
BI,L(iYK 

ocpiuiiffior o OrrOHeHTa Ha .lUfCep TauifO CBSJTeHKO JIIO)),MHJ1H KOCTSlHTHHiBHH 

«P eaKl1itlHa 30amHicm b HimpoapOMamWiHu.x: cnOflYK i l1UKflil.{HUX HimpoaMiHiB. 

](BaHm060 -xiMiI.{He MooefllOBaHHR», 

rro,UaHY H a 3.IJ;o6YTT51 HaYKOBoro cTyrreH51 ,UOKTopa XiMiLIHI1X HayK 

3a CneuiaJIb Hicno 02 .00.03 - opraHiLIHa XiMi51 

A KmYaJlbHicm b po6om u. ApOManIL.J:Hi HiTpOCrrOJ1YKl1 i ul1KJ1iLIHi HiTpOaMiHl1 

MafOTb llmp oKe 3aCTOCYBaHH51 Y rrpaKTl1ui. TIOJIi a30Tl1CTi CrrOJ1YKl1 3 KlJ1bKOMa 

HlTp o rpyrraM l1 € BHCOKoeHepreTI1LIHl1MI1 MaTeplanaMl1 6araTO 3 Hl1X 

Bl1KOPl1CTOBYfOTb 5I.K B116yxOBi p eLIOBl1Hl1. IHlili ccpepl1 i'XHboro 3aCTOCYBaHH51 ­

Bl1po6 H l1UTBO JI i KiB Ta 6ap BHl1KiB. TOMY TaKl Crr OJIYKl1 y TiM LIl1 iHlllii1 M lpl 

rr oTpan 5I.IDT b y )].OBKlJIn 5I. y XO,Ul Bl1p06Hl1UTBa, TIl)]. LIac 36epiraHH51, 

TpaHc n opTYBaHH5I., Bl1KOpMCTaHH51 Ta 3HeWKO,U)KeHH51 . 3Ba)KafOLIl1 Ha TOKCl1LIHI CTh 

UYIX p eLIOBI1H, i'XH€ p 03rr OBClO,ll)KeHH51 y rpyHTax Ta rrpl1po,UHl1X Bo,Uax E: BKpali 

He6 a)KaHl1M, BOHO M Q)Ke Bl1KnHKaTl1 HeraTI1BHi eKonor iLIH i Hacni,UKl1. Y 3B' 513Ky 3 

U;I1M Ba)KJIl1BOfO rrp06 JTeMOfO € 3'51CYBaHH5I XiMbM Y TlPOUeCi B, 51Ki Bi,U6YBafOTbC5I. TlpH 

. . . . 
TlOTp a TlJI51HHl apOMaTl1QHI1X HrrpOCTlOnyK 1 Ul1KJllq}{l1X HITpoaMIHlB y rrpl1pO)J,He 

cepe,UOBl1m.e, i Bl1BLIeHH51 M O)l(flHBl1X ll1J151XiB 'i XHbOi' TpaHccpopMaui'i. CaMe Y UbOMY 

Harrp5I.Ml BHKOHaHa )].11cep Tau i liHa p 060Ta CB51TeHKO JI.K., mo M 06YMOBJ1fOE: W 

aKTYaJIbH ICTb. 

3 Ba)KaIOLU1 Ha. 

rr OJIlHlTp OCI10sry K. r OCTpo rroc a E: rrI1TaHH51 mo.110 ecpeKTl1BHl1X MeTO,UiB 'iXHbO'i 

y n mi3auii'. TIP J-P-IOMY u;i M eTO 11 Man l1 6 6ynI HeTpl1BaJl l1Ml1 y LIaci Ta BeCTl1 )..(0 

.. . .. 
HeTOKCl1y.Hl1X KIHu eml X rrpO,llyKTlB y.epe3 YTBopeHH51 HeTOKCl1 LIHI1X IHTepMe)llaTIB. 

BmKJ1l1BOlO xapaKTepl1CTl1KOlO ,ll.OCJIi,ll)KYBaHoro Knacy CrrOJ1YK E: 'iXH51 3,ll.aTHicTb )].0 

OKI1CHO- Bi ,nHOBHl1X Tp aHccpopMauiH, 51Ki M Bi,n6YBafOTbC5I. 3 HHMH Y ,UOBKinni. TOMY 

peaKu il' ri POJ1i3y, OKI1CHeHH5I., Bi.ll.HOBJleHH5I. aKTHBHO )].OCJ1i)].)KYfOTb y ceHci i'xHbO'i 

YTI1Jll3aUll. T O)K aKTYaJI i3oBY€TbC51 Mo)].enfOBaHH51 MexaHbMiB i KiHeTHKI1 peaKui ij 

. .. ., . 
rI)].POJll3Y, o KHCHeHH5I. , Bl.ll.HOBJIeHH51 apOMaTW-fHHX HlTpocrronYK I Ul1KJlF-fHHX 

HiTpo aM i H1 B. OQeBl1)].HO, m o KBaHToBO-XIMIL.J:Hi p03paxyHKl1 Ul1X rrpoueciB CTafOTb 

Ba){(JIl1BI1M l-pKep eJIO i m p opM au i 'l rrpo reOMeTpW-fHi ij eHepreTHLIHi xapaKTepHCTl1Kl1 

http:OQeBl1)].HO
http:Harrp5I.Ml
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BCIX CTPYKTYP, w,0 Bi)],TIOBi.n.aJOTb KPI1T11"4'H11M TO"4'KaM Ha nOBepXHI rrOTeHu,iH Ho'i 

eHepr i'l peaKuili, BKJUO'lJaFO'lJI1 BHXi,AHi pe"4'OB11HH, iHTepMe.n.iaT11, rrepexi.n.Hl CTaHI1 Ta 

. . 
rrpO~KT11 rrepeTBOpeHb. T aKHM p03paXYHKaM MO.n.errIOBaHHIO Bl)]rrOBI)]HHX 

rrpoueciB rrpI1CB5I'lJeHa U,51 )J}fCepTau:i MHa p060Ta. 

