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B pa60Te HuCcJae/I0BaHa 3a4a9a O KBAHTOBOI 3BOJIIOIIUNA CKaJIAPHOI'O II0JIfA IIOCJI€ MI'HOBEHHOI'O JIOKaJIbHOI'O
BO3MYIIIECHUA (KBqua). B paMKaX TeXHUKU KGH,JBIIH& pa3pa60TaH IIOJAXO/ K OITMCaHUIO KBEHYa U3 IIPOU3BOJIb-
HOI'0 HAYAJHLHOI'O COCTOAHUS. DTOT IIOJAXO/ HE HCIIOJIb3YET IIpoUeAypPy aHAJUTUYIECKOI'O IIPOAOJIZKEHNA, KOTO-
pad MOKeT OBITH HEOJ/ITHO3HAYHOI B panae ciiydaeB. ,H.J'Iﬂ IIPOCTOI'0 IIpuMepa BbIYHUCJ/IEHA IBOJIIOIUSA IIJIOTHOCTHU
QHEPI'uM II0CJI€ KBE€H'Ya, IIPOaHAJIU3UPOBaHa 3aBUCUMOCTDL OT IINPUHDbI obsiacTu B3aUMOJENCTBUS U HAYAJbHBIX

YCJIOBUI.
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1. BBenenue. VccienoBanus (pu3NIeCKuX sIBJIE-
HUH, BOSHUKAIOIIUX IIPU KBAHTOBOU 3BOJIOLUUA CUCTEM
¢ OOJIBIITIM YHCJIOM CTEIEeHel CBOOOIbI, HHTEPECHBI KaK
caMmu 110 cebe TaK U B MPUIOXKEHUN K PA3JIMIHBIM 0014~
CTSIM COBPEMEHHO (PU3UKU, TAKUM KaK (PU3UKA KOH/ICH-
CHPOBAHHOI'O COCTOSTHUSI BEIIECTBA, KOCMOJIOTHsI, CTOJIK-
HOBEHMSI TsI?KEJILIX MOHOB M 1p. Hampumep, B 3KcIe-
PUMEHTaX C YJIbTPaXOJIOJAHBIMUA aTOMaMHU €CTh BO3MOXK-
HOCTb U3MEHATH KOHQMUIYDAIUIO JIOBYIIKA U/UJIN JIJIU-
Hy paccesiHusl, YTO MPUBOIUT CUCTEMY B HEPABHOBECHOE
COCTOSIHHE. DTO, B CBOIO OUYEPE/Ib, IIO3BOJISIET HAIIPAMYIO
HaOJII0JIATh KBAHTOBYIO 3BOJIIOIMIO MHOI'OYACTUIHOM CH-
cremsl [1].

B obmem Buie HavyaJIbHOE COCTOSIHAE KBaHTOBOI
CHCTEMBI 3aJIaeTcsl MaTpulei mwiorHocru p(tg) = po-
B wacrHOCTH, B COCTOSIHMM TeILJIOBOIO PaBHOBECUA
po~e H /T e H — 370 raMmIbTOHHAH cucremsbl, a T’
- Temmeparypa. [lociie yHUTAPHON SBOJIIOIUN TPOUCXO-
JIUT U3MepeHue HaDJII0IaeMOil, KOTOPO#l COOTBETCTBYET
CaMOCOIIPSI?>KEHHBIN  OIIepaTopP 0. Cpentee 3HaYeHUE
olepaTopa B MOMEHT BpEeMEHU © OIIPEIeIsieTCsI KaK CJIeI
¢ marpuneit wioraoctn (O), = tr(Op(t)).

He Bcerza marpuiia IUIOTHOCTH B HAYaJIbHBIA MO-
MEHT BPEMEHU py U3BECTHA B IBHOM Buje. Jpyrum cro-
cobOM 3aJIaTh HAYaJIbHOE COCTOSIHHE CHCTEMBI MOXKHO
OIIMCAaB KOPPEJALMH, IIPUCYTCTBYIOIINE B HaYaJbHbBIN
MOMEHT BpemeHu. JIpyrumu cjoBamMu, OIpPEe/UB BCe-
BO3MOXKHEIE CPEJIHNe (/All.../inﬁg = tr(fll...fln,éo) oT

nostHOTO Habopa omepatopos { A; }.

DCm. JIOTIOJTHUTEJIBHBIN MaTepuas K JaHHOW cTaTbe Ha caiiTe
Halllero »KypHaJjia www.jetpletters.ac.ru
2)e-mail: raan@lpi.ru
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Kpome Toro, Ha9aJbHOE COCTOSHHE KBAHTOBOW CH-
CTEMBbI MOXKET OBITh CO3JIQHO IyTeM KOHTPOJIUPYEMO-
r0 BO3MYIIEHUS M3BECTHOI'O PABHOBECHOI'O COCTOSIHHUSL.
B sroMm ciiydae Takoe HadaJbHOE COCTOSIHUE OIIPEJIe-
JIIETCA TPOTOKOJIOM €ro IMPUroTOBJeHud. ILycTh ucce-
JlyeMasl CHCTeMa I[PUBEJEHA B COCTOSHHUU DABHOBECHSI
C OKDY2KEHHEM, IIOCJI€ Yero B Hell CKAYKOM MEHSIIOT-
¢ KaKue-mb0 MapaMeTphl, HAIlpUMED, KOHCTAHTA B3a-
umozelicTeusa uam Macca. C TOYKHM 3peHus HOBOro La-
MUJIBTOHUAHA MCXOJHOE COCTOSHUE SIBJISETCS HEPABHO-
BECHBIM, M CUCTEMa HAYMHAET IBOJIOIUOHUPOBATH K HO-
BOMYy paBHOBecuio. Takoil mporecc CKaIKooOpa3HOTo 13-
MEHEHUS [apaMeTPOB BCEl CHUCTEMbl HA3LIBAETCH TJIO-
GanpubiM kBemdeM (global quench) [2-9]. Eciu cucre-
Ma BO3MYIIAETCA B OKPECTHOCTH HEKOTOPOil TOUKH X4
ImyTeM meiicTBus omeparopa ()(Xq), TO Takoil Iporece
B JiATepaType HasblBaeTcd JoKajabHbIM KBeruem (local
quench) [10-13|. WuTepecHo, 9TO B psAfe CIyUaeB OH
9KBHUBAJICHTEH T€OMETPUIECKOMY KBEHUY, OIHCBIBAIOIIE-
My IIPOLECC CJUSHUS JIBYX IIOJCUCTEM B TEOPHUHU IOJIs
[4, 14]. TTocse Bo3MyIIEHNs] MATPUIIA IIOTHOCTH CUCTE-
MBI IMEET BH/L

