.
Hupdepermmanus cocynoB. ['eHepaTHBHBIA 3Tan pa3BUTHA. HHMIMauMs UBETCHHA.
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®opmupoBanue ¢uopanrsHbx MeprucTeM. PopMupoBaHue opraHoB nBetka. dopMupoBaHHE
XeHckoro rameropura. DopMmupoBaHHEe MyxXcKoro rameropura. OmIOZOTBOpEHHE.
CeHMIBHBIH 3Tal pa3BHUTHA.

®oromopdorenes. Penenups ¥ ¢U3HONOrHIEcKas pob KpacHoro ceera. GHTOXpOM.
Cseroperynupyembie reHbl. YyacTHe OpacCHHOCTEPOHIOB B peryisauuu ¢poroMopdorenesa.
Penenuua ¥ QU3HONOrMYECKas pojib CHHETO CBETa,

KnonupoBanue pacTeHHi. BereraTtuBHOE pa3sMHOXXEHHE pacTeHui.
MHEKpOKIIOHAJIBHOE pa3sMHOXKEHHE PacCTeHHI B KyIbType in vitro.

®dusnonorus crpecca. BoaHsll nepHINT M yCTOHUYHBOCTH K 3acyxe. YCTOHYHBOCTH
pacTeHHH K HHM3KMM TeMieparypaM. XoJIOoAOCTOHKOCTb. Mopo3oycToiunBocTs. TemnoBoi
cTpecc. benxn TemnoBoro moka. Ajantanus pacTeHRH K 3aCOJIEHHIO. ANaNnTalys pacTeHHH K
HenocTaTKy Kuciopona. OKHACIMTENBHBIH cTpecc.

3amuTa pacTeHMd OT mnatoreHoB M ¢urodaros. Bumosoit mmmynurer. Peakius
CBEPXYYBCTBUTENBHOCTH.  CHCTEeMHBII  IpHOOpDETEHHBIE  HMMYHHTET  pacTCHHIA.
WnaynupyeMas cucTeMHas yCTOMYMBOCTD pacTeHMiA. Y CTOHYMBOCTE pacTeHui K purodaram.

Bropuuneiii Merabonusm pacteHmid. MoOHO-, ceckBH- U mutepneHbl. Crepouabl U
nomurepneHsl. PeHonbHBle coenuHeHHd. CHHTe3 (EHONBHBIX coenvHeHui. KymaphHEL
OnaBonounsl. Jluruwe, Tanauesl. Ankamouabl. MUHOpHBIE TIpyNIbl BTOPHYHBIX
MeTabonuToB. llnanoreHHbIe INTHKO3UIBE. | TIOKO3HHONATEI.

I'ocynapcTBeHHEBIH SK3aMeH BKIIIOYaeT KOHTPOJIbHBIE 3a1aHAs B BUZIE TECTOB.
[Ipumepsl KOHTPOJBHBIX 3alaHWil (TecTa): NIpHBEJEHBHI IO 3 Bompoca H3 JABYX
BapHaHTOB TECTA:

TectNel

1. JImamerp ma3sMomecM peryJIHpyeTcs CHHTE30M/pacaoM:
a) caxaposbl
6) LeILTI0NI03bI
B) KaJUIO3BI

2. PYBHUCKO y C4 pactenuit 10KaIn30BaHa B:
a) KIeTKax Me3oduia
6) KJIeTKaxX yCTHHIT
B) KJI€TKaX OOK/IaKy NPOBOAAIINX IIyYKOB

3. Tlepenaya CHrHaJIOB B pacTHTENBHBIX KIE€TKaX IPOMCXOJUT C YUaCTHEM
CJIEQYIOIOMX CHTHATBHBIX CHCTEM:
a) Ca”*-cucrema
6) nporeocomHas
B) JIeruAporeHasHas

TectNe2

1. CocTosHHME OKOA perylIupyeTcs ciaenyloIUMH (UTOrOpMOHAMH
a) ABK
6) canunuIaTsl
B) CTPUTOJIAKTOHBI

2. TpaHCIOPT HOHOB OCYILECTBIIAETCS IIPH YYaCTHH CICAYIOIMUX THIIOB MEMOPaHHOTO
TPaHCIOPTA:

a) epBUYHO-aKTHBHBIH

6) BTOpHYHO-aKTHBHBIH

B) HOHHBIEC KaHAJIBI
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3. KornenTpanus noroB K B uTONIa3Me PACTHTENEHOMN KISTKH JOJDKHA
MOANECPXKUBATHECA HA YPOBHE:

a) 50-100 MM

6) 100-150 MM

B) 200-250 MM

Kaerounas Onosorus:

Opraanzaiys 6uonornueckux MeMOpaH 1 TpaHcMeMOpaHHas CHTHAIM3ALMS.

Mopenu opranu3amuu Guosorayeckux MemOpan. MemGpanHble 6€NKH ¥ JTHIOUILL, HX
CTPYKTYpa, KiaccHpuxannd, QYHKIHH, BApUAHTHl pacloyioxeHus B MeMbOparne. Kiierounsie
penenToppl, WX Kiracchpukaups W ¢QyHkumd. MeMmOpannpli TpaHcnopr. CTpyKTypHO-
¢yHKUMOHANBHAY OpraHW3alliss HOHHBIX KaHaloB. Pelentopel, HMX KIaccHpHKalMs.
OCHOBHBIE CHIHATBHBIE ITyTH, X KOMIIOHEHTBl, XapaKTepUCTHKa M perymsuusa. Cucrema
BTOPHYHBIX IOCPEIHUKOB. J[eMOHUpOBaHNE M peIUPKY/ALAA KAIbLHs B KIETKE.

OpraHu3amys [UTOCKEJIETA.

Crpykrypa H ¢yHknus nurocKenera. MHKpoQHOPWUIE, MHKPOTPYOOUKH,
poMeXyTouHsle (umamenTsl. CTPYKTYpHBIE, MOTOPHBIE H BCIOMOraTellbHblE OEKH
muTocKenera. MoeKynsl KIIETOYHOH aare3sud M O€lKH BHEKICTOYHOTO MaTpHKCa.
doxansHbIE KOHTAKTHL [10CTOSIHHBIE MEXKIIETOUHBIE KOHTAKTHIL.

Opraan3anys QUTOITa3MEL.

MemOpaHHbIE OpraHeiibl  LUTOILIAa3MBbl. Pu6ocoMpl, mx opraHuMszauus u
¢yaxkunonnpoBanue. Cunres OejiKa U MyTH €ro BHYTPHKIIETOYHOro TpaHcnopTa. llanepors!
H manepoHuHHL. [IporeacoMsl, ux cTpykTypa U (QyHKUMA. Be3ukynsapHBIi TpaHCIOPT, €ro
¢byHKINH U MOJIEKY/IAPHBIE MEXaHU3MEI.

OHepreTHuecKuii MeTabomm3M.

Tpaacopmauus 3Heprad B OHONOTHYECKHX CHCTEMaX. BHABI MaKpO3pPrHYECKHX
COelMHEeHHUH. MHUTOXOHPHH, XJIOPOIUIACTEL, HX CTPYKTypa B (QyHkuuH. MexaHu3M paGoOThI
AT®-cHHTa3HOrO KOMIUIEKCA MUTOXOHAPHI M xioporuiactoB. OpraHu3allis CONpSAralomuX
MeMOpaH.

OpraHu3anus KJIETOYHOTO S1pa.

SAnepHas 0605109Ka, XpOMAaTHH, SAPHINKO. SnepHO-IMTOIIA3MaTHIECKUHA TPAHCIIOPT.
Vnakoska JJHK B xpomocome. I'HCTOHBI: CTpPyKTypa, PasHOBHIHOCTH H MOAH(HKAIHH.
Tpasckpunuus puOOCOMHBIX UMCTpoHOB. CuHTe3 M cospeBanne mHbopMmanmoruoit PHK.
Crnaiicunr. Pepaxkrupoanne PHK. Snepssiit MaTtpukc. KiteTounslil HUKI H €10 peryasaius.
Mexanu3Mbl MuTO3a. OpraHu3anus MUTOTHYECKHX XPOMOCOM. ANONTO3.

OnuTenHanbHBIC TKaHH.

Opranuzanyss SHUTENHANBHBEIX TKaHEH. Knaccupukaupus H IPOHCXOXKICHHE
snuTeareB. Kunre4ynbie, MOKPOBHEIE, JKEJIE3UCThIE, OCMOPETYJIHPYIOINHE H BBIICITHTEIBHEIE
SIUTENAH.

TxaHH BHYTpPEHHEH cpenbl

Knaccupukanus, NpoHCX0XXIeHHE U OCHOBHbIE GYHKIMH TKaHEH BHYTPEHHEH CPEBL.
CoenuuuTeNbHBIE H  CKeleTHbIC TKaHW. KpoBb u kpoBeTBopeHHe. JlmMbonanas TKaHb.
LlenTpansHble u nepudepudecKue OpraHsl UMMYHHOM cucTeMbl. IIOHATHE 0 BPOXICHHOM H
nproOpeTeHHOM HMMYHHTeTe. KiIeTOUHBIN M IyMOpalIbHbI HMMYHHBIH OTBET. AHTHTENA H
AHTHTEHbl, AHTHTEH-DACHO3HAIOIIKE PELENTOpbl, MMMYHOITOOYIHHBL, IIPE3CHTALHs
aHTHUTeHa. MeXKieToYHas Koonepalus B X0J¢ IMMYHHOT'O OTBETA.

Menneysbie TKaHH.

Knaccudukanus, NpoHCXOXIEHHE, CTPOCHHE M (QYHKLIMOHHPOBAaHHE MBIIECYHBIX
Tkane#. [lonepeuno-monocaTsle W riajKWe MBIIEYHble TKaHH. OHU3MOIOrHYECKas M
perapaTHBHAsA pereHepanusa COKpaTHMBIX TKaHeH. MexaHu3MBbI MBIIIEYHOT0 COKpAICHH.

