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I. BllelleHBe 

B HSCT~~e BpeMH Teopag cynepcTpyH paCCMaTpeBaeTCH RaX oCHOBa 

MJI e;!tlmoro 0rrc~ Bcex <WH.D;aMeHTaJIllHl:lX ~SalDIfOlte!CTBI!I!, BKm.l'iM: 

H rpaBHTSQRD It • llspaMeTP~ecKH-HHBSPH~THoe ltelcTBI!Ie pexHTKBHCT

CROI CTPYHH B 1floPM8 HaM6y-l'oTO HMeeT BI!Ilt 3-5/ 

s =- l' S) dlU -J - a ( u )' (1. X) 
o 0 ~ d • 

rn:e jS'" dettll ~hjll ) ~y s (Ox/IOi)(aXrldU ) l 

~. j u .. I,2-lIH,1I3IU!POB8HHWi MeT~Ra HS r.mpoool nOBspxHocTH CTPY

HH '!(f(U:U t ), }' .. 0,1••.•• d- ~ - ee KOOp;!tlmSTLt B npocT

paHOTBe MlniKOBcKOro. llOCJIeltOB8TeJlbHWi KBaHTOBWi Teopwr BSaHMOlte!cTBY

DIn« CTPYH Tpe6ye'l' IIIIO~UHlI HCXO,ItHOro ltelCTBI!IJI So nyTSM lt06sBlIe

HliLII K HBMY reOMBTpJIIleCKBX HHB8,PHaHTOB, SaBHCmIIKX 0'1' BHy:TpeHHeI H BHem

Hel Iqll[8II8HH r.mpoool IIoBepmocTll PeJlJl'1'lI1BI!ICTCKOa CTPYH.f6/ • He HSPY

III8JI IIap8llB'l'pH'iecKOI HHB8PilaHTHOCTH. ftocMOJIoI'H'IecKd 'fJIeH (1. 1) MOlItHO 

ltOIIanHHTll alHmTelHOBCKBM CJIsrseMLtM. nponopIU!oHaJIbHLtM BHYTpeHHel CRa

MPHOI KPJlBBSHe R, : 

Sg=-1 \)d~ ~- ~(U)· R . 
(1.2) 

3.ItecJ. KOHC'l'aH'l'a d.J JmIUlBTCH 6espasMepHo! BeJJlt'mHO!. Torn:a Raft IIOCTO

.fDIHaIl 1 B (I.I) mce8T paSyepHOCT:L RB8JtpaTS MaCCH. J[e!cTBHe (1.2) 

He MBHJle'l' CTPYHHHX ypaBHeHHl ltBDBHwr, Tax RaR COrJIaCHO TeopeMe rayc

cs - BoDe 

-t))d'u-V=9(tO'R, =d,(ZJf- ~dsko ) 
z aZ d 

CBO.D;HTCII K KOKTYPHOMY HHTerpaJIy no rpaHHU8 8Z 0'1' ee reolte:Ul'leC-

KOI KPlIBI!ISHH kg. il09TOMY MJI 6eCROHe'UtHX .IJlB 38.MKHyTHX CTPYH aTO 

ca:araeMoe He III>'eltCT8.BJlII:eT HHTepeca. O,ItHaKO, eCJIll BBSOTll HHTerpaJI:&HYJl 

C~R1JJ It.PHHBSHY S, B TeoplDl OTRPHTO! peJIJrl'KBlICTCROI OTPYHH. rltS 

01 U • 6 13f. 't. f 1I~1 "'C'2 • KpaSBHe lCJIOBI!IJI TaRO! CHCTew 1IIIO.D;H«xa-

1l:IIP1Il'1'CII /7-9/. B pesYJIllTaT8 ltS!CTBHS ~O + SQ II,PHBOltHT R HOBO! . 

.-aH8l11uce O'l'RpIl'l'HX C'l'PYH ya8 Ra RJIaCClI'IeCROM ypolR8. 

r............ "' "'""'n
J.. P .... ~ll '.'!. . 

j '1!~:," 
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MMeHHO aTa ~HaMRKa R paCCMaTpHBaeTCH B HaCT~el CTaTbe. B OT

JIR<me OT pa60T /8.91 OpTOroHaJIbHM RBJIR6poBKa np. BIlBO,lI;e rprum'Uua 
yonoERI S,lI;eCb He MCnOJIbsyeTcR, ~O nos~eT nOJIY~b 8TH COOTHome
HHR B napaMeTpH~eCKH-RHBaPMaHTHOM BH,lI;e ~~ rrpoMSB04bHol paSMepHOC
TH cL npoCTpaHCTBa MimKOBCKOI'O. MlfpoBLle TpaeKTOplm KOHlJj)B CTPYHH 
onpe,ll;e~CR KpaeB~ yon0BHRMR RBK aCHMn~OT~eCKHe JIHHHH C nOCTORH
HLIM Kpy~eHHeM Z, lei KpHBHSHOa kt,~n"'(-f)t.+jk~i.(,n, ,(, = 1,2, KOTO
PM S8ERCleIT OT napaMe1pa :;lBOJII.)lI,ID!: 1i • lIPH d. = 3 .IJ;HHaMRKa OTKPLlTol 
peJIJlTl(BleICTCKoit CTPYHH C slHmTelHOBCKHM lJJIeHOM (1.2) CBO,ll;HTCH It Itpae
BOA sa.n;a'le ,nml HeJIH.He#Horo YpaBHeHIDl JIlrYBHJIJlll:. !lOKaSaHO, ~TO pemeHIDl 
8:oA san;a'IH ,na:m one.n;yDl{lfe orpaHH'IeHIDl H8 BHOOP WUIU.1lt1 ki.<.'1;) , 
-fI =1,2: 

k1 = k~ =CDYlStJ , (1.3) 

RID1 

k1.<.t+JT):- k
1
('!;) • 

k.<.t+~JT) = k.<.t) • j,;1,2 (1.4)iI if 

B CJIY'Iae (1.3) SaMeTaeMaR CTPYHOA nOBepxHOcTb HEJIaeTCR reJIHKOH,ll;OM, a 
ee KpM - BKHTOBHMH nnHHRMR. PaBeHCTBa (1.4) CJIe.n;y~ .us napaMeTpH'IeC
KOro npe,ncTaBHeHHR ,nml MRPOBoit nOBepXHocTH peJIRTHBHcTcKOit CTPYHH B 
TepMRH8X npoMSBOJIbHoit nepMO,lJ;H'IecKOit ~YHItll,ID!:. TaKoe npe,ncTaBJIeHHe MOE
HO RCITOJIbSOBaTb. '1T06H y,nOBJIeTBOpRTb ,naHHHM Kome. 

