[Mporpamma BCTYNUTENbHbIX UCMbITAHUW

AONS NOCTYNNIEHMS B MarucTpaTtypy dakynbteta buonHxeHepum

n ononHdopmatukm MY nmexdn M.B. JllomoHocoBa no

HanpasrieHmto nogrotoekn 06.04.01 «buonormnax», nporpamma

«MICKyCCTBEHHbIN MHTENNEKT B Guonornny

NMUCcbMeHHbIN 3K3aMeH COCTOUT U3 ABYX 6NOKOB - 1) PU3nko-xmmmyeckaa buonorus,
2) KomnbroTepHblie TexHonornn. UToroBbiM pe3ynbTaToOM MMCbME@HHOro aKk3amMeHa
ABNAIOTCA 6annbl 3a TOT U3 GNIOKOB, rae 66110 HabpaHo 6onbLue 6annoB..

1.1. NMncbMeHHbIN 3k3ameH (Punsmnko-xmmmyeckas drnonorns)

Paspen “Xumunga”

CTpoeHune aToma, aNeKTPOHHbIE 000MN0YKM, TUNbl opbuTtanen. N3otonbl. NoHbI.
MeTannbl 1 HemeTannbl, ANEeKTPOOTPULLATENBHOCTb U AHEPTUA NOHU3ALUMN.
MoHATNE BaneHTHOCTW. TuMbl XMMUYECKMX CBS3EN N NX OCHOBHbIE CBOWCTBA.
OTHOcuTENbHaA MonekynspHasi Macca, MonsipHas Macca, Mmaccosasi 4Ons,
MOInsipHasi KOHLEHTpauus.

O6Lwwwme npeacraBneHns 0 NPOCTPAHCTBEHHOM CTPOeHUN monekyn. M'bpuansauuns
opbuTtanen, eé Bnabl 1 0COGEHHOCTMW.

Tunbl XMMnyecknx peakuun. Hykneodunsl, anekrpodunsl. MexaHmambl
NPUCOEANHEHMS, HYKNEOMUITbHOIrO N aNeKTPOUIbHOrO 3aMeLLeHus.
OKNCNNTENBHO-BOCCTAHOBUTESNBHbIE PEaKLMKN, OKUCIINTENbHO-BOCCTAHOBUTESbHbIN
noteHuunan. YpasHeHne HepHcra.

PactBopbl. Buabl pacTBOpoB, pacTBOPUMOCTb. NonsipHblie 1 opraHnyeckme
pactBopuTenu. NoHATNE O KONNOMAHbBIX pacTBOpaXx.

OnekTponuTuieckas guccoumaums, anektponutsl. M'maponus. loHHoe
npoussegeHve Boabl. KNcnoTbl U ocHoBaHWs, amdoTepHocTb. KoHcTaHTa
aunccoumnaummn. bydepsbl, bydepHas EMKOCTb.

CKOpOCTb XMMNYECKOMN peakunn, PakTopbl, OT KOTOPbIX 3aBUCUT CKOPOCTb peakumm.
TennoBon achbdekT peakunn. QHepPrus akTueauumn peakunn. 3akoH Necca.
OHTanbnNua. QHAOTEPMUYECKME U SK30TEPMUYECKNe peakuun. Katanms.
PaBHoBecKe B xumnyeckmx npoueccax. Paktopbl, BAUSIOLLME HA CMELLEHNE
paBHoBecus. HTponus, aHeprus Mmbbca.

MoHATne nsomepun, BUAbI N30MepoB. TayTomepus. XmpanbHOCTb, XUparnbHble
MOJIEKYIbl, UX HOMEHKaTypa.

OcHOBHbIe rpynmnbl OpraHM4Yeckux BeLEeCTB: anudarmyeckme n apomatmyeckue
yrneBogopoabl, CNUPTbI, KAPOOHUNBbHbIE COEQUHEHWS, KNCNOTbI, aMuHbl. CTpYKTYypa,
HOMEHKNaTypa 1 OCHOBHbIE CBOWCTBA.



Pasnen “Buoxumunsa”

Bopaa. BogopoaHble cBs3n. PacTBOpMMOCTb BELLECTB B Boae. AMpundunbHble
BellecTBa 1 muuennoobpasosaHne. Ocmoc

BydepHble cuctembl B KMBbIX KNeTKax U OpraHM3MeHHbIX XUAKOCTAX. Y4acTvue Boabl
B BMOXMMNYECKUX peaKLmsX.

AmunHokncnoTbl 1 6enkn. CTpykTypa, HOMEHKNaTypa, CBOMCTBA aMUHOKUCIIOT,
ogHoBykBeHHOE N TpexbykBeHHoe 0603HavYeHNs. AMUHOKMCAOTbI Kak KUCNOTbI 1
OCHOBaHus. MloHn3auusa nenTnaoBs, N30anekTpudeckas Toyka.

[MpocTpaHCTBEHHAsA CTPYKTypa nonmnentuaoB. HekoBaneHTHble U AucynbuaHble
CBA3W. ANEeMeHTbl BTOPUYHOM CTPYKTYpbl 6enka (anbda-cnupanu, 6eta-tsaxm).
donguHr n geHatypauns 6enkos.

HedepmeHTaTmBHble pyHKUMM Benko. O6paTumoe B3anmoaencTeme b6enka u
nuranga. CenekTMBHOCTb M cneundunyHOCTb 6enka Mo OTHOLLEHUIO K iMraHaam.
BnusHne noHnsaumm aMMHOKUCIOT Ha CBA3bIBaHWe nuraHga. Annocrepuyeckas
perynauuna ceasbiBaHus. KoonepaTuBHoe CBa3biBaHUE M KO3hduumeHT Xunna.
BrnivsiHme myTtaumim Ha CTpyKTypy 1 dyHKumMo 6enka.

