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1.BseJeHMe. npeAnaroeMaH po6ora npecneAyer ABe uen~. Bo-nepsMx, 

MM A08M P03SepHyT08 M3nom8HM8 MAS~, snepswe BMCK03QHH~X B po60TOX/ 1/, 

BO-BTOPNX, 0606Q08M 3TM Mj8M HO Cny~a~ KBOHTOBMX CM8C8~. 

npeAM8TOM HOWBfO BHMMOHMA ABnA~TCA KnOCCM48CKM8 M KBOHTOBMB CMBCM. 

HornHAHWM npMM8pOM KnOCCM48CKO~ CMBCM ABnABTCA PYAO: B H8~ non83Hhl~ 

KOMnOHBHT nepeMewaH c nycro~ nopojo~. B o6weM cny4ae KnacCM4BCKO~ 

CMBCb~ Mhl HQ3~BOBM n~60B MHO~BCTBO, B SnBMBHTOX KOTOpOrO MO~HO BWAB

nMTb nOASnBM8HTN, OTRM40~QMBCA APYf OT jpyro no 3H04eHMRM npM3HOKOB, 

KOTOPW8 OHM (nOASnBMBHTN) HQ C868 HBCyT. noA KBOHTOBO~ CM8Cb~, KOK 3TO 

npMHATO, MN nOHMMOBM n~6ym Cynepn03MUM~ KBOHTOBWX COCTOAHM~ (KOrepeHT

HY~ CMBCb). 8 npMM8P8 C PYAO~ 3R8M8HTOMM CMBCM ABnA~TCA KyCKM PYAW, 

nOASn8MBHTOMM - KOMnOHBHTW, 3H04eHMAMM npM3HOKOB - MOCCW KOMnOHBHTOB 8 

sneM8HTOX. He BCBrAO nerKO B 06beKTB On03HOTb CMBCb M BNABMTb 88 CTPYK

TypHWB KOT8rOpMM (Sn8M8HT, nOASneMBHT M T.A.). 8 3TOM OTHOWBHMM MOryT 

OK030TbCA non83HNMM CRBAY~QMB npMM8phl. npejCTOBMM Ce6e: 

(a) npeAnPMATMA AOHHO~ OTpaCnM npOM3BOACTBO C pocnpejBnBHHWMM Me~

AY HMMM CP8ACTBOM~; (6) Y40CTKM He6a CO CBeTAQMMMCA HO HMX 06b8KTOMM; 

(g) nnBHHM C ~MKCMPOBOHHWMM HO HMX TPBKOM~ Sne~eHTOPHNX 4QCTMU; 

(~) OAPOHHWB MYRbTMnnerw; (A) M8~603MCHW8 pQ3nOmBHMA B CMCTeMOX CO 

CHPWTO~ CMMMeTpMe~. Bee STO - npMM8PN CMBCB~. 8 H~X npM3HOKOMM MOfYT 

cnym~Tb: {a) CPBACTBO, pacnpeAeneHHWB Me~AY nPBAnP~ATMAMM; (6) CBS

TMMOCTb nMdo APYfOA ~~3M48CHOA XOPOKTBP~CTMHQ H86BCHOrO rena; 

(e) MMnynbCN nM60 yrnM M8~AY KOHB~H~M~ npojyKTOMM MCCnBAYBMOrO npOUSC

CO CTOnKH088HMA SRBMBHTOPH~X 4QCTMU; (r) KBOHTOBWe COCTO~HMA 0TA8Rb

H~X KBOPKOB B OAPOHOX; (A) nOnH~~ H060p ~M3M48CKMX BSnM4MH, onpeABRA~

QMX KBOHTOSWe COCTOAHM~, Cynepno3MUMA KOTOPWX POCCMOTPMBOSTCA. 

Q TOM, 4TO MN C06MpOBMCA MCCnBAOBOTb B CMSCAX, dyABT CK030HO n03A

H88, noKO ~e OTMBTMM CnBAY~WBB. KOK npQBMnO, CMBCM MHOfOKOMnOHBHTHM. 

CnBAMTb 30 BC8MM KOMnOHBHTOMM OAHOBPSMBHHO B8CbMO cnomHO, AO M HB 

BCBfAO HY~HO, T.K. H8 see KOMnQHSHTW CM8CM 6MBO~T MHTSPSCHN B pOBHO~ 

M8pe, Pa3yMHO nOSTOMY B~AenMTb OAMH ·nM60 HBCKOnbKO HOM6onee BOmHWX 

KOMnOHSHTOB, Q BKnOA OCTOnbH~X Y4MT~BOTb nMrub MHTBrponbHWM 06p030M -

KOK 3TO npMHATO ABnOTb npM nony~HKR~3MBHOM OnMCOHMM npOUBCCOB MHOfflBCT-



BSHHOrO pO~ASH~~/ 2 /. TOKO~ TOKT~KO, H8COMH8HHO, ~M88T npe~My~8CTBO, T.K. 
n0380~~8T CH040nO P0306pOTbC~ 8 r~OBHOM, nepeHOC~ BC8 OCTOnbH08 HO STO
pa~ n.naH. 

2. 0JHOKOIOOH8HTHO~ CI8Cb. 0AHOKOMnOH8HTHO~ CM8Cb an~C~B08TC~ rpe
M~ xapaKrep~cr~KaM~: KOHUBHrpaw~e~ f3 np~3HOKO, ihHHu~e~ e~XOAO O(j:3) 
~ hHH~i-18~ lr13811848Hir1~ £( j3). 3Tir1 T8pMVIHbl 83SlHI i-13 06JlOCTir1 060r01118HVIR 
PYA VI 003TOMY rpe6y~r P03b~CH8HVIR. 

POCCMOTP~M CM8Cb 001183HOrO HOMnOH8HTO C nycro~ nOpOAO~. B~A8nlr1M 
68CHOH84HO M0Jlblt:1 06b8M CM8CVI ( 31l8M8HT) c MOCCO~ d M lr1 0603HOI.J~M MOCCY 
C0A8PIIIO~eroc~ B H8M np~3HOHO 48P83 dm • H03088M H0HU8HTPOl1~8~ nplr13HO
H0 OTHOW8H~8 

dm 
~= d M . ( 2. 1 ) 

ACHO, 4TO 0~ ~ (. 1. Be8)l8M HOP~AY C ~ TOHIII8 CPSAHIOIO HOH-
U8HTPOU~IO j3, OOPBA8/H1B ee HOH OTHOW8H~8 nOilHO~ MOCCbl m np~3-
HOHO H nonHo~ Meece CMBCI-1 M : 

- m 
~==M· 

Ranee, o6o3H041r1M Macey cMec~, np~XOA~ll1YIOCSl 

4BPB3 dM ip) ' onpeAe"' WYHHUM• ((~) 

t(f3)dp '=d~(~). 

(2.2) 

HO MHTBPBOfl ( jO , f3+df3), 
48P83 C00THOW8H~8 

( 2. 3) 

~3 (2.3) BVIAHO, 4TO hHHljVI~ BbiXOAO ( ( f3) T0111A8CTB8HHO nllOTHOCT~ pocnpe-
A81l8HVISl MOCCbl CM8C~ no HOHUBHTPO~VIVI ~. ~3 npVIB8A8HHbiX B~p01118HVI~ 
~erHO BbiBO)l~TCSl YCilOBVI8 HOpM~pOBHVI 

1 

Jn 13Jdp=1 
0 

~ CBSl3b CP8AH8~ HOHU8HTPOUVIVI 
1 

f3 C ihHHUi-18~ BbiXO)lO 

~== J p rcp)df3. 
0 

c ""A"" 3flBMBHTOM CMBCM d M (~) CBSl30H 3Jl8M8HT npi13HOHO 

( 2. 4) 

(2 .5) 

dm(~). 
3A8Cb TBPMVIH "Bil8M8HT" Mbl ynorpe6JlSl8M He B TOM CM~CJle, HOH 80 BB8)l8H~Ir1. 
~MBHHo, d M(f3) - :no cyMMOPHOSl Maceo scex aneMeHroe, a Horopblx 
f3€(f3 1 f3+df3), T04HO TOK •e onpeABflRBTCR M dm(~). TOK KOK 

MOCCO CMBC~ pacnpe)l81l8HO no HOHUBHTPOUVIVI p , TO no H8~ ~e pacnpe)le
JlBHO VI MOCCO 0PVI3HOHO. TOHVIM 06P030M 1 0AH0HOMOOH8HTHO~ CM8Cb XOPOKT8-
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P~3YBTCR He OAH0~ 1 0 

pacnpBABDBH~~ ~ BCTb 

s bltil e: 

ABYM~ nnorHOCTRM~ pacnoeAeneH~~. BropaR nnoTHOCTb 

~YHKI\~R ~3BDBYBHiilR [(~) , 0 KOTOpO~ rOBOP~nDCb 

E(j3)df3 = d~(fl). ( 2. 6) 

noHHTH0 1 4TO,KOK ~ 

ycnos~e HOpM~pOBKiil 

s cny4oe c WYHKU~e~ 

<DyHK~" E.(f3): 
6'"( ~), JlOM!IHO BblnODHHTbCH 

1 

s E.(p.)dp = 1. 
0 

Tenepb Mbl MO~eM ~3nO~~Tb OCHOBHy~ ~AB~, HO KOTOPO~ nOCTPOBHO see 

OCTODbHOB. 

( 2. 7) 

3. HBOAHOpOJHOCTb: KQ4BCTB8HHUA nOAMOA. Han~4~B B OAHOKOMnOHBHT

HO~ CMBC~ ABYX nnOTHOCTe~ pocnpeABneH~H np~BOA~T K TOMY, 4TO 0 npejl

CTOBiilTBnbHOCT~, T.B. CTOT~CT~4eCKOM BeCB H06n~AOBM~X B CMBC~ KOHUBHT

POL\~Vl, MOlriHO CYJlVITb KOK C n031ill\VI~ ~YHKI..IVIV1 BblXOAO f(~), TOK ~ C no-

3'~" '3B'e"e"" C(j3) . 
(a) no3~l.lli1R IYHKU~Iil BhlXOAO: KOHUBHTPOUiilR ~ TBM npeJCTOBV1TBnb-

HBB, 4eM 6onbWOR MOCCO CMBCV1 B~ COOTBBTCTBYBT, T.B. 4BM 60nbUJB 

't{f3)df3. 
(6) no3VIUV1R ~YHKUV1V1 V13BnB48HiilR: npBJtCTOBV1TBflbHOCTb KOHUeHTPOUVI~ 

~ OnPBAenRBTCR MOCCO~ npli13HOK0 1 npV1X0AR~BrOCR HO V1HTepsan ( ~ 

j3+df3 ), r.e. se""'"o~ E.(j3)dp.. 
Mbl H03blBOBM AOnee CMBCb 0JlHOPOAH0~ 1 

T04KV1 3P8HV1R (a) VI (6) COBnOAO~T 1 T.e. 

ecnVI nplil acex 3H04BHVIRX ~ 

( 3. 1 ) 

B 3TOM cny4ae 3neMeHTbl CMeCVI VI 3neMBHThl npV13HOKO CTQTiilCTV148CKVI POBH0-

3HQ4Hbl V1 V13 npeAb1AYll\V1X ~OpMyn cneAYBT, 4TO (3::::: ~' T.B. cneHTp 

KOHUBHTPOUVIVI BblPO~AOeTCR B OAHY T04Ky. noHRTH0 1 4TO TOKOe COCTORHVIB 

CM8CV1 ,ll,Onl!!HO OnVICbiBOTbC!l ,llenbT006P03HblMVI ~YHKL\V1RMV1 't V1 f._: 

(3.2) 

YcnOBiilMCH ,ll,Onee C4VITOTb CMBCb TBM HeOAHOpOjlHee, 4BM "Cii1RbH88 pa3nVI4V18 

Me ~HAY hHKl\VIRMVI 4" VI e_ ". HV11H8 Mbl np~JlOAVIM CK030HHOMY tl8TK.Io1~ MOTeMO

Tio14eCK~~ CMblCn, 0 nOK.O 06pOTV1M BHiilMOHV18 HO ABO OnbrepHOTV18HbiX npouecca 

CMeWV180HiilR ill p03AenBHVIR (V1nV1 li13Bne4eHVlR). CMeWVlBOHVIe A8nOeT CMBCb BCe 

donee 0AH0POAHO~ VI 8 V1A8Qn8 npV180AVIT K COCTOHHHIO ( 3.2) 1 KOr ,ll,O HO n~-

6bl8 POBHbiB MOCCbl CMeCVI np~XOA~TCR POBHble MOCCbl npVl3HOKO. npouecc pa3-
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A8~8H~R OT,I\enRBT np~3HOK OT OCTOnbHO~ 40CT~ CMBC~, ysen~4~BOR TBM 
COM~M CreneHb HBOAHOPOAHOCT~. B ~ABOne npouecc P03A8n8H~R np~BOA~T K 
ABYM aneMBHTOM - 4~CTOMY np~3HOKY ( p = 1) ~ nycro~ nopo)\e ( f3 = 0). 

