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Olill{NI XAPAKTEPHCTHKA PAEOTbI 

PacrnopeHHbIC H0HbI B3aHMOJICHCTByioT C M0JICK}'JiaMH B0,Ubl, BJIHRR Ha CTpYKTYPY 

B0Jibl H H3MCHRR Il0JIBHJKH0CTb 0Kpj')KaIOIUHX M0JieKyJI. 3TO B3aHM0.l{CHCTBl1;e Ha3bIBaeTCR 

rnaparnuneii. rnaparnu.nro M0JKHo pa3,neJIHTb Ha ,una Tnna - H0HHyio n rn,npoqio6Hyio. ,lvul 

H0HHOro Tttna rnapaTaUHH orrpeJICJIRIOIUHM RBJIReTCJI H0H-,l{HII0JlbH0C B3aHMO,l{CHCTBHC 

MCJK,l{y H0H0M H M0JICKyJiaMH B0JibI. B3aHMO]leHC'rBHC MC)K.l{Y M0JICKYJiaMH paCTB0pHTeJIR H 

pacrnopeHHoro nemecrna, He corrpono)K.l{aromeecl! rrepeHocoM 3ap».ua H o6pa30BaHHCM 

XHMHlJeCKOH CBR3H, Ha3hIBaCTCR COJibBOqJ06HbIM (rn,npoqio6ubIM). Hccne,nonaHHC 3qJqJCKTOB 

rn,npaTaUHH RBJIJICTCR ueHipaJibHbIM B0IIpOC0M qJH3HKH B0,l{Hb!X paCTB0p0B, JieJKameii B 

ocuone orpoMH0ro qfICJia 6no~cirHlJCCKHX, XHMHlJeCKHX n TCXHOJI~rnqecKHX rrpo6JieM. 

Pa3JIHlJHbie acrreKTbl .nauuoro JIBJICHHJI TCpM0.l{HHaMHlJeCKHe, CTpYKTYPHbIC H 

MHKpo,nnuaMHlJCCKHe, JIBJillIOTCR 061,eKTOM H3YlJCHHll ~CCJie,nonaTCJICH. 

AKTVaJibHOCTb TCMbI HCCJICJI0BaHHll o6ycnonneHa cne.nyioIUHMH o6CTORTCJibCTBaMH: 

Bo-rrepBbIX, B HaCT0JIIUCe npeMR TC0pH» B0,l{HbIX pacrnopoB, Ha OCH0BC KOTOpoii 

MOJl<HO 6&rno 6bI rrpe,nCKa3aTb HX TCpMO,l{HHaMHlJeCKHC II KHHeTHlJCCKHC CBOHC'rBa, eme 

,l{aJICKa OT cnoero 3anepIIICHHll. B CBR3H C 3THM, orp0MH0C 3HalJCHHC rrpno6peTaroT 

pa3JIHlJHbIC 3KCIICpHMeHTaJibHbIC MeT0,l{bI, B TOM lJHCJIC H MeT0,l{ paCCCJIHHll HCHip0H0B. 

Bo-BTOpbIX, B HCCJIC,l{0BaHHH l!BJICHHR rn,npaTaUHH 0,l{HHM 113 uan6onee BIDKHbIX 

RBJIReTCR norrpoc 0 BJIHRHHH paCTB0peuuoro H0Ha ua II0,l{BH,KU0CTb OKpYJKaIOIIlHX ero 

MOJieKyJI. IlpH 3TOM r11,nparnunro HCJibJR II0HHMaTb KaK IIp0CT0e CBR3bIBau11e HOH0M B0,l{HbIX · 

M0JICKYJI, II0CK0JibKY JIJIR p».ua H0H0B Ha6nro,naetc» o6paTHOC RBJICHHe - HHTCHCHqJHKaIJHR 

,l{HqlqJYJHOHHOH Il0,l{BJI)KU0CTH B rn,npaTHOH o6oJIOlJKC H0Ha. B CBR3H C 3THM CaMOHJIOBbIM 

6bIJIO ,nano orrpe,neneHHe rn,npal'auHH, KaK B03,neucrime HoHa ua ,nHqJqJYJHOHHyio 

II0.l{BHJKH0CTb M0JICKYJI, C0CTaBJIRIOIIlHX ero rn,nparuyio o6onoqey H BBC,l{CHbl IIOIDITHll 

11IIOJifflKHTCJibHOH11 H 110IpHUaTCJibHOH 11 rH,npaTaUHH, KaK, C00TBeTC'rBCHH0, 0CJia6JICHHe H 

ycHJICHHe ,l{HqlqJYJHOHHOH II0,l{BH)KU0CTH MOJICK}'JI B0,l{bI B OKpeCTH0CTH paCTB0pCHHoro 

H0Ha. C 3TOH TO'IICH 3peHHll Heyrrpyroe pacceJIHHC MC,l{JICHHbIX HCHipOHOB rrpe,nCTaBJIRCT 

co6ofi BCCbMa 3qJqJCKTHBHOe cpe,nC'rBO H3YlJCHHll MHKp0,l{HHaMHKH B0,l{HbIX paCrB0p0B. 

MeaneHHbIC HCHTpOHbI o6na,naroT 3Heprneii cpaBHHMOH C 3Heprneu M0JICKYJIJIPHbIX 
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.IIBIDKeHHH B BemecrBe H )IJIHHHOH BOJIHbI nopll.llKa Me)KaTOMHbIX paCCTOJIHHH. XapaKTepHbie 

BpeMeHa, KOTOpbie OTCJie)KJIBaIOT Me)IJieHHLie HeHTPOHbI B npouecce pacceJIHHJI, COCTaBJIJIIOT 

10-14 10-11 6 BeJIJiqJIHhl nopH)IKa - - ceK H n03TOMY O Jia.11aroT npeHMymeCTBOM no cpaBHeHHIO C 

.11pyrHMH MeTO)laMH B HCCJie)IOBaHHH BpamaTeJibHO-KOJie6aTeJibHbIX II .11mjJ<jiy:rnoHHhlX 

.IIBll)KeHl!H MOJieKyJI HCCJie.11yeMoro Bemecrna. Bee 3TH o6CTOJITeJibCTBa B coqeTaHllll C 

6oJILIIIHM ceqeuHeM pacceJ1HHJ1 Ha Bo.11opo.11e, .11eJiaroT Me)IJieHuLre HeiiryouLr BeCLMa 

3<p<peKTHBHbIM HHCTP)'MeHTOM Hcc.ire.110BaHHJI CTPYKTYPhl H )IHHaMHKH BO.IIOpo.11HhlX CBJl3eH B 

BO.IIHLIX pacrBopax. 

lleJib pa60TbI COCTOJIJia B TOM qT06L1, HCnOJib3Yll MeT0.11 pacceJIHIIJI .Me)IJieHHbIX 

HeHTPOHOB, npoBeCTII cpaBHHTeJibHbIH aHaJIH3_ 3<p<peKTOB IIOHHOH II' rH.11po¢06HOH 

rH.11paTaUHH Ha MOJieKyJillpHOM ypOBHe, Bbi6paB B KaqecrBe 061.eKTOB IICCJie)IOBaHl!JI HOHL!, 

)IJIJI KOTOpbIX 3TII JIBJieHHJI Bb!pa)KeHbl HaH6oJiee llpKHM o6pa3oM: u+ II Cs+ (nOJIQ)KHTeJibHaJI 

'~- ' 

H OTPHUaTeJibHaJI llOHHaJI rH.11paTaUIIJ1), HOHhl T~aaJIKHJia.MMOHHeBoro Pll.11~ (TMA + H 

TBA+) (rH.11po¢06HaJ1 m.11paTaUHJ1), 06b1qHo HCnOJIL3yeMLie B Kaqecrne MO)leJibHbIX qaCTHU 

npH HCCJie)IOBaHHH m.11po¢06Hb!X 3<p<peKTOB. 

