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§ I. B B e a e B B e 

HeABl!HO l! pse5onx /I-J/ C5wn npeJuioaeH l!8PK8HT HenoKanl>

aol teOpiK CJ18C5YX R 3J18K!pOU8rHRTHHX BS8HMO~eiCTBIII•). B STIIX 

pae5otax aetoAY, pasBBtYe l! teopHH aeltpaJil>Horo cKanHpHoro no

XR/4/, OC506~80fCH H8 C~yqal l!S8BM0)(81CTBHH CHCT8MN H6lTp8JILHYX 

B 38pHZ8HHYX DOJ16I. fi0)(06B06 0606~eHBe He Rl!JIH8TCH !pBBB8Jll>HYM, 

DOCKOX.KY tpe60B8BB8 BBB8pB8HTBOCTK p8CCM8!pBB86MOI T80PBH OT

BOCHT8J1l>BO rpyDDY J10K8nLBYX K8nR6pOBOqHYX Dpeoe5p830B8HHI H8-

KJI8)(YB88! )(OBOnl>HO :Jl8C!K06 orp8HBqeHR8 H8 CDOC06 BB8,1(6HHH H8JIO

K8JILBOC!B B !80pBD. 

0K838J10CL 1 qfO 8!0yY Tp860B8HBD MOZHO Y.ll0BJI6TBOpHTL, 8CJIH 

DOC!JUpDB8!1>: 

Bee aeltpeJll>BYe nons B38BMOAelctl!yut c aapsaeHBYMH aeno

KBXLHYM 06p830M • 

ICXOABYI narp&H:IlB8H 1 ODKCYl!8~l SJI8KTpOM8rHB!BOe B CJI8C5oe 

B88KM0)(8IC!BHH ~Y6Bp8J1CH B WOpM8 

i..<·) = :f. c (x.) -+ !1 (_I( ) 

c!o ( .. ) ~- k: dr J.., ar A": - ~: Gr" G-;. 
(1.1) 

"t M.2:'-"/r wr4: + ~; l" \ i. a- rrLct. }~"- : 

3A8Cl> A..~ - e~eupouara~taoe none, W1 - sapaaeaaoe BeK-

top&oe none c uacco1t1. CJMMMpoBasae B (1.1) npoBOARTCH no 

BC8M 1.8D!OBHYM DOUM ( 0..,= e, J' VQ > Vr) f-.\1~= ln-"l:::: 0) 

•> B/1/ pacc•otpeH cnyqal, Kor)(a cna6oe BB8HMOAelctBBe onacwBa

etcs B 4-~epMKOHHOH YOAeJIH ; B / 3/ - p8CCM8TpBB88TCH M0)(6Jll> 

CJI86YX B88JOIOAeiC'fBBI c w - CS080HOM. 
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BBeAe• AnH YA06ctBa o6oaaeqeHBa nento&HWX no~•• B ~JX

xounoaeataol ~pMe 

?trC.,.)=.f.eet..,C"')-+ awe,..,_<,.)-t- £~ (x.); (I.2) 

itc,..lxJ=-e)cJ.j:etlC)~ret~):\</JC-d)-Ar(~); (I.3) 

:tw~'"' (•) = i.e \ct J : r·>Vr t.:) G;).,;)-G-r5"') wr-~-(~) )· K,.(x-~ )..Ar (a)* 

.,.. Q<-\'J J· dd~: l\vr l~ )w~t(y.)- % r" w',.(~ )W,.;('( J J ". 
~ K,._\:>( "(P· > K~ C-x-6'2. )-Arcai 1 A" c<J2.. 1 ; 

(I.4) 

. J t \J~~d~L:rc~)oo(J".Aa"dt)e6 ):KvCl(-a.)Ky~·rty s> ! "" ( .. ) ~ l r ) rJ u '( • 
l f~~ :~.f(x)OolW'c(C),)\\'..,(x-a)\.\t)-\ 3.C.~: 

3A8C:& C-= ~4iio<7 (Y= (0-ymf; o!. = i;\~1- J 
' I . 2 

rn.l - 118CC8 npO!OHS, ~2.== ~; > Oo1. = ~o,.(\-1- 05)) 

I 
- (J . .,_ka) :::r~ ... v..()-)) 

oL (., (3) - J 3 
~a~ (.._,··(f'l 1.~ l·c<J) 

},.,..lx,d) = (vt(<) 0.,~.\/e(O)) 1 

}~~lx,(j)-= (vrc .. )O"'vr(a) ); 
:r,.,. \.¥.,()) = C :;Jrl"') ooL 'Vq_ (a!> i 

K i. ('1. ) = K.:.. l t ~ 0) ~ 4 ( .. ) - H8l10K8JIU8fl 0606Ul8BB8Jl tJHKilU 

( l. ~A,...._,) (c11. no.-po6aee /I-4/). 
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B:ae~eBae ~a• .. o<Spaao• aenoK&Xi&octa B narpaHKBaa BsaBMo

~elc~BB DOBBOIB~O DOaJ1K~ KOBt.ayD B K8alOK DOp&AKe reopBB 

Bos-r•eall S- .S~PBQY, J~OBne!BOpB~ BCIB OCBOBBYM !pe6o

:88BBBM, B8~8r88KMM 88 !80pBD, B&ZDq8B rpa~BIB~ByD BBB8pB8Bf

BOO~Jt. 

ll8~pBU118 U8K8B!Y £ - K8'fpJIIUI, ODpU8liJIIl.8 puqeCKB8 

DpGil.8CCY, OK881D8HCB 88BBCB .. U O! ~pii4)8KTOPOB \<~ (,:) 

B BO:BYX DOO'fOBBJUa, KO!OpJil lUI 0608B8q&eK 0. 0 B 0.2. • 

Dpoaoxouaue O.o a a2.. c:aaaa&o c peryJIBpaaauel ll.Dno:a, 

06p880B8BBMX Dptllr8!0p8U 88p&a8BHKX nonel. KaK 6YA8! DOK888HO 

B&aa, 8~B DOCtOBBBYI BM81lt CMYC& KOBCt8Kf CBBBB, ODBCYB8~ 

BBtiBCBBHOCIB KOBt8KtBKX aeltpBHO-Btl~pBBBOro B88KIOAIIC!BBB 

_. :aaa .. o~elo,_BB totoaa o aei~PBHO • .or,~ 6~1t onpe~anaBY •• 

COO,_Itct:a~ 8ICDipaM8B~OBo 

&fa :881..0~11CtBBB DOBBIBDtOB D0~06BO ~OMJ, BSK B08HBK88~ 

30U&BOI ~-1t - B88DOlliiC,_B8 D~ DOC'fpotBD &OBS&BOI nepe

ao,_apJIMOI BJI~a-.eaoBBol nce:a~ocaa~paol teopu (cK.,aanpa

•ap(5/). 
IJBQIIOU&Bd npoas:aoa, OBJI88BJUII 0 BOBKpt'fJIIIII ltii<SOpoB 

IJDUI K\.l'll.), BBJ11UCB :a pa<Sotex/2•6/. Suo noaaaaao, 

uo HIAIIIIII no tJIIQIII :a '!IOpD DPQell~ a aaM&e..., ueatpo

UI'DfteN B 8 0RCSoro• 110t8JIIUI8U B8 BIDII: piOO'fOUUX, qfO, no

:IQIIIIOIIJ, DQiteDCDJI'f 0 O~CUO:UBD Dpoctp88C'fBIDIIX pac

BpUI~I ...... Kt,...oaoro a •oa~Goro• aapa.o:a. B KB&ato:aol 

NU't,....__. 0 B)IU.HUUIB BUO'fO]NIX llODOUBUDJDIX 0006pa

&l ........... ro B Bl'fiUO.ICBOro Up1Btlp8 J.l88'!C8 eatacapo

Bift IJDUII 1< ._ lx ) • B oo•e11, Bonpoc rpeoyer ,ll;aJI:&He!mero 

uyqeua.l 
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CB8AJ8T DOAqepKHJT~, qfO Dpl KsyqeBBB 'B8Bq&CKBX BBB8sal 

