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1. TpeGoBaHus Kk pe3yJibTaTaM OCBOCHHSI OCHOBHOI1 00pa30oBaTe/IbHOI MPOrpaMMbl

Maructp no nHanpasiaeHuto noarotoBku 020400 — buosioruss B COOTBETCTBUU C LEISIMU
OCHOBHOHM 00pa30BaTEIbHOM MPOrpaMMBbl M 3aJa4aMy NMPO(ecCHOHANIBHON JeATENIbHOCTH, yKa-
3aHHbIMU B @I'OC BIIO no nanHOMy HampaBJIEHUIO, JOJKEH UMETh CIEIYIOIINE KOMIIETEHIIUN

TpeGoBanus k pesyabtatam ocsoenust OOII.

BBITTyCKHUK JaHHOW MarucTepcKor MporpaMMBbl IOJDKEH 00J1aaTh BCeMH KOMIIeTeH-
HUSIMH, COOTBETCTBYIOIIUMH KBAJIM(PUKAIIUA MarucTpa OUOJIOTHH:

OK-1: cnocoGeH k TBOpYECTBY (KPEaTUBHOCTH) U CUCTEMHOMY MBIIUICHUIO;
OK-2: cnoco0eH K MHHOBAIIMOHHOW JIEITCIbHOCTH;
OK-3: crioco0OeH K afanTamyy 1 MOBBITIEHUIO CBOETO HAYYHOTO M KYJIbTYPHOTO YPOBHSI;

OK-4: monumaer IYTH pa3BUTHA U NICPCICKTUBLI COXPAHCHHU A IUBUIIN3allUU, CBA3b I'COIMOJINTHU-
YeCKUX M OMOC(EPHBIX MPOLIECCOB, MPOSIBIISET AKTUBHYIO JKU3HEHHYIO O3HIINIO, UCTIONb3YS
npodeccuoHaIbHBIC 3HAHMS;

OK-5: nposiBisieT HHULIMATHUBY, B TOM YHCJI€ B CUTYAIMSIX PUCKa, CIIOCOOEH OpaTh Ha ce0s BCIO
MOJTHOTY OTBETCTBEHHOCTH CIIOCOOEH K MOMCKY PELICHUH B HECTAHIAPTHBIX CUTYaIUsX;

OK-6: crtocobeH caMOCTOSTEIFHO MPUOOPETATh ¢ TOMOIIBIO HHGOPMAITMOHHBIX TEXHOJIOTHUH 1
HUCIIOJIB30BAaTh B HpaKTHqCCKOﬁ ACATCIIbBHOCTHU HOBBIC 3HAHUA U YMCHUSA, B TOM YUCJIC B HOBBIX
00J1acTAX 3HAHUH, HEMOCPEJCTBEHHO HE CBSI3aHHBIX CO CHEepoil AesITeTLHOCTH.

0) npodeccuonanpubie (I1K): (yka3piBatoTcs Mo BumaM IeITEIbHOCTH)
obmenpodeccuoHaIbHbIE:
BrInnyckHUK-Marucrp:

[1K-1: mornMaeT coBpeMeHHbIE MPOOIEMbI OMOJIOTHH M UCTIONB3YeT (hyHIaMEHTaIbHbIC OUO0I0-
THYECKHUE MPEJICTaBICHHS B chepe NpodecCUOHATBHON AeATEIbHOCTH IS IOCTAHOBKH U pele-
HHA HOBBIX 3a1a4.

[1K-2: 3HaeT ¥ UCTIOB3yeT OCHOBHBIE TEOPHH, KOHIICTIIIUN ¥ TIPUHIIMIIBI B U30paHHON 00J1acTH
ACATCIIbHOCTH, CHOCOGGH K CUCTCMHOMY MBIIIJICHUIO.

[IK-3: caMOCTOSATENbHO aHATU3UPYET UMEIOLTYIOCS HHPOPMALIUIO, BBISBISAET ()yHJaMEHTAIbHbIE
po0JIeMBbl, CTaBUT 33]1a4y U BBINOJIHAET MOJIEBBIE, 1TA0OPATOPHBIE OMOJIOTNYECKHE HCCIIe10Ba-
HUS [IPU PELICHUH KOHKPETHBIX 3a7a4 10 CIIEHHAIU3ALNY C UCII0JIb30BAHUEM COBPEMEHHOU all-
napaTypbl ¥ BEIUUCIUTENBHBIX CPE/ICTB, IEMOHCTPUPYET OTBETCTBEHHOCTD 38 KAYECTBO paboT U
HAy4YHYIO JOCTOBEPHOCTD PE3YyJIbTATOB.

[1K-4: neMOHCTpHUpYET 3HAaHHE UCTOPUU U METOOJIOTHH OMOJIOTHYECKUX HAYK, PACIIUPSIIOIINE
obmienpodeccuonanbHy0, QyHIaMEHTaTBHYIO TOATOTOBKY.

[1K-5: neMoHCTpHUpYET 3HaHWE OCHOB yueHHs 0 Onocdepe, MOHMMaHNE COBPEMEHHBIX Onocdep-
HBIX TPOIECCOB, CIOCOOHOCTh K MX CUCTEMHOM OIIEHKE, CIIOCOOHOCTh MTPOTHO3UPOBATH ITOCIIE/I-
CTBU: pCain3allui COUUAJIbHO-3HAYUMBIX ITPOCKTOB.

[TK-6: TBOpUECKH NPUMEHSET COBPEMEHHBIE KOMITBIOTEPHBIE TEXHOJIOTHH IIPU cOOpe, XpaHCHUH,
00paboTke, aHaIM3€e U nepeaaye OMOIOrHuecKorn HHPOPMAaLIUH.



[1K-7: moruMaeT 1 riryboKo OCMBICIIUBAET GUI0cO(CKUE KOHIIETIIUA €CTECTBO3ZHAHUS, MECTO
€CTECTBEHHBIX HAYK B BEIPAOOTKE HAYYHOTO MUPOBO33PCHUSI.

[1K-8: ncnomnp3yeT HaBBIKM OpPraHU3aIMK U PYKOBOJCTBA pab0TON MpodecCHOHATBHBIX KOJIIEK-
THUBOB, CIIOCOOEH K MEXIUCIUIUIMHAPHOMY OOIICHUIO U K CBOOOAHOMY K JIEJIOBOMY OOIIEHHUIO
Ha PYCCKOM M MHOCTPAHHBIX S3bIKaX, pa00Te B MEXKTYHAPOIHBIX KOJIJICKTHBAX.

[TK-9: mpodeccuonansHo opopmisieT, IpeACTaBIsIeT U TOKIAbIBACT Pe3yIbTaThl HAYYHO-
MCCIIEIOBATEIbCKUX M IIPON3BOICTBEHHO-TEXHOJIOTHYECKUX PabOT 10 YTBEP)KIACHHBIM (hOpMaM.

B cooTBeTCTBHM ¢ BUAAMU AeSITEJIbHOCTH:
Hayuno-uccnedoeameﬂbcmm.'

[TK-10: rmy©60ok0 MOHUMAaeT U TBOPUYECKH MCIOJIb3yeT B HAYYHOU W MPOU3BOJICTBEHHO-
TEXHOJOTHYECKOHN AESITeTbHOCTH 3HaHUs (DyH/IaMEHTAIbHBIX U MPUKIAIHBIX Pa3/IeIOB CIICHH-
AJIBHBIX JUCHUITIIINH MaFI/ICTepCKOﬁ IMporpaMMmal.

[1IK-11: ymeeT mmaHupoOBaTh U PEATM30BBIBATH MPO(HECCHOHATBLHBIE MEPONIPUATHS (B COOTBETCT-
BUU C IIEJIIMA MarucTepCKOM MporpaMmal).

[IK-12: npumeHsieT MeToAnYecKre OCHOBBI IPOCKTUPOBAHUS M BHITIOJIHEHUS MOJIEBBIX U 1Jabopa-
TOPHBIX OMOJOIMYECKHX M SKOJIOTHYECKUX MCCIEJOBAHUI C NCIIOIb30BAHUEM COBPEMEHHOM arl-
napaTypbl U BEIUUCIUTENIBHBIX KOMIIJIEKCOB (B COOTBETCTBUU C LIEISIMU MarucTepcKou mpo-
IpaMMbl), TEHEPUPYET HOBBIE UJIEU U METOAUUYECKUE PELLICHUS.

ITK-13: caMOCTOSITEILHO UCTIONB3YET COBPEMEHHBIE KOMITBIOTEPHBIE TEXHOJIOTHUH JIJI PELICHUS
HAyYHO-UCCIIeI0BATENIbCKUX U MPON3BOACTBEHHO-TEXHOJIOTUYECKUX 3a/1a4 MPOPEeCCHOHATBHON
NesITeILHOCTH, JJ1s1 cOopa U aHau3a OUOJIOTHYECKO HH(pOpMAIHH.

Hayuno-npou:eeodcmeeuua;z U npoeKmHuan oessmelbHOCHb:

[1K-14: ucronp3yeT 3HaHUE HOPMATHUBHBIX JOKYMEHTOB, PETJIAMEHTHPYIOIIUX OPTaHU3aIUI0 U
METOJIMKY TPOBEICHUS HAyYHO-HUCCIICIOBATEILCKUX U ITPOM3BOICTBEHHO-TEXHOIOTHIECKIX
OMOJIOrHYeCKUX padoT (B COOTBETCTBUH C IEISIMU MaruCTEPCKOM MPOrpaMMBbl), CTIOCOOEH PYKO-
BOJIUTH pab0OYMM KOJUIEKTHBOM, 00ECTIIeYuBaTh MEPhI POU3BOJICTBEHHON O€30MaCHOCTH, TOTOB
OCYIIECTBIISATh MPOCKTHPOBAHNE M KOHTPOJIb OMOTEXHOJIOTHIECKUX IPOLIECCOB;

0pzanu3auuounaﬂ u ynpaejenuecKkasn 0esimelbHOCHb !

[TIK-15: mianupyet u NpOBOAUT MEPONPUATHUS 11O OLEHKE COCTOSTHUS M OXpaHe MPUPOIHOI cpe-
AbI B COOTBETCTBHUU CO CHCHH&HHS&HHGP'I, TUIaHUPYCT U OPraHUu3yCT MCPOIPUATHA 11O palluo-
HAJIBHOMY MIPUPOOIIOIE30BAHUIO, OIICHKE M BOCCTAHOBIIEHUIO OMOPECYPCOB;

Ileoazocuueckas oeamenvrnocmo:

[IK-16: nmeeT HaBBIKM (OPMHUPOBAHUS y4eOHOTO MaTepHrala, YTEHUs JIEKLIUH, TOTOB K Mpemnoa-
BaHMIO B BBICILEH 1IKoJIe ¥ pykoBoAcTBY HUP cTyneHTOB, ymeeT nmpeacTaBisTh y4eOHbII MaTe-
pHuai B yCTHOH, TUCBMEHHOM U rpaduueckoil opme Ui pa3IndHbIX KOHTUHI€HTOB CIIyIlaTe-
nen.

[To oxoH4YaHMM OCBOEHUS IPOrpaMMBbl «bHOMHKEHEPHUS U MEHEDKMEHT HAyYHBIX HUCCIIE-
JIOBaHUM U BBICOKMX TEXHOJIOTMI» BBIITYCKHUK JOJKEH NIPOJIEMOHCTPUPOBATD TAKKE PsiJ] CIIELU-
anpHBIX KommneTeHui (CK):



CK-1: Bmametb npeamMeTHOM 001acThio pa3padoTKH 3 (HEKTUBHBIX METOJI0B U3YUCHHUSI
CTPYKTYPHBIX, THHAMHYECKUX U (YHKIITMOHATBHBIX CBOUCTB (PM3MOJIOTHYECKH aKTHBHBIX BE-
IIECTB;

CK-2: BnasieTh METOJJaMU MX UCIOJB30BAHUS JJIS PEIICHUS MPAKTHUECKUX 3a/1a4 Onome-
IUIUAHBI, CEILCKOI0 X03MCTBAa, OMOTEXHOJIOIMHA M HAHOTEXHOIOTHH;

CK-3: BnaseTs HaBbIKaMU OPTaHU3ALMY U YIIPaBIECHUS IPOU3BOICTBAMU NHHOBAIIMOH-
HOT'O TUIIA;

CK-4: oniepupoBatTh 3HaHUSIMHU MOJIEKYJISIPHOM, OEJIKOBOH, METa00INIECKOM, KIIETOUHOU
WHXEHEPHH;

CK-5: Bnazmeth cpeacTBaMu MOJICKYJISIPHOM AUArHOCTUKH; 3HATh MOJIEKYJISIPHBIE OCHOBBI
HaHO-OHMOTEXHOJIOTHI;

CK-6: 3HaTh OCHOBBI OXpaHbl HHTEJUICKTYaIbHON COOCTBEHHOCTH;

CK-7: umeTh nipesicTaBiieHre 0 (PMHAHCOBOM M XO3SIICTBEHHOM JESATEIHHOCTH HHHOBAIIH-
OHHBIX MIPEANPHUATHIA, 00 OCHOBAX YIpPaBJICHUs WHHOBAIIMOHHBIMHU MTPOCKTaAMHU.



2. MIPUMEPHBIN YYEBHBIN ILJIAH

NMOATOTOBKH MarucTpa 1o HanpasJjeHuio noaroroskun 020400 buosorns

KBanngukanuus (CTeneHs) - MarucTp
HopmaruBHBbIN cpok o0yueHus — 2 roza
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M. 1 Obwenayunsiit yuxn 23 828
ba3oBasi yactp 9 324
1. | KoMmbloTepHbIe TEXHOJOTHH B HAyKe U 00pa30BaHUH 2 72 +
2. | ®unocodus ecTecTBO3HAHUS 2 72 +
3. | HOCTpaHHBIH SA3bIK 3 108 + +
4. | DKOHOMHKA U MEHEIP)KMEHT BBICOKMX TEXHOJIOTHI1 2 72 +
BapuaTuBHas 4acTh, B T.4. JUCHUILIMHBI IO BEIOOPY CTY/AEHTA 14 504 + + +
JAncunimHbl 10 BLIOOPY CTYIEHTA
(ITepedeHb KypcoB IO BBIOOPY OMPEEIIIETCS BY30M B COOTBETCT-
BHUH C KOKJIOH MarucTepCKON MporpaMmMon )
M.2 IIpogheccuonanvuwiit yuxn 36 1296
ba3oBast yactb 8 288
1. | CoBpemeHHbIE TPOOIEMBI OMOJIOTUI 3 108 + + +




2. | Yaenne o 6mocdepe u rodanbHbIC SKOJOTUUECKHUE MPOOIESMbI 3 108 +
3. Wcropust 1 MeTO10JIOTHST OMOJIOTHN 2 72
BapuaTuBHas 4acTh, B T.4. JUCIUILIMHBI IO BEIOOPY CTY/ACHTA 28 1008 + + + +
(Ilepeuenv sapuamusHviX OUCYUNIUH ONPEOeNIemCs 8Y30M & CO-
OMBEMCMBUU C COOEPAHCAHUEM KANCOOU MASUCTNEPCKOU NPOSPAM-
Mbl), Hanpumep:

AHHOTHpPOBaHHbIe Marucrepckue NporpaMMbl HAMP ABJIEHU S
buosorus:

OG6mas 6noorus, AHTPOTOIOTHS, 300JI0THS TO3BOHOYHBIX, 300-
J0rHs 0eCro3BOHOYHBIX, boranuka, Mukoaorus, dusnonorus
YeJ0BEKa U )KUBOTHBIX, PU3MoIOrus pactenuil, ['enetuka, buo-
¢uszuka, buoxumus u MonekyspHas 61osnorus, MUKpoOHOIOTHs
Y BUpYycoiorus, Jkoisorus, buonorusa kinetku, buonorus pa3su-
tusi, Helipobuonorus, [lcuxodusuonorus, Ummynomnorus, ['ucto-
norus, Menuko-01noIornuecKre HayKu, AJIbroorusi, JHTOMOJIO-
rus, ['mapobuonorus u uxrtuonorus, buonnxenepus, buonnxe-
HEpHUS U MEHEKMEHT HAyYHbIX UCCIIECIOBAHUIN U BBICOKMX TEXHO-
Joruii, BUOTEXHOJIOTH.

_|_

M.3 Ilpakmuka u HayuHo-ucciedoeamenvcKkas paboma 51 1836 N N N N
M.4 Hmozoeas zocyoapcmeennan ammecmayus 10 360
‘ [loaroroBka u 3amura maructepckoii BKP 10 360 + 3ammra BKP
Bcezo:

(vkazvieaemcs 6 coomeemcmeuu ¢ PIOC) 120 4320

B kosoHkax 5-8 CHMBOJIOM «X» YKa3bIBAIOTCSI CEMECTPHI JUIsl JTAHHOW MUCIUIUIMHBI, B KOJIOHKE 9— (opMa MPOMEKYTOYHOW aTTeCTAllMK (UTOTOBOTO
KOHTPOJIA 11O III/ICI_[I/IHHI/IHQ)




3. IlpuMepHBIe MPOrpaMMbl IMCUMILINH 0230B0# YacTH 001IEHAYYHOTO
UK

1. CoBpemeHHbBbIe MPOOJIEMbI OMOJIOTUH
Tpe6oBanus Kk pe3yjbTatam ocBoeHus: popmupyet komneteHuu [1K-1, TTIK-2, TIK-3

Coaep:xaHue: AKTyaJbHBIE POOIEMBI, METOJJOJOTUIECKUE TOCTHKECHHUS U TIEPCIIEKTUB-
HBIE€ HAIIPABJIEHUS HAyK O OMOJOTHYECKOM MHOT000pa3uu, (pU3N0I0THH, MOJIEKYJISIPHOMN U Kile-
TOYHOM OMOIIOTHH, OMOIOTHH Pa3BUTHS, TCHETUKHU, aHTPOTIOJIOTHH, SKOJIOTHH, TEOPETHIESCKON
OHMOJIOTUH, SBOJIIOIIMOHHOMN TEOPUH.

2. UcTtopusi 1 MeTO10JI0THSI OHOJIOTHM
TpeOoBanus k pe3yabTaTaM ocBoeHusi: popmupyet komnerenuu [1K-3, [TK-4.

Conepxanue: VicTopusi BOSHUKHOBEHUSI U PA3BUTHS OMOJIOTUN U CMEKHBIX C HEH HaAYK;
OCHOBHBIC ITOHATHUA U KATCTOPUHN; MCTOAOJIOTHUCCKHUEC ACTICKThI 6I/IOJIOFI/I‘-I€CKI/IX HAYK U UX NIpH-
JIO’KEHUI; MECTO OMOJIOTHH B CUCTEME HAYYHOT'O 3HAHUSA, MEXIYHAPOIHbIE CBSI3U; POJIb BbI-
JAar0IIUuXCs YYCHBIX B pa3BUTUUN 6I/IOJIOFI/I‘-I€CKI/IX HaYyK; 3apOXKXJICHUC HOBbLIX HAYUHBIX HAIIpaBJIC-
HUM.

3. KoMmnbroTepHbIe TEXHOJIOIMH B HAyKe M 00pa30BaHUHU

TpeboBanus k pesyabTaTaM ocBoeHusi: popmupyet komnereniuu OK-6, ITK-6, TTK-
13.

Conepxanue: CTpyKTypa ayiluo U BUJAEOCPEICTB U METOANKA UX npuMmeHeHus; [I9BM,
IPaKTUYECKHE HaBBIKA PAOOTHI C KOMIIBIOTEPOM; TE€IEKOMMYHUKAIIMOHHBIE CUCTEMBI; IPUHIIUIIBI
MOCTPOCHHS ABTOMAaTHU3UPOBAHHBIX CUCTEM O0YUYECHHUS U KOHTPOJIS 3HAHUI; TPUMEHEHHE TaKETOB
NPUKJIAJHBIX IPOTrPaMM B y4eOHOM MPOLIECCE; TEKCTOBBIE U IpauuecKne peaaKTOPhI, AIEK-
TPOHHBIE TaOJIUIBI, 0a3bl JAHHBIX, HH()OPMAIIMOHHBIE CETH, T€ONH(OPMAIIMOHHBIE CUCTEMBI.

4. ®uanocodckue npodeMbl €CTECTBO3HAHMS
Tpe6oBanus Kk pe3yjbTatam ocBoeHus: popmupyet komnereHuu OK-7, T1K-7.

Copep:xanue: OcHOBHBIE OHATHS (procoduu ecTecTBO3HAHUS: CyOCTaHIIMS, MaTepHs,
SHeprus, HHGpopMaLus, IPOCTPAHCTBO, BPEMs, XKH3Hb, pa3BUTHE, 3aKOH, IPUPOA; TPOOIEMBbI
MIO3HAHUS CBSI3€H M 3aKOHOMEPHOCTEH SIBICHUI MPUPOJIBI; UCTOPUS pa3BUTUS HaTyphuiocod-
CKHUX IIPEJICTABJICHUI; COBPEMEHHAs €CTECTBEHHOHAYYHasl KapTUHA MUPA, MECTO B HEH HayK O
YKU3HU; CUHEPTeTHKA KaK YHUBEPCAJIbHBIN A3bIK OMMCAHMSI SBOIIOLMOHN3UPYIOIIEN BCEIECHHOM;
bunocodckue mpobdaeMbl TEOPUH TTO3HAHUS B €CTECTBEHHBIX HAyKaXx.

