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rna:sa I. KBA3HCPE~HHE 

§ I. ~!!!ill!i!Lrp!riH!L..J!Q£!12~!!!!~ lr1:3 06HqH2!L£WH!r1:X. 
AlUllr1:TiriBHbie aaKQ!!l:l .. c OJ&PsU!~!U!!Ln.J!W~~..QI~. 

B co:speueHHo« cTaT~CT!r1:qecKo« uexaH!r1:Ke :see :soapacTan

~ee 3HaqeH!r1:6 npHo6peT8IDT ITOHHT!r1:H M UeTO~H KB8HTOBO« Teo

pHH ITORH. 

T8K 1 B8CDU8 ITRO~OTBOPHHU OK838ROCD BB8~8HH6 ~YHKUH~ 

rpHH8 1 C ITOUO~D~ KOTOPHX y~aeTCH 1 HarrpMMep, 0606~lr1:TD ~Rft 

a~aq CT8THCTMqecKo« U8X8HHKH ~Marp8UMH08 rrpe~CT8BR8HM6 

TeopHH BOauy~eHH« H ITpOBO~HTD IT8PUHaHDH08 CYUMHpOB8HHe 

p83ROM6Hlr1«. 3~8CD MH XOTHM, rrpe~e BCero, o6cy~MTD C8UO 

onpe~eReHHe ~YHKUH« rpHH8. KaK H3B6CTH0 1 STH ~YHKU!r1:H BH

paxaroTCR nHHeUHHMH ~OpM8MH H3 cpe~Hlr1:X 3HaqeH!r1:« 
+-< .. ·If/ {i.J> l!i J.·· lf' (is,X-s ) ... > (I. I) 

C KO~HUH8HT8MH 1 COCT8BR6HHHM~ H3 npOH3Be~eHHU ~YHKUH~ 

9(-ti- t~e.) • MH HCITORD3Y8M TyT CRe~yiO~Me 0603HaqeHHH: 

~~(?:;a") - COBOKYITHOCTD ITpOCTp8HCTB8HHHX KOOp)tHH8T ('i:) 
H PH:zta ;~tPicKpeTHHX HH)teKco:s (6") , xapaKTepaayro~HX cmtH 

+ 
qaCTHU, HX COpT H T.n.; ljf (t,:{. )> Jf (t, ~) - ITOR6BH6 

onepaTOPHHe ~YHKUHH B raUaeH6eprOBCKOU npe){CT8BR6HHH. 8TH 

none:sble <PYHKUHH BHpaJKaiOTCH 11 KB83H)tHCKpeTHblllld11 cywauH 
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+ j + -i-(IC-.;-} 
lfl ( t.~ x.) = YV f altG" (i) e 

(«) 
+ 

11epea onepaTopbl pollt,lleHHH a, u- 11 yHM'lTOJKeHMH 'l-"~ 

y~OBReTBOpHD~Me 06bl'lHbiU rrepeCT8HOBO'lHbiM COOTHOWeHHHU Eoae 
" ). r,n,."' 

J.mM ~epMH. B aTMX cyw.mx: K-= L , cl.. = 1,2,3; net.-
uenble trncna, V- L ~ - o6'beM CMCTeMbl. 

TaK It8K g)yHKUl1l1 rpl1Ha rrpe~cTaBmtDTCH YHMBepcan:OHbi!.W 

(He 88Bl1Cfl~l1Ml1 OT CITeUM~MKM CMCTeMbl) RMHe~HYMM ~OpMaMM l13 

cpe~HMX 3Ha'leHl1~ THIT8 (I.1), TO BOrrpoc 06 onpe~eReHMH ~YHK

UH~ rpl1H8 CBO~MTCH K BOITpocy 06 orrpe~eReHHH BblpaJKeHHH (1.I). 

06bi'IHO OHM orrpe~eRH~TCH K8K cpe~Hl1e ITO rH66COBCKOMJ (60R:O

WOMy) K8HOHH'leCKOMY 8HC8M6R~, rrpM'leM BCer~a npOl13BO~l1TCfl 

o6~errpHHHTbl~ npe~eni>Hbl~ nepexo~ cTaTMCTM'leCKO~ uexaHHKH: 

V ~ oo • TaKHM o6paaou u 

+ IJ. _ o. Sp({..; (cJ,~i). .. ljl{i,p=s).}lj 
( ... lfl ~ ~~ ~ ) ... Jlf {fs, :ts ) ... ) - ''m S -.H v-o.o pe 6 

(3.1) 

r~e 'J./ - ITORHbl~ raUl1R:OTOHl18H CMCTeMbl; rrpl1 H8Rl1'll1l1 38KOH8 

COXpaHeHHH 'll1Cna 'l8CTMU B ~ BKRID'l8DTCH l13BeCTHble 'lneHbl C 

Xl1Ml1'leCKMM TIOTeHUl18ROM. 

YCROBMMCH H88b1B8TD cpe~HHe 3H8'leHMfl (1.1), onpe~eRHe

Uble COOTHOWeHMHMM (3.1), 06bl'lHbiMM cpel{Hl1Ml1 1 a COOTBeTCTByD

Il\Me ~YHKUHM rpMHa - rj]YHKI!l1HMl1 rpHHa, ITOCTpOeHHWdl1 H3 06bl'l

Hb1X cpel{HHX. 

06paTHM Tenep:o BHHMaHHe Ha TOT xopomo MaBeCTHbiH ID8KT, 
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'ITO 8~HTHBHble aaKOHbl COXpaHeHHH npHBO~HT K npaBHnaM OT60-

pa ~nfl o6~UX cpe~HHX, a TeM C8MbiU l1 ~RH ITOCTpOeHHbiX H3 

HHX ¢yHKUH~ rpHHa. ~ 
nycT:o, Hanpzuep, ubi HMeeu aaKOH coxpaHeHHH nonHoro 

'lHCna 'l8CTHU J 
N~ I:c! a =2: lli u· t~ T 

(K1r) (.-) 

1J' ~-

T8K 'ITO: 

[ H; N] = 0 

r~e H 
,f..N 

ITORHbl~ rauHn:OTOHH8H CHCTeMbl (BKRDqaD~~ '~neB 

C Xl!IIH'leCKHM ITOT6HUHMOY f._ ) • 

r~e 

TaK K8K TOr~a 
+ 

1-/=UHU 

U 
i'(N 

=e 

l1 r~e Sf - rrpOl13BOR:OHOe BemeCTB6HHOe 'IHCRO, Mbl BH~M, 'lTO 

raMMR:OTOHl18H HBRHeTCH l1HB8pl18HTHbiY no OTHOWeHHn K rpa~HeHT

HOMY rrpeo6paaoBaHHIO 1-ro po~a: 

+ i.!f 
~ -ua u=e a, 

/(C lctr l«r 

Cne~oBaTen:oHo, HMeeu: 
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S p ( { ... li,.(t) .. a.,..,{t) . . J e- ~) 
({ 

+ l_ + _H ) : Sp ... a"
6
(t.) ... a,<'6'({) .. J U e flU == 

=5p(1J{ ... a~~(t) .. . QK16'(f') ... _} u e-~)-
-r..lf'h., ~ + , --. (1 H : e p { .. , al(,.(t), .. Q(·~·(t:J ... } e e) 

r,lte h,. - pa3HOCT:& IICl!C,ey 'qJiCJIOY orrepaTOpOB a., H tmCJIOW 

onepaTopoB lt B paccuaTpHBaeuou npoHaBe,lteHHH .. . ct~e~ (f) ... a~e~' H) 
0TC~,lta, Ha OCHOBaHHH Cauoro onpe,lteJieHHH (3.1) HaxO,ltHU: 

( -lifn) + 
J..-e < ... llt'" (-1:) ... aK~' (t') ... > = o 

H T6W CaMHW y6e~aeMCH, 'qTO: 

< '" QK6(t) "' Q_ K 1~ 1 { t') "' > = 0 
eCJIH B ,ltaHHOM npOHSBe,lteHHH 'qHCJIO orrepaTOpOB po~eHHH He 

paBHo tmcJiy onepaTopoB YHH'qTo~eHHH. 

TaR KaK ~YHK~H rp:eaa BHpa~aDTCH YHHBepcaJI:&HHWH JIH

HeMHHMH ~OpMaUH H3 06HqHHX cpe~HHX, TO 3TH ze npaBHJia OT-

6opa cnpaBe,ltJIHBH H ~JIH ~YHKUHM rp:eHa, HanpHMep: 

< r (. .. a~~ (tJ ... Q,"~· (t') .. ) > = o , ecJiif h, I- 0 

PaccuoTpHw e~e npaBHJia OT6opa, o6ycJIOBJieHHHe aaKoHow coxpa

HeHHH ITOJIHOrO HYnyJI:&Ca: 
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~ ~ -+ 
fj' = ~ IC a.,c~ a. u· 

(c,.-) 
"ueeu np:e HaJIH'qHH aToro aaKoHa coxpaHeHHH: 

w u 

Sp [[?>dt]e- 8 }=Sp{.U[e - 8,~]}=o 

IIoJIO~IIIM a~ec:& 

u : ... ~ (ti, ~· + ~}~ ) ... lfi {ts, t: + r ,os) ... 
H 3aYeTHM, 'qTO: 

i :~o( < :U>=<[1;. )iJ>= Sp { [T..,u] e-~} 
Sp e·f -O 

TaKHM o6paaou cpe,ltHHe (1.1) He HSMCHHDTCH npH rrpocTpaH

CTBCHHOM TpaHCJIHUHH 

-+ --~i • ~· +~ -C rrpOH3B01I:&HHU BeKTOpOU ~ • "Haqe rOBOpH, 06H'qHHe cpe,lt-

HHe (I.I) ,lt01I~HH 6HT:& rrpOCTpaHCTBeHHO O,ltHOpO,ltHH. BOCITOJI:&

syeMCH Tenep:& 1/IMrryJI:&CHHM npe,ltcTaBJieHHeu (2.1). IIoJiy'qHM 

( .... f (~· , ~) ~) ... lf {l:s, i;J OS) ... >= 
+ t ICJ..'tt+. •. +t,--&, i Z 

·c-- --) 
= V '7'~ < ... a_,i·Gj· (t) ... a (:sfo"S (-ts) .. > e = o 

(. .. K,,cr..,.) 
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0TCD~a, npHHH USR BO BHHMSHHe TpaHCnRUHOHHY~ HHB8PH8HTHOCTI>, 

M~ H HaxO~HU npaBHH8 OT60pa: 

< ... ~t· ~, (e,.) ... a, .. r. (~ ... > = o, 
~~·- ""$1 s 

~ -
&..J,u ~1. + ... + IC~ =f= 0 

TaKHB 38 COOTHOIDeHHR BYnCnHHDTCR H ~HH ~YHKUH~ rpHHa. ~Me

eM HanpHuep: 

< r (.. a_~·,~rj· (-ti) ... a.r.s.'"s (V ... }.oJ tt.MJ {+ ... + ;;.+o 
AHanOrH~8H CHTYSUHH B08HHK88T npH ytreTe 38KOHOB coxpaHe

HHH cyuuapHOrO CllHH8 H ~pyrHX ~~HTHBH~ ~HHSUHllBCKHX Be

HH~H. Tip8BI1H8 OT6opa npHo6peT8DT OC06yn HarnH~HOCTD llpH 

nepexo~e K ~HarpauuHouy npe~cTaBneHHD TeopHH Boauy~eHH~. 

TinH ~opuynHpOBKH TeOpHH B08yY~BHH~ rronH~ raMHHI>TOHH8H 

paa6HBaeTCR Ha ~Be tracTH: J.l g H Ht 

;.{ =- J..lo+ H1. 
np11treu, paanoxeHHH npoBO~HTCR "no cTeneHHM J./1 

11
• 

KaK npaBHno, aa Ho BH6HpaiOT rauHni>TOHHaH, cooTBeT

CTBYIOIIIHtt 11H~eanDHOJIY raay" <Sea B8811UO~ettCTBHflj BCe B88H

UO~eftCTBI16 BKHDqae!cH B Hi • M~ xoTHM a~ec:o no~qepKHYTI> 

To, tlTO, Bl:i,llenHH Ho , o6ecnetrHB810'1' BbiiiOnHeHHe ynouHHaB

mHXCH BHme a~~HTHBH~ 88KOHOB COXpaHeHHff T8K1te 11 ~HR 11~11-

HaUHtlBCKOtt CHCTBUN HyneBoro npH6HHlt8HHH 11 , xapaKTepHayeuolt 

raVHRDTOHHaHoM Ho • Enaro~apH TaKouy B~~eneHHIO 1/o ~n.fl 
COBOKYDHOC'l'H TOtlHHX ~YHKqHit rpHH8 H ~HH COBOKYDHOCTH ~YHK

UHit rpzHa HYneBoro npH6nHxeHHH nonyqaDTcH Te Jte cauue npa

BHna OT6opa. Boa:r,ueu ~HarpauuHoe npe~cTaBneHHe. 

II 

Mb! MOJ!teM 11M8TI> 3.7.\BCI> B B11~ 11Hl1 06LillHLI8 .7.1118rpaMMbl 

!l>et1HMaHa .7.\JIH cnyqaH HyneBo~ TeMrrepaTypl:l, HnH o60611\SIOI!lHe 

HX .7.11-larpaMMhl Macy6apa-K.EJJoxa .7.\JIH G ':? 0. B o6o11x cnytra

HX 1(1-larpaMMbl xapaKTepl13Y!OTCH m'1Hl1HMI1 11 yanaMH; B Ka~OM lol3 

yaJIOB B~OJIHfl!OTCH 8.7.\.7.li1THBHbl8 3aKOHbl COXp8H8HHH, BC8 .7.\0ITYC

TI1Mbl8 nl-lHHH TaKxe Y.liOBneTBOPHIOT 3THM aaKoHau. 

ITyCTI>, HanpHMep, Mb1 HM.88M ClolCTeuy tl8CTHU CO CllHHOM 

() =± !j lJ , nonHoe 'tlHcno KOTopux coxpaHH.eTcH. ITycT:o. TaK

Ee lo!M8!0T M8CTO 3aKOHbl COXpaHeHHH cyuuapHoro 1-lMITYJII>Ca H b -

KOMrrOHeHTbl cyuuapHoro cnlo!Ha. Tor.1.1a :see "crraplo!BaHI-lH 11
, T.e. 

BC8 ~YHKUHH rpHHa HyneBOrO IlpM6HlollKBHHH THna: 

+ ,..---.+ a . QPt~ P.~ ... ' 
~ +,.....--, 

a,I;~St Qpl.a-,_ J a.ps- Op'g-', 
,.---. 
CC.p~ Ur'r' - _, , 

np¥! p + p l1HH (}"' -::j: u , paBHhl TO:HC.7.\8CTBBHHO HYH!Oo 

E.7.1MHCTBBHHLIMH .7.\0nycTHMbiMH JIHHMHMH pacnpocTpaHeHHH 

paCCMaTplo!BaeMHX 'tlaCTI-lU 6y.7.1yT Hlo!HHH, COOTB8TCTBY~Illl18 cna

Pl-lB8HHRM: 

coxpaHHTOillliM 

+r---t 
a.pr a~~ -p 1-l (f" • 

,--,+ 
apr apr 

TaKaH :HCe CHTYBUHH B03HI1KaeT 11 .7.\HR 11 lKHPHHX 11
, "npocyu

MlolpOBaHHbtX11 Hl1HH!t, COOTB8TCTBY!Oll\HX 

TOtrHble ~YHKU11H fpHHa TMna 

TO'tlHbiM ~YHKU11HM rpHHa. 

+ + 
~ a p;,~, ap,CTJ. », + 

~ a R~ , a P1.~,., ~, « apa-, a pt.r' ~, 
+ 

~ a f6", a p'G''~ 
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- _, 
rrpH pi= p I 

HJIH <r ::/;a- nee paBHbl HYJIIO; e~HHCTBeHHO 

~orrycTHMbiMH 6YAYT ~PHhle JIHHHH, xapaKTepH3yeMble WYHKUHR

MH rpHHa 

+ 
~apes-) apu ~ HJIH << Qpr, dpo-"> 

-COXp8Hff!OIIlHMH P H () • 

KaK BH~HO, rrpaBHJia OT60pa cymeCTBeHHO yrrpo~aiOT H TO

IlOJIOr:MqecKJIO CTPYKTYPY ~HarpaMM H waKTHqecKH rrpoBO~fflllHecH 

BblqliWJielrnH. 