np• a8epraax,Haae t&K sasYBaeaoro"yaarapaoro npe,~;eaa~ 88! 81-

o<Sxo)UUIOCTH 888!~ DOUOCUIJ tJBKJUUI I<~ (.,.) 8 K, h) , !8& UK OC

HOBBOI BEK8A B M8!PB1BY8 8K8118B!K ,1;811! ~eBB DOPftA&8 

O\Ye-4) , O(i.fet.) a O(to~ tl..), a,~;ec1o l - •aae-

aearapsas• A&KH&, r.e. Be;aaqaaa, xapaarepaay.,.aa o<S:aac~, rAe 

H8PJB88!CB BOKIX»HOCT~ BS8BKOA81C!BBB. Ko~B8H!W Dp8 8'rKX 

qJ18H8X ODP8A6UMCft KOB81UUDI 'IIICJIOM .IIBterpUOB 0! K~ l'l') B 

~~~ (-.).TaKBK o<Spasoa, Bee I)Huqecaae npoueccw npa aseprux sue 

YBBT8pHoro DP8A8Jl8 ODP8A6nRII!CB IABBHM KOB8q&HM B&C:SOpoM &OB

C'r8Bt. 

B o<Snactz, rAe asepr .. C:Sxasaa & ysarap&OMJ npe,~;e:ay • :aw.e, 

seo6XOAUO asau to~aatopu K ._h) • K11 l~) noa-

socnll, HO B atoll cayue BC'l'&e'f ,~;p;rras, se 11esee :aa:aas, npoCSo~eu 

yqera Bcero PRAS teopaa Boa.y•eHBI. OAH&KO B&JI.ae JBBT&p&ocra 

B teopaa DOBBOBB8T H8AiftTl>CB1 qfO B S!OM 0~81 Dp8,J;a8r88MWI 

8DD8p8t KOK8'1' C:SW!~ .IICD0~80B8B A:aB A8 .. Bel.aro .IIByqeBBB 8B:I8BBI 

Jl 8!01 06.118C'rB. 

B aacto~el pa<Sote C:Sy,J;yt paccaotpeBH seaoropwe taaa.ecKBe 

CD8AC!BBB Dp8A.I8r88MOrO B8pB8Bt8 B8BOK8~BOI 'l'&OpB8 8.18KtpDM8r

BBtBHX 8 ca&C:SHX B88.IIKOA81C'l'BKI. 

§ 2. UOC'r0ftBBH8 0. o 8 Q.. 2. B KX CBBU C 

sa<SmaeiiHKJI 

Kelt roBOPBBOC~ :SYUIO 1 DOCTOHBHH8 a.., 8 Clz. DOBBJlBil!CH UpH 

p8CCMOTpeBBB B88HMOAeiOT:BHH HOlTp&~BHX q&CTBU {4oTOB8 C B81Tp•

HO H Hel~pHBO C B81TpHHO). 

B TB6nHUe l DpHli8A6BH BCO rpaty, JCJIOBBO 0608B8q&.,_.e M8!

pH11BHe 8J18M8B'l'fi ,S8:SHC&IIUI8 B HH8UX DOpRAK8X 01' O.o B a.2 • 
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rpa~, OTXBq~e DO CTpyKType BHemHHX XBBBI OT npeACTBBneHHHX 

B T86nBU6
1 

uoryT S8BRC6T» OT 8fBX KOHCTSHT TOXbKO B BWC8BX 

DOPftAK8X f60pBB BOSMy.eHBI. 

58BBCBMOCf~ M8fpBqaYX 8~6M6HTOB OT Olo B CL~ onpeA6nHeT

CH B B6KOTOpol CT6D6HB BCDOX&8J6MOI MOA6Xb~ cna6HX B38HMOA61CT

BBI: 4~epMHOHHO~ MXB C npoue•yTOqHHM ~- 60SOHOM. B T86-

i, UU6 1 rpaQ)H, 38BBC~6 Of 0.. 0 H Cl 2 TO.IDKO B IIOA6JIM C 
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") 
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ll&Jlee II&TpBuwe &Jl8118Btw 6y)l;811 oCSoasaqan npea .M. tJ.,, ~" '> 

rA8 N A II tf v - tnlC.JIO !)otOJIBHX B BeltpiiBBYJ: BB811BIIX lUIUI 

C001'B81'01'B8HH0o 

TBKBII o6p83011, OAHB B !8 •e DOC!ORBBY8 Q" II 

ODP8A8a&Dr K&K SJ18K!POII&rBBtBY8 npo~eccw, ta• • cnaCSae • CJiaCSwe 

0 3.Jl8K!p0118rBB!BHIIB. 91'0 03B&qaet, qfo 118~ B8p081'BOC1'RKB Ta

KHX Dp0~8COOB CJ.8C!BJm! BDOEH8 0Dp8)1;8.Jl8BBW8 C001'B0.8BBS1 

KO!OPY8 IIOryt CSat• DPOB8p8BY B8 ODHfto 

2 • I. KO!lC1'8H!8 0. 2. B ~- 'J - B88BIIOl!.81CfBKe 

llOC!ORBB88 0. 2. BXO)Ul1' 1 KIK BII,'II;BO B8 1'8CSUIUI, t'OHKO B 

ll&tpaqswe an8118HTY M. o, 2. • .M. o,~ • M 2 . 0 • Sta nootosaaaa 

CBS38B8 C rn&BHOfl p8CXO~OCf.D JK888BHYX 118TpaqBK[ 3Jl8118B!OB, 

B llOS'.fOIIy B cnyq&8 ...M.. o, 2. 088 BXOAJI! B nepesopupoBKJ BOJIHOBOI 

cJ)yBK~HII B8l'fpMBO Z 2. y (DODp8BK8 K 118008 B8ltpUO f0Q801'B8B

BO p&Baa ayu B omny G 5 - llllll&pB&BTBOOtB t'eopo), a B cJlyqae 

M z.o - B D8pesopJmpOBKJ sapa.-a aneatposa. 

I)I;BHOTB8BHYII cJ)BaBqeoKD ~Kto•, xotopwl onpe.Ae~etca 

KOH0!8H!OI a.2. , HB~81'C8 'J- 'V - B88HIIO,A81CTBB8. Ha pBC. I 

DPBB8A8HY )I;IIBrp&IIIIH HB3m8rO DOPHAKB !80pllll BOSIIJ.8BBI, ODP6A8AHm-

•• 8 ~- "V pacc8RBB8 .AD ,AByx IIO)I;eul cxaCSoro BS&DOAeiC'fBIIJl 

(011. (1.5)). ~ t 
' / t (l ; 'tjt w t 

',~G.,...... f 2 
~ .... ' _, ..,. ,, 
..,. 2 ~ .. ,'' w '~ 

PHo. I. ,llaarp&IIIIH ~-"V- paccefUUIJl. 

C IICDOD30B8BH611 'f8XHIIKH 1 118JI0.8HBOI B /l-'J/ , .Jl8rKO BY-

11BC.Jli11'1t 118'.fpllqBY8 8.Jl8118HTY M. o,_. , 

~eiHII&Ba, npe,ActaBneBHHII Ha pBc. I. qact• ll&tpB11HWX aneMeHtOB 
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11. 0 -+ , 88B.CJUU18 ~ C\ 2. , OIUICIIB8M KOH'l'8K!'H08 ~ - ~ -

~8 ... 0~11C'l'BB8, KO'l'Opoe .OKlO 88DB~ B BBA8 A068BOqHHX cnarae

MWX K BCXOABOMJ •arp&Ha18Hy: 

B CQ1188 4-iPepiOIOHHOrO B38JUIOA81C'l'BBJI: 

J..<.o.>C"'> = G-{ ::Z- G- mil mr )

·:t~r~?(.c~~>J".i"'(K) ~ ( ~ ~ ~;) 33J~) .)\:h)-+ 

· .· + ~JZ Je~ ( ~ ) Tz..c ( )l ) } : ~ 
. ~ C.Y1188 B88BIIOAIIC'fBBJI C W- 6o30BOII: 

c!{ i > tl( J = &{ ~ ~ i G- n 2.),. 

(2.1) 

• :i (.t- ~~<L) J,.,. {~ J3~ (,.) ~2(1-1~P) -r~ ... (. )T~ ( .. ). 
rn. 2. . l . (2.2) 

-+ ( i- ~ ) Tz~ ('It ) 3 2. ..,( ("' ) 5 • 

a~ecr. 

J\.ol. (,;) = ~J{11 J ~~ Kv(11.-d1) K,. (J-1.1) X~ (1i·J=-). 

18& DOK88180 .17/, CJ•8C'l'BOB8BI8 'f8KOrG &OH'f8K'l'BOrO 

»aanoo~elcuu ae npoUBOpeu~ co~pueiDUIII a&cnepoea'l'&niiYII 

A&IOUIII Do ~·- . B8HII0~8IC'l'BBD DPB ~OC'l'B'fO'IIHO CSon•ol KOH

Cftllft &'foro B38B.O~IIc'l'UJI ( ~v ~ 2•106 G- ). 
'l'fo C<YIIIecrseaHoro CJII.QI'l' •a IOPIQ'JI (2.1} • (2.2)? 

.()(Je ll8rp&Ha118B8 RUBB8pB8B'flftl O'l'BOCB'f8&BO npeoCSpa80B8BBJl 

