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1. B a e ll e a n e 

HcnOlll,30BBHH8 nomrpH3OB8HHhIX npoTOHHbIX MHW8Heii 3HB'IHT81IbHO pacwHpSieT 803-

MO)KHOCTR ,nccnellOBSHHii B cj,H3HK8 sneM8HT8PHhlX 'IBCTHil. 8 Ofll,ITSX C nomqmaoaaHHOii 

/1-6/ 
MHW8Hbl0 MOryT 6hITb OllH03H8'1HO onpell8Jl8111,l '18THOCTH 'ISCTHil H p83OH8HCOB I H3M8• 

/7 1/ 
peHbI napa~eTpbI· R H A M83OH-HyKJIOHHOro paccesrnm1 1 

, 3H8'1RT8JlbffO pacwnpeH 

/8 1/ 
yrnosoii BHTepaan H3MepeHHH nongpuaallHH ' H T.ll. 

Hcnom,aoaauHe nongpnaoaaHHhIX MHweaeii cymecTaeuao ynpomaeT H3Mepeune nongpa

aanuoHHhlX xapaKT8pBCTBK HYKJIOH-HyKJIOHHOro pacceHHHH. HaMepeHHe Ce'l8HHH pacceHHHH 

HyKJIOHOB HS nonHpH30B8HHOii npOTOHHOil MIIW8HH ll88T BO3M6)KffOCTb onpelleJIHTb nongpnaa-

IlHIO •npoTOHOB OTll8'1H. Teuaop KOpp8JIHilHH nonHpH38IlHii C ik MO)KeT 61,1Tb HBillleH 

no C8'18HHIO pacceHHHH nom1pH30BAHHOrO ny'!Ka nonHpH3OB8HHOil MHW8Hhl0. H3Mep8HH8 

nonHpH381lHII HYKJIOHOB npn pacce11HHII HenongpR3OB8HHOl"O ny'!Ka nongpH30B8HHoil MHW8Hbl0 

noaaonHeT onp8ll8JIHTb T8H3Op ll8nOJIHpH38IlHH D ik H T0H3OP nepella'IH nongpH38IlHH K ik • 

3ll0Ch 6y11.yT paccMOTp8Bhl BO3MO)KHbl8 3KCnepHM8HTbI no H3MepeHRIO nonHpH38IlHII HyKno

HOB, B03HHK8IOW0il B peaynbTaTe pacceHHIIH nonHpH3OB8HHOro ny'!Ka nonnpH30B8HHOil MH-

W8Hbl00 8 3THX 3KCU0plIM8HT8X anepBLie CTaHOBHTCH B03MOlKHhlM onpeAeneuHe KOMno-

HeHT nongpH38IlllOHHOrO T8H3Opa TpeT&ero paura • HaMepeune CTOIIb cnolKBbIX 

nOJ!HpH38IlHOHHbIX . xapaKTepHCTIIK IlOMO)K0T ycTpBH8HIIIO OCTSIOWHXCH H0OllH03H8'1HOCTell 

cj,aaoaoro aaanuaa. 3TH H3MepeHHH 6YllYT oco6euao aalKHbI a Toil o6nacTH aaeprnll, rile 

ce'!eHHH aeynpyrux nponeccoa cpaaHHMhl c ce'!eHueM ynpyroro pacceHHHH. Jl.nn npoaeJle

HHH cj,aaoaoro auanuaa a STOii o6nacTu neo6xOllHMO ncnollbaoaaTb peayn&TaTbI cj,eaoMeuonO:.. 

rH'leCKoro auanHaa aeynpyrux nponeccoa. KpoMe Toro, a o6naCTu a1,1cOKux aaeprull aHa'IH

TenbHO aoapaCTaeT '{llCno COCTOHHHii, B38HMOll8iiCTBll8 a. KOTOpb!X llOJ!lKHO 6bITb Y'ITeHO. 

KaK H3B8CTHO, aMnnHTYllB ynpyroro pacceHHllH MOlK8T 6bITh OIlP81l8neHa H HenocpellCTBeH

HO ll3 3KCnepBM8HT8JlbffbIX llSHHhIX no ynpyroMy pacceHHHIO, 6ea npHBJl8'18HllSI uacj,opMa-

' ' /8/ "' · IlHH o ueynpyrnx nponeccax • 3ToT MeToll Tpe6yeT, OJlHaKo, uom,woro qucna nongpuaa-

llHOHHLIX H3MepeHnll. 
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2, nonsrpnaa1moam,1l! Teaaop TpeTLero _eaara 

HHS! 

PaccMoTpnM nonsrpnaanmo KoHe'IHOi! 'laCTHilbl, B03HHKa101ny10 B peaynhTaTe pacceg

nonsrpnaoaaaaoro ny'IKa nonsrpn30B8HHOi! Mlllll0Hbl0, HH.[l0KC I y CilHHOBblX MaTpnn 6y-

.[leT OTHOCllTbCSI K Il8.[l8IOIIIHM H pacceSIHHblM '18CTHilaM, a llH.[l0KC :.! - K '18CTHil8M MHIII0Hll 

ll OT.[l8'1ll, B cny'lae TO)K.[leCTB0HHblX '18CTllil paccellHHOi! '18CTHitel! 6y.[leM H83b!B8Tb '18CTllilY, 

" neTS111Iy10 B HHTepaane O :tf.0 :S
2 

B c,n,n, 

B cncTeMe noKOll, nony'leaaol! npeo6paaoaaaneM nopeana na c,n,n,, nonsrpnaanng 

paCC0SIHHOli '18CTHilbl paBHa 

➔ ➔ 

P'-
11 -

➔ ➔ ➔ + 
Sp a II M ½ ( 1 + a I P 1) ½ ( 1 + o\ P 

2 
) M 

SpM½(l+a P )½(i +ii' P )M+ 
l I 2 2 

(1) 

r.[le 
p In p 2 - nonsrpnaann11 H8'18nbllh!X 'ISCTHil B COOTB0TCTBYIOIIIBX CllCTeMax IlOKOSI, 

a M - MSTPHna pacceS111nS1 » c,n,11. 