§ 2. ~~2Q~~etl~CTOHHH~ CT~!HQIHqec~oro .~aBHOBeCHR. 
~~~[tl~B83HCpe~HH~. 

ilpHM6HRH ~HarpaMYHYIO TeXHHKy, H6JII>3R yrryCK8TI> 1.13 BH

lJJ!, qTo OH8 ffB1IReTCH 1IHWI> y~06HNM rrpe~CT8BJieHlfeM 06bltiHO~ 

TeOpHH B03MYIIleHH~ H ecTeCTB6HHO CT81IKHBaeTCH C TeMR Ee 

Tpy~HOCTRMH, B qacTHOCTH 1 C BeCI>Ma CJ!OlltHbiM BOilpOCOM 0 CXO

~HMOCTH Il01IyqaiOIIlHXCR pa3JIOllteHH~. 

B H8CT0RIIlee BpeMR CXO~HMOCTI> y~aeTCH ~OK838TI> 1IHWI> 

~JIR PR~a rrpocTe«wHx uo~eJII>HHX rrpHuepon. ll1!H 6onee peaJI:Mc

TH'tieCKHX aa~aq MOlltHO 1IHWI> rrpe~ITOJiaraTI> H8JIH't!He HeKOTOporo 

COOTBeTC'~BHR MeJltAY HCTHHHbiMH pemeHHflMH 1.1 IlOJIY'ti810lllHMHCH 

~opuani>HbiMH paanollteHHHMR. TaKRe ¢opuani>Hble paanollteHHH Hc

rron:r,ayiOTCH, B qaCTHOCTH, ~1Iff IlOCTpoeHHfl rrpH6JIHllteHHb!X pe

meHHtl. Bec:r,ua acW>eKTHBIIbiM np:MeMOM oKa3h!BaeTcfl a~eci> nap

U!.18JII>Hoe CYW.lHpOB8HJ.1e B K8KOM-TO CMbiCJie 11 rJiaBH!DC11 'tl1IeHOB, 
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liTO oco6eHHO Y~06HO npOBO~HTI> C ITOMO~I>IO ~~IarpaMMHOtl TeX

HHini • 

EcnH noaMyllleHHe HBJIHeTCH ".ztocTaToqHo cna6b1M 11 
1.1 xapaK

Te pRayeTcH M8Jlb1M napaMeTpOM, npH6JIH~eHHble pemeHHH CTpORTCfl 

Ka R acnunTOTR"l!ecKHe cpopuynb!. I1apu!.1aJII>Hble cyMM:MponaHHR Hr

pa~T TYT poJII> cpe.ztcTBa y'tleTa oco6eHHOCTH np1.1 HyJieBoM aHa

l!eHHH napaMeTpa M8JIOCTH B03MYIIleHRff. HeCMOTpff Ha T0 1 'tiTO C 

MaTeMaTHlleCKO~ CTOpOHbl 38KOHHOCTI> BCeX 3THX npHe MOB He Bbi

HCHeHa, TeM He MeHee BO MHOrHX B8lltHHX 38)!aqax T8KHM nyTeM 

y.ztaeTCR nonyqaTI> WH3H'tle CKH KoppeKTHbiA peayJII>TaTbl H np:MTOM 

He TOJI:OKO 8CHMTITOTJ.1lleCKHe WOP!fYJibl , HO H peayJII>T8Tbl, OTHO

CfflllHeCH K KalleCTBeHHbiM CBO~CTBaM TOqHHX peWeHHtt. 0)!H8K0 1 B 

pfl~e CJiyl!aeB, HanpHMep B TeOpHR CBepxnpOBO~HMOCTH H TeOpHH 

Rp~lCT8JIJ!HlleCKOrO COCTOfiHHff 06bll!H8H )!HarpaMMH8H TeXHHKa He 

IIpHBO~HT K ~H3HqeCKH KOppeKTHbiM peayJII>T8T8M. 

flo HaWeMy MHeHHIO 6biJIO 6bl He)!OCTaTOtiHO orpaHHllHB8T:OCH 

3~eCI> JI~WI> CCbiJ!KaMH Ha TaKHe cpOpMaJII>Hhle npHl!MHbl 1 K8K OT

CYTCTBHe CXO)!HMOCTH 1 CJIOlltHOCTI> aHaJIHTHqecKO* CTpyKTypbl ITO 

OTHomeHHIO K uanouy napaMeTpy 1.1 T.n. Cne.ztyeT rro:McKaTI> WH3H

qecKH o6oC~OB8HHbiX 1 KOHCTpyKTHBHb!X paapemeHHtl B03HHK8lOIIlHX 

Tpy.ztHOCTeti. 

3.zteCI> Mbl XOTHM v6paTHTI> BHHM8HHe Ha T8KOe 1 XOPOWO 1.13-

Be CTHOe B KB8HTOBOM MeXaHHKe ITOHfiTHe 1 KaK ITOHfiTHe Bb!pO~e

HHH. I1pH paCCMOTpeHRH 38)!8'tl 0 H8XOllt)!eHHH C06CTBeHHb!X BOJI

HOBbiX cpyHKUHti B KB8HTOBOH MBX8HJ.1I(e pa3'bHC HReTCfl , liTO TeO

pHIO B03MYllleHH* B 06bl'tiHOtl cpopue, paapa6oTaHHOM )!Jlff HeBb!pCllt

~eHHb!X CJiyqaeB, HeJII>3ff npRMO npHMeHHTD K 38.ztaqaM 1 r~e HMe

e TCH BbiPOJK.Z\eH~e . Heo6xo.ztHMO ee npe.ztnapHTeJIDHO BH.ztOH3MeHHTI>. 
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B 38]t8ll8X CTSTMCT~IlleCK0£1 MeX8Hl1Kl1 6Jiaro.napH Hamt1il110 8)Ull1-

T>!BHhiX 38KOHOB COXpaHeH11H Mbl BCer.na MMeeu CJiyt~ai! BblpOJJr,Zte-

Hl1H. 

0]tH8KO H8 nepBbl~ B3rJIH]t MO*eT ITOK838TbCH, liTO B 3TI1X 

3~]tallax BblpOQeHI1e He a<W>eRTI1BHO 11 ero npaKT11lleCKI1 MOlltHO 

He yt~MTbiBSTb. B cauou .neJie_, B ynoMI1HaBmi1XCH 3a.nat~ax KBaH

TOBO~ MeX8Hl1KI1 O]tHOyY C06CTBeHHOMY 3H8lleHHIO 3Heprl111 MOllteT 

COOTB6TCTBOB8Tb JIHHe«Hoe MHOroo6p8311e 113 p83J1HllHbiX C06-

CTBeHHbiX t}JyHKI.\11«; C06CTBeHH8H t}JyHKUHH B TSKOU CJ!yqae CO]tep

~T Heonpe]teJI6HHble ITOCTOHHHble. 

B cTaTHCTI1t~ecxo« lite uexaHI1Ke cpe.nHee 3Ha1ieHI1e JIJ06o« 

]tMHSMHlleCKOM B6JI11llMHbl Jl BCer.na O]tH03H81iHO onpe.neJieHo: 

Sp (U e- ~) <U>= 
Sp e-t 

CJie.noBaTeJibHO, 11 nocTpoeHHue 113 o6bl1iHbiX cpe.nHHX WyHKU1111 

rp11H8 TaKllte AOJI*Hbi orrpeAen fl ~bCH OAH03H81iHO. 0TCIO]t8 11 MO*eT 

flOK838TbCH 1 liTO np11 H3y1ieH1111 CT8THCT111i6CKOro paBHOBeC11H 1 

CKazeu, C TIOMO~blO ]tHarpaMMHO~ T6XHHKH, He H8]t0 npl1HI1M8Tb 

BO BHHM8HI16 H8JIH1il1e BblpO~]teHI1H. 

0]tH8KO B ]t6~CTBHT6JlbHOCTI1 flOJIOZeHI16 He T8K rrpOC~O. 

qT06bl COCT8Bl1Tb cede HHTY11TMBHOe rrpe]tCT8BJI6HI16 0 xapaKTe

pe B03HI1Ka!O~Hx a.necb Tpy.nHocTe~, paccuoTpHu cJiyt~a~ 11JteaJib

HO H30TpOITHOrO t}JeppouarHeTI1Ka. 

nnfl onpe]teJ16HHOCTH B03bM6M ]ti1H8UH~6CKYIO CI1CTeyY, Xa

P8KTepl13y6yYIO raUHJibTOHHaHoN (uo.neJib re~seH6epra): 
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N =- { Z 1 (11-f~)(Sif · ft,.) (2.!) 

a .. 1~-> 
r.ne ( ~) - npocTp8HCTBeHHble T01iKK 1 COOTBeTCTBYIOIIlH6 Y3J18U 

KPr.ICT8JIJII11ieCKO~ pemeTKI1 (Jiellt81IlHe B 06'beue v ) , ~ 
BeKTOpbl CITI1H8 C 06bl1iHHYH rrepeCT8HOB01iijbiUH COOTHOW6HHHUH, 

j(lf -/,_) -

~ (11-/,_) 

HeOTPHL\STeJibHble liHCJia; npe.nrroJiaraeTcR, qTo 

noJio:oTeJibHbl, Harrpi.uaep, xor.na Y3J1bl { 1 , f:~. 
6ylJ.yT 11 6JIHllt8tiWHMI1 COCe]tHMM 11

• 

nnfl paCCMSTPHBaeuoM ]tHH8MH1i6CKOM CHCT6Mbl K8Z]t8H 113 

KOMITOHeHT BeKTOpa CyMM8pHOrO CflMH8 

~ 2: ~ Si 
{I) 

HBJIHeTCH HHTerpaJIOM ]tBI1llteHHH. 

lr1MeeM TSK*e 

Sx S~-Sy Sx =is~ 

S~ S1- S1 5~ .,. L SJ( 

5'1 Sx- Sx S.e:= iS} 

0TCIO]t8 CJie]tyeT, 1iTO: 

i s p ( s. f - ~) = s p { ( s X s r s 1 s J e-:} 

Ho, nocxoJibKY Sx KOMMYTHpyeT c /-1 , rroJ1y1iHM: 
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Sp(s
9 

Sx t- ~)= Sp {s, e-~ S~)- Sp (s,_ s1 e -f) 
~ flOTm.cy: 

/.( 

Sp (s~e-e-)=o 

CoBepmeHHO auanorH~o ua~~eu: 

II 

Sp (s~e-6)==0) -" Sp (s1 e 7F) ... o 

BBe~eM BeKTOp H8M8J':'HHqeHHff, OTHeCeHHbltl K e~HHHI.{e 06'beN8: 

--- i v-~ i -m =~"" - ~ s1 -=Jt - s v (/) v 
V!Meeu: 

# 

Sp (iii e -8 )=o 
H, cne~oBaTen:ouo: 

<iii>~ lim 
Y~Qo 

(
- 1L Sp Jrie-e~) 

Sp 
_JL 

e • 
0 (2.2) 

~ 

MTaK, 06blqHoe Cpe~Hee OT BCKTOpa Jlt paBHO uyn10, qTo, 

oqenH~HO, COOTBeTCTByeT H30TpOITHH paCCM8TpHBaeMO~ ~HHBMH-

qeCKOtl CHCTeMbl flO OTHOllieHH~ K rpynne BpameHHff CflHHa. 

ITo~qepKHe~, qTo COOTHOlliCHHe (2. 2) cnpaBennHBO ~nff BCCX 

TCMITepaTyp fY , B qaCTHOCTH, H ,Z!Rff Te~mepa•ryp Hl1JKe TOqf\H 

K~p~. 

l'l 

PacCMOTp~M cet\qac cnel.{H8R:&HO HMeHHO STOT nocne~HH~ 

cnyqaM. Torna, KBK H3BeCTHO, BenHqHHO BCKTOpa HaMarHHqe

HHff OTR11t{H8 OT HYRH, HanpaBneHHe xe ero MOECT 6biT:O B3l'ITO 

npOH3BOJI:&HO • .tl STOM CMI:!Cne COCTOffHl1e CT8T:l1C.Tl1t{CCKOro paB

HOBeCHH B paCCM8TpHB8CMOM cnyqae ffBnffeTCff BMpOZ,Z!eHHbiM. 

BKn~tn1M Tenep:o BHemHee MarHHTHOe none V f (Y>OJ eJ.~ 1) 
38MeHHB raMHn:&TOHH8H (2.!) Ha raMl1JI:&TOHl18H : 

J.I)Jt = u + v (e. m) v (2.3) 

Torna, npHHl1M8H BO BHHM8HHe xapaKTepHoe CBO~CTBO l130Tpon

H~ weppouarHeTHKOB npH TeMrrepaTypaX HH~e TOt{KH K~pH, BH

nHM, qTo: -- ~ <m>=eMv 
r~e t1~ 6yneT CTpeMl1T:&CH K KOHeqHoMy, OTnl1t{HOMJ OT HynH, 

npe.n:eny, KOr.zta l1HTeHCl1BHOCT:& V BHeWHero MarHHTHOrO ITOnfl 

CTpeMHTCH K HYR~. C !pOpMaJI:&HO~ T0t{Kl1 3peHl1.FI Mbl l1MeeM 3;1:\eC:& 

11 HeCT86Hn:&HOCT:& 11 06blt{H~ cpe~Hl1X - Tlpl1 ,ll068BneHl1H K raMHn:&-

(~-TOHI18HY (2.!) t~neHa ).1 f. · rn ) V C 6eCKOHe~O Ma--RhlyX) )> cpe,llHee <IIi> rrpeTeprreBaeT KOHet{HOe, OTnl1qHoe 

oT uynH, npHpameHHe: 

-~ht· , ) 
h1 = lim M )I 

v-o 
BBe,lleM Terrep:& ,llnfl ,Ztl1H8Ml1t{eCKOi1 CHCTeMbl C raMl1n:OTOHl18HOM 

x) Kor.z~a Mhl roBopHM o 6ecKouequo ManoN ~ , Mbl Bcerna 
rronpaayMeBaeM, qTo cuaqana npoBO.ziHTCH rrpe.z~en:&Hbli1 rre

pexon CT8Tl1CTHqeCKOtl MeX8Hl1KH Y- 0o , a 38TeM )) 
ycTpeunHeTCH K uyn~. 

rr ... .. l,; > 

~ 

. ......--rn:w:.c-
iliA 
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( 2. 1) IT OH RTHB "KB83HCpenHe~". 

B03bMBM K8KY!O-JJ!ti60 ,l(l1H8M!tillCCKY!O :BBJB1trnHy 11 ' R:BJJRKl

mylOCR JJHHB~HO~ KOM6HH8gHeH .1.13 ITpOH3BB):(BHHU: 

.A, ( ) .(,_ ) s11. -t1 ... s1l ( -~:'t 
11 orrpe,l(BJIHM K:B83HCpB,l(Hee-< f/ >- OT STO~ BBJIHtiMHbl, ITOJIO

lirn:B: 

.< II> :: t~n < fl > 
:~~-o 

r):(e (II >vr - o6blqHoe cpe):(Hee oT 11 npH rawJI:&TOHHaHe /1»;: 
TaKHK oCipaaou, HaJIHQHe BbiPOZ):(eHHs Henocpe):(CTBeH

no OTpaxaeTCR Ha KB83HCpe,l(HHX HX 38BHCHKOCT:D~ OT npOH3BOJI:D
~ 

HOro OpTa e 
HeTpy):(HO aaueTHT:& TaKze, t~To: 

< 11 >- J--< 11 '>-de (2.4) 

ITOHRTHO Tenep:&, qTo ):(JIR OITHC8HHH paCCM8TpH:B8BMOrO CJiytlaR 

BblpO~BHHOro COCTOHHHH CT8THCTHtiBCKOro pa:BHO:BBCHR K:B83H

CpB,l(HHe 60Jiee y):(06Hbl, 60JIBB 11 qJH311llHbl 11 , llBM 06b!llHbiB cpe,l(

HHe. 3TH ITOCJJB,l(HHe npe,l(CT8:BJJH~T C060M TB EB K:B83HCpB):(HHe, 
~ 

TOJI:&KO ycpe,l(HBHllblB IlO BCBM Harrpa:BJJBHH.fJM f 

3aMBTHM Bll{e, llTO 06bl'tll!hiB cpe,l(HHB: 

< s1~
1 (ti) ... s,:l ( 1=-c) > 

l{OJJ;i<Hbl CibiT:& HHR8p.1.18HT!Ihl ITO OTHOWBHI110 It rpyrrne :BpatiteHI1R emma. 

COOTDBTCTDyl0~11C KBB311CpC):(!IHe: 
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-< \.lt (~ )- s,~~ ( i,) >- (2.5) 

6y):(yT 06JI8):(8Tb JIHWb C:BO~CTBOll KO:BapH8HTHOCTH - npH :Bpame
~ 

HHH CIT l1HO~ H8):(0 ITO,l(DeprHJTb T8KOMY EB BpameHHJO H BBKTOp € , 

qT06bl Bblp8EBHHB (2.5) He l13MBHHJIOCb. 

Y KB83l1CpB):(HHX TaKHM o6p830M liB Ciy):(BT TBX np8Bl1JI OT

Ciopa, KOTOpble ~JJH OCiblllllbiX Cpe~HHX o6yCJI8BJil1B8Jil1Cb HX HHBa

p118HTHOCTblO ITO OTHOWBHH!O K rpyrrne BpameHHR CITHHa. KaK BH,l(-
~ 

HO, opT € - HanpaBJIBHHe BBKTOpa H8M8rHH'tlBHHH - xapaKTB-

pHayeT Bb!POM,l(BHHB paCCM8TpHB8BMOrO COCTORHl1H CT8THCTHtiBC

KOrO paBHOBBCHH. qT06bl CHRTb BblpOE~BHHe, H8):(0 38WHKCHpOB8Tb 
~ 

HanpaBJIBHHe ~ • ITpl1MeM aa aTo HanpaBJIBHHe ocn ~ • Tor-

~a BCB KB83HCpe~HMB CTaHyT onpe):(BJIBHHblMH qHCJI8MH. KaK paa 

C T8KOro po,l(a cpe,l(HHMH 06bl'tlHO H HMBIOT ,l(BJIO B TBOPHH weppo

MarHBTH3Ua. 

~Halle rOBOpH, Mbl MOMBM CHRTb BblpOM,l(BHHB COCTORHHR 

CT8THCTHtiBCKOro paBHOBBCl1R ITO OTHOWBHHIO K rpynne 

CITl1H8 1 BKJIJOqHB B raMHJibTOHH8H J./ ,l(OITOJIHHTBJJbHWf 

PH8HTHill~ liJIBH ).! mt v C 6BCICOHBtiHO M8JIW4 )} 

BP8111BHHH 

HBHH:Ba-

• 
TiepeU):(eM Tenep:o K paccuoTpeHHJO ):(pyroro npHuepa Bblpox

~eHHR, o6paTHBWHC:& ,l(JIH 3TOro K TBOPHH KpHCT8JIJJHllBCKOrO CO

CTORHHR. B03bMBU ,l(KH8MHllBCKYJO CHCTBMY CieCCITHHO:BblX ti8CTHU C 

6HH8pHbiM B3aHMO,l(B~CTBHBM, xapaKTepH3yeuy~ raUHJibTOHH8HOU 

OCiblllHOTO TYJITa: 

" ( pl.- ) + f ~ + + 1-/= ~ ~-A arap+~v 6 a~ a,~ap~op: x 

{p) ( I I 
~,Ji.~,P.a) 

~ $ (;f+ if-f;'-?;_'))) ( pt- P/) (2.6) 
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B KOTOPOY s (t-r) - ~HCKpeTH8R a -<liYHK!:UiR, )) (P) 
~ypDe-o6paa IlOT8HUHanDH0~ SHeprHH B38HNO~eUCTBHR cl(~) 
rrapH ~aCTHUo npe~O~OXMU, qTo 3TO B38HMO~eHCTBHe T8KOrO 

THrra, ~TO Hama ~HH8MH~eCK8ff CHCTeua ~O~EHa H8XO~HTDCff B 

KPHCT~HqecKOM COCTORHKK Ilp!ti ~OCTaTOtrHO HH3KHX TeMTiepa

Typax: (} < fJCIZ. 

PacCUOTp!tiN Ha6~~~aeuyn TI~OTHOCTD ~C~a ~aCTHU P~~) , -KOTOpaR, O~enK~HO, ~O~EHa 6HTD nepHO~H~eCKO» ~YHKUHeU ~ 

c nepHo~ou pemeTKH ICPHCTan~a. EcTeCTBeHHO Kaaa~ocD 6bl c~w

TaTD, qTo j> (~) PaBHa o6HqHouy cpe~Heuy aHa~eHH~ orrepa

TOpHo.tt Il~OTHOCTM 1/i ("z) Jff ( 'i) 

~ 1 " { "' + . J i rf:z-) f(-i) ,.<lfl{'i}lJi('i))-z-~ ~ <at.aJ:,_> e 
v (~) '(«} 

STo, o~HaKo, HenpaBK~DHO. 

B cauou ~e~e, B paccuaTpHBaeuou c~ytrae HYeeTCR aaKoH 

coxpaHeHMH rro~Horo HMnynhca: 

- ~ -+ p- L JC a~ at 
(II.) 

H TIOTOyY, HS OCHOB8HHH CK838HHOro B § I, Mbl HMeeM rrpaBH~a 

oT6opa: 
+ 

~at a~~>-=.O , ecnH ~ + 0 

O'l'ey~a: 

+ 1 \' + N < lti {i) JtL {ij>=- L ( C/re 0~ >-·-- ~~r,st 
v (k) v 
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TaKHM o6paaou, o6bi~Oe cpe~Hee aHatreHHe orrepaTopHoU 

rrnoTHOCTH He ~omeT 6biTD paBHO rrepHo~HtrecKoU WYHitUHH f(~) 
HCHO, trTO T8K06 IlOROE6HHe Bb13BaHO BblpO~eHHCM paCCMaTpH

BaeMOrO COCTORHHH CT8THCTHtr8CKOrO paBHOBCCHH. neUCTBHT8RD

HO, KPHCTa~nH~ecKaH peweTKa, KaK uenoe, uomeT 6b1TD npoHa

BORDHO pacnonomeHa B TipOCTpaHCTBe. B ~aCTHOCTH, Ham raMHRD

TOHH8H o6na~aeT TpaHCRHUHOHHO~ HHBapH8HTHOCTD~ H TIOTOMY 

BCer~a MOEHO ~8TD peweTKe IlpOH3BORDHY~ TpaHCRHUH~. 

KaKoe-nw6o crreuHanDHOe rrono~eHHe KpHcTannH~eCKOH pe

meTKH B rrpocTpaHCTBe HHtreM He Bbl~eneHO H KOr~a Mbl 6epeM 

06bltrHY~ cpe~H~~, Mbl TeM C8MbiM ycpe~Hfl8M ITO BC8M B03MO~HblK 

pacrronoxeHHRM 3TO~ pemeTKH. qT06bl CHRTD TaKQe Bblp0~8Hiti8 

H BBeCTH KB83HCpe~HHe, BKR~~M B BblpaxeHHe raMHRDTOHH8H8 

tmeH: 

v j U (i) ~ (i)lfl(~t)d~; V>O, JJ _.o (2.7) 

cooTBeTCTBY~~HU 6ecKoHe~HO-ManoMY BHernHeMY non~ V LT{~) 
nonytreHHblt.i raMHRDTOHHaH o6oaHaqHM qepea Hv . B Katrecrne 

u (;:) Mbl B03DM8M rrepHO~H~0CKY~ ({lyHKUHIO t C COOTBCTCTBY~ 
lll8U rrepl10~HtrHOCTD~ (.rrepl10~11llHOCTD~ peWCTKH) TaK, trT06bl BHCW

Hee TIOJie )I u CHI1M8RO Bb!pO~~CHHe, !pHKCHpYH ITORO~eHHe 
Harnero Kp11cTanna B rrpocTpaHCTBe. 

TaK K8K, C ~pyroiii CTOpOHbl, Mil CCTCCTBCHHO pOCCMaTpHB8-

8M TORDKO ~H3H~eCKH CTa6HJIDHbl8 CJiy~aH, RCHO, llTO BKJI~treHHC 

6eCKOHe~HO Y8JIOrO BHemHero ITORfl MOlK8T JIHlliD 6eCKOH8tiHO 1118RO 

lri3M8HHTD cpH3Hti8CKHe CBOHCTBa l13ytiaeuoU ~l1H8Ml1ll8CIWH CV.CTCUbl. 
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II0 3'fOMY, B3flB 06bl'l!HYJO cpe,ZIHJOJO OT one paTO pHO H ITJIOTHO-

CT~ o/ (-i) ljl (ot) )(Jlfl raM~JII>TOHH8H8 J./., C 6eCKO-

He'llHO Mam~M \> , t.rn waKTI1tWCKH rrony'll~M cpe)(HJOJO .zt~fl CHCTe-

Mbl C rrepB01!8'tf8JII>Hbll~ ra¥t'IJII>TOHH8HOM J./ , HO 6e3 ;zlOITOJIHH-

TeJII>HOrO ycpe;z!HeHM!fl ITO paCITOJIOllCeHHflM (Ka!t I..\8JIOrO) ~pHCTaJI

JIH'l!eCKOM pcmeTKt'l B rrpOCTpaHCTBe, ITOCKOJII>KY ee ITOJI OlKCHHe 

Tenep:o aaKperrJieHo. 

TaKHM o6paaoM, Mbl rrony'tfHM Ha6JIJO,naeMyro npocTpaHCTBeHHyro 

ITJIOTHOCTD pacrrpe)(eJreHHH 'llaCTt'll..\ f ('t) . Orrpe.neJIHM <!JopMaJih

HO KB83t1CpC,l{HHC, ITOJIOlKHB: 

~ ... ; (~·J ij ) ... 1Jl (ts,t; ) .... '>- ~ e,, ( .. ; (t;·.tj). .. lJf (ts, i;). .. >. 
· (Y~) N~ 

Tor.zta, KaK ylKe OTMeqaJioc:o: 

-< ~ (i} lfl (-i) > -= f (oi) 
llpHHflB BO DHHM8H¥Ie, liTO: 

./ + { -f } i.(ft-) 
~ 1¥ {i)Jii ('i) >-= _i_ I Z .<_at at~'>--] e v (fl (t) 

l.lbl D¥I,l{HM 1 t{TO KB83¥1Cpe,l{Ht'le 

+ I 

~ a~ Oe >- ; ~ =fo ~ (2.8) 

ne MoryT ~ paBHflTDCH HYJIJO. 

Turn1M o6paaoM, rrpaBHJia oT6opa, o6ycJIOBJieHHble 38KOHOM 

COXp8HCHHfl CYMMapHOrO HMITYJII>Ca, He Bb!ITOJIHflJOTCfl )lJlfl BBe,Z!eH

HloiX KB8311Cpe,Z!Ht'IX, 

2J 

3aM6THM Tenep:o, qTo KB83HCpe,l{HHe 38BHCHT B006~e OT 

pH,l{S npOH3BOJII>HhlX napaueTpOB, H8llpHMep, OT rrpOHoBOJII>HOrO 

B8KTOP8 f . B C8MOM ,l{eJie, 8CJIH Mbl 38MeHHU !})yHKI.l¥110 V (i} 
H8 CTOJII> lK8 ,l{OITYCTHMYIO if>YHKI..\¥110 u (i: -1: f) , TO HeTpy,l{HO 

y6e,l{HTI>CH, qTO KB83HCpe,l{HMe (2.8) 38M8HHTCH Ha 

~ + > i. (?-f"'J·f a a, e 
" I( 

KB8 3MCPC.l\HM8 CT8HOBHTCH 0,l{H03HaqHO orrpe,l{eJieHHbiUH, KOr,l{a Mbl 

!}iH KCHpyeM QJYHKil¥110 u ( £) • Mbl paccuaTpMB8JIM ,l{O CMX nop 

CJiy'l!a¥1 DblpOllC,l{eHMfl COCTOHHMH CT8TMCTHqecKOrO paBHOBeCMR, CBH-

3aHHHe c saKOHOM coxpaHeHHH cyuuapHoro BeKTopa emma H1IM 

cyuMapHoro BeKTopa HMnyn:oca. B o6oHx cnyqaHX Bb!POJK.zteHP!e uor

no 6b!Tl> CHHTO M BBe,l{8Hbl ~H3Hli8CKM a,l{eKB8THble KB83MCp8,l{HH8 

nyTeM BKJI!OqeHHH ITO,l{XO,l{H~ero 6eCKOHeqHO uanoro BHeWHero ITOJIH. 

ITepeit,l{eu Terrep:o K paccuoTpeHHIO Tex cnyqaeB, IWr.zta Bbl

polK.zte HHe CBH38HO C aaKOHOU COXpaHeHHH ITOJIHOrO tiMCJia qacTHI..\. 

llatmeu c aneueHTapHoro rrpHuepa KOH.zteHcauHM Eoae-8ltHmTe~HoB

CKoro H,l{eSJII>HOrO rasa. qT06bl 6biJIO Y.zt06Hee Bbl,l{eJIHTI> KOH,l{eH-

CaT, B03I>MeM raMHJil>TOHH8H M,l{e8Jil>HOro rasa B !})opue: 

(-
A:.l. )+ 
~ - f\ at at , l >o (2.9) H .. -(~~+ "' 

() 0 L.... 
/lc/>E 

3.zte c:o BeJIHtiHHY E 6y,l{eu cTpeMHTI> K HYJI~ ~ coBepmeHMH 

ITpe.zteJII>HOrO nepeXO,l{8: vr~oo. nRH cpe,l{HHX tiHCeJI ~8ITOJIH8-

HHH HM!lyJII>COB Ha~.zteM: 

N ~ 
0 - I. e .,. 

1 

i 
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1 
/t,j>~ N= 

A:. 

e 
Cpaay ~e BH~HO OTC~~a, qTQ 

f.. < 0 

06oaHaqaff nonHoe -q~cno -qacTHU -qepea ;11 , nonyqHM: 

0 

N =~+-i- ~ 
v v v it/>E. 

1 
tl,; / 

-z:;;;--"' 
e (11_ i 

f.. .. - tY~ ( i + +. ) 
(2 . 1~) 

PaCCMOTpHM cnyqa~ Boae-9~HmTenHOBCKOa KOH~eHC8UHH 9 KOr~a 

No 
ft w: &, 

D v 
f!BJlffeTCH KOHetiHo«, OTJ!HqHQ~ OT HYJ!H BeJJHqHHO«. 

B 3TOM cnyqae, nepexo~H K npe~eny B COOTHOWeHHH (2.IO), 
·' 

Hatt~eu: 

cLc--
J. IV tv. + ~ J { t;L J-i n. = um y- • (tli; e.xp -x;;;o 

/Kf~t. 

YcTpeMiriB a~ec:& "~unyn:oc o6peaaHHHrt E K HYnll, nonyllHu 

OKOH"tl8T8Jl:OHO 

J 
olK--. 

1 th -1 h- ~ 11-, +- (up exp f .t..u J (2 . II) 

?.5 

TaK~M o6pa30M, npMXO~HM K ycnoBHm KOHncHcauwH B o6utiHoA 

¢opue: 

1 J c/t-. 
<;z, 

ex p (__!!:_._)- t 
tmiJ + 

HeTpy,n;HO 38M8Tl'iTL, "liTO onepaTop aoao 
paBeH C -q11cny: 

+ 
aoao 
V "'-' 11-o 

PaccMoTpvrM aMITJ!MTy;nhl + 

ao Go 
--, -· Yv l/V .J 

IWMMYTHPYIOmHe co BCeMH m.mnHTy,n;aMM 
+ 

Gr., Oc., t fO 
TaK KaK KOMUYT8TOp 

+ 

[~·:VJ J. 
=-v 

v 
8CI1MITTOTHqecKH 

(2.12) 

f!DJJfiCTC ff OCC!WHeqHo MHJ!h!M ( v- Co) , TO !lOlK8M C"IIHTaT:b 

TAKlKe 11 paCCM8Tpl1B8CMble 8MITJ!I1TY.1\U C. -"tl11CJI8MH, TlpHqeM, 

B RJ.1~y (2.12) 
-4-ao .... r i.r~.. a 

-v v N v nc e J vV tv -vn:- -t.'« 
e (2.13) 

lli8CTBCHHhdi c])aaOBJ>iM yroJI ci a,n;ec:r, rrpoH:=monen. 8ToT cpaKT 

TCff B CBff3H C rpa,n;HeHTHO~ HHBapHaHTHOCT:blO I-ro po,n;& , 

C1IOBJJeHHOH aaKOHOM coxpaueHviH tiHC1Ia tiacTHU VI yKaah!naeT 

J 
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Ha noRnneHHe BHpo~eHHR. 

Bo3DMeu o6HqHHe cpe~HHe: 

<~>· > 
H SaYBTHM, tiTO 6naro~apR npHBHnau OT6opa, OHH TQqHO paBHH 

Hynn. Teu cauHU Haxo~HM, qTo o6~qHHe cpe~HHe BKnDtlaDT e~e 

~OITOnHHTBnDHOB ycpe~HeHHe ITO yrny oG • qT06H BBBCTH KBa-

3HCpe~HHB H CHHTb BHp0~6HHe, BKnDqHM B rauHnDTOHHaH f1 

~e~: 

- y ( ~ e ~~ a." e- 'tf) Vv, v > o 

llonolltHu: 

H (
+ itf. -irf 

'~~f = H-JJ ao e. ~a,., e ) -Vy (2.14) 

