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0TKpbiTHe HapymeHHSI CP-HHBap:naHTHOCTH B pacnanax 
Ko 

L 
-Me30HOB 

H r:nnoTe3bi, BbiJlBHHYTbie B CBSI3H C :3THM OTKpbiTHeM, npHBenH K ITOCT8HOBKe 

pHJla HOBbiX aKcnep:nMeHTOB no nposepKe T -H C-·HHBap:naHTHOCTH B cna6hrx, 

aneKTpOMSrHHTHbiX H CHnbHbiX B38HMOJleltCTBHSIX. 3neCb Mhl 06CyJlHM OITbiTbl 

no nposepKe T -HHBapHaHTHOCTH B ynpyroM pacceSIHHH syKnoHOB HyKnoHaMH. 

KpoMe Toro, Mbi paccMoTpHM BKpaTue B03MO)I{Hbie aKcnep:nMeHTbr no npoBepKe 

CPT-HHBapHaHTHOCTH B npouecce ynpyroro pacceSIHHSI aHTHnpoToHOB npoTo-

H8MH. 

llpoBepKB T -HHBBpHBHTHOCTH B OIIbiTBX IIo pacceHHHIO 

HyKnOHOB HYKflOHBMH 

1. KaK H3BeCTHO, H3 Tpe60BaHHSI HHB8pH8HTHOCTH S -MaTpHUhl OTHO-

CHTenbHO o6pameHHSI BpeMeHH Bb!'l'eKaeT cneQyJOmee COOTHOllieHHe Me»<.J:lY 

aMnnHTYJlSMH npSIMoro H o6paTHOro npoueccos: 

( 1) 
<fiSil >•<i ISI'f > 

T T 

3necb I i > ( 1 f > ) onHCbiBaeT Te »<e 'ISCTHUhi, 'ITO 
T T 

H ll > ( I f > ) • HO c 

npOTHBOnonO)KHbiMH 3HSK8MH HMnynbCOB H CITHHOBo 

B cny'lae ynpyroro pacceSIHHB qaCTHU CO CDHHOM0 COOTHOllieHHe (1) 

npeBpamaeTCSI B orpaHH'I9HH9 H8 B03MO»<HhiA BHJl SMDnHTY.J:lhl pacceSIHHB H 
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rrpHBOilHT K COOTHOW8HHSIM Me)!(Jly p83nH'IHblMH Ha6moll88Mb!MH, OTHOCSIIIlHMHCSI 

K OllHOMY H TOMy )!(e rrpoueccy, npoBepKa T8KHX COOTHOWeHHit H8 'onbJTe 

H npencTaBnHeT co6oR npoeepKy T-HHBapHaHTHOCTH MaTpHUbl pacceSIHHR. 

0TM8THM 0 'ITO B cnyqae pacceHHHSI 6ecCITHHOBblX '18CTHU
0
HB '18CTHUBX ' 

co CITHHOM 1/2 T-HHB8pHaHTHOCTb He HaKnAilb!BaeT H8 M8TpBUY p8CC8SIHBSI 

HHK8KBX llOfiOnHHTenbHblX orpaHB'I8HHit 0 ecnH nocne)lHSISI BHB8pB8HTH8 OTHO

CHTenbHO npocTpaacTBeHHblX apameHHit H oTpa)!(eHHA:. TaKBM o6pa3oM, ecnB 

B rrpoueccax yrrpyroro paccei'THHSI 0 + ~ .. 0 + ~ coxpaHSieTcR 'I~THOCTb, 

TO HCCn8Jl0B8HBe TaKHX npouecCOB He M0)!(8T ll8Tb HHK8KOit HH~OpMaUBB 0 

aapyweHHB T-HHBapHaHTHOCTB, B cny'lae )!(e ynpyrHx cTonKaoeeaua neyx 

'18CTHU CO CITHHOM 1/2, H8ITpHMep, B HyKnOH-HyKnOHHOM paCC8SIHHH 0 KaK 6blnO 

BrrepBbJe noKa3aHo B pa6oTax
1 1•21 , T -HHBapHaHTHOCTb aaKnanhJBaeT nonon-

HHTenhHbJe orpaHH'I8HHSI H8 MaTpHUY p8CCeSIHHH 0 YllOBneTBOpHIOIIlYIO Tpe60BBHH

SJM HHBapH8HTHOCTH OTHOCHTenbHO Bp8IIl8HHft H OTpa)!(eHHito Bo3MO)!(Hbl8 OITbiTbl 

no npoeepKe T -BHBapHaHTHOCTH B ayKnoa-ayKnOHHOM pacceSIHHH o6cy)!(nanHCb 

/3-5/ 
B pa60TaX • HH)!(e Mbl paCCMOTpBM COOTHOWeHHSI Me)!(JlY nonHpH38UHOH-

HblMH xapaKTepHCTHK8MH npouecca pacCeSIHHSI HyKnOHOB HyKnOH8MH 0 BbiT8Ka-

10IIlHe H3 T-HHB8pHaHTHOCTH 0 H o6cynHM ITOCTaHOBKY H peaynbTaTbl COOTBeT

CTBYIOIIlHX SKCIT8pHMeHTOBo 

MaTpHuy npoToH-npoToHHoro pacceHHHSI II ( f', ; ) ( p H ;'-BM-

nynbCbi nanaJOIJlero H pacceHaaoro npoTOHOB B c.u.B.) B o6meM cny"'ae, 

Korna He npennonaraeTCSI HHBapH8HTHOCTb B38HMOJleitCTBBA ITpH o6paweHHB 

BpeM8HH 0 ~ MO)!(HO BCerna rrpellCT8BBTb B BBJle . ~ ~ .. .. .. 
II ( p', p) • II (p', p ) +II (p', p ) 