KaK 113BeCTBO•, MSTPHila HyKno11-nyKno11aoro pacceSIHHSI 

cg nHTLro KOMnneKCHblMH cpyHKillllIMH yrna II aaepr1111 n HMeeT 

M( ft•, k ) xapaKTepnayeT

cne.[lyrorunli o6runl! »n.[119•101 

M ( k , • t) = ( u + V ) + ( u - V )(; n➔ )(; n ) + c[ ( ;I n➔)+(; n)] 
I 2 , , 2 (2) 

+(g-h)(;,; 
I ><O: m➔ )+(g+hX;;lf)(a➔2r). 

3.[lecb k a k' 

coa B c.n.u., a 
0.[IHHH'IIII,10 B0KT0phl B 11anpaaneHnllX H8'18nbHoro H KOH0'11loro HMnynb

➔ 

f I m➔ H n➔ o6pa3y!OT opTOHOpMHpOBBHHYIO TpOi!Ky: 

➔ 

f 
➔ ➔ 

k' + k ➔ 
---, m 
lk' +kl 

➔ ➔ 

k'-k --, 
lk'-k I 

➔ 

n= 
➔ 

f X 
➔ 

m = k X k' 
it xk1 

(3) 

MaTpana (2) YilOBil0TBOplleT Tpe6oBSHHSIM Hl!Bapnal!THOCTH OTHOCHT0nbl!O Bparue11nl!, 

0Tp8)1{011Hl! H 06parue11nS1 BpeMe11n, a T8K)K0 CHMM0TPH'IH8 OTHOCIIT0IlbHO 0.[lHOBpeM011110li 

nepeCT8HOBKH 118'18nbHblX H KOH0'11lh!X CilHHOBblX Hll.[l0KCOB, nocne.[lHee ycnoane SIBilll0TCSI 

cne.[lCTBHeM T0)K.[l0CTB0HHOCTH B cnyqae p-p 

Kax ll30TOilll'l0CKOli lll!Bapna11THOCTH. 

pacce,im1H, a IlilH n - p Bep110 ·B paM-

KaK BHilHo na Bblpa)KeanH ( 1), nonsrpnaannH 

T01130p8Mll 
P' 

II onpe.[len,ieTCSI cneeyrorunMn 

0 1 ' + 1 + P= __ Spa MM=- Spa MM= 
I 4a II 4a 21 

i° + 1 0 + 
·-Sp Ma M =-Sp Ma M =A

1 4a 0 11 4aa 21 

(4) 

4 

I 
I 
j 
I 

1 . + 
=..!.Spa 

+ D = -- Sp a M a M Ma M lk .4a II I k 4, 21 2k 
0 0 

(5) 

' + 
- 1 Sp a 

+ 
= _1_ Sp a 21 K M a M Ma lk M lk - ~ II 2k 

4a 0 0 
(6) 

+ 
P =-l Sp Ma a M 
lk 4a 11 2k 

0 
(7) 

+ 
M = ._l_ Sp a M a a M 

lkq 4a II lk 2 q (8) 
0 

B STHX qiopMynax a -Ilnqiqiepeannanhnoe ceqenne paccegang Henonsrpnao»anaoro 
• 0 

ny'IKS nenonsrpn30B8HHOli MHW0Hbl0 B c.u.n., a P 0 
- nonsrpll38UHSI, B03HHK8IOIU8SI npn 

I 

paccellHHll Henonsrpn30B8HHblX HyKnOHOB, B CHny npHHilUilOB lIHBapnaHTHOCTU nonsrpH3a-
o 

Ullll p I COBila.[laeT C aCHMMeTpHeli A I I B03HHK8l0Weli npu pacce,rnHH nonsrp11aoaa11-

Horo ny'IKa nenonsrpuaoaannol! MnweHhIO (nenon,qma'o»annoro nyqKa nonsrpnaoaannol! MH

weabro) t 9 ,lO/. 

Teaaop .[lenonsrpnaanan D 
lk 

n Te11aop nepe.[la'IH nonsrpaaauaa Klk MoryT 

61,1Tb onpe.[lenea1,1 Ha onhITOB no H3Mepeanro nonsrpnaamm B cnyqae, Kor.[la na6o na.[laroruali 

nyqoK, na6o MHWellb nonsrpnaoaa111,1, Hayqag ceqeane pacce,rnn,i nonHpnao»aaaoro ny'IKa 

nonsrpH30B8HHOli MHW0Hbl0, MOlKHO onpe.[lenHTb KOMilOH0HThl T0H3opa p lk , 0rMeTHM1 

'ITO T0H30p p CBH38H C T0H30p0M KOppenHitHH nonsrpnaanali 
/f,a1 

COOTHOW0HH0M 

p ( k,. k ) = C ( -k I -k ') 
lk lk 

C =-L Spa 
lk 4a II 

0 

a MM+ 
2k 

(9) 

BhlT0KSIOWHM H3 HHBapHBHTHOCTH OTHOCIIT0nbHO o6pameHHH ape Melin. CoOTHOIUeHlle ( 9) 

03HS'laeT, 'ITO KOMilOH0HThl TeHaopa plk MoryT 61,1Tb onpe.[leneHl,I TaKJKe H3 OilI,ITOB 

no H3Mepeunro KOppenHIIHH nonspnaannli nyKnonoa, B03HHKaromeli npn pacceHHHH aenonsrpn

aoaan111,1x 'IBCTHU, 

Hoaoli B0IlH'IIIHOli, ll3M0pHeMOli B paccMaTpHB80MhlX SKCileplIM0HTax, HBilH0TCH IlC0B.[l0-

Tenaop TpeTLero panra M , PacCMOTPHM CTPYKTYPY aToro TeHaopa, Ha coo6pa)KeHnli 
lkq 

IIHBap11a11THOCTH OTHOCIIT0nbHO Bpamennli H OTp8)1{0HHli IISXO.[IHM: 
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M =MU.. lkq f 1 fknq+Mfm,. f I mknq +Mf,.f f D 
I k 

f + 
q 

+ !(fnm fl Dk mq + Mmf.. m, fk Dq + Mmmn mlmltnq + 

+ II m n m + M 
mnf min It f + 

mnm I It q q 

(10) 

