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OobopoTHasi cTOPOHA TUTYJBHOTO Jucta PIIJ{
|. PaGouas mporpamMmma nepecMoTpeHa Ha 3acefanuu lemaprameHnTa:

IIpoTokomn oT « » 20 1. Ne

Hupextop JenapramenTa

(moamch) (N.0. ®ammms)

Il. Padouasi mporpamMma nmepecMoTpeHa Ha 3aceganun Jenapramenra:

IIpoTokomn oT « » 20 1. Ne

Hupextop [enapramenTa

(moamucp) (N.0. ®ammms)



l. L[CJ'H/I H 3aJa4 OCBOCHUA JUCLHUIIIIMHBI:

Llens:

O3HAKOMJICHUC C COBPCMCHHBIMH JOCTHXCHHUAIMHU B o0acTu

KOMIIBIOTCPHOI'O MOIACIIMPOBAHUA OUHAMHUKU 6I/IOMOJICKYJIHPHLIX 00BEKTOB M

CHCTEM,
3amauu:
1. O3HAaKOMHUTBHCH C

MMpCACTaBJICHUAMU, JICKaAIIMMH B OCHOBC

MOJEIUPOBAHUS MOJIEKYJIIPHON JUHAMUKY;

2. V3yunTh BO3MOKHOCTH KOMIBIOTEPHOMN peanu3anuu; (PyHKIIMOHAIbHBIN

BUA W IIpUPOAY IIOTCHIHAJIOB MOJICKYJIAPHOI'O B33PIMOI{€I?ICTBH5[; BUJ

ypaBHeHI/Iﬁ ABUIKCHHUS, YUYUTBIBAIOIMIUX BJIMAHHC BHEIIHECH Cpcabl H

HaJIMIUC PA3JIMIHBIX I'PAHUIHBIX YCHOBHﬁ;

3. U3yuntp 06a30Bble aITOPUTMBI I HAXOXKICHUS MEKMOJCKYIISIPHBIX

B3aMMOJICHCTBUM W YHCICHHOTO WHTETPUPOBAHUS YPABHEHUM IBHKCHUS

MOJICKYJISIPHON CUCTEMBI.

B pesynbrare u3ydeHus JaHHOW AUCIUIUIMHBI Y 00y4aromuxcs GOpMUPYIOTCS

cleAyIomue mpodeccuoHaIbHble KOMIETEHIIUU (3JIEMEHTHI KOMIIETEHITUHN):

HpO(bCCCI/IOHEUIBHBIe KOMIICTCHIIMKM BBIIIYCKHHKOB H HHIHUKATOPBI HX
JOCTHUKCHMUA:
Tun 3amaq Kon n HaumenoBanue
npoeccnoHaTbHON Kon n HaumeHoBaHUE UHIUKATOPA
KOMIIETCHIIUH JOCTHKCHHST KOMITCTCHIIUH
(pe3yJIbTaT OCBOCHHS)

Teopernuecku n I1K-5 [1K-5.5 IIpumeHeHue OCHOB
IpakTH4Yeckue  OCHOBBI CIOCOOEH  MPOBOJUTH | TAOOPATOPHOM TEXHUKH XUMHYECKOIO
npodeccuoHanbHOM HCCIEA0BaHUs B | DKCIIEPUMEHTAa, METOJIOB aHAIMTHYECKOU
JeATEIIbHOCTH o0jacT MEOUUUHBl U | XUMUH, OPraHMYeCKOro CHUHTe3a W

OMOJI0THH (U3MKO-XUMHUYECKOTO  aHalmM3a  MpHU
BBIITOJITHEHU U (byHIaMeHTaIbHbIX
HaY4HBIX MCCJIEOBaHUN U pa3pabOTOK B
00J1aCTH MEAULIMHBI U OUOJIOTHH

KOIL 1 HAMMCHOBAaHHUEC MHAUKATOpA
JOCTHKCHUSA KOMIICTCHIIUN

HanmeHoBaHHe MOKa3aTelisi OLlCHUBAHHS
(pe3ynbTarta 0OyUeHUs M0 AUCIUITIHHE)

I[IK -5.5 IIpumeHeHue OCHOB
nabopaTopHOMH TEXHUKH
XUMHAYECKOTO IKCIEPUMEHTA,
METO/IOB AHAJIUTHYECKOW XUMHH,
OpPraHMYECKOI0 CUHTE3a U (PU3HKO-

XUMHUYCECKOI'O aHaJImu3a npu
BBITNIOJTHEHUH (I)yH,Z[aMCHTaHLHLIX
HAayYHBIX HCCIIeOBaHUI u

pa3paboTOK B 00JIACTH MEIUITMHBI

3HAeT TEOPUI0 XUMUYECKOIO 3KCIEPUMEHTa, METOJI0B
AHAJIUTUYECKOU OpraHMYECKOTO CHHTE3a H
(U3UKO-XMMHYECKOT0 aHan3a

XUMUH,

YMeeT ucnosp30BaTh METOMBl AHAIUTUUYECKON XMMHH,
OpPraHMYECKOT0 CHHTE3a U (PU3UKO-XUMUYECKOTO aHAIN3a

BnaﬂeeT HaBBIKaMU HCITIOJIb30BaHUA OCHOB
na60paT0pH0171 TCXHUKHU XUMHYCCKOI'O0 OSKCIICPUMCHTA,
METOJ0B aHAJTUTHIECCKOM XUMHH, OPraHUYCCKOro CMHTC3a
n CbI/ISI/IKO-XI/IMI/I'-IeCKOFO aHaJIM3a IIpU  BBIIIOJHCHHUHU




KO}_I 1 HAMMCHOBAHUC MHAUKATOpA
JOCTHXKCHUSA KOMIICTCHIIN

HaunmMeHoBaHue moka3arens OLeHUBaHUS
(pe3ynbTara 0OyueHHs MO AUCLUILIHHE)

U OUOJIOTUU

(GyHIaMEHTAJIbHBIX HAYYHBIX UCCIIEIOBAHUN U pa3pabOTOK
B 00JIaCTH MEUIIMHBI U OUOJIOTUH

TpynoémMkocTh AUCHMIUIMHBI WM BHAOB Y4YeOHbIX 3aHATHH IO
AUCIHILINHE

OO0mmas TpyI0eMKOCTh JUCITUTUIMHBI COCTABIISCT 2 3a4ETHBIX eMUHUIL (72 aKaJeMUYSCKUX YacoB).
(1 3aueTHas eqUHUIIA COOTBETCTBYET 36 aKaJeMUYECKUM Yacam)

Bumamu yaeOHBIX 3aHATHI B pabOThl 00YJarOIErocs Mo JUCITUTUTHHE MOTYT

ABIIATHCH.
Ob6o3HavyenHne Bunb! yaeOHBIX 3aHITHI U pabOTHI 00yJaIOMIeToCs
Jlex Jlexumn
IIp [IpakTuueckue 3aHATUSL
CP CamocTosTenpHas paboTa 00y4yaronierocs B EPHOI TEOPETHIECKOTO 00yIeHuUS
Korrpo CamocTosTenbHas paboTa 00yJaromerocs  KOHTaKTHas paboTa 00y4aroIerocs ¢
HTPOJIb

MIPENoIaBaTeNIeM B TIEPHUO] MPOMEKYTOUHON aTTECTAIINH

CTpyKTypa JUCIUTIINHBI:

®dopma 00ydeHHS — OUHAS.

Dopmbl
IIPOMEKYTOUHOU
KonunyecTBo yacoB no Buaam
. aTTecTaLuy,
y4eOHBIX 3aHITUH U paObOTHI
= TEKYLIErO
HaumeHoBanue 3} obyyaromerocs
5] KOHTPOJIS
Ne pasnena 3
& YCIIEBAEMOCTH
JUCHUILTAHBI =
5 o =8 8
(5
= = O S
S
=
Pazgen L. OCHOBEHI
MOJIEJIUPOBAHHUSI
1 | MoasHpoRand B 10 18
MOJIEKYJISIDHOH ~ JMHAMUKH
(10 gacoB)
Pazpen II.  Anroputmsl
2 | yuera TepMOIMHAMMYECKHMX B 4 18
XapaKTEPUCTHK CPEJIBI DK3aMeH
54 36
Pazpen III. Texnonoruu (cemectp B)
MOCTAaHOBKM U TMPOBCIACHUS
BBIYUCIINTCIIBHBIX
3 | skcrepumenTOB c| B 4 18
Pa3IUYHBIME
GHOMOJIEKYIAPHBIMU
cHucTEMaMu
Hroro: 18 36 54 36




I1l. CTPYKTYPA Y COAEP) KAHUE TEOPETUYECKOM YACTH
KYPCA
Jleknuu (18 uacos, 2 yaca B popme MAO)

Paznen |. OcHoBBI MoaeaupoBaHusT MoJieKkyasspHoid amHamuku (10
4acoB)

Jleknus 1. MoaeaupoBaHue MOJIEKYJISIPHOH THHAMHUKH — 2 yaca-.

[MIpenmer kypca. KpaTkas HUCTOPHS  YHCIACHHOIO  MOJCIHUPOBAHUS
MOJICKYJISIPHOM JTHMHAMUKH. BBIYHCIUTEIBHBINA SKCIIEPUMEHT, €0 POJib U MECTO B
HAHOOHMOTEXHOJIOTUH.

Jleknus 2. [IpocTpaHcTBEeHHbIE 1 BpeMeHHbIE MACIITAOBI-2 Yaca.

EnuHnnel m3mepeHus B «MOJEKYISIPHOM MHpPE». XapaKTepHbIC €IWHHILIBI
Macchl, dHEpruv, BpeMeHu. O yuciae 4acTUll B MOAECIMPYEMOW MOJIEKYJIIPHOU
cucreme. O¢dekTuBHBIA yder pactBopurens. [lepuoauueckue TIpaHUYHbIE
YCIIOBUSL.

Jlekuuss 3. @DOYHKIHOHAJBbHBIA BHA M (uU3MUecKas NPUPOAA
NMOTEHIHAJIOB MOJICKYJISIPHOT0 B3aUMOJAeHCTBUSA-2 yaca.

MonekynsipHasg cucTemMa TMPEJICTABIAETCS B BHUJIE  COBOKYIHOCTH
B3aMMO/ICHCTBYIONIUX MaTE€pPUATbHBIX YACTHUIl. DHEPTUsl MOJIECKYJISIPHON CHUCTEMBI
CKJIQJIbIBACTCSI M3 DHEPIHil BAJCHTHBIX CBSI3€H, BAJCHTHBIX YIJIOB, TOPCHOHHBIX
VIJIOB, IJIOCKHUX TPYII, BaH-I€P-BaallbCOBBIX M KYJIOHOBCKUX B3aMMOJCHCTBHIA.
OYHKIIMOHAIBHBIA BHUJl 9TUX B3aUMOJICUCTBHM, TO €CTh (POPMYIIbI, IO KOTOPBIM
BBIUUCIISIETCSI DHEPrus B3aMMOJCHCTBYIOIIMX aTOMOB, €CIIM HW3BECTHBI HX
KOOPJIMHATHI, ¥ TAOJIMIIBI TApaMeTPOB (3HAYCHHUI KOI(PPUIIMEHTOB, 3aBUCIINUX OT
TUIIOB aTOMOB) 33/1al0T CUJIOBOE ToJie. HeBaneHTHbIE B3aMMOJEHCTBUS: BaH-IEp-
BaaJIbCOBBI M KyJIOHOBCKHE cuiibl. Paauyc oOpe3anusi. KomOuHamoHHble mpaBusa.
DKpaHUPOBAaHHUE KYJIOHOBCKOTO IMOTEHIIHAJIA.

Jleknus 4. AJroputMbl BIYMCJIEHUS HEBAJEHTHBIX B3aMMo/IeiicTBHIi-2
yaca. OIeHKa YKClia HEBAJIGHTHBIX B3aUMOJACUCTBUN. D(D(PEKTUBHBIEC aITOPUTMBI,
UCIIOJB3YIOIINE KOHEUHBIM paauyc B3aumonaeicTBus. AnroputMm Bepne (meron
cocTaByieHHs cUCKOB). O1eHKa ero ObicTposieiicTBrs. [ MOKUI anropuT™M OIEHKH
U8 T[epecdyeTa  CIHUCKOB. MeToj  CKaHUpPOBAHMS IO IPOCTPAHCTBY
(mpucoenMHEHHBIE CMUCKH). JIMHEeHHass 3aBUCHUMOCTh TPYJOEMKOCTH BBIYMCIICHUI
OT YMCJIa YaCTHII.

Jlekuus 5. UncieHHOe HHTEerPUPOBaHUE YPABHEHUI IBUKEeHUsI-2 yaca.

Anroputm Bepre (mpocTteiiias pa3HOCTHAsI anmpoOKCUMAIUs). AJITOPUTM C



nepeckokamu (leap-frog anmropurm). CkopocTtHoit anroput™ Bepire.

Paznen Il. AaropuTtMbl ydyera TepMOAMHAMHYECKHX XapaKTEPHCTHK
cpennl (4 yaca).

Jlekuus 1. Yyer BJUsSIHUA BHELIHEN cpeabl-2 yaca.

TepmocrtaTel. Temmneparypa. MrHoBeHHass TeMmieparypa. Y paBHEHUS
JBUKEHUS MOJIEKYJIIPDHOM CHCTEMBI, YYUTHIBAIOIIME HAJIMYME TEPMOCTaTa.
W3oTepmuueckass MoJEKyJlspHas JAMHAMUKa (METOJ  MaciuTabupoBaHHS).
Tepmocrtar bepenncena. Tepmoctar Hoze-I'yBepa. CroxacTuueckoe BO3JAEHCTBHE
OKpyXkarolei cpeasl. bpoyHoBckas quHamuka. CTOJIKHOBHTEIIbHAS MOJIEKYJISIPHAS
JUHAMUKA.

