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1.8BeAeBB8 

/1,2/ 
Kax B3BeCTBO , npBMesesse nonSI))B30B8HHOI MBWeBB 3H8'1BTellbBO ynpowaeT 

pBA onbiTOB no syxnos-syxnossoMY paccellHBIO s 1 6onee Toro,naeT B03MOJKBOC'l'b H3MepHTb 

cymeCTB9RHO BOBble BGIIH'IRHbl: DOIIJIPH381lBJO paccellHROit '18CTHQW Mplt H '18CTHQbl 

OTA8'1H N qlk AIIR p8CCellHBll B CHCTeMe ABfX DOIISI))H30B8HBbiX IIYKIIOBOB1 CDJIHOBfiO xop

pe!ISIUHIO C 
p Ql 

Allll DOIISI))H30B8HBOil MHW8HH ( T8M C8Mb1M B 
p 

p qk AIIR DOIISI))H30B811110o 

ro ny'lxa) H •C p qllt 
AIISI Cny'18B, KOrA8 o6e B8'1811bBW8 '18CTBilbl DOIIS!pB30B8BWo 3TB 

B81IH'IHRY BBnllJOTCSI KOMIIOH8BT8MH T8B30pOB Tp8Tb8rO B '18TB8pTOrO pasra. 

3TH CIIOlKHble ODbiTbl Be HBII!UOTCR B806XOAHMbiMH C TO'IItH 3peBBH 1IpOB8A8BHB ljla3o

BOro 8R81IH381 BO OC06eRHO !IpH aseprHlllt BbiWe DOpora M830BOo6pa30B8BHll ORB MOryT 

HrpaTb B8lKHYIO pOIIb !IpB BOCCT8HOBII8BHH M8TpHilbl pacceHBBB. 80 BCBII:OM Cny'lae ORB 

3B8'1HT81IbHO ynpomaiOT npBMOG BOCCT8ROBII8HHe M8TpHQbl paCC8BBHR H llOMOraJOT yCTpa-

BBTb ReOAB08B8'1BOCTB B q,a30BOM 8B81IH38 1 MoryT CnylKJITb npoaepltOI TO'IBOCTB ApyrHX 

ODbiTOB, !IpOBepJtOI pa31IH'IBbiX 38Jt0BOB COxp8HGBBB B T.A. 

nocJtOIIbltY ODhiTbl C DOIISI))H30B8BHOI !IpOTOHBOI MBW9Hbl0 ylKe CT81IH 81tTf81IbBhi-

MH/3/ AIIH WHpO!tOit o6naCTB aseprsl, BN88T CMblCII IIOAp06RO paCCMOTp8Tb B03MOlKHbl8 

/4/ 
HOBble aJtCJiepHM8BThlo 8 pa60Te p8CCM0Tp8Bbl CBOICTB8 TeB3opOB C Tp8MB BBA8ltC8MH 

/5/ 
MPik , N .n , ·C P •• a P P •• • B pa6oTe xoMDOHeHTbl Tes3opa nonSI))B381lHB MP •• 

paCC'IRT8Hbl B8 OCBOB8 cjl830BOro 8R81IB38 AIIR p II B p p CBCTeN B npHB8A8Bbl B Jta-

'leCTBe rpacjlBJtOB AIIR scex yrnoB H 6ollbmoro 'IHCna asepr:al B o6naCTB OT 23,1 -630 Mas. 

B sacToHWeA pa6oTe nonpo6ao paccMOTpeH Tes3op xoppenRQBB nonSI))H381lHA •C 
p qlk 

AIIH IIOIISI))H30B8HHbiX 'ISCTHil, BCCII9AOB8Rbl ero CBOICTB8 CBMMeTpBB H COOTROW8BBB M8lKAY 

ero ltOMDOHeHT8MH H 6onee DpOCTbiMH BeiiH'IHHSMB. nony'leRhl pe1IHTBBHCTCKB8 cjlopMyiiY, 

CBH3biB810WH8 T8H30p CP qlk c senocpencTseaao ua6nJOnaeMhiMB yrnoBhiMH pacnpenene-

HHHMH. He3SBHCHMb18 KOMIIOH8RTbl c •••• a ·c.r .... B ColloHo B SltCD8pBM8BT81Ib-

Hble B81IH'IHHbl •C •'•~•• H ·Co'o"\ 
0

B n.c. Bbi'IHCII8Hbl QIIR pp B pn paCCeBRBB HS OC

HOB8 cjla30BOrO 8R81IB38 QIIH SHeprRit B o6n8CTB 23,1-630 Mas H IIPRB8Q8Rbl B8 rpacjlHit8X. 
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1 

2. Tenop CDRHOBOI Jtoppenmum .QnB DOnJ[pB30BAIIHhiX '18CTRD 

Bae.Q8M CBCT8N7 OpTOBOpMBpOB4RHhJX B81tTQpOB 

k1 X k, 
lt1 x r, 1 

.. 
m kl - k, 

lt1 - r, 1 

.. 
f- kl + k, 

I t
1 

+k .. , I (1) 

r.Qe k
1 

B C.ll.Ho 

B k t - 8.11BBB'IIIW8 B81tTOplol B BanpaaneDB HA'IAm.JJ:Oro B lt0118'111Gr0 BMII}'llbCOB 

H 38DBW9M M8TpllllY IIYitnOH-HfltnOHBOrO paCC9BBBB B CT811.Q8pTROll cpopMe 

... .. .. .. .. .. .. .. 
liT (kfJ k1 )• liT+ tiT( Uj D )(iJ

2 
D) +·yT (u

1 
+u·

2 
,a )+ 

.. .. .. .. .. .. .. .. 
+:BT(ul m) ( u

2
m) H T(u

1 
t Hu

2
t), 

(2) 

r.Qe T =0;1-3118'1808 B30TODB'I8CitOrO CDHRA CHCTeMhl N N • 31tCD8pHM8RTAllbHh18 B9AH'IBRhl 

15yll9M Bblp8lKilT& C DOMOIIUalO cne.QyiOillBX y.Qo6JihJX ltOMI5HR81lHII lt08fjlcjJBilH8RTOB 

a= a + tl b- .. -tl c• B+t d- a-~ ·- 2·y (8) 

(HR.Qeltc T a llan&aelweM onyclt&8M). By.Q8M C'IHTaT&, 'ITO Dy'IOit Hfltnoaoa H Dp0TORH8B 

ltOppenBDBH nonspu3 anull. B .QellbRellweM MBW9R& DOAHpH30B8Rhl H paCCMOTpHM T8R30p 

15y.Q8M y'IHThl&aT& penBTBBBCTCitH8 e~JtThl. 