+M nmf 
0

1 
m f + M D m m + 

It q nmm I It q 

+ M nfm D f mq + Mnff D f f +M D D D 
I It I It q nnn I k q 

He BCe KOMilOH0HTbl 3TOro T0H3opa H03SBBCBMblo nns Toro, 'lTODbl B 8TOM yD0AHTbCSl1 
/1,tl/ 

BOCilOllb3Y8MCSI COOTHOW8HB0M 

M(k',k>=<;: ;x;; >•ci7·,i7>C;;"n><;;>, 
I 2 I · 2 

(11) 

BblT8KSIOIIIHM B3 Tpe60BaH11il HHBSpHSHTHOCTB OTHOCHT81lbHO OTpalKeHBil B nnoCKOCTB paccest-

HHS!. IloKalKeM npeJKAe BCero, 'lTO KOMUOH8HTS MDDD coBnai:taeT c nongpnaaunell 

po= (Po;) 1 B03H11KS101118A npH paCC8SIHBH ll'.8DMBp1130BAHHblX 'iSCTHUo neilCTBHT81lbH01 

M ~ _1 Sp (u it ) M (3 it)(3 n7 M + = _1_ Sp(; it) I.IM+= P0
• 

""" 4u I I 2 4a 2 
0 O 

(12) 

nanee, HCUOllb3YB ( 11) H Tp8DOBSHBSI CHMM8TpHH1 HSXOAHM 

M,. .... =-M,.f£ (13) 

Mmnm = M fnf 

M =Mu,.. 
TaKHM o5paaoM, TeHaop 

Mlkq 
xapaKTepnayeTCH A8BHTblO KOMllOHeHTSMHo B nam.Heil-

W8M Mb( 5yneM HCUOllb30BSTb nonycyMMbl H nonypa3HOCTB KOMilOH81IT C pa31IblMH Hllll8K

CaMH: 

6 

l 
l 
j 

. ' 
I. 

l 
,1 

+ 

II nfm 

+ M
fnm 

Mt. 
fmn 

= ½ ( M,,fm t M ..ml 

=½ ( Mf,.., 

•½(Mfm,. 

t M m,.f 

t M ml.. ) . 

(14) 

IlpHB8ll8M BblpalKeHBSI i:tnB KOMilOHeHT T8H30pa M B C8'1011HSI u • Bhl"IHCneHHbie 
0 

C IlOMOillblO MSTpBllbl (2): 

u
0 

M ,.f£ =.4 Rec• h 

u M =.4Rec* v 
0 mmn 

u M = 4 Rec* g 
0 ...... 

(1 M =u·P•=.4Rec*u 
0 nnn 0 

+ 
(1 M ,.fm =.4 Im u h* 

0 

u M j_,. = 4Im g v* 
0 

+ 
u o Mf..m = 4Im h v* 

u 
0 

u 
0 

u 
0 

Mi,,. =4Imug* 

M+ =4Imhg* 
fm,. 

M fm,. =A Im u v* 

lkq 

uo =2(lu I 2+lv l 2+1c l
2
+lgl 2+1h I 2) • 

(15) 

MolKHO IlOKS3STb, '{TO ,M8lKllY 3THMH BenB'lHHSMH BM010TCH anre5paH'l8CKH8 COOTHOW8HBH. 

nns 3TOrO BOCilOilb3Y8MCH TOlKll8CTBOM 

1 I m y .z* + y Im z x* + z Im x y* = 0 , (16) 

cnpaBellnBBbIM AilB nIODblX TpeX KOMnneKCHbIX 'iBCen 
x, y, z • BcnencTBH8 BHBSpHSH'I'-

HOCTH na6n10naeMbIX BenB'll!H OTHOCHT01lbHO YMHOlK0HBSI MaTpBllbl p8CCE!HHBSI Ha q>a30BblH . 

MHOlKBT811b. aMnnHTYAY C B paanolKeHHB (2) MOlKHO C'iHTSTb i:teilCTBHT81lbHOil. OcTaB-

wnecSI 'l8Tblpe KOMnneKCHhl8 ,j,yHKllBB U t V r g B h YAOBneTBOPSIIOT COOTHOW8HHSIM 

ulmgh* +glmhu* +·hlmug* ,;,o (17) 

v Im g h* + g Im h v* + h Im v g* = 0 • 
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Orcro}la C noM0mbro Bb!palKeHHli (15) non;y,1aeM TpH COOTH0meHIIH MeJKllY lt0Mil0HeHTSMH 

paCCMaTpHnaeMoro HSMH Tenaopa: 

+ 
- Iii fnm M ,.fl + Mt,.,. 

+ 
M - Iii +M 

nfm nfl fmn 

+ 
Mf:n 

+ 
M fmn - M fnm 

M + 
p• + M ,.I'm 

mnm 

- M + M 
mmn fnm 

M &.m 
+ 

+ M nfm M 

=0 

(18) 
M =0 llllm 

nfm = 0. 

O'18811/lllO, 'IT0 C00TII0WeHBlI (18) noanonlIIOT m,rpa3BTb TpB lt0MII0HeHTbl 'lepea 0CTanbHble, 

KpoMe TeH30pa M I M0lKH0 nocTp0HTb cne/lyIO!llBe TPH nomrp11aa11110RBb!X TeH30-
/l / [kq 

pa TpeThero paHra 

+ 

N lkq = _l_ Sp o M o (1 M (19) 
4o 21 tk 2q 

0 

+ 
C = _1_ Sp (1 (1 I.I a M (20) lkq 4a II 2< lq 

0 

= _l_ Sp 
+ 

p (1 (1 M o M (21) lkq 
400 11 llk 2q 

Teuaop N lkq BX0/l!IT B Bblpa)l(e!l!le /lnI{ 11onap11aau1rn '18CTl!Ubl 0T/lll'lll B cny'lae, K0r}la 

llY'I0K JI MHW8llb nonap1130D8llHLI, a C lkq (.P lk q ) - B Bb1pS)I<e!IH8 }lnB K0ppenlIUIIII nomqm

aaunli npn paccegmm nongp11aonaimoro ny'!Ka 11e11ongp11aona1moli M11me11h10 (11e11ongpnaona11-

11oro ny'IKa !IOll!Ipll30D8HIIOH MIIW81lb!0) 0 lia IIHDSpIIal!TII0CTH 0T!I0.CHT811bH0 00p81ll8Hll!I DpeMe-

Hll II iJ ~ : CHMMeTpHII nerKo BIIA9Th, "'!TO 
I 2 

N ( k', k) 
lkq 

➔ ➔ 

C 
lkq 

( k', k ) = P 
klq 

Tar<uM o6paaoM, K0M!I0HeHTLI Tenaopa 

T8ll30pb1 Tp8Tb8I'0 panra. 