"mobynsapHble n MembpaHHble 6enku. MNMpumepbl TpaHCNOPTHbIX 6enkoB. MOTOpPHbIE
oenku.

depmeHTaTUBHBIN KaTanua. NoHATUs: depMeHT, kodakTop, KobepMeHT, ano- u
xonocepMeHT, cybcTpaT u NPOAYKT, aKTUBHbIN LIEHTP, anfioCTEPUYECKUI LEHTP.
MpyHUMnanbHast 0bpPaTMMOCTb XMMNYECKMX peakunin. XMMMYeckoe paBHOBECUE U
n3mMeHeHne cBOOBOOHOM SHEPIMM XMMNYECKON peakuun. BnuaHme dpepmeHToB Ha
npoTeKaHne XMMNYECKUX peakumi 1 XMMUKO-(bm3n4eckme npeanochbisiku 3Toro
BNUSHUS.

Cneuudoundecknin n obLLNIA KNCITOTHO-OCHOBHBIN KaTanua. Knaccudeckne npumepsbl
MOJIEKYTAPHbBIX MEXaHN3MOB KMCITOTHO-OCHOBHOIO Katanuaa: xumoTpuncuH, PHKa3sa
A. ObpasoBaHMe KOBarNeHTHO CBA3aHHbIX MHTEPMEAMATOB, y4acTMe NOHOB MeTassoB
B (hepMeHTaTUBHOM KaTanuae. AKTUBHOCTb (DEPMEHTOB 1 BNUSIOLLNE HA Hee
dakTopbl. KuHeTuveckasi agppekTMBHOCTL PepPMEHTOB, YNCITIO 0BOPOTOB U
KOHCTaHTa cneumdmyHocTu. YpasHeHne Mnxaanuca-MeHTeH.

Perynaums aktmeHoctu doepmeHToB. Mogynaumsa akTMBHOCTM (DEPMEHTOB 3a cyeT
CBSA3bIBaHWS NUraHOoB: akTMBATOPbl U MHIMOUTOPLI. Buabl nHrMGupoBaHus.
Perynauns aktmBHocTn pbepMeHTOB 3a cyeT 6enok-6enkoBbIX B3aMMOAENCTBUN U
accoumaumm/gnccounaunmn cybbeanHuL, YacTUYHOro NpoTeonnsa, obpaTnmblx
KoBaneHTHbIX Moaudukaumnmn (poctopunmpoBaHue).

MoHATMEe 0 MeTabonu4eckmx NyTsX, CKOPOCTb-IIMMUTUPYIOLLUNX peakumnsx,
perynaTopHbIX pepmMeHTax.

Yrnesoabl. MoHocaxapuabl U gucaxapuvabl. JIHenHasa u umknmyeckas oopmbl
MOHOCaxapugos, ctepeondomepbl. O6pasoBaHue gucaxapyaos, BUAbI MMMKO3UAHbIX
cBsazen. PyHKLMN: SHEepPreTUYecknii MeTabonmam, CUHTE3 HYKNENHOBbIX KUCHOT,
yyacTue B pacrno3HaBaHUM KNeToK 1 peLenTopoB.

Monucaxapwabl: IMHENHbIE U pa3BeTBMNEHHbIE, FOMO- U reTepononucaxapuipl.
Kpaxman, rmvkoreH, ekcTpaHbl, Lennonosa, XuTnH. OyHKLMK: 3anacaHue aHeprum,



o6pa3oBaHne KNeTOYHbIX CTEHOK, CNIN3EN, BHEKNETOYHOIro MaTpuKca (CTpyKTypHas
ponb). KoHbloraTbl yrneBogos ¢ 6enkamu n nunuaamu.

HykneoTtuabl 1 HyknemHoBble KncnoTel. CTpyKTypa, HOMEHKNaTypa 1 CBoOMCcTBa
Hykneotnaos. PochoanadupHas CBA3b, NOHATUE KOMMIIEMEHTAPHOCTH
HykneoTuaHbix uenen. Ctpykrtypa HK n PHK. MeTunnpoBaHme a3oTuCTbIX
ocHoBaHun. PyHKUMKN CBOOOAHBIX HYKNEOTNAOB B kneTke: ATD, pegokc-kodakTopbl
(HAOH, HAO®H, FAD), uAM®.

JNunngpl. XKnpHble KUCNOTbI: HacblWeHHbIe U HeHacbILWeHHbIe. Tpuauunrnuuepunipl
Kak aHepreTnyeckunin peseps KneTkn. CTpyKTypHble nunuabl MembpaH. Jlunnabl
apxen. CtepuHbl. CurHanbHble nunngpl: pochaTnannmHo3MToN 1 3NKo3aHoMabI,
CTEpPONaHbIE TOPMOHbI. XMHOHbI KaK NePEeHOCHMKN 3NIEKTPOHOB.

CTpoeHune Gruonormnyeckmx memopaH. JinnmaHeli 6ucnon, memopaHHble Gernku.
TpaHcnopT BellecTB Yepe3 memOpaHbl: npocTas u obneryeHHas guddyaus,
aKTUBHbIA TpaHcnopT. CMMMOPT U aHTUNOPT. [epBUYHBLIN U BTOPUYHBIN aKTUBHbIN
TpaHcnopT. AKBanopuHbl, HaTpun-kanvesas AT®dasa, ABC-nepeHoCUmKN.
NoHodopel.