M~ np~wn~ K ABYM BO~H~M B~BOAOM: 

(a) HeOAHOPOAHOCTb 8CTb npo)1yHT ~~3~48CK~X npoueccos, B pe3ynb
TOT8 KOTOp~x ~3 "nepBOH040nbH~X" KOMnOH8HTOB 06po3y8TCR CM8Cb. 

(r) B ~epapx~~ COCTORH~~ H80AHOPOAH0CT~ 8CTb B8PXH~~ nPBABn, KO
TOP~~ Mhl H03~B08M COCTORH~8M KPO~H8~ HBOAHOPOAHOCT~; B 3TOM COCTORHMM 
cneHTp KOHU8HTP0Ulit~ Bb1POIKA08TCR B AB8 T04Kl!l: C ~ = 0 M ~ = 1 • 

TOK HOK B aneMBHTOX C (3 = 0 HBT npM3HOKO, TO dm(Q) = 0, ~ 
noaTOMy RCHO, 4TO HpO~HB HBOAHOPOAHOMY COCTORH~m CM8Clil AOn~HW COOT
B8TCTBOBOTb cne.n,yi0Uj~8 ABnb T006p03Hbl8 ~YHKUM~ j' M f...: 

( 3. 3) 

E.(j3) = 2 S( fl-1). ( 3.4) 

Ko3ID~Mu~eHr~ neoe.n. .n,enbTO - ~YHHUMRM~ a~6pOHbl TOH, 4T06bl y.n,oanerao
P~Tb ycnOB~RM HOpMMpOBH~ (2.4) ~ (2.7), 0 TOH~e ~OpMyne (2.5). 

4. KpMrepMU HeOAHOpOJHOCTM. 06pOT~MCR Tenepb H npo6neM8 OUBHK~ 
H80)\HOPOAHOCTM CMBCM. Mbl AOniKH~ HOY4MTbCR OTB840Tb HO BOnpoC: KOKOR 
CMBCb 6onee HBOAHOPO.I\HO? 3ro nOMO!I!eT HOM nOHRTb, !t13 HOHO~ CM8C~ {np!tl 
APYrlilX POBHbiX ycnoa~RX) ner48 ~3Bn84b none3Hbl~ HOMnOHBHT, 0 TQK!I!8 pe
WOTb )\pyr~e npo6neMY. HOM HYIKHO np~.I\OTb KOnM48CTB8HHbl~ CM~Cn ~0038 
"p03Jl~4~8 MBIHAY ~YHKLIV'IRMM ¥ M (.. ". noHRTHO, 4TO P84b AOJliKHO MATI-1 
06 ~HTBrpOnbHOM P03J11-14~1-1, T.K. TOnbKO 88 MO~HO OTHBCTI-1 K CM8C~ HOK K 
8,!!11HOMY UBIIOMy. 

~3 ~op•yn (2.1) - (2.3) ' (2.6) nerKD 3DKniD,,Tb, 'TO ~YHKU'' ¥ 
~ £ CBR30Hbl CJ18AYIOII!I-1M ypoBH8HI-18M: 

Ha4ePTI1M roaWI-lK~ IDYHHUI-1~ ¥ 
t:.(O)= D 'e§ '( no' j3§i;fl 

~ E • Y4~Tb1BOR, 4TO 

(eM. p~c. 1). OrKnoHeHI-18 

( 4. 1 ) 

cor nacHo (4.1) 
f._ DT /1" 

B~p011108TCR HOJ1~4M8M .1\BYX "H8COBM8llj8HH~X nnomOAe~'', pacnano~eHH~X no 
OO"e CTOP'OHbl OT CP8)1H8~ HOHUBHTPOL.I~~ ~, POBHhiX nO a6conKJTHO~ B8J11-1-
4~H8, HO 11M81011!1-1X P03Hble 3HOKI1. Mepo~ H80AHOPOAHOCTI-1 M0~8T Ci1Y~I1Tb 
HOJKAOR ~3 3TMX nnDII!OABtL Bb16lo1pOR n/IOlllOAb C/1880 OT TO~K!tl 13, BBBABM 
CIIBAYKlllllll~ ~yHKU~OHQJl: 
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fi 
;t=} (1-; )r(~)d~. 

0 

---- ( 

€. 

( 4. 2) 

P•c. 1. rpa~"'" ~Y~KU"~ ~ " C. • CnnoruHo' KP"'o' -
hHKUl!ISI C, nyHKH1PHOR KPI-lBOfi - hHKUlH! 0' • 

H030BBM aenl!l~l!IHY ~ KPliiT8Plii8M H80AHOPOAHOCTlil CUBClil. ~erKO nOK030Tb 1 

4TO ,l!.JH! OAHOPOAHO~ CM8Cli1 ;L_ = 0, AMI KPO~He H80AHOPOAH0~ - :f = I - ~ 
0TC~AO CnBAYBT HepOBBHCTBO 

( 4. 3) 

5. TpeyronbHMK HBOAHOpOAHOCTM. H~pQB8HCTBO (4.3) OTKP~BOBT l!IHT6-
PBCHY~ B03MOMHOCTb f80M8TPlii48CKO~ l!IHTepnpemUlill!l KOHUBnUlillil HBOAHOPOA

HOCTl!l. 5YABM C4l!ITOTb 1 410 COCTOSIHl!IB H80AHOPOAHOCTl!l CMBClil 30AOHO, 8Cfllil 

30AOHO napa 41.1Cen ( ~ , ;f..), BBBABHHOB TO!H1M odp030M nOHRTliiB COCTOSI

Hlilfi BKn~408T B C86R MHOMBCTBO "MliiKPOCOCTOSIHlil~", T.e. r - po6np8A8fl8-

Hlil~1 Ill B 3TOM CM~Cne lilfPOBT ponb "MOKPOCOCTOfiHlilfi". OdpOTl!IMCR K nnoc-

KOCH1 ( ~ 1 ;;f. ). Cor naCHO HBPOBBHCTBY (4.3) COCTO~H~~ HSOAHOPOAHOC-

T~ MOryT P03M8~0TbC~ R~Wb BHYTP~ n~60 HO rpaH~Ue POBH068AP8HHOrO 

TpeyrORbH~Ka, ~306pa~eHHOrO HO p~CYHKe 2. 0AHOPOAH~e COCTO~H~R ne~OT 

Ha Karere OGl , KPO~He HSOAHOPOAH~M cocroRH~~M caarsercrsyer r~nore
~y3a, BCe APYr~e COCTO~H~R ne~OT BHYTP~ TpeyronbH~KO. rop~30HTORbH~e 
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p 

0 

P~c. 2. TpeyrOnbH~K HBOAHOPOAHOCT~. 

ll~H~~ COOTBBTCTBymT CMBC~M, HOXOAH~~MCH B COCTOHH~HX C OA~~OKOBO~ MB

po~ HBOAHOpOAHOCT~, BBPT~KO!lbH~B - CMBCHM C AOHHO~ CPBAHB~ KOHUBHTPO

L\1118~. ny4Lo1 npl-1 30AOHHOM yrne \f OO'bBAI-1HRKIT CMBCI-1 C OA!-'IHOKOBO~ CTO

Al-18~ E HBOAHOPOAHOCTI-1, Koropym M~ onpBABill-1M HOH OTHOWBHI-18 

( 5.1) 

P03H~8 T04Klo1 rpeyrOilbHHKO MOryT COOTBBTCTBOBOTb KQK COCTORHI-1RM HBOA

HOPOAHOCTI-1 P03H~X CMBCB~, TOK 1-1 P03111-14H~M COCTORHI-1RM OAHO~ 1-1 TO~ ~e ' 
cMecH. B. nocneAHBM cny4ae 4HCno E noK03blaaer, HOCHOilbHO cMBCb AOfle

Ka OT COCTORHHR HPO~He~ HBOAHOPOAHOCTI-1 C TBM ~e 3H048HHBM CPBAHB~ KOH

UBHTPOUI-11-1 p. Ha rpeyronbHYIHB HBOAHOPOAHOCH1 nopoMerp E BbiPOIKOBTCR 

An•Ho~ orpe3HO OP . 
EC/1\11 B CMBCI-1 npOlo1CXOA11T npOUBCCbl, TO OHJII MOryr MBHHTb KOK ~ 

TOK lr1 ;;f . 3TO nplr1BOAJIIT K B03HJIIKHOB8Hlr110 XOPCIHBPHbiX TPOBKTOPJII~ HO 

TpeyronbHJIIKe HBOAHOPOAHOCTlr1. K TQKOBbiM, B 40CTHOCTlr1, OTHOCRTCR TPOBK

TOPJIIJII, KOTOpble onlr1Cb1BO~T MOKpacocroRHJIIR c AOHHbiM ~ , ;( JllnJII E 
coorseTCTBeHHO. Ho3oBeM 1r1x~- ,;/- Jll E - KnocrepoMJII. B AYXB Knocrep

HO~ TBPMJIIHOJ10ri1JII OTA811bHOe MOKpOCOCTORHJIIB cnBAYBT JIIHTepnpeTJIIPOBOTb KOK 

OAHOT0484Hbl~ KAOCTep, BKJ11040IOmJII~ B Ce6R OHCOM6J1b "MJIIKPOCOCTORHJII~". 

