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nomipH30B6HHaH npOTOHHaH MHillBHb B OllbITaX C 'IaCTHUSMH 

Bb!COKHX aHeprHil 

B HSCTOHll.{ee BpBMH B pacnopmKeHHII axcnepHMBHTa'l'opoB HMBBTCH 

ll011HpH30BSHHSH llpOTOHHSH MHillBHb. PacCMOTpeHHIO ee B03MO)KHblX. llpH­

MBHBHIIil B qJII311Ke BhlCOKIIX 8Hepr11i1 II llOCBHll.{eH HSCTOHll.{llil o5aop. 

Ha116onee no.opo5Ho paccMoTpeHo HyxnoH-HyKnoH_Hoe pacceHHHe, pacceg-, 

HIie 1T -Me30HOB HyKnOHSMII II BOllpOChl onpe.oeneHHH qeTHOCTell CTpaH­

Hb!X qacTHU B OllbITSX c nonHpH30BSHH08 npoTOHHOll: MIIIll8HbIO. PaccMO 

peHbI np!IHUIIllbI CHMMeTpHH H nonyqeHbl OCHOBHbIB TeopeMbI, HCllOnb­

ayromHeCH np11 11ayqeHHH nonHpH38UHOHHbIX HBneHHll:. 

' n pen pH HT 06'b8.llHH8HHOro HHCTHTyTa Sl.ll8pHblX HCCne.noBaHHit. 

J].y6Ha. } 964 • 

Bilenky S.f;{., Lapidus L.I., Ryndln R.M. 

A Polarized Proton Target for Experiments with High-Energy 
Particles 

P-1634 

The experimenters have presently got at their disposal a polarized proton target. '.I'h,i 

review is concerned with its possible applications in high-energy physics. :Nucleon­

nucleon scattering, pion-nucleon scattering and the problem of detennining the strange 

particle parities in experiments with the polarized proton target have been treated in· 

much detail. The symmetry principles have been considered and the main theorems used 

in studying the polarization phenomena have been given. 

Preprint. Joint Institute for N...tclear Research. 
1964. 
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j): I • B. nocne.llH80 Bp0MSI llOSIBKnHCb coo6~el1KSI·. ~6 8KcnepHM0HTax, BblnonHeHHblX\i_a MHWB":" 
' ' . • , '· ' ' ' . ' . • / l -'3/ , . I . • . ' . . / I • • , , . \" 

••. HK,· CO.ll0p:>KBIU0A nonsipH30BBHHb10 ,npoTOHbl Bo BC0X STHX. 8KcnepKM0HTBX B, KB'l0CTB0 
#, - "" ', -, I ' .~, ', 'i" : ' " , , ~ . / . • i • .• 

MHWeHK m::nonb3osancsi MOHoKpHCTMn .llBB.llUBTK'le-r1,1pexso.llHOro .llBOIIHoro HHTpaTa naHTima- ·> 
' I ., '\ .. ·· - .tf- \. , 

; /'· MBrHHSI La~' Mg 
3 

( NO ;J 
12 

24H 
2 

0, 1 B
I 
KOTOpOM OKOno npOU0HT8 _ La . a_BMemaeTC!l napaMar;- .. 

HH~HbIMH,. KOHBMH fe 3
+ HnH Nd~: npoTOHbI KpHcTannKaauH011aoa· BO.llbl, . .'1t~Top1,10 :-cocTa~nmo:' -. · 

OK0/10 3% KpllCTanna n~'aecy,' nonHpH3YIOTC!l M~TO.llOM TBK H83bIBB0M08 .tlHHBMH'l0CK08 u•~~g- ·, 
, , :_ ! , • ." • 

1 
f, • ; \. I ' ". ~ , •, ', ',' ' ' ' • i, •, ,' ', , ' . ~ •. • ___. 

pH36UKH. Mbl Hano:>KHM 3.ll0Cb BKp6TU0 ynpO!U0HHYIO cxeMy_ B03HHKHOB0HHSI nomlpH38UHH 
,.- l ,l 1 - ,- • r ~ -~ 

1.npOTOHOB. 4HTBT0llll, :>Kena10mero 6onee noapo6ao: 03HBKOMHTbC!l C M0XBHH3MOM llOnSipH3B-
, f -:: • ' I /4( 

· Mbl oTCblnaeM K pa6oTaM • 
I '; 

'pa~CM,OTpHM ~HepreTR'l0C~He: ypOBff,H CHCT0Mbl sn~KTpOH ( TO'IHee
1

··;neKTpO;IHa1I o6onoq..: 

napaMar!HTHO~o iioaa c ,sct>cp~KTHBHbIM ,cnHHOM ·sa ½' ) 1
- • npoToJ', B. iiocTOHHHOM ~ara~;.. 

H :.,, \ 

f ' 
1?'e=g{JH 

·l·i~~~> 
' . }·½. ½ :::-

' . 3.ll0Cb,. I Ai, m>' - COCTO~HH0 c' npoeKUHSIMH ·cn~HOB 8ll0KTpOHB H !l,llpa M H ;; •. /3 _. Marae-. 
·I j • j. ' • ,,_ ' I • , 

'\ 'l'OH 6opa,. a_' H gn- ,snex:rpoHHblA H npOTOHHbill_, g .- _cpaKTOpb1: ~naro.llapii . .llHllO,nb~.llHllO~b-

a,~a. CBll3H MBrHRTHbiX MOM0HTOB , sneKTpoaa _H npoToHa. H0B03MYIU0HHbl0 • COCTO!IHRSI I M, m > 
'nep8~0WHii{IOTClll;H ''.iJ riepeM~HHOM ... MarHKTHOM none, . nepneH,llHKynHpHOM llOJIIO, H,' npo'm:-

• ·; ', ,/ - ''' I i /. I' I l ,', . i i" •• ,- ' \ ,I 

xo,.ll!IT nepeXO.llbl C 0.llHOBp0M0HHblM H3M0H0HH0M npoexuHa CllHHOB sneKTpoaa,. H npOTOH6 

. ( •aanpe IU0HHble"· nepexo.ll~), npH H6CbIIU0~H~, H~npiiMep, nepexo.d.~. ·, -½, -½ >,.-! f ½: ½ >1 

H~~:neHHOCTR STR; -~OC~O!ll!K~ .~TaJOB!lTC!l -O~lHHB·K~B-b!Mi> . I I . ' • ' 
-, , r•· , . 

. /-' .· ' " 
,,,I· N+ n~= N_n_,/. ( 1.1) 

,\,; . \ . . 

r.llE! N + H n + - ,'IRCna, sneKTpO~OB .. H npoTOHOB C np~eKUH!IMH , CllH~a. ± ½ , , COOTB01:CTB0HHO • 

• 'E~nH ;~0Mll -;~nait~aUH~: ~aap~weH;blX nepexo'ilos IM, 'm > ..:'I u·.±1, ~' >,: ,:,Maoro M0HbWe 
• - ;\. ,', . ... , • ·, , _', _/· ' ·,,, , ' ' ( • • \: ' ' ,, • ' i '_; 

· apeMeHH paccMBTpe:aaeMoro •aanpemeaaoro• ·nepexo,lla no.ll BnHHHHBM nepeMeH11oro nonsi,. 
- ' . ' '/- -: ' • /' , I -. I • 

. 'TO pacnpe.llene11e:e 8ll0KTpOHOB 6nH3KO K 6onbUM6HOBCKOMY .. ,, 

-~· 
.- e kT (1.2) 

(,fa ( 1. J) H. ( 1.2 j HBXO.llHM, <iTO 

.. , ··-x) ·HBCbIIU0HHO. '3a11peme1111oro• napaMa_rlrn,THOrO PE!:')OH6HC8 03H8'1ll~T, '!TO Bp0MH .. · 
rfeOTOHHOil rrien·aKca'uHH Mlloro 6onbwe. apeM0HH nep0XO.ll8 IlO.ll BnHHHH0M BHewHero nape-. 

0HH~ro :M'. l'HHTH0\0 non!l, .. 
,,..--

5 
·; '.\ 

j ) 

-11· 

I· 
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,, .,. OTKy .oa ,ll/151 nOIIHpH3aUHH, npOTOHOB no11y'laeM _·, 

/1, p D+/n-.;. -1 
n+;n_ - l 

th g{3H 
, . 2k T 

I• ; . ,, 

, 0'18BH.llHO, -iTO B OTCYTCTBHH nepeM8HHOl'O nOIIH, nOIIHpH3aUHH npOTOHOB p8BHa 
-~ I ' I ' ' I. 

p = th gnf:l H . 
CTaT . --- ... 

, ·• 2kT 

., C 

(i.at· 

( 1\5) 
,,, .,., 

, . . /- \ , ' ,_' 
TaKHM '06pasoM, npu \H8Cbllll8HHH n_apai.iarHHTHOl'O pes~HaHca B03HHKae,T no11HpHsauug npoTo-

HOB, sHa'IHTe11bHO ~peao~xo.osimaH, CT8TH'lecKyJO no11Hpnsauu10,. Hs ( 1.4) H ( 1,5) c11eh;eT; 

·'ITO npH , g /3 H 
1 

· < < l ' , · -
' . 2· .2 k T 

/ /· 

a, !:. ~ -;_ _'l_,:]' CTaT :: 6•2 ' lQ :J' CTaT, 
J -. 2·k 'T ·' gn · •. 

' ' . · . /5/ · ' I ' - . '. ' ' ' 

3rnM cnoco6'oM:B noc11e.oaeA pa6oTe no11y'leHa no11Hp11saunH 60%_a KpHcTa1111e o6'beMoM 01to110·. 
\,,,.3 , ', " 0 ~ , , '" 1\ 

15 :cM np11· TeMnepaType - T = 1,2 K, nocTOHHHOM none> H • 18,5 KHIIO!'Sycc t1 ··'laCTOTe nepe-:, 

MeHHO!'O nonll :'io rru. ·. . . . ' -/ 

-- ' , _/, 

,' B. 8TOM o6sope Mb! paCCMOTpHl.:i' B03MOlKHble np11MeHeHH!_l 'no1111piisoaaHaol! npoToHH_ol! · 
' ·. , . , ·, , I . 

MHllleHH B qJH3HKe Bb!COKHX a~eprHl!, npnMeHeH_He no11llpH30BaHHOll 'npOTOHH,oll MHlll8HH 

npuae.cteT K cymecTaeHHOMY nporpeccy B usMepeHHH. no1111p11sau11oaa1,1x· a·cp<peKTOB a pas1111q-
, , 't . ., , ) .. ' 

Hb!X peaKUtlllX, HanpHMep, non_npnsaUHll npOTOH~B a'• 11- p H p •p -paccel!HHH MOJKeT 

6bITb onpe.oeneaa nyTeM t1sMepeHn11·11eao-npaaol!,ac11MM~TpHH M830HOB (uyKIIOHO;) B ·pac.:. '. 

.ceHHHH 17 -Me30HOB (HenonllpH30BllHHb!X HyKIIOHOB ) Ha . -~ . 
, no1111pusoaaaHol! 'Mamea11. Ec11"!_ 

JKe MHW8Hb' Heno1111p11soaaHa, _To no1111p11s;iuu11 npoTOHOB onpe.oe11l!eTCl! nyTeM .ctBOl!Horo 

OllblTa C l!3MepeHHeM acHMMeTpHH BO B;O;l!~HOM pa°'cce'llHHH IipoTOHOB OT.ll~'IH, 0TM~THM, ,-, 
' ' ··. . '. . . ·,. ',, ' . , .. /2/,_' . 

'ITO yJKe B nepBOM a1<i;nepHMeHTe no 17 -p -paccellHHIO Ha ll011llpll30BaHHOl! MHWeHH- , · 
• . · · · · .. ,_ . · · ·· · . · 1a.:.a) . 

llOllllpH3aUHll npOTOHOB 61,111a onpe.oeneua C 6oriblllell. TO'IHOCTblO 'leM B .llBOl!HOM onbITe ,'. H ,;' 

,: ' 

• ;'° ; ' ' ~ • • ,, • • •,_' ,. ; I ' I j ' 

DO.ct T8MH, yrnaMH, r.oe ll3MepeHHe neao-npaBOl! acHMMeTpHH saTpy.oHeHo Manoi! auanH3Hpyro: ;· 
' ' \ ' _. • • ', • - .' , • l • ' ',' 's• , •', •, '. ', • 

well cnoco6HocTbJO · MHwenn-aHanusaTopa; · TaKHM JKe' cnoco6oM B p-p -paccel!HHH 61,111a us~ 
C '· ' ' ,. / • -- \ I - '. \, - • ' ' • / , -.., 'I ~ 

MepeHa no11l!pHsau1111 · HyKnClHOB a HH-repaa11e anepruA 1, 7-6, 1 raa, B cnyqae HyKnoH-nyKi-rou· - . . . 

H_oro paccel!HHll B03HHKaeT, Hanp11Mep; B03MOlKHOCTb ~aMeHHTb Tpol!noA Ollb!T . no 'onpe.o~;_, 

. neHHIO KOppenl!UHH nonl!pHsau11A H3MElpeHH0M ce'leHHll, pacctl!HHll.,nonl!pH30BBHHOl'O ny'IKa 
" . . ' ' ..,.. ,' ~ ..... 

nOllllpH3\>BB~HOJl
1 

MHW0Hbl0 ll_ T,ll, ', \. 

. . ' ' . ,,' 
nonl!pH30B8HHBll MllllleHb n03B0/ll!eT Bb!IlOIIHHTb pll.ll 8KCnepHMeHTOB 1 KOTOpbl0 H0B03~ 

• • I • , ~ 

-,_-MO?'(HO'OC,Y/UeCTBHT~ 6es nee_. .nJ11MepoM., l!Blll!eTcl!· orrp_e.oeneuue rrapaMeTp~B 'noaopoTa 

, CIYHHB. B 17 -,-p .-pac~el!HHI/, . . . . , , 

\ 

.Hc:Ho, '11'0. rrpoae.oemrn, yKa3aHHbIX on_b!TOB, IY03B0/IHT cywecTBeHHO rrpO.llBllHYTbCll- B 
, •.• , ,- . • I i • ,, , . . ·. 

sa.oaqe b BOCCTBHOB/leHHH MBTp~~ paccel!Hl!ll HI rny6JKe nOHl!Tb cn,HHOBYIO 38BHCHMOCTb 

1 ,B3~HMOael!CTBHJl -~elK.cty 8/10M0HTBp~~IMH 'IBCTHUaMH,, ' '' 

6 ,/,. 

I ,-. 



-- ~.- ·,' ·.: 

;npHM0H.0Hll8 nomlpH30B8HHOl! npOTOHHOl! MHW0HH OTKpbmaeT WHPOKH0 B03MQ)KHOCTH 

I• • 

, 1-'foyqeHHe pea~l(Hl! 
11 ( K (+.p ..; Y + K ( ,,f, 

• . K- + p ➔ !: · + K 

/ 
Ha norisipH3QBaHHOl! MHW0HH ll03BOnsieT 0_.llH?3H8'1HO' onpe.o.enHTb/1_0THOCT_H <::Tpl'rnHbIX_ 

, . . /10-14/ 
· '!aCTHI( ' 

;· 

•·npH, paCCMOTpeHHH B03M0)KHbIX np~M0H0HHl! nonsipH30B8HHOl! M~W0HH Mb! 6y .o.eM 
I. ) '' ,. '. _...,_ \ '· ~ . - ." ' •. ' ' '. . '. ,· • 1 , )) ' 

·\ oCHOBbIBaTbCSI nHWb aa · o6IUHX Tpe6oBaHHSIX. HHaapHSHTHOCTH · OTHOCHTenbHO. npocTpaHC.TBeH-
• I "· ' ,, I 

· .Hb!X apacieHHl! H 
'\ ,. •, • I 

o,TPl!~eHHA H '~6pame~H; _~peMeHH,' Hsno_)KeH!fIO · KOTOphlx --MbI. n~cB>1THM · oT-

.o.enbHbil! na_parpacp. . , . 

·,, . . I 
0CHOBblB8SIC~ Ha. a_THX Tpe6oaaHHSIX,. Ml,I ccpopMynHpyeM _OCHOBHbI0 TeopeMJ,I,. Hcnom;-'-

' ! • • - > 1' T, • • .:•,• > • '; • \_ •; 

, ,3yeMbl0 .. llpH H3Y'l0HHH · llOJIS!pH3al(HOHHbIX SIBJI0HHl! B CHJI_I,HbIX. B3_1'1H!'40A0l!CTBmlXo ·. 
,; 

'A~TOpbI H~A0IOTCSI, '!TO o6sop' CM0)K.0T cny~rnTb BB0A0HH0M B >;Kpyr npo6JieM,_ casi­

. saHHblX c Hsy'leH_H~M nonsi!JH38UHOHHbIX smneHHi!. 
• i_,: 

I • • 

. Mb1 6naro.o.apHbl IO.M. KasapHHoay H · H.A. CMOJ)_O.llHHCKDMY sa • MHoroq11cneHHb1e· 06:.: 

. Cy)K.!J.0HIISI pacc:'MOTp0HHbIX 3A0Cb B\>llPOCOB II llOJI03HbI0 COB0TbI, 

)' r ' l , ' 

· nepn~HAIIKym1piioa nnocKOCTH' peaKu11H~npaa11no · Sopa 

' , ~ l /. ' ~. / . 
Mb1 Ha'!HeM c ane_Me,HTSpHoro y~ccM0Tpe~11,r psi.o.a BS)KHbIX _coOTHOWeH:ril, Heo6xo.o.11:'.: 

MbIX AJISI .o.anbHei!wero, . .,, 
PaccMoTpHM cnepaa paccesiHie 6eccnHHOBbIX '!SC'fllU HS llOJIS!pH30B_arrnl,IX '18CTIIU8X 

\.. . . ·.. ' . . ·. . . ~. '.' .. ·. . . ,· .... · I 
co CllllHOM l'/2,. HanpH~ep,_,p~ccesiH_lle 1T • -M030HOB HS llOJIS!pll30B8HHOli BOAOPOAHOi! MIIWe.-

'. HH. nonsip~sau11si qac:rnu <::o cnHHOM l/2 onpe.o.en_si~ncsi KaK c_pe;Hee sHaqe,a11e ;..,i2; . 
. :➔ , •➔· - .--. • I • ;1 , ~ 

( ·s -onepaTop·cnHHa, a - MaTpllUbI nayn11). 3Ta BeJIH'IHHa, nonHoCTbIO xapaKTe_pm:iyeT· 
\ ; ·, -· ,., ",' ' . ' - ➔ --➔ • •· , • ' . • 

'CllHHOBOe. COCTOSIHHii ,'ISCTIIU. co) CllHHOM . 112. nycTb P= p n . 03H8'!80T• H8'!8JlbHYIO 'noJISlpll" 
' ~, . . ' ·- 0 • 

"aau1110 'l~CT~U•M;W0HII. -H~'l-8JlbHbI8,11 ,Ko~e'!HUA'oTHOCll;0JlbHbl0._HMllYJibCb/ p. II ;, '(cllCT0" 
' I, ' , ' - -

'Ma U0HTpa HH0pUHII) o'npe.o.eJISIIOT nnOCKOCTb pacceSIHIISI, npe.O.ll0JIO)KHM 1 '!TO B0KTOp n 
~ 1 ) - ' 0 .i' 

opToroHaneH aToil nnocKOCTH, Ycnoa11Mcsi roaop11-r1,, '!TO qacTHi\b1 paccernaa10Tcsi :Haneao, 

ecnH BP.KT~pHoe · npo11sae.o.~H'ite· [; ;;t ,.napannenbHO · n ~ ,H '!SCTIIUbI .' pacc:'el!aa10Tcsi I Han_paao, 

ecnH [;p1 8HTllll8.p_aJIJI0JlbHO .0
0 

(c~; p11C, }), ·.' . 

I . : 
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I a)· Pacce11Hne :Haneao 
. \ I • I . . . 
. )'. 

a) Pacce~Hlle Hanpaa~ .. 

~ Pac. 1.< 
" . I 

/' i I ·'.' / j ,· l ➔ ➔ /• \ . ' ' ./ ,:. 

' EcnH. OCb . ~ v. ~anpaBHTb_ no .P • 'a OCb y no' no' ?O npH _paCCE;SIHHH_~~aneso as1_1MYT'!'nb_-' 

' ~b18; yro'n. · cf, paseH Hymo, npa · pacce11HHH, Hanp'aso, cf,.; rr.· • 
. '' , ' . • .. ~ ➔ ' 'i > .. ( ' ' .', 

• ,, 
1 

, <-' CoCTOSIHHe .c· ·non11pasauu'ea -pa ·p; .· ~nHCblaaeTCSI ;H~~orepeHTHoa·,'cMeCb~' .JlBYX. 
,; ~ :. , ' '• ·, . , ._, 1 ' ·, I '? _.. ':+''➔ ' ~ ' 1· ; ' ' 1 .i . · I< , 

;- ! ·., 

\ 

. , . 

1\-

,' 

I I 

c-:o6cTBeHHblX 'PYHKUH8 ,x u·,x· onepaTopa (u·Do) •. EcnH w+ H w - 1 110pMHpoBaHHb!e - , ·_· ·, T - . , , · ,- · 1 • , , 

aeposi;i-~oc;,n, C KOTOP~IMH x'+ H_ ~- BXO,llSIT a, cMeCb,;_TO · .. , I • 

9',=
1 

w~ - w_ • (2.1)' 

J,fa ( 1 )' a . ycnOBII_SI H_OpMHpOBKH Ha;(O.llll_M '1',,-
/ 

'-.0 ,' 

I • 

w+ '." .½ ( l t· .9' ) , 

. w _ = ½ ( l -. . 9' ) • , 1: 
· (2.2) • 

I - , ·, 

nycTb u·L,, ,· (0) . a u·R; (0)- -· ,llKip¢_epeHUHanbHble ceqeHHSI pacceHHHSI _Ha 
_mtm_. , mtm . _ -+"'- . •. ; ·,_1 

yron O Haneao ·, 
. \ . ' .. .. 

n.Jianpaao; m •H m'•,-1npoeKunn·_cuaHa Hall~ a·HaqanbHOM H KOHe'IHOM 
' ' ~ I ,' \ . I • , • • - .- ~ • ."-. -· • ' 

COCTOSIHHHX. Tor,lla 
I< ,. I'' .,, 

.llnH · .llH<pcpep_eHuu·anbHblX. ce'leHH8 pacceHHH~' Ha'·MnweHH. c_· non~pksa~ua 9' nonyqae~: 

~-Lt(0) = W + ( u~.'.t (0) + u-~~R . (0)) + w _ ('u~:_R (0) '+ u~•~ ( 0)) a 

. . ' . :'', ,•· . : . ·, ' . .. . \ 
·=½ (u·L,R(0)+u·L•R'(O)+u·L,R (O)+u;L,R, (O)) 1 • 
,• ' ++· . -+· +-, -- .. 

. I 

1c2.-a> 
':+ ½ !J' ( 17 L,R ((}) + UL,.R (0) _ uJ.,R ( 0)..; .;L,R. (0)): 

' ' ' ' \++·.·' '.,1·-:;-+' ·1-4;--i . --

Me>K.ll·y · ceqeHHl!MH pacce~HHR' Haneao a Hanpaao nerKo • ycTa~oBHTb cne)lyrowne cooT- • 
I . . . . • 

HOWeHH.R! - --:.. 
1 

) / I 

.~ \'...' L 
u , 

' m.t,m 

R 

(0)"' u:m't•m 
;' 

I I 

(0) • / (2.4) . 

', > ' : 

HHBapHSHTHOCTblO OTHOCHTenbHO BpaIUeHH8. ,lle8C,TBH-n'nsi· aToro cne.oy~~ aoc:ti~nb3~BaTbCSI 

TenbHo,', npu noaopoTe Ha; "yr.on " ! ~OKpyr Ha'IMbH?ro HMnynbCa .KOHe'1Hb18 HMny~bc npu 
,' ~ ' • >I ' • ' 

• paccirn.miH -Hanpaao nepeXO.llHT·. 'a· KoHe'l.Hbi8 ·uMnynbC; npa ~acceHHHH Haneao ,H ·Hao6opoT, 
' ~ • '/.,, '' ~ ' • - j 

a· i:ipoeKUHH cnnHa· MeHHJOT sHaK (cM. pnc. ·2J'. 
>f 'c •( • • ~/ • 

. i 
·\ 

\.' 

8 
\, 

\.,,../ 

. ;•1 

.., \ ! >\· 
•I• 

11 ,/ 

. I 
I . 



(R:.f· 
PHc •. _2. , 

'PaccesmHe (L).. nonyqaeTcll Ha (Rf' IioaopoTOM Ha yron rr aoKpyr r;, 
.daol!Hble CTpenKH 03Ha<ia'?T riai:paaneHHll CUHHOB~ <:,. • 

,' ' < ~• ,, • • l '• 

nepa1,11!. 'lneH -~ airpa~eHHH .(2.3)';. ( oooaHa<iHM ero:u;, (0)}; npeAcTaB11S1eT co6011' ceqeHHe 

pacceiHHll,Ha HenonllpH30~aHHOJ!,MHW0HH~ Ka~ B~;~o H3 c2:4), 3(f6 ceqe.HH~-~.llHitaKOBO 

.·i:Jnll pacCel!HHll Ha~eao H Ha~paao: I-fa' COOTH,OW9HHI! (2.4) cnenyeT TaKMe, 'ITC :'lf18H, 

,. ,' nponopuHOH~n~11~11! .nonS1pHaauHH M~w·'e~H P ·, El a1,1pomef!HH (2,'3)', H~eeT paaH1,1il aHaK:' 
,. '. ' . . .:,__, ,·· ! -~ . ' ' '.. . ' - -• ' . . ' ... ' ~ • .• I" • ) ,, ' ~ • • 

.B. aaBHCHMOCTH. oT Toro; Kyna n'poHcxonHT paccel!HHe: · Haneao HnH Hanpaao •. 3cpcpeKT nong-. ' . ' ' ' ' . , 

, pH3BUKH' MHW8HH".MO:lKHO H3Y'IBTb, cnei:ioaaTenbHO, ny-reM-H3Mepe1iHll pa3HOCTH. C0'18HH8 
• • ,. < ~ \ - ·- ~ ~, 

· : p~c.cel!HHll 11aneao H H~npaao. 061HHO, BBO.llHTC!! aenH'IHHa. 

(2.5) 

.. ' .. . - : ..,. . 

\11aai:;aaeMal! neao-!_lpaaol! ~CHMM8Tp~ell. via (2;,3) H '(2.4) .nonyq~e\d .llllllneao.::npaaoli 

.; . OCHMM0TJ)HH. C118.llyl0ll.l88 B.blpaMeHH8! ; .. \ ,· 

LR . 
e. c 0) ':' P 

a·. 
0 

-(0f';-u~.:_ {0)'- u-~_(O)) 

(/J) 
(2.6) 

;"Ko~cp¢H11HeHT._npH
1

: P. 'a ·sToM n~rpa~;HHH, ·KaK 61,mo · anepa.~re noKaaaHo Bon1,¢eHWTeJ!-'- .: 
1151 . . . : ·,. . . . ': '. ·. ·,. ,. i-,· . .. 

HOM , , paaeH nonl!pHaauHH. qacTHU OT.lla'IH,: aoaHHKaroweJ! npH paccel!HHH aneao .Ha Heno-
,,. l ·, - /• : ~, ". ~ • , '- • .• • .. • • • _1; ,s ,_ • • •' ,: • _.. • ·:, ' • > .,. : 

nllpH30BBHHOi! MHW0HH;. B paccMaTpHaaeMOM HBMH cnyqae paccel!HHll ''IBCTHU. co. cnHHOM 
., '.' .'.. I ~. . '• I . ' ', . . ~ I ,,, ., ' 

' 0 H 1/2 3TO' l!Bnl!E!TCll. cnenc_TBH8M 'HHB~pHBHTHOfTH. OTHOCHTenbH/0 npoc-rpaHCTB8HllbJX :apa-:_ 

uieirnii H OTpaMeHHI!. ,Ma yKaaaHHLrx · T~~ooaaHHI! · HHaapHaHTHOCTH Bb1TeKaeT ~peMne acero, · 
·-" • . '. . ,, •. , . l ' ' .. . • ' • 

. 'l'I'O nonl!pHa~riirn, i'ranl!roI.Ual!cl! cpeJlHHM 3H~'l81ll!8M one pa To pa cn~Ha, nplin~Ta~~l!eT · -~0601! 
' J ,• ,' ,• .''.,' • • / • ' •, (, :, .'' •., ,• •'>• ,:,, ~ • '•• ,' • . . , ,• •' .,, •, •.' '• • • •. ',' .s ➔ ! • • ; , 

'nceanoaeKTop. EcnH MHWeHb Henolil!pHaoaaHa, -ro: aeKTopi!oe npoHaaeneHife, [pp~] -. etiHH~ 
·, '. , . ·I ' . I - . .. , . . .- \_. • I / .,-

CTB8HHblJ! nceanoaeKTOp, KOTOp.blJ! MO)Ke-r· Ob!Tb. nocTpoeH_ -~3 ··q,H3H'l~C,KHX .BenH'IHH aai:ia'lii • 

. ,>TaicHM oopaaoM, · nomrp~aauHll KoHe'IHblX-. qacrnu: B03H~K~roitlag· npH · pa.cc~l!HHH Ha -~·enonl!pH-

" . ~~aaHHoJ!, ~H~eHH·, ;~pT;~oH~nbH;/ri~;cK;_c-i:H :pa~c:~~11sr. Be~H'IHHa n;irnp11aari~H · npH, pacc~g- · 

I. 



, ·.-

)~' 

"-_.',,' 

,·:·. ~ \,' 

.. ~i 

\ 

.1 

I. 'L . · \; L, • , - i; ' L \ . 
,L- .:· !i (,a · (B) + a ·, (0) -u .· ·(O)-a· '(O).) {/) ((/). = : ' ', ' ++ ' ' , ' +- ' , ' -+ . --· ' , 

• 0 , ; ; ,, ' ' ,> 'i,0 (0) 

Ha nepBblll Barnsia, iiTo Bb!pa)KeHHe O~n11qaeTClt' ~~-- KOacpqi'11~11eHTa .np'u', p B (2.6) · 
' . . ' :"L ,•, . .. .. \• ' ·. ,"' ·,,•'' ,' I ' • ,. ' _, • • • • ,, ' .~,i ' '>· ·._ I 

·· (ceqeH1111 a+_(0) 1 ,11,a~(O) ·ax?asti .a· (2.6)-11 (2.7)·c paaHblM11·aHa1taM11). OaiiaKo 
-· • < ',' < - , .,/ j ,-.i ' ,. ' ' 

IIHBap11aHTHOCTII OTHO<;IITEmbHO' apameH11ll ,II_. OTpa)K':HJll cneayeT, ''!TO B cnyqae. ynpyrox;o 

aTo. MO)KHO, ya11aeT1,·_ c n.oMOlllblO npaa11na, 
' ;! <· ' 

paccestHll!t u· (O) = u·, . . ( 0} .,;o. npome' scero 
__ +- ' ,::. -+ ' /14;: ' ; ,,_ ' 

ccpopMyn11poaaHHoro· O.BopoM , · ,_' '·(,~''., 

'MJ- nony'lll1'4 3TO npaa11no B ,o6IUeM cnyq?'a, ii,~yxqaCTll'IHOll: peaK~IIII 

,a+_h-+~+d;/· •1·· 
(2.8) 

/,• 

'rlpaa11no Sop~ Bb!Te~aeT · 11a' 11~aap11aHTHO.cT11 OTHoc11Ten1,Ho -oi-pa)Keii1111' a nnocKOCTH peaKu1111.', 
, S • ; ' ' • •• '/ • ' l"' •. • -. ,I ;"~ ! .' ,•' ,', :_. .. ,. ' \ .➔ • .. L ,• ••, _••.' : 

npeano1;1o)KII~, ;~iTO naqanbHast II KOH0'!Hast_ BOilHOBbl_e _cpyHKU,IIH' j 'pi M > ·. H I p',M'-> ltBilltlOT"'.,, 

,c~ co6c,.'aem1b1M~ ',cpyHK~HstMH. onepa~opa ·n;oe1<uH11'. c~MM.ap~oro- cn11~~ Ha Han~aaneHHe Hop:- . 

_;.rnnH K :nno,CKO~TII peaKit1111: ' ( M ·, II M'.'..\::~o~ae_rcTBY~UlHe i~oeKU~II ). '()q~Bll!tHO: '!TO' ' 
, ~ • ,•: . ➔ , , ➔' I' : ,. } . •, I ' ,-- (' ' -·• _ , • ') , 

"IIMnynhCbl _ p .. ,II ·:.P' OCTB.IOTC!t H0113M_e_~Hbll,H! np11 OTP!3)1(8HIIII 'R B 'IlilOCKOCTII peaKUIIHo TaK 

-· · KaK C_IlllH ·'gansteTC!t, nceaaoaeKTOpOM, ,OCTalOTClt 'H0113M8HHb!Mll, II, erci npoeKUHII iia'.Hanpaane-., 

HIie ,,HOpMan~. n~~To~y I ;i~b · 11 · ,;,rM'> np~aCT~B~HIOT 'co6~A· ~o6~T~eirnhi~ cpyHKUIIII cin'a:- ,' 

<' pa To pa o~pa)Ke-H11si, R ,· • ,llnst :;oroi 'IT06bi ;np~.zien11Tb C~OTB~.;.C~BylOIUlle 'co6~-TB~~Hb{e -
• I ' ' • ' • ~ .• ' ' • \ • f • 

,3Ha'!0Hlllt aaMeTIIM/ '!TO onepauHst oipa)KeHlllt B nnOCKOCTH peaKUIIH' M0)1(8T 6b!Tb npe'acTaa-··, 
. ' • \' I • ' "- , I 

neHa B Bllrte I npo113ae:Oe11111t onepaUIIII .HHB0J)Clm), ( o-i'pa~e~11e' B Haqane'~oop;IIH~T) ~ _ 
. ; '. : •. · I • ., , , .. ; , r ', • ; ..• _.,_.. -~ . , , r , ·, • ',, ' (.' A ,., 

apameH111t R (,r) Ha yron ,r 'aoKpyr., HopMan11, ,llellcTByst.,onepaTopoM R '·ga ·HaqanhHOe 
,.,,..; ~ ,, -~ ( / c"\'\,-'' ,• • •' , l } 

' C~CT01tH11e, nonyqaeM: I 

' ➔. . '•, . ', ,➔ ' l ✓-•/, -- ➔• 'i 

R I p, M > ,= R.: ' ( 1T ) I I p, M > = I I R ( 1T) I ~ p ' M > = 
,'.\. 

, , . • ., · 1 ,

1 

,·-··.,. • _n, . , : 

trr(1.;t) 
~ 11 e ' 

~ 

I_ p, M > = I . elfl'M 
I r·P, M > ;., 

:,/ 

c2:0i 

.I 

/,, ~h,e I = I I -, npo11a·aeaeH11e BHyTp0HHIIX '10THOCTell 'gaqanbHb!X, '!aCTIIU, 11· ; 
•

4 

1 
I a b ,, . , _ ... · , . . ·> _ _· _· ,:. , . •:.,,.· ;· ' .· · _, _,;· i ,, • 

onepaTop ,, '' ' 

CYMMapHoro 'cn11Ha; ~AHanorll'IHO, anst cpyHKUIIH' KOH0'!0HOrO COCTOltHlllt Haxoa11M:'' 
, ;' ,. ' : -, ' .--: '. -\_ . ', . ' ., ' ' ,, ' ' ·•, 

I , , 
1 ➔ •. , , trrM " -+ 

R Ip',: M'> = I .· e ' Ip',, M'·> •· \',· 

·,1-
, .... 

(2.1_0) 

{~ 
•', 

"' .~ , 

1(, 

;, 

rae Ir, = I I · 
' 0 -~ ,., 

•· , ;' C ' i ,,-• ,r. '. < .. ,, 
Bn~ro~ap_11··ii~aapHaH~HOCTH OTH,OCIIT0IlbH?: OTpa)Kell11ll, 'c~6C,TB0HHbl8 3Haqea11ii' R · 8' Haqan1,-:-, 

- \ , ,. -- ~ , . ~ ' . ,' ' . ' 

HOM I II, _KOH_e'IHO,M, COCTOltHHltX fOil)KHbl. coanaaa~b, II. Mb!' np11xoa11M 'K. cneay101UeMy_ npaa11_ny'. ·' 
/ ' 

. oT6opa:- , l,rM 
i'·, ' 

'l,rM 
" I , e.-

. I =Ire_. 
·c2:1 if 

,·,. ' ·. ' .· ' ' ' 
:Cho 11. ecT1,':npaa1mo s·opa. 0Ho ·castahrnae-r ·a,Hy_Tpe'HH11e '18THOCTH "qacT11u,, yqacT,ay10iu11x' a 

_: p~aKu1111, c, npoeKuiistMII nonHoro .cnHHa 'Ha' Hanpaaneaiie HOpMan11 K n11ocKoCTR·'peaKu11a.~ 
, -t ) , • • I • ~, , /. ,/ ' , . ' ,--1, ,",, / '_, ,, ' 

-, 

,: 10 
\' 

.I ,_ 
"( ! 

,I 



~ 

BepHeMc11 :renepb .K · paccM0Tpem1ro, 'ynpyroro·· paccirnmrn 'l_acTHU co cnHHSMH O H · 1/2. 
' . ,I ·, \ .,. 

BaTOM cn;y:qae.l/=1 1 ,,a B03M.O>KHbie aH'aqeHHsi :M,=~.: ,H M;,=m' ·paBHbI :!:_1/2; 1 
\!I KaK ,Ernaa·o ~3' (2.1 i;")~ STo'· O~Ha~aeT I' t{T~ m ~ m~• H jp.~CC~HHK~; C n"Spe~~PO'.J'OM 'crtHHa OK~3~-

, r ' ' ' ' · , , .. , ., , .-· , ·. ,1 ·, '. . ' -

aaeTC!! aanpemeHH,bIM:: u-i-- '=a_,+ =0: 'TaKHM o6pf30Mi I nea'o-:npaaag ac~MM8TpH_!! • (2.6) H_, nonsi~ .'. 

~H38UHSI ( 2. 7 i paa~.~1: . . \ • : ' . 

.__ ,· .LR .. ·· ' L · L ) ', 
', e (0) ':' p ½ ( "'±l: (0) - u __ (0) 

I 
,uo, (0) 

( 

(2.12) 

~ L 
·{ ! p (8) = ½ (ut, (0) ~u-~.;_, (0) ) ' 

0 

Jo> uo 

i I /. J 

OTCIO,llS. 0'18BH.ll,HO, 'ITO 
1:· 

LR . 
e (0) =; p 

, L ··. . 

?0 ( OL-; 

' . 
,· ·/ 

(2.14~ .. 

3T~· ~OOTHOWeHHe HrpaeT BS>KHYIO pon1, npH 

: 'ISCTH~SMH. HH~e Mb! IIO~a>Ke~, 'IT~• (2.14) 

aHanHaE;. aKcrrepHM,eHToa c no~~PH30B~HHbIMH 

_cnpaBe.llnH~.o H ~- o6meM 'cnyqae ynpyr11x· ; 

-i ... CTOilK~0B8HHl! no~~pH30BSHHb;X' qac~mi co cri~HOM' · 112 H·. aen~n!!pH30BSHHblX i~SCTHU. C np~H3~ ·. 
. . ' ' ' ' • -. '• ; •. ; 1 I /,•-. :•, < • \ ' • • ,_ :...-. • ' - ; > • \' 

·. /. BOnbllblM CilHHOM. n1m: nony'leHHH ( 14) · a' pacCMOTpeHHOM · npocTettmeM cnyqae Mb! OCHOBb!BS", 
' • . .., .J - ' 

mic~ HS .'rpe60BSHH!!X 1iHBapHSHTHOCTH,'OTHO~HT8IlbHO ·apame~HJI H OTpS>K8HHit;;.S'!cHO · IlOST_OMY, 
, I ' ' .1 : , • - \ . .· ' " ; ' - , :.' , ' . ' 

'ITO ( 14) 6y.lleT· cnpase.llnHBbIM H·:.cinsi1 nro6b1x peaKuHJ! T1m'a 
. ' . . ./ . . 

! I ,i 
1 

I. ·.· (2.15) 

(O~l/2-; 
,,_·, \ \ ' 

•,! ' ;' OKS3b!BS8.TCSl 1 'ITO H IlpH H3M8H8HHH. II0ilH_OJ! ~ BHyTp8HHeit_ ~e.THOCT~ '( !I' =- I '
1 
r Il~BO...; 

npasa11 acHMM.eTpH!!' a' pe~KUHlix ·_THill\ (2.15). nonHOCT~~ onpehen11eTCSI non11pHaa'uH!!MH p H 

'/ 

' 

/. L .. I I ' _.-' \. '. I' . -. ; . ' _, ' '. 

i,P~ (0) .• 3To, KSK H. B _npe.llbI.llymeM cnyqae, f18:KO, BH.ll8Tb_ c noMOlllbIO no'.1sHna Bopa. nett,:-: ·" 

CTBHTenbH~, ~pH ii = - 1;: H; (2. I I) \~bITeKaeT; 'IT_O 'm,= ';_ m' ~ ,peaKUH!! 6ea ,nepeMpo~a cn~Ha~ 

, , o_.,Ka,ab_rn~e. TC,!! aa!1pem. eHHoit: .u++' = u ..:::.. = 0.','I'or.lla Ha. (2.6) H (2. 7) · cne.ll:yeT, 'ITO 

' . 
· OTCIO.ll8 no~yqaeM-

' \ V 
\ 

LR' . · 
,e_ '.(0) =_-,P, 

II 

'' ')' ' 

I. 

{2.16) 

(2.17)' 

I '. 

"L J,_ , 

p (0) 
,0 .__, -, .. 

\ , , 



-~ 

,\ \'',' 

,. 

- \ 

'--

·:;:,.,' 
'\,, 

-, 

- , ,, , /-. - - ,, -,_' / 10/ \ 
-TaKHM' o6paaoM, nnSI mo6b1X peaKUHl! THna-,(2.15) -neao-npaaag _, BCHMMeTpHSI paaaa · 

• •-'I ' '-,' / ' • ' ,/ 

✓' 
/' 

e1:R(0) 
-L 

+ p· p (0) 
:- ,o (2.19) 

'r.z::ie a11aK. • + • coOTBeTCTByeT ~ .:= I 1 · , . a aHaK • - •. OTHOCHTC_ll K cny'laIO I -; ..; I _3To 
,, - - , , - ·, , · I , I -

~OOTH~~eiiee, 'KaK Mbl iionpo6HO o6cy.llHM- B nanb;el!weM, naeT' B03MO>KHOCTb onpeaenSITb 
~.- .· ,': •, l :, .. ·• - , ·. ' ' , • .. ' . , .,' ,, ~ . . - •, I 

•BHyTpeHHHe '10THOCTH 'IBCTHU B 8KCnepHM0HT8X c ·nonSipH30B8HHblMH BO.llOpO.llHblMH, MHW0HSIMH, ,.' 
' ;. ) .. I ' ' .t - . ., ; . ; 'C - • ' - ••• t . , . ' ' ' ' ~}, . ' . '. - • ' ' , t ·, • ·,. "' - . • ' ' • ' 

-. -• TTepell.lleM K,_paccMo:rpeHHIO . ynpyrex cTonKHOBeHHl! aenom1piiaoaaHHbIX 'IBCT_HU co cne- · 

HO~>:j ; -ii ~omtpH3~138H;blX qa~THU co - cnHHOM lj2; Haqa~b~YIO nonSI~H~BU~IO -6yneM no-npe>K-
. • - -• . • / , l \._ 

.'HeMy, ,C'IHT8Tb opTOrOH~nbHOl! nnOCKOCTH pacceSIHHll. O'I!;Blf.llH?,. ''ITO Hen_onll!)H3_0B8HHbl0 
. . . . - , ,, ! -- ' 

qac_THUbl co cnHHOM 'j MoryT 6biTb _onHCBHbl H0KOrepeHTHOl! • CM0CbIO' (2(+ 1) co6cTB0HHhlX' . 

