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PABOYASI TIPOT'PAMMA YYEBHOM JUCHUILIUHBI (PITY]I)
«MousekyasipHoe MoieITUPOBaHUe OMOCTPYKTYP»
cnenuajabHOCTh 30.05.01 « MeanuuHcKass OMOXMMHUS»
@®opMa NOATOTOBKHU — OYHASA

Kypc 6 cemectp 11

nexuu 18 ygac.

IIPaKTUYECKHE 3aHIATUs 54 yac.

n1abopaTopHble paboThl HE MPETYCMOTPEHO

B TOM uuciie ¢ ucnoiab3zoBanueM MAO nek. 2 /mip.30 /1a6.0 ygac.
BCET0 YacoOB ayJJUTOPHOM Harpy3ku /72 gac.

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

KypcoBasi paboTa / KypcoBOM MPOEKT — HE MPETyCMOTPEHO
3aueT He TMPeIyCMOTPEH
sk3amen 11 cemectp ( 36 gac.)

PaGouas mporpamma coctaBieHa B COOTBETCTBUHU C TPeOOBaHUAMHU (heepasbHOTO
rocy/1apCTBEHHOr0 00pa30BaTEIbHOIO CTaHIapTa BhICIIEr0 00pa30BaHUs MO HAIPaBIECHUIO
noarotroBku 30.05.01 «MeaumuHckas OMOXUMHUS», YTBEPKISCHHOTO MTpHKa3oM MUHHCTEpCTBA
obpazoBanus u Hayku Poccuiickoit @enepanuu Ne 1013 ot «11» aBrycra 2016 1.

PabGouass mporpamma oOcyxkaeHa Ha 3acenaHuu JlemapTaMeHTa METUIIMHCKOWM OMOXWMHUHM U
onodusuku, mpotokon Ne 5 ot «10» utons 2019 r.

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

CocraButens: k.0.H., goueHT Kymeiiko B.B., accucrent T'onuapos H.B.,



OobopoTHasi cTOPOHA TUTYJBHOTO Jucta PITY /]

|. PaGouas mporpaMmma nepecMoTpeHa Ha 3acefanun JlenaprameHnTa:

IIpoTokoun oT « » 20 1. Ne

Hupextop [enapramenTa

(moamucs) (H1.0. ®amunms)

1. PaGouasi nporpamMmma nepecMoTpeHa Ha 3acefanum Jenapramenra:

[IpoToKkoi OT « » 20 1. Ne

Hupexrop Jlemapramenra

(moamuce) (M1.0. ®amunus)



AHHOTAIIUA
Jucrumninaa «MonexynsipHoe MOJICIUPOBAHUE OMOCTPYKTYp»

npeHa3HaueHa JJig CTYyACHTOB, OOydaromuxcsa Mo oOpa3oBaTesibHON Mporpamme
30.05.01 «Megummmackass OMOXUMHUS.

Jucrummaa peanmsyercs Ha 6 kypce 11 cemectpa, SBII€TCS NUCIUIUIMHON
BAPUATUBHOMN YaCTH.

I[Ipu  pazpabotke paboueil  mporpaMmbl  y4eOHOM  JIUCHUIUIMHBI
UCHoNb30BaHbl  DesiepanbHbIl TOCYAApCTBEHHBIM 00pa30oBaTeNbHBIN CTaHIApT
BhICIIero obpaszoBanus 1o crenranbHocTH 30.05.01 «MenumuHckas OHOXUMUSY,
y4eOHBIM IJIaH TIOATOTOBKM CHENHaIUCcTOB 1o crenuanbHoctH  30.05.01
«MeaunuHcKas OMOXUMUS».

OO0mast TPyJOEMKOCTh OCBOCHHS JUCHUIUIMHBI COCTABJISIET O 3a4€THBIX
enunull, 180 gaca. YueOHBIM MIaHOM MPEAYCMOTPEHBI JIEKIMOHHBIE 3aHaAThs (18
4acoB), MpaKTHUECKHe 3aHATHs (54 4acoB), camocTosATeNbHas padoTa cryaeHTa (72
4yacoB), 9k3aMeH B 11 cemectpe (36 4acoB Ha MOATOTOBKY).

[Iporpamma Kypca onupaeTcsi Ha 0a30BbI€ 3HAHUS, TOJYUYCHHBIC CTYJEHTAMMU:

- CINOCOOHOCTh K TPUMEHEHHIO CHUCTEMHOTO aHajlin3a B U3YYCHUH
ononornueckux cuctem (OITK-6)

- TOTOBHOCTh K OIIEHKE pe3yJbTaTOB JaObOpPaTOPHBIX, HHCTPYMEHTAIbHBIX,
MaTOJIOTOaHATOMUYECKUX U HWHBIX HCCIEJOBAHUM B LEJSIX pPaclo3HABAHUS
COCTOSIHUS WJIM YCTAHOBJICHHMSI (DaKTa HalW4yusg WJIM OTCYTCTBHS 3a00J€BaHUS
(OIIK-5)

- TOTOBHOCTh K TIPOBEJICHUIO JTAOOPATOPHBIX U HHBIX WCCICAOBAHHWMN B IEIISAX
pacro3HaBaHUsl COCTOSIHUS WJIM YCTAHOBJICHHMS (paKTa HAJUYUsl WJIM OTCYTCTBUS

3aboneBanus (OITK-4)

eab u3y4yeHusi AMCHUTIAHDI:

1) oO3HaKOMJIEHME C COBPEMEHHBIMH JOCTHXKEHUAMH B  OOJacTH
KOMIBIOTEPHOTO MOJEIUPOBAHUS JMHAMUKH OHOMOJIEKYJISIPHBIX OOBEKTOB U
CHUCTEM,;

2) OCBOEHHE TEOPETHUUECKUX OCHOB KOMIBIOTEPHOIO MOJECIUPOBAHMS U
UHPOPMATUKN KaK CPEICTB HUCCIEIOBAHMS CTPYKTYPHO-AMHAMHYECKHUX CBOWCTB



BOJIOPACTBOPUMBIX 1 MEMOPAHHBIX OCITIKOB;

3) oOyueHue NpodeCcCHOHATBPHOMY BIAJACHUIO COBPEMEHHBIMH METOJIAMH
MOJICKYJISIPHOTO MOJICIIUPOBAHUS OUOCTPYKTYP.
3anauu:

1. O3HAKOMUTHCS C MMpCACTaBJICHUAMU, JICKaIlluMMU B OCHOBC

MOACIUPOBAHUA MOJIGKYJISIpHOﬁ JNHAMUKH,

2. V3yunTh BO3MOXHOCTH KOMITBIOTEPHOU peann3anuu; (yHKIIMOHATbHBIN
BUJ U NPUPOAY IOTEHLUHMAIOB MOJEKYISIPHOIO B3aUMOICHCTBUSA; BUJ
YPAaBHEHUM JBWIKCHHs, YUYWUTHIBAIOIIMX BIUAHUE BHEIIHEW Cpeabl U

HaJIM4IUC PA3JIMYHBIX I'PAHUYIHBIX YCHOBHﬁ;

3. U3yunth 0a30Bble aJIrOPUTMbl JJII HAXOXKICHHUS MEKMOJICKYIISIPHBIX
B3aMMOJICHCTBUM W YHCICHHOTO WHTETPUPOBAHUS YPABHEHUMN IBHKCHUS
MOJICKYJISIPHON CHUCTEMBI.

B pesynbrare u3yueHus JaHHOM NUCLUUIUIMHBI Y 0Oydarommxcs GOpMHUPYIOTCS

cienyrouue npopeccCuoHaNbHbIE KOMIETEHIIMH (3JIEMEHThI KOMIETEHIUMN ):

Kon wum ¢opmyanposka Jtanbl GOPMHPOBAHUA KOMIICTCHIMHU
KOMIIeTeHIIUH
[1K-11 3Haer IIPUMEPBl  BBIYMCIIUTENBHBIX 3KCIEPUMEHTOB C
l'oToBHOCTE K Opranuzanuu OenkaMu U OMOMeMOpaHaMu U TOJy4YEHHbIE B HUX
" OCYILIECTBIIEHUIO pe3yJIbTaThI
MPUKIAIHBIX U TPAKTUYECKUX
IIPOEKTOB " WHBIX
MEPOINPHUATHI TI0 H3YYEHUIO
OMOXHMUYECKUX u
(PM3HOIIOTUYECKUX ITTPOLECCOB Ymeer c(OopMynIHpOBaTh MOJAEIbHOE IPEACTaBICHUE
U SIBIICHHUH, MPOUCXOISIINX B MOJIEKYJISIPHOTO  OMOOOBEKTa U BO3MOXKHOCTH
KJIETKE YeJIOBeKa OpraHM3allM  BBIYMCIUTENBHBIX  MOJIEKYJISIPHO-

AUHAMHUYCCKUX SKCIICPUMCHTOB C HUM

Bnanee
METOJIaMM W OCHOBHBIMH  MPOrPaMMHBIMH
T CPEACTBAMH JUJII MOJIEKYJISIPHOTO MOJEIMPOBAHUS
OUOCTPYKTYp

[K-12 3HaeT OcoOenHoct  paboOTBI W BO3MOXKHOCTH
CnocoOHOCTh K o0opynoBaHusl sl MPOBEACHUS MOJIEKYJISIPHOTO

OIIPEIIETICHUIO HOBBIX MOJICTTUPOBAHUSI OMOCTPYKTYP.
obyacTteii  WCCIENOBaHHUS W Ymeer Haxonuth JIIATEPATYDPY, OIKCHIBAIOIIYIO

npobsieM B cepe pa3paboTku OTKDBITBIE BONPOCHI B O0O0JIACTH COBPEMEHHOM




oumodpuznueckux u (PUIMUKO- OMOTEXHOJIOTHH | 37]PaBOOXPAHCHHSI.
XUMUYECKUX TEXHOJOTHA B Bianee MetogamMu ToMcKa HaydyHOW HWHGOpMAIMHM B
31paBOOXPaHECHUU T 6a3ax ganHbIXx NCBI.

IK-13 3Haer Crpykrypy HaIlMCAHU Hay4HO-

CriocobHOCTb K UCCIIEI0BATENBCKOM PabOThI.
OpraHM3aly U TMPOBEACHUIO Ymeer @dopmynaupoBaTh LeNb M 337auyd  HAy4yHO-
Hay4HBIX UCCIICIOBaHUH, HCCIIeI0BATENBCKOM PabOTHI.
BKJIIOYasi BBIOOp LEMM U
(GopMyIHPOBKY 3ajad,
IUTaHUPOBAHHE, noaoop
a/IeKBaTHBIX METOZOB, cOOD,
00paboTKy, aHAIN3 JAHHBIX U
nyOJIMYHOE UX IPEJCTaBICHHE
¢ yacTOoM TpeOoBaHuil | Baseer bazoBbiMu METOAaMH CTaTUCTUYECKOMN
HH(OPMAIIHOHHOH 00paboTKHU pe3yIbTaTOB UCCIIEOBAHHUS.
0€30MMacHOCTH

Jns dopmupoBaHMs — BBINIEYKa3aHHBIX  KOMIIETEHIIMA B paMKax

TUCUUIUIMHBL  «MOJNIEKyIsIpHOE MOJIETUPOBaHUE OUOCTPYKTYP» MPUMEHSIIOTCS

caeayromme MCTOAbl aKTHUBHOTI'O:

JIeK1IMOHHBIE 3aHATHS:

1. JIekumsi-Bu3yanu3anus

2. Jlexuusg-0ecena

[IpakTrueckue 3aHATHS:

1. Cemunap-aucmyT
2. CeMHHap-NpaKTUKYM

3. Pa3BepnyTtas 6ecena

I. CTPYKTYPA U COJAEP)KAHUE TEOPETUUYECKOM YACTHU

18 wacos, 2 yaca B hpopme Mao.

KYPCA

Paznen |. OcHoOBBI MojJeupoBaHusi MoJieKyjasipHoii agunavuku ( 10

4acoB)

Tema 1. MoaenupoBaHue MOJIEKYJSAPHOI JMHAMMKH — 2 Yaca-JIeKUuus

BU3ya/Iu3allusl.

[Ipenmer  kypca.

Kparkas

HUCTOpUA YU CIICHHOT'O MOJICINPOBAHUA

MOJICKYJIHpHOﬁ JUHAMHUKH. BreraucnurenbHbIN OKCIICPUMCEHT, €TI0 pOJIb 1 MECTO B




HAHOOHMOTEXHOJIOTHUH.

Tema 2. IIpocTpancTBeHHBbIE M BpEeMEHHbIE MACIITA0BI-2 Yaca.

EauHunel n3mMepeHus B «MOJIEKYJIPHOM MHUpPE». XapaKTEpHbIE €IUHULIBI
Macchl, 3Hepruv, BpeMeHu. O 4ucie 4acTul] B MOJAEIUPYEMON MOJIEKYJIAPHON
cucteme. OddexTuBHBIA y4eT pactBoputens. [lepuoguueckue TpaHUYHBIC

YCJIOBHUSL.

Tema 3. ®yHKIMOHAJIBLHBIA BUA U (PU3HYECKasA NMPUPOAA NMOTEHIHATIOB

MOJIEKYJISPHOT0 B3aUMOACHCTBUA-2 yaca.

MonekynspHas CUCTEMa  MPEACTABISAECTCI 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 B3aWMOJECHCTBHUU.
OYHKIMOHAIBHBIA BHJI 3TUX B3aUMOJIEUCTBHI, TO €CTh (POPMYJIbI, IO KOTOPBIM
BBIUMCIIAETCSI JHEPIHUsl B3aWUMOJCHCTBYIOIUMX AaTOMOB, €CIIM HW3BECTHBI HX
KOOPJIMHATHI, ¥ TAOJUIIBI MTApaMeTpoB (3HAYCHHM KOA(PPUITMEHTOB, 3aBUCAIIUX OT
TUIIOB aTOMOB) 33/1al0T CUJIOBoe ToJie. HeBaneHTHbIE B3aMMOAEHCTBUS: BaH-IEp-
BaaJbCOBHI U KyJIOHOBCKHE cuiibl. Paguyc oOpesanus. KomOMHalnoHHbIE IpaBUIa.

OKpaHUPOBAaHUE KYJIOHOBCKOTO ITOTEHIIMANIA.

Tema 4. AIropuT™Mbl BBIYMCJIEHHUS HEBAJEHTHBIX B3auMO/eiicTBHIA-2
yaca. OIeHKa YKClia HEBAJIGHTHBIX B3aUMOJACUCTBUN. DD (PEKTUBHBIEC aITOPUTMBI,
UCIIOJIb3YIOIINEe KOHEUHBIM paauyc B3aumonaencTsus. Ainroput™m Beprne (= meton
cocTaBieHus cnuckoB). OmeHKa ero ObICTpoAeCcTBUS. [ MOKMIA aITOPUTM OLICHKH
IJI8  TIepecdyeTa  CIUCKOB. MeToj  CKaHUpPOBAHWS IO IPOCTPAHCTBY
(mpucoenuHEHHBIE CMUCKK). JIMHEeHHasT 3aBUCUMOCTh TPYJOEMKOCTH BBIYUCICHUN

OT YMCJIa YaCTHII.
Tema 5. UnciieHHOe HHTEITPUPOBAHUE YPABHEHUI IBUKEHHUS-2 Jaca.

