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

YTBEPXKJAEHO
JupexTop HHCTUTYTA HAHO-, 0KO-,
HH(POPMALMOHHBIX, KOTHUTHBHBIX
U COLMOTYMAHUTAPHBIX HAYK U
TEXHOJI0T Uil

II.A. ®opm

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIHUIIHHE: CympamMosekyssipHast XUMUS

10 HAMPABJIEHUIO: [MpuknagHpie MaTemMaTHKa U Qpu3nka

npo¢uIb NOArOTOBKH: KonBepreHnTHble HaHO-, OMO-, THPOPMAIIMOHHBIC H KOTHUTHBHBIC TEXHOJIOTHU
®dusrex-1IKoia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONorui nM. 1.B.
Kypuatosa
kadenpa HaHO-, OMO0-, HTHPOPMAITMOHHBIX Y KOTHUTUBHBIX TEXHOJIOTUH

Kypc: 1

KBaJIMpUKALUS: MarucTp

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

AynuTOpHBIX 4acoB: 45 BCETO, B TOM YHCIIE:
Jeknuu: 15 gac.
cemuHapsl: 30 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 60 gac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3a4. ex.: 3

[Iporpammy cocraBui: M.A. UlepOuna, kaua. pu3.-MaT. HAyK, JTOICHT

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpsl HAaHO-, OMO-, THPOPMALMOHHBIX ¥ KOTHUTHBHBIX TEXHOJIOTUH
18.03.2020



AHHOTANMA
[enbro TUCHUIITUHBI BIsIETCS POPMUPOBAHUE TPEICTABICHUH 00 OCHOBHBIX MOHATHUSIX CYPaMOJICKYISIPHON
XUMUHA HAHOPA3MEPHBIX CHUCTEM, MPUPOJAE CYNPAMOJEKYISIPHBIX B3aUMOJCUCTBUI U MOJIECKYISIPHOM
pacro3HaBaHUH Kak OCHOBE 00pa30BaHUsI CyNPaMOJICKYISIPHBIX COCAMHEHUH.

1. lean u 3apa4n

Henp AucoMnInHBI
- 00yYUTh CTYACHTOB OCHOBHBIM INPHHLHMIIAM HHXCHEPHH CIIOKHBIX CYNPaMOJIEKYJISIPHBIX CTPYKTYPD,
KaK COCIMHEHHUH BKIIIOYEHHS, TaK M YaCTUYHO YNOPSIOYCHHBIX CAaMOOPTaHMU3YIOLINXCS ME30MOP(HHBIX
cUCTEeM, a TaKke c(OpPMUPOBATh y YYaIIUXCS LEIOCTHOE MNOHMMAaHHME MYJIbTUAUCUUIUIMHAPHOTO
XapakTepa CyNpaMoOJICKYISPHOW XHMHHM, BKJIIOYAIOUIed B ce0sl OpraHHYecKylo, HEOPraHHYECKYIo,
KOOPIMHALMOHHYIO, KOJUIOMIHYIO XUMHIO, (DU3MKY KOHIECHCHPOBAHHOTO COCTOSIHUS, 3H3MMOJIOTHIO,
BUPYCOJIOTHIO U JIPyTHE Pa3Jelibl COBPEMEHHON (yHIaMEHTAIbHON HAyKH.

3agauu AU CHUIIHHBI

- (hopmupoBaHHe OOIIMX MPEACTABICHUNA O ME30MOP(MHBIX CHCTEMax (TpeXMEpHbIE MHUICIIISPHBIC U
OWKOHTHHIOAIBHBIE Me30(a3bl, TIACTUIECKUE KPUCTAIUIBI, POTAMOHHO-KPUCTATHYECKas Me30(as3bl,
KOHJIUC-KPUCTAIUIBI,  JKUAKOKPHCTAJUTMYECKHE  Me30(pa3bl ~ HEMaTHYECKOro,  CMEKTHYECKOIo,
XOJIECTEPUIECKOTO TUTIA);

- OIpEeAeJCHUE B3aUMOCBS3M MEXIY XHUMHUYECKOW CTPYKTypOW M TEOMETpPHEH MOJEKYJd C OTHOMN
CTOPOHBI, © CTPOCHHUEM CYIPaMOJICKYJISIPHBIX arperaroB M ()a3oBbIM ITOBEICHUEM CHCTEMBI — C IPYTOii;
- TpHOOpETeHHE YYaIIUMUCS CIICLHMANBHBIX 3HAaHMH 00 OCHOBHBIX METOZAX XapaKTepH3aLuH
Me30MOP(HBIX CUCTEM (IU(paKIHOHHBIC, ONTUYECCKHE H TEILIOPU3NUSCKUE METOIBI HCCIICIOBAHNS);

- o0y4eHHe CTyAIeHTOB 0a30BBIM IPUEMaM CHHTE3a COCAMHEHUN BKIIIOUYCHHS;

- OIIpE/ICJICHNE B3aUMOCBS3H MEXKIY XUMUYECKOH CTPYKTYpOil MaKpOLMKIMYECKUX COCIUHEHHN M MX
CEJICKTHBHOCTBIO TI0 OTHOIIECHHIO K TEM HJIM MHBIM 3K30pelenTopaM (aHUOHBI, KATHOHBI, HEUTPaIbHBIC
MOJICKYJIbI, OMOJIOTMYECKH aKTHBHBIC KOMIIOHEHTHI);

- TpHOOpeTeHHWEe  y4YalulUMHCS  TPEACTaBICHHH 00  OCHOBHBIX  00JacTAX  MPHUMEHEHWUS
CYIPaMOJICKYJISIPHBIX CUCTEM B ME30MOP(HBIX COCTOSHUIA.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

VYK-2.1 ®opmynupyeT B pamkax 0003HAYCHHON MPOOJIEMBI,
Lenb, 3aJaud, AakTyaJlbHOCTb, 3HAUYUMOCTb (HAay4dHYIO,
MPaKTUYECKYI0, METOANYECKYIO U MHYIO0 B 3aBHCHMOCTH OT
TUIIA TIPOEKTa), OXHUIAEMbIE pE3yJIbTaTbl U BO3MOXKHBIE
cdepbl UX IPUMEHEHUS

YK-2.2 Crniocoben MIPOrHO3UPOBATh pe3ynbTar
AEATEeIBHOCTH M IUIAHUPOBATh IOCIIEA0BATEIBHOCTD ILIArOB
s JAOCTIDKCHUS JaHHOTrO  pesynbrara. Dopmupyer
wiaH-rpaQuK peanu3alyd [pOeKTa B LEJIOM U  IUIaH
KOHTPOJIS €T0 BHITTOTHEHUS

VYK-2 CnocoGeH ynpasiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.3 CniocobeH opranu3oBaTh 1 KOOPAMHUPOBATH paboTy
YYaCTHUKOB IpOEKTa, obecneunBarh paboTy KOMaHIbI
HEOOXOIMMBIMU PeCypcaMu

VYK-2.4 TpencrapnsieT myOIUYHO pe3yNbTaThl IpoeKTa (WIn
OTHENBHBIX €ro JTanoB) B (opMe OTYETOB, CTaTei,
BBICTYIUICHMH Ha HAyYHO-NIPAKTUYECKUX KOH(EepeHIusX,
ceMUHapax | T.II.

