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§ 1. B B e 11. e H H e 

11 ccneJJ.OBaHI'!e noBeJJ.eHI'!SI asai'!MOJJ.et!:cTBI'!H oT.HOCI'!Tenb.HO C- , P- , T- '· 

CPT - I'! JJ.p. npeo5pasoaa.HI'!ii oT.HOC!iTCSI K .Hal'!6onee lj;ly.HJJ.aMe.HTanh.HbiM npo6-

neMaM COBpeMe.H.HOH lj;li'!3HKI'!. aneMe.HTap.HbiX ti:aCTI'!U. 06.Hapy:lKeHHOe HeCKOJtb

KO neT aaaa11. aapywe.Hne. CP -'IeTaocTn· (a qepea CPT -TeopeMy H T -'IeT

HO<?TH) B pacna]J.aX K O. -M930HOB /1/ H f'HDOT93bl, Bb!JJ.BHHyTble B CBSI~Ii 
c ·aTHM, CTHMynnpoaann o6cy:lKJJ.eane · aonpocoa, castsaHHbiX c npoaepKoii T -

!iHBapl'!aHTHOCTH B CHnbHbiX, aneKTpOMaf'~I'!Tllb!X H cna6biX B38HMoaeiiCTBHSIX. 

·11 ceii'Iac, KOI'JJ.a co apeM:ean OTKpbiTHSI aapyweHHSI CP -'IeTHOCTH npowno 

y:lKe CBbiWe 5 neT, aTa npo6neMa ae ·noTepstna ewe caoeii aKTyanbHOCTR. 

HacTOHmaSI pa6oTa, B OCHOBY KOTOpOH nono:lKe.Ha neKUHSI, npO'IHTaHHaSI 

cnyrnaTenSIM. M9:lKBy30BCKOH WKOnbi no lj;lH3HKe aneMeHTapllb!X 'I8CTHU B 1968 1'. 

B r. Y:lKropoJJ.e, HMeeT uenbro ·osaaKOMHTb aa<lnaaroml'!x cneunani'!CTOB c. aK.

cnepi'!MeHTanbllbiMI'! JJ.8li.II~MH .I'! B03MO:lKHOCTSIMH, cymeCTBYJOWI'!~H B o6naCTH 

npoaepK!i T -I'!HBapnaHTHOCTI'!_ B ayKnoH-HyKnOHHbiX coyJJ.apeHI'!SIX. B. pa6oTe 

JJ.aeTCSI TaK:lKe Kp!iTii'IeCKIIH o6sop aKcnepuMenTanbllbiX uccneJJ.oaanl'!ii no npo

·aepKe T -uaaapl'!aHTHOCTii. B p p -paccestHI'!I'!. 

§2. MeTOJJ. MaTpHUbi paccestHI'!SI 

BosMO:lKHOCTb nsyqennst alj;llj;leKTOB T -RHBapl'!aHTHOCTH npn ynpyroM 

pacceSIHHii HyKnOHOB OCHOBbJI~aeTCSI Ha cneJJ.y!OW9M 4JeHOM9HOnOf'H'I9CKOM pac

CMOTp9liHH. 
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Xoporuo naaecTHo, '!·To pacce.smne nayx 'laCTllU. co cni'!HOM 1/2 MO)I{eT 

6biTb onncano MaTpi'!Uefi, KOTopa.II onpenen.lleT aMrrnnTYAY _pacce.IIHHofi aonHbi 

KaK ¢YHKUlliO cni'!Ha ir nMnynbca nanaromefi aonHbi. 

B cny~ae pacce.IIHI'lg nayx HyKnonoa sTa_MaTp~ua .IIBn.lleTC.II CKan.llpoM 

ll AOn)I{H8 paCCM8Tpi'!B8TbC.II KaK OllepaTOp B '19TblpeXMepHOM CllHHOBOM llpOCT

paHCTBe·, CaMa.II oflmaSI ¢opMa. sTofi MaTpHUbi nMeeT ann 12,3! 

M =A+ B ( ;-1 ;)( ~ ;) + C ( ;-1 + ;;:2)-;; +D (;;: 1- ;-2); +E ( ;;:1;;; )( ;2 ;) + 

+F(O: e)(; e-)+J<a +;; );;;+K(a- +; )E+L[(a-, e)(;2 i;;)-(a ~)(a2e)1+ · 1 2 1 2 I 2 · · · . I · 

·'+N[(a-;)(5 m)+(5 iii)(a D")1+M[(aii)(a n+<a e )(a ii)1+1>(a--a )m+ (1) 
. . 1 2 I 2 I 2 '1 2 1 2· 

- - - - If 

·• · .. '·· + Q[(;; I~ )(a2-;;J)_(;;I~)(a2 r';;)]'t W(;1 :....;;:2)£ -tS [(;;I ;)(a-2 E}-(;; 1 £)(;-2;) )+ 

~~·. 

+T[(ae)(a iid4-(a Di)(a o1.· 
. 1 . 2 . I·. 2 

3necb Kos¢¢1'luneHTbi. A , B , C n T.n. -. ~Kan.llpHbte ¢YHKUI'll'l y7noa I'! 

9Heprnfi; a 1 1'!. a 2 - onepaTopbi. cnuna nepaoro n BToporo HyKnonoa; opTo-

HOpMI'lpOB8HH8.1I TpOfiKa B9KTOpOB, n, , iii , £ . , llOCTpoeaa· H3 9AHHI'l'IHbiX 

aeKTopoB nMnynbca nanaromero HyKnona ( k ) · n pacceSIHHoro ( k ') cne-

nyromnM o6pa3oM: ii = ( k x k ')/I kx k' [, m = (k '.;..k )/I k '...: k 1. = (k '+ k) /I k '+ k j. 

npn npOCTpaHCTBeHHbiX 0Tp8)1{9HI'l.IIX ( p -qeTHOCTb), o6paiUeHllll Bpe-· 

Me HI'! ( T -'leTHOCTb) I'! nepecTaHOBKe ABYX '18CTllU ( npnnunn naynn) Kos¢-

tPllUlleHTbl MaTpi'!Ubl ( 1), onepaTOpbl a I ll a2 ~ np, Tpanc¢opMnpyiOTC.II 

cnoco6oM, yKa3aHHbiM B Ta6n, 1. C noMOIUbiO sTofi Ta6nnubt HeTpynno 

ycTaHOBHTb; 'ITO HeCKOnbKO Me.Hee 06IUllM 6yneT Bb!pa)l{eHUe 

1\1 = A+ B ( a
1 
~ )( a2 ; ) + C ( a 

1 
+ a2 ) ; + D ( a

1 
- ~ ) ; + E ( ~ ;;; )( a

2 
;;; ) + 

+ F(; r )(a E)+L[(a-C)(a ;)-(a m)(af)]+T[(; e)(; i;;)+ 
1 2 1 2 . I 2 I 2 (2) 

+(a iii )(5 C)], 
I • 2 

HHBapnaHTHOe OTHOCHTenbHO np~cTpaHCTBSHHb!X BpameHI'!fi ll- OTp8)1{9HRfi, 11, 

H8KOHeU, ecnn OI'p8HI'l'lHTbCSI Tpe60B8HI'l.IIMI'l l'lHBapnaHTHOCTll OTHOCllTenbHO 
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BeJIHqHHa IIpeodpasoBaHHe BeJIHtlHHa IIpeodP.asoBauHe 

p T X PT. p T 

A + + + + N - -
{3 + + + + cp· - -

c + + + -+ Q - -
E + + + + w - -t 

F + -+ .t + s - + 

J:J + -+ - +- T + -
~J - - - - s: ,6;. + -

.X - + - - Y1 +- -
"' 

L 4- ' - . - - 1'l1 - r 

11 +- - - t . - -- . 

np11Me'I8HIIe.: " - " 03H8'!aeT 1 'ITO aenii'IIIH8 MeHHeT CBOif 3H8K llpll 

yKa3aHHOM rrpeo6pa3oaaHHII; " + " o3aaqaeT. coxpaaea11e 

3HaKa, 

5 

X PT 

- + 

+ + 

+ + 

+ -

1- -
+ -
+ -
+ -

! ~ -
""t-

.. 



