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B coo6meHMH/1/ OarrH rrpoaH~n3MpOBaHH OCHOBHlle rrP/H~lrrH peHOPM
rpyrrrroBoro ITo~xo~a B CTaTMCTM~eCKOH WM3MKe, a B pa6oT8 2 pacCMO TpeHH 

~a HaM6o~ee pacIIpOCTpaHeHHHX BapMaHTa 8Toro rro~xo~a, Mcno~n3yeMlie 

npa O1U1CaHMR KpHTH'leOKHX RBJIeHMH. 

B ~aHHOM C006ll\eHMM 06cyJK.II.aeTOR rreopeTMKo-no~eBoM aapnairr Me'1'o~a 

peHopMrpynrrH B cTaTMcTM~eoRoH ~3RKe. ITPMBO~TCfl ypaBHeHHfl, aHarrOPA'l
HMe peHopMrpynnOBHM ypaBHeHMHM ~ HHBapRaHTHOrO 3aPR~a B KB8RTOBOfi 

Teo~RM rro~. rrpe~araeTcfl HOBHR rrpOCTOR MeTO~ y~eHRfl CXO~OCTH 

HTepaU;I1.0HHbl.X rrpoU;e~yp t1Jlli CYMMllPOBi":iHMfl aOmArrTOTH'leCKHX- PMOB, OCHO
BaHHHM Ha BBe~eHMH rpyrrnH aBTOMo~e~bHliX npeo6pa30BaHMU M rrpH6~~eHHoM 

BHqnC~eHMH ~K~H re~ - MaRHa ~ noy c rroMomb~ ROHeqHHX pa3HocTeu. 

MeTo~ ~IDcTpRpyeTcR Ha HeCKO~nKHX 8~eMeHTapHHx WYHKUHRX, Ha OYMMMpO
BaHI-lM E. -pa3JIO~eHHR, BMbcoHa .n.ru:r Kp:wrR~eCRHX MImeRCOB Mo.n;eJlli fHH3

oypra - JIaH)~ay RRa TeOpIIIR nOM \f 4 • 

I. nOJIEBAfi I'PYTIIIA 

PaccMoTpeHHHe B pa60Te/2/ BapMaHTH peHopMrpynnH, KaK B rrp~TOM, 
TaR JII B 06paTHOM IT})0CTpaHC'l'Be, OCHOBaID1 xa rrOCTeneHHOM H3MeHeHMH rrpo -r

CTpaHCTBeHHoro MaCWTa6a H nocrpoeaza COOTBeTCTBYJOIItefi, nocnenoaarexs

HOCTH 8~eKTHBHHX Mo.n;e~eH. B MeTo.n;e B~DCOHa MeHReTCR R MaclliTaO HM

rrY~bcHoro rrpoCTpaHCTBa, R O~OBpeMeHHO rrpOBO~TCR CKe~Hr no~eBHX rre
peMeHHHX. ITPH rrp0u;e.n;ype .n;eqKMauRH ocymeCTBnReTCR TO~nKO YKPyrrHeHH8 pe
llieTKH B peanbHOM npOCTpaHCTBe, a no~eBHe nep8MeHHHe - ~fl Mo.n;eJlli 
113HHra 8TO cnanoase rrepeMeHHhle & -= {6'i.l - He MeHflIOTCfl. 

r~aBHHM B 060HX cnyxaax flBJIReTCH TO" xro BBO.n;aTCR HOBM nepexea
HaR, xaparerepaaymraa H3MeHelllie npocrpaacraesaoro MaClliTa6a. Peacprrpyn
ITa pearrH3yeTcH KaK rpynna HeKOToporo aBTOMo.n;e~Horo ~EXeHH~ no 8TOll 
HOBO~ rrepeMeHHoll. nOc~e~_Mo~eT 6HTn llJIR HenpepHBHO~,~~ .n;nCKpeTHoH. 

Peaoparpynna, HCrrOJIb3yeMBR B TeopHH no~/3/, B OTJIH'1i.Me OT era

THCTM'tieCKOH, OCHOBHBaeTCH Ha BHHRneHHM CBOHCTBBHYTpeHHSH CHMMeTpRH 
H3yqasMo~ ~3H'tieCKO~ CHCTeMH. 

Ha IIepBhI~ B3rJIR,D; Mo~eT IIOKasaThCR, ~TO Me~ CTaTHC'l'H'tieCIWH H IIO

~eBOH peHopMI'pynnaMH ecrs rrp:~iHIJ)mHanbHM paaaaua: nepsaa pea.m1SYSTCH 
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aa roracce MO;n;eJIei1, o'rJli:PIaIOl!U'!XCfi IiCKYCCTB8HHO BBe,neHHofi nep8M8HHOH; < " 

:vIs BJi,Ua	 (4) CJIe)~yeT, xro npn yCJIOBRH (5) BhIrrOJIHHlOTCH paBeHCTBa
, I BTOpaH WopMy~pyeTcR Ha HSHKe eCTeCTB8HHHX nepeMeHH~X O.nHofi Mo,ne~. ? .' 

"J. 
t 

t 1.. O;: 1 , 1. 1 t~ ~ t ;O.nHaKO ::lTO pa3Jlli'tll18 B CYmeCTBeHHOH crenena RaJKymeeCR. C WoPMaJII>HOH 
03Ha'iaIOUJ,ne • ~TO TO.lInRO O,IU1H }I3 nepeHOpM1IpOBO'lHhlX napaae-rpoa 7. ~ -'1 ' TO'ilW speIDIH, n ra , Ii .n:pyraH: peaoparpyrmu CJIYJK8T 'tl'CT~n rrpoaaneaaa I 

I t; HeSaBI1CHM. <Plucc:r-rpYH, HarrpIDJepJ- "i ={ , llM8eMMn o6mero CBOHCTBa W~fK~OHaJInHOH aBTOMO;n;8JInHOCTR 4-6 . c,q	 1 
. p/-1!'J. _P _ £if'). 

EOJIee Toro, rrOJIeBYIO peHoPMrpyrrrry MOXHO rrOCTpORTn/7,8/ Ii ~fi OTa
TRCTIi'ieCKnX 3~a'i, 'iTO ceit'tlac n 6y,neT npo;n;eMoHcTpnpOBaHO. A RS Me~o
,na rrocTpoeHHR CTaHeT HCHa yCJIOBHOCTn rp~~ rrepeMeHHHX Ha HCKyCCT
BeHHhle It! eCTeCTBeHHHe. 

]I.JrJf HBHOI'O cpasaeaaa C yJKe pasoopaameor IIpRMepam/2/ pa3YMHo 
CHOBa BNCpaTn MO;n;eJIn llSHHra. Ho TOJInKO S;n;eCn MH OrryCTHM rrOCTOJiHHOe 
CJIaraeMOe, B .n~HeHweM He Rrparomee pOJIH, ,R ,no68BHM CJIaraeMOe, COOT

BeTCTByromee HaHIt!'tlliIO BHelliHero rro~, Boo6me rOBopH, SaBIiCRmero OT HO
Mepa Y3JIa. 

ECTeCTBeHHHMMrrepeMeHHHMR B Mo,ne~ MSRHra RBRJiIOTCH CnHHOB~e no~ 
6 i • ~To6H BHHBHTn CHMM8TpnIO Mo,neJIH, CBHSaHHyro C BapnHpOBaHHeM 8THX 

rrOJIeH, BBe,neM CKeRnHHI'OBHH ~KTOP nocpe~CTBOM rro,nCTaROBKR 

Gi - PG""l • (1) 

MTaK, BOS.&MeM raMMnTOlUiaH 

I-f = - f	 " J /6"': G.- L po: B.'"1q-,> Ld i. L	 
.(2)

01	 L 

nepexo,nH K 6espaSMepHHM napaMeTpaM 

- J o	 \ - BL'J = -	 ) n· = "'""f.:\rs ~L 

HMeeM 6espaSMepHH:H raMRJInTOHRaH 

Hf~} = - p" 8 I 0i ~ - p~ 6'i. hL (3)
<ii> & L 

'7< l = t , 1..). - l. ») ~ - 

Yc~oBHe MHBapJ1:aHTHOCTH (5) TIpllHHMaeT BM.n 
. .- f I ').. e 0 f /'l ) ) '7 ( ))I (C	 p; 2' C h -:: c p;~), • (6) 

Barna IJ;8Jlb SaKJITo'tlCteTCH BTOM, "llTo6u l1CnOJIn30BaTn ::lTO CBOM:CTBO .1lJIH 

rrOJIyqeHHH HHqopMa~ 0 KOppeJIRl~IOHHHX WYHK~HX,' ,UJIH KOTOphlX CTaTHCTI1

xecxaa cyMMa CJIlJ.JKIIl:'l' nopo1K,Il;aroUmM WyiUUJ;t1:0HaJIOM. Hartpzaep , napaaa Koppe
JI~OHHaR W~fKnMR 3~aeTCH BTOPOM rrpo113BO;n;noM 

1

K (p)8):: d f, i l (P)3,h) \.	 (7) 
LJ	 1-091,·'dh·

~ J k 

nOBOJILHO rrpOCTO yCMoTpeTn, 'iTO .u~R Hee CnpaBe~BO COOTHOrnelrne 

- i n. D) f - f K ( K·· (f P {8:= .. r,8) .
LJ' LJ 

A7IR Wypne-06pasa 8TOH WYHKIJ;RI1 

K(1 }) d) =L ,- K.,(PJO) eJlp(-ik~v 

) ; (] N ~ LJ 'J 
• ) 

'
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B IW'I'OpoM 'Z. ': 't. - z . ,Ff - xoopnaaara L -ro YSJla, cnpasenzxao Ta
'J L J ~ 

Koe JKe paB8HC'l'BO:	 .... 
-0  {/~ r' (I )K(l,f p,fg)= K k,p,·J .	 (8) 

YtlHTHBaH HSOTpOITHOCTn rrpOCTpanCTBa, BBe;n;eM lllyHKluno 
~ l ....

