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Kypc 6 cemectp 11

nexkuuu 18 yac.

IIPaKTHYECKHE 3aHIATUs 54 yac.

nabopaTopHbie pabOThI HE MPETYCMOTPEHO

B TOM uuciie ¢ ucnoibzoBanueM MAO nek. 2 /mip.30 /1a6.0 ygac.
BCET0 YacoB ayJJUTOPHOM Harpy3ku 72 gac.

B TOM YHCIIE ¢ ucroab3oBanneM MAQO 32 gac.
camocTosTeNbHas padora 72 Jac.

KypcoBasi paboTa / KypcOBOM MPOEKT — HE MPETYCMOTPEHO
3a4yeT He MPeTyCMOTPEH
sk3amen 11 cemectp (36 yac.)

Pabouvas mporpamma coctaBiieHa B COOTBETCTBUHU € TPpeOOBaHUAMHU (e1epaTbHOTO
roCy/1apCTBEHHOI0 00pa30BaTEIbHOIO CTAHIapTa BhICIIEr0 00pa30BaHUs MO HAIPABIECHUIO
noarotroBku 30.05.01 «MeaunuHckas OMOXUMHUS», YTBEPKIECHHOTO MTpHKa3oM MuHHCTEpCTBA
obpazoBanus u Hayku Poccuiickoit @enepanuu Ne 1013 ot «11» aBrycra 2016 1.

PabGouas mporpamma obcyxaeHa Ha 3acemanuu JlemapraMeHTa MEAUIIMHCKOW OMOXUMHUHU U
onodmsuku, mpotokoa Ne 5 ot «10» uronst 2019 r.

Hupexrop [lenapramenra: k.M.H., Momor T.B.

CocraBurens: K.0.H., gfoueHT Kymeiiko B.B., accucrent IN'onsapos H.B.,



OO0opoTHas cTOpoHa TUTYJILHOTO Jucta PITY /|

|. PaGouas nporpamMmma nepecMoTpeHa Ha 3aCeJaHUN ﬂenapTaMeHTa:

IIpoTokoun oT « » 20 1. Ne

Hupextop JenapramenTa

(moamucp) (N.0. ®ammims)

I1. PaGouasi nporpaMma nepecMoTpeHa Ha 3acefanun lemaprameHnra:

IIpoTokoun oT « » 200 1. Ne

Hupexrop Jlemapramenrta

(moamuce) (M.0. ®amumms)



AHHOTAIIUA
Jucuumuimaa «MouekysapHoe MOJIEIIUPOBAHUE OMOCTPYKTYp»

npeaHa3HayeHa ISl CTYACHTOB, 00yJarouuxcs 1mo o0pa3oBaTeIbHOM MporpaMmme
30.05.01 «MenunuHCKasT OMOXUMHUSD .

Jucnuninnaa peanusyerca Ha 6 kypce 11 cemectpa, siBIsieTCS TUCIMUILIMHON
BapUATUBHOMN YacTH.

IIpu  pa3pabotke  pabouelt  mporpamMmbl  y4eOHOM  JUCHMILIUHBI
ucrnosib3oBanbl DenepalibHbIl  TOCYAApCTBEHHBIH 00pa30BaTENbHBIA CTaHAAPT
BbICIIEr0 oOpazoBaHud 1o crenranbHocTH 30.05.01 «MenummHckas OUOXUMUSY,
y4eOHBIM IUJIaH TOATOTOBKM crenuanucroB 1o crnenuansHoctd  30.05.01
«MenunuHcKas OMOXUMHUSI.

O6masi TPyJOEMKOCTh OCBOEHHUSI JUCHHUIUIMHBI COCTAaBISECT O 3a4E€THBIX
enunuil, 180 vaca. YueOHBIM MIIaHOM MPEAYCMOTPEHBI JIEKITMOHHBIE 3aHATHS (18
4acoB), MpaKkTU4Yeckue 3aHATus (54 daca), camocrosTenabHas padboTa cryaeHTa (72
yaca), sk3aMeH 11 cemectp (36 yacoB Ha MOATOTOBKY).

[Tporpamma kypca onupaetcsi Ha 6a30BbIe 3HAHUS, IOTYYEHHBIE CTYCHTAMU:

- CIOCOOHOCTh K TPUMEHEHHIO CHCTEMHOTO aHaliW3a B HW3YYCHUH
ononornueckux cuctem (OITK-6)

- TOTOBHOCTh K OIIGHKE PE3yJIbTaTOB JIA0OPATOPHBIX, HHCTPYMEHTAJIbHBIX,
MaTOJIOTOAHATOMUYCCKUX M WHBIX HCCICAOBAHWA B TIEISIX Pacro3HABAHMS
COCTOSIHMSI WJIM YCTAHOBJICHHMS (aKTa HaIW4Msl WJIA OTCYTCTBHS 3a00JIeBaHMS
(OIIK-5)

- TOTOBHOCTh K TIPOBEJICHUIO JTAOOPATOPHBIX W HWHBIX HCCICAOBAHHMHN B IEIIAX
pacno3HaBaHUs COCTOSIHUS WJIM YCTAHOBJICHUS (paKkTa HAIWYUS WJIA OTCYTCTBUS

3aboneBanus (OITK-4)

]_[e.]'lb NU3YICHUA JTUCHUILJIMHDbI:

1) o3HaKOMJIEHHME C COBPEMEHHBIMU JOCTHXKEHUSMH B  00JacTH
KOMITBIOTEPHOTO MOJICTUPOBAHUS JTUHAMUKA OHWOMOJIEKYJISIPHBIX OOBEKTOB U
CUCTEM;

2) OCBOECHME TEOPETUYECKHX OCHOB KOMIIBIOTEPHOTO MOJIECIUPOBAHUS U



WH)OPMATHUKUA KAaK CPEJICTB HCCIEAOBAHUS CTPYKTYPHO-TUHAMUYECKUX CBOMCTB
BOJIOPACTBOPUMBIX 1 MEMOPAHHBIX OCTTKOB;

3) oOyueHue npodecCHOHAIBPHOMY BJIAJCHUIO COBPEMCHHBIMH METOIaMH
MOJICKYJIIPHOTO MOJICITUPOBAHUS OMOCTPYKTYP.
3amaun:

1. O3HaKOMHTBCS C MpCaACTAaBJICHUAMU, JICKAIIMMU B OCHOBC

MOJEIUPOBAHUS MOJIEKYJIIPHON JUHAMHUKY;

2. V3yunTh BO3MOKHOCTH KOMITBIOTEpHOU peann3anuu; (yHKIIMOHATbHBINA
BUJ W IPUPOAY INOTCHIHMAIOB MOJIEKYJISIPHOTO B3aUMOJEUCTBUS; BUJ
YPAaBHEHUM JBWKCHHS, YUYWTHIBAIOIIMX BIWSHUE BHEIIHEW CpENbl U

HaJIMYKUC PA3JINYHBIX I'PAHUYHBIX YCHOBHﬁ;

3. U3yuntp 0a30Bble aITOPUTMBI I HAXOXKICHUS MEKMOJICKYIISIPHBIX
B3aMMOJICHCTBUM W YHCICHHOTO WHTETPUPOBAHUS YPABHEHUMN IBHKCHUS
MOJIEKYJIIPHON CUCTEMBI.

B pe3ynbrare uzydeHus JaHHON OUCUUIUIMHBL Yy oOydarommxcs (GOpMHUPYIOTCA

cienyroime mpoecCuoHaNbHbIE KOMIIETEHITUH (JIEMEHTBI KOMIIETEHITUH )

Kon wu ¢opmyaupoBka Iransl GopMUPOBAHUS KOMIETEHIIUH
KOMIeTeHIHH
[IK-11 3Haer IIPUMEPBI  BBIYMCIUTENIBHBIX JKCIEPUMEHTOB C
['0OTOBHOCTB K OpraHu3zanuu OenkaMu U OMOMeMOpaHaMUu U TIOJTYYEHHbIE B HUX
u OCYIIECTBJICHUIO pe3yabTaThI
MPUKITATHBIX U TPAKTHYECKUX
MIPOEKTOB " HHBIX
MEPOINPUATHI 10 HU3YYEHHIO
OMOXMMHUYECKUX u
(U3HOIOTNUECKUX MPOLECCOB Ymeer chopMynupoBaTh MOJAENBHOE TMpEACTaBICHUE
U SIBIICHHUH, MPOUCXOIAIINX B MOJICKYJIIPHOTO  OMO0OBEKTa W  BO3MOXKHOCTH
KIIETKE 4EJIOBEKA OpTaHM3aIlMM  BBIYUCIUTENBHBIX  MOJIEKYISPHO-

JUHAMHUYCCKUX SKCIICPUMCHTOB C HUM

Bianee
METoAaMH M OCHOBHBIMU  IPOTPAMMHBIMHU
T CPEICTBaMH Il MOJIEKYJISPHOIO MOJEINPOBAHUS
OUOCTPYKTYp
[1K-12 3Haer OcobenHoct  pabOTBI W BO3MOXKHOCTH
CriocobHOCTD K o0opynoBaHusl ISl TPOBEACHHS] MOJEKYISIPHOTO
OTpeieNICHUI0 HOBBIX MOJIETTUPOBAHUSI OMOCTPYKTYP.

oOmacteil WccienoBaHUS U YmMmeer Haxonuts JUTEpaTypy, OIMCHIBAIOIIYIO




npobieM B cdepe pa3paboTku OTKPBITBIE BOIMPOCH B OOJAaCTH COBPEMEHHOM
Oouopusnueckux #u (UIUKO- OMOTEXHOJIOTHH U 3APAaBOOXPAHEHUSI.
XUMHYECKHX TEXHOJIOTUH B Bnanee MetogamMu moucka Hay4dyHOM uH(pOpMaluud B
3/IpaBOOXPaHEHUU T 0a3ax maHHbIX NCBI.

I1K-13 3Haer CtpykTypy HaITMUCAHMS Hay4HO-

Criocob6HOCTD K WCCIICIOBATENBCKOM PabOTHI.
OpraHM3ali U MPOBEACHUIO Ymeer dopmynupoBaTh Ledb M 337auyd  HAy4yHO-
HaY4HBIX UCCIIC/IOBaHH, UCCIIEI0BATENBCKOM PabOTHI.
BKJIIOYasi BBIOOp LEMH U
(bOpMYyIUPOBKY 3a/ady,
IUIAaHUPOBAHHUE, nonoop
aJIeKBaTHBIX METOJI0B, cOOp,
00paboTKy, aHAIM3 JAHHBIX H
nyOJIMYHOE MX MPEJCTaBICHHUE
c y4€TOM TpeOoBaHuil | Byaneer bazoBbsiMu METOAAMH CTaTUCTUYECKOU
HH(OPMALIMOHHOH 00paboTKHU pe3ynbTaTOB UCCIICOBAHHUS.
0e30MacHOCTH

Hns ¢dopmupoBaHus  BBIIEYKA3aHHBIX  KOMIIETEHIMM B  paMKax

JUCITHUITIIMHBI «MOJ’IGK}’H}IPHOG MOACIUPOBAHNUC 6I/IOCpr1(Typ>) IMPUMCHAIOTCA

CJIEAYIOUIUE METObI AKTUBHOTO:
JIeKIIMOHHbBIE 3aHATHS:
1. JIexuusi-Bu3yanu3amus
2. Jlexumng-0Oecena
[IpakTHyeckue 3aHATUS:
1. CeMunap-aucmyT
2. CeMHHap-NPAKTUKYM

3. Pa3BepnyTas 6ecena

I. CTPYKTYPA U COJAEP) KAHUE TEOPETUUYECKON YACTHU

18 gacos, 2 yaca B popme Mao.

KYPCA

Pa3znen |. OcHoBBI MoaenupoBanusi MoJiekyjasipHoii qunavmku ( 10

4acoB)

Tema 1. MoaenupoBaHue MOJIEKYJSIPHON TUHAMMKHA — 2 Yaca-JeKUus

BU3YyaJIM3aIlUsl.

IIpenmer kypca. Kpatkas

HNCTOPHA YUCIICHHOT'O MOJCIUPOBAHHA

MOJIEKYJISIPHOM THUHAMUKH. BBIUACIUTENBHBIA 3KCIEPUMEHT, €r0 POJIb U MECTO B




HAHOOHMOTEXHOJIOTHUH.

Tema 2. IIpocTpancTBeHHBbIE M BpEeMEHHbIE MACIITA0BI-2 Yaca.

EauHunel n3mMepeHuss B «MOJEKYISIPHOM MHUpPE». XapaKTepHbIE €IUHULBI
Macchl, 3Hepruv, BpeMeHu. O 4ucie 4acTul] B MOJAEIUPYEMON MOJIEKYJIAPHON
cucteme. OddexTuBHBIA y4eT pactBoputens. [lepuoguueckue TpaHUYHBIC

YCJIIOBHA.

Tema 3. ®yHKIMOHAJIBLHBIA BUA U (PU3HYECKasA NMPUPOAA NMOTEHIHATIOB

MOJIEKYJIAPHOT0 B3aUMOACHCTBUA-2 Yaca.

MonekynsapHas  CUCTEMa  MPEACTABIsAECTCS B BUAE  COBOKYIIHOCTH
B3aMMOJICUCTBYIOIINX MATEPHAIbHBIX YaCTUL. DHEPrus MOJIEKYJISPHOU CHCTEMBI
CKJIQJIIBACTCSI M3 DHEPrUil BAJICHTHBIX CBSI3€W, BAJEHTHBIX YIJIOB, TOPCHOHHBIX
YIJIOB, IJIOCKUX TPYIII, BaH-AEP-BAAIBCOBBIX U KYJIOHOBCKHX B3aWMOJECHCTBUN.
OYHKIMOHAIBHBIA BHJI 3TUX B3aUMOJIEUCTBHM, TO €CTh (POPMYJIbI, IO KOTOPBIM
BBIUMCIIAETCSI JHEPIHUsl B3aWUMOJCHCTBYIOIUMX AaTOMOB, €CIIM HW3BECTHBI HX
KOOPJIMHATHI, ¥ TAOJUIIBI MTApaMeTpoB (3HAYCHHM KOA(PPUITMEHTOB, 3aBUCAIIUX OT
TUIIOB aTOMOB) 33Jal0T CUJIOBOE ToJie. HeBaneHTHbIE B3aUMOJIEHCTBUA: BaH-IEp-
BaaJbCOBHI U KyJIOHOBCKHE cuiibl. Paguyc oOpesanus. KomOMHalnoHHbIE IpaBUIa.

OKpaHUPOBAaHUE KYJIOHOBCKOTO ITOTEHIIMANIA.

Tema 4. AaropuTmMbl BBIYHMCJIEHHUS HEBAJEHTHBIX B3auMojeiicTBHIA-2
yaca. OlleHKa YKClia HeBAJIGHTHBIX B3auMOJACUCTBUN. DD (PEKTUBHBIE aITOPUTMBI,
UCIIOJIb3YIOIINE KOHEUHBIM paauyc B3aumonaeuctsus. Aiaroput™m Beprne (= meton
cocTaBieHus cnuckoB). OmeHKa ero ObICTpoAeCcTBUS. [ MOKMIA aITOPUTM OLICHKH
IJI8  TIepecdyeTa  CIUCKOB. MeToj  CKaHUpPOBAHWS IO IPOCTPAHCTBY
(mpucoenHEHHBbIE CMUCKM). JIMHEeWHAs 3aBUCHUMOCTh TPYJOEMKOCTH BBIYMCIICHUIN

OT YMCJIA YACTHIL.
Tema 5. UnucieHHOe HHTEIPUPOBAHUE YPABHECHUI IBHKeHHMSA-2 yaca.

AnroputMm Bepne (mpocTeiiiasi pa3HOCTHas! almpoKCUMaIus). AJITOPUTM C



nepeckokamu (leap-frog anropurm). CkopoctHoii anroput™ Bepire.

Paznen |l. AnropurMbl yyera TepMOAMHAMMYECKHX XAPAKTEPHCTHK

cpensl ( 4 yaca).
Tema 1. Yuer BJIMsIHUS BHEILIHEH CpeAbl-2 Yyaca.

Tepmocratel. Temmeparypa. MrHoBeHHass Temieparypa. Y paBHEHHS
JIBW)KCHUST MOJIEKYJISIPDHOM CHCTEMBI, YUYWTHIBAIOIIME HAJIMYME TEPMOCTATa.
MN3otepmudeckas  MOJIGKYJsIpHasE ~ JMHAMUKAa (METOA  MaclITaOMpOBaHUA).
Tepmocrtat bepenncena. Tepmoctar Ho3ze-I'yBepa. CtoxacTuueckoe BO3EHCTBUE
opyaromiei cpenpl. bpoyHoBckas nuHaMmuika. CTOJKHOBUTENBHAS MOJICKYJISIpHAS

TMHAMHKA.