OcHoBbl 61oaHepreTukn. AT® kak “aHepreTudeckas Bantota” kneTkn. OKMCNUTENbHO-
BOCCTaAHOBUTENbHbIE peaKkuun Kak MICTOYHUK 3Heprun. TpaHcMembpaHHas pa3HOCTb
3NEKTPOXMMUYECKNX NOTEHLMANOB NPOTOHOB, NMPOTOH-ABMXYLLasa cuna. F'eHepaTopbl
NPOTOH-ABWXYLLEN cuibl Ha buonornvecknx membpanax. AT®-cnHTasa u
okucnutensHoe n oTo-hocdopunmpoBaHue.

O6meH yrneBofoB M LieHTpanbHbIN NyTb kKaTabonmama. Paclwennenne
nonvcaxapuaoB, TPAHCNOPT rIHOKO3bl B KNETKU. [MukoreH. ASpoOHbI 1 aHaspobHbIN
rnukonus. NupyBaTaernaporeHasHbin KOMNIEKC U LUKN TpMKapOOHOBbLIX KUCMOT.
"MiokoHeoreHe3. CkoopaANHMPOBaHHAsA pPerynauns rnmkonunaa v rnlokoHeoreHesa,
CYHTEe3a 1 Mobunmnsaumm rmmkoreHa Kak UnncTpaums obLmMx NpMHUUNOB perynauum
MeTabonuyeckmx nyTen.

OBMEH XMPOB M XUPHbIX KNCNOT. JINNoNpoTenHbI NNasMbl KPOBU Kak NEPEHOCHNKM
XWPOB 1 apyrux nunnaoB. Paclwiennenne xmnpos. Micnonb3oBaHne XMpHbIX KUCIOT
AOnsi 3anacaHus aHeprum, 6eta-okucrneHne XupHolx kncrot. ObpasoBaHue 1
OKMCINEHNE KETOHOBbIX Ten y mrekonuTarwmx. CUHTE3 XUPHbIX KUCIOT.

O6wmeH a3oTa. CBA3b KaTabonmMaMa aMUHOKUCIOT C YrreBoAHbIM OOMEHOM.
OKCKpeumns ammmaka XMBOTHbIMU, OPHUTUHOBBLIV LK. Linkn asoTa B npupoae:
asoTdmKcaTopbl, HUTPUGMKATOPbI N AEHUTPUdUKATOPLI, aHAMMOKC. BkntoveHune
as3oTa B Buomornekysnbl: rnmyTaMUHCUHTETa3a U rnytTamaTcuHTasa. buocmHres
aMMWHOKMCNOT, 3aMEeHMMbIE U HE3aMEHUMbIE aMUHOKUCIIOTbI Y MIEKOMUTAOLLNX.
BruocnHTes gpyrmx asotcogepKallimx CoeaNHEHN U3 aMUHOKMUCIOT: OMOreHHble
aMUHbI, TOPUPUHBI, HyKNeoTuabl. PEPMEHTbI CUHTE3a HYKIEOTUAO0B KakK MULLEHN
ANS XMMHoTepaneBTUYECKNX NpenapaTos.

doTocuHTE3. BakTepmopoaoncuH, OTOCMHTETUYECKNE LIEMW NYPNYPHbLIX U 3€JTEHbIX
cepHbIx 6akTepun, unaHobaktepuit 1 pacteHnin. OKCUreHHbIA 1 aHOKCUTEHHbIN
doTocmHTes. DoTodochopunuposaHme. Peakumm accummnauum yrinepoga, Lk
KanbBuHa n ero ceetosasucumas perynaums. dotogpixaHme, C3 n C4 potocmHTes.
B3anmocsssb meTabonuuecknx nyten obmeHa yrneBofoB y pacTEHUN.



Paspen “O6was bunonormnsa”

e Cucrematumka n 6uopasHoobpasmm xmBoro mmpa. KnetouHas teopumsi. OcobeHHoCTH
CTPOEHUNS NPOKAaPMOTUYECKUX M AyKapnoTUieckux knetok. O6Lwuin nnaH cTpoeHns
OakTepuanbHON KNeTKu.

e BHyTpukneToYHble opraHensbl 3ykapmoTudeckon knetu. CTpoeHune n pyHKLmMmn sgpa
KneTkn. Agpbiwko n pubocomsbl. AMNC, komnnekc Monboxu, NM30COMbI, BaKyomnu U1
NEepPOKCUCOMbI — AIEMEHTbI BaKyOIAPHOW CUCTEMbI BHYTPUKNETOYHOro TpaHcnopTa.
MwuToxoHapum 1 nnacTuapl: CTpoeHue, PyHKUMK, rmnoTesa cumbunoreHesa.
Lintockenet. LleHTpronu. OpraHennbl ABMWKEHNSA — PECHUYKM U XKTYTUKN.
OcoBeHHOCTN CTPOEHUS KNUBOTHOW, PACTUTENBHON N TPUBHON KINETKMW.

o Kun3HeHHbIN umkn kneTkn. OCHOBHbIE NPOLECCHI XN3HEAEeATENbHOCTU B
NPECUHTETUYECKNI, CUHTETUYECKUIA U NOCTCUHTETNYECKUn nepuog. CTpoeHune
XPOMOCOM U NAOUAHOCTb KNeTKW. MoHATUE O rOMOMOrMYHbIX XPOMOCOMAX.

e Cnocobbl geneHuns knetkn. buHapHoe aeneHne NPoKapnoTUYECKOW KIETKN.
MwuToTnyeckoe geneHune knetok. Meios. KoHbroraumsa n KpoccuHroeep.

