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BesV, Chirikov

Stochastie Vestruetion of ptellarator Magnetio Suxfaces,

Some estimates about the stabilivy of the lines of
force fcr stellarator magnetic field against static perturbations
are given, It is shown that increasimg of the derivative Ju/d' T
( @ is mean rotation speed of the magnetic line at distance &.
from stellarator's axis around the axis) results in increasing of

line stability againat resonance perturbations only up %o a cer-
vain limis, Above that a new so-called stochastic instabiliky
may ocour, If so, the magnetic lines are situated in gquasi~ran-
dom manner and run too quiekly out of separatriss,

Stochastic i1natability can be used %o realize the
so—~called Scornyakov's trap which have inside a certain "turbu-
lent" (in respeot to"motion" of the magnetic lines) or stochas-
tic region surrounded by "laminar" layer of “proper" magnetic
surfaces, Such a atrueture can be achieved by additional reso=-
nance helical winding which period is equal to the revolutiom
period of vhe magnetic lime 1n the stochastic region, une may
expect the suppression of plasma imstabilities in stochastic

region by means of additional damping due to the "diffusion" of
magnetiec lines,
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Uensw HacTosmeld pacoTH ABAANTCA HEKOTOpHE PacuCTH WM, AYUme
CRKA3aTh, OUGHKN ycaoBuit ycroffuMBOCTH ABUECHMA OTZSABHEX 4YacTHN B Mal=
HUTHHX MONAX CTeNApaTOPHOrO THIA.

O6HYHO MOKHO CYATATH, YT0 MAIAMTHHA MOMEHT YaCTHIN COXPAHAETCA C
AOCTATOYHON CTENEHBD TOYHOCTH, TAK, UTO peYs HAeT 00 yCTORYHBOCTH apeit-
hopux TpaexTopuit yaorwnd, OrpasAuwsancs, zanee, o6JacTs® NOCTATOWHO YAA~
nerEoff OT cemapaTpECM, MOXHO NMpeHe(peYs AAA MNOAABAADIETO OCHBLUHCTEE
NpOASTHHX YACTHN OTKAOHeHWEM ApeHdoBHX TPASKTODHA OT CHUIOBHX nuENE mar-
aurgoro noxm /I/. Takmu 00pasoM, HeOOXOZWMO WCCNEZOBATH, K&K 3T0 OOHYHO
¥ HEeNSeTCA, YCTORUMBOCTH CHNOBHX JMHANM, KOTOPHE MOXHO pacCMaTpuBaTh Kak
HCKOTOPYD JUHAMAYECKYD CHCTEMY, a WMEHHO, OCHMANATOP, MOCKONBKY OCHOBHOM
QCOOEHHOCTED CTeNapaTopHHX nojel ABAAESTCHA KOHEWHAR CKOPOCTS BPAWSHMA
(cpeanuit yrox npoxpyuusaHud &Y ) CHNOBHX NMHWA B NAOCKOCTH, NEPHSHANKY-
NApHO! MEPHMTHOMY NOXD.

Sror OcHMANATOP HaxozuTeA HOA AeMcTBEHEM DASAMYAEX BOSMymHEHHA (me-
TOYHOCTH MATOTOBAGHWA, pelcTpoRM, TOPOMAAIABHOCTS B AP.), C MEPUOZCM, PaB-
HEM TEDPUMETPY cTeanapaTopa. lipu aTOM OCHOBHYD OMACHOCTH NPEACTABIANT Pe=
soHaHCH. Laf GophOR C HUMHM BOBMORHW ABa MyTH.

Bo-nepBHx, MOXHO BHOPATEH YaCTOTY &) BJANR OT BCEX DE3OHAHCHHX 3HA-
yeHmi, K&K 3T0 OOHYHO ZeNaeTCA B YCKODHTeNAX SapANCHHHX 4YaCTHI. Jlna »T0=
r'o HEOOGXOZMMO, OAHAKO, YTOOM OCHMANATOD OHN MOUTHA IMBEHHHM, T.8. P00
yaceoTa @) AOCTATONHO cialo 3aBucena OF pazmyca Bpamenus ( & ), Tam
yPO0H BCA HHTEpECYWWsA HAC OGN&CTE CTeANapaTopa HAXOAMNAch BHE DE3ORAH-
coB. Taxue CTENNADATOPHHE NOAR BOSMOKHH (HANpUMEp, ZBYXBAXOAHNA BMHT C
GONBUAM WATOM), HO, NO-BUAMMOMY, HexenaTeAbHH XOTA OH NMOTOMY, YTO NpH
9TOM 3HAYNTENBHO JWMEHBMAETCH pasMep canapntpncuI ;

Jipyroit msBecrEnil cnocof GODECH C PE3OHAMCAME COCTOHT B TOM, YT00M
cZenats OCHMINATOD HelmHeHEsM, T.e, YTOOM 6I'0 YacTOTA 3aBHCHIA OT papey-
ca spamemun (aMmaurys): & = & (x) .

V3 MHOTOYMCHSHHNX paloT NO MCCNeZOBAHNN DPe30HAHCHHX BOIMYmMCHHR B
crexnaparope (cm., mampumep /I,2,6/ MoxeT cosaasaThCA SMEYATASHWE, HTO
ysenuucHUe HemmHelROCTH ( @S dr ) Bcerza BeZeT X MOBHEOHAD yCTORTM-
pocTé. [l0ZOGHNE HAEeXmH CYWSCTBOBANM X HA HAUANBAOH CTAZMM paspalcoOTHd

e

I)3HHHTHH, BIPOYEM, YTO ABYX3aXOZROE® MOJNE C MANHM WArOM A&8T BOAMOXHOCTS
yCTPAEETH NPABANLEEM BHOODOM SHAUEHMA &) (0 ) rauGozee onacEMR UeHTpAIB~