5. MHoCTpaHHBIN A3BIK
TpebGoBanus k pe3yJbTaTaM ocBoeHusi: popmupyet komnereniuio 11K-8.

Conepxanue: JIekcuko-rpaMMaTHYECKH MaTepual 11 MpodhecCHOHATBHOTO B OBITO-
BOT'0 OOIICHUS U YTCHUS HAYYHOH TUTepaTypbl; pedeprupoBaHie U aHHOTUPOBAHUE HAYYHOU JIH-
TepaTypbl; HABBIKK HAYYHO-TEXHUYECKOTO MEepPeBoia

6. Yuenue o 0uocepe u riiodajbHble IKOJOTHYECKHE TPOOIeMbl
TpeOoBanus k pe3yabTaTaM ocBoeHusi: popmupyet komnerenuu OK-4, I1K-5.

Opomonus orochepsr; B.M. BepHanckuii 1 KOCMOIOTHUECKHH CMBICIT €r0 YYSHHS; CO-
BpeMEHHOE pa3BuTHE Onochepornorun; B3auMoIeHCTBHS TPUPOIBI M 0OIIECTBA; aHTPOIIOTEHHOE
BIIUSIHUE Ha Onocdepy; riodanbHbIe YKOJIOTHUECKHIE MPOOJIEMBl; METOABI TPUKJIIATHON IKOJIO-
THH; SKOJIOTHUS YeJIOBEKa B aCMEKTe LIEJIOCTHBIX MPEeACTaBICHU o0 bnocdepe.



Cnucok paspadoruuxo [1OOII, 3xkcnepToB

Pa3zpabdorunkm:

MIY neka, [Ipencenarens

nmenn M.B.JlomoHOCOBa, YMC no 6uonorun YMO

buonornuecknii pakynpTeT M0 KJIACCUYECKOMY YHU- M.II. Kupnuuuukos

BEPCUTETCKOMY 00pa3oBa-
HMIO, akageMuk PAH

BEIYLIMI HAYYHBIN CO- O I1. Menexopa
1L ,

TPYAHUK
npocdeccop A.N. Kum,
JIOLICHT I'.C. CyxoBa
Boponexckuit I'Y, buoio- nexan, podeccop B.I'. AprioxoB

TUYEeCKUH (paKymbTeT
Wuctutyt 6uonoruu pazsu-  aupexrop UBP PAH, mpo-

s PAH deccop Osepurok H. .

JKCNepThI:

Unen-koppecnonaeHt PAH,

3aM. TUPEKTOpa, TOKTOp OHo- 10.10. JireGyamze
JIOTUYECKUX HAYK

Huctutyt npobiaem 3K0JI0TUU U 3BO-
moruu PAH um. A.H. CeepiioBa,

Anraiickuii I'Y, buonorndeckuii a-
KYJIBTET;
MI'Y umenu M.B. JlomoHocoBa 3aMECTUTENb IPOPEKTOPA Kapasaena E.B.

JeKaH, mpodeccop I'.". CokonoBa

[Iporpamma cocraBiena B coorBercTBuu ¢ TpedoBanussMu @I'OC BIIO ¢ yueTtoM pekomeH-
naruid [TOOIT BITO no nanpasienuto u npodutio noarotosku 020400 «buosorus», omodpeHa Ha
3aceaHnu Y4eOHO-METOJMUECcKoro coera o ouosoruu 29 nostopst 2010r., IIporoxom Nel.



ITpunoxxenue 1.

IlepeyeHb aHHOTHPOBAHHBIX MATUCTEPCKUX MPOrpaMm (mpoodJjaemMHoe
noJie HANpaBJeHUsl MOATOTOBKM).

1. O6mas 6uoJiorusi. AKTyaJIbHbIC TTPOOJIEMBI 00IIIEH OMOTOTHH U DKOJIOTHH. DJIEMEHTHI
CHUCTEMHOT'0 aHAJIM3a U TEOPUH YIIpaBJICHUs. bronornueckrue CUCTEMbI pa3IMYHbIX YPOBHEH
CJIOHOCTH, MEXaHU3MBI X aBTOPEryJsiuu. MaTeMaTuuecKkoe MOJIEIMPOBAHIE OMOCHUCTEM.
DJIEMEHTHI aHTPOIIOJIOTHHU. DBOJIIONNS U COBpEMEHHOE cocTosiHre Ouochepst. [Ipupona u obmre-
CTBO. METO/IbI ¥ TIEPCTIEKTHBBI PA3BUTHUSI COBPEMEHHOM OMonoruu. 3aaauu odmiero u mpodec-
CHOHAIILHOTO OMOJIOTUYECKOTO U AKOJIOTHYECKOTO 00pa3oBanus. VicTopust 1 MeToa0I0Tus 610-
JIOTHH, SKOJOTHUH U XMMHH; OCHOBBI AUJAKTUKH. DPUI0CO(PCKUE aCTIEeKThl COBPEMEHHOTO €CTECT-
BOo3HaHUs. [Icuxosoro-nenarornueckas MoAroTOBKA: MICUXOJIOTHS U TIEIarOTHKa CPeIHEHN 1
BBICIIICH IIIKOJIBI; COIIHANIbHAS TICUXOJIOTHSI, SPrOHOMHUKA, BO3pACTHAS MEAaroruyeckas CuxoJo-
rust. OCHOBBI ICUXUYECKOU caMoperysiiuu. [IpoekTupoBanue coaepkanusi yaeOHOTo mporecca
U CUTYaIliii ”THHOBAIIMOHHOTO 00yUYeHUs B MIKOJIE U B By3e. CIocoObI MpeACcTaBICHUS M KOHTPO-
751 3HaHUH. Pemienne mpoIyKTUBHBIX U TBOpYECKUX 3a1ad. [IpakTuka npernogaBanusi OMOJIOTHH,
KPY>KKOBOH, 1TaOOpaTopHOi pabOoThI, OpraHU3aluu JIEKIIHOHHOTO Kypca.

2. AuTponosorusi. Mopdosorus uenoBeka. [IpoucxoxaeHune u BOIONNS Y€T0OBEKa.
OmnTtorenes yenoneka. dusznueckoe pa3BUTHE U KOHCTUTYIUU; ICUXO(PU3NOIOTUYECKasl TUIIOJIO-
T'Hsl, TOTMMOP(U3M YeoBeUeCcKor NOMyISAIMH. YueHre 00 aHTpoIoreHese, pacoBeieHue. e
STHOTpaduu, apXeoJIOTUH, ITHUYECKas aHTponoJorusi Poccun. buonorus yenoseka: sKonorus,
TeHEeTHKa, 3JIEMEHTHI BJICOJIOTUH. MeTO bl aHTPOIOMETPHUH, BAPHAIIMOHHOM CTaTUCTHKH, dJie-
MCHTBI TCHCTUYCCKOT'0, UMMYHOJIOTUYCCKOI'O aHAJIN3a, APYTUC MCTO/AbL COBpeMeHHOfI AHTPOIIO-
JIOTHH.

3. 300s10r1s1 MO3BOHOYHBIX. TeopeTnyeckre mpodIeMbl 300JI0TUH TTO3BOHOYHBIX. CpaB-
HUTEIbHAsE aHATOMUSI 1 MOP(OJIOTHSI Pa3IMYHBIX TPYIIT O3BOHOYHBIX. [IporicxokaeHne u cuc-
TEMaTHKa XOPJIOBBIX, KX MHOT000pasue, reorpaduueckoe pacpocTpaHeHue, skoaorus. Pas-
MHO>KEHUE ¥ OHTOTeHe3. AHATOMUS U (PU3UOJIOTHS XOPAOBEIX Kak 06a3a CHCTEMAaTHUYECKUX KO-
JIOTHYECKHUX U 300Teorpaduiyeckux ucciaenoBannii. O0pas ,U3HH U TIOBEJCHNE TTO3BOHOYHBIX,
MEXaHHU3MBI IPUCTIOCOOICHUI K cpeam obutanus. OOIIMe BOPoCkl cucTeMaTuku. YacTHas
CUCTeMaTHKa U (pUIIoreHe3 OTIeIbHBIX TPYII XOPIOBBIX. DBOMONUS (DYHKIIMOHAIBHBIX CUCTEM.
Penkue u ricuesaroniye BUIbI; HAYYHBIE OCHOBBI OXPaHbl )KUBOTHOTO MHPA U OTACIHHBIX BUIOB
XOPAOBBIX. X03HCTBEHHOE UCTIONF30BaHUE TIO3BOHOYHBIX. METOIBI 300JIOTHYECKUX HCCIIEIO0-
BaHWH, HABBIKY MOJICBOM pabOThI, OpraHU3aluK IKCIEAUIINN, KaMepallbHOI 00pabOTKH MaTe-
puana.

4. 300s10r1Us1 6€CMIO3BOHOYHBIX. TeopeTHUeCKre KOHICTIIIUN U aKTyaJIbHbIEC TTPOOIEMBI
300J10TUH O6€CTI03BOHOYHBIX. O01IKEe BOPOCH CUCTEMAaTUKH U (hUIOreHe3a, IPOUCXOKICHUE U
CHCTEMaTHKa OTJIEbHBIX TPy OECIO3BOHOYHBIX, MX MHOr000pa3ue, reorpaduieckoe pacmipo-
CTpaHeHue, 3KoJorusi. Pa3MHOKEeHNE U OHTOTeHe3; dKU3HEHHBIE UKIIbl. AHATOMUS U (PU3HOI0-
rusi 0eCcl0O3BOHOYHBIX Kak 0a3a CUCTEMAaTUYECKUX, SKOJIOTMYECKUX U 300Teorpaduueckux mc-
cienoBanuii. [ToBenenne n 00pa3 KU3HU, TPUCTIOCOOJICHUS K CPE/ie PA3ITUYHBIX TPYII; pEAKHE U
ycye3aromye BUbl 0€Cr03BOHOYHBIX. HayuHble OCHOBBI pa3BeIeHUS U OXPaHbl, XO3IHCTBEHHOE
HCIIOJIb30BaHNE U MEIMIIMHCKOE 3HaUeHHEe OECII03BOHOYHBIX; Tapa3UTapHbIe BUIbI U OHOJIOTH-
YecKre MeTOoAbl 0OphOBI C HUMHU. METOABI 0KHUIATETLHON 1 SKCIIEPUMEHTAIBHOM 300JI0TUH, Ha-
BBIKH T10JIEBOI paOOThI, OpraHU3aIMK SKCIEAUITNH, KaMepalbHOW 00paboTKH MaTepurara.



5. bBoranuka. Teopetudeckue mpobaeMbl MOphoIOTUN pacTeHuil. PasMHOXeHne pacrte-
Hui. XKuzaennsie nukipl. CpaBHUTENbHAS aHATOMUS U MOPGOJIOTHS Pa3HBIX TPYII PACTCHHM.
DBOJIOIUS PA3NIAYHBIX TUIIOB MOP(HOCTPYKTYP B Pa3HBIX TAKCOHAX PACTCHHIA. DKOJIOTHUS pacTe-
HUN. DBOJIONHS )KH3HEHHBIX (JOPM B pa3HBIX TPYIIIaxX pacCTeHUH U pa3HbIX (iopax. AHATOMUS U
MOPQOJIOTHSI paCTeHHUI Kak 0a3a CHCTEeMAaTHYECKUX, SKOJIOTHUECKHUX U (puToreorpadudecKkux
uccienopanuii. O0IIKME BOIPOCH TECOPUH CHCTEMAaTUKU. YacTHas cucTeMaTHkKa U GUIOTeHe3
Pa3IUYHBIX IPYMI pacTeHHUM. DKoI0ro-pUToreHOTHYeCKHE U reorpaduueckue (hakTopbl IBOIIO-
nuu. Ounonenoredes. Teopernyeckue nmpodieMsl reorpadun pacrennii. draopuctuka. MeToas
ananu3a ¢uop. daoporenes. Merons! praoporeneTnueckux uccneaoanuii. [Ipodaemsl mosna-
BAa€MOCTH UCTOPUHU PACTUTENBHOrO MUpa. OCHOBHBIE 3TAIlbl BOIOIMHN PACTUTEILHOTO MOKPOBA
3emun B MO3IHEM KaliHO30€. ['eo0oTannKa ((hUTOICHOIOTHS; JIECOBEICHNE, JTYTOBEACHHE, BOI-
Hast 1 OOJIOTHAS PACTUTENBHOCTh, apUIHbIE (PUTOIICHO3bI, U3yYCHHUE arpoleH030B u 1p.). Hayud-
HbIE OCHOBBI OXPaHbl OTAEIbHBIX BUAOB U (DJIOPUCTHUECKUX KOMIUIEKCOB.

6. MuxkoJiorus. TeopeTndyeckre KOHIETILUU U aKTyaIbHBIE TPOOJIEMbI MUKOJIOTHH.
Mopdomnorust u Gpuznonaorusi rpud0B; CUCTEeMaTUKa U GUIOTEHETUYECKUE CBSI3U OTACIIBHBIX TaK-
COHOMHYCCKUX TPYIIIL. Pa3sMHOXeHUE U ;KU3HEHHBIE ITUKIJIBI. DKOJIOTHUsA FpI/I60B, MCXaHU3MBbI UX
BSaHMOﬂeﬁCTBHH C pa3JIM4YHbIMUA KOMIIOHCHTaAMU 6HOF€0H€HO3OB. TGOpGTI/I‘-IeCKI/IC npeacTraBJic-
HUSI O TIPOUCXOXKICHUH TpruOOB. [IpakTrueckoe NpUMEHEHHEe PAa3IUYHbIX TPYII B (hapMakoioruu
n 6HOT€XHOJIOI‘I/II/I. ITouBeHHas MHKOJIOI'UA, (I)I/ITOHaTOJIOFI/IH. MC,Z[I/II_[I/IHCKaH MHUKoJIOTUS. buono-
I'us HaHGOHee BPCAOHOCHBIX MATOICHOB. MGTO[[BI SKCIICPUMCHTAJIbHBIX HCCJIGI[OBaHHﬁ B MHUKO-
JIOTHH.

7. ®U3H0JI0THS YeJIOBEKA U KUBOTHBIX. DyHIaMEHTABbHBIE TIPOOIEMBbI (DHU3NOIOTHH
yesioBeKa U )KMBOTHBIX. OO111as1, 3BOTIOIMOHHAS, MEAUIIMHCKAS U SKOJOrHueckas (Gpu3nosorus,
OCHOBHBIC TCOPCTUUCCKNUEC KOHICTIIIUN U aKTYaJIbHBIC HAIIPpABJICHUA. 3BOJHOI_[I/ISI OCHOBHBIX
(GyHKIIMOHAJIBHBIX crcTeM opranu3ma. OHToreHes pyHKIHOHAIBHBIX cucTeM. Pusnonoruye-
CKHE PeryJisiiuu; KOOpAUHALMS U afantanns Gu3nogoruueckux GyHKIUN K pa3InyHbIM yCIIO0-
BUSIM BHEIIHEH Cpcabl, UX CUCTCMHBIC U MOJICKYJIAPHBIC MCXaHU3MBI. DJIeMEHTEBI HaTO(I)I/BI/IOJIO-
U ¥ QYHKIMOHAIBHOM TUAarHOCTUKU. DJIEMEHThI TEOPUU CUCTEM; MATEMAaTUYECKUE U KOMITbIO-
TEpHbIE METObI B COBPEMEHHOM (u3noa0ruu. MeTobl SKCIiepUMEHTaNbHON (U3HOIOTHH,
(GYHKINOHATIBHON TUAarHOCTUKU, XUPYPIHHU, IEKTPOPU3UOTIOTHH, HABBIKU PaOOTHI C pa3InyHbI-
MU JIa0OpaTOPHBIMU KUBOTHBIMHU.

8. ®usuosorus pacrenuii. OCHOBHbIE TEOPETUUECKUE KOHIICTIIIUHU U aKTyaJIbHbIE TTPO-
Os1eMbl (PU3UOJIOTHH PACTEHUN. DKOJIOrHYecKas (GU3noIorus pacTeHuid. MexaHu3mbl (POTOCHH-
Te3a, TPAHCIIOPTa BEIIECTB, ABIXaHHsI, YHEPTETHUECKOTO U MIACTHYECKOro 0OMEeHa, pa3MHOXKe-
HUs U pa3BUTHs pactennid. KiietouHast u reHeTnueckast HHXeHepus pactenunil. ®usunosiorus pas-
JUYHBIX TPYMI pacTeHUM. DBOJIOIMS (DYHKIIMOHATBHBIX cucTeM. ['opMoHbI pactenuii. UMMyHU-
TET pacTeHUi. buonoruueckue MeToIbl 3alUThl PACTEHUM OT MATOT€HHbIX BIUsSHUI. Kinaccuue-
CKHE U H BbIe METOJIbI (DU3MOJIOTUY PACTEHUH; KyJTbTUBUPOBAHHUE KIIETOK M TKAHEH, KJIETOYHAS
OMOTEXHOJIOTHSI.

9. 'eneruxa. O0mIas TCHETHKA, TCHETUUECKUI aHAJIN3, IIATOTEHETHKA, MOJICKYJISIpHAS
TreHETHKa, OMOTEXHOJIOTHs, TCHHAs! MHKEHEPHS, TeHETHKAa MUKPOOPTaHU3MOB, TEHETHKA pacTe-
HHﬁ, TCHCTUKA )KMBOTHBIX, TCHCTUKA YCIIOBCKA, MMOMYJIAIIMOHHAA I'CHCTHUKA, DKOJIOTMYCCKas I'CHC-
THKa, MyTallUOHHBIN TPOIIECC, MOJICKYJIIPHBIC OCHOBHI BOJIIOIIUH, TCHETUKA Pa3BUTHUSI, TEHETUKA
opraHesul, CAMOMOT€HETHKA, MOOUJTbHBIE DJIEMEHTHI TeHOMA, TeHETUYECKUH KOHTPOJIb KJIETOY-
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HOTO LIMKJIa, TEHETUYECKUI KOHTPOJIb: PEIIMKALIMU, PEKOMOMHALINY, TPAHCKPUIIIIUH, TPAHCIIS-
IIWY , CTUTACHHT. [ eHHas 1 KJIeTOYHas WHXKEHEPHs BhICIINX pacTeHud. CTpyKkTypa U QyHKIIHH
xpoMmocoM. ['eneruka nosenenus. ImmyHoreneruka. Mcropus resetuku. MeToab! konuaect-
BEHHOI'O aHAJIM3a, BAPUALIMOHHAs CTATUCTHUKA B TEHETHKE.

10. Buo¢pusuka. OCHOBHbIC KOHIETIINU U aKTyalbHbIE IPOOIEMbI TEOPETUYECKO Ono-
busukn, 6MOPU3NKHU KIETKH, OMOPU3UKH MeMOpaH, MOJEKYIISIPHOU OMODU3HKHY, PaTUaIIHOHHON
ounodusuku, sxonorudeckoit onodmsuku. Odmas onopusnka KUBBIX cUcTeM. MaTeMaTHUeCKHe
MO/IENIN, KOMITBIOTEPHBIE METO/IbI B OMo(u3nke. Ou3nko-xuMudeckue u Gru3noiornyeckue npo-
1IeCChl B OMOJIOIMYECKMX CHCTEMax U BIUSHUE HA HUX (pu3nueckux (pakropoB. MexaHU3MBbI aB-
TOPETYJSALUH OMOJOTHYECKUX (QYHKIUN, UX (PU3UUECKUE aCTIEKThl. MeTOIbl COBPEMEHHOI OHOo-
bu3uKu.

11. Bnoxumusi 1 MoJsleKyIsIpHAast 0M0JI0THsA. TeopeTHUECKUE aCIIEKThI U aKTyaJIbHbIE
po0JIeMbl OMOXUMUU M MOJIEKYJISIpHOM Ononoruu. CTpyKTypHO-(YHKIIMOHATBHAS OpTraHnu3aIus
KJIETKU U CYOKJIETOUHBIX CHCTEM; MEXaHU3Mbl OMOCHHTE3a OETKOB U HYKJIEMHOBBIX KUCIIOT; MO-
JeKyJsipHasi OMOJIOTHS KIIETKH; OMOTEXHOJIOTHS M TeHETUYECKast MH)KEHEPHUs; MOJICKYIISIPHBIC
MEXaHHU3MBI PETYJSALUUN U aanTalui GyHKIHUHN KJIeTKU U opranu3ma. CpaBHUTEIbHAS U HBOJIIO-
UOHHAA OMoXuMUs. MeIunuHCKas U AMHaMUYecKasi OMOXUMUsI, SKOJIOrHueckas OMoXumus,
UMMYHOJIOTHsI, BUPYCOJO0THs. MeTobl (PyHKIIMOHAIBHOM U KIMHUYECKOH OMOXMMHHU, MOJIEKY-
JSIpHOM OMOJIOTUH, OMOTEXHOJIOTHH.