e becnonoe 1 NonoBoe pasMHOXEHUE — XapakTepucTunka, NpenmyLLecTsa 1
HegocTaTku. [Mprmepbl 6ecnonoro pasMHOXEHUS: MUTOTUYECKOE AeneHmne,
cnopynauus, dparmeHtaums. lNonosoe pasMmHoXeHWe. [ameToreHes.
OnnogoTBopeHue. NMapTeHoreHes.

e Tuvnbl peaykumm Yncna xpoMocom. FlameTndeckas peaykums Ha npumepe
XXM3HEHHOTO LMKIa XUBOTHbIX. Cnopuyeckas peayKumsi Ha NpuMepe >XM3HEHHOIo
UMKNa pacTteHun. 3urotnyeckasa peaykumsi Ha NpMMepe XXM3HEHHOTO LuKna
npoctenwnx. Tunbl OHTOreHe3a: NPSIMOe U HenpsiMoe pasBuUTUe, C METaMoOpPEO30M 1
6e3 meTamopdo3sa.

e [loHATWE HacneaCcTBEHHOCTM U U3MEHYMBOCTU. TUMbI KIBMEHYMBOCTH:
MOAMMUKALMOHHAA, KOMOUHATMBHAA 1 MyTaumnoHHas. MoHATMe Buaa v nonynaymu.
Kputepuu Bnga. BosHMKHOBEHME NPUCNOCOBEHWI B pe3ynbTaTe B3auMo4encTaus
3BOSOUMOHHBIX dhakTopoB. ApoMopdo3bl U naeoagantaunu.

e OcCHOBHbIE TUMbl 6E€CMO3BOHOYHBIX, X OTNIMYUTENbHBIE OCOBEHHOCTH U
apomMopo3sbl: cTpekatowme (Cnidaria), nnockue Yepsu (Plathelminthes), HemaTogpl
(Namatoda), konbyatble Yyepsu (Annelida), monntockn (Mollusca), yneHncToHorve
(Arthropoda).

e Tun XopaoBble - OTANYUTENBbHLIE OCOOEHHOCTU N apOMOPd03bl OTAENbHBIX KITACCOB:
XpsiweBble pblObl U KOCTHbIE PbiObl, 3eMHOBOAHbIE, aMUOUKN, NPpeCMbIKaloLLMECs,
NTWLUbI, MEeKonuTarLLne

e [loHATHe BbiCcluME U HM3WKNE pacTeHus. OCHOBHbIE OTAeNbl Bogopocnen. [Nosenenne
opraHoB 1 TkaHel. CnopoBble pacTeHMs: MOX006pa3Hbie U NanopoTHUKOOBPa3HbIE.
dopmmpoBaHMe CEMSIH U NSI0A0B: rONIOCEMSHHbBIE U NMOKPbITOCEMSAHHbIE PAaCTEHMS.

e Llapcto Npnbbl. Xapakrepuctuka rpuGHON KNeTkn, ee OTNMYNTENbHbIE
ocobeHHocTu. BeretaTuBHble 1 nnogoBble Tena. MNutaHne n pasMHOXeHUe.

e [lpocrtenwme. ObLian xapakTepucTuka u oTnimdInTenNbHblE 0COBEHHOCTN Hanbonee
MHOMOYMCHEHHbIX TUMOB (CapkoMacTUroopsbl, NHPY30PUKU, COPOBUKN).

Pasgen “OcHoBbl MonekynspHown duonornn”

e [lpeameT 1 OCHOBHbIE BEXW B UCTOPUKN PasBUTUSA MONeKynspHon Guonornn. OnbiTol
Mpudbduta n Yensa. OTkpbiTre cTpykTypbl JHK YoTtcoHom u Kpukom. LieHTpanbHas
aorma monekynsipHon éuonorun. OBLWMI NnaH CTPOEHNST HYKNENHOBBIX KACMOT.



KomnnemeHTapHOCTb a30TUCTbIX OCHOBaHMIN. Pasnunumsa B ctpoeHun PHK (cnoxHas
BTOpUYHAasi U TPETUYHAs CTPYKTypa, ocHoBHble BuAbl PHK) n HK
(koMnnemMeHTapHOCTb U aHTUNapannensHocTb). Popmbl JHK. OCHOBHbIE (DYHKLMK
OHK n PHK.

Kak OHK xpaHnt HacnegcrTBeHHyo nHdopmaumio? MeHeTrudeckuin kogd. CBoncTBa
reHeTMyeckoro koga, Tabnuua reHeTn4eckoro koga. Bapmaumm yHmBepcanbHOM
KOAMPOBKM Y MPOKapUOT U B MNONyaBTOHOMHbIX opraHennax. CnoxHocTtu
onpeaeneHnst NOHATUSA «reHy». PasHoobpasne reHoMOB XUBbIX OPraHN3MoB.
Oco6eHHOCTM BUPYCHBIX, MPOKApPUOTUYECKMX N 3yKapuOTU4ECKMX reHoMOB. OnepoHbl
npokapuoT. NpepbIBUCTbIE FEHbI 3YKApPUOT (3K30H-MHTPOHHAs CTpykTypa). Obuwas
CTPYKTypa reHoMa 4yesioBeka.