Po6oTa BHKOHaHa Y pycni ,Aep)K6JO,A)KeTHo l" TeMI1 "KOHCTpYIOBaHH5I N,O,S­

BMICHHX reTep o UHKJIlB 13 HOB11X KaTaJIlT11"4'H11X C11CTeM. 

EKCrrep11MeHTaJIbHe Ta TeOp eTWIHe )]OCJIi)])KeHH5I" . 

HaYKOea J-lOBU3 HQ. ~I1CepTaHTKa rrpoaHaJ1i3YBaJTa MO)Kn11BI TeOpeTW-lHl 

Ha6n 11)KeHIDI )]Jl51 p03paXYHKy OK11CHO-Bl)]HOBHI1X XapaKTepI1CTI1K apOMaTI14HI1X 

H lTp OCrrOn YK i IJ:I1J01i Y.H11X HiTpOaMiHiB Ta B116pan a rrOpiBH5IHO HeTpY)]OMICTKl 

KBaHTOBO-xiMi4Hi Ha6nI1)KeHH5I, 3a )]OrrOMOrOIO 51Kl1X rrOTeHu,ian11 Bi)]HOBneHH5I 

OK11CHe HH5I HiTpOapOMaT11 4H11X CrrOnYK i a3aU11Kni4Hl1X HiTp OaMiHiB Mo)KYTb 6ynI 

p03paXOBaHi 3 T04.HiCTlO 0,1-0,2 eB Ta BI1KOp11CTaHi )]n51 rrepe)]6a4eHH5I aHaJIori Y.HI1X 

BnaCT11BOcTei1 )]n51 THX cepiM rro)]i6H11X CITOrrYK, )]n51 51KI1X CKrra)]HO rrpOBO)]11T11 

eKCrrep11MeHTaJJbHl BH3HaqeHH5I . 

Y u:i i1 p 0 60Ti Bn epille KBaHTOBO-XIMl"4'HHM11 MeTO)]aMH )]OCJIl)])KeHO BITrrH B 

a.n.cop6ui·j Ha rroBepxHl KBapuy H113KI1 HlTp o crronYK: TpHHlTpOTonyo , 

,AI1HITp OTonYOJI, MeToKc H-2,4-):(HH iTpo6eH3eH, HITP OTpHa30nOH, 5-aMiHo-3-HiTPO­

1,2,4 -TpHa3on, r eKcoreH, OKTor eH, reKcaHiTpOreKCaa3a i3oBYPU:HTaH (CL-20), Ha ·lxHi 

OK11CHO-Bl)J;HoBHl BJIaCTl1BOCTI. 3 ' 5I COBaHO, m o a.n.cop 6 oBaHi HlTpocnonYK11 € 

cTiHKiIll11Ml1 ,AO rrpOu,ec iB Bi)J;HoBneHH5I i OK11CHeHH5I rrOpiBH5IHO 3 p034.HHeH11M11 y 

BO,Al. 

K BaHTOBo-xiMi Y.HHM Mo):(emOBaHH5IM nY)KHOrO ri)]poni3Y MeTOKCH)]11HlTPO­

6eH3eHY n p H Y CD- orrpOMiHeHHi nOKa3aHO, mo cpOToaKT11Baui51 n i)]BHmy€ peaKui i1:HY 

3)]aTHicTb cnonYKH, m o n05lCHeHO fi nepeXO)]OM y 36Y):()KeH11I1 TpHllrreTHI1M CTaH. 

MO)]emOBaHH5IM npOL(ecy OKl1CHeHH5I MeTOKCH)]11Hirpo6eH3eHY i Hirporp11a30nOHY y 

Bo):(i rri)] ,lJiE:JO CHHfrreTHoro KHCHFO BH5IBrreHO, mo CHHrneTHHM KI1CeHb crrpI15I€ 

,Aerp a):(aui"i HiTp oapOM an f"4'HHX C110nYK, 5IKa rrO"4'I1Ha€TbC5I 3 YTBopeHH5I UI1KJIl"4'HHX 

rrep OKCH,lJ;lB. 

i 

http:rrepexi.n.Hl
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B rreplIIe KBaHTOBO-XIMl9HI1MH MeTO,ll.aMH 3MO,ll.enbOBaHO MeXaH13M Ta 

• .... .. o. 
KiHeTHKY JTY)KHOrO n ,ll.pOJI13Y ,ll.OCfll ,ll.)KYBaHHX HlTpOCrrOnYK 1 rrOK33aHO, m O 

3araJIb HHMH Harrp5fMKaMH rrOl.IaTKOBI1X cTa,ll.iH peaKL(i'i C rrpHC,ll.HaHH5I ri,ll.pOKCHn-HOHY 