2. BapRaU!!:oHHHA npllHU!!:n 

YpaBHeHHR .nBDeHHR It rpa~Lle YCJIOBHR B paCCMaT.PJ[B8eMOit Mo,neJm 
one.n;yDT MS npllHUHn8 HSHMeHbWero neitcTBHH 

a(SO + S~ ) = 0 . (2. I)
1. j 7 

S,necb BapbHpoBamm nO.nBepra~CR KOOp.ItHH8TLI CTpYHH X (U •U) nPH 
yonOBm'I 

~r,'l. \:. fl~ 
o:.t(U,U)j 1-;" 0 = oJ: (U,IA )1 1 ". (2.2) 

U =If U = j,,1. 
a.· -rf..(U' ia BapRallHR MeTpDKH (lIiJ no..... ,U) HMeeT BH,lI; 

8o .. =.rf. hx . + :xf· bX' (2.3)
(JilJ 'II r'J 'J f ,iI 


C y~eToM (2.3) H (2.2),Il;Ili[ ~SO H8XO.ll;HM 
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~SO =1~\d~u(~ V~Vt x/) SXr 
l' Z 

(2.4)i f r;:;' ~k f 1$
~du (~-~ ~ X'k )8 X 
~ r 0 

)3 qnpMYJIe (2.4) Vj OSHa'laeT KOBapHaHTHoe ,lJ;HwpeHLlHpoBaHHe no 
OTHOmeHBK> K MeTplU(e 9i.j : 

r f '"' k f
\7. x. .:= :x .. - I.. :r. k (2 5)

Ie J •it l i1J iIJ ' ) . 
rij . - CHMMeTPH~8R CBKSHQCTb, COr~&COBaHH8R C :;l~ott MeTpRKott, 
fl VO'Vi - ,lI;HWpeHU!!:8JIbHHit onepaTop JIaIlJIaca - BeJ,tbTpaMR: 

~ ~ a (_r;::' tlJ d 
tl ~ = "\r:o' au~ 'J- 9 ~ auj ). (2.6), 

l.
~6RCaMl!: C sanRTol 060SHa'leHLI qaCTHHe rrpoR3BO,nHLle no ITapaM9Tp8M U , 
.v = 1.2. 

BaphHpy~ neACTBH6 (1.2), nOKY~ 

C, 2 _r;:; ~k 
~Sf:-fi-.)du~-~ ~ . (2.7)bRik 

3necb MH yqrrs, ~o B .nBYMepHoM CJIyqae TeHsop 31HmTeAHa To~eCTBeH
HO pa:eeH HYJlJJ: 

R.. -~R.a .. =o 
IiJ It. d ilJ . 

liaR H3BeCTHo 110,11/, B Teop~ rpSBRTaUHH C ,neAcTBHeM (1.2) cooTHorue
HlI6 (2.7) He naeT .nRHaMR'ieCKRX ypaBH6HHl!: H8 MeTE,HKY 9~j . .llei!cTBP/
TeJlbHO. MCnOJIb3YR ,Il;Ili[ Bapllall,ID!: TeH30pa P:\rq<m 81<,i.k TOlli,l(eCTBO IIa
JI8THHH 

t ~ l 
b~tk= \7l(~ri.k ')- V'k( blif ) (2.8) 

nO~~Ter~bHoe BHpaxeHlle B (2.7) MO~O npe,ncTaBP/Tb CJIe.n;y~ o6pa
SOM /IO, IIf: 

r;::-' U _,---. ea. ,--;:.t f 
(2.9)'l-~ S ~R.t(\r~ Y'lw=QU1('J-~ w ), 
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l',ne BeRTOP B w t :!!MeeT mut 

_rti' ~ ~ ~ ek 
~- 9w:::: -f1' Vk 0(9· ~). (2.lO) 

l109TOM;y %8 9 B CMY tl!oPMYJIli raycoa CBO)J,llTC1I: It ItOHTYP.HOM;y BH

Terpa.lIy no r~u.e aZ . ECJm Tellepl> BaP1I8Dl!1I 1I0JIll 89~. 
HCllesaeT aa C1 1; ,aTOT HHTerpa.n: 06pai1laeTC1I: B HYJIl>. J 

Haas: Olirryarum 6y,neT B Teopm; 1t0He"IHol P8JW'l'~CICKOI CTPYHH, 
r,ne :sapLl!!poBaHHe IIPOBO)J,llTC1I: IIO KOOP,ItlIH8TaM :r.r(u.u ) ,y,ltOBJIeT

BO.PJllW!M YOJIomm (2.2). B aTOM OJIYllae HHTerpa.1l (2.7) llMeeT mut 

{ 2----, 11t~ {~I ~ ,-. 2/ Jr~Sa = - t .)du ~-~ w ~-1 .lOU -'r~ VI (2.n) 

d 0 1'. 1'1 0 

C no!.t;>lIU>l!l (2.3) AWl KOMnOHeHT BeRTopa (2. IO) aaxo,l(BM 

-f-1W '= ~* (V2.x~ SXr .? - 'VzX~ SXr,~ )+ 

a [1 fie' r 
+ QUi :'J-f (X,2 OXr ,4 - x" SXr,1l ) ], (2.12) 

J----' X l r r
'r9 w =1J-f('Vi X,g Sxfd - 'V1X d bXr'~).f-

a 1 fsr~ 
.f- QUi" [ -./-9 I <x,j OXr,'l- X,g x f .1 )] 

lloOJIe no,nCTaHOBlO!I B (2. II) 06a IIOOJIe.ltHJlX 'QJI,.&Ha B (2.12) B38BMHO COR

pati!aJIJ'l'C1I:. B pes~l>TaTe. YllHTliBas: (2.2). 8u~ MOmIO 88JI11IOOTl> TaR: 

QS - \. d 2 ~ f Q 7': 
o 8 - cL ~ u (-{:if V~ :x,? OXt',~) I".. + 

T~ ,., (J r 1.., (2.l3) 

4- <J., Sdl/[.-a.. (Vi X ,& )bX .. V~.x ,.f ~ ]1$ 
1'1 OU' q r +S' OXt·v. 0 . 