Anroput™m Bepre (mpocteiimias pa3HOCTHAsI alIpOKCUMAIus). AJITOPUTM C



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

Paznen |l. AaropurMbl yyera TepMOAHMHAMMYECKHX XAPAKTEPUCTHK

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

Tepmocratel. Temmeparypa. MrHoBeHHass Temieparypa. Y paBHEHHS
JIBW)KCHUST MOJIEKYJISIPDHOM CHCTEMBI, YUYWTHIBAIOIIME HAJIMYME TEPMOCTATa.
W3orepmudeckass  MOJCKYJSpHAas JOWHAMHKA (METOI  MacITaOMpOBaHMUS).
Tepmoctat bepenacena. Tepmocrar Ho3ze-I'yBepa. CroxacTuueckoe BO3/EHCTBUE
opyaromiei cpenpl. bpoyHoBckas nuHaMmuika. CTOJKHOBUTENBHAS MOJICKYJISIpHAS

TMHAMHKA.

Tema 2. BolunciieHue JaBJIeHUS B MAJbIX MOJIEKYJSIPHBIX cHCTeMaXx-2
yaca. bapocrar bepennacena. OnpeneneHue NaBICHUS B MAJIOW MOJIEKYJISPHOU
cucrteme. JlaBimeHne Ha CTeHKY. YacTuibl MEXIy AByMs CTEHKaMu. Bupuan cui
Yactunpel B smuke. @Dopmynsl i gaeineHusd. HanpspkeHne B ceueHMH,
napasuiesibHoMm cTeHke. [lepuoauyeckue rpanndHbie yciioBus. BeiBoa dhopmyn s

nasieHus. bapocrat bepenacena.

Pa3znen |11. TexHosiorum nocTaHOBKH M NMPOBEAECHUS BbIYMCIUTEIbHbBIX

IKCHEPUMEHTOB C Pa3IMYHbIMUA O0MOMOJIEKYJISIPHBIMH cucTeMamu ( 4 yaca)
Tema 1. MoaeanpoBanue 0H0JIOTrHYeCKUX MeMOpaH-2 Yaca.

Onucanve TEXHOJOTH IPUTOTOBJCHUS  OMOJIOTMYECKOW  MeMOpaHbI,
BKJIIOYAIOITIEE MPUTOTOBIIEHHE (HOCHOIUIMUIHOTO OHCIIOsN, €ro pelaKkcaluio,
BBIPAIIUBAHUS ITUIMHAPUYECKOMN MTOJIOCTH, TPOHU3BIBAIOIIEH OUCIION, 3aKITIOUCHHUE
KaHAJI0O0pa3yIolmero TMeNnTHIa B TAaKOW JK€ IMJIMHIP, COBMEIICHHE JBYX
MOJICUCTEM, pellaKcalnio 00pa30BaHHONW OMOMeMOpaHBI M, HAKOHEI, MOJyYCHHUE

MPOJYKTUBHON TPACKTOPUH.
Tema 2. CustoBoe pazBopaunBaHue 0eJIKOBBIX IJI00yJI-2 yaca.

HpI/IBeI[eHO OIIMCAHUC IIOCTAHOBKHW BBIYUCIUTCIIBHBIX OJOKCIICPUMCHTOB H

HCCIICAOBaHUA IIpoHecCa pa3pylmcHUus ABYX I/IMMYHOI‘J'IO6YJII/IH CBJ3bIBArOIIMX



noMmeHoB OenkoB L u G mop neiictBueM BHemHuX cwil. Iloka3aHo, 94TO XOTSA 3TH
nBa Oellka WMEIOT OJIM3KYI0 TPOCTPAHCTBEHHYIO CTPYKTYPY, MEXaHU3MBI HX

pa3pylIeHUs Pa3InYHBI.

Il. CTPYKTYPA U COIEPXKAHUE NPAKTUYECKOM YACTH
KYPCA

54 gaca, 4 gaca B popme Mao.

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

yaca B Bujie CeMUHAp-TIPAKTUKYM).

BbluncinuTenbHbIi 3KCIEPUMEHT, €r0 poJib U MECTO B HAHOOMOTEXHOJIOTUH.
3ansTue 2. AIropuT™Mbl yueTa TEPMOAMHAMUYECKUX XapaKTEPUCTUK cpeabl — 13,5

yacoB ( 2 yaca B Bujie CeMUHAp-TIPAKTUKYM).

3anatue 3. TexHogormu TMOCTAHOBKH | MMPOBCACHUA  BBIYMCIINTCIBbHBIX

HKCIIEPUMEHTOB C PAa3IMYHBIMU OMOMOJIEKYJIIPHBIMU cucTeMaMu— 13,5 yacoB

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

Y4eOHO-METOAUYECKOE o0ecrieueHue CaMOCTOSITEIILHOU paboThHI
oOydJaroruxcsi mo AUCIUIUIHE «MOJEeKyIsipHOEe MOJECTUPOBAHUE OUOUYTPYKTYpP»
npeacTtasiieHo B [Ipunoxkenun 1 u BKIIFOYaeT B ceOs:

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

® XapaKTepUCTHKA 3aJaHUN JJII CaMOCTOATEIbHOM padOThl CTYJIEHTOB U
METOJUYECKHE PEKOMEHIAIIMH 110 UX BBITIOTHEHUIO;

e TpeOOBaHMSI K  TPEACTaBICHUI0O U O(QOpMIICHHIO  pe3yJabTaTOB

CaMOCTOSITEJIbHOM pa6OTBI;



® KPHUTEPUU OLIEHKH BHITIOJHEHHS CAMOCTOATEIBHON PaOOTHI.



IV. KOHTPO.Ib JJOCTUKEHUS IIEJIEH KYPCA

Ne Kontponupyembie Mo tynu/ OneHouHble CpeCTBA -
/0 | pas3zensl / TeMbl AUCHUIUIMHBI Koap! 1 sTansl popMupoBaHusi KOMIETEHIHH HalMEHOBaHME
TEKYILIUN KOHTPOJIb IIPOMEKYTO
YyHast
arTecTauus
Pasznen l. OcHOBBI ITIK-11 rotoBHOCTb K Opranuzauuu | 3Haer: IIPUMEPBI 3auer/sK3am
MO/IETTUPOBaHUS U OCYUIECTBJICHUIO MPUKIAIHBIX U | BBIYUCIUTEIbHBIX eH
MOJICKYJISIPHOM TUHAMUKH IPAaKTUYECKUX HPOEKTOB M MHBIX | IKCIIEPUMEHTOB C YO-1 onpoc Bomnpocsr -
Paznen Il. Anroputrmsel yuyera | MmeponpusTuii o U3YYEHHUIO | OenkaMu u 1-38
TEPMOAVMHAMUYECKHAX OMOXMMHMUYECKUX u | buomeMOpanamu u
XapaKTEpUCTUK CPe.Ibl (GU3MOJOrMUECKUX  HPOLIECCOB U | IMOJIYYEHHblE B  HHX
Paznen  Ill.  TexHonoruu | siBA€HUN, MPOUCXOJAIIMX B KIETKE | Pe3yIbTaThl
IIOCTAHOBKM U MPOBEJCHUS | YeIOBeKa Ymeer:
BBIYHCIUTENbHBIX chopMyIIMpoBaTh
JKCIIEPUMEHTOB c MOJIEIbHOE YO-1 onpoc
Pa3IMYHBIMU Mpe/iCTaBICHHE
OMOMOJIEKYIISIPHBIMU MOJIEKYJISIPHOTO
CUCTEMAMH 61000bEKTa u
BO3MOKHOCTH
OpraHu3aIu
BBIYHUCITUTENbHBIX
MOJIEKYJISIPHO-
JTUHAMHYECKUX
9KCIIEPUMEHTOB C HUM Pesynbrar
Brageer: MeTozamu H ITP-1 Tect TECTUPOBAHUS,




OCHOBHBIMH
IPOrpPaMMHBIMH
CpeaCcTBaMU TUTST
MOJIEKYJISIPHOTO
MOJICTUPOBAHUS

OUOCTPYKTYp

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

Pasnen Ill. TexHomoruu
ITOCTAaHOBKH M TPOBEICHUS
BBIYMCIUTENBHBIX
IKCIIEPUMECHTOB c
Pa3IMYHBIMH
OMOMOIIEKYIISIPHBIMH
cHUCTEMaMU

[1K-12
OIIPEICTICHUIO

CIIOCOOHOCTH K
HOBBIX

obOnacreit

uccienoBanusi u mpobiaem B cdepe

pa3paboTKu

OnousnyecKkux U

(1)I/ISI/IKO -XUMHUYECKUX TEXHOJOTHH B

3[paBOOXPaHEHUU

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

OHOCTPYKTYP.
Ymeer:

JUTEPATYPY,
OIHCHIBAIOIIYIO
OTKPBITBIC BOIPOCH B
o0jacTu COBpPEMEHHOMN
OHMOTEXHOJIOTHHU u
3JIPaBOOXPAHCHHUSL.

Haxonutb

Bnaneer: Metomamu
TIOUCKa Hay4YHOU
uHpopmanuu B 0Oazax
nanabix NCBIL

YO-1 ompoc

YO-1 ompoc

I1P-1 Tect

3auer/3K3aM
eH
Bonpocsr -
1-38

Pesynbrar
TECTUPOBAHUS,




Paznen I OcHOBBI ITK-13cnoco6HOCTh K 3naer:  CTpyKTypy YO-1 ompoc 3ader/3K3aM
MOJIETTUPOBAHUS OpraHu3aluu u MIPOBEJICHUIO | HAITUCAHUS Hay4YHO- eH
MOJICKYJISIPHON TUHAMUKH HAYYHBIX HCCIEIOBaHMN, BKJIIOYAs | UCCIIEI0BATEIHCKON Bompocsr -
Pazgen |l. Anroputmbl yuera | BBIOOp 1elu U (GOPMYIUPOBKY 3a1a4, | pabOTHI. 1-38
TEPMOJIUHAMHYECKHUX IUTAaHUPOBaHKE, MOA00P aJeKBATHBIX
XapaKTEPUCTHUK CPEebl METO0B, cOop, 00paboTKy, aHaIH3
Paspnen |ll. TexHonoruu | naHHBIX u nyOoInYHOe ux
MOCTAHOBKM M TPOBEJCHHUS | MPEIICTABICHUE c Y4ETOM Ywmeer: YO-1 onpoc
BBIYHCIUTENbHBIX TpeOoBaHU uHpopManmoHHon | @opMynupoBarh Ielb
9KCIIEPUMEHTOB c | 6e3omacHocTH U 33Jauyd  Hay4HO-
Pa3IMYHBIMU UCCIIEIOBATEIHCKOM
OMOMOJIEKYIISIPHBIMH paboTHI.
CHCTEMaMH
Buageer: ba3oBeimu
METOJIaMU
CTaTHUCTUYECKOM Pesynbrar
o0paboTku TECTUPOBAHUS,
pe3yIbTaTOB [1P-1 Tect
UCCIIeIOBaHMUS.

KoHTposibHBIE U METOAMYECKUE MaTepHabl, a TAKKEe KPUTEPUU U MOKA3aTeIH, HEOOXOIUMBbIE ISl OLICHKU 3HAHWM, YMEHH,
HaBBIKOB M XapaKTEepU3YyIOIIUEe ATanbl (POPMHUPOBAHUS KOMIIETCHIIMH B MPOIECCE OCBOSHUSI 00pa3oBaTENIbHOW MPOrpaMMBbl

npencrasieHsl B [Ipunoxenun 2.



IV. CHHUCOK YYEBHOM JIUTEPATYPBI U UH®OPMAIIMOHHO-
METOINYECKOE OBECIHHEYEHHUE 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. [ToioB A.M. BbruuciauTenbHble HAHOTEXHOJIOTHM - yueOHoe rocobue /
A.M. IlonoB. — Mocksa : KuoPyc, 2014. — 309 c. Pexum nocrymna:
https://www.book.ru/book/917611

3. AunmpuanoB A.M. Koudopmarmonuslii aHanu3 O€IKOB [DIEKTPOHHBIN
pecypc]: Teopus u npwioxkenus/ AunapuaHoB A.M.— DIEKTpoOH.
TEeKCTOBbIe JaHHble.— MuHck: benopycckas nHayka, 2013.— 531 c.

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

JlonosiHMTEILHAS

1. U6parumoB, 1.M. OCHOBBI KOMIIBIOTEPHOTO MOJIETUPOBAHMS HAHOCHCTEM
[DnexkTpoHHBIN pecypc] : yuebHOe mocodmwe / .M. HbOparumon, A.H.
Kosmos, FO.®. Hazapos. — DnekrpoH. gaH. — Cankt-IletepOypr : Jlanb,

2010. — 384 c. — Pexxum moctyma: 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

«HHTEepHET»

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 jns 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 Ientpa

ounorexnonornueckoit naopmarmu NCBI, 6aza nanasix [ eHHBIN OaHK.

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

Search Tool, onmaiiH-iporpaMma Jijisi BBIpaBHUBAHUS MOCIIEA0BaCIbHOCTEH

OMOJIOTMYECKUX MaKpPOMOJIEKYT

7. http://www.mendeley.com/ - Mendeley: Free reference manager and PDF
organizer; mporpamMma-0Ou0JIMTEKapPh.

8. http://www.ebi.ac.uk - caiit EBpornelickoro HHCTUTyTa OHOUH(DOPMATHKH

9. http://www.scopus.com — oubrorpaduyeckas 0a3a JaHHBIX U HHIICKC

UTUPOBAHUS SCOPUS

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

oubnrorpaduyeckas 0a3a naHHBIX U MHIAEKC uTupoBanus Web of Sicence

11.http://www.molbiol.ru — pycckosi3branbIif HHOOPMATMOHHBIN CalT 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.
bubmmuorpaduueckass ©0a3a [JaHHBIX © HWHACKC IIUTHPOBAHHUS  SCOPUS,
oubnmorpaduueckas 0a3a JaHHBIX M HHAeKC IutupoBanus Web of Science,
MOMCKOBas CHCTeMa, TeHHbIN OaHK U makeT onjaiH-mporpamm NCBI, Hayuynas
anekTpoHHas Oubnnoreka eLIBRARY, s1exkTpoHHO-OMOIMOTEUYHAsT cUcTEMa
“Znanium”, AJICKTPOHHAS ouoImoTeyHas cucTeMa IPRbooks,
unpopmarmonnas cuctema "EJJMHOE OKHO" noctymna k oOpa3oBarenbHbIM
pecypcaM JOCTYM K AJIEKTPOHHOMY 3aka3zy KHUT B oubinoreke [[BOY.
[Iporpammuoe obGecrieuenue Vector NTI nns ananmusa mimasMug U JPYrux
TCHETHYECKUX BEKTOPOB.

