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OBllAfi XAPAKTEPHCTI1I<A PAEO'l'li 

AKTyaJI&HOCT& npo6JieM!l. IlpH OCTSHOBKe oTpHqaTeJI&HWC Ml>OHOB a paa
JIHlmWC Cpe'Aax o6paaymTCJl3K30THqecKHe S.TOW, 3JI8KTp0HHast o60JIOtJK& KO
TOp!,VC CXO'AffS. C o6oJIOqKoR S.TOMOB, o6Jia,It81llllHX aapJIAOM HAPS.,Ha 8AffHHizy 
M8H&UIHM, qeM &TOW cpe'A!,I. B_ npoqecce o6paaOBaHHJI M830&TOM8. MrlOH co
xpaHJieT qacT& nepBOH&qaJI&HOR fiOJIHpH3~H_ H B CBJ13aHHOM COCTOJIHHH pac
na,qaeTCJI C OfiP8'A8JieHHOR sepOHTHOCT&E. Ta.KHM o6paaoM, B Cpe'Ae HMeeTCJI. 
"ueqem,dl" &TOM, 0 B3aHIIO'A8RCTBHH KOToporo co_ cpeAOR MOZHO CYAHT& no 
ocTaTOqH08 no.11spHa~H Ml>OHa B 11011eHT ero pacna,qa, BJiarO'AS.PH 3TOMy 
o6CTOJIT8JI&CTBy (a T8.Kll8 H8KOTOp!,Dl cne~q>Htl8CKHM CBOACTBBM mrHX. 
3JI8M8HT&pHHX tlS.CTHq) B03HHKJIO HOB08 HS.yqH08 H&npaBJieHHe' - 11830HHM 
XHMHJI. 

B H&CTO.fllll88 BpeMH TeOpeTHqecKHe H 3KCnepHM8HT8JI&Hl,18 HCCJI8AOB8HHJI 
'A8IlOJIHpH3~H OTpHqaTeJI&HblX Ml>OHOB noCB.fllll8Hl,I HayqeHHE A8IlOJIHpH3~H 
B H30JIHp0BaHHl,IX 118308.TOMax, a T8.KJ(8 HayqeHHE p&aJIHtlHl,IX M8Xa.HH3MOB 
B3aHMO'A8ACTBHJl•MeaoaTOMOB co cpeAOA. 

HccJieAOBa.HHe AenoJIHpH3~H oTpHqa.TeJI&HWC MllOHOB npH B3aHMOAeAcT
BHH 148308.TOMOB co cpe'AOA npeACT8.BJIJl8T HHTepec C TO'l!KH ape.H:WI KaK no
HHMSHHJI npoqecca A8IlOJIHpH3~H, T&K H B03MOl!llfOCTH paapa60TKH npH~
nHM&HO HOB!,OC MeTO'AOB,'AJIJI HayqeHHJ1•6HCTplilX"-XHMHtl8CKHX H q>HsHqeCKHX 
npoqeccos, H8AOCTYnHYX ··ApyrHM M8TO'ABM HCCJI8'A0B8.HHJI. · 

B pa6oTe OIIl:!CJIBa!OTCJI SKCllepHMeHTH, BUIIOJIHemw:e aa nepllOA c I97I 
no 1979 rO'A Ha CHHxpO~KJIOTpOH_e JIBI1 OIDIH, no HCCJI8AOB8.HHE A8IlOJIHpH-
3~H OTpHqaTeJI&HHX MEOHOB npH HX OCT8HOBK8 B se~eCTBe. 

~ I • 

UeJI& pa6oTu. HacTO.fllllast AHCCBPT~H nocB.flllleHa aKcnepHMeHTM&HoA 
npoaepxe H8KOTOp!,VC noJio~eHHA T80pHH ~enOJIHpH3~H OTpHq&TeJI&HWC Milo
HOB B M830&TOMax,_, onpeAeJieHHE a6COJIETHWC CKOp0CTeA BCTYJUI8HHJI M830-
aaoTa H Meao6opa B XHMHtJeCKHe peB.K~H a paaJIHqH!,IX cpeAax, a T~e 
H3yqeHHE 'A8IlOJIHpH3~H B 111Hp0KOM KJiacce opraHHqecKHX C08AffHeHHA H BH
JIBJI8HHD 38.BHCHMOCTH OCTaTOqHOA nOJIHpH3~H MrlOHOB OT MaKpoCKOnHqecKHX 
xapaKTepHCTHK Be~eCTBa, B KOTOp011 DpOHCXOAHT OCT8HOBKa MrlOHOB. 
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HayqHrur HOBHaHa H npB.KTHqecxrur ueHHOCTb. IloJiyt1eH qe.nwt PM HOBWC 
Haymmx peaynbTaTOB. K OCHOBIWM H3 HHX OTHOCHTCH Ha6Jil),ll.eHHe aiplieKTa 
IlameHa-BaKa,ycTSHOBneHHe BKJIB,11,a HB,11,TeIJJIOBWC peaKqHjt M830aTOMOB H 
TpeKOBllX 344)8KTOB B xm.mJ0 MeaoaTOMOB ll MlOOHllR, H3MepeHHe 
Ilp~eJll,HO 60JIL!ll01'0 3Ha'lemm CKOp0CTll XHMll'l8CKllX pea.KIJ,Hfi M830-
aTOMOB C MOJieKYJIBMa CTa6Wll>HOI'O HHTpOKCldJII,HOl'O pa.runta.Jia, nay
'leime aanncllMoCTll cTenemr . .n:enOJIRpna~ OT ,ItJillHH uenn a.Jm

<pa.Tll'leCIWX Clilq)TOB, XJIOpa.!IKMJIOB n napaqmIOB, YCTaHOBJiemre KOp
peJI.HIJ;IDI Mel!,ey' OCTaTO'IHOfi llOJIS!Pl[3a.tnre! ll :wmy:Kll;ROHHOll KOHCTaHTOii: 

raMMeTa-TaqiTa 38M8Ul8HHWC apOMaTHll8CKHX C08,11,HH8HHA. lfHTepecHW4 npeA

CTaanH8TCH 3KcnepHM8HT, COAep~A nOilliTKY 06HapyEeHHH cTa6HBbH!ilC pa-. 
,11,HKaJIOB B DBOM opraHH3M8.3TO HCCJI8.D:OB8.Hll8 JJ;OJIJRHO 6UTb Ilpo.IJ:OJ.DK8HO O llO
nonb30BaHH8M ~yrHx,6onee tzyBCTBHT8BbHWC M8TOAOB H3MepeHHa OCTaTOqHoA 

nonnpH3aqHH Ml>OHOB BBHJJ..Y ero 60Jil,!llOff :Balltl!OCTH ~ 3KCil8plWeHTaJll,HOll n 
KJIHHHll8CKOA M8,11,HqHHlil. 

Anpo68Wffl pa60TH. PeaynbTaTu HaCTOR!ll8A ,11,HCC8!)TaqHH AOKJIB,11,UBaJIHOb 
H o6CyJf,11.aJIHCb Ha C8MHHapax·Jia6opaTOpHH ~epHWC npo6neM OHID1, a Ta.Kll{8 
AOKJIB,11,UBaJIHCb Ha MeE,IzyHapoAHOA KOHq>epeHqHH no ~H3HKe BHCOKHX 3HeprHA 

H CTPYKType ~a.a CaliTa-4ie B ClllA B 1975 roAf H Ha Me~apoAffOM 
CHMfi03HyY8 no npo6neMaM M830HHOA XHMHH H MeaouoneeynnpHWC npoqeCCOB 
B Av6He B 19?? ro;:zy. 

Ily6nHKlllp!H. PeaynbTaTH, BOmewuHe B ,11,HCC8!)Taqllll, ony6nHKOBaHH B 
BOCbMH pa6oTax. 

06'beM pa60TH. ~ccep-raqnR COCTOHT H3 BB8A8HHH, fiHTH rnaa H aa
KJlllll8HHH; OHa co.n:ePDT 106 CTpaHHq, 21 PHCYffOK, II Ta6nnq H 6n6nHO
rpaipHttecKHA CfiHCOK H3 98 Ha3B8HHA. 

CO,nEP1l(AHHE PABO'Ili 
Bo BB8A8HHH KpaTKO OfiHCSHO COBpeMeHHoe COCTORHHe 3KCnepHM8HTaJib

HWC H TeopeTHll8CKH; HCCB8AOB8HHA npoqecca ,n;enonRpH3aqHH OTpHqaTenbHWC 
MllOHOB npH HX OCTSHOBKe B paann~ cpe,n;ax H c~pMynHpOBaHa 38,11,alla 

,11,HCCe!)TaqHH. 
B nepaoa rnaae ,11,Hccep-raqHH paccuaTpHaaeTCH npoqecc AenonRpH3aqHH 

OTpHqaTeHbHlilC MIJOHOB KaK B H30nHp0BaHHOM M830aTOMe, TaK ll B M830aTo
Me, B3aEMO.D:8llCTBYJOI!leM co cp~ott. 

