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§1. B B e .a e H H e 

B pa6oTax 11-51, KacaiOIIlHXCSI TaK Ha3hiBaeMoii reoMeTpH'IeCKoii npo

BepKH H30TOllH'IeCKOH HHB8pH8HTHO?TH 1 pacCM8TpHBanOCh llOBeAeHHe CHCTeMhl 

ABYX '18CTHU
1 

SIBnSIIOIIlHXCSI 'lneH8MH OAHOI'O H TOI'O }l{e MynhTHnneTa, EcnH 

T8K8SI CHCTeMa HMeeT H30CllHH onpeAeneHHOii 'leTHOCTH, TO H3 H30TOllH'IeC-• . ·.' 

KOH HHB8pH8HTHOCTH cneJJ:yeT CHMMeTpHSI B AH<iJ4JepeHUH8nbHhiX pacnp~,neot:~
HHSIX 9THX '18CTHU B H~ C,U.H.: npH 38MeHe n1060I'O HanpasneHHSI BbineTa E) 

H8 IIpOTHBOUOnOlKHOe HanpasneHHe Tr- E) ( HnH, 'ITO TO JKe C8M09 1 npH B38HM

HOH 38MeHe HMnynbCOB '18CTHU B'ni060H CHCTeMe KOOPAHH8T) senH'IHHa a¢

<iJeKTHBHOI'O Ce'leHHSI He H3MeHSieTCSI. 

B pa6oTe 16 I H3y'lanHCb npH6nHJKeHHhie H30TOUH'IeCKHe cooTHOilleHHSI, 

CnpaBeAnHBbie B npeHe6pe}l{eHHH KB8Ap8TOM MOttynSI OAHOH HnH HeCKOnhKHX 

aMnnHTyA, HO C y'leTOM HX HHTep<lJepeHUHH C APYI'HMH 8MllnHTYA8MH, 

H acTOSilllaSI pa6oTa nocBSillleHa AanhHeiillleMy pa3BHTHIO o6oHX yKa3aHHhiX 

noAXOAOB, B 'laCTHOCTH, HAeSI "reoMeTpH'IeCKoii nposepKH' o6o6meHa Ha cny

'laft, KOI'A8 H30TOllH'IeCKHH CllHH CHCTeMhl ABYX 'ol8CTHU1 OTHOCSIIIlHXCSI K OA

HOMY H30TOllH'leCKOMY MynbTHnneTy, He HMeeT onpeAeneHHOH 'leTHOCTH, DpH 

9TOM AH~epeHUH8nbHhie Ce'leHHSI AnSI yrnoB E) H Tr- E) 6yAyT COAep}I{8Tb 

0AHH8KOBhie HHTep<iJepeHUHOHHbie qneHhi 1 KOTOphie Bhlll8A8IOT }.'IpH Bhi'IHT8HHH 

nH6o cyMMHposaHHH (eM, TaKJKe 17 I). 

0nHp8S!Cb H8 CK838HHOe, MO}I{HO npHiiTH K PSIAY HOBhiX H30TOllH'leCKHX 

COOTHOilleHHii K8K B cny'lae CHnbHhiX B38HMOAeiiCTBHii, T8K H AnSI B38HMQ

A9HCTBHii cna6hiX H aneKTpOM8I'HHTHhiX, MHOI'He H3 9THX COOTHOilleHHH nony-
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qaiOTCSI T8K)I<e C llOMOmbiO MeTOlla illMymKeBH'Ia (eM,, HanpuMep, 
/8,9/) 

3a cqeT HeKOTOpOH ero MOliH$HKaUHH, 

rlle 

§2. flpasano I L.l T I= i 
1. PaccMOTpHM pacnall 

B cna6bJX B38HMO[leHCTBHHX 

0 0 - + 
K .... TT TT r vr ' 

e+ 03Ha'IaeT ll03HTPOH HnH 11 + -Me30H, 

1 

( 1 ) 

Ecnu cnpaBellnnso npasuno 

(1 \ pasHa 

I ~T I= -
2 

, TO aMnnuTylla pacnalla 

v'..!. f 
6 I' 