1,1 
lqk 

➔ ➔ 

(k', k ) 

➔ ➔ 

( k', k ) M qlk ( -k. -k ') . 

M 
lkq 

onpe/lelllIIOT TllKJKe nee 0CT8Jlbllble 

KaK II388CTH0, l!3Mepe,me 110,rnpnaarum llYKII0ll0D D IIHT0pnane sueprnrr OT 20 AO 

(22) 

(23) 

100 Msn 38TPYllHeHo 0TCyTCTBHeM Mnmeneil-ananuaaTopoa c nocTaTo'lnoll analIH-

3Hpy101ueii cnoco6HOCTblO. CooT11owemrn (22) II (23) M0I'yT 0b!Tb l!C11011b30Bllllbl nnn onpe-

8 

· 1 

I 
l 

'1)' ., 

i 

JleneHBB lt0MII0HeHT M lkq 
no nceM yrnonoM BHTepnane. HanpBMep, npu paccelIHBB 11a 

6onLWBe yrnbl M0lKeT 0lt838TbCB, 'IT0 B3Mepe1111e N °'" , T.e. nonSipH38UHH qaCTHU 

OT/l8'1H, npome, '!eM H3Mepe!1Be M lkq 

B aa1tnro'leHBe sToro naparpa¢a CllenaeM Ana ~aMe'laHHB. nepnoe oTHOCHTCB 1t pac-

CeHHBIO llpOT0II0B npOT0HBMII. Bcne/lCTBlle npiiuuuna naynu Teuaop 

B 9T0M cny'lae C00TH0WeHHIO 

MIL (k', k )= M (-k', ft). 
-.q lqk 

Orcro}la }lnB lt0MII0HellT Teaaopa nony'!aeM 

M mnf ( 11 - 0) = - M fm• ' (0) 

M mfn ( 11 - 0 ) =- II fnm (0) 

M a:nm (11-0)=-M mmn (0) 

M ,.fl (11- 0) = M ,.ff (0) 

M,.mf ( 11 - 0 ) = - M nmf (0) 

M afm (11-0)=-M .. fm 
(0) • 

Mlkq 
Yll0BneTnopaeT 

(24) 

(24') 

I'Jle () - yron 
pacceHHHSI B c.u.11. TaKHM o6pa3oM,B cny'!ae T0lK/l8CTBellllblX 'ISCTHU /lOCTa-

T0'IH0 II3MepHTb nongpH3llUHIO B HHTepnane 
11 0 .< (J .<S_

2 
npn ncex B03M0>KHbIX opne11Taun~ 

lIX nongpuaaunli H8'1811bllb!X 'ISCTHU. 

BTopoe aaMe'laHHe 0THOCIITCSI It o6naCT'.l MaHblX saeprHli, rne nocTaTO'IHO Y'IHTbl88Tb 

B38HMO/l8llCTBHe nnWh B S -COCT0!IHHH. AMilllHTYll0 paccelIHHSI HMeeT B 3TOM cnyqae nnn: 

M =a+/3 ( i ~ ) . 
I i 

rile lt09<!>,jlHUHe!ITbl a H /3 CB!I38Hbl C aMnnnTy/laMH pacceHHHSI B 

lUUlX b TH b.s cnenyromHMH C0OTII0W811HSIMII 

a =l/4(3b +b) 
. T S 

f3 =l/4(bT-b
8
). 

Teuaop M lkqpanea 

M lkq = M afm ( lk q ' 

9 

as 
I 

I 
H S 

0 

(25) 

COCT0SI-

(26) 

(27) 



rJle 
0 o M nfm = 2 lm a• {3 • 

(28) 

B cny,1ae p-p paccesrnHH a= - {3 H M =0. OrpaHH'IIIBBHCb rnaBHblM 'lneH0M pa3no
~q 

lK8HHH no HMnym,cy p , nonyqaeM JlnH pacceHHBH H8HTJl0HOB npOT0HBMB 

a o M nfm = -2... as a T( a s- a T). 
2 , 

(29) 

3Jl8Cb a 11 a 
S T 

canrneTHB.H H TpHnneTHBH JlllllHbl pacceHHHH. 

3. H3MepH8MbI8 aenH'IHHbl 

.QnH 0llp8Jl8n8HHH B8llH'IHH, H3M8pS18MblX Ha 0ilbIT8, BB8Jl8M B naoOp8TOpH0il CHCT8M8 

J1B8 opT0H0PMHp0BBHHbie Tp0HKH BeKT0poa 

➔ knx k'n ➔, 
➔ r· k, 

• i!n = . sn = nn x n 
1 k1t x r~ 1 

11. 
(80) 

H 

➔ ➔ ➔ .. .. 
kll, n n• sir nn x kn (31) 

r11e k' (t ) - eJ1HHH'IHb1il BeKTop B sanpaaneHHH HMnym,ca pacceg1111oro (na11a101nero) nyxnon n 
➔ ➔ ➔ ➔ 

Ha. O'!eBHJlHO, '!TO kn = k , nn= n • nongpuaanmo paCC8HHHblX 'IBCTHll ecTeCTB811110 xapaK-

Tep!130BaTb K0Mil0B8HTaMH B CHCTeMe (30), a aaqan&llbl8 nongpH381lHB - B CHCT8Me (81). 