Pennunkauua OHK. NonykoHcepBaTUBHBIN MEXaHU3M, NnaupyloLas n oTcratowlas
uenu, Burka pennukaumm, HanpasreHne ee ABMKEHUS, COMPsXKeHNe CuHTe3a ABYyX
uenen. OCHoBHbIE PEPMEHTLI pensikaumm: TononsomMmepasbl, Xenmkasbl, npanmMasbl,
OHK-nonumepasbl, PHKasbl, nurassl. OcHoBHLbIE XapakTepuctukn JHK-nonmmepas:
NPOLECCUBHOCTb Y TOYHOCTb, AOMNOSTHUTENBHbIE (PEPMEHTATUBHbBIE aKTUBHOCTH,
CpaBHUTEMNbHAs XapakTepucTmka OCHOBHbIX NoniuMmepas. OpuUoKnHbI pennmkaLmm.
OcobeHHOCTM pennnkaLmmn KonbLEeBbIX MPOKapUOTUYECKUX U MNHENHBIX
3ayKapmoTu4eckmx reHomoB. Npobnema HegopennMkauumn KOHLLOB XPOMOCOM Y
aykapuoT. Tenomepasa, TeniomepasHble TEOPUN CTapeHMS.

OcHoBHbIe BMAbI MyTaUWN: reHHble (TPaH3uLMK U TpaHCBEPCUUN, CUHOHUMUYHBIE U
HECMHOHMMWUYHbIE MyTauun), XPOMOCOMHbIE, FreHOMHble. OCHOBHbIE NPUYMHbI
MyTaummn kaxgoro suaa. MNpumepsl 3aboneBaHnin, BbI3BaHHbIX MyTaUUAMK (FeHHbIE -
MYKOBMCLNO03, XOpest XaHTUHITOHA, XPOMOCOMHbIE — CUHAPOM JlexeHa, reHOMHble —
cnHgpom HdayHa, KnsiiHdenbTepa, Lepliesckoro-TepHepa). OuarHoctuka
HocuTenbcTBa MyTaumi. NUP — npuHumn metoga. CekseHuposaHue JHK.
Penapauusa OHK. OcHOBHblIE MeXaHN3MbI penapaummM 0gHOLENOYEeYHbIX
noepexgeHun BER, NER, MMR. OcHOBHble MeXaHN3Mbl penapaunm
OBYyLenoYeYHbIX NOBPEXAEHNA — HEFOMOJSIOTMYHOE CLUMBAHME KOHLIOB U
rOMOSIOrMYyHas pekomomHaums.

FomornormnyHas n canT-cneymdudeckas pekombuHaums. Kpoccunroeep. VDJ-
pekomMOMHaLMs Kak OCHOBA OFPOMHOIo pa3Hoobpasusa aHTuTen.

TpaHcKpMnuus, ee OCHOBHbIE NPUHLMMbI, MPOMOTOPbI, depMeHTbl. OnepoHbl
NPoKapuoT, perynaums nx paborsbl.

OcobeHHOCTM TpaHCKpUNUMA 3yKapuoT. [1pOMOTOpbLI, SHXaHCEPLI,
TpaHCcKpunumoHHble doakTopsl. MNMpoueccuHr PHK. CnnaicnHr, ero OCHOBHbIE
MexaHun3Mbl, ydactTme manbix agepHbix PHK. AnbTepHaTuBHbINA CAAANCUHT, €ero
BGuonornyeckoe 3Ha4YeHue.

MeTtunuposanue [HK kak cnocob perynauuu TpaHckpunuun. 5SmC n 5hmC
OCHOBHbIE NPOAYKTbI METUNPOBAHUA-0EMETUNNPOBAHNS Y 3yKapnoT. OCHOBHbIE
dhepmeHTbl MeTUnupoBaHusa-gemetTunmposaHnss — DNMT n TET. O6patumocTb
METUINPOBaHMUs, CToXacTmyeckas MOAenNb MeTunuposaHusa. Mogudukauum
MMCTOHOB. MMCTOHOBbLIN KOA. 3Ha4YeHWEe ANUreHEeTUYECKOW PerynsLumm aKcnpeccum
reHoB.

PerynatopHblie PHK. PHK-nepekntovatenu npokapunot. MukpoPHK. CanneHcuHr,
o6wnn mexannsm. Si- n sh-PHK, nx ncnonb3oBaHve ansg HokgayHa reHoB. [OnuHHbIe
Hekoaupyowme PHK. MHaktuBaums X-xpoMmocombl Mminekonutarowmx PHK Xist.



Pas3Hoo6pa3sne Hekogupyowen HK yenoseka. NceBgoreHbl, NOBTOPbI, UX
pa3Hoobpasve. MobunbHbIE aeMEHTDI, UX Knaccudukaumd. PasnudHble
MeXaHW3Mbl NepeMeLLeHUN No reHoOMY.

TpaHcnauma. Ctpyktypa 3penon MPHK aykapuoT, dyHKUMM Kana 1 nonn A-xBocTa.
CtpykTypa n coctas pubocom, 70S n 80S pmbocomsl, nonucombl. CTpykTypa n
dyHKUMOHanbHble yyacTku TPHK. AMuHoauunmposaHue. OCHOBHbIE CTaaum
TPaHCRAUMKU (MHULMaUus, anoHraums, TepmuHaums). Pasnnunsa B mexaHmamax
MHMUMaLMM y NPO- U 3YKapMoT: nocnegosatensHocTb LWanHa-[ansrapHo, ponb kana
N MHULUMATOPHbIX (PaKTOPOB.