HepBHas TkaHb.
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OpraHusauys, IPOUCXOXIEHUE H THCTOreHe3 HepBHO# TkaHu. OpraHu3anms HEHpoHa.
Heitpocekperopabie knetkn. I'nusa, ee kiaccupukauus u QyHKIMH. MexHEHAPOHHbIC
B3auMozelicTeus. Kitaccuukxanus u cTpoeHre CHHancoB. HepBHEIE LEHTPEL

TCocynapcTBeHHBIH 5K3aMEH BIJIIOYAeT KOHTPONBHEIE 33JaHHs B BUIEC TECTOB.
[Ipumepbl KOHTPOJNBHBIX 3amaHuMil (TecTa): HpUBEJEHH MO 3 BOIpoca M3 JBYX
BApHAHTOB TECTA:

TectNel

1. K nquToCKeNeTHEIM CHCTEMAaM KJIETKH OTHOCSITCS
a. MEUKpOTpyOOuKH
6. MuUKpodHIaMEHTHI
B. HHTETPHHEI

2. B nponecce Be3UKYIAPHOro TPAHCIIOPTa IPUHUMAIOT Y9aCTHE BE3UKYIIEI CO CICAYIOIHMH
THIIAMH OITyILEHHS:

a. KJIaTpHH

6. KaBeoJIHH

B. YOUKBHTHH

3. B coctaB MoHOIMTapHO-MaKpodaranbHOM CHCTEMBI BXOAAT
a. pudpobmacTh
6. THCTHOIMTHI
B. OCTEOKJIACTHI

TecTNe2
1. B cocTaB MeXKJIETOYHOrO BEIIECTBA PhIXJION COENUHHUTENFHON TKAaHU BXOIAT
a. KOJUTareHOBBIE BOJIOKHA
6. pubpoHEeKTHH
B. IVIMKO3aMHHIJIMKaHbI
2. Ilpu3naxu, XapakTepu3ylomue JMUTeTMaIbHbIE TKAaHH
a. npeo0aagaHne MEXIJIETOYHOTO BEMIECTBA
6. Hammuwme 6asanbHOM MeMOpaHbI
B. CIIOCOOHOCTB K pereHepanuu
3. Jlna Tpancnopta Genka B AAPO HEOOXOTUMBI
a. CHTHaJI 4ICpHOM JIOKaIN3alluK
6. xapHoGepHHEI
B. rpaaueHT KoHUeHTpanuu Manoi ['Tda3sl Ran

BunoJiorns pazsurus, SMOpHOJIOrUd:

ITpemMeT 1 MeTOBI GHOIOTHM Pa3BHTHS; TEOPHH Pa3BHTHS.

OMOpHOJIOTHA KaK HayKa O Ipoleccax ¥ NPHYMHHBIX MEXaHH3MaX HHIMBHIYaIbHOIO
paszButud. [uddepennnanus KIeToK, TKaHEH U 3apobllna B IEJIOM - IICHTpaibHas mpobiiema
6uonorun pa3puTHsA. OnucatenbHasi, SBOMIOLHOHHAS M SKCIIEpHMEHTaIbHas 3MOPHONIOTH.
OCHOBHBIE METOHOJIOTHYECKHE MOAXOABI B OGHOJIOTHH pa3BUTHA. OMHUIeHE3 M IpepOpMH3M.
Ilpurnunel aHam3a JOBMOKYIMX cHl  SMOpHorene3a. OHHATHCTHYESCKHHA IOJXON
(Apucrotens), THnonormueckmift momxon bapa. Hcropuueckuit momxon. dunoreHes
ontoreHe3. KaysanmpHo aHamuTHdeckmif moxxoJ.  OBOJIOLUMOHHAA  SMOPHOJOTHS.
CpaBHHUTEILHO-3MOPHONIOrHYeCKHE UCCIIEIOBAHMS. JKCIIEpUMEHTaIbHAsA SMOPHOIOrHs.
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Teopus muddepeHnnanbHON aKTHBHOCTH TI€HOB KaK OCHOBBI  IIPOIECCOB
SMOPHOHAIBHOIO Pa3BHTHSA.

CoBpeMeHHBIE TNIPEJICTAaBJICHHA O pOJIM HAaCIEICTBEHHOTO ammapaTa B IpomHeccax
mpdeperumanyn. M3bupaTenpHas SKCIpeccs FeHOB BO BpEMEHH U NIPOCTPAHCTBE - OCHOBA
WHUBAIYaIbHOTO Pa3BUTHUA.

I'ameTtorenes, omnonoTBopeHue, ApodiaeHue, 6aacTyna, racTpyisaLus.

OnureHernyeckuii u npedopManuoHHBIA cmoco6 (OPMHPOBAHMS JIMHMM IIOJOBBIX
KJIeTOK. MoJeKy/IspHEIE MapKephl JIHHHH MOJIOBBIX KIeTOK. Mexanusmbl murpamus [ITTK.
Cnepmarorenes. Oorenes. Ilpomopdonorus siina. ®opMupoBanue oceil giflia Ha MpuMepe
JApo3opuiel. bBuonormyeckas CymHOCTP IIpOLECCa OIUIOAOTBOPEHMS, €ro CTaadH.
Buonornaeckue ¢pyHKIMH Ipouecca ApobiieH s, €ro THIbL, 0COOEHHOCTH KIETOYHOI'O LIHKIIA..
Pasznoo6pasue ¢opMm Onactyn. SmepHO-IHTOIUIA3MAaTHYECKOE OTHOIIEHHE. [ acTpyImims.
Tunmel Mop¢oOreHeTHUECKUX IBMKCHUN. 3apojblueBbie JTHCTKU. IIpOCIEKTHBHBIE KapTh
3a4aTKOB, METOJIBI OTIpeeNIeHAs CYAbObI KiieToK. [IoHATHE 06 aBTOHOMHO# JeTepMHUHAINH.

OMOpHOHANBHAS peryAlusa 1 SMOpHOHAIbHAS HHAYKIIUS.

Senenne  sMOpuoHampHOM  perymsuuu. OO6nuratHad ©®  (akyiabTaTHBHasA
NONMUAMOPHOHHA. PeryisTHBHOCTh B Ppa3sBUTHH MIIEKONMTAIOIMX. MCTOpHA OTKpHITHA H
CYIIHOCTDH SIBJICHHA 3MOPHOHATBPHON MHAYKUMH. MeXKIeToYHbIe B3aUMOACHCTBUSA B PaHHEM
pasBuTuH aM¢ubmit. «Oprammsarop» Illnemana. Ilentp Heiokyma. Cnemudugeckas
9KCIpeccHs TeHOB B 00JacTH opranm3aTopa. HelipanpHas WHOYKUMHA: «MHTHOHpOBaHME
HHrubuTOpay». «OpraHu3aTophl» Y 3apobIlieii MO3BOHOYHBIX.

Mopdoorenes.

Teopus mo3uuMoHHOM wuHpopManuu. MopemupoBanne Mopdorenesa. Mogaens
¢panmysckoro ¢iara Bomsnepra. Mopdorensl. CermenTanus Tena HaCEKOMBIX Ha IpPHMepe
Hdposopmnel. PasMerka Tenma 3apoxpnma mo mepexHesagHedl ocu. I'mmoreza Hox-kona.
Pa3BuTHE KOHEUYHOCTH Y BHICHINX IO3BOHOYHBIX. DOpMHpOBaHHUE NEBO-TIPaBOH aCHMMETPHH.

Perenepanus.

O6mas xapakTepUcTHKa M Kiaccu¢ukamusa. Kierounsle mporecchl © MopdoreHes.
Perenepanmonnas 6nmacrema. «[lo3uuumoHHas NaMsATh» pereHepanMoHHOM Onactemsbl. Ponb
HEPBHOH CHCTEMEBI.

Becnonoe pasmuoxeHue.

OOmas  xapakTepHCTHKa, Kilaccupukamus u  Ouonormdeckue  (QYHKIHH.
[Momdunernyeckoe NPOUCXOKICHHE.

JetepmMunanus nona.

@QopMBI pEIPOLYKIMH XHUBOTHHIX. ['OHOXOpH3M M repmadpomutusM. PasHooGpazue
MEXaHH3MOB JIETEPMUAHALMH 10JIa.

Pannuit 5MOproreHe3 MoieIbHEIX 00BEKTOB OHOJIOTHH pa3BHTHA.

Pa3BuTre KonpuaThIX YepBei (Annelida), Hematon (Nematoda), Hacexombix (Insecta),
urnokoxux (Echinodermata), Acummumii (Tunicata).

Passutie koctHcThIX peIO (Teleostei), 3emmHoBoaHBIX (Amphibia), nTun (Aves),
MiexonuTaromux (Mammallia).

OpranoreHes Mo3BOHOYHBIX.

Heilipymanusa. Pa3Burie riasa mMO3BOHOYHBIX. ONMUAEPMHC M €r0 IPOM3BOMHEIE Y
103BOHOYHBIX. JudpdepeHnuanus Me3omepMbl. PasBuThe cepaua, MOYENONOBOH CHCTEMEI.
ITpon3sBoansie 3HTOAEpMEL. [IpOBH3OpHEIE OpraHbL.

OKOJIOTHYECKHE 1 IBOJIOIMOHHBIE aCIIEKTHI Pa3BUTHS.

Biusaue pasmuyHbIX (akTopoB Ha pas3BuTHe. JymiMkanus IeHOB, H3MEHECHHS B
PETYIATOPHBIX 30HaX, KOHCEPBAaTHBHOCTH FEHETHYECKHUX PErYISTOPHBIX CETEH.

T'ocyapcTBeHHBIH 3K3aMEH BKIIOYAET KOHTPOJIBHEIC 3alaHHs B BUAE TECTOB.
[IpuMeps KOHTPOJNBHBIX 3alaHWi (TecTa): MPHBENEHH! MO 3 Bompoca M3 ABYX
BapHaHTOB TECTA:
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TectNel

1. 'eneTyecKue peryIaTOpHBIE CETH 3aI€HCTBOBAHEI B IIPOLIECCax:
1. racTpynsauuun
2. cneuudukalyu ocei
3. pereHepauuun

2. Baumope#icTBHE KIIETOK HEOOXOAUMO:
1. mpy onoAOTBOPEHUH
2. IpH HHAYKIHHA
3. npu popMHPOBAHAH IJ1a3a [TO3BOHOYHBIX KHBOTHEIX

3. Yro xapaKTepHO U1 IIPOLIECCOB KpoOIeHUS?
1. HopmayH3anyUs AAEPHO-IUTOILIaA3MAaTHYECKAX OTHOMIEHHUH
2. HaIMYHe BepeTeHa JAeIeHUs
3. Jerenepauus OTIOBCKOI'O OpraHu3Ma

TectNe2

1. Kakne TepMuHbl 0003HaYal0T CIIOCOOBI raCTPY AU ?
1. maBOMIOLIMA
2. npobnenue
3. xoMIaKkTH3aIusa

2. Hazosute THIEI Oactyn
1. ractpyna
2. aHnecTpyna
3. nenoGnacryina

3. Hazosure THIB MeTamopdo3sa:
1. karacTpoduueckuit
2. npomadepaTUBHBI
3. 3BOJIIOTHBHEIHA

Hefipo6noJsiorns:

XapaKTepHCTHKa KJIETOYHBIX 3JIEMEHTOB HEPBHON CHCTEMEI.