Tema 2. BolunciieHue JaBJIeHUS B MAJIbIX MOJIEKYJISIPHBIX cHCTeMaXx-2
yaca. bapocrar bepennacena. OmnpeneneHue IaBiI€HUS B MAJIOW MOJIEKYJISIPHOU
cucreme. JlaprmeHne Ha cTeHKY. YacTuubl MEXAy ABYyMs CTEHKaMu. Bupuan cui.
Yactuupl B suuke. @Dopmynsl sl AaBieHus. HampsbkeHHe B CEYCHHH,
napasuiesibHoM cTeHke. [lepuoauyeckue rpanndHbie yciioBus. BeiBoa dhopmyn s

nasieHus. bapocrat bepenacena.

Pa3znen |11. TexHosiorum nocTaHOBKH M NMPOBEAECHUS BbIYMCIUTEIbHbBIX

IKCHEPUMEHTOB C Pa3jJIMYHbIMUA OHMOMOJIEKY/JISIPHBIMH cucTeMamu ( 4 yaca)
Tema 1. MogeanpoBanue 0H0JIOTHYeCKUX MeMOpaH-2 4aca.

Onucanve TEXHOJOTH TMPUTOTOBJCHUS  OMOJIOTHMYECKOW  MeMOpaHbI,
BKJIIOYAIOIIEe MPUTOTOBIIEHHWE (HOCHOIUIUIHOTO OHCIIOs, €ro pelakcaluio,
BBIPAIIUBAHUS TUIMHAPUYECKON MMOJIOCTH, TPOHU3BIBAIONICH OHCIION, 3aKITI0OUECHNE
KaHAJI0O0pa3yIolmero TMeNnTHIa B TAaKOW JK€ IMJIMHIP, COBMEIICHHE JBYX
MOJICUCTEM, peJlaKCcaluio 00pa3oBaHHONW OMOMeMOpaHbI M, HAKOHEI, MOJyYCHHE

MPOYKTUBHOU TPACKTOPHUH.
Tema 2. CuiioBoe pasBopauuBaHue 0eJIKOBBIX IJ100yJ1-2 yaca.

HpI/IBCI[eHO OIIMCAHUC IIOCTAHOBKHU BBIYHUCIMUTCIBHBIX JKCIICPHUMCHTOB H

HCCIIEIOBaHUsI TIpoliecca pa3pylIeHUs ABYX HMMMYHOTJIOOYJHWH CBSI3BIBAIOIIUX



noMmeHoB OenkoB L u G mop neiictBueM BHemHuX cwil. Iloka3aHo, 94TO XOTSA 3TH
nBa Oellka WMEIOT OJM3KYI0 TPOCTPAHCTBEHHYIO CTPYKTYPY, MEXaHU3MbI HX

pa3pylIeHUs Pa3InYHBI.

Il. CTPYKTYPA U COIEPXKAHUE IPAKTHUYECKOM YACTH
KYPCA

54 gaca, 4 gaca B popme Mao.

3ansTue 1. OCHOBBI MOJIETUPOBAHUS MOJIEKYJISIpHOU quHaMuku — 13,5 vacoB ( 2

yaca B Bujie CeMUHap-TIPaKTUKYM ).

BbluncinuTenbHbIN 3KCIEPUMEHT, €r0 pOJib U MECTO B HAHOOMOTEXHOJIOTHH.
3ansTue 2. AIropuT™Mbl yueTa TEPMOAMHAMUYECKUX XapaKTEPUCTUK cpeabl — 13,5

yacoB ( 2 yaca B Bujie CeMUHAp-TIPAKTUKYM).

3anatue 3. TexHogormu TMOCTAHOBKH | MMPOBCACHUA  BBIYMCIINTCIBbHBIX

OKCIICPUMCHTOB C pa3JIMYHbIMHU 6I/IOMOJ'I€KYJ'I}IpHI>IMI/I CHUCTCMaMHU— 13,5 qaCcoB

3ansatue 4. IlporpamMmmHOe oOecrieueHHEe MOJIEKYJIAPHOTO MOJEIMPOBAHUS
ouoctpykTyp — 13,5 yacos.
1. YHEBHO-METOANYECKOE OBECIIEYEHUE
CAMOCTOSTEJBHON PABOTHI OBYYAIOIIUXCSI

VY4eOHO-MeTOINYECKOe oOecrieueHue CaMOCTOSTEJIbHON paboThI
oOyyJaronuxcsi Mo JUCIUIUINHE «MOJeKyIsipHOe MOAECTUPOBAHUE OUOUYTPYKTYPH
npenacrasiieHo B [Ipunoxenuu 1 u BkiroyaeT B ceOs:

e [UIaH-TpaUK BBHITIOTHEHUS CAMOCTOSTEIHHON padOThl MO MUCIUIUIMHE, B
TOM 4YHCJI€ MPUMEPHBIE HOPMBI BPEMEHW Ha BBIMIOJHEHUE MO KaXIOMY
3a/IaHUIO;

® XapaKTepUCTUKA 3aJaHUM JJII CAMOCTOSTEILHON pPabOThl CTYACHTOB U
METOJUYECKUE PEKOMEH IAIIMK 10 UX BBITIOTHEHUIO;

e TpeOOBaHMsSI K  TpPEACTaBICHUI0O W OQOpMIICHHIO  pe3yJbTaTOB

CaMOCTOATENbHON pabOThI;



® KPHUTEPUU OLIEHKH BHITIOJHEHHS CAMOCTOATEIBHON PaOOTHI.



IV. KOHTPO.Ib JJOCTUKEHUS IIEJIEH KYPCA

Ne Kontponupyembie Mo tynu/ OneHouyHble CPECTBA -
/1 | paszensl / TeMbl AUCHUIUIMHBI Koap! 1 sTansl popMupoBaHusi KOMIETEHIHIHI HalMEHOBaHME
TEKYILIUN KOHTPOJIb IIPOMEKYTO
YyHast
aTTecTauus
Pasznen l. OcHOBBI [IK-11 roroBHOCTH K Opranu3anuu | 3HaeT: IIPUMEPBI 3auer/sK3am
MO/IETTUPOBaHUS U OCYUIECTBJICHUIO NPUKIAIHBIX U | BHIYMCIUTEIbHBIX €H
MOJICKYJISIPHOM TUHAMUKH IPAaKTUYECKUX HPOEKTOB M MHBIX | IKCIIEPUMEHTOB c YO-1 onpoc Bomnpocsr -
Paznen Il. Anroputmsel yuyera | MmeponpusTuii o U3YYEHHUIO | OenkaMu 1-38
TEPMOAVMHAMUYECKHAX OMOXMMHYECKHUX u | buomeMOpanamMu u
XapaKTEPUCTHK CPEIbl (U3MOIOTMUECKUX  MPOLIECCOB M | MOJIYYEHHblE B  HHX
Paznen  Ill.  TexHonoruu | sBAEHUN, MPOUCXOJAIIMX B KIETKE | Pe3yIbTaThl
MIOCTAHOBKM U MPOBEJCHUS | YeIoBeKa Ymeer:
BBIYHCIUTENbHBIX chopMyIIMpoBaTh
JKCIIEPUMEHTOB c MOJIEIbHOE YO-1 onpoc
Pa3IMYHBIMU MIpe/ICTaBICHHE
OMOMOJIEKYIISIPHBIMU MOJIEKYJISIPHOTO
CUCTEMAMHU 61000bEKTa u
BO3MOXXHOCTH
OpraHu3aIu
BBIYHUCITUTENbHBIX
MOJIEKYJISIPHO-
JTUHAMHYECKUX
9KCIIEPUMEHTOB C HUM Pesynbrar
Brageer: MeTozamu H ITP-1 Tect TECTUPOBAHU,




OCHOBHBIMH
IPOrpPaMMHBIMH
CpeacTBaMu TUTSI
MOJIEKYJISIPHOTO
MOJICTUPOBAHUS

OUOCTPYKTYp

Pasnen . OCHOBBI
MOJICTTUPOBAHUS
MOJIEKYJIIPHOW TUHAMUKHU
Paznen Il. Anroputmel yuyeta
TEPMOAMHAMUYECKUX
XapaKTePUCTHK CPEIIbI

Pasnen Ill. TexHomoruu
ITIOCTAaHOBKH M TPOBEICHUS
BBIYMCIIUTENIBHBIX
IKCIIEPUMECHTOB c
Pa3IMYHBIMH
OMOMOIIEKYIISIPHBIMH
cHUCTEMaMU

[1K-12
OIIPEICTICHUIO

CIIOCOOHOCTH K
HOBBIX

oOacren

uccienoBanusi u mpobiem B cdepe

pa3paboTKu

onodusnyeckux U

q)HSI/IKO-XI/IMI/I‘IeCKI/IX TEXHOJIOTUH B

3/IpaBOOXPAHEHUU

3HaeT: OcobeHHOCTH
paboTsl u
BO3MOYKHOCTHU
00opyI0BaHUs JUIST
IIPOBEJCHUS
MOJICKYJISIPHOTO
MOJICTTUPOBAHUS

OHOCTPYKTYP.
Ymeer:

JUTEPATYPY,
OIHCHIBAIOIIYIO
OTKPBITBIC BOIPOCH B
o0jacT COBpPEMEHHOMN
OHMOTEXHOJIOTHHU u
3JIPaBOOXPAHCHHUSL.

Haxonuth

Bnaneer: Metomamu
TIOUCKa Hay4YHOU
uHpopmanuu B 0Oazax
nanabix NCBIL

YO-1 onpoc

YO-1 onpoc

I1P-1 Tect

3aueTr/3K3aM
eH
Bonpocsr -
1-38

Pesynbrar
TECTUPOBAHUS,




Paznen I OcHOBBI ITK-13cnoco6HOCTh K 3naer:  CTpyKTypy YO-1 ompoc 3ader/3K3aMm
MOJIETTUPOBAHUS OpraHu3aIuu u MPOBEJICHUIO | HAITUCAHUS HAy4YHO- eH
MOJICKYJISIPHOUM TMHAMUKA HAYYHBIX HCCIEIOBaHUN, BKJIIOYAs | UCCIIEI0BATEIbCKON Bomnpocsr -
Pazgen |l. Anroputmbl ydera | BBIOOp 1enu U (POPMYIUPOBKY 3a1a4, | pabOTHI. 1-38
TEPMOJUHAMHYECKHUX IUTAHUPOBAHKE, OA00P aJeKBAaTHBIX
XapaKTePUCTHUK CPEJIbI METO/0B, cOOp, 00paboTKy, aHaIU3
Pasnen |ll. TexHonoruu | 1aHHBIX u nyOoInYHOe ux
MOCTAHOBKM W TIPOBEJICHUS | MPEICTABICHUE c y4ETOM Ywmeer: YO-1 onpoc
BBIYHUCITUTENbHBIX TpeOoBaHU uHbopMalmoHHo | GopMynupoBarh Ielb
HKCIEPUMEHTOB c | 6ezomacHocTn M 3aJaud  Hay4dHO-
Pa3IMYHBIMU UCCIIEIOBATENHCKOMN
OMOMOJIEKYIISIPHBIMH paboTHI.
CHCTEMaMH
Buageer: ba3oBeimu
METOJaMU
CTaTUCTUYECKOU Pesynbrar
o0paboTku TECTHUPOBAHUS,
pe3yIbTaTOB I1P-1 Tect
UCCIIeIOBaHMUS.

KoHTposbHBIE U METOAMYECKUE MaTepHabl, a TAKKE KPUTEPUU M TOKA3aTeIH, HEOOXOIUMBbIE ISl OIICHKU 3HAHWM, YMEHHM,
HaBBIKOB M XapaKTEepU3YyIOIIUE ATanbl (POPMHUPOBAHUS KOMIIETCHIIMH B MPOIECCE OCBOSHUSI 00pa30BaTENIbHOW MPOrpaMMBbl

npencrasieHsl B [Ipunoxenun 2.



IV. CHHUCOK YYEBHOM JIUTEPATYPBI U UH®OPMAIIMOHHO-
METOINYECKOE OBECIHEYEHHUE JUCHUIIJINHBI

OcHoBHas JuTeparypa
1. Opuyk C.}O. KowmmnbioTepHoe MOJETUPOBAHHE  HAHOTEXHOJIOTH,
HAHOMATEpPUAJIOB M  HAHOCTPYKTYp. MojenupoBanue HaHOCHCTEM
METOJaMU MOJIEKYJISIPHOM JTMHAMUKH [DJIEKTPOHHBIM pecypc]: Kypc
nexumit/  HOpuyk C.HO.— DnekTpoH. TeKCTOBble AaHHbIe.— M.:
M3natensckuit  lom MUCuC, 2013.— 47 c— Pexum pocrymna:
http://www.iprbookshop.ru/56067.html.

2. [TooB A.M. BpruuciauTenbHble HAHOTEXHOJIOTHM - yueOHoe rmocobue /
A.M. IlonoB. — Mocksa : KuoPyc, 2014. — 309 c. Pexum nocrymna:
https://www.book.ru/book/917611

3. AunpuanoB A.M. Koudbopmarmonuslii aHaiu3 OeaKoB [DNEKTPOHHBIN
pecypc]: Teopus u npwioxkenus/ AuapuaHoB A.M.— DIEKTpoOH.
TEeKCTOBbIe JaHHble.— MuHck: benopycckas Hayka, 2013.— 531 c.

Pexxum moctyna: http://www.iprbookshop.ru/29465.html.

JlonosiHMTEILHAS

1. U6parumoB, 1.M. OCHOBBI KOMIIBIOTEPHOTO MOJIETUPOBAHKS HAHOCHCTEM
[OnekTpoHHBIN pecype] : yueOHoe mocooue / .M. HUGparumosn, A.H.
KoBmog, FO.®. HazapoB. — DOnektpoH. gaH. — Cankt-IletepOypr : Jlans,

2010. — 384 c. — Pexxum noctyma: https://e.lanbook.com/book/156.

2. 'enpunnckuit, b.P. BeraucnutenbHbie METOIBI MUKPOCKOTTUIECKON TEOPUHU
METaJUIMYECKUX PACIVIaBOB U HAHOKJIACTEPOB [DJIEKTPOHHBIM pecypc| /
b.P. I'enbunnckuii, A.A. Mup3zoes, A.I'. BopoH1I0B. — DIEKTPOH. AaH. —
MockBa : ®wmwmarmiur, 2011. — 200 c. — Pexum pgocryna:

https://e.lanbook.com/book/5262.



http://www.iprbookshop.ru/56067.html
https://www.book.ru/book/917611
http://www.iprbookshop.ru/29465.html
https://e.lanbook.com/book/156
https://e.lanbook.com/book/5262

Ilepedyensb pecypcoB HHGOPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOM ceTH

«HTepHET»

1. UnctpymeHt TUTST IPOBEPKHU npaiiMepoB in silico

http://insilico.ehu.es/PCR/Amplify.php

2. baza JaHHBIX JJIA IIOUCKa OJHOHYKIJICOTHUAHBIX 3aMCH

http://compbio.cs.queensu.ca/F-SNP/

3. Uuctpyment gns mepeBoma  mocienoBarensHoctH  JJHK B peepce-
KOMILIEMEHTapPHYIO

dopmy http://arep.med.harvard.edu/labgc/adnan/projects/Utilities/revcomp.html

4. http://rosalind.info/problems/locations/ - pecypc s caMOCTOSTEILHOTO
u3yudeHus ononngpopmaruku Rosalind.

5. http://www.ncbi.nlm.nih.gov/ - caiit HartnonansHoro Ilentpa

ouorexnonornueckoit napopmarmu NCBI, 6aza nanasix [ eHHBIN OaHK.

6. http://blast.ncbi.nim.nih.gov/Blast.cgi - BLAST: Basic Local Alignment

Search Tool, onnaiiH-iporpamma st BRIpaBHUBAHHUSI ITOCIIEI0BACIIEHOCTEH
OMOJIOTMYECKUX MAKPOMOJIEKYJI

7. http://www.mendeley.com/ - Mendeley: Free reference manager and PDF

organizer; mporpamMma-0Ou0JIMTEKapPh.

