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4. MenKoCOIOYHbIC JTaH A ThI

- MenKOoCONMOYHUK YBaJlUCTO-XOJIMUCTBIN, CIOKEHHBIA TpaHUTaMH, aJ€BPOJIMTaAMHU, NECHAHUKaAMHU, C
KaparaHOBO-TUITYaKOBO-THIPCUKOBOM M THUIYaKOBO-KOBBUIBHOM  pPACTUTEIBHOCTHIO HAa  KalITAHOBBIX
MaJlOpa3BUTHIX MTOYBAX.

- MeNKOCOMOYHUK XOJIMUCTO-TPSIOBBIN, BOJOPA3JEIbHBIN, CIOKEHHBIM IeCYaHWKaMHU, CIIaHIaMU,
WU3BECTHSIKAMH, C KaparaHOBO-OBCEIOBO-THIPCOBOM PACTUTEIHHOCTHIO HA TEMHO-KAIITAHOBBIX HOPMAaJIbHBIX
Y MaJIOPa3BUTHIX MIOYBAX B COYETAHUU C JIYTOBO-KAIITAHOBHIMU MTOYBAMHU U BBIXOJIJAMU KOPEHHBIX HOPO/I.

- MEenKOCONOYHUK TPSIIOBBIA, CIIOXKEHHBIM THEWcaMH, ClaHUaMH, TPaHUTOUJAMH, C TaBOJTOBO-
TUITYaKOBO-OBCEIIOBOM, TaBOJIT'OBO-TUITYaKOBO-PAa3HOTPABHOM PACTUTENIBHOCTBIO C KaparaHoW HU3KOPOCION
Ha TEMHO-KAIITAHOBBIX MAJIOPA3BUTHIX MTOYBAX.

- MeNnKOCOMOYHUK  YBAJIMCTHIH, CIIOKEHHBIH 3¢ (y3UBHO-0CAJOYHBIMU  TIOPOJAMH . C
aBCTPUMCKOIIOIBIHHO-TUITYAKOBBIN HA TEMHO-KAIIITAHOBBIX MAJIOPA3BUTHIX MTOYBAX.

BexrayaTasBIiseTCATOPHO-IECHBIM 0a3UCOMOBAIBHON (HOPMBIIPUMEPHO 5X7 KM, CPEAW 3aCyILTUBBIX
CTeTei, ¢ HeOONBITUMY KOJTKAMHU OCHHOBOTO Jieca M OOJIBIIMMU 3apOCISIMH KyCTapHUKOB. PE3K0O OTIIM4aeTcs
cBoel ¢uopoii u (ayHoil oT okpyxaromiel e crenu. B pe3ynbrate nccienoBaHul BRISBICHO 4 OCHOBHBIX
BHJA JAHAIA(PTOB C MPUBSI3aHHBIMA K HMM OHMOTOIIAMH OOMTaHHUS PAaCTCHUMH, COCTABISIOMIUE Psi TOPHO-
CTEIHBIX HKOCUCTEM, CYIIECTBYIOIIUX B 3aCYILTUBOM KIIUMATE.

Uzyuenne Ttepputopun bekrayata mnpencraBiser OOJIBIION HAay4YHBI HHTEPEC WIS COXPAaHECHUS
ounopasHooOpa3us LlentpansHoro Kazaxcrana.
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KBAHTOBO-XMMUYECKA 51 OLIEHKA KHMCJIOTHBIX CBOMCTB HEKOTOPBIX
CEMUXWHOHHbBIX PAIMKAJIOB

[Tyctonaiikuna N.A., K.X.H., JOLIEHT; AlieeBa A.A., MaruCTpaHT;
Bateiposa E.P., maructpant; Kypmanosa A.®., k.x.H., nonent; Kymkanosa K.K., k.x.H.
KaparanauHackuii rocy1apcTBeHHBIM yHUBEPCUTET UM. akanemuka E.A.bykerosa
r. Kaparaana, Pecrybnuka Kazaxcran