B CHCT8M8 DOitOB 38DHW8M M8TPBily DnOTROCTH CHCT8Mbl llO p8CC9BRHB B BB.Qe: 

~ .. .. .. 
p 0 = IH l+{u

1 
P

1 
))[ l+(u2P

2
)]

1 

r11e p 1 , p 
2
- DODHpB381lBB Dy'llt8 B MHW&BB. 

r11e 

Te&3op ltOppenBDBll nonspu3allBII (a cucTeMe noxos) paaea 

PI PI + 
~ P•Cpq = !\> uiP ulq II Po II 

1 2 

=u0 ( Cpq+·P11 ·CPCII + P., PP,. + P11 P., ·CpCIItt ), 

+ 
uP P = Sp II p 

0 
II - ce'leuue pacceBHBB

1 
1 2 

U 0 = \4 Sp II II+ - Ce'leRBe paCC9BRHB llAB R9DODJ[pH30B8RHblX '18CTHil > 

q· c = I' Sp q· q 
0 pq lp lq 

+ 
1111 

+ 
u0 c.ql -I' Sp u 1p uiqM u11 11 

+ 
u P =% ·Sp u u llu· II = u 

0 ... lp 2q • 0 

q 
0 cpqltt =I' Sp utp u··q 11 u11 u• 11+ 

4 

c 
... It 

t 

(4) 

(5) 

i ,, 
il 

3lleC& c pq cpql 
p P .. - xoppenBUHH nonBpH38UHII llDB H9DODJ[pH30B8HlihiX '18CTHil, 

)lAB nonHpH30B8HHOrO DY,'llt8 H H9DODJ[pH30B8HHOII MBW&RB,llAB uenonHpH30B8RHOro Dy'llt8 B 

OOAJ[pH3088HROII MHW9HH COOTB9TCTB9HHO. 
CymecTaeHHo &oaoll BBnaeTCB aenu'IHHa C 

p calk 

Bo BC9X cjlopMynaX HH.Q&ItCbi P H q OTHOCIITCSI K U3M9pS19MbiM KOMDOH9HT8M DOAJ[pH3a

UHH paCCeSIHHOrO ny'IK8 H '18CTHU OT.QB'IH r i H k - K H8'18D&HOII DODJ[pH38UHH Dy'IK8 B 

MuweHH. OTMeTuM, 'ITO ocTan&uble sKcnepuMeHTan&Hbie aenu'lliHbi n3 (5) llASI pacceRHBSI 

nonspn3oaaHilbiX ayKnoHoB na nongpu3oaaHHbtX nyKnOHaX BbipalKalOTCSI cneAYIOlllHM ol5pa3oM: 

Ce'le&ue pacceHHHSI 

r.Qe 

+ .. .. .... .. u. P = Sp M p o M = u o ( 1 + p ( pI n ) + p ( p 2 n ) + pitt p 11 p II< > 

I 2 

uo p 

u p 
0 lit 

+ + 
= \4 !\> u

1 
M M = \f Sp u 

2
M M 

=\4!\J M u·
11 

u!l< M+ 

(6) 

p - DOAJ[pH38IlHSI npH pacceSIHHil H9DOAS1pU30B8HHblX '18CTHil, plk T9CHO CBB38H8 

C C lit ) • nongpH38UHSI p8CC9SIHHOII '18CTHilbl 

rqe 

PIp 2 + 
u· P = Sp u M p M 

PI p2 I p lp 0 
= u[ p 

0 p 

M u u D = \4 !\> u 
0 pI 1 p 11 

u Kpk = \4 Sp u lp M ullk M 
0 

M p 1 k = \4 Sp ulp 
M u u u 

0 II 

+ P D + 
11 pi 

+ Pllk Kpk + P11 P., Mplk], 

+ 
M 

+ 

M 
+ 

Ilk 

nonHpH381lHSI qaCTiiUbl 0Tll8'1H 

rAe 

p p 
I 2 

u p 
p p 2q 

I 2 

+ 
Sp u

2
q M p

0 
M =u

0
[Pq + P11 Kq1 +P:I<Dqk +~ 1 P2kNq1J, 

+ 
u

0 
Nqlk = \4 Sp u 2 qM u 11 un M =U 

0 
M qk I 

3. CBf>iiCTB8 TeH3opa C p q I k 

(7) 

(8) 

113 81 KOMDOH9HT T9H30p8 CP qlk TOObKO 41 0Tnli'IH8 OT uynSI U U3 HUX TODbKO 

15 OllH9HHO H838BUCI1MbiX. 113 HHX 10 KOMOOHeHT CBO.QIITCSI K T9H30p8M 6onee HU3KOrO 

paura 
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CDDDD. = 1 

C,.t .. t =· Ct..t .. - o ... 

·CDIDDIIl c CaDDlD. ED a 

c .. w ... ~ c t .... t ·K .... 
c =C =Ka 

(9) 
mnnm nmm.n 

c .... !'f • ca •• =-P .... 
C mmnn = ·Cnnmm ac- Pff 

c .. e.... = c f..nm =- c ...... r s - c, .. f .. = K fm 

c.,e .. a =Cr...,. =-c, .. ,.f ·-·C,.,fm =P,.f 

C,.,f, =C,..,t =-C,t,,. =-Cf,,., =-Dr,. 