BOMHbiM RBJ1RBTCR npeACTOBJlBHJIIB 0 POCCTORHJIIJII MBMAY 0AHOT04B4Hb1MJII KJ10C

TBPOMJII. 8 HOWfM CJ1Y40e 3TO POCCTORHJIIB Mbl OTOIABCTBJ1RBM C poCCTORHJIIBM 

MBMAY T04KQMJII, JII306pOMOIOmJIIMJII HO TpeyrOJlbHJIIKe COCTORHJIIR HBOAHOPOAHOCTJII: 
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Ha 6a3e sro~ ~opMynw ~ c y4eTOM roro, 4TO HO rpeyronbH~He ecrb pa3HOro 
POAO TPOSHTOP~~, MOmHO 30AOTbC~ U8Jlb~ 888CT~ P~A noH~T~~, OTPOmO~~~X 

Mepy 6J1~30CT~ T0484HOrO HnOCTepa K np0~380flbHO~ Tp08KTOp~~ 11~60 MSPY 

6Jl~30CTH npOH3BOflbH~X TPOSKTOP~~ ~ T.A. 0AHOKO ST~ npo6Jl8MM OTHOC~TCH 

CHOP88 K npeAMSTY KflOCTSPHOro OHOJ1~30/ 3 / 1-1 3)\8Cb Mhl HMM 30HMMOTbCR H8 

6yA8M. 0rpOHM4MMCR flMWb BB8A8HM8M Tpex TMnOB POCCTOHHM~: 

(a) POCCTOf!Hlt18 M81KAY "j3- KflOCT8POMM 

d ( .BA, ~B) = I ~A - ~sl ' 
(6) POCCTORHI-18 M81KAY ;f-KllQCT8pOMI1 

d (;fA, ;fs) =I t.A- ;;is\ • 
(B) POCCT011HM8 M8111AY E- K!lOCTSPOM\1 

Ha PMCYHH8 3 M306POIII8Hhl OTP83KM, BhlPOIKO~~M8 3TM POCCTORHMR. 

P1-1C. 3. POCCTOllHVHI MSIKAY r-, i!_- VI E - Hf10CT8POMI1. 

Mw M AOJ188 6YA8M nOJlb30BOTbCA rpeyrOJlbHMKOM HSOAHOPOAHOCTM KOK A~Or

POMMO~ COCTOHHM~, KOTOPO~ naMoraeT HOrn~AHO OCM~CnMBOTb MH~OPMO~Mffi, 

KQCO~QyffiCH CM8C8~. 

6. HeKoroowe npMiepw K~occM4BCKMX c1eceA. PaccMOTPMM renepb 

H8CKOflbKO XOPOKT8PH~X npMMBPOB, KOHKP8TM3MPY~QMX BMCK030HHM8 BMWB 

o6mMe YTB8P~A8HM~. 

(A) npeACTQBMM ce6e CM8Cb, COCTO~Qy~ M3 ABYX OAHOPOAH~X nOACMB

cet;l c KOH~eHrpo~M~MM j31 M ~a ( p1 < f32 ) • nerKo noK030Tb, tno TOKOH 
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( 6 A. 1 ) 

~' (6A.1)' (4.2) '"eeM 

~ =- ( f-12- ~ )( fi- j3,) 

~ ( ~2- ~1) 
( 6A. 2) 

lpa~!-1K ~YHKUI-H1 ';;t ( j3) HO Tpeyro.nbHlttK8 H80AHOP0AHOCTltt A08TCR HO Plt1-

CyHK8 4, l-13 KOTOporo C/18fi.Y8T, 4TO npltt lt13MBH8Hlt1lt1 ~ OT f31 AO ~2. 

CM8Cb nepexO,!PH lt13 OAHOPOAHOrO COCTORH~HI ( f31 , 0) B MQKClttMOJlbHO H80A-

HOPOAH08 COCTOHHH8 ( f3o , ;fmcvc.) lt1 f'!PI-1 AO!IbH8t::IW8M npl.16JH11f18Hlt1V1 f3 
K ~2 CM€Cb CTpeMHTOJ K OAHOPOAHOMY COCTORHV110 ( (32. , 0). 

P~ttc. 4. 30Blt1Clt1MOCTb HPlttTBPlttR H80AHOPOAHOCTlt1 OT CP8AH8~ 

HOHU8HTPOUlt1lt1 npltt CM8Wlt1BOH!t1lt1 ABYX OAHOPOAH~X 

cMecet::l. 

\113 (6A. 2) CllBAYBT, 4TO 

8apblt1POBOHlt18 CP8AH8t::l HOHU8HTP0Ult1lt1 ~ npltt AOHH~X KOHUBHTPOUlttRX MO~BT 

6~Tb AOCTlttfHYTO lt13M8H8Hlt18M MQCC nOACM8C8t::l. 30M8Tlt1M, 4TO ~OpMy/10 (6A.2) 

orpo~oer HOWitt lt1HTYlt1Tlt1BH~e npeACTOB!IBH~ttR o HBOAHOPOAHOCT~tt CMec~tt. Aet::lcre~tt

rellbHO, np1.1 M
2 

= o \.1MeercR OAHOPOAHOR cMeCb c Maccot:t M1 • noc11e 

"sKJ1104eH\.1Sl" sropot-1 nOACMeclt\ B03H\.1KOer HeOAHOPOAHOR CMeCb, np~-1 M2>> Mf 
CMeCb CHOBQ CTpeM\.1TCR CTOTb OAHOPOAHO~. 
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(6). nepe~ABM K donee cnomHOMy cny~O~, KOrAO CMBCb COCTO~T ~3 OA

HOPOAHO~ nOACMBC~ C KOHUBHTPOU~e~ ~0 ~ ABYX HBCMBWOBW~XC~ OCTOTKOB, 

T.e. ~~CTOro KOMnOH8HTO ~ nyCTO~ nOPOAM: 

t(jl)= 2 f3.-ft(1~f3.)+{32 $(p) + 

( 6E. 1) 

f3 [32 fl2 
- {3. 73 

+ -"-P.-,--(1-_'-fl.-) S(f3-f3o) + 2 l-jl. S(tl-1). 

npl-! Bbl4~cneH~~ :i:. - KPI-!T8Pl-1R cne.uer pa3n~~OTb o6nocr1.1 {3 < Po ~ 
j3 > ~0 B nepaOM CJ1Y~08 BKJ10A AOBT TOJ1bKO nepabl~ ~J18H BblpameH~R 

(66.1), BO BTOPOM- 060 nepBbiX ~118HO. Y~MTMBOR CK030HH08 1 nony~~M 

flo- Ji(1+ flo)+ f3' 
Po (6E.2) 

(6E. 3) 

Ben<4"HO (32 ""e"""' B npeAenax (p)'<; "f.,; fl· np" (32 = f3 
K03~~MUM8HT nepeA BTOPbiM ~118HOM 8 BblpOm8H~M (66.1) o6po~08TCR B HYJlb M 

CMeCb AOCTMroeT KpO~HeVI H80AHOPOAHOCTM. 3H0~8H\11Kl p:::: (~f COOTB8TCT

BY8T MOKC~MOJ1bHO OAHOPOAH08 COCTORHM8 CMeCM, npM~8M 

;tmin ( 0 < ~ <; f3o) = ( 1- f3) ( 1- :. ) , 

- - 1-/i ) 
;(min (o<p.~f3<1)= (1-f3)(1- l-p •. 

AHOJll-!3 npMBeAeHHMX ~opMyn no3aonReT 30K11Kl4MTb, ~ro _Ml-1KpococroRHMR 

(66.1) nOKPbiBO~T HO ypeyrOJlbHI-!Ke H80~HOPOAHOCTM J11-1Wb 30WTPMXOBOHHYKl 

06JlOCTb {CM. PMC. 5). MOKCMMYM Hl-1mHeVI rpaH~UW HBOAHOpOAHOCTM B 06-
nacr• (3o < P, < 1 AOCT•roeTC' B T04H8 fl' " pOBHO -;(_' • np. If~ (30 

CM8Cb MOmeT HOXOAMTbCR 8 OAHOPOAHOM COCTORH~M. 

(B)· Boo6p03MM cede CMeCb C napOM8TPOMI-1 { p , ;f._ ) • nyclb M3 

KO*AOVI COBOKynHOCTM 3118MeHTOB C COOTBeTCTBYKlmMM ~ Bb16pOHO no POB

HOMY 4MC11Y 3118M8HTOB M \113 3TMX 3J18M8HTOB nOJlHOCTbKl M38118~8H npM3HOK. 

noHRTHO, 4TO npM 3TOM p He M3M8Hl.1TCR. 30A040 B TOM, ~T06bl, 3HOR 

~ , -.f. M AOJlto I-!3Bile~eHHoro npM3AOila C:::: S-rn/"171, onpeAelll-1Tb creneHb 
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:i' 

P1-1c. 5. ¢1-13~48CKO~ 06JlOCTb CMSCI.-1 (66. 1) 30lUTPI-1XOBOHO. 

3A8Cb :cf'=(1-(3o)/2 1 (l'=(1+po)/2. 

HSOAHOPOAHOCTI--1 CMSCI-1, nony41-1BlU8~CH nocne TOKOfO P03A8118Hl-1H. H8TPYAH0 

nOHRTb, 4TO OKOH40T8JlbH08 COCTORHI--18 CMSCI--1 AOilmHO Onl-1CWBOTbCR WYHKW~8~ 

BbiXOAO: 

< - -
\"(~)= 2(1-f3)cS(f3) + (1-C:)o(f3)+zpc S(f3-1). C6B.lJ 

nerHO y68Al-1TbCR, ~TO CP8AHI-18 HOHUBHTPOUI-11--1, Bbi41-1CJl8HHb18 no HOBO~ 1-1 CTO

po~ WYHKU"M 8"0!0 ~ 1:''( fl} ' 1:'( ~) ~ KOK ' !OflOHO 6"'• COBnO!Offir 

MSmAy C060~ 1--1 POBHW yH030HHOMY B IDPMY118 (6B.1) napaMeTpy ~· nocne 
CK030HHOfO C nOMOlljbiO (4, 2) 11M88M 

;t' == ;f + c ( 1 - 13- ;i ) . ( 68. 2) 

T.K. cornacHo (3.3) ;;f"' 1- p;, 
T81lbHO CTOHOBI-1TCR donee H80AHOP0AH0~. 