TaRHM 06paSOM. HS IIpHHwma HruweHMIero ,neICTJiU (2.I) NUl BaPH
all/d (2.4) H (2.13) B cMy HeSaBHCHMOC'1'lI 8xr II bXf'~ , ~ = 
= I,2, Q,lte.l{,}'l1.l' 06l:fT1HHe B TeopWI peJIS.'l':mmC'l'oKOI C'l'pymi YpaBHeHIIJI ~_ 
&eHlfH 15/: 
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~ f I 2 . tj f ,~ 

fl· V. x (U ,U ):: 0 \J. X J' (U J U ) = 0 . 


~ d t ) (2.14) 

-iJ.j = l.2 . 
O,ltHalto RpaeB~e YCJIOBHR Tene~l> npHHRMaIllT EH.l{ 

fl2 X :2 :::: 0, U j = 'l. 5 ~ , (2.15) 

r ~ Vi x).f = 0 • LA =- 0 ,:rr 1 (2. I6) 

~('VfXf'g) _r;::;-' Q2k f 2 
,U=O,Jf 

(2.17)d. auI "'\/~ = a'r8 d X ,k 

YpaBHeHlfH.1tHH&eHlfH (2.14) H rpaHll"IHlle YOJIOBHR (2.15)-(2.17) MOlIt

HO BHpaSBTl> B Te.PMHlJPX MeTPH'IeCKOI'O TeH80pa . ~ ~j ,TeHsopoB BTOpoA 

~TJI1mol tl!opw bJ.lij H BeRTOP9B KPyqEiH.Wl:Yt:L/H~ '" - .y~d.lt,
tJ,J '" ~. 2 , cL , 13 = 3. • •• , d . Awl STOI'O .PaCCMOTPHM no,n-

BlIIlIDiHA 6aSHC Ha MllpoBOI IIOBepxHOC'l'R PemITIIBHCTCKOI CTPYHIl. 06paSOBaH

HHI .nBYMR: RBOOTWll>HlOOl BeRTOpaMII: X~~ , t:: I,2,H <.d- ~) e,ItH-

IJHllHHMII: HO:pM8J1l!Mll tt ~ . tJ.,1 = 3 •••• , d, R BOCnOJIl>syeMC.fl OJIe.v;ylD
1IIIitMII: ,ltePHBaInIOHHHMH tl!opMyJI8MII: l21 

f d D r 
'VJ' X,i = - L bd.li,j ~'" (2.I8) 

o:L&~ J 

f D jk r cI r 
ttct.~ = - {Jot Ii,j S X, k - {3 YPd..1 i ~) P (2. 19) 

~ 
TalC RBlC HOpM8JIB ~ d... .IIl!JIJDl'l'C1I: JIHHeltHo-HeSaBl'lCiIMHMII: BeRTOpaMH, TO 

IIO,ltC'l'aHOBRB (2.I8) B (2.U) ,naeT YOJIOBHe Ml!HltMWll>HOCTH MllpoBOI nOBepx

HOC'l'H pe.IUl'J.'J!BHCTCKOi C'l'PYHIl: 

(,J 0S b d..l ~j = 0 , dv::: 3, .. , ,d . (2.20) 

C IIOfll)lIU>ll (2.l8) (fx:lpMyJIli (2.I5)-(2. 16) CBO,ItH'l'C1I: It OJIe.DYDItiIM COOTHo

IIIEIHlDDI: 

D -0 4_~ r. (2.2I)bd.l~a - ,Ij - I"f) Lt~ 
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2
gctlH=O) U =O,Ji. (2.22) 

ITo~cTa~ (2.18)-(2.19) B (2.17) H yqaTHB~ (2.22), nonyqaeM 

d 9 g . ~k f 

(dv Id3 t>d,,11~ - rs )~ X ,k :: 


(2.23)d ~ &d.fU ... d r 
= d... z.. [~Bu·C i=1f) Z gBH2 ~""dl.11~.1 ,U~=O>Jf.

d .. 3 J p= 3 r r Q,. 

I'prum'l:Hhle YCJIOBHIi (2.23) TeIIepl> Heo6xo;ItHMO crrpoeltTHpo:aaTl> HS BeKTO


phi no,ttBIDB:Horo 6as.wa (X.!i . 't ~ ) . ITpoeRD;H.R: (2.23) HS X~i . i;::: 

= 1.2, HMe6T ~ 


d g 2 
I i __ [, ( cA.11~) = l' 

(2.24)K<.u,u )1 1- "l" lu~=o,3r<1=3 d.,
U=D.H 

I ~ 
18,necl> raycco:aa KpKBl'!3Ha KCU ,U) rpoBO:l!. IIOBepxHOCT11 PeJIJiTHBHCT-

CRO! CTpyHIi OIIpe.neJIR6TCR IiJoPMYJIoit /12 

• d 0 
K=~ R :;' - k de til bd.li,j II / ~ . (2.25) 

. f 
ITP06ltTHPYR YCJIOBH!i (2.23) Ha BeKTOphI tL Ii • d.. =3, •••• d , H8

XO;ItHM 

d
~(gd..fn\+_~_~g .) _ ,
aut -v-r) q;:3 ~Hg Vpcll~ - 0 ,;:; (2.26) 

d.= 3, .. ,d) u X: 0,;;. .. 
Ha MHPOB01t IIOBepxHOCTH PeJIIDHBHCTCKoit CTPYHH MOZHO Bcer~a.. BH6

paTl> HSOTePMH'l:ecKYlO WID KOHIiJoPMHO-ITJIOCKYlO CHCTeMY ROOp,ItHH8T uti • 

~ = 1.2, B ROTOpol MaTPHua 11 9tJ II CTSHOBHTCR ;ltHsroHaJIl>HOA: 


~~i =- ~a -= - ;\(!//)~), ~~~:::: 0, (2.27) 

~=-A~. 