Knaccnpuxanusa HepBHBIX KIETOK (HEWpoHbI M rmHg). Mopgonorus He#poHa.
MeXKIETOUHbIE B3aMMOJECHCTBHS B HEPBHOH cHCTeMe. MEXKICTOYHbIE KOHTAKTHL
Hetipospdexropurie B3anmozeticTBus. HelipoMenuaTops! 1 efipoTpaHCMHTTEPH]. PelienTopsl.
Cunancel. HelipoHalIbHBIE CETH.

OHTOreHe3 HEPBHOM CHCTEMBIL.

Pasputne HepBHO#M cucTeMbl. (O60NOYKM CIHHHOTO M rOJOBHOTO Mo3ra. JKerynouku
Mosra. ['eMaTosnuedanmmyecknii 6appep. JaHHble 00 3MOpHoreHese 4esnoBeKa, MOMYICHHEIE
meromoM MPT. Terepoxponnms B passuten I[HC kak Mopdonornueckad OCHOBa
IUTACTEYHOCTH Mo3ra. Mopdosioruueckiue KOppeisThl, JeXalliue B OCHOBE HHAWBHAYAIbHOM
BapHabeIpHOCTH MO3ra, obecreumMBaloIel onpeneneHHble QUana3oHbl GHONOTMYECKHX H
COLMATBHBIX ajganTtanuii genosexa. [IpoGrnema MopdodyHkumoHaNBHOM crenudukn Mo3ra
gesloBeka. MexaHH3Mbl paHHETO OHTOTeHe3a U crapeHus. IlonoBoit quMopdU3M B CTPOCHUH
Mo3ra H IcHXHYecKuX OQYHKIHAX. OcoOGeHHOCTH OHTOreHe3a KOPHI MO3ra 4YeJoBeEKa.
OtpaxeHue JIMYHOCTHBIX OCOOEHHOCTE! B OpraHM3alMy aKTHBHOCTH KOpPHI IO pe3yabTaraM
HEeHpOBH3yaIH3alvH.

Heiipodusnonornueckre # KOTHATUBHBIE aCIIEKTHI ITaMATH.
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CeHcopHas, KpaTKOBpeMEHHasd H JOJITOBpeMEHHas NaMATh. YIPaBICHHE NAMATBHIO.
CpaBHHTENbHAA XapakTEpHCTHKA pa3IM4HBIX THIOTE3 MNaMmATH. Poilp nenTwiaoB IpH
3alIOMHHAHUH, MOXYJIALHAA MpoLecca KOHCOMMAaauuu ciaena. OyHKUMA ranmnoKamma.

Heiipodusnonornieckue 1 KOrHATHBHEIE aCIIEKTHI PEYH U CIIyXa.

CrpykrypHO-QyHKIMOHAIFHAA OCHOBA peul. Adasus bpoka. Adasus Bepruk

Mo3roBEIe CTPYKTYpEI, CBS3aHHbIE C POPMHPOBAHHEM PEYH H CIIyXa.

OMonMOHaIbHAA Pery/IALnsA KOTHUTHBHBIX IIPOIIECCOB.

dyHKkOUA  SMONLMI:  OTpaxaTelbHas, NEPEKIIOYaTeNbHasd, OAKpEIUIIomasd,
KOMMYHHKaTHBHaA. Mosrosrie MEXaHN3MBI 5MOLMOHAIBHBIX COCTOSIHHIA.
OpburodpoHTanpHas kopa W sMouun. AMurnana u cuaapoM Kimosepa-Broccu. Csssp
THIoTaamMyca ¢ sMouuamMu. CBA3b IMOLHI ¢ HOJTyIIapHsIMH.

Con.

CrpykTypa ¥ KOTHHTHBHbIE MOJIENIM CHa. Pa3znu4aHble cTaguu cHa, Npodmib cHa, I3
KaptuHa cHa. [Icnmxodusmonornyeckue noxkasarenyd GBICTPOro H MEIUIEHHOTO CHa. ['HIoTe3sl
0 mpupone cHa. IlupkanHad rumoresa CHa U cympaxuasMarhaieckoe saapo. JlenpuBaius cHa.
QyHKIMOHATEHOE 3HaYCHUE CHA.

Nnreimiekt. HefipoGuomoruyeckue xoppenarsl cnocobHocred. Hepapxuuyeckas
Teopua cmocoOHocTeil. VIHTeIUIEKT M ero B3aMMOCBA3b C HEHPOPH3HOJIOTHYECKHMH
noKasaTessMH. ICKyCCTBEHHBIH HHTEILIEKT.

[Meuxodusmonorus cozHaHus. OCHOBHBIE KOHIENIMH co3HaHHA. Koruenuua
CBETJIOr0 IATHA, TalaMO-pEeTHKYJIpHOH cucTeMbl Ilendunbaa, «mpoxexkTopHas TEOPHS
CO3HAHHAY, TEOpUA DKKJICa, royorpaduyeckas reopus [IpuGpama, Teopus IOBTOPHOTO BXOJa
B030OyxneHus JjenbmanHa, Vsanumukoro. CosHanme u ramma-put™ OJI. CosHanue H
HepapxudecKas MOJIeNb reTalbTa.

HetiponerenepaTiBHbIE 3a00/ICBaHHS. ,

bone3sns IlapkuHcoma, sedeHue mpenaparamu L-Dopa, Xopes I'errHHrrona.
TpaHCKkpaHHaIbHAs 3JIEKTPOMArHHTHAs CTHMYJIALMSA, CTHMYJIATOPBl C XPOHHYECKH
BXWBJIEHHBIMH 3JICKTpoJaMH. borne3ns AnbnrefiMepa, rumoTessl narorenesa. Iicuxorpomnnsie
cpencTBa U (hapMaKOJIOTHYECKHE areHThl, 3aTparuBaiomue GYHKIMH [EHTPAIBbHON HEpPBHOM
CHCTEMEI U IIOBEJICHHUE.

Heiipo6nonoruyeckue METOABIL.

OnexTpodu3nonornueckue MeToasl. MemOpaHHBI NOTEHIIMA, TOTEHIHAT JICHCTBH,
ypaBHEHHE, HOHHbIC KaHIbl. DBHewIeTouHas  3amucCh, TETPAAHBIE  JJICKTPOMBL
BuyTpuxneroynas 3anuce. Ilaru-kmamn on-cell, whole-cell, inside-out, outside-out.
IToaroroBka u paboTa ¢ OpraHOTONHBIME cpe3amH. ONITOreHEeTHKA.

MeToasl NPHXH3HEHHOM ¥ MOCTMOPTEMHOM BH3yaiM3anWM B HEHpOOGHOIOrHH.

Teoperuueckue ocHoBel pentreHoBckoit KT, I19T, sMPT, ®sMPT. CneunansHbie
Meroxsl: anruorpadus, dt-MRI, fMRI. HUP — cnekpockonust. tka paGoTEI ¢ YEIOBEKOM,
HHQOPMHUPOBAHHOE  COIJIACHE,  JTHYECKHMH  KOMHTET. [ 'HCTONOrMYecKue %4
HMMYHOXMMHYCHCKHE METOABl. BH3yann3almsa SKCIPECCHH I'eHOB. Bu3yammsanms cBa3ei:
aHTepOrpaaHble, PeTPOrpajiHEE METOAB], TPAHCCHHANTHYECKHE METKH (BHPYCHBIE BEKTOPEI).
Busyammsanua kpynHeix OnokoB TkaHu CLARITY, SWITCH, u-Disco. Bmsyammsanus
BTOPHYHBIX ITOCPEIHMKOB, KAIBIMEBEIH IMHIDKAHT. CBETOBAaA M 3ICKTPOHHAs MHKPOCKOITHA.
MonekynsapHo-6Guomorudeckue Metoas! B HelipoOmonorum. [loBeleHYeCKHE METOIEL.
Hcnonp3oBaHne MOAENBHBIX XUBOTHBIX.

l"ocyz[apcmennmﬁ 3K3aMCH BKIIIOYACT KOHTPOJIBHBIC 3alaHUA B BHIC TCCTOB.