+ 

.. .. + -·] .. .. 
M:t"(p',p) --(U 11±(-p,-p')U ) 

YHHT8pH8SI M8TpHU8 u YllOBneTBOpSieT COOTHOW8HHSIM 

4 

( 2) 

T (3) 

rne Y.t u· 

-1 T 
(U u U)= 

11 

( u -1 C1 

21 

H Y.l rJ 

u· 
11 

U)T.,_(J 
21 

- onepaTOpbl CITHH8 

(4) 

HyKnOHOB, 8 3H8'10K T 

11 ~ 
o3H8'1aeT TpaacnoHHpoBaHHe, Tpe6oBaHHe HHBapHaHTHOCTH ayKnoa-ayKnoHHblX 

B38HMoneAcTBHA rrpH o6pameaHH BpeMeHH 03Ha'laeT, 'ITO M =0. 

flpH noBopoTe aa yron Tr BOKpyr BeKTOpa 

... .. 
... p' - p ( 5) 
m - I p' - PI 

... .. ... ... 
HMITynbC ( - p ) rrepeXOilHT B p ', a ( -p') - B P' t 'H H3 HHBapH8HTHOCTH 

OTHOCHTenbHO Bp8W8HHA rronyqaeM 

... .. .. 
II ( - P .~p , ) • ( a 

1 

.. .. ... ... ... ... ... ... 
m)(u m)M(p',p)(um)(u 

2 1 2 

.. 
m ) • ( 6) 

EcnH HMeeT MecTo T -HHBapHaHTHOCTb ( M .. M ) TO aenocpencTaea-+ , 

HO H3 ( 3), ( 4) H ( 6) H8TPYilHO nonyqHTb COOTHOW8HHSI ~8)!(JlY paanH'IHbiMH 

nonSipH3aUHOHHbiMH xapaKTepHCTHKaMH rrpouecca p p -pacceSJHHSJ. Mbi orpaHH

'IHMCSI paCCMOTp8HH8M COOTHOW8HHA M8)!(JlY riOnS!pH38UH8A, aCHMMeTpHeA H KOM

ITOH8HT8MH TeH3opa nenonHpH38UHH. BeKTOpbi nonHpH38UHH H acHMMeTpHH 

H T~H30p nerronSipH38UHH onpenenHJOTCSI cnenyJOWHM o6pa30M (eM. ,aa~pHMep, I 61): 

a· 
0 

p 
l 

_!_ s p 
4 

a M M+ 
ll • 

5 
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1 + 
u

0
A

1 
•-rSpMu 11 M 

( 76) 

uo Dtk ,. -t- S P u 11 M u 1k M + • 

rae U O -IJHtP4JepeHUHan&Hbl9 C9'19HHH p8CC9HHHH HenonHpH30BSHHbiX 'ISCTHU 

B c.u.H. 
Hcnon&ayH Tpe6oeaHHH T-HHBSpHaHTHOCTH H HHBapHSHTHOCTH OTHOCH-

Ten&HO BpSIU9HHA ( M • M + 

qaeM 

H .PopMyn&I (3), (4) H (6) ), H3 ( 7) nony-

rae ... 
f 

p • A, 

D ,.t + D t. • 0, 

... ... 
p • (~ i: ) • A ( A D ) , D ab • a 1 D llr. b lr. , 

"'! 
H a • onpeaeneH&I cne/lyiOIUHM o6paaoM: 

... 
f -

p + p, 

I"P + 'PT 
... 
D 

... ..., 
p X p 

I:P -x;, I 

(8) 

( 9) 

a ~eKTOphl 

(10) 

EcnH MSTpHU8 pacceHHHH He HHBSpHSHTH8 OTHOCHTenbHO o6pSIU9HHH 

BpeMeHH M_"O, TO BM9CTO (8) H (9) nony'laeM: 

1 ... ... + 
P-A•-ReSp(u

1
a)M M, 

u + -
0 

( 11) 

6 

1 ( ... 
D t + Dfm •- ReSp u 

.. u 0 1 

;,)M (q ... f)M+ 
+ 1 

(12) 

OTMeTHM, 'ITO npH nony'leHHH (11) H (12) ae aenanoc& npeanono~eHH 

o coxpaaeHHH P -q{!THOCTH. MaTpHUbi M ± MO~Ho eceraa paa6HTb aa P -q{!T 

HYIO H P -aeq{!THYIO 'ISCTH: 

.( ... ' ... ) M•( ... ' ... ) M 0
( ... ' ... ) M.t p ,p • ± p ,p + ± p ,p • 

( 13 

rne 

M8 (p'',p) • M•(-p',-p) 
+ + 

(14a) 

