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TIOJI5IKOB8 P.B. ll - 12228 

MaTeMaTwiecKoe MonenHpoBaHHe onaopo.aHoro MarHHTfwro 

llOllB 6e3*ene3HOrO CBepxnpOBOllBWero UHITOllH C nnoCKOH 

06MOTKOff 

0J1HCbiB8eTCB "<IHCll8HHbiil M€T0Jl peweHHSI o6paTHOl'J: 38ll8t:IH ¢lopMHpOB8-

HHSI Oll.HOpOJlHOf'O M8rHHTHOf'O ITOJlH ( 4-5 T ) CBepxnpOBOLl.HIUero llHllOJlB THlla 

"OKOHH8SI paMa" C ITOMOlllblO TTnOCKHX 06MOTOK. flpe.onaraeMbiti: Me TOll I103BOllB

eT Cp8BHHTeJlbHO nerKo npeO£lQJleTb Tpy,aHOCTH 1 CBB38HHb!8 C perneHHeM nno

XO o6yCJIOBJ18HHb!X CHCTeM ypaBHeHHi1 1 K KOTOpb!M 06bP.IHO CB0Jl5ITCSI o6paTHble 

38.08G:R, H paCC'tJ:HT8Tb reOMeTpHIO llJIOCKHX 06MOTOK 6e3:tK8Jl83HOro CBepxnpo

BOllHlllero UH:ITOJISI, o6eciTe'-IHB8lOlllYI0 O.OHOpOllHOCTb M8f'HHTHOI"'O ITOJIB BI1J10Tb 

llO JQ-6 • 

Pa6oTa BbiiTOJIHeHa B fla6opaTOPHH Bbi1.J:HCJIHTenbHOti TeXHHKH 

H 8BTOM8TH38UHH 0YI5JJ1. 

Coo6menHe 06benuueuuoro HHCTHTyTa SillepHbiX HccneaosauHii. Lly6ua 1979 

Polyakova R. V. 

Mathematical Modeling of the Uniform Magnetic 
Field of lron!ess Superconducting Dipole with 
Flat Winding 

II - 12228 

The numerical method of solving the inverse problem of forna
tion of a uniform mEignetic field in a 4-5'1' superconducting dipole 
by means of flat windings is described. The suggested method al
lows one to overcome easily enough difficulties connected with the 
solution determined systems of equations, vvhich nonlinear problems 
are usually reduced to, and to calculate geometry of flat windings 
of ironless superconducting dipoles which provides the magnetic 
field uniformity up to lO-a 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 06'be,QBHeHHbl/t HHCTHryT RP.epHbiX HCCDeJlOBBHBit 0,y6HB 

BBeneHIIe 

IIpHMeHeHMe cBepxnpoBOlJ:HMOCTa B yCiwpaTeJIJIX '18C'l'JU~ Bb!COKO~ 

aHepr:aH BO MHOI'HX CJIY'I8JIX lfP8WfOJI8I'88T ITOJIY'1CI01e M8I'HHTHb!X ITOJiea 

B8Jllll.JJ.!HOi1 4-5T/I,c( lJ TaKHX llOJli!X lK8JI830 llOJII!OCTblll IIaCLI1J188TCi! 1 

ll03TOMY )(Jill COXpaHBHHH OJUIO pO)l.HOCTH llOJIH BO BCeM )(JilHaM1148CKOM )J.Ha

lla30He ero ~OPMI1POBaHI18 ocymeCTBJlflBTCH reOMeTpHeil OdMOTK!1,TeopeTV.-

48CK11 J.!3B8CTH!l .1J.B8 KOHt!ll1rypai(1111 06MOTK11 de3JK8Jl83J!Of0 Mafl!I1Ta 1 OdeC

Il8'111BaiJIJ1~le TpedyeMykl O)(HOPO.D:HOCTb IlOJIH! B BH,l\8 rrepeCeKaRJIJIHXCi! 3JI