.: 
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.npqcTpaHCTBeHHhiX Bpamemtii, OTpalKeH!Iii B 06hi'IHOM 11·· 1130TOllii'18CKOM npOCT,

paHCTBaX II o6paiiieHIHI BpeMeHH 1 Bb!palKeHHSI ( 1) li (2 )" CBe.UyTCSI K 6onee 

npOCTOfi II H3B8CTHOfi <j;lopMe f 1
o
4

r
5 / 

~1=A+B(;;1n)(~n)+C(; 1+a2 )n +E(;
1 
iii)(cr

2
iii)+F(;

1 
t)(a

2 
h. (3) 

. I 

B KOTOpOii · yrnoBaSI li 9HepreTII'18CK8SI 3aBHCIIMOCTH K09<j;lqJHUH8HTOB .UOCTaTO'I-

HO xopomo onpeneneHhi Ha ocHoBaHHII peaynbTaTOB ¢aaoBoro aHanuaa N N-' 

paccesrHHSI B o6nacTH aHe;rufi no ·, 750MaB 161• . , 

§3, .CnencTBusr, BhiTeKaiOmue ua T -HHBapuaHTHOCTH 

NN - ~aauMoneficTaHii 

3a, f1 0 n SIp li 3 aU H sr· li a C H M MeT p H SI 

.,. 

EcnH MaTpuua paccesrHHSI T -HeHHBapuaHTHa, paanu'laiOT nBa Tuna' lia6-

niOnaeMhiX BenH'IHH: 

. +- + P = (SpM a
1 

M)/SpM M (4) 

li 

a + - . + 
"' ( Sp M M a i ) I Sp M M (5) 

TiepBasr Benu'!nHa· HMeHyeTcsr nonsrpuaauueii, BTopasr - acHMMeTpnefi, Paanu

. '!He Me)K.ziy HHMH 1 SIBn~iomeecsr MaTeM8TH'!eCKl!M' cne.UCTBHeM TOI'O <j;laKT8 1 

'ITO onepaTopbl a H M ' BOo6me roBOpSI, He KOMMYTIIPYIOT npyr c npy-

I'OM 12,51, u·cqeaaeT B c~yqasrx, _onuchmaeMhiX (3), 

KcTaTu·, npu ynpyroM. paccesrnuu HyKnOHOB na srnpax co cnHHOM noiib . 

·06e BenH'IIIHhl COBnanaiOT. He3aBHCHMO OT TOI'O, COXpaHSieTCSI HnH HeT_ npH 

STO.M T -HHBapnaHTHOCTb, PaBeHCTBO P"' (1 anecb o6ecne'leHo aBTOMa:ru-

'leeK~, ecnH co6niOnaeTc.H npocTpaHCTBeHHa.H 'leTHOCTb,< B ·I!PBKTH'IeCKH uH

TepecHoM cnyqae Heynpyroro pacce.HHH.H paBe~cTBO P "' (:f. BhmonHsreTc.H 
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·B 8JlHa6aTH'l9CKOM npe)lene, T,e, TOI'Jla, KOI'Jl8 MO)KIJ:O npeHe6pettb pa3HHU9ll 

B aHepi'HSIX naJlaromnx ~ pacceSIHHhiX HyKnOHOB 17 I. 06a OTMetteHHhiX cnyttaSI· 

nrparoT qpe3Bhitta:il:Ho Ba:lKHyro ponb npn noc.TaHOBKe onhiTOB no npoBepKe · T . ..: 
·nHBapnaHTHOCTH B HYKnoH-HYKnoHHhiX coyJlapeHHSIX. 

BepHeMCSI K Bbipa:lKeHHSIM ( 4), (5). Xopomo H~BeCTHO 12 
•
51

, ttT.o P 
onHCb!BaeT cnHHOB09 COCT051HH9 OJlHOI'O H3 HyKliOHOB nocne pacce51HH5l Heno

n~pH30B8HHOI'O nyttKa Henon5lpH30B8HHOll .MHIII9Hb!O H H8XOJlHTC5l H3MepeHH9M 

83HMYT81lbHOll aCHMMeTpHH "e II pH IIOC1!9JlY!Olll9M paCC9S!Hllll nyttKa H8 Mlllll9Hll-
. p 

t!HaimsaTope c naBeCTHO:il: aHannsnpyrome:il: cnoco6HoCTbiO P A (eM, pnc, 1). 

B cooTBeTcTBIIII c ~~_e_'laf!~e~, ccJlemiHHhiM B~~lllE:l.! B KattecTBe 

8H81!ll38TOpa H906XOJlllMO llCn01!b30B8Tb S!JlpO CO cnHHOM HOllb, a SKcnepll

MeHT CI19JlY9T npOBOJlHTb TaK, tJT06bi HCKli!OtJHTb cnyttaH Heynpyi'OI'O paCC.e5l

.HH5l,. T,e, cnyttaH H3M9H9HH5l CnHHa H.llli tteTHOCTH ,Mpa-aHai1H38TOpa B KOHetJ

HOM COCTOSIHHH H T,Jl, TOI'Jl8 p . MO:lKeT 6h!Tb H8llJl9HO H3 onhiTa no cpopMy-

ne m _ .. /P x/ 
J -ep A • 

AcnMMeTpHSI <:f CBSI3aHa co cBo:il:cTBaMH nepBoHatJanbHOI'O nonnpnso-

BaHHOI'O nyttKa ( p nytt .j, 0 ) , pacceilBaeMOI'O Ha HenomrpH30BaHHOll MHII19HH 

( HliH Hao6opOT - nOnSipH30BaHa MHII19Hb, a nyttOK HenOI1S!pH30B8H), ,Un51 Ha

XO:lKJl9HH5l (1 Hy:lKHO npoBeCTH TOllbKO .OJlHO pacceSIHHe ( CM, puc, 2), B STOM 

cnyttae e a. 
(:f p 

nyq, ( MHIII9Hb)' 

.UBo:il:Hoe paccesmne He smmreTcsr eJlHHCTBeHHhiM cnoco6oM HaXO:lKJleHHSI 

p , Ha OCHOBaHHH pe3ynbT8TOB /2,8/ MO:lKHO noKa3aTb, 'ITO 9KCnepHM9HT 

no onpeJleneHHIO .napaMeTpa )lenonsrpnsaunn, ecnn npoBOJlHTb ero npn JlBYX 

B38HMHO npOTHBOnOliO:lKHb!X HanpaBi:IeHHSIX HOpM811H BTOpOI'O pacceSIHHSI. (eM, 

puc, 3), npH H3B9CTHOH -BeliHttHHe (1 no3BOI1519T HaRTH p no cpOpMyne 

p = (l+ (:f ~)e3 + -(1- dPJ)e 3~ · 

2P 
3 

3)lecb _P 
1 

- rionsrpnsaunsr nyttKa nocne nepBoi'o paccesrHnsr, P 3 ~ .-:- aaann31I

pyrom'a5l cnoco6ltOCTb MHIII9HH B TpeTbeM, aHai1H3HPY!OIII9M pacceSiltHH, e-3 + , 

e 
3

_ - Ha6niOJl89Mb19 B TpeTb9M pacceSIHHH a3HMyTa11bltbl9 8CHMM9TpHH 1 COOT

B9TCTBY!OIUH9 JlBYM B38HMHO npOTHBOnOliO:lKltblM ltanpaBI19HHS!M ltOpMane:il: BO 

BTOpOM pacceSIHHHo Ecnn np!i npoBe)leltHH 9KCnepHM9HT8 Ba:lKHO H36aBHTbCS! 

x/ , . 
3AeCb ll BCIOJlY HH)I(e, ecnn .He oyAeT OI'OBOpeHO O_COOO, ITOApa3yMeBaiOTCSl 

aopManhllbie KOMnoaeHThi BeKTopoB P, ('1- , pA. 
7 
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OT ·aeKOTOpbiX a¢¢eKTC:>B, CBSI38HHb!X C aHepreTII'I9CKOH 38BHCIIMOCThiD~ (l'_ 

