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CnyqaAHHM rryTeM 6es caMonepeceqeHHA HassBaeTCR noc~e~o

BaTM:&HOCT:& BepiiiHH pemeTKH 5 0 , 5 1 , , • • • , 51'\. , B KO

TOpO:A BCS 5 ~ ( 0 ~ L ~ n,) pa3.mrnJH, a 5 j- R S j t 1 ('I ~ j ~ l'l) 
cMelKHH. UMoe n.. HasHBaeTc.a .u.mmol rryTR, Bepmaaa 5

0 
-HaqaJioM 

nyTH. ECJm B8plll!HH So H sn. CMe.EH!l, IIOMe~oBaTM:&HOCT:& 5
0 

, 

• • •, 5n. MOlEST 6HT:& HaSBaHa SaMKif,YTHM rryTeM ,li,1IHHH 11- + 1 • 

B ,nByXMepHOM c.nyqae MHOJEeCTBO pe6ep { i. ( o ~ i. ~ n.-1) , coe~mm
DIIRX B8plll!HH 5 ~ H 5 i. ... 1 SaMKif,YTOro rryTH ~HHH (\., , orpa

HJ!qRBaeT 06JiaCT:&, HasHBaSMYil ~OM8HOM. BBe~eM o6osHaqeHHR: C n.. 

-qi{c~o Bcex BOSMOlKHHX nyTel 6es caMonepeceqeHHR ~HH ~ Ha 

~aHHOI pemeTKe, aaqHH~C.Ii B S~HHOM y~e, npHHHMaeMOM ~ 

onpe~M8HHOCTH sa HB"iaJIO KOOp,D;HHaT; U.n..- qHCJIO BCeX BOSMOlE

HHX SSMKHyTHX rryTeft ~HH (\., , CO~epEallU!:X ope~ CBOHX BSpmRH 

Ha"iaJIO KOOp~HaT; f{ n., - "iHC~O BCeX BOSMOlltHHX KO~Hcyparnrlt 
HenepeceKaO~HXCR ~OUSHOB Ha ~ByxKSpHO~ pemeTKe, HUSO~KX cyuwap

Hyll ~ Sa.MKHyTHX OrpaHJ!qRB~ rryTel,paBHyiO tV 

HMeeTC.Ii HSCKOJI:&KO qmSJ!q8CKHX npoMeM, TaKJ!X KaK rrpoMeMa 

"HCMJJII8HHOro 06'LeMa" B T80JEH IIOJDIMepoB, CTBTHCTHKa ~OM8HOB 

B MarHHTHHX ,IUlyMSJliHX CBCTeMaX, npo6JieMa BHqi{M8HH.Ii KPHTHqec

KHX IIOKasaTMef BOCilpHHJI.IIRBOCTH B S~"ie HsHHra, KOTOIJ:ie IlpH

BO~T K H806xO~OCTH HsyqeHB.Ii aCHMIITOTJI[q8CKOro IIOBe~eHH.Ii C n, , 

u. n..· H in., npH ~ -+ oo ~ pa~HHX TIIIIIOB pemeTox. CBe~e
HEH OTHOCJ/ITM:&HO IIOBe~eHHH 9THX BenH"i.HH,IIOJiy"ieHHHe K HaCT~8MY 

BpeMeHH, paS~M.IillTC.Ii Ha Tpil rpyiiilll. K rrepBOI rpynne OTHOC.IiTCR 

H8MHOrOqi{M8HHH8 TeopeMH, HMellliJiie CTporoe ~0Ka3BTMI:.CTBO; KO 
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BTOpoE - ~TH, ~OCTOBepsOCTL KOTOpHX TIO~TBe~aeTCH TOXLRO 

lJHCJieHHHMH piC'leTaMH ,IVm He CJIHIIIKOM 60JilliiiHX tV , a K TpeTLeA 

- npaB~ono~o6HHe npe~oJioxeHRH, He RMeDmHe HH cTpororo ~oxaaa

TenbCTBa, HH lJHCJieHHOro llO~TBe~eHHa, Tpn TeopeMH H5 nepBOA 

rpynnH ~o:KasaHH XBMMepCJIH/I •2/: ,zvm pemeTxn c UeJIO'lHCJieHHHMH 

KOOp~aTaMH CyllleCTJlYilT llOCTO.HHHHe I , S TB.KHe, 'ITO 

c.._= e><.p (s·n,. +OCr\.)) ) n, -+ ,a 
) (I) 

u.n.. = .ex.p (r-.n.. -t O(n.)) rt.-+ ~ , . 
(2) 

.lf,rui pemeTxn .nrumoro B~ 

I=- S 
(3) 

ECJIH cyllleCTJlYlllT npe~e.JIH oTHomead Cn+1/C."' H U..n+ 1 /V..~ npe 

n. ~ .,.:> ' OHR paBHii' COOTBeTCTBeHHO' tl.rn (c. n +I I c .. ) = e 
5
: )< 

'(" , .. ~ 
H t.m ( lA "-H I lA..,) = -e :: ~ , npH'leM, corJJacHo (3), lA."' '\1 • n..,., j 

CyllleCTBOBaHHe 9TllX npe~eJIOB OTHOCHTCH KO BTOpOI rpynne cJBR-

TOB/3•4/, llpHBe~eM HeCKOJILKO npaB~Oll0~06HHX npeADO~OJ:eHHI H3 

TpeTLe:A rpynnH. 

