degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: DKCIepUMEHTAIbHBIE METO/Ibl XUMHYECKOW (PH3UKH MOJTUMEPOB U KOMITO3HIIMOHHBIX
MarepuaioB

10 HANPABJICHHUIO: MarepuanoBeseHie U TEXHOJIOTUH MaTepHUaIoB

npo¢uib NOArOTOBKH: [TepciekTiBHBIE (DYHKIIMOHAIBHBIE MaTEPUAIIBI

®usrex-mrkoia nekrpoHuku, otonnku u Monexymnspraoit duzuku
kadeapa XumMudeckor GU3NKU

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
cemuHapsl: 30 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrasuin: C.H. UBanys, a-p xuMm. HayK, npodeccop

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadeapsl xumuueckon pusuxu 29.05.2020



AHHOTANMA

Kypc "OxcnepuMeHTanbHblE METOAbl XMMUYECKOH (DM3MKH MOJIMMEPOB M KOMIO3MLIMOHHBIX MarepuajioB"
IIpeLyCcMaTpUBaeT:

1) u3yueHne 0OCHOB COBPEMEHHBIX IKCIIEPUMEHTAIBHBIX METOA0B XUMUIECKON (DH3HUKH;

2) oBnageHHe 3HAHUAMU O MPUMEHUMOCTH COBPEMEHHBIX CTPYKTYPHBIX, CIEKTPOCKOIIUYECKUX H
MHKPOCKOITMYECKUX METOIOB;

3) BBCACHHUC B OCHOBBI MCTOAOB MOJICKYJIAPHOTIO MOACIINPOBAHUA.

3a)1aqacn KypcCa ABJIAOTCA:

. npuobpereHne 0a30BBIX 3HAHUH O JIUQPAKIHOHHBIX, CIEKTPOCKOIMHYECKUX, BIEKTPOPUINUECKUX,
PEOIOrHYECKUX METOAAX UCCIIEJOBaHuUS;

* [pHOOpPETCHHE OCHOBHBIX MPEICTABICHUI O MOJEKYJISIPHOM MOJEIMPOBAHUU: MOHSITHH CTATHCTHYECKOTO
aHcaMOI1s1, METOIe MOJIEKYIIPHOM JUHAMHKH, OPTaHU3ALUH MOJEKYIIPHO-IMHAMUYECKUX IKCIIEPUMEHTOB U
aHaJIM3€E Pe3yJbTaTOB MOJEINPOBAHHS;

*  TOJlyYE€HHE HABBIKOB MOJEIUPOBAHMS CIIOKHBIX TOJIMMEPHBIX CHUCTEM, MOJEIMPOBAHUS B TUCKPETHOM
MPOCTPAHCTBE (HA pelIeTKaX M CETKax), MOJCSIHPOBAHUS MOJMMEPHBIX CTEKOJ U CIIOKHBIX OHOJOTHYECKUX
MOJIEKYJI, paCTBOPOB METAJIIOB, COJIEH, MOINUANIEKTPOIUTOB, HAHOYACTHUI] 1 HAHOKOMITO3UTOB;

* OCBOCHHE CTaHJAPTHBIX KOMIUIEKCOB MPOTPaMM [yl NPOBEACHUS MOJCKYISPHO-ANHAMUYECKUX PacyeToB
(Hyperchem, GROMACS, AMBER, PUMA).

[To pesymbTaram ocBoeHUS Kypca CTYICHT JOJKEH:
3HaTh:

0 (Gu3MYECKEe OCHOBBI PEHTTCHOBCKHX, CIEKTPOCKONUYECKUX, TEPMHUYECKUX, PEOJOTHYECCKHX,
MEKTPOYU3NIECKUX METOJIOB HCCIIEAOBAHNS;

[l CKEHIMHIOBBIN MOAXOA K OIMCAHUIO MOP(HOJIOTUHU IIOBEPXHOCTH;
[] 00 OCHOBHBIX METO/IaX MOJIEKYJIIPHOM MEXaHUKU M MOJIEKYISIPHOIN TUHAMUKH;

O OCHOBHBIC TIPEJCTABIEHUS O MPUPOTHBIX (DOTOXMMHUECKHX Iporeccax - (OTOXMMHUH aTMOC(EpHI,
MPUPOAHOTO (POTOCHHTE3A U 3PCHHH.

[l CTaTUCTUYECKHH aHAJIN3 TEPMOANHAMHYECKHUX aHCaMOJICH: Onpe/ieieHne TEPMOIMHAMUYECKUX CPETHHUX B
pa3MYHBIX aHCAMOMSAX, (QIIyKTyanuu TEPMOJMHAMHYECKUX BEJIWYHH, CTPYKTYpa MOJEKYJSPHBIX CHCTEM,
BpPEMCEHHBIEC KOPPEISIIIMOHHBIE PYHKIIUK U TPAHCTIOPTHBIE KOA(D(MUIIUCHTHI.

YMeTs:
[J ;mernarh Ka4eCTBEHHBIC BBIBOJBI IPH MEPEXO0JIE K MPeAeIbHBIM YCIOBUSIM B H3y4aeMbIX MPoOIIeMax;

0 AHAJIU3UPOBATH OKCIICPUMCHTAJIbHBIC NAHHBIC PCHTICHOBCKOIO, CIEKTPOCKOIIMNYCCKOTro, TEPMHUICCKOIO,
PCOJOTHUICCKOTO SKCIICPUMCHTA,

O MPOBOJUTHh MOJIEKYJSIPHOE MOAEIUPOBAHUE B COBPEMEHHBIX KOMIUIEKCAX JJsl IpPOBEICHHs
MOJIEKYISIpHO-InHamMuaeckux pacuetoB (Hyperchem, GROMACS, AMBER, PUMA).

[J mpoBOOUTH 00pabOTKY JaHHBIX YHCICHHOTO SKCIEPUMEHTA: Pa3InYHblC HICTOYHUKH OMIMOOK B YUCICHHOM
MOZEIMPOBAaHUN, OIIMOKM H3MEPeHHs TEPMOJMHAMHUYCCKUX M CTPYKTYPHBIX BEJIMYMH, KOPPEKIHs
PE3YNIBTATOB MPH yueTe 0Ope3aHus NOTeHIINANa B3aUMOACHCTBHIS;

[0 3(QeKTHBHO HCIOIB30BaTh NHPOPMALIMOHHbBIE TEXHOJIOTHH M KOMIIBIOTEPHYIO TEXHUKY JAJISI JOCTHKECHUS
HEOOXOAMMBIX TEOPETUUECKUX U MPUKIIaTHBIX PE3yIbTaTOB.

Bnaners:

0 HaBbIKaMH TCEOPCTUYCCKOI'0O aHajln3a PpeajibHbIX 3a/a4, CBA3aHHBIX CO CBOMCTBaAMH MOJICKYII,
OJICKTPOMAroHuTHOTO U3JIYUCHUA U B3aHMO,E[eI71CTBPI9[ MCKIY HUMU,

[] HaBbIKaMH MOJICKYJIAPHOIO MOACIUPOBAHHNA CJIOKHBIX MMOJIMMCPHBIX U OHOJIOrHYECKUX CUCTEM.

