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TTo C0Bp8M8HHblM. n.pe!l.C.TaBn8HH!lM !l!l8pHhl~ CHnI,1 B 3Ha'IHT8/lhHOi! CT8Il8HH 

o6ycll0Bll8Hbl Jt -M830HHhlM I?Oll8M 0 CToaTOMy 8CT8CTB8H8H HHTepec K ll!l8pHhlM 

npoueccaM C y'laCTHSM ff -Me3<?HOB. Cpeau aTHX npoueccoa pacce11aue Jr' -
M830H.O.B. ... Ha BO!lOpoae.. Hap11ay C (pOTOpO>K!lSH.HeM, !1B11!18TC!l, IlO>Ka11yll, HaH(l011ee 

npOCTblM 14 BCl18!lCTBHe aToro, 11y'lwe nonnaIOUlHMC!l TeopeTH'l8CKOMY aaa11u3y. 

l13y'leaue pacce11aH!l ~ J'(+ -Me30HOB aa aoaopone B 0011acTu aaeprull no 

360 Maa 
1- 3 

Il03BOl1Hll0 !lOBOllbHO IlOllHO ycTaHOBHTb OCHOBHhl8 qepThl B3aHMo-

aellcTau.11 Ji -Me30HOB C IIYKllOHaMH B COCTO!lHH!lX C H30TOilH'l8CKHM CilHHOM 

T =3/2.. 0 B3aHMO!l81!CTBHH :i{ -Me30HOB C HYKllOHaMH B COCTO!lHH!lX C T = l /2 

BilllO.Tb !lO 1955 r. Ohl/IO H3B8CTHO 0'18Hb Mallo. CocTO!lHH!l C T = 1 /2 pea1rnay10T

C!I llH.Wb npli pacce11HHH OTpuuaTellbHhlX :i/;' -Me30HOB. Onpene11em1e BK11ana 

aTliX COCTO!lHHll B 0011acTH aHeprllll BOIIH3H "p830H8HCHOll' npaKTH'ISCKH H8B03Mo>K'

HO 1rn-3a noaaa111110mero npeoo11aaaau11 aaauMonellc1·au11 B cocTO!'!HHH. c T =s>2, 
J = 3/2.0 MO>KHO Ohl/IO Ha!lS!lTbCll, '!TO npu oonbWHX 9HeprHllX 

y LlcaCTC::11 no11y'IHTb 0011ee onpeaeneHHhIE' caeaeausr o aaauMoaellc-ra1rn B cocTosr

Hll!IX c T = 112. B casrau c aTHM aBTopoM auccepTauuu coaMeCTHO c B.r. 3uao

BhIM B 1955-58 r.r. Ha CHHXpOUHKllOTpOHe naoopaTopuu sraepHhlX npoo11eM 001:e

LlHHSHHOI'O HH.CTHTyTa 11aepHhlX ucc11e:10BaHHll Ohl/IO Ilj:,OB~Ll8HO CHCTSMaTH'ISCKOe 

K3Y'l8Hll8 B38HMO!l8llCTBH!l .?'l'--M830HOB C BO!lOpO!lOM B 0011aCTH aaeprHil 

240- 370 M 9B, 

BhllIH H3MepeHhl !lHcpcpepeHuua11b·Hhl8 C8'18HHH ynp,yroro ,I Jr-+p -Jr-;.p / 
H OOMSHHOI'O / ff-+ D -,. J'i 0 +- n / pacceHHHH y- -Me30HOB C 9HeprHell 

I ".,ty 
240, 270, 307 u 333 M 9B, 

HapH!lY C 9THM OhlllH H3MepeHhl LlHcpcpepeHuuanbHhl8 C8'18HHH oopa30B8HHH 

Ha BO!lOPO!le IlO!l yrn,OM 80° B naoopaTOpHOll CHCT8M8 KOOp!lHHaT / - 106° C,U,M.I 

3apH>KeHHblX :;r -Me30HOB .7r-_M830llaMII C a11epruell 307. 333, 370 M SB. 

