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TORE

nraypa B CHJOHOM npoflWibHOM laarpuBtinane JVH
TOKH. PaocjiotpeHH H ngeaaaSSsHpOBaaH CTeneHaue npo$aaH

i = y0 (i - (ffly ^>J^paaBHiHHx aHaieHHfl napaueipoB &
H V . HccjienoBa^ar^pHHr-aeycToJIqHBOCTB craaaeHHiEC

nooipoeHH "onraiaa^He" orjiaxeanue
, JCTOfllHBHe OTHOCHTe/aHO--JIJD6HX BHHTOBHX

BO3My«eHHfl. NV

COMPUTATIONS OP THE CURRENT PROFILE INFLUENCE

ON THE TEARING INSTABILITY

P.M.Blecher, N.M.Zuera, E.I.Yurchenko

Results of the computations of the tearing instability

of the plasma column in the strong longitudinal magnetic
t

field are presented for various current profiles. The

• // /̂ )P)V
power current profiles i = ig(

1~(a./ / are consi-

dered and analyzed for various values of the parameters

O and V . The tearing instability of smoothed

two-steps profiles is studied. "Optimal" smoothed two-

steps profiles are constructed which are stable with

respect to all helical large scale perturbations.



I. BBegeaae

Bnaaaae npo$ajiH TORE, npoTCRanaero no masMeaaoiqr maypy B
CHjn>aoM npoAOjaaoM uaraHTHOM ncwie, aa aeyoTOfliBBOOTH, nBTaeiue
Baepraefl MarHHTHoro nona Toica, T.e. Ha BaaTOByn aeycT00TOBOCTi>
co CBodoHHofl rpaajmefl B aa Tapaar-aeycToaraBocTB, snepme dano
paccMOTpeao B padoxax [l] H [2] , cooTBeTCTBeaao. OCHOBBO& pe-
symbtaT 8TBX paCor, noATBepsAeaaHfl B Ooaee nossaax H noflpodHHx
pacieTax [3-6] , samnwajiofl B TOM, ITO odooTpeaae np&$UH TORE,
T.e. ooCflpaHHe TOKE B aeHTpaziuiyB iacTB may pa, nonaBJweT oOe
KpynHOMacnrrafiHHe rHApouarBHTBue HeycTofliHBOCTH. SauetEU, ITO
HaaOojiee npocTO nosaBJiamoa Bucmae MOW aeyCToflTOBOCTefl, B03<5y-

TOKOM, a aasnoie IIOAU, npeAOTasaflimie HBz6ojaas*> onao-
B peajttBOM sKcnepaueaTe, m.= J / -n= l ; m.= 3 /*t-=2

a, ocodeaHo, m. = 2 / >i.«= i ( w. - asHMyTanBHoe iaoao, n. -
IHCJIO), Tpebyur cajoaoro nHKapOBaaaa xoxa.

o nBKHpoBaaaeu TORE B ueaxpe maypa, T.e. o
aneu aaoTBocTB TOKB aa uaraaTaofl oca, camayo
po^B aa BHHTOByB HeycTofliaBOCTB oo CBoCoflaofl rpaamtefl
Taxze yueauneaae rpanaeaTa HJIOTHOCTH roica Bfijmaa rpaaaoH noiaa-
ueaaoro may pa [ 6 ] . Ilpa ^aRoapoBaaaofl IUIOTBOCTB Toaa B aeaTpe
maypa a saaaaaoM nojmou Tone, nporeicameu no maypy, BBBTOBue

npa CBoCoflaofl rpaamie oKasajrac^ HyBOTBHTe^LaHMB K^
TORa. npa STOM, RBK nosasaao B patioTe [sj , npo-

$BJBI OjmsKae K peamauu, ocoOeaao npa ffonojBBTejibaou aanycKe ra-
sa aa nepagepaa, ITO yueaunaeT IUIOTHOCTI> TORE B^JIHSB rpaaauH
nmypa, odecneHHsaDT AOCTaTO<mo nrapoKae soau ycroBiaBOCTH no ser
jaa'Diae aanaca ycTofliHBOCTH aa rpaaane maypa aa (c^^^Jj-0 „ -L

•C'o - ToponABji&Boe nooie.jQj - nooie TORE, a - panayo-maypa,
J" - TOR B maype).

