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PaGouas mporpamma mucrmmuiee «KBanToBasi XuMus» 118 oOydaroluXcsd IO
HanpasyeHuno noarotoBku 04.04.01 Xumusa (Marucrepckas nporpamMma: XHUMHS), COCTaBlIeHa
Ha OCHOBaHMHM @enepalbHOrO TOCYAAPCTBEHHOrO 00pa30oBaTeNbHOIO CTaHAApTa BBICIIETO
00pa3oBaHHs — MarucTparypa mno HampasieHuio moarotoBku 04.04.01 Xumus, yTBepKIeHHOTO
npukasoM MuHHCTepcTBa oOpa3oBaHus U Hayku Poccuiickoit @enepanuu ot 13 urons 2017 r.
Ne 655 (¢ wsm. mw pgom.), [lopsioka opraHHM3alU¥d M OCYIIECTBJICHHS 00pa3oBaTebHON
JIEATENBHOCTH 1O O0pa3oBaTEeNFHBIM IPOrpaMMaM BBICIIErO0 OOpa30BaHUS — MPOrpaMMaM
OakanmaBpuara, mOporpaMMaM CHe[HaliTeTa, [porpaMMaM MarucTparypbl, YTBEPXIEHHOTO
npuKazoM MUHHCTEpCTBA HAyKH W BhICIiero obOpasoBanus Poccumiickoit ®enepanun ot 06
ampens 2021 r. Ne 245 (c u3M. ¥ JI01.), B COOTBETCTBHHU C YUEOHBIM ILTAHOM, yTBEP>KICHHBIM
Yyenbim coBeToM OI'BOY BO «JlonI'V» mist nabopa 2024 roza.

Pa3pabotuuk:
Jonent kadenps! GpU3NIECKOH XUMHH, @7 <
KaH[. XAM. HayK, JTOIEHT H.A. TypoBckmii

Pabouas nporpamMmMa yTBepKIeHa Ha 3aceqaHruH kadeaprl GU3HIECKOH XUMHUH
IIpoTtokon ot 26.03.2024 r. Ne 14

3aBeayromnii kadenpoit %_f B.M. Muxansuyk

COTI'JJACOBAHO:

JlekaH xumHyeckoro Qakynprera : Wd C.I'. baxtun

28.03.2024 r. o
VuebHO-MeTOqUYECKAsE KOMUCCHUSI XMMUUYECKOTo daKyabTeTa

Ilporokon ot 27.03.2024 r. Ne 2
Ipencenarens Fpsed ,{_-? P.H. JIpira

PykoBonurens ocHOBHO#1 npodeccrHoHanbHOM
00pa3oBaTesIbHOI NPOrpaMMEI,

A-p XMM. HayK, Ipo¢. %é — A.C. AnemacoBa
28.03.2024 r. o



1. MECTO JUCLUIIIMHBLI B CTPYKTYPE OEPA30BATEJIBHOM ITPOI'PAMMBI

1.1. TpeboBanus K mpeABapUTEIHLHON MOATOTOBKE OOYYAIOIIUXCS, MPEALIECTBYIOIINE
Y COMYTCTBYIOIIME JUCIUILIMHBI, HA KOTOPBIX OCHOBBIBAETCS M3yUEHUE JAHHOM:

JTUCHUILTMHBI TPOrpaMMbl OakanaBpuara: «(hu3nuecKas XUMHUsS», «OPraHUYeCKIIs XUMUS»,
«KBAaHTOBas XUMHUS», «CTPOCHUE BEIIECTBA», a TAKXKE COMYTCTBYIOLIUX JUCHMUILUIUH - «DU3UKO-
XUMHS MPOLECCOB C yYaCTHEM aKTUBHBIX (OPM KUCIOPOJa», «CYMPaMOJIEKYJSIpHAs XUMHUS»,
«KOMIBIOTEPHASI CTPYKTYPHAsI XUMHUSI.

1.2. JlvucuuniauHbl, KypcoBble pabOTHl U MPAKTUKH, ISl KOTOPBIX OCBOCHHE JAHHOM
JUCIUTUTMHBI HE00XOAUMO KaK MPeIIIeCTBYOIIEE:

O3HAaKOMHTEJIbHASl TPaKTUKa, MeJarornyeckas MpakTUKa, Hay4dHO-HCCIEIOBAaTEIbCKas
paboTa, npeaIuIUIOMHas IPAKTHKA.

2. OIIMCAHUME JUCHUITJIINHBI

2.1.  OOmas xapakTepucTUKa

HanmeHoBaHMe MOKa3aTels 3HaueHHE NOKA3aTeNs

Hazpanue o6pa3oBaTenbHOM IPOrpaMMEI 04.04.01 Xumust (Marucrepckas nporpamma:
XuMus)

[ucp u HA3BaHKE B COOTBETCTBUU C YICOHBIM b1.B./IB.2.1 KBanToBas xumus

IUIAHOM

YacTs 00pa3oBaTeIbHOM MpOrpaMMBbl BapuaruHas yacth (ucCIyIIIMHa 110 BbIOO-
py).

KosinuecTBO 3a4€THBIX €IMHMLL / BCET'O 4aCOB 3/108

2.2.  Pacmpenenenue 4acoB 1o nepuogaM o0ydeHHs

e OO0111ee KOJIMYECTBO YaCOB
dopma 00yue- 8 O €caMoCTOS-
p y S| 2 | nexum- | maGopa- | mpakTH- y dopma
HHUS © | 3 TEJNBHOW pado- BCETO
8 OHHBIX | TOPHBIX | YECKHX KOHTPOJIS
TBITKOHTPOIb
OuHas 1 3 13 13 - 82 108 3a4eT
OuyHo-3a04Has 1 2 2 2 - 104 108 3a4eT

3. 1EJIU JUCHUTUINHBI

@opMHpOBaHNE y MaruCTPOB METOAOJOTHYECKOW M HAyYHOH KYJbTYpBI, CHUCTEMaTHye-
CKMX 3HaHUM COBPEMEHHOI'O0 COCTOSIHUS, BO3MOXKHOCTEM Y OTPAHUYEHUN COBPEMEHHON KBAaHTO-
BOM XMMHH; AaTh B PYKH XMMHUKaM - SKCIIEPUMEHTATOPaM MHCTPYMEHT MCCIEN0BAHMS, KOTOPBIN
paspemmi Obl MPOBOAMTH KBAHTOBO-XMMHMYECKHE HCCIIEIOBAHUS C UCIOJIb30BAHUEM BCEX BO3-
MO>KHOCTEW COBPEMEHHBIX KOMIBIOTEPHBIX TEXHOJIOTUN M HAYYUTh UX MBICIUTh CTPYKTYPHBIMU
KaTeropusIMU B XUMUHU.