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

Search  Tool, mporpammHoe  oOecrieueHne Uil  BbIPAaBHUBAHHS
MOCIIeI0BACTIFHOCTEH OMOIOTHUECKUX MaKPOMOJICKYT

MEGA — mnporpaMMHbIH TakeT i (PUIOTEHETHYECKOTrO aHalu3a U
BBIPAaBHUBAHUS MTOCJICIOBATEILOCTEN OMOMOJIEKY

http://www.idtdna.com/calc/analyzer - mnporpamMmHOe oOecrieueHue st

daHaJIn3a KOPOTKHUX HYKJICOTHAHBIX HOCJICI[OB&TGHBHOCTeﬁ " HpaﬁMpOB


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 YKA3AHHS 1O OCBOEHUIO JUCIIUITJINHBI

Kypc cTpykrypupoBaH 1O XpOHOJOTHYECKOMY, TEMaTHYECKOMY H
CPaBHHUTEIHHO-TUIIOJOTUIECKOMY MPUHITUIIAM, YTO TIO3BOJISET, C OJTHOW CTOPOHHI,
CHUCTEeMAaTHU3UpOBaTh Y4YEOHBI MaTepuan, ¢ Ipyrod — NOTYEPKHUBAET CBS3b C
JIPYTUMH JUCIHHUIUIMHAMY TYMaHUTApHOTO U CIICIUAIBHOTO IHKIIA.

B nmpomecce wu3ydeHHs MarepHalioB y4eOHOTO Kypca MpeaiararoTcs
cienyromue GopMbl paboT: YTCHHE KU, TPAKTUYECKUE 3aHATUS, KOHTPOJIbHBIC
paboThI.

Jlekyuonuvie 3aHAmMuUs OPUEHTHUPOBAHBI HA OCBEIICHHE BBOJHBIX TEM B
KaXIBIA pasfien Kypca U MPU3BaHBI OPHUEHTHUPOBATH CTYACHTOB B IMpeiaraeMoM
MaTepuase, 3aJI0)KUTh HayyHblE U METOJIOJIOTUYECKUE OCHOBBI JUIs JajbHeHIen
CaMOCTOATENbHON pabOTHI CTYIEHTOB.

Ilpakmuueckue 3anamus aKIEHTUPOBAHBI HA HamOOJee MPUHIUIIUATIBHBIX U
npoOJIeMHBIX Bompocax Quiocopuu MU MPU3BaHbl CTUMYJIMPOBATH BBIPAOOTKY
COOCTBEHHOW MHUPOBO33PEHUYECKON MO3UIUH 110 JAHHBIM TEMaM.

B paboTe co cTyaeHTaMu UCTOIB3YIOTCA pa3HOOOpa3HbIE Cpe/IcTBA, POPMBI U
MeTo/1bl 00ydeHHs (MHPOpMalMOHHO-Pa3BUBAOIINE, TPOOJIEMHO-TIONCKOBBIE).

Oco060 3HaunMoOM 11 TPOHeCCHOHAIBHOM TMOATOTOBKHU CTYJIEHTOB SIBJISIETCS
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, KOHCIIEKTOB, AHHOTHUPOBAHME HCTOYHUKOB,
Hancanue pedepaTtoB. B paMkax yueOHOTo Kypca moapa3syMeBaeTcsi COCTaBICHUE
TEMaTHYECKHX JOKJAJ0B, KOTOpPBIE MPOBEPSETCS MperoaaBareieM, 00Cyx aaeTcs
CO CTyJICHTaMH M YUYUTHIBACTCSI P UTOTOBOM KOHTPOJIE 3HAHUH 110 KypCy.

CTyneHTOB HEOOXOAMMO IMO3HAKOMUTh C OCHOBHBIMM MCTOYHHUKAMH, 0e€3
KOTOPBIX HEBO3MOXHO MOJHOILIEHHOE NMOHUMaHue mpobiieMaTtuku Kypea. [lostomy
3T WCTOYHHKH PEKOMEHIOBAaHBl CTyIEHTaM JUIS JIOMAIIHETO W3Y4YeHHUS |
BKJIFOUEHBI B TPOrPAMMY.

OcBocHue KypcCa JOJIDKHO CIoco0CTBOBATH Pa3BUTHUIO HaBBIKOB



O00OOCHOBAaHHBIX U CaMOCTOSITENIbHBIX OLEHOK (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 OBECIIEYHEHUE

JAUCHUITJIMHBI
OcBoeHHE JUCHMIUIUHBI «MOJEKYJIIpHOE MOJAEIUPOBAHUE OUOCTPYKTYp»
MPEANOJIAraeT HCMOJb30BAaHUE  CIEAYIOIIET0 MaTEepUaIbHO-TEXHUYECKOTO
oOecrnieuenusi: MylnbTUMEIUIMHONW ayAUTOPUH, OCHAIEHHOW MIMPOKOMOJIOCHBIM
JNOCTYIIOM B ceTb uHTepHeT. KommbroTepHoro kiacca. Bce KoMIIBHOTEpHI
MOJKJIIOYEHBI K KOPIOPAaTUBHOW KOMIbIOTEPHOU cetn JIBD®Y wm Haxomarcs B
€UHOM JJOMEHE.

I[JIH BBIIIOJIHEHHUSI CaMOCTOSITEIILHOMN pa60TbI CTYACHTBI B JKWJIBIX KOPIIyCax

JIB®Y obecneuens Wi-Fi.

MynbeTuMenuiiHas ayIuTOpHUs: 690922, ITpumopckui Kpaiu, I.

Monob6mox Lenovo C360G- | BnaguBocTok, OoCTpoB Pycckwii, momyocTpoB
134164G500UDK; Dxkpan mpoekinoHHbli | CamepHbiii, nmocenok Askc, 10, ayn. M 421,
Projecta  Elpro Electrol, 300x173 cwm; | 422
MynbTumenuiinelii  mpoektop,  Mitsubishi
FD630U, 4000 ANSI Lumen, 1920x1080;
Bpesnoii uHTepdeiic c CHUCTEMOI
ABTOMATUYECKOTO BTsATMBaHUs kabeneir TLS
TAM 201 Stan; JlokymeHnT-kamepa Avervision
CP355AF; MuxkpodonHas MeTIINIHAS
pagnocuctema YBY mmama3zona Sennheiser
EW 122 G3 B cocraBe OecrpoBOAHOTO
MUKpO(OHa u MPUEMHHKA; Kogex
BuneokoHpepenicnsazu LifeSizeExpress 220-
Codeconly- Non-AES; CereBas Buacokamepa
Multipix MP-HD718; e XXK-manemu 47",
Full HD, LG M4716CCBA; Iloacucrema
ayJTHMOKOMMYTAIHH " 3BYKOYCHIICHUST,
[EHTPATN30BaHHOE Oecriepeboiinoe
o0ecrieyeHne MEKTPONUTaHUEM

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




[Ipubop mns TpOBEACHHUS TOJUMEpPA3HOU
LIEMHOM peakiuu ¢ JACTEKIHUEH MPOTYKTOB
aMIUIMPUKAIII B PEXKUME  «PEaTbHOIO
Bpemenn» 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 11 mnpoBeneHUs BEpTUKAILHOTO
anexkrpopopeza PROTEAN 11 xi Cell (BioRad
1651803)

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

N3mepurens BogopoaHoro mokazarens (pH)
pacTBOPOB B KOMIUIEKTE C OJJIGKTPOJAOM H
KanmuOpoBouyHO# cuctemort PB-11-P11

leiikep TepmocTatupyembiii ES-20/60

LenTpudyra naboparopuas MiniSpin

Ho3zarop aBTOKJIABUPYEMBbIi
onnokaHanbHbli HTL mnepemenHoro obbema
100-1000 mxa Discovery Comfort (4046)

JHo3zarop aBTOKJIABUPYEMBbIi
onHokaHnanbHbE HTL mepemenHoro oOnema
20-200 Mk Discovery Comfort (4045)

Jlo3atop  aBTOKJIABUPYEMBIH  OJHOKaH.
nepemMeHHoro obbema 2-20 Mmka Discovery
Comfort (4043)

JlozaTop  aBTOKJIABHPYEMBIM  OJIHOKAH.

nepemeHHoro oowsema 10-100 mxn Discovery
Comfort (4044)

Cucrema aBTOMaTu3upoBaHHas  Biacore
X100 System a5t aHanM3a MEXMOIEKYIIPHBIX
B3aUMOJICHCTBUI ¢ HAOOPOM JIOTIOJIHUTENBHBIX
yacTel U IporpaMMHBIM 00ecIiedeHHEM

Cuctema JyIsi HENPEPBIBHOTO HAOIIOICHUS
32 KMBBIMH  KJIETKaMH B  KYJIBTYpE,
dbopmupoBanus u ananuza uzodopaxenus Cell-
IQ MLF, Chip Technologies, Uexus

WUukybatop  mepconanmphbii  CO2- ¢
CHUCTEMOW  MOHUTOPMHIA W  TOBBIIICHUS
BuTanbHOCTH KieTok Galaxy (CO48R-230-
1200)

[Mkad JTaMUHAPHBIN 2-ro KJjiacca
OMOJIOTHYECKON 3alMThl, pasMmep padoueii
noBepxHoctu 150 cm SafeFAST Elite215S

bakrepuniaHbIi Y ®-peunupkyaarop
Bo3nyxa, UVR-M

Memanka marautaas, MSH-300i

BrnaguBocTok, octpoB Pycckuii, moayocTpoB
Canepnsiii, nocenok Asikc, 10, aya. M820,
M823, M826




Munupoxep-meiikep, MR-1

Tepmomeiikep mnanmetHsiid, PST-60 HL-4
CucreMa TOJIy4EHHUSI CBEPXYUCTOW BOJIBI

Simplicity (SIMSVOOEU)

LenTpudyra nabopaTopHas TUTST
IOpOBENCHUS  MPOOONOJATOTOBKA  METOJIOM
neHtpudyruposanust S804R

XO0JOAUITBHUK HU3KOTEMIEpaTypHbIH

Forma 902

Jlo3atop aBTOMAaTHYECKHN OJHOKAHAJIBbHBIN
nepeMeHHoro ooObema 0,2-2 MK, cepuu

Discovery Comfort (DV2)

ABTOKJIaB aBTOMAaTHYECKUH BEPTHUKAJIbHBIN

MLS-3020 U

Becol ananutuueckue cepun Adventurer Pro

AV213

Becor nmpeunsuonnsie cepun Pioneer (PA413

Ho3arop JIEKTPUUECKUI

ceponornueckux nunerok Swiftpet PRO

Huctumnstop GFL-2008

Bonsanas OaHs-TepMocTaT

nepemermmBanueM WB-4MS,

Tepmocrtat cyxoBozayuiHbiii MIR-262
OrcacbiBarenb MeguuHckuii OM-1
Becso! npennznonnsie cepun Pioneer (PA413

JJIA

HaumenoBanue 000py0BaHHbBIX
MOMEIIEHUN U ITIOMEIECHUN 111
CaMOCTOSITENTLHOM pabOTHI

[lepeueHb OCHOBHOTO 000PY10BaHUS

Aynutopus sl IPaKTUYECKUX
3aHITUH

r. Bmagusoctok, o. Pycckuit, 1.

Asixe 1.10, ayn. M419, miomans
74,9 m?

[Tpoextop DLP, 3000 ANSI Lm, WXGA 1280x800,
2000:1 EW330U Mitsubishi; [Toxcucrema
CIEIMATN3UPOBAHHBIX KpEIUICHUH 000pyaOBaHUS
CORSA-2007 Tuarex; I[ToacucremMa BHICOKOMMYTAITHH:
MatpuuHblii kommyrtatop DVI DXP 44 DVI Pro Extron;
yumauTens DVI o Butoit mape DVI 201 Tx/Rx Extron;
[loncucrema  aynquoKOMMYTalMd U 3BYKOYCHJICHUS;
aKyCTHYecKas cucrema Juis moTosogHoro Montaxa SI 3CT
LP Extron; mudpooit aymmuomnporeccop DMP 44 LC
Extron; pacmmpenue it KoHTpoiuiepa ynpasiaenus IPL T
CR48

YuranbHbie 3a16l HayuHoi
o6ubnuorexku IBOY ¢ OTKPHITHIM
J0cTynoM K (oHxy (Kopmyc A -
ypoBeHb 10)

Mono6mok 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 gocryna B Uatepuer 500 Mout/cexk.

PabGoune wMecta U1 sonedl ¢ OrpaHUYEHHBIMHU
BO3MOXXHOCTSIMU ~ 3710POBbsSl  OCHALIEHBl JUCIUIESIMH U
npuntepamu  bpaitns;  00opyqoOBaHBI: MOPTATUBHBIMU
YCTPOMCTBAMM JJIl YTEHHUS IUIOCKOIEYATHBIX TEKCTOB,
CKaHUPYIOLIUMHU u YUTAIOIUMU MalIMHaMU
BUJICOYBEIMUUTEIEM C  BO3MOXHOCTBIO  PEryJIsLUU
LBETOBBIX CIIEKTPOB; YBEIWYHMBAIOIIMMH 3JICKTPOHHBIMU
JIyIIaMHU U yJIbTPa3ByKOBBIMU MapKUPOBUIMKAMU

Aynuropust 11t
CaMOCTOSITENILHOM pabOThI
CTYZCHTOB

r. BnaguBocrok, o. Pycckuii 1.

Asxc 1.10, Kopmyc 25.1,
ayn. M621
[nowap 44.5 v

Mono6nok Lenovo C360G-i34164G500UDK 19.5"
Intel Core i3-4160T 4GB DDR3-1600 SODIMM
(1x4GB)500GB Windows Seven Enterprise - 17 mtyk;
IMpoBoxanas ceth JIBC — Cisco 800 series; 6ecripoBoiHbIC
JIBC nmnst oOydvaromuxcsi o0ecriedeHbl CUCTeMOU Ha 0aze
touek pocryna 8§02.11a/b/g/n 2x2 MIMO(2SS).