muit pesonamc /I0/ ( cM. mpuMeuamMe Ha cTp. 7 ).
g




CHIBHOPOXYCHPYDUMX yCcROpHTelleil. B zeficTeurensnoc™d, 0AHaKO, AeN0 06CTO-
uT mEave. XoTA HeauHedHOCTH W crTadunmsupyer pesoHamcH ( 38 CY&T BHXOAA
CACTEMM M3 DesOHaHCA NPH U3WEHEHMM AMIIATYAH), OHA NPUBOAMT OXHOBPEMEH-
HO K NMONBIAOHHD HOBHX HeycToltuusocTeid. HamGomees onmacHolf us Hux ABAAETCH,
NO-BHAMMOMY, TAK HA3HWBAGMAA CTOXACTHYECKas Heycroiumsoces /3/. [pr Bo3-
HUKHOBEHUM 3TOR HeYCTOHYMBOCTH IBHXCHHE CTAHOBATCA HODOryIADHHM, KaK OH
[IPOMCXOAANMM noa aclicTBHeM cnyvalmux sosuyucHuid. Hackoasxo HaM MBBECTHO,
NPUMBHHTENBHO K CTEANapaTopy TAKOro poja CTOXacTWYeCKHWe NPOUECCH BIEpBHE
paccmorpenn CarzeeBsM W 3acnasckuM /4/. B macrommeil paGoTe OCHOBHOE BHK-
MAHUE YASJIOHO KPDHTEDHD CTOXACTHYHOCTH, T.8, YCHOBHMAM BOSHUKHOBEHMA CTO~
XaCTHYOCRO! HeycTOHYMBOCTH, & TaKEe HCIONBSOBAHMD 5T0#f HeycTolluuBocTH
InA CO3ZaHWA noBymkn CKOPHAKOBA,

§ 1. OcHOBHHe ypaBHeHUA

B ravecTBe HeBOBMYyuUeHHON cuMCTeMH BHOEepeM NpAMOe BAHTOBOE jg.— 88 -
X0JHOE MATHHTHOE NoJe, CO3ZaBRaeMoe 2 M. NPOBONHUKAMM C TOKOM J B KaxJoM,
HaBUTHME C mAroM 237/ .¢ Ha MOBEPXHUCTS NUAMKAPE pajuyca & . Topouaans-
HOCTH pEaNBHOIr'0 cTeanapaTopa OTHECEM K BOSMYueHusAM. YpaBHeHma "aBumeHusa"
Cu/IOBHX AuHWE npumes B BuUEe /5/:

‘%_ =2sns funb; 8- p-AE s=(3)”

b k/fy —1 : % s J (1I.1)
TE—-SJ«S (ot ufB; ga Ca k.

r'ze H*- HEMPAXEHHOCTH NPOAOABHOTO NonA, Z , ¢2, Z- UMNWHADUYECHHE KOOp-
aunaTH, llna crnpasezmusoct™ (I.1) ReoOxozumo, BooGme rosopa, YToOH ofe
BenMuMEN E£@ , S << [ .0zHaK0 OUGHHM MO NOPAZKY BEIMYMEH, KOTODHE CO-
CTABAANT OCHOBHOEC COAGPRAHME DaGoTH, CyAyT CNpaBeziuBH u B Golee mupoxoft
oGnacTd, QaKTHYECKM Be3Ze 38 MCRINYEHZEM HenocpeactseHBoil oxpecTHOCTH
cenapaTpuc, To Xe 3aMeyaHWe OTHOCUTCH ¥ K ADYIMM CUNBENM He pABEHCTEHAM,
B xayecTBe nepeMeHHON BHOpaHA BeaNunHa S = (3/4_}", KaHOHWIEC Ki
CONpAKGHHAR YTray ‘f’ « B nepsom npuGaumenuu ypassesus (I.l) xawr warsur-

HHe NoBepXHOCTH /5/

M —l

2 .
S = 55'(’ 7 ;(E Se C"‘""g) (1.2) |

& BO BTOpOM - cpejuu#t yrom npoxpyuwsanus /5/:

o C- £ Su/;.-f L- H[%..-@-u)gz]—f- o 2t
oL i S (1.3)
w(s.) = *tC“‘-')(;r) s

8zeck» S, = KOHCTGHTA, XapakTepU3ypmad MATHATHYO NOBEPXHOCTS, C = Yot

o 5'_- 5: ~ 'J::u h &g, s MOCTOAHHANM, 38BHCHANAA OT HAYANBHHX yCHOBMA
npu & = 0, Bupaxemue zns ( S,) npumesiMo npu K >2, vew MH K OI'pPaRHIMM-
CA B AaabHelmeM,

BosHWKHOBEHWE CpOAHOTO yrila NPOKDYYMBAHMA CHJIOBHX JMAMK, KOTODHM
¥ ABAAETCA OCHOBHMM DakTopoM YycTOMUMBOCTH CTeNNApATODHHX nonel, BNOXHe
aHaJIOrWYHO BOSHHKHOBEHUD CeTAaTPOHHHX RoJNeGaHW B yCKOpATENE C NEepPEMOHHHM
PPAZMEHTOM MAM ycTOMuMBOCTH MAATHWKA Kanmmu.

[puMeM, YT0 BOSMYWEHKS (NOCTOMHHWE BO BPEMEHN) OMUCHBANTCH TaKH-
MK Xe ypaBHeHMAMu, uro M oceoBHoe mome (I.I), HO co cBomMMM napameTpaMm
€., R, &, . Creays, nanee, padore /4/, NpeANONOXMM, UTO BOBMYNEHME npe i~
cTaBNAeT co60fl HAOOp KOPOTKMX, HEKODDENHPOBEHHHX M€ codoit "roauxos”,
T.8. NAPaMeTpH £ , M, , of, , NOCTORHEH HA AANHE (AnuHa ROppenAnAun),

yAoBmeTBOpAKMEN HEpaBEHCTBY:

&L << f << CH,«‘,)-.K (1.4)

AEazoruyEad MOCTAHOBKA 3a7auM MMEeT MecTo, HanpuMep, NpU pacueTax yo-
TORYUBOCTH B YCKOpMTENE C XeCTKOM POKYCHPOBKOM.

