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[uccepraqua Marr,uuena M.I. flocBflrlaerc.f, pa:pa6orne MeroAororufi ro
MoAenLIpoBaHI4Io cerrlarblx MoneKynrpHbrx cr{creM c pa3nr4rr}rbrMr4 (popnranau n:azuogeftcrnnfi
Mexqy o6pasyronluuu I4x KoMtIoHeHTaMr,r Ha npr4Mepe rpex cucreM: BoIHbrx pacrBopoB
cepocoAepxallll4x aMLIHoKr4cJror c gneKTpoJrr,rraMz (co;r.ruu ue'rallon), pacrBopoB
vroAu(pnqzpoBaHHbIX (fynnepeHon n npplcyrcrBlrr BbrcoKoKLrrr.rrqtrx pacrnopurelefi vr

HaHOKOMIO3I4Ta Ha OCHOBe 3[OKCr{.{HbrX CMOJr C rrAO4ra$Uq[pOBaHHbrMr4 I{aHOqacTr{rIaMu.
Anropou uccnerylorct MexaHl,Isurr fropur4poBaHus cerqarofi crpyKTypbr HaAMoJreKyrxpnofi
opfaHl,I3allrrvr B TaKux cHcreMax, a B cryrrae rraHoKoMrro3r4Ta ycTaHaBnl,IBaercs B3aLIMocBs3r,

MexAy ero BHyrpesueft crpyKTypofi ra wrexanuqecKr4M orKJrr.rKoM r{a Br{errrHee no:geficrnue.
PaccnaarpuRaeuufi cneKTp npo6rev npercraBnrrer r{e roJrI,Ko reoperr4qecrufi rzrlrepec, Ho

,IBI,SETCS BAiKI{bIM TII[. AHa.JI]?I3A T4 I,IHTCPIIPCTAIIHI,I IIOJIYIIEIIHI,IX PAI{CC 3KCIIEPLIMCI{TAJTb}IbIX

pe3ynbraToB.

. fiuccepra\vfl cocrol{T Ia3 BBeAeHI,Is, lrer},rpex r-JIaB, ocHoBrrbrx pe3ynbraror] 14 Br,rBolIoB,

cIII4cKa ouy6mzxonaHl{Llx pa6or [o reMe Ar,rcceprarlr{r4 Lr 6u6tuorpaSuvecxolo crrrzcKa

I4clroJrb3oBausofi nl4Teparypbl. llepnaa fJIaBa rrocBrqeHa o6:opy aKTyaJrbrrbrx MeroAoB
KOMIbIOT9pHOTO MOAenpIpOBaHr4g [OnI,IMepHbX Ct4CTeM, a Oc'f€lJrr,rrbre rpI,I ural]br colep)Kar
o6:op uayuuofi nl4Teparypbl, o'rHooqu\uitcs. K TeMarraKe pa6oru, pe3yJrr,Tarr,r pa6orrr, ux
o6cyxgenue I4 BbIBoAr,r. Pa6ora I43JIoxeHa na 159 crp., a crrr4coK rlnTr4poBaHuoft lnrepaq/pbr
BKJIIoqaer 196 m,IreparypHllx I4croqHr.rKoB, qro roBopHT o rro4po6HoM €rlraJrr.r3e conpeueHuofi
JII4TeparypbI rlo llccne,uyeuofi TeMarr{Ke ra nonefiruuM locrraxeur{.r{M n 4auuofi o6lacru.

llepnar ulaBa, [o ayrlr, [peAcraBJrrer co6ofi o6sop MeroAoB KoMrrr,ro'lepnolo
MoAenI,IpoBauvts., no3Bontrculxx I,I3yqarr cnoftcrsa MoneKynrprrbrx r.,r MaKpoMoJreKyJrrpHbrx
cucreM Ha pinnnqHblx rlpocrpaHcrBeHlro-BpeMeHHbrx Macrrrra6ax n 3aBr4cr,rMocrr4 or crerreHr{
orpy6lenut{ MoAenIz. hana cocrol4T kr3 rrflTu uacrefi, B3ar4Mocnr3a}rnr,rx Apyr c lpyrona. B
uepnofi qacru aBTop KparKo orrr4cbrBaer KtsaHToBo-MexarruqecKuff yponerrr, MoAeJll{poraa1ufi,
BKiIIoqat MeroA $ylrxquouana 3JreKTpouuofi [Jrorrrocrr.r. f]zuree, aBTop orrucr,rnaer oco6errnocra
MeroAoB aroMllcrurlecKoro MoAenrrpoBaHtrs., TaKI{e KaK MeroA MoHre*Kap:ro 14 MeroA
MoneKynspnoft AuuauI,IKl4 rlacrl4rl. B rperrefi I{ qerBeproit qaclu KparKo olr{cbrBarorc{ MOTo.rIbr

KpyrlHo3epHl4croro MoAenl{poBanux (4uHanrura JlanNeBerra, MeroA AIr{) r4 clparelIarr MyJrbra
uacrura6noro MoAenI,IpoBaHI,It coorBercrBeHHo. B 3aKJrroqeHr,Irl IIepequcn.rrrorcr MeroAr,r,
ncrlonb3yeMble rlpu pa":pa6orrce pacqerHbrx cxeM Ar.f, r4ccneAyeMr,rx n pa6ore MoneKynspHbrx
cI4CTeM.

Bo nropofi, rperr,efi u qerBeprofi rranax rrrcceprarluonuoft pa6orr,r [peAcraBJrerrbr
opl4 f prHirnbHbre pe3ynbTaTbr, nonyqeHHbre aBTopoM.