IIprMepsl KOHTPONBHBIX 3aaHMi (TecTa): NPHBEAEHH MO 3 BOmpoca H3 JBYX
BapHaHTOB TECTa:

TectNel
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1. V uccnenoBarens ects runotesa, Yro 00beM onpeseNieHHo# obacti Mosra OyaeT MEHbIIE
B KIMHHYecKo# momymsiuu. Kakoif Meron iydme BCEro HMOAXOAWT A OTBETa Ha 3TOT
Bompoc?

a. 1uddy3uoHHO-TEH30pHAS BU3yaTH3aysa

6. marauro3Huedanorpapus

B. MPT moppomerpus

2. BeccoHHHIa y 9e0BEKa MOXKET ObITh BBI3BaHa AcOaTaHCOM:
a. aueTHIIXOJHHA
6. cepoToHHHa
B. HOpaJpeHaIMHa

3. Kakuvie U3 CJIeayIOIINX YTBEPKACHU BEPHBI OTHOCUTENHHO CKOPOCTH PacIipOCTPaHEHHS
noTeHIMana geifcreus?

a. yBeJIHYEHHE JUaMeTpa akCOHa YCKOPSET paclipOCTPaHeHHE

0. yBeH4eHUE KOJIMYECTBA YIIPABIISEeMbIX OTEHIHAT-3aBHCHMBIX Na + KaHalIoB
YCKODPSET pacHpOCTpaHEHHE

B. MHEIIHHOBAs 060J109Ka YBEIMYUBAET CKOPOCTh PacIpOCTPaHEHHSA

TectNe2

1. Kakoif THII maMATH CBA3aH C MUHIAICBHIHEIM KOMIUIEKCOM siaep?
a. SMOIIHOHAJIbHAS ITaMsTh
6. npocTpaHCTBEHHAs [TAMATh
B. pabo4as maMsTh

2. OnexTpo3HnedaTorpaMMa OKa3bIBaeT HaTM4ue ajib(Pa-BoaH. MBI MOXEM IIPERIIOIOXHUTS,
YTO YeJIOBEK, Y KOTOpOro perucTpupyioT 331

a. COCPEJOTOYCH Ha PEIICHUH 3a0a4qy

6. B paccnaGiIeHHOM COCTOSIHHI

B. CITUT

3. Adasus - 370 HOBPEXICHHE HITH OTEPA:
a. 3peHust
6. clIyx0BOIf 9yBCTBUTEIHOCTH
B. S3BIKOBBIX HABHIKOB

3. PexoMeHAAUUH 00YIaI0IHAMCSH 0 HOATOTOBKE K rocyJapcTBeHHOMY 3K3aMeHY,
nepeveHb JIUTEPATYpPhI AJI NOATOTOBKH K rOCyAapCTBEHHOMY 3K3aMEHY

3.1. PexomeHzauuu 0oCy4aromuMCs IO IOAFOTOBKE K IOCYJAapCTBEHHOMY 5K3aMEHY:
IOATOTOBKA K TOCYNApPCTBEHHOMY JK3aMEHY OCYIIECTBIACTCS HMHAMBHIYAIbHO C
HCIIOJIF30BAHHEM OCHOBHOM H JOIONHHUTENBHOM JHTEPAaTYphl H KOHCYJbTallMi ¢ Hay4HBIM
PYKOBOZMTEIIEM.

3.2. Ilepeyenb JHMTepaTypel M D3JEKTPOHHBIX OHONHOTEYHO-HHPOPMAHOHHBIX
PECYpPCOB UL NOATOTOBKH K rOCyJapCTBEHHOMY JK3aMeHYy:

buodusuxka:
OcHoBHas auTEpaTypa
1. Py6un A.B. 2004. Buodpusuxa: ximaccuyeckuii yHuBepcurerckuii ygeOHuk / A. b.
Py6un. 3-e u3j., ucnp. u non. M.: U3n-Bo MockoBckoro yEuBepcutera; M.: Hayka,
2004. T. 1 u http://eds.a.ebscohost.com/eds/detail/detail?vid=1&sid=7d6fe860-2¢22-
4a48-957d-
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8c852d60d6b5%40sessionmgr4006&bdata=Jmxhbmc9enUmc210ZT1IZHMtbGI2ZSZ

2Y29wZT1zaXRI#AN=spsu.ibooksruRUIBOOKbooks27495&db=cat07918a

. Kpyrenxas 3.U., Jlonckuit A.B. brnoduzuxa memGpan. CI16. U3n. CII6IY. 1994. 288

c.

. Bonbkenmreiitn A.B. buodpmsuka. HzparensctBo "Jlamp". 2012, O3BC:

http://eds.b.ebscohost.com/eds/detail/detail?vid=5&sid=5ebfdf71-9¢74-4f2c-acef-

a736d13439b2%40pdc-v-
sessmgr01&bdata=Jmxhbmc9cnUmc210ZT11ZHMtbGI2ZSZzY29wWZT1zaXRI#AN=s
psu.lanbook3898&db=cat07918a

. Kyapsawmos IO.b. 2004. Paxuanvonnas 6uodusrka (moHr3upyromue u3rydeHus) Ilox

pen. Masypuka B.K., JlomamoBa M.®. M. H3g. OU3IMATIINT. 448 c.

http://eds.a.ebscohost.com/eds/detail/detail?vid=1&sid=8be69a38-4327-4646-b2c2-

4cb1fb0fd81b%40sessionmgr4008 &bdata=Jmxhbmc9ecnUmc210ZT11ZHMtbGI2ZSZz

Y29wZT1zaXRI#AN=spsu.lanbook59329&db=cat07918a

JonoHATEIbHAS JHTEPATYPA

1. Kpyreuxas 3.1., Jle6ener O.E., Kypunosa JI.C. MexaHu3MbI BHYTPHKIICTOYHOH
cargamm3amuy. CII6. A3a. CII6IY. 2003. 208 c.
http://www.booksmed.com/fiziologiya/1098-mexanizmy-vnutrikletochnoj-
signalizacii-kruteckaya html.

2. Kamkun A.T'., Kucenesa U.C. ®usnonorus u MoJeKysipHas Onomnorus MeMOpaH
Kkierok. M.: M3narensckuit nentp "Axanemus”. 2008. 592 c.

3. Jx. I'. Huxomnc, A. P. Maptus, B. [{x. Bainac, I1. A. @ykc. 2003. Ot HeHipoHa
mo3ry. M.: YPCC. 672 c.

4. Anms6eprc B., [xxoncor A., JIstouc k., Pagd M., PobGeprc K., Yourrep IT. 2013.
Monexynspraas 6uonorus knerka. B 3-x 1. M.; Mkesck: HULL "Perynspras u
xaoTH4eckas quHaMuKa": MHCTUTYT KOMITBIOTEPHBIX MCCIIEAOBaHMIA.

5. Kpyreukas 3.1., Kypunosa JI.C., HaymoBa A.A. MoneKyapHbIe y9aCTHHKH
9K30IHTO3a. MoHOrpadus, H3n-Bo: «Y HUBEPCHTETCKHE TEIEKOMMYHHKAIIHH Y,
2012r.,177 c.

6. Krutetskaya Z.1., Milenina L.S., Melnitskaya A.V., Naumova A.A., Antonov V.G.
Redox modulation of Ca®* and Na* transport in nonexcitable cells. Monorpadus,
n3n-so CIIGITTIY, 2014 1., 171 c.

7. Kotsik A., SInauek K. Mem6panusiit tpancopt, M., Mup. 1980. 341 c.

Kotbik A., SIrayex K. MeMGpannsiit Tpancnopt, M., Mup. 1980. 341 c.

9. HsxkoB B.I'., BepectroBckuit I'.H. Jlunmansiii 6ucioit 6nonorngeckux MeMOpas.
M., Hayka. 1982. 224 c.

10. Xonopos b. Y. O6mas ¢usuonorus Bo3Gyanmerx MemOpan. M.: Hayka. 1975. 406
c.

11. Kypunoga JI.C., Kpyrenxas 3.U. [leficTBre HOHHM3HPYIOWIEH palHalliH HA KICTKH.
CII6. U3n. IMomutexaudeckoro yH-1a. 2012, 80 c.

12. Ponnaiya B., Amundson S.A., Ghandhi S.A., Smilenov L.B., Geard CR.,
Buonanno M., Brenner P.J. Single-cell response to ionizing radiation. Radiat.
Environ. Biophys. 2013. 52: 523-530.
https://www.researchgate.net/publication/256332646_Single-
cell_responses_to_ionizing radiation

13. Little M. P., Heidenreich W. F., Moolgavkar S. H., Schollnberger H., Thomas D.
C. Systems biological and mechanistic modeling of radiation-induced cancer.
Radiat. Environ. Biophys. 2008. 47:39-47.
https://www.researchgate.net/publication/5750828_Systems_biological and mech
anistic modelling_of radiation-induced cancer

14. Simms B.A., Zamponi G. W. 2014. Neuronal Voltage-Gated Calcium Channels:
Structure, Function, and Dysfunction. 82: 124-45.
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https://www.cell.com/neuron/fulltext/S0896-6273(14)00244-
X?_returnURL=https%3 A%2F%2Flinkinghub.elsevier.com%?2Fretrieve%2Fpii%?2
FS089662731400244X%3Fshowall%3Dtrue

15. Berridge M.J., Lipp P., Bootman M.D. The versality and universality of calcium
signaling. Nat. Rev. Mol. Cell Biol. 2000. 1:11-21.
https://www.researchgate.net/publication/11925693_Berridge_MJ_Lipp_P_Bootm
an_MDThe_versality and_universality of calcium_signaling Nat Rev_Mol_Cell
_Biol_111-21

16. Amonnn I1.B.,, Tkauyk B.A. Peunentopsl ¥ BHYTPHKJICTOYHBIH Kanbiuid. M.
Hayxka. 1994. 288 c.

17. Kocriok ILT. Kanbuuit 1 kneroynas Bo36ymumocts. M. Hayka. 1986. 255 c.

18. Brini M., Carafoli E. 2009. Calcium pumps in health and disease. Physiol. Rev. 89:
1341-1378.
https://journals.physiology.org/doi/full/10.1152/physrev.00032.2008?rfr_dat=cr_p
ub++0pubmed&url_ver=739.88-2003&rfr_id=ori%3 Arid%3 Acrossref.org

19. Brini M,, Call T., Ottolini D., Carafoli E. 2013. The plasma membrane calcium
pump in health and disease. FEBS J. 280:  5385-5397.
https://febs.onlinelibrary.wiley.com/doi/full/10.1111/febs.12193

20. Clapham, D.E., Calcium signalling, Cell, 2007, vol. 131, pp. 147 - 138.
https://www.cell.com/cell/fulltext/S0092-8674(07)01531-
0?_returnURL=https%3 A%2F%2Flinkinghub.elsevier.com%?2Fretrieve%2Fpii%2
FS0092867407015310%3Fshowall%3Dtrue

21.Ivanova H., Vervliet T., Missiaen L., Parys J.B., De Smedt H., Bultynck G.
Inositol 1,4,5-trisphosphate receptor-isoform diversity in cell death and survival.
Biochimica et Biophysica Acta, 2014, vol. 1843, pp. 2164-2183.
https://www.sciencedirect.com/science/article/pii/S0167488914000913?via%3Dih
ub

22. Betzenhauser M.J., Andrew R. Marks A.R. Ryanodine receptor channelopathies.
Pflugers Arch,, 2010, vol. 460, pp- 467-480.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2885589/

MoJekyaspaas 6monorns:
OcHoBHas JHTEPATYpa

. Nnare-Beuromos C.I'. I'enetnka ¢ ocnopamu cenekuun. «H-JI». 2010. 718 c.
. dmuot B., Onuot [I. Buoxumus u MonekyaspHas Guonorus. «Mauk Hayka». 2002.

