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06m;aH xapaKTepMCTMKa ,li,MCCepTa.U,MM 

AKTYaJibHOCTb pa6oTbi. 

Ilpn rrpOeKTHpOBaHIIII II 3KCIIJJyaTa~IIII pa3JJII'!Hb!X <lJII3ll'!eCKIIX ycTaHOBOK B03-

HIIKaeT ueo6xo,n;IIMOCTb B II3y'!eHIIU pacrrpe,n;eneun.H renepupyel\IhiX B ycTpoii:cTnax 

3JieKTpOMa!'HIITHblX IIOJieii:. 0TMeTUM1 '!TO <lJn3II'!eCKOe MO,ll;eJIUpOBaHUe ycTaHOBOK, 

OC06eHHO IIpU B~I6ope OIITIIMaJibHOI'O pe>KUMa pa60Tbl1 Bhl3biBaeT 3Ha'!IITeJibHbie 

3aTpy,n;ueuuH. Bo Mnornx cnyqaHX aTo ue rrpe,n;cTaBJIHeTc.a B031\WlKHbiM, narrpuMep, 

Kor,n;a Tpe6yeTc.a orrpe,n;eJIIITb none nnyTpii ¢eppoMarneTIIKa. KaK cne,n;cTBIIe, o,n;

HIIM II3 Haii60Jiee BOCTpe6oBaHHbiX IIHCTpyMeHTOB ,li;JI.H 3TIIX ~eJieii: .HBJIHeTC.H KOM

IIbiOTepnoe Mo,n;eniipoaaune. BJiaro,n;ap.a 3Ha'!IITeJihHOMY rrporpeccy B o6nacnr Bhi

'!IICJIIITeJihHOli: TeXHIIKII1 '!IICJieHHbie MeTO,lJ;bl CTaJIII OCHOBHb!M IIHCTpyMeHTOM Ma

TeMaTII'!eCKOJ'O MO,ll;eJIIIpOBaHII.H. Y'!IITbiBa.H BhiCOKYIO CTOIIMOCTb Ma!'HIITHbiX CII

CTeM, pa3pa60TKa MeTO,lJ;OB '!IICJieHHOI'O•MO,ll;eJIIIpOBaHII.H Ma!'HIITOCTaTII'!eCKIIX IIQ

Jieii: .HBJI.HeTC.H aKTYaJihHOll 3a,n;aqeif. 

Mo,n;eniipoaaniie MarHIITHhiX ciicTeM rrpe,n;rronaraeT pemeuiie 6oJihmoro '!IICJia 

IIp06JieM, TaKIIX KaK Bbi60p COOTBeTCTBYIOllleH MaTeMaTII'!eCKOll <lJopMyJIIIpOBKII 

IIcxo,n;uoii 3a,n;a<JII, ,n;IICKpeTII3aiiii.H nerrpephiBnoii 3a,n;a<JII, Bbi6op MeTo,n;a pemenii.a 

B03HIIKai01IIIIX JIIIHeHHb!:lt II HeJIIIHellHbiX ,li;IICKpeTII30BaHHhiX 3a,n;aq, OlleHKa TO'!

HOCTII IIOJiy'!eHHhiX pemeHIIii:, IIHTeprrpeT::liiH.H IIOJiy'!eHIIbiX pe3yJihTaTOB, Bbi'!IIC

JieHIIe Tpe6yeMhiX BTOpH'!HbiX xapiKTepiiCTlll( Ma!'HIITHOI'O IIOJI.H II ,n;pyriiX·. 

MeTO,lJ;bl pac'!eTa Ma!'HIITOCTaTII'!eCKIIX. IIOJieif MO:lKHO pa3,lJ;eJIHTb Ha 3 OCHOB

Hh!X KJiacca: ,n;II¢¢epeniiiiaJihHhie, nuTerpanbHhie II rii6pn,n;nhJe. Ka>K,n;hitl KJiacc 

MeTO,li;OB IIMeeT CBOII ,lJ;OCTOIIHCTBa: II He,li;OCTaTKII; .ll:JI.H pa3Hb!X 3JieKTpO<iJII3II'!e

CKIIX ycTaHOBOK OIITIIMaJihHbie MeT<J,li;I:IKII MOI'YT 6biTb pa3JIII'!Hbl. .ll:JI.H 3aKpb1Tb!X 

Mal'HHTHh!X CHCTeM JIY'!lle IIO,li;XO,li;.HT ,li;II<P<lJepeHIIIIaJibHbie MeTO,lJ;bl . .ll:JI.H OTKpbl

TbiX CHCTeM - IIHTerpaJibHhie IIJIII KOM6li!IIIpOBaHHbie MeTO,ll;bl. B ,li;IICCepTaiiiiii ,li;JI.H 

TpexMepnoro '!IICnennoro Mo,n;eniiponanii.a MarniiTHbiX cncTeM IICIIOJih3yeTc.a Me

TO,ll, 06'beMHh!X IIHTerpaJibllbiX ypaBHeHllll. ,I(aHHblll IIO,li;XO,ll; II03BOJI.HeT 3Ha'!IITeJib

HO CJ311Tb 06JiaCTb IIOIICKa neii3BeCTHbiX BeJIII'!IIH ,li;O 06JiaCTII, _3aH.HTOll Mal'HIIT

Hbll\1 MaTepiiaJIOM, a TaK>Ke aBTOMaTII'!eCKII pema!OTC.H BOIIpOCbl 3a,ll;aHII.H rpaHII'!

HbiX ycnoaiiii II rroae,n;eniie pemenmr na 6ecKoneqnocTn. 'l13 ne,n;ocTaTKOB cne,n;yeT 

OTMeTIITb CIIHI'YJJ.HpHOCTb H,n;pa II.HTerpaJibllbiX ypaBHeHIIH, IIOJJHOCTbiO 3aiiOJJHeH

HYIO MaTpiiey ,li;IICKpeTII30BaHHbiX CIICTeM II CJJO:lKHOCTII IIpii Bbi'!HCJ!eHIIII MaTpii'!

HbiX aneMeHTOB. 9¢¢eKTIIBHOCTh rrpiiMenemm ,n;aunoro rro,n;xo,n;a ,li;JI.H Mo,n;ennpo

aann.a Mal'HIITHbiX CIICTeM 3aBIICIIT OT pemeHII.H rrepe'!IICJJeHHbiX rrpo6JJeM. lfMeHHO 

3TUM 06'b.HCH.HeTC.H IICIIOJJb30B~HIIe B Haii60JJee II3BeCTHOM IIporpaMMHOM KOMIIJJeK

ce GFUN3D [1, 2], ocnoaannoM na unTerpanbnoii: rrocTanoaKe 3a,ll;a'!II MarunTo

cTaTHKII, TOJJbKO KYCO'!HQ-IIOCTO.HHHOll arriipOKCIIMaiiiiii Heii3BeCTHbiX B rrpe,n;enax 

aneMeHTOB pa36IIenn.a o6nacnr rrpn ,n;IIcKpeTn3aiiiiii ypannennii: B paMKax MeTo,n;a 

KOJIJIOKaiiiill. Pa3BIIBaeMblll B ,li;IICCepTallliU IIO,li;XO,ll;; OTJJJI'!Hblll OT MeTo,n;a KOJJJIOKa

IIIIII, OCHOBaHHhlll Ha ,lJ;OIIOJIIIIITeJihHOM IIHTerpupoBaiUIU ITO 3JJeMeHTal\l pa36IIeHII.H 

pac<JeTnoii: o6nacTn c Kyco<Jno-mmeiinoii: arrrrpoKCIIMallneii: neu3aecTHhiX a rrpe,n;e-

Jiax 3Jie1.teHTa, £BJI5iPTCS 8KT)'8IIbiibU.! T8K KAK rraHHWU1IIO,li.XO,l1; CHII~IaeT OCHOBHYIO 
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IIpo6neMy MeTo,IJ;a o6'beMHhiX IIHTerpanbHhiX ypamreniiil: - CIInrymrpnocTb 51,IJ;pa, 

'ITO B CBOIO O'Iepe,IJ;b II03BOJI51eT HapaCTJITb IIOp51,IJ;OK aiiiipOKCHMa~IIII HeiipepbiBHbiX 

ypamrennil: n, KaK CJie,IJ;CTBne, TIOBhiCIITh TO'IHOCTb pernenn£ ncxo,IJ;noil: 3a,D;a'III. TaK

:lKe B paMKax ,IJ;aHHOrO IIO)J;XO)J;a y,IJ;aeTC51 IIOCTpOIITb HenpepbiBHbie aiiiipOKCIIMa~IIII 

MarHHTHOrO IIOJI51 B IIpe,IJ;eJiax O)J;HOrO MaTepnana. 

I.J;eJiblO ,IJ;IICCepTa~JIOHHOH pa60Tbl 51BJI51eTC51 pa3pa60TKa II IIpl!Menemre 'IIIC

JieHHbiX MeTO)J;OB II nporpaMMHblX KOMIIJieKCOB )J;JI51 MO,IJ;eJIUpOBaHII51 MarHIITOCTa

TH'leCKIIX IIOJieil: B KpyiiHbiX 3JieKTpoqm3II'leCKIIX ycTaHOBKax. ,Il,JI51 )J;OCTII:lKeHH51 

3TOH ~eJIII 6biJIII IIOCTaBJieHbl CJie,IJ;yiOIII;IIe 3a;::J;a'IH: 

1. Pa3pa6oTKa MeTO)J;OB pac'!eTa MarnuToCTaTII'leCKIIX noneil: B paMKax nnTe

rpanhnoil: IIOCTaHOBKII C KYCO'IHO-JIUHeHHOH aiiiipOKCIIMa~IIeil: IIOJI51 BHYTPII 

¢eppoMarHeTIIKa. 

2. Co3,IJ;aHIIe anropiiTMOB u IIporpaMMHhiX KOMIIJI~KCOB ,IJ;JI51 renepa~IIII Tpex

MepHbiX CeTOK, OpiieHTIIpOBaHHbiX Ha 3a,D;a'IU MarHUTOCTaTIIKII. 