11n11 p ,• nocneJ:lHIIH ·cnoco6 H8X0}!{/:le!HIISI p M0}!{9T OK838TbCSI 6onee np-en

llO~TIITenhHhlM, 3TOT M9TO/:l yno6eH C TO~KII 3peHIISI 9KCnepiiM9HTa eme II 

llOTOMy, . ~TO Bbt6op MIJW9HIJ-aHamr3aTopa He OI"p8HIJ~9H HIIK8KIJMII Tpe60B8HIISIMII, 

fOJ:liiTCSI mo6aSI Mlllli9Hh, o6nanaromaSI nplleMneMOH Benll~liHOH aaanUSIIPYIOI!lefi 

cnoco6aocTH. flpoBO/:lSI aaaniJ3upyromee pacceSIHIIe ,,ae ay:lKHO 3a6oTIIThCSI o 

Bbinenea11u aKTOB ynpyroro pacceSIHIJSI, 

36. CBSI3b p_(l C KOa¢¢uUii9HT8Mii MaTpHUbl 

pacceSIHiiSI 

p 83HOCTb p- (1 npocTbiM o6pa30M CBSisaaa .c T -lliiBapllaHTHhiMII ·_ 

~neH8MII M8TpliUbl paCC9SIHIJSI II B ~aCTHOM, HO J:l0CT8TO~HO o6meM cny~ae, 

OlliiChlB89MOM ¢opMynofi (2), p8BH8 

P-Cl= 
4 JmT*( E-F) 

I( 0) (7) 

rne J(O) 

3H8SI · p 
n11¢¢epeauuanbaoe .ce~ea11e x/ npouecca /9/, TaKHM o6pasoM, 

II (1 . li 11CllOnh3YSI (7), MO}!{.HO Bbl~IICnliTh B03MO}!{HbiH BKnan 

T -IIHBapllaaTaofi aMnniiTYJ:lhi B nonayro MaTplltiy paccenaiiSI, ecn11 usBeci

Hhi npyr11e ee ~neHbi, 

l.laCTO nonh3YIOTCSI pa3no*eHIIeM aMnniiTYJlhi B pSin n·o nomrHoMaM 

ne*aanpa~ B aToM cny~ae aaanns pesynhTaToB onhiTa yno6ao npoBonuTh · B 

TepMIIH8X T -aeiiHBapllaHTHhiX ¢asOBhiX napaMeTpoB A /3/. 

I T=-1-I Te =-1 IAe(O)B.(B-,f)sinA 
4 k c 4 k e e+ 1 

(8) 

B STOM Bh}P8}!{9HIIIi e -op611T8~bHbiH MOMeHT; A e (e) I{ B (o' ;-) -113BeCT-

Hble ¢yHKUIIIi yrna 0 , ¢a30BbiX CJlBIII"OB () II napaMeTpOB CM9WIIB8HIISI 

;- ( CM, llplln0}!{9HII9),. fl apaMeTp ).. n XapaK TepusyeT CT9ll9Hh Hapyllle-
t.+l . 

x/ 
B All~~epeHUIJanhHOe ceqeane aMnnHTYAhi E,F BXOJlSIT KB8Jlp8TllqHo, 

IJMII MO}!{HO npeHe6peqb BCneACTBII9 IIX ManOCTII, 

8 



HaR T -aaaapaaHTHOCTa .B cocToRHaRX c J = C + l . J1erKo aaJla':'I>; 'ITO MaK':"' 

CHManhHOMY aapyweaaro,cooTBeTCTaye.T 3Ha'leHue A':' rr /2. 
Bo3MomHhie scpcpeKTbi HapyweHUR T -UHBapuaHTHOCTU MoryT 6hiTh ner

KO 3aMaCK!ipOBaHbl pSIJlOM IIpU'lHH. C OllHOll CTOpOHbi, rrpa cny'lallHOM a He

yJla'lHOM Bbi6ope yrna pacceRHaR aellU'lHHa E- F MOmeT o6paTUThCR B HOllh, 

8 CBS13H C 9TUM o6CTOSITellhCTBOM CTaHOBSITCSl oco6eHHO UeHHbiMH CBeJleHUSl 

o6 yrnoao:fi 3aaacuMoCTU aMrrnnTYil E a F , K,OTOpble 06bi'lHO a3Bl19Ka-

IOT Ha ocaoae cpa3oaoro aHana3a ana rryTeM "rrpSIMoro aoccTaHoaneHnH" MaT-. 

paUbl pacceSIHUR /5/, C Jlpy~o:fi CTOpOHbl, Heo6XOJlUMO Y'lHTbiBaTb H 'lH:CTO 

JlUHaMH'l9CKU9 acrreKTbl rrpo6neMbi, Ha KOTOpbie BIIepBbie o6paTUl1H BHUMaHUe . 

~BTOpbl pa6oT /10,11/, .Qeno B TOM, 'ITO U3 aHallli3a HyKllOH':"'HYKllOHHOI'O 

pa'cceRHHR B o6nacTu 0-750 Msa /8/ U3BeCTHo, 'ITO B aMrrnnTyJle T 0 "'sin2( 0 
. L L+l 

· rrapaMeTpbi · ( C~t Mallbi B 

20°t-30° a cny'lae.J=.l B 

P P -pacceSIHUII H:, IIO-BH:JlH:MOMY, JlOCTIII'aiOT 

n p -pacceRim·a x/; IT osToMy rrpH rrnaanpoaaauu 

6yJlylllHX 9KCIIepHM9HTOB eCTeCTBeHHO y'laTbiBaTh OTHOCIIT9HhHYIO IIpOCTOTY 

OIIb!TOB C IIpOTOHaMU H CllO)I(HOCTh, HO 6oraTCTBO B03MOmHOCTe:fi 9KCIIepU-

MeHTOB IIO n p -pacceRHUIO. 

BbiWe yme oTMe'lanacb aamaocTh caeneaa:fi o6 aMrrnaTyJlaX pacceRHaR 

. rrpa rrnaanpoaaaaa sKcrrepuMeHTOB rro rrpoaepKe T -uaaapuaHTHOCTn. OnHaKo ., 

, /)lalleKO ,He BO BCeX cny'laSIX paCC95IHH9 HYKllOH~B H3y'leHO. TaK JleTallhHO, KaK 

B o6nacTH 0-1000 Msa. ITpH 6onee BbiCOKHX sHepraSIX, rne rrpoaepKa cooT

HOUieHHSI p = (1 oco6eHHO HHTepecHa, HO 9KCrrepHMeHTallhHB5I HHcpOpMaUHSI 

eUie CllHUIKOM 6eJlH~ Jll15I BOCCTaHOBl19HH5I BCe:fi MaTpHUbl pacceSIHUSI, B9CbMa 

II0l193Hbl IIpOCTbie COOTHOW9HH5I Memny . aMIIlliiTYJlDH T u aenH'liiHaMH 

p. J, (1 t C J K nn H T,Jl,, IIOlly'leHHbiMH B pa6oTe/ 10/, 
. nn 

3a. 0 r p aHa q e H II SI H a rr a paM e T phi T p o :fi H oro 

pacceSIHHSI II orrhiTbi c apameHueM cnuaa 

T -unaapHaHTHOCTh SIJlepHbiX CHll aaKnallbiBaeT arronae orrpeneneHHbie 

orpaHu'leHUSI H na napaMeTphl TpOHHOI'O pacceSIHHSI, MomHO noKa3aTh, 'ITO 

x/ K COlKanel!aiO, STOT ljlaKT ellle He ycTallOBneH HaAelKHO B o6naCTii SHepi'!iH, 

6onblll11X ~ 300 MsB, 

9 



ecnu Ma Tpuua · M HMeeT BUJ:t ( 3), TO MmKJ:tY tteTbipbMSI napa Me Tpa~u Tpoii-

Horo pacceSIHHSI, R, A, R ' 

HUe_/12 / 

U A , , CyiJ!eCTByeT penSITHBUCTCKOe COOTHOIUe-

·, 

R, +A = t e 
-R+A, . g nc (g) 

B 9TOM Bb!paJKeHHII e nc - yron pacceSIHHSI B na6opaTOpHOH CUCTeMe OTC'le

Ta •. llonroe BpeMSI npennonaranocb, 'ITO anSI npoBepKu aToro cooTHOIUeHHSI. 

