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0C03HaHH8 TOfO ~aKTa, qto KAaCCHq&CKaR AHHHMKKa CB83dHHWX ra~HA~
TOHOBWX CHCT8K MO•et dwt• X80TKq8CKOI 1 OpKB8AO K DOCIHHOBK8 ~YH~88-
tan~HOI np0048VW 0 COOTB8TCTBKH KBXAf KnaccaqecxoR H KB88TOBOA AHH8MH• 
Ka»H. Cyt~ npoOneww coctoHt B to», qro, c o~uoR croposw, aaepretaQe
CKHI cnextp HJJdol KBHHTOBOI CHCT8Mhl, COB_Ip111.81Jl!lBR ¢tHHHTH08 ~BHJ:BHHB, 
RB498TCH ~KCKpet~W, 8 1 C ~pyroa CTOpOHY 1 npHHUHn COOTBBTCTBHH tpe
Oyer soswoxuocrH npe~en~uoro nepexo~a x KnaccHqe~KoA wexauKKe, oona
~JJ~eR,xpowe perynapaWX,H X80THQ8CKKWH p8XHM8WH. nna CT8UHOH8pHOI KB8H
TOBOR WBX8HHKH Ofp8HHQ8HH8H OOCT8HOBK8 S8A8QH 38KHJJqaeTCH B H~8HT~H
K8UHH rex oco6euaocreA co6ctsesuwx cocroaual H cnexrpa, xoropwe woxao 
rpaxroaatb KaK KBauroswe npoasneHHR KnaccuqecKoA croxaCTHQBOCtH. Uen~ 
H8CTOH~eA padOTW - DpOCH8AHT~ 38 H3WBHBHH8W CTB.TMCTMqSCKHX CBOICTB KaK 
KBB.HTOBOfO 3HepretHtiBCKOrO Cll6Ktpa, TB.K H CTPYKTypw CTB.IJ,HOHB.pHWX BOHHO
BWX ~YHKIJ,MA no wepe nepeXOlB. Ot 3HeprMA 1 COOTBBTCTBY~~HX Knacce~eCKOWY 
perynRpHOWY ~BHX9HHD 1 K 3HBpfHHW 1 OTB648DmMU rnodB.HbHOA CTOX6CTMqHQCTH. 

I. KoppeABUHH Y6XAJ CTB.TMCTHqecKHYH CBOACTB8YH 3H&preTHQ8CKHX 
cnexrpos H xapaKrepow KnBCCH4BcKoro lBH~eHHB 

I. ilpH HCCneAOBB.HHM KOppenRIJ,H~ WB~AY OC008HHOCTHYH llOB8~8HHH 
KBB.HTOBOA CHCTBYW (ua ypOBH8 3H8pret~8CKHX Cll8Kl'pOB) H XapaKtepOk ee 
~HHB.kHKH B KHB.CCH~BCKOW npeAene k~ B~HYX~BHW nepeATH OT rAodaRbHWX 
xapaKTepHCTHit (tHna liHCJia cocroBHH~ N(f), crnaxeuuoA nnorsocrH ypos
ueA f CE} H r.;u;.) K JIOKB.JibHblll xapaKtepMCTHKaM (rHTia tliYHKil.MH pac
npe~eneuHH paCCTOSHHA WBXAJ 0RMXB.AWHUH ypOBHKWH, CllSKTpaR~HOA XBCT
K.OCTH H T • .n.) 1 OllHCti881J~HU OTKJIOH8HH8 OT cpe,l.i,HHX 3H8Q6HHA. JleACT
BHT8JlbH01 B.CH»llTOTHli6CKH8 pem9HHH KBB.HTOBWX ypaBH8HHR ~BHXBHHH AliH 
00JibiDHX KB8HTOBWX t{HC91I H8ll0Cp9,l.i,CTB6HHO CBR38HW C peW9HHSUH KHaCCH-
49CKMX ypaBH8HHR ~H~8HHH 1 reHepHpyellWX IBM X8 CB.UWU f8UHJlbtOHHB.HOU. 
KaqeCTB8HHW8 CB02CTBa KJlaCCHQBCK~X Tp89KTOpHA cymecTBBHHO 3B.BHCHT OT 
noreHUH8JIB. 1 a AHfl CHCT8Ml:l THllB. 0WU.fll)M - OT CTpyKTyphl rpB.HHUW. Jlo
CTB.TOQHO, HanpKMep, B KBB.~pate C~erKa H30rHYT~ O~HY H3 ero CT6HOK, 
taK, 4To0w ana crana 
Koll 6li.1Il>!!p.IIe cTaHyT 

CH H83H8QHT8nhHO H1IH 

paccSHBaDmeA, KaK KJI~CCHQ8CKH8 rpaeKtOpMH B Ta
CIOXB.CTMQ8CKHYH. ilpH 3TOU QHCRO COCTOHHMA H3W6HHT
BOBC9 ue H3W6HHTCR III. Kax ww yBHAKU HHxe, 
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KB8HTOBH9 JJOK8llhHH9 xapaKtep~CTHKH OpH 3TOU npetepneBaDT cymeCTB9HHYD nepecrpoAKy. 
OonpodyeM, onHpaRCh Ha HeKoropue npocrue coodpa~eHHR 121, noctpoHth OlHY H3 Ba~HeRIDHX ROKaAhHHX xapaKtepHCTHK KB8HT0Boro CneKrpa -"T~IHPtHYD" 4!YHKUHI'l pacnpe.neneHHR paCCTORHHn 1.!9:«.n.y COC9JlHHl.!H ypOBHRMH f(.S) * nnR CJJyqaRHoA nocne.nosatellbHOCTH BepORTHOCTh H8XO:t.D;9HHR ypOBHR B MaJIOM HHtepBane (E-+S 1 E"+-Sr.65 ), KOHetJHO, nponopUHOHBllbHB &5 

1 HO ORB. He 31BHCHT OT taro, HWeetCR JlH ypoB9Hh npH :3H8prHH E • CuryaUHR MeHRercR, ecnu Me~.ny nono~eHuew yposHen HMeercR KoppeJJRUHR. BepORTHOCTh pCS)f\..5 H8XO~)l9HHR ypoBHft 8 KHtepecyDuteM Hac HHrepeane eCTh npOH3B9.ll9HH9 .llBYX ¢aKtOpOB! B9pORTHOCTH H8JJHtJHR ypoBHR B HHtepBaJJe f,~ H B9p0RTHOCTH era OTCYTCTBHR B HHtepBaJJe _)~ 

(I) 

BropoA ~aKrop nerKo eupa~etcft qepe3 ~yHKUHD pacnpe~eneHHR 

W(I'SES)~ J pfs'JctS', 
(2) 

.\ 
B TO Bp8MR KBK nepauR ~aKTOp 

Wl1>=. LIS)= j'CI)AS I (3) 

r~e H9H3B9CTHaft 'f!YHKU~R { (~J) OOHCYBaet 
ypoBHRMH, ]<R 1>YHKUHH pacnpe~eneHHR p(S) 

KOppeJiftU~H uex.ny COC8lHHMH 
nonyqaeu unrerpannHoe 

s 
prs) = f(s)J rrs')cls', ( 4) 

pemeHue Roroporo s 
pi'J)- cf!s)cxp(Jf(s')cis']. (5 J 

c 
npK OTCfTCTBHK KOppenRUH~ weuy ypOBHHWH f (s)~ t-<"tJ/ - 1/n CD - cpe~Hee p~ccroRHHe Me~.ny ypoaHRUH) npHXO.llHY K pacnpelenenH~ nyaccona 

p(S) = _I fKf' (- ~ ), (6) D IJ 

B cnyqae rrpoctf~~\IIHI KOppenRUI-~t\ - mmet\noro pacranKuaHHRnpHX0.11:HM K pa.c'YpeleJJeHitr1 BHrHepa 

2 



(7) 

npoH3BORbH~e KOHCTaHT~ OITp9~8Jl9H~ H3 YCROBHV. 

J Fi5)cls = 1 ) Js pcs)cis =JJ, 
(8 ) 

QqeBHAHHM cne~CTBH8M 3ano~eHHHX aauH xoppenanHa THna nHHe~aoro pacranKHBaHHR HBRH9TCR ITOB9A8HHe pacnpe~eneHHH BHraepa ITpH M8RHX paCCTORHHHX M8:l,zy ypOBHRMH 

£1111 p(s) = o. 
(9 ) .s-.o 

nna cnyqa~ao~ ~e nocneAOBarenhHOCTH xapaKrepea a~exr xnacrepH3anHH ypoBH9~ - npeoOna~aHH8 ~~JlUX paCCTOHHH~ M9~AY HHMH. 
2. llOAGSpKHeM, qro TOJlbKO B9pOHTHOCTHH9 apryMSHTH, HfHOpHpy~~He CIT9UH~HKY raMHJlbTOHHaHa paccMaTpHBaeMO~ CHCT9MH, He MoryT 00~RCHHTb npHpOAJ, ITPOHCXO~~SHHe H CJl9~CTBHH ¢eHOM9H8 pacraRKHBaHHR ypOBHen, MO-.II;SJUfpyeMOfO 4JYHK~HeH j'(6). 0.UH8KO CHTyaiJ;HR MSHRSTCR, e CJlH npe.n.-nono~HTb, qro CT8THCTKq9CKH8 CBO~CTBa ITOCJl9,UOBaT9JlbHOCTH ypOBHeH peaRbHO~ ®H3Hl.f6CKOR CHCT9MH 3KBHB8JI6HTHY CIB!HCTH4eCKHY CBOACTBaM ITOCRe~OB8T9JibHOCTH COdCTB6HHNX 3HaqeHHA aHCdMdRR Cny4aAHYX MaipH~ onpe~eneHHOR CHMM6TpHH, HdiTpKMep, 8HCBM0RR UBTPHU 9 3JIBW9HTH KOTOpHX pacnpe~eneHu no rayccy: 

(IO) 

r~e f-Lj - W8.TpH1.lHb19 3ReY6HTl:l raMHJibTOHHaHa, a H A- - ITOCTOIIHHI:ie. TeopHH, OOHOB8HH8R Hd 3!0A rHITOT636, 0HJIB 3aBeplli6H& B 60-e fOftH / 3/. 0KOH4BT9Jih~A pe3yRbTBI ~~~~ ~YHKUHH pacrrpeleJieHH11 paCCTORHHA M6~AY COC6,.1lH~H ypOEHRMH, ITOJIY'l:9HHW!:t B not! reop¥Hr, HM99T BHl 

(II) 
KpHTH46CKHA ITOK8.38I6Jib d._ , onpe;t9RRIOU(H~ ITOB9.ll;6HH9 tlJJHKUHH pacrrpe,neneHHSI ITpH 5 ~ 0 , 38BHCHT OT CHMMBTpMH aHCaMCiJISI MBTJH1n. CHJ.OLeTpHH 8HCaM0RH C~qaRH~X MaTpH~ onpe,neJIR6!CR CBOACTBBMH q,H3H46CKOA CHCT6HH, CTBTHCTHKY cneKTpa KOTOpO~ M~ XOTHM BOCnpOH3BeCTM C nOMOmbD 3T0f0 aHC8ll6JIR. EcRH CHCTe:Wa HHBapH8HTH8 OTHOCHT6.T[bHO ocJparneHHSI Bp9.M6HH, TO COOTB6TCTBYDII!H~ 8HCaMdJib HBRReTCSI rayCCOB~M OpTOfOH8FlbH~M aHCaMdneM 

3 



(fOA). CI'!Cte~:.e, ;1D!1YCK':HJ\Ue~1 HapyrneHii€ 11HBapl'laHTHOCTI'l OTHOC1il€JlbHO 
oOpaw.eHI'JR epeMem1, conr:JcteBJIRetcR rayccoe J'HflrapH!:l~ aHcat.Wllb. HaKoHeU, 
raMWILT0HBaHY 6o.nee c.nouott cTPYRTYpLtif ~ 1-lr. f· T: -r' , r ;'!,e 1-1/" -=fi-r; , 
h~'-= h~-= -/1-~ , k =- J,;~,J. tk - Marpvmbl naynl'l, cooreercreyer 
ra.Yccoe CI1MnlleKrw~ecKVIA aHcaMdJih. KpHtWieCKI'ltl noKa3arenb d- e r_top~Ay-
ne ~II) pe_eeH: J=l ."Jl,lH oproroHaJ!hHbiX aHCaMdnelt, _;_ = 2 JJ)IR ymnap-
HbiX B.HCaMOJle~ J.1 ,-;.,__ "" 4 ).',}111 et.n.mneKTV!'-I€CKI'lX B.HCaMjJieZ. 