12. MuKpoOH0/I10THSI H BUPYCOJIOTHs. TeopeTnieckue OCHOBBI M aKTyallbHbIe IPo0JIe-
MBI CPaBHUTEIBHO-3BOTIOLIMOHHOM, 3KOJIOTUYECKON, METUIIMHCKOW, MPOMBIIIUIEHHONH MUKPO-
ounonorun. Mopdonorus, OMoOXuMusl, TeHETUKa MUKPOOPTaHU3MOB, X CUCTEMATHUKA U SBOJIIO-
1Usl, poJib ee. Bupycel, 6akTepuu, apxen, SyKapuoTHbIE MUKPOOPraHu3MEbI. [laToreHHbIe MUKPO-
OpraHu3MbI U 00pb0a ¢ HUMHU. X03IMUCTBEHHOE HCIIOIB30BaHIE MUKPOOPTaHU3MOB. [Ipompii-
JICHHAs] MEKPOOHOIOTHS. MUKPOOHOIOTHUECKOE MTOBPEXKICHUE TEXHOIOTUISCKUX KOHCTPYKIIUM.
[TepcrieKTUBBI OMOTEXHOJIOTHH M TEHETHYECKON HHKeHeprHu. MeTOIbl KYTbTHBUPOBAHUS 1
UIeHTU(UKAITUA MUKPOOPTAaHU3MOB, IPUEMBI KJIETOYHON U TEHETHYECKOW NHKEHEPUH, METO IbI
WCCJICTIOBAHUSI POJIM MUKPOOPTaHU3MOB B OMOT€OIIEHO3aX.

13. Dkouorusi. TeopeTnuecknue KOHIENIMU U aKTyaJbHbIC HAPABJICHUS AyTIKOJIOTHH,
CUHIKOJIOTUH, TIOMYJISIMOHHON YKOJIOTHH, IBOJIOLMOHHON KONIOTUH. YdueHue o bnochepe. O6-
niast Teopus cuctem. [IpuHIUMIIBI MaTEMATUYECKOTO MOJEIUPOBAHMS U KOMITBIOTEPHOTO aHaJIHM3a
eM. YacTHas 3Kko0Tus (9KOJI0THs OaKTepuid, TpuOOB, pACTEHUM, )KUBOTHBIX ). DKOJIOTHYECKAs
¢dusnonorus. IBomoinus 6rnochepsl. AHTPOTIOTEHHBIE BO3ICHCTBHS Ha Onoc(hepy, TEXHOTCHHBIE
9KOCUCTEMBI. METO/IbI OLIEHKH TEXHOTCHHBIX BO3JICHCTBUI Ha 3KOCUCTEMBI U OIIPEIETICHUE KO-
JIOTUYECKOTO0 prucka. buonHaukaius u 6MOTeCTUPOBAHUE 3arps3HEHUI PUPOTHON Cpebl. KO-
JIOTUYECKHIT MOHUTOPUHT U KCIIEPTH3A. DIEMEHTHI IKOJIOTUIECKOTO MpaBa. JKOHOMHKA PaIluo-
HAJIBHOT'O IPUPOJIONOIb30BaHusl. HayuHble MpuHIUIBI U CTpaTerusi oXpaHsl npupoasl. Poccuii-
CKO€ MPUPOJOOXPAHHOE 3aKOHOAATENHCTBO. MeXKIyHApOAHBIHN OMBIT U COTPYIHUYECTBO B 00-
JaCTH OXPaHBI IPUPOJIBIL.

14. bnonorus kiaerku. TeopeTuueckre 3aKOHOMEPHOCTH U AKTyaJIbHbBIE HAIIPaBJICHUS
UCCIICIOBAaHUN CTPYKTYPHO-(PYHKIIMOHAIBHOM OpraHnu3aliy MPOKAPHUOTHBIX U DYKapPUOTHBIX
KJIETOK, CHHIIUTHEB, I1a3MO/IUEB, cUMIUIAcTOB. O01Iast LUTOJIOTHsL, O0I1as U CpaBHUTEIIbHAS
THCTOJIOTHS, MOJICKYJISIpHAst OMOJIOTHS KIETKU, CTPYKTYPHO-() YHKIIMOHAJIbHAS OpraHu3aius u
pEryJsIys SKCIIPECCUN TeHOMa, MEXaHU3Mbl aBTOPETYJISIIUY U aIalTalluy KIETOK, npoiudepa-
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uu 1 1ud GepeHIpoBKY, HHTETPALMH KJIETOK B Pa3IMYHBIX OPraHU3Max, MEKKIETOUHBIE
B3auMoiecTBus. [IpoGiaembl omyxoneBoro pocta. MeTo ikl CBETOBOM M 3JIEKTPOHHOW MHKPO-
CKOITMH, KYJIbTUBUPOBAHUA KIICTOK, BBIACJICHUA U UCCIICAOBAHUA Cy6KJICTO‘-IHI:IX CTPYKTYpP, aHa-
Jn3a MeTaboIMYECKUX MPOLIECCOB, MUMMYHOXHUMUH, IPYTUe METOAbI KJIETOYHOW OMOJIOTHH.

15. Buosorus pa3Burus. TeopeTnyeckue OCHOBBI M COBPEMEHHBIE HAIIPaBICHUS OHO-
aoruu pa3Butusa. CpaBHUTENIBHO-MOP(OIOrHUecKue, (GU3M0I0rnueckue MoJIeKyIsIpHbIE acTeK-
Thl UHIUBUYAJIbHOI'O Pa3BUTHUS OPIraHU3MOB Pa3IMYHbIX TAKCOHOMUYECKUX Irpynn. Moneky-
JsipHast pa3BUTHS. MexanusMel audpepeHInpoBkH, Mopdorenesa, pocta. MexKIeTOuHbIe
B3aUMOJICHCTBUSA U PETYJIATOPHBIE MPOLIECCHI, 00ECIIEYUBAIOIINE LIEIOCTHOCTh PA3BUBAIOILEIOCS
opranu3mMa. DKOJOTHUECKasi U SBOJIOIUOHHAS OMOJIOTHS pa3BUTHs. MeIuIMHCKAast U CEITbCKOXO0-
3siicTBeHHast OMosorus pa3Butus. Lluronoruueckue, rucTosiornyeckrue, Mopdonorudeckue, Mo-
JEKYISIPHO-OMOIOTHYECKHE, TEHETUUECKHE METO/Ibl B OMOJIOTUH pa3BUTHUS. DMOPUOUHKEHEPHSL.

16. Heitpoouoaorusi. TeopeTnueckre KOHIEMIUN U aKTyaIbHbIE TPOOJIEMBI (PU3HOIIO-
TUU HEPBHOM CHCTEMBI U HEHPOHA, HEUPOXUMHH, MOJIEKYIISIPHOW HEUPOOHOIOTHH, HEHPOMOP-
domoruu u Heiipodpapmakonoruu. Heiipoduonorus nosenenus. Heliponcuxomnorust. CosxHbIe
(GOpMBI 110 ¥ ICUXUYECKHE MPOLIECChl: KOTHUTUBHBIE QYHKIUH, TAMSITh, 00y4eHUe, pedb, CO3Ha-
HUEe. DKCIIEPUMEHTAIBHBIC MOJICIIA U METOABI COBPEMEHHOM HelpoOnoorui. MaremaTiuieckoe
MOJICTIMPOBAHUE B HEUPOOUOJIOTHH.

17. Ilcuxodusnosiorus. TeopeTnueckre KOHIENINU U aKTyalbHbIe MPOOIEeMBbL; (Hr3HO-
JIOTHYECKUE MEXaHU3MBbI ICUXUYECKOH EATEIIbHOCTH, (PU3HOIOTHIECKUX OCHOB CEHCOPHOTO
BOCIIPUSITHSA U POPMHUPOBAHUS OLIYIEHUH. PU3NOIOrMUECKUE aCIIEKThI OOILEH IICUXOJIO0THH,
BBICHICH AEATEIbHOCTH, TICUXOIMATOJIOIMH; ICUX0(U3HOIOTHS CTpecca, BO3pAaCcCTHAs ICUX0(H-
suonorus. [Icuxodusuonorndyeckas: IMarHoCTUKA 3a00JIeBaHUN CEHCOPHBIX CHCTEM, 1e(DEKTOB
peun 1 uHTeIeKkTa. [IpoGneMbl HHAMBUYaIbHBIX PA3IMYMNA, (POPMHUPOBAHUE TOMUHAHTHBIX
COCTOSIHUH, ONPEETAIOMNX IICUXUKY yesoBeka. [Ipobiiema HCKyCCTBEHHOTO HHTEIUIeKTa. Me-
TOJIBI AJIEKTPO(U3ZNOTIOTHIECKUX, MOP(POJIOTHUECKUX UCCIETOBAaHUN, TECTUPOBAHUS HEPBHO-
IICUXUYECKOT0 cTaTyca yesoBeka. MeToabl MaTeMaTHYeCKOro MOJICIMPOBAHUS B ICUXO(PU3HO-
JIOTHH.

18. UmmyHos0rHs. TeopeTnyeckre KOHICTIMN U aKTyalbHbIE HAIIPABICHUS HAYKH O
3alIUTHBIX CUCTEMAX OpPraHU3MOB. I/IMMyHI/ITeT paCTeHHﬁ, JKUBOTHBIX U YCJIOBCKA. CTpOeHI/IG,
CBOICTBA M B3aUMOJICMCTBUE aHTUTEHOB U aHTUTEN. UMMyHOXxuMus. iMmyHoreneruka. [{uto-
JIOTHYECKHE MEXaHU3Mbl UMMYHHOTO 0TBeTa. CpaBHUTEIbHASI UMMYHOJOTHA. KinHndeckast uM-
MYHOJIOT'HA. OcHOBHEIE MCTOAbl UMMYHOJIOTHHU U UX UCIIOJIB30BAHUC IJId PCIICHUA (I)YHI[aMGH-
TaJbHBIX MPOOJIeM OHMOJIOTHH, BBIJICICHUS U UACHTU(DUKAIIMY UHIUBUIYaTbHBIX OEIKOB.

19. I'mctonorusi. TeopeTuueckre U METOJ0JIOTMUYECKUE aCIIEKThI CPABHUTEIBHO-
3BOJIIOIIMOHHON U MEIMIIMHCKOM THUCTOJIOTUU. DBOIOLNS TKaHEH. [ MICTOreHe3 B MHANBHUIYaJlb-
HOM pa3Butuu. CTpoeHue u PyHKINUN CHEIUATU3UPOBAHHBIX KJIETOK, IPOMEKYTOUHBIX Cpefl,
B3aUMO/ICHCTBUE KJIETOK B TKAHU U B OPraHU3Me, PereHepanus; peryasiTOpHble MEXaHU3MBI 11e-
JIOCTHOCTH Y UHTETPAIMH TKaHEH B (DYHKIIMOHAIBHBIX CHCTEMaX OpraHu3Ma. JJIeMEHTHI I1aTo-
(GbU3MONIOTHH U ATOJIOTHUS KIETOK. [ McToornyeckas AuarHocTuka. MeTo bl CBETOBOM U DJICK-
TPOHHON MHUKPOCKOIIHH, aBTOPaTHuOrpadu, UIMMYHO- i TUCTOXUMUH, KYITbTYPHI KJIETOK U TKa-
HEW U Ipyrue METObl HCCIIEA0BaHNS.

20. Meauko-010J10rHYecKre HAayKH. TeopeTHuecKre KOHLIENIUU U aKTyaIbHbIE TTPO-
Osiembl B 00s1acTH DyHIAaMEHTAILHON MEIUITMHBI U OMOMEIUITUHCKUX UCCIICTOBAHUM (MEIUIIMH-
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CKOW OMOXHWMHH, METUIIMHCKON Onodu3uku u 1p.). Hopmanbhaas u matomornyeckasi pu3nOIOTHS
YeJI0BEKa, TUCTOJIOTHs, OMOXUMHUEcKast M Onou3ndeckas TMarHoCcTHKa 3a001eBaHUM, DJIIEMCH-
Tl COBPEMEHHOM (papMaKoI0ruu, OMOJIOTHUECKUE OCHOBBI 3/I0POBbsI U TATOJIOTUH, TPOOJIEMBI
9KOJIOTHH YeJIOBEKA, TIPEJICTABICHHS O PA3IMIHBIX CHCTEMaX COXPaHCHHS 3710POBbsI, H3JICUCHHUSI
0oJIe3HeH M MPOIJICHHS )KU3HU YeJIOBeKa. MeToabl (PU3HOJIOTHH U SKCIICPUMEHTATBHON MEIH-
IUHBI.

21. AnbroJiorusi. TeopeTudeckue acleKTbl 1 COBPEMEHHBIE HAIIPaBJIEHUs CUCTEMATHKH,
¢opucTrky, reorpaduu U 3K0JI0TUK Boopocieir. Mopdoorus, 6uonorus pazmHoxeHus. Ou-
TOIJIAHKTOH U (PUTOOEHTOC MOPCKUX U KOHTHHEHTAJIbHBIX BOJI0eMOB. Bogopociu nous. Bozo-
POCIH KaK IMOKa3aTelld COCTOSHUS 3KOCUCTeMbL. OCHOBBI IIUTOJIOTUH, (PU3HOIOTUH, OUOXUMHUU U
reHeTuKu Bojopociei. [laneoansronorus. OCHOBHBIE 3TaIlbl CTAHOBJICHUS! PACTUTEIBHOTO MUPA.
MeTonbl MUKpOIaaeoaabrol0ruy, CHCTEMaTUKH, LIUTOJIOTUN BOAOPOCIIEH.

22. JuTomosorus. DyHaameHTaIbHBIC MPOOJIEMBI YBOJIOITMOHHON U (DYHKITMOHAIBHON
Mophonorun HacekoMbIx. CucCTeMaTHKa, MPOUCXOXKACHHUE U (PUIOTeHEe3 HACEKOMBIX U APYTUX
Ha3eMHBIX WICHUCTOHOTUX. PU3M0I0rug Ha3eMHBIX WIEHUCTOHOTUX 3BOJHONUA (byHKLIPIfI,
HEPBHO-MbIIIEYHAs (PU3HOTIOTHS, SHIOKPUHOIOTHSL, (PU3HOTIOTUS pa3BUTHS, OCOOEHHOCTH UM-
MYHHOM CHCTEMBbI. DKOJIOTHS U MOBEICHNE HACEKOMbIX. JKN3HEHHBIE LIUKIIbI U 3aKOHOMEPHOCTH
ux peryisauuu. [lonooe nosenenre. yHaaMeHTaIbHbIE OCHOBBI ITPUKIAJHON S3HTOMOJIOTUH B
CEJIbCKOM XO3SIICTBE, MUIIEBOM MPOMBIIIJICHHOCTH, METUIIUHE, BETEPUHAPUU U OMOTEXHOJIOTHH.
Meto/ bl OnMcaTEeNbHOM U KCIIEPUMEHTATBHON SHTOMOJIOTHH.

23. I'mapoOuosiorust 1 uxTHoJiorusi. OyHaaMeHTaIbHbIE TIPOOIEMBbI HAJOPTaHU3MEHHO-
I'0 YPOBHSI OPTaHU3aIMH BOJAHOM OMOTHI, M3yYeHNUE CTPYKTYPHBIX CBOMCTB M 3aKOHOMEPHOCTEN
(YHKIMOHUPOBAHUS BOJHBIX SKOCUCTEM, yIipaBlieHHe UMU. [ ToOanbHbIe U pernoHaJIbHbIE OKea-
HOJIOTHUYECKUE U JIUMHOJIOTHUEcKue siBiIeHHsI. CUCTEMHBIH MTOIX0/] KaK METOI0JIornuecKas 06asa
THJIPOOHOJIOTUH; METO/IbI yueTa rUIPOOHMOHTOB, aHAIH3 KOJMUECTBEHHBIX TaHHBIX U U3yUCHHE
¢axTopoB cpezpl. TeopeTuyeckre OCHOBBI, METO/IbI U COBPEMEHHbBIE TOCTHKEHHS ayT- U CUHD-
KOJIOTUHU TUAPOOHMOHTOB, CAHUTAPHO-TEXHUYECKOH rMAPOOHOIO0rUH, MPOIYKIIMOHHON rupoOHO-
JIOTMH aKBaKYJIbTYphl, OMOMHIUKAIIMH KayecTBa BOJI M PAllMOHAILHOTO MCIIOJIb30BAaHMSI BOAHBIX
pecypcoB. TeopeTndeckre u METOI0JIOTUIECKUE aCTIEKThl U3YYEeHUS PhIO M KPYTIIOPOTHIX, IKO-
JIOTMH, 3TOJIOTUH, TUHAMUKHU HOMYJISMH, COCTaBa pbl0 OTKPBITOrO OKeaHa, MOpEei U MPECHBIX
BOJI. DBOJIIOIMS U CUCTEMaTHKa, reorpaduueckoe pacnpocrpaHenue poi0. [Ipukinagasie mpo-
O5eMbl - pa3paboTKa OMOIOTHYECKUX OCHOB PIOHOT'O IPOMBICIIA, BEICHHE PALIMOHATIBLHOTO PhIO-
HOT'O X03HCTBa, OXpPaHa 1 BOCIIPOU3BOJCTBO PBIOHBIX PECYPCOB.

24. buonn:xenepusi. OCHOBBI (HM3UKO-XUMHIECKOW OMOTOTHH. DKCIIEPUMEHTAIbHBIC U
TEOPETUYECKHE METO/Ibl YCTAHOBIICHUSI XMMUUECKOM U MPOCTPAHCTBEHHON CTPYKTYphI OHOTIO-
auMepoB. OCHOBBI MOJIEKYJISIPHOM, OETTKOBOM, KJIIETOYHON 1 MeTaboIn4ecKoil nnxenepuu. Mo-
JEKYJISPHBIE METOABI JUArHOCTUKU. ONTHYECKAss MUKPOCKOIIHS 1 MUKPOCIIEKTPOCKONHS. ATOM-
HO-CUJIOBAas U 30HA0BAasi MUKPOCKOMHsI. MeToIbl HAHOTEXHOJIOTU B OrouHkeHepuu. Kommbro-
TEPHOE MOJICKYJISIPHOE MOJICIIMPOBAHUE U MOJICKYJISIPHBIN U3aiiH OETKOB, MENTHIOB, OMOMEM-
OpaH 1 UHBIX OWO- M HAHOCTPYKTYp. MaTeMaTH4eCKUe MO B XUMHUH B OWOJIOTHH.

25. buouHKeHepHUs M MEHEIKMEHT HAaYYHBIX HCC/IeJ0BAHUI 1 BBICOKMX TEXHOJIO0-
ruii. OCHOBBI (PU3HKO-XUMHUUYECKON OMOJIOTHH. DKCIIEPUMEHTAIBHBIE U TEOPETHICCKHUE METOIbI
YCTAHOBJICHHSI XUMHUYECKON U MPOCTPAHCTBEHHOM CTPYKTYpHl OnomnonumepoB. OCHOBBI MOJIEKY-
JSIPHOM, OETKOBOM, KJIIETOYHOH U METa0OINYECKOM HHKEHEPUU. MOJIeKyIsIpHbIE METO/IbI AHar-
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HOCTUKH. OnTHYecKas MUKPOCKOIUS U MUKPOCIIEKTPOCKOIHUS. ATOMHO-CHJIOBasi MUKPOCKOIIHSI.
MeTo 161 HAaHOTEXHOJIOTUH B OHoMHXeHepuu. KoMIbioTepHOe MOJNEKYIISIPHOE MOJEIUPOBAHHUE U
MOJICKYJISIPHBINA AU3aiiH OMO- 1 HAHOCTPYKTYp. MaTremaTuyeckre MOJIeNId B XUMUHU U OHOJIOTHH.
OxpaHa HHTEIJIEKTYaTbHOM cOOCTBEeHHOCTH. OCHOBBI (PMHAHCOBOM M XO3SIMCTBEHHOM IESITCIb-
HOCTH HAay4YHBIX U MHHOBAIIMOHHBIX MPEANPUATHI. YIpaBlieHne THHOBALIMOHHBIMU U HAYYHBIMU
npoektaMu. OCHOBBI JI€JIOBOM 3TUKH.