! 0 CyllleCTByeT npe~e.n cL n..• / J." npa: t1.. ~ """ , npJAeM 

t-m ( ol.,_,1 /d.,,') "')1 = .y. (4) 
r\..~,0 

JTO npeADO~OJ:eHHe, BOOd~e rOBOpB, tpeOyeT YTOq&eHHB, TaK KaK 

ero cnpaBe,IV!l!!BOCTL MOxeT saBBcen. OT :xapanepa rpaRll"!HHX yc-

JioBd H OT cnoco6a ycTpeMJieHHJi plSMepoB pemeTRII K 6ecKOHa'IHOC'l'JI, 

4 

.. 

EOJiee no~odnoe odcy~eHRe B03MOXHoro aHa'leHKH npe~eJia (4)cM.B/S~ 

J(nll Taro lJTOd!:l c4JOPMYJIHPOBaTL ~pyme npe~nOJIOJKeHRH, 

onpe~eJIRM npOH3BO~~ ~HKUH~ ~OMeHHHX KOH~rypauHA Ha llJIOC

KOA KBa.IJilaTHoA pemeTKe, HMeKilleii M CTOJI6UOB M N cTpoK H 

CBepHyTOA B TOp ~ C03~HRH nepRo~eCKRX rpaH}!lJHHX yCJIOBHA, 

IIycTL cl ( m, n.) - 'IHCJIO ~oMeHHHX xoH!l>Hrypa.ulffi Ha aToi'i pemeT

xe, Jl!MemtHX CyMNapHy~ ~HY ropH30HTa.JILHHX rpaHMU, piBHY~ tn, 

Jli BepTHKaJILHHX - Y\.; , IlpoH3BO,lJ,fllll,a.ff ~HKUHH ¢ onpe~e-
JIHeTCH paBeHCTBOM 

¢(x,t;J) = L m n. 
cl(m-,n_) X 'j-

M,n-
(5) 

MO!:HO paCClllaTpi!BaTL <P KaK CTaTJICTR'l8CKy~ CYMifY CJICTeMbl 

~oMeHoB, np~aBrut nepeMeHHllM X , I;} onpe~eJieHHhlii cTaTHC-

TR'lecKHA cMHcJI, HanpHMep C'lHTrut, 'ITo X= eJ(.p (- }~ /K T) , ~ = 

-ex.p (- r '3- /K T ') ' } "' ' J ';} - aHeprRH ropM30HTaJILHHX H Bep

THKa.JILHHX pedep, .HllJlilmtHXCH y'lacTKaMH ~oMeHHOilr rpaHHUH; T 
-TeMnepaTypa, K - nocTOHHHM Bo.JILIJ,MaHa. OdulJHo paccMaTpHBaeT-

cn CJIY'lai 'A = ';} , y~o6Hlli ~ aHa.JI}!aa. TepMo~aMJl!Ka ~y

MepHoA CHCT8Mll ~OM8HOB ~OJIEHa HanOMHHaTL TepMO~H~~KY llJIOC

KOil! MO~e.JIH HaHHra, ITo KJaimeA Mepe, HBJIH8TCH paayMHHM npe~o

JIOlK8HJl!e : 

2° CYIIIeCTByeT KpKTH'lecxoe aHa'leHRe X c. , npn KOTOpoM TenJioe~ 

KOCTL CHCT8Mii ~OMeHOB,KaK ~YHKUHff X, Od~eTCH B 6eCKOH8lJHOCTL, 

TeMnep1.u/5/ npe.D.JIOJIOlKM, 'ITO KpHTR'lecxoe aHa'leHHe x: B a~'le 
HaHHra CBHSaHO c npe~eJIOM lA.. 

/ 
COOTHOW8HR8M 
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_,.M-=1/xr c. • 
(6) 

3To npe~nnoJJteHHe 6Wio onpoBeprayTo ll>HmepoM l!l Ca1Kcouf3/, Ko

TopHe noKaSBJil!l, ~To _r) 1 ;x; . CorJiacao (4), 6oJiee ecTecTBeH

HHY BLirJIR,JtHT npe,~tnonoaeHHe: 

3° IIpe~en jt paBeH o6paTHOMY aHa~eHHJJ X c B a~~e o .n;otleHax, 

T.e. 
j-t=-'1/Xc. • 

(7) 

PaaJIHqaHe ~HcJieHHHe aaa~eHHH ;K , ~ l!l aaa~eHHe 

KBa.npaTHOI pemeTKH npe~c~aBJieHH B ~a6JIHUe I. 

-1 I)(~ ;IJ,Jll1 

Tacimma I. 