444 c.

. CoBpemeHHast MUKpOOHOIOTHA. Hpoxapndrm: B 2-x T. IToxt pen. 1. Jenrenepa, I".

Hpesca, I'. [lnerens. «Mup». 2005. 1152 c.

Pasun C.B., BricTpunxuii A.A. XpomMaTHH. YNIakOBaHHBIHA reHOM. «BHHOM.
JlaGoparopus 3Haumit». 2009. 176 c.

JIstoun B. I'ennl. «bunom. JIabopatopus 3nanmii». 2011. 896 c.

Bpayn T.A. TI'eBOMBL. «VIHCTHTYT KOMIIBIOTEPHBIX HccnenoBanmity. 2011. 944 c.

. Knetku no JIsrouny. Pen. JI. Kaccumepuc, B. I1. Jluaramna, JI. IInonnepa. «busoMm.

JIa6oparopus 3uaHmi». 2016. 1056 c.

Koneman 5., Pem K.-T'. Harnsanas 6uoxumus. «burom. JlaGoparopus 3nanuii». 2011.
469 c. v
Cnupun  A.C. Monexynspras Guomorus. PmbGocombr H GHocuHTe3 6€nKa.
«Axkagemua». 2011. 513 c.

Buoxuamusn:
OcHoBHas JATEpaTYypa
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. Hemecor M.M., Kokc, I.JI. OcuHoBbl Omoxumuu Jlemmamxkepa. T.1. OcHOBHI

6uoxummu. Ctpoenue u karanus. M., bunom, 2012

. Henecon M.M., Koke, [I.JI. OcHoBBl Onoxumunn Jlennnmkepa. T.2. buosHepreTuka u

metabonu3m. M., bunom, 2014

. Hemecon M.M., Koke, JI.JI. OcHoBbl 6noxumun Jlenunmkepa. T.3. [Iytn nepemaum

uHpopmanuu. M., Burom, 2015

JonoHUTEAbHAS JIHTEPATYPA

. An6eprc b., bpeit 1., JIsronc [Ix. u ap. MonexynsapHas OHOJIOTHS KIETKH: C

3anadaMi Jxona Yuncona u Tuma Xanta. M., Mup, 2013.

JIstouH b. I'ensl. Buaom, Mocksa, 2011, 896 c.

IInakysos B.K. OcHoBrl 3H30MOMNOrHH. JIoroc, M., 2011, 127 c.

[TpuHIHAIEL # MeTOABI GHOXUMAM H MOJIEKYIIApHO#M Gronoruu («Principles and
Techniques of Biochemistry and Molecular Biology»): yueGHoe nocobue / ed.: K.
VYuncon, JIx. Yonxep ; nep.: T. I1. Moconoga, E. O. Bosenex-Pemertnsx ; pea.: A. B.
JleBamos, B. Y. Tuinkos. - 2-e u3xn. - M.: BUHOM. Jla6opaTopus 3Hanuii, 2015. - 848
c. ISBN 978-5-9963-1895-7.

®usnka 6enxa: Kypc exiuii ¢ BETHHIMH H CTEPEOCKOMYECKHMH HIUTIOCTpALMAMH U
3agavaMi: YueGHoe NocoOre i CTYIEHTOB BY30B, 00y4. o 6moJ. cnew. / A. B.
Ounkensmrreiid, O. B. ITtunem. - 5-e u3z., ucnp. u gom. - M. : KIIY, 2014. - 492 c.
Basic Neurochemistry, Molecular, Cellular and Medical Aspects, 7-th ed. (ed.-in-chief
G.J. Siegel), 2006, Lippincott Williams a. Wilkins, Philadelphia, N-Y., L. 1147 p.
OnexrponHas kaura (baza nannerx: EBSCOhost)

bHoTexHoMOrNA:
OcHoBHas JuTEpaTYypa

. Xypasnesa I".A. I'enHas umxenepns B 6uotexHonorun. 2016. CII6. SxoBextop. 328

c

. JIyrosa JI.A. Buotexnonorus Beiciux pacrennii. M3a. CII6IY. 2003.
. Pe16unn B.H. OcHoBBI reHeTHaeckoii nrxeHepun. U3-po CIIGIY, 1999, 522 c.
. enxynos C.H. I'eneruyeckas umxenepus. Hopocubupek: Cub. ynus.u3a-so. 2004,

496 c.

JlonoJqHuTEeIbHASA JIUTEPATYPA

Cepos O.JI. IlepeHoc reHoB B coMaTHyecKhe M IooBble KieTku. HoBocuOupek,
“Hayxka”, 1985.

H.les (pen.) MeTonas! reneTHKH coMaTHYecKHX KieTok. M,"Mup”,1.1-2,1985
W.JIepxosurc, Ilepuuc b. UMMyHonorus. Merone! uccnenosanuii M."Mup”, 1983,
348 c.

I'eneTHKa:
OcnoBHag auTeparypa

. lenernka ¢ ocHosamu cenekiuy : ydebumk / C. I. HWure-Bedaromos. - 3-¢ u3z,

nepepab. u gon. - CII6. : U3n-Bo H-JI, 2015. - 720 c. : puc., Tabn. - bubmmorp.: c. 686-
696. - Ang. ykas.: c. 704-707. - Ilpeam. ykas.: c. 708-718. - ISBN 978-5-94869-178-7
: 700.00 p., 760.67 p.

. I'ensl mo JIptouny = Lewin's Genes X : yuebnuk / JIx. Kpebe, 3. IN'ommrein, C.

Kummarpuk ; pen.: J. B. Pe6puxos, H. 0. Yceman, B. B. I'eline6pexr. - 2-e usa., uemp.
¥ jom. - M. : Jlaboparopus 38anuit, 2017. - 919 c. : un. - bubnuorp. B koHNE rnas. -
ITpenmM. yxas.: c. 881-919. - CnoBaps TepMuHOB: ¢.857-880. - ISBN 972-5-906828-24-
8

Kiar V., Kammunrc M. OcHoBsl reHetuxu. M. Texsocdepa. 2007.
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JI. A. Xusorosckuit, A. U. Ilynoskus. - M.: Mup, 1995. - 399 c.

. TaiicuroBuY A. E. 3apoxaenue u pasputue reHetukd. M.: «Hayka», 1988.
. 'enernka uwenosexa no ®oremo u Motyncku. I[IpoGreMsl M mOIXOXsl: HaydHOE
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Jlatemos; pen. B. C. bapaHros. - 4-¢ u3z. - CII6. : M3parensctBo H-JI, 2013. - 1056 c.

. 'ensl u resoMer: B 2-x 1. M. Cunrep, II. bepr. / pea. H. K. SIakoscknii; nmep. T. C.

Wnpuna, 10. M. Pomanosa. - M.: Mup, 1998. - 373 c.

. Kaiiganos JI. 3. 'enetnka nomymsamuit. M.: «Bricmas mkonay, 1996.

MaremaTuveckas GnoJiorus, 6monndpopmarnka:
OcHoBHas JnTEpaTypa

. S3sIk mporpammupoBaHHA Python: y4eG. mocob6me / P. A. Cy3n. - M.: UnTeprer-

yHHBepcHTeT uHpopMarmonHbIX TexHonoruii: BUHOM. JlaGopaTtopus 3Hanuii, 2006.
- 326 c. - (OcHOBBI HHPOPMAMOHHBIX TEXHONOTHIT). - Bubmuorp.: c. 325.
JonoHATEIbHAN JTHTEPATYPA

. Ilpuemsr 00BEKTHO-OPHEHTHPOBAHHOTO IIPOCKTHPOBaHMS. IMatrepns

npoektupoBanus: Ilep. ¢ anrn. / 3. I'amma, P. XenwM, P. Ixoncon, Jx. Biauccunec.
Canxkr-ITerepOypr : [Tutep, 2001366 c. : un (Cepus "bubnnorexa mporpamMmucrta”)
Bu6morp.: ¢.353-358. (https://e.Janbook.com/book/1220)

Crpyxrypsl naHHBIX B aaroputMel B Java : [mep. ¢ auri.] / Maiikn T. I'yapuy,
Po6epro Tamaccus. - Munck : Hosoe 38anue, 2003. - 670 c. : un. - bubmorp.: ¢. 661-
664. - Ilpenm. ykas.: ¢. 667-670. - ITep. u3n, : Data structures and algorithms in Java /
Michael T. Goodrich, Roberto Tamassia. - ISBN 985-475-011-6

11. A3k nporpammupoBanus Python. ITpaktukym / XKykos P.A. Mocksa UTHOPA-M
2021 216 c. ISBN: 9785160156385.
(https://znanium.com/catalog/document?id=365208)

Muxpobuonorus:

OcHoBHAas JUTEPATYPa

1.

2.

3.

A B. ITuneBuu. MukpoGuonorus, Guonorus mpoxapuoroB (yuebnuk), ToM. I, CIIG:
Hsn-o CIIGI'Y, 2006 .
A.B. IuneBnu. Mukpobuosnorus, 6uonorus mpoxapuoToB (yuebunx), Tom II, CII6:
H3n-so CIIGI'Y, 2008 1.
A.B. IureBny. MuxpoGuonorus, 6uonorus npoxapaoToB (yue6unk), Tom III; CII6:
Hsn-eo CIIGI'Y, 2009 r.

. E.B.EpmunoBa, XM.3arynkas, T.B.Jlanuna. IlogBmXHOCT> H  IOBEACHHE

Mmuxpoopranu3mMoB (T. 2 - Dykaprortsl). CII6: U3gp-o C.-Iletrep6. yr-Ta. 2010. 188c.


https://e.lanbook.com/book/1220'
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A.B.ITnuesny, A K.Cuporkus, O.B.I'aBpuinoBa, A.A.ITorexun. Bupyconorus. CII6.:
U3n-po C.-Ilerep6. yn-ta. 2012. 432c.

JoNo/THHTEeILHAS JINTEPATYpPa

1.

2.

3.

1.

2.

3.

4.

1.

