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c.M. BHneHbKHl!, n.11. nanHAYC, 
P.M. PbIHAHH, n.lll. lllexTep 

COXPAHEHHE 1130CnHHA 
11 nomIP113AUHOHHbIE .3<f><l>EKTbl 

HanpaaneHo B fl<!> 

Hay11uo-TexuH11ecKaa 
6u6nuoTexa 
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\ 

1 • OobI'IHbie M8TO/lbl npHMOll nponepKH H30TOilH'18CKOi!' HHBapHBIITHOCTH COCTOHT B npo-

BepKe COOTHOW8HHi! M8lKllY /lH<pq,epeaunanbHblMH C8'18HHHMH pa3HblX peaKuni!, BbIT8KBIOWHX H3 
I . Ill 

H30TOilH'l8CKOi! HHBapnaHTHOCTH nnoo B nponepKe aanpeTOB, KOTOpble HBKil8/lbIB88T H30TO

121 
IlH'18CKaH HHBapnaHTHOCTb I nnoo, .HaKOHeu, B 

l31 
nponepxe TpeyronbHbIX aepaneHCTB 

141 
Eapwai! H TeMMep oopaTHnH BHHMBHil8 Ha TO, 'ITO coxpaHeHne H30T0ilH'18CKoro cnn-

Ha IlpHBO/lHT K CHMMeTpHH 0TH0CHTenbH0 38M8!IbI () ➔ IT - () 0· - yron B c.u.n.) nnct,-

q,epeHunanbHbIX ce'leHni! peaKuni! 

a + a' -+ b + b' , 
(I) 

rne '18CTHllbI a H a' (nnoo 'ISCTHUbl b H b' ) npHHannelKaT K 0/lHOMY H30T0ilH'le 

CKOMy MYilbTHnneTy, a IlOilHblil H30T0ilH'l8CKHil CilHH KOH8'1Hb1X (nnoo H8'18IlbHbIX) 'IBCTHU M0-

lKeT npHHHMBTb T0ilbK0 0/lH0 3H8'18HHe. TiponepKa C00TH0W8HHH 

(2) 

rne qo (()) -nnq,q,epeHunanbHOe C8'18HHe peaKUHH ( 1) B cnyqae HenonHpH30BBHHblX H8'18IlbHbIX 

'18CTHU, npencTaBnHeT coooi!, T8KHM oopaaoM, nponepKy H30TOilH'l8CK0i! HHB8pM8HTHOCTHxl 
. -

TipenMywecTBO TaKoro M8TO/l8 nponepKH C0CT0HT B TOM, 'ITO OH He Tp,eoyeT cpaBH8HHH Hao

monaeMbIX nenn'IHH B pa3nH'IHblX peBKUHHXo nnct,q,epeHunanbHOe Ce'leHne q O (()) MOlK8T, Oll

H8KO, 0K838TbCH CHMMeTpH'IHblM OTH0CHT8nbH0 90° H B cnny PHll8 IlpH'IHH /lHH8MH'l8CKOro 

141 
xapaKTepa 

Mb! IlOK8lK8M 31l8Cb, 'ITO BCil81lCTBHe coxpaHeHHg. H30T0ilH'18CKoro cnnmi B03HHKBIOT 

.TBKlK8 c_ooTHOW8HHH, CBH3blBBIOIUHe nonHpH3BUHOHHbie xapaKTepHCTHKH peaKUHil ( 1) non yr-

naMn () H IT - () • 3KcnepHM8HTBnbHBH npoBepKa C00THOW8HHH (2) H nony';leHHblX 

HHlKe COOTHOW8HHi!. M8lKll¥ nonHpH3BllHOHHblMH xapaKTepHCTHKBMH Il03Bonnna Obi He T0ilbKO 

ocymecTBIITb neTanbHyIO nponepKy H30T0ilH'l8CKOi! HHBBpHBHTH0CTH CHnbHblX B38HM0lleilcTBHil, 

no n (npn nocTaTO'IHoi! TO'IIiocTH H3MepeHni!) no3nonnna Obi nccnenonaTb xapaKTep ee Ha

pyweHHH. 

xi · · 15I 
3aMeT11M, 'ITO nony'leHHoe B paooTe yrnonoe pacnpeneneHne'n peaKUHH 

H
8 

+ He 8 ➔ He 
4 

,t- d ynonneTB0pHeT cooTHoweHnro (2) B · npenenax TO'IHOCTH sKcnepnMeHTa. 

