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Baeoe11ue 

IlonyY:eHHe iio.LJ.6eH30Jia, MeY:eHoro pa.LJ.HOai<THBHbiMH HJo

TonaMH iio.LJ.a, a Tai<)I(C acTaT6eH30Jia - .U.OBOJibHO cJIO)I(HaH 

H ,lJ,JIHTCJlbHaH npoue.LJ.ypa. 0Ha ocy~CCTBJIHCTCH JIH60 06biY:

HbiMH MCTO,lJ,aMH opraHH'ICCI<OrO CHHTC3a C HCfiOJ1b30BaHHCM 

ucxo.LJ.Horo pa.LJ.HOaKTHBHoro npenapaTa ranoreHa /1-3/. nu6o 

Ha OCHOBC MC)I(ranoreHHOrO o6MeHa C HO,lJ,OHHCBblMH COJUlMH 

H fiOCJIC.LJ.YIO~HM pa3J10)1(CHHCM npOMC)I(YTO'IHblX COC,LJ.HHC

HHii/3,4/ 

l1cc~e,LJ.OBaHHH H30TOfiHOrO 06MeHa B CHCTCMaX: Na 
1 3 J -

J Ph - opraHHY:CCKHH pacTBOPHTCJib/s,6/ H 
131 J 2 - J Ph 

opraHH'ICCKHH paCTBOpHTCJlb/7/ fiOKa3aJIH, 'ITO 3TOT nyTb 

Manonpuro,LJ.eH .11.11.11 npenapaTHBHblX ueneii. MeY:eHbiH iio,LJ.-

6eH30JI, C BbiXO,lJ,OM OKOJIO 90fJ/o, 6bl11 fiOJIY'ICH TOJlbi<O npH 

pa,l1,HaUHOHHo- XHMHY:CCKOM HH.Ll.YUHPOBaHHH peaKUHH H30Ton

HOrO 06MeHa MC)I(.LJ.Y ] Ph H paCTBOpCHHOrO B HCM 
131

] 2 

raMMa-nyY:aMH 60 Cola/. 
IJpOCTOH CfiOC06 BBC,LJ.CHHH pa,l1,HOaKTHBHOrO ranoreHa 

B Mone KY ny iio.LJ.6eH 3011a 6bl11 npe.LJ.JIO)I(CH CaMCOHOM /3/ 

OH npoH3BO.LJ.HJI o6MeH B JanonHeHHoii KH3CJibrypoM raJo

xpoMaTorpa$HY:ecKoii KOJIOHKC npH TCMnepaType 130- 200°C 

MC)I(.LJ.Y napaMH HO,LJ.6CH30J1a H cop6HpOBaHHbiMH Ha KH3CJ1h

rype 1 31]- HJIH At- . IJoCJIC.LJ.YIO~CC pa3,LJ.CJ1CHHC CMCCH 

napoB raJIOH,l1,0praHHKH fi03BOJIHJ10 fiOJiyY:aTb MC'ICHblH HO,l1,-

6eH3011 c BhiCoKoii y,LJ.eJibHOii pa.LJ.HOaKTHBHOCTbiO, nu6o At Ph 
6e 3 npHMCCH CTa6HJibHblX raJIOrCHOB. llo MHCHHIO aBTOpa, 

HaH)I.CHHblC HM yCJIOBHH MC)I(ranoreHHOrO o6MeHa npHMCHHMbl 

,l1,11H npouecca pa,l1,HOaKTHBHOH MCTKH JIHIIIb OTHOCHTCJlbHO 

HH3KOKHfiH~HX ranoreHopraHH'ICCKHX COC,lJ,HHCHHH. 0.LJ.HaKO, 
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HCXO.IJ.H H3 'IHCTO <lJopMallbHOH aHanorHH, MO)I(HO npe.n.nono
)I(HTb, 'ITO Me)l(ranoreHHbiH 06MeH .IJ.Oll)l{eH H.IJ.TH H npH 
3aMeHe ra30BOH <lJa3bl KOH,lJ,eHCHpOBaHHO•H )I(H,lJ,KOH <lJa30H. 
H, cne.n.osaTeni.Ho, TaKHM nyTeM pa.n.uoaKTHBHble aTOMbi 
ranOH.IJ.OB MO)I(HO BBO.IJ.HTb B MOlleKyllbl BbiKOKOKHnH~HX 

opraHH'IeCKHX Be~eCTB. 
TaK KaK B03MO)I(HOCTb TaKOH peaKUHH He cne.n.yeT H3 

cy~eCTBYIO~HX MO,lJ,enbHbiX npe.IJ.CTaBneHHH 0 B3aHMO,lJ,eH
eTBHH ranoreHH.IJ.OB c <beHHnbHbiM KonhUOM /9 I, npe.n.nono
)l(eHHe 0 Me)l(ranoreHHOM o6MeHe Me)I(.IJ.Y TBep.IJ.OH H )I(H.IJ.KOH 
<l>a3aMH Mbl 3KcnepuMeHTanbHO nposepunu Ha npuMepe 
cucTeM: Na 13 ~ - Br Ph H Na At - Br Ph. 

3KcnepuMeHmaAbHaR 'lacmb 

lipoM6eH30ll KBanu<lJHKaUHH "XHMH'IeCKH 'IHCTbiH" .IJ.H
CTHnnHpOBanH /<lJpaKUHH 155±0,5°C/ H xpaHHllH Ha,lJ, noporn
KOM MeTannuqecKoro cepe6pa, H- .n.eKaH KBanu<buKauuu 
"XHMH'IeCKH 'IHCTbiH" .n.ononHHTenbHOH O'IHCTKe He no.n.sep

rancH. 

AcTa T nony'leH B peaKUHHX pac~enneHHH TOpHH npoTo
HaMH C 3HeprHeH 680 M :JB. 0'1HCTKa H KOHUeHTpHpOBaHHe 
3lleMeHTa npoBe,lJ,eHbl MeTO,lJ,OM TennypOBblX KOllOHOK /10/ . 
AcTaT B ~eno'IHOM (1M NaOH) pacTsope, no pe3ynLTaTaM 
3neKTpo<lJope3a Ha 6yMare, 6bln TOnbKO B <lJopMe acTaTH.IJ.
HOHa. Na 131J 6e3 HOCHTenH B 6y<lJepHOM CTa6HnH3Hpyro-

3 -2 ~eM paCTBope(2,5·10-MNa 2C03 -2·10 M NaHC0 3 -
- 1· 10-2M Na2 s2 0 3 I 6Mn npuroTOBneH B na6opaTOPHH 
OPIDI - Baprnasa. ,ll.nH · nonyqeHHH ~eno'IHoro pacTBopa 
131 J cop6uposanu H3 conHHOKHcnoro pacTsopa Ha Tennypo
BOH KonoHKe, H3 KoTopoH ero 3nrouposanu 0,1 M Na 0 H . 
B nony'leHHOM npenapa Te 131 J 6hln B <lJopMe Ho.n.H.IJ.a. 

Pa.n.uoxHMH'IecKaH qucToTa acTaTa u 131 1 KOHTponupo
sanacL no cneKTpaM y -u3ny'leHHH npenapaToB 3THX pa.n.uo
aKTHBHbiX HyKnH,lJ,OB. 

