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1. OOmue cBeaeHUN

IIporpamma ompenenser TpeOOBaHHMSA K COINCPKAHUIO KAaHIWIATCKOTO OJK3aMEHa [0 IUCLUILIMHE
«Oprannueckast xumsi» nporpammsl acupaaTypsl HOC YpO PAH no Hay4HO# cniennanbHOCTH
1.4.3. Oprannyeckast XUMUSI.

[Tporpamma coctaBieHa B COOTBETCTBUH C:

- mocraHoBieHneM [IpaBurensctBa PO ot 30.11.2021 r. Ne 2122 «O6 yrBepx)aenun [lomoxeHus o
MOATOTOBKE HAay4YHBIX M HAYYHO-TIEarOTMUECKUX KaJPOB B acIUPaHType (aIbIOHKTYPE)»;

- npuka3zoM MunoOprayku Poccuu ot 20.10.2021 1. Ne 951 «O06 yTBepkaeHUM (heepanbHbIX
TOCYAapCTBEHHBIX TPEOOBAaHUH K CTPYKTYpe MPOrpamMMm ITOATOTOBKH HAy4YHBIX W HAYYHO-IEJarorHYecKuX KaJIpoB B
acrmpaHType (aJIbIOHKTYpE), YCIOBHSAM HX peallU3aliy, CPOKaM OCBOCHHUS 3THUX MPOTPAMM C YUETOM Pa3IUYHBIX
¢opm oOydeHHs, 0Opa30BaTENbHBIX TEXHOJOTMH M OCOOCHHOCTEH OTHENBHBIX KAaTerOpUd acHHUpaHTOB
(anBIOHKTOB)Y;

- paboyeii mporpaMmoil IUCHUILIHHBI «OpraHHYecKas XUMHUs», YTBEPKICHHOH PUKa30M
HOC YpO PAH ot 14.03.2022 Ne 24 «O pabounx mporpaMMax acHpaHTypsl HHCTUTYTA 110 HAYIHOU
cnenuanbHOCTH 1.4.3. Opranndeckas XUMUS»;

- TeMaTruKoil HayuHbIX nccnempoBannii MOC YpO PAH.

2. Copep:xaHue NporpaMmbl
|. 3aKOHOMepPHOCTH CTPOCHHUS U PEAKIIMOHHOI0 NOBEICHUSI OPTaHMYeCKNX COeANHEeHMIT
1. Xumuueckan c6a3b u cmpoeHue 0p2aHuYecKux cOeOUHEeHull
1.1. CoBpeMeHHbIe ITPEACTABICHUS O IPUPOEC XUMUUECKOI CBA3H.

DNEeKTPOHHBIE TPEJCTABICHUS O MPUPOJE CBs3eil. THUMbl cBsi3ell B OpraHMyecKoil Xumuu. [ mOpuan3anus aToMOB
yriepoa u a3ota. DNeKTPOHHbIE AP (EKThl. DIEKTPOOTPUIIATEILHOCTh ATOMOB U IPYIIIL.

OCHOBHBIC TIOJIOKECHHUS KBAaHTOBOH XWMHH. ATOMHBIE W MOJEKyJspHBIe opOutanmu. IIpubmmkenne MO-JIKAO.
Meton MO Xrokkenst u 0ojiee cTporue KBaHTOBO-XMMHYECKHE METOABI pacdera. [IOHATHE O MOIY3IMITUPHYCCKUX
METOZaxX, OCHOBAaHHBIX Ha mpuOmmkeHun Xaprpu—doka (MNDO, AMI1, PM3 u np.). Merons! ab initio. Metox
¢ynkronana miotHoctd (DFT). KomnpomuccHble moaxoas! (JIOKaaU30BaHHBIE CBSI3H, THOPUAN3AINS, YaCTHIHbIH
y4eT JIeJIOKaIN3aliy NEKTPOHOB Ha MIPUMEpPE C - T -IPUOIIMKEHNUSA).

Teopus Bosmymernit MO. Bo3myIieHuss mepBoro u BTOPOTO MOPSAKOB. VHAEKCH PEaKIHOHHON CIIOCOOHOCTH.
MeTon rpaHHYHBIX OpOHUTaNel. 3apSIOBEIA U OPOUTATBHBIN KOHTPOIIE OPTaHIMYECKUX PEAKIIUi.

IonsTne o pezoHaHCce (CONMPSHKCHUN) B KIIAaCCHYECKON W KBaHTOBOU xumuu. CompspkeHue B Metoge MO Xrokkeds.
Konuemnwst apomatnaaocTH. [IpaBmio Xiokkens. Me30HOHHBIE COeIMHEHN. AHTHAPOMATHYIHOCTb.

1.2. Crepeoxumus. IIpocTpaHCTBEHHOE CTPOEHHE OpPraHWYECKHX MojeKynl. [IpocTpaHCcTBeHHOe B3auMojeiicTBHe
HECBSI3aHHBIX aTOMOB U T'PYIIII, BaH-/I€P-BaalbCOBBI PaINyChI.

ITonsiTue o KOH(bOpMaHI/II/I MOJICKYIJIbI. BpameHI/Ie BOKpYT CBSI3€H: BEIUYUHBI H CUMMETpHUSA TOTCHIUAJIBbHBIX
6aprepoB. DakTOPHI, OMPEACISIONUE dHEPTHI0 KOHGOpMepoB. Biusuue 3 hexkTor conpskeHnss Ha CTAOMIBHOCTH
koHpopmepoB. HomenknaTypa koHpopMepoB. YTI0BOe HANPSHKEHUE W APYTHE THITHI HATPSHKCHUS B MUKITHYCCKIX
cucremax. CpeaHume IMKIBI W TpPaHCAHHYJSPHBIC B3aUMoOJeHcTBUsA. WHBepcHs IIMKIOB H a30TCOIEPIKAIINX
COEIMHEHUI.

Ces3p  KOHpOpMamuu ¥ peaknuoHHOW cmocoOHocTH. [IpmaHmun Kepruaa—Iammera. Crepudeckuii o
CTEPEO03IEKTPOHHBIN KOHTPOJIb peaknnii. CTepeoceneKTHBHOCTh U CTepPeocenn(pHIHOCTb.

IIpocTpaHCTBEHHOE CTpOEHHE STHICHOBBIX M JHEHOBBIX cucTeM. HoMmeHKnaTypa reoMeTpH4ecKHX H30MEpOB.
Kondopmanus 1ueHOB ¥ TPHEHOB. ATPOIIOM30MEPHSI.

OHaHTHOMEpH. ACHMMETpPHUS M XHUPAITBHOCTh. DKBUBAJIICHTHBIC, JHAHTHOTOITHBIE W JUACTEPEOTONHBIE TPYIIIBI; UX
IIPOSABJICHUE B XUMHUYECKOM IIOBEJCHUM MOJIEKYJ] B XHUPAJIbHBIX M aXUPAIbHBIX cpepax u crekrpax SIMP.
Homenknatypa ontuueckux aHTunonoB. HeyrieponHele aToMbl Kak LIEHTPb XUPaIbHOCTH.

Crioco0s1 IMOJYYCHUA W pasgCICHUs OSHAHTHOMECPOB. Onrnyeckass 4YHUCTOTa U METOABI €€ OIPCACIICHUA.
Onpenenenne abCOMIOTHOW M OTHOCUTENIbLHON KoH(purypanuu. [ToHsATHE 0 MUCTIEpCHU ONTHYECKOTO BPAICHUS H
KPYTrOBOM JUXPOH3ME.

2. Obuque npunyunsvl peakyuoOHHOI CHOCOOHOCIU

2.1. Knaccudukamust peakuuid 1mo THITy 0Opa3oBaHMs M pa3pblBa CBsS3eH B JIMMHUTHPYIOLIEH CTaJIuH, IO THITY
peareHTa 1 1o COOTHOIIEHUIO YUCIIa MOJIEKYJI PEareHTOB U IPOAYKTOB.

TeopI/m MEPEXOAHOr0 COCTOSHUS. FI/IHCpHOBCpXHOCTL HOTGHHI/I&JILHOﬁ OHEPruu, KOoopJauHaTta H SHGPFCTI/IHCCKI/Iﬁ
l'IpO(i)I/IJ'IL peaKkuunu. TepMOL[I/IHaMI/I‘leCKI/IC napaMeTpbl aKTUBALHUU. Kunernueckue YpaBHCHUSA OCHOBHBIX THIIOB



peakiuii. MeToapl SKCIepPUMEHTAIBHOTO M3YyUYECHHsS] KMHETHKHM M MEXaHM3MOB peakuuid. MeToa crannoHapHOTO
cocrostaus (mpuHIun bogenmreiina). [Toctynar XamMoHa.

OMmuprudecknii  (IKCTpaTepMOIMHAMUYECKUH) TOOXOM K PEaKmHOHHOW cmocoOHocTH. KoppensunonHsie
YpaBHEHHS, IPUHIUI JIMHEHHOCTH CBOOOIHBIX dHepruil [ m66ca. YpasHenus ['ammera u Tadra. CBs3p mapaMeTpoB
KOPPEJSILIMOHHBIX YPaBHEHUI C MEXaHU3MOM peaKkLuil.

Ipwranun )KMKO; ero o6ocHOBaHKE Ha OCHOBE TeOpHuH Bo3MmymieHuit MO.

2.2. KomuuecTtBeHHass Teopus KuciorT U ocHoBanuid. Kucnorsl bpencrena u Jlptouca. KucnoTHo-ocHOBHOE
paBHoBecue. [lonstue pH. Kunetudeckas u TepMoIuHaMUYecKash KUCIOTHOCTh. Y paBHeHue bpencrena. OOmuii u
cnenu(UIecKuil KUCIIOTHO-OCHOBHBIH Katanu3. CynepkucioTel. @yHknuu kucinotHocTH. [Toctynar ['ammera.

2.3. BiusiHMe cpeabl Ha CKOPOCTH M paBHOBECHE OpraHudeckux peakuuil. Cnenuduueckas u Hecrenuduyeckas
(ynuBepcanbHast) conbBanusa. Knerounsiid 3¢ ¢exr. Bomoponnas cesze. Kiaccupukaums m mkaisl mapameTpoB
pacTBopuTeneil. BiausiHue conbpanuy Ha CKOPOCTh U PABHOBECHE OPTaHUUECKUX peakLui. YpaBHeHUs YUHCTelHa U
I'pronBanbaa, Konmens-Ilanema. KucnoTHOCTE 1 OCHOBHOCTB B T'a30BOH (haze.

Acconuanys HOHOB. THITBI HOHHBIX ITAp M AOKA3aTEbCTBA UX CYIIECTBOBAHMA. BimsHMe acconmanyuy HOHOB Ha UX
PEaKIMOHHYIO CTIOCOOHOCTh. Y paBHEHHE AKpH.

Mexdasnpiii katamm3. KpayH-3¢upsl, KpUIITaHAbl, TOAAHABL, KaTanu3aTopsl MexdasHoro mepeHoca. IloHstue o
CYIpaMOJICKYISIPHON XUMUH.

2.4. OCHOBHBbIE TUITBI UHTEPMEINATOB.

KapOenueBbie nonbl (kapOokatnoHnsl). ['eHepanmsi KapOOKaTHOHOB B pacTBOpax M B ra3oBod (asze. BimsHue
CTPYKTYPHBIX M COJIbBAaTAlIMOHHBIX ()aKTOPOB Ha CTAOMIBHOCTH KapOokaTHOHOB. CTpoeHHE KapOOKATHOHOB.
[TonsiTne o Heknaccuuecknx MoHax. OCHOBHBIC THIBI PEAKLUi KapOOKaTHOHOB M OOJACTH UX CHHTETHYECKOTO
ucnoib3oBaHus. CKeJeTHbIE MeperpyniMpOBKH ¥ THAPUIHBIE CABUTH B KApOOKATHOHAX.

Kap6anuonsl u CH-kucnotel. BnusiHue cTpykTypHbIX M 3((dekToB cpenpl Ha cTaOWIM3alMI0 KapOaHHOHOB.
OcHOBHBIE peaknuu KapOaHWOHOB, AHWOHHBIC NEPETPYNIHPOBKHA. AMOHWIEHTHBIC W IIOMUICHTHBIC AHHOHEI.
KapOensl. DnekTpoHHash CTPYKTypa, CHHIJIETHOC M TPUIUIETHOE COCTOSHHE KapOeHOB. Meronpl TeHepanuu
KapOCHOB M HCIIOJIb30BaHNE UX B OPraHMIECKOM CHHTe3€. HUTpeHBI, MX reHeparus, CTpOCHNE U CBOICTBA.