Ilo COBpeMeHHhlM Ilp8ACTaBn8HHRM MllOH '3a.xBa.TllBa.8TCJI Ha BHCOKOB03-
6yJf,IJ.eHHlile ypoBHH aTOMa, aaTeM coaepmaeT 3B8KTPHll8CKHe ,11,HllOBbHlile · 
nepexo'A),I Ha 6onee r.ny6oKHe ypoBHH, BIJJIOTb AO K-o6onoqKH ueaoaTOMa.3TH 

·nepexo'A),I conpOBOl!(,11,allTCH HCfiYCKaHHeM oxe-aneKTp0HOB HnH pB,11,HaqHOHHbOC 
(ueaopeHTreHoBCKHX) 1-KBaHTOB. Ml:>oH B IS -cocTORHHH Haxo,11,HTCR npnwep
HO B 200 paa 6nHE8 K SIJJJ!Y aTOMa., ll8M ero 3H8KTp0HHM K-o6onotZKa, no-
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CKOBbKy uacca MJO-M830Ha 6on&we MaCCH aneKTpOHa IlpHMepHo B 200 paa. 
TaKllM o6pa30M, M!OOH 3KJ>3HlIPY8T aapsm ~ aTOMa, YM8m.1Il8JI ero Ha e.im

HllUY, n KO~ 3JieKTpoHHOii o60JIO'IKH llOJiy'l8.IDll{8l'OCJI aTOMa, HM&-' 
HyeMOl'O MeaoaTOMOM, COOTB8TCTByeT 3JieM8HTy Ct - I. Ta.K, HaIIpllMep, 
npn aa.x:sa.Te Mesoiia KnCIIopo,n;oM o6paayeTCJI MeaoaaoT ,fN• a npH saxna.Te 

yrJiepoJ(OM - Me3o66p JAB. . ·: .- ·. . 
IlocKOBbKy M830H HBBH8TCR'iHeCTa6HnbHOA qacTHqen, OH pacnB,11,aeTcH · 

no cxeMe µ± -- e± + Y,u (~)}'+ Ve~') H, 0 'nonRpH3aqHH MJOOHO_B B MO
M8HT pacnB,11,a B Is -COCTOHHHH MOJKHO·cy,11,HTb no acHMMeTpHH yrnoaoro 
pacnpeAeJieHHH aneKTpOHOB pacnB,11,a, KOTOpaR o6yCIIOBJieHa HapyweHHeM npo
CTpaHCTB8HHOH qeTHOCTH B cna6wc B3aHMOAeHCTBHHX. 06paayx>~HeCH MJOOHbl 

nonHOCTbl) nonnpH30BaHlil - HX CilHHlil OpH8HTHp0BaHlil BAOBb HanpaBJieHHH 
ABHJKeHHH MllOHOB. IlpH'-TOpMOlK8HHH AO CKOpOCTen, npH KOTOpllX npOHCXOAHT_ 
saxaaT MJOOHOB aTOMaMH, noTepn HMH nonnpH3aqHH HecyuieCTBeHHa. IlOCKOHb
KY onepaTop AHilOJibHIDC' nepeXOAOB He AeACTByeT Ha CttHHOBYJ:l nepeuemzy10 
MJO-MeaoHa, Ha nepaun Barn~. M830H AOJIJKeH AOCTHraTb Is -COCTOJIHIDI 
IlOJIHOCTbJO nonnpH30BaHHUM.ll ec:mr H8T IlJlll'llill J(JIR'noTepn IlOJIRJ)H38.Il;lm B Is
COCTOHHHH AO MOMeHTa·pacnB,11,a MJOOHa, K03<ppHqHeHT acHMMeTpHH yrnoaoro 
pacnpeAeneHHSf aneKTPOHOB µ- - e--pacnB,11,a, ··cornacHo TeopHH cna6HX 

B3aHMOA8HCTBHA ~epMH-Tennepa, AOJIJKeH 6HT&.paBeH a= I/3 P0 , rAe P0-
HallaJibHM nonnpH3aqHSf nyqKa. TaKrur CHTyaqHH HMeeT M8CTO Anfi nono,ru
TeJibHWC MJOOHOB, HO ~e nepBHe 3KcnepHM8HTH C OTpH~aTen&HID!H MJOOHaMH 
Il0Ka3MH, QTO MR HHX K03<ppHqH8HT acHMMeTpHH 3HaqHTeHbHO M8HbWe o,ru

Aaeuoro. 
OTO 06CTOHT8JibCTBO B HaCTOR!ll88 BpeMH 06oHCHH8TCH CH8,II.YJJUIHM o6pa-

30M. IlpH AOCTHlK8HHH MJOOHOM ypOBHH, xapaKTepH3YJ:)1Jl8rOCH. KBa.HTO-BWH' QHC

naMH n
0

, f
0
,j0 , umprum KOToporo MeH&we, qeM paccTORHHe uel!(,11,Y ypoa

HRMH TOHKOPO pac~enJieHHH r ~~ A , npOHCX0,11,HT noTep' ?onnpH3aqHH, 
o6ycnoaneHHM cnHH-Op6HTaJibHllM B3aHMOAeHCTBHeM MJOOH~ I . ,ll,enonnpHsa

qHH npH KaCKB,11,HWC nepeXOAax H3 BOa6yl!(,ll,eHHOPO COCTOHHHH C no.to•/~ 
B OCHOBHOe COCTOHHH8 npOHCXOAHT no TOH JKe npHllHHe - H3-3a CilHH-op6H
TMbHOPO B3aHMOA8HCTBHH MDOHa. IloTepH nonHpH3aqHH B OCHOBHOM Is -co
CTORHHH o6ycnoaJieHH caepXTOHKHM B3aHMOAeHCTBHeM: B3aHMOA8HCTBHeM CilH
Ha OTpHqaTen&Horo MIJOHa B Is -COCTOHHHH C MOMeHTOM 3H8KTpOHHOA 060-

BOllKH aT~Ma,. :a B aTOMax, ~a KOTOPHX 06n13A8.JOT MaPHHTHllM MOM8HTOM, -
H C MarHHTHHM MOM8HTOM R,l\pa. raMHnbTOHHaH TaKoro B3aHMOA8HCTBHH 
HMeeT BH,I\ · i 

'Jl = Ajf + Bij + Gif . , (I) 
.. ➔ .... t 

3A8Cb A, B, G- - KOHCTaHTH caepXTOHKOro B3aHMOAeHCTBHR, I. J '6 -
COOTB8TCTB8HHO CilHHlil ~a. ·aneKTpOHHOA o6onotZKH H MJOOHa. (,ll,anee 6y
AYT paccuaTpHBaT&CH CJlYtlaH,. KorAa I=O). 
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Ilpn 3axBaTe MIOOHa aTOMBMll J006wc· 8JreMeHTOB(aa. lICKJI!O'tleHlreM llleJIO'llWX 
MeTaJIJIOB)MeKTpoHHWI 060JIO'!Ka 06pa3YlJlltlIXCJ!;Me~OaTOMOB IIapa.Mal'HlrTHa, 
ll08TOMY eCJIH cmm Me30Ha B n-cOCTOJilllm B3a:ID,m.n;eitcTByeT, C MOMeHTOM 
aJieitTpoHHOit 060Jio'llW:,acm.1MeTpWI ua -qacToTe npeueccim cBo·6o.n;Horo_ cmwa 
B nonepe'iHOM Ma.I'lmTHOM IIOJ!e .n;o.mma. 6HTI, pamm HyJilO.IlOCKOJ!bKY cmm MIOO
Ha B nonepe't!HOM Ma.I'HlrTHOM nOJie 6y.n;eT npeueccupcJBaTl> BMecTe c IIOJilWM 
MOMeHTOM SJieKTpoHHOll o60JIO'llW,lJ.aCTOTa npeueccmi: IIOJllIOro MOMeHTa 6y.n;eT 
a CTO paa 6oJibrue, 11eM qacToTa npeqeccHH cao6o.n;Horo CDHHa·MlloHa. KaKo-

Ba xe IIplf'nma Ha6Jm.D,eHHH acHMM8TpHH Ha qacTOTe npeqeCCHH CB060.D,Horo 
CllHHa MllOHa? OTO B03MOJ!'.HO TOJibKO B TOM cnyqae, ecJIH MeaoaTOM aa ape-
wr :S -t, :: J /,J ( V - "IIa.CTOTa CB8J)XTOHROI'O B3a.BMO.D;eitCTBHSI) KOMIIeH-
cnpyeT napaMaI'}Ient3M 8JieKTpoHHoii o60JIO'OOI, 1ITO B03MOlltHO lI:pR 

BCTyIIJiemm MesoaTOMa. B 6HCTPYJO .xmm1IeCKyJO -pearui;im. B 8TOM 
c.iryqae Ha6Jm.ItaeMBSI OCTaTO'll!BJI IIOJIHpll:3a.Il,WI 6y.n;eT 38.BBC8TI, OT CRO

pocTH BCTyMeHHH MeaoaTOMa B XHMHtl8CKYJ) peaKqim C o6p830B8HH8M W{a
MaI'HHTHoro COeW{H8HHH. 

KpoMe Toro, HMeeT MeCTO "KBJKyll!MCH" .n;enOnHpH3aqHH BIS -COCTOH
HHH, KOTOpM HBnHeTCH cne.n;cTBHeM HCIIOJib30B8HHH MeTo.n;a npeqeccH CIIH
Ha MllOHa B cna6h!X MarHHTHhlX IIOJIJDC. Ha-aa Toro, ~o MeaoaTOM MO.m:eT 
KOMIIe~CHpoBaTb napaMarHeTH3M 3JieKTpOHHOil o60JIOtlKH B paaHble MOMeHTH 
BpeMetm, BC'f'YIIM B XHMHtleCKHe peaKqHH, npeqeCCHH Ha 'llacTOTe CB060.n;HO
ro CllHHa HM88T._:P83JllltJHhle ipaau, a 3TO !IpHBOW{T KyY8HbW8HHll Ha6JID.n;ae-
MOil acHMMeTpHH. • .· t 

K IIOTepe IIOJIHpH3aqHH MllOHa !IpHBOW{T TaKlle "Me.D;neHHM" .n;enoJIHpH-
3aqHH, !IpoHCXO,IIJm!M B peayJibTaTe peJiaKCaqHH CIIHHa MllOHa, KOTOpM 
o6yCJIOBJieHa H80.D,HOpo.D,HOCTbll Mat'HHTHhlX nonen:cpe.n;u. 

,Bo BTopo8 rnaae OllHCaHa 3KCnepHM8HTMbHM ycTSHOBKa, npoqe.eypa, 
H3MepeHHR H o6pa6oTKH 3KCIIepHMPHTaJibHhlX .n;~. . ;; . 