Jlexkuus 2. BoruncijieHue JaBJjieHUs B MAJbIX MOJIEKYJAPHBIX CHCTEMAaX-
2 yaca. bapocrar bepenacena. OnpeneneHue AaBICHUS B MallOM MOJEKYJISIPHOU
cucreme. JlaBneHne Ha CTeHKY. YacTULbl MEXAy NByMs CTEHKamMu. Bupuman cuil.
Yactuupr B smuke. Dopmynsl mia  paBineHusd. HanpsbkeHne B cedeHuH,
napajuienbHoM cTeHke. [lepuoanueckue rpaHnyHblie yeiaoBus. BeiBoa popmyit mis
nasieHus. bapocrat bepenacena.

Pa3znen Ill. Texnosiorum nmocTaHOBKHM M NMPOBeIEHUS] BHIYMCIAUTEIbHBIX
IKCIEPUMEHTOB C Pa3JIMYHbIMUA O0MOMOJIEKY/JISIPHBIMH cucTeMamu ( 4 yaca)

Jlexkuus 1. MoaeaupoBanue 0M0JIOTHYeCKUX MeMOpaH-2 yaca.

Onucanve TEXHOJOTH TMPUTOTOBJICHUS  OMOJOTHYECKOW  MeMOpaHbI,
BKJIIOYAIOIIEE NPUTOTOBIeHUE (POCHONMUIUIHOTO OUCIIOs, €ro peakcaluio,
BBIPAIIUBAHUS ITJIMHAPUYECKON MTOJIOCTH, MPOHU3BIBAIOIICH OWCIION, 3aKITI0OUCHNE
KaHAJI000pa3yIolero TMenTHjaa B TaKOW JKe€ IWIMHIP, COBMEIICHHE JIBYX
MOJICUCTEM, pelaKcallio 00pa3oBaHHONW OMoOMeMOpaHbl M, HAKOHEIl, MOJyYeHUE
MIPOAYKTUBHOU TPACKTOPHUH.

Jlexknus 2. CuiioBoe pasBopaunBaHue 0eJIKOBBIX IJ100yJ1-2 Yyaca.

[IpuBeneHo omucaHue TOCTAHOBKH BBIYMCIUTEIBHBIX HSKCIEPUMEHTOB U
UCCIIEIOBaHUSI TIpoliecca pa3pylIeHUs ABYX HMMMYHOTJIOOYJUH CBSI3BIBAIOIIMX
noMmeHoB OenkoB L u G mop nmeiictBuem BHemHMX cuil. Iloka3aHo, 94TO XOTS 3TH
nBa Oelka HMMEIOT OJM3KYI0 IPOCTPAHCTBEHHYIO CTPYKTYpPY, MEXaHHM3MbI HX
pa3pyLICHUs pa3InyHbl.



IV. CTPYKTYPA U COJAEPKAHUE IPAKTUYECKOMN YACTH KYPCA

Cemectp B (54 yaca, 4 yaca B popme MAO)

3ansTue 1. OCHOBBI MOJICTUPOBAHUS MOJIEKYJIIPHON TuHAMUKH — 18 yacos

(2 gaca B Buge CeMHUHAP-TIPAKTHKYM).

BbIurcnuTeNnbHBIN 9KCIEPUMEHT, €0 PO K MECTO B HAHOOMOTEXHOJIOTHH.

3ansiTHe 2. AIrOpUTMBI yyeTa TEPMOAMHAMUYECKUX XAPAKTEPUCTHK CPEIbI

— 18 yacoB (2 gaca B Bujge CeMuHAP-TIPAKTHKYM).

3anaTue 3. TeXHOIOTMM NOCTAaHOBKU U IMPOBCACHUA BbIYUCIUTCIIbHBIX

9KCIICPUMCHTOB C pa3JIMYHbIMU 6I/IOMOJ'I€Ky.TIﬂpHI>IMI/I cucteMaMu— 18 gacos

HJIaH-l"pa(l)l/lK BBINIOJIHEHHUSI CAMOCTOSITEIbHOM paﬁoTLI o IMCIMIIJINHE

Jara/cpoxn

BBINOJTHEHU S
/m

Buja camocrosiTeabHOM
padoThbI

IIpumepHbIE
HOPMBI BpeMEHHU
Ha BbINOJIHEHHUE

®opma
KOHTPOJISA

B cemectp

1-10 uemens

PaGoTta ¢ KOHCIEKTOM,
U3YYEHUE JUTEpPATypbl 110
JUCLHUIIINHE, IOArOTOBKA K
PaKTUIECKOMY 3aHATUIO,
IIOATOTOBKA K KOHTpOJILHOMy
TGCTI/IpOBaHI/IIO, HaIllnCaHue
JIOKJIaJIOB, PEIICHUE TECTOB

12

KOHTPOJIbHOE
TECTUPOBAaHUE

11-18 wenens

PaGoTta ¢ KOHCIEKTOM,
H3y4YEHHUE JIMTEparypel II0
JUCIUILINHE, TOATOTOBKA K
MPAKTHYECKOMY 3aHATHIO,
IIOATOTOBKA K KOHTpOJ'II)HOMy
TECTUPOBAHUIO, TOATOTOBKA
JTOKJIaJIOB, PEIICHNUE TECTOB

12

KOHTPOJIbHOE
TECTUPOBAaHUE

3 ceccus

IToaroToBka K 3K3aMeHy

12

DK3aMeH

CamocTosgarenpHas

MMPaKTHYCCKHUM

3aHSATHUSIM,

pabota
paboThI

CTYJICHTOB

COCTOUT U3

IIOATOTOBKH K

HaJl PEKOMEHIOBAHHOW JIMTEPaTypoil,

HalluCaHUA JOKIaJ0B 110 TCMC CCMHUHAPCKOI'O 3aHATHUSA, IIOATOTOBKH HpGSGHTaHHﬁ.

HpCHOILaBaTCJ'II) npepraract KaxaoMy CTYACHTY MWHAWBUIAYAJIBHBIC U

nuddepeHnupoBannbie 3amanus. HekoToppsle M3 HUX MOTYT OCYIIECTBISTHCS B

rpynne (HampuMmep, MOAroTOBKa JOKJIaJa M MpPEe3eHTAluu MO OJHON TeMe MOTYT

AcJIaTb HECKOJIBKO CTYACHTOB C pPasAaCIICHUCM CBOUX 00s3aHHOCTEN — OAHUH

TOTOBUT HAYYHO-TEOPETUYECKYIO YacTh, @ BTOPOU MPOBOAUT aHATIU3 MPAKTUKH).

CamocTosiTenbHass paboTa MOXKET OCYIIECTBIATHCS WHIAWBUIYAIBHO WU

rpymnmmamMm CTyACHTOB B 3aBUCHUMOCTH OT ICIIH, 061>eMa, KOHerTHOI;'I TCMAaTHUKN




CaMOCTOSITENIbHOM pabOThl, YPOBHS CIIOKHOCTH U YPOBHSI YMEHUHN CTYIEHTOB.

KoHTponb pe3ynbTaTOB €aMOCTOATEIBHONW pabOThl CTYAEHTOB JIOJKEH
OCYILECTBIATECS B Ipeleiax BPEMEHU, OTBEICHHOIO Ha 00sA3aTesbHble yuyeOHbIE
3aHATUS U BHEAYIUTOPHYIO CAMOCTOSITENbHYIO pabOTy CTYI€HTOB IO TUCLUILINHE,
MO’KET MPOXOANTH B MHUCbMEHHOM, YCTHOM HJIM CMEIIaHHOM Qopme.

V. YYHEBHO-METONYECKOE OBECIIEYEHHUE
CAMOCTOSATEJBHOMN PABOTHI OBYUAIOIIUXCS

VY4eOHO-MeTOANYECKOE oOecrnieueHue CaMOCTOATEIILHON paboThI
oOyyaromuxcs 1Mo AUCHUIUIMHE «MoJeKyIspHOe MOAEINPOBaHUE OHOCTPYKTYpP»
npenacrasiieHo B [Ipunoxenuu 1 u Bkirovaer B ceOs:

— IUIaH-TPA(QUK BBITOJIHEHHS CAaMOCTOATEIbHON paOOThI MO AUCIUIUIMHE, B
TOM YHCJIE IPUMEPHBIE HOPMBI BPEMEHU Ha BBIITOJIHEHUE 110 KAKIOMY 3a/1aHMUIO;

— XapaKTepUCTUKA 3aJaHUll A CaMOCTOSITENIbHOM paboThl CTYAEHTOB U
METOANYECKUE PEKOMEHIAINY 110 UX BBITTOJTHEHUIO;

— TpeOOBaHUSA K NPEACTABICHHIO UM O(DOPMIIEHHIO  pe3ysIbTaToB
CaMOCTOSITENILHON paboThI;

— KpUTEPHUH OLICHKHU BBIIIOJIHEHUS CAMOCTOSTENIbHOM paOOTHI.



VI. KOHTPO.JIb JJOCTUXKEHUS LEJEA KYPCA

Ne | KonTposampyemsie Koa u Pe3yabTaThl 00yueHus OueHoynble
n/n pa3aennl / TeMbl HAMMEHOBAHH cpeacTaa
AUCUUILIHHBI € HHAMKAaTopa TeKymmii | mpomexyTo
AOCTHREHU KOHTPOJIb YHasi
aTTecTamnus
1 | Pazmgen |. OcHoBBI I1K-5.5 3HaeT: mpUMepbl BHIYUCIUTENBHBIX | Bompock Bomnpocsr
MOZCITHPOBAHUS IIpumenenue DKCIIEPUMEHTOB ¢ OeakaMH | 1-15 1-6
MOJIEKYIISIPHOM OCHOB O6moMeMOpaHaMH W TIONydeHHBIC B
TMHAMUKHA 1abOPaTOpHON | ppx Ppe3yJIbTaThl
TEXHUKH Ywmeer: chopMyTHpOBaTh
XUMUYECKOTO
MOJENIBHOE IpeacTaBlIeHHE
IKCIEPUMEHTA
MOJICKYJIIDHOTO ~ OMOO0OBEKTa |
, METO/I0B
BO3MOXKHOCTHU raHu3aIn
aHauTHUeCKO | DOSMOKHOC OpraHusal
i Ximuy, | BPIUMCTHTEIBHBIX  MOJICKYJIAPHO-
opranuueckor | AMHAMHUYCCKHX OSKCIICPUMCHTOB C
0 cuHTe3a u | HUM
(usnro- Baageer: MeTogaMu U OCHOBHBIMU
XHUMHYECKOTO
IPOrPaMMHBIMH  CPEICTBAMH  JUIS
aHanmm3a mpu
MOJIEKYJISIPHOTO ~ MOJAEIUPOBAHUS
BBITIOJTHEHUH 6
dynnamenTans | CHOCTPYKTYP
HBIX HAYYHBIX
HCCIIEN0BAHUN
U pa3paboToK
B obnacTtu
MEAUIUHB U
Ouosiorun
Paznen Il. Anroputmsl I1K-5.5 3HaeT: MpUMepHI BEIYUCIUTENBHBIX | Bompockl Bonpocsr
ydera [IpuMEHEHN | DKCIIEPUMEHTOB € O€lKaMd U 16 -35 7-11
TEPMOJUHAMUYECKUX | © OCHOB | GmomMeMOpaHaM{ W TOJYYECHHBIC B
XapaKTEPUCTHK Cpebl | Ja0OPaTOPHOM | HUMX pe3ysbTaThl
TEXHUKH Ymeer: c(hopMyIUPOBaThH
XUMUYECKOT0 | MOAeIbHOE npejicTaBlICHIE
OKCIIEPUMEHTA | MOJEKYJSIpHOTO  O0MOO0OBEKTa MU
> METOJOB [ BO3MOXXHOCTH OpraHu3aluu
AQHAJIUTUYECKO | BBIYUCIUTENBHBIX  MOJIEKYJISIPHO-
i XUMUH, [ TUHAMHUYECKUX SKCIHEPHUMEHTOB C
OpraHnu4CCKoOr HUM
0 CHHTE3a U
Buaaneer: MeTogaMyu M OCHOBHBIMH
¢uznKo-
NPOrPaMMHBIMH  CPEICTBAMHU IS
XUMHAYECKOTO
MOJIEKYJISIPHOTO  MOJEIMPOBAHUS
aHanusa  MpH |
HOCTPYKT
BBITIOJTHEHUT PYKTYP
byHraMeHTaNb
HBIX HAyYHBIX
HCCIIEA0BAHUN
u pa3paboTok
B o0acTu

MEIULMHLI U
onoJsiorun




Pasnen 1l.