D (" )p;g) :;: g 1< ( k, PJ ft) ,	 (9) 

.1lJIR KOTOpOH 113 yCJIOBHH (8) CJIe.1lyeT 
~ f -ila D) I k1 )D.( k ) t 8 ,p) 9CTaTHCTH'tleCKYIO CYMMY p, = D( . (10) 

PaBeHCTBO (10) OSHa'iaeT, 'iTO ~KUHH (9) SaBllCHT waKTH'leCKR TOJInKO' OT7tr. 1) /1) = I. exp (- p:l~ ~ SL ~ - p ~ ~ h~ (4) J	


.uByx apryMeHToB: {5. ~ ('1'> (, 
~ ~ 2 paccaarpasaea K8.K lllyHKIiHIO apryMeHToB p) ~) 1, =: { hi.1 .	 D (k J p,~) ~ V (l.: ) P a) . (II)i 

HaaneM TaKYID rpyrrrry MYJInTHllJIHKaTHBHOH rrepeHOPMHpOBKH, KOTOpaH 'f' B ,UaJIbHe:m.ueM 6yneT y.uo6Hee pa6oTaT!> C 6espaSMepHHMH lllYHKIJ;l1RMH 

npH npeo6paSOBaHHH apryMeHTOB I oespasaepasx nepexeaaax, Bo BCHKOH sanaxe , B TOM tlHCJIe H B paccxarpaI 

P -4 s, P , ~ - Z:l 9 ) h~ :z 3 h 
I BaeMOH, Bcer;n;a eCTeCTBeHHO BOSHHRaIOT TaKHe KOM6It!HaI~ rrapaM8TpOB ra

OCTaBHReT RHBapHaHTHOH CTaTRCTR'tleCKYID CYt~: MHJInTOHHaHa, KOTopHe MOBEO HCnO~nSOBaTn ~ o6espaSMepHBaHHH nepeMeHI
 
i	 nax, OOOSHa'q}jM liepeS t52 O;rr,HY H3 B03MOJK.Hl:IX xapaxrepasx B8JIHtlHH, Hi'VIeIO

myro paSMepHOCTn HMTIyJInca. O.nHaKO .1lJIH Toro,~To6H rrOTOM 6HJIO y,n06HOl (1, p, 1l ~ l t~ ~) == l: (p, 8, h) .	 (5) 

MeHRT!> MaClliTaO HMIIY~CHO~ lliKaJIH, IIpOBe,neM 06espa3MepHBaHHe k He C 
IIOMOll\1>IO dQ> a HCrrOJInSyfi HeKOTopHt\: rrpOIiSBOJInHO ~KCHpOBaJUruM HM

2 
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~OKa3aTeJIbCTBO COOTHOW8HRH (19) ocymeCTBJIReTCH cJIe~mHM o6pa

30M. IIpOBO,nHTCR -qaCTH1ffiOe CYMMI1p.oBaIDl:e pana , npenc'rarorannero gJyHKIJ;I11O 
rryJI:bC ?I • 3a,uaJ:f.MM oeapasaepxyn WYHKWHO 

(12), qTO ,naeT rrpH6~eHHoe BHp8JKeHMe STOM ~KU3H. ~R BHOpaHHorod ( ~: ,3 ' '~: ) ~ D ( k~J 8)/ D (()1-J g) , (2) 
rrpH6~eHMR rrpOBepR€TCfl cBolicTBO (19). naJree MeTO~OM nBnyKlmH ~OKa3H

("C1~JIR KOTOpOH,OqeBM~HOJBHrrO~HHeTcR yCJIOBMe HOpMHPOBKM saerca, 'tlTO norrpaaxa JI106oro nopamca K BHOpaHHOMY rrpMOJill.iKeHJ1IO ooaana
3€'~ 

lOT CBOnCTBOM HHBapHaHTHOCTM OTHOCHTen:bHO rrpeoOpaSOBaHRR (18). OTc~ad(1)8);)fJ -=-1. (13) 
CJIe~eT, qTO M ~ BCen ~YHKUHM (12) crrpaBe~Bo paBeHCTBO (19). 

CKaSaJIHoe BHme HarJIRnHO RJInIDCTpMpyeTcR B c~yqae rrp1l6JIM~eHHH OpH ) 
WTeHHa - UepHllKe. 3TO TIp1l6~eHM~ ~YU! MO~eJIM MSHHra ~aeT Koppe~RUMOH- HarrpHMep, ec~ rrpoCYMMHpOBaTo Bce JIeCTHHllHU€ ~ar~aMMH p~a,~a

zraouiero (12), TO rrOJIy'lliTCR rrpHOJIH.iKeHHe OpHl1.!TeHHa - UepHMKe (17). ,IT,JIH 
..... CJ to Cl

HylO 4YHKUMID (~ )-( 
rrOOJIe~HerO COOTHOllI8HHe ('19) rrp:~mnMaeT BV..,n


K (\.:, p}~) -~ k~ +-'s-?' (14) ~ 1 1. 'l.

1\ tJe _ 0 p +~
 
----L .. 1rne 20 - 'tll1CJIO 6JIMJKa:i1.urnx COC8~8tt, Cl -rrapaae'rp Ky6HQeClwt! peW8TKH, \/ +;:)e'J. k t-Je :J 

~ - KOppeJI~OHHaq ,nJIRHa, H3 ROTOpOro cpa3Y .iKe BHTeKaeT (20): 
~';2 = Cl

II.

1 %'e 1. 'J. 1. ~ 
}l t"dt' .I (L q ~ )f - 'l.1 Co e::: -1..----;;. ~ Oi "ll1 ):J ,7 

WyHKll,lifl (9) C yqeTOM (II) HMeeT BH~ fi, +Jf 

~ ('loa~ v ' COOTHOrn€HHH (19), (20) rrOKa3HBa~T, KaK CBRsaHa peHOpMHpoBKa KOp
D(k,8):=~~ (15) 

PenR~OHHOn WYHKUMM C H3M8HeHHeM Be~~HH HOpMMpOBOqROrO HMrry~bca. 

B RaqeCTBe xapaKT8pHoH HMrryJILCHOM rrepeMeHHoM 3~eC:b BHcTyrraeT o6paT BBO~ OS3pa3MepHHe rrepeMeHHHe 
\/ 1. . ~ HaR Koppe~UMOHHaR nJIHHa 

_ 1 X =0 -""i: t ;: 4 ) s -= ~ ) (21)
~' n A 

~ ~ l:; (I6) 
H3 (19) H (20) rroJIyqaeM @yHKUHOHanDHOe ypaBHem1e peHOPM8JIH3aUHOHHOn

E€3pa3MepHaR WYHK~R (12) paBHa ~ l 
rpyIIIIhIk1. ~2 >t~t-,*,'l 1+::YC/fl 

d (~ ) a) 7) = k'l t-~2 ::: k'/i'I~ to JR 2/ ;,?' (17) d (x, ~ J g) ::: d(t) ~, s)d (T J d(t)g, g) ~ , ~ ) -<22) 

)J.JrH BHRCHeID'lR CBOHCTB CHMMeTpUH qJyHK~H (12) HeOOxO.II:IDJlo HMeT:b ee C rpaIDI1.ilillM yc~oBHeM 

HBHoe BbrpEUKeHHe. Taxoe sspaseaae MOlKHO rrpenoraaars B <Ix>pMe pana, Ha d (1)~.g) -= i , (23)
rrpHMep, rro CTerreHRM KOHCTaHTH CBRSH ~ ,rro~alOmerocR rrpH COOTBeTCT

ByromeM pa3JIOlKeHP.H cTaTHCTM1leCKo!1 CYN/MU (4). IIo~o6HHe PlJ,JJJ1 HMelOT aecs BOJIHSM KpHTHqeCKoi'!'TO'tliill aCHMIITOTHqeCKOe 3HalieIrne epyHKI.J;mf (12)
 
Ma rpOMOS~KMH B~/9/, rro8ToMy MH He CTaHeM HX 3~eC:b B~MCHBaT:b, a rrepecTaeT 3aBHceTb OT CBOero TpeToero apryMeHTa,
 

