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O CIHEKRTPE ®JYKTYAIIUN MATHUTHOIO TOJIA U CKAJIAPHOR
[IPIMECH B AKYCTUYECKON TYPBYJIEHTHOCTHI

C. H. Baitinmwmerin

(Hd prymcexk)

PaccmarpuBaioTca (UIYKTyauH MarHHTHOTO HOJS B aKyCTHIECKOR TypOYJIeHTHOCTEH.
BrIBeileHO ypaBHEHHE s CHEKTPAJIBHOTO TeH30pa (GUIyKTyamHil OJHOPOIHOTO MArHHTHOTO
moJisi. B HEKOTOPOM IpefieIbHOM CIydae HOJY9eH CIEKTDP YCTAHOBHUBIIUXCS MYJbCALMI HpH
HQJIMYNY BHENIHEr0 MCTOYHWKA. IJ0Ka3aHO, YTO B MHEPIUAJBHOI HOMOGIACTH CYMECTBYIOT
TP BUJA CIEKTPA, KaKABI M3 KOTOPHX COOTBETCTBYET OLpPEMeJIeHHOM 06JACTH BOJHOBOTO
IpPOCTPAaHCTBA.

AHanorggHEle Pe3yJbTaTH MOJYdYeHH A QIYKTyauuil OfHOPOJHOHN CKAJIAPHON mpu-
MecH,

IIpu mamuauu axycTmIecKoit TypOymeHTHOCTH ciaabble (IyKTyal[dd Mar-
HUTHOTO IOJA IPH HEKOTOPHX YCIOBHAX GYyAyT HapacraTh co BpemeHem [1].
Ecan

S = M3R,,>1

rie M — gumcmo Maxa, R, — MarHuTHoe 4mcjio PeitHoabaca, To Takas He-
YCTOMIMBOCTH 10 OTHOIMEHUI0 K MATHUTHOMY HOJ0 OyIeT MedCTBUTeALHO IMeTh
mecto. DayKTyauu MarHATHOTO O OYAYT HapacTaTh 0 TeX Mop, MOKa CHIa
Jlopeniia He craHeT CYIIECTBEHHO BJUATDH HA BUJKEHHE, T. €. KOIJA MAaTHUT-
HOE TaBJCHUE He CPAaBHUTCS € MIa3MeHHEIM. (M TaKOTO Cllydas 3aTPyIHUATEIE-
HO HOIYYHUTH CHEKTP YCTAHOBUBHIMXCS (PAYKTyalui, 60 30eCh OTCYTCTBYeT
HOAXOMAIMUA MaJBIil mapamerp.

Ecnu S < 1, ¢ayrTyanuu OpH OTCYTCTBUM BHENIHUX HCTOIHUKOB OYLYT
3aTyXaTh. 37ech paccMaTpPUBAeTcs CJIydail, KOrJa HMeeTcs BHEIIHHHA MCTOU-
HUK.

910, MO-BUAMMOMY, €CTh EIWHCTBEHHAS BO3MOMKHOCTH JIUTEIBHOTO COCY-
MEeCTBOBAHUA MATHUTHOTO IO W aKYCTHYECKOH TYpOYIEHTHOCTH, TaK Kak
opa S > 1 TypOyJeHTHOCTH B KOHI[e KOHI[OB IepecTaHeT GBITh aKyCTHIECKOI.
K aroit 3amade HemocpeACTBEHHO IPHUMBIKAeT 3a7ada O CIEKTpe QUIyKTyamui
CKAaIApHOM HpPHMECH HPH AKYCTHIECKON TypOYIEeHTHOCTH BBHUAY CXOACTBA
ypaBHeHU# qiasa QAyKTyamud B oboux samadax. Ilostromy mmme Gymer pac-
CMOTPEH M 3TOT BOIPOC.

1. Cnexrp aykryanuii MarHUTHOTO IMMOJA.

1. HauGoxee mpocTo 3amaTh MCTOYHUK CIAEAyIOMUM obpasoMm: OygeM IIo-
JaraTh, 9T0 UMEETCS ONHOPOLHOe MarHuTHoe moxe H,, daywryanuu h < H,,.