TexHomoruu
MOCTaHOBKHU
MPOBEICHUS
BBIYUCIUTEIbHBIX
9KCIEPUMEHTOB
Ppa3nUYHBIMU
OHOMOJIEKYIIPHBIMHU
cucTeMaMu

C

IK-5.5

[Tpumenenu
e OCHOB
nabopaTopHO
TEXHHUKHU
XUMHYECKOTO
JKCIICPUMEHTA
, METOJIOB
AHATUTUIECKO
H XHMHH,
OpPTaHHYECKOT
O CHHTE3a H
¢bn3uKo-
XUMHYECKOTO
aHanM3a  MpH
BBITIOJTHCHUN
byHraMeHTaNb
HbIX HAY4YHBIX
HCCIIEIOBAaHUI
u pa3paboToK
B obractu
MEIWIUHBl |
omonorun

3Haer: OPpUMCPBI BEIYUCITUTCIBHBIX
SKCIICPUMCHTOB  C OcnkaMu U
6I/IOMGM6paHaMI/I 1 TOJYYCHHBIC B
HUX PE3YJIbTAaThbl

Ymeer: chopmynupoBaTh
MOJEIBbHOE Hpe/ICTAaBICHHIE
MOJIEKYJIIpHOTO ~ OMOOOBEKTa W
BO3MOYKHOCTH OpraHu3ayu
BBIYHCIIUTEIBHBIX  MOJIEKYJISIPHO-

JUHAMHUYCCKHUX OKCIEPHUMEHTOB C
HUM

Biageer: MeTosaMu M OCHOBHBIMH
NpPOrpaMMHBIMH ~ CPEJICTBAMH  JUIS
MOJICKYJISIPHOTO  MOJICIUPOBAHUS
OHOCTPYKTYD

Bonpocst
36 -55

Bonpocst
12 -16




VIIl. CHACOK YYEBHOM JINTEPATYPbI U THO®OPMAIIUOHHO-
METOINYECKOE OBECIHHEYEHHUE JUCHUIIJINHBI

OcHoBHas auTEpaTypa

JlonosiHuTEeILHAS

Ilepedyensb pecypcoB MH(OPMAIMOHHO-TEJIEKOMMYHUKAIIMOHHOI CeTH

«HTEepHET»
1. UactpymeHT TUTST IPOBEPKHU npaiiMepoB in silico
http://insilico.ehu.es/PCR/Amplify.php
2. baza JAHHBIX VIS IIOMCKA OJTHOHYKJIEOTUTHBIX 3aMeH

http://compbio.cs.queensu.ca/F-SNP/
3. UnctpymenT nns nepeBoaa nocnegosarensHoctr JJTHK B peBepc-

KOMILJIEMEHTapHYIO (opMy
http://arep.med.harvard.edu/labgc/adnan/projects/Utilities/revcomp.html

4. http://rosalind.info/problems/locations/ - pecypc ains caMOCTOSATEIBHOTO
u3yueHus ononnpopmaruku Rosalind.

5. http://www.ncbi.nlm.nih.gov/ - caiitr = Haumonamesnoro  llentpa
ounorexHomornueckor nadopmarmu NCBI, 6a3a nannbix I'enHbIil OaHK.

6. http://blast.ncbi.nim.nih.gov/Blast.cgi - BLAST: Basic Local Alignment
Search Tool, ommaliH-IporpaMma i BbIpaBHHBAHHS ITOCIICIOBATEILHOCTEH

OMOJIOTMYECKUX MAKPOMOJIEKYJI
7. http://www.mendeley.com/ - Mendeley: Free reference manager and PDF
organizer; nporpamMMa-ou0InOTEeKaph.
8. http://www.ebi.ac.uk - caiir EBponeiickoro uHCTUTYTa OHOMH(DOPMATHKH
9. http://www.scopus.com — Oubmuorpaduueckass 0aza IaHHBIX M HHIEKC

IUTUPOBaHUS SCOPUS

10. http://thomsonreuters.com/thomson-reuters-web-of-science/
oubnurorpaduueckas 0a3a TaHHBIX U HHIEKC uTupoBanus Web of Science

11.  http://www.molbiol.ru — pycckosi3praHbIN HHPOPMAITMOHHBINA CAUT U

dbopyM 10 MOJIEKYIISIPHON OMOJIOTUH


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 MIPOrPaMMHOI0 o0ecredeHust

1. [Tporpamma VECTOR NTI
https://www.thermofisher.com/ru/ru/home/life-science/cloning/vector-nti-
software.html

2.1lpu  ocymectBiennn  00pa3oBaTEeIBLHOTO  MpoOIlecCa  CTYACHTHI
UCIONIB3YIOT TiporpammHoe obecreuenue: Microsoft Office (Excel, PowerPoint,
Word u nip.), anextponnsie pecypcsl caiita JIBOY, Bkmouas 3b5C JIBOY.

3. bubnmuorpaduyeckas 06aza MaHHBIX M HWHIEKC IIUTUPOBAHMS SCOPUS,
oubnunorpaduueckas 0Oa3a maHHBIX W uHAEKC nutupoanus Web of Science,
MIOMCKOBAasi CUCTeMa, TeHHbI OaHK M makeT onmadH-miporpaMM NCBI, Hayunas
anekTpoHHas Oubmuorexka eLIBRARY, »snexkrpoHHO-0MOIMOTEYHAsT cucTeMa
“Znanium”, snekTpoHHas OuOimoreuynas cucreMa [PRbooks, mHpopmarmonHas
cuctema "EJIMHOE OKHO" noctyna k oOpa3oBaTelbHbIM pecypcaM JIOCTYI K
AJIEKTPOHHOMY 3aKa3y KHUT B Oubnunoreke J[BOY.

4. ITporpammHoe obecrieuenue Vector NTI ais aHanuza mrasMu U Apyrux
T€HETUYECKUX BEKTOPOB.

5. http://blast.ncbi.nim.nih.gov/Blast.cgi - BLAST: Basic Local Alignment
Search Tool, POrPaMMHOE obecrieueHne IS BBIPaBHUBAHHS

MIOCIIEIOBATEIHHOCTEN OMOIOTUYECKUX MaKPOMOJICKYIL.

6. MEGA — mporpaMMHBI TakeT A (PUIOTEHETHYECKOTO aHalu3a |
BBIPAaBHUBAHHS MTOCIIEIOBATEILHOCTEH OMOMOIIEKYII.

7. http://www.idtdna.com/calc/analyzer - mporpammuoe oOecriedeHue IS
aHaN3a KOPOTKUX HYKJICOTHIHBIX MOCIIEN0BATEILHOCTEH U paiiMepoB.

VIII. METOAUYECKHUE YKA3AHUSA 110 OCBOEHHUIO
JANCIUIIJIMHBI

Kypc cTpykTypupoBaH 10 XpOHOJIOTHUYECKOMY, TEMAaTHYCCKOMY H
CPaBHUTEIHHO-TUITOJIOTMYECKOMY TIPUHITUIIAM, YTO TO3BOJIET, C OJTHON CTOPOHHI,
CHUCTEMATU3UPOBATh YYEOHBI Marepuan, ¢ APYrod — MOAYEPKUBACT CBSA3L C
JPYTUMU JUCITUTUIMHAMY TYMaHUTAPHOTO U CIIEIIHATLHOTO ITUKJIA.

B nmpomecce wu3yueHus marepuangoB ydeOHOTO Kypca MpeajiararoTcs
cienytromue Gopmbl pabOT: YTEHUE JCKIIUN, TPAKTUICCKUE 3aHATHS, KOHTPOJIbHBIC
paboTHI.

Jlexyuonnvie 3amamusi OPUEHTHPOBAHBI HA OCBEIICHHUE BBOJHBIX TEM B
KKIBIM pa3zien Kypca W NMPpU3BaHbl OPUEHTHUPOBATh CTYACHTOB B IPEJIaracMoM
MaTepHuae, 3aJI0KUTh HayYHbIE M METOJIOJIOTMYECKUE OCHOBBI JUISl JallbHEUIEH


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

CaMOCTOSITENIbHOM pabOThI CTYIEHTOB.

Ilpakmuueckue 3ansamus aKIEHTUPOBAHbI HA Hanboyiee MPUHUUIHAIBHBIX U
npoOJeMHBIX Bompocax (GuiIocopur W MpHU3BaHBI CTUMYJIUPOBATH BBIPAOOTKY
COOCTBEHHOM MUPOBO33PEHUYECKON TO3UIIUH 110 TaHHBIM TEMaM.

B pabote co cTyaeHTaMH HCTIONB3YIOTCS pa3sHOOOpa3HbIe CpeCTBa, (GOPMBI U
MeTO/ Il 00yueHus (MHGOPMAITMOHHO-Pa3BUBAIOLINE, TPOOIEMHO-TIONCKOBEIE).

Oco60 3HaunMoMn Jis1 MPOGECCHOHATBHON MOJATOTOBKH CTY/ICHTOB SIBJISICTCS
camocmosamenvHas paboma 1o Kypcy. B xone 3Toit paboThl CTyIeHThI OTOUPAIOT
HEOOXONMMBIA MaTepuall IO H3y4aeMOMY BONPOCY U aHAJIU3UPYIOT €ro.
CamocrosTenbHas padoTa ¢ JIUTepaTypol BKJIIOYAaeT B ceOs Takue MPUEMbl Kak
COCTaBJICHHWE IUIaHA, TE3UCOB, KOHCIIEKTOB, aHHOTUPOBAaHHE HCTOYHUKOB,
Hanucanue pedepatoB. B pamkax yueOHOro Kypca moapa3yMeBaeTcsi COCTaBICHUE
TEMaTHYECKHUX JOKIAJ0B, KOTOPHIE MPOBEPSETCS MpEroaaBaTeneM, 00Cyx aaeTcs
CO CTyJIEHTaMH M YUYUTHIBACTCSI P HTOTOBOM KOHTPOJIE 3HAHUH 1O KypCy.

CTyneHTOB HEOOXOAMMO IMO3HAKOMHUTh C OCHOBHBIMH HCTOYHHUKAMH, 0€3
KOTOPBIX HEBO3MOXHO MOJHOILIEHHOE NMOHUMaHue pobiieMaTtuku Kypca. [lostomy
T WCTOYHHKH PEKOMEHIOBAHbl CTYJEHTaM JJis JIOMAIHer0 W3Y4YeHHUS U
BKJTIOYEHBI B IIPOrpamMMy.

OcBoeHne Kypca JIOJDKHO  CIIOCOOCTBOBATH  PAa3BUTHIO  HABBIKOB
00OCHOBAaHHBIX M CaMOCTOSITENIbHBIX OIEHOK (pakTOB M KoHuemui. [loaTomy BO
BceX (hopMax KOHTPOJS 3HaHWM, OCOOEHHO MpHU CAAY€ 3a4€Ta, BHUMAHHUE JTOJKHO
ObITh OOpamieHo Ha mnoHuMaHue GuiIocodpckol MNpoOIEeMaTUKU, HAa YMEHUE
KPUTHYECKH UCIIOTIB30BATh €€ Pe3yJIbTaThl M BHIBOIBI.

IX. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYHEHHUE
JANCIUIIJIMHBI

OcBoenue AUCUUIUIMHBI «MOJEKyIIpHOE MOJEIUPOBAHUE OHOCTPYKTYP»
IIPEANOoIaraeT HCIOJIb30BAHUE  CIEAYIOLIEr0 MaTepUaIbHO-TEXHUYECKOTO
oOecrieueHus:: MylIbTUMEIUITHON ayAUTOPUH, OCHAIIIEHHOW IIMPOKOIOIOCHBIM
JOCTYIIOM B ceTb HMHTEpHET. KommbroTepHoro kmnacca. Bce kommbrorepsl
MOJKJIFOYEHBI K KOPIOPAaTUBHOW KOMIbIOTEPHOU cetn JIBD®Y u Haxomarcs B
€IUHOM JJOMEHE.

JIJisl BBITIOJTHEHUSI CAMOCTOSITEIBHON PabOThI CTYJEHTHI B JKHIIBIX KOPITycax
JIB®Y ob6ecneuensr Wi-Fi.

MynbeTuMennitHas ay IuTOPHSL: 690922, ITpumopckuit Kpau, T.

Mounob61ox Lenovo C360G- | BnanuBocTok, ocTpoB Pycckuii, mosyocTpoB
134164G500UDK; DOxpan  mnpoekiuonHsli | CanepHbrii, mocenok Asike, 10, ayn. M 421,
Projecta  Elpro  Electrol, 300x173 cm; | 422




MynbTuMenuiitHbId ~ TIpoekTop,  Mitsubishi
FD630U, 4000 ANSI Lumen, 1920x1080;
Bpesnoit unTepdeiic c CUCTEMOM

ABTOMATUYECKOTO BTsATMBaHUs kabeneir TLS
TAM 201 Stan; JlokymeHT-kamepa Avervision
CP355AF; Muxkpodonnas MeTIINYHAs
pamuocucrema YBU nmamazona Sennheiser
EW 122 G3 B cocraBe O0ecrpoBOJHOIO
MUKpO(OHA " NPUEMHUKA; Konexk
BugeokoHpepenucssa3u LifeSizeExpress 220-
Codeconly- Non-AES; CereBas Buacokamepa
Multipix MP-HD718; ee XK-nmanemu 47",
Full HD, LG M4716CCBA; Iloacucrema
ayJTMOKOMMYTaIlUU u 3BYKOYCHJICHUS;
[EHTPATM30BaHHOE OecniepeboiiHoe
o0ecrieyeHHe EKTPOITUTAHUEM

JlaGopatopust GMOMEIUIIMHCKUX KIETOYHBIX
TEXHOJIOTUI

[TpubGop s TpoBeAEHMS MOJIUMEPA3HOU
LEMHOM pEeakuuu C JAEeTeKUUed IpPOAYKTOB
aMIMpUKaul B PEXKHUME  «PEAIbHOrOo
BpemeHu» CFX96 Touch Real Time System

Kamepa mist anekrpodopeza Mini-Sub Cell
GT System (BioRad 1704467)

Kamepa 11151 BepTUKaIBHOTO 3JeKTpodopesa
Mini-PROTEAN Tetra Cell, BioRad 1658003

Kamepa mis mpoBeneHHs BEpTUKAIBHOTO
anektpodopeza PROTEAN II xi Cell (BioRad
1651803)

Cucrema nns ¢Quxcanuu u  00pabOTKH
anexTpodopesnsix reneit Gel Fix System

N3mepurens BonopoHOro nokasarens (pH)
pacTBOpPOB B KOMIUIEKTE C DJEKTPOIOM U
KanuOpoBouHo# cuctemoit PB-11-P11

leiikep Tepmoctatupyemsiit ES-20/60

Llentpudyra naboparopras MiniSpin

Ho3arop ABTOKJIABUPYEMBIN
onHokaHanbHbIE HTL mnepemenHoro o6bema
100-1000 mxa Discovery Comfort (4046)

Ho3zarop ABTOKJIABUPYEMBIN
onHokaHanbHbIE HTL mnepemenHoro o6bema
20-200 mka Discovery Comfort (4045)