CBoOomHBIC paUKaJIbl H HOH-PaJAUKAIbl. METOIBI TeHEPUPOBAHUS PAAUKAIOB. DICKTPOHHOE CTPOCHUE U (PaKTOPHI
cTabmIm3anuy CBOOOIHBIX paJNKajioB. THITEI CTAOMIEHBIX CBOOOTHBIX paankaioB. OcHOBH MeTtonoB OIIP u XIT4.
KatnoH- w aHWOH-paamkanbsl. MeToabl TeHepHpOBaHUS U cBoicTBa. OCHOBHBIC pPEaKIMUA HOH-PATUKAIOB.
KomMmriekcs ¢ mepeHocoM 3apsia.

3. OcnoeHble munbl opzauuuecxuxpeakuuﬁ U UX MEeXAHU3MDbL

3.1. HykneodpunbHoe 3amelieHne B anudaruueckom pany. Mexanusmbl Syl U Sn2, cMellaHHbIA HOHHO-TIAPHBIN
MexaHu3M. BiusHHMe CTpYKTyphl cyOCTpaTa M TOJIIPHOCTH PACTBOPHUTENS Ha CKOPOCTH M MEXaHU3M PpEaKIUH.
AHXUMEpHOE COAEHCTBHE M CHHAPTETUYECKOE YCKOPEHHE, y4acTHE COCEJHMX IPYII, MEeperpymniupoBKH B XOJe
HyKieopuiabHOro 3amenieHus. Koppensiuonnsie ypasHenust Cysiitna—CkoTTa u D1Bapca.

3.2. HykneopmisHoe 3aMelieHne pyu KpaTHOH yriiepoa-yriepoJHOH CBsI3H W B apoMaTHYECKOM sjpe. TurmiaHble
MEXaHU3Mbl HYKIE€O(DMILHOTO 3aMeIEeHHsi Y SP>-TMOPUIHOTO aToMa Yriepona. BUHWIbHBIA KaTHOH. MOHO- M
OUMOJIEKyISIpHBIE TIPOLIECCHl HYKICO(QHUIBHOTO 3aMEIICHHS B apoMaTHYecKoM psny. Karamus nepexomHsIMU
Mmetaiamu. HykneoduiapHoe 3amenieHne B HUTPONPOHU3BOAHBIX OeH3ona. HykieoduiabHOe 3amelnieHne Bogopoa
(Bukapuo3Hoe 3amemienue). Kommiekcel Meiizenxelimepa. HykneodunpHoe 3amemenne B apoMaTHYECKHX
rerepouukiax. Kune-3amemenne.

3.3. DuekTpoduiabHOE 3aMelIeHHe y aToMa yriepoma. Mexanusmsel 3amerteHust Sgl, Sg2, Sei. HykmeodwuspHbrit
KaTaJin3 3JeKTPO(PUIBHOTO 3aMelleHus. BimsHue cTpykTypbl cyOcTpata M 3(QEeKTOB cpeabl Ha CKOpPOCTh U
HarpaBJIeHHE peaknuii. 3amerieHne y oJae(rHOBOro aToMa yriepoja U B apoMaTHIecKoM Koiblle. ['eHepupoBanue
NEeKTPOIIBHBIX  peareHToB. [IpaBWia OpHeHTaIMH W WX MOJEKYJIAPHO-OpOWTaNbHAs HWHTEPIpeTaIus.
OnexTpoduiIbHOE 3aMeIIeHHe APYTHX TPYIH, KpoMme Bojopoia. Mico-3amemenue. KuHeTHdeckne H30TOIHEIC
3(hheKTsL.

3.4. Peakumu »>muMuHHMpOBaHMS (OTIIETIICHUsS). MeXaHU3MBl TeTepojMTHYecKoro snuMuHHMpoBanus E1 u E2.
CrepeonnieKTpoHHBIE TpeOoBaHMS U cTepeocnenuduuHocTs npu  E2-snmumubupoBanun. Tepmuueckoe CHH-
SNMMUHHUPOBAHUE.

3.5. IlpucoeauHeHNE 1O KPATHBIM YTIIEPOA-YIICPOJHBIM CBA3IM. DIeKTpoduibHOe mpucoequHenue. CUIbHbIC H
cia0ble DIIEKTPOQUIIBI, MEXaHU3M U CTCPEOXMMHS IMPUCOCAUHCHHS, PETHO- U CTEPEOCEICKTUBHOCTh PEaKIIHH.
IIpucoenuHeHne K COMPsDKEHHBIM cUcTeMaM. KaTwWoHHas monuMepusanus oneguaoB. HykneodumsHoe
MPUCOEIMHEHHUE 110 KpaTHBIM cBsizsiM C= C. MexaHu3M mporiecca. Biusaue ctpykTypsl Hykieodmia u cydocrpara u
3¢ (deKToB cpelbl Ha CKOPOCTh M HallpaBiieHne peakiuu. Peakimus Muxasns. AHHOHHAS TOJTUMepU3anus 0Jie(UHOB.



3.6. HyxneopunpbHoe mpucOoenWHEHHE K KapOOHWJILHOW Tpymie: NpUCOSIWHEHHWE OCHOBAaHWH, BKIIIOUAs
KapOaHWOHBI, METAJUIOPTAaHNYECKUX coenuHeHui. Peakmus Anpu. KHUCIOTHBIHR W OCHOBHOW  KaTayu3
nprucoenuHeHus. EHONMM3anms anpaernoB U KeTOHOB. MexaHW3M STepru(UKAIlH KUCIOT U MOJydeHHEe alleTaleH.
Konpencannn kapOOHWJIBHBIX COCIOMHEHHWH, KapOOHOBBIX KHCIOT M WX TPOWU3BOAHBIX. HykieodmisHOE
TIPUCOCIMHEHHUE K aJb/l- © KETUMHHAM 1 KapOOHHI- IMMOHHEBBIM HOHaM (peaknus MaHHIXa).

3.7. IleperpynmupoBKH B KapOOKaTHOHHBIX HHTepMeanaTax. Kiaccudukanus neperpynmiupoBOK: MHHAKOIHMHOBAS U
PETPONMHAKOINHOBAS, [EpErpynmnupoBKa JlembsiHOBA. IleperpynmnupoBska Baruepa—MeiiepBeiina.
[eperpynnupoBku ¢ Murpanueii k aromy asora (I'opmana, Kyprmyca, bekmana). Peakuus baliepa—Buuturepa.

3.8. PanukanbHbie U HNOH-pAAUKAJIBbHBIC PEAKIUU TMPUCOCANHCHUA, 3aMCIICHHUA W JSJIMMUHUPOBAHUA. Llel'IHI)Ie
paduKaJIbHBIC pCaKI[UU. HOJ’II/IMepI/I?)aIII/IH, TeJIoOMEpuU3alus, peakuuu aBTOOKUCICHUA. I/IHFI/I6I/ITOpLI, WHUIUATOPhI U
MMPOMOTOPHBI HCTTHBIX peaxunﬁ. PeﬂOKC-peaKHI/II/I. 3J'IeKTpOCI/IHTe3 OpPraHn4CeCKux COCIUHCHMIA.

3.9. MonekynsapHble peakiuuu (yuc-mpanc-u30Mepu3alis, pacnaj MoJeKyJ, pa3MblkaHue LUKIOB). KoapkTraTHble
pEaKIuH.

3.10. CormacoBanHble peakiuu. KOHIENIWS COXpaHEHHWs OpOMTATHHONH CHMMETpHMH W TpaBwia BymBopma—
Topmana. DIEeKTPOIMKINIECKHE PEAKIINH, CHTMATPOITHBIE MeperpynuupoBKy. [lepunukinnaeckue peakuuu (2+2) u
(2+4)-umkmonprcoenuHeHus. 1,3-TUMOISIPHOE IUKIOMPHCOCANHEHHIE.

3.11. JIBoiicTBeHHass peaKIHOHHAs CIIOCOOHOCTh M TAayTOMEPHs OpPTaHWYECKUX CoeAnHeHHWH. [IpoToTpomHble H
curmarpomnusie neperpynnupoBkd. [Ipasuino KoprOmoma. Kero-eHomsHOe paBHOBecwe. HutpocoenuneHus u
HUTPOHOBBIC KHCIIOTHI, HUTPO30COECAUHEHHS U OKCUMBI. MeTalIoTponus.

3.12. OcHOBBI (POTOXUMHUU OpPraHUYECKUX coeAnHeHn. CHHIJIETHBIE Y TPUIUIETHBIE COCTOSHUS, (IIyopecleHIns U
¢docdopecueHys, UHTEPKOMOMHAIIMOHHAs KOHBepcHs. OCHOBHBIE THIBI (DOTOXMMHUYECKUX peakiuid. SIBieHue
(oroxpomuzma.

4. Xumusn KOOpOUHAYUOHHBIX COCOUHEHUIL

4.1. Onucanue XUMUYECKOH CBSI3H B KOOpZ[HHaIIPIOHHOﬁ TCOPUH, KJIACCHUYCCKasl TCOPUA XUMHUYCCKOI0 CTPOCHUSA U
TCOPUA BepHepa, KpI/ITepI/Iﬁ CYILICCTBOBAHUA MOJICKYJIbI, BaJICHTHOCTb, KBAHTOBO-MCXAdHUYCCKHUC MOICIN
(H_IpéZ[I/IHFCPOBCKaﬂ Tpaaunusa, noaxod € TOYKH 3PCHUA 3J'IeKTpOHHOI7[ HJ'IOTHOCTI/I), HEOMIMPHUICCKUEC MCETOIbI,
KapThbl paCIpPCACIICHUA BHGKTpOHHOP‘I IIJIOTHOCTH.

4.2. 3aKOHOMEPHOCTH M3MECHEHUS TOCIEIOBATCIFHBIX KOHCTAHT YCTOWYMBOCTH (CTATHCTHYCCKAS M “XUMHYECKass
KOMIIOHCHTBI, BIMSHUE TPUPOIBI JUTaHIa, CIHHOBOTO COCTOSHUS, THOpHUAN3aNNH). XapaKTepUCTHKa CIIOCOOHOCTH
AJIEMEHTOB K KOMIUIEKCOOOpPa30BaHUIO B 3aBUCHUMOCTH OT uX mojoxeHuss B Ilepumommueckoii cucteme JI.W.
MengeneeBa (0630p 1O TpymmaMm dIEMEHTOB, O-MeTawibl). Pasnudus MeXIy KOOPAWHAIMOHHBIMH U
METAJIOOPTraHNUYCCKUMU COCITUHCHUAMU. OCHOBHBIE THIIBI JIMTAHOO0B, HanboJIee 4acTo HCIIOJIB3YEMbBIC TTPU CUHTE3EC
KOODJMHAIMOHHBIX ~ coeanHeHuil. OcHOBHbIE (AKTOPBI, BIMAIOIIME HAa  CHOCOOHOCTh  3JEMEHTOB K
KOMILICKCOOOPAa30BaHUIO: 3JICKTPOHHAS KOH(MUIYpanuss ¥ THOPHIU3AIMs], COCTOSHHUE OKHCJICHHUS, aTOMHBIA U
WOHHBIN paanyc, npupona jguragaa. OcoOeHHOCTH KoMIiekcooOpa3oBanus P33, ponp “IaHTaHUAHOTO CHKATHS .
Kommutekcrr Ha 6a3e 3-AMKETOHATOB.

4.3. KoopmuHAaIlMOHHBIE COCIOWHEHUS METAUIOB B MEOUIMHE U Owoyormu. bromerammipl, WX Kparkas
xapaktepuctuka. Conep)kaHue METAIJIOB B OpPraHM3ME B HOPME M IpH MATOJIOTMHM. Bompockl TOKCHYHOCTH
HEOpPraHWYEeCKUX coeAmHeHW. JlmarHoctmka 3a0oneBanuii. [lyTm JedeHHMsT TmpemapataMd Ha OCHOBE
KOOPJAMHALIMOHHBIX COEAMHEHUH MeTauioB. KOMIIEKCHBIE COEIMHEHUS IJIATHHBI Kak MPOTHBOOIYXOJIEBbIE
npemnapatsl. [IpobieMbr pa3paboTku JeKapCcTBEHHBIX (OpM Ha UX OCHOBe. buonormdeckast poms P35 — anamoros
Kanbpllusi W Maraus. JlekapcTBeHHbIE MpemapaThl Ha OCHOBE KOMIUIEKCOB P33, BO3MOXKHBIE MEXaHU3MBI HX
JIEUCTBHS.