M 0 (p' ,J,) • - M 
0 

( - p ', - p ) . 
± .t 

( 14 

npH noeopoTe H8 yron 

(- p') nepexoaHT B 
... , 
p • a 

II' BOKpyr HOpManH K nnoCKOCTH pacceHHH 

( - p ) - B p , Ha HHBapH8HTHOCTH OTHOCH 

Ten&Ho epameHHA nonyqaeM: 

M"'o (-P,,-P ) • ( ll -; )(; ; ) M ( ; , • P )( ~ -; )( .~ ; ). 
± 1 2 1 2 

(1 

C nOMOIUbiO ( 14) H ( 15) H9TpyaHO y6eaHTbCH 1 'ITO H9 COXpSHSIIOIU 

0 ' M BXOaSIT B paccMaTpHBaeM&Ie Ha6niOaaeM&Ie P, A, 
+ 'f{!THOCTb MSTpHUbl 

D fm H D • f xeaapaTH'IHO. Peayn&TaT&I on&ITOB no o6aapy~eHHIO :acM>eKT 

H9COXp8H9HHSI 'I~THOCTH B staepHbiX peaKUHSIX npH MSnbiX 3HeprHSIX COBM9CT 

Mbl C npeanono~eHH9M1 'ITO 'I~THOCTb B CHnbHbiX H sneKTpOMSrHHTHbiX B3 

HMOaeftCTBHSIX COXp8HSieTCSie no3TOMY B Bbipa~eHHSIX anSI aa6niOaaeM&IX B· 

'lneuaMH. B 9TO 
nH'IHH pa3yMHO orpaHH'IHTbCSI nHIUb nHH9ftHhlMH no 

M o, 
± 
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1 { ... 
D f + Dt'm "' - Re Sp u 

Ill (1 0 1 

... 
i:a)M {q f)M+ 

+ 1 

(12) 

OTMeTHM, qTO npH nonyqeHHH (11) H (12) He nenanocb npennono*eHHA 

0 
coxpaHeHHH P -q~THOCTH. MaTpHUbi M ± MO*Ho acerna paa6HTb Ha P -q~T-

HYIO H P -HeqeTHYIO qaCTH: 
(13) 

{ 
... , ... ) M•{ ... , .. ) M 0 { ... , ... ) 

M.:t P ,p • ± P ,p + ± P ,p ' 

rne 

M8 {'p',p) .. M•(-p',-p) 
+ + 

( 14a) 

M o{-;,, '-;, ) • - M o { - P , ' -P ) • 
± .:t 

( 14B) 

DpH noaopoTe Ha yron 

{- p') nepexonHT B 
... , a 
p • 

fF BOKpyr HOpManH K nnOCKOCTH pacceSIHHSI 

{-p ) - B p . '!13 HHB8pH8HTHOCTH OTHOCH-

TenhHO apameHHA nonyqaeM: 
(15) 

M"~o { _ P,, _ -p ) • { 1 -; ){; ; ) M { ; ', p ){ (; 1 ){ .; ; ). 
- 1 2 1 2 

( 14) H ( 15) HeTpynHO y6e)lHTbCSI, qTO He coxpaHSIIOIDHe 

M 0 axonHT a paccMaTpHaaeMbie Ha6niOnaeMbre P , A , 

D fm H D a f KBanpaT"HqHO. PeaynbT8Tbl ODblTOB no o6Hapy*eHHIO 9<1>4JeKT8 

HecoxpaHeHHSI q~THOCTH B srnepHblX peaKUHSIX npH ManbiX 9HeprHSIX COBMeCTH

Mbl C npennono*eHHeM, qTO ql!THOCTb B CHnbHbiX H aneKTpOM8rHHTHbiX B38-

HMOneACTBHSIX coxpaHsreTCSio DoaTOMY B Bbipa*eHHSIX nnsr Ha6nronaeMbiX ae-

C DOMOIDb!O 

q~THOCTb M8TpHUbl + 

Mo. qneHaMH. B aToM 
nHqHH paayMHO orpaHHqHTbCSI nHWb nHHeAHhlMH DO ± 

7 



npH6JIIDKeHHH B npaBbiX '18CTSIX ( 11) H ( 12) cne.11yeT 38MeHHTb M ± Ha M+
8 

, 

113 coo6pa)l(eHH:it HHB8pH8HTHOCTH H npHHUHll8 11aynH cne.11yeT/ 1,2,4/, :TO 

M 8
• (u + v) + ( u- v )((J if)(;;:)+ c[(;; ~) + (;-:)] + + 1 ll . 1 ll 

.. .. 
+<g-h)(u i:H3 i:l+<g+hl<cin<; o 

1 ll 1 ll 

... ... ... .. .. 
M• ... t[(a

1
m)(a

2
fl +<tf/)(c1

2
ifa)]. 