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCIOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢ NPUKITAHBIX TPOTPAMM)

MCCIIEIOBATEIbCKAM H UCTIBITATEIbHBIM
obopynoBanueM (MprubOpaMu U yCTaHOBKAMH,
CTIeATN3UPOBAaHHBIMH TTAKETaMH PUKIIAHBIX

TAATAAMM ) D TIDANATITITATI TITIAATAIATITATT NATArTTT

[K-3.2 Criocoben MIPOBOANTH SKCIIEPUMEHT
(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)




LIPUL PAiviivl ] D YIDQUPAMOVYL LLIPVIVIVIAVYL UWJ1av 1L

IMK-3.3 CnocobeH oIleHUBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAJILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOXYJII0)
B pesynberare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATE!
- TmpeaMeT U OOBEKTHl CYNpPaMOJIEKYISIPHOW XMMHH, COBPEMEHHBIC KOHLEHIMH CYNPaMOJIEKYISIPHOM
XUMMUY;
- IPOLIECCHI MOJIEKYIISIPHOTO PAacIO3HABAHMS, aalTallui U MPeoOpa3oBaHMS;
- (PM3UKO-XMMHUYECKHE OCHOBBI TOMOTCHHOTO M T€TEPOT€HHOT0 3apOAbIIIe00pa30BaHMus;
- CTPYKTYPHBIE 0COOEHHOCTH OCHOBHBIX KJIACCOB YaCTHYHO-YIOPSIIOYEHHBIX Me30(¢a3 (IIacTUIecKue
KPHCTaJJIbI, JBYMEPHbIE KOJIOHYAThIE, POTAIIMOHHO-KpUCTAJUIMYEcKas (a3a, KUIKOKPUCTAIUINIECKHE
HeMaTu4eckKasi, CMeKTHUECKasl, XoecTepuyeckasime3odassl);
- OCHOBBI (M3NYECCKOH HEOPraHMYECKOW W KOJJIOWJHONH XWMHUHU, OCHOBBI OOIIEH W OpPTraHUYecKOM
XUMHU;
- CTPYKTYpYy, HOMEHKJIATypy U (PU3MKO-XUMHUYECKHE CBOMCTBAa MPOCTEHUIINX OPTaHUMYECKUX H
HEOPraHWYECKUX COEIWHEHUN: KUCIOT M OCHOBaHMW JIpMroca, coJsied, IIenodel; MOJUMEpPOB M
COIIOJIMMEPOB, J€HIPUMEPOB;
- CTPYKTYpY, HOMEHKJIATypy ¥ (PU3UKO-XUMHUYECKHE CBOMCTBAKOMILJICKCHBIX COCIMHEHHI, B TOM YHCIIE
MOCTPOCHHBIX IO IMPUHIMITY TOCTb-XO34MH: c(epaHnoB, reMucqepaHioB, KpUNTAHAOB, I'€IMKATOB,
KaTeHaHOB, POTAKCAHOB;
- CTPYKTYpY, HOMEHKJIATypy U (U3MKO-XUMHUYECKHE CBOICTBA OCHOBHBIX KJIACCOB MAKPOLMKINIECKUX
MOJIEKYJ, B TOM YHCIIe, KpayH-3(UPOB, HUKIOJEKCTPUHOB, KAIUKCAPEHOB, (PTaJOLMaHUHOB U ID.;
- IPUHIUIBI UX MOJEJIMPOBAHMS, KOHCTPYUPOBAHUS, CO3aHUs U U3MEHEHUs CTPYKTYpPbl pa3IuyHbIMU
(U3UKO-XMMUYECKUMH METOIaMHU;
- TEXHUKY 0€30MMacHOCTH pabOThl B XUMUYECKOH JTaboparopuu.

YMETb:
- HCIIOJIb30BaTh (PU3MYECKHE 3aKOHBI JJISI BBINOJHEHUS KAUYECTBEHHBIX M KOJIMYECTBEHHBIX OLICHOK
HU3MEPSIeMbIX (PU3NUECKUX U BEIMYNH;
- [10JIb30BAThCS IIOAX0laMH U METOIaMU TEOPUH KOHIEHCUPOBAHHOIO COCTOSIHUS BEILIECTBA;
- YCTaHaBIIMBAaTh CBS3b MEXIY CTPYKTYpOW COCIMHEHHH M HMX (U3NYECKUMH U XUMUYCCKUMHU
CBOMCTBAMH.

BJIaJIETh:

- METOJAaMH aHallM3a W MOJCITUPOBaHUS (UIMUSCKUX TIPOIECCOB B CHCTEMax,B TOM YHUCIE U
HAaHOPa3MEPHBIX;

- HaBbIKAMH IUIAHMPOBAHMS W BEICHHS CaMOCTOSTEIbHOM paboThl B Hay4yHOW OHOIMOTEKe,
nabopaTopuy U HHTEPHETE.

- MeToAMKaMH Pa3pabOTKH, MOJACIMPOBAHUS, CHHTE3a, aHAJIHM3a M UCCICIOBAaHHS OCHOBHBIX KJIACCOB
CYIPaMOJIEKYIISIPHBIX CUCTEM.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jejiaM) ¢ yKa3aHueM
OTBEJ€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
buoxumuueckue aCIEeKThI
1 CYNIpaMOJIEKYISIPHOM CaMOOpraHU3aLnu. 1 4 4
[IpumeHeHus: caMOOpraHu3auH.
2 BBenenne n MmotuBanus Kypca. 1 2 4
3 Komnonnnas Xxumusi cynpamoseKyJIspHbIX 1 4 3
4acTull.




Koopannannonnas XUMHUSA

4 1 4 4
CYIIPaMOJIEKYJISIPHBIX arperaros.
Kpucramnoxumus 00BEKTOB

5 CyNpaMoJeKyasIpHON XUMHH. 3 4 4

PeHTreHoCTpyKTYypHBIN aHAIN3.

OOmass u HeopraHm4eckas XHUMHS
6 HIPUMEHUTEIILHO K o0beKTaM 2 2 13
CYIIPaMOJIEKYJISIPHOW XMMUHU.

7 CynpamorneKyssipHas XuMUsl ITOJIMMEPOB. 2 2 4

] dusnueckas XUMHUS CYTIPaMOJICKYIISIPHBIX ) 4 4
aHcamOJIen.
Xumus OpraHN4YECKUX

9 prat 2 4 20
CYIIPaMOJIEKYJISIPHBIX COCIUHEHHH.

Hroro yacos 15 30 60

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYPUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)

1. buoxuMHyeckHe  acmekTbl  CyNpaMOJIEKYyJsIpHOW  camoopranmzanuu.  IlpumeHeHust
CaMOOpIaHU3aLUY.

XuMus ¥ OMOXMMHS MaKpOLMKINYECKUX JHranaoB. CTpykTypa aunuaoB. Jlumuaxsle cioum u
munuHble MeMOpansbl. JIunmocomel. TpexmepHbie CTPYKTYpHL. [1oauaneKTpoauTsI.

[IpumeHeHns camoopraHu3anuy.

Camoopranusyrouecs: CJIOM Ul 3JIEKTPOHUKM U ONTORJIEKTPOHUKH. MoeKyssipHble IpoBOAa —
WOHHbIC KaHalbl. MoH-cenekTuBHbIe MeMOpaHbl. IlarTepHupoBanue A1 MUKPOKOHTAKTHOM Tedary.
®otoHHbIE KpucTauiel. Hanonopuctele Marepuaibl. CUCTEMbI TOYEYHOM 1OCTaBKH JIEKAPCTB.

2. Breaenue v MoTHUBaLIUA Kypca.

CynpamornekyinspHas XUMUs, KaK 4acTh HAy4dHOTO 3HAHUS M caMOCTosiTeNIbHas Hayka. PaGorsl Y.
Ilenepcena, J. Kpama, JK.-M. Jlena. Tunbsl cOCTaBHBIX E€IMHHUIl CYNPaMOJEKYJISIPHBIX arperaros.
dakTopsl, BAMAOLIME HAa (OPMY CyNpaMoOJEKyIspHBIX arperaroB. COeITMHEHUs BKJIIOYEHHS U UX
Kjaccu(uKanus: KaBUTaHIbl, KJIarpadisl. MolleKysipHOe paciio3HaBaHue. KoMmmmMeHTapHOCTb.