,ll.nH uccne.n.osaHHH peaKUHH Me)l(ranoreHHoro o6MeHa 
~eno'IHble pacTBOPbl acTaTa H Ho.n.a /0,2 MA/ BhlcyrnusanH: 
B CTeKn.HHHblX npo6HpKaX npH nOHH)I(eHHOM ,lJ,aBneHHH /10-
15 Top/, .n.o6aBn.HnH no 2 MA Br Ph , 3aKpblsanu npo6upKH 

4 

-
... 

o6paTH~IMH XOllO,lJ,HllbHHKaMH, noMei.QanH B HarpeTyiO .IJ.O 
160° C MaCmiHyiO 6aHIO H Bbi,lJ,ep)I(HBanH TaM 3a,lJ,aHHOe 
speMH. ,ll.anee oT6upanu 6poM6eH3on, a cne.IJ.bl ero oTro
HHnH H3 npo6upoK npu noHH)I(eHHOM .n.asneHHH. Cyxue ~e
no'IHbie OCTaTKH paCTBOpHllH B 2 MA BO.IJ.bl. flo aKTHBHO
CTHM opraHH'IeCKHX H BO)J.HblX <lJa3 onpe.n.enHnH H3BneqeHHe 
ranoreHH.IJ.OB B 6poM6eH30ll. 0THOCHTellbHhle KOllH'IeCTBa 
B 6poM6eH30llbHOM pacTBope 131 J Ph u At Ph , KoTophle 
o6pa3osanuch B pe3ynLTaTe peaKUHH Me)l(ranoreHHoro o6-
MeHa, oueHusanu no pe3ynLTaTaM aHanu3a MeTO.IJ.OM 6y
Ma)I(HOH xpoMaTorpa<lJHH C npoMe)l(yTO'IHOH 30HOH MenKo
.IJ.HCnepCHOrO MeTannuqecKoro cepe6pa u H-.n.eKaHoM B Ka
qecTBe 3niOeHTa /11/. H3MepeHHe oTHOCHTenLHbiX aKTHBHo
cTeH npenapaTOB pa.IJ.HOaKTHBHbiX HYKllH,lJ,OB npOBO.IJ.HllOCb 

CUHHTHllllHUHOHHblMH C'leT'IHKaMH. 

Pe3yAbmambl u o6cyJKoeHue 

CKopocTH nepexo.n.os Ho.n.a H acTaTa B cucTeMax: 
TBep.IJ.biH pacTBOP ranoreHH.IJ.a B NaOH -BrPh npu TeM
nepaType KHneHHH opraHH'IeCKOH <lJa3bl 3aBHCenH OT npo
.IJ.Oll)I(HTenbHOCTH npouecca u KonuqecTBa I.Qenoqu I puc. 1/. 
llocne.n.Hee, no-BH.IJ.HMOMY, o6ycnosneHo Ton~HOH cnoH 
NaOH,KoTopbiH o6pa3yeTCH Ha cTeHKax npo6upKH nocne yna
pusaHHH BO.IJ.HOrO I.QellO'IHOrO paCTBOpa. 0'1eBH,lJ,HO, 'leM Bbi
IIIe KOHUeHTpaUHH Na0H B HCXO,lJ,HbiX paCTBOpax, TeM TOn~e 
CllOH, H n03TOMY npoueCCbl H3Blle'leHHH H3 HHX YllbTpa
MHKpOKOllH'IeCTB ranoreHH,lJ,OB 6poM6eH30llOM npoTeKaiOT 
Me,lJ,neHHee H MeHee nonHO. llpH npO'IHX paBHbiX ycnOBHHX 
HO.IJ.H.IJ. nepexo.n.un B opraHH'IecKyiO <lJa3y 6McTpee H nyqrne, 
qeM acTaTH.IJ.. Bo3MO)I(HO, 3TO cBH3aHo c 6onee Me.n.neHHOH 
.IJ.H<lJ<lJy3HeH B TBep.IJ.OH <lJa3e acTaTH.IJ.- HOHa, pa3Mepbl KOTOporo 
no HMelO~HMCH 3KCTpanonHUHOHHbiM OUeHKaM, cyi.QeCTBeHHO 

6onbrne, qeM HO.IJ.H.IJ. uoHa. 
XpoMaTorpa<lJuqecKHH aHanu3 Ha 6yMare noKa3an, 'ITO 

B 6poM6eH30llbHbiX paCTBOpax H HO.IJ. H acTa T HaXO.IJ.HllHCb, 
KaK MHHHMyM, B Tpex XHMH'IeCKHX <lJopMaX. <l>opMbl J-l H 
At-I .n.suranucb BMecTe c <lJpoHTOM 3niOeHTa/puc. 3/; 
cyi.QeCTBeHHO MeHbiiie Ho.n.a u acTaTa ocTasanocb Ha MecTe 
cTapTa /<lJopMbi J -III u At-III /u cop6uposanoch cepe6poM 
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1. 
100~-----------------------------

50 

0~----~---,-----r----.----.-----r~ 

0 120 240 360 Ml-1H. 

Puc. 1. H3e/le4eHue 131 1 u At e cucmeMe NaAt( 111 1)
NaOH-BrPh e 3aeucuMocmu om npoOoAxumeAbHocmu npo
ijecca, 155"C, 2 M/1 Cr,HsBr .. 1- 1311; 0,4M2 NaOH, 
2 - At ; 0,4 M2 NaOH , 3 - At ; 4 M2 NaOH . 

lcl>opMhi 1 -II H At-Il I. 0TnocHTeJihHhie KOJIH'IeCT8a cl>opM 
1-1 H At-·1 peJKo napacTanH 8 nep8bie noJl'laca nocne 
Ha'lana npouecca I puc. 21. Onn, 8 OTJIH'IHe oT ocTaJihHhiX 
cPOpM, npaKTH'IeCKH He 8hiMbi8aJIHCh H3 6poM6eH30Jla pa3-
6a8JieHHhiMH pacT8opaMH menoqeil I puc. 36, zl. ct>opMhi 
1-1 H At-1 HJJ.eHTHcPHllHP08aHhi naMH xax iioJJ.- H acTaT-
6eHJOJI. Ilpa8HJlbHOCTb H,!J.eHTHcPHKal{HH 6h1Jla llO,!J.T8ep)f(,!J.eHa 
pe3yJihTaTaMH ra3oxpoMaTorpacl>n'lecxoro ananH3a 6poM-
6eH30JibHoro paCT80pa cPOPMhl 1-1 . 3Ta cPOpMa KOJ1H'IeCT-
8eHHO npowna qepeJ ra3oxpoMaTorpacPH'Iecxyro xononxy 3a 
8peMJI, COOT8eTCT8YIOlllee 8peMeHH y,nep:>KaHHJI ilo,n-6eH30Jla. 

ct>opMhl 1-Il , At-Il H 1 -Ill, At-Ill MOrJIH 6hiTh neiiT
paJihHhiMH ranoreHaMH HJlH HHTepranoreHHblMH KOMllJleKCa
MH, ranoreHH,I\aMH H npOAYKTaMH raJIOH,!J.Hp08aHHJI 6yMarH. 
HeCOMHeHHO, 'ITO HX 6onee AOCT08epHaJI H,!J.eHTHcPHI<al{HJI 
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Puc. 2. OmHocumeAbHOe cooepJKaHue r/JOPM 
131 

1' HaiioeHHbiX 
MemoooM 6yMaJKHoii xpoMamozpa(Juu /II I e 6poM6eH30Ae, 
e 3aeucuMocmu om npoOoAJKume/lbHOcmu KOHmaKma ¢ja3 e cu
cmeMe Na 1·11 1 - 0,4 M2 NaOH - 2 M/1 BrPh, , 155° C. 

npe.n.cTa8JIJieT onpe.n.enennhiH HHTepec, no Ha ,naHHOM 3Tane 
pa6oThi Mhl ne cMornH npo8eCTH Heo6xo.n.HMhie nccne.n.o-

8aHHJI 8 3TOM Hanpa8JieHHH. 
IlpH8e,neHHbie 8biiile pe3yJlhTaTbl MO:>KHO paCCMaTpH8aTb 

xax 3I<cnepnMenTan&noe no.n.T8ep:>KJJ.enne Halllero npe.nno
no:>KeHHJI o6 3cPcPei<TH8HOCTH MeTo.n.a nony'leHHJI 

