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Yf3B9CTH0 0 'ITO Ha'lKlla!l C H9CKOllbKK X f a B JlO HaHBbiCIUH X 3 119prHJ1 0 JlOCTHrH yTb!X H B 

ycxopxTenH x , B n ponecc ax ynpyroro -paCC9!1 HH!I Jl H<jlpa KU HOHHbl9 lll!KK 

+ 
C>t<HMBIOTCSI, TOr.cta K8.K nnR 1T - p - H -pacce~H USl C>Ka TIHI HeT 1 B 1l.nH p p -

pacce!IHK !I Ha6mo.uaeTC!I naJKe p acm xpenxe ux<jJpaKUHOilHo r o KOHyca c poc T O M 3 Hep rnll
11 •21• 

KonnqecTBeHHO a a BHCHMOCTb n a xnoHa JlHQJpaxUHOHHbiX KPHBbiX OT 3Heprn n o6bi'lHO onKC bi -

BaeTen c noMOillbJO rrapaMeTpa a' , B3HToro H3 npencTaaneHHH a e nHqHHbi IlH~~epeHuHanb-

Horo ceqeHH!I ynpyroro pacce!IHH!I cornacHo onKonon JOCHOA Mon emi TeopKH Pen x<e 

du (S,t) du (S,O) F(t ) e2a'tl'n s (I) 
d t d t 

CooTBeTCTBYJOWHe aHa'leHH!I eenH'lHllbi a' rrpuaeneabl eo BTOpoM cTon6ne Ta6nnubl. TaM JKe 

yKa3aH KHT9pBan KMllYilbCOB HBneTaJO!ll91! 'lBCTHUbl ( B n.c.), Jlll!l KOTOporo llpO H3B9Jl 9HO on-

peueneHHe 
, 

a 

lienbJO HBCTO!I!ll91\ 3aM9TKH !!Bil!I9TC!I llOKa3BTb, 'ITO, 119CMOTpSI Ha OTCY TCTBI!e YHHBep

CBllbHOCTII llOBell9HK!I HBKilOHB JlHQJpaKUHOHHbiX KpHBb!X Jlll!l nep9'lKCll9Hflb!X npoueCCOB ynpy

roro pacceSIHH!I B yxaaaHHoll o6naCTH aaeprxfl, 3TO noaeueHHe MoJKeT 6biTb a npeuenax axc

nepHMeHTBilbBOli TO'IHOCTH OllKCBHO 9JlHHb!M o6pa30M. 3TO Ol1HCBHK9 HCXOJlHT 113 CYW9CTBOBB

HHSI OJlHHaKOBOrO Jlll!l BC9X npOU9CCOB pBCC9!1HH!I CJKBTKSI JlHQJpBKUHOHHOrO KOHyca C pOCTOM 

3HeprHH B y'leTa BllH!IHK!I Ha <jJopMy JlH<jJpaKUHOHHOi! KpHDOl1 B91lH'lllHLI llOllBb!X C9'l9Hlll! B3a 

BenH'lKHhi uuQJ<PepeHnHanhHbiX ce'leHHI! ynpyroro paccenKH!I np11 ManbiX nepenaHHbiX HM-

nynbcax t << 1 fas/c
2 

C XOpornel! CT9119Hbl0 TO'lHOCTil MOryT 6b!Tb annpoKCHMHpOBaHbl 

3KCllOH9HTOI!x/ 

x/ lln11 6onbrnero HHTepaana H3M91!9HH!I CnenyeT Y'lKTb!BHTb OTKllOH911ll9 OT 3KCI10-

H9HUH8llbHOII QJOpMbl
1 

H 38BHCl!MOCTb BllllpoKCHMHpyeTC!I Bb!p8lK9HK9M ~ = e a!+ bIt+ 0 1' 
2 

rue c, :: 0,4 b i I 1,21 d t . ' 
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do 1 ( S, t ) = 

dt 

a 1(S)+b
1 

( S)t 
e ( 2) 

r11e KBI1eKc i o6oaHa'laeT mo6oa H3 nepe'lacneHHbiX B blrne npouecco s pacceSt HHH 
. + -

( i = p p, p p , K p , K p , "+ p, "-p) • 

0Ka3aiiOCb B03M OlKHbi M 3aBH CHMOCTb OT 3 HeprHH napaMeTpa 

HBKIIOH 11H<!JpaKUHOHHO A K p RBOA, Bb1pa3RTb <jJopMynoA 

b 1 , onpe11 e11St10lllero 

b
1
(S) = 2,8'[ fn S + k

1 
o, (5)

1 
J , ( 3) 

r.ue k I IIOCTOSIHHaSI B611R'IRHa (kl > 1 ) . 