'IIIcpasy c<Ix>PMYnHpyeM pe3Y~TaT MX aHaJIH3a. OKaSHBaeTCR, epYHKUHR (12)HH J(X,S,3)::::' d(xJS) =:d(')()~,o). (24) 
BapHaHTHa OTHOCMTe~HO rrpeo6pa30BaHHH 

IIpH 3TOM ypaaaexae peaopsrpynnu (22) HeCKOJI:bKO yrrponaerca:
A -+!{ , ,~ -- e~ , cl C··) -- f of (: .. ) , (IS) I 

0( ('X, 3 ) = cU t )~ ) d ( t )J (t.,~ ) ~) ) . d (1J S) -= t • 
(25)TO eCT:b BHrrOJIRReTCR COOTHoweHHe 

,~ 

'k ].. 

k? £. 1. (~ f L) ~Cqe3ROBeHRe TpeT:bero ap~~eHTa B (24) ~erKO rrOHHT:b, eCJill BCrrOMHHT:b,d ( i}l ) 3 I ~ ) = ecI pI) 1) ~ 1. } (19) 
liTO KaK pa3 ~ KPKTMlieCKoro rrOBe~eHHR H xapaKTepHO OTCYTCTBHe 3aBHI
 

B KOTOpOM COrJIaCHO yCJIOBHIO HOPMHPDBKH (13) CHMOCTH OT HeCYmeCTBeHHHX rrepeMeHHHX. 3TO rrpoHCXO~T H3-~a TOro, ~TO 
1 7

Koppe~R~OHHaR ~Ha B KpHTHlieCKO~ To~e paCXOAaTcE. ECJIH arre~OBaTo
f := d ( ~~ ) s , ~l ) (20) K 0603HaqeHH.HM (16) H (21), TO otIeBH,IJ;H°,T-ITO 

£.....,0, !I-O (:'g---+oo) , 
oTKy~a CJIe~yeT (24). 

4 5 



OmeTIDvt, 'iTO' MSMeHeIllie MaCIIlTa6a MMrryJI:bCHOH nepeMeHHoll COnpOBOJK
MeTCfiCOOTB$TOTBYlOmeM peHOpMMpOBROfi naparserpa ac2 , a TaR RaJ{
 

",-1" ' 
(yl'	 ~ '3 -v C\ , 

'T9 3TO :t10JltHO MHTepnpeTI1p0BaTp 'RaK H3MeHeHMe peIIleTOqRot:i nocroaanon a " 

, :2 .MEBAPllAHT!fulM: 3A.PB)l 

Ypa.BRe~R BH,na (22) lffiCTO BCTpe'iaIOTCR B KBaHTOBOH TeopIDi nOJIR/3/ . 
~,eme 60~:brnerO Cxo,nCT~a C TeopMeHrrOJIR ITOR~eM, RaK B .naH~OM CJIy
-qae'MO.lKRO,BBecTM rrOHHTMe MHBapRaHTHOrO saPH,na. 

BBe,neM WYHKlJ;liIO, lirpaIOlUYIO POJI:b illiBapHaHTHOrO sapszta: 

t(')CJ8,3)-=gd('X1 8 I' 8) •	 (26) 

Ilponena. B (22) 3aMeHY
 

!X--tx ,~--1' r s )
 

,n.JIH clJyH~ (26). rrOJIytiaeM ~HeIme
 

~(tx)-~)t!)3':: 3:"(t,~,t~) g(x J 8 (t , 3I t l.l ) ) 3 ) (27) 

C rpaHn~ yCJIOBHeM 

3{fl~)~) =8 .
 
ni~peHQRPYR (27) ITO x I1 ~eJIaH rrO~CTaHOBRY
 

':It -r1 -' t'...., x ,
 

inixomIM,nR~pelII.\HaJIbHOe ypaBHeHHe penoparpynrrs 

.L-	 "8 (-x )~ , x :s) -= B (~ (:x: ) ~ ~ x 5 ) dJ) , (28)
tCth"X. 

13 ROTOpOM
 

i ('Xl9) 1:-5) [ z. j (!f)9ex J '1 ) J<!> ) ~ J .
 B (S('X 1 9. ).5»)8)::	 
J 

'2J'	 !J =f 

- c;PYHRUIDI reJIJI - MaHHa - JIoy •
 

B6JIHSH KpHTli-qecRo~ TO'tUGI, xorna rrponanaer 3aBliCliMOCT:b aapana
 
(26)	 OT rpsrsero napaxerpa, ypasaeaae peHopMrpynrrn (27) yrrponaerca: 

8(tJC,g) 9 -= 8(t-J~)B('X)ff(t}8), (29) 

r~e 

'8 (')(18) =~ ('X >~," ) ,8' «. 8) ':: 8 .
 
IIpH aTOM ,IJ;HlWlepeHI.\HBJI:bHOe ypaBHeHH~ (28) llpmnmaeT BR.n
 

6 

d~-(:l~) .~ ) 
-,'_J_'}_:-. := B (a ex, g) ,~ ,	 (30)

iJ e~, J( 

a <pyHKwm reJIJI - Mauna - JIoy paBHa
 

B(&(:i
1
9L g) ;: I<x,9) [ li j OJ, ~ CX,fP)]
('ttl 

g , 11 =(
 
l1H'I'erpHpYR (28), m,.,seM
 

~S ~!- -::: .eh J( • 

\} ~ P:J{1J~)
 

In ~ecaMoe no~yqaeTcR I1 rrpH KHTerp~pOBaHMH (29).
 

HOlIO,ILBWKHM. rouxa MR HHBapHaIiTHOrO sapana (26) orrpe.neJr.qeT~cR pa
B8HC'l'BOM 

8('J()8\'l.~)"'811> • 

HJIH,	 B6~3ll RpHTli~ecRoH TO~,

, - * :$.
~(')(}8 ) =8 .
 

Tor.n;a, KaR CJIenyeT 113 (28) v.wrn (30),
 

* :t.B(8	 >8 )::0. 

PemeHI1e ypaBH8HliR (30), OTBS-qaIOmee HeTpHBllaJIbHofr HerrO~Bll.lKHOn 

TO~I\e, sanaer KpMTHqecRYIO TeMnepaTypy. KpKTH'ieCKlle HH,neRCIil, OIIllChIBBro
~e nOBs,neHlle paarrnuJIIilX TepMO~HaMH~eCKHX Be~~H B6JIH3H KpliTH'ieCKOM 
TO-qRH, BIilpB.lKaIDTCR ~epe3 BHOMBJI:bHIile pa3MepHocTH nporraraTopa (29). 3Ta 
TIpoue~ypa rrOJIHOCTbIO 3KBIIBaJreHTHB Haxo~eHHIO aHOMBJIbHHX pa3Mep,HocTefi

/ 10/ . WYHI~H	 rpHHa ,nJIH Mo.neJIH r~ B HHwpaRpacHO-CTa6MJI~HOM TO'iKe 

rrOJIbSYJIC:b aH8..JIoTI!eli MeJi\Il;y Teoplieli nOM 'f It H aHra:pMOIlli~ec'IillM OC
W~JIRTO:P0M ~eTBepToro ITOPImKa, JJ:.7IR BhI'CJIElHIDl WYHKIUm reM - MaHHa 
JIoy M~O TaK.lKe llpHMeHHT:b Te ~e MeTO~H 11-13/, 'iTO H ~ BH~CJIeHRR 
3HeprHH OCHOBROro COCTORIlliR aHraPMOHM-qeCRoro OCUYJL[RTOpa. ~ YTOq

HeHliR SHa'tJ,e'l1 ~liTI1~eCKl1X MH,ILeRCOB, rrpe;n:CTaBM8MlXX B cI:oPMe pR,nOB, 
MCrrOJID3yroTcR 14- 6/ TaKMe MeTO,Il,bl. CYMMlipOBaIDlli, KaK Ilane H Ilane - Eo

(~	 
peJIR i' RjM6HH~ C ROHcI:opMHHM oTodpa.lKeHM8M, HHTepeceH pasBliTIilHHe
~aBHO 17 ,Il)I.R 3THX ueJIeM 8JIrOpHTM Poaoepra, .

I IIoJIe3Ho rro.n~epKKYT:b ema pas, -qTO ITOJIeBaH peHoPMrpynna RBJIReTCR 
HCTHHHOH rpynrroM ]11, RMSIOmefi o6paTHoe npeo6paSOBaHHe. B 3TOM COCTORT<." 
ee OCHOBHoe OTJrn-qne 01' BBpHaHTOB peaopsrpynna , (fMrypMPYJO!IUiX B MeTo~e 

BMJI:bCOHa n npa rrponenype ,n;8IniMa.IJ;llli. 

TO~OCT:b BIil~CJIeHHR KpliTH~eCKHX I1H.n:eRCOB C rrOMOmbID ~Ol~ K3 
paCCMOTpeHRIilX Tpex peHOPMrpynnoBhIX rrO~XO~OB rrpaRTli-qeCKR O~HaROBa. 