A 
1

( 0 > 
(2) 

rlle f 1 - aMrrnHTylla nepeXOll8 B KOHe'!HOe COCTOSIHHe liBYX TT - Me30HOB 

C H30TOilH'IeCKHM CilHHOM T TT 0 TT- = 1 , TIOCKOnbKY 9TO COCTOSIHHe COOT

BeTCTByeT He'IeTHOMY op6HTanbHOMY MOMeHTy, TO 

1 A (rr-8) =-v'-f 
I 6 l (3) 

CnelloBaTeilbHo, 

W(~)=W (rr-8), 
1 1 (4j 

T,e, B nJ060A CHCTeMe OTC'IeTa liOmKHa 6biTb CHMMeTpHSI no OTHOmeHHIO K 

B38HMHOA 38MeHe HMrrynbCOB p -
TT 

'ITO B CHCTeMe UeHTpa HHepUHH 

H p 0 , x). CymecTseHHO OTMeTHTb, 

TT - Me30HOB HanH'!He CHMMeTpHH HHKaK 

x) 
0 

~ o + 
TCJOna cnenyeT T8K)I(e OTCyTCTBH9 CyMMBpHOH BCHMMeTpHH Bbin9Ta L 

ITO OTHOWeHHIO K nnoCKOCTH, onpenenSJeMOH HMnynbCBMH TT - Me30HOB0 noc-

KOnbKY npu nepecTaHOBKe P17 - u P:o HanpasnenHe uopManH K nnoc-

KOCTH MeHSI9TCSI Ha npOTHBOnOnO)I(HOe, .llnSJ C06biTHH C «}lHKCHpOBBHHbiMH 

p _ H p 0 BCHMMeTpHSI MO:lK9T HMeTb MeCTO, . ' 
TT TT 

4 

I, 

.\1 
j~j 

)i~ 

'··_. ~ •. il 
,,-\ 

.i
ii! 
, 

' 

u 
;k 
,\ 

~ ·) 

'\ 

__...._ 

He 3aBHCHT OT pa3HOCTH HX M8CC 0 SIBnSISICb TSKHM o6pa30M u'IHCTb!Mu cnell 

CTBHeM npasHna I~T I=.+ . TiocKonbKY oTKnoHeHHe OT (4) nnHeAHo n 

senH'IHHe Manoa aMnnHTYllhi c I~TI =_l_ , nposepKa cooTHoweHHSI (4) SIB 
2 

nSieTCSI 'lyBCTBHTenbHbiM MaTOJ:IOM BbiSIBneHHSI cymeCTBOBaHHSI TSKOA 8MilnH-

TYllbl, 8 oco6eHHOCTH 9TO OTHOCHTCSI K cneuuanbHOll: BbJ60pKe C06biTHll:, KOr 

liB OTHOCHTenbHbiA HMrrynqC rr
0 H rr - - MeaoHoB Man. B aToM cny'la 

paapeWeHHOe p - COCTOSitiHe CHCTeMbl ( TT
0 TT-) ilOJ:ISBneHO. TI09TOMY, J:la)l( 

npH ManbiX HapymeHHSIX npasuna 1 ~ T 1 = i , npuMeCb S - COCTOSIHH 

(T TT~ =2) MO)I(eT 6b!Tb cpaBHHMa C p -COCTOSIHHeM, H OTKnOHeHHe 0 

( 4) MO)I(eT 6bJTb cymecTBeHHbiM, 3J:IeCb Mbl CTanKHsaeMCSI CO CBOeo6pa3Hbl 

MeXaHH3MOM 'ycHneHHSiu OTKnOH9HHll: OT H30TOilH'IeCKHX npaBHn OT6opa (CM 

TaK)I(e 141), 

llnH pacnaliOB 

K+ + - n + 
->TT 1T L !.If 

+ 0 0 + 
K ->TT TT r ve 

B cny'lae cnpaBellnHBOCTH npasuna I~ T I = .1., HMeeM 
2 

-1- -1- 2 

w <8>=1-v'-t -v'-f I 
5 6 0 12 I 

1 1 
2 

w ( TT-8) =I - v'- f + v'- f I 
5 6 0 12 1 

W6 (8) =+l£0 1
2

• 

11a conocTasneHHll: (2), (3), (7), (8) u (9) nony'laeM 

W I ( 8) + W ~ ( 8) + W 
5 

( TT- 8 ) = 2W I ( TT-8) + 2 W 6 ( 8 ) , 

w 
1 
< TT- 0 > + w ~ < 0 > + w ~ < TT- 0 > = 2 w 1 < 0 > + 2 w 6 < 0 >. 