4.4. TlpuMeHEHHE JIETYYMX KOOPAMHAIIMOHHBIX COCAMHEHUM B TEXHOJOTMH MOJYYCHHS MATEPHAIOB M3 Ta30BOU
dhazer (MOCVD). OcHOBHBIE Pa3HOBHIHOCTH MaTepUaiIOB, MOJydaeMbiX 1o TexHonoruu CVD.

5. Xumusa zemepoyuxiuueckux coeOuHenui
5.1. 'erepoapoMaTHYHOCTh

Tumel rerepoaroMoB M TeTEpPOAPOMATHUECKHX CTPYKTYp. [ 'mOpuau3amust M CTEPEOXMMHsI TeTepOaTOMOB.
Knaccudukanus rerepoapoMaTHuecKUX CTPYKTYp 1Mo AJbOepTy: AOCTOMHCTBA M HeAocTaTkd. KoHumenmumst p—
M30BITOYHOCTH M p- JeduuurHOCTH. p— M30BITOUHBIE, p- AeduuuTHBIE MW p— aMmQOTepHbIE TETEPOLMKIBI, HX
kiaccudukanus. CHCTEMBI C KOHJEHCUPOBAHHBIMU P— U30BITOYHMU U P- TEPUIUTHBIMH SIIPAMH.

IeTeponmKIIbI B reTepoaTOMBI KaK 3aMECTUTEIH M MPOBOJAHUKH AJIEKTPOHHBIX 3()(HEKTOB. DICKTPOHOAOHOPHBIC H
AJIEKTPOHAKIENITOPHBIE CBOMCTBA reTEPOATOMHBIX CUCTEM. PeakImoHHas CTOCOOHOTH T€TEPOATOMOB: ITUPUIHHOBBIH
Y TIUPPOJILHBIA aTOMBI a30Ta, APYrHe TeTepoaToMbl. [ eTepoapomaThueckoe 3JeKTpoduibHOe W HyKIeohuiIbHOe



3aMeIICHNE: THUIBI MEXaHW3MOB, B TOM WYHCIE KJIACCHYECKHE W HETpaaWIMOHHBIC. BinsHne 3amecTuTenei,
KOHIICHCHUPOBaHHBIX siiep. O0Imme 3aKOHOMEPHOCTH PEaKIiii OCHOBHBIX THIIOB T€TEPOaPOMATHUECKUX CHCTEM.

5.2. CuHTE3 reTepouKINIeCKIX CHCTEM

Peakiuy 3aMblkaHHs [MKJIa: 3aMelICHHE TMPH HACBIIIEHHOM aToOMe YIJepoja, BHYTPUMOJIEKYJSIPHOE
NPUCOCTUHEHHE K KapOOHIJIbHOW TpyIile, BHYTPHUMOJICKYJISIPHOE MPHCOCAUHCHHUE K IPYTHM JBOWHBIM CBS3SIM,
3aMbIKaHHE IMKJIA C YIaCTHEM TPOMHOW CBSI3H, PaAUKAIbHbIC PEaKIUK, PEaKIMU C yYacTHEM KapOCHOB, HUTPEHOB U
UX H303JICKTPOHHBIX aHAJIOTOB, AJICKTPOIMKINYCCKAE PEAKIUU. Peakiuu IUKIONPUCOCAUHCHHUS, XCICTPOITHEIC
peakiuu.

5.3. CynpamouiekyisipHast XUMHS

MornexynsipHoe pacno3HoBaHue. OCHOBHBIE MOHSATHUS CYNPAMOJIEKYJISPHON XUMUHM. MoJeKyJspHbIe pelenTophbl —
OpUHIUNBEl Au3aiiHa. OCHOBHBIE NPHHLUIBI PAcCIO3HOBAHUS KATUOHOB, AaHMOHOB M HEWTPAIbHBIX MOJIEKYIL
CymnpamosekyisipHas peakIMOHHasi CIOCOOHOCTh M KaTanu3. lIpomeccsl mepeHoca M CO3JaHue HOCHTEINEH.
TpancnopT npy NOCPEIHUUECTBE HOCUTEINIEH.

CymnpamornekysipHsle aHcaMOmn. [ eTeporeHHoe MOJIEKYJIIPHOE Paclo3HOBAaHHE, MOJIEKYJIIPHOE PACIIO3HOBAaHUE Ha
MOBEPXHOCTSAX. MONEKYISIPHBIA W CYINpPaMOJEKYISApHBIA Mopdorenes. MoneKymspHBIE H CYIpaMOJCKyJISIpHBIC
ycrpotictBa. Camocbopka, camoopranm3amus. CamopacnosHoBanne. CympamoneKyispHas XHPaTbHOCTb H
camocOopka. Cynpamonekymsipasie Marepruansl. Hanoxumus. CynpaMoseKyIsipHBIH CHHTE3, CYIpPaMOJIEKYIIpHOE
COJICHCTBHE CHHTE3Y.

6. Xumuu ¢pmopa u ¢pmopcooepscawgux coeounenuii

Crienudrueckue ocobeHHOCTH PTopa U (PropcoaepKamux COCTUHCHUN. DneKTpoHHble 3¢ deKTh aTtoMa (ropa B
HaCbIIICHHBIX, HCEHACBIIIEHHBIX W apoOMaTUYCCKHUX CUCTCMax. PeaKL[I/IOHHaH CHOCOﬁHOCTb aToMa q)TOpa B
HaCbIIICHHBIX, HCHACBIIICHHBIX W apOMATHYCCKUX CHCTEMaX. OCHOBHLIe IIyTU CHUHTE3a U CBOMCTBa 6a30131>1x
(bTOpOpraHUICCKUX COCMAUHCHUI (AJKAHOB, ANKECHOB, ANKHHOB, KHCJIOT, KETOHOB, (TOpapeHOB u T.1.). Peakimun
(GTOpKapOOHMIBHBIX coemuHeHni. dropconepkarine (GyHKIMOHATbHEIE Tpynmbl. OCHOBHBIE HAIpPaBJICHHS
HCIIONIB30BAHUS COEAMHEHMH (TOpa B OPTaHUUECKOM CHHTE3€ W TPAKTHKE, OCHOBAHHBIC HAa YHHKAJIBLHOCTH €r0
CBO¥CTB. BHomornueckas akKTHBHOCTh (DTOPCOAEPIKAIIMX COCAWHEHWH M MEXaHW3M uXx aeiictBus. OcoGeHHOCTH
cnektpos SIMP *°F,

7. Hpuuuunbt COBPEMEHH020 OP2AHUYECKO20 CUHmMe3a U YCMAHOG/1eHUA CMPOECHUA OP2AHUUECKUX coeouneHuil

7.1. Beibop onTHMansHOTO IIyTH cHHTE3a. [IpHHINIT pETPOCHHTETHYECKOTO aHann3a. JInHelHble M KOHBEPTeHTHBIC
cxeMbl cuHTe3a. CHHTOHBI U CHHTETUUECKHE DKBUBAJICHTHI. 3alura (yHKIMOHAIBHBIX IPyI. MeTo/bl BBEACHHS U
yAaJEeHUS 3alUTHBIX TPYII.

7.2. OCHOBHBIE IIyTH ITOCTPOEHHS YTIEPOJHOTO CKEJETa.
7.3. MeToabl BBe/IeHHs] BAXKHEUIINX (DYHKIIMOHAIBHBIX TPYIIIT U ITTH Nepexo/ia OT OAHUX QYHKIHUH K IPYTUM.

7.4. DneMeHTOOpraHNYeCKHe COeMHEHN (IPOon3BoIHbIE dochopa, Oopa, KpeMHHUSA, MEJIH, IUTHS, MarHUs, 0JI0Ba) B
OpraHU4YECKOM CUHTE3€. MeTalsIOKOMILIEKCHBIN KaTanus.

7.5. Vcnonp30BaHNe XMMHUUYECKUX M (PU3UKO-XMMHUYECKHX METOJOB ISl YCTAHOBIICHUS! CTPYKTYPBI OpraHMYECKUX
coenuaeHni. Criekrpockonus SIMP, DI1P, konebarenpHas U AIEKTPOHHAS CIIEKTPOCKOIIHS, Macc- M XpOMaTO-Macc-
criektpoMeTpus. ['a30KHIKOCTHAas W JKMJIKOCTHash Xpomarorpadus, HOHOOOMEHHass M TeJbIPOHUKAIONIAs
xpomarorpadus, 3nekTpodopes. PeHTreHOCTpyKTypHBIi aHaIH3 1 anekTpoHorpadus. Pedpakromerpus.

7.6. OcobeHHOCTH 000PY/IOBAaHUS M METOIMKH IIPOBEACHUS PEAKLUH B reTepo(a3HbIX M IeTepOreHHbIX CHCTEMaXx.
CoBpeMeHHbIE METOIbI 00pabOTKH PEaKIIMOHHBIX MAcC, OYMCTKH M BBIAEICHUS NMpoayKToB. [IpoBenenue peakiuii
Ha TBEPJBIX HOCUTEIAX. [IpUHIINIIEI KOMOMHATOPHON XUMHH.

7.7. Texuuka 6€30IaCHOCTH M SKOJIOTHYECKHE IPOOIEMBbI OPTaHUIECKOTO CHHTE3a. «3eNieHast XUMUD». TepMOXUMIUS
OpraHnyeckux peakuuil. TennoBoil B3phIB.

8. Acummempuueckuii cunmes
8.1. Crepeoxumust

Meronsl  paznenenust dHaHTHOMepoB. PaGorter JI. Ilacrepa. Tumbl xupamsHocTH. Pasznmenenuwe depes
JIMacTepeOMEpHBIE NPOM3BOJHBIE, XpoMaTorpadusi Ha XHUpPAIBHBIX CTAlMOHApHBIX (azax, KHHETHYECKOe
paznenenue. CrepeocneupUIHOCTb SH3IUMATHIECKUX PEaKIni.

CTGpeOXHMPI‘lCCKI/IC q)aKTOpI)I B MCXaHHU3MaX U KHHCTUKC peaKIlI/Iﬁ. CTepeOXI/IMI/Iﬂ 6I/IOMOJ'I€KyJ'IHpHOFO 3aMCUICHUSA Y
TECTPAdAPUICCKOro  yrieponaa. CTGpCOXI/IMI/IH HyKJ'IeO(I)I/IJ'ILHOFO OTIICIIJICHUA. PCaKIII/II/I MPUCOCANHCHUS.
CTepCOXI/IMI/Iﬂ peaKHI/Iﬁ 3aMCIICHNA Y HCHACBIIICHHBIX LICHTPOB. ACI/IMMG’I‘pI/I‘leCKI/Iﬁ CHHTEC3 U aCI/IMMGTpI/ILIGCKI/Iﬁ
KaTaJin3.



8.2. XuMust aMMHOKHCIIOT U NENTHI0B

CrocoObl  TIONTydeHHUs, (QU3NIECKUE W XHUMHYECKHE CBOWCTBA aMHHOKHCIOT. CTepeoXuMus MPHPOIHBIX
AMHHOKHCIIOT. AHAJIN3 aMHHOKHCIIOT.

CriocoObl  BpeMEHHOHW 3amuThl (YHKIHOHANBHBIX TPYIN B AaMHHOKHCIOTAX W WX OJOKMPOBAHMA. 3amimra
aMHUHOTPYIIIHI (alMIIbHAS, TO3MIbHAS, HUTPOPEHUICYb(GEHUIbHAS) 3aUTHRIEC TPYIIEI YPETAHOBOTO U ANKIIIFHOTO
tuna. CrocoObl 3am|Thl KapOOKCHIBHONW TPYyHnbl M (PYHKIMOHAIBHBIX Tpymm B OOKOBOM memu. TakThka
MHHHMAaJIBHOW 3aIIUTHI B IIENTHIHOM CHHTE3E.

Mertozp1 00pa3oBaHus MENTUAHON CBA3U. MeTO/ bl CMEIIaHHBIX aHTUIPHIOB, AKTUBUPOBAHHBIX 2QHUPOB. AKTHBAIHA
KapOOKCHJIBHOM TPYNIIBI C IOMOIIbIO COEAWHEHHH, COJEepKalluX KpaTHbIE CBS3M (KapOOJMMUBI, ITHAaHWIH]IBI,
KETEeHUMHUHBI, T€TEPOLMKINUECKIE aMUIbl U T.I1.). CIIocCOObI aKTHBAIlMM aMUHOTPYIIIBI (M30LMaHaTHEIH, Gocdazo-
meron, aupamu GochopHOl KUCIOTHI U 1p.). Panemuzanusi, cnoco0bl ee npenorBpaiienus. CTpaTerus U TaKTHKa
MENTHIHOTO CUHTE3A.

