NMT®, No 4, 1965

CIABAA TYPBYJEHTHOCTb B CPEJAX C PACIIAJITHBIM CIIEKTPOM

B. E. 3axapos
(Hosocubu pck)

Teopus cnaboil TypOymeHTHOCTH NIas3Mbl McCiefoBalach BO MHOTHX paborax [175],
Bruto ycraHOBIEHO, 4TO €126yl TYypOYIEHTHOCTHE MOMKHO ONHCHBATH IIPH IOMOIM KITHE-
THYEeCKNX YPaBHeHNH 1nA BONH. IIpH 9T0M CTOTKHOBHTENBHE YieH B KHHETHIECKOM. yPaB-
HEHUY eCcTh CyMMa /IBYX CYINEeCTBEHHO DPasiMYHEIX cjlaraeMbiX. IlepBoe mM3 HUX MMeeT Xa-
PaKTep HEIWHEHMHOTO 3aTyXaHWA BOJH U OTIXMIHO OT HYJIA B TeX CJIyd4adaX, KOTHa CYLIecT-
BEHHO B3aNMOJeHCTBIE MEKIY BOJHAMH W dacTunaMu. OHO MMeeT CPAaBHUTEILHO MPOCTYIO
MaTeMaTHIeCKYI0 NPHPOLY T MOMKeT OHTH NPOAHATHBUPOBAHO.

Bropoe craraeMoe ecTb COOCTBEHHO CTONKHOBUTEILHHIN 4JEH, OHO CYINECTBEHHO 3a-
BHCHUT OT BHfIa CIIEKTPa B CpPele M ONMCHBaeT O0OMEH DHEPTHEH MEKIY PasiVMdHEBEIME TPYII-
namn BoaH. Corydail, KOIZla ITaBHYI POJb WTPAaeT 8TO BTOPOE ClaraeMoe B CTOIKHOBH-
TeJIHHOM WieHe, H0ITH He n3yden. Hacrosman paGoTa mocBAlleHa M3Y4CHUIO HTOTO CIydas.

AHanu3 MPOBOAUTCH HA IPOCTOH MB0TPOMHON MOJEN: Cpefbl ¢ 3aKOHOM JMCIIepCHH,
GIMBKUM K IWHENHOMY, HO C IIOJOKHTENBHOW BTOPOH MPOM3BONHON — OyleM Has3HBaTh
TaKO# CIIEKTDP pacHafHBIM. JTa MOJeNh CYLIECTBEHHO OJMKe K PeaJbHOCTH, 9eM MOJIelb,
paccMoTpenHas B paboTe [8]. PeayunwTaTsl, mMOIyICHHEIC U3 ITOM MOMeNH, MMEIOT, II0-BI-
JUMOMY, JOBOJBHO OGMUH XapaKTep M BEIPa’KalOT CYUIECTBEHHEIE 3aKOHOMEPHOCTH ciaaboii
TypOYJIEHTHOCTH B CPefaX € PACHaJHBIM CHEKTPOM.

OcHOBHOH pe3yapTaT paboTH CHeAYIOIuN: KpoMe pelmenus Pajisit — J[umca, cy-
mecTBYeT APyroe pellleHKe, o0pallaloliee B HYTH CTOTKHOBHUTEJNBHHH WieH. DTO pelleHme
COOTBETCTBYET CYIIECTBEHHO HEPABHOBECHOMY HPOIECCY W MOKET OCYUIeCTBIATHCA B Peajib-
HBEIX 3a/[adaX, INe BCeIAa eCTh MCTOYHWKY BOJH WM NePeHOCHHEE WICHH, UTpaloliue Ty e
pOJIb, TOJIBKO B CIAyYasaX, KOTAA B Cpefe MMeeTCsa 3aTyXaHUe BONH ¢ Ko3(YPUIUEHTOM, [0-
craTodHo OBICTPO pactymuM B ob6macts Gompmux k. ITpm sToM ocymecTBiseTca Kak Obl
VHUBEPCATHHBIA XapaKTep HEPABHOBECHOIO IIPOIecca.