Ka~ABH H3 OCTSIDIIlHXCH 5 KOMUOHeHT JIHHeAHO He38BHCHM8 no OTHOmeHHID K 6onee npoc-

TbiM Be11H'IHHSM: 

2 2 . 2 2 a 
0 Q Cmmmm = ao emf =lHia I +lb I +lc I +ldl -leI I 

a·o C mfmf 
I 2 2 2 a 2 

=a cf e = Y. I a I + I b I -I c I -I d I -I e I I 
0. m m 

ao C fmmf = ao C mffm =Y.IIa 12
-lb l

2
+lc 12

-ld l:le 1
2
1 ( 10) 

ao cffm,. =a 
0 

c mmff = Y. 1-1 a 12 
+I b 12 

+I c 12 -I d 12
+ I e 121 

a c 
mmfm 

=a c 
mmmf =ao c .. m =aocf,.ff 0 0 

=- ao c!'f,.f =-ao C fffm = -uo c mfmm ao C fmmm =I m a* e 
1 

OAHBKO Me~AY HHMH cymeCTBYIDT 3 COOTHOIIleHHH 

C mmmm -·C mfmf = 1- D.,, 

c .. a .. + ·C .... a =K _p .... .. .. 
cmmmm + c,.,.fl' = 1 -P .... 

II, CJieAOBaTeJibHO, TOJibKO ABe KOMUOHeHTbl TeH30pa C P qlk 

l-IOBbll\1H. 

6 

(11) 

liBJISIIOTCli cyrueCTBeHHO 

l
iri:, 

' 
' 

~~ 
,f' 
''t'. n· 
•''/.' 

·r~' 

' ~I 

l
'· 
' 

' 

' 
' 

/4/ B pa60Te !lbtnO snepable OTMe'leso, 'ITO Me>KAY sKcnepHMeHTallbHblMB senH'IHHaMH 

cymecTB)'IDT eme !lonee cno>Kabre anre6paaqecxue coOTaoweBBll, Bb!TexaJbmae R3 TO>KAe

CTBa AJIII niD!IbiX XOMnneXCHbiX 'IHCen 

x 1m y z* + y I m z x• + ll lm xy• = 0 • ( 12) 

npHM8HIIll STO COOTHOW9HHe K p83JIH'IHbiM TpOAK8M H3 KOScjMIIHUH9RTOB a, •••1· e 1 MO>KHO no

nyqRTb weCTb R938BHCHM-.rX COOTHOWeHHA. J1x MO>KHO Bbl6paTb, H8UpRMep, CJI8ll)'lOlllHM 06-

paaoM: 

Y,(C,.t.. +Cr..., )(1-C,.,.,.,. )+C,.,.., C,.f.•m -Per •• o 

Y. ( C ,.fa - C fm, ) ( 1 -·C •••• +c..... Kr,. -c .... D t .. ·• 0 

Y. < c • ..t + ct.. .. ){ 1 - c ........ C - c 2m. IDDt.D 
K fm • 0 (13) +C ..... 

Y. < c .... r -·cr... > < 1- c ....... > - c,. .... C ,.fm,. + P D t.. = 0 

Y.( c, .. r +C .. r,. >< 1-c ........ )+ ·C ,.,,. C fm - C ,.,., D t. = 0 

y. ( c .... t - ·c .. 2.. > o - ·c ........ >-·c ...... ·c .. e .... +·PKr... Eo 

(npa BblBOAe Mbl nonb30BanHCb cjlopMynaMH npuno>KeHHII). Taxux cooTsowesaA MO~Ho no-

ny'IHTb 14 H abr!lop wecTH He3aBHCHMbiX, xoneqno, neoAH03HS'IeH. B qacTHOCTH, MO~(HO 
/4/ 

J B K 
Bb16paTb 3 COOTHOW8HHII 1 He COA8p>K8lllH8 XOMUOHeHT ·C p qlk 

t npRB8A8HHbl8 B 
I . 

HHM A068SHTb TpH COOTHOIU9HHH H3 (13). 

lln11 pacCeHHHli TO~A9CTB9HHbiX H)'XJIOBOB T9H30p C P Ql k 
)'AOBneTBOpHeT )'CJIOBHli 

C pqJk (k I' k I) = CpQkl (k I '-k I) • C 'IPik ( -k I' k I) 
(14) 

( Mbl npHM9HHJIH npHBUHU naynB He38BHCHMO B H8'1811bHOM H KOH8'1BOM COCTOBHHIIX) • llnli 

KOMUOHeHT nonyqaeM 

c ........ ( , - 0 ) ~ c ........ (0) 

c.e .. r <,- o > = c e .... e (0) 
(15) 

ci'F. .. ,. <,- o> -err .... (0) 

c.,,.f,. ( "- 0) = - C mmf m ( 0) • 
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PaccMoTpHM OT.Qem.so JtOMDOBeBTI>I C •••• II c.r.. ARK paccelUDIH anepeA. 