I'.A. 3aBap3uH. Jlekuun mo npupoxoBexyecKoil Mukpobuosnorun (yae6aux). M: Uzn-
Bo “Hayxka”, 2004 r.

I'I'.IInerens. Ucropus mukpobuonoruu. M: Uzn-Bo «Emutopman YPCC»x». 2002.
302c.

C.A Kapnos. Crpoenue xietku nmpoructoB. CI16: M3a-Bo «Tecca». 2001. 384c.

B. Alberts, A. Johnson, J. Lewis, M.Raff, K. Roberts, P.Walter Molecular Biology of
the Cell, 6th edition, 2015, Garland Science, New York.

®u3noJiornsa 1 GHOXHMHSA pacTeHmii:
OcnoBRas quTepaTypa

. Mensenes C.C. Qusnonorns pacrenuit. CII6.: BXB-IlerepOypr, 2013. 512 c. ISBN

978-5-9775-0716-5 URL: https://proxy.library.spbu.ru:2374/bookshelf/333683 Tekcr:
3NEKTPOHHBIA
2. Mensenes C.C., lllaposa E.l1. Buonorus pa3sutus pacrenuii. B nByx tomax. Tom

2. Poct u muddepennupopka. YyeOuuk. HmxaeBaprosck: M3n-Bo Hmxwesapr. roc.
yH-Ta, 2014. 236 c.

Jonoannre/nHAN IATEPATYpa

. Mensenes C. C., lllaposa E. U. buonorus pazputus pactenuii. Tom 1. Hagana

6uonorun pa3sutus pacrenuit. @uroropMmonsl. — CII6.: M3parensckuii gom CIIGIY,
2011. — 253 c.

. [laposa E.1. AnTHOKCHAaHTHl pacTeHHil. YueGHoe mocobume. CII6: M3natenscTBo

CII6I'Y. 2016. 140 c.

Knerounas 6uosiorus:

OcnoBHas auTeparypa
b. An6eptc, A. JIxoHcon, [Ix. JIptouc u ap. Monexynsaphas 6uosorus kieTku. B 3-
X toMax. 5-¢ m3a. 2013 r. Cepus buomnpopmarnka B MoJeKyndpHas OGuonorus
ISBN 978-5-4344-0112-8 UznarenscrBo « UK»
PyxoBoacTBo 1o rucrosioruu: B 2-x T. / pen. P.K.Jlauusos. - 2-e u3x., ucmp. U JOII. -
CII6.: CrnenJIur, 2011. - 831 c.
B.JLbeikoB Iluronmorus u obmas rucronorus. OyHKuHOHaIBHAs Mopdoorus
KJIETOK M TKaHel genoBeka: yuebnuk / CI16.: Cotrc, 1999. - 520 c.

JonoHATE IbHAA JIUTEPATYPa
Knerku no JlelomHy: pykoBoacTBo: mnep. ¢ aHrin / pex.. JL.Kaccumepuc,
B.P.JIunranna, JI. Ilnonnep. - 2-e u3a., ucmp. u gon. - M.: Jlaboparopus 3HaHHIA,
2016.-1057c
B. Alberts, A. Johnson, J. Lewis, M.Raff, K. Roberts, P.Walter Molecular Biology
of the Cell, 6th edition, 2015, Garland Science, New York,
I'ucronorus, umronorus u smOpuonorus (nox pen. mpod. FO.M. AdanacbeBa u
npod. H.A.¥Opumnoit). M., Menununa.1999.
XaM A. u Kopmak [I. I'ucronorus. B naru Tomax. M., Mup, 1983.

BuoJiorus pa3sutus, SMOpHoJIOrHs:
OcnoBHas JATEpaTYpa
I'mnbept Cxotr ®. buonorns passurus. CII6.: Undopm-Ilnanera: [lomurexnuka,
2010.
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2. [lonaya A.K. buonorus passutus. B 2-x Tt Usn. CII6 yrusep-ta. 2005.

JonoHATEbHAR JTHTEPATYpa
. bogapos 10.C. OBommonuonHas sMOpHoorus no3BoHo4Hex. M. 1988.
2. Heanopa-Kazac O.M., Kpuunnckas E.b. Kypc cpaBHUTEIBHOM SMOPHOIOTHH
6ecno3BoHOYHBIX KHBOTHEIX. JI. 1988.

—t

HeiipoGuonorus:
OcHoBHas JHTEpaTYpa

. laitBoporckuit .B. Anatomus uenrpansHoii HepBHoii cucremsl. CI16.1995

2. TaitBoponckuii U.B., laitBoporckuii A. 1. @yHkunoHaTbHas aHATOMHS LEHTPaILHOM
HepBHO#H cuctemsl. CI16.: CnenJIut, 2007.

3. Jxonc A.P, Mon Ksepnecc, Ilerep A. Punk, Tamotu E. CaTon, MarauTHsIH
pe3oHaHC B MequuuHe, 1993 .

4. Bapransn 1.A. Ciyx, peus, My3bIKa B BoCIpHATHH U TBopuecTBe / Y. A. Bapransan
; UH-T 3BOomonmonHoi ¢pusnonorun 1 6noxumuu uM. 1. M. Ceuenosa PAH. CII6.:
Pocrok, 2010. - 252 c.

5. Kosnos, Lexmuctpenko. Anaromus [THC. 2003

6. JIsakco E.E., Oropomuuxosa E.A., Anekcees H.I1. ®usnonorus ciayxa u peun. Y4e6HO
—Mertomugeckoe nocobue. 2012, CII6.: Peus, ¢.168.ISBN ~ 978-5-9268-1310-1

7. Jaxco E.E., Oropoanukosa E.A., AnekxceeB H.IL. IIcuxodu3unoiorus ciyxoBoro
BocmpuAaTHA. Yuebnoe nocobue. CII6. 2013. 111 c.

8. JIaxco E.E. PeueoGpa3zoBanue, BOCIPHATHE H PaCliO3HaBAHHE PEUH. DNEMEHTHI
ncuxoakycTukd / IlcuxonuurBucTuka. Yuyebuuk i Bysos./ pen. T.H.Vmakosa U3a-
Bo «IIEP C3O». M. 2006. c.134-164

9. OcHoBhl ncuxopusuonoruu. M. HTHOPA-M.1997, C.182-189.

—

10. Iloramosa P.K., [ToTanos B.B. PeueBas koMMyHHKalUA: OT 3ByKa K
BBICKa3bIBaHUIO. M.: SI3bIKH cnaBsHCKUX KynsTyp. 2012. 464 c.

11. Conco P. KorautuBHas ncuxonorus. M., 1996.

12. Xapkesuy I A. "®apmaxonorus”. M.: 'OOTAP Menuuuna, 2005.

13. Indpdman X.P. Omymenue u Bocnpusrre. [Turep. 2003. C.56-91.

14. Beigi H.. Fundamentals of Speaker Recognition / H. Beigi .— New York:
Springer, 2011

15. Baghai-Ravary L., Beet S. W. Automatic Speech Signal Analysis for Clinical

Diagnosis and Assessment of Speech Disorders, Springer Briefs in Speech
Technology, DOI: 10.1007/978-1-4614-4574-6_2, 2013

16. How well do we understand the neural origins of the fMRI BOLD signal?
Owen J.Arthur, Simon Boniface. TRENDS in Neurosciences Vol.25 No.1 January
2002

17. Akash Guru, MS, Ryan J Post, BS, Yi-Yun Ho, MS, Melissa R Warden, PhD;
Making Sense of Optogenetics. Int J Neuropsychopharmacol 2015; 18 (11): pyv079.
doi: 10.1093/ijnp/pyv079

18. Glover GH. Overview of Functional Magnetic Resonance Imaging.
Neurosurgery clinics of North America. 2011;22(2):133-139.
doi:10.1016/j.nec.2010.11.001.

19. Schwartzbach, S. D., & Osafune, T. (2010). Immunoelectron microscopy:
Methods and protocols. New York: Springer.

JonoHuTEIbHAS JIMTEPATypPa
1. BemmuxoBckuii B.M. Korautuenas Hayka: OCHOBBI ICHXOJIOTHH no3HauHus. T.1-2. M.:
Cwmsica ; Academia, 2006.



35

Bimnkos C.M., I'nesep U.U. Mosr yenoseka B uudpax u Tabmanax. JI.,1964.

Bopo6réB B.I1. Atnac anatomuu denoBeka. Munck, 2000.

Hun M. JIx. Harmsannas gapmakonorus. M.: T'OOTAP Meaununa, 1999.

Magnetic Resonance Imaging of the Brain and Spine (2 Volume Set) (Hardcover), by

Scott W. Atlas (Editor), Hardcover: 46 pages, Publisher: Lippincott Williams &

Wilkins; 3rd edition (January 15, 2002), Language: English, ISBN: 0781720362.

6. The human nervous system/ Ed.Mai J.K., Paxinos G. .- New York: Elsevier, 2004

. Eysenck M.W. Keano M. Cognitive Psychology. A Student's Handbook. Psychology

Press.2005. P.1-30.

8. Eklund A, Nichols TE, Knutsson H. Cluster failure: Why fMRI inferences for spatial
extent have inflated false-positive rates. Proc Natl Acad Sci U S A. 2016 Jul
12;113(28):7900-5. doi: 10.1073/pnas.1602413113. Erratum in: Proc Natl Acad Sci U
S A. 2016 Aug 16;113(33):E4929. PubMed PMID: 27357684; PubMed Central
PMCID: PMC4948312.

9. Hayat M., Principles and techniques of electron microscopy, biological applications.
4th Edition 2001. Cambridge: Cambridge University Press.8.

10. Transgenic Animal Technology: A Laboratory Handbook // Carl A. Pinkert

2014

SNk W

~

Ilepevens nHBIX HHPOPMALHOHHBIX HCTOYHHKOB (00muii):
Caiit Hayunoit 6u6morexu uM. M. I'opskoro CIT6I'Y: http://www.library.spbu.rw/
OnextporHsi Katanor Hayuroit 6u6mmorexku um. M. T'opekoro CIIGIY:

http://www.library.spbu.ru/cgi-

bin/irbis64r/cgiirbis 64.exe?C21COM=F&I[21DBN=IBIS&P21DBN=IBIS

IlepedeHs 3MEKTPOHHBIX pecypcoB, Haxoasmuxcs B goctyme CIIOIY:
http://cufts.library.spbu.ru/CRDB/SPBGU/

ITepeuens OBC, na mmardopMax KOTOPHIX NPEACTABICHB POCCHICKHE Y4eOHHMKH,
Haxomsamecs B xocrymne CII6ITY:
http://cufts.library.spbu.r/CRDB/SPBGU/browse?name=rures&resource_type=8

4. MeToaHKa H KPHTEPHH OLIEHKH rocyAapCcTBEHHOI0 K3aMeHa

4.1. dopmMa npoBeACHHA TOCYHApCTBEHHOTO SK3aMeHa: IHMCbMeHHasl, C
NPHMEHEHHEM KOMINBIOTEPa.