r~e <f - H6KOTOpH£t ¢lHKCHpOBaHHHlt yron • 

nnH rrpHB6~6HHH (2.14) K ~HarOH8nDHO£l ¢opMe COBepillHU 
+ 

KaHOHHt{6CK06 npeo6pa30B8HH6 Ha~ BMTinHTy~aMH 
+ 

MBHHH OCTanbHHX aMTinHTY~ Q., t, , £l. t:. 

V Lq7Vv I 
(1s:-e v+a 

0 ~ 0 

+ V - if_ r:;-;-' + I 
<1 ,.. - - e v v +a 

0 ~ 0 

Q.,o ' a,o ' He 

(2.15) 

nony'llliu: +' 1 tvL + vi 
H =--/..a., a.o + L ( .tm - t) at. a~:+ Y V (2.I6) 

Ilonoou a~eCD v 
~= - -vn: (2.17) 
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.. 
Tor~a: 

+, 

< a,: ~~" = o J < a 0 >"'" = o 

+, ' - ex - i )1 }-1 < ao ao >v,'f - { p (} ,;n; 

+ { ( " t " ) -1 <at al: ~f = llXf ~ :--;;;;- - i} 

r~e < ... ~ 'f o6oaHat~aeT cpe~Hee ~nR raMHni>TOHJ/IaHa J.lv,'f 

TI03TOMy, Ha OCHOBaHHIII (2.15), (2.17): 

{ ( 

)I + tt -i 

Ntrw= exp ~ 
8

-,;;;)- i} 
i M:: n-~~ V+ v · 

0 e ~v;;:.-1 (2.rs> 

lii 

N N. l { (L + t,L) }-1 v- v" + v [ e.><p -vn. e -r;; -t (2.19) 

Enaro~apH HanHqHKJ B aKcrroooHTe "rrpe){oxpaHJIITeJibHoro" cJiarae
y 

MOre ~~ , HaM Ce~qac MOlKHO H He BBO~HTb 111/IUITyJibC 06-
V tl-., 

peaaHJ/IH ~ "• Herrocpe~CTB8HHHM rrepeXO,z{OM R rrpe~eJIY B COOT-

HOID8HIIIH (2.19) H8H,1{eM: 

r )I t,L }-J 
tt:Jz..,+-1- j'fexp ~+I;; \ ... 1 ck.-? (2.20) 

(~I)3 1c: e I 
RaueTHM ){aJiee, qTo: 
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+ 

( ao _r,:- -¥)f ao t'll) jf I <( -- vh-o e -- ... r;:; e' >. = < aoOo)_ fi o Vv V n., ~«f V I -

- lim .J. i -o e Y/tr.fio_ f v-oo v 

Cne~oBaTenDHO, acMUIITOTMqecKH: 

Oo 
1/V "" -0i: e i'f 

:> 

+ 
Oo 
-vv""~ 

T. e. ~mi CMCTew c raMMDTOHHaHOil H l1, 'f 

e -itf 

814IIJIHTY~b1 

KOH~eHCaTa aCMilnTOTHtieCKH RBJIRnTCH WHKCHpOBSHHbiUH e 
qHcnaMH. llonytieHHble Bblille ~opwyna (2 . I8), (2.I9), (2.20) 
noKaa~aiDT, '!ITO, coBepmHB npe~eJIDHbl~ nepexo~ V ~ 0 (QQ£

~ npe~6JIDHOrO nepexo~a V- CO ) , Mbi IIPHXO~HM K OCibltiHbiU 

peaynnTaTau TeopHH KOH~eHcaUMH M~eaJIDHOro Eoae-raaa. 

BBe~eM KBaaMcpe~HHe: 

-<_ .. . )>... = lim < ... )v.l# 
v-o I 1 

Tor~a 

J _!!:_ \.. = ,'n e 'f <~ '- = -.~ {if 
~ l/V r v flo ' w r v fl-o 

KaK BH~HO, npaBMJia OT6opa, o6ycnoBJieHHble 38KOHOM coxpaHe

HHR qacTMU He BbiTIOJIHRnTCR AJIH KBa3HCpe,nHHX. BH~HM TaKZe, 

qTQ KB83MCpe~HH8 aaBMCRT OT cp830BOrO yrna cf , KOTOpbi~ 
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MOl!teM cpHitCMpoBaTD npoi13BOnnHo. BoanMeM <.f = o. Tor~a 
KBa3I1cpe,ZlHI1e cTaHOBRTCR onpe,neneHHHMI1 Benl1qMHaMI1. IAHatie 

rOBOpR, BWPOl!t~6HMe CHI1MaeTCR ~o6aBJI8HI16M K raMMJibTOHI1aHY 

~ CiecKoHetiHO Manoro tiJieHa 

_ v {ao + <t ) -ifV 
B paCCMaTpMBaeMOM cnyqae KB83MCpe~HI1e OTJIMqamTCR OT 06blti

H~ cpe,ZlHI1X TOJibKO ,ZlJifl aMI1JIMTY.1l KOH~eHcaTa Cinaro~apR ~0~, 

qTo Mbl MMeeM cetlqac M~eannHWtl raa Ciea B3aMMo~etlcTBI1R. ·npl1 

H8JII1qi1M B3811Ma~et!CTBMH 3TO OTJIJ1ql1e paC!1pOCTpaHH8TCH M Ha 

OCT8JibHbie aMriJIMTY~bi. ilOHBHTCH, narrpMMep, OTJIMqHble OT HYJIH 

KBa311Cpe~HM8 Tl111a 

<( a~ a_.:>-
llepe~~eM Terrepn K paccMoTpeHMID 6onee cnol!tHOro npMMe

pa. B03bM6M MO~eJinHym ,Zli1H8MMqecKyro CMCTeyY C raMMJIDTOHHa

HOM: 

~ ( + 1 ~ ,++ J.l=~ T f)a1 ~-,_,yL ~(l)f.-(f)a1 a_1 qf'al' 
aJ a./'J 

(2.2I) 
HayqaBmyiOCH B CBH3M C TeOpMe~ CBepxrrpOBO,Z(HMOCTH/!, 2/. lAb! 

ripHHHJIM 3,1(6Cb cne~m~He 0603Hati6HHR: 

{ = ( p; s ) , _ t = (- p;- s) j s = ± i , r (1-J = ~~ -)I, 
)l>o . j P'- / . 

{ 

Te (s) 1 ~ 1m /' < 4 

~a;= o ) tuu. 1£- -;"/> 4 
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+ 
Q, f 

1 
fL~ - 06bll1Hble illepanf- 8UIIJIIr!TY.ztbl. 

naHHbl~ IIpHuep flBJIHeTCH HHTepe CHbiM B TOM OTHOWeHHH, 

liTO OH HeTpHBHaJieH- ypaBHeHHH ~BHXeHHH ~JIH raMHJI:DTOHH8H8 

(2.2!) TOliHO He HHTerpHpy~TCfl . BMeOTe C T8M 1 8CHMIITOTHlleC

KH TOtrnhle !lJOpMYJIH ( IIPH V- Oo ) uoryT 6b1T:D IIOJiyqeHbl MR 

ffiyHKHH~ rpHHa Bcex IIOPRAKOB. 

llpHBe~eu s~ec:&, BKpaTue, OTHOCR~eca c~~a pesyJI:&TSTbl, 

ony6JIHKOB8HHble B pa6oTax 13, 41 . Bos:&MeM "annpoKCHUHPYIO~~ 
r aUHJI:DTOHH8H11 

H. - L. r m itf ll,-1 L f- ({) { c "a,af+C J,ii_,}+ 
(~ w 
t I C(~ v (2.22) 

~ 

B KOTOpOU BeJIHllHH8 c HBJ1H6TCH C. - qliJ:CJIOU ( B006Ule roBO 

KOMIIJieKCHhiU) 1 OIIpe~eJIReUIDI K8K HeTpHBHaJII>HOe ( c -:j=. 0 ) 

pemeHHe yp8BH8HHR: 

C- - 1 L >.. (1-J <a a > (v) 
V {IJ -1 I 1-io 

(2. 29) 

< 
(V) S ( - Ho 

... >J.I = P . . . ) e " 
0 

9~ec:&: 

B CBH3H C IIPHHHThlU 0608H8lleHH8U H81IOMHHM1 liTO 06hlt~HOe cpe~Hee 

< ... >1-1 

onpe~eJIHeTCH xax npe~eJI : 

et·m 
v-c.o 
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< ... > 
H 

(v) 

TaK K8K l-lo C TOqHQCTDIO ~0 IIOCTOHHHOro llJieHa npe~CT8BJIHeT
+ 

CR KB8.ztp8THqHO~ ~OpMO~ IIO OTHomeHHIO K OIIepaTopaM ~ 1 t7 t 

MH uoxeu npHBeCTH Ho K "~HaroHaJI:&Houy BH.ey" nocpe~cTBou 
JIHHe~Horo KSHOHHqecKoro npeo6pasoBSHHH. BBe~eu, ~e~CTBHTeJI:&

+ 
HO, HOBble ~epMH-8MIIJIHTy~H ~ lll ~ 1 IIOJIOXHB: 

. + 
<i1 -== a1 u.-1 -ta_F ~ 

+ + * 
r£1 = a.1 uf t a_1 v-f. 

r~e 

u = _i_ J 7'(1) 1h = -6: {s) ~- !.7WJ 
4 1fT i + E a) ' I 1i I c I ~V i- ErtJ 

E (t) =-/ f..J ((} /C/ 1
+ TJ. (IJ' 

Tor~a: 

f-lo ,_ L £ (/} j_/ «/ + 1{ 
(I) 

r;n:e X - nocTOHHHaH: 

x = 1 v{lcr-+ fi (E(t; -rro]} 
0TcYJ;n:a H~£.l.zteu: (V) 

( dv/ r£/ >Jio = 

i 
E(ll 

e 61+ i 

(2.24) 
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~ 

E(IJ 

(vJ i- e -r E UJ ,. f.. (IJ ~ E (IJ 
(a,_,a!> ='ll{lf il.l1 ""-1l1Vjth UJ 1.E(I) UJ 

r Hu it f. 9 

M~ Mo~eu Tenep:& pacKp~T:& cooTHomeHHe {2.23), nony~B: 

{ i --1 2:: ~J,(I) /;/, E(IJ} C =- 0 
.2. V (/) E {f) 1A 

TaKHM 06pa30M, HCKOMOe HeTpHBM8JI:&IIOe pemeHJIIe c onpe

~enaeTCH ypaBHeHMeM: 

f .. J_ ~ ~ l. ( IJ x 

l v {fJ -,; ~J.(I) /Cfl+ r~(t), 

{ -1 f..L(I) /C/~+ TL(I) ) 
th t t:J 

HnH nocne npe~en:&Horo nepexo~a v----- 0<:> • . 

(2.25) 

1 =-i 1 Al(p)dp- tk { --,fli(p)/Cfl·+ 'fL{Pf} (2.26) 

(JJi)3 -v J... L (P) /CP·+ T" ( P) ' :vo 

Km< ~sBeCTHo, aTo ypaBHS HHe 1meeT pewem~e .zma fY , ueH:&-

umx HerwToporo KP}lTI1tWCKoro fY cz. • ToJI:&Ko TaKott cJiyt~a£t: 
6l<6JctM~ 6y~eM paCCMaTp~BaT:b. 3aMeTHM TaKllte, tlTO ypaBHeHHe 

(2.25) ( >rJIH (2.26) ) onpe~enaeT TORI>KO MOJI.YJI:& / C/ , 
wasa ~e (; OCTaeTCH npOl13BOJibHOL1 , 

:n 

PaccMOTPHM cpe~aee 

+ ( ) (v) < ... ali ~- ... Q'" ( ts ) ... > J.lo 
(2.27) 

+ 
OT npOM3Be,1teHHfl JII06oro tlMCJia OrtepaTOPOB £l_ M a. (B JII0601t 

nopH,1tKe CJie,1tOB8HHH). + 
TaK KBK ~epMH-8MrtJIHTY.1t~ ~ t ~ J!HHe£tHO B~pazaiOTCH 

+ 
qepe3 ~epUM-8MflJ!HTY.1t~ ol t o( 

+ 
a1 -= u~ a..1 -Vi ct_1 
+ + ~ 

fl1 = u I ot..t - 1tl J._t 
B KOTOP~X ~0 HMeeT ,1tl18rOH8JI:&HyiD ~opuy (2.24), M~ BH,1tHM, 

'ITO ~Jifl BLftli1CJ!SHHH B~pameHH£1 ( 2. 27) npHU8HHUN npaBHJia BHK8-

Enoxa . C HX rtOMO~:&~ 3TH B~pa~eHHfl npe,1tCT8BflTCfl B BJII,1te CYKUN 

npOl13BS,1tSHM~ 11 TipOCTSHWHX cnapHB8HH~ 11 : 
+ (V) l f i E {l)(t-7:) 

<a~ (-t) a1 (r)~" = u1 1+ e Efll e + 

+ /v. I J. 1 e -i E {1){1: -r) 
1 i -em 

tet)~ { -iE(~~~) i iE(~~-~ 
(al(f) Ot (r)) ! u; -~ e -t- /Vj/~ _,r e 

'"'' f+e i+l 
{v) e iE{I){t:-'f) (2.28) 

< f4{i)QI (r)> = u1 Vj { ~ _.,, -
Iff) 

_ e-'E(t}(i-r>} 
-mi. i +e 9 

() 

{ 

iE{/){t-r) -iE(f.J{l:-r)} 
+- + v K ~ e < al (t.)a_l (f:) ~o = 14 ~ €f1- - -Ell 

i+e i+e o 
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nBa nocne~HHX H3 HHX 3aBMCHT He TOni>KO OT UO~ynH c ; HO 

M OT ee cpaaH. Cne~OB8T6JII>HO, BOOCSII(et BHpal!teHHe (2.27) UO

XeT 38BMCeTI> OT waaH c . HeTpy~HO aaueTHTI>, ~TO 38BHCH

MOCTI> ST8 B6Cl>U8 npocTa. neACTBHTeni>HO, raUMni>TOHH8H tfo 

HHB8pH8HTeH no OTHOWeHH~ K 38M6He: 

~ + -~ ,, 
r11 - e a1, a1 ~ e tt1 I c -- e c 

B KOTOpO£! lf - npOH3BOJII>HH£l (B611(6CTB6HHHM) yr01I • noaTOyY 

Hweeu: 

+ (v) < ... (lli (~). .. a,~ (fs) ... >u = . 
q ~~ c = e '~/cl 

J5 

Teuy c rauMJII>TOHHa.HOM f.l. amt~ Toro, ~To yJtaeTcH ~orta-
3aT:r:./3,4/ CJie~IOII(Hti B8l!tHbl~ pe3yJII:.T8T. 

EcnH ,MH nponaBeJ(eHHfi 

+ 
··· ali ( }J ·.. a Is { f,) · .. 

'QHCJIO tfl = 0, IOX) 

+ (v} 
<. ... a b ( ~-) ... a Is ( l:s ) ... ~ -

+ (V) < ... a~. ( tJ) ... a Is {ts ) ... > ~ o 
J.l., 

V-0o 
---------------------------

(2.30) 

(2.31) 

< + ( {v) -i ~ 
= ... a~· t/) ... (t(s ( fs) ... >H., t AJ qTOCSH H6CKOJII>KO p83'bHCHHTI:. npHqMHhl, npHB0,2(llll(He K T8KOyY 

C = / C 1 peayn:r:.TaTy, npHBe,new cnc~IOil(He npocTHe cooCSpaJKeHHH. 3a-
H 1 MeTHw, qTo rauMI>TOHHSH H Mo~eT CSHT:r:. npe.ncTaBneH B BH~e: 

r;zte rv - paaHOCT]) Mel!t~ tntcnauH onepaTopoB pol!t;zteHH.fl H + 

onepaTOPOB YHHq~l!t~HHH B pacCW8TpHB86MOM npOH3Be~eHHH. He- J./ ... ~ 'f'{/)~a.t -f- f f,.(/) {,tQ.l_Q/ +4itt>} +¥\"a) 

ao, "'TO IV a~ec]) Y:ol!teT C"lHTaT:r:.c.fl qeTHHY, TaK KSK npH u...... (I) (/) 

HOY 11, HMeew TOJK.Z(eCTB6HHO: 

+ (~ < ... (lfi (t·J .. 0/s {fs) ··· >H
0 

= 0 
3aueTHM T8Kl!te, "lTO B cnyqae ~ = 0 Ha (2.29) cne~eT, 

cpe~HHe (2. 27) He 38BHCHT OT clJ83H c . KaK BH~HO, HCvJlc.uv-. 

BSHHe CHCTeYH c 11annpOKCHYHPYKlll(HY raYMI>TOHHaHow" Ho c 

meHHO aneueHTapao. CooTBeTCTBYKIII(He ypaBHeHHH ~BHZeHHH T 

HHTerpHpyKJTCH. MH paccuaTpHBanH ce£tqac BcnouoraTeJII>HYKI 

r.zte 

/>- _!_ 2: f... {I) o_1 a, 
Y" (/) 

H qTo ypaBHeHHR .2tBHl!teHHR CSy.ztYT: 

i '::t1 =T{f)a1-f.{IJO..,!' 
+ . da, rn + + 

L ?{--=-,(I) a +f..(IJ/J o1 
3aMeTHM ~anee, ~To: 

I /J ~-a1p J: I~ ~ (JJ Q_J /< t- I~ (jJ I 

(6) 
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C ~pyro~ CTOpOHH 1 COBepmeHHO 3HeMeHTapHO ycTaHaBnM

BaeTCfl cy~eCTBOBaHHe npe~ena 

+ 
lim < ••• a,. (iJ) ••• a,s (l:s ),,, ~D 
v-o- I 

~nH JIJ06oro rrpoHaBe~eHHH ( 2. 30). KpoMe Taro, ecmr cooT:aeT

CTBYD~ee ~ F 0, TO B cHny rrpaBHJI oT6opa ~nH cHcTeMN c ra-

MMJI:DTOHHaHOM J.{ , o6yCJIOBJI6HHbiX aaKOHOM COXpa1!6HIIlfl tlii!CJia 

qacTHU:~ (v) 

< ··· 0 /i {~· ) ··· (}Is ( ts ) · ·· ~ = 0 

!!12QAQ~~~!!!!!LQHQQfi!!_ __ _ 

I f'!l a3 -Cia~ 1 = o 

I J ~-/Jf I~ t I ~ ~ ~ J. ( IJ 1 + 
TaKHLI o6paaoM, BC~ KOMMYTaTOpCI /Jf3 M6llt.ltY co6ot1 ~~ 

C OIIepaTopa!.IH a, 1 a, flBJlflJOTCfl 6eCKOH6tlHO M8JICIMH Benv.

IIHHaUH IlOpfl.ztKa + . il03TOMY eCTeCTB611HO ~H,naT:D 1 tlTO ICB811-

T0Bbl~1 onepaTOpHbl£1 xapaKTep B6JIHtlHH j!> 1 j3 CT8HOBMTCH 

Ilpe.z~ene v-IX> HeCy~eCTB6HHbiM. 3aMeHHB B (a), (6) 8TH Rt;

JIH'iii!Hbl HX .cpe.ztHHMH 3HatreHHflMH 1 Mbl Ill Ilpii!XO)lii!M R 3a.l{atre C ra

MHH:DTOHII!8HOM He ( ft::. C) . HeTPYAHO saMeTHTI>, trTo orrepaTopbl 

~, fo ~ no c:aoeuy xapaKTepy :aec:Dua noxoJKH Ha onepaTopbl 

.J!.!_ J jf Ha TeopHH KOH.l{eHcau;HH Eoae-raaa. Karc H 3TH 

rr6Qre.ztHHe, OHH CO.zteplltaT IlpOH3BOJI:DHYJO waay. 

B CBH3H C TaKOA CHTyauHe~ COOTHOW6HIIlfl (2.31) Ill .l{OK83bi

BaiOTCfl TOJ!bKO ;ltJlfl TeX npOH3Be;zteHHV. ( 2. 30), !COTOpble He JaBH

Cf!T OT 3TOtl <IJaabl, T. e. y !COTOpbiX /1, = 0. IAaTeMaTHtreCK8fl TeX

HHKa ;ltOKaaaTeJI:DCTB 3H8tlHTCJI:DHO yrrpo~aeTCfl 1 6CJIH MLI V.36am!M

Cfl OT Tlp0113BOJil>HOCTH cJJa3b! 1 HaiipHMep, BR.1!10tlii!B B raMHHl>TOHIIIall 

H qnen 

- v v (j3-rJJ) >l> 0 
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TaKHM o6pasoM : 

< ... ,. (~-) ... a,fs (tJ ... ~ ={<. ... a~. (t). .. Gs (l:s) ... ~.//!C.Ju fl::O 

0 , ec.~.u h.,. 4= o 

(2.32) 

'l'eM caMbiM Mhl MOlKCM BbltlHCJIII!T:b 06b11.J:HCI6 cpe,Z\HHe (2.32) JII060-

ro rropH.ztiCa, a, cne.l{oBaTen:oHo, II! ipYHKg~m rpHHa ,Z\JIH lpaccMaT

p>maeMoA MO,I!CJI:OHotl CII!CTeMhl c raMHJI:OTOHHaHou II . Eon:ome 

TOrO, ,I!OIC83b!B86TCH, tlTO IIpH JIJ060M 3HatreHHH liHCJia 11, 

J + + 
~·· ety (~·) ... ufs(t5 ) .. ):-=< ... a~ (~) ... Gfs (i5)~.~ ( 2•33 ) 

3,1!6Cl> Ka!C Ill paHI>!lle 1 CliJMBOJI --<. ,., > 0603HatraeT ICB83HCpe.l{HHe. 

~~ 
!{aK .Y 'Yf..C OTMC1.J:UJIO C:0 1 BTOpaH traCT:o paBeHCTBa (2.33) CO.l{epDT 

- ~-nti e. T . n o:)ToMy: U 

< .. Qlj ( ~)... af, (t, ) ... ~ = ;Jr }o~< .. t· ( 'J) ... qls (I.)} 
() 

T.e. 06YtrHaH CPC,I!HHH flOJiyqaeTCfl 11!3 ICBa3HCP6,1!He~ IIOCJie ,Z\O

flOJ!Hr.1TCJll>HOI'O ycpe,l\HCHI1fl ITO npOH3BOJI:OHOMY yrJiy q(, 

KaK H B paHee paccMaTpi1BaBwYixcn cJTylfaHx ICBa3!.1cpe)(HHe 

MOJKHO BBCCTH, .l{OIIOHHflfl raMl1H:OTOI!l18H 06CICOH81.J:HO M8HbiMH qne-

118MH 1 CHHM8!0~HMH BblpOJK)(eime. l:l03:0MeM raMHHl>TOHV.aH 

H.~H- 7,. I' MfJ {o .. ,Qf+ifl 5_4 }, )I>O 
{f) 

(2.34) 
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co~epxamM~ qneH~, CHHMa~~e B~po~~eHHe no o~HomeHHD K 

rpa~eHTHO~ HHBapKaHTHOCTK I-ro po~a KnH, qTQ TO Ke ca

MOe, CHHuam~He aaKOH coxpaHeHHR no~Horo ~c~a qacTHU. 

AnnpOKCHMHpyD~H~ raMH~bTOHHaH B03bMeM B BH~e : . 
H: ==Ho-% 2: ~(I) { ct_l al +~ t_,} 

w . 
Bxo~R~aR a~eCD Be~H~Ha e onpe~e~ReTCR ypaBHeHHeu: 

C=-i ,L>-.(1} 
v m 

(V} 
< a_1 ai >,.,: 

T.e. 

C- C+~ .. n { VfNI)(C+~J·+r•m '} 
lV ~ j_ {() M . 

1/ k'{IJ (c+Y)~+- r.t (IJ ' 

K~K rroc~e npe~e~bHoro nepexo~a 

I + )! 1: it, f Vr:-Al--:-( PJ--;-( C-+ --:-y )1-:::--+-T-J.. (,---,PJ I } 

C '= ~ f...J-/ ,, .le rl~ 
(UJ)?. ( P; I vr 

-v' >._J-(PJ (c +v)J-+ TJ. (p) 

M~ B03nMeM aa c TOT KOpeHn 3TOrO ypaBHeHHR, KOTOp~~ npH 

V~ 0 rrpK6~K~aeTCH K ITO~O~KTeRnHOyY KOPHD ypaBHeHBR (2. 

Tor~a MO~Ho ~oKaaaTn, qTo: 
+ + < ... ~~· { i<i ) ... af., ( fs) ... ~~~=<. .. a~. (ii ) ... afr (is) ... ~~ 

C ~pyro~ CTOpOH~, ~erKO y6e~KTnCft, qTo: 
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• 
+ + 

... a.,li (t,) ... a,ll(ts)· .. ~:~< ... a~. (~.). .. flls (l:s) ... )Ho 
c- /C I 

C~e:n;oBaTennHo, 

+ /) + 
. .. a,f.. (tj) ... ttls (l:\ ) ... )> ... U~n,. ( ... a,.~. (t) ... af, (t:J .. ) = 

J a /Y "'"0) tJ q II., 
(P>o 

= ( .. . afi (~. ) ... als (ts) ... ~, C =/C/ 

Ec~H 6~ u~ BuecTo H., B3MH rauH~nTOHHaH Hv,'f : 
~ {t if.+ 1- _,·r } 11 = H- v 6. ~{f) e a, a_1 +e a_1 a, , JJ>O .,,r ((.) t t 

TO no~yqHnK 6~ x) : 

+ t + 
... Q,~/{~) ... a,~ (f:s). .. )>= in ( ... aJ .(I:,) ... tl.ls (l:s) .. >H = 

~ u (v-oj ~ o Y 
Y;.o 

=< ... a~. (~). .. ar~(fs} ... >iro, C=ei"lcf 

TaKHM o6pa aou, KaK K cne~oB~o OMH~aTD, B paccuaTpHBaeuou 

cnyqae , KBa3HCpe~HHe 3aBHCHT OT npOH3BO~DHOro ma30Boro yr~a 
_J _________________ _ 
x KaK BK~Ho, o6~qHaH cpe~HHH L~ 

< .. ~~- (t). .. ais (is). .. ~- J,~ !< ... ~~~- (~). .. air (fsl->: dtt 
TepnzT paap~. KOrAa B rauH~~TOHHaH If u~ ~o6aB~HeM Oec

~He~o Ma~~e qneH~ C HCTQqHHK8MK nap: 

V/.. ~ [ il(+ + -''cf } - 1~ L f.. {IJ e a.f.a.-1 + e tl-1 a_, 
{f) 
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__f. Cyl!leCTBeHHO '.raitl!te, tiTO ,1{1IH KBa3.1iCPe,l{HHX 3,l{ec:& He 

B~fl01IHH~TCH npaBH1l8 OT6opa, 06YC1IOB1leHH~e 38KOHOM Coxpa

HeHHH tiHC3Ia tiaCTHg. ~T06N HMeT:& BTI03IHe onpe,1{e1leHHNe 3Ha

qeHMH ,1{1IH KBaaHcpe,l{HHX, uw ,1{01ll!tHN KaK-TO WHKCHpoBaT:& STOT 

yron·. no.:n:o:&rnM 'f = 0, T. e . YC1IOBHMCH CHHMST:& BNPOlt,l{eHHe 

BKJIIOtieHHeM :a rat.mn:&TOHHaH H 6ecKoHetiHo uanNX tl1IeHoB THna 

_2:_ z ~(f) r Q_{tL,+a~ t,} 
J, (/) ' 

TaKOti BU60p waao:soro yrna Y.zt06eH B TOM OTHomeHHH, 

naeT Bel!leCTBeHHWH 3HatieHHff BCex 11 0,llHOllpeMeHH~11 KB83H

cpe,Z!HHX THna: 

{ ... a~. UJ .. as (t ) ... } 
3aMeTHM T8KRe, tlTO peay1l:&T8T He H3MeHHTCH, eC3IH 3TH 

HHTe3I:&HWe tl1IeHU (2.35) H8flHCaT:& B 6onee 06l!leH WOpMe: 

\1 { + + ' - v L w- ( /) a_1 a1 +-a 1 t1_1 ) , v > o 
{~ . 

r.zte 1Jr {f) - Be~eCTBeHHaH, HeTpHBHa3Ii~8H, ,1{0CT8TOtlHO 

perynRpHaH WYHKUHH, 

Mu HMe3IH ce~qac ,l{eno c npoHaBe,l{eHHHMH noneBNX wyn~~~ 

B HMTIY1l:&CHO~ npe,1{bTaB1leHHH. TaKaH lte CHTyagHH B03HHK8eT H 

,l{1IH npoHaBe,l{eHHti Ha noneBNX WYHKgH«: 

Jj1 ( t, r:; s) = ~ ap,s (-1;) e i(p~ ~) 
{p) 
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¥ (f, ;;s)-L a (t:Je-i r-pr-J 
(p) p,s 

B KOOp!HH8THOK npe,l{CTaBneHHH. 

~ueeu, HanpHuep, 

+( ~ + ~ < lf' t
1

, !11 sf)¥ (f~, ~ s,_)Jjl (t~,"t~, s;) ¥ {t;, !:, s~ )> = 

+ - + :-'P' ) ( I -.r I ) (t' """i I ) ( lfl (~ , 'l,,S,)Jf{-4_,tJ.,S1. Jf t.t 1 'l.:t_,S~ lf ~,'l.oS1 ~d= 

F ( 
I - ~~ ) (1_ I ~ ~I ( I ) ( I = ~-t11 t_-t1 F -cJ..-tL,t.ctz~JS s1 -S1 o sJ.-S~)-

F ( I - -1) ( i' __. -r) h-~,~-~ F ~-~,\-~ X 

x 5 (s.t- sf' ) 6 ( ~ - s~ ) + 4> ( ~ -t~. , "\- i; ) J( 

" <P ( t;- t~, ~- i;_ )f [s1 ) x 

xf (s~) 5(s1 +S.t) b ( s:+ S~) 

(2..37) 

r,l{e 

F(t,!)= (_i_)3:J _,·rr't..,.) { ut :r, e =·. 
e + ef! J~ 

L"E (p )t ?f.~ -i E (pJt} 
i + e- £';) L/f 

tu.r)- :1 Je-i(if'"L"'V - TL(p} 
Jv{ J.Jil i EJ. (f) 

l(. 

• { e- 'e cnt i.E {f)t (2.33) 

- :+e ~ }<>f-i -Slit +e e 
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3aMOTHM T8Kl!t0 1 qTO: 

(
1 11 - -') ( I t- ( ~ / 

1 
... , ')> F ~1- ~1, tt- t1 S s~- ~ ) = < lf1 t1 , ~ , s1) lfi l t, I z1, s, = 

:-< r (t~l ~I sf) 4' ( l~l ~: s~) )>
q, ( ~ -t.t, i';-t7) t: (s1 ) 5 {s, + s~): 

: ~ ~ (~,~,s1)~ {t:J.,i;,· sL)=~lfl(i~,, ~,s,)f{iy,~s,) 

M~ paCCMOTpenH B~We pH~ npHMOpOB B~po~eHHH COCTOH

HHH CT8THCT!r11.lOCKOrO paBHOB6CHH. Bo BCeX STHX cnyqaHX Ta

KHO OC06~e COCTOHHHH CT8Tlr1CTU'll6CKOrO paBHOBOCHH OCYtneCT

BHHHHC» np1r1 TeunepaTypaX HHl!tO H6KOTOp~ Kplr1Tlr11.lOCKHX: ~<B~ 
II pH nepexo~e qepea (} e npo1r1cxo~HT cpaaoB~£t nepexo~ K "Hop

uani>HOMY" HOB~pOQOHHOyY COCTOHHHIO. 

B yiTOUHHYT~ npHuepax B~pOl!t~OHHO 6YHO CBH38HO C H8-

Hlr11.lHOM a~HTHBH~ 38KOHOB COXp8HOHHH HHH, 'liTO TO Me cauoe, 

C HaHlr11.lHOM HHB8p!r18HT~OCTlr1 ITO OTHOW6HHIO K COOTBOTCTBYIO~HM 

rpynnaM npeo6pa30B8HH£i. Ilo~qepKH6M, 1.lTO He BC6 HM610~1r16Cff 

B ~aHH0£1 CHCTeMe 38KOHbl COXp8H6Hllff Bb13bl1l8JOT B~p0l!t~6Hlr16. 

TaK, B TpeT»eM lr1 1.l6TBepTOM npHMepax B~p0l!t~6HH6 COCTOHHH£i 

CT8THCTH1.l6CKOrO paBHOBeCHH 6~0 CBH38HO TOH»KO C 38KOHOM 

coxpaHeHHH 1.lHCH8 1.l8CTH~. B COOTB6TCTBYJO~HX KB83HCpe~HHX 

HapywanHC» TOH»KO Te npaBHH8 OT60pa, KOTOp~e o6yCH8BnHB8-