CneeyeT~ 0JlBaKo, HM8Tb B BHJlY, '!TO B penHTHBHCTCKOil oonacTn:, npu Cp8BB8HHB peaym,Ta

T0B Bbl'IHCneauH cpeJlHHX 3B8'18HHi! CllllHOBblX onepaT0pOB C peaynbTBTBMB nongpB381lH0H-

HblX H3MepeHni!, KpOM8 O0bl'!HblX KHH8M8TH'l8CKHX nonpaaoK, neooXOJlHMO Y'IHTblBBTb cnenn:-
/11-14/ 

¢H'l8CKBil penHTHBBCTCKHH noaopoT • IlpoeKllBH BeKT0pa nongpB381lHB pacceHHnoi! qac-

.THllbl HB HanpaaneHBe 8 n , H3M8pHeMaH B n.c.,. C yqeTOM 3Toro a¢¢eKT8 PBBH8 

➔ 

<on> 
➔ 1 ➔ ➔ .. ➔ ➔ ➔ + 
an=- Sp a 1(an) M½{l+a P )½{l+a P)l\t 1 a R l l 2 2 (32) 

r11e 

0 = 
➔ ➔ ➔ ➔ + 

Sp!J½{l+o
1 

P
1 

)½(l+o
2 

P
2

)M 

11n:¢¢epeH1lHallbH08 C8'18HB8 pacceHHHH, 8 

1, 

I 
J 

•,._i'J\. .nr 
l' 
r:l'-

1\ 
•_·.\ .. 
,':', 
:Ii ;N ., 
,11, 

j 
i( 
·1 

.i 
".i 

( an ) =R ➔ (0 1 };ll" (33) ' 
R " 

10 

B (33) R ;t<O 1)- onepaTop noaopoTa aoxpyr H0pMann 

pacce HHB.H B n.c.). 

; Ha yron Q = 0-20 
l n 0

11
- yron 

Hcnon&3yH cooopalKeHBH HHBBPBBHTH0CTH, H3 (32) nonyqaeM cne11yronme Bblp8lK8HBH 

JlnH KOMU0HeHT nonHpB381lBH p8CC8HllH0il 'IBCTBnbl; 

a·<; · > ; = o [ P0 + D ( P n➔ ) + K ( P n .. n) + 
1 n o nn I 11 nn 2 

+P• (P 1o~)( P2 n~)+M.,n (PJn><i\lin)+ (34) 

..... ➔ ➔ ➔.. .... ➔ ...... 
+M., •• (P1~)(P2 sn)+M.,.. (P 1sn)(P

2
kn)+ M., •• (P1 s11XP 2 sn)] 

➔ ➔ .. 

( pl Sn) + o.<;;> k'=o[ D, ( P k11 ) + D 
l n O k k I k.-a 

➔ ➔ ➔ ➔ 

+ K k 1k ( P2 kn)+ K.:,. ( p 2s~) + Mk ''kn ( pl kn)( p 2 on) 

(35) 

+ M , ( P s➔ ) ( P i: ) 
keu tll 2Jl 

+ M , 
k nk 

➔ ➔ ➔ ➔ 

( pl 011 ) ( p 2 k II) + M k 'na (Pn~)(P s➔n)l 
l 2 

.. 
o .. <o 

1 
> ;, = o [ D 

n o. .\ < P t > 
l II 

➔ 

+ D', ( p ; ) + K , (pk) + 
a a 1 n ·ak 2 1f 

➔ .......... ➔ .. ➔ 
+K, {P.s11 ) + M , (P k 11)(P n 11 ) + M, (P s

11
)(P n➔11 ). 8 8 • a kn 2 ·a an 1 2 (38) 

+ al , 
• nk 

(P; )( p ·k➔) + M, 
1 n 2 n , s as 

.. ➔ .. 
(P n .. )(P s )] 

1 n 2 n 

11 



3.nech Mbt Hcnom,aonaim cne.nyromne ot503Ha'leHHII 

D =(; ) D 
ab n RI lk 

< b > 
k 

K =<ii"n) K (bn) 
ab RI 111: k 

M =(;) M (b) (c➔) 
abo 11 RI lk q n Jc II, q 

0rMeTHM, 'ITO 
/15/ 

nanecTHbte napaMeTpbt Tpoiinoro pacceSUlllll Bom,,j,eumTeAna , 

Hbl8 C yqeTOM pen!ITHBHCTCKOl'O AOBOpOTa, B 9THX o603H8'18HHIIX p8BHbl 

D = D 
nn 

R = D , .. 
A .;. D , 

• k 

R' = D 
k 'a 

A'=Dk'k 

(37) 

onpe.nenen-

(38) 

nnq,¢epeHUH8llb'!O8 C8'18HH8 p8CC8llHHII nongpH3OB8HHOl'O ny'IK8 nonllpll30B8HHOli MHDl8HblO 

MOlK8T 6b!Tb 'aan11C8HO B Bl{,118: 

u =U [ 1 + P0 (i itn> +Po(P.n➔n> + p. 
0 I • nn 

➔ ➔ ,t ➔ 
P nn)( I' n \ + 

I . 2 l'I 

+ P n ( P 1 17n )( i\ tn ) + P 1<a ( P 1 ~ ( p2 s; ) + 

(39) 

+ p ka (P I ; n )( p 2 k➔ d + p a a ( p I ~ }( p 3 s ~) ] 

r.ne 
➔ ➔ 

P =(a ) P (b) 
ab 11. I lk n k 

Kax BllllHO 113 npHB8/l8HHblX cj,opMYn, nongpH38UHll Hy1monon, B03HHK8l0Dl8ll npu CTonK110-

B8HHII nongpH3OB8HHOl'O ny'IK8 C nongpH30B8HHOA npOTOHHOil MHmellhIO, xapaxTepuayeTCll, 

IlOMHMO nenH'IHH, 

U8Tbl0 BOnH'llllt8MH 

onpe.11em1eMblX B 6onee npOCTblX nongpH38UHOHHblX sxcnepHM8HTax, )1B8HIIA-

M 3TH B811ll'lHHbl CBlil3ULI nuneAHblMli COOTHOmeHHIIMK C )leBSITblO 
abo 

KOMnOHeHT8MH T8H3Opa M lkq H UO9TOMY O'18BH)lHO, 'ITO M8lKllY HKMH )lDnlKHO 6LITb TP• 

COOTHODl8HRllo nellCTBHT8llbHO, MOlKHO IlOK838Tb0 'ITO 

M nkk = - M naa 

(40) 
)18,Bll - M k:'kn 

= tg On 
ll + M , ..... k an 

12 

M , 
• na - !,! k 1nk 

M a'nk + M , 
k •DB 

tg on. 