KBaHTOBO-XUMHUECKH MICCICIOBAHA KUCIOTHOCTh CeMUXUHOHHBIX paankanos [-III. Meromom UHF B Ga3suce
6-31G ¢ momomipl0 mporpaMMHOTO Komruiekca Gaussian-2009 olieHeHa 3HEpTUs NEHPOTOHHPOBAHUS HCCIICTYEMBIX
panukanoB. Iloka3aH poCT KUCIOTHOW cuibl paaukanoB B psapy [—II—III. IlpennonoskeHo, 4T0 CEMUXHHOHHBIE
paauKaibl IO CBOEH CHilE CONMOCTABUMBI C MyPaBbUHOM M YKCYCHOW KHMCJIOTaMH, T.€. OTHOCSITCSI K KHCJIOTaM CpelHen
cuibl. BriepBble 0JayYeHbl KOJMYECTBEHHBIE XapaKTEPUCTUKU KUCIOTHOCTU paaukainos [-111.

Knrouessie cnoga: crabuibHBIE paTuKalbl, CEMHXHHOHHBIE DPaIUKalbl, KBAaHTOBO-XMMHUYECKHE PpaCUeTHI,
MIPOTOJIMTHYECKUES CBOMCTBA, ciiia KucioT, Gaussian-2009, ab initio 6-31G UHF

Cra0WIbHBIE paJMKallbl HAUITA B HACTOSIIEE BPEMs IIUPOKOE MPUMEHEHHE B Pa3IHYHBIX 00JacTsIX
XUMHAH, ((M3UKA M OHMOJIOTMM B KA4eCTBE CHEIM(PUUECKUX CIIMHOBBIX 30HJIOB, METOK, JOBYIICK W T.I.
Bnaronapst criekrpockoruu TP BBICOKOTO pa3pelieHus JOJTOXHUBYIUE OpPTaHUYECKUE MapamMarHeTHKU
MOTYT OBITh HCIOJB30BaHBl MPU W3yYEHUH KUHETUKU OBICTPOIPOTEKAIONIMX 10 BPEMEHH XUMHYECKHX
mporeccoB B pactBopax [1]. CtaOuibHBIE paguKanbl JAOT IICHHYI0 WHGOPMAIMIO 0 MEXaHU3ME PEaKIIHid,
MPOTEKAIONINX MEXTY KOMIIOHEHTAMH CHCTEMBI, KOTOPbIE JIHOO HE PearupyroT, MO0 ci1abo pearupyroT ¢
pagukamamMu [2]. B 3TOM cnyyae moOcCieIHUE HUTPAIOT POJIb TECTa, MHIWKATOpAa MEXaHH3Ma PEaKIUu.
[TomMuMO MPaKTUYECKOTO MPUMEHEHHUS CTA0MIIBHBIX PAJIMKAIIOB, CaM BOTPOC UX PEAKIMOHHON CITOCOOHOCTH
MIPEICTaBISIET 3HAYUTEIHHBIN HHTEpeC (hyHIaMEHTATLHOTO XapaKTepa st COBPEMEHHON XUMUH.

PeaknonHass crnocoOHOCTE CBOOOJHBIX PAaJUKAIIOB ONpEAeIsieTCsl TIIaBHBIM 00pa3oM HalIHIueM
CBOOO/IHOH BaJIGHTHOCTH, Oarofiapsi KOTOPOW OHM MOTYT BCTYIaTh B PEaKIUU PaJUKaIbHOTO 3aMEIICHHUS,
MIPUCOEAMHEHUS, pPaclaja, HW30MEpHU3alld, PEKOMOWHANMA W TUCTIPONOPIHUOHMpoBaHHS. HeoObraHbIME
SBISIFOTCS.  HEPaJMKallbHBIE PETHOCEIEKTUBHBIE pEakIMHM, B KOTOPHIX HeClapeHHbIE JJIEKTPOHBI HE
YYacTBYIOT B 00pa30BaHMHM HOBBIX XWUMHUECKHX CBsI3eH - peakiuu Oe3 3arparuBaHus CBOOOJHOMN
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BaneHTHOCTH [3]. K umcny Takux peakuui, MO-BUAMMOMY, MOXXHO OTHECTH MPOIECCHl MPOTONH3a U
MPOTOHUPOBAHUSI PAIUKAIIOB, TAK KaK OHH HE COMPOBOXKAAIOTCS THOEIBI0 CBOOOJHOM BaJC€HTHOCTH.