...Jt .;;;' V t . 'l'8KD oCSpaaoM, fiUIB8pc8&BOCft CJ18CSYX B88DOA81C'f

:ad H&pJQI'l'CR B 'J - V - B38UOA81e'fBIUIX. 

leu oCSoall8'1Bi':t. KOBC'f&H'l'll, xapanepBa~e vt-'-'~, v1-\'1 , 
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§ I. B B e a e B B e 

HeABl!HO l! pse5onx /I-J/ C5wn npeJuioaeH l!8PK8HT HenoKanl>

aol teOpiK CJ18C5YX R 3J18K!pOU8rHRTHHX BS8HMO~eiCTBIII•). B STIIX 

pae5otax aetoAY, pasBBtYe l! teopHH aeltpaJil>Horo cKanHpHoro no

XR/4/, OC506~80fCH H8 C~yqal l!S8BM0)(81CTBHH CHCT8MN H6lTp8JILHYX 

B 38pHZ8HHYX DOJ16I. fi0)(06B06 0606~eHBe He Rl!JIH8TCH !pBBB8Jll>HYM, 

DOCKOX.KY tpe60B8BB8 BBB8pB8HTBOCTK p8CCM8!pBB86MOI T80PBH OT

BOCHT8J1l>BO rpyDDY J10K8nLBYX K8nR6pOBOqHYX Dpeoe5p830B8HHI H8-

KJI8)(YB88! )(OBOnl>HO :Jl8C!K06 orp8HBqeHR8 H8 CDOC06 BB8,1(6HHH H8JIO

K8JILBOC!B B !80pBD. 

0K838J10CL 1 qfO 8!0yY Tp860B8HBD MOZHO Y.ll0BJI6TBOpHTL, 8CJIH 

DOC!JUpDB8!1>: 

Bee aeltpeJll>BYe nons B38BMOAelctl!yut c aapsaeHBYMH aeno

KBXLHYM 06p830M • 

ICXOABYI narp&H:IlB8H 1 ODKCYl!8~l SJI8KTpOM8rHB!BOe B CJI8C5oe 

B88KM0)(8IC!BHH ~Y6Bp8J1CH B WOpM8 

i..<·) = :f. c (x.) -+ !1 (_I( ) 

c!o ( .. ) ~- k: dr J.., ar A": - ~: Gr" G-;. 
(1.1) 

"t M.2:'-"/r wr4: + ~; l" \ i. a- rrLct. }~"- : 

3A8Cl> A..~ - e~eupouara~taoe none, W1 - sapaaeaaoe BeK-

top&oe none c uacco1t1. CJMMMpoBasae B (1.1) npoBOARTCH no 

BC8M 1.8D!OBHYM DOUM ( 0..,= e, J' VQ > Vr) f-.\1~= ln-"l:::: 0) 

•> B/1/ pacc•otpeH cnyqal, Kor)(a cna6oe BB8HMOAelctBBe onacwBa

etcs B 4-~epMKOHHOH YOAeJIH ; B / 3/ - p8CCM8TpBB88TCH M0)(6Jll> 

CJI86YX B88JOIOAeiC'fBBI c w - CS080HOM. 
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BBeAe• AnH YA06ctBa o6oaaeqeHBa nento&HWX no~•• B ~JX

xounoaeataol ~pMe 

?trC.,.)=.f.eet..,C"')-+ awe,..,_<,.)-t- £~ (x.); (I.2) 

itc,..lxJ=-e)cJ.j:etlC)~ret~):\</JC-d)-Ar(~); (I.3) 

:tw~'"' (•) = i.e \ct J : r·>Vr t.:) G;).,;)-G-r5"') wr-~-(~) )· K,.(x-~ )..Ar (a)* 

.,.. Q<-\'J J· dd~: l\vr l~ )w~t(y.)- % r" w',.(~ )W,.;('( J J ". 
~ K,._\:>( "(P· > K~ C-x-6'2. )-Arcai 1 A" c<J2.. 1 ; 

(I.4) 

. J t \J~~d~L:rc~)oo(J".Aa"dt)e6 ):KvCl(-a.)Ky~·rty s> ! "" ( .. ) ~ l r ) rJ u '( • 
l f~~ :~.f(x)OolW'c(C),)\\'..,(x-a)\.\t)-\ 3.C.~: 

3A8C:& C-= ~4iio<7 (Y= (0-ymf; o!. = i;\~1- J 
' I . 2 

rn.l - 118CC8 npO!OHS, ~2.== ~; > Oo1. = ~o,.(\-1- 05)) 

I 
- (J . .,_ka) :::r~ ... v..()-)) 

oL (., (3) - J 3 
~a~ (.._,··(f'l 1.~ l·c<J) 

},.,..lx,d) = (vt(<) 0.,~.\/e(O)) 1 

}~~lx,(j)-= (vrc .. )O"'vr(a) ); 
:r,.,. \.¥.,()) = C :;Jrl"') ooL 'Vq_ (a!> i 

K i. ('1. ) = K.:.. l t ~ 0) ~ 4 ( .. ) - H8l10K8JIU8fl 0606Ul8BB8Jl tJHKilU 

( l. ~A,...._,) (c11. no.-po6aee /I-4/). 
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~"'~ 

B:ae~eBae ~a• .. o<Spaao• aenoK&Xi&octa B narpaHKBaa BsaBMo

~elc~BB DOBBOIB~O DOaJ1K~ KOBt.ayD B K8alOK DOp&AKe reopBB 

Bos-r•eall S- .S~PBQY, J~OBne!BOpB~ BCIB OCBOBBYM !pe6o

:88BBBM, B8~8r88KMM 88 !80pBD, B&ZDq8B rpa~BIB~ByD BBB8pB8Bf

BOO~Jt. 

ll8~pBU118 U8K8B!Y £ - K8'fpJIIUI, ODpU8liJIIl.8 puqeCKB8 

DpGil.8CCY, OK881D8HCB 88BBCB .. U O! ~pii4)8KTOPOB \<~ (,:) 

B BO:BYX DOO'fOBBJUa, KO!OpJil lUI 0608B8q&eK 0. 0 B 0.2. • 

Dpoaoxouaue O.o a a2.. c:aaaa&o c peryJIBpaaauel ll.Dno:a, 

06p880B8BBMX Dptllr8!0p8U 88p&a8BHKX nonel. KaK 6YA8! DOK888HO 

B&aa, 8~B DOCtOBBBYI BM81lt CMYC& KOBCt8Kf CBBBB, ODBCYB8~ 

BBtiBCBBHOCIB KOBt8KtBKX aeltpBHO-Btl~pBBBOro B88KIOAIIC!BBB 

_. :aaa .. o~elo,_BB totoaa o aei~PBHO • .or,~ 6~1t onpe~anaBY •• 

COO,_Itct:a~ 8ICDipaM8B~OBo 

&fa :881..0~11CtBBB DOBBIBDtOB D0~06BO ~OMJ, BSK B08HBK88~ 

30U&BOI ~-1t - B88DOlliiC,_B8 D~ DOC'fpotBD &OBS&BOI nepe

ao,_apJIMOI BJI~a-.eaoBBol nce:a~ocaa~paol teopu (cK.,aanpa

•ap(5/). 
IJBQIIOU&Bd npoas:aoa, OBJI88BJUII 0 BOBKpt'fJIIIII ltii<SOpoB 

IJDUI K\.l'll.), BBJ11UCB :a pa<Sotex/2•6/. Suo noaaaaao, 

uo HIAIIIIII no tJIIQIII :a '!IOpD DPQell~ a aaM&e..., ueatpo

UI'DfteN B 8 0RCSoro• 110t8JIIUI8U B8 BIDII: piOO'fOUUX, qfO, no

:IQIIIIOIIJ, DQiteDCDJI'f 0 O~CUO:UBD Dpoctp88C'fBIDIIX pac

BpUI~I ...... Kt,...oaoro a •oa~Goro• aapa.o:a. B KB&ato:aol 

NU't,....__. 0 B)IU.HUUIB BUO'fO]NIX llODOUBUDJDIX 0006pa

&l ........... ro B Bl'fiUO.ICBOro Up1Btlp8 J.l88'!C8 eatacapo

Bift IJDUII 1< ._ lx ) • B oo•e11, Bonpoc rpeoyer ,ll;aJI:&He!mero 

uyqeua.l 
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CB8AJ8T DOAqepKHJT~, qfO Dpl KsyqeBBB 'B8Bq&CKBX BBB8sal 

np• a8epraax,Haae t&K sasYBaeaoro"yaarapaoro npe,~;eaa~ 88! 81-

o<Sxo)UUIOCTH 888!~ DOUOCUIJ tJBKJUUI I<~ (.,.) 8 K, h) , !8& UK OC

HOBBOI BEK8A B M8!PB1BY8 8K8118B!K ,1;811! ~eBB DOPftA&8 

O\Ye-4) , O(i.fet.) a O(to~ tl..), a,~;ec1o l - •aae-

aearapsas• A&KH&, r.e. Be;aaqaaa, xapaarepaay.,.aa o<S:aac~, rAe 

H8PJB88!CB BOKIX»HOCT~ BS8BKOA81C!BBB. Ko~B8H!W Dp8 8'rKX 

qJ18H8X ODP8A6UMCft KOB81UUDI 'IIICJIOM .IIBterpUOB 0! K~ l'l') B 