Jlozatop ~ aBTOKJIaBUpPYEMBIH  OJHOKAaH.
nepemeHHoro obOwema 2-20 mxn Discovery
Comfort (4043)

Jlozatop  aBTOKJIAaBUpYEMBIH  OJHOKaH.
nepemeHHoro oovema 10-100 mxn Discovery

690922, [Tpumopckuit Kpail, T.
BrnaguBocTok, octpoB Pycckuid, moayocTtpos
Canepubiii, nocenok Askc, 10, ayn. MS820,
M823, M826




Comfort (4044)

Cuctema aBTOMaTH3upoBaHHas Biacore
X100 System s aHanM3a MEXMOJIEKYJIISIPHBIX
B3aUMO/ICHCTBUN ¢ HAOOPOM JIOTIOJIHUTEIBHBIX
yacTel U IporpaMMHBIM 00ecIieYeHHEM

Cucrema uisi HENPEPBHIBHOI'O HAOIIOACHUS
32 JKHBBIMH  KIETKaMH B  KYJbTYpe,
dbopmupoBanus ¥ aHanmza uzoopaxkenus Cell-
IQ MLF, Chip Technologies, Uexus

WNukybatop  mepconampHbii  CO2- ¢
CUCTEMOH  MOHHWTOPHHTAa ¥  TOBBIIICHHS
ButabHOCTH KieTok Galaxy (CO48R-230-
1200)

HIxad JaMUHApHBIN 2-ro KJjlacca
OMOJIOTHYECKON 3allluThl, pa3Mep paboueit
noBepxHoctu 150 cm SafeFAST Elite215S

bakrepunuaasIi Y ®-penupkyiarop
Bo3nyxa, UVR-M

Memanka marautaas, MSH-300i

Munu-poxkep-eiikep, MR-1

Tepmomneiikep mnanmetnslif, PST-60 HL-4

CucremMa TMOJIy4€HHUSI CBEPXUUCTOM BOJIBI
Simplicity (SIMSVO0EU)

Lentpudyra nabopaTopHast TUTSt
IPOBEJACHUSI  MPOOONOArOTOBKUM  METOJOM
uentpudyruposanus 5804R

X0JI0AUIIBHUK HU3KOTEMIIEPATYPHBIH
Forma 902

Jlo3aTop aBTOMAaTHYECKHIl OJHOKaHAIBHBIH
nepeMeHHoro oo6vema 0,2-2 MK, cepuu
Discovery Comfort (DV2)

ABTOKJIaB aBTOMAaTHYECKHH BEPTUKaJIbHBIN
MLS-3020 U

Beco! ananutnueckue cepun Adventurer Pro
AV213

Beck! npenuznonnsie cepuun Pioneer (PA413

[o3zarop ANEKTPUIECKUI TUTST
ceposiornueckux nunerok Swiftpet PRO

Huctumnstop GFL-2008

Bonsnas OaHs-TepMocTaT c
nepemermuBanueM WB-4MS,

TepmocTtat cyxoBo3aymrHblii MIR-262

OrtcacpiBatenb MeguiuHCKuit OM-1

Becwr nmpenunsunonnsie cepun Pioneer (PA413




HaunmenoBanune 060pya0BaHHBIX
IIOMEIIECHUN U ITIOMEIIECHUN 111
CaMOCTOSITENILHON PabOTHI

[lepeyeHb OCHOBHOTO 00OPYAOBaHUS

AyauTopus Uil TPaKTHYECKUX
3aHATHH

r. BmaguBoctok, 0. Pycckuit, 1.

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

[Tpoexktop DLP, 3000 ANSI Lm, WXGA 1280x800,
2000:1 EW330U Mitsubishi; IToncucrema
CHeIUaTU3UPOBAHHBIX KpEeTUICHUM obopynoBaHus
CORSA-2007 Tuarex; IlomcucremMa BUAECOKOMMYTALIUU:
Marpuunblii kommyTtatop DVI DXP 44 DVI Pro Extron;
yumaaatess DVI o Butoit mape DVI 201 Tx/Rx Extron;
[Togcucrema  aygMOKOMMYTAllMM W 3BYKOYCHJICHHS;
aKyCTHYECKasi CUCTEMA JIJI MOTOJ0YHOro MoHTaxka SI 3CT
LP Extron; mudpooit aymuomnporeccop DMP 44 LC
Extron; pacmupenue st KoHTposuiepa ynpasiuenus IPL T
CRA48

UwuranbHble 3a5161 HayuHoi
o6ubmanorexku IBOY ¢ OTKPHITHIM
IocTynoM K ¢oHy (Kopmyc A -
ypoBeHb 10)

Mouo6imok 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
Ckopoctb noctyna B Untepaer 500 MOuT/cex.

PaGoune wMecra mana roged ¢ OrpaHUYCHHBIMHU
BO3MOKHOCTSIMU  3JIOPOBbSl  OCHAILEHBI JUCIICSIMU U
npuHTepamu  bpaiins; 000pyAoBaHBI: HOPTAaTUBHBIMU
YCTPOMCTBAMH ISl UYTEHHUS IUIOCKOINEUYATHBIX TEKCTOB,
CKaHHUPYIOLUMU u YUTAIOIUMHU MalIuHaMu
BUJICOYBEIMUUTEIEM C  BO3MOXHOCTBIO  PETYJSIUU
L[BETOBBIX CIIEKTPOB; YBETUYHMBAIOIIMMHU SIICKTPOHHBIMU
JyIamMu ¥ yAbTPa3ByYKOBBIMH MAPKUPOBIIUKAMHU

Aynutopus uist
CaMOCTOSITENIbHON PabOTHI
CTYJICHTOB

r. BmagusocTok, 0. Pycckuii .
Asikce .10, Kopnye 25.1,
ayn. M621
ITmomans 44.5 M

Momno6nok Lenovo C360G-i34164G500UDK 19.5"
Intel Core 13-4160T 4GB DDR3-1600 SODIMM
(1x4GB)500GB Windows Seven Enterprise - 17 wmtyk;
[IpoBoanas cerp JIBC — Cisco 800 series; 6ecripoBOHbIE

JIBC nnst oOydaromuxcsi 00ecreyeHbl CHCTeMOi Ha Oase
toyek goctyma 802.11a/b/g/n 2x2 MIMO(2SS).




X. ®OHABbI ONEHOYHBIX CPEACTB

Ilepedyennb popm onleHMBaHMSI, MPUMEHsSIEMbIX HA Pa3JIMYHBIX 3TaNax
(opMupoBaHUsA KOMIIETEHIUI B X0/l OCBOEHMsI JUCHMILIUHBI MOYJIA

MeTozmquKne PEKOMEHIANUN, OIIPCACTAIONINEC MMPOUHEAYPBI
OLCHUBAHMA PE3yJbTaTOB OCBOCHUSA IUCIHUIIINHbI

KoHTpoabHbIe TecThbl MpeAHa3HAYEHBI ISl CTYJEHTOB, M3YYarONIMX KYypC
«MonexynsipHOE MOAETUPOBAHUE OUOCTPYKTYPY.

[Ipu pabote ¢ TecTamu mpeasiaraeTcsi BHIOPATh OJIMH BapHAHT OTBETA U3 TPEX
— YeThIpeX MpeIOKEHHBIX. B TO ke BpeMs TECThl 10 CBOEH CII0KHOCTU
HEOAMHAKOBBL. Cpear MNpeNioKEeHHBIX HMEIOTCS TECThl, KOTOPBIE COJIEpXkKaT
HECKOJIbKO BapHMaHTOB MPaBWIBHBIX OTBETOB. OpJIUHATOPY HEOOXOAMMO YKa3aTh
BCE MPaBUIILHBIC OTBETHI.

TecThl paccunMTaHbl Kak Ha WHIUBHIYaJIbHOE, TaK M Ha KOJUIEKTUBHOE HX
pemenue. OHU MOTYT OBITh UCIIOJIB30BAHBI B MPOIECCE U AyIUTOPHBIX 3aHATUH, U
CaMOCTOATENbHOM paboThl. OTOOpP TECTOB, HEOOXOAUMBIX JIJISi KOHTPOJIS 3HAHUH B
MpoIecce MPOMEXKYTOYHOM aTTecTallii MPOU3BOAUTCSA KaXKJBIM IpernoaaBaTeieM
WHIUBUTYJTHHO.

PesynbTaTs BBITIOJTHCHHSI TECTOBBIX 3aJTaHAN OIICHUBAIOTCSA
npenojaBaTesieM Mo MITHOAIBHOW IMIKaje JJIS BRICTABICHUS aTTECTAllUU WU T10
cucTeMe «3ader» — «He 3adeT». OIeHKa «OTJIMYHO» BBICTABISCTCA TMPHU
paBUJILHOM OTBeTe Ha Oosiee yeM 90% mpemioKeHHBIX MpernoaaBaTeIeM TeCTOB.
O1eHKa «XOpOIIo» — MPH IpaBUIBLHOM OTBeTe Ha Oojiee uem 70% TectoB. OrieHka
«YZOBJICTBOPUTEIHHO» — TMpHU TMpaBUIbHOM oOTBeTe Ha 50% mpeaoKeHHBIX
OpJIMHATOPY TECTOB.

TecTupoBanue MO MPONICHHBIM TEMaM TPOBOIUTCS HA OYMaKHBIX OIaHKax
WM B KOMITBIOTEPHOM KJjiacce. [I[puMephl TeCTOB MpUBEICHBI HIDKE.

IIpumepsl 3aJaHUll TEKYLIEr0 KOHTPOJIA

Bonpocsl u ynpaskHeHUs1 TEKYIIero KOHTPOJISI TeOPeTHYeCKOM
NMOJAr0TOBKH

K nexyuu 1 (Bsedenue. Mooenuposanue MoneKyIAPHOU OUHAMUKLUL)
1. Kakue mpencraBiieHHs JeXaT B OCHOBE MOJICITUPOBAHMS TEIUIOBOM
MOJBM)XHOCTH aTOMAapHBIX CHCTEM METOJIOM MOJEKyJsipHON nuHamuku? Korma u



JUTST KaKUX MOJICKYJIIPHBIX CHCTEM OBUIM MPOBEIACHBI TIEPBBIC BHIUMCIUTEIHHBIC
DKCHEPUMEHTHI C IPUMEHEHUEM METOAA MOJIEKYJISIPHOW TUHAMUKH?

2. JlaliTe = cXxeMaTHYEeCKOE  ONHCAaHHE TIOCTAHOBKM W  MPOBEIACHUS
MOJIEKYJISIPHO-TMHAMUYECKOTO BBIYMCIUTEIBHOTO SKCIIEPUMEHTA.

3. Kakne mporpaMMHBIE KOMITIEKCHI IS MOJETHUPOBAHUS MOJEKYIISIPHOU
JTUHAMHUKH OMOMOJIEKYJISIPHBIX CHUCTEM Haubojiee pachpOCTpaHEHBI B HACTOSIIEE
Bpems’?

K nexyuu 2 (Ilpocmpancmeennvie u pemennvie Macuimaosl):

4. 1 Kr BoJibI TPY HOPMAJIBHBIX YCJIOBHSX 3aHUMaeT o0beM 1 nutp. Haliaure
00BbeM, MIPUXOAAIIHNICS B CPEAHEM Ha OJIHY MOJIEKYy BOJbl. OLIEHUTE PacCTOSIHUE
MEXKy KHUCJIOPOJIaMH COCEIHHMX MOJIEKYJl BOJbI, NMPEIINOIO0KHUB, K MIPUMEPY, UYTO
MOJIEKYJIbI BOJIbI PACIIOJIOKEHBI B Y3JIaX MPOCTON KyOUYECKOW PEIIETKH.

5. [IpuBenure xapakTepHbIC BEIMYMHBI MPOCTPAHCTBEHHBIX, BPEMEHHBIX U
HSHEPreTUYECKUX MAaCHITa00OB, BO3HHUKAIOIIUX TMPU OMUCAHUU MOJICKYJISIPHBIX
cucteM. Kakue MeToibl UX OLIEHKHA MOXKeTe Bbl mpeaioxuTs?

6. 1000 aTomMOB 3amoNIHAIOT Ky0 W pacmojiaraloTcs B y3jaX MPOCTOU
KyOuueckoil pemetkd. Halinute umcimo atoMoB (a) Jexanmx Ha MOBEPXHOCTHU
KyOa u (0) jmexalmmx B MPUMOBEPXHOCTHOM cioe. Kakyro J0Jt0 oT BCeX aTOMOB
COCTABJISIFOT aTOMBI ATUX JIBYX CJIOEB?

7. JlaTb ompenelieHre pacyeTHON SUYEUKU C MEPUOAUYECKUMH TPAaHUYHBIMU
YCJIOBUSIMH. APTYMEHTUPYUTE MOJE3HOCTh BBEACHUS MEPUOIUYECKUX TPAHUYHBIX
YCIIOBUM MPU MOJICIMPOBAHUM KOHJIEHCUPOBAHHOTO COCTOSIHHSI BEIIECTBA.

8. Ilycth KOHJICHCUPOBaHHas MOJIEKYJISIpHas cucrema UMEET
TPAHCISALIMOHHYIO CHMMETPUIO 10 TPEM KOOPAMHATHBIM HANpPaBJICHUSAM C
nepuojaMu ay, dy, d; COOTBETCTBEHHO. OmpelenuMm pacyeTHyI S4YelKy Kak
MPSIMOYTOJIbHBIN MMapajuIeICIMIIIe], COBNAIAOMIMN C SYCHKON MEPUOJIUYHOCTH U
PACIIOJIOKEHHBIM B Hadayie KOOpAuHAT. J[Ji1 MPOU3BOJILHOM YACTHIIbI, UMEIOLIEH
koopauHaTthl (X, Y, Z), BeImHcaTh (GOpMYyJIbl (YKa3aTh arOPUTM) AJIST HAXOXKICHHUS
KOOpJIMHAT €€ 00pa3a B pacCYeTHOU SUEHKe.