YneH 2,8' fo S , BH11 I<OTOporo 3aRMCTBOBaH H3 Teep1111 lleiiiOCOB Pe11 lKe , OIIHCbiBaeT 

Y HHB6pCilllbH06 ClKaT H6 11H<!J paKUHOHH biX KpHBbiX, a 'IlleR 2 fj' k 
1 

o, (S) 
1 

- BnHRaHe HB H8k-

IIOB 3 TH X KpHBbiX BeiiB'IHH 0 t (S) I • 

l"JOCKOIIbKY S -BeiiH'IHHa pa3MepHaSt, B <jJopMyny (3 ) 11011lKeH, Boo6me roBOpH, BXOI1HTI> 

eme q.'!e H BHI1a - 2 ~' fo S 0 • Ho TaK KaK B 11anbae ArneM 6y11eT p a ccMaTpHBilTbCSt TOI!bKO 

3aBHCR M OCTb HaKIIOHa 11H<!JpaKUHOHHOli KpHBOH OT 3 HeprHH, 3 T OT 'IlleR, KaK He 3 a BHCBliiHA OT 

S , M OlKeT 5biTb ony meH. 

!1 3 <jJopM yll ( I), (2) H (3) B biT e i<aeT CBSI3b napaMeTpoB a' H 

a ' = WI 1 + 
k 1 lu, (S 1 ) 1 -a, (S 2) 1 ] 

rn s I - Cn s 

H a ( 4) B.di1HO , 'ITO ecnn nonHoe ce'leune u e aaBHCHT OT a ueprnn, T O 

I . 

,8' 

(4) 

a '= {3 ' , T .e. B 

3TO M c n y qae I111SI BCeX llpoUeCCOB pSCCeHHHSI l10 11 lKHO 5biTb OI1H Hil KOBOe C lKS T H e .UH<jJpaKUBOH-

llbi X l< OH y coB, onpe.a:enHeMoe napaMeTpoM fJ' • Ecnn lKe B HeKoTopo M HHT e psan e aHeprnl! 

aenH'IHRa nonHoro c e"!ea•fl y6bt:aaeT, T. e . u t (S I ) I > 0 t ( S 2 ) I npa s < s 
I 2 > 

C >K8T lf 8 CT4H08KTC H MeJn.rue II M O )I{eT ,lHl >Ke ne pe A:TW B p a c wwpeHHe. 

B p a c c M aTpwaa eMOM lfHTep11ane 3 Hepru li n o nuoe c e>te H Ke B3aKMOI1e ilc T B KR Haa 5onee 

nocTOHH IIO B npouecc e K + p - pacceHHIHt. flo a T oMy ecTec Tseuu o Bbi 6 p a Tb n enll '!RHY f3 ' 

paBHOi! n apaMeT p y C lKil TH H U II SI 

6op c o r n acyeTc St a c uaHHbi MH no 

K +p - pacceHHJHI , T .e . nono >KH Th f3 ' = 0 , 5. T a Koll B bi -

p p - p a CCe SI HHIO npR 3 HeprHSJX Bblllle 10 f 3 B , rue 11011 -

Hoe c e qeHHe p - B3 8H MOD,efiCTBH H TO}K9 CT OHOBHTCSI n pn 6 n H3HTenbHO ITO CTOSIHHO lt aenJlli'H -

HO i\. 

JlnR Kll>KI1o r o a Ha '!e H B R s e n H 'liiH hi b i (S) , onpen eneHuoro a K c n e p aMe HTilllbHO 1111<1 

I II / 2/ 
p 11 3HbiX 3 1Iep rJ< H S B p ll OOT a X H , n CO OT Be T CT BY IOllli!X 3 H a '!e l!I!H u (S) n o <jlopMy-

t t 

ne (3) D bJl1 H' CnSI Jli1 C b B en H'-IllH bl k t • 3 T H n en lf ttHHht OK 8 3Dn H Cb He .:-1£lP.BC 5tlUH"MH O T 8 He pr l1 H. 