Bropax rJIaBa rIocBtIrIeHa MHoroMaclura6uorrry MollerrupoBar{uro BorHbrx pac'rBoporl
Hllrpara cepe6pa c cepocoAepx{aq}IMll aMI4HoKr4cJroraMV. B |rane rprzBe/IeH o6sop uayunofi
nl4Teparypbl, rlocBfluleurrr,rfi reneo6pa:yroul,IM BeuIecTBaM, I] llacrHocTlr cr4cTeMaM rra ocHoBe
cynpaMoneKynspHblx rlonrllvlepoB, K KoropbrM orHocr{Tcx no4ur,rfr pacrBop rrr4Tputa cepe6pa a
l,-uuc'reuna (quc't'eun-cepe6pxHoro pacrBopa - L{CP) r{Jrr,r efo rpor43Bo/IHr,rx. Anrop rrprrBo/lr4T

$euouenolot'HqecKylo Mo/Ienb rereo6pa:oBaLrufl. rz (popuupoaaHufl. cerqa'rofi crpyKrypbr n
'[aKI,IX cl4creMax, oclroBaHlryro Ha p{lle 3KcrrepraMeHTaJlb}rbrx r,r reoperl4rrecKr4x pa6or. Anrop



yKa3blBaer Ha ro, qro oKoHqarenbHofi oprarrr43arlnu cerqaroff crpyr<rypbr rrpeArxecrByror 3Tarrbr

Qoprr,ruponanux rlBr.rr-rep-HoHoB rlr4crelrHara cepe6pa (IIC), "co3peBaHr4.f," IICP lr
reneo6pa:oBanr4s, rrpv ,qo6annenzu pacrBopa gJreKTponr4Ta, Bbrcrynaroqero B Kar{ecrBe
IaHL{IIHaropa. llpu 3ToM, aBTop orMellaer, rrro reKyuux zva:E{ufi. r{eAocrarorrHo, I\nt{
oAlro3HaqHoro orBera Ha Borlpocbr oruocl4TeJrbrro oco6enuocreff crpoeHrrr u cnoficrn
cynpaMoHoMepoB co3peBlxefo pacTBopa, [pr4rrr4He Bo3Hr{KrroBerrLt{ y rlvx froJro}Kr4TeJlbHoro

3apt{[a, a raKx{e o no:ruoff cxeMe Mexaurl3Ma releo6pa":oBanus. n t{CP. Eolee roro,
yIII4BepcaJIbIrocrI) MexaHI43Ma feleo6paso&a[Vsr ocraBiulacb rroA BorlpocoM, T.K. B cnyqae
Ilo,4HbIX pacrBopoB HI4Tpara cepe6pa 14 npor,r3noAur,x rlr4crer4rla, releo6pa":oBaHue
na6mo4a,rocb JII{Irrb Ans N-aqerur-L-qracrerzrHa, Aax{e B ycnoBr4rx orcyrcrBr,r-s lrrruur4aropa
releo6pa:oBanvrs'

B ocnonnofi qacrr4 4auuofi r.IraBbr aBTop frbrraerct ocMbrcJII4Tb 14 rarb orBer Ha

rocratsJlel{Hble B Kol{qe o6:opa Bofipocbr. Cnegyer orMerr,rrr, pa:uoo6pasze MeroroB u
6olrurofi o6rena [oryqeHHLIX ,4aHHbrx rro KoMrrbrorepHoMy MoAeJrupoBaHr,rro. Anropov
tronyqeH p.s,4 IlHTepecHbIx pe3ynlTaToB, onpeAeJltlolqux HayqHylo IIoBII3Hy pa6oru.

MeroAol,t tloJlHoaroMnofi naorexynxpuoft )\lrnaNftlKt4, r4crronmyq napaMerpr43arlr4lo rra
ocHoBe BanenTHo-cr.rJroBoro nom (BCII) xnacca 2 PCFF, r43yrraJracb cra4ns. "co3penauvx" I]CP.
Btrnomren .anurvr3 crpoeHlls KnacrepoB l{C a [poaHanr43r,rpoBaH rrpoqecc nx yKpyrrHenkrs..

floxa:aHo, rrro rpyrrrlbl aroMoB -SAg npeuMyqecrBeHHo cocperoroqeHbr B rIeHTpe KJracrepoB, r]

ro BpeMt KaK rpyrrrlbl -NH:n Ia -C(O)O- noKuurr,r3yrororr Ha rroBepxHocrrr, o6ecreqnsat
cauocOoprcy u cra6uln3aUl4lo cynpaMoneKyn.spHrrx clpyKTyp. Br,rnomleua qr4cJreHHarr oqelrKa
,tuara fpyfin, KoHTaKTLpyIOqUX C pacTBopr4',reJreM n 3anlrcr4Moc'r[I oT KoJrr4qecrtsa nao:rexy:r I{C
B KJlac'repe. Baxsi'nr,l pe3ynbraroM .aBJlf,ercrl o6napyxeuue Sopuuponanrur Br,rrruyroro,
pa3BeTBneHHOrO arperaTa B npoqecce Mo,4eJrprpoBal{t4fl,, cocTotlqero r.r3 oTAeJILHbrx KJracTepoB,

Bo3Hr,IKrrrI4x Ha HaqarbHbrx graflax Mo,4enr,rpoBagrurfl, rITo oro6paxaer reHAerrrlr4ro K

rereo6pa":oBaHr4ro n rarofi clrcreMe.