'\(xt To~oe pemeamef6/,/7/ 2.4I42 

.r- BepxHHH oneHKa/3/ 2.712 

)A HHliHAA oneRKa/3/ 2.5767 

f-,~ BHCOKO~eMnepaTypHoe paSJio&e-

HHe 131 2.639 ± 0.003 

~; I ~:::: · ;,;::: · ~~:i;i · · · · 
/8/ 2.638s±o.oooi 

2.639s±o.OOI5 

B aac~ogme:R pa6oTe npe~rae~CH aaaJIH~ecKHI no.nxo.n K ByqHc

JieHHJJ npoHSBO.n;Rmel ~HKUKH ~OMeHOB (5) ~ nnocKol ~THO! 

pemeTKH Jri npe.nnpi!HHMB.eTCH non~Ka onpe.n;eHHT:b KpH~~ecKoe saa

~eHHe '{-.. c • JiorHKa noCJie;Dyllllero HSJIO&eHM ~aKoBa: npKHHKaeu 

6 

HeKO~Opoe npe~OXO&eHHe O~HOCHTeH:bHO llOBe~eHHR ~OMeHHHX rpaHHU 

llpH rt- ... ,a , He SaBJ4CHIIIee 0~ I 0 , 2°, 3°. B TeltCTe 8~0 npe~ono

&eHHe o6oaHa~eHo (A). HcnnnbSyH (A), ByqHcnHM c~a~HCT~ecKYm 

CYWifY (5) 14 nnny~HM BOSMOliHOCTb HCCJie,li;OBaT:b TepMO~Ha.MHKY CI4C

TeMH ~oMeHoB, B ~aCTHOCTH onpe~eJIHT:b KJlHTH~ecKoe sHa~eHJ4e X, • 
TaKHM o6paaoM, Bee 'i'pl!l npe~nnoaeHHR rD, 2°, 3° cBe.eytca K (A), 

n~eM Bll'iHCJIIUI 1 / X c. H CpaBHJ4BaH aTo sHa~eHJ4e c Bll'iHCJieHHHMI4 

sHa~eHHHMI4 _It HS taOJIHULI I, nonyqo ~CJieHHLIR KpHTepHR 

HCTHHHOCTH npe.n;noJIO&eHHH (A). 
PemeHHe nocTaBJieHHoft a~~H cymecTBeHHo onzpaeTcH Ha pesyJib

TaTH ~YX npe~WHX pa6oT aBTOpa/IO/,/II/, CCHJIKH Ha KOTOpHe 

B .naJI:bHelmeM conpoBoll,l1,B.DTCH rurPpaN:H I, II. B pa6oTe I 6HJia Bll'IHC-
• JieHa npO:HSBO.n;HWM qJYHKUM cp (X,~) Cl!IC'l'eMbl ,li;OMeHOB Ha nJIOCKO:R 

KBa.npaTHO:R pemeTKe npH ~OilOJIHHT~OM YCUOBHH, HaKJia.n;LIBaeMOM Ha 

CJIY~I!Iud' sa.MKHyTbi:R nyn, orpaa~J!l3aJIJtd .n;oMeH. Hs onpe~eJieHHR 

cJiy~a!Horo nyTH 6ea caMorrepece~eaHA acHo, ~To ~o:R BepmHHe 

nyTH S . COOTBeTCTBYJIT ,JtBa (H 'l'OX:bKO ~) pe6pa, coe~.HillllKX 
L 

5 · CO CMeliHHMJ4 el Bep!IIHHa.MH 5. H 5, + 1 • 060SHa~ STY 
l c.•1 

napy (X, X ) .: , eCJIH o6a pe6p3. ropHSOHTaJI:bHLI: ( 'i, If) i , ecJIH 

06a pe6pa BepTHKaJI:bHLI,B ( )t, :f)~ , eCJIB O~HO pe6po BepTHKaJI:bHO 

H O,D,HO ropiiSOH'l'aJI:bHO. YnoWlHyTOe .n;onOJIHH'l.'eJI:bHOe yCJIOBHe COCTOHT 

B TOM, ~'1'0 Kaa,llOl nape (';},'#).: qJQJMUI:bHO CTaBHTCR B COOTBe'l.'C~:BHe 
I I 

napa (';},\1), ,a nyu, co.n;ep.11811111e ( ~. ~), B (~, 'j)i ,paccMa'l.'pHBaDTCH 
I 

RaK paaJIJI'IHHe • BoaMO&HOC'l.':b npiiHB,IVIea&OC'l.'H nap ( ~ 
1 

!1 \ H ( 'J-, fd) i 

O,D,HOBpeMelflfo O~HOMY nyTH BCKJIIl'lae'l.'Mo IlyC'l.':b ~ -,li;OMeHHM KOH-
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CfJHI'YpauH.H HS MHOlleCTBa G Bcex BOSMOmJJa .ttOMeHHHX KOB!PHrypa

ud a a MacKo~ RBB.,JJJ6 THo! pemeTKe. 06osaa'DIM rn (}I H n- ( ~) 

"lHCXa, COOTBeTCTBeHHO, ropH30HTan»HHX H BepTHKan»HHX peOep, npH-

Ha,D;neza.IJIHX ~, H nycnN~i-(cy,N'I.'J (~) ,N'i'i C9)- "lHcna nap(lc,)(), 

( X. , ';}-) , ( '<} , It') B ,llaHHO! KO~parnm. B 8Tl!X o6osHalle-

HMX IIpOH3BO,lliDIIHe cpyHRill!H cp ( X
1 
1) H ¢-If (X1 :f) sanHC!iBB.IlTC.fi 

B BH,Ite 

cp (X J '}) == L X m(t) n..(•}) 
~E(f ';} (6) 

* IV ( ) cp (x, ~) = L 2 'i'i } X fl'l(t> 11 n..(~) 
}H• a (?) 