Ob6osrauenus
k — BOJNHOBOM BeKTOD; & — Iapamerp, XapaKTepHU3yOIuH
( — JacToTra BOJH; IHCIepCHIo;
Vipyr — MATDUYHBIA 3IIEMEHT, ONHCHBaA- ) — IIOTHOCTh HCTOYHMKOB BOJH;
O B3aUMOMENCTBHE BOJH; I'(s) — raMMa-QyHRIWS;
u — MeHHAa5H, OIMCHIBAIO cpe- .
g‘;}?e emnas, mas cpe ko — rpammma o6GxacTH HeyCcTONYH-
?
@. — KOMIIJIEKCHAaA aMIJINTyJa BOJH; BOCTH;
o .
— IJIOTHOCTH BOJH B k-TIpocTpaH- VA" — HeKpeMeHT 3aTyXaHNs;
cTBe; k) — rpaEnua o6iacT nMpo3pavHOCTH;
N, — TIIOTHOCTH BOJH B CepmiecKol V — HHKpPEMeHT HeyCTONYNBOCTU.
HOPMUPOBKeE;

PaccmarpuBarpoTrcss BOJHB B cpefle, ONUCHIBAEMOH CKaIApHON QyHKIumeir
KOOPAMHAT W BpeMeHH U. JTa BeIHYUHA IONYUHSAETCH YyPABHEHUIO

— — (A —eAA) u = Au? (e>0) (A —omeparop Jlammaca) (1)

Cosepmum mpeoGpazoBarume Dypre mo KoopamHaTam
0%uy 2 3 ' 2 2 4
o oy =k Suk'uk_krdk (02 = k2 }- ek?) (2)
HepeﬁﬂeM K HOBBIM HOe€peMEeHHBIM,— KOMIIJIEKCHBIM aMIJINTyJaM BOJH,
Uy - fuy
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Hnss sTux BedudwH IolydaeM ypaBHEHHE

ax + woxax = — i g Viaew (@ e-xr + 2a0™ ax" g1 +
+ ak’*ak"*6k+k'+k"> dk,dk" (3)
1 7 K22k \'/e
View = RN (4)

Bynem paccmarpuBarh caydaii k <€ 1/ V e. IIpu 9TOM MOKHO MONOMUTH
1 ’ " 1
ka’k”zﬁ(lkl || [ [)% (o)

Ilna monydeHns KMHETHYECKOro ypaBHEHUs K yPaBHEHHIO (3) Hy)KHO IIpH-
MeHHTh TEOPHUI0 BO3MYINeHWil. BeiscuuM kpurepuit ee mpumeHuMmoctu. s
BTOTO COBEPIINM 3aMEHY IIePEeMEeHHOIl

ax = cx exp (— 1oxl)

6Ck . ( V . 8 dk’dk”

— = — i \ Vg [ewexr exp (it (0 — o — 0xr)) Ox-w—x» +

Brbepem ¢° = ¢dx_x,. Torga

2Ko, Ko, Ko
ex® = ¢10k-ax ¢ =
" Dgg, — Vg, 4e | ko |72
YcnoBue NpPUMEHHMOCTH TEOPHUH BO3MYINEHHII ecTh
nmn ny << 16e2k® pua ny = | ek |? (6)

Veaosue (6) mokaswiBaer, 4To UeM MEHBIIC OTKJIOHAEGTCA CIEKTDP BOJH
OT JUHEHHOT0, TeM MeHbIIe MIOIYCTHMad AaMINIATyfa BOJH, NPU KOTOPOW
MOYKHO IIOJIb30BAaThCA TEOPHUEH BO3MYINEHWII ¥ KHHETHIECKHM YPABHEHHEM.
9T0 CBABAHO C TEM, YTO IPH CIEKTPaX, ONU3KUX K JIUHEHHBIM, GOJBIIYIO
POJIb MOTYT HI'PaTh PE30HAHCHHE B3aMMOAEHCTBHA MEKIy BOJHAMU, He HpPU-
BofAImuUe K XaoTwsanuu ¢as.