26. buorexnosorusi. Teopernyeckue oCHOBBI OMoTexHOJIOTHU. OCHOBBI TEHHOW U KJIe-
TOYHOU MH)KeHepuH. MoJIeKyIsipHbIe OCHOBBI OnoTexHoJI0ruu. Hagkinerounas nHxeHepus: IM-
OpuouHxeHepus, AKBakyabTypa, [IpombliieHHas sHTOMOI0rHS. H)XEeHepHas 3H3UMOJIOTUsl.
I'enernueckas nrxeHepus. Knerounas uxxeHepust 1 uMMyHosorusi. [IpoMelniuieHHast MUKPO-
6uonorus. Menuuunckas mukpoouosnorus. [Ipuknaanas 6uosnepreruka. [Ipukiagnas Bupyco-
norus. buorexHonornueckue METoAbI B OXpaHe OKpysKarollen cpepl. buotexHonorus BTopud-
HBIX MTPOJYKTOB U OTXOJ0B. MeTOIbl UMMYHOJIOTUH U THOPUIOMHBIE TEXHOIOTUU. BHOTEXHOIO-
rust OMOJIOTMYECKH aKTUBHBIX COSIMHEHH, JIEKAPCTBEHHBIX MpenapaTroB. bruoTexHomorus mpo-
nyktoB nutanus. Cozganus 6MOCHCTEM C HOBBIMH cBOiicTBaMu. TexHHUYecKoe obecriedeHne
OMOTEXHOJIOTMYECKOTO IPOU3BOJICTBA.
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ITpunoxxenue 2.

ITPUMEPHASA ITPOI'PAMMA

HaumeHoBaHHE JUCHUIIINHBI

«MOJIEKYJIAPHOE MOJAEJIUPOBAHUE HAHO-BUO
CTPYKTYP»

Pexomenayercsi 1J1 HANPABJEHUSA MOATOTOBKHU

020400 buonorus

Kpanudukanus (cTeneHp) BHITYCKHUKA MAarucTp
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Hesn 1 32724 TUCIMIIMHBI: 1) 03HAKOMIICHHE C COBPEMEHHBIMU JIOCTH)KCHUSIMU B
O6HaCTI/I KOMITIBIOTCPHOT'O MOACIIMPOBAHUA JUHAMUKNU 6I/IOMOJIeKy.]I$IpHBIX OG’bCKTOB U CUCTEM,
2) OCBOCHHUE TEOPETHUECKUX OCHOB KOMITBIOTEPHOTO MOJICITMPOBAHUS U HH)OPMATHKH KaK
CpCACTB UCCICAOBAHUSA CTPYKTYPHO-AUHAMUYCCKUX CBOICTB BOOOPACTBOPUMBIX U MCM6paHHI>IX
0enkoB; 3) 00yueHne mpoPeCCHOHAIBHOMY BJIQJICHUIO COBPEMEHHBIMU METOIaMH MOJIEKYJISIP-
HOT'O MOJEITUPOBAHUS HAHO-0MO CTPYKTYP.

Mecto nucuuniuibl B cTpykType OOIL: [ukn M.2, BapuaTuBHas 4yacTh (MarucTep-
cKkas mporpamMma «bruonHeHepust 1 HAaHOOMOTEXHOIOTUA»). YuTaercs Ha 1 roJy MarucTpaTypbl
WJIM aCIIUPAHTYPHI B 1 — 2 cemecTpax 00ydeHus.

B HauaJjie Kypca CTyIEHT JOJKEH UMETh IOCTATOYHbIE 3HAHUS B 00JIACTH KICTOYHOU
OuoJsioruu, OMOXUMHH, ONMODU3UKH, MOJICKYJIIPHON OMOJIOTHH B 00BEeMe ITPOrpaMMbl OakasiaB-
puaTa OUOJIOTHUH, TIPOCIIYIIIAB COOTBETCTBYIOIINE KYPChl M IMEsI 10 HUM TOJIOKHUTEIbHBIC OIICH-
k. JKenareiabHO, YTOOBI CTYICHT, IPUCTYIIAs K U3yYSHHUIO TAHHOTO Kypca, MOT IPOJIEMOHCTPH-
poBaTh cleayrome oomue KomneTeHnun oakanaspa omonorun: OK-6, OK-10, OK-12, OK-13,
OK-14, OK-15, OK-16, OK-18, TIK-3, I[1K-4, T1K-5, TIK-6, [IK-11, TTK-15, TIK-16, TTK-17, T1K-
19 (cm. pazpen 1.3.1).

TpeOoBaHus K pe3y/jibTaTaM OCBOCHUS AU CIHUIIMHBI:
B pesynbrare 0CBOCHUS AUCIUILTUHBI 00YYaIOUIUICS JOKEH:

1. 3HaTh: MPEIACTABICHUS, JIEKAIME B OCHOBE MOJEIUPOBAHMS MOJEKYJIIPHOU IU-
HAaMHKH; BO3MOKHOCTH KOMIIBIOTEPHON peain3anny; (pyHKIIMOHAIBHBIA BUA U MPUPOTY MOTEH-
[[UAJIOB MOJIEKYJISIPHOTO B3aWMOJICUCTBUS; BUJI YPAaBHEHUH JBIKEHUS, YIUTHIBAIOIINX BIIMSHUE
BHEIIIHEH CpeJbl U HAJTMUKE Pa3IUYHbIX TPAaHUYHBIX YCIOBHUi; 6a30BbIe aJTOPUTMBI JJISI HAXO0XK-
JEHUST MEKMOJIEKYJISIPHBIX B3aMMOJCHCTBUI M YMCIEHHOTO WHTEIPUPOBAHUSl ypaBHEHUU JIBU-
KECHUA MOJIGKy.]ISIpHOfI CUCTCMBI; IMMPUMCPLI IMOCTAHOBOK M HCIIOJIb3OBAHHBIX TEXHOJIOT Ul npu
MPOBEJCHUS BBIUMCIUTENBHBIX SKCIIEPUMEHTOB C HaHO-OMO CTPYKTypaMu; MPUMEPbI BBIUUCIIH-
TCJIbHBIX 3KCIICPUMCHTOB C 6€HKaMI/I u 6HOMCM6paHaMI/I U TMOJIYYCHHBIC B HUX PE3YJIbTAThI; MC-
CTO M POJIb MOJICKYJISIPHOTO MOJEIMPOBAHUS HAHO-OMO CTPYKTYp B OMo(dU3MKe U OMOTEXHOJIO-
T'un.

2. YMeTb: cPOopMynHpOBaTh MOJEIbHOE NPECTABICHUE MOJIEKYJIIPHOIO HAHO-
00BEKTa MU BO3MOKHOCTH OPTaHU3ALMH BBIYMCIUTEIBHBIX MOJEKYISIPHO-TUHAMUYECKHX JKCIIe-
PHUMEHTOB C HMM; IPOBOAUTH PACUETHI JUJISI MOJEIBHBIX MOJIEKYJISAPHBIX CUCTEM C HCIIOJIb30Ba-
HUEM Pa3JIMYHBIX MPOTPAMMHBIX CPEACTB; MPOBOAUTH 0OpabOTKY pe3ylbTaTOB MOJEKYISPHO-
JUHAMHYECKHUX PaCyYETOB.

3. Buitamers: MeTogaMu ¥ OCHOBHBIMM IIPOI'PAMMHBIMU CPEACTBAMU JJISI MOJIEKYIISP-
HOTI'0 MOJIEJIUPOBAHMS HAHO-OUO CTPYKTYP.

4, CTy,HCHT JOJDKCH IEMOHCTPHUPOBATh HABBIKH HMCIIOJIB30BaHWA BBIYUCIIUTEIIBHBIX
MCETOHOB U YMETh UCIIOJIB30BATh 3TU MCTObI B INITAHUPOBAHUH U OCYHICCTBJICHUH BBIYUCIINTCIIb-
HBIX SKCIICPUMCHTOB.

[To 3aBepiieHNH Kypca CTYACHT TaKKe J0JDKEH JEMOHCTPHPOBATH CIEAYIOIHE 00II1e
koMmrieteHnuu maructpa omonorun: OK-1, OK-2, OK-6, I1K-2, T1K-3, TIK-6, TIK-8, ITK-9, ITK-
10, [IK-11, TIK-12, TIK-13 (cm. pazaen 1.3.1). Ha maTepuane Kypca CTyIeHT JOJDKEH MPOSIBIISATh
CHOCOOHOCTh K TBOPUYECTBY, CHCTEMHOMY MBIIIJIEHHUIO, CAMOCTOATENBHO MIPHOOPETaTh U UCIIOJIb-
30BaTh HOBBIC 3HAHUS U YMEHHSI, CAMOCTOSATENIHO aHAIM3UPOBATH MMEIOLTYIOCS HH(POPMAILIHIO,
npoQecCHOHATBLHO O(GOPMIISTH U MPEACTABIATh PE3YIbTAaThl HAYYHO-UCCIIEOBATEIBCKUX padoT.
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PUPOBaAHUEC, IOATOTOBKA OTYCTOB, KOHTPOJBHBIX pa60T, IOATr0OTOBKA K DK3aMEHaM.

O0bem IMCcOMIJIMHBI M BUABI Y4e0HOI padoThI:

O06bem yueOHOTO BpeMeHH, HE0OXOAMMOTO JIJIs OCBOCHHSI Kypca — 4 3a4eTHBIX €MHU-
IbI, 4TO cocTaBisieT 144 y4eOHbBIX yaca, B TOM YUCIIE CAMOCTOSITENIbHAS paboTa B 00beMe HE Me-
Hee 72 JacoB.

BI/IIH:I 3aHATHHM: JICKIIMOHHBIC, CCMHUHAPCKUC, TPAKTUYICCKUC, CAMOCTOATCIIbHBIC! pe(l)e-

PexomenayemMasi CTpyKTypa 00y4eHusi 0 JMCUMIINHE

Ne Buabl yueOHoii padorsl, .
1
n/ BKJII0YAsi CAMOCTOSATE b~ é S 2 §
n s HyI0 paboTy CTyJleHToOBH | Z 3 2z
o 5 TPYA0EMKOCTH (B 4acax) g <3 =1 3
) 2]
= | 2 =S e s
S ) - 8 9
Pa3znen g : o . 7 S i E §
JIACOMILTHHBI 3 = — S S Fs 9w 3
= 2 |3 He | 280 3
o o < S = a = =S
= S s ., g m e & ZSE
& = = o H o e o s ©
0 o SRR T o =R
5| | OE | K =
L. | OcroBel MonemmpoBanns mMo- | 9 1-5 10 110 |1 5 Ycrblii on-
JIEKYJISIPHOW TMHAMUKHU poc
KonTp. pabo-
Ta
2. | ANropuTMbl yueTa TepMOIH- 9 6-9 8 8 1 5 YcTHBIN On-
HAMHUYECKUX XAPAKTEPUCTUK poc
cpebl KonTp. pabo-
Ta
3. | TeXHOIOTMH IOCTALOBKH M 9 10-15 |12 (12 |1 5 YcTHBIN On-
MPOBEICHUS BBIYUCIUTEIbHBIX poc
HKCIIEPUMEHTOB C Pa3IUYHBIMU
OMOMOIIEKYIISIPHBIMH CHCTE-
MaMu
MOJIEKYJIAPHOTO MOJEIINPOBA- poc
HUSI HAHO-OMO CTPYKTYP
HHUE MOJICKYJISIPHON JUHAMHUKHU poc
TUAPATUPOBAHHON MaKpOMO-
JIEKYJIIPHOU CUCTEMBI
7 | pomexyrounas arrecramms | 9 16 2 OK3aMeH
8 [TpomexxyTouHas aTTecTarus 10 | 16 2 3auer
30 |38 |33 43

Bcero yacos

Conep:xaHue TUCUMTLIHHBI:

OCHOBBI MO/ICJINPOBAHUSI MOJICKYJISIPHON TMHAMHMKH
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Bseoenue. Mooenuposanue monexynsaprou ounamuxu. Ilpeamet xkypca. Kparkast uctopus
YHCJICHHOTO MOJEINPOBAHUS MOJIEKYJISIPHOW AMHAMUKHU. BoIYMCINTENbHBIN SKCIEPUMEHT, €T0
POJIb U MECTO B HAHOOMOTEXHOJIOTHH.

IIpocmpancmeennuvie u epemenubie macuimaosl. ETUHUIBI U3MEPEHUSI B «MOJIEKYIISIPHOM
Mupe». XapaKkTepHble €AMHUIIBI MAcChl, SHEPTUH, BpeMeHu. O uncie 4acThll B MOAEIUPYEMOM
MOJIEKYJIIpHO# cucteme. DDPeKkTuBHBIN yueT pacTBopuTes. [lepuoandeckue rpaHUYHBIC YCII0-
BU.

DYHKYUOHATLHBLU U0 U YU3ULECKAsL NPUPOOA NOMEHYUAN08 MONEKYISAPHO20 83AUMOOELL-
CMBUA. MOJ’IeKy.]IHpHaSI CHUCTEMA HpGHCTaBHHGTCH B BUJC COBOKyHHOCTI/I BBaHMOHeﬁCTBYIOIHHX
MaTepHaTbHBIX YaCTHI]. DHEPTUS MOJEKYIISIPHONW CHUCTEMBI CKJIABIBACTCS U3 SHEPTHM BaJICHT-
HBIX CBSI3€U, BAJICHTHBIX YIJIOB, TOPCUOHHBIX YIJIOB, INIOCKUX I'PYII, BaH-AEP-BAAIbCOBBIX U KY-
JIOHOBCKHUX B3anMOIecTBUI. DYHKIIMOHAIBHBIN BUJ 3TUX B3aUMOJCHCTBUMN, TO €CTh ()OPMYJIHI,
10 KOTOpBIM BBIYHUCIISICTCS 3Hepr1/151 B3aHMO,Z[eI>'ICTBYIOI]_[PIX aTOMOB, €CJIM U3BCCTHBI UX KOOpI[I/I-
HAThI, U TaOJIUIIBI TApaMETPOB (3HAYCHH I KOA(h(OUIIMEHTOB, 3aBUCAIINX OT TUIIOB aTOMOB) 3a/1a-
0T CHUJIOBOC I10JIC. HeBaJIeHTHBIC BBaHMOHeﬁCTBHHZ BaH-IIep-BanILCOBLI )41 KyJIOHOBCKI/Ie CHUIJIBI.
Pannyc o6pe3anus. KomOuHamonHpie mpaBuia. DKpaHUPOBAaHUE KYJIOHOBCKOTO MOTCHIIHAIA.

Aneopummul 8blyucieHus HegarenmHuvlx 63aumooeticmsui. OLEHKa YK1CIia HEBAJIEHTHBIX
B3aUMOICUCTBUHN. D(PPEKTUBHBIC aTOPUTMBI, UCIIOIB3YIONINE KOHSUHBIN paanyc B3auMOICHCT-
Bus. Anroput™m Bepie (= metop coctaBienus cruckoB). OteHka ero OsicTpoaeicTBust. [ nokuit
AJTOPHUTM OLICHKH JJIS TepecyeTa CIUCKOB. MeTo1 CKaHUPOBaHMS IO MMPOCTPAHCTBY (TIPUCOEIN-
HEHHBIC CITUCKM). JIMHEHAs 3aBUCUMOCTD TPYAOEMKOCTH BBIYUCICHUN OT YHCIIA YaCTHII.

Yucnennoe unmezpuposanue ypasHenuil 0sudicenus. Anroputm Bepne (mpocteitias
pa3HOCTHas anmpokcumanus). AIroputm ¢ nepeckokamu (leap-frog anroputm). CkopocTHOM
anroputm Bepre.

AJITOPUTMBI y4eTa TEPMOANHAMHYECKUX XaPAKTEPUCTHK cpe/bl

Yuem enusanus enewnetl cpeovt. Tepmocmamol. Temneparypa. MrHoBeHHas TeMIIepary-
pa. YpaBHEHUS ABHKEHUS MOJIEKYJISIPHOM CUCTEMBI, YUUTBIBAIOIINE HAIUUue TepMocTtara. 13o-
TepMUYECKas MOJIEKyJIsIpHas JMHaAMUKa (MeToa MaciutabupoBanus). TepmocTtat bepenacena.
Tepmoctar Hoze-I'yBepa. CtoxacTuueckoe BO3IEHCTBUE OpyXkatollei cpeabl. bpoyHoBckast n1u-
HamuKa. CTOJIKHOBUTEIbHASI MOJIEKYJISIPHAS TUHAMUKA.

Buiuucnenue oasnenus 6 manvix monekynapuvix cucmemax. bapocmam bepenocena. On-
peliefieHne TaBJeHUs B MaJlol MOJIEKYJISIpHOM cucteme. J[aBneHne Ha CTeHKY. YacTUIIbl MKy
IByMs cTeHKamu. Bupuan cwit. Hactuns! B simuke. @opmMyiisl i nasieHus. Hanpskenue B ce-
YEeHUH, MapajuleIbHOM cTeHKe. [leproanyeckue rpaHyuHbIe yeinoBus. BeiBox dhopmy:n s aas-
nenus. bapocrar bepenncena.

TexH0J0rnM NOCTAaHOBKH H MNPOBCACHUSA BHIYMCIUTEC/IBbHBIX JKCIEPUMEHTOB C pa3-
JINYHBIMHU 6I/IOMOJ'IeKy.TIHpHLIMI/I CUCTEMaMH

Mooenuposanue buonozcuueckux memopan. OnMcaHue TEXHOJIOTH MPUTOTOBIICHUS OHO-
JOTHYECKOW MeMOpaHbl, BKIIOYAIOIEe IPUTOTOBICHUE (POCHOTUIMHUIHOTO OUCIIOs, €eTO peaKca-
VIO, BRIPAIIMBAHUS IIFJTUHIPHYECKON TTOJIOCTH, TPOHU3BIBAIONIECH OMCIION, 3aKTFOUEHIE KaHa-
71000pa3yIoniero NenTHa B TAKOM e HMIMHIP, COBMEIEHHE BYX MOACUCTEM, PEIaKCalUIO
00pa3zoBaHHOM OMOMEMOpPaHBI U, HAKOHEII, TTOJIYYCHHE MPOAYKTUBHON TPACKTOPHUH.

Cunosoe pazeopauusanue denkoguix 2no6yn. IlpuBeneHo onucaHne NOCTaHOBKU BbIUHUC-
JUTENbHBIX SKCIIEPUMEHTOB M HCCIIEI0BAHUS IpOIecca pa3pylIeHHsl IByX UMMYHOTJIO0YIUH
CBSI3BIBAIOIIMX JTOMEHOB OenkoB L u G mox neiictBuem BHemHUX cuil. [loka3aHo, 9TO XOTS 9TH
nBa OenKka UMEIOT OJIM3KYI0 MPOCTPAHCTBEHHYIO CTPYKTYPY, MEXaHU3MbI UX pa3pyllIeHus pas-
JIUYHEI.
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Ilocmanosxa MONEKYIAPHO-OUHAMULECKUX PACUemO8 ¢ OeHOpumepamu. JIeHApUMepbl —
HOBBIH KJIACC PETYJSPHBIX MOJIMMEPOB, KOTOPBIE XapaKTEPU3YIOTCA UCXOAALIEH U3 OJTHOTO IEH-
Tpa APEBOBUIHOU CTPYKTYPOil, OOIBIIUM KOJIHMYECTBOM IIEHTPOB BETBICHUS U OTCYTCTBHEM
3aMKHYTBIX IIUKJIOB. Pelarorcs BOpockl: Kak CKOHCTPYHPOBATh AEHAPUMED 3aJaHHOTO XUMU-
YECKOr'0 COCTaBa M 3a/laHHOM MOJIEKYJISIPHON MacChl; €ro pejlakcalus; IOMEIEHUE B paCTBOPHU-
TeJIb; IPUTOTOBJICHUE MPEACTABUTEILHOW KOHPUIypalluy; U HAKOHELl, IPOBEIEHUE NTPOIYKTUB-
Horo pacuera. [Ipumep pacuera aJi ruipaTUpOBAHHOTO NosInaMuj0aMUHHOBOTrO (ITAMAM)
JeHIpUMeEpA.

OcBoeHue MPOrpaMMHOro odecnevyeHus1 1Js1 MOJIEKYJISAPHOT0 MOAeJIMPOBAHUS HA-
HO-0HMO CTPYKTYP

Wutepuer-pecypce “Protein Data Bank™. O3nakomuienue u pabora ¢ mporpaMmaMu
RasMol, VMD, HyperChem. IIporpamms yist MogeTUpOBaHUS MOJICKYJIIPHON JMHAMUKA OHO-
MOJIEKYJSIpHBIX cTpYKTYp MoDyp u PUMA. JIaGopatopHsie paboTsl «MoJieKysipHas JUHAMUKA
nenTuaoB» U «MosekyispHas AMHaMuka Gpochomunuiosy. [Iporpamma 1uist aHain3a TpaeKTo-
puUli MOJIEKYJIAPHON AUHAMUKH.