MexaHn3m anoHraumm TpaHenauuun. A-, P-, E-cantbl pubocombl. PasznunyHele ctagun
TPaAHCNALUMN KaK MULLEHM NS pa3HbIX KIacCoB aHTUMOMOTUKOB. PMGOCOMHbIN
NpodansiMHr Kak MeToq UcCcrnefoBaHNss MEXaHU3MOB TPaHCASALUNM.
KoTpaHcnsumMoHHoe cBopayvBaHue nonvnenTuaHoW Lenu, WwanepoHbl.
MocTTpaHCNAUMOHHBIE MOAMdUKaLUMM 6enkos, nx Buonornyeckoe 3HavyeHue.
Buonornyeckoe 3HavyeHne gerpagaumm PHK: perynauusa akcnpeccum reHos,
KOHTPONb KayecTBa U 3awimta oT YyyxepogHoix PHK. Perynaums BpeMeHu XXnsHum
PHK. Ponb nonuA Ha 3’-koHuax y MPHK y npokapuoT un aykapuoTt. Oco6eHHOCTH
MPHK ructoHoB n nx pacnaga. Kopotkoxmsywmne mPHK ¢ AU-6oratbiMmmn curHanamm
pacnaga. KoHTponb kayectBa Hekoaupytowmx PHK (pPHK, TPHK, aaepHbIx 1
sgpbiwkoBbix PHK). PHK-nHTepdepeHums: gerpagauns MPHK ¢ nomoLbo MUKpO-
PHK gnsa perynauum akcnpeccum COOTBETCTBYIOLLUUX FEHOB U Aerpagauns
yyxxepogHon PHK maneimn nHtepdepupyrowmmm PHK.

MocTTpaHcnsumoHHble moandukaumn (MTM) 6enkoB, nx OyHKUMOHANbHOE
3Ha4YeHMe: U3MeHeHne KoHGopMaLuuK, nokanmsauumn, akTMBHOCTM 6enkoBs, perynsaumm
6enok-6enkoBbIX B3anMogeNCTBUMA U KOHTPOSb NPOAOIKUTENBHOCTN XN3HW BENKOB.
OcHosHble Buabl [NTM 1 npumepbl OM3MONOrNMYECKOro 3Ha4eHns s Kaxkaon 3
MOANMUKaLNIA: TMUKO3UNNMPOBaHME, aleTUNMpoBaHne, METUITMPOBAHNE U
dochopunmpoBaHne. CymomnmpoBaHue n yOUKBUTUHUIIMPOBaHME, UX
dum3nonornyeckoe 3HadeHme.

Herpagaumsa 6enkoB: perynaunsa nx akTMBHOCTU U BPEMEHU XKU3HU.
MoCTTpaHCNAUNOHHBIN NPOTEONTUTUYECKNI NPOLIECCUHT (akTuBauns 6enkos-
npegLwecTBEHHUKOB, OTLLENIEHNEe CUrHanbHbIX NocnegoBaTenbHOCTEN).
AsTonpoTteonus. JllusocomansHas gerpagaunsa 6enkos — aytodarus. [poteacomHas
aerpagaumst 6enkoB: CTpyKTypa npoTeacoMbl, MEXaHU3M ee paboThbl.

Ponb yGnkBUTUHMNMPOBaHMSA B MpOTeacoOMHON Aerpagaumm 6enka. YOMKBUTUH-
He3aBucumas gerpagaums 6enkos B npoteacomax. lNpumepbl 3abonesanHni,
CBSI3@HHbIX C HApyLIEeHNeEM NpPoTeacoOMHOW aerpagaLmu.

1.2. NMncbMeHHbIN 3k3ameH (KoMnbloTepHbIE TEXHOMNOIMN)

B aTon YacTu NUCbMEHHOro 3K3amMmeHa abUTYpUeHTy MOXeT ObITb AaHa oaHa Unu
HeCKONbKO 3aAay No OAHOW UINN HECKOSIbKUM yKa3aHHbIM TeMaM.



lNporpammunpoBaHue Ha Python

Bo3aMOXHOCTU A3blka nporpaMmmupoBaHnda Python. MNoHATUS nepemeHHon n
npucBoeHus 3HayeHus. MNMoHaTne obbekTa.

Yucnosble TUMbl AaHHbIX B Python: uenble Yncna, yncna ¢ nnasatoLLen 3ansitou,
nornyeckme 3HadeHuns. ApmcpmeTtmyeckmne onepaunn B Python. bynesa noruka v
nornyeckme onepauumu.

TekcToBbIN TUN AaHHbIX B Python. Cpesbl Cpok, NpaBunia cocTaBfeHns Cpesos.
Onepaunn Hag cTpokamu. MeTtoabl cTpok B Python. OcHoBHblE hyHKUMKM BBOAA M
BblBOJA TEKCTOBbIX AaHHbIX B Python.

MoHsiTMe ycnosHoro onepatopa B Python. BeTeneHue koga. CUHTaAKCUC BMOXEHHbIX
MHCTpYKumin B Python.

MoHaTne ntepaunm n ntepupyemoro obwvekta. Linkn for. Onepatopbl npepbiBaHUA
uukna.

Lunkn while. Ycnosue Bbixoga n3 umkna. beckoHeuyHble LK.

Python list (cnncok). Micnonb3oBaHne cnucka Kak utepmpyemoro obbekra. Metoabl
crnucka: nHaekcaums n gobasneHve anemMeHToB B CNUCOK. ITepaTtuBHoe
coCTaBrieHne cnmncka B xoge paboTtbl nporpaMmmbl. Cpesbl cnuckoB. MeToapl CTPOK,
CBSI3aHHbIE CO CMNCKOM.

Python tuple (kopTex). icnonb3oBaHne kopTexen Npu NogcTaHOBKE NEPEMEHHbIX.
KopTex kak HensmeHsemas Konnekumsi.

Python dict (cnoeaps). “Kntoun” n “3Hauvennsa” B cnosape. [lobaBneHne 3Ha4YeHW B
cnosapb Mo Kno4vy. 3anpoc 3HavyeHu no krntovy. CrioBapb Kak utepupyembii TUn
AaHHbIX. Cnocobbl npoxoda no cnosapto. Vicnonb3oBaHue crioBapsi BMecTe C
KopTexamu 1 cnmckamu.