0ct8HOBI'JMCR KpetKO HB H€KCTOpbiX apryueHtaX, nORCHRiJ~UI'lX rfleHOIJ.€H 
pacranK!-1BaHlHl ypoeHe". Paccl.:orpm.~ /?./ raMI'JllhtOHHaH, onpe~1eneHHHA e 
H€KOTOpOM ~I'JKCI'lpOB8HHOM ~831'JC€ C nOMO~b~ CBCI'JX M8Tpl'l~H!:lX 3ll€M€HTOB. 
(Oneparop 1-/ MOl":HO paCCI..!aTpl1M.Tb J<aK B€Ktop B 3TOL\ npoctpB.HCTBeoJ 
Pacra.nKHBB.HI-!8 yposHeVi Mfi:!HO c4vttatb odR3a.HHblu. ro1:,y $axty, qto nO.II.MHO
~ecrso Marpn4H~x 8JieMeHros, nnR xoroporo cooraercrsyumH~ cneKrp HBnRet
CR Bblp01!:.II:eHHIH•_, HM88T J..I8HhillYIJ pa.3UepHOCTb, ti8M Od!Uee npoctpaHCTBO v.at
pHtiHUX 3JI8W8HTOB 1 n03TO!AY BbtpO~!eH~e, ~J:t1 donee CJIB.dY~ ::Jrfl'tl8KT - KJI8CTe
pH3RUHR1 uanoaepOHtHU. AnhrepH8tHBHoe noRCH8HH8 141 38KJIIJ488TCR B rou, 
4to ecntt raul-!:nhtOHJ.l'aH 3rtBI.fCJ.l'T or HeKotoporo Hadopa napa~o~erpos, ro ne
pecetietH111: ypOBHe~ MO..-HO ltOO~ThCR Jllflllb 8 CJIY4B8 CY!lt8CTBOBB.HHR !BYX H8-
3B.BHCMllbiX napa~o~erros. B o.n:Honapc;MerpH48CKOM cny4ae I~O'f_Ho noKa3atb ne
H3deJ!\HOCTh B03H!iKH OB8llHf! OTTB.JlKMBB.JiliR HB. UB.JlUX paCCIORHMRX M8:«JJY 
ypOBHRMH • 

npelCKB.38.HHI! CT8HfCTW/8CKO~ T80p~H1 ypOBH8i:! (rmBHblll oelpB.30M np8JI.
CKa38HMR ltJJ.R rOA W.atpim) ClbL'IH lt8!8JlbHO CpBBH8HU CO BC8M .II:OCtynHUM 
IIHQ:£8C!BOW R,ll8p11UX !UHHblX /?_,)/ o H!-~KBKI-!'X cyrueCtBeHHbiX pacxo:01;8H~;! 
we~.ny reopnct:\ n :JKcnepnMeHroM oCHapyxeHo He dune. B tta.CtHocrn, aHcau6-
JJH cnyl.laAHl:tX MaTplllll npeKp8CHO BOC0pOM3BO,II;RT CBOACtBO ,Cn8Ktp8JlhHOP. 
:f.8CTP:ocTH tt.nepHUX cneKtpOB: MB.mte 't.'lyKIYBUHt1 BOKpyr cpeltHHX 3H848Hlfl'. 
I.IHCJ18 ypoBHet:! H8 HHtepBBJIB 38,II;BHHOA Jlli11HY. AHBJlOfHQHYe cpaBHeHHR CibiJJH 
BYflOJIHBHU li .IIJIR B.TO!I.HUX cneKTpOB / 5 / o ~ 3.II.€Cb 0YJIO OClHapy:r.eHo XOpomee 
COfJIB.CHe C npe.llCK838HIUl!.ll1 f0A 1 XOT.R KOM!1.J8CTBO oelpaOOTEli!HbiX .naHI!UX CY
IllBCTBeHHO Jr.leHbW8, 48M B .R!BpHOA COBKTpOCKOOHH. 

3o ECJlH MR CJlOJII:HUX CHCTeJ.t (8TOMHOe R,I!,pO 1 MHOf03Jl8KtpOHHlf.~ B. TOM) 
MO~HO npHB8CTH C8ph83Hbl€ apryMBHTN B 00Jlh3Y fHnOt83bl 3KBHB8JieHTHOCTM 
CT8THCtlitiBCKHX CB03CTB C08Ktpa pBB.AbHOA ~H3H48CKOA CHCTBWY H flOCJ18ltO
B8TBJthHOCTM COdCTB8HHYX 3H81.J8HHA 8HC8MdJIR CJ!ytiaAHUX UB.TpHUt TO ee 
oeloelmeHHe Ha cnytJaA cncreu c HedonhmHu l.lHCnov creneHet:! ceodo.nu He 
xaxercR ecrecraeHHuu • 

.floCTB.TO'-HIO YHHBBpCA.JibHYR flO.I!:XO,U. K npodneue CT8THCTHil8CKHX CBOitCTB 
'JH8pfeTlN.8CKlrtX Cfl8KTIJOB UOJ:BT (hl!b p83padotaH HB. OCHOB8 H8Jl!!H8t'IHoR 
reopvtH .JU!HaMHtiecKH:< cncteu /F,-B/. KaK noxa~HMDr q"cneHHYe pa.c<.~erw 
19- 14/, no.nKpenJteHHll8 cephe3HYWM reopetmecKHVH coodpa~eHHRw/ 15 - 171 , 
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fJidBHO~f YHMB9pCaJ!DHO~ OCOdSHHOC'IbKl KB8HTOBblX 3H8preTJ.F-18CKHX CTI8KipOB CHCTSM, X60TH48CKHX B KJ!aCCH~9CKOM npe~ene, HBJ!R8TCR ¢8HOM8H paCTaJIKHBaHHR ypOBH8~ 1 B TO Bp8MR KaK ~JIR CHCTSM, qbR ~HHaMHK8 B KJiaCCHqeCKOM rrpe.n:eJie peryn.IIpHa, xapaKrepHa KnacrepH3a~HR yposHeA. 3ro yraep};,.!l,eHHe HHOf.Il:a HaaHBaDT fHTIOT830~ Od YHHBepcaJibHOM xapaKTepe ~JIYKTYaUH~ 3H8pf8TH48CKHX Cll8KTpOB. 
Cpe,.!I,H CHCT8M, 4hH CIT8KTpb1 O~JIH ITO,.!I,B8PfHYTb1 ,.!1,8TaJ!bHOMY 4HCJI8HHOMY aHaJHf3Y, ll_8HTP8.1IhH08 M8CTO 38.Hru!.aKJT ll.BYM8pHb18 6Wll»>,P.lUl. JIByMepHhl~ 6~apu - csoCo,.!I,Hax 4aCTHUa, ,.!I,BHraumaRcx no nJiocKoCTH BHYTPH HeKoropoR OdJI8CTH npOH3BOJihHOn ~OpMbl H HCllblTblBaDmaR Ha rp8HHU8 ynpyroe 38pKaJibH08 0Ipax8HH8. BbldOp B K848CTB8 Odnexra HCCJI8,.!l,OB8HHSI ~EYMSpHOfO d~ap~ y~odeH ITO H8CKORbKHY np~HHaM: 
I) 3Ta CHCT8Ua HM88T HaKM8HhW88 ~HCRO CT8TieHea CBOOO~, npH KOTOpHX B KOHC8pBaTHBHO~ CHCT8M8 B03MOKHO Xa0TH~8CK08 ~BHK8HH8; 2) KnaccHttecxaa .n;HHallJfKa ,ItaywepHoro dWIDap.n;,a xopo.wo H3y~eHa; 3) );.1ISI dHJIDJ:Ip.I{8 CY!ileCTBYilT aiP¢8KTHBHN8 MSTO.JUi HaXOY.,ll;SHH.fi cnexrpa III (pemeHHe 3a~attH EHpHxne H3BecrHo ~R rpaHHn pa3Ho~ ~opMH); 4) 6eCKOH8\ffi08 4HCJIO C06CTB8HHI:lX 3Hfi48HHI! B ~HCKp8TH0ll Cll8Ktpe 008Cll84HBa8T CTfiTHCTHqecKyD ,ItOCTOB8pHOCTh pe3yJihT8TOB. 

JlJiii dWU:.H.PJtOB C onp8,Il8JI8HHQj:l: 1Jop:u.ot! rpaHHUhl M0lK8T dl:lTb peaJIH30-BaHa O)tHa H3 )lBYX 3KCTp8MfiJlhHYX CHTya~H2: HHT8fpHpyewaR HJlH H8HHT8fpHpye.u:aB. TaK, B Kp_yTOBOM 6MI:tey.D;9 -(pHc.Ia) Yf.liOBOn MOJ.I.SHT JIBJI"ii8TC.fi BIOpHW (noMHYO 3H8pfHH) HHTerpaJIOM ,ItBH~SHHSI H TfiKfi.fi CHCTeMa RBJIR8TCR HHTerpHpyeMoM. Ewn.sp.It nma "cra,ItHOH"(pHc.IO) - npocret!maH AHHB.lUf-4ecKaR croxacTHQeCKaR CHCTeMa. Ha pMc.I ope~craaneH~ crarHCTH4ecKK8 xapaKTBJJHCTKKH (~YHKUHR pacnpe~e~BHHH paCCTOHHHR WSZAY COCB~HHMH ypoBHHXK H AXCnepCHH) 3THX ~BYX CHCT8K E TIORHOY COOTBeTCTBHH C fHDOTB30n od yHKBepcanhHSX ¢~yKryaUHHX 3HeprerHqecKHX cneKTpoa ~YHKUHR pacnpe~eJieHHH ,IJ;.IIR HHTBfpHpYBli.On CHCTBMli - KpyrOBOfO 6.wu,.app.a - npeKpBCHO annpOKCHUHpyetCH TIYB.CCOHOBCKKW pacnpe~eJI8HHBM, d ,ItHCllBpCHH HBRRBTC.fi JIHH8~HO~ ~YHK~HeR ,II;JIHHH paccuatpHBaBMOrO aHepretKGSCKOrO HHTepBana. B H8HHrerpHpycuou c.nyqae saOnD,Itaercs a¢¢exr pactaJIKHBaHHH ypoBHe~ H M8,ItJI8HHH2 poet ,IJ;HCTiepCHH, 00yCJIOBJIBHHHR XBCTKOCTbD COOTBSTCTBYDmero cnexrpa. Bee craTHCTHttecxHe xapaxrepHCTHKH cneKtpa B aroM cJiyttae npaxTHtteCKH COBOfi,IJ;dDT C xapaKTepHCTHKfiYH fOA CJiyttaRHHX M8TPHU. B OTJIHGHB OT d~OB, r,n;e xapaKtep ,ItBHli:SHHH He 38BHCHT OT 3HBpfHH, faMHJihTOHOBH CHCTeMH odmero BH,IJ;a HBJIHDTC.fi CHCTBUB.UH C paa,n;eJIHDmHMHCH ~80BHMR npoCTpaBCTBaMH,ROTOpHe COA8P£8T KSR odnaCTH,~ ROTOpHX ,ItBH~BHHe CTOXB.CTH~O, TdK H OCTpOBKH YCTOMGHBOCTH. KaK 3TO 00CTOHT8JihCTBO OTpaxaeTCR Ha CTaTHCTHGSCKHX CBOACTBBX cneKTpa? EeppH M P~6HHK 1187 H He3aBHcm.o Eorouo"bHW~ 1191 , 6asHpyacb Ha KBaa•&nacc•qecKHX apryueHrax, noKasanH, qro pacnpe~eneHHe paccroRHHK ve~,n;y 
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p pc---------------, 
\ 

0 2 J X J X . :£' ,. 