3 
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2. ITpe.QllOIIOJKHM BHaqane,, 'ITO 'ISCTHl!hl a H ,'a' , npHH8:.Qll0>KaT K ,O.QHOMY: HaOTOIIH- , 

, qecKoMy MynbTHnneTy, a cyMMapHhlil Ha,oronH'lecxHil cnHH' qacTHll , b , H b' MO>KeT npnHH-
' x/ 

MSTb llHWb O.QHO aHa'leHHe (o6oaHS'IHM ero qepea, T ) • EcnH cnpaBe.QllHBa HaOTOIIH'l0CKSH 1 

HHBapHaHTHOCTb, TO nonHhlil HaOTOIIH'l0CKHil CIIHH 'ISCTHII a 

PaCCMOT)lHM BbIT8KSIOlll~e OTCJO.Qa Cll8.QCTB_HH. 

H • , TSK>Ke paBeH T 

06oaHa'IHM aMllllHTy.ny peaKl!HH B c.n.H. qepea 

<-ab K l>ab, Kb,, IM(p' ,p)laKO'K'> 

3.necb a H,
1.'a' ( K H /(, ) - npoeKl!HH CIIHHOB (Hao,TOIIH'10CKHX CIIHHOB) 'ISCTHII a 

' 

(3) 

H a t 

ab H ab, -npoeKUHH, CIIHHOB 'ISCTHII b H b, 
t Kb 

H b 

H Kb' -npoeKIIHH HX HaOTO-.. 
IIH'l0CKHX ,CIIHHOB1 p H p' -HMIIYllbCbI 'ISCTHII a B c.11,H. Bcne.QCTBHe To>K.QecT-

B8HHOCTH HS'ISllbHhIX 'ISCTHU nonyqaeM: 

<ab Kbab, Kb' IM(p',,;)luKa'K'> • (4) 

•± <ab Kb ab,/(b,f,M(p' ,-p>lo;'K'aK> 

(+,ecnH a H 
, 

a '6oaoHbI1 H -,ecnH a' H a' --<j,epMHOHbI). EcnH cnpaBe.QllHBa Hao-,' 

TOIIH'18CKSH HHBBpHSHT~OCTb, TO,Ha (4) (HCIIOllbayH TSK>Ke HHBapHaHTHOCTb OTHOCHT81lbHO 

llpOCTpaHCTB8HHOil HHBepCHH) HSXO.QHM: 

I ( .. , .. >I , , <ab Kb ab,Kb, Mp ,p aKaK > (5) 

I , .. , .. I , , 
e 1/ <ab Kb ab ,,I( b' M (-p ,, p ) a Kl1I< > 

r.ne MHO>KHT8Hb 7/ MO>K8T llpHHHMSTb aHS'18HHH :_ 1, 

ITycTh cllHHOBOe cocTOHHHe Ha'lanbHbIX 'IBCTHII a H. a' OllHCbIB88TCH MaTpHUaMH 

IIHOTHOCTH p II p' COOTB0TCTB0HHO. MaTpima IIHOTIIOCTH KOH0'1HOI'O COCTOHHHH paBHa 

' 
➔, ➔ 

P, (p • P) M(p',;)p xp'M+(;',p). (6) 

HcnOHbayH' COOTHOIII0HH0 ( 5). llOlly'laeM 

( .. , .. ) ( .. , .. ) , + ( .. , .. ) , ( .. , .. ) 
pr p • p - M -p ,p p xpM -P ,p ·Pr -p • p (7) 

TaKIIM o6paaoM, 8CHII cyMMapHbiil IIaOTOIIII'l8CKIIil Cll,HH 'ISCTHII II b, , MO>K8T npIIHH-

MSTb TOllbK0°0.QHO aHa'leHne, TO IIa IIaOTOIIII'10CKOft IIHBapIIaHTHOCTII II TO>K.Q0CTBeHHOCTII Ha