Tembr u pasaciibl:

1. Anann3 MONEKyIspHOM CTPYKTypbl B UHCJIEHHBIX OJKCIEepHMeHTax. HepaBHOBeCHas MoIEKyIspHas
JUHAMHUKa

2. 3onoBas Mukpockonus. CKeHIMHIOBBIE TOJX0IbI ONTMCAHUS MOP(HOIOTHU TIOBEPXHOCTH
3. KoneOarenbHasi CIEKTPOCKOIUS: HH(PPAKpacHasi CHEKTPOCKOIIHUS, PAMaHOBCKOE PACCEsIHNE
4. ManoyriioBoe peHTI€HOBCKOE U HEHTPOHHOE paccesHue



5. Meron mosnekyssipHOM nuHaMuku. OpraHuszanus MOJEKYJISIPHO-AMHAMUYECKUX 3KCIIEPUMEHTOB. AHanlu3
pe3yaBTaToOB MOJEINPOBAHMSI.

6. MeTtoapl OpOYHOBCKOM U CTOJIKHOBUTENLHOW AMHAMUKU. MoZieTupoBaHue NOJIMMEPHBIX CTEKOI
7. MeTtopl MOJNEKYISIPHOI MeXaHUKU. MoJennpoBaHue CIOKHBIX MTOJIMMEPHBIX CHCTEM

8. Monenu pocta TOHKUX ILJICHOK

9. Monexymsipasie Moaenu. CtaTucTuieckue aHcamOIu.

10. OcHoBbI KpucTaiorpadun

11. PentrenoBckast nudpaxiust

12. CBeropaccesiHue, OnpeaesieHUe MacChl PACCEUBAIOIICH eTUHHUILIBI U Pa3MEPOB MOJIEKYIT

13. CranpapTHble KOMIUIEKCHI MPOTpaMM JJsl TPOBEICHHUS MOJICKYSPHO-JUHAMAYECKUX PacyeToB.
[IpakTrueckue 3aHsATUA

14. Tepmuueckwuii ananus, ATA, JICK, TTA, TMA, JIMA

15. UncrneHHble HKCIIEPUMEHTHI HA PA3IMYHBIX MOJEKYISIPHBIX cHcTeMax. MopenupoBaHue OHOIOTHYECKHX
MOJIEKYIT

16. DnexTpodhr3nuecKre UCIIBITaHUS, PEOJIOTUYECKHUE NCCIISIOBAHUS
1. leau u 3apauun

eap AUCUMNIMHBI
* H3y4YEHUE OCHOB COBPEMEHHBIX DKCIIEPUMEHTAILHBIX METOJ0B XUMHUYECKON (DU3HKHY;

¢ OBJIAACHUC 3HAHUAMHU O IMNPUMCHHUMOCTH COBPCMCHHBLIX CTPYKTYPHBIX, CICKTPOCKOIIMYCCKUX U
MUKPOCKOIMMYECKHUX METOIOB;

¢ BBEACHUC B OCHOBBI ME€TOJOB MOJICKYJIAPHOT'O MOACIMPOBAHU.

3anauu QUCHUNIHHBI
* mpuoOpeTeHHE 0a30BBIX 3HAHHMNA O TUPPAKIIMOHHBIX, CHEKTPOCKOMUYECKHX, DIEKTPOPUINIECCKHX,
PEOJIOTHYECKUX METOIaX UCCIICIOBAHMS;
. NPUOOPETEHUE OCHOBHBIX IPEACTABICHHH O MOJICKYJISIPHOM MOJICIMPOBAHUU: TOHATHH
CTaTHCTHYECKOTO aHcamoOIs, METOJIe MOJICKYJISIPHOM JTMHAMHKH, OpraHH3aluu
MOJICKYJISIPHO-JUHAMUYECKUX SKCIIEPUMEHTOB U aHAJIHM3€ PEe3yJIbTaTOB MOJCIUPOBAHHS;
. MOJIy4YCHUE HABBIKOB MOJCIHPOBAHUS CIIOXKHBIX MOJMMEPHBIX CHCTEM, MOJCIUPOBAHUS B
JMCKPETHOM TPOCTPAHCTBE (HA PEIIECTKAX M CETKAX), MOJCIMPOBAHUS ITOJMMEPHBIX CTEKOJ M CIOKHBIX
OUOJIOTHYECKUX MOJICKYJI, PACTBOPOB METAJUIOB, COJICH, MOJMIJIEKTPOINTOB, HAHOYACTHIl U
HaHOKOMITO3HTOB;

*  OCBOCHHE CTaHIAPTHBIX KOMIUICKCOB MPOTPaMM sl MPOBEICHUS MOJEKYISPHO-TUHAMUYECKUX
pacuetoB (Hyperchem, GROMACS, AMBER, PUMA).

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
uHpopManrio 00 aKTyalbHBIX pe3yJbraTax UCCIeI0BaHUN
[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BbIABUraTb  THIOTE3BI, CTPOUTH
pemIarh 3a/1a4u, B TOM YUCIIC pa3pabaThiBaTh U |MaTeMaTHUeCKUe MOAEIM Ui  ONHCAaHUS  H3y4aeMbIX
HCCJIE0BATh MaTeMaTHYECKUE MOJICIH SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAUECTBO pa3padoTaHHOU
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAYYHBIC MPOOIEMBL, 0Iy4ath [[IK-1.3 CrnocobeH NpUMEHATh TeopeTHueckue u  (WIH)

HOBBIC HayIHBIC PE3YIIbTaThI 9KCIIEPUMEHTANIBHBIE METOABI UCCIEN0BAaHUI K KOHKPETHOU
Hay4yHOW 3ajadye H MHTEPIPETHPOBATH  IIOJIYYECHHBIC
pe3yabTaThl

3. IlepevyeHpb MIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:



YMETb:

0 ¢u3nuecKue OCHOBBI PEHTI€HOBCKUX, CIIEKTPOCKONUYECKHUX, TEPMUYECKUX, PEOTOTHYECKHX,
AMEKTPOYUZNIECKUX METOJIOB HCCIICIOBAHNS;

[l CKeHIMHIOBBIN MOAXOA K OIMCAHUIO MOP(HOJIOTUHU IOBEPXHOCTH;

[J 00 OCHOBHBIX METO/IaX MOJICKYIAPHONH MEXaHUKH U MOJIEKYJSIPHON TUHAMUKH;
[l OCHOBHBIE IIPEACTABICHHUS O MPUPOAHBIX (POTOXUMHUYECKUX IMpoIieccax - (OTOXUMHU aTMOC(EPHI,

MPUPOAHOTO (POTOCUHTE3A U 3PEHUU;

[J  cTaTHCTUYECKHH aHalu3 TEPMOIUHAMHYECKUX aHCAMOIEH: ompeneneHrne TEePMOJUHAMUYECKUX

CpCAHUX B Pa3JINYHBIX aHCﬁMGJ’IfIX,

q)HYKTyaLII/II/I TCPMOAUHAMUYCCKUX  BCJIHWYUH,

CTPYKTYpa

MOJIEKYJISIPHBIX CHCTEM, BPEMEHHBIE KOPPEIALUOHHbIE (PYHKIIUHN U TPAaHCIOPTHBIE KO3()(DUIIMEHTHI.