6 

PaBeHCT:aa (2.20) B 3TEX ROop~aTax 3armCHBalOTCR TaR: 

o 0 J (2.28) 
tJd,IH= D""H ,d.;3, ... ,CA. 2 

BMeCTe C YCJIOBl!J1Ml!: (2.22) COOTHOmeImH (2.28) apE: U = 0, Jr 03HB

"IaJOT, '!.TO MHpoBHe Tpa6ltTOPHH, no ROTOPHM ~H.lI(YTCR ROHI.\bl CTPYHhI, srB

JIJDOTCR acm.mTOTl!I'I6C1GlMJiI JIIDmm.m:. IT03TOM;y RpY"Ie~ TaK\PC JIIDm~ a:,i(U I) , 

~ = I.2,cB1{3BHhl C rayccoBo! Rpm3H3HO! K(Ul,U ), U~ = OJ. 31, MHponoii 

IIOB6pxHOCTH pe.rutTEBHCTCRO! CTPYHhI IiJoPMYJIOa 3HHenepa /13: 

~ I i 
z,i,(U ) =- Kcu )0(, ') ; (2.29) 

~=~ ~ 0=0 (5-1/
,J • I ) ~ • 

Cpa.BHl!['B8.Il (2.24) :II (2.29). IIOJIY'iaeM 

~ d 0 1 
a..(u') ::: [( °XH~) 2 = 1 ) (2.30)v 4.=3 lu =cJi cJ. 

.f.t "'I.L 
TaImM 06pa30M. Kpy'leImH Ml'lPOBhlX TpaeKTOpHit ROHIlQB CTPYHH IIOCTOJIHHhl 

H paBHhl I (l,41 =I 'itgill/nilta.' . C ,IU)yro:l!. CTOpoHIi. B CMY CBo:l!.cTBa aCHMII-

TOTH'l:HOCTH BTmt; J.D1IHH' EX KpHBHSHa hi (U ') , i; = I.2,.naeTCR 
COOTHOm6HH!iMH 113-15 . .

' {,·H iki,(U)=C.- 1 ) KSi,(U) t=1,~, (2.31) 

r,It9 reO~e3H'IeCRWi KPHBRsHa k9. ( U I ) t ~ = I.2~B MeTpHKe (2.27) 
HMe6T Jm.It t 

1kO.(u )= 1~ aa~ (~nA 'I g (;=1)~ ~2.32)
Ot ~ vA U u "" cr. 

f, 

GJIe.1tYeT OTMeTHTl>. "ITO MHPOfH6 TpaeKTOplm KOHU;OB CTPYHH B d -MepHOM 

o6'beM1IJJllleM IIPOCTpaHfTB6 £ d- f He orrpe.neJIRIOTCR C nOMOJJU,lO q,yHKI.IH~ 
k.(u ' ) 11 , .(; = 1.2 • COl'JIaCHO ~peHIJ;IaJIl>Ho:l!. reo,4 (u ) 
MaTpim /12. 13 ,IJ.1LfI STom Tpe6yeTcR 3a,t\aTl> ell{e (. d- 3) miBapHaHTa. 

TeM He MaHee t .nase npH d =3 B onpe.neJIeium Ml'lpoBIiX TpaeltTOpHil 00

TaeTOR rrpoR3BOn, CBRsaHHHA C BH6oPOM HX reO~e3HqeCKOil KPHBH3HH (2.31) 
-(2.32). 
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3. Pememre Kt!8eBOI sM!i\'DI B TpexueDBOM IICeMoeBM!J.[oBOM 
EtnpoCTpaH.C'l'Be a 

Orpa.HJir'DIMCR OJIY'iaeM, KOr,na SaMe'l'seMllfl: CTpy110l J4I!H!!!)IB.J!' IIOBepI:


HOq'l':& BJlOKeHS B TpeXMepHoe 061>ewmqee IICellltOeBK1IBJtQBO !IpOCTpaJlCTllO 


E2 • 3Mc:& BeKTOPU Kpy'lelOOI paBHH HYJID Vel,I." O. ~ ". 1,2, lIoe-

TOIq paBeHCTBe (2.30). U (2.26) IIpmmMaIl'l' mut 


Q ~ 2 2 ,1
( Jlll.)='Y U:::OJr 

" /J., '; (3.n 

'I 
2 

::: r /<I.! • 
He TePRR o6D1RoCTB, )&)lIHO OlCOIf<I8TeJl:&HO 3a@otRCUPOBaT:& lI8pallBTPU UfI 


,(, == I,2,HS MHpoBOI IIOBepxHOCTB pe.l18.'l'JIBIICTClCOl CTPYrrs e~ JtOIIo:II
HJI'1':& COOTHomeHU (2.27) OJIeJtYI1lIIQGi ~ YOJIomwm I ,I?: 


(gff~ g1~)~=q.g) (3.2) 

~ 
l';lte q... - IIPOU3BOJI:&HBJ!: IIOJIOJm'l'eJl:&HSH KOHCTaHTS. lh'06s y,noBJle'l'BOptIT:& 

paBeHCTBaM (2.21)-(2.22), B (3.2) OJIeJtYeT IIOJIODT:&

gi ~ 
&"1= g1.1.= 0) 1a = q.. , (3.3) 

. TO eCT:& B30TepYH'IeCIale KOOPJtllHSTS (2.2?) 06pasYDT SCBIIIl'l'9'llA8C.R;YIl 

oeT:& Ha MHpoBOI IIOBepxHOOTU penHTJIBIICTO~1 ~TPYHH. 

KCIIQ.1!J,s'yR: ,Ir,lIJt rayCCOBOI: KpxBH3HS K(IJ ,U) B MeTp!lRe (2.2?) 
IPoPMYJIY 114/ 

K = l R=- 2~ [(enA)'H-(enA~UJ , (3.4) 

IrIS ypmmeKIUI (2.25) C Y'IeTOM (3.3) IIOJIyqaeM 

(enA) -(en)..) =~. (3.5))H )2~ J\ 

TaKHM 06~SOMt SaMeTaeMWl OTpyHO! MIIHiDI!IJ1I>HM nOBepxHOOT:& C MeTPBROI 

.A(U',U ) B TpexMepHOM rrCeB,ltOeBK/ll!:JtOBOM IIpoCTpaJlCTBe E~ OIIJrIOH

BeeTeR: YpaBHeIDIeM.lI:i!!yB:wr..I (3.5) H rpa.lllf'mHMlf YOJIO:Bl!l.lDm (3.n. 