I 
TO ;L_ ~-;£ t T .e. CMSCb ASf::ltCTBI-1-

C n031-1U11~ rpeyrOJlbHI-1HO HSOAHOPOAHOCTI--1 P83YilbTOT (6B.2) MOM8T 6b1Tb 

npOI-1HT8pnper~pOBOH Cil8AYIOI1111M o6p030M (CM. p~c. 6). 88Jli141-1HO ~~ Onpe

A811~8TC~ no AOHH~M ~ ~ ~ C c noMo~b~ npocr~x nocrpoeH~~- CHa4o-

na Hyi!IHO HOHSCT~ T04KY ( ~ , ;/_ ) HO TpeyrO.nbH~K H80AHOPOAHOCT~, 3{]-

TSM OT T04K~ ~ BB8PX no BSPT~KOnbHOMY KOTeTy OTMep~Tb OTP830K C 

An~HO~ C ~ TeM COM~M OTMeT~Tb T04KY 8'". HOKOHet_t, COSA~H~~ T04K~ 
8N ~ cl, HOXOA~M B nepece4eH~H1 orpe3KOB B.vd ,., a 1'a T04KY, 

- .,pi _pi 
~300pOIKOIOUIYIO COCTO~H~e ( f3 , o(.. ), ~ T€M CQM~M OnpeAen~eM iA-

(f). CMSW98M rt. CMecef::lt CO CP8AH,.,M,., KOHU8HTpOt_tiHIM~ 13"i. , CTene-

H~MI-1 HSOAHOpO,!,h'OCH1 ;;fl. ,., MOCCOM~ ../Ui_ JlerKO noK030Tb, 4TO ~YHKljiHI 

B~XOAO 06!118~ CM8C~ onpeAen~TC~ B~pOIK8HI-18M 
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a" 

B" I 

':t .e' ' ' ' ' 'Po -..... ...._ 
:£ -- --~-- d 

L" 

P~c. 6. ~Hrepnpera~~~ WopMy~~ (6B.2) HO rpeyronbHHHe 
HBOAHOPOAHOC H1. 

n .fol.. 
HpJ= L. -' fd p). 

i•t M 
(6r. 1) 

rAe l'"JP) - no hHH~"" BWXOAO MCXOAHWX c•ece~, o M = L.JUi- nonHOR 
MOCCQ Od~e~ CM8CH. ~3 (6f.1) CRBAYBT, 4TO HOH~BHTPOUHR HOBO~ CMBOH 

(6f.2) 

8Y4HCnHM KPHTBPH~ HBO,CHOPOAHOCTH HOBO~ CMBCH 

~ 

;t'=#= ~· J (1-f)M!3)d!3· (6r.3) 
t-1 0 

~3 00RY4BHHO~ ~OpMynw RCHO, 4TO ~ HB onpeABRRBTCR OOPOMBTPOMM 
.A<;. , pi M ;;ti.; Heoi1xo,cMMO O:onee no.cpoO'HaJr MHWOPMOL.IMR, 30HRI04BHHOR 
B hHKUHU BWXOAO li, (IJ) • EcTb, OAHOKO, OPMlHHOB MCKRI04BHHB H3 3Toro 
OO'~ero npasMnO. MMBHHO, BCnM CPBAHMB KOHL.IBHTPOUMM OOARBIO~MX CMBIHBO
H\UI CMeceA POBHIII ,cpyr ,cpyry, TO, KOH CRBAYBT Vl3 (6f.2) ,~;,.= p. Tor .co 
CTOR.MB nOA 3HOHOM CyMMW 8 (6f.3) HHTBrpORW nepexO,CRT 8 ~- KPMTBPMM 
COOTBBTCTBY~·MX H04QflbHYX CMBCeR ~ MY nony408M KPOCMBym ~OpMyny 

;{ = ~I ~1 + ... + ~n ;Crt ' 

BWPOIO~-y~ CBOBO~P03H08 CBO~CTBO KB03HOAAHTHBHOCTM ;t - KPHTBPHR. 
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7. 3KCKypc B MQTB•QTMqecKYm CTQTMCTMKy. B 3TOM nyHKTB ~M C06~

POBMCR BMCK030Tb C/18JyffiQ~8 30M840H~R. 

(a) TepM~H ''HBOAHOPOAHOCTb" BBCbMO 40CTO ~CnORb3YBTCR BO MHOr~X 

np~nOmBH~RX MOTBMOT~48CKO~ CTOT~CT~K~, np~48M HB BCBrAO 8 OA~HOKOBOM 

CMMC/18. B CBR3~ CO CKQ30HHMM HOM XOTBROCb dM OCOdO nOA4BPHHYTb, 4TO 

MM B 3TO~ P060T8 ynorped/lRBM T8pM~H "HBOAHOPOAHOCTb" /l~Wb B TOM CMWCRB, 

KOTOPM~ 6wn 8MY BMWB np~AOH B nyHHTOX 3 ~ 4. 
(5) 8 T8PMl!1HOX P03HOCH1 '¥-C. Bl>IPOIIIOBTCR He TO/lbKO 

T8Pll1~, HO H8KOTOPM8 06QB~388CTHMB 

Kll1. TaK, A~cnepcll1~ pacnpeABilBH~R 

BBCbMO HB06W4HMM 06p030M: 
1 

HOHCTPYH~l!1l!1 MOTBMOTl!148CHO~ CTOT~CT~

¥(p) MOIIIHO npBACTOBl!1Tb C/18AYffi.l!1M, 

tJ = r fpre-~)df3. 
Q 

~OpMyllW MO~HO nOI1Y4~Tb npl!1 IIIBROHl!1l!1 l!1 AllR UBHTPOilbHWX MOM8H-

TOB 6onee BMCOKOrO nOpRAKO. 3TO H0611~A8Hl!18 MM CH/10HHW POCTO/lKOBWBQTb 

TOK, 4TO BCB 3Tl!1 HOHCTPYHUl!1l!1 RB/lR~TCR,TOK CH030Tb, "npOAYKTOMl!1" H80AH0-

POAH0CTl!1, T.e. on~CMBOmT conyTCTBymml!1e HBOAHOP0AH0CTl!1 "aTpl!16yrw": 

P036poc BOKpyr CPBAHBro; HOPM~POBOHHW~ P036pOC l!1 T.A. He YAli1Bl!1TBRbHO 

no3TOMy, 4TO 8 HBKOTOPWX CI1Y40RX no 3Tl!1M KOHCTPYKUl!1RM MOIIIHO B8CbMO OABK

BOTHO CYAli1Tb 0 MBpe H80AHOPOAHOCTl!1 CM8Cl!1. ToK, AllR ~YHKUl!1l!1 BWXOAO 

'!lfl) = 
e( p-a)- B(f3-B) 

-8-a 
e(x) = (1+ f1nX.)/2, KP•Tep.~ HBOAKOpOAHOCT" 

l:r={?ifp cneAY"~"" o6pa3aM: 

noHRTHO, 4TO 0 HBOAHOPOAH0CTl!1 TOKO~ CM8Cl!1 MOIIIHO C yCnBXOM CYAli1Tb 

no K03~~l!1Ul!1BHTY BOPll10Ul!1l!1 1r . 
(B) [CTb eme OA~H acneKT, HO KOTOp~~ HOM XOTB/10Cb 6~ 06paT~Tb 

BH~M~Hl!18. HeOAHOPOAH~B CM8Cl!1 06R30TenbHO HOASRSH~ HSKOTOp~M "6eCnOPRA

KOM" - OTXOA OT OAHOPOAHOCT~ BCBrAO MOIHO TpOKTOBOTb KOK B03Hl!1KHOB8Hl!18 

6ecnopRAKO, l!1 8 3TOM CMMCne "npOAJKTOM" HB0AHOPOAHOCTl!1 RBnReTCR TOK~B 

l!1H~OPMOU~OHHOR 3HTpOnl!1R. POCCM0Tpl!1M MHOmecTBO CMBCB~ CO CPBAH6~ KOH

UBHTPO~~e~ npl!13HOKO 13 = 0,5. CpeA~ 3Tl!1X CMBCB~ MOKC~MJMOM ~H~OPMO
Ul!10HHO~ 3HTpon~l!1 S o6nOAOBT TO, 3neMBHT~ KOTOPO~ pocnpeABRBH~ nO 

KOH~BHTPQ~"'M f3 POBHOMBPHO, T .e. CMeCb C i))yHH~•eA B'XOAO ~(p)sj 

(npl!1B6A9HHOB yTBepmA8H~8 RBnRBTCR CTOHAOPTH~M ynpOJH9H~BM nO CTOT~CTH~B

CKO~ ~~3~Ke). Ailfl TOKO~ CM8Cl!1 ;;f_ = 0,25, l!1 3TO 03H0~08T, 4TO C~CTeMO 
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C MOKC~MYMOM 3HTpOn~~ M0~8T 6~Tb A0R8HO OT COCTOHH~H KPO~H8~ H80AHO-
POAH~CH1 ( c!KP= 1-~ = 0, 5). CnenosaTen&Ho, HH4JopMat~HOHHa.R: 3HTPO-
n~H MO~eT 3088AOMO OW~604HO O~eH~BQTb CT8n8Hb H80AH0POAHOCT~ CMeCe~, 
ecn~ ~X CTOA~H H80AHOPOAH0CT~ 6n~3KO K 8A~H~~8o 

8. 0THOCMTenbHU8 HOppOJRUMM: OOCTOHOBKO BOOpOCO. ~3n0~8HHOH B~We 
T80p~H KQCQnOCb. OAHOKOMnOH8HTH~X CM8Ce~. KOK y~e OTM840nOCb, peonbH~e 
CM8C~ n04T~ BCerAO MHOrOKOMOOH8HTH~o 8 CBH3~ C 3T~M B H~X (peanbH~X 
CM8CHX) HOPHAY C aonpOCOM 0 H80AH0POAHOCT~ B03H~K08T ~ PHA APYr~x 
BOOpOCOB, CP8A~ KOTOp~X ~8HTPORbH~M RBnHeTCH sonpoc 0 CKOppen~p080HHOC
H1 nPHSHa~~:os. Ha noKORbHOM ypoaHe cKoppenl-1poaaHHOCTb np~3HOKOB B1 ~ 

82 8 CM8C~ npOHBRH8TCH 8 TOM, 4TO 3KCKRI03~BHOH ~YHKl.I~H B~XDAO 
r{f31 , f3z) He pasHa npo•3BBAeH•• """•"""""' WY""~"~ pocnpeAene""' 't, (jl,) " fz(f>2) - TO"H'~ CM,CR ST•X TBpM.HOB P03b,CH,8TC' B CReAy•-

~eM nyHKTeo Ha rno6anoHOM yposHe, Toe. ~HTerpanoHO o cKoppenHpoaOHHOC
TI-1 npi-13HOKOB MO~eT rOBOPI-1Tb OTR~41-18 OT HYRR 8~p0~8HI-1R p1 p2-- ~ jBi2 
I-1R~ 00A06H~X 8My 6onee CRO~H~X KOHCTPYK~~~. TOKI-18 KDHCTPYKl.l~l-1, OAHOKO, 
B~HBRHffiT "a6CORIOTHYffi" 83QI-1MOCBH3b M8~AY npi-13HOKOM~o ~M8HHO, 8CRI-1 
f31 f32.- Af3

2
# 0, TO np~3HOK~ 81 ~ 8 2 c~~:oppeJIHposaHhl, HO no, TOK 

CKQ3QTb, 06~0R CKoppen~pOBOHHOCTb: HOCKORbKO npi-13HQK E31 308~C~T OT 
npi-13HOKO B2 ,HacTORbKO 11e np~3HOK 82 30BI-1CI-1T OT npH3HOKO 81 o 

KOKHM Me o6p030M OOHC~BOTb Te peaRbHO cy~eCTByffi~~e CI-1TYOl.ll-11-1, KOrAO 
npi-13HOKI-1 30B~CHT APYr OT APYrO He CHMM8TPI-14H~M o6p030M? nyCTb, HOnp~
Mep, 80 BC8X 3R8M8HTOX CMSC~ C ~~KCI-1P080HH~M 3H048HI-18M KOH1..18HTP0l.ll-11-1 

p
1 

BCTP8408TCR TORbKO OAHO OOP8A8R8HH08 3H048HI-18 KOH~BHTPOl.ll-11-1 f32. 
a 3ReMeHT~ CMecH c ~I-1KCI-1p080HH~M 3H048HHeM p2 COAePMOT pa3H~e 3H04eHHH 
KOH1..18HTP0l.ll-1~ p1 - B TOKO~ CMSCH,C 003~1..11-1~ 3APOBOrO CM~CRO, 132 MOKCI-1-
MORbHO CKOppen~p080H C np~t3HOKOM B, , TOr AO KOK 308~CI-1MOCTb npi-13HQKQ 

81 OT npi-13HOKO Bz "cnoO'ee" 0 noHRTHO' 4TO B 3TOM OPI-1M8pe C~MM8TP~4-
H~e no np~t3HOKOM 11HTerpOJ1bHbl6 KOHCTPYKl.ll-11-1 (TOKI-19, KOK f31 f32.-~i~a) MOllO 
48M nOil63Hbl. TOK~M oO'p030M,H900'XOAI-1MO 1-1M6Tb KPI'ITBPH~, AO~~H~ Mepy OTHO
CI-1T81lbHO~ CKOppen~pOBOHHOCTH npH3HOKOB 8 CMeC~to TOKO~ KPI-1T9PI-1~ M~ 889A9M 
B nyHKTe 10, a nOKQ OCTOHOB~MCH HQ ~OPM011bHO~ CTOPOH8 BOn poCO 0 nonyHHK
RHl3HBHOM Oni'I'CQHHH CM8CH. 