JIJil!lCOB MJ!H B BH.Il.B ~11Jil1H)Ipa C KOCJ.lHyCOH)IaJibi!LIM pacnpe.l(8JI8l!ll8M 

!l.iiOTHOCTJ.! TOKa, 06a 3TH B8pl18HT8 IIp81UIOJI8I'810T pa3M8Ui8Hll8 B.li!TKOB 

06MOTKH Ha IIOBepXHOCTH BTOpOI'O IIOpiiiJJ;a, 'lTO Bil3LIB8eT 3H8'Il1T8JlhH!le 

TeXHOJIOI'M'1eCKHe TPY~HOCTH npM H3I'OTODJICHMH o6MOTOJ(, B oco6eHHOCTH 

8CJI11 J'1CCTb, 'ITO IIOJIOJ!t8HJ.!C DHTKOB AOJllltHO 06eCIT8'1l1BaTbCJI C TO'I

HOCTbJ) He xyJKe 10-20 Ml\M, 

B aToA pa6oTe rrpewraraeTCR IIJIOCKaJI rcoMeTpHJI o6MoTrm (pHc.I), 

BHTKH (KOJIM'1CCTBO BHTKOB M) KO'l'Opofi p83M8l!1810TCR ITO rrepHMeTpy npSI

MOYI'OJ!bHOi!. arrepTypb! cBGpxrrpoBoMmero MarHMTa. TaKaJI o6MOTita rrpeA

CTaBJiifeTca doJiee llpoCTOil T8XHOJI0fi148CKI1 II dOJiee y.n;odHOiil B peaJII1-

3a~HV.,!{powe Toro,rrpaMoyroJihHYil illlepTypy Marnv.Ta 3Ha'II1TBJihHO Jier'le 

COrJiaCOBaTb C TpedOBaHJ.li!MH K norrepe'IHb!M pa3MepaM KaMepu yCKOpHT8Jli! 1 

T, R, p83M8pil IIJ'1K8 llO panH,YCY, Ka!{ IIp8BHJIO, 60J!blll8 BepTHRaJibHb!X 

p83MepoB. 

Ha ocHoBaHHH MeTOAB pewemur He/oToporo KJiacca o6paTHb!X 38lJ.8'I 

M8I'HHTOCT8THKH, OnHC8HHOI'O B pa6oTe 
3( pa3p860T8H '1HCJI8HHbli!. aJII'O

pHTM M8T8M8TH"!8CKOI'O MOA8JIP!pOB8HHSI OAHOp0AHOI'O M8I'HHTHOI'O IIOJIJI 

CBCpXIIpoBOMU18I'O ~ITOJIR rrpearraraeMOft reoMeTpHH. BRIIOJIH8HHble '1HC-
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~CHHHC pac~eTH ITOK83a~, ~TO BHdOpOM ITO~O~CHHR BHTKOB OdMOTKH 

MOXHO odecrre~HTb ~Kdyro OroffOPOUHOCTb MarHHTHOro ITO~ BITnOTb UO 
Io-6• 

I. ~I?MHQOB8Hfie MarHHTHOrO ITO.IIJ1 

.113BeCTHO, ~TO B Ulflli1HUP.If'IeCKO~ Cl1CT8M8 ROOp!UiH8T <jlypbe-pa3-
no~CHHe MarHHTHoro no~ JJ;Imo~ nMeeT :anr/4/ 

H = L:c ( L)ncos(n+l)Q 
r " n r 0 

H., = 2. en(__.!:..) nsin( n+l )G 
n ro 

(I) 

rue r 0 n r - auepTypa H TeRYll!Hii pawc, G - uo~RpRH! yro~, 

en - KOa<Ix!lHUlf8HTH pa3~0JK8HHR. B CHJIY CUMMeTp.I'!U /U'!IIMbHOi!: 06MOTKH 

n = 2k, rne k - 'UIC~a H8TY~bHOro PRM. 
B YCROp.I'!Te~RX Ha gKHaMHKY ~8CT.I'l~ 38MeTHOe RnHRHHe OK83HB8IDT 

HH3urne rapMOHHIGI noM ( k = I, 2, 3). IToaToMy ~.PMEIJOBaHHe OWJOpop;

Horo IIO~R CBOU.I'!TCR K OTHCK8H.I'!ID ITO~OJKeHHR B.I'!TKOB, ITp.l'l KOTOpOM e
2

, 
c 4 ' e 5 paBHH HY n!O .1'!~ MHHID\I!MbHH. 