Iopomo lIISBeCTHOe 06mee pemeHl'Ie yrmHelOOI (3.5) rrpeJtCTaBlIJIeTeR: 

C nOf«)1It&J) lJ:SYX npoIrISBOJII.HHX IPYHKUJd!: f ( U+ ) U 9(u-) oJtHol: 
nepeMeHHot u:!:::: u1 :t U ~ CJleJtYDlIHM 06paSOM 1I8~ 

8 

12 .2 I a 0,.'1. [~(U~) - 8(1..4-)]2 
.A(U,U)"'X(U,U)= 4 0'''' O'ru-)

• 2 • f t (U ) d " (3.6) 
3,neCl> X '> 0 I (X - BpeMemrjIo,n06Hllit BeKTOp), II03TO~ 

1'(1.4+) R ~ (1.4-, JrIMeM O.u;mlalCOB~ SHaR E<.t)=- E(~') , 
EO): 1/111 . .MeTpaRa .Acu',u ) OIIpe,na.rul:e'l'eR: rrpe,nc'l'awt6

HB8M (3.6) C 'l'OtmOCTJ>I) ,no COBMeOTHOro JtPo6Ho-mmeitHoro npe06pa30Be
HU ~ f(U+) B 9<.1.4-) 119/: 

~ ~ T(f) ~ ---'" T(9), 
(3.7)

T(J ) = Q l + g 
2 

IIO,nCTaHOBRa (3.6) U (3.3) B rpaBJrItmHe YCJlOBB.R: (3.1) npa U = O,J( 
,naeT ypmmeBBa (U f ::: '1i ) : 

[ lC'1:)-9(t)J z i 
> (3.8)

~lh)9h) = I q. ~ I 
2 

[l('f;+JT)- 9<1:-J1')] _ i 
(3.9)~l~T+J1') 9'('r-JI') - , qr ~ I 

B 06~iM OJI:y'iae CRCTeMa (3.8)-(3.9) He onpe,neJlR:e'l' namlOC'l'hD IPYHR

IUd f(T) U 9('&) . .ilei!:CTBfteJll>HO. 38MeJUm B (3.9) SPryMeHT'1i 

HS t + JT , IIO.lJ:Y'UDI 

[£('-;+2$) _ ~('&)]t_ ~ 


~ nt+un9(tt) - Iq. 1. I 
 (3. IO) 

Tenep:& C rrOh«)1It&J) (3.8) R (3.I01 YJDO B1ipa3ltTf IPYHKmDl ~(1i) 
'lapes l(t+ ~Jr) • t(t) IrI ! ( t+ Ui) • f (1:') • IIo,nc'l'a.:BJUJJl 

aTO rrpe,nCTaBl'Iemre B (3.8). nplilXo.ll;lllM K OOOTHomeIDnO, CM31.l:B8Dqelq ~

JtY 00601: 3Ha'leKIUI IPYHKIJ;IiIH ee npoHsBO.D;HWC .no BTOPOro rrot ( t) R 

PR:JtKa BHJIJJ'IBTeJll>HO HS KOHU/lX ilRTepBaJI8 ['t )'t + VI] . IIPB 

t" ~ <. 't -+ ~ Ji ~ ( 5 ) 8TBM COO'l'HOmeIDIeM He orrpe,neJlR:eTeR:. T8KHM 

06pa30M;., HaJ!60JIee o6~ee pememre CBCTeMH (3.8) H 

H:y rrpo1lI3BOJI:&HO SaJtaHHyD HS BHTepBaJle (0 , ~ Jr] 
TaKOt IPYHKUWOHaI:&H~1 npoH3BOJl Tpe6yeTeR: B TeOpHE 

CTPYHH. 'lT06a y,nOBJleTBOpKT:& JtaHHHM KeD. 
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(3.IO) co,nepuT o,n

cpYH1Oll!DO. KMeHHo 

PenHTHBHCTCKOI 

http:2.21)-(2.22


ITepeaneM K rrOCTpoeHH~ pemOHH! CHCTeMH (3.8) H (3.10). ~ STO
ro SaMeTHM, 'ITO ypaBHeHHH (3.8) H (3.10), rroMRMO nO~CTaHOBKH (3.?), 
HHBaPHaHTHH OTHOCHTe~bHO COBMecTHoro ~po6Ho-~aHHoro rrpeo6pasoB8HHR: 

Jet) --+ T(~(n). 3<'0-·....,. T(fer)). (3.II) 

KOTopoe nepeMeUlHBaeT CPYHK'lJlm /(1;) K 9(t ) • COrJlSCHO (3.?) H 

(3.11) ypaBHeHHe (3.10) CBOnHTCH K (3.8) C TIOMOmbD o~on ~3 cne~ID
lllIDt nyx IlO~CTaHOBOK: 

~(t"'~Jr);: /0;) , (3.12) 

9<t); ~ ('C) (3.13) 

HJIK 

'(,["~JT) == T( 9<t)) , (3.14) 

~(t)= Tcf('t)). (3.15) 

IToRaXaM, ~O COOTHomeHHH (3.14)-(3.15) TIpKBO~ R qaCTHHM pemeHHH 
crrauwanbHoro B~S, KOr~a SaMeTSeMaH CTPYHOA rroBepxaocTh HBnReTCH r~
ROlmOM, S KOHIlli CTPYHH ollHClmam BRHTOBUe JIltHlm. TaRRe nmwHHH xapaK-
TepKsYDTCH nOCTOHHHoA KPKBHSHOA ki' ~ = 1,2, orrpe~~eMOA ~p-
L\YJIaMK (2.31)-(2.32). Hs ycnoBM I a:.1 '" I t,~ 1= I~ I cne~eT paBeHcTBO 
Ikj I = I k ~ I=I k I , KOTO poe .wm reJIKROPma np:llHHMaeT BPm kI = k~ =k . 
n09TOL\Y,rrO~CTaBJlM (3.6) B (2.31)-(2.32). ~OTIOJlHl'lTeJIl!IO R CKCTOMe 
(3.8) l1! (3.10) B aTOM cnY'Iae nOJIYlQ!M ypaBHOHHH 

I I/1 

f(.t) 9h)
!)- 4(t? I { .JL eh ,rn + 2 (t)+ 9ct) 1= .lL 

d~ ('/;) l('t)- 9<'£;) I :t I (3.16) 

I I I 

IJet+ ~JT)- 9cr;) I \.sL ~Vl).S!) + Zlet +l.JT)+ 9(t) 1= _ilL. (3. I?) 