1 31 1 Ph H 
At Ph , ocno8annoro na peai<UH·JIX Me:>Kranorennoro o6MeHa. 
Bhlcoxne 8hiXO.ll.hl peaxunii o6pa3o8aHH.Il Meqenhlx pa.n.noax
TH8HhiMH HYI<JlH,I\aMH ranoren6eH30Jl08, OT 50 ,ll,O 60~ ,!J.Jl.Jl 
AtPh H 70·80~ AJIJI 131 1Ph CTa6HJlhHO ll08TOp.IIJIHCh 
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Puc. 3. Pe3y/lbmambl xpoMamozpa(/Ju'lecKozo aHa/lu3a (/JopM 
uooa u acmama e 6poM6eH30/Ie: A: Nal31J -NaOH-BrPh , 
B: NaAt-NaOH- BrPh 0,4 M2 NaOH , 2 M/1 C6H::,Br, 155 C, 
15 MUH. <l>opMbl 131] /E/ u acmama /F/, coxpa'.'lueawuecJI 
nocAe mpexKpamHou npoMbiBKU 6poM6eH30/IbHbiX pacmeopoe 
0, 5 M NaOH. . S - cmapmoeaJI mo'lKa; Ag - cepe6pJI Hoe nJim
Ho; F - (/JpoHm pacmeopumeAJI. XpoMamozpa(/Ju'lecKaJI 6yMaza 
"MeoAeHHaJi",muna 3MM,nAomHocmb10 18,5Mz/cM , 3/IIOeHm
w OeKaH. 
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BCerAa, ~OrAa B KaqeCTBe HCXOAHWX npenapaTOB HCTIOnb-

30BanH I.QenoqHwe npenapaTbi ranoreHHAOB. EcnH )l(e ycno

BHH MeHHllHCb, HanpHMep, At( 0) HllH l3 1J(Q) 3KCTparHpo

BanH H3 BOAHWX paCTBOpOB 6pOM6eH30llOM, 3aTeM npoMw

TWH H BWCyiiieHHbiH 3KCTpaKT B TeqeHHe 2-3 'lQC HarpesanH 

AO 155 °C, TO llHIIIb He3HaqHTenbHaH qacTb, OT 2 AO 10t1o 

paAHOHYKllHAOB 06MeHHBanacb C 6pOMOM, a pe3ynhTaTW 

OTIWTOB npaKTHqeCKH He BOCTipOH3BOAHllHCb. 

C <i>opManbHOH TOqKH 3peHHH MO)I(HO paCCMaTpHBaTb 

¥e)l(ranoreHHbiH o6MeH At HnH 
131 J, nepsoHaqanbHO <i>HKCH

posaHHbiX B <l>opMe ranoreHHAOB B TsepAOM cnoe Na 0 H , 
c BrPh , KaK HyKneo<l>HnhHOe 3aMei.QeHHe B 6poMOHHeswx 

COllHX. llpH TaKOM TIOAXOAe AllH OTIHCaHHH npo:uecca MO)I(HO 

6wno 6bi HCTIOllb30BaTb MOAellbHYJO CXeMy, KOTOpaH npHBe

AeHa s pa6oTe /7 I AllH o6'hHCHeHHH H30TOnHoro o6MeHa 

B CHCTeMe J
2 

- J Ph. llpHMeHHTenbHO K HaiiiHM ycnOBHHM 

3Ta cxeMa AOll)I(Ha swrnHAeTh cneAyroi.QHM o6pa3oM: 

.... + - /1/ 
2 Br Ph .... [ Br Ph 2 I Br , 

+ -
[BrPh

2
1 Br + NaAt( 131J): [BrPh

2
]+At-( 13 l-)+NaBr, 

/2/ 

[ + - 131 - <-- 131 
Br Ph 2 1 At ( J ) .... At ( J ) Ph + Br Ph • /3/ 

Ho HMeiOI.QHecH B HaiiieM pacnopH)I(eHHH 3KcnepHMeH-

TanLHWe AaHHbie, K CO)I(aneHHIO, He TI03BOllHIOT npHHHTb 3TY 

MOAellb KaK eAHHCTBeHHO B03MO)I(HYIO, H TeM CaMbiM HCKniO

qHTb APYrHe, sepoHTHbie B Bbi6paHHbiX HaMH ycnoBHHX nyTH 

peaK:UHH Me)l(ranoreHHOrO 06MeHa. 0AHaKO, He 3aBHCHMO 

oT sonpoca o MexaHH3Me npo:uecca, y)l(e ceB:qac oqeBHAHO, 

qTo cymecTsyeT HaAe)I(HWH H 6wcTpb1B: cnoco6 nonyqeHHH 

AtPh H 131 JPh , pacTsopeHHbiX s 6poM6eH3one, OTKYAa 

HX nerKo BhiAenHTb ra3osoB: xpoMaTorpa<l>HeB:. OH oqeHb 

YA06eH DpHMeHHTenbHO K acTaTy, KOTOpbiH MeTOAOM Tenny

pOBWX KonoHoK BhiAenHeTCH B 1M pacTsope NaOH BbiCOKOH 

yAenbuoB: o6'beMHoB: ~KTHBHOCTH. CosepiiieHHO oqeBHAHO, qTo 

cnoco6 He orpaHHqeH TOnbKO ranoHA6eH3onaMH. OH AOll)l(eH 

6h1Tb 34><l>eKTHBHWM H no OTHOIIIeHHIO K APYrHM, 6onee cno)I(

HWM COeAHHeHHHM, B KOTOpbiX TIOTpe6yeTCH 3aMeHHTb CBH-

3aHHbiH c <l>eHHnhHbiM paAHKanoM 6poM- HnH B:oApaAHOaKTHB

HWMH HYKllHAaMH TH)I(enwx ranoreHOB. B 3TOH CBH3H MO)I(HO 
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npHBCCTH B Ka'"lCCTBC npHMepa MCTOAHKY llOJIY'"lCHHH OpTO

iio,n;runypa Ta Ha TPHH /I·L r.;, Me'"leHoro 1 23J I 12/, ,l].nH 

BBO,IJ;a pa,ll;HOaKTHBHOH MCTOAHKH HCllOJib30BaJiaCb peaKUHH 

H30TonHoro o6MeHa B cHcTeMe 200 M2 Mr - 20 M2 NaOI+ 
10-20 MKr NaJ( 123J) npH 180nC. 06MeH npOXOAHJI Ha 9011/o 

B TC'"lCHHe nepBOH MHHYTbl llOCJie pacnJiaBJICHHH HCXO,ll;HOrO 

COCAHHCHHH. 

BbHJOObl 

Me)l(ranoreHHbiH o6MeH B CHCTeMax NaOH -Na At( 1311 ) -
-BrPh npH TCMllepaType 155"C ll03BOJIHCT nonyqaTb AtPh H 
131JPh C BbiXO,IJ;aMH 50-6011/o H 70-8011/o COOTBCTCTBCHHO. 

ABTopw 6naro,n;apHT A.~.Hoaropo,n;oaa H ID.B.Hopcee

Ba 3a llOMOIUb npH BblllOJIHeHHH HCCJIC,IJ;OBaHHH H UeHHbiC 

KpHTH'"lCCKHC 3aMC1faHHH llpH 06Cy)l(,ll;CHHH pe3yJibTaTOB. 
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r .E.,lJ,oroTapb, P .A.3paM)IOIH 

3AXBAT MIOOHOB 8 ,ll,EHTEP111111 BO,ll,OPO,ll,E 

11 KOHCTAHThl MIOOH-HYKJIOHHOrO 

83A11MO,ll,EHCTB11H 



• 

1. BBE,lfEHHE 

llony'leHHble a nocne,IJ,uee apeMB HOBble ,IJ,aHHble o cKo

pocTH JaxBaTa MIOOHOB B,IJ,paMH ,IJ,e:iiTepHB Ill H CB060,IJ,HbiMH 

npoToHaMH 
12•3 I no3BOJIBIOT ua 6onee lllHpOKOH ocuoae 

npoaHaJIH3HpOBaTL CHTyali,HIO C KOHCTaHTaMH MIOOH-HyK

JIOHHOrO cna6oro B3aHMO,IJ,eHCTBHB. 3TOMY CllOC06CTBYIOT 

TaK)I(e 3aMeTHble ycneXH, ,IJ,OCTHrHyTble H B TeopeTH'IeCKOM 

OllBCaHHH npou.ecca norJIOill,eHHB MIOOHOB ,IJ,eHTOHOM I 4-r.l . 
Y'leT B3aBMO,IJ,eHcTBHB .D.BYX BLIJieTeBlllHX ueH:Tpouoa npuaen 