9. [lonumepnast MoJiekyna B pa30aBICHHOM pacTBOPE HMEET COCTOSHUE
KiryOka. J{mst MojenupoBaHus €€ IOBEICHHS Oblla MPeIoKEeHa MOJIEIb, B KOTOPOH
noyiuMep OblIT mpezcTaBieH nenoukoi u3 100 mapoB auameTpa 1, coeqMHEHHBIX
BAJICHTHBIMH CBS3SMH JJIMHBI 1, @ pacTBOPUTEIL — MPOCTHIMU IIapamMu JUaMETpa
1. PacueTHas siueiika Obuta B3siTa B popMe KyOa ¢ NEPUOJUUYECKUMH TPAHUYHBIMU
ycioBusiMu. O1ieHUTE O0IIee YMCO MIApOB, KOTOPOE HEOOXOAMMO MOMECTUTH B
pacueTHy SYEeHKy JUIi TOTO, 4YTOOBI B TMPOIECCE TEIUIOBBIX (DIYKTyallui
MOJINMEPHOTO KITyOKa COXPaHSUITUCh YCJIOBHUSI pa30aBICHHOTO PacTBOpa, TO €CTh,
YTOOBI MOJUMEDP HE UMEJT KOHTAKTOB ¢ 00pa3amMu MojiMMepa B COCETHUX SUYCKax.

K nexyuu 3 (@yuxkyuonanvHull 6U0 U usuueckas npupooa nOMeHYUauos



MOJIEKYIAPHO20 B3AUMOOELCMBUSL):

10. B3aumopelictBie aTOMOB HEUTpPaJbHBIX Ta30B XOPOILIO OMUCHIBAET
noreHumnan Jlennapa-Jxonca. IlpuBenure ero Bua. YKaxuTe napamerpbl
noTeHIMana W uX (Qusnyeckuii cmbica. BeiBenute GopMmynbsl A CUll
MEKMOJIEKYJIIPHOTO B3aMMOJEWCTBHUSA, 3aJaBacMbIX ITOTEHUMATaMu JIeHHapa-
JxoHca.

11. IlpuBecTn nOpuMepbl MOTEHUMATIBHBIX  (YHKIHMI  ONUCHIBAIOIINAX
B3aMMOJICHCTBUE AaTOMOB C HENPOHMIIAEMOM IJIAJKOM CTEHKOW. PaccMmorpers

CIIy4yau: a) COpOMpYIOIIeH CTEHKH; 0) YNCTOTO OTTATKUBAHUS.

9 3
|| O o

VYkazanue: PaccMoTpeTs oTeHIIMA BUA u(x) = Sl % -3 ™

12. OnucaTte  MOCTAaHOBKY  BBIYMCIWTENBHOTO  JKCIEPUMEHTa IO
MOJEIUPOBAHUIO MOBEACHUS KUJKOTO aproHa B IIEJIEBUIHON MOPE.

Ykazanus:

1) B3aumojeiicTBIE aTOMOB aproHa 3aJaTh MapHbIM MOTEHIMAIOM JIeHHapI-
Jl>xoHca;

2) 1EeNeBUIHYK TMOpy 3aJaTb JBYMs MapaJUICIbHBIMH  TJAJAKUMHU
HEIPOHULIAEMBIMHU CTEHKaMU;

3) B IarepajbHBIX  HANpaBICHUSX  IIECJIEBUIHONM TOpbl  BBECTHU
MIEPUOANYECKAE TPAHUYHBIE YCIIOBHS.

13. 3anucaTh BBIp@KEGHUE JUISI CWIIBI, JCUCTBYIONIEH Ha I-ii aToM, eciu

u3BectHO BoipakeHue U(Iy,.,My) 11 monmHOM SHeprum MOJEKyJIAPHOH CHCTEMbI

KaK (DyHKLIIUHU KOOPJAUHAT COCTABJISIOIIMX €€ AaTOMOB.

14. I3 xakuX KOMIOHEHT CKJIQJIbIBACTCS PHEPTUSI MOJICKYJIIPHONU CUCTEMbI?
[lepeunciruTe OCHOBHBIE COCTABIISIIOLUINE TOTEHIIMAIBHON YHEPTUH.

15. Cyuras, 9TO UCHONAB3YETCS (PYHKIIMOHAIBHBIA BU OCHOBHBIX BKJIQJIOB B
NOTCHIMAIBHYIO SHEPIHI0, MPHHATHIA B CHJIOBOM Tmoje Amber, mpuBeauTe
dbopMysbl 1 MOTEHIMATBLHON AHEPruu (a) BAJICHTHBIX CBs3eH, (0) BaJCHTHBIX
yIJIoB, (B) TOPCHOHHBIX YIJIOB, (T) TJIOCKUX TIpymm, (1) BaH-AEp-BaalbCOBBIX
B3auMozecTBUil B (popme moteHnuana Jlennapa-JxoHca, (€) S3KpaHUPOBAHHBIX
KYJIOHOBCKHX B3aUMO/ICVCTBUIA.

16. [ToTeH1an BaJCHTHOW CBS3M MEXAYy aToMaMu | W | 3amgaH B (opme

U, =K(r-by), rae r=|ri-rj| — paccrosnue mMexy atomamu, a by — ee paBHOBecHas
nnuHA. BeiBecT (QOpPMYINBI [UIs BKJIAZOB B CHJIbI, JEHCTBYIOIIME HA aTOMBI, CO
CTOPOHBI 3TOW BAJIEHTHOM CBSI3H.

17. TloTenuman BaneHTHOrO yria 3amad B popme Uy =K, (9-9), rme 9 —

BAJICHTHBIN yroJi, 00pa30oBaHHBIA TpeMs atoMamu I, J U K, a 3y — ero paBHOBecHOE



3HayeHue. BeiBecTu popMysibl A BKIAZO0B B CHIIBI, IEHCTBYIOIINE HA aTOMbI, CO
CTOPOHBI 3TOI'0 BaJIEHTHOIO YIJIA.

18. Tlotenuuan TopcuonHoro yria 3agad B popme U, =K [1+c0s(3p)], rme ¢

— 3HAYeHHWE TOPCHOHHOIO yIJia, oOpa3oBaHHOro aromamu I, j, K u |. BeiBectn
dbopMyJIbI TSI BKJIQJIOB B CHJIBI, JCHCTBYIOIIME HAa aTOMBI, CO CTOPOHBI 3TOTO
TOPCHOHHOTO yTJIa.

19. HeBasieHTHOE B3aMMOJICHCTBUE MEXK/IY YaCTHUIIAMHU | U | 3a7aHO B (hopme

- 12 - 6
noteHnuana Jieanapa-Jxonca u, (r)=4¢ R rae r=|ri-rj| — paccrosinue

MeXay aromamu. BeiBecTu (GopMyinbl Ui BKJIAIOB B CHUJIbI, JCUCTBYIOIIME Ha
aTOMBI, CO CTOPOHBI 3TOTO B3aNMOICUCTBUS.

20. Kaxkoit Bua npuoOpetyT popMyibl Ui CUJI, TTOJyYE€HHBIE B IPEABIAYIIIEM
YOPAKHEHUH, €CIIM HCIOJb3yeTcsd MOAU(PUIMPOBAaHHBIA moTeHuuan JlenHapn-

JloHCa, MMEIOIMI KOHEeUHBIH pafuyc B3aumoneiictaus: Uy (1)=u, (r)-W(r), rae

1, r<Ron
W(r) = (Ro = 1*)*(Ryy — 3R, +2r7) Ron<r<Ros
(Rt = Ran)’ >R
0,

3necb Ro — pammyc HeBajleHTHOro B3auMoJIeHCTBHs, a R, — Haudano
JeNUcTBUS (PYHKITUU TTIAKOTO BBIKIIOUEHHUS B3aUMOICUCTBUSI.
21. DIeKTPOCTaTHIECKOE B3aUMOJICHCTBHE MEK/Ty YaCTHIIAMHU | U | 33]]aHO B
0;q;
dbopMe SKpaHUPOBAHHOTO KYJIOHOBCKOTO IOTEHI[MAA uq(rij)=g—Wq(rij), rae
ij

rij=|ri-rj| — paccrostaue mexay aromamu, a Wy(rjj) — sxpanupyromas GyHKIHs:

2 r<R
q
1- "

Wq (r) = Rq ’ I'ZRq

0

3neck Ry — paguyc sKkpaHupOBaHHS.

K nexyuu 4 (Aneopummul eviuucieruss HeaneHMmMHbIX 83aUMOOEUCBULL):

22. B yeMm coctouT umes Merona Bepie (MeTrojga cocTaBieHHUS CITHCKOB),
MO3BOJISIONIAS  3HAYMTEIBHO  COKPATUTh  KOJMYECTBO  BBIYUCICHUN  IpHU
BBIUHMCJIICHUM HEBAJCHTHBIX B3aumojeiicTBuii? IlpuBecT OLEHKM 4YHCIIa
BBIYUCJICHUN HAa OJHOM BPEMEHHOM Illare U TpeOyeMoi MamsiTh MPU BBIYUCICHUU
HEBaJICHTHBIX B3aUMOJAECHUCTBUN. YKa3aTh HEJOCTAaTKU METOA.



23. Onucatp nporenypy riOKOro ornpenesaeHuss MOMEHTa Mepecuera CIucKa
nap 4yactuil B Meroje Bepiie, rapaHTHUPYIOIIET0 CBOEBPEMEHHOE BKJIIOYEHHUE B
HEro J1000i mapkl 4acTull, COTM3UBIINXCS HA PACCTOSTHUE B3aUMOICUCTBHUS.

24. Onucath MpoIEeaypy BBIYMCICHUS HEBAJCHTHBIX B3aUMOJCHCTBUN 110
METOY CKaHUPOBAHHUS MO MpOocTpaHCTBY. [lokaszars, 4TO TPyAOEMKOCTh METO/IA HA
miare JUHEHHO 3aBUCUT OT yuciaa 4dactull N B MOJIEKYJIAPHOM CHCTEME MpHU
YBEIUYECHHUH €€ Pa3MEPOB.

25. IlpogeMoHCTpUpOBaTE  pabOTy  adropuTMa  CKAaHMPOBAHUSA  TI0
MPOCTPAHCTBY [JIsl BBIYMCIICHUS HEBAJICHTHBIX B3auMojaecTBuil. [ns sToro
paccCMOTpPETh MOJICNIBHBIN TMpUMEp IUIOCKOM CHUCTeMbl M3 HEOOJBIIOro YKCIa
yacTul] (ckaxeM, necsitd). PacueTHyro suelKy Takxe pa30uTh Ha HEOOJbIIOE
YUCJIO 3JIEMEHTAPHBIX siU€eK. BhimucaTh TIaBHBIA UM MPUCOCIUHEHHBIM MaCCHBBI
JUIs 3TOrO ciyvasi. Pacckazarh, HCOIB3Ys 3TOT JEMOHCTPALIMOHHBIN TPUMED, BCIO
IPOLEIYypY BBIYMCICHHS CWJI Ha JAHHOM IIare Mo MMEIMMMCS KOOpAUHATaM
YacTHLI.

K nexyuu 5 (QYucnennoe unmezpuposarue ypasHeHUuti OBUNCEHUS):

26. ChopmynupoBaTh, B Y€M COCTOMT airopuT™ Bepne (mpocreiimas
pa3HOCTHAs aNMpOKCUMAIIUs) JUIsi YUCJICHHOTO HHTETPUPOBAHMS KIIACCHUUYECKHUX
ypaBHeHHI HbI0TOHA J1s1 CUCTEMBI B3aUMOICHCTBYIONIUX MaTepUAIbHBIX YACTHII.
C xakol TOYHOCTBIO HA IIare HaxXomaaTcss kKoopawHatbl atomMoB? Jlokaszats! Kak
MO>KHO HAaXOJUTh CKOPOCTH YacTHI] IPH MCHOJIb30BAHUM 3TOr0 MeToAa? YKa3aTh
TOYHOCTb, C KOTOPOI HAXOASATCS IIPH 3TOM CKOPOCTH.

27. [lathb omucaHue aaroputMma ¢ nepeckokamu (wiau leap-frog amropurma)
JUISL  YUCIIEHHOTO HWHTETPUPOBAHUS  KJIIACCHMUECKUX YPaBHEHUW  JBIKCHUS
B3aMMOJICUCTBYIOIMUX aTOMOB. BeiBecTu pacuetnsie hopmynsl. [IpuBectu oneHKu
TOYHOCTH, C KOTOPOW BBIYUCIISIFOTCS KOOPAUHATHI U CKOPOCTH.

28. IlpuBectn Qopmysasl ANl CKOPOCTHOTO anroputMa Bepne s
YUCJIEHHOTO WHTETPUPOBAHUS KIIACCUYECKUX  YPaBHEHWUW  JIBYDKCHHSI
MOJIEKYJISIpHOM  cuctembl. [loka3aTb, 4YTO TpaekTOpus, MOJdydaeMas C
MPUMEHEHUEM 3TOTO METOJIa, B TOYHOCTH COBIAJAET C TPACKTOPUAMH, KOTOPbIC
JaeT MPUMEHEHUE MPOCTOro aiaroputMa Bepne u anroputma ¢ nepeckokamu. B
4eM MPEUMYLIECTBO CKOPOCTHOTO airopurMa Bepiie?

K nexyusm 6-1 (Yuem enusnus snewneti cpedwl. Tepmocmamot):

29. IlpuBectn QopMyinbl Al ONpPENEICHUs] MTHOBEHHOM M CpeAHeil 1o
TPAGKTOPUU  TEMIEpaTypbl  MOJEKYJISIPHOW  CHUCTeMBbl. APryMEHTHPOBATH
MIPUMEHEHHUE TaKUX OMPEICIICHUM, MPUBEIS BHIBOJ COOTHOIICHUS, CBA3BIBAIOIICTO
CPEIIHIOI0 KHHETHYECKYIO SHEPTHIO OTACIbHON YacTHUIlhl (JIF000#) ¢ TeMiepaTypoit
JUTST aHCamOJIs B3aUMOJICUCTBYIOIIMX YAaCTHII, MOAYUHSIONIMXCS KIACCHUYECKOMY
pacnpenenenuto ['m60ca.