"if fh+u) ~'(t) at J('t+~JT) ~(:r:+VT)- 8(t) I a:, I 

06mae peIDeHR8 CHCT8MH (3.I6)-(3.I?)~seTCH BupazeHRRMH (3.14)-(3.15), 

10 

r~e npe06pSSOBamfD T cpnOCT81WieTCH (2x2) MaTPHlJ,a M : 

M;: l~ ~), 
y~OBJIeTBOpsnoo:(M ycnOBl1!D k2 

(trM)2:;; ~ iT detM 
(3.18) 

OCTSllIDeeCH ypaBHeHRe (3.8) nocno nO~CTaHOBKH B Hero (3. 15) CBO~TCH 
K 06HKHoBeijHOL\Y ~({l({lepeH~anhHoL\Y ypaBHemm nepBoro nopanKa Ha cpyHR, ) 
l.:(RD1('t): 

(' ~ Iq,<tl (3.19)
fcr+(d-o)/- g12 ~ de t M t 

11 JlerKO HHTerPKPyeTCH. HCIIOJIbSYH 060~HST{eHR8 ~ W ::: <, 1 - k / l 
1 

2
) , 

nPKBe~eM OKOHT{STeJIhHHe BUpalleHM .wm cpYHK~a I(t) H a(!) ; 
npil I k I < I Z I : 

f(t ) = - € ( f\ ctJ 3((l t ... 6 i ) , 

~(Ii);-e(r)c/li~(at+ ~~). (3.20) 

(1~=WIq..~I) ~l~=G-li~(61-~Z)' 
nPKqeM KOHCTaHTU k H ~ CBHSaHH Me~ c0601 COOTHomeHHeM 

k kl - fIg -r,,' ..., 2 -1 I~ 
iii (1- V) = t~[t~I~Z I (1-fr) ] ~ 

npH I k I :: IX I : 

/ct)= £d\(a-c.+ ~i), 
~(t)" c(t)(Q'/; + ~~) ) 

(3.21) 

I~I=~/JT 
~ 
I~I , aJf=(ll~-1J1) 

npH I kI } IX, 1 : 

J('!;) = C(t)-lih(Q,"[:+l'!1) l 
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~ ct),;: £ ( {yt,.h(a t .. b '" ) , 

~ k 4 1 
a = \Wllq.;t\, I XI Z-v'IWI = c"{,h(l\1-6~'), (3.22) 

r.n;e ki~ _i/'1. 	 1/'1. 

I ~I (~- 1 ) = - tft[tW(11- 1 ) J. 
OTMe'l'HM. 'lT0 MHpoBHe TpI;\eRTopJm KOHUOB CTpYHH B ~pMYJI8X (3.21)-(3.22) 
HMeM 1I0CTOJiHHYD OTP:B;u,aTeJIl>HYD RpeilSHY k . IIO.n;CTaHOBKa (3.20)
(3.22) 	B (3.6) .n;aeT CTI.1TlNecKYD (He SaBHCRlIIYD OT IIBpaMeTpa aBO.1lDUWI 

't ) MeTPHKj' reJIHROll)la. Jij>yI'l'le lI8CTHHe pemeHRR: YP8BHeHHl!: (3 8) Ii! 

(3.10) ~ aTol!: MeTpHKl'l B TepMHH8X KO~eRCHOSHB'lHmc @'HKUd 1<1/) 
H 	 q(11 ) Clwm rrOJIY'IeHH B pa60Te /9 . 

"FBCCMOTPHM TerrepL Yp8BHeHHe (3.8) C llePHO.n;H'IecKl'lM YMoBHeM (3.12). 
~ pemeHRR: STOro ypaBHeHHH MOEHO HcrrOJILSOBBTL llO.n;CTaHOBKj' 

I 	 I 

~('t) =-1I¥IIl(;(t) , ~("n:_ rull(-(~) t (323)
l('n- g(t) /<t)- ~(n ~ . 

r.n;e 	 "(; (t ) - rrpoH8BOJIl>HaJI @'HKII,'Im.. OCSIQHl!: HHTerpaJI cooTHomeHd (3.23) 
lIMeeT BlI,Il 

t ~ 

P a - r..JiW 'd ~(l;)-~ 1

1('t)-d('t1-CoeXPr ~ J ~ 'Yt<.~) . (3.24) 

'to 0 
3.n;eCl> KOHCTaHTH Co H to y.n;OBlteTBOpsD'lT YMOBli!DT(lio)-~(to)"Co. 
C ll?1fOIIt&D (3.23)-(3.24) 1l0JIYlI8eM Me.n;yDllli!e llpe.n;cTaBJIeHRR: NUl IWHKl.\Hl!: 

~(t) B 9'<t.) : 't 2 
pi C ( ~ Cd "l-(~)-1 ,
t('t)=-T~I\{,(t)exp(---r- .) r; ~(~) '(3.25) 

to 2 
I C _i -1jIi"if t 'l{, (~)-1 )

~('t)= - -tfllfilll('li)exp \-.u:r- Jd~ 1(,(~) . (3.26) 

'to 

PaBeHCTBO (3. 12) B llpHMeHeHHH R (3.25) OSHBlI8eT 
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"(;(t .... ~Jl) = "tt (t) , 

'to+U "I(,~(1;)-~ 
~d~ 1(,(~) = 0 . (3.27) 

'tD 
COOTHomeHRR: (3.26) - (3.27) .nOIIOJIHHTeJIl>HO R (3.12) .n~DT 

~(t .. ~Jf)= ~ (t) . ~ (3.28) 
TaKHM 06paSOM. pemeHHe (3.25)-(3.26) ypaBHeHRR: (3.8) C yCJIO~ 

(3.12) l!I (3.28) co.n;epaJIT 0JI)fy npoHsBOJIl>HYD rrepHO.n;H'Ie(:Kj'1O @'HKllI'I;Il 

'1(.,(');) 	 • 
IIO.n;CTaBJIH.II npe.n;cTBB.l[eHRR: (3.24). (3.25)-(3.26) B ~pMYJIH 

(3.6) H (2.31)-(2.32). MOlWO BHpaSl!ITl> RPlimHS:ay MMPOBmc TpaeKTopmt 

KOHUQB CTPYHH B TePMHH8X "(,.(t) : 

-nTi' -4 {' • _ r.:-::: [2 J1k,(t)=- ViCfI"t,c't) "t,('t)-+1-v14;l' "t,('t)-t 1 '(3.29) 

~i('t·JT)= - kt('t) . (3.30) 

C Y'IeTOM (3.27) OTCJmB Me.n;ym YMOmm: llepIi!O,lOrl1HOCTH 

k. (t+ ~ JT ) = k. (t ) i ::: 1, ~ • 
~ ~) 

IIapaMeTPH'IeCROe npe.n;cTaBJIeHHe (3.25)-(3,26) np:iIBO.n;HT 

T?piUm ROHUQB CTPYHH C 1l0CTOSIHHllM Rpy'leHHeM ~ l!I 

t. =< 1,2. y.n;01lJIeTBOPflDIIel!: paBeHCTBBM (3.30)-(3.31). 