HeOOXO):tUMO Bblll01IHUTb 'leTblpe ):t0B01IbHO TpynoeMKUX He3aBUCUMbiX. 9KCne-

puMeHTa, OnHaKo HeJ:taBHO B pa6oTe /13/ 6oma npou·eMOHCTpupoBaHa B03MOJK~ 
HOCTb npOBepKU paBeHCTB8 (g) 1 HCn01Ib3ySI _BCei'O 1IH!Ub JiB a He38BH.CHMbiX 

aKcnepuMeHTa no TpoiiHoMy paccestHUID HyKnOHOB, BcnencTBHe 6esycnoBHoii 

HOBii3Hbl 9TOI'O npennoJKeHUSI paCCMOTpHM e.ro nonpo6Hee. 

Tipennarae-r:<;:SI nmt· npouecca ynpyroro pacceSIHUSI UBYX HYK1IOHCB cpaB-
' . 

HUTb n01ISipU3aUUH ny'IKOB nocne P?CCeSIHHSI npu J:lBYX KOHlPUI'ypaUUSIX onhiTa, 

HMUTupyrowux npSIMOii u o6paTHhiii npouecchi, cxeMa KOTOpbiX B c.u.M, uso6-

paJKeHa Ha puc. 4, feoMe~pHSI 9THX OnbiTOB pa31IH'laeTC!.:i yrnaMU H8K1IOH8 

BeKTOpOB CnHHa X1 
H Xr no OTHOIUeHHID K HMny1IbC8M '18CTUU U 3HaKa-

e c.u. 
A B A B 

• Ha puc. 4 ciiMBonaMu P 1(P1 ) u Pr (P 1 ) o6osHa'leHbi MH yrmr 

KOMnoHeHThi nonSipusauuu nanaromero u paccestHHoro nyttKOB Ha H:anpaBneHUSI , 

sanaBaeMbie yrriaMu X 1 u X r B KOH!lJurypaUUSIX "A" u'"B". 

Ha puc;:. 5 Te JKe npoueccbi uao6paJKeHhi B· na6opaTopHoii cucTeMe OTC'le

Ta, B KOTOpOii BC1Ie):tCTBUe nopeHUeBCKOI'O npeo6pa30B8HUSI COOTBeTCTBYIDlllHe 

cu cu cu nc cu n:c · 
yrnhi X I u X f ne¢opMupoBaHhi: X f = X f + em u X I = X I - e ne 
llnSI U3MepeHHH nonSipU38UHH p /(B) Heo6XOAHMO noBepHyTb CnHHbi '18C

TUU B onhiTaX "A" U "B" Ha yrnhi goo- ()( 11~+ enc ) U goo- (X~- enc) 0 

COOTBeTCTBeHHO. 
A 

llnst pa3HOCTU. U3MepSieMbiX Be1IU'IUH p f 

nu BbipaJKeHue 

u P ~ aBTOpbi 1 1 ~ 1 nony'lu-

PA- PB= 4ReT*(E.;..F) =I {A+R'cose -(A '-R)sine I sin (x~c +X1
11

c ). (10) 
r r nc · nc 

0TCID):t8 nei'KO BU):teTb, 'ITO o6pallleHUe B. H01Ib pa3HOCTU p fA - p fB C Heo6-
. ' 

XO):tUMOCTbiD npUBO):tUT K paBeHCTBY. (g), CnenyeT o6paTHTb BHUMaHHe H8 TO· 
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' 
o6CTOHT9nbCTB0

1 
'ITO. OnhiT no H3MepeH!UO pa3HOCTH p _(1 H 8KCnepHM.9HT 
A B · · 

no onpe!leneHHIO P r - P r. nononHSIIOT npyr npyra B . TOM CMbicne, 'ITO B npaH-

uane o6a OHH C03Jl8I?T B03M0)!{HOCTb BOCCT8HOBn9Hii51 li MOllynSI, li 4Ja3bl T-

-HeHHB8p!i8HTHO!'O 'lneHa 8MIInHTYllhl paCC9SIHii51 • 

3r, 3KCII9p!iM9HTbl C nonSip!i30BaHHbiMii Mlilll9HSIMii 

,UnSI accnenoaaHnSI T - , P - , C - 11 np. npeo6paaoaaanii 6onhiiiHe 

B03MO)!{HOCTH npeJlOCTaBnSieT T9XHHK8 nonSip!i30BaHHbiX Mlllll9H9ii, l1crronb30~ 

B8Hii9 9THX Mlilll9Hefi Ha nonSip!i30B8HHblX ny'IK8X n03BOnSieT !i3M9pHTb pa3-

nli'!Hbl9 KoMnoHeHThi Teaaopa nons:~pnaau11n, aanpnMep TpeTbero paara. CpaB

HeHne HX MS)!{llY co6oii - HOBblii B03MO)!{Hblfi BapnaHT npoBepKH T -HHBapn

aHTHOCTii, Ha*e• B Ta6n. 2, aanMCTBOBBHHOii HaMH na pa6oTbr 
151

, cxeMaTH-. 

'19CK1i 1i306p8)!{9Hbl ac:e M~ICnHMbl9 OnhiTbl no ynpyroMy B38HMOJl9llCTBiilO HyK

nOHOB JlnSI MaTpHUbl paCC95IHH51 BHJl8 (3) • Ka)KJ:lblii CTOn6eU B STOll Ta6nnue 

COOTB9TCTBY9T H8'18nbHOMY CnHHOBOMY COCTOSIHHIO CliCT9Mbl H3 JlBYX HyKno-· 

HOB, a B Ka*noii cTpoKe rrpaaeneaa · xapaKTepncTnKa, rronne*aruaSI H3MepeHiiiO 

B npouecce pacceSIHHSI. HaneKc o6oaaaqaeT aanpaaneHHe Ha'lanbHoii 

nonHimsaumt rranarorunx ~acTnu, naneKc k - aarrpaBneane. aaqanbHOii nonHpnsaunn 

qaCTHU MHIII9HH; P - OTM9'189T H3M9pSI9MYIO KOMIIOH9HTY IICnSipll38Uiill 

pacceSIHHOfi '!8CTHUbi1 q - H3M9pSieMyiO KOMnOH9HTY IIOnSipH38Ullll '18C

THUbl OTJl8'1H. Ka)I{Jlbrii OilblT Jl89T HHcPOpMaUHIO 0 T9H30pHoii Benll'lli-

He · (I,· P , K , D, T ) , paaMepHOCTb KOTopoii yKa3hiBaeTCSI '!Hen oM naneK-

coB canay crrpaaa. 

ilpli HHBapli8HTHOCTH MaTp!iUbl pacceSIHHSI OTHOCI:ITSnbHO o6parueHHSI Bpe-

M9Hii 9!{BiiB8neHTHbl Te COBOKynHOCTH OilbiTOB, KOTOpble YK838Hbl B Kn9TKa~ 

Ta6n. 2, CI:IMMeTp!i'l~blX OTHOC!iTSnbHO rnaBHOii llH8!'0H8nH /
5

/, ilomipH30B8H

Ha51 MHIII9Hb
1 

T8KiiM o6pa30M 1 II03BOnSieT IlpOB9pHTb paBSHCTBa 

ll 



Ta6mm;a 2 

. Hat~aJibHOe ·A B c .Jl . Pe- cnHHonoe HenOJISipH3 nomtpH30B. HenoJIHPH·s.· !10JISipH30B. 
3YJib- COCTO- nytiOK - nytiOK- nytJOK-nOJISI- nytJOK-nOJISI-
TaT H3- HHHe HenoJia:p. HenOJISipH3e pH30BeMH- pH30B.MilllleHb 
MepeHH.fi HmeHL uoeHL meHb 

I, CeqeHHe 1 6"'.'') ()' (2.) 

o:.~ 
' It' 

2. I1omtpH3aUHH 
pacce.HHHott 

? (1) 1J (I) K ,,, T l') 
p •r ... p 

• I< r tlaCTHUH 
3. I10JISipH3aUH.fi p (.1.) . K cz.> J) C2) T .. (.1.) ttacna(H OT)(at~ 

~ (S, )<:9., 
\ 1<: 9.. 