C nououlr'io MeroAa $ynrquoutula 3neKrpounofi rrJrorr{ocrrr (M@lI) n npz6luNenun
o6o6rqeuuoro rpa,ql{eura, 6rrnu 6oree no4po6uo r43yqeHbr oco6ennocrr.r Me)KMoneKyntrpr{brx
nrauirao4efictsuir n {CP. Ertl LI3yqeH npoqecc KoMrrJreKcoo6pa:onauul UBr.rrrep-uoHorl
qucrel.IHara cepe6pa Apyr c.qpyroM, c IloHaMpr NO:- , Ag- 

" 
MoneKynaMn Bo4r,r. Ilonulro 9Toro,

aBTop paccMorpen KoMnJleKcoo6pa:onauue I{C c rroHaMr4 SOa2- n Nan. Ha ocnoBe orlerrKr{
sHeprl{l4 cBs3I,I 6r'rno [oKa3al{o, qro HarramHufi pocr r,r cta6uluzaryI{s 3apoAr,riuefi rnacrepon
UC aeficrnl{TeJlEHo Mox(er rlpolzcxo.qr,rrb rryreM cBrr3brBaHrzx -SAg c aHaJrorzqHbrMr4 r'pyunaMu,

SoptrvpyroIrll,IMl4 sApo, o6t'scttss. r4x npocrpaHcrBeHHyro JroKaJrn3arlr4ro. Kponae roro, 6r,uo
rloKa3aHo, qro BcrpaL.IBaHI4e r,rolroB cepe6pa B KnacrepH I]C 'raxNe ,{Br.f,erc.fl sHeprerr4r{ecKr4

BbIro,4Hr,rM. A pacveu,r oHeprxr aBfl3u -NII3* u -C(O)O- rpynn /tpyr c Apyr.oM u c no4off
noATBepAI4nU IIpeIIIOnO)I{eHI,Ie O TOM, IITO r4X npooTpa]rcrr]eHHoe pacrronoxerlr4e rra
rloBepxHocrlz KnacrepoB Molrer o6ecne'rznarr (popuzponauue nropr4qHbrx
cyrlpaMoneKyn{pHblx afperaroB, cra6utuzupoBarb r{x (sa ctrer MHofoqrzcJreHnoro
nepeKpecrHofo cBt3bIBanvrfl. STvrx rpy[il) 14 cBrr3brBarr 6o:muroe KoJrkrqecrBo BoAbr. K Raxnr,rrr,r

pe3ynbraraM croI,IT go6anutr, o6r'gcnenue [pr4rrr4Hbr cBs3brBaHus KnacrepoB Apyr c rpyroM.
Anroponr 6rrno floKa3aHo, uro NO3-, KaK r4 SO4'- cnoco6nr,l BblcTlfrorrr B ponu cBg3yroqero
arenTa Me)Kry qBI4TTep-IzoHaMr4 UC u Moryr cuoco6crsoBarr, cmr{BaHr{ro KpyrrHoMacrura6urrx
arperaToB.

Zcuolt:yx xou6uuaquro MeroAoB MoHre-Kap.uo (MK) v Mero/ra Synxqnona:ra
gneKTpoHHofi nllotrocru (MOII), anropou 6r,rrn co3Aarrbr Knacrepbr pa3nnrrHoro pa3Mepa,



ny'reM rloularoBoro Hapar{r.rBauutr -tvrelra rlBz'rrep-?roHoB L{C n KJracrepe, N e [2; 22f. flannoe
MoAenI4poBaHI{e [o3BoJrI,Iro cbrMr4Tr{poBarb canroc6opxy KJracrepoB. flpone4en anurkrs
crpyKrypbl KnacrepoB. Err:ro npoleMor{crpr4poBauo, qro rpynrrbr -SAg npezMyrrrecrBeHHo
noxanlr3yrorc.r Bo BHyTpeHHLIX o6racr-ax, Buoc;r uau6onsmuit BKna/l B 3nepr[ro cBs3r4

arperaroB. Brno ycranoBneHo, qro Ha loBepxuocrr{ KnacrepoB I{C rrpucyrcrByer 6o.ru,luoe
rII,IcJIo cno6o4Hr'rx SynxqIEouaJlbubrx rpyn[, cuoco6Hrx o6ecrteqIalb r{x Tlarrr,nefiruyro
cauoc6opxy n 6onee Kpy[HbIe HalMoneKynrpHbre arpefarbr, B qacrr{ocrr4 BoJroKHa leJrb-cerKlr
3a cr{er Soprr,ruponaHr.r.rr cB.f,3efi -NH3-. . . C(O)O-- n -SAg. . . AgS -.

Anroporu'6r,Ira rrpeArlpvH{Ta rlorlbrrKa oxapaKTepr.r3or]arr, MexaHr43M fropnruponaHnx
Kpynr{oMacrura6nrrx crpyKTyp rrpu N
npocrpaucrBeHHoM paclonoxeHur4 aroMon Ag ra S 6ulu paccrrr4lraLrr pa1trurr>lrr,re fryHrquu
pacnpeAeneHl{s rap aroMoB S-Ag Lr Ag-Ag v olpeAeirer{br xapaKrepHbre paccro.f,Hr.rrr.

flolyveunrre AaHHLIe 6utu r4crroJrb3oBaHbr Anfl nor,rcKa, n4enrusnraqzz v pus6wevux
or.4enbnbrx KnacrepoB B cocraBe KpyrrnoMacura6soro afperara I]C. BaNnr,rM pe3yJrbraroM
flBrflercs. To, qro crpyKrypa KrracrepoB, Qoprrarapyenaas, Ha paHlrHX sTarrax co3peBarrr4r pacrBopa,
coxpalrflerct [paKTl4rlecxu 6es rasueueHufi. A n ocsone MexaHr43Ma cauoc6opKn Knacrepon [C
JIexL{T I4x cJII4IIaI{}Ie 3a cqer MHoxecr}}eHHbIX rlepeKpecr}Ir,ix Bo,{opo,{rrbrx cns:eff MexAy -

NHr*...C(O)O-- rpynraMr{ Ha rroBepxHocrr4. Anrop raKxe o6uapyNnn u o6tfl,cuulr s$$exr
Bo3HI4KIroBeHI.Ix us6uToqHofo roroxr.rreJrbHoro 3apfl.Aa B Knaorepax, Koropr,rft o6yclonlerr
BKtrlorreHl,Ierr,t us6rno.Iurx zonon Ag*.