,lvrll 3TOro TPe6oBaJIOCb: 

1. HcnoJIL3Yll .IIBOHHOH BpeMl!npoJieTHLIH cneKTPOM~ )],HH-2III1, noJiyqHTL 

a6COJIIOTHbie )IBa)l()lbl-)lll<p<pepeHuHaJibHb!e ceqeHHJI ()],)],C) pacceJIHHJI Me)IJieHHb!X 

HeHTPOHOB pacrBopaMI1 LiCI, CsCI, H TMACI, a TaK)Ke Ha pacrBope TBACI. 

IlocJie)IHee H3Meperme npoBO)IIIJIOCb KaK Ha JierKOBO)IHOM pacrnope, TaK H Ha IM 

pacrBope TBACI B TJl)KeJioii BO.lie. ELIJIH TaK)Ke 11poBe.11eHLI H3MepeHHll Ha qIICToii 

Tll)KeJioii H Jiernoii Bo.11e. 

2. IlpoaHaJIH3HpOBaTb KBa3HYHPyryIO COCTaBJIJIIOIIIyro )],)],C pacceJIHHJI H noJiyqHTb .11aHHbie 

0 .llll<p<py:moHHbIX xapaKTepHCTHKax MOJieKyJI BO.lib!, BXO.IIJIIIIHX B m.11paTHyro o6oJioqKy 

HOHa (rH.11paTHLie MOJieKyJILI), a Ta!()l(e oueHHTb HX qJICJIO (rH.11paTaUHOHHLie qJicJia 

HOHOB)_ 

3. Ha OCHOBe noJiyqeHHbIX )laHHhlX no .IIH<p<pY3HOHHOH nO)IBHlKHOCTH rI1.11paTHbIX MOJieKyJI, 

C)leJiaTb Bb!BO)lbl O HaJIIlqJIJI HJIH OTCYTCTBHII )ll!HaMJiqecKOH CBJl3H Me)l()ly IIOHOM II 
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OKpYJKaIOIIIl!Mll MOJieKyJiaMH BO.lib! II npoBeCTH cpaBHHTeJibHhlH aHaJIH3 BJIIIHHIIH 

pa3mlqHbIX l!OHOB na .IIH<p<pY3llOHHbie xapaKTepHCTHKH pacrnopHTeJIJI. 

4. IlpoaHaJill3HpoBaTb HeYHpyryro COCTaBJIJIIOIIIyro )],)],C pacceJIHHH H nOJiyqHTh 

IIH<pOpMaumo O BpamaTeJibHO-KOJie6aTeJILHhlX )IBHlKeHHJIX MOJieKyJI rH.11paTHOH c<jiephl, 

co.11ep)KamyrocJ1 B o6o6menHOM cneKTPe qacroT (QCq) H cpaBHIITL ero c 

COOTBeTCTByroIIIeH xapaKTepHCTHKOH qJICTOH BO.lib!. Ha OCHOBe TaKOro cpaBHeHHJI, 

C)leJiaTb Bb!BO.llhl 06 H3MeHeHHH MelKMOJieKyJillpHoro CHJIOBOro IlOJIJI H CTPYKTYPHhlX 

H3MeHeHHJIX B BO.lie TIO.II B03)1eHCTBHeM paCTBOpeHHbIX HOHOB. 

5. CpaBHHBaJI QCq MOJieKyJI m.11paTHOH c<pepbl HOHOB, o6Jia)laIOIIIHX pa3JIJiqHhlMH THnaMH 

rH.11paTaUHH, noJiyqHTb npe)ICTaBJieHl!e 06 OTJIHqnTeJibHbIX npH3HaKax Toro HJIH HHOro 

THna rH.11paTaUHH. 

HayqHall HOBH3Ha II 3Haqem1e pa60Thl: 

1. BnepBLie npll aHaJIH3e )laHHbIX no HeYHpyrOMY ·pacceJIHHIO Me)IJieHHhlX HeHTPOHOB 

H3yqeHO noBe)leHHe MOJieKyJI BO.lib!, BXO.IIJIIIIIIX He'nocpe)ICTBeHHO B m.11paTHhle o6onoqKn 

HOHOB Li+, Cs+, TMA + H TBA+ H npoBe.11eH cpaBHHTenLHhlH aHann3 HOHHOH H 

m.11po¢06HOH rn.11paTaUHH Ha MHKpO.IIHHaMJiqeCKOM ypOBHe. 

2. IlonyqeHbI OCHOBHbie )IH<p<pY3HOHHbie xapaKTepHCTHKH .IIJIJI MOJieKyn, BXO.IIJIIIIHX B 

rH.11paTHbie c<jiepbl Bcex nepeql!cneHHhlX l!OHOB, a Ta!()l(e 061,eMHOH BO.llhl; 

3. BnepBbie nonyqeHLI )laHHbie O BpeMeHII oce)IJIOH )Kl!3HH MOJieKyn BO)lhl B rH.11paTHhlX 

o6onoqKax HOHOB Lt n cs+. 

4. BnepBLie nony<IeHbI ocq MoneKyn BO.llhl, rH.11parnpyroIIIHX HOHhl Li+, Cs+, n TBA+ H 

npoBe)leHO HX cpaBHeHHe c qncTOH BO)IOH. B cnyqae Li+ u cs+ o6napYJKeHbI CHJibHhle 

HCKaJKeHIIH ceTKH BO.IIOPO.IIHhlX CBH3eH B6JIH3H .11aHHhlX HOHOB, qTo, no Blf.llHMOMY, 

J1BJIJ1eTCJ1 oTnJiqJITenLHoii qeprnii HOHHOH rH.11paTauHH. B cnyqae Hona TBA+ HHKaKHX 

H3MeHeHHH B Hll3KoqaCTOTHOH o6naCTH ocq o6HapYJKeHO He 6hlJIO, qTo MO)Kl!O 

TPaKTOBaTh, KaK npH3HaK coxpaHeHHH CeTKH BO.IIOPO.IIHbIX CBH3eH, ll cne.110BaTCJibHO, 

CTPYKTYPLI BO.LILI B6nH3H I'H.llpocpo6Hoii qacTHULI 

AHaJIH3 QCq rH)lpaTHblX MOJieKYJI BO.llhl l!OHa Cs+ Il0Ka3aJI 4TO, Me)KMOJieKyJIJlpHoe 

CHJIOBOe none B6JIH3H .11aHHOro HOHa 0Ka3bIBaeTCJI ocna6neHHhlM. 
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B cnyqae H0Ha TBA+ peJyJihTaTI,I attam13a ocq M0JieKyn rn,11parnoii ccjiepb1 

110,ZITBCp)K)laIOT ,11aHHhIC, II0Jij"ICHHhie C II0M0IIIhIO HCHTpOHHOH ,ZIH<ppaKUHH 06 

orcyrcrnHH n 3TOH o6naCTH JaMeTHhIX CTPYKTYPHhIX H3MCHCHHH 110 cpanHCHHIO C ,'-IHCTOH 

BO)IOH. 