4. KOMIIETEHIIUU OBYYAIOUIETOCH, OOPMHUPYEMBIE B PE3YJIbTATE
OCBOEHUIA KOMIIOHEHTA OBPA3OBATEJIbHOU ITPOI'PAMMEI, X NH/IN-
KATOPBI U INTAHUPYEMBIE PE3VIJIBTATBI ObYUYEHU A

Komnerennun WnaukaTopsl PesynbTathl 00yyeHus

OIIK-2. Cniocoben OIIK-2.1. ITpoBoaut | 3HaeT OCHOBHBIE Hay4YHBIE DPE3YJIbTaTHI,
AQHAJTM3UPOBATh, MH- | KPUTWYECKHUI aHAIM3 pe- | TOJTyYeHHBIE OTEYECTBEHHBIMU U 3apyOeiK-
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TEepIpeTUPOBaTH U 3ylbTaTOB COOCTBEHHBIX | HBIMH HCCIEI0BAaTEISIMU B 00JaCTU XUMUU
00001aTh pe3yNnbTa- | IKCIEPUMEHTAIBHBIX U | WIH CMEKHBIX HAYK

ThI SKCIIEPUMEH- pacueTHO-TeOpeTUUECKNX | YMeeT GOpMYINPOBATh 3aKIIIOUEHUS U BBI-
TalIbHBIX U pacueT- | paboT, KOPPEKTHO HWH- | BOABI MO pe3ysibTaTaM aHallu3a JTUTepaTyp-
HO-TE€OPETUYECKUX TEPIPETUPYET UX. HBIX JIaHHBIX, COOCTBEHHBIX SKCIEpUMEH-

paboT B M30paHHOI
00JIaCTH XUMHU WITH
CMCXKHBIX HAYK

TQJIBHBIX U PACYETHO-TEOPETUYECKUX padoT
B M30paHHOM 00NAaCTH XMMHUU MM CMEX-
HBIX HAYK

S. I[TPOTPAMMA JJUCHUITJIMHBI

HasBanue teMnl

Kpartkoe conepsxanue TeMbl (BOIPOCHI TEMBbI)

Paznen 1. AxkryanbHble Hampas-
JICHUsI COBPEMEHHON KBaHTOBOM
XUMUH.

KonnenTyanbHble OCHOBBI, COCTOSTHUE U MPOOJIEMBI COBpE-
MEHHOU KBaHTOBOW XUMHH.

KBanrToBast OnoXuMus.

KBaHTOBast HAHOXHUMMSL.

KBaHnTOBas MemUIIMHCKAS XUMHSL.

KBaHTOBas SKOJIOrMYeCKast XUMUS,

KBanToBasi cynpamonekyasipHast XUMHUSL.

KBanTOBasi XuMuUs TBEPOTO TEIA.

Cxanupyromiasi 30HAOBasi MHUKPOCKOMHUS KaK HHCTPYMEHT
KBAaHTOBOM XMMHUHU.

30H10Bast TYHEJIbHAsI MUKPOCKOIIHS.

MarauTHO-CHIJIOBasE MUKPOCKOITHS.

DNEeKTPOCUIOBas MUKPOCKOIIHSL.

Pazgen 2. CocrosHue, BO3MOXK-
HOCTM U OTpPaHUYEHHUS COBpe-
MEHHBIX KOMITBIOTPHBIX TEX-
HOJIOTHUI KBAaHTOBOM XUMMUHU.

MeTo10510THS KOMPBIOTEPHIX TEXHOJIOTHI HEAIMIUPUUCKON
KBaHTOBOHM XUMUMU.

MeTo10510THS KOMPBIOTEPHIX TEXHOJOTHH MOIyIMIIUPHY-
ckoil kBaHTOBOH xumuu.: AMI1, RM1. PM3, PM6, PDDG
NPUOIMKEHUS.

Mertononorust kKompbroTepHix TexHonoruit DFT kBanTOBOM
XUMUH.

Op6Gutanu Xaptpun — Poka.

Opo6urtanu Crneiitepa - 3eHepa.

basucHble GyHKIMU A1 HEOMIHPUUYECKUX PACUETOB.
OpOuTanu raycoBoro Tuma.

O/HO3KCTIOHEHIIMANIbHAS. OPOUTAIIB CIITEPOBCKOTO TUIIA.
MunumanbHble Oa3uCHBIE HAOOPHI.
JIBYyX9KCIIOHEHIIMAJIbHBIE Oa31CHBIE HAOOPHI.

Pacmpennbie 6a3ucHbie HAOOPBHI.

[Monspuzannonnsie u 1updy3HbIe QYHKINH.

Ucrtounuku norpemnoctu CCIT MO JIKAO pacuetos.
OOumii MoAXo] K Y4eTy DHEPruH SJIEKTPOHHOM KOppes-
. KoMOuHMpOBaHHBIE KBAHTOBO-KJIACCUYECKHE MPUOIIH-
xenus (QM/MM).

Paznen 3. KonuenryaibHble OC-
HOBBI, COCTOSIHUE U TIPOOJIEMBI

OpOuTanbHO-AIIEKTPOCTATUYECKAS KOHIICTIIIUS TEOPUU XHU-
MHUUYECKOU CBS3U..
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TEOPUU XUMHYECKOMN CBSI3H.

OcHoBHbIE NpeICTaBICHUS OPOUTATLHON KapTHHBI XUMHUYE-
CKO CBSI3H.

[Tpuntun opOutanpHOro coorBercTBUs. AO (MeTommka
MannukeHna).

DHeprusi AByXaTOMHBIX B3aumoneinctBuii (Eap) B mpu0im-
JKeHUM MalmKkeHa: pe30HaHCHbIE U OOMEHHBIE JIByXaTOM-
HBbI€ B3aMMOJCHCTBHUS, DJIEKTPOCTATUYECKUE BYXaTOMHbBIE
B3aWMO/JICUCTBUA.