'ISHbHblX' 'ISCTIIU, cnenyeT, 'ITO KOHe'IHSH MaTpIIUa llllOTHOCTII peaKUIIII ( 1) B c,:nyqae, K,or.na 

CilHHOBoe COCTORHHe q~cTHU a II a' onHCbIBaeTCH MaTpmtaMII nnoTHOCTII p H ',p': • a 

xi 3To Mo~eT obITb a nayx cny'laHx; I ) , IIaoTom1qec
1

itIIil CIIHH onaoil Ha 'ISCTHU paaeH 

nymo, 2), qacTHUbI b H b' 06nana10T MaKCIIManbHbIMII (iinH MIIHHMBHbHblMII) npoeKUHH-

MH ll3(?TOilIP1ecx11x Cnnaoa. ' · · 
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\t 
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HMllyllbC 'ISCTHU b B c.u.H. paBeH 
.. ,, 
p (pHc.' la), C~>Bna.naeT c M8:TP1'Ue8 llllOTHOCTH peaK-:-

UHH B, cny,iae, xor.na cnHHOBoe cocTOHHHe qacTHII a H a' OllHCblB~eTcH MaTp~naMH p~ 

H p 

(a,) 
-7 

B_ C,UeJ!• BblneTaIOT ci 

{a'J 

16). 

(a') 

COOTB0TCTB8HHO, a '18CTHl!bl b 

p'/Ki 
/> .·6e~, 
')-,+, 

-I' 

{f'J, , a 

HMny~COM, _;, , (pHC. 

'_X_,, (i'J 
,/> 

(a] /',, , , ,' , / 

)

} '__/,_ '-7 
{.77-~) 

, 
. 

{t'J ~ 6 

p H ~• 

Ha (7) H (6) nerKo llOlly'IHTb COOTHOIII8HHH CHMMeTpIIH .QIIH Haomo.naeMbIX Ha OllbITe B81IH-

'IHH, 

PaccMoTpHM '18CTHbl8 cny'laH. 

'I , 
'a. ITycTb o6e Ha'ISllbHbie 'ISCTHUbl He nom1pHaOBaHbl, Tor.na 

p•p' l!!I 
.l 

2s + l (8) 

L s -3H8'18HII0 CllIIHa H8'181lbHbIX 'ISCTHII ) H ,Ha (6) H (7) IIOIIY'188Mx/ 

Pr (p' ,;) =Pr (-p',;) (9) 

PTcro.na' 6e3 Tpy.na HaXO.QHM ( 2). C llOMOlllblO ( 9) H0TPY.QHO llOIIY'IIITb aHanol'H'IHbie COOTHO

W0HHH H .nnn, nonHpHaaUHOHHbIX xapaKTepHCTHK peaKUHH, ( I) (a cnyqae, Kor.na crrHHbI qac:rHu 

b H b' OTIIH'IHbl \OT uynn). B 'ISCTHOC,TH, H3 (9)' ~aXO.QHM: 

Pb(0)"'.-Pl\(rr-0), 

P ,(0) -- P , (~.-0). 
b , b,, • 

( 10) 

• I 

Sp °i:b~ Pt (p', p) 
,3.QeCb 'Pb (0) ,m' --~-~=-~ -llOIIHpHaaUHH 'ISCTHU b 

8 b Spp, <if' ft) 
t BOaHHKS!OlllaH B .... , 
(; = ~ 

1;x;·1 

P,eaKUHH ( I) 

C H01lOIIHpHaOBaHHblM IIY'IK01:" H, H8IIOHHpHaoaa1!~oil 'MHIII0Hbl0 nopMan~ K , 

K nnocKOCTH peaKUHH). 

6)' HaqanbHble 'laCTHUb1
1 

nonHpHaoaaHbI. 

xi , , 
O'leBH.QHO, 'ITO 3TO COOTHOIII0HHe cnpaB0.QHHB_O TaKme II B cnyqae, KOI'.Qa CIIHHbl Ha-

'181lbHbIX 'laCTHII paBHbl HynJO. 