Peakiun 6e3 3arparuBaHusi CBOOOTHOW BaJICHTHOCTH XapaKTEPHBI JUII CEMUXWHOHHBIX PaHKaJIOB.
CeMuxunoHbl - 3TO CpPABHUTENBHO YCTOWYMBBIE CBOOOJHBIC paJUKaNbl, KOTOpbIE 0O0pa3yroTCs MpH
BOCCTaHOBJICHUH XUHOHOB HJIU TPH OKUCICHUN THUAPOXHUHOHOB. CEMUXUHOHHBIE PaJUKAaJIbl MM CTaOUITbHBIC
OKCH()EHOKCHIIBI BIIEPBbIE OBUIN CHHTE3MPOBAHBI U3 MPOCTPAHCTBEHHO-3aTPyIHEHHBIX XHHOHOB U ()EHOJIOB
B UHcTHTyTE ZnemeHTooprannyecknx coenuHennii umeHu A.H. HecmesnoBa PAH (Mocksa) B 1973 roay
AU. TIpoxodnerbm, C.I1. ConmonouukosbiM, H.H. ByOHOBBIM U HWcclenoBaHBI HA MpPEAMET BHYTPU- H
MEXMOJIEKYIIAPHON XuMHueckol auHaMuku [4-6]. C 1974 roma x atum uccrnegosanusM B MHOOC PAH
nogkiroumwics A.C. MacaiuMoB, KOTOPBI NPOJODKWII UX B JabopaTopuu paguocrnekrpockonuu Kapl'V
nmenu E.A. bykerosa [7, §].

[lockonbKy TPOTOJIMTHYECKHE pEakIUH B PAAUKAI-COACPXKALIMX CHUCTEMax MPOTEKaroT «0e3
3aTparuBaHusl CBOOOJHOW BaJIeHTHOCTH», TO MerogoM OIIP MoXHO mpocieanTs 3a BCEMH CTaaAUsIMHU
KHUIKOPA3ZHOTO KUCIOTHO-OCHOBHOT'O MIPEBPAICHUS B peakIIMOHHON cMecH. DITP-criekTpockonuecky ObLIo
MOKa3aHo, YTO CEMUXWHOHHBIE paIiKaNbl OJIaroapsi CBOeMy CTPOCHHUIO CKIIOHHBI MPOSIBIIATH TBOHCTBEHHYIO
MPOTONUTHYECKYI0 PEaKIHOHHYIO CHOCOOHOCTB: B PEAKLIUAX C OCHOBAHUSIMH PaAMKaJbl UIPAIOT POJIb
KHCIIOT, @ B pEakIMusIX ¢ KHUCIOTaMH — pPOJb OCHOBaHMA. B pabore [9] mpencTaBieHBl pe3yibTaThl
CPaBHUTEIIHPHOM OIEHKM KHWHETHYECKOW KHCIOTHOCTH CEMHUXMHOHHBIX PaJAMKaIOB 3,0-aH-TpeT.0yTHiI-2-
okcuenokcuna (I), 4,6-au-tpet.0yTn-3-xmnop-2-okcudperokcuna (1I), 4-rpudernameTmn-6-rpet. OyTHnI-3-
xyiop-2-okcudenokcuna (II), BermomHeHHON Ha ocHOBaHUU DIIP-criekTpockonmueckux NaHHbIX. B xadecTBe
MPOTOHOAKIENTOPA B TIPOTOJUTHYECKON peaklni ObUT BBIOpAH alKaIon[ (PEHAaHTPEHOBOTO psijia - TedauH,
KOTOPBIH MPECTABIIAET COO0M TpeTHuHbIi amuH ¢ pK, =7,0.

YIOpoLEeHHO MPOTONIMTHYECKYIO peakiuio 3,6-Au-TpeT.OyTuii-2-oKCU(PEHOKCHIa ¢ TeOanHOM MOKHO
MPEICTaBUTh CACAYIOIUM o0pa3oM [9]:

OCH; OcCl
C(CHa)3 C(CHz3)3
o* o*
» (
+ H.C O T H.C. T ° 1)
3\~ K
C(CH3)3 OCH; C(CHj3)3 ~ OCl

ITomydeHHbIe SKCTIEpUMEHTANTBHBIC JaHHEIE 10 MPOTOHUPOBaHUIO TebanHa pamukanamu 1 - 111 B cpene
Toxyona [9] mpencTasieHsl B Tabauile 1.