.... .. .. 
n O aTOMa Byrneu TO apOManf LIHo r o 5Inpa I 3aMlIUeHH5I HlTporpyrrH nnpOKCl1nbHOfO 

rpynofO, a p 03Kn a,n HiTpoaM iH iB Bi,ll.6YBaCTbC5I LIepe3 ,ll.enpOTOHYBaHH5I, BI1,UlneHH5I 

HiTPHT-HOHY, n p HC,l],HaHIDI r in p OKCH,ll.-HOHY Ta p03KpHTT5I u l1Kny" 

3 ' 5ICOBaHO TaKO)K, mo OKHCHeHH5I HiTp OCn OJIYK n n pOKCH,ll.-pa,ll.HKaJIOM C 

IllBH,nKHM BMCOKOeI<30TepMil.IHHM n pou:eCOM. 

CmyniHb 06rpYHm oea Hocmi HaYK06UX n OJlOJICeHb l 6UCH06K16, lX 

oocmo eipHicmb. A HaJIi3 MaTeplMIB nl1cepTauiHHol p060Tl1 rrOKa3YC, m o 

... .. .. 
,UOCfll,u)KeHH51 BHKOHaHl Ha Hane)KHOMY HaYKOBOMY plBHl 3 BHKOpI1CTaHH5IM CY9aCHl1X 

MeTo ,uiB KBaHTOBo-x iMj LIHHX p03paXYHKiB Ta cpi311t{Hl1X MeTO,ll.iB ,ll.OCni,ll.)KeHH5! 

XIMl LIHI1X crronYK" ~1l5I p 0 3p aXYHKY XBl1nbOBoi" CPYHKl.l,i 'i, reOMeTpWIHI1X Ta 

" " 
eHepr enILIHHX rrap aMeTp m crro n YK, a TaKQ)K rrepeX I,uHHX CTaHlB BI1KOpl1CTaHO 

KBaHTOBo - x i MiLIHI1 H MeTO,u Teop i'i CPYHKl.l,ioHMa r YCTHHH (DFT); BrrJIHB P03LIl1HHMKa 

Bp aXOBaHvJ"H MeTO,ll.OM KOHTHHYYM a , IUO rrOJI5IpI13YCTbC5I (peM) Ta COflbBaTauji1HofO 

MOn eJTflfO, 5TKa 6 33YCTbC5I Ha efl eKTpoHHii1 ryCHIHi (SMD)" 

P e3YJIbTaTYI p03paXYHKiB aBTopKa rropiBHfOC 3 eKCrrepl1MeHTaJIbHI1Ml1 naHI1MH " 

HaYKOBi no O)KeHH5I i BHCHOBKI1, CCPOPMYflbOBaH i Y nHcepTau i i", floriLIHo Bl1TiKafOTb 3 

" " " 
OTpHMaHl1X p e3y n bTaTIB ~ c .nOCTOBlpHHMH" 

O CHOBHI1M np aKmUliHwvt OOP 06KOM ,ul1cepTal.l,iHHoi" p060Tl1 MO)KHa BBa)KaTH Te, 

mO 3arrporrOHOBaHl p 0 3p aXYHKOBI CXeMI1 ,ll.fl5I KopeKTHoro orrHCY rrpOlJ,eCI B 

. .. . .. 
Bl)lHOBlleHHJI 1 OKHCHe HH51 HlTpOCrrOflYK, BOLIeBI1,ll.b, rrpl1,naTHl ,ll.fl5I MOneflfOBaHH5I 

p eaKuiil Ta n ep e,ll.6 aQeHH5I OKI1CHO-Bi,nHOBHHX BflaCTI1BOCTeH 6iflbill illl1pOKOrO 

cneKTpY TaKI1X CIIOflY K" W l1p w e npaKTI1LIHe 3aCTOCYBaHH5I MO)Ke 3HaMTl1 TaKQ)K 

onpal.l,bOBaHHH y p 0 60T i n i,nxi,ll. 3 KOMnneKCHoro ,ll.ocfli,ll.)KeHH5I MexaHi3MiB peaKlJ,iH, 

5IKHH BKJTl-Oq aC KRaHTOBo-xiMi LIHHH aHaJliJ rrOBepXHi rrOTeHl.l, i HHo"i eHepri"j peaKu.i i" H 

i ,ueHTH cp iKal.l,i fO iHTepMe,ll.i aTi B Ta rrpO,ll.YKTiB Ha OCHOBi Mac-crreKTpiB, Onep)Kar-ll1X 

eKc nep HMeHTaJTb HO" U,e )K CTOCYCTbC5I i rri,ll.xo,ll.Y, 5IKI1M nOfl5IraC Y MO,ll.eflfOBaHHi 

MexaHiJ ry p eaKui "i , p03paXYHKY Bi Tb HOi" eHepri "i fi 66ca Ta KOHCTaHT WBI1,ll.KOCTi nn5I 

http:peaKu.ii
http:MeTO,ll.OM
http:MeTO,ll.iB
http:cTa,ll.iH
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KO){(HOi" cTa)J. i i" 3 1I0.ll.aJTbWl1.M P03B' 5I3aHH5IM Cl1.CTeMH .ll.l1.cpepeHlJ.iHHHX KlHenlqHHX 

plBWlHb. 