B ,llaJJ:E>HeAmeM Be~HH, OTHOC.f!mHeC~ K CHCTeMe .ltOMeHOB C .tto

OOJI!mTeJ!bHHM YCJIOBHeM y,IJ;BaHBaHH.H KO~Hrypa.IUiA, CO,Itepll8lliJlX na

py ( ';}, ~) 1 6y.nyT ,KaK H CTaTCYMm, conpoBOJr,na.TbC~ SB9S,ItO'IIKO! ( 7¥<) o 

1f 
BHilHIIIeM ,wrJI Har~octH mcpalleHHe ,nJISI cp ('f.,~) ; nOJIYlleHHoe 

B l , B rrpe,lleJie M , N ..., "" 
2.:[" 

¢ex, t;J) = ex_p. { :C~;)2 Hen (1rx'-i- 4~ 2-z~co~o{ + 4~ ~~,- 4J~J.r,)~-· 
0 (8) 

3a,Italla COCTOHT B TOM, liT06H, HCTIOJ!bSY.f! (?) H (8),no~'IIHT:b 

3aMKHYTOe BNpalleHHe ,II.liH (6) • .If.1I~ 8'l'Oro 8yliHO, B006111e !'OBOPfl, 

sHan N':f't (~) ,II.liH KM.ItOl xo~Hrypamm } ~ C. • norurraeMc~ 
o6oltH ary tpy.ItHocn, nOJI:E>syJic:E> npe.ncraBJieHHeM o "caMoycpe.ItHe

HHH" CJIY'IIa!Horo nyTH IIpH yt -" aO • 

Onpe.neJIHM BeJIH1D!ay J(!Ct) =: NJ..! (~)j[m(~)"'/t{'J] KaK cpe.nHee 

'IHCJJO nap BH,Ita (d,,f) [Coi.,f):=(I-/J..)_(JL,'j),(~j,~J]aa O,IIliH yseJI, HIIl'I 

Ha o,ItHH mar nytH, B xoa<fJHryJmlJIH j . Orrpe.neJDIM 'l'SRae cpe.t~aee 

no aacawOnm G oT aToA BeJIHliHHH 

8 

"'(') '1.(,1) 

x;_, = I vJ(f c,_) x. ';1 I cpcx, 1>. 
~ G(f ( 9) 

Paso6:E>eM MHOJteCTBO c; Ha no,llMHo.llteCTBa ~ ( rn, 11-) { ~n ~('",n) = C) 
TaKl!e, "lTO K ~ ( m, n..) IIpiDia,nJJ9lla T KO~Hrypamm ,llOMeHOB, EMeD-

IUHe m.. ropHSOHTaJil>HLJX H n- BepTHKaJil>HLJX pe6ep. IIycT:E> 

JC, (m,>t-) - cpe.IUiee A;_! (3 ') no no,llMHO.llteCTBy } ( m, n), tor,lla 

Jf;_ (rn,n-)= L JG.f (~1/\~(rn-,n-)\ 
f ~i:~("',") (IO) 

r.ne l ~ ( m, r1) 1-'lHcno 3JJeMeHTOB 9 ( rn, n) , paBaoe d ("", VI)• ~e.f! 
CaMOycpe.IUieHH.H COCTOHT B TOM, liTO B KaJK.ItO:A .ltOMeHHO! KOH(fJHrypa-

UIDI ~ £ } ( m, rt) IIpH .llOCTaTO'IHO 60JIDml!X saallelm.f!X YlL , Yl 

ycTaHa.BJIHBaeTC.f! "paBHOBecaoe" saatie!me J(;f ( m, 11-)• ,UpyrHMH 

CJIOBaMJII, MH TIIJHHHMaeM cJJe,lly I!Jilee npe.ttnOJIOlEeH>re: 

(A) hp L~) = J(f (m,n.,) , ~G. ;}Crn,>t-)~ rn,n- +<P. (II) 

PasyMeeTc.f!, Bcer,lla aa~TC.f! KOH(fJHrypaUHH .llOMeHoB, He y.noBJJeT

BOP.f!DmHe paBeHCTBY (11) (,ItOCTaTO'IHO, HanpHMep, paCCMOTpeT:b 

npJIMoyrOJI:E>HH! .noMeH pasMepaMH rnj'L X rt-/z. ). Ey.l(eM C"lHTan, 

liTO BKJJa,It B CTaTCYMMY </J OT 3Tl!X "HeTHnH'IIRwt" KO~Hrypaud 

HClleSaJille MBJI B repMO.ItHHaMH'IIeCKOM npe.neJie M , N _.. f7<" 

* BBe.tteM BeJIH'IIHay oL ( fl\, l'l. ), 'IHCJIO KOmPH!'YpauHit ,ItOMeHOB 

'} E ~ (m., '~-) rrpH .nonOJIHHTeJil>HOM yCJIOBHH Y.ItB8l!BaHH.H nap BH;na 

( ~ , ';}-) • ITepenHmeM orrpe.neJieHHe ( ?) B Bll.lte 
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A-'ll " ~ 1ft fl. 
'-f/(X,';})= L J (m,n..)X ~. 