W (8)+W (TT-8)+4W (8)=2[W (8)+W (TT-8)]. 
I I 6 5 5 
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I 

(1 
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He 38BHCHT OT pa3HOCTH HX 

cTBHeM npaBHna I 1:!.. T I =. + 
BenH'IHHe Manol!: aMnnHTYJlhi 

M8CC 0 SIBnSISICb T8KHM oopa30M "'iHCTb!M" cneJl,.. 

• 0oCKOnbKY OTKnoHeHHe OT (4) nHHefiHO no 

c I 1:!.. T I = .1.. , npoBepKa cooTHoweHRSI ( 4) SIB-
2 

nSieTCSI 'iyBCTBHTenhHb!M MeTOJlOM Bb!SIBneHHH CYWeCTBOB8HHSI T8KOil aMnnH

TYJlhlo 8 OCOOeHHOCTH :3TO OTHOCHTCSI K CneUHanbHOfi BbiOOpKe COOb!THfi, KOr-

Jl8 OTHOCHTenhHblfi HMnynbC 77° H 11- - Me30HOB Man. B STOM cny-qae 

paapeweHHOe p - COCTOSI.H:He CHCTeMbl ( 77° 77-) nOJlaBneHO. 009TOMy, Jl8)1(e 

npH ManhiX HapyweHHSIX npaBHna 1 /),. T 1 = i , npHMeCb S - cocToSIHRSI 

( T 77 o7i"" =2) MO)I(eT ObiTb cpaBHHMa c P -cocTOSIHHeM, H OTKnoHeHHe oT 

( 4) MO)I(eT ObiTb cywecTBeHHhiM. 3JleCh Mbi cTanKHBaeMCSI co ceoeo6pa3HbiM 

MeXaHH3MOM 'ycHneHHSI" OTKnOHeHHfi OT H30TOnH'ieCKHX npaBHn OT6opa (CMo 

T8K)I(e 141 ) • 

.UnSI pacnaJlOB 

K+ + - n + -> 77 77 .L II£ , 

+ 0 0 + 
K ->77 77 e 11e 

B cny-qae cnpaBeJlnHBOCTH npaBHna lt!..T\=.1. 2 I 
HMeeM 

-~- -1 2 
w (8 > = 1-v- f - v- f 1 

6 6 0 12 I 

1 -~- 2 
w (77-8> =1-v-f +v-f 1 

6 6 0 12 I 

w (8) =_!_If 1
2 

6 6 0 ' 

Yla conocTaBneHHfi (2), (3), (7), (8) H (9) nony-qaeM 

W
1
(8)+W

5
(8)+W

6 
(77-8) = 2W

1 
(77-8)+ 2W 6 (8 ), 

W
1
(77-8)+W

5 
(8)+W

6
(77-8) =2W

1
(8)+2W6 (8), 

W (8)+W (77-8)+4W (8)=2[W (8)+W (77-8)]. 
I I 6 5 5 

5 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

( 11 ) 

( 12) 
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CooTHOllleli!HI ( 10) H ( 11 ) rrepeXOJlSIT apyr B apyra rrpH aaMeHe 9 

Ha 17- 9 , a COOTHOllleHHe ( 12) rronyqaeTCSI cnmKeHHeM ( 10) H ( 11) • 

..OnH rrepexoaa 

(12) ITO yrny 9 
K IlOnHbiM BepOSITHOCTSIM IlpOHHTei'pl:lpyeM, HaiTpHMep, 

OT 0 JlO T . Tip!:! STOM W1(9) H wl (17-9) 

)laJlyT ITO t W 1 • w 5 (9) 1:1 W5 c 17- 0 > - rro .L w 2 5 
, a W (9)- W 

6 6 

B HTore ITonyqaeM 

W1 +4W 6 =2W5 " 
( 13) 

0TKnoHeHHe OT paBeHCTB ( 4) H ( 10 )- ( 13) 03Ha'!ano 5hi HapyllleHI:Ie ITpaBH-

na I ~TI = ..l.. B paciTaae Ke • 0TMeTHM, 'ITO cooTHollleHHe ( 13) rrony-
2 4 

'leHO TBK*e B pa5oTe /10/. 