4.2. IIpoo/DKHTENFHOCTD TOCYIaPCTBEHHOTO 3K3aMeHa: 1 wac.

4.3. Meromuka M KpUTEpHH OLEHKHM TIOCYJapCTBEHHOTO 3K3aMeHa: KOHTPOJIBHOE
3aganue (TecT) cogepxut 10 BOIpocoB ¢ 3-Ms BapHaHTaMH OTBETA, CpeAH KOTOPBHIX HE BCE
BepHBIe. Heo6X0AMMO OTMETUTH BCe BEpHBIE OTBETHL. MakKCHMaJIbHOE KOJIAYECTBO 6aslioB,
KOTOpO€ MOKHO ITONY4HTbh, IPAaBWIBHO OTBETHB Ha OJUH BOIIPOC TecTa — 5. 3a KaAbIA
HEBEPHBIA OTBET M3 3TOTO YHCJAa BBIMHMTAECTCA OAMH 6aul. MakcHMaTbHO BO3MOXHAA CyMMa
6awtoB mo Tectry u3 20 BompocoB — 100. Bo BpeMs rocyaapCTBEHHOrO 5K3aMeHa He
paspemaercs INOJIb30BaThCs HHUKAKUMH MaTepuanaMH. COOTBETCTBHE oOIIero KoJIM4ecTBa
6amnoB, HaOpaHHBIX OOyvalOIIMMCS, HTOTOBOM OIEHKEe 3a 3K3aMEH Onpenessercs
ciexylomuM oOpasom: Menee 50 6GajutioB -~ HEYAOBIETBOpPHUTENbHO, 50-69 —
YZOBJIETBOPHTENBHO, 70-89 — xopomo, 90-100 — oTauyHO.

5. Ilpoueaypa npoBegeHNAs rocyJapCTBEHHOI0 JK3aMeHA
5.1. T'ocymapcTBeHHas HTOroBas arrecTanus A OOyJarOIUXCS ¢ OrpaHHYEeHHBIMH
BO3MOXHOCTSMH 3JJOPOBbS NPOBOAMUTCA C Y4eTOM OCOOEHHOCTEH HX ICHXO(H3HIECKOro
Pa3BHTHSA, HHINBHIYATBHBIX BO3MOXHOCTEH U COCTOSHUA 3/J0POBbSL.
5.2. TlpoBeneHue rocyapCTBEHHOr0 5K3aM€Ha OCYLIECTBIACTCA B COOTBETCTBHH C
ITpaBuiamMu 0Oy4eHus II0 mporpaMMaM BBICIIErO 00pa3oBaHHA - MPOrpaMMaM IOATOTOBKH


http://www.librarv
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Hay4YHO-TICJArOrMYeCKNX KaZIpoB B aCMpaHType, IporpaMMaM OpAMHATYDHI, PEATH3yEMBIM B
Cankr-Ilerep6yprckoM rocyZapcTBEHHOM YHHBEPCHTETE, YTBEPXKICHHBIMM INPHKa30M OT
30.08.2018 Ne 8577/1 (c mocneRyrOMUMHY H3MEHEHHSAMM U JONOJTHEHUAMH).

5.3. IlpoBemeHHe TrocyAapCTBEHHOro 3K3aMeHa BO3MOXHO B C IPUMCHEHHEM
HH)OPMAMOHHO-KOMMYHHKALMOHHEIX TEXHOJIOTHIA.

5.4. B cutyanuu Kpaiineii HeoOXOOMMOCTH, B LENAX 3alUMTHI XH3HH H 3J0POBbA
00yJaromuxcs, HayIHO-NIENarorudeckux pabOTHMKOB M COTPYAHHKOB, 00ecHeYMBAIOIIUX
IPOBEICHHE TOCYJAPCTBEHHOM HTOrOBOM aTTecTaly, IO PEMmEHHIO YIOJHOMOYEHHOro
IOJDKHOCTHOrO JIHHA TOCYJapCTBEHHAs MTOTOBas aTTeCTalldsd MOXET IPOBOAHMTECS
HCKIFOYMTENHHO C IPHMEHEHHEM JUCTAHIIMOHHBIX TEXHOIOTHH.
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[MTpunoxxenue Ne 2
VTBEPXJIEHA

IPHKA30M OT43¢/ 2Ne F45DY [/

IIporpamma rocyaapcTBeHHOi HTOroBoii arrecTaluu
B QopMe 3amUTHI BLIMYCKHOH KBAMNPHKANHOHHOH paGoThI
110 OCHOBHOJ¥ 00pa3oBaTe/IbHOI NporpaMme MOArOTOBKH HAYIHO-I€JaAroriIecKHx
kazgpoB B acnupanType MK.3017.* «Knerounas u MojieKyJaapHas 6HoJI0rns)
no HanpasJieanio noaroroskn 06.06.01 bnonorageckne naykn

YPOBEHb oﬁpasonamm NOAroTOBKa KaApoB BbicImeH KB&JIHQKKaglﬂl

1. O6mue moJioKeHNn

1.1. BemyckHas xsanmdukanuoHHas pabota (manee — BKP) mpexcrasnser coGoi
HaYYHO-KBATH(HUKAIIMOHHYIO paboTy, B KOTOPO#H COJEpPXKHMTCS pellcHMEe 3aJadd, HMEIOLICH
CYLIECTBEHHOE 3HAa4YeHHWe [ COOTBETCTBYIOINEH oOTpacind 3HaHWH, JMOO0 B KOTOPOH
M3JI0KEHBl HayIHO-O0OCHOBAHHBIE TEXHHYECKHE, TEXHONOTHYECKHE WM WHBIC PEIICHHS U
pa3paboTKH, HMEIOIKE CYIECTBEHHOE 3HAYCHHE.

1.2. BKP sBisercds CaMOCTOATENBHBEIM  HCClIeOOBaHHEM  oOyvaiomerocs,
BBIIOJIHEHHBIM 1107l PYKOBOJCTBOM HA3HAYEHHOTO €My HAyYHOTO pyKOBOAMTENd, B
COOTBETCTBHH C yCTaHOBJIEHHbIMH TpeGoBanusamu. BKP Moxer ObITh IpencTaBieHa B BHIE
Hay9IHOTO JOK/Iana 00 OCHOBHEIX pe3yJbTaTax IIOATOTOBICHHOM HayJHO-KBaTM(HKAMOHHOM
paboTH (OHCcCepTaLMH).

1.3. TpeGoBaHHs K HAYYHOMY HOKJIAIY, IIOPAXOK €r0 MOATOTOBKH M IPEACTABICHUSA U
KPHTEPHH €0 OLIEHKH ONPENCIIOTCA IIPOrpaMMOit rocyJapCTBEHHONH HTOrOBOM aTTECTallMH C
yuyeroM «["OCT P 7.0.11-2011. HannonaneHsmi crannapt Poccuiickoit ®Penepauun. Crucrema
cTaHmaproB no HHpopmanmm, GubmMoTeyHOMYy M H3JaTenbCKOMy JAemy. Jluccepraims H
apropedepar mucceprauun. CTpyxTypa 4 npasuina opopmineHus» (YTB. H BBEACH B JCHCTBHE
Ipuxa3zoM Poccranaapra ot 13.12.2011 Ne 811-c1).

1.4. O6BeM rocymapCTBEHHOH HTOrOBOM aTTeCTal[ud, Y4eOHLI NEPHOA H CPOKH
rOCyJapCTBEHHOM MTOTOBOM aTTeCTAalMH YKa3aHbl B aKTyalbHOM Yy4YeOHOM ILTaHE H
KaJICHIapHOM y4e6HOM rpaduxke.

1.5. Sseix nmomroroskd u 3ammTel BKP: s3bIK peanunsanum o6pa3oBaTenbHOM
IIpOrpaMMEL.

2. TpeGoBanus k cTpyKType H cogepxannio BKP

2.1. BemyckHas kBamuuKanoHHas paboTa JOJDKHA COOTBETCTBOBATh TPeOOBaHHSAM,
comepxamumcs B IlpaBumax ofyuenus B acmupaHType H opaunarype CII6IY,
YTBEpXICHHEIX mprka3zoM oT 30.08.2018 Ne 8577/1 «O6 yrBepxnenuu [IpaBun oOyqenns mno
IporpaMmaM BhIcIIEro o0pa3oBaHMs - IIporpaMMaM IOJTOTOBKHM Hay4HO-TIE€AAarOrHYECKHX
KaJIpoB B aCIHpaHType, mporpaMMaM OpAHHATYpEHl, peammsyeMbiM B Cankr-IlerepbyprekoM
rOCYAapCTBEHHOM YHHBEPCHTETE» (C IIOCTEAYIOMAMHA H3MEHEHUSIMH M JOTIOTHEHUAMH).

2.2. Brmycknadt ~ KBanuuKalMoHHas ~— pa0oTa  NpeAcTaBiIieT  coOOH
9KCIIEpAMEHTAILHOE HCCIIEI0OBaHHE MWIH pa3pabOTKy HOBBIX METONOB H METOAHYECKHX
noaxonoB. B ceoeit BKP ofyvaromutics ZOMDKEH MPOAEMOHCTPHPOBATh YMEHHME IIPHMEHATH
HNOoNydeHHble MpO(QEeCCHOHANbHbIE 3HAHHA H HAaBBIKH IPAaKTHYECKOH JEATEIBHOCTH,
CIOCOGHOCTE aHANM3HPOBATh IOJNyYEeHHbIE PE3yJbTaThl C MCIOJIB30BAHHEM CIEIHATBHOM
JIMTEPATYphl, YMEHHE MOJATOTOBUTH IIPE3CHTALHIO, KOPPEKTHO MPEACTaBHTbL PE3YNBTATHl B
YCTHOM JOKJIaJIE, TPAaMOTHO BECTH HAyYHYIO JUCKYCCHIO.

