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OEIIJ;AH XAP AKTEPIICTIIKA P AEOTbl 

AT<mya!lbHOCmb. CoBpeMeHHoe pa3BHTHe p51,IJ,a npHKJia,IJ,HbIX ttaytIHbIX ttarrpaBneHHH 

CBH3aHo c co3,IJ,aHHeM HattopasMeptt11x CTPYKTyp, rrony1-rneM11x Ha octtoBe 

BbIC0KocpyttKUHOHan1tt11x coe.u.11tteHHH. Cpe,11,H TaKHX coe,IJ,HHeHHH oco6oe MecTO 

3aHHMaIOT CBepxpa:rneTBJieHHble IlOJIHMepbl, 

peryn11pyeMoro CHHTe3a )J,eH,11,pHMepbI ,11,peBOBH)J,Hbie aUHKJJH'IeCKHe 

MaKpOMOJJeKyJJbI peryn51pHoro CTpoeHHH, OTHOC5IIUHeC51 K Knaccy IlOJJHMepHbIX 

MaTepHaJJOB, Ha3bIBaeMOMY «MOJJeKyJI51pHblMH HaH006beKTaMH». 0,IJ,HOBpeMeHHO 

coqeTa5I B ce6e CBOHCTBa MaKpOMOJJeKyJJbl H qacTHUbl (BbICOKYIO CTeneHb BeTBJJeHH51 H 

rno6ynHpHOCTb cpopMbI), a TaK)Ke o6na)J,a5I xopowei1 pacTBopHMOCTbIO H HH3KOH 

B513KOCTbIO B paCTBOpax, )J,eH)J,pHMepbl OTKpbIBaIOT 60JibllIHe rrepcneKTHBbl B TaKHX 

npHKJia,IJ,HbIX o6naCTHX, KaK 611onomH, Me,IJ,HUHHa, cpapMaKonor115I, KaTaJIH3 H ,11,p. K 

Ha116onee HHTepeCHbIM rrpaKTW:·leCKHM rrpHMeHeHH51M )J,eH)J.pHMepHblX MaKpOMOJieKyJJ 

MO)!<HO OTHeCTH C03)J,aHHe HOBblX THITOB HaHeceHHhlX KaTaJIH3aTopoB, Kancyn11poBaH11e 

H HMM06HJIH3au1·rn fOCTeBblX MOJieKyJI, B TOM q11cne H cpH3HOJIOrH4eCKH aKTHBHbIX, 4TO 

B coqeTaHHH c nerKOCTbIO cpyHKUHOHaJIH3aUHH IlOBepXHOCTH, )J,eJiaeT HX 

nepcneKTHBHblMH HOCHTeJ151MH JJeKapcTBeHHblX rrpenapaTOB. 

)J;JIH 3cpcpeKTHBHOro rrpaKTH4eCKOfO HCITOJlb30BaHH51 )J,eH)J.pHMepoB Heo6XO)J,HMO 

3HaTb HX MOJJeKyJIHPHYIO opraHH3aUHIO. 0)],HaKO o6ruero IlO)J,XO)J,a K ee OilHCaHHIO B 

HaCT051IIJ,ee BpeM51 He cyruecTByeT, a noJiyqaeMa51 HHcpopMaUH51 no Ka)K)J,OMY H3 THilOB 

.u.ett,11,pHMepoB 5IBJJ51eTC51 B 60111IIIei1 cTerreHH npoT11Bope4HBOH. Bonpoc11 o 

MOJieKyJIHpHOH opraHH3aUHH )J,eH)J,pHMepoB CTaB5IT 3a)J,ac.:iy nonyc.:ieHH5I HHcpopMaUHH 0 

pacnpe)J.eJJeHHH MOHOMepHbIX 3BeHbeB B o6beMe MaKpOMOJieKyJibI B 3aBHCHMOCTH OT 

CTeneHH TIOJIHMep113au1111, qTo Il03BOJIHT npe)J,CKa3bIBaTb B03MO)KHOCTb o6pa30BaHH5I 

BHYTPHMOJieKynHpH11x no11ocTei1, KOTOpbie MoryT 11cno11b30BaTbC5I )J.JIH pa3MeIIJ,eHH5I 

aTOMOB HJIH MOJJeKyn pa3JIH4HOro Tmrn. Tpe6yIOTC51 MeTO)J,bI nonyqeHH5I HHcpopMaI.J,HH 0 

JIOKaJIH3aI.J,HH TepMHHaJJbHbIX rpynn, IlOCKOJlbKY OHH onpe)J.eJJHIOT KaK ypoBeHh H 

cneu,HcpHKY Me)KMOJJeKyJIHpHOro B3aHMO)J,eHCTBH5I )J,eH)J,pHMepoB, TaK H oco6eHHOCTH 

B3aHMO)J,eHCTBH5I IlOJJHMepa c paCTBOpl1TeJ151MH, ,11,pyrHMH MOJieKynHpHblMH o6beKTaM.H H 

rroBepxHOCTHMH. Hatt6onee nepcrreKTHBHblMH c npaKTH'-!eCKOH T04KH 3peHH51 51BJIHIOTCH 



,n:eH)J.pHMepbI BblCOKH:X reHepauHi1, nOCKOJibKY OHH o6na.n.aJOT HaH60JibIIIHM 

KOJIHqecTBOM cpyHKUHOHaJibHblX rpynn Ha nosepXHOCTH. TeM He MeHee, Kpyr pa6oT no 

11x Hccne,n:osaHHJO .n:ocTaToqHo orpam1qeH. HMeHHO oTcyTcTBHe o6oeKTHBHbIX ,n:aHHbIX 

0 MOJieKyJI5IpHOH opraHH3aUHH ,n:eH)J.pHMepoB npHBeJIO K ,n:HaMeTpaJibHO 

npoTHBOTIOJIO)l(HblM BblBO,n:aM npH onHcaHim HX CBOHCTB KaK LiaCTHU, Haq11Ha5I OT 

MO)J,em1. TIJIOTHblX Henpom1uaeMblX ccpep, .n:o npom1uaeMhIX CTpyKTYP c rn6KHMH 

seTB5IMH. B HacT05IIII,ee speM5I 3Ta o6naCTb HayLJHbIX 3HaHHH Haxo.n.11TC5I Ha yqacTKe 

csoero pa3BHTH5I. HecMoTp5I Ha 3TO, cymecTByJOIII,He TeopernqecKHe pa60TbI 11 pa6oTbI 

no q11cJieHHOMY MO)J,eJIHpOBaHHJO KOHcpOpMaUHOHHblX I1 CTaTHCTHLJeCKHX CBOHCTB 

,n:eH.D.pHMepoB He TI03BOJ15IJOT o6o6III,HTb nonyqeHHbie pe3yJihTaTbl Ha see pa3H006pa3He 

XHMHLJeCKOH npHpO.JJ.bl .n.eH)J.pHMepoB. 110 :noli npHLIHHe Heo6XO)J,HM o6III,HH no.n.xo.n: K 

HCCJie)J,OBaHHJO HX MOJleKyJI5IpHOH opraHH3aUHH, ueJibfO KOToporo 5IBJI5IeTC5I OTBeT Ha 

OCHOBHOH BOnpoc - KaK CB5I3aHbl Me)K.JJ.Y co6oli CTPYKTypa H CBOHCTBa? 

TaKHM o6pa3oM, npe.n.crnBJI5IeTC5I sa)l(HbIM pa3pa6oTaTb TaKoi1 no.n:xo.n. K 113yLJeHHJO 

cTpyKTypoI MaKpoMoneKyn ,n:eH.D.pHMepos, KOTOpbIH no3BOJUIT B paBHOH CTeneHH 

nonyqaTb HHcpopMaUHJO 06 oco6eHHOCT5IX MOJieKyJI5IpHOH opraHH3au1m ,n:eH,n:pHMepoB c 

pa3JIMLJHOH XHMHqecKOH CTPYKTypoi1 11 ocymecTBJI5ITb npOrH03HpOBaHHe CBOHCTB 

KOHKpeTHblX TMTIOB ,n:eH,n:pHMepoB B 3aBl1Cl1MOCTI1 OT HOMepa reHepauttM. 

!Jeflb ouccepmayu01-111ou pa6ombl B npose,n:eH11tt 

CHCTeMaTttqecKoro HCCJie)l.OBaHM5I 1<peMHMHOpraHHLJeCKl1X ,n:eH,n:pHMepoB OT Hl13Kl1X )l.0 

BbICOKMX reHepaUHH 11 Bbl5IBJieHMe OCHOBHbIX 3aKOHOMepHOCTei1 HX MOJieKyJI5IpHOH 

opraHH3aUHH B 3aBHCMMOCTH OT HOMepa reHepaUMM. 