~~~ (-.).TaKBK o<Spasoa, Bee I)Huqecaae npoueccw npa aseprux sue 

YBBT8pHoro DP8A8Jl8 ODP8A6nRII!CB IABBHM KOB8q&HM B&C:SOpoM &OB

C'r8Bt. 

B o<Snactz, rAe asepr .. C:Sxasaa & ysarap&OMJ npe,~;e:ay • :aw.e, 

seo6XOAUO asau to~aatopu K ._h) • K11 l~) noa-

socnll, HO B atoll cayue BC'l'&e'f ,~;p;rras, se 11esee :aa:aas, npoCSo~eu 

yqera Bcero PRAS teopaa Boa.y•eHBI. OAH&KO B&JI.ae JBBT&p&ocra 

B teopaa DOBBOBB8T H8AiftTl>CB1 qfO B S!OM 0~81 Dp8,J;a8r88MWI 

8DD8p8t KOK8'1' C:SW!~ .IICD0~80B8B A:aB A8 .. Bel.aro .IIByqeBBB 8B:I8BBI 

Jl 8!01 06.118C'rB. 

B aacto~el pa<Sote C:Sy,J;yt paccaotpeBH seaoropwe taaa.ecKBe 

CD8AC!BBB Dp8A.I8r88MOrO B8pB8Bt8 B8BOK8~BOI 'l'&OpB8 8.18KtpDM8r

BBtBHX 8 ca&C:SHX B88.IIKOA81C'l'BKI. 

§ 2. UOC'r0ftBBH8 0. o 8 Q.. 2. B KX CBBU C 

sa<SmaeiiHKJI 

Kelt roBOPBBOC~ :SYUIO 1 DOCTOHBHH8 a.., 8 Clz. DOBBJlBil!CH UpH 

p8CCMOTpeBBB B88HMOAeiOT:BHH HOlTp&~BHX q&CTBU {4oTOB8 C B81Tp•

HO H Hel~pHBO C B81TpHHO). 

B TB6nHUe l DpHli8A6BH BCO rpaty, JCJIOBBO 0608B8q&.,_.e M8!

pH11BHe 8J18M8B'l'fi ,S8:SHC&IIUI8 B HH8UX DOpRAK8X 01' O.o B a.2 • 

6 
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rpa~, OTXBq~e DO CTpyKType BHemHHX XBBBI OT npeACTBBneHHHX 

B T86nBU6
1 

uoryT S8BRC6T» OT 8fBX KOHCTSHT TOXbKO B BWC8BX 

DOPftAK8X f60pBB BOSMy.eHBI. 

58BBCBMOCf~ M8fpBqaYX 8~6M6HTOB OT Olo B CL~ onpeA6nHeT

CH B B6KOTOpol CT6D6HB BCDOX&8J6MOI MOA6Xb~ cna6HX B38HMOA61CT

BBI: 4~epMHOHHO~ MXB C npoue•yTOqHHM ~- 60SOHOM. B T86-

i, UU6 1 rpaQ)H, 38BBC~6 Of 0.. 0 H Cl 2 TO.IDKO B IIOA6JIM C 

\ 'vJ -CI080BOM 1 DOMneBH BH)l6KCOM ( W ) • 

Ta6uua I 

4ucAO 
\ 

}!,.. 

M"•·"'" 
\!,1-\EW~I-I}C 4>0TOHI-IO\X r-1.1 \-1\..1 \..1 

0 .i 2 4 

0 ~ ~w 
") 

a .. CLo 
' .,.,...,. a. 0 , a.2.lw) 

:z. 

® .. ·-~f -®--~ 2 3 , ... 
:i: 

, 
::s: O.o, 0.2 O.o Clo 
< 

,.... -~ -@_~ -~l~l 7> 
"J: 4 
:X: / ' , ' / ' 
~ a.o, a~~. ao O.o 
Q. 

1-
-:X ...... -·®-:X 

X 6 
~ , ... 
:X O.o 3 ..... 
:I: 

=~= 
c:JJ 

I 

01 
< 8 u 
3 , ' 
:r O.o 
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ll&Jlee II&TpBuwe &Jl8118Btw 6y)l;811 oCSoasaqan npea .M. tJ.,, ~" '> 

rA8 N A II tf v - tnlC.JIO !)otOJIBHX B BeltpiiBBYJ: BB811BIIX lUIUI 

C001'B81'01'B8HH0o 

TBKBII o6p83011, OAHB B !8 •e DOC!ORBBY8 Q" II 

ODP8A8a&Dr K&K SJ18K!POII&rBBtBY8 npo~eccw, ta• • cnaCSae • CJiaCSwe 

0 3.Jl8K!p0118rBB!BHIIB. 91'0 03B&qaet, qfo 118~ B8p081'BOC1'RKB Ta

KHX Dp0~8COOB CJ.8C!BJm! BDOEH8 0Dp8)1;8.Jl8BBW8 C001'B0.8BBS1 

KO!OPY8 IIOryt CSat• DPOB8p8BY B8 ODHfto 

2 • I. KO!lC1'8H!8 0. 2. B ~- 'J - B88BIIOl!.81CfBKe 

llOC!ORBB88 0. 2. BXO)Ul1' 1 KIK BII,'II;BO B8 1'8CSUIUI, t'OHKO B 

ll&tpaqswe an8118HTY M. o, 2. • .M. o,~ • M 2 . 0 • Sta nootosaaaa 

CBS38B8 C rn&BHOfl p8CXO~OCf.D JK888BHYX 118TpaqBK[ 3Jl8118B!OB, 

B llOS'.fOIIy B cnyq&8 ...M.. o, 2. 088 BXOAJI! B nepesopupoBKJ BOJIHOBOI 

cJ)yBK~HII B8l'fpMBO Z 2. y (DODp8BK8 K 118008 B8ltpUO f0Q801'B8B

BO p&Baa ayu B omny G 5 - llllll&pB&BTBOOtB t'eopo), a B cJlyqae 

M z.o - B D8pesopJmpOBKJ sapa.-a aneatposa. 

I)I;BHOTB8BHYII cJ)BaBqeoKD ~Kto•, xotopwl onpe.Ae~etca 

KOH0!8H!OI a.2. , HB~81'C8 'J- 'V - B88HIIO,A81CTBB8. Ha pBC. I 

DPBB8A8HY )I;IIBrp&IIIIH HB3m8rO DOPHAKB !80pllll BOSIIJ.8BBI, ODP6A8AHm-

•• 8 ~- "V pacc8RBB8 .AD ,AByx IIO)I;eul cxaCSoro BS&DOAeiC'fBIIJl 

(011. (1.5)). ~ t 
' / t (l ; 'tjt w t 

',~G.,...... f 2 
~ .... ' _, ..,. ,, 
..,. 2 ~ .. ,'' w '~ 

PHo. I. ,llaarp&IIIIH ~-"V- paccefUUIJl. 

C IICDOD30B8BH611 'f8XHIIKH 1 118JI0.8HBOI B /l-'J/ , .Jl8rKO BY-

11BC.Jli11'1t 118'.fpllqBY8 8.Jl8118HTY M. o,_. , 

~eiHII&Ba, npe,ActaBneBHHII Ha pBc. I. qact• ll&tpB11HWX aneMeHtOB 
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11. 0 -+ , 88B.CJUU18 ~ C\ 2. , OIUICIIB8M KOH'l'8K!'H08 ~ - ~ -

~8 ... 0~11C'l'BB8, KO'l'Opoe .OKlO 88DB~ B BBA8 A068BOqHHX cnarae

MWX K BCXOABOMJ •arp&Ha18Hy: 

B CQ1188 4-iPepiOIOHHOrO B38JUIOA81C'l'BBJI: 

J..<.o.>C"'> = G-{ ::Z- G- mil mr )

·:t~r~?(.c~~>J".i"'(K) ~ ( ~ ~ ~;) 33J~) .)\:h)-+ 

· .· + ~JZ Je~ ( ~ ) Tz..c ( )l ) } : ~ 
. ~ C.Y1188 B88BIIOAIIC'fBBJI C W- 6o30BOII: 

c!{ i > tl( J = &{ ~ ~ i G- n 2.),. 