K cylll,eCTBeHHOMY yBeJIB'IeHHIO TeopeTB'IeCKOrO 3Ha'leHHB 

CKOpOCTH 3aXBaTa MIOOHOB ,IJ,eHTOHOM. B pe3yJILTaTe 

,IJ,OCTHrHyTo ,IJ,OBOJILHO XOpOlllee COrJiaCBe C H3MepeHHOH 

aenB'IBHOH. B ynoMBHYTLIX Bblllle TeopeTB'IecKBX pa6oTax 

Heonpe,IJ,eJieHHOCTL, o6yCJIOBJieHHaB 'IHCTO B,IJ,epHOH CTOpOHOH 

3a,IJ,a'IB, CBe,IJ,eHa K MHHHMYMY, TaK KaK Y'ITeHbl BCe HaB6o

nee Ba)I(HLie 3JieMeHTbl 3a,IJ,a'IH /3a HCKJIIO'IeHBeM, 6b1TL 

MO)I(eT, nonpaBOK Ha 06MeHHble TOKH/. B 3TOH CBB3H npe,IJ,

cTaBnBeT BHTepec npoae,IJ,enue auanuJa o6oux npou.eccoa 

npB O,IJ,HHaKOBbiX npe,IJ,llOJIO)I(eHHBX 0 BeJIH'IHHaX clJBKCHpyeMbiX 

KOHCTaHT MIOOH-HYKJIOHHOrO B3aBMO,IJ,eHCTBHB H ycTaHOBJie

HHe 06JiaCTH ,IJ,OllyCTHMLIX 3Ha'leHBH BapLHpyeMbiX. 

2. CKOPOCTh 3AXBATA MIOOHOB 
CBOEO,lfHhiMH IIPOTOHAMH 

CKopocTL JaxaaTa MIOOHoa npoToHaMH H3 onpe,IJ,eneuuoro 

COCTOBHHB f caepxTOHKOH CTpyKTypbl Me30BO,IJ,OpO,IJ,a BMeeT 

BB.D. /eM., uanp., 171;: 
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r,IJ,e 

2 
AJffi=R (H)( G CosE>itf-JL)2 a3(~){~-)3 Mn x 

il 2rr MP mil' + M P m fL + M P 

[ 1 - I I ( Ev 2 Ev 2 mu x + v + --) 1 ( --) __s:::_ r 
Mn mfL h F 

2 
r F=O = ( C V - 3 C A+ C p) 

2 2 2 
rF=l=(Cv+CA) -3CP(Cy+C A)+Cp 

/1a/ 

/2/ 

BenB'IBRLI C v, CAB C P onpe,IJ,eneHLI cne,IJ,yJOII.{BM o6pa3oM: 

r,IJ,e 

4 

E2 --; l:_ __ _ 
2 (1+ Ev )-~(q2)------ EvTJ 

C (q2) =gv(q) 2Mn 2M M [1 +v'1 + (M 
V p n n 

CA (q2)=gA(q2 )- ~~ lgv(q2)+gJq2) ~ (1 + ~n )!; /3a/ 
n p 

CP(q2 )= ___ Ev ~ [1 +v' 1 ~(Ev /~f]l g P(q2)- g A(q~ -[ gJq ~ + 

+ gM(q 2) ~ (1 + -:f-)]1 ' 
p 

E = (m il+MP)2 -M; 
v ------

2(mil + MP) 
0,938m il 

2E 
q 2 = m 2 ( __ v -1 ) = 0,877 m 2 

il mil f1 

/4/ 

«<>aKTop ·Ril(H) =0,992 y'IBTLIBaeT BJIBHBBe ReTo'le'IRLIX pa3-

MepoB npoTOHOB Ra BOJIHOBYJO IPYRKUHIO MIOoRa. 
llocne llO.Il,CTaROBKB 'IBCJieRHLIX 3Ra'leRBH BLipa)l(eRBe 

/1a/ .Il,Jl.ft CKOpOCTB 3aXBaTa B BO,IJ,OpO,IJ,e npBRBMaeT CJie,IJ,}'10-

Il{BH BB,IJ,: 
2 

A = 14,88(G CosE> ) r 
F C F 

/16/ 

-49 3 
/GCosE)C llO,IJ,CTaBJI.HeTC.ft B e,IJ,BRBI.{aX 10 3PZ•CM /. 

CKOpOCTL 3aXBaTa MIOOROB B BO,IJ,OpO.Il,e B3MepeRa B 

t:ne,IJ,yJOII.{BX Tpex cny'la.Hx: 

a. H3 opTococTOHRBH Me 30MoneKynspRoro BORa p il p 
/cnBR .Il.BYX npOTOROB paBeR S,..1 B llOJIRLIH MOMeRT CBCTeMLI 

J =112 /. CKopocTL 3axBaTa B 3TOM cnyqae BLipa)l(aeTCH 

qepe3 CKOpOCTL 3aXBaTa B3 CBRrJieTROrO B TpBnJieTHOrO 

COCTO.HRBH Me30BO.IJ.OPO.IJ.a 

3 1 
AM= 2 y I T A 0 + "4 A 1 l , 

/5/ 

r ,IJ,e J' ecTL $aKTop, Y'IBTLIBaiOIUHH Bepo.HTROCTL Raxo)I(.IJ.e

HB.ft MIOORa B TO 'IKe pacnOJIO)I(eHB.ft npOTORa. CornaCRO TeO

peTB'IeCKBM Ol{eRKaM /H/ 3Ta BeJIB'IBHa paBHa 
2y.cl,Ol ± 0,01. -

3aMeTBM, 'ITO npBBO.Il,BMa.H norpeWHOCTL BeJIB'IBHLI 2y CB.H-

3aRa TOJILKO C pa36pOCOM TeopeTB'IeCKBX pe3yJILTaTOB, 

UOJiy'leRRLIX B pa3JIB'IHLIX llpB6JIIDKeRB.HX. qBCJieRRLie 3 Ha-

qeRBH A pacc'IBTLIBaJIBCL c BeJIB'IBHOH 2 y = 1 . 
6. lf3 CMeCB CBHrJieTROrO COCTO.HRB.ft Me30BO,IJ,OpO.Il,a B 

opTo-cocTOHHBH Me3oMoneKyn.HpRoro BORa. C'IBTaeTc.H 191 , 
'ITO BKJia,IJ, CBRrJieTHOrO COCTO.HRB.ft Me30BO,IJ,OpO.Il,a COCTaB

JI.HeT 170/o, a OCTaJILHLie 830/o llpBXO,IJ,.HTC.ft Ra p il p -BOR. 

B 3TOM cnyqae cKopocTL 3axBaTa onpe,IJ,enHeTCH KaK 

A ~- 0,17 1\
0 

+ 0,83 AM . 
M,O 

/6/ 

B. H3 CBRrJieTHOrO COCTOHHBH Me30BO.Il.OPO.IJ.a. B 3TOM 

cnyqae BcnonL3yeTcJr ra3oo6pa3Ra.H MBWeRL. 