II08ToMy BIil60p Toro I1JIH HHoro rronxo~a onpe~ej1ReTCR co06p~eHRRMK y~06

CTBa ¥IJm BRyca. Hanpaxop, ;IJ.JIH. pemerox C I1,II;eBJI:bHOH neplW,Iijl-qROCT:bIO MOJlt
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HO HcrrO~30BaTo KaR peHopMr¥~ny B pe&1hHOM rrpoCTpaHCTBB, TaR M,BBO
,nR ROJIJIeKTMBHhre ITepeMeHHhre/ ,peHopMrpyrnry B IDJrnyJIOCHOM rrpOCTpaHCT-
Be. ,II,.rrR CHc'reM C ,neq:eK'l'aMH l1Jll! CITHHOB1IX CTeROJI /19-21/ y.n;oOHee I~O

. ue~pa .neURMaunH, ~R OITUCaHHR ~HaMH~eCRMX RPHTR~8CRHX HBJI8HHH 22/ (~ 
rrpome MeTO.n; BKnbOOHa. I 

ECJm CpaBHHBaTI> 3Ha'tleHk1R RpMTH'tleCI<.HX JIlUI:eRCOB, rroJIy'tlasMHe B pe
aopsrpyrrrroaoa nonxozte , C cooTBeTcTBYIolIlMMM 3Ha11.eIDl:RMM, rro.rryq~mlblMH C 
rrOMOIIU>IO pa3JIM"tlRHX MeTo.n;OB CYMMMPOBaIDi.H BHCOKOTeMTIepaTypHblx H HH3KO-' 
TeMne~aTypHblX PR,nOB/23- 25/ , TO OKa3HBaeTC.H, 11.TO 3TH 3Ha'tl8HRR OJIR3KH 

If 
I 

npyr .npyry, rrpa yCJIOBJill, 11.TO 
30BaJIRCbMeTO~ CYMMHpOBaHHR 

B peaoparpynnoaoa no,nj0,Ue Tje HCIIOJTh
aCHMrrTOTH'tleCKMX pR,UOB 26,27 • 

nOBOJIOHO 'tlaCTO CpaBHHBaIDT 3Ha'tleHHR KpHTH~eCKMX HH.n;eRCOB, B~C
JIeHHHe He TOJIbKO pa3JIH~ MeTO,UaMM, Ho H ~ pa3HHX Mo,neJIe~. OnpaB
,naHHeM ~R 

RBJIeHM~ no 
SToro C~T rrpe,UrrOJIO~eHne oO.yHHBepCaJIoHOCTM KpMTH'tleC~X 

OTHOlllellliIO K Mo,neJIRM H3 onsoro xnacca YHHBepC8JIoHOCTM(m/~!). 
O,UHaRO BeCoMa BepORTHO, 11.TO YHllBepCaJIoHOCTh rrpe,UCTaBnReT COOO~ JIRillh 

rrpHO~eHHoe nOHRTHe, TO eCTo KpHTH'tleCKMe RgneRcH ~ ,UByX pa3IlliX MO
,ne~eM, XOT.H H H3 O,nHOro KJIaCca YHHBepCaJIoHOCTH, B03MO~0, He 00R3aHH 

COBrra,naTo To~eCTBeHHO, HO MOryT OHTo paBHH IIpnOJIWKeHHO. II03TOMY K 
CpaBHeHHIO KpHTHlleCI<.HX lUmeKCOB pa3Jrn11.alOnurxCR Mo,neJIeR, aoooute rOBOp.H, 
c~e.nyeT OTHOCHToC.H C OCTOPO~OCThro. OCHOBaHHeM ~ rro,noOHOH OCTOPO~

. HOCTH HBnReTCH cymecTBOBaHHe TO~O pemaeMHX Mo,n~ett,~ KOTOpHX rarro

Tesa YHHBepCaJIOHOCTH He BHITOJIHHeTC.H, TaR RaR ~ HnX KpHTHlleCRHe HH

.neKCH 38BHCRT He TOJIDKO OT BH,na, HO H OT HHTSHcnBHOCTH B3~;neHCTBH.H. 

K T~ HeYHHBe~C~hHHM Mo,ne~ OTHOC.HTC.H MO,nenH E8KcTepa 28 , ~OM
ca/29 , YPYMOBa/ O , a T~e MO,neJIh H3,HDOBCROro THna C HerrpepHBHHM 
CTIMHOM H lleTBep~ BSaMMO,neRCTBHsM/31 • ' 

3. I'PYllTIA YITEP~ 

MeTO,nu CYMMRpoBaHHR, ITpHMeHReMHe' rrpH B~'tlRCJIeHHH KpHTHqeCKHX HH

I(.-, 

,neKcoB, ,nOBOJIhHO YpOM03,nl<H, TpeOYlOT 3HaHH.H .nOCTaT011HO OOJIollloro ~c~a 

qrreHOB pR,na, a HHor,na, KaK,HanpHMep,B MeTo,ne CYMMMPOBaHRff Eope~R,OKa
3HBaeTCR HeoOXo~ HaRTH aCHMllTOTHRY R03~~eHTOB CTerreHHoro pR,IJ;a 

(. 
~ BHCOKRX rrOpR,nROB ,pa3JIO~eHHR. A Rffit OHTo, eCJIM H3BeCTHH TOJIDKO Hec
ROJIoRO rrepBHX CJIaraeMHX p.H,IJ;a? STOT Borrpoc MO~O rrOCTaBHTb B OOJIee 00

meH qopMe, paCCMaTpHBaR TeopMlO Bo~eHHH KaK llaCTHHn C~H HeKOTO
POH RTep~OHHOn rrpOUe~u. KaK no HeCKOJIDKHM llepB~ RTepaunRM MOXHO 
TIOCTpOHTb HCKOMYID WYH~ro? HH~e npe~araeTCR o~eHb rrpOCTO~ crrocoo BOC
CTaHOBHeHHH ~KUnH Bcero JIMillb rro ,nBYM ee rrpHdJIK&eHHRM. ECJIH 3TH TIpH

8 

6JIM)l.i.8rlli.sI OTHOCHTCH K MaJIhlM 3HallermJIM ,.apryMeHTa x« I, TO BOCC,TaHOB

JIeHHaJI eJ)y1ntI.J;l1.H :mheeT CMHCJI,no X <V I. 

)l.OrryCTI1J.It, Hac HHTepecye'P ({lyHRUH.ft ~ ('}() , rro,n'UULFllOIIlaHCH HeKOTO
pOMy ypaBHeHRIO. B ({ln3R-qeCIillX npIDIOJKeIDiRX ypaBHerrn.e aa 11:CKOMYro ({lYHR..., 
~10 MOJKHO, KaR npaBIDIO~ 3anMCHBa'l'o B pa3HhlX qopMax. KPOM8 TorO,rrpR 

WMIWHPOBaHHOti tlJoPMe ypaBHeHMR era pelII8HHe MOJKHO HaxO):(HTh pa3Jm.'llibIMH 
crrOCOOaMl1:,CTpOH pa3HNe rroc~e.uOBaTe~oHOCTH npHO~eHHH. 3TO MOryT OHTh 
pa3Jll11ffiUe Bapl1aHThI HTepalUiOHHof! nponsnypu , B llaCTHOCTH, Ka.K8JI-Jll160 

TeopHR B03MYIIleHHM. B CBOID O'tlepe,no, PRAhl TeopMH B03MYII.leHH~ MO~O, EaK 
H3BeCTHO, rrepeCYMM11:pOBaTo C rrOMOmbID pa3Hoo6pa3H~X MeTo,nOB. TaKRM 00
pa30M, B rrpHH~~rre, MO~HO rrOCTpOHTn OeCKOHe'tlHoe 11nCJIO nOCJIe,nOBaTe~HOC

TeM, rrpe,neJIOM ROTOphIX .uOJ1JKHB 6bITD ¥ICROMaR <fJyHK~R.. ECJ11f y,naeTC.l1 orrpe
,neJrnTb nOCJIe.uOBaTeJInHOC,'ro, OOJIa,naroltiyro HeKOTOpPIM rpynnomes CBOi1'CTBOM, ,I 
TO, eCTeCTBOHHO, nOHCK HCKOMOfi/~K~11: oO~er~ae~CR, ltaK,Hanp~ep,rrpH 

O,nHOf! H9 RTepaI.J;HOHHHX rrpoJJ;e.nyp 'ypaBHeHH.H 1{y - JIoy. Kor,na ro-me H3
BeeTeH '06mnH BHaJllITH~ecKMfi 3altOH rrpeQopa30BaHMR'O,nHHX ~eHOB TIOCJIe,no

BaTeJIoHOCTH B .npy~e, Tor,na ORa3HBaeTCR B03MO}K~~ HaHTn H To~oe BH
p~eHHe ~ npe,neJIa rrOCJIe,nOBa~eJIDHOCTH. MMeHHO TaRaH CHTyauRH H pea
Jn1syeTcR 2 rrpH rrpHMeHeHMH rrpoue~u ,neUHMaUHH R o,nHoMepHofi Mo):(e~ 
M3RHra. Pa3J~eeTcR, B03MO~OCTh onpe.ueJIeHHR aHaJIMT11:'tleCKoro (Heonepa
TOpHoro) 3aROHa rrpeoOpa30BaHKfl AJIR rrOCJIe,noBaTe~HUx rrpH6~}KeHRH RBnR
eTC.H cllacT~ofi C~HHOCTolO, OOHllHO ~e 3TOT 3aKOH He R3BeqTeH. 