CmpyKmypa i 06CR2 p o6omu. ,Ql1cepTalJ,i5I MICTl1.Tb BCTyrr, 6 P03.ll.1fllB, 

BHCHOBKH, crnlCOK niTepaTYPH, IUO HapaxoBY€ 411 rrOCl1naHb, 86 Ta6m1lJ,b Ta 144 

PHCYHKH. 3arMbHllH 06C5If .ll.HCep Taui"i 392 CTopiHl<l1. 

Y 06UIHPHOMY nepUloMY p030ifli (OfJI5I.ll. JIiTepaTypHl1X .ll.){(epeJI) .ll.l1CepTaHTKa 

Y3araJIbHHJIa p e3YJIbTaTI1 eKcrrepHMeHTaJIbHI1X i K BaHToBO-xiMiqHHX .ll.oCJIi,n:){(eHb 

peaKQiH TpaHccpopMalJ,ii" .ll.oCni.n.){(YBaHHx HiTpocno yK Y .ll.OBKiJIJIi Ta 3a ,n:orrOMoroIO 

5I:KHX BOHI1 Mo)KYTb 6ynf BI1.ll.aJIeHi 3 rpYHTiB Ta n p HpO.ll.HHX BO.ll.. OC06JIHBa YBara 

. . . 
rrpl1,n:UleHa eKCrrepl1MeHTMbHO BI13Hay.eHI1M KOHCTaHTaM WBI1.ll.KOCTl 1 rrop5I KY 

p eaKu ill, a TaKo)K CniBBi.ll.HOw eHHlO rrp0.ll.YKTiB. 0 6c5Ir niTOr JI5I.ll.Y .ll.ellJ,o 6i .% Wl1.H Bi,n: 

3BI1YHOrO, Xoy.a, 3 iHwor o 60KY, lJ,e onpaB.ll.aHO 3Hay.HOlO KiJIbKiCTlO po6iT 3 lJ, i e"i 

TeMaTI1KH (npOUJ1TOBaHO 6iJ1bllle 250 ,n:)Kepen), 5IKa aKTI1BHO p03po6n5I€TbC5I pi3HI1MI1 

HaYKOBI1MI1 rpyrraMI1 Y CBITI , IUO rri,n:TBep,n:){(y€ j"{ aKTyanbHicTb. ,QHcepTaHTKa 

peTeJ1 bHO OrrpalJ,lOBM a .ll.){(ep eJTa i Ha rri.ll.CTaBi lJ,bOr O 3po6l1JIa BI1CHOBKI1, 5IKi 

BKa3YlOTb Ha HeBHp i llieHi rrp06J1eMI1, P03B'5I:3aHHlO 5IKHX i rrpI1CB5Iy.eHa ,n:HcepTau i 5I . 

Y OPY20.fvtY p 030ifl i p03po6 eHO Ta arrpo6oBaHo MeTO,n: MO,1J.eJIlOBaHH5I KiHeTl1Kl1. 

6ar aTocTa.ll.iHHol peaKlJ,iL MO,1J.eflbHOlO 6yna Bl16paHa peaKlJ, i5I 2'-,1J.e30KCI1a.ll.eH03l1H)' 

3 Ql1c -6YT-2-eH-l,4 -.ll.i aJIeM, .ll.J15I 5I:Ko'i paHirne 6ynl1 eKCrrepl1MeHTaTIbHO Bl13Hay.eHi 

KiHeTHy.H i n apaMCTpl1 1'a 3H5ITi CrreKTpl1 rrp 0 ,1J.YKTiB. 3arrporrOHOBaHHH MeTO,n: 

CKna,n:a€TbC5I 3 ,n:BOX eTarriB, 3 5I KI1X rrepWHI1 - ue r eHepYBaHH5I 6araTOCTa,1J.iI1HOr O 

eHepreTI1QHOrO rrpocpim o rr epeTBOpeHH5I peareHTiB y rrpO,1J.yKTI1 Ha OCHOBi KBaHTOBO­

X iMiqHI1X p 0 3p aXYHKiB. H a ,n:py r oMy eTarri p03paXOBaHO KOHCTaHTI1 WBI1,1J.KOCTi ,1J.n5I: 

, .'"ycix cTa.nili peaKlJ, ll, P03B'5I3aHO plBH5IHH5I ,n:JI5I YC1X yy.aCHI1KIB 

peaKuiHHoro rrpOlJ,ecy Ta r pacpiy.HO rrpe,1J.CTaBJIeHO KiHeTI1YHi KpI1Bl. IlpI1 UbOMY 

p036wHOCTi Teop i 'i npaKTI1KH, 5IKl MO){(YTb BI1HI1KaTI1 y.epe3 He.ll.OCTaTH€ 

BpaXYBaHHSI COJI hBaTa lJ,i HHHX ecpeKTiB rrpl1 Mo,n:eJIIOBaHHl, YCYBalOTbC5I 

3aCTocysaHH5IM M aCllITa6 YlOy.oro MHo)KHHKa .ll.O BenHy.HH BinbHo'j eHepri'j ri66ca, 

TaKI1H m,n:XI ,n:03BOllHB 3Hay.HO P03Wl1Pl1TH Kln bK1CTb eKCrrepl1MeHTaJIbHO 

BH3HaQeHHX cTa,n: iH peaKlJ,11 TeOpeTHYHO n porH030BaHI1MI1, nepe,n:6al.IaTH 

http:BenHy.HH
http:pacpiy.HO
http:KiHeTHy.Hi
http:OfJI5I.ll
http:MICTl1.Tb
http:cTa)J.ii
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KOHu.eHTpau:i'i p eareHTiB, il-ITepMe)];i aTiB LHI npO)].YKTIB Y 6Y)].b-5IKI1H MOMeHT Lfacy, 

MO.llemOBaTH KlHeTHq HY rroBe.lliHKY YLfaCHHKiB peaKu.iHHOrO npou.ecy 3a Pl3HOI 

TeMrreparypH i nnqaTKOBO'i KOHueHTpau.i "i peareHTiB. 