3. 3AXBAT MJOOHA ,4EHTOHOM 
BLipa)l(eRBe ,IJ,Jl.ft CKOpOCTB 3aXBaTa MIOOROB ,IJ,eHTOROM 

11 -+d ... 2n+v /7/ 
B3 COCTOHRB.ft f Me3o,IJ,eHTepB.H BMeeT BH.Il, 
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(G Cos8CM~2 a3 (~.1!.1( M,!} ~[ 1m ]3x 
A (d)= R (d) (2 )3 MP ~ h 1 + ~ 

F ll TTTT M 

x J r (d)dE =44,16R (d)(GCosec>
2
JrF(d)dE F n !l n, 

/8/ 

r.u.e 

r 112(d)=I[(G v-2GA)
2 

+ ~ GP (2Gv-4GA+Gp>]It + 

+ t (3GA -GpT Is l + rl/2, Tel 

2 2 
r 312(d)=I[(G v+G A) - 3 Gp(Gv+G A-GP)llt + 

1 2 
+3GPisl + r3/2,..-el 

BenuqHHbl I'l/2, vel H I' 3/2, vel yqHTbiBaiOT BKna)J, CKOPOCT
HbiX qneHoB MIOOH-HyKnOHHoro B3aHMO.D.eii:cTBH.a; It H I, 
.IIBll.IIIOTC.II HHTerpanaMH DO HMDYllbCY Heii:TpHHO 

I - r 1M 1
2 

d t,s - · t,s pv p v /10/ 

OT .II)J,epHbiX MaTpHqHbiX 3neMeHTOB 

M ~<f (r,k)iexo(.-ip f/2)1'1'd(i)>, 
t,s t,s · v 

/11/ 

r)J,e 'l'd(f') - )J,eHTOHHa.H BOnHOBa.ll ciJyHKU.H.II, ft,s(r~k)- BOn
HOBa.H ciJyHKU.H.II OTHOCHTenbHOrO )J,BH>KeHH.II .D.BYX Heii:TpOHOB 
COOTBeTCTBeHHO B TpHnneTHOM t- H CHHrneTHOM S-COCTO.a
HH.IIX C OTHOCHTenhHbiM HMDYllbCOM k. KOHCTaHTbl cna6oro 
B3aHMO)J,eHCTBH.II BXO)J,JIT B Bblpa:>KeHHe )J,ll.ll CKOpOCTH 3aXBa Ta 
B Clle)J,yiOliJ.HX KOM6HHaU.H.IIX: 

6 

Gv = g J q 2 )[ 1 + E v /2 M ], 

2 Ev 
G A= gA(q2)- [gv(q 2 )+ gM(q )]2M' 

/12/ 

G P =·I [ gp(q2)- gA ( q2 )] - [gy<q 2)+ gM(q2)] l ~. 

!l>aKTOP Rll ( ' yqHTbiBaeT BnH.HHHe KoHeqHbiX pa3MepoB .a.u.pa 
neii:TepH.II Ha BOnHOBYIO ciJYHKU.HIO MIOOHa. 0H 6nH 30K K e)J,H
HHU.e, a B pacqeTax nonaranc.a paBHbiM e.D.HHHu;e. 

BonHOBa.H ciJyHKIJ.H.II CHCTeMbl J1.BYX qaCTHU. KaK B CB.II3aH
HOM COCTO.IIHHH 'I' if>, TaK H B HenpepbiBHOM CDeKTpe ft,s (r,k) 
paccquTLIBanucb qucneHHO nyTeM perneHH.II ypaBHeHH.II Illpe
'AHHrepa c noTeHu.uanoM Peii:.u.a /l O/. 3TOMY noTeHIJ.Hany 
COOTBeTCTByeT BOllHOBa.ll ciJyHKU.H.II )J,eHTOHa, CO).I.ep>Kalll.a.ll 
6,50«1o npHMecu D -KoMnoHeHTbi. PacqeTbl npoBO.D.HnHcb 
c noTeHu.uanoM, co.u.ep>Kall(HM KaK M.arKHii: ( RSC~TaK H TBep
nLiii: ( RHC) Kop. Pe3ynhTaThi oKa3anuch npaKTuqecKH coB
na.u.aroliJ.HMH B o6oux cnyqa.ax. lloTeHu.uan RHC npHBO.D.HT 
K CHHrneTHOH )J,llHHe pacce.HHH.II, paBHOH ann= -16,7 f/JM 

H 3clJciJeKTHBHOMY pa.D.HYCY r nn = 2,87 tiJM. 

4. KOHCTAHThl CJIAEOFO 
B3AHMOJ(EHCT BH.JJ 

B pacqeTax ucnonh30Banucb cne.D.YIOlli.He 3HaqeHH.II KOH
cTaHT B3aHMO)J,eHCTBHJI: 

a. KoHcTaHTa cna6oro B3aHMO.D.eii:cTBHJI GCos~JcBapbH-
poBanacb B HHTepBane I 1 1 1 

• 

1,41 S G Cos8 C S 1,43 

10
-49 3 

B e)1,HHHU.aX 3p2: CM ; 

6. 3aBHCHMOCTb BeKTOpHOH KOHCTaHTbl CB.II3H H KOH
CTaHTbl cna6oro MarHeTH3Ma OT nepe)J,aHHOrO 4-HMDYllbCa 
6panaCb B )J,HDOllbHOM DpH6nH>KeHHH 

gv(q2)=-gv(O) • 

[1 + q2 /M2J2; 
v 

gM( q 2 )= __ 3,706 
[ 1 + q2 I M 2]2 , v 

/14/ 

r.u.e iv = 0,71 F3B I c~ B cnyqae npoToHa g.J.cf)u gJq2) H 
HX KOM6HHaU.HH DpHHHMaiOT cne)J,YJOliJ.He 3HaqeHHJI: 
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g M( q 2)=3,6~; 
. 

Sv(q2 ) =0,973 ; 

Cv(q2 ) = 1,014; CA(q 2 )=gA(q 2)- 0,2411; 

CP(q2 ) =0,05262 I Sp(q
2
)- gA(q

2
) l-0,241~. 

B. AKCHanbHaJI KOHCTaHTa B3aHMO,IJ;CHCTBHJI BapbHpo

aanacb a HHTepaane 

- 1,26 .s g A (0) I g v (0) .s -1,20. /15a/ 

KaK cne,IJ;yeT H3 ,IJ;aHHbiX no ,8-pacna.IJ;y, ee 3Ha'leHHe paaHo/ 121 

g A (O) I g v(O) =- (1,250± 0,009). /156/ 

r. 3aBHCHMOCTb aKCHanbHOH KOHCTaHTbl OT nepe,IJ;aHHOro 

4-HMnynbca TaK*e 6panacb a .IJ;HnonbHOM npH6nH)I(eHHH 

;g A ( q2 ) = g A (0) 

[ 1 + q 2/M 2] 2 
A 

/16/ 

KaK cne.IJ;yeT H3 3KcnepHMeHTanLHbiX ,IJ;aHHbiX no pacceJIHHIO 

HCHTPHHO, 

M A= /0,87 ± 0,076/ T3B/c. /17a/ 

B paC'ICTaX HCnOnb30BanaCb BCnH'IHHa 

2 2 2 
MA = 0,79 T3B /c . /176/ 

.IJ;. KoHcTaHTa HH.IJ;YU:HpoaaHHoro nceB.IJ;OCKanJipHoro 

B3aHMO,IJ;CHCTBHJI 3a,IJ;aaanaCb B BH,IJ;C 

g p( q2 ) = X g A (0) . /18a/ 

BenH'IHHa x npHHHMana 3Ha'leHHe x = 2; 6; 8,5 H 12. Pac'leT 

gpoT q2 ·: npoao,IJ;HncJI TaK*e H c y'leToM 3aBHCHMOCTH 

2 2mf.LM 
g P( q ) = 2 2 g A (O) . 

m" + q 
/186/ 

8 

.. 

B cnyqae· cao6o.IJ;Horo npoToHa 

gP(q
2

) =7sA (O) =-9gv(O). /18a/ 

e. KOHCTaHTa HH.IJ;YU:HPOBaHHOro TCH30pHoro B3aHMO

,IJ;CHCTBHJI nonaranacb paBHOH Hymo, T.e. C'IHTanOCb, 'ITO 

HMCCT MCCTO G - HHBapHaHTHOCTb TOKOB. BKJIIO'ICHHC HH,IJ;y

U:HPOBaHHOrO TCH30pHOrO B3aHMO,IJ;CHCTBHJI npHBe,IJ;eT nHWb 

K 3aMeHe g p Ha ( g p- g T) B Bblpa)I(CHHJIX ,IJ;nJI CKOpOCTH 

!axaaTa. 