8. http://www.ebi.ac.uk - caiit EBpomnelickoro mHCTUTyTa OMOUH(OPMATHKH

9. http://www.scopus.com — oubrorpaduyeckas 0a3a JTaHHBIX U HHJICKC

IUTHPOBAHUS SCOPUS

10.http://thomsonreuters.com/thomson-reuters-web-of-science/

oubnrorpaduyeckas 0a3a naHHBIX U MHIAEKC uTupoBanus Web of Sicence

11.http://www.molbiol.ru — pycckosi3eranbIif HHOOPMATMOHHBIN CAalT U HopymM

10 MOJIEKYJISIPHOU OMOJIOTHH


http://insilico.ehu.es/PCR/Amplify.php
http://compbio.cs.queensu.ca/F-SNP/
http://arep.med.harvard.edu/labgc/adnan/projects/Utilities/revcomp.html
http://rosalind.info/problems/locations/
http://www.ncbi.nlm.nih.gov/
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.mendeley.com/
http://www.ebi.ac.uk/
http://www.scopus.com/
http://thomsonreuters.com/thomson-reuters-web-of-science/
http://www.molbiol.ru/

Ilepeyens HHPOPMALMOHHBIX TEXHOJIOTHH

H IPOrPaMMHOI0 o0ecredeHust

[Mporpamma VECTOR NTI https://www.thermofisher.com/ru/ru/home/life-

science/cloning/vector-nti-software.html

[Ipu ocymiecTBIeHUU 00pPA30BATENILHOIO MpoIecca CTYJIEHThl HCIHOJIb3YIOT
nporpammHoe obecneuenne: Microsoft Office (Excel, PowerPoint, Word u
Ip.), JJIEKTPOHHBIE pecypchl caiita JIBOY, sximtouas ObC [IBOY.
bubmuorpaduueckas 0a3a MaHHBIX © WHICGKC ITUTHPOBAHHUS SCOPUS,
oubnmorpaduueckas 0a3a JaHHBIX M HHIAeKC IutupoBanus Web of Science,
MOMCKOBas CHCTeMa, TeHHbIN OaHK U makeT onjaiH-mporpamm NCBI, Hayuynas
anekTpoHHas Oubnnoreka eLIBRARY, s1exkTpoHHO-0MOIMOTEUHAsT cUcTEMa
“Znanium”, AJICKTPOHHAS ouoImoTeyHas cucTeMa IPRbooks,
unpopmarmonnas cuctema "EJJMHOE OKHO" noctymna k oOpa3oBarenbHbIM
pecypcaM JOCTYM K AIEKTPOHHOMY 3aka3y KHUr B ouoinoreke [[BOY.
[Iporpammuoe obGecrieuenue Vector NTI nns ananmusa miuasMug U JAPYrux
TCHETHYECKUX BEKTOPOB.

http://blast.ncbi.nlm.nih.gov/Blast.cai - BLAST: Basic Local Alignment

Search  Tool, mporpammHoe  oOecrieueHne  JUIsi  BBIPAaBHUBAHHS
MOCIIeI0BACTIFHOCTEH OMOIOTHUECKUX MaKPOMOJICKYT

MEGA — mnporpaMMHbI TakeT g (UIOTEHETHUYECKOro aHaiu3a |
BBIPaBHUBAHUS MTOCJIEIOBATEILOCTE OMOMOJIEKYT

http://www.idtdna.com/calc/analyzer - mnporpamMMHOe oOecreueHue s

aHaJIn3a KOPOTKHX HYKICOTUIHBIX HOCHGI[OBaTeHBHOCTefI 141 Hp&ﬁMpOB


https://www.thermofisher.com/ru/ru/home/life-science/cloning/vector-nti-software.html
https://www.thermofisher.com/ru/ru/home/life-science/cloning/vector-nti-software.html
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.idtdna.com/calc/analyzer

VI. METOAMYECKHE YKA3AHHSA 1O OCBOEHUIO JUCIUITJINHBI

Kypc crpykrypupoBan 1O XpOHOJOTHYECKOMY, TEMaTHYECKOMY H
CPaBHUTEIbHO-TUIIOJOTUYECKOMY MPUHIUIIAM, YTO TO3BOJISIET, C OJHOM CTOPOHBI,
CHUCTEeMAaTHU3UpOBaTh Y4YEeOHBI MaTepuan, ¢ Ipyrod — NOTYEPKHUBAET CBS3b C
JIPYTUMH JUCHUILUTHHAMEU TYMAHUTAPHOTO U CHEIHATBHOTO IHKIIA.

B nmpouecce wu3ydyeHHs MarepualioB Y4YeOHOrO Kypca IpeaslararoTcs
cienyromue GopMbl paboT: YTCHHE KU, TPAKTUYECKUE 3aHATUS, KOHTPOJIbHBIC
paboThI.

Jlekyuonuvie 3aHAmMuUs OPUEHTHUPOBAHBI HA OCBEUICHHE BBOJHBIX TEM B
KaXIBIA pasfen Kypca M MPU3BaHbl OPUEHTUPOBATH CTYIACHTOB B MpeiaraeMoM
MaTepuase, 3aJI0)KUTh HayyHblE U METOJIOJIOTUYECKUE OCHOBBI JUIs JajbHeHIen
CaMOCTOATENbHON pabOTHI CTYIEHTOB.

Ilpakmuueckue 3auamusi aKIEHTUPOBAaHbl HAa HanboJiee MPUHLUINAIBHBIX U
npoOJIeMHBIX Bompocax ¢uiocopuu M NPU3BAHBI CTUMYJIMPOBATH BBIPAOOTKY
COOCTBEHHOW MHUPOBO33PEHUYECKON MO3UIUH 110 JAHHBIM TEMaM.

B pabore co cTyaeHTaMu UCTIONb3YIOTCS pa3HOOOpa3HbIe CPeACTBa, (OPMBI U
MeTo/1bl 00ydeHHs (MHPOpMalMOHHO-Pa3BUBAOIINE, TPOOJIEMHO-TIONCKOBBIE).

Oco060 3HaunMoM 11 TPoheCCUOHAIBHONW MOATOTOBKHM CTYACHTOB SIBISICTCS
camocmosmenvHas paboma 1o Kypcy. B xone 3Toit paboThl CTyI€HThI OTOUPAIOT
HEOOXOIUMBIA MaTepual M0 H3y4aeMOMY BOMPOCY W aHAIM3UPYIOT €To.
CamocTosiTenbHast paboTa ¢ JIUTEPaTypol BKIIIOYAET B ceOs Takhe MPUEMbl KAk
COCTaBJICHHE IIJlaHa, TE3UCOB, KOHCIEKTOB, AHHOTUPOBAHHWE HCTOYHUKOB,
Hancanue pedepaTtoB. B pamMkax yueOHOTo Kypca moapa3yMeBaeTcsi COCTaBICHUE
TEMaTHYECKHX JOKJAJ0B, KOTOpPBIE MPOBEPSETCS MperoaaBareieM, 00Cyx aaeTcs
CO CTyJICHTaMH M YUYUTHIBACTCSI P UTOTOBOM KOHTPOJIE 3HAHUH 110 KypCy.

CTyneHTOB HEOOXOAMMO IO3HAKOMUTh C OCHOBHBIMH HCTOYHHMKaMH, 0e3
KOTOPBIX HEBO3MOXHO MOJHOILIEHHOE NMOHUMaHue mpobiieMaTtuku Kypea. [lostomy
TH WCTOYHHKH PEKOMEHJOBaHBl CTyIEHTaM J[UIS JIOMAIHETO W3Y4YeHHUS U
BKJIFOUEHBI B TPOrPaMMYy.

OcBoeHue Kypca  JIOJDKHO  CHOCOOCTBOBaTh  Pa3BUTHUIO  HABBIKOB



00OCHOBaHHBIX U CaMOCTOSITENIbHBIX OLIEHOK (pakToB M KoHuemnuui. [loatomy BO
Bcex (popmax KOHTpOJIA 3HaHUU, OCOOCHHO IMPH Cave 3aueTa, BHUMAHUE JOKHO
ObITh OOpalieHo Ha TMoHuMaHue GuiIocodCko MNpoOIeMaTUKH, Ha YMEHHE

KPUTUYICCKU NCIIOJIb30BaTh €€ PE3YyJIbTAThI U BLIBOAbI.

Vil. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHHUE
JAUCHUITJIIMHBI

OcBoeHME JUCHMIUIUHBI «MOJEKYJIIpHOE MOJAEIUPOBAHUE OUOCTPYKTYp»
IIPEAINOIaraeT MUCIOJIb30BAHUE  CIEAYIOLIETO  MaTEPUAIBHO-TEXHUYECKOTO
oOecrnieuenusi: MylnbTUMEIUIMHONW ayAUTOPUH, OCHAIEHHOW MIMPOKOMOJIOCHBIM
JOCTYIIOM B ceTh uHTepHeT. KommbroTepHoro kmacca. Bce KoMIIBIOTEpBI
MOAKJIFOUYEHBI K KOPHOPAaTHUBHOM KOMIIbIOTEpHOM cetn [IB®Y m Haxonmsarcs B
€IMHOM JIOMEHE.

JUis BBIOJIHEHUSI CAMOCTOSITENIbHOM pabOThl CTYIEHTHl B JKWJIBIX KOpIycax

JIB®Y obecneuens Wi-Fi.

MynbsTMenuiiHas ayIuTOpys: 690922, ITpumopckui Kpaiu, I.

Monob6mox Lenovo C360G- | BnaguBocTok, ocTpoB Pycckuii, mosyocTpoB
134164G500UDK; Dxkpan mnpoekuuoHHbli | CanepHbiii, nmocenok Askc, 10, ayn. M 421,
Projecta  Elpro Electrol, 300x173 cwm; | 422
MynbeTumenuiiuelii  mpoektop,  Mitsubishi
FD630U, 4000 ANSI Lumen, 1920x1080;
Bpesnoii uHrepderic c CHUCTEMOI1
ABTOMAaTUYECKOTO BTATMBaHUs kaberneit TLS
TAM 201 Stan; JlokymeHT-kamepa Avervision
CP355AF; MuxkpodoHnHas MeTINYHas
pamuocuctema YBUY gmanazona Sennheiser
EW 122 G3 B cocraBe OecrpoBOAHOTO
MUKpO(OHa u MPUEMHHKA; Kogex
BuneokoHpepenicnsazu LifeSizeExpress 220-
Codeconly- Non-AES; CeteBas Buiacokamepa
Multipix MP-HD718; e XXK-manemu 47",
Full HD, LG MA4716CCBA; Iloacucrema
ayJTMOKOMMYTaITU! " 3BYKOYCHJICHUS;
[EHTPaTN30BaHHOE Oecriepeboiinoe
obecrnevyeHne IeKTPOTUTaHUEM

Jlaboparopust OMOMETUIIMHCKUK KIETOYHBIX
TEXHOJIOTUI 690922, [Ipumopckuit Kpap, T.




[Ipubop mns TpOBEACHHUS TOJUMEpPA3HOU
LHEMHOM peakiuu C JACTEKIHEH MPOIYKTOB
aMIUIMPUKAIII B PEXKUME  «PEATBHOTO
Bpemenu» CFX96 Touch Real Time System

Kamepa mast anekrpodopesza Mini-Sub Cell
GT System (BioRad 1704467)

Kamepa mist BepTUKaIBHOTO AJIeKTpodopesa
Mini-PROTEAN Tetra Cell, BioRad 1658003

Kamepa mis mpoBeneHHs BEpTUKaIBHOTO
annekrpodopeza PROTEAN II xi Cell (BioRad
1651803)

Cucrema mnsa  ¢uxcanuu u  00pabOTKH
anekrpodopesnbix reneit Gel Fix System

N3mepurens BogopoaHoro mnokazarens (pH)
pacTBOPOB B KOMIUICKTE C JJIEKTPOJIOM H
KanmuOpoBouyHoO# cuctemort PB-11-P11

Hleiikep TepmocTatupyemsbiii ES-20/60

LenTpudyra naboparopuas MiniSpin

Jo3zarop ABTOKJIAaBUPYEMBIii
onnokaHanbHbli HTL mnepemenHoro obbema
100-1000 mxa Discovery Comfort (4046)

Jo3zarop ABTOKJIAaBUPYEMBIii
onHokaHanbHbeIE HTL mnepemenHoro obbema
20-200 mxa Discovery Comfort (4045)

Jlozatop  aBTOKJIABUPYEMBIH  OJHOKAH.
nepemMeHHoro ob6wsema 2-20 Mk Discovery
Comfort (4043)

Jlo3atop  aBTOKJIABUPYEMBIH  OJHOKAaH.

nepemeHHoro oosema 10-100 mxn Discovery
Comfort (4044)

Cucrema aBTOMaTu3upoBaHHas  Biacore
X100 System a5t aHanM3a MEXMOIEKYIIPHBIX
B3aUMO/IeHCTBUN ¢ HAOOPOM JTOTIOJIHUTENBHBIX
yacTel U IpOorpaMMHBIM 00€ecIIeYeHHEM

Cucrema Uisi HENpPEPBHIBHOIO HAOIIOACHUS
32  JKMBBIMM  KIETKaMH B KYJIbTYpE,
dbopmupoBanusa u aHanuza uzodpaxenus Cell-
IQ MLF, Chip Technologies, Uexus

WUukybatop  mepconanmphbii  CO2- ¢
CUCTEMOM  MOHMTOPMHIa M  IIOBBIIICHHUS
BuTanbHOCTH KieTok Galaxy (CO48R-230-
1200)

[Mkad JTaMUHAPHBIN 2-ro KJjiacca
OMOJIOTHYECKOM 3alMThl, pa3Mmep paboueit
noepxHoctu 150 cm SafeFAST Elite215S

bakrepunuaHsi Y ®-peuupKyasaTop
Bo3ayxa, UVR-M

Memanka marautaas, MSH-300i

BrnaguBocTok, octpoB Pycckuii, moayocTpoB
Canepnsiii, nocenok Askc, 10, aya. MS820,
MS823, M826




Munupoxep-meiikep, MR-1

Tepmomeiikep mnanmetHsid, PST-60 HL-4
Cucrema TONYYEHHUSI CBEPXUYUCTON BOJIBI

Simplicity (SIMSVOOEU)

Lentpudyra nabopaTopHas JUTS
IOpOBEICHUS  MPOOONOJATOTOBKA  METOJIOM
neHtpudyruposanus S804R

XO0JOAUITBHUK HU3KOTEMIEpaTypHbIH

Forma 902

Jlozatop aBTOMAaTHYECKHN OJHOKAHAJBbHBIN
nepeMeHHoro ooObema 0,2-2 MK, cepuu

Discovery Comfort (DV2)

ABTOKJIaB aBTOMAaTHMYECKHH BEPTUKAJIbHBIN

MLS-3020 U

Becol ananutuueckue cepun Adventurer Pro

AV213

Becor nmpeunsuonnsie cepun Pioneer (PA413

Ho3arop AIEKTPUYECKUI

ceposorunueckux nunerok Swiftpet PRO

Huctumnstop GFL-2008

Bonsanas OaHs-TepMocTaT

nepemermrBanueM WB-4MS,

Tepmoctar cyxoBo3aymiHbiii MIR-262
OrtcacbiBarenb MeguuHckuii OM-1
Becwr nmpeunsuonnsie cepun Pioneer (PA413

JUIA

HaumenoBanue 000py0BaHHbBIX
MOMEIIEHUN U ITIOMEIECHUN 111
CaMOCTOSITENTLHOM pabOTHI

[lepeueHb OCHOBHOTO 000PY10BaHUS

AyauTopust Juisi IPaKTHYECKUX
3aHITUH

r. Bmagusoctok, o. Pycckuit, 1.

Asxc 1.10, ayn. M419, nnomans
74,9 m?

ITpoextop DLP, 3000 ANSI Lm, WXGA 1280x800,
2000:1 EW330U Mitsubishi; Iloncucrema
CIEIMATIN3UPOBAHHbIX KpEIUICHNI 000pyAOBaHUs
CORSA-2007 Tuarex; Ilomcucrema BUICOKOMMYTAIUU:
MatpuuHblii kommytrarop DVI DXP 44 DVI Pro Extron;
yumauTens DVI o Butoit mape DVI 201 Tx/Rx Extron;
[loncucrema  aynquoKOMMYTalMd UM 3BYKOYCHJICHUS;
aKyCTHYeCKas cucTema Juis moTosouHoro Montaxa SI 3CT
LP Extron; mudpooit aymmuomnporeccop DMP 44 LC
Extron; pacmmpenue st KoHTposuepa ynpasienus IPL T
CR48

UwuranbHble 3as161 HayuHol
o6ubnuorexku IBOY ¢ OTKpHITHIM
J0CcTynoM K (oHy (Kopmyc A -
ypoBeHb 10)

Mono6nok HP ProOme 400 All-in-One 19,5
(1600x900), Core i3-4150T, 4GB DDR3-1600 (1x4GB),
1TB HDD 7200 SATA, DVD+/-RW,GigEth,Wi-Fi,BT,usb
kbd/mse,Win7Pro (64-bit)+Win8.1Pro(64-bit),1-1-1 Wty




CxkopocTts nocryna B Uatepuer 500 Mout/cex.

PaGoune Mecra pana Oael ¢ OrpaHUYEHHBIMHU
BO3MOXXHOCTSIMU ~ 3710POBbsSl  OCHALLEHBl JUCIUIESIMH U
npuntepamu  bpaing;  00opynoBaHBI:  MOPTATHBHBIMH
YCTPOMCTBAMM [UIsl YTEHHUS IUIOCKOIIEYATHBIX TEKCTOB,
CKaHUPYIOLIUMU u YUTAIOLUMHU MalIuHaMU
BUJICOYBEIMUUTEIEM C  BO3MOXHOCTBIO  PETryJISLUU
LBETOBBIX CIEKTPOB; YBEIWYMBAOIIMMHU 3JIEKTPOHHBIMU
JIyIlaMy ¥ yJIbTPa3ByKOBbIMH MAPKUPOBILUKAMU

Aynuropust 1u1st
CaMOCTOSITENIbHON PabOTHI
CTYZICHTOB

r. BnaguBocrok, o. Pycckuii 1.