Tabmuna 1

Kunerndyeckne W TEPMOAWMHAMUYECKUE TMApaMETPbl IPOTOHHOTO IIEPEHOCa OT CEMHXWHOHHBIX
paauKanoB K TebauHy. PacTBopuTens — TOIyOI

PauKa K,293K) | -AH+3,0 | -AS ki(293K) | E;£6,0 kll (293K) | E.; +4,0
J/MOITh kJlx/Monb | Jlx/moneK | n/monbc | xx/Mone | kJ[x/Momh

[ 1,8 25,1 81,7 54-10° 17,2 3,7-107 48,2

1 8,5-10° 473 105,2 2,2:10° 1,7 2,6:10° 49,0

111 6,2:10° 63,7 148,1 3,0-10’ 1,0 49-10° 64,6

W3 pannpix tabmuusl 1 BugHo [9], uto B psany cemuxuHOHHBIX pamukanos I, II, III yBenuumBaercs
IIPOTOHOZOHOPHAsL CHOCOOHOCTb, YTO MPOSIBJIAETCS B POCTE CyMMAapHOM KOHCTAaHTHl paBHOBEcHs Ha 3
nopsiika, nipu mepexone ot I k III. YBennvenue paBHOBECHOH KHUCIOTHOCTH OOpa3loB B 3TOM psjy,
COIIPOBOKAAETCS CAMOATHBIMU M3MEHEHHUSIMU B SHTAJBIIMAHBIX U SHTPOIUHHBIX IOTEPSAX PEAKLIUH.

B Hactosmieit pabore MNpOTOHOAOHOPHas crocoOHocTh pamukanoB I, II, III Owlia uccienoBaHa
METOAaMHU KBaHTOBOH xuMuH. IIpeacTaBisiocs HHTEPECHBIM NPOCIEAUTh, COXPAHAETCS U 3aKOHOMEPHOCTh
C HU3MEHEHHWH MPOTOHOAOHHOpHOW crmocoOHocTH pagukanoB I, I, III, ycranoenennas OIIP-
CHEKTPOCKONMYECKH, PU KBAHTOBO-XUMHUYECKOI OILIEHKE.

Panee Obmo mokazano [10-11], 4To »PHeprusi JENPOTOHHPOBAHUS MOXKET CIYXHTh JJII KBaHTOBO-
XUMHUYECKON XapaKTEPUCTUKU CHJIBI KUCIIOT. DHEPIrUsl ACTIPOTOHUPOBAHUS KUCIOTHI KBAHTOBO-XUMHUYECKU
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MOJKET OBITh OlleHEeHa KaK Pa3HOCTh BEJIMYHMH IOJHOW dHEprun KUCIoThl HA u annona A’, oOpasyromierocs
MIpH €€ AETTPOTOHUPOBAHUU:

HA — A"+ H", )
Tlonnas OHEPrus NpoTOHA paBHA HYJIHO, IO3TOMY:
AEZ{CHPOT.:EHOHH.(HA)_EHOHH.(A-)a (3)

Tak xak uckoMas pasHOCTHasi BelMYMHA AE,c,,; Ha HECKOIBKO MOPSAAKOB MEHbILIE KaXJIOH W3
PacCYUTHIBAEMBIX SHEPTHIA IO OTACIBHOCTH, TO PACYEThl HEOOXOIMMO MPOU3BOAUTE MAKCUMaIbHO TOUHO. B
3TOM CBA3M A OLEHKH pasHUlbl AE,por B NOJIHBIX JHEPrHAX KHUCIOTHl M €€ aHMOHA B KBAaHTOBO-
XUMHUYECKUX pacueTax HaMu ObLI MCIIONIb30BaH ab initio-meron UHF B pacmmpennom 0aszuce 6-31G. s
ydeTa CHHHOBBIX COCTOSHHH PAcyeTHBIX CTPYKTYp ObLI MCIOJIB30BaH HEOTPAHWYEHHBIH MeTox XapTpH-
®oxka (Unrestricted Hartree-Fock method, UHF), koTopsblif paccmarpuBaeT cnuH-OPOMTANN C pa3IUIHBIM
MPOCTPAHCTBEHHBIM PACIPEAEICHUEM AJIs & - U b- opOuTaneid. DTOT METOJ MPHUMEHSETCS MpH HU3YYCHUU
CHCTEM C OTKPBITBIMH 3JEKTPOHHBIMH O0OJIOYKaMH, KAaKOBBIMHU SIBIISIOTCS CBOOOJHbBIC CEMHXHHOHHbBIC
panukanbl. PacueTsl mpoBOIMWIIMCH ¢ TOMOLIBIO MTporpaMMHoro nakera Gaussian-2009 [12].