Benezc TBMe 3aMKEYTOCTM cTeinaparopa apdoe BoaMymesue OyzeT nepuo-
awuno ¢ nepuozod Z, ( mepuMeTp crennaparopa).

PacCMOTDHM BHaYane ofdH oAMHCTBeRHEN "Toayoxr" B Touke X =0, Hs
ypassenutt (1.1) mpu ycnommm (I,4) Haxozum:




4 '10 = & Rk, 5, f and ke, 50 (£.5) Buecro cucremd (I1.7) mHOrga yzoOHO paccMaTpuBaTh TAK HA3WBAC—
noe $a30BOE YpPABHERME:

llepsoe ypaBHEeHHWEe OnpejiendeT CMeueHWe MarduTHOH NOBEpXHOCTH, 3aBUCANEE ol i ol 2 g
—3

0T yraa ?o B MecTe BOSMymerus. [locnezHMI MBMeHAeTCA NOA ZAelcTsueM BO3- W + } A pos $ — 24 g (1.8)

uyuerua ( Bropoe ypaBuewuwe (I.5) ), a TakEe B pesyAbTaTE BPAmMSHUA C

"yacroToi" (D Ha BEAUYURY nLA &> ( sa nmepuop). B pesynrrare seficTBHe

: B a nHa _Qq.- acrora dasosmx KomeGamuid:
pPACCMATDUBAGMOrO BO3MYWSHHMA MOEHO ONWCATH C MOMOHBN CIezywuei cucre- TZO BBOAOHA HONAR BOXRN vacrora ga

MH DaSHOCTHHX ypaBHEHMH: ' dwls) 1.9
SJM- '5-"-" (1+ h, }#}H%" 9‘? 4 Eif
%+l:%#+¢£h‘m(5#+,)+}y&4y# |
2 / 2 o M =1 (I.6)
y,..; A %; / ?.i, = f{ e § 2. CroxacTiveckad HeycTOWYMBOCTS
HanmoMauM KpaTKo OCHOBHHE OCOCEHHOCTH HENMHEHHOI'0 pe30HaHCa,0uNCH=
Szecs A =RoMep 060poTa BOKPYr cremnaparopa, Hopoe "BpeMsa" Hamel AuRaMu- BaeMoro audpeperuuansuumMu ypassenuaun (I.7) nau (1.8). B auneiinoM cuydae
yeckoli cucremu, CyuecTBeHHO, YT0 BO BTOpPO® YpaBHeHHME BXOZMT BO3MYWEHHOE ( &3l 21900 @ s O ) cucrewa (I1.7) onpezenser peaoHaHCHHE (He-
3HaueHde wactorH ( OF S, ., o & He S, ). Ypasuwenua (1.6) ssanwrca ycToliuMBHE) MONOCH WMpPHHOH
OCHOBHHMH B 3T0if paboTe. '
[lpn ompejcAeEHHX YCAOBMAX, KOTOpHe OYAYyT pasolpaHH MOozpo0HO B =4 4 4w = i4 ; (2.1)
cneayoumes naparpade,pasHocTHHe ypaBHeHMA (I1.6) MOryT OHTH 3awMeHEHH XUQ~
ERIORINDERIN 3 2 = llpocras oneska cTaluIM3aLUK pe3oHAHCA HEJIHHE!HDGT‘EH.HEIIHEE!I}H N3
S= & } S fk« 7‘ (I.8), ecnm npexeCpeds B HeM NWHEHHHM unNeHOM ( }l,b ﬁ-- yf Y
» ‘ (I.7) Ypasuenne (I.8) mpuBoz¥T TOrZa K KoneGaumAM dasu BOKpYT ¥=Q mmt T ¢
Y: -4 4; ( &)—- lc),, j + f G 5// yacrorolt ( Mamix xomeGaumit) J ._Q,[ Orcoaa nonygYaeM OUEHKY Ha HenwHel-
HyD paccTpolixy ( pasuep cemapaTpuck) /I2/: e &, (ﬂ-’-uﬂ_j ~ .Q.?. :
' a - 30HAHRCA, WIK
371eCh 4 , =R, 4 J tdf 3 27 i /0‘ é, (m:.-q (:%uy{.(peaoaancnoe ?:T:l;z p:r:) )!-ta cTaCuAN3aLMA AONKHA OGHTH Conbme NMPUHW PE30 ’

3HAYEHHe YaCcTOTH &) 2); TOYIA O3HAYAET AKd(epeHUWpPOBAHKe MO HOBOMY "Bpe-

menn" &, Bcoay B jannHedieM ¢ 03HAYAET NApaMeTpP MArHUTHON NOBEPXHOCTH, ; < ﬂa&é 5&,!_____ 2(&—.&)&4 o) = 4&-(',,__‘!/ M‘Z/(Z 2)
T.€. MH NpeHefperseM MANHMA OTHJIOHeHWAMM eE ot umauxzpa (1.2).

2)P'ta:au:maﬁtt:m BHCLIEI0 MOpAAKA «JQD:"!..-@FH/QA iﬁﬁy/nl tﬁuj' P= |

333:}:11:1;“ cradummsanAM pe30HAHCA B LeHTpe creanaparopa ( f-'t-",u =0 )
/6/ conepkaT AOMONHATENBHO Manull MHUEUTENS Buza [ (£/x ) 5‘:’:."*]?

EMeeT HeCROIbKO WHOU BuA: ;5*’4:0 = 2ahn, #:(4) . 9roT pe-
SO0HGHC Og00eHHO OnaceH, TaK KAK NPUBOAUT K PaspyleHuD 0GnacT# pasmepou

M MOTYT OHTP CyueCTBEHHM JNuub BOAUSM CcelapaTpucH,
% i s "z~ E.l (2n-3) (npu it,= 1), B TO BpeMA Kak AuA_nepneph-
6 JeCKHX peSOHAHCOB (2.2) paswep paspymerHOfl ofmicty AT ~/E, .
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rze JV_C,(J-U - YMCHO 0GOPOTOB CHAOBOH NWHME NpW 00X0AE BOKPYr creirapa-
Topa (YMCAO BPANEHHA).