30. Onucarb  BO3MOXHBIE  CIIOCOOBI  TMPHUBEACHUA  MOACTUPYEMOM
MOJIEKYJISIPHOM CUCTEMBI K COCTOSIHUIO, OTBEYAOLIEMY 3aJlaHHOW TeMIepaType.
Monudukanuss ~ ypaBHEHUH  JBWXKEHUS Uil A(PGEeKTUBHOrO  yyera
TEPMOCTAaTUPYIOILIETO BO3/ICUCTBUS BHEIIHEN CPEBI.

31. Yto Takoe «W30TEpMHUYECKas MOJCKYJIApHas auHaMuka»? Brimucathb
YpaBHEHUS JBWXKCHHUSI, SIBISIONIMECS aHAJIOroM YypaBHeHUM HproTOHA, HO mJis
KOTOPBIX MHTErPAJIOM YpPaBHEHUM JBUXKCHUS SIBIISICTCSl HE MOJHAs HDHEPrus, a
KUHETUYECKasi SHEPTHS CUCTEMBI.

32. latb omnucanue «Trepmoctata bepenaceHa». Beimucath ypaBHEHUs
JIBW)KEHUSL JUIA 3TOro ciy4yas. OTMETUTh W3BECTHBIE HEJOCTATKH MPUMEHEHUS
ATOTO METOJA JJIsl TEPMOCTATUPOBAHUS MOJIEKYJISIPHON CUCTEMBI.

33.[IpuBectn  ypaBHEHUS  JBWIKEHUS  MOJICKYJIAPHOH  CHCTEMBI,
ucnosib3dyromue Ttepmoctar Hoze-I'yBepa. Onummre, B 4Y€M COCTOHUT €ro
MIPUMEHEHHUE.

34. Onmcarh pa3nu4us IByX TPYII MOAX0I0B s 3 (HEKTHBHOTO OMUCAHHUS
B3aUMOJCUCTBUSA  MOJCIUPYEMOM  MOJIEKYJISIDHOM  CUCTEMBl C  BHEUIHEU
TEPMOJMHAMHYECKON Cpenoil: moaxoasl TUna TepMoctatoB bepenacena, Hoze-
['yBepa, MeTojga MaclITaOMPOBAHMS W TMOJAXOJOB TUMA OpPOYHOBCKOM U
CTOJIKHOBUTEJILHOU TMHAMUKH.

35. latp ommcaHme MeToda OpOYHOBCKOW JuHAMUKH. Kakue CHIibl
OTPEICIIAIOT MOBEACHUE MOJICKYJIIPHONM CUCTEMBI MPU UCIOJIb30BAHUHU YpPaBHEHUMN
OpoyHoBckoi nuHamuku? Kak 3agaercs Ttemmepartypa cpenbl? Kaxoit ermne
BHEIIHUWA  mapaMmeTrp  peryiaupyer cBoiictBa cpeawl? CdopmynupoBaTh
(bIyKTyallMOHHO-IUCCUTIATUBHYI0 ~ TEOPEMY,  CBA3BIBAIONIYI0  (DIyKTyaruu
CIIyYaiHBIX CHJI ¢ KOA(DPUITMEHTOM TPEHUS U TEMIIEPATypPOil CPEIbI.

36. /laTb omucaHWe METO/a CTOJIKHOBHTEIHHON MOJIEKYJISIPHOW JUHAMMKHU.
Kakum oOpa3om yuuThiBaeTcs BHemHsisi cpena? Kak 3amaercss temmeparypa?
Kakum o06pa3oM MpoUCXOJAT CTOJIKHOBEHHUSI aTOMOB C BUPTYaJIbHBIMHU YaCcTUIIAMU
cpeapi? C kakuMm (HU3UYECKUM CBOWCTBOM BHEIIHEH cCpeabl (pacTBOPHUTES)
CBSI3aHA YaCTOTa CTOJIKHOBEHUM?

37. [IpoieMOHCTPUPOBATh CBSI3b  MEXAY OpPOYHOBCKOM JMHAMHKOW U
CTOJIKHOBUTEJIbHOM JUHAMUKON HA IPUMEPE PACCMOTPEHHUS TTOBEACHUS OTACIBHON
yacTuilpl. [lpuBecTH COOTHOIIEHHWE, CBs3bIBalOIICe KOIPPUIIMEHT TpeHHs B
OpOYHOBCKOW JMHAMHKE W TapaMETPOB CTOJKHOBUTEIbHOW MOJEKYJISIPHON
JTWHAMUKH.

38. PaccMoTpeTh ciyuyail MpUMEHEHUsI CTOJKHOBUTEIBLHOM MOJEKYJISIPHOMN
JWHAMUKHU [ MOJIEITUPOBAHUS IMOBEACHUSI MAKPOMOJIEKYJIBI B TIOTOKE.

K nexyusam 8-9 (Bvluucienue 0asnerus 6 Maiblx MOAEKVIAPHbIX CUCEMAX).



39.Yto Takoe JaBieHHE B MOJEKYJISPHOW CHUCTEME, OrpaHUYCHHON
crenkamu? llpuBecTm J0OKa3aTeNbCTBO, UTO JABJIEHHME HAa 00€ CTEHKU
MOJIEKYJISIPHOM CHCTEMBI, 3aKJIIOYEHHONM B IIEJIEBUJIHYI IIOpPY, OIMHAKOBO.
[TpuBecTu BbIBOJ (pOopMyJ JUIsl JABICHUS B OTpaHUYEHHOM oObeMe (“‘IieneBuaHas
nopa”, “AmmK’”’), BBIPAKAIOIIKUX €r0 4epe3 BUPHAI BHYTPUMOJEKYJISPHBIX CHI U
KHHETHYECKYIO SHEPTHUIO WU TEMIIEPATYPY.

40. IlpuBectn ¢GopMynbl UIsi OMNPEICIICHUS HAMPSHKEHUs] B CEUYCHUH,
napajyieIbHOTO CTEHKE, M IOTOKa HUMIyJbca d4epe3 3To cedeHue. [lokazaTh
CYLIECTBOBAHME MHBAPHUAHTA, CBSI3aHHOTO C TAKUM CEYEHHMEM U HE 3aBHCSILErO OT
IOJIO’KEHUS ATOTrO ceueHusd. JlaTh onpesiesieHne 1aBJICHUS] B CEUCHUU.

41. PaccMoTpeTh cilydyail IEPUOAMYECKUX TPAaHUYHBIX YCIOBHM. YTOUHUTH
dopMynbl  Ans JaBJACHHST B CEUCHHMM, OPTOTOHAJIBHOM  BBHIOpAHHOMY
KOOPJIMHAaTHOMY HallpaBJEHUIO, i1 JaHHOro ciyvas. llpuBecTd BBIBOJ
pacyeTHbIX (OpMyI IJisl JABJICHUS B MOJIEKYJIIPHON CHUCTEME C MEPUOIUUYECKUMU
ITPAHUYHBIMU YCIIOBUSMH, OINPEACIIMB €ro KaK CPEeJIHEE MO BCEM MNapaljIeIbHbIM
CCUCHUSM.

42. 3anicaTh  ypaBHEHUS  JIBJKEHUS  MOJIEKYJSIPHOM  CHUCTEMBI €
NEPUOANYECKUMU T'PAaHUYHBIMHU YCJIOBUSAMM, NOJACPKUBAIOIINE B HEW 3a/laHHBIC
BHelHee naBieHue u temrepatypy (NPT ancamOnw). Mcnonb3oBaTth Ay 3TOrO
OapocTaT bepeHicena U CTONKHOBUTEIBHBIN TEPMOCTAT.

43.Tlo kakoMy 3aKOHYy MEHSIOTCA pa3Mepbl pAcCUYEeTHOM SUYEHKH C
NEPUOJIMYECKUMH TPAHUYHBIMU YCJIOBUSIMA TIPU HCIOJB30BaHUU OapocTaTa
bepenacena? Beimucats cooTBeTCTBYMOIIEE UG (HEpeHIINATBFHOE YPaBHEHNUE.

K nexyusam 10-11 (Mooenuposanue buonocuveckux memopar):

44. Onuimre ycTpocTBo (HochOoNMUMUIHON MEMOpaHbl U TPUTOTOBIICHUE
MOJICNIBHOTO TUApaTupoBaHHOTO (dochonmunuanoro Oucnos. Kak craButcs
MOJIEKYJISIPHO-TMHAMUYECKUI BBIUMCINUTEIbHBIA JKCIiepuMeHT? Kakne 3amarorcs
HayaJlbHblE U TpaHUYHbIe yCaoBHSA? OMNUILKTE STallbl pellakcalid CUCTEMbI U
NPUBEACHUE €€ K 33JJaHHbIM TEPMOJMHAMUYECKUM XapakTtepucTukam. [IpuBenure
OpUMEphl BEIUYMH, KOTOPbIE MOTYT OBITh BBIUMCIEHBI B XOJ€ MPOBEICHUS
BBIYMCIIUTEIIBHOTO JKCIIepuMeHTa. Kak MOXHO CyIWTh, 4YTO MOJEIHpyeMast
CUCTEMa JIOCTUIJIA TMPEACTaBUTEIBLHOIO COCTOSHUS U €€ KOH(UTYparui MOXKHO
3aJaBaTh B KayeCTBE HAYAJNbHBIX JAHHBIX Ui pacyeTa MIPOAYKTHUBHOM
TpaeKTopun?

45. TlpuBenute mnOpuMmep TMOTEHIUATBHOW  (YHKIIMH,  OIUCHIBAIOLIEH
B3aMMOJICUCTBME AaTOMOB C HENPOHUIAEMOM MOBEPXHOCThIO OECKOHEYHOTO
mMHapa. PaccMoTpuTe ciydau Kak UYMCTO OTTAJKUBAIOUIMX CTEHOK, TaK M
copbupyomux cTeHok. Kakum o0Opa3oM OTpasuTCs HA YpaBHEHHSIX JBUKCHHS
MOJIEKYJIIPHOM CUCTEMBI HaJIMYKME TAKOTO LIWIIMHIpA?



46. Onumute ITOCTAHOBKY MOJICKYJISIPHO-AUHAMUYECKOTO
BBIYMCIIUTENILHOTO OJKCIEPUMEHTa MO CO3JAaHUI0 IWIMHIPUYECKON IMOJIOCTH,
3aJIaHHOTO paaunyca, B GochOoIUIUIHOM OU-CII0E.

47. Onuiure MOCTaHOBKY MOJIEKYJISIPHO-TMHAMHYECKOTO
BBIYHCIIUTEIILHOTO YKCIEPUMEHTA MO 3aKITIOYCHHUIO (CKATHIO) MAaKPOMOJICKYJIBI B
UUJIMHAPUYECKYIO MTOJ0CTh, 3aIaHHOTO pajJnyca.

48. OrmumuTe BO3MOXKHBIC JTambl IO MPUTOTOBICHUIO W TMPOBEIACHUIO
MOJICKYJIIPHO-THHAMHUYECKIX BBIYHCIIATEITHHBIX AKCIIEPUMEHTOB
ruapaTupoBaHHoro  gocdomunuaHoro  OuCIOS € BKJIIOYEHHEM B HETO
KaHaAJI000pa3yIoLIero nenTuaa rpaMuiuanHa A.

49. CKOHCTpyUpYWTE€  MOTEHUUATbHYI0  (QYHKIHUIO,  OMKMCHIBAIOMIYIO
B3aMMOJICCTBIE aTOMOB C HEMpOHHIAaeMbiM chepommmuaapoM. Kak wmoxker
BBITJISAICTh BBIYMCITUTEIBHBINA SKCTICPUMEHT TI0 BBIPAIIMBAHUIO TIOJIOCTH B (popme
chepouuauHapa B y>KE UMEIONICICS MOJEIBLHON MOJICKYJISIPHOU cucteme?

K nexyusam 12-13 (Cunosoe pazsopauusanue 6e1ko8olx 2100y):

50. OnummTe MOCTAHOBKY MOJEKYISPHO-TUHAMUYECKUX BBIYMCIUTEIbHBIX
HKCIIEPUMEHTOB IO CHUJIOBOMY DPa3BOpauyMBaHUIO OEJIKOBOHM TJIOOYJBI B BaKyyMe.
Kakum o0pa3om 3aiaTh WM OTKYy/Aa MOJYYUTh KOOPJIHWHATHI aTOMOB B HATUBHOMN
CTPYKTYype Makpomoiiekysbl? Kakum oOpa3oM BBECTH B ypaBHEHUE JBUXKCHUS,
ONKCHIBAIOIINE BHYTPUMOJICKYJIAPHYIO JAWHAMUKY, BHemHHe cmibl? Kak
MOJICIUPOBATh PACTSHKEHHE MAKPOMOJIKYJBI 3a KOHIIBI C TPEIIACAaHHON
CKOpPOCTBIO?

51. [lpenyioxkute TpoLEAYypY TMOMYYEHUS TUIPATHPOBAHHOTO COCTOSHUS
OenkoBoi r00ynbl. Kak mocTynmuTh, 4TOOBI B MPOIECCE pelaKCallud BHEIIHETO
THAPATHOTO CJIOS CHJIBHO HEPaBHOBECHOE COCTOSIHUE MOJIEKYJISIPHOW CHCTEMBI HE
MPUBEJIO K Pa3pyIICHUIO HATUBHON CTPYKTYpPbI OCIKOBOU II00YIIbI?