B Tabnuue 2 npeacraBieHbl MOMyYeHHBIE B PE3YJIbTaTe KBAHTOBO-XMMHUYECKHX PAcUeTOB METOJIOM ab
initio UHF 6-31G monHble sHeprum pacuyeTHbix cTpykTyp paaukanos I, II, III m uX aHMOHOB; a Takxke
SHEPIus UX JEIPOTOHUPOBAHMUS.

Tabunma 2

I'eomeTrprueckas cTpykTypa U HEKOTOpbIe Xapakrepuctuku paaukanos I, 11, I1I. Merox pacuera - UHF
6-31G

Pamukan Enom (HA), a.u. Eiom (A), 2. AE enpor.

Ne | HazBanue a.u

I | 3,6-nmu-tper. OyTHiI-2-0KCU(EHOKCHI -691,826456 -691,2377054 0,58875

IT | 4,6-nu-tpet.0yTrn-3-x10p-2-0KCU(EHOKCHIT -1150,67783 -1150,106128 0,5717
4-TpudeHnIMETII-0-TpeT. OyTui-3-xJs0p-2-

11T | okcudenokcun -1722,00173 -1721,435159 0,56657

B Ttabmune 3 mnpexacraBieHsl reomerpuyeckue CTpykTypel pazukanoB I, I, III m wux aHuOHOB,
MOJTy4YeHHBIE B pEe3yNbTaTe KBAaHTOBO-XUMHUYECKUX pacdeToB meronoMm ab initio UHF 6-31G ¢ momHOH
ONTUMM3ALUEH BCEX TEOMETPUYECKUX I1apaMEeTPOB pPACUYETHBIX CTPYKTyp. Busyanuszauus pacyeTHbIX
CTPYKTYP BBITIOJHEHA ¢ IOMOLIbIO rpadudgeckor.060m0ukn GaussView 5.0.8 [13].

Tabnuna 3
I'eomerpuueckue crpykrypsl pagukaios I, 11, III (HA) u ux nenporonnpoBaHHbIX aHHOHOB (A"). Meton
pacuera - UHF 6-31G

Pamuxam (HA) Anmnon panukana (A’)

Pagukan I

JumonbHbIN

MOMEHT 2,3539 JleOait 7,1223 JleOaii

Pagukan 11
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JUnombubiit | 4 5309 1egait 11,0198 JleGait
MOMCHT
>, *i >

Papukan III J‘f‘

..

L

JUMONBHEI | 4 4500 J1eGaii 14,8346 Jle6ait
MOMCHT

W3 npexncraBieHHbIX B TabmUIe 2 JAaHHBIX BUIHO, YTO 3HEPTHS JICIPOTOHUPOBAHUS YMEHBIIACTCS B
pany pamukan [—II—IIl. Haumensmell sHeprueil nenpOTOHHPOBaHUS Xapakrepnsyercs paaukan I, a
HanOonpineit — pagukan [. Tak kak yem CHIbHEH KUCIIOTa, TEM JIerde OHA OTAAeT MPOTOH, ¥ TeM MEHBIIE
SHEPTHS JENPOTOHHPOBAHUS, TO KUCIOTHOCTh paaukanoB B psmy pamgukan [—II—IIl pacter. Cormacuo
MIPOBEICHHBIX KBAaHTOBO-XMMHUYECKUX pacueToB pamukan Il sBisercs Hambonee CHUILHOW KHCIOTOH B
HCCIIEAyeMOM PAAYy CEMHUXMHOHHBIX PaJMKajoB, a pagukan | — camoil cnaGoii KUCIoTOH. DTO MOIHOCTHIO
cornacyercd ¢ JIIP-cieKTpocKONMM4eCKMMH JaHHBIMH.