5. PE3YJibTATM PACqETA H OECY)J(,4EHHE 

1: 3aX60111 MIOOH06 npOIIIOHOMU 

3aBHCHMOCTb CKOpOCTCH 3aXBaTa MIOOHOB npOTOHaMHA0 , 

AM H AM,O OT KOHCTaHT a3aHMO.IJ;eiicTBHJI npe.IJ;cTaaneHa Ha 

puc. 1-3 H a ma6A. 1. KpHable, coe.IJ;HHeHHble npJIMbiMH nH-

.... . 
800 

~750 
""' 

Ill 

c:::: 
700 

650 

600 

550 
L 

p.p -nv 

I. 9A (-D,88m}t) = -1,21f·0,976 

2. 9A (-assm~J= -1,20·a!176 

3. jA (-0,88mj. )=-1.2~ ·1.0 

~~~Ken : 661 t 1,.8 

8 12 16 20 - Q .I 
tfP!f1JtJ) 

Puc. 1. 3aeucuMocmb cKopocmu aaxeama A0 MIOOHoe npo•o
HaMu U3 CUHZAeiiHOZO COCIIIO.RHU.R Me306000p000 011 KOHCIIIOHIII 
e3auMooer'lcmeu.R. 
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"M - 4 tlo 4 t 

f. 9A (-O,BBmjJ =--1,24·0,976 

z. jA (-o,esm;J=-~20·0.976 

3.$.4 (-0,88m~)= -1,24·/,0 

A 1/rCII = 4 74 "! 3 7 

- jt> /jy (o} 
Puc. 2. 3aeucu.Mocmb crwpocmu 3axeama A~ MJOoHoe npomo
Ha.Mu U3 opmo- COCIIIO.RHU.R Me30MOAeKyA.RpH020 UOHQ p 11P 0111 
KOHCIIIQHIII 63QUM00eUC1116U.R. 

B 12 16 20 4 

HHJIMH, o-TnaqaroTCJI nHWb senH'IHHoB: GCos8c· BepxueB: Kpa
BOB cooTBeTCTByeT 3uaqeuae G Cos8c=1,43, a HIDKHeB: -
G Cos8c= 1,41. Ilpa MA ... "",'ITO cooTseTCTByeT ua pacyuKax 
KpHBOB 3, GCos8c nonaranocb paBHbiM 1 ,43. Ecna yqecTb 
3aBHCHMOCTb gA OT q 2 , TO KpHBOB 3 6y~eT COOTBeTCTBO
BaTb BenH'IHHa gA (q2 )=-1,27 • 0,976. Ha pHCYHKaX DpHBO~JITCJI 
Ta~e pe3yllbTaTbl H3MepeHHB COOTBeTCTBYIO~X Be
llH'IHH /l-3 ,l 4-17/ H HX cpe~HHe 3Ha'leHHJI. 

6. 3axeam U3 cuHzAemHozo cocmo.RHU.R .Me3oeooopooa 

Pe3yflbTaTbl pac'leTOB CKOpOCTH 3aXBaTa MIOOHOB npo
TOHaMH H3 CHHrneTHOrO COCTOJIHHJI Me30BO,D;OpO~a B u.enoM 
o'leHL xopowo cornacyroTCJI c 3KcnepHMeHTanbHbiMH ~au-
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HblMH. B qacTHOCTH, ecnH g A (0)/ g J0)=-1,24,Tor.u.a c y'leToM 

pa36poca BenH'IHHbl GCosElc • 

-5,5;;:gP/gv(O)~ -13,5. 

3Ha'leHHe gA(O)/g~0)=-1,26 TaJOKe He npOTHBOpe'IHT 3KCITepH

MeHTanLHbiM .IJ,aHHblM, HO HeCKOllLKO CMe~aeT o6naCTL 

JJ;OITyCTHMblX 3Ha'leHHH gp : 

-7?:: gp/ gy(O) ~ -15. 

600 

I 

~550 
t..J 

0 
l:' 

<500 

450 

400 

350 

4 8 

PCAC 

12 

PP.P ... JLP 
;1 = 0, f7 lie + 0,8311,.. 

16 

'-/A fO,SSm~): -1,21t·0,97G 

2./A (·O.BBmtJ::-1.20·0,976 

AJKcn= 'tHt. 43 

20 
- 3Pii~ro) 

Puc. 3. 3aeucuMOC1flb cKopoc1flu 3axea1fla AM,o MJOOHoe npo-
1flOHaMu U3 CM€CU CUHZA€1flHOZO COC1flOJIHUJI M€306000pOOa U 
Op1flOCOC1flOJIHUJI M€30MOAeKyA.RpHOZO UOHa p f.LP 01fl KOH
C1flQH1fl 63QUMOOeUC1fl6WI. 

12 

t 
1 

.\ 
l 

6. 3axea1fl U3 Op1flo- COC1flOJIHUJI M€30MOA€KYAJipHOZO 

UOHa 

PeJynLTaTbl pac'leToB B uenoM TaJOKe o'leHL xopomo 

cornacyiOTCJI C 3KCITepHMeHTanLHblMH .IJ,aHHblMH. 06naCTL 

JJ;OITYCTHMblX 3Ha'leHHH BapLHpyeMbiX KOHCTaHT B3aHMO.IJ,eH

CTBHJI npaKTH'IeCKH OKa3blBaeTCJI TaKOH :>Ke, KaK H B cnyqae 

3aXBaTa MIOOHOB H3 CHHrneTHOrO COCTOJIHHJI Me30BO.IJ,OpO.IJ,a. 

z. 3axea1fl U3 cMecu Me3oeooopooa 

U M€30MOAeKyAJipHOZO UOHa 

B oTnH'IHe OT .IJ.BYX npe.IJ.bl.IJ.Y~Hx cnyqaeB, .n.nJI corna

coBaHHJI TeOpHH C 3KCITepHMeHTOM Tpe6yeTCJI CMe~eHHe 

o6naCTH .IJ.OITYCTHMblX 3Ha'leHHH KOHCTaHTLI g p B CTOpOHY 

6onLIIIHX 3Ha'leHHH, HnH g - B cTopoHy MeHLIIIHx. O.n.uaKo 

cne.u.yeT HMeTL B BH.IJ.Y H B03~0>KHYIO HeTO'IHOCTL onpe.IJ,ene

HHJI .IJ,OllH Me30BO.IJ.OPO.IJ.a B CMeCH. EcnH B.IJ,eHCTBHTenLHOCTH 

B CMeCH CO.IJ,ep:>KHTCJI MeHLIIIaJI .IJ.OllJI Me30BO.IJ.OPO.IJ.a, TO 3TO 

npHBe.IJ,eT K yMeHLIIIeHHIO TeopeTH'IeCKOrO 3Ha'leHHJI CKOpo

CTH 3aXBaTa H K ny'IIIIeMy cornaCHIO C 3KCITepHMeHTOM. 

0. 3axea1fl U3 1TlpUnA€1flHOZO COC1flOJIHUJI M€306000pOOa 

XoTJI 3KcnepuMeHTanLHLie .n.aHHble o cKopocTH JaxBaTa 

MIOOHOB H3 TpHnneTHOro HllH H3 CTaTHCTH'IeCKOH CMeCH 

COCTOJIHHH CBepXTOHKOH CTPYKTypbl Me30BO.IJ.OPO.IJ.a OTCyT

CTBYIOT, B03MO:>KHOCTH H3MepeHHJI 3THX BellH'IHH Y:>Ke o6-

CY:>K.IJ.alOTCJI B pa3nH'IHLix na6opaTopHJIX. H3MepeHHe 3THX 

xapaKTepHCTHK IT03BOllHT nony'IHTL O'leHL Ba:>KHYIOHHci>OpMa

UHIO 0 KOHCTaHTaX cna6oro B3aHMO.IJ,eHCTBHJI. qT06bl HC

KnlO'IHTL HeO.IJ,H03Ha'IHOCTL, CBJI3aHHYIO C HeTO'IHblM 3HaHHeM 

BenH'IHHbl G Cos EIC' ue.J!eCoo6pa3HO paccMaTpHBaTL OTHOille