Irlcnomsyx Merol liuacr4nurvnuofi 4unavtrKLr -c,acrkrrl (/lAr{), aBrop u3yrrvr Mcxarrr43M

releo6pa:oBanus nprz 4o6anlteHur4 LroHoB gneKTponr4ra (unuquaropa releo6pa-ronanux) u

pacrBop KJracrepoB I]C. llpz flapaMerpa3ar\uv MexMoJreKyJr{pnoro nsanuo4eficrr]t4r B MoAenb
BBO/ILIJIOCr /{Ba TWrA rIBI4TTep-I4Or-rOB: rlBl.rTTep'Iaorrbr KoopAr4r{r,rpoBaHHbre (A) Ll

HeKoopII{HI,IpoBaHHLIe (B) raouorra MerilIJIa. Yqer srerrpoc'raruqecKoro nsauuo4eficrBr4r B

MOIeJII4 yqI4TLIBtuICfl OIIOCpeAOBaHHO. B pa6Ore Bapbr,rpoBaJrrlcr, ABa rrapaMelpa 
- 

o6reusatr
aom IfC CUc : Ce + Cn LI orHoIrIeHI,Ie ,4onl4 IIIsLIrrep'I4oIloIr rl4rla A r< o6uelty co/Iepx(alrr4ro
pacrBopeulroro BeqecrBa n .s.refixe MoAenr4ponarrvts, peryJrr4pyeMoe uapaMelpoM f. IIa
ocIIoBaHI4I4 MOAenI4 aBTOp npooneAr4n 3a cTpyKTyprrr,rMl4 r43MeHerrr4rMr4 B clzcTeMe rryTeM
pacrlera crarllllecKoro crpyKTypuoro $axropa vr cpeAHeKBarparr4qHofo cMerqer{r4{ AJrr qacrr.rq

Ag, qro rIo3BoJruJIo nocrpol4Tb ALIarpaMMy cocro.snufi UCP. Er,rlo rroKa3alro, qro rrprl

$urczponaHHoM Cuc kr LI3MeHtIoqeMcs f B Mo.{enupoBar{rrr4 ua6;uo4aercr o6pasonauue
KnacrepoB I]C (pa:IIoro pa3Mepa), $opua Koropbrx 6.rrugra r< cSepuuecroft. llpra'f > 0.6
Ita6lroAa,rocr, vraxpoQa3Hoe paccJroer{rze B clrcreMe, 3a cqer cItvflHvrfl. Bcex KJlacrepoB B o/{urr
arperar. B o6nacru f < 0.5 ua6mo4a-rncr cra6urw3r4poBarrur,re KoJrrrou.{Hr,re /-u{clepcr4vr, B To

BpeMrI KaK B o6nacrpl 0.55 < f < 0.6 na6morzurocr SopuupoBaHr.re ueracra6uJrlr{brx arperaroB,
uureo6pa:Hylo crpyKTypbl, corrpoBoxAaroqeec.s pe3Kr4M 3aMe/InerrueM cKopocrn gu$$ysrau
KnacrepoB IlC, upz coxpaHeHI,IrI I4x KoJII{qecrBa, rrro cBuAereJrbcrnoBaJro o [epexoAe cr{creMbr
n rereo6pa:Hoe cocrorHkre.

I{a ocHoBe MeroAa MA er Mo,{eJIIz "II,IuKI,IX c$ep" aB'rop rrr,rraercr pac[u4pr4Tb 3nalvrfl.
o6 ycnoBl4sx cra6utuzaguu nr,rrxnyrofi, urarenrz4rrofi uop$olorurz KJracrepoB u nai,rru
IpaITHIILI o6nacru c nau6om'ruefi neporrHocrbro HX Bo3IrHKHoBeHr4r. B ocgone pacqeror]
JIexaJIa Kpyrrl{o3epnvIcrar. MoAeJIL, n ro'ropofi KJlac'r'epbl UC paccMarpr{BaJrr4cr, KaK

6eccrpyr<ryplrble c$epuvecxue qacrrarlbr, o6lararoulue us6brro.rrrr,rN{ 3aprrAoM +3e vr

neanlto4eficrBylotque IIpu sroM Apyr c ApyroM nocpeAcrl]oM KoporKoAeficrnyroqero
IIoreHuI4aJIa. PacrnopnreJlb rI Hrl3KoMoJreKyJrgpHbre r4oHbl yrrlITr,rBa,'It4cb rrepe3 rrapaMerpbr
cpeAbl - AI,IOneKTpI4qecKyIo [poHr,rqaeMocrr,, roe$Snqzeur rpeHr.rs yr pailr4yc !e6ax. Bug