( 17) 

C llOMO!UblO ( 16) H ( 17) H8XOilHM: 

1 -- Re Sp ( t1 i: ) M • M 8 + • -'.. lm t h • 
1 + - "o P-A 

ao 
( 18) 

...l. .. ~ • .. .. •+ ...!.. 
D t +Dr., • a ReSp(a ,. )M (a fHI._ • Retg•. 

aa o <l + 1 · "o (19) 

11apaMeTpbl P H A SIBnSIJOTCSI Henocp&llCTB&JfHO Ha6nl0.118eMbiMH BenH

'IHH8MH, HeTpyllHO nOK838Tb (eM., HaRpHMep,/6/), 'ITO neBaSI '18CTb COOTHO

IlieHHSI ( 19) CBSI38H8 C H3BeCTHbiMH napaMeTpaMH TpO:itHoro pacCeSIHHSI R, R ', 

A H A' 11 I. C Y:'fl!TOM penSITHBHCTCKoro no&opoTa cnHHa/8/ nony'laeM/6/: 

D .,f + D fa • ( R ' + A ) cos 8 t - (A '- R ) aiD. 8 t ( 20) 

rae 8 t - yron pacceSIHHSI B n.c. 

Ecnu HMeeT MecTo T -HHBapHaHTHOCTb, napaMeTpbi TpoAaoro pacceSIHHSI CBSI

aaHbi, KaK BHllHO H3 (9) H (20), COOTHOilieHHeM/9/: 

A±R' _. tg 8 t 
A'- R 

( 21) 

8 

AMnnHTYllbl I H h, BXOilSIIIUJe B ljlopMynhl ( 18) H ( 19), B HBCTOSIJUee 

&peMSI uaBeCTHbi H3 cfla3o&oro aaanH3a B ·uaTepBane saepru:it no • 700 MsB. 

TeM C8Mb!M COfi~CTaBneHHe ( 18) H ( 19) C SKCnepHMeHTanbHbiMH ll8HHbiMH 

noanonSieT nony'IHTb HHcflopMaUHJO o aapymaJO~e:it T-HHBapHaHTHOCTb aMnnHTY-

ae t 

PacCMOTpHM BKpaTUe Bonpoc 0 napaMeTpH38UHH M8TPHUbl HyKnOH-HyK

noHHOrO pacceSIHHSI B ( J • M • t, S) - npe.llcTaBneHHH ( J , M - nonHbi:it 

MOMeHT H ero npoeKUHSI 0• f -op6HTanbHbi:it MOM9HT, S - nonHbi:it cnHH). 

Mbi 6yaeM · ceA'IaC .llnSI npoCTOTbi npe.11nonaraT1>, 'ITO 'll!THOCTb coxpaHSieTCSI. 

0603H8'1HM aneMeHTbl S - MaTpHUbl 8 paCCMS.TpHBaeMOM npellCT8BnP.HHH 

'lepea s J anSI CHHrneT-CHHrneTHbiX nepexo.lloB H S:,. t - anSI TpHnneT-

x/ ' 
TpHnneTHbiX nepexoaoB ( nepexOJlbi CHHrneT-TpHnneT aanpemeHbi coxpaae-

HHeM 'll!THOCTH H npHHUHI'lOM !1aynH). l1HBapH8HTHOCTb npH o6pameHHH BpeMeHH 

He HaKnallbiBaeT HHK8KHX orpaHH'IeHH:it Ha S J H LlH8rOHanbHbie aneMeHTbi Sf·;f 

H npHBOllHT K paBeHCTBy HellH8rOHanbHbiX aneMeHTOB 

J J ( 22) 
s . ... s 

J + l; J -1 J-1 1 J + 1 

11pH HapymeHHH T -HHBapHaHTHOCTH ( 22) ae HMeeT MecTa. OaiaKo nerKo 

ROK838Tb/ 10,4/ 0 'ITO Tpe60B8HHe yHHT8pHOCTH S -MaTpHUbl B o6naCTH aHep-

rH:it LlO nopora Me30H006p830B8HHSI npHBOllHT K paBeHCTBY MOLlyne:it 

I J I I J 
SJ+1;J-1 • .SJ-1;J+1 

x/Bcne4CTBHe npHHUHHB llaynH npH 

B npH ] He'fljTHOM- ] • f- f '. 

9 

J 'fljTHOM f H l' pallllbl J ± 1 

( 23) 



8 aneMeHTbl S -MaTpRUbl napaMeTpR3YIOTCH cnenyiOIIlRM o6pasoM (napaMeTpH-

aauHH CTanna1111 ): 

J s • e 
uB J J s 

JJJ 

J s 218 
J-1JJ-

1 
• COB 2f e J-l,J 

J 

• e 

J 
s 

2 tB J. ,J 

J+l;J+l 
COB 2 f 8 

J 

(24a) 

218J+l,J 

s J •iaia2f e l(8J-t,tBJ+I,J+A.J> s J . t<BJ-1,J+BJ+t,oJ..:A.} 
J-1;J+1 J • J+1JJ-ri•ia21J e 