B Ta!Snnue Mbl npRBOllHM cj,opMYnbt, CB513blB8IODlUC ll3M8pll8Mbl8 napaMeTpb! M 
abo 

C ll:OMnoHeHT8Mll T8H3opa M lk q • Yron a onpe)lenen cnc1ly101I1HM o6paaoM: 

a ..!!_ - 0 
2 n (41) 

0'1CBll)lHO, 'lTO /lit.II nonyqeHHH Hepen11THBHCTCKHX COOTHOW8HHii Hy>KHO UOlt.OlKl!Tb a=O • 

nng ll3M8p8HHll IlOU8p8'1HblX ; n < U➔ >n H ~ <a➔ ·> n KOMnOH811T nongpH381UlH H006-
1 I ➔ ➔ 

XOllHMo nnocxoCTb a11an&aupyromero paccesmm1 Bbt6paTb opToronam,noii n n H s'n , 

COOTB0TCTB8HIIO. npo)lOllbllBll k~ <a➔,~ KOMnOH8HT8 nongpH38IlHH MO>KeT 6b!Tb ll3Mepena, 

ecnH ayKnOHbl nepe/l ananuanpyromKM pacce11HHeM nponycxaroTCH qepea MBl'HHTHoe none, 
➔ 

nanpannenHoe no n n. • 

l,I 
nkk 

= M nf'i 

M 
nks = I.Inf'£ 

M nsk = M nf'i 

M k 1kn M mmn 

Ta6nnna I 

cos 0 - M 
+ 
nfm sin 0 

sin 0 + M :fm cos 0 + M nfm 

+ 
sin O + M nfm cos O - M nfm 

cos c_!__ +a) 
2 

+ 

M fmn 
0 -

sin ( 2 - a ) - M fmn sin <4- + a 

M , =M sin(....!!._ +a)+ M: cos(....Q. - a)+ Mn 
,k an mmn 2 Lmn 2 Lmn cos<++ a 

Mk,nk M cos(...!_ + a ) - M: sin(.!_ 
2 

-a) - M fnm sin (_.!!_+a 
2 2 r.nm 

M k'ns 
M 

0 + 
sin (-+al+ M f 

2 nm 
0 - 0 

'cos(--al+Mf cos(-+a) 
2 nm 2 

M , 
. a kn 

= -M 
mmn 

sin (..!!_+a) + M +f 
2 mn 

0 
cos (-- a ) - M f 

2 mn 
cos ( 0

2 
+a) 

M , = M 
a an mmn 

cos (...!!_+a) + M+f 
2 mn 

sin (....!!_-a)- l,lfm,. 
2 

sin ( ~ +a) 

M M 
s'nk 

1,1 , 
• ne 

= M mnm 

sin(_f) +a)+ Mff cos(....Q.-a)-ld-f 
2 nm 2 nm 

cos(-1L+a)+ !,If+ sin(.Jl_-a)- Mn 
2 nm 2 Lnm 

13 

cos (_Q_ + a 
2 

sin (-il-+ a 
2 



.z:In.11 onpeneneHH.11 napaMeTpa M , 
a ·an 

, uanpnMep, uylKB0 ny'loK c non.!!pH3aniell 

➔ 

P 
1
-·P 

1 
sn paccesrn. Ba MnweHu, non.!!pB30naHuoil opTorouanbB0 nnocx.ocTH pacce.llHH.11 

(P =P ; 11 ) • Ka11: cneJJ;yeT u3 {34)-(36) H (39), B03BHKa10ma.11 npu aToM non.!!pH3an.11.11 
2 2 

paaaa; 

<; > = k~(Dk•• P1+ Mk•.,.P1P2> +itn (D.•.P1 +11.,.,.Pi_!'_i+nnK 
I n 

(l+P0 P2) 

OTCIOAS, ecnB H0pMa/lb K nn0CK0CTH aHanB3Hpyromero pacce.11HH.II nappnne/lbBa 

TO neBO-npaBa.11 8CHMM8TpH.II paBHa 

LR 
e p 

a 
Pl(R +11., ... p2 

1 + p• p 
2 

p2. (42) 

➔-Sn 

(43) 

r..;e Pa -aHanH3upyroma.11 cnoco15aocTb MHweHB-auan113aTopa. Ecnl! H3B8CTBbl napaMeTpbl 

R II p~ TO H3 (43) M.OlKHO HailTII M. , ·• OcTa/lbHhl8 B8Illl'l11Bbl M M0ryT l5b1Tb 
s an abo 

HallJJ;eHbl aHanorH'lHblM o15pa30M. 

KoMnoHeHTbl Teuaopa M lkq MoryT 15bITb onpeJJ;eneHbl TaKlKG nyTeM 113MepeHllsi 

non.!!pH3anxu qaCTHAhI 0TJJ;a'l11, B03BHKaromeil np11 pacce.11Huu nom1pu3oeaHHoro nyqxa non.11-

pu3oBaHHoll MIIW8Hbl0. Ha 0ilb!Te 113M8P.IIIOTC.II K0Mil0H8BTbl B8KT0pbl non.!!pll3an1111 qaCTIIIlbl 

0TJJ;a'lll B CIICTeMe, CB.113aHHOll C IIMfiY/lbC0M qaCTIIIlbl 0T)la'lB B n.c.: 

➔ ➔ 
n k" n' n, 

➔ 

;,~=~ X 
➔ 

k" n • (44) 