IlpaKTH'-ICCKaH UCHH0CTh 11p0BC,ZICHH0ro HCCJie,110naHHH 011pe,11eJIHCTCH 11po6neMaMH 4m3HKH 

H qm3H'-ICCKOH XHMHH pacrnopon, a TaKlKe, TOH orpOMHOH p0JihIO, K0T0pa» nrpaer cjJH311Ka 

pacrnopon B XHMHH, 6HOJIOrHH H CMClKHhIX C HHMH o6nacrnx 3HaHHH KaK 

qiyi1,11aMCHTaJihHOro, TaK H 11pHKJia,ZIH0ro xapaKTepa. lhyqaeMhlC B ,11aHHOH pa6ore HnJICHHH 

HOHHOH rH,Zlparaunn HrpaIOT orp0MHyio P0Jih n 11poueccax o6paJonaHHH 0Ca,110'-IHhIX nopo.11, 

rH.IIP0TCpMaJihH0M CIIHTC3e, 11poueccax 3KcrpaKUHH. fH.11pocjJ06HhlC 3cjJcjJeKTbl HrpaIOT KJII0'-lenyio 

p0Jih n MOJICKYJIHP.HOH opraHH3aUHH H cra6HJihHOCTH uenoro pH,lla 6110JIOrH'-ICCKIIX ofo,eKTOB, 

nKJIIO'-laH KJICT0'-!Hh!C MeM6paHhl, mo6yMpI!hlC llp0TCHHhl, 11onepXH0CTH0 aKTHnHh!C nemeCTBa, 

MHUCJIJihl H 3MYJihCHH. 

A11po6au11» pa6oThl. OcHOnHhIC pe3yJihTaThl .11ncceprau110HHOH pa60Thl 

)I0KJia)lhlBaJIHCh 11 o6CYJK,llaJIHCh Ha XII Me)K)lyttapo,11HOM CCMHHape no MClKM0JICKYJIHpH0MY 

B3aHMO,IICHCTBHIO H KOH<pOpMaUHH M0JICKYJI (XapbKOn, 1994), ua III Ko11qiepeuuli11 110 

lKH.IIK0My cocro»HHIO (HopnH'-1, Aunm», 1996), Ha I Enpo11eiicKoii Ko11cjiepem~1111 110 

pacce»HHIO Heiirponon (llnrepnaKeH, lllneiiuapn», 1996), Ha ceMnnape Jla6oparop1111 

neiirponHoii <pH3HKH HM. lI.M:tl>panKa (OIUIII, ,[(y6na, 1997 11 1999), na <l>1111cKo

pocc11iicKoM M0JI0.IIClKH0M ceMnnape 110 11po6JieMaM ».11epuoii 3HeprerHKH (JianneeHpanr_a, 

<l>HHJIHH,IIHH, 1997), Ha 25 Me)K)lyttapo.1111oii KOH<pepeHUHH no XIIMHH pacrnopon (Bm1m, 

<l>pa11u11», 1997), ua vn MelK,11yirnpo.1111oii KOH<pepeHUHII "Ilpo6JICMhl C0JihBaTaUHH H 

KOMIIJICKCOo6pa3ona1111H n paCTBOpax'"', Ha II EsponeHCKOH KOHcjiepem-'"" no paccel!IIHI0 

Hefrrpo11os (6y11anewT, BeHrpmr, 1999), Ha XVI CosemaHHH no ttcnonb30BaHmo pacceJIHHbIX 

HeHTpOHOB s HCCnellOBaHHJIX KOH;\eHCHpOBaHHblX cpe;i (O6HHHCK, 1999). 

Ily6Jim<aulin. OcnonHoe co.11epJKa1111e pa6oThI 011y6JIHKonauo n 11 pa6ornx. 

C:rpVKTVTla H ofo,eM J!HCCeprau11n ,[(nccepTaUHH C0CT0HT 113 nne)ICIIHH, '-ICTbipex man H 

3aKJIIO'-ICHHH, co.11eplKHT 140 crpaHHU, 48 pHC)'HKOB, 6 ra6JIHU 11 cnHC0K JIHTepaTypbl H3 138 

11a11MeHonau11ii. 
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CO)lEP)KAHllE P AEOThI 

Bo __ n~ne.[!CHIIH o6ocnonana aKTyaJihH0CTh TCMhl HCCJie,110namrn, C!pOpMyJIHponaHa 

II0CTaH0nKa Ja;ia•m, np11ne,11eHhl 0CH0nHhlC II0JI0lKCHIIH, nbIH0CHMbie Ha JaIIIHTY, ;iaH0 

KparKoe co.11epJKaHne ,1111cceprau1m 110 manaM. 

B 11epnoii mane .11aercH o63op pa6or, 11ocnHIIICHHhlX reopeTll'-ICCK0MY 11 

3KCnepHMCHTaJihH0MY HCCJie,11onau1110 n0,ZIHhI,x pacrnopon. BHa'-!ane ,11aH KpaTKIIH o63op 

TeopeTll'-ICCKIIX H M0)ICJihHhIX 11pe.11cranJICHIIH, 3aTeM paccr.mrpeHhl ,11aHUhIC, II0Jij"ICHHhlC 

pa3JIH'-1HhlMH 3KC11ep11MCHTaJihHhIMH MCT0,ZlaMH. Oco6oe nHHMaHHC y,11eJICH0 ueyrrpyroMy 

pacceHHHIO HCHTpouon. OTMC'-ICHO, '-!TO HCX0llll 113 IIMCIOIIIHXCH 3KCIICpHMCHTaJihHhIX 

11am1o1x 110 nccne11onaHHIO no11HhIX pacrnopon 3JICKTp0JIHTOn II rn11poqio6HblX M0JICKYJI, 

M0lKII0 0lKH)laTh, '-!TO HCn0Jih30nauue MCT0.lla ueyrrpyroro pacceHHIIJI HeiiTp0HOn II03n0JIHT 

3aMeTHhIM o6pa30M ynyqwHTh 3Hamrn 0 nJIHHHHII 3qJ<pCKTOn rn11parau1m na 1lll<p<pY3llOHHyio 

110,llnHlKH0CTh M0JICKYJI no)lbl H yr0'-IHHTh HMCIOJ.lUICCH )laHHhIC 0 CTPYKTYPC nmpaTHhIX 

o6onO'-ICK H0H0n, a TaKlKC noCII0JIHHTh npo6eJI n HH<pOpMaum1, Kaca10111eiicll nJIHllHHH 

rn11paTuponaHH0ro HOiia Ha Bpa111aTCJihHO-KOJie6aTCJihllYJO )IHHaMHKY M0JICKYJI n0llhl. 