5 
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OrpaHH'IHMCll paccM~TpeHHeM T8KHX npoueccoB, B KOTOPbIX CllHHbI Ha'!am,Bb!X 'I8CTHIX paBJibI 

1/2. B 3TOM cnyqae Ha (6) H (7) II8XOAHM: 

rne "• H 
➔ 

u., 

.. , .. .. .. .. .. + .. , .. 
M(p ,p)½(l+u.P)iHl+u.: P')M (p ,p) 

.. .. .. .. .. .. ·+ .... 
• M(-p',p )½(l+u,.P'l½(l+u .. , P)M (-p',p) 

-MaTpHIXbI, nelkTl!::'IOlllHe 118 CllHHOB_ble nepeM8HHbI8 '!8CTHIX 

(11) 

a H 

COOTB8TCTB8HHO. PaccMoTpHM HaH6onee npoCTble Ha6nronaeMble •. Ha ( 11) nony'!aeM: 

a a ➔ 

u 0 (OTU +A 
1 

(p',p)P1 + A 1 (p,p)P; + A1k (p',p)9' 1 Pi:_ ) .. 

i a ➔➔ a .. ➔ 
.. u 0 <,, -0)(1 + A 

1 
(-p',_p)P1 +A 1 (-p',p)~ + Aki (-p',p)P1 P{) 

( 12) 

a • 

I 

~-

rne BeKTOpbl acHMM8TpHH 

lllHM o6paaow: 

Al H A I H TeHaop 8CHMM8TPHH Alk onpeneneHbI cnenyro-

A: 1 + __ SpMu
61 

M 
4uo 

A: 1 + 
.. i'i,"SpMua't M 

0 

+ 
A 1k e ~ SpM u01 u,. 't M 

0 

C IIOMOlllblO COOTHO_W8HHll ( 12) HaXOAHM 
, 

•➔➔ a-+-+ 
Al (p',p) = Al (-p',p) 

Alk (p', p) Akl(-p',;) 

OTCIOtta ttnll Ha6nronaeMb!X Ha OIIb!Te B8nH'IHH nonyqaeM: 

➔ 

A: (0) 

Ann(OI 

-A• (ll'-0), 
n . 

Ann (II' -0) 

A (O)=A-(11'-0) 
1!18 !11!!1 

A•k (0)=- Ako (ll'-0), 

Akk(O) = Au (11'-0). 

3necb k -ettHHH'IHbli! B8KTOP B HarrpaBneHHH HMIIynbca 'I8CTHU B 

➔ ➔ ➔ 

(13) 

(14) 

(15) 

a n.c., 

s = n X k (A•d = Alk CI d k ) • 3aM8THM, 'I!O HanH'!He _nonSipHaOB8HHbIX ny'IKOB H nomrpH-

30B8HHhlX MRW8H8il nenaeT IIp0B8pK)' COOTHOW8HHi! ( 15) BII0nHe B03MO)KHOi!. 

Ha ( 11) neTpynno rrony'IHTb Taic)Ke ananorH'IH_b1e coOTHoweHRll IWSI aa6n10naeMb1x, xa

paK_TepHayromHx COCTOllHHe IIOIJllpHaauHH KOH8'IHhlX 'I8CT!fU· 

6 

'\ 

npHMepaMH 'peaiqtHil paCCMOTp8HHOro, 'ijHil8 llBnllIOTCll 

! 
n·+p->d+B (16) 

rne B ;-n106oi1 HElilTpanbHblil 6oaoH C HaOTOIIH'I8CKHM CIIHHOM Bynb HIIH 8AHHHIX8 ( 11'
0 

• p
0

• 

' . _;_ ) - d o , /6/ . 
11 , C>J , 't' · , I H T.n. • PeaKIXHll n + p ➔ + " nonpo6Ho paCCMOTpeHa a pa6oTax • 

/5/ 
Llpyroil np2Mep , : 

a a , 
H +He ➔ d +He . (17) 

3. PacCMOTPHM Tenepb peaKnHH ( 1) B cny'!ae, Korna KOH8'!Hbl8 '!8CTHUbl b H b' 

S!BnllIOTCll 'IneHaMH OAHOro HaOTOIIH'I8CKOro MynbTHnneTa, 8 cyMMapHbli! HaOTOIIH'I0CKHi1 CIIHH 