3. IIocTpoemre anropHTMOB II IIporpaMMHbiX KOMIIJieKCOB-,IJ;im MO,IJ;eJIHponaHH51 

TOKOBb!X o6MOTOK CJIO:lKHOH cPOPMhi, B TOM 'IIICJie C y'leTOM CIIe~JicPIIKII Ce'Je

HII51 KOaKCIIaJibHOrO Ka6eJI51. Pa3pa60TKa MeTO)J;OB Bbi'IIICJieHJI51 MarHUTHOrO 

IIOJI51 OT TOKOBbiX 06MOTOK B paMKax 3aKOHa BJio-Canapa. 

4. Peniemre B03HUKaiOrn;IIx neJIIIHeil:HhiX ,IJ;HCKpeTII30BaHHhiX 3a,IJ;a'l. 

5. IIpnMenenue pa3BIITbiX MeTO,IJ;OB, anropnTMOB II IIporpaMMIIhiX KOMIIJieKCOB 

:,IJ;JI51 MO,IJ;enuponanii£ ,IJ;IIIIOJihHoro MarHIITa 3KCIIepi1MenTa CBM (3), KBa,n;py

IIOJihnoro MarniiTa BOOSTER u ,IJ;IIIIOJibHoro MarHIITa KOJIJiail:,IJ;epa ycKopH

TeJibHoro KOMIIJieKca NICA (4). 

Hayquas HOBH3Ha noJiyqennhix pe3yJILTaToB. 

BIIepnhre perneHa IIpo6neMa MO,IJ;enuponaHn£ MarHIITHhiX cncTeM MeTO,IJ;OM o6'h

eMnhtx IIIITerpaJiblibiX ypaBIIeHUH Ha OCHOBe IIpi1MeHeHII51 HeiipepbiBHOH KYCO'IIIO

JIIIHeil:noil: armpoKcnMa~mr neH3BeCTHhrx. B paMKax perneHn£ npe,IJ;JIO:lKena MeTO,IJ;H

Ka Bbi'lliCJieHU51 MaTpii'IHbiX 3JieMeHTOB )J;IICKpeTII30BaHHblX 3a,IJ;a'l, OCHOBaHHa51 Ha 

IIOHU:lKeHIIII KpaTHOCTll B03HIIKaiOIII;IIX UHTerpaJIOB ll IICIIOJib30BaHHll Ky6aTypiiblX 

cPOPMYJI )J;JI51 IIX paC'leTa B peryJI51pHOM CJiy'lae. Ha OCHOBe IIOH51TII51 O)J;IIOpO,IJ;HbiX 

¢ynK~nil: ,IJ;JIR ueperyn£pnoro cny'la£ npe,IJ;JIO:lKeHbi MeTO,IJ;bi pe,IJ;yK~HH cnHryn£p

Hhix lUITerpaJIO~ K KOM6nua~UII peryJI51p!IbiX IIHTerpaJIOB Me!Ibiiieil: KpaTHOCTII C 

)J;aJibHeHIIIIIM IIX Bbl'IHCJieuneM IIO Ky6aTypHbiM ¢opMyJiaM. IJocTpOeHbi UTepa~II

OHIIhie MeTO)J;bi peiiieHII51 B031IIIKaiOIII;llX HeJIIIHeHHbiX )J;IICKpeTJI30BaHHbiX CHCTeM 

ypaBHeHIIH. IJpe,IJ;JIO:lKena npo~e,IJ;ypa MO)J;eJIUpOBaHII51 TOKOBb!X 06MOTOK, B TOM 

'IIICJie - BIIepBbie )J;JI51 06MOTOK C KOaKCHaJibHbiM Ka6eJieM. 
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Hayquo-npaKTH<JecKaR 3Ha<JHMOCTb. 

Co3,IJ;an nporpaMMHbiil: KOMIIJieKc 3DFEMMESH renepari,rm TpexMepnhiX Ko

ne'IHO - 3JieMeHTHhiX ceTOK, Y'IIITbiBaiOrn;uil: cne~IIcPHKY MO,IJ;eJinponamm MarmiT

HhiX CliCTeM, JIMeiOIII;IIH rpa¢H'leCKHH IIHTep¢eil:C )J;JI51 BBO)J;a Ha'laJibHbiX ,IJ;aHHbiX II 

BII3YaJihnoil: o~enKn Ka'leCTBa IIOCTpoeuuoro pa36nemm. ,Peann3oBan K:mnpOJih Ka

'!eCTBa IIOJiy'leHHOH ceTKH. feHepaTop BKJIIO'leH B 6n6JIIIOTeKy nporpaMM JINRLIB 

(5). Co3,IJ;ali: IIporpaMMHhril: KOMIIJieKc Winding generator ,IJ;JI51 MO,IJ;eJIHponamm To

KOBhrx 06MOTOK C pa3JIII'IHblM IIOIIepe'IHhiM Ce'JeHIIeM, BKJIIO'la51 BOCTpe6oBaHHbl~ 
B IIOCJie,IJ;Hee BpeM51 o6MOTKII C KOaKCIIaJibHhlM Ce'leHUeM Ka6eJI51. B ero COCTaB 

BKJIIO'leHhi TIIIIOBbie napaMeTpn3oBaHHhre o6MOTKII, TaKIIe KaK Solenoid, Racetrack, 

Bedstead, a TaK:lKe o6MOTKII ,IJ;JI51 MYJibTIIIIOJihHbiX KoppeKTopon. 

Pa3pa6oTanna£ MeTO,IJ;IIKa IIPIIMeH£Jiacb ,IJ;JIR MO,IJ;eJIIIponauH£ ,IJ;IIIIOJibHoro Mar

HIITa 3KCIIepiiMenTa CBM, KBa,IJ;pyiiOJihH,Pro MarHIITa BOOSTER: n ,IJ;IIIIOJibHoro 

MaruiiTa KOJIJiail:,IJ;epa ycKopiiTeJihHoro KOMIIJieKca NICA. IIo'cTpoeunhre MO,IJ;eJin 

TOKOBbiX o6MOTOK IICIIOJib30BaJIIICb )J;JI51 Bbl'IIICJieHII51 IIOJI51 B MYJibTIIIIOJibHb!X KOp

peKTIIpyiOIII;IIX MarniiTax KOMnJieKca NICA • 

.[l;ocTonepuocTb pe3yJihTaTon: 

Ha OCHOBe MeTO)J;OB II nporpaMM, OIIIICaHIIbiX B )J;IICCepTa~IIII, IIpOBO)J;IIJIOCb MQ

,IJ;eJIIIpOBaHIIe pa3JIII'!Hb!X MarHJITHbiX CIICTeM, KOTOpbie, B CBOIO O'lepe,IJ;h; paCC'III

TbiBaJIIICb C IIOMOIJJ;blO ,IJ;IIcP¢epeH~IIaJibliOH MeTO)J;IIKII (IIporpaMMHbiH KOMIIJieKC 

TOSCA (6)). Cpanneniie IIOJiy'leHHhiX pe3yJihTaToB IIOKa3aJIO xopornee cornaciie 

,IJ;IIcP¢epen~IIaJibHOii II IIHTerpanbnoil: MeTO,IJ;IIK. IIpoBO,IJ;IIJIOCb TaK:lKe cpanneniie 

paC'leTOB MarHIITHOrO IIOJI51 OT TOKOBb!X o6MOTOK ,B BaKyyMe B)J;OJib OCII COJieHOII,IJ;a 

C IIOCT051HHOH IIJIOTIIOCTblO TOKa B ITOIIepe'IHOM Ce'leHIIII C pe3yJibTaTaMH, IIOJiy

'JeHHb!MII aHaJIIITII'leCKII. Cpanueniie pe3yJihTaToB pac'leToB TaK:lKe IIOKa3aJIO IIX 

xopornee cornaciie. 

CooTBeTCTBHe nacnopTy cneu;naJihHOCTH. 

,lJ,HcCepTa~II51 COOTBeTCTByeT Tpe6oBaHII51M CIIe~HaJibHOCTII 05.13.18 - «Ma

TeMaTU'leCKOe MO)J;eJIIIpOBaJIIIe, 'IIICJieHHbie MeTO)J;bi II KOMIIJieKCbl IIpOrf>aMM». Ee 

~eJih, 3a,D;a'III II pe3yJibTaTbi OTBe'laiOT TpeM IIYHKTaM IIacriopTa CIIe~IIaJib!IOCTII: 

II. 1. <<Pa3pa60TKa HOBbiX MaTeMaTII'leCKIIX MeTO)J;OB MO,IJ;eJIIIpOBamm o6'beKTOB 

II 51BJieHIIH>>. 

II. 3. <<Pa3pa60TKa, o60CHOBaHIIe II TeCTIIpOBaiiiie 3cPcPeKTIIBHbiX Bbi'IIICJIIITeJih

HbiX MeTO)J;OB C IIpHMeHelllieM COBpeMeHHb!X KOMIIbiOTepHbiX TeXHOJIOriiH». 

II. 4. <<PeaJIII3a~II51 3cPcPeKTIIBHb!X 'IIICJieHHb!X MeTO)J;OB II aJirOpiiTMOB B BII,IJ;e 

KOMIIJieKCOB IIp06JieMHO-OpUeHT1IpOBaHHbiX IIporpaMM )J;JI51 TipOBe,IJ;eHII51 Bbl'IIICJIII

TeJibHOrO 3KCIIepiiMeHTa». 

IloJimKeHH.H, BbiHOCHMbie Ha 3aiiJ;HTy, 

1. ConoKyiiHOCTh MeTO)J;OB ,IJ;JIR MO,IJ;enuponauu51 MarHIITHbiX cncTeM B paMKax 

IIHTerpaJibHOH IIOCTaHOBKII, OCHOBaHHb!X Ha )J;OIIOJIHIITeJibHOM IIHTerpiipOBa

Hllli no 3JieMeHTaM pa36nenn£ pac'leTH,oll o6nacTn c Kyco'!no-nnnel!uol! a:n

npoKcnMa~nell HeJI3BeCTHbiX, CHIIMaiOIII;IIX npo6JieMy CIIHryJI51pHOCTII B 51,IJ;-
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pax IIHTerpaJibHbiX ypaBHeHIIll, II03BOJIRIOIIJ;IIX CTpOIITb Herrpepb!Bilbie peiiie
HIIR II IIOBbiiiiaTb IIOpR,!l;OK qiiCJieUUOll aiiiipOKCIIMa~IIII. 