1>1)1'1.. 
(12) 

BupaKeHMe AnR ctaTcyuMH 

B~ 

rf , B COOTB6 TC TBIDI C ( II), npl!MeT 

-£.. (m.,n-)(trl+rt.) 
rf, '\ * ~~ "' 1'1-
,c.x)'j) = L ~ (m-,rt.) 2. x ~ . 

m.,l"\. 
(13) 

CJie,DJilll6e ynpomeHHe B Bll'IIIICJieHl'!H 4> cne,eye'l' HS CBOICTBa qJyHR-

UIDI cp , paCCMaTpiiiBaeMof RaR CTa'l'CYMMa RaHOH~eCROto aH-

CaM6JIJI. llplll qiHRcHpoBaHHOI TeMneJa'cype T ocHOBHOR BRJia,ll; B cTaT-

CYMMY ,nailT KoHtllHrypaumr, o6ma.H rpaHHna ( m. .. n..) Rooropwr 

TaKOBa, ~'l'O llHepl'Wl ,ll;OMeHHOI Cll:CTeMI:l Jt 111 .. J':l 11... JieDT B YSROI 

ORP6CTHOC'l'll: Cpe,llHel\ SHeprmr CIIICTeMH U {T) • ,It1IH TOro ~To6H 

BOCTIOJI»SOBa'l'»CH 9THM CBOICTBOM RaHO~eCKOro aHCaM6JIH, npe,ll;

C TaBHM WYHRIUDJ cp {f.., ~) B BH,Il;e 

I 
'\ rv-lt -.i,., (~ 1<)·{ U+K) (l-K) 

A-.(1-~.o~)= <P (x&.~)=-L- ol.. (€1<)2. ' X---r:J -z.-
'i' ) (} I( 'o e • ( 14 > 

I( K' J 

r,ll;e BBe,ll;eHH HOBHe nepeMBHHHB f = m. +"II.. , f< = trt- rt.. ll: npoHSBe,ll;eH 

nepexo,ll; R &THM nepeMeHHHM B WYHRUIIIHX ol~ Ill ~~ 
('J II" D 

cL~~"ce~<)=l(~ U) 
' 2. ) 2 ) (15) 

/. (e ~<-) :o £. (~· {.:! \ 
~'1 ) 'j~ z.. ) z. ) (16) 
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' 

l 

llpe,ll;CTa:BJ!M MHOlt6C'l'BO G B B~e c. :; u c;.. f( ' c; n G ' = 0 ,IJ,JIR 
f( I( ~ 

I( f f<. 1 
1 r,ll;e C.. K - MHO:IIeCTBO BCeX ,ll;OMeHHHX ROHcpu!'yp:!..I.Ud\ C 

~CHpoBaHHHM SHa~eHHeM p8SHOCTH ~cna ropiiiSOHTan»HHX H Bep

'l'HRan»HHX pe6ep 1< • IJycn .%;. -cpe,llHee saa~eHHe Jfj'J (:J) 

no nO,Il;CHCTeMe C t< , TOrAa 

tr'(f) M#) 

~ ::: L Jr.,'3 (')X :1 I <PI( (17) a f G-rc. 
Hs npHBe,ll;eHHOro BHme CBOICTBa RaHO~ecRoro aaca»dnR AnR TIOA-

CMCTeKH lf~ cneAyeT 

"' _.r . .f. (l+!V (l-K) 
r/-.. '\ * ""'" 2. -
'"-f/ (X ~) = L- ol (i.,K) 2 X 'j 

2 

/<. ' e > 
(18) 

"' 
UOCROJI»RY B cyMMe ( 14) MO:mHO SaMeHl'!T» WYHRIUm Jr ( e /(.) ee 

- - - - ~':1 ) 
saa~eHHeM ~~(e.,K) nplll l= t , r,ll;e r._(et~<)/2-+r,(e-~<-)/2::. 

U I< ( r)) U I< - cpe,ll;HM saeprHH no,ll;cHcTeMH G ~ • TaRaH :ae saMeHa 

no,~J;pasyMeBaeTCH H B cyMMe ( 17). B zsoTponHOM cny~ae ( X ~ ';/- ) 

BiipaJteHHe ,IJ,JIR CTa'l'CYMMH ~ ( J1..) npuHHMae'f B~ 

('J -..J!:. e. '\ * -.Jf" 
c{:>(Y-) = LL ol.'"'(e1 ~<:)(X·2 ") == £-¢~< (x·2 J. (rg) 

K e 1<. 