IIpepcraBasiorcs gBe Bo3MmoskHOCTH: R, < 1, R, > 1. Cayqain R, < 1
6511 pacemorpen I'. C. Tomuustasim [2]. IIycts R,, > 1. Ypasuenue gus mar-
HUTHOTO TOJS

(1.1)

oh
At

= rot [v, Hy] + v,Ah (1.2)
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nin B ¢ypbe-IIPeACTaBIeHAN

ot l I \ — v, k*h

3mech v, — MarEnTHaA BaAsKocTs, ¢ (k)/k — ¢dypre-ob6pas rugpogmHa-
Muueckoro moreHruana. Bripasum h (k, f) 9epes HavambpHOEe IoJe
t
LZ

h (k, £) = h (k, 0) +i S ¢mi (-1 [k [—%—(p (k, t,), Hoﬂ dt, (1.3)

Bpems usmerenusa ¢ (k, ) ects (kc)™!, ¢ — CKOpOCTH 3BYKA.
Ianee GymeM mpemmosarars, 4To QIYKTyamUuu CKOPOCTA W MATHUTHHIX IIO-
Jefl OMHOPOJHEI, KPOME TOTO, (PAYKTYyaIlud CKOPOCTH HM30TPOIHEL
< (k, 1) g% (K, ')y = 8 (k — K) (k. [ £ — 1) (1.4)
(k,t)r*(K,t)) =08(k—Kk')T;;(k, Hy t)
Ymuokum (1.3) Ea KOMIIEKCHO CONDSI’KEHHOEe, YCPefAHHUM IPaByi0 M Je-

BYIO YacTH, moxaras, 9ro h (k, 0) crarmcruyecku me 3aBmcur ot ¢ (k, ¢),B pe-
3yJbTaTe HOJYYUM

Tij (k? H07 t) = Tii (k, HO’ 0) e “'m"t L
4 (KHL) - HoH ot — (KH) [k + Holid} < (L5)

ti
(exp [— 2vbot + vl (11 + 11 (|t — ta)) Ayt
00

[ns Boiumcienms wmHTerpaja B IpaBo# wact:m (1.5) coelaeMm eme omHO
¢ypre-upeobpasosauue f (k, t) m0 BpeMeHH
~+o0
fk, t) = S dot] (k, 0) do (1.6)

Hamnee

(exp [— 2vmt 4 vioh (12 + 1)1 (b, [ 12— ta]) dirdlty =
00

= (14 &™)\ T do — (1.7)

“+oo .
—2¢7mt AU N do
J v’k* + @2

2. BBugy Toro 4To HavalbHOE IOJe CYUTAETCA HEKOPPEIMPOBAHHBIM CO
CKOPOCTAMH, HMeeT CMHICI paccMmarpuBarh (1.5) mpm ¢ > v, rme T — BpeMsa
KOppeJAnuA, T.e. BPeMsS B TeUeHHe KOTOPOTO CHCTeMa YCIeBaeT «3a0HITH)
HavaJdbHEE ycroBusa. Tark kak R, >> 1, equHCTBeHHEIM IapaMeTpoM, oIpese-
asgmuM T, 6yaeT BpeMsA KOPPeasAnud B k-IPOCTPAHCTBe WIHW BPeM:A B3aUMO-
meitcTBUs POHOHOB. ITO T Bo3bMeM u3 pabGorsr [3]

c

E (k) = Av*\-":k~"ls (A=1)
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3necy E (k) — cHeKTp MOIMHOCTH aKyCTHYeCKHX KojeGaHHA, A — BHem-
Hu# MacmTab, v — CpPegHUN KBafpaT aMILIHTYAH; upu k > 1/A cuekTpansuas
o0acTs cooTBeTCTBYyeT mHepnumaabHoi. MMenno B aroit obmactu E (k) mmeer
Buy (1.8), mpu k < 1/A E (k) — 0.

Paccmorpum crHagana (1.7) B To# o6xacTé BOJTHOBOTO IIPOCTPAHCTBA, IME
BHIIOJHSAETCS COOTHOIIEHHE

C gpyroit cropoHs, nyctb k£ > 1/A (6ymeM mHTepecOBaThCH MHEPIHAIBHON
momo6aacTeio). Jlaa cymecTBoBaHHA HHTepecylomeidl obmactm 1/A < k <k,
IOJI3KHO BHIIONHATHCS HEPABEHCTBO

MR, >1 (1.10)

Paccmorpum Temeps (1.7). 3amerum, uro mpm £ S> T

—00
Tenmeps MokHO cocTaBuTh ypaBHeHme fuas I';;
“+ o

T BTy = vk (k, W) (| TR do (141)
CSij == ;.;uw + HoiHojkz -—_ (kHo) [Hoik]' + Hojki]
Ilpu 1 — oo
(1.42)