Kunernueckoe ypaBHeHme mjia paccMaTpuBaeMoil 3afaud HUMeeT BU[,

on IQ
Ko 2monk = i\ (k| [K | K" ) { Okt -kOw o —apr (Mt — 2nienye) 4
(nienir -+ nhier — nnge) } dk’dk” (7

Bymem wuckare cepuueckm cuMMeTpuUdHBIE pPENIEHWS 3TOT0 ypaBHEHUA,
Bsegem noBylo Bemuwdumy Nj = k?ny. Vmeem mocie ycpemHeHus mo yriam
K

ON,
2 21Ny = 2mést (N, N) = 2t {SNk'Nk_k'dk’ —
k [e) 4N k 0 8N oo
— 4N, g Nydk' 42 S NiNyedh! — g 2Nl — T’fg kN xdk}
0 0 0 k
Ilpu ycpemmeHmn moiaraeM HpUOIIKEHHO @y = |k |. B aTux ypaBHenusax

29Ny — dopMaNbHO BBefleHHAS ILIOTHOCTH HMCTOYHHWKOB BOJH.

HNcenenyem cBoiictBa omepatopa st (N, N). flcuo, 4ro oH ompepmeneH Ha
QYHRIUAX, yORBAOIUX Ipu k — oo Geictpee, ueM 1 / k2. Ha mepssiit B3raan
RajKeTcsa, 4TO 3TH QYHKOuUW OyAYT HAaBaTh pacXoOmuMMOCTh Ha Mamxblx k. Ogx-
HAKO 3T0 He Tak. JleiicTBUTebHO, BCe pACXOMAMUECH HA MAJHX K UYJeHBI
IPpYyHOUPYIOTCA B HHTErpal

ok 02N, \
2 S Nie (Nt — 2Ny + Niyrr) dI/ (k2
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Has Mmaneix &k UORBIHTerpadbHOEe BHIPAKeHWe WHMeeT BHJ, VKA3AHHEIH
B CKOOKAax, T. €. PACXOAMMOCTH COKpPamAloTCA Ha [Ba HOPATKA.

Urar, o6macreio ompememenus omeparopa st (N, N) Oymyr ¢yHkmunm,
yOuBatonue mpu k — oo Geictpee 1 / k* w pacrymme upu k — O MepmieHHee,
gem 1/ k3. @opmanbHo ypaBHemmio st (V, N) = 0 ymomiersopseT pelieHIe

Ny =T (T = const) (8)

JTo pemmeHme ecTh pacnpepmeideHne Paaes — [[munca. OpHako Taknme
pellleHNsI He BXOAAT B 00JAcTh ONpefeJeHUsA OMepaTopa, W JINHEAPH30BAThH
Ha ¢oHe STUX pemeHuilt Heab3sa. DusnuecKku 3TO 03HAYAET, YTO IPH PACCMOT-
pPeHNHN TAKNX peIleHWi HeoGXOAMMO YYUTHBATL KBAHTOBHE IIOIPABKIH.