HHe CKOpOCTeH 3aXBaTa H3 TpHnneTHOrO A 1 H CHHrneTHOrO 

A
0

cocTOJIHHH. 3To oTHomeHHe paBHo 

A1 I A 0 = 11 / r0 . /19/ 

3aBHCHMOCTL A/ 1\ 0 oT KOHCTaHT g A H g P npHBe.IJ,eHa B 
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111a6A. J H Ha puc. 4. B o6naCTH H3MeHeHHH KOHCTaHTbi 

HHAYUHPOBaHHOrO nceBAOCKanHpa, onpeAenHeMOH COOTHO

UieHHeM -4~ Spf gy<O)~ -l2,oTHOWeHHe CKOpOCTeH OKa3biBaeTCH 

oqeHL 6nH3KHM AllH BCeX 3HaqeHHH KOHCTaHTbi gA(O) B o6-

nacTH -1,20~g i0)/ gV:o)_:;o-1,24 H llOCTeneHHO paCXOAHTCJI C yBe

nuqeHHeM HllH yMeHLWeHHeM BenuqHHbi gA(O)/gJO). 

.!. . ;.- J., ..... itt.JJ 

!j[f ~ n.tl 

1 

, 

Q 010 I I I I I , I I I I I I 

It 8 It, -JP/Jv(cJ) 

Puc. 4. 3aeucuMOC1flb 0111HoWeHUJI cKopoc111eii 3axea111a MK>o
Hoe npoiiiOHQMU e Me30QIIIOMe oeiilllepUJI A3/2 I A I /2 u e Me-
306000pooe A 1 /,\ 0 . CnAowHaJI KpueaJI e nocAeoHeM cAy'lae 
C001116e111C1116Ye111 CAy'laK> g A (0)/ g V(O) =-1,20 , nyHKIIIUpHaJI -
g A (O)/g v(0)=-1,24. 
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2. 3axea1/l MK>OHOB OeU1/IOHOM 

a. 3 a X BaT H 3 A y 6 neT H 0 r 0 C 0 C T 0 H H H H 

Me30AeHTepHH 

3aBHCHMOCTb CKOpOCTH 3aXBaTa MIOOHOB 83 )l.y6ne'tHOrO 

COCTOHHHH Me 30AeHTepHH OT KOHCTaHT B3aHMOAeHCTBHH 

npuBeAeHa Ha puc. 5 H B 111a6A. 2. TaM :>Ke npuBeAeHbl pe-

3YllLTaTLI H3MepeHHH/IB,I/ 

A
112

(d)= 365+96 c -I 
445_±60 c- 1 

H cpeAHHH BenuquHa 

500 

1.50 

-
' 
)(: 
Ill 
Ul.QO 

"' ~ 
~ 

350 

300 

250 

- I 
A112(d)= /424±56/ c-

I. 8 12 16 20 

Ji-d-2nv 

A~Kcn·lt24 !56 

1-jA o-/.26·0,976 
2.JA =- f.2J·0,976 

-~~y(oJ 
Puc. 5. 3aeucuMoc111& cKopoc111u 3axea111a A112 MIOOHoe npo1flo
HaMu U3 oy6Ae1/IH020 COC1/IOJIHUJI Me300eii1flepUJI 0111 KOHC1/IQH1/I 
63QUMOOeUC1116UJI. 
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Pe3yJII:rTaTbl paC"'eTa C HCDOJIL30BaHHeM COOTHOWeHHJI/18a/ 

DOKa3aHLI B B~e KpHBLIX, a C HCDOJIL30BaHHeM COOTHOWe

HHJI I 186/ - 3aqepHeHHLIM TpeyroJILHHKOM. B uenoM pe 3YJIL

TaTbl pac"'eTa ~OBOJILHO xopowo cornaCYffiTCJI c 3Kcnepa

MeHTaJILHbiMH ~aHHLIMH. TaK, npa gA (0)/ g v(O) = -1,23 , 

gp/g V(O)~ -9 , a npa gA(O)/ 8y(0)= -1,26 griO)/gJO);:::-ll,"'TO 

cornacyeTCJI c BLIBo~aMH, c~enaHHLIMH npa aHaJIH3e 3axaa

ra MIOOHOB DpOTOHOM • 

JaMeTHM, "'TO, KaK DOKa3aJI TeopeTH"'eCKHB aHaJIH3 

npouecca 

P+P---d+e+ +v ' e 
/20/ 

yqeT 06MeHHbiX TOKOB Ha OCHOBe TaK Ha3biBaeMLIX HH3K0-

3HepreTH"'eCKHX TeopeM DpHBO~HT K yBeJIH"'eHHID Ce"'eHHJI 

aa 10~. O~HaKo MO)KHO .IJ:YMaTL, "'TO 3TO aepxHJIJI rpaHHI{a 

BKJia,IJ;a Me30HHLIX TOKOB. ECJIH TaKaJI )Ke TeH~eHI{HJI co

xpaHHTCJI H B 06JiaCTH npOMe)KyTO"'HbiX 3HeprHB, TO 3TO 

npaae~eT JIHWL K nyqweMy cornacaro c 3KcnepaMeHTOM 

paCC"'HTaHHOrO 3Ha"'eHHJI CKOpOCTH 3aXBaTa MIDOHOB ~eB

TOHOM. 

6. JaxBaT H3 KBapTeTHOrO COCTOJIHHJI 

Me3o,IJ;eBTepaJI 

JaxaaT H3 KBapTeTHOrO COCTOJIHHJI HJIH H3 CTaTHCTH

lfeCKOB CMeCH ~y6JieTHOrO H KBapTeTHOrO COCTOJIHHJI Me3o

AeBTepHJI TaK)Ke DOKa He HCCJie~oBaJICJI 3KCDepHMeHTaJILHO. 

Bo3MO)KHOCTH H3MepeHHJI 3THX aeJIH"'HH o6cy)K~aroTcJI a pa3-

nH"'HbiX na6opaTopHJIX /eM., Hanp., 1201/. KaK a a cnyqae 

Me30BO~Opo~a, OTHOWeHHe CKOpOCTeB 3aXBaTa H3 KBapTeT

HOrO A3 ; 2 H ~y6neTHoro A 112 cocTOJIHHB He 3aBHCHT oT 

G Cos8C"IlpaKTH"'ecKH OTHoweHHe He 3aBHCHT H OT aeJIH"'HHbl 

aKCHaJILHOB KOHCTaHTbl H HaH6onee KpHTH"'HO K 3HalfeHHro 

KOHCTaHTLI HH~yi{HpOBaHHOrO DCeB~OCKaJIJipHoro B3aHMO

AeBCTBHJI. Pe3yJILTaTbl pac"'eTa 3Toro OTHoweHHJI npaao~JIT
CJI Ha puc. 4 H B ma6.11. 2. JaBHCHMOCTL OTHOWeHHJI CKOpo

CTeB 3axaaTa A3 ; 2 /A 1; 2 OT gp/gy(O) B ~eBTOHe OKa3aJiaCL 

TaKoB )Ke, KaK H OTHoweHHJI A 1/ A0 a cnyqae ao~opo~a. 
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OTnH'IHe JaKmo'laeTCJI numb B a6comoTHOM 3Ha'leHHH caMoro 
oTHOIIIeHHJI. TaKHM o6pa30M, ecnH OTHOIII~HHe A+/ A_ y,l\acT
cJI H3MepHTh, TO 6y,l\eT C,l\enaH O'leHh Ba)KHblH war B onpe
,l\eneHHH BenH'IHHbl KOHCTaHTbl HH.l\YUHpOBaHHOrO nceB,l\OCKa
nJipHOrO B3aHMO,l\eHCTBHJI. 

3. CoeMecmH&Iil auaAU3 pe3yA&mamoe pac'lemoe 
cKopocmeu 3axeama MIOOHoe U3 cuuzAemuozo 
