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OB YCTOMYMBOCTH TLJIA3MBI B KOMBUHMPOBAHHBIX
MATHUTHBIX IOJIAX

E. A. Roean, C. C. Moucees, B. H. Opaescruii
(Hogocubupcs)

B mociiefiHee BpeMs 3HAYATEIHHO IIOBBICHIICA HHTEPEC K CHCTeMaM TOPOUAILHOTO THIIA.
JIJi5 TARMX CHCTEM LePecTaHOBOTHELe HEYCTONIMBOCTI 0OBIYHO MBITAIOTCSA 3aCTa0NIN3N POBATD
IpE TOMOINY KOH(PUTYpAnuii MArHUTHOLO IOJA ¢ MEUHHMYMOM SH™! dI B cpeguem. 1lomo6-
HOTO POJia KOH(QHIYpPALNH ecTeCTBeHHEM 00pasoM IPUBOAAT K 3ajiate , B KOTOPOIl KPUBHU3HA
MarERTHOTO moist 1/R mMeeT BUJ

1/R = (1 + € cos bz)/ <R
(ochb z — B0Ib MATHATHOTO IOJ), T. €, K CHCTeMaM C TaK HABEBAEMOIT «TOYPIPOBKOIL cH-
JIOBHIX IUHWIT MATrHUTHOTO IIOJIA.

ECTeCTBeEHO BO3HMKAET BOIPOC TIPH 06CYKIEeHAN MpeHmMyIecTs PasinIHbX K OHQHry-
panmii: Kakue BEAB HEYCTOHYMBOCTEH XapaKTePHBI [ JAHHOX KOHQUIYpaluW CUIOBBIX
IEEAi MATHETHOTO IOJS U HACKOJNBKO OHHI OMAaCHBI?

B macrosmeii pabore, kar 1 B [1:3], obcysmmaercs pA HEYCTORIMBOCTR, X2 PAKTePHBIX
IS «TOPIPOBAHHBIXY CHCTEM. YUYHTHBAETCA BINSHUE IePEKPEIeHHOCTU CHIOBBIX nuHAR
MATHATHOTO MOJI Ha HEYCTONIMBOCTD.

B ¢cBABH ¢ BOIPOCOM O CTAOHIMBHPYIONMMX CBOMCTBAX CHCTEM C HeNAapallleTbHBIME CHIIO-
BHMI INEUAMI 0COOYI0 BajKHOCTH IpHOOpeTaeT HCCIe0BAHAE YCTONYMBOCTH IIAaSMBL [
gacror romebanmit @ < k, vy; (k, — BOJIHOBOM BEKTOD BIOIb OCH 2z, Uy — TEIIOBasA CKOPOCTH
moBOoB). JI0 TOCIeHETO BPeMeHN B YKABAHHOM [[AIIa30HE FaCTOT ObLIa HaliieHa JUIIH OZHA
HeycroiauBocTs 0 In To/0 In ng > 2 (T (») — Temmeparypa, 7o (x)—II0CTHOCTE HEOTHO-
ponEoit BRONb z mmasMmer) [4].

9T0 00CTOATENBCTBO, 4 TaKMe CYIECTBYIONINe IIPeAIoJIOKeHns (CM., HAIPUMED, [3])
0 crabmamsyiomeM felicteny 3aryxanus Jlapnay Ha MOHAX ABIANINCH 06HAIeKABAIOTIAMNI
B CMEICJIe YCTOMYMBOCTH IINIa8MBl HA KOPOTKHUX UPOROJIBHEIX JIMHAX BOJH.

OnEako 37ech OyjeT MOKABAHO, UTO A 9acTOT @ < k, vy CYMECTBYeT, HEYCTOHYNBOCTH
Z0CTATOYHO YHWBEPCAIBHOTO THIA, PASBUBAIOIIASCA HA KOPOTKUX [JINHAX BOJH.

§ 1. PaccmorpuM BimsHme HA YCTOHYMBOCTD NIasMBl HePHOAWYHOCTH
MATHETHOTO TIOJIS BJOJb €T0 HampaBieHus (Tak HABEBaeMBIE (ToPUpPOBAHHEE
CHCTEMBIY) ¥ HePeKpEIleHHOCTH CHJIOBHIX JIMHUE MArHUTHOTO IIOJA /A CIy-
wag, KOTJA BO3MYIIEHUS MOJKHO CUMTaTh HoTeHNuanbHBME (rot £ = 0).