'~ 
1:' 

j 
, .. ,. 

o,s 
,. 

... 0,5 ~ • 
0 2 J * L 0 2 J " L 

Qa 0 0 . 

ea~~- CtatHCTKqOCKHe xapaKrepHCTHKH 3HepreTHqecKHX cneKtpoB ( r(xl - ¢lyHKUHR p!lCnpe..neJieHHR PlCCTOIIHHit U9')J.V coce~HMM.H ypoBHR\Ul:, L\~- ~~c~epc••l ~n• Kpyroeoro 6~HPA& (a) a dOALRp~a THD8 "cta..nHoH" (dJ. CnnomaaR JIHHHR cooreetctsyer pacnpe..neneHHD BMrHepa, mtpHXOB8.11 - pacnp9Jl9JT9HHll nyaCCOH8.. 3.n9Cb H HH~e X-.. o/'!) • 
coce.ntnniH ypoBHRl'.H npe.ncraemter .n.nR raxolt cncreuu aeaaencHu.yu cynep
no3HUHD nyaCCOHOI!CKOfO pr:~.cnp9.11.9ll9AHR C 0THOCHI9JlbHYY B9COU J~• , 
onpe)len.ReMHM .non-~~ 'J;a3oeoro npocrpaacrea c perynHpmna .nsnxeHHeM, H 
Iflcnpe.neneaHeN. Bvtruepa c otHocntellbfiYN eecoll J} ( ,u +-,i::,-= 1 ) , 
onpe.nenReuuu .no~eR ~a3oeoro npocrpaacrea c xaornqecxn~ ..nanT.eHHeu, 

p(x:)=,u'•'f'(-~~:lc'{l(JE_I=x) r 
}_ . 

JC::::: 
s 

n. Cta.TK1!IKI.l9C!Ot8 CBO;\CTB8 cneR.tpOB c H (
4 , 

:.l' " KHB8p~8HTHYX f8UKflhTOHK8ROB 

(!2) 

1. nnR TOf0 1 l.ltOdH npocne~Hth 38 KOppenRUHRMH Ne~ CT8THCTH
li9CKH\UI CBO~CTB8Mlf KB8HTOBOfO cneKtpa. M xapa.KtepOir.l KJf8CClfl.l9CKOfO lA1~
Y.e.HKfl1 odpanUICfl K P1.\HfJlbTOHH8Hf 1 on;,CbiBBillneuy B K,'tB.CCH(I~CKOM npeJte
.1e JlJfH~MIIKY R:\Fl.KMD}l.ei1CtByfl:!\lrX nr.flel1 f!HP:!.-M"JTJtC"l_ /?_O/: 

" 



PaCCMaTpMBaSMHn raMHRhTOH~aH, KaK nerKo BHASTh, MHBapH8.HT8H OTHOCHT eR1H 0 BOC1M. np eOCpa3oBaH•n: (J(,:J) 7 ( !J, ± y ), (;(, CJ )--1 ( 'c(j, ±: ;t) , 
o6pa3JKllllHX .Il;HCKpSTHJIO rpynny (!rtf • 0TM8THM TdK:r.e, !.ITO 3TOT f8.MHRh-TOHHaH RBRR8TCH HaMdonee 00IUHM B KRacce TIORHHOMH8.RbHYX ITOT8HUH8.ROB CT8TI8HH HS BHlUS !.I8TB8pTO~ odJia.E;aJJutHX (,il~ CHMMetp:w:teA. ,lle~CTBHTS.IIbHO, MO~HO TIOKd38Th / 2f/, qro TIOTSH~HdRhHaR qaCTb TipOH3BO.IIhHOf0 (41) HHBdpHdHTHOfO fdMHJihTOHHdHa MO:!CST dbiTb ITOCTp09Hd C IlOMO!Uhll .n;ayx KOMClHHa~u~ XJ__-t y·1- H ?t"t/ 2 

• KpoMe roro, raMHRhTOHHaH (IJ) H8 M8HH8T CBoero ~yHKU~OHdRbHOfO BHAa ITpH TIOBOpOTS KOOp.Il;HHdTHYX oceA sa yron ~;4 . ITpH 3TOM napauerpH raMHRhTOHHaaa npeodpa3yDTCH cne-.UYDillHM o6paaoM: 
{;~~f!. 

c _, c t €;"' . (I4) 

ilpH C.?-- C M l:-r4C )., 0 TIOT8H~H8.11hH8.R ljlyHKUHR MM88T 8.Il;HHCTB8HHhl:0 :3KCTP8MJM - MHHHMYM B H8.!.I8.JI8 KOOp,!U'IH8.T M .ll.BH:•·eHHS TipH BCSX :3H8pr1f.RX HB.IIRSTCR ~HHHTHHM. 
nnR OUSHKH KpHTHq8CKOA 3HeprHH nepeXO,Ua K xaocy 8 TIOT8HUH8.JI8 C 8.Il;HHCTB8HH~M MHHMMYMOM Y~OClHO BOCTIO~h30BBT1CR KpHTepHeM OTpH~BT8HhHOA KpHBH3HY 122 , 231 • Cornacao rrocne.uHeMy.nepexo~ or pery~HpHoro .E;BHli9HHJI. K XaOTWiBCKOYY BH3BdH B03HHKHOB9HH8M .IIOKaJihHOA HBYCTOA!.IHBOCTH, CB.R38HHOA C TIOITa.E;aHHSY Q8CTHU~ B Od~CTb OTpHU8T8.1IbHOn KpHBH3-HY TIOBSpXHOCTH ITOT9H~H811hHO~ :3H9pfHH. ITpH 3TOM KpHTH48CKaR 3HeprHR onpe~eJIRSTCH KaK MHHHM8JlhHaH 3H9pfHR Ha .RHHHH HyneaoA rayCCOBOA KpHBH3Hbl. JinR ITOBepXHOCTH TIOT8HUH8;1bHOA 3Hepnm: f8MHJihTOHH8Ha (lJ) ypaaHBHHe JIHHHH HJRSBOA KpHBH3Hbl HM99T BH.E; 

(I5) 

TaK KaK KpHTH4eCKHe roqKH nonHHoMa qeraeproR creneHH, od~a~aDmero (lr1..' CHKMSTpHeA, W.OtYT .118Jr.B.Th JIHdO B H84dJI8 KOOp.li;HHaT, JIHOO Ha npJIY.OA X=~ (JJHdO Ha npHWYX, OOJIYqBDII.lHXCII H3 H€8 OOBOPOTOY. Ha 'JT4 , C Y49TOM npeo0pa30BaHHH napayerpOB (!4)), TO OyAeM HCK8Tb MHHKMYY ITOT8HUH8RbHOH 3HeprHH Ha nHHHH HyJieBoA KpHBH3HH npH ycnoBHH X= JJ KopHH ypaBHe••• (I6) np• 3TOM ycnoB•• paBH~ 
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(16) 

KaK Mhl M!JtMM, B odMCT\1' 1JHHVITH0f0 .IT.BH~eHHJt ( e -t-'lc > c ) KOpHH 
"' He peanH3yJJtCR. YcnoBHe 1r.e cylll.ecraosaHMR KopHeR J:,,2 A ~/1 

(17) 
.naer orpaHn~etme odnacn1 napauerpoa, npn Korophlx na noaepxnocrH no
reHulllallbHoR 3HepfHH l-IM99TCR 00JIB.CTb 0TpHUB.t9JibHOR fB.JCCOBOR KpMBH3Hhl. 
3HaqeHH9 OOT9HHHA.llhHOR 3H9pfHI1' B TQqKe 1:'1, 2 COfJIB.CHO KpHT9pHtl OTpH
UB.T9JihHOR KpHBH3Hhl onpe,~tenRer KpHrHqecKyJJ 3HeprHD nepexoJta K xaocy, 
paBHY" 

3 (_ 4( (18) 

PaccuorpnM renepb crpyKrypy npocrpa.Hcraa napaMerpoa (f.) C) raMHnb
roHHa.Ha (13), H3odpa~eHHYJJ Ha pHc.2. OOnacrb ~HHHrHoro JtBH~eHHR orpa-
HHqeHa npRMhiMI1 C "'(} H f:-r4C-=- C • B ceKrope I, orpatH!I-leHHOM npJtMNMH 
C '=" o H .f- Lrc .. (' , npH C> FKp nu.eetcfl B03Monocth nona.namtR a 

K' 0 

-· ···- J 
1 c 

K>O 

Ill 

8 

E!1!2.!..2.L Tiporfll-lm>t norenmmnLHoA 
~YHKUKH H(Ji,U~c; f,c) 
a npocTpanctae napaMetpoe f!.,c 
UJtpHXBM.H oCl03HeQeHH OClJJaCnt OT
pHUateJJLHOR KpRBH3HY noBepXHOCTH 
norenuHaJJLHoR 3HeprHH. EyKBY a, 
(, , c H d yKa3YBaDr roqKH a 

npOC!pBHC!BB rtapaYe!pOB ( /{ •l/6, 
C•1/6), (t ·1/3, C=1/12 ), 
ce .s;12, C·1/24) " ce .1;2, 
C=0), B KOtOpYX npOH3BO~HJJHC:b 
QHCJJeHHYe pacqetY ceqeuHA llyan
F.ape H CTB.TMCTHqeCKHX XB.pBKTepUC
TUK cneKTpOB fB.MHJJLTOHHaHa (13). 



oCnacrL orpu~arenLaon KJIHBH3H~. BosHHKaDmax npu sroM noKanbHaH seycro~qHBOCTb vo~er nopo~HTL xaorHGeCKH~ pexHM ~BH*eHHH. ITpH noaopore KOOp~RHaTH"X OC eR Ha J!!f npH>t•e C~ D " b -'fCc[' cor.,aCHO (!4) nepexo~HT COOIB8TCIB6HHO B OJ!Sili.HS -G·t'iC=-=0 H .f3_,_2C~-(i • TaKHM oCpasov, odnacrh npocrpaacraa napaverpoa I 3KBHBanearHa oCJmCTH IY, a oOnaCTb IT - oOnacT• W (npiUlaH f ·~ (J np• npeoOpa3oBaHHH (14) He rpaac¢opwHpy8TCH).B· ceKTOpe ·n, r~e KpHBH3Ha ITOBepXHOCTH OOT8HQH8RbHOA oaepruu saae~oMo aeorp~arenbHa, cne~yer O*H~arb perynnpaH2 xapaKrep ~BH~8HHH OpH R~6HX 3H8JlfHRX. 
Harepecao OTM8THTL, qro ypaaaeHHR JIHHHM { Yc ~o H {j-r--)f_·-~ o HBRHDTCH JCROBHHMH TOGBOR HNTerpHpyeyocTH rawHJibTOHHaHa (IJ). £encrBHT8JILHO, OpH YCROBHH 8::-2(_ 08Jl8M8HHli8 pa3,IJ;8JUIDTCH B HCXO,Il;HHX KOOp~HHarax. A npa ycnOBHH 8=lfc rpHBHaHbHaR 3aMeHa X=1,{-fl\!J ::::-Ll-1.-" TBK~e npKBO,II;HT K cenapadSRbHOMY ra»HHbTOHHaHy. ]OOOHEHT8RbH~n HHTerpali )tBH!:8HHH B HCXO,li;HLIX nep8M8HHhiX B 3IOM. CJzyGae 

