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1. H3omonu'lecKuu aHaAU3 peaKt~uii rr N •rr rr N 
npu 3Hepzuu 270 M3B 

C H3MepeHHeM ceqeHHH peaKUHH rr -p -• rr 0 rr 0 n 11 I cTanH 

H3BeCTHbl ITOllHble Ce'leHHH BCeX ITHTH KaHallOB peaKIJ,HH 

rr N --rrrrN npH 3HeprHH 270 M3B. 3TH ce'leHHH Bhlpa)KaJOTCH 

qepe3 'leTblpe H30TOITH'IeCKHe aMITllHTY.LJ:bi H .D:Be «!>a3bl. 

HJocnHHOBhiH aHanH3 peaKUHH rr N • rr rr N npH 3HeprHxx 

300-500 M3B 6bm npoae,n:eH a pa6oTe M.MaKapoaa H 

,n:p. /2/, npH 3TOM y,n:anOCb ITOllY'IHTb COOTHOWeHHH Me)K,n:y 

Ce'leHHHMH pa3llH'IHbiX KaHallOB THITa HepaBeHCTB. qT06bl 

ITOllY'IHTb BellH'IHHbl Ce'leHHH, npHXO.D:HTCH ,n:enaTb npe,n:no

llO)KeHHH 06 3HepreTH'IeCKOH 3aBHCHMOCTH aMITllHTY.D: H «!>a3. 

flpH 3HeprHHX, 6nH3KHX K nopory, .LJ:llH OUeHKH 4la3 MO)KHO 

aocnonh30BaTbCH T -HHBapHaHTHOCThiO H YHHTapHOCThiO S
MaTpHll,bl /3 ~ OTKy,n:a Cne,n:yeT, 'ITO C TO'IHOCTbiO .11:0 "rr" 3TH 

«!>a3bl paBHbl COOTBeTCTBYIOIUHM «!>a3aM B ynpyrOM KaHa

ne / 4 /. Heonpe,n:eneHHOCTh "rr" nerKo ycTpaHHeTCH cpaaHe

HHeM C BellH'IHHaMH 3KCnepHMeHTanbHbiX Ce'leHHH. 

Cne,n:yeT OTMeTHTh TaK)Ke, 'ITO npH cpaaHeHHH ce'leHHH 

npH 3HeprHxx MeHbWHX 300 M3B cymecTaeHHYIO ponh 

HrpaeT pa3nH'IHe B noporax peaKUHH .n:nx pa3HhiX KaHanoa. 

ll03TOMY Ce'leHHH HY)KHO cpaBHHBaTb npH 3HeprHHX, COOT

BeTCTBYIOIUHX O.D:HHaKOBbiM KHHeTH'IeCKHM 3HeprHHM B 

C.IJ,.H. 

IlonHhie ceqeHHH peaKUHH rr N • rr rr N Bhipa)KaJOTCH 

qepe3 MO.LJ:YllH H30CITHHOBbiX aMITllHTY.D: H OTHOCHTellbHbie 

4>a3bi cne,n:yiOIUHM o6pa3oM: 

2 -- ' 
a(rr-p--.rr+rr-n)= I_[IF 10 1 -v2IF 10 11F32 !cos~ t 

9 5 . 32,10 

1 21 2 2 ' ' ] 
+101F321 +2(1Fll I +IF311 -2IFIIJIF3l[COS~3I,It 

/1/ 

3 



2 1 2 I 
a(rr-p •77°77°n)=-[-IF I +\.::...if I!F 1

1

cos0 + 
9 2 I 10 • 5 • 10 • • 32 32,10 

+LiF ? 5 . 32: 

( - - o ) 1 'F 2 1 1 2 
a77p-+77 77P=-I 1+-[-!F' 

10 32 9 2 ' 31 I 

+ 2 ! F 3 I ! ! F I I I cos 0 31, I I 

a(77+p.,77+rr 0 p)=...L..If 1
2
+.L!F 1

2 
10 I 32 2 ' 31 

2 2 
a(77+p -+77+77+n )= s' F32 I . 

/2/ 

+21 Fll 12 + 

/3/ 

/4/ 

/5/ 

113ororruqecKHe aMIIJIHTY~bi 3arrucaHbi B (7777) N -rrpe~
craBneHHH, rrepBWH HH~eKc paBeH y~BoeHHOMY 3Ha'!eHHffi 