Iposenenne HUP “MopesimpoBanue MoJIeKYJISPHOM TMHAMMKH THAPATHPOBAHHOMI
MAaKPOMOJIEKYJISAPHOH CHCTeMbI”

OCHOBBIBasICh Ha OMBITE, MPUOOPETEHHOM IIPH BBIMOJIHEHUH J1a00OPATOPHBIX PabOT U C
UCTIOJIB30BaHUEM JJOCTYITHOTO MIPOrpaMMHOT0 obecnieuenus (mporpammbsl Modyp u [TYMA)
IIaHupyeTcs (KaXI0My CTYIEHTY UHIUBUYalbHO) OCYIIECTBUTh HAyYHO-UCCIIEIOBATENbCKYIO
paboTy, BKJIIOYAIOIIYIO: (2) BBIOOP M3 UMEIOIIETOCs CIUCKA WK OMPEAEIIUTh CaMOCTOSTEIbHO
MOJICIIUPYEMBbI 00beKT uccienaoBanus (pdb-daiin HeGombIIoi MakpoMoJeKyJIbl); (0) co3maTh
pacueTHyIO sUEHKY ¢ THAPATUPOBAHHOM siueiikoii; (B) CO31aTh CTPYKTYPHBIN (ailn (MoayIb
Predmd); () mpoBecTH BBIUUCTUTEIBHBIN SKCIIEPUMEHT C 3aMTUCHIO TPACKTOPUHU MOJICKYJISIPHOMN
JUHAMHMKU IIPY 33JJaHHBIX TEPMOJAMHAMUYECKUX ITapaMeTpax (TemiepaType U JaBiIeHUH); (1)
uMes TPaeKTOPUIO HAWTH MPEICTABIISIIONINE HHTEPEC XapaKTePUCTUKH MaKPOMOJIEKYIIHI C T10-
MOIIBIO TOCTYITHOTO MJIM CaMOCTOATEIBHO HAIMCAHHOTO MPOrpaMMHOT0 obecriedeHust; (€) mo-
BTOPUTH PAacyeT ¢ APYTUMH MapaMeTpaMH CUCTEMbI MU BHEIIHEW CpeJibl, MIIM HadallbHbIMU
JAHHBIMHM I U3yYSHHS BIMSIHUS 9THX I1apaMeTPOB Ha MOBEICHHE MOJIEKYISIPHOIN CUCTEMBbI
u/unu 1uist Habopa cTaTUCTUKU. [IoArOTOBUTE OTYET MO pe3ylibTaTaM MPOBEACHHOIO UCCIIEI0Ba-
HUSL.

PecypcHoe o0ecnieueHne: MaTePHATBHO-TEXHUYECKYIO 0a3y MPAKTUUYECKUX 3aHITHH,
TUCTAHIIMOHHBIX 3aHATUH, HH)OpMAIIMOHHOE 0OecreYeHrne Kypca TakKe He0OXO0qMMO JOCTa-
TOYHO MOAPOOHO yKa3aTh B mocienueM pasaene YMK. JlanHbiii pa3nen 1omKeH ObITh TPEICTaB-
JIeH pa3paboT4uKaMy COAEePKATEIBLHON YaCTH Kypca.

MeToanyeckne peKOMEHIAIUN 110 OPraHU3aAIUN U3YYeHHUs JTUCUMILIMHBI: Pabouas
nporpamma (nozapaszzaensercs Ha 50 moaysneit). 15 u3 aTux Moaynen — IeKUUH, KOTOPbIE MOTYT
OBITb NPEJICTABIICHB! B MYJIbTUMEAUHHOM BapUaHTe, IPUTOJHOM JUIsl HCIIOIb30BAHUS B JUCTAH-
HHOHHOM o0yuenun. [IpennoururensHoii opmoit 00yueHus sBsieTcs ouHast. st AuCTaHIM-
OHHOT0 00y4YeHHMsl [TPeIaraeTcsl CMELIaHHask OYHO-3a04Has (hopMa ¢ NEPUOANIECKUM IIPOBEIe-
HHUEM ayIUTOPHBIX 3aHATHI — KOHCYNbTAIMH ¢ penogaBaTteneM. CeMUHApCKueE 3aHATUS B CITy-
Yyae AUCTAaHIIMOHHOI'0 O0Y4YEHHUSI MOT'YT OCYLIECTBIATHCS B (POpME TPEHUHTA B JIEKTPOHHON
dopme, UCTIONB3Ys SINEKTPOHHYIO MOUTY WK BeO-popymbl. Ho HE0OX01MMO Takke OpraHu3o-
BaTh KOPOTKHE BBIE3HBIE IIIKOJIbI I TPYIIOBBIX 3aHATHUI ¢ MPEnoiaBaTeeM ¢ 1IeIbI0 yCTaHo-
BOUHBIX JICKIIUH U TPOBEIEHHS TPOMEKYTOUHOTO KOHTPOJIS.

Pexomenayembie (popMbl, METOBI U CPEACTBA OPraHU3ANUM 00PA30BATEIBLHOIO
npouecca

[Tpu ocBOoCHMM AUCITUTUTMHBI MOJNEKYISIPHOE MOJCITMPOBAHNE HAHO-OMO CTPYKTYp”
npeaycMaTpUBaETCs IUPOKOE UCIIONB30BaHUE aKTUBHBIX U MHTEPAKTUBHBIX (POPM MPHOOpeETE-
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HUS HOBBIX 3HaHMIA. B 00s13aTeIbHOM MOPSAKE TOJDKEH OBITh 0OeCIeueH TOCTYII CTYJCHTOB B
HutepHer. Bo BTopoM cemecTpe 3alulaHupoBaHa akKTHBHAs paboTa B KOMIIBIOTEPHOM KJilacce.
KenarensHO Takke, 4TOOBI CTyZICHTaM ObLIa MPEAOCTaBICHA BOZMOKHOCTh YJAJICHHOTO JOCTY-
na K pecypcam Ha BBIYMCIIUTEIEHOM KIlacTepe.

B nepBom cemecTpe 006pa3zoBaTeIbHbIIM MPOLECC OPUEHTUPOBAH B OCHOBHOM Ha TEOPETH-
YECKYI0 MOArO0TOBKY MarucTpaHTOB, BO BTOPOM — Ha MPUOOpPETEeHNE UMHU MPAKTUUYECKUX HABBI-
KOB.

[lepBas, BBOIHAS JIEKIMs, TPU3BaHa BO30OYIUTH MHTEPEC K OCBAUBAEMOM JAUCLUILINHE.
[TomMuMoO MIITIOCTPAaTUBHOTO MaTepuaia B (hopMe claiiioB, Ha HEeW MpeCTaBIeH HHTEPAKTUBHBIN
AQHUMAIMOHHBIN UM, IEMOHCTPUPYIOLIUI MOJEKYISIPHYIO THHAMUKY B3aUMOAECHCTBYIOLINX
yacTull. Takoro ke poga MOJEKYJIIpHO-IMHAMUYECKNE aHUMAILUK NIPEAYCMOTPEHBI €11E B IBYX
nekuax. MimocTpaTuBHBIA MaTepral B BUJIE MYJIbTUMEIUUHBIX CIaU0B MIPEIyCMaTPUBAIOTCS
BO BceX JIeKIuAX. CTpyKTypa JEKIHMOHHOTO MaTepHalla HalpaBjieHa Ha OCBOEHUE METOJI0B MO-
JEKYJISIPHOTO MOJEIUPOBAHNS M MIOHUMaHUE TPAaHULl UX NPUMEHUMOCTH. CeMUHAPBI TPU3BAHBI
AKTUBU3UPOBATH pabOTy MaruCTPaHTOB 110 OCBOCHUIO TEOPETUUECKOTO MaTepuaa, H3JI0)KeHHO-
ro Ha JIEKIUAX.

IToMuMO noceleHns JIEKIUHI U 3aHATUHA Ha CEMHUHApax MpelyCMaTpUBAETCs CaMOCTOsI-
TeJIbHas paboTa CTYJJEHTOB C BO3MOKHOCTBIO A0CTyna K IHTepHeT-pecypcaM U 3JIeKTPOHHBIM
yuebHbIM MonysisiM Y MK “MorekyssipHoe MoeInpoBaHie HaHO-01o cTpyKTyp”. B Haudane ce-
MecTpa Ha caiite kadepbl OTKpPBIBAIOTCS (POPYMBI IO BCEM pa3ziesiaM JTUCLMILIMHBI 3TOTO ceMe-
cTpa. B mepBom nocnanuu Ha popyMe coiepiKaTcs yKa3aHus MPenojaBaTeist U CChbUIKH Ha DJIeK-
TPOHHBIE MaTepUabl, CIIyKallke IOMOYb B OCBOCHUU TeMbl. Bxo Ha ¢opyM ais Kaxx0ro CTy-
neHTa nepcoHupurpona. CTyIeHThl UMEIOT BO3MOXXKHOCTb OOCYIHUTH Ha (POpyMe TEKYILYIO
TEMY, 3aJ]aTh BOIIPOCHI, IOJIYYUTh Ha HUX CYKIEHUS U OTBETHI IPYTHUX CTYICHTOB, IIOJIBECTH
UTOTH U CPOPMYJIMPOBATH KOHCOIUANPOBAHHBIE BOMIPOCH! K IpenogaBareito. s 3Toro mno ka-
KJOU TEME MPENoJaBaTeNIeM Ha3HavaloTCs CTYIEHTBI-TIOTOPEI, 33/1a4a KOTOPBIX y4aCTBOBAaTh B
JUCKYCCHH, BIMATH Ha €€ X0/ U K Ha3HAUEHHOM JaTe (110 UTOraM OJHOM-/IByX HEEJb) IOJBO-
JUTh TTPOMEKYTOUHBIN UTOT JUCKyccuHu. Bee 3To siBHBIM 00pa3zoMm Ha caiite ¢popyma. [Ipenona-
BaTeJlb UMEET BO3MOKHOCTD IIPOAHATIM3UPOBATH X0/ AUCKYCCUU TI0 TEKYILEH TEME U €€ Pe3yJib-
TaThl, OLIEHUTH POJIb KAXKJIOTO CTYAEHTA, IPUHSBILEH B HEH ydacTHe, U paboTy CTYAE€HTOB-
TBIOTOPOB. B X01€ nucKyccuu npenoaBaTenb TaKKe UMEET BOBMOKHOCTD 1aBaTh COBETHI 10
UCIIOJIb30BAHUIO T€X UM UHBIX DYM, 1aBaTh CChUIKU Ha JpYyTUe M0JIe3Hble HHPOPMALlMOHHbIE
pecypcsl. Bonpocsl, NOIHATEIE BO BPEMsI JUCKYCCHH, BBIHOCSITCS Ha UTOrOBbIN ceMuHap. Ha Hem
IIpenojaBareib aeT OTBETHI HA 3aJaHHBIC U €11e HE NOJyYUBIIME OTBETOB BOIIPOCHI, YTOYHSIET
HEJ0CTAaTOYHO MOJIHBIE U UCIIPABIISET HEMPABUIbHBIE OTBETHI U CYXK/IEHUS CTYIEHTOB.

BTopoii cemecTp opueHTUPOBAH Ha:

1) mpakTHYECKOE OCBOEHUE MPOTPAMMHBIX CPEACTB, UCII0JIb3YEMBIX ITPH MOJIEKYIISIPHOM
MOJICJIMPOBAHUH HAaHO-OUO CTPYKTYP;

2) mpoBeieHNE WHIUBUyaTbHBIX HAYYHO-UCCIIEOBATEILCKUX Pa0OT MO MOCTAHOBKE
BBIUHCIUTENBHBIX HKCIIEPUMEHTOB U aHAJIN3Y MOJIYYEHHBIX TPACKTOPHBIX (aillioB AJsi KOHKPET-
HBIX MOJIEKYJISIPHBIX CUCTEM.

O0a pa3nena AUCHUILIMHBI IPEATNOIAaraloT akTUBHYIO paboTy 3a komnbroTepoM. OcBoe-
HUIO KKIOW U3 IPOrpaMM JJIsi MOJIEKYJISIPHOTO MOJEIUPOBaHMs IPEAIIECTBYET BBOJHBIN Ce-
MHHAp, Ha KOTOPOM IIpernoiaBaTellb AaeT 001ee MPeICTaBIeHHE O TPOrpaMMHOM KOMIUIEKCE,
€ro Ha3HaYeHUHU M BO3MOKHOCTSX. 3HAKOMCTBO C OMMCAaHUEM U PYKOBOJACTBOM I10 paboTe ¢
KOMIUIEKCOM ITPOrPaMM OCYILECTBIISETCS CTYJEHTOM CaMOCTOSITENIBHO C UCIIOJIB30BAHUEM JIOC-
Tyna 1o MHrepHeT k coorBeTcTBYIONMM O YM nucuuniussl. [locne 3Toro cTy1eHT roToB K
MPaKTUYECKOMY OCBOCHHIO PabOTHI 32 KOMITBIOTEPOM C JaHHOM MpOTrpaMMHON cucteMoi. [1po-
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HCXOJIUT 3TO B KOMIIBIOTEPHOM KJIACCE B MPUCYTCTBUU IPENOIaBaTENsA-KOHCYIbTaHTa. s mpo-
BEPKU CTETIEHU OCBOCHHUS MTPOrPaMMBbI MpeiaraeTcs Habop y4eOHbBIX TECTOB.

AKTHBHOMY (pOPMHUPOBAHUIO OCHOBHBIX KOMIIETEHIIMI 00y4aroIerocs 1no JaHHO! Juc-
[UTITAHE JOJKHO CIIOCOOCTBOBATH IPOBEICHUE UM YICOHOW HayYHO-UCCIIEA0BATEIbCKON pabo-
ThI. J{7151 cce[oBaHuUs KaXXIbIi U3 CTYIEHTOB MOJIYYaeT CBOM MOJEKYJISIPHBIA 00BEKT. ITO pas-
JUYHBIE MOJICKYJIBI (hOCHOMUMIHIIO0B, ETITU/IOB, HEOOIBITUX O0emKoB. st 3THX 00BEKTOB 3aro-
TOBJICHBI X OIMCAHUA U JaHHBIE 10 CTPYKType B popmare PDB-(aiinos. CTyneHT umeer Bo3-
MO>KHOCTb U CAMOCTOSITEJIBHO TPETIOKUTD JUISl UCCIEIOBAHUSI CBOM MOJIEKYJISIPHBIN OOBEKT.
3T0 MOXeET OBITh, HAIIPUMED, MOJICKYJISIPHAs CUCTEMa, C KOTOPOM OYyAET CBsA3aHa TeMa ero Maru-
crepckoit quccepranuu. [Iposenerne HUP Tpebyer akTHBHOI caMOCTOSATEILHON MHOTOYacOBOM
paboThI 32 KOMIIBIOTEPOM. BO3MOXKHOCTB Takoit paboTHI 10JKHA OBITH €My OOecrieueHa B KOM-
NBIOTEPHOM KJ1acce (He0OX0IMMO HUCIIOJIb30BaTh YCTAHOBJICHHBIE B HEM MAaKEThl IPOrpaMM MO-
JeKyJsipHOTO MoJenupoBanus). Kpome Toro, Hanbosnee TpyaoeMKUe BBIYUCICHHUS, CBSI3aHHBIE C
MOJTy4YEHUEM TPAEKTOPUU MOJIEKYIISIPHOM THMHAMUKYA MOJETUPYEMOT0 MOJIEKYIISIPHOTO OOBEKTa,
JIOJIKHBI BBITOJIHATHCS] HA MHOTOIIPOLIECCOPHOM BBIUMCIUTENBLHOM Kitactepe. KonTposns 3a xo-
JIOM pacyeTa TPACKTOPUHA MOXKET OCYLIECTBIATHCSA CTYJAEHTOM C UCIIOJIb30BAHUEM YAAIEHHOIO
nocryna uepe3 Untepuer. B nepuon Beimonnenus yueonoit HUP na caiite kadenpsr oTkpbIT
nepcoHuGUIUPOBAHHBIN (HOPYM CTYIEHTOB, NO3BOJIAIOMINN UM ONEPATUBHO JACIUTHCS OMBITOM,
CTaBHUTh OJTHH U OTBEYAThH HA PYTUe BOIPOCHI, COOOIIATH O BO3HUKAIOIIUX TPYAHOCTAX, MOJIY-
yaTh COBETHI Npenoaasareneil. [lepunoandecku, pa3 B ABE-TpU HEJIEIH, IPOBOASITCS KOHCYJIBTA-
I[UU TIPEToIaBaTesi, ClIoCOOCTBYOMUE 0osee 3)PEKTUBHON U TII0JOTBOPHON UCCIIEIOBATEIh-
CKOM paboTe CTYICHTOB.

CamocrosTenbHas paboTa CTyI€HTOB MOJKpeIIeHa y4eOHO-METOAUYECKUM U HHPOpMa-
IIMOHHBIM O0eCTIeYeHHUEM, BKITFOUAIOIINM YYCOHUKH, YIeOHO-METOIUUECKHIE TTOCOOMS, KOHCTIEK-
ThI IEKIIUH, PYKOBOJICTBA M HHCTPYKIIUH 110 pabOTe C MPOTPaMMHBIM 00ECIICYCHUEM.

VY nenbHbIN Bec MHTEpaKTUBHBIX (hopM 00yueHust coctaBiseT 70% ayaAUTOPHBIX 3aHATHH,
JeKIMU cocTaBistoT 30% ayqUTOPHBIX 3aHATHI.

PexomeHayemble OLleHOUHBbIE CPeACTBA Il TEKYILEero KOHTPOJISI yCIIeBaeMOCTH,
NMPOMEKYTOYHOM ATTEeCTAIUM N0 UTOTaM OCBOCHUS TMCHMILUIMHBI M y4eOHO-MeTOAHYeCKoe
o0ecreyeHrue CaMOCTOATEIbHON padoThI CTY/I€eHTOB

JJis TeKyIIero KOHTPOJIS YCBOCHHS TEOPETUYECKOTO MaTepHaia, H3JI0KEHHOTO Ha JIeK-
IIUSIX, TIOATOTOBJICH CIIMCOK BOMIPOCOB, YIPAXXHEHUH U 3314, BKITFOYAIOIIHIA BCE TEMBL. DTOT TIe-
PEYCHBb CIYUT OCHOBOM JJIsi CAMOKOHTPOJISL ¥ TIPOBEPKH 3HaHUI. KiltoueBble U TpyaHO ycBae-
MBIE MOMEHTHI 00CYXKIAIOTCSI Ha CEMUHApaX, TaM e MPOBOIUTCS YCTHBIM OMPOC CTYACHTOB. B
TEOPETUIECKON YacTH Kypca ISl OCYIIECTBICHUS TEKYIIET0 KOHTPOJIS MPEyCMOTPEHO BBITIOI-
HEHHE JOMAIITHUX 3aJaHui (KOHTPOJIEHBIX paboT) IO OCHOBHBIM HANPABICHUSAM JAUCIUTUINHBIL.
JIyist TeKyIero KOHTPOJIsS YCIIEBAEMOCTH HCIIONIB3YIOTCS Tak:Ke MaTepuaibl (POPYMOB IO BCEM
paszmenaM JUCIUILINHBI, KOTOpBIe paboTaroT Ha caiTe Kadeaphl ¢ Havyajia yaeOHOTO ceMecTpa.
Opranuzanus paboTs! (GOpyMOB TakoBa (CM. MIPEABIAYIIHIA pa3/ien), 9TO OHA JIOJDKHA TO0YKIATh
CTYZICHTOB K aKTUBHOMY YYaCTHIO B HUX M CITIOCOOCTBOBATH YCBOCHHUIO MOTYYCHHBIX 3HAHHA.
[Tockonbky Bxo Ha GOPYMBI MEPCOHU(DUIIMPOBAH M KK/ BEIXO HETO (BOMPOC, OTBET, 3aMe-
YaHWeE, BHICKA3bIBAHNE) COMIPOBOXKIACTCS MMEHEM YYAaCTHHKA, TO TIPENOIaBaTeIh MOKET OIle-
HUTH KakK 001Ul YpOBEHB MOATOTOBKH CTY/ICHTOB, TaK U HAYHCIUTH OINPEIeIICHHbBIE 0abl Kax-
JOMY 13 HUX. Ha HTOTOBBIX CeMHHapax 1o TeMaM MPENoAaBaTelb UMEET BO3MOKHOCTh YTOY-
HUTH 3TH OIICHKH M JOBECTU WX JIO CBEJICHUS CITyIIaTeNei.

N3y4yeHne TeOpeTHIECKON 4aCTH Kypca B IEPBOM CEMECTPE 3aBEPLIACTCS TPOMEKYTOY-
HOU aTTecTanuen B popme IK3aMeHa.