[ a6CTpaFI/IpOBaTBC$I OT HCCYHICCTBCHHOIO IpHU MOIACIUPOBAHUU PCAIBHBIX MOJICKYIAPHBIX

pouecCCoOB;

[] nenarb NpaBUJIbHBIC BBIBOJAbBI N3 COTTOCTABJICHUSA PC3YJILTATOB TCOPUU U SKCIICPUMCHTA,

0 MMPOU3BOAUTDH YHUCJICHHBIC OLICHKU I10 MMOPAAKY BECIINYUHBI;
[] jmenarb Ka4€CTBEHHBIE BbIBOJbI IIpU NepexoAc K NpCACIbHBIM YCIOBUAM B U3YyHaCMBbIX np06neMaX;

0 AHAJIM3UPOBATL OSKCHCPHUMCEHTAJIbHBIC HJAaHHBIE PEHTTCHOBCKOIO,

TEPMUYECKOTO, PEOIOTUIECKOTO HKCIIEPUMEHTA;
0 HPOBOJIUTH MOJIEKYJISIPHOE MOJAEIMPOBAaHME B COBPEMEHHBIX KOMILIEKCaX JUIl IPOBEICHUS
MOJIEKYyIApHO-AnHamuueckux pacuetoB (Hyperchem, GROMACS, AMBER, PUMA).
[l mpoBoxuTh OOPaOOTKY AAHHBIX YHMCIEHHOTO SKCIIEPHMEHTA: PAa3IHYHbIe MCTOYHUKH OIIMOOK B
YHCJICHHOM MOJEIMPOBAaHUH, OMIMOKM H3MEPEHUs] TEPMOAMHAMHYECKHX M CTPYKTYpPHBIX BEJIUYMH,
KOPPEKIMS Pe3y/IbTaToB IPH yueTe 00pe3aHus MOTeHInAIa B3aUMOJCHCTBHS;
O 3¢ (GEKTUBHO HCIIONB30BaTh HWH(GOPMALMOHHBIE TEXHOJOTMH M KOMIBIOTEPHYIO TEXHHKY [UIS
TOCTHKEHUS! HEOOXOIMMBIX TEOPETUIECKHUX U MPHUKIIAJHBIX PE3yIbTaTOB.
BIIAJICTh!

[l HaBBIKAMH OCBOCHHS OOJIBIIOTO 00BbeMa HH()OPMAIIUH;
[J HaBBIKAMHU CAMOCTOSITEIILHON pabOThl B HAyYHOU OMOIHOTEKE, 1a00paTOpru 1 HHTEPHETE;
[} KyJabTYpoOi#l MOCTaHOBKU M MOACTHPOBAHHS (PU3UKO-XOMUYECKUX 3a71ad;
[l HaBBIKAMHM TEOPETUYECKOTO aHAJIM3a PEaJbHBIX 33J1au, CBS3aHHBIX CO CBOMCTBAMH MOJIEKYII,

OJICKTPOMArHuTHOTO U3JIYUCHUA U B3aHMO,E[ef/'ICTBH$I MCKIY HUMU,

CIICKTPOCKOITUYCCKOTIO,

[] HaBBIKaMU MOJICKYJIAPHOTI'O MOACIIMPOBAHUSA CJIIOKHBIX ITOJIMMEPHBIX U OHOJIOrMYECKHUX CHCTEM.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jejiaM) ¢ yKa3aHueM
OTBEJEHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKIIIOUAs

CaMOCTOATCIIbHYTO pa60Ty, qac.

Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
AHanu3 MOJIEKYJSIPHOM CTPYKTYphl B
1 YHCIICHHBIX 9KCTIEPUMEHTAX. 5
HepaBHoBecHas MOJIEKYJISIpHAs
JUHAMUKa
3onaoBasi MuUKpockonusi. CKEHIMHTOBBIC
2 TIOJTXOJTBI OTHCaHUs Mop¢onoruu 2
MOBEPXHOCTH
Koneb6arenbHas CIIEKTPOCKOIIUSL:
3 nH(ppakpacHas CIIEKTPOCKOIIHS, 2
paMaHOBCKOE paccesiHue
4 MamnoymioBoe PEHTTEHOBCKOE " 5

HEUTPOHHOE paccesiHue




Meron MOJIEKYJISIPHOU JMHAMMKH.
Opranuzanus

5 MOJIEKYJISIPHO- IMHAMUYECKUX 2
SKCIEPUMEHTOB. AHaJIM3 pPE3yJabTaToB
MOJEJINPOBAHUS
Mertonst OpOoyHOBCKOH "

6 CTOJIKHOBUTEILHOM JUHAMMKH. 2
MopnenupoBaHue MOJIUMEPHBIX CTEKOI
Metoasl  MOJIEKYJISIPHOW  MEXAHMKH.

7 MonenupoBaHUE CIOXKHBIX IOJUMEPHBIX 2
CUCTEM

8 Mogenu pocTa TOHKHX TIIEHOK 2

9 MoutekynsipHble MOJICIIN. ’
Craructuueckue aHcamOIu.

10 |OcHoBbl KpucTatorpadun 2

11 PentrenoBckas audpakuus 2
CaeropaccesHue, ONpeAesicHHEe MAacChl

12 |pacceuBaromieil €TUHUIBI U pPa3MEPOB 2 30
MOJIEKYIT
CranpapTHble KOMIUIEKCHI IPOrpamMM Jist

|3 |mpoBereHus 5
MOJIEKYJISIPHO-IMHAMUYECKUX PacyeToB.
[IpakTuyeckue 3aHATHSA

14 Tepmuueckuit ananus, [ATA, JICK, TTA, 1
TMA, IMA
YucnenHsle 9KCIIEPUMEHTBI Ha

|5  |PasTMUHBIX MOJNCKYISPHBIX —CHCTEMAX. 1
Mopnenuposanue OMOTIOTHYECKUX
MOJIEKYIT

16 Onexrpoduznueckue WCTIBITAHUS, 5
PEOIOrHYEeCKUe UCCIeI0BaHUs

Nroro yacos 30 30

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2.

Coneprxanne TUCIUIUIUHBI (MOMYJIs), CTPYKTYPUPOBAHHOE MO TeMaM (pa3eram)

Cemecrtp: 2 (Becennuit)

1. AHanu3 MOJEKYJIAPHOM CTPYKTYphl B UUCIIEHHBIX 3KclepuMeHTax. HepaBHoBecHast MoneKysipHas
JUHAMUKa

AHanu3 aMOpdHBIX M KPUCTALIMYECKUX CTPYKTYp. CTPYKTYphl >KHUAKOCTeH. MHOTrOrpaHHUKH
Bopornoro wu cummiekcel Jlenons. MopenupoBaHue MeEXaHHYECKOro ciaBura. lcmonbzoBaHue
rpaauenta remieparypsl. JJuddysus. CTpyKkTypHas peiakcanus.

2. 3onoBas MuUKpockonus. CKeHIMHIOBBIE TOX0IbI ONTMCAHUS MOP(HOIOTHU TIOBEPXHOCTH

KoHTakTHBIN, TIONYKOHTAaKTHBIH W  OCGCKOHTAKTHBIM  PEXKHUMbI  CKaHWpOBaHUA.  Mojenu
B3aUMOJICHCTBUSI 30HIAa W TOBEPXHOCTH. VI3MepeHHe JIOKaIbHBIX MEXaHMYECKUX CBOWMCTB
MOBEPXHOCTH.  DJIEKTPOCTaTHYECKash CHJIOBash MHKpockonusi, KenpBHH-30HAOBas — CHIIOBas
MUKpPOCKOIIHSI, MAarHUTHO-CHJIOBasi CIIEKTpOCKOmHsA. [lapamerpusamms Ciy4ailHO-IIEPOXOBATHIX
noepxHocTei. Camoadpunubie moBepxHoctr. QonpeeneHne CKEHIMHTOBBIX K0d(D(OUITUEHTOB.