3. KOHJ'IOI/I,Z[HaX XUMU CYNIPaMOJICKYJIIAPHBIX YaCTHLI.

OcHOBBl ~ KOJUIOMJHOW  XUMHH.  YpaBHeHue  [uOb6ca.  KpuTwueckas  KOHICHTpamus
MuneiiooOpasoBanus. BizaumoneiictBusa mexay aMOuUIBHBIME MOJEKyJIaMH W THUAPO(OOHBIM
sdext. BimsHue pacTBOpUTENs HAa CTPYKTYpy CYIPaMOJIEKySIpHBIX arperatoB. CamMoopraHn3arus
JTUQUIBHBIX MOJIEKY]T Ha TpaHule paszzaena (a3 KUIKOCTh-BO3AYX (JCHTMIOPOBCKHIMOHOCIION).
dopmupoBaHHE U UCCIEIOBaHNE AByMEPHBIX IJICHOK AN(MIBHBIX BEIIECTB Ha rpaHHLe pasaena ¢as
KHUIKOCTb-BO3AYyX B pEXHME C)KaTHe-pPaCTsDKEHHE: H3MEpPEHHE IOBEPXHOCTHOTO JaBJICHHUA U
MOBEPXHOCTHOTO IMOTEHIMana. Busyanmsamus Mop¢oJOruu IUICHOK HEMOCPEACTBEHHO Ha
MOBEPXHOCTH BOIBI MpPH NOMOLIM OprocTepoBckoro Mukpockomna. Meton Jlenrmiopa-brnomxkert:
OJTHO- W MHOTOCTaJMHHBIA TEPEeHOC MOHO- WM TOJHMCIOEBOH IUIEHKH, cHOpMUpOBaHHON Ha
MOBEPXHOCTH XKHUJIKOCTH, HA TBEPAYIO MOIOKKY.

4. KOOp,Z[I/IHaL[I/IOHHaH XUMHUA CYIIPaAMOJICKYJIAAPHBIX arperaroB.



KomruiekcooOpaszoBanne, KoopAWHAIMOHHBIE coenauHeHus. Jlurannel. KoopawHammoHHasw Teopus
Bepuepa. bunapble cMecH — CIDIaBbl METAJUIOB, MOJUMEpPHBIE TUICHKH. [locTymater Dpnuxa u
Oumepa.Knaccupukanuss KOMIJICKCHBIX — COCJUHEHUH:  aKBAKOMIUICKCHI, aHHOHTaJIOTeHATHI,
KaTHOHTaJIOTCHBI, IT-KOMILIEKCHI, METAJIOLCHBI, XCIaThL.

5. Kpucramioxumust 00bEKTOB CyIpaMoOJIeKYJIIPHONH XUMHUH. PEHTTeHOCTPpYKTYpHBII aHaIH3.

VYnopsinoueHHoe — cocrosiHue. Teopust  kpucramindeckoro — noss.KoopauHanumoHHOE — 4uCIIO.
Koopaunaumonnsiii nonmsnp. Koopaunanmumonnas cdepa. MesomopdHOE COCTOSHHE BELIECTBA:
KHUJKUE KPUCTAJUIBI, MJIACTHYECKUE KpUCTa/LIbl. JKuakue KpucTamibl: Kiaccupukanus (HEMaTHKH,
CMEKTHKH, XOJIECTEPUKH), XapaKTEPHbIE TEKCTYpbl, TepMOTpPONHBIE M JIMOTPOIHBIC CTPYKTYDBI.
ImoOynsapuble kpuctamwibl. [lnoTHeWIMe YMAKOBKM W KIQAKH. ATIEpUOAMYECKHE KPUCTAILIHI.
XapakTepHble BHABI TEKCTYyp JKHIOKAX KPUCTAUIOB. Teopus CyNpaMOJIEKYJSIPHBIX IKUAKUX
KpHCTaJJI0B BinsiHue BHENIIHNX ycI0BUi Ha (pa3oBoe moBeaeHue.

PeHTreHoCTpyKTYpHBII aHaIu3.

OcHOBBI NpUHLIHMIIEI IUGPAKIUM PEHTTEHOBCKUX Jydell M HEeWTpoHOB. PaccesHue oObekTamu C
pa3iIuyHON  YNOPSJOYEHHOCTbIO — MOHOKPHMCTAJUIbl, OJHOMEPHO-IIEPUOINYECKHE CHUCTEMBI,
HWIHHAPUYECKU-CUMMETPUYHbIE OOBEKTHI, W30TPOIHBIE CHUCTEMBL. MIHTEHCHUBHOCTH KakK (YHKIIUS
@ypbe IMEeKTPOHHOU TUIOTHOCTU. AcuMNTOTUKH ['mHbe U Ilopona. DyHKIMS MapHBIX KOPPENALUN.
ManoymioBoe paccesHHue OUCHEPCHBIMM CHCTEMaMH — pPACTBOPBI YacTHI, MOHSATHE KOHTpacTa,
MOHOJUCIIEPCHBIE U IOJUAUCIEPCHBbIE pacTBOpbl.BoccTaHOBIIEHHE paclpeleNeHusl 3JIEKTPOHHOM
IUIOTHOCTH U3 OTHOCUTEIbHONH MHTEHCUBHOCTH MaJIOYTJIOBBIX PEHTI€HOBCKUX Pe(IIeKCOB.

6. Obmast 1 HeOpraHu4ecKas XMMUsI IPUMEHHUTEIBHO K 00bEKTaM CyNpaMOJICKYJIIPHON XUMUH.

DJNEKTPOHHOE CTPOCHUE aToMa. DIEKTPOHHEIe KoH(purypanuu, ypaBaenne [llpenunrepa. KBanrossie
yycla: TIaBHOE, MAarHUTHOE, CIHMHOBOE, OpOWTaNbHOE. JJIEKTPOOTPHUIATENILHOCTh, CPOACTBO K
JNEKTPOHY. MeTo MONEKYISApHBIX opOuraneii.Meron BalleHTHBIX cBs3ed. OmnpenencHue
XUMHYECKON CBs3U. IIoHATHE BAJICHTHOCTH U KOOPAMHALIMOHHOIO YuCia. [[nuHa CBA3M, BaJ€HTHBIN
YIOJI, TOJSPHOCTh, DSHEPTrus CBs3u. |ubpuamszamuss u ompexneneHue (OPMBI MHOTOATOMHBIX
gacTull. Tunbl cBsi3el, XUMHUYECKHEe W (PU3MUECKUE CBSA3U. XUMHUYECKUE JBYXAJICKTPOHHBIC CBSI3U:
KOBJICHTHBIC (ITOJIIpHAs, HE MOJISIpHAS JJOHOPHO-aKIENTOPHAs ), HOHHAS. XUMUYESCKUE COCTUHEHUS C
NeUIUTHBIMUA CTPYKTYpaMH (apoOMaTHYECKHE CTPYKTYPBI, OOPOBOJOPO/bI). MeTaminyeckasi CBs3b.
MeXMOJIEeKyISIpHBIE B3aUMOJICHCTBUS: DJIIEKTPOCTATUYECKOEe (OPUEHTAIMOHHOE, WHIYKIIMOHHOE,
JMCTIEPCHOHHOE); JOHOPHO-aKIeNTOPHOE B3auMojelicTBue. BojopomHas cBs3b. TUIBI XUMHUYECKOH
CBS3W B KpHUCTAIaX: HOHHBIC, aTOMHBIC (KOBAJIGHTHAs, METAJUTMYECKas) M MOJEKYISIpHEIE.
JIBrxyiue cuiibl camoopranuzanuu. Bogopoansie cBsa3u. NoH-IUONbHBIE, TUTOIb-AUIIONbHEIE, -1
B3auMozeiicTBus. Ban-nep-BaanbcoBbl cUbL.