MUHUCTEPCTBO OBPA3OBAHUSA M HAYKU POCCUMCKOM ®EJEPALIMNA
denepaibHOE TOCYJAPCTBEHHOE aBTOHOMHOE 00Pa30BaTEeIbHOE YUPEIKICHUE
BBICIIET0 00pa30BaHUs

«JlanbHeBOCTOYHBIN (enepabHbIii YHUBEPCUTET»
(ABDY)

IKOJIA BUOMEJIUIIUHDbI

YYEBHO-METOJANYECKOE OBECITEYEHUE CAMOCTOSTEJIBHOM PABOTHI
OBYYAIKOLIUXCHA
no JucuuimIuHe «MoJsiekyJasipHoe Mo/1eJIUpOBaHne OMOCTPYKTYP»
cnenuagabHocTh 30.05.01 MeauumHckass OMOXHUMHS

DopMa NOATOTOBKH OYHAS

BaaauBocToK
2017



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 JIUTEepaTyphl IO
JUCIUIIMHE, TOJATOTOBKA K
MIPaKTUYECKOMY 3aHATHIO,
MOATOTOBKAa K KOHTPOJIBHOMY
TECTUPOBAHUIO,  HAIMCaHUE
JIOKJIAZI0B, PEIICHUE TECTOB

36

KOHTPOJIbHOC
TECTUPOBAHUC

11-18 "wenens

Pabora ¢  KOHCIIEKTOM,
U3y4YeHUEe JIUTepaTypbl IO
JUCIUIIMHE, TOJATOTOBKA K
MPaKTUYECKOMY 3aHATHIO,
MIOATOTOBKA K KOHTPOJIbBHOMY
TECTUPOBAHHUIO, TOATOTOBKA
JIOKJIAJI0B, PEIICHUE TECTOB

36

KOHTPOJIbHOC
TCCTUPOBAHUC

3 ceccus

IToaroroska K 9K3 CMCHY

36

3aueT

CamocrosiTennbHasi paboTa  CTYJIEHTOB

COCTOUT U3

IIOATOTOBKH K

NPaKTUYECKUM  3aHSATHSAM, padOThl HAJa PEKOMEHJOBAHHOW JIMTEPaTypoOH,

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

HpenonaBaTenb npeajraract KaxaoMy CTYyACHTY HWHIWBHUAYAJIbHBIC H

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 00s3aHHOCTEN — (0105151

TOTOBUT HAyYHO-TEOPETUYECKYIO YacTh, @ BTOPOU MPOBOJUT aHATIU3 MPAKTUKH).

CamocTosiTenbHass paboTa MOXKET OCYIIECTBIATHCS WHAWBUIYAIBHO WU

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

CaMOCTOSITENIbHOM pabOThl, YPOBHS CJIOKHOCTH U YPOBHSI YMEHUMN CTYICHTOB.

KoHTponb pe3ynpTaTOB CaMOCTOATEIBHONW pabOThl CTYAEHTOB JIOJKEH

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

3aHATHA U BHCAYIUTOPHYIO CaMOCTOATCIIbBHYIO pa60Ty CTYACHTOB IO JUCIUIIJIMHE,

MOKET MPOXOAUTH B TUCbMEHHOM, YCTHOM WJIM CMEIIaHHOHN (opMme.
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IMACHOPT ®OC

Kon wu ¢opmyanpoBka Itanbl GOpMHPOBAHUSA KOMIIETEHIINHU
KOMIIeTeHIIUH
ITK-11 3Haer IIPUMEPBI  BBIYUCIUTENBHBIX JKCIEPUMEHTOB C
['0TOBHOCTB K OpraHu3aluu OenkamMu U OMOMeMOpaHaMu U TOJyYEHHBIE B HUX
u OCYILIECTBIIEHUIO pe3yabTaThI
MPUKITAIHBIX U TMPAKTHYECKUX
IPOECKTOB " HHBIX
MEPONPUITHIA MO H3YYECHHUIO
OMOXHUMHUUYECKHUX u
(bngﬂonornqecm/[x IIPOLIECCOB VYmeer C(i)OpMyJ'II/IPOBaTB MOZACIBbHOC NPEACTAaBICHUC
U SIBJIEHHUH, IIPOMCXOIALIMX B MOJICKYJISIPHOTO OMOO0OBEKTa U  BO3MOXHOCTH
KIIETKE 4EJIOBEKA OpraHM3alli  BBIYMCIUTENBHBIX  MOJIEKYJISIPHO-
JTUHAMHYECKHUX dKCIICPUMEHTOB C HUM
Bnanee
METOJaMH U OCHOBHBIMH  IPOTPaMMHBIMH
' CPEICTBAaMH Il MOJIEKYJSPHOIO MOJEINPOBAHUS
OHOCTPYKTYP
[1K-12 3HaeT OcobenHoctu  pabOTBI W BO3MOXKHOCTH
CnocoOHOCTh K o0opynoBaHusi UIsl TPOBEACHHS MOJIEKYJISIPHOTO
OIpeIeNICHUIO HOBBIX MOJICTUPOBAHMSI OMOCTPYKTYD.
oOmacteil HccienoBaHUA U Ymeer Haxonuth TUTEpaTypy, OTHCHIBAIOIIYIO
npobneM B cdepe pa3paboTku OTKPBITBIE BOIPOCH B OOJACTH COBPEMEHHOM
onoduzmuecknx u (PUIMKO- OMOTEXHOJIOTHH U 3]I[PAaBOOXPAHEHHUSI.
XMMHUYECKMX TEXHOJIOTUH B Bnanee Merogamu moucka HaydHOW wuWHQOpmManuu B
3/IpaBOOXPAHEHUH T 6azax manasix NCBIL
I1K-13 3Haer Crpykrypy HalMCcaHus Hay4yHO-
CnocoOHOCTb K HCCIIEIOBATENbCKON pabOTHI.
OpraHu3alil U MPOBEACHUIO Ymeer dopmynupoBaTh 1eNb M 3a7auyd  HAy4dHO-
HAyYHBIX MCCIICIOBaHHIA, HCCIIEI0BATENbCKON pabOTHI.
BKIIOYasi BBIOOp WEMH U
(bhOpMyYTUPOBKY 3ajad,
IUITaHUPOBAHUE, noaoop
aZIeKBaTHBIX METOJIOB, CcOOp,
00paboTKy, aHAN3 AAHHBIX U
nyOIMYHOE UX MpeACTaBlIEeHUE
¢ yaeToM TpebOBaHUH | Braneer bazoBbiMu METOAaMU CTaTUCTUYECKOMN

UH(POPMALIMOHHOM
0e3011aCHOCTH

00paboOTKH Pe3yabTaTOB UCCIICTOBAHMS.




No Kontpommpyemsie Mogynn/ OueHOuYHbIE CPEACTBA -
n/m | pas3ziensl / TeMbl AUCHUTUTNHBI Kopp! u sTansl popMupoBaHust KOMIETEHIHH HAaUMEHOBAHUE
TEKYIIUA KOHTPOJb MIPOMEXKYTO
YHast
aTTecTaiuus
Paznen I OcHOBBI [IK-11 roToBHOCTH K OpraHu3anuu | 3HaeT: MIPUMEPbI 3ader/3K3aMm
MOJIETTUPOBAHUS U OCYUIECTBJICHUIO MPUKIAIHBIX U | BHIYUCIUTEIbHBIX eH
MOJIEKYJIIPHON JUHAMUKH [IPAKTUYECKUX IIPOEKTOB M UHBIX | DKCIIEPUMEHTOB c YO-1 onpoc Bomnpocsr -
Paznen Il. Anroputmsel ydyeta | MmeponpusTuii o U3YYEHHUIO | OenmkaMu u 1-38
TEPMOJIUHAMHYECKHUX OMOXMMHUYECKUX u | buomeMOpanamMu u
XapaKTEPUCTHUK CPEbl (U3HOIOrMYECKUX  TPOLIECCOB M | MOJYyYEHHbIE B  HHX
Paznen Ill.  TexHonoruu | siBA€HUH, NPOUCXOASIIUX B KIETKE | pe3yJbTaThl
MIOCTAHOBKM U TPOBEJCHHS | YeIoBeKa Ywmeer:
BBIYHUCITUTENbHBIX chopMyIupoOBaTh
AKCIIEPUMEHTOB c MOJIETIbHOE YO-1 omnpoc
pa3IUYHBIMU IIPEJICTaBICHNE
OMOMOJIEKYIISIPHBIMU MOJIEKYJIIPHOTO
CUCTEMaMHU 01oo0BeKTa u
BO3MOYKHOCTHU
OpraHu3aluu
BBIYHMCIIUTEIbHBIX
MOJIEKYJISIPHO-
JTUHAMUAYECKHUX
9KCIIEPUMEHTOB C HUM Pesynbrar
Briageer: MeTomamH 1 I1P-1 Tect TECTUPOBAHU,
OCHOBHBIMH
MIPOTrpaMMHBIMU
CpeacTBaMHu TUTST




MOJIEKYJISIPHOTO
MOJEIIUPOBAHUS

OUOCTPYKTYp

Paznen l. OcHOBBI
MOJICTTUPOBAHUS
MOJICKYJISIPHOW TUHAMUKH
Pazgen Il. AnroputMmel ydera
TEPMOTUHAMHYCCKHIX
XapaKTePUCTHK CPEIIbI

Pasnen Ill. TexHomoruu
MMOCTAHOBKH W TIPOBEICHHSI
BBIYHCITUTEIILHBIX
IKCIIEPUMEHTOB c
pa3IMYHBIMU
OMOMOJIEKYIISIPHBIMU
CUCTEeMaMH

[K-12 CIOCOOHOCTh K
OTIpPEICNICHUI0  HOBBIX  oOnactei
ucciaenoBaHus U TmpobiemM B chepe
pa3paboTku  OMOPU3HUYECKHX  H
(U3HKO-XMMHYCCKUX TEXHOJIOTHIA B
3JIPaBOOXPaHECHUU

3naer: OcoOeHHOCTH
paboThI u
BO3MOXKHOCTH
0bopyaoBaHuUs JUIS
POBEICHUS
MOJICKYJISIPHOTO
MOJICTTHUPOBAHHS

OHOCTPYKTYP.
YmMmeer:

JUTEPaTypy,
OITUCHIBAOIILYIO
OTKPBITBIE BOMIPOCH B
o0jacTu COBpPEMEHHOMN
OHMOTEXHOJIOTHHU u
3/IPaBOOXPAHECHHSL.

Haxomuts

Bnaneer: Mertomamu
IIOMCKa Hay4HOU
nHpopmanuu B 0azax
nmaaabeix NCBIL

YO-1 ompoc

YO-1 ompoc

I1P-1 Tecr

3auet/rK3am
eH
Bomnpocs! -
1-38

Pesynbrar
TECTUPOBAHUS,




Paznen l. OcHOBBI
MOJIETTUPOBAHUS
MOJIEKYJIIPHOW TUHAMUKHA
Pasznen Il. Anropurmel yuera
TEPMOJIUHAMHYECKHUX
XapaKTePUCTHUK CPeIbl

Pazgen |ll. Texuonoruu
IMOCTAaHOBKM U TPOBEJCHUS
BBIYHCIUTENbHBIX
JKCIIEPUMEHTOB c
pa3IUYHBIMU
OMOMOJIEKYIISIPHBIMH
CUCTeMaMHU

[TK-13cnoco6HOCTD K
OpraHu3aIu " MIPOBE/ICHUIO
HAyYHBIX WCCIICJIOBAHM, BKIIIOYAs
BBIOOD 1IeTH ¥ POPMYITHPOBKY 3a71ad,
IUTAHUPOBAHKE, TOA00P aJACKBATHBIX
MeTol0B, cOop, 00paboOTKy, aHaIU3

JTAHHBIX " myO0IMaHOe ux
MIPEICTaBICHHE C y4eTOM
TpeboBaHMit HH()OPMAITMOHHOM
0e301acHOCTH

3naer:  Crpykrypy
HaIrMCaHus Hay4HO-

HCCIIE0BATEIbCKON
paboTHL.

YmMmeer:
®opmyIUpoOBaTh  1ETb
M 3aJadyd  HaAy4dHO-
HCCJIEIOBATEILCKOM
paboTHI.

Brnaneer: ba3oBeiMm
METOAAMHU
CTaTUCTHYECKOM
00paboTku
pe3yabTaToB
HCCIICAOBAHUS.

YO-1 ompoc

YO-1 ompoc

I1P-1 Tecr

3ayer/sK3am
€H

Bonpocsr -
1-38

Pesynbrar
TECTUPOBAHUS,




IIIkana oueHUBaHUA YPOBHSA C(POPMHPOBAHHOCTH KOMIIETEHIUI

Kon " Jdranbl  (GopMHUPOBAHUSA KpPUTEepUMn MoKa3areju
(¢opmMy/IMpOBKa | KOMIIETeHUHH
KOMIIeTeHIUH
IK-11 MIPUMEPBI 3HaHue CThpYKTYUpOB
['oToBHOCTH K BBIYHUCTUTEIBHBIX | pa3UYHbIX aHHOE 3HaHUE
opraHuszanud u 3HaeT | IKCICPUMCHTOB C | BpIYMCIMTENBHBIX | BBIYUCIUTEIbHBIX
OCYILECTBICHHIO | (IIOPOrOB Oemxamu U | 3KCIIEPUMEHTOB C | SKCIIEPUMEHTOB C
OPUKIATHBIX U | BIA OnomeMOpaHaMH | Gerycany u | 6enkamu u
IIPAKTUYECKUX yposenb) | TOJLYHCHHBIC B ouomeMOpanamu | GmomemMOpaHamMu
IPOEKTOB U UHBIX HHUX PESYILTATBL | ) MOJIyYeHHBIC B | M TOJyYCHHBIE B
MEPONPUITHIA T10 HUX PE3yNbTaThl | HUX PE3yJIbTaThl
U3YYEHUIO chopMynupoBa Croco6HOCTh dopmynupyer
OMOXHUMHUYECKUX Tb MOZIENBHOE | chOPMYIIUPOBATH | MOIEIBHOE
" IpeACTaBICHUC MOJEeNbHOE MPEACTABIIEHUE
buznonornyecKku MOJICKYJFIDHOTO | fpencraBieHne MOJIEKYJIIPHOT O
X HpoHOeccoB H 6noodbexTa 1 MOJICKYJISIDHOTO 01oo0BeKTa u
SBIICHUH, ymeer | BOSMOKHOCTH O01000BEKTA U | BO3MOXXHOCTH
IPOUCXOIAIIMX B | (IPOJBHH Oprartusatin BO3MO>KHOCTH OpraHu3aIu
N BBIYHUCITUTENbHBIX
KJICTKE YEJIOBEKA | YThIi) MOJICKYILIPHO- OpraHu3aIu BBIYUCITUTEIbHBIX
THHAMAYECKUX BBIYUCIIUTEIFHBIX | MOJICKYJISIPHO-
SKCIIEpHMEHTOB ¢ | MOTCKYISPHO- JTUHAMUYECKHUX
HUM JTUHAMUYECKUX 9KCHEPUMEHTOB C
HKCIIEPUMEHTOB C | HUM
HUM
MeTOoJaMHU u | Bnanenue CamocrosTenbHO
OCHOBHBIMH 0a30BBIMHU BBITTOJTHSIET
BIAJICC | porpaMMHBIME | METOJIAMH  JUTSL | MOJIEKYJISIPHOE
T CpeACTBaMHU JUIsl | MOJIEKYJIIPHOTO MOJIETUPOBaHHE
(BBICOKH | \ioiekyIsipHOrO | MOACIMPOBAHHS | GHOCTPYKTYP
i) MOJIETUPOBaHUsl | OMOCTPYKTYp
OUOCTPYKTYp
[TK-12 OcobenHoctu 3HaHue CThpyKTYHpOB
CnocoOHOCTh K paboThI U | 0cCOOCHHOCTEM aHHOE 3HAHUE
ONIPEJIETIEHUIO 3HA€T | BO3MOYKHOCTH paboThI u | paboThl "
HOBBIX oOOusacrelt | (moporos | o0opynoBaHUs 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.
¢buzuko- Haxonuts CriocobHOCTE T'oToB u
XUMHUYECKHUX yMEeT | JIUTepaTypy, paboTsI c | criocobeH
TEXHOJIOTHI B | (MPOJBUH | ONMHCHIBAIOIIYIO Hay4IHOU paboraTh c
3/IpaBOOXPAHEHHUH | yTHIN) OTKPBITBIE JIUTEPaTypPOU. Hay4HOU
BOIIPOCHI B JUTEPATYpOU