[IpencraBisioch  MHTEPECHBIM — KOJIMYECTBEHHO  OLIEHUTBH  KHCJIOTHYIO CHJIy  HCCIIEIyeMBIX
cemuxrHOHHBIX panukanoB I, II, III. Panee [11] Obl1 BBIIOTHEH CpaBHUTENBHBIA aHAIN3 3aBUCHUMOCTH
nokaszarenst KHCIOTHOcTH psga OH-kucnmor oT sHepruu  ACNPOTOHHUPOBAHUS, OIIEHEHHOH KBaHTOBO-
xumudecku UHF ab initio-meronom B 6azuce 6-31G ¢ momolilbio mporpaMmMuoro komiiekca Gaussian-2009.
Pe3ysbTaThl OLCHKH SHEPTHU JCMpPOTOHUpOBaHus st psiaa OH-kucnor kak pasuuisl AE B MONHBIX
SHEPTUSX KUCIOTHI M COMPSDKEHHOTO C HeW OCHOBAHMS, IIPEACTaBlIeHbI B Tadiuie 4. B Tabnuiie 4 KUCIOTHI
PacmoJIoXKeHbI B OPSIIKE BO3pACTaHUS 3HAUCHUS BETHIHHBI pK,.

Tabunna 4

Oueprusa nenpotonupoBanusi (AE) u copaBounbie [14]  3HaueHus BenuuumHbl pK, s psna
nccienyeMbix kucinot. Metoz pacuera— UHF 6-31G

ConpskeHHas mapa IlosHas sHEprHd, a.u.
Ne i/t

KHCJI0Ta OCHOBaHHUE | KHCJIOTa ocHoBaHue | AE .por., a.U. | pK,
1 H;0" H,O -76,27633 | -75,9854 0,2910 -1,74
2 H,SO; HSO5 -622,9644 | -622,4218 | 0,5425 1,78
3 H3PO, H,PO, -641,7275 | -641,1926 | 0,5350 2,14
4 H,SeO; HSeOy5’ -2622,7660 | -2622,2374 | 0,5286 2,17
5 HNO, NO, -204,5219 | -203,9663 | 0,5556 3,29
6 HCOOH HCOO -189,6772 | -189,1182 | 0,5590 3,75
1 CH;COOH | CH;COO™ | -229,0050 | -228,4296 | 0,5754 4,76
8 H,PO, HPO,* -641,1926 | -640,4498 | 0,7428 7,21
9 HCO5 COy”> -262,9568 | -262,1522 | 0,8046 10,33
10 HPO,” PO,” -640,4498 | -639,4915 | 0,9583 12,34

U3 cpaBHeHUs NaHHBIX, IPEACTaBICHHBIX B TaObMMIax 2 U 4 BUOHO, YTO SHEPrHs JENPOTOHUPOBAHUS
HCCIETyeMbIX CEeMUXHMHOHHBIX panukanoB I, II, III koppemupyer c sHeprueil AeNpOTOHHPOBAHUS
MYpPaBBHHON U YKCYCHOH KapOOHOBBIX KUCIIOT. M3 3TOro MOXHO caenaTh BBIBOJ O TOM, YTO CEMHUXHHOHHBIE
paAMKalbl IO CBOEH CHIIE COITOCTAaBUMBI C MypaBbMHON M YKCYCHOM KHCIIOTaMH, T.€. OTHOCATCS K KHCIOTaM
CpeIHEU CUJIBL.