Bo BTOpOM ceMecTpe 3HaUNTENBHOE BPEMsI IPOBOJUTCS B KOMITBIOTEPHOM KJlacce, Te
MPOUCXOUT MPAKTUIECKOE OCBOCHUE PA0OTHI C Pa3IMYHBIMU IMTAKETAMH IIPOTPAMM JJI MOJIEKY-
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JIIPHOI'0O MOACIUPOBAHHUA U IMTOCTAHOBKA U MTPOBCACHUC BHIYUCIIUTCIIbHBIX 9KCICPUMCHTOB, CBS-
3aHHBIX C BeIMoJgHeHneM yueOHoit HUP. PaboTta B KOMIIbIOTEpHOM KiTacce MPOBOAMUTCS B TIPH-
CYTCTBUU MMPLCIIOAaBaATCIIA-KOHCYJIbTAHTA. I[HH TCKYIICTO KOHTPOJIA CTCTICHU OCBOCHU Ka)KIIOfI
U3 MPOrpaMM IpesaraloTcsa Habopbl yUeOHBIX TECTOB, BKIIOYAIOIIUX OTBETHI HAa BOMPOCHI U pe-
3yJbTaThl paboTHI ¢ Mporpammoi. [IporpaMMHOe CpeaCcTBO CUMTAETCS] OCBOCHHBIM TOJIBKO B TOM
ClIydae, €CJIM BBIIIOJHEH BeCh HA0Op MPETyCMOTPEHHBIX YUeOHBIX TECTOB. Pe3ynpTaThl OCBOCHUS
MMpOrpaMMHBIX CPCACTB 3aHOCATCA B JIMYHBIC 3JICKTPOHHBIC KaPTOYKH CTYICHTOB.

[To pe3ynpTatam NpoOBEACHHBIX BHIYUCIUTEIbHBIX SKCIEpUMEHTOB 10 Teme HUP cTyaenT
MUIIET TUCHbMEHHBIN OTYET.

[IpoMexyTouHas aTTecTalus o BTOPOM YacTu Kypca MPOBOJAUTCS B KOHIIE BTOPOTO ce-
MecTpa B BUJIE 3aU€Ta, Ha KOTOPOM YUUTBIBAIOTCS PE3YyJIbTaThl OCBOCHHUS CTYACHTOM ITAKETOB
IporpaMM JJis MOJIEKYJISIPHOTO MOJEIIUPOBAHUS U PACCMATPUBAETCS €r0 OTYET C pe3yIbTaTaMu
MIPOBEJCHHOTO MOJIEKYISIPHO-TMHAMUYECKOTO UCCIIEIOBAHUS.

IIpumepHblii epeyeHb BONPOCOB NMPOBeIeHUs TEKYIIero KOHTPOJIS M IPOMEKyTOY-
HOM aTTeCTAIMM [0 UTOTaM OCBOEHHUS THCUMILINHBI

SrcamenauuorHble 60npoCcsl (PAMEXCYMOUHA AMMECIaus):

1. MonaenupoBaHue MOJIEKYJISIPHOW AUHAMUKHU, UEHMHbIE OCHOBBI U BO3MOKHOCTH KOM-
MBIOTEPHON pealh3allvu.

2. OyHKIMOHAIBHBIN BUI M (PU3UUECKast TPUPO/Ia TOTSHIIMAIOB MOJICKYIISIPHBIX B3aUMOJICHCT-
BUIL.

3. YpaBHeHMS IBMKCHHUS MOJIEKYJISIPHON cucTeMbl. MIX pa3HOCTHAas anmpokcuManus (airo-
putMmbl: Bepie, leap-frog Bepne, ckopoctHoit Bepie).

4. MopenupoBaHre JMHAMUKHN KOHJIEHCUPOBAaHHBIX cucTeM. lleproanueckre rpaHu4HbIE yCII0-
BU.

5. AnroputMm Bepie (cocTaBiieHue cnucka coceieit) sl BBIUUCICHUSI HEBAJICHTHBIX B3aHMO-
nerictBuid. O1ieHKa OBICTPOICHCTBUS.

6. AJTOpUTM CKaHUPOBAHMS JJIsi HAXO0XKJICHUS BaH-/IepP-BaalbCOBBIX B3auMoaecTBuil. OneHka
OBICTPOJICHCTBUA.

7. Temmneparypa. TepmocTaTpoBaHUE MOJEKYISIPHON CHCTEMBI (MacIITaOMPOBaHKUE CKOPOCTEH;
tepmocTar bepenncena; repmocrat Hoze-I'yBepa; ctoxactuueckast JMHAMHKA; CTOJIKHOBUTEIIb-
HBI/ TEPMOCTAT).

8. VYuer pactBoputensi. bpoyHoBckas quHaMuka. CTOIKHOBUTENIbHAS MOJICKYJISIpHAST JUHAMHUKA.
9. BebluncneHue JaBeHUs B MAJIBIX MOJIEKYJISIPHBIX cucTemax. bapocrar bepenacena.

10. MoaenupoBaHre MakKpOMOJIEKYJIbI B THAPOIUHAMUYECKOM MOTOKE.

11. Obmiast cxema MOJEKYISPHO-IMHAMUYECKOTO BBIYUCIUTEIBHOTO SKCIIEPUMEHTA.

12. MonekynsipHast TuHaMuKa 0enKkoB. [IpuMepbl MOCTaHOBKA BBIYMCIUTEIBHBIX SKCIIEPUMEH-
TOB.

13. O6paboTKa TpaeKTOPUH MOJICKYJISIPHOM THHAMUKH. BpeMeHHBIE aBTOKOPPEIISIIMOHHBIC
¢ynkunu. Kosdppunuents nepeHoca.

14. Metoauka nmpoBeACHUS MOJICKYJIIPHO-TNHAMHYECKUX PACYETOB ¢ OMOMEeMOpaHHAMU.
15. MozaenupoBaHue CHIIOBOTO pa3BOPAaYMBaHUsS OEITKOBOM II100YIIbI.
16. ITocTaHOBKa MOJIEKYJIIPHO-TMHAMUYECKUX PACUETOB C ACHAPUMEPAMU

BOI’lpOCbl U ynpajxCHEeHus1 mexKyuieco KonmpoJia meopemuttecxoﬁ HO0020MO6KU:
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K nexyuu 1 (Bseoenue. Mooerupogarue MONEKYIAPHOU OUHAMUKU):

1. Kakue npeacrapiieHus jgexxaT B OCHOBE MOJIETMPOBAHUS TEINIOBOM MOJBHKHOCTH aTO-
MapHBIX CUCTEM METOAOM MOJEKYJIsIpHOU quHaMuKu? Koraa u Juist KaKuX MOJIEKYJISIPHBIX CHC-
TeM OBLIN MTPOBEACHBI NEPBHIC BEIYUCIUTEILHBIC SKCIIEPUMEHTHI C TPUMEHEHUEM METOa MOJie-
KYJIIpHOM TUHAMUKN?

2. JlaliTe cxeMaTH4eCcKoe ONMUCaHUE MOCTAHOBKH U MPOBEACHUS MOJICKYJISIPHO-
AUHAMHUYCCKOI'0 BEIYUCIIMTCIIBHOI'O SKCIICPUMCHTA.

3. Kakue nporpammHbie KOMIUIEKCHI JJIs1 MOJICTMPOBAHUS MOJIEKYJIIPHONU JTUHAMHUKHU OHO-
MOJICKYJISIPHBIX CUCTEM HauboJiee pacpoCTpaHEHBI B HACTOSILEE BpeMs?

K nexyuu 2 (Ilpocmpancmeennvle u pementvle macuimaowl):

4. 1 Kr BoJbI IpU HOPMAJIBHBIX YCIOBUAX 3aHMMaeT oobeM 1 nutp. Haiinure o0bem, npu-
XOJSIIUICS B CPETHEM Ha OJHY MOJIEKYILY BOJbl. OLIEHUTE PACcCTOSHUE MEXKAY KUCIOpOJaMU
COCETHMX MOJIEKYJ BOJBI, IIPEIIOJIOKHB, K IPUMEPY, YTO MOJIEKYJIbI BOJIBI PACIOJIOKEHBI B Y3-
J1aX MPOCTOM KyOUYECKON PEIICTKH.

5. IIpuBeauTe XapakTepHbIE BEIUUMHBI IPOCTPAHCTBEHHBIX, BDEMEHHBIX M SHEPIrETHUECKUX
MaciTab0B, BO3HUKAIOIIMX IIPU OMMCAHUN MOJIEKYJISIPHBIX cucTeM. Kakue MeTopl X OLIEHKH
MoskeTe Bbl npennnoxxuts?

6. 1000 aToMOB 3amoOJHSAIOT KyO W pacnoJiaraloTcs B y3J1ax MPOCTON KyOMYECKOM PeIIeTKH.
HaiiguTe yncio atoMoB () Iexamux Ha MOBEPXHOCTH KyOa U (0) JIeKanux B IPUIIOBEPXHOCT-
HOM cioe. Kakyro 7105110 OT BceX aTOMOB COCTABIISIFOT aTOMBI 3THX JBYX CJIOEB?

7. JlaTb onpenienieHrne pacyeTHON STYEHKHU C IEPUOINIECKUMH TPAHUYHBIMU YCIOBUSMHU.
ApryMEeHTHPYHITE MOJIE3HOCTh BBEACHUS IEPUOIUUECKUX TPAHUYHBIX YCIOBUN IPU MOJEIUPO-
BaHUU KOH/IEHCHPOBAHHOT'O COCTOSIHMSI BEILIECTBA.

8. [1ycTh KOHAEHCHpPOBaHHAS MOJIEKYJIIPHAs CUCTEMA UMEET TPAHCISALUOHHYI0 CHMMETPHIO
10 TPEM KOOPJAMHATHBIM HANPABICHUAM C TIEPUONAMH dy, dy, G COOTBETCTBEHHO. Onpenenum
pacUETHYIO STYEHKY KaK IPSMOYTOJIbHBIN MapaJuieenune], COBNAJAl0NINN ¢ TYEHKON epuo-
JUYHOCTH U PACIIOJIOKECHHBIN B Ha4ale KOOpAUHAT. I IpOU3BOIBLHON YaCTULIBI, UMEIOILIEN KO-
OpPJIMHATHI (X, ¥, z), BRIMKCATh (GOPMYJIBI (YKa3aTh aITOPUTM) JUTISl HAXOXKICHHUS KOOPIMHAT €
o0Opa3a B pacyeTHOU sSUYCHKeE.

9. [Tonmumepnas MoJieKkysa B pa30aBIeHHOM PacTBOPE UMEET COCTOsSIHHUE KiryOka. [[st moze-
JTUPOBAHUS €€ MOBEJCHIsI ObllIa TPEI0KEHA MOIeIb, B KOTOPOU MOJIUMEp OBbLIT IPEICTABICH
nenoykoit u3 100 mapoB quamerpa 1, COETMHEHHBIX BaJICHTHBIMU CBS3SIMU JIJIMHBI 1, a pacTBo-
pUTENs — MIPOCTHIMHU IIapaMu auameTpa 1. Pacuernas siuelika Obuia B3dTa B opme Kyda ¢ re-
PUOIMYECKUMU TPAaHUYHBIMH YCJIOBUAMU. O1ieHUTE 00111ee YUCIIO IapoB, KOTOPOE HEOOXOAUMO
MOMECTUTH B PACUETHYIO STUEHKY JIJISl TOTO, YTOOBI B MPOIIECCE TEIUIOBLIX (hIYKTYaIuil MOIu-
MEPHOTO KJIyOKa COXPaHSUIHCh YCIOBHUS pa30aBIEHHOTO PACTBOPA, TO €CTh, YTOOBI OJIUMED HE
UMeJ KOHTAKTOB C 00pa3aMHu MoJIMMepa B COCEAHHUX SYCHKaX.

K nexyuu 3 (@ynxyuonanvhsiil 6uo u uzuieckas npupood nOmMeHyudnios MoJIeKyIapHo20 63au-
Mooeticmsus):

10. B3anmopeiicTBre aTOMOB HEUTPAIBHBIX TA30B XOPOIIIO OMUCHIBAET MOTEHIHAT JIeHHap -
Jlxonca. [IpuBeanTe ero Buj. YKaxuTe mapameTpsl MOTCHIUANA U UX GU3NUECKUil cMbIci. Bol-
BeuTe (DOPMYJIBI ITIs1 CHUIJT MEXMOJIEKYIISIPHOTO B3aMMOICHCTBHS, 3a/]JaBA€MbIX TIOTCHIIMAJIAMU
Jlennapn-/IxoHca.

1. [IpuBecTu npuMepsl MOTEHITMATBHBIX (DYHKITUH OMUCHIBAIOIINX B3aUMOICHCTBHE aTOMOB
C HETIPOHUIIAEMOM TTIaJIKON CTeHKOH. PaccMoTpeTs cityyan: a) copOupyroIei CTeHKH; 0) YuCTo-
ro OTTAJIKWBAHMS.
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9 3
(o2 (o2

X X
12 OHI/IcaTB HOCTaHOBKy BBIYHUCJIUTCIIBbHOTO BKCHepI/IMeHTa 110 MOI[GJII/IpOBaHI/IIO IIOBCACHUA XUIKO-
ro aproHa B IIEJIEBUIHOMN TTOPE.

&
Ykazanue: PaccMOTpeTh MOTEHIMAN B u(x) :E

Yka3zaHus:
1) B3auMoieiicTBE aTOMOB aproHa 3ajaTh apHBIM MOTeHITMaaoM Jlennapa-JxoHca;
2) 1eIeBUIHYIO TOPY 3aJ1aTh ABYMS NapaJieIbHbIMU TTIAJJKUMH HEPOHUIIAEMBIMU CTEHKAMMU;

3) B naTepalibHbIX HAMPABJICHUSAX IIEJIEBUIHOM MOPHI BBECTH MEPUOINYECKUE TPAHUUHBIE YCIIO-
BUSL.

13. 3anucaTh BhIpaXeHUE JJIs CUJIbI, ACHCTBYIONIEH Ha i-i aTOM, €CJIM U3BECTHO BBIPAKEHUE
U(r,,...,r, ) A7 IOJHOM SHEPTUN MOJEKYISIPHOM CUCTEMBI KaK (DYHKIIMU KOOPAUHAT COCTaB-
JISIONINX €€ aTOMOB.

14. N3 kakuX KOMIIOHEHT CKJIaJbIBAE€TCA SHEPTUS MOJICKYJISIPHOM cuctembl? [lepeuncnure ocHOB-
HBIC COCTABJJIAOIIUC HOTGHHH&HBHOﬁ SHCPTHUHU.

15. Cuuras, 94T0 UCTIONB3yeTCsl YHKIIMOHAIBHBIN BUJ] OCHOBHBIX BKJIAJIOB B IOTCHITHATBHYIO
SHEPTHI0, MPUHSATHINA B CUIOBOM Tojie Amber, mpuBeauTe GOPMYIIbI sl MOTEHIIMAILHOM SHEp-
ruu (a) BAIGHTHBIX CBsI3€H, (0) BAJICHTHBIX YIJIOB, (B) TOPCHOHHBIX YTJIOB, (T) TUIOCKUX TPYIII,
(1) BaH-ZIep-BaaIbCOBBIX B3auMoielicTBul B (hopme noreHnuana Jleanapa-JxoHca, (€) a3xkpaHu-
POBAaHHBIX KYJIOHOBCKUX B3aHMMOJICHCTBHIA.

16. IToreHnnan BaleHTHOH CBS3M MEXy aTOMaMH 1 U j 3a1aH B popme u, = K(r —b,), rae r=|r;-rj|
— paccTosiHie MEXIy aToMaMH, a by — ee paBHOBecHas1 AnuHa. BbiBecTr (opMyIbl I BKIIAI0B
B CHJIbI, ACHCTBYIOIIME HA aTOMbI, CO CTOPOHBI 3TON BAJICHTHOU CBA3HU.

17. IloTeHuuan BaJeHTHOr o yria 3a1aH B popme u, = K,(9—-9,), rae S — BaneHTHsbIi yrod,
o0pa3oBaHHBIN Tpems aToMaMH 1, j U k, a §¢ — ero paBHOBecHOe 3HaueHue. BriBecTH GpopMyIibl
JUIs BKJIAJI0B B CHJIBI, IEMCTBYIOIME HA ATOMBI, CO CTOPOHBI ATOT0 BaJICHTHOT'O yIJIA.

18. IloTeHnuan TOpcHOHHOTO yria 3agad B popme u,_ = K _[1+ cos(3¢)], rae ¢ —3HaueHue Topcu-
OHHOTO yIJ1a, 00pa30BaHHOI'O aTOMaMH 1, j, k 1 /. BeiBectu (hopMyIibl 17151 BKJIaI0B B CHIIBI, JCH-
CTBYIOLIME Ha aTOMBI, CO CTOPOHBI 3TOI'0 TOPCUOHHOTO YIJIa.

19. HeBasieHTHOE B3auMOJICCTBHE MEX/1Yy YaCTULIAMHU 1 U j 331aHO0 B (hopMe noTeHuuana Jlennapa-

12 6

o o

Jxonca u,,(r)=4¢|| —| —|—| |, 0Ae 1=|ri-rj| — paccTosiHUE MEKAY aToMaMH. BeiBecTn
r r

(bopMyJIBI ISl BKJIAJIOB B CHJIBI, JICHCTBYIONTHE HA ATOMBI, CO CTOPOHBI 3TOTO B3aUMOICHCTBHSI.

20. Kakoit Bug npuoOpeTyT GOopMyIbl Ui CHJI, TOJYYCHHBIE B MPEABIAYIIEM YIPKHEHUH, €CITU
UCIIONTB3YeTCs MOIU(PUITUPOBaHHBIN MOTeHITMaN JIeHHapa-/[>koHCa, IMEIOITUIT KOHEYHBIA paju-
yc B3auMopeHcTBust: u,, (r)=u,, (r)-W(r),rae

R . -7 R . —3KR +2r
W(r) = Wy =) 2( A ), r<Ron
(Rujf _Ron)
0 , R0n<r<R0ff
>R

3neck Ry — pamnyc HeBaJIGHTHOTO B3aUMOJICHCTBUS, a Ry, — Hagano neicTBus QyHKIUH TIa/-
KOT'O BBIKITFOUEHHUS B3aNMOICHCTBH.
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21.

22.

23.

24.

25.

26.

27.

28.

29.

DJIEKTPOCTATHUECKOE B3aUMOJICHCTBHE MEKIY YaCTUIIAMH 1 U | 3aJaHO B JOpPME SKpaHUPOBaAH-

q:4,
HOTO KYJIOHOBCKOTO TloTeHuuana u, (r,)=—=W, (r,), Tae rj=|r-Ij| — paccTosIHUEe MEekLy aTo-
q~y er. q~y

y

mamu, a W (1) — skparupyromiast QyHKIus:
1 _ T
w,0=1""% | -
0 r<Rq

>Ry

3neck Ry — paauyc s5KpaHUpOBaHus.
K nexyuu 4 (Aneopummoi 8bluucieHus HeBAIEHMHBIX 83AUMOOCUCTNGULL):

B ueMm coctout unes merona Bepiie (MeToza cocTaBieHHs CIIMCKOB), TIO3BOJISIIONIAS 3HAUUTEITb-
HO COKPATUTh KOJIMYECTBO BHIUUCICHUN MTPU BHIYMCICHUN HEBAJIEHTHBIX B3aUMOJCHCTBUN?
[IpuBecTr OIEHKH YMCiIa BEIYMCICHUN HAa OJTHOM BPEMEHHOM IIIare U TpedyeMoi maMsTH npu
BBIUHMCIICHUY HEBAJICHTHBIX B3aMMOJACHCTBHUM. YKa3aTh HEJOCTATKA METO/IA.

Onucath npouenypy ruOKoro ornpene’aeHus MOMEHTa IepecueTa CucKa nap 4acTull B METOIe
Beprne, rapanTupyomiero CBoeBpeMeHHOE BKIIFOUEHHE B HETO JII000# Maphl YacTull, COMTU3UB-
LIMXCS HA pACCTOSTHUE B3aUMOJIEUCTBUS.

Onucath npouenypy BbIYMCIEHUSI HEBATEHTHBIX B3aUMOJECHCTBHM 110 METOAY CKAHUPOBAHUS 110
npocTpaHcTBy. [lokas3ars, 4TO TpyAOEMKOCTh METOAA HA 1IAre JINHEHHO 3aBUCUT OT YMCIIA Yac-
TALl N B MOJIEKYJISIDHON CUCTEME IIPU YBEJIMYEHHUH €€ Pa3MEPOB.

[TponeMoHCcTpHUpOBaTH pabOTy AIrOPUTMA CKAHUPOBAHUS 110 IPOCTPAHCTBY AJIs1 BEIYMCICHHUS
HEBAJICHTHBIX B3aUMOJCHUCTBUN. )11 3TOr0 pacCMOTPETh MOZEIIBHBINA ITPUMED IUIOCKON CUCTEMBI
13 HEOOJIBIIIOTO YKCIa YacTHUIl (CKaKeM, JecsATH). PacyeTHyIO sSYeiKy Takxke pa30uTh Ha He-
00JIBIII0E YHCIIO 3JIEMEHTAPHBIX siueeK. BrImucars rimaBHBIN U IPUCOSTUHEHHBIM MAaCCHUBBI JUIS
9TOro ciayy4as. PacckasaTe, MCIONB3ys 3TOT JEMOHCTPALIMOHHBINA IPUMED, BCIO IPOLEAYPY BbI-
YHMCJIEHUS CWJI HA JAHHOM IlIare 1o UMEIIIMMCs KOOpANHATaM YacTHLl.