4. KoppeJin:u:ea tp \V (I) ~ (2.) . 

~Kp~ 
noJin:pHsauHlt pg, ~1'.9. v::pg, 

--~ ·--· 

§4, 06sop aKcnepl!MeiiTanbiibiX pa6oT 

4a; ITpoBepKa P ,(j B onbiTaX no Jl B 0 ll II 0 M·y 

pacceHIIlllO npOTOIIOB 

f1epBble pesynhTaThl 1 Ha OCHOBaiil!ll KOTOpbiX MO)KIIO ··5binO 6hi CYJlliTb 

o paBeHCTBe BeJIH'Il!II P u (j , 6hiJIH nonytieiibi a EepKnu, B 1953 .r. 

rpynnoll: 0Kcnu 11 41. OnbiT 0Kcnu u COTPYJlHI!KOB npoBOJll!JICH no cxeMe JlBOll-

. aoro pacceHIIHH, Baatiane, rrpn HSMepeHHHX c JlBYMH rpaqmTOBbiMll Ml!llle-

HHMH, nepBaH H3 KOTOpbiX pacnonaranaCb BIIyTpH BaKyyMHOll KaMepbl YCKO-. 

pl!TenH, nonytiancH nonHpHSOBaiiiibill rry'IOK npoTOHOB u oueiiHBanach ero no

JIHpHsaul!H. 3aTeM nyTeM IIOCJ18JlOBaTeJibiiOll SaMeiibl rrepBOll .H BTOpOll MH~eHH. 

pacceHBaTeJIHMll H3 CH 2 HaXO}lHJIHCb B8JIH'Illflbl 9\;p 11 (j p~ JlJIH HII

TepBaJia yrnoB 19 +- 27°. ITpu HSMepeiiHHX neBo-npaBhiX acnMMeTptifi B aToM 

OilbiTe HepaB'eHCTBOM yi'JIOB ( H 8Hepi'Hll) B IIP.pBOM H BTOpOM paCC851HliHX 

npene6peranH • .[lnH ·npoTOHOB c HatianhHOll aneprHeil OKono 220 MaB II3Me

peHHhie TaKHM M8TOJlOM rrapaMeTpbl IIOJI51pH3aUHH H aCHMMeTpHH 1 OTHeCeH-. 
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\ 

Hbie K yi-noBOMY IIHTepaany 190-27° a· C,U,M,, OK838liiiCb 6nH3KHMII no BeliH

'IHHe II paBHSiliiiCb 0,216±0,055 II 0,206;!:: 0,027 COOTBeTCTBeHHO~ Ha· STOM 

OCHOB8HIIII B pa6oTe Bynpycpcpa /9/ 6binO C):(enaHO 38KliiO'IeHUe 0 TOM, 'ITO 

p _(1 
PP pp. 

0,010 -t_0,060. ( 11 ) 

0THOCIITellbHO STOrO pe3yllbTaTa yMeCTHO 38MeTHTb 1 'ITO B pa6oTe / 9 / COB

ceM He CT8BIIll8Cb 38):(8'!8 npoaepKH paBeHCTBa p = cr . ITosTOMY 8BT0pb! He 

UCnhiTblB8liii He06XO):(UMOCTII y~IHThiB8Tb B ):(OCTaTO'IHO nonHofi. Mepe BCe Te 

scpcpeKThi, · KOTOphie Morn !I 6hi HCKa3HTb pa3HOCTb P- ct • K STIIM scpcpeKTaM 

CnenyeT OTHeCTII H8llii'IIIe y pacceSIHHhlX npOTOHOB llillpOKOrO SHepreTII'IeCKO

ro · cneKTpa, yrnOBhle II SHepreTH'IeCKHe 38BIICHMOCTU nonstp!138Ullll B pp -

II pc - pacceSIHIISIX ll T.n. ,UocTaTO'IHO TO'IHhlll y'IeT !IX TpyAHO BblllOliHIITb 0 

II nosTOMy peanbH8SI norpelliHOCTb B ( 11) AO!DKH8 B03p8CTU 0 no H8lli!IM OUeH

KaM OH8 6yneT 6nH~Ka K 0,100. 

- B 1958 r. a Ynncana X11nnMaH 11 np. /15/, HCnonh3oBaB Bhmenemihifi . . . 
HenoixstpH30BaHHhifi ny<toK npoTOHOB c sHeprHefi ( 176 t- 179) Msa, H3MepHliU 

BeliH'IIIHY :f' pp ):(liSI ABYX yrnoB, 37° II 50°, B c·HCTeMe UeHTpa Mace. CT8ll

KUB8IOIUHXCSI npoTOHOB, B aHanH311pyromeM paccestHHH 6hinii ncnonbaoaaHhi . . . . 
. . . . . /16/ 

MHllieHH, npOK8li116pOB8HHbie STHMH )!(e 8BT0p8MH B npe_AhiAYWefi pa6oTe 

no 113ytteHHIO yr.noabiX aa~IICH.MOCTetl ynpyro 11 Heynpyro paccestHHhiX npoTo-

HOB Ha Hllpax pa3nH'l'HhiX sneMeHTOB. BenH'IHHhi acHMMeTpHfi • ct PP He H3Me-·----c.--

pstnHcb, a Bhi'IHCliSiliUCb HHTepnonHpOBaHHeM peaynbTaTOB I 17 I nnst Tofi )!(e 

o6nacTu sHeprHfi p p -paccestHUSI~ PeaynbTa T XuixnMaHa n np. 
1151 

npu-

aen eH a Ta!).n. 3. 

Ta6JIHqa 3 

A ~~cu 8cu '-
\?t'ts ev~ ~; - G? 1'1' rpa,l\ycu rpa,l\ycu 

30,9 1,4 0,264.tO,OI4 o, 257,±0,018 0,007,±0,023 

50 2,o· U,276.tO,uiJ u,265.tO,OI8 o,OII.t09022 

13 



B uefi ue yKasaHbi ·c:ucTeMaTutieCKIIe oru:u6K:u :u ue ytiT8Hbi KoppenSIUl1l1 orun-

6oK, Ecnu y'leCTb 5%-:-HYIO ueorrpeneneUHOCTb B BenntiuHe auanusupyiOUIHX 

'CIIOC06HOCTefi, 2%-Uy!O O!lll16Ky B BenH'IUHe. IIOnSipl138Ul1U IIytiKa, B. TeX. IKe yc

nOBl15IX rronytiUM 

p _(f (30,9°) = 0,007 + 0,026 

l PP PP -
:u p _(f (50,0 °) =0,011 +0,026. 

-. ( 12) 

PP PP ' . - · 

AuanorutiHbifi sKcrrepuMeHT 6hm Bhmoriueu TaKJKe A6a!llbSIHOM :u Xa4Jue-
. ' /181 ' . 

poM nnSI yrrpyroro p p -pacceSIHI:ISI rrpu suepruu 220 MsB • 8TH aBTOpbi, 

I:ICIIOnh3Y5I MeTOJl:UKY OTJleneH:USI Heynpyr:ux aKTOB pacceSIUliSI IIpOTOUa H8SIJl

paX1 paspa6oTaHHyiO pauee OJlHHM us Hux. /19/, usMepunu o6a rrapaMeTpa, 

P I! a , anSI yrna 30° c.u.M. 

l1x pesynbTaT: p = 0,279± 0,017 l1 p p . 
a 0,308± 0,005. 