Jlns 8 = 0 M8TpHD8 p8CC9lUDill IIM9eT BB.Q: 

M = ~+ a-b (; ;. )-d(;. k )(; k) 
2 2 I 3 I I 3 I 

(16) 

H, CJl9.QOB8T911hH00 (eM. DpBJIOlK9BB9) 

(0) = 1 c ..... 
(17) 

c.t... (O) - o 

(.QJISI pp H .QJISI pa pacceHHBH). 

npH M8JlbiX 8HeprHHX ('1HCT09 S - paCC9SIBB9) M8TpHD8 paCCSSIHHSI HM99T BH.Q: 

M • a+ b + ~ (;; ; ) 
2 2 I 3 

(18) 

H, cneaoaaTen&ao, 

c IDIDIDIII 
(8) = 1 

c .. r .... (0) = 0 • 
(19) 

/lnH paC'I9TOB DO M9TO.QY ljla30BOrO 8B8JIH38 YAOI5HO Bblp83HTb KOMDOHSHTbl Cpqlk 

C DOMOWbiO MaTpH'IHbiX 8Jl9M9HTOB M8TpHDbl p8CC9SIHHSI B CHHrneT-TpHnJieTHOM npeACTaB

neHHH/6•7 1 

q c 
0 mmmm 

3 

= y, I Mil I + 
2 2 a 

Y.IM,.II +I' IM •• I +I' IMool + ReMOI M~o 

3 3 

qo c .... tt =I' IM •• I -I'IMOO I +Re (MI-IM~I -MOl M~o) 

"0 c,.mfm 
2 2 

=- y, I M 10 I - * I "'o II . +Y. Re [ Mm (Mit - Mt • .>* +M •• (MII+ Mt. r] (20) 

uo c .. tt .. =-Y.IM 12-Y.IM I
2
+Y.Re[M (M -M )*-M (M +M )*] 

10 0 1 00 11 1- 1 •• 1 l 1· 1 

uo c .. r .... ~2 Re (M
01 

-M
10 

)(M 11 +M 00 -M~.- 1 )* 

a 2 2 2 2 2 
u

0 
=Y.IM

10
I +Y.IM

01
I +Y.IM

11
I+Y. IM 1_ 1 1 +I' IM •• I +I'IM 00 1 

8 

1 

Ha pBc. 2, 3 npsae.QeHbl ~~:oMnoseHT~>~ c....... • c.,2,... , s~>~'lscnessble 
/14/ 

H8 OCHOB9 nepaoro Ha15opa ljla30Bb1X CABHrOB Ka3apBHOB8 B .Qp, npB SBeprBHX 23,1; 4Q; 

95; 147; 210; 310; 630 Maa .QJill pp pacceHHBH, Ha pxc. 4-11 A&HI>I Te lKe JtOMno-

seHTI>I .QJIH BC9X Tp9X Hal5opoB ljla30BbiX C.QBHrOB npH SBeprBliX 23,1 H 630 MaB AJlll p p H 

D p paCC9SIHHSI, 

4, PenHTHBHCTCKHe 4JopMyn~>~ .QJIH aKcnepHMeHTanbBbiX senH'IHH 

Yrnoayto aaaHCHMOCTb Koppensposassoro paccesHHSI MOlKHO aanHC8Tb B BH.Qe
181

: 

~ ... + + 
u (n

1
,n

2
)=SpM

1
M2 p M 3 M 1 (21) 

+ 
rAe M 

1 
; M 

2 
- MaTpHUbt pacceHHBH Ha 1-oM B 2-oM aHanaaaTopax H p = M p 0 M (asanB-

38TOpbl CO CDHHOM sym.), Pa3JIOlKHM M8TpHDY p no C5a3BCHbiM T9H30p&M: 

P =I' 01' p 

PIp 3 P P 

l+P u+P
1 l\r 

II II 2k 2k 
I 2 

p p 

+ ·C 1 l\J- o· ] • 
lk II at 

Bocnonb30B&BWHCb coOTHoweHBHMB: 

u
1 

(0
1

) = Y, Sp M 1 M~ 
- .. u2(0 )=Y. SpM2M2 

=-- ...... + .. + ui P
1 

(0
1
)n

1
=Y. Spu-

1
M

1
M

1
=Y.SpM 1 o 1 M 1 

- ..... ..... + ... + 
u2 p2 (82) n2= Y, Sp u·a M2 M2 =Y. Sp M2 u2 M 1 

nonyqaeM 

u l n ; ) =;; ;; u I 1+ P (P
1 
n ) + P ( P ; ) + P P P" + 

12 !20 2 lkll .k 

+ P,[ p (~ ~~ )+ ptt Dpt niP +pat Kptntp + pll pat Mptkn tp] + 

+ Pa[ p (na~ )+PH Kqt 0 a
0 

+P2t 0 ot 0 2o + pll pat Nqtk 
0
ao]+ 

+PI p2 [ cpqnlpn2q + pll cpql nip n2q + p2k ppqknlp n2q .. 

+ P
11 

P 2k C P qlk n1P n 20 l I . 

9 
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(23) 



B penHTHBHCTCXOM cnyqae $opMyna sepaa, o~aaxo Ra~o cqaTaTb, ~o sexTop, onpe~enKD-

maA aanpasneRHe, k KOTOpOMY OTROCHTCH RR~eXC P (paCCQHRB8H qaCTRUB) nosepByT .. 
HB yron fl I • 6 - 26 I BOXpyr n , 8 TOT, X KOTOPOMY OTHOCRTCH q 1 - sa yron 

0 2 ~ 2 6 2 -( rr-6 ) , r~e 6 1 o ·6 2 - yrnhl paCC&HRHH H OT~aqa B n.c., T.e., H8npHMep, 

c p qlk = C fmtk (p ) R f (q ) R m I 
I 2 

r~e p H q- QJ:IHHHqBhle B9KTOpbl (38~8HBhle B n.c.) H (p)
8

• RD(0
1
)p

1 
I 

(q)
8

= Ra(0 2)q R - coOTseTcTsyJOmRA onepaTop noeopOTa (eM. puc. 1). 
2 

(25) 

PaccMcrrpHM ,actHbte cny,a•: onhtThl1 He Tpe6yJOmHe MarsHTBhiX noneA nape~ asanu-

38TOp8MH 

a) 
PI II s P II; 

2 

u (-; , ~ > = ~ ;;. u I 1 + P P P + 
•• 12120 aa12 

+P
1

[ P cos .p
1

- P
1 

C
0

,
8 

sin</>
1
-P

2
K

0
,

0
sia ¢ 1 +~ P2 Mae• cos ¢

1 
)+ 

+ P [ P cos ¢ - P K , ala ¢ - P C , sin ¢ + P P N cos ¢ )+ 
. 2 2 1 • .• 2 2 • .• 2 1 2 ••• 2 