9. 4BYXKOIOOHBHTHOI Clec•. POCCMOTP~M CM8Cb ~3 ABYX KOMOOHBHTOB 8
1 

~ 8
2 

C KOH~8HTPO~I-1SIMI-1 p
1 

H (32 .. [CRH 4~CRO KOMOOH9HT08 8 
CMeCH 60Jlbl8, TO CK030HH06 BYWe P08HOCHilbHO TOMy, 4TO CPBAI-1 BC9X KOMno~ 
H9HTOB Mbl BY6P01ll-1 ABO rflOBH~X, 0 OCTQRbH~e y4RI-1 I-1HKil~3H8HOo 0603H04HM 
46P83 dM(,a1, J32.) MQCCY CU:eCH, npHXOMI!qyiOCR HO I-1HT8PB01l KOH1..16HTPO-
~H~ (/3t 1 f3, + clf31 ) H (f321 (32 +clf32 ), "BBOABM 3HCHn•3•BHy• 
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(no np,3HOKOM f31 ' p2 ) hHK~'" "XOAO o ( ~1 , f'2) cneAY"~'" 

o6pa3oM: 

¥ ( p, ) ,a 2) d p, d f3 2 = d M (~I 1"2) . ( 9. 1 ) 

3A8Cb 48P83 ~ o603H048HO nonHO~ MOCCO CM8C~. ~3 (9. 1) B~AHO, 4TO 

JKCKfl~3~BHy~ ~YHKU~~ B~XOAO cneAyef ~HrepnpeT~POBOTb KOK nnOTHOCTb 

pQCnpeA8fl8H~R 3fl8M8HTOB CMBC~ no KOHUBHTPOU~RM np~3HOKOB f31 
~ E3 2 

~erKO nOH~Tb, 4TO 8 AByXHOMnOH8HTHO~ CMBC~ 8CTb AB8 ~HKfl~3~BH~8 

WYHHU~~ B~XOAO - no nepsoMy ~ no sropoMy np~3HOKY cooreercrseHHO: 

o, (~,)dj?>, =c(~(p,) ' r2 (f32)df3z = d.M~f32 ) (9.2) 

~3 '"'"a Be"'"" dM(f3,) ' dM(f32) , a ra"'e" npeA'AY~" 
~opMyn aroro nyHKTO cneAyer, 4TO 

1 1 

~(p,)=) r(p,, f32)df3z • Y2 (f32)= Jt(f31 ,f3 2 )dp,. ( 9. 3) 

0 0 

Q6pOT~MCR renepb K $YHKU~RM ~3Bft848H~R. H8TPYAH0 noH~Tb 1 4TO B ABYX

KOMnOHBHTHO~ CM8C~ 8CTb 48T~pe T~nO tyHKU~~ ~3Bfl848H~R: 

E2 ( p,) dp, = d "~:Jf'tl, E2 ( P2)d f02 = d "';::,_(:t) 
2 

3A8Cb m1 .,., m2- nOJIHble MOCCbl KOMnOH8HTOB B1 ~ 82 
BseAeM npeftcrosneH~e o MOTP~ue ~3sne4eH~R 

( 9 .4a) 

(g. 46) 

( 9. 5) 

A~oroHOflbHble sneMeHTbl MOTP~Ubl ~3ane~eH~R - 3TO 06beHTbl, c HOTOPbiMM Mbl 

3HOKOMbl no OAHOKOMnoHeHTHbiM cMeCRM. AnR sr~x sneMeHroa cnpaaeAn~Bbl 

ypOBH8H~R CBR3YI 

( 9. 6) 



B~ACHMM CM~CJ1 H€AMOrOHOJ1bH~X 3n€M€HTOB, KOTOp~e MW H03~B08M ~YHKUMAMM 

conyrcrsyiOU\ero M3BJ1€4eHMA. B~palKeHMe £ 1 (~ 2)df32 ecrb AOMl npM3Ha-

Ka B1 , npMXOM!tliOACA HO see aneMeHT~ cMeCM c iFMKCMPOBOHHO~ KOHUBHrpa-

UM€~ ~ 2 npM3HOKO B2 . ToqHo TaK *e pacwM~pOBbiBOBTCA CMbiCJ1 senM4MHbl 

[2( ~ )d f31 . 
AerKo noK030Tb, 4TO 

E1 ( f"z) "f31(,e.) t. (p ) 
f31 221 

C:z (f31) = P·~:,) r.j ( ~1), (9.7) 

CAB BB€A€Hbl 0603HQ48HMA 

]31 ( f3z) 
dm1(f32.) ~ (f"}=dmz.(f3,) (9.8) 

d M (f3•) 2 1 dM (f3,) 

BeJ11.14t.1HO ~1 ( ~2) - Ho cpeAH€e 3H04€HMe KOHU€HTPOUMM npM3HOKO 51 

s "noACMecM", ARA scex aneMeHros Koropo~ KOHUBHTPOUMA p2 npM3HaKa 

B2 ~MKCMPOBOHOi aHanorM4Hblt'l CMbiCn MMeer M (32 (p1). 

no c"'"Y ''""" dm,( J32) ' dm2 (p,) '""" 

1 1 

dm1 (f32)= Jp,dM(p,, f3z) , dm2 (f31) = J p2 d M(p,, f3•)-
0 0 

0TCIOAO C nOMOU\bm (9.1) M (9.8) MOMHO BhlB€CTM ~0PMYJ1b1 

1 

- J p.t(p,, ~.)dp. 
f32(f3,)= 1 

J ¥((31, f32)df32. 
0 

"P"'""~" '""'""' /31 ( l'lz) 
hHK~·· B"OAO If ( f31 , f32 ) • 

15. 

(9.9o) 

(9.95) 



CBR3b CPBAH" f3t ' j32 CO CPBA"'M' ~1 ( ,S,) ' (32( fl1) 
AOBTCR COOTHOWSH~RMH 

' 1 

-~1 = J j3, ( f32) (2 ( f32) dp2 ' p2= S~:~.(f3,) r1 (p1)dp, ( 9 0 1 0) 
0 0 

KOTOp~e ~erKO A0K03~BOIDTC~ H CM~C~ HOTOP~X nOHRTSH. 

10. KPMT6pMM OTHOCMT8nhHUX K0pPenRUMA4 npHMBHHM BB8A8HH~~ B~We 
~OPMO~H3M H BOnpocy 06 OTHOCHT8J!bH~X KOPPBJ!RUHRX npH3HOHOB B CMSCH. 

Ha3oaeM npii!3HOK B1 HB30BliiCIIIMbiM or nplii3HOKO · B2 , eC/B'I 'j31(l32.) 
H8 30BIIICIH OT f!"z 1-1 1 Cfi8AOBOT8J!bHO, POBHO (3

1 
: 

(10.1o) 

To4HO TOH ClyAeM C4ltlTOTb, 4TO nplo13HOH 8 2 H830BIIIC\IIM or nPIII3HOKa 

B1 ' 8CJH1 

( 10 0 16) 

HOPRAY C H830BliiCIIIMOCTbiD B IIIBPOPXllllll KOppeJ!RUIII~ BCTb APYrO~ KPO~HIII~ 
npeABfl, HOrAO HOPPBJ!RUIIIR MOHCIIIMOJ!bHO. Mbl liiM88M B BIIIAY CJ!Y40~ 1 8 HOTO-
pOM npiii3HOH B1 RBJ!1!ercR OAH03H04HO~ hHKUIIIe~ npiii3HOHa 8

2
, t1 

H006opor. nycTb j3, =. F.; ( ~). Tor AO 

- dm,(Jl:~.) 
j3, ( j3 2) = d M( f32) = (10.2o) 

AHonorM4HO, ecn' j3z = fz ( [31), TO 

e; ( 8 ) = dm .. (fl,) = 
r-z n dM(!l,) ( 10 0 26) 

~OpMynY (10.1) ~ (10.2), KOK OTMe~onocb, COOTBBTCTBY~T ABYM KPO~HOCT~M, 
06Y4HO MB BCTPB40BTCR npoMBIYT04HOR CHTYO~~R ~ BBCb aonpOC 30Kn~40BTCR 
8 TO~, KOK O~BHHBOTb.MBPY CKOppenHpOBOHHOCTH npH3HQHOB B 3TOM cny40B. 

Ho4Heo c roro, 4TO nPMAOAMM ycnoB'"" (10.1) APYCO~ "'A· ~3 (9.7) 
CnBAYBT, 4TO yCnOBHR (10.1) TOMABCTBBHHY ycnOBHRM 

( 10 0 3) 
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nepsoe 1-13 3H1X paseHCTB yrseplKAOeT' liTO npi-13HOK B1 He 30Bit1Clo1T OT 

npi-13HOKO 82, BTOpoe - liTO nDI13HOK 8 2 He 30BV1CV1T OT npi13HOKO 

E31 . TOKI-1M o6p030M, (10.3) - 3TO yCnOBI1R OTHOCV1TenbHO~ He30BV1CV1MOC

TV1 ABYX npV13HOKOB 1 30nV1COHHble HO R3b1Ke hHKl.\VH1 f \II e_. 
np11 HODYIDeHI1\II ycnOB\11~ (10.3) 30 M8PW OTHOCitlTSnbHbiX KOppenRUitl~ 

npi13HOKOB 8CT8CTB8HHO npV1HRTb cneAy~mV1e ~YHKU1t10HOJ1W: 

J Uz (h.)- C:.,( f3z )] d ~z • ( 10. 4a) 
ll, 

J [ 11 ( f31) - C:.z ( (31 ) ] d (31 · ( 10. 45) 

A1 

VIHrerpltlposaHV1R s :nVJx ifJopMynox B8AYTCl1 no o6nacTRM D.2 11 A1 , s 

KOTOPbJX COOTB8TCTBY~m11e 110/J:b!HTerpa.llbHb!e BWP01118Hii1R nonOIIII1T811bHbl. noA-

lWPKH8M1 liTO £ 12 ecTb Mepa 30Bii1C\IIMOCTV1 nplOHOKo 8 1 or npV13HOKO 

82 , £ 21 - Mepa 30BI1C\IIMOCTI1 np\113HOKO B2 or npi13HOKO B1 . 
KOHCTPYKUV1R KPI!1TepV18B ~12 11 ;;L21 V1MeeT MHOrO 06\llero C KOHCTPYKUI-18~ 
~ - HPI!1T8PI1R, sseAeHHoro s nyHKTe 4. Ylii!1TWBOA JTO, onpeAei111M MOTPV1-

UY 

= ( .i'11 ;t'12 ) 

;:;t. 21 ;;t; 2Z 
( 1 0. 5) 

1t1 H03088M ee MOTPV1U8~ H80AH0POAHOCTI1. 4\I!OrOHOnbHbl€ 3118M8HTbl MOTP11Uhl 

(10.5) AOIDTC' ~apMynaMH 

;;; 

£11 j ( 1- ;: ) ¥; (13,) d f\1 ' (10.6a) 
0 

i\ 
.:t' 22 = J ( 1 - ;: ) ¥2 ( f3 2) d flz (10.65) 

0 
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~ ~M810T CM~Cil KPI-1T8PV186 HSO.IIHOPOAHOCTI-1 CM8CH no npH3HOKOM 81 H 81 • 

B~p0~8HH~ (10.4) MOmHO nepenHCOTh 6 BV1A8, 1-13 KOTOporo C118AY8T 

8AHHCTBO - B KOHCTPYKTHBHOM CM~Cil8 - BC8X 3118M8Hl0B MOTpH~M H80AHOP0A

HOCTV1. B COMOM A€118 7 OOACTOBil~~ (9.7) B (10.4), HM88M 

(10.7a) 

J (1 ( 10. 76) 

£11 

KOK BHAHO 1-13 anx ~OpMyll, 06JlOCTH {j,2. H /j, 1 Onp8A811~10TCR H8POB8HCT-

BOMH: 

0 ~ ~1 (h) ~ p1' 

0 ~ "Pd~,)~ ~ •. 

