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PaccMaTpHsaeTc~ nocTaHoBKa 3KcnepHMeHTa no H3y4eHH~ CTPYKTyp
H~X npespa~eHHH 9 cpeAaX, B~BeAeHH~X H3 COCTORHHR paBHOBeCHR 
H penaKCHPY~~HX K HeMy 3a epeMA, AOCTaT04HOe AflR nony4eHHR HH¢Op
Ma~HH 0 pa3flH4H~X 3TanaX 380fl~~HH. 

npHMeHReM~H MeTOA ro2-penaKca~HH n03BOflReT 04eHHBaTb CKOpOCTb 
CTOXaCTH3a4HH HCCfleAyeMOH AHHaMH4eCKOH CHCTeM~ H CAenaTb B~BOA 
0 xapaKTepe nOBeAeHHR CHCTeM~ B B036Y~AeHHOM H OCHOBHOM COCTOAHHRX. 

Pa6oTa B~nonHeHa B na6opaTOPHH TeopeTH4eCKO~ $H3HKH OH~H. 

Coo6weHH9 06be.QHHeHHOr"O HHCTHTyTa smepHbiX HCCJie,QOBSHHll. ny6Ha !979 

Fedyanin V.K., Shvedovsky V.A. Pl7 - 12299 

On the Arrangement of an Experiment on the 
Investigation of Structure Properties by the 
ro2 Relaxation Method 

The arrangement of an experiment on the investigation of 
structure transformations in media lead out of the equilibrium 
state and relaxing to it during the time needed to derive an 
information on different stages of evolution is considered. 
The method ofr 02 relaxation permits the estimation of the velocity 
of stochastization of investigated dynamic system and to conclude 
as to the character of system behaviour in the excited and main 
states. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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© 1979 06'6BilHHeHHblfl HHC't'HTyT JlllepHbiJC HCCOBilaBBHHil J1y6HB 

l3 I..ieJIJ!X R3y'!8HRII CTPYRTYPHHX CBO:iicTB TO'l8'li!UX 06'h8RTOB ( CJIO)I{

HillC t.nJieKYJI, Iq>HCTa.JIJIOB, 3Be3,n) npe.IJ,liaraeTC!l CJIO.JlYIOOia.SI CXCMa ::m
crrepHM8HTa MH l!a6Jno,neHRII, OCHOBaiiHa.SJ Ha H,nee rrepexo~a CTOxa CTI1'l6C

ItOI'O IIOBe,nemm H6ItOTOpOii iiJYIIKinm H3M6pHeMUX rrapaMeTpOB K CTaTHCTll

'l6CKor~ rroBe.nenmo. 

l1cCJie.nyer.ruii o6'loercr' paccMaTpHBaCTC!l KaK "qeprnlii JIU\11It", It<JTopuit 

IIO~ B03)WRCTBHeM !IeKOTOpOI'O y,napHOI'O HIJITIYJibCU Mei!JleT OBOe OCHOD

HODH06 COCTOHHI\6 7 nepeXO)(il D B036ylK.l\6llll06, JaTell - 1: Jl 3TOU npe)(

CTUD!!i!CTCi! onpe,!(8!!8Hllal! 11 HCl!epHora" llLjLKa - 00o8KT peJtaKCllPYCT 3a 

KOII8l!H06 B pCJ.III K ITepllOHal!aJibliOMY COCTOli!HliO, llpl', 3TOJ.I IIJ18)!IIO!!Ufa-

DTCR B03UOKHUMH C!!6.1\YIO~H8 CHTyaUHH: 

I. 0CIIOBII06 COCTOJUrn:e JIBJIJieTC!l COCTOJIHHeM, OIT11CllBU6MLI!i! .UI'IIIa

Mli'leCKOR CHCT6MOH CO CTaTI!ICTI1'l6Citi1M11 CBOitCTB81vll1, a B B03cJYJK,D;ei!HOM 

COCTOJIHHH ,ll;HIIaMH'!eCJ<BJI CHCTeMa OMB,l.\aeT 381i!8TIIO l3llpaJKeHHHMI1 CBOH

CTBaMI!I KOJIJICRTHBHOI'O ynopsmoqeHJ!OI'O ,I\BiiDK61111il, T, C, xapaKTepH3yeT

Cl1 cJOJiblilliM 'li1CJIOM CBOllCTB CRMMeTpl111, 

2, ITo OTHOUleHI110 K B036YJK,nelll-IO!~ U OCJIOBIIOMY COCTOJIHWI!Il CBOR

CTBa ITOBe,ll;CIIIDI ,nmiaJ.'!WleCJ\OR CHCTe!&l 11 ee ITepexo,n;a ITpHMO !IpOTHBO

ITOJIOlKIIIl OITHCai!IIOMY B I) . 