Hlr1Cl> HM6HHO 3THM 38KOHOM; npaBHH8 OT6opa, o6ycnOBH6HH~P. 

.I{pyrHMH a~~HTHBHbll4J.1 381COH8MIII COXp8H6HHH, HanpiiiMep, 38IW

HOM COXp8HCHIIIH WMnyn»Ca H CITHH8 (B 4-0M npHMepe}, OCT8B8-

HV1C» B CV1He. 
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Bo BTOpOM xe npHMepe Bb1POl!t~6HHe 6YHO CBH38HO TOHI>KO 

c aaKoHOM coxpaHeHHH HMnyni>ca. IlpaBHna OT6opa, o6ycnoBneH

Hble, HaiTpHMep, 38KOHOM COXpaHeHHH 1.lHCna qaCTH~, 3~6Cl> He 

HapywanV1CI>. 

Mbi MornH 6~ yMHOX!r1TI> 'llHcno no~o6H~ npHuepoB, pac

cMaTpV1BaH cHy'llalll Bbipo~eHHH, CBHaaHHble c ~pyrHMH rpynna

MIII HHVl O~HOBpeMeHHO C HeCKOHl>KHMH rpynnaMH npeo6pa30B8HH£t. 

Ha 3TOM Mbl a~eCI> OCT8H8BRHB8Tl>CH He 6y~eM H nepe£t~eM K 

o6~eyY paCCMOTpeHHIO, BB6~H COOTB6TCTBYJOmHe o6mze Onpe~e-

neHMH. 

B03I>MeM H6KOTOpy10 M8KpOCKOfiHqecKJIO CHCTeyY C raYEnl>-

TOHHSHOM J./ • Jlo6aBHM K f./ 6eCKOH61.lHO M8Rbl6 lL116H~, CO-

OTBeTCTBYJO~e BH6IDHHM ITOHHM HHH HCTOqHJr1K8M, HapyruaJOmHe 

a~HTHBHble 38K0Hbl COXp8HOHHH, H nony'llHM T8KHM o6pa30k~e

KOTOpbi£t rauHni>TOHHaH ~v,v~o • Tor~a, ecnH Bee cpe~

HHe 3HaqeHHH 

+-< A >, fl = ... lf {~·,~· ) ... Jf {ts, Xs ) ... {2.40) 

nonyqaJOT HHID» 6eCKOH61.lHO M8Rbl6 npHpameHHH, 6y~eM rOBOpHTI>, 

~0 paCCMSTpHBaeuoe COCTOHHHe CT8Tlr1CTJr1qecKoro paBHOBOCHH 

He BHPO!AeHo. Hao6opoT, ecn111 HeKoTopble Ha cpe~HHX {2.40) 

nonyqaJOT KOHe'llHble npHpameHIIIH np~; nepexo~e oT 1-/ K 6ecKo

HeqHo 6HH3KOyY raMIIIRl>TOHHaHy hfy , 6y~eM rOBOpiiiTl> 0 Bbip0l!t

~6HHH COCTOHHHH CT8Tlr1CTl1qecKOrO paBHOB6CHH. 3aMeTHM, qTo 

M~, 6CT8CTB8HHO, orpaHH1.lHB86MCR paCCMOTp6HIIIOM HHWI> CT86HHI>

H~ CHCT8M 1 ITOCKOHDKy TOHDKO OHH HM6DT ~KSH1.l8CKH~ CMbiCR • 
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lloaTOMY 6ecKoHeliHO t.raJiaR BapHaiuur 0 H:: Hy- 1-1 raYWI:o-

TOHH8H8 MOX6T B~3~B8T:O JIHW:O 6eCKOH6liHO MaJIOe H3MeHeHMe 

TeX B6JIH'IiHH 1 KOTOp~e ~e~CTBHTe~:&HO xapaKTepH3YDT peaJI:OH~e 

~H3HlieCKHe CBOMCTBa CHCTeMH. 

J~R CJiyliae~ BHpO~~eHH~ ue~eC006pa3HO BBO~HT:O BYeCTO 

06H'qH~ cpe~HHX KBa3HOpe~HHe, ITOJIOMHB! 

< /1 >== lim 
Y-o 

.( fl >~v 

KaK MH y~e y6e~HJIHC:& Ha pR~e npHuepoB, ~JIH KBaaHcpe~HHX 

He 06H3aTeJII>HO BWIOJIHeHHe ~ npaBHJI OT6opa, o'6yCJIOBJieH

HHX a~HTH~HWMH 38KOHaMH coxpaHeHHH. llo~qepKHeY, 'qTO, 

onpe~eJIRH KBa3HCpe~HMe, MW ~OJIZH~ cnepBa BUOOJIHHT:O npe

~eJI:OH!ll~ nepexo~: v~ Co ' a aaTeM y'Jlte ycTpeMHT:O )) K HYJID. 

KaK y'Jlte oTMeqanoc:o, 6ecxoHeqHo uanYe qneHH, o6paayD-

111He paaHOCT:& Htl- H , Bb16HpamTCH TaK, 'qT06bl Hapywan a~-
~HTHBHble 3aKOH!ll coxpaHeHHH. 

Boo6me roBopR, o~HaKo HeT Heo6xo~HMOCTH HapyweHHR 

BCeX TaKHX 3aKOHOB, 'qT06bl ITOJiyqHT:O raMMJI:OTOHHaH J./y , CHH

M8DJIIH~ BblpOM~eHHe. 

TiyCT:0 1 HanpHMep, 6eCKOHeqHo MaJible q]l8HH1 B~3HBammHe 

HapymeHHe HBKOTOPHX H3 HHX 1 ~8DT JIHW:O OeCKOHeqHQ MaJIH~ 

~KJia~ B <( ~ ~ • HCHO TOr~a, qTQ 3TH 38KOHH COXpaHeHHR 
H, 

HeT Ha~o6HOCTH HapymaT:o H liTO Hv , co~epzamH~ TOJI:&Ko qne-

Hill, HapyruaDIIIHB OCTaJI:OBWe 38KOHH COXpaHeHHR1 yze 6y~eT CHH

U8T:O BHPOQeHHe. 

B TaKOM cnyqae, ~Jift K~aaMcpe~HHX 6y~T He. B!llnOJIHRT:&

cR K8K paa Te npaBHJia ,T6opa, KOTOpHe o6yCJIOBJIBH!ll 3THMH 
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!10CJie~Hl1Ml1 . 

Boai>Meu, B qacTHOCTJ1, o6blqnyJO ~11HaJ.mqecKym Mo.zteJI:o 

,l.lJ!H TeOpl111: CBepxnpOBO~HMOCTH, B KOTOpotl Mill HMeeM .zteJIO C 

rWHTV. HYYMOM H He YllHTHBaeu HenocpegcTneHHO HBJIHllHH KPHCTaJI

JIHtiecKoU peweTKH. Y 3TO~ MO~eJIH np11 OTCYTCTBHH BHeWHHX no

JieH eCT8CTB8HHO O~H,Zt8T:b ITOJIHO~ npOCTpaHCTB8HHOtl O,ZtHOpO~HO

CTH H CllHTaT:&, 'qTO ~ Cpe~HHe 

< ... ;r ( t-., XJ.) ... lf1 ( /:/'~ l:.~) ... )> 

f!BJ!HDTCH TpBHCJIRUHOHHO HHBapl1aHTHb!W. 

B Tarcoli CHTY8I.li1H aaKoH coxpaHeHHR HMnyn:oca 6y~eT B!ll

rroJIHHTI>ca H ~Jiff KB83HCpe.ztHHX H era HeT H8~06HOCTH HapywaT:&, 

llT06bl CHHT:O BHpO'Jlt,ZteHHe. 

!Ipe~ITOJIO'JltHM TaKEe HaJIHl!He ITOJIHO« CITHHOBO« O~HOpO~HO

CTl11 KOr~a 38ItOHH COXpaHeHHH CYMMapHoro CITHHa BWIOJIHRDTCH 

.ztJIH KB8 3HCpe.ztHHX. Tor~a y HaC 11 0CTaHeTCR MR HapyrueHHR 11 

TOJI:bKO 3BKOH COXpaHeHHff 'qHCJia qaCTHU. 

B TBKOM CJiyqae MO~eM ITOJIO~HT:b! 

J./)1 = J.l+ )> Z 'M(I) (ai d,_l + a_1 a1) 

w- (f)- f (~)7r (p) 
r.zte ~ {p)- BemecTBeHHaa ~YHKI.\HH Huny~:oca. 

( 2 . IIJ) 

ECJI11 MH lKe~aeM paCCMOTpeTI> C~yqati, KOr~a CITI1HOBBfl 

O.ztHOpO~HOCT:b UO'JlteT l1 He HMeTI> M6CTa, Ue~eC006pa3HO l1CXO~l1T:O 
vr a 6o~ee o6mett ~opMu: 

f f. I + + "'If/, 1 \ 
Hv-::: J.I+V z 1 UJ lP,~<r') apra_pcr-'+ltJ- lP,a-,a- ;Qpr,Op<r -t 

+ j.._ (p,6,lS' 1
) J~ Gpo-'} 
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H T.n. 

ITepe~~eU Tenepb K BOnpocy 0 npKnOXeH~III pa3JIHqH~X WOPM 

TeOpHH B03yY~eHH« H, B qaCTHOCTH, ~HarpaMMO~ TeXHMKH K H3y

qeHHD BHpOX~6HHHX COCTORHH« CT8THCTHqeCKOrO paBHOB6CHH • 

qTo6H ycTpaHHTI> TPY~HOCTH, B03HHKa~~e npH Hcnoni>ao

BaHHH 06HqHOrO WOPM8J!H3Ma, 0 KOTOpHX MH rOBOpHnH B Haqane 

aToro naparpa~a, 6y~eM HCXO~HTI> HS cne~n~ero o6~ero npa-

BHna: 

nna TOrO, qT06H BOCITOJ!b30B8TI>CH K8KO~-TO ¢opuo« TeOpHH 

B03yYSeHHa AAR HayqeHHH BMPOX86HHHX COCTOHHH« CTSTHCTHqec

KOrO paBHOBeCHR, MH 80HXH~ npeX8e BCero CHRTb BHp0~8eHHe 

HnH, qTO TO ze CSKOe, MH 80HmHH HMeTI> 86HO He C myHKUHHMH 

rpHHa, nocTpoeHHHMH HS o6~qHHX cpe8HHX, YAOBneTBopanmn; 

BC6M npaBHn8M OT60pa, a C WYHKUKHMH rpKH8, fiOCTpoeHHHWM HS 

KBasHcpe8HHX, KOTOpHe He YAOBneTBOpHDT HeKoTopuu Ha aTHX 

npaBHn .. 

faKHU Q6p830M, COOTBeTCTBY~~He ~HarpaMMH uoryT BKHDqSTD 

TaKEe "aHouani>HIJe" nHHHH, aanpe~eHHble o6blqfi~ npaBHnaMH 

oT6opa. HanpHuep., ~Harpauw B TeopHH KPHCTannHqecKoro coo 
+..---o 

HlUl Kpoue 11 HOpM81IbHbiX11 JIMH.Iti~ £t (t , 
11 COXpaHH~~HX

11 

p p +r--1 
nyni>c, 6y7JYT ~o~ep:taTI> TaKEe "aHouani>Hble" mmHH a,P a. , 
( 
~ _,) p P =I= P . , 11He COXp8HfUO~He 11 HMITYJ!l>C. 

B ~Harpauuax Ha TeopMH cBepxnpoBo~HMOCTH noaBnR~TCR 
,..-, +,.--, + 

aHO~rani>HI:Je J!HHKH a, a_,, Q_/ [t_/ K T.n. 

Cne;ztyeT HMe.~b B BlollJY, liTO 3TH aHOMaJibHble JIHHHH COOTBeT

CTBY~T 11 0IT8CHI:JM 11 ~lllarpaMM8M B TOM CMbiCJie, .qTO CYMM8 MX ~aeT 

KOHeqHH~ BKH8~, XOTR C8MO HX HaJIMt~He ~OpMaJII>HO o6ycnoBneHO 

6ecKoHeqHO ua11w.tH ~o6aBoliHhi.MH qneHaMH B rauHJII>TOHKaHe H 11 
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003TOMY T8I<He JU1HHH H8~0 BBO~HTD B pacqeT BCer~a B 

npoCYMM~pOB8HHOtl (XOTR 6H ti8CTHqHO) ~OpMe. !:lOJ!tHO BBO~IIITI>, 

HanpHMep, JIHilln ITOJIHOCTI>~ npocyMMIIIpOB8HHb18 8HOM8HI>Htie JIIIIHHH 

III ,nJIR onpe~eJieHHR COOTBeTCTBYIOll\~iX 111M 8HOM8JII>HHX cpyHKUH~ 

rp~Ha nonyqan ypaBHeHl1R THna /18MCOHa. B cpaKTHqecim npo

BO,Zlfllll~lXCR pacqeTax MOlKHO B00611\e onyCK8TI> 6eCKOHeqHO UaJI~e 

~onoJIHKT8JII>HHe qneHbl, pOJII> KOTOpHX CBO,Z!KTCH JIIIIWI> K npe,n

CTBBJI8HHJO B03MOlKHOCTK HMeTI> ~eJIO C KB83111Cpe~HHM.H BMeCTO 

o6HqHb!X cpe,nHHX. B Tex cJiyt~aax, Kor.na ynoM~rHaBmHeca ypaB

HeHHH Tlllfi8 JlatiCOHa IIIM8~T JI.Hllin TpiiiBH8JlbHOe pemeHHe (8HOM8JII>

HH8 (pyHKUMH l'piiiHa TOllt~eCTBeHHO paBHbl HYJ!IO), TO, OtleBH,ZlHO, 

BHPOMeHIIIH HeT. 

ECJI~ lKe IIICTIIIHHOeX) pemeHIIIe HeTpHBH8JII>HO, HMeeu peanb

H~~ CJiy~aH B~po~,neHHR. 

KaK y')'f(e ynoMHHanoci> B IWHUe § I, TeopHR BOSMYJ11eHH~ 

06~qHo CTpOHTCR, HCXO,Z!H 1113 pa36HeHHR fiOJ!HOrO raYHJ!l>TOHHSHS 

CHCTeM~ Ha ~Be qacTH: 

J./ - J.lo + 1-/1 
llplll~eu, B KaqeCTBe J./ 0 B~6~paeTCR raMHJ!l>TOHHSH, COOTBeT

CTBYDU\Hti 11 1!1,Zle8JI:CHOMy raay" 6ea B38HUO,Zlet1CTBHH H 061!8,Z!SKJ111Ha 

DC8!1J.l TeMH 8,Zl,ZlJ.1THBHbiMH 38KOH8MH COXp8H8HHR, qTo H nOnHfrlt 

raMHJibTOHHaH H . 
TaKoro THna llO,ZlXO.lt K fiOCTpOeHHD TeOpHH B03yYll\eHH~ UOllt-

-----X) 
M~ .rOBOPHM 06 HCTIIIHHOM pemeHHH, IIIY8H B BH,Zly, q'fQ • 

PaccMaTpHBaeu~e ypaBHeHHH uoryT ncer.na HYeTI> TPHBHanl>
Hoe pemeHHe, KOTOpoe, O,Z!H8KO, B CJIY~BHX B~po-.neHHH He 
Y.ltOBJieTBopaeT neo6XO.ItHMblll <PHsHqecKHY Tpe6oBaHHHY (Ha
llp~t~uep, HMeeT HenpaDHJil>HYIO cneKTpan:&Hyll CTPYKTypy). 
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HO 06061JlHTI> H ,nJifl H3y'lleHHfl BblpOlK;lteHHbiX COCTOf!HH~. Jlnfl TOro, 

'IIT06bl c pa 3y, y~e C HyJieBoro ITpH6JIHMe HHfl IT Of!BHJIHC:O aHOU8JI:O

Hble (llaCTH'IIHO rrpocyNMHpOB8HHble 11
) {pyHKilHH r pHHa, Ubi NOl!teJI 

.no6aBHT:O K flu KOHe'lnble tVIeHbl !!. Toro llte po;zta, llTO H 6ec

KOHe'lHO uanble .nononHHTen:onble tVIeHbl B N~ ; Teu caJIHM Mbl 

ycTpaHReM .nnR Hu + Ll pH.n a.n;ztMTHBHbiX 38KOHOB coxpaHeHHH, 

cnpaBe.nJIHBbiX .nnH nonnor o H , KOTOpble 11 OTBeTCTBeHHbl 3a Bbl

poJJt.neime 11
• 

HarrHweu 

I 
J./0 = Ho+ f1 ; 

I 
J./1 .. I{ -A 

Tor,na, HCXO~H 113 YO,nH{p11UHPOBaHHOrO pa36HeHHH 

I I 

/-1 - Hu + 1-{ 
MO~HO CTpOHT:O yl!te 06bl'lHbiJI nyTeM TeOpH~ D03yY!lleHH~ ;ztJIH CJiy-

1 
1:1aen Bblpollt.nen~Ht, HcnoJII>3YH pa3JIOliteHMH nrro cTeneHHY H1 

11 

ITo C8MOMY Bb16opy u: yxe B HyJieBOM ITpH6JIHllteHHH y HaC ITOH

llHTCfi !WH8l!Hbl8 8HOM8Jll>Hble cpyHKUHM rpr!Ha. B03l>MeY, HaiTpHllep, 

.l\11Ha MHt.leCKYJO CI1CT81.!Y, paCCMaTpMBaeyYJO B TeopMM CBepxrrpOB0-

.1.\MMOCTM B CJiy'llae, KOr,na DLIPO~eHHe CHHMaeTCfl 6eCKOHe'lHO Ya

Jib1Ml1 tVIC'H8MI1 THITa (2.4!). 

.13 06bll.lHbiX wopMax TeopuM B03MYll\8HH ti , He Yl.li1TbiD8101JlHX 

B0 3MOl!\HO CTM Bblp0J!(,l{6 HHH, B J../ 0 BIQIIOI.laJOT l.lJ!eH: 

+ z Te (k) Otl (1,1 
(p 

COOTB8TCTBYIO~I1!1 "penopr,mpOBKe 11 IU1IIeTHI.leCKOro l.lJ!eHa 

( 
~c,J. ) + 2: - - f._ a._,. ct(. 

(/) ~In 

(2. 

(2. 
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I 

~fl y qeTa BblpOJJt,neHHH BB8.l\6M B lio BM8CTO (2.42) 60Jiee 

o6!llYIO KBa;ztpaTHqny~ !POPyY 113 ~epMH-aMITJIHTy,n: 

n ... L Te. (c) it1 a.1 - %._ 2:: -w-(!) ( ~ tt1+a_1a1) j · 

m m , 
lJ- * (/) .... 1A). (f) (2.43 ) 

I 

IAN .noJilltHbl Tor;zta BKJI JOllHT:o B H1 Kpoue llJ!eHOB B3aHYO;zteticTBHH 

eme KOYITeHCHPYJO~ee BblpaMeHHe: 

Z ( t~ -A) a_,~~-,-.n. 
(4) 

TipoHaBon:onyJO ~YHKUHJO ~(,{) uenecoo6.paano no;zt6~paT:o TaK, 

llT06bl B03YOl!tHO ynyqmHT:o cTerren:o rrpH6JIHllteHHH. HanpHYep, ;ztJIH 

nony'leHHH nepBoro npH6JIMllteHHH uoxno no.no6pan V(/) , He-
,~ 

XO;ztH 113 TOro YCJIOBHH 1 llT06bl nonpaBKH 3TOro npH6JIHl!t6HHH, CKa-

lteM, K 

< a, _ _, a,> 
paBHHJIHc:o HYJIJO - llT06bl 3Ta anouan:onaH cpe;ztHHH B nyneBou 

npH6JIHJJte mm y'JICe 6wra 6bl "npocyMMHpoBaHa 11 c TOllKH apeHHH 

ITPHHHToro nepBoro npM6JIHllteHHH. B CBH3H C 3TMM 3aMeTHM, liTO 

B qaC THOM CJiyqae Bb!WepaCCM8TpHB8BWe~CH MO;zteJI:OHOti CHCT6Mbl C 

raMHJI:bTOHHaHOM (2.2!) Mbl TaKHM o6pa30Y MOllteY ITOJIYllHT:b 8CHY

ITTO TM 'leCKH TO'lHOe pemeHHe. nnH 3TOrO CTOHT JIHW:b B3HT:O 38 

~(c) ee HepeHOpMHpOBSHHOe 3HalleHHe 113 (2.43) H ITOJIOlltHT:O: 

w-1.(.) e: A {{-) 2: t.. (t) < a_t' at> ll (fJ 

Tor ;zta, ;zteitCTBHTen:ono, 11 nyneBoe rrp!.16JIHJKeHHe", onpe.nemteuoe 

r aJIHJI:bTOHH8HOU ~~ , 6y;zteT ;ztaBaT:b 8CI1MITTOT!.1lleCK11 TO'lHOe pe-
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meHHe, H rrorrpaBKH RD60rO rropH~Ka acHMITTOTHl!8CKH 6y~T 

paBH~ HYRD. 

QopaTHM TerrepD BHHMaHHe Ha TOT ~8KT, l!TO ~pMa !2 
rrpHBO~HTCH K ~HaroH8RDHOMY BH~: 

2: EUJ4 rl~ + ~Mi m r 

E (t)-= -lrr;"' {") + w.t (f i 
rrocpe~CTBOU K8HOHHl!8CKOrO 2{,.- '/}- npeo6pa30B8HHH: 

+ 
~~- ~f Uf -r CL_I ZJ.I 
~~ = 0,1 u, + tl -J t).t 

TaKHM o6paaou, ~H nocTpo eHHH TeopHH B03uyme HHH B~OM

~eHHhlX COCTOHHH~ COBepmeHHO SKBHBMeHTHO RnH MO~HWHUHPOB8T~ 

B~pallieHHe Ho , saueHHB Ho- H ~ , HRH npHHHT:& B Katie c TBe 

raMMDTOHHaHa eyJie.Boro rrpH6JIHllteHHH raMHJI:&TOHHaH H~ean:&Horo 

rasa: 

~ + 
E (v) ~~~ o/.,v 

(V) 

.B KOTOPOM 11 HOBble ¢ epMH-8MITJIHTY.llb1 11 cfv CBH3aHJJI CO 11 CTapbi.MH 11 

C ITOMOU{DIO U,- 1).. rrpeoopa30B8HHH. 

B HamKX n e pBJJIX pa6oTaX / 5, 2/ no TeOpHH CBepxnpOBO~MO
CTH lll>l HCITOJI:b30BanH HM8HHO 1{,- 'l). rrpeo6pa30B8HHe ~JIH ITO

nyqeHHH Ha~elltall{e~ MO~H~HKB~HH TeOpHH BOauymeHHU. 

C~eJiaHHOe 3aMel!aHHe Hl188T 061!lH~ xapaKTep H He OTHOCHT

CH TOJI:&KO H B~WepacCMOTpeHHOMY CJIYl!8!0 (2.43) KBa,1\paTHl!HOtf 

<PopMbl ..0. 
A8~CTBHT8JI:&HO, eCJIH M~ B031>M8M rrpOH3B0JlDHYD KBa~paTHl!

HYIO 1lopuy 
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_a::L 11 (f./ )a~a1 ' +-2 c (!, ~)a1 a1 ' + Z c*(!J) a!' 4 (2. 24 ) 

A " (I, f') = II ( t; -1) 

no~t!HH8HHYJO JIHWD YCJIOBlii!O ITOJI OlliliiT8Rl>HOCTH, TO ee rrocpe~CTBO!.I 

o6o6meHHoro ~ - ~ rrpe o 6pa3oBaHHH / G/ 

al = 'L ul)i civ + 2: lf:')l :JI 
(v) t (v) 

TaKXe MO~iO rrpHB8CTH K .1\H8rOH8JlDHOMJ BH~: 

~ E{v)lv~v+eoM>i 
(V} 

B aaKJIIOl!eHHe aaMeTHM, qTo e cnH pa6oTaTD c rroJIHOCTDIO 

rrpocyMMHpOB8HHl::!MH ~YHICHIHIMlil rp:~ma ( C 11 ~{pHbll.!H RHHHHMl1 11 ~Ha

rpaMM THIT8 ~etfHMaHa), TO OKOHqaTeJIDHhle ypaBH8HHH liiHB8pH8HT

Hbl no OTHc llleHHJO K crreuuanl>HOH <I>o p Me H ~ ; Heo6X0.1\IIIUO JI!IIm:& 

BBe,ZleHl/18 B ~!tiarpamru COOTB8TCTBYIOU{HX 8HOM8JIDHJJIX JI!t1HIIIU . MeT0-

.1\HKa ~YHK~H~ rpHHa OC068HHO Y~OOHa, CCJilil HaM H800XO~li!MO OUe

HliiTD pOJil> 38TYXllHHH 111m 1 DOOOIJJ,e HMCT!:> .1\CJIO C Bb!CWI1WII rrp!IIOJI!IIl!t8-

HHHW1 . 

§ 3. ITpHHgl1n ocna6~eHIIIH KOpp eJIHglillil 

B STOM rra parpacpe Mi:l ITOCTa paC!.!CH Ccf;OpMJJIHp OB8Tl> liiHTYHTHB

Hble npe~CT8BRC HHfl, o6men pH HHT.!:I8 B CT8THCTlilttCCKOM MeXSHI/I tCe, 0 

TOM , qTO KOppeli H~l1ff Me:~.l\Y rrpOC Tp8HCTB8HHO OT}\8J\8HHblMH qaCTH

J.Gi ll8KPO.CKOITHll8CKOJ.I Cl1CT8Mbl npa!~T~ttieCJC I1 J..1CllC :'l 3CT . 
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PaccuoTpHu cpe~HHe: 

+ 
F{t1,Xi ; ... t~,:t,.,)=< ... JJ~(ij,~) .. . !JI(is,=rs) ... > 

x~ (>i,u-) 

H paao(Sz,ey COBOKYITHOCTJ, apryMeHTOB { I:H :t1 .i .. · th., X"} 
npoeaBon:LHYM o6paao~ Ha pa~ rpynn : 

[. .. t._, :l:.t ... }-' [..ip ':rl' ... } ' .. 

Hac 6y~eT HHTepecoBaT:L acmmTon qecKaH cfJopua F , rtor.zta 

BCe 110116HThl BpeMeHH f1, ... t,_ cfJHKCHPOB8Hhl
1 

a paCCTOHHHH MeJK,Zzy -. 
T0~8UH t j H3 .E88JJI1llHI>IX r pynn CTpeUHTCH K 6eCKOHellHOCTH. 

ITocTynHpyeu npeM~e Bcero, llTo no~ aHaKOM paccuaTpHBaeuoU 

cpe~He~ , noneBHe cfJYHK~HH: 

<f {to i; o; ) J lf { f,_, i;, ~) 
+ 

( 'f• 1j1 ~In¥! 1jl ) , !IpH t -;! , {;J.- qiHKCHpOB8HHbiX H 

/ t;"- ·7:; / ~ oo , 6yJzyT B rrpe~ene· TOtiHo KOMMYT ~r poBaT:h 
aRTHKOMMyTHpOB8T:& Me~.ztY C06o~ . 

YIJIH 

Tor~a, ~JJH Haxollt,l4eHHH ac ~n.m •ro TH tie crw ~; \):•opunr F Mbl Mo

.liteM nept:CT8B11HTD B Bbl'p8JK6HHH (3 . I) liOJI8Bhte (PYHI<WHi f (f. t.,
1 
'Xi) 

c apryueHTaMH Ha paaJIHq!lbiX rpynn H TeM .zto6HT:&CH T<iKoro noJio

~eHHH, llT06ht liOJieBHe cfJYHKUHH ~JIH Ka~~OU ,Zl8HHO~ rpynnbl a pr y

IA8HTOB OK838JJHC:& BMeCTe B O)lHOM KOMliJI8KCe. 

IToJiytrHu, TaKHM o6pa aoM, 

F (~, x., ... l,., ;r.)-? < 2l, (. Ljr.,. . .) :u., (.. ~,;," .. ).>~ 
~=+i 

(3.2) 
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r ,Zle U
1 

(. .. ~ 1~.£ '" ) rrpe.ztCT8BJIH8T IlpOH3Be~eHHe nOJI6BbiX 

!IJYHKUH~ c apryMeHTaWt TOJI:&Ko Ha I-o~ rpynmr, UJ. (.., -1:,_ 1:r.~ ... ) 
COOTB8TCTByromee llpOH3B8,7.t8HH8 C a pryueHT8UH TOJI :&KO H8 2-0~ 

r pyrrnbl H T • .zt. C.zteJiaHHoe .ztorrymeHHe o6 acHMTITOTHlleCKOU KO~

MYTaUHH Bblpa~eT no Hameuy MHeHHID coBepmeHHO yHHBepcan:&syD 

aaKOHOMepHOCT:L ;liJIH peaJI:&HbiX ,ZtHH8MHti8CKHX CHCT6U CT8THCTH-

1WCKO£l MeXaHHKH • 

KaK H3B8CTHO , B KB8HTOBOU TeOpHH nona BCe ITOJI6Bhte 

ljlyHKUHH tf (l:,,:t,), cf'(t~,X,t) ;liOJilKHbl ,Ztallte !Qm. KOwyTHpO

B8T:& HJIH 8HTHKOMMYTHPOB8T:&, 8CJIH lleT~peXMepH~ B6KTOp 

f.,- tJ.) t;- t; 
rrpocT paHCTBeHHO no~o6eH. 

B aa.ztaqax cTaT~CTHqecKo« MexaHRKH, r.zte Mbl Hueeu .zteno 

C cpopMaJI:&HO He1IOK8JI:&Hb!W B38HMO.zteUCTBHHMl1 1 CBO~CTB8 KOMuy

T8UH!t1 .ztonXHbl Y.ztOBJieTBOPHTDCH JIHW:& npH6JIH~eHao, Teu 6onee Toq

Ho, qeM 6oJI:ome / t;" -i'; /npH .ztaHHbiX f., , /;,_, . 
ITepe ~.zteM Tenep:o K paccuoTpeHRID acHurrTOTRqecKo« CTPYKTY

Pbl Bblpa~eHHH: 

< :U., ( .. -fo~.,,x«- .. . )J.i~v (. .. ~_,~~ ... ) ... > (3.3) 

IT pH HeorpaHHqeHHOM yBeJIHqeHHH !IpOCTpSHCTBeHHbiX paCCTOHHH~ .... 
Me~y ToqKaMH ~J· Ha paaJIHqHbiX rpynn (BpeueHHHe apryueHTH 

t.0 ... f n, c!JHKCHpOB8Hbl). 

TaK KaK KoppeJIH~HH ue~ .ztHHauHqecKMMH BeJIHllHHSMR ~ , 

~~ , ••• .ztOJI~Ha ocna6eBaT:& H, rrpaKTHqecKH, HCtieaaT:& .ztJIH 

~OCT8TOqHQ 60JI:&WHX paCCTOHHHW, Mbl ;liOJIEHbl CqHT8TD 1 qTo COOT

BeTCTBYID~8H ac~MITTOTHqecKaH cpopua ;liJIH (3.3) pacrra.ztaeTCH H8 

r!pOH3De.zteHH8 BH.zta: 
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< J4 (. .. t~ ,:r~ .. )> < 2L~ (. ~,:t;s .. .);> ... 
3.zteo:r, Heo6xo.ztHMO y'i'otrHHT:&, o KaKoro po.:zta "ope.ztHMMH" uw 

HMeeM ){8RO B HameU @OPMJRHpOBKe npHH~HITa OORa6neHMH KOp

penH~HH. B onyqaHx OTOJTOT~HH BblPOX){eHHH Bblp8Z6HHH ~ ... )> 
oqeBH){HO, HBRfl~TOH 06blqHblMH cpeBHHMH. 

MO~HO 38M8THT:&, O){H8KO, qTO B onyqaHX BblpOZ){6HHH pac

CMaTp~BaeMoro COCTOflHHH CTSTHCTHqecKoro paBHOBeOHfl Bblpaze

Hl1H < "• > , BXO){HiltHe B Hamy qJOpuynHpOBKJ, ){ORJP:HH ITO

HHM8T:&CH K8K KB83¥ICP6BHHe: ITPHB8){8HH8H Bbljlle qJOpMymfpOBKa 

rrpHH~Hrra OCR86ReHHH KOppenR~HH CT8HOBHTCH ITPHMO HeBepHoU, 

ec;m npo.:zton~an OllHTan < ... > OOI:lllHblMH cpe.:ztHHMH. 

~eUCTBHTeR:&HO, npe.ztOT8BHM cede, qTo Mbl paOCM8TPHBaeu 

ItPJf"CT8J!RHqecKoe COCTOHHHe. Tor;zta, KOr.zta Mbl ocwraeMOH Ha 

00R86ReHHe KOppeRH~HH M6X;zty ){HH8MHqeoKHMH B6RHllHH8MH ~f 

~ , ••• Mbl HHTYHTHBHO _ITO.:ztpaayMeBaeM, qTo KpHOT8RRHlleCK8R 

pemeTKa, K8K ~enoe, qJHKCHpOBaHa B ITpOOTpaHCTBe; XOTH H 

1IpOH3BOR:&HO qJHKCHPOB8H8 1 HO OHa O){Ha H Ta ze H ITpH Bblll:HCRe

HHH Ope.ztHe.t1 l1 ~1 M ~l,t .H T • .:zt. 