Bo nTopoif rJiane paccMaTp1rnaeTCH 3KCnep11MCIITaJihHaH '-!aCTh pa60Thl: 

xapaKTCpHCTIIKII CIICKTp0Merpa ,[(l1H-2Ill1 11 ycn0Bllll npone11eHHJI 3KCI1ep11MeHTa. 

ll3JI0lKCHa MeT0,ZIHKa nepnH'-111011 o6pa60TKII 3KCnepHMCHTaJihHhlX )laHHhIX. 

3KC11Cp11MCHT 6hIJI nbIIIOJIHClf C IICII0Jih30naHHCM 'npeMHIIP0JICTU0ro cneKrpoMerpa 

,[(llH-2Ill1 [1,2], pa6oram111ero Ha o,11H0M H3 ueiiTpOHHhIX 11yqKon peaKTopa HEP-2. 

Jia6opaTopnu HeifTpmrnoii <pll3HKH Ol151II (r. ,[(y6Ha) [3]. 

Bu6pa1rna» na'-laJihHaH 3Hepnrn HCHTpOH0B E = 3-4 M3B II03n0JIJIJia II0Jij"IIITh 

pa3perne1111e np116opa )IJIH yrrpyro paccellHllhIX neiirpouon 6E=0.14-0.15 M3B, 20 yrnon, II0ll 

K0T0pbIMII perncrp11ponan11cb paccellHHhIC ueihp0Hhl, oxnaTblBaJIII HIITCpnan I !
0
$ 0 $ 134°, 

'-!TO C00TBercrnonano o6nacTH )IHHaMH'-ICCKIIX 11epeMeHHhlX IIOKa3aIIHOII Ha pncy11Ke xx, a 

.11n» yrrpyroro pacce»HHH - .11na11a3ouy nepe.11a•1 sonuonoro neKTopa ueiiTpona 0.33A.
I
< Q < 

2.2KI. O6paJeu 11ccne,11yeMoro pacrnopa npe.11cranm1er co6oii 1iaMOTailllhlii na alKypHhIH 

aJIIOMllHIICnhlll KapKac TCqJJIOHOnhIH KaIIHJIJillp, n KOTOpblH 6bIJI 3aKa•ia11 11ccne11yeMblll 

pacrsop (pnc. 1 ). HapYJKHhIH ,1111aMerp Kan11JIJIJ1pa d = o:6 MM, n11yrpe11u11ii d = 0. 9 'MM 

nhIC0Ta 06pa3ua H = 140MM, K0Jill'-ICCTn0 nnTK0n - 65, 06111nii ,IIHaMerp 06pa3ua - 110MM. 
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lfaMepeHIIll 6b1Jm Bbll10JIHeHbl rrpII KOMHaTHOH TeMrrepaType Ha 2M BO.llllbIX 

paCTnopax CsCI, LiCI H TMACI; a TaKJKe Ha IM pacrnope TBACL IlocJie.uHee II3MepeHIIe 

rrpono.uHJIOCb KaK Ha Jiernono.UHOM pacrnope, TaK II Ha lM pacrnope TBACI n rnJKeJiou ,none. 

11crroJib30Baime Tl!JKeJIOH BO.Ubl 6bIJIO He06X0.1lIIMO .llJlll Toro, 'IT06bl IICllOJib3Yll pa3HIIUY 

cetJeHIIH paccel!HIIi Ha· "JierKoM" no.uopo.ue II .ueuTepIIII orrpe.ueJIHTb BKJia.u IIOHa TBA+ n 

crreKTP paccel!HHbIX HeHTPOHOB. IlocKOJibKY llOCJie.UyKJIUIIH aHaJIII3 pe3yJibTaTOB H0CIIJI B 

3Ha'IIITeJibHOH CTerreHII cpaBHIITeJibHblH xapaKTep, 3KCrrepIIMeHT .llJlll KaJK.uoro paCTBOpa 

BKJIIO'laJI B ce6l! II II3MepeHIIll HII 'IIICTOH BO.Ile, 'IT06bl IIMeTb .uaHHble, ll0JiyqeHHble B O.UHHX 

II TeX JKe 3KCrrepIIMeHTaJibHbIX ycJIOBIIl!X. 

2 

3------

2 

1-PHc. I. O6pa3eU Wlll 3KC!lepHMeHTOB no pacceJIHHIO HeHTpOHOB B0.UHMMH paCTBopaMH. 

aJUOMHHHeBMH KapKac; 2 - Ka,1lMHeBhie Kpb!WKH; 3 - Te<jJJJOHOBbltt Ka!lHJJJJllp, 3a!l0JJHeHHbltt 

paCTB0p0M. 

B pe3yJJbTaTe rrepBII'IHOH o6pa60TKII .uaHHblX 3KcrrepIIMeHTa llOJiyqeHbl a6COJIIOTHbie 

MC paccellHIIll HeHTPOHOB pacrnopaMII CsCl, LiCl, TMACI (2M) n JierKOH none, TBACl 

(IM) n JierKofi II rnJKeJiou none, a TaKJKe rnJKeJiou II Jiernou no.uou. 

TpeTbll rnana rrocBllIUeHa aHaJIH3Y KBa3IIyrrpyrofi cocrnBJillIOIUett MC paccellHHll II 

IICCJie,1lOBaHIIIO BJIIIl!HIIll IIOH0B Ha .umpcpY3IIOHHyKJ llO.llBIIJKH0CTb MOJieKyJI BO.Ubl. l(eJia!OTCll 
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oueHKII 'IIICJia rII.upaTHblX MOJieKyJI, a TaKJKe HaCKOJibKO CIIJibHO .1lII!p!pY3HOHHal! 

llO.llBIIJKHOCTb 3TIIX M0JieKyJI rro.unepJKeHa BJIIIl!HIIIO paCTB0peHHOfO IIOHa. 

l(Jlll Bbl,1leJieHIIll KBa3IIyrrpyrou COCTaBJill!OIUeH II_3 ll_OJIH0fO 3aKOHa paccel!HII.ll II ee 

IIOCJie.UyKJIUero aHaJIH3a He06X0,1lIIMO 6bIJIO BbIIIOJIHIITb CJie.UyKJIUIIe orrepauuII: 

Bo-rrepnbIX, rroJiyqeHHbie rrpII _rroCTOllHHOM yrJie II no npeMllrrpoJieTHOH IIIKaJie MC 

paccel!HIIll CJie,1lOBaJIO rrepeneCTII B JaKOHbl pacce.l!HII.ll B paBHOMepHOH 3HeprerutJeCKOH 

IIIKaJie II rrepeuTII K rrpe.uCTanJieHIIIO Q=const: 

Ilepexo.u K IIOCTOJIHHOH rrepe.uaqe BOJIH0B0fO neKTopa Q ocyiuecTBJll!JIC.ll rryTeM 

IIHTeprrOJillUIIII .uaHHbIX, IIOJiyqeHHblX IlpII Il0CTOllHHOM yrne paccel!Hllll. AHaJill3 

IlOJiyqeHHblX JaKOH0B KBaJIIyrrpyroro paccel!Hllll (3KYP) COCTOllJI n IIX OilIICaHIIll 

cyrreprr03IIIJIIeH JiopenuenCKIIX KpIIBbIX, cnepHYTuIX C !pyHKIJIIeH pa3peIIIeHHll. 
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Puc. 2. 3aKOH KBa3Hynpyroro paccellHHll MeAJieHHbIX HettTp0HOB 2M BO.llllb!M pacTBOpOM LiCI, Q = 

2A-1. TO'IKH. - 3KC!lepttMeHT; I - o6IUaJI anrrp0KCHMaUII0HHall Kp1rnall; 2- nopeu11IIaH, 

COOTBeTCTBYIOIUHH pacceJIHHIO Ha M0JJeKYJJax 061,eMHOH BO.Ubl; 3 - nopeHIJHaH, COOTBeTCTBY!Oll\HH 

pacceJIHHIO Ha rn.upaTHhIX M0JJeKyJiax; 4 - BKJJa.u Heynpyroro pacceJIHHll. 