r = fl:cPu + "d + '~ "d ( "~l ). (I9) 
YpaBH8HH8 RHHHH .g~{) RBJt118TCil YCJTOBH6V. IOT.lHOA HHT8fpHpy8llOC'I'H B llO~HpHHX K00p~HH8T8X. 0GeBH,li;HO, tlTO B 3TOM CRJT.l8e ~OOO~HHTeJtbHH~ HHrerpan ~HX9HHH - MOV9HT HMOyHhCa. B T8pMHHdX T80pHH H8~HeMaoro pe-30Ha.HCB / 6-B/ B03WOXHOCT:b nepexo~a K xaocy B OdJidCTH .8/ '-ft CBH3IliB86TCR: C Cyl!(eCTBOB8HH9lf. CenapatpHCill,- npoXO;I;Hmett Gepe3 fHOepdOJtHG6CKH6 rotlKH. Pocr croxacrHqecxoro cnoH s oKpecrHOCTH cenaparpHcw npH E:~tif (nocne~HR:il VOEei dHTb oneHeHa, HanpKMep, ITO KpHT6pH~ nepeKplliTHH H6JIHHenH"X p030HaH COB 124/ ) npHBO~.X K xaocy • B cnyqae {, < 4C BCO TpaeKTOpHH 3BMKHYTY BOKpyr 3JIRHITTHG9CKHX T048K, tlTO nc~p83JM8Bd6I perynxpHHR xapaKiep ,II;BHX6HHil, OO~TBep~,n;aev_yR 4HCJT8HHLIMH paC4eTa~25 t 26/ • T8KHM 06pa30M, OO~XO~, OCHOBaHHHA Ha T80pHH H8RHH9AH0f0 pe30HBHCa,H aaanH3 reQJ.!erpHH noaepxaocrH noreanHanLaoA aaeprHH npHBo,IUir K cornacoaaHHiliM peayJthTaiaM. Eonee TOfO, KpHTHG8CKaH 3HeprHH, BH4HCJT8RH8il TIC !flopyy;re (!8), 0JIH3Ka. K BbltlHCRE!HHOR no KpHTepHil nepeKpLITHil p830HdHCOB npu rex xe saaqeauxx napaverpoa. 

Tipose~eaHHe t~HcneHaHe pacqerw ceqeaHA Tiyaaxape lRH ,n;syx aadopos napa:t.terpos us odnacTH I: 

d) £~ j__ 
2 

C=O 

c) -£= ..2. ) c =j_ 
71. 2.4 
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H H3 oOnactlll n 
@) @~ .L C= ~ ) 1L 

a) €~ L c ~ 1/c, [ 
no~teepx~a~t BHnOJIHBHHHA BHme 8H8JIH3. TipH 3HBPTHHX, CY~BCTBBHHO npe
BHma~mHX KpHrMNecKyv, e odnacrH I BH~ ceQeHHW ITyaHKape (pnc.J, no3H
m.H1 lc H !.It) CBH.ItBTBJ!l,CTByet 0 :-2lOH!Il8CKOM .ltBHll8HHH, B TO BpeJ.tft KaK B 
oOnactH n (pHc.J, no3HQIIIH Ia H Is) ABHXenne ocraetcR perynnpnuu. 

( 

d 

fgpc~J L'(l) 

~ ~~ 
~ ·· ... 

X 

.. ·· 

2 

ITpH KBanroeow pac-
CMOTpBHHH 3tOI CKCTBMN B 
cr.ny rnnoreau oo yHneepcanL
Hou xapaKtepe ~nyKryaQHA 
3HepretH!l6CKHX C TIBKtpOB 

.lt011XH8 H80JIV~TLCR KOppe
JIRUHJI MBll.ItY peltHMOM K118C
CH!l6CKOTO .llBHJ'O:HHJl H CT8-
THCTHQ6CKHMH CBOACTBaMH 
cneKtpa. nnR 00HapylleHHR 
3TOA Kopp611RUHH HBOOXO.ltHUO 
yqecrL cHwwerpHc rauHnL
ronnana, KotopaR pemaDmHM 
00pa30U CK83YB86TCR H8 

lc 

CT8THCTHK6 CTI6Ktpa: TOJibKO 
nocne.n.oaare~&nocrM ypOBHeA 
O~MHRKOBOI CRKMBTPMH oC
HapyKMBRDT ~BKTG paCTBRKH-
BBHHfi HRH KRBCt9pH3aUHM. 

~He~ CeqeHHfi nyaaKape (xononxa I) ~nR xnaccftqectoro ravMn&tOHHana (!,;; JIOf~pH~UY ~YH~nMA pacnpeAeneHHH p8CCTORHRA MB~JY COCBAHH~H ypoBHAVH ~KOJIOBKB 2) C COOTBBTCTBJD.~H AHCO!pCHRMH ~KO!OHKa 3) lJIH KBBHIOBOfO ananora ra.J.I~L1LtORHaRa ~13) • COJIOIJHWB JIRHHH H30Clpa'IS.llt norap~v ~YHKnHH pacnpeAenenHfi llyaccoHa H cooraercrayc~yD AKCnepcwn, mtpHXOBaR- BRrHepa. QHcneHRYe pacqerw npoBOAHJIHCL ~nfi napauerpoa, KOtOpGe OlHHBKOBY B Ka•JtoA H3 CtpOK a, (,, C B r( H COOTBBTCTBYDT HaClopav napaMetpoa, orveqeHHYX rewK •e dyxaaKH na pHc.2. 
Ratt yxe orveqanocL awme, rBliHJihtOHMa.H (IJ) odna.~;aer Clt't' cMW.wer

pHeR. H3 TBOpHH .nHcRpetllY.X rpynn H3BBCTHO, '-ITO rpynna c~ . .r KlfBBT 
n.llth HBnpm!O)tKUJ.JX npe_nctaBJIBHHA. B COOTBBTCTBHH C 3THW OOJIHBJI UB.T
pHUa fBUHJihTOHHBH8 B flOAXOAH~BU da3HC9 npeACTaBHMa B BM~e nHTH Ono
KO~, Ka~~YA H3 KOtOpYX reHepMpyer Re38BHCMKYll nocneAOBBTBJihHOCT~ 
3HBpretH'IeCRHX ypOBHeR. 
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Ea3Hcawe BeKropN INLj') , Hcno~bsyeMHe B aamHx pacqerax, BHdHpa""cb B ••~e 1271 

(20) 

rJLe fJlaBHOe KBaHTOBOe 1HfCJIO /J ,_ 0,1,2,J, ••• , a opC:)fTBn!.HOe KB8HTOB06 l.lHCJIO L ""N ,tJ -2, ••• I H.mf o. BeKropi:J iA'L) odpa.3y1Jr noJIHI:Ji OPTOHOpMHPOBaHHYtt C:83HC 

( • )i ( NL)· -l ;/cL te-L i/JL) = {,A;L. -,- !] 2 !),-y- OL L /O) (21) 

r JLe one par opH 
~HH8T ( K-.1 

(\~ H UJ)__ Bupa:mJJTC H 
) K KMTIY "bCOB ( p, fli ) 

Ql, ± ( p,- ipj ~[J(f~). 

cv2 = -3:(-p,-:;;;-/)(+~J. 

qepes oneparopu JLBKaproBYX KOop
cne..n:yrno;MM odpasoM: 

(22) 

BaKyyu.Hoe COCTOHHHe f u)> Y.llOBnerBOpRer ycnOBHfl},( 

r~e 

:I;ic) ~ h_ic) ~c. 

7,= f( p,,.. <'fr·"'3 l. 
'J; = I (- px + ! P,:J 1-' .{ + j). 

(23) 

(24) 

Ha pHc.4 npeJLCTaBJIBHa fHCrorpau.u.a paCCTOHHHtt U.eXJLY COCelHHMH 1,0 p(XJ 

II 

1:!!£.1.. 
~YHKUHH pacnpe)!;eneHHH 
pacctoHHHtt uex~ co
ce.JlHHMH ypoBHHKH ra
MKnhTOHHaHa (13) ~"R 
napa11erpo1j ~ = 1/2, 
c = o. 



YPOBlUIMH raMHJibTOH~l'aHa (IJ) npH 3HatteHH11X ne.pavetp9B e "'1/2, c,o 
(nHHHH ypoBHH H JIHHMH Hyneao~ KPHBH3HY cootaercray~meR noaepxHoctH 
noreHUHe.JihHon 3Hep~H H3odpa~eHY He. pnc.S). rHcrorpauMa nonytteHa nyteM 

~~2L H30JIHHHH noeepxHoCtH 
flOt8HUH8JibHO~ 3HeprH~ npH 3Ha
Q8HHRX napayerpoa ( f , c ) H3 
ceKtopa I pHc.2, mtpHxaMH no
Ka38HY JIHHHH Hyneeon rayccoao~ 
KpHBH3Hbl. 

ycpeAHBHHH fHCtorpaMM , COOTBet
CTBY~mHX OtAeJibHYM HenpHBO~HMHM 
npe~ctaBneHHHM rpynnY C<{tJ. 
YpoBHH, BKJIDtteHHYe B fHCtorpaMMy, 
B3HtY H3 3HepretHttecKoro HHrepaana 
40 - 145. ITpH 3THX 3HeprHHX npaK
tHQeCKH ace KJiaccnttecKoe ~e.3oaoe 
npocrpaHcrao oraeqaer xaorHqecKoMY 
.na1n:emm (m~.pHc.3, no3HUHH I). 
KaK BHAHo, rHctorpallYa xopomo 
cornacyerca c reopetHtteCKHM npe.n
CKa3aHHeM, r.e. c pacnpe.nenenHeM 
BwrHepa. Ha p•c.3 (no3HUWW 2 • 3) 
npe.ncraaneHY norapH~MY ~YHKUHA 
pacnpe.neneHHH H .nHcnepcHH .nn11 
ecex qerupex paccuarpnaaeuux Ha
Oopoa napeverpoa (norapH~MHQeCKHn 
wacmrad ~JIR ~YHKUHH pacnpe.neneHHR 
no3aoxaet nyqme npocne~Mth ee no
ae~enne npH dOJibiDHX paCCTOHHHRX 
Mex,ny ypOBHRYH). llnR BC8X Qetblpex 

paCCV8tpHBR8MYX cnyttaeB B COOTBetCTBHH C fHOOT830R 00 YHHBepcanbHYX 
~nyKTY8UHRX 3HepretHtteCKHX cneKtpOB HadJI~~aetCR tt8TKRR KOppenRUHR 
vex.ny xapaKtepow KnaccHttecKoro ~BH~eRHH, npe.nctaaneHHoro ceqenHeu 
fiyaHK8pe ~JIR HBKOTOpoR llpOMe:tytottHO~ H3 auOpli.HHOfO HHtepsana 8H8pi'HR, 

H CT8THCTH1ieCKHUH CBORCTB8l!H CneKtpa, -XB.p8Kt8pM3yeUl.tllH norapM~UOM 
¢ynKUHK pacnpe~eneHHR H ~cnepcHeR. RnR peryn11pnux ~H~enuR ~YHKUHR 
pacnpe~eneHHR B norap~uHqecxou uacmraoe xopomo annpoKCHUHpyercH npR
YoR JlMBHetl: (norapw:lluou. pa.cnpe.lteJieHHH ITyaccona). OrcyrctBHe KoppenRUHH 
wex~y ypoBHHMH a perynRpHoM cnyqae npoaenRetcR H B nHneMHow pocre 
.nHcnepcHH xax ~yHKUHH ~nHHH paccuatpHaaeu.oro MRtepeana L • Bo~HHK
HosenHe xoppen~~uHR (pacranKMBRHHH YPOBReR) npHao.nHt B xaorHqecKou cny
ttae K Jawe~nenH~ pacta nHcnepcHH .ltO norapH~vnqecKoro (puc.3, no3HUH113). 