B CBH3H 0 8THM npeAQTaBJHBT BHTCpeC paciOTH nfatrma npO^H-

jm TORa aa THpHar-HeycTofl^oiBOcn., T.e. aeycTofliHBOCTi. npa ROTO-
pofl pesoHaacaafl maraBTaaH noBepxaocTB ( m - n <^(Vi) ^ 0 > , B
oTjmHBe or BHHTOBofl aeycToflTOBOOTB, HExoflHTCH BHyipB njiasweaao-
ro maypa ( Q <. ^^ < a ). noAaBAeaae TflpHHr-HeycTofliHBOOTH
sa o^ier cneioiajn&aux AByxcTyneaiaTux npo$Hjiefl dmio Bnepsue pac-
cuorpeao B padoie [?] . npa BTOM 6wi aaflAea npo$Bja> Tona, ycTofl-

no oraooeau) Rax R BaatOBOfl aeycToflHBBocTB, THK a RO BOOH



MOflBM THpHHT-HeyCTOfl'OlBOC'rH. HeCMOTpa Ha HeKOTOpyB 8K30TH1HOCTB

yctoflnBBoro npo$H^a TORE cynieCToyur nee HPHIHRH, no
flByxciyneHiarae npo$Hjm woryx npeflCTaBJWK

HH«epeo.
HTO Ha HeaHHeflHofl CTajniH paaBHrafl

B6jm3H pe30H3HCHofi noBepxHOCTH Ha pasuepe
ro ocTposa npoacxowiT BunojaaaiBaHBe IUOTHOOTH TORE [8j , tax. ITO
Bnojzae BOSMOSHO BOssHKHOBeaiie craaxeaHoro flByxcryneHHaToro npo-
$aaa B npouecce paspHja. Ho Rase, ecjm 3Toro He npoacxoBjiT caMo-
corjiacoBaaHO a HByxcTyneaiaTHfi npo$HJU> He BosHHRaeT ecTecTBen-
HHM oCpasoM npa flsoyjiesoM Harpese, Heo6xoflHMo acc^enoBaTB csofi-

TaKHx npo$a^efi0 ?ait HBK TUKtie npojffljm MOKHO cosnasaTB cne-
. B HacToflBjaS MOMBHT AonojZHBTe^Baue BucoKO^acxoTHue

Harpesa (sfleKTpOHHo-uHKjioTpOHHHa H HHEHe-raOpHHUHfl) yxe
BKJiaHHBaTi>Bn^a3My MOIUHOCTB,, cpaBHHwyB H

A tan KBK STH ueTonu Harpesa
HUMS, 70 OBB, BOOdme TOBOpfi, TI03BOJia»T $OpMBpOBaTB

B aac'EOflmeS paCofe npHBeneHH pesyjiBTaiu pacqeTOB
ffsyxnapuiMTpHqeCKoro ceueflCTsa CTeneHHHx npo^BJiefi TOKa

THpHHT-Hey CTofiTHBocTH „ a TaKze npoBeneBo conocTaB-
jieaae arax peayatTaTOB c pacie-rataH padoTH [6 ] , rse CTeneaaH?

ooAeROBajma oraocHTejibHO afleajiLHofi BHHTOBofl neycioi)-
flanee aHajHSHpyKTCH pesyaBiara pacqetoB THpHHT-ueycTofl-