(2.1) 

• :i (.t- ~~<L) J,.,. {~ J3~ (,.) ~2(1-1~P) -r~ ... (. )T~ ( .. ). 
rn. 2. . l . (2.2) 

-+ ( i- ~ ) Tz~ ('It ) 3 2. ..,( ("' ) 5 • 

a~ecr. 

J\.ol. (,;) = ~J{11 J ~~ Kv(11.-d1) K,. (J-1.1) X~ (1i·J=-). 

18& DOK88180 .17/, CJ•8C'l'BOB8BI8 'f8KOrG &OH'f8K'l'BOrO 

»aanoo~elcuu ae npoUBOpeu~ co~pueiDUIII a&cnepoea'l'&niiYII 

A&IOUIII Do ~·- . B8HII0~8IC'l'BBD DPB ~OC'l'B'fO'IIHO CSon•ol KOH

Cftllft &'foro B38B.O~IIc'l'UJI ( ~v ~ 2•106 G- ). 
'l'fo C<YIIIecrseaHoro CJII.QI'l' •a IOPIQ'JI (2.1} • (2.2)? 

.()(Je ll8rp&Ha118B8 RUBB8pB8B'flftl O'l'BOCB'f8&BO npeoCSpa80B8BBJl 

...Jt .;;;' V t . 'l'8KD oCSpaaoM, fiUIB8pc8&BOCft CJ18CSYX B88DOA81C'f

:ad H&pJQI'l'CR B 'J - V - B38UOA81e'fBIUIX. 

leu oCSoall8'1Bi':t. KOBC'f&H'l'll, xapanepBa~e vt-'-'~, v1-\'1 , 

9 



"J~- \)1 - B8&11110AeiCDBJI,118P83 ar-"t I G-... r"r' G ... ,.vr 
cooTBncueaao, TO B cayqae (2.1) o!'ao•eue ~~-"'2 / G,r·"'r. 

p8BHO 

G ... ~·VQ (2.3) 
& ... r.yr 

8 B cnyq8e (2.2) 

i. (2.4) 

UW BHAHM, q!'O OT80U8HBJI (2.3) B (2.4) 388 .. !'8~&0 p831a118-

DfCH M8KAY co6ol. B !'0 Bp8MJI K8K B C~J1188 4~epMHOHHOrO Cn8-

6oro B38HMOA81CTBBS cneAJ8T OSBA8~ AOBOXi80 CH~bHOe ~apymeHH8i 

y8HB8p08~80C!B B V-V - B38DOA8ICDU, B IIOA81a C npoii8&J

TOq8YJI \j./ - 60808011 H&py•eBB8 JBB:B8pC8Jll>HOC!'H B -:.J -V B38DP-

Jt8ICTBBH BBqTO&BO 118nO. 

Ta.KRM o6paaou, nyTeu HauepeBJUI orsomeBHJI KOHCTaHT vc v(. • 
-...,) r- v' r B38IUIOA8itCTBHI IIOlEHO O!'BeTB~ HI BOn poe, K8K8B H8 . 

ABJX p8CCII8TpBB88MHX MOA&nel 6~He COO!'B8TC!'BJIT npHpOA8 CJI86o-

ro B88HMOA8itCTBHH. 

2. 2. fiOCTOftHH8ft Q o 
' ·- ·~; 

KaK BHAHO H3-~8~XB~, UOCTOH888H CLc o~p8A8nft8T AOBOXiHO 

IIHOrO M&TpBqHHX aneMeHTO~. B 3!01 p860T8 88MB 6YAYT p8CCMO!p8BW 

TOJli>KO M8TpHqJWe 3J181l8HTW .t'). :z,4.o , H _t1. 1,'2.. B CXJ1188 118!WpeX

~epMaOBHOrO cna6oro B38HMOA8~CTIBfi A~CJl860rO 138BM0~81CTBKH C ... ·' . . -

'W - 60308011 •.. 

;·'" 
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PaccKoo.rpBK a~eKo.rpouarBHTHYe WOPMWSKTOPY aneKTpoaa H ae~

o.rpaao. 

Pac. 2. !HarpaKMH, onpelenHm_.e nepeaopuMpOBKY aapHlB 

8Jl8KTpOH8 H 

'~ ~ 
~1, 

r- Me30H8 

P•c. 3. l•srpsMKB~ lBU.BH BKJIBl B aneKTpouarHHTHYA 
~OpM¢aKTOp He~TpHHO, 

0DP8l81KU U8TpKquYe 3Jl8MeHTY pacceRHBH 3JI8KTPOB8 M HeATpH-

80 110 BBene• sneKorpouarHB'fBOK none o6wqBYU o6psaou: 

Me =-i.e{ etp.J(~rrilat)~ ~tn-<=,f_q,, fJ..lcy)1tl~.)\kr('\·)_ 

M" .. i.e) ~lyz..) ~r lH ~~ )'V(f.~.- )~\<t~t) ~\ lc\ ~. (2.5) 

II 



3.n.ecb r !- '\A. Pz.. - aaqanl>Hbl~ H KOHellHblli 

m.myJJhCLi J!e!1TOHa.PaC1l6T C 14CllOJil>30B8HH6M T6XHHKJ4, p83BIIlTO~ B 

I L- 3/ , llBeT .n.na BKna.n.oB B aneKTpouarHHTHble ¢.oP'' :,;aKTOPhl aneK-

TPOHB H ae~Tpaao F i. ( q_z.. ) H R ( q_'2.) ss cqeT AHB-

rpauu, npe.n.cTBBJI6HHbiX aa pac. 2 H 3, cne.n.y~~v.e BNP8E6HHH: 

FJ q. ~) = i -~- ~1- l ~~" -~- 3 c (~'l, rn ~ ) -t ·s (_ q}- i ""r ) 1 , 
f ~ (2.6) 

R (cf·) = ~ ~2- ~ ~0 ~ 3 ('1I ·, m\ ) J . 
3.n;ec:& ¢.yHKUI4H -} \ Cl/ i \'\"\ J 6,lUm8 .H.JIH 060BX (popii~KTOpOB • 

llpMB6]!;6M ee 8CI411llTOTHll6CK06 llOB6.H.6HK6 npH 118XHX H 60JI:&WBX ovL: 
_cf ·a~ ) 2... 

- '\0 m L · rn.: , r > 

\ 

-.'' -+ 0 ( ~ cl L..< rn.-' 

T ( c(, rn'-q) = ~ e O(d. [1. -+ 0 c~)) q,l. .>/ f1'l~ 

~ KB8HTOBOH 3JI6KTpO,li;KH814HK6 npouecc p8CC6HHBH SJI6KTPOB8 BO BH6-

illH6M ane&TpouarHMTHOU none cnyEHT .n.na onpe.n.eneHHH nepeaopUHpo

saaao~ KOHCT8HTbl CBH3H, KOTOp8H Bblp8E86TCH KBK 

2. 4 ) e ~ <2 ~ ( L)) = e 0 (l --t- rQ,_ 2.. a., ~ 0 (eo ) 
I o 1. o 1\ · 

(2.7) 

TaKMU o6paaou, nocToHHHBH Cl 0 B .n.aaaou npH6nH:&eHKH onpe.n.ena-

CT a(p¢.tlKT aKpaHMpoBKH "ronoro" aapa.n.a e " napauM ( Q • Q-) M 

(]'•, \'. ) • llOCKOJll>KY H86JlllA86UO~ HBJIH6TCH B6m1llBH8 e r 1 TO B 

p8UK8X KBBHTOBO« 3JI6KTpO.n;HH8MHKM He Cy~eCTBY6T 3KCD6pHM6HT8, 

noaBOJIRilll46ro onpe.n.enKTI> C " H n.., • 
06poTKMCH Tenepl> K sneKTpOUBrHIITHOMY ~pM(p8KTOpy H6iTpMHO 

(2.6). BapHA H6~Tpi4HO paBeH HYJIIl, H 3TO cornacyeTCft C (2.6), 

QOC!<OJihKY 

,li;HYC aeliTpHHO OTRineH OT HyJIH 11 onpe]t6JIH6'l'CH B6JIHllHHOR C\.. u : 

12 



-- ·--~ 

-t 2 \( 7 

(2.8) 

Ci!iT:& onpe;lle;rreua ::utnnepHueH'l'8.ii:&Ho. BosMOlinb!e Olli:IThl no H<~ldepeHHK> 

Cp6;llH8KB8;1lp8!HqHOrG p8;1lHYC8 HeiTpHHO H6~8BHO Ci~RH YK838HH B/B/. 

onpe~e~M~:& BenHqHny roxoro sapaAa eo no ~opuyxaM (2.7) H 

(2.8). 