CuHTe3 NEeNnTHUIOB Ha TOJMMEPHOW OCHOBE. BBIOOp MONMMEpHBIX HOCHTENECH M CXeMa NPOBEICHMS CHHTE3A.
CryneHuarslii CHHTE3 H (parMeHTapHas KOHJAEHCAlMs IIENTHIOB HA IOJMMEPHOM HOcHTene. MeTomsl
Ka4eCTBEHHOTO M KOJIMYECTBEHHOTO KOHTPOJIS. AMHHOKHCIIOTHBIH aHAIIH3.

MeTtonpl pa3feneHHs aMHHOKHCIOT ¥ IenTuaoB. [enpduiubTpamms. [embxpomarorpadus. ToHKOCHOWHAs u
JKUIKOCTHAs XpoMaTorpadus. ObecconmBanue.

9. Xumusn 3nemenmopzanuyeckux coeOuHenuil

Kiaccudukanms >1eMEHTOOPraHUYECKHX COETUHEHHH (METaJUIoOpraHMYeCKUe COETUHEHHS - COCAMHEHHUS CO
CBSI3BI0  METAJUI-YIJIEPOA, COCIMHEHHWS C AaHHOH-PAJUKaIaMH, T-KOMIUIEKCHI, aJKOKCHIBI, XenaTtel [3-
JTUKapOOHMIBHBIX COeTUHEHUH, conn,). CTpoenune. Homenknatypa. @usuueckue cBoiictBa. MeTo ! MOTy4YeHUs.
[unkopranuueckue coequHenus. Ctpoenue. Meronsl monyuyenus u peakiuu. Peaknus C.H. Pedopmatckoro.
BopoBoaopos! ¥ uX NPOU3BOIHBIE B OpraHUYEecKoM cuHTe3e. KapOopaHsl.

I'mapuas! ¥ aNKOKCUABI aJTIOMHHUS B OPraHUYECKOM CHHTE3E.

KpemHuiioprannueckue coeIuHEHUs (COCIMHEHUS CO CBSA3AMHU: KpEMHHH-TalloreH, KPpeMHUNH-BOJIOPOM, KPeMHHUIi-
KHCJIOPOJ, KPEMHHUI-a30T, KPEMHHUH-YTIepOol, KPEeMHHU-KPEeMHUH W KpeMHHUi-MeTamunr). MeTonpl IOydYeHus,
peakuuu, cBoiicTBa. [TonuMepsl Ha OCHOBE KPEMHUHOPraHMYECKUX COEANHEHHH.

docdopopraHnieckue COCIMHEHUS Pa3HOl BAJEHTHOCTH, CTEICHW OKHCICHHS M KOOPAMHAIIMOHHOTO YHCIIA.
[IprMeHeHHe OpraHMYECKHX COEIUHEHWH (ochopa B NPOMBIIIICHHOCTH, HEOPTaHWYECKHX — B OPTaHHIECKOM
CHUHTE3E.

OpraHuyeckre COeJUHEHNS cepbl. THOKapOOHMWIBHBIE COSANHEHUS.

OO6me npobsieMbl XUMHH 3JEMEHTOOPraHUYECKUX coeauHeHud. Crenuduka CHHTE30B U HCIOJb30BaHHS.
B3anMocCBsI3p peakIMOHHONW CHOCOOHOCTH C IONOXKEeHHeM 3JeMeHTa B Ilepmomuueckoit cucteme. BozmoxkHOCTH
PEryIupOBaHUS PEAKI[MOHHON CIOCOOHOCTH ITyT€M HM3MEHEHMs BAJIEHTHOCTH M CTENEHH 3aMeIleHUs METajuIoB U
HemeTamoB. IIporpecc METOI0B XMMHUHU 3JIEMEHTOOPTAHNYECKUX COSTUHEHUH.

10. Kamanus

MeTtannokoMIUIeKCHbIH KaTanu3. KaTanuTudecku-akTHBHBIE KOMIUIEKCHI METAIIIOB.

IIpumepsr MEXaHU3MOB peaxiui, KaTaJIN3HPYEMBIX KOMILIEKCaMHU METAJLIOB: THIPUPOBAHUE,
THIpOKapOOHWIMPOBAaHNE, KapOOHMIMPOBAaHHWE; OKHCICHHE M MeTare3uc  oJe(uHOB, W30Mepu3amus,
onMroMepu3anus W HoiauMepusanus oneguHOB. MHOTO3JEKTPOHHBIE IIPOLECCHl M KaTalu3 KJIacTepaMHu.
AcUMMeTpUYECKHNA KaTaJTUTUYECKUN CUHTE3.

CrpoeHre MOBEPXHOCTU TBEPIBIX TEJ M €r0 BIMSHUE HAa KATAIUTUYECKYHO) aKTHUBHOCTb. COBpEMEHHBIE METOJbI
HCCJIEIOBaHMsI CTPYKTYpPbl M COCTaBa IOBEPXHOCTHOIO CJOS TBEPABIX Tell. MeToAbl OIpeneseHUusl IEMEHTHOIO
cocTaBa KaTaJIM3aTOPOB, CIEKTpaJbHbIE M XUMHUYECKHEe MeTonbl. TepmorpaBumerpus. PentreHodazoBelii u
PEHTTCHOCTPYKTYpPHBIH aHaIu3. DJIEKTPOHHAas MHUKPOCKOMHUA. 30HI0BAas MHUKPOCKONHMA: TYHHENbHAs M aTOMHO-
CUJIOBasg MHKpockonus. Macc-ClieKTpoMeTpusi BTOPUYHBIX HOHOB. SIMP-BMY-cnexrpockonus TBephoro Teia,
kpocc-mossipuzanus.  SIMP-tomorpadgus. EXAFS, XAFS, XANES, SAXS, dorosnexktponHas u oxe-
cnekrpockonus, I'P-cnekrpockonusa. MaruutHele MeTOABI HCCIENOBaHUs Karanu3aTopoB. KP-cnexrpockomus.
OnekTpoHHast ciekTpockonus. Judpaxums MeaIeHHBIX JIEKTPOHOB.

AZcopOIMOHHBIE METOJ(bI M3MEPEHUS] TOBEPXHOCTH KaTalu3aropa M KOHLEHTPALMHM KaTaJIUTHYECKH-aKTUBHBIX
nentpoB. UK- n Y®-criektpockonus B agcopOiun u kataiause. [lopucrast CTpyKTypa KaTaau3aToOpoB, CIIOCOOHI ee
(opMupoBaHUS M METOJBI HccienoBaHus. PTyTHas mopomerpus. CTeNneHb HCIIOJIB30BAHHS IOBEPXHOCTH MOP
katanu3aTopa. OnTuManbHas CTpyKTypa [op KaTaau3aTopa.

Karanu3 okcumamu TepexoIHBIX METAIOB. OJEKTPOHHAs TPAaKTOBKAa XeMOcopOIMHM U Karanu3a Ha
MOIYIpoBOgHIKAX. CBSI3b KaTATUTHIECKON aKTHBHOCTH C MOJIOJKEHUEM ypOBHSA DepMuL.

MondunupoBaHHBIE U CMEIIAHHBIE OKCHIHBIC KaTaTU3aTOPHI.

Meronbl NPUTOTOBJIEHUS IETEPOTEHHBIX KaTalu3aTOPOB: OCaXACHUE, NPONUTKA, KPUCTALIM3ALMs, 30Jb—TIelb-
METOJ, MEXaHOXMMHYECKHA MeTon. Tepmmdeckas oOpaboTka KaTanu3aTopoB. DakTopsl, OIpenensone
JIUCIIEPCHOCTh aKTUBHOI'O KOMIIOHEHTA. MONEKYJIIpHBIN 1M3aiiH B KaTalu3e.

Cuntes ®Oumepa-Tponma. ['mapupoBanue U JETUAPUPOBAHNE OPraHUUECKUX COSAUHEHUH.



IIpupomooxpaHHbIe KaTATUTHYECKUE TEXHOJIOTHH.
11. Hcnonvzosanue IBM ¢ opzanuueckoil xumuu u ungopmamuxa

11.1. OcHOBHBIE NpEACTABICHUS O NPHUMEHEHHWH HE3MIHUPUYECKUX W MOTY3MIHPHUYECKHX METONOB KBAaHTOBO-
XMMHUYECKUX BBIYMCICHUH M PacdeTOB METOJAMH MOJEKYJSIPHOH MEXAaHUKH Ul ONpPENEICHHUS 3IEKTPOHHOTO U
MPOCTPAaHCTBEHHOTO CTPOCHMS, KOH(POPMAIMOHHOTO COCTaBa, TEIUIOT OOpa3oBaHMSA, SHEPTUH HANPSDKCHHS U
aKTHBAIlMM XWMHUYECKHX PEaKIUH, KOJIEOATeNbHBIX M JIICKTPOHHBIX CIIEKTPOB, PEAKIMOHHOW CIIOCOOHOCTH
OpPraHUYECKUX COCTUHEHUI.

11.2. Tpa,HI/IHI/IOHHI:Ie CpeacCTBa XHUMHUYECKOM I/IH(bOpMaHI/II/I 1 MCTOJAbI UX HCIIOJIB30BAaHUS. ABTOMaTI/I3I/IpOBaHHI>Ie
I/IH(i)OpMaLII/IOHHO'HOI/ICKOBLIe CUCTCMBI.

[onsiTve 00 SMOMpHYecKUX Koppemsnusax crpykrypa-cBoiictBo (QSAR, QSPR). CnexrpocTpykTypHbIE
Koppensanuu. MaliHHoe MIaHUPOBaHUE U MOUCK ITyTel CUHTEe3a OPraHMYeCKUX COeqUHEHUIl. MeToa pacuneHeHus,
BBIOOD TpaHC(HOPMOB, PETPOHOB ¥ CHHTOHOB, CIIOCOOOB CBSI3BIBAHUSI CHHTOHOB JIPYT C IPYTOM.

1. CuaTeTHYEeCKHEe MeTOABI B OPraHNYecKoil XHMHH U XUMUYeCKHe CBOWCTBA coeJUHEeHU
1. Ankanot

1.1. MGTO,Z[BI CHUHTC34a: TUAPHUPOBAHUC HCIPCACIBbHBIX YIIJIECBOAOPOAOB, CHUHTE3 HYCPE3 HHTHﬁﬂHaﬂKHHKpraTLI,
QJICKTPOJIN3 conei Kap6OHOBLIX KHUCJIOT (KOJ’IL6G), BOCCTAaHOBJICHUEC Kap6OHI/IHBHHX CO€,I[I/IH6HI/II71.

1.2. Peaknmu ankaHOB: TalOTreHHpOBaHHUE, cynb(oxiopupoBanue. CeNeKTHBHOCTb PAAMKANBHBIX PEAKIUH H
OTHOCHTEJIbHAsA CTaOWIPHOCTD ANKWIBHBIX PAJUKaIOB. TepMUYECKHMH M KaTalnTHIecKuil KpeKuHr. VIoHHbIE
peaxIMy aJKaHOB B CYNEPKUCIBIX cpefax (IeHTepoBOIOPOIHBII 0OMEH U raJIOTeHUPOBaHUE).

1.3. Iuknoankansl. MeTOmbl CHHTE3a W CTPOCHHE IUKJIONPONAHOB, IUKIOOYTAHOB, IHUKJIONCHTAHOB U
nukiaorekcaHoB. CHHTE3 COEAMHEHHH CO CpeJHUM pa3MepoM IuKkia (alMIOMHOBas KOHACHCAlUs). THIIBI
HaNpsOKCHUSl B IIMKJIOAJIKAHAX W WX IOJApa3lieliecHHe Ha Mailble, CpefHue M Makpouukibsl. KoHdopmannoHHbIH
aHaIM3 HUKJIOTEKCaHa, MOHO- U JM3aMEIICHHBIX ITUKIOTeKCaHOB; aKCHANbHbIE U YKBATOPUANbHbBIE CBSI3U. BiusHue
KOH(QOPMAIIMOHHOTO MOJIOXKECHHS ()YHKIIMOHAIBHBIX TPYIIT HA UX PEaKIHOHHYIO CIIOCOOHOCTD B Py MPOU3BOIHBIX
IUKJIOTEKCAaHa HA TpUMeEpe pPEeakIiii 3aMeIleHUs, OTHICTUICHUS U OKUCICHUsS. Peakium pacuipeHus W CyKCHHUS
IIUKJIOB TIPH Jie3aMUHUPOBAaHUM MEPBUYHBIX aMUHOB ([lembsHOB). CykeHue 1ukia B peakiuu Pasopckoro (o -
TaJIOTCHIUKIIOATKAHOHBI ).