2. MeTO,!J;bi BbiqiiCJ!eHII.H MaTpiiqHbiX 3JieMeHTOB ,!l;IICKpeTII30BaHHbiX 3a,n;aq, oc
HOBaHHbie Ha IIOJUI)i(eHIIII KpaTHOCTII IIHTerpaJIOB II pe.nyK~IIII CIIHrymipHbiX 
llHTerpaJIOB K KOM6IIHa~UII perymrpHbiX, qTO o6ecrreqnBaeT B03MO:lKIIOCTb 
rrpHMeHeHmi B pacqeTax Ky6aTypHbiX ¢opMyJI. 

3. IIpou;e.nypa MO,!J;eJIIIpOBaliiUI TOKOBbiX 06MOTOK ll3 20-Y3JIOBbiX KOHeqHbiX 
3JieMeJITOB cepeH,!J;IIIIOBa TIIIIa, BKJIIoqaa 06MOTKII C KOaKCIIaJibHbiM ceqeuii
eM Ka6eJIR, o6ecrreqHBaJOIIJ;aR s¢¢eKTIIBUblll pacqeT MarHIITHOrO IIOJIR OT 
TOKOBbiX IICTOqHIIKOB B paMKaX 3aKOHa BIIo-CaBapa. 

4. KoMIIJieKCbi rrporpaMM, peaJIII3YIOIIJ;IIe pa3pa6oTaHHbie rro,n;xo,n;hr II o6ecrre
qrmaJOru;He s¢¢eKTIIBHYIO reHepa~IIIO KOHeqH0-3JieMeHTHbiX CeTOK ,!l;JIR MO
,n;eJIIIpOBaUIIR 3JieKTp0¢II3IIqeCKIIX ycTpOii:CTB CJIO)KHOH reoMeTpiiii: 

(a) Mesh Generator- ,!J;JIR MarHIITHbiX CIICTeM c o,n;Ho~o,n;Hoii: ¢poHTaJibHOii: 
TOIIOJIOriieii:. 

(b) 3DFEMMESH - ,!J;JIR MarHIITHbiX CIICTeM CJIO)KUOii: reoMeTpiiqecKoii: 
KOJI¢Hrypa~IIII. 

(c) Winding generator - ,!l;JIR Mo,n;eJIIIpoBaHIIR CJIO)KHbiX TOKOBbiX o6MOTOK 
C pa3JIIIqHbiM IIOIIepeqHbiM ceqemieM, BKJIJOqaa o6MOTKII C KOaKCIIaJib
HbiM ceqeHIIeM Ka6eJIR. 

(d) II porpaMMHbie KOMrrJieKCbi rpa¢'uqecKoro rrpe,n;cTaBJieHIIR II auaJIH3a 
TpeXMepHbiX KOHequo-3JieMeHTHbiX CeTOK, MO,!J;eJieii: TOKOBbiX 06MOTOK 
II pe3yJibTaTOB MO,!J;eJII!pOBaUIIR MarHIITHblX CIICTeM. 

Anpo6aQH» pa6oTbi. 
O~HOBHbie rroJio)KeHIIR II pe3yJibTaTbi pa6oTbi ,n;oKJia,!l;biBaJIIICb II o6cy)K,!l;aJIIICb 

ua HayqHbrx ceMIIHapax JIIIT OII.HII, Ha Me)K,!IYHapo,n;HbiX Kmr¢epeH~IIRX II co
Beru;auiiax: 

1. XXI International Symposium on Nuclear Electronics I& Computing 
(NEC'2007), Varna, Bulgaria, 2007. 

2. International Conference on Mathematical Modeling and Computational 
Physics (MMCP 2009). OII.HII, ,lly6Ha, PocciiR. 

3. International Conference on Mathematical Modeling and Computational 
Physics (MMCP 2013). OII.HII, ,lly6Ha, PocciiR. 

4. International Conference on Mathematical Modeling and Computational 
Physics (MMCP 2017). OII.HII, ,lly6Ha, Poccrm. 
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IIy6JIHKaQHH. 
OcHOBHhre pe3yJibTaTbi orry6mrKoBaHhi B cJie,!IYIOIIJ;IIX pa6oTax, II3 HIIX 4 cTaTbii 

B peu;eu3npyeMbiX II3,!l;aHIIRX, peKOMeH,!J;OBaHHbiX IIoJIO)KeHIIeM 01f51If 0 IIpiiCY)K
,n;eHIIII yqeHbiX CTeiieHeii:: 

1. Mo,n;emrpoBamre TOKOBbiX o6MOTOK c pa3JIII'IHbiM ceqeHIIeM Ka6eJIR. AKIIIIIIIH 
II.r.,. CaiiO)KHIIKOB A.A., BecTHIIK PocCIIllCKOrO ymmepCIITeTa ,n;py)K6bi Ha
po,n;oB, CepiiR MaTeMaTIIKa. liH¢opMaTuKa. ll>II311Ka, ISSN:0869-8732, li3,n;.:, 
Poccuii:cKIIii yHuBepcuTeT ,n;py)K6hr Hapo,n;oB, 2(2), 113-119, 2010. 

2. MeTO,!l; o6'beMHbiX IIHTerpaJibHbiX ypaBJieHIIii B 3a,n;aqax MarHIITOCTaTIIKII. 
AKIIIIIIIH II. r., CaiiO)KHIIKOB A.A., BecTHIIK Pocciiii:CKOro ymmepCI!TeTa 
,n;py)K6br Hapo,n;oB, Cepna MaTeMaTIIKa. liH¢opMaTIIKa. ll>~3IIKa, ISSN :0869-
8732, li3,n;.: PoccHii:CKIIii ymmepciiT!:T ,n;py)K6br Hapo,n;oB, 2, 310-315, 2014. 

3. Linear Approximation of Volume Integral Equations for the Problem of 
Magnetostatics. Akishin P., Sapozhnikov A., European Physical Journal Web 
of Conferences, 173, 03001, 2018. 

4. The volume integral.equation method in magnetostatic problem. Akishin 
P.; Sapozhnikov A., Peoples' Friendship University of Russia, Discrete and 
continuous models and applied computational science, 2019;27(1):60-69. ISSN: 
2658-4670, 2019. 

5. Three-dimensional mesh-generator for finite element method applications. 
Akishin P.G., Sapozhnikov A.A!, Scientific report 2006-2007. LIT.Ib,n;.:JINR, 
Dubna, 2007-179, 215-219, 5-9530-0167-3, 2007. 

6. Automatic 3D Mesh Generator. Akishin P.G., Sapozhnikov A.A., Fischer E., 
Schnizer P., Communications of JINR, P11-2008-149, Dubna, 2008. 

7. Mo,n;eJIIIpOBaHIIe TOKOBbiX o6MOTOK CJI,O)KHOii: KOH¢IIrypau;IIII. AKIIIIIIIH II.r., 
Carro)KHIIKOB A.A., JINR LIT. Scientific report 2008-2009, li3,n;.: JINR, 2009-
196, 99-102, 978-5-9530-0237-0, 2009. 

8. PacqeT rroJIR oT TOKOBbiX o6MOTOK MeTo,n;oM IIHTerpaJibHbiX ypaBHeHIIii. AKII
IIIIIH II.r., CaiiO)KHIIKOB A.A.: JINR LIT. SCientific report 2010-2011, li3,n;.: 
JINR, 2011-130, 131-134, 978-5-9530-0312-4, 2011. 

9. 06'beMHbie liHTerpaJibHbie ypaBHeHIIR MarJIIITOCTaTIIKll C Jil!Heii:HOll KOHeqHQ-
3JieMeUTHOll arrrrpOKCIIMa~neii: HaMarmrqeHUOCTII. AKIIiiiiiH II.r., CaiiO)KHII
KOB A.A., Scientific Report 2012-2013. LIT JINR, li3,n;.: JINR, Dubna, 2014-
26, 148-150, 978-5-9530-0381-0, 2014. 

10. Magnetic field calculations with the volume integral equation method for 
CBM dipole magnet. P.G. Akishin, A.A. Sapozhnikov, V.P. Ladygin, CBM 

'Progress Report 2018, Darmstadt 2019, 123-124, GSI-2019-01018, 
doi:10.15120/GSI-2019-01018. 
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JlH'IHbiH BKJia,LJ;. 

Co,n;ep.lKaUne )l;IICCepTaiJ,Hll, a TaK.lKe OCHOBHbie pe3JJibTaTbi II IIOJIO.lKeHHH, Bbi

HOCUMhie Ha 3aiiJ,IITJ, OTpa.lKaiOT rrepCOHaJibllbiH BKJia)l; aBTOpa. Ilpe,n;cTaBJieHHhie B 

)l;IICCepTaiJ,l!U pe3JJibTaTbi no pa3pa6oTKe MeTO)l;OB, KOMnJieKCOB nporpaMM II npone

,n;eHIIIO Bbi'II!CJieHI!ll noJiy'leHbi JIH60 CaMHM aBTOpOM, JIII60 npn ero onpe,n;eJIHIOIIJ,eM 

y'!acnm. AnTopoM JIII'IHO pa3pa6oTaHbi MeTO)l;hr n nporpaMMHoe o6ecne'!euue )l;JIH 

reuepaiJ,Ull KOHe'!Ho-::meMeHTHbiX CeTOK, MO)l;eJinpOBaHIIH TOKOBbiX 06MOTOK, rpa

¢n'leCKOrO npe)l;CTaBJieHI!H II aHaJIII3a pe3JJibTaTOB MO)l;eJIHpOBaHIIH MarJIUTHbiX 

CI!CTeM. 

Co.n;ep2KaHne .n;nccepTau;nn. 