Opmaxo ypasmeHme st (N, N) = 0 wumeer apyrue pelneHus, TpuHATIe-
JKame 00JACTM OLpeflelieHWs omepaTtopa. DymeM HCKaTh pellienme B BHIE

Ty (2<s<3)
Tornma
2
st (N, Ny= 22 F(s) (L =const)
3nech
_T2(l—s) 4 I'(1—s)T (25 —1) 8 4

F(s) _F(Z—Zs)_—l—s—l_z T (5) —5—z T3= O

UccnenoBanue moxaswBaer, 4ro F (3) = 4 oo, F (2) = — oco. 910 3Ha-

qur, aro GyHKoua F (s) moiakHa mMeTH HYab B mHTepBame 2 < s < 3.
Beraucienue mokaseiBaer, uro Hymem F (s) aBaser a s = 2.5. Urax,
ypaBuenune st (N, N) = 0 umeer pemrenue

Ny = Ak (10)

Paccmorpum Temepp 3ajady ¢ MCTOYHMKAMHI BOJH M BBIACHUM, B KaKHX
YCIOBUAX MOKET OCYMIeCTBIATHC pemeHue, Oauskoe k pemenuio (10)

293Ny = 2nt st (IV, N) (11)
OOBYHO K 3TOMY YypaBHSHHIO HOpPHUMEHSeTCA OIleHKa
N ~ y [ atk, (12)

3mech 7§ -— XapaKTepHOe B3Ha4YeHHe WHKpeMeHTa, a K, — XapakTepHEIH
pasMep B k-IpOCTpPAaHCTBe, HAa KOTOPOM MeHseTcA (GYHKIUA 7.

OngHaxo »Ta OMEHKA TOJWTCS TOJBKO B TOM clydae, KOTZa o0JacTdH He-
YCTOMUMBOCTY M 3aTyXaHWs He pasfeleHH o6iacThio mpospagHoctu. Peambmo
game BCero OCYMIeCTBISIOTCA TPOTUBOIMOMOKHBI caydaii. I[loxkaskem, d9To
KaK pas B 3TOM CJIyYae MOJKHO BOCIOIL30BaTLCd pelneHmeM Ttuma (10).

3aMeTHM cHadajla, 9TO ecinm YMHO;KuTh ypasuenuwe (10) ma k& um mpowmH-
TErpUpPOBATh OT HYJd K0 OGECKOHeYHOCTH, TO TpaBas dacTh ypaBHeHuma (11)

obpaturcsa B Hyab. llomyanm
[ee]

\ Friadk = 0 (13)
0
IT0 COOTHOIIEHME BHIpPa)KaeT co60il BaKOH COXpaHeHHA HHEPIUH.
Ilyere Temeps cymecTByeT 00JacTh HEYCTOHUMBOCTH ¢ XapPaKTEPHHM WH-
KPeMeHTOM Vv W XapaKTepHHM pasMepoM k, U, KpoMe BTOT0, CYIIeCTBYeT
3aTyXaHume BHIA
=R (a> 1)
CMBICI »TOTO yCaoBHUs OymeT siceH w3 naiabHelimero. O6oaHauuM Tenephb
pemrenne B 00JaCTH MalbiX 3HaueHuil k uepes My; IV pemieHmne B ocTaldbHOM
obmactn. MDopMaibHO TPOHOMKUB Ny B 00JacTh MAJXHX K, MOKHO 3aImncaTh
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ypasuenme (11) B Buge

k E <3 ...k
- g NyNyedk' — 4Ny \ Nydk' +2 \ NiNyowdh — & & K2Nypdk’
; ; ; b
8N, 2 .
2 W Ndl 2 & (My 4+ Nig) (Vg — 2Ny + Nyor) di’

J

0
4N

ng

K2 (M — Ny) di/

Ilpu k& > k, mociegmme fABa wieHa MOKHO IpeoOpasoBaTh K BuIy

[ 02N, 4N\ J
(A:& k2 (M, — Ny) dk’) (14)
1]
Ecan Y AOCTAaTOYHO MaJio, TO MOKHO HCKaTh pellenne B BUIE
Ny = BE5 | (15)