!p}'H~UHl! ouepaTopa 'np~eKUHH cn-HH~ -Ha, H~np~~neHHe ~,/. Bee,' C .KOT~~blM K8>K.ll8SI 4,yaic.:; 
-..: ' , .., , . 1 ; .:• . ,, I 

~HSI: ax_o.llHT- B ~cMe·cb'', 'paaea - 2J ~ 
1 

_ • Ceqeaee~ pacceiHHSI aaneao '. (aanpaao_) Ha yron_- 0 , 
-. , , • L(R)· ·, - - ' - . - -- ' ' ' 

- o6oaaa_'IHM u-, , , (0,l ( µ ·H µ - npoeKttHH cneaa j B·KOH0'IHOM _H HB'IBnbHOM co-
- 1 ,· ·µmrµm _ · .,\_.· ·, .,.' ·'. ·: L(R) · ' ' 

- CTOHHHSIX);' 'I_'orna .llHcpcpepeHUHanbHbJe: ceqeH-HSI -~ (0) .; ycp0.llH0HHbl0 no HB'IBnbHblM •_H 
_ _,, ' '• ' / 

' npocyMMn:poaaaa1c,1e ·no KOHe'IHb!M cnn:HOBbtM cocTOSIHHSIM_ paBHbI: 
;- ,· ;· ,'\_ 

/ 

L.n, ½-1- I, 
u . t0} = • -2l + 1 µ • µ 

I ' • , 

m,m · 

,_,L_,R, 
•fl', , 

µ. m tµm 09) + 

- f 

' + 1 P I.\ . [ u·L,R <0> - u I;R , ('0} i : . 
2( 2j +1) 'µ,ii'.-m ~--- · µ 'm 'qi_+ - µ'm 'qt -

HaaapHllHTHOCTb OTHocn:'TenbHO'·Bp;~~~;li n;:BO.llHT -~- COOTHOWeHHSIM: 
'' • ! ,r ' ' 

R , u,, ,(0}=u,-, -(0)_.--
•,lo.- L \' i 

(2.20) 
)_._ 

(2:21) 
, _ _, 

"µ._m rµ.m •µ •m :•µ•m. , 
CyMMn:pySI 8TH cooTaoweHHSI no npoeKUHSIM cnHHOB nonyqaeM: 

' ' ' ' J -- • - '' 
,i 1'-, 

I ''(1L 
I',',:µ µ.'m'tµm 

" , ' . . 
m ,·m 

I u-L 

µ'.-µ '·µ.'m'tµ.rD; 

(0) = I 
~';·IL -
m ,·m 

UR (0) 
· µ~m'tµrfl 

/ R - . ,_ 
(0);.Iu,' ,'., (0)-

, I' (•m )1µ(•m) · 
,,I'.-µ. ' ' 

·.'' 
(2:22) 

(2.23)',; 

. ), TT~pBO~ -H3 · HHX' 03H8'180T0 'ITO .llHcpcpep0HUHBnbHb10 C0'10HHSI paCC_0~HHSI HenonSipH30B8HHb!X 1 ,, 
• , . , ' . ' .• , ' l,_, . , 

'IBCTHU 'aaneao H aanpaao paBHhr Me>K.lly,-c66oll.,-· v1a ·aToporo .cneAyeT,, 'ITO ·Koscp<pHUHeHT :, 
) ..._, ,, ' -, . . . . , . . '. /, . -· , .. ,i 

npn: •-S'_ a (2.20) MeH11eT aHaK npn: nepexone oT-pacceSIHHSI, Haneao K.pacce11ae10 aanpaao: 
' .'.,. -, , .'. ', • . • , . l ,, , , . ., 

" , Y'IH1"blB8SI '8T_o, .nonyqaeM_ C_l!e.llyIOWee Bblp8>K0HHe )ln~ neao-npaaott 8CHMM0TpHH: 

' . 1 
I ' LR (0) = :J' • (,2 .. +·-1 :-) - - I J e · - 2 I 

<1' 
0 

( 0) 

· iI [ i,i, \. 
µ'•/l' µ'+:µ+-

, L. 

(0) + (1µ'-:µ+ 

,·.--

,L ( 0!,.. <11',+;µ-

,1,2 

i. ~ 

(0) - u ~ · (0) J 
µ.-;µ-

/, 

,..., 

'(2.24) 



\ 

. ·, Ilon8pH38UH8 '18CTHU co cnHHOM 1/2, B03HHK8IOIU88 npu pacce>1HHH HenonHpH30B8HHb!X qac-

.. 
1 

. .._THU, paBHa 
p L (0) = 1 

0 .-2~(-2-j +-1-J -u
0

_(_0_)_ 

L . 
,--u , . ( OJ 

µ-.µ+ 

. nerKO BH.Z:lf/Tb1 '!TO npH J,. OTnH'IHOM OT HynH, npaBHno 

L I 
-u , . (OJ], 

µ-.1µ-

Bopa He aanperuaeT 

(2.25J 

nepeXOllOB 

c H3MeHeHHeM_ npoeKu~H cnHHa 1/2, T.e. I 
\ µ.',µ 

U, + _ (0) \)TnH'IHbl I B006Ule ronopH, OT 
µ ·- ;µ+ . 116/ 

uynl'I. OllHElKO " B 9TOM cnyqae, K8K 6bmO noKaaaHo BonbCpeHwTel!HoM · u AwKHHbIM u 
, · . /17/ · .. . 

.nanHTU0M HMeeT M0CTO COOTHOW~HHe ( 2.14) llnll neBo-npaBOl! BCHMMeTpHH. ,Ung Toro 

'1,'t06bl ll0K838Tb '9TO, ueo6XOllHMO KpoMe HHB8pH8HTHOCTH OTHOCHT0nbHO BparueHHl! H OTpa-

. :lK~HHl! BOCUO;b30B8TbCH TSK:lKe HHB8pH8HTHOCTblO npu' o6parueHHH ~peMeHH,. KaK H3BeCTHO, ' 

B cn;qae llBYX'l8CTri'IH6l! peaKUHH ( 2.8) ~HB8pHaH.THOCTb OTHOCHTen~HO o6pame;H·H BpeMeHH . 
L • ' t 

CBH3bIBaeT aeposITHPCTb· nepexolla ua COCTOHH!" Ii,, p , µ, m > B cocTOHHHe I {1, p ',. µ '• m '> 

c 'aepo>1THOCTbJO o6p.aTHoro nepexolla H3· I f;, -p',· -µ' 1 -m'> B I a,~;, -µ, -m > • 3llec~ a 
H_ f3. xapaKTepHa_yeT copT qacTHU, y'laCTBYIOIUHX B peaKUHH, 8 pa,ccMaTpHnaeMo"". cnyqae 

ynpyroro pacceHHHH np~Mol! H o6paTHbll! npoue_CCbl no cymecTBY coanalla!OT (a= (3 > • 0HH 

H3o6pameHbI Ha puc. 3 (a, a). 

. . 

Ce'!eHHH ·pacce>1HHl!, · uao6pameHHbIX Ha pHc. 3 (B) u 3 (c), pa~Hbl ac.nellcTaHe HHaapH~HTHo-
, ' . 

CTH. OTHOCHTenbHO •BparueHHl! ( 0'10BHllHO, '!TO. pHC. 3 ( C) MO:lKeT 6b!Tb nonyqeH H3 3 (a) 

_nyTeM noaopoTa Ha yron 1T BOKpyr -;,,, H no_cnellyIOUlero nOB?POTa Ha ,r-0 BOKpyr 

HOpMan_H K nnocKOCTH' pacceHHHH), Ce'10HHH me ·pacc'eHHHl! 3 .(a) H 3 (a) paBHbl 6narollapg. 

HHBapHaHT~OCTH OTHOCHTenbHO o6pameHHH apeMejlH. TaKHM o6pa3oM, Mb! npHXOllH~ K paBeH­

CTBY Ce'leHHl! paccesUJHll, H3o6pameHHbIX H_a pHC, ,3 (a) H 3 (c): 

. 0TCIOlla cnellyeT, '!TO · I 

I 
µ"~-µ 

u , , '(0) = u , (0) • 
µm;µm µm;µ'-rn• ·(2.26) 

(2.27) 
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·;J 

TaKHM o6pa30M ceqeHl{SI pacces!HHSI c· nepesopOTOM CITHHa 1/2 Bbma.naroT H3 Bb!pa)K9HHil 

(2.24) H (2.25) .nnsi-aCHMMeTpHH H nonsiptt3aUHH H Mb! CHOBa npHXO.!lHM K COOTH011I9HHIO, 

(2.14). 

B 0611IeM. cnyqae aeynpyrHx npoueccos paseHcTso (2.27) H, cne.nosaTenbHO, cooTH011Ie­

H11e (2.14) He HM9IOT MeCTa, HH)K9 Mb! ITOK8)K0M 1 0.!lH~K0 1 qTO, neso-npasyro 8CIIMM0TpHIO 
\ > 

B 3TOM, cnyqae MO)KHO CBSl3aTb C nonsipH3auHei!, B03HHKa,romel! B o6paTHOl! peaKUHH( Pac-

CMOTpHM npouecc (2.8),a npe.nnonO)KHM, qTO CITHH <iacTHUbl ,h P.aBeH 1/2, a CITIIHbl 

ocTanbHb?x qacTHU npoH3BOITbHbI, 06o3HaqHM HX ia. , j
0 

I{ jd· COOTB9TCTB0HHO, nocTynag 

KaK H paaee, .nnsi neso-npasoil acHMMeTpHH B peaKUHI{ C nomtpH30B8HHblMH qaCTHU8MII b, H 

HenonHpH30B8HHhlMH a 
' 

nonyqaeM cne.nyromee Bbtpa)KeH11e: 

eLR(O),;, 
p ' ) 
b 2(2ia+l 

I (a· L (0)-a L • 
ma

1
m

0
,m d mdm

0
;(+)ma md m 

0
;(-)m _(0)),(2.28) 

r.ne 
cd; ab 

ao . 

qacTw:u, a 

u·od; 
0 

ab ( 0) 

(0) - .!lHcpcpep~HUll8ITbHO\! 

P· - nonttptt3auIrn qacT11u b' 
• b ·. 

ceqeatte nporiecca (2.8) a cnyqae Henonsip113osaHHbtX 

• 1,13 HHBapttaHTHOCTH OTHOCl!TenbHO spameHHil I{ 06-

pameHHSI Bp0M9HII MO)KHO nonyq11Tb cne.nyromtte COOTH011I0HIISI, M9)K.!l)' ceqeHHHMH npsiMoro 

(2.8) H ,o6paTHoro 

npoueccoa: 

a 
mm ;m m 

d, c b a 

·c+d ➔ a+b 
I 

-(0) = a~ m ; md mo 
b a 

p' 
(0) ·~2~ 

p 

C ITOM01llbl0 3THX .cooTH011I9Hlll! 113 (2.28) H8XO.!lHM: 

eLR (0) = Pb 
(2i

0
+1)(2id+l)a·a~ (0) , , I o 

. I ( a L 
(+) ma; m d 

(0) - a (L) ( 0) ) 1 
mo •ma;mdmc 

I (2,29) -

(2.30) 

(2.31) 

ab; cd 
r.ne a 

0 

m<' 1 md, ma · 
(0) .n11cpcpepeHuttanbHoe ceqeHtte peaI_<UHH (2.29) C HenonsipH30BSHHb!MH qac-

q, 
, b Tll[l SMH, Qqesll.!lHO, qTO K03cp<pHUH9HT npa B 3TOM Bblp8)K9HHH npe.ncTaBnsieT co6ol! 

(i) 06 . 
nonsipH3SUIIIO J (0) qSCTHU b I B03HHKaromyro B o6paTHOl! peSKUHH (2.29), Kor.na 1 qac-

b . / 18-20/ 
TIIUbl C II d HenomIpH30B8Hbl, Mbt nonyqaeM, T8KHM o6pa30M,• COOTH011I9Hlle 

LR 
e (0) = p 

b 

p 06 (0) 
b (2.32) 

KOTOpoe SIBITSl9TCSI o6o6meHll9M (2.14) HS cnyqal! Heynpyrax peaKUllil, 

npH ,nonyqeHHll 10CHOBHb[X COOTH011I9HHl! (2.14), (2.19) I{ (2.32) 3Toro naparpacpa,,. 

Mb! npe.nnonarana, ,qTO' nonsipH38UHSI naqanbHblX qacTHU nepneH.!lllKynsipHa nnoCKOCTII peSKUHH, 

,D.anee, Koi:.na Mb! ccpopMynapy'eM Tpe6osa111rn IIHBapHaHTHOCTH .nnsi SMITnllT)'.!lbt peaKUHH, 3TH 

COOTH011I9
1

HHSI 6y.nyT o6o6meHbl Ha cnyqal! npOH3B0ITbHOro HanpasneHIISI" nonsip113SUHII, 

14 
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. / 

i. 

I. 

§ 3. npHHUHilbl CHMMeTpHH H orpaHH'leHHH Ha BH.ll aMnnHTY.llbl pea KUHH 

Mb! ccpopMymipyeM BHa'lane ycnOBHH HHBBpHaHTHOCTH B. cpopMe Tpe6oBaHHll, KOTOpblM 

·x) 
·.o·om1rna Y.llOBneTBOpl!Tb S •-MaTpHua 

· S ·- M.aTpHuell, KaK HaBeCTHo1 Haab1&aeTcS1 onepaTop, -npeBpama1011.wa· Ha'lanbHyro
1 

Bon­

. HOBylO cpyHKUHIO CHCTeMbl ( t ➔ - oo ) · B ,BOnHOBYIO cpyHKUHIO npH t ➔ + 00 

(3,1) 

BH.ll 8TOI'O onepaTopa onpe.oenl!eTCSI B38HMO.llellcTBHeM. EcnH B38HMO.z:tellcTBHe OTCyTCTBy-
.. · ~ · xx) 

eT, TO _BOnHOBall cpyHKUHSI He 38BHCHT OT BpeMeHH H s -MaTp_Hua o6pamaeTCSI B e.oHHHuy. 

PaccMoTpHM BHa'lane npocTpaHCTBeHHbie apameHHll. nyc-rb . l,'P (t) > . - aonHoaag cpyHK-. . ' . ~ . . '. 

UH!I npoHaaonbHoro cocT?llHKll B HeKoTopoll CHCTeMe oTc'leTa,· a IW(t)>R- aonaoaall cpyHKUHH, 

OilHCblB6IOLU6ll TO me C6MOe COCTOSIHHe B CHCTeMe OTC'leTa, ,rrnaepHyTol! OTHOCHTenbHO nepBOc;;, 

Ha-ianbHoll cHcTeMbl. BonHOBbie cpyHKUHH I 'P(t) > H I W(t)>, • CBll3BHbl yHHTapHbIM npeo6pa-
. R 

,30B6HHeM 

\ 
1 w ! t) > = u 

R R 
+ 

I W!tl>. 
(3.2) 

.YHHT6pHblll one pa Top U ( U U . ml) 3~BHCHT, ecTecTBeHHO, OT. yrnoa, xapaKTepllayJOLUlfX 
. ' , R R R , · , , 

UOBOPOT CHCTeMbl OTC'leTa, .YMHO:lKHM ( 3. 1) cneBa Ha u R • .Y'IHTb!B6H (3.2), nony'laeM· 

(3.3) 

· BonHOBb1e cpyHKUHH I 1l' ( + oo ) >~ H I 'P ( -oo) > R 0IlHCb!B6IOT. KOHe'IHOe H H6'18nbHOe COCTOSIHHSI . ' 
B noaepHyToll cHcTeMe OTC'leTa, H, cne.ooBaTenbHo, no onpe.oeneHHIO onepaTop UR S 

•I u 
R 

npe.z:tCTaBnl!eT COf>Ol! MBTpHUy paccel!HHSI B HOBOl! CHCTeMe. 

n_ocTyn·aT lfHBapHBHTHOCTH B38HMO.llel!CTBHl! OTHOCHTenbHO BpaLUeHHll COCTOHT B TOM, 

·'ITO .ong nro6b!X UOBOpOTOB 

•I 
u s u - s . R R . (3.4) 

\ . 
nocKonbKY S -MaTpHua onpe.oenS1eTCS1 .llHHaMHKol!, Mb! TeM caMblM npe.ononaraeM _HeaaBH"'.' · 

CIIMOCTb .llHHBMHKH OT IlOBOpOTOB CHCTeMbl KOOP.llHHaT •• .YcnoBHSI HHBBpHBHTHOCTH (4) MO:lKHO, 
. . . I 

O'leBH.llHO, aanHCBTb TaK»<:e B BH.oe· 

~I 
USU =S ◄ 

R R (3.6) 

x) 
4HT8Tenro I menaromeMy, 6onee no.opo6Ho 03H8KOMHTbCSI C npHHUHilBMH HHBBpHBHT-

HOCTH K 'HX n~HMeHeHHeM B ll.llepHoll cpH3HKe, Mb! peKOMeH.oyeM o6pBTHTbCSI K o6aopaM/21 ~2::v. . 
xx) s - MBTpHua { 3.1 ) onpe.oeneHa B npe.ocTaaneHHH B3aHMO.z:tellcTBHll. B 

CTaane~HH BOnHOBBSI cpyHK~II_H I 'P(t) > no 'IIIHSleTCSI ypaBHeHHIO . 

-. i a 'I' ( t)> = H ( t) 111' ( t) > , . 
[.!le H(t) - I'BMHnbTOHHBH B38H.MO.llel!CTBHH. _npH_ OTCyTCTBHH B38.HMO.llel!CTBHSI 

aTOM npe.o-
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,,, 

.llnsi Toro, 'IT06bI cqiopMyn~pOBBTb Tpe6osaHHe HHB0pHtlHTHOCTH OTHOCHTenbHO np0CTp~H- ; 

CTBeHHOl! HHBepCHH1 paCCMOTpHM Hapsi.ay C nepBOHa'lanbHOl! CHCTeMol! OTC'leTa CHCTeMy, OCH 

KOTOpOl! HanpasneHbl np0THBOnon0)KHO OCSIM nepsol! CHCTeMbl (ecnH nepBOHa'IBnbH~si CHCTeMa 
i I 

- _npasasi, TO. sTopasi. CHCTeMa sisnsieTcsi nesol!). nycTb U 1 - yHHTapHbil! onepaTop,
I 

K';)TOpbIl!, 

.ael!cTsysi Ha aonHosyro qiyHKUHIO · npoH3BOnbHoro coCTOSIHHSI I q, (t) > s. nepsol! CHC
0

TeMe, .aaeT 
1 

~onHOBYIO qiyHKUHIO I 'I'( t) >I , onHCbIBBIOIUyIO TO >Ke COCTO!IHHe B OTpa>KeHHOl! CHCTeMe I' 

. I 'P(t) \ = u
1 

I 'I'_(t) > • c3•6 i 
•I 

OnepaTop U S U - SIBnsieTC!I S -MaTpHuel! B OTpa)KeHHOl! CHCTeMe 0TC'leTa, H ycnosHe 
I I , . 

HHBapH0HTH0CTH OTHOCHTenbHO OTpa)KeHHl! HMeeT, cne.aosaTenbHO, BHLl 

\, -1 
u SU Cs • (3,7) 

I I 

nepeJ!aeM, 'Tenepb K qlOpMy nHpOBKe ycn0BHJ! HHBapHaHTHOCTH OTHOCHTenbH0 o6pSIU0HH!I 

. , speMeHrr, LIT06b1 nosicHHTb CMb1cn cooTeeTCTBYIOIUHx Tpe6osaHHl! HHBapHaHTHOCTH, o6paTHMCSI 

sHa'!ane K ypaeHe~HIO .llBH)KeHHSI, )lycTb I~ (t)> - · pellleHHe ypaeHeHHSI WpeaHHrepa s npea•· 

CTannemrn B38HMO.llel!CTBHSI! 

a 'P (t) > 
at = H (t) I 'I' ( t ) > • (3,8), 

rae H(t) - naMHnhTOHHaH B3aHMoael!CTBHSI, OpoH3Be.aeM K0MnneKcHoe conp11)KeHHe ypasHe-

HHS! (3.8) H 3BMeHHM B HeM HB -t nonyqaeM 

* * a!'l'(-t)> =H*(-t)!'P(-t) > 
a t 

(3.9) 

B o6meM cnyqae 'IBCTHU co cnHHOM H* (-t ),/H (t) H, cneaosaTenbHO, qiyHKUHSI !'l'.*(-t)> He 

y LlOBneTBOp!leT ypaBHeHHIO Wpe.llHHrepa. npeanonO)KHM, OLlHB KO, '!TO raMHnbTOHHBH B3aHM0" 

ael!CTBH!I TaKOB, '!TO cymeCTBy~T yHHTBpHbll! onepaTop u T • KOTOpbll! o6ecne'IHB8eT Bblnon-

HeHHe ycnODHSI 
•I 

UT H*(-t)UT =H(t). 

Tor.aa o'!eBHLlHO, '!TO qiyHKUH!I I 'P(t)> = U I 'I' (-t) > *. 
•· T T -

ypaBH8HHSI (3,8): 

a l'l'!t> >'!' 
at 

=H(t)j'l'(t}:>T 

/ 

(3.10) 

TBK>Ke sisnsieTC!I pellleHHeM 

(3:11) 

TaKHM o6pa3oM, ecm1 raMHnbTOHHBH B38HMOLlel!cTBH!I yaosneTBOp!leT (3.10), TO Hapsi-

.llY c pellleHHeM ypasHeHHSI WpeLlHHrepa I 'I' ( t) > sceraa cymecTsyeT pellleHHe· j 'l'(t)> = 
. T 

UT I 'I' (-t) >'*, 3To pellle_HHe onHc61saeT 'o6pameHHoe• LlDH)KeHHe _cHcTeMbI, HH)Ke Mb! 

nosicHHM cbH3H'leCKHl! CMblCn 'o6pameuuoro• pellleHHSI, CooTHollleHHe (3.10) H npeacTasnsieT 
I 

co6ol! yc110~1He HHBBpHBHTHOCTH OTH0CHTenbHO o6pameHHSI speMeHH. Bbl!ICHH~ Tenepb KBKH_e ycno-

BHSI HB s -MaTpHUY HBKnBLlbIBaeT HHBBpHBHTHOCTb OTHOCHTenbHO o6pameH~!I speMeHH, s -MaTpHua 

Lln!I BTOporo peweHHSI Ta )Ke, '!TO H .ansi nepsoro, noCKOnbKY OHa O'aJpeaensieTC!I .'TonbKO 
/ 

onepaTOpOM B38HMOLlel!CTBH!I H ,He aaBHCHT OT HB'IBnbHOro COCT0!IHHSI, 
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-, 
noaToMy · ,uapsi.c:ty · c ( 3, 1) 

I ' 

HM88M 

·(3.12) 

u I 'I' c..: .. ) >-* Rs u I 'P '<+ .. ) > *. 
,T I, . ..._.-· •1 .;·· ·. :T '. . . , : 

cn~aa H_a UT -,, 'nony~aeM -aTo 'co'oiuowemre 

- . . •I -- ,- .-_- ' ,: 

,, 'l'(--..)>~ -uTs_u ;lw<+!"')>*.' (3.13) 
-• -·- - ,·_' ' +-' • 

. .!lpyroa · CTOpOHbl,, YMHO>KaSI ( 3, 1.). ~n,::aa uaS , H_cno1_,n,3yg',yHHT8pHOCTb . S -M-aTpHUbI 
1 • / - S. S ~ . I 

KOMn',ieKCHOe ·conpsi>KeHee, uaxo.c:tHM: 
' ' .. ,,. i ·-' 

• 1· 'l' < _:,. )>* ., s I 'l' < +: .. > :, • 
. t '" • ' . ' . ~ ' ' 

_3.c:teCb 3Ha'IOK oaitaqaeT TpaucnOH!IPOBaHHe, Cpaa'ueaaSI (3,13) 

•I 
u.,s·u - s' ... 

,,, T ,··- ~-

'\, 

.(3.14) 

H· (3,14), OKOH'laTellbHO 

(3.15), 

. Ha ·y;~o~Ja ;(;,5), ,(3,7) ll (3'.-;5·) BblTeKaIOT.' .c:tOBOnbHO >KeCTKlle orpaHH'leHHSI Ha B03MO>K-
,,, . ' \, 

. Hblll BHi,:t: MaTpH'IHMx aneMeHTO_B .. S 
·, ' ' 

:-MaTp~Uhl,, 

npe>K.c:te ''leM; C<pOpMynllpOBaTb 8Tll ,orpaHll'IErnHSI OTMeTKM, 'ITO a'paCCMaTpllBaeMblX, 

HaM_ll ~a.c:ta'lax '(paccegHHe, pe~KUllll) ,np~ t➔:-:. 'laCTHUbl · He B;SllMO.c:teAc~BYIOT Me>K.c:ty 

, coisoa ,ll llM910T onpeileneHH~Ie, HMnyn~Cbl/ dooaHa'liM. TaK;~ ·cocT~!IHlle ·' i >' '. Hae' llHTepe:­

cyeT aepoSITHOCTb ·,ooHapy>KElHllSI, qac~HU 'C · onpeaeneHHb!Mll' llMnynbCaMlj ,:ipll t..:+oo ,' 1 ( c0cT0SI-, 

,Hile It>. > • .Llnsi Toro, 'ITOObl 'Bb!Ll~n~Th :;.y• qaC;b ~aTpll'IH~ro • aneMeHTa ,d Is 11:,. • , K6To;-: 

pa~ ,·06ycnianHBaeTC!I .. as_aHMO~eacialle~ •• npe.c:t~TaBllM ero: B'Bll..c:te 

<. / ' ..... • • _.. • ~ 

<flS(i>_.:.~fli>,:- 2~~8( Q',-_Q)S(E'-E_)T
11

;; 

' 3.oec,h_ Q~;E'u Q, E ·. ·- nonHh1A: ~MJ:_iynhc u aueprHsi_ KOHequoro_ ll 'ua~ani,Horo 'cocTOSIHKA, • 8 :-: · 

'4,;H·KUHH 06ecne'1KBli10T coxpaHEi°HHe' nonuoro HMriynbCa ll ~HeprllH, . Kaa.c:tp~T ·Mo.c:tyn11 'aiopo~o· 
• ' - • , ' • •. I t <, \ 

0neHa: aaeT aero11THO~Tb "~?exoaa no.ct' Bllll!IHll~~ BaaH~o.c:tellcTBll~ ll3 COCTOSIHHSI I 1> \ 1,1 co" 

'CTOllHHf/ · I£> .• MaTpll'IHh1A aneMeHT T - , MO>KHO npe.c:tcTaBHTh B BK.c:te: "-' .. - , - , n ,, , , 
+ ➔ ,- ➔ 

:T =(x· T(p'/ii'Fx ),: 
- , -+ ..... ~· ~· .fl - ,, - ,· . 'I ' , .. . 

3,ziecb, 'p H p ,. - Ha'lanbHbll! ll KOHe'IHbll! OTHOCHTenbHb[e HMnynbCbl, X ll ,/- cnllHOBbl8, 
. ; : ) ... ', ·:' . . : ,' '_, '. " :_ ➔ ➔ -·' .,,1 '. •. . " ' . 

· .'PYHKUHH 'Ha'lan'hHblX .H .KoHe'IHblX. qaCTHU, ·a· T (p',- p) - MaTpHua, . .c:tel!cTay10ma11 11a:· cnmio-

ai1e, nepeMeHHb1e; .MaTpHua T (;',•p) · o~pe..c:ten11~Tc11, 'ecTe~;aeu'H<?, ~llHaMHK;J!· np_ouecca. 
- I '. . . '. \ " , ; ', .' 

·Mb1 BhlllCHHM, KaKlle oomHe orpaHH'leHK11 Ha_· ee BHJ:l 'aw,eKaroT ea, ipeooaaHHJ!: H-HaapHaHT-__ 

. tu;C.;.ll: H~'IHeM: C B,pame~~l!.- 1 vf~ (3,5) n~nyq_a
1
eM' 

(3.17) 

. - J 
(3.18) 

' I 
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\; 

•\ · 
·.,· 

. ' \ ~ 
J• 

,, /,! 

.. rn~ .I i>R .· "·. '1 f>~:-· "son~Otlbl~ cj:,yHKUllll H'aqanb~blX ll" K,CH8'1Hbl?' •qac;:THU, B 'n~~epHy'I'Oll CllCTe-
-. , . . . ' ; ,' . _ .. ~. ' , , ,, . , , ., ~ ··- ·.· 1 ,._ , ' .. r 'I 

, . Me oic'leTa, QqesHnHo, 'ITO,' ecnH cocTOl!Hlle ·Ii> , 'onncbIBaeT· qacTHUbl c nonHhIM i!Mnynb7,'· 
',. I,..... • · ,: ' . ,, ', ,'- ., . ➔ , s, ~ .·_\, .,,' ' , • .,t •. I , t .•" • • • < , 

coM . Q . n OTHocnienbHLIM ·HMnynbCoM: p · io cocTol!Hlle Ii'>", .onHchrnaeT 're, me qacTn-
,. _\ - . ~. ➔ , . .,. ' . . . . ., . • R ; .. 

Ubl' C HMhynbCaMH Q ii ' p· : ,: 
I I , R . R,, ,.,· f, 

\ ·~ ➔ i ' ... 

(o;>r:arf (Q >e· 
_ ' , ( ;~ ) j = a If ( ; ) f • 

. ~ ' ' ... . ' , . ,I ' . ' .• 

: 3ne,cb aif. - KOCHHyc y_rna Memny, llo~oll ocbJO i H cTapo~ ocb·JO f ,' 

(3
1.1,9)'. 

CooTHO~eHHe ( 3. 1.8) np~~~Tainl!e;, ~66.oll paseHCTBO pa3HbIX MaTpH'lHbIX sneMeHTOB 

onHoro H Toro me onepaTop~. Yla '(3 •. 16); (~.-17)~ii (~'.18) nonyqaeM: 
> ., "'-, 

' ,- ,,., l 

• ·;+T( .. , 
xR, . PR 

. . 
➔ . L/ ,' ,J: ,-·· "· .. • .... 1., •' 

,p. >x' l>=<x~:'"T(p',·i?lx> 
./ , , r ' 

3necb' x R: H_ x'it -·HaqanbHBll 
' ;R · ,R. ' : · ;•·· 

H K0H8'1Hal! CllHHOBbl8 cj:,yHKUHH B 

·-, 

!3.2or,. 

HOBQll CHCTeMe ,OTC'leTa, 

¢>yHKUHH X H )( ( x'·a X~') ,•OHHCbIBaJOT B paaHbIX" CllCTeMax• onHO H ·TO :»<e CHHll0B08. 
•~ · • R, ,- R . · · , . rt \. ' . . 

COCTOllHHe, nosTOMY, _OHH CBl!3aHbi YHHTapHbIM npeo6paaoaaHHeM; 
. • ' t ~. ' ) 

:<' ., )(~=UR)(',., 

. , ~ . , , 
)(·=U·)( 

R· R 

1' ;- fo:21) \ 
,' 

I 

YHHTapHbl~-.M~TpHllbl u R H . !!'iinellc'!'~ykn Ha _cnHHOBbIE! nepeMeHHbl_e ll aasHCllT' OT yl'nOB .. 
; '' ' ' '.1. . . . • '. . ' , 

noaopoT;, Ecnu cnHHhl o6eux HaqanbHhix. ( KOHe'lHbr;) ·. q~c-iuu oTnH~HhI, o~ Hynll,. TO \pyHK-> · 
~·~ - -:. ·.··· ;.,< .. 1~·· .. •).. .. •; /, / .•.• · 1' r '.,~· . •··. ,/,,•· 

UHll x ( x') , · npencTasngeT co6oll npoaaseneHHe . (nu6o cyMMy npoHaBeneHHll) cnHHOBbIX .. , .. 
• .: , . -, ' ;° I• '. '\. I, . ..._ _. ' 

·.cj:,YHKUHit OT)lenblihlx qacTHU1 ~8T!)HUa uR(u~)- gi:in~eTc~ _B 'sTOM cnyqae_;llPllMbIM r:ipoH3Be-;· 

neii~eM Ma~p~~: ~ellCTBYIOlllH~ ~a· Kamny~ 'CllHHOBY~' cj:,yHKI!H~. B . oTn~n~HOCTH, 
• . . • . . '.1 ., ' ~ -. ~ • ' \ • . . ' . • • ' : '. . .· ·, 

' CpenHee aHaqeHHe ·onepaTopa cniiHa. nonmlio np~o6paa'osan,ell 'npH •BpameHHllx· 
- . ' , ' . . / -· .. ;- .... 

+ ·s· ·=·a·· ·'"+s - , _·,, 
X R'' I XR lk X ·, "k·- )(' •• 

seKTOP,. T.~. 
i' 

, ,rne _s 1 -' onepaTop 

'1 / 

CHHH~ n106ol1 
' . ' ' ' - ; ';/ '' ' ' ' · .. , 
H3' HaqanbHhlX qacTHU, 0TcJOna cnenyeT, 'ITO MaTpHua u ·. 

1·· i'. ',,.' ,·, 
~ . . , - / -, a· 

y nosneTB?Pll8T COOTHOW8HHllM • 
•I u s 
R' I 

I 
u =. a ·s • 1 

R lk k 
• , •. ' • ·1• •. . .. _ '/. • • 

}IcHo TaKme, 'ITO' MaTpHua 'u' '." ynosneTBOpl!eT "anam'irH'JHbIM ,COOTHOWeHHHM, < ·. . R. ,, . . 

H:31

, ( 3,20) H, (3.21) npnyqaeM 

,, -~-1•, .... , .... '._,1 ➔,'➔ 

u · T.(p ,pi)u =; T(p,p), 
·,R ,, ,R R~ ... 

\JI . 

',, 
(. 

(3.22). 
')-, 

,3_TO' H eCTb .yc~OBll':• KO.TOPO,MY non~iia 'y_nosn-:TBopl!Tb ' T '-,MaTpHua sci:iencTBHe HHsapu-

aHTHOCTH OTHOCHTen~HO npoCTpaHCTB8HHhix' BpameHHll, 
' ·~ I· • . 1 '.' 

nepeilneM 'renepb, K paccMoT"peHHIO llHBepcim .c~6TeMbl 'KoopnHHaT·. EcnH p. 
.· .:, ' : ' . . . . . ' .. 

' . ,.·, . • ·, ' ' I 
KOH8'1Hblll OT:I~CHTenbHl,I~ ·HMHynbCbl' B HOBOll CHCT8Me··. OTC'l,eTa,_ a 'X1 Haqanb!lhlll,_H 

HatianbH8SI H 

:.. 

,H /p; 
ff• -1 --X'1. 

.\ ~ ,, 
KOH8'1Hal! CHHHOBble, cj:,yHKUH~. B . 3T~ll · CH~TeMe[ TO. : 

18 y· ,,·· 
·1, 

'\ 



,r,,, 
/, 

... /~ ➔ 

pl = :-P•: 

p~:~· ,_ ;~,-
1 

,U·\.•S U .==-s ,. 
I I I '.,, I 

' I 

, , / 
(3.24)>,\ 

·I 

<Ung MSTpHU~I' _u;,·, cnpaae,llnHBbl SH~no'r~'IH~I,e COO~HO~e:HHH, YcnoBHH (3.25), c~e,llylOT, H3 

: To7o; 'IT~ cpe.llHee ~tiaqe~He _, onepa~opa cnirna. ,llom,rno n'peof5paaoaaTbCH K_aK ncea,lloaeK:op, _ 
, . - ' ; . . . ', ,_ '. ~. . ·~ . ' \ \ . ·. ' . ,.;: 

, ilellcTBH~; onepaTopa ul H~. cpyHKUHIO lt>i COCT:~H; B ~a~~He, ; ➔ ~-,1 Q ➔ Q;,, :;, 
x_➔ x-; ', u yMH~~eHHH, ee Ha MHO~H-Tenb_, MOaym; KOToporo paBeH -e,lliimiue,· 11a'~pHHUKna 

. - cynepnoa11uH~ 'cne.llyeT, '!TO 

,'18;CTH~. Ciie~~BST_enbH~,· OH 

aTOT MHomHTenr;· O,llHHSKOB·-. Jing· paanH'!HhIX cocTOHHHll ",llaHHbIX · 
' , , ' ' ' : . . 

xa'paKT~puayeT ux ·aHyTpeH~~e-caollcT~a. IlpHHHTO Haab1BaTb 
- ,:- .,. " ,. - ' 

3TOT:_MH0,m11Teni:._ 1'1HyTp13HHell, '!eTHOCTbI<?,: EcnH ·npoHaaec~ii HHBepCHIO CHCTeMbl OTC'le_Ta ,llBS>lr 

fib!, TO Mb! B03Bp81LJS~MC8 ~: H~~O.llHy_io CIICTe~y. ,Bon~OB88 'cpyHKUIIH, '!SCTHUbl C ·uenb!M' cn11-, 
• ... \ "',. • ', • ' i 

HOM coana,llaeT npH 3TOM C nepaoHaqanbHOll, a BOnHoBaH,'cpy'HKUHH '!8CTIIU C nonyuenbIM· cnu-

HOM, :~66, COBU~,lla~T 'c n;p~OH!l'!a~bl!Oll, ~HOO oi-nuqaeT~H- ~T Hee 3H8,~0M (no~n';>J:iHee 'caii,;. 

, ';8HO, C: TeM, 'qTo, .llBYKP8THYIO HHBf ~C':IO MO)KHO paccMaTpHB8Tb K8K TOm,lleCTBeHHOe npeof5- . 

paaoBaHHe_. H '. ·KaK llOBOpOT Ha, yron 2 '11,, ioTOpbill ,llnH '!8CTHl/;c, nonyuenbIM CUHIIOM, npHBO'.'" 
',;". . , , ·, ' 

',lllfT, KSK ll3BeCTHO, K·.113MeH~HHIO' aitaica). 3T~ 03HaqaeT, 'ITO:BHyTpeHHHB qe'THOCTb Boae..:-
·" ',, • • !' '-._ •,, . , ' ' ., ,-• f -, ,r >/, , ' _,- '. '\ \ ',,' •:l •,• . 1 

'o 2_. : 
qacTHU MomeT. ObITb .paaua ±J, a BHyipeHHHH ·'!eTaoc_Tb cpepM11-qacTHU MomeT paBHHTbCH· 

' ' • / ' ~ • ' ·, ' • • '. -, ' ~ '- j • '. • • - ·, ' ' 

±.1·. ~i-. Ha' (a. 7)· .ana M8TpiPIHhIX ane~e~TOB ~Of:lY;ttaeM: 
, ' 

(3.26) 

r.lle 

·-Ta.KHM of5pa~oM;, 113 IIHB8pl!al!THOCTII OTIIOCH,TenbHO ,o-rpameHHll 
• ·,::, ,,➔/\ ·~ ··•.'.:.1. ➔ ➔ . , 1: •, 
T;(p', p)= I1 I'; u1 T(-p',--p)u1 ; '_ 

'OT~ernM; 'q:ro, npoiia,B~flel!He , Ii I~ , ' Momei Ob!Tb pBBIIO TOnbKO ±.I.-

nepell,lleM Tenepb K libi~cue·uuro cn'e.llCTBHlli Bb1TeKaicimux'· Ha, u11aapH~~THOCTH, 0T11ocu- · 

'.~ .Tenbao _oQp~~~~H_a, BPE:~e~H._ YMHo>Kasi ... (3. ~5) cnp-~~a '~a-)-f~* .. H ~-neaa · Ha' 1i> . ,no,n;~~~M: _,'· 
,.. \ ~ J 

,(3.29) 

npH 38MeHe t '·Ha· -t 'HMnym,~ ·H .MOMeHT KOnH'!eCTBS ,ll_BHmeHHH•M.eHHIOT 3H8K,, noaTOMy 

"o\5pameuHoe ao_ np~~eiiu• cocTOHHH~ ·· 11 >T= UTI I_>* <It> ;..u If>* l 
, T ,T 

~COCT,OHIIHH Ii >(If>') ,,. 
\ 

(3:29) 
', , 

3HSKOM H_MnynbCOB H npoeKUHll, CU_HHOB, _, J13 

19 
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OfflH'!8eTC8 OT, 
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; , . ·, 

:if 

·;. . . . •· .. : - .. ·. ; I 
( 

,+ I , ... ' ; ; ~ + -+ -+ . 

X T (P,Plxl=1111*, (x' T-
6 

(-p;-p'fx'· ) • 
• .. T T .. T O . ,'; .. , T . 

To6<-p;•p't MSTp~Js 06p~THoi-o,npoueccS: (t~·i) 'X =u x*',' x~•.:.u~- x"'' 
.. . . ,•. ,r i·. ~ ~ .-\· ·:• · ... -· ,·,i, · · .. ·, . . ~ T. 1T_,\ ·:·: _T_ T ,1 ', 

~ T H ·. u;: . - YHHTSpu,i,1e MSTpHUbl, s 11; H~7/ T - MHO>Ke7enu, pSBHble no_ MO/lymo:,eau:-:. 
' , • \ '"-. - , , ~ ~ • • ' '. • • - , ; • I ~ , 

Heue (apeMeH~b1e qeTHOCTH HS'isn1,11oro u KoHe'iHOro., coc:To11H11ll),· MsTpuus u · · onpeae-
.. - ' , ~,. ! • I ••• - • • • • T- _\ , 

• n11eTC!I Tpe60BSHHeM, 'iT06bI' 'cpeJlHee· 3HS'ieHH0, CnHHS H3MeH!lnO _3HSK npH 06psmeHHH 
\ ' ' f • - =r .': \ ,.. -, ' .' > ; • ' 

HH 

•\: 
, ,-O~roas cneay~T, <iT~ u T. 

- ··- ' 

+; + 
.X 's, , X T'"' -. X, s I X_ 
.. -T :, '' I ' . '/ • •• • 

•yaosneTsop11eT ycnosuro: 

-. •I . . .. 
. uT_s_l UT -=.-,s,.' 

. (3.31) 
.,,,.• . 

'' .'· 

(3;32) 

AHanOI'H'iHblM ;coOTHO,llleHH!IM' nO/l'iHH!leTCSI ~a'.pHII~ ,u; : __ ; vf3' (3.-30) ,nony'i_SeM' > ./. 
- ➔ ➔ •t ,,... . ... . . ,, _, ',! . 
T (p':• p) =u T 

6 
(-p·,~p') .u' ~ 71 .,, , ;(3,33) 

, ,'. , 
1 

• , T_, 0 .'. , ;•,- _T T T 1 • 

·, C_oOTHOUleHHe (3.33) CBSl3blBSe-r'I,rnTpHUbl npSIMOI'O H o6pSTHOI'O,'npoueccoB, .!lnsi 
• • \. ,-1 ',, ·~ ' • ,· - ' - \ I • ; \ . 

·ynpyroro psccesiHifo,.T 
6

= T, ·u;•=uT,'7/T ~.,. =·1 . H· (3;33) ,npeacTssnseT·co6oll s · 
, : • , ·• , ~- • 1·.. k.1. ·. T ' ·x), 

3TOM, c_nyqae_ orpaHH'ieHHe 'HS·BH/l MSTpHllbl psccesiHHSI 

'· I - ➔, ➔ .', •1 ~ ➔ • ➔, 
T ( p. ·, p ) = u T ( •p, -p ,, ) 

. , '• .. T .• .• UT~ 

~ . 

§; 4. · -ciieHOBS~ MaTpHUS nnoTHOCTH. 

)lo· cex· nap Mb1·'npeanona~snei•'lTO cneHo~oe cocfosiHHe HS'iSnhHbIX 'u·, xoue'iHhlX, -
' ,. ' - . --· . . ' . ,' 

'· ,is~TIIU on~~bis~eTCSI sonHoBblMH. cpy~KIIH!IMH, · OaHsxb , B o6bl'iHhlX yc11ose11x 'axcnepeMeHTS . : 
• ' f '. , .-, " -., ' •; . , ', • \- \ • \ ~ . ,' , .- : ., ,' \ ' > • •, , • • , , ,. • 'I • , , '.' ,'. 

-.ci:rn.Hosoe coc-ToSIHHe He MO>KeT 6h1Tb · onucsHo' aonHoaott 'cpyHKUHell, .To<iHee, He MOOKeT ·6h!Tb .. -· 
, -, . . . . • . , , ·, ... :, . . , . r . : . ,. , ·. . ,, , ~' \ . 
on'ucs'uo· 0/lHOlt BOnH.OBOlt. cpyi1xueel1,' S onHCb!B8.eTCSI MSTpeuell nnoTHOCTH HnH ,"cMeCblO" ', , 1 

' : •• : ' • ' > ,.. ., • : ; • • • • I '. ; ' '.: l24-26i ' :-- . , 
BOnHOBblX cpyHKUHll, nepellaeM K > _onpeaeneHHIO 'MSTpHllbl 'nnOTHOCTH • PsccMOTpljM . 

{. 

" • ' . ' ''" 1 

•'ny'loK qsc~eu .c onpeaeneHHhIM mirnynhCOM_,. Oil• nonyqseTcsi.a peaynbTSTe· saae~oaellc:Tsirn_ -· .. , " 

c :Heito:r~polt _ 110/lCH~TeM~ll. Ecne. ~p~~n6~~>K~Th, ',:'lio, acsi .. cilcTeMa, a u~noM onHCblBSeTC!I 

. BOnHOBOli cpyH~IIH~lt,' T~ ~~crie. B3SH..;Otleilc:TBH!l,,°npHBO):UilU~I'O K o.6p~3;BSHHIO nyqi{a,' son-
.,.' , ' .·, , I. ' ... · ·.'•. , ,- ·,.; ,, . , . 

:uosyro cpyHxuero · scell cucTeMbl · sce~as MO>KHO npeacisBHTb. a· seae ; . 

. , '. W ;( ~; u;{) =,·; l )8;.2e
1px',t a;;,x µ cC:,_ 'l'.: ($ a.'.._!__. 'e l~x ¢(u, e-,'. ; : '(4,l), 

217 µ.n ·1 ... ' ( 217 )8/2., 

.·, . x)' Ecnu_ · npoe3secTil. nosopoT_Ha yron
1

- 17__ ·soxp'yr HsnpsaneHesi 'p' -; ;- TOj_~cnonh7 
3yg (3,22),-MO>KHO_nepenucsTb (3,34) B_BHJle: 'T( ➔p'- ➔p),'.u•l ~~ 1 T("p'--p➔)u· 

, , , , 
1 .r • • ~ . T R • . T _u. R 

' ' ' ... , . . . ·, ' ''.•½<1217 ., ' _. ,,. ' . 
· B, o6bl'iHOM npeacTssneuee MSTp~u nsyne · ,u T = - i u 

2
=. ~ H ,co~n!aseT c · onep11,Toi;ioM noao.- _: 

... POTS HS yron (•17) _ BOKpyr,ocu __ y .-Ecnu _ocby' Hsnps~HTb no:p'-p_,_;o➔u'ruR'."}' H ,, 
, ycnosee (3-~34) o6pam,ieTCSIC s· Tpe6osau~e C~MMeTpm~ T-, ,-MaTpHUbl: T (p'p) ='T (p ', ;) 
3Ta ¢,opMyn~posKs .ycnosesi ·,.-T' -uirnspHSHTHOCTH npHHs_ane~eT! Jl.ll. I ly3exosy. j 

' :- ~ ~ , \ ' . ' 
.-

·/ /'. ··\.1 

I ,,\' l ,._. 
I" 

. '• 20 
. )'·. 

'• 
\' 

' . ..~ f • 



.',l 

~-~ ~,·: :; /' • /' ,/. <I, I.,_ 

3.oecb 'X (;,.) , - cn~H;a'i.1e ,PyHKUHH '!acTHU nyqKa; :'Vo<,~ - ,~onHOBbie · ¢YHKRHH-noi:tcicTeMbl, _ 
#1, . , ., ' . , . ,, /. · I ',\ . i . 