Ha pHc.I npe.n;cTaaJieHB: cxeMa ycTauoaru/21 .n;nH HsMepeHHH KoacfxpM.::.' 
qHeHTa acHMMeTpHH,yrnoaoro pacnpe.n;eneHHH aneKTpOHOB µ- - e--p~na,qa. 

,~. \~.--~ .... ,,,~-1 ... ,,.,~,.- "•'-'➔ .... " - ,. - ~' -::, ~ -:· .. ;~ 

Pb 
PHc.I. CxeMa ycTaHOBKH MH 
H3MepeHHH K03qq)HqH8HTa acHM-

- MeTpHH yrJIOBOro pacnpe.n;eJieHHH 
L aneKTpoHoa µ- - e--pacna,n,a. 
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I,2,3,4 - CqHH'llHJ!nHqHOHHble 
Ctl8TtlHKH; Kf',- KOJibua reJibM
rOJibqa; C H Cu. - yrnepo.n;Hhlil H 
Mep,HHR ~HJibTpll-38.M8.D;nHT8JIH. 
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, MlloHhl !IpOXO.n;HT CqHHTHJIJIHqHOHHhl8 Ctl8TtlHKH I H 2 H OCTaHaBJIHBax>TCH 
B Ml-!W8HH. PerHCTpaqHH co6HTHH Ctl8TtlHKBMH I H 2 npH OTCyTCTBHH coana,n,e
HHR B C'll8TtlHKax 2 H 3 Bli3HBaeT HMIIYJibC, 3aIIyCKBJJtqHR BpeMH-aMIIJIHTY.n;HhlH 
KOHB8{lTOp ("Mll-nycK"). oJI8KTpoHhl npH pacna,n,e MllOHa B MHmeHH !IpoXO.n;HT 
C'll8TtlHIGI 3 H 4, BH3blBM npH OTCYTCTBHH COBIIB,ll,8HHil B C'll8TtlHKax 2 H 3 
CHrHaJI "e-CTOII". Me.n;HHR ~JlbTp M8'6JJY Ctl8TtlHK8.MH 3'H 4 Heo6XO,ll,HM .n;JIH 
HCKJllltreHHH perHcTpaqHH aneKTpoffilliM TenecKonoM 1-KBSHTOB OT SJA8pHoro 
w-saxaaTa. 

HcnonbSOBaHHe nonepetlHh!X MarHHTHllX nonen (a_aKcnepHM8HTax npHMe
HJlJIHCb IIOJIH IIOpH.n;Ka 50 - 100 :3) npHBO,D,11T K MOA}'JIHpoBaHHI) 3KCITOH8HqH
aJibHOn KpHBOil pacna,n,aJiapMopoao8 ~qeccHeR CllHHa MllOHa. XapaKT8PHWI 
npeqecCHOHHWI KpHBM. nonyqeHHM C y-qeTOM no:apamat armapaTYPHOI'O ClleKT~ 

pa Ha 8KCllOHeHTY, IIp~Cl'aBJieHa Ha pnc. 2. 
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PHc.2. KpHBM npeqec

CHH CllHHa MllOHa npH 
H3MepeHHlIX Ha rp&pHTe. 

-sir fl/ ·v 

f 

Hi= 120 3, WHpHHa Ki
Hana - 39Hc. 1il!CJIO oc
TaHOBOK MllOHOB ~ IQ'l, 

B M8TOJV!tl8CKOR qacTH pa60TH no.n;po6Ho OllHCaHa CX8Ma 3Jl8KTPOHHKH, 
' npoqe.n;ypa KOMII8HCaqHH MaI'HHTHhlX IIOJieR 3aJia CHHXpOqHKJIOTpOHa B 061>eMe· 

pacnoJIOllC8HHH MHWeHH, MHmeHH H B8lll8CTBa, KOTOpble HCIIOJlb30BaJIHCb B.3K
cnepHM8HTax, M8TO,D,HKa pa60Tbl npH HH3KHX TeMIIepaTypax: TeMIJepaType 
llH.n;Koro 830Ta 77 °K H TeMIIepaType llH.n;Koro reJIHH 4 °KC HCIIOJlb30BaHH8M 
reJIHeaoro KpHOCTaTa, cneqHaJibHO CKOHCTpyHpOBaHHOro .n;JIH HSIIIHX 3KCnepH
M8HTOB. 

06pa60TKa axcnepHMeHTMblihlX .n;aHHhlX !IpOBO,D,HJiacb no qiopMyJie 

Neeb= Nl(O)ex:p(-i/'t) [I+ Qex:p(- t;-rpen.)C05(wt+e)]+c, (2)' 

Q- 3KCnepHM~HTaJibHO OIIp8A8JIH8M08_3HaqeHHe K03~qHeHTa acHMMeTpHH · 
3Jl8KTpOHOB pacna,n,a; ~(t) -:- 'llHCJIO saperHCTpHpOBaHHhlX 3JI8KTpoHOB B MO
MeHT. Bp8M8HH t = 0 · ~ t ( fl - HOM8p KaHMa, OTCtlHTliBaeMIDl OT Hj'JIH BpeMe
HH, At '- mHpHHa KaHMa) ; Ni ( 0), - 'llHCJIO 3JI8KTPOHOB a eyneaow xauane 
aHMH3aTopa (IIpH Q :;:O); w- qacTOTa npeqeccHH; 8 - HatlaJibHM ipaaa, 
onpe.n;eJIReMM reoMeTpHe~ ycTaHOBKH; 'r - apeMli EH3HH MllOHa a MesoaToMe; 
-t~JI. _, BpeMH "we.n;neHHofi"~JiaKCaqHH CDHHa MllOHa; C - ipOH cnyqailHblx 
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COBil~eHHlt; Pactte-r napaMeTpOB IlpOBOAffJICff Ha 8BM CJJ,C~OO M8TO,O.OM ·aa.H-
. - . . • • '. t ~ • . ) • -.4 . : • 

M8Hb111HX KBBJlJlaTOB C HCD0Jlb30Ba.HH8M CT8.H,11.aPTHOlt 6H6JIHOTetmolt nporp8MM1ii 
731 .. . • . ' r" ., Qrufil FUMILI . · • . . . ' . ' ' ' .. 

a···axcinepHM~HTMbHO onpeAeJII!eMOe 3Ha'll'eHH8 K0~4${qH8HTa 8.CHMMe;pHH 
BBOAffJIH~b nonpa.BKH' 'ytraTllBllllll\H8 H83KBHBiiJI8HTHOCTb 3Hepre1:iti:ec~oro 

CIIeKT~a 
0

3Jl8KTp0HOB, µ- - e--pacna,q~, BW18T~ H3 Wllll8H8lt p'aaJIMlffl01 
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PHc.3. 38.BHCHMOCTb<BKJIB,qa 
aJieKTpoHoB f- - ,.. e--pacn~a, 
BWI8T81l!llHX H3 C'll8T'llHKa 2; OT 
TOJlllµ!Hll MHWeHH 'AJIII paaHHX l -

JIOHHOlt rpaqiHTOBOlt MHlll8HH ), . H BKJI~ 
aire_KTpoaoB µ.~ ·::.; e--pacn~, BWieTa
~:ic Ha ctleTtlHKa 2; ,J1.1uJ. onpeAeJieHHH 

,.·, ,' ,., ;.• '",' ·•.,_! 

aaBHCHMO~TH BKJIB,qa 3JI8KTPOH?B pacna-
~. BWI8T81l!llHX H3 C'll8T'llHKa, OT TOJI~ 
IIIHHll wrweHH 'AJIII · paaHiiix: i! 6WIH npo
aeAeHU CD8LlHMbHlle KMH6poBO'llHlle 
H3MepeHHJI (pHc~3). 

B AffCCePT~H IIpHBOAJ!T;H p~~YJib
TaTu BHaJIH3a 3KcnepHM8HTaJibHJ,iX OIIIH-

: 6ox H 06cYJr,11,ae_TcH cTaTHCTH'llecx~ AO-· 
CT0B8pHOCTb peayJibTaTOB, )tnJI HCCJie
.zo,em H~ Mm!leHelt p8.3HOli_TO~Hll 
npH CT8H,!J.aPTHOlt 3KCD03HllHH ro7 OCTa
HOBOK Ml)OHOB OIIIH6Ka B OIIp8A8JieHHH 
K03qxpHLlH8HT/l acHMMeTpHH, llOJiy'llaeMaJI 
npH o6pa60TK8 Ha 8BM, COCTB.BJIJIJia 
A'Q.,;.. (0 ,14 i- 0 ,35)%, (ffHTepBM OIIIH-
6oK ?IJPeAeJII1eTcH BKJia,qOM noca,qox Mll

OHOB Ha COOTB8TCTBYl)llzyll KOMIIOH8HTY' 
meim) . - . 

Ilpoaepxa aepOHTHOCTHoro xapaKTe~. 
pa paCXOllf'AeHHlt 3Ha'lleHHA napaueTpOB 
OT ceaHca K CeBHcy H3MepeHHA OCytll8CT-

TomqHHa MHllleHeA Bllp81t8Ha B B1JJIJ!acb no KpHT8pHll i 2• AHaJIH3 nony-
eAHHHqax 3KBH~aJI8HTHOA no 'll8HHllX 3Ha'lleHHA "/. 2 BceA.COBOKyIIHOC-
TOpM03HOA cnoco6HOCTH TOJI- TH cneKTpoB DOKaallBaeT, 'llTO MBJCCHMyM" 

ll!HHll l'paqiHTa. :pacnpe,qe.iieHHJI · co6TBeTcTByeiT iJHCJiy ' 
:, •· ' ··... ; . /, CT8D8H8A CB060,q!,I cl: --?a AffCriepcHa•' ... 