B pe3yJibTaTe aHaJIII3a 3KYP 'IIICTOH BO.Ubl npll KOMHaTHOH TeMneparype yCTaHOBJieHO, 

'ITO 3cpcpeKTbl npaiuaTeJibHOH ,1lII!p<pY3IIH B YCJIOBIIJIX HaIIIero 3KcnepuMeHTa He BJIIIll!OT Ha 

7 



<popMy' II umpIIHY KBltmynpyroro IlIIKa, II 3KYP BO,!lbI MOJKeT 6hJTI, y,noBnernopnrenhHO 

OilIICaH O,!IHOnopeH{leBCKOH KpHBOH. Ilo MO,!lenH CMeiIIaHHOH ,!1II<p<pY3HII [4] 6binH 

H3BneqeHhI xapaKTepHCTIIKH ,!1H<p<pY3HOHHOro nponecca B BO,ne: nonHh!H KOJ<pcjmnIIeHT 

,nII<p<pY3HII D = (2.2 ± O.l)xl0-
5 

cM
2
/c, KOJ<p<pIInHeHT uenpep1,rnHoii .!III<p<pY3HH Do= (0.8 ± 

0.05)xlff
5 

CM
2
/c, Bpei,HI OCe,!IJIOH lKH3HII Moneiynu 'to = 3.1 ± 0.5 x10-12 CM2/c , KOTOph!e 

HaXO,!lJITCJl B cornaCHH c HMelO!IllIMHCJl ,!laHHh!MH [5]. 

1,0 

0,8 

t:Q 0,6 er, :s 
~-- 0,4 

0,2 

0,0 
0,0 1,0 2,0 3,0 4,0 5,0 

0 

Q2, A-2 

Puc. 3. 2M no,nHhlH pacrnop LiCI. IlonywHpHHa r =. 2dE ecTecrne11HoH n11111111 3aKoHa 

KB33Hynpyroro pacceJIHHll K3K qJ)'HK{lHll KBa,npaTa nepet1a'IH BOJJHOBOro BeKTopa. 

I - 3KcnepHMeHTanbHall no.iJyw11p1111a 3KYP ,!lllll 'IHCTOH BO/:lbl (on11caH11e no Mot1en11 [4]). 
• - 3Kcrrep11Me11TanbHall nonyw11pnHa nopem-1na11a, cooTBeTCTBy1oll\ero paccel!HHIO Ha MOJJeKynax 

061,ewmfi BOJ:lbl. 

■ H 2 - 3KcrrepHMeHTanhHall nonywnp1111a "rnt1paTHoro" nopem-1na11a nee onncaHne MOt1eJ1b10 [4]. 

B pe3yn1,rare auanH3a 3KYP pacrnopoB LiCI, II . CsCI rronyqeu1,1 ,naHHhie o BpeMem1 

OCe,!II!OH lKH3HH MOJieKJJI.BO,!lhl B rn,npaTHhI~ 060.iioqKax IIOHOB Li+ H Cs+. CpaB11e1me HX C 
' • • • > > • : 

COOTBeTCTBYJO!IlIIMII xapaKTepIICTIIKaMH CB060}lHOH B0,!lhl, 'o.riH03Haquo CBH,!leTeJlhCTBYJOT b 

CY!IleCTBeHHOH 3aTOpMOlKeHHOCTH ,!lII!p<pY3HOHHOH IIO,!lBIIlKHOCTII MOJleKyn B0,/lhl B 

OKpeCTHOCTII HOHa u+. I-I, uao6opoT, HOH Cs+ 3aMeTHhlM o6pa30M IIHTeHCII!pHilIIPYeT 

IIO,!IBHlKHOCT!, OKp)')l<a!O!IlIIX ero MOJleKyn BO,!lhl. 
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Pnc.4. 2M BO/:IHblH pacrnop CsCI. Ilonywnp111m r = 2dE ecTecrneHHOH m1mm 3aKoHa 

KB33Hynpyroro pacceJJHHll K3K cpyHKI.IHll KBa,npaTa nepe/:13'111 BOJIHOBOfO BeKTopa. 

a) O/:IHOJ1opeH1.1encKoe onncaHne: · 
I -3KCnepHMeHTanbH3ll nonywnp1111a 3KYP J(Jlll 'IHCTOH BOJ(bl (onncamte no MOJ(eJIH [4]); 
• n 2-::iKcnepnMeHTanbHall nonywnpn11a 3KYP pacrnopa II ee_on11caH11e MOJleJJblO [4]. 
6) .11nyxnope111.1encKoe onnca11ne: · 
I -3Kcnep~Mel!TanbH3ll nonywnp1111a 3KYP ,!lllll 'IIICTOH BO/:lbl (onncamte ITO MOJ(CJIII [4]). 
• - 3KCnepHMCHTanbH3ll nonyw11p1111a nopeHl.1113113, COOTBeTCTBYIOll\CfO pacceJJHIIIO 113 MOJJeKynax 

061,eMHOH B0/:lbl. 
■ - ::iKcnepHMeHTanbHall nonywnpnHa "r11t1paT11oro" nope111.1naHa; 

2 - ee onHC3HHe MOJ(CJlblO [ 4]. 

Ilonyqe111,1 KOJ<p<pHilHelIThl nerrpepbIBHOH ,!lH!pQlY3HH, COOTBeTCTBYIO!Illle 

,!IH!p!pY3HOIIHOMY ,!IBHJKeHHIO MOJleKyn1,1 BMeCTe co CBOl!M OKpYJKeHneM, KOTop1,1e 6y.!lyqll 

COIIOCTaBneHhl C KOJ<pcjmnHe11TaMII ,!IH!p<pY3HH C3MIIX IIOHOB, CBll,!leTen1,crny10T O TOM, 'ITO B 

cnyqae CllflhllO rH,npantp0B3HHOro llOHa (m!Tllll) oguip "'D11011, T.e. MOJleKyn1,1 rn,npaTHOII 
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c¢ephl .UH<l><l>YH.ZlHP)'lOT BMeCTe co CB0HM H0H0M. B 0TJIH'IHe OT :noro .ZlJIJI H0Ha Cs+, 

pa3phlXJIJII01Uero crpyi<Typy OKpyiKa10mefi ero BO.Uhl, DH011 > D~11.,1p, H cne.uoBaTeJihH0, HOH 

cs+ .UH<l><l>YH.UHpyer 0T,ZleJihH0 OT rn.upaTHPYJOIIIHX ero M0JieKyJI. 