X Q(x4) Q" (x,)
to+0) = - - .
PO = & (xg) Q)]
B wacrnocru, oneparop Buia Q(Xq) = V() ¢

CaMOCOIPSIKEHHEIM V (X,) MOXKeT ObITH IIPOUHTEPIIpe-
TUPOBAH KaK Pe3y/IbTaT BAUSHUS MTHOBEHHON J00aBKM
0H(t) = —6(t —to)V (x4) K ucxognomy amuibronnamy.

B memaBuux paborax [10, 12, 13| uccienosascs Jjo-
KAJIbHBIA KBEHY B CBOOOIHON CKAJISIPHON TEOPHUHU ITOJIS.

B stux paborax mcmosap30Basach MpoIeaIypa aHAJTUTH-
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YECKOr0 IPOJIOJIZKEHUs] U3 MHUMOI'O BPEMEHU, KOTOpast
He BCErJ|a fABJISETCS MPO3PAYHON U MMEET PsJi OrPaHU-
YeHuil Ha MCCJIe/lyeMble HAYAIbHbBIE COCTOSHUS.

B nmacrostieit pabore ommchIBaeTCs TOIXO K PeIie-
HUIO 3312491 O JIOKAJBbHOM KBEHYE B PEAJIbHOM BPEMEHU C
UCIOJIBb30BaHNeM TeXHUKH Kespina. DToT Momaxo ] mo3-
BOJIsIET M3ydaTh DOJiee MUPOKUIl KIacC HAYATBHBIX CO-
crostHuit. Kpome Toro, Takoil Mmojixo1 JOBOJBHO ITPOCTO
0000IMUTH Ha, CIyUail B3aNMOJEHCTBYIONINX TEOPHIl.

Ilnau craTbu cieayromumii: BO BTOPOM pa3jiesie Kpar-
KO OIIUCBHIBAETCH TeXHUKa Kesplima u KBa3uKjaccude-
cKoit mpubJimKenne B ee paMKax. B TpeTbem pazzerte ga-
Ha [TOCTAHOBKA 33/[a491 O JIOKAJILHOM KBEHYE U II0JIyIEHO
ee 0o0IIee perreHne B PAMKaX OIMMCAHHOIO BBIIIE OIXO0-
Jla, & TAK2Ke PACCMOTPEH IIPUMeD KBaJIPATUIHOIO KBEH-
4a JJIs1 Pa3IMYIHbIX HAYaJbHBIX YyCI0Buil. B ocTasimmxcs
JIBYX pasjiesiax 0bCyKIAITCS MOy Y€HHbIE PE3YIbTAThHI
1 BO3MOXKHOCTH JIJISA JTAJIbHENIIINX HUCCJICJOBAHUMNA.

2. KBasukiaccudyeckoe npuOM>KeHUe B TeX-
Huke Kesapinia. HepaBHoBecHbIe KBAaHTOBO-IIOJIEBBIE
CUCTEMBI YJI00HO U3ydaTh, UCIOJIb3ys TeXHUKY Kesabl-
ma [1,15-17]. B sTom mopxome cpemHee oT omepaTopa
BBIUHCJISIETCsT KaK Cjell ¢ Marpureil mioraoctu. Ilo-
CKOJIBKY 9BOJIIOIUSI MaTPHUIIBI IIJIOTHOCTH CO BPEMEHEM
OIIPE/IEJISIeTCS JIBYMsI OIIEPATOPAMU IBOJIIONINN, B TEOPUU
[IPOUCXOJIUT YABOEHUE CTEHEeHEH CBOOOIBI. DTO MOKHO
[IPEJICTABUTH KaK IBOJIIOIWIO [IOJIEH BIIEPE ©F U HA3A,
1o BpeMeHM pp Ha KoHType Kemnprma [18].

Vnobuo nepeiitu ot 6asuca mnoseit Yr, Yp K 6a3ucy
TaK Ha3BIBAEMBIX “KJIACCHIECKUX (¢ U “KBAHTOBBIX (g
IoJieit:

palr) = = (pr(x) + p5(2)) (1)

heq(2) = ¢r(x) = pp(2).

[\

Taxkoit epexo/1 yaobeH Mpu U3yIeHNH KBA3UKJIACCHTIE-
CKOTI'0 pa3JiozKeHus Teopun. Kpome Toro, BepImuHbl B HO-
BOM 0asmuce BBITJISAIAT mMporre. Toraa cpeinee onepaTopa
B MOMEHT BPEMeHHU ¢ BhIIAIUT Kak [20)]:

(Olp)): = /@H(X)Q‘P(X) W[ (x), II(x)] x  (2)

></Dcpcl(t,x)/anq(t,X)O[tpcl(t,x)]e%SK[‘PC“‘Pq].

1.C.

HeitcTBue na kouType Kenmpiia onpeensercs Kak pas-
HUNA JedcTBUN Ha BepxHell W HUXKHEI 4acTh KOHTYpPa
Skler,pB| = Sler| — S[es]. Narerpas ¢ ob6osnadenu-
eM 1.c. O3HAYaeT MHTErPUPOBAHUE IO IHOJAM Qg C 3a-
JIAHHBIME HAJYaJIbHBIME YCJIOBUAMU @ (to,x) = P(x),
Orpel(to, x) = II(x). HauasapHble yCI0BUS JIJIs HHTETPH-
POBAHUS 10 (g HE 33JAHDIL.