7. CynpaMoueKyssipHasi XUMUSI TIOJIMMEPOB.

[Homumeprl. Omnpexnenenue, >XecTKOUENHbIE M TUOkouenHble. CTaTucTHyeckass TEPMOAMHAMHUKA
cMmeceil U cIulaBoB noiauMepoB. CMecH KpUCTaUIMYECKHX IIOJUMEPOB, MX CTpykTypa. Cmecu u3
KECTKOLICTIHBIX MMOJMUMepoB. Pemerounas momens Dnopu Ui TEPMOTPONHBIX M JIMOTPOITHBIX
cMmeceil. ®azoBas craOWIbHOCTh. PoTalmoHHO-KpucTanieckas (aza B monuMepax. [ uOkue
JIMHEWHBIE MaKpOMOJEKysbl. [ MOKOIeHbIE MOTUMEpPHl C JIMHHBIMH OOKOBBIMH 3aMECTUTEIISIMU.
XKectkne MakpomoseKynbl ¢ THOKMMH OOKOBBIMH 3amecTuTensMH. Jluckotuku. Cekropo- u
KOHYCOOOpa3Hble IEHAPOHBI. JleHApUMEephl — YaCTUIIBI-MOJICKYJIbl. PacTBOPUMOCTD U COBMECTUMOCTh
OJIUMEpOB. TepMOoIMHAMHUYECKHE KPUTEPUM B3aUMOPACTBOPUMOCTH. CHCTEMBI C BOAOPOIHOH
cBi3pl0.  brok-comonmmmepsl.  Teopuss  (as3oBbIX — mepexomoB B OJOK-COMOIMMEpax.
Tepmonunamuueckuid noaxox Mzpawmnamsuinn.0630p wmoxeneit SAFT, PRISM, LCT. Cnyuan
CWwIbHOW U cnaboit cerperanmuu. OOmass Tteopus Marcena-baiitca. Bimsaue BHemTHUX
reOMEeTPUYECKUX OTpaHMUYCHUH Ha (a30BbIe MPEeBpaICHHS B OIOK-COMOINMEPAX.

8. dusnueckas XuMUs CypaMOJIeKyJIsPHBIX aHCaMOIIeH.



dazoBble Mepexoabl MEPBOro M BTOPOTo pona. TepMocTuMynupoBaHHOE paszeneHue ¢a3 u dazosas
CTaOMIBHOCTh. XHMUYECKHH TMOTEHUUAI. ODHTPONHS KOH(PUrypanuoHHAasT ¥ KOH(POPMAaLMOHHAS.
Mognenb O®nopu-Xarruaca.Onpenenenue TEMIIEPATYPHI CTEKJIOBAHMS METOIAMU
TuQQepeHInaTb-HOr0 TEPMUYECKOTO aHanu3a 1 AuddepeHnrnanbHOl CKaHUPYIOIIEH KaJlOPUMETPHH.
Bpewms penakcanuy, pesakcalOHHbIE IEPEXO/IbI.

9. XuMusl OpraHUYEeCKUX CYIIPAMOJIEKYIISIPHBIX COCIMHEHUH.

BsaumopneiicTBust THna kiro4d-3aMok. CenekTuBHOCTh. KpayH-3¢upbl u XupanbHas CElIeKTHBHOCTD.
Makpouuknuueckue nonuamMussl. [{uknonekcrpunsl. KanukcapeHsl — coelMHEHYsI ¢ peryaupyeMoit
CENEKTUBHOCTBIO. JIM3aliH TOYEK MOJEKYJISIPHOTO Paclo3HaBaHUA. JIECTHUYHBIE CTPYKTYpBI, CETKH,
pemieTku. JIMHEHHbIE KOMITIOHEHTHI CYNpPaMOJIEKYISPHBIX CETOK: TMOKHE KOMIIOHEHTHI, JKECTKHE
KOMIIOHEHTHl — ocHoBaHus Lludda, rubkme tpumonsl. LluknMyeckue CHUHTOHBI, IUIOCKUE
MaKpoUMKiIbl — (TanonuaHuHbl. /luHamepsl. Porakcanbl. KaTeHaHbl M MOJEKYJSpHBIC KaIlCyIIbl.
JlenapruMepsl — 4aCTUIBI-MOJICKYJIBI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIeCTBICHHS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

yudeOHas ayTUTOpHsl, OCHAILEHHAS! KOMITBIOTEPOM U MYJIbTUMEAUHHBIM 000py10BaHHEM (IIPOCKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
®onp auTeparypsl Kadeaps

1. Crun dx.B., OtByn [Ix.JI. CynpamonexynsipHas xumusl. [lep. ¢ anmn.: B 2 T. — M.: AkageMKHHUra,

2007.

2. Cragg P.J. A Practical Guide to Supramolecular Chemistry. — New York: John Wiley & Sons Ltd.,
2005.

3. WzpaenamBunu Jx. MexmonekynsipHble U IOBEPXHOCTHBIE cuibl. Ilep. ¢ anmt. — M.: Hayunsli
mup, 2011.

4. Davis F., Higson S. Macrocycles: Construction. Chemistry and Nanotechnology Applications. —
New York: John Wiley & Sons Ltd., 2011.

5. Bonsiackuit A.JIL., bakeeB H.®. CtpykrypHas caMmoopranuzanusi aMOp(HBIX IOJIMMEPOB. - M.
®usmatiut, 2005.

JomnonHurensHas aureparypa

1. Obmas u Heopranudeckas xumus [ Texcr]| : yaeOHUK 1715 By30B : pek.M-Bom 06p.PD / H. C.
AxmeToB .— 4-¢ uza.,ucnpasi. — M. : Beicias wik., 2001 .— 743 c.

2. ®uryposckuit H.A. Uctopust xumun: Yaeonoe nocobue. — M.: [Ipocsenienue, 1979.

3. @uzep JI., Puzep M. Oprannueckas xumusi. YrryonaeHnsiit kype. Tom 1 u 2. — M.: Xumus, 1966.
4. Jeffrey G.A. An introduction to hydrogen bonding. — Oxford: Oxford University press, 1997.

5. ¥Ypycos B.C. Teopernueckas kpucrauioxumus. — M.: MI'Y, 1987. .

6. Hait J[)x. ®usndeckue cBoiicTBa kpuctamioB. —M.: HocTpanHas nuteparypa, 1970.

7. Baitamreitn b.K. [ludpakiust peHTTeHOBCKUX JTydel Ha LEMHBIX MoJieKydax. — M.: M3narenbcTBoO
Axanemuu Hayk CCCP, 1963.

8. Bororkmii C.C. Kypc xommonaaoi xumun. — M.: Xumus, 1975.

9. Beer P.D., Gale P.A., Smith D.K. Supramolecular Chemistry. — Oxford: Oxford University press,
1997.

10. Xupaoka M. Kpayn-coenunenus. CoiicTBa u npumeHeHus. — M.: Mup, 1986.

11. ITmar> H.A., BacunbeB A.E. @usnonornyeckn akTuBHBIE OIUMepbl. — M.: Xumus, 1986.

12. Ban Kpesenen [I. B. CoiicTBa 1 XuMH4ecKoe cTpoeHue noaumepon. — M.: Xumus, 1976.

13. Toposckuii FO.K. Temnmoduzuka nonmumepos. — M.: Xumus, 1982.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)



L.http://lib.mipt.ru— snexrponnas 6ubnmoreka dusrexa.

2. http://www.Sci-lib.com — Bonbinas HayuHast OubnuoTexa.