-Koacj:i¢HUHCHTbl' a . 'iie 38BHCsl; OT Bp0M8HH H onpe.oem110TCS1 TeMH, B38HMO.!lE!ACTBHS1MH;--• 
t ·r "- . i , µn . ., ·\ , , '-, ,_., ; ·'. ,. ··_.,·\ ,' .·· , ., -. ' ',_ . , 

- ·; ,KOTOpblC <npuaen~ K 09pasoaa~H10 ny'IKS,' By .!leM -npe.ononaraTb, ''ITO '<pyHKUHH )( (u)H 'I' ·($ 

,, opTOHOpMHpOB?HbI u. ;6pasy10i nonH;IO cHcTeM;, Coc-r~stHu~:'n'o.ocic;:Mbl H~~ H/~HT~p:cyeT. 
, > ✓ ';' l ,, . I - . J , ,· ' • '' ~ ' •, - I \ 

noaTOMY_ npu Bbl'IHcneHH~ cpe.!lHHX SHS'leHHA onepaTopoB, .oeACTByIOUlHX 118 nepeMeHHylQ· • u·--

,, ~o I e c~e,1J.;eT:n~~H;BeC
0

T~ HHT~/pup~~aH~e,·(cyMMH,po~a~~e). lly~Tb .· 0; ,'n106bn oriepa-
/' ~ ,, . ' ' ' ' . I• ' • .\· . ' I ' ' 

Top,' '.oeACTByromuA, Ha nepeMeHHYIO u · 11HTerpupys no {; -,· u': npe.ononarast,'- 'ITO' cpyHKUHH; 

¢ (u, fl H,OpMHp0B8H81 °,llilS1 cpeJiHer~ :aHaqeHHi <:/) ~ nony'laeM: 
, . . ·.- r 

I 

.<9>= l: 'X* (u} 0 ,' X (,;(c -~ 
/L,/L;" P rr , /L - ·/LIL, 

'I 
\: l 

(4;2) 

•J 
0'10' 

' ;/ 

(4,3) 
' 

.,,. 

\' 

(4.4) 

i - I 

I· 

Op'., I (4.5) 

MaTpnua _P 
: '\ '' '; ,• ',' ,/' ·'1. , -. ' 

Ycnoaue_ .Hop~rnp?BKH cpyHKllHH ~</,( u, f.) 

V 

\ r ~( 
B cny.,ae, KOr.oa ¢(u, fl· - HeHOpMHpoBaHa;_ cpe.!lHee SHS'leHue onepaTopa 

- • - " , ' - ._ - , - - I -. 
',' ' -. 

- - - -' Sp Op < 0>= -, , 
Sp p 

Cpe.oHee_ SHa'leHne 'mo6oro onepaTOpa; .!l8l!CTBYIOllle'ro 
~-· •• ""·' f ' • , \ • • • J 

HSA.!leH<?, ecnH _sa.o_aH~ ~aTpuua p: -; ,TSKHM ',o6pBS<?M, 
-, I: 

1 ·1 __ 
I', 

',--. 
HS' n~peMeHHyIO O' 

MSTpuua nnOTHOCTH 
I • 

' I. 

(4.6) 
. , I 

,0 paaHo; 
I 

-(4.7) 

:i 
MO)K8T 6b!Tb 

( 4;4) n;nHOCTbIO : 
' '· 

.. nHUlb a cny'lae,, Kor.oa:'aonHo~ast cpyHKUHS1 ,Beel!· CHCTeMbl '</, _( u; f,) npe.ocTa~1rneTCS1 

:·~ and~ -~pOHSB~,!leHHH aon~oriw~ cpy~~uuii, OTH,o.~UlHXCS1 K '18CTS1M; CHCTeM~l ( ~.!lHO, cnarae-, · 

(4,l)f:, · Moe -a pasnom eHHH 
' ., 'I, - ' 

<p ( u'., f.) = 'X ( u) IV ( f.) , . / . ' . ' 

\' 

M_a_ipiiua, nnoTno~Tn TaKoro. cocTostHH-H 1- HM~eT au.o: 

(4,la), 

~p . '=x (u) x* 
. ' au'·'' · · -

u cpe.oHee sHa'leHue_ ·onepaT<?pa O 'paaiio: 
' ,+ 

:_<O>-x o x 
',. . • , . I\ . ·: ' 

CRHHOBOe'. COC'!'OS1HHe•_ nr1Ka_ 

·,-, 
' 

\-
,(4,9)/ 

n~nHoc:r&ro _onHcb1aaeTCS1 aoimoaol! 
'· 

, cpyHKUHeit ')(. -T8KH8, COCTOS1HHS1 H83blB8IOTCS1 'IHCTbIMH, 

\ i 

21 

,, 

,-

,i 

, ,-
1' 



:,,, 

·,;_. 

. , 

. ,-,,, '1.· 

. -nepe'IHCnHM .. OCHOBHb!e CB0ACTBa :MaTpHUbl 

.'r .J 

- ,·; ~.. . . 

nnoTHOCTR, · BblTE!1tarowue ·us. (4.4), .(4,3) 
\ . . . .. . . . ·-.·H (4.8);, 

,.'\• I. ( 

. L,.MaTpnua nnoTHOCTH ~PM!fTOaa ,· 

; I. P. = p_+,: . (4.10) 

'IT0 o6ecnequaaeT aewecTaeuuocTb cpe.nunx ·.suaqeii~li. apMHT0Bbllt onepaTopoa, .. 

, . ···, . :, - !, - ·, '' . 

2, ':M8TpHU8 nnoTH0CTH ,'IHCT0l"0 ·C0CTO!IHH!l ·•.(4,8) 1 y.noaneTB0!)!18T COOTHOWeHHJO; ,. 
.. l . I, . -- ''· 

,1, J 

. p 2= p Sp p ···c4,11f 
(' 

OTCro.na .nna- 'IHCToro cocTosiuu11· uaxo.nnM: 
2 

'Sp p 
2 .·· 

( s p p ) \· -
' 

,. 
- ,\' 

. (4.12) . 

3, B o6weM cny'l8:e _· 

• • I 
2 

Sp p ~( Sp P. 
-· . ~-

:: (4.13) 

KaK· Mbl yme··oTM8'1Ann, clinuoaoe .cocT011uue ',ny'IKa onucblaaeTc.ii (?.llHoA. aonuoaoA 

cpyHKUHelt B ~ny'~ae; KO~.na Eionuo~ag ·cpyHKUH!I, acell cuc'-rei,lb1 HM~e~ ~H.ll (4. 7 )·. r10K8>K8M ·~ - I 

., • ,, ' ' I. ,.: •: '. • ', • \ • -' • ' • ', ' \ • \' . • l'<' ,' ' ' j ,··, • - • ' • :~ - • ' 

Tenepb, 'IT0 a o6weM cnyqae ,cn_H!f0Boe .. cocT011uue acer.na •MomeT 6bITb onucauo TaKme 

H~6opo~ 'uecKon'bKHX ~eKorepeHTHblX c-~HHOBbix cpyHKUHA .(cMecb), iln11 3Tor'o Hanii~eM 

ypa~11e~~e .nm1 c'o6cia~~Hb!X ·· cpyu~u~A H co6cTseuu~1x aua~~un~ Ma;p~~bl · ~n~-ruocTH: • .· 
.. •• ' '1, ,, 

. I . p ,,u . (u ··) = p . 
··1 · . uu· · · µ . .µ 

_u (u)•. 
µ, 

(4:14) 

• I,' 

YMH0:)1{811 { 4. 14) 
I . 

Ha u'<: (;•')• ; CYMMHpy11 .. no . µ , H HCll0IIb3Y!I ycnoaue ll0/IH0Tbl • CHCT8Mbl . 

. cpyH.KUHA ~ 
. µ; . . • ... 

,/ ,·/ 
'i . 0 . \• 

• . µ 

, . ' ' i 
nony'l8:eM: 

.I . u · 1 u ·1 u* <.,:'>-.. a ,, , 
µ µ u u µ . . ' 

I -
p r •~ = I p u (u) ·u* (u') i. 
uu : ... 'µ µ .. µ_ >-µ 

.·. 
·;__::.- /' ' 

(4.15) 
;\ . 

'. Cpe.nuee. suaqeuue. onepaT~·pa 1 0 , BbI'IHCneHHOE:I c noM0WblO (4.15), paella 

. . : ·+ 

. . yj: ·;CnOBH!I H0pMHp0BKH. p 

,<'.o > = I p (u . o 
. ' -• µ µ µ 

cne.nyeT, 'IT0 · 

I Pµ= l 
. µ . 

u ); 
.' Jl 

\ :-'; 

(4.16). 

(4.17) 

.. KpoMe T0l"0, 'C ll0M0WblO (4;14), ~4-.3) ul (4;4) Mo,muo ,UoKa38Tb,. 'IT0 .co6CTB8HHbl8 3HB'le-. 
HH!I nonomHT8/IbHbI: 

-., . ...,.Ii Pµ;::, 0 
/ (4:1s> 

~ ~ 

• COOTHOW8HHsi . (4i mi'-; (4., 17) H (4. !~) 03Ha~aro_T,. '13'0 CllHH0B08c C0CT0!11i!f8- llY'IKa ;~HCblB8_: 

','eTC!I B · 06WeM, Cll~~ae ;ueKorepeH_T~OA CM8Cbl0. cpyrJKu~f U/1. 

. H0CTblO. ·.P µ /; . . 

BXO.llSILUHX B CM8Cb C aepo11T-

8 K8'18CTB8 npiiM;pa paccMOT()HM np~cTel!lllHA cny'qaJI '18CTHU co CllHH0M 1/2 •. ~aTpHua 

,J ,1· .. ·-, 

22. 
,I . \ -. 



nnoTHOCTK llBmleTCll B 8TOM cny,i:ae 2 X 2 ~aTpKueA K, cne,llOBST8nbHo, OHS MO)K8T 6b1Tb ' 

paano>KeHa no '18Tb1p8M 6a3KCHb!M MSTpKUSM. 8 K8'18CTB8 HKX Y.ll06HO Bb!6paT& MSTPKUbl' I 

nonyqaeM paanomeHKe 

(4.19) 

I',ll8 C K di_, .ll8.8CTBKT8n&Hbl8 '!Kena ,<apMKTOBOCTb p,).· HopMKpyll MSTPKUY (4.19), Haxo­

. .llKM, '!TO c-,l/2 • Ha OCHOBSHKK (4,6) K (4, 19) nony_'188M, '!TO 

(4.20) 

Cpe,llHHe, 3HS'l8HHll <j > o6paayroT nceB,llOB_eKTOp, KOTOpblA H83blBS8TCll no~llpH38UHeA. 

BBO.llll 'o603HS'l8HK8 9' a<;:;>. '' 3SnHW8M MSTpHuy (4. 19 >' B BK.ll8 

➔ 

p = ½(I+(u 9' )J. (4.21) 

_TaKHM oJpa30M 1 C~HHOB08 COCTOllHH8 'ISCTKU CO CnHHOM 1/2 nOnHOCTblO 3S,llS8TCll nOllllpK-

3SUK~Jl 9' , 113 Hep~eeHcTBa (4.13).Haxo.llHM, 'I_Tci 9' =!Pl' (cTeneH& non11pHaauHH) ne 

npeBOCXO.llHT '8,llHHHUbl! 

(4.22) 

. CornacHO (4.12) CTeneHb nonl!pH38UHH paeHa 8,llHHHU8, .llnll 'IHCTOI'O COCTOllHHSI, CocTO_llHHe 

C 9' = 0 H83blB88TCll HenonllpH30BSHHblM, 

BepH8MCll !e~epb K paccMOTp8HKIO npoueccciB CTOnKH0B8HHA H nony'IHM CB!l3b M8:>K.llY 

cnHHOB~IMH M~TpHUSMH nnOTHOCTK •HS'!an&HOI'O H KOH8'1HOI'O COCTOllHHA· • .lln11 ~an&HeAwero . 

y.llo6HO eocnonb30BSTbCSI npe,llC:TaeneHiieM HS'ISnbHOA MSTPHUbl nnoTHOCTH. B cpopMe CM8CH 

I + 
P0 = P/l X/l X/l 

. "· 
(4.23) 

Ha OCHOBSHHH (3.16) ,H (3.17) riocne ycpe,llH8HHll no HS'ISnbHbl_M H cyMMHPOBSHHIO no 

1 KOH8'1HbJM cnHHOBblM COCTOllHHllM nonyqaeM cne,llyrowee Bblpa:meHH8 ,llnll C8'18HHll 

(4.24) 

1 

~ j 
0 

3.ll8Cb io nnoTHOCTb noTOKS HaqanbHblX '!SC THU, B (4:24) nerKO npoH3B8CTH' HHTeI'pHpo-' 

BSH!j8 no p' , nocne HHT8I'pHpOBSHHSI nonyqaeM Cne,llyIOIU88 Bblpa.:>K8HH8 ,llnll ,llHcpcpepeH-

UHSnbHOI'O C8'18HHll t, 

a =~=(_-cl!E;•E;J~p T(;',;)p T+(;~;J(2rrJ 4
-, 

d!l' V E· 0 .... ' (4.25) 

I',ll8 V' H V - p~3HOCTH CKO.pOcTe.8 KOH8'1Hb!X H H~'ISnbHbJX ,'ISC_THU B C,U,H, 
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.. 
'J 

➔ ➔ ' ➔, ➔ 
Y.1106Ho BB0CTH_ MaTpHUy M (f, p) , KOTopa11_ OTnHqaeTC!I nHWb MHO)KHTeneM OT T (p ·, p) 

H on'pe.11en<;Ha Tai_c, qTo .llH<pcpepeHuHanbHOe ceqeHHe paaHo 

➔, ➔ + ... , ➔ 
""' Sp M (p , p) p0 M (p ·• P) • (4.26) 

nepel!.11eM Tenepb K nocTpoeHHIO MaTpHUbl nnoTHOCTH KOHeqHoro COCTO!IHHll. EcnH Haqanb­

Hbl0 qacTHUbl OllHCblBalOTC!I cpyHKUHel! )( µ , TO CllHHOBa!I cpyHKUHll KOHeqHblX qacTHU paaHa: 

x'.-I x':Cx',M(y',p) x l (4.27) 
, µ µ µ 

11cnonb3y!I ycJIOBHe llOJlHOTbl ¢yHKUHl! x'; • 'PYHKUHIO x' MO)KHO aanHC8Tb cne.nyroWHM 
µ 

o6paaoM: 

x' M(p',p) Xµ • 
(4.28) 

B CJI)'.qae )1(9, Kor.na HaqaJibHOe COCTO!IHHe OllHCblBaeTC!I MaTpHuel! llJIOTHOCTII '(4,23), Ko­

Hequag MaTpHua llJlOTHOCTH paeua: 

p I ( M XµlPµ(M X) 
.µ . µ 

+ + 
M p

0 
M (4.29) 

KoHeqiiag MaTpHua llJlOTHOCTH HOpMHpoaaua TaK, qTo (cM. (4.26)) cyMMa ee .nnaroHaJib-

Hblx' sneMeHTOB paeHa ,nHcpcpepe_HuHaJibHOMy ceqeHHIO, Cpe.nHee )Ke aHaqeHHe onepaTopa o 
B KOHeqHoM COCTOllHHH B 5.00TB8TCTBH~ C (4.7)' (4.29) H (4.26) paBHO: 

+ 

<0 > = 
Sp M p OM 0 (4.30) 

(7 

§ 5, CooTHOW0HH0 •non11pHaauHS1-aCHMMeTpllll. B cnyqae npOH3BOJlbHOro 

uanpaaneHHll llOJI!lpHaauHH 

Ha ycJIOBHl! (3;23), (3.28) 11 (3.33) MO)KHO nonyql!Tb o6wee Bblpa)KeHHe .llJI!I M-MaT-

. , . . /16/ /17/ 
pl!Ubl JII06oro npouecca. BonbcpeHWT0l!H II AwKHH H ,[laJIHTU, OCHOBblBa!ICb Ha o6weM 

. Bblpa)KeHHH ,llJl!I aMUJlHTY.llb'. ynpyroro pacce11HH!I llOKaaanu, qTo neao-npaaag acHMMeTpH!I 

B pacce!IHHH non11piao~~HHblX qaCTHU co CUHHOM l/2 Ha H9llOJI!lpH3OBaHHblX qaCTHuax C 

npoll3BOJlbHblM Clll!HOM paaHa CKaJI!lpHOMY npO113B0,ll0HIIIO HaqanbHOl! nom1p11aauH11 Ha non11-

puaau11ro qacTHU co cnHHOM , 1/2, aoaHHKarowyro np11 pacce11HH11 Henom1p11aoeaHHbIX qacT1111. 

KaK y)Ke no,nqepK11ilanocb, 3TO COOTHOW0Hl!e Jl9)KIIT B OCHOBe aHan11aa non_11p11aau11OHH_blX 

SIBJIE!Hlll! II llO3BOJISleT, B qacTHOCTII_; onpe.nen11Tb non11p11aau1110 'laCTIIU nyTeM 113MepeH,11!1 
' ' ' 

neao-npaaol! ac11MMeTp1rn. Mb! nonyq11M cooTHoweH11e. •non11p11aauH11-·ac11MMeTp1111• a cnyqae 

.llByxqaCTllqHblX peaKUlll! (2.8)
1 

11CllOJlb3Yll H9110Cpe,nCTB9HHO Tpe6oaaHH!I IIHBap11aHTHOCTII 

(3.23), (3.28) 11 (3'.33), npe.nnonO)KHM', qTo Clll!H O.llHOl! 113 HaqanbHblX qacTHU p~BeH 1/2, 

a Clll!Hbl acex OCTaJlbHblX qacTHU npOH3BOJlbHbl, EcnH B HaqaJibHOM COCTOllHHH- UOJillpHaOBaHa 

TOJlbKO qacTHua co CUHHOM l /2 ( ~OJ1!1pHaauJ11 p ) . T,O HOpMHpoaaHHa!I HaqaJibHag 'MaTpHua 

llJIOTHOCTII paaHa 
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I 'I 

/ ' 

'\ 

_)(5. I )1 

_\ rne S -· aenH'IHHa cnHHa ~TOpOJI Haqan'bHOJI 
"- \ ' ' 

C IlOMO!UbJO, (4.26) H8XOJlHM cne-. 

1' 

nyJOmee Bb1pa>1<eHHe nnsi nmpcp<:!peHUHMbHoro ceqettnsi npouecca: 

rne 
I 

' ' 
0 = I Sp M (p',; p) M+ ( p'·,'P ) 

2 (2s+l) : 

, I 
(5.2) 

' 
JlHcpcpepeHUfftlnbH08 C8'18HH8 B C/lyqae HenonHJlll30.B8HHbl~ H8'18nbHbIX '18CTIIU, noK8)K8M 

. ,, 
Te.nepb,. 'ITO a ~mny TpeooaaHHJI HHBa_pHaHTHOCTII OTHOCHTenbHO oopameH_HH_. ~i:>e.MeHH 1 apame"-

HHll H C>Tp8)K8H.HJI OTH0lll8HH9 

➔ ➔ + ➔ ➔ 
Sp ~ (p',·p) a M (p',-p) 

Sp M(p',·p)M+ (p~p) 
-(5.4) 

paBHO IlOIISlpHa'auHII qaCTHUbl CO CllllHOM J/2, B~3HIIK8IOIUell B ,OopaTHOl!- P.eaKUHH C ttenonsipH-

30B8HHblM.II' qacTHuaM·H, Hcnon~yeM '~ttaqait· T~eooaaHHe '(3,33), Ecn11 yqecTb Koacp~Hu11eHT 
• I , . , ' • - --

,Ilp0Il0pU!10HBnbH0CTH M8)KJlY M8Tp11U8MH !,I (p',p)H -T (p~- p) 1 TO (3;33) MO)KHO 38IlHC8Tb 

- . ➔, ➔ } , . •1 ➔ I ➔· , ·' 

p M (p ·, p) = p .. ·U M (-p, •p') u'• 'T/ .,,•.* 
·· T • ) , T •T T 

OTcJOna nonyqaeM: 

. / \/ 

M(p',Pl 
➔ . +' ➔ ➔ + ' ➔ ,➔/ (;~.Pl, ~ 0 1M (p',.p) . Sp M '(p~.-p) ii M: 

Sp M (p~:p ),M (p',·p) Sp , M+(;',p) N (p~:p) ,, (5,5) 

. · ~- .. ➔ + .... 
Sp M:io (-p, -p ') M QP (i, •p' ·) o 

I • 

Sp Moo (-p'. •p') Moo (-p, •p',)' 

,[ 

,TBKHM oopaao'M, OTH0lll8H!{8' ( 5,4) pBBHO co
11
3H8KOM MHHyc nonsipH38UHH 'IBCTHU co CllllH0M 

')/2, B03HHKBJOIUell B oopaTHOJI peaKUIIH 'npH CTOnKH0B8HIIH H~n~;SlpH3~Ba~Hb(X
1

.'18CTHU (Ha-· 
' ➔ ➔., ;" -· t. ; ' 

peaK1,IHH"" p' H•p , , c·oo.TBeTCTBeHHo), ;BaeneM ,. 
•• ' J • , rl • 

' / 
; 'II 0003H8'1HM npnsipH3BUIIJO; B03HIIK8JOIUYJO . 

·qanbHbtll .H ·KoHe'IHb1ll,~MnynbCbI e oopaTHoll 
'. ' 'I ➔ ,.. ... ', ➔, .. 

8JlHHH'IHbl8 B8KTOpbl , k, = p /!Pl. H ): , = p /Ip~ ·I 
. a oop'aTttoll peaKUHH, cnenyJOIUHM oopaaoM:· 

x) . 
'ny'IOK H Mlllll8Hb ~!lllrOT0BnSIJOTCH OObl'IHO H838BHCHM0 Jlpyr or Jlpyra, noaTOMy 

M8TpHua nnoTH0CTII Ha'lanbH0ro C0CT0SIHIISI oyneT npSIMblM np0113B8Jl8H118M P. X p MaT­
pHU nnoTH0CTH nyqKa II MllllleHH, B HallleM cnyqae MHllleHb HenonsipHaoaatta 11nMaTpHua 
nnoTHOCTII ·MHlll8HH nponopu110HanbHa eniiHH'IHOJI MaTp11ue: p = ~ 1 , Koacpc¼,11u11eHT npo-' 

M 2 s + 1 J 

nopu11ottanbH0CTH B 3T0M Bb1pa)KeH11H onpenensieTcsi ycnoaiieM' HOpMHpoBKH, MaTp11ua, 

nnoTH0CTH ny'IKa p ,aankeTcsi nonsip11aauHell P H., 11MeeT BHJl (4.21 ), · 
n 
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-. l . 

. \ 
!'1 -

~ ' : -+,' . ~ + .. .. - ' ,· .. ' 
Sp-Mofi·p, •p), Mo6 (-p,i-p) ·_u 

'' . __ , . t 

f • 

.. 06 -+1 ➔ ,-

-Sp-_,-¥-0_6_< :-p,--;~ ,.107.;. ·.;;:-r ·--:-:- PO ( •k, -k '·) , . 
. ·, ~ ~- (5,6) ' \• 

11a_ 1rnsapuaHTHOCTII MSTPHUbl peSKUHH -.OTHOCl!TenbHO spau.ieHHJI H. OTPS}K8HHJI -( COOT~OW8HHll. 
,. , ~ , , . ' - . ~, , ' I i , ' ' ' , .,. • \ , 

; (3.23), (3,28) ,H (3.22); (3.25)) BbJT8KSeT, '!TO nomtpH3SUHll (5;6) l!Bnl!8TCl!1 nceB,!l0B8KTO-
; - \-·- - ·. -_ . . - - - . 

poM,. T.e:: · - , ,, , 

0TCIO,!l8. cneayeT, - '!TO 

' -' 

.. 00 
Po, 

➔ .. I 

( -k, '.-k'-)
1 

i,,ci6c -i:, .i:•. l 
• 1- • • ' 

-+06-+~ ,, ..... 

P0 (kk'- l ( k'k ]_ 

-+, ...... 

"'o6(k'•k·) ,, Jo , 

-+ 06.. :. 
~-

/ 

(5.7)' 
.\ 

- ·1 

"~: 
- 1/ ' -

I -· I' 

- '(5.'8) 

J'aKHM 1o6paaoM; OTHOW8HHe:(5.4) paBHO P., (k',·k)- H,llnll 
' ,.. , , . '1• I. . . . • ,, 

;,npHMoll · peaKunu OKOH'laTerii,'a,o · nonyqaeM: 

:011¢,pepi!Huiian bHor-o c~qeairn 
• . • ,,' •. " j, /. --·1t, ~ 

~-- I 

_, . ·-· / - ...... ·. 6 ➔" ➔ . 
u =·u

0
(l +('P P

0
° (k~k))_,') 

' ; I' ~ / . / 18-29/ • 
aCHMM0TpHll pasaa 

-·' ' 

,_ 

·oi-c10aa neso-npasa~ . ' 

(5,9) 

' -. L R ➔ :+ · 
LR· , U - U - 06. 

1 
e ·• = L R =- ( _P Po '); • , (5;10) 

- - I - U, :': u • - ' \ "'06 , 
B cny'lae ynpyr-or-o. paccel!HHll, npl!Mal! -u o6paTHSll peaKUHH cosnaaaIOT H- J 

0
·_ ( k , k ') 

, • " ' }"' • ,· / 1· , ·• , . I",' , , 

npe,!lCTSBnlleT co6oJI h;nllpH38UHI0 1 KOTOpa~• B03HHKna f5bl, ecmi. 6bi' nai:ta~mHe '!SCTHUbl 
,.; • ' ;- ' f __ ,- ,, ' • ,, • ' 

'6b!nH; Henonl!pH30BSHbl; 
I '·, 

' , _ .. 
·, 

I 

,_ 

§· 6, BoaMO}KHbl8 -cnoco6bl onpeaeneHHll,.'10THOCTe_ll CT.P_SHHblX 'ISCTHU , 
I 

/ B onblTSX C nOnll!l_H30BSHHOJI MHW0Hbl0 
r-

✓• 

1• OnpeaeneHHe BH:fTJ)0HHHX, '10THOCT~JI I( -;_M830HOB H. rune pOHOB npeL1CT~Bn11eT, c660J1/ 
• ' ., • ✓ - - - - - • - ._ _; - ' - , • /· • • ' 

'· O,!lll:f, ua· BS}Kl{blX 38,!lS'I. qJH3HKH sneM8HTap111,ix '!SCTHU, -B CBll3H C HecoxpaHeHHeM '18THo-
,' ' ' ' \. ' '.' . : - . - ~ - ' . ' ,•'', 

CTH BO 
1
BC8X ~na6b!X )lp0U0CCBX 1 BKnlO'ISll, pacnaa'bl CTpSHHblX' qaCTHU, B11:fTpeHHllll 'IE!THOCTb' 

_---I' • • - '. - -, • ' ! I - . ' '. - - ' ' -. -
- - r-unepOHOB ff• K --M030HOB •, MO}K0T -6b!Tb. onpeaeneaa nHWb npu', H3:f'l0HHH CHnbHblX H _ sneKTpo-

MSr'HHTH~;x s:ia~M~,!leJlcTB~JI, ~TsEiTCTB0H~blX -~a -HX ·
0

06pa'a~sa11ue H< B3SHMl!bl8
1

• npeepame111151: ' J, 

, -\ , . .- , - I · . ~ . -, ". . , , ~ . \ 1 1 

rio~an:,llf otlHHM _H3 HSH~onee HHTepeCHblX npHM0H8HHJI non11pH30B!3HHOJI BOllOPOfHOJI MHWe· 
~ I I - - I ' \ . . ' 

HH,. B qJH3HK0 /BblCOKHX ,~_liepr-HJI H, IIBnlllOTCII, B03MO}KHbl0: OllblTbl no onpe,aeneHHIO BH:fTp~l!"'.' 

HHX qeTaocTeJI CTpSHHblX '!SCTHU -B 1 peaKuH11~: 
\ s I ' ' ' \,, 

(6.1),' 

' .... < ' ! ~ I \ 

1r+p-+,Y+K , 
- / \ 

K +p .. y +_,r 

,/ 
·I '. 

-, ,, 
,\ 

·' ·,' , I 
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_ '" /10-13/ 
,,·_ C -nom1p113osaHHb)MII ,npoTOHaM11, 3Ta B03M0)KHOCTb 6~ma yKa3aHa B pa6oTax -- /' • CB!l3b' 

M'e)K,o.y BHYT,peHHIIMR- 'leTHOCTl!MII II nonl!p1138Ulll!MII yqaCTBY!OlUIIX' B peaKUIIII qacTIIU 00,;.
1 

_ 

,_ - - - / . i - / 14/ - • , . , - I ' ,. • 

·. cy)K,o.anacb B -lo6rueM Bll.0.0 B ynoMHHaBlllei\Cll p_a6oT? - • 803M0)KH0CTb onpe,o.eneHllll ,-re-r-

HOCTeil CTpaHHblX 'IBCTIIU np11 113yqemrn peaKUllll (6.1) _c nonllpH30B8HHblMII npoTOHBMH_ 6a311: 

ipyeTCll nlllllb Ha 06ru11x Tpe6osaHHRX l!Hsa'imaHTHOCTII OTHOCHTenbHO spameHHH II 0Tpa)K0Hlll! 
. ' -- - . - ·, I ' - -. . :. • . 

\ II ,He CB!l38Ha C K8KHM11-n1160 KOHKfl8THb!MII npe,o.nonO)K0Hlll!MII O ,O.HH8MHK0 B3al!M0.0.0HCTBIIH, . 
, . • . I ,_ • ' I , 

/) l ._ a - 1 •• - -

-0,o.Ha 113 B03MO)KHb!X' IlOCTBHOBOK 0Ilb!T8 OCHOBb!B80TCll Ha COOTHOlll0HIIH M0;>K,O.y neso-
\ ' . . LR . , -- , L·. 

i:lpasoil _ ac11MMeTpirnll e (0) B peaKu~u -c nonHp113osaHHoll-MHI1IeHb!O _11 nom1p113au11ell • P 0 • , 

\ ' . ~·~ • . . ' • ' . , ' : I >. / 

B03~EIK8!0llleil .np11-,CTOnKHOB8HHII -Henonl!pll30_BaHHblX qac,:uu, HMe!OIUeM' M8CTO' B cnyqae' peaK-· 

UHi! THna • o·+½~Ot½ . (K ~-To~y_' THny OTH(?Cl!TC!I ii IIHTepeoyioume Ha~ peBKUIIII (6. 1 l, :,-aK 
• , • \ , - • ···,, , • • • I • 

. K8K,cn11H'.K -Me30Ha paseH:Hyn~. 'a Cfil!Hbl I II A rHnepoHOB paBHbl nonOBIIHe). HanoM". 

HHM, 'ITO B cny_qae _MHlll8HII, nom1p11~0B8HHolt' nepne~.o.11_KY~llpHo, K nnOCKOCTII p~aKu,1111, STO_ 

COOTH0We1111e (cM. ,(2.19)) HMeeT BII.O.: 

LR 
e (0) = + (6.2)' 

HOCTeil HMeeT MecTo B .o.eilcTBIITe.JlbHOCTH II no3sonl!eT onpe.o.en11Tb qeTHOCTb K Y -napb1 
, ' • 

1 
- • ... ,, ' :' _ 1/ , \ \ • ,j . _. I ' 

, OTHOCHTenbHO npOTOHa.· .[lnl! STOI'O cne,o.yeT cpaBHIITb pe3ynbT8Tbl .o.syx He3aBHCIIMblX SKCne-

p11MeHTOD~ sunonHeHHblX npii, o.o.11oit 11' Toll )Ke sHep;u~. B - 'o.o.HoM 113 HHX .l!.OmKHa 6bITb 

onp~.o.eneHa -no~l!p1138Ui;ll '· rm1e~0Ha B' pe8KUIIII H8 Henonl!p1130.B8HHOH MllllleHII. Bo BTOpoM' 
,', , I -, ' _, ; , • . 

cne,o.yeT 113Mepl!Tb BCIIMMeTpll!O B 'peaKUII~ C n'onl!p1130B8HHOl! MllllleHblO, 8 npHHUHne .O.OCTB_: 
1 \ , LR - · L 

TO'IH~ CP/IBHIITb Me>1<.o.y·co608 .'llllllb 3H8KII e (0) 'II Po (0). Ecnii 3118_1{11_ cosna,o.aioT, .TO 1,,-

1\1
1IP = · IK !v , ecn11 npoT11sfnono)KHb1,, 'ro 1;£P = - IK I Y 

,, . 
. _MO)KHO soc'nonb30B~TbCll II Bll.0.0ll3MeHeHHOll' -n'ocTBHOB~Oll -Ofib!TB, '-iT06b! IlOHl!Tb· ee 

. - . ' , 

• cyIUIWCTb; npe,o.nOilO)KIIM, BHB'IBne, 'ITO B H8lll()M pacnOpl!)K0HIIII l!Me!OTC!I npOTOHf"1;· nonHO.;. 

~Th~_ nonHpH3o~aHHbie a Hanpas!JeHHH ; • KaK H paabwe, paccMOTpHM peaKu~10 _-T6. t ), 
- , / • • 1_ ~··· 0 ~ \ 1 • - , ·, , 

B nnocKOCTH, nopne11,o.11KynHp11ol1 11anpasne111110 nonHp113au1111. :Tor.a.a 113 npas:rna Sopa (cM
1

., 

' ' . ', ' \ ... - ;, ' ' , . '' 

: (2.11)) HeMe.o.neHHO cne,o.yeT, _'!TO r11nep0Hbl, Bbin0T8!0IUlle no.a nio6b!M yrnoM 0 . • 6y.o.yT, 
I t ~ . . 

nonHOCTb!O nonHp113o_sa11b1 11 11x noirnpH3 aµ11H 6y.cie-T cosna.o.aTb no 11anpasne1111io c nonHp113a- 1 

u11ell npoToaos, ecn11 IK I y = I;/-IP (3anpeu1e11a peaKUHll- c nepesopoToM cn1111a): 11 
~ / ' ' ~ ·' ,. \ - r ,·' 

npOTIIBOronO)KHll ell!_ ecnll !K I y =>- !'77 !P(3anpeU-leHa pea~Ullll 6e3 nepeaopoT_a CilllH_a). TaKHM 
( ' . 

o6pa3oM, onpe.o.eneH11e_ 11anpasne11nll nonS1p113au1111 r11nep0Hos, B03HHKaiorue8 B peaKUHH c 

IlOl!HOC_Tb!O nonHp1130';'aHHblMII npOTOH8MH,_ II CpBBHeHHe ero C HanpasneHl!e~ Il0Illlp1!38UIIII 

MllllleHH,7 T8K)K8 'no3BOn~eT npH,O.TII K 0,0.H03H8'1110MY 38Kil!O'l8Hll!O o_.'IE)THO~TH' ( Y.-Y) :napbl, 

c'uTyau1111 no ~yruecTs'y He 113i..feHHTCS1, ecn11 npoT0111,i no·nS1p113oaaHb1 n11wb qa'cTH'IHo: P= Pi1 ,/ 
' ! ,.. , ,. " ' ' , o, ,, 

Hy)KHO TOnbKO npOII3B~CTII coo:rseTCTBY!OIUee ycpe,o.HeH11e; .[leilCTBIIT01,1bHO, 

/, 



1,, 

• • ~ .... '1 

nom1pH38UHH r-HnepoH~a··· ;' BbmeTBIOWHX no;:i yr-noM • •, 8 B ·nnOCKOCTH, nepneHJlHKynsipHOlt Do·, . 

KBK•~aneao, TBK H HBll~BBo; OK83~1BaeTCH.; KBK, He~pya~~- ~poaepH~b'c' ~OMo~:i,io _cl:io;~y~· ~ 
, ' ' . "- . . - ~ " . ' . . ,, 
(2.4) 1 J)BBH08 

I, ' 

Bocnonb3oBBBWHCb 

'•\"\I,,.'. 

' L ; co'> - L ( ) - L ( ) • ' L ( ) : < p (8) > = p a-t+ +.a __ , 8 -a-+ 0 "'° a+- 8 '•,. 

' 

··• aL (O)+'aL (8)+a_L (O)+aL· (0)' 
. \, ++ - -- -+ .+-

npaBHnOM 6°opa (2.1 I), ,nonyqaet.1;113 (6.3): 
','..-- :-·' ' 

<3. (8)>=.±;:-P 

(6.3) e 
I·', 

'(6.4) 
IK Iy=± ("IP. 

. ~ ' · t _.,,.. 
~ < ' \ I l \ • ' 

KaK· H ·B ·_cny;ae nonHOCTblO. no_nsipH30~a1rnwx llpOTOHOB cpeJlHHH. nonHpH38UHH r-)rnepoHOB -:.·· . 

. ~' 

. ,· . /~ "" ',, - . ~ . I , __ • . I • j . ' \, ,' 

nH60 paa11a n6irnpH38UHH .llpQTOHOB , ( IK "I y = I "-I p ) ' nH60 pBBHB ea no B~ll~'IHHe H npoTHBO- ' .. 
,, -. - f , !', , ,.. ,--, :. _ I , / , ''. ·1 , , , . i 

IIOJIO>KHB- ,no 11a11paiineHHIO ( IK 1; = -I "Ip ) •• : ' - ,, , , ' . 
/ ''- I\ - , ' \ 

0TKa»ceMcii, Tenepb OT 11p'ea11ono>KeHHH ,o TOM, 'ITO MHWeHb 11onsipH30BBHa B 11a11paa-; . 'I . , , 

, neHHH,_ OpTOl"'OHBnbHOM llnOCKOCTII peBKUHH, H nony,iHM q:>OpM)'nbl 1 cnpaBeJ:l/IHB,ble,. B 061.UeM 

cny:ae:- '.nm1 'ST;l"'O -~powe B~~r--o aocnonb30B8,TbCH ·a1111apaTOM· MBTpHUbl~ nnoTHOCTH II BMnnH-· 
'' .. ' • ' ~ ' '. , \ I , " I ~• - ' 

TY/lb! ·peBKUHH, p83BHTb!M B '§§ '3,4·,, H 5. MaTpHua llllOTHOCTH HB'IBnbHOl"'O COCTOHHHH B pe-. 
.. I , ~ ' ' .. ' • . ~ I 

BKUHHX "(6.1) HMeeT'aiia: 11 ·· 
";., 

'( 
. • I , 

,, ' - ' -.. ➔ 
p=½(I+(ar))., (6.5) .. 

• 0 _r-ae •p 
!' ./ '"I: 

- nonsipH38,UHH BO.llOPOllHO~ MHfU~HH. 
'·-·'- '.·, • • !, \ 

.[lHcpcpepeHu11anbHOe Ce'leHHe peBKUHH Ha, nonsipH30BBHH08 MHWeHH pBBHO! 
\ , ' • ' I • I\ . ·, 

' "· . + ' ·· , · ➔ M. ;/ ·i,t 
a_( 8, ¢) = Sp Mp M ,='\ (0)( l+( P .Sp ' ) ) (6.6) 

• ·, • . I ' • ' ' ' :- / Sp M M+ ' 

_, 

I •• , , ' , . ' ' , 

[')le ' qo - ce'!eHHe 'peBKUHH C ·HenonsipH30B8HH08 MHWeHblO .. C Jlpyr-08 9T0p0Hbl-, 11onsipHaa-

UHH l"'HllepOHOB 'po (8,'¢.,)
1
B03J!HKBIOui'asi 11,PH ;6~onKHOBeHHHX Henonsip~cioaa~HblX. ~a~T~U, _-

ha113a~a C BMllnHTyrioa: peBKUHH .COOTH~ii.ieHHeM: - /' :-- -
' I I \ 

~ I '➔ + ~ 
P.; ·c0,cp )= I Sp q M. M 

_Sp M . M,_+ .,",. (6,7). 
, I_• 

• -➔ ,, '.; ~· • ,,,· 1 • ,, .. • + 
MaTpHUbl '! H · M B. o6weM cnyqae He K,OMMyTHPYIOT. noaTOMY cne)lbl Sp M a M , . 
. , :~' ·,: +,: -- ,-•' .__' , ' ' 1 • •, < ,,,- • • A. 

H Sp-_a, M , M:,, BXOllHWHe a Bb!pa>KeHHH ansi ce'!eHHH · H 11onsipH3BUHH, He paBHbl, aoo6we 
,' ' _ . '~• I' / ' . _ ; ' I - ~ I 

~- l"'O~OpH; .'aprr: llPY1:'Y• '0JlH.8KO Me>Kll)' HHMH, cytileCTByeT np~_CT00 COOTHOWeHHe, al;iTeKalO-

,, ~ee H3 'Tpe6.oBBHH8, ~HaapHBHTH;CTH oTHOCHT~n~Ho apaweHHl! H · o~pa>KeHHlt. llpeiK:Oe ac~ro · 

,, 

:;. \ 

, c . ·• • ' • . . , ' 'l ' ' \ , - ~· ' .1' ,._1 • 

3TH' Tpe66BBHHH I03HB'IBIOT,' 'ITO yka38HHbl0 cnellbl' HBnHIOTCH ncea.ttoBeKTOpBMR. Cneaoaar .• 
. TenbaO. ,< \. ,, · · ,..,,.

1
. ' I_, ·1 · / \ 

,··I 

x) CpeJlHHH nonsipH3BUHH r-HnepoHoB onpeaensieTcH paaeHCTBOM 
1
, af (, .) i . N !' (8L+ Nf (8)-'N!: ( 0), - N!: (8) 

< J 8 >,= . - ' ' ' 
L" ., :~'r-1t(0)+',N!(0) +N~(8)+NR(0)'.'. 

[')le N+(~ 'IHCllO r-HnepoHOB,. BbmeTBIOWHX no yr-naM '·0 'Haneao c6 CIIHHOM 
1
11apannenbHhlM 

ir ,' If' T.Jl,. npH •,TBKOM ycpeaaeHHH H3 B.blpB>KeH,HSI Jlnst KOHe'IHOlt. non9pH38UHH' Bblll8)l8IOT 
0 > • '• : • ' 

0 
•, • • O • C 

', ,qneHbl, I COOTBeTCTBYIOU!He nonsipH38UHH\ B03HHKll~ll.le8 -~pH, CTOnKHoae'HHH ~enonsipH30B.BHHbiX 
qaCT'Hu; ' '' ' ' ; 1 ~ , , · ~ , '; - , • 

--( 
' 28 

", ',\' 

":,' 

'!/' 



) 

\, 

Sp t M ➔ 
•n 

.... 
+ 

M 

/ 

(6.8) 

➔ [pp1 
r.oe nj{i,p

1 
I - HOpManb K nnocxoc.TK,pea~uee, npo~aae.oeM Tenepb'oTpa)KeHHe a nnoc-

'KOCTW peaxuee, BexTopu i'' .ff ;, uepexO.llSIT•npH 3TOM caMH' B ce6SI' H ,ycnoaee HHBape-
/, ' i 

aHTHOCTH Iii -MaTpeu1>1. HMeeT ae.ri: 

111
:M- (;',;) R == M (;'1 p), ' ' ' 

(IK I y = { I JP ) , (6.9) 

n a· I 1 · OCKOnbKy, cny,1ae qacTHU co CilHHOM 1 2 o~e!;aTOp OTpa~eHHSI 

COOTHOWeHHe (6.9), 03Haqae,, 'ITO onepaTop (u,n ) KOMMyTepyeT 'c 

R 

Ill 

..... ➔ ' 
paaeH (o; n), TO 

' I. ' ' ' \ 
, qae l;c I y ,= I~ I P . H aHTHKOMMYTHpyeT B cnyqae · I,!'I Y 

. BhIT8KaeT1 ''ITO 

+ ➔ + 
Sp M (7 M :I. Sp (7 M: M _( Ix.I Y".', 

J;J.ns .llH~qiepei"iueanb'aoro C8'19HHSI peaxuee H3 (6;6), (6.7) H 

➔ 

u=u0 (l±(P P
0
)) 

neao-'npaaasi acHMMeTpesi, TaKHM, o6paaoM,· paaHa 

LR 
e 

I 
1T p 

t,I11 IP). 

/ 

-MaTpeuelt ~ cny:- , 

0TCIO.ll8 H H3 /6,8\' 

' ·,, 
(6.10) nonyqaeM: 

/ 

(6.11) 

(6.12) 

~.Ile <Jo..: nonsipeaauesi, B03HHKa10,wasi npH pacceSIHHH "11aneao•. 113 (6.8) II (6:12)/a1£.0Ho/ 
I ':.. \ 

- 'ITO a6conIOTH08 311aqe1111e ac'HMMeTpHH MaKCHManbHO, ecnn. no1rnp113BUHSI MHWeHH napannenb-

Ha (aHTHUapannen'bHa) HOpManH K nnOCJOCTH peaxu1rn, 
' '- I, 

TaKHM o6paaoM, · pacc~oTpeHHhilt HaMe paHee cnyqail HaqanbHOil nonS1p11aau1111, opTo­

roHanbHoil ~ nnoc~OCTH 'peBKUHH, HBH6onee Bhiro.oeH C TO'IKH apeHH!I H3Mep~HHSI aCHMMe;rp11H. 
.. ~ I • , " ! I , _ ~ \ 

/' ·, nepeilJ:ieM ,Tenepb, K paCCMOTpeHHIO ·nop!!pH,3aUHH ·rHnepOHOB B cnyqae npOH3BOnbHor'o• 
' ' '• '\ 

'ua~paaneHHSI nonHpeaauee MHWeHe: M_u, paCCMOTpHM TOnb_K;>, CBSl3b M~)KJlY, nonsipea,au11eil 

rene'poHOB, ycpe.011eHHOil: no BCeM HanpaaneHHfl~ Bhl119T8 ( no HanpaaneH~!IM' "P~ ) . H' nonsi-
' ' ➔ 

'pH3~ueea' MHW8HH, Ycpe.llH8HHa? non,!!pH3aUI!~, <· ~y' > onpe.a.en!leTC!I COOTHOWeHHeM: 
\ ,' .. + 

< !i'y> f Sp M p M (7 d!l 
(6.13)' 

f Sp M p M 'Hl 

' 3.oec~ HHTerpepoaaHHe npOH3B0.llHTC!I no BCeM HanpaaneHH!IM ·-;,. • a_ 'dO COOTB9TCTBY!<J-
' .,_ '·. . ,. \,., ' ➔ - . . ' " . 