*apaMeTpbl KPUTHUYECKUX TOYEK 3JIEKTPOHHOM IIOTHOCTH,
XapaKTEPU3YIONINE XUMUYECKYIO CBA3b.

Tun KpUTUYECKOW TOYKU IEKTPOHHOM MIOTHOCTU B MEKb-
SIEPHOM MPOCTPAHCTBE XUMUYECKI CBSI3U.

Konuenmus cuin B TEOpUM XMMHYECKOM CBSI3U: Teopema
I'enbmana-delinMana, IpUPOJa XUMUYECKOW CBSI3H B IIPU-
ONMMKEHUM DIIEKTPOCTaTUYEeCKOW Teopembl ['enpMana —
deitHMaHa.

Teopema BupHana, NpuUpoaa XUMUYECKON CBSA3U B MPHUOIU-
JKEHUU TEOPEMbI BUpHAJIa.

Pa3nen 4. Metonmonoruss KBaHTO-
BO-XMMHYECKOTI'0 MOJCIMPOBAHUSA
XUMHUYECKUX PEAKIIH.

DneMEeHTapHbIM aKT XUMHYECKOU pEaKI1H.
Teopust MEpexoTHOTO COCTOSIHUSI XMMUYECKON PEaKIUU.
Pacuer nmoBepXHOCTH MOTEHLMAIBHONW SHEPTHUH XUMHYE-
CKOM peaKIHH.
Craunonapusie Touku I[II1D snemeHTapHoil peakuuu.
IIyTh XMMHYECKON pEaKIIHU.
OLeHKa reoMeTpu MEePEeXOJHOr0 COCTOSIHUS XHUMHYe-
CKOM peaKIuH.
HNupexcsl peakiuoHHOM crocoOHocTu.. KBaHTOBS Tep-
MOXHUMHSI.
MeTon N301eCMUYECKUX PEAKIIU.
Ormpeenenrne TEPMOXUMUYECKUX XAPAKTEPUCTHK XUMHYE-
CKHMX YaCTHI] M SJHEPTUH UX UCOIMAIMN HAa MOHBl U paJuKa-
T B TPUOMMKEHMHM H30/IeCMUYECKUX peakiuil. Hewnso-
JIECMUUYECKUE PEaKIIUH.

Paznen 5. Meroposiorusi KBaHTO-
BO-XUMHUYECKOTO MOAETUPOBAHUS
BJIIMSHUS PAaCTBOPUTENS HA peak-
[MMOHHYI0  CIIOCOOHOCTh  XH-
MUY.CareHTOB.

PCM koHTHHYyaJThbHBICE MOJEITU U CYIEPMOJIEKYISIPHOE
npUOJIMKEHNE KBAaHTOBO-XMMHUYECKOTO MOJEIUPOBAHMS
BIIMSIHASL PACTBOPHUTENS HAa PEAKIMOHHYIO CITIOCOOHOCTH
XMMHUYECKHUX pPearcHTOB.
KoHTrHyanpHass MOENH MONSAPU3AIOHHOTO JICHCTBUS. .
MozenupoBaHue COJIbBAaTHBIX OOOJIOYEK PACTBOPUTEIS
COSMO.
OHeprust M TPaJueHTbl SHEPrUM JUAIEKTPHUECKOTO
OKPAHUPOBAHUS PACTBOPHUTEIEM MOJICKYJ BEIIECTBA.
[TonHast sHEprust COIBBATUPOBAHBIX MOJEKYJISPHBIX CH-
CTEM.
Bosmoxnoctu n orpannuenue mozaenu COSMO.; Me-
TOJIMKa KBAaHTOBOXUMHYECKOTO MOJCITHUPOBAHUS JICH-
CTBHSI CpeJlbl HA XUMUYECKHE OOBEKTHI B MPUOIIKEHUH
moxenun COSMO.
O¢ddexTsl MOMAPU3ALUOHHOTO JAESHCTBHUS PACTBOPUTENS Ha
napaMeTpsl MIIEKTPOHHON CTPYKTYPBI XHMUYECKHX YACTHII.
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6. CTPYKTVYPA U COAEPXXAHUE JUCIUIIJIMHBI

6.1. ®dopma obyuenus — oyHasi, Kypc —1, cemectp — 2
HaunmenoBanus pasaciioB U TEM Komiectso 1acon
Jlex. Jlabop. | Ipakr. | CPC+K | Bcero
Paznen 1. AkryanbHble HanpBIEHUS COBpe- 3 2 - 15 21
MEHHOU KBaHTOBOW XUMUH.
Paznen 2. CocTostHue, BO3MOKHOCTH U OTpa- 3 2 - 15 21
HUYEHUS COBPEMEHHBIX KOMITBIOTPHBIX
TEXHOJIOTHI KBAHTOBOM XUMUH.
Paznen 3. KoHnenryajibHbIE OCHOBBI, COCTOSI- 3 3 - 16 23
HUE U MPOOJIEMbl TEOPHH XUMUUECKON CBS3H.
Paznen 4. Metonoiorusi KBaHTOBO- 3 3 - 16 23
XUMHYECKOT'0 MOJIETTUPOBAHUS XUMHUUECKHUX
pEaKLHii.
Pasznen 5. MeTonoJiorust KBaHTOBO- 3 3 - 16 23
XUMHUYECKOTO MOJICTTUPOBAHUS BITHSIHHSI pac-
TBOPUTENIS HA PEAKIMOHHYIO CIOCOOHOCTh
XUMUY.CareHTOB.
UTOI'O ITO KOMITOHEHTY OIIOIT 13 13 - 82 108
6.2. ®opma oOyueHus — 0O4HO-3a04Hasi, Kypc — 1, cemecTp — 2
HaumeHoBanus pa3aenoB U TeM Komiectso uacos
Jlexir. Jlabop. | Ipakt. | CPC+K | Bcero
Pasznen 1. AkTyanbHble HANIPBIICHUS COBpE- - - - 20 20
MEHHOW KBAaHTOBOM XMMMHH.