52. Onumure, KakuM  oOpa3oM  MOXKHO  JIOTIOJHUTH  MOJCIBHYIO
MOJIEKYJIIPHYIO CUCTEMY, MPEACTABIISIONLYI0 COO0M THIPAaTUPOBAHHYIO OEIKOBYIO
r100yily, BHEIIHEH 3aMKHYTOM OOOJIOUKOM C HEMPOHUIIAEMON OTTaJIKMBArOLIEH
MOBEPXHOCTHIO, 00ECTeUnBAIONIEH OTpaKEHUE JOCTUTIIMX €€ HWCIAPUBIIUXCS
MOJIEKYJT BOJIbI M BO3BPAILIEHUE UX O0OpaTHO B TUApaTHYIO0 000J710uKky? PaccmoTpuTe
ciy4yail Tako o6omoukn B (opme chepoumnuuapa. Kakue pasmepbl
chepollIIMHApa CIEAyeT 3aJaBaTh, U KaK MOXET CTaBUTHCS BBIYMCIUTEIHHBIN
AKCIIEPUMEHT?

K nexyusm 14-15 (Ilocmanoéxka moneKynsApHO-OUHAMUYECKUX pPACUemos C
Ooenopumepamus)-

53. OnumuTe, Kak YCTPOCHBI MAaKPOMOJICKYJIbI, TOJYUYMBIINE Ha3BAHHE
neHapumepoB. l[lepeunciante uUx CTPyKTypHbIE 3JeMeHTHl. [IpuBenurte mnpumep
KOHKPETHOTO JCHApUMEpa.



54. OnummTe nTpoueaypy BO3MOXKHOTO KOHCTPYKTOpa AeHApuMepoB. Kakum

06pa30M MOKHO H30€KaTh CHIBHBIX CTCPHUUCCKUX HCpCKpBIBaHI/Iﬁ Y4aCTKOB

KOHCTPYUPYeMOM CTpyKTypbl? Kak moiayduts CTpyKTypy THIIA “OayBaHUYUKA?

Onumure
BBIUYHCJIUTEILHOTO

IIOCTAHOBKY M  IPOBEJICHUE
JKCIEPUMEHTA

C JCHAPUMEPOM B

BOJTHOU

MOJIEKYJIIPHO-THHAMUYIECKOTO
cpene.

ChopmynmupyiiTe BO3MOXHBIE BOTIPOCHI, KOTOPHIE MOTYT M3Yy4aThCs B MOJOOHOTO

poaa BEIMUCIIUTCIIbHBIX OKCIICPUMCHT

IIpuMepsI 3a1aHNI TPOMEKYTOYHOTO KOHTPOJISA

HUToroBpiii DK3aMeHAIIMOHHBINA TECT

Homep monmyns 48

DopmyIHpOBKa Tun BapuanTel oTBETOB Bam
BOIIpOCa BOIIpOCa KOMMEHTapHU

171

Kakne mnpexncraBnenus Br16op = IIpencrasienue [IpaBunbsH
JexaT B OCHOBE METOJA | OJTHOTO MOJIEKYJISIPHOTO 00beKTa B BHUje | bl OTBET
MOJICKYJISPHOM 3HAYCHUS CHCTEeMbI B3aMMO/JEHCTBYIOIIMX | BBIICICH
JTUHAMUKHU? MaTepHaJIbHBIX 4acTull,

ABHKEHHE KOTOPBIX
ONMCHIBACTCH  KJIACCHYECKUMHU
ypaBHeHusimu HbioToHa;

= Onucanue MOJIEKYJISIPHOI
JTUHAMUKH c MIOMOILIBIO
BPEMEHHOTO ypaBHEHUS
[lIpenunrepa.

Bce 1 u3 ykazaHHBIX OtBer 3ananue KOOpPAUHAT " Otser na

NEUCTBUII OTHOCITCSA K | Ja/HeT cKopocreil BCex aTOMOB;
MOCTaHOBKE u 3ananue TA0JUIBI MAapaMeTPOB
MIPOBEACHUIO aToMOB (MX THIbI, ATOMHbIE
MOJIEKYJIIPHO- Macehl, 3apsabl); 3ajaHue
JTUHAMUYECKOTO napaMeTpoB CHJIOBOI0 MOJIst
BBIYHCIIUTEIHHOTO

JKCIepUMeHTa?

[TpuBenure  Ha3BaHUS Bectn AMBER, GROMOS, [TpaBuibH
HECKOJIBKHX 3HAYECHUS GROMACS, CHARMM, | bmm
IPOTPAaMMHBIX IMYMA, PUMA, NAMD, Tinker, | cunraercs
KOMIIJIEKCOB, IUPOKO DL_POLY, LAMMPS, | oTser,
HCITOJTh3YEMBIX IS NWCHEM COJIep KA
MOJEIIUPOBAHUSA XOTS OBl
MOJIEKYJIIPHON JTUHAMHUKHU OJIHO u3
OMOMOJIEKYIISIPHBIX YKa3aHHBIX
CHCTEM 3HAYEHUU.

1 xr Boabsl TIipu Beectn 30 30 A°
HOPMAJIbHBIX  YCIIOBUSX | 3HAYCHUE




3aHUMaeT odbeM 1 JUTp.
Haiinure 00BeM,
MPUXOJALIUNICS B CpEHEM
Ha OJIHY MOJIEKYJIY BOJIBI.
OtBeT paiite B Ad ¢
OKpYTJIEHUEM J0 LIEJIOTO.

Onenure JIMHEUHBIN
pasMep MOJICKYJIBI BOJIbI,
CUMTas, YTO MOJECKYJIbI
pacmoyIoKEHbl B y3JaxX
MPOCTOM KyOM4eCKOM
pemietku. OTBET nalTe B
aHTCTpeMax C  OJHUM
3HAKOM IIOCJIC 3aIsATOM.

Bsectu
3Ha4YeHUE

3.1

3.1A

YcranoBute
COOTBETCTBUE
XapaKTEePHBIX
HCIIOJIb3YEMBIX npu
ONMUCaHUU JTUHAMUKHU
MOJIEKYJIIPHOW CHUCTEMBI

JIs
eJIMHUII,

YcTaHoBuT
b
COOTBETCTBUE

1. Macca

2. JlnunHa
(paccrosinue)

3. Bpewms
4. DHeprus

(a) mc (10'12 C)
(6) uM (10° m)

i A (100 )

(B) x/lx/Monb

WIY KKaJI/MOJIb

(r)

a.C.M.

(1,67-10% kr)

B MaJIBIX
MOJIEKYJISIPHBIX CHCTEMax
(kmacTepax), coaepKamux
COTHU WIH TBICSYU
aTOMOB,  YyCJOBMSI  JUIS
aTOMOB B
IIPUIIOBEPXHOCTHBIX CIIOAX
U B o0beMe CHIBHO
pas3nuyarorcs. IIycte
aTOMBI pacrojiaraloTcs B
y31ax IIPOCTOU
KyOMUYecKoll pemeTku u
obpasyror kydo 10x10x10.
Haiigure 0710 aToMoB,
PacIoNI0KEHHBIX Ha
noBepxHocTu Kyba. OTBeT
3alMILUTE B IPOLIEHTAX

Bsectn
3HayYeHUE

48.8

48.8 %

Pacuetnas sueiika c
MEePUOTUIECCKUMU
TPAaHUYHBIMUA  YCITIOBUSMH
umeer rpanunbsl  [0,Ly).
[TpuBectu Qopmyny s
OTIpEICIICHUS X-
KOOPJIUHATHI oOpaza
YacTUI[bl B  pacyeTHOMU

Bsectn
3HaYeHUE

Xo=X¢-[Xt/Lx]- Lx

3necy  [X]
O3Ha4YaeT
OKpYTJICHUE
X 110
OmmKaimero
IEJIOTO B
MEHBIITYIO

CTOPOHY  —




SYeKe Xg, €CIM €€
TEKyIllee 3HAUCHHE X.

menas 4acThb
quciaa X.

ITonumepHass moiekyna
B pa30aBIIEHHOM pacTBOpe
UMEET COCTOSIHUE KIIyOKa.
[ns MopenupoBaHus ee
MOBEICHUS ObLTa
npejiokeHa MoAeNb, B
KOTOpOM mojumep ObLI
MPEJCTABIICH LUEMOYKOU U3
100 mapoB aumamerpa 1,
COETMHEHHBIX
BaJICHTHBIMU CBA3SIMU
JUIMHBI 1, a pacTBOpPHUTEIb
— TMPOCTHIMH  IIApaMH
muamerpa 1. Pacuernas
syeiika Obuta B3dTa B
dbopme KyOa c
NePUOANYECKUMU
TPAaHUYHBIMUA YCIIOBUSMH.
Ouenute o0miee YuciIo
I1apOoB, KOTOpOE
HEOOXOUMO TTOMECTHUTH B
pacyeTHYIO SYEUKYy U1
TOro, 4TOOBI B MpoIliecce
TEIUIOBBIX  (pIIyKTyanui
MOJIMMEPHOTO KIIyOKa
COXPaHsUIUCh YCIIOBUSI
pa30aBIEHHOTO PAacTBOPA,
TO €CTh, YTOOBI TOJUMEP
HE UMeJ KOHTaKTOB C
oOpazamu moiumepa B
COCEIHUX sTYeHKax

Bsectu

3HA4YCHHC

1 000 000

100x100x
100

[Tpu OIHMCaHUU
MEXMOJIEKYISPHBIX
B3aUMOJCUCTBUI
UCIOJIb3YIOT MOTEHIUAIIBI:
1) Ban-nep-BaanbcoBbix
B3aUMOJICHCTBUN; 2)
KYJIOHOBCKUX
B3aUMO/ICVCTBHUIA; 3)
BAJICHTHBIX  CBs3el, 4)
BAJICHTHBIX  YIJIOB; 5)
TOPCUOHHBIX ~ YIJIOB; 6)

IJIOCKUX rpyIi.
IToctaBrTE B
COOTBETCTBHE 3TUM

B3aNMOJECHUCTBUIM

b

YcranoBuT

COOTBCTCTBHC

@u=K( -1,

(©) u= K9(0—H0)2

(8) U=K [11Cos(ny)]
() u=K,[1-Cos(ny)]

%9,
&of

(m) u=

012 o 6
e u=4dg|—| —-|—
r

o0~ WNE
|
H oW ov® N o




npuBeeHHbIE (POPMYIIBI.

st OIUCAHUS Bsectu rmin=21/ °s rmin=21/ s
HEBaJICHTHBIX 3HAYCHHUC
B3auMOJICUCTBUHI
WCIIOJIb3YETCSl MTOTEHINAI
Jlennapn-/IxoHca B
OJTHOM u3 JIBYX
MPECTaBICHUM:

12 6
u=4e| 2| -|Z u
r r
r 12 r 6
u=g/| ™| —2 ™
r r

Haiinute cooTBeTCcTBHE
MEXAy HapaMeTpaMu B
ITHX JBYX (OpMYIax.

Bemumure  opmyIibt Beectu gab:(gaagbb)0'5 €ab=(€aakbb)
(kOMOMHAIIMOHHBIE 3HA4YCHUSA 0.5
npaBuja) JIsl IapaMeTpoB 625=0.5-(Gaat+Gbp)

Ban-nep-BaanbcoBbIx 6=0.5-(ca
B3aNMOJICUCTBHH Eap M Ogp )
YaCTHUIl pa3HBIX COPTOB (&

u b) uepes 3HaueHHs >THX

MapaMeTpoB JJIA KaxKJ0Iro

U3 COPTOB.

ITorenmuan BaleHTHOM Beectun r ITockonbk
CBSI3U MEKIY aTOMaMH | U | 3HaYEHHUE fi = 2K| (r — bo)— y Habop
J 3amam B  ¢opme dopmyn  wu
u, = K(I’ _bo), rxe r=|r- MpPOBEpPKA WX

MPaBUIBHOCT
r| — paccrosHHe MeXIy U BEBLIBAIOT
ITUMH aToMamu, a by — ee PYHOCTH,
paBHOBECHast JUTHAHA. MOSKHO
BreiBeaute dopmyny s PACCMOTPETH
BKIaZa B JCHCTBYyOLE BapHaHT
Ha aroM | f)I/IJ'II)I fi C? OTIEIBHOTO
CTOPOHBI 3TOW BAJIEHTHOMU CITOMIHONO
CBSI3H. R

dbopmyn 1o

BCEM

3aJJaHusIM, W3

KOTOPOTO

HY)KHO Oyner

BBIOpATh

MOIX OISy




10 popmyiry.

HesanenTHoe
B3aWMOJICUCTBUE  MEXKIY
YacTUIAMH | W | 3aJaHo
noreHiuaaoM Jlennapa-

JIxoHca B popme

12
rmin -2 min

u=¢

, riue r=|ri-rj| -
paccrosiHue MEXKY
aToMaMHu. BriBectn
dbopMysBl IS BKJIAJIOB B
CUJIbI, JCHCTBYIOIIME Ha
aTOMBI, CO CTOPOHBI 3TOI0
B3aNMMOJICHCTBHSA

6

BBectu
3HAYECHUE

[Ipu BBIYHMCIICHUH
HEBAJICHTHBIX
B3aMMOJICUCTBUI B KaKOM
u3 JBYX METO/I0B
TPYJIOEMKOCTh
nponopiuoHasibha N, B
MIPOTUBOIIOJIOKHOCTh
JIpyromy, B KOTOpPOM OHa
MPONOPIIMOHAIbHA N%?