B 38KJI~'H!HH8 3TOfO pa3,nena 38ll8THU, ttTO U8Htp THJ:8CTH HCC.I18)lO
BaRHR )l9t8pllHHHpOBRHHOfO XROCR cuemaetCR OT MOA81lbHNX K Oonee peanHC
THtt8CKHll CHCTevau. H3 ~H3HtteCKHX CHCTeY RB8HTOBYe npORB1l8RHB KnaccHqe
CKOR CToXaCtHQHOCTH HB.Hdonee no.n,podHO H3JQ8Hbl ,llJtSI 8TO\l.a BOJI,OpO,l!;.'l B 
uarRHtHOW none 128 - 30/ • AnrepecHo, qyo ¢83osa.!{ rpaeKropHs 'JneKrpoHa 
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aroMa BO~OpO~a B M8fHMTHOM TIOHB H~BHTH~Ha ~a30BNM tpaeKTOpHHM CHCTBMN ABYX CBH38HHHX OCUH.liJIJlTOpOB C ra.MHJ[bTOHH8HOM 

H = + ( p,' T p~ T x\~c,z;1 t A oc\Z( )(',_c, '-) (25) .,._ (j 1 (j ( ) J 

KOTOpl:i~ TaKXe OdJia.TI;aeT (-'i'~" CHMMBTpHeit • Y~BT 3TOt.i CHMMetpiUf, KaK M a cJiyttae ododmeaaoro raMHJibTOHMaHa Bara-MHJIJica, aeodxo,n:HM npH MSyt.reHHH CTBTHCTH'lBCKHX CBO~CTE 3HBprenftt8CKOf0 CIT9KTpa. 
2. MarepecyumHe HaC xoppenHUHH Moryr dHTb npocnexeal:i H ~.liH donee CJio~oro nepexo,na perynxpaocrb - xaoc - peryJispaocrb, HMeD~ero Macro .UJIH CHCTBM C .1IOK8.1IH30B8HHOA odnaCThD HBYCTORt.rHBOCTH / 3I,32/ • B03HHKHOB9HH8 taKOrO ll8p9XO~a MO~HO ITORCHHTb C TIOMO~hD yxe HCITOJih30B8HHOf0 B~e cueHapHH croxacrHsanHH, CBH3HBaDmero nepexo.n K xaocy c nona.naaHeM ~8CTHUN B OdJiaCTh OTpHUBTBJihHOA KpHBH3Hl:l TIOBBpXHOCTH TIOT8HUH8.1IhHO~ 3HBprHH. llpH HH3KHX 3HeprHRX ,UBHX8HH9 BdJIH3H MHHHMy.Ma llOTBHUHaJia, r,ne KpHBH3Ha 38B8.li;OMO TIOJIOXHT9JibHa 1 HOCHT nepHO~~BCKHA H.liH KBB.SHnepHO~~qeCKHA xapaKrep H or~eJieHo or od.rracrH HeycroL\QHBocrH JII-fHHe:a ayJieaott KpHBH3HH. ilpH ITOBl:lillBHR~ 3HeprHH ~aCIHU8 MOXBT ITOIT8CTh B OdJiaCTh OTpH~8TSJihHQit KPHBHSHH, r.ne n epaoaai.Ja.lihHO dJIH3KHe rpaeKropHH 3KcnoHeHrvtaJihHo pa3deraDtCR, \.fTO Ha dOJibillHX BpeMeHaX npHBO~HT K T8KOMY ~BHXBHHU, KOTOpOe HMHTHpyer CJIY~aaHoe H odH\.fHO H83HBB.8TCR CTOX8CTH\.f9CKHM. nJIH TIOTBHUH8JIOB C JIOKB.JIH30B8HHO}t OdJiaCTbD OTpKU8T8JihHOtt KpHBH3HH llpH BHCOKHX 3HBpfHHX MOXHO O~H,U8Tb (KaK H llO~TBBpX,Ua8TCH ~HCJIBHHHMH paC~eTaMM / 3l, 3Z/) B03Bpara K peryJIHPHOMY ,ll;BH:ir8HHil, rrpH~eM KpHTH~BCKaH ~aeprHR aroro HOBoro nepexo.na dy~er orrpe~eJIRThCH eepxHe}t rpaaHuen odJiaCTH orpHQarenDaoA KpHBH3HH. 

B KaqecrBe npKMepa, peaJIHSyDmero ne~exoA pery.liHpHocTh - xaoc -peryJIHpHOCTh, p:l.CCMOTpHM faMIL!J:hTOHH8.H / 3 ,3 4/: 

j.j ~ ± ( r: T p;J i" u( )(, ~ J OJ)> ) 

lT( x, ~f o, ~~c)= : r "'+~") + {j(J,~ ~ f-y),. c(x't:fJ~ 
(26) 

TononorHR noaepxaocrH noreHIJ;HaJihHOA GHeprHH l<(x,(}) a,,.G,c) onpeAe-JIHBTCH naJlU!.etpou \V-=- 6
2

/ac. TipH nepexo,Ite l.{epea cenaparpHCY \V-;:::-1~ :W9HH8TCJI QHC.'IO H np11p0.JI.a KpHHf\.f8CKHX TOQBK TIOT8HilH8JlhHOA noeepXHOCTH. Odnacrb D i_ 1.\} <. tb aKJIDt.raer noreaUHam.t, od.na.naD!.!IHe e.nHHcreeHHbiM 3KCip8yYYOY - YHHHMJYOM B HaqaJie KOOp~MHaT. AHaJIH3 raYCCOBOR KpHBH3-H~ .119%8~HX B 3IOR odRaCTH nOTeH~HBROB TI03BOJIH8T pa3ABJIMTb ee Ha IpH ITO,ItOdJia.CIH. B nepBoR 0 Z W "'- Lt rayccoBa KpHBH3H8 BCD,Ity TIOJIO:U'!8JlbHa H CornaCHO CU8H8PHD CTOX8CTH3aUHH, CBH3hrn8D~eMy B03HHKHOB8HHe HSyCTQRqHBOCTH C nona,naHHSM B odAaCTh OTpHUBTSJibHOA KpKBH3HW TIOT9Hll;H~JlbH02 llOB8pXHOCTH, ,Il;BHX8HH8 HBJUI8TCH peryJIHpHb!M. ,llJia f..tL:..W<. 12 odJiaCTb OTpHil;8TBJihHOR KIJHBH3HH JIOKaJIH30BBHa npH 'I.J L 0 B HHTepsaJie 
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, i ! ;---;,-J . A 8 r· .----) - .l_ c- r 1 + r 1- -- " t1 , - - - 1 - 11 t- :'!__ 4 c IV ') 't c •v · (27) 

12 < VJ <.. 16 no.RBJ!Rerca M srop~HI odnactL otpl'llta.renLHoR ttpHBH3HY 
~ _..._ r B HHTBPBB.Jie 

.1_ ..1 ( 1 -/ 1- 'A J < ~~ " _{_ ..£ (< + r; 1- £ ) 1 L ( l\. I (j /1.._ ( ~\/ • 

(28) 

3HeprHH HB JIUHHRX HYJIBBOM KpHBH3HH B ceqeHHH OOBBpXROCTH OOTBHUHBJIL-
HO~ :3HeprHH IlJlH )(-=- C .lt.'IJI 3H8tt9HHR 4 .( \..-\/ <- 16 npHB9.ltBHH HB. pHc.6. 

a 

10~6. npa<~>••• no'"" u•ana (26) v c_.x,.!t,'y) JlJIII HaHCloJiee xa.patnepHYX 
yoqeg npoCtplHCtBa. napau.erpos. 3a
mrpaxosanY OClJm.CTH OTPPIUB.tenhHOft 
KPMBH3Hhl. 

KsueHHH npH ~HKCHposa.HHou. ~~ 

B odnacrH npocrpa.Hctsa napa-
werpoe, oreeqan~en noreull~3JIBK c 
B)I.HHCTBBHHHV 3KCtpeU:yliOlA. 0 <' lV /.. 16 1 

JlHBf0HBJIH38UH.A' fBVHJILTOHHBHB 
(26) woxer 6Wtb s~eKtHBHo ocy
~ectBJieHa HB YMB HCOOJIL3088HHOU 
HB.UH BYme da3HC8 BOJIHOBYX ~YHKUHR 
/11/, LJ). C3 ,. c•wuetp•• rau•••
tonHaHa npHBO~Ht x rovy, qro uat
P•~a (N 1L'j'U+/IJLj) 
Hueer OnoqRyD crpyxrypy. ORa co-
croMT HJ .JtBYX u.arpRU A1 H AL 
tMna ( Nod(L,3)~01/~ri) 
• ~syx watpMU E tMna (IJcci(L,J) 
J OJi ~:ti ). Boswo•Hocn ReJaBM
CHuon ~6fOH6JIHJaUKM K6~lOR HJ 
3tKX uatpHU noaaonRet cymecraen
Ho yxyqmRTL CI6THCTHKy ypoaReR. 

napBMetpw i H c , uw u.ozeu. 
CII8111,6IL OrlJllCTh .II:OK8JIH36IlHH 01PHUllT8JihHOR KpHBH3HY H teY. CaMYll Be.phH
pOBBtb KpHtHqecaHe JHeprHH nepexo~oa perynRpHoCtL - xaoc - H xaoc -
perynRpHOCTL. 3to oOCTORTeJILCTBO 003BOJIR8T nonyi.IBTL ~OCTBTOqHQ rlOJIL
mee 00C118AOBat8JbHOCTH YPOBHe" B 00n8CTH 3HeprKR, COOTB8TCTBYD~HX 
onpe..rteneHHOKJ Tllny KJIB.CCHqeCKOfO .ltBRJ:8HMR: nepBaR pery.HipRBH 00JIB.CTb 
E < Ekp1. , xao·:Ht~eCK8B oonactb E~ , <:. E < Ekp1.. H etopaH 

peryllHpHafl o(1JIRJTL E) Ekp.z._ • He. p[c.? npe.lctB.BneHu tKnM'IRHe cet.leHKfl. 
nye.n&ape ~H atKX oOnacreR 3Heprw~ K cratacrKqecxae xe.paxrepwcrKKH 
cnexrpe.: norap~~~ ~yHK~KK pe.cnpe.leneRHH a ,lMcnepCKH. nnn xaoraqecxon 



£~~~ KoppeJIJiltHR weuy xapaKrepow KJiaccHqecKoro . ..n:sHJ:eH~II H crarHctH~ 
tfBCKMV.H CBOICTB8J4H cne:upa B rpoRHOil nepeXO.llB ('R_- :) ~ .R ) DOTBH~HaJia 
(26) .llJIII \\ IJ; a - cet~eHHR IIyaHiq~.pe, '-r - pacnpe.J;eJieHHe pacctoRHHA 
.YeJ:.ny COC9,II;HHliH ypOBHRU.H p(x} 1 (; - JmCnepCHR T 2(L) • BHH3Y 
E,p,"'90 'nepBa• peryn.pRaR oOnacn), nocpe~HHe E" ,"' I,B; E,j'-1895 (xaorHqec<a• oOnacr•), BBepxy E ~ 14,2 (Bropa• p/rynHpHaH o~nacrh). 'P' 
odnacrH KaK ~yHK~HR pacnpe,n;eJieHHR,taK H ,n;HcnepcHa xopomo coorsercrBYDT npe~CKa3aBHRW rOA. liRR perynRpHNX oOnacreK ¢yHKOHR pacnpe~eneBHR XOpomo annpOKCHMHpyetCR nyaCCOHOBCKOn, XOTR ,llJIR XB.JIYX paCCTORHHH U8J:~ YpOBHRMM HB.dJIDlaBTCII Hedo~moe OTKJIOHBHHB, 00-BH~MOXY, CBR36HHOB c HedoADmol npKKech~ xaor~ecxoR £owrroHeHT~. 3BM8TH.Y 1 tftO llO.li;OdHyD CJIOXHYD nepectpOIKY CUeKtpa MOJ:HO O~H~Th H .llJIII arowa so.:nopo.:na a xarHHtHO~ no~e 1357 • ]eRcrBHrenbHo, B npeAene cnaowx uarHHrR~X noneR, KOrAa ~o~HHMpyur KynoHOBCKHe cHnw, npoOneua CBO~TCR K HHT8fpHPfBMOD KennepoBOR 3aAaqe, H CA8~0BeT8RhHO, CTaTHCTHKa Cfl8Ktpa AORXHa 0WTh nyacCOHOBCKOR. B oOpaTHOY npe~ene CHRhHWX uarHHTHWX noneA, xorAa MoxHo rrpeHedpeqh 3ReKtpocrarHqecKH~H CHnawx, aaAaqa OllRTh CBO~TCH K HHT8rpHpyeMoA. H RHmh B npouesytOqHQY cnyqae, KOfAa KYROHOBCKHe H uarHHTHW8 CHnH OAHOro flOPRAKa, ABHXeHH8 3R8Ktp0B8 CtaHOBHTC8 X80T~8CKHW, a COOTB8TC!BYD~8H ~YHK~HX pacnpe~eR8HHH paCCTOHHHR uex~ COC8AHHUH ypOBHKYH - BHrHepOBCKOR. 