Oyuknuonan Burnepa BbIpakaeTcs Uuepe3 MaTpH-
Iy IUIOTHOCTU CHUCTEMBbI B HAYAJIbHOM COCTOSHUU, TEM
CcaMBIM OIIDEJIeJIsIsl BCe CBOMCTBa B HAYAJbHBI MOMEHT
BpeMeHH {p:

WIBG,TIG0)] = [ Da(x)et/ X 0me0

<(B(x) + 20 A)B(x) — SA). (3)

st cKaJIIpHON TEOpuun 1oJisi ¢ JeUCTBUEM

5= [ d (@0 ele) - (@) - S (@)

neiicrBue KeJiaplia BBITJISIUT Kak

_ gh?
Sklpels pql = —h/dt/dd 'x (@qA[%z] + Tsoczsoi),
to

Alper] = (0,0" +m*) ot + g3 (4)

3aech ycnoBue Alpq] = 0 siBasiercst ypaBHEHHEM JIBU-
JKEHUA JJIS CKAJIAPHOTO TI0JIst U BBIJIEJIAET TI0JIst Ha, KJIac-
CHYECKON TPAeKTOpUH. JIETKO BUJIETH, 9TO KBA3UKJIAC-
CUYeCcKOe IPUOINKEHIE MOYKHO CJE/IATh, PA3JIOXKHUE MO
2
gh 3
cresnee cnaraemoe Loy B dopmyie (4)

gn2 F d—1 3
—idg= [dt [d°T xpap)
e to =

nr
:1—igT/dt/dd71X gpclapg—l—... (5)
to

Jlupmpyronuit  BKJaJ[ TAKOrO PAa3JI0XKEHUsI W3BECTEH
kak Kiraccmaeckoe Craructudaeckoe [Ipubsmkenne nim
KBazukmnaccuuecknit meros. C y4eTOM TOJIBKO II€PBOI'O
BKJIa/1a MHTETPAJIBI 110 TOJISIM Qg U ¢ MOTYT OBITH B3d-
TBI U KOHEUHBIH oTBeT mosyaurcs [19):

(Olp()]): =
:3/@wm®HQWW¢@»H@mw@@x» (6)

TZ€e ¢, — ITO PeIlleHre KJIACCUIeCKUX YPaBHEHUS IBUKE-
HUSA

(8,0" +m?) e + g¢p> = 0 (7)
C HaAYaJIbHBIMU yC.HOBI/IHMI/I
(bc(tOv X) = (I)(X)v at¢c(t0a X) = H(X) (8)

Jpyrumu cjaoBamu, Jijisi TOIO YTOOBI HAWTHU CPEJIHEE OT
olepaTopa, Hy?KHO B34Tb €0 3HauUeHUe Ha KJlaccude-
CKOIl TPAaeKTOpPUHM U YCPEJHUTH II0 BCEM Ha4daJIbHbIM
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YCJIOBUSIM € BecOM B Buje ¢dpyHKnoHaa Burnepa. s
TaKOTO YCPEeIHEeHns YI00HO BBECTH 0O0O3HATEHUE

/CDCD(X)DH(X)W[(I)(X),H(X)](...) = (. Die, (9)

Torya cpeadee (6) 3anuInercsa Kaxk

<O[¢(X)]>t = <O[¢c(t’x)]>i.c.~ (10)

Jlerko yBHIETH, 9TO KBA3UKJIACCHYECKOE Pa3JIOKEeHHE B
rexauke KesIema IocTpoeHo mo mapaMeTpy hlg, Io-
9TOMY JJjIs HEB3aUMOJAEUCTBYIIEH CUCTEMBI KJIACCHUe-
cKoe TpubJIMzKeHne j1aeT TOYHbI oTBeT. [IocKOIbKY B
JIaHHO# paboTe wncciejyercss KBEHY BO HEB3aUMO/Eii-
crByIOIeii cucreme, To uMmerHo ¢opmyna (6), (10) 6y-
JIeT UCIOJIb30BaHa B nasbHelimeM. OHAKO BbIIIEIpPeBe-
JIEHHBIE BBIKJIAJIKU TTOKA3bIBAIOT KaK MOXKHO €CTeCTBEH-
HBIM 00Pa30M BKJIIOYUATH B3AUMOJEHCTBIE B UCCIIEI0BA~
HU€e KBEHYA.

3. JlokanpHbIi KBeH4Y. PaccMoTpuMm JroKaJbHOE
BO3MYIIIEHNE CHCTEMBbI B TOYKE X, B MOMEHT BpPeMEHH
t, WiIn, IpyTUMH CJIOBaMH, JOKAJIbHBII KBEHY C OIepa-
TOPOM

Q(Xq) = 6_1%V(¢€(xq)) (11)

Brmecy dyukmusa V(H(x4)) 3aBECUT TOJBKO OT 3HAUCHUS
OJII B HEKOTOPOIl OKPECTHOCTH TOUKHU X4, TAKAM 00-
pasoM, 4to mose Ps(x,) = [diTixn(x — x4)P(x) He
OIIPEJIEJICHHO B OJHON ToYKe, a “pasmbiro” (“smeared”)
B OKPECTHOCTU 3TOH TOYKM. 3JECh (v 3TO PA3MEPHBII
napaMeTp, ONHMCBIBAIOIINI BEJIUYMHY BO3MYINECHUS, &
n(x — X4) — TIaaKas GYHKIUA, He PaBHAS HYyJIO JIHIIb
B MaJIOil OKPECTHOCTH TOUKH X,. IIOCKONBKY Ipou3Be-
JICHUSI OIIEPATOPOB IIOJIA B COBHAJAIONIMX TOYKAX HE
BCEr/Ia XOPOIIO OIPEIEJIEHDBI, TO OYIeM IIPEIIOIaraThb,
yro dymknua “pasmertus’ 7)(X — X,) BCEAa HMeeT
KOHEYHYIO IMUpHHY. TakuMm o6pa3oM, omeparop Q(xq)
BO30YyXKJaeT CHUCTEMY B HEKOTOPOil MaJioif OKpPEeCTHO-
CTH TOUKH X4. 3aMETHM, UTO TAKOE BO3MYIICHHUE MOK-
HO peaJin30BaTh, JOOABUB K UCXOJHOMY [aMUIbTOHUA-
HY JIeJIGTO0GPA3HOE 110 BpeMeHH BO3MyIieHue §H (t) =
= ad(t — tg)V(Ps(x4)). Orcrona BuIHO, 9TO, HALIPUMED,
Bosmymmenne ¢ oV (@s(x4)) = gpi(x,) coorBercrByer
MIHOBEHHOMY IOSBJICHHIO B3AUMOJEHCTBUSA B CUCTEME B
TOYKE Xg.