Y mpembOMY p030iJIi npOamlJIi30BaHi MO)f(JUIBOCTi pl3HHX TeOpeTI1LfHHX 

Ha6JII1)f(eHb )].JI5I KOpeKTHOrO p 03paXYHKY n OTeHIJ:iany Bi)].HOBJIeHH5I HiTpOCrrOJIYK i 

HaBe)].eHO pe3YJIbTaTH )].oCn i)].)f(eHH5I MeXaHi3MY Bi)].HOBJIeHH5I HiTpOCnOJIYK 3a 

)].OrrOMOfOIO HiTpope)].YKTa3 . ,UHCepTaHTKa 3aCTOCYBana p i3Hi Bepcii' p03paXYHKiB i y 

. . . 
pe3yrrbTaTI n p OBe)].eHliX )].OCJIl)J)KeHb 3arrpOrrOHY BaJla p03paXYHKOBI CXeMH, lUO 

.llaJOTb Ha)].i HH i 3HaqeHH5I rrOTeHIJ:ian i B Bi)].HOBJIeHH5I Hi TpOCrrOJIYK, )].fl5I 5IKI1X Bi)].cYTHi 

eKCnepI1MeHTaflbHI )].aHl. P03paXYHKI1 BI)].TBopeHH51 

eKcrrepl1MeHTanb HI1X 3HaLfeH b 3 TOLfHiCTlO )].0 0,1 eB i Mo)KYTb 6YT11 3acTocoBaHi )].fl5I 

o6LfHcfleHlUI n OTeHu.ianiB Bi )].HOBJleHIDI a3au.I1Kfli LfHHX CnOJIYK. 

Y llemBepmoMY p030iJIi rrpoaHani30BaHi MO)f(flI1BOCTi p13H11X TeopeTI1LfHI1X 

Ha6JIH)KeHb )].fl5I Kop eKTHoro p03paxyHKy rroTeHui aflY OKHCHeHH5I HiTpocrroflYK Y 

P03'-IHHi. 3ri ;O:Ho p03paxYHKiB nOTeHuianI1 iOHi3aui'i Y ra30BiH cpa3i Mo)KYTb 6YTI1 

Teopen p1Ho 0 6 QHCfleHi 3 TOqHicTlo 0,2 eB Y Ha6flH)f(eHHi MPW1K/ 6-31 + G(d). 

A.acop6 u i 5I Mo)Ke 3aTp11 YBaTl1 OKI1CHY TpaHccpopMau.i fO HiTpocrroflYK Y rpYHTi, 

nOpi BH5fHO 3 BO,[{HOlO CPa30fO. Y BHCHOBKaX .a0 p 03)]; iny BKa3aHO, mo a)].cop6ui5I i 

p03LfHHeHH5I Y BO'[{i 3M eHIlIY}{)Tb ra30cpa3Hi Befl I1LfHHI1 rrOTeHIJ,ia TIY iOHi3aui'i i BiflbHOi.' 

eHeprii.' Bi .a ll.(enJIeHHH eJIeKTpOHa, m O BI1KflHKae 36iJIhWeHH5I aKTI1BHOCTi cnOflYK )].0 

OK11CHeHH5I rropiBIDIHO 3 r a30BOfO cpa30fO, rrpHLfOMY p03LfI1HeHi Y BO)li cnOflYKH 6iflblll 

3,[{aTHi ,[{O OKI1CHeHHSf, Hi)l( a'[{cop60BaHi, mo € )lemO HeKOpeKTHI1M . 06LfHcfleHi 

3Ha'-IeHIDI Eox .ll.JI5I BO,lJ,HI1X P03q11HiB (Ta6fl. 4.7) € B Me){(aX 1.45-2.14 eB, B TOll Lfac 

5IK Eox BO,lJ.H (y HeHTpaJIbHOMY cepe,lJ,oBI1w.i) CTaHOBI1Tb 1.23 eB i, OLfeBI1)].HO, Y TaKHX 

P03l-111Hax n epllloLfep roBo OKHCHfOBaTHMeTbC5I Bo)].a. 