Asxc 1.10, Kopmyc 25.1,
ayn. M621
[Tnomans 44.5 M2

Momno6nok Lenovo C360G-i34164G500UDK  19.5"
Intel Core 13-4160T 4GB DDR3-1600 SODIMM
(1x4GB)500GB Windows Seven Enterprise - 17 mryk;
[IpoBomnas cers JIBC — Cisco 800 series; OecipoBoaHbIE
JIBC nmnst oOydaromuxcsi o0ecriedeHbl CUCTeMOi Ha 0ase

touek pocryna 802.11a/b/g/n 2x2 MIMO(2SS).




MUHUCTEPCTBO HAVKU U BBICILIETO OBPA3OBAHUS POCCUIICKOI
®EJIEPAITNHU
q)ez[epanLHoe TOCYyJapCTBEHHOEC aBTOHOMHOC O6p&30BaTeJ'II->HO€ YUPEKACHUC
BBICIICTO O6pa30BaHI/I${

«/laibHEeBOCTOUYHBIN (heepanbHbIA YHUBEPCUTET
(ABDY)

IKOJIA BUOME/IUIINHBI

YYEBHO-METOJNYECKOE OBECITEYEHUE CAMOCTOSITEJIBHOM PABOTHI
OBYYAIKOULIUXCHA
no qucHumiIuae «MoJieKyJsipHOe MOIeJTHPOBAHHE OHOCTPYKTYP»
cnenuagabHocTh 30.05.01 MeaunuHcKkass 0MOXUMHUS

(DopMa NOoAroTOBKH OYHasA

BaaauBocTok
2019



I'paduk BHINOTHEHHUS CAMOCTOATEIbHON PAadOThI MO AMCHMILINHE:

JlaTta/cpoxkn

BBINOJIHEHUSA
/m

Bua camocrosiTeILHOM
padoThI

IIpumepHbIe
HOPMbI BpeMEHH
HA BBINOJHEHHE

dopma
KOHTPOJIsA

B cemectp

1-10 Henens

Pabora ¢  KOHCIIEKTOM,
W3y4eHUEe JIUTepaTyphl IO
JUCIUIIMHE, TOJATOTOBKA K
MPaKTUYECKOMY 3aHATHIO,
MMOATOTOBKAa K KOHTPOJIBHOMY
TECTUPOBAHUIO,  HAIMCaHUE
JIOKJIJI0B, PEIICHUE TECTOB

36

KOHTPOJIBHOC
TECTUPOBAHHUC

11-18 wenens

Pabora ¢ KOHCIIEKTOM,
U3y4YeHUEe JIUTepaTypbl IO
JUCIUIIMHE, TOJATOTOBKA K
MPaKTUYECKOMY 3aHATHIO,
MIOATOTOBKA K KOHTPOJIBHOMY
TECTUPOBAHUIO, TOATOTOBKA
JIOKJIAZI0B, PEIICHUE TECTOB

36

KOHTPOJBHOC
TCCTHUPOBAHUC

3 ceccus

IToaroroBka k 9K3EMCHY

36

3aueT

CamocrosTenpHas pa60Ta CTYACHTOB

COCTOUT U3

IIOJATOTOBKH K

NPaKTUYECKUM  3aHIATHSAM, padOThl HaJa PEKOMEHJOBAHHOW JIMTEPaTypoOH,

HarmiuCaHus JOKJIaA0B 110 TEME CCMHUHAPCKOI'0 3aHATHA, ITOATOTOBKH HpGS@HTaHHﬁ.

HpenonaBaTenb npeajiaract KaXxXIaoMy CTYACHTY HWHAWBHAYAJIBHBIC U

muddepeHpoBanHbie 3ananus. HekoTopble M3 HUX MOTYT OCYLIECTBISTHCSA B

rpynmne (HarnpuMmep, MOATOTOBKA JIOKJIA/a U MPE3CHTAlluU MO0 OJHOM TeME MOTYT

AcJaTb HECKOJIbBKO CTYACHTOB C Pa3AaCIICHUCM CBOUX 00s3aHHOCTEH — (0105151

TrOTOBUT HAyYHO-TEOPETUYECKYIO YaCTh, @ BTOPOIl MPOBOAMUT aHATIU3 MPAKTUKH).

CamocrosiTenbHas paboTa MOXET OCYIIECTBIATHCS HHAMBUAYAIbHO WU

rpymnmmamMu CTYACHTOB B 3aBUCHMOCTH OT LCIJIH, 06’beMa, KOHKpCTHOfI TCMAaTHUKHU

CaMOCTOSITENIbHOM pabOThl, YPOBHS CJIOKHOCTH U YPOBHSI YMEHUMN CTYICHTOB.

KoHTponb pe3ynpTaTOB €aMOCTOATEIBHONW pabOThl CTYAEHTOB JIOJKEH

OCYHICCTBJATBCA B IMPCACIaX BPEMCHHU, OTBCACHHOI'O Ha 00s13aTeNIbHbBIE y‘—Ie6HBIe

3aHATHA U BHCAYJIUTOPHYIO CaMOCTOATCIIbBHYIO pa60Ty CTYACHTOB IO JUCIUIIJIMHE,

MO>KET MPOXOAUTH B MUCbMEHHOM, YCTHOM WIJIM CMEIIaHHOM opMe.
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IMACHOPT ®OC

Kox wu ¢opmynnpoBka Jrtanbl GOPMUPOBAHHUA KOMIETEHMH
KOMIIeTeHIIUH
ITK-11 3Haer IIPUMEPBI  BBIYUCIUTENBHBIX JKCIIEPUMEHTOB C
['oTOBHOCTB K OpraHu3anuu OenkamMu U OGMomMeMOpaHaMH U IOJyYEHHbIE B HUX
u OCYILIECTBIIEHUIO pe3yabTaThI
IPUKJIAJHBIX U MPAKTHYECKHX
IPOCKTOB " HHBIX
MEpONPUATHHA 1O H3YYEHUIO
OMOXHUMHUUYECKHUX u
(pHM3HMOIOTUYECKHX TIPOLECCOB Ymeer c(OopMynIHpOBaTh MOJEIbHOE IpEACTaBIECHUE
U SIBJIEHHUH, IIPOMCXOIALIMX B MOJICKYJISIPHOTO OMO0OBEKTa U  BO3MOXHOCTH
KJIETKE YeJIOBEKA OpraHu3alMi  BBIYUCIUTEIBHBIX  MOJIEKYJISIPHO-
JUHAMUYECKHUX SKCIIEPUMEHTOB C HUM
Bnanee
METOJlaMH U OCHOBHBIMH  IIPOIpPaMMHBIMH
' CpeACTBaMU JIi MOJIEKYJSIPHOTO MOJICITUPOBAHHUS
OUOCTPYKTYP
[1K-12 3HaeT OcobenHoctu  pabOTBI W BO3MOXKHOCTH
CriocobHOCTb K 0o0OpyJOBaHUs JIi MPOBEACHUS MOJIEKYJISPHOTO
OIpeIeNICHUIO HOBBIX MOJICTUPOBAHMS OMOCTPYKTYD.
oOmacteil McciaenoBaHUA U Ymeer Haxonuth TUTEpaTypy, OIMCBIBAOLIYIO
npobiieM B cepe pa3paboTku OTKPBITBIE BOIPOCH B OOJACTH COBPEMEHHOM
O6uodpusnyeckux u  (PU3UKO- OMOTEXHOJIOTHH U 3]IPaBOOXPAHEHHUSI.
XMMHUYECKMX TEXHOJIOTUH B Bnanee Merogamu moucka HaydHOW HWHGOpPMAIUU B
3/IpaBOOXPAHEHUH T 6a3ax nanHbix NCBL
I1K-13 3Haer Crpykrypy HalucaHus Hay4HO-
CnocoOHOCTb K HCCIIEIOBATENIbCKON PabOTHI.
OpraHu3alil U MPOBEACHUIO Ymeer @dopmynupoBaTh Ledb M 3aJaud  Hay4HO-
HaYYHBIX WCCIIETIOBAHHIA, MCCIIeIOBATENLCKOM PabOTHI.
BKJIIOYass BHIOOp LeMu U
(bhOpMyYTUPOBKY 3ajad,
IUITaHUPOBAHUE, noaoop
aJIeKBaTHBIX METOJI0B, CcOOp,
00paboTKy, aHalW3 JaHHBIX U
yOJIMYHOE UX MpeACTaBICHUE
c y4eToM TpebOBaHUH | Braneer bazoBbiMu METOAaMU CTaTUCTUYECKOMN

UH(POPMALIMOHHOM
0e3011aCHOCTH

00paboTKH pPe3ybTaTOB UCCIICTOBAHMS.




No Kontpommpyemsie Mogynn/ OueHoYHbIE CPECTBA -
n/m | pas3zaensl / TeMbl JUCIUTUTNHBI Kopp! 1 sTansl popMupoBaHust KOMIETEHIHHI HAaUMEHOBAHUE
TEKYIIUH KOHTPOJIb MIPOMEXKYTO
YHast
aTTecranus
Paznen I OcHOBBI IIK-11 roToBHOCTH K OpraHu3anuu | 3HaeT: MIPUMEPbI 3ader/3K3aMm
MOJIETTUPOBAHUS U OCYUIECTBIICHUIO TPUKIAIHBIX U | BBIYMCIUTEIbHBIX eH
MOJICKYJIIPHON JUHAMUKH IPAKTUYECKUX TIPOEKTOB M HHBIX | SKCIIEPUMEHTOB C YO-1 onpoc Bompocsr -
Paznen Il. Anroputmel yuyera | MmeponpusTui o M3YYEHHUIO | OenkaMu u 1-38
TEPMOJIUHAMHYECKHUX OMOXMMHYECKHUX u | buomemMOpanamMu u
XapaKTEPUCTHUK CPEIbl (U3MONIOrMYECKUX  TMPOLECCOB M | MOJyYEHHbIE B  HHX
Paznen Ill.  TexHonoruu | siBA€HUH, NPOUCXOASIIUX B KIETKE | pe3yJbTaThl
MIOCTAHOBKM U TPOBEICHHS | YeIoBeKa Ymeer:
BBIYHUCITUTENbHBIX chopMynupoBaTh
AKCIIEPUMEHTOB c MOJIETIbHOE YO-1 onpoc
Pa3IMYHBIMH IIPEJICTaBICHNE
OMOMOIIEKYIISIPHBIMH MOJIEKYJIIPHOTO
CUCTEMaMHU 061oo0BeKTa u
BO3MOYKHOCTH
OpraHu3aIu
BBIUMCITUTEIHHBIX
MOJIEKYJISIPHO-
TUHAMHYECKUX
9KCIIEPUMEHTOB C HUM Pesynbrar
Briageer: MeTomaMmH 1 ITP-1 Tect TECTUPOBAHU,
OCHOBHBIMH
MIPOrPaMMHBIMH
CpeacTBaMHU TUTST




MOJIEKYJISIPHOTO
MOJEIIUPOBAHUS

OUOCTPYKTYp

Pasnen l. OCHOBBI
MOJICTTUPOBAHUS
MOJICKYJISIPHOM TMHAMUKH
Paznen Il. Anroputmel yuyeta
TEPMOTUHAMHYCCKHIX
XapaKTePUCTHK CPEIIbI

Pasnen Ill. TexHomoruu
MMOCTAHOBKH W TIPOBEICHHSI
BBIUYMCIIUTEIBHBIX
IKCIIEPUMECHTOB c
Pa3IMYHBIMH
OMOMOJIEKYIISIPHBIMU
cHUCTEMaMU

[K-12 CIOCOOHOCTh K
OTpEJCNICHUI0  HOBBIX  oOmacrei
WccieoBaHus U TpobiemM B cdepe
pa3paboTKu  OMOPU3HUYECKHX  H
(UBHKO-XMMHYCCKUX TEXHOJIOTHHA B
3/IpaBOOXPaHECHUUN

3naer: OcoOEHHOCTH
paboThI u
BO3MOXKHOCTH
00opymoBaHuUs JUTS
POBEICHUS
MOJICKYJISIPHOTO
MOJICTTHUPOBAHHS

OHOCTPYKTYP.
YmMmeer:

JIUTEPATypy,
OIHCHIBAIOIIYIO
OTKPBITBIE BOMIPOCH B
o0jacT COBpPEMEHHOMN
OHMOTEXHOJIOTHHU u
3/IPaBOOXPAHECHHSL.

Haxomuts

Bnaneer: Mertomamu
IIOMCKa Hay4HOU
nHpopManuu B 0azax
nmaaabeix NCBIL

YO-1 onpoc

YO-1 onpoc

I1P-1 Tect

3auet/rK3am
eH
Bomnpocs! -
1-38

Pesynbrar
TECTUPOBAHUS,




Paznen l. OcHOBBI
MOJIETTUPOBAHUS
MOJIEKYJIIPHOW TUHAMUKHA
Paznen Il. Anropurmsel yuera
TEPMOJUHAMHYECKHUX
XapaKTePUCTHUK CPEIIbl

Pazgen |ll. Texuonoruu
MOCTAaHOBKM M TPOBEJCHUS
BBIYHUCITUTENbHBIX
JKCIIEPUMEHTOB c
pa3IUYHBIMU
OMOMOJIEKYIISIPHBIMH
CUCTEeMaMHU

[K-13cnoco6HOCTB K
OpraHu3aIu u MIPOBE/ICHUIO
HAyYHBIX WCCIICJIOBAHMA, BKIIIOYas
BBIOOD 1IeTH ¥ POPMYITHPOBKY 3a71ad,
IUTAHUPOBAHKE, MOJ00P aJCKBATHBIX
METO/I0B, cOOp, 00pabOTKy, aHAIH3

TAHHBIX " my0IMIHOe ux
MPEJICTaBICHUE C y4eTOM
TpeOoBaHMt nH(OPMAITMOHHOM
0€e30MacHOCTH

3naer:  Crpykrypy
HaIrMCaHus Hay4HO-

HCCIIE0BATEIbCKON
paboTHL.

YmMmeer:
®opMynupoBaTh  LEIb
M 3aJadyd  HaAy4dHO-
HCCJIEIOBATEIbLCKOM
paboTHI.

Brnaneer: ba3oBeiMm
METOdAMHU
CTaTUCTHYCCKOMN
00paboTku
pe3yabTaToOB
HCCIICAOBAHUS.

YO-1 onpoc

YO-1 onpoc

I1P-1 Tecrt

3ayer/sK3am
eH

Bonpocsr -
1-38

Pesynbrar
TECTUPOBAHUS,




IIIxkana oueHUBaHUA YPOBHSA C(POPMHPOBAHHOCTH KOMIIETEHIIUI

Kon " Jdranbl  (GopMHUPOBAHUSA KpPUTEepUMn MoKa3areju
(¢opmMy/IMpOBKa | KOMIIETeHUHH
KOMIIeTeHIUH
IK-11 MIPUMEPBI 3HaHue CTBpYKTYHPOB
['oTOoBHOCTE K BBIUMCIIUTEIIBHBIX | pa3IMYHBIX aHHOE 3HaHUe
opraHuszanud u 3HaeT | OKCICPUMCHTOB C | BpIYHCIMTENBHBIX | BBIYUCIUTEIbHBIX
OCYILECTBIICHHIO | (ITOPOrOB Oemxamu U | 3KCIIEPUMEHTOB C | SKCIIEPUMEHTOB C
OPUKIAAHBIX U | bl GruomeMOpaHaMt | geycany u | Oenkamu U
IIPAKTUYECKUX yposenb) | TOJLYHCHHBIC B ouomeMOpanamu | GmomemMOpaHamMu
IPOCKTOB U UHBIX HHUX PESYILTATBL | ) MOJy4eHHBIE B | M IOJyYCHHBIE B
MEpONPUATHHA 110 HUX PE3yJIbTaThl | HUX PE3yJbTaThl
U3YYEHUIO chopMynupoBa Croco6HOCTh dopmynupyer
OMOXHUMHUYECKUX Tb MOZIENLHOE | chOPMYIIUPOBATH | MOAEIBHOE
" IpeACTaBICHUC MOJEeNbHOE MPEACTABIIEHUE
dbuznonoruyecKu MOJICKYIFIDHOTO | fpencraBieHne MOJIEKYJIIPHOT O
X HpoHOeccoB H 6noodbexTa " MOJICKYJISIDHOTO 01oo0BeKTa u
SBIICHUH, ymeer | BOSMOKHOCTH O01000BEKTA U | BO3MOXXHOCTH
IPOUCXOIAIIMX B | (IPOJBHH Oprartusatin BO3MOXKHOCTH OpraHu3aIu
. BBIUMCIIUTEIIbHBIX
KJICTKE YEJIOBEKA | YThIi) MOJICKYILIPHO- OpraHu3aIu BBIYMCITUTEIbHBIX
HHAMAYECKUX BBIYUCIIUTENFHBIX | MOJICKYJISIPHO-
OKCIIEPUMEHTOB ¢ | MOICKYIIAPHO- JTUHAMUYECKUX
HUM JUHAMUYECKUX JKCHEPUMEHTOB C
HKCIEPUMEHTOB C | HUM
HUM
MeTOoJaMHU u | Bnanenue CamocrosTenbHO
OCHOBHBIMH 0a30BBIMHU BBITTOJTHSIET
BIAJICC | porpaMMHBIME | METOJAMH  JUTSL | MOJIEKYJISIPHOE
T CpeACTBaMHU JUIsl | MOJIEKYJIIPHOTO MOJIETUPOBaHHE
(BBICOKH | \iojjekyIsipHOr0 | MOAGIMPOBAHKS | GHOCTPYKTYP
i) MOJIETUPOBaHUsl | OMOCTPYKTYp
OUOCTPYKTYp
[1K-12 OcobenHoctu 3HaHue CTbpyKTYHPOB
CnocoOHOCTh K paboThI U | 0cOOeHHOCTEMN aHHOE 3HaHUE
ONIPEJIETIEHUIO 3Ha€T | BO3MOYKHOCTH paboThI u | paboThl "
HOBBIX oOOusacrelt | (moporos | o0opynoOBaHUs BO3MOXKHOCTH BO3MO>KHOCTH
UCCIICIOBAHUST U | bIif JUI  TIpOBEACHUs | 000PYAOBaHUS 000pyI0BaHUS
npobaeM B chepe | ypOBeHb) | MOJIEKYJISIPHOTO | JUIi  TPOBENCHMS | Ul TPOBEIEHUS
pa3paboTKu MOJICIIUPOBAHUS | OMOTEXHOJIOTHYEC | OMOTEXHOJIOTHYEC
onoduznueckux u OHOCTPYKTYP. KHX padorT. KHX padoT.
¢buznko- Haxonuth Crioco0HOCTE T'oToB u
XUMHUYECKHX yMEeT | JTuTeparypy, paboThI c | cnocobeH
TEXHOJIOTHI B | (IPOJBUH | OMUCHIBAIOIILYIO Hay4YHOH paboraTh c
3paBOOXPAHEHUU | YTHIN) OTKPBITBIE JIUTEPATYPOU. Hay4HOU
BOIPOCHI B JIUTEpaTypo