3. http://www.ch.kcl.ac.uk/supramol/textbook.html - cceikn Ha TeMaTH4ecKKe CTaTbU U HH()OPMAIIHIO.
4. http://www.mdli.com/chemscape/chime - nporpamuoe obecneuenrie Chemscape Chime Software
JUTS KHTEPaKTUBHOTO 3D-1TpocMOTpa MOJIEKYISPHBIX CTPYKTYP.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Microsoft Office PowerPoint, HyperChem, Cambridge Soft Chem Office.
9. MeTonuueckue yKazanus 1J1s 00y4al0IUXCs 110 0CBOSHHIO TUCIMILTHHBI (MOTYJIsT)

JJis ycrenHoro ocBOEHUs Kypca, IOMUMO MOCEIEeHHs JIKIUH U CEMUHAPOB, OT CTyACHTOB TpedyeTrcs
caMmocTosATeNbHass pabora B 0o0beMe HE MEHbBIIEM, YeM 4Yachl, yKa3aHHbBIE Ul KaXIOro paselna
nporpammbsl (Bcero He MeHee 27 dYacoB B ceMecTp). B OCHOBHOM, 3TO BpeMs OTBOAMTCA Ha
CaMOCTOATEJIBHOE UYTEHHE JIMTEparypbl IO INPONHIEHHBIM MU CMEXHbIM TeMaM. CaMOCTOSTENIbHBIE
3aHATUSl BKJIIOYAIOT B ceOs TakKe MOBTOPEHHME Marepuaja JeKUui. B kauecTBe mpoMexXyTOUHOTO
KOHTPOJIs1 OyZIeT IPOBEACHO 2 KOJUIOKBHYMa MO NPOHIeHHBIM TeMaM. CTyeHThI, YCIELIHO MPOIIEAIINe
Bce (POPMBI IPOMEKYTOUHOTO KOHTPOJISL, AOIMYCKAIOTCS K CIaue 3K3aMeHa M0 AUCLUIUIMHE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: KonBepreHnTHbie HaHO-, OMO-, THPOPMAIIMOHHBIC U KOTHUTHBHBIC TEXHOJIOTHU
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuarosa
kagenpa HaHO, OMO, NH(HOPMAIIMOHHBIX U KOTHUTHBHBIX TEXHOJOTHIA

Kypc: 1

KBaJIMpUKALUS: MarucTp

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

Pa3zpadoTunk: M.A. lllep6uHa, kaua. Gpu3.-Mar. HayK, JOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-2.1 ®opmynupyeT B pamkax 0003HAYCHHON MPOOIEMBI,
HeNnb, 3aJadd, aKTyaJbHOCTh, 3HAYMMOCTH (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYI0O U UHYIO B 3aBUCHMOCTH OT
TUMA TPOEKTa), OXKHIAEMbIe pPEe3yJbTaTbl W BO3MOKHBIC
cdepbl UX MPUMECHEHUS

YK-2.2 Criocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITEIbHOCTH U IUIAHUPOBAThH MOCJIEJ0BAaTEIbHOCTD IIAroB
I JAOCTWXKGHUS  JaHHOro  pesynerara. ®Dopmupyer
IIaH-TpaduK peayn3alud MpoeKTa B ILeJOM H  IUIaH
KOHTPOJISI €T0 BHITOJITHEHUS

YK-2 CriocoGeH ynpaBisiTh IPOEKTOM Ha BCEX
JTanax ero peajin3anuu

VYK-2.3 CriocobeH opranu30BaTh 1 KOOPAHMHUPOBATH paboTy
YYaCTHUKOB TNPOCKTa, o0ecreunBaTth paboTy KOMaHJbI
HEOOXOIMMBIMHU pecypcamMu

VYK-2.4 Ilpencrapnser myOIu4HO pe3ysbTaThl IpoeKTa (Win
OTAENBHBIX €ro JranoB) B (opMe OTYETOB, CTarei,
BBICTYIUICHMH Ha HayYHO-IPAKTUYECKUX KOH(EPEHIHSIX,
CeMMHapax U T.II.

[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIOIB3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAKETOB

[TK-3 Criocoben npodeccrnoHanbHO paboTaTh ¢ NPUKITAHBIX TIPOTPAMM)

UCCIIeJOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBaHueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLUATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX

IIK-3.2 Crocoben MIPOBOJNTH AKCIIEPUMEHT
(MOIETUPOBAaHKE) C KCIOJIb30BAHUEM HCCIICIOBATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH
IMK-3.3 CnocobeH oIleHUBaTh TOYHOCTH IOJyYEHHBIX

OKCIICPUMCHTAJIbHBIX (‘H/ICJ'IGHHBIX) PE3YJIIbTATOB

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydenus quciuiuinabl « CympaMoIIeKyIIsIpHas XUMUSD» 00YUarOIIHIACS TOJIKCH:

3HATh:
- TmpeaMeT U OOBEKTHl CYNMpPaMOJIEKYISIPHOW XMMHHU, COBPEMEHHBIC KOHLENIMH CYNPaMOJICKYISIPHOMI
XUMMUY;
- IPOLIECCHI MOJIEKYIISIPHOTO PAacIO3HABAHMS, aalTallui U MPeoOpa3oBaHMS;
- (PM3UKO-XMMHUYECKHE OCHOBBI TOMOTCHHOTO M T€TEPOT€HHOT0 3apOAbIIe00pa30BaHMus;
- CTPYKTYPHBIE 0COOEHHOCTH OCHOBHBIX KJIACCOB YaCTHYHO-YIOPSIIOYEHHBIX Me30(¢a3 (IIacTUIecKue
KPHCTaJJIbI, JBYMEPHbIE KOJIOHYAThIE, POTAlIMOHHO-KpUCTAJUIMYECKas (a3a, HKUIKOKPUCTAIUINIECKHE
HeMaTu4eckKasl, CMeKTHYECKasl, XouecTepuyeckasime3odassl);
- OCHOBBI (M3NYECCKOH HEOPraHMYECKOW W KOJJIOWJHONH XWMHUHU, OCHOBBI OOIIEH W OpPTraHUYecKOM
XUMHU;
- CTPYKTYpYy, HOMEHKJIATypy W (PU3MKO-XUMHUYECKHE CBOHCTBAa MPOCTEHUIINX OPTaHMYECKUX H
HEOPraHWYECKUX COEIWHEHUN: KUCIOT M OCHOBaHMW JIpMroca, coJsied, IIenodei; MOJIUMEpPOB M
COIIOJIMMEPOB, J€HIPUMEPOB;
- CTPYKTYpY, HOMEHKJIATypy ¥ (PU3UKO-XUMHUYECKHE CBOMCTBAKOMILJICKCHBIX COCIMHEHHI, B TOM YHCIIE
MOCTPOCHHBIX IO MPUHIMITY TOCTb-XO34MH: c(epannoB, reMucqepaHioB, KpUNTAHAOB, I'€JIHKATOB,
KaTeHaHOB, POTAKCAHOB;
- CTPYKTYpY, HOMEHKJIATypy U (PU3UKO-XUMHUYECKHE CBOICTBA OCHOBHBIX KJIACCOB MAKPOLMKINYECKUX
MOJIEKYJ, B TOM YHCJIe, KpayH-3(QUPOB, HIUKIOJEKCTPUHOB, KAIMKCAPEHOB, (PTaJOLMaHUHOB U ID.;
- IPUHIUIBI UX MOJEJIMPOBAHMS, KOHCTPYUPOBAHUS, CO3IaHU U U3MEHEHUs CTPYKTYpPbl pa3IuyHbIMU
(U3UKO-XMMUYECKUMH METOIaMHU;
- TEXHUKY 0€e30MMacHOCTH pabOThl B XUMUYECKOH JTaboparopuu.

YMeThb:




- HCIIOJIb30BaTh (PU3MYECKHE 3aKOHBI JJISI BBINOJHEHUS KAUYECTBEHHBIX M KOJIMYECTBEHHBIX OLICHOK
U3MepsAeMbIX (PU3MYCCKUX U BEJTUUUH;
- TIOJIb30BATHCS MOAXOIAMH U METOJIaMH TE€OPUH KOHICHCHPOBAHHOTO COCTOSTHHS BEILIECTBA;
- YCTaHaBIIUBATH CBSI3b MEXIY CTPYKTYpOH COCIMHEHHH W WX (U3NYECKUMH H XUMHYCCKHMHU
CBOMCTBAMH.