0TM9THM1 qTO npR H8COXp8H9HRR qaTHOCTR nOHBnHIOTCSI CHHrneT-Tp&nneTHb19 

nepeXOllbl1 OllH81C0 1 napaMeTpH38UHSI BblllRC8HHbiX BbiW9 M8TpHqHbiX aneMaHTOB 

OCT89TCSI cnpaBeQnHBOft B nRHeftHOM np&6nH*9HRH no napaMeTpaM, OTBeqaiO

IIlHM secoxpaseHKIO q~THOCTH/5, 12/. napaMeTp A. xapaxTepaayeT sa-
J 

pywes&e T -KHBapHaHTHOCTH. Maxc&Man&HOMY HapyweHRIO T -HHBapHaHTHOCTH 

COOTB9TOTByeT 3HaqeHH9 OTHOCHTanbHOft ~83bl H9QRaroHan&HbiX aneM9HTOB 

2 A.., . 
Haxoseu, sapywa10maH T -KHBSpaaHTHOCTb &Mnn&Tyna t 

CSI cnenyiOIIIHM o6p830M qepe3 aneMeHTbl S -M8TpKUb/t;, 121 

Bblpa*aeT-

• 
1 

t = .t-,!...I 
.. lp t 

( s t+ 1 

t:t+2 
- s f+J ) 2t + 3 

t+2.J [( t+ 1) ( f+ 2 ) 1 " 
[ <f+ 1) Pt (8)aia8 + Pf (8)cos OJ 

-seq~T. 

f+ 1 
s 
f:fH 

f+ 1 

-s 
• f+2Jt 

( 2fil 

• - 2 aiD 2 f aia A. e 
•< 8t,t +1 + 8 f+2,f+1> 

t+t f+l 

10 

,l 

• 'I 

.. \~ 

I 
~ .. 
~~ 

I ., 

~.· 

l, 

nepable onbiTbl no npoaepKe T -asaapHaHTHOCTR a pacceHHHH npoTO

sos npoTOHaMR 6blnH Bblnonsesbl B 1958 r.l 18,14/. B STRX onbiTiix HaMepH

n&cb H838BRCHMO nonsxpR3aUHA p R 8CRMM8TpHSI A. npe*ne qeM nepeXOllRTb 

K onHC8HRIO 9TRX 91tCU9pRM9HTOB OTM9THM1 qTO COOTHOW9HR9 'nonHpR38URSI-

8CHMM9TpRH' B cnyqae ynpyroro paccaHHHSI npOTOHOB Ha qaCTRU8X CO CnRHOM 

0 HBnHeTCSI cneQCTBH9M nHWb COXpaHeHRSI qaTHOCTR, 8TO ll89T 803MO*HOCTb 

. onpenenHTb B Onb1T8X no QBOIHOMY paCC8SIHHIO Ha Hll9HTHqHbiX MHW9HSIX CO 

cnHHOM 0 8HMH3Rpy1011lYIO (HnR nonHpR3YIOIIlYIO) cnoco6HOCTb T8KRX MKWeHeil 

H838BRCRMO OT TOrO, RM99T M9CTO T -RHB8pR8HTHOCTb HnH HaT, npa R3M9p9HRI! 

nonHpR381lRR B p p - pacceHHRR nyqox senonHpR30B8HHbiX npoTOHOB pacceasancSI 

sa aonoponuoft M&wesu, a aaTeM pacceasancH BTopaquo B TOft *e nnocxocTI 

Jl8 MRW9HH CO cnRHOM Hyn& H H389CTHOft aHanR3HPYIOIIl9ft cnoco6HOCTbiO ( yr-

nepon), npa R3MepeHRH aCHMM9TpRR A HenonHpHaoBaBHblft nyqox npOTOHOI 

ssaqane pacce&sancH sa yrnepone, a aaTeM pacceHHHblft nyqox c aasecTuol 

cTeneH&IO nonHpRaauaa BTopaquo pacceusancH sa aonoponsoft MHWeHH, Heno

nHpRaosaHB&Ift nyqoK B on&ITax no RaMepeHRIO P npeneap&Ten&Ho aaMennHncs 

C T9M1 qT06bl 9HaprRH1 npH ltOTOpOft npoRCXOQRT .. pacceHHRe H8 BOllOPOlla, 

cooTseTCTBOBSna asepraa p p -paccaHHRH B onbiTe no R3MepeHRIO A • B nocne· 

llYIOIIlRX pa60T8X/ 15• 16/ COOTHOW9HH9 'nonHpR3aURSI-&CRMM9T~KSI' npoBepSinOCI 

B OnbiT&X no TpOftHOMY p8CC9SIHRIO B OQHOft nnOCKOCTR, npaRMYIIl9CTBO STRl 

R3MapeHRft COCTOHno B TOM 1 qTO B HRX p R A aBTOMaT&qaCKB H3MepHnBCI 

noR onsoft H Toft *e aseorHH, Peavn&TaT&I aTHX axcneoHMaHTOB nouaenea1: 

a Ta6nuue. Asanua peayn&T&TOB pa6oT/1S-16/ (auTepaan suepruA oT l4C 

no 210 Mas) 6bln npoeeneH s 1121 H npuaen x aaxn10qesB101 qTo napE;MeTp A.: 

( napaMeTo, xapaxTePR3VIOIIlRA aapvweNBe T -ussapaauTHOCTB B nepexonal 

a p ":. a F J He npeBb111189T 0,07 OT MaKCHMan&HO B03MOlKHOrO 3HaqesHl 
2 2 . 

fl 

T 
Ha&6onee ToqHbiA: axcnepeMeHT no nposepxe T -eHsap&aHTHOCTH B 

p p - pacceHHHH 6&m BblnonHeu !!1 nocnenuee apeMSI/ 17 I. B aToM on&ITt 

nposepHnOCb COOTHOW9HH9 ( 21) M9lKllY napaMeTpSMH TpOA:Horo pacCeSIHHSI npl 
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aaeprHH 430 Mas. CxeMa aToro axcrrepHMeHTa B c.u.H. rrpeacTasneaa aa pHc. 1. 