E. Cxa6ye BaeHKoAe~cTBHH c V.J- 6oaoaou 

AaenorH'lHiHI CBRSJ. ueuy a o , e '(' H < '<'} > MJ.ieeT 

»8CTO H B T80pHH C~86NX B38HWO~eaCTBMi C \XI- 6030HOM. B 

3TOM cnyqae BKHSA B p8CCU8TpHBBCM~6 COOTHOW6HHH B HH3W6M nopa~

K8 Teopma Boauy~aaal ASmT ;llKSrpauu~, npe~cTaBneHHue aa pHc.4,5. 

P, 
Pac. 4. ~•arpaMMY B6KTopaoi sneKTpo~HHSMHKM, AS~~e 

BKX8A B nepeHOPIIHpoBKY aapa~a aneKTpoaa 

H 

Pac. 5. ~HarpsuuN, ASDlM8 BKna~ B aBeKTpouarHHTHY~ 
WOPII~KTOP H8HTpMHO. 

13 



llepeHOpMBpOB8BBWI 38p&A 3~8K~pOB8 BKp8&88'l'Cft 

(2.II) 

Cp8AB8KBBAP8~BQBYI PBABYC B8l~pauo CB888B C Clo 40PIY~OI 

G- -a., 
w 144"2.. . 

(2.12) 

T&Ko oCSpaso•, sxpaazpoBxa ronoro a&PQa eo onpueue'l'CR 

B8~BUBOI <r~ > , cor~BCHO (2.!2), B CUOI ~-'\/ - B88DO-

A8ICTBHR, ODP8A8XR8MOI DOC'l'OHHBOI Cl~, COr~BCHO (2.2). 

B A8~B8IB8M C~8AJ8'1' 0~888'1'~ B8POR'l'BOC'l'B OC~8~BWI npo~ec

COB, DpBB8A8HHHX B ~aCSnB~8 B ODP8A8JU18MHX DOC'l'ORHBOI Cl 0 • 

14 



"'V 
I 

f 

fvl.- 1188088 
) 

B npe~ell p83A8&1 dw&O DO&yqeao, qTO K08!8K!808 

i..v)'() -Gv1-'Je~ol(x)}lot(l() "* G ... (vr J'2"'(<)J)_ .. Jx)+ 

-+ G"ll-"r ·s~ . .,( (,.) :r~ c")., 

BIPJII88! ~Bipc&~BOC~ CI86YX B88BMOA8IC!BIII. C!8D8B~ 88pJII8-

BIIB C~IO!BIBBO 88BIICII! 8! BUdp&BBOI IIOAIIR CX86UX B88KIIOA8IC!

BIII II B p&CCK8!p .. 8811WX 88 .. IIOAiaRX ODP8A8Dfi8!CH.topMJ~8MH 

(2.3} • (2.-). Kai ~•ABo •a atax toPKJX, aapy•88ae JBBB8pcax~-

80C!II a (3.1) o6ycaoaxe8o paaa.q&y~~a s8aqeBBHMH axcnepBII8B!BnL-

~ 80 88d&U8811UX. 118CC 8X8K!p088 II J - 1188088. 

B088BK88! 8C!8CTB8HBul, 88 H8B B8rXBA1 BOnpoc: 88 IBXS8!CH 

all 886~81108 p&SallqK8 B 118CC8X 8X8K!p088 B ~- 1188088 cn&A-

0!811811 C,.IC!BO~Ba& HBPJII&~ero JBIB8pC8~HOCT~ KOH!BK!BOro 

"V- V - B88DOA8IC'fBIIH? 8!0 npiiBO.U! K P8CCIIO!p81U11l Cll8JlJ.81 

88A8U. 

llycn 8Ae&!p08 B J. - 118808 BII8M O.UH8KOB~Il •88'!rp8BOqHylln 

118CCJ m.0 , II C,_8C!B;J8! '11-v - B88KIIOA8IC!BB8 B i»>plle 

(3.1} C 0!801180811 K080!88! 

10-4 (3.2) 

IOIBO all BB OCHOB8 8!BX np&AUOXOKIBBI B p8KK8X p&CCII8!piiB8-

8110I !80piK DO~U!~ 886ai!A8811W8 38&qeHHH 11800 8ll8K!pOB8 II 

.r-- 1188088? 

~IE 118J8Ctao, psaqecsaa 11acca qacta~ pnpueXBuca no:m-

COII ee ~JBKQBII rpll8& 
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G-(p):: 1 
(3.3) 

,lla&r.p8101Y, MIIUe BKJ18A B DODp&ltKy K •eoca• 38,PJm8BBYX nD'fOBOlt 

B HH311111X DOPft)Uf:8X, DpJIB8J(8HJi H8 pac. 6. 

-vlt Vct 
..... - .... /: ~', ""--- ........ ' 

// Vt '' ~, ~ ...... , ' f:.. . ~ t' r ... ~ l e. ~ e. &) t (.L) 

G~ .. -:~t G-,ot -\II" 
, "'' . ";'t'' '11 ,, ''V vll , ~ ' '~~ t! I I. -\ \ '! 

'I/..- -.\ \ 1 1 v., _ Yt, , '/ -vr ~ .. ' ' II! ~ e e. e. J ~ 

("'\} 

"r , - ~ ....... 
Vr-

..... .... 
/ ~ -:..- .... ' ., --- ' -,;, vr ..... , 

~ ..... ~t ....... , 
~ ::. 1: s r r- i r Q r-

(.5) (&) 

G-v,.-vr G-"• ~"r 
"" ""' vr,. ":. --'' ,-Jr V /I \',v. 

r/~ _,,r 
I/ "r Vr\ '\ \ r / "' v._,, It:. . ~' ~ . ::s. r r r r e r 

(7) (i) 

Pac .. 6. A•arp8JUU1, .-e...-e Bllli&A :a co4c'fBIBBJII asepnm 

88Pft&IHBJIX .18DfOBOB 

., 



A 

llacco:eul onepaTop L (f) zueeT cTpyK'l'YPY 

zJ cf) = pci~~5 ;~j c f) c~= Q, 1 ). (3.4) 

uocaox.Ky Teop•s K5 - BH:eapHSH'l'Ba. 

lerKO :BXA8'1'~ 88 (3.3) 1 (3.4), 11'1'0 ~B3HQ8CKHe U8CCN a~eH

'l'pOB8 a ~ - ueaoua onpeAexsmtcs K&K 

'2. '2... n 2.""V ( 'L'\ rne = rn.., -t .:t.. rn.:o L....e \'"Ylo ) ) 

'k '1.-. 2. '-" ( z.." rn. r -=- \1L 0 ..,.. \'Y\., LJ r \)'\. 0 J,. 

(3.5) 

OTKy,na 

Qqe:BBABO, qTO BKX8A :B (3.6) ASm'l' 'l'O~~KO AH&rpauuu (3) H (7) H8 

pBC. 6. 0U8HHB8H BKX8A 8'1'BX ,IJ;HarpaUM, nonyqKU 

'L 'L ( G- \ tyt;- c J ~ - (' ~ \11~-rvlQ =- \·'L) eE> l \.~"'~-" \.I,·Q_",~ (3.7) 
I 'U- ....: I r • 

3A8Ca ev- 8~8M8H'l'8pB8H ,IJ;nHHB,onpe,neARm.aH 06X8CT~, r,ne cna-

6He :B88BMO,IJ;8lCTBHH CT8HOBRTCH HenoKan~HHMB ; 

_ 4 ~·-~t~2 trC,-5 ) -vc.:s )(-s~s- ~ ~ . ( ) 
c - 1fT ) C-s- ~ )L l's·~ i y- )' Cs-i) ' o~ ~..,:_ l (3.8) 

-~~,oo 

0 
(3.9) 

tyBKUHH \f("'-) OAH03H811HO CBR38Ha c Kv (1'-) B (1.5) 

(CYO'l'pH no,n.po6Heef2 •3•61. 06~e et Cl!·li~CTBa Tf.KOBbl, liTO 
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I 

• 

r,11;e 

.B KaqecTBe npHuepa BYCSepeu Y(-v..) B BH,lle 

Y(u. > =- .A G (v~.- ~)-+- li-.A) ~ lu.-i), 

~ > i 

~ l{ ') = ~ ~ 

0 < CL ~ 1 

*>o, 
*~0. ) . 