(3.31) 

K MHpoBHM TpaeK-

RPHBHSHOI k,j,c'[) • 
(JrMeTHM, 'ITO 

MYqajl nocTOJiHHol KPHBl!ISHH k~ ::: - k1 = - k , Ror.n;a KOH~ CT,PYHH 


.n:BlDtYTCJI B llpoT~nOJIOlltHHX HaIlpaBl!eHWlX llO BHHTOBHM .1llIHHJiM 0.n;HHB


KOBOro pa.ItIl3ca k-, s.n;eCL He llpe.n;CTaB1IJieT HHTepeca. TaR RaR Yp8BHe

Hl'le C pas.n;eJIJIIIllI,HMIiCJI llepeMeHHHMB' (3.29) He qJyHKIlliID ''It(t) B 


CJIIJfY (3.27) HMeeT TOJILKO Tp:iIBli!alILHHe pemeHRR:. C .n:pyroit CTOpoHH. co


oTBeTCTBYI1IIee 'IaCTHHM pemeHIDtM (3.20)-(3.22) paBeHCTBO kit" k/' COt1S~ 

HS cOOTHOmeHl'l1 (3.30)-(3.31) 1l0000'llIITl> HeJIl>3,R:. TaKKM 06pasoM. ~OO


JIH (3.25)-(3.26) llpe.n;CTaBJIRDT c060D oCl~ee peweHHe CHCTeb~ ypaaaeHHl!: 


(3.8)-(3.9), B (3.20)-(3.22) .IDlJIID.lTCJI oc06mm HHTerpanar.m aTOI CBe


TeMH. KOTOPHe He BK1ID'mDTCJI B 06l1\ee pemeHHe /20/. 
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4. 	3aMKl'l:eHl1e 

HaR B3BeCTHO /3-5~ rpaHE~e ycnOBRa B Mo~e~ PenHTRBRCTCRO~ 
CTPYHH, oTIpe~e~eMoA ~eHcTBHeM HaM6y - DoTo (I.I),rrpHBo~T R CBHry

~PH1lM ~mKeHHJlM ee ROHUOB co CROPOCT:blO CBeTa. B ~6poBRe 


XC"" t(t,5) '" 1; aTQ BlipalKaeTCJi cne~lOOlID.m COOTFlOllleHlL'lMH: 


~ 

I ~dtcb,<5i) 1= 1 	 ~ 
I d11 	 (4.I) 

~ 
iJ;:~.Z) 6,"'O,6~=Ji. 

EenD Ee BBeCTH TaKYlO napaMeTpHsaDBID B rpaHB'l:Hlie ycnOBRa (3.1), TO 

BMeCTO qJoPM,yJIbI (4.1) ll,JIB: CKOPOCTli KOHUCB CTPYHli Tenep:b nOJIY'l:IDd 

J-'1 1 o.~ r ux eli) at) \ ;; 1 - -L <1
I c1.j., 1)' 

(4.2) 

i= 	~>~ , 61=0, 6~=Jj. 

TaKRM 06paSOM, B Teop~ OTKPHTO! peJIRTHBliCTCROA CTPYHli C sBHmTa!HOB

CKHM ~eHOM (1.2) ea KOHUb! ~YTCH co CROPOCTI>lO,MeH:bmel CKOPOCTH 

cBeTa, nOSToM,y OTMe'l:eHHHX BHIlIe Tpy~ocTeA s~eCD He B03HHKaeT. BoJIee 

TOro, C TO'lRH SpeHRa SToil Teop~ ClIHI'y~pH.lle ~mKe!UtR: B MO~~ HaM

6y - DoTO nOJIY'l:am npoCTYIO reOMeTpH'l:eCKYIO HHTepnpeTalJlIlO. ,I(eAcTBlfTeJl:bHO, 
nepexo.n K .neACTBHlO (1.1) npu r/.; -'t 0 OSHS'l:aeT Z -) 00 ,TO 

eCTI> Rpy'l:eHHe MHPODHX TpaeKTOplI~ ROHUCB CTPYHli (11, cne.ll.OBaTeJI:bHO, 

raycCOBa Kp:am!.3Ha cTpyrumii no:aepXHOCTH npH6'~6. ,L =1,2) 06
o. 

pamaeTCJi B 6eCROHe'l:HOCT:b. Ilpu aTOM qJoPMYJIb[ (4.2) H (4.1) COBnMaJOT. 

ABTOPli npHSHaTeJl:bHH B.B. HecTepeHKo sa HHTepec K pa60Te H nOJIe3
HHe 06CYllt.n8HBH. 
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HET RH nPOBEROB B BArnER EHERHOTEKE? 

8bl MOlKeTe OOJIY!iHTb 00 OOliTe nepe!iHCJieHHble HHlKe KHHrH, 

eCJIH OHM He 6biJIH 38KB38Hbl paHee. 

Al-82:-568 
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.113,4-82-704 

All-83-511 

A7-83-641t 
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Al3-81t-63 

.112-84-366 

Al,l-84-5~9 

A17-8lt-85D 

Al0,11-84-818 

Alt-85-851 

,1111-85-791 

Al3-85-793 

TPYAW coee~aHHA no HccneAOBaHMA~ a o6nacTM 
penATHBMCTCKOH AAePHOH ~M3MKM. AY6Ma, 1982. 

TPYAY coae~aHHR no KonneKTHBHWM MCTOAaM 
ycKopeHHA. AY6Ha, 1982. 

TPYAW IV lle>KAyHaPOAHOH WKonw no HeiiTpOHHOM 
~H3HKe. AY6Ha, 1982. 

TPYAW coa~aHHA no CHCTeMaM M HeTOAaM 
aHanHTH~CCKHX BW~HCneHHM Ha 38H M HX nPHMeHeHHD 
• TeopeTM~ecKOH ~H3HKe • .lly6Ha, 1~82. 

TPYAW Me>KAyHapOAHOH wKonw-ceMMHapa no ~H3HKB 
TA*enwx HOHOB. AnywTa, 1983. 