2. Ankenbul

2.1. MeToabl cUHTE3a: >IMMUHUPOBAHUE TI'aJIOT€HOBOJOPOIOB M3 AJKHITAJIOTEHUIOB, BOJBI W3 criupToB. CHHTE3
QIKEHOB W3 UYETBEPTHUYHBIX aMMoHHMeBBIX coied (I'opman), N-okuceit Tpernmunsix amuHOB (Koym).
CrepeoceneKTHBHOE BOCCTAHOBJICHHE aJIKHHOB. CTEpeoCeIeKTHBHBIA CHHTE3 yuc- N mpanc-alkeHoB u3 1,2-11onoB
(Kopu, Ywunrep). PermocenekTuBHbIN cHHTE3 ajkeHOB H3 To3wiruiapa3oHoB (Illammpo). Peakmms Burtura xax
peruocnenuduyeckuii MeToa cuHTe3a ajkeHoB. OCHOBAaHHUSA, HCIONb3yeMble B peaknuu. CTaOMIN3UpOBaHHbBIE U
HecTaOMIM3UpOBaHHbIe WIHIBL. CTepeoXuMHs peaknuu. XeMOCENeKTHBHOCTh peakiuu Burtura. Ilomyuenue
3¢upoB ankmihocHoHOBEIX KHCIOT (Muxasib—ApOy30B) M WX HUCIOJIB30BAHHE B CHHTE3€ alKCHOB (BapHaHT
Burtura—Xopaepa—3OMMoHca). O61acTh IPUMEHEHUS PEaKIUH.

2.2. Peakmym aiKeHOB: AJIEKTPO(QIIEHOE NPUCOSAMHEHHE TaJOreHOB, TaIOTCHOBOIOPOIOB, BOABL [Iporecckr,
coryTcTByoIe Ade-peakiisM: CONpsHDKEHHOE PUCOSANHEHNE, TUAPUIHBIC U alKWIBHEIC MUTpanuu. [ uapokcu- u
ANKOKCUMEPKYpUpOBaHHE. Perno- M cTepeoceNeKTHBHOE MPUCOSANHEHNE THAPUAOB Oopa. Permocnenmpuaeckue
runpobopupyromue areHTsl. [IpeBpaierne 0opopraHUUeCKUX COSAMHEHHUH B aJKaHbBI, CIIHPTHI, ATKHITaI0TeHUIBL.
Oxwucnenue ankeHoB a0 okcupaHoB (IIpuiexaer). [loHsATHE 00 PHAHTHOMEPHOM SMOKCHAMPOBAHUM aJKEHOB IO
aprutecy (B mpUCYTCTBUHM M3omponuiarta tTutaHa U 3¢upa L-(+)-BUHHON KUCIOTHI). [{uc-TUIAPOKCHIMPOBAHUE
ankeHoB 1o Baruepy (KMnOjy) n Kpure (OsO4). OxuciieHne ankeHOB TaJOreHOM B IIPUCYTCTBUH coJieii cepebpa:
yuc-(BynBopt) u mpanc-(IlpeBo) TtHApOKCUIUpOBaHWE. PaaukanbHbIe peakIMH ajJKEeHOB: TMPUCOCTUHEHHE
OpoMuCTOrO BOAOpOAa MO Xapalry, CEepOBOJOpOJia W THOJIOB. AJUIMIIbHOE TalloreHnpoBanue mo Llurmepy.
BryTpumonexyisipHas paauKanbHas IUKIA3ANUS O-TaIOT€HAIKAHOB TPH JEHCTBUM TPHOYTHIOIOBOTHIPHIA.
I'ereporeHHoe TUAPUPOBAHKE: KAaTAJIM3aTOPbI, KAaTAIUTHYECKUE si/bl. [ MAPOTeHOIN3 CBsI3el YIIIepoA-TeTepoaToOM.
T"'omorenHoe TUAPUPOBAHUC: KaTaJIU3aTOPbl, MEXAHU3M. PernocenekTUBHOCT TOMOTEHHOI'O TUAPUPOBAHUA.
[IprcoenuHeHrEe CHHTIICTHBIX U TPUIUICTHBIX KApOCHOB K ajkeHaM. KapOeHOHIbI, X B3aUMOJICHCTBUC C aIKCHAMH.

3. Ankunot

3.1. MeTozpl cuHTE3a: OTLICIUICHHE TAIOTEHOBOAOPO/IOB M3 JUTaJIOr€HHUIOB, peakius |,2-Auruapa3oHOB C OKCHIOM
pryru (II) u TerpaarnieraTom cBHHIA. Y CI0XXHEHUE YIIIEPOJHOTO CKENIETa aJKHMHOB: PEaKIUK alleTHICHHUIOB HATPHS
M Meau, MarHMHOpPraHW4ecKUX INPOU3BOAHBIX AIKWHOB. KoHIeHcanusi ankMHOB-1 ¢ KETOHAMHM M aJbAETHIaMHU
(PaBopckuii, Perme).



3.2. Peakiuu ankwHOB. I'ajoreHupoBaHue, TuAporaroreHuposanune, ruaparanus (Kydepos). AneTHiicH-aieHOBasK
m3omepm3anua. CMemeHne TPOWHOH CBS3M B TEPMHHAIBHOE ToOJoXeHHe. OKucIuTenpHass KOHISHCAINs
TEPMUHAIBHBIX QJTKIHHOB B IIPICYTCTBUH COJICH MEIH.

4. Ankaouenwvt

4.1. Metons! cuHTe3a 1,3-IMEHOB: AETHAPHUPOBaHNE alkaHOB, cuHTe3 PaBopckoro—Permnme, Kpocc-codeTanne Ha
METaJUIOKOMIUICKCHBIX KaTaln3aTopax.

4.2. Peaxuuu 1,3-711ME€HOB: TajJOreHHpOBaHHE M THAporanoreHuposanue, 1,2- u 1,4-npucoenuHenue. Peakius
Junpca—Aunbaepa ¢ alKeHaMHU U aIKHMHAMM, €€ TUIIBL: KapOo-peakuus, rerepo-peakuus. JJueHsl 1 AueHOQUIbL. 0-
XUHOAMMETaHbl B KadecTBe JueHoB. Karamus B peaknun  [Iunsca—Aunbpaepa. CTepeoxuMus peakiuu.
PernocenexTuBHOCTD [4+2]-IUKIONPUCOCANHEHUSI B Cllydae HECHMMETPHYHBIX THEHOB M AneHo(puioB. Perpo-
peaxuus unsca—Adnbaepa. [IpuMeHeHre CHIIOKCUIUEHOB B CUHTE3€ aTMLUKIIOB U FeTepOLUKIOB.

5. Cnupmut u npocmele r¢puput

5.1. Meronsl CHHTE3a OZHOATOMHBIX CIIMPTOB: M3 AIKCHOB, KapOOHWIIBHBIX COCAMHEHHH, CIOXHBIX 3(HPOB U
KapOOHOBBIX KHCJIOT.

5.2. Peakuuu 0THOATOMHBIX CITMPTOB: 3aMEMICHHE THAPOKCHIBHON TPYIIIBI B CIIUPTAX Ha TAIOTeH (MO JeHCTBHEM
raJoreHOBOJIOPOJIOB, TAJOTEHUIOB (ocdopa W XIOPUCTOTO THOHHIA). PeareHThl Perno- M CTEPEOCEIeKTHBHOTO
3amenieHnst (KOMIUIEKCH TpH(GEHUIPOCHUHA ¢ TaloreHaMH W YETBHIPEXXJIOPUCTBIM yrilepomoM). Jleruapararus
criupToB. OKHCIIEHHE TIEPBUYHBIX W BTOPHYHBIX CITUPTOB. PeareHThl OKMCIICHUS Ha OCHOBE coequuenuii xpoma (VI),
JUOKCHIa MapraHia u JuMeTIICyabpokcuaa (Mmetoasl Moddera u CepHa).

5.3. Metonpl cuUHTE3a W pEaklUW JABYXaTOMHBIX CHUPTOB. OKHCIMTENbHOE pacuierieHue 1,2-1uosioB (HomHast
KHCIIOTa, TeTpaaneTar cBUHIA). [[MHAKOIMHOBAs TIEPETPYIITUPOBKA.

5.4. Metonbl cuHTE3a IPOCTHIX 3(UPOB: peakiys BuibsiMCOHa, aIKOKCUMEPKYPHPOBAHHUE CITUPTOB.
5.5. Peakimu npocThix 3GUPOB: 00pa30BaHKE OKCOHUEBBIX COJICH, pACIICIUICHHE KUCIOTAMU.
5.6. Tunponepoxcuasl. KpayH-3¢upsl, HX nonydeHHe U IPIMEHEHNE B CHHTE3E.

5.7. Oxkcupansl. CriocoObl TONMy4eHHUS. PackppiTHe OKCHPAaHOBOTO MHUKJIA IO ICHCTBHEM 3JICKTPOPUIBHBIX U
HYKJI€O(HITBHBIX areHTOB.

6. Anvoezuowt u Kemomul

6.1. Meronmsl TONyUYCHHS AalbICTHAOB W KETOHOB: W3 CIIHPTOB, MPOHM3BOJHBIX KapOOHOBBIX KHCJIOT, AlIKEHOB
(030HONM3), aMKWHOB (THAPOOOPHPOBAHWE), HA OCHOBE METAIUIOPIraHWYCCKUX COCIWHCHHH. ANWIMPOBAaHHE W
(hopMuTUpOBaHUE APEHOB.

6.2. Peakiuu anpAeruioB U KETOHOB: IPUCOEMHEHNE BObI, CIUPTOB, THOJIOB. 1,3-/{uTHaHBI M UX UCTIOIH30BAHUE B
opranndeckoM cuHrese. OOpamenne nomspHoctd C=O-rpynnbl. [lonydeHue OUCYNbGUTHBIX TPOU3BOJHBIX M
[[UAHTUIPUHOB. B3anmoieiicTBre ajbIeruoB U KETOHOB ¢ minaamu Gocdopa (Burrur) u cepsl. BzanmoaeiicTere
aJbJIETUI0B U KETOHOB C a30TUCThIMU OcHOBaHMsAMU. IleperpynnupoBka bexmana. BzaumoneicTBue aabaeruioB u
KETOHOB C METaJUIOPTaHMYECKHMHU COeIMHEHMSMH. EHaMUHBI, X alKWINPOBAHHE U AlMIHPOBAaHHUE. AJIBI0JIBHO-
KPOTOHOBAasi KOHACHCALUS aJIbJErHJIOB U KETOHOB KaK METOJ YCJOKHEHUS yriepoAHoro ckenera. HampasneHnHas
aNpJOJbHAS KOHICHCAINS PAa3HOMMEHHBIX AallbJCTHIOB C HCIOJB30BaHUEM JIMTHEBBIX M KPEMHHUEBBIX 3(QHpOB
eHoyioB. KoHmeHcanus ampJerdIoB U KETOHOB C MAaJOHOBBIM 3(UPOM U JPYTUMH COCIWHCHUSIMH C aKTUBHON
MeTHIeHOBoU Tpymmoi (KHeBeHarems). AMIHOMETHIHPOBAHUE aJbIeTHI0B U KeToHOB (ManHUX). BeHsomHOBas
KoHnmeHcanus. KonmeHcanms ¢ HuTpoankaHamu (AHpH). BoccTaHOBIIGHHWE albICTHIOB W KETOHOB JI0 CHHPTOB,
peareHThl BOCCTaHOBJIECHHMS. J[€30KCUreHUpOBaHUE ajJbAETUAOB U KETOHOB: peakuuu Kinemmencena m Kmxnepa—
Bonpda. Oxwucnenue ampAeTHmOB, peareHTH! OKHcIeHHs. OKHCIeHHe KEeTOHOB HaAKHCIoTaMH mo baitepy—
Bumnurepy.