o0nactu
COBPEMEHHO
OMOTEXHOJIOTHH U
3/IpaBOOXPaHEHH
S
Mertonamu Brnanenue Camocrosrenb
BJIaJiee | MOMCKA HAayYHOW | METOJAMH MOHCKA | HO OCYIIECTBISET
T uHbOpMaIlMKM B | HAYYHOM NOUCK  HAyYHOU
(BeICOKM | 0a3ax  maHHBIX | HHQoOpManuu B | uHGOpMAIMK B
i) NCBI. 0azax JaHHBIX | 06a3ax JTAHHBIX
NCBI. NCBI.
IK-13 CtpykTypy 3HaHue CTBpYKTYHPOB
CriocobHOCTh K 3HAaeT | HAIMCAHUs CTPYKTYPBI aHHOE 3HaHHUE 10
opranusaiui ~ # | (IOPOrOB | HAy4YHO- HaIHMCaHUs HaIHMCAHUIO
MPOBE/ICHUIO BIii WCCIIEIOBATEIILCK | HAYYHO- HAY4HO-
Hay4HBIX YpOBEHB) | 0¥ pabOTHI. HCCJIEN0BATENBCK | MCCIIEIOBATEIBCK
UCCJIEIOBAaHUH, 0i1 paboTBHI. 0i1 paboTBHI.
BKJIIOYasi  BBIOOD dopmynuposa CrniocoOHOCTh l'oToB "
eln u Th 1I€7b U 33724 | (OPMYJIMPOBATh | CIIOCOOCH
(bopMyITHPOBKY yMeeT | Hay4HO- nend W 3aaadd | hopMyIaupoBaThb
3ajad, (IpOJBUH | UCCIIEIOBATEIBCK | HAYYHO- Henmd M 3aJlauu
TUTAHUPOBAHHKE, YThIi) Oii paboTHI. UCCJIEIOBATENBCK | HAYYHO-
noaoop 0if paboTHI. UCCIIEIOBATEIbCK
aJIeKBaTHBIX 0i1 paboTBHI.
METO/IOB,  cOOp, bazoBbiMu Bnanenue Brnaneer
00paboTky, METOJIaMHU METOJITaMHU METOJITaMHU
aHalIn3 NaHHBIX U CTaTUCTUYECKOW | CTATUCTHYECKOM | CTATHCTUYECKOM
nyonudHOe WX Blajaee | oOpaboTku 00paboTku o0paboTku
NpeJCTaBiICHUE C | T PE3yNbTaTOB pe3ynbTaToB pe3ynbTaToOB
y4eTOM (BBICOKM | HCCIICTOBAHMS. WCCIICIOBAHMS. UCCIICIOBaHMUS.
TpeOoBaHUI i)
UH(POPMALIMOHHO
It OezomacHoCTH

MeToauveckue peKOMEHAAlMU, ONpee/AIe NPoueAyPbl OlleHUBAHUSA

pe3yJbTaTOB 0CBOCHUA NUCHUILJIMHDBI

KoHTpoabHbIe TecThbl MpeAHa3HAYEHBI ISl CTYJEHTOB, M3YYarOUIMX KYypcC
«MounekysipHOE MOJECIUPOBAHUE OMOCTPYKTYP.

[Tpu pabote ¢ Tectamu mpeasaraeTcsi BHIOPATh OJIMH BapHAHT OTBETA U3 TPEX
— YeThIpeX MNpEeJIOKEHHbIX. B TO k€ BpeMs TecTbl IO CBOEW CII0KHOCTU

HCOANHAKOBBI. CpCI[I/I NpCaAJIOKCHHBIX HMCIOTCA TCCTBI, KOTOPBLIC COACPIKAT



HECKOJbKO BapUAHTOB MPABWIBHBIX OTBETOB. OpAMHATOPY HEOOXOAMMO YyKa3aThb
BCE€ MPABUJILHBIE OTBETHI.

TecThl paccuMTaHbl Kak Ha MHIMBHIYyaJIbHOE, TaK M Ha KOJUIEKTUBHOE HX
petienre. OHU MOTYT OBITh UCIIOIB30BaHbl B MIPOIIECCE U aYAUTOPHBIX 3aHATHM, U
CaMOCTOATENbHON paboThl. OTOOpP TECTOB, HEOOXOAUMBIX JIJISi KOHTPOJISI 3HAHUH B
poliecce MPOMEKYTOUHOM aTTecTalliyd MPOU3BOJUTCA KaXKIbIM IMPETojiaBaTesieM
WHJIMBUAYAIBHO.

PesynbTaTh BBITIOJIHEHUS TECTOBBIX 3aJlaHu’ OLICHUBAIOTCSA
npenojaBaTesieM Mo MITHOAIBHOW IMIKaje JJIS BRICTABICHUS aTTECTAllUU WU T10
CUCTEME «3adyeT» — «He 3ader». OlleHKa «OTJIMYHO» BBICTABISICTCS MpHU
paBUJILHOM OTBeTe Ha Oosiee yeM 90% mpemsiokeHHBIX MpernoaaBaTeIeM TeCTOB.
O1eHKa «XOpOoIIo» — MpH MpaBUWIbHOM OoTBeTe Ha OoJiee ueMm 70% TectoB. OneHka
«YIOBJIETBOPUTEIBLHO» — IMpU NOpaBUIbHOM oTBeTe Ha 50% MpeaIoKeHHBIX
OpJIMHATOPY TECTOB.

TecTupoBaHue N0 NPOHJIEHHBIM TeMaM MPOBOJUTCS Ha OyMa)KHbIX OJlaHKaxX

HJIK B KOMIIBIOTCPHOM KJIaCCC. HpHMGpI;I TCCTOB IIPUBCACHBI HUXKC.

HTorosoblii 3k3aMeHALIMOHHBIH TECT

Howmep monyins 48

dopMynupoBKa Tun BapuaHntsl oTBETOB Bamu
BOITpOCa BOITpOCa KOMMEHTapH

17}

Kakue mnpexacraBienus Bei6op = Ilpeacrasienue IIpaBunbH
JeXaT B OCHOBE METOJA | OJTHOTO MOJIEKYJISIPHOTO 00beKTa B BU/je | bl OTBET
MOJIEKYJIIPHOM 3HAYCHUS CHCTEMBbI B3aMMOJACHCTBYIOIUMX | BbIIEIEH
JUHAMUKN? MaTepHaIbHbIX yacrull,

ABHKEHHE KOTOPBIX
ONMCBHIBACTCH  KJIACCHYECKHUMHU
ypaBHeHusiMH HbloToHa;

= Onucanue MOJIEKYJISIPHON
JTUHAMUKU c ITOMOIIBIO
BPEMEHHOI0 YpaBHEHHUS
[Ipenunrepa.

Bce nmu w3 ykazaHHBIX OtBer 3aganue KOOpAMHAT " OtBeT 1a

NEWCTBUII OTHOCATCA K | ma/HeT cKopocreil BCeX aTOMOB;
IMOCTaHOBKE u 3aganme Ta0aUIBI MapaMeTPoOB
IIPOBECHUIO aToMOB (MX THIbI, ATOMHbIE
MOJIEKYJIIPHO- Macchl, 3apsabl); 3aJaHue

JUHAMHAYECKOIO napaMeTpoB CHJI0BOIO 1OJIs




BBIUHCIUTEIHHOTO
AKCIIEpUMEHTa?

IIpuBenure
HECKOJIbKUX
IPOTrpaMMHBIX
KOMILJIEKCOB,
UCTIOJIB3yEMBIX
MO/JICJINPOBAHUS
MOJIEKYJISIPHOM JAMHAMUKHU
OMOMOJIEKYIISIPHBIX
cucTeM

Ha3BaHUA

[THPOKO
TSt

Bsectu
3HAYCHUA

AMBER,
GROMACS,

GROMOS,
CHARMM,

IIYMA, PUMA, NAMD, Tinker,

DL_POLY,
NWCHEM

LAMMPS,

[IpaBunbH
BIM
CUHMTAETCS
OTBET,
coAepKaIMI
XOTS OBl
OJIHO n3
YKa3aHHBIX
3HAYCHUH.

1 KI  BOJABl  IIpHU
HOPMAJIbHBIX  YCIIOBUSIX
3aHuMaeTr oowvem 1 smTp.
Haiinure 00BeM,
IMPUXOJALIUICS B CPEHEM
Ha OJIHY MOJICKYJIY BOJIBI.
Orteer maiite B A° ¢
OKPYTJIEHUEM JI0 LIEJIOTO.

BBectu
3HAYECHUE

30

30 A3

Onenure JIMHEUHBIN
pa3Mep MOJICKYJIbl BOJIBI,
CUMTas, YTO MOJICKYJIbI
pacmoyio)KeHbl B y3Jax
IPOCTOM KyOn4eckoi
pemetku. OTBET nalTe B
aHrcTpeMax ¢  OJHUM
3HAKOM IIOCJIC 3aIsTOM.

Bsectu
3HauYEHUE

3.1

3.1A

Ycranosure
COOTBETCTBUE
XapaKTEPHBIX
HCIIOJIb3yEMBIX npu
ONMCAaHUU JTMHAMUKHU
MOJIEKYJIIPHOW CHUCTEMBI

JUTSL
EIMHUIL,

YcTaHOBUT
b
COOTBETCTBUE

1. Macca

2. JlnunHa
(paccrosinue)

3. Bpems
4. OHeprus

(a) mc (102 ¢)

(6) 5M (10° M)
wm A (101 m)

(B) xJx/Monb
WM KKaJI/MOJIb

(r) a.e.m.
(1,67-10°%" xr)

B MaJIBIX
MOJIEKYJISIPHBIX CHCTEMax
(kmacTepax), coaepKalmx
COTHHU WIH TBICSYU
aTOMOB,  YCJOBMS  JUIS
aTOMOB B
IIPUIIOBEPXHOCTHBIX CIIOAX
U B o00beMe CHIBHO
pas3M4aroTcs. [IycTe
aTOMBI pacrojiaraloTcs B
y31ax IIPOCTOU
KyOM4ecKOl pemeTku u

Bsectn
3HaYeHUE

48.8

48.8 %




obpasyror ky6o 10x10x10.
Haiinute pgomr0 aTromos,
PAacIoNOKEHHBIX Ha
NOBEpPXHOCTH KyOa. OTBeT
3aMUIINTE B MPOLIEHTAX

Pacuetnas sdueiika ¢
NEePUOIUYECKUMHU
TPAHUYHBIMU  YCIIOBUSMHU
umeer rpanuipl  [0,Lx).
[TpuBectn Qopmyny ams
onpeaeeHus X-
KOOPJIMHATHI oOpaza
4acTUIbl B  PacyeTHOHU
sSYerKe Xo, €CIU  ee
TEKYIee 3HAUCHUE Xt.

Bsectu
3HaYeHUE

Xo=Xt-[Xt/Lx]-Lx

3nech  [X]
O3Ha4yaeT
OKpYTJIEHHE
X 110
OmmKamiIero
LIEJIOTO B
MCHBIITYIO
CTOPOHY  —
1enaas 4acrhb
yucna X.

ITonumepHast moiekyna
B pa30aBIIEHHOM pacTBOpeE
UMEET COCTOSIHUE KIIyOKa.
Jns wmonenupoBaHUs ee
MOBEJICHUS ObLIa
npeIoKeHa MOJACIb, B
KOTOpOM mojumep  ObLI
MPEJCTABIICH LUEMOYKOU U3
100 mapoB mmamerpa 1,
COETMHEHHBIX
BaJICHTHBIMU CBSI3SIMH
JUIMHBI 1, a pacTBOpPHUTEIb
—  TIPOCTBIMH  IIIapaMH
muametrpa 1. Pacuernas
sueiika Obula B3ATa B
dbopme KyOa c
NEePUOANYECKUMU
TPaHUYHBIMU YCIOBUSIMH.
Ouenure o0mIee YUCIO
I1apoB, KOTOpOE
HEOOXOUMO TTOMECTHTH B
pacyeTHYIO SYEUKYy U1
TOTO, YTOOBI B TIpOIIECCE
TEIUIOBBIX  (PIIyKTyanui
MOJIMMEPHOTO KITyOKa
COXPaHSIACh YCIIOBUS
pa30aBIICHHOTO PAacTBOPA,
TO €CTh, YTOOBI TOJUMEP
HE WMEJI KOHTaKTOB C
oOpazamu mojumepa B
COCEJIHUX SUYEHKax

Bsectu
3HayYeHUE

1 000 000

100x100x
100

ITpn OIMCAaHUU
MEXMOJIEKYJIIPHBIX

YcranoBur

(a) U= K,(I —IO)2




B3auMOJICUCTBUHI
UCIOJIB3YIOT MOTEHIUAIIbI:
1) Ban-nep-BaanbcoBbix
B3aUMOJICUCTBUN; 2)
KYJIOHOBCKUX
B3aUMO/ICVICTBHUIA; 3)
BaJICHTHBIX  CBsA3el, 4)
BaJICHTHBIX  YyIJIOB;  5)
TOPCUOHHBIX  YTJIOB; 6)
MIJIOCKUX CPYIIIL.
ITocraBbTe B
COOTBETCTBHUE 3TUM
B3aUMO/ICVCTBUSIM
pUBEICHHBIC (POPMYITHIL.

COOTBETCTBHEC

0) u=K,(0-6,)?
(8) u=K_[1+Cos(ng)]
() u=K, [1-Cos(ny)]

0,9,
Uu=—-—+—
(H) &l

aveefe] (2
r r

JLtst OIMCAaHUSA
HEBaJICHTHBIX
B3aUMOJCHCTBUM
UCIIOJIB3YETCS] MOTEHLMAI
Jlennapn-/[>xoHca B
OJIHOM u3 JIBYX
IIPEICTABIICHUI:

o 12 o 6
r r
r 12 r 6
oo [ o)
r r

Haiinute cooTBeTCTBHE
MEXAy MapaMeTpaMu B
ATHX ABYX QopMyiax.

Bsectn
3HauYEHUE

rmin=2"% &

Mmin=2"% &

Bemumure  hopmybl
(xoMOMHaIIMOHHBIE
IpaBuiia) JUIsl MapamMeTpoB
Ban-nep-BaanbCoBbIX
B3aMMOJICUCTBUN €ab U Gab
YaCTHUI[ pa3HBIX COPTOB (&
u b) yepe3 3HaYEHUS ITHX
napameTpoB ISl KaKJI0TO
U3 COPTOB.

Bsectn
3HAYEHU

8ab:(8aa8bb)0'5

Gab:O.s'(Gaa+be)

0.5

€ab= (SaaSbb)

Gab:O.S'(Ga

atGbb)

ITorennuan BaJeHTHOH
CBSI3U MEXJy aToMaMu | U
J 3amam B dopme
u, =K(r—-b,), rme r=|r-
r| — paccTosHHEe MEXIY
TUMHU aTomamiu, a b — ee
paBHOBECHAs JUTHHA.