,well aneMeHT, TenecHoro yrna. 06wee Bhipt'_)K8HHe .on!!➔ < Py> He'rpy .llHO H~n11caTb, one pa-
' '\ ' • > • • \ • I .... 

!!Cb .Ha Tpe6oaaHH!l ·HHBapHaHTHOCTH, .lleilcTB,HTenbHO <: P > .oomKHo' 6hITb m:ea.ooaeKTopoM, 
', ' J y \ ' 

1 
29 ' 



,; I 
i· 

"38B!!CeTb OT: p 

... 
'HaqanbHOro 11Mnym,ca· .p ·· II·, p ... KaK

0 

n11wb n11uelluo, C.rieao~aTe'nbH;, <.P~> 
' . ' 

BIIAH.0 113 (6.13),· <: Py_>
I
r,,io»rnT 

i . . I . 
l!MeeT BIIA: ' ' 

... ,, ' 

< S\ > = a P t: f3 .< ; ti k 
. '. ... 'i ' ' ·( 

(6.14):: 

-, , ra~ .a II P - .cpyuKun11 ~uepru11· ~aneTa10ru11x qacT11u, KOHKpeTH&1JI BHA lK0Topi,1x. 3ai111c~T · · 
1. . ,"""T ' 1 , , ' ' . , , . , . ,' 

OT. AIIHOMIIKII B3011MOASJICTB11ll,' 0AH8KO,. 3HOK a·; He 38BIICIIT OT AIIH8MIIKII, 0K03b1BaeTc11, ... 
;· I - i •,· j 1 ·,' , ' ' ' ' • \ .,f ' • 

. ,: 'ITO ,a·• nono>K11Ten&110 np11-c IK. Iy· = I· I •. .1 11 0Tp11uaTenbHO np11 I :I = •I 1: 
-.. ,'. '- ' ~, ,-,', ·.,., . ":._,,P 1 1 •-· eK-Y' l"1p 

• . • ·.'' Ciieaosa-TenbHO, ecn11 non11p113au1111: M11~eu11 nepneHAHKyn11pua ;MnynbCy u~neTa10ru11x 
~ !., . - , . / ' . ' , , .-➔- , -+ • . • , •. \ • , ' • I~ , . . , 

; _q·ac.THU, .To cpasueu11e
1 
3HOKOB P · ii. ,<PY>. no3aon11eT• onpeaenHTb qeTHOCTb'.(K~Y) 1-nap&1, .1 • f I ' l ', -

,· 

I , 

'. 

. .: .. J].n11' Toro,' 'l~06b1' 3TO. AOK838Tb ,IICUOJ!b3)"0M' o6ume- Bb1pa>Keu11e Ami MaTpl!Ubl. peaK-
,, .... • - ' " . ·1 • • (·· ".' .- • ·: 

UHi!, KOTOpbie MO>KHO nony'IHTb 113 ycnOBllil IIHBllpHaHTHOCTH, cqiopMyn11poaaHHblX B § 3. B . 
J < I • ,' 1 • " ••/ ; , -,' 
cnyqae, Koraa' suyTpeu111111 qeTHOCTb ue ·Meu11eTc11.-: M -MaTp11ua 11sn11eTC11 cKan11poM: 
. ·.',,-:. . I , ,. , ./,- .< '.-+ ' . . 

· . . .... · .. ·[k le'] 
M = a +· b ( u n ) . , n _;. · . 

. . . ' . · 
1 

• ![It 1,11 , 
/np11 113M0HSHIIII, BH)"TpeHHell qeTHOCTII MaTpnua peaKUIIII - nceBAOCKam1p: 
" • ' • ' ' •,\ /.. • ; ,· 1 __ /-

'• ➔-- ➔-- ➔, ➔ 1 L .... ' k' . ..:..(kk--) kj 
M.=c(uk.)+d(uK),. K=·• .. ,. -1 . 

. ' .·'.. ... l[kk'JI 
B BJ,tpa>I<SHllllX ( 6. 15) II ( 6, 16) k II k·' -.:. eAIIHll'IHbte BSKTOpbt B uanpaane111111x Haqanb-

noro. 1; Ko·n:qnoro ,"0T~~c11Ten~Hb!X. 11Mii;ni.cos, ·a ·, · b , c II d .:.., qiynKu11u ~H~pr1111: u 

•I • 

~ 
,I , 

(6, 15) 

.(, 
I \ 

(6.16),: 

... ➔ .. ' . • . '--, . • \ ~. ,,, ' ' . '. ' . ' ' .. -. ~ ', . . ' . 

I :<,kk')=·coso·.;ai,m1cn1111C\~OMOlllbK> a-r11x .. Bbtpa>Kii11111t cnea&1, BXOJ:\Slllllle,!'l (6.1~), 11 ~po113-

. '' .; 'OAH UHT~rp11poa1:1mie n~ 'uanpa·aneHllll~ k :,, ·,np~10~111';'1' K cneA)"IOlUIIM Bblpa>Ke~HllM Anll\ 

' ' 

K03qlqJHUlleRTa· .a 
' ,· ' ' 

1-

I. ' 
,....,t'., 

_\,, 
'.• 

IK I y ,I IT I I> ' 

a.= 

I' 

2 

flal d{l 

J(lal"+:lb, 11 d{l: 

I, 

• • I 2 . 

flal d n 
f u -d n·, 

' 0 

IL \' 1iclv=-IITI,, 
', ,• , > 2. , ' 

\' / ', 

I 

\'· 

fie!. rn 
a=-·• . 

J( I C I + Id I ~) d{l 
. ., 

' 2 
.fie' -1 dq 

---'---'< /), 
f u~ d 0 

> \, ",-.., 

(6:17a) 
~ 0. 1-. 

(6:11s) 

,,,... 

i ' BepReMcll Tenepb K 06cy>Kneuu10 onb!Ta, cocTo!lluero a' cpasueH~II uaMepeHHb!X B ne..:; 

I' 
I 

I ' ,•1 ' ' I ! . \ ~ • 

. 3<lBIICIIMbtX 3KcnepHM0HTllX llCIIMMeTpllH II nonllpll38UIIII runepOHOB, 8 HllCTOllW00. BpeMll 
' .- - j ' • . • \ ., ' f 

'. OAIIH !f3 ,3TIIX 3K~nepHM0HTOB', :,":)l{f) npOBSAE!H! non11p113llU.Hll rttnepOHOB;, .B031111Kai>ma11 npll 
,1 , .,•· ,•'' ; .• • :''\ ., ,· " ,, • . . ' I . • ,, 

CTOnKHOB.eHHHX. Henon11~H30B3/!HblX; 'i~CTIIU, onp.eaene,Ha npu HSCKOnbKIIX 3Hll'l0HllllX :mepru11., 

:, 
TaK, uarrpHM\!P, peaKu~11 

IT +·.P-+.A+·Ko,· 
'·11 

(6.18) 
,\ ~ ' 

30 
.J ,', .. ,,, 

' // 

'. 

,., 



\T 

:. 

I,' 

HCCne)lOBSnacb B WHpOKOlt o6nSCTH. HMnynbCOB · HaneTSIOWHX IlHOHOB; CBe)leHHll O B0nH'IHHe 
• , • ' r , 

H 3H8Ke nonl!pH3aUHH·A .-rHnepOHOB 6binH nony'l0Hbl npH H3Y'l0HHH Hx' pacnaaoe., Yrnoeoe 
. . x) 

HME!~T 'BHll pacnpeaenenHe npoTOHOB OT pacnaaa nonHpH3011a11noro rHnepo11a 
·. . . . '\ ' 

W (0) a W
0 

( 100:_a P· a,s@, ) , 
· , . . A A · ... (6.19) 

rll~ 0 - yron M0>KllY · HMnynbCoM npoTona "· ~anpaenenHeM ,nonHpH3aUHIT rHnep;n~ PA (Ha~ 

noMHHM, . '1~0-, non°l!pH3aUHll 'rimepoHOB opToro:ani:ua, nnci~KOCTH I HX p0)KJl0HHll) ,i 0TCIOJlci BHll-' . 
' ' ' ' ,f ~ . ~ • ,,., 

no, '!TO _H3y'leHHe -acHMMeTpHH yrnoeoro pacnpedeneHHll ?03BOnl!eT HaltTH. npoH3BOll0HHe 

. a A PA'. Ko9cpcpHuHeHT a~HMMeTpHH(-a A )cBH3a~ ·c MexanH3Mo_M pacnaaa _rHnepon~ H pa~~H 

(cM •. cnocKy ) npci.llonbHoll · ~onllpH3aUHH npoToHoB, B03HHKarowel! npH pacna,lle 
/. ' ~ <,/ 

nenonllp!l30BaHHblX rHnepoHOB. np~aonbHal! nonl!pH3aUHll npOTOHOB, a, cne,llOBaTenbHO, 
. . ' . / 1', . . 

_ H 'aA~ onpeaeneHbl -~ HacT_oHw~e _epeMH. 
0

9KcnepHMenTanbHo,_ C~oco6 onpell~neHHll np~_Jlonb-

nol! nonl!pH3aUH~ OCHOBbIBBeTCll Ha TOM, qTo npoTOHbl, nonllpH30BaHHbie, B Han_pa_eneiiHH. Hx''." 

HMnynbCa B CHCTeMe IlOK0°ll rHnepoHa, 6yJlyT ,. B006llle roBOpll, ,o6naaa;b nonepe'IHOll .(no < 

OTHOWe_HHIO K HanpaeneHHIO .HX, ~Mny_nbCa' B 11.c.) 'KciM_noHeHTOll nonl!pH3aUHH B ;a6opa.-i-op_Hol! 

.' cHc;_eM~, no?e~eqnaH )Ke KOMno11eH;a Mo~eT 6b1:,b ·onpe.lleneHa· npH 'H3Y'l~HHH_ a3HMyTanh1. j 
HOR aCHMM0TpHH B paccel!HHH npOTOHOB Ha ll.Upe C H3B0CTHOJ!•aHanH3HpyroW.ell CilOC06HOCTbl0

1 I . . . . . • I ✓-

Hanp~Mep, yrnepoae.1 TaK KaK· A- '!aCTHUbl, nony'leHHbI0 B peaKUH~. ( 6.18)' nonllpH30B8HbI, 
I .\_ • ~- • 

x) ' ·. ' .· , . 
·' BcneJlCTBHe HecoxpaneHHll .'leTHOCTH a pacnaae A ,-rlmepoHoB 

, . . . . A:> "-+ P • . ' 
aMnnHTyJla pacna,lla l!BmleTCll• KOM6HH8UHel! CKam1pa H ~C0B/l0CK8nl!pa '(si. -~ Pis - BOnHbl B ., 
KOHe'IHOM cocTOl!HHH) H _HMeeT ... BHJl: .... 

M=a+b (a k ),.,; 

. rae a·· H, b - IlOCT.Ol!HHble; i xapa~TepH3YIO·W~e pacria;, a k _; 0.llHHH'IHblll BeKTOP, B Hanpae­

neHHH HMnylibCS npOT_OH8, EcnH riinepoH non"!_PHi!OBSH, . H8'18nbH8ll MS_TpHua_ nnoTHOCTH paB,Ha 

-> .. • J . PA =½(I+(a P ) ) , .. 1 

rae PA. a PA n - nonHpH38UHll rHnepoHa ( ~ , - ellH~H'IHblll eeK-rop B HanpaeneHHH nonl!pH3a-. 
UHH), ,llnll ilepollTHOCTH pacna,lla -W nonyqaeM: ·. · . 1 + ' ' 

_ 2 2 W=SpMpAM ".'W0 (1-aAPA·cos_0_),· : _ .... 
rae WO= Jal + I b J·. - eepol!THOCTb 1 pacnana· }JenonHpH3oeaHnoro rHnepona, cos_0;,,(rt k } a 
napaMeTp_ acHMMeTp_HH a A onpe,lle1ll!0TCll HHTepcpepenuHel!. Si., .. H, p ½ BOnH H • pa1rnH: 

I 

2 Re ab* 

··' . aA=.-lai\lbl 2 

·., npu pacna.lle. nenonHpH30BSHHbIX: rHnepoHoB npoTOHbI 
CTeneHb HX nonl!pH3aUHH ·oK~3bIB8e:;csi' paBHOll (-_aA .). 

' , llpOTOHOB paena: :.r 

6yJlyT npOJlOnbHO nonl!p
0

H30BaHbt H 
,llel!cTBHTenbHO, nonHpH3aUHll P 
, . '· ·, f '. ' p 

➔ Sp a M M + 2 Re · ab* 
p 

p 
M 

KaK BHJlHO H3 '9THX paccy)KJl011Hll, CTeneHll nonllpHqaUHH rHnepOHOB MO)K0T 6b!Tb onpeaene-:: 
Ha npH H3y'leHHH acaMMeTpH~ npoayKTOB pacna.na,. ecn,H H3BecTeH n_apaMeTp a A , Ero· . 
onpeaene11ue Tpe6yeT.B CBOIO oqepellb H3MepeHHll npOJlOllbHOl! nonllpH3aUHH.npo~O~OB oTna­
'IH B pacnaae nenonHpH30Ba1111oro A -rHnepoHa. O'!eBHllHO, '!TO 3TH ,paccy)KJleHHll. npHMe-
HHMbl K ~n.a6oMy pacnally nro6oro r1mepo11a co cnHHOM 1/2. · · 
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\ 

"'. 

,\{··,, 

" ' • • \ ' ' - \.' -'1• ' 
To.anH nonyqeHHH_HononHpHaoaaHHhlX rHnepoHoa·cneayeT npoHaaecTH ycpeaneHHe no.aceM 

, ~ , , • " '.. -': t .' 
1 

'\ , : '. , , ' ' . / .. ,, , / , •~ ,, , ; . ; 1 
c ;· -- f , .' 

'.01mem:aa·HHM nnOCK0CT,H HX. ~o>KaeHHH'. HaH60;1ee _To,~oe" anaqenae __ aA· .,,.-0,62:!:.0,07, riony-
'. . . . · · · , /27 / · •. · . ' ,·. . · ·, · ' . 
'ten~' KpoHIIHblM H OaepceTOM : . _Ha OC!IOBaHHH_ ana;maa' 1156 cnyqae pacceHHHH npo_T0H0B' 

,' ; - . ~ f . ' .,. . ~ . ' \ 
!". yrnepoaHblX 1nna"!)THHax, noMemeHHblX a HC!<Jl0BYIO_ KaMepy. 3HaqeHHH a N ,: nonyqeHHhle 

• ; I • ,· ! '. , . ' . ; \ . , . , . . . . • 
, apyrHMH llBTopaMa; npHBefl,eHhl ~. Ta6n11ue I, , aaHMCTB0Bannoll Ha_ o~aopH~ro aoKnaaa 
' · · · . I 28/ \ ' · .. .' · · · · . 
,Kpoq,q:,opaa_' HO_ )KeneBCKOll'Konq,epeHUHH 1962 r. 

i \ • 

. . . . ' .. x) 
_, T: a 6 n H n a · 1 , ', ! 

; , .. x)·. 
ABTOpbI, 

._, 
vlcToqnaK, A ..:qac,:HU · .lleTeKT~p . 

,. 

KpoHHH 1271 \ 
O~epceT , , I , f , 

, /29/ ' . 
~pall H ap, 

Bann H ap. 
/30/ · 

• :· ·. /31/ 
B_spa:iK, H <Paynep · . 

BonaT H ap. 
/32/ " } 

1T + p 

./ ., 
K, + He ✓-

1T + p 

- '.'\ 

1T -+-nponan 
1·.· 

-
11 -+ >Keneao - 1 

• 

I 

vlcKpOB~H ~~Mepa ., 

reimeaag . nya1,1pb­
Koeag ·.KaMepa ' 

vlc,KpoeaSI KaMepa 

/ 

a 

-0,62:t,0,05 
' I 

:-0,66:!:_0,25 

-o 6;+o;fa 
' -0,17 

-,1· 
: , nponanoeaH · nyab1p_b- . . • , + , 
; . KOBaH '. KaM_epa -0,45':-0,40. 

Ka~.10pa
1 

BHnbCOH~ 

\, 

t0,85+0,15 
-0,21 

X)· I : ! , , . , • I •, I . l . 
Pa60Thl ,'pacnono>KeHbl/ e· nopHa_xe, 06pa

0
TH0M ?CPOHonor:11qecKOMy. :neJ;>Bble no apeMe-' 

HH aaHHbJe. Bona Ta·, H ap'.. cqfiTlllOTCH cell'tac nenpaeHnbHhlM!f. / 

/ -: 

?TpnnaTenbHOe ana'teH~e · a A· . oanaqaeT, qTo npoTOHbl 06naaa10T
0 

nono>KHTenbHOll · CilH~ani,- · 

·.·.uoc'TLro H np11 pacriaae nong
0

p11aoaaanoro 'A -riinepoHa Bbm~TB.IOT npeHMymecTeenno a na- · 
-+ 1 ' I " , , 

npaanenHH nonHpHaaUHH PA~-- · . 

. -1-
, ! 3naH ' a/, ,-7,o>KHO o~praenuT_b p A' • / OCHOBbIBa~cb n_a ~3M;penn'hlx anaqeHHSli f AP A/ 

T~!(, npH, 3~~prm1, IlHO~IOB . TIT•= ?93' M~e. cpeaHHH nonHpHaanHH ~/ coc,Ta~~HeT OKO_~o 70% . ' 

'ii 1nanpaehena no [(-:-P,,) pA].'oua 6,imsKa K sTo~y_anaqen1110· H np11:·T,,_,.;871 Msa; non-
., f,., .:-. ·' 1; ', ·' ,' ,'· · ,, 1 .',' ,·,! ' -27 2 ·,,.,! 

Hble ceqeHHSI- peaKUHH (6.18) paBHbl npH 3THX sneprHHX (0,14:!:.0,0i); IO r CM H 
·, · ,' ' ' . ·. -27 t" 2 ·: ' , ,· . , . •.' · , ';' , , ·, · I , ' ' '.. • . '·' 

(0,56 :!:.0,04) • IO r CM • noapo6HOCTH_ 0 ceqenHHX H nonS!pHsaUHHX npH• 3THX sneprHHX. npH-
' , · . /33/ '' • • ' ',. .· • I · ' .. , • ' , , 
aeaeHbl ·a pa6oT'e ~ . • TaM >Ke HMeJOTCH' CCbinKH Ha 6onee pan1rne 'p1l60Tbl. no aaHHblM / 
· · -· • · ,· ';34; ·, ,, . ·,, · '· . ·' · Mae . . • . ' . . ' 
rpynnbi Kpoq:,q:,opaa np11 IIMny)ibCe naona 1035 ·,-c---. ceqeHHe· cocTaensieT 
. " " '. ' ' . -27 2 : ' ,'_ . ·, ' ', ' ' . 0 ' • .·. ' ' .. 
(0:73:!:.0,028):I0 ·. CM , a·nonHp11sau11H noa_ yrm>M 90 (c.n.H,) 6n11sKa K 100%. OTcroaa 

~11a~b1 ?Ha'.{_en11H" sneprHH naono:13, np11 -JC0T0pb1x, 
1
M5>>KH~ 

no onpeae'.rieHHIO qeTHOCTH ( A-Kl-,.cHCTeMhl, 

peKOM;HaoaaTb npoaeaenae. qnb1Ta 

., , .. - , ,, I 

. vlsyqen~e ';:ieaKUl!H 

,; i I 
:'--

. \ '-' 
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,\ 

(6,20) 
-', 

c nonsrpHaoaaanoif eoAopo.aaoA MHWeHblO .aaeT B03MO>KHOCTb ae TOnhKO onpe.a~iiHTb qeT- ~' 
, } ' . + \ • ~. . L • • ' ' 

H~c'rj,' Ct:~K)- napi.i; 110 H OTHOCIITe~,h!IYIO 'ieTH0CTb ;t H A, -r1mepOHOB, ecn11 !f3,BeCTHbl '!-

. pe3ynbTaT~ 0llbIT9! no 113y'iell11IO peaKUHH ( 6, 18). J13: pa3nH'illbl~. pacna,ooa :t -r11nepoH0B, 

T0nbKO npouecc ;t ➔ p + "o 
I 

xapaKTep113yeTCSI cyx.uecTBeHHO 0TnH'iHblM OT HynSI 3Haq':,": 
I ' . · . ' /28 30/ . 

HlleM KOacpcp11u11,eHTa. acHMMeTpllH, no nocna,oHHM, ,,oaHHblM '. '-. 

u ia + 0,08 
'-,0,09. 

AaanorH'iHbI9 _Koa<pcp11u11e_HTbl ,onH ,opyr11x pacna,ooa 

1
1281 :t -r~nep0HOB paBHbl 

'+' ' 
a+.( :t_ ➔ n + "+) · = 0,03 .I. 0,08 

\ 

,•\ I I 

np11 _T '~"990 Maa 6/IH3Ka 

a_ ( :S .. n + " - ) =· 0, 16 + 0, 21 · 
\ '/35/ . I -

TT_' • \ 

K 100%·, O,oaairn, nonS1p113au11S1 r11nepoaoa.' a Toil )Ke peaKUHH np11' T = 1090 M~a oqeab 
/36/ . " ' 

no ,oaHHbIM KopKa 11 ,ap, nonS1pi13au11S1 .r11nepo11_oa a. (6.20) 

Mana 

a ~rHnepOH~. OK8m,8TCSI p8BHbIM llOnOBH~e_, TO .o,nSI ·' onpe.aeneHHSJ qeT-,' . 

HOC TH ( s p ) napbl MO)KH0 6y ,oeT -IICIIOllh3°0BaTb' peaKU~IO I 

, - + 
K + p ~➔ 1:: -i;_ K ; (6.21) 

'' ,B npe,onono)KeH1111,. 'iTO cn11H s- ' paBeH 1/2 113BeCT~bl °KaK 3Ha'ieH11e Koa¢cp11u11~1ha · -,. 
' - ' ~ 

. BCHMMeTpllll a_ 
/:: 

TBK II aHeprllSI, _np11 KOTOpoil nonS1pH3aUHSI 
. /28/ 

r11nep0Ha BEmllKa, Ha116onee TO'iHOe pa,~HO : 

a S 0,62 + 0,1'1 • 

nonS!pH38UHSI , =: -rjrnepOHOB 6nH3Ka K 100%, H:3"HPHMep, npH HMnynbCe K 

1800 Maa /~71. 
C 

-Me30HOB 
I 

.!lo CH~ nop Mbl paccMaTp11aap11 B03M0)KHbie cnoco6bl onpe,oene1111S1 'ieTHf>CTII a 

peaKul!HX lrn.qa: 
/ 

0+½ ➔ 0 + ½ (6.22), 

C nonS!p1130BaH_H0l! M
0

11WeHblO, (0 II, 1/2 -: CIIIIHbl <iacTHU), 

PaccMoTpllM Tenepb · BKpaTue ·peaicu1111 '(,~~na .. 

\ 

Mbl \ IIOKameM, 'iTO 113MepeH11e H?nHoro ceqeHIISI pea K~IIII B11,!la ( 6.23) .C nonHp1130BaHHblM 

', ny'iKOl>,CII. nonHpll30BaHHOl!' .MIIWeHblO II cpaaHeH11e ~ro C nonH_blM ceqeHlleM 8TOll )Ke peaK::-

, ' UIIII C 11enonS1p1130B8HHblMII' qacT11uaMII 
', /38/ ,, . 

,TaKme 1103B0nSleT onpe,oenllTb BHyTpeHHlle qeTHo-
'\ 

CTH qQCTHU . ., 

.llellcTBIITenbllO, nonHoe ceqea11e peaKUIIII ( 6,23) IIMeeT B11.ll ( CM, § 7) i 
I , 
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/; 

, I , 
"t ➔, / I ,' • J / 

. '.;.·, 
- ,. ,. 

t.·: / 
I - . ,, . - .. ( .. .. ' .... ' .. ', '. 

:u=.u0 +¼(/
0
-u•)(·~ 9'")+½(u'-u')(P k)(9', le),, 

.. ➔ . t "'. ' ' \._ 2 : p s ) { ', 2 \ ' 
(6;24);; 

r.i:te ~ ii.- 9'2 \ nonnpH3aUHH n~'{Ka,IH .MHW8HH, .,.: , 1 ~!)H u-• - nonHblO C~'leHHll,pea~u~H' 

H3 'TpHnneTHOro· c' npoeKuueA uyn&,~TjlHnneTHoro c npoeKuHell +} H CHHrn~THoro COCTOllHIIII;' 
'• .• •~ \ > \ • ' , I ' _>' \ ' , i ; I l • ', • :. , J 7,' /" : S '/' \ - f 

coo;eeTCT~ElHHO, nycTb ,npoH~Be.i:teHH!) BHyTp8HHHX '18THOCTE!ll ecex , '{aCTHU I ~- 1'. .Tor.i:ta 

3aKOH COXpaHeHHII ;'leTHOCTH' .l:t88T e; 
(~ l ) J 

' i f 
=.:..( .. l) r T (6,25) • 

r.i:te. e.· H f ," -op6H-ran&Hble MOMeHTbl. Hait~n1,Horo H. KOHe'IHoro, coc,To11HHII', Ec_nH Ha'lan&Hoe 
~ " . , "" , 

-COCT0IIHHe 
.. ,' \ ~ 

CHHrneT, TO O'IBBH.!:tHO, 'ITO coxpaHeHH8. nonHoro MOM811Ta npHB0.l:tHl' K - / t . -
f = f : 
I, ·• f• 

. ; 

/ . '\ 

(6.26) 

: ✓ ,I 
CooTH0WBHHII ,(6.25) H ·(6.26) 03H8'1aIOT, 'IT0 DpH .I .. m-1 peaKUHII H3. CHHrneTHoro C0CT0H-
. ... "; ' · I • • , . . ', , 

~\. , 

1> 
.• 

'\ 

HK!! ,3anpem1,rna:-
s -

u = 0 

\ 
I' 

~ ·', \<1 .---

_, , (6.27) 
I i ., , ,,, '- t 

1','1 I =·-1 • 

npH I 

,Hyn&: 

d+l· OK83b1B88TCll 3anpemeH~Ol1.peaKUHII K3, TpHnneTH0ro_cocTO!IHHll'C npoeKuHell 
I , ', / 

u'= 0 
- 0 . 

I=+l 

B SToM. cnyqae H3 3aK0Ha coxpaHeHHll qeTHOCTH. cne.i:tye·r, 

,.· 
) • . ' ' 'I . e· . f . 

( - l) ' •_= ( -1 ) r i 

(6.28) 
" ~I 

'IT0 
. ' ; 

/ <0:20> 
j \ l ' f ' • • 

B TO. ~peM!I KaK ;3aKOH 'coxpaH8HHll M0MeHTa H ero ,npoeKUHH Tpe6yeT,. 'IT06bt. f I H \ ,f, J 

'/0TnH'ISJ:IHCb Ha_ e.i:tHHHUY, ,, ' 

r' 

• .· - I 
OTCIO.l:t8 BH.l:tH0 1 'IT0° 

' . 
B Bbip8:lKe

1
ifHH .l:tllll: nonHoro ·ce'leHHll O.l:tll03H8'1HO 

-- . .. ·'1• ➔ 

Kor.i:ta. non11pH3a111111 M11weu11 -opTorouanbHa· · k 
I • • ,, • ~ 

.i:tnll paccMaTpHBOOMbIX_. peaK-~Hll 3HaK. 
• \' ' -:--,. I 

CBll38H, C BHyTpeHHell 

C8'18~Hll npHH
0

HiiaIOT BH.i:t: 
I 

. ' '1 '! ' .... ➔ 
K03cpcp111111eHTa np11 ( P 9' ) 

• 1. , 2 , 

'18TH0CTbIO, B,cnyqae, 

\. 
/ 

I u· = uo '-¼u"(P 
- I 

... 
p2) I= 1, I. 

~, '( 

!, . t ·' \' ➔ ... ~ \ 

,u =u.; .. ±1¼ o;, •• ( P1 ·P 
2
), - 1.;:.1, 

\ ' . . 

·1 

.(6.30), 

✓' · TaKHM o6paaoM ~paeHeH11e nonHwx ce'leHHll u· .11 ~-0 no3eon11e:r onp~.i:teJIHTb 3H8K ~03.qi-

. cpH~H0HTS; npH- ( p . p ) 1 11 1 cne.i:toaa'ren&H0 1 BHyTpeHHIOIO '18THOCTb q'ac'THU, J]m1· 3T0II ~en11 
, · · I -.2 · .. • · , · • • · 

' '. M0>KH0. ~3yiia,:i,, a,mp11Mep,, peaKu11113 ,/' 

·, 
AJI ) + p .~ K + ". 

..,__,- ' - ' 

E +" 'p - ➔- K + K ,_ 

·,, ,.· ;-,, 

A + He 3 ➔ 1H~ 4 '.t-K0
, 

~ ' ~ , . 

·oTMBTHM.' .qTo~·onpc.i:teneHHe BHyTpeHHii'x \eTHOCTell Ta~11M· oop'a30M n'pe.1:tcTaem1~icsi e aa-
,,, ' , • ' , j· ,, i 

'cTOlllll88 epeM~ 6onee TPY.l:tHb!M; •'{8M B peaKUR~X BH.i:ta (6~22).' 
. . . . ' . . '\ ·, t ' 

i' 
I 

,. i,·, ,34 

/ 
,,· 

. , , ... 

~ ..... ,,,,\ 
I 

'.( 

l' 

l' 

,I, 

-.1 
i' 
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J 

\. 

' (. 

·-· 
1 ;,., KocHeMc11 .'T~nepb BKpaTue aonpoca o' TOM, · KllKHe ·cheaeHHH o BHyTpeHHHX '19THOCTsix' 

. ' . . . ' \; ' ; . . . . 
· CTpaHHblX qacTHU: aanH· 9KCnepHM9HTbl, Bb!IlOnHeHHbl9 llO HaCTO!IIUero BpeMeHH·. 

'-, , '~ : , ,. \ • .. ' ' ·..,.- . ' ·, ,,'-'t ' \ . ' - j . '; 

.. YKa3aHHSI Ha 0TpHuaTenbHYI0 1 '19THOCTb '(AK) 6blnH ,nonyq:e!lb'. npH H3Y'l9HHH peaKUHll, 

•\ 

I I 
\ · (6,31) 

-MOM9HTa npHBOllHT _K.~~aeHCTB_Y op6HTanbHb1x· MOM9HTOB a ·HaqanbHOM H KOH9'!HOM 1cocTosi-
1 ' 

HHSIX pea KUH ii ( 6.3 I): 

., (6.32) 

B CBOIO. 0'19PEi-A,b;3aKOH• coxpaHeHHSI '19TIIOCTH aaeT: 
·. f ' . ' f 

I - I . ( • l). 
1 = I ' I (-1 ) 

1
• 

,"KN A 11· 

'I ., ~·:: 

. ~ \ 

,·· (6.33) 
' ' 

.. OTCIOlla 'cneayeT, 1'1:o' ~eaKUHSI paapeweaa. nHWb npH ycno~H·~ 
r 

\. 

) -tl ~" ' 

·1-
K' 

/' 

• / I ' (6.34) 

. ~L CilHH A . B .. ~CHOBH.OM. 8. HaCTOSIIU99 Bp9MSI aKcnepm,ieHTanbHO IlOllTB9p)Kll9HO,' 'ITO 
• ' (. \✓, ' > • • ,. I • /40/ ;• • ' 

, , COCTO!IHHH paBe~ Hymo, (cM;,, HanpHMep, ).• noaTOMY.' HB.6nIOll9HHe•rpynnoll 16110Ka-nea-' 
/4,1/ . . , · · . , , ,/' I .. ' \ 

3Hepa H8CKOnbKHX ll8C!ITKOB cny,qaeB peBKUHll' ( 6.31) SIB.11S19';CSI. B8CKUM. yKaaaHH_eM . B '. 
\ I 

\ 

nonb3y; Toro, 'IT~ .. Ii~ N=•~A1·
11

_ • OaHa'Ko ;Ha6nroaE:!rne peaKuHfi (~.31). He~onpeaenmilT 

'18THOCTH (K-A )_;, napbl, ecnH y. ·rHnep-sillpa''HM90TCSI BOa6y)Kll8HHOe C:OCTOSIHHe·. CO CITHHOM 
' ' . • . I . ' I , ' • ., • /42/ ' '; ... :. ' ' ' ' I . ' 

. 9llHHHua: H C aHeprHell CBSl3H B H9CK0.1lbKO COT9H KSB • JlellCTBHT91lbHO~ ·a STOM cny,1ae 
' ._ ,' ·. ;_· I ! ./ - /- C ' '. 

H npH I- I = -·I I 6yaeT HM8Tb M8CTO ·nocneaoaaTe.11bHOCTb _peaKUHll: 
K N , A 11 __ ., . ,· ·., :, !• . \. . 

· · K + He ,- ( H ' ) * + 11° . , 
A I .'..-. ' \ 
~H +y, 

(6.35) 
,·\· 

HM~HT~py\~tuasi' (8.3.l). noaTOMY. aa6rt~aeii~e rnm:ip-sill~P npH, B38H~Oll9l!CT~.~H . K 7Meao< 
!' ~ 4 ',, . . 

' ,HOB -o ,, He /_MO)KHO 6yaeT ~'IHTaT6 llOKS3~T/31lbCTBOM (6.34) 11HWb nocne -roro, 'KaK· 6y.0:eT • 
. ' ·*, ·... ,! :: ' ' ' ·,._ ·, .. 

(AH ,J,.:.A~ +y,:H~ir•('AHe, )*7AHe+)' 
, - r .. 

. 13 caMoe riocn~aHee ·apeMSI nony'lellbl 0'19Hb B9CKH9 apryMOHT~I B IT01lb3Y' Tofo, 'ITO' 
' ', ' I • • ' ' • ,,. ', ' ; . - ' • 'I 43-441 , ' . ' 
OTHOCHT91lbHaSI '19THOCTb, I H }1, -qacTHU nonO)KHT91lbHa, •. Jlnsi onpeaeneHHSI ; ', ; ,'-.' .• + t ·' ' ' 

, : C:E-Al-'leTHOCTH H3Mepsi.11c11 cnl;!CTP Mace c e .,.e ,-nap• OT pacnaaa HenonsipHaoaaHHblx I 0 -rH-
, • I . '\ . I 

?~POH~B:, \ 

I· 

yc,:aHOBll9HO 'OTCYTCTBHe ·. y -Hany'IOHHSI OT pacnaaoa 
. ' ' ' .,__ ' . . . ' .• . . 

(6.36), 

·v:1;y'leHHe aToro pacnaaa c uenbro onpeaene11H11(I.:A) .":.'19THOCTH 6bmo npeano)KeHo B pa-
. . /45 46/ ." ·:. : ' . . . . . , ' ·; · .. ·, i• • • .... f . . . ' ; 
,GioTax i ·; ·. 3aaaqa COCTOHT' B TOM, 'IT06b! ycTaHOBHTb SIB.11!19TCSI nepeXOll _an~KTpHqe-

: '. CKHM ,(oTpHU~T.enbH~si(I-A) -~eTHOCTb) H.11~ MarHHTHb!M (n~n0)Kl!T9~blla!I '<I-A) '-qeTHOCT~) . 
; • ,..,_ , ', ",I-. , ·r• 
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.nHnonbHbIM nepexo,noM; npH ,,naHHoll qe-r~ocTH MaTpH'IHbill sneMeHT-xapaKTepHayeTcsr .nay­

' MS!) q;OpMcpaK~o~a~H. 0,nHBKO cpopMcpBKTOp, HC'!e38IOLU~ll B cnyqae Hany~eHHSI , pe:n~~OI'~ 
. ' \ ' , 

y, -:K,B8J:IT~! paayM~O p~HT8Tb MSnbIM npH, 

_,. HMeIOT, MeCTO a pa'cna.ne ( 6_,36). i-1MeHHO 

Tex 3H8'1eHHSIX tlepe.na'IH HMnynbca, KOTOpb1e 
\ 1 ' . /43 44/ 

B 3TOM npe,nnono>KeHHH 8BTOpb! pa60T' • 

npHXO.!lSIT K aaKnIO'leHHIO 'o nono>KHTenbHOl!(::::-:-A ' -qeTHOCTH. K TSKOMy me aaKnIO'leHHIO 
· • • , , /47,48/ , . ,' , ( - , ,' , , • 
npHXOJ:\SIT ,aBTOpbl pa6oT ' H3 cpeHoMeHonorH'leCKOI'O aHanHaa ' K -P) -eaaHMO,!lellcTBHll 

, · - , ' .' Maa 
-· B o6nacTH HMnynbCOB K -Me30HOB, OKono 400-c--

, § 7. PacceSIHHe H~KnoHOB HfKnOHBMH 

OnbITbI no paccesrHHIO HyKnOHOB 11yKno11aMH srnnsrIOTcsi aa>KHbIM HCTO'IHHK,OM HHcpopMa-;-: 
\ . , . 

UHH _o B38,H:-t~.nellcTBHH Me)K.!lY STHMH _',;i'ac,THH8MH. Henocpe.!lCTBeHHOll uenbIO. 3THX OnbITOB 

' 

·,,.. sransre_Tcsr, n·ony'l,eHHe cae.neHHll 06 acHMi{TOTH'leCKOM noee.neHHH : aonHOBbIX cpyH'K1111~ cTanKH-

,,1 

' ,, . . . ( 

BBIDLUHXCSI HyKnOHOB HnH, HHB'le roeop,sr, BOCCT8HOBn0HHe M8TpHUbl pacceSIHHSI HyKnOHOB HyK-

/ .JIOHSMH • 

......... ,-:.. 

,,;.'-

3a nocne.nHHe 'rO.!lbl a H;3)''1eHHH :HyKnOH-HyKnOHHb!X CTOnKHOBeHHll H a peweHHH aa.na-, 

','!H BOCCTBHOBneHHSI ,MaTpHUbl paccesrHHll_ 6bm .noc'THI'HYT ,3H8'1HTen'bHblll nporpecc~' ,::ho CTano 

B03MO)KHb!M 6naro.napsr.nony'leHHIO nonsrpH30B8HHblX H)'iWOHHblX ny'IKOB II Bb!IlOnH0HHIO onb1-
\ .. '' '; . ,, . . ,., ., 
TOB no .!lBOl!HOMY H Tpol!~OMY paccesrHHIO. nonsrpH30B8HHb!e ny'IKH 6,hlCTpb!X np'oTOHOB 6bmH 

· nony'leHb( a peaynbT.aTe paccesrHHSI npOTOHOB sr.npa_MH. EcnH nonyqe1111b1~ TBKHM o6paao;-i 

ny'IOK no.neepr11yTb BTOpH'IHOMy paccesrHHIO Ha, MHWeH~ H,!l8HTH'IHOl! nepeol!, MO>KHo.· onpe-
• , ',. -- I . ' ' • ., , • • 

.nenHTb CTeneHb nonsrpH38UHH ny'IKB. npH,aHeprHSIX B HeCKOnbKO COT MaB nonsrpH38UHSI 
' ' 'I . . ' I 

ynpyr~ paccesr_H11b1x sr.npaMH, npoToHO!' \ 6m1aKa npH 11~KOTOpb1x y_rnax, paccesrHHSI K 70-100%.: 
I \. . .'. ·· 'I • ' .f • • \ 

nonsrpHaamrn,', aoa1111K~10masr np11 c·TonK11o_ee111111 , npoTonoe c npoTOHllMH, onpe.nensrnacb, nyTeM 

H3Mepe111111 aa11MyT~nbHol! acHMMeTpHH np11 paccesrHHH nyqKa np;TOIIOB 'c H3B0CTHoll cTene"..,:' 

11~10 nom,pH3BUHH 11a eo.no;o;e (.neol111oe, paccesrHHe,). B Tpol1110M paccesrHHH, ·~.ne n'epea~ 
. ' ' ' ' ·, . \ ' . 
H TP~TbSI MHI~eHH 11rpami'~ponb nonsrp11aaTopa· H 8H8HH3llTOpa, onpe.nensrnOCb H3M0H0HHe no-· 

-nsrpH38UHH ,npH pacceSIHHH nonsrpH30B8_HHb!X npoTOHOB Ha, ao.nopo.ne ·(inopasr MHW8Hb). 
' I \ • ~ 

,• . , /49/ 
Bnepeb1e no.no611asr nporpaMMa onbITOB 6bma BbmonneHa npH_ a11eprHH 310 Maa , 

- ' ', . ' ' ' ,' ' .I ' ' ' 

(BepKnH). Bcrie.n aa',STHM 6bmO npoee,ne1l'o ,neTanbHOe Hayqe11He HyKnoH-HyKnOHHOI'O pac:'." 
' • ' ,, /50/ ' '/51/ ,, 1' • ' ' ' /52/ 
ce,sr11Hsr npH 150 Maa (f'apeap.n,.Xapy~nn) H,210 Mae (,Po'lecTep),'.npH 650Maa , 1 

, • ·- · • , , ' . /53/, 
. (Ay6Ha) •H _B6nH3H 50 Maa • 

·~- ST;,~ naparpacpe .Mb! pa~CMOTpHM B03MO>KHb!0 npHM0H0HHSI nonsrpH30B8HHOl! npoToH-
' . ' 

' ' ' HOA MHWeHH;: a TBK>Ke nonsrpH30B8IIHOI'O ny'IKB H nonsrpH30B8HHOl! MHWeHH npH peweHHH 

38.!lB'IH O BOCCTBHOBneHHH M8TpHUbl HyKnoH-HYKIIOHHOI'O p8CC0SIHHSI • \ ,, . 

.-. 

\ 

' 
\ ..---· 

I 
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\1 

I. MaTpnu'a ti - N-paccesrnHSJ 

B paMK8X .·Tpe6oBilHHli H30TonH'l0CKOli HHB8pii8HTH<?CTH TpH npouecca HyKnoH-HyKnoH-

Horo pacceSJHHSJ ( p-p , n-p H n-n -pacces!HHSJ) onHCbIBa10TC,lI MaTJiHueli, Aelic'i-ay10-· 

meli Ha cnHHOBbte H H30TOnH'l0CKH0 neJ'.leMeHHb!e HYK_UOHOB:_ 

M ( k',•k) = Mo ( k',•k) 
I 

(7.t) 

➔ 

H r 
2 

-H30TOnH'l0CKHe M8TpHUbl HyKUOIIOB, k ,H k'•-eAHHH'lllble B0KT0pb!, B 

H~npaaneHHlJX 11aqan~r,oro. H_ KOH0'lHOro 0THOCHT0UI,llb!X HMnynbCOB (c.u.H,), a Mo H Ml onH­

CblB8IOT paccemrne B COCT0lJHH8X C H30TonuqecKIIM cri11110M T • paBHb!M ·o HUH 1. KaK ner-

KO BHA0Tb H~ (7, l), M8TpHUbl p -p H 

ceSJHHe onHCblaaeTCSJ nonycyMMoli • M1 H 

n- n pacCelJHHlJ _coanai:taJOT C _Ml , a. n-p 

M
11

_ Eonee TO'l,HO aMnnHTfAbI p_-p n-n H 

n-p -:-pacceSJHIISJ BbrpamaJOTCSJ qepea M1 H .Mo· cnei:tyJO!llHM o6paaoM 
f 

<pp IM I PP > =< nn!Mlnn >= Ml' 

<n_p IM np >= ½ {Ml + Mo) 

➔ ➔ 

06mee BbrpameHHe AnlI MaTpHUbI M T ( k'; k ) MO)K0T 6bITb 'nonyqeHO H3 Tpe(50B8HHJi HH-

aapH8HTH6CTH OTHO_CHTenbHO npOCTp8HCTB0HHbIX Bp8lll:HH8' H OTpa)K0HHfl:, a T8K)Ke 06pallle-
•. · /1617/ 

HHlJ BpeMeHII ' . , Bsei:teM, TpOJiKy .B38HMIIO opToroHanbHb!X ·a~KTOpoa: 

➔ 

'n 

➔ ➔ 

[k k'] 

.....,..- ' 
l[k kl! 

m= 
~ 

I k-k'·I 

k + k' 

I k •+ k'I· 
·. (7.2) 

3TB TpOJiK8 YAOOll8 H T0M, 'ITO B HepeUSJTHBHCTCKOM npH6UH)K0HHH B0KTOpbl f H m COBna­

A8IOT no 11anpaaneHHIO c na6opaTopHbIMH HMnynbCaMH pacceSJ1111oro HyKnoHa H HyKnoHa oT­

Aa'lH1 ·.cooTBeTCTBeHHo, Paanarag MT ( k ',; k ) no nonHoli CHCTeMe mecTH8AU8TH cnHHOBbIX 

MaTpHu l,· 0'11 • 0'2k . ,· a,1 0'2k. HCnonb3ylI TpOJiKy/ B0KTOpOB (7.2) I npHXOAHM C noMo-

[llblO (3.23), (3,28) w (3:34) K cnei:ty19meMy o6meMy ~brpameHHIO AnlI 

(7.3) 

. d T e TH f T lJBnlI_IOTClJ KOMnneKCHblMH cpyHKUHlJ­
➔ 

MH sHeprHH cTanKHB8JO!llHXCSJ qacTHU n·( k k' ) .; oo_s ,0. 

noKameM Tenepb, 'ITO B 'cnyqae· . HYKUOH-HYKUOHHoro pacceSJHHlJ K09<p<pHUH0HT 
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dT = 0 • :Cho HBn!IeTCH cnencTBHeM T0)K)l8CTB8IIII0CTH 'IBCTHU nm1 'p-p H n-n -pacceg• 

IIH,>1. ilng n•p pacceHHHQ 3T0. aep110 nHWb B paMKax rHH0T83bl H30T0UH'l8CK0l! HHBapH-

aHTH0CTH. t..1To6bt noKaaaTb aTo yTaep)KneaHe paccMo-rpHM -Haqanb11oe (Ko11eq11oe) cocTog-
. f t' 

HHe. nayx HyKn0H0B C onpeneneHHblMH 3118'18IIIUIMH '18TII0CTH (-1) ( (-1) ) non11oro CUHHa 

s ( s '·) H non11oro H~0T0UH'l8CK0ro CUHHa T(T') • j,f3 npHIIUIIU~ naynH cnenyeT, 'IT0 

f 
(-1) 

.s+t 

Hl 
T+ I 

( • l ) 

f' •+I 
( -f ) (-1) (-1) 

=-1 

T
1
+1 

Y'IHTb!BBlI coxpa11e11He '18TII0CTH H rron11oro H30T0UH'l8CK0r~ cnH11a, nonyqaeM H3 3THX 

~aBeHCTB: , 
(·I)"=(-1)" 

nocKOnbKY B03M0)KllbIMH 3118'18IIH,>IMH S H s' lIBnmoTCH O H l, 0TC!O.ll8 Bb!T8K8eT, 'IT0 

S = s' H CHHrneT-TpHnneTHbI8 nepexo)lbl aanpewe11b1. E.UHIICTB8llllb1M )1(8 cnaraeMb!M B 

\ 

( 
.. 2 ➔ + 2 

8MUnHTY.ll8 8.3) I ll8K0MMYTHpy!OWHM C onepaTopoM KBanpaTa non11oro CIIHHa s = ¼ ( u, +u2) 

H npHB0.llHWHM K CHHrneT-TpHnneTHb!M ·nepexonaM, HBnlieTC>I 

dT [ ~;., 7t ) - (; 2; ) ]. 
TaKHM o6paaoM, dT =O H ·MaTpHua 11yKno11-11yKno1111oro pacce>111H>1 CHMMeTpH'IHa 0TH0CHTenb-

110 38M8llbl a,.: ; • OTM8THM, 'IT0 K 0TCYTCTBH!O CHHrneT-TpHnneTHblX nepeX0.ll0B .UnlI 
- · • I 2 

11yKno11~aHTHHyKno1111oro pacce>1HHlI npHB0.UHT Tpe6oaa11He G -HHBapHBIITII0CTH, 

➔ 

MaTpHUY MT ( k', It) ( dT= 0 ) MQ)KIIQ nepenHC8Tb B HeCK0nl,K0 HII0M B~ne, Bbl.Ile-

riHB HBII0 CHHrneTHoe H TpHnneTH0e pacce>1HH>1: 

MT(k~k) 

,. 
= B s + CT [ ( ;, ; ) + ( ;2 ; ) ] + 

T 

GT [ ( ; ; )( ;; ; )I+ ( ; 

.. 
➔ ➔ 

+ .½ f )( u / l l T (7.4)' 
I 2 , I 

,. .. .. 
'➔ ➔ ➔• ➔ ➔ ➔ 

+½ HT[(u;mHu
2

m )-(u
1 

f ) ( u
2 

f -) l T 

" 
+ NT ( ;I ;; ) ( ; 2 ii ) T 

,. 
3.necb S ¼. [l-(; ; ) l 

I· 2 
H T = ¼ [ 3 + ( ;; ; ) 1- cii11rneTHbll! H TpHnneTHhll! npoeuH-

1 2 

pyI0WHe onepaT0pbl, a 

B·= a - b - e -. f , C= C • G = 2a + e + f 
~ 

(7.5) 

H =e-f, ,N=a+b. 