3. TpeOGoBanns K mOpAAKY BuinojaHeHHs U opopmiaenns BKP
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3.1. Tpe6oBanwem npu mnoaroroBke BKP B cooTBercTBEHM ¢ OOMIENPHHATHIMH
STHYECKMMH M NPABOBEIMH HOpPMaMHM HBIIAETCS JOOPOCOBECTHOE IUTHPOBaHME. BLIMOMHEHHE
IaHHOrO TpeOoBaHMs OTpaxaeTcs B OT3bIBe HaywHoro pykosoxarens BKP Ha ocnoBaHuH
pe3ynbTaToB npoBepk BKP Ha 00BeM 3aMMCTBOBaHUSA, B T.4. COAEPKATENBHOIO BBIABJICHHS
HEPaBOMOYHBIX 3aMMCTBOBAHHIA.

3.2. BKP npeacrasiser coboit Tekct o6peMoM He MeHee 10 cTpaHHM, He CUHTas
CITHCKA JINTEPATyphl U (IpHd HeoOXOAMMOCTH) NpHioXeHn# 12 xeriem 4epe3 1,5 uHTEpBana
H KONUH myOIuKanuii.

B texcTe pabGoThl DOKHEI OBITH HpEACTaBIeHbl aKTyalbHOCTh TEMBI B 0G0CHOBaHHE
eec BBIOOpa, NENMM W 3aJaud, MaTepHal H METOHABI, KpaTKOE¢ H3JOXKEHHE pe3yJbTaToB M HX
o6CcykaeHue, BHIBODIL.

TutyneHelt JUCT OQOpPMIISETCA B COOTBETCTBHMH ¢ TpeOOBaHMAMM IIpHKa3a OT
03.07.2018 Ne 6616/1 «O6 yrBepxneHnH (HOpM IporpaMMbl TOCYIapCTBEHHON HTOTOBOH
arrecTanumy (C NOCIIEAYIOIMMI H3MEHEHASAMH U JOMOTHEHUAMH).

4. Meroanka u xpurepun onenku BKP

4.1. Bug BKP: skcnepuMeHTanbHOE HCCleAOBaHHe, pa3pabOTKa HOBBIX METOZIOB H
METOAUYECKHX HOIOXOJOB, HaydHBIH IOKIan o0 OCHOBHBIX pe3ynbTaTaX IOATOTOBJICHHOH
Hay4JHO-KBTH(UKALIHOHHOM paboTHL.

4.2. TIpogomxkuTensHocTh 3amuTh BKP: 10 90 MEHYT, B TOM umcIe HOKIan He 6onee
20 MHHYT.

4.3. Meronuxka u kputepun oneHnku BKP/Hayunoro noxnana.

BrimmyckHble KBaMMGpHUKAUHOHHBIE pabOTHl MOJUIEXKAT OOA3ATEILHOMY BHEIIHEMY
PELEH3HPOBaHHIO.

Penensent ouneHumBaer paboTy no NATHOAUIBHOH CHCTEME IO CIEAYIOIIHM
KPHUTEPHSIM:

. COOTBETCTBHE Ha3BaHHsA paloThI €€ COEPHKAHUIO,

o YETKOCTh (POPMYIHPOBOK IPH OIPEAETICHNH IIeJH B IIOCTAaHOBKE 3a1a4
paboTsl,

. SCHOCTh H3JIOXEHWs, CTPYKTYPHPOBAHHOCTb, aJCKBaTHOCTh METOAOB
TIOCTABJIEHHBIM 3a7a4aM,

. COOTBETCTBHE OOCYKICHHA MTOMyYCHHBIM pE3yJIbTaTaM,

) COOTBETCTBHE BHIBOIOB ITPEICTABIEHHEIM pe3yIbTaTaM,

° YPOBEHbB BIIAICHHS PYCCKHM SI3BIKOM.

I'ocynmapcTBeHHas sk3amMeHalMOHHas KoMmuccusa onenuBaer BKP mo nsrubannbHo#R
CHCTEME Ha OCHOBAHHH JOKJIaJa 00yJarolerocs, OTBETOB Ha BOIIPOCHI U OT3bIBa PEICH3EHTA.
CymHOCTHBIE KPUTEPHH OLIEHOK MOXHO IIPEACTABUTE CIECAYIOIUM 00pa3oM:

- OLICHKA «OTJIMYHO» BBICTABJIAETCA B TOM CIIydae, €CJIH acIIMpaHT OTJIHYHO OPHEHTHPYETCS B
npobnemMaTHke H30paHHON OONACTH MCCIENOBAHHUSA, IIPEKPacHO IpeACTaBisgeT cebe Kpyr
3a7a4 ¥ METOANYECKUX MOJX0JOB, C KOTOPHIMH OH CTOJIKHYJICS IIPH BBIMOTHEHHH BBHITYCKHOM
paboTsl, pakTHUecKHit MaTepuan pabOThl BCECTOPOHHE OOCYKIEH H MONHOCTBIO OTPAXECH B
IpeACTaBJICHHBIX MyOIHKanIX.

- OLIEHKA «XOPOII0» BHICTABIIAETCA B TOM CJIy4ae, €ClIM aCHPaHT XOPOIIO OPUEHTUPYETCS B
npobieMaTrke U30paHHON 00/1aCTH HCCIEeNOBAHHUS, XOPOINO IpelcTaBigeT cebe Kpyr 3ada4
A METOIMYECKHUX MOIXOJOB, ¢ KOTOPHIMH OH CTOJIKHYJICS IpPH BBIIOJHEHHM BBITYCKHOM
paboThl, oxHaKko ¢akTHyeckuif Marepuan paboThl 0OCYXJeH HEXOCTaTOYHO IIOJIHO M HE
HIOJTHOCTHIO OTPaXKEH B IPEJICTABICHHBIX MyOIHKAUIX.

- OLEHKAa «YNOBJETBOPHTEJLHO» BBICTABIIETCA B TOM Cllydae, €CIHM acmHMpaHT ciabo
OpPHEHTHpYETCA B npoliieMaTuke u30paHHON 00JacTH UCCIIEAOBAHMA, CMYTHO IIPEACTABIACT
cebe Kpyr 3amad M METOJMYECKHX IIOAXOAOB, B paloTe mpencTaBieH HeOOIbIION
¢daxTHyeckuii MaTepral, cnabo OTpakeHHEBIH B IPeICTaBIEHHBIX [TyOINKaIuIX.
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- OIICHKA «HEYAOBJIETBOPHTEJIbHO» BHICTABIIAECTCS B TOM CIIydae, €CJIM 00yJaromuics mIioxo
OpHEHTHpYyeTCA B npolnemaTuke u3GpaHHOM 00nacTH MCCIENOBaHHS, IUIOXO IPEACTABIACT
cebe Kpyr 3ajad M METOAMYECKHX IIOOXOHOB, B pabore mpeacTaBieH HeGONBIMION
¢akTHUecKkuii MaTepHal, KOTOPHIM aBTOP NIPAKTHYECCKH HE BIIAJICET.

5. Iponexypa 3amutsl BKP

5.1. BKP/gayuselii OOKJIaX IOIUIEXHT pasMEINEHHIO OOyJyalomuMcs B CHCTEME
HH(POpPMAIMOHHON HMOAJEPXKKH 00pa3oBaTeIbHOTO IpoLecca B MOPAIKE, MPEXyCMOTPEHHOM
COOTBETCTBYIOIIUM PErJIAaMEHTOM, B COOTBeTCTBUH ¢ [IpaBriiaMn o6yueHHs IO MporpaMMaM
BBICIIEro 00pa3oBaHWA — INporpaMMaM IOATOTOBKM Hay4YHO-TIEJarorH4eCKHX KaJpoB B
acIMpaHType, IporpaMmaM OpAHHATypH, peamnsyeMsiM B  Cankr-IlerepGyprckoM
roCyapCTBEHHOM YHHBEPCHTETE, YTBEpXKIEHHBIMH mprkasoMm oT 30.08.2018 Ne 8577/1 (¢
HOCNEYIOIIAMH H3MEHEHHAMH U JIONOTHEHUAMH).

5.2. TocymapcTBeHHass WTOroBas aTTecTalus I OOydYarolUXCA C OrpaHHMYCHHBIMH
BO3MOXKHOCTAMH 3I0POBbS IPOBOJUTCA C YYETOM OCOGEHHOCTEH HX MCHXO(U3IMIECKOTo
Pa3BHTHA, HHANBHAYAILHBIX BO3MO)KHOCTEH H COCTOSHHUA 310POBbAL.

5.3. 3ammra BKP ocymectBisercas B cooTBeTcTBUHM C IlpaBuinaMu o6y4eHHs IO
IporpaMMaM BhICIIEro oOpa3oBaHHsA — NporpaMMmaM MOATOTOBKHM HAayYHO-IIEAArorHyecKHX
KaJpoB B aCOHUPaHTYype, IIPOrpaMMaM OpAMHATYphI, peamuzyeMbiM B CankT-IleTepOyprckoM
TOCYAapCTBEHHOM YHHBEPCHTETE, yTBEPXKICHHBIMH mpukazoM oT 30.08.2018 Ne 8577/1 (¢
HOCIIEYIOIMMMH H3MEHEHUAMH U IONOHEHUAMH).

5.4. B curyauun kxpaiiHeii HeoOXODMMOCTH B LEISAX 3allMTEl XH3HH M 30POBBA
00y4aroImuXCsl, HAayYIHO-IIEAATOrHYECKUX PabOTHHUKOB M COTPYAHHKOB, OOECIEUMBAIOIIMX
NPOBEicHUE TOCYJApCTBEHHOM WTOrOBOM aTTeCTAllMH, [0 PEIICHHIO YIOJIHOMOYEHHOTO
JO/DKHOCTHOTO JIMIA TOCYOapCTBEHHAs MTOTOBas AaTTeCTanmusd MOXeT OBITh IpOBENEHa
HCKIIFOYMTENHHO C IPHMEHEHHEM JUCTaHIMOHHBIX TEXHOIOTHH.