QqesHllHO, 'ITO xoacj>HrypauHH, H3o6pa>KeHHbie aa pHc. 1 a,6, cssraaHbi T -npe

o6paaoBaHHeM, a xoacj>HrypauHSI 1B nonyqeaa H3 16 noBopoToM aa yron w-6 

BOKpyr aopManH K nnocxocTH paccesrHHSI. EcnH HMeeT MeCTO T-HasapHaHT

HOCTb, TO rrpoeKUHH KOH9'1HbiX IIOnslpH3auHA Ha aanpasneHHSI1 yKa3SHHbl9 .llBOA

HbiMH CTpenKaMH Ha pHC, 1a,B,llOn>KHbl 6biTb paBHbl IIpH OllHHaKOBOft CT9I19HH 

rronSIPH3aUHH aaqanbHbiX 'ISCTHU ( HanpasneHHSI H8'18nbHbiX IIOnSipH38UHft 

TaK>K9 yKa3aHbl llBOftHb!MH CTpenKaMH) • 
x/ 

DpH rrpeo6pa30BSHHH nopeaua H3 c.u.H. B n.c. aanpasneHHSI aaqan&HoA 

nonSipH38UHH OCT8IOTCSI HeH3MeHHbiMH 1 a X -+ X t • x + (J D B cnyqae xoa-
t t t .. 

!j!HrypaUHH, H300paJKeHHOA .Ha pHC, 1a, H x-; -+X~' • X I -_Bf-llnSI KOHcjiHrypaUHH, 

noKaaaaaoA aa pHc. 1s/ 18(. 3necb (J t - yron pacceSIHHSI B na6opaTop-

aoA CHCTeMe, X f H X f - yrnbi MelKily HMnynbCSMH pacceHHHbiX qac-
f I 

THU H TeMH HatijiasneHHSIMH B n.C, 1 IIpOeKUHH IIOnS1pH38UHH Ha KOTOpbi9 

cneayeT H3MepHTb llnSI CpaBH9HHSI KOHcpHrypauHA, IIOK83aHHb!X Ha pHC, 1B· H 1 a. 

CxeMbl OIIb!TOB B n,c,, OTBe'laiOIUHX KOHcpHrypauHSIM 1a H 1 B1 H306pa>K9Hbl ak 

pHC, 2a H 26, COOTB9TCTBeHHO, 

06o3Ha'IHM qepe3 pA H P8 rrpoeKUHH KOH9'1Hb!X IIOnS1pH3auHft Ha Ha-

rrpaBneHHSI1 yKa3aHHbl9 llBOftHbiMH CTpenKaMH Ha pHC, 2a H 26, B cnyqae IIOn-

aocTbiO nonSipHaoBaaaoro aaqanbaoro rryqxa. 

HeTpyaao sHaeTb, 'ITO 

p 
A 

p 
B 

[ (A + R ')cos 8 f - (A'- R ) sin 8 f ] sia ( X 
1 

+ X p ) • 
( 26) 

0TCIOJla cneayeT, 'ITO pa3HOCTb P - P o6pamaeTCSI B Hynb B COOTB9TCTBHH 
A B 

c ( 21), ecnH HMeeT MecTo T -HHsapHaHTHOCTb, Yrnbi X H X Bhl6HpanHcb 
I p 

" ~ 9KCIIepHM9HTax paBHbiMH 4 • 3To o6ecrreqHsano MaKCHManbHoe aaaqeaHe 

x/ l B penHTHBHCTCKOM cnyqae noa yrnaMH x H X cneayeT noHHMBT& 

yrnbi MeJKa.Y HBnpBBnBHHHMH HMnyn&COB H nonHpH3BUHHMH B CHCTBMBX nOKOH, 

nonyqeHHbiX H3 C.U.H. H n,c, npeo6p830BBHHHMH nopBHUB Baon& COOTBBTCTBYIO

IllHX HMIIYfl.bCOB. 

12 

pa3HOCTH p - P A B H I103BOnHnO HCIIOnb30BaTb OllHH H TOT >K9 IIOnS1pH30-

BaHHbiA IIY'IOK B 060HX H3MepeHHSIX, 

B paccMaTpHBaeMhlX OIIbiTax aerronsrpuaosaHHbiA IIY'IOK npoToaos pacce

HBancSI BHa'lane Ha MHW9HH C H3B9CTHOA IIOnSipH3YIOIUeA CIIOC06HOCTbiO, Dony

'19HHbiA TaKHM 06p830M IIOnS1pH30B8HHb!A: IIY"'OK IIpOXOJlHn qepea coneHOHJl, 

KOTOPbiA1 He H3M9HSISI OTHOCHTenbHOA: OpH9HT8UHH CIIHHa H HMIIynbC8
1 

IIOBO

pa"'HBBn CIIHH B IInOCKOCTb I19pBH"'HOI'O pacceSIHHSI, 3aTeM OTKnOHSIIOIUHA 

. " 
MarHHT H3M9HSin OTHOCHTenbHYIO OpHeHTaUHIO CI1HH8 H HMIIynbca llO yrna ,-, 

0 
HccneayeMoe paccesraHe aa yron 8f = 30 aa soaopoae rrpoHasoaHnocb 

s Toft >Ke rrnocxocTH, 'ITO H rrepsoe pacceSIHHe. Depea TpeTbHM pacceHsaTeneM, 

HrpaBWHM pOnb aaanH3aTopa, CTOSin BTOpOA: OTKnOHSIIOIUHA M8I'HHT
1 

H3M9HSIB

WHA OTHOCHTenbHYIO OpH9HTallHIO KOH9"1HOA IIOnS1pH3aUHH H HMIIynbCa TaK, "'T06b! 