3, VI B036YJKJ}:elllWC Jll OCIIOBI!Oe COCTOillll1il He JIBJIJIIOTC!l COCTOIIHRII

MH CO CTaTJliCTH'leCI\HMU CBO.i.icTBru.!Jll, 110 B O,n;I!OI/l Ji3 IIHX Blllll6 ITOpsl.I(OK 

CHMM6TpiDI, a ITOBe~emiC .ll;l!ll8Mif'l6Citoii CRCT8Mll B 3TOR CHTY8.I..iiDI OITHCII

BaeTC!l Ka!t CTOXaCTH'leCKOC, 

.lJ rel!eHRe HHTepBaJia Bpeuenn na "qepii!Iii Jlllli1K" rro,n;aeTC!l HI~ 

rryJibC npocBetiuBrunrn:, npe~cTaBJIJI!Willii co6oit JIR6o ITy'!OK OJiertTpoMar

HHTIIUX BOJIH, JIR6o rryqort tiacnm. 
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ITo BHanorHR c pemeTKOH Pa~e~I/, ru~yAHo~oBOe pacceH

HRe Ha KOTOpoii CJIYllGIT ,IJ,Jili HSyqelWJl ,!!.MqJpaKIUHI CBeTa Ha CTOfl'IHX 

y~:&Tpa3BYKOBWC ~ax, dy,n;eM npe.nrrMaraT:o, 'ITO noCJie nepe,ll;a'IH ua 

"trepHHit mnHK" - CJIOJKHYIO rNJJieey~ :wm t£aCTHIJY HMIIy~:&ca BOsdyx.neHWl

B ero MaTepiDI BOSHR.KaiOT "BOJIHH yrrpyrocTK", ipopMKpynJtHe CTPYKTYPY 

MHKPQpemeTRK, Ha KOTOpoii R dy,ll;eT pacceRBaT:&Cff '18CT:O IIyqKa "HMTIY~:&

ca npocBet£HBBHIDI". 

iloc~:&RY RCCJie,ll;yeMUe IIpoUeCCH p~aKCauKH CKOpoTe'IHH R OT

paJKaJOT RSMeHeHRe MHiqx>CTPYKTYPH HCCJie,ll;yemro OO'beRTa, Heodxo,li;HW, 

C O,li;HOH CTOpOiru, odeclle'IHT:& YCTOii'IHBYJO IIpoUe,ll;ypy BH,ll;~elWJl HMeHHO 

oliGl:.ll;aer.unc a@lemoB, c .l(pyroit - odecrreiJHTb HaKOMeHRe 

otren:& CJiadHX CHI'HanoB sa otreH:D dM:&moii noCJie,li;OBaT~:&IIIU! pll.IJ; aKc

rrosHUHii ,ll;eTeKTxpOBaHRa pacceHB~Cff tracTKU :wm ~asepHHX nyqRoB. 

TrumM odpasoM, BcTaeT sa,ll;a'!a: noCJie ,ll;ei.tcTBM ~oro y,ll;apHo

ro KMIIY~:&ca Ha pery~yeMoe npeMff ~KCHPQBaT:& (BH,ll;eHHT:&) .l(H£jJPaK

u;mo Ha MHiq)opemeTKe Ha ipoHe .l(H£jlpaK!UfH OT OCTan:&Hoii: Iq)HCTaJLJIOrpa

<lm:treCIWH CTPYRTYPH, B HeKOTOPHX :wm: BO BCeX yMax KOTOpoH pacno

~OEBH HCCJie,I~;yeMUH Od'beRT. 

B oT.mrtme oT Tpll,Z(RUHoHHHX cxeM a.HBJmsa .l(HilJPaKUHOHHOit Kap

THHH (HanpliiMep, D peHTI'eHO-CTPYRTYPHOM a.HBJmSe Iq)KCTaJLJIHt{eCKRX 

CTpymyp), B KOTOPHX OCHOBHYJO Tpy,li;HOCT:& COCTannHeT wasoB~ ~6-
~eMa, pemaeMafi C TIOMOI!Ib!O c!JyHKUHH llaTepcoHa :wm fL pll.Il;OHZ , B 

HallieM CJIY'Iae YCJIOBHe CTai.{I!OHapHOCTH was, B!lPaJKa.IOOieM Tipe,li;IIMOEBHRe, 

'ITO rroCJie y,ll;apHoro HMIIY~:&ca npoueccu p~aKCauHK npaKTH'!eCKR no 

Bceti Macce TO'!e'IHHX Od'beKTOB C Y,li;OBneTBOpHT~:&HOH TO'!HOCT:&IO npo

TeKaiOT O,li;HHaKOBO, IIOSBOJmeT npHMe.H.HT:O ,IJ,Jili ~Oro MOMeHTa Iq)HTe

pl!H IIpKH~eXHOCTK TIOBe,ll;eHHH ,li;KHaMH'leCKOH CHCTeMU K CT0X8CTH'!eC

KOH :wm: cTaTHCTHtrecKoil o~acTK. 

CJre,ll;yeT TaKllte OTMeTHT:&, 'ITO B ,ll;aHHOM CJIY'lae rrp:mmmman:&HllM 

HBnaeTCff BHOOp RHT8HCHBHOCT8H pacceH~Cff IIyqKOB, a He HX 

,li;H@JepeHIJ;Ran:&nux ce'leimil. 