~Haqe roBOPH, Mbl ce~qac O'lHTaeu, ~o Bee paccuaTpHBae

Mwe 3.2{60:& Bblpa~eHHH Cpe.:ztHHX OTHOCRTC~ K O){HOMy H TOMy ze 

qll1KCl1pOB8HHOMY paononozeHH~ KPHOTaH~HtreCKOM pemeTKH; Teu oa

Mblll Mbl HMeeM .:zteJIO 0 KB83HCpe.:ztHHMH, a He C 06.1>1''lHblMH cpe.:ztHHMH, 

KOTOpble ITOJiyqa~TCH H3 KB83HCpe.:ztHHX B peayR:&Ta~e .:ztOITORHHTen:r,

HOro YCP6JlH8HHR ITO BOeM B03MOliCHb!M IIORO~eHHHM K Opl!eHT8~HHM 
I<Pl1CT8RRH'l8CKOiii pemeT!n!. 
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Ta liCe CHTya~Hfl B03HHK88T H B .:ztpyrHX cnytraHX Bblpoz

~eHHR COCTORHHH CT8THCTHll6CKOrO paBHOB8CHR - B K8ll6CTBe 

napaMeTpOB, OCT8~1llHXCR ~HKCHpOB8HHblMH O){HH8KOBblM o6pa30M 

){JIR BCeX qacTe~ CHCTeMbl 1 3){6C:& uoryT BblCTyrraT:& HRH MSrHHT

H~ MOM6HT (cnyqa~ <fJeppOMarHeTH3Ma), HRH qJ830Bbl" yron 

(cBepXT6K,YtreCT:& HRH CBepxnpOBO.:ztHMOCT:&) H T.rr. 

TaKHM o6paaoM, B Hame~ <fJopuynHpOBKe rrpHH~rra ocna6ne

HHR KOppeRR~HH Bblp8X6HHR ~ ••• ~ .zte~CTBHT6R:&HO CRe;ztyeT Cll:H

TST:& KB83HCpe.:ztHHMHX). ilO.:zttrepKH6M 1 llTO Mbl He MOZeM CTpOrO 

.:ztOK838T:& ITpHH~HIT ocna6ReHHH KOppenR~HH .:ztRR YaKpOCKOITHll6C

KHX ){HHaMHlleOKHX OHOTeM, paOCM8TpHB86MblX B OT8THOTHqecKO" 

M6X8 HHK6. CTporoe ,2tOKa3aTeR:&CTBO Mbl MOX6M llpOBeCTH RHW:& 

H8 pH.:zte npOOTblX MO~ene~, Hanp~uep, .:ztRR M0,2t6RH, ynOMHHSB

rue~OH B rrpe.:ztbl){YilleM naparpa~e. AHR o6~ero ze cnyqaR uw uo

~eM c ocnaT:&CH RH6o Ha HHTYHTHBHwe coo6paMeH~R, nH6o Ha ap

ryueHT~, 38~MCTBOBaHH~e H3 TeOpR~ B03yY~6HH~. 

3aMeTHM, qTo B 3TOM OTHOW6HHH . ITpRHUHJI OCR80R6HKR KOp

penH~HH He OTOHT OCOOHRKOM B PR~e .:ztpyrHX OOilteiTpHHHTblX B8M

He~mHX ITOROMeHH~ CTaTHCTHtreCKO~ MeXaHHKH. 

TaK, HanpHuep, Borrpoo o .:ztoKasaTen:&OTBe aHallHTen:&Ho 

6oJiee rrpocToro rronoxeHHR, a HMeHHO, rronoxeHHH o cymecTBOBa

HHH rrpe~ena: 

X) 
TaK K8K .:ztJIH ORyqaeB BblpOX~eHHH Mbl BCer~a 6y.:zteK 

HMeT:& ~eRO C KB83HCpe.:ztHHMH 1 a B onyllSHX OTOYTOTBHH Bbl
po~eHHR KBaaHope.ztHHe H o6blqHwe ope~HRe coBna~aDT, KN 

He 6y.:zteM donee npHM6HHT:i. OOOOI:lM CHMBOJI ~ . . . ~ ,l{JIR 0003-
HaqeHHH KB83HOpe~HHX ~ 6y.:zteM HOITOR:&30B8T:& Be3~e O~HH 
CHKBOR ~ ,,.;> , JIOCKOR:&Ky Terrep:r, STO yxe He ITpHBe~eT 
K He.:ztopasyMeHHHM. 
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-lim 
ld en, Sp e-f 

v-oo v 
:B}lp8X810lll8rO CB060JJ:HYIO aJteprr.IO Ha e;nHHHUY 06l>eMa 1 H8XO~HTCH 

~uepHo B TaKOM xe nonoxeHHH. MH He 6y~eM a~ecn noaTouy 

HCCR8,2{0B8Tn Tpy~He/,imyro M8T8M8TH'tl8CKYIO npo6JI8Lcy' 060CHOB~HHH 

TipHHUHITa OCJI86JI8 HHH KOppeJIHUHH H orpaHH'IlHMCH B~BO~OM PHJJ:8 

ero ~H3HY8CKHX CJI8,2{CTBH~. 

llpe~e BC81'0 o6paTHM BHHM8IIH8 .Ha ITpHM8H8HH8 STOI'O 

npHHUHITa ~JIR nocTpOeHHR H8CKOJI1KO HHOI'O '118M paHnme, B006-

D.t8 6G.Jee 11~H3Hti8CKOr0 11 onpe~~lJIEU{~R ITOHRTHff KB8311CP8JJ:He t1. 

Boa1ueu B Ka'l:leCTBe npv.uepa cJiyqafi, paccMaTpr.BaeMhlH n 

TeopHH CBepxnpOBO~HMOCTH, K01',2{8 M~ HM88M COCTOHHHe CTa

THCTHtleCKOI'O paBHOB8CHfl 1 B~pOlKll8IIH8 KOTOporo CBH38HO TOJI1-

KO C 38KOHOM C.t>xpaHeHltUI tiHCJia 'llaCTHU. PaCCMOTpHM B~pall(emie: 

< ~ (t,~) ~ (ti- 1 l~) lf/ (t~, X~) 1fl (t;, x:) > 
TaR KaK onepaTop 

~ (~, x,) # (-1:;. ,x.t) Lf1 ( t~, x~) 1fl (i:, x/) 
COXP8IIH8T lUICRO 'll8CTHU 1 D~p8J!(8HH8 (3. 5) 6y!i.CT 06bi'IIHO~i cpe.n:

He~i. 

Ii,y~eu HeorpaHr.t~eHHO yBeJIH'IlHBaT1 paccTomnw Meiff.]zy JJ:BY

J.ut rpynna·MH ITpOCTpaHCTDGHHbiX TO!ieiC (7;, i;) 
1 

( t:') t:) npll 

(.[JH KCHpOB8IIffi,lx MOMel!Ta:X: BpeMeHH Tor.l(a !Hl OCHOBaHJ1H np~!II ~Hfl8 

ocJm6JieHHR rcoppeJIRUHH 'Bh:paJKeHI1e ( 5. 5 ) oyJ(eT np11CiJiv.JKaT1CH K 

np0113BC7(8HI110: 
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<; (~,3:.1)¢ (t~,x1.)>< lp{t~,x~)lf!{i;,x!J> 
~CXO~H H3 T8KOrO 8CHMITTOTH'Il8CKOrO pacnpe~eneHHfl 06~'11HO~ 

cpe~He~ {3.5) 1 MH H MOX8M Tenepn onpe~eRHTn KB83HCpe~HHe: 

~ ~ ( ~)~) ~ (.f,,l:.t) > ~ < If' {l~, .t~) lJI ( t;' x: J> 
AHaJIOI'H'IlHHM npr.eMOM MOXHO BOCITOJI130B8T1CH H JJ:JIH BB8JJ:8HHR 

KB83HCpe~HHX OT npOH3B8,2{8HH~ B~Clll81'0 ITOPHJJ:K8 H3 ITOJI8B~ 

~yHKUHn. ECJIH paHee M~ BBOJJ:HJIH KB83HCp8JJ:HHe C llOMOlil110 6ec

KOH8'11HO M8JIHX ~068BOK K 1'8MHJ!bTOHH8HY 1 He BCer;na 06JI8JJ:8B

mHX HCH~ ~H3Hti8CKHM CMHCJIOM 1 TO Tenep1 C ITOMOlilbiO npHHUH

na OCJia6JI8HHR KOppeJIRUHH M~ ITOJIY'Il88M B03MOXHOCT1 BBO~HTb 

KB83HCpe~HH8 1 paCCM8TpHB8R 8CIHlllTOTH'Il8CKHe ~OpMH .. 06HqHHX 

cpe~HHX, OTHOCRfltHXCR TORbKO K HCCJI8JJ:Y8MO« JJ:HH8JIHqeCKO~ 

CHCT8M8 1 C JJ:8HHHM H8H3M8HHHM raMHJ!bTOHH8HOM. 

llpaB~8 1 H8~0 CK838Tb 1 'liTO JJ:JIH U8JI8H WOPM8JI1HOI'O BH

BOJJ:8 0606lll8HHOH JJ:H8l'p8MMHOn T6XHHKH 1 onepHpyiOlllen C 8HOM8R1-

H~H JIHHHRMH 1 M8TOJJ: 6eC KOH8'1lHO M8RHX .Z(068BOK I< 1'8MHR1TOH!Il8-

Hy YJJ:06Hee , ITOCKOR1KY OH 8BTOM8TIIl'll8CK!Il CBO~HT 3TY 38.Z(8'!ly K 

YlKe perneHHott. 

PaccuoTpr.M eme cr.cTeuy 6eccnr.HoBHX Eoae-qacTHU, Haxo

JJ:RmyrocH B npOCTp8HCTB8HHO O~HOPOJJ:HOM COCTOHHHH CT8THCTHti8C

KOI'O paBHOB8CHR 1 H ITOCTpOHM BHpaxeHHe: 

F (t;-~ )= <; (t, if)¥~'~)>~ 
= < 4i (i;) lfl (~) > 

lfl (? )= Lf1 (o, i:) 
(3.6) 
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ITepexo.ztH 3.ztec:r:. It rln.myJI:r:.cHoMy rrpe.ztCTBBJiemuo, Ha£l.zteM: 

F (~- t; )= : 2: < Q. a.> e _, e{t;- t:J (V) 
(t) 

IToaToMy B ~HTerpaJie ~yp:r:.e: 

F (i) = J ur (t)e-'(?7:) ~- <3 • 

!Ip0~3Be.zteH~e ltJ-(1c.) cUe- BblpBJKBCT IIJIOTHOCT:O ll~CJIB qacT~l.( 
. -1.~ 

c ~MrryJI:r:.caM~ 113 6eciCoHeltHo MaJioro HMIIyJI:ocnoro o6:oeMa. ~ • 

0TC~,Zla CJie,ZtyeT, liTO 

w- ( t) 6;. 0 ) 1 U}- {t:.) ott:- f 
II 

r.zt~ 9= 1{ rrpe.ztCTBBJIHCT IIJIOTHOCT:O li~ICJia tiaCTHU. 

PaCCMOTpHM CJiyl.la ti , Itor;lia B Hawe£l CHCTeMe HMCCTCH IIO

ICOflUll1i1CH KOH,ZlCHCaT. Tor.zta: 

1Ar (t:) ==fig(?)+~ {k} 

r;lie ~ ( k:) - 06hltiHBfl c1JYHKUHH, xapaKTepllf3YIOU(afl HerrpepW3-

HOe pacrrpe.zteJieH~e , ITO HMIIYJI:OCaM tia CTHI.(, He HaXO,Ztflli(HXCfl E 

ICOH;liCHCaTe, a Po - IIJIOTHOCT:O tiHCJia tiaCTHU IWH.l.\CHCaTa. Ho, 

IIOCKOJI:OKY ~ {t) HBJIHCTCH OCihltiHO~ l1HTerpHpyeMO~ c1JYHKU~eM, 
~Meeu: 

J M (~) ii.(t.~~J~-~ o 
/7:'/~00 

• 
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11 noT O!.!Y 

~ ~~ ("t) lfl (z;_ ) > = F ( t;- i;) = 

"' f., -t- J I)); {t:.) e - •?. r-<;-?) de- f. + o 

/i';-i; I~ 00 

C Apyro~ CTOpOHhl, Ha OCHOEBHH~ !Ipl1HUYIIIa OCJiaCiJICHHfl 

KO PfJCJ!fl llV.l1 

-+ + < o/ ( '4 ) Jlf (t.L) >-< o/ ( t1 ) > < Lf1 ( 'lA.) > ~ 0 

fi OTOMY 
~~-1; f~oo 

< lJ1 (t) >=I= 0 
ECJIH Cibl pBCCMBTPHBaeMOe COCTOHHHe CTaTHCTHtieCKOrO paEHO

BCC l1 fl He 6HJIO BblpO~;liCHO ITO OTHOWeH~IO K 3BKOHy coxpaHeHHH 

tiHCJIB liBCTHU, TO B CHJIY COOTBCTCTBYIOU(HX 3TOMY 3BKOHy rrpa

Bl1JI OTCiOpa Mhl HM6Jil1 6bl TOm.zteCTBeHHO: 

< lf/{t)>=O 
TBKHM o6pa30M, B CJ!yqae, KOr;lia HMeeTCfl KOH,ZteHCBT rrpa

BHJia OT6opa, o6yCJIOBJICHHhle 3BKOHOM COXpaHeHHfl ~ , He Bhi

IIOJIHH~TCH, l1 ;li8HH06 COCTOHHHe CTBTHCTHqeCKOrO paBHOB6CHH 

6y.zteT BblpOlK;lieHO. 

MOJKHO ITOKB3aT:r:., liTO aHaJIOrHl!HaH CHTYBUHH B03H~KaeT H 

.JtJIH il>epM~-C~CTeM, KOr;lia TBM IIORBJI!lCTCH KOH;lieHCBT 113 CB!138H

HMX nap • . Tinll 3TOro, rrpe~e BCero, He06X0,1ll1MO OITPC.l.\CJIHT:O 
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C8MO IIOHHTHB 11 CBH38HHOti napb1 11
, qeM Mbl H aai.1M8MCH B CJIB.l{y!0-

11\BM naparpawe. 

§ 4 • {!~Q.IQfi!llll!.JH!IL!l~&I!lli 

Mbl 6y~eM pa ccuaTpHBaT:o a~ec:o npocTpaHcTBe HHO o~Hopo~

Hble COCTOHHHH CT8THCTHqeCKOrO paBHOBBCV.H ~JIH M8KpOCKOIIH

qeCKBX CHCTBM, COCTOHII\HX H3 O~HH8KOBbiX ~epMH-qaCTHU. 

ilOIIbiT88MCH pacnpoCTpaHHTb H8 HHX T8KH8 IIOHHTHH, K8K 
[.9] 

11 BOJIHOBaH WYHKUHH naphl 'tlaCTHU", "cocTOHHHe naphl 'tlaCTl1U11 H, 

B 't18CTHOCTH, 11 CBH38HH08 COCTOHHHB napb111 11 T.II. ilOHHTHH STH 

HYBIOT O'IIBBH~Hbl~ CMblCJI B CJiyqae , KOr~a ~HH8J.U1'118CK8H CHCT8M8 

COCTOHT H3 ~BYX qaCTHU. Mbl ~8 XOTHM o6o6mHTb HX ~JIH CHCTBM 

H3 Y8KpOCKOIIHqeCKH 60JibWOrO qHCJia 't18CTHU, B38KUO~etiCTBYIOII\HX 

~pyr C ~pyrou. C STOti UBJlbiO paCCMOTpHM napHyiO KOppeJIHUHOH

HYIO qJyHKUHIO (OTHOCHmyiOCH K O~HOMY MOMBHTY BPBMBHH): 

F (x1,.t~) ~f):t~ )= < / (x1) ¥ (x,_) Jjl(-x~)ljl(t,:)> 
YliHTHBaH cBotiCTBO apMHTOBOCTH : 

if' ( I I ) /. I I) F XO.XLi t,,~ - F\J::..,,X1..; x,, x.., 

Hanv.meu paanoaeHHe F no opToHopuHpoBaHHOti CHCTeue co6cT

BBHHbiX WYHKUHit lf'y 
F {.t,.~i x;,:t~ )= 2: ~ y( (:tt,x~J lj(, (x:, :t~) 

M 
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c HOPMHPOBKOti 

J J /lj{ (l:,, x,.) / t dx1 d~ = i 

v 
r,ZIB, B00611\B , 

]. .. dx- L f. .. m-
v cr 

(4.4) 

B CJiyqae, BCJIH Mbl HMB BM ~BJIO C raaOM MaJIOti IIJIOTHOCTH, 

TO B ne pBOM npH6JIHllt8Hl'IH )j( (X1 ) :t~) 3~8C:O 6y~yT 06blqHbiYH 

BOJIHOBbiMH WYHKUHHMH ~JIH aa~aqv. ~Byx Ten (qTo BIIOJIHe ecTe

cTBBHHO, IIOCKOJibKY B nepBOM IIpH6JIHllt8HHH BJIHHHHBM OCT8JI:OHbiX 

qaCTHU H8 ~8HHYIO napy qacTHU MO>ICHO rrpeHe6pe-q:r,). 

0C HOBbiB8HC:O H8 T8KOti 8H8JIOrHH, Yb1 6YABM H83biB8T:O C06-

CTBBHHhl8 cpyHKI.(HH fv (x~ > X.L) - BOJIHOBHUH !}iyHKUHHYH nap 

qacTHg. KoscpcpHgHeHT bl JV~ 6yAeM HHTeprrpeTHpoBaT:o KaK cpeA

Hee qHCJIO nap, H8XOAHmHXCH B COCTOHHHH C BOJIHOBOM dJyHKI.(HBti 

~· ~3 (4.1), (4 .3) H (4 . 4 ) CJIB,lzyBT, 'IITOX) 

< IV'~-N > = L Nv 
ll 

T. e . cyMMa Bcex Nv IIpBACT8BJifl 8T IIOJIHOB qv.cJI O nap. 

x) L1 MeeM , B caMoM ~eJi e, 1113 (4 . I ) , (4.3), (4 . 4): 

? Nv== JJ< lf (x1) ; (xL)lfi{X~)lJI{x,)>d~ Jx~= 
vr + + __ JJ < lf (:r,,) If (:r.t) 'If (-t.t) ljl {x.t) >dx,clx.t-

rrplll qeM v -J<.o/{x)ljf{x)>d:x 
v 

j ~ {x) ¥t ~) olx = N 
v 
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3aMeTHM eme, ~To 6naro~apa (4.I): 

F (x,..,,x,d :t/) x~.J =- F ( x,, :t.L; l!~, x.J,) 

F ( :r.,, X-.r, j l: i. xn = - r: (.ty, X,tj :t: I xl) 

H IIOTOMY 

V{ {:tJ.,~ )+ lJ!: {:t1 ,x.L)= 0 

KaK BH KSK H 06~~HHe BORHOB~e 

,1!BYX ~epllH-llSCTHU, ,1!0RZHH 06RS,1!8T:& CBOi!CTBOM SllTHCliMUeTpHH. 

3arrHmeu Tenep:& pasnmlteHHe ( 4.3) B 6onee pasBepHyTo~ <Pop Me. 

BOCIIOR:&3yeMCH SSKOHOM COXpaHeHHH liMIIyR:&Ca H B~eRHM B BOR

HOBOi-l !IJYHKUHH )/'; (X1 1 t.t,) !IJaKTOp, COOTBeTCTByJOmHti ~BHJKBHHIO 
. _, 

UBHTpa THJK6CTH C HeKOTOpNM HMIIYR:&COM ~ • 

IlOROlltHM: 

\II (x T_ ),.JY (....,- ). . - 1;+-t: Tv P ~ T ._,,,._ 't1- t.L j a:;, 6i ex p L~ ----

/, ..... -
HH,1!eKC Y= l W, ~) BKRID~aeT HMIIYR:&C ~ H, B03MOliCHO; HBKOTOp!ie 

_ ;gpyrHe HH,1!BKCN (w). Tor;ga COOTHOllleHHe (4.3) IlpHBe,1leTCR K 

BH,Zzy: 
F (~,x.t. j r{ x/._) = 

~ N \II* (~ ~ ) ll/ (-'-~ , ') -= '-' L W,~ ~(A)~~ !.-;. >61,6i 'f14~ z~-t.t..;<r,a.i x 

(w,q,) 

• ---+ 
x expt~ 

~' -+1 ~ ,.....:.. ' ( t,+ \'1',-Z'> 

63 

3;n.e c:& #"' v rrpe~cTaBnHeT cpe;z{Hee 'lllfcno nap llaCTHU, 
'.... }// # 

Haxo;n.Hli\HXCH B cocToHHHH 'f4l,ty , rrpHqeu KaJ!i,llaH rrapa ctm-

TaeTCR OAHH paa (a He ,1!Ba, K8K paH:&me). 

£naro;gapH (4.4), B (4.5) npHHHTa cne;gyD~aH HOpUHpOBKa: 

2: J /Yiw,, (~ 'f,<r;.) j'-JJ.- .... .;· 
lfj ·'i 

(4.6) 

3arrHme M Terrep:& paanoJKeHHe (4.5) B HHTerpan:&Ho~ ~opue, ;gna 

qero rr e pe i-l~eM K 6onee y;go6HO~ HOpUHpOBKe. PaCCUOTpHU BOXHO

BYIO tPYH IU.\HIO nap~ ~aCTHU: 

lJ!w,'!- (~; ~.~) -,1\JIR ;ztaHHOrO ffiHKCHpOB8HHOrO HMIIyR:&Ca tt , 
TaK KaK KoppenHUHH uez.zzy o6eHYH qacTHUaYH napH ;nonZHa 

npaKTHqeCKH HCIIB38T:& ,Z{RH ,1!0CT8TO'IlHO 60R:&WHX paCCTOHHH~ ~ 

TO acHMIITOTHt~ecKaH !IJopua (npH 'l:--. 0o) paccuaTpHBaeuo~ IPYHK

UHH HJJH B006~e paBHa ffYRJO, HRH 6y,Z{eT npe,Z{CT8BRHTI. ITROCKYD 

BOJJay, COOTBBTCTBYIO~IO OTHOCHTen:&HOyY CB060,1!HOMY ;z{BHJK6HHIO ..... 
C He JWTOpbiM 111.myn:&COM P , 

PaccMOTpHM crrepna rrepny10 B03MOJKHOCT:& H nono~M B aTOM 

cJJy qae : 

W,,?,- ( ~i <>;,"i. )= /v f w, '/, ( i'"; 6i,"i) 
Tal{ l.!TO: 

~ j /<fw,q, (.zjo;,.-.._)j"d~ = i 
(4.7) 

<f)~ 
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Ey.n;eu ronopHT1'> Tor.n;a, t~TO Cf tJ D~ npe,n;cTaBJIHeT CBH3aHHoe 
17 -

COCTOHHHe rrapb! ti8CTHy, C cyMMapHbiM lU.myJIMOM tj, . ]{HCKpeT-

H~ HH,D;eKCUJ yKa3HB8eT, T8K CK838T1'>, HOMep CBfl38HHOro · 

COCTOHHI!tfi. 

nycT1'> Tenepb aCI!tMIITOTH~eCK8fi ~OpMa ~~~ 6y,n;eT IIJIOC

KO~ BOJIHOH,COOTBeTCTBy~meH HRepUHaJI1'>HOMY OTHOCHTeJ11'>HOL!Y ... 
,n;BH~eHHID qacTMU rrapbl, c MMIIYJI1'>COM p • nonoaHu: 

cJ=f.p~· ) · )Jf /.~ - ) 1 /0 r.- ) l/ ,;. J Tw,q, tt ; '-., Oi =v Yp)~i<~;o;,~ 

B aTOM cnyqae 6y.n;eu ronop11u, qTo lf~q.,J npe,n;cTaBJIHeT 

BOJIHOBY~ ~YHKUH~ HeCBH38HHOrO HJIH ",n;HCCO~HHpOB8HHOro" COC

TORHHH napb! ~aCTHU. llnH ~ . Ubi HMeeM 06b!qHY~ B T8KOY IIO-
p,l/,4 

noxeHHH HopMMPOBKY: 

2: + ]/tfP!i•f (i;~,6i)j"U=i 
~}CS".Z., 

(4.8) 

Mbl MO~eM Terre pb 38IIHC8T1'> p83JIO.eHHe (4. 5) B CJie.n;yrome~ ~OpMe: 

=1~ 
( w,'t-) 

.~ 

"' e~p~,~ 

+~~ 
(Mnj) 

F r. ·x' ~'J-ll:oX:.' f' J. -

JV~il' to* 1.~ :-J> o.)'o /.- -' , ,, V T w,tt l tf-'li;<1f, .L T ecj~ l ~- tJ,; ~,~ 1 )( 

( 
,......, ( - ..... -1 
t,+~ r,- ~ .. J + 

;v; , * /.,~ )Lf) (,..p.~ ~I I ) p,~,j ,p . ~ 'lf-\;~Gi 1pff.,j 'l1-~ ;~~~ )( 
lpfi, 'J' 

.~ 

x expc., lj; ( 
....,., _, --~) 
11 +t1~ 'l, -· ~) 
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YQJfTliBaH a)tec:& npe,lteJI:&Hi:dt nepexo)t V- oo , aaueHHu 

cyMUH no HMIIYJI1>C8Y COOTBeTCTBYDmMMH HHTerpaJiaYH: 

fiOJIY'IHY: 

F (:xt, x.J..; x/, -x;) = 
r. "Jl- I I lt' _..1 t_ ~) L i )J~ w-(w,~)t,\(i;-~ ;~,61)t,q,.~-i,_;~:~J V<Fif(~+~;_ ,-;. + 

(CIJ) 

(4.9) 

J 
"'t , , (-+' .. • ... -.) J,1 dpJt ~IP,'l,)'f~~ fi,Ei )'f'~) fi: -'{ i <11',~~~ t,+r._;t.-;, 

KaK BH)tHO, 

lA} ( w, ry ) df 
npe.n;CT8RnHeT B 3TO~ ~OpyYJie IlnOTHOCT:& qHCJia CBH38HHHX nap, 

~ 

HKllYJI~C ~ KOTOPHX JieXHT B 6eCKOHeqHO yanOK HYnYJIDCROU 

ocheue df 

4'J ( P. CJ-) clp elf 
0603HaqaeT IInOTHOCT1> 'IHCJI8 HeCBH3aHHblX nap C HUfiYJI:&C8UH 
~p ~ J-+ dn+ 

' ~ 143 6eCKOHetDIO U8JlblX 06'DeMOB £NP ' v"1' • B03])-

MeM K8KYID-JIH60 ~OJIHOBym ~YHK~HD CBH38HHOro COCTOHHHH: 

<f w,q, (~ tri, ~) 

EgnH JIHRe~Hble paauepH ~ TO~ npocTpaHCTBeHHO~ 06F.8CTH, B 

~Topo~ npaKTHt~eCKH noKSJIHaonaHa ~w.~, , cysecTBeHHO ueH1'>

!£ Cpe,nHero paCCTOHHPIH 't- c:D Yel!C,llY ti8CTHl{aMII! ( H3 p83JIHtmblX 
I 

nap) B Hame~ M8KpOCKOIIHlleCHO~ CMCTeMe, TO ecTeCTBe HHO rOBO-

PHT~ 0 TOM, liTO )(8HHaH '{\~~ COOTBeTCTByeT 0 6blttHO ~ MOJieKy-
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.Tie J.13 .llBYX tia CTJ.1U, Ha XO,llH li{8MCR B COCT0f!HIH1 W H ,l!Bl1J:CYIJlC i~CH 

~HI.IITYJII>COM f. B CJiytrae, ecml e Toro lKe nopH.ztKa l1JH1 

!ll8 't-ep , MOlKCM COllpOBOr.t,llaT:D CJIO BO 11 1.10J!CKYJIB 11 TipHCTaBKBUH 
11 KBB3J.1 11 J.1JIJ.1 " nceB,no 11 • 

CpaBHHM HHTerpaJlbHOe npe.ncTaBJieHHe (4.9) c npe,ncTaBJie~ 

HHeM npocTe~me~ cpe,nHe~: 

F (:r,x)-=- <~ (x.) II' (x')> == L1{o-o-~ jdq,~W(1- )ei~(-?' 

Mu BJ.1,llHM, qTo KaK (4.10) OllHCUBaeT pacnpe.zteJieHHe 

THU llO 
11

0,nHoqaCTHqHliM COCTOfiHHHU 11 , T.e. no IIJIOCKHU BOJIHaM, 

TBK H (})OPMYJIB (4.9) xapa.KTepttayeT pacnpe,neJiellHe 'I.IBCTHU no 
11 napHUM COCTOHHHHM 11 • 

C TIOMO~D~ BUCWJ.1X KOppeJIHUHOHHUX ~YHK~~ UU UOrJIH 6u 

TBKJ.1M Me 06pa30M DBCCTH nOHHTHH BOJIHOBUX ~YHKUH~ ,l!JIH KOU

nJieKCa H3 Tpex H 60JibWe tiBCTHU(?/ 

HanOUHHM Tenepb, tiTO B CBOHX nepBOHS'tlaJibHUX HCCJIC,llOBa

HHHX illa~pOT BU,llBHffYJI nOJIOlKCHHe, BnOCJIC,l!CTBHH nOJIHOCTDm 

nO,l!TB8p,llHBW88CH, 0 TOU, tiTO HBJ!CHHe CBepxnpOBO,l!HUOCTH o6yc

JIOBJI8HO B03HHKHOBeHHeU B CHCTeue 3JI8KTPOHOB npOBO,l!HMOCTH 

KOH,neHCaTa Ha KBaanuonereyn, o6paaonaHHUX Ha nap aneKTpoHoB . 

B CBR3J.1 C 3TJ.1M n pe.ztCTBBHM ce6e B006~e CJiyqa~, KOr,lla B C 

Me <j'JepMHOHOB ( C OclhltiHUM CnJ.1HOM I/2) HMCCTCH KOH,Z48IIC8T H3 

rrapHhiX KB8311MOJ!CKyJI, CKBlKCM, HBXO,llfl~J.1XCH B S 
!1Hb1MH CJ!OBBMH, Mhl 6y.zteM paCCIJBTpHB8Tb CJiyqati, KOr,lla B cpo 
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J!Cx) (4 . 9) : 

uJ (w,~)=fo ~ (w-wo)5 {f)+ lJ; (w, q,) 
(4.II) 

r wo,o (i7a;,~ )= E (~)L1 (a;+~)~ c.f ('t-) 

np!-lt!CM : 

I ) ~ (WJf,) H ~ {p1 tt-)cooTBeTCTBYIOT o6bitiHOMY He

npephiBHOMY pa crrpe,llCJ!C HHIO t!BCTHU no HMllYJI I>CaM nap!!hiX COCTOR-

HM M; -

2) 1 (t)- BCII\CCTBei!HBH, pa.ztHBJll>HO c m.u,le TpH t{HBfl cpyHKUlllfl, 

BB>l,llY (4 . 7 ) ee HOpMlllpOBI<B 6y.zteT: 

J 'f~ (t) elk-- 1 
l3 113YtiBCMOM CHTYBUlll11 npe,llCTBBHM ~OPMYJ!Y ( 4. 9) B CJ!C,llYIOII\8M 

B¥1]\C : F ( X0 X:, :c,', x { ) = 

=fa f (~)f (~')il (~~}Ll (o./M~)cf{~-{)f(~~Vf.)-t-

~ j ~ f. ) * ('.- _. ) I 0 /,-' -.f 1 ') + :L ~ dif, 14' ( w,~ lf w,q_, t zf -'S,_ ,&;;,~ 1 w,t l% -;_j ~ 'o:t )( 
( w) (- _, ,..., ;;:-. -;r . ~ ;.,t-'l,._- ..,-z:z. 

x expt~ ~ 

+ .t ~ Jdf dfblj (r,tt-)<t:W ( f-1;' -;,<£)' 
J " ,0 . (~.!_~'· "' ~') LO~("{!ril}-;;_-~v (4.12) 

'fp,fJ-,J ~-~1 J.' "'~lexf-r \- :t., 

----------------------
x) I. 

3.necb A 1 S) o6oaHa1.JaeT 

L1 {s) = { 1., 
0) 

){YJCKpeTHYIO /) -<lJYIIKUYJIO: 

s--o 
S=/= o 
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3~eCb ~ npe~cTaBJIHeT nnOTHOCTb q11cna CBH3aHHHX nap, HaXo

~flmMXCH B KOH~eHCaTe. 3aMeTMM, qTO M~ COBepmeHHO He Kacaew

Cfl BOnpoca 0 TOM , 6y~yT JIM B ~e~CTBHTeJibHOCTH CYI!l8 CTBOBaTJ; 

CB fl 3UHHW8 COCTOHHHH , He HaXOAfimHeCfl B KOHA8HCaTe. ECJIH 

COC TOflHHM HeT, M~ ~OJI~H~ C~HTaTb 

~ (w,~)-=-o 
Bo3bMeM, HanpHMep, cnyqa~ MO~enbHOH ~HHaMHqecKo~ ~~cTe~. 

Mbl, paCCMaTpNBaBlliHHCH B § 2, V. BOCnOJ!b3Y8MCH \IJOPMJ'J!Oti (2.37 

ilonyqv.M · ~J!H TaKOM CV.CT8MU B rrpHHflTHX Ce~qac 0603Ha~eHHHX: 

F (~,x.t; l(, x~)= 

4> (t;-\) ¢ {~ti')e {o.
1 

)t:(cr:,')L1{611<1i.)fl {If'+ 
1 ~ (4. 

+ F (;'-~') F(~ -t;')Li ((jf~')4(~-6i')-