P .P 

0TC!OJl8. 
p _(f 

PP PP 
= - 0,019+ 0,018 • ( 13) 

_ ( Onm6KII - cTaTIICTII'lecKIIe II npiiB8Jl8Hbi 6es Yti~Ta Koppemmiifi). Ha uaru B~rnro:t, 

TOtiHOCTh pesynhTaTa (13) saMe THO saBhi!lleua. HarrpuMep, cTaTHCTHtiecKaSI 

O!lll16Ka app 1 paBH85I 1 ,8%, HerronHa; TBK KBK H8XOJliiTC5I B ~pOTl1BOpetiUl1 

c rrorpe!liHOCThiO rron5Ipiisauuii rrytiKa 0,89± 0,02, ucrronhSOBauuoro B . 9TIIX 

i~~--~- orrhiTax}19!. Y'<leT KoppenSiuufi TaKJKe npliBOJliiT K yxyn!lleHHIO TOtiHOCTH, On-. . 

HaKO BCneJlCTBl19 TOI'O, 'ITO B pa6oTe /18/ He COJlep1Kl1TC5I K8KOfi-nu6o HH~ 

4JopM8Uiili 0 'IUCneHHbiX 3H8'IeHII5IX BenU'II:IH p A, e p 1:1 e,. 1 TO'IHb!fi ytieT 

KOppemiuufi HeB03MOJKeH x/, 

B o6oux yrroMSIHYThiX Bhi!lle sKcrrepiiMeHTax 6hmo ueo6xonuMo rrpuHuMaTb 

crteuuanhHhie Mepbi nng oTneneuuSI cnytiaeB yrrpyroro pacceSIHl15I ua 51Jlpax 

BemecTBa auanusa TopoB oT ueyrrpyrux; corrpoBO:JKJlaiOUIHXCSI Bos6y:JKneuueM. 

SIJlepHbiX ypoBHefi IIn:u rrepenatiefi 9uepr:uii npyr:uM tiacT:uuaM. B onhiTe X:unnM:a

ua u np. sTo nocT~:~ranocb ucrronhSOBaHIIeM crreuiianbuo ·cKOHCTpyupoBauuor'o 

.. 
x/ 

·IlO H8WiiM.'oueHK8M CyMMapHaSI norpeWHOCTb B (13) 6nU3Ka K'0,Q30t-0,045, 
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MarHHTHoro cneKTpoMeTpa c nBoil:aoil: ¢oKycHpoBKOil: 1 a B onhiTe Xa¢aepa -

rpynnoil: cqeTqllKOB C Ha6opOM TOHKHX nornOTHTeneil: X/, 

·~·· 46. DpoBepKa T-HHaapHaHTHOCTH B onbtTax no Tpo.fta·oMy 

paccestHHIO 

PaccMoTpHM Tenepb npyroro THna aKcnepHMeHThi no ynpyroMy . pp -pac-

cestHHI01 B KOTOpb!X napaMeTp nonstpH3aUHH Haxonnncst TaK H83b!BaeMh!M "Tpoli

Hh!M pacceSIHHeM" HyKnOHOB ( CM, pH Co 3), l1MeHHO 9TH 9KCnepHMeHTbll 6e-

3ycnOBH01 ,6onee TpynaoocymecTBHMbie1 qeM onhiThi no nBoil:HoMy paccestHHI01 

aecyT B HacTostmee BpeMst Heri6onbuiYIO na¢opMaunro o T -HHBapnaHTHOCTH 

HyKnOH-HyKnOHHbiX B3aHMO.(lefiCTBHfi, 

IlepBbie: a~tcnepnMeHThi aToro Tuna 6hinH BhmonHeHhi ¢H3liKaMH HS. Xap-

BapncKoro yauBepcHTeTa. CooTHOIIIeHne P =<l · 
88;!:1 / 20/ H 142±5 

npoBepstnocb B ynpyroM p p .

MaB 1211 • B o6onx cnyqastx paccestHHH npn aaeprHSIX 

p 
PP 

• Pe3ynbTaThi 1 TaK H BenuqHHa (1 
pp H3Mepstnncb KaK Benuqnaa 

(eM, Ta6n. 4) cornacyroTcst c npniiunnoM T -HHBapnaHTHoCTH. , 

Ilo3.({Hee CTanH H3BeCTHbl pesynbTaThl HOBb!X H3MepeHHfi napaMeTpa 

a (142 MaB) /22/, IlepecqHTaHHble c yqeTOM 9THX naiiHh!X3HaqeHHSI p_a 
pp 

nnst aaeprHH 142 MaB TaKJKe He npOTHBOpeqaT T -HHBapnaHTHOCTH H npnBe-

neHhl B i-a6n. 4. 

·B. 1867-68 r,r. B Uy6He 1241 6hma BhmonHeHa npoBepKa paBeHCTBa 

P =a . . npn aHeprllH 63_5 :t 8 · MaB1 T.~. B Toft o6nacTn aaeprHil:, rne ynpyroe 

pacc8nane conpoB~>K.llaeTCSI 'aeccMa HHTeHCHBHbtMH npouecc:;aMH Meao.aooOpa-

30B8HHSI, B 9TOM onhiTe o6e BenuqHHhl; p H (l 1 H3MepstnHCb B OAHHX 
. · · PP PP 

H TeX JKe ycnOBHSIX1 Ha O.r:lHOM H TOM JKe nyqKe, npH paBHbiX aHepi'HHX, l13-

MepeHHSI aCHMMeTpHfi TpofiHOI'O pacceSIHHSI e H e B OTnuqne OT 
. ' ' ' . ' . . 3+ 3-

onhiTOB .npn .aneprHRX'·88 H 142 MaB npoBonnnucb onnoBpeMeHHo •. Bee aTo 

no3BonsteT cquTa.Tb .ny6iteacKne naHHhie (eM. Ta6n •. 4) · naH6onee naneJKHhiMHo 

3KcnepHMeHTbl BCeX TpeX rpy~n /20 • 21 ~24/ ~binOnHeHhl MeTO.r:lHKOfi CUHH

TrJnnHUH<?HHbiX cti'eTqHKOBj coqeTa!Ouieil:CSI C npeUH3HOHHb!M Co6moneHH9M BCeX 

Tpe60B8Hllfi1 npell'bSIBnsteMh~X B 9KCnepRM1iHITaX 9TOI'O pona K. reoMeTpHH nyq

KOB H pacceHHHfi1 anepreTHqeCKHM Xap8KTepHCTHK8M1 aCHMMeTpHHM H T,.(l, .· 

x/ KpacHBaSI npoBepKa T. -HHBapl!aHTHOCTH SIAepHhiX .cHn B onbiTax no pac-
ceH'HHIO npoTOHOB Ha SIApe 13:C npH aaepr11H 32,8 MaB onHcaHa B pa5o-
Te /23/, He HMeSI 3AeCb B03MOlKHOCTH OCTBHOBHTbCsi nonpo5HO Ha HAeSIX 
H peaynbTaTaX 9TOfi pa50Tb1 1 OTMeTHM, "'TO nony"leHHOe BBTOpaMH /

23/ OT
HOIUeHI'!e p /U = 0 1882 ± 0,025 He npOTHBOpe"li!T paBeHCT!>Y p =(1 
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nocneAHSHI H3 H3BeCTHb!X Ha~ pa5oT IIO rrponepKe T -HHBapuaHTH 

B rrpoueccax pacceSIHJHI HyKnoaon Bhmonae~a rrpu aaepr~u 430 Man/ 13/ 

aToM O'IIbiTe, cxeMa KOToporo y)!{e orruchmanacb B rrpeAbiAyiiieM rraparp 

HCIIOnh30Bancg .IIY'IOK c Ha'lanbHOii rronSipH3armeii p o = 0,532±_0,025, OpH 

TuponaHHhrii HOpManhHO K rrnocKOCTH pile. 5. ConeHOHAOM S H IIOBOpOTf 

MarHn:TOM E crrn:a rrpoTOHOB rrepeB?An:ncSI B rrnocKoCTh pn:cyaKa TaK, 

yrnbi Xf!.<l= xn~ 45 ° . lloCKOnhKY yron paccesJ!IllSI. 5bm paBeH 30°, TO 
I I ' .. 