Hns xonmuectBeHHoW oueHku cwibl pagukanoB I, II, III mMoOXHO BOCIIOJIB30BAaTBHCS ypaBHEHHEM
JIMHENHOHN anpoKCUMAalMi 3aBUCUMOCTH CIIPaBOYHOI'O 3Ha4eHuUs rokasareins kuciaoTtHoctu 10 OH-kucnor
OT PHEPTUH JEeTPOTOHUPOBAHUS, OLICHEHHOH KBaHTOBO-xuMuuecku [11]. Ha pucynke npencraBnen rpagux
3aBUCUMOCTH MEX]y SHEpruedl AeNpOTOHMPOBAHMs, OLIEHEHHOM KBAaHTOBO-XMMHUYECKH U CIIPaBOYHBIMU
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3HaueHUsIMH BenuuuHbl pK, g psga w3 10 OH-kucnmor. Takke Ha pHUCYHKE NpUBEIEHA MpPsSIMasd,
MMOCTPOCHHAsI TyTEM JIMHEHHOW anmpOKCHMAIINH, BBITIOJTHEHHONM METOIOM HaWMEHBIIMX KBaJapaToB, H
3HaueHue kodpduuuenta koppemsiaun [lupcona.

PK.

10 y=22.71x-9.237
R=0,98

0 T T T T N

0 0,2 0,4 0,6 0,8 1 y
) AFE senpor., .U

Pucynok - I'paduk 3aBUCHMOCTH CIIPaBOYHOTO 3HAYCHUS BETUYUHBI pK, OT SJHEPTUH
nenpoToHupoBanus s psina u3 10 OH-kucnor.
Meron pacuera — UHF 6-31G

IloncraHoBKOM B ypaBHEHHME JMHEWHON anmpokcuMaunn y=22,71x-9,237 3HaueHUl >Heprun
JETIPOTOHUPOBAHUS, TONYYEHHBIX Ui CEeMHUXMHOHHBIX » paaukaioB [-III kBaHTOBO-xMMHUuUecku, OBLTH
MOJTyYeHBI TEOPETUIECKH OLICHEHHbIE TOKA3aTeNlN KHCIOTHOCTH HCCIIEyEeMBIX PaiuKayioB (Tabnuma 5).

Tabmuma 5

TeopeTruecku OlleHEHHBIE TTOKA3aTeNn KUCAOTHOCTU paaukanos 1, I, 111

Pamnkan AE jenpor., a.U. pK,

No | Ha3Banue

I | 3,6-mu-Tpet. OyTHi-2-0KcueHOKCHI 0,58875 4,13353
I | 4,6-nu-TpeT.0yTHin-3-X10p=2-0KCH(EHOKCHIT 0,5717 3,74631
11 | 4-tpudennnmeTnin-6-tpet. OyTHI-3-x50p-2-oKcudenokcun | 0,56657 3,62986

W3 naHHBIX TaONMHUUBEL'S BUIAHO, YTO TEOPETUYECKH OIICHEHHBIN MOKa3aTellb KUCIOTHOCTH pagukana I11
coctaBui Benuuuny 3,63, panukana Il — 3,75, pagukana [ — 4,13. /laHHBIe KOIMYECTBEHHBIE XapaKTEPUCTUKU
kucnotHocTH paaukanoB [-I1l Obur momydeHBI BIEpBBIC, TaK KaK 3KCIIEPUMEHTAIBHOE OIPEICICHUE
MoKasareNss KHUCIOTHOCTH pAJWKAIOB HEBO3MOXXHO BBHIy WX HEYCTOMYMBOCTH, OCOOECHHO B
MIPOTOHOAOHOPHBIX BOJAHBIX Cpeliax.

TakuM 00pa3om B pe3ysbTaTe MPOBEISHHOTO HCCIIEIOBAHUS KBAHTOBO-XUMHUUYECKH ObLTa MCCIe0BaHa
KHUCIOTHOCTh ceMUXUHOHHBIX paaukaioB [-III. Merogom UHF B Ga3uce 6-31G ¢ moMo1Is0 MporpaMMHOTO
koMmruiekca Gaussian-2009 oreHeHa 3HEprus JENPOTOHUPOBAHMS HCCIEAYEMbIX pagaukaioB. [lokazaH poct
KUCJIOTHOM cuibl pagukainoB B psany [—II—IIl. B pe3ynbrare cOnoCTaBUTENBHOIO aHalIM3a C paHee
MOMYYCHHBIMU JAHHBIMHU MOPEANOJII0XKEHO, YTO CEMUXMHOHHBIE PaJUKANbl O CBOEH CHIIE COMOCTABUMBI C
MYpPaBBUHOM U YKCYCHOW KHUCIIOTaMH, T.€. OTHOCSITCS K KHCIOTaM CpeqHed cuiibl. BriepBble MOy4eHbI
KOJINYE€CTBEHHBIE XapaKTEPUCTHUKU KUCIOTHOCTH pagukaios I-111.
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[TOJIYYEHUE KOMIIJIEKCHBIX YTJIEPOJUCTDBIX ]?OCCTAHOBHTEHEPI
N3 BEICOKO30JIBHBIX YTJIEN