TB.RIIIM 06p8SOM, Sa,D,a~ B~HCJieHHH ¢ ( j..) CBO,IUf'rCR It M3:UBHBHHil 

MB.cmTa6a nepe'IHCJIHI~~~ero napaMeTJa X B zsBecTHol WYHRUHH 

cp: ( 1-.) • ,It7rH aaxoz.n;eHHH HBHOro BH,JJ,a ¢: (;.) paCCMO'fpiiiM qJyHR

IUlll ¢'(xe'",~£'"J _ • EcJIH no,!J;elcTBOBaT» HaSTY !fJYHRilHil 
x-~ l(l · 

HHT6rp8JIJ>HHM onepa'l'OpoM (1/ZY) j (·) e-•K<f elf , B cyMMe (12) 
0 ' 
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OCTBHYTCH TnnbKO qneHH C ~KCHpOBaHHHM 3Ha~eHH6M pa3HOCTH 

m- 11. = I< • .IT03TOllY , C y~eTOM Bapall6HRH (8), UOJIY~HM 
Zf! lf" 

,-+, ¥< 1 J ! M tv' Jf o ( 2 2 ~ <f 2 - Zi <f 
II< (X ) = £i ..ex.p i{z-,;2 Ul 1 -t X € + ~ X e -

- 2 x e'." ~ J.. :4 x e _,·tfCcsj ~ 4 x2 ~5 J. [,.,8) .LJ. d.~.>} e-' K~<f • 
) J (20) 

ITepeM~eM Terrepb K B~Hc~eHHD Be~~HH JV; . B pa6ote IT ~na 

CHCT6Ma ~OM6HOB, OITHCHBae!lOtt CTaTCYMMOft qb~(x,~), 6Hna BUqHc
lt 

~eHa ilJyHKUH.H P,~ ( Jl. 
1 

':1) KaK cpe~aaa nnotaocu ysJIOB, B KOTopux 

~OM6HHa.H rpaHKUa npe~CT~eHa rrapoft (},~),a Hll6HHO 

* 11 N'J'J- (~) rn{,_) n-(~~ '*" 
p'J-'J (x):r) = L 2 X I <P {~ ~). (2I) 

~€4-

.llBOilHOil mTpHX y 3HaKa CYJ.IW 03Ha~aeT t ~TO CyMMHpoBaHHe 

B6~6TCH TnnbKO no T6M KOHqJHrypanRRM, KOTOpie CO.D;6plr8.T Cpe,D;H 

CBOHX BepmHH Ha~~O KOOpnHHaT, np~eM B Ha~~e KOOpnHHaT 

~oMeHHa.H rpaHKUa npe~cT~eHa napoi ( 'j, ~) • HBHoe B~HHe 

~ P;~ (~, ~J 1 no.ny~eHHOe B pa60T6 IT, HM66T BH.lt 

~ 2. 
p ~.~,. (x loY)= (1- A(1-,~)') -t B(Jl,'d-) C (x. ~') }a , o , , 

(22) 

2.:( 

A (X. 1 "}) :: (;1:)2 ~ \ olJ. olj [ 1 -t /- 2x Co~ J. .. 2 ~ (1- X GnJ) ibJ/ J /D, 
0 (23) 
2~ 

B (x, ~) = (2.~)2 J \ .U. olf ( 1 - x ~6- + 2 ~ ~~ ) / 1>, 
(24) 

0 

t(" 

C (*, ~)= (:1:t }\liJ.J[~(1 .. /-2~-.Cos~)~j +2~Yr-XW1·0] / J), (25) 
0 

12 

.J) = 1 -t x\ 4~2 - 2x &,d.,+ 4:1 ~/- <i :~.'() &..J. ~. (26) 

B aToi Ee pa6oTe B~~eHa cpe~H.HH ~oTHOCTb ys~oB, npHHa.n

~e&amHX .D;OM6HHOi CT6HK6 ~ CHCT6Ma ~OM6HOB, COOTB6TCTBYDm6H 

cTaTcyMMe (Vr~,~): 

.)1- I fv'~'J' ( ~) 1"1(9) Yl-(~) ~ 

j(X,~)=L 2 x ~ /<P(x)~) 
~€4 

(27) 

ffiTpHX y 3HaKa CyMMH 03Ha~aeT, ~TO CYMMHpOBaHH6 B6.D;6TC.H TO~bKO 

no KOH~~~ CO~ep~ Ha~o KOOpnHHaT Cpe,D;H CBOKX Bep

WHH. B pa6oTe II no.ny~eHo ~e.nyDmee ~HHe ,IJ,JI.H aTo:lt WHKUIDI: 

Z:l 
jt 1 jf 2 2 . ; f (x1 ~) = (lf)o. ).('Uf (x ._ 4~ -X Co1J. +2~ ~- 4 x» i'.nJ. ~); ~ (a3) 

D 

BocnOJ!l>3Y6MCH 4JopMyJIB.MH (22)-(26) 111 (28) ·~ no.ny~eHRH HCKOMOH 

B~HHH .Af; • llpex,ne Bcero, BBe.D;eM BCnOMOraTeJibHI:l6 4JyHKUIDI. 