+ p p [ c 
1 2 DD 

cos ¢ cos ¢ + C , , ala ¢ sin ¢ - P ( •C , cos ¢ ala ¢ + 
t 2 a a t 2 I na a 1 2 

+ C , ala ¢ 
1 

cos <P .) - P. ( P , cos ¢ sin ¢ + P, sin ¢ cos ¢ ) + 
.... • • •• .• 1 2 ••• 1 2 

+~ P2 (C•'•"• • ala ¢ 1 sin ¢ 2 
+C .... cos ¢1 cos ¢2 ) 1 I • 

3necb a ~anbme: 

15) 

.. 
k HMnynhc saneTaJOmeA qacTHUhl e n.c., 

k' RMnynhC pacceHHBOA qaCTHUhl B n.c., 

k" i!Mnynbc qacTHUhl OTllaqH B n.c. 

...... 
S = 11 X k 

cos¢1 =(~ .~ 1 ) 

cos ¢2= (;,;a>; 

P II It. P II s 
I 2 

... , ... ... 
·s =nxk' 

.. .. .. 
s"'c=nxk" 

sin ¢ 1 = ( ~ , ;; 1 x '' ) 

sin ¢ = ( ;, ~ x k •q . 
2 2 

10 

(eM. puc. 1) 

(26) 

.; 
" 

,. 
i 

.f··' 

\r.f 

1,'11. 

':'\1 ill 

B) 

u < -;
1

, a > - ~ u a I 1+ P P P + 
ka 2 1 2 0 ka t 2 

+PI [ p cos ¢1 -PI o.'lr sin ¢1- p2 K •• _mn ¢1 +PI p2 MDkacos ¢.) ... 

(27) 
+ P2 [ P cos <{> 2 - P 1 K •• \sin</> 2-P2 D 0 ·~.sin ¢ 2+P1 P 1 Nak• cos<f>J+ 

+ P P [ C cos ¢ cos ¢ + •C , ,,sin <{> sin ¢ - P ( •C ,. cos ¢ 
1 2 DD 1 2 a a ·· I 2 1 na ft 1 

sin <{> + 
2 

+ C , sin </> cos ¢ ) - P ( P , cos ¢ sin ¢ + P, sin ¢ cos ¢ ) + 
.... 1 2 2 •• .• 1 2 ••• 1 2 

+ P P ( C , ,. sin¢ sin</> +·C cos¢ cos ¢J I,) • 
I 2 a a ft a I 2 a. air. a 1 

p ,,-; • 
I 

i> II k 
2 

t7 ... (~ • ~ ) - ;; ;. t7 ll + p p p + 
I 2120 okl2 

+P1 [P cos<f>
1 

-P1 .c ••• sln</>
1 
-P

2
K•'tt sin<f> 1+P/

2
Mnok cos</> 

1
).t-

(28) 

+P2 ( P cos ¢
2
-P

1 
K.',

0
sin ¢

2 
-P2 D.'\ sin¢ 2+P1 P2

Nulkcos¢
2

].t 

. -
+P

1 
P 2 [ C au cos</>

1 
cos¢

2 
+C •••• ~n ¢ 1 sin </> 2 - ~ ( Caa·~. cos¢ 

1 
sin¢ 

2
+ 

+ •C , sin ¢ cos</> ) - P ( P ,. cos</> sin ¢ + P, sin ¢ cos¢ ) + 
a aa 1 2 2 D8 fir: 1 2 8 Dk J 2 

+ P P ( •C , , sin ¢ sin ¢ 
l 2 •• ·• l 2 

+ c cos¢ cos ¢ ) l ,J • 
DDilk I 2 

B STHX $opMynax HMeeM: 

D,=R•D, . . . .. 
o.'lr- A- c.'1. 

c ~ ( ':.. + PU ) + ~ ( ':.. - Pa ) cos 6 - P.t sin 6 . ... 
•C = C 
••• aaka 

= ~ ( - P +:e. ) sin 6 - P • cos 6 • 
181111 1f DlL 

(29) 

nt>nyqeHBbiQ $opMYnbl .t~nH ceqeaHA (yrnOBhiX 38BRCHMOCTeA) YIIOOHbl llnH QnbiTOB C Hc

nonb30BaHHQM HCXpOBhiX K&Mep, B XOTOpblX npOCM8TpHB89TCH 150nbWIJQ TeneCHbiii yron ~nil 

aaanH38 SKCnepRMQHTanhBhiX ~8HHbiX no M9TO~y M8XCHMyMa npas~OnOAOOHHo npH HCnOnb3o

BaBHH cqeMRKOB qaCTHil nepeXOil X COOTBeTCTBYIOWHM 8CHMM9TpRHM TpHBRaneHo 

3xcnepHM9HT8nbHhiQ BenH'IHHbl C , , 0 •C , ,. R •( , , CBH)I(QM C XOMDo-
• • ·•• • a Ira • • •U 

HeHT&MR TeH30pa •C • Bee~eM yrnbt cos6 .(t , k .. ) - yron pacceHRRH B c.n.u., 
,. .. p qlk I I 

COS 6
1

• (k'· ,k ) - yron paCC9>tHR>t B n.c., COS 6 oj;;.•~J. )- yron 0Tll8'1H B n.c. 1 

0 1 • 2a • 6- 2 6
1 

- yron penHTHBHCTCKOrO nOBOpOT8 CDHH8 ~nH pacCeHHHOA qaCTHUWo 

0 2•-'11'+6+31
2
-rr+1/3 - yron penHTHBHCTCKOrO nOBOpOTa CnHH8 llnH qaCTHUhl OT!laqa. 
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rne 

nnR 3KCnepHM8HTSnbHb!X Be.JIR'IHH HMeeM: 