6.3. o-, B -HempenenbHBIE alubIETHUABI U KETOHBI. MeToIbl MONMy4YeHUs: KOHAEHCAIMH, OKUCIICHHE AJUTMIIOBBIX
ciupToB. Peakuns 1,2- u 1,4-nprcoequHeHNsT TUTHHOPTAaHUYECKUX COSAMHEHHUH, TPHUAJIKWIOOPAHOB, THATIKWI- U
JMapUIKyIIpaToB, IIMaHKCTOr0 BOJIOPOA, TaJIOT€HOBOJIOPOAOB. DIOKCHIUPOBAHHE O , 3 ~-HEIPEIeNIbHBIX KETOHOB.
CornpsbKeHHOE IPUCOETMHEHHE EHOIATOB M €HAMUHOB K O , 3 -HeTpeaenbHbIM ajbJeruiaM 1 KeToHaMm (Muxasis).
Honoper m axumenTopsl Muxasns. Karammsatopsl peakium, ee obOparumMocTs. Perpo-peakums. Peakunn
aHenupoBaHus. Bapnant Pobuncona. Vcrons3oBanue B -XJIOpPKETOHOB M IPOWU3BOJHBIX OCHOBaHMM MaHHHXA. O -
CHIIMIIMPOBAaHHBIE BUHUIKETOHBI (CTOPK) M €HAMHHBI B PEAKIUAX aHSTUPOBAHHUS.

7. Kapbonoevie kuciomol u ux npou3zeooHsle

7.1. MeTtonbl CHHTE3a KHCIIOT: OKUCJICHHE TIEPBUYHBIX CITIUPTOB M aJIbJIETHIOB, aJIKEHOB, AJIKHHOB, AJIKHIOSH30JIOB,
TUIIPOJIM3 HUTPUIOB W JPYTHX TPOM3BOJHBIX KapOOHOBBIX KHCIIOT, CHHTE3 Ha OCHOBE METaJUIOPTaHMYSCKUX
COCJIMTHEHUH, CHHTE3bI HA OCHOBE MaJIOHOBOTO 3upa.



7.2. Peakuun KapOOHOBBIX KHCJIOT: TajloreHupoBanue 1o [ emo-Donprapary-3eInHCKOMY, THPOJIUTHIECKAs
KeTOHHU3aIws, dekTponns mo Komsbe, nexapbokcunmmpoBanne o XyHCIUKKEPY.

7.3. MeTop! IOJTy<IeHUs TPOU3BOAHBIX KAPOOHOBBIX KUCIIOT: TAJIOTCHAHTUAPUIOB, AHTUAPHUIOB, CIIOXKHBIX 3(UPOB,
HHUTPUIIOB, aMHI0B. KeTeHsI, X MoTy4eHNe 1 CBOKCTBA.

7.4. Peakumm TpOW3BOAHBIX KapOOHOBBIX KHCJIOT: B3aUMOJICHCTBHE C HYKICOQIIFHBIMH peareHTaMu (BOJa,
CIIUPTHI, aMMHAK, aMHHBI, METAUIOPraHHYECKHe COCIMHEHHs). BocCCTaHOBIEHHE TaJOreHAaHTHIPHIOB 10
anpAeruaoB 1o Po3eHMyHAYy M KOMIUIEKCHBIMH THIPUAAMH METaJUIOB. B3anMMoIelCTBHE TajOr€HaHTHIPUIOB C
IuazoMmeTaHoM (peakimsi ApHara-Diictepra). BoccraHoBieHHE CIOXHBIX 3(QUPOB 10 CIUPTOB U ANbAETHIOB,
HUTPWIOB — JI0 aMHWHOB M aJbJETHJOB KOMIUICKCHBIMU THAPHUIAMHU METaUIOB. MallOHOBask KUCJIOTA: CHHTE3HBI C
MaJIOHOBBIM 3dupoM, peakius Muxasns, KonaeHcauuu c anbpaeruaamu (KxeBenarens). CioxHOd(QHpHas u
anuIoNHOBasi KoHaeHcanuu. OcoOeHHOCTH 3(HPOB JBYXOCHOBHBIX KHCIOT (0Opa3oBaHHE KapOOIMKIIOB) B 3THX
peakmuax. CrnokHele 3(UPHl O -TaJOTCHOKHCIOT B peakmusax PedopmaTrckoro. AmeToykcycHBIH 3¢Up H ero
UCIIOJIb30BaHKE B CHHTE3E.

7.5. Metoapl cuHTE3a O —, 3 -HEMpeAeNbHBIX KapOOHOBBIX KHCIIOT: JETHApaTalys THAPOKCHKHCIOT, peaKIuu
Kuesenaremnsi, Burrura, IlepkuHa (CHHTE3 KOPHYHBIX KHUCIOT). Peakumu npucoeavHeHUs TO JBOWHOW CBS3M.
Bpomo- 1 nomo-nakroHu3anus o —, 3 -HenpeaeabHBIX KapOOHOBBIX KHCIIOT.

8. Cunmemuueckoe ucnonv3oeanue peakyuii I1eKMpoPuUILHO20 3aMeUeHUs 8 APOMAMUYLECKOM PAOY

8.1. Knaccudukanus peakuuii apoMaTH4ecKoro 3JIEKTPO(MIFHOTO 3aMelleHus. BiusHue 3aMecTHTenei B
OCH30JbHOM KOJBIIE Ha CKOPOCTh W HaIpaBlICHWE 3JeKTpodmiabHOro 3amemeHus. CorimacoBaHHas U
HECOTJIAaCOBaHHAs OPUECHTALIUS.

8.2. Hurposanme. Hurtpyromme areHTbl. MexaHW3M peakIWM HUTpOBaHMsA. HuTpoBaHwe OeH30ma M €ro
3aMeIleHHBIX. HwuTpoBanme Ondenmna, HadTannHa, apoOMaTHYeCKUX aMHHOB H ¢eHona. llomydenue
MOJIMHUTPOCcOeANHeHUH. 1co-aTtaka 1 urco-3aMeIeHue B peakiusx HUTpOBaHUs. BoccTaHOBIEHHE HUTPO-TPYTIIIEI
B PA3JIMYHBIX YCIOBUAX.

8.3. 'asorenupoBanue. ['ajgoreHupyomune areHTbl. MexaHu3M rajoreHHpOBaHUs apEHOB M UX IPOU3BO/IHBIX.

8.4. Cynbduposanue. Cynbpdupyromniie areHThl. KHHETHYSCKUA M TEPMOIMHAMHUYCCKUN KOHTPOJb PEaKIUH
(cynbdupoBanue dheHoma u Hadranuua). [Ipesparienue cynb(HOrpyIbl.

8.5. AukunupoBanue apeHoB 1o OPpupemo-Kpadrcy. Ankwimpyrompe areHTbl. MeXaHu3M — peakiyu.
HommankunupoBanue. [1o60YHBIE MPOLECCH: H30MEPU3ALMS AJIKWIMPYIOWIEr0 areHTa M KOHEYHBIX IPOIYKTOB.
CuHTE3 AWapHiI- U TPHAPUIMETAHOB.

8.6. AmmmmpoBaHue apeHOB. AIMIIMPYIOIIME areHThl. MeXaHu3M peakiyud. PernocelleKTHBHOCTD allMINPOBAHUSL.
Ocobennocty anmmpoBaHust (eHosoB, mneperpynmnuposka @Ppuca. DopmmimpoBanne no [arrepmany-Koxy,
larrepmany u Bunscmetiepy. O0nacTh MpUMEHEHUS 3TUX PEAKIIHH.

9. Humpocoeounenusa u amunol

9.1. Hurpoankanel. CHHTE3 M3 amKWIrajJoreHua0B. KUCIOTHOCTh M TayTOMepHus HUTpoalikaHOB. KoHaeHcamus ¢
KapOOHUJIBbHBIME COeTUHEeHUAMHU (AHpH). BoccTanorinenue B amuHbl. [IpeBpaiiieHie BTOPUYHBIX HUTPOAIKAHOB B
keToHbl (Mak-Mappn).

9.2. MeTozpl MoJyueHHs] aMUHOB: aJIKUIIMPOBaHHE aMMHUaka U aMUHOB 110 ["'opmany, dpramumuaa xamust (I'abpusib),
BOCCTAHOBJICHHE Aa30TCOACPKAIIMX MPOM3BOAHBIX KapOOHWJIBHBIX COCAMHEHHHM M KapOOHOBBIX KHCIOT,
HUTPOCOCIMHEHNH, ankuina3uaoB. IleperpymmupoBkn ['odpmana m Kypuumyca. CuHTE3 aMHHOB C TPEeTHYHBIM
IKWIBHBIM pajukaioM (Purrep), B3anMoeicTBHE aIbJIeTHIOB U KETOHOB ¢ (hopmMuaToM ammoHus (JlefikapT).

9.3. Peakuum amMHHOB. AJIKMIMPOBAaHHE U alUIUpOBaHMEe. TepMHUECKOe pa3lIoKeHHe TUAPOKCUIOB
TerpaankuiaaMMoHus 1o [opmany. OKHMCIEHHE TpPETHYHBIX aMHHOB 10 N-okcuaoB, ux Ttepmoin3 (Koym).
IHonyuenne HutpoHOB u3 N,N-AMaIKUITHIPOKCHAMUHOB. Peakuum [3+2]-HUKIONPHCOEIUHEHUS HUTPOHOB
(oOpa3oBaHKe MATHWICHHBIX A30TUCTHIX TE€TEPOLIUKIIOB).

10. Memoowi cunmesa u peakyuu apoMamuiecKux 2emepouuKIuLecKux coeOuHeHul

10.1. TIaTu4wieHHBIE TETEPOIMKIBI C OAHUM TerepoatomoM. Dypan, mwmppon, tuodpeH. Cuntes u3z 1,4-
JukapOoHWIbHEIX coennHeHnid (ITaamp—Knopp). CunTte3 mupponoB mo Kuaoppy m mo lanwy. Cunres 3,4-
JU3aMEIeHHBIX THO(GEHOB 0 XUHCOepTy. Peakiiuu 31eKTpoQHIbHOTO 3aMEIICHNS B ISITHWICHHBIX apOMAaTHIECKUX
TeTEepOINKIaX: HUTPOBaHUE, Cylb(HpOBaHHE, TaloTeHHpPOBaHKE, (HOPMIIIMPOBAHME, alWINpoOBaHWe. VHIOMI.
CuHTE3 IPOU3BOJHBIX MHAONA U3 GeHmIrHApa3nHa u keToHoB (Pumep). CuHTE3 MHIO0IA U €T0 MTPOU3BOIHBIX U3 2-
anuiIaMuHOTONyoNoB (MagnenyHr). Peakuuu 37eKTpoQHIBHOTO 3aMEIleHHs B HHPPOJIBHOM KOJbLE WHIOJA:
HUTpOBaHUE, (JOPMIIINPOBAHHE, TAIOTCHUPOBAHHE.



10.2. IllecTH4neHHbIE apOMaTHYECKHE TETEPOLHUKIBI C OJHUM TrerepoaromMoM. [lupumun u xuHomuH. CHHTE3
MIPOM3BOTHBIX MUpUAWHA MO ['aHdy . CHHTE3 YaCTHYHO THAPHUPOBAHHBIX MPOW3BOIHBIX MUPUAWHA TyTeM [4+2]-
UKIIONpUcoeIuHeH st (rerepo-peakiust Jnnbca—Anbaepa). CHHTE3 XMHOJIMHA U 3aMEIICHHBIX XUHOJIWHOB W3
anmnHOB 10 Ckpayny u JleGnepy—Muiuiepy. Peakunu mupuanHa U XMHOJIKMHA ¢ alKuiratoreHuaamMu. OKUcIeHue
U BOCCTAHOBJICHHE MUPUAMHA M XUHOJWHA. Peakuuu sneKTpoGHILHOTO 3aMeIleHHs B MHUPHUAMHE U XHUHOJIMHE:
HUTpOBaHUE, Cyab(upoBaHue, ranoreHupoBaHue. N-OKHCH MUPUIUHA U XWHOJIMHA U WX MCIOJIb30BAHUE B PEAKIINU
HUTpoBaHus. HykineoduibHOE 3aMellleHHe aTOMOB BOAOPOAA B MUPUAMHE M XWHOJHHE B PEAKIHUAX C aMHJIOM
Hatpus (UnunbabuH) u peHmwmuTHEM. 2- U 4-METWINMUPHUIUHBI U XWHOJUHBI KaK METUJICHOBBIC KOMIIOHCHTHI B
KOHJICHCAIIUAX C aIbJACTHIAMH.