3a IBOJIIOIUIO CUCTEMBI [IOCJIE TAKOIO BO3MYIIEHUS
OTBEYAET MATPUIIA IJIOTHOCTH

plto) = palte:xq) = Q(xq)A(te) QT (x,)- (12)

Huxke 6yaem cauTaTh, 9T0 KBEHT IIPOU3OIIEST B HAYAJb-
HBIIE MOMeHT Bpemenn t;, = to = 0. Torma, cormacno
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dopmyie (3), byuxnuonas Burnepa mociie J0KaIbLHOTO
KBeHYa Oy/IeT BBIIVISIETh KaK

Wol®(x), TT(x)] = / DB(x)e 4T HINE ¢ (13)

< (B(30) + 2 A(6)|Qx)l10)Q (20) [20x) — S(x).

2
(14)
Bamernm, 4TO

5 . d—1 . d—1
. i fd*TIxB(x)II(x) _ B i [d*T xB(x)II(x)
i e = B(y)e )
d(y) )
(15)

Torma dyuxknuonaa Buraepa mocie KBeHIa MOXKET OBITH
[IEPEINCAH KaK

Wol®(x), TI(x)] = Q(®s, =
r1e MbI BBEJIN 0603HATEHUST

Q(e 0 ) = et (v memitat) v (vorit i)

R 5—1_[9 )
(17)
b, = /ddilxn(x — X4)P(x), (18)
(SLHS = /dd_lxn(x —xq)%(x). (19)

B sTnx BBIpaXKeHUAX 3aBUCHMOCTH OT TOUKH KBEHYA X4
BXOZIUT HesSBHO depe3 QyHKIUIO “pasMbITs” 1(X — X4).

Torma, mociie PyHKITMOHAJIHHOTO WHTETPUPOBAHMUS
[0 YACTSIM, CPEJIHEEe OT OIEPATOPA 3AIUIIETCS KaK

(0)2 = / D(x) DT (x)W[(x), TI(x)] X

% Q05 ) Ol (t. 200, G (20)

Bugno, 4To, mis Toro 4ToObl HAWTH CpeaHee OT OIre-
parTopa 1ocjie KBEHYa, HyKHO IPOBECTU CYMMUPOBAHUE
[0 HAYAJIBLHBIM YCJIOBHAM C IIPEKHUM (DYHKIMOHAJIOM
Buruepa, Ho oT MoudunmpoBanHoit Habr0HaeMoii. I1o-
CKOJIbKY 9allle BCEI0 PACCMATPUBAIOTCS TIOJIMHOMUAb-
HbIE HADJIIO[AeMble, TAKKE KaK IJIOTHOCTH SHEPIUY UJIH
KOPPeIsSIuoHHble (DYHKIUU IOJIei, TO, B OTCyTCTBUH
B3aMMOJIEHCTBUSI, JIAIIb KOHEYHOE YHCJIO BapHUAIMOH-
HBIX TTPOU3BOIHBIX 5%5 JUIst HUX Oy/1eT HEHYJIEBBIM. DTO
O3HAYAET, 9TO JAHHBII METOJ, 1a€T TOYHBIA OTBET JaxKe
JUIl HEKBaIPATUIHBIX BoaMylnenuit V (@s).

Dopmyna (20) BbIparkaeT IVIABHBII pe3ysIbTaT TOM
crarpu. Jlamee Mbl IPOMILIIOCTPUPYEM €€ IIPUMEHEeHNE.

3.1. Keenu V(@) = $2. Jlasa npocTOTHI TIPOBEeM
Beruucaennss B 1+1D meopunm moss. Paccmorpum j1o-
KaJbHOE BO3MYIEHUE BUJIA

Qzg) = e H ), (21)
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Eciin cuurars, uro B MaJjoii obnactu Ax BOJIM3U TOUYKN

24 Ha KOPOTKOe BpeMst At Macca I0JIsI IOMEHsIIach C M
2,2

ma M, To a = MTmAtAx.

Corutacuo dopmyie (17):

) 5
o, — ): 2% 51 22
Q(®n—57) =¢ (22)
B kauecTBe HabJI0/126MOIT BBIOEPEM IIJIOTHOCTH SHEPTUU
CUCTEMBI
1 2 1 2, 1 9 9
e(t,x) = 5(0p)” + 5(0:)” + 5m7y™. (23)

ITocnennuit MHrpeIMEHT, KOTOPBIA HEOOXOMM JIJIsl TOTO
4T06BI BOCHOJIb30BaThCst (popmydaoit (20) u mocYUTaThH
CPEJIHION TIJIOTHOCTH SHEPTUH MOC/IE JeHCTBUSI JIOKAJIb-
HOrO KBEH4Ya, 3TO pellleHne KJIACCHIECKOIO yPaBHEHUS
nsumkennd (7). Herpynuo nokasarb, 9ro 6e3 B3ammo-
JeiicTBUA OHO PaBHO:

elts7) = (24)
—— [ay(01Gnlt.z ~ 9)2) + Galt.o )W),

rJIe 3ama3/IbIBaionas QyHKnsa [ puHa onpeaessaeTcs us3
3a1a3/bIBAIOIIEro PEIIeHns] YPaBHEHUsI

(02 — 0% +m*)Gr(t,r —2') = =5(t)d(x — 2'), (25)
W paBHa

d_p Sin(wpt) efip(wfw')

Galt.a ') = ott) [ S ,
wp =/ p? +m2. (26)