AMnnHTyna B 0UHCh!B88T CHHrneT11oe pacce>111He, 0CT8nbllbl8 - TpHnneTH0e • 

➔ ➔ 

. Tpe6oaa11He BIITHCHMMeTpllH K0118'1110l! aon11oaol! cpyHKUHH M (k',k) )( )( 
.S T 

)( 8 H X -r 
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cn11H0Ba11 II 11_30Cnl!HOBaSI -<pyHKUIIII · HaqanbHOI'O CC>CTOSIHIISI) OTHOCIITenbHO' nepecTaHC>BKH;npo-: • ' 
\ >' ,' , ' ' I ~ ·-

CTpaHCTB9HHblX (k',~---;k'} cnl!HOBbIX II ll30TOnll'l9CKIIX .nepeM~irnbIX ~p11son11,:, .KaK Hei'pynHo 

. s11neTb c noMOIUblO (7.1), 11 (7.4)1 ~ TOMy, '!To a~.rnn11Ty.i::tb1'.B 1(0) , C
1
' (8) , H (0) ; G (0) , -' 

. . . I . 0 · 

He M9HSIIOTCSI np~- aaMeHe _o ➔ 1T.:... 0 , B. ;o Bpe~rn KaK B 
O 

(0) 'C
O 

(0) :· H
O 

(0), , 

N .(0). 113M9HS1IOT 3HaK. l-1c'nonb3:y!I 3TII 
. I- ' . 

csollcTaal c11MMe~p1111, HeTpy nHo c. noMOlll.blO 

_(7.5) ycTBHOBIITb 11 11osene~11e aMnn11Ty,,; 

o6paaoM, np11 113Y'l9Hlfll p-p 11,-11-n '-:-pacc::eSIHIIII MO)KHO_ orpaHH'IIIT!c;~SI ll3MepeHHSIMII .-_ 

B yrno;oi'1 lllfT€!pBaii~ :o s. 0 ~·11/2 ·,· TaK _KaK a_Ha'!9Hll9 aMnn~TynbI B IIHTep~ane . 17/2<fJ< 1T 

onpenensieTCSI, yKaaaHHb!MII ·caollcTBaMII CIIMMeTpHII, 8 cnyqae n-p -pa_cceeH1111 IIHTepaan 

11aMepe1111~ y naa11aafTc11 0 < 0 <" 
B aTcill CIICT9Me. 

' ➔ ➔ 
\ no CIIX nop Mb! !He np11H11n11 BO ·aH11MaH11e orpaHll'l9HHll, HaKnanbI~aeMbIX Ha M;/k',· k .) 

+ • /54/ · 
Tpeo_oaaHl!SIMII ymITapHOCTII S -MaTpllU~I S S = 1. Ka~ OhinO noKa3aHo · B paooTe · , 

a_To Tpe6oaaH11e np11aon11T B 06nacT11 · aHepr11ll no nopora Ivie::rn~ooopaao~aH1111 K cnenyIDme­

MY IIHTerpanbHOMY ~-OOTHOW9HIIIO: 

+ ➔•➔ +· ➔ ➔ ➔ -..:.. 

-M (k,k~)],=fM-(k'~k')M (k'~,-k)d-fl➔,, 
T . T T . · , k ) 

➔ \ 
ik 

(7.6) 

rne ~ flt,, adeMeHT TenecHoro· yrn~ B 11anpaaneH1111 k". 3To MaTp_It'IHoe. c_ooTHow'aH11e 

9KBHBaneHTHO npH K8)K,00M aHatteHHH' T IlHTH HHTerpa~bHbIM 'coOTHOWeHHHM Me)Ka:Y .ue-
:' ' , , , , ' ' ' ' ' ' , ' - , • • I , •• .- ' ~, - • \ ~-

CSITblQ nellcTBIIT9nbHbIMII cpyHKUIISIMII yrna 11· 3Hepr1111 (nellcTBl!TenhHhIMII II MHl!Mb!MII qac-

TSIM~ K03cpcpliUll9HTO~ a; , bT II T.n. II~~ BT, c~ T.~.'): Ecn~ ~HT~ II~ ~TH~ cpyHK- . 
. . .· ( . . . . ·• ·. . 

Ullll_ 113B9CTHbi Upll aanaH~Ol!· aHepr,1111 B0
1 

BC9M IIHTepaane'yrnOB ( 0 <' Q, < ,r/ 2 J', TO B 

oonacTII aHeprlll! no nopora po)Kn9HIISI nl!OH~B -~HTh/ ;p/r11x' cpyHKUllll- orip:nenHTCSI. n11Thl0 

co~THoweH11>1~11 (7.6); TTon'lepKHeM, '!TO 11a. a'rnx cooTHoweH11ll 
0

onpenenl!e'-rc11 H ooma11 

cpasa MaTpl!Ubl 'pacceSIHIIH'. 0TCIO.l;la BllnHo, ~TO nn11 °BOCCT,aHoaneHIISI u/k',_kJ B np11Hu11-

. ne HeooxonHMO np0113B9CTII n11Tb onbITOB np11 BC9X 1 yrnax. TaK KaK MaTp11ua p • p' pacce11 ... 
I , ' • • I , • -, \ 

HHS! coananaeT' C MI • TO .nn,i. ee BOCCTaHoBn~HIISI ·'nocTaTO'IHO BbtnOnHHTb nSITb cinbITOB 

1:1 . HHTepsane yr~oB 
1
0 '.S_ 0 '.S_ ,r/2 - • B ~nyqae n ~p' ~TonKHo~e1111li

1 
MaT~HU~ ~ ~ac'ce11_1111t paa~-~ • 

½(Ml±' Mo) . II n1111 ee BOC_CTaHo,aneHHSI cnenyeT ,n~Oll3B9CTII nHT!> onb1,:_oa B _HH'fepaan~ i 

yrnoa I)< · O <" • Ec.ri11 M1 . 11as,ecT~a 'np11 aanaHHoll aHepr1111 11a _ onbITOB · no: ~-p p~cc,e,i­

_H1110, TO nm1 onpeneneH~H -:MO MO)KHO orpaHll'IIITb~SI nllTblO onb1TaMH no n-p pacce11-

HIIIO np11 Toll )Ke aHepr1111 B 11HTepaane n_-$.0 ~,r/2 ·. 
,/,,, . / 

TTpaKTll'l9CKII nn11 BOCCTaHOBnE!HIISI MaTpllUbl pacce>1HIISI 11cnonb3y_eTCH MeTon 
· · : · . · · . I 55/ · · · · ·, · , . ' . 
cpaaoaoro aHan11aa (cM,, 11anp11Mep, ), KOTOpblll aBTOMaTl!'l9CKII ·y'IIITbIBae,: ycnoa11e, 

yH~TapHOCTH ·, <n~llc~~~~enbHOCTb. :cpaao_Bb!X' cn~HI'OB II: n~paMe~pOB CMl;lWl!BaHIISI - Hl!:>Ke 

~opera' po)Kne1111>1. n110Hoa). 

, I 

Pa3BIITll9 T9XHIIKII 3KCnepl!M9HTa, II B OC009HHOCTII Hanll'1119' nonS1p1130J,381IHOl! npOTOH-,, 

. \ ,· 
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II nom1p113oaaH~blX ny'IKOB HyK~<?HOB, Il03BoirneT IlOCT8BHTb 3a,oaqy' np,SIMOro 
~ • ,, , ,\ ,,_ ' ' ' , " • - ' ' ,. ....,_ , - .,,.,,. - ' , ' I ' I 

BOCCT8HOBneHIISI, 3neMeHTOB M8Tp11Ubl pacceSIHIISI C 'TO'IHOCTblO ,no !o6mero cpa3oapro MHO>lrn-' 
, /. , ,·,, , , , . ,',,. '. - ,: ' ': . • '. , . I < / • , 

Teng ', npll ·,aaHHb!X, 3Ha'IeHIISIX yrna /11 3Hepr11H 6es HCilOnb30B8HHSI COOTHOWeHHSI yHIIT8pHOCTII, 
-, - , I I' - " . •. . f .-' ,' ..., \ , ,. ,. j J i, l ' . , 

'Ha nepBblll, asrng,a, ,ang 3Toro Tpe6yeTCSI npoaeCTII ,aeBSITb He38BIICIIMblX 3Kcnep11MeHTOB, 
'''' : l ',, . , : . /58/ , ., ,, .'' ' , ' 

O,aH,:lKo; K8K 'noKa3an11 lliyMaxep, II 6eTe '113..:38 611n11Hel!HOro,·xapaJTepa 38BIICIIMOCTII ' 
\ 1 ,~ . ' ·. ', . . . . 1 

aa'6n10,aaeMbl~• aenll'IIIH OT sneMeHT~B ~aTpllUbl, pacceSIHIISI; ,ang OAH03H8'IHOro ee BOCCT8HO-
~ . ,. ,· ; .,,,.,__ . ; .. : J' \ ' 't_: ' • \· . . . ',· , ' ' : _ .. ' f. ·.• ·::' \~ ~ 

aneHIISI' Tpe6yeTCSI· BbinOnHIITb 6onbwee 'IIICno H838BIICIIMbIX 3Kcnep11MeHTOB np11 K8>K,llOM,, 
. : ' ' /' • j' ~ •, • i • • I,\ • • -- .. I ' ~ • '\ 

3Ha<ieH1111 yrna :11, 3Hepr1111, 3ToT, .MeTo,a oco6eHHO none3eH np11 BbICOKIIX '3Hepr11S1x, kor,aa ' ' \ .. . . 

HeO~}\O,llllMOCT~ Y'Ill;b!B8Tb! 6onbiiioe' 'IHcno C?CT6SIHHll Ii, pacc~aTp11B8-Tb an11>1H11e Heynpyr11x 

npoueccoa 3BTpy.llHSIIOT npoae,aeHHe cpa3oaoro' aHanH3a.' HanH'IHei nomipH30B8HHOl! ,'MHWeHH 

I 
r 

; , . · •. r · "i • • • , 1 , , 1 ,. , • • '. ' · 1 ' 1 - ,. · 

'II nonsp1130B8HHblX ny'IKOB' HyKnOHOB ,aena~T' 3TY- nporpaMMy' ocywecTBIIMOl! y>Ke B H8CT0>1-, 
, ,. ,, '\ ' ' ,, . ' ' - \ ' 

wee apeMSI;' 

' ,1 _ .. 
~~.1 

( ·' 
'I 2, :803MO)KHble Oilb!Tbl '/ 

j 

1, 803M;:Hbie ,QilbITbl UO pllC-CeSIHH~- HyKnO,H0B, HyKnOH8Mllx) OTnll'I8IOTCSI K8K COCTOSI-
, . ' . •. • ,' '.' :: , ; ·-J'. •• • , .. - , 

HlleM non>1p113au1111 HaqanbHblX nyqKa II Ml1WeH11, T8K If ,xapaKTepoM ll3MepSI~MblX aenll'IIIH 
I ,, • , , • - - \ , : j ' ' ', , ', - ,' '. 

,(ce'!eH11e, nonSip113BUIISI · paccesHHOll qacTIIUbI,· nonsp1138UIISI 'IBCTIIUbl OTA8'III, KOppensUIIII 
'.. ./ ~ . . - , ·.' :' '' I . - I '.· : 1 • - J ' : ' ,/ J • ~ ' - i' • 

\ nonsp113au1111),, napaMeTpbl, ll3MepseMb!El B 0Ilb!T8X ·c· Henonsp1130B8HHOll _MHll!eHblO, o6bl'IHO -

Hasbrna10;cs n~~~;,rn~paM11 o~~~KpaTHoro, ir.ao~~or~ 11- Tpoll~or6, pac:c<;1sH111I, · 3TH Ha3aaH11s 

.npo11cxo,n1IT oT ycnoa11l! npoaeneHirn cooTBeTCTBylOlllllX ,3Kcnep11MeHTOB np11 0TcyTcTa1111· 11H-
\. , ! . . I f • ,.'~; .' ' ',, \_,' , •• • ' ' ' , ,.. ; ' • , • ' ' r 

')KeKTOpOB nonspll30B8HHblX 'I8CTIIU, H11>Ke 'Mb! ,BKpaTue Oilllll!eM 3TH Oilh!Tbl II' UOKa>KeM, K8K 
. ,- : ,<., :,'. , -· t ~ , .. -, . '" "~,. J l . , · ·, . ·· \_ ,, .. • ,, . ·, · 
OH!f Bll,ll0113MeHl'!IOTCII npll 11cnonb30B8HIIII non1Ip1130B0HHblX MllllleHell,, 

, • ' ' ' ' • \..' ' ( ~ ' ' - ' • .~ ' • / J< 

/ , BHaqane Mb! ,'paccMOTP,!fM CTO/IKHOBeHIISI HeTO?l(,AeCTBeHHblX. 'I8CTIIU, a Ha 11_3MeHeHIIIIX, 
' . _,' l - . 'I , " ,\ ~ ' , ' ' ' 

.BH5'CIIMblX ,npHHUIIIlOM 9ayn11, OCT8HOBIIMCSI Il03,ll,HeE:!, l1H,aeKC I y ,CilllHOBblX. M8Tp11U 6y,aeT;, 

OTHOCHTC; K- na,na10\UIIM ( paccesHHb;M) qacT·~·u~M, a HHA€!Kc' .2' K, ~aCT11uaM MHllleHit ( OT,aaq11 ),. 
1· ;, '-,. ,.: _;(.\ ..... _ '.' . ·., 1_, -:'· i,, ~ - I ,, I ' 

! C~'I8Hlle pacceSIHIIII, HenonSipll30B8H,ROrO nyqKa Ha ~enonsp113o~aHH?ll MllllleHII 

I 

'' a = 
0 

' + \' ¼ Sp M'M · ·~ 

(7,7) 

sanSieTCSI napaMeTpoM 
I''' ,-~ t - . ' ' • . ' .. 

O,llHOKpa,THOro pacceSIHIISI, B1,1pa>KeHIISI_ ceqeHIIII II ,apyr11x ll3Mep>1eMblX , 
\ ' > • t ' 

I aenll'IIIR\ qepea a_MnnHTY,llbl a.' ' b ,II .T,n~, np11ae,neHbl 'a,,·Ta6n11ue ,\ II 
\ ,, .i ' >. ~ ' ~\ . :_'. '~ ·, '. ' 

.nonsp1138UIIII _ P0
, 11 P0 

paccelIHHblX qacTIIU' 11'. 'I8CTIIU OTA8'Ill 1 B03HIIK810ll!lle 
• . - ' - _ I ', · 2 , , , ' ·XX) ' , " • - '• I . XXX) \' - , 

CTOnKHoaeHIISIX Hel!on>1pl130B_8HHhlX, 'I8CT.!fU ,• ,paBHb[ Me>K,ay· co6ol!, ' 

. . ' ' , ' ' '-~ ... ,. .· ' ' . 

np11 ,, 

,, ,,·1, 

~,,' ~ 

/ 

,..-_ xl.,/;'.Han113 i~cex B03MO)KH~IX Oilb!TOB no paccel'!HIIIO HyK~~HOB H_yKnOH8MII II 'b!TeKa~- fi·· 
lltllX 113 'Tpe6oaaH11l! ,IIHBap11aHTHOCTII CBSI3el!\Me>K,ay HIIMII npoae,neH a' pa6oTe154 '. ,, - - ' 

•➔ '.~ x~) ~KaK 'Y>K e ~TM8'I8n~C·b,, ~na~~,aapg' ~Haap11aHT~O~TII npll ~Tpa>1<e~11s,ix: 'nonS1p~aau11~ 
p~ .. 11 p 0 

• opToroHanbHbl nnocK0CTH peaKu1111, · :, ' • _; • · 
1· . 2 ._._,' . '. ➔ ➔ ." J,._ ./ ' .' '. '": ' '. 

x7,d 'Paae~CTBO ~Ol!SIPll3~Ulll! Pt ~ p~ S1BnS17TC,SI cn,enc?BlleM ,~IIM,MeTpll'IH,oll' ~,8BIICIIM?CTII -",' 
• ' ' ,. ' l I ' 

'M OT ; ·11 :;/ (d .:.0), 3To yTa€!p>1<,aeH11e aeaepao a ·cnyqae cyll!ecTaoaaH11s c11HrneT-ipH'mieT-· •-' 
, ~ ' t / 2 , . · , ·- ) . , , 

-abpt__,~~pexo.noa. , 40·· ,, 1 

' /' I ' 



,.I• 

. / 

!, 

;\ 
I • ' 

u· 
' 0 

,· 0HH. onpeJJ.emnoTCil, np11 11aMepeH1111 'ac11MMeTpH11··ao BTOpH'IHOM pacc'e>1mrn Ha MHWeHH c. 113-
·. , . ~ • I l, . • , . , 

BE!CTHOll aHan11311pyromeit cnocooHOCTblO II SIBnSIIOTCSI, napaMeTpaMH 'JJ.Boiteoro pacceSIHll<I. 

·oohl'IHO ·nonbayroTc<I BHJJ.~H3M.eHeHHolL noci-aHoaKol! ·onh1Ta. noii<1p113au11>1, fio3H11.Karoma~ np11· ·-·. 
, ,. ' J, . ' ' . • .. , . -

, I • ,, - ,, - ' 

CTOnKHOB0HIIII 'HenonSip1130BaHHhlX• HyKnOHOB, onpeJJ.0/IH0'.1'CSl_·no 8CIIMM8TpHII pacce<IHH<I H8' 
,· \' I . I • ' : , ' - ) •• ·• :, • • ; 

· · BOJJ.opoJJ.e · ( BTopirn' MHW0Hb) nyqia c·· 113aecTHoll' ci-eneHbIO • no11<1pH3au11i!, nonyqeHHoro B Piel-:' 
' ' •\ \ ' , • ' _.✓, t' ' I ,. ' , • •• , ' • , 

~YllbTaT~ CTOn~HOBE)Hlll! C S!JJ.paMH (, nepsa'SI; MIIW0Hb) C: 113B0CTHOII,: no11<1pll'(3YI0,1Ue8' cnocoo-' 

HO~TblO, 

., . QqeaHJJ.H'a, 'ITO np11Me~eH11e no1IS1JJ,1130BaHHoll MHlll0HH ·no3ao11<1pT ,oT~a~aTbCSI oT, 'JJ.onon-

' 1i11TenbHor:o, paCC!;SIHIISI, 1;1PIIBO/J.Slll.l0rO K nony'I0HIIIO ny'!Ka .C H3B0CTHOl! CT8Il8Hbl0 116n<1p11aa- ,\ 
, ' - . ··, \ .. 

UHi! II. 3aM8HSl0T, T0M CaMbIM 1 OnblT_ no onp~~eneHHIO P0 

' • ·, ' •• .: I • _' '. \ ' 

HOM ,pacce>1Hll~ .. ,onb1TOM :no ·113~epeHHIO 'ac~MM0Tpllll __ pacc~SIHll<I H0Il011<1p1130BaHHOro ny'IK8 · Ha···. 

. non>1p1130!laHHOl! MIIW0!111, 

, np11M,0H0Hl1
1

0 nonSip1130BaHHOl! MIIW0HII OKa3bIB80TC<I O'I8Hb U0/103Hb!M npll : 113M0!)0~1111_ 

·no11>1p113au11u B .. , n'• p pacce>1H1111. _•)J.irn aToro ·a onb1Ttix c He11011>1p11ioaaHHhi~;-:- Hel!TpOH~MH , 
, ., • • , • J, ,. , r , , . . _, , , , 

JJ.OCT8TO'IHO: HaoriioJJ.~Tb a·CIIMM0TP~1? npOTOH013 OTJJ.a-i11, ny'IKII OhlC,:pblX H~liTpOHOB, Ha .. yc-)1 
>, ' > ,- / • • ' • , •r ,~ , / • ' \ C ,' j 

KOp~T~llll~ ,,n~OTOHOB _oobl:iHo ,nonyqaroTCSI _°B, pe3yn~Ta;e OOM0HHo_ro , D • p -pacceSIHIISI. non'?-: 

p1138Ull<I 11x· 'oK;3hIBaeTC<I H000/lbWOl!. Ynpyroe pacc-~>IHll0 H0l!TpOHOB <!JJ.paMH npHBO/J.IIT K: 1 . 
, • , ✓, • • ··' I . , . :;.,,- .. ,, • • . 

no~p_H30Bal!HbIM ny'IKBM .Hel!TPC:HOB C HeBblC:~Koll IIHT0HCHBHOC'Thl0. B pe3y;bTaTe, 6onbwag 

. , 'IaCTb )J.aHHblX O tt611<1p1138UIIII 

no KBa311ynpyroMy pac~eSIHHIO 

JJ.0i!Tp<?HOB. 

B, D" p, -pacceSIHIIII noriy'IeHa' )J.0, c11x-_nop ·113 .aHa11113a OHbITO,Bc.' 
; ', ~ • 1 ·< . • 

no11<1p113~-BaHHhIX ,npoT?HOB Ha. Hel!TpOHax, BXOJJ.S!Ull!X B COCTaB 

3Kcnep11MeHThl c ·uon>1p113oaaHHOl! · npoTOHHol! 
I.' . - \ ' t 

·caeJJ.eHHSI .0 IlOIIS!p1138UIIII qacTHU np11 3JeprHSIX ~ 
. , . .' . , ... '1· : .. · 

MIIW0H~IO )J.aIOT B03M0)1{HOCTb UO/l)''Il!Tb 
·.,· ; -· . 

H0CKQ/lbKO raa, r)J.e IICC/le·:OoaaHHSI 003 
. I 

,nOnSipll30BaHHOll ,MHUl0HII Cll/lbHO. 3aTpy/J.H0Hbl, ,· 

: ' 'i ~:~C:MO-~p~M-1,Te~epb ;aK ~a3blBa_e,Mhll! ~eH30p.,)J.eno11sip113au11_11 

JJ.enSieTC<! COOTHOW0Hll8M I 

KOTOpbll! '. onp_e-

{ ,, 
uo Dlk = ¼ Sp u 

JI 

, np11 .·pacceSIHIIII' i;o11Hp1130BaHHOr'o· 
.. ·., > .... ,·:..· I • , . ,' 

MIIW0HII T0H30p Dlk /cJSl3~IBaeT · 
.. I •. · . .. . 

,., pt 1 COOTHOW0HH8M., , , 

( 

\ 

·, \ j 

M (7.9) 
➔ ,, f 

1 
p 1' ~a. H~IlOII<!p~fOB8H~Ol! ; 

P:. 'paccesiHHbIX-. 'IBCTIIU C 
I \' 
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,' 

• C 

\. \ 

,·, 
➔ - I 

··r.ne,· Ka,K .'iL paub·we, P
0 =P':'ii- _non11pHaauH/I qacT1iu, B03HHKSIOIUSSI np11 cTonKHoaeH~H, 11eJion11-

. p113;B8HHbl)( HyKnOHOB, ·snaro.napg CHMM8T!)H'iHOl! _311Bll~HMOCTH M 0 "i)T ;; 11il TeH;Op b 
r ,, ~ . . ~ , . · ~ 1 . 2 lk 

I· 

paaeH TSK)K8'' \~ , Sp. u. M ·u . · i,1 + '. . 11 onpe.nen11eT T8K)K8 non11pH38UHIO 'i8CTIIU. OT,!l8'{11 
... _. , -

1
., • ~ ~ • 2'1 · , 2k - , , _ · : ➔• , \ 

P' , . npH pacceSIHHII Henon11p113 OBSHHblX ~SCT111l Ha MHW8HII C. 'nom1pHaau11el1, p 
2 1 ' ' 2 

,,.po+ b p· 

" (7.11) P'·;. I lk 2k 
\ ·1 \ 21 , 1, + (po. p2 ·) 

""' ' . ' 
KaK ~11.n~ , 11a -onpe~e.neHHSI 

(3;28) ,O'J'.HOCHTenbHO ap~meuttil H 

D , (cM,,,(7,9)}, Tpe60BSHHl! IIHB8p118HTHOCTH (3,23) H 
lk ' I , · - . 

OTpa~eH11ll II TpaHccj:,opM~UIIOHHblX CBOl!CTB cnHHOBblX 

M8Tp1111 eci:.., (3.22) ll (3.25) ), D SIBnSleTCSI T8H30pOM BTOporo paHra II HMeeT;'cne.noaa-
. · , lk• ., , ' 

Ten~HO, BHl;I-: 

·~ :.Dlk (k',k Donni nk + Irf. fl fk + ~mm! mk + 
'\ 

+ D ·m
1
. f · .j. Do f 

I 
m 

mf k Lm k 

Ku~qiqmuue'u:rbl D nn. ·, Dff. _11 T,n. SIBn~IOTCSI qiyHKUHSIMH suepr1111, II (k_-k'):= cos 0 

•(1.12>' 

;· ,da·TibHel!wile orpau11qeHHS1 Ha D tk 

;pameu1111 apeMeHH, l,1cnom'.ay11
1
(3.34) 11 

cne.nyro:r' ·11a ,Tpe6oaaH11il HHBap11aHTHOCTH np11 06-
, ~ I ' 

(3,32); nonyqaeM · 

.. 
uo' Dlk ( k_', k) 

'· 

/ 

¼ Sp 

¼ Sp 

... + ➔ ➔ 

':'u M (k',k) uikM (k',k 

' - +' ➔ ➔/ - - ➔ ➔ 
M '(k~-k) u

1
k M (k',k 

+· 

u· 
' II 

-1 . ➔ ➔ ~ -t ➔ ➔ 
·a \~ Sp I I\'.· M +k, •k') O U, ,U • M (•k, •k') 

., . T lk T • 
- ' .. + ... 
➔ 

¼ Sp u M (·k, -k') u M' (~k, •k' 
lk .. 11 

= ".'o Dkl ·. (- k, - k, ) . 

· .. 

~, 
UT ull 

(7.13) 

, . 

, T aK KSK np11 aaMeH~ k. 
➔ ........ 

-k' B8KT0pbl .· e, m I n i:iepexo.n11T a _;, -;H •n f TO H3 

(1,'12) 11 (7.13) _BbITeKae1;, 'iTO 

-D 
', •mf Dfm' 

/ 

I 

., ' 

TaK!fM ·o6p"130M, Dlk onpe,nem1eTCSI qe·Tb!pbMSI, CK~JI~pHb!M~ cpyHKUHSIMII 

Dlk = Dn'nnl n;.+Dfffifk+_Dmmmlmk'+ Dmf( 111t fk - fl 'mk), 

(7j4) 

, (7.15) 

· , /57/ 
np11 o6cy)K,neHHII Qil-b!TOB .no Tpol!HoMy' pacceSIHIIIO , Bom,cpeHWTel!HOM. Oblnll aae-

-1, - '\· ', ' I 

·.neubl cne,nyiow11e_ napaMeTpb1: 
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/ 

D = ( ;All Dlk (~Al = ( ~ ) D (:) = D 
k , J tk k nn 

➔ ➔, ➔ ➔ ➔ ➔ ➔ 

[nAkA]i'Dlk[nAkA]k=-(m)I Dlk[n k lk= 

D ros ~ - Dmnsin O 
mm 2 L 2 

(;A,A 11 
.. .. .. 

. 0 D A Dlk ( kAh = -(m l1 Ih (k )k = Dmm sin __ - e cos_!!_ 
2 m 2 

... .... .. .. 
R'= (kt, )I D [n/Alk= ( f l1 Dlk [n k ] k= Dee sin.!!_ + Dmecos ..2_ lk 2 2 (7:I6) .. ➔ 

➔ 

A' (k A >1 Dlk ( k Alk ( f )I Dlk ( k ) = D ff rosl,- Dme sin 0 
k 

2 2 

3.lleCb ;A • kAH kA HOpManb K nnoCKOCTH pacceSIHHll H e)lHHH'IHbie BeKTOpbl ~ ',Han_pasne-. 

HHlIX HMnynbCOB, na)la!OLUHX H pacceSIHHbIX qaCTHU B naoopaTOpHOll CHCTeM_e KOOp~HH~T, nng, 

nony'leHHll CBll3H Me:>K.llY BBe.lleHHbIMH napaMeTpaMH H D , D H T,n, MLI _Bocnonb30Ba-
➔ ➔ ➔ ➔ nn mm · , 

nHcb TeM, 'ITO nA= n , kA= k H kA = f B HepenSITHBHCTCKOM npHonH:>KeHHH, J.13 (7,16)_ / 

BbITeKaeT, 'qTO napaMeTpbl R A • R' H A' CBSI3aHbl M8:>K.lly coooll 960TH01UeHHeM' 

( A + R' ) = ( A' - R ) tg !!__ 
2 

(7.17) 

TOT cpaKT , 'ITO H3 'leTbipex napaMeTpOB Tpol!Horo paccelIHHll nHLUb TpH· OKa3bIBaIOTCll 
I I I 

He3aBHCHMb!MH OCTaeTCll cnpaae)lnHBbIM, KOHe'IHO, Jlnll npouecga ynpyroro pacceSIHHll qac-

THU cnHHa 1/2 Ha qacTHuax npoHaBOnbHoro cnHHa· s , Ocoobrll cnyqal! peaKUHH O+½ .. b+ ½ 

ot5cy:>K)laeTCll B § 8. 

nnll 
0

H3MepeHHll napaMeTpOB ( 7, 16) HnH, 'ITO TO :>Ke CaMoe, KOMilOHeHT D lk B OTCyT­

CTBHH nonSipH30BaHHOl! MHLUeHH HeO0XO.llHMbl Ofib!Tbl no TpOl!HOMY pacceSIHHIO, KaK H npH 

JlBOl!HOM pacceSIHHH nepaoe pacceSIHHe HrpaeT ponb nonSipHsaTopa -'nonyqaeTCll ny'IOK 

C H3BeCTHOl! nonllpHsauHell i\ • BTopoe -pacceSIHHe npOHCXO.llHT Ha. Hccne.llyeMoll ( BO.llo­

po.llHOll) MHllleHH, Tpe;be paccelIHHe Ha MHllleHH - aHanHaaiope cny:>KHT )lnll onp~neneHHll 
➔ 

nonSipH3aUHH p ;,.- reoMeTpHll pasnH'IHbIX Ofib!TOB' no TpOliHOMy pacceSIHHIO onpe)lenSieTCll 

TeM, 'ITO nonllpH3aUHll, B03HHKaIOLUall npH CTOnKHOBeHHlIX HenonSipH30BaHHb!X qacTHU, opTo-· 

roHanbH~ nn~fKOCTH. pacceSIHHll, H TeM, _'ITO aHanH3Hpy.IOLUee. pacC~lIHHe Il03BOnlleT onpe­

)lenHTb OfilITb-TaKH nHlllb HOpManbHYIO K ero nnoCKOCTH KOMilOHeHTY' nonllpH3aUHH, TaK 

.llnll onpe.lleneHHll D ace TpH pacceSIHHll cne.llyeT np0B8CTH B 0.llHOli nnocKOCTH. npH 

onpe.lleneHHH R_ fil!OCKOCTb Hccne.llyeMoro pacceSIHHll JlOn:>KHa 0b!Tb nepneH)lHKyngp~a 

nnOCKOCTH nonllpH3YIOLU8rO H 'aHanH3HpyroLUero paCC8lIHHl!, npH onpe.lleneHHH A nnoCKOCTb 

aHanHsHpyroiuero paccelIHHll nepneHJlHKynllpHa nnocKOCTH ocHOBHoro, a .llnll n~nyqeHHll 

npO.llOnbHo-nonllpH30BaHHOro nyqKa M8:>K.lly non~pH3yIOlUHM paccelIHH8M H HCCne)lyeMbIM 
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.( 

/. 

I 

.!lOn>KHO 6b!Tb noM9lll9HO M8rHHTH09 none H T.n. npnMeHeHne nonsipH30B8HHOli MHW9HH 
. . . . , ' ; x) . , -
.!lenaeT H3UHWHHM paccesiHne H8 MHWeHn-n~nsipH38TOpe . H. nosaonsieT. 38M9HHTb' OnbIT 

no TpOliH.OMY p,accesiHn';'··'.!lBOliHbIM, onhITOM. ,LlononHHTenbHbi9 npenMymec;sa sosHHKSIOT npn 

nccne.!lOB8HHH n•p -,pacceSIHHSI. TaK, HanpnMep, .!lU8 H3MepeHHSI D B n•p -paccesiHHSI 

.!l0CT8TO'IHO pacceSIT1'> HenonsipI130B8HHbi9 H8liT_POHbl ~a npOTOHHOli MHW9HH nomlpH30B8HHOli 

no HOpMann !( nnocKOCTH paccesiHHSI H 38T9M H3M9pHTb nes,o-npasyro acHMMeTpHIO npoTOHOB 

OT.!l8'1H. 

3, 06paTHMCSI Tenepb K TeHsopy nepe.1;1a'!n. nonsipnsauHn: 

l .• ·+ , 
IC lk = -4- Sp a21 M aik M . • 

ao ➔• 

(7.\8) 

3TOT T9H30p oripe,!lensieT _;1onS1pH38UHIO '18CTHU OT.!l8'1H 'p; npH paccesiHHH nonsipH30B8HHO~ 

ro ny'!Ka (nonsipHsaunsi 

P'·= 
21 

pl ) Ha nenonsipH30B8HHOli MHW9HH: 

po 
L + Klk p1k 

+<po. P, > 

(7.19) 

6narO.!l8pS1 CHMMeTpH'IIIOA 38BHCHMOCTH 
➔ ' 

~- ... ➔ 
M OT a, . H a2 9TOT )1{9 T9H30p onpe.!lensieT 

nom1pH38UHIO p; paccesiHHblX '!8CTHU npn paccesiHHH HenonsipH30BE\HHoro llY'IK8 Ha nonsi­

pH30B8HHOli (~onsipHaaunsi P~ . ) Mnwe1rn: 

p' 
II 

po + K~ 
i ---- ➔ 
-- + ( p O ·, p 2 ) 

(7.20) 

06me.e, Bblp8)1{9HHe . .!lnsi Klk MO)KHO HanHC8Tb, noBT.OpSISI npoue.!lypy, ,npHB9.!lWYIO K 06-

meMy Bbip8)1{9HHIO ( 7.15) . .!lUSI D lk • Cne.!lyeT nnw b H~~Tb B BH.!lY' '!TO Tpe60B8HHe HHBa­

pnaHTHOCTH npn. o6pameHHH_ apeMeliH H8KU8.!lblB89T 11a . K Ik orpaHH'leHHe BH.!la: 

/'. K (lt',•k);. K (-k, -R' )· 
lk k I 

TOUbKO .npn .CHMM9TpH'IIIO~ 38BHCHMOCTH. M OT 
➔ 

a 
I 

➔ 

H a
2 

0KOH'l8T9Ubll0 nonyqaeM: 

Kk = K n. n.• + K 00 C fk + K m. mk+ K O ( m. fk - f. m. ) 
1 , nn l k LL 1 mm 1 mt. l l k • 

(7.21) 

(7.22) 

KaK n a cnyqae D , onpe.!lenenne pasnH'IHbIX KOMnOH8HT 'T8H30pa K B OnbIT8X 
lk .· . 1 lk 

C HenonsipH30B8HHOli MHW9Hbl0 :rpe6yeT TpOliHoro P.8CC8SIHHSI, reoMe~pHSI 9THX OnbITOB 

'ana~orH;Ha .reoMe'l'pH~ onblTOB n~ onpe~eneHHIO Dlk' ·• "· Mbl He 6y .!l8M Ha Hell OCTaHaBnH· 

B8TbCSI. npHM9119HHe nonsipnso.B8HHOli MHW~HH ,!lenaeT; K8K H paHbWe, H3UHWHHM ·paccesi­

HHe ··sa MHweiiil-nonsipHSOTope·H· CBO.!lHT Tpollnoll onbIT K .!lBOliHoMy; 

x) To )1{9 C8MOe. OTHOCHTCSI H K MarHHTHDMY nonro 'nep~.!l • H.ccne,!lyeMbIM paccesi11neM, 
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), 

;, 

,npi>K;e 'ieM nepexo.oiiTb .K 06cy>KJ:ieHii10 .oanbHel!niHx npHMeHeHHll nom1pHaoaaHHoll 

MHWeHH, C,llenaeM !1eCKOnbKO 3SMe'iSIIHJI, KSCSIOlllHXC~, OnbITO~ no onpe.oeneHHIO Olk H K'lk • 

B onb1T~x no onpe.oene11H10 D lk c Henom1pHaoaaH~oll MHWeHblO Heo6xo.oHM~ npoaecTH, ., , 

'HaMepeHHe, noii;pH3~UHH/ p~CC~HHHblX 'iSCTHU nocne HCcne.oyeMoro (BTOp~~o) ·,pacceHHHH, 

EcnH 'iSCTHua. pac,ce~aae~n Ha 6on~~irn yrnhl (c:u,H,), TO a ~a6opaTop11oll cHcTeMe. ee 

3HeprHsi 6y.oeT HeBe~HKa H H3Mepe~He n'onnpH38UH'H o~~~BTCH aa~p;~ll~TenbHblM 'H3-aa 

~TcyTc~BHH xopo~.mx' aHaniia:Topoa nonnpHaau~H. npH H3MepeHHH. '>Ke D 1k a onb1Tax c non.n-
', ·.z' ! - -·- ,, - .·~·. ' \ , 1 :_ 

pH30BSHHOll-_MHWeHblO Tpe6yeTCH H3Mep~T~ nonnpH3SUHIO '!SCTHU O;.llS'iH, 'J;io npH 6onbWHX 
' ' ~· ' 

yrna~ paccenHHH ''iSCTHUbl 6y.oyT o6nai:taTb ~OnbWOll 3_HeprHell' H H3MepeHHe HX nonn;JHa'a-! 

UHH He .llOil>KHO. Bbl3blB8Tb OC06bIX 38Tpy ,llHE!HHJI, no3TOMY OnbITbl, 'no onpe~eneHHIO D lk C 
, \ I 

n_onnpHsoaaHHOII_ ,MHWE!Hbro, .oononHnroT .onn· HeTO>K.llElCTBeH_HbIX 'iSCTHU onpe.oeneHHe D lk B 

0Ilh,IT8Xr C honHpH30B8HHbIM, nyt{KOM. 3TH >Ke ~oo6pam,eH·~.H' OTHOCSITCSI K OilbITaM '·no onpe.ae~ 

'IlSIIHIO K lk • 

·PaccM?TPHM Te11epb·~eKOTOpb1e oco6~1111oc-rH H3MepeHHH KOMnoHeHT 7e11appoa 
1D11; H K

1
~ 

B p•p -pacceHHHH, B03HHKaromHe Ha-aa TO>K.oecTae1111ocTH 'i8~THU, B p-p -pacceHHHH' Mbl 
/ '\ ' l . I ' . ' • ' i"' 
H83blB8eM paCCE!HIIIIOl! 'i8CTHUell ,npoTOII, 11ona.oa,10m11ll B yrnoaoll HHTepaan O'< 0 < ;;2 • 
npoTOH, n,ona.oaromHll B HHTepaan 11/2 < 0 < 11 ll83bIBaeTCH 'iSCTHUell 'OT.ll8'iH, HanoMHHM," 

'iTO, HanpHMep, B OilbiTSX C 11onnpH30B8HHblM. Hy'iKOM 'HaXO>K,lleHHe KO~IlOHeHT. TeH30P\l ? lk 

Tpe6yeT 113Mepe11,Hn nonnpH38UHH pacceHHllblX 'iSC;~H, a 11axo~.oeii'He ,K0Mno11e11T K.'lk ·-liaMe­

peHHH nonnpHaauH.H 'i8CTHU oT.oa:m•, 0,Tcro.oa -cne.oyElT, 'iTO _1Iai,iepe11He K lk"" B cny,'iae. . 

TO>K.OeCTBellllblX 'i8CTHU npe.OCT8BnneT._Co6o,8 ,PSCWlipeHHe Hl!Tepaana H3MepeHHJI KOMnoHeHT_ 

D lk 11a o6nacTb yrnoa 0 .> 11/2, K0Mno11e11Tbl D lk canaa11b1 .'npH 3TOM c KoMno11e11TaMH 

Klk cne.oyIQlllHMH COOTIIOWeHHHMH ,,, 

,,. 
(7.23) 

' ' ' 

To, 'iTO KOMno11eHTS· DDD CBnaa11a rKaaa'!/IIMM COOTIIOWeHHElM' CK DD ·, a D ff C K H T,:.o~ 
,. ➔ ➔• mm 

nerKo noHHTb,~·ecnH .. ·npHHHTb ao BllliMSHHe, 'iTO npH aaMeHe k ' ➔:- k' ( 0-+_11-J!, ¢->¢+ 71 ), ii! 
nepexo.o~T B · f , f nepexo.oliT· a'..; , ~ n B. -t,, 

via npHHHTOl'O onpe.oeneHHH 'i8CTliU OT.ll8'iH BbITeKa~T; 'iTO npO,TOHbl' 'OT.ll8'iH .6y.oyT 
? \ 

acer.oa o6na.oaTb, Mellbwell, 3HeprHell B na6opaTopiioa CHCTeMe, 'ieM paccenHHbie npoTOHbl, 
. . \ ' . - - ' - ' \ 

EcnH npoToH OT.Oa'iH !1ona.oaeT•B liHT,:;paan aHeprHll OT 20 .oo.100 Maa, TO li3MeHeHHe Y. 1k· 
' ' ' 

(HnH, 'iTO TO >Ke caMoe, Dlk Ha .oononHHTenbHblX yrnax 11- 0 B O!Jbirax,; C nonnpH3~~ 

·airn11biM ·ny'IK;M 6y,lleT CHilbHO aaTpy.o~eiio OTCyTCTBHeM' ~mweHei!-iuianli38TOpOB, nohxo.on-:-, 

lllHX .onn li3MepeHHn' nonnpH38UHH npoTOHOB OT.ll8'ili C ,,TSKOJI, 3Hep~Hell (a o6nacTH ;Hep- '' 
J \ / , ••• \ , ' • 

rH8 HH>Ke 20 'Maa li31),!ep,El11H,e nopnpH38Ulili'_ c11oaa o6ner'iaeTcn, ecnH aocnonb30B8TbCH 
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\/, 

,i 

·,, 
·" ": / :/, .. ' 

i •, ,. 