3. KonebarenbHasi CIEKTPOCKOIUS: HH(PPAKpacHasi CHEKTPOCKOIIUS, PAMaHOBCKOE PACCEsIHNE



HNudpakpacHoe u3nmyueHre u KouebaHus MoJIeKys. [ apMOHUYecKre 1 aHTapMOHHYECKUE KOJIeOaHMsI.
Konebanusi MHOTOaTOMHBIX MOJIEKYJ. XapaKTepUCTUYHBIC KOJeOaTelbHbIE YacTOThl OPraHUYEeCKHUX
coenuHeHnil. MHTeprnperauus uH]pakpacHbIX crekTpoB. Kitaccnueckass M KBaHTOBas TEOPHS
KOMOWHAIIMOHHOTO paccessHus. DMIMPUICCKHE 3aKOHBI KOMOMHAIIHOHHOTO PACCEsHUSL.

4. ManoyrioBoe peHTT€HOBCKOE U HEUTPOHHOE PACCEsSHUE

UnTtencuBHOCTh Kak ¢QyHKuus Pypbe 31eKTpOoHHOM miuoTHocTtu. AcumnTotuku [wnHee u Ilopoxa.
@OyHKIMS NapHBIX KOppessiqui. PacdeT OCHOBHBIX CTPYKTYPHBIX HapaMeTPOB PpacCEUBAarOLIEH
CHCTEMBI: pa3Mepbl U Macca 4acTul, o0beM, IIomaab 1 (ppakTaibHas pa3MepHOCTh MOBEPXHOCTH.
Merton Bapualny KOHTpacTa INIOTHOCTH PacCesHusl.

5. Meron mosekyssipHOi AuHaMuku. OpraHusanus MOJEKYJIIpHO-IMHAMUUYECKUX SKCIEPUMEHTOB.
AHanm3 pe3yasTaToB MOAEITUPOBAHUS

VYpaBHEHUS ABUKEHUS JUIsl aTOMHBIX CUCTEM. AJITOPUTMBI YHCIIEHHOTO HHTETPUPOBAHUS TPAEKTOPUA
(anroputmsbl Bepiie, meton Pynre-Kytra). Pacyer TpaexTopuil 1uis MOJIEKY C )KECTKUMHU CBSI3SIMH.
MonenupoBaHue CUCTEM C MOTEHLMAIAMH TBEPAbIX cdep. Bbluncnenne cui, SHEPTUM U JaBICHUS.
MopnenupoBanne Majibix cucreM. llepuommueckue rpaHndHble ycnoBus. CrocoObl 3agaHus
[IOTEHLMAJIOB B3auMozelcTBusa. PacueTsl ¢ JaJbHONCHCTBYIOIMMHM IOTEHLMAJaMU. 3alaHue
HayaJIbHBIX KOOPIMHAT M CKOpOCTei aromoB. OOmias cTpyKTypa nporpaMmsbl. BeiBon u o6paboTka
pE3yNbTaToB.

6. MeTojibl OpOYHOBCKOM M CTOJIKHOBUTEILHOW AMHAMUKU. MoJIeTupOBaHHEe OJTMMEPHBIX CTEKOI

@dusnueckue OCHOBBI M YMCICHHbIE MeToAbl. Bo3aMoxHOCTHM M orpaHuueHus. MopenupoBaHue B
JMICKPETHOM NPOCTPAHCTBE (Ha peleTkax u cetkax). MoaeianpoBaHue MOJIMMEPHBIX CUCTEM. AHAIN3
TpaHC-TOIl IIEPEXON0B B paciulaBax moiaumepoB. IlomydyeHue HauyanbHBIX JaHHBIX IIpU
MOJZIETIMUPOBAHUN CTEKOJ. AHaIN3 HEYNOPAJOYEHHOW CTPYKTYyphl. JIOKanpHBIE XapaKTEpUCTUKH
MEXaHUYECKOI0 HalPSDKEHUS U CMEILEHUS.

7. Meronbl MOJIEKYIISIPHOW MEXaHUKHU. MOIeIMPOBAaHUE CIIOKHBIX MIOJTUMEPHBIX CUCTEM

Mertonel rpagMeHTHOro ciycka. MoekyiaspHas MeXaHUKa U MOJEKYJIspHas JUHaMuKa. PacraBbl
OJIMTOMEPOB M MOJNMMEPOB. MOHOCION M3 LENOYEYHBIX MOJEKYNl. BHyTpuMonekymspHas
MOABWXHOCTh M CTPYKTypa CJIOXKHBIX OMOJIOTMYECKHE MOJIEKYl. MoAeIupoBaHHE IOJIMMEPHBIX
KpUCTAJUIOB. JleheKThl B MOTUMEPHBIX KPUCTAIUIAX U UX BIMSIHUE HA MOJIEKYJISIPHYIO TOJBHUKHOCTD.

8. Monenu pocta TOHKUX IJICHOK

MexaHu3MBl pOCTa TOHKUX IUIEHOK W3 Ta30BOW (a3bl. MexaHu3M OCTPOBKOBOTO pocTa (MOJETh
donbmepa-Bepbepa), Mmexanusm mnocnoiHoro pocrta (Momens @panka - Ban mep Mepse), monens
Crpanckoro—KpacranoBa. [omoreHHoe u  rereporeHHoe  3apoxelnieoOpasoBanue.  Poct
W30JIMPOBAaHHBIX OCTPOBKOB. PocT ocTpoBkoB B aHcamOne (pemieToyHoe NpUOIMKEHHE,
npuOIMKEeHne paBHOMEpHOro obenHenus). OyHKIMM pacrnpenesneHus OCTPOBKOB MO pa3MepaM IpH
pa3HBIX MEXaHU3MaxX uX (HOPMHUPOBAHHUS.

9. MOJ'IGKy.]'IHpHBIe MOACIH. CraTucTHuecKue ancaMOIu.

I'eomerpust Mosekynl U aTOM-aTOMHbIE IIOTE€HIMaNbl. MeEXMONEKYJsIpHbIE B3aUMOIEHCTBUS.
[locTpoenne MopnenpHBIX NOTeHHMAN0B. Hambonee pacmpocTpaHEHHBIE CHCTEMBI MOTEHIHAJOB.
Oco0eHHOCTH MOZIETBbHBIX TOTEHIIUAIOB [ METAJUIOB U BOABL. MOJIEKyIIsIpHBIE MOJIENIN TIOJIMMEPOB.
[lonsatue craructuueckoro ancam6is. OcHOBHBIE cTarucTHueckue aHcamOmu. Ompenenenue
TEPMOAMHAMUYECKUX CPEIHHUX B pPA3IMYHBIX aHcaMOIIx. CTpyKTypa MOJEKYISPHBIX CHCTEM.
Bpemennbie koppesiIMOHHBIE PYHKIUH U TPAHCHIOPTHBIE KOY((OUIIUESHTHI.