Paznen 2. CocrostHue, BO3MOKHOCTH U OTpa- 0.5 05 - 21 22
HUYEHUS COBPEMEHHBIX KOMITBIOTPHBIX
TEXHOJIOTHI KBAHTOBOW XUMHUH.
Pa3nen 3. KoHuenryanbHble OCHOBBI, COCTOS- 0.5 05 - 21 22
HUE ¥ MPOOIIEMBI TCOPHH XUMUIECKOU CBSI3H.
Paznen 4. Metononorust KBaHTOBO- 0.5 05 - 21 22
XUMHUYECKOTO MOJICTUPOBAHUS XUMHIESCKHIX
peaKkuuu.
Paznen 5. MeTomoorust KBaHTOBO- 0.5 05 - 21 22
XUMHUYECKOTO MOJICTTHPOBAHUS BIUSIHUSI pac-
TBOPHTEJIS HA PEAKIIMOHHYIO CITIOCOOHOCTh
XUMHY.CareHTOB.
HUTOI'O ITO KOMITOHEHTY OIIOIT 2 2 - 104 108

7. OHEHOYHBIE MATEPHAJIBI (CPEACTBA) JUUIS1 TEKVIIET'O KOHTPOJIA
YCIIEBAEMOCTH, IPOMEXYTOYHOU ATTECTALINN

7.1.  KoHTposibHbIE BOIPOCHI

Pazgen 1

KBanroBast OMoXuMus.
KBaHTOBast HAHOXMMHSI.
KBaHnToBast MEIUIIMHCKAS XUMUSL.
KBaHTOBast DKOJIOrHYECKa XMMHMSI,

o OB W N

KBanTOBas cynpaMoneKyaspHas XUMHUSL.

KOHHCHTyaJ'IBHBIe OCHOBBEI, COCTOAHUC U HpO6HeMLI COBpCMCHHOI‘/’I KBAHTOBOM XMMMHU.
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KBanTOBast XuMuUsl TBEPAOTrO TeEA.

Ckanupyroniasi 30HA0Basi MUKPOCKOIHUSI KAaK HHCTPYMEHT KBAaHTOBOUW XUMMUH.

30H10Basl TYHEJIbHAs! MUKPOCKOIIHS.

MarauTHO-CUI0Basi MUKPOCKOIIHSI.

DIIEKTPOCUIIOBAasT MUKPOCKOIIHS.

Paznen 2.

MeTo10710THSI KOMPBIOTEPHIX TEXHOJIOTUN HEAMIIUPUUCKON KBAHTOBON XUMUMU.

MeTononorus KOMPBIOTEPHIX TEXHOJOTHHA MOTYyIMIUPUUCKONW KBAaHTOBOM XUMHUHU.: AMI,
RM1. PM3, PM6, PDDG npubnnxeHus.

Mertononorus kompetoTepHix Texnonoruit DFT kBaHTOBO# XuMUH.

Opoutaim Xaptpu — Poka.

Opo6utanu Cneiirepa - 3eHepa.

ba3ucHble GyHKIINM 17151 HEOMIIUPUUECKUX PACUETOB.

OpOuranu raycoBoro TUIa.

OnHOSKCIIOHEHIIHANIbHASL OPOUTAIIL CIIATEPOBCKOTO THIIA.

MunumaibHble Oa3UCHBIE HAOOPBI.

JIByX9KCIIOHEHIIMANbHBIE Oa3UCHBIE HAOOPBHI.

Pacmiupennbie 6a3ucHbie HAOOPHI.

[Tonspuzanuonnsie u quddy3HbIe QYHKINU.

Uctounuku norpemHoctu CCIT MO JIKAO pacuetos.

OO01muit ToaX0 K y4eTy SHEPTHH IEKTPOHHON KOPPETISAIHIH.

KoMOuHMpOBaHHBIE KBAHTOBO-KJIaccuueckue nmpuodmmxeans (QM/MM).

Paznen 3.

OpOUTAITBHO-IIEKTPOCTATUYECKASI KOHIIETIIUS TEOPUU XUMUYECKOMN CBS3H..

OcHOBHBIE TPEJCTABICHUS OPOUTAIBHON KApTUHBI XUMHUYECKO CBSI3H.

[Tpunuun opoutanbHoro coorserctBus. AO (Meroauka MainkeHa).

DHeprus ABYXaTOMHBIX B3aumonencTBuil (Eap) B mpubmmkenun MaiukeHa: pe3oHaHC-
Hble ¥ OOMEHHBIC JIByXaTOMHBIC B3aUMOJEHCTBUSI, DJIEKTPOCTATUUECKUE JIBYXaTOMHBIC
B3aUMO/ICHCTBUS.

Tun KpUTUYECKON TOUKH DJIEKTPOHHOM TUIOTHOCTH B MEXBSJIECPHOM MPOCTPAHCTBE XUMH-
YECKU CBA3U.

Konnenuus cun B TeOpru XUMUYECKOUN CBsA3U: TeopeMa ['enpmana-DeliHMaHa, Tpupoaa
XUMHYECKON CBSA3M B MPHUOIIMKEHUHU AJIEKTpOCTaTUYecKo Teopembl I 'enbmana — delin-
MaHa.

Teopema Bupuana, mpupo/ia XUMHUECKOH CBSI3U B PUOJIMKEHUU TEOPEMbl BUpHATIa.
Paznen 4

DJIEMEHTAPHBIN aKT XMMUYECKOMN peaKkIuu.

Teopust mepexoJHOr0 COCTOSIHUA XMMHUYECKOM peakluu. PacueT moBEpXHOCTH MOTEHIU-
aJIbHOM SHEPIUH XMMUYECKON PEAKIUU.

Cranuonapnsie Touku 1113 snementapHoii peakuuu. I1yTe XuMuueckoil peakiuu.

OLieHKa TeOMETPUH MEPEXOTHOTO COCTOSHUS XMMHUECKOW peaKIiluu.

NHnekcpl peakiimoHHOM crmocoOHOCTH.. KBaHTOBSI TEPMOXUMUS.

Metox M301IeCMUUECKUX PEAKLIAMN.

OmpeneneHne TEPMOXUMHUYECKUAX XaPAKTEPUCTUK XUMHYECKUX YACTHUI] U SHEPTUU UX JTH-
COLIMAIIMU HAa WOHBI M PAJMKAIlbl B MPUOIMKEHUH M30eCMUYECKUX peakuuid. Hewuso-
JIECMUYECKUE PEAKIUU.

Pazgen 5

Bpemsa B pM3NYECKON XUMUN: KUHETUKA N AMHAMMKA.