C =C (a) (b) c d 
a bod p qlk p R l q R 

2 
I k 

(-; )Rm RD(0 1) a 
I 

(b >u = R ( OJ b. 
~ D 

Ha HSW aarnsm, HSH6onee AOCTYRHbl H3MepeHHIO ltOMUOH8HTb! 0 B KOTOpb!X He 6om.we 

(SO) 

'18M OARS H3 RS'ISnbHbiX 'ISCTHU npQAOnbRO nongpH3088H8 H 8 ltOTOpbiX He npHMeHReTCR Mar

HHTROO none nepe;t 8Ha.JIH38TOp8MH, nns COOTBeTCTBYIOIIlHX ltOMROHeRT HMeeM: 

·C , , = - ~ ( •C ..... + •C U ) cos (a -tl) -~ ( •C - C .. ) cos (a+f]) cos8+ 
mull mmmm mmu. 

+ C ,.r.,. sin (a+ {3 + 8) + ~ ( •Cf.,fa, +·C mt!m ) sin (a+ tl) :sin 8 

(31) 

C , ·~ = ~ ( ·C 0 • - C .. ) sin (a- tl) + C • cos (a+ {3 + 8 l.+ 
8 8 .. a LID[a mt.tm IIIUD. m 

+~(·c •••• -·c ... t! ) oos(a+f3) sin8+~<<t .. t.. + c.tfm )sin(a+f3)oos8 

C •'•'~* = ~ ( •C ,.ft.. - ·Cf...fm ) sin (a- {3) + C mfmm oos(a+fJ+8).+ 

+ ~ ( •C ., • .,,. - Cmmt! ) cos (a+ {3) sin 8 + ~ ( <t,.t. + C .,ft.. ) sin (a+f3 )oos8. 

HepensrrHBHCTCKHA cny'laA nonyqaeM npa a = 0 ; 13= + 
Sb!nH Bbi'IHC.JieHb! ltOMROHeHTbl c.·.·~ •• H c.'.'\. no cjlopMynaM (20) H (31); 

OWH6KH Be.JIH'IHH OnpeneneHbl HS OCHOBSHHH OWH60K 3.JieMeHTOB MSTpHUbl paCCeRRHR M"To

AOM MouTe-Kapno 6ea y'leTa ux KoppensnaA. Ha puc. 12-47 npHaeneHbr JtoMnoaeHThr 

c ·C •'•''\:• Jl.JIR p83Hb!X HS60p08 cjla30Bb!X CJlBHrOB npH 3HeprHRX 23,1 i ,, 
a • ·•• 

B 

40; 52; 95; 147; 210; 310; 400; 630 Mas Jl.JIR p,p u n,p pacceRHHSI, nns p,p 

pacceRHHR y'IHTbraanoc& KynoaoacKoe aaaHMOJleAcTBHe. 

5, 3SK.JIIO'IeHHe 

Ka1t ylKe 6brno cxaaauo, aKcnepHMeHThr c npuMeHeHHeM nongpuaoaaHHbrx ny'IKOB u 

MHWeHel! He smnRIOTCR He06XOJlHMb!MH, OAHSKO OHH 3HS'IHTellbHO ynpOWSIOT BOCCTSHOBne

HHe MSTpHUb! pacceRHHSI, nel!CTBHT8.JibH00 BOC no.JI&3yeMCSI UpOH3BO.JibHOCTbiO o6wel! cjla3b! 

B MSTpHUe pacceru<BR B 6yneM C'IHTSTb, 'ITO KOacjltjlHUHeHT e aewecTaeHHhrll a nonolKH-

Ten&HhrA. TorJla HMeeM 

12 

• 

'1, 11 

I 

'jl 

1:':. ;I; ., 
.~.: 

l
i! 

! . .. 

' . 

. --.: 

e2 =ao ( 1-~C mmmm 
(32) 

H OCTSnhHble ltOS4>$BUBeHTb! UO CyllleCTBy paBBbl onpeneneHHbiM 3KCUepBMeHT8nhHbiM BenD-

'IBHSM 

u· P m·e Re a 
0 

u ·C •e Reb 
0 mna 

u C =eRec 
0 n•• 

u C •eRed 
0 .... 

u
0

•C .t.,., = e lm a 

uo vt. = e Im b 
(33) 

uo K f,. me lm c 

u o ·cr. • e Im d 

To'IHOe ('nHHeAaoe')aoccTaKoaneHRe MSTpBUhl pacceRHBR nonaoCTbiO ycTpaaseT ace 

H80JlB03HS'IROCTB (npB JlOCTSTO'IBOA TO~BOCTB OUbiTOB) JtpoMe o6weA fjlaal.i, K0Top:y10 

MOlKHO onpenenRTb C • UOMOIIIbiO OUTB'IeCKOII TeopeMbl BnB yCIIOBBA :YHBTSpHOCTB, 

npBB8Jl0HHble rpSQlBKB MOryT CnylKRTb npB D.JISBBpOBSHBB SKCUepBMeHTOB AIIH Bhl6o-

pa OnTBMS.JibRbiX yrnoa, BS KOTOpbiX HYlKBO npOB0CTB B3MepeRBR, 

Ha rpatjluxoa )lns aenB'IBH C mfmm B C •••• JliiR p n pacceRHBR BBABO, 'ITO 

KOMnoueHThl O'leH& 'lyBcTBBTen&abi 1t anBRHBIO 6onee Bb!COJ:BX cjla3, B 'lacTaoc~a, npeAno-

naraR UIISBftYIO 38BHCHMOCTb 3KCnepBMeBT8nbHbiX Be.JIB'IBH OT 3BeprBB 0 MOlKHO C'IIIT8Tb0 

'ITO pe3Jt08 paCXOlKAeHBe KpBBbiX AIIR TpeT&ero HS6opa cjla30Bb!X CABIIrOB DpR 23,1 Mas 

C npeACK838HBRMB AIIR S -pacceauua RBnaeTca apryMeHTOM npoTIIB aToro Ha6opa. 