BJIA/IeTh:
- METOJAaMH aHallM3a W MOJCIUPOBaHMS (UIMUSCKUX TPOIECCOB B CHCTEMax,B TOM YHUCIE U
HaHOPA3MEPHBIX;
- HaBbIKAMH IUIQHMPOBAHMS W BEICHHS CaMOCTOSTEIBHOM paboThl B Hay4yHOW OHOIMOTEKE,
nabopaTopuy U HHTEPHETE.
- MeToAMKaMH pa3pabOTKH, MOJACIMPOBAHUS, CHHTE3a, aHAJIH3a M UCCICIOBAaHHS OCHOBHBIX KJIaCCOB
CYIPaMOJICKYJISIPHBIX CUCTEM.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

B nensix Tekylero KOHTpOJIs yCIEBAEMOCTH MPENLyCMOTPEH KPaTKUH OIpOC IO TeMaM IpPeAbLAyIIHX
3aHATHUH 110 TEME MTPOLION JIEKIIUN WX B KOHIIE 3aHATHS 110 IPOMIEHHOMN TeMe.



3. IlepeyeHb THNOBBIX KOHTPOJIBHBIX 3a/IaHHI, HCNOJAb3YyeMbIX JJIA OLEeHKH 3HAHMIi,
YMeHHii, HABLIKOB

[TpomexyTouHas aTTectanus 1o qucuuiuiiie «CynpamMoeKysipHas XUMHsDY OCYIIECTBIISETCS B
dbopMme 3Kk3aMeHa. DK3aMeH MPOBOJUTCS B YCTHOM (opme.

HpI/IMepLI IK3AaMCHAIIMOHHBIX OUJIETOB

Buaer 1.
1. Teopus cpennero nosisi. buHapHbele cMecu — CIUIaBbl METAJUIOB, NOJMMEpHbIE IUIEHKH. [lapamerp
HOPSIZIKA U €0 MPOCTPAHCTBEHHbBIE KOPPEIIALIUH.
2. TepmotporHble cucTeMbl U (hazoBble nepexoasl. biok-comomumepsl. Ciaydyan CHIBHON M cnaboit
cerperanmu. OOmias Teopus Marcena-balitca. BiusiHue BHEIIHMX T€OMETPUUYECKUX OTPAaHUYEHUH Ha
¢dazoBbIe MPEeBpaICHUS B OJIOK-COMOJIMMEpAX.
3. 3oHa0Basi MUKpOCKONHUsA. KOHTaKTHBIN, NOJYKOHTAKTHBIM U OECKOHTAKTHBIN PEXUMbI CKAHUPOBAHUSI.
Mopnenu B3aMMOJEHCTBUS 30HJAa U TOBEPXHOCTH. M3MepeHHE JIOKaIbHBIX MEXAaHUYECKUX CBOMCTB
IIOBEPXHOCTH.

Buaer 2.
1. OcHoBBI KOJUTONTHOW XUMUHU. KpuTHueckasi KOHIEHTpAIHU MUIIEIUIO00pa30BaHHMS.
2. Tepmotponsbsle cuctembl. da3oBble MEPEXOAbl B COECIUHEHHUSX Ha OCHOBE TajNIOBOM KHCIOTHI.
@da3oBble TEpexoAbl Ha OCHOBE OeH30JCYyNb(OHOBOW KUCIOTHL. KOJIOHUaThle  CTPYKTYpHI,
chopmupoBaHHbIe 60Ta-aMPUPHITEHBIMU MOJIEKYJIAMHU.
3. DnekTpocTaTuyeckas cuiaoBasi MUKpockonusi, KenbBUH-30H0Bask CUI0Basi MUKPOCKOIHMSI, MAarHUTHO-
CHJIOBasl CIIEKTPOCKOIIHS.

Buaer 3.
1. JIBmkymue cuiibl camoopranuszanuu. Bogopoaneie cBs3u. MoOH-IUIONBHBIE, AUMNOJIb-AUIOJIBHBIE,
KAaTHOHHBIC, aHHWOHHBIE B3aUMOJCHCTBUA. BaH-nep-BaanbCoBbl CHIBl M NPHUHLIMIN IUIOTHEWUIIEH
ynakoBKU. B3aumopenictBus Mexny aMPupUIbHBIMU MOJEKyJaMu U ruapo@oOHbIi s dekT. BausHue
pPacTBOPUTEIIS HA CTPYKTYPY CYNPaMOJIEKYJISIPHBIX arperaTos.
2. JInmorponHsle cucteMbl. CTpyKTypa JUNUAOB. JIMMUAHBIE CIION U JUMUAHbIE MeMOpaHbl. JINOCOMBI.
TpexmepHbIE CTPYKTYPBI.
3. CkeWnuHroBble MOAXOJbl omMcaHUs Mopdosorun noBepxHocTH. [lapamerpusanus ciyyaitHO-
mepoxoBaTelx — noBepxHocTedl. CamoadduuHble moBepXHOCTH. OrmpeneneHne  CKEHIMHTOBBIX
KO3 (UIIUEHTOB.

Bujer 4.
1. B3aumoneiicTBusl THNa Kir04d-3aMOK. CeneKTUBHOCTh. KpayH-3hupsl U XupajibHas CEJICKTUBHOCTD.
MakpOoMKINYECKHE MOJIMaMUHBI.
2. Ilmactuyeckue Kpuctamibl. JleHIpUMEpbl — YaCTUIBI-MOJIEKYJbl. POTallMOHHO-KpUCTAIIHYECKAs
daza B monmumepax. ['mOkue nMHEHHBIE MaKpOMOIEKYNIbl. [ MOKOIEMHbIE MONMMMEPHl C JITHHHBIMU
OOKOBBIMH 3aMeCTUTENIMU. JKecTKkre MaKpOMOJIEKYJIIbl C THOKMMH OOKOBBIMU 3aMECTUTEIISIMHU.
3®da3oBbIe IEpexo/1bl EPBOTO U BTOPOro pojia B moiauMepax. Onpenenenue TeMrneparypbl CTEKIOBAHHUS
MeTrogamMu  auQGepeHITnaTIbHOTO TEPMHYECKOro aHanmm3a W JaudepeHnnanTbHON  CKaHMPYIOMEH
KaJIOpuMeTpuH. Bpemst penakcanny, penakcalioHHbIe epexoabl. TepMOorpaBUMETPUYECKUI aHAIINS.



Buaner 5.
1. JIuneiiHble KOMIIOHEHTHI CYPAaMOJIEKYIISIPHBIX CETOK: THOKHE KOMIIOHEHTHI, )KECTKUE KOMIIOHEHTBI —
ocHoBanus Illudda, rubkue Ttpumoasl. LlUKIMYECKHE CHHTOHBI, IUIOCKHE MAKpPOIMKIbI —
¢branounanuHel. [luHaMepsl.
2. Kunkume xpucramisl. Hematuku. Cwmektuku. Kiaccupukamuss CMEKTHKOB. XOJIECTEPHKH.
XapakTepHbIE BUBI TEKCTYP KUIKUX KPUCTAJIOB.
3. OCHOBBI NPUHIMIBI ITU(PPAKIUKA PEHTICHOBCKUX Jyded M HeHTpoHOB. PaccesHue oObekTamu ¢
pa3IMYHOM  YHNOPSAJOYEHHOCTBIO —  MOHOKDHUCTAJUIbI, OJAHOMEPHO-IIEPUOJMYECKUE  CUCTEMBI,
LWINHAPUYECKU-CUMMETPUYHbIE O0BEKTHI, U30TPOIHBIE CUCTEMBI.