6JIH3Ka K T80peTH'll8CKOMy 3HatleHHll ''i2<t.' AJI/1 HOpMMbHOro; pacnpe~e.ilemt.11.·· 
B TpeTbeA r.nB.Be IIpeACT8l3J[8Hll peayJILTaTH aKcnepHlileHTSJibHHX Hc~

CJie,qoBaHHA, . nocBJI11!8HHHX . npoBepKe · · HexoT·opi,ix coapei.:eHHHi · npe,qcTaaneHHA 
0 ,qenomq>H3~H OTpeqaT8.llbHllX MOOHOB -a 'IS -COCTOIDmH iieaOaTOMOB'/if ·iiim 
B3aHMO,qeAcTBHH MeaoaTOMOB co cpe,qoff't· .. ~,. . '; . -: ' ; .: '- . ·' • 

6· 

•· 

,. 

·~ '.t-. 
I 

'11CCJI8AOBBHa TeMIIepaTypHM 3aBHCHMOCTb OcTaTO'llHOR DO.nJIPH3~H B . 
BOA8 B mHpOKOM HHTepaane TeMIIepaTyp: OT·TeMIIepaTypll llll!,ll.KOro reJIHJI AO 
TeMIIepaTypll KHD8HHH B0,11,ll, l{al( yxe OTMe'llaJIO'cb , Ha6JIJJAeHHe aCHMMeTpHH 
yrnoaoro paciipeAeJieHHH aJieKTpOHOB µ - - e - .:..pacria,qa Ha tlacTOTe cao6op,:.. 

· Hora CnHHa MDOHa ·aoaMOJEHO . 6JiarOAaPJI 
BCTYDJI8HHJ) MeaoaTOMa·B XHMiNecKyll 
pe~ C o6paaOB8HH8M AffaMaI'HHTHHX 

nstWac• 
o., 

0.3 

0.2 

,0.1 

T. "K 
100 200 300 WO 

; 

PHc.4. TeMIIepaTypHaH ~8.BHCH,-
MOCTb OCTaTQtlHOR:noJIHpH3~H 
B B0,1\8, 
i -, H~ )l,BHHll8, 2 - ,q~e 

npo.ZO,KTOB, Tax xai CKopocTb acTyDJie
HHJI B XHMH'll8CKyll pe8.KllHJ) 3aBHCHT OT 
TeMIIepaTypu cpe,qu, TO Ha6JIJJP.eHHe TSM
·nepaTypHoR aaaHCHMOCTH: OAff03HaqHo' 
CBffA8T8JlbCTBY8T B DOJib3Y CIIp8.B8,qJIH-· 
BOCTH Toro noJIO'JJ.8HHJI, qTQ noTepH no-: 
JIHpH3~H B ocHoBHoM·Is .:..cocTOHHHH 
o6ycJIOBJI8Hll cBepXTOHKHM B3aHMOAeAcT-' 
aHeM - B3aHMOAeAcTaHeM cnHHa·MJioaa B 

·· IS~COCTOHHHH C'MOMeHTOM 3Jl8KTpOHH00: 
o60JIO'llKH aTOMa. '. 

Ha pHc.4 IIp8ACT8.BJieHa 38.BHCH;_.; 
MOCTb aenHirnini ocTaToqaoA rio.nJIPH3a
LlHH (OTHOCHT8JlbHO'OCTaTO'llHOA nomq>H-
3~H·B rpruf>HTe) OT T8MIIepaTypll T. 
KaK BHAffO H3 pHCyttKa, TeMIIepaTypHM' 
3aBHCHMOCTb .HM88T,HaCbllllalllJlHliCJIXa-

pa6oTil:,i I • ··) ' . ' . 
pairrep H AOCTaTO'llHO xopowo OnHCUBa-

8TCJI ipopwy.nott, KOTOpaH CJI8Jzy8T H3 qJ8HOM8HOJIOrH'll8CKOli T80pHH A8IlOJIJI-
pH3~H OTpH4aT8.llbHWC MDOHOB: 

Q aoA ,, 1 
. , ac. = .a CAO -y~=1=+=,=c=~=o1=2=-· -

,.\ ,, 

[ Q. + ( I - Q ) th-~] , (3) 
2-J 

3'A8Cb Q0 ~· 3HatleHHe K084XPHI.lH8HTa acHMM8TpHH K KOHizy M~30aTOMHOro Kac
KB,qa AO _· Haqana. Ae}.!cTBHJI MeXSHH3Ma napalW'HHTHolt · 'A8llOJUIPH3~H ; I - G.
- ,I\OJIII D(?.llHpH3~H, T1;3pH8MaJI Ha-aa caepXTOHKOro B3aHMOAeffCTBHJI B rs -
COCTOHHHH.MeaoaTOMa IIpH OTCYTCTBHH_IIpHllHH, IIp8Kp811\81l!llHX ,qeltCTBH8 3TO
J;'O MeXBHH31aa aa , BpeMII JS I/v , i , Ao - CKOpOCTb XHM}ftl8CKOA peaxqHH 

·MeaoaTOMa.C O~eA-Cp8AOff,,KOTOpaH CBJI3BHa C TeMnepaTypOA .COOTHO-
WeHHeN. (aaKOH :AppeHHyca), . . '' ... ,... ... • .. . m 

A
0

' = A'(--1'._)'exp(-EaKT / k T 1
) ~ ' (4) ' 

.. ' ::<:i· .·, .· , · , ·." 300·· . • · ·, · 

rAe-:EaxT: ~ 3HeprHJI ~THB~H J k- 'nocTOHHH~)3~~b~;~ ',A.-npeA~- t' 

3KCDOHeatjMaJibHllA MHOJDIT8.nb' IlOKS3aTe.n& CTeneHH ni pa.BeH. 8,[01HHqe' Trui 
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KS.K npe~oJiaraeTCH, tlTO peaKqHH Me30aTOMa OflHCblB8JJTCH TeOpHeH/XHMHqec
RHX pea.KWflt B KOH,IJ,eHCHpOBB.HHOlt q>aae, ~MHTHpyewx 'AHcM>Y3He'1/o • 

Ha ocHoBe noJ!ytle~ 3KcnepHM8HTMbHblX AaHHliX onpeAeJietta cKogocTb 
BCTyIIJieHHH Me3oa3oTa B XHMHqecKyD peaKQHJJ B BOAe: /\=(I,9:t0,?}!01 c-1 • 

CJie.eyeT OTMeTHTb, tlTO Mil HMeeM 30%-HyD OIDH6ey, B TO BpeMR KS.K 

APYrHe MeTOAbi onpeAeJieHHH CKOpoCTelt ABZYr 3Ha~TeJibHO 60JiblllYJ) BeJI~H
Hy OIDH6KH. 

BnepBble Ha6HJJA8H 3cppeKT IlaweHa-BaKa- BOCCTaHOMeHHe nom1pH3aqHH 
B M830aTOMax l!HCHOPOAa (BOAa) H yrJiepoAa (CTHpOJI H 'Aliq>8HHJI) B CHJibHblX 

DP_%1,0JibHblX MarHHTHblX noJIHX. 3TOT 3KCnepHMeHT npoBO'AHJICH Ha yCT3/.!0B
Ke / C HCnOJib30BaHH8M CHJibHOTOqHW( MB.I'HHTOB. Ifa ou;eHOK pa6o-rl7/ 

CJie.eyeT, qTo npH noJIHX 102 + 104 a MOllt8T Ha6.nJJA~TbCH pa3pb1B CBH3H 
CllHHa MIJOHa C MOMeHTOM"3Jl8KTpOHHOlt O()OJIOqKH, H noTepH nOJIHPH3aqHH B 
Is -COCTOHHHH H3-3a CBepXTOHKOro B3aHMOAeitCTBHH CIIHHa MllOHa C MOMeH
TOM 3JI8KTPOHHOH o6oJIOqRH aTOMa.(eCJIH 3Jl8KTp0HHM 060JIOqKa na_pB.MaI'HHT

Ha), a.TaKJKe "RBJcyUjMCH 11 AenOJIHPH3aqHH He AOJU(}{bl HMeTb MeCTa. AcHM
MeTpHH, H3MepHeMM B 3THX ycJIOBHHX, 6yAeT COOTB8TCTBOBaTb noJIHpH3aqHH 

J.OOOHa K MOMeHTy nepeXOAa BIS -COCTOHHHe nocJie BOCCTaHOBJI8HHH 3JI8K
Tp0HHOH o6oJioqKH. 

B Ta6Jmu;e I npHB8A8Hbl 3HaqeHHH B8JIH~Hbl OCTaTOqttOJt nOJIHPH3aqHH 
(no OTHOID8HHIJ K Be~qHHe OCTaTOqttOJt llOJIHpH3aqHH B rprufiHTe), noJ!ytleH-
Hbl8 B H3MepeHHHX npH paa~tmIDC 3HaqeHHHX npOAOJibHOro no OTHomemm K 

cmmy M!)()Ha MaI'HHTHOI'O nOJIJI. 
Ta6JIHqa I 

3HaqeHHH a;ac npH pa3~tlHbDC 3HaqeHHHX H ,lµIH DOAbi,CTHpOJia H 'AHq>eHHJia 

MHmeHb 

BoAa 
CTHpOJI 
)J,Hq>eHHJI 

Hu= 0 

0,40:t0,02 
0,4?±0,02 
O,I4±0,0I5 

a;ac 

H11 =0,I2 Ko 

0,5?±0,03 
0,22:tO,O? 

H11 = I Ko H11 =5,45K8 

0,3?:t0,05/II/ 0,80:tO,O? 

·0,92:t0,!3 

0,?6±0,14 

KaR DHAffO H3 Ta6..r.mIJp I, HMeeT uecTo CyUjecTDeHHoe yae~qeHHe aiac 
C pOCTOM np0AOJibHOro MB.I'HHTHOro·noJIH. > 

Ha OCHOBe noJiyqeHHblX peayJibTaTOB c,I\8JiaHO 38.KHIJqeHHe, qTo,,qeHCTBH
T8JibHO,AenoJIHPH3aqHH MllOHa nocJie non~aHHH BIS ~COCTOHHHe o6yCJIOBne
Ha CBepXTOHRHM B3aHMOAeltcTBH8M CnHHa MilOHa C uarHHTHblM MOM8HTOM 3JieK
TpOHHOlt o60JIOqKH MeaoaToMa, KOTOpM HMeeT HecnapeHHbllt 3JI8KTpoH. 