Bsectn
3HaYeHUE

f = 2K|(r—b0)u

y

ITockonbk
Habop

bopmyn wu
MpoBepKa X
PaBUIBHOCT

u

BBI3BIBAIOT

TPYAHOCTH,




BeiBenure dopmyny s MOJKHO
BKJIaJla B JEHCTBYIOIINE paccMOTpeTh
Ha arom | cuisl fi co BapUaHT
CTOPOHBI 3TOM BaJIEHTHOMU OTIEIIBHOTO
CBSI3H. CIUIOLIHOTO
CIIHCKa
dopmyn 1o
BCEM
3aJaHusAM, M3
KOTOPOTO
HYXHO Oyzaer
BBIOpPATH
IO IXOJTSTITY
10 hopmyiry.
HeBanentHoe Bgectu r Y2 e N —r
B3aMMOJICHCTBHE  MEXIYy | 3HaYCHHE f,=24 (mj —(mj : 5 =
. . r r r
YacTHIIAMH | W | 3a7aHo
noTeHmanioM Jlennapna- fy=—,
JlxoHca B popme
12 6
Tt
r r
, rie r=|ri-rj| -
paccrosinue MEXTY
aTOMaMH. BrBectn
dbopMyInbl TSI BKJIAJIOB B
CWJIBI, JIEHCTBYIOIIME Ha
aTOMBI, CO CTOPOHBI 3TOTO
B3aUMOJICHCTBHS
IIpu BBIYHCIICHUH 1. Meton Beprne cocraBneHus
HEBAJIEHTHBIX CITHCKa
B3aUMOJIEHCTBUI B KaKOM B3aWMO/ICHCTBYIOIINX Map;
U3 IBYX METOJIOB 2. MeToa ckaHMPOBaHUS
TPY/I0EMKOCT NPOCTPAHCTBA
nponopunonansHa N, B
MPOTUBOIMOJIOKHOCTh
IpyroMy, B KOTOPOM OHa
npornoprmonansHa N??
[Ipu  monenupoBaHUU BBectn I'masusri: 2,0,7,0,1,4,0,5,0
CHUCTEMBI U3 12 YacTHUIl Ha | 3HAUCHUS

INIOCKOCTH AJIA IIOMCKa

HEBAJICHTHBIX
B3auMMOACUCTBUHI
UCIIOJIBb3YETCs METO.
CKaHUPOBAHUS
npoctpaHcTBa. s aroro
pacueTHas sTyerka
pasouBaercst Ha 9=3x3

Ilprcoe IMHEHHBIH:
0,3,6,8,10,9,0,0,12,11,0,0




3JIEMEHTapPHBIX STICCK.
Beimmucats  IIaBHBIM U
MIPUCOETNHEHHBIN
MAacCCHBBHI, eCIIn
3aIl0JTHCHHUE
AJIEMEHTapHbBIX sTYeeK

HMMEET CIEAYIOUIUN BU:

Nel: 2,3,6,9; Ne3: 7;
Ne5: 1; Ne6: 4,8; Ne&:
5,10,11;

Ne9: 12

Hnst HaXO0XJICHUS YcranoBut | 1. AnroputMm Bepiie (mpocTteiimias 1-b
TPAeKTOPUIL b Pa3HOCTHAsl alllIPOKCUMALINS); 2—-A
MOJIEKYJISIPHOM JUHAMHMKHU | COOTBETCTBUE | 2. ANTOpUTM C HEPECKOKaMHU 3-B
UCIIOJIB3YIOTCSI pasHbIe (leap-frog anropurm);
aJTOPUTMBI, JAOIIUE 3. CxopoctHo#l anroputm Bepite.
OJIHY U Ty € BPEMEHHYIO
3aBHCUMOCTh KOOPAMHAT A:
aTOMOB. YCTaHOBUTH Vv, (t+0.5h) = v, (t—0.5h) +a, (t)h
COOTBETCTBHUE MEXIY r,(t+h)=r(t)+v,(t+0.5n)h
Ha3BaHUSMM AJITOPUTMOB 5
M OTBEHAIOLMX MM r,(t+h) =2r,(t) -1, (t—h) +a, ()h?
dbopMyn ISl BBIUKCICHUS B
KOOpAHAT I CKOpOCTEH r(t+h) =r () + v, () + 0.5, (t)h?
YacTHIl Ha IIare.

Vv, (t+h)=v,(t)+0.5a,(t) +a,(t+h)h

Bce B3aumoneiicTBusi B OtBer (a) na/met?
MOJIEKYJISIPHOM  cucTeMe | Ja/HeT (6) na/uer?
3a/al0Tcs (B) na/uer?
MOTCHINATHLHBIMA
dbyuknusmu. Ilpu pacuere
B TEPMOCTATE C 3aJlaHHOU
TeMneparypoil Oyner s
CpemHsisi  KUHETHYecKas
DHEPrus aToMa (a)
3aBUCETh OT ero tuna; (0)
OT TOJIOKEHUs aroMa B
CTPYKType MOJIEKYJbI; (B)
oT rapaMeTpoB
MOTEHITMAIOB  (KECTKHE
WIH MSITKHE
B3aUMOJICUCTBUS)?

Yemy paBHa cpenmHss Bri6patb 0.5-kT 3KT/2
KMHETHYECKasi SHEprusi B | 3HAUCHUE 1.0-kT
CpPEIHEM Ha OJHY YaCTHILY 1.5-kT

B MOJIEKYJIIPHOHN CHCTEME,
B3aUMOJICUCTBYIOIIEH  C




TEPMOCTATOM, HMCHOIIEM

temnepatypy T?

Jloist YcranoBur 1-n
TEPMOCTATUPOBAHMS b (a) 2-1
MOJICKYJISIPHOM ~ CHUCTEMBI | COOTBETCTBHUE dr, 3-0
HCIIOJIB3YIOTCSL PA3JIM4HbIC di ~Via 4—-8
MOIU(UKAIIMA ypaBHEHUH q S—a
HprotoHa. YcTaHoBUTH _ Via =F _—¢-v

1 l,a l,a
COOTBETCTBHE dt
BBIMIMCAHHBIX ypaBHEHUN Z FioVia
JIBUKEHHUS  CIIEIYIOIIUM c= ia
METOJIaM U MOAXO0/1aM: Zviz]a

1) CmoaxknosumenvHas ia
OuHamuKa; ©)

2) bpoyrnosckas dr,,

OuHamuxa, dt

3) Tepmocmam dv, T
Bepenocena; M4t o~ Pr T -1}V,

4) Tepmocmam Hose-

yeepa, 3Nia iVia
5) H3omepmuueckas (8)
MONeKYApHas OUHAMUKA dr
(memoo ——y
Macumabupoeans) dt
av,,
m; at =F,—-¢-my,
Z_f = é(T _Tref )
(r)
dri,a
dt
m-——=-—¢c-mv. +F +A
dt g 1 Lo I,a W
(A, )=0
(AL A, ) =2T¢5,5,,6(t 1)
()
dr, ,
—= Vi a
dt ’
dv,
—==F, "‘Z o0t =1)
dt ' i
3/2 2
m, m,V
P(v.) = o exp| — 00
( 0) (27[Tref} Xp( 2Tref J
s BBIYUCIIEHUSA 1-i1 cnyyaii: a u 0,




ABJICHUS B | 3HaueHHE 2-1i ciy4ai: TOJIbKO 0.
MOJIEKYJIIPHOM  CHCTEME
co cTeHKamu (ciydail 1) u
NEePUOIUYECKUMU
TPaHUYHBIMU  YCJIOBUSMU
(ciy4ait 2) UCHOJIB3YIOTCS
pa3nu4Hbie POPMYIIBL:

(a)
NKT 1
PX:T+\7<ZXiFi,X>
(6)
NKT 1
Px:v+v<;(xf_x‘)f”’>
B KakoM u3

NEPEUYUCIICHHBIX CIIy4yaeB
Kakue U3 (GOopMylIn MOTYT
OBITH IPUMEHEHBI?

Jna  MonpenupoBaHus Hanucars VYpaBHeHHsT I U3MEHEHUS
KOHJICHCHPOBAaHHOMN bopmyny pa3MepOB PaCYETHOU SAYEHKU:
MOJIEKYJISIPHOM CHUCTEMBI C dL

S AGAGEL I
NEPUOANYECKUMHU dt a\la a.ret /=
IPaHUYHBIMU  YCIIOBUSIMU
B NPT aHcamOiie
YPaBHEHUS JBUKCHMUS

B34ThbI B BUJC:

dr,,
dlt = Vi,a + ﬂa (Pa (t) - Pa,ref ri,a

av, ,

m; d; =F.+ z fia ot —ty)
k

(6apoctat bepenncena wu
CTOJIKHOBUTEJIbHBIN
TepMmocTaT).  Bemmummure
ypaBHEHHS TUTst
U3MEHEHUS pa3mepoB

pacueTHOM  sUeku L,
o={X,y,Z}, BBITEKAIOIIUEC
13 YPaBHEHUN JBUKEHUS.

60NPOCHL HA IK3AMEH
1. MoaenupoBaHue MOJIEKYJSIPHOW JMHAMUKH, HWJACHHBIE OCHOBBI H

BO3MOKHOCTH KOMITBIOTEPHOU peanu3aiiiu.

2. OYHKIIMOHAJBHBIN BU U (Gu3WUecKas TMpUpO/ia MOTEHIIMAIOB MOJCKYJISPHBIX

B3aUMOJICHICTBUH.




3. YpaBHeHUA  [BIKEHHA  MOJEKyJIapHOM  cuctembl. Wx  pa3HoCTHas

anmpokcuManus (anroput™mel: Bepie, leap-frog Bepite, ckopoctHoit Bepie).

4, MOI[CJ'II/IpOBaHHe AUHAMUKH KOHICHCHUPOBAHHBIX CHCTCM. HepHOIII/I‘K)CKI/IG

TPaHUYHBIE YCIOBUSL.

5. Anroputm Bepiie (cocTaBieHwe cnucka coceneil) s BBIYHCICHUS

HEBAJICHTHBIX B3auMojiercTBui. O1ieHKa OBICTPOICHCTBHS.

6. AJIFOpI/ITM CKaHUPOBAHUA JJIA HaXO0XACHUA BaH-JCP-BaaJIbCOBBIX

B3anMoJiericTBui. O1ieHKa ObICTPOACHCTBYUS.

7. Temmneparypa. TepmocrarupoBanue MOJIEKYJISIPHOU CUCTEMBI
(macmTabupoBanue ckopoctel; Tepmoctat bepenacena; tepmocrat Hoze-I'yBepa;

CTOXaCTHUYCCKasid JUHaMHUKa, CTOJIKHOBUTEIILHBIN TepMOCTaT).

8. Yuer  pactBoputens.  bpoyHoBckas ~— nuHammka.  CTOJKHOBHUTEIHHAS

MOJICKYJIAPpHAasA AMHAMHKA.

9. BrrumciacHme HaBJICHHUA B MaAJIbIX MOJICKYJIIPHBIX CHCTCMaAX. BapOCTaT

bepenacena.
10. MonenupoBaHre MaKpPOMOJIEKYJIbI B THIPOIMHAMHUYECKOM TTOTOKE.

11. O0was cxema MOJIEKYJISIPHO-THHAMUYECKOTO BBIYUCIIUTEIBHOTO

AKCIIEPUMEHTA.

12. MonexynsipHasi nuHamuka OenkoB. [IpuMepbl MOCTaHOBKA BBIYMCIUTEIBHBIX

AKCTIEPUMEHTOB.

13.06paboTka  TpaekTopuid MOJIEKYJISIPHOU JTUHAMUKH. Bpemennsie

aBTOKOppensunoHHble PpyHkimu. Koagduurentsl nepenoca.

14. Metoguka  TOpPOBEIEHUS  MOJIEKYJISPHO-IMHAMHYECKMX  PACue€TOB  C

OoroMeMOpaHHaAMU.
15.MoaenupoBaHue CUIOBOTO pa3BOpauynBaHUs OEITKOBOU II100YIIHI.
16.ITocTaHOBKa MOJIEKYISIPHO-TUHAMUYECKHUX PACUETOB C ACHAPUMEpPAMU

Bonpocet u  ynpajrxcnenus  meKkywieco - KOHMpOAA — MeOpemMuUecKoil



nO020MOBKU:
K nexyuu 1 (Bsedenue. Mooenupoganue MOoNeKyIAPHOU OUHAMUKU):

1. Kaxkwue NpCaACTAaBJICHUA JIC)KAT B OCHOBC MOACIUPOBAHUA TEILIOBOM
MNOABUKHOCTH aTOMApPHBIX CUCTCM MCTOJ0M MOHCKyHHpHOﬁ I[I/IHaMI/IKI/I? Korz[a u
I KaKUX MOJICKYJIIPHBIX CHCTCM ObLIN IMPOBCACHBI IICPBBIC BBIYHUCINUTCIIBHBIC

9KCIICPUMCHTHI C IIPUMCHCHUCM MCTOJAa MOHGKYHHPHOﬁ I[I/IHaMI/IKI/I?

2. JlaliTe cXeMaTHYECKOE OMMCAHUE TTOCTAHOBKU U MPOBEAECHUSI MOJIEKYJISPHO-

AUHAMHWYCCKOT'O BBIYHCIIUTCIIBHOI'O 9KCIICPUMCHTA.

3. Kakue mnporpaMmHbie KOMIUIEKCHI [Jii MOJCIMPOBAHUS MOJICKYJISPHOU
JMHAMUKA OMOMOJIEKYJIIPHBIX CHUCTEM Ham0oJiee pachpOCTPaHEHbl B HACTOSAIIEE

BpeMsi?
K nexyuu 2 (Ilpocmpancmeennvie u pemenHvle macuimaost):

4, 1 Xr BOJBI MpU HOPMAJIBHBIX YCIOBHSIX 3aHUMaeT o0beM 1 jutp. Haiinure
00BeM, MIPUXOSIINICS B CPEIHEM Ha OJIHY MOJIEKYJTY BO/bL. OlIEHUTE PACCTOSIHUE
MEXJIy KUCIOPOJIaMH COCEIHHMX MOJIEKYJl BOJbI, MPEIINOI0XKUB, K MIPUMEPY, UTO

MOJIEKYJIbI BOJIBI PACTIOIOKEHBI B y3JIaX MPOCTON KyOMUeCKOM PEIIeTKH.

S. [IpuBenuTe XapakTepHbIE BEIWYUHBI MPOCTPAHCTBEHHBIX, BPEMEHHBIX U
HHEPreTUYECKUX MAacIITa0OB, BO3HMKAIOUIMX MPH OMNHUCAHUU MOJIEKYJISIPHBIX

cucteM. Kakue MeTo/ibl UX OIIEHKU MOKeTe Bbl peaiokuTh?

6. 1000 aTomMOB 3amoJHAIOT Ky0 M pacrmojiararoTcss B y3Jlax MPOCTOU
KyOuueckoil pemetku. Halimute dmcimo atoMoB (a) Jexalmx Ha MOBEPXHOCTH
Ky0a u (0) jexanux B MPUIIOBEPXHOCTHOM ciioe. Kakyro 1010 OT BCeX aTOMOB

COCTaBJISIFOT aTOMBI 3THX JBYX CJIOEB?

1. JlaTb ompeneneHne pacueTHOM SYEMKU C NEPUOJWYECKUMHU TPaHUYHBIMU
YCIOBUSIMH. APTYMEHTUPYHUTE MOJIE3HOCTh BBEJICHUS MEPUOINUYECCKUX TPAHUYHBIX

YCJIOBI/Iﬁ IIpu MOACIUPOBAHNN KOHACHCHPOBAHHOI'O COCTOAHMA BCIICCTBA.

8. [Iycth KOHAEHCUPOBAHHAS MOJIEKYJISIPHASI CHCTEMA UMEET TPAHCIISIIUOHHYIO

CUMMECTPHUIO IIO TPEM KOOPAWHATHBIM HANPABJICHUAM C IIEpHOAAMHU Ay, a.y, a;



COOTBETCTBEHHO. OnpenenuM pacyeTHYI0 SYEHKYy KaK MOpSIMOYIOJIbHBIM
NapajuleNIenune]], COBIIATAIONIUN C SYEUKON MEPUOAUYHOCTH U PACIIOIOKEHHBIA B
Havayie KoopJauHaT. /)i mpOU3BOIBHON YaCTHIIBI, UMEOIIEeH KoopauHaThl (X, Y, Z),
BbIMKCATh POpPMYJIBI (YKa3aTh aIrOPUTM) AJISI HAXOXKACHUS KOOPIMHAT ee o0pas3a B

pacCYETHOM SIYEHKE.