1.5 



3. Bhlllle Mbl npm!eJIH pR.Il: npHM.epos, no.Il:tsepQa.nmKx rHnote3y ad 
yHHB8pC8JihHHX !f~JiYKTYB.!UOfX :mepretHtt8CKHX CnBKTpOB. npH BHHMB.TBJihHOll 
JBCCMOTpeHKH 3TKX npiD.!.epOB B03HH.K88T ecteCTB8RHHt\ BOnpoc 0 p0.11H ttHC
.118RHHX omHdoK, B ttacrnocrH, o ponH neH36exnoro odpe3anwa 6a3HC' Bo-
3HKK ,21.8.~8 cneUHB.JihHhlt\ repMHH - "HH.!lYUHpOB8HH8.ft HeperyJtftPHOCTL" 36/ • 
HeKotopYn CBeT HB. 3TY npodnewy np0.11HB8.8T HCCJ18.Il:OB8.HH8 CT8THCTHqecKHX 
CBORCtB cneKTpa B TpexypoeneBOR N.o,nejm TIMOKHH8.-MemKOB8.-fJIHKa 137/ • 

PaCCMOtpHM CHCTeMy l'\1 
!J8.CTI-nt RB rpex fl -Kpa.THO BYpOM)teHHHX 

ypoBHHX, f8.MHJihTOHH8.H KOTOpot\ 8 npe,nCt8BJieHHH BTOpH!JHOfO KB8HTOB8HHH 
maeer BH.n 

· L N ~ N '-

f_j ~ L f"( L c~-:n r!,")- fv I Cr-t\, J(IJ,: d.r,) 
7 V...-=0 -n'"'( k:,l"'"o l1=-( 

(29) 

f)(e O)tHOtt8.CTM4HH8 COCTOffilHR (ypOBHH) MB.pKHpJDICR HHltBKCOY \( (k =0, 
I, 2) , a '11 = I ,2 , ••• , tv' -pa3.11H4Hble BHpox,n;ennHe c ocr 011HHR, npHHaltJte-
::leJQHe O.Il:HOMY ypOBHD, c/._ t ; d.__ - r'flepMHOHHHB onepatopl:l po:W:,D,6HH11 H 
YHH!JTOX8HH1t C OdHttHHMH npaBHJl8.N.H BHTHKOMMJTBUHH. 

Eonee rpa.n;HUHOHHaR ~eyxypoeneeas wo~enb ITMr Hweer e~HHcreennyD 
creneHb ceodo~H - q~cno qactHU Ha sepxHew yposne - H cne~oearenLno, 
xnaccMQeCKH~ aHanor ~yxypoeneeoro ITMr ra.MHJlbtOHHB.Ha npH nDdou B3aHuo
.D.eRctBHH V ne ~onycxaer xaotH4ecKoro noee~eRM~. Bee~enRe rpetLero 
yposna 3KBHBBJieHTHo noRBJieHH~ ~ononRHT6.11LHoA creneHH csodo~. CraUHo
napnue COCTORHHft faMHAhTOHH8H8 (29) MOXHO wapKHpOBBTh ~BYM1t HH,D,8K
C811H - q HCJIB.MH !JBCTKU H8 BTOpOU H Tp6TL6ll ypOBHftX. TaK IW.K HM66TCft 
Koneqnoe !JHCJio c naco doe pa:no~.emenHH N qacrHU no tpeM ypoBHRlt, ro H 
qHCXO 6a3HCHHX B6KTOpOB 8 TBKQt\ MO,D,811H ROH6!JHO. ITpOOXeMa Odp838HH11 
da3HC8 H OUBHKH B03HHK8D~HX npH 3TOII omH~OR OTCYTCTByer. 

l1COOJ1b3Yft KOrepBHTHYe COCTOftHHR 
~ tJ 

ltc> = ""d' ( [ L 7.,,(d0,) lo>, 
~:=I 11 =! 

(30) 

rAe lo)- "saKyyu" -
K =0 , onpe.Il:eJIHM, 

coctoRHHe co ecewH !V qacrnuauu na ypoene c 
C.118AJft /3?/, KJIBCCR!J6CKHR f8liKJILTOHH8H KaK cpe,D,-

nee or f-1 no xorepentHllM coctosHHau. B pe3JJILtare nonyqHll 

<cl ~E 1'0 = H" = -1 +} ~.', (i -;t)+]q,~V ~) + tp,\ i+X)+ j-p,_\2cX)-.. 
"' [l 1 c)'- ( , '), ( '- ')( l o') 1, O p J +1j ~ 1+~., - Pr'f' - 7,-p, 't-,, - ~q, •~P1 ' . 

(31) 
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3.nech E - p3.CCTOHHif.9 :u_ex,zy ypoBHH:U.H; X= (Jv- r)Vj c, 

'Jt = Ke 
t'Y t:. 

p" = r," 
cT C"'-

Vi+ltY+I1c0 l'1+1c,l"-cl'"l" 
(J~) 

YpaaaeHHR .JJ;BH:.r.eHMH .JJ;JIR Cf v.. H p"- , no.lJ:yt~aeM.bl.e H3 a apHaUMOHHoro ITPHHUHTia/SB/, BBJIR~TCR raMHJlbTOHOBHMH, f8H8pHpy£M.bi.MH fBMHJILTOHHaHO~ (31), llpH J ~ 0 ( V c 0 ) KRaCCH"SCKH~ a HaRer faJ.!HRbTOHHaHa JIMr HHrerpHpyeM. M8HHH Be~~HHY KOHCTaHTH CBII3H H aHaJIH3HpyH COOTB8TCTBYDI!lH8 cetleHHH ITyaHKape, MOJr.Ho HaC!JIKJ.B;aTL nepexo.n or peryJIRpHoro .lUHtlKeHHH K X80TH48CKOYy. ITpH /( ~ !00 C!HJI 06HapyYSH illHJlOKH" 3H8pf8TH48CKH~ HHrepaaJI, COOTBSTCTBJD~HA xaOTHtl8CKOMY ~H~SHHD. 3TOT HHTepaaJI BKJID'4aeT OKoJio 400 ypoaHeR ( N "" 85) .li;JIH KB:r.,rwro HS \lBTlaipex HenpHBO.IU1MhiX rrpe.ncraaJieHHR rawanhTOHHaHa (JI). CneKrpaJihHhle ~JIYKTyaUHH .Il;JIH rpexypoBHeBoH MOASRH JIMr ( N o85, X olOO) npHBSAeHH Ha PHC,8. 3TH pe3yRhrar.bl. npe.ll;CTaBJIHDT ceph83H.bi.A apryMeHT B ITO.ll;.IJ:ep~KY fHITOT83hl, CBH3HBaiD[(9R CTaTHCTIN8CKM8 CBORCTBa CllBKTpOB KBaHTOB.bi.X CHCTSM C xapaKTSpOM .1l;HH8MHKM HX KnaCCM~SCKHX aHaliOfOB. 

ill. IlpOHBli8HH8 KBB.HTOBQ}! CTOXaCUr-l.HOCTH B CTpyKrype BOJIHOBI:iX 
rjlyHKUHR 

I. llpH ~CCJie~oBaHHH KBBHTOBHX rrpORBli6HH~ KJiaCCHtlSCKO~ CTOXaCTHqHOCTH B CTJlYKType CTaUHOHapH!:iX BOliHOBHX ~YHKUH~ B OCHOBHOM HCITOJih3YDTCR Koop;n:HHarHoe H raK Ha3hiBaeMoe Ho -npe~craEneHMe, r.e. npe~craaneHMe C00CTB6HHHX ¢lyl!KUHR MHTSfpHpyeMO~ '·ll.CTH paCCMaTpHBaeu.oro raMHlihTOHHaHa. EcnH HCnoJih30BaHMe Koop;n:HHatHoro rrpeAcTaBneHHH y~ooao AnR HenocpeACTBSHHOro cpaBH6HHR C H3B8CTHHMM pe3yJihTaTaYH flO CTpyKType ¢1a3oaoro rrpocrpaacrBa cooraetcTBYD~ero KnaccM~ecKoro raMMJihiOHHaHa, ro Ho- npe.n;craaJieHHe donee ecrecrBeHHo npH Bbi.IT01IH6HHH 'IHCJl8HHhlX pacr.reroa, raK KaK .IJ.MaroHaJIH3auHR TO'lHoro raMHJihTOHHaHa f-+o+H1 r.rarrte BC6f0 B.bl.llOnliR8TCR HMSHHO B ~TOM npe~CTaBJISHHHo 
rHTIOT838 0 pa3JIH'lHH CBOACTB peryJIRpHHX H XaOTHqecKHX BOJIHOBHX ~YHKUHA B KOOpAHH8THOM npe~CTaBJISHHH O!:iliB B.bi..JJ;BHHYT8 EeppH 8[(6 B !977 r. /Sg/. JriHT6JHip6THPYH BOJIHOBYD qJyHKUHD X80IHqecKoro COCTOHHMH KaK cynepIT03HUHD C!OJihWOfO f.IHCJia TIJIOCKHX BOJIH C H9KOppe1IHpOB8HHHMH ¢la3aMM, EeppH np8,I!;ITOJlOXHJI, 'lTO 8 npe;n:ene t:--'! 0 ,II.JIR TaK~U COCTORHHR \f'(q,) C!y.n;er cnyqa~HoR q,yHKUHe~ "v c rayccoB~M pacnpeAeneHHeM no 'f , TaKaH CTpyKTypa BOJlHOBOt:i tilyHKUMH XOpOillO cor Jl8.CJ9TC.'I: C KapTHHO~ KJlaCCHtleCKOfO ~a30BOfO npOCTpaHCTBa~ B ycnoBHRX,COOTBSTCTBJDmHX CtOxaCTH'l9CKOMY 
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1,0 

p(x) 

0,5 

0 

I 

I 
I 
I 
I 

• 

f.H.Q.~..6.~ CneKtpanhHYe tJJnyxryaUHK s 
rpexypos~esoR uo~enH JIMr (IV ·85, 
X:""!OOJ: B.)dJYHKUH11 P'iCnpe.o;eneHHJI 
paCCTOH~Hft M~AY coce.o;HHMH ypoe
HJIMH, 6) ,llHCneprKR /37/. 