OnpeAeJieHO JIOKMbHOe BttyTpeHHee MaI'HHTHOe noJie, C03Aa5aeMoe MO
MeHTOM 3JieRTpOHHOH o60JIOtJICH B o6JiacTH MilOHa, HaxO,IVUI!eroca B, IS -COCT~

HHHH. IloJ!ytleHHoe HaMH aHatieHHe H0 ~ BOAbl (3~0:tI,2 lt8) He npoTH~op~-

8 

l 
I 
I. 

l 
I 

1,1\ 
. \ 'l/ 
1 

·/ 
• I 

I 

A 
( 

' 

tJHT TOMy, KOTopoe MOJKHO ()l,IJIO 61,1 OJKHAaTb no TeopeTHqecKHM pacqeTB.M AJIH 
napaM!U'HHTHblX coe'AHHeHHlt, B KOTopblX HecnapeHHble 3JieKTpOHbl JIOKMH3<>Ba
Hbl B6~aH ueaoaTOMa. 

BnepBble CASJiatta 3KcnepHMeHTMbHM 04eHKa BKJI~a ropaqHx peaxl.\HH 
ueaoaTOMOD H MilOHHH II o6cYJKAaeTCH pOJib TpeKOBWC 3cppeKTOB. IloKa3aHO. 
qTo BKJI~ H~T8IlJIOBblX> peax4Hlt ueaoaTOMOB HecymecTBeH, a B cnyqae 
nOJIOJKHTeJibHblX MJ)OHOB BKJI~ B3aHMOA8HCTBHH C TpeKOM He npeBhlllJaeT ro-4 
OT. Bcex peaKqHlt MiOOHHH. ' 

>B tl8TBepTOH rJiaBe OllHCaHbl 3KcnepHM8HTbl, B·KoTOpblX onpeA8JI.fl!OTCH 

a6COJIIJTHble CKOpoCTH XHMHtl8CKHX peax4Hlt Me30a30Ta H Meao6opa B pa3JIHtl
HblX cp9Aax. ~3 q,opMyJibl (3} CJie.eyeT, qTo HMeeTCH.COOTB8TCTBHe Me"Mjzy 
CKOpOCTbll JCHMHqecKolt pe8.K4HH M830aTOMa H 3KcnepUM8HTMbHO H3MepaeMHM 
K03cppHI.\H8HTOM acHMMeTpHH yrJIOBoro pacnpeAeJieHHH 3JI8KTpOHOB fl- - e-
pacn~a. CRopOCTb B3aHMOA8tiCTBHlt (npm30~ K o6pa30BaHHi'.l 'AHB.MarHIIT
HblX H napaMarHHTHbIX npo.eyKTOB) MOllteT 6b1Tb onpeAeJieHa no H3MeHeHHll no
JIHPH3aqHH npH BapbHp0BaHHH KOH48HTpaqHH KOHKypHpYIJUjHX BeUjeCTB -Ta.K Ha-

3blBaeMblM MeTOAOM KOHKYPHPYIJUlHX aKu;enTopoB • 
B HaCTOJIDlIDC n paHee BWIOJIHeHHUX :mcrrepm.,:eHTWC 6wro yCTaHOBJieHO, tJTO 

CKOpOCTH peaK4HH M830a30Ta H Meao6opa OTJIHqaJ)TCH npHMepHO Ha nopl!AOK. 
.[via A8TMbHoro HCCJieAOBaHHH paaJIHtJHH B .XHWUL aTOMapHblX a30Ta H 6opa 

Heo6xO'AHMO 6blJio HauepHTb cKopocTH peaKI.\HH l'N H µB c OAffOH H Toli lite Mo
JieRyJiolt (HJIH rpynnolt aTOMOB) B YCJIOBHHX, KOrAa APYrHe q>aKTOpu, onpe
A8JIHi'.)UjHe npoTeKaHHe peax4HH, HBJIHllTCH OAHH8.KODblMH. TaKM B03MOllCHOCTb 

peaJIHayeTCH, ec~ HayqaTb B3aHMOAeliCTBHe µ.N , B03HHK8JOJljero npH OCTa~ 
HOBKe MIJOHa B BOAffOM pacTBOpe cTa6HJibHOro HHTpOKCHJibHOro p~KMa R 
H B3aHMOAeltcTBHe C 3THM JKe p~KaJIOM Meao6opa, 06pa3yu11eroca B 6eH-
30JibHOM pacTBOpe pa,IµfKMa (pHc.5). 

a1oc 
03 

0.4 

R + H2 0 > ----I--
1-Jrr--r--- 0vCH2 . 

11 CH,A 

I JCH3l,cVciCHh 

;N -r . 
~ 0 

0.J,____._ _ _._ __ __.__...__~-f-1--' 
o 2 4 s a ro u u a 

[R] MO[llk. · 1019 
, CH 
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0.2 ,.____,_ _ __,___...1-_.._--:::'---' 
0 10 20 3040 50 

fRl.~-10 19 

PHc;5. 3aBHCHMOCTb OCTaTOqHOH nOJIHPH3aqHH a/ac OTpHqaTeJibHl:iIX 

MK>OHOB OT KOH4eHTpaqHH CTa6HJibHOro HHTpOKCIIJibHOro P~KaJia 
( R.) B llOAe H 6eH30Jie. (KpHBHe COOTBeTCTBYIJT MIIHHMyMy ;(2 ). 
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_HeJIHHeRHHij pocT B8JIHqHHbl_OCTaTOtJHOH IlOJIHpH3~H C yaeJIHqeHHeM,, 
MOJIRPHOH KOH4eHT~H-pacTBOpaeMOI'O ae~eCTBa 03HaqaeT, qTO_Me3oaTOM 
BCTynaeT B 61,1c-rpyi> XHMHqeceyD peaKI.µ111 c o6pa30BaHHeM AHB.MarHHTHOI'O, •; 
COE:~HeHHR, KOHKYJlHPYJJl.llYI) C peaKI.µ!RMH, npOT8KB.lll!IHMH B pacTBOpHT0Jie, 
I'Ae peaK4HH Me30aTOMOB C MO~eeyJiaMH 3HepreTH118CKH noAaBJieHH • .IL,BO,IJljOM 
pacTBOpe pa,Il,HKaJia Ha6Jil)AaeTCR 'ft.0 3aM0TH08 yaeJIHqeHH0 a;ac npH OTHOr.

CHTeJibHOH MO~RJJHOH K~ff40HTP~H ro-4 .. qTO MOllt8T 6b1Tb CBR3aHO _.c npoTe

KaHH8M (lblCTpon XHMHqecKon peaKI.µ!H "" + ) N - o ·, - >N l'N- p, ,B 6eH-
30JibffOM p~TljOpe,_ I'A0 06pa3yeTCR Me3o6op, 8HaJIOI'HqHoe yaeJIHtl8HJ.!0 a;ac 

HMeeT MeCTO npH GY~8CTB8HHO 60JiblllHX KOff40HTp~RX CTa6HJibHOI'Q pa,u,H~~
Jia: Ha,octtriBe sTHX.ABYX sKcnepHMeHToa.noJiy-qetto oTHoweHHe cKopoc~e~ .( 
Meaoa30Ta ;H Me3o6opa, KOTopoe ;:, 12 •. 

CoaoeynHOCTb AaffHJ,iX no AenOJIHpH3~H OTpH4aT8JibHJ,iX MllOHOB n03BO-
~ ' . ' ' ' . ' . ·- ' ' 

JIR~T np0AfiOJIOJ!illTb, .~o HCCJI8AY8MBJl, peaK4HR Me~oaTOMa yrJiepoAa C ,MOJI~-
eyJion HHTpoKCHJibHOI'O CTa6HJibHOI'O pa,1µ1KaJia npeACTaBJI.f{0T ,co6oit pesyJII,TaT 
B3alWIO.n;e:liCTBIDi .,_B C ~ ~eHTpOM>IV~ O\ci o6pasOBaHHeM ~ 
HHTHOI'O COeAHHeHHR )N - flB = O; a B3aHMOA0HCTBHeM .c OCTMbHblMl;! .. I'pyn-

. naMH MOJieeyJI1,1 CT~6HJibH?ro pa,D,HKMa H, CH3 , OH Mo~o npeHt(ipeqb •. 
. C ,48~b~ npoaepKH nocJie,IJ,}ieI'O _AOIIylllElHHSI 6b1JIH Bb!IlOJiff0HH 3KqnepHMeH-
Tl,I Ha 6eH30JibHl,IX paCTBOPB.X TpH~8TOHaMHHa H M0THJI4ffKJIOI'0KCaHOJia 
(pHc~6.), na.rr~HXCSI _B H~Be~THOM CMl,ICJie 'a.HwroraMH cTa6HJibHoro HH.TpoK~ 

C~JibHOI'O pa,IJ,HKaJia. Bbmo 110Ka3~0, ~O M830a30T ,H M8!306op _B3aHMOA0HCT_-,. ., ,, . . ,· ; . ·-- . 
BYJ>T B (!CHOBHQM .c pa,u,HKMbHblM J.-18HTpOM. 
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Pifc.6. 3aBHCHMOCTb OCTaTOtJHOH nOJIRpH3~H a/aC OTpHqaTen&~ 

MDOHOB OT Kott4eHTp~HH TpH~eTOHaMHHa CM H ,MeTHJI4HKJioreKC\-
HOJia (M) B 6eH30Jie. (KpHBb18 COOTB8TCTBYJ)T MHHHMYMY_f2 ). . ' 

06pa60TKa KOH4ewrpru_µioHl{blJC 3aBHCHMOCTe» npOBO~JiaCb no cpop14YJI8 
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I'A0 Qo - K03qxfJH4H8HT ~HMM8TpHH 3Jl0KTpOHOB pacna,qa MDOHOB nocJie 3a
aepweHHR Me30aToMHoro KacKa,qa; , N 1 H N 2 - KOJIHqecTl'io· MoJieeyJI B JIHTpe 
pacTBOpHTeJIR H. HCXOAffOI'O pacTsopneMOI'() se~ecTaa; At H .A2 - cKopcicTH 
peaK4H8 M830aTqMa C o6pa30BaHH0M ~aMarHHTHl,IX IlpOAYKTOB npH lQ~Hl,IX 

KOH4eHTp~SIX paCTBOPHT8JIR H paCTBOpReMOI'O Be1qecTBa; .A or H ). 02 -
CKOpoCTH scex peaK4H8 MeaoaToMa; f K] .,;. OTHOCHT8JibHM MOJIHpHaR KOH-
48HTp~R paCTBOpReMOI'O Be~eCTBa. 