9.  IlonumepHas MoJieKyla B pPa30aBI€HHOM pacTBOPE HMMEET COCTOSHUE
Ki1yOka. /11 MosienupoBaHus ee noBeeHHsl Oblia MpeIoKeHa MO/Ielb, B KOTOPOH
nosuMmep Obu mpenacraBieH Henoykoil u3 100 mapos auamerpa 1, coelMHEHHBIX
BaJICHTHBIMH CBS35IMU JUIMHBI 1, @ pacTBOPUTENh — MPOCTHIMU LIApaMH JIHAMETPA
1. PacueTHas stueiika Obuta B3siTa B opMe KyOa ¢ IEPUOJIUYECKUMH TPAHUYHBIMU
ycnoBusiMu. OrieHuTe OO0IIee YUCIO IIapoB, KOTOPOE HEOOXOJUMO MOMECTHUTH B
pacyeTHyl0 S4YEWKy [UIsi TOro, 4ToObl B MPOLECCE TEIUIOBBIX (IyKTyalun
HOJIMMEPHOTO KIyOKa COXpaHsUIUCh YCJIOBHS pa30aBIE€HHOIO pacTBOpa, TO €CTb,

YTOOBI IMOJIMMCP HC UMCJI KOHTAKTOB C 06pa3aMH Imojanumepa B COCCIHNX sTYCMKax.

K nexyuu 3 (@yuxkyuonanvuwii 6uo u usuyeckas npupooa nomeHyuanlos

MONEKVISIPHO20 83AUMOOCUCMBUSL).

10. BzaummopeiicTBUe aTOMOB HEWUTPaNbHBIX Ta30B XOPOIIO OIKCHIBACT
noreHuuan Jlennapa-/xonca. IlpuBegure ero Bua. YKaxuTe IapameTpbl
NoTeHUMada M UX (Qu3nyeckuil cmbica. BeiBenute ¢opmynsl s CHI
MEKMOJIEKYJIIPHOTO B3aMMOJICWCTBHUS, 3aJaBacMbIX ITOTEHUHWATaMu JIeHHapn-

Jl>xoHca.

11. TIlpuBectm  mpuMepbl  MNOTEHUUATBHBIX  (DYHKIHMI  ONMHMCHIBAOIIMX
B3aUMOJICMICTBUE aTOMOB C HEINMPOHUIAEMOM TIIAAKOM CTEHKOM. PaccMoTtperhb

ciIy4au: a) cCOpOUpyroIeit CTeHKH; 0) YNCTOTO OTTATKUBAHUSI.

Vkazanue: PaccMOTpETh MOTEHIHAIT BUIA u(x) :E — | =3 —



12.0nucate IMIOCTAHOBKY BbIYUCIINTCIIBHOI'O OKCIICPUMCHTA II0 MOJACIUPOBAHHIO

MMOBEACHUS )KUIKOTO aprOHa B IIEICBUIHOM MOPE.
Yxkazanus:

1) B3aumopeiicTBHE aTOMOB aproHa 3aJaTh MapHbIM MOTeHIHanoM JleHHapa-

JI>KoHCa;

2) MCIJIICBUAHYIO IIOPY 3a4aThb ABYMA IapaJlJICIIbHBIMU TI'NIAAKHUMHU HCIIPOHUIIACMbBIMU

CTCHKAMU;

3) B JIATCPAJIbHBIX HAIIPABJICHUAX HlCJIGBHI[HOﬁ IIOpbI BBCCTHU IICPHUOAUYCCKHUC

TPaHUYHBIE YCIIOBUA.

13.3anmcare BBIpaKCHUE IS CUJIBI, JCUCTBYIONICH Ha I-ii aToM, €cli W3BECTHO

BbIpakenue U(ry,..,r,) s TIOJHOM SHEPrUM MOJEKYJISIPHONH CHUCTEMBI Kak

(bYHKI_[I/II/I KOOpIHNHAT COCTAaBJIAIOIMIKUX €C aTOMOB.

1413 kakux KOMIIOHEHT CKJIAJbIBAETCA HHEPIUsl MOJICKYJSIPHOW CHUCTEMBbI?

Hepqu/IanTe OCHOBHBIC COCTAaBJIAIOIINC HOTGHHH&HBHOﬁ OHCPI'UHU.

15.Cuuras, 4to wucnoub3yercs (QYHKIMOHAIBHBIA BUJ OCHOBHBIX BKJIAJOB B
NOTCHIMATFHYI0 DSHEPIHI0, TMPHUHATHIA B CHJIOBOM Tmoje Amber, mpuBeauTe
dbopMysbl 11 MOTEHIMATBLHON SHEPruu (a) BAJICHTHBIX CBs3eH, (0) BaJCHTHBIX
yIJ0B, (B) TOPCHOHHBIX YIJIOB, (T) IJIOCKMX Tpymnm, (1) BaH-AEp-BaalbCOBBIX
B3aumojielcTBuil B (popme moteHnmana Jlennapa-Jlxonca, (€) dKpaHUPOBAHHBIX

KYJIOHOBCKUX B3aUMOJICVICTBUM.

16.TToTeHInan BaJICHTHOM CBSI3M MEXKIy aToMaMHu | | | 3ajaH B ¢popme u, =K(r —b,),

rae r=|ri-rj — paccrosHue mexay atomamu, a Dp — ee paBHOBecHas MTHHA.
BreiBecTn (opMyIIbl I BKJIQJ0B B CHIIBI, ICHCTBYIOIIME HA aTOMBI, CO CTOPOHBI

3TON BAJIEHTHOU CBS3HU.

17.Tlorenman BaJieHTHOTO yriia 3ajaH B popme u, =K, (9-9,), rae 9 — BaJeHTHbII

yroji, 00pa3oBaHHbIN TpeMs aToMami I, | u K, a 99 — ero paBHOBECHOE 3HAYCHUE.



BriBect (opMyInbl 11 BKJIaJ0B B CHIIBI, IEHCTBYIOIIME HA aTOMBI, CO CTOPOHBI

9TOr'0 BAJICHTHOTO YyTJIa.

18.TTotenmnman TopcuoHHOTO yria 3agaH B (gopme u_ =K _[L+cos(3p)], Tme ¢ —
3HaYeHHE TOPCHOHHOTO YIJia, oOpa3oBaHHOro aromamu I, |, K u |. BeBectn

q)OpMYJ'ILI JJIA BKJIIaAOB B CHIIBI, ,ZIGI\/'ICTBYIOH_IHe Ha aTOMbI, CO CTOPOHBI 3TOI'O

TOPCHUOHHOTO yIJIA.

19.HeBajleHTHOE B3aMMOJACHCTBHE MEXKIy YacTHUIAMH | W | 3amaHo B ¢opme

12 6
noteHunana Jlennapa-/Ixonca u, (r) =4¢ (EJ — (zj , TIe I'=|ri-rj| — paccrosiaue
r r

MeXxay aromMamu. BeiBectu (opmysbl JUisi BKIAAOB B CHIIbI, JEHCTBYIOLIME Ha

aTOMBI, CO CTOPOHBI 3TOT'O B3aHMOH€ﬁCTBHH.

20.Kakoii Bua npuoOpeTyT QOpMynbl A CHJI, MOJYYEHHbIE B MPEABIIYIIEM
YIPaXHEHUH, €CIU HCHOJB3yeTCsl MOAW(UIMPOBAHHBIA mnoTeHuuan Jlennapa-

JI>xoHCca, UMEIOIIMK KOHEYHBIA PaInyC B3aUMOJACUCTBUS: U, (r)=u, (r)-W(r), rae

1, r<Ron
(Ror —T*)*(Rgy — 3Ry, +2r7)
W(r) = (RZ](f _ RZ )3 ! Ron<r<Roff
0,
rZRoff

3nech Roff — paguyc HEBAJIGHTHOTO B3aUMOJCHCTBUS, a Ry — Hayano aeucTBus

(bYHKI_[I/II/I TJIAKOI'O BBIKJIFOUCHUA BSaHMOHeﬁCTBHH.

21.D7eKTpOCTaTHUECKOE B3aUMOJICHCTBUE MEXKIy YacTHIIAMHM | M | 3a1aHO B (opme

0;q; -
PKPaHHPOBAHHOIO KYJIOHOBCKOTO MOTEHLMana Uu,(r;)=—-—-W,(r;), rae r=|ri-rj —
er;

paccrosiHre Mexay atroMmamu, a Wy(rij) — sxpanupyromas GyHKIHs:

2

r
w,(n=11"%

q R ' r<Rq

q

0

>R,

3neck Rq — pannyc sKpaHUpOBaHUS.



K nexyuu 4 (Aneopummul sbruucienus HeANEHMHBIX 83AUMOOCUCBULL):

22.B dWem cocrouT wuaes wMeroda Bepme (MeToga COCTaBJICHHS CITMCKOB),
MO3BOJISIIONIAA  3HAYUTEIBHO  COKPATUTh  KOJMYECTBO  BBIYUCICHUN  IpHU
BBIYMCJICHUA HEBAJICHTHBIX B3auMojaeucTBuii? [IpuBeCTM OLEHKHM 4uHcIa
BBIYUCJICHUHA HAa OJHOM BPEMEHHOM IlIare U TpeOyeMou MmamsTH MPH BBIYUCICHUU

HCBAJICHTHBIX BSaHMO,Z[efICTBHfI. Ykazatb HCOOCTAaTKHN MCTO/JA.

23.0nucath mpouenypy TMOKOTO OIpeaeNieHHs] MOMEHTa IiepecdyeTa CIHCKa IMap
qacTull B MeToAe Bepie, rapaHTHpYIOUIET0 CBOEBPEMEHHOE BKIIIOUYEHHE B HETO

J1000i1 Mapkl 4acTULl, COJIM3UBLINXCS HA PACCTOSTHUE B3AUMOIECHCTBHS.

24.0nmucath MpOILENypy BBIUYMCICHHUS HEBAJCHTHBIX B3aWMOJEHUCTBUN MO METOMY
CKAaHUPOBAHUA IO IPOCTPAaHCTBY. Iloka3zarh, 4TO TPYyIOEMKOCTh METOJA Ha IIare
JMHENHO 3aBUCUT OT yucia yacTul N B MOJIEKYJISIpHOM cucTeMe NpU yBEIHMYEHUN

ee pa3MepoB.

25.IIponeMoHCcTprpOBaTh PabOTy alropuTMa CKaHHUPOBAHUS IO MPOCTPAHCTBY IS
BBIUHCJICHUS HEBAJIEHTHBIX B3aUMOJCUCTBUM. [[151 3TOr0 paccMOTpPETh MOJAETbHBIN
IpUMEp TUIOCKOM CHCTEMbI M3 HEOOJIBIIIOrO0 YHCIa YacTHI] (CKa)KeM, JCCATH).
PacuetHyro siueiiky Takke pa3OUTh Ha HEOOJIBIIOE YHUCIIO DJIEMEHTAPHBIX SUYCEK.
Brimrcarts riiaBHbINM M TPUCOEAMHEHHBINM MAaCCUBBI JIJIs1 3TOrO ciy4das. Paccka3ars,
HCTIOJIB3YS ATOT JI€MOHCTPAIMOHHBIA MPUMEP, BCIO MPOLEAYPY BBIYUCICHUS CHJI

Ha JJAHHOM I1are Mo UMEIIIUMCS KOOPAMHATAM YaCTHII.
K nexyuu 5 (Qucnennoe unmezpuposarue ypasHeHUuti 08UHNCEHUS).

26.ChopmynupoBath, B 4eM COCTOUT airoputMm Bepne (mpocteiimias pa3HOCTHas
anmpoKCUMaIMs) JUIsl YUCJICHHOTO WHTETPUPOBAHUS KJIACCHUYECKUX YpPaBHEHHUI
HproToHa N1 CUCTEMBI B3aMMOJICMCTBYIOIIUX MaTepUalbHbIX YacTull. C Kakou
TOYHOCTBIO Ha IIare HaxomsaTcs kKoopauHaThl atomoB? JlokaszaTe! Kak MoXkHO
HaXOJWUTh CKOPOCTH YACTHUIl TIPM HCIOJb30BAaHUU JTOTO MeToja? YKaszaTh

TOYHOCTB, C KOTOpOfI HaXOIATCA IIPH 3TOM CKOPOCTH.



27.Jlatb omnucaHue anropuT™Ma ¢ Tepeckokamu (wiu leap-frog amroputma) s
YUCJIEHHOTO UHTETPUPOBAHUS KJIACCUYECKUX  YpPaBHEHUM  JIBIXKCHUS
B3aMMOJICUCTBYIOINUX aTOMOB. BeiBecTu pacuetHbie hopmyisl. [IpuBectu onieHKH

TOYHOCTH, C KOTOpOﬁ BBITHUCIIAIOTCA KOOPAWHATBI U CKOPOCTH.

28.IlpuBectn dopmysbl JJiE CKOPOCTHOrO airoputma Beprne s 4ducieHHOTO
WHTETPUPOBAHUS KIIACCUYECKUX YPAaBHEHHUH NBMXKCHHS MOJICKYJISIPHON CHCTEMBI.
[loka3aTh, 4YTO TpaeKTOpHs, IOJy4yaeMas C MPUMEHEHHEM 3TOr0 METOja, B
TOYHOCTU COBIAJAET C TPACKTOPUSAMH, KOTOPbIE MTAeT MPUMEHEHUE IPOCTOTO
anroputMa Bepne u  anroput™Ma ¢ nepeckokamMu. B 4yem npeuMyniecTBoO

CKOpPOCTHOrO anroputma Bepne?
K nexyusm 6-1 (Yuem eénusanus enewneti cpedwl. Tepmocmamsoi):

29. IlpuBectu dopMynbl ISl OTPECICHNS MTHOBEHHOM M CpPEJHEH MO TPaeKTOPUHU
TEMIIEpaTypbl MOJEKYJIIPHOM CHCTEMBl. APryMEHTHPOBaTh NPHUMEHEHHE TaKHX
ONPENEIICHUI, IpUBEAS BBIBOJ COOTHOLICHHUS, CBS3BIBAIOLICTO  CPEAHIONO
KMHETUYECKYI0 SHEPrui0 OTHAEJIBbHOM dYacTuIpl (JIr000il) ¢ TemmepaTypoi st
aHcamOJsl B3aMMOJCHCTBYIOIIMX YaCTUL, MNOJYMHSIOUIMXCS KJIACCUYECKOMY

pacnipeneneHuto ['nooca.

30.0nucath BO3MOXKHBIC CIOCOOBI MPHUBEACHUS MOACITHUPYEMOU MOJICKYIISIPHOM
CUCTEMBI K COCTOSTHHIO, OTBEYAIOIIEMY 3aJlaHHOW Temmeparype. Moauduxarus
ypaBHEHUN  ABWXKEHUs sl 3(P(EKTUBHOTO ydyeTa TEePMOCTATHPYIOLIErO

BO3JCHUCTBUS BHEIIHEN CPEJIBL.

31.Yto Takoe «HM30TepMHUYECKas MOJCKYJspHas IWHAMUKa»? BeimucaTe ypaBHEHUS
JIBWO)KCHUS, SBISIOIIMECS AaHAJIOINOM ypaBHEHMM HBIOTOHA, HO 171 KOTOPBIX
WHTETPaJIOM YPABHEHHUW JBHKCHUS SIBIICTCS HE NOJIHAS DHEPIUs, a KHHETUYECKas

9HCPIrus CUCTCMBIL.

32.[late ommcanue «tepmoctara bepenacenay. Brimucarh ypaBHEHUS ABUKEHUS IS
3TOro ciydasi. OTMETUTh U3BECTHBIE HEAOCTATKA MPUMEHEHHUS] STOTO METOJa s

TEPMOCTATUPOBAHUA MOJ'ICKy.TIprHOﬁ CHCTCMBHI.



33.IlpuBecTn ypaBHEHHUS JBWKEHHS MOJEKYJISIPHOM CHCTEMBI, HCIIOJIb3YIOIINE

tepmoctat Hoze-I'yBepa. Onuinre, B 4eM COCTOUT €r0 IPUMEHEHHE.

34.0nucath pazauuus JAByX TIpynn MOAXOA0B Uil 3((EKTUBHOIO OINUCAHUS
B3aMMOJICUCTBUS  MOJEIMPYEMOW  MOJIEKYJSIDHOM  CHCTEMBI C  BHELIHEHU
TEPMOJMHAMMYECKOW Cpefon: MOAXOoApl THIAa TepMocTatoB bepenncena, Hoze-
['yBepa, MeToga MaciITaOMpOBAaHUS U MOAXOJOB TUIA OpPOYHOBCKOHM U

CTOJIKHOBUTEIbHOM JUHAMHKH.

35./latp ommcanue MeroAa OpOYHOBCKOM aMHAMHUKU. Kakue Ccuibl Ompenessitor
MOBEJICHUE  MOJICKYJIPHOW  CHUCTEMbl TIPU  MCIOJIb30BAHUU  YpaBHEHUMU
OpoyHoBckoi nuHamuku? Kak 3agaercs Ttemmepartypa cpenbl? Kaxoit ermne
BHEIIHUWA  mapaMmeTrp  peryiaupyer cBoiictBa cpeapl? CdopmynupoBaTh
(bIyKTYyallUOHHO-UCCUTIATUBHYI0O  TEOPEMY,  CBS3BIBAIOIIYI0  (IyKTyaluu

CIIy4alHBIX CHJI ¢ KOA(DPUIIMEHTOM TPEHHUS U TEMIIEPATypPOil CpeIbl.