};k - - }; ( k - k ) 
k = _ _ I B OliiB6K B /'!. k = I I llpRBeu eBbl B 3 

I n I Q 
C peaooe 3oa q e HHB CTOn 

T8611HUbl 6k 
t 

COOT B8TCTBYJOT oeo npel1elleBBOCTH M BeiiB'IHBbl b (S ) • 3oa'I8B 

paccqnTaHB bl e n o <jJo pMyne ( 4) , npane11eHbi B 4 cTon6n e 
I x / 

T O A lKe T a 5 n BUbl • K a x BBU 

T a 511HU bl t B bi 'IHCne HHbi e 3 Ba'le H HB a ' n epeuaiOT 88 TOIIbKO TeoaeHUHIO UOBel1eHHB 11HijlJ 

OHBbl X ilHKOB UIISI p 113 H b1X npoueCCO B pac ce SIBHSI ( CYlK8HHe HIIB p a c rua p e oue), HO H K O 

BeHHO ilOC T ilTO'IHO XOpOliiO COrlla CylOTCst C 3KCne pRM6HT illlbBbi M H 111lHHblMH. flpH 3TO M 

OTMeTBTb, 'ITO Bbi50p BeiiH 'lBHbl ,8' D0 3 MOlKHO OIITHMH3BpoBaTb C Uellb iO IIOIIY 'Ie HH ! 

JIY'Illle ro cornaCHSI CO Bce l! CODOKYUHOCTb~ uaHHbiX 0 H a KIIOHaX n o <jJp axUHO B BbiX KpHBW 

w a st a i<cnep oMenTanh o a H orua5Ka B onpea e nemiH n apa MeTp a a ' 1111st K +P - pace• 

no3BOIISieT sapbopoaaTb fJ ' B o o sonhHo w HpoKHX npe11enaxl. 0 11naxo n o c K onbK Y c ue! 

Bbi 5 0p BeiiH'IHH bl ,8' II03BOIIS!e T IIOKa3 aTb n p HMeHHMOCTI> <jJopMy llbl ( 3 ) , B u aHHO ll p a 

T8X8 P. ODTBMH3BUH9 He npoH3BOn HnBCh. 

K a K BRQHO H3 Tll5 11BU bl , BeiiB'IHHbl k B k - llpllKTH 'Ie CKH COBIIal1aiOTo 
PP PP 

0 3 Hil'laeT, 'ITO OI1HOA K OHCTaHTbl B <jJopMyne ( 3) 110CTilTO'IHO 1111st OilHCilHHst H8 T OIIb KO 

11eHHH naxnoaa 11H<jJpaKUHOHBbiX K PH B biX pp• H pp -p8CC8SIHHst B 38BHCHMOCTH C 

roB, HO H pll3ilH'IH SI B HaKIIOBaX 3 T B X KpHBbiX 1111st 11aHHOll 3HeprHH ( 60ilbliiHM IIOIIHbiM 

HHSIM p p - B3aH M OI1eliCTBHSI COOTBeTCTByeT H 5onee Y3 Kllli OH<jJpaKUBO HBbl l! IIHK ) • ( 

3 Ba'leHHeM k i M OlKHO OIIHC 8 T b TSK lKe " -p - H " +p - paccestune. 011HilK C 

+ -
UIIH K p - H K p 'IHHbl k. 

I 
-paccestHBB c y mecTBeHBO p11311H'IIl10T C SI . 

!13 <jJo pMynbl ( 4) sanao, 'ITO c poc T o M aneprnn paannqoe B n o s euennn 11n<jJpaKII 

I<pHBbiX 11118 pa3HbiX npOU6CCOB paCC 6BHBSI CTa.HOBHTCSI BCe MeBbllle, H npH 110CT ilTO'IH< 

WHX 3HeprHstX 11011lKHO oa5n10nllTbCSI yBHBepcanbHOe CJKaWHe 11H<jJpaKUHOHHbiX K OHY COB. 

3aBBCHMOCTb OT 3aeprHH IIOIIBbiX ce'leHHA B3aHMOue ACTBHst, MOlKHO oneHBTb, npe11110n. 

IIOCTOSIHCTBO p' , npn KaKHX a Heprnstx nose11eHne 11H<jJpaxuaonH brx nnKoB cTaoeT a • 

TOTH'IeCKHM C 3 8ll8HHOA CTeneHb~ TO'IHOCTB. 

8o3MOlKHOCTb OIIHCaHHst 3KCnepHMeHTallbHbiX 11aHH blX COOTHOllleHBeM, 1101106Hb! M I 

ne (4),o31la'laeT cnpaBei111HBOCTb npei1CKa3aHHll UOiliOCHO~ MOI1e11H TeOpBH KOMIIIIeKCH 

yrnOBbiX MOMeHTOB 06 a CHMIITOTH'IeCKOM llOBel1eHHH 11H<!JpaKUHOHHbiX KOHyCOB. 