PCM koHTHHyalbHBIE MOJETH U CYNEPMOJIEKYJISIpHOE MPHOIMKEHHE KBaHTOBO-
XUMHYECKOTO MOJIEITUPOBAHUS BIUSHUS PACTBOPUTENS HA PEAKIMOHHYIO CIOCOOHOCTD
XUMHUYECKHUX PEareHTOB.
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KonTunyanpHast MoJiens MOJMSPU3ANMOHHOTO ACHCTBUA. . MOAEIUpOBaHUE COJIBBATHBIX
o6omouek pactsoputesst COSMO.

DHeprusi ¥ rpaiieHThl SHEPTUU AUDIICKTPUUECKOTO0 SKPAHUPOBAHUS PACTBOPUTEIIEM MO-
nekyn BemiecTBa. [lomHas sHeprusi CoabBaTUPOBAHBIX MOJIEKYIISIPHBIX CUCTEM.
Bo3moxnoctu u orpannyenue mojaenu COSMO.;

MeToauka KBaHTOBOXMMHUYECKOTO MOJICIUPOBAHMS JCHCTBHS CPEIbl HAa XHUMHYECKUE
00bekThI B mpubmmkennn moaenu COSMO.

O dexTsl TOMIPU3AUOHHOTO JCUCTBUS PACTBOPHUTENS HA IMapaMeTpbl AJICKTPOHHON
CTPYKTYPbl XUMHYECKHX YACTHII.

7.3. Bonpochl TUCbMEHHON KOHTPOJBHON pabOThI

KonuenTyanbHble OCHOBBI, COCTOSIHUE U TPOOJIEMBI COBPEMEHHON KBAHTOBOH XUMHHU.

3agaud KBAaHTOBOU OMOXVMUM.

3ajaun KBAHTOBOW HAHOXUMHUUOMN3

aJlaud KBaHTOBOM MEAUIUHCKOW XUMUH. .

3amayy KBAHTOBOM DKOJOTMYECKON XUMHH.,

3ajaun KBAaHTOBOM CYIIPaMOJIEKYJIIPHON XUMUH.

MarnuTHO-CHIIOBasE MUKPOCKOIIUS.

DIIEKTPOCUIIOBAasT MUKPOCKOIIHUS.

MeTo10J10THSI KOMPBIOTEPHIX TEXHOJIOTUN HEAMITHUPUUICKON KBAHTOBOW XHMHH.

OpOuranu Xaptpu — Doka.

Opo6utanu Cneiirepa - 3eHepa.

basucHble GyHKIINY 17151 HEOMITUPUYECKHUX PACUETOB.

OpOuranu raycoBoro TUIa.

OnHOSKCIIOHEHIIHANIbHAS OPOUTAIL CIIATEPOBCKOTO THIIA.

MunumaibHble Oa3UCHBIE HAOOPBI.

JIByX9KCIIOHEHIIMANbHBIE Oa3UCHBIE HAOOPBHI.

Pacummpennbie 6a3nucHbie HAOOPBHI.

[MTonsipuzanmonnsle U 1uddy3HbIe QYHKIUH.

Uctounuku norpeumHoctu CCITI MO JIKAO pacuetos.

OO0uwMii NOX0/1 K YU€Ty SHEPIUH 3JIEKTPOHHON KOPPEIIALUH.

Kom0OuHMpoBaHHBIE KBAaHTOBO-KJIaccuueckue npuodmamxenus (QM/MM).

OpOUTaTBHO-3IEKTPOCTATHUECKAs! KOHLIETIIHS TEOPHUH XUMUYECKOH CBSI3H..

OcHoOBHBIE TIPEJCTABIECHNS OPOUTAIIBHON KapTUHBI XUMHUYECKO CBS3H.

[Tpuniun op6uransHoro coorsercTBusd. AO (Metoanka MaliukeHa).

*apaMeTpbl KpUTUYECKUX TOUYEK AJIEKTPOHHOM IUIOTHOCTH, XapaKTEpU3YyIOIIUE XHUMHYe-
CKYIO CBS3b.

Konnenuus cun B TeOprM XMUMUYECKOW CBsi3U: Teopema [ enbmana-DeliHMaHa, TpUupoa
XUMHUYECKON CBSA3M B MPHUOIIHKEHUU AJIEKTpOocTaTuueckoil Teopemsl ['enbmana — delin-
MaHa.

Teopema Bupuana, npupoia XMMUIECKOH CBA3M B IPUOJIMIKEHUU TEOpEMbl BUpHaa.

DJIEMEHTapHBIN aKT XMMUYECKON pEeaKIuu.

Teopus mepexoqHOT0 COCTOSHUA XUMHUYECKON peakiuu. Pacdyer moBEpXHOCTH IOTEHIU-
AIbHOM dHEPIMM XMMUYECKON PEAKIUN.

Cranuonapnslie Touku 1113 anementapHoii peakuuu. I1yTe XMUMHUECKOH peakLny.

OneHKa reoOMeTpUH IMEPEXOTHOTO COCTOSHUS XUMUYECKOW pEaKIUu.

WNHniekchl peakinoHHOM crnocoOHOCTH.. KBaHTOBS TepMOXUMHUSI.

Meton n301eCMUYECKUX PEAKIIUN.

Onpenenenne TEPMOXUMUYECKUX XapAaKTEPUCTUK XUMHUYECKHUX YACTHUL U SHEPTUH UX JH-
COLIMAallMU Ha WOHBI M paJMKalibl B NMPUOIMKEHUU H30/eCMUYecKUX peakuui. Hewmso-
JIECMHYECKUE PEAKLIAH.

Bpemsa B $p13NYECKON XMMUN: KUHETUKA M AUHAMUKA.
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PCM xoHTHHYyallbHBIE MOJCIH | CYINEPMOJICKYJISIPHOE NPHOIMIKEHHE KBAHTOBO-
XUMHUYECKOTO MOJCTUPOBAHUS BIUSHUS PACTBOPHUTENS HA PEAKIIMOHHYIO CIIOCOOHOCTH
XUMHYECKHX PEarcHTOB.

KonTunyanpHas MOJAENH MOJSIPU3AMMOHHOTO ACHCTBHS. . MOJEIHPOBAaHUE COJIBBATHBIX
o6omouek pactBoputesst COSMO.

DHeprus U rpaiueHThl YHEPTHH JUIEKTPUICCKOTO IKPAHUPOBAHUS PACTBOPUTEIIEM MO-
JeKyJ1 BeuiecTBa. [1oHast 3HEPTUs CObBATUPOBAHBIX MOJICKYJISIPHBIX CHCTEM.