36./latb omucaHue METOJa CTOJKHOBUTEIBHON MOJIEKYJIsIpHOM nuHaMuku. Kakxum
oOpa3oM yuuThIBaeTca BHemHss cpeaa? Kak 3amaerca temmeparypa? Kakum
00pa3oM MPOUCXOJAT CTOJIKHOBEHHUSI aTOMOB C BUPTYaJIbHBIMU YaCTULIAMU CPEJIbI?
C kakuMm (GUBUYECKUM CBOMCTBOM BHEIIHEH cCpeabl (pacTBOpUTENs) CBs3aHa

4acTOTa CTOJIKHOBEHUN?

37.IlponemMoHCTpUpOBaTh  CBSI3b  MEXJAYy  OpPOYHOBCKOW  JMHAMHKOHW U
CTOJIKHOBUTEJIBHOW IMHAMUKOW Ha IPUMEPE PACCMOTPEHUS MMOBEICHUS OTACIBHOM
yactuubl. [lpuBecTu cooTHOIIEHUE, CBs3bIBatouiee KO3((UIMEHT TpeHus B
OpOYHOBCKOW JMHAMHMKE W TAapaMETPOB CTOJKHOBUTEIbHOW MOJEKYJISIPHON

JUHaAMHUKHU.

38.PaccMoTpeTh ciydail IpUMEHEHUS! CTOJIKHOBUTEIBHONW MOJIEKYJISIPHON TUHAMHUKHU

JUTSL MOJICTTUPOBAHMSI TIOBEICHUSI MAKPOMOJICKYJIBI B TIOTOKE.
K nexyusm 8-9 (Boluucienue 0asnerus 6 Maiblx MOAEKVISAPHbIX CUCEMAX):

39.Uto Takoe MmaBJeHHE B MOJICKYJSAPHOW CHCTEME, OTPAaHWYECHHOW CTeHKaMu?

[IpuBecTu n0Ka3aTeIbCTBO, UTO JAABJICHHE HA 00€ CTEHKU MOJIEKYJISIPHOM CHUCTEMBI,



3aKJTIOYCHHOW B IIEICBUIHYIO TOPY, OAWMHAKOBO. [IpuBectn BBIBOJ (opmMyn st
JIaBJICHUS B OTPaHUYEHHOM 00beMe (“riesnieBUIHas Topa”, “SIuK’), BIPAXKAIOIINX
€ro uepe3 BHUpUAJ BHYTPUMOJICKYJSAPHBIX CHUJI U KHHETHUECKYIO SHEPTHUI0 HJIU

TEMIIEPATYPY.

40.ITpuBectrt popMyIibl AJisi ONpEEICHUST HANPSHKEHUsS] B CEUYECHUH, MapaiIeIbHOTO
CTEHKE, M TMOTOKa HMITyJbca 4epe3 3TO ceueHue. llokaszarh cCylecTBOBaHHE
WHBapHaHTa, CBA3aHHOIO C TAKMM CEUEHHEM M HE 3aBUCSIIETO OT IMOJOKCHUS

9TOT'0 CCUCHU. I[aTI) OIIPCACIICHUC NABJICHUSA B CCUCHHU.

41.PaccMOTpeTh cilydail NEPUOJNYECKUX TPAHUYHBIX YCIOBUN. YTOUHUTH (HOPMYJIBI
JUISL JABJIEHUS B CEUYEHUHU, OPTOTOHAJHLHOM BBIOPAHHOMY KOOPAMHATHOMY
HAIpaBJICHUIO, JJI AaHHOro ciydas. [IpuBecTu BBIBOJ pacueTHBIX (opMyJ AJis
JABJICHUSI B MOJIEKYJISIPHOM CUCTEME C MEPUOINYECKUMHU TPAHUYHBIMH YCIOBUSIMH,

OIIpCACIINB €TI0 KaK CPCAHCC 110 BCCM ITaPalJICIIbHBIM CCUCHUAM.

42.3anvcaTth ypaBHEHUS [BWKEHUS MOJEKYJSIPHOW CHUCTEMBI C TEPUOJUYECKUMHU
TPAaHUYHBIMHU YCIOBHUSIMU, MMOACPKUBAIOIINE B HEH 3aJaHHBIC BHEIITHEES TaBJIICHHC
u temneparypy (NPT ancamb6inp). Micnons3oBath 11 aToro 6apocrat bepenacena

1 CTOJIKHOBHUTEIbHBIN TEPMOCTAT.

43.Tlo xakOMy 3aKOHY MEHSIIOTCS pa3MEpbl PaCUETHOW SUEUKH C MEPHUOJIUYECKUMHU
IPaHUYHBIMH YCJIOBHUSIMU TpU UCTONIb30BaHUU Oapoctara bepenncena? Brimucath

cooTBeTcTBYIOMIEE AU PepeHIInaILHOe ypaBHEHNE.
K nexyusm 10-11 (Mooenuposanue duonocuueckux memopam):

44.Onummre yecTpoicTBo (hochonunuaHon MeMOpaHbl U TPUTOTOBICHHE MOJEIBHOTO
TUApaTUPOBaHHOTO QocdonunuaHoro Oucnos. Kak craBUTCS MOJEKYISIPHO-
JUHAMUYECKU BBIYMCIUTENBHBINA dKcriepuMeHT? Kakne 3amaroTcss HayalbHbIE U
rpaHuyHble yciaoBusi? ONUIIUTE ATambl PETAKCAMU CUCTEMBI U TIPUBEACHHUE €€ K
3aJJaHHBIM  TEPMOJMHAMUYECKHM Xapakrepuctukam. [IpuBenure npumepsl
BEJIMYMH, KOTOpPblE MOTYT OBITh  BBIYMCIEHBI B  XOJA€  IPOBEICHUS
BBIYHMCIIUTENILHOTO JKClepuMeHTa. Kak MOXHO CyIuTh, YTO MOJENHpyemMas

CUCTEMA AOCTUIJIA IMPCACTABUTCIBHOIO COCTOSAHHA U €C KOH(I)I/IpraI_[I/IIO MOKHO



3a/laBaTb B Ka4CCTBC HAa4dYaJIbHbIX JIAHHBIX JJId pacducTa HpOI[YKTHBHOﬁ

TPaeKTOpHUH?

45.1TpuBenute mpuMep MOTEHIMAIBHONW (PYHKIIMH, OMHMCHIBAIOIICH B3aUMOJIEHCTBHE
aTOMOB C HEMPOHUIIAEMOM IMOBEPXHOCTHIO OECKOHEYHOTO IMIHHpa. PaccMoTpuTe
ClIydad KaK YUCTO OTTAJKUBAIOIIUX CTCHOK, TaK U cOpOMpyromux creHok. Kakum
00pa3oM OTpa3uTCsA Ha YpaBHEHUSX JIBMXKCHUS MOJICKYJSIPHOW CHCTEMbI HaJIU4IHE

TaKOTO UIUHIpa?

46.0OnummTre ITOCTAHOBKY MOJICKYJIAPHO-AUHAMHUYCCKOI'O BBIYHMCIIMTCIIBHOT'O
9KCIICpUMCHTA 110 CO3JaHUIO HHHHHI[pH‘-ICCKOﬁ IIOJIOCTH, 3aJaHHOI0 paauyca, B

dbochomunuaHoM Oucoe.

47.0nummTe  MOCTAaHOBKY  MOJICKYJIIPHO-JAMHAMHYECKOTO  BBIYUCIUTEIHHOTO
HKCIIEPUMEHTA IO 3aKJIIOYCHHUIO (CXKATUIO0) MAKPOMOJIEKYJbI B HMJIMHAPUYECKYIO

IIOJIOCTB, 3aJaHHOI'0 paauyca.

48.0nummre BO3MOXKHBIE ATAMbl MO MPUTOTOBICHUIO U MPOBEICHUIO MOJIEKYJISIPHO-
JTUHAMAYECKHAX BBIYHCIIATEITHHBIX HKCIIEPUMEHTOB THAPATHPOBAHHOTO
dbochomunuaHOro OMCIIOsA C BKIIOYEHHEM B HETO KaHalooOpa3yrolero menTuia

rpaMuiuarHa A.

49.CKOHCTpYUPYHUTE TMOTEHIMATBHYIO (DYHKIHIO, OIMUCHIBAIOIIYIO B3aMMOJICHCTBHE
aTOMOB ¢ HempoHumaembiM chepormmmmaapom. Kak MOXeT BBIMISACTD
BBIYHMCIIUTEILHBI  DKCIIEPUMEHT TI0  BBIPANIMBAHUIO TIOJIOCTH B (popme

chepolIIMHIPA B YKE UMEIOIIEHCS MOICIIbHONW MOJIEKYJIIPHOM cucTeme?
K nexyusam 12-13 (Cunosoe pazsopauusarue 6eixkogoix 2nooyn):

50.Onumure IIOCTAHOBKY  MOJIEKYJISIPHO-AMHAMHAYECKUX BBIYMCIIUTEIBHBIX
HKCIIEPUMEHTOB IO CHUJIOBOMY pa3BOpAuYMBAHHMIO OEIKOBOW TII00YyJbl B BaKyyMe.
Kakum oOpa3om 3aiaTh WM OTKYAa MOJYYUTh KOOPJIMHATHI aTOMOB B HATUBHOMN
CTPYKType Makpomoiiekynbl? Kakum oOpa3oMm BBeCTH B ypaBHEHHUE JIBUYKEHUS,

ONMCHIBAIOIINE BHYTPUMOJIEKYJSIDHYIO AUMHAMUKY, BHemHue cuibl? Kak



MOJCIUPOBATL PACTKCHUC MAKPOMOJICKYJIBI 34 KOHIObI C HpCI[HHC&HHOﬁ

CKOPOCTBIO?

S1.01Ipennoxure mpoueaypy MNOMYyUYECHUsS] TUIPATUPOBAHHOTO COCTOSIHUS OEIKOBOM
r1o0ybel. Kak mocTynuTh, 9TOOBI B MPOIIEcCe pellaKCallid BHEITHETO THAPATHOTO
CJIOSI CHJIBHO HEPAaBHOBECHOE COCTOSIHUE MOJIEKYJISIPHON CHUCTEMBI HE NPHUBEIO K

pa3pyIICHUIO HATUBHOM CTPYKTYpPbI OEJIKOBOU II100YIbI?

52.0mumuTre, KakuM 00pa3oM MOKHO JIOMOJIHUTH MOJCIBHYI0 MOJCKYIISIPHYIO
CUCTEMY, IPEACTABIAIOUIYI0 COOOM THAPATUPOBAHHYIO OEJIKOBYIO TJ00yily,
BHEIIHEH  3aMKHYTOM  OOOJIOYKOW C  HENPOHMIIAEMOM  OTTAJIKHUBAIOLIEH
MOBEPXHOCTHIO, O00ECNEUMBAIONICH OTPAKCHHE IOCTUTIIUX €€ HCIApPHUBIIUXCS
MOJIEKYJI BOJIbl M BO3BpAIllEHUE UX 00paTHO B rMIpaTHYI0 000104Ky? Paccmorpure
ciydyail Takol o0Oonoukun B (dopme chepoumnunapa. Kakue pazmepsl
cepoIMHApa CIEeIyeT 3a/1aBaTh, U KaK MOYKET CTABUTHCSI BBIYMCIUTEIIBbHBIN

AKCIIEPUMEHT?

K nexyusm 14-15 (Ilocmanoéka MONeKyIAPHO-OUHAMUYECKUX PACHEMO8 C

Ooenopumepamis)-

53.0nummre, KaKk yCTPOSHBI MaKpPOMOJIEKYJIbI, TIOJyYUBIITNE HA3BaHUE JIEHAPUMEPOB.
Ilepeunciaure uX CTPYKTypHbIE DJeMeEHTH. lIpuBenure npuMep KOHKPETHOTO

JICHApUMEpa.

54.0nuimrTe npoueaypy BO3MOKHOIO KOHCTpYKTOpa AeHapuMepoB. Kakum oOpazom
MOKHO  u30eXaTb  CWJIBHBIX  CTEpUYECKUX  MEPEKpPbIBAaHUM  y4yacTKOB

KOHCTPYHpyeMo CTpYKTypbl? Kak momyduTs CTPYKTypy THIIA “OnyBaHUYMKA ?

55.0nummTe  MOCTAaHOBKY M TPOBEJACHHUE  MOJICKYJISIPHO-IMHAMUYECKOTO
BBIUHUCIIUTEIBHOTO  DKCIIEPUMEHTA C  JEHIPUMEPOM B  BOJHOW  Cpele.
ChopmynupyiiTe BO3MOKHBIE BOIPOCHI, KOTOPbIE MOTYT U3y4aThCsl B MOJOOHOTO

poaa BEIYUCIMTCIIBHBIX OKCIICPUMCHTAX.

Kpurepuu ouenku:



Onenka «5» (OTIMYHO) CTaBUTCA OOydYarOIIEeMyCs, JaBIIEMY TOJHBIMH,
pPa3BEpPHYTBHIM OTBET HA ITOCTABJICHHBIA BOIPOC, IOKA3aBLIIEMY COBOKYIIHOCTH
OCO3HAHHBIX 3HAaHUUA 00 0O0BEKTe, JOKa3aTeNbHO PACKPBIBIIEMY OCHOBHBIC
IIOJIOKEHHUSI TEMBbI, B OTBETE KOTOPOTO MPOCIEKUBACTCA YETKasg CTPYKTypa,
JIOTHUYECKasd TMOCIEN0BATEIbHOCTh, OTpaXalollass CYLIIHOCTh PacKpbIBAEMBbIX
MOHATUM, TEOpUH, sBIeHUH. JleMoHCTpupyeTcs 3HaHHME 00 oO0BekTe Ha (oHe
NOHUMAHUS €r0 B CUCTEME JaHHOW HAyKU M MEKIUCUUIUIMHAPHBIX cBsi3erd. OTBET
U3JIaraeTcsl JUTEPATYPHBIM SI3bIKOM B TEPMUHAX HayKh. MoOryT ObITh JOMYIIEHbI
HEJIOYETHI B ONIPEACIICHUH MTOHATHI, UCIIPABICHHBIE CTYJEHTOM CAMOCTOSITENIBHO B

mponecce OTBCTA.

Onenka «4» (Xopollo) cTaBUTCS OOy4arlIeMycs, JaBUIEMY IOJIHBIN,
Pa3BEPHYTHIM OTBET HA IOCTABJICHHBIM BOIIPOC, NOKA3aBIIEMY YMEHHUE BBIICIHUTH
CYILLIECTBEHHBIC M HECYIIECTBEHHBIE MPU3HAKH, NMPUYUMHHO-CIICICTBEHHBIE CBS3U.
[Ipy 3TOM OTBET YETKO CTPYKTYpUPOBAH, JIOTMYEH, H3JI0KEH JIUTEPATypPHBIM
A3BIKOM B TEpMHUHaX Hayku. Moryr ObIThb JONYIIEHbl HEIOYEThl WIH
HE3HAUUTEJbHbIE  OINIMOKM,  HCHOPABICHHbIE  CTYJIEHTOM C  MOMOUIBIO

npernogaBaTcIs.

Ouenka «3» (yIOBJIETBOPUTEILHO) CTaBUTCS OOydYaroleMycs, JdaBIIEMY
HEJOCTAaTOYHO TOJHBIH M HEJOCTaTOYHO PAa3BEpPHYThId OTBET, JIOTUKA U
NOCJIEI0BATEIbHOCTh M3JI0KEHHUSI MMEIOT HapylleHus. JlomyckaroTcst ommOKu B
PacKpBITHM TMOHATUW, yHOTpeONeHuH TepMHUHOB. CTYIEeHT HE CIOCOOEH
CaMOCTOSITENIbHO BBIJICIUTh CYIIECTBEHHbIE M HECYIIECTBEHHbIE NPU3HAKH U
NPUYUHHO-CJIEICTBEHHBIE CBs3u. OOydJaromuiics MOXET KOHKpPETHU3UPOBATh
000O0IIECHHBIC 3HAHUA, JOKa3aB HA MPUMEPAX WX OCHOBHBIC MOJIOKECHHS TOJBKO C

MOMOIIIBIO TIpernoAaBaTes. PedeBoe odopmiienne TpedyeT monpaBoK, KOPPEKITHH.

Orenka «2» (HeyIOBJIETBOPUTENIbHO) CTABUTCS 00y4arOIIEeMycCsl, IOIyCTUBLIEMY
IpU OTBETE HA BOMPOCHl MHOKECTBEHHBIE OLIMOKH MPUHILMIIMAIBHOIO XapakTepa

HJIN HC IPEACTABUBUICMY OTBETOB I10 0a30BBIM BOIMpoCaM JUCIHUILIIMHBI.