Bri6upaem Boamymerue B Buje f (2, z) exp (iof + ikyy), B MarENTOTHPO-
AUEAMPYECKOM NpUOIMKeHNU II0 WOHAM, HOIyYNM YpaBHEHHE

Fo2f . gk % Py NS
dx? _kyf—m(m—mi)—_l_a(ll-—m—mi>6z2— (1.1)
2,9 .1 9 2y’
Oy =——y [i=— 5 —_—

e
3nech Q,, Q; — COOTBETCTBEHHO JIaDMODOBCKHE TaCTOTHL JIEKTPOHOB
U MOHOB, V, — UacTOTa BJEKTPOHHOHHHX COY/apeHUIl, Wy, ©; — BJICKTPOHHAS
U WOHHASA JpeiioBHE YACTOTH, 7, — HEBO3MYIIEHHAS IJIOTHOCTDH IIA3MEL,
¥;; — TEIJIOBasg CKOPOCTD WMOHOB.
Veroperne sQQexTnBHON CHIH TAMKECTH, HANIPABIGHHOE M3 IITA3MH, B
madbHeiimeM GyaeM cumTaTh NePHOANYeCKH MEHSOMUMCH BIOIH MAarHUTHOTO
TOJIsT, TaK 9T0 .

21
il 1 1 1
o=l hecend), (o= 5701(52))

\

rpe R <Ry — noxanbRas U CpefiHsAsA KPUBUBHBL CUIOBEIX IHBI MATHUTHOTO
moJA.
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Cumras xospdummentsi (1.1) Megmenmo MeHARIMuUMECH QYHKOUAMI &
(nonepetmaﬂ Koopaumaara), OyjeM HCKarh pellenye 9T0r0 yPaBHEHUs B Buje

f = X (2) Z (2). [lonygum cmcreMy ¢ HOCTOSHHON pasmeneHums x>
o®
X0 (ko Ry Lo i k222x2>X=0 (1.2)
(1) k 2 k
2 (1 Smyﬁfz;’ cosbz) 2 =0 (1.3)
8 8

B ypaBuenusix (1.2), (1.3) yuren sdderr meperpelieEHOCTH CHIOBHIX JIH-
HUAII W3 yCJIOBUA

ky,= ke, -+ Zakye,, =l fdz

3mech k) — BONHOBOIl BEKTOD B/ OJbH HANPABICHUSA MarHUTHOTO IO, €, —
€, — OPTHL IO COOTBETCTBYIONIUM OCHM.

OrMeTnM, 9TO, MCIOAB3YsA BAPHMANMOHHHIT mMoxXof K ypaBHeHmio (1.1),
MOKHO CPa3y CBECTH 3a7ady K O/JHOMY YpaBHEHHIO BIOJIb Z, HPaBUIBHO BEI-
6paB BosMmymeHue BAoab z. HeiicrBurennno, (1.1) Mosker OHTH HOIYYEHO
BapPbUPOBAHUEM KBaAPATHIHON (OPMEL

00 "
M= L[ Top—i 20 vop— En vopfar @
BBogs I0KaIH30BaHHOE BIOND % BOSMYIIeHHe B Bmie ~ exp(—1!/,2%/62),
HOJTy IuM ;
M= a({Z0 —kchz—i“””(l) [T 0%, + 22005 by +
—o0
oD \2 gk
+ (5 >J+BE)<OT> (kyzcb)z} ds (1.5)
o) =0 — w;, 0= 0 —0;— 0,
Bappupys (1.5) mo § w @, momydusm BHIpayKeRus
52 . oW i
= (* ooy | 4

92D [_. oo® (

X242 gk
e — e R R i ksz ®=0 (1.7)
S i

Herpynmo Bumers, uro coormomenus (1.6) m (1.7) ¢ ygerom Toro, 4ToO
-1 — (R (1 4 & cos2z), Buoane skBuBamenTrsl (1.2) u (1.3).

O6macTh § cymecTBeHHO CBs3aHa ¢ HaamIneM X = dO/dz.