BMecTo Toro, llTOOH llHTaTbCR yCTaHOBHTb aHanHTHqeCKYID 3aKOHOMep

HOCTo, CB.HSHBaromyro rrOCJIe,nOBaTeJIbHHe rrpHd~eHHR HeROTopOH ROHKpeTHO~ 
HTepa~OHHOH rrpoUe,nyphI, rrOCTynKM HaoOopOT: npe,nrrOJIO~1, ~TO cymecTBy
eT CXo.n;.Hm8JIC.fl R HCROMOn. <pyHK~R rrOCJIe.n;OBaTeJIOHOCTo. qJIeHU ROTOpofi no,n

llHHRJOTCR 3a,n8.HHOMY 3aK0HY rrpeoOpa30B8.HH.H. PeaJmCTHllHOCTo raxoro npen
rrOJIo*eHHR OCHOBaHa Ha TOM, llTO, KaK oOCY~8JIOCo BH1Il8, MO~O nOCTpOMTb 

OeCROHe~oe llRCJIO pa3JIH~X rroc~enOBaTeJI~HOCTe~, CXO,nRmRXCR R O~O~ 11: 

TOR JKe <WHI<IJ;aH. 

YTO'llHliM CRa3aHHoe. ITYCTo HCKOMaR WYHKU,IDI 8 (x) nomaaaerca cWHK

IJ;HOHB.JIbHOMy ypaBHeHMIO, xoropos npe,nCTaBIDAO B oneparopaoti <InIMe 

S('X) -;: F~(?l). (3I) 

IlpHpo.naonepaTopa F anecs He B8.iKH8., OH Mo~eT co,nePJKaTo .n;H@lepeHIJ;H
aJIOHhIe, M~iTerpaJThJllie H .moOHe Jij)y:rne onepamci. Mo~o IIOCTpOMTb HTepa

I.J;VIOHHyro rrOCJIe.uOBaTeJIOHOCTb, Ha'lliBM C aexoropox HYJIeBOR H'repaIJ;ll:H ~/;X), 

no 3a.K0HY 
,," 1\ 

F
M 0 

Q '('X) -:: F8 (~) -= 80 ()() (n:t>,f,2''' J F =.(). (32) 
(Jtl+l " 
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,UorrycTHM,nOCTpoelIHaH nrepanaoaaaa nOCJIe,nOBaTeJIbHOCTb {s, (X) 5 cxo
.rU1TCHp~BHOMepHO na MHOJKeCTBe JJ K gwHRIJ;tm 3 ('lI.) • To ecrs ;nJlH BCR

xoro 'trnCJIa Eo Hafi,neTcR TaROll HOMep n,,!>"= n?,( E. ), xro 

\.~\)('lI.)-~('lI.) \.( f. (t\~Y\~, x, G fA ). (33) 

3H~~eHHe n~, Ha'tlRH8.fl C ROToporo ~h{~) C '3a,naHHOll CTeneHnID TO'tlHOCTH 
PaBHR6TCH g~~), Ha80BeM TO'tlKOll HaCHmeHnR HTepaunoHHoll npOne,nypH. 
Booouie rosopa, MOJKHO nOCTp0HTb He O,nHy, a :u;eJIHl1 KJIaCC HTepaIJ;I10HHblX no
CJIe;n;OBaTeJIbHOCTeH. MH aroro ,n:OCTaTO'tlHO np0BeCTH KalWe-JIHclO TO.JK,Il;eCT

'BeHaoe npeoOpa30BaHHe ypaBHeHHR (31), TaK,'tiT06H Ha MeeTe onepaTopa 
1\ .', " I

F CTOEJIHOBHH onepaTop F, a nOToM 3~aTb HOByID nOCJIe,n:OBaTeJIb-
HOCTb C nOMpmPID 3aROHa 

, ,. I I (/\ , ) n , 
~' ('X):: F g ex) ~ F 8. ex) • (34)

1'1+1 h C 

I1peoOpa30B8.HHe ypaBHeHH.fI (31) MOJKHO nponenars , HaIIpHMep, CJIe,nyroIIU1M 06
. 1\ 

pa30M: no;li:elicTBoBaTb aa (31) HeROTOpHM orreparopox R H ,n:OOaBHTb CJIe
aa 11 cnpasa gwmCIJ;HID ~ ('X ), 'tiTO naer 

RS'C)() t g("X) ~ Po F8(~) + i ex) • 

110c~e,n:Hee.pa~eHcTBo nepenHCHBaeTCR B ~pMe 

J\ I 1\ I f\ J\ 1\

8(:x) ::: F ff('l.) ., F =. R F -t 1 - R , ( 35 ) 

a saTeM 3~aeTCR nOCJIe,nOBaTeJIbHOCTb { 9~ ()() } no 38.KOuy (34). ,1I..7m 
yPaBHeHHR (31) MOJKHO np11:,n:YMaTn 11: .n:pyr11:e npeoopaaoaanaa, ,Pa3YMeeTCR, 
KaJK,D;aR nOCJIe,n:OBaTeJIbHOCTb {g.: (x i J CXO,n:I1:TCR sa CBoeM MHOJKeCTBe #/1 
H coosoea TO:tllioit HaCHmelUm n;. TaKHM oopasox, ypasaeaae (31) H~O 

paccvarpaaaes RflK coxpameaayn sanacs xnacca ypaBHemd1, nopoznaeaax 
RJIB.CCOM oneparopon { F\ , 3a,naIOIIUIX no sasoay (32) xnacc nOCJIe,n:OBa
TeJIDHOCTell, CXO~XCR R O,n:HOll H TOll JKe WYHR~ gc'll.) • KaROH JKe HS 
rrpe,n:cTaBHTeJIeM ,n:aHHOrO KJIacca nOCJIe,n:oBaTeJIDHOcTeft RBJIReTCR OnTHMaJID
HHM, TO eCTb HaHOOJIee y,n:OOHHM ~ OTHCR8HI1:R npe,n:eJIDHOH gwHKIJ;a11: ff('lI.)? 
OnTHMaJIDHo:tt, nO-B~AOMY, oy,n:eT Ta nOCJIe,n:OBaTeJIbHOCTb, ROTOpaH rrpHBO
,n:y.T R HaROOJIee rrpOCTOM ~PMe peKyppeHTHHX COOTHorneHHH (32). 3aMeTHM, 
~TO ,n:JlH BCHROM nOCJIe,n:OBaTeJIDHOCTH H3 Macca, reHepnpyeMoro onepaTop
HHM KJIaCCOM {F 1, BOJIH3H C09TBeTCTByromeM TO~ HaCHmeHHR rrpeoopa
30BaHHe (32) rrpHOJIHJKeHHO coxpaaaer WOPWY n -:tt arepanaa. 113MeHeHHe 
WYlIKIUm 9" ex) npa MSMeHeHHH napaaarpa n MOJKHO HaSBaTb ,n:BIDKeHHeM 
no aTOMY' napaaerpy, ,UBHJKeHHe C coxpaaeaaex ~PMH Ha3hIBaeTCR aBT9MO
,neJIbHHM. CJIe,n:OBaTeJIbHO, ,nBHJKeHHe WyHKD;IDI f1n (1c) no Y1 BOJIH3H TO~ 

HaCHmeHHR npHOJIIDKeHHO aBTOMo,n:eJIDHO. 3TMM CBO~CTBOM aCI1:MIITOTH~eCROM aB

TOMO,neJIbHOCTH rrpH n~ n~ OOJI~aIDT Bce nOCJIe~OBaTeJIbHOCTH paCCMaTpH
BaeMoro KJIacca. 

r 11 nOT e 3 a. B Knacce nOCJIe~OBaTeJIbHOCTeM, reHepHpyeMUxno 
SaROHy (32) onepa TOpHhlM KJIaCCOM {F $ mOCTCR orma ~ OOJIa,u;aIOU\M CBOMJ 

CTBOM aBTOMO~eJI~HOCTH,nJIR Bcex n, a,He TOJIbKO E6~311 TO~KI1: HaClli~e

HHJI. 

~aHHOe npe;n;TIOJIO~eHHe .fIBJIReTcfl·:u;eHTparrbHHM B rwe~araeMoM MeTo,n:e 
BOCCTaHOBJIeHMJI WYHK~H no ee npnOJIRJKeHRffM. I1pMBe~eHHHe BHme paccy~e
HMH TI03BOJImOT rrOfIC:IDITb npoHcxoJK;n;eHHe BblORa3a.HHO~ rnnOTeSH. 