1. Meron Bepne cocraBnenus
CIIICKa
B3aUMO/ICHCTBYIOIIUX T1Ap;

2. MeToa ckaHMPOBaHUS
NMPOCTPAHCTBA

IIpu  monenupoBaHUU
cUCTEMBI U3 12 yacTull Ha
IUIOCKOCTA i1 TIOMCKa

HEBAJICHTHBIX
B3aUMOACUCTBUHI
HCIIOJIb3YETCS METO]
CKaHHUPOBAHUS
nmpoctpaHcTBa. s aroro
pacueTHas sTuerKa
pazouBaercss Ha 9=3x3
AJIEMEHTAPHBIX STICCK.
Beimucars THaBHBIM U
MIPUCOEINHEHHBIN
MAacCCHBBI, eciu
3aM0JIHEHHE
AJIEMEHTAPHBIX sYeeK

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

Bsectu
3HAYECHUA

I'masusiii: 2,0,7,0,1,4,0,5,0

Ilpucoe IMHEHHBII:
0,3,6,8,10,9,0,0,12,11,0,0




Hns
TpaeKTOpUi
MOJIEKYJIIPHOM JUHAMUKH
UCIIOJIb3YIOTCS pa3Hble
AITOPUTMBI, Jaro1ue
OJIHY U Ty € BPEMEHHYIO
3aBUCUMOCTb  KOOpIMHAT
aTOMOB. YcraHoBUTH
COOTBETCTBHUE MEXIY
Ha3BaHUSMM AJITOPUTMOB
u OTBEYAIOLINX
dbopMyn ISl BBIUMCICHUS
KOOPIHMHAT U CKOPOCTEH
YacTHUIl HAa IIare.

HaXO0XJICHUA

UM

YcTaHoBuT
b
COOTBETCTBUE

1. Anroputm Bepne (mpocTeiimias
Pa3HOCTHAs alMpPOKCUMAITHS);

2. AnroputM ¢ IE€pecKOKamH
(leap-frog anropurm);

3. CkopocTtHOU anroputm Bepie.

A:
v, (t+0.5h) = v, (t —0.5h) +a, (h
r(t+h) =r (t)+ v, +0.5m)h
5
F (t+h) = 21, (t) — 1. (t — h) + &, ()h?
B:
[ (t+h) =1 (t) + v, (Oh+05a, (h?

v, (t+h) =V, () +0.5a, (t) +a, (t + h)]h

wWw N -

|
W > ot

Bce B3aumopeicTeusa B
MOJIEKYJIIDHOM ~ cUCTEME
3aJ1al0TCs
MOTEHIIUATbHBIMU
¢yukuusamu. Ilpu pacuere
B TepMOCTaTe C 3a/JaHHOMN
TeMreparypoil Oyaer i
CpenHsis  KUHETHYecKas
SHEPTUs aToma (a)
3aBUCETH OT ero tuma; (0)
OT TOJIOXKEHUs aroma B
CTPYKTYp€ MOJIEKYJbL; (B)
oT I1apaMeTpoB
HNOTEHIMAIOB  (KeCTKue
WIH MSATKHE
B3aUMOJICUCTBUS)?

OtBeTr
na/Her

(a) na/met?
(6) ma/uet?
(B) na/uet?

Uemy paBHa cpeaHss
KMHETHYecKasi 3HEeprus B
CpeHEM Ha OJHY YacTHILY
B MOJIEKYJIIPHOW CHCTEME,
B3aMMOJICUCTBYIOIIEH  C
TEPMOCTAaTOM, HMEIOILEM
temneparypy T?

BeiOpatb
3HAYEeHNE

0.5.kT
1.0-KT
1.5-kT

3kT/2

Jlos
TEPMOCTATUPOBAHUS
MOJIEKYJIIPHOM  CHUCTEMBI
UCIIOJIB3YIOTCSL pa3INYHbIC
MoauUKAIIMN YpaBHEHUN
Hrrotona. YcranoBuTh
COOTBETCTBHE
BBIITMCAHHBIX YpaBHEHUU
JIBIDKCHUSI  CJICAYIOIINAM
MeTOoAaM M IMOAX0JaM:

YcTaHOBUT
b
COOTBETCTBUE

g b wN -

\
® w o N




1) Cmonxnosumenvras
OuHaMuKa,

Z Fi,avi,a

2) Bpoynosckas °= Zviza
OuHamuxa, ia
3) Tepmocmam (©)
Bepenocena; dr, _
4) Tepmocmam Hose- dt he
I'ysepa;
5)  Hzomepmuueckas dv, T
m ha _ ﬂ ref “1l-v.
MONEKYNAPHAsL  OUHAMUKA " odt he T he
(memoo )
mMacuimabuposanus) T= 73N gmiviv“
(8)
dr, _
dt " VYia
dVi,a
m; at =Fe—¢ MV,
d¢ f
E == (T _Tref )
(r)
dr,
dt Vi
dVi,a
m; Tdt =—c-my, +F,+A,
(A.0)=0
(AL A, () =2T55,5,,5(t )
()
dr,
— = Vi a
dt '
dv,,
m; d; =F, +z fi 0t —t)
k
m 3/2 m P
p _ o _Myv,
(VO) (2”TrefJ exp( 2Tref ]
s BBIUNCIICHUS BeiOpatb 1-i1 ciydaii: a u 6;
JABJICHUS B | 3HaUCHUE 2-1i ciy4aii: TOJIbKO 0.
MOJIEKYJIIPHOM  CHUCTEME
co cTeHKamu (ciydaid 1) u
NePUOANYECKUMU

TpaHUYHBIMHU  YCIIOBUAMMU
(cmyd4ait 2) UCTIONB3YIOTCS
pa3iuuHbie POpPMYIIBL:

()




NKT 1
Px =T+\7<in|:i,x>
(6)
P, ZNTH+\%<Z(XJ‘ _Xi)fii>

i<j
B KaKoOM u3
HEPEYUCIICHHBIX CIly4yaeB
Kakue u3 (GopMyln MOTyT
OBITH IPUMEHEHBI?

dns mopenupoBaHus Hanucatp VpaBHEeHUsT 1 U3MEHEHUs
KOHJIEHCHPOBAaHHOMN bopmyny pa3MepoB PaCUETHOU SAYEHKU:
MOJIEKYJISIPHOM CHUCTEMBI C dL, ( )
- ﬂa Pa (t) - Pa,l‘ef LD(

NIEPUOIUYECKUMHU dt

TPAHUYHBIMU  YCIIOBUSIMHU

B NPT aHcambne

ypaBHEHUS JBUKECHUS

B34ThbI B BUJC:

dr,
=y, +pB,\P,()-P
dt ia ﬁa( a( ) a,ref

dv,
= Fi,a +Z fik,a5(t _tik)
K

=

ot
(6apoctar bepenncena u

CTOJIKHOBUTEJbHBIN

TepMocTaT).  Beimummre
ypaBHEHUS JUIst
M3MEHEHUS pa3zMepoB

pacueTHOM  suekku L,
o={X,y,Z}, BBITEKAIOIIUEC
W3 YPaBHEHUM IBUKEHUSL.

Bonpochl kK 3K3aMeHy MO QUCIHHUIINHE
MouJiekyasipHOe MO/IeTUPOBAHNE OMOCTPYKTYP

1. MogenupoBaHue MOJEKYISIPHON IUHAMHKHU, HJACHHBIE OCHOBBI U
BO3MO>KHOCTH KOMIIBFOTEPHOM pean3aluu.

2. OYHKIIMOHANBHBIM BUJ W (QU3MYECKas TMpPUPOJia  TMOTEHIIMAIOB
MOJIEKYJIIPHBIX B3aUMOJICCTBHIA.

3. YpaBHEHHUsS [JBWKEHHS MOJEKYJsipHOM cucrembl. WX pasHocTHas
anmpokcumanus (anroput™mel: Bepiie, leap-frog Bepiie, ckopoctroit Bepie).

4. MonenvupoBaHue JTAHAMUKA KOHJEHCUPOBAHHBIX CHCTEM.
[Ieproanyeckue rpaHUYHbBIE YCIOBUS.

5. Anroputm Bepne (cocTtaBieHHe CHUCKa coceneil) sl BBIYMCICHUS
HEBAJICHTHBIX B3auMoiercTBui. O1ieHKa OBICTPOCHCTBHS.




6. ANropuTM CKaHUPOBAaHUSA [JJIsl HAXOXKJACHUSA BaH-IE€P-BAabCOBBIX
B3auMoJiericTBuil. O1ieHKa ObICTPOACHCTBUS.

7. Temmeparypa. TepmocTaTtupoBaHue MOJIEKYJIIPHOU CUCTEMBI
(MacmTabupoBaHue ckopocteil; Tepmoctar bepenacena; tepmocrar Hosze-I'yBepa;
CTOXACTHYECKasi TMHAMUKA; CTOJIKHOBUTEIbHBIA TEPMOCTAT).

8. Yuer pactBopurens. bpoyHoBckas auHamuka. CTOJKHOBUTENIbHAS
MOJIEKYJISIpHAsl IMHaMUKa.

9. Briuucnenue AaBlieHUS B MajbIX MOJEKYJSpHBIX cucTeMax. bapocrar
bepenncena.

10. MonenrpoBaHre MaKpOMOJIEKYJIbl B THAPOAUHAMUYECKOM IIOTOKE.

11.006mas  cxema  MOJIEKYJISIPHO-IMHAMUYECKOTO  BBIYHUCIUTEIBHOTO
IKCIIEPUMEHTA.

12. MonekynsipHas ~ JMHAMHKa OEJIKOB. [Ipumepsl ITOCTaHOBKA
BBIYHMCIIUTEIbHBIX 3KCIIEPUMEHTOB.

13.06paboTka TpaekTOpUil MOJEKYIIpHOW IWHAMUKH. BpeMmeHHbIe
aBTOKOppesiuuoHHble pyHkunu. KoappunueHTs! nepexoca.

14. MeTonuka TpPOBEAEHUS MOJEKYJISAPHO-IUHAMUUYECKUX PACUETOB C
OornoMeMOpaHHaAMU.

15.MoaenupoBaHue CUIIOBOTO pa3BOPAYMBAHUS OETKOBOM TJIOOYIIBI.

16.ITocTaHOBKa MOJEKYIAPHO-IMHAMHYECKHUX PACUETOB C ACHIPUMEpPAMHU
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Kpurepuu ouenku:

Onenka «5» (OTAMYHO) CTaBUTCA OOydYaroOmIeMycCs, JaBIIEMY TOJHBIM,
pa3BEpHYTHII OTBET HA IOCTABJIEHHBIM BONPOC, MOKA3aBIIEMY COBOKYIHOCTH
OCO3HAaHHBIX 3HaHUM 00 OOBEKTE, JOKAa3aTEJbHO pPACKPBIBIIEMY OCHOBHBIE
IIOJIO)KEHUSI TEMbI, B OTBETE€ KOTOPOTO IIPOCIIEKUBAETCS 4YETKas CTPYKTYpa,
JOrHYecKasl IOCJIEAOBATEIbHOCTh, OTpaXKarollash CYyIIHOCTb PacKpbIBaEMbIX
NOHATUN, Teopwii, sBneHuil. [lemoHcTpupyercs 3HaHue 00 oObekTe Ha (oHe
NOHUMAaHUs €r0 B CUCTEME JAaHHOW HAyKU M MEKIUCUUIUIMHAPHBIX CcBsi3erd. OTBET
U3JIaraeTcsl TUTEPATypHBIM SI3bIKOM B TE€PMUHAX HAyKU. MOTYT OBITH JOMYIIEHBI
HEJI0YEThI B ONPEICTICHUU MTOHATUH, UCIIPABJICHHBIE CTYAEHTOM CAMOCTOSITEIBHO B
IPOLIECCE OTBETA.

Onenka «4» (Xopolo) cTaBUTCS OOy4arlIeMycs, JaBUIEMY IOJHBIN,
Pa3BEPHYTHIM OTBET HA IOCTABJICHHBIM BOIIPOC, NOKA3aBIIEMY YMEHHE BBIICIINTH
CYILLIECTBEHHBIC M HECYIIECTBEHHBIE MPU3HAKH, NMPUYUMHHO-CIICACTBEHHBIE CBS3U.
[Ipy 3TOM OTBET YETKO CTPYKTYpHUPOBAH, JIOTMYEH, W3JI0KEH JINTEPAaTypHBIM
A3bIKOM B TEpMHUHaX Hayku. Moryr ObITb JONYIIEHBl HEIOYEThl WIH
HE3HAUWUTEIbHbIE  ONIMOKM,  HCHOPABICHHBIE  CTYJEHTOM C  I[OMOIIbIO
IIpernoaaBaTels.

Onenka «3» (yIOBIETBOPHUTENIBHO) CTaBUTCA OOydYaromemycs, AaBIIEMY
HEJOCTATOYHO TIOJIHBIA M HEIOCTATOYHO pa3BEPHYTHI OTBET, JIOTMKA U
MOCJIEIOBATEIBHOCTh M3JIOKEHUSI MUMEIOT HapyuieHus. JlomyckaroTcs OomMOKu B
PacKpBITUM MOHATHH, yHoTpeOneHur TepMHUHOB. CTYIE€HT HE CIOCOOEH
CaMOCTOATEJIBHO BBIACIUTH CYLIECTBEHHBIE W HECYIIECTBEHHBIE NPHU3HAKH MU
IPUYUHHO-CJIEICTBEHHbIE CBsI3u. OOydaromuics MOXET KOHKPETU3UPOBAThH
000OLIECHHbIE 3HAHUA, JOKa3aB HA NMPUMEPAX UX OCHOBHBIE MOJIOKEHHS TOJBKO C
NOMOMIbIO Tpernoaasarens. PeueBoe oopmiieHue TpedyeT nonpaBok, KOPPEKIUH.

Omnenka «2» (HeyAOBJIETBOPUTEIHHO) CTABUTCS O0YYAIOIIEMYCS, TOMyCTUBIIEMY
IIPU OTBETE HA BOIPOCHI MHOKECTBEHHBIE OIMMOKH MPUHIIMITHAIBHOTO XapaKTepa
WM HE MPEJCTaBUBIIEMY OTBETOB IO Oa30BBIM BOMPOCAM AWCIUTLIHHEI.