( 10. Sa) 

(10.86) 

l(pHT8PHH £
12 

H ;(
21 

AOCHirOIOT CBOHX B8pXHHX rpaHeR, 8CJ1H 

B~OOJlH~~TC~ YCilOBH~ (10.2a) H (10.2e) COOTBBTCTBBHHO, T.K. HM8HHO B 

3H1X CllY40~X npH3HO~ 8 1 H 8
2 

CB~30Hlll MOKCHMOilbHO. TOrAO 

~1 ( Jlz) = /31 • ~2 ( f'l1) = Jlz, a TO Hie cnpaBeAnHBa ~eno"KO pa-
seHCTB 

[Cill-1 KO BCBMy CK030HH0MY A060SMTb BIIB, 410 YPOBH8HHR OefllOCTeR fl 2 

H 6 1 Tenepb onpeAell~IOTC~ HBPOBBHCTBQMH 

TO CTOHOBHTC~ 048BHAHMM, 410 

sup ;;(12. = ;;t11 = ;;e, • 
H OOTOMY cnpaBBAilHBIII YCilOBHR 

0 ~ ~12~ ;(1, (10.9) 
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Pe3fOMIIIPY5! , MOHI8M CK030Tb, llTO B8PXH5!5! rpOHb KPI!IT8Plo15! ~ij ( nplo1 
i.~ j coanaAoer c KPlo1T8plo1eM HSOAHOPOAHOCTI-1 no nPV13HOKY 84,. 

11. 0~ 06COnQTHO~ M OTHOCMT8n&HO~ H830BMCMMOCTM. YcnOB\11~ (10.1) 
H830Blo1CI!IMOCTI!I nplo13HOKOB E31 Ill f3

2 
MOHIHO 30nV1COTb HO 5!3~K8 3KCKnf031!1B

H0!1 ~YHH'-Il-1111 BbiXOAO '6'( ~1 1 
~z) , ecn111 Yll8CTb ~OpMynl>l {9.9): 

1 

s ~1 [Y( ~1, ~z)- '11 (f31) rz(pz)J df31 0, ( 11.1 a) 
0 

1 

J ~z [r( ~1, ~2)- ~I /"1 l ¥2 I (32)] df32.-== o. ( 11. 16) 

0 

YcnOBI!IH 3Tlo1 BMnOnHHfOTC~ OBTOMOTI!I48CHI!I, ecn~t~ nplti3HOKI!I 06COnfOTHO H830Blo1-
CI!IM~, r.e. ecn~-1 

( 11.2) 

B OTflltl41t18 or ( 11.1) np1o1 o6conKITHO~ H830BI!IClo1MOCTI!I np~t~3HOHOB B1 1o1 B
2 

HOP5!AY C ( 11.1) CnpOB8Am1Bbl OHOnOriii4Hbl8 POB8HCTBO, B KOTOPbiX, OAHOKO, 
BM8CTO ~1 Ill ~2 nepeA KBOAPOTHO~ CK06KO~ CTOI!IT nf060H CT8n8Hb OT 

3T"X KaHU8HTPaU"~• T.e. (f31t, (f\2 )". YMHO'a' (11.1a) Ha f2 (f32 ), 
a (11.18) - Ha ~ ( fl1 ) ""HTOCP"PY' no df31 " df32 COOTBOTCTBOH-
HO, np~t~XOAitiM K POB8HCTBOM: 

(11.3a) 

(11.36) 

nony4BHHble ~opMynbl - 3TO e~e OAlo1H aap~t~OHT a~>~p031!1Tb WaKT a30lo1MHO~ 

OTHOCI!ITSllbHO~ H830Blo1C~t~MOCTlo1 np~t~3HOKOB B1 1o1 82 • Ha raHOM 111e 5!3b1Ke 
06COnKITHOH H830BI!ICI!IMOCTb 3TI!IX np1!13HOK08 I!IM88T BillA 

(11.4) 

rA8 f
1 

1-1 f
2 

- npo~13BOnbHbl8 ~yHKlll-1111. noHHHO, 4TO (11.4) - 3TO 
donee C~t~nbH08 ycnoa~t~e, 48M (11.3). 3H04V1T 8CTb CM8CV1, 8 KOTOPbiX HOpy
rnaeTCH ycnOB\118 06COnKITHO~ H8308lo1Clo1MOCTI!I (11.2) lo1 C06nKIAOKITCH ycnOBI!IH 
OTHOCI!IT8nbH0!1 H83081!1CI!IMOCTlo1 (11. 1). 
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np~B8ABM ABO np~M8PO TOKI-1X CM8C8~ - C A1-1CKP8TH~M 1-1 C Henp8p~B-

"'M cneKTPOM KOHW8HTPOU~~. 

PaccMOTPI-1M T06!l~l!Y 1. 

To6nMuo 

0. 1 0,2 0.1 0,2 0,3 0. 1 0,4 0. 1 
0,01 0 1 01 0,02 0,04 0,02 0,01 0,01 0,03 

0,2 0,4 0. 1 0,4 0,2 0,4 0,2 0. 1 
0,01 0,03 0,01 0,01 0,01 0,02 0' 01 0,01 

0,2 0. 1 0,3 0,2 0. 1 0,2 0,2 0.1 
0,04 0,01 0,01 0,01 0,02 0,02 0,01 0,04 

0,1 0,3 0,2 0,3 0,01 0,4 0,2 0.1 
0,03 0,01 0,01 0,04 0,01 0,02 0,01 0,02 

0. 1 0,3 0,1 0,1 0,2 0,2 0,2 0,2 
0,01 0,01 0,02 0,02 0,01 0,03 0,04 0,01 

B KO~Ao~ K!leTKe T06!11-1W~ YKD3DHM ABO 4~cna. BepxHee 4~cno 03H04a

er KOHW8HTPOW1-1Hl npl-13HOKO f3
1 

, H~IHHBB - KOHL\8HTPOL\~110 np~3HOKO f3
2

. 
3!18MBHTOM~ CM8C~ HB!lHHlTCH K!l8TKI-1. no AOHH~M T06!1~W~ 1 !lerKO B~41-1C!l~Tb 

::~KcK/ll03~sHyi{J WYHKli~IO s~xoA.o r ( f311 J32 ) , pa3Aefl~B 4~c11o Kn8roK c ADH

Ho~ napo\1 KOHL\8HTPOll~~ ( f31 , (32 ) HO 0611188 4t1C!10 K!l8TOIL nolly48HHYKl 

TOKI-1M o6p030M dJyHKL\~Hl '( ( (31 J f3
2

) Mbl C04!11-1 YA06HMM 30AOTb B Bl-1A8 
TOCl!l~tiM 2. 

To6n•ua 2 

3KcKn~3MBHOH IYHKUMR BYXOAO 

n p,. ~2l 

N 0,01 0,02 0,03 0,04 

0. 1 0,175 0,125 0,05 0,025 
0,2 0,25 0,025 0,025 0,075 
0,3 0,075 0,025 0 0,025 
0,4 0,05 0,05 0,025 0 
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Wcnonb3YH 3TY WYHK~~~. nerHo B~4~cn~Tb ~HHn~3~BH~e WYHKU~~ 

;,; ( f>
1
), G

2
(f3

1
) ~see WYHHUVIVI V13BM48HV1H. EcnVI renepb Bbi4V1C-

11V1Tb MOTP~UY H80)1H0p0AH0CT~, TO OK03~B08TCR 1 4TO 

T.e. np~3HOHV1 OTH0ClH8JlbHO H830B~CV1Mbl; r1P!tt 3TOM ycnOBI-18 (11.2) Hapy-

!BBHO )IJlR JlKJ6blX nap ( ~1 , ~2 ) • 

npi-1B8)18M TOKH18 np~Mep Cl-1CT8Mbl, KOr )10 nepeM8HHb18 ~1 , ~2 V13M8-

HRHJTCR HenpepblBHO VI npV13HOKV1 8 1 , B
2 

H830BV1CV1Mbl OTHOC~TenbHO APyr 

)lpyra, HO 8 KOTOpO~ ycnos~e (11.2) OnRTb HOPYlliSHO: 

12. KBOHTOBQR CIBCb. ~3Jl0m8HH~~ Bbllli8 nO)IXO)I Jl8fK0 o6o6maeTCH HO 

CJ1Y40~ KBQHTOBblX CM8C8t1. M~ 3)18Cb 6y)I8M po60TOTb Jl!ttllib C KorepeHTHb!MH 

CMBCRM~, T.8. C Cynepn03V1~~8~ KBOHTOB~X .COCTOHIIHH: 

( 12. 1 ) 

3)18Cb f 'r'n} - nOJlHOR CV1CT8MO C06CTB8HH~X hHKU1-1t1 3PM(.1T080 onepOTOpO t . nycrh N - nonHoe 4V1cno onblroe, s Koropblx l-13MepReTCH WV13V1-

4BCKOR sen~41-1HO f, NL - 41-1cno onwros c !IICXOAOM ft .. TorAO 

AJlR WYHKU~~ Bb/XOAO r, COOTB8TCTBYKimet1 CM8CV1 (12.1),Mbl V1M88M 

N< . 2 
"O'(ft)==-N= ICtl. (12.2) 

A a nee, ft. Nt. - KOn~4ecrso npl-13HOKO, npVIXOAHUIBBCR HO Ni. co6b!T~~, 
L fi Ni - 06tllee K011V14ecrso np~3HOKa s N ont:.~rax. OTCHJAO RCHO, 4TO 

pOilb qiyHK~V1V1 ~3BJ1848H~R £_ A11R CM8CV1 (12.1) l-1rpaeT B8JlV141!lHO 

C.( f.l = fL Ni = f< Y(f·) 
L. fi Ni f ' ' . 

(12.3) 

06pOTI!lM BHVIMOHI-18 HO TO, 4TO Mbl nonyTHO n011Y4~JlH YPOBH8HV18 CBR3V1 M8HIAY 

~YHHU"'"" C. " Y • 
nocne CK030HHOf0 COB8Plli8HHO HCHO, 4TO KPV1T8PHt1 H80)1HOPOAHOCTV1 

KBOHTOBOt1 CM8C~ (12. 1) onp8ft.8JlH8TCR B~POffi8HH8M 
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B HOTOPOM CyMM~POBOH~B BBABTC~ B npBABnOX 

PacCMOTP~M renepb ABO np~Mepa. 