3JJ;8Cb k; - 8AHHll'lHhli! B8KT0p B HanpaBn&HIIII IIMilY/lbCa 'laCTIIIlbl 0TJJ;a'lllo Y'lllTbIBa.11 

pen.llTIIBHCTCKllil A;;BO!)OT, aHa.norH'lHO (34)-(36) HaX0AHM, 'IT0 113 H3MepeHHli non.!!p113an1111 

'laCTIIIlbl 0TJJ;a'lH M0ryT l5b!Tb onpeJJ;eneHbl cneJJ;yJOmHe B8nH'lHHbl: 

3JJ;eCb 

paBHhl: 

L 

➔ 

bnH 

N 
nbo ( n n> t N tkq ( b,; k (c~) q 

N ,, = ( k" ) N ( bn ) (;n) 
k bo JI Rl lkq Ir. q 

N,, =(;") N (b) (;) 
a bo n RI lk q 11 k JI q 

Sr- B&ETOpbl H3 Tp0ilKH 
➔ 

nn, 
➔ 

k ll 

c k,, > = R ➔ c n > k" n R n 2 n 

➔ 

Sn• 

~, ) · = R (0 ) ~, sn R ;: 2 s n 

14 

a 

(45) 

(k;) R H (:,n ) R 

(46) 

rne R ( 0 ) -onepaT0p Il0B0pOTa B0Kpyr H0pMa1Ill n ua.yron 

0 2= 2¢.-¢. (47) 

B 3T0M C0OTH0W8BHB ¢ ll -yron 0Tna11u B ll.c., a ¢ = 17- 0 - yroll OTJJ;a'lll B c.n.n.· 

<l>opMynhl, CB.113blBaJOmue onpeJJ;en.lleMhle B3 0ilb!Ta B81Ill'l11Hbl ( 45) C K0Mil0B8BTaMn I,( lkq 
MoryT 151,1Tb HallJJ;eBbl C Il0M0WblO Ta15nnnhI 1. H&TPYABO noxa3aTb, 'IT0 

N nbo = I,( nob 

N 
k"bo 

=- I,( 
•' ob 

(a ➔ -a') (48) 

N 
s"bo = M k 'ob 

(a ➔ -a') 
1 

rJJ;e ( a ➔-a'} 03Ha'laeT, 'IT0 B C00TB8TCTBYIOWBX Bb!p8lK8BH.IIX. B3 T8151Illnbl 1 yron a 

)lCillK8B 0b!Tb 38M8H8B yrnoM -a' 1 npB'l8M 

a'= -f - \· {49) 

B uepemrrHBHCTCK0M npeJJ;ene a'= 0 

KoMnOH8BTbl paCCM8TpHB88M0r0 HSMH TeH30pa M0ryT 0b(Tb onpeJJ;eneHbl T8KlK8 H3 

H3Mepeanll K0ppen.llnBH IlOil.!!pH38HHA, B03HHKaromeli npH pacce.11HBH Il0il.!!pH30BaHH0ro ny11-

1ta H8UOil.!!pH30BaBHOil MHW8Hbl0. 

B Ta15nHne II Mbl npnB0AHM BblpalKeHJlll AnH 
0

H3M8pH8MblX Benll'lHHx). O1503aaqe-

HRH 0118BHAHbl: 
➔ 

ck,.--.. = ( k~ )RI ( s;> Rk C lkq 

➔ 

(nn 
q 

H T.A. 1·13 paBeHCTB (13) Bb!TeJtaeT, 'IT0 HM8IOT M8CT0 cneJJ;yromHe C00TH0W8HH.II 

c,.."k + C nk"• = tg (a'++) 

C Dk "k -.c ,, .... 
·C k~s"n - C ·a'k'~a 

tg ( a + a' ) 
C ,,, +C ,.,, 

8 .• D Jt k. n. 

Ck 'nk - C , 
8 DB 

·C , 
s nk 

+ C , 
k DO 

tg(a -~) 

(50) 

x) <l>opMyna JJ;n.11 C , ,, 
8 8 D 

C y'l'.eToM penHTHBHCTCKHX 3,j,q,eXTOB 0blll8 nony-

qeaa paaee B.H. HHK8HopoBbIM. 
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Cnk "k = II mnm 

C nk "a =--,M 

C na''k =M mnm 

C ,, =+M 
na • 

C k 'I, "n = Mnff 

ck 'l!!l"n = M nff 

c.a'1t"n = M nll 

C s's"n = - M nff 

C 
k '~k 

= M mmn 

C =M 
k'ns mmn 

C a'nk M 

t , M 
a na mmn 

T a ___Q__1l_ II_ ll a II 

+ 
sin ( .! - a')+ M a 

2 Ulm 

cos(.!-a')+ M: 
2 Ulm 

cos (~+a?+M; 2 LD.m 

sin (_O_+ a')+ M.-
2 u,m 

cos c.!- .a') 
2 

sin ( _!!_ - a') 
2 

+ 
cos(~- a')+ M0 2 t,Dm 

·sin(.!+ a? - M;; 
· 2 t. nm 

sin(.!!...- a') 
2 

sin (.i.- a') -M+n 
2 LDm 

cos (J!...+ a')+ M ; 
2 u,m 

cos(.!!...- a') 
2 

+ -
sin (a-a?+ M nfm cos (a-; a?+ M nfm cos (a+ a? 

cos(a-a')-M+, sin(a-a')+M n sin(a+a') 
nt.m · nLm 

') + cos(a-a -Mnfm sin (a- a?- M nfm sin (a+a? 

sin(a-a')-M ~ cos(a-a?+M: cos(a+a ') 
- DLm DLm 

cos(_Q_+a)+ M~ sin(~-a)- Mf sin(.£..+a 
2 , mn 2 mn 2 

sin(~+ a) - M+f 
0 -

cos(-- a)+ Mt 
2 mn 2 mn 

0 + 0 -
sin(-+a) -M 0 cos(--a)-11 0 

2 unn 2 unn 

cos(~~ 
2 

cos(~+ a 
2 

a) 