EcnH B ( 1) BMecTo K" -Meaoaa paccMaTpHBaTb K: - Me3oH, To B 

(10)-(13) ITpH BbiiiOnHeHHH ITpaBHila ~Q =~S BepOSITHOCTH W1 (®), W 1(11-®) 

0 - n+ J 0 H W 1 H8Jl0 BJlBOe yMeHblllHTb, TBK KaK 8MITnHTyJla < 17 17 L 1/~ K 2 > = 

..L <17° 17- e+ 1/n I K0 >. BMeCTO (13) STO ITpHBOJlHT, HaiTpHMep, K COOTHOllleHHIO y2 t 

2W
1 

+4W
6 

=2W
5 (13') 

EcnH HMeeTCSI ITpHMeCb aMITnHTYJlbl ~ Q f, ~ S , TO paBeHCTBa (10)-(13) ... ( . ) 
OCTaiOTCSI B CHile, B TO BpeMSI KaK COOTHOllleHHSI THIT8 13 ITepeCTaiOT 5biTb 

CITpaBeJlJlHBbiMH. 

2. PaccMoTpHM paciTaJl K --. 3 17 ,ITpeHe6peraSI HapyllleHHeM CP-HH-

BapHaHTHOCTH. 

K+ -->17 + - + 
( 14) +17 + 17 ' 

K + --> TT 0 + 170 + 17 + 
' ( 15) 

0 0 0 0 K ->17 + 17 + 17 ' ( 16) 2 

0 0 
+17++17 K 2 --.17 

( 17) 

6 

B cny'lae ciTpaBeJlllHBOCTH ITpaBHJia I~ T I = _t_ , ITOJIHblti H30TOITH'IaCKHti CITHH 
2 

CHCTaMbl TpeX 17 -Me30HOB MO*eT 6b!Tb paBeH TOJlbKO e)lHHHUe, ITOCKOilb-

KY JlnSI paCITaJlOB (16) H ( 17) COCTOSIHHSI C '!eTHbiM 3Ha'!eHHeM ITOIIHOI'O H30-

TOITH'laCKOI'O ciTHHa 3arrpemeHhi CP-HHBapHaHTHOCTbiO x). 

EcnH ~HKCHpoaaTb HMITYilbC KaKoro-HH5yah H3 17 -Me30HOB, HarrpHMep, 

17-t- H TT -Me30HOB 
HMITYilbC 17 ° -Me30Ha B paCITa)le ( 17), TO HMITYJlbCbl 

0JlH03Ha'!HO OITpeaenSIIOTC S1 yrnOM BbiJle Ta (ioJ OJlHOI'O H3 HHX B CHCTeMe 

HX o5mero ueHTpa HHepUHH. BepoHTHOCTb TaKoro ITpouecca yao5HO o5oa-

17o 
H&'!aTb CHMBOIIOM W l7 ( ®) , BepOSITHOCTH OCTanbHblX CXOJlHblX ITpOUeC-

COB - aHaJlOI'H'IHblMH CHMBOJlaMH. CyMMapHbiH H30TOITH'IeCKHH CITHH Bbi)leJieH-

+ -
HOi!: B paCCMaTpHBaeMOM IIpHMepe CHCTaMbl 17 17 

3Ha'!eHHSI: T 
17

+
11

= 0,1 11 2. TiosToMy B pacrraaax 

MO*eT ITpHHHMaTb TPH 

(14)-(17), aoo5me ro-

BOpSI, HMeeTCSI TpH H30TOITH'I9CKHX aMIIIIHTYJlbl £0 1 f I H f 2 t COOT-

BaTCTBYIOIUHX BenH'!HHe o5mero H30TOITH'19CKOI'O CITHHa TaX JlBYX TT - Me3o-

HOB, KOTOpb19 BbineTa!OT B HBITpaBneHHSIX 
9 H 17-8 • C ITOMOIUb!O yKa-

3aHHbiX aMITnHTYJl MO*HO ITOIIY"'HTb Bblpa*eHHSI JlllSI BepOSITHOCTeil: pacrra)lOB: 

w .: \ ® ) = I ~ f 0 + v ~ f I + ~ v 4~ f 2 1

2

, 
( 18) 

17+ 1 -1-. 1 T 2 
W· (17-8)= 1-f -v-r + -v-r 1 , 

14 3 0 12 1 2 45 2 
( 19) 

w17
- < ® > = ~ I r 1

2 

14 5 2 • 
(20) 

W
770 

< ® > = I v L c + v 1 c 1
2 

, 
15 12 I 202 

(21) 

W
170

(77-®) =I....YL r + v 1 r 1
2

, 
15 12 I 20 2 

(22) 