PaHee HHKaKIIX caeaeH11ll o npoueccax po>KaeH11H np11 aHeprn11x MeHbwe 500 M aa 

He l!Menocb. 

Peayru,TaTbl 9THX pa6oT 
4-9 

nono>KeHhl B OCHOBY !lHCcepTaunu. 
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1. 

.UmpcpepewuranbHbie ce.qeam1 li3Mepl!IlHCb C IlOMOIUblO CUHHTHililHUHOHHbIX 

C'leT'lllKOB.. l1 Cll0Ilb30Banacb MHOrOK8H8IlbH8ll sneKTpOHHall CHCTeMa H3 cxeM 
-8 -8 

coanaaeaail /'t'~ 1,2.10 ceK/ H aHTHcoBnaaeHHil 1-i-~2,2,10 ,CeK/, Bbmon-

aeHHbIX Ha repMaHHeBblX ,llHO.[\aX. B Ka'leCTBe MHWeHH cny)KHil )Kli,llKHil BO.llOPO.ll, 

KOTOpblit llOMeIUaJ!Cll B neHOllOilHCTHpOilOBblil cocy .a. 

nony,'leH.Hbte IlOCile BB0,lleHHll BCex nonpaBOK,.,.llHcpcpepeHUH8IlbHble Ce'leHHSI 

ynpyroro paccel!HIU! 7(~ -M030HOB; a T8K)K0 .lllitpcpepeHUH8IlbHbie, Ceqemrn ,llilSI 

oopa30BaHHll ti' -KBaHTOB npH OOM0HHOM paccel!HH1!, llOKa3aHbl Ha pHc. 1-4. 

YrnOBbie pa.cnpe.aeneHHll J(- -Me30HOB H ?{ -KBaHTOB npH Bcex 9Hep-

r=. y.aoBneTBOpHTenbHo anpOKCHMHpyroTcsi KpHBol! BH.aa: A0 + A P (coJ BJ+ 
J I 

+. A.i 1 (co3 B) , r.ae PJ H ~ - nonHHOMbI ne)Ka~apa 1"'.'ro H 2-ro 

nopsioKa, 3Ha'leHHll K09cpcpHuHeHTOB A. , HailaeHHbie c noMOIUblO MeTo.aa 
. ' 

H8HMeHbWHX KBa.apaTOB, npHBeaeHbl B TaonHuax 1,2. 

T a 5 n !! .... !L-11. 

KoscpcpHUH0HTbI yrnoBoro pacnpeaeneHHSI Ji- -Me3oHOB, ynpyro 
- -27 2 -1 

paccellHHbIX. Ha Boaopo.ae , A,- la 10 CM cTepa.a I. 

4,- ,MsB· A- A- A- a;-=4Ji-A; 
0 1 2 /'l0-27 CM2 / 

-
240 1,20.:t0, 06 0, 17.:t0, II 0,89,=0, 15 15, I.;t0; 8 
270 0, 99.:t0, 05 0, 21.:t0, 09 0, 74.:t0, 12 12, 4.:t0, 6 
307 0,91.:t0,06 0, 38.:t0, II 0, 72.:t0,II II,4.:t0,8 
333 0,82.±,0,05 0,32.:t0, 06 0,57.:t0,IO I0,3.:t0,6 

,_ 

; ,l 

',§ ,; 
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I._a O JI H ~ 

Koacpcj:muHeRTbI yrnoBoro pacnpe.aeneHHll 
y r -KBaHToa, A, • 

-27 2 · -1 
/ .B 10 • CM • CTepa.a I 

£Jr_ ,M38 A a-_ A~ lf' 
0 

J A2. 