2. MaTeMaTH~9CK8R ITOCT8HOBK8 38f(8T{.I1 

ijyCTb B H8ROTOpoft 06R8CTH U ( CM, pHc,J) He06XOUHMO C03-

U8Tb 38ll;8HH08 MarHYTHOe ITO~e H(z),zE U C ITOMOmDID paCITO~OXeHHR M 
rrpoBOAHHKOB rrpRMoyro~bHOro ceqeHHR B sauaHHo! orpaHRqeHHoft od

J18CTH S llpll: YCROBHH, qTo TOK Io BO BC8X ITIJOBOIJ;H.I'!Kax OnHH8KOB. 

~ T8KO~ M8rHYTHOH CHCT8MH ITO~C B ~oa TOT{R8 ZE U OITpene~eT
CR CJie~yDmllM 00pa30M: 

M 

H(z) = Io L_a(s. ,z) , 
i.:i 1 

(2) 

si E: S, B UCR8pTOBOa CHCTeMe KOOPnHHaT si ={xi ,y d , z= {x ,y} , 

y-y.+B (x-x.+A)~ + (y-y.+B)2 
( ') 1 1 1 1 G s.,z = 2 2 + 

1 (x-xi-A) +(y-yi+B) 

y-y.-8 (x-x.-A) 2+(y-yi-B)
2 

__ 1_ ln 1 2 2 
2 (x-xi+A) + (y-ycB) 

+ + (x-xi+A) x 

4 

x-xi+A 
x ( erctg y-y i -~ - arctg 

x-xi+A 

y-yi+B 
} + (x-xcA l x 

x-xi-A 
x(arctg y-yi+B 

x-x.-A 
- arctg ~ ). y-y i -o 

A - rro~ypasMep umHH :an;onb x , B - rro~pasMep ooum nnonb y 

G(si,z) - ~YHKUHj ?PHH8 AITfl rrpRMoyronbHOfi lliHHU B T(~RapTOBOi1 
CHCT8MC KOOPniiH8T 5• 

M:Nx + Ny , 

Nx - ~HMO BHTROB OdMOTRH BAO~b OCR x , 

MOTKH BUOnb OCR y. 

NY - ~.I'!CnO BHTKOB 06-

Him 
K 

M = }" Ne 
{;1 

K - ROJIH~eCTBO d~OKOB 06MOTKI1, Ne - KO~HT{CCTBO BaTKOB B e_ -QM 

6JIOKC, 

G(si, z) HCJ!HHCHH8 OTHOCHTMbHO KOOplU1H8T rrpO})Op;HHK8 si 1 ITOSTO

MY sap;a-qa (2),(3) ~eTcH He~naei!:Ho! o6paTHOi1 saua~en MarHnTo

CT8THK.I'l, npM~EiM Ha B8pbMpyeMble napaN:eTpH I
0
,si H8KJ!8T(HB8IOTCR or

paHJli~CHHR: 

I. 06Jl8CTb S orpamr<JeHa; a !c xi :E b BUO~b OCH x, c~ Y i ~ d 

BAO~b OCH y. 