.Uanee, nee ycrunm no MO,ll;y~Ba.HHIO nyq:Ka, Tia,ll;a.JOOlero Ha 

MHmeH:&, HanpaBJieHH Ha TO, '!TOdll TipHI'OTOBHT:O HSBeCTIOIH uadop{uJ.&] 

~edaHHH ( Toro RXR KHOI'O rrapaMeTpa) , ITO OTHOmeHHIO K KOTOpllM 

MHmeH:& BHTIOJIHHJia 6u c!JyHKUHIO ~onoro qnm:&Tpa. Yr~onue rrepm.reH

HHe @6 H B, noasoJI!lllT Bll,li;MHT:& i.{wr:&TpYJOOIHe KOMIIoHeHTll. B 
HTore B pacrroplDKemm 3KcnepHMeHTaTopa HMeeTca ,li;HCiq)eTHllR crreRTp 

{ "'•) , H pemaff odpaTHYIO Sa,ll;a'!y IIO .l(HljJPaKUHOHHID! CIIeRTpaM (,u,Jm 
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Wi ) IIO,ll; @IKCHpoBal!HbiMH fY( yr~ar.m, paCC'lliTaiTIIW:Il'I ,IJ,Jili 

OCHOBHHX COCTOJIHHH OO'beitTa des IIanOEBHWl rapMOHHK yrrpy:rnx BMII, 

o6pa3YIOO\HX "MlutpopemeTey", Mil pacrro.Jiaraeu BOSMOliiHOCT:&IO orrpe.n:e

JiliT:& ~:bTpaL(ruO YKa3aiiHOH Bllille MUKpopellleTKOii COOTBeTCTBYJOOUIX 'laC-

TOT ~-
IlepBOH TIOHCKOBOH Sa,ll;a'Ieiii 31\CIIepH~IeiiTU SIBWieTCJI o6HUPYJX81TIIO 

caMoro Hadopa '!acToT { Wm J , r,ll;e m •I, z.., ... 1~ , JroTopui.t cJ!ImhTpy

eTCJI B O.n;IIOM U: TOM llte MaliOM Bp8M811HOM IDITepBane ( 0, t,;) ; 3Ta 

3a,ll;a'Ia pemaeTc..'I MeTO,li;OM rrpod. K rrpm~epy, rrpu nos6yiit.n;emm rapr,lo

HHK 11MHKPQpellleTKOii" tpai\TOM, Y.IJ:OCTOBCpSIIOIIliiM BXOiit,I\8IlliC 'IaCTOT!I 

Wj B HCKOr.lllll nac5op, fl~8TCSI, BO-IIepBHX, IIOIOCitCilli8 Bl1COT!I 

± I - &0 p9Jre 8BCKHX IIHKOB ,IJ,Jili .IJ:aiiiiOH 'IaCTOT!I BU'IHCJI8HHOI'O 

8i - yr~a H HX pasMasllBaHHe cpasy rroCJie ,li;CiicTBWI y.napnoro 

m,mym,ca, BO-BTOpHX, BOCCTa.HOBJieHRe BIIYTPH Manoro BpCM8HHoro liH

Tepnana ( 0 1 'fo) 3TOI'O .l(HlppaK!UfOUHOro MaRClUi\'{Ma. 

IIOCKM:&Ky l'IM88TCff B03MOliiHOCT:O yrrpa~·r:& yr~OM llaitJIOIIU BC!t

TOpa HanpaBneHRSI ITa,ll;aiOIJ1ero rryqKa .K nanpaBJiemno rreprrcn.nHey.mrpa It 

MOCKOCTH MllllleHR, TO MOlKHO M8WIT:& rrepHO,ll; Iq)HCTaJLJIOrpaQfr'I8CKOfi pe

lli8TI\H MIIDieHR, a TaKllte OC:b llaTipaBn8Hltll IIa 0, +I ,-I )(11ljJPaKl\HOHI!hle 

MaKCJ.IMYMH, - HaniD~O B03MOlltiiOCT:& reoMeTpH'I8CKOH pasnepTKH rrpouec

ca p~aKCauH:I! H COOTBCTCTBYJOII(eiii l~HMaUR:II. 

J';)Ijl perHCTpauHK B03HHKHOBeHRSI HCO,li;HOpo.n;IiOCTefi B MOTIIOCTli 

HeOOXO,li;HMO, 'ITOOH B II8KOTOpHe MOM8HTH ( 0< t < ~ OllJia B03MOlK-

IIOCT:& paspelllaiOI!Iero CpaBHeHRSI IDIT8HCHB!IOCTeJ!i .l(H{jlpaKI~IlOHHOti ItapTHilli, 

ITMyq8HHOH B 1\0HTpo~:&HOM 3KCTiepHMeHT8. 