• 

,li.BHilt9HHIJ1 K.IIB.CC\<l'~eCKB.il 

tpaeKtOpHR O,li.HOpO,li.HO 3B.
TI011HH8T H30~HeprettPt9CKYi'· 

nosepxHocth. H3 paccMorpe
HKR perynRpHOfO KB8HTOBOfO 
,li.BH~8HHR KB.K B.H8.110f8 Kll8C
CW-18CKOfO ,li.BW"t8HHR HB. tope 
CJ18AY8T BYB0~391 o CHHfY
nHpHOCIH lflj,) e0nHJH 
KB.YCTHK - rpaHHU 00./IB.CTH 
K.IIB.CCHqeCKOfO ~H~8HHR B 
KOOp,llHHB.tHOU npOCtpB.HCT-
89. Jra rHnote3a no.li.Bep
rnacb Hanoonee nonHo~ npo
sepxe .IJ..IIR 6wn.srp.ztoB pa3-
JIHqHoro rnna H, B qacr
HOCTH 1 ,l\JIA 6MLHp.It8 nma. 
cra~HoH140/ (p•c.9). ~op
MY ta.Koro 6HJILJJ.p;ta y.noO
HO OTIHCYBB.Tb .li.BYMR napa
M9tpa.MH: B. - TIOJIOBHHB. ,llJJH
HY npRMOYfO.IIbHOn qaCTH H 
-'Q -pll,II,HYC 31lKPYfJfBH11:R. 

l!anoMHHJ.I 1 
1HO B 313.BHC11:MOC

TH or aeJHf'IHHN napauerpa 
t ~ 0 /p_ KMCCMqeCKH~ 

a.Ranor 3TO~ CHCTBMY dy~et 

nwoo HHterp•pY•••• ( ~ = C', 
Kpyroson 6&n>Kp~). ••Oo 
R9HHT8fpHpyeUYY 1 CTOXBCTH
qeCKHU ( J -F c: ) , IT pH 

't::-. () HHTBfpHpyeMOCTb 
C8R313.Ril C coxpa.HeHHBU yr-
JfOBOfO loiOMBHTil. 

YpaBHBHHB !ilpe,li,HHrepa ,li,JUt paccuatpHBilBl!On CHCTBUI:l C80~HTC1t K 
BOnHOBOyY ypa.BHBHHD reJfbMfOJfhQil 

(3J) 

c ycnoaneu if'=- CJ Ha. rpa.HHUe. 
OOparn:wcR renepL K aHa.nH3Y t~HCJIBHHYX pemeuH~ ypaaueHHR (JJ) .D.llR 
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r.!:!~IQ~ THnHttHbll:t npHuep i l-r'( x,'())l 2 

HHTerpHpye~oro KpY£aByro 6l<ll.bKJl.ll8 \ I = 0) I • 

19 

C>lY4aeB )'~ C H j' ~ l . 
"THriHttHaa" BOJIHOB8.'l tlJYHK
UHR HHTerpHpyeuoro Kpyro
Boro 6MhliJl.ll!l ( d' ~ 0 ) 
npe~craaJieHa Ha pHc.IO. 
MH BHAHM, 4!0 B Kli8CCH-
48CKH 3anpe~eHHOM pa"OHe 
(a CHJIY coxpaHeHHH yrJio
aoro MOMeHra y Kpyroaoro 
O~ap~ npoH3BOJibHaH 
TpaeKTOpHR 38KJID48H8 ue~
~y BH8illH6U H HSKOTOpO" 
BHyrpeHHea oKpy~HocrDD, 
OITpeA8JIH6MO~ B8JIH4HHOR 
yrnoaoro MOMeera (cM.pHc. 
II))aMnliHTYAa BOJIHoaoR 
~yHKUHH npeHedpe~MO M8JI8, 
B TO BpSMH KaK BdJIH3H 
8KJCTKK OHa MaKCHM8JibHa. 

Tipe~CT8BJI8HH08 Ha 
pHc.I2 pacnpe.neJIP.HHe 11+'1'2• 
.Il)I.A: C Jiy'laH {f =I, npH KOTO
pOM KJI8CCH48CK8H ~HH8UHKa 
CTOX8CHf'lH8, pa3JfT6JIMlO 
OTJIHqaeTCH OT HHTefpHpyeMOro cnyqas. O.nHaKo oro pac
npeAeneHHe He CIOEb O~HO
pO.zt;HO, K8K 3TO l.fO:IHO ChOlO 
OY.~~fiT1 1 KCXO~ff H3 apro
~HqHOCTH KA8CCH4eCKOf0 
.ltBH:teHYUI. 

ITpo~eMoHcrpHpyew re
rrepb,HacKoAhKo xopomo rro.n.
TBep:t.n;aercR .n;nR 6WIAR.~ 
rMna cra.n.HoH rHnoreaa EeppH 
o cnyqaAHOM xapaKrepe son
HOBo~ ~YHKUHH C rayCCOBWY 
pacrrpeMneHHeM P N)-
€~p{ -(l'i' ") . Ha pHC .IJ 
npe.n.craaneHo pacnpe.n.ene
HHe P( 'l'j -'·" BMHOBO~ 



~!1£.a.ll.a. TMnw~nHU npnMep rpaeK
rop~• ~·• ~DYroeoro 6axLHp-
~a ( X =0)1~07 • 

P(W) 

"' 
E!~-!_Pacnpe~eneHHe Pf~J 
~nH BOnHOBOH ~YHK9HK, H306Da
llOHHOH Ha pHC.l2 (;¥ =l)lqV! • 

.. 

!J>YHKUHH 9 H3odpaxeHnoA panee H8. pHc.l2. KaK BH~Ho, 3tO pacnpe,~teneHHS 

B uenou xopomo annpoKcnwwpyetcR rayccoeYV. TaKoR BHA OKa3ancR tMnHq

HHM AnR BCeX BOnHOBYX ~yHKUKn B H8HHI8rpHpyeNOK cnyqae, paccqHI6HHWX 

• pa6ore 1401 • 
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B TO Xe BpeMH pacnpe~9R8HH9 COdCTB8HH~X BOJIHOB~X ~YHK~H~ HHTerpHpyeMOfO xpyroaoro 6MbRp.na HL!eer pe3xHn MB.KCHYYM adm!3H HYJIH (eM. pHC.I4), ~TO npe~onp~eJieHO H8dRD,ll;89MO~ B~me KOH~8HTp8UHea BQJIHOB~X i'pyHKJ.UrR BdJIM3H KayCTHK. TaKHM odp830M, B CJiyqae 6WThHp.!{OB BM,ll ~YHKUHH pacnpe.!l;eneHHR P(lf) oKa3hl.aaetc.R HaHdonee Ha,D;eJKHhlM KpHrepweM orJIH4HR peryJIHpH~X H xaOTH49CKKX BOJIHOBHX ¢yHKUHtt. 2. ilepe~.Z~;8M T8TI9ph K HCCJI9.ZI;OB8HHD KB8HTOB.bi.X npOHBJI9HHn KJI8CCH~9-CKOtt croxacnl'iHOCTH lift ypoBHe BOJIHOBHX IPYHKUH~ or dH.1UJHp.n;oB K raMHJihTOP.OBaM CHCT9M8M odmero TIOJI0~9HHH. B K848CTB9 00~9KTa HCCJI9.!1;0BaHH.fl B&depeM yxe paCCMOTp9HH.bl.8 Bhl.ill9 llpH 8H8JIH39 CT8THCTH49CKHX CB01.CTB 3H8pf9THqeCKHX Cfl9KTpOB ( ~1}- H ( ~1.-o - HHB8.PH8HTHhl.9 f8YHJihTOHH8Hbl. B OTJIH4H9 OI 6.V.Lb.ff.P,It0B CTpJKTYPY CT8UHOH8pHiiX BORHOBHX ilJYHK~Htl. 3TMX cHcreM Cly,ll;eM H3Y11aT:& B J-1
0 -npe,n;craaJieHHH HJIH,donee KOHKperao, a npe.ncraBJISHHH BOJIHOB l:lX i'pyHKUUtl. ,ll;BJM9pH oro rapMOHHtl 6CKOfO OCI..IHJIMI:TOpa C paBHIDIH 4aCTOTaMH ( T04Hee, B np9,llCTQBJl9Hllli A' Lj > ( CM. (20)) 

(3'+) 

ECJIH BBeCUI TIOH.RTH8 pacnpe,lleJISHHOCT~ BOJIHOBOR i:f!YHKI:\HH 'lf.-' TIO da3HCH!JIM BOJIHOBl:llL 4JJHK0:H.fi.Y. (A,- , TO KlJHT6pH~ CTOXfiCTHtlHOCTH, c!jlopMJ-JIHpOBaHH~~ eme EopAXOJihYOM H PaP-cow 1411, saKJIDqaercx a roM, 4ro BMecre co creneHhD croxacTH38I..IHH B cpe.nHeM Bo3pacraer creneHh pacnpe,lleJI8HHOCTH BOJIHOBl:lX i:flYHKUHt:!:. Pa3JM88TCH, 3TOI Kp.HT8pHR RBJI.RSTCH H8ll0-Cp8.ll?TB SHHh!M aHaJiofOM nmote3hl EeppH ,JtJIH fio -npe,n;craaneHHH, eCJIH Ip8KTOB8Ih HOM8p da3HCHOfO COCTOHHH.R ~K ~CKp8THJU KOOp,llHHaTy. IlpOCJI8)UiM 38 H3M8H8HH8M CtpyxrypH BOJIHOBHX tiJYHKUHR no Mepe H3M8-H9HH.R xapaxrepa KJl8CCH~eCKOf0 ,llBH%8HHH Ha yxe paCCYOTp8HHOM Bl:llli8 rpoKHow nepexo.ne perynapHOCTh - xaoc - peryJIHpHOCTh. Ha pHc. I5Cl npHae.n.eHh! aCiCOJ1Dl'Hhl.8 B8JIH1.l'Jt:Hl:l K03¢4JHUMeHIOB pa3JIOJ:eHHR X (t) .llJIR COCTO.IIlfHR K = 86 B 38.BHCHY.OCTH. OT HOM8pa C'a.3HCHoro COCTOSI:HH.S { ,II;JIH tpex OdJiacre~ 3HeprHA, COOIBetCTBYD~HX onpe~eneHHOYY THTIJ KJiaCCH~eCKO-fO mut:s:eaHa~ R1 - nepaaa peryJIHpHaH odJia.CTh E < E ~<.p. , 5 -xaorH-qecRB.H admen. E~t:.pr L.. E < E~cp2._ , R-2.. - Btopaa pery.nspaaa odJiaCth E '> E"f~ c~Jl!! scex rpex cJiyqaeB w = D). Mw B¥.1J!W, 4T0 B 3Hepre-TWI8CKOll. .1Ufana3oae, coot:aercTBYllmew. oct118.CTH 'R 1 , npeodJia.,ll;aDr :u:amile BSJIHtlHHJi JC (t') : BO.liHOBB.Ji llJYHKIUU! JIOKaJ!JJ30BftH8 Ha H9dOJihmOM t£HCJI9 daaHCHJ:iX Bexropoa. B xaoxHqecxo.B odJiaCTH S creneah pacnpe~eJieHHOCTH BOJIHOBOK ~YHKUHH cy~eCTBSHHO awroe, OAHaKo, KaK H B CJiyqae 6KnbH~ TMUa CTa,II;HOH, OHa H8 CTOJihKO BliCOKa, qtodu MO~HO O~JIO fOBOpHTh OCl "apro~MqHoCrH" B Ho -npe.n;craaneHHH. IlpH nepaxoAe xo aropo« peryJIHPHo~ OdRaCTH QL OllHTh B03pacraet CteneHh JIOK8JIH38~HH BORHOBOK ~YHKUHH 
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(r.e. ltHCJIO Hyneeux xoa!lxPMttHeH'roe .X f1'} ), HecYotpR Ha cymecreeRHoe 
yeenHqeHHe HBJIHHB~Hocrn. CreneHh HeJIHHeAHoctH noreauHana (26) onpe~ 
.II.BJI~BTCR OB.IliY9TpB.UH f? H C , B9JUPB'IHY KOTOPLIX paBHbl 

n, foC,C·'!¥1'i9 1 t=C',CC•CI5" (l"kJ',,=;j,.f), Kt , 1 

{ = r, c<12 6 (_ = 5, 0 

PM IX({)/ 
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~i<J2~ a) ~YHKUHA pacnpe~e noRMA p(x) KO'*PHUHOHTOB pa3noXOHHA sonHosoR tlly~KU~H (J4J no Qa3Kcy I/VLj) ~nA nepexo~a 11.- s- 71. ra•MA>-tOHHaHa (26). RpR ynyqmeHHR ctarHctHKH npoee~euo ycpe~HBHHB no cocroRHtfHK 78 ~ K f. I 6). DltpHXOB8R JJHBHR - BO~HpOBaHHOe p!Cnpe,lle.11BHHe raycca. d)BBJIKtUtR8 K031Jxt>HIJ.MBHTOB p83.1tO.BHHR .X (t) B 388HCKliOCTH OT HOU:epa _aa-3HCHO.f0 COCTORHHR -{ (.JllUt COCTORHHJI C HOW8POll k "' 86). 