B: KO'leci-ae a11'anH3aTopa r~nHeB~ll 'MH~~l;b!O);' vfo6~BHTbC!I OT '3TOl! 'Tpy.llHOCTH Il03BOn!leT 
, ' . . ':.: . '· ' ' ' . '- . ' ' : '. - . \ " / ( ' 

:· Hsnonb30B~HHe nom,pH30BOHH~JI ~HweHH~ ._TOK KOK B ·3TOM cnyqae .llmllonpe.llei:ieHH!I' Klk 
I•,•,,. ' • "'- "- . ' • I ·• 

. ·, Tpe6yeTC!I 'H3Mep!!Tb. non11pH30UHIO pacce11Hlll;,lX 'IOCTHU, . 06na.QOIOWHX 6onbwell '3Hepr~ell •• 

I_ ', . ' ..:... , 1 ·•. ~- ~- ' 
4; nepeJI.QeM 1 .:enepb. K pacCMO rpeHHIO ceqeHH!I _pacce11.HH!I IlOfllP~30BaHHblX '!ac:ruu ' 

Ha, nons1pH3oaaHHOI! MHweH'H, MaTpHua· nnoTHOCTH .HaqaJ!i,lioi:'o· cocT011~H11 HMeeT B aTOM 
,, ' . ' ,,::--

c,nyqae _BH.ll: . 

' \ 
(.' 

. , -+ '... ··.~.. , .... ➔ ' 

P =¼[I+( "1·P1)][ I+(c,2 P2) ], ·(7.24) 

/ 
I 

','-,_ ' , '. \. ., /: -~ •': 

' .. :_.ll1;1cpcpepeHu_HanbHOe·.ce•ieHHEi paBHO 

-.1 
) 

·\,:' 

'--- . 

,/ 

,r•! 

', + • ~ _➔ -+ I; , + " 
=, Sp M.p M =:~+~ fp_M(c,

1 
f'; )M + 

, , T, I;· 

a· p p 
I, 2 (7.25f · 

I , , -+ -+ " + \ •, . I ➔ ➔ ... , , ~ + 
+¼Sp'M(u2,P~)M ;t-¼'Sp,:M(c,;P1 )(u2 P2 )M, 

+ ·- -+ 
. Cne.Qbl "¼ Sp: M c, _ M . npe.llcTaBnSllOT co6oll 

. l~ 
'non11pH3aUHIO 

. ) 
(7.25) MO)KHO 

\· 

"o P° 1 ,B03HHKaI011tyJO. npn: 

CTOnKHOB~HH!IX H0IlOflSIP,H30Ba~HblX qac-:Hu, H nepenucaTb n, DIIJ:!e:· 

r.lle 

'CT - = • ~ ( l + p. po + p po 
'Pl P 

2 
o JI, I 2k k 

+·P P,P •) 
lk II 2k ,, 

I • '+ ,. 
O'o plk ,= ¼ Sp M ,"11 "2kM • •, 

' ' 
(7.28) 

(7.27) 

; 0roT ~e~3op ; ~k . H npe.QCTaBJ!!leT C 0_6ol! TY H~BY~ xapaKTepHC;IIK)' ;-: c:ae.QeH~-11 O. KOTO~Ol! 

'Mo)K'Ho.,,nony'lHTb npn: H3MepeHn:H ceqeHH!I pacce11HH11 nori11pn:30BaHHblX- qacTHU Ha non11pH30- · 
• ,· . ' , . • - t '',_ ' ,· \ ' , ,, : - ·1' • ,~- ', I • - ·~ ' ' .. · 

aaHHOl! MHWeHH,-·KaK M,bl. ceJlqac noKa)KeM, 3TOT 1eH30p IIO cymecTBY coana.QaeT C TeH30-

pOM KOppen,llUHH nom1p~3auHl1 Clk · 

\ 1 \ , + 
"'lc;k='¼,Sp (T (T MM I 

, '· 11. 2k 
-. 

\', 

(7.28) 

B03HHKaJOLUell' npn: -pacce!IHHH nenom,pH30BaHHblX qacTHU Ha nenon11p1I30BaHHOl! MHW0HH, 

' ' 

' I ~ I 

. . .:.. . . . ' . ~ I . . \ I 

u2 :, T~H30pbl, p lk H_ C lk CHMMeTpH'l- ' 
, , ·- ➔ 

Bn_aroilap11 CIIMMeTpH'lHOll, 3aaHCH~,OCTII M . ClT•·"1 H 

Hbl .. no HH.lleKcaM i H .: k ,/Y~IITbIBa~ 3TO H ·nonb3y!lcb . , . ' HHBapn:aHTHOCJ'blO OTHOCIITenb~O 

apaLUeHHll. n 0Tpa~_en118,, nonyq~eM 

... :\·➔ ; I , '• 

P {k'1-k) = P n _n + P m Ill + J:l~ f. 
lk nn - I., k. mm, l k ·u , I 

'( 

fk_+f;.f (mlfk+mkfl ) \, I (7.29) 

J .-
c·,k i k', k) = cnn nl _nk + cmmmi mk + C ff e. f;. t "emf ( ml f,k + nik f I).;, (7.30) 

\, 
vb Tpe6~B~HHft HHB'apHeHTHOCTH --npH o6paLUeHHH 'np~M0HH, (3.34) HaXO.llHM -

' . " ' 

-··· /' 

,,: 

._, 
I •· 
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/· ·' 

➔ .. 

\ = uo C lk ( ~k,,~k'•) 
' .. 

no,a.cTaamui'., ( 7.29) H (7.30) 

I 
B (7t31 ),· HM80M 

\ 
p ,.,; C ', 'p ~ 
,nn . nn mm 

'ITO H JlOKS3blBS8T Hawe. YTB0p>KJJ.0HHe; 
j ,· •~ • \ , / 

... ;-,.-.. 

;;.:,;; M (k',•k) 
2k- II 

\--•' 
' 

➔ '+ ... ... . 
( ~k, --k') M, ( -k,- k'-) =, 

p 
mf 

. I 

emf·: 
I 

(7.3tf, 

(7.32) 

HaMepeH~SI C8'10HHSI '.np~ ,p~3.JlH'lHb!X. opHeHTSUHSIX. nomipH3SUHH_ nyqKa, H_·MHW8HH noa~o~· >-i,, '. 

, nsieT onpe,a.enHTb' paanH'lHbte KOMnc>H~HThl · P1k 
) . . 

+ p 
·mm 

.. 
(_P

1 
~-)(P~;) + 

Jl~si' cny_qasi nonsipaaamil! MHweaH 

P =P ;) c1:s;) 'cad~HT~SI K / 
12 ::r ', ! ,,. , I £ ,, 

I ... .. 
pmf[( pl f,) ( p2 

' I 

.. .. .. 
m-) +'(P.m 

·.: I l 

' 0- 1 '( ➔ 
nnoCKOCTH: pacceSIHHSI ( p 

. . '/. 
' •, f ' • , ' 

·, 

u· ,;.~_ll+Fl'P +[P 0 + p··c I ].✓P ·1. 
nn , ~ , .,. 2 2 nn 1 ' 

• , I 

(7.34) 

Jlnsi nonyqe~H~ JJ.SHHbl,- ci ,a.pyrHX ,KOMnOH0HTax· T8H30paylk ~eo6~0JJ.HM,0 
{. \ ' ... ... ' 

peHHSI: C0'10HHl! ) up p npH ,a.pyrHX opHeHTSUliSIX. P, I H .P2 • 3a aanpa~nellHSI 

n_p':~CCTH ~ H3~~- \ '. 

p H ·p no-\ . 
. : I: I 2 - • . 

. ,._.. 1. 2 ,• / ... , -+ ➔ ➔ , ➔ -+ · 
cTaT<;>'l~o BbtopaTb 

1
aanp?anea~si '~~KTOpoa k A = k .H [k An N =[k n J .B n,aoopaT~pHol! CHCTaMe. 

Ecna' ~ i = P
I 
k H ' P 

2 
= P ; k 

1 

• • ' • , • • 

/· 

; 

u· .0 u 
k,k , . ,. 0 1 + , ½ P1 , P 2 [ C ff ( l + cos 0 ) +,Cm;_, ( 1 - cos 0:) 7" 2 C mf sin 0 -. J J. 

., 

npH 
... J '-+'·, ·;-.:. ·,, ...... ·- , '• -
P = P k ,· .p = P[kn] (7.33) nepexoJJ.HT B 
. l ,1 1 2 I 2 • ·• .' .. 

u [ .. ' l =uol l+ P P [( c:. -c· :> sin 0 + cmf·cos 0 J } . 
k, kn , ' 1 1 2 u ,- mm . 

, . , ' \ \ ' 

(7.36) 

'ITO COBna,a.aeT C_•Bbipa>KeHH8M' ,a.nsi C0'10HHSI,, Kor,a.a nonsipHaauHsi ny'lKa aanpaanaaa no aeK~ 
➔... . . . ' ➔ t ) 

TopyJk n ] ., µ.· MHW0Hb nonsipH30BSHa no 'k. • , 
V ' , ., ' .. , .. 

Jln~ cnyqag, nom1pH3SUHl! ny'lK~- H .MHW0HH no: B0KTOpy [,kn ] 

' ! \ ( 
CT(kn],[kn·] ·=.u~ll+½ P,P2_[Cu( 1-;-_cosO)+ cmni ( l+cosO) 

,. 

. i 
+ 2 Cm f sin' 0 J ,} .' 

'' I 

·, 
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\, 

TaKIIM 06pa30M, npOCTble COOTHOW~HHH ( 7,34) - (7 .37) noKa3bIBaIOT, KaK HCilOllb30BaHile Henons-
., ' ' . 

pHaonaH~:1~ MHweHel! noasonseT aa~eHHTb TPYJlHble HaMepeHHH c TpeMH MHWeHHMH 1 spe6yro-
- . . . . ' J' • \ 

mHecs ans oiipeaeneHHH TeHaopa e It , 6onee · npoCTbIMH H3MepeHHHMH CeqeHHl! pacceHHHH . . / ' ; ,\ 

nonHpH30BaHHblX qacTHU Ha nonHp.H30BaHHOl! MHW8HH, 
l • , -~ ,. '\ 

11a-aa TPYJlHOCTel! HaMepeHHH nonHpHaauHH qacTHU OTJla'IH c Manoi! aHeprHel!, 6on.b-
t 1 • 1. , , I , :.. 

was qacTb npose~e~HblX JlO, CHX n?p H3MepeHHl! napaM·eTpOB en. H emf OTHOCHTCH. K yrny 

pacceHHHH • 0 =· rr/2 ' ; TaK Ka~ ~'o.iio6HblX Tj:ly JlHOCTel! He '.so3HHKaeT npH H3MepeHHH ceqe-
'· • . I 

. HHI!, nonspH30BaHHble MHWeHH OKa3b1Ba10T.CH HaH6onee none3Hb!MH B pacwHpeHHH, HaWHX 3Ha-

'HHI! _ o ,-T7Haope e It 
/ 

'n~pBb!l! 9KcnepHMeHT C 
/ 1/ 

nonHpH30BaHHOl! npOTOl!HOl!, MHWeHblO_ H nonHpH3oBaHHblM ny_q-

KOM OTHOCHTCH _K p-p -:-pacceHH_HIO npH 9HeprHH 20. Mas, rae B33HM0Jlel!CTBHe· npoHcxo-
I ., -· ' • 

JlHT,_ B ocHoBHoM, B · _So, -cocT0HHHH, B _cuny· csol!cTB CHMMeTpHH aMnnHTYJlbl 'p~p -pacceH-

H".IH npH aaMe~e O ➔11--0. p0:(90';) a O H 

(JP p·=(J (l+J?'p e, l, 
-,_·o 12 nn 

I . ' 
ecnH nonHpH3aUHH ny'!Ka H MHWeHH nepneHJlHKynHpHhl nnOCKOCTH pacceSIHHH, EcnH 

- I , , , . ' . ~ 

qeaHSI pacceHHHH Ha' MHWeHH rionSipH30BaHHOl! ·ssepx• ( +) H "BHH3" (-} 1 TO 

CDD =,' __ l_ 
p p 

_! 

H H3MepeHue:ceqeHHl! npHBOJlHT npSIM~ i 

u+ - r,_ 

(J· + (J· 

+ -
onpe,qeneHHIO enn (900) • 

/ 

(J :!:. -ce-

OTMeTHM ewe, qTo aHa_HHe cyMMbl e DD e ff H e .,., noaaonHeT Heno_cpeacTBeH-
,, ' I •, - ,. •' • 

HO Bb!JlenHTb CHHrneTHbll!. H TpHnneTHhlll BKnaJlhl B JlHcpcpepeHuHanbHOe ceqeHHe 'pacceSIHHH 
. , -- . . . I•. ' . / . . 

HenonHpH30BaHHOl"O nyqKa_ Ha HenonHpH30B8HHOII MHWeHH, ,llel!CTBHTenbHO 
" ·, , I , I y 

\ " \ . ➔ - e + eff +e -- =<<~ u l> 
_ . ,.-...,..., nn mm_' 1'2~, .-
, l"Jl0 qepea <(ui ui)> o6oa,Ha'!eHo /Cp8JlH81a) 3HaqeHHe CKanSipHOl"O npOH3B8Jl8HHH CllHHOB, Ceqe-. 

' ' ' '- ' 
HHH :)1(8 CHHrneTHOl"O H TpHnneTH0{'.0 pacceSIHHH _ paBHbl COOTB8TCTB8HHO 

r..oe 

elk 

'•+',~ , ... ➔ 
u = Sp MM S =u(l-.<(u u )> 

• - o l 2 

O't . == 
" ·+ 

l/.3'Sp M M T 
"- ➔ -+' I 

u (l+ 1/3 <(uu)>) 
O. • 1 2 

r \ s ·H T -cHHrneTHbll! ,H TpHnneTHblll npoueHpy!OlllHe onepaTOpbl, 

(7.38) 

I - , ,, 
5, \ 11aMepeHHe ceqeHHH ' u 

O 
- , nonHpHaauHH P0 

H KOMilOHeHT TeHaopoa D1k , I< lk H 

aa~T '18TblpH8JlU8Tb•ypaaHeH
0

Hll_JlnH onpeaeneHHH a I. b _H T,n, (cM. Ta6nHuy U ). 
; _.,, ' 

·:EcnH Ha6nIOJl88Mbie aenH'IHHbl H3B8CTHhl c"" Jl0CT8TO'IHOII c·-reneHblO TO'IHOCTH, TO Ha OCHoaa-
' - / · - . /56/ - - . 

HHH 9THX' ypaBH8HHII MO»rno, cneayg pa6oTe • npOH3BeCTH BOCCT8HOanenHe ,M8TpHUbf- pac-
, / . ' ' . '. ' ' ' ' 

1 cesiHHH npH ,aaaaHHbIX 3H~'leHHSIX yrna_ pacceHHHll H aHeprHH, TaK KBK na6nroaaeMb1e aenH'IH-

~i,_1; KaaapatH'{Hhl 'no M~TpHue M ·, TO :>6mag cpaaa He M~~eT db!Tb aocc:TaHosneHa H3 H3Me­

peHHl! no.o aaa.aHHbl.M yrnoM H onpeaeneHHIO noane:)!{'aT Jl8BSITb ael!CTBHTenb~blli aenH'l~H 
' ' ' .. 
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' ' \ 

,, I 

'' \:\. 
(,n~llcTBHTen.bH&;e H. MHHM&ie qacTH napaMeTp_o~. a. , ,-b · H T,ll, ). · B xaqecTBe. o6ruell 'cj:,aa&1 

·~·~;6epeM q:iaay BMII/IHTy,ni,1 C II I B COOTB8TCTB~H C' ~T~M 6y~e~ :c~~T~~~ ,B .n'allbllei!u:ieM 'C 
. .-.-' : ; . :' . i , - "; ' ' ' . ' 11: -
',nellcTBHTenbHblM nono>KHTenbHblM 'IHCnOM, 

; (.1~ ypaBH8HHJI ( 1) u · (2) Ta6
1
n,HUbl IJ . cnellY,8T1 ' ~TO,, 

' ' ' 2 2 C \ ' ., 

2 ( I e I + I fl ) = u ( 1 - D ) • 
, . , o

1 
- , nn 

(7.39)· 

,1· 

'· 
· (7.40) 

·v:i~ :(7.39), l{ (7.40) HBXOllHM Mo,nynH e:. H 'f. 
1 

' '2 

'.4lel'=u _(1.:: D ,-Daa+D. )_'1' 
.. o~. nn, u. mm•· 

·,, /' 

(7.41) 
' 

(7.42) 

- r ' ,_ i. ' -, .. · 

Ecnu '.npe,nnono>KHTh,.'ITO c: H3B-~CTHO, H3 ( 7) H ( 8) MO>KHO HallTH MHHMbie '!aCTH e H f : 

N' ,\ 

',:: 

(7.44). 

I 
!' 

) 

' ' / T 

, 'r,ne Mb! aaenu ~603H8'18HHSIJ,' N'--, ¼ '_'o ( emf+ Kmf.> ''•; H 

BSTenb~O, 1:,cnu H3B:CTHO 'C ' ( 7.41 )-(7.44) ~npe,nen,siIOT 

HX peanbHblX ,'IBC:Tell. 

Cne.no-:­

.ao 3H8KOB "- l 

1 

I 

C ' pB_CCMOTpHM ypa, BH8HHSI ( 9) H ( 1 Q) Ta6nHUbl, 8&I'IHT8SI ( 9) . ' 
i' I ) 

'Reef* =Ree Ref +line Ini'f .,;·¼ uo(Knn-Cnnl. 
' ' 

I 

, 

' . I 

' . ·,'--.:... 

' -
' I 

"-

' ' I 

, ·· 

',i ,if 7.45), 

06~~H'ii'IHM ¼ O'o ( K'' ...:c 1
)-qepea' L. nepeHOCSI Ime Im f B npaByIO '!aCTb (7.45), ' ,' 

/ ', B03B0~SI .n~n,r'IH~in~~;SI- :, p~DB,eH;TBO B K~a~paT ~ BOC~On/b30B~BWHC~ }paBH~HHSIMII, ( 7.41),.. ' ' \' 

·. (7.44); nonyqaeM nocne,uecno>KH&IX npeo6paaoaaHHll .cne,nyromee B&1pa>KeHHe ,nnsi c·· '!epe::i, 

ua~nro~aeMbl~ B;eF~'IH-;b; L':,-.',w 'J N' H'Onpe.t1ene~Hbl8 pa~ee 1·e1
2111£1 2 

' '.,: 
I ·, 

2 W2lfl 2+ M'2 lel2 ',2LM'N' · · .· 
C --------------- ',(7.46) 

/· lel 2 l£l 2
-L2

• 
I . ·. • . , 

(7.~6), (7.43), (7;44) 
/ ' -

Ta.KHM, o6~aa6M1 (7,il ), Ji.42), 
I \' ,,'; 

-MeTpOB '\ ' ,i 
c:_,,Im.e.·;_rmf,· Ree, Ref 

_, I 
"; c·TO'lHO':_~blO.llO 3H8K8 ,OllHOJl·H3, peanbHblX qacTeil; 

' 
49 

H (7.45) onpe,nen~ro;r nsiTb napa­
\ 

,, J 

/. 

,I, 



'/• 

I' 

I, 

\ 

1' 

J 
/' 

., 

\ ·1 ..... 

I,' 

\' 

Tenepb cneayeT onpea_en~Tb a ·a b • Yao6uee' HSXO.llHTb KOM6HH8UHH 
' ' I . 

U=½ ( a+ b'} , " y"=½ ('a- 'b) ,· 

f1tnS.llbIB8!1' ( 1) H (2),• (3) H (4),• (9) H ( 10); HSXO.llHM: 

I i:J I 2 -i- I b 12 .. ½ u O ( 1 + ODD ) - 2. C: 2 

--'-
1:a·l:r'-lbl~'=½-u (D +D) 

1, 

I ' ' ' , O ft IDID 
•• I 

! 2 Re ab• = ½ u 
O 

( C . + K ) - 2 
, nn nn 

2· 
C • 

OTCIO.ll!I cneayeT, 'ITO ,, 

2Iu 12 '= ¼ a (1+·0. ~K +c J..:.2c: 2 
0 nn DI\ DD ' 

2lvl 2
.'.;¼ u ,l+ D -K -C )' 

· 0 .nn DD DD 

1 
Re u v* I 

8 
u0( D00 + D ) • 

U. IDID 

KpoMe Toro H3 (5) u (6) cneayeT 

I 

Re u. ~- ¼ i,.o po 
'I 

C 

u0 Dmf Im v = ¼ --
;c 

(7.47) 

(7.48), 

(7.49) 

(-7.50) 

1-

(7,50 1) 

\ . - . . .·. 1 . . / 
Ha (,7.47,), (7.48), (J.50)_ H (7:_fl0 l 'leTb1pe napaMeTpa Re u, Im u; Re .v , Im v onpe-

aen's.kiTc!I C TO'IHOCTblO' .llO 3H8KOBim" ti-, H Re V • Jln11 onpeaeneHH!I 3THX 3H8KOB Mom_ HO 
- - _, I ' 

H_cnonb3<_>~8Tb ypaaHeHHe ( 7.49). TT pa . .llOCT~TO'IHO BbIC_OKOll TC?'IHOCTH 3KCn_epHMeHTanbHbIX 
• ', - ~. .,, ' ' ' \ - • - i • ~ "\ : 

.llSHHb!X 3T<? ypaaHeHlfe_ 6yaeT '.ll8B_8Tb cl.llH03H8'1Hblll OTBeT o_ 3H8K8X 'Im u If' Re V 

TB.KlfM o6pa3;M, ypaaHeHlf!I ( 1 )-( 10) -T~6nHUbI fi03BOn!IIOT HSIITH ace_ nap:M~Tpbl SM­

nnaTy .llbl C 'TO,'IH~CTblO' a'o npoaa~ona· B ~bl~ope 3H8K8' Re : . ( ~ml Re f); '::ha HeO,llH03HSq-' 
. . ' . ' . ' , ' ' 

HOC Tb B 
0

Bbl60pe 3H8K8.' MO_meT 6b!Tb yCTpSHeHS npHBne'leHHeM, nro6oro lf3 HelfCflOnb30B8B-
~ I . . I '... . , . f ' • \ • 

WlfXC!I .llO ClfX nop ypaeHeHlfll ( 11) - ( 14). 3Tlf ypae'aeHlf!I MoryT T8K)l{e· OK838TbC!I nonea-
' • ~ < ,.._ I • ' • • -

Hb!MH an11 BOCCT8HOBneHH!I' MaTpHUbl paccesum11, ecnH 3KCnepHMeHTSnbHb!e .llSHHbie 6yayT 

He.llOCTSTO'IHO TO'IHb!Mli°~ " I '\. 

I 
I. 

Ta6naua 

u = I a I 2 + I b 12+ 21 c 12 + I e I 2 + I f I~ 0 _, , I 

' 2 ' 
·u D ;,.lal+lbI2+2I cl2-·,Ie 12-1£12 

O nn, . . 
1 

50, 

-) 

I 

( 1) 

-(2) 

I· 

: 

' 

......... ,.,., 



I 

'1 '' 

' . . 2·. -· . 

(~' r'~ 1
2
+1 ti 2

. 

\/ 
·O. D . ~Ia I.:. lb 0 fl I 

,i , r 
O· D =la I -I b, I ~;1-I ·e I~ It I 2 

0 mm 
(4) 
'\ 

(5) 

(6)' 

(7),: 
'i 

* o. Kmf' ..' 2 I~' C _( e + f) 
0 I 

(8) 1: 
\ 

,,'-, 
\. 

'2,, ' , ½ 0 C =·'Re 'ab* +!cl :::- Re ef* j I 0 nn 

I . 

(or 

K = Re ab* + I c 
2 

½o I-+'Re ef* 
0 

1 
nn 1 (Iq) 

;\ 
I 

- ½ oo cfi = Re af* !_'Re be* 
I 

( I I)' 

½ -~o K ft'; Re .llf* + R~ 
, ' be* (J2) \ 

½ 00 c,,;m·= Re ae*.:. Re· b, f* ,I' / 

( 13) --, 

½ o. K ..; .. , .; Re ae*,' + Re bf* ( i4) _' 

I 
Hcxoitsi Ha 06\>I'lHhIX 'Tpe6osaHHl! HnnapHaHTHOCTH o6i.ue_e ·ab1paxrnaHe. ansi 

, nonaoro ceqeHHst · n~"Goro. Kanana , pea KUH~' a"· cny11ae ··cTPnKHoaeanH no1lHpH3oa8~Hor~f 
, , : . - ' , '· · / 58 59/ , •, ' ~ · ' ·. · ' ·, """ . , · . 

uy'lKa 

C ·IIOil5!PH30B8HH,oll MHW~Hb!O. \, · • , 
. . ) 

Bwpa:»<eH!fe itilSI IIOilHO;O_' ceqeHHSI' o, · itOil:»<HO . .npeitCTUBJ:1SITb co6ol! CK8IlSl,P, IIOCTpoen-
.. , '- . . . . : I • - , , . · , 

·llhil! na aenH'lHn, .xapaKTepnay10mnx cocTomine cncTeMbI uepea CTOilKnosenneM:-no11sipnaauHll'\ 
,/ , .... -+ r: •, 

nyqKa. H MIIWCIIH 'p1 . 1_1 · P~ K' oTnocnTenbH<;>ro 

3TOM cnonyoT nIIW b y'lCCTb, ,'ITO; 0 38BHCHT 

p6p~~OM,' 

' ' I ... 

. o=o~to1( pi 

\ ,•• \ .. r •• ',, ••• ' 

KMnynbca' P,, a_ naqanbH<;>M cocTOSIHK~,. TTp~. / 

nnnel!ao OT. KB:»<.aoll K3' uon~.pnaaunll; TaKKM., 

/• 
i, 

(7,5·1 l :,1 ' 

' I 
3aecb, KaK,H pa11ee , k .-- eitHHH'lHhiiLaeKT~p a·11a11pas11enu11 'p .'- u - . nonao·e -ceqeHKe 

0 

PE:aKIIHH ,c HeII~I!HpK30Ba)l~bl?,,{H .. 'l~CTH~a~u. a ,KO~~cj:,iiuneHTbl 01 II 02 ·_-11eKo_TO_phI0, cj:,y~KUHH 

aneprnil CT8/1KKB810l.UHXCSI qaCTHU,· Hx CMbIC/1 ner,Ko IIOHSITb c'•'uoMOI.UblO ·c.neay10w11x:.11poc-',, - I . .\. 
,Tb!X ,p~ccy:»<ne1rnll. 

1·. 



,., 

··"1 

,',k 

I· 

·, 

' . ; 

/ 

·➔ 

Bb16epeM. a Kii'leCTBe ocH KBSHToaaHHst HanpaeneHee k 

-✓ 

BepostTHOCTB o6Hapy)KeHHst' 

, \ B Ha'lanbHOM cocTOSIHHH crrnrneTa .H TpHnne,Ti:t c npoeKuHell m , o6oaH~'IHM. qepea w" H, w :,1 
CKamrpHbtc npoHaeeneHHst (i\ P) H (P~)(Pk), exonstLUHe B (7,51), ,KOTop1,1e.paBHbl·cooTBeT·· 

1 2 I 2 . . . . / , 

cTBeHHO cpennHM .aHa'leHHstM onepaTopoa (; ~?) H ( ;;,k)(;; k➔) B Ha>ianbHOM cocTostHHH, 
' r 1 2 ' 1 2 I 

MO)KHO 38ITHC8Tb B _BHJ:l0 
,➔• ➔ ➔ ' ➔2 

(PP) .=<C& a
0
)> =<2s -,3;>, ,, 

I 2 . I P , . 

( P k )( P k, ) .;( ( ; k ) ( i k), > = < 2 ( ; k➔ ) '
2 

- 1 > , 
L • 2 I 2 .- ' 

/• 

➔ \' ~ ➔ ➔ , 

,' rne 's = ½(al'+a2J- onepaTop CIIHHa CHCT0Mbl. 

I -.1 

HaxonHM 

(P Pt)=Iwt-3w" 
\ 1 2: · m 

' m 
.,.. ➔ ➔ ➔ \ , m+J 

(Pk)(Pk)= I(·l) 
I 2 , 

Wm 

, / • (7.52) .. 
w 

via _(7,5~) H ycnOBHSI HOpMHJ)OBKH 

nnst aepostTHOCTell: 

t' 
·wa+~wm 

m 
nonyq:rnM cnenyromHe Bbipa)KeHHst 

. 
w l-(F\P2l; 

4 

wt + wt 
,+ 

t . 
w 
,0 

1 +(r1 P2 l --2 (ri HP i > 
4 

➔➔ .. ..;. 

l+(P
1
k)(P

2
k) 

. 2 

.. , 

' I 

I 
(7.53) 

EcnH 'qepea a • ,11 

BhtX coCTostHHR, 
1 

T9 

t 
a o603H8'IHTb nomtbl0 ceqeHHSI peaKUHH H3 COOTB0TCTBYIOlllHX CIIHHO-

m 

1u = W
8

ae-+ ~• W~ at 
. m 

m (7.54) 
, . . . t t x) 

Y'IHTblBSSI, 'ITO 6naronapst HHBSpHaHTHOCTH OTHOCHTenbHO epameHHSI H OTp8)K0HHll a+_=a - • 

ua '(7',54) H. (7,53) nocne npoCTbIX npeo6paaoeamill nonyqaeM 
' ,; ' 

➔ ➔ , ➔ ➔ ➔ ➔ 

a·= a+¼ ( at - a•) ( P. P ) + ½ ( at_. q}) ( P k )( P k ) 
'0·• o\, 12 + 1,_,·2,' 

,· (7.55) 
I I , • 

O_TKyna H Bbl:0K80T CBst3b C0'l0HHll peSKUHll ·ua TpHnneTHb!X H CHHrnenwro COCTOSIHH' C a 1 

Ha • 
2 

"o , er H a· ~• npo-Mb! MO)K0M n'ony'IHTb nonH~lO' HH<pOpM8UHIO O nonHb!X C0'l0HHSIX 
1 2 - , 

, BOJ:lSI 3KCnepHM0HTbl c· 11enonstpH30B8HHblMH ny'IKOM'H MHlll0HblO, a T8K)K0 B, ycnoBHstx}Kor-
➔ ➔ ·. '· ' I·," \ . 

1 1 
t ' 

na: a) P
1 

H P
2 

napannenbHbI .. Me)Kny co6oll H, nepneHitHKynstpHbl 11anpaene11H10 ,nyqKa H 

, x)' ' . , , . . , ' 
,, nocnen11ee BHJ:lHO, 11anpHMep, H3 ( 7 .51 ·) • .[lel!CTBHTenbHO, ,3H8'l€HHSI nonHblX "ceqe-

·.HHii a; , 1;1 a_t MoryT 6hiTi, no,nyqe11bI ~a o6mero Bhrpa)KeHHst (7,!H),tecnH cqHTSTb, •'ITO 
I_IY'IOK➔ H tMHllleHb non11ocTblO nonstpHaoea11b1 nH~O B H1!,npaene11~1!. K ~(a.+ ) , nH6 o B 11anpaene­
HHH -k(a..:. ) , 3To, a11a'IHT, , 'ITO a o6oHx _cnyqa11x Cf P

2 
)= 1 H (~k) ( P k )=1. 0Tcrona H cne-

nyeT BblCK838HH00 YTB0p)KJ:l0Hf!e, · 
2 

I.·. 
52 
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:1, ;· 

•'l 

·' \ 

'~ .\', 
\0 .. 

' ' , ) \ '\ ',': ',,, 
... J I 1,1' ' , • ,\ 

'~ p2 napannenbHhl: M8)KJlr cpo,oA A ~a~paaneHbl _a:ion~ H~npaaneHHll Il)'.'IK8. ~~M~pll~ 

nonuoe C:8'l8HH8,'. qC B STHX ycnoB~llX 'MO)KIIO HallT~. qi'". ,q2 H, 'aocnonb30B8BWHCb 

'BHJlHb!M COOTH,ow,eHHeM . / 

' /.' 
'onpe.!lenHTb TpH ·ueaaaHCHMhlX C8'!0HHll, peaKUHH 'H3 CHHrneTHoro H TpHnne'-r11oro COCTOSIHHI!,' 

- <, .1,' 

·~ rionyqe'11~bie c60T11owe11n1/ 0Tnoc'11i-c11 K ,niotio~y :Kaiia~y peaK~HH. c i:iayMsi qac:i-nuaMH 

co ~Il,Hll~M 1/2 B H~qanbllOM ~:CTOll~·HH, Cne.llo~aienb~O/ OHH ·c~p~B·~;nHBbl H' Jlnll non11oro'' 
I ' •~ . I : ' , ' , r .} ,, • : , -, 

ceqeHHll q,: acex npoue::coa, Hcnonb3yll yHHTap11ocTb·_, S, -MaTpHuhl, 11eTpyJ:1HO ca11aaTb 
' tot ,\ ' ,.:_~ : • , ·, , , ., , , , : : ' ( ' I ': , .,·. ' 

KOscpcpHUH8H1;bl q· H p ·a Bblp8)K8HHH' Jlnll. nom1oro C8'l811Hll C /KOscpcpHUH8HT8MH 
, I tot 2tot /58 59 60/' : .. ··\ • '. ' , ,'- ., ' , , , , ' . ," -· 

MBTPIIUbl ynpyroro pacce11HHll anepe.!l .. ' ' ., • B cnyqae pacce11u1111 anepe.!l. a ·(7,3) 
1 .' . ' •• . • '. - .• - ,• ;• , ~ '~ \ • \ , ' ' I 

c(O) c'd(O) =0, ,b(O)=e(O)' H MaTpHua (7~3) npHHHM88T ~na: · 

I .,,-••< • t ;, ... ... l ', - ,·' ~ ... - • ... • • ... 

_ 

1 

M(k~k) =a(O)+e(O)~~q2)+[f(O)-e(O)J<qtUq
2

k). I. 

H ap11J:1y. · c ,9obI'IHOI! o~Tll'feCKol! Teope1:40A 
', l ~ 

Im a (0) ;,.),, q 0 to~ 

-MaTpHUhl .!lB9T cneJ:1y!01UHe,.coo'ruoweuu11 
~ /' ! 

./ 

· Im e(O) 
k •. =-·-- qi 

,4 17 I tot 

Im[f(O)-e(O) (~~q , 
' I, . I 4"' 2tot 

(7.58) 

. \ 

TaKHM-'o/>PB:30M, H3Mepeu11e nonuoro ,c,e<teHHll acex npouecco~. npH pa:3m1
1
<tHbIX opueuTaun·11x 

, non11p11aa·uHii nyqKa · n· iinw.eim noaaon11eT ,onpeJ:1enHTb MHHMbl8 qacTH acex Tpex .aMnnHTY.!l 

y~pyr~~o ·. iacc~1111H11 anep~.!l: 3TH H~M~p~HHll -~oa~omi!OT Ta~~e y~y,iwHTb Haaec~uy~ oueH"." 
'·, ,' ',.'/ \ l /: i '•. • ' ,•, ,.. . ,' •' ; " ,•. ' . __ ,: .• 

Ky'. HH>l{~e.11 rpaHHUbl JlHcpcpep,eHUHBnbHOr~ C'8'l8HHll ,ynpyroro,' paccel!HHll anepe,.!l.' 11cnonb3yll ·I 
• (7.56),. (7~57) ~. (7,58); nonyqaeM' cneJ:1yromee iiepaaeucTao 

i ,\ • -:-:;,· ) . ~ I ', ... , , 

{(1~: ([q 2: + 2q 2 ;·-,+(a +q 
' 4 77 Otot '!tot !tot 2tot 

/' 
' 2. 

) l, 
, V · d au,' 

r.!le~ 
d "' 

ceqeune ynpyroro.paccellHHll 
•·'\ ! 

uenonllpH30B,8HHblX 'l8CTHU, 

',7. P11J:1 peaynbTBT~B, nony'l8HHblX Bb!W8 . .i:via'. uyxnou-uyKnOHHOro·_, paccel!HHll_, .OCT88TCll 

'cnp~BEl.!lnHBbi'M , 11 Jlnll 'npOU9CC0B ynpyroro pacC8llHHll cp~pMH~HO~ ° CO Cll;HO~ 1/,2 .r:tpyr 118 i :' 
. , , '. . I , '· .' , " . , • .. 

,:lpyre ( pi'ICC8l!HU9 sn8KTp0~0B. llpOT~H~MII HnH, f.HI18p0HOB' Hr!CnOHBM~ .. (H . T,:~•), a TBK)K8 .Onll 

OOJ198·00lll8rO Knacca, peaKUHl!'BHJ:18 l/2+U2, .. 1/2+1/2 KBK·.c, 11 =I; ,_TBK H 0npn'• 
I
1 

•= .::- I . ;. . . · .. , .. • ·. · .. , · , . ~ • . L , , - .-. 

' · 6TM8THM,. KiiK• BH.!lOH3M8HlllOTCll peaynhTBTbli cnpaae.!lmiable · Jlnll '.N •N pacce11un11, 
I • • ' ' • , ; •, - : !'° , \. ,, • \~ ~ , ' , ➔ , 

, npH 'CYlll8CTB0B8HHH CHHrne~TpH11n8THblX nepexOJlOD'. r1pem.,ne, acero,' IlOnllpH38UHH fl' ·u · po. 
'\ 'I, /" ',. ";'.__,_' '. . . I ,,. ,·. -.~ ,_-,:. -,,,,. '. . ,', ,,_l 2-

paanH'lHbI:· B,Mec:n O.!lHoro T8H30P1! D1k , an11. onncaHHll H3M8H8HHll non11pnaaun11 a coy.Ila-' 

, peu11H ueoi5,;o!l~MC aao.!lhTb ;: JlBB Teaaopa • / , X 
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. ,· 

II 
~ 

./, 

Cl) . 
D · = ¼u Sp 

lk o 

+ 
u Mu M' 

rf2) = ....L 
, ·fk 4u~ 

11 lk,__ 1 

+ 
Sp u M u ,M 

21 2k 

' 
,, 

(7.60) 

\_ 

(7.61) 

( I) ' ➔, . 
Teiiaop: D onpeaem1eT nom1pRaauKJO paccesrnaoro ny'!Ka p ·, Koraa nom1pRaoeaHHblll 

lk ; ➔ , , _ ' t ·· · ' 

ny'IOK (nom1pK38~llSI i:;' ) pacce11B80TCSI 118 ~eno11iipll30B8HH~ll- M,HI:.i~eHK, Teaaop o::) onpe-
. , .. , .,., , 'r , 

:z:temieT UOIIS!pll38U,KJO . '!8CT_!fll OTJ:lll'IK p 2· noc11e pacceSIHllSI H8UOIIS!pll30B8HHblX '18CTIIU aa 

MKwea11 c noirnp11aau11el1' P , 
· 2 I 

. ··Aaa11or11'1HO BBOilSITCSI. T8H30pbl nepea;a'III nom1p113a~11H, 

II' 

. . ( J) 
Teaaop K1k 

I 

K(I) = ~Sp u M 
lk 4 U , 2 k 

+ 
u 11,M 

KC~> 
lk' 

' 0 

+ 
__ SpuMuM 
4 u

0 
ti, 2k 

. , 

onpeae11ueT UOIIS!p1138UIIIO '18CTIIU 0Ti18'111 
.. 

K(I) 
lk H. 

'(2) 
Klk 

(7,62) 

(7.63) 

p• noc11e pacceSIHIISI no11S1p11aoeaa-
2 1 , , I 

Horo nyqKa (c no11S1p1138UKell ~ ) aa aenohSip1130B8HHOl! MIIW8HII, T~'uaop K( 2
) onpea;e1JS18T 

. · lk : ➔, . .., . ' 
no11S1p11aauuro P

1 
• pacceSIHHblX '!SC THU noc11e coy aapeaiiSI 

\ ' ,,' ' ➔ 
aenonS1p11~oeaaaoro ny'!Ka c no11S1p11· 

30B8HHOll· MHW8Hhio (no11S1p11aau11i:i p ). 
' I 2 ·, ' \ 

8 np11cyTCTBIIII c1rnr11eT-Tp11n11eTHhlX • ne'pexoaoe am1 'npoueccoB ynpyroro pacceSIHIISI 

Tp~6oeaim_t .T -u.aeap11~HTHOCT11 npueoa:SIT K pae~acTBaM' .e~aa: 

-o<0 ·,k·,.ti = o' 0 (-k.-k'•> 
· lk. \ kl . 

,. 
(2) -+ ➔ ' .. ➔ 

D ( k',-k) ="0<2> ( -k, -k'•) 
lk kl I' 

(7,13') 

ll . I 
(1.) .. .. (2) ➔ .. , ,-

Klk (k',.k) = Kkl (-k, -k ·),, 
(7.21') 

Ke>Topble aaMeiiHroT (7.13) u (1:21). · 

8 o6weM c11yqae peaKullli e11aa ½ + ½ ➔• ½~+ ½ ' c I =+I K psmy IIHTepeCHblX COOT-
.. .. . . . , . .. ·: , • . I . I·, . , , · / ' . . 

HOWOHllll .· ~pllBOilSIT Tpe6oeaH11S1 IIHB8p118HTHOC.TII npll npocTpaHC!BE!llllblX ·oTp8)K8HIISIX. 0'!:Me-

TIIM .CH8'18118, '!TO onepaTop 0Tpil.)K8HIISI B l;IIOCKOCTll peaKUllll (2;9) ·am1 3TOI'O CIIY'l8SI l!Mee1 

B~a;: 

R. = !C:i; l·<;2 n .. >. 
,/ 

(7.64) 

TaKHM o6paa·oM 

- •·1 ➔ -+ ➔ ➔ ➔ ..;_ ➔ .. ~ I ·, 
RMR =(u;n )(u

2
n) ~l (u

1
n)( u~n)=+ M (7.65J° 

,: 

·54 

'. J.,. 



\ '{ 

_:.... ,· .... , . ' 
-\ -, 'I -<· '- -~ -

c ·-11 =+Ir, 3aMeT~M, ~To cnpaaeanHaoCTb (7.65)1 ,oqeaHaHa, ,ecnH aocnonb3o- -
, .I ,'._ 'I· f , },. , ', ·,,. ' , •. ,I ·. , . '' ,· ,, _,, , I , ·, •' ' 

aa!bCff . SIBHblM 'Bb1pa:>KE!HHE!M" a~si: M -~aTp_HU_bl ( 7.3). COOTH OW8HHe-, ( 7,65) 3aM8HSl8TCSI _ Ha _ 

:ansi,pe~KUHll 

- \' 

' RM· ·l =(;; ;) t; ;,) M, ';c';~) (;_;)=,-Mr 
~ l .' 2 ,,, J 1 2 ·- \ 

1
.' 

· ansi,9nyqasi peaKUHH 9 _I 1 - I ~--- ·• 
- ' ' 

·1 
i 

C no~OlUb~ (7,64) ~~:>KHO eme 
·I, ,, , 

()B.a1_ noKa3aTb: llTO n'onstp_~~~ll_HSI , .. ,- '-, 

P,0' uanpaa~eua no, 

HOpMan·H K nnocKOCTH paccesiHHH1 a y 
I ' _. . •' , ' " 

Tenaopoa'rh - , K1k _-i 1 P1k 
---, 

C lk. OTCYTCTBYIOT KOM-
' '\ . ', ' .. ',' \ ~-.., 

uoiieHTb£ BHaa-~ D,;_f I cmn: 
" ,, , 

/. ' 

::: \: 
,; ,. • -1 

C llOMOLUblO ( 7.64) H8Tpya110 noKa3aTb, '!TO B -caMOM o6meM cnyqae napaME!Tpbl rieno-' 
I •· -, ' • I ,';· j ' • · •· ·, 1 

0< 2> paallbl ~;~ay co6olt (~ TO'IHOCTblO ~o ~uairn' B cnyqae' 
, lk '. , , , , - -,. , _ -__ -, , , -_ -/ · 

. peaKUHH paccMaTf>HB88MOro Blfaa C ~ =-II ; ). -~eltCTBHT8llbllOj pacCMaTpHBaSI Cpaay cny'!alt 

o60HX 3Ha'l811Hlt ~ =:t:J 1 " HM88M 
,. ' ,,. 

, u DC I) - = ¼ Sp ( u n 
\ 0 l)D, \ ,1, 

➔. ➔ + ,_. ➔ ➔ ➔ ... ➔ ... 

) M (uj n) M =t¼ __ Sp. (u
1
n) (u n) ('u2n )-M 1,x 

'(7.67) ,, 

AiianorH'!Hbllt peaynbTaT HM88T M8CTO am1 

r (7.68) 
,_, 

.1. 

8 ,cny'!ae 11eynpyrolt, pe_aKUHH, T8H30pbl ' c,k-, H 
~ '. ' ,.,, - '. • I ,• 

1111cj:,opM-aue:10, HM8IOT coanaaaromHe napaMeTpb1 

, ~_lk , aoo6me roa~psi aaiciiu~e. paoiiu'I- . . \ 
IIYIO 

,l '.. I\ 

C 'H p ;' ne1tCTBIIT8llbHO, 
,,nn nn• - • .r. · 

'0-0 P =¼ SpM 'cu i 
,, ! I DD 

, , ... .. + ' ' ➔- ➔ , .:. 1:,; -
)( u· n ) M .=± ¼ Sp' ( u n )( u n 

·• 2 . , , ~ I ' , 2 , 

-- t+ 
M M ':"~ u;, C 00 

., I,. 

(7.69) 
I 

-,_3K6~epmi:ieHTallbHaSI_ llpOB
0

8pKa_ COOTHOW8HHlt- BHaa (1.~1),.. (7.69) B, ueynpyrux peaKUHSIX 

, aaeT aoa'Mo>KHOCTb ansi aKcnepii~eHTanbHOro Hci:n~aoaaHHSI aonpoca o · CTeneHH coxpa11eHHS1 :' 
, , , t · ~ , \ 1 \ • ' 

, IJ:9TH0CTH. /'. 