.Llna :3TO~ if>YHKI.VlH 

C - 20 A+Ji.')c/(.L-i) r\~(l-1)21 
- ::)"R"' C..L "!,l + '- A~ + \..'- Az_ J. 

~!CnOJJl>SYR COOTHOW6HH6 (3.2), nepenHW6M (3. 7) B BIIJl6 

mL-rn~-=- (~G- '\ m~ C ·l01G: r err-) e(:, v,-v·Q. 
v 

(3.10) 

(3.1!) 

nna TOro 'ITOCSY nonyliHTl> HaCSHmJl86My~ paaHOCTi MaCe, H806XOAJMO, 

'l. c;. rn. liTOOY )2.. L (_ 

m..~~_ .:::::. C.'L c ~ G-\IQ- VI( 

llpH 9TOM nonpaBKK K M8CC8M 38 C'l6T ~arpaMM (3) II (7) pHC. 6 

no nopH,llKY B6JJH'IHHY 
·z... <:;:- ""L \ r-- 4- L 8 m.; ..:::: n'Le 0 TY'-r .::: v rn Q 

\ G-\1 ~i 
EcTeC'l'Beauo npeAnono:un m-e~ 1'"1'1.12 ) \.IT Fe; - ' 

G. ~ G- .i. G- - \""' G- . .L 
oTKy,lla :; v·--~ - {I c > "r-"'l - '~ \l2. c 
Ecn11 cqHTan, liTo G~ - G- G- .. ,..-v - I{) 

4 G- , to 
VC ~~~ \ 1 r 

HeodXO,llHMO, 'IT06Y C """ .i . 3TOrO MOZHO nerKO Jl06BTiCfl COO'l'-

B6TCTBYI>lll~ BYCSopou tllYHK!lHH Vl~..<..) • B cnyqae (3.IO), 
I I -A HanpHMep, ,l(OCTaTOl!HO llOJIOli:HTL Cl.:::. -::; ) ::::::- 2,2. 

Kax CSYno noxaaaHo B/2 •61, BB6Jl6HII; senoKa~HOCTB B TeopHI> 

npHBO~HT K H3M6H8HHI> KyJIOHOBCKOrO fiOT6HU118Jia I •cna6oro nO'l'6H

XlH8JI811 COOTB6TCTB6HHO B KB8HTOBOI 3B6K'l'p0,11;11H8MIIK6 II CnaChiX 
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B8811MOJl8IC~HBX 88 M8nYX paCCTOflHIIHX. C STOI TOliKII 

wu:capoB&HHe BUBtiiiBY C oaanaeT cpMKC.HpoaaHHe aecKo. 

Mn'pOll ( a.. II .A B npuepe (3.!0)), X8paK'l'8PIISY~IIUI: 
B8BI8 (CM. fi0Jlp06H88 § 5, ~6/). 

T&KIIM o6pasoM, a aenoxanl>BOI 'l'eopHH B8TPY.1lHO ,11;0~ 

naeMoro peaynl>T8'1'8 np11 paayuHYX npeAUonozeHHHX OTHOCJ 

KOHCT8H'l', BXOJlH.HX B (3.!!) • 

llpoBOJlfl to•ao '1'8KIIe :ae paccy&,lleBHH JlBH cnyqaa, 1 

D8Hi B8pJI8HBH JBKB6pC8niBOCTII Mana B OfiiiCYBa8TCH OTI 

KOBCTSHT (2.4) 1 '1'.8. B Cnyqae MOA8nll CJJ80YX B38HMO,ll8~ 

\:IJ - 6080HOM, MOUO DOJIY1DITI> npSBBXl>HYil p83BII!lY ll II 

1 - Meaoaa • aneepoua, ecu ll&6pni C ...... zoi5 
8'l'OM 0K83YBa8TCH 1 QTO nonp8BKII B MaCCY Jl8DTOHOB 38 C~ 

(3) B (7) pHC. 6 OQ6Hi BtiKKH: 

~ 2. C' 'l.. .s 2.. 
0 rne ~ a rn r .::::::: I 0 rn..CL. 

ECXII OK8&8TCfl, liTO p83HKU8 B MaCCSX 3J16KTpOHa H 

CTBII'l'8BiHO BM88T npe,llnonaraeuoe DpOHCXO&)l6HII6, TO npo 

paccMo'l'peHHe, no-BRAHMOMy, 6yJteT CBH,lleTeniCTBOBSTi o 

UOA8Jli Cn86YX B3811M0,11;8ICTB11l C ~ -6030HOU H6 COOTB 
~ 

Jl8ICTBIT8nl>HOCTB. 

B aaxH~qeHHH K &TOMY pas,lleny saMeTHM, liTO np11 BY 

BKJia,llOB Jlllarp8MM (3) B (7) BS pHC. 6, KOr,lla B KSQ6CTB' 

PB38UHH ~eRHMaHOBCKHX HHTerpaJIOll HCDOJI~ayeTCH o6pesaHI 

BepxaeM npe,llue, npa A 'l'anx, liTO B G A 1 ...... i , 
B8H c B (3.7) OK83Yli88TCH paBHOl 

C. :::::::- I0-6. 

STO OSH&qaeT, qTo AnH nonyqeHIIH H86JI~Aaeuol paSHI 

\"Y\.. Q II I'Y\.. J , H60CSXOAHMO npUfiOJlOllHTl> He06biKHOB6HI 

--v -v - BsaHMoAelctBHe c G-, _ o.~ ......... wio G ) , QTI 
r- r 
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B KaqeCTBe npHIIepa BY6epell 'f(,._) B BH,ll8 

Y(u) =A Gl\A-<--'-)--t-li-1\)~lu.-i), (3.10) 

r.zte ~ ;:> i 0 < CL ~ 1 

~l-t) = ~ ~ 
-t>o, 
-t .c::: 0. 

) . 
,Una 3TOH 4/YHK~~Ii 

A<\- . 
- 2 c ·- J i ') 2. ( .L - ) ~ ( 1.. -1 )2 l 

C - ~lt."' G .. "( +...__Cl A'- i + 0.. Az. J. 

r!CUO.Jll>3Yfl COOTHOW6HH6 (3.2), nepenHW611 (3. 7) B BB,ll8 

L 'L (_ G- ~ m~ C 1 G: rnr- \1\.Q_ '"-err-) e~ •10 Ve-V'Q. (3.1!) 

nna Toro qTo6Y nonyqHT'L H80nD,ll8811ym p83HOCT'L 11800 1 H806XO~II0 1 

qTOOY 2.. L c_ 
~ (G-\ rn. G 

rn..~~. ==- lu ) (! s 'vu- v'll. 
li 

ilpH STOll nonp8BKH K 118CC811 38 cqeT ,llK&rpaMM (3) B (7) pKC. 6 

no nOpfl.ztKY B6JlHqHHY 
.,_ ~ 'L \ ,.._ 4- L 

8 \'Yl ; ..::: \YL e (' TY'- r .:: \J rn Q 

G-\1 ----i 
EcTeC'rBEIHHO npeAnOJIOU1'1> me~ 111.(2 , \IT re; - ' 

OTKYAB G- VII2-"Q. 
(....- l.. r - \~'-\ G- .L 
0. c._ J \J.,r-"1 - \Ji C 

EcnH cqJ4TBT'L, qTo G~ - G- G-... _" - I() 
4 G- , 'fO 

vc 11 ~ ' r r 
H600XO.ztHII0 1 qT06Y ( ~ i . 8TOrO IIOZHO JI6rKO ,ll06HTaCR COO'f-

B6TCTBYI>IIIHJI B1>160p011 tiJYHKilHH Vl1A). B CJiyqae (3.!0), 

HanpHMep, .n;OCTaTOIIHO llOJlOXHTL Q. = * ) -A ~ 2,2. 