+ 
17 -

w (®) =1-.Lf + y..l.f 1
2 

15 3 0 45 2 • 

(23) 

x)ECIIII cyMM8pHblH yrnosoil: MOM8HT CI!CT8Mbl Tpex 77 -M830HOB paBeH Hy

mo, TO p- '18THOCTb T8KOH CI!CT8Mbl OTpi!U8T8JlbH8, T,e. AllH HeilTp811bHOl!: 

CI!CTeMhi CP-'IeTHOCTb oTI11!'188TCSI 3H8KOM OT C-'leTHOCTI!, C Apyrol!: cTopo-

Hhi, G -'leTHOCTb TCI!CTSMbi Tpex 77 -Me3oHOB BcerAa oTpi!UaTenbHa. rloc-

KOJlbKY G = C (-1) , TO npH CP=-1 H30TOIII!'IeCKI!A cnHH T He'leTeH. 

7 
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"0 - 2 
w (0l =ILf +2y'Lf 1 

16 3 0 45 2 • 

~ I 1 1 2 W(8)= --f ty-f I 
17 3 ° 45 2 ' 

17° 1 - 2 
w c tr-0 > = 1- ..._ f + ,; L f 1 

17 3 0 45 2 • 

+ 
1T 

W
17 

(0) I ' I '12 fl 
- 2 

v ~0 f) 

"+ -~ l 2 
w c "..e > = 1 - v - f + , 1- f I • 

17 12 I 20 2 

"- -1 l 2 w (0)=1-,1-fl t-y-f21' 17 12 20 

w"-c tr-0 l =I y'...Lf + y_l_f 1
2
• 

!7 12 1 20 2 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

110 110 

Yls paBeHCTB (18)-(30), KpOMe O'leBHAHhiX COOTHOllleHHH TI!IIa W
1
/8) =W 

17 
(77-8), 

KOTOphie 51BnsnoTCSI cnettCTBHeM CP-HHBapHaHTHOCTH, cnetty!OT TaK>Ke paBeH-

CTBa: 

ITO ~ ,.,11+ tr+ w (0 l + w c tr-0 > = w c 0 > + w c 11-0 >, 
1 ~ I~ 17 17 (31) 

+ + -
w" c 0 l + w" c tr-0 ) + w " c 0 ) = 

14 14 14 

11° 77° rr+ rr 0 1,0 
= w ~~ (0) + w 15 c tr-®)- ~~ (0 > + w 16 c 0) + 2W 17 c 0 >. 

(32) 

B COOTHOllleHHSIX (31) H (32) 9Hepf'HSI lf>HKCHpOBBHHOf'O 11 -Me30Ha rrpettno-

naraeTCSI saKniO'leHHOil B HHTepsane d E , a HanpasneHHe BhineTa OAHoro 

He4JHKCHposaHHoro 11 -MesoHa - BHYTPH TenecHoro yrna dO • Cny'laH, Kor

Aa ABa 7T -Me30Ha HMeiOT OJlHHaKOBYIO 9HeprHio, He y'IHTbiBaiOTC51, TaK KaK 

HX 'IHCno 51Bn51eTC51 6eCKOHe'IHO Manoi! BenH'IHHOH BTOporo IIOpMKa ( =d fidE), 

YlHTef'pHpySI (31) H (32) IIO rronyc4Jepe OT 8 = 0 7T 
A08= T , no-

nv'IHM: 

8 

l 
\ 

J. ... ~ 

710 

w 
1~ 

=W 
71+ 

17 

+ - 0 + 0 0 

w " + w" = w" - w " + w " + w " 
14 14 1~ 1~ 16 .17 

( .'\~) 

(34) 

COOTHOllleHHSI (33) H (34) OTHOCSITCSI K C06hlTHSIM 1 AnSI KOTOphlX 9Hepf'HSI 

OAHOf'O H3 7T -Me30HOB 3aKniO'leHa B npeJlenax OT E JlO E +dE , ,UnSI 

nepeXOAa K IIOnHblM BepOS!THOCTSIM HaAO npOHHTef'pHpOBaTb (33) H (34) no 

9Hepf'HH !fJHKCHpOBBHHOf'O 11 -Me30Ha, DOCKOnbKY B ( 14) A!3a 11 + -Me30Ha 1 

B (15) - TO>Ke ABa 11° -Me30Ha H B (16) - TDH rr 0
- Me30Ha, HHTer-

77+ rro rra 
paUHSI W 14 JlaCT 2W 14 1 W15 JlaCT 2W 1 5 , a W16 nepei!)leT B 

3W16 • B HTore rrpHXOAHM K paBeHCTBaM: 