HHTepecyromaSI Hac KOMIIOHeHTa rronSipHaauHH 6bma rreprreaaHxynBpHa HMrrynbcy, 

B aTOM OIIbiTe HSAlleHo, 'ITO 

P A - P 8 • 0,0019 ± 0,009, 
J13 (26) H (19) O'leBHilHO, 'ITO 

8 . 
P - P • -- He g * t. 

A B q
0 

3Ha'leHHe MonynSI T -HHBapHaHTHoA aMIInHTYilbi g aaxonHnocb 

MO 1/2 TaTos npyrHx OIIbiTOB H pasao B~l g I = 3,4 ( ----- ) • 

0TCIOil8 cnenyeT, 'ITO 
. c~p 

I M6 1/2 
t I cos a = 0,0020+0,0 10 ( -----) 

1 - CTep 

Ha OCHOBe peaynb-

( MO 
q 0 == 3,6 ----). 

CTep, 

.f' 

rne a - paaaocTb cpaa aMrrnHTYil t H g • EcnH npearrono>KHTb, 'ITO cosa•l, 
1 -

To I i I ~ - 2- " oT v u 0 ( ansr oaaoA cTaaaapTaoA omH6KH). Hcrronbaysr 

peaynbT&Tbi cpaaoBoro aaanuaa npu aaeprHH 430 M aB H npe.i:monarasr, 'ITO 

IIapaMeTp \• OTB9TCTB9HHhlft 3a HapyweHHe T -HHBapHaHTHOCTH B nepexonax 

a a /17/ 
F4 +-... H 4 , pasea Hynro, asTophl paooThl npHXOilSIT K aaxnro'leHHro, 'ITO , 

.\. 2 ::; 0,06 OT MaKCHManbHoro 3Ha'leHHSI -
2
- • Kax BHilHO, sepXHSISI rpaaHua 

.\. ~ cymecTseaao npesocx OllHT sepxHJOJO rpaaHuy IiI ; 3To CBSiaaao c ManoCTbJO 

IIapaMeTpa CM9WHBaHHSI f 2 IIpH paCCM8TpHBaeMoft aaeprHH, B CBSI3H C 6yay-

IUHMH SKCIIepHM9HT8MH IIO nposepKe T -HHB8pH8HTHOCTH OTM9THM
1 

'ITO B 
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-
p p -pacceSIHHH ao ace it o6.nacTH aaeprHft no .. 600 Maa rrapaMeTpbi cMewHBaHHSI 

M8.1Iblo 'ITO 38TPYllHSieT IIOHCKH B03MO)!{Hb!X HapyweHHft T -HHBapHaHTHOCTH B 

::~Toft o6naCTHo Mo)!{eT 6biTb pa3yMHO IIOCTaBHTb 8H8.1IOrH'IHbie OllbiTbl IIO 

n- p-pacceSIHHJO, rne IIO HMeJOWHMCSI B HSCTOS!Wee 
3 3 

aoro aaa.nusa napaMeTp cMewHBSHHSI 5 1 - D 1 

saeprHH 310 M aa. 

apeMSI pesy.nbTaTaM <jJaso -
0 

COCTOSIHHft £ 1• 25 llpH 

KpoMe TOrO, llpH na.nbHeftweM yae.nH'IeHHH TO'IHOCTH 9KCIIepHMeHTOB CTaHeT 

aeo6XOllHMbiM y'leT s<jJ<jJeKTOB TOpM03HOrO H3.1Iy'leHHSI 0 'ITO 6bi.IIO HenaBHO IIpOBe

neHO A.B.TapacoBbiM (cM/181). 

npH aHa.IIH3e 6ynywHX 9KCIIepHMeHTOB llpH 60.IlbWHX 9HeprHSIX0 rne OT

cyTCTBYJOT rronpo6Hble naHHbie 06 a~IIJIHTynax N- N pacceSIHHSI, MOryT OKa-

3aTbCSI IIO.Ile3Hb1MH IIO.Ily'leHHbie B/ 18/ Bb!pa>KeHHSI ll.IISI OTHOWeHHSI 8Mil.IIHTY.Qbl 

B ( 17) K npyrHM aMII.IIHTynaM B ( 16) IIpS!MO 'lepe3 H3MepS!eMbie Be.IIH'IHHblo 

JlposepKa CTP-HHBBPHBHTHOCTH B OIIbiTax no pacceHHHIO 

8HTHHYKIIOHOB HYKIIOH8MH 

B pa6oTe/ 19/ 6bi.IIO o6paweHO BHHMSHHe Ha YHHKa.llbHbie B03MO)!{HOCTH 

npSI}I.Wft rrpoaepKH CPT -HHBapHaHTHOCTH rrpH H3y'leHHH rronSipH3aUHOHHbiX e4J<jJeK