KoporKoAeficreyrorqzx [apHbIX rroreHlll{anon Jleuuap4a-flNouca 6rrl soccraHoBrren rra ocrroBe
I,I3) reHI,Is nsaIarrao4eficrBl,Ig KnacrepoB IIC n paMKax MoJreKynspHo-Mexar{uqecKr.rx pacrreroB c
I4c[oJrb3oBaHrreM BaJreHTno-cr4JroBoro rlor.s PCF-F. Anrop o6uapyxul, rrro troBeAeHr,re
noreHqIazutr,nofi sHepruIa nsaunto4eficrBll.rl KJracrepoB IIC 3aBr4cr4T or rrapaMerpa K,

onpeAen{eMoro KoHrleHrpaquefi gneKTponr4ra (unuquaropa leleo6pa3oBaHr,rs). Anroporr,r 6r,r.rra

rlocrpoeHa .qlzarpaMMa cocro.rnnft cucreMbr, Koropa{ rroKa3brBaer JroKaJrr,r3arlLtro crpyKTyp,

Qopnaupyelrblx KJlacrepanaz L{C, npr{ Bapbr,rpoBar'rr4r{ K r,r r. Brrlu uaff4euu napaMerpbr,
o6ecneqnBaloulue BLIcoKyIo Beposruocrr, Soprr,rrapoBar{I4.f, Br,nrHyrbIX Hr4TeBrIIIrbrx arperaroB, c

4zulruefiruzM nepexoAoM cl4creMr,l n rereo6pa3l{oe cocro.gHl4e. Baxusru pe3yJrr,TaroM rBJrterc"f,
BbIBo.{ o roM, qro BBe,qeHI{e ru'II4III,Iaropa releo6pa:oBanng. Hapyuaer 3JreKTpocrarr,rqecKyro
c'ta5utuzaql4lo cpIcreMbl, a B ysxofi o6racrra KoHrleHTparlnft na6rnoAaerctr pocr rrr.rreo6pasnr,x
afperaroB, qro [p[BoArIT K nepexoAy t{CP n releo6pasHoe cocro.rrrrr4e, rro4Tnepx4aroqufi
sKcrIepI{MeHTaJIbHbIe Ha6mo4enux. flpu groM, orrr4caHHbre lpasonue nepexorbr olpeAenrrorcrr
eernqru{ofi rloreHlllziulbHoro 6aprepa 14 KynoHoBcKrlM orraJTKr,rBaHr.reM rlacrepon I{C. B
orcyrcrBrll4 3neKrponl4ra (r-0.33) n o6racrz cpe4Hr,rx paccro-sHr.rft (1.4 < rlo < 3) na6nroraercs.
IIoreHIII,IilJIrnrrfi 6aprep, Bo3Hl4Karoqufi n cre4crBr,re HaJruqvs. rroJloxr4Tenr,Hbx 3apsloB y
KnacrepoB. B conorynHocrll c KynoHoBcKHM orraJrKlrBaHr4eM gro orpaHr4r{}rBaer upe4em,urrfi
pa3Mep arperara, Ia cnoco6crByer cta6urusaqrrr4 KoJrJrou1ttoit [ucrepouu. 13 upucy'tc'rrJvrv
3neKTponl4ra (rc > 0.33) 6aprep [ocrerleHHo cHllxaeratr Lr rroJrr{ocrr,ro r4ctre3aer upra 6o:nuu.rx
3HaqeHlItrx K, rlprl groM pa3Mep arpefara Moxer pacrl4, BtrJrorr, 4o rr,rarcpo$a3lrofo paccJroeHr{rl I4

BbrrraAeHr4t B oca,qoK.

B saxrrcqzrelrnofi qacrtz pa3Aena aBTop rrpor]oAr4T MoAeJrr.rpoBanr4e pacrBopoB Ha

ocHoBe IlpoI43BoAHr,rx L-qucrel4Ha. 6r,r.nu paccMorpenr,r oco6euHocrl4 lloBe,rler{r4rr pacrBopoB Ha

ocHoBe HI{Tpara cepe6pa v N-aqerur-L-qucreuu, 3-uepxalronpo[]roHoBalr KkrcJrorbr u
III,IcreaMI4Ha. B .racrHocrl4, BaxHbIM pe3ynbrarou pa6orrt flBJrrercq o6Hapyxeur4l4 Toro, qro
BHyrpeHH{s crpyKTypa KnacrepoB B nepnoM ra BTopoM cnyqae cra6uluzupyercs trocpel{crnoM
cB.s3blBaHux -SAg u -C(O)O-rpyntr, a B cnyqae qrlcreaMr4r{a roJrbKo 3a crrer -SAg rpylru.

Tperu rJIaBa rIocBtIrIeHa MoAenl4poBaHr,rro cnrecefi rrao4raQzqupoBauHbrx $ylnepenon c
BbIcoKoKI,IlsurI,IM pacrBopl{TeJreM. B fJraBe rrpr{BeAerr o6sop nayunofi Jrr{Teparypr,r,
rlocn.atqennrrfi oco6eunocrqlr I4crIoJIb3oBaHI{.[ rvro4uQuqupor]aHHbx Sy.neperron rrpu

Soputlponanzu $oroaxrunurx cJroeB froJrr4MepHbrx coJrr{eqrrbrx 6ampeit. Onracbmarorcs
upo6leuu, cBt3aHHbIe c noA6opoM noAxoAsrrlr4x Syuxqzouzurbrrbrx fpynn, cnoco6crnyroqax
cHI{xeHI4Io AerpaAalluu uopoonoruu $oroaxrunuoro cJror u pa3pynerrr4g o6t enalroro
rereponepexoAa B npoqecce ucloJlb3oBaHr4rr Oarapefi. Anropona roAH[Maercr{ Borrpoc o
BItlrflHvru BbIcoKoKLInsqI4x Ao6asoK na cnoco6Hocrb Sy.rrnepeuoB K caMoc6opxe, a raKxe rra
Ilpo{eccbl $opunponannr $oroaxrunnr,x cJroeB. B KarrecrBe [pr4Mepa, aBTop rrpr4Bolrrr
I4ccneAoBaHl4fl crpyKrypooopasoP,a]g'us. B cMecrrx PCzTBM c BbrcoKoKr4rril]d.LrMrr 4o6anxanau ua
ocr{oBe, TaKr.rMr4 xax 1,8-oxraHrr,rrr4on (OAT), 1,8-4u6porrroKrarr ([EO) z 1,8-4rauo4orran
(Ar4o).