MoHaTne dannoson cuctembl. PaboTa ¢ dpainamm. OTHOCUTENbHbINA U aBCONMOTHbLIN
nyTv K dpanny. ®ann kak abctpakums. O6bekT-ykasartenb Ha dann. NocTpoyHoe
yTeHune TekcToBoro ¢arna B Python. Obwme dhopmathl hannos: csv, tab, txt, json,
yaml. 3annce nHpopmaumm B pavin. [lobasneHne Tekcta B HENYCTOW AOKYMEHT.
Mogynu Python gnsa paboTbl ¢ pannoBor CUCTEMOMN.

®yHkuum B Python. CuHTakeuc HanncaHus dyHKumi. BosspalueHue ns doyHKumuu.
O6nactn BugmmocTu nepemeHHbix B Python. MpuHuun HenosTopenus koga (DRY) n
ncnonb3oBaHne pyHKUUN ons ero peanunsauun. Pekypcus. HegoctaTkm
peKkypcvBHOMW peanusaunm QyHKUNiA.

O6bekTHO-opreHTupoBaHHoe nporpammupoBanue (OOIT). Knacc n o6bekT knacca.
MpuHumnel OOT. HanncaHne cobCTBEHHbIX KNaccoB.

ANropuTMbl U CTPYKTYPbI AaHHbIX

YCTpOMNCTBO KOMMNbOTEPA. APXUTEKTYpa KOMNBIOTEPHOMN cucTeMbl. Buasl namaTtu B
KOMNbIOTEPE. YCTPONCTBO npoueccopa.

MawwmHa TetopurHra. ThopUHr-NonHoTa A3blka NPorpamMmMmMpoBaHus.

Onpegenenne anroputma. lNoHATHE anemeHTapHOM onepaumu. MNoHsaTue
aCUMNTOTUYECKOW CITOXHOCTW anroputma.

OKCNoHeHUuarnbHas CrnoXxHocTb anroputma. P 1 NP 3agauun.

JInHelHble CTPYKTYPbI AaHHbIX: CTaTUYECKMIA MacCuB, AMHAaMNYECKUIA MacCcuB,
CBSA3HbIN CMMCOK, ABYCBA3HbIA CANCOK, LIMKNNYECKNA MaccuB. BuHapHbI NOUCK.
AnroputMmbl 4OGaBNeHWs!, yaaneHusl, MoMcka af1EMEHTOB B NIMHENHbIX CTPYKTypax, Ux
ACUMNTOTUKM.



e AGCTpakTHble CTPYKTYpbl AaHHbIX: CTEK, odepeab. Micnonb3oBaHue cTeka u odepeam
ONSA peLleHns NpakTu4Yeckux 3agau.

e Anroputmbl COPTUPOBKM JIMHENHBIX CTPYKTYP AaHHbIX. COpTUPOBKA BCTaBKaMW.
CopTupoBka cnusHueM. beicTpast copTuposka. Cneuundnka ncnonb3oBaHus
pasnnyHbIX anropuTMOB COPTUPOBKN C pasHbiMU BUAAMU OaHHbIX. ACUMATOTUKA
BpeMeHu paboTbl anroputmMoB COPTMPOBKM U 3aTpadnBaemMon uMu namatu. Teopema
O HWXKHEWN rpaHnue acUMNTOTUKN COPTUPOBKM CpaBHeEHUsIMU. CopTMpPOBKa
noac4eToM.

e bBuHapHble gepeBbda noucka. J1eBbl U NpaBbl NOBOPOT AepeBa. AnroputMm
nobaeneHnsa u yaaneHus yana B gepese. O6xoabl gepeBa. Vicnonb3oBaHne gepesa
05151 COPTUPOBKU 3N1EMEHTOB.

e bBuHapHas ky4a. Vicnonb3oBaHue Ky4u Ang peanusauum oyepean ¢ npruopuTeToMm.
ACMMNTOTUKM onepaumin Hag AepeBOM U KyYen.

e [loHATHe xawmnpoBaHns. XaLw-pyHKLMA. Xaw-Tabnumua ¢ 3akpbiTOn agpecaumen.
®dunbTp Bnyma. Vicnonb3oBaHue xaw-tabnuu Npu peleHnn 3agad.

e [padbl, BMAbI rpacoB. Anroputmbl o6xoga rpadpa. AnropuTMbl NoMcKa
OonNTUManbHOro NyTu B rpadye: AMHaMM4ecKkoe NporpaMMupoBaHmne, anropuTm
HenkcTpeol, anroputm bennmanHa. MNouck umnkna 3unepa B rpadoe. MNouck uukna
MamunbToHa B rpace.

HaunBHbIN anropMTm Nomcka naTtrepHa B TeKcTe. ACMMNTOTUKA ero BpeMeHu paboThbi.
MpenobpaboTka natrepHoB. Anroputm KHyta — Moppuca — MNpaTta. AnropuTtm
PabuHa — Kapna. KoHeuHble aBToMaThl. [oMck MHOXeCTBa NaTTEPHOB B TEKCTE
aBTomaToM Axo — Kopacuk. ACMMNTOTUKN anropuTMoB NOUCKA.

e [lpenobpaboTka Tekcta. CydhdurkcHbIi 6op n cyddukcHoe gepeBo. ACUMNTOTMKA
noctpoeHus cydpdukcHoro gepeea. CyddukcHbin maccmB. Mcnonb3oBaHne
cydbdUnKCHOro Mmaccuea 4sis noucka naTTepHOB B U3BECTHOM TEKCTE.
MpeobpasoBaHne Bappoysa — Yunepa.