o0nactu
COBPEMEHHOM
OMOTEXHOJIOTHH U
3/IpaBOOXPaHEHH
s1.
MeTtonamu Bnanenue CamocrosTenb
BIIaJIeC | MOWICKAa HAyYHOW | METOJaMH IMOUCKA | HO OCYIIECTBIISET
T uHpopMalud B | HAY4YHOI MOWCK  HAay4YHOH
(BeICOKM | 0a3ax  maHHBIX | HHQoOpManuu B | uHGOpMAIMK B
i) NCBI. 0azax JaHHBIX | 06a3ax JTAHHBIX
NCBI. NCBI.
IK-13 CtpykTypy 3HaHue CThpYKTYUpOB
CriocoOHOCTh K 3HACT | HAITUCAHWS CTPYKTYPBI aHHOE 3HAHUE II0
opram3any ¥ | (IOPOrOB | HAYYHO- HaITMCaHUs HATTMCAHHIO
MIPOBEJICHUIO Bl HCCIIEIOBATENbCK | HAYYHO- Hay4YHO-
Hay4HBIX YpOBEHB) | 0¥ pabOTHI. HCCIIEN0BATENBCK | MCCIIEIOBATEIBCK
UCCJIEIOBAaHUH, 0i1 paboTBHI. 0i1 paboTBHI.
BKJIOYasi  BBIOOp dopmynrpoBa Crioco6HOCTh l'otoB u
(15 U Th 1I€7b U 33724 | (OPMYJIMPOBATh | CIIOCOOCH
(hOpMYyIIUPOBKY yMeeT | Hay4HO- nenu ®W o 3aaadd | GOpMyJIMPOBATH
3ajad, (IPOJBUH | UCCIIEIOBATEIBCK | HAYYHO- Henu U 3aJa4u
IJIAaHUPOBAHHUE, YThIi) Oii paboTHI. UCCJIEIOBATENbCK | HAYYHO-
nogoop 0 paboTHI. UCCIIEIOBATEIhCK
aleKBaTHBIX 0i1 paboTHI.
METOJI0B,  cOop, bazosriMn Bnanenue Bnaneer
00paboTky, METOJIaMHU METOJITaMHU METOJIaMHU
aHalIn3 NaHHBIX U CTaTUCTUYECKOW | CTATUCTHYECKOM | CTATHCTUYECKOU
nyonudHOe WX Blajaee | oOpaboTku 00paboTku o0paboTku
NpeJCTaBiIeHue C | T pE3yNbTaToB pe3ynbTaToOB pe3ynbTaToOB
y4eTOM (BBICOKM | HCCIICTOBAHMS. WCCIICIOBAHMS. UCCJIC/IOBAHMSI.
TpeOoBaHUl i)
UH(POPMALIMOHHO
I OezomacHoCTH

MeToauveckue peKOMEHIALMH, ONpeae/AIIIe NPoueaypPbl OlleHUBAHUSA

pe3yJbTaTOB 0CBOCHUA NUCHUILJIMHDBI

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

[Ipu pabote ¢ Tectamu mpeasaraeTcsi BHIOPATh OJIMH BapHAHT OTBETA U3 TPEX
— 4YeTbIpeX MNpEeJIOKEHHbIX. B TO ke BpeMs TeCcTbl IO CBOEHW CII0KHOCTU

HCOANHAKOBBI. Cpezm MNPpCIOKCHHBIX HMCHKOTCS TCCThbI, KOTOPBIC COACPKAT



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 MPOMEKYTOUYHOM aTTecTalliyd MPOU3BOJIUTCA KaXKIbIM IPErojiaBaTesieM
WHJIMBUAYAIBHO.

Pe3ynbTaThl BBITIOJTHEHUS TE€CTOBBIX 3alaHuI OIICHUBAIOTCS
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 MMPOBOAUTCS Ha OyMakKHbIX OJlaHKaX

HJIK B KOMIIBIOTCPHOM KJIACCC. HpHMepr TCCTOB IIPUBCACHBI HUXKC.

HTorosolii 3kx3aMeHALIMOHHBIH TECT

Howmep monyins 48

dopMynupoBKa Tun BapuaHntsl oTBETOB Bamu
BOITpOCa BOITpOCa KOMMEHTapH

17}

Kakue mnpexncraBneHus Bei6op = IIpencrasienne [IpaBunbH
JeXaT B OCHOBE METOJA | OJTHOTO MOJIEKYJISIPHOTO 00beKTa B BU/je | bIi OTBET
MOJIEKYJIIPHOM 3HAYEHHUS CHCTEMBbI B3aMMOJACHCTBYIOIIMX | BbIIEIEH
JUHAMUKN? MaTepuaIbHbIX 4acTHI,

ABHKEHUe KOTOPBIX
ONUCBHIBACTCH  KJACCHYECKUMH
ypaBHeHusiMH HbloToHa;

= Onucanue MOJIEKYJISIPHON
JTUHAMUKU c ITOMOIIBIO
BPEMEHHOI0 YpaBHEHHUS
[Ipenunrepa.

Bce nmu w3 ykazaHHBIX OtBer 3aganue KOOpAMHAT " OtBeT na

IEeHCTBUH  OTHOCITCS K | Ja/HET cKopocTeil BCEX aTOMOB;
IMOCTaHOBKE u 3aganne Ta0JUIBI MapaMeTPOB
IIPOBEJCHUIO aTOMOB (MX THIIbI, AaTOMHBIE
MOJIEKYJIAPHO- Maccbl,  3apsAAbl); 3ajlaHue

JUHAMHUYECKOI O napaMeTpoB CHJIOBOIO MOJIs




BBIUHCIUTEIHHOTO
JKCIIepUMEHTa?

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

Ha3BaHUs

[THPOKO
TSt

Bsectu
3HAYCHUA

AMBER,
GROMACS,

GROMOS,
CHARMM,

IIYMA, PUMA, NAMD, Tinker,

DL_POLY,
NWCHEM

LAMMPS,

[IpaBunbpH
BIM
CUHMTAaETCs
OTBET,
coAepKaIMI
XOTS OBl
OJIHO n3
YKa3aHHBIX
3HAYCHUH.

1 KI  BOJABl  IIpHU
HOPMAJIbHBIX  YCIIOBUSIX
3aHMMaeT o0beM 1 JuTp.
Haiinure 00BeEM,
IMPUXOJALIUICS B CPEHEM
Ha OJIHY MOJICKYJIY BOJIBI.
OtBeT pmaiiTe B Al ¢
OKpYTJIEHUEM J0 LIEJIOTO.

BBectu
3HA4YCHUE

30

30 A3

Onenure JIMHEUHBIN
pa3Mep MOJIEKYJbl BOJIBI,
CUMTasg, 4YTO MOJEKYJIbI
pacrioyioXKeHbl B y3Jlax
IIPOCTOMN KyOHuueckomn
pemietku. OTBeT naiTe B
aHICTpEMax C  OJHUM
3HAKOM IIOCJIC 3aIsTOM.

Bsectu
3HauYEHUE

3.1

3.1A

Ycranosure
COOTBETCTBUE
XapaKTEPHBIX
HCIIOJIb3yEMBIX npu
ONMCAaHUU JTMHAMUKHU
MOJIEKYJIIPHOW CHCTEMBI

TS
EIMHUIL,

YcTaHOBUT
b
COOTBETCTBUE

1. Macca

2. JlnunHa
(paccrosinue)

3. Bpems
4. Dueprus

(a) mc (102 ¢)
(6) 1™ (107° m)

i A (1070 )

() x/x/Moinb

WY KKaJI/MOJIb

(r) a.e.M.

(1,67-10°% k)

B MaJIBIX
MOJICKYJISIPHBIX CHCTEMax
(kmacTepax), coaepKarmx
COTHHU WIH THICSTYU
aTOMOB,  yCJOBHS IS
aTOMOB B
MIPUITIOBEPXHOCTHBIX CIIOAX
o0beMe  CHIIBHO
pazIM4aroTCs. ITycts
aTOMBI pacrojiaraloTcs B
y31ax IIPOCTOU
KyOM4ecKOH pemeTku u

u B

Bsectn
3HaYeHUE

48.8

48.8 %




obpasyror ky6o 10x10x10.
Haiinute pgomr0 aTromos,
PacCIOJIOKEHHBIX Ha
NOBEpPXHOCTH KyOa. OTBeT
3aMMIIATE B MPOIEHTAX

Pacuetnas sdueiika ¢
NEePUOIUYECKUMHU
TPAHUYHBIMU  YCIIOBUSMHU
umeer rpanuipbl  [0,Ly).
[TpuBectn Qopmyny ams
onpeaeeHus X-
KOOPJIMHATHI oOpaza
YacTUIbI B  pacyeTHOU
SYerKe X, €CIU  ee
TEKYIee 3HAUCHUE Xt.

Bsectu
3HaYeHUE

Xo=X¢-[Xt/Lx]- Lx

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

ITonumepHast moiekyna
B pa30aBIIEHHOM pacTBOpe
UMEET COCTOSIHUE KITyOKa.
Jns wmonenupoBaHUs ee
MOBEJICHUS ObLIa
npeIoKeHa MOJACIb, B
KOTOpOil mojumep  ObLI
MPEJCTABIICH LUEMOYKOU U3
100 mapoB nuametpa 1,
COETMHEHHBIX
BaJICHTHBIMU CBSI3SIMU
JUIMHBI 1, a pacTBOpPHUTEIb
—  TIPOCTHIMH  IIIapaMH
muametrpa 1. Pacdernas
sueiika Obuta B3ATa B
dbopme KyOa c
NEePUOANYECKUMU
TPaHUYHBIMU YCIOBUSIMH.
Ouenure o00ImEe YHUCIO
I1apoB, KOTOpOe
HEOOXOUMO TTOMECTHUTH B
pPacyeTHYIO SYEHKYy JJIA
TOTO, YTOOBI B TIpOIIECCE
TEIUIOBBIX  (PIIyKTyanui
MOJIMMEPHOTO KITyOKa
COXPaHSIACh YCIIOBUS
pa30aBIICHHOTO PAacTBOPA,
TO €CTh, YTOOBI MOJHMEP
HE UMeJI KOHTaKTOB C
obpazamu moiuMepa B
COCEJIHUX SUYEHKax

Bsectu
3HayYeHUE

1 000 000

100x100x
100

[Tpu ONMCAHUU
MEXMOJIEKYISIPHBIX

YcTanoBut

(@) U= KI(I _Io)2




B3auMOJICUCTBUHI
UCIOJIB3YIOT MOTEHIUAIIBI:
1) Ban-nep-BaanbcoBbix
B3aUMOJICUCTBUM; 2)
KYJIOHOBCKUX
B3aWMO/ICVICTBHIA; 3)
BAJICHTHBIX  CBsizeld, 4)
BaJICHTHBIX  YyIJIOB;  5)
TOPCUOHHBIX  YTJIOB; 6)
MIJIOCKUX CPYIIIL.
ITocraBbTe B
COOTBETCTBHUE 3TUM
B3aUMO/JICVCTBUSIM
MpHUBEICHHBIC (POPMYITHIL.

COOTBETCTBHEC

©) u=K,(@-6,)?

(8) u=K,[1£Cos(ng)]
() u=K,[1-Cos(ny)]
_ 90

€

av-efe] (2
r r

(m) u

JLtst OIMCAaHUSA
HEBaJICHTHBIX
B3aUMOJCHCTBUM
UCIIOJIB3YETCSl MOTEHLIHMAI
Jlennapn-/[>xoHca B
OJIHOM u3 JIBYX
IIPEICTABJICHUN:

. 12 o 6
NERCI
r r

r 12 r 6
o[ o)
r r

Haiinute cooTBeTCTBHE
MEXAy HapaMeTpamMu B
ATHX ABYX QopMyiax.

Bsectn
3HauYEHUE

21/6

Fmin= 9

21/6

Fmin= 9

Bemumure  hopmyIibt
(xoMOMHAIMOHHBIE
IpaBuiia) JUIsl MapamMeTpoB
Ban-nep-BaanbcoBbIX
B3aUMOJICUCTBUH E£3p U Oap
YaCTHUI[ pa3HBIX COPTOB (&
u b) yepe3 3HaYEHUS ITHX
napamMeTpoB ISl KaKJI0TO
U3 COpPTOB.

Bsectn
3HAYEHU

gab:(gaagbb)a5

Gab=0.5'(6aa+6bb)

€ab= (Saasbb)
0.5

Gab:O.S' (Ga
atOpb)

ITorennuan BaJeHTHOH
CBSI3U MEXJy aToOMaMH | U
J 3amam B  dopme
u, = K(r—b,), rme r=|rj-
r| — paccrosuue MexmIy
STUMH aToMaMu, a bg — ee
paBHOBECHasI JUTHHA.