10. OcHoBbI KpucTaiorpadun



[lpunumn toTHON ymakoBkH. BonHOBo#M BekTOop u cdepa DBanbaa, MOHIATHE OOPaTHOTO
MPOCTpPaHCTBA. DieMeHThl cumMeTpun. Pemerku bpasa. Touednsie rpynmbl. @enopoBCKHUE TPYIIIBI
CUMMETPHH.

11. PentrenoBckast nudpaxiust

PaccesstHue ramMa-kBaHTa Ha OAMHOYHOM arome. WHaekchl Muepa. YpaBHenue bpoarra-Bynboda.
VpaBuenue CensikoBa- Illepepa. DaxkTtopbl ymUpeHUs KpUCTAIOrpadUUEecKUX pegIIeKCOB.
[TapakpucTamINYHOCTb.

12. CBeropaccesHue, ONpeeNeHne MacChl pacCenBalOIIel eIMHULIBI U Pa3MEPOB MOJIEKYIT

Crarnyeckoe © JMHAMHUYECKOE pacCesHUE CBETa, BTOPOH BHPUAIBHBIA  KOA(QQUIIHCHT,
MOJIEKYIISIpHO-MaccoBoe pactipenenenue. Koopaunars! I'nabe, Jlebas, 3uma.

13. CrapmapTHbIe KOMIUIEKCHI MPOTPaMM Ui MPOBEACHUS MOJICKYSIPHO-TUHAMUYECKUX PAcCueTOB.
[IpakTrueckue 3aHATUA

Hyperchem, GROMACS, AMBER, PUMA. Hcnons3oBanue nporpamm Hyperchem u PUMA.
Busyanuzanus pe3yasraToB YHCICHHOTO MOJCITUPOBAHHSL.

14. Tepmuueckuii anamus, ITA, JICK, TTA, TMA, JIMA

Cxewmsl padots! ipudopos JITA u JICK, ux otnuuus. @a3oBbie mepexoibl IEpBOro U BTOPOTO pojia B
nonumepax. Omnpexaenenne Temmeparypsl crexnoBanus merogamu JATA u JCK. Onpexpenenue
TEPMOJIMHAMUYECKUX [1apaMeTpoB noiauMepusanuy. OnpenenceHue TepMOCTONKOCTH, TEMIIEPaTyphl U
KMHETHYECKUX MapaMeTpoB HECTPYKIHH MoinMepoB. OmpenereHne TeMIepaTypbl CTEKJIOBaHHUSA,
TEKy4eCTH, TeMIepaTypbl pa3MsrdeHus, kod3(p¢HUIMeHTa TEPMHUYECKOTo pacuupeHus. Bpewms
penaKcalyy, pelakCalMOHHbIE TEPEXOBI.

15. UwucrneHHble OSKCHEPUMEHTHI Ha pa3IMYHBIX MOJICKYISAPHBIX CHCTeMax. MopaenupoBaHue
OHMOJIOTUYECKUX MOJICKYIT

PactBopel merasoB. PactBopsl cosei. I[lonmuanexkrponutsl. Manble cucrembl. HaHowacTuipl u
HaHOKOMTIO3uThL. MopenupoBanue 6enkos, [IHK, 6uonorndeckux MmeMOpaH.

16. BHCKTPO(l)I/ISI/ILICCKI/IG HCIBbITaHUSA, pCOJIOTNICCKUC UCCIICAOBaHUA

Onexkrpuueckas npodHOCTh. [loBepxHOCTHOE yaenpHOE conporuBieHne. OO0bEMHOE YIENbHOE
conporuBnenne. Koadduiment paccesnus. BsskosnactudnocTs monmumepoB. Monenn BS3KOCTH.
Kpussie Teuenusi. CiBuroBoe yToHbIICHUE MpU TedeHUU. HymneBas ciBUroBasi BA3KOCTh HOJIMMEPOB.
OcuuiuiALMOHHbIE TECTHI. ['enu u nucnepcuu.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BATEILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

yueOHast ayTUTOpHsl, OCHAIICHHAS KOMIIBIOTEPOM U MYJIBTUMEIUHHBIM 000pya0BaHHEM (IIPOEKTOD,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa



1. Xumnueckas ¢pusuka Bepaoro tena [Teker] : yueOHUK sl By30B 0 HaNpaBieHuo "' XuMus,
¢uznka n mexanuka marepuanos” / I1. 10. Byrarun .— M. : U3n-Bo MI'Y, 2006 .— 272 c.

2. Craructudeckas TepMonrHaMuka B (pusudeckoit xumuu [Teker] : yued. mocodue mis By3oB / B. 1.
SAronosckuit .— 2-e u3a., uctp. u gon. — M. : BUHOM. JIa6. 3nanuii, 2005 .— 495 c.

3. MonekysipHasi pu3uKa U TEpMOJAMHAMUKA B BOIIpocax U 3aaa4ax [Tekcr] : yuel. mocodue aiisi By30B
/T. A. Muponosa, H. H. bpaunrt, A. M. Caneuxuit .— M. : ®uznueckuit pax. MI'Y, 2010 .— 600 c.

JomnonHurensHas aureparypa

1. MonekynsipHast pusuka u TepMmorHaMruka. OCHOBHbBIE MOJIOKEHHS U penienne 3aaa4 [ Tekct] : yueO.
nocobue st By30B / I1. @. KopoTtkoB ; M-Bo o6pazoBanus PO , Mock. pu3nko-TexH. MH-T (roc. yH-T
— 2-e u3n. — M. : U3g-so M®PTH, 2001, 2004 .— 168 c.

2. IlonumepHble HAHOKOMITO3UTHI [ TekeT] : yd4eOHO-MeTO/I. KOMIUIEKC JUIsl IOATOTOBKH MarucTpoB 110
TEeMar. HalpaBJICHUIO JICATEIILHOCTH Hall. HAHOTEXHOJIOT. ceTH ""KoMImo3uTHble HaHOMaTeprabr” /
C.-Iletepo. roc. ya-T1 .— CII6. : M3xa-Bo C.-lleTepb. yu-Ta, 2011 .— 137 c.

3. O6uwit kype ¢pusuku [Texer] : B 5 1. T. 2 : TepmonuHamuka u MoJIeKyIIsipHas (pu3uka : y4eO.
nocobwue mis By3oB / [I. B. CuByxun .— 5-¢ u3n., ucnp. — M. : @usmarnut, 2005, 2006, 2011, 2014
— 544 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIb3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

HE NPeNyCMOTPEHBI.
9. MeTtonuyeckne yKkazaHusi JUIsl 00y4AIOIMXCH 10 OCBOCHUIO AU CHUILTHHBI (MOXYJIs)

CryneHT, W3ydYarolmMi JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynerare M3ydeHUs IUCLHUIUIMHBI CTYAEHT JOJDKEH 3HATHh OCHOBHBIE OINPENEIEHUS AUCIUILINHEL,
YMETb IPUMEHSTH [10JIyUEHHbIE 3HAHUA JJIs1 PELICHUs Pa3IM4HbIX 3a/ady.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— MIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITEIEHOM PaboThI CTy/IEHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOM JINTEPaTyphl;

— TpopaboTKy y4deOHOro MaTepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelueHue 3aaad, MpeAIaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKYIeW U TPOMEXYTOUYHON aTTECTALUH.

[lokazarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10OWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHs OTICNBHBIX TEM, BOIPOCOB, CleIyeT oOpamiarbcs 3a KOHCYIBTALMSAMU K
MIpenoAaBaTelto.