O dexTsl TOMIPU3AUOHHOTO JCUCTBUS PACTBOPHUTENS HA IMapaMeTpbl AJICKTPOHHON
CTPYKTYPbI XUMHUYECKUX YACTHII.

7.4. Obpaser coaepkaHus SK3aMEHAIIMOHHOTO Omiiera (IIpy HAIMYWK dK3aMeHa I0 JUC-

LUTLTUHE)

buner 1

1. KsanrToBas HaHOXHUMUSL.

2. KBaHTOBasg MeIUIIMHCKAs XHUMHSL.
3. KsanToBas 7KoJIOTHYECKA XUMUSL,

8. PACIIPEAEJIEHME BAJIJIOB, KOTOPLIE [TOJIVHAIOT OBYUAIOINECA

OO0mas ouleHKa 3HaHWM 00ydYarOIIUXCSA MO AUCHUILTHHE npoBoauTcs no 100-6annbHOM

IIKAJIe UCXOJs U3 MaKCUMyMa, MIPUBEACHHOTO B Tabnuie Hroke. OpraHu3alioHHO-y4eOHas pa-
00Ta B ayJIUTOPUU OIICHUBAETCS HA OCHOBE TAKMX KPUTCPUEB KaK MOCEIIAEMOCTh 3aHSITHIA, CBOC-
BPEMCHHOC U KaYC€CTBCHHOC BBLIMNOJIHCHUC JOMAIITHUX 3aIIaHI/II71, AKTUBHOCTH BO BpEMs IPOBCIC-
HUS JICKIIMOHHBIX M MPAKTUYECKUX 3aHATHH (Y4acTHE B OOCYKICHHU TEKYIIETO U MPOHJICHHOTO
Marepuaa, pereHue 3aaad 1 T.11.).

8.1. Cewmectp 2, ounast popma o0ydeHus

Howmepa paznenos Buner pabot MaxcHmastbHoe Koit-
YeCTBO 0AJIIOB
Opranu3aluoHHO-yueOHas padoTa B ay IUTOPUH 20
CamocTosiTenbHas padorta 20
1-5

KonrpomnsHas paborta 10

HUTOI'O 50

Ox3aMeH 50

OO01uii UTOT 32 CEMECTP 100

8.2.  Cewmectp 2, ouHO-320uHasi popma o0ydeHHs

Howmepa pa3znenos Bunsr padot MaxcumarsHoe Koiu-
pa pasf ABLD 4ecTBO 6AIIOB
OpraHu3anioHHo-y4eOHas paboTa B ay JUTOPHU 30
CamocTrosTenbHas pabora 20
1-5
KonrposnbHas paborta 10
HUTOI'O 50
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DK3aMeH 50

OO01uii UTOT 38 CEMECTP 100

CooTBeTCcTBHE 0AJITIOB OLICHKE

OrieHKa 110 MATHOAIIBLHOM IIKaJIe
KonnuectBo 0annos u3 >
100 ECTS Ok3ameH, nuddepeHIInpoBaHHBI 3a- 3ager
yer

90-100 A OTJIUYHO 3a4YTEHO
80-89 B 3a4TEHO
75-79 C Xxopotio 3a4TEHO
70-74 D 3a4TCHO
60-69 E YIOBJIETBOPHUTEIHHO SaTTeHo
35-59 FX HE 3a4YTEHO

0-34 F HEYIOBICTBOPHTEIHHO P

9. OBECIIEYEHHME OGPA3OBATEJIbHOI'O ITPOLIECCA JJIA JINL C OI'PA-
HWYEHHbBIMU BO3MOXHOCTAMMU 3/I0POBbA U THBAJINIOB

B xone peanu3zanuu JUCUUIUIMHBL HCHOIB3YIOTCS CIEIYIOLIUE TOMOTHUTEIbHBIE METO/IbI
00y4YeHHsI, TEKYIIET0 KOHTPOJISI YCIIEBAEMOCTH U MPOMEXKYTOYHOH aTTeCTalli 00yJaroImuxcs B
3aBUCUMOCTH OT UX MUHIMBUyaTbHBIX 0COOEHHOCTEH:

1) JUTSL CJICTIBIX U CITA0OBUIAIINX

- JEKIMH OQOPMIISIOTCS B BUJE 3JIEKTPOHHOIO JOKYMEHTA, JOCTYIHOIO € IMOMO-
MIbI0 KOMIIBIOTEPA CO CIIEIHATU3NPOBAHHBIM IIPOTPAMMHBIM 00eCIieueHUEM;

- JUI BBIIOJIHEHHUS 3a/laHUs NIPU HEOOXOJUMOCTH IPEAOCTABISAETCS yBEJIUYHUBAIO-
1Iee yCTPOMCTBO; BO3MOYKHO TAK)KE MCITOJIb30BaHUE COOCTBEHHBIX YBEINYHBAIOIINX YCTPOICTB;

- MUCHbMEHHBIE 3a7aHus O(POPMIISIFOTCS YBETMYEHHBIM IIPH(PTOM.

2) JUIS TIIyXUX ¥ cTaOOCIbIIIAIIUX :

- JIEKIHA OPOPMIISIOTCS B BUJIE SJIEKTPOHHOTO JJOKYMEHTA;

— MUCbMEHHBIE 3aJ[aHUs BBIIOJIHAIOTCS Ha KOMIIbIOTEPE B MUCbMEHHOMN (opMe;

- 9K3aMeH MPOBOJUTCS B MHCbMEHHOH (hopMe Ha KOMITBIOTEPE; BO3ZMOXKHO IMPOBE-
JieHue B popMe TECTUPOBAHMUSL.

3) JUTSL JIAT] C HApYIIEHUSIMHA OTIOPHO-/IBUTATEIBHOTO ammapara:

— JeKIMH OQOPMIISIOTCS B BUJE AJIEKTPOHHOTO JOKYMEHTA, JOCTYIHOTO C MOMO-
HIBIO KOMIIBIOTEPA CO CIIEIHATTU3NPOBAHHBIM ITPOTPAMMHEBIM 00eCIieueHUeM;

— MUCbMEHHBIE 3aJaHUs BBIIOJIHSAIOTCS Ha KOMITBIOTEPE;

— 9K3aMeH U 3a4€T MPOBOIATCSA B yCTHOW (pOpME MM BBITTOJIHSIOTCS B MMUCHMEHHOM
(dbopme Ha KOMITBIOTEPE.