IHBOCTH aca craaseaHux AByxcTyneHqaiux npo^uAefl TORE, DPHBO«ST-
OH EX naarpaMMH ycTOfiHHBOCTH oTHOCHTeatHO HHSDIHX MO A (2/1,
3/2, 3/1, 4/2, 4/3, ^2» 5/3, 5/4), nposoBHTca cpaBHemie STHX

c TeopeTHiecKHMB EHBOBawa paCoraflOj . B npiuioseHaox
BHBOA acHiraTOTHiecKoa $opMym jyw BaxpeueHTa THPBHT-

npa MaraHTHofl BHSKOCTH, CTpeuameflca K ay mo (CM. TOKse pa-
6oTH [9, 2] ) a npHBOftSTca aaajETHiecKHe $opi4yjm ftna crjiazeHHux

HcnoaBSOBaaHiix HBMH B

2. HcxogBHe
HCXOH2TB us JfflHeapHsoBaHHHX ynpomeHHHx

ypasHeHjafi, cnpaseAOBBUx ftai UOA c m > 2. [9,6j
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4* (2.2)

: npoflojibHafl HownoHeHTa
/t H CKanffpHHfl noTeuuHaji f suCpaau B BB«e

• - ) / < = J ? -

HHcaeHHoro cieta ynodao nepeflTa K CespasMepnuM nepeueBHiui:
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npa 8TOM ypaBHeHOH (2.1) B (2.2) npaMyi BRA:

*. - n
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- o. rpaama njg anyyii

i
Koajyx. Ipaatma njiasMeHHoro oaypa a < b
d) = 0 , f6(t' - ° npa x > a

BU6 JCJIOBHfl BM6DT BHR

(2.5)

(2.6)



0 (2.7)

FesoHaacHaa uarwmea. aoBepiHOCTB urn. pesoaaHr.iHB paaayc onpe-
as JCBOBHH

^ ) = 0 f HJE , ,*,)- £ . (2.8)

B TOM cayqae, Korna To^ica pesoHaHca t= ^ HaxoflBTCH
nnasweHHoro maypa ( 0 < 1 4 < o. ) f MOSBT pasBBBaiBCH THPHHT-
HejCTOaiHBOCTB C HHKpeM8HTOM f ( [9J , CM. TOKZ6

I):

,,
0.55 A 7 ( « / 5 ; fp (2.9)

~ e ~ 0 «- -* - - (2-IO)

a /^) ecra pemeHae ypasHeHaa (2.3) c r=0 , npH ycao-
BHH BMOpOXeHHOCTH K lf f * / = ° ,

" - -
; c rpaHHiBUMB ycjioBHHim (2.7) H npa

Bee BejraviHU / , / « • ' / B $<>PMyJie (2.9) BH^HCJWBTCH aa
pesoHaacHOfl uarHHTRofl noBepxBOCTB t= i.i .Ha ^opiqyjra (2.9)
ojienyeT, ITO rapaHr-HeycToflqiiBOCTB paaBHBaeTCfl TOJIBKO npn ycno-
BHH

A ' > 0 - (2.13)

A > nponopmioHajuna BflKpeweHiy B Oy^eT pacciHTH-
' Bar&cfl Ha»D npa sanaaHuz npojauwx IOBA.



3. CxeneHHHe npogajg TOKH

B patiore £6] 6ajm npHBe«eHH pesyjiitaTH paoieroB H«eaja>HoJ)
BHHTOBOfl aeyCTOBlHBOCTH flHH CTeneHBHX npO&Uefl TOK3 BHflE

. (3.D

Ha pac.l-4 npafleneHH pesyroiarH paoqeTOB
nan npo$aaefl TOPO xe Buna. ConocTaBjienae pesyjiBTatou pa6ora[6j
c BacTofflnHMH pacieTaMH aaei BOSMOZBOCTB noayiHTB noanyn Kapm-
ny KpyiraoMacmraOHax Hey CTofliHBOCTefl , BosOyxnaewhix TOKOM, na«

npo$aaefl BBA (3.1). npo$HOT BURS (3.1) flBJuncmsfl 0606-
npojHijiefl o f> = 2, paccMaTpBBaBUDixcfl B patSorax [3,5J .