TOB B rrpouecce yrrpyroro pacCeSIHHSI aHTHIIpOTOHOB IIpOTOHaMH 

p+p .. p+p. ( 27) 

lle.no a ToM, 'ITO CPT -HHBapnaHTHOCTb aaK.nanbtaaeT orpaHH'IeHHSI aa MaT

pHuy pacceSIHHSI aHTHIIpOTOHOB IIpOTOHaMH 1 IIpHBOllSIWHe K orrpene.neHHbiM COOTHO

WeHHSIM Me>KllY p83.1IH'IHbiMH IIO.IIS!pH38UHOHHbiMH X8p8KTepHCTHK8MH. 

06oaaa'IHM qepea M ( p", p ) MaTpHuy rrpouecca ( 27), rne p .. , 
H p -HM-

rry.nbCbl Ha'la.llbHOro H KOHe'IHOro aHTH--IIpOTOHOB. Yc.noaHe HHBapHaHTHOCTH rrpH 

CPT -rrpeo6pasoaaHHH HMeeT BHn 

14 

.. .. -1 .. .. T 
M ( p' , p ) ., ( U p M ( -P , - p ') p U ) , 

(T 

( 2t) 
(T 

U -MaTpHUa, ynoaneTBOpS!JOW8SI yC.nOBHSIM ( 4) 0 a p • -3.-·( 1 + i/ • :(f ) _ 
(T• 2 1 2 

TOp rrepeCTSHOBKH CIIHHOB HyK.IIOHa H aHTHHYK.IIOHa ( 'laCTHUeft 1 Mbl 6yneM 

HHBapHaHTHOCTbJO OTHOCHTe.llbHO Bpawe~ 

aaanorH'IHO (6) rrony'IHM 

... ... . .. ... ... ... ... ... ... .. ... ... 
M ( - p , - p ' ) • '( CT m ) ( CT m ) M ( p ', p ) ( CT m ) ( CT m ) 

I :1 l :1 

( 29) 

H ( 29) CnenyJOT COOTHOWeHHSI Me)!{.Qy p83.1IH'IHbiMH Ha6monaeMblMH 

MH. npHBe.QeM IIpOCTeitWHe/20/: 

p • A 
I :1 

p • A ' 
2 l 

(80) 

.. .. .. 
(p

1 
n) - IIO.IIS!pH3aUHSI i -oft 'laCTHUb11 a A • (A n ) acHMMeTpHS! B 

I I 

cnyqae, Korna Ha'la.llbHaSI 'laCTHUa i ll0.1IS!pH30B8Ha. npoaepKa 9THX COOTHOWe-

HHft Tpe6yeT Ollb!TOB C ll0.1IS!pH30BaHHOft IIpOTOHHOft MHWeHbJO H ll0.1IS!pH30BaHHbiMH 

,.. 
EcnH CTP-HHBapHaHTHOCTb HapywaeTCSI, TO cooTHoweHHSI (30) He HMeJOT 

MecTa. AMrrnHTyna, HeHHBapHaHTHaSI OTHOCHTenbHO CPT -rrpeo6paaoaaHHSI ( B 

rrpeJliiO.IIO>KeHHH 1 'ITO p -'I~THOCTb COXp8HS!eTCSI ), HMeeT BH.Q 

... ... ... ... ... ... ... ... 
M '(p ' , p ) • c ( d - tJ ) ; + e [ ( t1 m ) ( t1 f ) + ( CT f ) ( t1 ·.m ) ] • 

I :1 I :1 l 2 
(31) 

nepaoe cnaraeMoe B aToM Bbtpa>KeHHH P.- H T -HHB8pHaHTH0 0 HO C -HeHHBapH-

HTHo, BTopoe cnaraeMoe P- H C -HHBapHSHTHO, HO HeHHBapHSHTHO OTHOCH-

.llbHO T -rrpeo6paaoeaHHSI. EcnH CPT-HaaapnaHTHOCTb He HMeeT MeCTa, TO 

HOBpeMeHHOe H3MepeHHe BCeX 'leTblpeX Ha6mo.QaeMblX1 BXO.QSIWHX B { 30) 0 

ycTaHoBHTb <jJaKT HapyweHHSI CPT, HO H BbiSICHHTb/ 19/, 

aapyweaue aapyweaneM C- HnH T-HHBapHaHTHocTH. 
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a.. 

g, 

Pmc. I. 
Cxewa aKcnepHMeHTa no npoBepKe cooTHomeHHH (2!) Me~y 

napaMeTpaYH TpO~HOrO pacceHHHfl (c.u.z.). ~BO~HHKH CTpenKSKB 

yKa3SHH HanpaBneHHH CnHHOB. 
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4xe--O.~.:~e. 
a. 

PHc. 2. 

CxeMbJ omJTOB no npoBepKe T-HHBapl1aHTHOCTl1 B n.c. Pzc. 2a 

COOTB6TCTByer pzc.la B C.~.K., pKC. 26 COOTBeTCTByer pHC. lB. 
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