Bsectn
3HaYeHUE

[Tockonbk
y Habop
bopmyn wu
IpoBepKa HX
MPABUILHOCT
U BBI3BIBAIOT

TPYAHOCTH,




BeiBenure dopmyny s MOJKHO
BKJIaJla B JCHCTBYIOIIHE paccMOTpETh
Ha aroM 1 cuiel f; co BapHaHT
CTOPOHBI 3TOM BaJIEHTHOMU OTIEIIBHOTO
CBSI3H. CIUIOLIHOTO
CIIHCKa
dopmyn 1o
BCEM
3aJaHusAM, M3
KOTOPOTO
HYXHO Oyzaer
BBIOpPATH
IO TXOJTSTITY
10 hopmyiry.
HeBanentHoe Bgectn ro O\ ro\° r—r
B3aMMOJICHCTBHE MEXIYy | 3HAYCHHE f, =24¢ (%} —(%) 2
YacTUIlAMH | W | 3aJaHO
noTeHmanioM Jlennapna- fy =
JlxoHca B popme
12 6
R
r r
, rie r=|ri-rj| —
paccTosiHue MEXTY
aTOMaMH. BrBectn
dbopMynbl TSI BKJIAOB B
CWJIBI, JIEHCTBYIOIIME Ha
aTOMBI, CO CTOPOHBI 3TOTO
B3aUMOJICHCTBHS
IIpu BBIYHCIICHUH 1. Meton Bepine cocraBneHus
HEBAJIEHTHBIX CITHCKa
B3aUMOJICIICTBHI B KaKOM B3aWMO/ICHCTBYIOIINX Map;
U3 IBYX METOJIOB 2. MeToa ckaHMPOBaHUS
TPY/I0EMKOCT NPOCTPAHCTBA
nponopunonansHa N, B
MPOTUBOMOJIOKHOCTh
IpyroMy, B KOTOPOM OHa
MPOTOPITMOHATBHA N%?
[Ipu  monenupoBaHUU BBectn I'masusri: 2,0,7,0,1,4,0,5,0
CHCTEMBI U3 12 YacTHUIl Ha | 3HAUCHUS

INIOCKOCTH AJIA IIOMCKa

HEBAJICHTHBIX
B3aMMOJICUCTBUN
HCIIOJIb3YETCS METOJ
CKaHUPOBAHMS
nmpocrpaHcTsa. s aToro
pacueTHas suerka
pazOuBaercsi Ha 9=3x3

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




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

HMMEET CJIEAYIOUIUN BU:
Nel: 2,3,6,9; Ne3: 7;
Ne5: 1; Ne6: 4,8; Ne&:
5,10,11;
Ne9: 12

Hnst
TPaeKTOPUI
MOJIEKYJISIPHOM JUHAMUKH
UCIIOJIb3YIOTCS pasHble
AITOPUTMBI, Jarolume
OJIHY U Ty € BPEMEHHYIO
3aBUCUMOCTh  KOOpPJMHAT
aTOMOB. YcTaHOBUTH
COOTBETCTBHUE MEXY
Ha3BaHUSIMH AJITOPUTMOB
u OTBEYAIOIINX UM
bopmMyn s BBIYUCIEHUS
KOOPIMHAT W CKOPOCTEH
YacTHI] Ha Llare.

HaXO0XJICHUA

YcTaHoBut
b
COOTBETCTBUE

1. Anroputm Bepne (mpocreiimas
Pa3HOCTHAsI alllIPOKCUMALINS);

2. AnroputM ¢ HepecKoKamH
(leap-frog anropurm);

3. CxopoctHo# anroputm Bepuite.

A:
Vv, (t+0.5h) = v, (t—0.5h) +a, (t)h
r,(t+h)=r,(t)+v,(t+05h)h
b:
r,(t+h) =2r,(t)—r,(t—h) +a (t)h?
B:

r.(t+h)=r,(t)+v, (t)h+0.5a, (t)h?
Vv, (t+h)=v,(t)+0.5a,(t) +a,(t+h)h

w NP
|
w > ot

Bce B3aumoneiicTBusi B
MOJIEKYJIIPHON ~ cuUcTeMe
3a/1al0TCcs
MOTEHITUATBHBIMH
dbyuknusmu. Ilpu pacuere
B TEPMOCTATE C 3aJaHHOU
Temmneparypoil Oyaer i
CpenHsisi  KUHETHYecKas
SHEPrus aToma (a)
3aBUCETH OT ero tuma; (0)
OT TIOJIOKEHUS aToMa B
CTPYKTYpE MOJIEKYJbI; (B)
oT rmapameTpoB
MOTEHITMAIOB  (KECTKHE
WIH MSATKHE
B3aUMOJICUCTBUS)?

OTtBeT
na/Her

(a) na/met?
(6) na/uer?
(B) na/uer?

Uemy paBHa cpenHss
KMHCTUYCCKAsd HSHECPTHUA B
CpE€IHEM Ha OJHY YacTHUIY
B MOJIEKYJIIPHOW CUCTEME,
B3aMMO/ICUCTBYIOIIEH C

Br16path
3HAYCHHE

0.5-kT
1.0-KT
1.5-kT

3kT/2




TEPMOCTAaTOM, HMEIOIEM
temnepatypy T?

s YcranoBur 1-n
TEPMOCTATUPOBAHMS b (a) 2-1
MOJICKYJISIPHOM ~ CHUCTEMBI | COOTBETCTBHUE dr, 3-0
HCIIOJIB3YIOTCSL PA3JIMYHbIC dt “Via 4—-8
Moau(UKaK ypaBHEHUN q 5-a
Hrerotona. YcTaHOBUTE ) Via =F _-¢-v

1 l,a l,a
COOTBETCTBHE dt
BBIMIMCAHHBIX ypaBHEHUN Z F Vi,
JIBUKEHHUS  CIIEIYIOIIUM _ia
METOJIaM U MOAXO0/AaM: Zvizla

1) Cmonxnosumenvras ha
OuHamuKa; ©)

2) bpoyrnosckas dr,,

OuHaMuKa, dat

3) Tepmocmam dv, T.
Bepenocena; m; df i ﬁT[ T _1]‘Vi,a

4) Tepmocmam Hose- ,

I'yeepa; T=73N ;mivi’a
5) H3omepmuueckas (8) '
MONeKYApHAA  OUHAMUKA dr
(memoo VA
macuimabuposanus) dt
av,,
m; qt G MV,
(:j_?[- = l (T Tref )
(r)
dri,a
d t " Via
v, ,
gt =—¢-my, +F,+A,
(A.®)=0
(AL OA; (1)) =2Te5;5,,5(t 1)
()
dr,,
“_y
d
i d\(;;a =F,+ Zk: fi Ot —1ty)
mo 3/2 mov02
P(Vo) _(2;%} eXp[_ 2T, J
s BBIYMCIICHUS BriOpatb 1-i1 ciyyaii: a u 0;




ABJICHUS B | 3HaueHHE 2-1i ciy4ai: TOJIbKO 0.
MOJIEKYJISIPHOM  cucreme
co cTeHKamu (ciyvail 1) u
NEePUOIUYECKUMU
TPaHUYHBIMU  YCJIOBUSMU
(ciy4ait 2) UCHOJIb3YIOTCS
pa3nu4Hbie POPMYIIBL:

(a)
P NkT 1<Z X |x>
(6)
PX:N—kT+l<Z( xi)fij>
B KaKOI;/IJ u3

NEPEUYUCIICHHBIX CIIy4yaeB
Kakue U3 (GOopMylIn MOTYT
OBITH IPUMEHEHBI?

Jna  MonpenupoBaHus Hanucars VYpaBHeHHsT I U3MEHEHUS
KOHJICHCHPOBAaHHOMN bopmyny pa3MepOB PaCUETHON SYEHKU:
MOJIEKYJISIPHOM CHUCTEMBI C dL,

IEpUOINYECKUMHU dt ﬂ (P (t) “ ref )L
IPaHUYHBIMU  YCIIOBUSIMU
B NPT aHcamOuie
ypaBHEHUs JBHYKEHUS

B34ATHBI B BUJIC:

_V +ﬂ (P (t) P ,ref

dt
dv,
m; d,['a = Fi,a +z fik,aé(t _tik)
k
(6apoctatr bepenacena wu
CTOJIKHOBUTEJIbHBIN
TepMmocTaT).  Bemmummure
ypaBHEHHS TUTSt
U3MEHEHUS pa3mepoB

pacueTHOM  suekku L,
o={X,y,Z}, BBITEKAIOIIUEC
U3 yPaBHCHUH JIBHKCHUS.

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

BO3MOKHOCTH KOMITBIOTEPHOU peanu3aiiiu.

2. OyHKUMOHANBHBIA BUJ M (PU3UYECKasl MPUPOAA MOTCHLUATIOB MOJIEKYIISIPHBIX

B3aNMO/ICHICTBUH.




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 Bepie (coctaBienwe cnucka coceneil) s BBIYUCICHHS

HEBAJICHTHBIX B3auMojiercTBui. O1ieHKa OBICTPOICHCTBHS.

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

B3auMoecTBuil. O1ieHKa ObICTPOICHCTBHUS.

7. Temmneparypa. TepmocrarupoBanue MOJIEKYJISIPHOU CUCTEMBI
(MacmTabupoBaHue ckopocTe; Tepmoctar bepenacena; repmocrat Hoze-I'yBepa;

CTOXaCTHUYCCKasid JUHaMHUKa, CTOJIKHOBUTEIILHBIN TepMOCTaT).

8. Yuer  pactBoputens.  bpoyHoBckas ~— nuHammka.  CTOJKHOBHUTEIHHAS

MOJICKYJIAPpHAasA AMHAMHKA.

0. Brruncrienue JaBieHHS B MajblX MOJEKYJSIpHBIX cHCTeMax. bapocrar

bepenacena.
10. MonenupoBaHre MaKpPOMOJIEKYJIbI B THIPOIMHAMUYICCKOM ITOTOKE.

11. O0was cxema MOJIEKYJISIPHO-THHAMUYECKOTO BBIYUCIIUTEIBHOTO

AKCIIEPUMEHTA.

12. MonexkynsipHas nuHamuka OenkoB. [IpuMepbl MOCTaHOBKA BBIYMCIUTEIHHBIX

AKCTIEPUMEHTOB.

13.06paboTka  TpaekTopuid MOJIEKYJISIPHOM JTUHAMUKH. Bpemennsie

aBTOKOppesiuuoHHble pyHkiuu. Koagduunentsl nepenoca.

14. Metoguka  TOpPOBEIEHUS  MOJIEKYJISPHO-IMHAMHYECKMX  PACue€TOB  C

OoroMeMOpaHHaAMU.
15.MoaenupoBaHue CUIOBOTO pa3BOpauynBaHUs OEIKOBOU III00YIIHI.
16.ITocTaHOBKa MOJIEKYJISIPHO-TUHAMUYECKUX PACUETOB C JACHIAPUMEpPAMU

Bonpocet u  ynpadxcnenmus  meKkywieco - KOHmMpOAA — meopemuyecKoll



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 BBLIYUCINUTCIIBHBIC

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

2. JlaliTe cXeMaTHYECKOE OMMCAHUE TTOCTAHOBKU U MPOBEAECHUSI MOJIEKYJISPHO-

AUHAMHWYCCKOI'O BBIYHCIUTCIIBHOI'O 9KCIICPUMCHTA.

3. Kakue mnporpaMmHbie KOMIUIEKCHI [IJIi MOJCIMPOBAHUS MOJICKYJISIPHOU
JMHAMUKA OMOMOJIEKYJIIPHBIX CHUCTEM Ham0oJiee pachpOCTPaHEHbl B HACTOSAIIEE

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

4, 1 Xr BOJBI MpU HOPMAJIBHBIX YCIOBHSIX 3aHUMaeT o0beMm 1 jutp. Haiinure
00BeM, IPUXOSIINICS B CPEHEM HA OJIHY MOJIEKYTTY BOAbL. OLIEHUTE PacCTOSHUE
MEXIY KHCIOPOJAAaMHU COCEIHUX MOJIEKYJ BOJbI, MPEANOJIOKUB, K MPUMEPY, UTO

MOJIEKYJIbI BOJIBI PACTIOIOKEHBI B y3JIaX MPOCTON KyOMUeCKOM PEIIeTKH.

S. [IpuBenuTe XapakTepHbIE BEIWYUHBI MPOCTPAHCTBEHHBIX, BPEMEHHBIX U
HHEPreTUYECKUX MAacIITa0OB, BO3HMKAIOIIMX MpPHU OMNUCAHUM MOJEKYISPHBIX

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

6. 1000 aTomMOB 3amoJHSAIOT Ky0 M pacrmojiararoTcss B y3Jlax MPOCTOU
KyOudeckoil pemietku. Hailimute umcimo atoMoB (a) Jexanmx Ha MOBEPXHOCTH
Ky0a u (0) jexanux B MPUIIOBEPXHOCTHOM clioe. Kakyro 1010 OT BCeX aTOMOB

COCTaBJISIFOT aTOMBI 3THX JBYX CJIOEB?

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

YCIIOBUI NPU MOJIEIMPOBAHUM KOHJAEHCUPOBAHHOI'O COCTOSIHHSI BEIIECTBA.

8. IlycTh KOHAEHCHPOBAaHHAS MOJIEKYJIIPHASI CUCTEMA UMEET TPAHCILIHUOHHYIO

CUMMETPHUIO IO TPEM KOOPAWHATHBIM HANPABJIICHUAM C IIEpHOAAMHU dy, ay, d;



COOTBETCTBEHHO. OnpenenuM pacyeTHYI0 SYEHKYy KaK MOpSIMOYIOJIbHBIM
napajuleNIeNune], COBIAIAIONINN C SYEUKON MEPUOJUIHOCTH U PACIIOJIOKEHHBIN B
Havayie KoopJauHaT. [IJi1 mpOU3BOIBHON YaCTHIIBI, UMEIOIIEH KoopauHathl (X, Y, Z),
BbINKCATh POpPMYJIBI (yKa3aTh aIrOpUTM) AJI HAXOXKACHHUS KOOPAMHAT ee o0pasa B

pacCYETHOM SIYEHKE.

9.  IlonumepHas MoJieKyla B pPa30aBI€HHOM pacTBOPE HMMEET COCTOSHUE
KiyOka. [l MosienupoBaHus ee noBeaeHusl Oblia MpeIoKeHa MOJIelb, B KOTOPOH
nosuMmep OblI mpenacraBieH Henoykoil u3 100 mapos auamerpa 1, coeMHEHHBIX
BaJICHTHBIMH CBS35IMU JUIMHBI 1, @ pacTBOPUTENHh — MPOCTHIMU LIApaMH JIHAMETPA
1. PacueTHas stueiika Obuia B3siTa B popMe KyOa ¢ NEPUOJUYECKUMH TPAHUYHBIMU
ycnoBusiMu. OrieHuTe OO0IIee YUCIO IIapoB, KOTOPOE HEOOXOJUMO MOMECTHUTH B
pacyeTHyl0 S4YEWKy JUIsi TOro, 4ToObl B MPOLECCE TEIUIOBBIX (IIYKTYyalHid
HOJIMMEPHOTO KIyOKa COXpaHsUIUCh YCJIOBHS pa30aBIE€HHOIO pacTBOpa, TO €CTb,

YTOOBI IIOJIMMCP HC UMCJI KOHTAKTOB C O6paSaMI/I ImoJimMepa B COCCIHUX sTYeHKax.

K nexyuu 3 (@yuxkyuonanvuwlii 6uo u Qusuyeckas npupooa NOMmMeHyuanlos

MONEKVISIPHO20 83AUMOOCUCMBUSL).

10. BzaummopeiicTBHe aTOMOB HEHTPaIbHBIX Ta30B XOPOIIO OIMHUCHIBACT
noreHuuman Jlennapa-/xonca. IlpuBeaure ero Bua. YKaXuTe IapaMeTphl
NoTeHUMada M UX (Qu3nyeckuil cmbica. BeiBenute ¢opmynsl s CHI
MEKMOJIEKYJIIPHOTO B3aMMOJICWCTBHUS, 3aJaBacMbIX ITOTEHUHWATaMu JIeHHapn-

Jl>xoHca.