CrpyKrypa pnc.I-3 owuiaKOBa: aa iepT.Ia' BsoCpazeaH TpH
npo$aaa TOica, oT^HiaaiiHeca npa sanaHHou nonasaTejie ^= 1 noKa-
aatexstt p ( f> = 1,5; 2; 4); yBejnraeiuie p DPHBOHHT K
ymiomeaHD npo$ana TOKa B nempe z yBejmieHHK rpajtaeHTa TOKa aa

nmypa, Ha iepr.1 ' HsodpazeHH oTHOpwapoBaaHHe aa
iaHy a cooTBeTCTBynujje npodajo K08$$aaHeHTa sanaca ycrofl-
IHBOCTH, a aa qep-r. Is', 1, Is' npHBeseaH jsaarpauMH yoTofliH-
BOCTH B KoouiaTax &' ~ ±/J . Ha HO.2 noKaaaiejibBOCTH B KoopwuiaTax & , fya ~ ±J . Ha pHO.2

v = 1.5, a aa pac.3 ' = 2.
CpaBHeaHe ^epr. I8' - Ifl; , iepi. 2B; - 2s' ana

3^) noKaaasaeT, HTO yBejmieHae napaueTpa p
npo^jiL TOKa, T.e. yMeHtmeHHe IUIOTHOCTH TOKH B ueHTpe H
qeaae rpanieaTa TOKa aa rpaamie oaypa sjouon aa rapHHr-aeyoTofl-
1HBOCTB TOHHO taK K6, BdR H Ha BHHTOByE HeyCTOflHHBOCTB 00 CBO-

CoflHofl rpaam;efl [6] . 3ffeci> iiosao ynasatB aa oneyyrafitt o6mfl
npiuman: TapHHT-HeycTofl'fflBOCTB ww aaa^eaafl a ( a ) , UJDISKHX
K m/n. , cynecTBye* (i.e. A' > 0 ) TOJIBKO B IOM cjgyqae,
Kor«a cymeoTByet »eaB Heyciofl^HBOCTH AW BReajiBHofl BHHTOBofl MO-
AH npa

< (3.2)
cymecTBOBaaiw TOIKH pesoaaaca BHyTpti

may pa, T.e. aeoOxosaMoe ycaoBae rapnar-«eycToflHHBOOBi ,
K tony, ITO nnft naaHofl HOAH m/n. cooTBeTCTsynuBe
<7 ('a) JiezaT B HHtepsajie



ttt

TBKBU oOpasoM, cpaBHeHze flaarpaMM ycToflH0BocTH c
padoTH [s] nosBOJweT onpe«eaaTi TC MOHH m/n , KoropHe He-

BdjaiSB jiesoro Koma HHTepsajia (3.3) , oooTBeTCTBynmero
pesoHaHca Ha rpaaaite iwasMa-BaKyyM. UpasoMy Koaqy 3Toro

oTsenaeT caiyamw, Kor«a TOIKB pesoHaaca CTpeMETCH K
mnypa. noBeReaae A1 s BTOM npe«ejie onpenejiHeTCfl

npo$njia TOKB B oKpecTHocra aeaipa nmypa fioj . JUia
npo$H.nefl BHfla (3.1) noBeneHae A' npn

p a -m. : qew Cojiune ^> , TBM
HeycToflTHBHX MOA. Tan npa p= 2 HeyCTofliHBU MOW

-m. = 2,3, npa -p = 4 aeycTofliHBH MOSU m. = 2,3,4. flna
p OTM6THM, 1TO IIpH p =1,1 HeyCTOfl^BBa TOJffiKO