,-Hay-qeHa;KoHqe}frpiµ.iHOHHM 3aBHC~MaCTb acTaToqHo»_noJiapH3~H OT
pHqaT.eJI~HNX MllOHOB·,~ CMec~ qeTblp_eXXJiopHCTOI'O yrJ{epOAa H 6eH30Jia. B 
pa,qH~OHHon XHMHH HCCJieAOBaHHD 3TO» MOAeJibHon CHCT,et.lbl_nocamqeHo MHO
ra pa60T c. T0°qKH ,apeHHSI B03A88CTBHR HOHH3Hpy,HX/3J!Yt18HH» Ha _CMeCH 
apoMaTHqeCKHX coe~H0HH8 c APYI'HMH Be~eCTBaMH B • BoJiee 6blCTpb18 ( no 

'• , ... 
cpaBH8HHll C paccqHTaHffblM B npeAfiOJIOJiteHHH OTCYTCTBH.fi XHMHq_eCKHX.peaK-
1-lH.a f pocT a/ ac c KOHqeHTp~en Cct. 4 · B pacTBOpe 6ett3oJia no;BOJIReT 
~qHTaTb, qTQ HMeeT M0CTO BCTynJieHHe Me3o6opa B XHMHqecKHe peaK4HH H 
tl_TO 3JI8KTPOHHM o60JIQqKa M8306opa K MOM8HTY ero BCTynJieHHR B XHMl{qec.;,. 

KYJ? pe8.K4HJ);B OCHOBHOM napaMarHHTHa/91 . AHMH3 KOH48HTPa.I-1HOHH08 3~
BHCHMOCTH npOBO~JICSI npH AByx Kpa»HHX np~AfiOJIOllt8HHSIX O pOJIH pa,qHKa
JIOB, o6pa3YJ)IIIHXCSI npH nepeAaqe sHeprHH ~eJK,IJ,y KOMnoHeHTaMH.cMecH •. 

lliITan I'JiaBa nocsmqeHa BWIBJieHHll 3aKOHOMepHOCTea AenoJIRpH3Ell-lHH B 

3aBHCHMOCTH OT 0906eHHOCTeJ:I CTpOeHHSI MOJieKyJI. 

HSMH HccJieAOBMCR aonpoc o CBR3H AenoJIHpH3~H oT8'4aTeJibH1,1X MJO
OHOB c npoqeccoM BffYTPHMOJieKyJinpHo» MHrp~H sHeprH/I • H3MepeHa 
se~HlJHHa a;ac B;Hac~eHHblX yrJieBOAOPOAax: aJIH!pS.THqecKHX cnKPTax 

(C~H2n~rOH), XJIOpMKHJiax (CJ!2n+Ice ) H napacpHHax (CJi2n+2>-npJt KOM
HaTHOJ:I TeMnepaType, a AJIH_p~a coe~H8HHH H npH TeMnepaType lKHAKOI'O 
MOTa (pHc. ?) • 

Pifc.?. 3aBHCHMOCTb QTHOCHT0JibHOff 
QCTaToqttoa nOJIHpH3~H B cnHpTax 

H XJIOpMKHJiax · OT ,IVIHHH qenH ITc • · · 
§ - ·cnHl)Tl,I H Q ..:· xiiapMKHJibl npH · 

KOMHaTHOJ:I TeMitepaType; i - CnHp
Tbl:npK TeMnepaType JitHAKOI'O 8.30Ta. 
lliTpHX.;;IIyHKTHpHan JIHHHa cooTaeTcT:.. 
ayeT xapy 3aBHCHMOCTH a;ac OT ·· 

AJIHHl,I qenH rrc B napacpHHax. 

n 
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3aBl1CHMOCTb a;ac OT AlJHHbl 4eilll yrJiepo,D,H~ aTOMOB B cnHPTax H 
XJIOpaJIKHJiax o6'bSICH.fleTC.fl c noMOlllblO CTPYK'I'ypHIDC I/, a .He KHHeTHtleCKl1X 
/paKTOpOB. Ec_JIH TaKOH no,D.XO,A BepeH, TO CJie,AOBaJIO 6bl OJKH,AaTb no,Ao6HOI'O 
xo.n.a saBHCHMOCTH a;ac OT AlJHHbl 4emr yrJiepO,ll,HblX aTOMOB H npH TeMnepa
Type JKH,O.Koro a3oTa. IloJiyqeHHble Hlilm ,AaHHh!e All.fl cnHpTOB (p11c. 7, HHlKH.fl.fl 
Kp11BM) He npOTHBOpetiaT TaKOMY 060.f!CHeHHI). 

Ha OCHOBaHHH COBOKynHOCTH 3KCnepHMeHTaJibHIDC pe3yJibTaTOB lf pa:3BH
TblX HaMH npe,o.cTaBJieHHH O noae.n,eHHH MeaoaTOMOB B cpe.n.e 04eHeHO 3Hatie
HHe pa,n.11yca 30Hbl Xl1MHtieCKOI'O B3fil!MO,O.eHCTBH.fl Me306opa:5 A~~X.p.~30 A. 

Pattee 6blJJa YCTBHOBJieHalr21 3aB,11CHMOCTb a;ac OT BblXO,Aa pa,D.HKaJIOB 
GR Ha 100 sB norJio~eHHoti sHepr1111 All.fl HeKOTOpblX npoHSBO,AHblX 6eH30Jia. 

Mu npo,O.OJllKHJil1 3TH HCCJie,AOBaHH.fl H ycTaHOBHJIH,·qTo BCD COBOKynHOCTb 
,0.8.HHHX no a;ac ,II.JI.fl 3THX coe,AHHeHHH HeB03MOlKHO Oill!CaTb TOJibKO aaBHCH

MOCTbD OT ~ • IIoaTOMY Ha.Ml! 6blJIH npe,o.npHH.f!TLI nOHCKH ,ApyrHX MOJieKyJI.flp-
HblX napaMeTpOB, OT KOTOpL!X saBHC.f!T H3Me
peHHble Ha.Ml1 BeJIHtIHHbl a;ac. HaH6oJiee npoc-

o/oc , '•"• , · TO HHTepnpeTHpyeMoi1 npe,ACTaBJI.fleTC.fl KOppe-
2 C1HsCH3 I a; 

0.8 , '•"·'·"• TT-! JI.fll\H.fl ac C HH,AyKL\HOHH!iMH KOHCT8.HT8.Ml1 
PaMMeTa-TrupTa 6 l (pHc.8). . . 

o.sf- • ,:~[ 1 i 4:~ -I Xopowo 11saecTHO, tITO 4eJIL1ti PM MOJie-i 
ft;,'\. 1J. 1.atfs;lXfJ 

11 c6 Hsl 

o. 2l ' 9 I s,r7 
' ~/ \ 

\ 
\ , 
-~-/ 

0.2 

l _ ______l___l '--
-0.1 (11- 0.3~ 

PHc.8. 3aBHCHMOCTb a;ac 

OT HH,AyKL\HOHHOH KOHCTBHTLI 

PBMMeTa-TrupTa 61wm npo
HsBO,ll,HblX 6eH30Jia. 
KpHBM npoae,o.eHa no aKcne
pHMeHTaJibHLIM TOtlKaM C yqe
TOM HJC OWH6KH. 

KyJI.!IpHWC napaMeTpOB, B TOM tlHCJie H peax
l\HOHHa.fl • cnoco6HOCTb MOJieKyJILI, aa:a:mm:T OT 
HH,AyKL\HOHHIDC KOHCTaHT rBMMeTa-TrupTa 3aMe
CTHTeJieti 6 l { B H8llleM cnyqae 38.MeCTHTeJI.fl 
aTOMa B0,0.0pO,Aa B 6eH30Jie),_tITO OTpaJKaeT 

xapaKTep nepepacnpe,AeJieHH.fl nJIOTHOCTH sJie
KTpoHoB CB.fl3H C-H npH BBe,o.eHHH B MOJieKjJiy, 
3JieKTpOHOaKL\enTOpHIDC HJIH 3JieKTPOHO,O.OHOp
HblX 3aMeCTHTeJieti. 

Bnepable o6Hapy~eHa saMeTHM peJiaKca
l\H.fl CnHHa noJIOlltHTeJibHblX H OTpHL\aTeJibHblX 
MllOHOB B CTa6HJibHOM HHTp0KCHJibHOM pa,IJ.HKa
Jie H TPHB.l\eTOHaMHHe (Ta.6.lmn,a 2). 