H30TOIICIIHHa BCeH CHCTeMhi, a BTOpOH - H30TOIICIIHHy 

IIO~CHCTeMhi ( ;;- ;;-) · B pe3yJihTaTe lPHTHpOBaHHH IIOJiy'leHhi 

CJie~yffiiUHe 3Ha'!CHHH H30TOIIH'leCKHX aMIIJIHTy~ B e)J,HHHUaX 

/M6H/ 1 2 
: F 10= 1,47±0,09, F32 = 0,31±0,12, F 11 = 0,29± 

±0, 11, F :H = 0 ,40±0 ,33. B ra6nuue rrpuBe~eHhi 3Kcrrepu

MeHTaJihHhie 3Ha'!eHHH rronHbiX ceqeHHH peaKuu.H rr N-. 7777 N u 

pe3yJihTaThi ltJHTHpOBaHHH C HCIIOJlh30BaHHeM H30TOIIH'leCKHX 

coorHorueHHH Me)K~y KaHanaMu I 1/-/5/. 113oTorruqecKue 

aMIIJIHTY ~hi f I O H ~'12· COOTBeTCTBYffiT o6pa30BaHHffi 77 77 - CH

CTeMhi B S - COCTOHHHH C H30TOIIH'leCKHM CIIHHOM T
7777 

-c{} H 

T.,., = 2. AMrrnury ~hi F 1 1 u F :H c oorBercTBYffiT o6pa3oBaHum 

,, ;; - CHCTeMhi B P- COCTOHHHH C H30TOIIH'leCKHM CIIHHOM 

T __ -1. llonHhiH H3ororruqecKHH crruH cucreMhi paBeH T =1/2 u 

T 3 2, coorBeTCTBeHHO. KaK BH~Ho H3 rronyqeHHWX 3Haqe-

HHH aMIIJIHTY~, BepOHTHOCTh o6pa30BaHHH 7777 - CHCTeMW B 

COCTOHHHH C H30TOIIH'leCKHM CIIHHOM T
77 

,=0 HaMHOrO 60Jih

rue, Y:eM B COCTOHHHHX C T,. 77 = 2 H 1. 
C TO'IKH 3peHHH TeOpHH IIHOH-IIHOHHOrO B3aHMO~eii

CTBHH IIpH HH3KHX 3HeprHHX IIpe~CTaBJIHeT HHTepec IIpo

CJlC~HTh, KaK H3MeHnercH OTHOllieHHe aMIIJIHTY~ X=F
10

lF
32 

4 

rrpu rrpu6JIH)KeHHH K rropory. B qacrHocru, B rronyltJeHoMeHo

JIOrH'!eCKOH TeOpHH B3aHMO~eHCTBHH B KOHe'!HOM COCTOH

HHH rpu6oBa- AHCCJlhMa- AHHCOBH'la · S . JIHHeHHhie /rro OT

HOCHTeJihHhiM HMIIYJihCaM BTOpH'!HhiX '!aCTHII/ 3llJ4JeKThi B3aH

MO~eHCTBHH B KOHe'!HOM COCTOHHHH MaKCHMaJihHhi IIpH 

3Ha'leHHH X"' 0,3. BenH'!HHa X, orrpe~eneHHaH rro aMrrnury~aM 
F10 H F32 H3 ~aHHOH pa6orw, rronyqaercH rrpu 3HepruHx 

270-290 M:JB paBHOH 4,7±1,6. B pa6ore IO.IiarycoBa 

u ~p. 6. rrpu 3Hepruu 230 M:JB ~JIH BeJIH'lHHhi X rronyqeHo 

3Ha'!eHHe 1,8±0,4, T.e. IIpH IlpH6JIH)KCHHH K rropory OTHO

rueHHe aMIIJIHTY~ pO)K~eHHH ~OIIOJIHHTeJihHOrO IIHOHa B co

CTOHHHHX C H30TOIIH'leCKHM CIIHHOM T 1/2 H T 3/2 CHJib

HO yMeHhruaercH. O.a,HaKo, TaK KaK 3HepruH 230 M3B 
y)Ke ~ocr a TO'IHO 6JIH3Ka K rropory, BpH~ nu 3Ha'leHue X H3-

MeHHTCH IlpH ~aJihHeHllieM yMeHhlliCHHH 3HeprHH. 

Ta6nuua 1 

N9N9 KaHan peaKUHH 3Hepi'H5I, 

Trr MaB 
3KcrrepuMeHT Pe3yJib

TaTbi cpHTa, ITli 

1 • 

2. 

3. 
4. 

5. 

M6H M6H 

77 -p • 77 + - 288 !20; 
77 n 0,38::!:_0,09. 0,43::!:_0,07 

77-p .. ,77° 77° n 270 032+004 11 / . -. 0,31::!:_0,03 

77 -p -~ 77-77 ° p 276 
;29 1 

0,08+0,08 . 0,07+0,07 
77 -+p -· 77 +77 ° p 

- 6 -
275 0,05::!:_0,03 1 

I 0,05::!:_0,03 

77 + p • 77 t-77 +-n 275 
+0 055 16• 

0,026-0:020. b,04::!:_0,03 

2. Cpa6HeHUe C meopueu, OCH06QHHOU HQ HapyweHHOU 

KupaAbHou SU2 >":SU2 -cuMMempuu u zunome3e 

0 'lQCmU<tHOM COXpaHeHUU QKCUQ/lbH06eKmOpHOZO 

moKa 

llorrhiTKH orruca Th ceqeHHH peaKuu.H 77 N • 77 77 N B paM-

KaX TeOpHH IIOJIH 7 OCHOBaHHOH Ha CTaTH'lCCKOH MO~CJIH 
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4y u Jloy' .:l: OKaJanucb 6e3ycnemHhiMH. HoBbie B03MO)f{
HOCTH nOBBHnHCh B CBB3H C TeOpHeH, OCHOBaHHOH Ha KH-