2. Io ~ Irs. , I 9.,. - UOIIYCTHMHfi TOK B rrpOBOUH.I'!Ke. 
.113BeCTHO 6{ T{TO T8ROrO TJ/IIT8 odpaTIIUe 38jl;8T{I1 OTHOCRTCR K 

KJiaccy HeyCTOfl.tU!BUX, OCHOBHU8 ITpHHlU!llhl pelii8HHII KOTOpUX 6H-

~ HpeMOJKJHhl A. H. TllXOHOBllM. OrpaHH~eHHR Ha napal'leTpH BH3hiBaiDT 

.JlOITOJIHHTeJibHble TPY.llHUCTM rrpH llX pemeHnH. Taxolll KJiacc 3/Ua'l 6HJI 

paCCMOTpeH B paOore/J/11 paCCM8TPl1B88TCH Hl1JKe. 

3. MeTOA pcrueHHR n pesynbTaTH -qprc~eHHoro c~eTa 

PeweHYe aaAa-qH (2), (3) 6IMO paadHTO Ha lJ;Ba aTarra. 

I. ,IT.7m onpell;eJieHHR Herrpep!tBHOrO pacrrpell;eneHHR ILHOTHOCT:II TO

K8 B DHTK8X B 06JI8CTH S ( ,i C X J B AO~b OCH X, .i ( Y) BUO~b OCH Y ) Me
TOUOM pery;mpnsaUHn/S,?/pewanaco ~HHeliHaH odpaTHaa sana~a 
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A(.i{s)) = J.i{s)G{s,z)ds 
s 

j{s ) - IWOTHOCTb TOKa. 

H{z) , 
\4) 

PeryJIHpll3MpyiOutai1 napaMeTp oL onpeueJI.iL'ICH no HeB.iisR/61 

Pu ( A/'x, HJ) = S l5) 

rue 8- rrorpeiDHOCTh rrpaBofi 'l:aCTH YPaBHeH.I'I.fi (4). 
B K8'l:CCTBe TO'l:HOrO pemeHHR 6paJIOCb Cl(l!HH'IHOC !VIarHHTHOB !!0-

Jie HT=1 BO BCe1!: OcJJI8CTlii U. 

ITpa Bu6ope peryJIJipl!30B8HHoro pemeHIDI j'"-{ s) Y'IHTh!BaJI.I'!Ch 

cJieL(JIOUil!e YCJIOBI1JI 3aga'm: 

I. To'IHOCTh BlJI'illcJieHl!JI MarH.I'ITHoro rroJIR B mmeliHo:i! o6paTHofi 

33l]:8'Ie (4) I(OJDKHa cJhiT:b He HIDKe, tJeM EH =10-S + 10-6 • J1p11 3TOM 

HH3IDHe rap.mH.I'IKH c 2 ,e4 ,c6 cpypbe-pa3JIOJK8H.I'IJI noJIR T8Rllte lJ:O.JIJKHhl 

<ihiT:& He 6oJI:bllle, 'WM eH ( cM.Ta6JIHrzy I). 

2. Bo Be eli ~~orrycTHMOM o6JI8CTH s <l!YHK~JI ,i"'<s), sE:S n;oJIJK-

Ha COXpaH.fiTb 3HaK. 

3 • I ,i"' { s ) I !: j gon , s E S , r p;e 
TOKa ITpOBOJUinKa. 

,j gon - i\OIIYCTUM8JI Il.IIOTHOCTb 

PemeHMe ,i"'{ s) , YI\OBJieTBOpRIOmee Be eM 3Tl!M Tpe6oBaHHRM, 6hi.Jlo 
HaltJJ;eHo I(JIJI ol. =1 o - 8 • 0CHOBHhiM KpMTe pH eM K8.4eCTBa pe-

meH.I'I.fi .F!BJIRCT,CJI OOecrre'leH.I'Ie Tpe6yOMO:Ii TO'IHOCTH ITOJI.F! E11 B 00JI8CTH 

U , TIO.JJoylieHHOrO nyTeM peWeHHSI npi!MO.iil 3a,n.a4M ITpJil Hai!,n:eHHHX TIJIOT