Ha p11c.9-& Kat1eCTBe npHMepa np11ae.n.e
HL1 3KcnepHMeHTaJibHble ,AaHHble, nonyqeHHble npH H3MepeHHH. K03ippHL\H8HTa 
acHMMeTpHH SJieKTpoHOB p.- - e--pacna,n.a npH OCTaHOBKe nOJIOJKHTeJibHblX 

. MDOHOB B CTa6HJibHOM HHTpOKCHJibHOM pa,IJ.HKaJie (77 °K). ··•. 
IlOJiyt1eHHL1e pesyJibTaTbl HHTepnpeTHpyDTCH Ha OCHOBe npe,ACTaBJieHHH 

o BJIHHHHH Ha cnHH MIOOHa, cTa6HJIHaHpoBattHo_ro a npocTpattCTBe a·pesyJib-:
TaTe BXO,K,AeHH.fl MeaoaTOMa•B',D.HaMarHHTHOe COCTO.f!HHe, KOJie6aTeJibHLIX 
ABH~eHHii 0KpYJ1t8.I0!11HX MeaoaToM pa,n.HKaJioB. · · · · · 
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Ta6JI11qa• 2. ·, 
BpeMJI peJiaKC~H Cill!HOB nOJIOJKHTeJibHOI'O H OTpHqaTeJibHOI'Q M!OOHOB 
B CTa6HJibHOM HHTpoKCHJibHOM pa,IJ.HKaJie H TPH8.l\8TOHaMHHe npH TeMne

paType 300 11 77 °K. H~ii1H11n.npe.n.en ,AJIH TPH8.l\eTOHaM11Ha onpe,AeJieH 
Ha ypoBHe ,A~CTOBepHOCT~ 66'/, .. 

MIOOH MHmeHb 

/1-.+ Pa,n.HKaJI 

TpHB.l\eTOHaMHH 

- Pa,IJ.HKaJI fl 
TpHaqeTOHaMHH 

a cosc.it 

300 °K 

. 'Io,5+7 ,o 
-l,7 
9 

6,3±0,7 

3,6±0,4 

KAHAJl 

Tp, MKC 
77 OK 

6,4:t0,5 

4,2±0,5 

2,2:t0,2 

I,2:t0,2 

PHc.9. KpHBM npeqec

CHH cnHHa nOJIOlKHTeJib

HblX MIOOHOB B CTa6HJib
HOM HHTpOKCHJibHOM pa

,AHKaJie npH TeMnepaTy
pe ~KOI'O a:30Ta. 

H.{= 120 3, WHpHHa 
KaHaJia - 39 HC, 

Q =Uexp(- t/-rpeJI. ). 

CJie,AyeT OTMeTHTb, tlTO BO BCex ,ApJI'HX opI'aHHtieCKHX coe,D.HHeHH.f!X, 
pa,IJ.HOJIH3 KOTOpblX He conpOBO,K,AaeTC.fl o6pasonaHHeM OTHOCHTeJibHO ,AOJII'OJKH

BJl!lHX Pa,IJ.HK8JIOB, npH o6pa6oTKe npeqeCCHOHHLIX KpHBblX YMeHbWeHH.fl aMilJIH
Ty,ALI npeqecCHH CnHHa MIOOHa He Ha6JID,AaJIOCb. 

H,. HaKOHeq, nbcJie,AHHi:f 'aiicnep11MeHT: nOHCK MeTB.CTa6HJibHblX pa,D.HKa
JIOB ··B-JIIHBblX opraHHaMax. 

Ha,ecTHa·pOJib CB060)),Hl,IX pa,Il.HKaJIOB B 3JIOKat1eCTBeHHL1X HOBOo6pasoaa
HHd13 • AnH OHKoiorHH npeACTaBJI.fleT 60JibWOH HHTepec MeTO,A H3MepeHHH 
KOJIHt1ecTaa pa,IJ.HKaJIOB B pas.iiiiiiHblX TKaHRX H opra.Hax, He Tpe6YJOlllHH BH.n.e-
JieHH.fl o6pasqoB TKaHeit H K TOI.iy xe· He,. 1!JJ8,ItCTaBJI.f.ll01ltlU1 OIIaCHOCTlI 
nepeo6nyqeHHR ~aero opraHH3Ma. 3Kcnep11ueHTii'no H3yqeHHD aan11c11MocT11 
a;ac OT KottqeHTp8l\HH CTa6HJibHoro HHTpOKCHJibHoro PWKaJia B no.n.e, r.n.e 
38.MeTHOe yaeJIHt1eHHe acHMMeTpHH yrJIOBOI'O pacnpe.n.eneHHH Ha6JllO,AaJIOCh,y~e 

npH roIB pa,n.HKaJIOB/rpru.w, IlOCJiyl!O!JIH OCHOBaHHeM MR npoae.n.eHH.fl 3KCnepH
MeHTOB no 06Hapy~eHHD cao6o.n.HblX MeTacTa6HJibHblX pa,IJ.HKaJIOB B opraHH3Me 
6eJIOH _;KPblCbl ,JIHHHH BHCTap nyTeM cpaBHeHHR OCTaTOtlHOH nOJI.f!PH38l\HH MIOO-
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HOB npH HX OCTa.HOBKe B ~HBOH H M8pTBOH KpNce. MeTaCTa6HJibHHe p~HKr~ 
B J!GIBblX opI'8HH3Max accowmpyJOTC.R C ceMHXHHOHaMH ·o (" .> o· I 4 , 
KOTOpble no cT-pyKTYJ)e 6JIH3KH K HCD0Jlb30B8HHOMJ HaMM pattee HHTpOKCHJibHO
MY PMHKMY. B aT'oM sKcnepHMeHTe ucnoJib30BaJil1Cb KaK 0Tp114aTeJibHHe, 
TaK H noJIOJKl1TeJihHHe MJOOHbl. B peayJibTaTe 6wi onpe,[\eJieH ae8XHHH npe,[\eJI 
KOJIH1.leCTBa CTa6HJibHblX pa,D,HKaJIOB, KOTOpNH COCTaBHJI ~ !0! pa,D,HKaJIOB/ 

rpaMM. Ilo JIHTepaTypHHX ,[\aHHbIM, no.nyqeHJ-ll,JM llpH H3MepeHH.RX MeTO,[\OM 3IIP' 
B MeTa60JIHpyiorqux TKaHRX CO,[\epl!GITCR He Mettee !0!7 pa,D,HKaJIOB/I'pa.MM.0A
HaKO 3TH AaHHHe DOJiytleHH B BhJAeJiemrux o6paaqax TKaHeH ( in vitro ) 11 
He ucKJllOqeH_o, qTo B npoqecce uaroToBJieHHn u·aaMoprumBBliHR o6paaqoB 

qacTb pa,D,HKaJIOB TepaeTC.R. Ila ~eCTBYJ.)rqeB MeTOAHKe H3MepeHHH in vivo 

MO~O IlOAOHTH K npeAeRy 3·I01 pa,D,HKaJIOB/I'paMM llpH yBeJIHqeHHH BpeMeHH 
Ha6opa CTaTHCTHKH BIO pas. MOJKl;IO IlOJiaI'aTb,. qTo COBepweHCTBOBaHHe Me
TOAHKH 3KcnepHMeHTOB Il03BOJIHT llpOAOJIJ!GITb 3TH 11CCJieAOBaHH.R. 

OCHOBHHE PE3YJI1TA'IU 

1. liaMepeHa TeM11epaTypHM aaBHCHMOCTb K03ippHI.iHeHTa acHMMeTpHH 3Jie~Tp0-

HOB µ -: - e--paCnMa B BOAe B ~HTepBane TeMIIepaTyp_ OT 4 °K ,[\O 
373 °Ku onpeAeJieHa CKOpOCTb BCTynJieHH.R MeaoaaoTa B XHMH~8CKYJ.) pe
aKI.iHJJ B BOAe TciqHee, qeM 3T0 .. 6WJO CAeJiaHO paaee. 

2. Ha OCHOBe···B.HaJIH3a. npoqecca 3axBaTa OTpHqaTeJJbHblX MJOOHOB CAeJiaHO 

3aKRJJqeHHe, qTQ BKJIM HB,l\TenROBblX peaKI.iHH Me30aTOMOB HeCYil!eCTBeH. 
Peay.n:&xaxu. OTHOC.RrqHec.R K KOHKpeTHNM COeAffH8HH.RM (BOAa, CTa-
6HJib_HHi-l HHTpOKCHJlbHHH PMHKaJI), IIOATBep~ruoT AaHHOe 3aKJIDqeHHe. B 
CJiyqae IIOJIOlKHTeJibHHX MIOOHOB IIOKaaaao, qTo BMM B3aHMOAetiCTBHH MJJ

OHH.R C TpeKOM He npeaNWaeT ro-4 OT acex peaKI.iHH MlOOHH.R. 
3. BnepBue Ha6JIJJ,[\aJIOCb BOCCTaHOBJieHHe DOJI.RpH3~H OTpHqaTeRbHUX MDO

HOB B CHJibHHX IIPOAOJibHUX MaI'HHTHblX DOJI.RX llpH HX OCTB.HOBKe B AHifle
HHJie, CTHpOJie 11 BOAe. Ha OCHOBaHHH nonyqemrux pe3yJibTaTOB CAeJIB.HO 
3aKRJJqeHHe, qTo, AeHCTBHTeJibHO, AaJibHell:man AeilOJI.RpH3~.R MBJOHa 

nocne nonMattH.R B Is -cocTORHHe o6ycnoaJietta caepxTOHKHM BaauMoAell
CTBHeM CilHHa MllOHa C MaI'HHTHbIM MOMeHTOM 3JieKTpOHHOH o6oJIOqKH Me3o
aTOMa. OqeHeHO 3HaqeHHe IIOJI.R, C03,[\aBaeMOI'O 3JieKTpOHHOH o60JIOqKOH 
B 06,JiaCTH MJJOHa. HaxOAffilleI'OC.R B Is -COCTORHMH. 