!< it 
Onpe~~ 4JyHrunm Pk (]1.

1
f1) H PK (.e.) paBeRCTBaMH 

* " fv'~~(~) m(,}) n..(') "C * ~) ~-K) 
PKCll,~)=L 2. X ~ =-rPI<(t)X z ~ 2 (29) 

~fC. .. 
~ if' 

H <fJYJIKUHH 1 ()( ';}) H I k ( t) paB6HCTBaMH 
K ) 

* \ 1 ~G~) m(') n(~) ~ (~) (e-~<l 
rk U,~) =L- 2. >< ~ =Z: ~ (.e.)x , :J 2 

~~c.. e. ) 

(30) 
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r.ue, Ka.K K paaee, { = m .... n. , K'"' 1"1- n. • Onpe.ne.neHWI (21), 

K ( 27) , ( 30) CBH3a.Hbl COOTHOWelfiDIMll! 

p :~ (X)~) = t p: ( )1..) 'j) I q/ ( )() '3) ; 

* "' II< -If J (x,~) = !-- '~=- ("',f'>/ct> (x,~J-). 
I( 

Onpe,nenHM COOTB8TCTBy~e BM~bl 6es 3B83.UO~: 

(29) 

(3I) 

(32) 

"\ ~ '\ 1/ tn(~) n.-(3) 

P~~/1-,~) = ~ P,., (li.,~)/<PCx,~) = 1; ~~ .. x ~ / ¢(x, ~) c33 ) 

I I trl(~) rt(~) J(x,~)=Lf.:(JL~)/¢(;.,})=2. X d /cP(t.,~);(34) 
"' J "' ~"Gr .. 

(eH)/2. ({-t<-)/2. 
D (-1, t-1) = L PI< (e) x ~ ; (35) r I< 'd e 

{(H)/z. (l-t<-)/2. 

("' u, ~) = L. 1~:. c e.) x :1 • 
e (36) 

3a.MeT>IM Tenep:b, 'ITO liS B!ipl.llteHH! (29) l'l (35) HS OCHOBa.HHH 

(A) C~e.nyeT paBeHCTBO 

0 = ( -~,ce,~<)(e-1)-1 \ p*ce.) 
It< (t) 2 ) 1<- • (37) 

OT~Ke (37) OT aaano~oA ~PM& B (14) COCTOHT B TOM, 'ITO 

cyMMKpoBaHHe c .nBoAHb!M mTpHXOM B (29) oT6:HpaeT ROSWHI'Ypa!ll'IJI 
~ 

~ f Cr,.. ,y KOTOpHX '!HMO nap ( '1, ~) Ha 1- ~'1 ( t,t:) 6M:E.me, 

'18M Xu ( i J(.) , TSK KB.R B HS'!Me ROOp.ni!HaT napa ( 1< 11.) 
·~ ) ,, , 

HBXO~TCR C ,IJ.OCTOB8pHOCT:bD. CpasH8HHe (30) C (36) ~aeT paBeH-

CTBO 
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-fl. (.€.~)·{ lt 

(""' ( .t) = 2 ..,., ' r" (e) (38) 

Pac cyx,naJI TaR ae , RaR H IIJlH IIOJIY'I eHHH ~OPMY Jlli ( I8) , c 

IIOMOIIIJ>D (3?) H (38) IIOJIY'IHM B H30TpOIIHOM MY'Iae (X ::: 'J ) 

PK (JL):: L p: co/ 2 -~·({-~) -\ 2,){',._-
1 p: (,: ·2-Jf ... ) ; 

. e. (39) 

" * t -J(·t * -£.. r,..cr) = L rl< (e. h 2 = r"' ("' 2 ) • 
e (40) 

Eme pas BOCIIO~:b3Y8MCR T8M 06CTOHTeB:bCTBOM, 'ITO OCHOBHOI 

BRJIB,n B CTaTCYMMY ~ , a CJ18,1J.OBaT8Jll>HO, lil B Cj'lOIH (39) l'l 

(40) llpOHCXO~T OT KOH(fJHrypanJdl }€ 4- C ~0~ ,IJ.OM8HHOI rpa.Hlii-

Ilbl, paBHol! :[ • Tor,D.a ECKOMoe sHa'IeHHe Xt<. paBHO 

.r p f.-1 * -Jf. I -Jf. 
J\,C;.)= "'(x)jr)((x.)::.2 P"'(t-.·2 "');r"(x·2 .. ). 