O6GparuM BEHUMaHme Ha caefyomee obcrosirenncrBo. Hax Bugmo ms (1.5),
opr ®; = ©®, = 0 ofmacrb coorTBeTCTByeT pasMepy 00IacTH IOXaJm3alni,
gaiimennoit B [°] m3 amammsa ypaBHeHEWS UETBEPTOTO MOPSAKA HJIAd HEIOTeH-
OHATBHEX BO3MYIIEHHH, 9TC B JAHHOM CJIydae He SBIAETCA HEOOXOJUMBIM.
Ilpuawra 5T0r0 3aKIAI0TACTCA B CIELYIOMIEM.

Oas ypasmenus oV — u,p”’ + u,¢ = 0, Kak msBecTHO (CM., HAIpHUMED,
[’l), Ha cileKTp COOCTBEHHHIX BSHAYEHMU /I ACHMOTOTHYECKUX pelIeHmi
— exp (4= S‘(u.z/a)‘h) BTOpas mapa pelleHuii OKasbiBaer ciaaboe BIUAHNE.

Paccmorpennsie B [°] pemenmsa Kak pas m cOOTBETCTBYIOT YKa3aHHEIM pe-
MIEHIAM IS HOTeHIMAJIbHHX BO3MYIMEHuil (mo KpaiiHeil Mepe, JiId TaK Ha3h-
BaeMoil «rpaBUTAIMOHHONY MOJEI).

Bepremcsa & mccaegoBanuo ypasmernuii (1.2) m (1.3). llepsoe m3 HuX sB-
ngerca ypasHenumeM tuma ypasmenus Illpepmmrepa, Bropoe — Matbe.
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CoGerBenmnie smadenms ypasmenua (1.2) ompenexAioTcss COOTHOMCHMEM

k, 2gk, _o0@\"
L= (2n+1) (—zm) k2 (n=0,1,2,...) (1.8)

oo

_kyz_%2+

Vpasmenne (1.3) mpefcraBuM B Buje
Z" +(@a—2qcos 22) Z=20
20000V 4ek, 2gk
a__:ié_%mo?g) ' g=t 2yg<2(; (1.9)
0.0 b o0
Torga ycIoBUe TEPHOLHIHOCTH PeIIeHUI (1.3) pasn ¢ < 1 mMommHO mHpen-
crasuTrh B Bume [°]
. w2ooV 22 ek 2gky \ 2
Z%muzm :bm_z 21 2( Y (2)0> (1.10)
00 2 (m*—1)0b 0.0

Coormomenus (1.8) m (1.10) gepes %* ompejeaAoT AUCHEPCHOHHOE ypaAB-
merme s (1.2) m (1.3) (m = 0, 1, 2...).

Mz (1.8) BHmHO, 9TO €CJW OCHOBHBIM HIEHOM B gesoit wactn Oyner k2,
T0 (UHWTHBIC pEMICHHSA OTCYTCTBYIOT. 3[eCh TPEANONLOKEno, €T0 OCHOBHOM
BKJa] B IEPEMEHHYI0 9acTh (IOTEHIHANA» YPABHEHUA (1.2) BHoCHT UIeH,
CBABAHHBIN ¢ 2.

910 ypaBHEHUE OIHMCHIBAET MOJIBI KomeGannii, pasBuUBAIONIMECS HA [pei-
(GoBHX BONHAX IPH HAJIWYUN JMCCUTIATHBHBIX darropoB (TaK HasBIBaeMas
«rpeiidoBopimecunaTHBHAAY MOfid) M TPABUTANUOHHONO TOTCHIVHALA (rpaBm-
Ta@OHHAs JNCCUIATHBHAA MoJa). SaMedvaHme, CJleJaHHOE BBHIIE, 00BSICHSIET
yesaoBue He(UHUTHOCTH «rpeiidoBOAUCCHTATHBHOIY MOJIBL.

Jlnsa mysneBoil TADMOHHKU PeIICHHS (1.10) (m = 0) m g > 1 nmcmepcuon-
HOe ypaBHeHHE

(2) \ Y2
1 4 £ +(if°_8°’—) k=0 (1.11)

oo™ oot

He mMeeT QUHNTHHIX pelmeHuii. 37iech y9YIeHo, 4TO CpPeAHAA KPUBUSHA uMeer
3HAK YCTOMYMBON KOHQUIYpATWU.