,ll;uccepTaiJ,HH COCTOUT ll3 BBe)l;eHUH, nHTU rJiaB II 3aKJIIO'leHIIH. 

Bo nne.n;eHH~ o6ocuonaua aKTYaJihHOCTh nccJie.n;onannH, .n;au o63op JIHTepa

TJphr no n3y'!ael\mii npo6JieMe, nocTaBJieHbi IJ,eJib n 3a,n;a'ln pa6oThr, c¢opMyJinpo

naubr uay'!HaH HOBII3Ha II npaKTII'leCKaH 3Ha'IIIMOCTb. 

IIepnru:~ rJiana nocBHIIJ,ena 3a)l;a'le uaxo.lK.n;eunH pacnpe.n;eJieHnH MarnnTuoro 

nOJIH, C03)l;aBaeMoro CTaiJ,IIOHapHbiMU TOKaMII B npOBO)l;HIIKax C II30TpOnHbiM ¢ep

pOMarHIITHbiM MaTepiiaJIOM. B Ka'!eCTBe OCHOBHOrO nO)l;XO)l;a IICnOJib3JeTCH MeTO)l; 

o6'beMHhiX IIHTerpaJibHhiX ypanueniiii:. 

B nepBOM naparpa¢e npiiBO)l;IITCH IIHTerpaJibHaH nocTaHOBKa 3a)l;a'III Maniii

TOCTaTIIKII. HycTh B(a), ii(a), M(a) ecTb IIH)l;JKIJ,IIH, uanpH.lKeHHOCTh II naMaruii

'leuuocTh MarJIIITHOrO nOJIH B TO'!Ke a. B CJIJ'Iae OTCJTCTBIIH nonepXHOCTHb!X TO

KOB II TOKOB, npoTeKaroiiJ,IIX no ¢eppoMarneTIIKy, BeJIII'IIIHhi B, ii y.n;onJieTBOpHroT 

ypanueniiHM MaKcBeJIJia. TaK.lKe cnpane,n;JIIIBhi cJie.n;yroiiJ,ne ueJinueiinhre cooTuo
memm [7, 8]: 

..B(a) 
. ii(a) = p, (i..B(a)i) Mo' M(a) = B(a) - H(a), 

/1-0 
(1) 

r.n;e P,o- a6coJiro:ruaH MarHIITHaH npoHIIIJ,aeMOCTh naKyyMa, p,(x)- MarunTHaH npo

mriJ,aeMoCTh, KOTOpaH Bile .lKeJie3a TO.lK)J;eCTBeHHO paBJiaH e,D;IIHIIIJ,e, a BHJTPII .lKe

Jie3a ecib neJinueil:HaH <PYHKIJ,IIH, xapaKTepii3yroiiJ,aH CBH3h · Me_)f()l;J ii II B )l;JIH 

· .n;auuoro Tnna ¢eppoMarHeTIIKa. Ha rpamriJ,e pa3,n;eJia cpe,n; c pa3JIII'IHhiMII Mar

IIIITHhiMII XapaKTepiiCTIIKaMU BbiiiOJIHHIOTCH JCJIOBIIH HenpepbiBHOCTII HOpMaJibHOH 
B II TaureHIJ,IIaJihHOii cocTaBJIHIOIIJ,eii: ii: 

(n, (..82.:- Br)) = 0, [n x (ii2- Hr)] = o, (2) 

r,n;e fi - e)l;IIHII'IHbiii BeKTOp HOpMaJIII K nonepXHOCTII pa3,1J;eJia cpe,n;. 

,ll;aHHhie ypanHemm uey.n;o6Hbi ,ll;JIH uenocpe,n;cTneuuoro Haxo.lK)l;eHnH BeKTop

<PYHKIJ,nii ii(a), B(a), II cyiiJ,ecTnyeT 6oJihmoe 'lncJio nocTauonoK, BhiTeKaroiiJ,nx II3 
HIIX. 

HanpH.lKeHHOCTh MarunTuoro. noJIH MO.lKeT 6biTh Bhi'lnCJieua II3 cJie.n;yroiiJ,ero 

8 
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UHTerpaJibHOrO ypaBHeHIIH: 

ii(a) = ii8
(a) + 4~ Va j ( M(x), Va lx ~ ai) dvx, 

G 

(3) 

r.n;e ii8 (a) ..., noJie OT TOKOBhiX o6MoToK, G- o6JiaCTh, 3anoJiueuHaH ¢eppoMarue- . 

THKOM. IloJie ii8 (a) MO.lKeT 6biTh uaii.n;euo no 3aKouy BIIo-Canapa [9]:· 

-s _ · 1 j J(x) 
H (a)= 47r Rota /x _a/ dvx, 

R3 

(4) 

r,n;e J(x) - nJIOTHOCTb TOKa B TO'!Ke X. 

BTopoii: naparpa¢ nOCBHIIJ,eH MeTO)l;y, peaJIII30BaHHOMy B nporpaMMHOM KOM

nJieKce GFUN3D [1, 2]. B .n;aunoM KOMnJieKce, 6a3npyroiiJ,eMcH ua IIHTerpaJibuoii 

nOCTaHOBKe 3a)l;a'!II MarHIITOCTaTIIKII, ,D;JIH ,ll;IICKpeTII3aiJ,IIII ypaBHeHnii IICnOJib3J

eTCH MeTO,lJ; KOJIJIOKaiJ,IIll II KJCO'IHO-nOCTOHHHaH aiiiipOKCIIMaiJ,IIH Heii3BeCTHbiX B 

npe.n;eJiax 3JieMeHTa pa36IIemm o6JiacTn. 

MeTo,n; KOJIJIOKaiJ,nii ue rro3BOJIHeT uapacTIITh Kyco'!uo-nocTOHHHoe.npn6JIII

.lKeHIIe Heii3BeCTHbiX no npii'IIIHe CIIHryJIHpHOCTII H,D;pa 06'beMHbiX IIHTerpaJibHhiX 

ypanueuiiii. 3aMeua MeTo,n;aKOJIJIOKaiJ,IIii ,n;onoJIHIITeJihHhiM IIHTerpuponauiieM no 

3JieMeUTaM· pa36IIeHIIH pac'!eTHOll 06JiaCTII II03BOJIHeT pa3peiiiUTb B03HIIKaiOIIJ,IIe 

npo6JieMbi II, KaK CJie,D;CTBJie, UapaCTl!Tb nopH,lJ;OK aunpOKCIIMaiJ,IIII 3a)l;a'!II. 

B TpeTbeM uaparpa¢e onucau MeTo,n;, B KOTOpOM TO'!Ka ua6Jiro,n;eHIIH a; B G; 
3aMeuHeTcH unTerpnponauueM no G; [10]: 

H'i dv, ~ j H8 
(ii)dv, + t,j dv, ~; V, ( M;, V' • p; ~ iii) dvl (5) 

r,n;e i = 1,N. 
Bne,n;eM cJie.n;yroiiJ,IIe o6o3ua'leHIIH: 

B = (Br:B2, ... ,..8Nf, 

M(B) = (p,oM(Br), P,oM(B2), ... , p,0M(BN)) r, 

ftS= 
(

/1-o j H8 (a)dva,P,o j ii8 (a)dva, ... ,p,0 j ii8 (a)dva)T, 
G, G2 GN 

[

[A_nl 
[A]= : 

[Am] 

(A~N)l· 
[ANN] 
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9JieMeHTaMII MaTpii~bi (Aj HBJIRIOTCR K03cPcPII~JieHTbi (Aijj, TaKJie, qTo ,L\JIR JII06oro 

nocToRHHoro BeKTopa M cnpaBe,n;mmo cooTHOIIIeHIIe: 

[A;;[M~ 1 d.,.~;~ (u·"•tx~a[)dvx] (6) 

IIycTh (C] - ,n;naroHaJihHaR MaTpn~a pa3Mepa (3N x 3N] c 3JieMeHTaMn no 

,n;uarouann (cl,cr,cl,cz,cz,cz,ooo,cN,cN,cN), r,n;e Ci = J dvo 
G; 

YqnThiBaR (1), cncTeMy (5) KpaTKO MO:lKHO 3anncaTb B mr,n;e: 

(C]B = fiS + ([A] + [C]) M(B)o (7) 

I1HTerpnpoBaHUe no 3JieMeHTY n03BOJIReT IICnOJib30BaTb annpOKCUMa~IIIO Ha

MarHJiqeHHOCTII, OTJillqHyiO OT nOCTORHHOii, HanpiiMep, JIUHeiiHyiOo LJ:eTBepTblll na~ 

parpacP nOCBR~eH ,L\llCKpeTII3a~IIII ypaBHeHIIll C IICnOJib30BaHneM KycoqHO-JIIIHellHOll 0 
annpOKCIIMa~IIII HaMarHJiqeHHOCTIIo 

N 
IIycTh o6JiaCTb G pa36IITa Ha TeTpa3,n;pbi G = u si, y,n;oBJieTBOpRIO~Jie MeTO-

i=l 
,n;y KOHeqnhiX 3JieMeHTOB (MK9); Pk, k = 1, 00, L- ua6op Bcex Bepiiinn TeTpa3,n;poB 

{Si}o 06o3HaqnM fl(h) = flk, M(Pk) = Mk, B(Pk) = Bko IIycTb fk(x) - cPYHK

~nR cllopMhi, acco~nnpoBaHHaR c BepiiinHoii Pk: 

- { 1 ' eCJIII k = l, 
fk(Pz) = 0 , eCJIII k =/= lo 

fk(x) Ha Ka:lK,LIOM TeTpa3,n;pe- JIIIHeiiHaR cPYHK~IIRo HcrroJih3YR 3TH o6o3HaqennH, 

IIMeeM: 

L 

~I fi(a)fi(a)fl1dva. =I fi(a)fl8 (a)dva.+ 
J=1 a a 

+ t I fi(a) :: [1 /j(x) ( Mj, V'alx ~ al) dvx] dva., 
J-1 a a 

(8) 

r,n;e i = 1,£. 