Buuer 6.
1. Porakcanbl. Kmaccudukanms. Cunres.
2. Camoopranmzanus IUQWIBHBIX MOJEKYJd Ha TpaHule paszznena (a3 >KUIKOCTb-BO3AYX B
JIEHIMIOPOBCKHUIMOHOCTION. POopMHUpOBaHKE U HCCIIEAOBAHNE IBYMEPHBIX IUICHOK JU(UIBHBIX BEIIECTB
Ha TrpaHMIe pasgena (a3 IKUIKOCTH-BO3AYX B PEXKHUME CXKATHUE-PACTSDKCHHE: HW3MEpEeHHE
HOBEPXHOCTHOTO JIABJICHHS U IOBEPXHOCTHOT'O MOTEHIIMATIA.
3. CaMoOpraHu3yIOIIMEcs CIOU Ul SJIEKTPOHUKHU U ONTOJIEKTPOHUKH.

Buer 7.
1. Karenansl. Knaccudukamnus. Cuares.
2. Busyammzaruss MOpQOJIOTHUU IUICHOK HEMOCPEACTBEHHO HA IMOBEPXHOCTH BOJBI IMPHU ITOMOIIU
OproctepoBckoro Mukpockona. Meron Jlenrmiopa-biaomkerT: OAHO- M MHOTOCTAAMMHBIA TEPEHOC
MOHO- WJIH TOJHUCIOCBOM IUICHKH, CQOPMHUPOBAHHOM HA TMOBEPXHOCTU >KUAKOCTH, HA TBEPAYIO
MOJITIOKKY.
3. Non-cenextuBHubie MeMOpaHbl. DOTOHHBIE KPUCTAILIBL.

Bujer 8.
1. luknoaexcrpunsl. KanukcapeHsl — COEAMHEHUS C PETYIUPYEMOM CEIEKTUBHOCTHIO.
2. TlarrepHupoBaHWe s MHUKPOKOHTaKTHOH Tmeyatu. DOTOHHBIE KpHCTaUIbl. HaHomopucTtele
MaTepuabl.
3. BoccranoBneHue pacnpesneneHus 3IEKTPOHHOW IJIOTHOCTH M3 OTHOCUTENIBHOW WHTEHCUBHOCTH
MaJIOYTJIOBBIX PEHTI€HOBCKUX Pe(dIeKCOB.

Bujer 9.
1. DnexTpoHHOE cTpoeHue aroMa. KBaHTOBBIE yHMCla: INIaBHOE, MAarHUTHOE, CIIMHOBOE, OpPOMTAIbHOE.
DNeKTpOHHBIE KOH(UTYpaIHH.
2. VmuopsmoueHHoe cocTtosiHue. KoopamHammonHoe  9mcio. KOOpIWHAIMOHHBIN  TONHAAP.
Koopaunamnmonnas cdepa.
3. UadpakpacHoe U3mydeHue U KojieOaHuss MoJieKysl. [[apMOHMYECKHe ¥ aHTApMOHHYECKHE KOJICOAHMS.
Konebanus MHOroaTOMHBIX MOJIEKYJ. XapaKT€pPUCTHUUHBIE KoJeOaTeNbHbIE YacCTOTHI OPraHMYECKUX
coeauHenuil. UuTepnperanns HHPpaKpacHbIX CIIEKTPOB.

Buaer 10.
1. ®a3oBbIe nepexo/bl IEPBOro U BTOPOro poja. TepmocTuMynupoBaHHOe pasaeneHue (a3 u (asoas
CTaOMIbHOCTh. XUMHUECKUI MOTEHIIHA. DHTPONHUs KOHPUTypalmoHHas ¥ KoH(popMalmoHHas. Mojienb
®nopu-Xarruscea.



2. Me3oMop(pHOE COCTOSIHME BEIIECTBA: JKUAKHE KPUCTAJUIBI, IUIACTUYECKUE KPUCTAJLIBI.
Knaccudukanus KK, HemaTuku, CMEKTHKH, X0JIeCTepUKU. [ 100yIsIpHbIe KPUCTAIUIBI.

3. Ilpenen paspemieHusi CBETOBOTO M 3JIEKTPOHHOTO MHUKPOCKONOB. PopMHpOBaHHE H300pakeHHs B
CBETOBOM U 3JIEKTPOHHOM MHKpockore. [Tornomenue ceera. Ypasaenune byrepa - JlamOepra - bepa.

Bujer 11.
1. KpayH-3¢upbl 1 XUpaabHas CEICKTUBHOCTD.
2. [TnoTHeimme yrakoBKU ¥ KJIaKA. TepMOTPOITHBIC B TUOTPOITHBIC CTPYKTYPHI.
3. VYpasuenue Ilpenunrepa. BoccraHoBieHHEe pachnpeieicHUs JJICKTPOHHOW IUIOTHOCTH U3
OTHOCUTEIIbHOW MHTEHCUBHOCTH MAJIOYTIIOBBIX PEHTTEHOBCKUX Pe(ICKCOB.

bujer 12.
1. TuOKouLenHbIE TMOJUMEPHI C IIUHHBIMA OOKOBBIMU 3aMECTHTENSIMHU. JKeCcTKhe MaKpOMOJIEKYIBI C
rHOKMMU OOKOBBIMH 3aMECTUTEIISIMH.
2. JIBUKyIIHE CHITBI CAMOOPTaHU3aIUH.
3. OcHOBBI TpUHIMIBI TU(GPAKIMA PEHTICHOBCKUX JIydeld M HEHUTPOHOB. PaccesHue oObeKTaMu C
Pa3IMYHON YIOPSIIOUEHHOCTHIO

bujer 13.
1. Tuckoruku. CeKTopo- 1 KOHYCOOOpa3HbIe IEHAPOHEI.
2. Xumudeckas CBsi3b. [IoHSATHE BAJIGHTHOCTH W KOOPIWHAIIMOHHOTO Yncia. JlJInHA CBS3W, BaJICHTHBIN
yroJi, HOJSPHOCTH, Heprus cBa3u. [ ubpuauszanus. Tunsl cBsazeil.
3. Meronbl MOJEKyIspHOW MEXaHMKH. MoOAenupoBaHUE CIOXKHBIX MOJIMMEPHBIX CUCTEM. AHaIHU3
MOJIEKYJIIPHOM CTPYKTYpPBI B UNCIECHHBIX SKcliepuMeHTax. HepaBHoBeCcHas MOJEKyIsIpHAs TUHAMUKA.

Bujer 14.
1. Crpykrypa munuaoB. JlumwmumHbele cIoM W JUNWAHBIE MeMOpasbl. Jlumocombl. TpexmepHbie
CTPYKTYpBHI.
2. BnusitHue BHEIIHUX T€OMETPUYECKUX OTPaHWUYSHUH Ha (ha30BbIe MPEBpAIIeHUs B OJIOK-COMOIMMEpPaXx.
3. CtpoeHme ancopOIMOHHBIX TUICHOK Ha JKHIKOW MOBEpXHOCTH. [IeHKH, MepeHeCeHHbIe Ha TBEPAYIO
MOJJIOKKY C MOBEPXHOCTU BO3yX — Bofa / iieHKu Jlenrmropa-bnomkeTT.

Buaer 15.
1. Kommnekcoobpa3zoBaHue, KOOpJIMHAIMOHHbIE coennHeHus. Kiaccudukanmus KOMIUIEKCHBIX
COCUHCHHM.
2. Pemmerounas mojens Onopu Uit TEPMOTPOITHBIX M JTHOTPOITHBEIX cMeceil. Da3oBast CTaOMIIBHOCTb.
3. AToMHas cuJIOBas MHKPOCKOMHS. 30HIOBas MHKPOCKONHWs. KOHTAaKTHBIA, IMONYKOHTAaKTHBIA |
OECKOHTAKTHBIN peXUMbl CKaHUPOBaHUA. MoJienu B3auMoIeCTBHS 30H1a U TTIOBEPXHOCTH.