-, 
( -1 B. MaKCHMani'.11y10 

0
Hncj:,opMau~10 MO:>KHo nony_'IHTb, npoaoasi onbITb1 npu o.i:lHoapeMe11110M 

... ' ' ' ,. ' ' .. ·. \. ,/ \, 

ucnoni'.3oaaHHH nonsipH30B'.1HHOlt MHWeHH H nonsipH3oaallnoro ny'!Ka 'ISCTHti. ,B1,1we- Mbl anae-
1 ' , • , , '_ • , ''. \ , r ~ -;_ ~. ·; , , , , . ', 

nu, KaKHe caeaeHHSI MO:>KHO nony'IHTb npH_ H~Y'18IIHH ,amj:,q,,epe11uHSllbHOro _H nonHoro C8'18HHSI 

aaa11MO.D.~l!CTBHSI non'sipll30Ba~u~ro llY'IK_a nyino~OB 1 C nomrpH3c>BaHHOlt MHW9Hbl0,- Mo~HO no.::' 

·; bi-aau;b 'ao:poc,', KaKyro -aon~;HHT~~bllyro HHcj:,OpMauuro nae~ uay'lenue n;iI~pHa'auHH '11yKn611pa ' 
\ ' I• '

1
-X • ' / ) /• , ' _ _.. .'' ' , , ' . , . \ 

H KOppensiUHli uullSlpH3aUHll ll0C1!8 'pacC8SIHHSl:nonsip~30BallHOrO, ny'!Ka· 11_;1 llOllS1pH30~aHHOl! MH-

., ·W9HK. 

'I.:' 06~e~ B~1pa:>KeHH8. ansi npo8KUHH .. B8KTOpOB nonsip~3SUHH pacceHHHOlt 'qacTHUbl 
\ 

,Q --~O:>KIIO, np_~:t,CTBBHTb B, a11ae: _11anpaane11He_ npOH3BOllbHOrO _BBKTOpa·_ 
· .. '(_'-
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. ,, 

.·1 

,I I\' 

_r 

1~ 

'➔, ➔ 0 :+... 1- '' ' , ' 

rr ( P ·Q) =u[P (Qn)+K +D •. +-M ]., 
~ Pl·-, p 2 -l -~ , o ' : -,, Q,P 2 Q~P f Q pt ! 2 ._ (7.70) 

r.ne• K = K a b D = D a b , a 
ab lk I k ab _ lk "I 1 1k 

D, H 
· lk 

K paHee BB9,A911Hble . T9H30pbl. .nenonHpHaa-
lk . . \ 

-UHH H nepe,naqH nonHpHsauHH, \ ·,,.,: 
\ ' . : 

I • 

Bo BHoB b BBO.AHMOM TeHsope M lk q . 

' 1 . ' + 
Mlkq =.~ a M a·a M (7.71) 

-B ,::Hny·coxpaHeHHH qeTHOCTH OTnHqHbl OT Hyng nii~-b TpHna.nuaT~ 
_... ~ '\ 

; . · _ O'Q \. U . lk 2q, 

sneMeHTOB, O6mee -sb!pa-

,, • • 1 ' / 

)K9!1He, .n:ig 3TOro ncee,noBeKTOpa Tp9Tber? paHra HM99T BH.n: 

. I ' 

H ' 
. e 

MH 
' 

M •. ' ( k ',· k) = M nl nk n + M ,.; nl ek f + M f; f f •• nk f '+ k q nnn q uu. q n , q 

, + M;,0 f f . n + M n m n + M m n. m + M 
LLD l k q nmm - I _ k q m nm I k • q mmn 

m m· n ;,' + 
I k q 

+ Mnfm 'nl e m + M f f n' ·m + Me' f · m n•q + M.(men •. mk f (7.72) 
k Q, nm I k , 'Q. mn I k q 

·+ Mmnf. ml nk e<i "': M,;,en ml. f k 
I 

n q. 

I 
I, 

',t , i " ➔ ➔ ', 
, I 

BC9 KOMilOH9HTbl T9ll30pBi Mlk ( k ', k) 
-- j " • q 

OilbtTaMH) HH¢opM8UHIO; TaK napaM~fp 

'co,nepmaT H,OBYIO (no cpaBH9HHIO C 6onee IlpOCTbl"" 

Mnnn 
cosna,naeT c P0. • .[loKaaaTenbCTBO onH-

2 

npH OTpa)KeHHHX II ,nonycKaeT 06061.U8Hll8 Ha 061Ullfi 
' ·, / 

paeTCH Ha HHBap11aHTIIOCTb 
I -

cnyqafi peaK-

Ullll Bll.ll~ ½ + ½ \ ➔ ½ +' ½ .[lellCTBIITenbHO; B npaeoll qaCTII paseHCTBa . ., 
,, ➔ ➔',. ➔ ➔ ➔ ➔ +' 

a
0 

M , = ¼ Sp (a n ) M ( a n )·( a n ) M . I , . 

no.n· sHaKoM cne.na, 

·caTb 

nnn 1 , 1 . 2 ➔ 2 
BOCilOnb30BaBWIICb (7,65) II (7.66) II T~M, ,qTO (;; n ) =l,M0)KII0 Han11-

2 

➔ ·. ➔ ➔ ➔ ➔ + 
a

0 
M = ¼ Sp (; ; ) ( ·;; it ) ( i 

.nnn , 2 ,: 2 , 1 
n)M(a

1
n)(a

2
~)Mr 

. ,. 
\- - ➔ ➔ / + 

· =.±- ¼. Sp ( a
2 

n) MM =± 0
0

. 

• 0 \ 

p2, 

/ • qTO ,noKa 3bIBaeT c.nenaHHOe yTB9p)K,A9H119, 

. , ·' . I 
AHanoz:HqH~IM oopaaoM MO)KIIO ~pHll:11 K TOMY, qTO Tpe6osaHll8 IIHBap11aHTHOCTII 'ceo-

' , . I~ / 's '.._ • 

,AHT_. peaynbTaTbl H9KOT0pb!X 6onee cn0)KHblX 0ilblTOB K 6onee npe>CTblM, HeKOTOpbie np11Me-:-

pbl 6y,nyT npHB9,A9Hbl HH)K9, 
\ ; ·,. 

,· 

·; .[lng nongp11aau1111 qac'mu oT ,naq11 attanor11qtto { 7. 70) H!'leeM . \· 

·"i~(;~·Q)=a0•[P
0 (Q~).;K +D +N ·1 

. I 2 ·' I ' _Qi; QP2, QPIP2 
(7.73) 

11 Hosag ·11Hcp~pM'au11g co.nep)KIITCH B T9H3ope Nlkq': 
/_ 

•\ 
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+ 
u Mu u M 

21 · lk 2q . 
(7.74) 

CTpyKTypa 3TOro T0H3opa He OTnH'!80TCH OT (7.72). Psi.o CBOl!CTB CHMMBTpHH 6nH30K K 

CBOl!CTBSM CHMM0TpHH T0H30pa Mlkq • HeTpy.oHo, B '18CTHOCTH, yoe.QHTbCH, '!TO 

NDDD 

.one OOOHX cnyqaea OTHOCHTenbHblX '10THOCTel!' B 00ll\0M cnyqae peaKUHll BH.Qa ½+½ ➔ ½ + ½ .• 

KpoMe Toro, HOCKOnbKy, HanpHMep, 

Tpe6oaaHHH HHBSpHSHTHOCTH npH OTp8:lK8HHHX npHBO.OHT K paBeHCTBSM 

N 
nmm 

(7. 75) 
1· 

PaccMOTpHM Tenepb Hatt6onee cnO)KHblll OilblT - onpe.oeneHHe KOppenHnHll nonHpH,38UHll B ➔ 

3KCnepHM0HT8X C O.!lHOBp0M0HHblM HCnonb30BSHHeM rionHpH30B8HIIOro Il)''IKB (nonsipnaau,rn p ) 
, ➔ . ' t 

H MHW0HH (nonsipH38UHH f'2 ) • .llnsi KOpperisiuHll nonsipH38UHll B 3TOM cnyqae MO:lKHO nony-

'IHTb 

(7;76) 

r.oe c.b a Gk a, bk onpe.oensieTCll H3B0CTHblM T01130pOM c,k , a B03MO:lKH8H h0B8H HH<pop-

' MSUHH CBH3b!B88TCH C T01130paMH Clkq I plkq H Clkqp 

+ 
(7 

0 Clkq =¼ Sp (7 (7 M (7• M 
II 2k lq 

' (7.77) 
+ 

Ui, plkq ¼ Sp (7· (7 M (T• M 
II 2k 2q 

+ 
<Ti,. Clk.qi, =¼ Sp u·u u2k M u· u· M 

lq 2P 

TeH3op C lkq ( P lkq ) xapaKTeptt3yeT xoppensinmo no;rnpH3BUHll npH aKcnepaMeHTHpoaamrn 

· c nonsipH30BBHHhIMH (HenonsipH30B8HHhIM) ny'IKOM H 11enom1pH30BBHHol!. (non11p113oaattuoll ) 

MIIW0Hbl0, 06mHll B11.!l T0H30p0B clkq II plkq .oaeTCH Bb!p8:lK0HHeM, attanor11•1Hb!M (7.72). 

J,lttaapHBHTHOCTb npH oTpa>KeHIIHX npHBO.OHT K TOMY. '!TO 
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\ I!.\ 

C e+ p0 

DDD, - :I ·pnnn •:t,·P~ · • 
(7.78) 

' a. H8KOT0pbl0 KOMilOHeHTbl COBfl8ll8IOT C KOMflOH8HT8MH paHee BB8ll8HHbIX T8ll30p0B Tp8Tbe_ro 

paHra. _HanpHMep, 

,, 
p, ~ '!: Mrnf pfnf •t,M p mnf • + M fnm mnm ~nm 

C' mnn .•ia Mfl'n, Cfnf~±Mmmn ,Pfnm -±Mmnf 

C mnf •+ Mf,.n , cfnm •+ Mmfn _cnff • ± ~mmn 

cttn -- p + mmn 
p =+ N 

nmm - fnf Cnmm •± N Un 

C = ''I' Pun CJ .. •+Nmfn . cn~f .. +Nf .. ~ 
(7.79) 

mmn 

cmfn • ± pfmn pnfl! •± N 
/ 

mnm pnfm ~+ Nmnf 

P ='f N 
nmf , fnm 

P =±' C 
infn fmn 

,,TpeoOBBHH!I T - HHBBpHBHTHOCTH npHBOll!IT llll!I ynpyroro pacce11HH!I K COOTHOW8HH!IM 

Mi'kq 

.. , .. 
( k~- k 

.... , 
-= C kql (•k, -k ') 

' 
(7.80) 

N[kq (k~-k) .. p (-k; k'•l 
kc,I 

Mbl He oyneM OOCY)Kll~Tb nonpooHo CB,O~CTB T8H3opa clkqp 

HHBBpHBHTHOCTb npH OTp8)K8HH!IX npHBOllHT K TOMy, 'ITO 

0TM8THM TOllbK0 1 'ITO 

",,' cnnnn 
'-➔ .................... + = ¼ Sp (u

1 
n·)( u2 n )M.(u

1
n l(u

2
n) M + +. ¼ Sp M , M -= ± u 0 

, TBK 'ITO B ooweM cnyqae' peBKUHII BHllB ~-{+·½ .. ½ + ½, C llBYMII 3H8'18HH!IMH '10THO-

CTell I 
I ;'_ I I • 

C =+ l 
nnnn - (7.81) 

, TpeooBamrn HHBBpHaHTHOCTH OTHOCHTenbHO OTp8)K0HHll npHBOll!IT K o6pameHHIO B uynb 

KOMnoueuT·c ,C (a,b,c;,. f ;m) KoMnouenTbl 'c (a,b = f,m), KBK neTpyn-
nnna nabo , 1 nnab 

uo BHllOTb, co~nanamT c KOMnouenTaMH Teuaopa C ; JlellcTBHTOllbHO, paccMaTpHBBSI 
,. lk · 

cpaay OO!llHll cnyqal! peaKUHll C OOOHMH 3HB'IOHH!IMH ' II = '1a I, 1 HMOeM: 

58 

,( 

' I 

,· 

_, 



r .\ 

Ta1/" '-ITo, uilripHM.ep, 
' ',' , ' ' I.,, _,,, 

· Aaanornqao HMeeM: 
/ 

' C I 
, nanb 

\ 

'I 

=± 

;=.:!-

C \ 
nnab 

D . ~-c 
[an),(bn) 

.. 
D[~n),[bn] 

=+ C ,- ·· .. 
[na) ,.[bn) , . 

\': 

/ ' C ... 
mmmf 

'Tpe60B£1HH8' T. -naaapHBHTHOCTH npni.:o)lHT K COOTHOWSHHIO · 

I ' 

/" 

' ' 

· .. (7.83)-

g;· Bb1we. ace ·D6cy»c.lleHHe. npoBO.llH/IOCb ·a, 0611.1eM npe,llnono»ceHHH,; o· ,TOM,' '13'.o. a· aM-­

nnnTy.lle. (7,3) HH O,llHB ~3 CKan~pHbIX cpyHK~Hll H8 IIBHII8T~~ Manoll, Peaym;;~Tbl H~CH8Jl~-

aaHHSI -HyKno11-ayKnoiiaorci aaaHMo.llellcTBHSI B 'o6nac-i-n• a~~p,nll a liecKonbKO -~'o-i-. Maa cooi-: 
-, " . . •-' ' . ,;. 

seTcT~yIOT -TaKoA cnO)KHOA. K8pTHH0~ a o6nac~H 'oqeHb -60nhr.iif{x .3Hep~H8, ·Kor.a.a BO B3llH~o-:\ ,_,. 
"- ' . ' ,, • , • • , ·.•' - ,I • ' 

Jl8llCTBHH . 9tplp8KT~BHO y'.iacTBYIOT COCTOSIHHII C 6onbWHMH 3H8'18HHSIMH op6HT8HbHbIX · MOM8H-;. 
• :.: ,' . ., ' • • • • - ~ . -•- - ./ ' •- ' I , : I ' " -::- • \ • ' :" c" 

TOB, MO:>KHo O:>KHJlBTb _pSI.lla ynpoweana·o6mero BH.lla aMnnHTYJlbI, nocne)laee Hccrie.lloBa-
. . ' ' . . '' /61/. 

', HH8 p-p -paCC8SIHHSI B o6nacTH oco6o M8Hb!X yrnoB paccenHHSI • B o6naCTH ·3H_eprHll 

.-10 raa ;K83blB8e_~\ :a HEl06XOJ'.lHMOCTb HCCH8Jl0B8HHSI nonnpH38IlHOHHb!X ,IIBne~Hll H npH, CTOHb1 
· 

I 
'. Bb!COKHX 3HeprHSIX'. . \ 

·/ 

np~HC.XO)lHT, B OCHOBHO~, ~ 

· o6nacTH aiieprnll BHJ'.l: ., 

'
' ,· - " - "'·,I\ '- ) . --· ,, ,, 

•1 .M=a 1 T)a0 S ;,_,.a+fl(t
1

;;
2
),/ 

HM88T- B 3TOll .• 

·, 
(7.84) 
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,,, 

·,, 

~ 

~.; .. ·' 
., 

,. 1,. 

i' JJ.8, Cl'. H ; a .OnHHbl pacceSIHHH B ,. a S.. H· 15, COCTOllHHllX1 COOTB:TCTB8HHO. 
\ I 1.,_ 0 ·, · ~· -·: " , 1 0 ,..,, _, , . ,, · , , t \. · _ 

,o6pamaeTCll, 8CT8C.;.B8HHo',• B Hyn1,;' a rinll .opyrH~ aenH~HH1 HeTpy .OHO nony'IHTb 
• '"' • :•-., ' , '.. ,,,..,. ; ' ✓ _, ' ' 

/· 

a· .;; , u• + 3 ,; t = I i, I II+ 31 ,8 Ill , • 
o' , 4 . , I _,, _., , '_i 

o­
lk 

I 

Klk 

'f.:. ";-, ' •. \' 

l~i ll - I jB I ll • 

-----· "k; 
lalll+3l,Bln · ~It 

' .•. " :i ·. 2 ( I, ·.: 

2Re [a ,8 +I.Bl .1 ·~: = . 0 tk 
' 'la 1~31'.BLll 

•I I' 

. ·'. / 

,"· 
', ·, 

\ 

L 

, I. 

u• = la-3,8 12 
;,_ ; u' :, = I a + ,8 

• ; ,lo •. , ,, . ' -

2Re[a,/3 -'1,8 Pla _· 
I " I' i + 3 I .B I ~- , it -

,, 

:·• ' . ', -. ' \·, . •1'1 

2· 
I -

(7;85) 

.: ,r.oe. u• H ..,.. ,;-ce'!eHHll paccel!HHll B. CHHrneTHOM H. TpHnneTHOM COCTOllHHllX, 
, \, ' • , • ~ ' ' '. ' j_ • - • , ' . • ', ., .• 

. '..KaK MO?!{H~ 6hl.no o_mHf!STb; BCe BblrtHCfH~~Ie. T8H30pbl OK83bIBSIOTC.ll np?noruHOHSnbH~MH' 8ik • 
r ; Bb1pameHH8 .onll ·TeH~_opa· pl. 'MO)KHO. ~pHBeCTH K BHi::ty:'c'., 1 ••• ./. ·,.. '·,,' ' ' ' '\ 

. . . ' t. . ' '. . . ' 1/ 

/ I 

u .•+·3 u·• ," 
'/: 

'l':,,,j \ 
', .. ~,;- u• -'u•' :a;k 

, ,_c ,: , 

, ' . • ,( ', ·•' . . .·. ,4 ' 

' '!TO .HBnHeTCSI 'ISCTHbIM ,, ' cny'!aeM·'o6mer'o/COOTHO~e~Hll (7.38). TaK KSK B . , .• . . . . ' . _, . I 
3ToM cnyqae·· , 

· Off =, D_;;,, 
1

(7;17)- nepeXO.!lH
1
T B .OBS COOT~Olll0HHll i' • ' 

.' :, A=,- R,··, A':._R .·.c 

VIHTepecHoel npHM8H8HH~- n~n.llpH30B~HHOl!,npoTOHHOll MHllleHH .!lnH '~ccne.ooBSHHl! B 
• • ••• • • \_. ' · ' I ' ' •,,, ':. • .• ' ;• • ' /62/ ·,,· • > 

o6naCTH COBCeM MSnbIX ,aHeprHll .yKa3.8HO IO.B.TapaHoM H ct>.n.llianHpo • BBH.!lY 6onbLUOro 
/ ,''./,· • \•', I,' , . " ,; 

paanH'IHSI -u• H a• ·.a' n-p B38HMO.Oel!CTBHH ny;qoK Hel!TpOHOB',· npony1UeHHbll!.CKB03b nonH-::-
- f : ' , , - I . ' _' - " • ! l ; ;.- .. • .I ' 

p~ao~aHHyro' MiiweHb; <;JKS3b1BaeTC5!. cHnbHo nonHpHaoaaHHb!M'. H~Tpy.oiio noK~3STb, :'~-i;o c
1
Te-:. 

, .~ , • . t " ) I ., . . ', , • r , ; , , • . , · , ,1 , I _l 

-~eHI~ nonllpH38UHH ny'!K/,1. Hel!TpOHO~, np~nymeHH_blf 'lepta nonH~H30BSHHYIO, npOTOHHYIO MH- · 

lUeHb TOnIUHHbl. ·,d I p'aaH~ ," ·. \ , , ·, . " , ',• ', , ,, 
, Pn = th ¼ [ ~ n \ o• - at) d ) , ,: 

•,, 

\ .. · 
\' r.oe_ -P~ - _nonstpHaauHll 

,~~HH~l~ Hel!TpO~O~ (H 

~·-~::--- \ ' - . \' ,, \.. ' 3.' ., . ' 
MHllleHH, a.·, n -:-','!Hcno npoTOHOB B ,I CM • Vlcnonb3oB.aHHe nonstpHao-

nonHpHaoaaH~bl)C, MHlll,~Hett) O'!e~b nno.cioTBOpHO, ~-;,,SI iiccn~:OoaaHHSI 
1. , ' I ' ' 

· . H.!lep~bIX'·ypOBHel! H .opyrHX' 38.!lS'I. 

. .. .. - , ' , , I 
,!lnH p• p ·,, pac~eH~H __ I!, o6nacTH ·Manb1x ~~e-prHl! ,a';An~HTY .oa · cao.oH-rc~ K · CHHrneTHOMy 

' ' -I·· ,,, . , 

npoeu~pyrome~; ,~nepaTopy 
ii a [ 1.:. (;; if. ) ] 

' , · I 2 '1 •·· 

• • ', , • < ~ I , I 1 \ 
,TaKKM,:_ o_6paaoM· .onst p-p>' pacceSIHHSI npH ,ManbIX' 3HeprKHX • qk ,= K1k = 0 • _a '-.P,k' = -1, s,k·, 

! , ' . I ~ • ', , -. ' ' '. / " , ~:• ', ' • f ' 1 .! ' " 
1 

• , I , . • , / -·"/ • 

0TKnOHeHHll OT yKaaaHHbIX, aenH'IHH H3Mep/IIOT BnKHHHe 6onee bbICOKHX .,c_oCTOSIHKl! P·P.1 CHc-
;: ' .• ' , . ' '!' ,: . J ' I '; p • • - ~ ' ' ·- ' • ' ', ' I • ,I i 

T8Mbi; ·Dpoae.oeHHe _CHC_T8MSTH'!eCKH)C nom1p,H38UHOHHbIX HCCne.OOBSHHJI 13 o6nSCTH 3HeprHl! 
• , ,, J• /, 1· ;:' ~ •• , I ". •. 1 • , ~ , , , • 1 r· 

HH:lKe 50 Mas npe.ocTaai:isteTCH .lieo6xo.oHMb1M .onH _ycTaH?aneHHH O.!l!l.°aHa'.{Horo iia6opa' 

,,' \ 
Ii; ,/ 

,, ,, ,, 
I 1' 

·," 60 
. -- / 

/ 

;' 
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,, 
. /,'If\ 

,, 

, .. ,· 
'q:>1130B~X ~JlBHI'OB B 3;~l! oonacTH' 3HeprHl!, 11MerowiiecSI 'B HS~TOSILUee BpeMSI ,peaynbT8Thl 

.· , '.' ',,· i''/631· ·-·1641- ',',--· ·, 
aHanHaa rpynn 'B -11el)bCKOM yHHBepcHTeTe, H. s· Jly6He , •,' pacxon:siTcsi ocooeHHO B aa;-

BH~HMO~TH, OT' 3HeprH_H K03cpq,'11uH~HTB c~~lUHBBHHSI CO~TOSIHH~ · 3s; H :'}o_ i . 

8 3TOM naparpa¢e,Mhl pacc'MOTpHM pacCeSIHHe ,r -M:30H0B 'H; K :-MeaoHOB HyKnoHa~m, 

·,·,I ': . ' . .. ' ' ,{'( • ,\ . . I. 
,' \-i OolUHl!. ~Hn: · M8Tp~Uhl1 pacces!HHSI ·_M0)KHO ,nony'IH'l'.b) Ha ,TP';'0O~Sl!Hl!. HHB~pHBHT~0CTH 

',~ 0TH0CHTenhHo spaiiie11;l! H oTpa)KeHHl! '(3;22) H (s',2s); 'l1HsapHaHTHO;Tb npH ~6pauteHHH 1 
.I . / • - \ ·1 ; . ,",_ •• \• ',, . , . '' ' · · I .• I '. / I ... , : , f. 

, BpeMe1m He 11aKnaJ:ihIBSeT. B .JJ:SHHOM cnyqae n:ononHHTenbHbIX orpal!H'!eHHil Ha . M ·-MaTpHUy; 

·,,KaK ·MhI y)Ke oT~eqanH, (~~. :§ 6)1 i-i~TpH/a~ pacc'esrnHsi, qac,THU ·co. ,cnHIIOM HOnb 'Ha qac;H-, 
•. '·. . . l \ • . ~ . , 

UlflX co CllHHOM .1/2-HMeeT._ cnen:yIOLUHll ,B_Hn::, 

" . -.~ ~ 
M •-;~+b(u;). 

· llo~H~e HaMep~H~e BKnro'!ae~- a paccMaTpHaaeMoM ·cnyqae onpen:eneHHe Henom1pH'aoaa11H'oro·. 
- '.', _.. '• · l' _ ." , ' , __ ,/ . ,'. I' . , . . ,' r i \ . 

ce'!eHHsi, acHMMeTpHH a pac,cesrnHH_, 11a , . nonsipHaosaH11ol!, M~we~H, H · Hccnen:oa_aHHe n_onsipHaa- •. 

, .UHH qacTHU oTn:a'IH npH paccesiHHH 11a HenonsipHaosaHHoll' H' non~pHaoaaHHott :MnweHl!X, 11aMe-
" '~. ' ,l , ' ..._, • I, • , • •, / f ~ •:_ · • • ' ', ' . 1 ' ,., • ' , • ,~ 1 , ') <, 
, ._·peH~e acHMMeTpHH' ynpyroro Pl'\CCel!HHll "-~ iion,SlpH30B81!HOll'.MHI?eH~ 3KBHB_aneHTHp, B_cnen:-

CTBHE! ~.bo~11o~e~iisi ~n;nllpHa~~Hll:-ac~M~~TPHll~ odpe~~neuH~:ihonllp~~auH11 qac?HUhI ?;;B'IH ' 

s·onh1Tax c· ueno~llpHaosa1111oll MHwe11~10. On:HaKo 
' . 

~aMepe11He · ac11MMe_TPHH u~. nonsip_Haosa11i:-
' . . . I. .... 

-~ol! MHWeHH noasori11eT ~npe'n:eimTb nonllpH38UHIO 'IBCTHU o'-rn:a"IH. B, TBK0l! oonaCTH yrnos, 
,. ... . '. ' •' . ' 

\, '. s· Koi~~oll' e~- uenocpe;~,;BeH~oe· ~aMepe~mil·_s n:solluo~ on_h(Te _f'l.a;pyn:HeHo Manoi! aHanHaH-

py10me11· cnocooHOCTblO' MHlllSHH-~~anHaaTopa,' 
I I • j • • \ ' 

' 
, On:HII H3 nepBhlX 3Kcn'e'pHMeHT0B, C h~nllpH30B8HHOl! :·aon:Opon:Hol! MHLUeHblO ·cocTolln 

,. • " I ' +'", ,, , ',. ,, . · ,. '. C- ' ·• : ' . /2/ 
·, B' H3MepeHHH 8CHMM8Tpirn' paccel!Hllll TT • -Me30HOB C :meprnell . 246 Mas. 11a son:opon:e ,, ' • 

. non;pH3~UHll :~p;TO~OB/ OTJJ:,8'1H 6b1~a ,H3M9pe11ci '. Il~H .~TOM 
0

c 60ii'bri!el! TOqllOCThlO; 'l~M' B, 

JJ:B~~~OM Oilh!Te .~ 1!0JJ: TeMH ·yrnaMK,' rn:e.'npoaen:e1111e· Ll:BOl!HOI'O 0llhITS BeCbMB 3BTP)".Ll:IIH::-··: 

n:o~TSTO'IH~IM y;qeT' B38HMOJJ:ElllCTBHll -,nHWb B' s' -:-coCTO~HHH( Ce'!eHHe paccel!,HHSI 11a nonllpH: 

30B8HH~ll MHWeHH 6onee; qeM O'o i. 'IYBC;BHTenhHO ·K.BKn.aay ·-:~/ ;-cocTOSIH~ll'.')1M~Hu'o C 
,,. ,, ' ' \ '\.' '-,' -_• I / • '/ • • • ',: \ I . -- J • I • ' : , 7 

_sTpll TO'IKII apeuHsi, HHTeP~_~11h1' _onh1Th1 ua non~p11_aosa1111oll MHLUeHH c · K -MeaoHaMH 11eswco-

KHX 9HeprHll: I: '. 
' . - ' 

8 Jny_qae rr(K) -HyKnouuoro, pacc~lll!HSI- nonllp.H30B8HHall· npOTOHHlflll MHWeHb ·n:aeT B03'.'" 
, • I - , ', 

M0)KllOCTb, ll~X0
1
Ll:HTb- TBKHe BenH'!HHhl, onpen:eneHH& ' KOT0phlX- oea. nonSIJ)H30.B8HHOl! MHWeHH, 

uesoaMO)KHO, · -~~,'ib Hn:e-r
0
·0· TeHa6pe: n:enonsipHaauH/91 . ·' 
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... 
,,, ' ,: '/ 

.TeH30p .oenonllpH36UHH·onpe.oenHeT nonllpH36UHIO KOHeqHoro•HyKnOHB ~pH 
/ ,,. . ,,·, ,:c ' . ' ,; .. ' ·, · .. ➔; ' ' ' ·. - .. ' ' ,, ,, 

M83OH_O~ Ha -~~nl!pH3_OB6HHOll 't:!Hlfl8HH,_ EcnH qepe3 : p • o603HBqHTb ,B8KTOp nonllpH36UHH 

. KC>HeqHoro HyKnoHa, a q~pe3 p -:nonllpH36UHIO, ~HW8~H, TO 
•. ' ' . . ~ . , . -+ '. '+-·,,,·' ( ' ·' 

, ½~o-1 M[I+(u,P)] :M q,(P
1
°+D P. 

p ·= , , = lk k 
I , ➔,➔ . + 

½'Sp M [I+(aP)] M ... 
• > ' ➔ ~ ' 

· a
0 

( l+1P,'P0
.) 

(8.2) 

3.oec&· 0 H p0 _- .oiicpq;epeHuHad&Hoe' ceqeHHe H. non~paaaUHll HyKnoHa OT.llB'IH B cnyqae,', 
. 0 ; .. . \ .. - .,,, • 

. ior.oa_ Meaoll' pac~eHB68TCll Ha •HenonS1pH!3OB8HHOl1 MHW8HH, a: T~~aop·, .oenonl!pH36UHH n··,( 
· · · , ., - · · ,. · lk 

paaeH 
•.•. I 

n-i.:.~a• 
lk 2 ·, · I (7 • 

➔ .. ' .,. "- 0, / 

+ 
M a M k . · (8,3) 

• nycT&'· · kA =_ ~ . H, k A-' e.oHHH'IHb;e aeKTo,p1,1 ,_ B HanpaaneHHH HMnyn&coa Haqan&Horo Meao~a 

· H,'Hy~noHa oT.oaqH ,B na6~paT;pHoll CHCTeME!,. Paano~HM BeKT~p nonllpH'aauHH npoTOHOB MH-· 
·• ' ', ' " . ' ,I : . ➔' [ It kl\]. . ➔ 1 , ➔ ➔ ➔. _➔ /. 

WE!HH_P_ 'no:OPTOHOpMl!pOBBHHOll' CHCTeMe·n_A= · =·-,·n I k;k [n. k]~s,a B8KTOP. 
• ' . ' ➔ • I [ k k, ·l I - ' ' .., ' . "➔ 

:noirnpHaauHHH)'.KnoHo~oT.ll_~'.l'l· P~ no cHcT7Me,aeKTl}JoariA ,kk, H [i\A k'J,;. ;;,.,., J],nll 
, • , . . ; ·' .• I 
• KOMn,~H8HT B8KTOp6 p :_,n,onr~aeM cne.OylOIU~e Bblp6)K8HHll. ' . 

➔; , ' 
a ( p'.~A) 

• • I ➔, ➔ '• 

;:ao (-Po+ D(P nA)) 

a, ( r'-k'• l , . ,A 
; ➔ ' , -➔ ➔ . ,' ➔ 

<70\ A•k +R.[~Ak )>- p 
(8.4)' 

a <t'·[ ;Ak':,,u - - ➔- --➔-- ➔ . 

=; a0 CA k + R [ ~Ak,J ), P,> 
• I ' -• ' 

r _I 
r.oe 

a "'. ao .( l + ~ p; J 
' +· 

t''~ n ;. ½ sp c " ~Al ·M :c;; ·;A M 
' \_ - - . . 

-.... ' ,. .➔ ➔ • . ' ➔ ➔ +' 
<10 A'·=)'a Sp.< a1·kA) 1,1 {a kJ,:M ,'c'a.5) -

: , .,.; ~- . ➔ ➔ ➔' .• 

,_ao R''.i '."~',Sp Ca kA) t.l ( (7 [nA k r +'. M , 

. ' 

, ad A 
, . , ➔ ➔, • . , ➔. ➔· . + 

~. Sp {a LnA~Al) M (a~) M 

~- '?o R 
➔ ➔ ➔ ➔ ➔ ➔ +~-

,½'Sp,( a ~nAk'A]') M(a'j_~AK ].):M . 

3BM8THM 1 'ITO ~1,16op' c,HCT8Mbl . Be_KTOpOB 1 no 'Ko,;op_bIM 
➔ 

pa3naraeTCl! ' P~ ~cT~cTieH-' 

HO Bb!T8K6~T :Ha npoue.oypbl ~:3Mepe!fHll nonl!pH3~UHH 'IBCTHU _OT.llB'IH, '-

,, 

'CymecTBeHHBll, oco6eHHOCTb. paccMaTpHaaeM1,1x' a.oec.&· npoueccoa: cocTOHT a TOM, qTo 

B ¢'o,pM~nax (8.4) \'onbKO .llBB napaMeT;S H836BHCHMbl, M~l 'm:lKB)K~M, ,qTo ' ',·· / 
' ' ' ' ' . ' ~ '. 

. "\ 
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(8.6) 

: '. ,:· . / ( 

llOKaaaTe/lbCTBa;aoc~onb3yeM,CSI COOTHOwenueM' 

➔~--., ➔➔- ·,., 

1 ( a n ) M ,(an) = M , ,(8. 7) 

: KO,Topoe_ Bb!TeKaeT ·ua' H~BapHll~THOCTll.;s· ..:M·a\Jlllllbl OTHOCl!Te/lbHO ·,oi-pameH11JI B, imoc_KOCTII. ;·_ 

pacceSIHHSI (cM.' (6.9) ). 3aMeTHM, 'lTO c'npaB~ll/1.11B;CTb• (8.7) O'leBl!llHa, ec1111. BOCilDnb3OBaTb­

CSI, RBHhIM a1,1~a~enReM .ll/lR ',:i; -MaTpl!Ubl '(8;1); •· · 
• • ' - .:. ' '' ·, • \ ~ ' < '. • • ... '\ 

i•foHO/lb3YSI, cpOpMyll~I '(8,6 r; 6~0THOWeH11e ( 8.'7) IlOlly'laeM: 
•·: ' '·. '. ' . ,., 

i 

, , . :_. ➔ ➔ ➔, ,.I+ I ,, 

½ Sp ( ; kX• \!; ; n1 ( ir n )( a k ) M = • 
. ,., :;._ 

=)~ Sp,(.;_-[;AkA];) 1.1 /; t11i(nt ='aoR 
<," r, •.: ➔•• .. ~ i1 .. , • ➔• •·••-+ ,.:. ,'.+ '.+ 

a
0

R'~.½ Sp(a kl)(an)M(an)(.a[nAk }:))! = 

1 -; ;,=-½ Sp (; [';~i\J.):t-li;'k) l,t•=;,,,aoA. ➔ 
.TaK

0

HM' o6p~aoM;,, 'l;:061,1 6npeae1111Tb ·a6e icoM1rn11eHTbl aeKTopa ,no11gp11aau1111 _,P' 'neo6xoa11~0 
. ,.., ' '., .• ! -, " ': , \ , . , ·\ ,'"•, · , 1· 1 , · : /.,,I.·:, , . , ,_ 

. H3M8pl!Tb TO/lbKO' llB8;~8/lll'll!Hl,l. EcTeCTB8HHO, 'lTO. 6onee, npOCTO 113MepHTb KOMilOH8HTY· 
''➔ . ' • J ,, . ' ' ', ' ; ' •, '. 

no11itfH':3aUHII, nepn9HllHKyngpHy~ ,. kA I ,T.e: na~aMeTJ)bl, 'A II ' . .!:. 'J].ng ,onpeaeneHl!SI A (f!l 
H8_06XOllllMO Hanp£1BHTb,'IlOIISlp~aau1110 MHW8HII no, H,anp8B/18HII~, ~•([;Arn·, H: 113M8pHTb 

acHM~ieTp~~ 'pacceSIHHSI npo'TOHOB OTlla'lH B :nnocKO~T~, ,' nepneHJ:lHKYIIRPHOJI Il/lOCK,OCT!i nepao-
"' • - ' ' , , I ' • ' • ' ! ' ' • . ' ,' , ./ . ~ ' . 

'Ha'lari'bHoro pacceSIH.HSI. BHHa::-a~epx, acHMM_eTp,HS! BO BTOpOM 'pa1::ceS1HHH, ?qe~l!llHO, paa~a 

e 
'">-. 

'-a (aaepx)', 

, ; • , R. · a· (aHHa). -➔ +:a•, (aaepxJ' 
ecnH n?ll5!pHaau11R,_ MllllJ'.8HH aanpaanetta,_no [n Ak J ,, H__ • 

I_,, . .., •',1 

, "'; e a' .. (att11a) · "7U~ (aaepx), p A p 

,/ .,. A a', ~H113r '+a·' ; (aaep,x) o . 
1· 

·ecnH .ncim1pHaauHS1 ,MHWeHH pa,rna P,='P k •. 3a~c~ poi- attan11a~py10LU8S1 cnoco6HOCTb MHwe-· 

n~-attan~~a~op~/ a nanp£1a11eHH~ ~~Bepx• ,·onpeaenge~csi' H~npaa~ett;e~ ~eKTopa ,. [ t k ~]. , , 
, ,, , 1 , ; I l \ T • • , ' , , •, ' .- • • , , , , ; • \ • ~ 

1 ,: HaMep~HII~ '. a~Hx napaMeTpoa nosao11H110 61,1 ycTP'.1H~Tb, Heo_itH?3H8;'1HOCTH cpaao·aor.o, · 

, ttHa/lH;~ 77.-'- N pac:6eirn1rn, ,KOTOpb!e ace eme O~Ta.lOTCSI ,B' 0611a~TH ~Heprnl!• OT 200 J:1O 
4~0 M~~: , . . ' ... 

• . •··· • Bamtto no.a:~epKHYTb,'. 'lTO,_Hay.'leHH;: 6o1~tt:'.-hYKll~HH~!'~ paccesrnHl'I c _noMO!llblO n;~!'lpH-, 

,\ ~oa'aHHOll Ml!WeHH IlO3BO/l!'leT OllH03Ha'll!O 9npeae11HTb a6c:'01110THbie ae/ll!'lHHl,I: H' OTHO~HTe/lh~ ' - /. 



·,·1 
' 

\ 
. ;-· (\ •\ -- ' - . .,.._., 
' ·--~yro .cpasy q>YHKUllll' a H , b:; T:e •. BOCCTSHOB~Tb _c TO-iHOCTblO ao oomell q>83bl 'MSTpHuy' ,/ • 

pa~cesiHHSI;, ll~~~TBHTenbHo, -~eT~y ~H~ nony•rnTb cneayIOIUHe BblpameHHSI t:tnll 11a6moitae11,11,ix. 
. , - ,. -· ,,, . . ',_ ,, ' .. , . 

aenl!'IHH 
. 2 . ' 2 

uo=.lal+lbl 

u P0 =,2Re{ab*) 
0 ' .-

,u0 R =:(1~'1 2-lh:1 2
) cos0A-21in (ab*) sin'OA1 

(8.11) 
' 

;·1. 
' ' :' 2 ·' 2 

u 0 A = .- ( I a I - I b 1- ) sin 0 A-, 2 1m <.a~*> a>s eN 

' _"rae 0 A- yr_on 'Memay naaaroIUHM M830HOM H' HyKnOHOM_ 'oTt:tS'IH B ~a6opaT~p~oll '. CHCT8M~ • 

. vf'-;:\ ~TIIX COOTHOW8Hllll HSXOllHM 

2, '-·. ,1· 

a. I ~ ~~ u0 p + Reos OA- A' sin_ OA) 

., ) . 

., , 2 _ I r 1 • 

I b I ·= ½ u 
O 

( 1 :- R , co"}A + (\ sin OA) : 
. <,s.12) 

'-·. 
ab*.=½ '!o (p~ :- iH ~n- OA --{~ a,s e'JJ'.' 

·,,, 
/ 

BoaMO>KHOCTb npSIMOI'~ ·aoCCTSHOBneHHSI. MSTPHUbl. paccesiHHSI no H3MepeHHblM 'aa'· OilblT8,_ aena· 
~' : i_ ' - • , • • • ' ' • < ( , ; : - ' 

'IHHSM· °CT8H,C>BHTCSI .cicooeHHO cy'mecTB8HHOll, B o6nacTH BblCO.KHX SHeprHll M830HOB, rae npci-: 
' . • • • - ' . J • . • • • ' ' ' ' . 

aeaeHl!e q>aaoaoro 8HMH3B. CHnbHO 38TpyllHS18TCSI 6onbWHM 'IHCnoM COCTOSIHHll H H800XOllH-
I • • .· , ,, • 

· MOCTbIO 'y'leT·a an11Srnirn HeynpyrHx npoueccoa, 
' , / -- ... , t,1 : ' ,. 

npH: npoaea_eHHH q>830B0I'O 8H8.7IH38 llSHHblX O 11 ;,-N HK_ (K,l :.:._r p_acceSIHHH (HnH ·np11 •· ,· 

. npsiMoM aoccTaHoarieHIIH · aMnnHTYt:t~d K. aanbHell~~M ynpomeHIIHM ~p,i°aot:tiT TpeooaaHHSI 
; . ' \ . i• . , ' ' ' 

11aoTon11qecKoll: HHBapaaHTHOCTH cHnbH~1x aaaHMo'.oellcTBHll, TaK, paccesiHHIO "+ -MeaoHon 
' • • ' • I • _,.. • •. , -' 

_npoToiiaMH '( "..:.. -Mea~HOB a_el!TpoHaMH) .cooTBBTCTByeT Vj_..:aM~fHTyaa TT:-N.Pa"'.cesiHHSI'. B ~ 
_c::ocTosi~m, c Haocn11~0M c~c;eMbi- ·T-=3/2.' AMnnHTYllbl ·paan11'1H~x ~poueccoa,· HHHu11apyeMb1J1 

' ~ - '·" : '.. I ~ • . I, : ' ' •~ • I / / '. . • ' '. . • I ~ ,· • ../ , 

. " -Meao~aMH _Ha. np~:oHax, -~-b~pamaroTCll .'le{lea. v3 H qepea ,aMn_!ll!Tyay paccesiHHSI n co-: 

'CTOSIH~SIX C ,H30CilllHO~ CHC~e~rn ~.;. 1/2 ·_vl: ~ _rioMOIUbl0° CO~THOW
0

8~Hll' 

r,1< "..:;, · ➔ ·":- P. l .= V3 .< y3 +·2 V{! 
~- < "~/~~o ,i ).=v 2:, ( v3~ "1:l ;· 

. '. - .. 3 
CHCTBMbI HMeeM ·. ana aHa'!eHHSI H3(1CilHHa c11_c,:eMbI .n~g K -~N 

' . '· ' 

, ',paccestH_HH _,_w
1
H 

I·. . . . . , 
W0 ·; cooTaeicTaeHHo;·TaiHM o6paaoM, 

' ! '•. ', \ -·. . . -/ 

·M ( 1/p ~· Kt, )"= W.1 

r:1 (1~ 0 ,P, ➔ K0 p.) ,;,½ ( W1t Wo) 
...._ ,.- +· ,._ , '.· 

M{Y.'p ➔ K, ~) = ½~tW1-:Wol, 

-.-./ 
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AHanorH'lH0 1 BBO.ll!I 8Mllm!Ty.llbl Z
1 

H z01 .llm• K •N CHCTeMbl HMeeM 

½ ( z + z l 
I 0 

M(Kp K0 n ½ ( zl - Zo) 

Ko P ) = ,ZI M ( K0 p 

Ka)l()l8!1 H3 BBe.lleHHblX BbJWe aMnnHTY.ll HMeeT CTpyKTypy (8.1) 

OTMeTHM B 3aKnJO'leHHe, 'ITO. nony<teHH_bJe peay/lbT8Tbl .llOnycKaI0T npocToe o6o6meHHe. 

Bee COOTHowe~H!I, •,npHBe.lleHH~Je BbJWe, OCHOBbIBSnHCb nHWb Ha HHB8pH8HTHOCTH OTHOCl!Tenb" 

HO llpOCTpaHCTBeHHbJX BpaweHHli H OTpa)l(eHHli. 3TO 03HSqaeT, 'ITO BCe Bb1We113no)l(eHH08 
"-

.oTHOCHTCll H K HeynpyrHM peaKUllllM THna O + ~~ .. 0 + ½ npH ycnoBHH, 'ITO nonHS!I BHy-

TpeHH!lll 'leTHOCTb HS'lanbHbIX 'l8CTIIU- Ii paaHa BHyTpe1111ell qeTHOCTH KOJle'lllbIX qaCTHU 

If B cnyqae. peaKuHll Toro )Ke BH.llS c Ii:=•, If 113 HHBap11aHTHOCTH oT11ocnTenb110 0Tpa­

)l(eH11ll B nnocKOCTII peSKUIIH cne)lyeT, 'ITO (cM. §6) 

➔ ... ... ➔ 
.,(a n)M(an)=-M, (8. 13) 

no cpaB11e1111JO c (8.6) aTo npHBO.llHT K 11aMeHeHHJO ·aHaKa B npaaoll qacTH 

R'= A. 