If.~ean:&H!Ill 3RCIIepJiiMeHT COCTOliT B TOM, 'ITO 3Itcii8pHMCHTaTop 

OOH8PYJKHBa8T H IIpHI'OTOBJISieT TaKOfi IIa,ll;ai(lllHfi IIpoCB8'IHB8.1011lHH rryqoit, 

Ror.n:a no Mepe npoTeKaHHSI PMaKCauHK 'IacTb ~HHHfi crreKTpa Hc'!e3aeT: 

6) traCT:O JI:Hlllffi ,li;OIIMI!SleTCff It Hat£anbHOM;y CIIeRTpy [ Wm) 
npoxo,ll;lllllero IIY'lKa; 

B) CKOpoCT:O RC'I83HOB8HUSI (IIORBJieiU!Sl) JIHHHH CII8KTpa OTBe

traeT CKOpoCTll c:oxacTH3auH:I! COCTOJIHRSI 11 'Iepmii.i mn>'!K11 B CTaTHCTII

'18CK08 COCTOJIHRC. 

r) IIMyq8HHasi CKOpOCT:O HC'I8SI!OB8HUSI (IIOR:BneHWl) JIHHHiii CII8K

Tpa 3aMeTHO OT~traeTCSI OT TaKOfi CKOpOCTH CTOXaCTH38URH 1 xapamep

Hofi ,IJ,Jili CHTYauRH, OllHCa.HHOfi B rryHKTe B). 

GqlopMy~poBaiiHHe Bllllle a) H r) - B03MOliiH!Ie CHTYauHH p~aKca-
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~ H3 B036~CHHOro COCTOHHRR o6~eRTa K OCHOBHOMY MOryT 6UT:b 

B CJIY'lae npHMCHCHWI MCTO,na rz'oz- peJiaKC~ nepetlx>pMYJIHp<>Ba.liH KaK 

CTaTRCTR~CCKHC anbTCpHaTHBHHC rHnOTC3H. 

B STOM CJIY'lae B 3amlCRMOCTR OT 3Ha.Ka Ha OCR BpCMCHR, Ko-

TOp!Ili: oprrum3yeT pa.n; sr,nmplf'IecKHX _na.HH!IX {:Ji(tf;;)j H AonycKaeT npn-

MeHeHRe MeTo.na p- rec.ros I<o.nMoropoBa-MaPTHHa-Jieqa 31 , peruaerc11 

Bonpoc B nan:r:.3y I) RnH 2) CHTy~. 

CHTY~ I), 2) OTJrn'I8.!0TC.II OT 3) He 3HaKOM, a CKOp<>CT:b!O HC

qe3HOBCHHR RnH noaBneHHR .TIDlH~ npnroToBneHHoro cneKTpa no.n yr~a

MH, onpe,neJieHH!IMH H3 UCHTpan:r,HHX SKCnepRMeHTOB. 3Ta CKOpoCT:b B 

e,D;I'IHHUY BpeMeHR 6y,neT MeH:r:.me, "l:eM B CJIY'laiiX I,2. B ,naHHoM CJIY'lae 

BCTaeT SKcnepHMeHTan:r:.Halt 3a,na"ia onpe,neJieHHR SMIIIIJ>li'l:CCKOro STanona 

,li.1Iff HCMe,nyeMUX o6~eKTOB, T. e. nOHCKa TaKHX 06~CKTOB (JKlol,IUmX Iq>HC

T~OB, PIK)J!eey~ Mlf "iaCT:IfU) , KOTOp!Ie noMe y,napnoro HMny~bca 

3UBC,UOMO peJiaKCHpoBanH 6U K OCIIOBIIOMY COCTO!IHMJJ Ka.K CTaTHCTH-

"l:CCKOM,Y. !1pMMepOM Ta.KOM peJiaKCaL\.1!11 MOllCeT TIOCJIYJI(.I!Tb 

B03Bpa!I(eHHe K IIOJIHTp<>TIHOMY COCTORHHIO Tipe,I03apHTeJI:bHO opHeHTHpoBaH

HOro neMaTHqecKoro ~KOro KpHCT~a noMe Bo3,ne~CTBRR y,napnoro 

HMTIY~Ma. 

!1pe_nnarae~ MeTO,n OUCHKH CKOp<>CTCH peJiaKC~ K CTaTHCTH'l:CC

KH paBHOBCCHOMY COCTORHHIO OTJIHqaeTC.R: OT H3BCCTHOro MCTO,n:a OUCHRH 

CKOPOCTH pacuenneHHR KOP~H TCM, qTO K HCMe,nyeMOMY 06~eKTy 

Hellp.I!MeHJo!M B CTporoM CM!IMC aiTIIapaT TeOPHJ! BepOHTHOCTH, a TCM 

CaM!IM H CXCMa KHHCT:If'l:eCKHX ypaBHemrll: C MHOro"l:aCTlf'!HliMH ipyH~ 

pacnpe.ne.neHHR, H6o peaJIH3yeTC.R: rrepexo,IUIIDi peJKHM oT cTporo .nHHaMH

qecKoro OIIHCaHHR K CTaTHCT.I!qecKOMY. 

CymHocT:r:. npe,nnaraeMoro MeTo.n:a ~~ - pe.naKc~ ocnoBUBaeTC.R: 

Ha TIOMe,n:oBaTe~:bHOM npHMeHeHHR TeCTa MapTHHa-Jie<lJa K pll,IIY 3HaqeHH~ 

{ JU , i = 1, 2, .... . , n- , r.ne ~ - oT,n:e.n:r:.nast SMimpH'l:ecKM 

peanH38J..tRH, a i - nOpa,JJ;KOBliH HOMep '11IeHOB IIOMe,noBaTeJibHOro 

pa.n;a 3Ha"l:errnil. 