IIycTb [C] ecTh MaTpn~a pa3MepHocTu (3£ x 3£] BII,n;a: 

[

[Cu] 

(C]= : 
(CLl] 000 

(C;L]lo 

[CLL] 
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9JieMeHTaMII MaTpii~bi (0] RBJIRIOTCR ,n;narOHaJibHhie MaTpii~bi pa3MepHOCTII 

(3 X 3] BII,[\a: 

(Ciil = j fi(a)/j(a)dva. o 1 o 0 (
1 0 0) 

G 0 0 1 

IIycTb (A] ecTh MaTpn~a pa3MepHOCTII (3£ x 3£] Bu,n;a: 

[

(A:u] 0 0 0 

[A]= 
0 

(ALl] 

[A;L]lo 

(ALL] 

9JieMeHTaMII MaTp!I~bi (Aj RBJIRIOTCR MaTpii~bi pa3MepHOCTII (3 X 3] TaKne, qTo 

,L\JIR JII06oro nocTORHHoro BeKTopa M cnpaBe,n;JinBo cooTHOIIIeHne: 

[A;;]M ~~ J;(a)dV, ~; ~ f;(x) ( M, :\Ia [x ~a[) dvx ]· (9) 

BBe,n;eM cJie,n;yiO~IIe o6o3uaqennR: 

B = (B1, Bz, o o o, ELf, 

M(B) = (!loM(Bl), f.loM(Bz), o o o, f.loM(BL) f, 

fiS ~ (•o f J,(a]ifS(a)~v., ... , ''" f fL(a)ii8 (a)dv,) T 

yqliTbiBaR (1), CIICTeMy (8) KpaTKO MO:lKHO 3aiiiiCaTb B BII,[\e: 

[C]B = fiS +((A]+ [C]) M(B)o (10) 

,Il;JIH rrpaKTnqecKOrO IICIIOJib30BaHIIH II3JIO:lKeHHOll ,L\llCKpeTII3a~IIII llHTerpaJib

HbiX ypaBHeHIIll He06XO,LIIIMO peiiiiiTb CJie,LIYIO~IIe 3a,n;aqu; 

10 II pe,n;cTaBJieHne o6JiacTir clleppoMarHeTnKa B ·mr,n;e o6'he,n;nneHnR TeTpa3,n;poB, 

y,n;oBJieTBOpRIO~nx MK9o ITo cyTn, ,n;aHHaR 3a,n;aqa pa36nBaeTcR ua ,n;Be qa

CTII: 3a,[\aHne HaqaJibHbiX ,n;aHHbiX 0 pa36IIBaeMOll 06JiaCTII II IIOCTpOeHIIe p3.3-

6neHIIR Ha TeTpa3,n;pbi. 3a,n;aqa rrpe,LICTaBJieHIIH. HaqaJibHhiX ,n;aHHhiX. ,LIOCTa

. TOqHO Tpy,n;oeMKaH II Tpe6yeT Henocpe,LICTBeHHOrO yqacTIIR IIOJih30BaTeJIH B 

rrpo~ecce, n03TOMY neo6XO,LIIIMO rrpe,n;yCJ\!OTpeTb KOHTpOJihHhie rrpo~e,n;yphl 

npoBepKn cooTBeTCTBIIR ceTKn MK9o· 

20 Pa3pa60TKa MO,LieJieii TOKOBhiX o6MOTOK Ha OCHOBe 'ux rrpe,n;CTaBJieHim B BII,Lie 

06'be,LIHHeHJIH 20-J3JIOBhiX KOHeqUbiX 3JieMeHTOB cepeli,LIIIIIOBa TIIIIao . ' 

30 Co3.rr,aHne cJie,n;yiO~ux MeTo,n;uK: 
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(a) pacq{IT IIOJHI OT TOKOBbiX 06MOT0Kj 

(b) pacq{IT MaTpiiqHbiX K03<l>qllliJ;IIeHTOB ( 9) j 

(C) peiiieHIIe CIICTeMbl HeJIIIHeHHbiX ypaBHeHIIH ( 10). 

MeTO,II;hi pemeHIIR 3TIIX 3a,n;aq IIpe.n;craBJieHbi B · cJie.n;yiOIIJ;IIX rJiaBax. CJie.n;yeT 

OTMeTIITb, qTO MeTO,Il; 06beMHbiX IIHTerpaJibHbiX ypaBHeHHH II,II;eaJibHO IIO,Il;XO,Il;IIT 

,II;Jifl IICIIOJib30BaHIIR Ha MHOrOIIpou;eccopHbiX BbJqiiCJIIITeJibHbiX CIICTeMax. IJapaJI

JieJibllbie MeTO,II;bi MOryT 6hiTb IICIIOJib30BaHbi ,Il;Jifl BbJqiicJieHIIR MaTpiiqllbiX 3Jie

MeHTOB ,II;IICKpeTII30BaHHOH CIICTeMbl ypaBHeHIIH, a TaK)Ke ee IIpaBOll qacTII. 

B rJiaBe 2 o6cy)K,Il;aiOTCR IIpo6JieMbi, B03HIIKaiOIIJ;IIe IIPII co3,n;aHIIII aBTOMaTII-

3IIpoBaHHbiX KOMIIJieKCOB renepau;IIII ceToK. B IIepBOM IIaparpa<l>e rJiaBbi IIprme

,n;eHhi o6IIJ;IIe Tpe6oBaHIIR K renepaTopaM Koneqno-::JJieMeHTHbiX ceToK. Bo BTopoM 

IIaparpa<l>e ,n;aeTCR OIIIICaHIIe OCHOBHbiX IIO,Il;XO,Il;OB K IIOCTpOeHIIIO CeTOK [11-13], 

II3JiaraiOTCR naii6oJiee IIOIIYJIRpHbie aJiropiiTMbi renepau;IIII (14], o6cy)K,Il;aiOTca IIX 

OCHOBHbie ,Il;OCTOIIHCTBa II He,II;OCTaTKII. <l>opMa II pa3Mep 3JieMeHTOB CeTKII RBHO 

BJIIIHIOT Ha TOqHOCTb II CXO,Il;IIMOCTb qiiCJieHHbiX MeTO,Il;OB. B CBR3II C 3TIIM B03HII

KaeT IIpo6JieMa ou;enKII KaqecTBa IIOJiyqennhrx 9JieMeHTOB. B 'rpeTbeM IIaparpa<Pe 

rJiaBbi IIpiiBO,Il;RTCR Haii60Jiee paCIIpOCTpaHeHHbie KpiiTepiiii KaqeCTBa ,II;ByMepHbiX H 

TpexMepHbiX CIIMIIJieKCOB. TaK KaK OIITIIMaJibHbie 3HaqeHIIH KpiiTepneB pa3JIIIqHbi, 

6biJIII BBe,n;enhr nopMIIpoBaHHhre KpiiTepiiii (11]. HopMaJIII3aiJ;IIR KpiiTepiieB o6ec

JieqiiBaeTCR oTnomeniieM IIOJiyqennoro 3HaqelJIIR y paccMaTpiiBaeMoro aJieMeHTa 

K 3naqeniiiO 9Toro )Ke KPIITepiiR ,II;JIR IIpaBIIJibHoro 9JieMeHTa. Ilo.n; rrpaBIIJibHbiM 

3JieMeHTOM IIO,II;pa3yMeBaeTCR paBHOCTOpOHHIIfi TpeyrOJibHIIK IIJIII KBa,II;paT B ,II;By

MepHOM CJiyqae, II rrpaBIIJibHbifi TeTpa3,II;p, Ky6 II IIpaBIIJibHaR TpeyrOJibHaR rrpii3Ma 

B TpexMepHoM. TaKIIM o6pa3oM, o6JiaCTh 3Haqermfi JII06oro KPIITepiiR ,II;JIH IIpo

II3BOJihJioro aJieMeHTa 6y,n;eT Jie)KaTb na oTpe3Ke (0; 1]. LJ:eM 3naqeniie KpiiTepnR 

6JIII)Ke K 1, TeM KaqecTBO 9JieMeHTa Jiyqme. 

)J;aJiee IIpiiBO,Il;IITCR OIIIICaHIIe aBTOpCKIIX rrporpaMMHbiX KOMIIJieKCOB IIO C03,II;a

HIIIO CeTOK. 

B 'leTBepTOM rraparpa<l>e orriicbmaeTCR rrporpaMMHbril: KOMIIJieKc Mesh generator, 

6a3IIPYIOIIJ;IIiicR Ha MAPPING (15] MeTO,n;e rrocTpoennR ceToK. CyTh MeTO,n;a 3aKJiro

qaeTcR B IIOCTpOeHIIII ,II;ByMepHOrO pa36IIeHIIR II IIpO,II;OJI)KeHJIII ero B IIpOC;.paHCTBO 

ITO TpeTbeil: KOOp,II;IIHaTe. )J;aHHbiH MeTO,Il; a<P<PeKTIIBeH IIpii OIIIICaHIIII HeCJIO)KllbiX 

reoMeTpuqeCKIIX 06JiaCTeil: C O,II;IIHaKOBOH TOIIOJIOriieiJ: Ha BCeX ypOBHRX. )J;JIR yJiyq-

. IIIeHIIR KaqeCTBa IIOCTpOeHHOH CeTKII IIpii ee ll3MeJibqeHIIII IICIIOJib3yeTCR IIpe,n;Ba

piiTeJibHO pa3pa6oTaHHaH 6u6mwTeKa cTaH,n;apTHhiX pa36ueniifi. Ha pncyHKe 1a 

II3o6pa)Keno OKHO IIporpaMMbi c <l>opMoil: ,II;JIR 3a,II;aHIIR ,n;ByMepnoro pa36uemm, Ha 

pucyHKe 1 b - IITOrOBOe pa36IIeHIIe ,II;IIIIOJibHOrO MarHIITa. 