B ocuonriofi qacrl,I AaHuofi rJIaBbr aBTop rrblTaercr ocMr,IcJrr{Tb v Aurr, orBer rra Borpocbr
o roM, KaKI{e LIMeHHo crpyKTypbr $opuupyror $ynnepeur,r PC71BM rd KaKoBr,r Mexarrr{3Mr)r r4x

canaoc6opxz. B pa6ore npoBo.4l{rc.a cpaBHllrerrbHoe MoAenr4poBanue cueceft PCzTBM t't

PCoTBM c O.{T, 14 onucblBarorcs npl4rll4rrbl orcyrcrBr.rr crpyKTypoo6pasonanrrfl n cJryrrae

cnecefi c yqacrr4eM PC61BM.

B '4auuofi fJIaBe aBTopoM r4crroJrb3oBaJrcrl Me'roll aroMl{clr4rrecxofi uo:rexylxpnofi
I[]IaMI4KI{ c xctloJrb3oBar{veM Baner{THo-c[roBoro no:r-{ PCIIF. Asropou 6rnu rroJryeerrbr



oIIeHKH rlapaMerpoB pacrBopl4Mocrla coe.4l4Herruft u nao:reKyJrrrprrbrx SparlreuroB, Koropbre
6r,llru cpaBHeHbI c I,IMeIoqr4MVcs. nuTeparypHblM raHHr,IMlI, ycrarroBJrerra KoppeKTHoc'r'r)

I,ICnOJIb3OBaUIaX nrr6paHHofo BaJIeHTHO-Cr,rJrOBOrO IIOJI'. Bbr.f,BreHrr pa3ruqhlfl. B paclpeAeJIeHHLI

MoneKyn n o6pasqax c PCzrIlM u PCorBM. Anropona 6rr:ro uoxa:aHo, lrro B cnyqae PCzTBM
nponcxo.4ur $opuupoBaHlIe tlepl4oAl4rrecKlax rpexMepHbrx 6uronrunyaJrbHbrx cerqarr,rx
cTpyKTyp, o qeM cBHAeTetIbcTBoBaJrO rrolox{eHpre MaKcr,rMyMoB rra lapqua,rrr,Hbrx c'tpyKTypHr,rx

$arropax, yKa3bIBaIoulIX Ha cyrlecrBoBaHr4e xapaKTepHoro ttacm'ra6a /lJrr4rrr,r ilrnt
crpyKrypHblx HeoAHopognocrefi B paclpereJreHlrr Qyruepeuon. Anrop AeJraer aKrlerr'r rra roM,
qro ocHoBnofi uoruB crpyKrypnoro Saxropa onpeAeJrrrercr yrrop{Aoqeunelr Sy:rJrepeHoB,
I4HAyIII4pOBaHHbIM CUIbHLIM Ar4crrepcnoHrrbrM ngaUUoIeftcTBVeM cto-clo, a xapaK'rep

roppel.aqufi Mex.4y cSepola4ou $ynnepeua c norxpuofi kt Heuo.nrpuofi qacrtruvr OAT
yra3blBaer ua cra6oe nsazNaoAeficrnr.re Syneperrori c O[T. Br,rlo rroKzgar{o, rrro coBoKynHocrr,
ynoMtI'IyrLIx $arropon o6ecneql4Baror o6pasonanr4e afperaron Syrepenon. B orrr.rque or
PCzTBM B cnyqae PCorBM, na6mo4arocb xoporuo Br,rpaxeHuoe pa34eneHze Sa: pacrBopr,rreJrr
u Synnepenon. Baxsrrrr,t pe3ynbraroM pa6oru flBrrfle'rcfl, npe.r1:roxenHr,rfi MexaHr43M,

orlpeAentrcquff crpyxrypoo6pa:oBaHl{e B crlcreMax PCTIBM/O/{L Errno rroKa3arro, qro 14

PCzTBM z O,{T o6la.4aror avSuQu:mHbIM}I cnoffcrnauu. Anrop rpor,r3neJr oqerrKy napaMe'rpa
yrIaKoBKa PCzrBM. Erno rIoKuBaHo, vro mopftoJrorr4{ arrperaroB, Bo3Hr{Karoqa.s B cMecr4,

uoxer 6rttr o6r.scseHa reouerpuefi anr$ra$unon. Taxuv o6pa:ou, aBTop rroK€r3€ur, r{To

ftopuuponauue HerrpepbrBHbrx 6uronruuyaJrbnbrx cerr{arr,rx crpyKTypbr rr3 MoneKyJr

Qyuepeuon, Bo3HI{Kaer B pe3ynbrate 6wruuca cooruorrreHr.rr pa3MepoB r4 oco6eusocreff
MexMoJleKynrpHoro nsauuo4efi crBr4r SyllepeuoB r,r pacrBopr4Tenr.