240 4, 79.:t0, 21 2, 54.:t0, 39 2, IG.:t0, in 
270 . 3, 79.:t0, le 2,4I.±0;32 · 2,07.;t0,37 
307 2,85.:!:G, 16 2,58.:!;0,33 I, '17J:0,J2 333 2,87.:!;0,17 2,8½;0,32 1,44.:!;0,34 

KoacpcpHUHeHTbI yrnoBoro pacnpe.aenemrn :7T 0 -Me3oHoB, 
r . 

A~ 
I onpe.ae-· 

IllleMble H3 K09cpcpHuHeHTOB A,. • .ll8Hbl B TaonHue 3. 

Ta5nHua 3 
, K oscpcpHuHeHTbI yrnoBoro · pacnpe.aene1msi ,,..,o ·. A O 

• -27 . 2 I - 1 
:ti -Me30HOB, ,- , IB 10 • CM • CT_ep •. / 

Ao Ao Ao o/=4rr-A: £_,,.-, Msa, 
. 0 

J 2. / 10-27 • CM2 / . 

240 2,39.t0, II l, 70..:t0, 26 2, 07.:t0,45 30, 0.:!:I, ti 270 I, 90.:tO. 09 I,57.J:L),21 I, o6.:tU,J3 23, 9.±I, I 307' I 42+0 08 I, 64..:t0, 21 I,51.:0,27 17,8.:!:1, 0 ' - ' 333 I, 43..:t0, U9 l, 76.t0, 20 I, 19..:t0, 28 18, 0.!.;I, I 

B nocne.aHel! KOJIOHKe -ra5nHu 1 H 3 npH1:3e.a~Hb1 IlOJIHbie ceqea1rn ynpyroro 

H 05Meaaoro pacceSIHHll, nony'laeMbie IlpH HHTerpHpOBaHHH COOTBeTCTBYIOWHX 
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yrnoBhlX pacnpeneneHaA. 

11. 

C noMOIUblO 6blcTponeacTBYIOlllea cqeTHoA aneKTpoHHOA MSWHHbI 'CTpena' 

6bl/I cnensH qia30BbIA aHS/Ill3 /lSHHblX no psccesnmro OTpllUST0/IbHblX ll IlO/IO>Kll

T0/IbHblX 1 •~ 7[ - M030HOB HS BO/lOPO/l0 np~_ aHeprHH 220 
10 

• 240, 270, 307, 

333 Maa. 

,nm1· Toro, 'lT06bI BblpS3llTb )llltpcpepeHUllS/IbHbl0 'ceqeHHH ynpyroro ll o6MeH-

HOro psc.ce~mrn 
Jr- -M030HOB qepea qlS30Bbl0 C)lBllrll, llCilO/Ib30BS/ICH qlOIJMS-

./Ill3M ll30TOilH_qecKoro· CilllHs; OCHOBSHHbIA HS rHnOT030 0 3SpH/lOBOH H03SBHCHMO-

CTll stnepHbl_X· Cllll. 

:AHSJ!ll:3 npOH3BO)lll/ICH KSK B npennono>KeHHII, qTO B pscceHHllll yqscTBYIOT 

TOilbKO S • H p - BO/IHbl / 

B pscceHHllll yqscTBylOT s -
SP - sHsnaa/, TsK H B npennono>KeHHH, qTo 

P· H D - BO/IHbI / SPIJ -sHS/IH3/. <Psaoa1,10, 

C/lBllrll Bb1q11c/IH/IllCb c·. IlOMOIUblO M0TO/lS HSHM0HblllllX KBS/lpSTOB. 