Bo3MOXeH npoMeXyTOUHBIN KOHTPOJIb 3HAHUHM CTYAEHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMaTHKOW 3aHATUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB

Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUATIBI
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa XuMHUIeCcKor GU3NKU

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

Pa3paborunk: C.H. YUsanys, a-p xuM. HayK, mpodeccop



1. Kom

nereHunu, popMupyemMblie B npouecce u3y4eHus AUCHUNINHBI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BbIABUraTb  THIIOTE3BI, CTPOUTH
pelIarh 3a/1a4u, B TOM YUCIIC pa3pabaThiBaTh U |MareMaTHUeCKUe MOAETM Ui  ONHCAaHUS  H3y4aeMbIX
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH SIBIICHUH U MPOLIECCOB, OLEHUBATh KAYECTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAYYHBIC MPOOIEMBL, MoIy4arh [[IK-1.3 CrocobeH NpUMEHATh TeopeTHueckue u  (WIH)

HOBBIC

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHUN

Hay4HBIC PE3YJILTATHI 9KCIIEPUMEHTANIBHBIE METOABI UCCIEN0BAaHUI K KOHKPETHOU
Hay4yHOW 3ajadye M MHTEPIPETHPOBATH  IIOJIYYECHHBIC
pe3yabTaThl

2. Iloka3arei OLleHUBAHUS KOMIIEeTeHITHH

B pe3synbrare m3ydeHUs MUCIUIUIMHBI « DKCIIEPUMEHTAIBHBIE METOIbI XUMHUUYECKOW (U3MKHU TMOJIUMEPOB H
KOMITO3UIIMOHHBIX MaTePHAaIIOBy 00YyYaIONIUICS JOIDKECH:

3HATb:

yMeTh

O ¢u3nuecKue OCHOBBI PEHTI€HOBCKUX, CIIEKTPOCKONUYECKHUX, TEPMUYECKUX, PEOTOTHYECKHUX,
ANEKTPOU3NIECKUX METOIOB HCCIIEJOBAHUS;

[l CKEHIMHIOBBIN MOAXOA K OIUCAHUIO MOP(HOJIOTUHU IOBEPXHOCTH;

[J 00 OCHOBHBIX METO/IaX MOJICKYIAPHONH MEXaHUKH U MOJIEKYJISIPHON TUHAMUKH;

[l OCHOBHBIE IIPEACTABICHHUS O MPUPOAHBIX (POTOXUMHUYECKUX IMpoIieccax - (GOTOXUMHU aTMOC(EPHI,
MPUPOAHOTO (POTOCUHTE3A U 3PEHUU;

[]  CTaTHMCTUYECKUI aHaIM3 TEPMOJMHAMHYECKMX aHCcaMOiei: ompeneseHHe TEepMOANHAMUYECKHUX
CPEAHMX B Ppa3IMYHBIX aHCcaMmMOmax, (UIYKTyalliu TEPMOAWHAMHYECKUX BEJIMYUH, CTPYKTypa
MOJIEKYJISIPHBIX CHCTEM, BPEMEHHBIE KOPPEIALUOHHBIE (PYHKIIUN U TPAaHCIOPTHBIE KO3()(DUIIMEHTHI.

O abcTparupoBarbCs OT HECYIIECTBEHHOTO NPU MOJCIMPOBAHUHM PEANBbHBIX MOJEKYISAPHBIX
IIPOLIECCOB;

[J nmenarh NpaBUIIbHBIC BHIBOABI U3 COMIOCTABICHUS PE3YAbTaTOB TEOPHU U SKCIICPUMEHTA;

[J 1pou3BOAMTH YUCIECHHBIE OLIEHKU 10 NOPSAKY BEJIUUYHUHBI;

[J nenarh Ka4eCTBEHHBIE BBHIBOABI PH MEPEXO/IE K MPEACTIbHBIM YCIOBUSAM B H3y4aeMBIX MPoOIeMax;

O AHAJIN3UPOBATh OSKCIEPUMEHTAJbHbIE JAaHHBIE PEHTI€HOBCKOIO, CIEKTPOCKOIIMYECKOTO,
TEPMHUYECKOT0, pEOJIOTHYECKOTO IKCIIEPUMEHTA;
O IIPOBOJUTH MOJIEKYSIPHOE MOJEIMPOBAHUE B COBPEMEHHBIX KOMIUIEKCAX [Ulsl IPOBEINECHUS

MOJIEKYyIApHO-AnHamMuueckux pacuetoB (Hyperchem, GROMACS, AMBER, PUMA).

[l mpoBoxuTh OOPaOOTKY AAHHBIX YHCIEHHOTO SKCIIEPHMEHTA: PAa3IHYHbIe MCTOYHUKH OIIMOOK B
YHCJICHHOM MOJEIMPOBAaHUH, OMIMOKM H3MEPEHUs] TEPMOAWHAMHYECKHX M CTPYKTYpPHBIX BEJIUYMH,
KOPPEKIMS Pe3y/IbTaToB IpH yueTe 00pe3aHus MOTeHIAIa B3aUMOJICHCTBHS;

O 3¢ (GEKTUBHO HCIIONB30BaTh HWH(OPMALMOHHBIE TEXHOJOTMH M KOMIBIOTEPHYIO TEXHHKY [UIS
TOCTHKEHUS! HEOOXOIMMBIX TEOPETUIECKHUX U MPHUKIIAJHBIX PE3yIbTaTOB.

BJIAA€Th:

[l HaBBIKAMH OCBOCHHS OOJIBIIOTO 00BbeMa HH()OPMAIIUH;

[J HaBBIKAMH CAMOCTOSITENILHON pabOThl B HAyYHOU OMOIMOTEKE, Ta00paTOpru U HHTEPHETE;

[]  KyJabTYpOi#l MOCTaHOBKM M MOACTHPOBAHHS (PU3UKO-XOMUYECKUX 3a71ad;

[l HaBBIKAMHM TEOPETUYECKOTO aHAJIM3a PEaJbHBIX 3aJ1au, CBS3aHHBIX CO CBOMCTBAMH MOJIEKYII,
ANIEKTPOMArHUTHOTO M3IYYCHUS U B3aUMOJICHCTBUS MEX/y HUMU;

[l HaBBIKAMH MOJICKYJSIPHOTO MOJCIMPOBAHUS CIIOXKHBIX TIOJIMMEPHBIX 1 ONOIOTHYECKHX CHCTEM.

3. IlepeyeHb THNOBLIX (IPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuaina MpOBOAUTCS YCTHBIH ONpoC B
Hayaje 3aHsATHUsl.



4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

BOHpOCLI K 3K3aMCHY:

1) Crarudeckoe v AMHAMUYECKOE PacCEsSHUE CBETA.

2) Bropoi BupuanbHbIi k03 uuueHt.

3) MonekynapHO-MaccoBOE pacipeesieHue.

4) Omnpenenenue Macchl paccenBaroniei eanHuisl (popmyna Pases).
5) Koopaunare! ['unbe.

6) Koopnunars! [ebasi.

7) Koopaunarset 3uma.

8) IIpuHLMI IJIOTHOW yIIaKOBKH.

9) BoanoBoii BeKkTOp.

10) O6paTHOE IPOCTPAHCTBO.

11) Cdepa DBanbaa.