)J)rn ):(OCTM)l(eHM5I 3TOH ueJTH 6brntt noCTaBJieHbl cne,n:yIOW:Me 3a.n.aqtt: 

1) npose,n:eHMe cpaBHHTeJibHOrO aHaJIH3a pe3yJibTaTOB TeopeTHqecKHX pa6oT B 

o6naCTH on11caHH5I MOJieKyJI5IpHOH opraHH3aum1 csepxpa3BeTBJieHHblX nOJIHMepos c 

pe3yJibTaTaMH 3KCnepHMeHTOB no ManoyrnosoMy pacce5IHI1f0 .n:m1 HecpyHKUMOHaJlbHbIX 

KpeMHHHOpraH11qecKMX ,n:eH)J,pHMepoB HI13KHX reHepau11ii; 

2) nonyqeHHe OCHOBHOH HHcpopMaUHH 0 CTpYKType 1<peMHHHOpraHHLJeCKHX 

,n:eH)J,pHMepOB BbICOKHX reHepaUHH I1 Bbl5ICHeHHe ee oco6eHHOCTei1, B cpaBHeHHH c 

HH3KHMH reHepaumIMH; 
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3) nonyqem1e rrncpopMau,1111 o noKaJIH3aU,HH TepMHHaJlbHbIX rpyrm 

KpeMHHi1.opraHH1!eCKHX )l,eH)l,pHMepos; 

4) KOMnneKCHbIH aHaJIH3 3aBHCHMOCTM CTPYKTYPbI KpeMHMi1opraH11qecKHX 

)l,eH)lpHMepoB OT CTa)l,HH poem H BbHIBJleHHe 3aKOHOMepHOCTei1. opraHH3aIJ,HH 

MOJ1eKym1pHoi1. CTPYKTYPbI KpeMHHi1opraHH1!eCKMX .n:eH)l,pHMepos. 

Hayl/Hafl 1-1oeu31-1a. BnepBbie BbmonHeHbI wccne.n:osaHM51 .n:eB51Toi1 reHepau,1111 

KpeMHHi1opraH11qecKHX .n:eH.ll.PHMepos MeTO.ll.OM Manoyrnosoro pacce51HH51, onpe.n:eneHbI 

napaMeTpor wx cTpyKTYPbI 11 npose.n:eH cpaBHMTeJibHbIH aHanH3 cTpyKTYPbI BbICOKHX H 

HH3KHX reHepau,11i1 .n:eH.n:pnMepos. BnepBbie npo.n:eM0HcTp11posaHo, 1!TO TepMHHanbHbie 

rpynnbI KpeMHHi1.opraH11qecKHX )l,eH)l,pHMepoB JlOKaJ1H30BaHbl He TOJibKO Ha 

nepmpepMHHOH qacTH, HO H B o6oeMe )l,eH)l,pHMepHOH MaKpOMOJleKyJlbI, H nonyqeHo HX 

pa.nwanbHoe pacnpe.neneHHe. Bnepsbie BbmonHeHa nposeprrn ycnos1151 BbrnonHeHH51 

npHHU,HnOB MaCIIITa6HOH HHBapttaHTHOCTH )l,eH)l,pHMepoB c yqeTOM aHH30MeTpHH 

cpopMbI HX MaKpOMOJleKyn. 

llpaKmul/ecKafl ue1mocmb pa6ombz. rionyqeHHbre B pa6oTe pe3ynbTaTbI MoryT 

6bITb HCnOJ1b30BaHbl )l,J151 pa3BHTH51 MeTO)l,OB CHHTe3a H pacumpeHH51 o6nacTeH 

npaKTH1!ecKoro np11MeHeHM5! HaHopa3MepHbIX cTpyKTYP Ha ocHoBe 

BbICOKocpyHKU,MoHanbHbIX coe.n:1rneH11i1. TaK, HHcpopMau,1151 o n0Kan113au,11n 

TepMHHaJlbHbIX rpynn no3BOJ1HT nporH03HpOBaTb B03MO)KH0CTH C03)l,aHH51 ceTOK Ha 

OCHOBe )l,eH)l,pHMepoB. JilmpopMaIJ,H51, nonyqeHHa51 0 CTpyKType BbICOKHX reHepau,HH 

.neH.np11Mepos, YKa3bIBaeT Ha B03MmKHbie TPY )l,HOCTH 11cnonb30BaHM51 .n:eH.ll.PHMepos 

Bb!COKHX reHepaU,MM )l,J151 npoBe)l,eHH51 KaTaJ1HTH1!eCKHX peaKUHH BO BHyTpeHHei1 ccpepe. 

MeTO.ll.bI H no.n:xo)l,bI, 11cnonb30BaHHbie B xo.n:e BbmonHeHH51 11ccne.n:osaTeJibCKHX pa6oT, 

noKa3aJ1H CBOIO YHHBepcaJlbHOCTb H MoryT 6bITb HCTIOJ1b30BaHbl )l,J151 HCCJie)l,OBaHH51 

urnpoKoro Kpyra BbICOKOMOJ1eKyn51pHbIX o6oeKTOB. 

Anpo6ayUR pa6ombz. OcHOBHbie nono:>KeHH51 .naHHOH pa6oTbl H ee ocHOBHbie 

pe3ynbTaTbI 6brn11 npe.n:crnsneHbI Ha XIX Cosern,aHHH no 11cnonb30BaHHIO pacceHHH51 

Hei1TpoHOB B MCCJle)l,OBaHHHX KOH)l,eHCHpOBaHHOfO COCT051HH51 (06HHHCK, 2006), IV 

EsponeticKoi1: KOHcpepeHu,1111 no Hei1TpOHHOMY pacce51HHIO ECNS (Jlytt.ll., WseU,H51, 

2007), V Hau,.110HaJI0Hoti KOHcpepeHU,HH no npttMeHeHHIO peHTreHOBCKoro, 

CHHxporpoHHoro 113nyqeHHH, Hei1TpoHOB 11 3JleKTpOHOB )l,J151 11ccne.n:osaHH5l MaTep11anos 
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(MocKBa, 2007), XLII 3nMHei1 IIlKOJie TIJ;UI<I> (PennHo, 2008), XX c0Bern.amu1 no 

ncnoJib30Bamuo pacce5IHH5I HeMTpOHOB B HCCJie)],OBamrnx KOH)],eHCHpOBaHHOro 

cocT05IHIUI (f aTlfnHa, 2008), I Me:>K)],yHapo)J,HhIM cpopyM no HaHOTeXHOJIOrH5IM (MocKBa, 

2008), XIV Me:>K)J,yHapO)J,HOM ceM11Hape no Hei1TpOHHbIM nccne)],0BaH115IM 

KOH)],eHc11poBaHHbIX cpe)J, (Tio3HaHb, TioJibllla, 2009), VII Hau110HaJibHoi1 KOHcpepeHu1111 

PeHTreHOBCKoe, cnHxpoTpOHHoe 113nylfeH115I, Hei1TpOHhI 11 3JieKTpOHhI )],JI5I 11ccne)],OBaH115I 

HaHocncTeM 11 MaTep11anoB: HaHo-E110-llHcpo-KorH11T11BHhie TexH011orn11 (MocKBa, 

2009), XIV HayqHOM KOHcpepeHI..(1111 MOJIO)],blX r1eHbIX H cneu11a1111CTOB Oll5Ill (,[(y6Ha, 

2010), v Me:>K)],yHapO)J,HOM KOHcpepeHI..(1111 «<l>11311Ka )l<H)],KHX cpe)],: COBpeMeHHbie 

npo611eMbI» (K11eB, YKpa11Ha, 2010), I pa601:1ee coBern.aH11e «CoBpeMeHHbie 5!)],epHo­

cp113111:1ecK11e MeTO)],bl 11CCJie)],OBaHl151 B cp11311Ke KOH)],eHc11poBaHHblX cpe)J,» (M11HCK, 

Pecny6n11Ka Eenapych, 2011), CoBern.aHtte noJih30BaTenei1 MYPH-IOMO K cTapTy 

HaylfHbIX 3KCnepHMeHTOB llEP-2M (,[(y6Ha, 2011). 

JlUf.fl-lblU BKJlQO aemopa 3aKJII01:IaeTC51 B Henocpe)],CTBeHHOM y1:1aCTl1l1 BO Bcex 3Tanax 

BbITIOJIHeHl151 pa60Tbl, pe3yJihTaTbl KOTOpo:H npe)J,CTaBJieHbl B )J,HccepTaUHH, 11 BKJIIOlfaeT 

B ce651 nOl1CK 3KCnep11MeHTaJibHblX nO)],XO)],OB K perneHl1IO nOCTaBJieHHblX 3a)J,a1:1, 

nJiaH11poBam1e 11 BbITIOJIHemi:e 3KCnep11MeHTaJibHbIX pa6oT 11 pa6oT no l[lfCJieHHOMY 

MO)J,eJI11poBaHHl:O, 06cy)K)],eH11e H ocpopMJieHtte nonyqeHHb!X pe3yJibTaTOB. 

fly6JlUKGUUU. TIO MaTepttaJiaM )],HCCepTaUHH ony6JIHKOBaHO 12 pa60T, BKJIIOlfa51 5 

CTaTeM B )KypHanax, peKOMeH)],OBaHHhIX BAK. 