O11eHKH ,ZlHHaMH'leCK0ro rH.upaTaIIH0HHhlX 'IHCeJI TaK)Ke 110,ZlTBep)K,ZlaIOT CHJlhH)'lO 

.ZlHHaMH'leCK)'lO CBJ13b H0Ha Li+ C 0KpyiKaIOlUHMH ero M0JieKyJiaMn (nJlHll -4) n 0TCyrcrnne 

TaKOH CBJl3H B CJIY'Jae H0Ha cs+ (nJlHH -1). 

I·fa cpaBHeHHJI OTHOCHTeJihHOH ,Zl0JIH pacceJIHHJI, CBJI3aHH0ro C rn.upaTHOH H 061,eMHOH 

BO,ZlOH, 011eHeHhl 'IHCJia M0JieKyJI, .un<l><!>Y3HOHHru! 110,ZlBH)KH0CTh K0TOphlX 110,ZlBep)KeHa 

BJIHJIHHIO rn.upanipoBaHH0ro H0Ha: B CJIY'Jae Cs+ - 8, a ,ZlJIJI Li - 4, 'ITO B o6oHX CJIY'Jru!X 

cooTBeTCTByeT HaH6onee '!aCT0 BCrpeqaIOlUHMCJI 011eHKaM K00p,ZlHHaIIH0HHhlX 'lHCeJI .uaHHhlX 

H0H0B. 

Ta6JIHIIa 1. fH.upara11noHHhle xapaKTepHCTHKH H0H0B Li+ H cs+. 

Dhyd,D, h.J,d 
D 0 ,Do, To, I nd I nOUH 

10·5 CM2/c 10·5 cM/c 10·12 c 

Lt 0.95±0.05 0.79±0.05 25 ± IO I 4.2 I 3.7 
-
cs+ 7.3 ±0.3 1.2 ± 0.2 1.0±0.1 I 8 I - 1 

(2.3 ± 0.2) (1.5±0.1) (1.5±0.1) 

H2O 2.2 ± 0.1 0.8±0.05 3.1±0.5 

Qn<!>phl B CK06Kax C00TBeCTB)'lOT 0,ZlHOJIOpeHIIeBCKOH arrrrp0KCHMaJ.IHH 3KYP ,ZlJIJI 

pacrnopa CsCI. 

D :.J,d, Do, - KOJ<!><!>HIIHeHThl 11errpephIBHOH .uu<l><l>Y3HH rn.upaTHhIX M0JieKYJI H 'IHCTOH BO.Uhl • 

nd - 'IHCJI0 M0JieKyJI, .UH<!><l>Y3HOHHru! 110,ZlBH)KH0CTh K0T0phlX 110,ZlBep)KeHa BJIHJIHHIO HOiia. 

.D:n<l><!>Y3HOHHhle xapaKTepHCTHKH MoneKyrr BO.Uhl B pacrnope TMACI B rrpe.uerrax 

T0'IH0CTH 11awero 3KCIIepuMeHTa He 0TJIH'laeTCJI OT .uaHHhIX, II0JIY'JeHHhlX HaMH 11a 'IHCTOH 

B0,Zle, H 3T0 CBH,ZleTeJihCTByeT 06 0TCYTCTBHH 3aMeTHhIX 3¢¢eKTOB rn.upaTaIIHH B .uaHH0M 

paCTB0pe. ,[J:u¢¢Y3HOHHru! 110.ZlBH)KH0CTh M0JieKyrr BO.Uhl B pacrnope TBACI 0Ka3hJBaeTCJI 

CYllleCTBeHH0 3aTOpMO)KeHHOH, 'ITO roB0pHT O HaJIH'lHH orrpe.ueneHHhIX ru.upaTaIIH0HHhIX 
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3¢¢eKTOB, 0 rrpHpo.ue K0T0phlX M0)KH0 6y.uer CY.UHTh 11a 0CH0Be pe3yJihTaT0B aHaJIH3a 

Heyrrpyrofi K0M11011e11Tu pacceJIHHJI. KOJ¢<!>u11ue11T .umP<l>Y3HH rn.upaTHhIX M0JieKYJI 

yMeHhillHJICJI - B 2 pa3a, a BpeMJI HX oce.urrott )KH3HH yseJIH'IHJI0Ch - 2 pa3a. 
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P11c.S. 2M so.z:1Hi.1ii pacrnop TMACI. IloJrnaJI ump11Ha f(Q2)=2LlE KBa311)'IIpyroro pacceJIHHJI 
Me,!V]eHHblX HeiiTp0HOB KaK <!>YHKIIHll KBa,Llpara nepe,Lla'IH B0JJH0Boro BeKTopa. 
I -::iKcnepttMeHTaJJhHall nonyrnttpirna 3KYP ,!Vlll 'IHCTOii BO.LIM (onttca11ue no M0.ZleJIH [4]); 
■-nonyrnttpHHa nopeHIIHaHa, C00TBeTCBYI01Uero pacceJIHHIO Ha rH,LlpaTHhlX M0JleKynax. 

• tt 2 - II0JJYlllHpHHa JJ0peHIIHaHa, C0OTBeTCBYIOlllCrD pacceJIHHIO. Ha H0HC TMA + u ee 0IIHCaHHC 
M0,LleJlbIO HenpepbIBHOH ,Llttcpcpy::i1m (3.14). 

Bh1.ueneHhl 3KYP uoHOB TMA + H TBA+ (rrocrre.unHil: H3 3KcrrepuMe11ra Ha T.ll)KeJioil: 

BO.Ile), K0T0phle B o6oux CJIY'JallX Y.!l0BJieTB0pHTCJihH0 0IIHChJBaIOTC.ll 0,ZlH0JI0pe1111eBCKHMll 

KpHBhlMH, a HX II0JIYJIIHpHHhl - M0,ZleJihIO 11errpephIBHOll .uuqiqiY3Hll. TaKHM o6pa30M, 

TerpaarrKHJiaMM0HHeBhlC H0Hhl .ZlHqJqlYH.ZlHP)'lOT KaK 6oJihillllC 6poyuoBCKHC 'laCTllllhI. 

lfaBJICKaCMhIC rrpn 3TOM K03qlqlllllHCHThl .ZlllqlqJY3HH HaX0.!l.llTC.ll B corrracnn C llMCIOlUHMHCJI 

JIHTepaTypHhIMll .uaHHhIMH. BJIH.llHU.ll BpamaTCJlhHhIX 3¢qieKTOB Ha .ZlllqlqJY3llOHHhlC 

,ZlBH)KeHH.ll 3THX H0H0B o6HapyiKCHO He 6hIJIO. 
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PHc.6. IM BO,LIHbIH pacTBop TBACI. ITonHall wHp1rna r(Q2)=2.6.E KBa3Hynpyroro paccel!HHll 

Me,LlneHHblX HCHTpOHOB KaK cpyHKUHll KBa,npaTa nepe,na'II! BOnHOBOro BCKTOpa. 

J - 3KCnepHMCHTanbHall nonyw11pHHa 3KYP ,Llnll 'IHCTOH BO,Llbl (onHCaHHC no MO,LICnH [4]); • H 2 -

nonyw11p11Ha nopeHUHaHa, COOTBeTCTBYIOll.lero paccel!HHIO Ha rn,npaTHblX MOneKynax I! ee onHCaHHC 

MO,LlenblO CMeillaHHOH ,LIHcpcpY31!H [ 4]. 