HOCTSIX TOKa. !!a p11c.2 IlpMBO,ll;SITCi! rpaqmKM peWeHMil j"'(x) l1 .i"''(y) • 

llpMo(=U, I.e. TipH OTCyTCTBl!H peryJii!pH3a~Hl!, npOi!BJISIJiaCb SIBH8.SI 

HeyCTO.iil4l!BOCTb 38,n:a4H, BHp~au~aSICSI B TOM, liTO pemeHHe j(s) 
110JIY4aJIOCb B BH,n:e 1111HJihl11

• 

BhiOpaHHOe pacnpe/l:eJ!eH.I'Ie ITJIOTHOCTeii TOKOB ITO Bl!TR8M I(JlR 

<X =10-
8 

U M=48 npl!Bei(eHO B T8cJJIH~J 2. 

II. Ha BTOpoM ararre pemeHHJI sana~ HaftueHHoe pacrrpen;e~eHl!e 
IlJfOTHOCTeft TOHOB J'"{ x) If ,ioi.(y) MO,n:eJ1!1pOBaJJOCb C TIOMO~bD KYC04HO

Il0CTOSIIJHHX cpyHKl.\llil-"(}JIOKOB" Tipl! yCJIOBIUI TIOCTOSIHCTBa TOKa B O,ll;HOM 

BHTK8 ( pnc.3). Bu6op ROJ!l!TJ8CTB8 cJJ!OROB ( llpH'IEiM TpeelOBaJIOCb, 'ITQ

Clhl HX cJhi.JIO He cJOJiee meCTH ). KOJ!HtJGCTBa ITpDBOjll{HROB B K8lltl(OM cJJ!O

Ke H pBCCT8HOBR8 BhlcJpaHHh!X cJJIOROB B 38/l:8HHOM 06~8CTH S l(CJI8JICR 

MCXO,ll;ll !13 yCJIOBM.iil Ml1HKMYM8 cpyHK~HOHaJia 

6 

2 
F ='Len 

n,.t,l(l 

.X 

en = J H{Q)cosnQdQ (6) 
0 

l! COXpaHeiU!li ITOJIHOrO TORa B OcJMOTRe, ROTOp~ H8XO·WiJIC.fi JlliTerp.l'lpo-

B8H.I'I8M IlJIOTHOCTeif TOROB s ,i"'{x)dx li j ,i"'(y)dy. 
X y 

B K8'l:8CTBe B8pbupyeMWC rrapaMeTpOB 6paJIHCb T8KJKC KOOpl(l!H8Thl 

p8CilOJ!OllteH.I'I.fi cJJIOKOB B 38A8HHOil OcJJI8CTH S ' !!plil'IEiM rpaHHUH B8pbHpO

B8HH.fi 3THX napaMeTpoB OTip8I(8JI.fiJIHCb HCXO,ll;SI 113 D8JIH4l!H!l IlOJIHOrO 

TOKa B ,n:aHHOM OJIOKe.Jra sa,n:aqa pewanacb c 11CIIOJib30DaHHeM nporpa.M

MH FUM ILl - M11HHMl13al.\liH1 KBa,n.paTH4HOro <jlyH!tf1liOHaJJa/b/ • 

B T86.mn~e 3 IlOK8.3aHhl pa3JIH'l:Hhl8 KOMcJHH8rzyili'l cJJIOKOB H BHTKOB 

B HHX, H3 KOTOphiX cJhLnH Bhl6p81i!1 B8.P118.HTH Jj,)l.fi OIT'l'HM¥!38Il;Il:!~ ITO 

FUMILI. PesyJibT8Thl rrocJieWtei! npHBOI(.fiTCJI B Tn6JIH~e 4. JIJ06oii us 

BapHaHTOB, rrpel]:CT8BJl8HHhiX B STOll T86JIH~e, MOJKIIO npHHRTb 1{ peaJIH-

38rzyiH. 