Cmpwmypa U o6'beM ouccepmayuu. ,[(11ccepTaUl10HHa5I pa6oTa COCTOl1T 113 

BBe)],eHH51, n5ITH rnaB, 3aKJIIOlfeHH51 11 cnttCKa U.HTHpyeMOH JIHTepaTypbI. 
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OCHOBHOE COL(EP)KAHHE P AI>OThl 

Bo eeeoeHuu ,a:eM0HcTp11pyeTc5I aKTyanoHOCTb 11ccne,a:yeMoti TeMhI, rrepeq11cneHhI 

OCHOBHhie npo6neMbI, ccpopMynupoBaHbl u,eJIH H npaKTHqecKa5I U,eHHOCTb pa60Tbl, 

rrpe,a:cTaBJJeHa HayqHa5I HOBH3Ha. 

IlepeaR 2.rzaea nocsmu,eHa ofoopy 3KcnepttMeHTaJibHhIX H TeopeTuqecKHX pa6oT 3a 

rrocne,a:HHe rO.IJ:bl rro TeMe .IJ:HCcepTaU,HOHHOH pa60TbI. 063op co,a:ep:>ImT OCHOBHbie 

cse,a:eHH5I 0 CTpyKrype, CBOHCTBax ,a:eH,a:pHMepoB l1 KOHU,eilU,H5IX HX CHHTe3a. 

rrpe,a:CTaBJUilOT co6oti perymrpHo pa3BeTBJieHHbie, 

BbICOKoynop5I.IJ:OqeHHbie MaKpOMOJieKyn11, IlOCTpoeHHble no 3aKOHY HenpepbIBHO 

BeTB5IW.erocH ,!J,epesa. OTHOC5ITC51 K oco6oMy KJiaccy 

BblCOKOMOJ1eKyJI5IpHbIX coe,IJ:HHeHHM, Ha3bIBaeMOMY «MOJieKyII51pHblMH HaH006'beKTaMH» 

H 51BJ15IlOTC5I HOBOH ¢opMOH opraHH3aU,mi nOJIHMepHOM MaTepHH, rnaBHOH 

oco6eHHOCTblO KOTopoi1 5IBJI5IeTC5I coqeTam1e CBOMCTB MaKpOMOJieKyJibl H qacTHU,bl. 

MoneKyII5IpH11e cpparMeHTbl ,a:eH,a:p11MepoB - 3TO oco611e THTibl MOHOMepoB, 

rrpttKpermeHHble K HCXO.IJ:HOMY pa3BeTBJI5IlOW.eMy u,eHTpy (51.IJ:py), 11 3aKaHqHBaI:OW.HeC5I 

BeTBJleHH5I, II03BOJI5Il0Ill.l1MH ocyw.ecTBJIHTh pocT 

MaKpoMoneKynoI (PHc. 1). CTpyKTypH11e e,a:11H1111,11 MaKpoMoJieKyn11 ,a:eH,a:p11Mepa 

orrpe,a:eJ15IlOT ee xapaKTepHCTHKH: pa3Mep, TOTIOJIOrHlO, rtt6KOCTb u,errei1, XHMHtiecKHe 

CBOMCTBa, MaKCHMaJibHYlO MOJieKyJI5IPHYlO Macey, KOTOpoii MO)KeT .IJ:OCTHllb rrpH CBOeM 

pocTe ,a:eH.IJ:pHMep, coxpaH5I5I npH 3TOM H,a:eaJibHOCTb BeTBJieHH5I. 

B ofoope npHBe,a:eHbI npHMepbI pa6oT IIOCB5Illl,eHHbIX HCCJie,IJ:OBaHHIO MaCIIITa6HOM 

HHBap11aHTHOCTH napaMeTpoB CTPYKTyp11 ,a:eH,a:pttMepos. TioKa3aHo, qTQ 11cnoJI13osam1e 

npH 

oco6eHHocTeii 

MOJieKyn5IpHOH opraHH3aU,HH 

,a:eH,a:pHMepHblX IlOJlHMepoB 

Macwrn6 HOH 

HHBapHaHTHOCTH, 

npe,a:ocTaBJI5IeT HOBbie 

TepM•11-1a11bH~e 
rpynm.1 

Puc. 1. CxeMamu'lecKoe U306paJ1CeHue oeHopwwepHou 
B03MO)J<HOCTH cpaBHeHH5I MaKpOMOJleKyJlbl. 
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Me)J(.n:y co6oii TaKHX CHCTeM. ITpe.n:cTaBJieH o63op pa6oT no H3yqeHHIO pacrrpe.n:eneHH51 

MOHOMepoB B o6oeMe MaKpOMOJieKyJibl .n:eH.IJ:pHMepa H JlOKaJIH3aIJJ1H TepMHHaJibHbIX 

rpynn. ,[(eMOHCTpttpyeTC51, qTQ K HaCT05llll,eMy BpeMeHH o6oeKTHBHbie ,naHH.bie 0 

MOJieKyJI51pHOH opraHH3aIJ,Hll .n:eH.IJ:pHMepos OTCYTCTBYIOT, a peaJIH30BaHHbie 

HCCJie,[(OBaHH51 rrpHB0,[(51T K HeKOTOp.bIM KpaHHOCT51M B on11caHHH CBOHCTB ,neH,npHMepoB 

KaK qacTHIJ,, HaqHHa51 OT MO.IJ:eJIH nJIOTHblX HenpOHHIJ,aeMbIX ccpep, ,[(0 npOHHIJ,aeMbIX 

CTPYKTYP c m6KHMH BeTB51MH. B o63ope ocBelll,eHbI H ,npyme OTKpbITbie Bonpoc.bI 

MOJieKyJI51pHOH opraHH3all,HH ,nett.n:pHMepoB. 

Bo emopou 2J1aee npHBe.n:eH.bI on11caHH5! MaTepttanoB H MeTo.n:os, 11cnoJI.b30BaHH.bIX 

B HacTomn,eii pa6oTe. PaccMoTpeH.bI TeopernqecKHe OCHOB.bl MeTO,na Manoyrnosoro 

pacce51HH51. I1o,npo6Ho on11caH.bI ttccne,nyeMbie o6pa3U..bI - non11Kap6ocmrnH0Bbie 

,nett.n:p11Mepb1. B rnaBe npe.n:cTaBJieHbI xapaKTepHCTHKH H cxeMbI 3KcnepHMeHTaJibHbIX 

ycTaHOBOK, Ha KOTOpbIX 6bIJIH npoBe,neHbI OCHOBHble 3KCnepHMeHTaJI.bH.bie pa60Tbl. 

3KcnepttMeHT.bI no ManoyrnoBoMy pacce51HHIO HeiiTpoHos ocymecTBJieHbI Ha 

cneKTpoMeTpe ManoyrnoBoro pacce51HH51 IOMO (qernepTbiii KaHan HMITYJibCHoro 

peaKTopa I1EP-2, OI151I1, ,I(y6tta, Pocctt51), B ,nByx,neTeKTOpHoM sapHaHTe no MeTo,ny 

speMeHH nponeTa. 

3KcnepHMeHT.bl no ManoyrnoBOMY pacce51Hlll0 peHTreHOBCKHX nyqeif BbIIlOJIHeHbl 

Ha ManoyrnoBoM peHTreHoBCKOM cneKTpoMeTpe Molecular Metrology SAXS System 

(Institute of Macromolecular Chemistry Czech Academian of Science, Prague, Czech 

Republic) c reHepaTopoM MHKpO(poKycHoro peHTreHoBcKoro ll3JiyqeHH51 CuKo. (A.=0.154 

HM) Osmic MicroMax 002. 

Tpembfl 2J1aea nocs51w,eHa ttccne.n:osaHHIO MacrnTa6Hoii HHBapHaHTHOCTH 

napaMeTpOB CTpyKTYPbI KpeMHHHOpraHHqecKMX .n:eH,npHMepoB. 

,I(ett.n:p11Mepbl, KaK ll 60JI.blliHHCTBO BbICOKOMOJieKyJI51pHbIX coe,[(HHeHHH, 06na.n:a10T 

MHOroypoBHeBOH CTPYKTypoii (XHMHqecKOH, TOfIOJIOfHl·IeCI<Ott, Ha,[(MOJieKyJI51pHOH), 

3JieMeHTbl KOTopott B3aHMOCB513aHbl, H Ka)J(,[(bltt nocne,LI,yIOII.J,HM MacwTa6HbIH yposeHb 

opraHH3aIJ,MH HOJIHMepa MO)J(eT 3aBHCeTb orrpe,neJieHHblM o6pa30M OT rrpe,LI,bI,LI,ylll,ero. 