Torga mepBsie YWieHH ypaBHEHHA MMeIOT HOPsiok h2k~4, a wienn tuma (14)
nMeoT mopsagok ABk™45, m, ciaegoBarenbHOo, mpu GoabmuX & MX BIMAHIEM
Mo;kHO mpenebpeun. Pemmenme tuma (13) 6ymer cupaBefawBO BINIOTH O TeX
k, Rorma KasKjbplil M3 WHTErpajioB, BXOAAIUX B IITOCC-1JIEH, HE CpaBHAETCH
C WIeHOM 3aryXaHmd, T. e. A0 k;, ONpeNeIseMEX COOTHONIGHWEM

1258 ~ Byt pan ko~ ()T (16)

Hpn %k >k, peuienue OBICTpO 3aTyXaer.
Ias onpenenenusi BejauwduHsl B BocmodabsyeMmcs coorHomenmeM (13).
Nmeem
B
vhet g~ vB g Jetsradf; (17)
0

Bce Takme paccy:KIeHHs BepHBI, €CIW TJIABHHU BKJIaJ B HHTErpal, CTo-
gmuit B mpapoit wactu cootHoreHus (17), mawr Goxbimmume k (umade Hempaso-
MepHO TpeHnefpeskeHue BIMsSHNEM o0jacTu Heycroiumsoctu). OTcloga momry-
yaem ¢ > 1/,. M3 ormomenus (17) maxopum

3

N i
v (o — /2)—| a—*/z (18)

a—*/z

B ~x

Bce sT0 BepHO, ecam cymecTByeT 3HAUMTeNbHAas 0GJIacTb MpPO3PAavHOCTH,
T. 6. ecan k; > k, DBwrucnenme k; maer yciaosue

v (o — ta) > tko* (19)
BTO HepaBeHCTBO MOMKEeT 6BIT13 yﬂOBJIeTBOpeHO HpI/I JA0CTATOYHO MaJOM 'y

Cpasuenue dopmyn (18) m (12) moxaseiBaer, YTO OIEHKMU pelleHUil B 3TUX
BYX MpefeNbHHX CIYyYasgX CYMIECTBEHHO pa3INTHEL.

3 Bcero u3I0KeHHOTO BHIIe BUAHO, 4TO pelllenue tuna (10) MOMKeT OCYIIECTBIATHCA
NpU HAJUINA ABYX YCIOBHH — IMHPOKOH 00JAaCTH HPO3PATHOCTH U JOCTATOYHO OBICTPO
pacrymero Kospduimenta saryXxamus. Ilocaemmee TpeGoBaHme ecTh TpeGOBaHWE CYIIECT-
BeHHOI HepaBHOBecHOCTH 3amadu. [Ipm sTux ycaoBUAX pellleHne B 06acTd MPO3PavHOCTH
MMeeT YHUBEPCAJbHEIN BUA. AHAJOTHYHOE fABJIEHWE MPOMCXOAUT B OOBIYHOH TypOyaeHT-
HOCTH, T7le B 00JacTH IIPO3PAYHOCTH YCTaHABIMBAETCA KOJMOTOPOBCKHUI cmeKTp. OmHAKO
MeXaHN3Mbl YCTAaHOBJEGHUA YHIBEPCAJIbHOTO pelleHWs B 9TUX BYX CAYyYasgX CYIIeCTBEHHO
pasnuunbl, VMenno, B caydae oOBYHON TYpOYIEHTHOCTH SKUTKOCTU B3aMMOEHCTBYIOT
MeKIy co60il MacmTal0bl OJJHOTO MOPAAKA, TAK YTO MOKHO BBECTH MOHATHE MOTOKA SHEPTUN
M0 CHEKTPY TYypOYJIEHTHOCTH U MOJYYUTH CIEKTP M3 coo0paskeHnil pasMepuocTn. B mallem
JKe caydJae B3alMOJIEMCTBYIOT OHOBpeMenno Bce MaciiTabu. Haliennoe pelenme He MOJKeET
OBITH MOJYYEHO U3 COO0pasKeHnH Pa3MepHOCTH; Boobile TOBOPS, OHO 3aBUCUT OT XapaKTepa
B3aIMOJ[eUCTRUA BOJIH.
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PaccmoTpuM B03MOKHOCTH 0000IMEHNs MOJIYYEHHBIX BHINIE Pe3yJIbTaToB.
B o6mem caygae pacmagHas TypOyJIeHTHOCTb XapakTepusyeTca ABYMs (ak-
TOpPaMHI — CIEKTPOM BOJH Oy ¥ MaTPUYHBEIM 3JIE€MEHTOM Vi, OMHCHIBAIOIIIM
B3auMofeiicTBIe, NPUIEM Oy — IONOKUTEIbHAsA, BHIYKIAA CHU3Y (yHKIUA
u Vigewr — THoNoKuTeNbHAA QYHKIOUA, CUMMETPUYHAS II0 MOCHETHUM IBYM
uHReKcaM. BriGepem