( 12.4) 

(A) nycTb ct? " CPz - co6crseHH"e 

C06CTB8HHbiM 3H048H~S!M f
1 

~ f
2

, npl!I48M 

WYHK~llllil, coorsercrsyto~lile 

0 ( f 1 
( f

2
• COCTOB"M 

HBOHTOBYIO CM8Cb 

cos 'f ct? + sin. 'f ~ . ( 12 A. 1 ) 

nerHO y6eA~TbCS!, 4TO 

~ 30T8M 8~4~Cn~Tb KPliiTep~~ HBOAHOPOAHOCT~ 

( 12 A. 2) 

CpasHl!IBOS! aror pe3ynbror c WopMyno~ (6.A.2) , y6e~AOBMCS!, 4TO (12.A. 1) 
BCTb HBOHTOB~~ OHOnor CMBC~, BOCCTOHOBnBHHO~ ~3 ABYX OAHOPOAH~X nOA
CM8C8~. 

(6) nycTb 'Po , CPz ' ~ -
11\118 C06CTB8HH~M 3H048HliiS!M ( 0 { 

CoCTOBI1M HBOHTOBYIO CM8Cb 

C06CTBBHH~e WYHH~I-1~, COOTBBTCTByJ0-

1), npHYBM Q(((j. 

B KOTOpO~ Q Ill f> BBU\8CTB8HH~8 411CnO, nplii48M 0..2 + 62 = 1 . npoCTOB 

B~4~cneHl!le noK03hlB08T, 4TO cnpaseAn11BW ~apuyn~ 

Ill 4TO Kp~Tepl!l~ H80AHOPOAHOCTI1 AOBTCS! BWP0~8Hl!IS!Mlil 

( 1 2 li. z) 
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HOTOPbiB 

c 
( 1 2 6. 1) 

(126. 3) 

B T04HOCH'I nOBTOPlltOT PB3YflbTOHI {65.2) 11 (65.3), 

T04HI-1 3PBHI1jl TpeyrOflbHHKO H80AH0POAHOCTI1 CMBCI-1 (12 A.1) 11 

HB OTJ11140~TCR OT CBOI1X KflOCCI148CK11X OOPTHBPOB, P03!1114118 

MB~AY 9TI1MH CM8CRMH npORBflRBTCR JlHWb HO YPOBH8 ~MHKPOCOCTORHH~". ~MBH

HO, AOdOBflSHI K KOa!FW1-1UH8HTOM P03J1011(8HI1~ (12 A.1) 11 (126.1) npOI-13BOJlb

HMB W030Bbl8 MHOII(HT8fll1, Mbl nOJ1Y40BM HOBOS "MI1HPOCOCTORHI18", KOTOpOMy, 

OAHOKO, COOTBBTCTBYBT npemHBB MBCTO HO TpeyrO!lbHI1KB HBOAHOPOAHOCTH. 3TO 

P03J1H4H8 MBMAY KBOHTOBO~ 11 KJ10CCH48CKO~ CMBCb~ HMBBT npHHUI1nHOJ1bHM~ XO

POK rep. 

13. KBOHTOBOR CM8Cb(ABO HOMnOH9HTO). nepe~ABM Tenepb K ABYXKOM

nOHBHTHO~ KBOHTOBO" CMBCH. TOKO~ CM8Cbt0 RBJlRBTCR cynepn03HUHR COCTOR

HI-1~ ~f8' , 6 KOTOPDIX OAHOSP8M8HHO l-13M8Pl-1Mbl IIJV13\t\~8C!H18 S811WH1HDI f 
" 3: 

'+' "'.L wf~ '+'f~ . ( 1 J .1, 
f~ 

BeeAeM CllBAYIOlll\118 o6o3H0~8Hl-15!: N - nonHoe 4\t\C!lO onDITOB, B KOTOPDIX 

VI3M8P5!tOTC5! sem14VIHDI f 1-1 9 ; Nf~ - ~\t\CIIO OnbiTOs c KOHKP8THbiM 

moAo• ( f ~ ) ; Nf = J. Nf9 " N9 = L:: Nt~ - ""cno 
OnbiTOB C BbiXOAOMI-1 f 1-1 ~ ~OTB8TCTS8HHO. nocne tK03QHHOrO nOH5!T-

H01 4TO A!lR 3KCK!lt031-1BHO~ 1-1 ABYX l-1HK!lt03\t\SHbiX OYHKU\11~ SbiXOAO l-1M88M 

T04HO TOK 

~r(f,3l== N~i =I wf~l 2 , 

~(f)==+= y /WHiz' 

~(9)== ~ .- ~IWHI' 

- Z:t¥(f), 
f 
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( 1 J .2) 

(13.2o) 

( 1 J. 20) 

(13.3o) 



8 = 2: 9 N9 IN = L. ~ YC ~). 
~ '1 

( 13. 3o I 

f(g) = (L: f NH)/Ng- ( L f t( Hl)/t(g), 
. f f 

( 13. 4o) 

(13. 46) 

BhlnHWeM TOI{ltle Qop~1Yllbl, OnP8A8JHIKJllj~e ~YHKUVH1 i-13811848Hltlfl t:f (f) , 
t:lf ( 9) ' hHKUHH conyrcTByomero H3sne~eKHH [f (9) ' Eg(f) : 

Ef(f)=fNf/Lf~ = f d'(f), 

t:~(9)=9N9/L::.9N9=: ¥'(9), 

Ef(9l=(ftNf9 )/L:tNf = ffsl !'(If), 

E~(fl=(Lf-~Nf3)/L::9N9 = ~fflr(f). 

( 13.50) 

( 13.56) 

( 13. 6o) 

(13. 66) 

0CT08TCH npltlB8CTltl BMPOlti8Hltlfl Aflfl 3Jl8M8HTOB MOTPltlUW H80AH0POAHOCTltl: 

:L = z= (1 - f"i9l) n9), (13.sa) 
f9 ll~ f 
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8 nOCJI8)l,HV1X ABYX ~OPMY!IOX CYMMI-1POBOHIHI BBAYTC~ no 06JIOCTRM {lf 1-1 /19, 
B KOTOPMX BCS CJIOrOBM~e H80TPI-1UOT8JibH~. M~ BV1AI-1M 1 ~TO B MOT8MOTV1~8CHOM 

OTHOW8HV111 K!IQCCV1~8CHV19 V1 KBOHTOB~8 CM8CV1 11A8HTV1~HM. 

14. 4ononHBHMH M 30MB4DHMH. Hawa pa6oTa H8 6yAeT nO!IHO~, 8CJIV1 M~ 

ocra8V1M B CTopoHe P~A sonpocos. 

(A) 8 0CH088 V13JIOm8HHOrO BMW8 118~0110 npe)l,nO!IOffi8HV18 0 TOM, ~TO 

cneHTP npV13HOHO - 9TO H06op H80TPL-1UOT8!1bHMX 4V1C8!1. 8 CMBCAX CO 3HOK0-

nepeMSHH~M CnBHTPOM npV13HOHO B03HV1K08T ABO 30TPYAH8HV1~: 

a) M01118T OK030TbC~ TOH, ~TO 3HOH f3/~ OTP11UOT8!18H L-1 TOr)l,O hHH-

UL-1~ [ T8p~e:r CBO~ ~V13V148CH\II~ CMbiCJI (no KPO~H8~ Mepe AM1 HBOHTOBO~ 

CM8CV1 ); 

6) np0 3HOHOnep8M8HHOM cneHTp8 H8 V1CHflf0~8H C!IY40~, KOrAO ~ = 0 

1-1 Aflfl BC8X f3 (HpOMB, B03MOIHO, f3 ::0 ) f_::::.o.o ! 

B C8fi3V1 C 9TI1M p03yMHO 8 TOHO~ CMBCI-1 Cn8HTP 3H0~8HV1~ APL-13HOKO P03611Tb 

HO ABO cneKTpa C OnP8A8118HHbiM 3HOKOM 11 C~VlTOTb, ~TO 8 CMBC\1 8CTb ~ 

np\113HOHO. ~Hb1MV1 CJIOBOML-1, C T04HV1 3P8H\1fl ~OPMOJII13MO H80AHOPOAHOCTV1 CMeCb 

C OAH11M 3HOHonepeM8HHbiM np\13HOHOM - 3TO ABYXHOMnOH8HTHO~ CM8Cb 11 8~ 

AO!Il!IHO COOTB8TCTBOB0Tb 3HCKJII0311BHO~ hHKUV1A BbiXOAO ¥(p} ~-), T.e. 

ABB V1HK!If03118Hble ~YHHUV111 BbiXOAQ Vl ~8Tblp8 V1HHfii03V1BHble ~YHHUL-111 1138Jie48HI-1H. 

[E) B KOHUe nyHKTQ 10 "AOKQ30,_, 4TQ 5Up;;e12. = ;;t'1 ' 

SUP~21 = t:2 . 3AeCb Mbl XOHlM nO~CHV1Tb V1CTV1HHbl~ CMbiCfl 9TV1X ~OpMyfl. 
HO'!H8M c Toro, 4TO M== m1 + m2. ' rAe m1- MQCCQ npi13HQKO, m2-

- MQCCO OCHOBbl (a OCHOBY BX0AV1T see OCTOJibHOe), M - MOCCO CMeCV1. 

3TO npOCT08 POB8HCTBO rOBOPV1T 0 TOM, ~TO f3
1 

+ f3z:;. 1, rAe !31 -

- HOHUeHTPOUI.-1~ npV13HOHO, 0 (32. - "KOJI!IBKTV1BHOH" K0HUeHTP0Ll11~ BCerO 

ocTO!IbHOro. Mbl B11AL-1M, 4TO [31 1.-1 f32 cs~30Hbl WYHKL\110HOJibHO. Cornac-

HO TeKCTY (CM. nyHKT 10) STQ 03H040eT, 410 £ 12 = ;t'21=:t1=;;t'2 
T.e. 4TO H80AHOPOAHOCTb ~BnA8TCH 40CTH~M C!IY408M OTHOC~Te!lbH~X KOppe

fi~U~~. TO~Hee, KPV1T8PV1~ H80AHOPOAHOCT~ no AOHHOMY np~3HOHY pOB8H HPI1-

T8P~~ CHOPP811V1POBQHHOCTI1 3TOrO np~3HGKO CO see~ OCTOJlbHO~ ~QCTb~ CM8CV1. 

~3 CK03QHHOro Cfi8AY8T, ~TO MOTP~UY HeOAH0P0AHOCTV1 MO*HO TPOKTOBOTb KOH 

MOTPI1L\Y OTHOCV1T8JibH~X HOpp8JIAU11~. 

(B) B nyHKTe 11 6~110 sseABHO npeACTosneHL-18 o6 OTHOCV1Te!lbHO~ 

H830BV1C~MOCT~ np~3HOKOB ~ nOA4epHHYTO, 4TO OHO (OTHOC\1TenbHOH H830BV1-
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C~MOCTb) C~06ee COOT88TCTBY~~ero YC~OB~H 06CO~~THO~ H830B~C~MOCT~. 