Verneprax rrlaBa rrocBrnleHa MoAenI,IpoBaHI{ro MexaHr4r{ecKofo orKJrLtKa rrarloKoMrro3l4'r'a

Ha ocHoBe grloKcr4AHofi cuolrr. B uane npr4BeAeH o6sop nayuHofi nr4Teparypbr, trocBrrrleHrrr,rfi
ponn HaHor{acrI4II B Bonpocax nporno3r,rpyeMoro ynyrrrrreHr,rs cBoficrn nonr4MepoB 14

nonuMepHblx HaHoMarepr,rirnoB. B o6sope o6cyN4aercrr reKyrrlee cocro.sHr,re Aen n o6lacrn
3KCnepI4MeHTa V MOAenI,IpOBaHI,Ifl KOMnO3I4TOB, COAepXaIIIHX CJIOI4CTLIe CI4JII4KaTU. Orlr,teqaerCs

pqA cloxsocrefi B rlocrpoeHr,Ir4 ruo4erefi, cnoco6nux nporHo3upoBarb cnoficrna
HaHoMareppIaJIoB c yqeroM reoMerpr{qecKl4x pa3MepoB HaHoqacrurl, trX Sopurr u HaJrvrqvtr

rloBepxHocrHofo uoAu$uxaropa, qro r4 nocnyxr4no rpr.rrfepoM K frocraHoBKe r.r pemenr,rro

coorBercrByroqefi 3anarrr4.

B ocuosuoit qacru Aasuofi rJraBbI aBTop onr4cbrBaer paspa6orarrHyro Me3oMacrrna6nyo
MoAeJIb nonl,IMepnbrx HaHoKoMrro3I4ToB Ha ocHoBe cr{JrbHo crurrrbrx rroJrl4Mepultx'uarpraq.

flauuax MoIeJrb 6sra npr4MeHeHa Ang LI3yr{eHI,Is MexaHr4rrecKrax csoficrn HaHoKoMrro3r4Ta,

ronyvaeMoro Ha ocr{oBe coMoHoMepoB Ar.rfnr4rlr{Ar4Jronoro s$upa 6uc$eHola A /{I-36,{ u
rpnr<apbononofi NupHofi xrac;roru (TKX), B rrpr4cyrcrnuu uo4r,r$rrurrpoBar{Hbrx Harroqacrr4rlbr

(Ht{) rrrl}Ibl c pa3nurlHblM rrpo[opqurMr,r (coornoruerrr4eM Ar4aMerpa w Bbrcorbr). 6r,Irlo
nocrpoeHo 'Iprr rvrra Ifr{: n Sopue [vreKa,II[nr,rHApa r{ crepxHs. Mo4l$uxarlr4rr rrarroqacrr{rl
3aKIIIOqa,laCb B nOKpbI'wl]/. UX UO4U$UXaTOpOM, CUOCO6UT,nU BCTyIraTb B peaKrlr,rro C[rr4r]arlr4rl C

rroJrrzMepHofi uarpuqefi .

/\trx lrpoBepKl,I KoppeKTHocrLI npoqeAypbr rrocrpoeHr.r.rr crrrrrn'brX cr4creM aBTop npoBen
To[ororlzr{ecxufi aHaJIH3 [ocrpoeHHbrx ceroK. Eruo [oKa3arro, qro cpe,4H]Ie AJrHHbr Hecyrr1fix

Hafpy3Ky qenefi [pI4MepHo oAr4HaKoBbr KaK B onytrae HerrarroJrnenuofi Marpr.rrlbr, TaK 14 B cnyqae
HanoJIHeHI,It Marpl,rrlbr HaHoqacrIrIIaMI4 pa3nr4rrHbrx rI4IroB. Auzurra: Hopulzponarurofi
ycpegnenHofi nJIorHocrLI HHLI npu pa3nurlHblx 3HaqeHlrflx crerrerrr4 ctrratal\r4tr Hr{ c
rlonI4MepHofi uarpuqefi gaer [peAcraBneHr.re o MexaHr43Me ycr4neHus Mexarr[qecxux cRoficrn
HarIoJIHeHHbrx nonl4Mepublx Marpr4u. Anrop lroKa3blBaer, rrro rrpv llocraror{Ho 6olruux



3Har{eHI,Itx crerleuefi c[II4TocrI4 (>0.6) KoJrHrIecrBo FIIILI B rrarroroMrro3r4Tax Moxer rrpeBr,r[rarr)
3llaqelrue HHU B rrl4crofi Ma'Ipt4IIe, rrpuBo,q.s K r]eporrrrrouy $opnaupoBanaro 6olee )KeclKofo
HAFIOKOMIIO3I4TA.

Ei,ua npoBeAeHa oIIeI'IKa xecrKocrl,I [ocrpoelrHr,Ix o6pasqoB, rryreM pacvera :anncravrocrefi
"Ilarp{xeHlre-ge$opN,Iagr4fl." Art pe)K}IMoB ollHoocHoro pacrrlxonuslcxarurr rro rpeM n3ar,rMl{o
leprIeHAI4KyntpHLM HarlpaBneHzsla. floee,4eHo cpaBHeHHe orKJrr{ra o6pasqoB Her{anoJrne}rHor.o
ronllMepa, HaIIoJrHeHHoro nonl4Mepa c HH co 3HarreHtrsut4 creneneff curnrocru -0.6 u
HarIoJIHeHIrofo nonl4Mepa c HH Hec[rrrrr,rMt4 c no.rrzuepuofi nrarpuqeft. Pe:ylrrarr,r
cBuAeTenbcTByIoT o ToM, qTo BBeAeHr4e HarroqacTl4u B lo'nr,rMeprryro MaTpr4rly [puBo.qr{T K

ynyqueHl{Io MexaHI4qecKHX cBoftctn, rlo roJrbKo IIpu Qoprrar4poBarrl4r4 repeKpecrnr,rx csq:efi
Mexny rloBepxHocrlro uo4Ia$uqupoBaHHi,rx Hg c [oJirrMeponr. l]aNur,lM pe3yJrbraroM rrnJrrerct
TO, IITO OCHOBHyTO ponb B MexaHI,IqecKoM orKJII4Ke froJrzMeplrbrx IralroKoMrro3r4ToB Ira ocHoBe
cI4JIrHO CIrII4Tbx TIOILIMepOB (SnOXCZ4Hux CuOl) urparor Hecyrrlue r{arpy3Ky qerru, npr4 3ToM

rlyreM onpeAeneHl4-fl rroruocrv qvcra Hecyqux Harpy3Ky qeuefi Moxuo [pelcKa3r,rBarb
ocHoBHbre TeHAeHur.M rB MeHeHr.{r MoAyn.r{ ylpyro cTr4 rraHo KoMrro3r.rTa.