noCKOJt:u:y COBOKynROCT!, ')((t'} Op8li,Ct8BJUIBT BOnHOBYD tflyHKUMD B 
4o -npe~craB~eHHH, ro cornacno ranore3e EeppH B odnacrw rnodanLHOR 

CtOX&CTHqHOCTM 3TH !t03~HUH8HtW ~ORIHY ~YtL pacnpe~eneHH no HopuanLHOMY 
aaKony. B cawou .neJie, B xaorHqecKOit odJia.CtH 5 (c».pHc.ISa) pacnpe.nene-
RHB P (x.) npv~dnH:metCSI K r&.yOOOBy, :XOTSI Ct9tl9HL BnnpOKCJN!lUHH xyJ~te, 

22 



48!11 B CJiyqae CiBJll:,Hp,u;a !ID1a C!al(HOH. fipH4>1H01. ;;roro, Bl1,1UUAO, HBJIR8!CR npHCYTCTBH8 H600.U.IDO.f! .l!.O.iHf pery,1RpHOP-. KOMnOH8HT~ (rpy,l!,HO TIO)U{aDi116ACR OUeHKe), B TO BJl8MR KaK JUIR CiMb.lip.z:ta nma CTB..lUfOH Mepa perymrpHo0: KOMTIOH6HTI:i 3ftB6,llOMO paBHa HYJUl. -ryHKlJ.H:.l: :pacnpe.I;;e,16H!Ol: P (X) ,.li)IR pery.'IHpHl:iX oO .. '!acreil: R.. 11 Q2. no 'in,. H,lleHTH'-IHl:i, Ko 3cP:fJHUHeHn.l x (i) JIOKaJIH30BaHbl B 0Kp6CTHOCTH HJ116BiiX 3Ha'{6HHL 
JlJI.R KOJI){1.16CTB6HHOll 0U:8HKH CT8TI8HH pacnpe,n8Ji6HHOCTH BOJIHOB!:lX ~yHKUH~ Y.JIOdHO BB6CTH aHa.'lOf 00bi\IHOJ:! T8Jl:UOJU!Ha!,!Jf46CKOP, 3Hipomm / 42/: 

(35) 

Ha pHC. 16 Tiptme,lleHa 3aBHCHMOCTh S OT HOMepa COCTORHHH (< JL'IR rpex .I!J!ariaJoHOB napaMerpoB .f1 c , coorsercrsy[)lllHX nepexoey perynRp-HOCTh - XftOC - peryJIRpHOCTh B CHCT6Me C raMHJih!OHHaHO~ (26). ll3 pHCYHKa BH.llHO, 4TO THTI KnaccH~tecxoro ABHXeHHR cymecraeHHO orrpeAenRer xapaKrep 3a.BHCHid.OCTH 5 OT J( ; B XaOTHl.leCKOZ Od.IE.CTH: 3HeprH:R ;51 
npaKTHIl8CKH nocroHHHa, t.ITo cooraercrsyer a~coKo~ creneHH pacnpe.r.:;eneHHOCTH, a B peryJIRpH~X OdJiaCTRX Q_, H fZ 3HTpOmHt Y.eHhill6 TIO B8Jw.4HH8 H m.teer HeMOHOTOHHOS TIOBeJLeHH8. HeMOHOTOHHOCTb j_(· CBR3a.Ha C ..!LOBOJlhHO B~COKO;! H 38.BHCR!Ile~ OT HOMepa COCTOHHHF! ,'<_ CT8i18Hb!:l JlOKa.'B13ftiJ;VHl BOliHOBO:It ~YHKUHH. OdpaTHM BHID.IaHHe Ha TC, tlTO B 00ita.CTH f:__;_ UM8KJTCH OI.UellhHhi8 "CB9pXJIOK8JIH30Ba.Hl!i:i911 

COCTORHHR, COOTB6:CTBYXJ..UH8 MHHHMalihHl:HI 3Ha4eHHRM 3H!p0TIHH 1_) • JIO HJIJillCTpHpyeiCii p¥!C.l7a, H8. KQIOpOli TIOKa3aHa 

s 

{0 ........ ··: :· .... • •• ·._ - •• •• •• : • • - •• 

c 

:r···· --······-·.·· .. ·.·-.··.- --1 · 

:L:~- ----l · 
78 80 9oi 1/Jl 110 tiS ft6 K 
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38.BHC1U!OCTh K03~HllH6HT0B -.)(( () 
BOJIHOB01. ¢YHKIH1H K=82_ OT HOM.epa 
0a31ofCHOrO COCTOfiH¥111 -L- , ]!!R 
'":paBh8H;Hi Ha 310M ".:\.8 pHc.I78 
np~Be~eHa aHaAOfHtlHaR 3aBHCH
MOCTh JLAR BOJIHOBOB ~YHKUHH 
dJlH~aRmero COCTORHHR (K~83). 

EHc~I2~- 3aBHcawocth JHTponnH 5 OT HOMepa COCTOJLHHR i< ,ll;JIR T pol!Horo nepexo.n:a 'K ~5-1<.. HH
BapHaHTHoro TaMHJihiOHHaHa (26); 
~J nepsaR perynnpHaR oa~cr 1 , ~ OdJiaCTh, COOTB8TCTBYDmaR XftOTH'ieCKOUJ K~BCCHqecxoMy ASH
X8HHD, c) BropaR P8fYflRPH8R oOnacrh. ITapaKerpu ~ H c 
TaKHe xe, KaK H ~RH PHc.lS. 



:[fiX!Qf 

~· ~·"!::II, :'-'"J-,-~1...,1 JJJ_J, •''t: :-4----'-'t::-----: 'Sa too tzo 2oo 220 
q• 

:~--.o~·~·~~~~ .. ~·--~,~~~~' 
£~£~I£_38BHCHMOC!h adCORDTH~X Benu~HH 
K031XPHLUfeHtOB }.lt 1 Ol HOMepa C!a3HCHOfO 
OOCIOHHHR ~ ~nH Btopon perynRpHOR o6-
Jl8CTH 1!,_ C3vHHBaP1-t8HTHOfO raJ.UtJtb-
TOHHaHa (26); al "CBepXJiOK!WI30BBHHOB" 
COCIO~HH9 (K=82 , B) COC9~H98 COCTORHHe 
(K=83) • 

.. Koppemn.J,HJI xapaKTe-
pa 3a!HCHMOCTH s OT I< C 
THnOM KJldCCH49CKOfO ~BH
~9HHR HM99T MSCTO H ~JIR 

C'(L..._ -HH88pH8HTHOfO ra
MHnbTOHHBHB (13). KaK ••~
HO H3 pHc.lB, Ha KOTOpOM 
npHB B~BHH <lJYHKUHH PO ) 
H ~(K) fdMHJlhTOHHaHd 
(13) ~nR ~BYX npe~enbHHX 
cnyqaes, coorsercrsyn
~·x XBOTHqeCKOMY (a) H 
perynRpHoMy (6) xnacc•
qecKHM ~BH~SHHRM. OrMe
tHM, 4TO no~OdHH8 pe-
3JJthT8TH TOJlhKO B KOOp -
~HHdTHOM npe~CT8BJI9HHH 

6unn nonyqeHH B pae!ore 
/ 4J/ ~JIR f8MHJILTOHH8H8 

(36) 

TaKHM odpa80M, 3Htpon~R ~ pacnpe~eAeHHR KOd~~QH8HTOB BOAHOBOA 
¢yHKQ~H OQ3BOAR~T ~CCAenoBatb npORBneHHe KnRCCH48CKon CTOX8CTH4H0CTH 
8 KBaHTOBOh 3:!.~ 48. 

d 

" ~0 ··.··~ .... - •. : ... :.:-:: .•. ·: .: •• 
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fa~~i§. crarncrn4ecxHe 
XapaKISp~CTHKH BOnHOBHX 
$yHKUKh Ctrt.J. HHB8pHI}HI
Horo f8MHnhTOHH8H8 \13): 

pacnpe~eneHHB p(x) 
npH 3HeprHRX 1 COOTBBTCT
BY~~HX:a- xaorH49CKOMY 
(BHHSy))H B - perynRpHOMY (BBepxy THfi8~ ~HXBHHRi 
C H d - 3ftBHCHKOCTH 
3HTpOOHH OT HOWepa COCTOR
HHR, BY4HCneHHH8 npH 
TBX ~ft ycnOBHRX, 4TO H 
p!x) • 



3aK..Jl meH~e 

!-!a rrepBb!~ B3r.'IR.U JIIOClo?, no,lxo;o; ::~: peilleBMr. r<BaHTOBoro xaoca rpeCyer npeAB~p:vrrenhHOro pa3p~meHMH cne;o;yDme~ anht€pHatv.B~ /IS/~ 
I) KBaHTOB~~ XaOC HBnRetCR CBO~CTBOM O,lHOfO CTa~HOHapHOfO COCTORHHR, 2) KBaHTOB:b!~ xaoc RBnRB!CR CBO~CT!l"CM rpyrrm.r Om!3KHX ITO 3H€pf11:H COCTOiiHH~. 

B CaMOM .U8Jl8, ITpH i!CCJl8.lOBaHY.V. CTaTHCTH'4 eCKHX CBOI1CTB C ITeKtpOB BO rJiaBy yr.'Ia CTaBRTCR ycpe.IT.H€HHhiE! xapa¥.T€p11CTHKH CHCT8Mb! ypOBH€~: i;yHKUHII pacnpe.I!;€Jl€HHR paCCTORHH2 M€Z.I!;y COC€~HHM~ ypOBHRMH, CJ1€KtpaJlbHaR E€CTKOCTh H r.;o;., TO €CTh KBaHTOBb!~ xaoc tpaKtyeTCR KaK CBOaCTBO rpynnb! 
COCTORP.H:Il. BliOop X€ B Kal.leCTB€ OO~eKTa HCCJl€,lOBaHHH BQ.'IHOBO~ \f)yHK~HH KBaHTOBOn CHCT€Mb! 9 XaOTHI.{€CKO~ B KJlaCCHI.{€CKOM rrpe;o;ene, CBH3b!BaeT ITORB.'I€Hl1€ KBaHTOBO~ CTOXaCnPiHQCTH C 'AH,I';~fBV.;D;yaJihHb!M COCTOR:H~eM. IT03TOMY rrp8.li.CT8BJ!8HH~~ B HB.CTO~etl. padOTS aH8liH3 KOHKp€THb!X MO,ll€Jl8Z ITQ3BOJ!R€T c.r;;enan BhlBO.U o roM, qro npoRBJ!BHH.R KBaHtoBoZ croxacrw-mocn~: cKopee BC8f0 KB.CaiDTCR KB.K HH,llHBH.nyaJ!bHb!X, T8K H KOJ!J!€KTV.BHb!X CBOtl.CTB CHCT8Mb! 9 ITOCKOJlhKY ~M€8TCR B03MO:l!lHOCTb MR M.:o:,n;on KOHKp8THOZ EOJlHOBOtl. qJyHKUHH npOB8p11Tb ee ~pHHa,UJ!SXHOCTb K HHT€fpMpy€MOMY HY.~ H€HHTerpHpyeMOMy B KJiaccv.qecKoM npe,ILene cny'4aJO. 

OtMeTHM TaK~e, qro HCITOJib30B8HH8 T8CTOB CTOXaCTHI.{HOCTH BOJ!HQBb!X ~yHKUHtl. MOEST Ob!Th npHM€H8HO L1R OUSHKH pa,:o;Myca CXOAHMOCTH TSOPHH 
neprypCiall,HH BoKpyr Bb!dpaHHoro 3atpasoqHoro raMHJ!hTOHHaHa He, B HHTerpHpyeMOM !~ H8HHT8fpHpy8MOM CJlyliaRX. 
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