I1pe,LI,CTaBJI5leTC51 sanrnbIM ycTaHOBHTb CB513b Me)K,Ll,y ypoBHeM JlOKaJibHOro nop51.IJ:Ka 11 

noKa3aTeJieM CKeMJIHHra, TO eCT.b rrpoBeCTH aHaJIH3 MaClllTa6HOM HHBapHaHTHOCTH 

napaMeTpOB CTPYKTYPbI MaKpoMOJieKyn ,neH,LI,pHMepa. 
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Pe3yJibTaTbI aHaJIH3a nonyqeHHbIX HaMH 3KcnepnMeHTaJibHhIX J.J,aHHhIX 

Manoyrnosoro pacce51HH51 HettTpOHOB Ha pacTBopax KpeMHHi1opram1qecKHX 

)J,eH)J,pHMepoB IlOKa3bIBaIOT, qTo 3TOT THil )J,eHJ.J,pHMepoB o6na.n:aeT reoMeTpHett, 

OTJIYJ.qa10m:ettC5I OT reoMeTpHH H)J,eaJibHOro wapa. B HaCTO.HII(eH pa6oTe npe)J,JIO)KeHO 

HCTIOJib30BaTb )J,JI51 OTIHCaHH51 )J,aHHbIX Manoyrnosoro pacce.HHH.51 MOJ.J,eJib 3JIJIHTICOHJ.J,a 

Bpam:eHH.51. Pe3yJihTaTbI 3aBHCHMOCTll napaMeTpa 3JIJIHTITHqHOCTH OT HOMepa reHepaUHH 

npe)J,cTaBJieHbI Ha PHc. 2. ITpe)J,cTaBJieHHa5! 3aBHCHMOCTh J.J,eMOHCTpnpyeT, qTo no Mepe 

poem HOMepa reHepau1rn <)lopMa )J,eH)J.pHMepa crnHOBHTC51 MeHee aHH30MeTpHqHott. Ha 

npe)J,CTaBJieHHOH 3aBHCHMOCTH HMeIOTC51 )],Be OCHOBHblX o6naCTH: o6naCTb pe3Koro 

na)J,eHH.H aHH30MeTPl1H J.J,JI51 reHepaU:HH 4-6 H o6naCTb Bb!XO)J,a Ha nJiaTO J.J,JI5! reHepaUHH 

7-9. 

B pa6oTe K paccM0TpeH1110 npe)J,JIO)KeHa 3aBHCHMOCTb cTeneHH noJittMepll3aUHH 

(KOJIHqecTBa MOHOMepHblX 3BeHheB, BXOJ.J.51IUHX B COCTaB MaKpOMOJieKyJibI) 

KpeMHHttopraHifliecKHX ,n:eHJ.J.pHMepos KaK <)lyHKUH5! 3HaqeH11H paJ.J,11yca HHepu.tttt. MbI 

npe)J,nonaraeM, qTo 3aBHCHMOCTb q11.cna MOHOMepoB B eJ.J,11HHU:e o6beMa p J.J,eHJ.J,pHMepa 

OT pa)J.nyca r, HOCHT CTeneHHOH xapaKTep. Tor.n:a, B cnyqae <)lpaKTaJihHoro arperarn, 

3aBl1CHMOCTb ero MaCCbI OT pa3Mepa TaK)Ke 5!BJI5leTC5! CTeneHHOH <PYHKU,Hett, a <PYHKU:H51 

IlJIOTHOCTH HMeeT BH)J,: 

(1) 

rne C 11 a - napaMeTpbI. 

B pa6oTe nonyY:eHbI Bbipa)KeHH51 3asHCHMOCTH cTeneH11 nonttMeptt3aU.11H N OT 

pa)J,Hyca HHepu.11n Rg )J,JI51 c<)lepHY:eCKl1 CHMMeTpHY:HOH (2) 11 aHl130MeTp11qHOH MO)J,eJI11 

J.J,eH)J.p11Mepa (3): 

N(R.) = 4JrC D+2 RD. ( )
D/2 

g D D g 
(2) 

N(R)=4JrC(D+2)1J12(R~ 3 Jv, 
g D D g 2+K2 

(3) 

r)J,e D =a+ 3 11 C - napaMeTpbI, K - napaMeTp 3JIJTHDTHqHocTH (PHc. 2). 
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HoMep 2eHepai1uu 

Puc. 2. IlapaMemp 3JJJJunmurmocmu MOaeJ1eu 
KpeMHUUopzaHUt.teCKUX OeHOpUMep06 6 
3G6UCUMocmu om HOMepa 2eHepa4uu. Ila aaHHblM 
MaJJOYZJ/06020 pacceRHUR HeumpOH06. 

N(R.) = 4;rC(D+2)"''(R. n--:)" 
Jl D D ~1J~ 

c = 0.010±0.001 

0=3.12±0.20 

10 15 20 25 30 35 40 

R [(31(2+/)/2} g 

Puc. 3. 3a6UCUMocmb Rg om cmeneHu 
no11UMepU3a4uu N O!IR aHU30Memput.tHoil MOOeJJu u ee 
annpoKCUMG'LfUR cjJyHK'LfUeu (3) 

3aBHCHMOCTb Rg OT cTenemr noJUIMepH3auHH N ,11,m1 aHH30MeTpwrnoi1 Mo,11,eJIH H ee 

annpoKcttMaum1 cpyHKuHeti (3) npe)J.crnsnetta Ha PHc. 3. ITapaMeTpbl annp0Kc11Mau1111 

C = 0.010±0.001, D = 3.12 ± 0.20. 

Bb11mcneHo 3HaqeHHe noKa3aTemi: cTeneHH B Bbrpa)l(eHHH (1): a=0.12(±0.2). To 

eCTb B npe,11,enax oum6KH MQ)KHO cqHTaTb a ~ 0' qTo 03Ha1IaeT IlOCT051HCTBO q11cna 

MOHOMepos s e,11,11H11ue o6oeMa ,11,eH,11,pHMepa p (r) = Cr0 = const. I1pe,n,cTaBJJeHHa51 

oueHKa 3Ha1IeHH51 noKa3aTeJI51 CTeneHHOH 3aBHCHMOCTH cornacyeTC51 c pe3yJibTaTaMH, 

nonyqeHHblMH B ,11,aHHOH pa6oTe c 11CilOJib30BaHHeM MeTO,LJ,a sapHauHH KOHTpacTa ,Ll,Jl51 

MaJioyrnosoro pacce51HH51 Hei1TpOHOB Ha paCTBOpax KpeMHHi1opraHHqeCKHX 

,11,eH,n,pHMepos. CornacHo 3TttM pe3yJibTaTaM, KpeMHHi1opraH11qecKHe ,n,eH,11,p11Mepb1 

HMeJOT paBHOMepHoe pacnpe,11,eJieHHe pacceHBaJOw.ei1 nJIOTHOCTH B o6oeMe 

MaKpOMOJleKyJibl. 

ITpe,n,crnsJieHHbie 3as11c11MOCTH rroKa3bIBalOT, 1ITO rrpHHuHn MacrnTa6Hoti 

HHBapHaHTHOCTH 1IeTKO BbinOJlH5IeTC51. I10Ka3aTeJlb CKeHJIHHra d = D = 3 .12 ± 0.20' 

CB513aH c KpHTHqecKHM noKa3aTeJieM, orrpe,n,en51IOW.HM cnoco6 pacnpe,11,eneHH5! MaccbI 

MaKpOMOJleKyJibl B npocTpaHCTBe: v = 1/ d = 0.32~1/3 3TO COOTBeTCTByeT 

noKa3aTeJIJO CTaTHCTHqecKOH rno6yJibl, ,Ll,Jl51 KOTopoi1, xapaKTepHa BeCbMa IlJlOTHa51 

KOHcpOpMaumI c OTCYTCTBHeM o6rnHpHblX «nycTOT». 0,11,HaKO TaKa.51 KOHcpOpMauH51 He 
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xapaKTepHa )].JUI cnyqa51 JIOKamf3aU.HH TepMHHaJibHblX rpynn B IlOBepXHOCTHOM cnoe. 

Ilo3TOMY JIOKaJitt3aU.H51 TepMHHaJibHbIX rpynn Tpe6yeT OT,ll,eJibHOro 113yqemrn. 

qemeepmaR waea ITOCBHI.ll;eHa MCCJie,ll,OBaHHfO MOJieKyJrnpHOH opraHH3aU.HH 

KpeMHHiiopraHHqecKHX ,n:eH,n:pHMepoB BbICOKHX reHepau.11i1. B pa6oTe de Gennes H 

Hervet [de Gennes, P.G. and H. Hervet, J. Physique Lett., 1983. 44(9): p. 351-360] 

npe,n:cKa3bIBaeTC51 B03MO:>KHOCTb o6pa:30BaHHH 3aKpblTbIX IlOJIOCTeH 11 npeKpar.u:eHHe 

,n:anbHeiirnero perynJipHoro pocTa BB11,n:y npocTpaHCTBeHHoro rrepenonHeHHJI B 

pacTylll;eM noBepxHOCTHOM cnoe MaKpOMOJieKyJI CBepxpa3BeTBJieHHbIX I10Jll1MepoB. ,Zl;JIH 

,n:eH,n:pttMepoB TaKOH 3cpcpeKT 3KCnepMMeHTaJibHO MQ)KeT Ha6JifO,ll,aTbCH Ha BbICOKMX 

reHepau;115IX. I103TOMY 113yqeH11e BbICOKMX reHepau.11i1 ,n:eH,n:p11MepoB npe,n:CTaBJIHeT 

HHTepec c TOqKH 3peHl151 BbrnBJieHMH oco6eHHOCTei1 opraHM3aU,HM MX BHyTpeHHeH 

CTPYKTYPbI. 