Termepb MOXKHO TIOCUMTATH CPEJHIOID ILJIOTHOCTh
SHEprum mocje KBeHda. Jljisi KpaTKOCTH BBIMUIIEM
BbIpazkenue st ¢2(t, z). Craraemble ¢ TPOU3BOHBIMUA
BBIYHC/ISIOTCS AHAJOIMIHO. IIOCKOJIBKY KJIaCCHIeCcKoe
peltenne sBJISIETCS JIMHEHHONW (QYHKIMEH HAYAJbLHBIX
YCJIOBHIA, TO 9KCHOHEHTY B BbIparkeHuu (22) 10CTaTO4HO
Pa3JIoXKUTL JI0 BTOPOrO MOPsAKa. Bce BbICIIE Bapu-
AIMOHHBIE MMPOU3BO/IHBIE OOPAIAIOTCS B HOJIb. TakuM
obpazom, ¢ yaeroM dopmyi (22), (24), nosyunm:

Qs — 50 )a2(t,) = 62(1,) -
— dage(t, ), - Goh(t, ) + 4a2D2 - (GSR(t, x))Q. (27)

31ech MBI BBeJIn 0DO3HAYEHUE JJIsl “pasMbITON” 3aras-
npiBatoreil dyukimn ['puHa

Gt 7) = / dy n(y — 2)Grltz —y).  (28)

Iajee HEOOXOIUMO IIPOBECTH YCPEIHEHUE 0 HAYAJIhb-
HBIM yCaI0BUAM ¢ dyHKIMoHajgoM Buraepa. OyHKIHO-
HAJI HODMHUPOBAH HA €IUHUILY, 3ala3/blBaiomias (OyHK-
nusi ['prHa He 3aBUCUT OT HAYAJIBHBIX YCJIOBHUI, a Cpel-
Hee OT KJIACCUYeCKUX pelreHuii paBHo KesabIeBcKoit
dbyuxun Tpuna [20]:

iGx(t—t, o —2') =

- / DB(2) DT (@)W (B (), TI(x)]6 (1, 2)0 (¢, 27),
(20)

KOTOpas CTAHIAPTHBIM 00PA30M OIIPENEJISIETCS Yepe3
cjel, ¢ HadaJIbHOM MaTpulei mIOTHOCTH

iGg(t—t o —2a')= %tr(ﬁ(to){gb(t, z),p(t',2")}).

C yaeToM 0603HAYEHNST MHTEIPUPOBAHNUS IO HAYAJIb-
HbIM ycsaoBuaM (9), BergeM “pasmbiryio” Kespimes-
ckyto bynkmmo ['puna G (t, z) n nocrosunyio (®2); .:

(Pe(t, 2)®s)ic = IG5k (t,x) =
= /dy Ny — 2q)iGr (t, x —y),

(@2);, = / dydz 1y — zg)n(z — 14)iGx 0,y - 2).
(30)

Torya sl IIOTHOCTY SHEPruM Imocje KeeHua (21)
LLOJLY UM

©)Q = (&) — 2ia (mQGfK(t, 2)G3 (L x) +
+ OGS (1,20 GR(t,2) + 0,Gic(t,2)0, Gt 2)) +
+202(02).o(m (Gilt, 2)* + (AG(t,2))" +
+ (&CG}(t,x))z). (31)

ITnornocrs suepruu (31) sABiIsAETCA AEHACTBATEILHOIM
BeJUInHON. MHUMasT €IMHUIA BXOJUT B OIPEJIEICHUE
Kengpiuesckoit dyuxmuu 'puna (32). Kesgpunesckas
dyukiusa ['puHa B COBIAJAIONIX TOYKAX U BPEMEHAX
cunryaspra. Omaako (®2); . perynapusosana IIpu To-
Moty yukumit “pasmbitus” 1(z—x,). Jasg ycrpanenus
MOIOOHBIX pacxoauMocTeil aTa pyHKIUs 1 ObLIa BBEIE-
Ha B onpejesennn KBenua (11). Ee dbusuueckuit cmbici
B TOM, UITO SHEPI'Usl BbIJEJISIETCS] HE TOYHO B TOUKE Ly, &
B HEKOTOPOI1 OKPECTHOCTH, 3a/1aBaeMoil (pyHKIIHEit “paz-
MbITHs . TakuM 00pa3oM, KOHEIHBIH OTBET Oy/IeT 3aBU-
CEeTb OT ITON PYHKIMH U PACXOJIUTHCS IIPHU €€ CTPeMIIe-
HUY K JIeJIbTa-DYHKIIN.

Asubrit Bun Kengpimesckoit dyuknun ['puna 3aBu-
CUT OT HAYAJbHBIX yCJOBUIl 3a/1a41, U B CJIy4dae, KO/
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OHM XapaKTEPU3YITCsl OJHOYACTUIHON (DYHKIMER pac-
upeseneHust fp, 1jsi CBOOOIHOII T€OPUH PaBEeH:

dp cos(wpt)

- 2l = —ip(z—a’)
iGr(t,x—1") h/%_ 5 (2fp+1)e .

(32)

P

Ucnonw3ys saBubIit Bug dyuKImit ['pruna gerko mocyun-
TATh MMOJHYIO SHEPTUI0, KOTOPYIO CUCTEMa IMOJIyUInIa B
pesyibrare HeificTBUdA KBeH4a:

oF = /dx(<é>? —(&)y) = 2a2<<1>§>¢.c/dyn2(y)- (33)

BameruM, 4To Bbipazkenue (31) comepKur Tpu BKIIa-
na. IlepBblii BKJIaJ IpeJacTaBjigeT COOOH ILUIOTHOCTH
SHEPI'MU CUCTEMBI JIO KBEHYIa. DTOT BKJIAJ MOXKET PACXO-
JUTHCS, KAK 9TO ObIBAET C BAKyyMHOIl SHEprueil B KBaH-
TOBOI TEOPUM MOJIsI. DTa PACXOIUMOCTH HE UMEET OTHO-
NIEHUST K PACCMATPUBAEMON HAMH IPOOJEME U MOXKET
OBITH yCTpaHeHa CTaHZAPTHBIME Meromamu [21]. Bro-
poit BKJaJ[ (IIPONOPIMOHAIBHBII (r) OTBEYAET JIMHEHHO-
My OTKJIMKY CHCTE€MbI Ha JIOKAJIbHOE Bo3MylleHue. Kak
caeayer u3 dpopmyssl Kybo, JaHHOe ciraraemMoe OIucChI-
BaeT IepPePACIIPe/IE/IEHIE SHEPIUH MEXKLY Pa3JIAIHBIME
JaCTSIMA CHCTEMBI M He JaeT BKJIaJa B SHEPTHIO, IO-
rioraeMyio cucremoii (33). Bes sneprus, noromenHast
CHCTEMOI B Pe3y/IbTaTe KBEHUYA, OMUCHIBAETCA TPETHUM
cyiaraeMbIM BbIpaxkeHus (21).