PaccMOTpMM Teneps Golee AKKypaTHO YCHOBEA, NPH KOTOPHX crpaBen-
IMBa 32MeHa DASHOOTHMX ypaBHeHEM audde pe HIMAJ BHEME. fipemae BCero HYXHO,

42008 (S.urpi = Sw )/ 5. ~ 3 << | , 970 HeOOXOZWNO TBKES M AXA
crpaBeZnMBOCTA BTOPOTO W3 ypaBHEHMH (I.7). Kpowe TOTO HEOOXOAMMO, YT00H

oL, (&J-—-m‘,) ~ Ry << ]/ , Tak Kak B NpOTMBHOM CHyvae

(Y.~ Yol e ualo.

HapymenWe nepBOTO YCHOBUH (Gonpmue S ) He NPWBOZUT K KaKIM=u00
HoBHM 3@PexTaM ¥ MPAKTUYECRH He MPEACTABIACY gonsmoro WHTEpeca, Tagk 4TO
MH Oy7ieM CYMTATH er0 BHIONHEHHHM. CosepueHHO WHAYE OOCTOMT AEAO CO BTO~
piM ycnosueM. YTOoOH BHRCHUTH K YEMY NPUBOAMT €ro Hapymerue, BEDHEMCA K
pasHOCTHHMM ypasHermau (I1.6) W paccMOTPEM JIOKANBHEYD ycroliunBocTh peme-

aus oroll cucrTeMu, mpousseas sauesy S, —~ S, +8,, 3 5/;, ¥+,
B auseiHos npucauzenmr mo O, 17 momyumw:

IS A AR LATE S R )

+l

9= [l (1 2 (G, 5) Bt 3L Go J o™
+[l+£=¢.4m’é S”Q’e’ﬂézkﬁ']ﬁf

XapagTepucTYuECROE YDABHCHUE cUCTEeMH MoNydYeeTCA U3 YCAOBUA
o B
A= {

”ﬂ;,{ ' fu or6pocuM BCE YNEHH C '{ HE cozepxause CONBUOr0 MHOKATENA
d,L , 8 TAKE® YNeHH -~ E" , TAK KAK MCXOAHHE ypaBHEHWA (I.6) mna-

[UCAHH ¢ TOYHOCTEN A~ .B pesyapTaTe MOINYyYMM;

N-\(@+k)+1=0
K;=-8¢A-S#w’f”&—sﬁ,=52;&4¢# (2.4)

N peueHHe

) Ak 1%1/7(#(1-:- _1;_,_,.) (2.5)

A

2
. Nockoasky Hac WHTEpecye® cuyuald Q?;

locROABKY npoussezeHye xopHe# pasHo I, To ycTOHYMBOCTE COOTBETCTBYET TOINB-
KO KOMIDIGKCHO-CONPAXGHHNM KODHAM, T.€, JCIOBHD

2l 7(;,-(0

[pr maux K; yerofiuusas W Heyctoiludpad ol0macTd (a3 NMPUMEPHO OJMEAKOBH
COOTBETCTBYOT ABYM NONOReHWAM paBHoBecHA cucremH (1.8). lipm 52;?' ¥ |
nouTw BCH o0zacTh $as CTAEQBHTCA HeycToMuWBOl, MCHIDUERHE COCTABAANT HE-
GoasuMe yyacTRW BOmmsE (o3 ¥ =@ umpunol:

-2 Pt
C‘ﬂ' %)&,ﬂ" --Q? <= ! (2. 7)

Ecnd npenedpeys MME, TO MOXHO BOCHONBE30BATECH peaynsrarTaMm pacom /7/,

COrNIacHO KoTopoll cucYeMa NOKaNBHO EeycTolywBas B Kaxjoft Toure, uMeer BOE
M3BECTHHE ATPHOYTH CTOXACTMYHOCT : 3PrOZMYHOCTE, NEePEeMEEWBAHWE K MOJORU~
TeABHYD SHTPONMD No KomMoropomy.

£
B npomexyrounoit oGnacts 524. ol ) YCTORYMBHE y4YaCTHA
jasoBoro npocTpaHCTBA pPACHMMPAPTICA M KapTHHA ZBUEEHUA CTAHOBUTCHA BECHMA
cn:m‘.uaﬂj Onpesenuu IpaHMUy CYOXAacTHUYHOCTM KaK NMONOESHWe NpOMERYTOUwHOA 00~

JIacTH

g /
gm ."Z,désuf - :}"(h—z‘) _A‘/"(:{‘) (2.8)

Cpapmmsan (2.8) u (2.2) Bnguu, q".l'u pesyabpTUPYOIMA ZONYCK HA BOSMY~

NeHWe NPOXOAMT Yepes MaKcHuyM B pailoge

/ e 2.9
Aﬁ(‘i)ﬁ' 27 (n-2) ) ;ﬂﬂ-x / i

“Monoxenne IpaHNOH BROpaHO IpH R$= 5’ B COOTBETCTBMM C DEsyInRTa-
PaME UYNCAEHHOTO cuéra amanoruymodl sagzaum B /9/. Tax mar B /9/ sEa-
verme K= .9.1’.' HC 3aBHCEXO OF Y , B B Hamew Ciyvae 270 IHAYCHAS
ABNReTeA MaxcHMansHuM (2.4), MORHO ORMZAATE HEKOTOPOTO CMEWEHHA I'pa-
HWUH B CTOPOHY OONBUKX 52‘5.‘ .




flp¥ BHIONHEHWA KPUTEPUA CTOXACTHUHOOTH 3aKOH "IBURSHUA" CHIOBHX
il mocur ofuuEuM KUQHY3MOHENE XapaxTep W ONMCHBAETCA HEROTOPHM KuHc-=
TiueckuM ypasuenueM /4/. Npocrad OHEHEA Inddysun MoxeT OHTH NOXydYeHa U3
(1.5,6), ecau yyecTs, UT0 Jasy pacHpeAcNCHH B nepsoM MPUOAMXSHUM PABHO-
MEDHO ¥ HeKOppelupoBaHH MEEAY CoOOM:

F(as){ ~ (—}E— )ZM (2.10)

Tak KaK CxopocTs auddysuu pacTe? C paiMycoM, TO BPoMA "gusHA" CHIOBOM nHM-
HUM MOXHO OLEHMTH M3 yCAOBUA (A Sit. ~ S - y, Te€eol

N~ ("’/‘;)z ' (2.11)

§ 3. [lpuMep OUEHKH AOMYCKOB

B sazauy 9roff paGoTH He BXOZMT NOXYYEHNS KOHKpETHMX OlleHOR Aeiicr-
pUA pAsNNYHEX BoauyueHW#, lpusezeM JXMUB MPHMED ONEHKHM JAOMyCKA HA OCMeNe-
AWe NPOBOZHWKOB BHHTOBOrO NMOXfA. B NMpHHATOM HAMU npuGauxenux ( S <[ )
nauGoNee CyueCTBEHHA Nepsas TapHOHWKA BosuymeHus ( h,=1), roropad cO0T-
BETCTBYET HESSBACHMOMY CMOWOHHW OZHOTO U3 2 M. MPOBOAHEKOB llyces aro Oyzer
cMClUEHEE B DEAMANBHOM HANMPaBICHUM HA BEIUWMEHY AQ = ] 55. 1} QAR HO=
CHOKHNE BHYMCHOHMS, MOAYYMM Napauerp BOSMymeHMA: € = ~e¥ s 3

W =1, 3 oA, = ol n us (1.6):

g:___ E!J’
Ra (=

(8.1)

Yugew Teneps, YTO HA CAMOM ZeNe MMeeTCH HE OAHQ IOKAILHOO BOSMYmE~
HiWe, & HenmpepHBAHA PAZA cuemeruit ¢ aamHol Roppemsmmu ¢ . focaexammil TepuwH

5'}11.0“3,[:“ Ha CcMeleHWe B a3uMyTalbHOM HaNpaBICHHH noxyvaercda TaKHM Xe.

10

03HAYAeT, YTO BOSMYWEHHE MOXHO CYUATETH NPHOAMSHTEABHO NMOCTORHHEM Ha AMV-
HE =< , KK 370 W Je]aN0Ch BMEG; B TO Xe BPeMA CMEUWEHWA HA COCeA-
HEX y9acTKAX, PaSACNCHHHX PACCTORHWEM > £ , MOXHO CUMTATH HESABHCHMEMM.
Orcoza cleAyeT CpPeZHOKBAZDATHYHAA ONEHKA ANA MOAHOTO BOSMYMEHNAA, CUATARA
CMEemeHWA KamZOro W3 2 /. NPOBOAHUKOB TAKKS HOSaBHCUMHMA:

e A e T W ‘
S -+ ko "I-/%é 13,

Bonee mozpo0HOe WMBIOESHME MOTOAMKH CPeRHOKBAZpaTHUHHX OL@HOK BOBMYWEHUA
MoxHO HaiiTy B /8/, & NPUMEHWTENBHO K CTENAAPaTOPy B J4/.

NozuepKHeM, YT0 npu#ATad "caygallHocTs" B pacrpezeloHAM cMemeHnl
BAONH CTEANAPATOPA OTHOAD HE BEAET ABTOMATHUGCRM K croxacTHyeckolt Heyc—
ToiiYMBOCTH, MOCKOABKY A000E BOSMYMEHH® CTPOT'O NOBTOPAGTCA yepes 000pOT.
LA CTOXACTUYHOOTH HEOOXOZMMO BHIONHEHM® KPUTEPHA (2.8).

Kax suzHo u3 (3.2), ZedicTBHe BOSMymMEHUA pacTéT BMecTe C AMMHOR KOp-
pe AALUK ? . Oguaxo npu 4, of, £ Z / °  @ror pocr mpexpamaeTcs Ws-sa
OCIHATAPYOUSTO MEOEUTENR JSote 4, & (1.1),ecam TONBKO HET MPANOTO pe-
30HAHCA BOSMYMEHWS CO CPeJHMM BDaNGHMeM CHAOBOM NUAUN (=l , cu.ft).
B paccuMaTpuBaeMOM NpUMEpS NOCAeZHES YCIOBME 3aBEAOMO He BHMOAHAETCH, TaAK
kak of, =ol ¥ W & | . CneposaTensno, Haumxyzmuii cuyyail cooTBETCT-

syer oLf~ /[ uam: 1«

4 ey
R s
Z"" E‘T/.zacz’*- | (8.8)
Orxyaa Tpasmna croxacruyaocr (2.8):
S L %

¥ Timvan ()N (CDIN (D)

rae .M;((J a2 & -d 4{23‘ - uucH0 060pOTOB BHHTOBOM OOMOTEM.
BpemA "XusHU" CHNOBOH NMRAM COTIACHO (2.11) nopazra:

(3.4)

. TisL <, ) v &
-/‘/;a ;14(!'551 [.m'(n .!,)N_:(Z.}] 7L (3.5)
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§ 4. Jopymka CROpDHAKOBA