Onpe,neJieHRe I. p -TeCTOM Ha30BCM qiyHia.niiO F(w) , KOTOpalt 

y,noBnCTBOpHeT YMOBRRM: 

a) OHa o6~epeKYPeHBHa; 

6) .nnH m >0, p {w: F(w}~m} ~2-m , r.n:e F(w) =s;:PF(UJ n). 
Onpe,neJieHRe 2. lloMe,noBaTeJI:bHOCT:b Ha3UBaeTC.fi CJIY'laHHOit no 

Mepe p , eCJIH oHa Bli,UepJKHBaeT ~oil p - TeeT. 

M3 onpe.ne.neHHH I BH.n:HO, qTo qeM 6an:r:.me 6epeTCH '11IeHoB B Tee-
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TnpyeMOil TIOMe,UOBaTeJibHOeTH, TeM MCH:bille Mepa MHOiKCCTBU Bli,n:~e

MliX 3aKOHOMepHOeTeil u) ; eCJIH STa TIOMe,noBaTeJI:bHOCT:b eTaHOBHT-

C.fi Bee 6onee CJIY'laHIIOH, TO B Ka'ICCTBe Mepli STanOIIHOH CKOpoe-

TH eTOXaeTH3~ TIQnOiKCHa I/27 
CnpaBe.nnHBQeTH pa.na naneaHo 

HWI MaemTa6Horo KOSri$nJ;HeHTa J( 

TOpoe TI03~0 6U OUeHHT:b MeCTO 

eTOXaeTH3~. 

OTM6THT:& B03MOJKHOeT:b B03HRitHOBe-

' BHPruKeHHR p( } ~ 1"' , Ko

@H3H'16CKOro sTanoHa B npoueceax 

,Uanee, H3 onpe,n:eJieHlfil I R 2 BUTeKaeT Heo6XO,IJ;llMOeT:b y,noBneT

BOpeHHH SKenepHMeHTanbHOil rrpoue.n:ypH pa,ny YMOBHR: 

I. Bo-nepB!IX, neo6XO,n:ID.{ KOHTpan:&Hilli S IteTiepmvleHT, B 1\0TOpoM 

HBHO @altcnpyeTC.fi Tlfll TeCTRpyeA~ 3aKOHOMepHOeTCH H RX CTICKTpan:r,-

Halt 3aTIHe:& B penepHOM CJIY'laC, B IIanJeM CJIY'laC - STHMH 3ai\OHO-

MepnoeTHMH HBnHIOTC.fi rapMOHRKH e RX cneKTpaMH qacTOT. 

2. Bo-BTOpliX, He06XO,n:HI>iO · BUeTpollT:& TaKOH TIOMe,noBaTeJI:bHJ:ffi 

pa,JJ; SMIII!Pll'1CeKHX 3HaqeHHit, KOr,na ero MOlKHO TeeTRpoBaT:&, 06XOJVI 

'11IeHH IIOMe,noBaTeJI:&HOeTR no 3aKOHJ' ,I -+-f + i , npH STOM 

.9J c. -1;·.,. 1 c ~-+z • 3To Tpe6oBaJme BHoel!T orprumqeHRe na 

TO'IHOeT:b c6opa SMIII!Pll'1CeKHX ,na.HH!IX, a Ta!Oite Ha BpeMCHHHe paCCTOfl

HWI t·-t· {;· t· 1 ,.,., ' -; - r•.a, · · · · 
llyeT:b B KOHTpM:&HOM OTIHTe ,li.1Iff HeCJie,nyeMOrO o6pa3UU {JKI{ RnH 

r.nmpo'l:aeT:IfUH) RnH na6Jr!O,ll;aeMoro o6~eKTa noeTpoena HeKoTopast onop

Hast (penepHast) <lJYHimWI HHTOHCllBHOeTH paeceHBaHWI - B ,nR<lJpaitl(liOH

HOH KaPTHHC - .Jl (z) , 3aiiHeaHHM B BH,ne TIOMC,UOBaTeJI:&HliX ,nHC-

Iq>eTHHX 3HaqeHHit { .?ot J . llpR STOM nanyqeH erreKTp qaCTOT 

paMolKeHHR ee Ha rapMOIIHRH [ w,., J 
llyCT:& B HCKOTOp!Ie MOMCHTH BpeMeHR ~- 6:. ( {}_, l"o) 3a@HKenpo

BaHH e npHeWICMOH 4 t - TO'l:HOCTJ:,IO IIOMC,UOBaTeJI:bHOeTH 3!Ia'1e

Hll:lt i 9.- (~in , T.e. Ha BliXO_ne SI<CTICPHMCHTa RnH HllMIO,UOHRH ,naHa 

MaTp:!fUa JJ !f,i // TaKM, qTo a) {.9.-1Jn£j}i+t]t0, 
d) { ~~iJ,.';-~··· i-nl J"k,j•,.J .. = 1, .. . ,/. · 