OqeHusat /laccepraquolruylo pa6ory B rIeJroM, cr{r4'r'aro ueo6xo;1unr,rlr orMerr.rrr)
cJIeAyIoqI4e ee tIoJIoxI4TeJrbIrbIO c'r'oporrbr. Pa6ora xopomo c't'pyKTypr{poBarra. ll raxaofi rJrane
npI4BeAeH o6sop IlpeAllrecrByiotuux pa6or, MeroAor] nccrreAogaHrrr, Koroprrfi .4ae'r IIonHoe H
rrerKoe [peAcraBneul.,Ie o xapaKTepe paccMarpr{BaeMblx 3a)\aq, KJIIoueBTJX npo6lenrax r4 Mecre
IrccJIeAoBaHNfi anropa. fiucceptarrr 6esycronHo BbrrronHr4J] rrocraBneH]rbre sana\ilr. Pery"lHrarr,r
Al.Iccepralluognoft paoorrt I,I3JIoxeHbI rcHo 14 IIocneAoBarorILHo, xopomo o6ocllonanbr r{ He

Bbl3blBaror couneszfi. Br,nro4rr qerKo c(popnaynupoBaHbr. Anrope(pepar rroJrHocrr,to olpaxae'l'
rlpeAcraBneHHble n pa6ore pe3ynr,Tarhl. OcnoeuHe rroJroxeHyrfl, Iiuccep'rar\vu orpaNeuu n 14
crarb{x, 5 u: xoropblx LII{AeKcI,Ipyrorcr s 6a3ax ,4aHr{brx Web of Science z Scopus. Pesylrraru
pa6orr,r 6stu MHoroKparHo rlpe4craBneHbr Ha MelrglyrrapoAHr,rx u ncepocczficxux
rouQepeuqurx, IrrKoJIax. [nccepraHT ,{oK€BaJr BJra,{enr{e ueo6xoguurnaH ]\Int yclrenuoft
uayuuoft pa6o'ru ocHoBaMLI $usttxz, Susu.recrofi xuMr.ru v MeroAaMr,r KoMrrr,rorepHolo
Mo.4enL.IpoBa]d,vlfl.. Paspa6oraHHble I,IM MoAeJrr,r 6ulu peanlr3oBaHll B paMKax MeroAot] xnauroRofi
xt4MI,Iu (reopzx $ynrquoua,ra sremponuofi nrorrrocrn), naolexylrpuofi Mexarrr.rKr4

(arovlucrzuecxoft v Kpynno3epnucroft uorexy.nxpnofi gzuauuru), a raKlrc MeroAa
nvccvtrarvrnnofi 4IaHalral4Kt4 llacrr,ru. Eolee roro, aBTop IIpoBen KaqecrBer-rHoe 14 KonrrqecrBeHl{oe
cpaBHeHI{e noryqeHHblx pe3ynbraron c gKclepr4Mer{TaJrbubrMr4 AaHHbrM[r. B pa6ore [orytreHbr
IIoBbIe pe3yJlb'rarbl, Koropbre Moryr 6r,r'rr ucnoJrb3oBar{br n ITIIISOC PAH, I4XO FAH, nnu

Su:zuecroM Ia xI4MI4qecKoM $arynrrerax MfV 14 Apyrux Hayqrrbrx yqpelKAeunxx no4o6uoro
npo$unx.

Bnaecre c nr,lcoxofi oqenrofi pa6orbr cqr.rraro qelecoo6pa3HbrM cJrelyrorur4e 3aMer{aHr.rr:

1. llepnaa rJIaBa BrITJIIALIT cJIerKa $opnransuofi. BosNdoNHo, B nefi crozro orpirr4'r'r,
6olrure uolpo6Hocrefi, xacateJrbHo rrpr,rMeueHr.Ig KaxAofo I{3 MeroAoB K cl4creMaM, noro6nr,rir,r
TeM, qro IlccneAyrorcx n pa6ore.

2. Bo nropofi rJIaBe, pa3Aene 2.3 *roAenr4poBaHr,re nocrpoeHo Ha [peAr]o:roxenzu o6
LIAeHTI'IrrHoM pirMepe Bcex KJracrepon I]C, Ar.raMerpoM -1.4nnr. B pa^:,4ene 2.2.4 rryoucxoAr4r
oIIeHKa cpeAHero pinMepa pa4vya 7 A (na p]rcyHKe Br4,4Ho, lrro ecrr, HeKoe pacnpe/leJrerrze lro
pa:rvrepau). O4uaro, He rroH.srHo, lITo cr:alunwsupyer Knacrepbr IaHHoro piuMepa, r.r3 KoroprJx
B IIocJIeAcrBI{I4 Sopulzpyerca pa:nernreHuufi arperar? Karouy N sro coornercrnyer?
flpanuluro JILI s rIoHI4M€lIo, tITo Ha ocHoBaHuu 2.2,3, c pocroM N nlorHocrr fryur<qzorraJrbHbx