B KS'l0CTB0 HCXO/lHblX aasqeuaii qlS30BbIX C)lBllrOB B COCTOHHIIHX C H30TO~ 

llll'l0CKllM CilllHOM T =3/2 llCil0/Ib30BS/IllCb qlS30BbI0 C)lBllrll, nonyqeHHbl0 

A,l-1,. MyxHHblM ll E.TioHT0KOpBO 
2 

• l-1cxonHbl0 cp830Bbl0 C/lBllrll B COCTOHHHHX 

C T = 1 /2 nonyqs/IHCb rpscpaqe~KHM M0TO/l0M AwKIIHS 
11 

TonbKO onHH aspasHT peweHH·H· /Ts6nuus '4; npu SP - sHa1111ae asxonHTCH 

B Y/lOB/I0TBOpHT0/IbHOM cornSCllll C aKcnepHM0HTS/IbHb!Mll /lBHHblMll .npll BC0X 

. ' 
aaepr1n1x /pnc. 1-4/. <llsaoable cna11r11, nsaseMble aTHM peweHHeM,· ae CH/IbHO 

. OTtmqsJOTCSI npyr OT npyrs npll pR3HblX aHepr11six, TO eCTb· Y/lOB/I0TBOpS!!OT 

ycnosnro HenpepbIBHOCTH. B1,1q11c11eHHble H3 qisa aToro peweHHSI aHsqeHHSI nonsi-

paasun11 npoTOHOB OTllSqH HSXOLtHTCSI B yaOB/I0TBOPIIT0/IbHOM cor/ISCllll C pe-

. . --3YllbTSTSMll, COOTB0TCTBYIOIUIIX aKcnepHM0HTOB npn aaepr1111 :11 -M030HOB 

13 · 220 MaB • HsKOHeu, BblqHC/ISl0Mbl0 ll3 Tex >K0 qlS3 3HaqeHHH aeiiCTBll..., 

TenbHOfi qscTH SMil/IHTYLtbl ynpyroro psccestHllSI 
Jl'·-Me30HOB·nor:t 0°·aocTa-

TQqffo YLtOB/I0TBOpHT0/IbHO cornscy,aTCSI C T0Mll, KOTOpble nonyqsroTCSI H3 auc-, 

14 . · 
nepcHOHHblX COOTHOl.ll0HHA / /. Bee aTo roBOpllT O TOM, qTo C 00/Ibl.lIOA ae-

pOS!THOCTblO aaAr:t0HH00 peweHHe HB/IH0TCSI npsBH/IbHbIM, ll npoHCHSl0T Bonpoc 

-1. 

I 
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Ts•611aua 4 

ctl830Bbl0 C/lBllrH 1 IlO/IyqeHHbl0 llpll Sp - SHS/Ill30 /o6oaasqeHHH COOT-

B0TCTBYIOT npllHHTbIM B ps6oTe ct>epMll ll/lp./12//. 

8Heprnst 

'Ji -M030HOB 220 240 270 307 333 
Maa 

o(,3 -15,8 -IB,I -20,I -23,9 -26,5 
ol31 - 2,0 - 3, I . ·«: 7, I . -:IO, O -10,5 · 

cl33 III,O II5,0 .129;0 · 132,4 l'.37,2 

°" I 14,0 II,2 25,7 17,I - 29,2 
cl II 6,2 IO,O 5,3 II,4 8,I 
otD - 5,2 - 2,4 - I,2 .- 5,0 - 2,0 

0 llOB0/l.0HHH qlS30BbIX C/lBHrOB B. COCTOSIHHSIX C T = 1 /2 He TO/IbKO B 00/ISCTH 

aHepruA 240- 333 Maa, iio H npH M0HhllIHX aHeprasix. 

TTonyqaeMoe npn SPJJ -aHsnaae peweane, cooTBeTc:Tayromee asAaeHHo-

MY npn , SP· -saanuae peweauro, MO>KHO xspsKT0pll30BSTb C/I0£lYIOLUHM o6ps-

30M:. a/ ql830Bble Cr:tBHrll COCTOSIHHA C ll30TOnnqecKHM CUHHOM T =3/2 qlBKTHqe

CKH He oTnaqsroTcst oT Tex, KOTop1,1e obi/Ill nonyqeabl psaee npn SP]) -sasnu-

. + 2 
30 LtaHHhIX no PSC;C0SIHHIO J{ -MeaOHOB / /; 6/ ql830Bbl0 Cr:tBllrH --~ :-: 

H p ·-aonH a COCTOS!Hllll C ll30TOilHqecKHM CUHHOM T = l /2 He OT/IllqaroTcSl,c 

ToqHoC.TbJO ao ow1160K,0T Tex,KOTOpble nonyqsroTcst npa SP 

a/ ql830Bbl0 CLtBHrH JJ -ao/IH B COCTOSIHHB C T. = 1 /2 M8/Ibl 

-aaanHae; 

1-1°1. 