Tosmas sneprusg (33) CyIIECTBEHHO 3aBUCUT OT
dbyukimn pasmbitus (x — 4). B ciaydae jokanbroro
KBeHYA 9Ta (DYHKIMs OTJIMIHA OT HYJsI TOJBKO B Ma-
JIO}f OKPECTHOCTH TOUKU T, Pa3Mepa € U CTPEMHUTCS K
0(z —x4) npu € — 0. OyHKIWSA PA3MBITHS BXOJUT B BbI-
paxenue g (®2); .. Kenapimesckas dynkmus [pu-
HA B COBIIQJAIONIMX TOYKAX PACXOAUTCS CTAHAAPTHBIM
JIJIsi KBAHTOBOI Te€OpUU IMOJist 00pa3oM u Tpedyer pery-
snspusarun. [Tosromy tipu € = 0 cpeHMii KBRIPAT MOJIS
((I)E)i.c 3aBUCHT OT yJibTpaduosieroBoro Maciraba A. B
141 MepHO#l CKaJISIPHOI TEOPUU MOJIA 3Ta 3aBUCUMOCTD
norapudmmaeckas (®2); . ~ log % Ecnu € koneuno, To
(®2); . cxomuTea u B cayyae €A > 1 yabrpaduosierooe
HOBEJICHUE TEOPUH CTAHOBUTCH HECYIIECTBEHHLIM. Kpo-
Me TOrO, IIOJIHAas HOIVIONIEHHAs CUCTEMOl sHeprus (33)
COJIEPKHUT B ABHOM Bujie mHTerpai ot n?(x). IlpocTeie
pa3MepHbIe OLEHKU (MU $BHOE BBIYUCJIEHUE C raycCo-
BOil (yHKimeii pasmbrrus) gaor [ dr n?(z) ~ 1. Ta-
KuM 06pa3oM, HauboJIee CUHTYJISIPHBIA BKJIa1, B TIOJIHY O
SHEPIUIO0 PABEH

min (A,e’l)

- (34)

1
0F ~ —log
€

3aMeruMm, UTO IIOIXOJ, HUCIOJB3yeMbIil B pabore,
MO2KHO IIPUMEHHATH JJIs JIIOOOr0 HAYAJIHLHOIO COCTOSHIS
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cucrembl. Ha puc. la, ¢ mokasaHa IUIOTHOCTH YHEPIUU
cucTeMbl 110ocjae KBeHda (31) i BaKyyMHOIO Hadaslb-
Horo cocrostuud (fp, = 0), a na puc. 1b,d — mis coayqas,
KOIJ[a CUCTEMa B HAYAJbHBI MOMEHT BPEMEHU HAXOIIHU-
snack npu Temneparype T 2 m ¢ 603eBckoit dbyHKIME
pacnpesenenus f, = (/T — 1)1 Bumno, uro uem
BBIIIIE TEMIIEPATYPA, TEM CPe/ia CHJIbHEe BO30YKIaeTcs
[IpU JAefCTBAN JIOKAJIBHOTO BO3MYIIEHUsI. DTOT 3PDEKT
SIBJISIETCST IPSIMBIM TIPOSIBJIEHUEM OO3EBCKOM CTATHCTUKI
paccMmaTpuBaeMoil 3amadn. JIOKaJbHBIN KBEHY I CH-
cTeM, B HAYAJbHBI MOMEHT BPEMEHU HAXOIAIIUXCS [IPH
KOHETHOM TeMIepaType, Tak»Ke ObLT paccMoTped B [13].

T/m=0

T/m=1.5
50

40

30

Time

0.008
40
0.006

0.004

20
0.002

0 20 40
Coordinate

-40 20

Puc.1. (Lpernoit oumaiin) Pacupenesnenne miorHoCTH
SHEPIUM B IPOCTPAHCTBE B 3aBUCHMOCTH OT BPEMEHH II0CIIE
JIOKQJIHOT'O KBeHYa B Todke x4, = 0. B kadecTBe Havab-
HOT'O COCTOSIHHSI CUCTE€MBI BBIGPAHO TEIIOBOE C TeMIIEpPa-
rypamu T =0 (a), (c) u T = 1.5m (b), (d). Pyukuus pas-
MBITUS IIPEIIOJIAaraeTcs TayccoBOil ¢ mupuHoit em = 0.25
(a), (b) m em = 2 (c), (d). Koopnunara u Bpems: uamepsi-
I0TCSI B €IMHUIIAX OOPATHOI Macchl

Bepxnue n HuKHME KAPTUHKHA HA PUC. 1 OTIINYIAIOT-
Cs1 BEJIMIMHOM MUPUHBI (DYHKIUU PA3MBITHS €. JTa Be-
JIMYUHA OIPEJie/IseT MaKCUMAJIbHBIN UMITYJIbC POXKJae-
MBIX IIPU KBEHYE YACTHIL Pax ~ % OTO TO3BOJISIET Olle-
HUTH XapaKTEePHYIO CKOPOCTH PACIPOCTpaHeHus (ppoHTA
BO3MYIIIEHUS NJIOTHOCTH SHEPIUU KaK MaKCHUMAaJIbHYIO
IPYHIIOBYIO CKOPOCTb YaCTHUIL Upax:

v _ awp ~ Pmax N 1
" B o ki VLF e

(35)