2/1, a npn b =1,5 HeyCToflqHBH MOBU c m = 2,3.
CpaBHeHHe qepr. IB% 2s , 3s , Korfla ^aKOHpoBaa noKasaTe
H weHaeTca v (V =!• i,5; 2), aHanorastHO iepi. Ir ,
S1"' H 1^, 2s, 3fl , noKasHBaeT, ITO nuKHpOBaaae TOKB B

H yMeHimeHae rpajmema aa rpaaiuxe amypa CTatSajmsHpyeT
Totca oTBoCHTeju>ao rapzHr-Hey CTOflqHBOCTa , TOK se KOK

a TO 6ujio B B cjynae HReajaHoa BHHTOBofl neycTofl-iBBOCTH f 6 / .
roro, HiodH apne noffiepKHyTB CTaCajHSHpyrauHe CBOflCTsa Tarax
npo$Hjiefl Ha pnc.4 npaBeRBHU HepxesH jsjin ocTporo npo$a^H c

^ = 5. Ms flHarpawMU ycTofl^HBOcra Ha iepr.4B^ BBSHO, ITO npa
fyfa) < 4 HeycTofiiHBa jmim> OHHB Nioaa m/n = 2/1. Ha
iepT.4r' npHBefleHa jmarpaMwa ycToBqBBOcTJH B KoopflHHaiax A' ,

Z^ , H3 KOTOpOfl BHRHO, 1TO HeyCTOfl'fflBH 6me HB6 MOHH 3/2 B

3/1, HO npa fiojibmHx <j , ( a ) , T.e. npn Majncc TOKax.
AHH Toro, iTodH nccjienoBaTB BJiBHHne Ha ycTofliHBOCTB cauoro

npo$HJia TOKa, Korna $HKCHpOBaaH nan IUIOTHOCTB Tona B ueaipe
nmypa /0 , T.e. Be^HiHHa q,(D) , Tax a nojmHfl TDK B mHy-
pe J , T.e. BejiHHiiHa cjCa) , 6ium cneijBajiiHo BuOpaau asa
npo$ima TOKa BB«a (3.1) c oOTHaKOBHwa aHa^eaaHMH oraoineHHH

q,(a)/q(G) a BCCaeAOBaHu ax CBoflCTsa neycToflnHBOCTa Kan no OTHome-
HHE K HfleajIBHUM BBHTOBHH MOflBM, T8R B THpHHT-MOJjaM. i^C.5 flaeT

BOSUOZHOCTb OU6HHTI. BJfflflHHe npO$HJIfl TOKa npB $HKC0pOBaHHHX 3Ha-

Q(0) H Q,(i) Ha oCa THna HeycTofl^HBOCtefl.



c

c V = 2.0, P ~ 3.65 oKasHBaeTCH dojiee yctoiiMHBHM no oTHome-
HHK) K HfleajIBHHM BilHTOBHM MOflajW, 16M npO^HAB ^ = I, p =2.

3Toro oticysflajiact B f6J H CBHsana c dcjiee njiasauM nofl-
nepsoro npo$H;iH K rparnme njiasMa-BaKyyM, qew y BTOporo

IJPO$MJ1H. JUlH THpHHr-NORH CHTyailMfl MeHH6TCJl II 60^66 JCTOjlHHBUM

napado^H^ecKHfl npojiiiab ( V =1, p = 2) - y Hero
MBCSO HeycToBiHBHx MOR. STO HBjiefme CBflsaHo B OOHOBHOM

c TOM, HTO napa6ow<iecm% -npofyiun, KB^HBTCH do^ee "OCTPHM" .B
iiempe umypa. One peane TOT $aKT, MTO na HReajiBHyio H
HeyCT03>lHBOCTH BJUIHIOT pa3^HHHH6 CBOflCTBa npO^lHJlH TOKa,

Ha pnc.6. Snecb paccwoTpeHu jcsa CTenemmx npo$««i
(3.1) c ojcmaKOBiiMH «aarpaMvia;viH HfleajiBHoS BHHTOBofl He-