B 3SKIIIO'IeHBe aaTopbr BblpalKaroT rny6oxy10 6naronapuocT& C.M. Banea&JtoMy, 

H. Sb!CTPHUKOMY, JO.M. Ka3apHHOBy, n.H. nanunycy. p.M. PbiHJlHHY R H.A. CMOPOABHCKOMY 

38 none3Hble o6CylKneHBR B ueHHble COBeTb! R J.i,Bb!CKO'IR.JIOBOII, C,BbiCKO'IBny, n.H.rpa

'leaoA B A.M. cl>yn&KHHOl! 38 nOMOWb B pa6oTe, 

nPHnO)I(EHHE 

3KcnepaMeHTSnhHhre aenR'IHHbr a N - N -pacceBHBB 

b ~ + e ... .. 
M = ~ + ..!.=.__ (u

1 
n )(u

2
n )+ 2(u 1+u~ 2 2 

>+ c+ d <i:Iar >< u.itt >+ ~-; rx;; 
2 • 2 I I 

.. 
• n 

2 ~ 2 ~ ~ 
u

0 
= ~ lla I +lb l+lc l+ld I +lei I 

IS 



uo D 
~ I ~ . ~ ~ 

=%II a I +I b I -I c I -I d I + I e I I 

~ a ~ ~ ~ 
u K,. =% II a I -I b I + I c I -I d I + I e I I 

0 .. 

u c,.,. =% lla 1 11 -lbl~-lc l
8
+ld l~+le 1~1 

0 

u C =%II a l~+lb l
8
+lc l~ld 1~-le 111 1 

0 mmmm 

u· P =Rea c* 
0 

u o C mfmm = lm ae* 

u ·C =Reb e* 
0 mnm uo Dtm =1m be* 

u
0 

Kr., = Im ce* u· c = Re c e* 
0 

u c = Red e* 
0 mmn 

u 
0 

C f.., = Im de* 

u D =Re(a*b +c*d) 
0 mm u 0 C ., ,.f = -1m ( a* b + c* d) 

u· Du =Re(a*b-c*d) 
0 

u0 Ct ... = Im (a*b -c*d) 

u K = Re ( a*c + b*d) 
0 .... u0 ·C,..,t =- Im ( a'!' c + b* d) 

uo Ktt = Re ( a* c - b*d) uoc .. t.. ·= lm(a*c-b*d) 

u
0 

•C.,., = Re( a* d +:b*c) u·
0 

•C fmn = Im ( a* d + b* c) 

uo C U = ·- Re ( a* d - b* c ) u 
0 

C mfn = Im ( a* d - b* c ) , 

0TMeTHM1 'ITO H3 RpHHJlHila naynH BhiT&Jta&T, 'ITO 

a
1
(0) =-a

1
(rr -0), b

1
(0).=-c

1
(rr-0), c

1
(0)=-btrr-O), d 1(0),.d 1 (rr-O),e

1
(0),.e

1
(n-8) 

a
0

(0) = a 0(~8), b
0

(0) =c
0

(,....0), c
0
(0)=b

0
(rr-O), d

0
(0),.-d0 (u-OJ, e

0
(0)=-e

0
(rr-O) 

0TCtolll\ nony'laeM cne,nytolllHe. cooTHoweHHH .nnH pacceHHHH Ha yron rr/2 a) nnH 

pacceHHHH 

14 

p-p 

';, 

,,•,r 

·,\I' 

..• ~. .iL 

P(rr/2)=c .. r .... (~r/2)=0 c ... t (~r/1) = cr.... (rr/2) 

D
0101

(rr/2) =-Dtf (rr/2) c .... r (rr/1)= c .. t .. (~r/2) 

K .,., (~r/2) =- Krf ( rr/1) cr ... (~r/1) =- c .. t .. (rr/1) 

c .... (rr/1) =eft (rr/2) D (rr/1) + K (rr/2) +·C (rr/1) + 2C (rr/2}= 1 
DD DD DD IDIDIDID 

CS) Call3b MelKilY p -p H p -n pacceHHHeM: 

u~P Pl ( rr/1) 
0 

c~:) (rr/1) = 4u:DP) (17/t)·c~::) (rr/2) 

JPP) (rr/1) C(pp) 
0 mmn 

(~r/2) = 4u(llp) (rr/ 1) c(llp) ( rr/2) 
0 mmn 

JPP) (rr/1) ( 1- C(pp) (~r/2)) = 4JDP) (~r/2}( 1-·C (DP) (~r/1)) 
0 mmmm 0 mmmm 

J.PPl( rr/1) [ 1+ ·Cpp) (~r/2) - OppJ (rr/2) -K(ppJ (~r/1)]• ..;"P~rr/2) 
0 DD DD DD 0 

[ 1+ C"Pl ( rr/2)- D(npJ (~r/2)- Jt"Pl( rr/2)] 
DD D.D DD 

r 
CooTHoweHHH MelKilY p-p H p-n pacceHHHeM nonyqeHht a npeanonolKeHHH 

H30TOUH'IeCXOA HHBapHaHTHOCTH
1
6e3 y'leTa xynOHOBCKOrO B38HMOilefiCTBHll, 
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PyKonHCb nocTynana a H3ABTenbCKHA OTAen 
25 OKTS16pSI 1965 r, 
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IWl 

Puc, 1. HyKnoa-ayKnoaaoe pacceguae npa penSITHBHCTCKHX saeprHSIX, 1 , l .- eAHHB'l!lhle 
I I 