B KaqecTBe o6'beKTa ,ll,JIJI 11ccne,n:0Bamrn CTPYKTypr,1 BbICOKMX reHepaU.MH 

,n:eH,n:p11MepoB BbI6paHbl IlOJIH6yT11JIKap6oc11JiaHOBbie ,n:eH,ll,pMMepbI ,n:eBHTOH reHepau.1111 c 

qeTbipexcpyHKLl,110HaJibHbIM 51,ll.pOM. cTpyKTypa 

nomr6yTHJIKap6ocHJiaHoBoro ,n:eH,n:p11Mepa 9-oii reHepau;H11: 

3TOT ,n:eH,n:pMMep JIBJIJieTCJI CTa6MJibHbIM HecpyHKU.MOHaJibHbIM np0113BO)l.HblM 

xnopcMJibHoro Kap6ocMnaHoBoro ,n:ett,n:p11Mepa. BB11,n:y OTCYTCTBHH peaKu.110HHOH 

crroco6HOCTM KOHU,eBbIX rpyrrn, TaKMe ,n:eH,ll,pMMepbI ycTOiiqMBbl K B03)l.eHCTBHfO 

0Kpy:>Kaf0r.u:ei1 cpe,n:bl 11 06ecrreq1rnafOT ,n:onrospeMeHHYfO CTa611JibHOCTb XMMHqecKOH 

CTpYKTYPbl B ycnomrnx 3KCnepHMeHTa. 

,Zl;nJI nonyqemrn ,n:eTaneii CTPYKTyphI 11ccne,n:yeMoro Tttna ,n:eH,n:pttMepos 

HCITOJib30BaH MeTO,Il, Manoyrnosoro pacceHHMH HeHTpOHOB, a TaK)Ke MeTO,Il, 

ManoyrnoBoro pacceJIHHH HeHTpOHOB c npHMeHeH11eM BapliaU.HM KOHTpacTa. 

Hccne,n:yeMbie o6pa3LI;bI rrpe.n.crnBJIHJIM co6oi1 ,n:11cnepcttyf0 cttcTeMy, B KOTopoii 

,n:HcnepcHOHHOH cpe.n.oii JIBJIJIJiacr, cMecr, C6D6/C6H6, co cne,n:yfOI.ll;MMM BeCOBbIMH 

npOI..(eHTHblMM COOTHOllieHlrnMl1 (%/%): 100/0, 75/25, 50150, 25175, 0/100. 

Kottu.eHTpau.11H ,n:ett.n.p11Mepa B pacTBopax cocrnBmrna 20 Mr/cM3. PacTBophI 
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.n.eH,IlpHMepoB 6bIJIH IIOMern.eHbl B KBapueBbie KI:OBeTbI (Hellma) TOJIIIl,HHOH 1 MM. 

H3Mepemui: rrposo.n.ttrrttc1 B TepMocrnT11pyeMoM 6oKce rrp11 TeMnepaType 20°C. 

3Kcnep11MeHTarr1Ho rrorryqeHH11e KpHBbie Marroyrrrosoro pacce~rnm1 Hei1TpOHOB Ha 

pacTBopax rrorrtt6yTttJIKap6oc11rraH0BhIX .n.ett.n.pttMepos npe.n.cTasrreH11 Ha P11c. 4. 
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Puc. 4. 3KcnepUMeHmaJibHble Kpuebze Manoy211oeo20 
pacceRHUR HeumpoHOB Ha pacmeopax 
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-2 0 2 
2 

P,, CM 

4 6 

Puc. 5. 3aeuczLMocmb 3Ha'lemm u11meHCU6Hocmu 
pacceamm 6 Hyneeotl yzon 1(0) om nnomHocmu 

C1Mnnumyob1 pacceRHUfl pacmeopumenfl p,,, no 

oaH11b1M Manoy2J1oeo20 pacceRHUfl 11a pacmeopax 
nonu6ymwzKapCOCUJIQH06blX iJeHOpUMepo6 
Oe6JlmOU ceHepal{UU. 

BJII151HH51 pacTBop11Tem1 npose.n.eHa annpo KCHMaumr 

3KCnepttMeHTaJibHbIX ,IJ.aHHblX Marroyrrrosoro pacce~IHmI HettTpOHOB MO.U.eJibHblMH 

KpHBbIMH pacce~rnm1 Ha O,Il.HOpO,Il.HblX rrro6ymrpHbIX 4aCTl11(aX npOCTOH qiopMbl - wapa 11 

B ~ 2 
3rrrr11rrco11.n.a spameHmr. KaqecTBe Kpl1TepIDI 3Ha4l1MOCTH Mo.n.errett 11cnorrh30sarrc51 x -
Kp11Tep11i1. Tiony4eHo, LITO cTenem .n.eHTep11posaH115l pacTBop11TeJ15l He OKa3bIBaeT 

cymecTBeHHOro BJil151HH51 Ha napaMeTpbl annpoKCHMHPYI-OI.IJ,HX MO,IJ.eJieH. no Kp.HTepHI:O 

x2, Ha1160JibIIIee cornac11e MO,IJ.eJibHbIX KpHBblX 11 .n.aHHblX 3KCnepHMeHTa ,Il.OCTHraeTC51 

,IJ.JI51 MO,IJ.en11 3JIJ111rrco11.n.a sparn.emrn. 

0,IJ.HaKo, np11MeHeH11e np116rrm1<eHH5l O,Il.HOpo.n.HblX rrro6yJI51pHblX qaCTl11( 

onpas.n.aHo TOJlbKO .ll.Jl51 crryqa51 OTCYTCTBl151 Heo.n.Hopo.n.HOCTeH BO BHyTpeHHeH 

cTpyKType 11ccne.n.yeMbIX nom16yrnnKap6oc11naHOBbIX .n.eH,IJ.p11MepoB .n.eB51TOH 

reHepautt11. 

,[(JUI HHTeprrpeTaL(HH pe3yJibTaTOB B KaqecTBe HCXO,IJ,HOH npe,IJ.JIO)l(eHa 
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npocTpaHCTBeHHa5I MO)J.em, )1.eH,n:pttMepa, npe,n:CTaBJUIIOI11.aH co6ott. CTPYKTypy, 

COCTOHill.YIO I13 IIIapOBbIX ceKTopoB, c 06I11.ett BepIIII1HOH. Komi:IIeCTBO ceKTOpOB 

BbI6ttpaeTC51 HCXO,l1,51 H3 QlYHKUHOHaJibHOCTH 51,l1,pa ,n:eH,n:pHMepa. Ilpe,l1,CTaBJieHO 

MaTeMaTHIIeCKOe onHCaHHe MO)J,eJIH H BbIITOJIHeHa annpOKCHMaUHH 3KCnepHMeHTaJibHbIX 

,l1,aHHbIX MO,l1,eJibHbIMH KpHBbIMH. IloJiyIIeHbl ycpe,n:HeHHbie xapaKTepHCTHKH MO,l1,eJIH H 

noKa3aHO, 'ITO MO,l1,eJib KaIIeCTBeHHO OilHCbIBaeT 3KCnepHMeHTaJibHbie ,n:aHHbie, I1 

KOCBeHHO nO,l1,TBep)K,l1,aeT p51,l1, npe;::i:noJIO)KeHHH 0 CTpyKType: BHyTpeHH5151 c¢epa 

;::i:eH,l1,pHMepa 51BJI51eTC51 npOHHUaeMOH )1,JI51 paCTBOpHTeJI51 ( o6oeMHa51 ,l1,0JI51 noJIOCTeti 

COCTaBJI51eT 18% OT ra6apHTHOfO o6oeMa MaKpOMOJieKyJihI); B o6oeMe MaKpOMOJieKyJibl 

,l1,eH,l1,pHMepa HMeIOTC51 nOJIOCTH; nJIOTHOCTh aMnJIHTYJJ:bl pacce51HH51 noJIOCTeti HMeeT 

3HaIIeHHe, OTJIHIIaIOI11.eec51 OT 3HaIIeHHH nJIOTHOCTH aMnJIHTYJJ:bl pacce51HH51 

KpeMHHHOpraHHIIeCKOfO CKeJieTa H pacrnopHTeJI51. Ha6mo;::i:aeMoe OTJIHIIHe MO,l1,eJibHOH 

KpHBOH OT 3KCnepHMeHTaJibHbIX ,n:aHHblX Mhl o6o51CH51eM 6onee CJIO)l(HblM, 'leM B ,n:aHHOH 

MO)J,eJIH, npOCTPaHCTBeHHbIM pacnpe)J,eJieHHeM MOHOMepoB KaK B o6oeMe, TaK H B 

noBepxHOCTHOM CJIOe MaKpOMOJieKyJihl )1,eH,l1,pHMepa. 

Ebrn BhIITOJIHeH aHaJIH3 3aBHCHMOCTH reoMeTpHIIeCKHX H BeCOBbIX HHBapttaHTOB OT 

KOHTpacTa b.p = p- Ps · 

IlpoaHaJIH3HpOBaHa 3aBHCHMOCTb 3Ha4eHH51 HHTeHCHBHOCTH pacce51HH51 B HyJieBOH 

yron 1(0) OT nJIOTHOCTH aMnJIHTYJJ:hI pacce51HH51 pacTBopttTeJI51 Ps. AnnpoKCHMaUH51 

3TOH 3aBHCHMOCTH QlYHKUHeti napa60Jibl (Pttc. 5) IlOKa3bIBaeT, 'ITO BepIIIHHa napa60Jihl B 

npe;::i:enax ,l1,0BepHTeJihHOfO HHTepBaJia HaXO,l1,HTC51 Ha OCH a6cu11cc, 'ITO 51BJI51eTC51 

CBH,l1,eTeJibCTBOM MOHO,l1,HCnepcHOCTH HCCJie,n:yeMbIX MaKpOMOJieKyJI ,l1,eH,l1,pHMepoB KaK 

no pa3MepaM, TaK H no pacnpe)J,eJieHHI-0 IlJIOTHOCTH aMITJIHTYJJ:bl pacce51HH51 B o6oeMe 

MaKpOMOJieKyJibl. 