HO cymecTBeHHO

Kan Ba«HO as npoBeaeHHHx paoneTOB, TOBBKO "ocTpae" CTenea-
aue npo$Hjm c ^ ^ - 2 , -p > 1,5 HMeiar meaa yc'roSiHBOCTB no
se^HHiiHe c^fa) OTHOCHTeaiHO jiraOax MO«, BosCyxnaeMux TOKOM.
Hanpawep, Ha iepT.3 - 3TO oneHt MajieHBKaa mejii 2<1<(i)< 2,05,
a HH qepT.4B' ftM o^eHi "ociporo" npoijauw o V = 5, p = 2 -
3X0 peajiBHan mew. 2< cj.tc1)^' 3,53. B nocjieffneK npiiwepe nommfl TDK

MeiWTBCH B npouecce paapana B 1,5 paaa, a njiasMa

4. .HB.vxCTyneHqaTHe

BapaseHae M« craaseaHiix
HcnojiBsyewoe B pacieTax, npusefleHO B npJuioaeHjm 2.

Tpa xapaKTepuux npofawi HaodpameHH Ha pnc.7-9 (cw.iepT^' , 8a' ,
ua 3THX se pacyHKax Esodpaaeau 11 fluarpaMMii

T.e. saBHCHMOCTI) B6OT-U1HH A' OT ^Cfl) H t> . IlpO$ajlI>

TaKoro BH^a Ou^ Hcno^iBOsaH B paboTe C7J npM nocTpoeHHH
.viajitHoro" no^HociLE ycTofiiHsoro npo$0jw TORE. AHaras

^' C q,(cu) noKasusaeT HaaHHHe rayCorax "nposajioB"
MOCTH A' OT ^(a) . 3TH npOBajiw CBflsaHU c HSJioMaMH

A' pesKo na^aeT, Kor^a TOKKa pesoHanca npa-
K KOHiiy OTyneneK, rfle HMeeTCH HS^OM npo$Hjw TOKB c

CKa>UCOM npOHSBOflHOa. IlpH npn6jIHXeHHH TOtKH P63Q-

K Ha^aay ciyneHeK npoacxoflHT peaKHfl no^teM
C H3J10MOM npO^flJW TOK3 C nOJOXHTe^BHHM CKaiKOM
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HanHine "nposanoB" B aaBHCHUocra A <yt < ( a ) (a TSEze or
K noHBjieHHD ososgn ycTofliHBOCTH AM crjwzeBHUz

npo$anefl Tona. "OnrHMajamie" HOJIHOCTBD
npo$miH Kan pafioTH [?] , TSK H nocTpoeHaue HOMH, aexai KEK pas
B 8*Hx flanyHax ycTofliHBOCTH. OiMeiiua, ITO, KEK npasHjio,
yCTOfllHBOCTH BO 016HL BejBHKH HO CBOHM paSMepEM K8K DO

<^,(n) , Tan H no noAozeimD TOIKH pesoHaHoa t^
Ha pac.7-9 paccMoipeao BjmHHHe napaMexpOB crjiazeaaoro

npo$anfl na ycTofliHBOCTB BHHTOBUX H
TOKa, HsoCpaaeHHHfl Ha pac.7, oOoanaeT HOBoabHo

ueHTpaju>Ho8 qacTBE B HedoABnrau nBenecTajwjM. B CBHSH o STEM OH
H6 HM66T flaxyH yCTOflHJlBOCTH no BC6M MOflEM OflHOBpeMBHHO, XOTH