Ecm obmacts BosMmymennsa mana (¢ < m~1), To
BO3MYIIIEHNE DPACIPOCTPAHAETCS CO CKOPOCTBIO CBETA

Vmax ~ 1 (puc. 1a,b). B obparnom ciygae (e > m~1)

1
IPyHIIOBasg CKOPOCTb MaJa Umax ~ 7.- U (DPOHT pac-
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npocrpangercs Mepientee (puc. lc,d). Togobuasa cme-
Ha pexkuma Habmonanach B pabore [10]| miaa xBeHua
Q ~ ¢. Cyzsi 110 BceMy, TAKOE [OBE/ICHNE sIBIACTCS YHI-
BEPCAJIBHBIM U HE 3aBUCUT OT HAYAJIHHOTO COCTOSIHUS W
KOHKDETHOT'O BHJIa OIIEpaToOpa KBEHYA.

4. O6cyxkaenune. B npenpiaymeM pasjeie Mbl 10-
JIPOOHO  PACCMOTPENN SBOJIONUIO ILJIOTHOCTH SHEPTUH
nocste kpemua Buna Q(z,) = e 7 %) Moxmuo mo-
Ka3aTh, ITO [ Oojiee 0oOIero BUIA OMEpaToOpa KBEH-
qa Q(z,) = e PV (#+(20) ¢ npoussombub V(P4 (24))
IJIOTHOCTD SHEPTUU MTOC/IE KBEHYIA JTACTCA BHIPAYKEHUEM:

@8 = (@) — a(m*Ci(t. ) (.(L )V (@), +
+ 0, G (t, ) (Die(t, 2)V' (D)),
+ 0,GR(¢, x)<aw¢0(tv x)vl((I)S»i.c.) +

+

+ %a2<v’(q>s)v’(q>s)>i,c' (mQ(G;(t, a:))2 +
+ (AGH(L) + (:GR(t2)").  (36)

Bxogsmue B 3TO BbIpaykeHUE CPEIHHE 110 HAYAJIbHBIM
YCIAOBUAM (... ); . MOIYT He OBITb IPOCTHLIMU ITAPHBI-
MU KOPPEJIATOPAMHU KAaK B PACCMOTPEHHOM BBIIIE IIPHU-
Mepe. B 9ToM ciiydae xapakTepHOe MOBEJIeHUE IIJI0THO-
cTu 3Hepruu OyJeT HAIPIMYIO 3aBUCETH OT KOPPeJis-
Uil OPUCYTCTBOBABIIMX B CHUCTEME B HAYAJBHBIA MO-
MEHT BPEMEHU.

Bripaxkenne (36) mo3BoJIsleT NPOBECTH CPABHEHUE
C pe3yJbTarTaMu, [OJYYEHHBIMH paHee B KOH(MOPM-
Hoit Teopum mojg. B pamMkax KoHMOpPMHOI Teopun
MOXKeT OBITH 3(P(HEKTUBHO PACCMOTPEH CIydaii, KO-
raa Q(z) — 10 nmpuMapuoe mose. B KadecTse TaKo-
ro IpuMepa Mbl PACCMOTPUM BEPIIMHHBIA OIEPaToOp
Q(x) =V, (z) =: () ; ¢ xordbopMHBIME pa3MepHO-
cravm h = h = o2/(87) [22]. 3meck npu oMo ¢ ...
0603HaUEHO HOPMAJIbHOE yropgaaodenue. Ha sa3bike Tex-
Huky Kesipima Mbl JO/KHBI PACCMOTPETh CIIydai mo-
reHpana V() = —@ u BaKyyMHOTO HAYAJIBHOIO COCTO-
sauua T = 0 (f, = 0). Kpome Toro, Heo6xoaumo BEIGpaTh
GYHKINIO “pa3MBITUS’ B BUJIE:

dp ipu— me
= L WP —€ewp [ — ( 2 2) ,
n(z) /27T€ - /7£C2+62K1 m\ x° + €
(37)

rae K,(z) — dbyukuus Makgonaibia, € — Majbli na-
pamerp (umpuna dyuxiun “pasmeirus’). Jokazaresnb-
CTBO 9TOIO YTBEPXKJIEHUsS BBIXOJUT 34 PaMKHU (POPMAaTa
ICEM, TIOSTOMY MBI TOMECTHIIN €0 B JIOTIOJHATE/ILHbIE
MarTepuasbl (CM. JONOJHATEIbHBIE MaTepraJibl). Kpome
TOTO, B JIONOJHUTEIBHBIX MATEPUAJIAX MBI PACCMOTPE-
JIL OIEepaToOp KBEHYa BUJA Q(x) = ¢(x), KOTOpBIi He
SIBJISIETCS IPUMAaPHBIM, HO OBLI MMOAPOOHO PACCMOTPEH B
pabore [10].

s norennmadia suga V() = —p Boipaxenue (36)
CBOJIUTCS K CJIEJIYIONIEMY:

(@2 = (&) + 507 (m? (Gl )

+ (0G5 (7)) + (.Gt m))z). (38)

Jia dbyukuun “pasmbitus’ (37) Bce HHTErPAJIbI MOTYT
OBITH BBIYKMCJIEHBI TOYHO. B wacTHOCTH, "pasmbiTas" 3a-
ma3apiBaonas Gyuknus ['pruHa uMeer BUI

Giy(t,z) = / dy 1y — £g)Gr(t,z — )

_ _H(t)/@sul(wpt) efip(wqu)fewp
2 wp

_ %9(1&) <K0 <m\/(x —2)? + (e — it)2>

— K, (m\/(x — )2 + (e + it)2)> . (39)

OcobeHHO TTPOCTO OTBET BBIMVISIIUT B CJIydae He3Macco-
Boro noJst m — 0 (Koropoe onmcpiBaeTcss KOHGOPMHOI
Teopreil ¢ NeHTPAJLHBIM 3apsIoM ¢ = 1), Korjua

g((x—xq)2+(6+it)2), (40)

(x —24)% + (e — it)?