0TcyTcTBHe B npe)J,enax 3Kcnep11MeHTaJihHOH ourn6KH 3aBHCHMOCTH 3HaIIeHHtt R/ 
OT 1/ b.p (PHC. 6) I103BOJI51eT C,LJ,eJiaTb 3aKJIIOIIeHHe 0 paBHOMepHOCTH pacnpe;::i:eneHH51 

pacceHBaI-OI11.ett nJIOTHOCTH B o6beMe HCCJie,n:yeMbIX )J,eH,ll,pHMepoB. 

HaMH 6brno BbmonHeHo MO)J,enHpoBami:e c npHMeHem1eM MeTo)J,a MoHTe-Kapno 

,l1,JI51 nepBOHaIIaJibHoro onpe,l1,eJieHH51 CTPYKTYPbI c HH3KHM pa3peIIIeHHeM no ,n:aHHbIM 

ManoyrnoBoro pacce51HH51. BoccTaHOBneHHbie CTPYKTYPbI ,ll,JIH pa3JIH4HbIX 3Ha4eHHH 

KOHTpacTOB npe,n:CTaBJieHbI Ha P11c. 7. B paMKax nonyIIeHHbIX Mo,n:enett. paccl!HTaHbI 
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pacce1rnmoIIJ,HH o6beM H o6'heM IlOBepXHOCTH, c 3KBHBaJICHTHhIMH ra6apHTHhIMH 

pa3MepaMH (060JIOqK11). flonyqeHhI napaMeTphl aHH30MCTpHH o6onoqKH - OTHOIIICHHC 

JJ.JIHH 6onhIIIOif 11 Manoif nonyoc11 3JIJI11nco11)J.a spaIIJ,eHHH. Cpe)J.Hee 3HaqeHHe o6oeMa 

06onoqK11 cocTaBHJio 4.29 (±0.05) x 105 A3. ConocTasneH11e 3Toro 3HaqeHH5l c 

HCKmoqeHHhIM o6oeMoM MOJJ.CJihHOH cTpyKTYPhI no3BOJI5!eT c)J,eJiaTh 3aKJIIOY:CHHe o 

HaJIHY:HH B npe)J,eJiax ra6apHTHOro o6beMa KpeMHHHOpraHHY:CCKHX )J,CH)J,pHMepoB 

)J.CB5ITOH reHepau.11.11 o6nacTeif, )J,OCTYilHhIX ,ll.Jl5! npOHHKHOBCHH5! paCTBOpHTCJI5!. 

06oeMHa5! )J,OJI5! TaKHX o6JiaCTCH COCTaBJI5!CT OKOJ10 20%. 3TOT pe3yJihTaT KOppen11pyeT 

c IlOJIYY:CHHhlMH B pa6oTe )J.aHHhlMH c npHMCHeHHeM MO)J.eJIH IIIapOBhlX ceKTOpOB c 

o6IIJ,eif BepIIIHHOH. 

1750 ~------------~ 

1500 

r-- ------------t----++1 
o.::" 1250 

1000 .....__......_ _ _._ _ _._ _ _.__....___~___. 

-0.8 -0.6 -0.4 -0.2 

J/LJ.p, x 10-10 ci 

Puc. 6. 3aeucwwocmb 3Ha'teHUR Keaopama 
paouyca uHepi1uu Rg2 om eeJlU'tUHbt, o6pamHou 

KOHmpacmy 1/ t,.p u e20 cpeome 3Ha'leHue, no 

OaHHblM MaJlOYZJ/06020 pacceRHUJl Ha pacm60pax 
nonu6ymUJ1KapcoczJJJaH06blX OeHOpUAtepo6 
Oe6RmOU ceHepal/UU. 

JOO! 0 75 i 25 50 ! 50 

25 !75 0 f 100 

Puc. 7. BoccmaH06J1eHHb1e .111ooeJ1bHbze cmpyKmypbz 6 
3aeucuMocmu om cmeneHu oez~mepupoeaHUR 
pacmeopumena. IlpeocmaeneHue 6 nonynpo3pa'tHOM 
euoe. Ilo oaHHblM MCIJloyzJtoeo20 pacceRHUJl Ha 
pacmeopax nom16ymw1KapcoctlJlaH06blX oeHOpUMepo6 
oeeRmou zeHepal/UU. 

TaKHM o6pa30M, HaMH rroKa3aHo, Y:TO 11ccne)J.0BaHHhie KpeMH11ifopraH11Y:eCKHe 

)J.CH)J.pHMepbI )J,eB5ITOH reHepaU,HH HMeIOT o6IIJ,He qepTbl c )J,eH)J,pHMepaM.11 HH3KHX 

reHepau,11if: rno6yn5IpHOCTb, MOHO)J,HCnepCHOCTh H aHH30MCTpH5I cpopMbl. KaK H 

)J.CH)J.pHMephl H.l13KHX reHepaL(HH, HCCJie)J,yeMbie )J.eH)J.pHMCpbl, HMCIOT H,ll.CHTHY:HOe 

pacnpe.n.eneH11e pacce11saIOIIJ,ei1 IlJIOTHOCTH. 0.JJ.HaKo, nonyY:eHHa5! JJ.OJIH o6oeMa 

)J.OCTYI1Ha5! npoHHKHOBCHHIO paCTBOpHTCJI5!, 5!BJI5!eTC5! MCHbWeif, Y:CM )J,Jl5! )J,CH)J,pHMepoB 

HH3KHX reHepau,HH. 3TOT pe3yJihTaT 5!BJI5ICTC5l IlO)J,TBep)K)J,CHHeM, Y:TO BhICOKHC 
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rettepau,1111 .n:ett)(p11MepoB B pacTBope HMeIOT 6onee rrnoTHYIO CTPYKTypy, qeM 

.n:eH,Ll,pHMepbl HH3KHX rettepau.11i1. 

B nRmoit znaee npe.n:cTaBJieHo 11ccne.n:oBaH11e n0Ka11113au.1111 TepMHHaJJbHbIX rpyrrn 

KpeMHHHOpraHHLieCKHX ,LJ,eH,Ll,pHMepoB. 

,[(mI 113yqeHHH JlOKaJI113aU,HH TepMMHaJibHbIX rpyrrrr MeTO,LJ,aMH pacceHHHH 

Heo6XO,LJ,HMO, lff06bI noBepXHOCTHbIH CJIOH MaKpOMOJleKyJl MMeJI 3HaqeHHe ITJIOTHOCTH 

aMrrJIMTY,LJ,bI pacce5IHHH oT1111qHoe OT TaKOBOH ,LJ,JI5I Bcei1 MaKpoMoJieKynbI. Hcc11e.n:0Bam1e 

Kap6ocMJiaHOBbIX ,lJ,eH,LJ,pHMepoB c MO,Ll,HQJHU,HpOBaHHbIM rrosepXHOCTHb!M CJIOeM 

Il03BOJI5IeT BbI,LJ,eJIHTb COCTaBJI5IIOLQYIO B MHTeHCHBHOCTH pacce5IHHH, OTBeqa10my10 

pacce5IHHIO Ha TepMHHaJibHbIX rpyrrnax. c 3TOH u;eJiblO HCTIOJlb30BaHbI Kap6oc1111aHOBbie 

,Ll,eH,LJ,pHMepbl c qJTopyrnepO,Ll,HbIMH 3aMeCTHTeJIHMH y aTOMOB KpeMHHH BO BHeIIIHeM 

cnoe MOJieKym1pHOH CTPYKTYPbl, xopowo pacTBopttMbie B opraH11qecK11x 

pacTBop11TeJI5IX. CTpyKTypHa5I cpopMyna 11cc11e.n:yeMoro ,L1.eH,L1.p11Mepa npe,LJ,CTaBJieHa Ha 

P11c. 8. 

HcnOJlb30BaHMe MeTO.n:a BapHaI.J,MH KOHTpacTa IT03BOJIHeT pa3,lJ,eJIHTb HHQ>opMaI.J,HIO 

0 qaCTHU,e KaK u,eJIOM 11 ee BHyTpeHHHX HeO,LJ,HOpO,L1,HOCT5IX, a TaK>Ke Il03BOJI5IeT HaXO,ll.MTb 

Ba)l(Hbie xapaKTep11CTMKH ee BHyTpeHHero CTpOeHH5I. 

Si ........_~i 

M" 

Puc. 8. Cmpy1cmypHwt rjJopMy;ia 
KpeMHuuopzaHuttecKozo oeHopUMepa zeHepai1uu 
7.5 c rjJmopyznepooHblMU 3Mtecmume!lRMU y 
amOMOB KpeMHU5l 80 6HeumeM CJ/Oe MOJ/eK)l!lflpHOU 
cmpyKmypbl. 