+ 

cos ( _!!_+ a) - M • 
2 UDD 

0 -sin ( __ a ) - M a 
2 UDD 

sin c.i.+ a) 
2 
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HaxoHell, nmj,opMBllHB O KOMllOHeHTBX M 
lkq MOlKeT 6b1Tb ll0nY'IeHO T8KlK8 llpH H3-

Mep8HHH ltOpperum.nn ll0.lillJ)B3llllBA B cny,i:ae, ltOrM ll<>JIS!pB30B8Ha l\lllmem.. H3M8pS!8Mble 

B 8TOM cny-qae BenH'lHHbl MoryT 6h1Tb HBilJleHbl H3 BblpalKeHHII Ta6nHllbl "II Cll8JlYIOillHM 

o6pa3oM: • 
~ k 1

k 1
~ 

=-C , ,, (a ➔ -a') 
·a· ■ ll .. 

p 
k ~.,,Jl = C , ,, (a .. -a') 

k • ·D ... 

p 
k

1
nb 

=C 
na''b 

(a'➔ -a) 

p =-C 
k 

1
k "'"n 

(a~-a') .• ~.--;. 
(51) 

p , .,, =C 
· ■ \"'n 

( a ➔ -a') 
• •k n ... 

p , 
• nb -- Cnk"'b 

(a' ➔ -a) 

p ua""b = C k 'nb (a ➔ -a') 

p nk"b =-C , 
a nb 

(a➔_-a') • 

B CK06K8X YK838Ha H806XOJlHMOH 38M8Ha·yrnoB. 

B 38KnJO'l8HH8 paCCMOTpHM BOllpOC O llpBMOM.BOCCT8HOBnenHH 8MllnHTyAbl nyxnoH-~, . 
eyxnounoro paCC8BHHH. Kax 6blnO DOK838HO B pa6oTe '}lnH BOCCTOHOBJieHHH OMDnBTyAhl 

AOCTOTO'lHO B3M8pBTb C8'l8HHe, nongpH38JlBIO, T8H30P AenongpB38llHB D 
lk 1 a T4JOK0 

HeKOTOphle KOMllOH8HTbl C lk 11 Klk (Bcero OJlllHHBJlllOTb BenB'lHH). IlpH STOM 

COOTB8TCTBYIOillH8 B8ml'lHHbl AOIXlKHbl 6b1Tb H3MepeJlbl C 6onbmoa TO'lHOCTbJO. Bocn0nb30-

. · /1/ x) 
BOBWHCb COOTHOW8HHSIMH (15) H qiopMyn8MB T06nHJlbl .II o63opa • nony'l08M : 

Reh = ~ M nll 
4c 

Rev = ~ Mmmn 
4c 

Reg=~ M 
Ac mum 

Re u = ...£2Po 
4c 

Imv = .!!...2.... D 
4c mf 

Im h = Uo.C 
~ mf 

Im g = ...£!> K 
4c mf 

x) /1/ 
B Ta6nnne II 063opa • HM810TCB one'laTKH. B q>OpMynax (5) H (8)-aTOil 

(52) 

Ta6nIIJlbl cneAyeT 38M8HHTb t ➔ m • 3Ty lKe. 38M8HY cne}lyeT IIJ)OH3B8CTH B (7.43)' 
(7 .44) H (7.50') • 
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AMnnHTyAa C C'IHT88TCSI AefiCTBHTenbH0fi H nono:lKHT8JlbHOfi. OHa CBSI3aHa C Ha6n10Aae-
/l / 

MbIMH B8nH'IHH8MH COOTBOmeaBeM (7.46) paoOTbl • C n0Momb10· (52) MoryT 0b[Tb nony-

'18Hbl ,!lpyrHe BblpameHBSI ,!(nSI C 

c2 

2 

0 n ( M mmn 
2 

+ Dmf 

2 ( 1+ D - K -C ) 
DD BD DD 

2 2 
o (MDl'.f +Cm£) 

2 ( l - D DD - K DD+ C DD 

2 

o O ( M mDm 
2 

+ Kmf 

2(1-D +K -C 
DD DD n• (53) 

CooTHOW8HBSI (52) H (53) Il0K83blB8IOT, HSCK0JlbK0 ynpomaeTC!I nponeAypa B0CCTaH0BneHHSI 

aMnnHTYAbl pacceSIHH!I, ecnH H3B8CTeH TeH30p M 
lkq 

HaMepSieMbie napaMeTpbI M abo Bbl'IHCneHbl C llOMOillb!O IIM8!0DlRXCll 

.;iaaOBblX HaoopoB B WHP0K0M HHTepsane 3Hepruii. Ha pHc. 1 npHB0AllTCll peaynhTSTbl Bbl'IH

cneHHil K0Mil0HeHTbl M ·•'•D AnH D -p pacce!IHH!I npH 3HeprHH 630 Mas. Ha rpacj,HKOB BHAH0, 

'!TO H3MepeHHe 3T0fi senH'IHHbl noasonHno Obi cymeCTB8HH0 yMeHbWHTb He0AHOf3H8'1HOCTb 

cj,aaosoro aHanuaa. 

Mu .onaroAapHbI ~.nerapy H 3 • .HHoyTy, BbI'IHcnaswnM no Haweii npocboe rpacj,HKH, 

npeACTasneeeb1e Ha pHc. 1, a TaKme 10.M.Kaaapaeosy H .H.A.CMopoAHHCKOMY aa nonea

Hbie OoCY2KA8HHH paCCM0TP8HHblX 3A8Cb BOnp0COBe 
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Ms'si, 

0,5 

-0,1 

-05 I 

Mss·n 
630 MeV 

In.pl 

-e 

180 

Puc. 1. Yrnoaasi: aaaHCHMOCTh napaMeTpa M , nnB n-p paccesi:ang npB suepran 630 MsJB. 
" •• · . /18/ 

KpKBbie 1 t 2, 3 BbI'IHCJI0HhI C IlOMOIIlhD if,a30Bb1X Ha5opon pa50Thl .IlpHBe.O.eHHble 

omB6~• o6ycnoBJieHhl owa6xaMB B onpeneneKHB sneMeBTOB MaTJ)BUN PacceSIRHH npa 

¢a.sonoM ananx:ae. 

... 