O6mee BblpS)l(eHHe )lnll TeH30pa Olk (7.15) CBO.llllTCll, TeM .CSMbIM, .llnll peaKuHll ,BH.lla' 

O+½-+O+½ K 

(8.14) 

r.lle aepxH11ll II HH)l(HHll 3HSKH cooTBeTCTBYIOT .llBYM B03MO)l(HbIM aHa'leHHllM Ii'=+ If 

TaK )Ke KSK H aimnHTy.lla ( 8.1 l, Bbl~S)l(eH11e (8.14) SBT0MaTH'leCKH Y.llOBneTBOpll:eT 
1 

Tpe6oBaHHllM :· -nHaapnaHTHOCTH .lln!I npouecc~B ynpyroro pacce11HHll (cM, (7;19) ). 3Kcne­

pnt,-,teHTSnbHSll npoBepKa nony'leHHblX BbJWe COOTHoweunll, OCH0B8HHbIX Ha Tpe6oBaHHllX HH­

aapnaHTHOCTH npn OTpa)l(eHHllX H BpameHH!IX, ll03BOnlleT llO.llOliTH ~\ 3KCnepnMeHTanbH0My 

Hccne.llOBSHHIO coxpaHeHH!I qeTHOCTH B CHnbHbJX B38HMO.llellcTBHllX, BKnJO'l8ll llOHCKH,BnHllHH!I 

" HecoxpaHeHHll 'leTHOCTH ,B cna6bIX B38HM0.llellcTBHllX, 

§ 9, <PoTOpO)l(JleHHe llHOHOB H K -Me30H0B 

11ay'leHH8 npouecca q:,oTopO)l{JleHHll 0030HOB HS q:,epMHOHSX llBnlleTCll 0.llHHM H3 B8)1(­

Hel!wHx HCTO'lHHKOB miq:,opMaUHH O p0)1(Jl8JOlllHXCll '(8CTIIU8X, Hapll.llY C npoueccaMH pacce11-
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HHSI IlHOHOB HyKnOHaMH B CaMOM Haqane paaB":THSI IlHOHHOlt qJH3HKH qJO~Op0:>K.00HH0 IlHOHOB 

Ha Hy;no'Hax 6blnO OAHHM H3 OCHOBHhIX HCTO'IHHKOB HH<pOpMaUHH O IlHOH-HyKnoHHOM B3aHMO­

·.oeltcTBHH; YsenH'l0HH0 AOCTH'.>KHMOlt Ha yCKOpHTen11x 3H0pl'Hlt qlOTOHOB ,oenaeT npOUE!CCbl 
I / ' I .. 

qJOTOp0:>K.00HHSI sa:>KHhIM opy AH0M Hccne.oosaHHSI 6onee Bb!COKHX IlHOH-HyKnOHHblX peaoHaH- . 

cos, J.1ayqeHH_e npouecca qio'Topom,oeHHII He.oaneKo OT nopora c BblCOKOlt TO'IHOCTblO noaso-' 

nHT paapeWHTb p!!A H0SIC:HblX AO CHX n'op Bonpocos IlHOHHOlt qJH3HKH H nposeCTH Ha,oe:>KHhll! 

aHanHa caMoro npouecca qioTopo:>K,oeHHII ~Ho~os, .noMHMo ·co6CTBeHHoro HHTepeca, .oeTanb-· 

' Hbl0 ?130.00HHSI O M_exaHH3M0 qJOTOp0:>K,00HHSl •IlHOH_OB s· WHpOKOl! o6naCTH 3HeprH_l! SIBSITCSI 

OCHOBOl! .on11 T00pHH npOTOHHOI'O KOMilToH-a<p<p0KTa, 

.Uo He,oasHero speMeHH 3KcnepHt:teHThI ·no HayqeHHro <poTopo:>K.oeHHSI· CBOAHnHcb K Ha~e­

peHHlO C0'10HHSI p0:>K.00HHSI H0IlOnllpH30BaHHblMH y _-KBaHTaMH Ha Henon11pH30BaHHOlt MHW0HH 

H non11pHaauHH ~yKnoHos. 0T,oaq11 c ila~anbHO Henon11pHa.osaHHblMH ny'IKOM H MHW0Hbro, .BbtnH 

Ilp0B~ll0Hbl TaK:>K0 H3M0p0~HSI AH<p<pepeHuHanbH,01'0. C0'1eHHSI p0:>Kll0HHSI IlHO~OB non11pH30B~H-
1 • 

. HhIMH y • -KsaHTaMH Ha Henon11pH30BaHHOl! MHW0HH, nporp'ecc B coanaHHH non11pH30l3aHHblX 

ny'IKOe y ~KBaHTOB H non11pH30BaHHblX npoTOHHblX MHW0H0l! noason11eT ·06paTHTbCSI K 6onee 

cno:>KHbIM 3KCnepHM0HTaM, 

Mhl paccMoTpHM anecb <poTopo:>K.oeHHe "(K) -MeaoHos Ha nom1pHaosaHH~l! npoTOHHOl! 
• i I I 

MHW0HH, OrpaHH'IHMCSI paCCMOTpeHH0M Henom1pH30BaHHblX y -KsaHTOB, 06mee 13bipa:>KeHH0 
I . • 

nn11 _MaTpHUhI peaKUHH. MO:>KHO Hal!TH. H3 Tpe6osaHHl!. HHBapHaHTHOCTH. OTHOCHT0nbHO spame-

. /66/ 
HHl! H OTpa:>KeHHl! (3.22) H (3.28). Mo:>KHO noKaaaTb, 'ITO MaTpHua peaKUHH HM00T BHA : 

t .. .. .. .. ..... ~ • .. .. .. .... .. .. 

McA(£ q) +l B(oq}ltn) +IC (on}(£ q )+1D(os)(£n) (9.1) 

' . . ' 
.on11 npouecca po:>Kll0HHSI Ha HyKnoHax cxan11pHoro 6eccn~Hosoro 6oaoHa H 

( 
.... ' , ...... ..... .... ·..... .... .. .. \ 

M =a £n )+·lb(oq}(tq) +lc(ont(£ n) +l<l(us}{tq) (9.2) 
.on11 - cpoTopO:>K.OeHHII ncenn.cicKan11pHol! qac:THUhI, 

:+ .. / 
'B 3THX'!pOpMynax q H k -enHHH'IHbl0 80K'f0Phl n·HanpasneHHH HMnynbCOB 6oaoHa 

. ➔ [ .. ➔~1 .. .. .. , 
H · cpoToHa a C!fCTeMe u,H,, cooi-aeTCTBeHHo, n = ~ , s = [ q n 1..,, £· - B0KTop nom1pH-
. • ➔ ,.,I lie <il ·I , . , 
aauHH qJOTOHa, ynosn0T130p11!0lll0l! ycnOBHlO ( < K ) =,0, · 

~ ' ' ' 

EcnH MHW0Hb nonllpH30BaHa, TO, KBK cnenyeT H3 COOTHOW0HHll (4.26) H (4.21), ceqe-

HH0 npouecca HM00T BHA: 
i C 

\➔ ;.,.· 
o ,= o o ( 1 + Ii A; ) • 

·3necb . Oo - C0'10HH0 !pOTOpO:>Kll0HHSI Ha Henon11pHaonaHHOl! npoTOHHOl! MHW0HH, p 
I 

pHaauHII npoTOHOB H MH ImHH, a 

➔ ➔ + 
Oi, A = ½ Sp M q M • 

66 

(9.3) 

non11-

/• 

·I 



.. 
11a .O.0Ka38HHOll B § 5 o6mei! TeopeMbl (cM, (5.9) ) ~ne.a.y_eT; 'ITO A npencTaamie~ 

co6oll nom1p113aUIIIO HyKnOHa, B03Hl!Ka!OIUYIO B o6paTHOM npouecce pa.a.11au110HHOro' aaxaaTa 

6oaoHa Henom1p11aoaaHHbIMII 6ap110HaM11, B o6meM cnyqae a:ra aen11'I11Ha He connanaeT c 

nom1p1Iaau11ell HyKnoHa, aoaH11Ka10mell B peaynbTaTe_ cpoTopo~neHIIH Ha HenonHp11aoaaHHblX 

'HyKnoHax. TaKIIM o6paaoM, 113MepeH11e 3TIIX aenll'IIIH naeT, HeaaBIICIIMYIO IIHcpopMaUIIIO 

o npouecci:, 3To o6cTOHTenbCTBO HBnHeTc!I, o6LUHM .a.nH acex Heynpyr11x pea KUHli, , 

nonHp11aau11H \ KOHe'IHoro 6ap11~Ha np11 cpoTopo~neHIIII Ha nonHp1130B8HHOi! Ml11lleH11, 

0'IeBl!JlHO, paaHa: 

r.a.e 
Pi°=-1_SpMM+u1 

2uo 
- nonHp11aau11H KOHe'IHOli '18CTIIUbl npll HenonHp1130B8HHOll MllllleHII,, a TeHaop nen~nHp11aa-

' UIIII Dlk paaeH 

Dik = 2: Sp "i M "k M + 
0 

(9;5) 

, OTMeTIIM, 'ITO TaK ~e, KaK II B cnyqae pacceHHIIH Ill!OH0B HyKnoraMll 0 

aau1111 B npouecce cpoTopo~neHIIH MO~eT 6blTb 113MepeH TOnbKO np11 H8nll'IIIII nonHp1130B8H­

HOll MllllleHII, 

!,13 C06CTBeHHOH IIHB8plla'HTHOCTII 0TlfOCIITenbH0 IlpOCTpaHCTBeHHblX Bpall.leHIIJi II OTpa­

~eHIIH O'IeBl!JlHO, 'ITO np11 HenonHp1130BaHHblX, y -KBaHTax oTnll'IHbl OT, HynH IlHTb KOMno-

HeHT TeHaopa D1k • B 0Tn11q11e OT npoueccoa T11na O+½-+ O+ ½ 11 npoueccoa ynpyroro 

pacceHHIIH 'IaCTIIU co cn11HOM ½ nnH npouecca cpoTopo~neHll!I (11 nnH npyr11x Heynpy­

r11x npoueccoB C JlBYM!I 'IaCTIIU8Mll'B KOHe'IHOM COCTOHHIIII) ace IlHTb KOMilOHeHT TeHaop~ 

n
1
k HBnHIOTC!I Heaaa11c11MbIMII, 

C IlOMOll{blO cpopMyn ( 9.1) II ( 9,2) nerKo Hai!TII Bblpa~eHIIH nnH Ha6n10naeMblX aen11-

'IIIH, np11~eneM, n11lllb peaynbTaTbl Dbl'IHCneH11li. ( ct>oTOHbl Henongp11aoaaHbd, 

1.- CKanHpHbill 6oaoH 

2 2 2 2 2 
2u0 =(IAI +IC!') sin O+(IBl+IDI 

"o ( ~o;) = -Im ( l C ) sin 
2 0 - Im ( s* D 

p 
... ➔ • • 2 • * ! a

0
(A n) =-Im(A C )sin O + Im (B D) 

0 

2u
0 

Dnn = (IA 12 
+ I C 11 sin 11 

2u;, D =(IA 1
2
-IC 1

2
) sln

2
0 +(ID 1

2
-IB 1

2
) 

qq 
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I I 

· 1 

., 
I . 

2 a O D = ( I A I 2- I C I~) sin 2 0 + ( ID I 
2
- I 13 ( 2 ) 

qq . . I 

- .~ "' • *, C 

a· D = Re A C sin 2 0 + Re B D 
o sq , , ... ' . 

a 0 D = - Re A C sin 2 0 +· Re B D 
QB 

2 •. ncea.nocKanSipHhll!~6030H 

2ao=(la(
2
+(i:(

2
)+((bl

2
+(df-

2
) sin

2
0 

.. ➔ .. + •. +, 2 
uo( P0 n.) = -Im a c .- Im b d sin 0 

-+... +· • . + 2, 
a

0 
( An ) = - Im a c +:Im b d · sin 0 

. 2 . 2 .2. . 2 2 
2 a0 Dnn =Ia 1- + ( c I -( J b I +:Id I ) . sin 0 , 

(9.7)' 

2aoD =(a(
2
~lcl

2
+(1h(~i...(d'().sin 

2
0 

qq \ 

2 Uo D = I a I 
2
- I~ I ; ( I d I : - I b 1

2
) sin 

2 
0 

198 - , 

,, *' .• 
ao D eq = Re a c + fie ( b d ) sin2 0 

a0 Dq• =-Re a" ·c + Re ( b* d )· sln 2 0., 

B oTnH'IHe OT npoueccbB BH.!l8 0 + ½ .. 0. + ½ napaMeTp Dnn He o6pBlll88TCll 

B +l, TBK K8K .onepaTop(;;n) He SIBnSieTCSI .nnSI npoueccoB cpOTOpO)K.!leHHSI onepaTopoM OT"" 

pa)KSHHll B nnocKOCTH peaKUHH. ·' 

I 

,llnll onpeileneHHll •nnoCKHX' KOMilOHeHT T8H30pa Dlk Heo6XO.!lHMO npoBeCTH qeTh!pe. 

Fe3aBllCHMhlX H3MepeHHll. 

_TaK KaK MBTpHua npouecca cj:,OTOpO)K.!leH,HSI xapaKTepH3Y8TCll, 'leThlpbMSI KOMnneKCHhI­

MH cj:,yHKUHSIMH yrna H 3HeprHH; TO .nnSI ee BOCCTBHOBne;Hll no~' 3'a.nal!HhlM yrnoM' H npH 
< \- ~ ' I } 

cpHKCHpOB8Hl!Ol! 3,HeprHH Tpe6yeTCSI npoae.neHHe, no·. Kpal!Hel! Mepe, CSMH H838BHCHMhlX 

3KCil8p~M8HTOBo 

,llnSI 0.!lH03Ha'IHOro BOCCTBHOBneHHll MBTpHUbl npouecca, KBK. Mb! BH.nenH Ha IlPHMepax - . \ 

. MeaoH-HyKnOHHoro H HyKnoH-HyKnOIIHOrO paCC8llHHl! 1 Tpe6yeTCSI 6onbwee 'IHCnO 3KCil8pH7' 

MSHTOB· •. 3To 03Ha'laeT, _B qacTHOCTH,' 'ITO peweHHe aa.na'IH ~occTaHo~neH_HSI MaTpHu1,1 ·cj:,oro­

po~.nenHll IlOTpe6yeT. npoae.neHHll 3KCnepHM8HTOB KaK C nonllpH30BaHHhlMH MHWSHSIMH' TBK. 

' ' 
H C nonSipH30B8HHhlMH ·Y -KB8HT8MH. 

B, 38KnroqeHH~ 3aM8THM 1 'ITO B_ CHny HHBBpHaHTHOCTH OTHOC,HTenbHO 06pa1UeHHSI, ape­

MSHH cj:,oTopo)K.!l8Hile IlHOHOB HyKnOH8MH MQ)KHO H3y'laTb T8K)K8 C IlOMOlllblO Hccne.noaaHHll 
. . . . . . 161/ 

o6paTHoro npouecca - pa.nH_BUHOHHOro 38XBaTa n,HOHOB HyKnOH8Mll 
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,:·, 
' . . - . ) ' , ' 

,·., '.f BK 1 ;· HanpHM0p1 ::;H3Y:10HH0 n~o\e_cca ·· aaxaar~ oTpHuaTenhHorp '.nHOHa npOTOHaMH 
. '. \ ' 

' \ 
- ., ' / ', 

. (9.9) -' 

.oaeT cae.o._eHHll o· npouecce'; po~~Jl0HHll IlHOHOB Ha cao60.0Hh!X Hel!Tponax MOHoxpoMaTH'l0CKH-. 
< • • ' • ' i , .,,_. • ' ' ;.J ~ - j •• ., - - • ·' ' • 

MH y -KBaHTaMH, l-iccne.ooaaHHe npns/PHaatiHH Hel!Tponoa, npH aaxaaTe Ha 11enon11pHa~aaii:-' 

HOii MHW0Hlf 9KBHB8110HTHO. H3M0p0HHIO acHMM0TpHH C rioniipH30BaHHOl! iiel!TpOHHOi! MHWE!Hb!O,, 

TeH30pbl .oenOJlllp~aa~HH B. npoueccax cj:,oT~po~~eHHll H.· pa.oHaUH6HHOro' ~a~aa•;a ~ DYN , H- ,0 ITN 
, ., / ./ · , · .· lk , lk >. 

• cooTB0TCTB0HHO, 0Kaa1>1aa10-rc11'."ca11airniih1MH. cooTHoWeHH.eM 
I 

;\1 

'D yN_ ; ( k, q) ..:. D ITN 
lk , , · kl 

(•q;-k) 

Ko:r?poe o666waeT ananorH'!Hoe cooTHowenHe .on~, ~pouecc~ ynpyr,6ro paccel!HHll, , 

C.}locToM _HHT~H~HB,H~CTH ·n~oHHblx' ny11K~Bt'HanH11He·· 8THX c·o'o~How.~kHA: noaaonHT np~':.. 
I . ·- ' , • . ' , I· , ~ 

.. '' B0.llHTb .oeTaibHbl9 Hccne.ooaaHHll I 9KBHaaneHTHbl0 H3Y'l0HHIO ,cj:,oTopomi:teHH~ _Ha: µel!TpQH~Ol!. 

MHW0HH, :I , , 

. ' , . :f Io. Paccel!HHe • .•y -KnaHTOB H' 9ll0KTpOHOB HyKnoHaMH 

KaK H3B0CT~0 1 .llaHHbl0 0 paCC0l!HHH Ha npoTOHax ·9ll0KTpOHOB' Bb!COKHX '.,9HeprHl! npH 
• • I \ - • , \ , 

a~a1rn~e HX B HH)!{al!WeM,. no_pll.OK0, no, K~Hc::raHTe, 9ll0KTpOMarHHTHOro. B3a,HM,0.ll0,l!CTBHll. l!Bllll'."·, 

: ~~Cl! .HCTO'IHHKOM CB0.ll0HHl!· 06' aneK~poMarnii:"TH.blX cj:,;pMCp;KTopa~ CHllbHO B,3aHM~.Oel!cTBy10-'. 

lll~JS. qac;'Hu, Pea;nb;a~bl HC'C~~.llOBaHHll .y-p ··-paccel!~~~ .oonyc~a!O·~ ~~0B0.00HH0 anallHaa,' 
' -:- .· ,, ' .,, ~ .· . ·, . '. •., ·.. . ' , '. ··., .. 

ocHoaannoro· Ha .JlH,cnepcH_OHHhIX cooTHoweHHl!X H Hcnonb3y10uiero. cae.oenH·SI, o MexaHHaMe . 

. I -
. ' ' 

.:· I 3.oecb :M~l Kpa:rKo o6cy.oHM,' KaKHe B03MO)KHOCTH, OTKpb1BaeT nonl!pH30BaHH_a_l! npoTOHH~ll. 
• I I' . . ' 
MH_W~llb B no.o?6Hb!X 'Hc~ne.o~B~H.Hll~, .,Ha:ineM: C ~poT91111or:p KOMnToH-a~cj:,eKTa,. OcHOB~al! 

qacTb .00 CHX nop npone.oeHHhlX onhlTOB no H3Y'l0HH!0,9TOro npouecca CBl!3aHa C H3MepeHH-,....._ ' < \ , •. i _ \- - . .. . ' 

.eM HenonllpH30BaHHblX C0'10HHJ! paccel!HHll 11a npoToHax 'y · -KaaHTOB C 
. · ; /88/ :. , ' ,, . - .. . . . . " 

9HeprHl!MH npHMep!lo 

··Jio 300 M9B ·, ,' nHWb,B CaM00 nocnei:tHee Bp0Mll "nol!BHllHCb,JlaHHbl8 1 OTHOClllllH0Cl! K 06-'-

nacTH ~neirni!" 800-900 N).a~. ,. 

'' \ AnanH3\ ·-y~p ' pacce~~Hll' B o6naCTH 9HeprHl! HH~-- 300 M9B '~PHBO.OHT' K anonHe onpe..;' ;· . 

.oeneHHb!M. np;.OCKaaaHHl!M OTH~CHT0llbHO 0)KH.OaeM6l! nonl!pHaaUHH npOTOHOB OT.Oa'IH · na He- . 
\ ,, \ .. . .,_,' 

:nonl!pH~oaamiol! Ii nonl!pHaonannoJ!: MHWeHl!X, · 

. .'AMnllHTY.llY npOTOH~OI'O K?i-inTOH..:acj:,cj:,eKTa MO)KHO. npe.oc·TaBHTb_ B,. BH.o/
691
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~ :..- \ ' 

\. '~ ' ' '. ' '• • • • ,' \. 1 \ • 

M =R1! e, ~--) + ~ 2 ( K-.\L+i Rs<; c:-:e➔J.),+i R.C-~[f'Xl) :+ 
; ', · .. 1 :, ;' •· 

+1 RG
1 
r <;kl 1~•:i ..;;J;·k ·1 t1;•,i 1.+:1 R

6
'[(;k'lcx·~ .::.c;kH~;-,1. 
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·' 
'\ii 

c;' 

I,' ., 

,..,~\ ·.-·1,, 

' -
....... ,-.:.. .. .. ' f .. ....... ... .. , 

rAe;.,\~ke] ., ·,\'-{k'e'J ., S e,_k:,· H e: k'.:- 8!lHHH'IHble eeKTOpbl nom1pH3SQHH' H HMnyn&es 
:,, ,.. ._";- '.,"· -, •• ' • • ," '. - ,: , ' I ' (. C , ". ' • '": ! . ' . ' . ·. ~ / - . ' - . 

tpOTOHS l;t~ H nocne; psc7e1IHH11, COOTB8TCT~eH_Ho, Jln11 C8'18HHII:. pscce11HHII ~enon11pH30BSH"". 
'•.. ,· . - .. -: · · ·'. · ' /101 · 

HblX y -KBSHTOB. HS. Henon11pH30BSHHOll · MHWeHH HMeeM · : ' · 'I.· 

. . • 2: ·.·•, ... : ·._·; ._.·, .•. • 2, ,• · .·, ·. 2 · \•, 2.. ·. 

4 u = 1 R + R- 1 -n (i. cx,s o >. + 1 R, - R -1 c1- cx,s o > +IR + R I c J + 2 cx,s 0 
' ~. 2 I ~ , . ' . -~. . . .• 1 . -2 2 I:· ,,' . ' ~-.;'' : . . ·a · . .'. 

- cx,s O }:+-'IR 3'- R 4I ~( 3-2cx,s0. --CXls,,0,)+·2I R
8
+ ft

6
I ( I+ ais,0.) + 

.+·2IR6-

, I ' t , , \, 

.• ·. . ·,; ," . . 
R I~ { I - 'a>;. 0 ) 8+ 4Re{ ( R + R )~ 

e . · . :. · .~ . ). ,a : , , · ( R + R )) { l 
a · · e 

+'.COs 
2 

(J ) 

, . . . . 2 

~ • Re[(_R 8;- R)* ( ~ 8- _R 6J (}-: cx,_s ~) :• 
-' l • '-• I \, ',' • ' • : ,' • _ '•.j 

·, 
' 

{ 10;2) 

8bipS:>K8HH8. Anll. non11pH3SUH!f npoTO~OB OT!lS'IH nocne · B3SHMO!lellcTBHII' HS'ISn&Irn-Hen~n11pH-· 

-'.30BSHHblX y -KeSHT~B 'H Hy~nOHOB 
·'/. 

20-c,P~L1 sin() Im.[_(Ra+ R/rn';+:R? (l+aisi)-(R_~-7".R,)(,R,-RJ*(~:..:.:airvJ.~) 
I\ • .. . . • ,,. . 

•COBilS!lSeT, KOH8'1HO, .c BblpS}K8HHeM, onpe!len1110IUHM SCHMMeTpHIO e' ce'leHHH pscce11HHII 
,, • _,, • , • ·. ·,/ ·- ':' • ., _,t ' • •• ·,.'.t ',. - ... ·. " , ' ' . 

Henon11pH3C>BSHHhl~ cpoTOHOB HS non11pH30BSH':lblX npOTOHSX, ,'", 

; . . . ·- . '. :.. I . . - ' , . , ' 
6e3 'HCilOnh30BSHHII T8XHHKH' non11AH30BSHHOll· MHW8HH H3MepeHHe nonllpH3SUHH· npoTo-

_HOB as-rpyitHeHo' {no~HMO ~e~H'IHHbI c~~~-HHII)' Manoc~bio 3H;prHll OT!lS'IH HyKnOHoe: 'np~~- ,;, 
' '• I' , , • , ' • ,_.,; , I '- , • , ~ • 

ene'!eHHe non11pH30_BSHHbI,f' MHwenell CHHMSeT sTy·'TPYAHOCTb;. 

. 2 . . • . •' 
Ha»ce. nopors _p0:>K!l8H_HII IlHOHOB. ece SMilnHTY!lhl -·, RI ,B . e ·-::~pH6nH)K8HHH Jiea-:: 

~ 0 - 1 . ; : - , ; ' "- /, ' '•, ' \, . '·, .-_:: ... 

. CTBHTenbHbI, H non11pH3SUHII p . o6psmaeTcll B Hynb, 3KcnepHM8HTSnbHSII npoeepKS 3Toro . ' 
,} • ' , \ , , ,_,'. ; • ,, ' ~ , • • . ;, ' ' , r !. " ' ' . 
yTeep:>K!l8HHII ·11eHTCII npoeepKoll OCHOBHhlX_ !lOilyIUeHHll s11ana3s npoTOHHOro KOMilTOH-scpcpeK-

• ..:-.. · ,, , 1-·.• .. '.,~···,<.'· _- no'-721" 
TS, 8b1we ·nopors p0:>K!l8HHII. IlHOHOB non11pH3SUHII. p '' 6bICTpo yeenH'IHBS8TCII, B .· 
/ • ,' , ,,', , , , , ! --,-. , '\· ' I ., • , ~ . . •. ·_ ✓ I, •. - • . : - - ~ , , 

· An11 no1111pasauaa' e •o6nsCT!f '.~Heprm~ _ Ao 300. Msa HS ocaoee ,s'!anH3a,·_ 6S3H~YI01Ueroc11· HS AH_c -

ne~CHOHHbIX. COOTHOW8
1

HHHX ·nonyqeH-bl 'qacneHHble oueHKH non11pH3SUHH, I-fa STHX. OU8HOK .cne-

. ( .-;yeT, '!TO ~~~CHM~bHO:·, 3~a'18HHe 'Il0l111PH3SUHH P0 !l0CTHI:'S8T B~~H'IH~bl. OK On~ 30%. e6n'a- .· 

3H ,250 ~se;· npoeep~a 3Toi-o npe!lc;KS;~HHSI ~ci»ceT 6blT~ eec~Ma cime;;B8HH~ll '.z::tn11 e~e:.. 
•, , . '.\ \ , ,• / - , . ' _~,: ' "!, 'I :, •, , \ ' r : • , , 

ro" SHSnH3S,. l-13MepeHHe .. P0 
... npH' 6onee_. BbICOKHX aHeprHIIX MO:>KeT cny»cHTb npoeepKOll . 

''. . Ilpeanono~eimi O tl~cppa~UHO;HO~ ~S;aKTepe-, 'y-p ' p~CCe~HH/
73/. po 06pSIUS8TCII ~ ~;nb 

--B 'npeiie6pe~eHHH ,!lElllCT;~TenbHbIM~ 'ISCT~MH SMRnHTY_!l -R1'~ no cps~H;Hf!IO C M~~MbIMH.: 

· . Ans,;o~~'IHO ynpyroMy Me3on-nyKne>HHOMY pscce·11HHIO H cpoTopOAf!l8HHIO IlHOHOB TOnbKO -
. ~· . . ' . . \ '' . _- ,, : . ~ . , . . . ' ', ,· 

npaeneqeHHe. non11pH30B1iHHOll l',IHW8HH Il03BOn11eT B pSCCMSTpHBS8MOM cnyqse npOH3B8CTH 
. . I~ -r /, , . • ' ,/ ' ·, • • , ,' -' ' • . . , • ' <' ' ._· 1 - \ • ,:, , • • , 

H3M_epeHHe J{OM!10H0HT T8H30pa: aeno.1111pH3SUHH Dik';. C. IlOMOUlblO . ( 10. 1) !lnll OTnH'IH_blX'·. 

~T H"yn11 . KOMn~~eu"-r · TeH30p~ · D ik :~e~py AHO non~'IHTb cneAyIOIUHe - eb1ps»ceHasi: · 

4u0D · =UR•+R ~
2
-r~3'+.R4l,2._:4·Re (R3'+R/(R-+'R)J(l+~so/+ 
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.. <-- ,., · ' 2 -.. _ · ·· a · · ~ _,. · - . 2 ·',, / - - 3 
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, I ., 2 •· 3, , 4 '. . ·. · 

(fo.4). 

j 

\ 

·.,, 8b1pa~eHHSl ,nnst no_f_stPHf30B8HH~IX rfH3~poB, qepe3 · HIIB8p1!8HTHbl? 8Mnm!TY/lhl 6hmH :no,n;'l8Hbl:· • 
.. , _; ' ·' ' ·;74;, : 

, B ·pa6oTe B 
. ' 

npe.llene· ManbIX aHeprHll 
'\,-L 

'-.~;, ;Dik"':· 1 _6ilc,~ '' ·,/ 

. ;c pOCTOM_ aHeprHH (KOMllOH8HTbl D , Du 1 , I) .;m 'y6b;B8IOT. no B~n~'IHHe, Ou~HKH, OCHOBaH..'.. 
,. . ; -: . . /72/, nn . . . . . . , ' l 

Hb18 '. Ha :peaynbTaTax • ' , · npHBO.llSIT. K TOMy I '!TO· napaMeTp D ,' (90°) I p8BHblll npHMepHO , • 
,,:· 

1 
.~ ••. • .. - . ~ • •. - , . • 1 , ,. - • ·:-•·.-. ·., •• , , 7 ! · 1· nn , ., 

10,60 npH aHeprHH y -KBaHTOB 75 ··Maa,' MeHsteT CBOJI. 3HaK• HeCKOnbKO. HH)Ke nopo_ra. ,' ,· .\ ·, 

'a )3·;o6nac;H ;3HeprHll 150-~25 Man .llOCTHraeT,3~~qeHH8 o~orio :ti;3o . BenH'IHHa Dnn·a· 06- .· 
: ~., ·,.... ../. ,, . ... . o· .· t,. . . -. , ·. ·_ . : ._- -- . . ., 

n~CTH. yrnoB paccesi~HSI y :·KB8HTOJ3_ OK Ono ·.1_80 I y6bIBast C poCTOM aHepr1rn. O_T. HaqanbHOro .. / 

3H8'!eHHSl, 'paaHO~O ·1 I MeHsteT 3H6K. ~H~e nopora po>i<.i:te~I!~ nHo~oB, a' B o6nacT~ '~K;no 
, -~ ,, , - • ; . -~ ·, --- ,· - .,,- : • • - " • : .• , :_ , • , . • ~ i . • • l . , ,: 

I 200 Maa .-,noCTHraeT. 3H8'18HHJI OKOno -0,8. 3Hepr'eTH'leCK8Sl" aaaHCHMOCTb. acex· .KOMllOHeilT 
•. '- . '( _, . ,_i ,' ' • I ' -~ :: • ', • \ ".I. • • ', _.. ,_:-· f", • 

. TeHaopa_· Dik ·, OCC?~_eHH~ e, o6nacT~ ManhIX yrnoa paccestH~st, 

OKononoporoei.111,1 ,acpcpeKT;M,. I '· 1_; ' / . 
XapaKTe~~3yeTCSl i:JaMeTHblM . 

I • , 

,· 

3KcnepHJeHTanbHOe HC:Cne.lloBaHHe. KOMllOH0~T. TeH30pa' .iienon~pH38UHH ape.Ile Taanste-r-
, " ', / ,. . . .... · - ,·' : . 
csi Heo6xo.llHMbIM .llnH 6onee rny601rnro llOHHMaHHSl MexaHH3M8 npOTOHHoro •KOMllTOH-acpcpeK-
,... ~ ~ J ' ' 0 - I ' I , , r , __. , 

:i:a •. ~aMepe11_11e. ,KoMnoHeHT D1ic ' B o~n-ac_TH:_ 6~n~WH:X ,'~Hepr~ll • y -KBSHTOB' stBHTCH xopowHM 

· 1• Mei'o.cioM · Hc~ne.lloBaHHH 11yKnoHHhIX Hao6ap, · TTpe;~oneiimi Tpy.llHOcTelt c .ManhlMH .aHeprHst-. 
I , I - ' . . .. ' . . \ '. . . . I 

, MH · '18C'I'.HU OT.llaii11 noaaonHno. 6h1 H3MepHT~- KOMnoHeHThI: D;k ': 'cymec:TaeHHO HH)Ke: nopora \ 
,, .~; . ' ;· ~, . ~ - . , . ·,-. . 

H nony'IHTb .llOll?nHHTen~~bl0 CBe.lleHHSl O nonS!pHayeMOCTH HyKnOHOB'.. 

-1 '\ / \ ' ~ ,. _, ,:', ' . ., :: 

, l-1ccne.llOBaHHe nonstpH38UHOHHbIX acpcpeKTOB a·'paccestHHH ·y -KBSHTOB npOTOHaMH __ noa-
. " • , '', , " , -, . • '• , •. ' , i " _•, ' / ' ' ', "· ·.,. •" . ' I ,• - '. : ..- ••• : _ _- :-/ I. 

_nonHn?,6hI npoaecTII nonHhill. cpeHoMeHonorH'lec~Hl! aHa~H3 •aJoro npouec7a, , 1 
,, t ·"' 1/ ., , , ·}. '\,'· 

:,Bn~;KOe nonO)K8HH8 _HMeeT MeCTO ·.llnst _pacce~HHSI !meKTpOHOB BbICO_KHX_ ~HeprHl! _HYK7 ... '-,;• 

-~OH8MH, 1-1MeromHecst B H
1

ac~ostwee: ape~~ sKcnepHMeHTSn~H~e .ll8HH.bie. YK116i.!lbIB8IOTCSl. ~ 
. paMKH ;.llHO!pOT:OHH~N hpH6nH~e~m1. JlanbHellwe~ y~e~~qe~iie aHepr11H '18CTHU H,BenH'IHHhl_ 

,neperi~eJ~~o~~ ~M~inbCa Ha HOBb;X yc;~pH;~~HX n;aaonsiei npO.!lBHHYTbc~<i:ianbwe B
1 

H3Y.~ ·. 
• ·, " ' ' I /,. ,. ' ' .. ' - .- ' ,.",, ' . C.,: • ' ,\ , 

qe1mii' CTPYKTypbl HyKnOHOB/ l-1ccne.lloBaHH9 no1;1~P~'.:38.UH_OHH_bIX acpcpeKTO~ a;e-p -paccestHHH, 

\ ' ~ ~ ,. 
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-iipe·~~;aa.ri1111 B03MO>KHOCTb 'i:in11 ~~l!MOA npoaepKH np~HHMae~bIX I ~pH6nH>KeHHII( c .o.pyroA 

, CT0f)~llbl 1 J:iaeT ;03MO~HOC~b noai1c~;b ~O:HOCTb ~a~Hhllt ~' cpopMcpa~TOp~X qacT~U'. , 

BBH.O.Y ~TcyTcT~~ CH~MeTpHH Me>K.o.y :~ne'K;pc,ua~H ;(q~CTHU~--1) ,'ir uyKno11dM' ( q~c;;.'., · 
·- .. < • • ,-' ' • • _, ' ' '- ' ', ., > ·', _,.' \ ,. ' ' '.'' . ' ' ,_ .· •' '·. , 

THua'- 2 ) B cnyqae ·· aneKTpou-uyKnoiiuoro pacce11HHll pa3peweHbI CHHrneT-:Tp11nneTHble nepe-
, .-.: . 2 . ' - . .. . ' - '/ .' "' . ' ' ' . ' ' . ,· • .': ' ' 

X0.0.bl, B' . e -_-npH6nH>K8HHH' B03HHKaIOT · cymecTBeHHble ynpolllOHHll, 'TaK' of5pamaIOTCll B' Hynb 
..... < I " , . ' • ; ' ➔ 0 ./ '.' • ➔ 0 • ,I, . ~' • '~' 

· nomIpH3aUHH npOTOHOB H aneKTpOHOB p - H - p , .Un11 onucaHHll H3M8H8HHll nonl!pH3aUHH 
, , : , C, . . , : .' ;' , . 2 . ·, I , I • - :. , 2 , . ' . ( I) . ( 2) ' ' 

npH C_TOnKHOBeHHH H~of5xo.o.HMO B~0.0.HTb TeH30pbl r1it'- · _ 1 o:/ 1 K lk H KI k, ?upe.o.e~eu-__ , , 

' Hble i, (7;00) - (-7.63); °TeH30p o<ll o~pe.o.eirneT non11pH3;UHIO p~ccel!HHblX aneKTpOHOB p~ / 
, ... lk. , , .. , , . -·. -I 

-Kor.a.a" H30nHpoaaHHbIA ny_qoK' ane1frpou'oa ( non11pH_3aUHll P 1 ) , pacceHaaeTCH Ha uenonsipH- 1 . 

J. ' •• ,- • ~ ., - (2) .: .. · .·' .,.. '. ·, . , ',\ . ➔, 

'30BaHH~l! MHWe!rn;,T8H30p' Dlk ,onp7.o.enHeT:non_HpH?auH10 HyKnOHOB _oT.o.aqH :P2• n,ocne 

pacceHHHH ilenon11pH30BaHHblX 'aneKTpOHOB Ha nonHpH30BaH!Wll ~pOTOIIHOl! MHW~irn: (nonHpH-; 
• ; ➔. • • '. I ,,, , ( 1)• '' ,' I' ~ • • • - c •• ' ➔' _: \ •. ' ' 

3SUHH p ). TeH30p Klk onpe.o.eirneT'· nonHpH3~UHIO HyKmma, o,T.o.aqH-P;: : nocne paCC~!IHH!I 
2 _, . ·, ·., • -, _ 'i ,. , ➔ · \ , .. 

.. non11p~30BaHHOro_ nyqKB. aneKT!)OHOB, (c non11pIrnauHell P1 ) ,H~_ Henon11p~30BaHHOA_ irnweH11,_' 
. , (2) .... \ ... , - . ·,~ . , . . ~ . ' 

TeH30p. K ,ii .· _onpe.o.em1eT non~pH3aUHIO Pl_ . paccel!HHblX' _aneKTpOHOB nocne _c·oy .o.apeHH!I 

, I. 

1> i 

. Heno1Il!pH30BaHHblX aneKTpOHOB C nonstpH30BaHHOA npOTOHHOl! MHWeHblO, B CHliy (7;67) H, ;_ 

' -·('7,68) _- D(I) =· D(~), H K(I) -~- K(2)'; ' ' ,, 

· · rnn_. ·. ~-~_n'-.. ~ .. :_,. n
2
~-• __ n~ _"- ➔0 '·BBH.0.Y. of5palll8HHH. B' ,e -,-npH6nH>KeHHH p ,:a--Hynb H3MepeHH8 neBO'."'npaaoA acHMM8T-

. . • 2 . • ' •. ' . . . . 

PHH -pacce·;~IIH npoTOHo'a \;i-.o.aqH, B cnyqae npoTOHHOlt ~HWE!HH, non11pH30BaHHOl! HOp~anbHO 
~ ·,._ , _' · ·•. _,. •_" ,• ·. I • . ' I -~' . ,"· ' °/; . ; ' , - ' • 

K nnocKoCTH pacce11HH11,' npstMO · .o.aeT '3HaqeuHe D ·• • B 6 onee of5meM cnyqae (cM. § . 8) 
, •- -, '•. ,, ,- ,," - . !_ ' - • . , , ·- . ...;___ . D~ . ,. , ·,: ' ' '. '• /' 

/ 3Ta 1 acHMMe:rpn'H .O.S8TC!I Bblpa~eHH8M 1 npc>nOpUHOHaflbHblM'-''. 
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ri:xe µ 1 = F. / F , , F n / F - Jl~paKon~Knli · H naynnencKnll qi~pMcpaK;ropi:; HyKnoH~~- cooTBeT-
.. , , 2.; , , I .• , . I_, \ . ? · ' : : .. . . . ! , /7 3/. · · 
. CTB?HHO, 'a J:XP,yrn,e / 00031/~q~~~li' CTaHi:xapTHbl, B ·.. . ' nonyqeHbl 'Bbrpa»ceHHll H Jl~ll i:xpyr:nx 

' ' D H K KOMllO~~HT. 1:Ernaopon . lk , . ,' lk 
' J . ',, ', 1'. \ ,· '·' ,...-, 

nepelt)le·M _'I'enep~ K paCCMOTpElHBIO paCCellHHll llOllllpH30BaHHbJX. aneKTpOHOB. non'gpn-

3~Ba~ffi,IMH npo;oHaMIJ,'. Bnn.;y 06pame~nsi'n Hynb . P0 ;n P0
' ,i o6mee ~bJpa>Ke~ne' (,7,30) 

~ .-: '1" ;_;', ·. . .· ·-.. ! '· ·: (. ...~ ·--·. .· • , '.1. 2 ,' ·,, ' .. ' " . ) i J, ' '._ 
~,1.' ,Jlnll ceqeHHll _paccel!HHll .aneKTp~Ho&, rtonllpnaonaHHblX _OpToroHan_bHO nnoCKOCTH ,l)acceHH_Hll 

(p;'.p;) H~ rip,OTOHHo1l"MriWeHII c no~HpH3a~nell P=Pi o6pamaeT~ll n , . 
I , .I . , .. /' . 

11 
· , ' , ' , -, 2 · 2 I'. 

u=:u0·(1l,+i:;~p p ) •. · , .. •;, ,( 10.9) 
, , : , 1 , , , V 1

' ,- ,i nn .:"• , nn 1 2., . ... 
vfaMepeHne ceqeunlt pacceliHHll npn ,Jlnyx HanpanneHHllX nonHpnaaunn Mnweun npl!MO i:xaeT 
' 7 - . , , , , ' ~ .., . 1

1 ,. '.r· · •. · ,', . ~- , r .· ' · " . •,; :. ' ', , "_: '- • ·, , ,_ ·, ' , , ·, · 
. , C npn npOH3BOllbHblX yrnax paccellHHll, BBHJlY Toro, ,qTo ynbTpapenHTHBHCTCKHe 3nexTpOHbl 

: .,. nn, ! .. ··· ... ~, . . ··- · ,- : 
1

• • , •• , • .r ,. , . -:. ,_, , . , ·~ ,. ,1 ,; • ·, 1 :: · • • · ' 

nonHpH30BaHbl npOJlOllbHOi sennqHHa. C ' OKa3bJBaeTCH nopH.tiKa OTHoweHHll Mace CTanKH-. t:, 
·• , ,- , - nn·, .. , . . , ,,. , I .,, . 'ti'. 

. salOlllHXCll qaCTHU,· -TaK_ qTO OTnnqne u OT' uo_,, KOHeqHo, 6onee aaMeTHO ·llpH_ paccel!HHH 
:nn ,,,. 

Ha llpOTOHaX • MI0,0110B, · · '," ·' .' 1 
I .\ . , 

. 2/ .:. ': : •': 

i 'Paccel!HHe. nonllprrnosaHH~IX aneKTpOHOB Ha. nonHpH30BaHHblX .npOTOHax B e ·.--::npH6fJH-
'\ , .. 

1
' '. • ' .. ,· ·,._\ /76/ /77/\ ~:. . .\. 'i . 

?KeHHH OblllO TeopeTnqecKH. paCCMOTpeHo n pa6oTax .' - , , .BBHJlY npOJlOllbHOCTII aneKTpo;-
' .• , , r ~ ;- _. - • ' ;l: , -. '. . \ , , . .· I . ·' , , , 

HOB" Bhi,coKHX '3HeprHll K. ocpoeHHO.. aa~~HTHblM. aqicpeKTllM. nprrno.ii'uT KOMOl!HaUHll _,npoi:xom:110-' 
' /: , ' ', . . . f ' : > • ' • .-, ,,_, \ • - ! ,w :~ ' ~ ' , ' 

. noi:rnp~~OB8HHO~o nyqKa H n~:?,naos~ .. HH~ll :j;~eHH c_ op~~H:raunelt s, nnocKOCTH pacc<:rnHHSI 

•. (no ~anpasneHHro· ~~KTOP~,B k ~, pn,u. B . , •f ll,~K83aHo, qTo ·ceqe_HHe,pacCel!HHll, n,onHpH-

30~~~HO~O· nyqKa ane~TpoHos Ha 'noirn?naoaaHHolt npoTom:0,11 iMHW_;lHH .s · ria66paTopm?lt cHcTe-

Me,'nM1eeT cn_ei:xyro1;1rnlt nni:x:, ,., . 
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·,➔ ~1•··~1.l ,( .·~~,,•·.\,➔➔ .· 
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1 HaMepea11e i::e'!ea11l!. ,i-p II N· N\ pacc.esrn11l! · Ha nonllpl!aoaaaaol!-' 
" , ',-, ~ .,: . "; • ·:, '' I .,- . -:, , ·, ,- ,,. .- . / ' j I 

npe,llenbHO Bb!COKII~ ~Hepr~l! llBnlleTC_ll. B BblCWell' cTeneHH H_eo6xo.llHMb!M .SKcne~HMeHTOM . - . ' ... -· . \ ;-- .· - , ·,· . .,,, . 
.llnll npoaepKH I I"11n0Tea o noae.lleHHH MaTp_H_Ubl paccel!HHll. Bea 11cnonb3oBaHHll • nom1p11aoaaa-

Hblx1 'M11weael! npoae.lle~11~ no:0.o6ablx 11cc.ne~oaa~11l! \ itpal!~e aaTpy.llHeao. 
. . , ~ .\ .'" "' ,.) .. -- _:. --~ ' 

Tax 

: B •, Ka'!eCTBe npi!Mepa MO:H<HO~ yKa3aTb aa B03M0)KH0CTb BblllCHeaml B ·fiO.ll06HblX Onbl-
. · ' · \ · . . · ,' /78 79/ . . · , · . . . . . . , . 

xapaKTepa .ll1!cppaKn110HHOro paccel!HHll ,, :·' ,, .• .llucj:,paKuHll C MHIIMblMII cj:,aaOBblMII C.llBII'." 

raMH, .6.ea npen oMneaif~ aona, xapaK-rep11ayeTCll TeM, ~;o ii· aMnn11Ty.lle ·,;:.N· paccel!Hllll 
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