KaK 6YJ10 fiOK838HO B/Z,6/, BB6,ll6HB; B6JIOK8AaHOCTB B 'f80pHil 

npHBo.n;HT K HaMeHeHH~> xynoHoBcxoro noTeHuBaxa • "cna6oro no'feH

IlHana" COOTB6TCTB6HHO B KB8HTOBOI 3Jl8K'fpO,llBH811HK8 R CB86YX 
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B88BIIO,llllCTBBHX B8 118BHX p8CCTOHHKHX. C 3TOl TOqKH apeHHH 

WBKCxpoB&BBe BeBBqBBY <: oaBaqaeT 4/HKCHpoB&HHe HeCKOJI»KHX napa

lln'POB ( a.. K -A B npnepe (3.IO)),X8p8KT6pKaymDUJX STO H3116-

B8BB8 (011. DO,llp06HI8 § 5, ~6/). 
T&KKII o6paao11, B aexoK&Bl>BOI reopHH B8TPYAHO .zt06HT'LCH xe

naelloro pe&yX'L'f8'f8 DpH paayMHYX npe,llDOJl01:6HHHX OTHOCHT6HiHO 

KOHCT8B'f 1 BXO,llH.KX B (3.11). 

fipOBO,llH 'fOqHO 'f8KH8 &8 p8CCY&A8BHH ,llHH CJiyqaa, KOrAS CT8-

D8Hl> BBPJIIHBH yaiBepC8BaBOCTI 118J18 B ODHCYB88TCH OTHOW8HH611 

KOBC'f8B'f (2.4) 1 T.e. B CByqae IIO,ll8HH CJI86i>iX B38HMO,ll8lCTBHl C 

\Xj - 608080111 •oaao DOJiyqHT» npaBBJiiHym p83BX~Y B 118CC8X 

l - MeaoBa 1 anenposa, ec.u B1i16pau C ...,_ 1015 • Ho npH 

STOll OK881i1B88'fCR 1 qTO DODp8BKB B 118CCY J16DTOBOB 38 cqeT ,llH8rp811 

(3) I (7) piC. 6 oqeHi BIJKKH: 

r- 2. ~ t.. .s 2.... 
ornE.=: otnr.::::::::. 10 rn(L. 

EcJIK oxa•eTCH, qro paaHHilB B Maccax aneKTpoaa H MDOHa .ztel

CTBH'fenaHO 111eeT npe,llnoxaraelloe npoHcxoa.zteHHe, TO npoBe~eHHoe 

p8CCIIO'fp8HH8 1 ll0-BHAKIIOIIY 1 6y,ll8T CBH,lleTeJiiCTBOBST» 0 TOll, qTo 

IIO,lliJll> CJl86YX B38HIIO,ll8lCTBHl C ~~ -6030HOII He COOTBeTCTByeT 

liiCTBBT8BaBOCTB. l> 

B aaxnmqeHHH K &TOllY paa,lleny aalleTHM, qTo npH BYqHcneHHH 

BKJl8,llOB ,llK8rp8M11 (3) K (7) H8 pKC. 6, KOr.zta B KaqeCTBe peryna

pH88IlHH 4)elHMaHOBCKHX HHTerpanoB HcnonLayeTca o6peaaHHe A Ha 

Bepxaeu npe,llene, np1 A Taxax, qro B G 1\1 -- i , nocTOHH-

B8H c B (3.7) OK83YB88TCH pSBHOl 

c. ~ 10-6. 

5TO 08B8q88T 1 qTO AJIH fiOJiyqeHHH H86Jlll,ll88110l p83HOCTH 118CC 

\'YLQ 

"'J-'\) 

H \'n. J 1 He06XO,llHMO npe.ztfiOJlOJ:HT'L H606WKHOB6HHO CHJlLHOe 

- Ba8HIIO,ll6lCTBB8 ( G-., _ 11 rv 10!0 G- ) , qTO npOTHBOp 
r r 
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I 

I 

qHT COBp6M6HH~M 3KCnepBM6H!Sn»BHM ~8BB~M. 0HB ~8»! (CM./9/) 

G-.,.( vi ~ I,s·ro5 G-. 

~!SK, B p8MK8X H6JIOK8X~HOI T80pHB CXSGWX B88HM0~8IO!BII 

BoaMozao od~scBHT~ paaaocT~ Mace Me~ axextpoaoM • ~-Meso

HOM, ecXH npe~nonarar~ HapyweaHe YHBBepoa~aoctB cnad~x BBSBMo

.zteltcTBHit B qHCTOM 'V-V - B88HMO~eJICDBB COrJI8CBO (3.!) ll 

(3.2). 

§ 4. 8 8 K J1 ~ q 6 H B e 

Ilp6,1.\JIOZ6HH~l B / 1- 3/ B8pB8B'f B8liOK8~BOI !80pBII CJI8GWX 

B88HMO,l\6ltCTBHI ~88T ~OBOJI~HO Z6CTKH8 npe~CK888BBft O!BOOK!8X~BG 

O!HOW6HHH BepOHTHOCT81 p&SJIHqHHX np0~8CCOB Me~y B8J!p8aiKYMB 

qacTH~SMH (~OTOHOM B B8l'fpBHO) I D08BOJH8'f 0~8n8!~ BW~Op Ml~ 

~BJMH nonyHHpHHMH MO,l\6JiftMH T80pHH CJISdHX B88BMO.lt8IC!BBI: •etH

pex~epMHOHH~M B C ~ - dOSOHOM, H8 OCBOB8Bal BByqeRJll q!C!Oro 

'\)-V - B38HM0~81CfBKR. 

IIOHBJIH6TCH T8KZ6 B03MOZHOC'fi od~ftCHB!~ p88HOO!i MSCC 8li8K

TpOH8 H f - M680B8 H8 OCHOB6 npe~DOJ10:18HBJl 0 B8PJID8BBB yDJSep

CaJUtBOCTH C1!86HX B88U0~6ltC'l'Bidt 11 qHO!OM 'V-Y- B88D0~8IC!'-

liMB. 

Bee 8!'0 3')i8JIRUB88! BH'fepec K DOBCKJ --J-y - B88B.UeiC!'-

BHH. 

B aaxnmqeame BYpa:aae• r.nydoxym d.naro~apaoct• npot. l.I.S~ 

XHH~eBy, 8K8~6MHKY M.A.MapxoBy, ~OK!opy C.I.S&aiHiKOMJ 81 ao

JI68HYe OGC~8HBH. 
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qHT COBpeueHH~II 8KCnepBM6HT8JI~BHK ~8BBHU. 0HB ASDT (cu./9/) 

G-.,.(vr ~ I,s·ro5 G-. 

MTSK, B p8UKBX H6XOK8JI~HOI T80pBB CR86WX B38BMOA8IeTBHI 

BOSMOXHO oCS~RCBHTD p83HOCT~ USee U8~ 8~8K!POBOU B ~- U880-

HOU, eCnH npeADOJI8r8TD BSpymeHHe JHBBepei~BOC!B CXSdHX B88BUo-

AeitcTBHit B qHCTOU 'J -V - B88RUOA8ICDBB COrJISCBO (3.!) II 

(3.2). 

§ 4. 3 8 K n D q e H H e 

npe,n;JIOE6HH~I B /l-3/ !18pi8B! B8llOK8DBOI !80pBII ena<Jsx 

B38HMO,ll;6UCTBHI A88T AOBOllDHO K8CTKH8 npe~CK888Bift O!BOCHT8~~BO 

OTHOW6HHH B6pOHTHOCTel p8SJIHqHHX Dp0~8CCOB U8~J B8l!p8aiiYUB 

qaCTH~SUH (WOTOHOII B Hel!pBHO) B DOBBOIH8T 0~8X8!i BWIJOp U8~ 

~BJUH DODYHHPHHUH UO,ll;eXftUH T60pHB CJI86YX B88HU0~8lC!BBI: •eTH

pexwepMHOHHHII B C VV - !JOSOHOM, H8 OCHOB8Bal BayqeHBB qae!OrG 

'V- V - B38111UOA6ICT!1Hft. 

llOHBJlft6TCH T8KK6 BOSUOKHOeT~ Od~fteHITi p88HOO!~ U&Ce aneK

TpOHS H f - U630H8 H8 OCHOB6 DP8ADOJIOK8BBft 0 B&pymeHBB y&KBep

CaJIItHOCTH CJI86HX BSSHIIO,ll;elC'l'BKI B qJie!OU -y-)J- JI88DOAeiO'f-

BHB, 

Bee 3!0 JB6XHUB88! BH!epee K DOBeKJ -..J-') - JIS8BIIO~eiC'f-

IBHft, 

B aaKnmqeaae Bwpazaeu rnyCSoKym dnaro,n;apuoe!i upo~. J.I.DID
!XBH~eBy, aKaAeMHKY M.A.MapxoBy, ~OKTOPY C.l.:&ueBttKOMJ u ao

xeaawe oGeyzAeHBH. 

l.. . I 
i 
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