2W =W 
16 17 (35) 

W =W +W 
14 15. 16 (36) 

CooTHOllleHHSI (35) H (36) 6hinH nony'leHbi paHee B Ka'leCTBe cneACTBHSI H3 

npeAIIOnOJKeHHSI 0 IIOnHOti: CHMMeTpHII KOHe'IHOf'O COCTOSIHH51 Tpex 77 -Me30HOB· 

( CM,, HanpHMep, 
111 1 ) • .UoKa3aTenbCTBo, npHBetteHHoe BbJme, cso60JlHO OT 

aToro rrpeJlnono>KeHH51, 

EcnH OTHOCHTenbHbJti: HMIIynbC JlBYX He!fJHKCIIpOBaHHbiX If- -Me30HOB 

Man, TO P -sonHa IIOJlasneHa, H aMrrnHTyJla f 1 Mana. 8To nossonsteT 

rrpeHe6pe'lb senH'IHHOii: \ f 1 \
2 

H nony'IHTb ttorronHIITenbHbie paseHCTBa: 

- + + 
W~4 (8),2[W~7 (8 )+W~7 (rr-8)), (37) 

TT- 'ITO 1T 0 

w ( 8 ) = 2 [ w ( 8 ) + w ( 77- 8 ) ] , 
14 15 15 (38) 

71- 17+ 
W = 2W 

14 17 (39) 

7T 7T a 
W = 2W 

14 15 (40) 

9 



.[lnSI pacrraaoB K --. 3 rr cyMMapaoe 3HeproBbi.Qeneaue aacTonhKO Mano, 'ITO 

ycnOBH8 IIO.QaBne~USI p -BOnHbl BbiiiOnHeHO rrpaKTU'i8CKU .QnSI BC8X B03MO)K

HblX KOHqmrypaUU~ K,OH8"1HbiX 'iaCTUU, no3TOMY COOTH0lll8HHSI (39) H (40) .QO

rrycKaiDT UHTerpaUUID U rrepeXO.QSIT B COOTB8TCTBYIDlllU8 COOTHOlll8HUSI .QnSI rron-

HblX BepoSITHOCTe~ pacrraaa: 

w,4 =2wl7 , (39') 

W =4W 
.14 15 

(40') 

nerKO IIpOBepuTh, 'ITO (40') crrpaBe.QnHBO H IIpH Hanu"'HH 8MIInHTYllbl C jt1Tj=L, 
5 2 

ao npu oTcyTCTBHH rrepexoaoB c I 1'1 T J = 2 . 
PaBeHCTBa (39') H (40') V)Ke H3BeCTHbi (eM., aanoHMeo, 

1111
), HO 

OHH Obinu rrony'ieHbl B rrpearronO)K8HUU TO'IHO~ CUMMeTpUU KOH8"1HOI'O COCTOSI-

HUSI TpeX TT -M830HOB
1 

T,e, - IIOnHOI'O OTCyTCTBUSl . p -BOnHbl, J13 npuBe

.QeHHb!X Bhillle COOOpa)KeHuii BU,llH01 'ITO anSI crrpaBe.QnHBOCTH (39') H ( 40') 

.QOCTaTO'IHO 6onee cnaOOI'O Tpe60BaHHSI, CBO,llSilli8I'OCSI K rroaaaneHUID p -aon

Hbl, 3TO OOCTOSITeJibCTBO aenaeT 6onee OOOCHOBaHHO~ IIOIIbiTKy HCIIOnh30B8Th 

OTKnoaeaue oT ( 40') anSI o6aapy)KeHusr Mano~ rrpuMecu nepexoaoa c \1'1 T 1 = 1.. 2, 
Cne.nyeT, o.nHaKo,aaMeTuTh, 'ITO nonHbiii aaanua aorrpoca o B03MO)KHOM cy-

mecTBOBaHuH aMnnuTyabi c 1 1'1 T I = } Tpe6yeT yqeTa anusrHHSl paaaocTu Mace 

TT -Me30HOB (eM, /13/), 
nony'leHHbie p~aynbTaTbi MO)KHO Bblp83UTh HeCKOnbKO HHa'le. PacCMOT-