IlRTbiii: IIaparpa<l> IIOCBRIIJ;eH IIporpaMMHOMY KOMIIJieKcy 3DFEMMESH, 6a3U

pyiOIII,eMyCR Ha KOM6IUiaiJ;IIII IIpRMbiX MeTO,Il;OB II MeTO,II;OB OT06pa)KeHIIR (12]. 06-

JiaCTb pa36IIeHim IIpe,II;CTaBJIHeTCR B BII,II;e 06be,II;IIHeHIIH . TpexMepHbiX MaKp09Jie

MeHTOB cepen.n;mroBa nma: reKcaa.n;poB, TeTpaa.n;poB, TpeyroJibHhrx IIPII3M, rmpa

MII,II;, a TaK)Ke IIX II30IIapaMeTp1IqecKIIX aHaJIOrOB. )J;JIR IIOJiyqeHIIR ,II;eTaJIII3IIpOBaH-
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a. b. 

Puc. 1. Moae.t!upo6a'ltue aunoJ!b'HOi!O Mai!'ltUma 6 npoi!paMMe lvfesh generator. 

HOrO pa36IIeHIIR B IIpOrpaMMe peaJIII30BaHa <l>YHKIJ;IIR cryiiJ;eHIIR CeTKII C IIOMOIIJ;biO 

BBe,n;eHIIR BecoBoro Koa<P<Pnu;nenTa ,II;JIR y3JioB. Ha pncyHKe 2a II3o6pa)Kena <PopMa 

,Il;Jifl 3a,II;aHIIR MaKp06JIOKOB, Ha piiCYHKe 2b - o6JiaCTb pa36IIeHIIR, IIpe,II;CTaBJieHHaR 

B BII,II;e 06be,II;IIHeHIIR MaKp06JIOKOB, Ha pnCyHKe 2c - IITOrOBOe pa36IIeHIIe. 
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a. 

Puc. 2. Moae.t!upo6a'ltue aunOJ!bHOi!O Mamuma 6 npoi!paMMe 3DFEMMESH. 

rJiaBa 3 IIOCBRIII,eHa MO,II;eJIIIpOBaHIIIO TOKOBbiX o6MOTOK II BbJqncJieHIIIO IIOJIR 

OT TOKOBbiX IICTOqHIIKOB. 

B IIepBOM IIaparpa<Pe rJiaBbl IIpiiBO,II;IITCR OIIIICaHIIe IIporpaMMHOrO KOMIIJieKCa 

Winding generator ,n;JIR IIOCTpoennR TOKOBbiX o6MoToK. Ilpou;ecc KOHCTpynpoBa

HIIR 06MOTKII COCTOIIT II3 ,II;BYX IIIaroB: IIOCTpOeHIIR IIOIIepeqHoro ceqeHJIR II 3a,II;a

HHH TOKOBOfi JIIIHIIII IJ;eHTpa. B IIporpaMMe peaJIII30BaH IIapaMeTpii30BaHHblll BBO,Il; 

TIIIIOBhrx o6MoToK, TaKnx KaK Solenoid, Racetrack 11 Bedstead, a TaK)Ke o6MOTOK 

,Il;JIR MYJibTIIIIOJibHbiX KOppeKTOpOB. reoMeTpiiiO ceqeHIIR ,Il;Jifl HIIX MO)KHO Bbi6paTb 

CTaH,n;apTHYIO IIJIII 3apaHee CKOHCTpynpOBaHHyiO. B pe3yJihTaTe pa60Tbl IIporpaM

Mbi 06MOTKa IIpe,II;CTaBJIReTCR B BII,II;e 06be,II;IIHeHIIR 20-y3JIOBbiX KOHeqHbiX 3JieMeH

TOB cepeH,II;IIIIOBa TIIIIa. Ha pncyHKe 3a II306p8JKeHa MO,II;eJib o6MOTKII ,Il;IIIIOJibHOrO 

MariHITa C KOaKCIIaJibHbiM Ka6eJieM, Ha piiCYHKe 3b - 1\IO,II;eJib 06MOTKII KBa,II;py

IIOJibHOrO MarHIITa C KOaKCllaJib!IbiM Ka6eJieM, Ha piiCYJIKe 3c - MO,II;eJib CYMMapHOll 

o6MOTKII MYJihTIIIIOJihHOro KoppeKTopa. 

B qeTBepTOM IIaparpa<l>e paCCI\IaTpiiBaiOTCR BOIIpOCbi, CBR3aHHhie C BbJqJICJie-
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a. b. c. 

Puc. 3. llpw.tep'bt .Moae.n,ei1 mo'IW6'b!X o6.Momor;; 6 npozpa.M.Me Winding genemtor. 

nueM ITOJIH OT TOKOBhiX o6MOTOK H S (a) C IICITOJih30BaHUeM 3aKOHa Bu<rCaBapa: 

-s - flo 1 ~s -
N [ ] H (a)= 47f ~~ Y'-,; j:r _ ai x J;(x) ~Vx, (11) 

r)J;e {0;, i = 1,N}- 3JieMeHTbi TOKOBhiX o6MOTOK, ft(:i)- ITJIOTHOCTb TOKa B i-OM 

3JieMeJITe, flO - MarHIITHaH ITpOHII~aeMOCTb BaKyyMa. 

B Ka'IeCTBe 3JieMeHTOB o6MOTKII paccMaTpimaroTcH 20-y3JIOBhie 3JieMeHThi ce

peH)J;IIIIoBa TIIITa, y)J;OBJieTBopHro~ue MK9. IIycTh {0;} eCTh na6op TOKOBhiX 3Jie

MeHTOB, {P;}- BeprniiHhi cepen)J;IIITOBa 3JieMeHTa Q;. Tor,11;a )J;JIH Jiro6oro (a,fJ,'Yf 
113 e)J;IIHII'IHOrO Ky6a U::::: {[0, 1] X [0, 1] X [0, 1]} Mbl CTaBIIM B COOTBeTCTBUe BeKTOp 

w ' x = 2:: Pd;(a, {3, "f), r,11;e {h(a, {3, "()}- ¢ynK~IIII ¢opMbi. 
i=l 

OITpe)J;eJIIIM BeKTOP naiTpaBJieHIIH ITJIOTHOCTII TOKa KaK nopMIIpoBannoe BeK-- {)~ - {)~ 
Topnoe ITpOII3Be)J;enue E1 = 8~ II E2 = 8~: 

[E\ X E2] 
II[El X E2lll' 

J-s = (12) 

Tor)J;a BKJia)J; O)J;HOrO i-oro 3JieMeHTa B IITOrOBOe ITOJie M02KHO 3aiTIICaTh B BII)J;e: 

~ - flo fr r r [JS X (x- a)] . Crd. dVx = 1
• - 47f J J !lx- all3 

Q; 

= flo fr f f [J-s x (x- a)] . Crd · D · da · df3 · d'Y 
47f J J llx- a!l 3 

u 
r,11;e Crd - ITJIOTHOCTh TOKa, a D - HK06Han ITpeo6pa3oBamm: 

D= ( ~ ~ ~) aa afJ 8-y 
fu OX2 ~ 
aa 8fJ 8-y 
~ ~ ~ 
8a 8fJ 8-y 
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(13) 

(14) 

CJie)J;yeT OTMeTIITh, 'ITO Bhrpa:tKenne, CTOH~ee rro,11; 3HaKoM IIHTerpana B (13), 
IIMeeT CJIO:tKnyro nennneiinyro CTPYKTYPY ITO ITepeMeiiHhiM rmTerpupoBaHnH. IIony

'IHTh TO'IHbie aHaJIHTU'IeCKHe ¢opMyJihi )J;JIH 3TOrO liHTerpana y)J;aeTCH B IICKJI~ 

'IIITeJibiihiX cJiy'IaHx. B peryJIHpnoM cJiyqae )J;JIH ero Bhi'IHCJieHIIH .HCITOJih3YIDTCH 

Ky6aTypHbie ¢opMyJihi. .IJ:anee OIUICbiBaeTCH ITpiieM, IT03BOJIHIO~llll B CIIHryJIHp

HOM CJiyqae CBeCTII IIHTerpaJI (13) K CYMMe orpaHII'IeHHbiX IIHTerpaJIOB, KOTOpaH 

HaXO)J;IITCH 'IHCJieHHO. , 

Ha OCHOBe ITpe)J;JI02KeHHbiX MeTO)J;OB• 6biJI C03)J;aH KOMITJieKC ITporpaMM pacqe-i-a 

MarHIITHOrO ITOJIH OT TOKOBbiX IICTOqHHKOB B BaKyyMe. TecnrpoBaHIIe KOM~IJieK
ca ITpOBO)J;IIJIOCh Ha ITpiiMepe paC'IeTa MarHIITHOrO ITOJIH COJieHOH)J;a C ITOCTOHHHOll 

ITJIOTHOCThiO TOKa B ITOITepe'IHOM ce'IennH. CpaBnenue pe3yJihTaToB pacqeTa na ocn 

coJienon)J;a noKa3aJIO xopornee corJiacue c anaJIHTnKoii. 

B rJiaBe 4 c¢opMyJinpoBaHbi MeTO)J;bi Bbi'IHCJieHHH MaTpH'IHbiX 3JieMeHTOB B03-

HIIKaiO~IIX )J;IICKpeTII30BaHHhiX cucTeM Jinneiinhrx ypaBnenuii. Pac'IeThi CBO)J;HTCH 

K Bbi'IliCJieHIIHM rneCTIIKpaTHbiX, B o6~eM CJiyqae CIIHryJIHpHbiX liHTerpaJIOB TIIIIa 

(9). 
B ITepBoM naparpa¢e rJiaBhi npe)J;JIO:tKeHhi MeTO)J;hi cBe)J;emm rnecTnKpaTHhiX 

liHTerpaJIOB no )J;BYM TeTpf13,11;paM K KOM6nna~llll 'IeTbipeXKpaTHbiX liHTerpaJIOB no 

)J;BYM TpeyroJihHHKaM. Y'IIIThiBaH, 'ITO {fk(x)} ecTb Jinneiinhre ¢ynK~nu, o6'beM

Hhre liHTerpaJibi ll3 (9) M02KHO pe)J;y~llpOBaTb K noBepXHOCTHbiM liHTerpaJiaM: 

= f f 
8Gm8Gn 

J;:;~,lk = j. j [h(x)fJ(a) 8 

82

8 -
1

_ 

1 ~~J dvxdva = 
'' Xk at x- a 

GmGn ' 

J;(x)iJ(a)(dBx, ek)(dSa, et) _ 
0

_
5 

8f;m(x) 8fj(a) f f 
lx - al 8xk 8at 

-0.58ft(x) f. f 
8xk 

8Gm8Gn 

8Gm8Gn 

fJ(a)(dSa,et) ((x- a),dSx) 
lx-al 

-0.58f8j(a) f f J;(x)(dSx,ek)((a~x),~Sa), 
~ . a-x 

8Gm8Gn 

r,11;e Jt(x)- pacnpe)J;eJienue ¢ynK~nu J; na TeTpa3)J;pe Gm. 