4. Kputepuu ouleHUBAHMSI

Onenka baibt Kpurepun

10 BricTaBisiercss  CTyAEHTY, IIOKa3aBLIEMY
BCECTOPOHHME, CHUCTEMaTH3UPOBAaHHbIE, INIyOOKHE
3HaHUS  y4eOHOH TIpOrpaMMbl  TUCIMILIMHBI,
HPOSIBIISIONIEMY HHTEpEC K JaHHOW IMpeIMETHOM
o0nacTd,  TPOJEMOHCTPUPOBABIIEMY  yMEHUE
YBEPEHHO M TBOPYECKM MPUMEHATh UX Ha
NpaKTUKEe TpPU pelIeHMH KOHKPETHBIX —3a/ad,
CcBOOOJIHOE U MPABUIIBHOE OOOCHOBAHUE MPHUHATHIX
pelIeHU.

9 BeicTaBisiercs  CTyAE€HTY, IOKa3aBIIEMY
BCECTOPOHHME, CHCTEMaTH3UpPOBaHHbIE, INIyOOKHEe
3HaHUS YYeOHOH MpOorpaMMbl JUCHUIUIMHBL |
YMEHHME YBEPEHHO NIPUMEHSATh UX HA NPAKTUKE IIPU
pelIeHNH KOHKpPETHBIX 3a7ady, CBOOOAHOE U
IIPaBUJIbHOE OOOCHOBAHUE NMPUHSATHIX PELICHUM.

OTJINYHO

8 BeicTaBisiercs  CTyAE€HTY, IOKa3aBIIEMY
BCECTOPOHHME, CHUCTEMaTH3UpPOBAaHHbIE, IIyOOKHE
3HaHUS YYeOHOH MpOorpaMMbl JUCHUIUIMHBL |
YMEHUE YBEPEHHO IIPUMEHATh UX HA MPAKTUKE IIpU
pelIeHMH  KOHKPETHBIX  3a7a4, IPaBUIBHOE
000CHOBaHME MPUHATHIX PELICHUH, C HEKOTOPBIMU
HEJI0OYETaMH.

7 BeIcTaBisgercs CTyIeHTy, €ClIM OH TBEpAO
3HaeT Marepuana, TIpPaMOTHO M II0 CYLIECTBY
W3JIaraeT €ro, yMeeT IPUMEHATHh II0Jy4CHHbIC
3HaHMUA HA MPAKTUKE, HO HEIOCTATOYHO I'PaMOTHO
00OCHOBBIBAET MOJIyYEHHBIE PE3YIIbTATHI.

6 BeIcTaBisercs CTyIeHTy, €ClIM OH TBEpAO
3HaeT Marepuana, TIpPaMOTHO M II0 CYLIECTBY
W3JIaraeT €ro, yMeeT IPUMEHATHh IIOJyYCHHbIC
3HaHMA Ha IIPAKTUKE, HO JOIYCKAeT B OTBETE UM B
pELICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

XOPpOLIO

5 BricTraBnsercs CTYACHTY, €Clin OH B
OCHOBHOM 3HACT Marcpuajl, IrpaMOTHO n TI10
CymIeCTBy H3jlaract €ro, YymMeCcT JMPUMCHATb
MOJIYYCHHBIC 3HAaHWA Ha IIPAKTHUKE, HO JOITYCKACT B
OTBCTC WJIM B PCIICHHU 3aJda4 JOCTATOYHO
0OJIBIIIOE KOJIMYECTBO HETOYHOCTEHA.




4 BricraBnsiercss  CTyAeHTy, MOKa3aBIIEMY
(dbparMeHTapHBbI, Pa3pO3HEHHBIN Xapakrep
3HaHUH, HEJOCTATOYHO IIpaBUJIbHBIC
dbopMynupoBKH 0a30BBIX TOHATHH, HapyLICHUS
JIOTUYECKON IOCJIEIOBATEIbHOCTH B H3JI0KEHUU
IIPOrPaMMHOr0 Marepuajga, HO Ipd O3TOM OH
OCBOUJI OCHOBHBIE Pa3ziefibl y4eOHON MPOrpaMMbl,
HeoOXoauMble JI1 JajlbHEHIIEro OOy4eHHs, U
MOXET HPUMEHATHh IOJYyYEHHbIE 3HAHUA IO
o0pa3ily B CTaHAApTHOM CUTYaLIUU.

YAOBJICTBOPUTEIBHO

3 BeicraBisiercss  CTYIEHTY,  IOKa3aBLIEMY
(dparMeHTapHbIi, pa3po3HEHHBIH XapaxkTep
3HAHUH, JIOITYCKAIOLIEMY OLINOKH B
dbopmynupoBKax 0a30BbIX IOHITUN, HapyLIEHUs
JIOTHYECKOW TIOCIIEIOBATEIIbHOCTH B H3JI0KECHUHU
OporpaMMHOr0  MaTepuana, cinabo  BlajgeeT
OCHOBHBIMH pa3JiellaMd  y4eOHOH MporpamMMel,
HEOOXOJUMBIMU JJIsl JajbHEHIIero o0y4eHus U C
TPYZAOM TpPHUMEHSET TOJTy4YCeHHBIC 3HAHUS NaXKe B
CTaHIAPTHOM CUTYALIUH.

2 BeIcTaBisercs CTyIeHTY, KOTOPBIA HE 3HAET
OoJibLIIel YacTH OCHOBHOI'O COJEpKaHMs yueOHOM
IpOTpaMMbl  TUCHMIUIMHBI, JOMYCKaeT TrpyOble
OMOKH B (POPMYIUPOBKAX OCHOBHBIX NMPUHIIUIIOB
U HE YMEET HCIIOJIb30BaTh IIOJIyYCHHBIE 3HAHUSA
IIPU PELIECHNN TUITOBBIX 3a/1a4.

HEYAOBJICTBOPUTCIBHO

1 BelIcTaBisercs CTyIeHTY, KOTOPBI HE 3HAET
OCHOBHOT'O COJIEp’KaHUsl y4yeOHOHl mporpammbl
JUCIUIUIMHBI, JOIMYycKaeT rpyOeinine omuOKu B
dbopMynupoBKax 6a30BbIX NOHATHH TUCHMILIMHBI U
BOOOIIlE HE HMEET HABBIKOB PEIIEHUS THUIOBBIX
MIPAKTUYECKHX 3ajau.

5. MGIOJII/I"ICCKI/IB MaTepuaJjbl, oIpeaeJasd e npoumeaypbl OINCHUBAHHUA 3HAHHHU
’ ’
YMECHUH, HABBIKOB U (l/l.JII/[) OonbITa ACATCJIBbHOCTH.

IIpu npoBeneHun n5K3aMeHa oOyuwarolmieMycs NpefocTaBiseTcss He MeHee 60 MHMHYT Ha
noaroToBKy. Onpoc 1o OuiIeTy U OTBETHI Ha JIOTIOJHUTENIbHBIE BOIPOCHI HE JIOJKEH MPEBHIIIATh
JIBYX aCTPOHOMHYECKHUX 4acoB. [10 3aBepmeHnr OTBEAEHHOTO Ha ONPOC BPEMEHH, DK3aMEHATOP
JIOJDKEH BBICTaBUTh OOydalolleMycsl OLIEHKY B COOTBETCTBHHM C  BBIIICIPUBEICHHBIMU
KputepusMu. Bo Bpems nmpoBeaeHHs 3k3aMeHa 00y4arouifecst MOr'yT MOJIb30BaThCs MPOrpaMMOit
JUCLHUIIIIMHBL, & TAK)KE CIIPABOYHOU JIUTEPATYPOU, BBIYUCIUTEIIBHON TEXHUKOM.