- F (~-t/} F (~ :_t; )~ (<J.i-61) A (lSi- o-}) 
r~e 

¢ (i) ~ ¢ (~ z) j F (~)= F (~ t) 
Tio~cTaBHB c~~a HHTerpanbHoe npe~cTaBneHHe: 

F (~) =- j lJ- (tJ e. -i {t:~i:"J cW 
M~ npHBe~eM (4.13) K \IJOpMe (4.12). 

3aMeTHM, ~To B ~aHHOM cnyqae Uf: (w o) = o, a nap-
. (J 1 1Y 

Hlxe cocTOHHHH I P~ti 6y~T o6bi1!Hb!MH nnocKHMM BOJIHauv.. 

6'::1 

g,lleC:b Mbl li!Meeu , CJie ):(OBaTeJ!bH0 1 J!HIIlb OJIHO CBH38HH Oe GOCTOHHV.e 

C cyMIA8PH~M HMnyJibCOM paBH~M HYJIIO , a OCTaJII>Hble naPHI:le COCTOH

!IHfl C cyMMapHI:lM V.MnyJibCOM q, /; 0 6y~T TaKHMH JKe, K8K y He

BSaHMO~eMCTBYIOII(HX qacTHI..\. TaKOti pe 3yJ!bT8T COBepllleHHO e cTe

CTBeHeH, ITOCKOJ!bKY B HameH MO~eJ!bHOM CV.CTeMe B3aV.MOJ18~CTBV.fl 

HMe iOTCfl J!Hlli:b Me~y TeMV. rrapauv. qacTV.I..\ 1 CyMMapHb!H HMITYJ!bC RO

TO PI:lX paBeH Hyn~. 

Bo3BpaT¥IMCH Terrep:b K "oc511(euy cnyqa~ lila\IJpoTa" H rrpHueHHM 

npH HI..\HIT ocnac5neHHH ~oppenHqH¥1. Pa3oc5I>eu apryueHTbl \IJYHKI..\HH 

(4.1) Ha ~Be rp$ITITbl 
~ 

(a:1~~ )j (~~,xi) 
H 6y~eM HeorpaHHqeHHO YB8J!H1IHBaTb paCCTOflHHfl MeXAY TOqKaMH -~ H3 pa3J!HqHHX rpynn. Tor~a, B CHJIY rrpHHURrra OCJ!a6neHHH 

ROppeJ!RUHH COOTB8TCTBy~ll(aH aCHMITTOTHqecKaH ~OpMa ~JIH ~ 

6y:zteT: + 
+ I~ < 1f1 (x1) lf1 r~.t-) > < !fi (:r.~) 1f1 (~ )/ 

C ltPYrOM CTOpOHbl, Ha OCHOBaHHH (4.12) ITOJ!YqHM ~JIH 3TO~ JKe 

acH MrrTOTH1!ecKow wopubl npoH3Be):(eHv.e BH~a: 

fo f (<i; )6 (s:, ') 11 (~+a:.) 11 (cr/+i,J f (v"i;) 'f (-t;!_ ;_') 

Mo~eM Harrv.caTb noaTouy: 
+ + < 1f1 (~1) 1f1 (xj.)>=--r!fi" E (6; )L\ (cs;-ro;_) f ((-'() 

<lf! (~)ljl (:t./)>= -{f:E (o;')ll (o~'+fJ:)'f(~r:) (4.14) 
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BH~HM OTC~~a, 'liTO 3TH KB83HCP8AHH8 OTRM'tiHhl OT fiYRH H 'liTO 

TeM CSM~ ARH HHX He ~NTIORHH~TCH npaBHRa OT60pa, o6yCROBR8H

HHe 38KOHOM C0xp8H8HHH ~CRS 'IISCTHU. 

~TSK, 6CRH ~RH paccuaTpHBaeuoro COCTOHHMH CTSTHCTM'tleC

KOrO paBHOBeCHH MMeeTCH KOHA6HCST H3 napHNX KBSSHKOReKYR t 

TO 3TO COCTORHHe CTSTMCTMtleCKOrO paBHOB8CHH 6yAeT BHPO!AeHO ~ 

rrpHqey BHpO!AeHHe 3AeCD CBH38HO C 38KOHOII COXPSH6HHH ~cna 

qacTHU. 

B aa&nmqeune oTueTHK, ~o ~opuynu (4.!4) ~aDT npoCTYD 

HHTepnpeTSURII "aHOIIMI.IWX KBSSHCpeAHHX" 

+ + 

< Lf o/ >) < lfC lfl > 
a H116HHO, 8TH KB88HCp6AHHe rrpOIIOPUHOHMI.HH BORHOBOR ~KUHH 

KBSSHMORexyn, HSXO~~CH B KOHA6HC8Te. 

Hx HOPIIHPOBKa : 

2: J I< 1J1 ( :t-1 J ¥ r ~ J >I ~ d i; = fo (4.I5) . 

(q-,) 

AS6T finOTHOCTI. qgcna TSkHX KB88HKORexyn . 

§ 5. HexoTopHe uepaBeHCTBa 

Mu 6YA6K paCCKSTPMBSTI. ceRqac cpe~HHe OT npOH3B6A6HHH 

~yx onepaTopoB: · 

(48> 
K8K 6HnHHe«HHe ~OPKH M3 11 H ~ ( RHHe«Hue no OTHOWeHH~ K 

KS~OKY HS 3THX onepaTOpOB). ECRH CHMBOR <C ... ~npeACTSBRHeT 
06HquyD cpeAH~~, TO HeTPYAHO aaKeTHTI., 'liTO: 
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< f1 & >*-= <&+A+) 
+ 

<fiA)~ 0 
(5.1) 

HO, ilOCKOJIDKY KB83HCpe~HHe MOlltHO paCCIASTpHBSTI. KSK 06HtiHN8 

cpe~HH6 , TORI.KO B3HTH6 ~RH CHCTeMH C 6eCKOHetiHO MaJIO npo

Bap:&HPOBSHHHM raMHJII.TOHHSHOM, TO Te lite COOTHOUieHHH (5.1) 

liMe~ 'deC TO H AJIH KBaaHcpeAHHX. HanouHHM ~anae, 'liTO ecJrH 

n (t) , 8 (t) HMHIOTCH onepaTopaMH B retJ.aeH6eprOBCKOM npe,llCT8B

JI8HHH, TO B CJiytlae 06HqHUX cpe,llHHX ,llOK83HBS~TCH CJie~IO~He 

cnexTpaJII>HHe ~opuynu: +co . r -t-w{i-7} 1 . < B (T.){J(+.)>= J ~~ (w)e ct,<4) 
-00 I 

<A (-t)&tc)>= JrQo (LJ)ec:e-w(t-r)~ 
1?,8 

(5.2) 

-0<> 

B KOTOpNX cneKTPSJII.HSfl HHT8HCHBROCTI. ~18 ~U)) RBJIH8TCH 

61lJJHHet1Hotl cpopMott no oTHOUieHHIO K onepaTo paM fl , B . B CVi

ny ·rOJII>KO qTO npHB8,ll8HHOrO apryMeHTa 3Tl1. iKe <lJOPMYJi b! OCTaiOT

Cr! CH1J3.l;l8ll.Ji l1BblMH H ;1.\JIR KB83HCp8,llHl1X . 

0CH0llbffi8RCI> Ha 0BOUCTB8X (5.1) , (5.2), ycTaHOBl!.M Ce"~ac 

HC KO~ opl:-!e !!epaBeHCT Ba , KOTO pble H8M ITOH8,ll06HTCR B CJI8,lly!Olll8 ~ 

rJI3B8 . CH MBOJI < , , , > 3,Z\8Ch MOlit8T npe,llCTUB.Il.RTh K8K OcJblqHyiO 

CpG ;l.\H~!O , TUK H KB8 3l1CP8ll.H~IO . 

;'oJta)i(eM npeY.t.n.e ncero, 'ITO: 

J;A (w)~o 
) 

(S. 3) 
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Boa:& Me!.! ,JJ,JIH aT oro npoH3BOJI:&Hyro cpyHKLtHIO / { W) ,JJ,OCTaToqHo 

peryJIHPHYIO H ,1J,OCT8TO~O 6HCTpO y6HBaiOmyiO Ha 6eCKOHeqHQCTH. 

ECJIH MH CJiM6eM ,1J,OK838T:&, qTQ ,JJ,JIH BCHKOLi T8KOL1 r!JYHKLtHH 
00 

J ~J (w) /I (w>/ 1cW~ o (5.4) 
-oo 

TO c npaBe,JJ,JIHBOCT:& (5.3) 6y,JJ,eT TeM C8MHM YCT8HOBJI6H8, ITOC

ItOJl:&KJ' Mhl ncer,11,a MOJKeM JIOKaJIHaonaT:& /I (w) /"' B CKOJI:& yro,JJ,

Ho yaKoU OKpeC'l.'HOCTH JII06o.ti TOql(H Wo • 
~TOObl ,11,0K838T:& HepaBeHCTBO (5.4), ITOCTpOHM r!JYHKUH!O 

00 

p li 1 J iwt 'ltttt)-::- f (w)e dw 
lit --

l1 38M6TMM, qTo: 
00 

/ ( w) = j lv (t) e-iwt ctt 
-~ ' 

V: Me eM IT03TOMJ' 
00 00 00 00 

J ~l (w)/{{w)jt~ jJ.t ( ck [ rk>I+ ({j))f(t;!(T)eiw= 
-00 1 J' f/,(1 

-00 _.., - co 

oO 00 

= jcU jc1-c <II {t)/1 (-tJ>~(~)r{'rJ= (u 21> 
-00 -oo 

rAe 00 
0o 

u 1 ;r r·n l:('r)d.T; 1i =jfl (·t> l(t)oU 
- oo -oo 
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QTC~~a, H8 OCHOB8HHH (5.!) H BYT6K86T HepaBeHCTBO (5.4). 

noKSEeM Tenep:&, qTo: 

* T {w)= T,g n+ {w) 
ll,f> I 

~ueeu, ,JJ,e~CTBHTeJI:&HO: 
Oo 

+ + ~ j -Lw (i:-~) < ~ (n & rtJ>:: Ji,tt (w) e ~ 
-oo 

H ITOTONY 
Oo 

+ + j iw{i-t) < A (i) 8 (t)>- T+. (w)e ~ 
6,11 

-oo 

C ,11,pyrot1 CTOpOHH, 
+ + ~ 

< II (f) B (7:))= < & ('i) f1 (tJ>= 

(5.5) 

(5.6) 

co 00 (5. 7) :::. { 1 r (w-) e-iw{t-'t~ t *~ Jr*/ti>) e. iw(i-tifw 
~& j( ~8 

-~ I -oo . 

CpaBHHB (5.6) C (5.7), MH y6e,JJ,HUCH B cnpaBe,11,JIHBOCTH (5.5). 
Tiycu Tenep:& 

Z (II}&) 
6y,JJ,eT npOH3BOJI:&H8H 6HJIHHetiH8H r!>OPU8 H3 t1 , t) , 06JI8,11,810~8H 
CBOtlCTBSMH: 

+ . 

Z ( A,fl) ~ o 
{ z (fl, 6)}*= z (&, fl} (5 . 8 ) 



?4 

IToKa~eM , 4TO BCer~a HMC CT MCCTO He paBCHCTBO! 

I 
~ + (+ Z(/1~ 8)/ f:Z(A,.4)Z 13~8) 

(5. 9) 

.n~fl ~OK838T8.7!bCTB8 38UCT~M, ~TO H8 OC HOB8HHH (5.8) 

*+ -if+ 
'L (~A + y 8 ) X 11 +y 5) 2 0 

r.ne ~ , ~ - npoHaBOJI:&Hble C - tlHcna. OTciO.na, pacKpbiBaH, 

nony'!fl1u 
* ( + + + X~ Z 11,11 )+, 'L (II, B)+ J"~:z.*z ( 13) ll) + 

* (+ + J 9 Z 8) B)~ 0 
(5.10) 

Boai>MeM s.ne c:& 

:l.-1:==- z (11, g) j :t =- [ z (11, a)}"=- z (a,il) 
* + ~ = '1J = Z ( 4, A) 

Tor~a 

-/'L (11, &}/~_z (11, AJ+-{ z (ll~ 1)} ~z (lBJ~ o 
+ 

0TCil]l8, CCJIH Z (A, ,4 ) # 0, !A'bl I'! IlOJIY"tll'l ll HepaBeHCTBO 

(5. 9). Hau ocTaeTcH noKasaT:&, 4TO ecnM 

+ z (11) 11)- 0 
(5.II) 

TO I'! 

z (11, 8) = 0 

~H a~oro B (5.10) B_cnyqae (5.II) noJIOZHK: 
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X..,__- Z (11,8)R-; ~- -Z (i!,lj~t; y = 3 *.. L 

r .zte Rv - rrpoHsBon:&Hoe rronoJKHTeJI:&Hoe tlMcno. Ha~i.l(eu: 

-l Pv /z (A. 5) /~;+ z (t_, B)~ o (5.13) 

ilyCTb ~- 00 • 'l'or~a, CCJIH (5.!2) He BepHO, Mbl BH,ZU'IM, 

QTO JI8B8H tl8CTb (5.13) .l{OJil!CHa CTpeMHTbCH K - Oc , IJTO He

B03MOmHO . MTaK, Harne noKasaTeJI:&CTBO HepaBeHCTBa (5.9) 

ITOJ!HOCT:&IO 38KOHQCHO. 

3aMCTl1M . TCilep:&, 4TO 

Z (II, & ) = ~ 8 (IV) 
I 

y.noBneTBopaeT ycJroBHHM ( 5. 8), TaK KaK l{J!H J;, s cnpaBe.zvm-

Bbl COOTHOWCHl1H (5.3), (5.5). Mbl MOJKCM Il03TOMY BOCl10J1:&30B8T:&

CH B ,Z\8HHOM CJiytJae HepaBeHCTBOl! (5.9) H H8l1HC8T:&! 

/ ~.~ ( w) J t L J;.t (w ) 7 t P.J ( w) 
(5.14) 

MoEeu noJIOl!tHT:& TaH:Ee: 

Z {11, e)~ ;r J :r;,s 
-110 

li-1') e -i d ( CJ W 
w 

(5.15) 

ITOCKOJ!:&K,y YCJIOBHH (5.8) Ol1HTD B~ITOJIHHIOTCH BBH.l{Y (5 .3), (5.5) 

2 ITOJIOl!CHTCJ!:&HOCTH ~YHKUHH 

e~-i 
w 

CBH~eu WYHKUH~ (5.!5) c ~YHKUHC~ rpHHa . PacCUOTPHM, CJie~a/8/ 



sanaa.n;WlaiOmylO H onepelitaJO!I(J'!O cpyHKIU.U'I rpHHa 

<< ll (f}, 8 ('r)~{ == - i 0(1:-f) <If {f) 8 (TJ- 8 (TJ II (t)> (5.r6) 

<< 11 ( t)) 8(~>>o,_ = i e (T -t) <II (t) 13 (T)- 13 (T:) II (t)) 

Ha OCHOBaHHH cneKTpan~H~ npe,n;cTaBneHHM (5. 2) H~PYAHO 

saueTHT:o, qTo ~ypi>e-o6paau HX, KaK WHKUHlt I: - T , 6yJJST 

COOTBeTCTBeHHO : 

././ fl a. ' ' <·;- , :· a ~ . 
'-'- J r:J //E J- iE. > ' ' ' 1 1 u ---:: E- U 

3]l;ec:& 
<< li , & 2>r. 

K8K ~YHKUHff KOMnReKCHQrO nepeMeHHOro ~ 38]l;aeTCff ~opuyno~: 
ex> 4> 

i J e lr"_ t (5. r7> 
<< fl, 8»- = ,. +.- ~a (w) - - ctw 

E ~J/ v , ., • 
. - #:I' 

BH,n;HM OTCIO]~a, qTQ Bb!paliteHJ1e ( ':i ., 15) 

(5.!8) 
- << II} 8 »c:;o 

UoaTOMY 1 HepaBeHCTBU (5. 9) B .n;aHH0M CJiyllae llPHHl'.IMaeT rpopMY: 

I << /( B »E=O It~ << 11.,; ~a.() • « 8~ ~~E .. O (5 .I9) 

KoTopaa B ]l;aR:&He~eM 6y]l;eT Hcnon~so~~Ha. 

B 38KnDqeHHe o6paTHM BHHM8HHe H8 O)l;HO B8litHOe rrpHROBe

HHe ~Opllb! (5.18). na,n;HY r8YHR~TOHH8HJ J/ 6eCKOHe~O Mance 

•npHpa~eHHe t J./ ( T8Klite He38BHCff~ee HBHO OT BpeY:eHH). 

Tor,n;a COOTBeTCTBY!0~8H napKa~H cpe,n;He~ OT H9KOTOporo orre

paTopa A ( t} 6y.zteT paBH(?1 

o < 1/ >==<IT> - <A>. =Jjr~ /I)SH~ (5.20) 
U-t-ol/ H ~ ~ .. 0 
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rnaBa IT. l'EOPEM~ OE OCOEEHHOCTflX TrtllA YtJt ~ B TEOPJ.Hl 

CBEPXTEKY~CTM E03E M ~EPMNi CMCTEM 

§ 6. CBO~CTBa CHMMeTpHH OCHOBHHX WYHKgKM rpHHa ~JIH 

Eoae-cHcTeu npH HaJIH'IlHH KOH!eacaTa 

PaCCMOTpllM ~l1H8M~'Il8CKJ!O CHCTeuy H3 O~HH8KOBHX 6eCCfil1-

HOBbiX Eo3e- qacTHU C raMHJI:OTOHH8HOM BH~a: 

j_ r + ~ r + 11.+ r) H ~--;;;;) 'fl i1Jf d., - >. ) 1f 'f' d'i+ lJ ( ~ lfiJ = 
v v 

(6.I) 

\' ( "~ )+ + - L }v flv- ~ a~ at.+ U (!fl~ 1{1) 

U (~)I' )-r ~ J J cf> (r-t:Jif (f) if fz:pl'(t;_)x 
v 

"'lfl (() d i(c/7;' (6.2) 

3~ec:o <P { ~) -BemecTBeHH3H ~YHKUHH paCCTOHHl1H, npe~cTaBnHD-

maR 3HeprHD B3811UO~eMCTBHH nap~ 'll8CTHU. ilpH 3TOU U~ orpaHH

'IlHB86MCH H3Y'IleHH6U TOrO CJiy'llaR, KOr~a B Hame~ CHCTeue np11 

~aHHO~ TeunepaType 6) zueeTcH Eose-KOH~eacaT. 

KaK y~e OTueqaJIOC:O B § 3, B T3KOU cnyqae COOTBeTCTBY~ 

~ee COCTOHHRe CT8Tl1CTH'IleCKOrO paBHOBeCHH ~OJIEHO 6YT:b B~poz

~eHO, npH'Il6U BYPO~~eHHe a~ec:o 06H33TeJI:OHO CBH33HO C 38KOijOM 

coxpaaeHHH ~cna qacTHU. 

7 9 

nnR TOrO 'llT06Y CHHT:O BYPO~eHHe, B031>MeM raMHJI:OTOHHaH 

Hv=~-))Vv (~+~ ), (6 . 3) 

co~ep~e~ ~onoJIHHTen:oaue 6ecKoHe'I!Ho ·uanue qneHu BH~a 

- J} rv (Qof~) ~ J)> 0 (6.4) 

.fdy npe.1tiiOJiaraev, 'liTO ~pyrHX THfiOB ByPO~~eHHH HeT X) t TaR '{ T 0 

BBe~eHHe qneHOB (6.4) ~OCT8TOQHO ~H CHHTHH ByP0~6HHHo 

TaKHu o6paaou ~H KBaaHcpe~HHX 

< fl (t) B ('t) > 
r~e ,tJ, 8: Q.. ±K' a± I( (K+O) ,npaBHJI8 O~dopa, BYT6K81>JilHe 

HS 88KOH8 COxp8H6HHH HYnyJI:OCa , ~OJIXHY BYITOJIHHT:OCS, a npaBHJia 

OT6opa, 06yOJIOBJI6HHYe 88KOHOM COxp8H6HHH ~CJia Q8CTH~, YO

ryT He BYnOJIHHT:bCH. 

BBe~eu npocTeMmHe ~HKUHH rpHHa, fiOJIOEHB: 

<< fl (i~B(cr:);>u~G (f-t)< A(i )B{r)-B("t)l/ {t)> 

<<A (tl6 ('i)~~ i 8 {t-1:)< A (t)&(r.)- B{'l)A(-1:)) 

<< 4 (i)) B (~)~=-i < T (A ( t) B (v:) > = 
(6.5) 

"" - ;. { fJ (ec) < R {f.) 5 (r)) t 9l""-t) < B {t) II (f.))). 

X} ilo-cylll6CTBY t MY npe~oJiaraeu 3,IteC:b 9 qTO Hama CHCT6·Ua Ha
XO~TCH B npOCTpaHCTBeHHO O~HOpO~HO~ ~aae H 'liTO B He~ BeT 
YOJI6IeyJI, COCTOHIIlHX H3 ~Byx H donee qaCTHU. 



so 

Hx "::mepreTHT.IeC Koe npel{CTaBJieHv.e " orrpel\e.r.Hc v. c rr or~om:oJO 

l1HTerpUJIOB <PypLe: 

1
0c7 - c E {t -1:) 

~ II (t) B {rz:) )?= « fiJ 13 '//_ e d £ 
J E --

0CHOB~8HC:O Ha CITe KTpanbH~ ~OPMYRax: 

< B (-r)f/ (t)> = J3- (w) e-iw (-t-'C'Jdf.,J 
8,8 --

- w . < f1 (t) 8 (f) > = J T. (GJ) € 6" e. -LW {t.-l:)dt;) 
~s 

-oo 

nonyqaeM: 
1;)0 

t.et 1 { { -'j- ) T (I , \ o/ tJ << It B ~ = "'t; "' e - i ~a ~J E-w+ u. --.... tJ I 

Q"~ l J {: e ) ( ) crw <f 4~£3~ = - e -J. Yn, 6 LJ . 
€ ,l.# ~ E- rJJ - LE, 

(6 . 6) 

. -·-: f. 

~ 1 J { e. i }J li B = ·- I If~ - 4.> ~ 1 ) E ~lf ll,B \ ~ E- LJt iE E - w-£·E. --nna oco6oro cnyqaH HYRBBOM TeMnepaTypu cneKTpanLHue ~opuyHu 

~RH paCCYaTpHB88MUX cpe~HJ.1X rrpeACT8BJI HJOTCH B »H~e: 

< 11 {t) 15 (cr) >~ JrJla {10) e - i~ (i~olw 
0 0 

< b (cr) fl (f))~ jr (w) e-i.Q (t.-'r) dw 
A,B --
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J fOr~a ~H SHepreTHT.ICCKOrO npel{C T8BJI8HHH ~YHK~HM fpHHa 

6ylf.eJA HJAeT:o: 

't. t..t ; ·-~ fl5 ~ = __!__ E (4} )I~~ (w) riw 
s lt ---~---~~--

--oo f. - L()+ il. 

<< /I)!J ~ ~ _!_ E (w J I_., 8 ( w) dw od j""' 
£ J,t; -.... E - £V -'i e -<< f{ 8 ~c = _!_ j f (~J) I11,a (w)dw 
e ~1i .. - E -LJ + i.e E (w) 

r}le 

f (w) ~ 
{ 

i.l 

-i, W< O 

W>O 

l{aK BH.l{Ho , aarras~h!BaJOIIlaH .11 orrepeJKaromaa 1JYHK~HH f p!.1Ha: 

't.C~ odv 
~ //)!>~) «1£8~ 

Bcerl.{a HBJifliOTCH rpaHHilHbiMH 3H8T.IeHJ.iHMH ~YHK~HM IWAmJieKCHOrO 
nepeMeHHoro E : 

Ot ..!!)_ 

<< 1{,13 ~ = :_ Jr (lJ} e •- t. dtJ 
E :t,,, /f,8 E- LV 

(6. 7) 

-&:lo 

npll ql1H HaH lite !f>YHK~l1fl fpvma 

<< 1/) 6~ 
06~a~aeT 3Tl1M CBOMCTBOM , B006me , TOJI1KO D CJiyqae HyneBOH 
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TeMn8paTyp~ . 3aMeT~M T8n8p:&, qTo H3 onp8~en8HH~ (6.5) B~Te

Ka8T: 

<:< 4 (i)~ 8 (r:)~c << B(r)Jfl(-l:.)~c. 
t ~v << A {f.) ;J 8 (1) ;;f! « B (~), II (+.) >> 

0TKY,1la, Ha OCHOBamnt (6.6) noJiyqHM: 

<?: 11_)3 ~ = << B_, II~~ (6.8) 

a TaKllt8: 

-z .. d:: esJ.v « ,4)3 ~ = << 5, A >(_E (6. 9) 

PacmHpRfl COOTHOrueHHe (6.9) Ha KOUITn8KCHYD llJIOCKOCT:&, y6eE,llaeu-• 

cH, qro ,llJifl WYHKUHH KOMnneKcHoro nepeMeHHoro (6.7) TaKllte c npa-

D8.1lJ!HBO paBeHCTBO THlla (6.8): 

<< II} B ':% = « 8~ II ~E 
PaccMOTpHM uaTpH~ID WYHKUHID rpHHa: 

J 
G. (E,Ic}J GJ.t(E.,Jc) J 

& (E,t)= G,._ (~t}; & .... (!:_;&:) 
~1::0 

r,11e 

+ + + 

(6.IO) 

(6.II ) 

{;
11 

(E)t)== <<a~.) a~~; G.t1 (~t)=<<qt,a~~ 
. + (6.!2) 

G;._ (E,t}= ~a(,a-K.~ :1 ~(E_,,)=<<~~,qk~ 

~] 

B J<atieCTBe 1:.. f!, 8'52 M!:J 6y~cM no;;HJa 3y~en:oT:& 3,11ec:o mm 
£ 

lf YHKL\HID KOMITneKCHOrO !18 p8MeHi!Or v ( ~ . 7) , HJIJ1 !l~!1l.!llHHY Kl <1>Yf!K-

Ul-110 rpHHa ,llJifl B8U\8CTB8HHbiX E • B or50J.1X c.nytiaRX, 6naro ~apH 

(6 .8), (6.10), !1Me8M: 

G (E t) = G (- E -~J · .ll, } 1/ .) ) 

(6 .I3) 

G«p (E)rv)= Gt~.p (-E;-Jfi,); ec..w d..j-(3 

3aM8Tl-1M T8nep:o, qTQ raMHJI:&TOHHaH · tlv HHBap!t1aHTeH no 

OTHOlli8Hl110 K K8H0r£Hq8CKOMY np806pa30B8HH!O: 

-+- + 
a. I(~ a_k.. , a 1<. ~ a.-~ 

no aTOMY cp8,11Hl18 

< aJ( (t) a" (c)~ <OI( (t)ai((T)> 

< a/( ( t) CJ.( (7:) > < q_t. (-t:) bl( c t) > 
.7 

.....;;. -,> 

'i 8 .n.omKHbl MeHHT:&CH rrp11 saMeHe k.- -- K • Cne,lloBaTen:oHo, w 

J~Jlfl Hatln!X 4':yHKUJI!~ rpi1Ha 6y,1le M 11MeTL: 

Golf> ( E ) k. ) =- e o~:p ( E, - k-) (6.!4) 

3aMCTifM )\aJJeC , tiTO TaK IC81C lW3fjlfJ!I'Ill,I'ICHTbl B Bhlpa:'KeHI111 ra!.Hln:&

'l'O !HW.HO. H v Bee nct:(8CTnemrhr , cooTBt :TCTBYIO!I\118 ypaBHCHHfl 

"l.£HVC:I!H fl ltOJJlKH!:J 6b1TI> l-1HB8jHWHTHbl !IO OTHO!ll8Hl1!0 K 11HBepC!It!t1 

B per.:eJm : t ~ - t , corrponoE,llaiOJI\evlcR 33UeHoti i Ha - L- • 
' 

l10JTOI.1Y Gr•eJ(IIHH Do 

J -i.w (t-'l) 
<a_k(cr)aK(t)>= J:. (u)e C/w 

( c r~) 
-~ 



He l13M8HH8TCH ,ZlJIH npeo6pa30B8HHR: 

i --..- l_ er ~--r t. .__.._ i. ~ > ... 

BBl1.ztY l!ero 

~ 0. 

J J. ((,.))i
1
o>(i-'t.{J4J= J J,/'(~<>)i_iW(·H~W 

-~ --
0TCIO~a CJie.eyeT, liTO cneKTpaJII>Haa HHT.eHCHBHOCTh '!;, ( W) HB-

Jifl8TCH Be~eCTBBHHO~ ~YHK~Me~: 

J"* ( w) = JK (w) ( 6.I6) 

l1 llOTOMY Ha OCHOB8HHM (6.I5): 
o-

<o((i)a_l( (cc)>=<o-~<(f:)Ok (tJ>= ]K (w)e clw 
+ + * j i4)(i.Z) 

-o. 
H 

+ +- I. < QK. ('t)Cl.'< (t)>-=<O-~< ~ ~) Q K (i) ) 

COOTBBTCTBY!Omee COOTHOWeHHe ~JIH ~YHKUHM rpHHa 6y~eT 
+ + 

~a~< ,a_l( ~ = ~ o_~~:)a" ~ 
T.e. B HamHx o6oaaal!eHHHx: 

GJ.1 ( E :1 ~) = G1J, (E~ t) (6.I7) 

BBe~eu Teneph uaTpHey Z (E .... t} z (E: ~J = -.t~ G -1 (E_~ c.) (6.I8) 

HJil1: 

~t" Z (r.,") G (£J(.)= i 
(6.1 9) 

r,ne I - 8~}1HH'I!HaH MaTpu~a • 3Ty MaTpHizy 2 (£> /i,) Mbl MOJK8ld 

HHTepnpeTY. poBaTI> KaK noJIHbi~ 11 MaccoBNH orrepaTop 11 • B qacTHOM 

c~yqae HyJieBOM T8MITepaTypbl 1 KOr~a ITPHM8HHM8 ~e~HM8HOBCK8fl 

JlHarpaMMHaH Texmma 1 Z ( E~ IV) npe~cTaBJIHeT oeibll!HYIO "coei

crBe HHo-:=me preTl1 qe cKyro" qa c TI>. 

I1a orrpe~eJieHHH ( 6. IS) HCHo Tattllie 1 liTe ee aJieMeHTb! 

ztl(.~ (£, ~) Bcer~a Y~OBJI8TBOPH!OT TBM lKe COOTHOilleHHHM CHMM8T

pl111 /.( 6.13)1 (6.14) , (6.I7), liTO H a.~/& (E, IC). 
PaCKpbiBafl M8TpHIIHOe paBeHCTBO (6.!9), ITOJIYIIMM: 

L
11 

((t) G11 (E)tJ+Z1~(E.,~J G-u (E,t)= ~~ 
~:L/ (E_, JC) (f1f (E)r.)-f Lu, ( ~ t) Gj_1 (E)k} = 0 

Ho , B Cl1JIY TOJII>KO 'ITO CK838HHOrO 

Z ~ (E) t-) == Z t:t ( E, A!) 

~u (E,c)== Z 11 (-E~ r~) 
H MH MO~eM HaiTHCaT1: 

? .~ + ~ 1 S11 (E,~)<.at,Q"~+G,:.(f})~o_~e,O~:~==J.11 (6.20) 

\? + + -f 

~1~ ( E, X!)~ OK., Q r: ~+ 4 (- E/c) ~ q_K, OK~= 0 

Bxo~fll!ll1e cro~a ~YHK~l1H L ..C., f o6:·ra~aiOT cBoi1CTBaMl1 Cl1MMeT

Plln: 

~~ (~-lc)= Z, (E)t); Z1~ ((~J==Z11. (E)-1<) 

Z 1~ ( E, t) = Z11. (- E, t:) (6.2I) 



86 

llosTouy H3 ( 6 . 20) uo~eu rro~y~T:D c~e~y~~He ~OPMYn~ , B~pa

EaD~e paCCUaTpHBaeM~e WYHKUHH r pwHa ~e pe3 ~1i , 2i4~ 

z (-EJk) 
+ 1 --"---

<a.,a.. ~ = u Y,. (E,J:. )Y.,fEjc.)-z.: (E.~) 
-+ + J. Zt.t- ( E~ JC) 

« ~~) ~" ~ = - -;;-

k.:fO 
Z1t (EJ c) %1f {- E:~~)-L:~(E~t) 

§ 7. MoAen:~> c B~eneHH~M KOH~eHcaTou 

06paTHM Terrep:D BHHM8HHe Ha TO, ~TO BBHAY Be~eCTBeHHO

CTH KO~HUH8HTOB B rauHn:DTOHHaHe J/~ B~axe~He 

< Q..o > 
HBnH8TCH Be~eCTB8HHHM H ITOTOMY: 

+ 

< 
ao -vv>=< 

Boa:~>ueK cpe~HDD 
+ 

( ~ra0 >=fo 
14 aaueTHY, ~TO 

~> 
1/V 

f. = -:0 11 < ¥ (\} 4' ('i;j)df rh; 
yY 

(7.1) 

TaK K8K 3,2t8C:D v __. 00 1 TO HCHO, ~TO BCe 8Ha~eH14e uumo'"nA_,t 

Xa B (7.2) rrpOHCXO~HT OT o6naCTH 6eCKOH8~0 y~aneHH~ ue~ 
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-- --co6oU TOlleK 'l., H "f:t • llOSTOJiY, ITPIIIM8HHH rrpHHI.Um ocna6-

neHHH KOppenHUHH, Ha~~ey C aCHMITTOTIII~8CKO~ TO~OCT:DD : 

f. =+ !< p (\)> df ~ [<lfi (~)>dt:=<~>~;;=> 
y v 

BBHAY qero, Ha OCHOBSH~H (7.1) 6y~ey HM8T:D: 