MaTtemaTtuka

PaunoHanbHble n gencTButesnibHble Yncna. MowHoOCT MHOXECTB.
HenpepbiBHbIE N KYyCOYHO-HENpPepbIBHbIE YHKLMWU. CBONCTBA HENPEPbLIBHbIX
QYHKUMIA. DnemeHTapHble OYHKLUN N NX CBOMCTBA.

e [lpousBogHas. [Magkue n KycovHo-rmnagkme dyHkumm. CBoncTea NPon3BOAHON.
MponseoaHble aneMeHTapHbIX QYHKUMA. MpubnmkEéHHoe BblYMCIEHNE MPOU3BOLHOMN.
YacTHble Npon3BoaHbIE N rpaaneHT. HaxoxaeHne MakcMMymMoB Y MUHMMYMOB
KyCOYHO-rnagkux yHkumn. Metoa HaMMmeHbLUMX KBagpaToB.

e HTerpan dyHKLMM 0aHOM nepemeHHon. CBorcTBa nHTerpana. NHterpansl oT
anemMeHTapHbIX pyHKUnn. KpaTHble nHTerpansl.

MpubnmkeHHoe BblYMCNEHMEe UHTerpana.

PasnoxeHne dyHkunn B pag Teunnopa.

EBKNnOoBoO NpoCTpaHCTBO. YpaBHEHUS NPSAMOWN, OKPYXXHOCTU, aNmnca, NrnockocTy,
annuncounaa.

BekTopbl Ha NOCKOCTM 1 B NpocTpaHcTBe. Onepaunn Hag BEKTOpamMm.
MHoromepHoe BEKTOPHOE MPOCTPAHCTBO. [MNepnnocKoCcTH, annunconasbi.
AdpurHHOE npocTpaHcTBO. [MpeobpasoBaHme kKoopamHaT B IMHENHOM U addPUHHOM
npoctpaHcTBe. MaTpuubl.

e CuncTtembl NMMHENHbIX YPaBHEHUN.



Meprogunyeckne pyHkuun. Pagbsl dypbe 1 nx ceoncTea. PasnuyHble hopmbl 3anmcu
psgoe Pypbe. NpumeHeHmne pagos Pypoe.

MoHaTMe o anddepeHUMansHOM ypaBHEHUN. HayanbHbIe YCNOBUA N peLLeHUS.
YucneHHoe pelleHne auddepeHumnanbHbIX YpaBHEHUNA.

YpaBHEHUS C YaCTHbIMU NPOU3BOAHBIMU: BOSTHOBOE U TEMMONPOBOAHOCTMU.

Teopusi BEpPOATHOCTEN

O6wume npasuna kombuHaTopukn. NpaBmno Cymmbl U NPpaBno NPOM3BEAEHMS.
MpyHumn Oupuxne. ®akrtopuan.

Yuncno nepectaHOBOK. YMCMoO codeTaHnn 1 pasmeLLeHnin ¢ NOBTOPEHNAMN 1 Ge3.
PelweHne koMOGHaATOPHBIX 3ag4a4y ¢ orpaHuyeHnamMun. Popmyna BKIOYEHUA K
WCKITIOYEHUM.

PekyppeHTHble hopmynbl. Pa3brneHune yncna Ha cnaraemble. 3agada o0 pasmeHe
MOHET. YnCno BblpaBHMBaHUNA.

Onpepenenune cobbitus. OnpeaeneHns BEPOSITHOCTU cobbITusA. CnyyanHas
BeNn4YnHa. BeposaTHOCTb 06beaNHEHMSA U NepeceyeHnst CriydaiHbIX BEMNYUH.
[unckpeTHble crny4vanHblie BeNnMUnHbI. yHKUMSA BEpoATHOCTU. Pacnpeaenerne
BepHynnu. buHomunaneHoe pacnpegenenune. PacnpegeneHue lNyaccoHa.
"eomeTpu4yeckoe pacnpegeneHne. HeratueHoe bMHoMManbHoOe pacnpegeneHue.
dyHKUMA pacnpeneneHns

XapakTepuCTuKK cnyyanHbix BennyunH. CpegHee. Oucnepcuda. CeoncTBa cpegHero u
ancnepcun. NHOnKaTopHble BENUYMHBI.

HenpepbiBHble pacnpeaenerus. PyHkuunsa pacnpegeneHuns. PyHKUMA NAoTHOCTK.
PaBHoMepHOe pacnpeaeneHune. OKCNoHeHUManbHoe pacnpegenexdme. HopmansHoe
pacnpegenexue. JlorHopmaneHoe pacnpeaeneHve. beta-pacnpegenenue.
Pacnpenenenune Kowwn.

MoHaTne ycnosHom BeposTHOCTU. DopmMyria NonHon BeposiTHOCTU. Teopema baweca.
“Mapagokcbl” ycrnoBHOM BepOATHOCTU. MpumeHeHne TeopeMbl balieca k M3BECTHLIM
pacnpeaeneHnam. CoBMeCTHOE 1 YCIOBHOE pacnpeaeneHus.

KoBapurauusa n koppensaums. PacnpocTpaHeHHble owmnbkm npu paboTe ¢
Koppensauuen.

3aKkoH bonbLUMX Yncen. YcuneHHbl 3akoH 6onbLuon Yncen. HepaBeHCTBO
YeObbilLieBa 1 ero cneacTeus.

JlokanbHasa npegeneHasa Teopema Myaespa-flannaca n ee npumeHeHme.
LleHTpanbHaga npegenbHada Teopema. Ee cneactemst n mogndpukaumm.
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