-t-

PHM pacnaa Tuna ( 17), B KOTOpOM HMnynhCbl TT 
0 17 H TT -Me30HOB 

paBHbi p 
1 

, p?. u p
8 

cooTBeTCTBeHHO. TaKOMY pacrra.ny OTBe'laeT HeKo

TopaSI TO'l:Ka aa TpeyronhHO~ auarpaMMe .[lanuua. BceB03MO)I(Hbie nepecTaHOB-

KU UMnynhCOB p1 
p-+'2. U p S .Q8IDT lll8CTh TaKUX TO'IeK, pacnonO)K8HHblX 

CUMMeTpU'IHO no OTHOllleHUID K TpeM BbiCOTaM TpeyronhHUKa ( CM, puC, 1), 

BeposrTHOCTSIM aTux Koa<tJurypauu~ OTBe'laiDT Bbipa)KeHusr (25)-(30). Aaanoru'i-

Hbl8 C006pa)K8HUSI OTHOCSITCSI H K auarpaMMaM .[lanuua ansr pacrra.noa ( 14), 

(15) H (16), 

nocTpOUM Terrepb BOKpyi' Ka)KJ10~ U3 paCCMaTpHBaeMbiX TO'I8K OJJ.UHaKO-

Bhie ae6onhlllue rrnomaaKu d S , J13 CKa3aHHOI'O paaee 51CHO, 'ITO COOTHOllle-
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HH51 (31), (32), (37) U (38) CBSI3b!B8IDT "'HCnO pacna.QOB THITa (14)- (17), 

OTBe'iaiDlliHX yKa3aHHbiM o6naCTSIM Ha t:IH8I'paMMaX .[lanHUa, 4To K8C88TCSI 

COOTH0lll8HH~ (33), (34), (39) If (40), TO OHH COOTB8TCTBYIOT IIOnOCK8M 

lllHpHHO~ dE , rrapannenhHblM OCHOB8HHSIM TpeyronbHHKa If OTCT8IDllllfM OT 

3THX OCHOB8Hif~ Ha paCCTOSIHH8 E " 

P!lc,l 

§3, llpaaHno L1 T = 0, I B aneKTpOMarHHTHbiX 

B38HMOJleHCTBHHX 

Cornacao coapeMeHHbiM rrpeacTaaneaHsrM, anSI aneKTpoMai'HHTHhiX aaau

MoaeilcTBH~ B rrepBOM IIOpSI.QKe T80pHH B03MyllleHHH paapelll8Hb! rrepeXO,llhi 

c 1'1 T = 0,1 If aarrpemeHhi c L'1T > 2" 

1, p aCCMOTpHM rrpoueCChl 

y+d ->P+P+TT 0 + TT ( 41) 

y + d -~ n + n + rr+ + rr 0 
• 

( 42) 
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EcnH crrpasennHBO rrpasHno ~ T = 0,1 1 TO ce'leHHH aTHX peaKUHli Bbipa)l{aJOT-

cH cnenyJOIUHM. o5paaoM: 

a (8) =1-J-1 fo -J-J;f1-~f112 
41 6 1 12 1 20 2 , (43) 

a 
41 

( 11-8 ) =I V f;- f ~ + ..j ~ f i - \tfo f! 1
2

, (44) 

- - -10 11 112 
a <8> =lv-f -v-f + v-f I 

42 6 1 12 1 20 2 , (45) 

- 1-o T 1 - 1-12 

a (11-8 >= 1-v-r +V-f + v- f I, 
42 6 1 12 1 20 2 ( 46) 

1 

rne f 0 
1 

f1 - aMrrnHTYAbl rrepeXOJl8 B KOHS'IHOe COCTOSIHHS ABYX 17 -

Me30HOB c H30TorrcrrHHOM T = 1 H ~ T = 0,1 COOTB8TCTB8HH01 a f ~ -aMrrnH-

TyAa rrepeXOAa B KOHS'IHOe COCTOSIHHS ABYX 17 -Me20HOB C H30TOIICIIHHOM 

T=2 11 ~T=l. 