Enaro11ap10 B.H. fpn5oaa 3a I1HCKyccn 10 H M. EenHKoBy o M . B bipeHK OBY aa rrc 

B 'IHCnenabiX pac'leTax. 

n n T e p a T y p a 

I. K.1.Foley, S.I.Liodeobaum et al. Pbys. Rev. Lett., 11, 425 (1%3). 

2. K.I.Foley, S.1.Liodenbaum et al. Pbys. Rev., Lett.,~ 5Uj (1963). 

~~~?H'IHHbl U t (S) j QIISI COOTBeTCTBYIOliiHX 3BeprBl! HCII0111>30BaiiHCb Te lK8, 'IT· 
5o TaX I, • KpoMe Tore, ObliiB HCIIOIIb30BaHbl 3Ha'leHH!I (u ) - I111H 12 B 16 raa / c H 

I111H 16faa/ cnapa5oTbl / 4i'. ' K • 
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C p e JlHHe 3HB 'IeHHll k I= }; nk I B OIIIH fiKB ~ = }; (~I - k 1 ) npuseneabl S 3 C TOn5ne 

THfillHI!bl !!. k COOT S eTCTSYJOT aeo n penen e B HOCTliM SellH'IHBbl b (S ) • 3aa'!eBHH a , 
I I x / 

p acc'IHTaaabre no <jlopMyne ( 4) , npu nene Bbt s 4 cTon5ne Toll JKe Ta 5 nunbl • KaK sHnHo a 3 

T a5nHIIbl, S b l'IHC!l8 HHbie 3BH'Ie H Hll a' n e pena JOT He T O!lbKO T 8 Hil8HI!HIO llOSeneHBll n H<jlpaKnH 

OHH blX llHKOS llllll pa3Bb! X nponeCC O B pacceHBHll ( cyJKeHHe HllH paCIIIHpeBHe), BO H KO!lH'I8CT

S8BHO nocTa TO'IBO xopo111o cor nacyJOTCll c sKcnepHMeaTanbBblMH ll8BBblMH. OpH STOM c n eny eT 

OTM8THTb 0 'ITO Bbl50p S 8 !1H'IHH bl ~ ' B 0 3MOlKHO OllTH M H 3BpOS8Tb C ne!lb!O llO/ly'leHHS! H8H -

ny'!lllero COI'llHCHll CO ace !! COBOK Y llHOCTb!O llaHBbiX 0 B8K ll0 H8X llH<jlp8KI!HOHBblX K pHSblX ( 5oJ,' -

1118 11 sKcnepHMeBT8 llbB 8 !1 omH5K8 a onpenen eHH H ll8p8MeTp 8 a' nn11 K +P - p 8 cceRHJI'' 

no3son..eT aapbHpoBBTb fJ' s noaonbao mHpoKBX npenen8x). O n a aKo nocKonbK Y cnenaBHh'P 

S b lfiOp Se/IH'IHHbl ~' ll03SOll !le T llOK 838T b llpHMeHHMOCTb <jlopMyllbl (3) , S llHHHOI! p 8 5 0 Te 

T8X8 fl OUTHMR38UHH He npoB3BOnHn8Cb. 

l<aK SHilHO H3 T85 1IH!l b l 1 senH'IHHbl k B k - llp8KTII 'I8CKH COBll81lH IOT. 3TO 
PP PP 

03H8 '18eT 1 'ITO OllHOII K OHCT8HTb l S <jJOpMYne ( 3) ll0CT8TO'IHO llllll O llH C HHHII He TO!lbKO n ose -

neHHII H 8 KllOH8 na<jlp8K!lHOHH blX K pHSblX pp• H pp -p8CCeRBHII B 3 8BHCHMOCTH OT SHep-

I'HH, HO H p83!1H 'IHII B H8KllOH8X ST HX KpH Sb!X llllll ll8HBOl! SHeprHB ( 5onbi!IBM llO!lHbiM Ce'!e -

HHSIM p p -S38HMOn efiCTSHII COOTS8TCTBY8T B 5onee Y 3 KBl! llB <jlp8KI!HOH Hbl l! llBK) o 05DlHM 

k j M OJKHO OllBC8 T b T 8KJK8 - B " +p - p8cc e!IHBe . 0nH8KO s e n11-

'IHHbl k j nn11 K + p - H K p -p8CC8l!HIIH C y DleCTS 8 H HO p83llH'I810TC llo 