MunuTHEE peNeHus CYMecTBYIOT TOIbKO [T | gko /| @M | > 1, ar0 COOTBET-
creyer ¢ > 1. B arom cayuae (¢ > 1) ¢ TOYHOCTBIO /[0 YIEHOB ~ q'> muc-
HepCHOHHOEe ypaBHeHWEe WMeeT BHUJ|

(1) (1) 1y
. OO - 2 . OO . gko (e —1)
—_——— 1l —1 L =0 1.12
0,0® k, ( @smm) i 0,0® (1.12)
nin
9 1
142 (_ ;00PNR ghe—1) _ g
lcy ool wo®

Ecmn npenebpeus 1 mo cpasmenmio ¢ gk, (e — 1)/ ®o®, To mpu yCIOBAK
0; ~ 0, ~ 0 moxyIum

.('Os

T (gko) (e =12 By 77

a7 [___—E?}
9TO COOTBETCTBYET ANePHOAMICCKONl HeyCTONIMBOCTH G [AHHBIM HHKDE MEH-

TOM U COBTAZIAET ¢ pesyiabraroM, moxydenmsim B [H].
VIEKpeMeHT 5TOli HEYCTOHIMBOCTH COOTBETCTBYET TPaBATALMOHHON JUC-
CHTATHBHON MOje, HO BHAYATENILHO MEHBIIe, WeM B OTCYTCTBHEe IIPOAOIDL-

HOI ToppPHPOBKM.
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§ 2. Bonpoc o cralmamsmpyomux CBOWCTBAX TOPPUPOBAHHEIX CHCTEM
npuobperaer 0co0yI0 BajKHOCTH B CBSASH C T€M, 4TO CHCTEMEl C TePEKpemeH-
HBIME CHJIOBBIME JIWHUAMYU MATHHTHOTO IIOJS, IIO-BUAUMOMY, Maoa(dexTnB-
HE. Poxp sroro (arrTopa (aKTHIECKH CBOAWTICS K TOMY, 4T0 BO3MYMEHWA
¢ MaJHMIK %, BechMa JIOKaJlN30BaHL B HONEPETIHOM HANPABICHHAN, 9YT0 YMeHb-
maer aEoManbHyI0 Auddysmio (cM. [?]). Ogmaro ocraercs Bompoc o6 ycroii-
YEBOCTH IJIA3MBI HA BOBMYMEHHAX k, > ® / vy;.

IToxkasxem, 4T0 Ha TAaKUX BOBMYMEHNAX B 0ECCTONKHOBHUTENBHOM PeRI-
Me CyIecTByeT HeYCTOHIWMBOCTH. SamUOIeM IOAydeHHBIe B [4] masa BHCOKO-
TeMIeparypHoOil MIa3Mbl TUCIePCHOHHOE YPABHOHNE B BHIE

1 00 (22) )+ S (12 ) Ty uio—0d =0 @
To (n) = € 1o (), nezkyre, ;= kyr;

3necy I, (n) — dymrnua DBeccems wmummoro aprymemra, W (z) — $yHk-
nua Hpamma. Boszpvem acuMnroTury QyHKIIL

<17 W(kcz ) Lpn w<kzvti

<t

Fo (M;) wpn ki1, T'o(Me) mpm k,r,

B pesyabrare momyumm cieyioiiee ypaBHEHHE:

2+‘V”(m )<1+2ZV3"5 > V;k—r";m—

u3 Koroporo HaxogmM Imo~Reow~Fkuv,?k,r;}fo;,. U3 npexmosomenus
o/ k,v; < 1 ycmosue cymecTBoBaHNA pelleHHA uMeer BUT k, << k.
Pacemorpum puddysuio, pasBuBaiomyocs Ha [AHHOW HEYCTOWYHBOCTH,

Honssysch ¢opmymoit ama wospdummenra mupdysum D ~ Imorl u yun-
TEIBAsI, 9TO B JAHHOM CJIy9ae Ay~ 7' (7, — JAPMOPOBCKEIT PagAyCc DHICKT-
pomoB), monyanMm D ~ riv, / r (r — momepeuHEr pasMep CHCTEMEL).

Hax BupeO, K0o3dduIueHT CYIECTBEHHO MeHBINe Koapdurmumenra muddy-
sum Boma, OZHAKO B BEICOKOTEMIEPATYPHOM pERUME MOKET NPHUBOLHUTE K
OMACHBIM TIOTEPSIM YACTHII.

Baaromapum A. A. TameeBa 3a meHHBIE TUCKYCCHH.

TTocrynmma 12 1T 1966
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