Y n '51moMY p030iJIi p 03rm mYTo npouecI1 flY)J(Horo ri)].pofli3y apOMaTI1LfHI1X 

HITp ocnoJIYK i IJ:HKfl i 1.f HHX HiTpoaMiHiB. ,nocfli)].){(eHO BnflI1B pH cepe)].oBI1rn:a i 

TeMnepaTypH Ha WBH Ki eTb p eaKui·i. O CKifl bKI1 nY)KHHH ri)].pofl i3 e O)].HI1M i 3 

. . . 
nepCneKTI1BHHX MeTO,l(1B BI1flYLfeHH5I TaKHX crrOflYK 13 )].OBKl flfl 5I , TO UHM rrpouecaM Y 

)].l1CepTaIJ:l1 n p H,[{l fleHa 3HaqHa YBara. Ha,[{3BHLfallHo peTeflbHO rro)].p06HO 

http:OLfeBI1)].HO
http:1.45-2.14
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)J.HcepTaHTKa MO)].emOBaJla Mapwpyn1 peaKl.l.ll, cTa,n:iHHicTb 'IXHbOrO nepe6iry Ta 

CTpyKTypy iHTepMe)liaTi B, AHaJli3 npOrH030BaHl1X WJ15IXiB BKJlJOLfaB MO)leJIJOBaHHH 

peaKl.l.i H, en eKTpOHI-nIX CrreKTp iB, eKCnepIlMeHTaJIbHl1H MOHiTOpIlHr peaKl.l.i H 3a 

)lOrrOM OrOJO MeTO)].iB LCIMS , p03p o6JIeHH5I K iHeTl1LfHo'j Mo)].eJIi. MO)].eJIJOBaHH5l 

. , 

MexaH13MY ny)J(Hor o rl.n.POJI13Y HITpoaMIHIB reKcoreHY, 

. . 	 . . 
reKCaHlTpOreKCaa3a130BYPl.l.l1TaHY nOKa3aJIO, lll,O rrpOl.l.eC e BIlCOKOeK30TepMILfHl1M I 

6araTO CTa,n:ii1HI1M, nOLJaTKOBI1M l1 CTa)].l5lMl1 5IKOrO e ,n:eHlTpYBaHH5I 3 HacTynHI1M 

, . ' 
IIpl1€ )].HaHH5lM rl,n:POKCIl)l-lOrry I p 0 3KpI1TT5IM UI1KJIY , 

Y UlOCmOJ'vtY p030 ill i HaBe)].eHi pe3YJIbTaTl1 KBaHTOBO-xiMiLfHOrO MO)].eJIJOBaHH5I 

. . 	 . . 
rrpOl.l.eClB OKI1CI-ieHH 5l HlTpOCn OnYK CI1HrJIeTHI1M KI1CHeM 1 rl)].POKCIl)].-pa)].I1KaJIOM, 

5IKHH MO)l(Ha r eHepYBan r, Harrpl1KJIa)]., 3a )].OrrOMOrOJO peareHTa <PeHTOHa. IToKa3aHO 

. , 	 . 
IUO OKI1CHeHH5I HlTpOCnOJIYK rl)].POKCl1)].-pa)].l'lKaJIOM £ CI1JIbHO eK30TepMI l lHI1M 

npou.eCOM. EiJIb llliCTh rrpO)].YKTiB peaKl.l.iY rri)].TBep)].)l(eHi eKCnepI1MeHTaJIbHO. BapTo 

Bi,lJ.3HaQl1TI1, IUO P03YMiHH5J M eXaHi3MY npOl.l.ecy )].erpa.nal.l.i'i HiTpOCnOJIYK ni)]. )].ielD 

CMH f JIeTHOrO K l1CHlO Ta r1 LlPOKCl1)].-pa)].I1KaJlY CnpI15ITl1Me B)].OCKOHaJleHI-HO 

TeXHOJIoriH OKI1CHeHH5I )].JI5I BI1)].aJIeHH5I HiTpOCrrOJlYK 3 HaBKOJIl1WHbOrO Cepe)].OBI1lll,a, 

3 a 06C5IrOM Ta 5JKiCTlO )lOCrri)].)£(eHb 1.l.5I p060Ta Bi,lJ.rrOBi)J,ae piBHJO )].OKTOPCbKOi' 

,Z:U1CepTal.l.11 , 

fl06HOma ony611iKyeaHHJl pe3YJIbTaTlB )].I1CepTal.l.ll y HaYKOBI1X cpaXOBI1X 

Bl1,n:aHH5IX , O CHOBHl n OJIO)£(eH Wl. )].l1cepTauiliHo'i p060Tl1 )].OCTaTHbO rpYHTOBHO 

BI1CBiTJIeHO y 6 CTaTI5JX y HaYKOBIlX cpaxOBI1X BI1,n:aHH5IX YKpai'HI1, 16 CTaTI5lX y 

HaYKOBIlX rrep I O,lJ.W-IHI1X Bl1)J,aHH5IX iHIllI1X )].ep)£(aB Ta Te3ax )].onoBi)].eH Ha 

KOH cpepeHui5lx , BapTo Bi)].3HaLfI1TI1 BI1COKIlH piBeHb rry6 JIiKal.l.ili, ABTopecpepaT 3a 

3MicTOM Bi)].rroBi)].ae )].l1cepTaui 'i Ta Bi)].o6pmKae cyTh po6oTl1. 

3ayeaJICeHHJl : 

• 	 P03paxoBaHi CrreKTpI1 5lMP He Ha)].TO )].o6pe KOpeJIJOJOTb 3 eKCnepl1MeHTaJIbHl1Ml1 

)laHMMl1 (c, 89- 90, Ta6JI, 2, 1 i 2.2), 5IK MO)£(Ha nOHCHI1TIl, IUO )].JIH crreKTpiB lH 

5IMP Bce )K e 6iJI bWi ,n:eBial.l.i'j Mi)l( TeopeTl1LfHo oTpl1MaHI1Ml1 I peaJlbHI1MI1 

.naHl1MI1, Hi)£( ,n:J15r crreKTpiB I3C 5lMP? 