B 05IUeM cnyqae M8)1{AY CS'ISHHSIMH peaKUHli (41) H (42) HHKSKHX COOT-
0 

HO!llaHHli ycTaHOBHTb Henb3H. EcnH rrpenrrono*HTb, 'ITO aMrrnHTYAbi f 1 H 
1 

f ~ Manhi no cpasHeHHIO c aMrrnHTynoii f 2 ( rronasneHHe P -sonHbi) 1 

'ITO MO)I{eT HMSTb M8CT01 HarrpHM8p 1 s5nH3H rropora peaKUHii, TO 

a (8)+ a (77-8 )=a (8 )+a (77-8), 
41 41 42 42 (47) 

DnH rronHhiX ce'leHHli, HHTerpHpyH ( 47), rronyqaeM: 

a 
42 

a 
41 (48) 

PaseHCTBO (48) rrony'leHo TaK*e B pa5oTe 
1121 , HO rrpH ycnoBHH rronHoro 

OTCYTCTBHSI p -BOnHbli Bblllle IIOK838HO, 'ITO OHO COXpaHSISTCSI H rrpH HanH

'IHH He CnHillKOM 5onb!llOii rrpHM8CH P -BOnHblo 3TO HaKnSJlbiBaeT MeHee 

*eCTKHe Tpe5osaHHH rrpH aKcrrepuMeHTanbHoii rrposepKe rrpaBHna ~ T . = 0.,1 

B peaKUHSIX ( 41 ) H ( 42) 1 II03BOnSIH He IIOAXOAHTb O'leHb 5nH3KO K rropory; 

B rrpOTHBHOM cnyqae rrpH!llnOCb 5bi Y'IHTblB8Tb BnHSIHHe paanH'IHSI MaCC rrpo

TOHOB H HeiiTpOHOB. 
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2. PaccMoTpHM peaKUHH 

y + d -~ d + 71 + + 71 
(49} 

y + d ·> d + 71° + 77° 
(50) 

VIa rrpaBHna ~ T = 0,1 cnenyeT: 

a ( 8 ) = I ..j - 1 f + ..j l. f [ 2, 
49 3 0 6 1 (51) 

-1 -1 2 
a c 11-8 > = I ..; - f - ..; - f I 

49 3 0 6 1 ' (52) 

a 50(8) = l_ I fo 12 " 
3 (53) 

B5nuau rropora rrpH rroAasneHHH P -sonHw rrony'IHM: 

a (8)+a (77-8)=2a (8), 
49 49 50 (54) 

llnH rrOnHblX C8'18HHli (54) rrepeXOAHT B COOTHOIUSHIIe 

a = 2a 
49 50 (55) 

3. .UnH peaKUHli 

rr+ +d..., d + 11+ + 17° + y, 
(56) 

·17- + d .. , d + 71- + 71° + )' , (57) 

ecnH crrpasennuso rrpasuno ~ T = 0,1 1 HMSSM 

1 0 ,-1- 1 1- 1 2 
a <8> =lv-r1 +v--r, +;./-fz 1. 

56 6 12 20 (58) 

u < 17- 8 > = 1-v...). f o - v .L r 1 + ..; 1 r 1 I ,2 
56 0 I 12 1 20 2 (59) 
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-1- 0 -1 1 1 I 2 

i:Ta
7 

(8) = 1- VTf 1 +V12f 1 + V70f2 I , 

a ( 1T- 8 ) =I ..; 1 f 0 - ..; . 1 f I + ..; _l f 1 I 2. 
57 6 I 12 1 ~ 2 

Dp11 rroAaBneHI:il:i P -aonHhi rrony'laeM 

a ( 8) +a ( 77-8) = a ( 8) + a ( 1T- 8 ) • 
56 56 57 57 

nn51 rronHh!X Ce'leHI:iii OTCJOA8 cneAyeT: 

aaa =a 57 

(60) 

(61) 

(62) 

(63) 

H30TOI1H'IeCKHe COOTHOllieHH51 yKa38HHOrO THI18 An51 CHnbHblX B38HMOAeii

CTBHH H COOTBeTCTBYJOlllee o6o6meHHe MeTOA8 llJ MylliKeBH'I8 6yAyT p8CCMOT

peHhl B ApyroM MeCTe, 

B 3aKnJO'IeHHe 8BTOpbi Bbip8>K8JOT rny6oKyJO 6n8rOA8pHOCTb B.r. fpH

llil:iHY 38 p51A ueHHhiX YK838HHii, LH. KorrhtnOBY H B.JI. JlJ06ornHUY 38 rrone3-

Hhie o6cy>KAeHI:i51, 
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