.~ MaTeMaTH~ecKoH ~~VYJII1:POBKH CBOllCTBa WYH~OHaJIDHOM aBTOMO
~eJIDHOCTH BBe.n:eM pJI,TI, 0003Ha'tieHH11.. Orrpe.n-eJIIDJ! ~I1CKPeTHYID nepeMeHHYID 

h h~i h:: e ( t $ :: 1 , t ~ :: e ) (36 ) 

H ~YH~ID OT STOR nepeMeHHOH 

g (til, x) == 8'" ('X) (h =1) a '" n~ ) (37)

O'tieBH,nHO, 'tiTO BHnOJIHRIDTCH paBeHCTBa 

~(to) x) =1UJ'X) -=t('X), (38} 

€I (t x ) z: ~ (X) ~ 8 ('x) • (39)
.) ~ F)~ 

3a,rI;a,u;I1M WYHKlUUO OX(9) ypaBHeHHeM 

8 ('X.) -= ~ ......;)( (9) • (40}
c 

,ll.7ur ec (8) cnpasenzaau COOTHOrneHRR· 

fJc ex (~) ) ::fJ ) -x (9c (-x) ) =:x • ( 41) 

BBe~eM aerrpepasayn nepeMeHHYID t: G [1 J t .;1 , rrpox6~JIII4Y1O xepe 3 see 
TO'tiKH (36), n qJyHKI.J;l1ID 8T0:t1 nepeMeHHoll 

'j (+J8) :: 9 ('t) ':X (8») . (42 ) 

M3 paBeHcTB (38)-(41) CJIe~yeT 

8' (1j a) = a(1) 'X( If}) ( ')( (61 » =: 9 , (43) =~0 

9CX)j (t-! ,9) =: ~ f-t-s .. )(9» '= 9- (x(gJ) -= • (44) 

CBO:ttCTBO ~K~OHaJIbHo:t1 aBTOMo,neJIbHOCTH/5/ 3aTIHCHBaeTCfl B ~pMe 

"8 (Rt) 9) =:"8(t )i (Bj ljJ ») • (45 ) 

OTCID~a nOJIyqaeTcR ~qqepeHnH8JIbHOe ypaBH8HRe 

10 
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" , 1fir; ex) -= 1+;x. :J <J., (~) -= it X+ x • 

q8(td) :::f("{(i,9))) (46) IIpv. STOM (40) ~aeT
'() flit 

ypaaaenaa (46) 

B KOTOpOM 

!?J(8) "= [:t f (t)g) J 
I - t =1 

- WYHKunR re~ - MaRHa - ]oy. ~HTerpHpOBaHHe 

1('X) I 
) 

(~ - 0.1 -'11 
- (II L R.. - &. 

~ (3(9) 

(47) 

naer 

(48) 

1" 
:x(g.) =<~~1 • 

,Jl.JrR fPYHKri;HH reM - MaHHa - JIoy (49) HMeeM 

(H9") ~ (1-9)'7. . 

npV.o~H]KeHHOe BHp~eHHe ~ HCKOMOH ~K~H 

x
fj; (~) -= 1 + 

Clp i>: ')( n ~ 

no~aeM H3 (48), oTKy.n;a 

~H 

~cp·) 

flBHoro BH~llC~eHMH HHTerpana (48) HeOOXO~HMO HaHTH ITpHOKM~eHHOe 
Pa3JIOiKeHHe aTOM WYHKIJ,lill B PH.n no oc npHBO.JJ.HT K aCHMTITOTHlleOKOM-J sirpa

aspaxeaae WYHKIJ;VIkI /' ffj) 

npHo~eHWI ,lJ,JIH liCKOMOti: 

• .uOrryCTHM, H3BeCTHH ,IU3a TIOC~e.n;OBaTe~:bHhIX 

WYHKIJtlH: 10 pc) H if (x) • Tor.n;a <WHRruno 8 (x)
"r 

JKSiUllO 

~ 1+)( +-n, 
~ 

1
'X (x « 1 ) , 

re~ 

fl~) ~ 8(1,8) -"i ('f,~) -= Cjf (')«9») - a. 
- MaRHa - ]oy MO*HO 3~aT:b B BH.n;e KOHe~oM paSHOCTH 

(49) 
cpasaasaa xoropoe C g1 (:x) , HaxO~ TO'lRY HaCbl.meffiIH 

~.IDI n. = I B Q CX), y6eJK,UaeMcH, llTO BOCCTaHOMSHHaH 
~ :1Ctr 

n~ = 1. IIO.n;CTaB

<I>YHK~H To~eCT-

IIO.n;CTaBJI.HJI (49) B (48) li TIpOBO.n;H HHTerpHpOBaHHE3, TIo;ryqaeM BOCCTaHOB BeHHO paBHa HCKOMOH: 

~eHHy!o WYHKu;HIO 8l'l:) • 3HalleHRe napane-rpa aacsuenaa n~ aaxonarca as 
CpaBHeHllH aCHMnTOTHllecKoro nOBe.n;eHHH BOCCTaHOBneHHOM rpYHKUMH C HeKO

o (")!)
<1ar 

= 
1 

- 
f -y 

= f/(X) 
e·)! 

TOPOR H3BeCTHOH aCHMnTOTHKoti:. Hanpzxep, eCJrn rtf Pi.) OTBe-qaeT x « I, 
TO TOllRa HaCI:lll\eHM n -!l orrpenenae-rca H3 cpasnenas pa3JIO.nteID1H no :x. «, I 

OTKJIOHeHHe (50) paBHO HY~IO rrpn scex 3HalleHIDlX X 

,IJ,JIH BOCCT8HOMeHHotf @rHKu;Hli 9(x) C ITpHoJrn]KeHHeM 9, ('x) • II p H M e p 2. 'ife x ( :x) = -sill x 

TIpe,lJ,JIO]KeHHI:lH MeTO.n; n03Bo~eT nOCTpOHT:b ~HK~IO ~(~) Bcere no Hs pa3JIojKelrn:ii 

.n;BYM ee nplioJmjKeHRHM 9(. (x ) H 9, (l::) • .TI.n:H ananasa STOro MeTo.n;a 
He(X),= 'X ~ fJ1 l X ) : x 

x 3 

- 6 
Hl'I]KS 0YlI:YT paccxo'rpeau IIpHMepl:l, zo rna HCKOMaH <1>YH1U-U!H H3BeCTHa TO'lHO., 

naHHOe TO'lHOe 3Ha~eHHe oyneM 0003HallaT:b 9 q x (~) • ~yHlmnIO, BOCCTaHOB-

JIeHHYIO no <IoPMYJIaM (48)', (49), 0003HatrnM 9",.. ()I) • ~ ou;eHKH TOll-

TIO qnp.1y~8M (40) 

X(j) = ~ ) 

H (49) no;ryqaeM 
3t (8) = - + 

u HOCTH MeTo.n;a Hcc~e.nyeM OTHOCHTe~Hoe OT~OHeHHe 
~TerpHpOBaHHe (48) nae-r 

8: pc)
tty. 

fI. ();.) - 8 ex)or ex 
J78t:'l)~ 

4'. IIPOCTEtlliME PA3JIOmIWI 

(50) 

1: 
{i'x

<J: ("x) = 
Qp ~~ ~-A n!> 

ECJlli rrpa onpezte.nemra 3aBHCHMOCTH oX (9) cororaoao (40) noayxaerca 
HeCKO~KO KOpHeii, TO BI:lOnpaSTCH TOT, KOTOpl:ln COOTBeTcTByeT np8B~:bHO-

. MY aCHMnTOTHlleCKOMY noseneaao npa 'C« I. 3.nec:b 

CTI:lX 

PaCCMOTpHM pa3JIOjKeHHH B 

aHaITHTH~eCKHX WYHKu;aH. 
p~ Ts~opa no ManOMY apryMSHTy ~ npo

(2 ('X) 
<Top 

OTCIQUa V\ = 
~ 

zx: 

I, 

s 
<)l - ~ n 

6 -!l 

llTOOI:l a ()I1 
<Jc.r 

(;X <<.., ) • 

coananano C 9 ("x). 
' 

C~e.n;OBaTe~HO , 

1 
IT p H M e pl. [/e"){ ("x) -= -,--:::x 

,lJ,1I.H onps.n;e~eIDm qJyHKu;HH x qO cororacao (40) HeOOXo.IJ;HMo, llTOOI:l aaa
RH3mee pa3JIoJIteRHs 00H3aTS~:bHO conepsazo apryMeHT x: • B .n;aHHOM cJfY

;x
9; ex) -= .~-, 

ap V 1 + J( /3 
CpaBHHBaH 3Ha~eHHH TOllHOn H npHO~eHHOn ~HK~n B TO'lRe ~ = I, 

-qae 
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1 

3Hal:J.elil!.fI cDYHICWIM. B TO'IKe x. ::: I 
Cl. (1) == 0,841, Q (I) ::: 0,866,
<!e'l~ 1((p 

B K~'IeCTBe IIorpelllHOCTI1MeTo.n;a IDJIeeM d8(t) ::: 0,029. IIpH 

TO~ocTbMeTo.n;a CYmeCTBeHHO yxy~aeTCR. 