no OTfle^BHiiu Moflaw SOHH ycToBiEBOCTH cymectByET. Hanptwep, JIM
MOW ^1 ero 3ona ycTOflTOBOCTH ecra HHTepsan 2.4< C^,(a) < 3.1,
a ana inopn 3/2 - HHTepsaa 1.8 < cj-(o-) < 2.7. OTMSTHM, ITO aa-
Kyaa ycTofl^HBocTH scex MOA no t^ , KOTOpyc MOZHO
na PHC . T1"' , He pearasyeTca B 3KcneptuteHTe npa saRaHHou
TOKO, T.K. cooTBeTCTBymae 8To2 jiaKyae mem ycioanHBOCTH no
C^(CL) nan paajoiTOHx MO« ae nepeKpHBaDroa (CM. pac.?8' ).
iiufl npcxJauL BMeet Taitxe SOHH HeycT00HHBOCTH oiHOOHTejiBHO BHHTO-
BHX MOA CO CBoOOHHOfl TpBIWJ.e%, ^TO MOXHO BHfleTB H3

nocKoju>Ky & ' > 0 npa t^ ( T+/CL -+ L- 0 ) t jiemama
nmypa.

Ha pHO.8 paccMOTpemi peaynBTara pacieta npo$Hjw TOKa o 60-
jiee oCocTpeHHofl uenipajiBHoa HECTMD H Oojiee rnHpoKHM meneCTajiou
no cpaBHeHHB c npejHAymHM PHOJHROM. ROH aToro npcxJusjiH MO«H 2/1
H 3/2 (wear nmporaie SOHH ycToItaHBOCTH: 2.4 < <^(u) < 3.8 B
1.8 «^(a)< 3.4. 3roT npo^HJii Taicxe ajaeei SOHH HeycToJhmBOcra
OTHOCHT6JBHO BHHTOBHX MOA CO OBOdOflHOfl TpaHHqefi, ITO CBHSBHO C

OTHocuTeju>Ho tiownw rpajiaeHTOM npojnjiH TOKa j(t-) BtijraaB rpa-
nmypa.

Ha pac.9 npaBenenu peayjiBTaTH ana npo$HJW TOKa c peaKO BH-
w IIJIOTHOOTB TOKa B ijeHTpe, HedojoJUHM nBene-

B Majnui rpaflBeHTou npo$ajw TOKa BftrnsH rpaaauH oraypa.
8Toro npo$iuvi cymecTByor ABB JiaKynu ycTofliHBOOTH no sceii

i : q,(a.) < 2.15 ( <^(0) < o.54) a
3.9 -cc^(a) < 4.3 I0.a8 «J,(0)< 1.08), npuieM BTOT npo-

yCTOBlHB OTHOCHT6flBHO BC6X BHHTOBHX MOB CO CBOClOHHOfl FpB-
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, 1TO odiHCHfleTCfl B OCHOBHOM M8J1UM

B0JIH3H rpammH nmypa.
Tawu/i odpaaow, npOBeneHHue paMeiH noKasHBara, HTO one-.

OHajiLHiJM npo^iumpOBaHiieu TOKB MOHHO odecneiHBaTB mem ycToflia-
BOCTH njiasMSHHoro imypa no q,(a) oTROCETejOiHO BHHTOBOB B TH-

H tea COUHM npeflOTBpaiuaTfc CPHBH B peanLHOM

I . ACHMTITOTHKa HHEDSMSHTa THPHHT— MOJH

0 .npH v

Femeiue ypaBHeHim nj;eaju>Hofl MTA (2. II)
B TOHK6

ocodenHOCTt

+ C

OTHOCHTCfl K OdJiaOTHM
t^ H 1 < *-s , H

(OM.pHC.lo). B HOJIHHX ypaBHeHHflx (2.3), (2. 4) npa KOHeqHofl . npo-

•P 4

PHC.IO

V B oKpeoraocTH ToiKH pesoHRHoa npoHCxoHHT oraa-
«HBaa0e STHX pemeHHfl (CM. pHC.II). Ana nocTpoeaBH
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pemeoafl seassmeu

PflC.II

(III)

(D2)

rge ot > 0 ecTL aeHSBecTHHfl napaweip. noHpTasHM B ypaBHeHEa
(2.3),(2.4) ara cooxHomeiuui H yaepiHM CTapnme HJKHH no v
B pesyabiaTe MU nojiymM CHCTe«v (T = /^-^-'s) ;

* " ^f (a>s) "JT«- + m ~T~4 •m/(%''T J^i. , (ns)

•" 7-oi- ^ ^- "I A* * *' J • \114/
d.t V

CpasBeHfie CTeneRefl y H v naex:

^ •* j j

oi= y? H r~ <3/s • SamnneM

_ a/s (H5)
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STO cooraoraeHHe B (ITS), (114), HMeeu:

71 "" *4.