~~@(!)(!) 0 I 
,:;, 4444 !:; 2 
\? g 1717'7 \1 3 

0 4 
0 5 

";' 0.1 :. 
u 

.....;-

0.01 

0.01 0.1 

q,A' 

Puc. 9. 3KcnepUMeHmCIJlbHbze Kptt6b1e Mw10y2J1oeozo 
pacceflHUfl HeumpoHOB Ha pacmeopax 
KpeMHUUOpWHUtteCKUX oeHopUMepoe G7.5(F): 
Al{emoH-06!Ai1emoH (%/%) I - 10010, 2 - 75125, 3 -
50150, 4 - 25175, 5 - 01100. 
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06neKT HCCJie)J,OBaHIUI - KpeMHHHopraHHqecKHH JJ,eHJJ.pHMep reHepau,HH 7 .5 c 

qJTopyrnepOJJ.HblMH 3aMecnueJI51MH y aTOMOB KpeMHH.51 BO BHeurneM CJIOe 

MOJieKyJI51pHoi1 cTpyKTYPhl - 6hrn JJ.HcneprnposaH c KOHU,eHTpau,Heil 20 Mr/cM3 B cMecH 

aIJ,eTOH-)J.6/au,eTOH c BeCOBbIMH rrpou,eHTHbIMH COOTHOIIIeHHHMH (%/%): 100/0, 75/25, 

50/50, 25/75, Oil 00. 

KpHBbie crra.na HHTeHCHBHOCTH pacce51HHOro H3JiyqeHH51 OT MOJJ.YJI.51 BeKTopa 

pacceHHHH q JJ.JI51 JJ.Hcrrepc11H: )J.eH)J.p1-rnepos G7.5(F) rrpe.ncrnBJieHbI Ha PHc. 9. 

AHaJIH3 pe3ynoTaToB no np11MeHemuo MeTo)J.a BapHau,m1 KOHTpacrn JJ.JIH 

MaJioyrnoBoro pacce51Hl151 HeHTpOHOB noKa3aJI OTCYTCTBHe ITOJIH)J,HCnepCHOCTH B 

HCCJie)J.yeMbIX KpeMHHifopraHHqecKl1X )J,eHJJ,pHMepax, H HX H)J,eHniqHOCTb ITO 

pacrrpe)J.enemuo rrnoTHOCTH aMTIJIHTYJJ.bI pacceHHH.51. AHaJIH3 3aBHCHMOCTH 3HaqeHHH R/ 
OT BeJIHqHHbI, o6paTHOH KOHTpacTy lj 11p He II03BOJI51eT O)J,H03HaqHo yKa3aTb Ha 

oco6eHHOCTH pacrrpe.neneHH.51 pacceHBa10w;ei1 nnoTHOCTH B o6neMe Hccne.nyeMoro 

)J,eH,ll,pHMepa. 0)].HaKO TOT <jlaKT, LITO B III11pOKOM )J,Hana30He KOHTpacTOB )J,J151 

HCCJie)J,yeMbIX )J,eHJJ,p11MepoB 3Ta 3aBHCHMOCTb He HOCHT 51pKO Bhipa:>KeHHblH 

KBa,ll,paTHqHbIH xapaKTep IIOKa3bIBaeT, LITO qnopyrneBO,ll,OpOJJ.Hbie TepMHHaJibHbie 

rpyrrnbI 51BJI5ll-OTC51 JIOKami30BaHHblMH He TOJlhKO Ha nepH<jlepHHHOH qacTH 

MaKpOMOJieKyJibI. 

,lJ;n51 nonyqeHl151 6onee )J,eTamHoi1 1rn<jlopMau:im npHMeHeHo KOHTpacT11posaH11e K 

CHCTeMe nyTeM IIO)l.6opa paCTBOpHTeJI.51, !1Me10w;ero 3HaqeHHe IIJIOTHOCTl1 aMIIJIHTYJJ.hl 

pacce51HH51 paBHOe IIJIOTHOCTH aMITJIHTYJJ.bi pacce51Hl151 KpeMHHH-yrneBOJJ.OPOJJ.HOro 

cKeneTa. B 3TOM cnyqae pe3yJibTaTbI Manoyrnosoro pacce51HMH MO:>KHO 

HHTepnpeTHpOBaTb KaK pacce51HHe, B KOTOpOM onpe)J,eJI51IOIIl;l1H BI<Jla)J, BHOCHT pacce51HHe 

cjJTopyrnepOJJ.HbIX TepM1rnanbHhIX rpyrrn. IToJJ.XO)l. peanl13oBaH c np11MeHem1eM MeTo)J.a 

MaJioyrnosoro pacce51Hmr peHTreHOBCKMX nyqeif. 

KpeMH11ifopraH11qecKMe JJ.eHJJ.PMMepbI reHepau,11H 7.5 c cpTOpyrnepoJJ.HbIMM 

3aMeCTMTen51MM y aTOMOB KpeMHHH so BHewHeM cnoe MoneI<ynHpHoif CTPYKTYPbI 6wrn 

)J,HCIIeprnpoBaHbl B TeTparn)J.po<jlypaHe c BeCOBbIMH KOHIJ,eHTpaLI,H51MH 200, 100, 50, 20 

Mr/cM3. ,lJ;Hcrrepc11H 6hIJIH rroMern;eHbI B KanHJlll5Ipb1 H3 6opoc11n11KaTHoro CTeKna c 

BHyTpeHHHM )J,HaMeTpOM 1.5 MM 11 TOJlIIl;HHOH CTeHKH 0.01 MM. l13MepeHH51 rrpose)J,eHbI 

rrpH KOMHaTHOH TeMrrepaType. KpHBaH Manoyrnosoro pacceHHH.51, rronyqeHHa.51 B 
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pe3yJir:.TaTe 3KCTparromnurH KpHBhIX pacce5IHH5I K 6ecKOHeqHoMy pa36aBJieHHIO, 

rrpe,Ll,CTaBJieHa Ha P11c. 11 . 

,[(JI5I nonyqeHHOH KpHBOH pacce5IHH5I BbIITOJIHeH pacqeT QJYHKUHH pacrrpe,LI.eJieHH5I 

no paCCT05IHH5IM p (r) = r2y (r)' Henocpe,LI.CTBeHHO CB5I3aHHOH c reoMeTpHeH qaCTHUhI. 

3,n:ecr:. r(r) KOppeJI5IUHOHHa5I QJYHKUH5I qaCTHUbl (ycpe,LI.HeHHOe 3HaqeHHe 

rrpOH3Be,LI.eHH5I .LI.BYX QJJIYKTyau;HH ITJIOTHOCTH B TOqKax, OTCT05IW.HX Ha paCCT05IHHe r), 

KOTOpa5I MO)l{eT 6r:.ITh pacct.IHTaHa H3 MaJIOYrJIOBOH KpHBOH. 

750 

:< g 0 

~" 500 

-2 -1 0 

1/(p p,), 10"1° CM2 

Puc. I 0. 3a8ucUMocmb 3Hattemm K8aopama 
paouyca uHepZfuu Rg2 om 8eJ1uttw1b1, o6pamHou 

KOHmpacmy 1/ !J.p u annpoKCUMGZfUR rPYHKZfUeu 

napa60J1bl, no oaHHblM MaJ1oyZJ108020 pacceRHZIR 
HeiimpoHo8 Ha pacm8opax 1'ap6ocUJ1aH08blX 
oeHOpUMepo8 2eHepaZfUU 7.5 c rpmopywepooHblMU 
3aMecmume!IRMU y amoMo8 gpeMHUfl 80 8HeumeM 
CJIOe MO!leKy!IRpHOU cmpyKmypbl. 

0.1 

~ 
:Ii 
f-< 
0 0.01 :..) 

;::::; 

IE-3 

0.01 0.1 

0 1 
--2 

Puc. I I. I - Kpu8aR MaJ1oy2J108020 pacceRHUfl, 
no!lytteHHafl JIUHeUHOU 3KCmpanOJIRZfUetl KpU8blX K 
6eCKOHettHOMY pas6a8J!eHUIO, 8 06J1acmu Ma!lblX 
8eKmopo8 pacceRHUfl, omBettalOU/UX pa3HblM 
IWHZfeHmpaZfWlM cycneH3Utl OeHOpUMepo8; 2 -
80ccmaH08!1eHHM rpyH1'Z/Ufl UHmeHCU8HOcmu 
pacceRHUR J(q) no HatLOeHHOU if;yHKt/UU p(r). 

OTBeqa10w.a5I TaKOH QJYHKIJJ1H p(r) MO)J,eJlbHa5I HHTeHCHBHOCTb pacce5IHH5I Imeop(q), 

Hai1,n:eHHa5I 113 p(r) no cpopMyne o6parnoro <I>ypbe-rrpeo6pa3oBamrn, rrpe,n:cTaBJieHa 

crrnoIIIHOH JlHHHeH: Ha Pttc. 11. 