~ ~ ~ /9/ n panhHOH CHMMeTpHH CHnhHMX B3aHMO~eHCTBHH · epBMe 
pac'leThi ceqenuu peaKUHH rr N --> rr rrN a paMKax KHpanbHOH 
Teopuu fihinH npoae,LJ,eHhi l..JanroM:IO;B 1967 ro,LJ,y. Cpaane
nue pe3ynhTaTOB 3THX pac'leTOB C 3KCnepHMeHTanhHhiMH 
,LJ,aHHhlMH no peaKIJ,HH rr-p-> rr+ rr-n, nony'leHHMMH B ,lJ.yfiHe, 
noKaJanu, 'ITO pac'leTM, BMnonHeHHMe no Mo,LJ,enu Ba8H-
6epra, Haxo,LJ,BTCB a xopomeM cornacuu c JKcnepuMeHTOM. 
Ha JTo o6paTun BHHMaHue Ba8H6epr a o63opHoM ,LJ,OKna,LJ,e 
Ha BeHcKoii KoH<iJepeHUHH 1968 ro,LJ,a i'J;. 

PaclJeTbl l..JaHra fihinH BhiDOnHeHbl MeTO,!J,OM KOMMyTa-
11 Topoa ToKa. llolJTH O,LJ,HoapeMeHHO OncoHOM u TepnepoM 

fihinH npoBe,LJ,eHbl paclJeThl MeTO,LJ,OM 3<lJ<lJeKTHBHOrO narpaH
)f{HaHa. llpu JTOM ylJHThiBanucb lJeTbipe Tuna ,LJ,HarpaMM, 
,LJ,aiOllJ,HX OCHOBHOH BKna,LJ, BfinH3H nopora loHH npHBe,LJ,eHbl 

1'1' 
B pa6oTe · · . CelJeHHB onpe,LJ,enBnucb no <lJopMyne 

a=la1 2 :< 2 x l}la3.o6beM Ill, 161 
cnpaoe,LJ,nuooii a6nH3H nopora. 3,LJ,ecb a - aMnnuTy,LJ,a cooT
BeTCTBYIOllJ,ero KaHana peaKuuii rr N _, rrrr N, k - HMnynhc nep
BHlJHoro nHOHa B C.IJ,.H. ABTOphl BBenH napaMeTp (*pnpe
,LJ,enBIOllJ,HH HapymeHHe KHpanhHOH CHMMeTpHH H YTBCp)f{,LJ,a
nu, lJTO paClJeTM CelJeqHH CornacyiOTCB C 3KCnepHMeHTOM 
npH 3HalJeHHH ( =0, B COOTBeTCTBHH C npe,LJ,nO)f{eHHhiM BaHH-
6eprOM Cnoco6e HapymeHHB KHpanhHOH CHMMeTpHH 12.. -
MO,LJ,enhl. 

12 B nocne,LJ,yiOllJ,eii pa6oTe OncoHa 6binH npuoe,LJ,eHhi 
BenH'IHHhl k 2 

'< <1Ja3. Ofi'heM B 3aBHCHMOCTH OT 3HeprHH 
,LJ,nB pa3nH'IHhiX KaHanoo rr N • rr rr N. llpu cpaoHeHHH OKa3a
nocb, 'ITO BenHlJHHhl CelJeHHH, nO,LJ,ClJHTaHHhie no <lJopMyne 
111, He COOTBeTCTBYIOT KpHBOH, npHBe,LJ,eHHOH B pafioTe 
OncoHa H TepHepa II 4T06bi npHBeCTH B COOTBeTCTBHe 

~ II 12 
BenHlJHHhl CclJeHHH H <1Ja30Bhie Ofi'heMbl B pafio-

* llapaMeTp ( BXO,LJ,HT B O,LJ,HH H3 lJneHOB narpaH)f{HaHa, 
COOTBeTCTBYIOllJ,HH ,LJ,HarpaMMe O,!J,HOnHOHHOro 06MeHa cne
.LJ.YIOllJ,HM o6pa30M: 

2 2 2 fl 2 1 1 2 22 f N=(g/2M) (gv/g ) [-¢(a¢) +-(1--()m (¢) ]+ .. 
TrTT T 2 2 Tr 