B CB~3~ CO CK030HHMM 06CYA~M C~BAYijW~~ sonpoc. nycTb np~3HOK E3 1 
He 30B~C\H H~ OT np~3HOK0 8 2 , H\1 OT npi13HOK0 83 . KOKOH 
113 3THX OTHOC~TB~bHMX H83QB\1C\1MOCTB~ 6~\111!8 K 06CO!ImTHO~? ~MBA OTBBT HO 
3TOT 80npoc,MW MOrnH 6W YCTQH0811Tb ~BPOPXI1W OTHOC\1T8flbHMX H830B\1CMMOC
TB~. 

BBB.I\BM C!IBAYIOIUBB onPBAB!IBHI-18: np~3HOH Bi HB 30BI1Cii1T or npV13HO
KO Bj B N - M nDKO!IBHVIIr1, ecm1 

( 14 B. I) 

AMI BCAHotl hHHt.t~H1 f . npl>l N = 1 no onpeAeneH!tlB nepexoAir1T s onpe
AB!IBHMe, AOHHOB B nyHHTB 11. 

noeAcrosneHHe o He30BI1CI1MDcrl1 s N - M noKoneH\111 noJsonHer Bblpa-
3~Tb 06CO!IWTHYIO H830BMCI1MDCTb HQ H3b1HB OTHOC\1T8JlbHbiX H830B\1C\1MOCTB~. 

8 co•oM ~ene, P03nOrOH B BMPO•eH" f;(fli)fj(flj) hHHUHID fi(fli) 
B PHA \1 C4VITOH, 4TO BblnO!lHHBTCA ycnos\1e (14B.l) so scex noHO!IBHMHX, 
flBrHO nOK030Tb 1 4TO OTCIOAO BbiTBHOBT YC!IOB\18 (11.4). lOH\1M 06pa3DM, 
MO~HO CH03QTb, 4TO 06CO!IIOTHOA H830BI>lCMMOCTb npi>13HOHOB flPBACTOB!IBHO B 
BMAB, B006WB rOBOPA, 6eCHOH84HO~ flOC!IBAOBOTB!IbHOCT~ 3TOnOB, B HDII!AOM ~3 

KOTOPMX PBO!II13jBTCA OTHOCVITB!lbHOA HB30BMCMMOCTb B COOTBBTCT8YIOWBM nOHO
flBHI'lVI. B038POUlOACb H f10CT08fl8HHOMy POHBB 80npocy, 30MBTMM, 4TO Mbl y111e 
i-'lMBBM HO Hero onpeAe!leHHbl!-1 oraer, o MMeHHo: ecn11 nPI-13HOH B1 He 30BM
CMT or npM3HOHD8 8 2 11 8 3 a noHoflBH\1Ax N12 ~ N1 3 cooTBeTcT8eH
Ho, TO 6!1M30CTb 3TI>1X He30811CI1MOCTe~ H 06CO!IIOTHO~ H830811CI1MOCTI1 OflPBAB
!IAeTCfl reM, HOHoe 113 '-IMcen N1z. 11 Nr3 6onbwe. 

YC!l08He (14B.1) MO~HO 30f111COTb 11 8 6onee YA06HOM BMAB 

(I 4 K. 2) 

r.11e m= 0, 1, .... B aH8M80!IBHTHOCH1 ycnoa11~ (14B.1) 11 (14B.2) 

MOfflHO y6eA~TbCA, nonb3YHCb po3no~eHMBM 8 PAA. Cooraercr8ymwee ADH03a
TBilbCT80 a!leMBHTOPH0 1 1>1 MM BrO onyCHOBM. 

(f) POCCMOTPMM npMMeP CMeC~, MH~OPMOt_tHA 0 KOTDPO~ np~BBABHO 8 
T06!111U8 3. 

~3 npMBeABHHbiX AOHHbiX cneAyer, 4TO ~ = 0.12~ , £ = 0,35 I 

E = 0,4 , ~OflBe,COCibiTI1A C ~ = 1 1 HOK 8MAMM 1 AB!IAKlH!H \o1CHnKl'-IMT8flbHO 
peAKVIM\1 {T04HO 3PBHVI~ IYHHUM\1 BbiXOAO), HO BBCbMO CYW8CT88HHMMI1 C f10311-
UM~ ~YHKU\111 ~3B!le~eHVIH, T.H. HeCyT HO CeCie 30MeTHYIO 40CTb npi13HOHO. 
lOHir1e C06b1TI1A reonor11 H03b18010T "nHHOBbiM~ npoCiOMI1", 11 11X CflBAYBT 06H30-
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ToOn•uo 3 

0,0625 

0,7 

0,35 

0.125 

0,25 

0,25 

0,05 

0,4 

TB~bHO Y4~T~BOTb np~ O~BHKB 30nOCOB M8CTOp0~A8H~~ none3H~X ~CKOnaeMMX. 

Knacc~4BCK~M np~MepoM "n~Kos~x npo6" a ~~3~He aneMBHTOPH~x 4acr~u 
~Bn~~TCR PBAH~e cod~T~R C 60nbrn~M yrnOM POCCBRH~R B on~Te P838P~OPAO 

no pocceRH"ID c{- KOCT"U· ~no 3T"' C00"T"~ e;e)) 1 np• OOnbW.X 8, 
~ nOSTOMY C T04H~ 3p8HHR eyHKU~~ ~3Bn848HHR E OHH AOn~H~ HBCTH HO 

ce6e sa~HY~ HHIDPMOUH~, xorR IYHHUHR B~XOAO "He C4Hraer" HX AOCTO~HWMH 

BHHMOHHR. ECTb e~e OAHH npHMBp H3 TO~ ~8 o6nOCTH, rAe HBRBHO HCnOnbay~ 

BTCR ~YHHUHR ~ 1 Q HMBHHO npOUBCC rny60KOHeynpyroro paCCBRHHR aneHTPO

HO HO HYHnOHe. HyHnOH - 3TO CM8Cb napTOHOB, npH48M KOHUBHTPOUHH ~ 

COOTBBTCTBYBT CK8t:IJH1HrOBOR nepeMBHHOR .X. • l{aH V1388CTHO 1 6e3p03M8pHb18 

crpyKTYP""e hKKU"" HyKnOKO F, (X} " F;(:t) '"P""""" Kepe3 WYHKU"• 

f(X.) - nJlOTHOCTb pacnpeABJ18H~.R nOPTOHOB no nep8M8HHO~ :C : 

2 ~(:X:)= f (J:) , F;_ (X}=::£ f(::£). ~3 nocneAKero POBSKCTBO 

C!18AYBT 1 4TO CTpyKTYPAOR hHKl\IH~ f;_(X.j C T04HOCTbtO AO nOCTO.RHHO~ 
COBOOAOST C hKKU•e~ "'BneKe""' E(:X:); X.f{:X:)/X • 

3oKn048HM8. noABOAR ~TOr~,OCTOHOB~MCR HO H0~60J188 BO~H~X MOMSH

TOX pa60Tbl. 

1. 0AHOKOMnOH8HTHOR CM8Cb - 3TO 06b8KT, 

nnoTHOCTRM~ pacnpeAeneH~R: WYHKl\~B~ B~XOAO 

"""' t.(p) 

XOPOKTep~3YBM~~ ABYMR 

r( fl} " WYKKU•e~ •3sne-

2. 0AHOHOMnOH8HTH~8 CMBC~ MO~HO B~CTPO~Tb B CBOeo6p03HYIO ~epap-

X~48CKytO nOC/18AOBOT8/1bHOCTb no CTeneHAM HSOAHOPOAHOCT~t 3TO nOCJ18AOBO

T8/1bHOCTb ~MeeT BSPXH~~ npeAS/1 - COCTORH~8 KPO~HS~ HSOAHOPOAHOCT~. 

3. COCTORH~S HBOAHOPOAHOCT~ SCTb p83YJ1bTOT HSHOSrO KOMnpOM~CCO 

MB~AY ABYMR OJlbTBPHOT~BH~M~ ~~3~48CH~M~ npOl\SCCQM~ - CMBIDHBOH~~ ~ P03-

A8/18Hio1~. 

4. 6anaHc MB~AY YK03QHH~Mio1 B~W8 npo~eCCOMio1 onpeA8/1~8T B8Jllo141<1HY 

Hplo1T8Pio1H H80AH0POAHOCTio1 1<1, CJ16AOBOT8JlbHO, M8CTO CM8Cio1 B lo18POPXI<148CHO~ 

nOCJ18AOBQT811bHOCTio1 COCTO~Hio1~. 

5. COCTO~Hio1H H80AHOPOAHOCTio1 MOryT 6~Tb lo1HTepnpeTio1POBQH~ HOH T04Hio1 

HQ A1<1GrpOMM8, H03BOHHO~ TpeyrOJlbHI<lHOM H80AHOPOAHOCTio1. 
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6. 4BYXKOMnOHBHTHO~ CMBCb HO ~HHn~3~BHOM ypOBHB On~COH~H XOpOK

Tep~3yBTCH ABYMH tYHKU~~M~ B~XOAO ~ 4BT~PbMH ~YHKU~~M~ ~3BnB4BH~H. 

7. 8 CMBC~ np~3HOK~, KOK npOB~no, 30B~CHT APYr OT APYrO HBC~MMBT

P~4HWM o6p030M 1 ~ n03TOMY 3TO 30B~C~MOCTb AOn~HO on~C~BOTbCH HB OAH~M, 

0 ABYMH 4~CnOM~. TOKOBMM~ HBnH~TCH HBA~OrOHOnbHMB 3nBMBHTM BBBABHHO~ B 

nyHKTB 10 MOTP~UM HBO~HOPOAHOCT~. ~~OrOHOnbHMB BB anSMBHTM CyTb 

KP~TBP~~ HBOAHOPOAHOCT~ no COOTBBTCTBY~W~M np~3HOKOM. 

8. np~ 06COn~THO~ HB30B~C~MOCT~ np~3HOKOB B CMBC~ 3KCKn~3~BHO~ 

~YHKU~H BMXOAO taKTOP~3YBTC~. 8 po60TB np~BOAHTCH np~MBPW, KOrAO 

np~3HOK~ H830B~C~MW B OTHOC~TBnbHOM CMMCnB ~ 30B~C~MM 8 06COn~THOM. 

9. npeAenw B03MO~H~X ~3MBHBH~~ KP~TBP~BB OTHOC~TBnbHMX KOPPB~HU~~ 

A0•TC,H8pOB8HCTBa"Q,;;.;f12~£1 , 0~;;('21,;;;;[2, rAe £ 1 ' 
;;t2 - Kp~rep~~ HBOAHOPO!l.HOCT~ cMec~ no np~3HOKOM B1 ~ 82 • 

Mw 6norOAOPH~ B.M.flyueHKO ~ A.H.C~COKHHY 30 none3HMB o6cy~ABH~H. 

n~TEPATYPA 

1. B.~.AyueHKo, ~.B.nyueHKo, B.M.Tep-AHTOHHH. ~oKnDAM AH ApM.CCP, 

T. 74, ~· 5, 213 (1982); T. 76, w 3, 133 (1983). 
2. Berger E.L. Nucl. Phys., 1975, 885, p. 61. 

3. 6.4~POH, n.OAenn. KnocrepHM~ OHOn~3, M., 1977. 

PYKOTIHCb TIOCTYTIHfla B H3~aTe~bCKHH OT~en 

13 ~eapa~~ 1990 ro~a. 

28 