Ta6nnua 2. ,[l;mpcpy:moHHbie rrapaMeTpbI pacrnopoB TMACI ll TBACI. 

PaCTBOp n D H20, D H~O 
0 ' 

Dion 
'to 

10-5cm2/s 10-5cm2/s 10-5cm2/s 10-I2s 

TMACI+ 

H20 28 1.85±0.35 0.6±0.2 0.74±0.03 1.8±0.8 

2M 

TBACI+ 

H20 59 1.4±0.4 0.48±0.15 0.32±0.02 5.8±2.2 

lM 

B 'l;CTBepTOH rnaBe rrpoaHanll3llpOBaHa Heynpyrall COCTaBJill!OIUall MC paccel!Hllll ll 

BJ!Hl!HHe 3cpcpeKTOB rn,npocpo6HOH rn,npaTaUl!H Ha BpamaTeJibHO-KOJie6aTeJibHbie .[IBllJKeHllll 

MOJieKyn BO.lib! B rn.npaTHblX o6onoqKaX llOHOB. ITonyqeHa llH<pOpMau1rn O CHJIOBOM 

12 

B3aHMO.[leHCTBHH 11011a C MOneKynaMH BO.lib! I! c.nenaHbl Bb!BO.[lbl O BJIHHHHII pacrnopeHHb!X 

IIOHOB Ha CTPYKTYPY ceTKH BO.llOPO.llHb!X CBl!3eif. 

MeTO.[I, KOTOpblH Mb! l!CIIOJ!b30Banl! .llJlll 113BJieqennll OC4, OCHOBaH Ha cpaBHeHl!II 

3KCrrepnMeHTanbHb!X MC C pacqeTOM, BbIITOnHeHHb!M C HCIIOJib30BaHHeM orrpe.neneHHOH 

.[ll!HaMH'leCKOH MO.[leJII! paccenBaTeJil! II Y'JIITb!BalOIUIIM 3cpcpeKTbl peanbHOro 3KcrrepHMeHTa 

(reoMeTplllo 06pa3ua, ocna6neu11e B HeM He»TpoHuoro rroToKa, MHOroKpaTHoe paccel!HHe, a 

TaKlKe pa3perneI111e crreKTpoMeTpa). Tatrne pacqeTHhie MC rrp1111l!TO Ha3bIBaTb 

"a.neKB3TljblMH". MeTO,LI BKJIIO'IaeT B ce6l! 1ITepau110HHYIO rrpoue.nypy, KOTOpal! IIYTeM 

rrocne.noBaTeJibHbIX KOppeKTl!pOBOK IICXO,LIHOH. MO,LleJIII IJ,03BOJ!l!CT .z:1061ITbCl! lKenaeMOH 

cTerreu11 cornac,rn 3KcnepuMeHTaJibHhlX H "a,tCKBan1b1x" pacqeTHbJX MC [6]. 

' 
J13 3Kcrrcp11MCHTanbHhIX MC pacccllHl!ll arrepBbJe H3BncqcHhI OC4 MoncKyn BO.Uhl, 

BXO,Llll!UIIX B ru.npanih!C 06ono•1KH HOHOB Li+, Cs+ II TBA+ II rrpOBC,LICII HX cpaBHIITeJibHb!H 

aHanH3 C HCIIOJib30BaHHeM .ll3HHbIX, rronyqcHHbIX ,LIJlll IJHCTOH BO.Ubl. 

0TMC'ICHbl 3aMCTHbIC HCKalKeHHll B 'CTPYKType CeTKH BC BfiJIJBII ru,tpaTnpoBaHHbIX 

HOHOB Lr•, H Cs+. Ilp113HaKOM TaKOro HCKalKCHl!ll l!BJIHeTCll cymeCTBellHOC IIOHl!lKeHl!C Beca 

rrepBOH TpaHCJll!UIIOHHOH MO.[lbl no cpaBHeHIIIO C 'IIICTOH BO.[IOH. 

B cnyqae l!OHa cs+ o6HapYJKeH neKOTOpbiH C.[IBl!r nn6paunouuoii IIOJIOCh! a CTOpOHY 

6onee HH3KHX 'laCTOT, 'ITO CBJl,LleTeJibCTByeT 06 ocna6neHJlll MelKMOJieKynllpHoro CJIJIOBOro 

rronl!. B cnyqae 11oua u+ cyIUecTBcHHhIX 113Meuemiif B nn6pau11om1oii rronoce He 

ofinapYJKeHO. 

B xo,te aHann3a OC4 MoneKyn BO.Uhl B IM pacrnope TBACI Hl!KaKnx Il3Me11eu11ii a 

11113KO'l3CTOTHOH TP3HCJIHUIIOHHOH o6nacTH 0611apYJKCHO ne fihlJIO. 3TO II03BOJIIIJIO c.nenaTb 

Bh!BO.ll O TOM, 'ITO CCTKa BC BfiJIJI3H IIOHa TBA+ He rrpeTepneaaeT 3aMeTHh!X CTpyKTypHb!X 

H3MCHCHHH. 3TOT Bb!BO,LI 6nl!30K K pe3ynhTaTaM M,[I, MO.[len11poaamrn [7 ,8] II rro.nrneplK.[laeT 

pe3yJihT3Tbl ueifTpOHHO-,Llll(ppaKUHOHHhlX 3KCnep11MeHTOB no 11ccne.noaanmo CTPYKTYPhl 

BO.lib! B rn.npaTHh!X ccpepax 1101108 TeTpaanKIIJiaMMOIIHeBoro Pll.lla [9-12], HO IIaXO,LIIITCll B 

rrpoTHBope'IHH c TPaKTOBKoii m,tpocpo611oii m.nparnu,m, rrpc.nnonarmou1cii 6oJJhlllYIO 

ynopl!J:10'leu11ocTh CTPYKTYPhI BC Bfintt3H m.npo<lio6noii 'IaCTHllhI. 
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P11c. 7. 0ClJ MOJJeKyJJ B0;\hl: • - 'IIICTllll BO;\a; 0 - rll;\paTHall BO;\a: 
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P11c. 8. 0ClJ MOJJeKYJJ BOAhl: • - tJIICTall BOAa; 0 
TBACI 

- 0C1J: rllApaTHbIX MoJJeKyn s IM pacTBope 

Ha OCHOBamm H3JIOlKeHHI,IX 3,lleCh pe3yJJhTaTOB aHanH3a ocq MOJJeKyn BO,llhl, 

rn.11paTnpyiomnx HOHhl Lt H Cs+, Mhl MOJKeM c.11enaTh BhIBO,ll O TOM, 'ITO HeCMOTPll: Ha TO qTo 

B KalK,llOM H3 OIIHCaHHhlX cnyqaeB eCTh CBOH oco6eHHOCTH, o6ycnOBJJeHHhie Pa3JJHqHI,IM 

xapaKTepOM B3aHMO,lleHCTBHll: ,llaHHhIX HOHOB C OKpYJKaIOmeii HX rn.11paTHOH o6onoqKoii, eCTh 

o6max OTJJHqHTeJJhHall: qepTa, xapaKTepHall: .llJlll: o6onx 3THX HOHOB H, no BCeii BH,llHMOCTH, 