Bee 'IlWJieHHHc pac'IEiThl npoBOI(HJIUCb I(JIR ROH<lJ.rn·yparzy~H MarHHT-

Hofi Cl!CTCM!l C RBai(paTHOI\ anepTypoli ,Ex = e Y ( CM. pl!C. I). 0JUiaKO 

l(QI.~ITJICKC nporpillT:M IT03BOJI.fif:T MOl{CJ!Hp0B8Tb MarHMTHb!C CHCT8MH T!OL(OcJ

HOrO THil8 C rrpm.myrOJ!bHOR aneprypoi\ Jtl06b!X pa3Mepon, ex I e 'I • 

4. BJ!H.fiH.I'Ie OKpYrJI8HM.F! pemeHM.F! H8 OUHOpDAHOCTb 110~R 

Ha rrpaKTHKe H8B03MOlltHO Bh!TIOJ!Hl!Tb MBrHl!THYIO Cl!CTGMY c TOJ.l 

TO'ii!OCTbll, KOTOpall )(OCTHlKl!Ma npl! 4HCJ18HHHX paC'ieTaX Ha 3HM. ECJIH 

TeXHlllieCKl!e B03MOJKHOCTl! Il03BOJIIIDT BHITOJIHI'Tb yCTaHOBKY BHTKOB C 

T04HOCTb!O 1()..20 MKM, TO B03Hl!KaeT DOITpoc, KrutOe BJI111lHl!e Ha O,ll;HO

pO,n:HOCTb MarHl'TIIOrO !IOJISI OK8.3HBaeT OKpyrJieHHe IlOJIYlleHHHX pe3yJib

T8.TOD ,ll;O Tpi:iX 3HaKOB.ll T80Jil!~e ~ rrpHBO)(i!TCil pe3yJibTaTH BH4HCJI8Hl!SI 

HH3WJIX rapMOHMK !pyphe- pa3JIOlltGH.I'JJ1 MarHHTHOrO ITOJIR rrpu H3M8H8HHH 

uapa~·eTpoB YCT8HOBKH Bll:TKOB HB 0,002 CM. ];!3 3TO:Ii T8cJIDIU\1 Bl!i\HO, 

'ITO H8HcJOJiblll88 BJillRHHG H8 OjJ;HOpDI(HOCTb M8rH.I'ITHOrO ITOJ!R HM8CT 

TO'l:HOCTL YCT8HOBRH 4-ro cJJIOKa Bll:OJ!b 00!1 y (CM.pHc.I6), 8 Ha.l'l-

t·.leHbiDee - I-ro 6JioHa B~\OJih ocR x. 
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llfa1Q" 1 4=10·6. 

M :48 

~;,X 

d=fO'' .. =10'' 
M=48 

4 ..... -y-

Kycoqao-UOCTOHHHHMH 

!, .. 
1 

f 

Ta6Jiul(a I 
3aBllCI!1·!0CTb cpen;HeH 0Tl!OCofT8JlbHOll TO'ri!OCTE 

M3I'HY!THOI'O TIOJIH OT 'll'lCJia BHTKOB li BGJIHqHHH 

pery.'!.f!pi13HpyiO!l1GI'O rrapaMeTpa ot-

M - 'll!CJIO r ol.- P'"I'Y,Jl.FIPYI- I CpeJJ:H.f!H OTHOCII-
BH'fKOB H8 ' 3Y!pJIOUiiHi P3p8-! Te,lbHaii TO'iHOCTb 

Cp8WillH OTIIOCll-
T8.1loHaii TO'fHOCTb 

"'lTBepT.u ~-eTp 110JIH B aiiC.pTb!jG mrsmux rap;.-:oHJm. 
O!tpYJKHOCTH OT 65% i\0 e /J c2 ,c4 ,c11 

ro-3 o,a·ro-2~o.s ro-3 0,3·!0-2+ 0,9-I() 