+ 

< ~~ >= < -:v>=,fj: 
PaccuoTplllu ce~qac B~paxeHHe THrra 

< ... II (tol) ... f (t~. ~ ) .. . > 
B KOTOpou: 

Q 4-fl '= ~ Qo + -vv:> ff j 1=¥~¥ 

(7.3) 

H ITPIII M8HIIIU K Heuy, TSK ze KaK B cny~ae (7.2), ITpHHUHrr OC

~a6ne HI/IH KOppenHUHH . 

nonyq111u paBeHCTBo x) 

<. f1 (+. ).. 'f (/:~_;;) .. >~ (-Yi)~ .. cf(f.,..'f.)..) 
XJ----------------

Pa3yueeTcH, paBeHCTBS T8KOrO THITa HMeDT 8CHMTITOTH~8CKH~ 
xapaKTep 111 rrepexo~HT B TO~H~e paBeHCTBa mmo rrocne coBepme
IIHR rrpe)(en:~>Horo rrepexo~a V ~o.:. ; TaK MK, o~HaKo, u~ 
llcer11a Hueeu 3~ec:~> ~eno c npe.neM, HhiMM cooTHOllleHHHMH, u~ He 
~YJ:teu Ka~~~ pa3 oroBapHB8T:D 3TO 06CTOHTen:DCTBO. 
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BBeAeu o6oaHaqeHHH: 

,.._ Q + + 
'f-=lz--!-+~_, h~+~ ff i{ff 1 

b.::. a i . Jj_( i \7 i (t'.~J c ) :; T.=-- ~a e 
1 1'V l:jo K 

TOrAa, Ha OCHOBaHHH TO~DKO qTQ no~yqeHHOro peay~DTaTa y6e

AHMCH, qTo npH BhlqHc~eHHH cpeAHHX BY~Aa: 

< ... f (io(, ~ ) ... > 
Mbl UOllteU aaMSHHTL onepaTOpbl Q._.,, a o , BXOAHII!H8 B f H8 

C - trnC~O ffo , rAe 

/U:O V 
0 )0 

YtrnTHBaH STO CBO~CTBO, ITOKallteM, qTQ 38Aaqa C raMHnDTOHHaHOM 

H v MOJKeT 6biTD npHBeAeHa .K aa.ztaqe c raMH~DTOHHaHoM II, (No} , 
KOTOp~~ no~yqaeTCH H3 BblpaJKeHHH (6.3) AnH J/v 38M8HO~: 

+ + 
lf (~)--+ -fi + ~ (ti)) ¥ (t~) ____:,Vi+ 'If ft)· 

+-
T. e. aaueHO~ onepaTopoB a.o ' ao ' BXO,l\HllUiX B Hy ' e -trnc-

JJOM ,f1i: • )l.rrH 3TO~ ~e~H paCCMOTplr1M CHCTSMY 11AByxBpeMeH

HWC11 /S/ ilJYHKUH~ fpHHa THna : 

T~f 

~ ~ (~ ~) ... <(; (t,t; )j 'f1 ('l,~} ... cp, (1:~~-=)'$>«Jv__ 
-i. () (t-t:) r: ~ ~ ~ -""J (7 .4) 

UJ (<r-i) < L <ft (I;'!,) .. f. (S ~.); f. (1;:(} ·· f, ~ ~e.,lJ) 
r.zte 

+ 
~ = Lff' lft 

4T06H nonyqHTD uenoqKy ypaBR8Hir1~ 1 CBH3WBa~~lr1X STH 

~~YHK~H ll , BblpaaVIu npoH3BOAHYIO 

i 1t {: ~ (t , ~) ... cp, ct >:J) ce c~. r, >-- 'e (t ~;~ (7. 5) 

C ITO MOII!D~ ypaBH8Hir1A ~Bir1lK8HVIH . 

VIMe eM .l{~H raMllfnDTOHMaHa H i> : 

L. o lfl ( -t , ~J -= " (t tt'· w it' = 
(){ /..J ' -' T •T/ -

:;:: ~ 
1

;_ t. -)..) lfJ (t;t)- ~ + j 4> {U) i(I (t, 't') lfl{t}t)tft If! ~j{) 
)!' . 

11 IT OTOMJ: 

L a If!, CJSJ = [J (t, "t; lf, ~ )- ~ j [)(t, {; ¥J)d?: 
J t y 

d ~ (t;t) = z (-t -;;:. )L( ti )- __!_ 1~ {( tlj lf,; )obr 
J-t ) ..> I~T v 

v 

- L 

TaK KaK ~ 
+ 

Yl )0 BOn.l{yT B BblpazeHHe npOH3BOAHO« (7.5) ~HlliD 

qe pe 3 nocpe.ztcTBO c pe~HHX BH,Z{a: 

+ < ... ~ ... a ... t ... >J < ... ~ ... D ... ~> 
Mbl MOllteU ITpOH3BeCTir1 B ilJOpMaX: 

~ + + ( ~ +) [) (t ~ 1- ; 'f1 ) lfJ }. fJ t~ 'r, j )f/)fl 
aaMeHy: 

-t- + 
~ ~-{"i+lf;' lf'~l!i-rlf; 
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TeM caMbiM npu pacr<p!iTIUt t!JieHOB: 

A ( ~) J 'ft (t,t() tO ('T. -+ )~ -< <R i/r.-1 ... a 1:: ... _, ... ~ > :c, ~ 

Mbl waKTHqecKH 6yAeM ITOR:b30BSTI>Cfl YPSBHeHHHMM BHna: 

t. d 4{ (tl~) = [J (-t,iJ ff.+~;ifo + ~)
()--/; 

-~ IJ:) o:r:-;1Si -t 'I!, -¥F.+ ~; d ;t 
v 

+ ~l + + 
0 ~ i i, ~ 1 = /:) (-1:, ~ #a+ 1{, #. + If. ) _ 

(7.7) 

1 1 + I. ~ _r:- ,r,:- + )cl~ - - [) \ 1:~ t j ift + It{) lifo+ 45 't 
Yv 

c MX ITOMO~:b~ qneHbl (7.6) npeACTSBHTCH qepe3 WYHKUMM rpHHS 

paccuaTpHBaeuoro naMH Knacca. B MccneAJeMoM B!ipallteHIUI (7 .5) 

KpOMe cyMMN qneHOB Tima {7 .6) 6yAeT rrpHCyTCTBOBST:b e~e 11H80~ 

HOPOAHbl~ qneH": 

S (t-cr) < [~ (t, ~) ... ~ ... ~ (-t., F;,J]> 
nna paCKpbiTHH ero ITORI>3yeMCH nepeCTSHOBQqHb!MM COOTHOWeHHftMI• 

11onyqHu cpeAHHe oT npmtaBeAeHM~ He 6oni>we tzeu H3 S+ m. -lt 
OAHOBpeueHHbiX noneBbiX WHKUM~ ce_ , KOTOpble uoxHo onHTI> BY"' 

pa3MT:b qepe3 ¢YHKUHH rpHHa ( HH3mero ITOPHAKS ) C ITOUO~D 

CITeKTpaRl>HbiX rrpeACTSBReHH~. 

nnH waKT>nleCl<Oro riOR:b30BSHHH HMH YA06HO HAieTI:. A8JIO c 

SHepreTHqecKH HMITYRI>CHHU rrpe~CTSBJieHHeM. 0603HSqHM HSWH ~ 

')~ 

UHM rpMHa B 8TOM IT P8ACTaBneHMM qepe 3 

<fJ H {f. ; P, 1 .. • Ps ; ~ n .. • q, m ) 
v 

TorAS rronyqeHHy~ uerro~y ypaBHeHMM MN MO~eM 3SITMCaT1 B BMne : 

£ ~Hv {E; ~' ... Ps; q,_, 1 , .. Cf»<) ::: 

=')£ {E, PJ..,•"p5>q,f>"'qrn; ~fl v ) 
rAe BblpallteHMH X HBRHIOTCH qJopuaM¥1, aaBl1CHII(llVH OT ¢YHKUM~ 
L§I~Y paan11qHbiX rropanKoB. 11ocKoJII>KY cneKTpan1Hhle npe~cTaBne

Hl1H "YHMBepCaR1Hhl11 ¥13 CKS3aHHoro HCHO , ~T O OT KOH!tpeTHO~ 

~OpMH raMHJI:bTOHl1SHa 6yAJT 3aBHCeT1 TOJII>KO Te t!JI8H~ B Bblpa

~8Hl1l1 a( , KOTOpble ITpOHCXOAHT OT t!JI 8HOB Tl1ITa (7.6). Ho IT pl1 

HX pacKpbiTMH Mbl BOCITOJJ:b30BSRlfC:b ypaBH8lll1HMH (7 . 7). He TPYAHO 

3aMeTHTI>, OAHSKO, qTQ 8TH ypaBH8 HHH HBJIHIOTCH T QqHb!M~l ypaBHe -

HHHMH ABHllteHHH AJIH raMMJJ:bTOHHaHa l-lv{N'o). 
TaKHM o6paaoM tg/H XAOBJJeTBOPR~T To« Ee genollKe ypaBv 

H8Hl1~, llTO H COOTBeTCTByromHe ffiYH KgHH rpMqa U?/Hv(No)AJIH 

raMMJILTOHHaHa H., (No) . 
C APYroti cTopoH!i, "rpaHMilHble ycnoBHH 11 ARH ¢YHI<Ul1tl IWM

nneKCHoro nepeMeHHoro E: 

~ Hv ' ~Hv {No) 
Ha Bell(eCTBeHHOtl OCH E (T~na AHCITepCHOHHbOC COOTHOilleHHtl), o6y-

CJI OBJieHHble CrieKTpaJI1HbiMM npeACTaBJI8HHHMl1, TS!tJKe l1,Z(8WJ.'~qllb!. 

OTcroAa Mbl AenaeM aaKJIIOileHHe, liTO x) 

X) !{ T8""0MY Ee 3aKRIOileHH~ Mbl MOrJI~ 6!i ITp11,1lTl1 9 ~ npHT OM TeM 

lEe nyTeM, eCJIH BMeCTO "AByBpeMeHHbiX 11 ¢yHKUl1tl rpl1Ha (7.4) Mll 
paccMoT ;:eJJH 6!i COBOKYITHOCT1 llJBl1HrepoBCKl1X 11 MHOrOB pCI.ICHHbOC 11 

(PYH!O..\Mtl rpl1Ha Tl1ITa: 
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u:illv = o/H, ( .Vo) 

HJB1 

~ cr; rt J '4 ). .. ce u.) t; J; ce r~ ~ ;. .. <Ft ( r) ~ J ~;p~ 
(7. 9) 

= << ft (-1; "(). .. cr: (t ) z; ); <1: (T, ~) ... "' (z;'X~r~)~ 
Hv ( l(o) 

Jlanee, Ta li KaK c pe.l(H.l1e Bl1~a : 

< <e (s z:: ; .. . 't: r+, ~)> == < r: (ri; J. .. r: (rt:-J> 
Bblpa llta JOTC l1 llepe ;: H&.:JIR qiy l·l.Ki\11.11 r p l1Ha, TO 6y.zteM .HMeT.O T8Rllte: 

< ... ~ (i;J ... lJl r.;J ... >,;,= < .. (Vfo + ~ (i;J)J-{f.+ 

-< ... {if:+~ (~p .. (ii{+lfi (z;). .. }, / , 
· Hv1 !Yo1 

X) rr pO.ztOJillteHRe CHOC:i ;t 

< 'r (<ft (i1J ;;;) ... re (tn/?: ))> 
11 COCTaBRJI* Ohl COOTBeTC~BeHHO illBHHre pODCKyro ~eiTO'I!Ky ypaB

Hl1~. Mu 38M8Tl1JIR 6bl OITHT~, '!!TO 

< T ( ... ~ (-t.~..) it;_) ... )>»" 
Y.ztOBJieTBOPHJOT TOR lite ~erroll!ie ypaBHeHRR, 'I!TO l1 

< T (. .. ~ (i-.) ~) ... ) >u.,(N.) 
a COOTBeTCTBYIOIIU1e CITe!iTpaJI:OHhle CBO~CTBa, o6yCJIB.BJil1B88Mbl8 

CTPYKTypo~ cpe.ztHl1X OT T' -rrpOH3Be]{eHH~, H.zteHTHtiHhl. 
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QTC~.zta CJie~eT paBeHCTBO COOTBeTCTBYJOml1X c p e.l(Hl1X SHeprH~, 

a IIOTOMY l1 CB060.ztHhiX aHeprl1~ .l(JIH o6eHX .l(liiH8MHlleCK¥.IX CHCTeM. 

TarmM o6paaoM, MIX y6ellt.l(aeucH, '!ITO Hay'l!eHHe .1tl1HaMHqecKoi1 

Q!! C~reMbl c raMMJI:OToHHaHOM H~~ MOlltHO rrpRBeCTl1 K Hay'l!eHHJO 

"MO,lleJI:&HOH Cl1CTeMbl C BI:meJieHHhiM KOH,1leHC8TOM11
, xapaKTep:t~~3ye

MO~ raMl1JI:&TOH:tii8HOM f1 y (No) • 3.zteC:O CJiel(YeT 0,1l;H8KO 38MeTl1T:D 1 

q?O B MOneJil1 C BU,lJ;eJieHHhiM KOH,ZteHC8TOM BeJI:tll'l!l1Ha A/o qiOpMaJI:O-

HO MOReT paCCMaTpl1B8T:OCfl K8K 11 IIpOH3BOJI:OHb1~ 11 BHeillH:tll~ rrapaMeTp. 

YT o6bl rrony'l!l1T:& y paBHeime ,n;JIH orrpe,llenem1H M, , o6pa

Tl1MCH Oilf!Tl> K IIepBOH8'1!8Jl:OHOi1 ClilCTeMe C raM:tiiJil>TOHHaHOM J./v 
M pacKpOe M COOTHOWeHHe: 

C/o \.. -!, r/Qc > 
. c1 < -w? = < ;, v dl 0 :::. L dt 

(7 .II) 

BOCIIOJ!l>30B8Billv!Cl> ypaBHe Hl18M .l(BHllt8Hl1fl ( KOTOp oro 11 He XBaTaeT 11 

B MO.l(eJII>HO ~ CMCTeMe): 

· olao 
L d;(; = 

~ J. ~I [ $ (t; J+ht;J}ll(i7-t;~<.J%o,;ox:-n'v- J,.Q. 
r ,Z(e (~;;, tl, r..l.) 

¢ (t) ~ .I "' (t) / (K-'i} d;,.-

0TCiO,lla , BH,lleJJHfl 8MITJII1TY.l\hl C HyJieTI L!lA m.myJII.COi•l , Hal1.1(8 M: 

L 
da~ 
7:r=- fao + 

+ 
00 0

0 
Cfo 

¢ {oj-)}-JV+ v 
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~ ~ {""' - } + j \7 '"" + + y L 4> (P)+ c:J> (o) apa,.ao + v ~ <P {p)aoo,.Q_,+ 
(P+o) ( p-.o) 

+ ;V I. { ~ (P,}+ UP.) }JP a4 or. <1 (P-P,-P.) 
{ P fo,~to1 PJ."f:Q) 

ITO~CT8BHB STO ypaBHeHHe B npanym llaCTE paBeHCTDa (?.II), 
npHBdAeM ero K BH~: 

S=o 
(7.I2) 

r~e + 

s = < aoao Oo \. - 'V -A < Oo > + 
V Jfi, _/w" VV H, 

, +_l__ y {f(P}+~{oJ}<~OpQo>+ 
v~ ~ 

(PI:o) 

+ _j__ ~ ;p (PJ< ct Clp QP> + 
Vfi ~ H, 

(Pio) 

l \' {,... ..... .1 ;; · + 
+ -· L ¢ (~)+<$(P.,)jfl(P-~-fi)<aPaP1qP•'1tv 

( Pl:o, ~ /:o, ft~O) 

Ho, B COOTB6TCTBHH C paHee CKaaaHH~, MH UOlteU aaueHHTE 
+ 

8~6CE Q.-0 H Cl-0 Ha ffo , a OCT8.!!JltH6CH Cpe~HHe: 

+ + < a Pap >wj) , < ap a.,>;,,. ) < aP oP:t Q,~. ~J) 
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aaueHHTI> Ha 

+ + 
<aPaf~!lf!f.J' <apa-P~.,(K.J, < apae, art/H"rN;J 

IToJiyqlfu Tor~a: 

$ =P ~ f{o)-V- /..ol,l.+ f. U. 2: { ¢(P)+4J {o) }<~01'?-f;N.J 
Jo :Jo T ( P4o) VI' 

y,_, 

+ v~ Z ~ (P) < aP a_P > + 
(PI~ Hv(~) 

(7.I3) 

+ 1_ ., I}t(4)+ j; w) Ll (P-P,- P.) <a;, 0e qll >u.r N.) 

(plc,ft 1~ f>LID) 

Hueeu, C ~pyro~ CTOpOHH: 

1-/11 ( !Vo)== H (¥o)-~v-{/{; V lf (7.I4) 

r~e H ( #o) nonyqaeTCH Ha Dblpa:aceHHH H aaueHo~ orrepaTopon 

Q..o H ito Ha -Jii: , T.e. 

M".t 'V;: ""' (_ k.,.t ) t f-1 (No}=->-.No+-V ¢(o)+~ tT-~ a~a~+ 
~ ( K.'lo} '-:}1 . 

-r¢ L {i(tJ+hoJ}it,o._f :'yZ f(tJ(o,o-.f 
(4~ ' ~~ 

+ 1-) + (l._t- G K. + 

+ ff. I {¢{J:,)+¢(tJ.J}b~~~ac L10-r1 -~)f 
~y 

(J:~D 1 )+0,t.~) 
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+ -fNc V { ~(t1)t ~(~:.t.)}Ll(r-t,-~;,.J~a". o~:.t+ 
:VY L 

(~:o+o, ~1 -;o, 1(£:#) 

+ :v I ¢ (r,-C: )t.(c,+x;,.- ~-~~)i5,Ci..._a <la.; 
(Jc.{Fo, t.J.,:f:.o, 1:.-~';:o, t:~l=o) 

ll03TOyY, yqRTHE8fi (7.12), MOMeM H8ITHC8TD: 

S+S* 

!1/fo 
=0 

(7.15} 

(7.I6) 
d 11.(1'1.) > -< 0 N. w, (No)-

s 
=-~ 

llOCTPOHil :SJJIP82t8HHe CBOCiO,ZtHO~ 3HeprHH C raMHJI:&TOHHaHOM J../v (") 
Hv (No) 

~ (No, j..~ e) = - B ~ S p .e - e 
B 3TOM BJJIP8MeHHH ~ paCCMaTpHBaeTCH KaK HeKOTOp~U npOH3-

BOJIDH!:lt.\ WaKpOCKOmftiBCKH~ napaMeTp. l-iMe eM: 

< () 1-/, ( N.) > "" 
<) Afo H~(N'o) 

<J F; (fllo),, e) 
J/lfo 

H noTouy ypaBHeHHe (7.16) .ztJIH onpe.zteJieHHR ~ 6y.zteT: 

o Fy ( !Vo, ?-.,e) = 
0 

(7.17) 

J-!Vo 
TaKoe ypaBHeHHe ecTeCTBeHHO corJiacyeTCR c Tepuo.ztHHaMHlleCKHMK 

C006palKeHJ.1RMV.. ,I{e~CTBHTBJI:&HO, ITOCKOJI:&Icy' B paCCYaTpKB88MO£t 

MO.zt8JIDH0~ CYtCTeMe !Vo RBJIReTCH BHBWHHM napaYeTpOM, ero 3H8-

qeHHe npH .ztaHHb!X j._ H (:} .ztOJI1KliO COOTB8TCTBOB8TD MJ.1HHI.IJ'yY 

./' 
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CB060.ztHO~ 3HeprHH. YpaBHeHHe (7.17) B 3TOU HHTeprrpeTaUMH 

H BJJIPalKaeT He06XO~HMOe YCJIOBHe MHHHMyMa. IlOCMOTpHM TenepD, 

K8K B pacqeT Harne« MO~eJI:&HO~ CHCTBM!:l BXOAHT BCilOMOraTeJID

H!:lH napaMeTp V , KOTOpiD! M!:l ,ZtOJIMH~ yCTpeYHT:& K HyJUO IIO

CJie npeJieJI:&Horo nepexo,na V ~ . o.o • 

3aMeTlH4 npellt.zte BCero, llTO TaK KaK 1/V ( ~) OTJIHllaeT

CR OT J../ (No} JIHW:& Ha ITOCTOHHH!:ll! lDieH - t J) -.1 Ml Y' , TO 

BCB ~YHKUHH rpHHa H cpe.ztHHe OT ITpOH3B8]!8HH~ ITOJIBB!:lX OIIepaTopo:s 

He 6y,ZtyT ITPH .ztaHHOM No aa:sHceT:& RBHo OT V • 0Hti 

6y.ztYT TBMH Me, llTO H ]!JIH CHCTeM!:l C raMHJI:&TOHH8HOM tj (Afo) • 
l-1Meeu .ztaJiee: 

~ == F -~J} -v;v: vr~ 
(7.!8) 

r.zte 

F =- F (No, J...J e) 
npe.ztCTaBJIHeT CB060,ZtHJD 3HeprHD CHCTBM!:l C raUHJI:&TOHH8HOM 

H (No). IloaToMy ypa:sHeHHe (7.17) uollteT 6!:lT:& HanHcaHo :s 

<}iopue: 

C> F (!Yo) }..J1) y 
-- (7 .I9) d#o ff. 

H Ml:l BH,ZtHM, llTO napaueTp )J BOl!.zteT B pacqeT JIHW:& tlepea 

rrocpe.ztcTBO /1/o • Iloc·KoJI:&KY Ul>l .ztOJIJtH!:l conepwHTD rrpe.zteJI:&Hblti 

nepexo,n )> ~ 0, IlOJIYtlHM 0KOH1l8T8JII>HO: 

a F ( IVo, }..JB) =- 0 
a No 

(7.20) 



!Jf) 

:~!oncm> c Bbl.neneHHW.! KoHnencaToM BnepBble 6wra npennoJKe Ha 

D H8lli6M pa60T6 / 9/ . PaccMaTpHB8BmH~CR Tall npH6JI KlK6HHbl!.l 

raMHJibTOHKaH 6blJI nHaroHaJIK30BaH c noMOUlbiO LL-V npeo6pa-

30BaHKR. ~HKUHK r pHH8 TKll8 (6.II) K ,llHarpaMUH8R TeXHHK8 

6HnM npHueHeHbl K He!.l B pa6oTe /IO/ • HenaBHO aTa uoneni> 6u

na nonBe prHyTa nonpo6Rouy o6cyJKneHHIO B pa6oTe / II/ • 

lL ~ § 8. TeopeMa o~. H ee npHJIOllteRHR 

Bo3BP8THMCH cef.lqac K HCCJ16,llOB8HHIO ~HKUH" rpHHa, pac

CM8TPKB8BlliHXCR B § 6 H llOK8llt6U, qTO: 

I ~ a,. t.,:~~ .. / ~ -· ~-
r . 

I 4 (~ q,)- Z~ (o,'i-J I~ LWi tfiJ 

B aTOM noKa3aTeni>CTBe Beci>ua _cymecTB6HHYD poJII> 6y~T 
rpanKeHTHble npeo6pa3oBaHHR. TaK KaK aaruH KB83HcpenHHe 

BBe,ll8Hbl He rpa,llH6HTHO-HHB8pH8HTHblY o6pa30Mt TO H8 npe,llOC!~ 
poJKHOCTH Mbl 6yneu HueTI> neJio c raMHJII>TOHHaHou Uv H nonJ• 

qKL! cnepBa pan HepaBeHCTB nJIH COOTB6TCTBYIO~KX BHP8llt6HHI, 

HoBaHHblX Ha o6aqHblX cpenHHX nna fly • 3aTeM, nepexonou K 

npeneny v~ 0 ilOJiyqHU ~opyYJibl BH,ll8 (8.1) • 

rpanHeHTHOe npeo6paaoBaHKe: 

lfl (t; -lf ~~ J c e'"(,.) llf(tJ 
+ + 'tt,l.~ 
lf (ii) --If' '(0 = e' ( '7~ (t) 

9Y 

H ilOCTpOHU 11npeo6p830B8HHbl£t11 raMH11bTOHirf8H: 

+ 
t ( +I I H, ~ lf') ~ H, ( lf) Lft) 

(8.3) 

... 
+ f.( -r - U,(~ Jt.J) 

< ... 'fl ((J lf' (tf) .. ). _ Sp I( ... lf (>i;J . .Ifl(t;J .. .) e ~ 
H-i / 

S 
- H,(ip;'f) = 

P e e 

f 
~ ~ 

Sp (. lp ' ('i;) ... qt '(~) ... ) e - H· (: ,'J'? } 

Sp e - H, r:~~~~'J 

8aN6THM, liTO: 

OTKY.ll8 Ha OCHOB8HHH (8.3): 

~ - + I _.) 'f,-} ' < ... tf (~) ... 1fl ('t, )., ; ~I)= < ... lf (t.,: ... ¥ \ '(,~ "'/f/~ 
Ho , C ,llpyr oa CTOPOHbl, BBH~ (8.2), HMeeu Henocpe,llCTB6HHO: 

< +I/_- I -

"• 1fi ~ "(.,(_) "' 1f1 ( tj$ ) '">I=-
/f y 

= < ... ~ {?;.) ... If (o;;J .. ~expi (L;x(()-?;~(if>) 
IIoaTouy: 

+ - ;;~ < ... lp (tt;.. ) ·~ lJi l tp)., ,\~ -

' < ... Jji (i':;. .. ~ (t;) ... > expi (Z t (ijJ- <
8

•
4

> 
llv (J 

- ~x 07U 
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TaKHM o6paaoM, nony~aeM cne~~mee npanHno: qTo6~ n~q~cn~TL 

cpe~H~e OT npCH3Be~eHH~ noneB~ ~YHK~HH ~RH raMH.1ILTOHHaHa 

~-~~ , Ha~O B3HTD 3TH cpe~HHe .ll1IH H8H3M8HeHHOrO raMH.1IL

TOHH8Ha ~~ H npOH3BeCTH B HHX o6paTH08 K (8.2) rpa~HeHTHOe 
npeo6paaonaHHe: 

f (i)--+ e £1-(.;:'Jf (t) 

i/i (r') ~ e-i1-(i) ifi {i'J (8.5) . 

~H H8mHX nene~ 6y~eT ~OCT8TOqHQ OrpaHH~TLCH paCCMOTpeHHeM 

nHm» 6eCKOH8~0 MBn~ rpa,llHeHTH~ npeo6pa30BBHHM, y KOTOpUX: 

.......... · ~--'t (t)= a't(~)= (e Llf•+ e-t.q_; •'') $~ 

r~e dJ - BemecTneHHaR, 6ecKOHettHo uanaH nemt~ltHa. B STOM 

cnyqae, npeo6pa3oBaHHH (8 . 2) ti~~T: 

ip ' (i:J= lf (i") -L if(~) ~rt {i") 
+ + + Jf'' (() = lfl (~) + i 'f' (i) 6-f, (ij 

H.1IH 1 B HMny.1ILCHOM rrpe)lCT8B.1!8HHH: 

a,~=a~-i (~l<~+a~<-,_)63 
+ + + + { 
a~ =O~e.t- i (a~-14 +Ot:-'t)oJ 

(8.6) 

HaM,lleY COOTBeTCTBYmll\ee Bu;a~eHHe ,llnH: 

IUl 

( +, ') (t $ f./ IJ = H v lfl) lf - fl v LJ!:~ lf!) 

TaK KaK, 6naro)lapH (6.2): 

I+, I (+ ) u ~ ~ 1f ) = u lf') ifJ 
(8 .7) 

TO no.nyqHu: 

S H.= - ;fi J if (-tJ(P-':: + ~P)'t'(~~J"~~ v~.m.+Jt.) 
v 

OTey~a: 

S l-lv = J.Llj; ~ 5 (8. 8) 

r)ie 

:.- + + ) :ll ::.£ So.+ iJJ ( Clry+O_'Jt- C?,lf- a_} 
~ ~ y 

(8.9) 

(. ~~-=--" + + ) '-" ~'t/, ·If- ( aK~ Q~- a, o,,..,_ s~ =-i I 
(,_) 

HaM.lleu Tenep» npnpameHHe: 

< U'~- ~~~+SJI.,- < d.t~)wv 
Ji1Iff qero llO,llC~T88M BenHqHH~: 

+ +a < Q ~e. ~~~+itlv ; < Q k. ~~~+bllv , < Q ~, J:.A- >Hv+ ~tlv 
B COOTBell'CTBHH C Bhllll8YCT8HOBJieHHbiM npaBHJIOM Mbl MOEeM Dbl4l1C-

RHTD 3TH B8.1I!tfql1Hbl, 8C.1IH 3aMeHHM ( ••• > < Ha ..t( ••• ;11 0;1(-
JillfOHv ~~~ 
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+ 
110Dp8!A8HHO ITO.I(BeprHeM 3MITJIHTY.I\Ii (l, , Q, rpa.I(H8HTHOMJ 

npeo0p330BQJH110 1 06paTHOMy ITO OTH OW8HIIIIO K ( 8 . 6): 

a/C ~a.,e.+i (a"t~ +Q~-t? )J3 

ct.~ Q~- L. (a:+~+ J"_'~)b3 
'Pam1M o6pa30M nonytmM : 

<ct-c> 1 - (C?K) =-i{<Cft,q,..+Ci~t-~'>wv)b3 
HJitoHv H., 

Ho 

< ale )uJI = 

il03TOMy 

{ 
1J/Yo ..J K= 0 

o ;:. :Fo 
J 

<a~> - <ol( > = i --IN: rt1{t+ctJ-u1(k-Cf)} ~3 i-lllt~H.. Hy l ~ 
AHanorlllqHo 

<ar.> t- <ak.>=--ifii {4{(-tj-J+ A{l+~J' 67 
1-/,to Uv H1 'J _..] 

ft1MeeM .I(anee 

(S.IO) 

(B.It) 

-T + . + + ' < Qr.1 CltN~v+bH~- < QK4 Cl~\v=== - L <(QA:-t+cy+Qt.,-9-)Cic~'>,v bj+ 

+- i < a~~ (ac._+<Jr+ qt,_--<j,) '>H, ~, 
3aM8TIIIM T8IT8pD, qTo 

r.I(e 
< CLP1. CLp:t) = ~ ( fi- fi) f'/,i 

M == <a~ a.P.>H '1 i 1 y 

1UJ 

ITonyqiiiM, CJI8.I(OB3T8JIDHO: 

< ~ a >. - < d~ ot>= i { LJ (t,-t"'+q,)+A{A:,-A:~-tt-)}~ 
'1 l:;z. Hvt&Hv <tH., (IV. _A' ) ~~ 

X 1:., '"IC.& .::J 

BOCITOJib30B8BWHCb 3THM P8B8HCTBOM
1 

H8~.I(8M H3 (8.9): 

< Sa. ).: - < S ~ ).. ::. - 4 N d ~ 
Y H11+ llllv H., 

r.I(e 

N = z N~ = L < tA: a~ ~v 
~) (~ ' 

npe.I(CTSBJIReT ITOJIHOe qacno qaCTHU B Hame~ CHCTeue. ilpHHRB 

BO BHHM8HHe (8.10), (8.11), ITOJIY~M: 

( :J.ia.> l- (Uo.~ =--'1 (N.t-+))foo.yYa.l~~ r Hil+o H" r ,., '-'./'1 I 

< a'f >~~1}~111)- < a1 ~" = i -{N: t3 
(8.12) 

+ < ~ -Q;_, )HIItd/lr~- < Qtt-0-,">H,= ~ i v:¥o d!, 

C .I(pyroM CTOPOH~, npHpa~eHHe: 

< II )wlff&Nv - < II )ull 
r.zte · + 

II = U tt , a,'/-J a 't-~ 
Mbl MOlK6M ITO.I(CqHTaTD ITO lflopuyne (5.20). 

TaKHu o6paaoM, c yqeTou (8.8) nony~u: · 
" 

< u~'>H • .sH: <~,.~.=:, 11 4;iit·"-t~)s 
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< ~ll- >Ht~~U"- < ~ >Hv == ~ t (< a,'J- 1 U~ ~-o?) 5 
(8.13) 

~ + + < cv~- ~-'1-~v+oi < Q,~-a,~ ~: 271« (a,-a-tJ*J3 
CpaBHHB STH ~opMyRH C (8.12), y6e~~aeMCH, ~TO: ' 

tj}~ ) 
~ :Ul}, u't~E=o ~-; ( N ~)'I I -fPillo v (8.14) 

I~ a,,u~ ~ .. 0 I~= {;~ 
H 

(8.15 ) 

I 1(. (a-~-~~), u,~ .. j?·= :: 
BocnoRDayeMCH TenepD HepaBeHCTBOM (5.19) , B KOTopoM nono~HM : 

+ 
A = a'l- J a,'lr- ~~ i 5= Ucp 

H 3aMeTHM Ha OCHOBaHHH (8. 9), ~TO 
+ u,_ = ~ev 

llony~HM TOr~a H3 (8.15): 

~~ L I~ a'// ~~~"" ~ u,_,u"' ~·o J 
No L../<< (a,o_-tf_q,)J {ct.-:- G-Q)~ ~ fJL Ji4,~ / fr~ . -.- Y , y E"' """1 E•O 

0TKY~a, npHHHMaH BO BHHMaHHe (8.14), 6y~eM HMeTD: 

+ 1 ~~~oA~--~ 1 ~ a'J-1 o,_ ~·o ~ 1ftr ( ~i'J+ 2~J~-1f.J 