J.i3 <jlopMyllbl ( 4) SHllBO, 'ITO C pOCT OM SHeprHH p83llH'IHe S llOSeneHBH llH<jlp8K !lHOHHblX 

KpHSblX llllli p83Hb!X npo!leCCOS pBC CBHHHII CT8BOSHTCII see M8Bbllle, H llpH ll0CT8TO'IHO 5 0nb

IIIHX 3H8pi'HIIX llOlllKHO B85!lJOll8TbCII YBHSepCBilbHOe CJK8WHe llH<jlp8K!lHOHHblX KOHYCOSo 3H811 

38SHCHMOCTb OT 3HeprHH llOllHbiX ce'!eBHll B38HMOilel!C TSHII 0 MOlKHO OI!eBHTb, llpellllO!l8I'8 li 

OOCTOSIHCTBO {3 ' , npH KBKHX a aeprHRX llOBen eaHe nH<jlpBK!lHOBHbl X llHKO S CT8HeT 8CBM!l-

TOTH'IJeCX:HM C 3 anaHHOA C Ten e BblO TO'IHOCT H . 

Bo3MOJKHOCTb onHC8HHR 3 KcnepuMeHTanbBbiX ll8HHbiX cooTHOilleHH e M, nono5abiM <jlopMy

ne ( 4 ), 03H8'!8eT C llp8B81lllHSOCTb llpellCK838HHli llOlliOCBO li MOnenH TeOp HH KOMllll8KCH blX 

yrnOSbiX MOMeHTOS 06 8 CBMllTOTH'I8CKOM llOBeneHHH llH<jlpaKUHOHH blX KOHYCOBo 

En8ronapJO B.H. fpH5oB8 38 nHcKyccHJO H M. EenRKOBY a M. B brpeHKOBY 38 n o MODlb 

B 't!BcneHHbiX pac'leTax. 

n H T e p 8 T y p a 

I. K.I.Foley, S.l.Lindenbaum et al. Pbys. Rev. Lett.,~ 425(1%3). 

2. K.l. Foley, S.l.Lindenbaum et al. Pbys. Rev., Lett.,l!.! SQj (1963). 

~{~'l'H'IHHbl U t (S)! llllll COOTSeTCTBYJODlHX 3BeprHl! HCllO!lb30B8llHCb Te JKe, 'ITO B p 8 -

50T8X • • KpoMe Toro,5bl!lHBCllO!lb30B8Bbt 3H8'1eHHII (u) _ nnR 12H16faa/ c 8 (u) 
nnR 16faa/ cH3p85oTbl / 4i'. ' K • t PP 
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3, ·~ .I . L indenbaum,XIJ Me>KnyHBpollHil SI KO HtPep9HIIHSI no tPH3HKe BbiCOKHX aueprH ll , ny6na, 1964 r , 

4. T .F.Kyci a. XII Me>KnyHapollHBSI KOH<jlepeHUHSI no tPH3HKe BbJCOKHX aueprKll , n y6Ha , 1964 r . 

fl p o n e c c 

p p .. p p 

jip .. p p 

,.+p .. ,.+p 

.. -p .. .. -p 

+ + 
K p .. K p 

K- p .. K-p 

PyKonHc b nocTynHna e H3UaTenhCKHll oTaen 
3 HJOHSI 1966 r, 

Ta6nHna 

a' aKc , (c/ f ae)
2 

H3 <P- nbl ( 1), __ _1 a'pac 'leTnoe H3 <jl-nhi (4), 
HHT9pBan HMnynhCOB k . ( mb ) HHTepaan HMnynhCOB 
(faa/c ) 

1 
(rae / c) 

2 

0 ,685 : 0,05 1
131 

(7 - 25) 

0 378 + 0 193
131 . - . 

( 15 - 25) 

-0 914 + 0 376
131 

• • - J 

( 7 - 16) 

0 ,103 : 0,074
111 

( 7 - 17 ) 

0,08 1 + 0,07311 I 

( 7 - 19) 

0,50 + 0,16
121 

( 7 - 15) 

-0,172 ~ 0,417
131 

(7 - 16) 

3 4 

0 ,169 + 0,004 

0,5 

( 10 - 25) 

0,1 73 : 0,003 -0,8 

(7 - 16) 

0 , 232 : 0,005 0 ,2 

(7 - 17) 

0,247 : 0 ,012 0,1 

( 7 - 19) 

0 ,1 93 + 0,009 0,5 

( 7 - 15) 

0,305 + 0,004 -0,2 

(7 - 16) 