I{ eTp<>KaM S'POH MaTplfUH SMI.lllp.l!qeeKHX 3HaqeHR:il MOJKHO npHMOIIllT:& 

nepHo,norpar.{MHllil aHanH3, eCJIH OCHOBHast <I>Ymtmm .9(x) , 3aiiHCaH-

Hast TaKHM o6paaoM B BH,ne s~eMCHTOB MaTPllUI:l // ~i 1/ 
y,n:OBnCTBOpHCT HeKOTOpliM _nonymeHRRM. 

llepBoe oeHOBHOe .UOIIYII!CHllC Ha STOM STaTIC HeMe,UOBaHHH COC-

TOHT B TOM, 'iTO Be~eeTBeHHQ-aHanl!Tlf'ICCKalt <lJyiiimWI J1(2:) HHTerpli-
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pyelli!a C KBa,Iql8TOM: 
t•At 

j ~{-t)dt < 00 
t-At (I) 

3TO !(Orry1118l:ill8 HaxO,IUIT CBOe OOOCHOBal:illC TaJOKe B TpCOOB8lllill 

Orpal:ill'I8HIIOCTH Hepery.mipHOH COCTaBJISll<:m8R J < 1· 
TpedoBaHHe (I) uosBo.mreT paaJIOlKliT:& tp B Pff.U <llyp:oe: 

t9(t) = ~ e/ ex? ( i "?~· t). 
rl (2) 

O.n;mmo cyu{eCTByeT Pff.U yCJ!oBI1R, Bh!TeiW.IOll{IDC 113 co,n;ep.lltaTM:&HllX 

OOCTORTe~:&CTB sa,n;a'!H, TI03B~ C'J311T:& 3TOT Krr8CC ~YH~fi. 

<lioprAa (2) ney,n;odHa 81Jl8 H ITO TOR llpl1'IHH8, 'ITO B Bh!p8.lK8Hl111 

rf(t) = J;(i) + }. (3) 

B COOTB8TCTBI1l1 C TeopeMOH G.nyr.uroro H8 ItOH8'IHOM MHOlKCCTBO 3H8'!8-

lll1H /?( t,:) , B ( t -At 1 t + .td ) OT.IJ;emiT:& peryJIHpHYJO COCT8BJIHIO-

!JlYIO ~ OT Hepery~RpHOH J CTpoi'O O.IJ;H03H8'lHO, 

II03TOMY BTOphlM OCHOBHh!M ,l\OllY!!!8Hi!8M .fiBJIHOTCR llOCTy~poBal:ille 

TOro, 'ITO jJ npe,II,CTaBHMhl He 6Mee, '18M ItOH8'!Hh!M MHOlKeCT-

BOU rapMOJ:illlt, T, e , r,UIOlKO CT BOM '!8CTOT [ W 11.] , Ha ROTOpoM 

0Cyu{8CTIJJlli8TCR BUOOp rapMO.HlUi., He OeCKOH8'IHO : /l. < 00. 

B C~ TOro, 'ITO ~(t) - B81Jl8CTB8HHO-aH~TH'I8CKafl 
qiyHKI.~aH, MoJK.Iro YTBePJK.IJ;aT:&, 'ITO 

jJ(t) == .J [ca.r ( w1 t + Cf,L .... _, co.r(w,.t.,. %).~ }J 
(4) 

B TUKOM BI1.IJ;8 <pYJumru1 fl(£) TI03BOJIHeT OCyu{OCTBJIHT:& 

nepHO)\orpaMM!Ihlil aHaml3, 

Ha npm.mpe aH~sa MY'J:aH (5) /l(t) =!J['cos(W;·t+'l~ J] 
llO!t8.lKCM, KUK ITOIDIM88TCR MCTO.IJ; 2:,2 -peJiaKCaiUIH, 1100 (4) 
~erKO BOCCTaiiaMHBa8TCR 113 (5), 

0'IOB11.IJ;HO, 'ITO Bbl.IJ;MR8Mi18 rapMOJ:illKH 11 8CT:O Te 38ltoHOM8pHO -

CTH, KOTOph!e Y'Il1Th!B80T p -TeCT MapTmia-Jie<IJa. l~aH Bll,IJ;eJIH8rAUH 

rapMOHI1Ka xapmtTepnsyeTCR TpoiiROii 'IHCM ( c,-' C.J 'f) , r,n;e Co-
ITOCTORHHhlii ypoBeH:& rapli'IO!ill'I8CltOH COCTaBJISll<:mOH , C - ee aM-

nrrHTy,n;a, ~ - ~asa KMedaHHH. 

8 

~ 

JTll napaMeTpll orrpe,n;eJIRIOTCR .!WI 3a,IJ;aHHOfi u) i ITO KOH8'IHO

tlf'J Pfi,llY 3H8'I8Hl1R { :f{t,: )j MOTO.IJ;OM H8.11M8H:&lllHX KBa,Iql8.TOB. 