"' (4I) 

HBaoe B!ipUiteHHe ~ IPYHRilHlil P: IIOJIY'IaeTCR 1'13 (8), 

(22)-(26), (31) C HCIIM:b30Ba.Hl'l8M Taro lite npHem., 'ITO H npH 

Bb!BO,IJ.e <flopMyJibl ( 20) : 

'l.~ . . 
"' ~ t -1- • ..p -·tf *c ,·o.f -i<f -·K<f P ('1-) = - J P\.t.,_ ( x e x e ) cp x e x e. ) e J.w • 

"' .2.')[ 0 ld ) ) 
1 (42) 

AHanO~o, <floPMYJIIi (8), (28), (32) IIJlHBO,nfiT K BHpazeHHil 

l~ 

It -1 ~ It" ;., ;lf -It ,·If _;.p _;K'f r:_ (>t) =- J (x-e. x.e· ) <P (xe. x e ) e d.'f. (43) 
l.'lt ' J 

II- 'J'r 
BiipB.ZeHJUI (19) H (41) C y'IeTOM HBHOro Bl'I,D;a !PYHRD;HI cpk , r:. 
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I< 
rl<. , onpe,neJieHHoro qJopMyJiru.m (20), (22}-(26), (28), (42), 

(43), rrpe,nCTaBJIHJJT codon CHCTeMy .nBYX TpaHCUSH,UeHTHmt ypa.B-

HeHID!' OTHOCHTeJihHO cj:; H Jll< • HaJiwme B l'IHTerpa.nax (20), 

(42), (43) qJaKTOpa €.JLf (Hf{ .. ) .n,aeT OCHOBaHJ~e ,Ir,Jiii ITOIIhiTOK 

B~HCJIHTb 9TH HHTerpaJihl MeTO,UOM nepeBaJia. B HaCTOgmen CTaT:Oe 

Mil orpaHBtmMCJI IIpl'!ClJIHlKeHH!lM pemeHHefl. CHCTeMhl (19), (41) ,lJ,1I.H 

TOrO, 'lTOClH Ha yiipol!1eHHOM rrpm.;epe npo,neMOHCTpl'lpOBaTb aqxpeK

THBHOCTh H3JIOlKeHHOro MeTo.n,a. 

IIpe.nrroJioJKHM, 'ITO BepOJITHOCTl> nOJIBJieHM napa BH.n,a (d-,f) 

B y Me, rrpnHlmJlelKall1eM .noMeHHon rprumue, pa.BHa ,Ir,Jiii Be ex j E- c, • 
B rrpHHJITHX o6osHa'leHBJIX ( eM. (9}) 9TO sHa'illT, 'ITO 

J(t {:;) :: .,.,(f J-<-'> ~cu :1 t; 4- (44) 

B aToM CJiy'lae BeJIH'lmJa ~ 
MO.lKeM IIOJIO.lKHTb 

He 3aBHCHT OT mJ,UeKCa I< H Mli 

x~.;r 
1<. 

(45) 
) 

r.ne ~3aBHCHT Terrepb TOJibKO OT TeMTiepaTyphl CHCTeMH. B IIpl'l-

0n:HKeHHH(45) OTrra.n,aeT He06XO,UHMOCTh npe,UCTaBJIJITb CTaTCYMMY 

B BH,Ue (14). llo3TOMY pa.BeHCTBa (19) H (41) yrrpomaJOTCJI: 

<?/J ( x) = ¢ x-(X 2- .)() 
(46) 
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f-1 jt -.f I * . .If" j( =- 2. p 'J1 ( t.- 1 ) j (X. · 2 ) , (4?) 

" -x ,. ./ -.}( ,. . .)( " -.}( -fi' 
rAe P ,, (ll. 2 ) = P~, ( x 2 ) '/..1 ) , .f ( )(. 2. ) :. .f ( x 2 , u. ) . 
BBe.neM rrepeMeHHYIO l o x 2.- x H saMeTHM, 'ITO B H30TpoiTHOM 

CJIY'lae ("' "' '}) CTaTCYMm ¢-* (2,) HMeeT ItpHT>flleCeyJO TO'IKY 

r = I/3. Tor.zta Biip8.JltElHH.fl ,lJ,1I.H ItpHT>flleCKOro 3Ha'leHHJI 

llpl'I!mMa!OT BE,Il 

Xc:: (1/3) 2£. 
' 

1--"' * >/" 
J(.')_ ::. p'1~ c, (3! If (,I 3) 

Bll'IHCJieHBe HHTerpaJIOB (23)-(25) B CJIY'Iae X :: ~ = 1 13 

.n,aeT 

A 1 u? 
2 T 1o 

31'? t z .r,fi (V(C ~ T ; 

B = !.!f 3 fi t .r7 6Vs 0 2Vs-
s 

..--M'CC,2.Y2- -WIC r• 
2.X' (} S"JC J ' 

C - 1 {2. .1- .!7 1 {5 7 rs: 2.Vr 
- --- .:vvtt.OI '2v2' - -t - cwctOJ - ' 

2 ~'Jl 0 30 if'£' (/ 5" 

(48) 

(49) 

(50) 

(51) 

(52) 

* z. 
Tatt 'ITo p._,., ( 1/3) = (1-A) -t BC. • BuplzeHBe .wm J ...-(1 h ) 
ITOJIY'IHM, CpaBHJU!M (24) H (28): 

J*C1/3) = 1- ~ (53) 
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TaKKM Odpa30M, ARR BeRHqHHH 1~c B rrpHdRHEeHHH (45) 

rronyqaeu 

1/Xc. == 2. 621-29 ••• , (54) 

qro cornacyercR c pacqeraMH H3 radnHUH I c roqHOCTbD 0,5% .• 
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