'X '>') I 
orrpeneasnr 

~ (1)' = 
t'Jl 

OTMOneHl1e 

1,557, 

erg (I) 

~ ( 1 ) 
"Jp 

= 0, II2 . 

1,732 

I1.P'H Me p 3 • Q ("lC)
~('I< 

= c~S:f IT P H M e p 5. CI. 
(fq'll 

x: ci q 
(J 
~ 

·.llBa· HH3IJll1IX pa3JIOIKe HHH 113 rrp}lc5Jrn~eHHf1 

1. . 
.. . J(' 

~G(X)=1-"1 • a, ex-) 

)( 2. J( ~ 
{-- +

7.. H 
l2 ('l<) 
<10 

::: L 
:J(., 

Q l-x) 
(/'f 

=1. 
x 

_ X. 
3 

;narorr: 
-r(B)::: 

. 
: ... 

~.1. (1-g) 
.' 

,/(8) ~ 

1.
(1-6)
-(-.

X(~) 

rrOJIyqaeM 

=..!
3

) f{j) ::: -
1'3t 

oTCIO,n;a 
M3 ypaBHeHHR (48) HaxO,nIDJI 

6' :A.
3: () -= f -

Clp' ('l. + x 'An 
5 

CpaBHHBaH aCHMTITOTH'IeCKOe BHp~eHHe 

. "" 'J('Z -x 4 
a (x) - 1  -+ -. n. (~« 
.rap 2 't. ~ ~ 

1 ) 

t.rc :«: a ('Jt) == ..L V1-3'X h 
(JC1P X -6 

Paanaran nocnsnaee sspaxenae no x 

Q (?<) .:::: .i: _ L n ( 'X (,t. I ) , 
~Clp )( 3 !!. 

H cpaBHHBM C flf ex) ,CHOBa HMeeM .1~ I. CJIe,n;oBaTeJIbHO, 

C 3t (~J ; TIOJIytlaeM TO'IKY, HaCHl~eHHl! n~ =:; r. IIoaTOMY 9. ('X:)=.i.J1-!..~'l.o.r :x. 3 

3 . ('}() .::: 
"p 

1 ~ 

t'J. 

5":x'l. . 
+ -x ~ 

BeJm'lliHli 

~}1) == 0,642, 7.)1) = 0,577 

Ilpa ~ = I .n;aroT,II;JIR oTK..JIOHe HHR (50) JI!{{) = 0,10r. 

H 

9 (I) ::: 0,540,
[e« 

~OTHOCI1TeJIbHOrOOTRJIOHeHHR HMeeM 

0 (I) = 0,538,
1C\p 

Jj(l) = 0,003. 
II p MMe. p 6. C1 (-x)::: eX 

(Je"X 

,lle1tcTBYR aHaJIOrM'IliO rrpe,Il;H,n;YllleMY, no npHc5JIIDKeHHRM 

n p M M' e p 4. g, hd 
~ll 

= ttl :t 8c ("I(;) : 1 +')( , 9,(X) 

x~ 

::: -1 + 'X + T 
. 

~ 

ITo nepBhIM .n;BYM rrpH6J1IDKeHH.HM
xl 

" (11) = x) Q ex) ::: 'x .. -at. <)1 1 

HaxO,n;HM 

'.>«9) =~-1 , f (9) =;: 

~ 
(i-f) 
-~-

H~O~ 3 

X(9') -=-'J ' flY) -= +-
YpaBHeHHe (48) .n;aeT 

(3,..
!. lX) = I 

.:Ie V.3  ~'){ 1 n 
~ 

ACHMTITOTH'IeCROe pa3JIO~eHMe 

~x 
~ ('}'):: 1+ 

cop ~ - J( n-!l 
ACIDJITITOTHKB. 

~ 

a (')() ==. 1 ... )( + Ln. 
QClr ~ ~ 

COBTIa.n:aeT C /f ('It) TIpH n~ ~ 

COrJIaCHO (48) 

r. 

( 'X «1 ) 

3HallilT, 

8 (')()
or 

~ :x + 
·3 
~ 

3 
n 
~ 

{x (<. 1 ) 
)I.Jm 

~+'X 
l'lp (:x-) = . 2 -:r 

OTHOCMTeJIbHoro OTKJIOHeHMR (50) npa x I, rne 
coreracyerca C 9 

f 
()() 

lJo. (~) c: 

rrpa 

X' 

>"-6 

7 

= I. Tor.n;a g (1)=e 
e« 

.I Q (i) 
(J o.r =3-, 

P ~ 'f-'lx.'J./3 
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r 

VIMeeM J}(I ) 0,104. TIPH YBeJIH~eH~M 'X':>') I TOtU{QCT:D M8To,n:a peSKO 

yxy.umaeTCJI. 

TIp~Mep 7. g (-x.)=eh(1f-x) 
€ '" 

MCrrO~:D3YR B Ka~eCTBe rrepBHx ~BYX rrpHO~eHMfi 
:l.
 

a (?l)=.x a p:) -::?C - ~
 
:1(, J if ( 1\ , 

rro cIDPMY~aM (40) R (49) HaXO,mIM 
2
 

'X (J) = ~, j3(fJ) ::: -; •
 

ypaBH8HMe (48) rrpMBO~RT K WyHKIWH 
Ii: x 

Q (x) '=: 

qat' ~ 't JC I'\~ 

CpaBHeHRe ee aCHMrrTOTMKll 
1

..., J( ... 

flap (X) - X - T "J) ex <<.1 ) 

C ~ (X) noxasuaaer , ~TO OIT.fIT:D rJs I, TO eCT:D 
f 'I. x 

~ ()[)-= 
"'I' '1 t:x. 

TIo SHa~eHRHM 

a (1) = 0,693, fi (1).= 0,667 
~E-"	 Clp 

orrpe~eAHeM OTKROHeHM8 J'j (I) = 0,038. 

ITpnBe~eHHhIe rrpOCTble ITpHMepbl nOKa3blBaIOT, ~TO rrpe~O*8HHblH MeTO.n; 
ITO SBOJI.fIST ITO ,D;Byr...1 rrpHOJIillKS1U1,HM ~C'(':t) M 8f (:t.) t COOTBeTCTBy-IO
mm.' x« I, BOCCT8HOBRT:D WYHI{.u;I1IO fj(X) ITpM ~ ...... I C TO~OCTI)IO nopan
Ka ll~ MeHee 10%. 3Ty TO~HOCT:D c~e~eT ITpHSHaT:D He TaKOR ~ nnOXOM, 

eCnH rrOMHMT:D, ~TO Ouno RcrrO~b30BaHO TO~:DKO ~Ba rrpocTeHlliHx rrpaO~eHllR. 

5. ITETJIEBHE PA3ITOlKEHl1H 

B Ka~eCTBe ems OnHoro rrpliMepa paCCMOTpHM B~~CJIeHRe WYH~ 

I'exn - MWiHa - Jloy ,lJ,.JI.R Mo~eJrn cp It TeopHH rrOAH C I1JIOTHOC'l':DIO r8M~W:DTO

HMaHa B3aMMO~e~CTBMR 

H. (If) :: 16 It 2 fI If 4 'f :: if (if, t ) 
LI-.t q! I 

B ~eTHpeXMepHoM ITpOCTpaHCTBe-BpeMeHH. WyHK~IO reJIJI - MaRRa - ]oy ~ 

STOn MOneJIH Bbl~RC~RIOT C nOMOmDIO Teopnn BO~eHM~ no KOHCfaRTe CERSR, 
~TO rrpHBO~T K pa3JIO~eHHIO B p~, c~araeMble KOToporo OITHCHBa~TCR neT

~eB1IMH ,1U1:arpaWaMH cI>et1HMaHa. B c~yqae n - KOMITOHeHTHoro CKaJIR-pHOro 

nOM	 If ={'f.. ~ (i = I ,2, • •• n ) B MOTHOCTH raMH~TOIlliaRa CTO
RT 'f ~ = (L f:. 'P. ~ ) 2 ,a)J.JIH '@'HI{IWM reJLJI - MWiHa - JIoy MOJKHO Hafi

TH/33/ B ~ByxneT~eBoM ITpROJIRJKSHMR • 

. 