. 0 nbi IIOBOpOTa CIIllHOB rrepeA aaanll3HpyiOIUllM pacceSIHlleM 5hinll 15 ll 

COOTBeTCTBeHHO AnSI KOH~n:rypauuii OIIb!Ta. "A" H "B" x/ • 
A(B) 

l13MepeHHe Benu'lllH p t OCyiUeCTBnSinOCb C IIOMOIUbiO aHanH3Hp; 

IUero pacCeSIHHSI Ha yrnepOAe ll rrpOBOnO'IHOH llCKpOBOH KaMepb!, BKniO'IeH 

Ha nHHHIO C aneKTpOHliOH Bbi'IUCnHTenhHOH MaiiiiiHOH.· llpocTpaJICTBeHHOe p 
• A(B) A(B) rrpeAeneaue cny'laen OIIHChiBanocb ~YHKU!Iell I+ E cos¢+ o . sin¢ 

BHCSIIUeii oT a3HMyTanbHOro yrna ¢ • B aTOM Bbipa)!{ean:u E A(B) -· BenJ-!'11 

CBSI3aHHaSI c neno-rrpanoii acn:MMeTpHeii; o A(B)=·P p _A(B) • Aaanu3n:p: 
· A t . 

IUaSI CIIOC05HOCTb ycTaHOBKll p HaXOt:{llnacb B OTAenbHOM OIIbiTe 1:1 OKa 
A ' v 

nacb panao:ii 0,311±0,006. 05a K08~~n:uueara,· o n: E , BbrimcnSinn:ch 

MeTOAY HauMeHblllllX KBaApaTOB, llonJioe ''IHCno 3apern:cTpupOBaHHbiX C05bi1 

panaoe rrpn:Mepao 500 Tbic., 5hmo pa35uTo Ha 20 yrnoBbiX llHTepnanon ( ~ 

x 2 = 18). llocne aa5or::_a ·50 Tbic. cny'laen pacceSIHn:SI none coneaon:Aa 

A(B) . • 
. nepcn:ponanocb AnSI H3MeHeHn:SI 3HaKa o • :Pa3HOCTh Me)!{AY nenn:•mw 

I o I , HaiiAeHHbiMH B OITbiTaX c rrono)!{n:TenhHbiM n: oTpuuaTenbHbiM Harrp 

nean:SIMH· rronSI coneaouAa, AOCTurana ~ 0,0100. CooTneTCTBYIOIIIaSI nenn:'l 

AnSI f paBHSinaCh ~ 0,0200. 3TO o?CTOSITenbCTBO 3aCTaBnSieT HaC JlyMa' 

'ITO eABa nu Ei cyMMapao:ii rrorpeiiiHocrn: pa3HOCTn: o A_o B 5yAeT AOMn:an:· 

BaTh ·nuiiih BKnaA CTaTn:cTu'lecKoii 'oiiin:5Ku aKcrrepuMeHTa,· paBHbiii 0,01 

(cpaBHll C. Benn:'IHIIaMll 0,0200 ll 0,0100). 

Ha ~oHe aTn:x 5onbiiillX cucTeMaTu'leCKn:x CMeiUeHn:ii pe3ynhTaTa 61 

Ha~AeHo ( CM. Ta5n. 5),. 'ITO 0 A -0 B = 0,0006± 0,0028. 0TCIOJla c y'le: 

p 
A 

n:MeeM 
A B · 

p - p = 0,0019 + 0,0090. 
f t -

xl 
CTonb 6onbiiiaSI paaanua n yrnax rronopora crrnaon .SIBnSieTCH aa>KHb1~ 

He~36e)KHbiM. IICTO'IHI:IKOM· CIICTeMa TII'IeCKIIX OIIIII60K B pa31IOCTli 0 A-o ~ 
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Ta6mu~a 5 · 

reouer- CoJie- .E. d qHCJIO C06bl- -x.z·-xplirepR~ 
Ul'.ISI . HOHlf . Tl'.lft 

A + 0,1584 -0,1615 234025 12,6 

A - 0,!634 0,1616 261520 14,1 

B + . -0,1453 -0,1658 212033 I2,7 . 
\ 

B - -0,1387 -O,I56I 200046 15,9 

A cyYMa 0,!609 0,1616 495545 . II,3 

B cyw.~a -0,1420 0,1610 412079 14,4 . 

§5. Auann:a aKcnepn:MeHTanbHbiX AaHHbiX 

Y)Ke 6ernblll B3I'nsm Ha Ta6n. 1,3,4 H pesynbT8Tbl (13) ll (14) CBH.Ue

TenbCTByeT 06 OTCYTCTBHH CT8THCTn:qecKH o60CHOB8HHhiX yKa38HHH H8 HapyweHHe 

npn:Hun:na T -n:HBapn:aHTHocTn:. t.Iio6bi c.uenaTb aToT BbiBO.U Konn:qecTBeHHhiM 

H HCKnJQqHTb HeKOTOpbie 06CTOSITenbCTB8 cnyqafiHOI'O xapaKTepa, Hanpn:Mep, 

CBSI38HHbl9 C :o6pameHH9M B Hynb qneHa B ¢opMynax· (9) If (7), He06XO.UHM 

6onee rny6oKHfi auan11s. 

T aKoe paccMoTpeun:e B TepMn:uax T -Hen:HBapn:aHTHbiX ¢asOBhiX CABHI'OB 

A e +1 6binO BbinOnHeHO BnepBbie B pa6oTe Byapy¢¢a l9l. OrpaHn:qn:BaSICb 

paccMoTpeHHeM nepexo.uoB a P <::. a F n: npn:BneKaSI noTe!iun:anbHYIO Mo.uenb 
2 2 

faMMenSI-Tanepa, 8BT0p npoauann:sn:poBan CYMMY .U8HHbiX 1 HM9BliiHXCSI • npn: 

aueprHSIX 180 H 220 MaB. I1yTeM ycpeAHeHHSI pesynbTaTa no STHM aueprHSIM 

HM 6bmo uafi.ueuo, qTo sin A 2 =.,..0,033± 0,033. 

AuanorHqHbifi auanMs Topu.uafiKa l31,. BbmonneHHbifi B 1985 r. ua ocuo.,.. 

B8HHH YLAM -¢a30Bb!X C!!BHI'OB 1 BKniOqan Te )1(9 H IT03AHee ITOSIBHBliiH9CSI 

9KCIT9pHM9HTanbHbl9 .U8HHbie. 
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Ta6JIH~a 6 

3Hepn.!l, M3B I4tE) I76-I79 220 

~~n ~z. -0, 05 .± o, 033 0,022·.± 0,038 -u,IOO.t0,060 

PesynbTaT TopanafiKa.npuBeneH B Ta6n. 5. Ycpenaeaue no BCeM saep

rugM B npeanono*eauu cna6ofi saepreTu~ecKofi aaBHCHMOCTH napaMeTpa 

,\ 2 nano 

- 0,03o:o,023 (15) 

.[lng saepruu 430 MsB aBTOpbi 1131 Hanmu, ~To 

(16) 

CooTBeTCTBYIOIUHe Bhi~ucneaug npu saepruu 640 MsB c npuBne~eHueM 

pesynhraTOB ljlasoBoro aaanusa 1251 nanu nng ,\ 2 cnenyiOIUYIO oueaKy/:.!
4/: 

sin A 
2 -o,no£o;1oo ( 17) 

0Taomeaue T -He~eTaofi. aMnnuTyAhi K nonaofi aMnnuTyne npouecca 

Ha sTofi saepruu aafine~o paBHhiM 

(18) 

• · s ycpe~aeHHOM uaTepBane yrnoB 15°-55° n.c. Tipu sTux Bhi~ucneaugx npen

nonaranocb . ReT = Jm T. 