12) DnemMeHTbl CHMMETPUH.

13) Pemerku bpass.

14) ToueuHsle TPyNIIBI CAMMETPHH.

15) ®enopoBckue rpynibl CHMMETPUH.

16) Paccesinne ramMmma-KBaHTa Ha OAMHOYHOM aToMe.

17) Unpexcel Munnepa.

18) YpaBuenue bparra-Bynbda.

19) Ypasuenue CensixoBa- Llepepa.

20) dakTopsl YUIMpPEHHs KpUCTAIIOrpaduIecKux pedieKcos.

21) ITapakpuCTaIIUIHOCTD.

22) Metoa Bapualuy KOHTPACTa IUIOTHOCTH PACCESTHU.

23) NaTeHcuBHOCTH Kak QyHKIUS Dypbe 3JeKTPOHHOH IIJIOTHOCTH.
24) OyHKIMS MAPHBIX KOPPEJALU.

25) PacueT OCHOBHBIX CTPYKTYPHBIX ITapaMeTPOB PACCEHBAIOLICH CUCTEMBI: pa3Mephl U Macca 4acTHll,
o0beM, IIIoMA/Ib U PpakTaibHas Pa3MEPHOCTh TTOBEPXHOCTH.

26) Cxewmsl pabotsl ipubopoB JATA u JICK, ux otinuuust.

27) ®a30BbI€ MIEPEXOABI IEPBOTO M BTOPOTO POJia B OTUMEPAX.

28) Onpenenenue Temmneparypsl crekinoBanus metogamu [ITA u JICK.
29) Onpenenenre TEPMOANHAMUYECKHUX TAPaMETPOB MOIUMEPU3ALINU.

30) TT'A: ocHOBBI MeTO/Ia, OTIpE/IETIEHUE TEPMOCTOUKOCTH, TEMIIEPATyPhl U KHHETUYECKHUX MapaMeTpOB
JNEeCTPYKIMH NOJIUMEPOB.

31) TMA: npuHIMI MeTONA, ONpENeNICHHE TEeMIIEPaTypbl CTEKIOBAaHHS, TEKYYECTH, TeMIICPaTyphl
pasmsirueHust, KodQUIMEHTa TEPMUUECKOTO PACIIIUPEHUSI.

32) IMA: oCHOBBI ME€TOJa, ONpEAeNICHNE BS3KOYIPYTHMX CBOMCTB MOJIMMEPOB, BPEMEH pelaKcallii,
peJlakcalOHHbIC TIEPEXOABI.

33) UnadpakpacHoe U3IydeHHE U KOJICOaHUS MOJICKYII.

34) 'apMOHUYECKHUE W aHTAPMOHUYECKHE KOiIeOaHusI.

35) KonebaHnusi MHOrOaTOMHBIX MOJICKY.

36) XapakTepucTU4HbIE KoJieOaTebHbIE YaCTOTHl OPTaHUYECKUX COCAMHEHUH.
37) Unrepnperanus nHQPaKpPaCHBIX CIIEKTPOB.

38) Knaccuueckasi 1 KBAaHTOBast TEOPHsI KOMOMHALIMOHHOTO PACCESHUSI.
39) DMmnupuyeckre 3aKOHbl KOMOMHALMOHHOTO PACCEsSHUSL.

40) DnexTpuyeckasi MPOYHOCTh.

41) IToBepxHOCTHOE U 00BEMHOE yIEIbHOE CONPOTHUBIICHHE.

42) KoaduuneHT paccessHus.

43) Bs13k0311aCTUYHOCTD [TOJTUMEPOB.

44) Moznenu BSI3KOCTH.

45) KpuBbie TeueHus.

46) CnBuroBoe yTOHBLICHHE IPU TCUYCHHH.



47) HyneBast ciBUroBast BS3KOCTh ITOJIUMEPOB.
48) OcIIAIMOHHBIE TECTHI.

49) OcHOBHBIE TPUHLIHUIIBI CKAHUPYIOIMIEH 30HA0BON MHUKPOCKOMUHU. KOHTaKTHBIN, MOTYKOHTAKTHBIM U
OECKOHTAKTHBIA PEKUMBI CKAHUPOBAHUSI.

50) Monenu B3auMOJICHCTBHS 30H/Ia U MTOBEPXHOCTH. M3MepeHue JTOKAIbHBIX MEXaHHYECKUX CBOMCTB
TTOBEPXHOCTH.

51) CunoBas CrieKTpOCKOIHSI.

52) OnexTpocTaTHuecKasi CUI0Basi MUKPOCKOTIHS.

53) KenbBHUH-30HAOBasA CUIOBAas MUKPOCKOIIHS.

54) MaruuTHO-CUJIOBAsI CIIEKTPOCKOIIHS.

55) [loaroroska 06pa3IoB Ik CKAHUPYIOIIEH 30H0BOH MUKPOCKOTIHH.
56) IlapameTrpu3aniys ciry4aitHO-IIIEpOXOBATHIX TTOBEPXHOCTEH.

57) CamoaddrHHBIE TOBEPXHOCTH.

58) DOxkcnepuMmeHTanbHbIe (IpAMble M AW(PAKIUOHHBIC) METOABI ONpPENENCHUs CKEHINHIOBBIX
K03(h(hUIIMEHTOB, XapaKTePU3YIOIUX CTPYKTYPY MOBEPXHOCTH.

59) KOHTI/IHyaJILHLIe M aTOMHUCTHYCCKHE CKCHIIMHIOBEIC MOACIN pPOCTa TOHKHUX TIIJICHOK B
HEPABHOBCCHLIX YCIIOBHUAX.

60) MexaHU3MBI pOCTa TOHKHX IUICHOK W3 T'a30BO# (asbl.

61) Mexanu3m ocTpoBKOBOTO pocta (Monenb Ponbpmepa-Bepoepa).

62) MexaHu3Mm MocIIoiHOTO pocTa (Monenb Ppanka - Ban nep Mepge).

63) Monens Ctpanckoro—Kpacranosa.

64) loMoreHHOE U TeTepOTeHHOE 3apO/IbIIe00pa3oBaHe, MOJICIH 3apOJIBIIICO0PA30BAHHS.
65) PocT n301upoBaHHBIX OCTPOBKOB.

66) Poct ocTpoBkOB B aHcambie (pemieTouyHoe MNpHONMKEHUE, NPUOIMKEHNE pPaBHOMEPHOTO
oOeHEeHHS).

67) OyHKUMU pacnpeaeseHusI OCTPOBKOB MO pa3Mepam MpH pa3HbIX MEXaHu3Max uX (OpMHUPOBAHUS.
68) CKelIMHroBbIe MOJIENIN POCTA MJICHOK B HEPABHOBECHBIX YCIIOBHUSX.

69) ['eomeTpust MOJNEKYN B AaTOM-aTOMHBIE TIOTEHIIUAIIBI.

70) MexmonekyisipHble B3auMozecTBus. [locTpoeHre MoaeIbHBIX TOTEHLUAIOB.

71) Haubosnee pacnpocTpaHeHHbIE CUCTEMBI TIOTEHLINAIOB.

72) OcoOEHHOCTH MOJIEIbHBIX IOTEHIMAJIOB JJI METAJUIOB M BOJBI.

73) MonekynsipHble MOJIEIN TIOIMMEPOB.