KaK y>Ke ynOMIIHS/IOCb, pe3y/IbTSTbl ·llSHHblX 9KcnepHM0HTOB cornscyroTCSI 

C )lHcnepcaoHHblMll C00THOl.ll0HHS!Mll B npeanono>KeHHH., qTo KOHCTSHTS CBH3H 
2 .' ,. 

,M030H-HYK/IOH.HOro B3SIIM0Lt0HC'.l'BHH f, ~ 0,08-0,}. 8TO ~3IJsqseT 1 qTO npOTH-

BOpeqag_ M0>KAY aKcnepHM0HTS/IbHblMll llSHHblMH H aacnepcHOHH!,IMH COOTHOl.lle-
15 . . 

HHS!Mll. OTMeqeHHoro TTynnH H lliTaare/I/IHHH / . / /l/Ill 3HepraA M0Hblll0 

180 M aB, B QO/ISCTH 9Hep.raA 240- 333 M 9B H0 HSO/IIO)lSE!TCll. 
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Bell C0B0KYilH0CTb naHHblX, Il0ilY'IeHHblX npH H3Y'IeHHH B3aHMonei!cTBHSI 

aaplDKeHHblX Jr -MeaoH0B C B0.!l0P0.!l0M B 06nacT11 aHeprHii: 240-333 [v\ aB, He 

np0THBope'IHT rHn0Teae 0 aapll.!l0B0i! HeaaBHCHM0CTH ll.!lepHblX Cllil. 

I 11. 

O6paaoBaHHe aapmKeHHblX Jr -Me30H0B B 1r-p coynapeHHllX · Hayqa-

Il0Cb C U0M0IUb!O TOI! >Ke annapaTypbl, K0T0pall HCil0ilb30B8IlaCb npH H3y'!eHHH pac-

ceSIHHll Ji'- "."_Me3o_HoB. L{HcpqiepeH!llla:tbHbJe ce'!eHHll 06pa~O-E8Hllll aapll>KeHl!bIX 

:Jr -Me30H0B non yrnoM 80° B na6opaTopH0H CHCTeMe .KOOp.!lHHaT 1- 106° 

c,u,M.i s npoueccnx Ji'-+ p:...:il'7 +Jr++n H 7r+p--+7i-t-'Jr0 + p' 

npHBeaeHbl B Ta6nHue 5. BHAHO. 'ITO ce'leHlie '6blCTpo pacTeT C 3Hepr~ei!. 

Ta6nHua 5 

O6pa30DaHHe aapll>KeHHblX Jr -Me30H0B B Ji-p coyaapeHHllX. 

~-3 HeprHll JI. -Me3uHOB, 
JV< 3B 

JJ7 
333 

370 

fclo/dw) po>«g. 

27 2 -1 / 10- CM cTepaa I 

u, 099.:tll, U62 
U, 166.:tO, 054 

O, 2b7.;tLl, 04'7 

11Jr·(d3/J,,,)10]((5 =2o"+D,7o-• 

/10-27 
CM2 / 

I, 24.:tO, 7o 
2, 09 .:tO, 68 

3, 61.:tD, 59 

" 
EcnH npe;:.non0)KHTb, 'ITO Ji -MeaoHbI a c6or1x rrpoueccax pomaemrn 

pacnpeaeneHbl H30TponHo, TO BenH'IHHa I/Jr, {d6J'dw} po>"J:· ecTb TaKall 

cyMMa nonHblX ce'!eH1iii: aTHx npoueccos: l.o+- + O, 75-o • 3Ha'leHHsi cyMMbI 

2. 6'+- + 0, 7 6"-
0 

np1rneneHbl B nocneaHeii: K0il0HKe Ta6nHUbl 5. 