M = 48 ro-c o,9·I0-4+ o,99 ro-f 0,34-I0-5-t0,9·IOI 

3 

5 

ro-8 0,96·I0-4-t0,8·Io-7 0,4·!0-6-t 0,9.!0 -6 

ro-3 ro-2+ ro-3 ro-2+ ro-3 

M = 80 ro-6 ro-4+ ro-5 o,65- ro-5 

ro-s ro-5+ ro-6 o 4. ro-6 
' 

-------
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TadJEa\a ~ i 
PacupoJ.LGJICHHC .i"'" JJ.li5I M=4G 

1 
o(. =10-s 

I 
x,y 

,,, BliTKa I J<-<•101 a/cM2 I lr nuTKa I J"' •101 a/c1112 I X ' y ' 

I -O,D0·1C88I I 25 -0,286G2 

2 -O,OI40948 I 26 -0,284038 

I 3 -0,022GG3 27 -0,284399 

4 -0,0283067 28 -0,289062 I 5 -O,U300457 29 -0,292366 

Jf, na-
p>raH-

Ta 

I 

6 -0,0306046 30 -0,28899 

7 -0,0358I88 3I -0,28I754 2 

8 -0,0500380 32 -0,280965 

9 
[ 

-0,0710906 33 -0,2938I2 

IG -0,090I378 3·1 -0,3I3369 I 
I 3 

II I -0,097682 35 -0,32I66 

I2 

I 

-C,0908793 36 -0,307201 

I3 -0,07G4D37 37 I -0,2784[)3 

I4 
I 

-O,Ofl78347 38 -0,258640 ! 
i 

4 

I5 I -0,0779343 39 -0,267384 I 
I 

IG I -O,II2592 4G -0,307554 

I7 I -O,I67743 4I -0,3G589I 5 

I8 -0,2322G7 42 -0,423547 

I9 -0,293709 43 -0,466161 

20 -0,343035 44 -0,487830 6 

2I -0,37637 45 -0,489716 

22 -0,394185 46 -0,476652 

23 -0,39941 47 -0,454221 7 

24 -0,3957197 48 -0,427139 

12 

TadJIHl.\a J 
38BHC>L\10CTb Cp8/Ul8lf OTHOCUT8JibHO.:i TOC:HOCTll 
Hll3lllliX raprr.OID'!I\ OT IWJlll'lcCTBa ClJIOI\OB 11 DUTKOB 
B HHX 

~ -KOJ!Ul ~k ~ g ~ Nx -KOJIH N ltio Cpe~R OTHOCHT6Jib-
eCTBO • :J0 ru 'IeCTBO :k2 ~;:::: iiJ HM TO'!HOCTb ID!3llilUC • <1l p:j ~ 

N2 
Q)p:j;x< BUTKOB I N ::r o o BHTKOB ::roo l'8PMOHHK c2, c4, c6 no y 2 ~ :<: ~ no x :s;::x:;~ 

N E-<'0 N "> E-<'0 
1~@ 1 ~ ~ 

r G 0,2 , ro-1 
! 

24 24 - IO 
Tpll 

o,4 · ro-2 3 ClJIOKa 
0)\l'!H I o,n • ro-4 
ClJIOK 

8 TPH 
o,I7 , ro-I 

24 24 - IO I dJioKa o,5 • ro-2 
owrn I o r4· ro-3 
ClJIOK • 
9 4 o 35 · ro-2 

' TPH 
9 

TpH 
o,s4 ·ro-3 20 7 

6JIOKa 3 
6Jl01\3 

4 2 o I3 · ro-2 
' 

IO 6 o 4 • ro-3 
' 

20 
TPI'l 

9 
Tpll 

o 5 · Io-4 5 Cl.JIOKa 2 oJioi<a ' 
5 I o,4 ·ro-3 

6 0,4 · ro-2 

20 I2/038 TpH 
O,I · ro-3 

El ClJIOKa 9 2 oJioKa 
I o, 9, ro-3 

II 6 o 2 · ro-2 
• Tpu TPH 

o,r · ro-2 20 5 OJIOKE 9 2 oJIOKa 
4 I o 2. ro-2 

• 
IO 6 0,2 · ro-<:: 