(dSx, dSa) 

lx-al 

(15) 

TaK KaK o6JiaCTb liHTerpupoBamm Gm. COCTOIIT ll3 TeTpa3)J;pOB, TO ee rpaHII~a 

{ 8G} COCTOIIT ll3 TpeyrOJibHIIKOB. TaKIIM o6pa30M Bbi'IIICJieH!Ie Bblpa:tKeHIIll II3 ( 15) 
CBO)J;IITCH K pa3JIII'IHbiM BapiiaHTaM liHTerpupOBaHIIH ITO )J;BYM TpeyrOJibHIIKaM. 

Hcxo)J;H II3 Tpe6oBanuii MeTO)J;a Koneqnhrx· 3JieMeHTOB, cy~ecTBYIOT '.leTbrpe Ba

pnanTa B3am.moro paCITOJIO:tKeHIIH TpeyrOJibHIIKOB B ITpOCTpaHCTBe: TpeyrOJibHIIKII 

He nepeceKaiOTCH, IIMeiOT O)J;Hy o6~IO BeplliiiHy, IIMeiOT )J;Be o6~IIX Beplli!IHhi, II 

TpeyroJihHIIKII COB!Ia)J;aiOT. B CJ!y'Iae, KOr)J;a TpeyrOJibHIIKII He nepeceKaiOTCH, B03-

M02KHO ITplU.IeHeHIIe Ky6aTypHbiX ¢opMyJI. 0)J;HaKO )J;JIH OCTaJibHbiX CJiy'.laeB 3TO 
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HeB03M0)KH0 U3-3a CIIHrymrpHOCTU IIO,IJ;biHTerpaJibHbiX Bbipa)KeHIIH • .Il:mr Bbl'IliCJie

HlUI IIO,IJ;06Hh!X IIHTerpaJIOB IICIIOJib3JeTCH MeTO,IJ; O,IJ;HOpO,IJ;HbiX <i>YHKIJ;IIH. 

Bo BTopoM rraparpa¢e rJiaBhi rrpo,IJ;eMoncTpiipoBana rrpou;e,IJ;ypa ycTpaHeniiH 

cnHryJIHpHOCTII IIO,IJ;hiHTerpaJibHOii <i>YHKIJ;IIII na rrpnMepe rrpocTeiirnero cmrryJIHp-

noro miTerpaJia: 

J, =If dSxdSy. 
0 ,- -, x-y 

St 82 

(16) 

B rraparpa¢e 4.2.1 ,IJ;JIH nnTerpaJia (16) pacc~mTpiiBaeTcH CJiyqaii:, Kor,IJ;a Tpe

yroJihHIIKII IIMeiOT O,IJ;HY o6ru;yiO Beprnnny (piiCJHOK 4a). 

B D 

c a. F b. 

!>-\ 
I <\ 

c. 

Puc. 4. Ceeaenue unme2pupoean'UJ£ no aey.M mpey2oJtt>nu·md'c o6w,eu eepwunou 

"' cy.M.Me unme2paJto6 no mpey2oJtb'HU'h:Y u pe6py. 

OcnoBHaH II,IJ;eH MeTO,IJ;a 3aKJIIO'IaeTCH B roMOTeTII'IHOM pacTH)KeHIIII TpeyroJib

HIIKOB OTHOCIITeJihHO IIX o6ru;eii: BepiiiiiHbl (piiCJHOK 4b). 3a C'IeT O,IJ;HOpO,IJ;HOCTII 

H,IJ;pa IIJTeM 3aMeHbl rrepeMeHHbiX IIHTerpaJI ITO paCTHHJTbiM TpeyrOJibHUKaM Ilpll

BO,IJ;UTCH_ K: 

J(>.) = )..3!! d~x1 dSy1 • ( 17) 
lxr- Yrl 

St 82 

3aTeM Bbi'IIICJIHeTCH IIpOU3BO,IJ;HaH OT J()..) ITO ).. ,IJ;BJMH CIIOC06aMII: aHaJIIITU

qecKU II KaK rrpe,IJ;eJI pa3HOCTHoro OTHorneHnH lim.>.-tl (J((l=iV)). McrroJib3JH lJMII

TIIBHOCTh UHTerpaJia KaK <i>JHKIJ;IIII MHO)KeCTBa, ITO KOTOpOMJ OH 6epeTCH, MO)KHO 

IIOJIJ'IliTb: 

Jo=J(1)=~ [hrffd~x1 dS~1 +h2 !!dly1 dBx 1
]· ( 18) 

3 lxr- Yrl lxr- Yrl 
BGS2 DFSt 

Bb!pa)KeHim B rrpaBoii qacTll (18) eCTh peryJIHpHbie llHTerpaJihi, Bhi'IIICJieniie 

KOTOpb!X MO)KeT 6biTb IIpOII3Be,IJ;eHO C IICIIOJib30BaHIIeM Ky6aTypHbiX ¢opMyJI. Ta

KIIM o6pa30M, CIUiryJIHpHblll UHTerpaJI no ,IJ;BJM TpeyrOJibHIIKaM C o6ru;eii: BepiiiiiHOH 

CBO,IJ;UTCH K KOM6IIIIaiJ;UU pa3Jili'IHbiX KOH¢IIrypaiJ;IIH peryJIHpHbiX IIHTerpaJIOB no 

TpeyroJibUIIKJ II CTOpOHe (pncyHOK 4c). 

B rraparpa¢ax 4.2.2 u 4.2.3 ,IJ;JIH UHTerpaJia (16) paccr.mTpuBaiOTCH cJiyqrur, Ko

r,IJ;a TpeyrOJibHIIKU UMeiOT O,IJ;Hy 06IIJ;YIO CTOpOHJ, II KOr,IJ;a TpeyrOJibHUKU COBIIa,IJ;a

IOT. AJirOpUTM CBO,IJ;IITCH K nOBTOpeHIIIO Bbiiiieonucannoii: npou;e,IJ;ypbl OTHOCUTeJihHO 

Pa3HhiX Beprnun. 
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qT06bi npuMeHIITb OniiCaHHJIO MeTO,IJ;IIKY ,IJ;JIH UUTerpaJia (15), ero He06XO,IJ;UMO 

rrpe,IJ;cTaBIITh B BII,IJ;e cyMMhi o,IJ;uopo,IJ;HhiX ¢yuKu;uii:. B. TpeTbeM naparpa¢e rJiaBhr 

IIJIJIIOCTpHpyeTCH CIIOC06 npuBe,IJ;eHIIH fi(x) * /j(a) K CJMMe O,IJ;HOpO,IJ;HbiX <i>JHK

IJ;UH OTHOCIITeJibHO IIX 06IIJ;IIX BepiiiiiH, ;Il;JIH KOTOpbiX. IIpiiMeUHeTCH BbiiiieOIIIICRH

HaH MeTO,IJ;IIKa. B pe3JJihTaTe IICXO,IJ;Hble meCTIIKpaTHbie CIIHrJJIHpHbH~ UHTerpaJibl 

rrpe,IJ;CTaBJIHIOTCH B BII,IJ;e KOM6IIUaiJ;IIII peryJIHpHbiX IIHTerpaJIOB MeHhiiieiJ: KpaTUQ

CTII, ,IJ;JIH paccqfua KOTOpb!X B03MO)KH0 IIpiiMeUeHne Ky6aTypHb!X ¢opMyJI. , 

IlHThiil rraparpa¢ r.TiaBhi rrocBHIIJ;en IITepau;IIonnhrM MeTo,IJ;aM pememm ·neJIII.: 

neiinhiX ypaBireuiiiiTnrra (7) IIJIII (10). CJIO)KJIOCTh 3a,IJ;a'Iu 3aKJIIO'IaeTcH B 6oJihrnoii: 

pa3MepHOCTII ,IJ;IICKpeTII30BaHHOH CIICTeMbl ypaBHeHIIH, OTCJTCTBIIII XOpornerO Ha

'IaJibHOrO rrpH6JIII)KeJIIIH II neB03MO)KHOCTII rrpuMeuemm MeTO,IJ;OB HhiOTOHOBCKoro 

TlliTa. IJ03TOMJ ,IJ;JIH perneHIIH liCIIOJib30BaJICH KOM6IIHIIpOBaUUblll MeTO,IJ; IIpOCTOH 

IITepau;uu: 

[C]Bk+l = (H8 +([A]+ [C]) M(Bk)), Eo = 0, k = 1, 2,... (19) 

.Il:JIH perneHIIH JIUUeii:HbiX CUCTeM ypaBHeHIIH [C]x = y IIpiiMeHHJICH MeTO,IJ; HeiTOJIJIO

ro pa3JIO)KeHIIHXOJieiJ;KOrO B CO'IeTaHllli C MeTO,IJ;OM COIIpH)KeHHbiX rpa,IJ;UeHTOB (16]. 