CBO~Ka H3BeCTHblX K, H8CTOSIIII9MY BpeM9HH OUeHOK napaMeTpa ,\ 2 
AaHa B, T86[!. 7 • TipuMe'l8HHSI B. 9TOfi Ta6nuue OTHOCSITCSI K 9KCnepUM9HTanb

HbiM 3H8'leHum.i!J' -.tf 1 Ha OCHOB8HHH KOTOpb!X aaxonunHCb Bennqu'Hblsin.\ 2 

(ucKniO'leHueM SIBnSieTCSI sKcnepuMeHT npu suepru~· 435 MsB). 

x/ ,. . · /21 I ncnonbaoaanuch HenepeaopMupoaaHHbie peaynhTaTbi • nepeHOpMIIpOB-
Ka, B03MOlKHO, H93H8'111T9nbHO 113M9HIIT peaynhT8 T ( 15) • 
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. ~. §6. 3aKJliO'leHne 

Ycpe.uHeH!re Bcex H3BeCTHbiX pesynbTaTOB, npoBe.ueHHoe B npe.unono:lKeHHii 

· cna6oii: aHepreTnq:ecKoii: aaBHCHMOCTH T . -HeHHBapnaHTHoii: ¢asbr A 2 , B 

o6nacTH ·aHepr!iii: (142-640) ~aB .uaeT cne.uyrompii: pesynbTaT: 

sin A 
2 

= - 0,012 .:!: 0,019. ). 

(19) 

TaKHM o·6paaoM, Kaaanocb Obi, Bee aTo no3BOnSieT yTBep)K.uaTb, 'ITO 

Ha ypOBHe (2 f-4)·10-2 
OT BMllJlHTy.!l npoueccoB ynpyf'OI'O pacceSIHHSI npOTOHOB 

9KCnepHMeHT He npOT!iBOpe'lHT npHHUiillY T -liHBapnaHTHOCTii. 0.UH8KO oueH

KH (15), {16) li (19) CJl!iiiiKOM onTiiMHCTH'lHbi, TaB: KaK nony'leHbi c y'leToM 

O.UHIIX Jl!illib CT8THCTH'l9CK!iX norpelliHOCTeii:, KOTOpbie, KCTBTH, He BO BCeX 

cny'laSIX OTpa:lKaiOT nonHyro norpeiiiiwcTb H3MepeHHii:. Ha Ham iarnSI.u~ cyM.;· 

MapHaSI OIIIHOKa B OUeHKe (19), no..:.Bii.!lHMOMy, 0JlH3Ka K BeJlH'lliHe 0,040, 

3Ta TO'lHOCTb e~e .!lBJleKa OT 2KenaeMOI'O ypOBHSI 10-3, KOTO;hlll llOMOf' Obi 

llpOBepHTb O.UHy H3 MHOI'HX f'lillOTe3, Bbi.!lBiif'BBIIJHXCSI B CBOe BpeMSI .!lJlH OO'bSIC

HeHH£1 .pacna.uoB K 
0

-. 2rr /26/, KoHe'lHo, Ha!i6onee 6nai'onpHSITHbre nepcneK-
. L . . 

THBbl no 1iCCJle.UOB8HHIO T- , p- If .Up, HHB8p!iaHTHOCTeH B HyKJlOH-HyKnOH-

HbiX coy.uapeHHSIX CB£138Hbl C llOBbiiii9HHeM HHT9HCHBHOCTH BHyTpeHHHX TOKOB. 

ycKOpHTeneii: Ha O.!lHH-.UBa llOpSI.UKa, 0.UHBKO H ceii:qac YJlY'liii9HHe TO'lHOCTH 

9KCllepHM9HT8JlbHbJX .!lBHHbiX Ha llOpSI.UOK SIBJlSI9TCSI BllOJlHe peanbHOii: 38.!l8'leii: 

.Uml 9KCnepHM9HT8TOpOB, 

ABTOp 6naro.uapHT npocp. B.n. n)KenenoBa 38 HHTepeCHbJe o6cy)K.U9HHSI 

BOllpOCOB0 38Tp0HYTbiX B paooTe. 

ilpHJl02K9Hiie 

· HapyiiiaiOIIJBSI T -HHBapnaHTHocTb aMnnuTy.ua T 

lliHM o6pa30M 'lepe3 cpa30Bbl9 C.!lBiif'H /3,9/: 

1 - . 
T =- ~ A 0 (8)B(o,t:)sin.\o 

1 4 k f L . L+ 

I'.Ue 

-2£+3 . , ] 
A r{O)= . [(f+1)P (O)sinO+P -(O)cose, , e e v< £+1>< e + 2> 
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Bbipa2KaeTCSI cne.uyro-

(n.t) 

<n.2) 



0 _ . 21 e,e +1 
, B (o,-d=sin2€£+

1 
(e 

-
210£+2,£+1 ). 

-e (n.3) 

B 9TJIX. Bb!p8)1{9HH5IX e -yron pacceSIHHSI B ~.U~M.; p e (e) H p r (e) - o6wx

Hblll H nepBblll HpHC09]:(HH9HHblll nonaHOMbl ne)l{aH]:(pa; f - op6HT8JlbHblll MO

.: M9HT; A
0 

·- T -HeHHBapaaHTHblll :ljla30iihill C]:(BHI' B COCTOSIHHH C nonHhiM MO
L +1 

MeHTOM J = f + l ; B H f - ljla30Bbl9 C]:(BHI'H H napaMeTpbl CM91IIHB8HHS! 

B npeJ~cTaBneHau EnaTTa-EaJ~eHxapHa 1211, 

Tiepexo]:( ~ napaMeTpH38UHH CTanna 1281 , ll!apoKo acnonb3yeMofi B 

co"BpeMeHHhiX aHanasax, ocymecTBnSieTCH c noMOlllhiO ·¢opMyn: 

- -
o +O =o +o 

£+2 ,e+ 1 £.f+1 £+2 ,e+ 1 f.£+1 

sin(~ 
0 

. -B
0 

) =( tan2 E )/tan2E , l 
L,H 1 L+2 ,f+ 1 . f+l f+-1 

sin(o -o )=(sin2c ) /sin2c. 
£.f+1 f+2 ,f+l f+ 1 f+1 

(n.4) 

'• r]:(e o a - .4Ja30Bhie CJIHBHI'H a napaMeTphi cMelllaBaHaSI, BBeJieHHhie CTarr-

noM, 
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Pf?: 1..-R 
A L *'R -e !P 

PMC, lo CxeMa OnhiTa no ABOfiHOMY paccesmino, )KMpiwll '!epHofi CTpeJIKOfi 
noKaaaHo HanpaBJieHMe M3MepSieMoro BeKTopa · P , EyKBBMM L ( R) OTMe-
'!eHhi pacceSIHMSI HaJieBo (HanpaBo). ., 

PHC, 2. CxeMa onhiTa no 1!3MepeHI!!O aCI!MMeTpl!!! a . )I<HpHaH ·CTpenKa 

yKa3hiBaeT HanpaBJieHI!e nonHp1!3aU1!H ny'!Ka; L ( R) · HMe!OT npellOII!fi · CMhiCJI, 
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Pac. 3. CxeMa onhiTa no ,TpotiaoMy paccesiH!no t:WR H3Mepeau:sr sellH'IHHhi tt 

P , BeeAeHhi cneAYJOII!l!e o6oaHa'leHl!SI:. n ± · - HOpManb K nnocKocrn 
BTOpOI"'O pac~eSIHHSI; p n + H p n- - IIOJISipH38UU:H JlBB>KJlbl paccestHHbiX IIy'I-

KO.B ,ang reoMeTpHit OIIbi1'8 C il + H ii COOTBBTCTBBHHO ( }I{HpHbiB 

crpenKl! Ha pl!cyHKe), 
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Prrc; 4. CxeMa onhrTa no nposepKe cooTHomeHiiSI (9) B c,u,M, {3 
pocTb ueaTpa rraepll!m •. 
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