BeKTOpbl B uanpaaneHHH HB'IBUbHOrO H KOH9'1HOrO BMnynbCOB B C,Jl,B, 

t = k 1 k '( k"- 9.QHBH'IHbi9 B9KTOpbl 
I 

HMnynbCOB H BMnynbCa 'laCTBAhl OTAB'IH B na6, CHCT9M9, 
-+ -+ -+ 
s=nxk , :'-=lxk'., 

B aanpaaneHHH ua'lanLHoro B xoae'IBoro 

... ,, .. ,-+ .. .. S = D X k" 
1 

(k') 
1 
(k") R - B9KT0phl, fiOBepHyTble HB yron penSITHBBCTCKOrO 

Rl 2 
noaopoTa CfiHHB AnSI p&CC9SIHHOA 'laCTHAbl 0 1= 2a B 'I&CTHilhl OTAB'IR 

02=- rJ + 2/3· 
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Cmmmm 
(p,p) Cmmm"' 23.tHr'Y 

I,OHeY 

!J5HtV 

00 

Pac. 2. 3aBBCHMOCTh c m m m m OT yrna pacCeSIHHSI B c.u.B. 

... 
<P 

nn>~ p p pacce>IHB>I npa pa3HhiX sHeprH>IX fn" nepaoro 
Ha6opa ~30BMX cnaHroa/14 • 

c.._ 
23,f M.V 

(p.p) 

~980L-~---+--~--~--~--+---r---~~ 
0 10 30 50 

PHc. 4. 

60 70 80 90 -s 

Cmtmm 
p,p} 

PBc. 3. 3aBHCHMOCTb emf m m OT yrna pacce>IHBSI B c.n.B. 
nnB pp pacce>IHH>I npB JlB31fhiX sueprKSIX nn>~ nepaoro 
Ba6opa ~830BhlX CllBHrOBr1 4f. 

c..,,.,. 
0.030 

0,020 

Pac. 5. 

c .. , ..... 
23.1 M.V 

/p,p/ 

--8 

7 



Cmmmm 

f 
1-

~ 0 - _L - 10 

PHc. B. 

c,.,,..,.. 
23,~ MaV 
ln,pl 

-e 

Cmmmm 
630 MeV, (p,p) 

PHc. 8. 

c,.,,._,.. 

PHC. 7. 

cmlmm 

0 

PHc. 9. 

c,.,"", 
23,1/ MeV 

In, pi 

Cmtmm 
630 MeV,(P.P) 



Puc. 10. 

-a,t-

Puc. 12. 

G;s~u 
23,fHeV(p,p) 

60 70 80 90 

-8 

Cmtmm 

-q 

-t, 

Cmtmm 
630 Ht>V, (n,p) 

Puc. 11. 

c;, ... 
23,1 MeV,(p,p) 

Puc. 13. 



/ 

0,2 

wr 
-qz~ 

·O+ 

Css•u 
40MeV,(p,p) 

PBC. 14. 

Cs~·ss 
52 f'leV, (P.P) 

PBc. 16. 

c,, • .,., 
4IJ l'fer, ( p,p) 

PBc. 15. 

Cs's"~rs 

c:s~ 11KS 
52 M•V,(p,p) 

PBC. 17. 



r~ 

-t,oL 

~r-.. 
95 MI!V,(p,p) 

Pac. 18. 

c,~·ss 
11,7 l'feV,(p,p) 

PHc. 20. 

Cs's"Ks 

70 80 90 

-8 

CSS"KS 
ISMeV,(p,p) 

J,q 50 60 

Pac. 19. 

C~·~·J.s 
It, 7 111!V, i P,P) 



C5·s•ss 

l C.s~"ss 
210 f'feV,(P.P) 

c;~ .... 
210 l'ftV, ( p,p) 

:._ 

0 

"' t 00 

t 
I 

-45f-

~ 
-q 

r-

-f.O'-

PHc. 22. Puc. 28. 

c.~·ks 

Cs's"ss 

JfO l'feV, ( p,p) 

c •.•.•• 
310 H~V. (P.P} 

qt 

"' a:> a a 30 50 60 70 80 90 
-8 

-O,I 

+ ,_ 
r 

~ 
-1,0-

Puc. 24. PHc. 25. 



c.~-... 
1.00 M'"· (p,p) 

~·ss 
400 MeV,( p,p) 

q, 

90 0 

-qt 

-qz 

-q3 

-q4 

-qs 

-(],6 

-~7 

Pac, 26. Pac. 27. 

Cs•s"KS 

Cs·.s .. Ks 

630 HeV, (p,p) 

Cs's"ss 
630 MeV, ( p,p) 

90 

Pac. 28. Pac. 29. 



Cs's"ss 
23,1 M~V.(n,p) 

Cs'.s"Ks 
23,1 MeV, (n,p) 

110 

-q 

Pxc. 30. Pxc. 31. 

Pxc. 33, 
Pxc. 32. 



c.> 
01 

f,O 

PHC. 84. 

PBC. 86. 

flO 

c ...... 
95 mv, (n,p) 

C.\·~· 
52 /'lev, (n,p} 

o~~L--4---i--~.--L--~--~--~~~~~nw 

PBC, 35. 

Cs~·Ks 
95/'lt'(, (n,p} 

PBC, 87. 

-8 



-q 

Cs's"ss 
f47 Mt>V, (n,p) 

Puc. 38. 

CsS'Ss 
2tOMeV,(n,p) 

PRe. 40. 

C.s·Ks 
1117 M~V; {n,p) 

Puc. 39. 

Cs's"Ks 
2f0MeY,(n,p) 

PHc. 41. 



Cs·s·..-s 
Cs•s•ss 310 HtV, (n,p) 

JtO MrV, (n ,p) 

110 

PHc. 42. PHCo 43. 

C,'.s".ss 

Cs's•ss 
l,oo MrV,(n,p) 

Pac. 44. PHc. 45. 



{ 

Css"Ks 
630 MeV, {n,p) 

Cs•s·ss 
630 l'feV, (n,p) 

-8 

Pxc. 46. Pxc. 47. 