B rJiaBe 5 IIpllBO,IJ;HTCH"IlpiiMepbl MO,IJ;eJIIIpOBaUIIH pa3JIII'IHbiX MarHIITHbiX Cli

CTeM c IICITOJih30BanueM MeTO,IJ;OB, H3JIO)KeHHhiX B ,IJ;IIccepTau;uu. OrrllCbiBaeTc~ ,IJ;e~ 
TaJlbHOe IIOCTpOeHUe pa36UeHIIH pa3JIU'IHbiX MarHIITOB Ha TeTpa3,IJ;pbi, IIpe,IJ;CTaB

JieHhl KpiiTepHH Ka'IeCTBa IIOJIJ'IeHHbiX CeTOK, IIpiiBO,IJ;HTCH 'IliCJieHUbie II rpa¢ll

'IeCKUe pe3JJihTaThl paC'IeTOB, a TaK)Ke cpaBUeUUe IIX C pe3JJibTaTaMU II3BeCTHbiX 

ITporpaMMHbiX KOMIIJieKCOB. ' 

B ITepBOM rraparpa¢e OITIIChiBaeTcR MO,IJ;emrpoBaune ,IJ;Byx Bepcuii: ,IJ;IIITOJihHoro 

MarnuTa 3KcrrepiiMenTa CBM [3]. Ha piicyuKe 5a n3o6pa)Keuo pa36ueuue MarniiTa 

Ha TeTpa3,IJ;pbi, Ua piiCJHKe 5b - pacrrpe,IJ;eJieHIIe MO,IJ;yJIH MarHIITHOrO ITOJIH BHJTpii 

MarmiTa, na pucyuKe 5c - cpaBneuiie pe3JJibTaTOB pac'IeTOB MarnuTnoro rroJIH 

B,IJ;OJ!b OCU MarHIITa, ITOJiy'IeHUbiX ITO U3JIO)KeHHOH Bbiiiie MeTO,IJ;IIKe II ITO ITporpaMMe 

TOSCA [6]. , 

a. b. c. 

Puc. 5. MoaeJtupoeanue aunoJtb'H020 .MU2'H.Uma. 

Bo BTOpOM rraparpa¢e IIpiiBO,IJ;IITCH OIIIICaUIIe MO,IJ;eJIIIpOBaHIIH KBa,IJ;pynOJibHQ

ro MarmiTa BOOSTER II ,IJ;IliiOJihHOro MarmiTa KOJIJiaii,IJ;epa ,IJ;JIH ycKopuTeJibuoro 

KOMIIJieKca NICA [4]. Ha pucynKe 6a n3o6pa)KeHo pa36neune MarmiTa na TeTpa3,IJ;

pbi, na pucyuKe 6b - pacrrpe,IJ;eJienne MO,IJ;yJIH MarmiTnoro IIOJIH BHYTPII MarmiTa, 
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na pncynKe 6c - cpannemre pe3yJihTaToB pacqeToB MarHIITHoro nomi· B,ll;OJih ocii 

MarmiTa, noJiyqeHHhiX no II3JimKennoii: Bhiiiie MeTO,ll;IIKe II no nporpaMMe TOSCA. 

IJpone,n;eHIIbre BbrqiiCJiemm noKa3biBaroT xopoiiiee corJiaciie .n;mp<l>epeHIJ;IIaJih

noii: (nporpaMMa TOSCA) n IIHTerpanbnoii: MeTO,ll;IIK. 

4'! ~-- '-~~---- • ...,---- ------~-

a. b. c. 

Puc. 6. MoaMupoBanue 1waapynoJ!'b'HOcO .Macnuma. 

IJpii Mo,n;eJIIIponaHIIII MYJihTIInOJihHhiX KoppeKTIIpyroiiJ;IIX MarHIITOB ycKopii

TeJibnoro KOMnJieKca NICA B03HIIKaeT npo6JieMa BhrqiicJienmt nomi OT o6MOTOK 

,ll;OCTaToqno CJIOlKHOll reoMeTpllli . .IJ:JIB nOCTpOeHIIB MO,ll;eJieii: no,n;o6HhiX TOKOBbiX 

o6MoTOK. ncnoJib30BaJICR Winding generator. Ka)K.n;aa II3 o6MOTOK npe,n;cTaBJIReT 

co6oii: COCTannyro o6MOTKY II3 KOM6IIHaiJ;IIII o6MOTOK TUna RaceTrack, cnpoeKTIIpo

BaHHbiX na nonepxnocTb .IJ;IIJIIIH,ll;pa. Ha pncynKe 7 II3o6pa)Kenhr Mo,n;eJIII o6MOTOK 

pa3JillqJioro Tima: 7a - ,ll;IInOJibHaR o6MOTKa, 7b - OKTYIIOJibHaB, 7c - CeKCTYIIOJib

HaB. fen~paiJ;IIR 061\IOTOK no,n;o6noro TIIria 6biJia CTan,n;apTII3IIponana II BKJIIOqena 

B oT,n;eJihnyro npoiJ;e.n;ypy n KOMnJieKce Winding generator. 

a. b. c. 

Puc. 7. MoaMupoBanue xoppex:mupyww,ux o6.Momox:. 
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B 3aKJIIO'leHHH c<l>opMyJIIIponanhr ocnonnhre pe3yJihTaTbi ,n;IIccepTaiJ;IIonnoii: 

pa60Tbi, BbiHOCIIMhie Ha 3aiiJ;IITy: 

1. .IJ:Jia o6'beMHhiX IIHTerpanhHhiX ypanneniiii c mmeii:noii: annpoKcnMaiJ;IIeii neii3-

necTHhiX B Ka)K,n;OM ::meMenTe pa36nemm pa3pa6oTana BhrqnCJIIITeJibnaa cxe

Ma, ocnonannaa na .n;onoJIHIITeJibHOM nnTerpiiponaniin no 9JieMenTaM pac

qeTnoii: o6JiacTII . .IJ:annhrii: no.n;xo.n; no3BOJIReT cTpOIITh nenpepbiBHhie peiiie

HIIR II nOBbiiiiaTh nopR,ll;OK IIX qnCJieHHOll annpOKCIIMaiJ;IUI. B paMKaX ,n;an

HOrO no.n;xo.n;a npe,n;Jio)KeHhi MeTO,ll;hi peiiieHim B03HIIKaroiiJ;IIX nemmeiinhrx 

,ll;liCKpeTII30BaHHbiX 3a,ll;aq. 

2. BnepBbie npe,n;Jio)KeHbi MeTO,ll;hi BhiqiicJieHIIR MaTpiiqJihiX aJieMeHTOB ,n;IIcKpe

TII3onannhiX 3a,ll;aq, 6a3IIpyroiiJ;IIeCR Ha nOHII)KeJIIIII KpaTHOCTII B03HIIKaiO

IIJ;IIX IIHTerpaJIOB II IICnOJih30BaHllll Ky6aTypHbiX cPOPMYJI ,ll;JIR IIX pacqeTa B 

peryJIBpHOM CJiyqae. Ha OCHOBe nOHRTIIR O,ll;HOpO,ll;HbiX cPYHKIJ;llll ,ll;JIR nepery

JIRpnoro CJiyqaa pa3pa6oTaHhl MeTO,ll;bl pe.n;yKIJ;IIII CIIHryJIRpHbiX IIHTerpaJIOB 

K CYMMe peryJIRpHbiX IIHTerpaJIOB MeHhiiieii: KpaTHOCTII C ,ll;aJibHelliiiiiM IIX 

BbiqiiCJieHIIeM no Ky6aTypHbiM CpOpMyJiaM. 

3. Pa3pa6oTan nporpaMMHhiii KOMnJieKc Mesh Generator anToMaTIIqecKoii re

nepaiJ;IIII TpexMepnhrx ceTOK ,n;Jia MarniiTHhiX cucTeM c o.n;nopo.n;noii <l>pon

TaJihnoiJ: TOnOJIOriieii. B paMKax MeTo,n;a KoneqnhiX 9JieMeHTOB pa3pa6oTan 

nporpaMMHhiH KOMITJI~Kc 3DFEMMESH renepaiJ;IIII TpexMepnhrx ceTOK, yqn

ThmaroiiJ;nii cneiJ;IIcPIIKY MO,ll;eJIIIppnaHIIR 9JieKTPOcPII3IIqecKIIX ycTpOHCTB . .IJ:an

Hbie KOMITJieKCbl nporpaMM BKJiroqaroT B ce6R YTIIJIIITbl ,ll;JIB BII3YaJIII3aiJ;IIII 

II oiJ;eHKII KaqecTna noJiyqennoii ce'rKn na ncex cTa,n;IIax npoeKTIIponaniia. 

renepaTOp 3DFEMMESH BKJIIoqen B 6n6JIIIOTeKy nporpaMM JINRLIB. 

4. Co3,n;an nporpaMMHhiH KOMnJieKc Mo,n;eJinponaniiB TOKOBhiX o6MOTOK c pa3-

JIIIqnhiM nonepeqnhiM ceqeniieM, BKJiroqaa BOCTpe6onannhie B noCJie,n;nee npe

MR o6MOTKII C KOaKCllaJibllbiM ceqeniieM Ka6eJIB. KoMnJieKC BKJiroqaeT B ce6R 

IIHCTpyMeHTapiiH ,ll;JIR BII3YaJIII3aiJ;IIII C03,n;anaeMOH 06MOTKII na BCeX CTa,ll;II

RX npoeKTIIponaniiR. B paMKax 3aKona BIIo-Canapa npe,n;Jio)KeHbi MeTO,ll;hi 

BblqiiCJieHIIR MarHIITHOrO nOJIR.OT TOKOBbiX 06MOTOK. 

5. Pa3pa6oTannhre MeTO,ll;hi II nporpaMMHbie KOMnJieKChi ,IIcnoJib30BaJIIICh ,n;JI_R 

Mo,n;eJIIIponaniiB ,ll;IIITOJibHoro MarmiTa 9KCnepiiMeiiTa CBM, Kna,n;pynoJibno

ro MarmiTa BOOSTER II ,n;IInOJibnoro MarnnTa KOJIJiaii.n;epa ycKopnTeJihnoro 

KOMnJieKca NICA. Pe3yJihTaTbi Mo,n;emrponamm MarnnTHhiX cncTeM corJia

cyroTCR C pacqeTaMII no KOMMepqeCKIIM nporpaMMaM, 6a3IIpyroiiJ;IIMCB na 

l!CnOJih30BaHIIII ,ll;llcPcPepeniJ;IIaJibHOll nOCTaHOBKII 3a,n;aqu MarHIITOCTaTIIKII. 
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