11. TIlpuBect  mpuMepbl  MOTEHUUATBHBIX  (QYHKIUH  OMNMCHIBAIOLIUX
B3aUMOJICMICTBUE aTOMOB C HEINMPOHUIAEMOM TIIAAKOM CTEHKOM. PaccMoTtperhb

ciIydau: a) COpOUpyrOIelt CTEHKH; 0) YNCTOTO OTTAIKUBAHUSI.

VYka3anue: PaccMoTpeTs noteHunan Buaa "o



12.0nucate INIOCTAHOBKY BBIYUCIIMTCIIBHOI'O JKCIICPUMCHTA 110 MOJICINPOBAHUIO

MMOBEACHUS )KUIKOTO aprOHa B IIEICBUIHOM MOPE.
Yxkazanus:

1) B3auMmopeiicTBHE aTOMOB aproHa 3a/JaThb NapHBIM MOTeHIHanoM JleHHapn-

JI>KoHCa;

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

CTCHKAMU;

3) B JIATCPAJIbHBIX HAIIPABJICHUAX HIGHCBHIIHOﬁ IIOPBI BBCCTHU IICPHUOANYCCKHUC

TPaHUYHBIE YCIIOBUA.

13.3anmcare BBIpaKCHUE I CUJIBI, JCUCTBYIONICH Ha I-il aToMm, €ciu W3BECTHO

BbIpakeHue U (r,,.,ry) i T[OJHOM DSHEPrUd MOJEKYJISPHOM CHUCTEMBI Kak

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

1413 Kkakux KOMIIOHEHT CKJIAJbIBAETCA OJHEPIrUsl MOJICKYJSIPHOU CHUCTEMBbI?

Hepqu/IanTe OCHOBHBIC COCTAaBJIAIOIIHNEC HOTGHHH&HLHOIZ OHCPIUMU.

15.Cuuras, 4to wucnoib3yercs (QYHKIMOHAIBHBIA BUJ, OCHOBHBIX BKIJIQJIOB B
NOTCHIMATFHYI0 DSHEPIHI0, TMPHUHATHIA B CHJIOBOM Tmoje Amber, mpuBeauTe
dbopMysbl 11 MOTEHIMATBLHON SHEPruu (a) BAJICHTHBIX CBs3eH, (0) BaJCHTHBIX
yIJ0B, (B) TOPCHOHHBIX YIJIOB, (T) IUJIOCKMX Tpymnm, (1) BaH-AEp-BaalbCOBBIX
B3auMoielcTBuil B (hopme moTeHrmana Jlennapa-Jlonca, (€) SKpaHUPOBAHHBIX

KYJIOHOBCKHMX B3aMMOJICUCTBUHU.

16.IToTeHIIMaN BaJICHTHOM CBSI3W MEXIly aToMaMH | U | 3a1ad B Gopme u, = K(r —b,),
rae r=|ri-rj| — paccrosHue MexIy aTomMamH, a Dy — ee paBHOBECHas IJIMHA.
BeiBectr hopMyIiel ISl BKIIAIOB B CHUIIBI, IEHCTBYIOIINE HA aTOMBI, CO CTOPOHBI
9TOM BAJICHTHOU CBS3HU.

17.TloTeHmuman BaJeHTHOTO yrJia 3afad B popme u, =K, (9-9,), Ta€ 9 — BAJICHTHBIN

yroii, 00pa3oBaHHEIN TpeMs aToMaMi I, ] u K, a 99 — ero paBHOBECHOE 3HAYCHUE.



BriBectu (opmMyinbl Ui BKIAJ0B B CHIIbI, IEUCTBYIOLINE HA aTOMBI, CO CTOPOHBI

9TOr'0 BAJICHTHOTO YyTJIa.

18.TToTenmman TopcuoHHOTO yria 3agaH B (gopme u, =K [L+cos@p)], TImE @ —

3HaYeHHE TOPCHOHHOTO YIJia, oOpa3oBaHHOro aromamu I, |, K u |. BeBectn
dbopMysbl IS BKJIAJOB B CHJIBI, JICHCTBYIONIME HA aTOMbI, CO CTOPOHBI 3TOTO

TOPCHUOHHOTO yIJIA.

19.HeBajleHTHOE B3aMMOJACHCTBHE MEXKIy 4YacTHIAMH | W | 3amaHo B ¢opMme

12 6
noteHnuana Jlennapa-/Ixonca u, (r) =4e (gj - [gj , TIe I=|ri-rj| — paccrostaue
r r

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

aTOMBI, CO CTOPOHBI 3TOT'O BBaHMO,Z[GP'ICTBI/I}I.

20.Kakoii Bua npuoOpeTyT QOpMynbl A CHJI, MOJYYEHHbIE B MPEABIIYIIEM
YIPaXHEHUH, €CIU HCHOJBb3yeTCsl MOAW(UIMPOBAHHBIN mNoTeHuuan JleHHapna-

J>KoHCa, MO KOHEUHBIA painyC B3auMOJACUCTBU: U, (r)=u, (r)-W(r), rae

1, r<Ron
(RE, -~ r)2(RG —3RE +2r?)
W(r) = (Rzff _R2)? d Ron<r<Rst
O ' rZRoff

3nech Ry — paauyc HEBaJIGHTHOTO B3auMOJCHCTBUS, a Ry, — Hauano neucTBus

q)YHKHI/II/I I'TIaAKOTO BBIKIIFOYCHU S BSaHMOHCﬁCTBHH.

21.97eKTpoCTaTHYECKOE B3aMMOICHCTBHE MEKIY YaCTHIIAMHU | U | 3a1aHo B (hopMme

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

paccrosiHne Mexy aromamu, a W (rij) — sxkpaHupyromas GyHKIus:

2

1-
Wq (r) = R 1 r<Rq

q

0

>R,

3neck Ry — panuyc sKpaHHPOBaHH.



K nexyuu 4 (Aneopummol 8biyucienus HeGAICHMHbBIX 83AUMOOEUCMBULL):

22.B dWem cocrouT wuaes wMeroda Bepme (MeToga COCTaBJICHHS CITMCKOB),
MO3BOJISIIONIAA  3HAYUTEIBHO  COKPATUTh  KOJMYECTBO  BBIYUCICHUN  IpHU
BBIYMCJICHUA HEBAJICHTHBIX B3auMojaeucTBuii? [IpuBeCTM OLEHKHM 4uHcIa
BBIYUCJICHUN HAa OJHOM BPEMEHHOM Illare u TpeOyeMoi MaMsaTH MPU BBIYHCICHUU

HCBAJICHTHBIX BSaHMOﬂGﬁCTBHﬁ. Ykazatb HCOOCTAaTKHN MCTO/JA.

23.0nucath mpouenypy TMOKOTO OIpeaeNieHHs] MOMEHTa IiepecdyeTa CIHCKa IMap
yacTull B MeToze Bepiie, rapaHTUPYIOIIET0 CBOEBPEMEHHOE BKJIIOYEHHE B HETO

1100011 Mmapkl 4aCTHULL, COTM3UBLIMXCS HA PACCTOSTHUE B3aUMOICUCTBUS.

24.0nmucath MpoLENypy BBIYUCICHUS HEBAJCHTHBIX B3aUMOJICHCTBUN 1O METOIY
CKAaHUPOBAHUA IO IPOCTPAaHCTBY. Iloka3zarh, 4TO TPYyIOEMKOCTh METOJA Ha IIare
JMHENHO 3aBUCUT OT yucia yacTul N B MOJIEKYJISIpHOM cucTeMe NPH yBEIHMYEHUN

ee pa3MepoB.

25.I1ponemMoHCcTprpoBaTh PabOTy aIropuTMa CKaHUPOBAHUS IO MPOCTPAHCTBY IS
BBIUHCJICHUS HEBAJIEHTHBIX B3aUMOJECUCTBUM. [[151 3TOr0 paccMOTpETh MOJAETbHbIN
IpUMEp TUIOCKOM CHCTEMbI M3 HEOOJIBIIIOrO0 YHCIa YacTHI] (CKa)KeM, JCCATH).
PacuetHyto siueiiky Takke pa3OUTh Ha HEOOJIbIIOE YHCIIO AJIEMEHTAPHBIX SIYECK.
Brimrcarts riiaBHbINM M TPUCOEAMHEHHBINM MAaCCUBBI JIJIs1 3TOrO ciy4das. Paccka3ars,
HCTIOJIB3YS ATOT JI€MOHCTPAIMOHHBIA MPUMEP, BCIO MPOLEAYPY BBIYUCICHUS CHJI

Ha JJAaHHOM Il1are 1o UMEIIIUMCS KOOPAUHATAM YaCTHII.
K nexyuu 5 (Qucnennoe unmezpuposarue ypasneHull O8UNCEHUsL):

26.ChopmynupoBath, B 4YeM COCTOUT airoputMm Bepre (mpocteiimias pa3HOCTHas
anmpoKCUMaIMs) JUIsl YUCJICHHOTO WHTETPUPOBAHUS KJIACCHUYECKUX YpPaBHEHHUI
HproToHa N1 CUCTEMBI B3aMMOJICMCTBYIOIIUX MaTepUalbHbIX YacTull. C Kakou
TOYHOCTBHIO Ha IIare HaxomsATcs KoopauHaThl atoMoB? Jlokazate! Kak MoOxkHO
HaXOJUTh CKOPOCTH YACTUI[ MPHU UCIOIb30BaHUU 3TOro Merona? VYkaszaTh

TOYHOCTh, C KOTOPOW HaXOASATCS MPU 3TOM CKOPOCTH.



27.Jlatb omnucaHue anropuT™Ma ¢ Tepeckokamu (wiu leap-frog amroputma) s
YUCJIEHHOTO UHTETPUPOBAHUS KJIACCUYECKUX  YpPaBHEHUW  JBUWKCHHS
B3aMMOJICUCTBYIOIMX aTOMOB. BeiBecTu pacuetHbie popmyibl. [IpuBectu onieHKH

TOYHOCTH, C KOTOpOﬁ BBITHUCIIAIOTCA KOOPAWHATBI U CKOPOCTH.

28.IlpuBectn dopmysbl JJiE CKOPOCTHOrO airoputma Beprne s 4ducieHHOTO
WHTETPUPOBAHUS KIIACCUUYECKUX YPaBHEHUUN JBUKEHHUS MOJIEKYJSIPHOM CHCTEMBI.
[loka3aTh, 4YTO TpaeKTOpHs, IOJIy4yaeMas C MPUMEHEHHEM 3TOr0 METOa, B
TOYHOCTH COBIIQJAET C TPACKTOPUSAMH, KOTOPBIE TAET IPUMEHEHUE IIPOCTOTO
anroputMa Bepne u  anroput™Ma ¢ nepeckokamMu. B 4yem npeuMyniecTBoO

CKOpPOCTHOrO anroputma Bepne?
K nexyusm 6-7 (Yuem enusnus enewneti cpedwt. Tepmocmamot):

29. IlpuBectu dopMynbl ISl OTPECICHNS MTHOBEHHOM M CpPEJHEH MO TPaeKTOPUHU
TEMIIEpaTypbl MOJEKYJIIPHOM CHCTEMBl. APryMEHTHPOBaTh NPHUMEHEHHE TaKHX
ONPENEIICHUN, TIPUBEAS BBIBOJ COOTHOLICHHUS, CBS3BIBAIOIICTO  CPEAHIONO
KMHETUYECKYI0 DSHEPrui0 OTHAEJIbHOW dacTUIlbl (JIF000#) ¢ TemmepaTypou s
aHcamOJsl B3aMMOJCHCTBYIOIIMX YaCTUL, MNOJYMHSIOUIMXCS KJIACCUYECKOMY

pacnipeneneHuto ['nooca.

30.0nucath BO3MOXKHBIC CIOCOOBI MPHUBEACHUS MOACITHUPYEMOU MOJICKYIISIPHOM
CUCTEMBI K COCTOSTHMIO, OTBEYAIOIIEMY 3aJlaHHON Temmeparype. Moaudukamms
ypaBHeHUN  ABWXKEHUA [ A(P(EKTUBHOTO ydeTra TEepMOCTaTHUPYIOLIErO

BO3JCHUCTBUS BHEIIHEN CPEJIBL.

31.Uto Takoe «u30TEpMHUYECKash MOJICKYJsApHas JuHaMuKa»? Beinmucath ypaBHEHUS
JIBWO)KCHUS, SBISIOIIMECS AaHAJIOINOM ypaBHEHMM HBIOTOHA, HO 171 KOTOPBIX
MHTETPaJIOM YPAaBHEHHUM JBWKECHUS SIBISCTCS HE MOJIHAS DHEPIHUs, & KNHETHYECKas

9HCPIrus CUCTCMBIL.

32.latb onmcanue «repmoctara bepenacena». Beimucars ypaBHEHUS! IBHXKEHUS IS
3TOro ciy4asi. OTMETUTh U3BECTHBIE HEAOCTATKH MPUMEHEHHUS 3TOr0 METoJAa IS

TEPMOCTATUPOBAHUA MOJIGKYJIHpHOﬁ CHUCTCMBI.



33.IlpuBecTn ypaBHEHUSA JBMKCHHUSI MOJEKYJSIPHOW CHCTEMbI, HCIIOIb3YIOIINE

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: MOAXOAbl THIIa TepMocTaToB bepenacena, Hose-
['yBepa, MeToga MaciITaOMpOBAaHUS U MOAXOJOB TUIA OpPOYHOBCKOHM U

CTOJIKHOBUTEIbHOM JUHAMHKH.

35./latp ommcanue Meroda OpPOYHOBCKOM nMHAMHUKU. Kakue CUIbl OnpenessitoT
MOBEJICHUE  MOJICKYJAPHOM  CHUCTEMbl TIPU  HUCIOJIb30BAHWUU  ypaBHEHUU
OpoyHoBckoit nuHamuku? Kak 3amaercs Ttemmeparypa cpenbl? Kakoi ere
BHEIIHUWA  mapaMmeTrp  peryiaupyer cBoiictBa cpeapl? CdopmynupoBaTh
(bIyKTYyallUOHHO-UCCUTIATUBHYI0O  TEOPEMY,  CBS3BIBAIOIIYI0  (IyKTyaluu

CIIy4alHBIX CHJI ¢ KOA(DPUIIMEHTOM TPEHHUS U TEMIIEPATypPOil CpeIbl.

36./laTp omucaHue METOJa CTOJIKHOBUTEIHHOM MOJIKYJSIpHOW auHamuku. Kakum
oOpa3zoM yuuThIBaeTca BHemHss cpena? Kak 3amaerca temmeparypa? Kakum
00pa3oM MPOUCXOJAT CTOJIKHOBEHHUSI aTOMOB C BUPTYaJIbHBIMU YaCTULIAMU CPEJIbI?
C kakuMm (U3UYECKUM CBOMCTBOM BHEIIHEH cpenbl (pacTBOpUTENs) CBsi3aHa

4acTOTAa CTOJIKHOBEHUI?