20 6 TpH 9 2 Tpl! o,9 • ro-3 

4 ClJIOKc I 6.rOI\3 o,32 • ro-4 

13 
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TadJilll\a 5 

3BBJI!CHMOC1':& cpelll!e~ OTHOCMTeJihHOH TO'!HOCTH Ha3UlliX 

I'Bp!'v!OHHK OT OIIIMCOK OI\PYI'JI8HHR 

/AXil = /4Yi/ = 0,002 

I ' I Cp I 
xi + A xi ' y i + Ll y i I Hrt~WHx raPMOHKK c2,c4,c5 

i / 
I i ' o,9 ro-5 + o,45 ro-6 xl,x2,x3,yl'Y2 I 

2 xl'x2,x3,Yl,y2 + L1Y2 o,9 ro-4 + o,~ ro-5 

3 xl ,x2 ,x3 ,yl+ 6 yl ,y2 o,r2 ro-3 + 0~7 ro-4 

4 xl,x2,x3 +6x3,yl'y2 o,45 ro-4 + 0,45 ro-5 

5 
xl'x2 +A x2 ,x3 ,yl' Y2 o,3 ro-4 + o,96 ro-5 

6 x 1 +A xl'x2 ,x3 ,yl'y2 
0,2 ro-5 + o,97 ro-5 

7 x1 +Llx1 , x
2 

+ 4x
2

,x
3

+Ax 
o,r6 ro-3 + o,7 ro-5 ' -< ' 

yl +,1yl' y2 +L\y2 

IS 

I 
; 

' 

' ; 

! 
I 

I 
! 



3aKJIJO'! e mm 

I. B lJ,B.HHOii: paeloTe p8cCM8Tpl1:BaeTcR MeTOil: perneHMR HeKoToporo 

KJJ8CC8 !JeJIHHCifHliX oelpaTHbiX 38A/1'1. MarHMTOCT,TJUC.Il, KOTOpl:d! RBMC.fl 

pa3BHTH6M M6TOIJ:8, npeAnO~eHHOro B paeloTe/3, ilpeAnar8eMHR MCTOil:. 

TI03BOJIR[)T CpaBHMTeJI:bHO JIGrrm !!pCO)J;OJI8T:b 'l'PYlUIOCT.Il, CBR38Hllli8 C 

pemeHl1:6M CHCTeM~ HemmeiiJmx yp8BH8HRA, K KOTOpbiM OelJlll"HO CBOMTCR 

He.i1!1Hefurue o6p8THhl; 38i\8'1H. 

2. PaspaeloTaH '!HCJieHHUH aJrropi1TM perneHRR onHcaHHoro KJI8cca 

Oelp8THUX 38jJ,B.'! M8rHHTOCT8TJI!Kli, peaJIH30B8HHU:I!: B BHIJ:8 KOMTIJI8KC8 

nporpaMM Ha <pQPTPAHe, 1\0TOpU:I!: TI03BOJIRflT MOJJ;CJIIipOB8TL Oll:H0p0J:(H08 

MariDITHOe TIOJIC lJ.'IR pa3JIII'<Hb!X KOH!Jrn:rypal.(I1lt IU1TIOJI.ll TJma 
11
0KOHH8.fl 

paMa~ 
3, C TIOMOTIU>IO I(8HHOrO KOMTIJI6KC8 nporpaMM npOBC~6HU 'lii!CJICHH~e 

pac'l.eTI:l MTIOJie:l!: c pa3JIU'!HO:I!: Komimrypal.(I1eft anepTyph!, 

ABTop npHHOCHT 6oJI:r:.myD 6JiaronapHOCT:r:. E.IT.EH~ony, H.A.llieJiae

BY H !1,!I,IOlJ:IIIHY 38 !IOCTO.fiHH!W o6cy~J:(6HH.fl p860Th! H llOJIC3lllie COB8T~. 
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