[Tpu HE0OXOAMMOCTH TPEAYCMATPUBAETCS YBEITHMUEHHE BPEMEHH JUIS MTOATOTOBKH OTBE-
Ta.

[Tponierypa npoBeeHNs POMEKYTOUYHON aTTECTAUU JIJIsl OOYUJAIOIIMXCSl yCTaHABIINBA-
eTcs ¢ yu€ToM UX WHAMBHUIYAIbHBIX NMCUXO(QHU3HUECKUX ocobeHHocTel. [IpoMexxyTouHas aTTe-
CTaIrsI MOXET MIPOBOTUTHCS B HECKOJIBKO ITAIIOB.

[TpoBenenue mpoueaypsl OLIEHUBAHUS PE3YIbTATOB 0OYUEHUS JOMYCKAETCsl C UCIOIb30-
BaHHEM JMCTAaHIIMOHHBIX 00Pa30BaTEbHBIX TEXHOIOTHH.

ObecneunBaercs A0CTyN K WH(POPMAIIMOHHBIM U OMOIHOrpauuecKuM pecypcam B CETH
WuTepHer ans kaxzaoro oOydaromerocss B popMax, aJanTUPOBAHHBIX K OFPaHUYEHUSIM UX 370-
POBbS U BOCHPUATHUS MH(OPMAITHH:

1) JUTSL CIIETIBIX M CITA0OBUIAIINX :

— B IIEYaTHOHM (pOopMe yBETUUYEHHBIM IIPUPTOM;

- B (hOpMe DIEKTPOHHOTO TOKYMEHTA;

2) JUIS TITYXUX ¥ cTaOOCTBIIIAIIX :
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— B IeUaTHOM dopme;

— B (hopMe IIEKTPOHHOTO JJOKYMEHTA.

3) IUIsE 00YYArOIIUXCS C HAPYIICHUSIMHU OTIOPHO-/IBUTATEIBHOTO allapara:
— B [IEYAaTHOH (opme;

- B (hopMe IIIEKTPOHHOTO JJOKYMEHTA.

10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEHEHUE YYEBHOI'O ITPO-
HECCA

VYuebnsie 3ansaTus npooasarcs B IX yueonom kopryce Joul'V (r. Jonenk, yiu. Ilopca,
17a). s npoBefeHNs JIEKIIMOHHBIX U MPAKTUYECKUX 3aHATUH TpeOyeTcs ayauTopus, 000pya0-
BaHHAsI MEJIOBOM WJIM MapKEepPHOH JOCKOM, MyJIbTUMEIUUHBIA MPOEKTOP U SKPaH, HOYTOYK, KOM-
IUIEKT y4eOHO# mMeOenu Asi CTYACHTOB, pabouee MeCTO MpernoaaBarelns, Bbixol B VHTepHeT —
IIPOBOIHOMN HITH C UCHOJb30BanueM Wi-Fi.

Jlist caMOCTOSITETTbHOM pabOThl HMCIONB3YIOTCS TEKCTOBBIE M 3JIEKTPOHHBIC PECyPCHI
Hayunoil O6uOIMOTEKH YyHUBEpPCHTETAa U JPYIHMX ODIEKTPOHHBIX OMONMOTEYHBIX 0a3 JaHHBIX,
y4e0HO-METOIMYECKOe OOECIeUueHUe, MPEICTaBICHHOE B Y4eOHO-METOIUYECKOM KaOWHETe
['maBHOTrO KOpITyca (ayn.405).

[Ipy u3ydeHUH AUCUUIUIMHBI PUMEHSIOTCS AJICKTPOHHOE OOyYeHHE W TUCTAHIIMOHHBIC
o0pa3oBaTeNbHbIe TEXHOJIOTHH.

C ucronp30BaHUEM PECYpPCOB TMCTAHLIMOHHOTO 00Pa30BaHUS OCYIIECTBIISICTCS TEKYIIH
KOHTPOJIb 3HaHUN O0YYarOIIMXCS Ha OCHOBE TECTUPOBAHUS U MPOBEPKHU PE3yIbTATOB CaMOCTOS-
TEJIBHOU pabOTHI.

11. PEKOMEHAYEMAA JIUTEPATYPA

11.1. OcHoBHas nutepaTypa

1 Hwupenscon, B.I'. KBanToBasg xumusi. Monekysbl, MOJEKYJISIPHBIE CUCTEMBI U
TBepble Tena: yueb. mocodue sl CTYyICHTOB BY30B, OOYYAIOUIUXCS MO XUM.-
TEXHOJI. HarpaBiieHus M U crienuanbHocTsM / B.I'. HHupenbcon. — Mocksa: bU-
HOM. JIa0. 3nannii, 2010. — 495 c. TekcT: HenocpeACTBEHHBI.

2 Typosckuit H.A. IlpakTukyM MO KBaHTOBOM XHMMHH: ydyeOHOe mocobue /
H.A.Typosckuiti. — Honeuk: I'OY BIIO «douHY», 2019. — 145 c. Tekcr:
HENOCPEICTBEHHBIM.

3 TypoBckuit H.A. IIpakTukyM 1o KBaHTOBOW XMMHH [DJIEKTPOHHBIN pecypcl:
yaeonoe nocodue / H.A. Typosckuii. — Jlonenk: 'OY BIIO «louHVY», 2018. —
145 c. TekcT: 2JIeKTPOHHBIM. .

4 TypoBckuii H.A. MpakTUKYM KOMMNbHOTEPHOM CTPYKTYPHON XMMUK: yuebHoe nocobue /
H.A.Typosckuit. — floHeuk: FOY BMNO «doHHY», 2018. — 145 c. TeKCT: HENOCPEeACTBEHHbIN.

5  TypoBckuit H.A. MPakTUKYM KOMMbIOTEPHOM CTPYKTYPHON XMMUU [INEKTPOHHbIN pecypc]:
yyebHoe nocobue / H.A.Typosckuit. — [loHeuk: FOY BMNO «doHHY», 2018. — 145 c. TeKcT:
91IEKTPOHHDIL,.