37.IlponemMoHCTpUpOBaTh  CBSI3b  MEXJAYy  OpPOYHOBCKOW  JMHAMHKOHW U
CTOJIKHOBUTEJIbHON JUHAMUKON HA PUMEpPE paCCMOTPEHMUS ITIOBEACHUS OTACIBHON
yactuubl. [IpuBecTH COOTHOIIEHHE, CBS3bIBalOLIee KOIPPUIMEHT TpeHus B
OpOYHOBCKOM JMHAMHKE W MapaMETPOB CTOJKHOBHUTEJIBHON MOJIEKYJISPHOU

JUHaAMHUKHU.

38.PaccMoTpeTh ciydail IpUMEHEHUS! CTOJIKHOBUTEIBHONW MOJIEKYJISIPHON TUHAMHUKHU

JUTSL MOJICTTUPOBAHMSI TIOBEICHUSI MAKPOMOJICKYJIBI B TIOTOKE.
K nexyusam 8-9 (Bviuucnenue dagnenus 6 Manvlx MOAEKVISAPHLIX CUCEMAX):

39.Yto Takoe [aBiIEHHE B MOJEKYJISAPHOM CHUCTEME, OTPAaHUYEHHOW CTEHKamu?

HpI/IBGCTI/I J0Ka3aTCJIbCTBO, YTO AABJICHHUEC HA 00€ CTEHKHU MOJICKYHHpHOfI CHUCTCMBI,



3aKJTIOYCHHOW B IIEICBUIHYIO TOPY, OAWMHAKOBO. [IpuBectn BBIBOJ (opmMyn st
JIaBJICHUS B OTPaHUYEHHOM 00beMe (“riesnieBUIHas Topa”, “SIuK’), BIPAXKAIOIINX
€ro uepe3 BHUpHAJ BHYTPUMOJICKYJSAPHBIX CHJI U KUHETHYECKYIO DHEPTHIO WIIU

TEMIIEPATYPY.

40.ITpuBectrt popMyIibl AJisi ONpEEICHUST HANPSHKEHUsS] B CEUYECHUH, MapaiIeIbHOTO
CTEHKE, M TMOTOKa HMITyJbca 4epe3 3TO ceueHue. llokaszarh cCylecTBOBaHHE
WHBApHaHTa, CBSI3aHHOIO C TAKMM CEUYCHHEM U HE 3aBUCAILETO OT IOJOXCHUS

9TOT0 CCUCHU. I[aTI) OIIPCACIICHUC OAABJICHHUA B CCUCHHU.

41.PaccMOTpeTh cilydail NEPUOJNYECKUX TPAHUYHBIX YCIOBUN. YTOUHUTH (HOPMYJIBI
JUISL JABJIEHUS B CEUYEHUHU, OPTOTOHAJHLHOM BBIOPAHHOMY KOOPAMHATHOMY
HAIpaBJICHUIO, JJIs AaHHOro ciydas. [IpuBecTu BBIBOJ pacdyeTHbIX (opmyrd s
JABJICHUSI B MOJIEKYJISIPHOM CUCTEME C MEPUOANYECKUMU TPAHUYHBIMH YCIOBUSMH,

OIIpCACIINB €TI0 KaK CPCAHCC 110 BCCM ITaPalJICIIbHBIM CCUCHUAM.

42.3anvcath ypaBHEHUS [BIWKEHUS MOJIEKYJISIPHOW CHUCTEMBbI C TEPUOJUYECKUMHU
T'PaHUYHBIMH YCIIOBHSIMHU, TTOAACPKUBAIOIINE B HEH 3a/JaHHBIC BHEITHEE JaBJICHUE
u temneparypy (NPT ancamb6inp). Micnons3oBath 11 aToro 6apocrat bepenacena

1 CTOJIKHOBHUTEIbHBIN TEPMOCTAT.

43.Tlo xakOMy 3aKOHY MEHSIIOTCS pa3MEpbl PaCUETHOW SUEUKH C MEPHUOJIUYECKUMHU
IPaHUYHBIMH YCJIOBHUSMU TPU UCTONIb30BaHUU Oapoctara bepenncena? BrimucaTth

COOTBeTCTBYIOMIEE U DepeHIInaTIbLHOE YPaBHEHUE.
K nexyusam 10-11 (Mooenuposarue buonocuueckux memopan):

44.Onummre yecTpoicTBo (hochonunuaHon MeMOpaHbl U TPUTOTOBICHHE MOJEIBHOTO
TUApaTUPOBaHHOTO QocdonunuaHoro Oucnos. Kak craBUTCS MOJEKYISIPHO-
JUHAMUYECKUA BBIYMCIUTENBHBIN dKcriepuMeHT? Kakue 3amaroTcs HayalabHbIE U
rpaHuyHble yciaoBusi? ONUIIUTE ATambl PETAKCAMU CUCTEMBI U TIPUBEACHHUE €€ K
3aJJaHHBIM  TEPMOJMHAMUYECKUM Xapakrtepuctukam. [IpuBenure npumepsl
BEJIMYMH, KOTOpbIE MOTYT OBITb  BBIYMCIEHBI B  XOJ€  MPOBEACHUS
BBIYMCIIUTEIIBHOTO DJKCIIEpUMEHTa. Kak MOXHO CyauTh, 4YTO MOJEIUpyeMas

CucTeMa JOCTUIIa NPEACTABUTCIBHOTO COCTOSAHUA U €C KOH(l)I/IpraI_[I/IIO MOXXHO



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

TPaeKTOpHUH?

45.1TpuBenute mpuMep MOTEHIMATBHONW (PYHKIIMH, OMKMCHIBAIOIICH B3aMMOCHCTBHE
aTOMOB C HEMPOHUITAEMON MMOBEPXHOCTHIO OECKOHEUHOTO IUInHApa. PaccmoTpuTe
ClIydad KaK YUCTO OTTAJKUBAIOIIUX CTCHOK, TaK U cOpOMpyromux creHok. Kakum
00pa3oM OTpa3uTCsA Ha YpaBHEHUSX JIBMXKCHUS MOJICKYJSIPHOW CHCTEMbI HaJIU4IHE

TaKOTO UIUHIpa?

46.0OnummTre IIOCTAHOBKY MOJICKYJEIPHO-AUHAMHUYCCKOI'O BBIYHMCJIIMTCIIBHOT'O
9KCIICpUMCHTA 110 CO3JaHUIO HHHHHI[pH‘-ICCKOﬁ IIOJIOCTH, 3aJaHHOI0 paauyca, B

dbochomunuaHoM Oucoe.

47.0nummTe  MOCTAaHOBKY  MOJICKYJIIPHO-JAMHAMHYECKOTO  BBIYUCIUTEIHHOTO
AKCIEPUMEHTA IO 3aKJIIOUYCHHUIO (CXKATHIO0) MAaKpPOMOJIEKYJIbI B LMJIMHAPUYECKYIO

IIOJIOCTD, 3aIaHHOI'0 paauyca.

48.0nummre BO3MOXKHBIE ATAMbl MO0 MPUTOTOBICHUIO U MPOBEICHUIO MOJICKYJISIPHO-
JTUHAMAYECKHAX BBIYHCITATEITHLHBIX AKCIIEPUMEHTOB THAPATHPOBAHHOTO
dbochomunuaHOro OMCIIOsA C BKIIOYEHHEM B HETO KaHalooOpa3yrolero menTuia

rpaMuiuarHa A.

49.CKOHCTpYUPYHUTE TMOTEHIMATBHYIO (DYHKIIHIO, OINKCHIBAIONIYIO B3aUMOJICHCTBHE
aTOMOB ¢ HempoHumaembiM chepormmmmaapom. Kak MOXeT BBIMISACTD
BBEIYHMCIIUTEIILHBI  OKCIIEPUMEHT TI0  BBIPANIMBAHHWIO TIOJIOCTH B (opme

chepolIIMHIPA B YKE UMEIOMIEHCS MOICIIBHONW MOJICKYJIIPHOM cucTeme?
K nexyusam 12-13 (Cunosoe pazsopauusarue 6eikoguolx 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 Makpomoiekysbl? Kakum oOpa3oM BBECTH B ypaBHEHUE ABUKEHUS,

ONKCHIBAIOIINE BHYTPUMOJIEKYJSIDHYIO AUMHAMUKY, BHemHue cuibl? Kak



MOJCIUPOBATL PACTKCHUC MAKPOMOJICKYJIBI 34 KOHIObI C HpCI[HHC&HHOﬁ

CKOPOCTBIO?

S1.Ilpenynoxure mpoueaypy MNOIYyUYEHUS] TUAPATUPOBAHHOTO COCTOSIHHUS OEIKOBOM
m100ynel. Kak mocTynmuTh, 9TOOBI B MPOIIECCe pellaKCallii BHEITHETO THAPATHOTO
CJIOSI CHJIBHO HEPAaBHOBECHOE COCTOSIHUE MOJIEKYJISIPHON CHUCTEMBI HE NPHUBEIO K

pa3pyIICHUIO HATUBHOM CTPYKTYpPbI OEJIKOBOU II100YIbI?

52.0mumure, KakuM 00pa3oM MOXKHO JIOTIOJHUTH MOJEIBHYI0 MOJICKYJISIPHYIO
CUCTEMY, IMPEACTABIAIONIYI0 COOOH TUAPATUPOBAHHYIO OEIKOBYIO IJIOOYIy,
BHEIIHEH  3aMKHYTOM  OOOJIOYKOW C  HENPOHMIIAEMOM  OTTAJIKHUBAIOLIEH
MOBEPXHOCTHIO, O00ECNEUMBAIONICH OTPAKCHHE IOCTUTIIUX €€ HCIApPHUBIIUXCS
MOJIEKYJI BOJIbI M BO3BpallleHHE UX 00paTHO B rHIpaTHYIO 000104Ky? PaccmoTpute
ciydyail Takol o00onoukun B (dopme chepoumnunapa. Kakue pasmepsl
cepoIMHApa CIEeIyeT 3a/1aBaTh, U KaK MOYKET CTABUTHCSI BBIYMCIUTEIIBbHBIN

AKCIIEPUMEHT?

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

Ooenopumepamis)-

53.0nummre, KaKk yCTPOSHBI MaKpOMOJIEKYJIbI, TIOJYyYUBIITNE Ha3BaHUE JEHAPUMEDPOB.
Ilepeunciaure uX CTIPYKTypHbIE dJeMeHTH. lIpuBenure npuMep KOHKPETHOTO

JICHApUMEpa.

54.0nuirTe npoueaypy BO3MOKHOIO KOHCTpYKTOpa AeHapumMepoB. Kakum oOpazom
MOKHO  W30eXaTb  CHJIBHBIX  CTEpUYECKHMX  MEPEKphIBAaHUM  y4yacTKOB

KOHCTpYHUpYeMo cTpyKTypbl? Kak NoayuuTh CTPYKTYpy THUIA “OyBaHUYMKA ?

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

poaa BbIYUCIIUTCIIbHBIX OKCIICPUMCHTAX.

Kpurepuu onenku:



Onenka «5» (OTAMYHO) CTaBUTCA OOydYaromIeMycsi, JaBIIEMYy IOJHBIH,
pPa3BEpPHYTBHIM OTBET HA ITOCTABJICHHBIA BOIPOC, IOKA3aBLIIEMY COBOKYIIHOCTH
OCO3HAHHBIX 3HAaHUUA 00 0O0BEKTe, JOKa3aTeNbHO PACKPBIBIIEMY OCHOBHBIC
IIOJIOKEHHSI TEMBbI, B OTBETE KOTOPOIO IIPOCIEKHUBAECTCS 4YETKass CTPYKTYypa,
JIOTHUYECKas TMOCIEN0BATEIbHOCTh, OTpaXalolllasi CYIIHOCTh PaCKpbIBAEMBIX
MOHATUM, TEOpUH, sBIeHUH. JleMoHCTpupyeTcs 3HaHHME 00 oO0BekTe Ha (oHe
NOHUMAHUS €r0 B CUCTEME JaHHOW HAyKU M MEKIUCUUIUIMHAPHBIX cBsi3erd. OTBET
U3JIaraeTcsl JJUTEPaTypHBIM SI3bIKOM B T€pMHUHAX HaykKd. MoOryT ObITH JOMYLICHBI
HEJIOYETHI B ONIPEACIICHUH MTOHATHI, UCIIPABICHHBIE CTYJEHTOM CAMOCTOSITENIBHO B

mponecce OTBCTA.

Onenka «4» (Xopollo) cTaBUTCS OOy4arlIeMycs, JaBUIEMY IOJIHBIN,
Pa3BEPHYTHIM OTBET Ha IOCTABJICHHBIM BOIIPOC, NOKA3aBIIEMY YMEHHE BBIICIINTH
CYILLIECTBEHHBIC M HECYIIECTBEHHBIE MPU3HAKU, NMPUUMHHO-CIICICTBEHHBIE CBS3U.
[Ipy STOM OTBET YETKO CTPYKTYpUPOBAH, JIOTMYEH, H3JI0KEH JIUTEPATypPHbIM
A3bIKOM B TEpMHUHaX Hayku. MoryTr ObIThb JONYIIEHbl HEIOYEThl WIH
HE3HAUUTEJbHbIE  ONIMOKM,  MCHOPABICHHBIE  CTYJEHTOM C  [OMOIIbIO

npernogaBaTcIs.

Onenka «3» (yIOBIETBOPUTENIBHO) CTaBUTCA OOydYaromeMycs, JAaBIIEMY
HEJOCTAaTOYHO IIOJIHBIA M HEIOCTAaTOYHO pa3BEPHYTBHIM OTBET, JIOTMKA U
MOCJIEI0BATEIbHOCTh M3JIOKEHHUSI UMEIOT HapylleHus. JlomyckaroTcs ommOKd B
PACKpBITUM TOHSTHM, ynoTpeOneHun TepMHHOB. CTyIEeHT HE CIOCOOEH
CaMOCTOATEJIBHO BBIACINTh CYIIECTBEHHBIE W HECYLIECTBEHHBIE NPU3HAKU U
NPUYUHHO-CIEACTBEHHbIE CBsi3U. OOydarouuiicss MOXKET KOHKPETHU3HPOBAThH
000011IeHHbIE 3HaHMS, JOKa3aB Ha MPUMEPAX UX OCHOBHBIE MOJIOXKEHHS TOJIBKO C

MOMOIIIBIO TipernioaaBaTess. PedeBoe odopmiienne TpedyeT monpaBoK, KOPPEKIIUU.

Orenka «2» (HeyIOBJIETBOPUTENIbHO) CTABUTCS 00y4arOIIEeMycCsl, IOIyCTUBLIEMY
IpU OTBETE HA BOMPOCHI MHOYKECTBEHHbIE OIIMOKH MPHUHIMIIMAIBHOTO XapaKTepa

HJIK HC IPEACTAaBUBUICMY OTBETOB I10 0a30BBIM BOIIpOCaM ITUCLHUIIINHBI.