CroxacTuyecKand HEYCTOHYMBOCTS CHUNOBHX ANHKHE MOXET OHTE MCHOAB3O=
BE8HA ANA CO3ZAHWA TaK HeowBaeMo# noBymrW Cropaarosa /2/. OcoleHHOCTED
9TOll NMOBYEKM ABAAGTCA o0NacTs "TypOyReHTHOrO ABUXEHWA" CHAOBHX NMEKH, B
KoTopol# OnM3KKE BHAYANE NUHAY OHCTPO DPACXOAATCH APYr OT ADPYyra Ha SHayu-
TCHIBHNE DaccTOAHMA. UMeHHO TaxkuM cBOMCTBOM M 00I8NAET CTOXACTUYECHKAR HE-
yeroliunsocTs. UMHCH BBeZeHuR Taxofl TypOyirenTHO# 00AaCTH COCTOMT B HaJIeXie,
ur0 B Heft OyzZeT 3aTPYyAHSOHO Da3BUTHE NAa3MEHHHX HeycToluusBocrel. lelcrsir-
TeNBHO, BOBHHKWKE B NIasye NpOCTpPAHCTBEHHHE HeozHopoznocTu ( Payxryaunuu),
OBUTAACHE BAONE OHCTPO PACXOARWMXCA CHNOBHX JMHEEE OyAyT pacTATMBATBECA H
nepeMenuBaTECA, YTO SKBHBANEHTHO HEKOTOpOMy 3aryxanmp, TpyaHocTs coszs-
HMA NoBymrM CHRODHAKOBA COCTOMT B TOM,YTO TYPOYAGHTHEA OGNACTS A0NXHA OHTE
OKpy#XeHa CO BC8X CTOPOH HAICXHHM "JaMMHADHHM" CIOeM peryiApHHX MEIHHTHLHX
noBepxHocTel AAA oOecnevyeHWA TEPMOM3ONANMUM. B vacTHOCTH, CTOXACTHYECKAH
HEYCTORYMBOCTS,PACCMOTDEEHAR B MpeZbAYUEM naparpafe, COBBPNEHHO HEeNpUroxn-
Ha AnA 3Toil uenaw, TAK KaK TYPOYNEeHTHAA OONACTH NPOCTHPABTCR A0 Cenapartpu-
CH.

Lxs ocymecTBneHMR NOBymKM CKODHAKOBA HEOOXOMMMO MOAOODATE Takoe
BOBMYMEHMES , YTOOH CTOXACTUYHOCTE BOBHMEANA JMME B OrpaEWyerHod wonmuesol
00JacTd BOKDYT' OCH cTeansparTopa. AHEME CHOBEMH NapaMsTp CTOXaCTHUHOCTH
QE=2 ,{.5&3’} (2.4) zonmen mMeTs pesxmit waxcuuyw mo S . Io -

P =L A4) m pe MAKCHMYW .
ckoabKy ( S &)/ ) OOHUHO MOHOTOHHO BOSpPacTaeT ¢ -S , T0 HOCAEZHE® YCIOBME
MePeHOCHTCA HE MapaMeTp BO3MYUeHHA ; §

OZiH U8 CTMOCOGOB COBAAHMA HEOUXOAMMOTO BOSMYWEGHHA COCTOMT B MCHOAD~
30BAHMA AONONHMTENEHO# pesoHaHcHOft oOMOTHM, mar BMETa Koropofl commazaer ¢
WATOM CHIOBOM MKMW NpM OnpezeNeHHoM S = S,

o, = (S, ) (4.T)

Tag xak () B3aBUCAT 0T S , TO pe3oHaHC OyAeT HMETH MecTO IWIlh B HEKO~
TopoM uHTEpBaie A4S , KoTopHi 34BUCHT OT ANWEH pe3oHaHCHON oOMoTEM. Jeficr-
BUE BO3MYHEHWS OyHeT Teneph ONMUCHBATBECA YDAaBHEHWAMM:

7= 2 fenlp-ar)
‘#g: dLw(s) ﬁ.c&su, (p-a.2)

(4.2)
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rae J ( 5 j onpeneAfeTCA OCHOBHHM MONEM CTeANapaTopa, a Ajd } COX~

paHeHO npexHee BHpaseHUe
B4y
e I
i AT 8 (4.3)

TONBKO AAUHA BOSMYUEHAR ! MoxeT ONTE Teneps ANOOH (7Q).
lipu TouHOoM pesonance (S=S,) W yCHOBEM 45 << S  (HCTOMA

(4.2) naer ‘
48 = %is jn«y/ e s
ap= maw(s)l+ nroas g + §esf

3raycHue (pasH }L= h, P ynoGro OpaTh B CEPeluMHe HHTEpRala BOBMymeHuA. B
noc/AeHEM BHPAXCGHHWM NEpBHI YNeH NpeACTaBAAET OCHOBHOG ( pesoOHAHCHO®) WBME-
nenue (fasu, BrOpoli-HONMHEHRHYD U rpeTuit - AuHellHyD nonpaBkm. YTOOH HE HE-
pymaics pesOHAHC, NONP&BKH JCHEHH Guth == | , 9TO NMPUBOZMT K YCHAOBWAM:

«lsw's £ | (4.5)

i < I (4.6)

locneanee mpeACTaBASeT ECTECTBOHHOO OTDAHWNCHHWE HA BEAWUMHY BOSMYWE HIA ,
rAK KAK B NpPOTABHOM cHOyYae HeHCHO, KaKad Xe OOMOTEA cTeamapaTopa ABJAAE T~

CA OCHOBHOI.

Ecad SHavyeHne S He ABAAETCHA pPe3OHAHC , 10 AS B (4.4) ymHO-
xacTcA HA Hexoropyp QyHKmMD OT paccTpoilku f {::d w’l [ s$-5,/ ) .
3aBHCHANYD OT BuMOAHeHWA pesoHaHcHON oOuoTKM. lpuBeAEM zBa NpAMEpA. ycrs
pe3aoHancHaA OOMOTHA NMpeACTaBAAET co0oift nmpocTy®D CNUpalb ANMHH MHTED-
pupya (4.2) u nperedperas nonpaBKaMu B (4.4) BBUAY BHNOAHEHWA HEPaBEHCTE
(4.5,6), nomyuum: !