.l\Jlll: HOHHOro THIIa rn.11paTan:nn B n:enoM. 3TOH OTJIH'IHTeJihHOH qepTOH ll:BJill:eTCll: 

pa3pyrna10mee B03.lleiicrnne co CTopOHhl noHoB Ha CTPYKTYPY CeTKH BC, n crre,llCTBHeM 3Toro 

B03.lleiiCTBHll: HBJill:eTCH YMeHhIIIeHne Beca nepBoii TPaHcAAn:noHHoii MO.llhl ocq_ Crre.11ycr, 

0,llHaKo, no.11qepKttyTh, 'ITO npnpo.11a 3TOro 3cpcpeKTa pa3JIHqHa ,llJJll: 3THX .l\Byx HOHOB. Ecrrn 

HOH JIHTHll: HCKaJKaeT CeTKy BC 3a cqcr CBoero CHJihHOro opneHTHpyiomero BO3,lleHCTBHll: Ha 

MOJieKyrr1,1 BO.llhl, TO HOH n:e3Hll: "pa3phlXJlll:cr" CTPYKTYPY BC, .11erraeT ee 6orree 

pa3ynOpll:.l\OqeHHOH. TeM He MeHee, 3TH pa3JIHqHbie no CBOeii npnpo.11e ll:BJieHHJl: npHBO,llll:T K 

CXOJKHM 3cpcpeKTaM, Ha6rr10.11aeMhIM B HeHTPOHHOM 3KCrrepnMeHTe. 
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OTlIH'lHTeJihHOH )Ke qepTOii rn.npocpo6H~ll rn.npaTaUHll B Hanmx pe3yJihTaTaX, KaK pa3 

H SIBJUieTCJI 0TCYTCTBHe TeX HCKa:lKeHHH B Hll3KO'laCTOTHOH 'laCTH OCll, K0T0pbie 

Ha6JIIO.[la!OTCJI B cJiyqae H0H0B, .[IJUI K0T0pbIX xapaKTepHa ru.npaTaUllJI ll0HH0fO Tnna. 

lIMeHH0 3T0T pe3yJihTaT ll .[laeT HaM 0CH0BaHHe C.[leJiaTb 06 0TCYTCTBHH 3aMeTHblX 

CTpYKTYPHhIX ll3MeHeHHH B paCTBopax H0H0B TeTpaaJIKHJiaMM0I!HeBoro pll,1a. 

OCHOBHhlE PE3YJihTAThI PA6OThl 

1. C HCil0Jib30BaHHeM Heynpyroro pacceJIHHJI HeHTPOHOB npoBe.[leHhl CHCTeMaTH'leCKHe 

HCCJie.[loBaHHJI 3qJqJeKTOB HOHHOH ll rn.npocpo6HOH rn.npaTaUHH. 

2. ll3 aHaJIH3a KBaJHynpyroii cocTaBJIJIIOIUeii ·pacceJIHHJI HeiiTPOHOB pacrnopaMn coJieii Li Cl 

H CsCI noJiyqeHhI .naHHhie o BJIHJIHHH H0H0B Lt u Cs+ Ha ,1ucpcjJY3HOHHYIO no.[IBH:lKH0CTh 

M0JieKyJI HX rn.npaTHbIX ccpep: 

- o6uapY:lKeHa cymecTBeHHall 3aTOpM0:lKeHH0CTb .[lllqJqJY3llOHHOH Il0.[IBll:lKH0CTH M0JieKyJI 
" 

B0.[lbl B 0KpeCTH0CTll H0Ha Li+, ll ee ycuJieHHe B 0KpeCTH0CTll H0Ha Cs+; 

- BnepBbie Il0JiyqeHhl .[laHHhie 0 BpeMeHH oce.[IJIOH )Kll3Hll M0JieKyJI B0.[lbl B ru.npaTHbIX 

o6oJIO'lKax uouoB Lt (25 ± l0ps) u Cs+ (1.0 ± O.lps); 

- oueueHhl 'lllCJia M0JieKyJI, .[1llcpqJY3llOHHal! Il0.[IBll:lKH0CTb K0T0pblX Il0.[IBep:lKeHa 

BJIHMHHIO ru.npaTnpoBaHH0fO H0Ha: B cJiyqae Cs+ - 8, a .[IJill Li - 4. 

3. lfa aHaJIH3a KBa3Hynpyroii COCTaBJill!OIUeii paccel!Hllll HeHTPOHOB pacrnopoB COJieii 

TMACI H TEACI noJiyqeHhI ,1aHHb1e o BJIHllHHH uoHoB TMA + u TEA+ Ha 

,1mjJqJY3llOHHYIO Il0.[IBH:lKH0CTb M0JieKyJI HX rn.npaTHbIX ccpep: 

- o6HapY:lKeHO 0TCYTCTBHe TaK0fO BJllll!Hllll ,l{Jlll HOiia TMA + II 3aMeTH0e 3aMe,l{JieHHe 

.nnqicpY3HOHHOH Il0,l{BH:lKH0CTll M0JieKyJI B0.[lbl B 0KpeCTIIOCTll H0Ha TEA+: HX 

K03cpcpuuneHT ,l{llqJqJY3Hll yMeHhllIHJICM - 2 pa3a, BpeMll oce.[IJIOH )KIJ3Hll YBeJIH'IIIJIOCb - 2 

pa3a. 

4. ll3 aHaJIH3a Heynpyroii COCTaBJill!OIUeii paccellHHll HeHTPOH0B HCCJie,1yeMbIMll 

paCTBopaMH BilepBble B 'lllCT0M BH,l{e Il0JiyqeHhl 3qJqJeKTbI BJilll!Hllll HOHOB Ha 

BpamaTeJihHO-KOJie6aTeJihHyID ,l{HHaMHKY M0JieKyJI HX rn.npaTHbIX ccpep: 

B CJiyqae H0H0B Li+, ll Cs+ o6uapY:lKeHhL 3aMeTHal! .necpopMaUHll Hll3KO'!aCTOTHOH 

. o6JiaCTll OCll, 'ITO M0:lKeT 6bITb llCT0JIK0BaH0, KaK npH3HaK pacna.na CeTKH 

B0,l{0p0.!IHblX CBl!3eii B 0KpeCTH0CTllX 3THX H0H0B. 
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B cJiyqae HO Ha TBA+ HHKaKHX H3Meueun11 B HH3K0tJaCTOTHOII o6JiacTn OCll 

o6uapY:lKeHO He 6hIJIO, '!TO M0:lKH0 TpaKT0BaTb, KaK npH3HaK coxpaHeHHll CeTKH 

BO.!I0P0.!IHbIX CBll3ell, II CJie.[I0BaTeJibH0, CTPYKTYPhl B0.[lbl B6JIH3H ru,1pocpo6HOII 

'laCTIU{bl 

5. KOHCTaTHpyeTCll npIIHUIIIlHaJibH0e pa3JIH'llle MeJK.ny BJIHllHHeM 3cpcpeKTOB HOHHOII II 

rn.npocpo6Hoii rn.nparnunn 11a BpamaTeJibHOcKOJie6aTeJihHY!O mrnaMHKY M0JieKyJI B0.!lhI, 

BX0.[ll!IUIIX B nmpaTHble o60JIO'IKH pacrnopeHHblX U0H0B. 
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