Ta.KHM odpasoM, r.'IOlKHO sarmcaT:r:.: 

fJ(tJ = C + C·co.s(w;t•-~- If) + J. (6) 

,llrur 'J.ll;OOCTBa TipHM8H8HWI M8TO.IJ;8 HaJiMOH:&lllHX KBa,IJ;p8TOB OCY-

!ll8CTBHMI1 HOROTOplle rrpeodpa30B8HRR BhlpalKeHHH: 

Caos (W;· tt: +'f)=~ cos(wj ti) + (}.?irt(tJJ;·t;) 
Ce = C co.r '!; {} = C .Yin f// 
fl~+ /It_ /1"· .fJ1lJ' _ Cr 
l-e- '-'.r - "" .I '7! 7 - - -(2· t: 

B KaqeCTBe KPHTepHi! np:urO)l.!IOCTH rapMOHilqeCKOil COCTaBJii!Klllteil 

C !!8KOTOpOil 38,l.\aJIHO~ TOq!!OCTbll H )l.Jlil KOHeqHoil )l.JIV.Hbl I!OCJI8,1\0BaTeJib

HOCU1 Bp9M8HHWC 3HaqeH:I!lil llpllM9Hi!110 CJIS,l.(YI0!!!88 BblpaJKeHHe: 

# a -
.Z!~ +Cc co.r(tf;·ti)r{]Sia(tij;ti)-"(ti)] ~ JAf. 
t"::t ( 7) 

3Ha'Iel:illR C!: H C,r IIM'J'IaiOTCR H3 pemeHHR CHCT8Mil 

ypaBHOHHH, KOTOpaR llOJIY'I8Ha Kait pesy~:&TaT rrpHMeHeHWI MOTO.I\8 HaH-

M8HbmHX KB~8.TOB 

AI (8) Z {c; •4: car{~·t;)•t;sill (iJ;·tl) -!J(t;Jjco.r(r;·t;) =IJ ,.,, 
AI 
->[C. ~Cecn(~-~~~C}.rta(witt-) -.1(-&.1~] = o (9} 
7.7 
N · (IO} 

~ [t; • Cc C4r{kj· t;) +(}rill( ~·t.) -.?(ti)]J'ilz ( w·t.)=O. 
M ~ 

PaspemaeM aT';{ Cl1CT9f.\Y ypaBHeHHi OTHOCHTM:OHO c; C C .J CS 
rrp:11 sa,n;aHHh!X w; 11 .!P(t,). 

,IWr nocTpoeHKH xapaKTepHCTR'IecKoi ~H~, nos~ei 
0Il8HRB8.T:& B~'IHHY MHOJKeCTBa rapMOHH'IeCKHX COCT8BIIIIIOOU'!X, Bll,IJ;8JIJI8-

MOI'O WIJI .IJ;aHHOH P{t,J ITO M8TO,IJY HaHMOHl>lllHX KBa,IJ;p8.TOB, TipHMeHHM 

KpHTSliiPlf!il CT~HOHapHO!il ~3bl ,1\Jiil BpeueHHOlil I!OCJIS,I\OBateJibHOCTH 
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f 9(t~)J: ( C.S.: ) 
If.: = a;"'? - ~,; . 

(II) 

Tor.n;a c yqeTOM ~· : 

UJ "'"tn ( t;, .. , ) .,JOin (- Cs, ) 
411 7 'i := CJ,~ - -. - - CJ,""'d - ---:-~..... Cc. 

( 12) 

0 ~ ~ 'fij ~ .1 l.fo. 
( 13) 

A 'fo = 0 n rrpocToM CJiyqae. 

~JTo Jierrw ncnoJIHnMo, :rroo no.n;TnepJK.neHo yrrpaBJiemno rrpn l1lllK8RTnpona-

mni nytirca na r.nooen:o. I" ,-. _ /1 /1 

S l-ci•tC..t; C....rt~' vc.-
.1 !f ij ·= auty o-J ' r.n;e "" (14) 

ct.<~·~, tJc:+ c., ... , ts,· . 
,lJ.JlJI C..'ly<Iafl A 'ft:j = 0 rrpu YCJIOBIDI ~wCc,· +~ ... i}.- > 0 

TpeOODaiiUC CTaiJ;aonapnofi Qla3U CDO,IJ,liTCJI I\ paBCHCTBY 

Cc, .... , Cs• = C.s, .. , Ce,. ( 15) 

~1 ueJUix yrrpomemm orrcprrponamm c tiJieHaMn g)opr.1y-JI (8), (9), 

(IO) o6o3IIa'UU>I 

.rUt, {wti) = S.· ,· 
cos ( w t,-) = C·; 
(} (ti) = ~ . 

(16) 

IToCJie npone.n;emm anreoparrtiecRHX rrpeoopasonarmii, RoTopue 

Hs-sa ux CJIOlKlrocTn onycrtaoM, nepeii,neu rt nOJiytiemuo nToronoi1 ouenrm. 