Pla)= £ g an<lu'Cos) o




[IpakTUNECKN TAKAA PESOHA&HCHAHA OOMOTKAE, NMO-BUIMMOMY, HE rOZMTCH,
T, K. f (2 ) caumxou weznemmo yGuBaer ¢ paccTpoMEoM. STO MOXeT BuS-
paTe noaBleHue "ocraToyHOM" croxacTHyHOCTH B "naumaapHoft" oCxnacTH, 4TO
npuBeZeT K MOTEpAM vyacTun, JAaA Oomee pesSKOro cnazammd (.‘;2 j He00X0=
IMMO Gozlee NAABHO MSMEHATE NapaMeTpH pesoHaHcHOM oOMOTEM, Hanpusmep, pac-
oroAnMe nposozauxos ot ock 6 (Z). B xauecrse mpuMepa BHOEpeM:

gz(’?/: /+(§_/j h =/ (4.8)

a?

TpousBoAA mHTErpuposanue B (4.2) B NPEXHUX NMPEANONORSHUAX, MONYUHM:

O

g(ﬂ) = '-'J'-"r ey a1 - (4,9)

—

YTo yKe, NO-BAAMMOMY, ZOCTATOYHO XOpPOmO,

linpusa crOXacTHuecKofl OGARCTH ONpPEASARETCA U3 YCHOBMA $2~2 u
pasHas

l i

(é_z: & — - - (4.10)
Z,/ecw hiﬂtg 5 W &I—": ("'_z) ‘Aé ("ﬂ/

e A{ ( Z / = n‘.’f & (‘3/ / 27 - upcao o60pOTOB CHIOBOH NMHAM B

CcTOXaCTHYEeCKOR oGnacTH HA ANUHE BOSMYMEHUHA,
Ecnu MH onpezenvd Teneps ? NeCPpC .2 TBOM COOTHOWEHHA

L S
?:: g, H,as . fi f(ﬂ} (4,11)

7o ypasHenua (4.4), ananormunse (1.5), W BHTGHADWAE A3 HUX OCHOBHHE
ypastenna (1.6), ocTanyTcA 03 MBMEHEHWA. LZMHCTBEHHOE OTJMYNE COCTOMT
B TOM, YTO He)IMHeHHHH cABMI QasH Ha ANNHE ( BTOpDO® ClaraeMoe BTO-
poro ypaBHerMf B (4.4) ) BXOZMT Teneps C RONONHUTENBHEM MHORATCIOM 1/2
no cpasHen¥p ¢ (I.6), Oznako ecan L=< zﬁ (cM.Huze), TO 3TO Hecy -

I4

LeCTBEHHO,

CpaBHuBasd BHpaXeHHME XA (2.4) u orpanmyenua (4.5,6) mo-

nAyyaeM:

’(2: = .?A/f (4.12)

TAK YT0 AAA BHNONHEHWA KpUTepUd croxgcrugHoctT® (2.8) TpeldyeTcda GOIBmOE
OTHOmE HUE 4/2. C ampyroit cropoHH HE JOAXHO OHTH CIMMKOM MalbM, TaK
KAK HHAYE CTOXACTUYECKAs 00IacTs MONeT OKasaThcd uepecuyp mupoxolt (4.10).
STo onpezenfeT TpeGOBAHMA K CTelJapaTopy, KOTOPH MoxeT OHTHE MCHNOIB30BAN
B Kavecrse Iosymkw CropHAkosa. Ms (4.10,12) 3250, YTO OCHOBHHM TpeloBa-
AMeM ABIAETCA ZOCTATOYHAH AAMHA CTeAJapaTopa . MaruManEKyD HeoOXOonHu-
Az )/ . 22 ¥ .
MYD ZAMHY MOKHO ONEHMTH, mnozaras ( 2 Yea ™ 2 3.5 ¢ X :

hl = I ( cu. nprmuevamue Ha crp. I )t

g (n-2) N, (4) 2 | (4.13)

9T0 ycnoBWMe Kax pas COOTBETCTByeT oGnactu, I'Zé CTOXAcTHUecKad HEyCTOHUM-
BOCTH ABAAETCHA onpegexaswnumel (2.9).

Hakoneln, HECKONXBKO CAOB O perylupoBKe NapaMeTpoB CTOXacTHYECKOTO
cnod, ero meHrpa Z, w umpund ( 4Z ) c v TpH saziaHHOll ROHCTDY KON
ooMoTOK ( oL , &, 4, W + #, , ). CMemeHme UeHTpa ocymecT-
BIAETCA W3MeHeHmeM mapauerpa € B W(£,S5 ) ( 4.1) sa cuér usueHe-
HMA OCHOBHOI'O BMHTOBOI'O NOJA creanaparopa. lpu sToM Hazpo, OZHAKO, HMETH
B BUAY, YTO OZHOBDPEMEHHO B Ty X6 CTODOHy cMemseTca u cenaparpuca. [lo-
CKONBKY B LEGHTDPEe CTOXacTuyeckoil obnacTm uacrora B cumy (4.1)ocragtom He-
naMeHHOld, T0 B npucauxeruy (4.10) mmpmHa 0CNACTH HE MBMEHAGTCA. WAKTHYEN-
K OZHAKO MUPUHY MOXHO M3MEHNTE B 243 pasa 3@ CYET WSMeHEHHe _Qq.,:rau YT
PPAHMIA CTOXACTUYHOCTH OyZAeT COOTBETCTBOBATH pasasM §2 . 970 MOXHO cme-
N1aTh, USMEH A TOK Pe30HAHCHOH OOMOTKH.

§ 5. Ouenxa CKOpPOCTH NEPEMEUUBARMA CUMOBHX AMHUM
B CTOXACTHYECKOH o01acTH

llpuBeieM HEKOTOPHE OLEHKH CTPYKTYPH MArHWTHOTO MONs CTEANAPATOPa,
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HeOGXOZMMHE TPA WCCIeOBAHMM YCTOWUMBOCTM NIAs¥H B HeM. PaccMoTpemnme ca-
MUX NAaSMeHHEX HeycTolumsocrTed ¥ HX CTAOAAMSANNE BHXOAMT 38 DaMKW HACTOA=

me# pacoTh.