-_—00

Jna npubamxennoro seauciaenus (1.12) (rounoe smauenwme J (k, o) He-
U3BECTHO) 3aMEeTHM, 9TO

~ " § (@)

Vit I @2

Hpowme Toro, J (k, ®) umeer peskuil Mmaxkcumym upu o = -+ ck. IIpemcra-
BuM noaromy J (k, ®) caemyromum oGpasom:

J(ky, ©) = J (% O)e(ck — o) e(ck + o) + Yuof (k, 0)[8 (0 + ck) +
+ 6 (0 — ck)] (1.13)

rae e (¢r) — equHMYHAA cryneHuaTasg OQyHmusa: e (z) — 1 mpm z >0 u
e (z) = 0 mpu z << 0. Teneps (1.12) BEUUCHsACTCA

-0
( _Jko) , k&0  f(k0) / EWY ..,

—00

J (k, 0) monyueno B [!]

=5 \ P 0 g (1.15)

1.k
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Ecnu E (k) umeer Bun (1.8), Te mpum & > 1/A

TMockoawsry B obmactm 1/A << k <<k,

aJ (k, 0 k, O
>

CTaIIPIOHapHBIﬁ C]IeKTpaJIBHLIﬁ TEH30p [ ;; IMeeT BHUJ
T‘J- = 1/351"]"\’"1-1010—3}\4—1]‘7—7 ('1.'1 7)

W3 serpaskennit (1.17) u (1.11) BugHO, 9TO CHEKTP CYINECTBEHHO aHH30TPO-
neH. Caex TeH30pa

6y = H3k? — (Hok)z

Nurerpupysa T;; mo TeldecHOMY YINIy W yMHO:Kas Ha k%, mojiydaeM CIEKTD
MOIHOCTA MAaTHUTHBIX IYJIbCATAN

F (k) =3,A%H j*mov " ote 3\ ™3 (1.18)

Orcioma JerKo BEIYUCIUTH SHEPTUI0 MAaTHUTHHIX NIyJbCAaIuit

V8

Tak kax S << 1, 10 h << H,,
3. llycts Temeps

T v

T. €. K> K.. HO k < ¢v,,”'. B 5T0#t 06JacTl BOJIHOBOTO IPOCTPAHCTBA KOPpe-
JAAMAS MEKIY MATrHUTHBEIM HOJEM W II0JIEM CKOPOCTeH yCTaHaBIUBAaeTCS 3a
BpeMA T, = (v,,£*)~1, Tark 9T0 HeoOxommMo paccMarpusarh (1.7) mpm ¢ > T;.
YanrsBag 3T0 00CTOATENBCTBO, HOAyIaeM CTAMMOHAPHEIA CHEKTPANbHEIA TeH-
30D Ti]' n F(k)

3

U, maxonen, upu £k >cv, ' =k,
— =—-H? 55 (1.20)

Iocnenanit cuexrp — cmexrp I'. C. Tommmpraa [2].

Takmm oGpasoM, B PaCCMOTPEHHOM cJydae, Homa R,, <<€ M~3, npencras-
IATCA CIeIYOMAe BO3MOKHOCTH:

10) R, << M, rorna k, << 1/A u wvm k > 1/A ycTraHaBIMBAETCA CIEKTD
(1.20);

2) M <<€ R,, < M, rorna k. > 1/A, vo k. << 1/Ah. CnenoBarenabHo, mpu
1N <<k <<k, pyurmus F (k) coorsercrsyer (1.19), upm k > k, Qyurmus
F (k) coorBercrByer (1.20);