K nexyuu 5 (Qucnennoe unmeepuposanue ypasHeHuil 08UNCEHUL):

CdopmynrpoBaTh, B 4UeM COCTOHUT anroputm Bepie (mpocTeiiimas pa3HOCTHAS allPOKCUMAIIS )
JUTSl YUCIIEHHOTO MHTETPUPOBAHUS KIIACCUYECKUX yYpaBHEeHU HbpIOTOHA /J1s1 CHCTEMBI B3aMMO-
JEUCTBYIOIMX MaTepHaIbHBIX YacTull. C KaKOW TOYHOCTBIO Ha I11are HaXOsTCs KOOPAUHATHI
aroMoB? JlokazaTs! Kak MOHO HaXOAUTh CKOPOCTH YACTHUI] IPH UCIIOJIH30BAaHUHU 3TOT0 METOAA?
VYka3aTrb TOYHOCTb, C KOTOPOH HAXOJATCS MPU ITOM CKOPOCTH.

JlaTs onrcaHue anropuTMa ¢ nepeckokamu (wim leap-frog anropurMa) a1t YUCIECHHOTO UHTET-
PUpOBaHUS KJIIACCUYECKUX YPABHEHUH JBUKEHUS B3aUMOJCHCTBYIOIIUX aTOMOB. BeiBecTH pac-
yeTHble (opMyIbl. [IpuBeCTH OLIEHKHM TOYHOCTH, C KOTOPOH BBIYUCIISAIOTCS KOOPJAMHATHI U CKO-
pOCTH.

[TpuBecTr GpopMyibl 111 CKOPOCTHOTO aNropuT™Ma Bepie Ui 4McIeHHOT0 HHTErpUpOBaHUs
KJIACCUYECKUX YPABHEHUH JBUKEHUS MOJICKYJIAPHOU cucTeMsbl. [Ioka3zars, 4TO TpaekTopus, 1o-
Jdy4yaemas ¢ IPUMEHEHHEM 9TOTO METO/a, B TOYHOCTHU COBIIAJIAET C TPAEKTOPUAMH, KOTOPBIE 1aeT
IIPUMEHEHHE MIPOCTOro anropurtMa Beprie u anropurMa ¢ nepeckokamu. B uem npenmymniectso
CKOpOCTHOTO asiroput™ma Bepiie?

K nexyusam 6-7 (Yuem enusnus enewineti cpedvl. Tepmocmamut):

[IpuBectu popmysbl A onpeiesieHnss MTHOBEHHOM U cpeiHel MO TPAEKTOPUH TeMIIEPATyphl
MOJIEKYJISIPHOM CUCTEMBL. APryMEHTHUPOBATh IPUMEHEHUE TaKUX ONPEACICHUN, TPUBES BBIBOL
COOTHOIIEHUS, CBS3bIBAIOIIETO CPEAHIOI0 KHHETHUYECKYIO SHEPTUIO OT/IEIbHON YacTULIbI (JF000H)
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

C TeMHepaTypoﬁ JJIA chaMGHSI BSaHMOHCﬁCTBYIOHlHX JacTull, MOJYUHAIOIMINUXCA KIIACCUICCKOMY
pacrnpenenenuto ['n66ca.

Omnwucars BO3MOXKHBIE CIIOCOOBI TPUBEICHHUS MOJICTIUPYEMON MOJIEKYIISIPHOW CUCTEMBI K COCTOS-
HUIO, OTBEUAIOIIEMY 3aJaHHOM TeMiieparype. Moaudukanys ypaBHeHUN ABMKEHUS UIsl 9 dek-
TUBHOI'O Y4€Ta TEPMOCTATUPYIOIIETO BO3AECUCTBHSI BHELIHEN CPEIbI.

Yrto Takoe «M30TEpMHUUYECKasi MOJIEKYJIIpHasl JMHAMUKa»? Beinucars ypaBHEHHS IBUKEHMUS,
SIBIIIOIINECS aHAJIOTOM ypaBHEeHUN Hbpl0TOHA, HO JUIsl KOTOPBIX MHTETPAJIOM YpaBHEHHH JIBHKeE-
HUS ABJISIETCS HE MOJIHAS DHEPT U, & KHHETUYECKask YHEPTUsl CUCTEMBI.

[Jatp onucanue «repmocrarta bepenacenay. Bolnucars ypaBHEHUs IBUKEHUS IS 9TOTO CIIydast.
OTMETUTH U3BECTHBIEC HENOCTATKH IIPUMEHEHUS 3TOTO METOAA ISl TEPMOCTATUPOBAHUS MOJIEKY-
JISIPHOU CUCTEMBI.

[IpuBectn ypaBHEHUs JBUKEHUS MOJIEKYJISIPHON CUCTEMBI, HCTIOB3Yromue Tepmoctat Ho3se-
I'yBepa. Onumute, B 4€M COCTOUT €r0 IPUMEHEHHUE.

OnucaTh paznuuus IBYX IPYMI MOAX0A0B i 3((EKTUBHOIO OMMCAHUS B3aUMOICICTBUS
MOJEIINPYEMOU MOJIEKYJISIPHONU CUCTEMBI C BHEITHEN TEPMOJUHAMUYECKON CPEAON: ITOAXObI
tura tepmoctaroB bepenacena, Hoze-I'yBepa, MeTona macmrabupoBaHus U OAXOI0B THITA
OpOYHOBCKOH M CTOJIKHOBUTEIHHOU JUHAMHKH.

Jlatb onucanue MeToaa OpoyHOBCKOM AMHaMUKH. Kakue cuitbl OnmpenensioT MoBeJeHHE MOJIEKY-
JSIPHOM CHUCTEMBI IPU UCTIONBb30BAHUH YpaBHEHHH OpoyHOBCKO# nuHamMuku? Kak 3amaercs tem-
nepatypa cpenbl? Kakoii emie BHEIIHUNA mapaMeTp peryaupyeT cBoicTBa cpenbl? Chopmymupo-
BaTh (PIyKTyallMOHHO-IUCCUITATUBHYIO TEOPEMY, CBA3BIBAIOIIYIO (MIIYKTYalluu CIy4aiHbIX CHJI C
KO2(PUITMEHTOM TPEHUS U TEMIIEPATyPO CPEIbI.

JlaTp onucaHue METOAa CTOJIKHOBUTEIBHOM MOJIEKY ISIpHOM AuHaMuKu. Kakum o6pa3om yuuThI-
BaeTcs BHemmHsIs cpena? Kak 3amaercs remneparypa? Kakum oOpa3oM mpoUCXOAST CTOIKHOBE-
HUS aTOMOB C BUPTYaJIbHBIMU YacTHIIaMu cpeibl? C KakuM (pU3HYecKM CBOMCTBOM BHEIIHEH
cpebl (pacTBOPUTEINS) CBsA3aHA YaCTOTa CTOJIKHOBEHH?

[IponeMoHCTpHPOBATH CBSA3b MEXKIY OPOYHOBCKOI TUHAMHMKON M CTOJKHOBUTEIBHON TUHAMU-
KOH Ha NPUMEPE PACCMOTPEHHUS MTOBEACHUA OTAEIbHON YacTulbl. [IpuBecTH cOOTHOIIEHNE, CBS-
3pIBatoIIee ko3 uuueHt TpeHus: B OpOyHOBCKOW AMHAMUKE U TAPAMETPOB CTOIKHOBUTEIHHOM
MOJIEKYJIIPHOM TUHAMUKH.

PaccMoTpeTs ciiydail IpUMEHEHUS CTOJKHOBUTEIIBHON MOJIEKYJISIPHOW JUHAMHUKY JJI1 MOJEHU-
pOBaHUS MMOBEACHUS MAaKPOMOJIEKYJIbI B TIOTOKE.

K nexyusam 8-9 (Boiuucnenue oasieHusi 8 MAiblx MOJEKYISAPHBIX CUCTNEMAX):

UTto Takoe JaBiieHHE B MOJIEKYJIAPHON CUCTEME, OTpaHMYeHHOM cTeHkaMmu? [TpuBecTn gokasa-
TCJIBCTBO, YTO AABJICHUC Ha 066 CTCHKHN MOJIGKyJISIpHOﬁ CHUCTCMBI, 3aKJII0OYEHHOU B IICJICBUAHYIO
nopy, oinHakoBo. [IpuBectu BbIBOJ OopMyI AJIs JaBJICHUS B OTpaHUUYEHHOM o0beme (“‘iiere-

9% ¢

BUJHAs Mopa”, “sAIIMK”), BBIPAYKAIOLIUX €r0 Yepe3 BUpUall BHYTPUMOJIEKYJISIPHBIX CUJI U KUHETH-
YECKYIO HEPTHUIO WU TEMIIEPATypy.

[TpuBectu GpopmyIibl Ui ONpeAeTICHUs HAPSHKEHUS B CEYCHUH, TapaJUIeTIbHOTO CTEHKE, ’
IIOTOKA UMITyJIbCa Yepes ITO ceueHue. [lokasaTe cylecTBOBaHNE HHBAPUAHTA, CB3aHHOTO C Ta-
KMM CEYECHHEM U HE 3aBUCALLETO OT IOJIOKEHUS ITOr0 ceueHus. [laTe onpenencHue N1aBiIeHus B
CEYCHUU.

PaccmoTtpets ciyyail mepuoAnyecKuX TpaHUYHbBIX YCIOBUN. Y TOUHUTH (DOPMYIIBI IS 1aBICHUS
B CEYEHHUH, OPTOrOHAJIbHOM BBIOPaHHOMY KOOPJMHATHOMY HAIPaBJICHUIO, JJIsl JAaHHOTO CIIydasi.
[IpuBecTH BBIBOJ pacYeTHBIX (OPMYII AJIS IaBJICHUS B MOJIEKYJISIPHOM CUCTEME C MIEpUOInde-
CKMMH I'DaHUYHBIMU YCJIOBHSMHM, OIPEIENNB €r0 KaK CPEJHEE 110 BCEM MapaJlIeIbHBIM CCUCHU-
SIM.
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42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

3anucarh ypaBHEHUS ABM)KEHUS MOJIEKYJISIPHON CUCTEMBI C IEPUOANYECKUMU TPAHUYHBIMU
YCJIOBHSIMH, TIOJIJICP KUBAIOIINE B HEW 3aJaHHBIC BHEIIHEee naBieHue u temmnepatypy (NPT an-
camOip). Mcronp3oBaTh 1 3TOro 6apoctat bepeHcena u CTOIKHOBUTEIBHBIM TEPMOCTAT.

[To xakOMy 3aKOHY MEHSIFOTCS pa3Mepbl paCUETHOMN STYEHKHU ¢ NEPUOINYECKUMHU T'PAaHUYHBIMHU
YCIOBHUSAMH TP MCTIONBb30BaHNM OapocraTta bepenncena? Beimucath cooTBeTcTBYIOMEe nudde-
PEHLHAIBHOE YpAaBHEHHUE.

K nexyusm 10-11 (Moodenuposanue 6uonocuueckux memopam):

Onumure ycTpoiicTBO GocPoaunuaHoi MeMOpaHbl U MPUTOTOBJIEHNE MOJIETBHOTO THAPATHPO-
BaHHOTO (ochonunuanoro 6ucnos. Kak cTaBuTCs MONEKYISIPHO-AMHAMUYECKUN BBIYHCIUTEIb-
HBIN SKcniepuMeHT? Kakue 3a1at0Tcsi HayaabHbIEe M TPaHUYHBIE YCJIOBHA? ONUIIUTE ATaIlbl pe-
JIJakCallu CUCTCMBI U IPUBCACHUC €€ K 3aITaHHBIM TCPMOANHAMUYCCKUM XaPAKTCPUCTUKAM.
[TpuBenuTe mpuMepsl BETMUUH, KOTOPbIE MOTYT OBITh BHIYHCIICHBI B XOJI€ MPOBEICHUS BHIUHC-
JINTCIIBHOTO 3KCIICPUMCHTA. Kaxk moxHO CYyAUTh, YTO MOJALCIMpYyEMasd CUCTECMaA JOCTUTJIa IPCI-
CTaBUTEJILHOTO COCTOSIHUSI U €€ KOH(PUTYPALIMI0 MOXKHO 3aJ1aBaTh B Ka4eCTBE HaYaJIbHbIX JaH-
HBIX JJIs pacueTa MNPOLyKTUBHOM TpacKTOpUu?

[IpuBenuTe MpuMep MOTEHIIUATBLHON (YHKIIUH, ONTUCHIBAIONIEH B3aUMOICHCTBHE aTOMOB C
HENPOHUIIAEMON TTOBEPXHOCTHI0 OECKOHEYHOTO MUIUHAPA. PaccMoTpuTe Cirydan Kak 9MCTO OT-
TaJKUBAIOIIUX CTCHOK, TaK M COPOMPYIOMUX CTeHOK. Kakum 00pa3oM OTpa3uTCs Ha ypaBHEHHSIX
JOBUXKCHUA MOHGKy.HHpHOﬁ CUCTCMBbI HAIIMYHUC TAKOI'O I_[I/IJ'II/IH,Z[pa?

OnummTe MOCTAHOBKY MOJICKYJIIPHO-TUHAMHYECKOTO BEIYACIUTEILHOTO SKCIIEPUMEHTA 110
CO3IaHHIO UJIUHAPUICCKON MTOJIOCTH, 3aJJaHHOTO paanyca, B GochoIunuaIHoM OucIoe.

OnuuuTe NOCTaHOBKY MOJIEKYJISIPHO-AMHAMUYECKOT0 BBIYMCIUTEIBHOIO SKCIIEPUMEHTA 110
3aKJIF0YEHHUIO (CKATHIO) MAKPOMOJIEKYJIbl B IMJIMHAPUYECKYIO NTOJIOCTh, 3aJaHHOTO paauyca.

Onuimmure BO3MOKHBIE 3Tallbl 110 IPUTOTOBJICHUIO U ITPOBEIECHUIO MOJIEKYIISIPHO-IMHAMUYECKUX
BBIYUCIUTENBHBIX SKCIIEPUMEHTOB THAPATHPOBAHHOTO (POCHOIUIUIHOTO OUCIIOS ¢ BKIIOUCHUEM
B HEr0 KaHan000pa3yroIero nenTuia rpaMiuuanHa A.

CKOHCTpYyHpYHTE MOTEHIIMAIBHYIO ()YHKITHIO, OTMCHIBAIOLIYIO B3aUMO/ICHCTBHE aTOMOB C
HEMPOHHIAEMBIM cPeponuauHApOM. Kak MOKET BBITISIIETh BRIYUCIUTENBHBIN SKCIIEPUMEHT 110
BBIPAIMBAHUIO TTOJIOCTU B (hopMe cHEepOIHINHIpa B yKE HMEIOLIeHCsS MOJICIbHOM MOJIEKYJISIp-
HOM cucreme?

K nexyusm 12-13 (Cunosoe pazsopayusarnue 6eikosvix 2100yi):

Onumure NOCTaHOBKY MOJIEKYJIIPHO-TUHAMHYECKHUX BbIUUCIUTENbHBIX SKCIIEPUMEHTOB 10
CHJIOBOMY pa3BOpauMBaHUIO O€IKOBOI 100yl B Bakyyme. Kakum oO6pa3zom 3agaTh Win OTKyAa
MOJTyYUTh KOOPAMHATHI aTOMOB B HATUBHOM CTPYKTYype MakpoMmoiekyinbl? Kakum o6pa3om BBe-
CTH B YPaBHEHME JBUKECHMSI, ONUCBIBAIOINE BHYTPUMOJIEKYJISIPHYIO IMHAMUKY, BHEIIIHUE CUJIBI?
Kak MonenupoBarh pacTseHne MAaKpOMOJIEKYJIbI 32 KOHIIBI C TPEANUCAHHON CKOPOCTHIO?

[Ipennoxute mporenypy NOIydeHHs THAPATUPOBAHHOTO COCTOSTHUSI OeKoBO# To0ynbl. Kak
MIOCTYITUTH, YTOOBI B IPOIECCE PETAKCAIIMY BHEITHETO THAPATHOTO CJI0S CHIIBHO HEPAaBHOBECHOE
COCTOSTHUE MOJICKYJISIPHOU CUCTEMBI HE MPUBEJIO K Pa3pYIICHUIO HATUBHON CTPYKTYPBI OEIIKO-
BOH TJI00YIBI?

Onwumute, KaKUM 00pa30M MOXKHO JTOTIOJIHUTH MOJIEIBHYIO MOJIEKYJIIPHYIO CUCTEMY, IIPEICTaB-
JISIOTIYIO0 COOOM THAPATUPOBAHHYIO OEIKOBYIO TJIO0YITY, BHEITHEH 3aMKHYTONW 000JI0UKOM ¢ He-
MIPOHUIIAEMON OTTATKUBAOIIEH TOBEPXHOCTHIO, 00ECTICUNBAIONICH OTPAKECHHE TOCTUTIIINX €€
MCIIApUBILIUXCSI MOJIEKYJI BOJIbI M BO3BpaleHHE UX O0OpAaTHO B TUApPaTHYIO 00010uKy? PaccmoT-
pute cirydait Takoi 0007104kH B hopme chepoumnunapa. Kakue pazmeps! cheporununapa cie-
IyeT 3aJ1aBaTh, U KaK MOKET CTaBUTHCS BHIYMCIUTENbHBIN SKCTIEPUMEHT?

K nexyusm 14-15 (Ilocmanogxka MoNeKyIAPHO-OUHAMUYECKUX PACHEMO8 C OeHOPUMEPAMU):
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53.

54.

55.

Onumure, Kak yCTPOEHbI MaKPOMOJIEKYJIbI, IOJYYUBIIUE Ha3BaHUE AeHApUMeEpoB. [lepeuncnure
UX CTPYKTYpPHBIE d11eMeHTHI. [IpuBeuTe npumMep KOHKPETHOTO JEHAPUMEDA.

Onummre nporeaypy BO3MOKHOTO KOHCTPYKTOpa AeHapuMepoB. Kakum oOpazomM MOKHO
n30€KaTh CUIIBHBIX CTEPUIYCCKUX TIEPEKPBHIBAHUI YIACTKOB KOHCTPYHPYEMOU CTPYKTYyphI? Kak

HOJIyYUTh CTPYKTYpY TUIIA “OqyBaHUuKa’?

OnumuTe NOCTaHOBKY M ITPOBEJCHNUE MOJIEKYIISIPHO-AMHAMUYECKOTO BBIYMCIIUTENIBHOTO IKCIIe-
pUMEHTA C JICHIpUMEPOM B BOAHOI cpene. ChopMynupyiTe BOZMOKHBIE BOIPOCHI, KOTOPbIE
MOTYT M3y4aTbcs B IOJOOHOTO pO/ia BEIYMCIUTEIbHBIX IKCIEPUMEHTAX.

HTOroBbIii dK3aMEeHAIIHOHHBIN TECT

Homep moyns

48

DopMynMpOBKa BOIIPOCa

Tumn Bonpoca

BapuaHTsl 0TBETOB

Bamr kommen-
Tapuit

Kakwue npeacraBieHus
JeKaT B OCHOBE METO/Ia
MOJIEKYJISIPHOM TUHAMU-
Ku?

Br160op omHO-
'O 3HAYCHUA

= [IpeacraBjeHue MoJIeKyJIsAP-
HOT'0 00bEeKTa B BU/I€ CHCTEMBbI
B3aUMO/elCTBYIOLIUX MAaTepPH-
AJIbHBIX YACTHL, IBUKEHHE KO-
TOPBIX ONHCHIBAETCS KJIaccuye-
cknMu ypapHeHusimu HbroTona;
= Onuca"ue MOJIEKYJISIPHOM JTU-
HaMUKU C TTOMOIIBIO BPEMEHHOTO
ypaBHeHus [Ipeaunrepa.

[IpaBuibHBIH
OTBET BBbIJIE-
JeH

Bce 11 u3 yka3aHHBIX Ortser na/Her | 3agaHHe KOOPAMHAT H CKOPO- Otser na

IEUCTBUIT OTHOCATCS K cTeil Bcex aToMoB; 3agaHue

MOCTaHOBKE U MPOBEJIe- Ta0JUIbI TAPAMETPOB ATOMOB

HUIO MOJIEKYJISIPHO- (MX TUIIBI, aTOMHBbIE MACChI, 3a-

JUHAMHUYECKOTO BBIUHC- Psibl); 3a1aHNeE MapaMeTPOB

JUTENIbHOTO SKCTIepUMEH- CUJIOBOT'O MOJIS

ta’?

[IpuBenuTe Ha3BaHus He- | BBectu 3Ha- AMBER, GROMOS, [IpaBunbHBIM

CKOJIBKHX MPOTPAMMHBIX | YEHUSA GROMACS, CHARMM, CUUTAETCS

KOMIUIEKCOB, IITUPOKO HC- IMIYMA, PUMA, NAMD, Tinker, | otBer, co-

MOJIb3YEMBIX ISl MOJEIH- DL_POLY, LAMMPS, JepKanmn

POBaHUs MOJIEKYJISIPHON NWCHEM X0Ts OBl 0J1-

TUHAMUKA OMOMOJIEKY- HO U3 yKa-

JSIPHBIX CUCTEM 3aHHBIX 3Ha-
YCHUH.