I11. Teopust MeTOT0B HCCIETOBAHNS BENIECTBA B XUMHUH
1. Dnexmponnoe cmpoenue moaeKyn. InNeKmpomMacHUMHOE U3LYUEHUE U €20 63AUMOOCIICHEUE C 6CU|eCIEOM

DJEeKTPOHHOE CTPOEHUE ABYXaTOMHBIX MOJIEKYN (Boaopoja, azoTa). MosekynsapHele opburanu. Teopus JIKAO.
CBsI3bIBAIOIINE, aHTHCBS3BIBAIOIINE, HECBSI3BIBAIOIINE MOJIEKYJSIpHBIE opOuTanu. §,m-opbutanu. I'erepoaroMHbIe
MONMAaTOMHBIE MOJEKyNbl. ['mOpuamsanust 1 Teopus (MeTon). DJIEeKTPOMarHUTHOE H3iIydeHne. KBaHTOBaHHOCTB.
®oton. OHeprust (orona. CrnekTp >IEKTPOMATHUTHOTO M3IYYEHHS M SHEPTETHYECKHE IEPEXOJbl BEIECTBA,
CBSI3aHHBIE C €TO HOTJIOMEHUEM. THIIBI CIIEKTPOCKOITNH

2. HK- u KP-cnekmpockonus

KonebaTenpHple mepexoapl. Moaenb ABYXaTOMHOW MOJEKYJBI KaK TAapMOHHYECKOTO OCHMIUIATOpa. 3akoH ['yka.
IIpaBuna ot6opa st MK-cniekrpockonuu. Tumsl koneGaHuii: BaJeHTHBIE U AedopmanmoHHble. CHMMETpUYHbBIE U
acMMMeTpUYHbIe Konebanust. B3aumoneiicTBue xonebanuii. Pesonanc ®epmu.

3. Y®-cnexkmpockonusn
DJIeKTPOHHBIE MEPEXOJIbI MEXKLY MOJIEKYJSIPHBIMH OpOUTaIsIMH. TeopHst KpUCTAITMYECKOTO MOJIS.
4. Cnexmpockonus JIMP

CnvH M MarHUTHBIA MOMEHT Si7jpa W €r0 B3aMMOJCHCTBHE C BHEIIHUM MAarHUTHBIM IOJIEM. DHEprus sijaep B
MarHuTHOM TOJie. DKpaHUPOBaHUE SAEp DJIEKTpOHAMU. XUMHUECKHi caBur. CNHUH-COUHOBOE B3aWMOJEHCTBUE.
MynbtunnerHocts. CBs3b kKoHCcTaHTH CCB ¢ reomeTpueii Mosiekynbl. PacueT XuMU4YeCKUX CABUTOB AJ€p KBAHTOBO-
XAMUYECKUMH METOJAMH.

5. Cnexmpockonuu 0ns uzyuenHus meepoozo mena

PentrenodazoBplii aHanm3. PeHTreHOCTpYKTYpHBIH aHanu3. PeHTreHoBcKas (OTORIEKTPOHHAS CHEKTPOCKOIHS.
CkaHHMpYIOIIAs ¥ IPOCBEYNBAIONIAS JIEKTPOHHAS MUKPOCKOTIHSL.

1V. Xemoundopmarnka
1. Beéeoenue 6 xemoungpopmamuxy

Hcropuss mNpUMEHEHHS KOMIBIOTEPHBIX TEXHOJIOTMM B XMMHUHM M XUMHYecKod TexHosorud. IIpenmer
xeMounHpopMaTuku. PaboTa ¢ mporpaMMHBIMHU TaKeTaMU B Pa3HBIX onepairoHHbIX cuctemax (Windows, Linux).
[TonsiTue o BUpTYyanu3auuu u 6ezonacHoctd paborsl B MHTepHET. O630p MPOrpaMMHOr0 00eCIeUeHUs] XUMHIECKOM
HarnpaBieHHOCTH. O030p pecypcoB Mo XeMOHH(DOPMATHKE.

2. Komnsiomepnoe npedcmagnenue Xumuieckux CmpyKmyp u peaxuyuii

[IpuUHOMIBI TIPEACTABICHHUS XHUMHYECKHX OOBEKTOB B KOMIIBIOTEPHOM Bupae. JInHeiHble M TaOJIMYHBIC
npencrapieHus. VaeHTH(UKATOPbl XUMHYECKHX COCOMHEeHWH. PacnpocrpaHéHHble (opmaTbl HpencTaBiIeHHs
monekyn: mol, sdf, rdf, cif, pdb, InChl. Ctpykrypsr Mapkymma. ANTOpUTMBEl KaHOHH3AIMU CTPYKTYpP Ha MpHUMeEpe
anroput™Ma MopraHa. MosieKyJIsipHbIe OTIIEUaTKH (XAIIMPOBaHUE AAHHBIX). JJIEMEHTHl TeopuH rpadoB. MaTpHibl
CMeXHOCTH. MoueKkyJsipHble HoBepXxHoCTH U popmbl. KonBeprauus ¢opmaroB naHHbIX. Busyanusanus qaHHBIX.

3. Xumuueckue 6azvl 0annwvix

Ipuanune! padotsl n kimaccupukanus 6a3 nanHeix. [lonck B 6a3ax maHHbBIX. [lowmckoBblie MammHEL. Pabota c
rpacdamu, Ko3(pGUIHEHTH MOJ00MS M BUABI CTPYKTYPHOTO IMOWCKAa B XMMHYECKHX Oa3ax maHHBIX. Co3maHue H
ynpaBiieHue 0a3amMu JaHHBIX XUMUYECKUX coenuHeHud. O030p Hambosiee pacmnpocTpaHEHHBIX 0a3 JaHHBIX IO
XUMHH.

4. Monexkynapusie oeckpunmopul. Pacuemut ""cmpyxkmypa—ceoiicmeo"’

Turel MOJIEKYJSIPHBIX JIECKPHIITOPOB: 3JIEMEHTapHbIe, (PU3NKO-XMMHUYECKHE, TOIOJOINYECKHE, 3JIEKTPOHHBIC,
reoMeTpUYECKHe M XUMHUUecKue aeckpuntopsl. [lonsTre o Meronax MammHHOrO 00ydeHus. OCHOBHBIE METOMBI U
MOAXOMbI aHaIN3a CBSI3M «CTpyKTypa-cBoiicTBo» QSAR/QSPR. Ioctpoenue n Bamupanms mozeneid. bubnmorexu



ctpykryp. OO030p mnporpammHoro obecriedeHuss W HWHTepHeT-pecypcoB 1o Teme QSAR/QSPR. KNIME.
KowmmrerotepHas onenka hapmakonoruueckux 3dpdexros (ADMET).

5. Monekynapnoe mooenuposanue

MonexymnspHOe MOIETHUPOBAHKE, JOKUHT W BHPTYalbHBIH CKpuHUHT. [Iporpammusnii maker AutoDock. Pabora ¢
XIUMHYECKIMH pecypcamMu mHCTHTyTa. Padora ¢ wmactepom CKL| «VYpan» B cocrae LUKII UMM YpO PAH.
WHrdopmaTrka XMMHUYecKUX peaknnii. KoMIbpoTEpHBIE METOIBI INTAHNPOBAHUSI XUMHUYECKOTO CHHTE3A.

6. Tabnuunvie npoueccopvl 0as peuwieHus 3a0au Xxemouhgopmamuku u xemomempuru. Ilpumenenue
XEeMOHUHDOPMAMUKYU 8 MACC-CREKMPOMEMPUU

0630p TabanusbIx npoueccopoB (Microsoft Excel, Libre Office Calc, Google Ta6nuugr). I[Ipeamer xeMoMeTpuKH.
MeTtposnorus. Metonst pabotsl u BeO-pecypcbl. [IporpammupoBanre B VBA. TlakeTsl MpUKIagHBIX TPOrPaMM Jist
MaTeMaTHYecKOro aHamu3a AaHHbIX. OOG30pHBIC CBEICHHUs IO MAaCC-CIEKTPOMETPUH. Macc-CIeKTpOMETPHYSCKUE
6a3er nanubix. llkama Kenapuka. [uarpamma Ban-Kpesenena. Anamu3 0oJblinX JaHHBIX. METOA TJIaBHBIX
KOMITOHEHT.

7. Inemenmeut 6uoungopmamuru

I[Ipemmer Omomnpopmartuku. CpaBHeHHe OWOMH(GOPMATHKH H  XeMOMHPOpPMAaTHKH. Beb-pecypcsr 1Mo
OuonH(popMaTuKe. AHAIN3 TEHETHIECKHX HocenoBaTeapHocTel. [loHsaTHE 0 sA3bIKe MporpaMmupoBanus Python.

8. Ilonsamue o RPOEKMUpoBanuu 6 xumuu

[omsatne xumuko-texHojormdeckorr cucremMsl (XTC). Kpurepun HUHKXEHEPHO-IKOJIOT0-3KOHOMHUYECKOH
3¢ GEKTUBHOCTH POU3BOJICTBEHHBIX MPOIIECCOB U TEXHOJIOTHI. AHanu3 puckos. [Iporpammusrii maker ChemCAD
JUI MOJICIIUPOBAHMSA U pacuéTa XMMHUIECKHUX IPOLIECCOB.

3. KpnTeplm OICHKH 3Ha]—[ﬂﬁ, HCMOJIB3YyEMBbIE ITPHU ITPUEME KAHIUAATCKOI'0 IK3aMEHa

OrieHKa YpOBHS 3HAHUM MPOM3BOIMTCS MO MATHOATUILHOU IIKAJIC COTJIACHO KPUTCPHSIM, MPUBEIACHHBIM B
TabIuIE.

Ouenka Kputepuu

OTnuyHO 1. OTBeThl Ha  MOCTaBJIEHHBIE  BONPOCHl  H3JIAralOTCsl  JIOTMYHO,
MIOCTICTOBATEEHO U HE TPEOYIOT TOTIOHUTEIHHBIX IOSCHEHHUH.
2. JleMOHCTpHPYIOTCS TITYyOOKHE 3HAHUS TI0 TUCITUILIIHE.
3. JenatoTcst 000CHOBaHHEIC BEIBOIBI.
4. OTBeT CaMOCTOSATENBHBIH, HCMIONB3YIOTCS 3HAHUS, IPHOOPETCHHBIC paHee.
5. JlaHbI HCYepHBIBAIOIINE ONPEIeNICHHSI OCHOBHBIX OHATHIH.

Xoporo 1. OTBeTbl HAa  TOCTaBJICHHBIE  BOMPOCHI  JAIOTCS  YBEPEHHO U
MOCJIEIOBATENIBHO.
2. JleMOHCTpHpyeTCsl YMEHHE aHAJTU3UPOBaTh MaTepHall, HO HEe BCE BBIBOJBI
HOCST apryMEHTUPOBAHHBIN U 10KA3aTEIbHBIN XapaKTep.
3. Marepuan wu3jgaraeTcsi B OCHOBHOM TMpaBWJIbHO, HO TpeOyroTCs
JIOTIOJTHUTENIbHBIE YTOUHEHHUS.
4. Jormyckarorcss HeOONbIIHE HETOYHOCTH TPH BBIBOJAX W OIPEICIICHUH
TIOHSITHH.

Y 10BJIETBOPUTETHHO 1. JonyckaroTcs HapyLIeHHs B MOCAEA0BATENbHOCTH U3JI0KEHHUSI MaTepuaa
IIpH OTBETE.
2. JleMoHCTpUpYyeTCs MOBEPXHOCTHOE 3HAHUE TUCLUIIINHBI.
3. HmeroTes 3aTpyAHEHUs ¢ BBIBOAAMHU.
4. OmnpeneneHns NOHATHH JAIOTCSA HE YETKO, C OONBIINMI HETOYHOCTSIMH.

HeynosneTBopurensHO 1. Matepuan u3naraeTcsi HEIOCIeA0BaTeIbHO, COMBUNBO, HE TPEJCTABISAET
OTIpeIeIEHHON CHCTeMBI 3HAHHUH 110 TUCIUTIIINHE.
2. OTBeT He OTpakaeT coiep)KaHue BOIIPOCa.
3. He natoTcst OTBETHI Ha YTOYHSIONINE BOIPOCH KOMUCCHHU.
4. Jlommyckarorcst rpyOble OIMOKH B OTIPEICTICHUH TOHITHH.

4. CniuCOK peKoMeH/1yeMoii JIMTepaTyphbl
OcHoBHas1 JIMTepaTypa

1. Naronsn K. TeopeTndeckue 0cHOBBI OpraHnieckoi Xxumuu. M.: Mup, 1973.
2. Mapu [Ix. Oprannueckas xumus, T. 1-4. M.: Mup, 1987.



3. Peyros O.A., Kypi A.JIL., Byrun K.I1. Oprannueckas xumust. 4. 1-4. M.: U3g-8o MI'Y, 1999.

4. Kepu @., Caanbdepr P. Yrirybnennsiii kype opranndeckoit xumuun. Ku. 1, 2. M.: Xumust, 1981.

5. Caiikc [1. MexaHM3MBI peakmuii B opraHmdeckord xumMuu. Brogausnii kype. M.: Xumus, 2000.

6. xunkpuct T.JI. XuMus reTeporukiIndeckux coequaennii. M.: Mup, 1996.