6 

.l 

' J 

TaX if_4 •6 •151 , BenHlJHHbl <lJa30BbiX Ofi'beMOB, npHBe,LJ,eHHbie 
B pafioTe il 2 ( YMHO)f{anHCb Ha 2. llpu 3TOM OKa3anOCh, lJTO 
celJeHHB ,LJ,Byx KaHanoa peaKUHH rr-p__,rr+rr-n urr+p_,rr+rr+no6nH3H 

nopora MoryT fihiTh onucaHhi O.LJ.HHM 3Ha'leHHeM napaMeTpa 
I 15 I 

( = -0,18±0,20 ; 6nu3KHM K aapuanTy Baiin6epra. Ow 
HaKO Ha CaMOM ,LJ,ene OllJHfiO'IHMMH OKa3anHCh He <lJa30BMe 
06'beMhl /l 2 / a TeopeTHl.feCKHe 3Hal.feHJU CelJeHHH B pa6o-

, ' Jl6 I 

Te 1 11 ; JTO 6hmo JaMelJeHo PaKMopoM . lloJTOMY Teope-
THlJeCKHe KpHBMC CClJeHHH fiMnH 3aHOBO nepeClJHTaHM Ha
MH * H npHBO,!J,BTCB Ha {;UC. 1 H 2 BMeCTe C paClJCTaMH KHM 
3e TixeHa u U.ennHepa / 1u l..JaHra · 101 . 

H3 puc. 1 BH.LJ.HO, lJTO JKcnepuMeHTanbHhie ,LJ,aHHhie 
no peaKu,uu rr- p • rr + rr- n nylJme acero cornacyiOTCB 
C paCl.feTaMH l..Janra 1 I o: l..JTO KacaeTCB paclJeTOB no MeTO.LJ.Y 
J<iJ<iJeKTHBHOrO narpaH)f{HaHa, TO OKOnonoporOBbie 3HalJeHHB 
CelJeHHH I.LJ.O 230 M3BI HaunylJlliHM o6pa30M OnHCbiBaiOTCB 
npH 1_: = -1 ,4±0,2, a He npH (- 0. 3TO KalJCCl BCHHO 
cornacyeTcB c peJynhTaTaMH pa6oT · 17 · u 1 :I. r,LJ,e ,LJ,n}l 3Ha
lJCHHH ( nonylJeHbl BCnHlJHHbl -1 H -2, COOTBCTCl BCHHO. 
0,LJ,HaKo, KaK BH,!J,HO H3 puc. 2, CClJCHHB ,LJ,pyroro KaHana 
rr+p •rr+rr+n HC OnHCbiBaiOTCB npu 3Ha'lcHHH ( = -1,4. 

C 6 I - on elJcHH}I uccne,LJ,yeMoro o pa oTe KaHana rr p • rr " n 
npuae,LJ,eHhi Ha puc. 3. BH.LJ.HO, lJTO JKcnepuMCHTanbHhie 
3HalJCHHH celJCHHH npu JHepruu 270 M3B ne coana,LJ,aiOT 
HH c O.LJ.HHM H3 npuoe,LJ,eHHhiX aapuaHTOB Teopuu. I B pa6oTe 

10 - t-
4aHra paCClJHTaHbl TOnbKO CClJCHHB KaHanoB TT p •rr TT n H 
rr -p • rr- rr 

0 p I. 3KcnepuMeHTanhHhie 3HalJcHH}I celJeHuii 
oKa3anucb cnHlliKOM 6onhlliHMH no cpaoHeH.HIO c Teopueii 
npu 3HalJcHHHX t" 0 unu -1 ,4. 

TaKHM o6pa3oM, c noMOllJ,hiO McTo,LJ,a J<iJ<beKTHBHoro 
narpaH)f{HaHa c ylJeToM TonhKo npocTcHlliHx lJeThipex ,LJ,Har
paMM He y,LJ,aeTcB onucaTh nonHhiX celJeHHH peaKUHH rr N •rrrr N 
o6nH3H nopora. llpu 3TOM KaHan rr-p~rr 0 rr 0 n oKaJancB 

OlJCHh lJYBCTBHTenhHhiM K Bhifiopy BapHaHTa TcOpHH. llpe,LJ,
CTaBn}leT HHTepec cpaBHCHHe CclJeHHH JTOrO KaHana C 
Teopueil npu 6onee HH3KHX JHepruHx. 

* Cne,LJ,yeT OTMCTHTh, lJTO BenHlJHHhl CC'-ICHHH CHnfHO 3a
BHCBT OT KOHCTaHThi Frr rr --- 11 + v pacna,LJ,a: a- Frr- . 3,LJ,cCh 
ucnonh30BaHo JKcnepuMcHTanhHoe 3Hal.feHue Frr = 92 Al3B. 
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