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I<< ( a,,-ct~)) r t,- ~~) ~ I~ ~o_M, 
E=O 

(8.16) 

ITepea~eu Tenep» a~ecD K npe~eRy V ~ o. KaK BHAHO, npH 

8'l'OU 'J p80CUSTpHBa6UliX BI!J)Sli:6HB£t B OKpeCTHOCTH ~ - 0 

fiOHMHX>TCH OC06eHHOCTH THna (]oK.& f ;, J., : 

I~~) c4~.., I~ ( ~~) ~.. (B.I7) 

1~ (a~-~), (~- a-<~-)~.J~ ({fj :~. <s.rsJ 

3aueTHN Tenep», qTo 

<<{a,-4J)(!tt-a-~)~ .. : << a'~-,t~~.;; 
.J. + + -<< Q_lf,a'l-~ .. ; <(a~)Q .. ,:;~,.0+ <<a-lfJa .. 'l-~~o 

Ho, 6naro~apfl CBO£tCTB8Y CHNMeTpHH (6.13) 1 (6.17): 

<<a~J a_,.:>~ .. ()<< Q""J1 a,. ~=o) ~ q~, a- ~~~o- «atj;~~::O 
H IIOTOyY 

+ + + j -+ 
~(ctq,-a-,..)J{a,-a_,)~-o-~<< Q~Pct~.; !l, «ct~/lf;~zo {8.19) 

C ~pyro~ CTOPOHH, 6naro~apH (6.22) MOXeM H8ITHCaTD 

t + + << o,_, a,_. ~ .. o- << a-jl, Q 1-~:o=-
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i. -- z. (o, q,)+ z.,~ (0; lf ) 
J. i --l-Jr .g; (e)~)- Z!, (11 ~) J,i( .z1, (q~J-z~~ (q~) 

ilOSTOyY, rrp~HHM8ff BO BH~MaHHe (8.18), (8.19), ITORY~M: 

I 1 I ). Po.Jf _i_ ~. (~~)-Z:,,(o,tf) - (- S' ) ~ .. 
~R~ 

/ 2,, (o, cy)-~12,(o,~) /L ~ ,. '1-~ (8.20) 

HepaBeHCTBa (8.17), (8.20) KaK paa M ffBnffiDTCH TeM~ HepaBeH

CTBa~ (8.1), KOTOp~e MH XOT8RH ~OK838Tbo 

·llepe«~eu Terrep» K paccuoTpeH~ID PH~a HX rrp~noseHH~. Ha

nHllleM CIT8KTpaR:&HHe qJOpJ.cyRH: c..-

< Oo,('l:)iJ'/1 (t)) =} Ji {i.J) e-iw(i-?:Jqw --
+- }

00 

~ • (f r:-) (8.21) < a~ ( t J a'~- {'rJ)= ;y,. (.., J e • e _.,, _,d w 
-oo 

~ -i-
«ao,a'l~ = -Ljy / w1 e -1 £/w, 

v E=o ttr lfl 1 
/ tt) -" 

-oo 

J'J. (w) ~ 0 
H aaueTvtu, llTo: 

(.J 
e e - t -GV 

I07 

U) U) W) 

- (i +e ") ll.wre L "-~ (t+ e) 
(Ia 

flOSTOMy: J /) 
/~0'1-,tt-~=o /~ j1f9 ~ (w)(i+ e) r/w ~ 

+ -oo 

i +£<a'Va'f'> 
= - il!lr; -
OTKy~a Ha OCHOB8HH~ (8.I7) 6y~ey HM8Tb! 

i +Pv ( OQ. Q0_> > .;II(} .Po 
r Y 1£ J> 

ilOCKOR:&Ky (CM.Harrp~Mep, (3.7), (3.7' ) ) 

+ {: 3 3 _j_ <a~ o~. > = .._ .ttr) 'W( ~) == ~lf) ~ ('t-); tt -ro 
U~ UO~eu H8ITHC8T:& T8KMe: 

(8.22) 

~ (tJ,)> i { fi() Po_ f} 
- / . . '3 ~t J (8 .23) 

TaK~M o6paaou, ITROTHOCT:r, H8IT P8PHBHoro pacrrpeBeReHMH qaCTHM 

ITO HAUl --.... 0 CT 8M}ITCff K 68CKOHeqHOCT~I R8R X) 1/n~ 

-r"t'- ~ 9To YTBepJP:)leH~e OTHOCHTCH TOR:&KO R CJiytfaro, ROr.l(a (]) 0. 

'lTOC5~ liORyqvtTb H8ROTOpyro ~HcfJOpMal(HIO 0 ITO.'IOliCCH!U1 ITpH CJ :: 0, 

· Bocrron:r,ayeucff crreRTpanLH&~u WOPMYnau~ ~RH aToro oco6oro 

X 

Ecmt 6H MH paccMaTp¥1B8RPI BCITOMOraTeRI:.Hyro CI1CTeMy C 
\PHKCHpOB8HHHM )} > 0 ~ He rrepeiUJI~ K rrpe~eny )} = 0, 
TO STO~ OCo6eHHOCT~ B006~e He 6~0 6H. 
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cnyqaff l eM. § 6 ) : o- o. 

+ i 1 f. f (W) J J. } d(A) - <<a,. . a,_ »E:o..,. ttr r '? ~ ~) t..v c.:> -=-- I, (w)~;-
- - l~ --00 

+ ~ + J ~ < o~ o q., > + i == < a~ Q ~ + a~ q lf,- > = r '~' ( 14)) o/ w 
-e>o 

lt ( ~) ~ 0 

.ztns J.tOCTaTO'IIHO MaJIHX Iff/ , KorJ,ta uom~o roBOPHTD oCS 

11 SJI6116HT8pH!iX BOS6yZJ,teHHHX11 , 06JI8].t81llltHX onpeJ,teJieHHOit 8Hep

rHeit, 6C!6CTB6HHO npe].tDOJIOXHTD, qTQ CD6RTP8JIDH8H HBT6HCHB

HOCTD r, ( w) npaKTirf1{6CRH pa:asa ey:nll ].tJIH /w I< E ( "") ' 
r,Ite E ( 9-) - MHHHMaJIDBSH aHeprHH sJieuenapsoro BosCSroeHHJl 

HMIIYJIDCOII 'tt • Tor ,Ita: 
Oo Cloo 

_l jr ~ J) rJw " 1 Jr {iJ)-== 

+ l< '~oll.,>+i 
~tr ~ IV; 1 £J/ = ~ r E ( '1-J __ 'Y --H DOTOyY H8 OCHOB8HHH {8.17): 

WIH 

+ 
1 < a o/ a, > + l. > }f (i>. 

ttrE {') 

t(£11)~ k1 (~) ~ 

=- ~ ----
J/Ir'J)- J 

E {f?) 

Mt~ 
~-i y 

J;/j E (f.) 

ECJIH CD6KTP aneueHT8pHHX B036yz,IteHHSt HII66T ~OHOHHNit xapaKTep: 

E(Oy-)= cf~ I -TO ~ ( f!,) CTpeiiHTCH K 6ec-

KOH6'11HOCTH npH Q ~ 0 He Ue].tJieHHee, '16M ~ • 
r It/ 
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fiOKSJKeM TerrepD, 'Q'TO H8WHI.!l1 Hepa:BeHCT:B8MH YOlkltO BOC

IT0JlD30:B8TD0ff H ,Itnff B~CH6HHH X8p8KTepa CIT6KTpa BOS6yZJ,te~H~. 

06paTHIICH ,Itnff SToro K COOTHOWeHHIJ (8.20), H8 KOTOporo CJie,ItyeT , 

B 1{8CTHOCTH 9 'ITO: 

Z 1o.o)- ~ (o~o)=- 0 II \ ,, ~. :1. 
(8.24 ) 

OfMeTHM, 'ITO STO pa:BeHCTBO ,ltJiff 0JIY'I8H HyJie:BoU Teunepa

TypH BnepBHe 6YJIO BH:BeJ,teHO fyreHrOJIDU611 H Ila StHCOK Ha COHO

Be TeopHH B03yYDt6HHSt. B HX pa6oTe /II/ paccU~TPHB8JI8CD UO

].t6JIDH8H CHCTeua 0 B~6JI6HHHU ROH].t6HC8TOU H ].tJIH ee HCCJIO].t0-

B8HHH 6HJia npHMeHeBa ,ItHarpaUMH8H T6XHHK8. TSRHY nyTeM HU 

Y.ItSJIOCD DOK888TD, 1{TO pa:aeHCT:BS (8.24) CITP8B6,ltJIHBN B Jin60K 

DOPHJ.tKe TeOpHH B03yYDt6HHSt. 3HaqeHHe STOro COOTHOW6HHH - B era 

CBH3H CO CTpyKTypo« 3HepreTH1{6CKOrO cneKTpa B03yYDteHHSt. 

Boabueu, J.teUcTBHTeJIDHO , "ceKYnspaoe" ypaBHeHHe: 

L" c EJ KJ zf,(- E):)-z~ {Ei:J= o 
(8.25) 

H npeJ,tnonol!tHu, qTo uaccoBNSt orrepaTop S (Eo t} perynRpes 

B OKpecTHOCTH TO'IKH E = 0, I( = 0. IIpe,ItcTaBHM ypaBHeHae 

(8.25) B cpopue : £ 

2::~ (E,t)+2J-E,cu -z:{E,K)= 
(8.26) 

[ l:, ( E, t..) - 'Ztt (- E, t: 1" 
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3aueTHK, llTO BBH~ pa~Han:&HOM CHKMeTpHH B HameM a~aqe 

¢IYHK~H z«,b (£ J t4) 6ylt{T aaBHCeTD OT J( JIHm:& qepea 

riOCpe~CTBO CK8llllpa A:,~ • 
~anee, JieBaH qacTD ypaBHeHHH HBnHeTCH lleTHoR <PYHK

~el E. Enaro~apH (8. 24) OHa o6pamaeTcH B ayn:& npz E = 0, 

~ = 0. IToaTowy ~nH ~ocTaTollHo uan~ E H K uoxeu HariHCaTr : 

{ Y,..(E, ~)+ : • (-E,•) r-z,: (E,t.) ~rll-'+( E~ 

(3 ,f = &uwt 

3aMeTHM eme, qTo BNpa~eHHe 

2n ( E, t)- Z 11 (- E, l) 

t 
6y.zteT H61J6 THOM <lJYHK~eit E. Y'lH'l'llBSfl. mim:& lJJieR ll:~ por o 110-

pH.ztKa , DOJIYlillM .ztJ!fl ,lXOCTSTO'qliQ UaJI!a E-' t. 

~1( ( E, ~)-Ztt {: E, t) 

..t · -= ol E 
cL = &Mt. 

TaKKM o6pasou,ypaBHeHHe (8.25), (8.26) .ztaeT : 

~~E~-f t"+t E!. 

HCKJIDtJHK H3 paCCKOTp6HHH OC06He CJIY'qSH, KOr ,lXa ~~~j ~ 
o6pamaDTcs B HynD. Tor Ba 

~ E~- s ~t s .J.o 5=-, -r ) ol.'--t 

I II 

TaK KBK nonDC ~YHKUHH rpHHS He MO~eT ne~aT:& B KOMITn6KCHOM 

nJIOCKOCTH BHe BemeCTB6HHO~ OCH 9 BH~HU 9 llTO BenH'lHHa S .1XOJIX

H8 6HT:& ROJIOZHTeJI:&HOR. 

Teu cawu ltJ1H SHeprHH Boa6y~.zteHHH nonyqaeu "aiS(CTHllec

g ll" 3aBHCHUOCTD 1 6ea menH: 

E = R'/t/ (8.27) 

~8 npHBO.ltJIBmHXCH paHee paccy~.zteHHM BH,llH0 9 llTO paBeHCTBO 

(8.24) cymecTBeHHO CBH38HO C rpa~HeHTHO~ HHBSPH8HTHOCT:&Il 

"noTeH~an:&HoM aHeprzH" lJr . Hey.ztHBHTen»HO rroaTouy, ll'l'O 

eCJIH UH Hapymaeu STO CBO«CTBO, Harr pHMep, paCCMaTpHBSH MO.lt6Jih

HH6 CHC'l'eUH, y KOTOPHX B B~paxeHHH lf OCT8BJI6HH JIHmD B3aH

IlO.ltei!CTBHH nap C npOTHBOITOJIOl!tHb!MH HMilYJII>CSMH, H T .n., TO MH 

Ha pymHu H paBeHCTBa (8.24) H noJJyllaeu .ltJ!H E ( t) ~opwynbl, 
co.ztepzamKe aHepreTHlleCKYil men». To ~e cauoe nono~eHHe noHB

nHeTcH H npH BKJIIlll6HHH B raMHJinTOHHSH rpa~HeHTHO H8HHB8pHSHT

HOrO llJieHa - ')) Vv ( ao + tt) , eCJIH B3HT:& ~HKCHpOB8HH06 
y > o. 

llpoHJIJIIDCTpHpyeu aToT ¢aRT Ha npocTe~weM npHuepe nepBoro 

!IpH61ntlK8HHH DO CTeneHHM MSJIOCTM B3aHMO.zteitCTBHH <P .ltJ!ll 

cnyqaH G = o. nnH waKTHqecKoro nocTpoeHHH TSKOro npH6JIH

~eHHH 6y.zteM HM6T:& ~eJIO C MO.zten»HO~ CHCTexo~, C raMHJI:&TOHHS

HOM J-/)1 ( M} . l1 a ¢lopMH (7 .14 ), (7 .15) aToro raMHJI:&TOHHa

Ha HeTpy~HO aaMe'l'HTh, llTO C yqeTOM nHmh lln6HOB nepBOro riOPH~

K8 MSJIOCTH: 

Z. {E,t)=E- 1~~ +$...-f. [¢r~J+<i>(oJ} 



II;> 

2: ~" (E) t) = -.Po ~ ( ~) 
Ill.~ -- ,;-;;:; F.. = - ~ No + ~ cP (o)- ~ V NoV 

, - ,tv 

lloaTOyY ypaBHSH~e (7.17) ~aeT 

il03TOlfY 

r' ~ or. =-~+f. 4> (o)- 1/f. 0== aNo 

" (~o)-z (o) o) =- J!_ < 0 
L11 '/ ,.'(, ~ 

(8.28) 

(8.29) 

Boa:&MeM ~anee ceityJIHpHoe ypa:aHeH~e (8.25). B np~HHTOM npH

<5mnr:eu~H H3 (8.28) noJiyqHM: 

co~epmamyro aHepreT~'lleCKYID men:&. 

8Ta ll\8JI:& ~cqeaaeT n~m:& nocne rrpct.eJr:&Horo nepexo~a V- 0, 

KOr;n;a Mbl rrp~XO~~M K 06bl'liHOMY BblpaJKeli~IO: 

------, 
E ('=)=)Po ~(r.J ~~ -t ( * y~ 

' 

IIJ 

c ImaaHaKYCT~'lleCK~M xapaKTepoM np~ MaJibiX K • 3aMeT~u, Ha-

KOHe~, 'liTO !l>OPMYJibl "co 11\eJI:&ro" ~JIH E {!C-) MoryT noJty'llaT:&CH 

1t1 n pH 'I = o, ecJI~ " paccornaco:aaT:&" ~cnoJI:&syeMHe npH6JI.PIJKe-

H~H, ecn~ , Hanp~Mep, ~CITOJI:b 30BaT:& ,1(JIH z,.~ (E) IC) q>opuy-

Jibl nepBoro npH6JIHJKeHHH, a :a ypa:aHeH~e 

J FJI = O 
0 !Vo 

no;n;cTaB!tiT:& AJIH ~~ q>opuyJIH BToporo np~6JI~EeHHH. 

§ 9. · TeopeMa o ~~ ~ .t AJIH <11eptm-clllcj;e.u 

ITp~cTyrmM Tenep:o K paCJ!POCTpaHeH~IO "TeopeMH o ~/q,l." 
Ha ~epMH-Cll:CTeMbl, paCCMaTpHB8BillH8CH B § 4, JJ;JIH Taro CJiyqaH, 

KOr,na B CHCT8M8 HMeSTCH KOHJJ;8HC8T ll:3 napHbiX KB83HMOJI8KYJit 

HaXO~flii\HXCH B $ - COCTOHH~lll (4.11) H KOr~a raM!tiJI:&TOHHaH 

HMeeT o6bl'liHYIO q>o PI.IJ': 

H = Z N (t; .-) ( £.- -f..) 'fl (7:; r )d;;:" + U(f,i/') 
(q-) 

(9.I) 

B KOTOpoU BblpaJKeH~e u HBJIHeTCH rpa~JrieHTHO HHB8pH8HTHHM. 

3aMeT~M, 'liTO MO~SJI:& ~pem1:xa, B ItoTOpott SJiei<TpOHbl B381ti

MO~e~CTBYIOT C !IOJICM qJOHOHOB, !Ipli!H8,1lJI8llt~lT K paccMaTpH:BaeMOMJ' 

Tl·'lllY. ] e tiCTB!riTeJJ:&HO, JJ;JIH Hee B u Mbl MOJKeM BKJIID'liHT:& SHeprHJJ 

qJOHOHOB l1 3Hepr~!O ~X B38ll:M01(8MCTBHH C 3JI8KTpOHaM~. llo~qepKHSY, 

1.{TO .HaM HYEHa HHBapnaHTIIOCT:& QJOpMbl u ITO OTHOUJSH~!O K rpa

l(ltieHTHI.JM npeo6pa30B8lll1HM, ,ne t\CTBY!Oll\HM TOJI:&ICO Ha rpepMHOHHble 
+ 

qJYHI<~~H o/ , lf 
OOpaTI1MCH K pac cy Hl(eHIHIM npe~hiAYt!\ero naparpacpa H npo:ae-



f lll 

~eM lif X :J.ll8C:b TI OtiTll J(OCJiOBHO . )(Jifl RpaTKOCTl'l He 6y~eY. Tenep:& 

flBHO BDO~~ITI> B Dblpal!leP.Me raMf,fJII>TOHHaHa 6eCKOH8tiHO lolaJibOC tOle

HOB, CH11MU10!1111X Bblp01!t.ll81Hte, l1 YCJIOBHilCfl WMeT:& }l8JIO Henocpe~CT

BeHHO C COOTBeTCTBYIOIUHMf,f KBaa~wpe,Z{HHMH • 

ViTaK, paCCMOTpl1M 6eC !I:OH8tiHO MaJible rpa}lH8HTHble npeo6pa-

30BaHHfl! 

lf (x.)~ 1.Ji '(r.) = Jf (:t)-i ll' (~)J~ 
+ + + + If {x)--+ lfl 1(~}; lfJ (~)+ i If'(~ s~ 
. ·;~ ·--~ 'f, : ( e 'f · "t + e _, 'It t- ) ~--5 

H TIOCTpOWM BapHaUHIO 

+ ' + a J.I~H (¥; lf')-H(IflJll') 
Vi MeeM: 

l 1 ]" J ,;;;-..4 It- ;)~~ c}bJG -.) /,~) J .... {) H-=--r,; ~ Tlt 1"J\P ()-t:' + ~'I,- p ;lJltZ~Cf 't 

OTKY.lla 

tr~ . 
~ H-= ~ s'~- ~5 (9.2) -

r}le ~ - ~HKCHponaHHhl~ HMnyJI:&c F 0 H 

s,_ ~ -i f 
(~,1 

--+ + ~ (9.3} (t.o~+ifjq,. (J a"'.--qvQ•«t-.") . 
~JJ ~,r 

II5 

3aweTHM Tenep:&, qTo npMpa~eHHe: 

< u :::,~~~~- < ~~ 
MO~O TIO}lC~TaT:& .llBYMH CfiOC06aMH . 

, fipHMoe Bb!tiHCJI8HHe }laeT: 

< U> - <U> = < ,,l-u>u (9.4) 

r~e 

I ~+~H H 

u fiOJiyqaeTCH HS ')J C TIOMOIII:&Il 06paTHoro rpa.ztHeHT.-

Horo npeo6paaoBaHHs: 

l.J.l 111 . ~ + + . + ~ 
T --+- T + L lf 0"' J Jf ~ lf'-llf 4't 

HJIH B HMnyJI:&CHOil npe.ztCT8BJieHHH! 

a..tp ~ a,Jr + i [ Ql:+~jr,r +a~-~.~} 83 
(9.5) + + {+ + } ~ Q ( F ~ Q ~,6 L Q t.?fJ-~rr + a r~p- ~ 

C .ztpyroM CTopoHbl, uoxew Bocnon:&aoBaT:&CR wopuynoA (5.20) H 

HanHCaT:&: 

< 'J.L> - <U> ~ 
H+'ll H Ji~~ <(. ~) s~~=o 

' :; t, 

HMeeu, cne.ztoBaTeR:&Ho, 

< '-L'-u' =-.:!!: ~ tU s~~ ~! ~ h1 > Err; 
llonoJCHu a.nec:&: 

(9.6) 

-1 . u = v s, 
Ha£t.zteu Tor.zta: 

h ~ -~ ~M ¥ ~V Sq_.,V So~--- .>(.)=- (9.7) 
y E=o 1/fl,~ F V 
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BBe~eu onepaTop~: 

- d . ~-1. ... t,-*'ll 

f.>,: 1/V I E('fJ.1~...;) if lfl(:t,)IJI{:r,)!J('(-~)e _.., - .. d.t; ,a; 
(~~~> . VY 

( 9. 8 

I'~e zJ ( ~) - HeKOTOpaR pa~KaJI:&HO-CHMMeTp!tillHBR, Bel!leCTB6H·• 

HaH WHKUHH 't. , ~ocTaTotiHO 6~cTpo y6~aiOI!l8H npH 'l. --4> oo 

H y~oBJieTBOPHD~aH ycJIOBHJO: 

~ueew: 

'f e J f (•! z!J {t)d't f 0 (9.9) 

-%. I < v ( 1'4y -~J~= 
= i \' € (a;)b. ~+~) Ljjf ii~ ;.;~ -i(-r.; -tJf~} L ~ v . e + e + e -re 1( 

~~ . 

vv 
·- ;"+~ 

x < lfl (x.t) ljJ (~) > e -'tt- .a, d t: eli; 63 = 

= i z E (G;)L\~+<V_Lj( (P..CM ( if(t:-f;~· 
(~8) v ) ~ :t 

1,....t y v 

{ 1 + e -i~(-t;~t:J} <If {x,)JJI(x,))~dt; aj 
H fiOTOyY Ha OCHOB8Hlili (4.14) fiOJiyqaeu: 

V -%.( f J (- ~'(,. .... < ~~-ft~ J) : 4i <f(t)J(t.)~ ¥ }~ (9.10) 

' 

X rkfi ~5 
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0TCJO~a , BBH~ Be~eCTBeHHOCTH ~YHK~H~ ~ , Vt : 

< v -Jfa; -t-~) >=-it i}f(·J t9(·)~ (~i')ok~lfj. ~5 
CJie~oBaTeJI:r:. rro, 

< v -y(f ;-A~ )-{f1-/.,)}>=a i Vi jrr~J Jr•J CBt{i}), 9.n, 

)( dt~J~ 
BOCfiOJI:&ayeuCH Tenep:r:. COOTHOWSHHHUZ (9.6) ~JIR 

-Ji -%. + ) u = v jj'j, j v (f!J,t'-~ 
Tor~a, 6Jiaro~apR (9.10), (9.II), 6y~eM HMeT:r:.: 

I«. h· V- \ ~ t- (-lthl r (lf) )~ 
E=o j-~1.. J Jo 

(9.12) 

I~ 1~-,_~ ) v-~ ~ I~ ( a~nrr~) ).tf lfl, ,~, 1 ~ 'E=e :If~!. J 0 

r~e 

r ( tt) = J lf ('t-) lJ{t) ~s ( V-Jd!t~ (9.13) 

MaJKop~pyeu JieBble tiacT~ paBeHC1·B ( 9. 12) c noMo~:r:.JO HepaBeHCTB 

(5.1 9), B KOTOpbiX nonoJK~u: 

A=fo~ I (f~-i1~); 
TaK KaK Ha OCHOBaH~~ (9.3): 

+ stt = srt 

-% 
B== v st-



liB 

TO npHXOl.(HM K HepaBeHCTBaM BHAa! 

( 4mt(i2)t. L I t ~ // v -J{s v-%. ~ I 
Io.L fu= ((~Cft>f~~.,O~ lj,J 'SCJ--:?£-o 

( 9mr(~)).t. J ;;. + + -11. -Ji "-j 
r.ai ~L «\pcy-f-,), ~,_-A~)1:)/<< V ~~JV Y~t 

0TC~l.(a, npHHHB BO BHHM8HHe (9.7), nonyqaeu: 

} ((. f y, '~fir ~E-o/~-
1; myJ.( q,) f" 

Jnt-.t T (9.I4) 

I~ (p"-J-'l- ), ( ~~ -~>-~) ~ 1 ~ t6 "'t ~r qJ ~ 
E=O Jra J., f 

npHqeu, 6narol.(apH (9. 9), (9.13): 

tL(o)=r~>o 
!~TaK, "TeopeMa o ij fit~ " :s paccuaTpY~:saeMOM cnyqae AOKa

aaHa . 0Ha , llO-BHAHMOMY, C0H3aHa CO CBO~CTBOY 3HepreTH"l!eCKOrO 

cneKTpa 11 KOJin8KTHBHbiX B036YlltAeHldP1
• Mii He 6yl.(eM 31.(eC:& 3aHH

uaThCR 3THM BOnpoCOM H orpaHJ.'l:qHMCR nHillb IIpHMeHeH!1eM l.(OKa38h

HO~ TeopeMli AnR nonyqeHHR oueHKH q11cna nap c Y~Mrryn:&cou ~~ 0 

n cny"l!ae ~ > 0. 

npHMeM BO DHHMaHHe CIIeKTpanhHble cpOpyYnbl! 
- w 

+ 1. J e e_i. -((fo~'f'lft~E .. -;- J:t t .. l J (w)olw, T(w)~o 
-09 

II9 

~ 

< 4- + 1 &. />f,~~ +{''1- ~1-> = (i + e 
6

) T (w) dw 
YtrnTHBaH, "liTo: _..., 

1f * e -i 1. + e 
w ( ~G 

M0li[8M HanHC8T:O! 

< fi<t-1~ +-t~t>~ '> ~ '-ltre /« f~ ,fif ~·o / 

ll03TOyY, Ha OCHOB8HHH (9.14): 

+ + < />~f~+fct- !l> > 

OueHHM Tenep:o: 

+ + < fo~~~- ~q, l''r > 

16 1n e r'-(~) k 
~J. f 

(9.I5 

( 9.I6) 

nnR 3Toro npeACTaBHM onpeAeJieHHe (9.8) B HeCKOJI:OKO 6onee 

a6cTpaKTHO~ ~opue: 

/J-, = j 'Jc (x,' ~~) lf (:t.. ) ip (x,) d :t, d~.. < 9.I7J 

r.l(e 

~ (.l!.z.,X., )==- ~ {~Jx.t) 
H Bocnon:oayeMCH nepecTa~OBO~biUH COOTHOmeHHHYH B ~opue: 

+ -r ~ 
1J1 (~) 1fl (c ')+ If (:1:) 1f ('t) = o (:c-:t) 

ITMygM: + + 

ff;~-~~ f3t = 
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= tfl:Jc (X, , X~)J'dt, Jr._-v;. (:t,,~l r~: -r.)J~};; (:t,'J lf'(:t;)• 

J( c/xt d~!t 
KCHKpeTH3HPYH BH.l! IPYHKlliUJ X B cooTBeTCTBHH c (9.8), 

y6e~aeUCH OTCID~a, qTO! 

+ + ;~o.t - lt \7 + > { jJOyjJ1'-A,. ~~ >-- 't v ('t )c/Ji--~ ( OpsQp,.. " ,,_, v (P.~ ... c- -)( j { jtJ(i+'i')~{t)d;£} e i (P-r)t ~-
H noTouy : 

-r + 
/ <;5tp />~-(>if' l'cv > / L- C 

r~e 

c = + j1lY~) rkr4f ( ]/IJ( .. J/dt"J 
~Meeu, C~e~OBSTBn1HO w H8 (9.!6) : 

/ + 
~ />} ~~ > :> 

a m() ~~('J-) ? 0 c - - - --- --
lf,3. f ..t 

(9.!8) 

3aMeTHM TenepD, ~0: 

< J'lt t><J>= L € (,~)f (o;')Ll~ .... ).1 (~·-.. .'J. 
( I I 

f 
~l'il'f)G".) 

- ~_, ~I 
+ + +t- -t~ ' -&- <lp(t,) lp (X.)Jit(x;yf(;,;.; J')ext4P \'l ~· 

J ..... ~-<A-' dlr.-' 
ovtf .r. 1 .l. 

ilO~CT8BHM OD~a B~aaeHHe {4.5). Ha~eu: 
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< At>rt>=~ £IV..,_ vj Z E (~)L1(~·-../~~ ('t:a;F.)!Jfr-.JJ9 
(w) lf,Ol J} • /j, 

( 9.] 
Ho WYHKIUUI lfJ w, q., , BXO.l!Hnuo~ e B !IJopMyJiy ( 4. 5), oC5Jia.ztaiDT 

ITPH ,2!8HHOM ~ cne~IDmMMH CBOMCTBaMM OpTOHOpMHpOBKH! 

.L v}Jfr (i':o;,o;) if! (i';6;,<i)d?- L1 (14 -w.) 
T~~~~ w-t,'i 

(lf;,'i) . 

HoaTouy, npHMeHHH cooTBeTCTBYIDmee HepaBeHCTBo BeccenH, rro
JiytmM: 

2. v 1 'Z E (u; )11 (r;;.-6i.) r if£ (~a;.-.) V~r.; dt; 
(It)) (4(,~) ') . ,'i 

~ z .1 (O:+<s.} j 17\t) d~ .t jzJ'-rtJ ol~ 
(~·li) 

0TCID~a, Ha OCHOB8HHH {9.I9): 

< Af>t > 6-. It { w;.,~x ~~) j zJ~(t)dt 
H ITOTOMy, 6Raro~apH (9.I8): 

~ (-:'" OrJ.(ct) ~ ~ _i_ _ c ~ 
nuu Nc.11~ = 1. . o.tj~ G J J ~J.- gjJh )Cli 
(") ·v l '(,) t ( 9. zo) 

ilyCTb @ > 0 ltl ITYCT:D J ~ 6yll.eT HC3 !WTOpOU TI OJIORI1 'l' CJLhHO~ BCJIV! 

trnHo~, Y.l!OBJieTBOPHIDD.(eti HepaBel!C TBy: 



I2I 

( 9.I9) 

Ho <l>YHKIUUI 4J w, ~ , BX0.1UII!lHe B <l>OPMYJIY ( 4. 5), o6Jia,Z{alOT - ~ npH ,Z{8HHOI4 4 CJie.I(YJOI!lHMH CBOHCTBaMH OpTOHOpMHpOBKH: 

Lv}lJi (~a;,'>)lf!. {'i.o;,.-.)d~-Ll(w,-w,) 
T~1.~ w.t,CJ.. 

(~,'i) . 
HoaTouy, npHMeHRR cooTBeTCTBYJOI!lee HepaBeHCTBo BecceJIR, no-

JiytrnM: 

0TCJO,Z{a 1 Ha OCHOBaHHH (9.I9): 

H noTouy, 6Jiaro){apR (9.I8): 

).. (- J. m {) i'J. ( 'f, ) .f£_ ~ _j_ - (! ._ 
ma.x #,;

1
1-= 

1 
. . O·t/. ~::+ y) lj,~ gjJh)Cli 

(l.l} ·v \ t)a't ( 9. zo) 

Ilycn fY > 0 ~ nycn ) iJ 6y){eT HeKoTopo ti n oJIOl~M'l'CJI I> Hoiil BCml

trnHo~, y){OBJieTBOpRIOII\8£1 HepaBCIICTBy: 
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r.t< i'- e t~ (o> Po 
J ?J1. (-r.) c~Jr_-+ f' 

Tor~a, A¥H ~ocTaToqHo uanux ~ noRyquu: 

ma.x ~a ~ 
(t&J) J v 

3'.t -lf.t 
HTaK, ~H RID6oro ~OCT8TOqHo uanoro HMnYRhCa ~ HMeeTCH 

TaKoe napHoe cocTOHHHe(~, ~) , qro cpe~Hee qucno nap 

qacTH~, HaxO~H~XCH B 3TOM COCTOHHHH 

·ht.- = Nw,C( 
6y~eT Y~OBHeTBOPHTh HepaBeHCTBy: 

1t~~ 
5L 
'bJ. 

(9.2I) 

(9.22) 

KaK BH~HO, OHO aHanorH~O HepaBeHCTBY (8.22), YCT8HOBReH

HOyY ~H Eoae-CHCTeM npH HSRH~H KO~eHCaTa. 

B aaKnmqeHHe no~qepKHeu, qro aTo RepaBeHCTBo (9.22) 
+ 

~oKasaHo nHillD ltJIH Toro cnyqaH, KOr~a ffiopua U (lfl, Jfl) 
BXO~H~aH B BHP8X6HHe (9.!) raUHRhTOHHaHa f/ , HBHHeTCH 

rpa8MeHTHo« HHB8pH8HTHOU. 

nnH MO~enhHO« CHCTeMH, paCCM8TpHB8Bme~CH B § 2, ~OpMa 

tJ He rp~HeHTHO HHBapHaHTHa H fiOTOyY Hey~BHTeRhHO, qTo 

B 3TOM cnyqae MepaBeHCTBO (9.22) HeBepHO. 
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