'
 

f4 +- ,~ n 3f (9) ~ gt-t1 . ~ ,9 ( 9-<<' f ) • . 6' i - 6 

Ilanee orpa.HH~CJI O~HOKOMIIOHeHTHblM rro~eM ( rl = I) ,,ILJUl KOTOpO:rO B 
O~HOITeTReBOM M ~yxrreT~eBoM ITpMO~eHMM, COOTB8TCTBeHHO, HMeeM' 

:3 l. .3 1. 1'1 3 _f~ (~) =Z 9 ~ ft (8) -= 1" 7 - 6 q 
cI>yHKI.U1IO (47), ~TOObl He crryTaT:D C paCCMaTpMBaeMoi1. (IJyHKLJ;V!eH (d (9) , 

oOo3Ha-gwvr B(f) • Orrpenexesze (49) naer 

17 ('l. ) 3/78(f)=-6" "3(' 
Ms ypaBHeHRff (48) c~e~yeT 

4f6	 l
A(~)	 - __-.1
f - (13 +17 ~ 11 ~ )~ 

Pa3JI8.rB.fI rro ~ R CpaBHHBB.fI C f I (S) , KaI{ R rrpezne, HMeeM 11!l = I, 
oTKy.n;a 

486 .r ;l. 

feB) = 
(ritOg) 

~ 

o TO~OCTM MeTO,D;a B ~aRHOM c~ae rOBopRTb saTpY~Te~Ho, TBK KaK 

He MSBeCTHO To~oe SHa~e!rne f(9) . 

6. PA31IOiliEllliE BHJLbCOHA 

TaR HaSblBaeMoe E -pa3JIOXi.eHHe BM~~oHa/26/ HCrrO~:DsyeTcR ~H 
OITMCaHHR KpHTR~ecKHx ~eHMn B npocrpaacrae C pa3MepHOCT:DIO 4- E.. , 

rrpM~eM B npouecce 'Bbl~CJIeHMt1 C~TaeTCH, ~TO E.« I, a B KOHI..\e noaa
rae-rca E. = I (CM. oocyznenae 2/). Ho KaK pas ,UJUI CYMMMpOBaIrnH ra
KRX pa3JIO~eHRn H rrpenHa3Ha~eH IIpe~~OXi.eHHbln BHillS MeTO~ 8BTOMO~e~Horo 

nPHO~Xi.eHMR. ITPRM8HHM STOT MeTO~ ,UJUI orrpe~eJIeHHR KpRTR~eCKRX R~SK
COB/I CRCTeM MS KRaCca yHHBepCaJIDHOCTH Mo~e~ MsRHra (TeopRH nOJIR 
~4 ). B CJIyqae Mo~eJ1R rHHsOypra - n~ay C n - KOMrrOieHTHHM rro

~eM £ - pa3JIO~eHRe ~ KpRTR~eCKHX RH~eKCOB HMeeT B~ 26/ 

2 
J.	 :=. ~ e. _ ('~+n) (28+n) £1

2(8+n) 4(8+ n ) 3
 

.3 (~+n)(1t-2n) 2. 
~ +	 e.f =	 i- z (8+n) 2 (81-n)3 .J 
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H~ rryTaTb ee:c KIll:ITH'tleCIrnM RH,I(eKCOM f3 . 118 npnaeneansx sane E. 
pa3JroJlteH~li HaJ.;O;nHM ~yHKWiR (49) .IJ)I.ff :KaJK.D:oro ns HH,I(eKCOB: 

I. + n ('2 th) ( 5"2 +;2:2,., + h ~) 2E. + f.t :: it  '2(8+n)	 -'4(K-th)3 

260 + tit r. + /1;' e.S=3+E.+	 ~'}. (8 +- h) 7. 

~-+n ~ ('J. t- n ) (AlA -+ 56 h - n).) .3

11= E.. + - E..
 
~(8tn/' 8(8-1- t1) 4
 

... 1 _ (~tn ('Z.+h)(6ol-23 n Tn.t) ~
 
II--+---~t- e
 

2 4 (8+ n) g (8 t h ) 3 

~H ITpHMeHeHHR paCCMaTpHBa8Moro MeTO;na aBTOMO;ne~DHoro npHO~%eHHR 

H806XO;nHMO ifM8TD ;nBa H8TPHBHallbHHX npHo~8HHblX 3Ha-qeHHH K8]t;nOH H8 

HCKOM'clX WYHKIU1M. II03TOMY ;nJm scex HH;n8KCOB, KpOM8 '?.. ,B8HT BTOpoif 

nO~~OK ~ - pa~O~8HllH, a ~H ~ -TpeTHM, nOCKO~bKY B nepBOM no

PMK8 e. - ·pa8JIO.JKeHRH 'Y( = 0. Mo;neJIR 113RHra COOTB8TcTByeT O.nHO

KOMnOH8HTHoe ITOJIe (n = 1), TO eCTI:> c~e;nyro[l.\He pa3JiOAt8HHH .IT..JIR KpHTH

1l8CKRX HH.u8KCOB: 

7.9 >!.

./.::1£ --IE.. 
6 3J.4 

o:= f - f E + f:? Eo 7

r: '( + s. f..	 + ~ £.:l 
6 31.'1 

~ .	 'lor 2o	 =3,t-c. +- E...
 
5'1
 

n = ..L E. 'J. + .!!!!!- Eo 3 

'l 54	 S8 32

1 ~1v=-+-e+--E.. ;I. 

1. 11 !6'J. 

Ilozaraa 8,neCI> E. = I, nOJIytlaeM 

d.. = 0,077; j3 = 0,340; (f == 1,244;

J = 4,463; lL = 0,057; rJ = 0,627.
 

@yHRIUiIO reJIJI - MaHHa - JIoy (49) 6y.neM 0003Ha'tlB.TI:> nanee B(.) , -qTOOH 

B(o(.\- ~9 2 B (~) :: (1-2/3)"'].-/- --,--.I.	 ) B(r) :: ~5 (0-1) 'J. ~ 
9	 (8 

1.S 1
BtJ'):: -, (3-3) B('tl' ': 6'« "'l:.. 3/7.:> Ben = ;4 (2. Y-1) 2. 

5.4 

ipaBHeIllie (48) ;naeT 

!If.	 9£ 
p (£..) = ..i..

d (f) = 54+ 2.9 E. h~ I 2 J..(1.7+£ n~) 

9£	 S4 e. , c-P(E.) =3 +	 ,r (£..) =1 +	 5" - J. S E. n~ 
s« - 25 .f... ~~ 

Z 
861, £1 ('E.)	 ~ Y(t.) = ..~:.. + . 9i. 

2
(i« -1DS E. n~ ) 1. ~('J.7 -14 £. '\) 

PaCCMaTJlIiBaH aCMMIITOTHKH STHX Bhl.paJKelUiM ITO e.. « I H CP8.BIDIBaH HX C 

.cooTBeTCTBYIDmHMH E - paanO.JKeHRRMH, yoe~aeMCH, lITO BO Bcex C~yqaHX 

n~ = 1. CJIe;nOBaTeJIbHO, 

gf. ?.l-SE. <1 (1.(';.:1.-8£)
E)=ol ( E ) :-- f(E.) ::: 

51; + 2. '3 E.. 2(21+£) ~ SY-1S'E.." 

2 
b"'7 (E.) =3(S't -~~) 36lt E.. Y{E): S4- 19 E. •J[ (£) = 2 ,

5't - 2 S f. (216 -f09 E ) Lt(27-t"tt.) 

OTCIO;na npa £.. I HM8eM 

o£(I) = 0,108; f ~1) = 0,339; (I) ~ I~3IO; 

<f(I) = 4,862; 7L (I) = 0,075; ~(I) = 0,673. 

TolUlhIe lqlHTIIlleCKRe liH,I(eRCHI. ;IJ)IR. TpeXMepHoti Mo.neJill 113HHra He R3B8CTHhI, 

O.nHaKO nO~eHHhl.e pe3Y~TaTH MO~HO COnOCTaBRTb C RpHTn~eCKHMH n~8K

CaMl-l:, Bbll1HC~eHHHMH C nOMOI!lbIO CYMMHPOBa.HIDl BHCOlWTeMIIepaTyPHHX PH.nOB/
26!: 

rJ..= 0,I25±0,OI5; f3 = 0,312±O,003; r= I, 250:tO,003; 
~ = 5, 150±0, 020; l = 0,055±Q,OIO; r-J = 0,642:tO,003. 

Ka.K BH,IUlO, C 8TIDJIlI 3HaqeIDIRMli ~'tlllle coraaoynrcs KpJi1TKtleCRRe im.neRcH,
 

HaitJ:(eHHhle IIpH aBTOMo.neJIbHOM IIpH6JIJilJR,eImH, He.JKeJIJil HH,IJ;eRCH rrpocroro e.-.
 
paanOJK8ImH.
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CO.II:8pJKaIDle paooT/1, 2/ M .n;a.HHOrO COOOJIl8HJII'..R. COCTaBMJIO OCHOBy )I,JIH 

ual~a li3 .n;eCHTli ~eKL~M, rrpo~MTaHHHx aBTOpOM B K~ OMRM. H O~arO.II:ap8H 

BceM c~ymaTeJIHM li KOJIJleraM, '-wf.r M!HTepeC, rrpoHBHB~~CH B MHoro'tlllCJIen·
HNX aorrpocax H oOCYJK,ll;eHHRx, OUJI ,lJ,JIH MeHH He TOJThKO npyIHTeH, HO H: no
JI8SeH. 
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