Ha ocHoBe rronyqeHHhIX ,LI.aHHbIX BbIITOJIHeHo MO,L1,en11poBaHHe c rrp11MeHem1eM 

MeTO,Ll,a MoHTe-Kapno ,LI.JI5I rrepBOHaqaJlbHoro orrpe,LI,enemrn CTPYKTYPbI c HH3KHM 

pa3peIIIeHHeM. <I>opMa MO,LI.enei1 BOCCTaHaBJlHBaJiaCb 6e3 KaKHX-m160 HaqaJibHbIX 

orpaHHqeHHH MX CHMMeTpHM Ha KOI-IeqHoe peweHHe (ToqeqHa5I rpyrrrra CHMMeTpHH p 1). 

BoccTaHOBJleHHa5I cTpyKTypa, rrpe,LI,CTaBJ15IIOW.a5I co6oi1 Ha6op MO,LI,eJibHhIX aTOMOB, 

rrpe,n:cTaBneHa Ha P11c. 12. 
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6) 

a) 

•) 

Puc. 12. a) - eoccmaH06JleHHCIJl Mooe11bHC1Jl 
cmpyKmypa, cocmoRU/ClJl U3 MOOellbHblX amoMoe; 
6) - eu3ya11U3a71W1 MOOeJZu c ucno!lb306aHUeM 
noeepxHocmu, noJ1yt.taeMou Ha ocHoeaHuu pact.tema 
MemoooM K0110JIJlu; e) - cet.teHue MooeJZu 
IVIOCKOCmblO. 

0.8 

0.6 

~ 
~ 0.4 
0 

c:i: 

0.2 

0.0 i.-..._....~ 
0 5 10 15 20 25 30 35 40 

r,A 

Puc. 13. PaouaJ1bHC1Jl pyHKZ/Wl pacnpeoeJleHWl 
11J10mHocmu p(r) e MooeJZu. 

K oco6eHHocrnM Mo,n:eJihHOH cTpyKTYPhI MO:>KHO OTHecn1 aHH30MeTpHIO cpopMhI, 

OTCYTCTBHe BhI,ll,eJieHHOH JIOKaJIH3aUHH MO,ll.e11bHhIX aTOMOB B o6oeMe H Ham1q11e 

He3ano11HeHHhIX 0611acTei1. AHH30MeTpm1 cpopMhI ~mm1eTC5I xapaKTepHOM ,ll,1151 

KpeMHHi1opraH11qeCKHX ,n:eH,ll,pHMepoB I1 cornacyeTC51 c pe3y11hTaTaMH, no11ytJeHHhIMH B 

Haurnx pa6ornx. AHaJIH3 cpe30B MO,D,eJIH noKa3hmaeT, lJTO He3ano11HeHHhie 0611acTH 

npHCYTCTBYfOT B ueHTpa11bHOH lJaCTH MO,LJ,em1, a TaK)Ke Ha y,LJ,a11eHHI1 OT ~eHTpa. 

,[(1151 BOCCTaHOB11eHHOH CHCTeMbl MO,ll.e11bHhIX aTOMOB HaMH 6bIJIO npOH3Be,ll,eHO 

Bb1q11c11eHHe pa,D,HaJihHOH cpyHKUHH pacnpe.n:eneHH51 D110THOCTH p(r) B MO,ll.e11H. 

f HCTOrpaMMa, ,D,eMOHCTpttpylOlll,a51 pa,n:Ha11bHOM cpyHK~HH 

pacrrpe,ll.e11eHH51 I1110THOCTH p(r) B MO,ll.eJIH rrpe,ll.CTaB11eHa Ha PHc. 13, H KaqecTBeHHO 

cornacyeTC51 c pe3yJihTaTaM11, rronyqeHHhIMH .ll.PYrHMH asTOpaMH B pa6ornx c 

HCI10Jlb30BaHMeM MO,ll,eJIHpOBaH1151 MeTO,ll.aM.H 6poyHOBCKOM ,ll,.HHaMHK11 11 MeTO,ll,OM 

MoHTe-Kapno. 

Pe3yJibTaThI rroKa3hIBaIOT, LJ:TO TepM11Ha11hHhie rpynrrhI KpeMHHi1opraH11LJ:eCKHX 

,D,eH,ll.pHMepoB JIOI<a11H30BaHbl B o6beMe MaI<pOMOJieKy11bl, a He T011bKO Ha ee 

nep11cpep11i1Hoi1. qacTH, KaK 3TO npe,n:cKa3hma11ocb B TeopernqecI<HX MO,ll,eJI51X de Gennes 

11 Hervet. 
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I1onyqeHHa5I MHQ:>OpMaU,M5I 0 JIOKaJIM3aU,MM TepMMHaJibHbIX rpyrrrr 

KpeMHMHopraHM1:IeCKMX .n.eHJl;pMMepoB IIO,Il.TBep)K,Il.aeT MO,Il.eJib paBHOMepHoro 

pacrrpe.n.eneHM5I MOHOMepHbIX 3BeHbeB B o6oeMe MaKpOMOJieKyJibI M rrpe,I1.CTaBJieH11e 0 

MaKpOMOJieKyne .n.eH,Il.pMMepa, KaK 0 KOMIIaKTHOH rno6yn5IpHOH qacTMIJ,e 

aHM30MeTpMLIHOM cpopMbI. 
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OCHOBHbIE PE3YJlbTATbl II BbIBO)J;bl 

1. ITpoBe)l,eH aHaJIH3 3aBHCHMOCTH napaMeTpoB CTPYKTYPbI 

KpeMHHHopraHnqecKHX ,Il.eH,Il.pHMepoB B paCTBOpe OT CTeneHH 

IIOJIHMep113aIJJ1H (HOMepa reHepaUHH). I1oKa3aHo, 4TO yseJIH4eH11e CTeneHH 

IIOJIHMepH3aUHH npHBO,Il.HT K H3MeHeHHIO napaMeTpa aHH30MeTplm cpopMbl 

,IJ.eH,Il.pHMepa . .lJ:eMOHCTpHpyeTC51 cyrn.ecTBOBaHHe HH:>KHero rrpe.n.ena CTeneHH 

HeccpepHqHOCTH MaKpOMOJ1eKyn KpeMHHHOpraHHqecKHX ,Il.eH,Il.pHMepOB. 

2. y CTaHOBJ1eHO Bbll10JIHeHHe npHHUHIIa MacrnTa6HOH HHBapMaHTHOCTH 

rrapaMeTPOB CTPYKTYPhI KpeMH11i1opraH11qecKHX ,Il.eH,Il.pHMepoB. ITonyqeHo 

3HaqeHHe IIOKa3aTeJ151 CKeHJIHHra, paCC4HTaH KpHTHqecKHH IIOKa3aTeJib, 

COOTBeTCTBYIOW:HH 110Ka3aTeJIIO CTaTHCTHqecKOH rno6yJibl. y CTaHOBJ1eHO 

IIOCT051HCTBO q11cna MOHOMepoB B e,Il.HHHUe o6oeMa KpeMHHHOpraHHqecKHX 

,IJ.eH,Il.pHMepoB. 

3. Hccne,D,oBaHa CTPYKTypa BhICOKHX reHepaUHH KpeMHHHOpraHHqecKHX 

,IJ.eH,L1.p11MepoB B pacTBope. Onpe,Il.eJieHhI ra6apHTHh1e pa3MephI 

MaKpoMoneKyJI, HX o6oeM. YcTaHOBJieHo, 4TO BblCOKHe reHepau1111 

KpeMHHHOpraHH4eCKHX ,Il.eH,Il.pHMepoB HMeIOT o6rn:He qepThl c 

KpeMHHHOpraH11qecKHMH )J,eH,Il.pHMepaMH HH3KHX reHepau11tt: 

rno6ym1pHOCTh, MOHO,ll,HCnepCTHOCTh, aHH30MeTpH51 cpopMbl. 

4. I1oKa3aHO, qTQ KpeMHHHOpraHH4eCKHe ,Il.eH,Il.pHMepbI BbICOKHX reHepaUHH 

HMeIOT 6onee IlJIOTHYIO CTPYKTypy, qeM ,Il.eH,Il.pHMepbI HH3KMX reHepaUHH. 

06Hapy)l<eHO, lJTO B npe,Il.enax ra6apHTHOro o6beMa MaKpOMOJieKyJI .n.eB51TOH 

reHepau;HH KpeMHHHOpraHH4eCKHX ,Il.eH,Il.pHMepoB HMeIOTC51 o6JiaCTH, 

,Il.OCTYI1Hble rrpoHHKHOBeHIUO pacrnopHTeJrn, ,Il.OJI51 KOTOpbIX MeHhllle, qeM 

,Il.Jl51 Hl13KHX reHepau;HH. 

5. Hccne,D,oBaHa JIOKan113aUH51 TepMHHaJibHhIX rpynn KpeMHHHopraH11qecKHX 

,Il.eH,Il.pttMepoB. IToKa3aHo, 4TO TepMHHaJihHhie rpynnbI 

KpeMHHHOpraHHqecKHX ,IJ.eH,Il.pttMepoB JIOKaJIH30BaHbI He TOJibKO Ha 

rrepmpep11i1HoH qacTH, HO 11 B o6oeMe MaKpOMOJieKyJihI. Pacc4MTaHO 

pa.n.11anbHOe pacrrpe.ueneHHe TepM11HaJihHbIX rpynrr. 
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