Pazno6pees B.I'., umxenep l-oii kateropun; Kum B.A., 1.T.H., npodeccop;
buroino J1.I"., mmxenep 1-oi kaTeropuu;
JoxyanubaeB M.K., Beymmii nnxenep; Kynapuaos C.X., cHC
XUMHUKO-METAILTyprUuecKuil ”HCTUTYT uM. K. AOuiena
r. Kaparanna, PecyOnuka Kazaxcran

PecrryOnmka Ka3zaxcran oOnamaeT OoraThIMHU 3amacaMé BBICOKO3OJIBHBIX JIHEPTeTUYECKHX YTIeH C
HU3KHM cojliepkannueM (ocdopa U cephl, JOOBIBAEMBIX OTKPBITHIM crocoOoM. C IeIbi0 pacIIupeHus
00JacTH HUCMOIB30BaHUSI BBICOKO30JBHBIX YIJIEH, YUYUTHIBAS MOJIE3HOCTh OTAEIBHBIX COCTABIISIOMINX 30JIBI,
NPEICTABIBIONIMX 0a30BbIe KOMITOHEHTHI (DIIFOCOBBIX JI0OABOK MIMXTHI, OBUIN TMPOBEACHBI UCCIIEIOBAHUS T10
BO3MOXKHOCTH TTOJTyYSHHsSI U3 HUX KOMIUIEKCHBIX YTJIEPOJHBIX BOCCTAHOBHTENEH (BBICOKO30JHHOTO KOKCA)
JUTST TIPOTIECCOB BBITUTABKH (hePPOCILIIABOB.

W3pickaHue yriaepoAnCTHIX BOCCTAHOBHUTENEH [0 KAadeCTBEHHBIM I[IOKA3aTeNIIM OTBEYAIOIINM
TpeboBaHUAM (HEeppPOCIUIABHOTO MPOU3BOJACTBA, MPEICTABISET OIPEACICHHYIO CIOXKHOCTh., TakK KOKCHI,
MpeTHA3HAYCHHBIC IS AJIEKTPOTEPMHUYECKOTO MPOU3BOJCTBA, JOJDKHBI 00JIanaTh CICIYIOIIMMH Ba)KHBIMH
CBOWCTBAMHU: HH3KUM COJIEpKaHUEM 30JIbI H €€ OJIATONPUSTHBIM XHMHUYECKUM COCTaBOM; CIa0ou
CKJIOHHOCTBIO K 00pa30BaHUIO YIIOPSIOUSHHON CTPYKTYPHI TpaduTa, OKa3hIBArOIIe HETaTUBHOE BIIUSHIE Ha
MMPOTEKaHUE TIPOIIECCa B AJICKTPONECUH; BBICOKUM YACIBHBIM JICKTPOCOTPOTUBICHUEM, 00SCIICUUBAIOIINM
MPOU3BOJAUTEIbHYI0 PabOTy 3JICKTPOIEUH; BBICOKOM PEaKIMOHHOM CIOCOOHOCTBIO; JIOCTATOYHOM
MEXaHMYECKOW MPOYHOCTHI0, MAKCHUMAaJIbHO HCKIIIOYAIOIIeH COAep)KaHHe MEJIOYH; HU3KHM COJepKaHHeM
tdhocdopa u cepsl.

BBICOKO30JIbHBIN KOKC TpelHa3HaueH Ui KOMIDIEKCHOW 3aMeHBI yriepoja U (III0COB, BHOCHMBIX C
IIMXTOBBIMH MaTepuajamu. lcrmonbp3oBaHHE MIMXTHI, COIEpIKaIled BBICOKO3OJBHBIM KOKC, IO3BOJIUT B
OTpEACNICHHON Mepe BOCIONHUTh JNeQUIUT METALTyPrHYecKOro KOKCa U TOBBICHTh TEXHHKO-