4. OnpeAeJieHhl CKOpOCTH BCTynReHH.R B XHMHqecKyio peaKI.iHD MesoaaoTa u 
Me3o6opa co CTa6HJibHblM HHTpOKCHJlbHlild PMlfKaJIOM. IloKaaatto, qTo CKO
poCTb BCTynReHH.R B XHMHqecKyio pe8.KI.ilfJJ MeaoaaoTa B 12 pas 60Jibme 
CKOpOCTH XHMHqecKHX peafillHH Meao6opa. Ma cpaBHeHH.R CKOpOCT8H XHMH

qecKHX peaKI.iHH MeaoaaoTa B BOAe u CTa6HJibHOM HHTpoKCHJibHOM Pa,D,HKa-' 

Jie oqeHeHa KOH4eHTp~R HecTa6HJibHHX PMlfKaJIOB B BOAe ( ~ 0,1%), 
o6paayJJrqHXC.R B peayJibTaTe pa,D,HOJil13a cpe~ llpH TOpMo~eHHH MllOHa 
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11 o6paaOBaHHH M830aTOMa, _K MOMeHTY BCTymreHH.R B XllMHqecKyJJ peaK411IO 

MeaoaaoTa. 
5. Orrpe~eJieHU npe,n;eJibHUe 3HaqeHH.R CKOpOCTH BCTYIIJieHHR Meao6opa B Xll

MlfqecKyJJ peaKliHIO C MOJieKyJiaMH qeTupexxnopHCTOI'O yrnepoAa 113 KOH
qeHTp~OHHOH 3aBHCHMOCTH a;ac B CMeCH qeTNpexxnopHCTOI'O yrnepo,n;a 

11 6ettaona. 
6. MayqeHa 3aBHCHMOCTb CTeneHH ,n;eIIOJI.RpH3~H OT MHHbl yrJieBOAOPO,[\HOH 

qenH aJIHqiaTHqecKHX cnuproB,,XJIOpaJIKHJIOB H naparpHHOB IIPH KOMHaTHOH 
TamepaType, a Taroite cIII:IpToB H napaifllllioB npn Ter.mepame JKlI,lJ;Koro 

asoTa. 
7. YcTaHOBJieHa KOppeJI.RliH.R Mew OCTaTOl!HOH IlOJI.RpH3aqHei1 H HH,D,yKL\HOH

HOH KOHCTaHTOH I'aMMeTa-Ta¢'ra O I 3aMe,qeHHb!X apoMaT11qecKHX cOe,[\H

HeHHil. 
8. 06Hapy~eHa "Me,n;JieHHM" peJiaKC~.R CilHHa KaK OTPHliaTeJibHOI'O, TaK 11 

IIOJIOJKl1T8JlbHOI'O MlOOHOB B _cTa6HJibHOM HHTpOKCHJlbHOM pMJ,lKaJie H TpH
aqeTOHaMHHe npH KOMHaTHOH TeMIIepaType H TeMIIepaType ~H,ll;KOI'O a30Ta. 

9. Onpe,n;eJieH BepXHHH npe,[\eJI q11cJia MeTacTa6HJibHblX pa,D,HKaJIOB B J!GIBhlX 
Opl'alill3MaX (HCCJI8,D;OB8lillil Ha Ciemrx: Kph!cax JllIB1m BH:cTal)), KOTOp!IB 

· 18 / COCTa.BJm8T no ,ll;a.IilillM ,nJllI OTpIDJ.aTeJU,HHX MIOOI!OB ~ I• IO pa,n;HKaJIOB 
rpaMM H no ,ll;a.HHUM ,lJ,lill llOJIOJKliTeJI!,HllX. MIOOHOB ~ 7, 5 · I0I8pa.ItHKaJIOB/rpaMM. 
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XOJIO,[\OB H.M. 3aBHCHMOCTb acuMMeTpHH 3JieKTpOHOB pacnMa OTpH4aTeJib
Hb1X MlOOHOB OT MHHU yrneBO,ll;OPOAHOH qeIIH cnHpTOB H XROpaJIKHJIOB. 
Olliill, P6-6822, ,!Jy6Ha, !972; JK3'111), 1973, T .64, BhlD .6, C. !930. 

2. EBceeB B.C. ,Ma.MeAOB T.H. ,Pora.HOB B.C., <IlpoHTacbeBa M.B. ,L(enoJIHpH
aaqun OTpH4aTeJibHhlX MIOOHOB 11 CMeCH 6eH30Jia H qeTHpeXXJIOpl!CTOI'O 
yrnepo,[\a. 0.11ID!, P6-IOI70, ,!Jy6Ha, 1976; Goldansky V.I.,Evseev v.s., 
Roganov V.S.,Prontasyeva M.V.,Kholodov N.I. Negative Muon Depola
rization in Benzene and Carbon Tetrachloride Mixtures. 
Tpy,IU,I Me~.KOH~. no cpl13HKe BUCOKHX 3HepI'HH H CTpyKType wa. ClllA, 

CaHTa-4/e, 1975. 
3. EBceeB B.C. ,MaMeAOB T.H. ,PorattoB B.C. ,TKaqeBa o.n. ,<l?poHTacbeaa M.B. 

~enO.'lltplI3an;IIJI OTpHqaTeJibHblX MIOOHOB B BOAHOM l1 6eH30JlbHOM pacTBOpax 
B.30TOKHCHOI'O cTa6HJibHOI'O pa,D,HKaJia. B c6. "MeaoHU B BelJleCTBe", ,!Jy6-
Ha, !977, c.319. 

4. Ba.JI8.H,[\11H M.II.,ByqaqeHKo A.R.,EaceeB B.C.,Ky,r:\HHOB B.M.,MaMe,n;oB T.H., 
06yxoB D.B.,Poraaoa B.C.,TKaqeBa o.rr.,~poHTacbeBa M.B. B3auMOAeficT
BHe MIO-MeaoaTOMOB yrnepoAa l1 Kl1CJIOPOAa C MOJieKyJia.MH HHTpOKCHnbHOI'O 
CTa6HJibHOI'O MOHOpa,D,HKaJia H Tp11aqeTOHaMHHa. OIDIB, PI-12082, ,!Jy6Ha, 
1978; XHMWI BllCOKHX 3Heprn:i1:, 1979, T. 14, Blm. I, c. 7I. 

15 



5. EBceeB B.C. ,MaMe,qoB T .H: ,Pora1-10B B.C. ,111poHTaCheBa .M.B. Ha6JID,I\eHHe 
aqxpeKTa IlameHa-BaKa B MllOHHWC aTOMB.X. Coo6ll!eHHe 0.11HH, PI-I264?, 
Av6Ha, I9?9. 

6. EBceeB B.C.,MaMe,qoB T.H.,Pora1-10B B.C.,~poHTacheBa M~B. HcCJie,qoBa
HHe TeMIIepaTypHOR 3aBHCHMOCTH ,qenOJUIJ)H3~H OTpHqaTeJihHl,IX MllOHOB 
B Bo,qe. Coo6ll!eHHe 0.11HH, PI-I2?84, Av6Ha, I9?9. 

?. Waff'AHH M.II. ,ByqatieHKO A.JI. ,EBceeB B.C. ,.Maue,qoB T.H. ,Pora1-1oli B.C., 
TKatieBa O.II.,111poHTacheBa M.B. HcCJieAOBBHHe ,qenonnpH3~H oTpHqa
TeJihHWC H noJIOl!HT8JihHl,IX MllOHOB B HHTp0KCHJihHOM CTa6HJihHOM p~Ka
Jie, TpHaqeTOHSMHHe H M8THJiqHKJIOI'8KCaHOJie. 0.11HH, PI-80-380, Av6Ha, 
1980. . 

8. EBceeB B.C.,MaMe,qoB T.H.,Porat10B B.C.,~poHTacheBa M.B. HcCJie,qoBa
HHe ,qenoJIHpH3~H OTpHqaTeJihHl,IX MllOHOB B YI'JI8BOAOpo,qax H HX npo

' H3BOAH!,IX. 0.11HH, PI-80-562, ,lly6Ha, I980. 

IDITEPA'IYPA 

I. ,ll.iitp6amHH B.A. JKoN, I959, T.36, aw.I, c.2??; Shmushkevich J.M. 
Nucl.Phys., 1959, 11, p.419. 

2. Ba6aee A.H. HAP· JKoN, I966, T.50, Bim,4, c.8??. 
3. COKOJIOB C.H. H AP• 0.11HH, ~-8!0, Av6Ha, I96!. 
4. Ba6aes A.H. HAP· H~, !969, T.IO, Bim.5, c.964. 
5. KOJI,11,HH E. BiicTpue peaKqHH B pacTsope. "MHp", M., I970. 
6. MenemKo E.A. HAP· IlpenpHHT HAS-2320, MocKBa, I973. 
?. Ta.MMeT 3.B. ~. I976, T,23, sw.5, c.I042; fuB,AH 3cT.CCP, cep. 

¢}f3,-MaT., I973, 22, c.425. 
a. KopHqKHR A.T. HAP·~ CCCP, !962, T,I42, Bw.I, c.I20; Magat M. · 

et al. Electrochem., 1958, 62, p.J07; Klein J. et al. J.Chim.Phys., 
1970, 67, p.310; Schweiner Z. et al. Int.J.Rad.Phys.Chem.1971,J,p.187. 

9. Evseev v.s. Muon Physics. Acad.Preee, 1975, v.III, p.2J5. 
IO. TepeHHH A.H. Y~H, I95I, T.43,.sun.3,_c.347. 
II. BHqHamBHJIH A.~. HAP· XHMwI BucoIWX aHeprmi, 1969, T.3, Bmr.2,· 

c.I82. 
12. ,!l.1cypaes A.A., H AP· JKo'I'<P, 1972, T.62, Bw.3, c.II66; JKoN, 

1974, T.66, BliIJ.2 1 C.433. 
13. 3MaHy3Jih H.M. KHHeTHKa 3KcnepHM8HT8JlhHWC onyxoJieB1,ocnpoqeccoB. 

"HayKa", M., 1977. 
I4. Bm:!MeHipeJihA JI.A. Ilpo6new 6HOJIOI'HqecKoR ~H3HKH. "HayKa", M.,I977. 

Pyxo:tmCJ, IIOCTynwia B ns;o;aTem,Ciarli OT,lteJl 

I8 moHR: 1981 ro;o;a. 

16 

j\ 

'\ \ 

.!/ 0 l 9'-1 S:-