O6uYHO B KaueCTBE CTAGMIMSHPYDNEro napauyeTpa paccuaTpusaercd "cxpe-
EIeHHOCTH" CHNOBHX JMEmMA, Wud noxansHui mmp /II/, xoTOpHE MOEHO 3amucarh

B BWZe TeHaopa:

gieong 0, . ' d2 (5.1)
=ra /
" DX . = 2

87ech Q ~ yIAH, XapaKTePASYDIMEe HANDABIASHENS CHIOBOR JuHEN.

Cratuansauud ¢ MOMOMBY JOKBIBHOI'O WUpPA BO3MDEHA, MO-BHAMMOMY ,AHED

ANA ZOCTATOYHO KOPOTKOBOAHOBHX BO3MyMeHM:

Kldye 2 &K (5.2)

e . 3

Ina GONBWMX ANWH BONH MOXET MI'pa®® pOols CPenEWl mMp 2o + THE YyC-
peZiHeHMEe TIPONSBOZMTCA MO NEPUOAY BHATOBOI'O MONSA.
Iina HeBosMymeHHoro cTemxaparopuoro mons (I, 1):

n—={
2 (o) dGew
W~ g0 (T) ~ oz S ; W= P~ xr0 5:3)

Bosuymeuusa cospzapt cBOM mup

C'.l,., —;—- -’-Q;-?:‘P(‘y"’ E—__';.zté (3.4)

rne =2 ( < .4 } AJKEE 3cpe,unannn. b’uenmenna lg,-,: [a} MOHATHO, TAK
XAX BeAMYMHA JOKAJIBHOTO WHHA 45‘ HE COCEAHWX YYacTKAX HeKoppe-
JApoBanRa. BuOupas MUHMMENBHOE Z--a. (I.4), MaKCHMBXIBHOS §’-\.} (2.9)
W yumTHBEA, YTO NOCAEAHee JCAOBHE O3HAjae? &l -4 W~ (2.9), nonyuuu
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BEPXHOD OUEHK

Lgt'.ﬂ'J G A
"’f.“";.u ,——-- J Lgn: g @':ﬁ’ V _-fi' (5.5)

Joxanbuulf map, TakUM OGpPa3s0M, NPAKTHYSCKE HE MOXET GHTH yBeIMueH ;creaani
MHp HECHONBKO BO3pacTae?, HO, BEPOATHO, (ollee BaxHO, YTO TENEPH OH UMEET-
BCE hDIIHDHEHTH. B TO BpeMfi KAk B HCBO3MYWEHHOM MOJE OTHMYHA OT HYNA TOlB-

X & .

B cmuxacmqacunﬁ o0zacTH oneHKH (5.4,5) ocTapTed, HO MOABAANICH HO~
BHE BOSMOEHOCTH ZNA CTAOMIMSSLNM.

Bo-nepsux, ONMSKHe CUIOBHE IMHMA DPACXOZATCA SKCMOHGHNMANBHO BIOAB
COOCTBEHHOI'0 BEKTOpPA AMHEAPU30BAHHOI'O npeoCpaszoBanuf (2. 3) e A > |
YroX HaKIOHA HANDABAEHKA PACXOAMMOCTH X asuMyTy }0 paBen:

= 1/o2 (5.6)

6
# c1a6o®) sasmemr or }é [d@ /x' y (2.3) ). Cpezuas pacxo-
IMMOCTE B pacuyéTe Ha OMMH ndnpo: nuxpyr creanaparopa naETCA OLEHKOH:

}—ﬂil 2 Q,MHM ~ R4 - (5.)

rae -~ PACCTORHHE MEKLAY JMHHAMM, B mepecuerTe Ha HeNpEpHBEYD IHMHY
a(z2)~ exp (h2/L ) (5.8)

Bo-BTOpHX, NMHEM He TONBKO PACXOAATCA, HO M "nepeuemuBanTOA™ , KOI=

a8 PacCTORHMA MEXAY HUMM JOCTATOYHO B03pacTan? ( A = Z ). 9r0 npu-

BOZUT K SKCIOHGHUMANBHOM pelaxcaunuu BCAKOW HEOZHOPOAHOCTH MO u zocTa-
TOYHO MAXOH HEOAHODPOAHOCTM MO “Z ( 4z/, = 3 ) XapakrepHoe "Bpe-

MA" (ANMHA) penarcaiyu
/
/ 7 Nt /A_ (5.9)

Ha Ganmn paccrofrmax ( no ‘2 ) uzer auddysua ¢ roadfuume HTOM
Y) ~ G'L) 4 n2 (2.10), uro IKBUDANGHTHO BATYXBHMD C

©) 3a ucknmueHWEM FPAEWIE CTOXACTHYHOCTH .Q?“'J
17




2
4«- P 4 {% :;;) (5.10)

rge M, - pazuanpEad NPOGRURA BORHOBOIO BeKTOpA NNSSMERHOrO BOBMYME-

HEA,

| B-TpeTBUX, B pe3yIrprare pelaKcalud W anddysum MO ‘Z MOTyT cyuecT-
BEHHO YMEHBNMTHCH I'pajMeHTH TEMNECPATYPH W NAOTROCTH HeBOSMYmEeHHOR nna3uu,
yTo TAKEe SaTpyAHAET PasBHTHO aaycznnqnnaumgﬁ. lpaBag, NMPH 2TOM BOMPOC
NepeHOCHTCHE Ha TPAHNLY CTOXACTHYHOCTH ( .Q.,. ~ | ) , rAe TPaAKeHTH, BooOme
FOBOpR, BO3pACTADT TAK X6 Kak W TPYAHOCTH HCC/ie LOBEHMA,

[lpuHONy WCKPeHHOD O0JAroAapHOCTS M.C,Pacusosmuy u P.3.Cargeesy, KO-
TOpHe NpPABASKAM BHUMEBRWE aBTOPA K paccMmaTpuBacuol npocaeue ;B. 1, Bonocosy,
I.M.3acnaBcKouy, C.C.MouceeBy u P.A.lUenBENKY 38 MAOTOYHCACHHHS IONE3HHE

INCKycCHR H cnnamu,‘i ragze B.K.MeapHHROBYy = 38 KPHTHKY.
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