H8'!811l,HblX •IaCTHU M0)1{8T IIpHHHMSTb OAHO aH8'!8HHe. Ha HaOTOIIH'I8CKOli HHB8pH8HTHOCTH H 

TO)l{.Q8CTB8HHOCT_H Koneimb!X '!8CTHU B 3TOM cnyqae rronyqaeM: 

<u,cu',c'[M(p➔',p)lua /C •"•' ,c
11

, > • (18) 

• t]"<c:r',ca,c,J M(-;, ;;)Jaa IC.a O'a'K.a'> 

3nec& ,c H ,c' -rrpoeKUHH uaoTOIIH'I8CKHX CIIHHOB 'ISCTHIX b H b' Ua H 

<!11,,( ,ca H /C,) - npoeKIXHH CllHHOB (uaoTOIIH'I8CKHX CllHHoB) '!8CTHIX 
a • 

a H a' 

• .., ➔ .. , .. / +-,. ➔ 
OTCIOA8 H8XOAHM, 'ITO KOH8'IH8ll M8TpHll8 nnOTHOCTH P, (p ,p)=M(p ,p)p.xp.,,M(p',p) 

YAOBneT:aopSieT COOTHOW8HHIO: 

p,(p',;)= pp (-;',;)Pu 
C7 I 

(19) 

rne p q -onepaTOp rrepecTaHOBKH CllHHOBhlX rrepeMeHHblX KOH8'!Hh1X '!8CTHU. 

Ha 3Toro COOTHOW8HHll nerKO BHA8Tb, 'ITO B cnyqae, ecnH H8'!8nbHbI8 'I8CTHUhl He no--

nllpHaOB8HhI, 8 CIIHHbl KOH8'IHhlX '!8CTHU oTnH'IHbI OT aynSI: 

(7 0 (0) = (7 0 ( II' - 0) 

Pb(O) =-Pb,(11'-0). 

EcnH CIIHHbI HS'!an&Hb!X' '!8CTHU paBHbl 1/2, Ha ( 19) rrony'!aeM: 

A:(0) =-A•n(ll'-0), 

, , 
A: (0) =-A: (II' -0), 

Ann(O) e Ann (II'- 0) 

A .. (O)mA .. (11'-0), 

A.t<O> =-A.k (ll'-0), 

7 

(20) 



Ake(0) a-Aks(1T-0), 

Akk(8) mAkk(rr -8). 

' \ 

(21) 

C ITOMOmbIO ( 19) H0TPYllHO aallTH aaanorH'IHbl0 COOTHoweHHSI nnsi ocTanbllblX aa6n10naeMb!X. 

PeaKIIHSIMH paCCMOTp0HHoro B n. 3 THna siBnSIIOTCSI 

- + 0 
n+p ➔IT +IT 

ii+ P ➔ P + + Po 

!:lo+p.➔ I++Io 

d + He 
4 ➔ He 

8 
+ H 

8 

(22) 

B aaKnIO'I0HH0 3~MeTHM, 'ITO COOTHomeHHSI (20), (21) cnpaBennHBbl TBK)K0 H nnsi pe-

BKIIHll 
a+a'-+ b+b'+c 

(23) 

B cnyqae, Korna H30TOnH'I0CKHll cnHH 'IBCTHIIbl C paBeH ayn10 ~ no HMnynbCY 3TOll 'IBC-

THIIbl B aa6n10naeMhlX BenH'IHHBX npoH3B01lHTCSI HHTerp,HpOBBHHe. TTpHB01l0M B KB'I0CTB0 npH

Mepa H0CKOnbKO peBKIIHll TBKoro THna: 

A+d ➔ K++K 0 +'·A 

d + He 
4 ➔ n + p + He ' 

IT±+d ➔ IT±+rr0 +d 

ii + p ➔ ll'O + IT+ + 1/ 

(24) 

nBa aBTopa (C.E. H n.n.) 6naronapau r.M. OceTHHcKoMy aa noneaab1e o6cy)KneHHsi pac

cMoTpeHHhix anecb BonpocoB. 
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