B CJiy<Iao orrpaBe.I~JnmocTn Tpoc5onar!Rll cTar..utonapaoti cpasu n 

<fJOpue ( 15) , rroCJio npnno.n;errrm rro.n;ooaux tiJICHOB H rrpenodperaa <LJieJia-

Mll rrepnoro U BW!le IIOpli,U:Ita 3HU'lliUOCTH, IIOJIY'II!M d , I'.I\8 

d=s, · J!>O' 
c5i.l I. I 

n .a ,.,., .a " a " o; = s,...,~ 0 2. C:· (~ ... ,2._S; - .s;., .Z. ~.5i) + 
,., i•( ,., l•t 

10 

.... 4 ,.. "' 

+ ~~·~·{I_.!:~·(Z·~ .. ,.S"~'~c,'- C.~,2,C,:S.:)-
'=( i•'l ··" i•f 

""' il 

- ~ .. , slt•l 2 cf 2. c? s, J -r 
,., t•l 

1&. ... .a ~~. .. , If. 

+ Z. /11 C,: Z: '}-S;· ( ~+~ 2. 4~ + c~, 2: s~ ) 
(af &wi l•' j,.f 

4 4 IH4 (17) 

-c ... Z:stzc; (s-+, ~~t:·+~4 ±c.-s:) + 
l--t 1•1 7:# , • ., 

, • • 11+4 

+ c,.,siiH ~ as,(c..,.?...,za-~ -z.~c; ~ c.s.)-r 
l•l lfll ~ T.; 

" " .,. jl,... c ... (~ C:·J;). 
HcnOJII>3Y.fl aTo :rumaxeHRe (17), 3a.IIIDIIeM yCJioBHe • -TecTa Mapnma-

~ ........ ~ 

Jle<!Ja: z~ u·[J:(w;)Jti.w _.,. 
f :tl. ,., " •• .., £ w No " z (IS) 

•,4 • i ' 

r.n;e A w 03Ha'iaeT pa,IJ;~iYC oiq>e cTHOCTR oKOJio Wi ( "TO'iHOCT:D") , 

IIpR aT.,.OM ( Wj- .4 ti)) u)i +A uJ) t1 (wj, -Aw, w,, ... A w) ~ 
U - xapaKTepRcTH'!ecKaA: cliYH~; Ht - tm:CJio rapMOim.J! fwiJ. 

Tor.n;a 

rz, "4 +~,/It +tcy,_aJ!("t'f,) -&y..,{.rin.(n..f)AtW.M] (19) 
If. 

A IIOCROJI:OI\V ' == f.; .4 z::. , TO ecTeCTBeHHo npR npotm:X paBHHX 
yCJioBWIX ctiHTaT:o crrpfU!e.z~mBHM CJie.IJ.YI(XllRii mmo.n;: 

qeM dOJI:Oille ~crro rapMOHHK TpedyeTC.fl ~ OITR~ CHOEHOCTH 

.n;armoro KJiacca WHKiniii, TeM ,n;OJI:Dme ocYmecTBJI.fleTCJI peJiaxca

D;I'UI R CTaTI'!CTII'l:eCROMY peJKID,zy- B CTaTI'!CTH'iOCKOH ItaileJI:DKe. 

t "" .lL C yqeTOM .4 = A£. IIOJiyqaeM: 
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r.ne: - TIH3!to'IaCTOTHilff l'ap:.iOI!UIGl 

- 1IliC.iTO 3a!,ICpOB mryTpll 

- '!TIC.JIO l!CKO!ill.lX rapuomm, OITllCHBaJO!l{iiX 

ICOJI80[l!U1fl H80,IU!OpO,IUIO CT01i Il CTUTUCTl!

'18CI\OII !W.JI8JI:&I:C. 

Jipone,rrypa U3i.!8p0Hl'IJ.i IIOCTIJOOHU Tart, 'I'l'O JWI Kal(,IT,OrO 

cner"rpa {We. J , rr11:rrmoMcHHoro n J.Io,rrymrponarurn EOJiedarmii 
Jll!;i:eJC'l'iiJlYCI.IOrO Im l.l!lwCHb nyqrm, 3l,:crrepm.!CHTUTOp OU:CHI1BUOT ,TT,JIH 

;umr10ro pn.ua n, 3ar.IepoB J.:aKcr:::.:JJbHOe ynprl!:~Cfll:e ;w,:,aH-

noro crrercrpa. :3aTcr.; nhionpaeTCJI oo.'!ee IImpor:arr crreicTpaJI:&IIM "nOJioca" 
[w,.Lm >t l! arranor!I'ffiO IIOJIY'l-UOTCJ! rt .c... • .)\MOO HaiC~maeTc.H 
p!I,TI; 31Hl'IOI-111ii n~~ It .c., .. . , B 3a:BHCl'lNOCTH OT ~.A{,.. J! CTpOHT

c.H I(j_lHBM • 

Tamn,r o6pa3oM, Bo3rrurtacT B03HOlil:l!OCT:& orrpe.ueJIJIT:& rear< nool.1'I 
p8.'IUKCai.UD! ROJie6am:tit B CTOXUCTWI8CIWif l"..ar!CJihRC, TaK II 1illC.JIO rap
!.lOiilliC, ICOTOpLIMH OITI1CL!BillOTCJ3: ICOJIOOa.HlUI HCO,wiOpo,1U!OCTOll B CO I!UTCpim. 
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