G (t,x) = ﬁ lo

a SHAYUT IIJIOTHOCTDH 9HEPI'UU II0CJ/I€ KBEHYIa PpaBHA!:

62 = (&) + ((( -

42 \ ((z — zq — )2 + €2)

+ ((x—xq—ekt)Q +e2)2>' (41)

DTOT OTBET MOJHOCTHIO COBIAJAET C PE3yJIbTaTaMU pa-
Gorer [24] (dopmymna (34)) u paborer [10] (dbopmyssr
(2.7), (2.9)) ¢ yaeToM BLIGOpA HOPMEPOBKH IIOJISE H OIIPe-
JleJIeHAs IIOTHOCTH SHEPIHN.

HaJsiee paccMoTpuUM
KOTOPBbIE MOI'YT BO3HHKHYTbH [PU BBIUMCJIEHHA ILJIOT-
SHEPIUH  LIOCJIE

BOIIPOC O  PAaCXOJIUMOCTSX,
HOCTHU JIOKAJIBHOTO ~ KBEHYA  BHJIA
Q(z,) = e~V (®:(za))  TIpu xomeuroil pemunme mu-
PUHBI (DYHKIUHU “DAa3MBITUST € BXO/ISIINE B BbIDAYKEHUE
(36) “pasmbiTbie” 3amnazzgpiBaomue yukiun ['puna
G%(t,x) me comepKaT 0cOGEHHOCTEH HA IEHCTBUTENDb-
HOil ocu (cMm., mampumep, Bbipaxkenus (39), (40)),
[O9TOMY BCEe BO3MOXKHBIE PACXOIUMOCTH MOTYT BO3HU-
KaTh TOJILKO [IPU BBIYUCJIEHUN CPEJIHAX O HAYAJIbHBIM
yesoBuaM. B obmeM cirydae 3T cpeHne olpeae/soTCs
dopwmoit Burneposckoro dyHKImoHagMa, ITO Tpebdyer
OTJIEJIBHOTO JIeTAJIbHOTO uccyeaoBanust. OaHAKO Jiyist
rayCCOBBIX HAYAJbHBIX YCJIOBUI aHAINS3 PACXOAUMOCTEH
MOZKET OBITH IIPOBEJIEH IIPH MOMOIIM TeopeMbl Buka. B
9TOM C/Iydae BO3HHKAIOT JiBa THIa crapupanmii (®2); ..
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u G4 = (¢cPs)ic.. MOKHO TOKA3ATH, UTO JJId KOHEY-
HOI1 € MHTerpaJbl, BXoJsdmue B Boipaxkenus (30) Takxke
OymyT cxomamuMucs. TakuM oOpa3oM, sl TayCCOBBIX
HAYAJIbHBIX YCJIOBHUH HMTOrOBBI OTBET JJIsl ILJIOTHOCTH
SHEPIuu I10CjIe PACCMATPUBAEMOI'0 KBeHYa Oy 1eT KOHed-
HBIM, [0 KpaiiHeil Mepe, /i MOJIMHOMUATILHBIX V(D).
SamMernM, 9TO TPH aHAJU3E PACXOIUMOCTEH BayKHO
pasanyaTh MUPUHY (DYHKIUU PA3MBITHS € U [IapaMeTp
yabrpaduoseroBoro obpesanusi teopuu A (34). Ilpu
e > A~ mocre kBeHua He BO3OYKIAIOTCS CTEHEHH
cBOOOJIBI ¢ dHEeprueil ~ A, a 3HAYUT UTOrOBBI OTBET
HE YyBCTBHUTEJEH K YJIbTPa(UOIETOBOMY IOBEIECHUIO
TEeopUN.

5. 3akarouenue. B pabore mpejiokeH HOBBI T0/I-
XOJ| K OIMCAHMIO JIOKAJILHOTO BO3MYyIeHUst (KBEHYA) B
CKAJISIPHOM TeOpUH TOJIsSI C HUCIOJIH30BAHMEM TEXHUKHU
Kengpima. B pamkax JaHHOrO TOJIXO0JIa HE HCIIOJIb3Y-
€TCsI TIPOIIe/lyPa AHAJIUTHIECKOIO IPOJOIKEHUsI, KOTO-
pasi B psifie CIyvaeB MOXKeT ObITh HeoZHO3HauHO# [10)].
Kpowme Toro, npesicraBieHHbII B paboTe METO/ [T03BOJIsI-
€T PacCMaTPUBATL CUCTEMbI, HAXOIANIUECS] B HCXOHBII
MOMEHT BPEMEHH B IIPOM3BOJILHOM HAYAJIBLHOM COCTOSI-
HUH.

Jst kpenaa Q(z,) = e~ #92(0) prrauciena ssosmo-
I[UsI TUIOTHOCTH SHEPIUU KaK Jiisl BAKYYMHOI'O HAYAJIb-
HOT'O COCTOSIHWSI, TAK U JIJIsi COCTOSIHUSI C TPOU3BOJIBHOMN
HavaJIbHOI (pyHKIMel pacnipenenenns fp. OnmcaHs! 1Ba
pekuMa pacnpocTpaHeHus (PPOHTA BO3MYIIEHUS, 3aBU-
CSAIIUE OT BEJIUMIUHBI 0OJIACTHU JIOKAJIBHOTO BO3MYIIEHUSI
(mmpunel GyHKIUY “pasMbiTus” €).

Tlogxom K oOnmuMCcaHWiO JUHAMUKH CHCTEMbBI IIOCJIE
MI'HOBEHHOTO JIOKAJILHOTO BO3MYIIEHUS, Oy IeHHBII B
JAHHOIT paboTe, MOXKET OBITH 0O0DIIEH Ha CIydail HEeHYy-
JIEBOI'O B3auUMOJICHCTBUA, II0 Kpailneil Mepe, B KBa3U-
KJIACCHIECKOM IpuOJIkeHny B Texanke Kesmpirra. 91o
SIBJISIETCS TEMOU JId JaJbHEUINX HCCJIeJOBAHUI.
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