og=[k[*(s>1), Vi = (k| [K]|k"|) (20)
Torma, paccmaTpuBas M30TPOIHBIE pENIEHHS KUHETHYECKOTO ypaBHEHIUSH,
MOKHO IlepefiTH K mepeMeHHOI @ = kS. Ilomyuum

oN ¢
o+ 2aNy = 2nis%ot-1e {S ®P (0 — 0')PNo N o’ —

—_2N, & WP [(© — )P + (0 + )] Noydo' 42 % 0P (0 + 0P NoNopordo' —
0

(]
[es]

—2N(,,S o?[(o + m’)p—(m—m’)p]Nmfdco’} (p:LH) (21)
0

Tak ke KaK W B PACCMOTPEHHOM BHIIE CJIy4ae, CTPYKTypa IIepPBHIX Tpex
HHTETPAJIOB B CTOJIKHOBUTENHHOM WEHe TaKOBa, YTO PACXOJUMOCTH B HYJe
COKpAIIAIOTCS HA JiBa MOpAAKA. BymeM McKaTh pellieHme, 3aHyIAI0OMee CTOIK-
HOBUTEJbHEI u9leH B BHe

Ny, =L | 01

Herpynuo Bumerb, 4T0 MOIyCTHMble 3HA4eHUsS ¢ JiesKaT B HHTepBaJe

2p<g<p+3 (22)

Orcroma cmegyer, ato p < 3. PesynpraT npuMeHeHHS CTOJIKHOBHTEJH-
HOTO WiIeHa K (YHKIUH ¢ ecTh BHIpaKeHUe

WQ(Q)

roe ¢yrnua Q (¢) obpamaercs B 0eCKOHEYHOCTh HAa TPAHUIAX KHTEpBaJIa
(22). OdmeMeHTapHOe WCCIeOBaHME IIOKasBBaeT, 4To mpu ¢ = p + 3 Oec-
KOHEYHOCTh — BCer[a IOJIO}KUTENHHOI0 3HAKA, a IpH ¢ = 2p B3HAK 6EecKo-
HEYHOCTH IIPOTUBOIOJNOKEH BHAKY p. TpeGoBaHme, dYTO0H GECKOHETHOCTHU
3TN OBUIM PAa3HBHIX 3HAKOB, [JOCTATOYHOE [JIs CYMECTBOBAHUA CTEIEHHOIO
pemennus, mpusBopuT K ycaoBmio 0 < p < 3. Orciopa momysaem

s — 2 t<4s—2

Ilpu Takux yciaOBHAX HA { W S ypaBHEHUs paCHafHON TypOyJIeHTHOCTH
oA 3amaun Bupa (20) uwMeoT yHEHBepcalbHOE HEePAaBHOBECHOE pellleHIe.

MoskHO HoJaraTh, 4TO IOJydeHHbIe Pe3yJbTAaThl CHPaBeMJHUBH AJA 0ojee
o0mux wx u Vikkr-

B saxmouenune asrop Gmaromapur P. 3. CarmeeBa 3a o0cysxaenue paGoOTHL.
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