74) lonsitue crarucruyeckoro ancamoisi. OCHOBHbIE CTATUCTHYECKHE aHCaMOJIH.

75) Onpenenenue TepMOIUHAMUYECKUX CPETHUX B PA3IMUHBIX aHCAMOJISIX.

76) CTpyKTypa MOJIEKYJISIPHBIX CHCTEM.

77) BpemeHHble KOppESLIUOHHBIE (YHKIUN U TPAHCIOPTHBIE KO3()(OUIIUEHTHI.

78) YpaBHEHUS IBUKCHUS IS aTOMHBIX CHCTEM.

79) AArOpUTMBI YUCIIEHHOTO MHTETPUPOBaHUS TpaeKkTopuii (anroputmel Bepne, metox Pynre-Kyrra).
80) Pacuer TpaekTopHii 1Ji1 MOJIEKYJI C )KECTKUMHU CBSI3IMU ((prKCHpOBaHHBIC BaJICHTHBIE TMHBI W/UIH
YIJIBI).

81) MonenupoBaHue CUCTEM C TIOTEHIIMATIAMH TBEPIBIX chep.

82) Briuucnenue cui, SJHEPTUU U NaBIeHUS. MoenupoBaHNe MaJIbIX CUCTEM.

83) Ilepuoguueckue TpaHUYHbIE YCIOBHSL.

84) CniocoObI 3a/1aHus IOTCHIIMAIOB B3aUMOICHCTBUS.

85) PacueTs! ¢ m1anbHONEHCTBYIOMUMH MTOTEHIIMATIAMH.

86) 3aganre HaYaIbHBIX KOOPIWHAT U CKOPOCTEH aTOMOB.

87) Pa3nuuHble HCTOUHUKH OIIMOOK B YHCIIEHHOM MOZEIMPOBAHUU.

88) OmmbKu n3MepeHusi TEPMOTUHAMUYECKUX U CTPYKTYPHBIX BEITUYH.

89) Koppekuus pe3ynsraToB pu yuete oOpe3aHust MOTEHIMAala B3aUMOICHCTBUSI.

90) MeTo/pl TPaIMEHTHOTO CITyCKa.

91) MonekynsapHas MEXaHUKa U MOJIEKYJIsIpHAs TUHAMUKA.

92) IlpuMepsl UCTIONB30BAHUS MOJIEKYISIPHON MEXaHUKH.

93) BHyTpuMONeKyIsipHas MOIBMKHOCTh M CTPYKTYPA CIIOKHBIX OMOTOTHYECKUX MOJIEKYIL.

94) MonenupoBaHue MOJIUMEPHBIX KPHUCTAIIOB.

95) lethexTs! B MOIMMEPHBIX KpUCTAIIaX U UX BIUSHUE Ha MOJICKYJISIPHYIO ITOABHKHOCTD.



96) HucneHHblil aHATN3 HEYTIOPSIIOYEHHBIX CTPYKTYP.
97) JlokanbHble XapaKTEPUCTUKN MEXaHUYECKOTO HAPSKEHHS U CMEIEHHS.
98) Muororpannuku Boponoro u cummiekcsr [lenons.

99) MozaenupoBaHue MEXaHHUYECKOro ciBura. Vcrmonp3oBanue rpagueHTta temmeparypsl. Juddysus.
CTpyKTypHas penaKcamms.

[Tpumeps OuIETOB.

IIpumep 1.
1. Bs3K031aCTUYHOCTD MTOJIUMEPOB.
2. BayTpumonekynspHasi MOIBKHOCTh M CTPYKTYPA CIOKHBIX OMOIIOTHYECKIX MOJIEKYJI.

[Ipumep 2.
1. Ilepuonnueckue rpaHUYHBIE YCIOBUSI.
2. Knaccuueckast 1 KBaHTOBast TEOPHsI KOMOMHALIMOHHOTO PACCESHUSI.

Kputepun onennBanus

Onenka ommuyHo 10 OamoB - BBICTABJISIETCSL  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIIAIOIIEMY
HWHTEpeC K JaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYECCKH
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka omaMuHO 9  OaloB -  BBICTABISIETCS  CTYHOCGHTY, I[IOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOJHOE U PaBUIbHOE 0OOCHOBaHHE
HNPUHATHIX PELICHUAMN.

Ouenka ommmuHo &  0GanoB - BBICTaBJsI€TCS CTYIEHTY, II0Ka3aBLIEMY BCECTOPOHHUE,
CHCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHSTHIX
pELIeHN, ¢ HEKOTOPBIMH HEOYETAMH.

Ouenka xopouro 7 6ajoB - BBICTABISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MaTepual, IPaMOTHO U TI0
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh IMOIy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

OI_IeHKa XOpouIo 6 0aJIoB - BBICTABIIAETCS CTYACHTY, €CJIM OH TBEPAO 3HACT MATCpUall, rpaMOTHO U I10
CyHI€CTBY U3JIarac€T €ro, yMmeeT NpUMCHATDH IMOJYUYCHHBIC 3HAHUA HaA IMPAKTUKE, HO OJOITYCKACcT B OTBETEC
HJIW B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTH.

Ouenka xopomio 5 6ajioB - BBICTaBISETCS CTYAEHTY, €CIIM OH B OCHOBHOM 3HAeT Marepuall, FpaMOTHO
U IO CYLIECTBY M3JaraeT €ro, yMeeT NPUMEHAThH MOJyYEHHbIC 3HAHMS Ha IMPAKTHKE, HO JIOMYCKAeT B
OTBETE WJIH B PEIICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.

OueHka ynoBIETBOPUTENbHO 4 Oajla - BBICTaBISAETCA CTYICHTY, IOKa3aBLIEMY (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpPaBUJIbHBIE (DOPMYITMPOBKH 0Oa30BBIX MOHSITHMH,
HapylLEHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B U3JIOKEHUM IIPOIPaMMHOIO Marepuajla, HO IIPU 3TOM
OH OCBOMJI OCHOBHBIE pa3lieibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OueHka ynOBIETBOPUTENbHO 3 Oama - BBICTaBISACTCA CTYICHTY, IOKa3aBLIEMY (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWMW, AOMycKaloulemMy OomHOKH B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLIEHUs] JIOTHYECKOM IOCIEe0OBAaTEIbHOCTH B M3JIOKEHUM IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYZIOM IIPUMEHSET [10JIyYEHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTYalUH.

OueHka HEYIOBIETBOPUTENBHO 2 Oana - BBICTABIAETCS CTYICHTY, KOTOPBIH He 3HaeT OojblIel 4acTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JOMYCKaeT rpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIHUIIOB U HE YMEET UCIIOJIB30BaTh IOJyYCHHBIE 3HAHUS NP PEIICHUN
TUTOBBIX 3a]a4.



OneHka HEyHIOBIECTBOPUTENbHO | 0an - BBICTABISIETCS CTYIACHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX MPAKTUYECKHX
3a/1ad.

5. MeTonuueckune MaTepuasbl, Onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

[Ipu npoBeneHun ycTHOro sk3ameHa oOydaromemycs npepoctasisercs 30 MUHYT Ha HOATOTOBKY.
Ompoc oOyuatomerocs 1o Ouijery Ha YCTHOM »53K3aMEHE HE JIOJDKEH IIPEBBINIaTh OIHOTO
aACTPOHOMMYECKOTO Yaca.