CpaBHeHHe peaynbTaTOB aKcnepHMeHTOB C TeopeTH'leCKHMH pac'leTaMH 

Il0Ka0b!BaeT, 'ITO BCe 3TH pac'!eTbl )lSIOT 3Ha'!eHJlll ceqeHHl! MeHbWe Tex, K0To

pb!e Ha6nIO)la!OTCll Ha OilbITe. Oco6eHHO 6onbWOe paCXO>K)leHHe /6onbllle,. '!eM 

Ha nopl!AOK/ nonyqaeTCll npH Bbl'IHCneHHllX C Il0M0IUb!O MeToaa TaMMa-L{aHKo-. 
Ba. 

J 

~. ,. 

a 
f 
I 

r 
j 
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( 
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J1cnonb3YSI _peaynbTaTbl naHH0i! pa6oTbl H pa60TbI / 
16 / • B KOT0poi! 

H3y'!ail0Cb o6pa3oBaHHe Me30H0B T0ilbK0 B npouecce y,-- - y,--.Jrf' 

M0>KH0 rpy6o oueHHTb BenH'IHHY ce'!eHHi! npouecca Jr-- Jr-Jr 0 
• no-BHAHMo-· 

MY, ce'leHHe aToro npouecca upH 8HeprHllX HaneTaroruHx MeaoH0B ao - 370 MaB 
• - - + 

Mano, no cpaBHeHHIO c ce'!eHHeM npouecca Jr-. Jr Jr • C qieHoMeHonorH'le-

cKoll T0'llrn 3peHHll ST0 M0rno 6bi HMeTb MeCT0 B TOM cnyqae, . ecnH •6bl . J7' -

Me30Hbl CHilbHO B3aHMOll ellcTBOBanH npyr C apyroM B COCT0llHHH C H30T0ilH'!e

CKHM CilHH0M T a;aO. 

EcnH caenaHHoe npennonomeaHe cooTBeTcTByeT aeii:cTBHTeilbHOCTH, TO 

ce'!eHHll o6paaoBaHHll Ji -Me30H0B .Ji'+ -Me~OHaMH Ha B0A0pone 

/ .5rt-- JI'+ :,r+ , 7r+ - Jr~ JT
0 

/ J:lOil>KHbl 6b!Tb Mailbl, TaK KaK B 3THX peaK-

UHllX He o6paayeTCll CHcTeMbl H3 ABYX Ji -Me30H0B C H30TOilH'lecKHM CilHHOM 
· · · . Jr+ 17 

T =O. Peay;rbTaTbl aKcnepHMeHTOB c . -MeaoHaMH / / He npoTHBope-

'laT caenaHH0MY npeanono>KeHHI0 1 a cKopee roBopllT a nonbay ero. 
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-- p-:tcnpeaeneHIJe 8uaa: 
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•Ri P, ( cos 6) + R2 P2 (~0.1 iJ) 
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_. -· Pacnpeoe.nG!HU€! Buaa: 

1%+R1P, (co:1V1)tR2P2 (co:11'-J 
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u OOMSHHoao pacce/lHUR n-:.M830H08 C 3Hep2ueu 
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I~;"""' .°=,:i:~' ;c,[, I 
11 f:;c,f".'$,[hf,;(u i_r.:;,~t'j-=="' 

. •-~ --c.._,c;-c· 



..... 
' fl) 
tJ 
i} 

8 
"' ~ 

(J .... 
C'f 

I 

a ...... 

~ 
j-
t,j -3 
~ \!) 

~ 

,., 

- 14 -

-pacnpeaeneHue 6uc3a: 

Ro tR,P,'(COS V)+R2Pz{cosv). 
-:---pacnpeoe//eHue, fib1wc.nei.1-1cr. 
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