11.2. JlonosHUTENbHAS IUTEPATYypa
6 Epmakos, A. . KBaHTOBaA mexaHMKa M KBaHTOBaA xumusa: yueb. nocobue ana ctyaeHToB
BY308B, 0byuatoLmxcsa no cneumnanbHoct BMO 020101.65 "Xumua" / A.U. Epmakos. —
Mocksa: FOpainT, 2010. — 555 c. TeKcT: HenocpeaCTBEHHbIN.
7 Maiiep, N. N36paHHble rnaBbl KBAaHTOBOM XMMWU: A0Ka3aTeNbCTBa Teopem U BbiBog, dop-
myn / N. Maitep ; nep. c aHrn. M.b. lapxosckoro u A.M. TokmaueBa ; nog pea. A.J1. Yyrpe-
eBa. — MockBa: BMUHOM. /labopatopua 3HaHui, 2009. — 384 c. TeKCT: HENOCPEACTBEHHbIN.
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8  Crpwxkak, [L.LE. KBantoBass xumus: y4eOHUK IJIsi CTYJ. BbIC. yueOH. 3aBel. /

ILE. Crpuwxkak; Hanmonanensii yH-T "KueBo-MorunsiHnckas akan.". — Kues:
M3n. nom "KueBo-Morwisinckasa akan.", 2009. — 458 c. Tekcrt: Henocpen-
CTBCHHBIH.

9  [puwaesa T. H. KBaHTOBaA XMMUA CyNpamoNeKyNAPHbIX CUCTEM Ha OCHOBE KYKyp-
6uT[n]ypunos [Tekct] / T. H. Fpuwaesa, A.H. Macouit, A.M. Ky3sHeu,0B8. — MocKBa: J/leHaHa,
2016. — 208 c. TeKCT: HENOCPEACTBEHHDIMN.

10 NacTtepHak, E. H. OcHOBbI KBaHTOBOM XMMUK: yuebHoe nocobue. / E.H. MactepHak, H.A. Ty-
POBCKMI ; [JOHEUKNI HAL, YH-T, XUM. @-T, Kad. dpu13. xumnu. — loHeuk: JoHHY, 2012. — 81 c.
TeKcT: HenocpeacTBEHHbIN.

12.  HUHOOPMALIMOHHBIE PECYPChbI

1. MHPopMMO : 31eKTPOH. cnpaBodHUK / OO0 «PUHOUL». — Mockea : U3gat. aom
«MHdpopmmoy», [2018?—- ]. — URL: https://www.informio.ru (aata obpaweHus: 19.05.2023). —
TeKCT : 9NeKTPOHHbIN.

2. IPR SMART : Becb KoHTeHT 3BC Ipr books : undpposoit obpasosat. pecypc / 000 «Ai
Mu 3p Megua». — [CapaTos : Ali Mn Op Meaua, 2022]. — URL: http://www.iprbookshop.ru (aata
obpauweHuns: 19.05.2023). — Pexxum pgocTtyna: Ana aBTopuM3. Nnosib3oBaTenen. — TeKcT. Ayamo.
N306parkeHns : 3NeKTPOHHbIe.

3. J1aHb : 3NeKTPOH.-6nbA. cnuctema. — CaHkT-MNeTepbypr : NlaHb, cop. 2011-2021. — URL:
https://e.lanbook.com/ (aata obpauwieHuns: 19.05.2023). — TeKCT : INEKTPOHHbIN. — Pexkum go-
cTyna: ANA aBTOpM3Mp. NOb30BaTeNEN.

4. CIb : KoHCcopuMyM ceTeBbIX 3/IeKTPOH. 6-K / DNEeKTPOH.-6ubAa. cuctema «JlaHb» npu
noaneprkke AreHTcTBa cTpater. uHMumMaTuB. — CaHkT-MeTepbypr : lanb, cop. 2011-2021. — URL:
https://seb.e.lanbook.com/ (aaTa o6paweHns: 19.05.2023). — Pexknum aocTtyna : Ans Noab30Ba-
Tenen opraHM3aLnit — y4acTHUKoB, noanucinkos IbC «J1aHby.

5. Book on lime : ancraHu. obpasosBaHue / nsa-so KAY MIY nm. M. B. JlomoHocoBa. —
Mocksa : KAY, cop. 2017. — URL: https://bookonlime.ru (aata obpaweHua: 19.05.2023) — TekcT
. U306parkeHune. YCTHas peyb : SNEKTPOHHbIE.

6. HayuyHan anekTpoHHas 6ubnuoteKka elibrary.ru : nHpopm.-aHanut. noptan / 00O
Hay4yHana anekTpoHHas 6ubanoteka. — Mocksa : OO0 Hayuy. anekTpoH. 6-Kka, cop. 2000-2022. -
URL: https://elibrary.ru (gata obpauweHma: 19.05.2023). — Pexxum goctyna: gns 3aperucrpump.
nonb3osBaTenen. — TEKCT : INEKTPOHHDbI.

7. Cyberleninka : Hayy. an1eKkTpoH. 6-Ka «Knbep/leHnHka» / [E. Kucnak, A. CemaukuH, M.
Ceprees ; 000 «MTeoc»]. — Mocksa : Kubep/leHnHka, 2012. — URL: http://cyberleninka.ru (gaTa
obpauleHmns: 19.05.2023). — TeKCT : 3N1EKTPOHHbIN.

8. JNeKTPOHHbIN KaTanor HayyHon 6mbAnoTekn [LOHELKOro rocyAapCTBEHHOIO YHU-
BepcuteTta. — [loHeuk : HB [loHlY, 1999— . — URL: http://catalog.donnu.education (pata o6pa-
weHuna: 01.01.2023). — TEKCT : 3/1€KTPOHHbIN.

13.  [NPOI'PAMMHOE OBECITEUEHUME

1. Windows 7 PRO (xopnopatusHas auuensus oY Ne 46484614)

2. Microsoft Office (koprmopaTiuBHast J 1 lonl'Y Ne 46472919)

3. Microsoft Visual Studio (sutieH3us viMbl Dream Spark m1st BeICIINX y4eOHBIX
3aBeJIeHUH)


https://www.yakaboo.ua/book_publisher/view/Lenand/
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4. AmntuBupyc Kacnepckoro, Adobe Acrobat Reader, xPDF (nmunensuun GPL, Apache,
BSD 11 cBOGOJHOTO TIPOTPaMMHOTO 00ECTICUCHHS).
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