7. Munkua B.U., Cumxus B.51., MunseB P.M. Teopus crpoerns monexyin. Pocros-ua-Jlony: ®@enukc, 1997.

8. [ToranoB B.M. Crepeoxumus. M.: Xumus, 1988.

9. Tutue JI., Aiixep T. IIpenaparuBHas opranuueckas XuMus. Peakiiuy u CHHTE3bI B IPAKTHKYME OpraHn4ecKon
XMUMHU ¥ HAyYHO-HCCIICIOBATENbCKOM TabopaTopuu. M.: Mup, 1999.

10. Opranukym: IlpakTukym no oprannueckoit xumuu / I'. bexkep, B. beprep u np. T. 1, 2. M.: Mup, 1992.

11. Jlutepatypa 1o pazneny «Teopust METOZOB UCCIIEIOBAHHS BELIECTBA B XUMHI)

11.1. Xayckpoodt K., Korctaon O. CoBpemenHsii kype obmeit xumun. T1. M.: Mup, 2002, 540 c.

11.2. B.I. Iupenscon. KpantoBa Xxumus. MoieKyibl, MOJEKYJISIpHbIE CHCTEMBI M TBepable Tema. M.- Buxom.
Jlaboparopus 3nanmit. 2010. 496 c.

11.3. paro, P. C. ®msnueckne metoas! B xuMur: B 2 1. / Ilox pen. O. A. Peyroa; Ilep. ¢ arri. A. A. ConoBbsSHOBA. -
M.: Mup, 1981. T. 1. -422 ¢.; T. 2. - 456 c.

11.4. CremanoB H. @. KBanroBas MexaHwka W KBaHTOBas xumus: y4eO. it yH-ToB / H. @. Cremanos. - M.: Mup:
MockoBckuii rocyIapcTBeHHBIH yHIBepeuTeT, 2001. - 519 c.

12. JlutepaTypa no pasnery «XeMOnH()OpMaTHKa

12.1. Beenenue B xemouHpopmartuky. Cepus yueOHbIx nocobui (B 5 4.). T.1. Mamxuios u ap. — Kazanb, n3aatesbcTBo
Kasanckoro yuusepcurera, 2013-2017.

Yactp 1. KomnbrotepHoe npencrapienne xumuaeckux crpykryp / T.W. Mamxunos, M.W. Backun, U.C. AuTummH, A.A.
Bapnek. - Kazans: W3a. Kazanckoro ynusepcurera, 2013. - 174 c.

Yacts 2. Xumuueckue 6a3bl manubix / T.M. Mamkunos, .M. Backun, W.C. Bapuek. - Kaszaus: U3a. Kaszanckoro
yHuBepcuTeTa, 2015. - 188 c.

Yacte 3. MogemupoBanue «cTpykrypa-cBoiictBoy» / MLU. Backun, T.M. Mamxunos, A.A. Bapraek. - Kazans: U3,
Kazanckoro ynusepcurerta, 2015. - 304 c.

Yacts 4. Metons! mammaHOTO 00yweHus / M.W. backun, T.M. Mamkunos, A.A. Baprek. - Kazanp: 1zn. Kazanckoro
yHuBepeuteta, 2016. - 330 c.

Yacte 5. Unadopmatuka xumideckux peakmmit / M.W. backmn, T.M. MamxumoB, A.A. Baprek. - Kazans: U3
Kazanckoro ynusepcurera, 2017. — 244 c.

12.2. Moneky:spHOe MoJienupoBaHue: Teopus u npaktuka / X. -J1. Xénptee u ap. / M.: BUHOM. JlabopaTopust 3HaHuH,
20009. - 318 c. - Ilep. u3n. : Molecular Modeling. Basic Principles and Applications. - Weinheim, 2008. - ISBN 978-5-
9963-0156-0

12.3. A.R. Leach, V.L. Gillet. An Introduction to Chemoinformatics. Berlin: Springer, 2007. 250 p.

12.4. Ramachandran, K. . Computational Chemistry and Molecular Modeling. Principles and Applications:
monorpadus / K. I. Ramachandran, G. Deepa, K. Namboori. - Berlin: Springer, 2008. - XXI, 397 p.: un. - Bubnuorp. B
KOHIIE TJIaB. - Yka3.: ¢. 391-397. - ISBN 978-3-540-77302-3: 3167.00 p.

12.5. Chemoinformatics. Advanced Control and Computational Techniques / ed. H. G. Gilani, K. G. Samper, R. K. Haghi.
- New York: Apple Academic Press, 2013. - VIII, 204 p. - ISBN 978-1-926895-23-9.

12.6. Jleck, A. Beenenue B buonapopmatuky/ - M.: BUHOM. JIaGoparopus 3Hanuit, 2009. - 318 c. - [lep. u3n.:
Introduction to bioinformatics / A. M. Lesk. - Oxford, 2002. - ISBN 978-5-94774-501-6.

JlonoTHUTEILHAS JINTEpaTypa

I'punabepr A.A. Benenne B KOOpIMHALMOHHYO XUMHUIO. M.-JL.: Xumus, 1966.

Kykymikusa FO.H. XuMuns koopIuHAIMOHHBIX coequHeHn. M.: Bricimas mkoma, 1985, ro. 13-15.
KoopaunanunonHas xumus peako3emesbHbIX aiemenTos/ [lon pex. B.U. Cnuupsina M. MI'Y, 1979.

Slunmupckuii K.b. Beenenune B Ononeoprannyeckyro xumuto. Kues: Haykosa nymka, 1976.

I'pubor b.I'., Jompauer I'.A., OcaxneHue IUICHOK W MOKPHITHH pPa3lIOKCHHEM METaUI00PTaHHYECKIX
coenuHenuil, M.: Hayka, 1981.

PazyBae I'.A., I'puboB B.I'., lompaueB I'.A, Camamarua b.A. MeramnoopraHudeckue COEAWHEHUS B
anektpoHuke. M.: Hayka, 1972.

7. Toxapckuii A.®D. Teopernyeckne OCHOBBI XMMUH TeTepolinkioB. M.: Xumus, 1985.

8. Mapu /. Oprannyeckast xumust. M.: Mup, 1987.

9. I'ymmukuit M. XuMust opranuueckux coeaunenuit gpropa. M.: I'ocxumusgar, 1961.

10. Wlennapa Y., laptc K. Opranuueckas xumus ¢propa. M.: Mup, 1972.

11. CoxonoB B.W. Beeaenune B TeopeTndeckyto crepeoxumuro. M.: Xumus, 1983.

12. Moranos B.M. Crepeoxummus. M.: Xumnus.1987.

13. T'punamreita [x., Bunaun M. XuMust aMUHOKHUCIIOT U IeNTHIOB. M.: Mup, 1965

14. Uipenep 2., JIrodke K. [Tentuasl, 1. 1 1 2. M.: Mup, 1967

15. O6mas opranmyeckas xumus, B 12 1. M.: Xumust, 1983, 1984. T. 1, 4-7.

16. Kepu ®@., Cannbepr P. Yriy0nenHslit kypc opranndeckoit xumun, B 2 T. M.: Xumns, 1981. T. 2.

17.Poxos 0., Xepxa O., JIetouc P. Xumus metammoopranmdeckux coenuaennid. M.: U3natuamut, 1963.

18. lleBepmuna H.1., Koyemkor K.M. Metosl anemenToopranndeckoit xumu. LluHk, kaamuii. M.: Hayka, 1964.
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19. HecmesinoB A.H., Cokosuk P.A. MeToas! 37€MEHTOOPTaHNYECKON XUMHUH. Bop, afOMUHHMA, TraJuIuid, WHINH,
Tayumi, B 2 T. M.: Hayka, 1964.

20. MuxaiinoB b.M., Byonos }O.H. bopoopranndeckne coeinHeHHs B OprannieckoM cuaTe3e. M.: Hayka, 1977.
21. T'paiimc P. KapGoparsr. M.: Mup, 1974.

22. AuppuanoB K. A. Meroasl anementoopraandeckoit xumun. Kpemunii. M.: Hayka, 1968.

23. Hudantees 3. E. Xumus dochopopranmuecknx coequaenuit. M.: Uza. MI'Y, 1971.

24. Oa> Curepy. XuMHs OpraHU4ecKUX coeqUHEHHH cepbl. M.: Mup, 1975.

25. bopeckos I'.K. I'ereporennsrii katanus. M.: Hayka, 1986.

26. Hakamypa A., Llyuyu M. IIpuHIUITEL M TpUMEHEHHE TOMOTeHHOT0 Katanu3a. M.: Xumust, 1979.

27. Xenpuu-Onusa I'., Onues C. Koopaunanus u katanus. M.: Mup, 1980.

28. DKcrnepUMEeHTaIbHBIC METOIBI UccienoBanus katanu3sa/ [log pen. P. Aunepcona. M.: Mup, 1972.

29. Metozp ananusa noBepxuocreit/ [Ton pen. A. 3anaepHa. M.: Mup, 1979.

30. Xaptpu @. 3akperuieHHbIE METAITIOKOMILIEKCH. M.: Mup, 1989.

31. Illunos A.E., lymenwa ['.b. AKTHBanms 1 KaTadUTHYECKHE peakiiu yrieBogopoaos. M.: Hayka, 1995.

32. Jlebener H.H., Manakos M.H., IlIsenr B.®. Teopuss XUMHUECKHUX IPOIECCOB OCHOBHOTO OPTaHMYECKOTO U
HedTexuMudeckoro cuaTe3a. M.: Xumus, 1984.

33. Tomac Y. [IpoMBINIIICHABIE KaTAIUTHYECKUE MIPOIIECCH U 3P PEeKTUBHBIE KaTann3aTopsl. M.: Mup, 1973,

34. JInteparypa 1o paszaeny «Teopus METOOB HCCIIEOBAHNUS BEIIECTBA B XUMHUI»

34.1. baparpon Jx., Koiin JIxx. Bo30yxneHHbIe cOCTOSHUS B OpraHuyeckoit xumun. M., 1978.

34.2. llentun, 0. A. ®usnueckue METOIBI UCCIACIOBAHUS B XUMUH: y4eO. s By3oB mo crerl. "Xumus" / HO. A.
[TenTun, JI. B. Bunkos. - M.: Mup: ACT, 2003. - 683 c.

34.3. Ceprees H. M. SIMP-cnektpockonus: y4e6. mocobue st xumukoB-opranukos / H. M. Ceprees. - [M.] : U3a-
Bo Mock. yH-Ta, 1981. - 278 c.

34.4. T'epcon, @. Cnekrpockomnus JI1P Bricokoro pasperienus: nepeBonnoe mnanue / @. ['epcon; mox pen. A. JL
Bywauenko; nep. ¢ anri. FO. b. I'pebenmukona. - M.: Mup, 1973. - 214 c.

35. JIuteparypa mo pazzaeny «XeMouH(pOpMATHKa»

35.1. Tutorials in Chemoinformatics / Ed. Alexandre Varnek - Wiley-VCH. 2017, 482 p. ISBN: 978-1-119-13796-2
35.2. J. Gasteiger, T. Engel. Chemoinformatics/ Berlin. Springer, 2003. 649 p.

5. IlporpaMmHoOe o0ecnieyeHre M HHTEPHET-Pecypchl

ApXHUBBI TOJHOTEKCTOBBIX JKYypHAIOB Ha caiiTe HayuHOH snmekTpoHHO# Oubmmorexku (http://elibrary.ru)
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MuHHCTEPCTBO HAYKH U BhIcIIero obpasoBanus Poccuiickoit @enepammu
®DenepanabHOE TOCYIAPCTBEHHOE OIOPKETHOE YUIPESKICHNE HAYKH
WHcTutyT oprannueckoro cunresa uM. M. 5. ITocroBckoro
Ypanbckoro otnenenus Poccuiickoil akaneMun Hayk
(MOC YpO PAH)

IIporpamma

[Iporpamma KaHIMIATCKOTO 3K3aMeHa MO TUCIUTLIINHE
«OpraHuueckas XUMHA» OCHOBHOH 00pa30BaTEeIbHON IPOrPaMMBI BBICILIETO
00pa3oBaHus — NPOTPaMMBI IOJrOTOBKN HayYHBIX U HAYYHO-TIEAArOrHYECKUX
kxagpoB B acnupantype MOC YpO PAH
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