TPYAW pa6o~ero coae~aHHA no npo6neMaM M3ny~eHMA 
H AeTeKTMPOBaHMA rpaBMTaQMOHHWX BOnK •. .lly6Ha, 1983.-

TPYAW XI Me•AYHaPOAHoro CHMnoaMyHa no 
AAepHoil 3neKTPOHHKe. 6paTMcnaaa, 
4exocnoaaKHA, 1~83 • 

TPYAW 7 MelKAyHapOAHoro coae111a11MA no npo6neMaM 
KBBHTOBcH TeOpHH nonA. AnywTa, 1984. 

TPYAW Vli Me•AYHaPOAHoro CeHMHapa no npo6~MBM 
~M3MKM BWCOKMX 3HeprMA • .lly6Ha, 1984. 

TPYAW m Me>KAyHaPOAHOro CMMno3HyMa no M36paHHWM 
npo6neMaM cTaTHCTH~ecK~ MexaHMKH • .lly6Ha,1984. 
/2 TOMB/ . 

TpyAW V Me•AyHaPOAHOro CORelllaHMfl no npo-
6neMaM.MaTeMaTM~eCKDr0 MOAenHpoaaHHfl, npo
rpaMMHpoaaHHD H MaTeMBTMqeCKHM MeTOAaH pewe
HHfl ~H3H~ecMHX 3aAaq. AY6Ha, 1983 

TPYAW IX BcecooaHoro coae~aHHfl no ycMOPHTenAM 
3apfiJKeHHWX qacTHQ. AY6Ha, 1981t /2 TDHa/ 

TPYAW MeJKAYHapoAHoil wMonw no CTPYKType 
AAPa, AnywTa, 1985. 

TPYAW HeiKAYHapcA~oro coee111aHHfl no aHanHTM~ecKHM 
BW~MCneHHAM Ha 38M H HX npHHeHeHHD 8 TeOpeTH~e

CKOM ~H3HKe. AY6Ha,1985. 

TpyAw .xn Me•AYHBPDAHoro cHMn03HYMa no fiAepHOil 
3neKTPOHHKe. AY6Ha 1985. 

1 p. 75 K. 

3 p. 30 "· 

5 p. DO tc. 

2 p. 50 tc. 

6 p. 55 K. 

2 p. 00 "· 

It p. SO tc. 

4 p • 30 K. 

5 p. so "· 

7 p. 75 "· 

3 p. 50 K. 

13 p.SO K. 

J P• 75 K. 

" p. 

It p. 80 K. 

3aKa3bl Ha ynOMHHYTNe KHHrH MorYT 6biTh.HanpaaneHY no anpecy: 
101000 MocKaa, rnaanoqTaMT, n/• 79 

H3ABTenhCKHH OTnen 06~eAHHe~Horo HHCTHTYTB HAePH~ HCCnenoBBHHA 

Eap6awos E.M., 4epsHKOB A.M. P2-86-572 

K TeopHH KoHeqHoii peJIATHBHCTCKOH CTpYHbi c KpHBH3Hoii 

06cylK.!IaeTCH pOJib 3HHl11TeHHOBCKOrO qJieHa B llHHaMHKe OTKpb!TblX peJIHTHBHCT· 
CKHX CTpyH. rpaJUNHble ycnOBHH, .llOllOJlHRIOI.UHe ypaaHeHHR .llBlUKeHHH TaKoif CHCTeMbl, 

nonyqeHbl B napaMeTpHqecKH·HHBapH8HTHOM BHile llJIH npoH3BOJlbHOH p83MepHOCTH npoCT
p8HCTBa·BpeMeHH. MHpOBbie TpaeKTOpHH KOHI.IOB crpyHhi onpelleJIHIOTCH 3THMH ycnosHH· 
MH J<al( aCHMDTOTHtlecKHe nHHHH C llOCTORHHbiM KpyqeHHeM H KpHBH3HOH, KOTOpa.R 3a· 

BHCHT OT napaMeTpa 3BOJ1101.1HH. )lHHaMHKa OTKpbTroii peJIHTHBHCTCKOH CTpYHbi C 3HH· 
illTeHHOBCKHM qneHOM B TpeXMepHOM nceB)lOeBKJIHilOBOM npocTp8HCTBe CBOilHTCH K 
KpaeBOH 38/laqe llJIH HeJIHHeiiHoro ypaBHeHHH JlHyBHJIJIH. 3-ra 38/laqa llOJIYCKaeT KaK 
06111ee perneHHe B TepMHH8X npoH3BOJihHOH nepHOJlHqecKOH cpyHKI.IHH, TaK H OC06bie 
HHTerpanbl. noK838HO, qro o6mee peweHHe npHBOilHT K nepHOilHqecKHM YCJIOBHHM llJIH 
KpHBH3Hbi MHpOBblx TpaeKTopHH KOHI.IOB CTPYHhi. Oco6hie HHTerpanbi cooTBeTCTBYIOT 
ABH)KeHHRM 3THX KOHQOB llO BHHTOBhiM JlHHHRM O.UHHaKOBOrO pa.l:UfYCa, Kor.n,a 3aMe

T8eMaH CTpyHOH nosepXHOCTh HBJIHeTCH re.JtHKOHilOM. 

Pa6oTa shinOJIHeHa s Jia6ooaTopHH TeopeTmecKoi'I cpH3HKH Ol-Ull1. 

UpenpHHT Ofu"'lJJIIeHHoro HHcnuyra l!JlepHbiX HCcnenoaaHHii. Lly6na 1986 
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Barbashov B.M., Chervyakov A.M. P2-86-572 

On Theory of Open Relativistic String with a Curvature 

In dynamics of open strings the role of the Einstein term which is proportional to 
the Gaussian curvature of the string world surface is discussed. The boundary conditions 
complementing the equations of motion of such a system are obtained in the parametric 
invariant form for d-dimensional space-time. The world trajectories of the string endpoints 
are determined by these conditions as asymptotic lines with a constant torsion and the 
curvature depending on the evolution parameter. In three-dimensional space-time the dy
namics of the open relativistic string with the Einstein term is reduced to the boundary 
problem for the nonlinear Liouville equation. This problem admits the general solution 
in terms of an arbitrary periodic function and the singular integrals. It is shown that the 
general solution leads to periodicity conditions for the curvature of the world trajectories 
of string endpoints. The singulars describe the motions of these ends over helices of equal 
radius, when the string sheet is a helicoid. 

The investigation has been performed at the Laboratory of Theoretical Physics, JINR. 
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