3) M1 << R,, <€ M3, torna k, > =; > 1/A. CnegoBartensro, opz 1/ <<
<<k <<k, ycranaBmmBaercs cmexktp (!.18), mpm &k, <<k <<k, — cmexTp
(1.19), wpm k > k, — cuerrp (1.20).
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O6paruM BHEMaHHWe Ha clefgyiomee o0cToATenbcTBo: cmekTpH (1.19) m
(1.20) 6ymyr cymecTBoBaTh jjaske B TOM CJIydae, eCJIH MEKIY aKyCTHYECKUMM
KoJie0aHHSIME HET B3aWMOJEWCTBUS — OHHM NPEACTaBIAIT coGoit Habop ciay-
gaiiubix mymoB. IIpum srom Beipaskenme (1.19) o6ycioBieno «cieykeHmeM» Mar-
HUTHOTO TIOJIA 3a KoJeGaHUAME, KOTOPOe [eHCTBATEIHHO HMEET MECTO, TaK KaK
B 9TOH CHEKTPaJbHO# 00JacTH Hepuon KoJeGaHHU 3HAYUTEIHHO MEHBINE, YeM
BpeMs BaTyXaHHUsA HoJs, a Beipaskenue (1.20) mpexcrasister coGoit ¢aykrya-
uu, TeHeparus KOTOPHX (00yCIOBIeHHAsT CKOPOCTSAME) KOMIEHCHUDYeTCs
saryxanueM. Toabko aumb cuexrp (1.18) BosHWKaeT mpu HAJIWMYUE B3aWMO-
meHcTBUA MeKAY KojebaHmAME (T. . IO CYINEeCTBY TYypOYIeHTHOCTH) U IaCTHII,
3a KOTOPBIMHU «CJEQUT» MaTHUTHOE IoJe.

2. Coerrp ¢aykryaunmii ckaiaApHoii npumec:m. B namHO# 3amade Gymem
HCXOIUTh U3 ypaBHEHUS

%ft— 4+ div vf = pAf (2.1)

3meck f — IJIOTHOCTH CKAJIAPHOH mpuMecu (HaIpUMep, TeMIeparypa);
P — K09(pPUIMEHT MOJNEKYJIAPHOH TeMIepaTypompPOBOMHOCTH (€CIH TeMIIe-
parypa) WiIu aHAJOTUYHHIH Ko3pduuueHT mepeHoca. Poab R,, B 3Toii Teopun
urpaer uucio Ilekae P. Bymem moaarars, aro P =1, mHo

Sy = M3P << 1 (2.2)
Ycaosue (2.2) He06X0AUMO I TOTO, ITOOB QIYKTyamuy GHLIN MaJIbl

f=1Fe+Ff, fo=const, Sy

(fy — dayxrryanun)
O6ocHoBaHHIe 9TOTO yTBEPKAeHUA OyaeT naHo Huke. [10Jb3yACH MalOCTHIO
fi, yupoctmm (2.1)

I 1 fodivy = pdf, (2.3)

uiu B Gypbe-IpeacTaBIeHAN

k(K 0) = — ok (K, £) (2.4)
t
fi(k, t) = f (k, 0) ev¥*t — if k Se—W -t o (k, ¢,) dt, (2.5)
Hamnee, momaras '
ik, 0)f * (K, 1)y = 8(k — k) T (k, ¢) (2.6)

nmoJgydaeM ypaBHEHHe A T, IOJIB3yACH TAKHUM e MEeTO0M, KaK C MAaIrHUTHBIMA
IoJaAMA

L 2uERT (k1) = 2kt ﬂ

—00

md()) (2.7)

IIpu ¢ — oo ycTaHaBIMBaeTCs CTAaNMOHAPHHEIA CIEKTP
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IIpu BeimonHenun yeaosusa MP = 1 ycTaHABIWBAIOTCA TPU yIaCcTKA CIEKT-
pa, Tak ke Kak ¢ MATHUTHHIMHE QIAYRTyanuaMu. PasHuna cocTonT IXIIb B TOM,
4TO CHEKTPaibHAsA ¢QyHRIuA 7 B MaHHOM cJIydae He 3aBHCUT OT YTIa. ITO
€CTECTBEHHO: B JAHHOU 3ajade HeT BEIIEGNCHHOTO HANpaBJeHUA. 3HECH

.3 v oav - —1
Wl — A
o

Ilpun 1/A < k << k, cuerrp momuoctu H (k) momoGen (1.18), mpu k, <<
< k <<k, H (k) mogo6en (1.19), upu k > k, H (k) nogober (1.20).
CpeqHeKBapaTHIHOE 3HAYEHUE IYIBCAIHI

i) ~fo*Su

Wrak, npusegeHHOe BBImE yTBEP)KAeHHE O MAJOCTH NYJIbCALUN NMPU BEI-
moaHeHnn (2.2) o6ocHOBaHO.

B saxarwuenue astop Gaarogapur rpynny P. 3. Carmeesa sa oGcyskpenue
TMOJYUeHHHIX Pe3yIbTaTOB Ha CEMHHApe.

Hocrynmaa 13 IV 1970
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