• 	 ITpl1 Mo,n:emoBaHHi OKl1CHeHH5I opraHiLfHI1X HiTpoCnOJIYK y JIY)J(HOMY cepe)].oBl1IUi 

(PIlc . 5.2 i )l.aJli) P03fJI5IHYTO i HTepMe)].iaTIl, IUO e )].iaHioHaMI1 i o)].ep)l(aHO 

http:Bi)].rroBi)].ae
http:onoBi)].eH
http:I1CepTal.l.ll
http:peaKl.l.iY
http:rrpOl.l.eC
http:MeTO)].iB
http:peaKl.l.iH
http:peaKl.l.iH
http:peaKl.l.ll
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nOp iBH5IHO Hl13bKi 3HalfeHH5I Bi JTbHOi' eHepri'l fi66ca aKTHBaui·i. l..JH UI rrpOueCH 

MOLJ;emOBa.ITH Y iHllHIX Ha6mnKeHH5IX. KpiM SMD(Pauling)? 

• 	 C rr ipHHM BH)],a€T bC5I YTBOpeHH5I Y rpYHTi a)],cop6aTiB HiTpOCrrOnYK 3 TpHaHioHOM 

LHA (neoHap)],iToBol r YMiHOBo"i KI1CnOTI1) (CTOp. 157); pH rpyHTY He € HaCTiJIbKI1 

BI1COKI1M, m06 YTBOPEOBaJTHC5I TpI1aHioHH. 

• 	 Y Ta6JI . 4.6 o6roBopEOlOTbC5I BO)],HeBi 3B ' 51.3KH rrpH Bi)]')]'aJTi MDK aTOMaMI1, 

6n H3bKiH ,.QO 4 aHrcTp M. 

• 	 € )],I1cKyciHHe mnaHH5I.. 5IK rrpaBHnbHo 3a3HalfeHO Y p060Ti, «OCHOBHl1M 

Mex aHi3MoM iOHi3au i"i )],JlH ES I, lUO rrpaufO € B pe)!Cl1Mi HeraTHBHHX iOHiB, € 

Bi )]'meOJIeHHH ri)]'poreHY» (CT. 214) 3 YTBop eHH5IM cTa6 iJlbHHX aHioHiB. TOMY 

HaBp5I)J, ~I1 niK 3 mJz = 198 Bi)]'noBi)]'ae )]'I1HiTpOKpe30Jl aM (DS 2 Ta DS 4 Ha pI1c. 

5.9, c. 212). MMoBip Hirne, )lJI5I TaKI1X CrrOJIYK cn ocTepiraTI1MeMO MOH 3 mlz = 197. 

3 iHllior o 60KY, npHrrycKaEOlfH, mo rriK 3 mlz = 198 e aHioHoM [M-H] Ta 

KOPI1CTYl-OlfHCb a30TI-II1M rrpaBHJlOM, 5!Ke BHKOPHCTOBYl-OTb y Mac-crreKTpoMeTpil , 
.. 	 . . 

npI1Xo)],HMO )],0 Bl1CHOBKY, lUO Y MoneKym Uboro aHlOHY e HerrapHa KlflbKICTb 

aToMiB a30TY. 3BmKafOt.nl Ha 6YJJ:o sy Bl1xi)]'Horo TNT (TPI1HiTpOTo.lIyon, M = 227) 

P06HMO BHCHOBOK, mo B HOHi mlz = 198 nOBl1HHO 6YTH Te)l( TpH aTOMH a30TY i 

3MeHWeHH5I. MoneKYJI5IpHo'i MaCl1 Bi)],HOCHO aHioHa T NT Ha 28 Da ni)],Ka3ye, lUO 

O)J.Ha 3 HiTporpyn MO)Ke 6YTH Si)],HOSfleHOIO )],0 aMiHorpynH, a.lIe, y TaKOMY 

Bfmaro<y, ,.QJT5! aHioHiB aMiHO)]'HHiTPOTOJIyony mlz = 196 ( € Y )],e5!KHX crreKTpax). 

P i3HJ1 U5! B 2 D a rr i)J.Ka3Y€, UJ.O 3aMicTb CH T r p YI1H e aTOM Kl1CHl-O. T06TO rriK 3 mlz 

198 MQ)Ke Bi)],rroBi)J,3TH 3HIOHY rriKpaMiHoBo"i KHCflOTl1. B p06 Ti 

do i:lO.l 039IC4AY00401A HaBe.n.eHO eKcrrep HMeHTanbHI1M ESI-MS )J,J1H 

rr iKpaMiHoBo"i KI1CJIOTI1, 5IKI1H € CXQ)KHM 3 OTpI1MaHI1M aBTOpKOl-O. Y UiH )Ke 

p 060Ti € Mac-crreKTp .n. ia30Hi €BO·i coni Ha oCHoBi rri KpaMiHoBo"i KHcnOTH ( mlz = 

211 ). 3aYBa)KY, I..L(O TaKi 3HaqeHH5I mlz 3ycTpi t.laJOTbC5I i B eKcrrepHMeHTanbHo 

oTpHMaHEx .aaHl1X aBTOpKI1. TIP0)],YKT 3 R T 2,52 XB Ta mlz 228, HaHiMoBipHiwe, 

BiLJ;rrOBiLJ;ae aHioHY rr iKpHHoBo"i KHcnOTH . 