1 kr Bonpl npu HOpMasib- | BBectu 3Ha- 30 30 A’

HBIX YCJIOBHSIX 3aHUMAaeT | YCHUE

o6wvem 1 mutp. Haliogure

00beM, IPUXOAAIINICS B

CpeHEM Ha OJHY MoJie-

Kyny Bonbl. OTBET jaaiiTe B

A® ¢ okpyrnenuem 1o te-

JI0TO.

O1ieHUTE JTUHEUHBIN pa3- BBectn 3Ha- 3.1 3.1A

Mep MOJIEKYJIbI BOJIBI, YeHue

CYHTAs!, 9YTO MOJICKYJIbI
PaCcONIOKEHBI B y3/1aX
MPOCTON KYOMYECKOU pe-
metku. OTBET JalTe B
aHTCTpeMax C OJTHUM 3Ha-
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KOM IIOCJIE 3alsITOM.

YcraHoBUTE COOTBETCTBUE | Y CTAHOBUTH 5 -12 I-r

1. Macca P (a)mc (1077 ¢)
JUTSL XapaKTePHBIX €IMHUL, | COOTBETCTBUE ; 2-06
UCIIOJIBb3yEMBIX IIPH OIH- 2. inuxa (6) HM (10_9 M) 3-a
CaHMM JUHAMHKU MOJIEKY- (paccrosiHue) wm A (10_10 M) 4—-8
JHIPHON CHCTEMBI 3. Bpewms | (8) KJLK/MOTIB

4. Dueprus WM KKaJI/MOJIb

L (r) a.e.M.
| (1,67-10%" kr)

B manbix monexkynsapHbeix | BBectu 3Ha- | 48.8 48.8 %
cucreMax (KiacTepax), YeHue
COJIep>KaIINX COTHU WIIH
THICSIYM aTOMOB, YCJIOBHUS
JUTSL aTOMOB B IIPUTIOBEPX-
HOCTHBIX CJIOSIX U B 00be-
M€ CHJIbHO Pa3lIn4yaroTCs.
ITycTh aToMbl pacnonara-
I0TCS B Y3JIaX IIPOCTOMN
KYOMYECKOM PEIIeTKH U
obpa3yroT ky6 10x10x10.
Haiimute nomro aToMoB,
PacHoONIOKEHHBIX Ha TO0-
BepxHOCTH Ky0Oa. OTBeT
3aMUIIUTE B MPOIICHTAX
Pacuernas siuelika c me- Brectu 3Ha- Xo=X-[Xt/Lx]-Lx 3neck [x] 03-
PUOINYECKUMU TPAHUY- YeHHE HAYaeT OK-
HBIMU YCIIOBUSIMU IMEET pyTJieHue X
rpanuilsl [0,Ly). IIpuBec- 10 Oymxaii-
TH hopMyIly IS OIpee- IET0 LIEeJI0ro
nenusi X-KOOpIuHATHI 00- B MEHBIIIYIO
pasa 4acTUIbI B pacyeT- CTOPOHY —
HOM sTUelike X, €CIIU €€ 1enas 4acTb
TEKYyIlee 3HAYECHUE Xt. quclna X.
[TonmumepHas monekyna B | Bectu 3Ha- 1 000 000 100x100x100
paz0aBICHHOM PacTBOpPE YeHue

MMeeT COCTOSTHHE KTyOKa.
s MmonenupoBanus ee
MOBEJICHUS ObLIIa IPEIIO-
’KeHa MOJIeJIb, B KOTOPOM
nojumep ObLT MpeacTaB-
neH nenoukoit u3 100 mra-
poB nuamertpa 1, coeau-
HEHHBIX BAJIEHTHBIMU CBS-
35IMU JUIMHBI 1, a pacTBo-
pUTEINb — MPOCTHIMHU I11a-
pamu nuamerpa 1. Pac-
YyeTHasl suelika Oblia B3siTa
B (hopMe Kyda ¢ ieproau-
YECKUMU TPaHUYHBIMU
ycnoBusMu. Ouenute 06-
11ee YKCIIO apoB, KOTO-
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poe HeoOX0AMMO TTOMEC-
TUTbH B PACYETHYIO STYCUKY
JUTSL TOTO, YTOOBI B TIPO-
11ecce TETJIOBbIX (IIyK-
Tyaluii TOJIMMEPHOTO
KIIyOKa COXpaHsIUCh YC-
JIOBUS Pa30aBICHHOTO
pacTBopa, TO €CTh, YTOOBI
MOJIMMEpP HE UMEN KOH-
TaKTOB C 00pa3aMu MOJIH-
Mepa B COCETHUX sTYEKax

[Ipu onucanuu Mexmolre-
KYJISIPHBIX B3aUMOJEHCT-
BHI UCIIOIB3YIOT IOTEH-
nuansl: 1) Ban-gep-
BaanbcoBbIx B3aumMogei-
CTBHIA; 2) KyJIOHOBCKHX
B3aUMOJICUCTBUI; 3) Ba-
JICHTHBIX CBsI3eH, 4) Ba-
JIEHTHBIX YTJIOB; 5) TOpCH-
OHHBIX YTJIOB; 6) IJTOCKUX
rpymi. IloctaBeTe B COOT-
BETCTBUE 3TUM B3aHMO-
JEUCTBUSIM NPUBEIACHHBIC

(bOpMYIIHI.

YcraHoBuTh
COOTBETCTBHUE

@ u=K( ~1,f

©) u :Kg(g_eo)z

(8) u=K,[1£Cos(np)]
() u=K,[1-Cos(ny)]
() u="%

Eor

a7 2
r r

Jlis onmucanus HeBaJICHT-
HEIX B3aUMOJEHUCTBUH HC-
MOJIb3YETCs] MOTEHIINAI
Jlennapn-/IoHca B o11-
HOM M3 JIByX IpEJCTaBe-
HUI:

. 12 . 6
= GRGIL
r r
p 12 r 6
u=¢ (ﬂj _z(m_inj
r r

Haiinute cooTBeTCTBHE
MEXy ITapaMeTpaMy B
ATUX JBYX hopMysax.

BBectu 3Ha-
YyeHue

I.min=21/6 &)

I.min=21/6 &)

Beimumute hopmyIsl
(KOMOWHAIMOHHEIE Tpa-
BUJIA) JIJIS TTapaMeTPOB
Ban-nep-BaanbcoBbIixX
B3aUMOJICUCTBUH €, U Ogp
YacTHUIL pa3HbIX COPTOB (a
u b) yepe3 3HaUCHUS ITUX
napaMeTpoB ISl KaXKI0TO
U3 COPTOB.

BBectH 3Ha-
YCHUA

0.5
gab:(gaagbb)

Gab:O' 5 (Gaa+be)

8ab:(saagbb)(l5

Gabzo . 5 * (Gaa+
Gp)
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ITorennyan BaaeHTHOMN BBectH 3Ha- —-r [Tockonbky

CBSI3M MEX/y aTOMAMH i U | UCHHE f =2K (I’ -b ) J ! Habop ¢op-

j 3a1aH B popme ' ! 0 r MYJI H TIPO-

u,=K(r—>b,), rae r=lr- BCpKa ux

F;| — pacCTOSIHHE MEXIY TIpaBHILHO-

TUMHM aTOMaMH, a by — ee CTH BBISBI-

paBHOBeCHas JTHA. BbI- BarOT TPYA-

BeAUTEe POPMYILY JUIS HOCTH, MO

BKJIaJla B JICHCTBYIOIIIHE HO pacemoT-

. pETh BapUaHT
Ha atoM I cusl f; co cro-
. . OTACIBHOTO

POHBI 3TOM BaJICHTHOM CIUIOIHOLO

CBSI3H.
criucka ¢op-
MYJI TIO BCEM
3aJaHusIM, U3
KOTOPOTO
HY>XHO Oyner
BBIOpATh
MOIX 0151~
myto ¢op-
MYITy.

HesanentHoe B3aumopeii- | Beectu 3Ha- A N2 (0 Ylr -r

CTBHE MEX/ly YACTHLIAMH 1 | YECHHE f. =24¢ [%j —L%j lrz L,

U j 33J1aHO TIOTEHIIMAJIOM

Jlennapa-/Ixonca B dop- f, =,

Me

12 6
) 4]
r r

rae 7=|I';-1';| — paccrosHue

ME)Ky aToMaMu. Beisec-

T (HOPMYIIBI 17151 BKJIAJIOB

B CHJIBI, JICHCTBYIOLIME HA

aTOMBI, CO CTOPOHBI ATOTO

B3aUMOICHCTBUS

[Ipu BhIUKCIIEHNH HEBa- 1. Meton Bepiie cocraBienust

JIEHTHBIX B3aUMOJICUCTBUN CIIMCKa B3aUMOJICUCTBYIO-

B KaKOM U3 JIBYX METOJIOB IIUX T1ap;

TPYJIOEMKOCTb MPOTIOP- 2. MeToa CKAHUPOBAHUSA

nroHanbHa N, B IPOTUBO- NMPOCTPAHCTBA

MOJIOKHOCTH IPYTOMY, B

KOTOPOM OHa MPOITOPIIHO-

HanbHa N2?

[Ipu MmogenupoBannu cuc- | Bectu 3Ha- I'mapwsrnii: 2,0,7,0,1,4,0,5,0

TeMbI U3 12 yacTuil Ha YEeHUS

TUIOCKOCTH JIJIs TIOMCKA
HEBAJICHTHBIX B3aHMO,Z[eI>'I-
CTBHUH UCIOJB3YETCS Me-
TOJ CKAaHUPOBAHUS MPO-
cTpancTtBa. st aToro
pacueTHas sueiika pa3ou-
Baercst Ha 9=3x3 sjeMeH-

IIpucoeIMHEHHBIN:
0,3,6,8,10,9,0,0,12,11,0,0
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TapHBIX sYeeK. Beimucarh
TJIaBHBIA U PUCOEINHEH-
HBIII MacCHUBBI, €CJIH 3a-
MOJIHEHHUE 3JIEMEHTAPHBIX
SYEEK UMEET CIICAYIOIINI
13701

Nel: 2,3,6,9; Ne3: 7; No5:
1; Ne6: 4,8; Ne®: 5,10,11;
Ne9: 12

Jlnst HaxoxKAeHUs Tpaek-
TOpPUN MOJIEKYJISIPHON JTH-
HAaMUKHU UCTOJIb3YIOTCS
pa3HbI€ aITOPUTMBI,
JAIOIKE OJHY U TY Ke
BPEMEHHYIO 3aBUCUMOCTh
KOOpPJIMHAT aTOMOB. Y CTa-
HOBUTbH COOTBETCTBUE Me€-
Ky Ha3BaHUSIMH aJIro-
PUTMOB U OTBEYAKOLIUX
uM GOpMYIT AJIsl BEIUUCIIE-
HUsI KOOPAMHAT U CKOPO-
CTEW YacTHI| Ha LIare.

YcraHoBuTh
COOTBETCTBHUE

1. Anroput™m Bepie (npocreiiias pa3Ho-
CTHas anmpOKCHUMAITHs);

2. AnroputmM ¢ nepeckokamu (leap-frog
aNrOpUTM);

3. CxopoctHoli anroput™ Bepre.

A:
v,(t+0.5h) = v (t—0.5h) +a,(t)h
r(t+h)=r,(t)+Vv,(t+0.5h)h

B:

r,(t+h)=2r,(t)—r,(t—h)+a, (t)h’
B:

r(t+h)=r,(t)+v,(O)h+0.5a ()h’
v.(t+h)=v,()+0.5[a,(t)+a,(t +h)h

W N =

|
@ >

Bce B3anMoelicTBus B
MOJIEKYJIAPHOHN CUCTEME
3aJ]al0TCSl NOTEHUIUAb-
HbIMU QyHKUUsAMU. [Ipu
pacuere B TEpMOCTAaTe ¢
3aIaHHOU TeMIIepaTypoun
OyIeT i cpeHss KuHe-
TUYecKasi SJHEPTUs aToMa
(a) 3aBUCETH OT €T0 THIA;
(0) oT moNOXKEHUS aToMa B
CTPYKTYPE MOJICKYJIBI; (B)
OT MapaMeTpoB MOTEH-
IIMAJI0B (PKECTKHUE WIIH
MSTKUE B3aUMOJICHCT-
BUsI)?

OrtBeT na/er

(a) na/net?
(0) na/ner?
(B) na/uet?

Uemy paBHa cpenHss Ku-
HETUYECKasl SJHEPIUs B
CpPEIHEM Ha OAHY YaCTHUILY
B MOJICKYJISIPHOU CUCTEME,
B3aMMO/JICUCTBYIOLLEH C
TEPMOCTATOM, UMEIOIIEM
temneparypy T?

Bri6pats 3Ha-
YeHHUE

0.5kT
1.0-kT
1.5-kT

3kT/2

Jnst TepMocTaTUpOBaHUsA
MOJIEKYJIIPHON CUCTEMBI
UCITOJIB3YIOTCS Pa3IuyHbIC
Mou(UKAIIH YpaBHEHUN
HproTona. YcraHOBUTH

YcTaHOBUTE
COOTBETCTBHUE

DN AW =

|
® W TN
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COOTBETCTBHE BBIITUCAH-
HBIX YPAaBHEHUW JIBUXKE-
HUS CJIETYIOIIUM METOJIaM
U TIOJIXOJIaM:

1) Cmonknosumenvras
OuHamuKa,

2) BpoyHosckas Ounamu-
Ka;

3) Tepmocmam Bepenoce-
Ha;

4) Tepmocmam Hose-
I'yeepa;

5) Uzomepmuueckas mo-
JIeKVIAPHASL OUHAMUKA
(Memoo macuimabuposa-
HUs1)

ZE,avi,a
i,a
s S
Zvi,a
i,a

dr,,
dt " Via
dvi,a - F IB Tr‘ef 1
mi dt ~ Yia T T vi,a
T= %NZmivfa
(B)
dar,,
dt ,a
dv,,
m——=F_,6—-¢c-my,
dt ’ ’
dg _ L(T 7))
dt Q
(r)
dr,,
™
dvi a
m——=—c-myv,,+F_ +4,
dt ’ : ’
<Ai,a (t)> = 0
(4,,(04,,(t) = 2T65,5,,5(t~1')
()
dr,,
dt “Via
dv;
m

i . :Fi,a +Zfik,a5(t_tik)
dt 7

m 3/2 v 2
P(VO):{zzﬂg ] exl{_ o, J
ref ref

J1yist BBIYHMCIICHUS J1aBIie-
HUSI B MOJIEKYJISIPHOM CHC-
TEME CO CTEHKaMH (Ciy-
yaii 1) 1 mepuonIecKuMu
TPaHUYHBIMU yCIOBUSIMU
(cimydait 2) uCrosIb3yrTCs
pa3iuyHbIe POPMYIIBL:

(@)

NEkT 1
P = > +;<ZXZFI~,X>

©)

Bri6pats 3Ha-
YeHHUE

1-ii cnyyaii: a u 0;
2-#1 ciy4aii: TOJbKO 0.
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NET 1
P, —7+; ;(x; —x)f;
B kakoM U3 mepeunciIeHHBIX
CIIyJaeB Kakue u3 GopMys Mo-
TyT OBITH IPUMEHEHBI?

Jns MogenupoBaHus KOH-
JICHCUPOBAaHHON MOJIEKY-
JIIPHOM CUCTEMBI C IIe-
PUOANYECKUMHU IPAHUY-
HbIMH yCI0BUsIMHA B NPT
aHcaMOJie ypaBHCHHsI

JBHMOXXCHUSA B3ATHI B BUAC!:

Via _y L (P)-P, )
dt i o \La a.ref Nia

dv.
m; Yia =F, +Zfika§(t_tik)
dt ’ k !

(bapocrar bepenncena n
CTOJIKHOBUTEJIbHBIA TEPMO-
cTar). Beinummre ypaBHeHUs
JUISl ©I3MEHEHUsI pa3MepoB pac-
4eTHOU sueiiku L, a={x,y,z},
BBITEKAIOIIHE U3 YPaBHEHHH
JBIDKCHUSL.

Hanwucatb
(opmymy

VYpaBHEHUS 111 U3MEHEHUS pa3MEpOB
pacyeTHOM STUCUKH:

dL
= ROy )L,

HTorosasi rocynapcTBeHHasi aTTecTalus

OOy4eHne 3aKkaHYMBACTCS 3AIUTON MaruCTEPCKOM AUCCepTaLUU, KOTOpas TOJDKHA Tpe/-
CTaBUTh COOOM HEOOIBIION HAYYHBI MHHOBAIIMOHHBIN MPOEKT, 00CCTICUCHHBIN OTPEIeTICHHBIM
¢uHancupoBanueM. [Ipu BEIMOTHEHUN POEKTa MAarUCTPAHT JOJHKEH MPOIEMOHCTPUPOBATH HE
TOJIbKO 3HAHUS U YMEHUS B BEIOpPAHHOW HAay4yHOU 00J1aCTH, HO M HaBBIKU YIIPABJICHHSI HHHOBA-

[UOHHBIM ITPOCKTOM.

TpeOoBaHus K KBAJIU(PUKANMOHHON padoTe Marucrpa

TD€606CZHU}Z K K@aﬂuqbuKaquHHOﬁ pa60me, yHdumovleaembvle npu ee OUeHKe 6 npoyecce

umo208otl 2ocyoapcmeennol ammecmayuu Maeucmpa B KJIaCCHIECKUX YHUBEpcuTeTax Poccun:

Ne OHCHKa KBa.HH(l)HKaHHOHHOﬁ pa60TI>I CKJIaAbIBACTCA U3 OLICHOK KOMHCTGHL{I/II/I maructpa, Co-

yneroB ['AK 1o creayrommm myHKTaM:

rimacHo @I'OC HII no nampagte-
Huto «buonorus»:

1. ITocTanoBka o61ueHaqu0ﬁ HpO6J'IGMI>I, OIICHKA €C aKTYaJIbHOCTH, CnocoOHOCTE OOpOXAaTh HOBBIC

000CHOBaHUE 3aJavu UCCIICOOBaHUsI.

WJIeH, BBISBIISATH (PYHIAMEHTAIb-
HBIE TIPOOJIEMBI, POPMYITUPOBATH
3aJlayd ¥ HaMeuaTh ITyTH UCCIIC-

JIOBaHUS
2. | KagectBo 0030pa nmureparypsl! (IMpoTa Kpyrozopa, 3HaHUE HHO- CrocoOHOCTh UCTIONIE30BATh CO-
CTPaHHBIX SA3BIKOB, HABBIKU YIIPaBJICHHUSI HHPOPMAITHEH). BPEMEHHBIE METOJIBI 00pabOTKH
Y MHTEPIpETaIliy HAyJYHOW WH-
dhopmarm
3. | Be1bop u ocBoeHHE METOIOB: TIIAHUPOBAHUE DKCIICPUMEHTOB CrocoOHOCTh CaMOCTOSATEITHLHO
(BmageHue anmapatypoi, nHpopmarmei, THGpOpPMaIMOHHEIMU BBITIOJHSTH UCCIC/IOBAaHHE, HC-

TEXHOJIOTHSIMH).

M0JIb30BaTh COBPEMEHHYIO arlma-
paTypy ¥ BBIYHCIUTEIbHBIC
CpEeICTBa, HABBIKK paOOTHI B
KOJUIEKTUBE, CIIOCOOHOCTh K

34




po(ecCHOHATBHON alanTaluu

4. | Hay4ynas 7OoCTOBEpHOCTh ¥ KPUTHIECKHM aHAIN3 COOCTBEHHBIX

KOppeKTHOCTB 1 JOCTOBCPHOCTH BBIBOOOB.

pe3ynbTaToB (OTBETCTBEHHOCTH 32 Ka4E€CTBO; HAYYHBIA KPYT030p).

OTBETCTBEHHOCTH 32 Ka4eCTBO
BBITIOJTHSIEMBIX paboT

5. | KauectBo npe3eHTanuu (yMeHrue GOpMYyIUpOBATh, TOKJIAAbIBATS,
KPUTHYECKH OIICHUBATH PE3YJIbTATHI M BBIBOIBI CBOEH paboTHI,
BECTU JTUCKYCCHIO).

CniocoOHOCTB MpodecCHoHANBEHO
0(hOPMIIAT U TIPEICTABISATH Pe-
3yJbTAThl UCCICIOBAHHH, CIIO-
COOHOCTD K CAMOKPHTHKE

IIporpamma cocraBiena B coorBercTBuu ¢ TpedoBanusmMu GI'OC BIIO ¢ yueTom pekomMeHganmii
u [TpOOII BITIO no nanpasnenuto u npoduito moarorosku 020400 «buomorus»

Pa3paGoTunkm nporpamMmmsbi:
buonoruueckuii -t MI'Y npodeccop
nMeHu JlomoHocoBa

npocdeccop

H.K. banaGaes

K.B. laiitan
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