± ,;-(«":? «•< (> , ,„,,

d- /g,^). Ita ypaBHeHHfl (EG),(117) ojieflyeT ypaBHeaae na <P :

>* £/ - '~*C T l*- > « ^ * b (EB)'

ITpa jDoOou y > 0 axe ypasHeHze zaeei ewHCTBeHHoe orpaaaieH-
Hoe pemeHHe H 910 pemeHHe HMeei npa v —>• ± oo

rn _ «/_ n--1- t „.-<! . n/ _.

8TJ aCHMnTOTBKy B (117)!

£f = - -^ t - L . n r ,^ ,-M (mo)

OTCDA&

r«e " 5 tt: ) = 5± .Us yoaoBBH ciueUm
norpaaHiHoro CAOH B sue aero EueeH cooraomeHHe

*' = $+ ~ 5-- (M2)
HaflTH GBS3i> 7 H A ' . Hueeu:

A ,i- A .
_£ - tm f "i-l chr = -k~ ? f (ct? -.-d) ctx.

* *- A-»co-A ^ A_oo -A A

iaoT6 $yHKmm <f ne naeT Biuana B I ,
_ , -A

HH itoxeu aaiaeHHTB f Ha $5HKnHB f ,
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_ V. A

npHBeaeHHH s-roro ypasHeHBfl K OeapasuepHOJuy BBW oneaaew ga-
MBHJ nepeueHHHz

at

noayaus:

- .
O "

Torna ? = •> f 0 H

A' . -f ^«v f ( e «* ••• <*U-c = » (^ *

- J (£ ^t
-A

A =



15

C noMontbo ofipameHHH

f (tO ^>0(cO) 4- 1)' ctc

^ $opjqyjM aueeu:

HUH c yqeTOM (115)

3xo H ecTB HCRouaH $op^yjia. UlapHHa

f - /s (IH6)
f

norpaHHHHoro CJIOH naxo-
as saneHH nepeweHHiix

- ,U

u;
KOHCTaaia L0 RonycicaeT

(•*) ecTB peraeiuie

Ml =1a' x=o

Torna C0= - oc y'CO) ,
C0 = 2.12366. ToiHoe

(in?)

HHTep-

(IU8)

(IH9)

pemeHHe samara (Hl8),(ni9)
C0 OHJIO aaflneHO 4roproM:

= 2 12365-
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2. AHajHiHiscKHe (jiopnyjiH ma

B KaiecTse craaxeHBofl CTyneOTaiofl ^yamum ynodHo

i X , B , C ) = /A { X'1

or napaueTpoB A , B, *- . Bejm^HHa ,A
BHCOTJ cryneatKH, B - ee xpyTHsay, C - ee
Hpa nocTpoeaui HByxoTynemana npo$anefl TOKB MU

or mecra napattetpoB. Kx BapuipoBaHBe nosBanneT H3«e
BHTB KOJBieoTB8HHHHe zapaxTepECTHKH craaseHHofl HByiCTyneH'iaTofl
$SBxn?a. - KpytHSHy CTyneneK, HZ BHCOTJ H oraocHTemHoe pacno-
aomeHHe. Oriaenui sHanenBH napaueTpoB nna npo$ajiefl,
Ha pio. 7-9:

; A./A,-- z

pHO.9 Ai /^2
 = 2,
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