cocmoRHUR Me3oeooopooa, opmococmoRHUR 
Me30MO/leKyARpH020 UOHa U Oy6AemH020 
cocmoRHUR Me3oOeilmepuR 

EcnH 3acPHKCHpoBaTb 3Ha'leHHe CKOpOCTH 3aXBaTa MIOO
HOB H3 CHHrneTHOrO COCTOJIHHJI Me30BO,l\OpO,l\a H llOllO)KHTb 
ero paBHblM j\ '1KCH = /661±48/ C - 1, TO MO)KHO HaHTH 
o6naCTb ,l\OllyCTHMblX 3Ha'leHHH gp/ g V (0) H g A(O)/ g V (0), npH
BO,l\JIIUYIO K yKaJaHHOH aenH'IHHe CKopocTH. CooTBeTCTByJ0-
11.\He peJynbTaThi npuae,l\eHhl Ha puc. 6. CnnoliiHhle nHHHH 
cooTBeTCTBYJOT Bhl6opy GCos8c=1,43, nyHKTHpHhle- 1,41. 
Ha pucyHKe noKa3aHhl H HH)KHHe rpaHHUhl JHa'leHHH gp' g .j..O), 
nony'leHHble H3 aHanH3a ,l\aHHblX B tieHTOHe. 3KcnepHMeH
TanhHOe 3Ha'leHHe CKOpOCTH 3aXBaTa MIOOHOB B ,l\eHTepHH 
6panocb paBHhiM h 3Kcn = /424±56/ c-1• KoM6HHHPYJI pe
JynhTaTbi aHanHJa o6oux npoueccoa, nony'IHM coaMeCTHYJO 
o6naCTb ,l\OllYCTHMhiX 3Ha'leHHH KOHCTaHT g 10)/ gJO) H gp~ g V(O). 
KaK BH.l\HO H3 npHBO.l\HMhiX Ha puc. 6 H ma6A. 3 peJynhTaToB, 
HaH,l\eHHble ,l\OllYCTHMble o6naCTH H3MeHeHHJI KOHCTaHT Haxo
JJ,JITCJI B xopollleM cornacHH c TeopeTH'IeCKHMH npe,l\cKaJa
HHJIMH. CKopocTh JaxaaTa AM TaK)Ke xopolllo aocnpouJ
BO.l\HTCJI C HaHJJ,eHHbiMH TaKHM o6pa30M 3Ha'leHHJIMH KOH
CTaHT g A B g p . JaMeTHM, 'ITO aHanorH'IHblH aHanH3, npo-

Be,l\eHHhiH B pa6oTaX /I •21 •22 / llpBBen K ,l\pyrOMY 3aKmoqe
HBIO, 'ITO CBJI3aHO C npeHe,6pe)KeHBeM B3aHMO,l\eHCTBBeM 
Me)K,l\y .l\BYMJI HeHTpOHaMB B KOHe'IHOM COCTOJIHHB. 

Ecnu yqecTh Teneph peJynhTaThl aHanuJa aenB'IHH 
AM - CKOpOCTB 3aXBaTa MIOOHOB B3 OpTO- COCTOJIHBJI Me30-
MOlleKynJipHoro HOHa, TO o6naCTb ,l\OllYCTBMblX 3Ha'leHBH 
BenH'IBH g A(O)/g y(O) B gp/gy(O) pe3KO Cy)KaeTCJI: 
TaK, npH 

18 

gp/g v(0)=-9 GCos8c= 1,43 -1,225 ~g i0)/g y(O) ~ -1,24; 

gplg v(0)=-9 GCos8c=1,41 -1,245~g iO)/g J0)~-1,26; 

HnB )Ke npu 

gA(O)/gJ0)=-1,24 GCos8c=1,43 -9~g/gv(0)~-10; 

gA (0)/ gv(0)=-1,24 GCos8c=1,41 -8~ g/gv(Oh -9. 

-L,ii. 

-1,.!0 

-1,18 

Lf 8 12. - JP/jv(o) 

Puc. 6. 3aeucuMocm& cKopocmu 3axeama A0 MIOOHoe npomo
HaMu U3 cuuzAemuozo cocmoRHUR Me3oeooopooa u eepxueu 
zpaHUijbl CKOpocmu 3axeama Al/2 MIOOH08 npomOHOM U3 Oy6-
AemH020 cocmoRHUR M.e3oOeumepuR om giO)/gv(O) u s/sv(O) . 

OKOH'IaTenhHhiH pe3ynhTaT npHBO.l\BTCJI Ha puc. 7. 
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Puc. 7. 06Aacmb oonycmuMbiX 3Ha'leHuu eeAU'lUH golgy(O) u 
gA(O)/g~O) no pe3yAuamaM auaAu3a cKopocmeu 1\

0 
, AM u 

1\/2 3QX8ama M100H08 6 8000po0e U Oeumepuu . 

6. 3AKJIIO IJEHHE 

TeopeTHqecKHe 3HaqeHHH CKopocTeii: JaxsaTaMIDOHOB 

B BO,!l,OpO,!J,e H ,!J,eHTepHH HaXO,!J,HTCH B XOpOllieM COrnaCHH 

C HMeiDmHMHCJI. 3KCIIepHMeHTanhHblMH ,!J,aHHblMH. 3TO CBH

,!J,eTenLCTByeT o crrpaBe,!J,nHBOCTH B uenoM rHrroTe3, rrono

>KeHHhlX B OCHOBY OIIHCaHHH MIOOH-HyKnOHHOrO B3aHMO,!J,eH

CTBHH. 11cKnroqeHHe ~;ocTaBnHeT senHqHHa AM,<r KoTopaH Ja

BHCHT TaK>Ke H OT KOHUeHTpaUHH CHHrneTHOrO COCTOHHHH 

Me30BO,!l,OpO,!J,a B MOMeHT 3aXBaTa. BrronHe BepOHTHO, qTo 

IIpHqHHa pacXO)I(,!J,eHHH TeOpHH C 3KCIIepHMeHTOM B 3TOM cny

qae MO)I(eT 6b1Th CBH3aHa C He,!J,OCTaToqHO TOqHblM 3HaHH

eM 3TOH senHqHHhl. TeM caMblM ,!J,eTanLHoe Hccne,!J,oBaHHe 

BenHqHHbl IIpHMeCH rrpe,!J,CTaBnHeT 60nhlliOH HHTepec. 
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O,D.aoB: H3 nepsooqepe,D.HhiX 3a,D.a'l JIBJIJieTCJI cyiQecT

seaaoe DOBbiWeHHe TO'IHOCTH 3KCDepHMeH"Ja npH H3MepeHHH 

cKopocTeB: 3axsaTa. YMeHbweaae norpewaocTH H3MepeaaB: 

003BOJIHT yMeHbWHTb pa36pOC DpH Ollpe,D.eJieHHH BeJIH'IHH 

BapbHpyeMbiX KOHCTaHT B3aHMO,D.eHCTBHJI. llpHHUHDHaJibHO 

Ba)KHOe 3Ha'leHae npao6peTaeT nocTaHOBKa HOBhiX 3Kcnepa

MeHTOB, KOTOpble D03BOJIHJIH 6bl H3MepHTb OTHOWeHHe CKO

pOCTeH 3aXBaTa H3 COCTOJIHHH CBepXTOHKOH CTpyKTYPhl B 

BO,D.OpO,D.e HJIH B ,D.eHTepHH. 

Ba)KHOe 3Ha'leaae npao6peTaeT accne,D.osaaae pona Me-

30HHhiX TOKOB B ,D.eHTOHe, 'ITO D03BOJIHT C 60JibWeH onpe

D,eJieHHOCTbiO HCDOJib30BaTb ,D.aHHble 0 CKOpOCTJIX 3aXBaTa 

MIOOHOB ,D.eHTOHOM ,D.JIJI onpe,D.eJieHHJI BeJIH'IHH KOHCTaHT 

MIOOH- HYKJIOHHOrO B3aHMO,D.eHCTBHJI. 
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