.5IKl1M lfl1HOM MQ)KYTb YTBOp}OBaTHCb TaKi rrpo.n.YKTH? I1PH p03rn5I)]'i MexaHb MY 

ri)]'poni3Y TNT 3BTOPK3 He P03rJ15I)],ana MQ)KflHsicTb pe)],oKc-rrpoueciB, Xoqa 

3riJJ:HO OTpHMaHI1X p 03paXYHKiB OKHCHHH n OTeHuian TNT e HaHBHUJ.HM cepe)], 

JJ:OCJI i,rPKYB3HHX. B TOH )l(e lfac, rrpE r iJJ:poni3i TNT rrocTynJO€TbC5I MQ)KJTHSicTb 

YTBopeHH5I .aw- i HaBiTb TPH3HioHiB, 5IKi, OlfeBHJJ:HO, MQ)KYTb 6YTH Bi)],HoBHHKaMH 

B TaKMX pe)J.oKc-rrpouecax. 3 iH w oro 60KY, YTBopeHwI rriKpHHoBo"i KHcnOTH LIH i-i 

n oxi JJ:I-II1X He MO)Ke 6yUI n05ICHeHO Bi,I(lUerrneHH5!M MeTHnbHoro aHioH3 y 

http:HaHBHUJ.HM
http:3BmKafOt.nl
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KOMnneKci MeiheHreHMepa nmy MC_l (CT. 195), npoTe, HMOBipHO, MQ)Ke 6YTIi 

pe3YJIhTaTOM OKHCHoro p03rn:enfleHH5I C-C-3B' 5I3KY Y TaKHX aHioHax. TaKO)K 

MQ)KJIHBO, rn:o u.e c O)lHiC){) 3 npWmH YTBOpeHH5I ¢opMiaT-HoHiB. 3 iHliloro 60KY, 

Ha5I.BHicTh B Mac-cneKTpax ,ue5IKHX npo,uYKTiB ri)J,pofli3Y niKY 3 m1z = 21 1, a 

TaKO)K n OMapaHl.JeBRH KOJIip p03l.JYlHY HaBO)J,5ITh Ha )J,YMKY npo YTBopeHH5I Y xo,ui 
.... . . 

peaKu.u a30- l.JYI a30KCI1-CnoflYK, OCTaHHl 3 5IKYlX flerKO YTBOPlOlOThC5I B3aCMO'[I)€lO 

apOMaTYll.JHYlX aMi HiB 3 HiTPOCflOflYKaM B YMOBax flY)KHOrO KaT3J1i3Y. AH3J10r i LIHi 

CY,ll)KeHIDl Mo)KeMO 3aCTOCYBaTYI i )J,O r i,.Qpo ni3Y DNT. T O)J,i He HaCTiflhKYI )J,06pe 

cniBna)],iHH5l , 5lf( B i HWYlX OnHCaHI1X Y u:i H .LJ:HCepTau:iHH iH p060Ti BHna)J,Kax, 

TeOpeTHl.JHO p 03paXOBaHHX Ta npaKTH4HO OTpYlMaHYlX KI HeTYl4HYlX KpYlBYlX )J,JI5I 

r i,up oJIby TNT Ta DNT (pHC 5. 13 Ta 5.24) MO)f(e 6 YTH Hacni)J,KoM napaflenhHoro 

n ep e6iry pe)J,oKc-rrpou.eci B. 

HaBe)J,eHi 3aYBa)f(eHH5I He TopKalOThC5I cYTi p060TYI i He BnflHBalOTh Ha 

rr03Y1TYlBHY OU.iHKY p 060TYl, a TaKQ)K Ha TeopeTWiHY Ta npaKTH4HY 3Ha4Y1MICTb 

o)],ep)f(aHYlX pe3YJlbTaTl B. 

BBa)!<afO, rn:o 3a aKTYMhHICTlO Ta HOBH3HOlO o,uep)KaHHX pe3ynbTaTIB, IX 

n paKTH4HHM 3Hal.JeHH5IM .LJ:Yl cepTau:iHHa po60Ta «PeaKu:iHHa 3)laTHICTb 

HITpoap OMaTYll.JHHX cn o yK U:YlKJ1l4HYlX HlTp oa. IHIB. KBaHTOBo-xiMi4He 

Mo.ueJIlOBaHH5I.» Bi)J,flOBi,.Qac BHMoraM )],0 )J,OKTOPCbKHX )J,l1cepTau.iH, BH3Ha4eHHX 

«I10P5I.IJ:KOM rrpHCY.ll.)KeHH5I HaYKOBHX cTyneHiB», a Ii aBTop, CB5ITeHKO JIlO)J,MHJIa 

KOCT5IHTHHiBHa 3acnyrOBY€ npYlCY)J,)f(eHH5l HaYKOBo r o cTyneml ,.QOKTopa XIMl4HMX 

HaYK 3a cneu.iaI1hHicTlO 02.00.03 - opraHi'-1Ha XiMi5I. 

O ¢ iuiHHMH onOHeHT 

3aBi,.QYBa4 Ka¢e.llpH opraHi LIHO'i xiMii' 

lliBiBcbKoro Hau.i oHaflhHOrO YHiBepcHTeTY 

iMeHi I BaHa <DpaHKa 

.llOKTOP XiMil.JHlfX HaYK, rrp o¢ecop 

.C. rpa60BeU:bKa 

http:02.00.03
http:J,l1cepTau.iH

