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Y••- COKJl""'P• )lBCCOJmmHOHHOro co~~-Ape¢,••· 

OJi~AH XAPAKTEPIICTIIKA PAJiOThl 

AK'cya.JibHOCTb TeMbl 

B HaCToHmee BpeMH ycKOpIITeJUI 3apH)KeHHbIX 'laCTm.1 umpOKO IICIIOJib3yIOTCJI BO 

MHOrliX CTpaHax MIIpa. O,n:HO II3 HaII6onee /:lIIHaMII'IHO pa3BIIBaIOIUIIXCJI HarrpaBJieHIIH 

B ycKOpIITeJibHOii: TeXHIIKe - pa3pa60TKa II C03):laHIIe YCKOPIITeJieii: l.(IIKJIOTPOHHOro 

TIIIIa, II03BOJIJIIOIUliX rrpOBO):{IITb IICCJie,n:oBaHliH Ha BbICOKOIIHTeHCIIBHbIX rry'IKax 

TJI)KeJihlX IIOHOB B urnpOKOM ,n:IIaIIa30He aTOMHbIX Mace II :meprIIii::. O6JiaCTb 

IICIIOJlb30BaHllH IJY'IKOB TJI)KeJihIX IIOHOB •rrpe,n:CTaBAAeT 60Jibllllie B03M0)KHOCTII B 

perneHIIII qiyu,n:aMeHTaJibHbIX Hay'IHbIX rrpo6JieM II Ba)l(Heii:rnnx rrpIIKJia/:{HblX 3a,n:a'l. 

11crroJib30BaHIIe nyqKOB ycKopeHHbIX TJI)KeJihIX IIOHOB HII3KliX II cpe,n:HIIX :meprIIii: 

JIBAAeTCJI 0/:{HIIM II3 OCHOBHblX MeTO):{OB IICCJie,n:oBaHIIH B o6JiaCTII H,n:epHoii: q>II3IIKII. 

JI,nepHbie peaKUIIII C TJI)KeJih!MII IIOHaMII II03BOAAIOT IICCJie):{OBaTh B3aIIMO,n:eii:CTBIIe 

CJIO)l(Hb!X CIICTeM, COCTOJIIUliX II3 60JiblIIOro 'IIICJia HYKJIOHOB, B KOTOpbIX rrpOHBJIJIIOTCJI 

KOJIJieKTIIBHhie 3q>q>eKThl, CBH3aHHhie co CBOHCTBaMII JI,n:epHOH MaTepnII -

KYJIOHOBCKHMH II IIOBepxHOCTHbIMH CIIJiaMII, C)KlIMaeMOCTblO II BJI3KOCTblO JI,n:epHoro 

BemeCTBa, CBOHCTBaMII H,n:epHoii:: IIOBepXHOCTH II IIJIOTHOCTH. TH)KeJihie IIOHbl 

rrpe,n:cTaBAAIOT TaJOKe YHIIKaJibHhie B03M0)KH0CTH /:{AA HCCJie,n:oBaHnii: B o6JiaCTn 

aTOMHOH q>II3HKH, KBaHTOBOH 3JieKrpO/:lHHaMIIKH, AAA rrpoBepKII II,n:eii:: O 

cymecTBOBaHHH CBepXTJI)KeJibIX aTOMOB, CBepxnJIOTHbIX H,n:ep II ,n:p. 

oOJiblIIIIe rrepcneKTHBbl CBJI3aHbl C IICIIOJib30BaHneM TJI)KeJihlX IIOHOB B ueJIOM pH,n:e 

Hayquo-TeXHH'leCKIIX Ii npIIKJia):{HbIX 06.iiaCTeii:'. O,n:HIIM H3 6bICTpO pa3BliBaIOIUliXCJI 

uarrpaBJieHnii: npnMeHeHllH TJI)KeJiblX IIOHOB JIBAAeTCJI IIOJiy'leHne C liX IIOMOIUblO 

rpeKOBbIX MeM6paH, IiCIIOJlb3YeMhIX B HaCTOHIUee BpeMJI B pa3JIII'IHb!X o6JiaCTJIX HayKII, 

TeXHIIKli Ii rrpOII3BO/:{CTBa. 3TO HarrpaBJieHIIe IIOJIBIIJIOCb B Pe3YJihTaTe pa3BHTliH 

TeXHIIKII TBep,n:oTeJihHblX ,n:eTeKTopoB, rrpIIMeIDieMhIX B H,n:epHO-q>H3Ii'leCKIIX 

liCCJie):{OBaHHHX. TpeKOBhie MeM6paHbI rrpOII3BO):{HTCJI rryreM o6nyqeHIIJI TJI)KeJiblMH 

liOHaMli IIOJIIIMepHblX IIJieHOK C IIOCJie,n:yIOIUIIM rpaBJieHneM yqaCTKOB IIOJIIIMepa B/:{OJib 

CJie):{OB IIOHOB. YHIIKaJibHbie CBOHCTBa TpeKOBblX MeM6paH, a liMeHHO BbICOKaJI 

ceJieKTHBHOCTb, o,n:Hopo,n:HaJI q>OpMa rrop Ii ,n:p., II03BOAAIOT IICIIOJib30BaTb liX B 

rrpoueccax ynhrpa- u MIIKpoqinnhrpaunn rrpn O'lliCTKe raJOBhIX II )KII):{KliX cpe,n: c 

3q>q>eKTIIBHOCTbIO, He /:lOCTyIIHOH AAA .n:pyrnx q>IIJibTPYIQIUliX MaTepnaJIOB. Oco6eHHO 

rrepcrreKTIIBHbI rpeKOBbie MeM6paHbI npII pa3,n:e.nemm 6aKTepliaJibHbIX n BIIpyCHbIX 

cycrreH3nii:, npnMeIDieMOM B 6noMe):{IIUIIHCKIIX liCCJie,n:oBaHHJIX, npn O'IIICTKe 

TeXHOJIOrn'leCKliX cpe.n:, rrpII rrpOH3BO/:{CTBe H3):leJinii: MI1Kp03JieKTpOHIIKII, rrpn 

XOJIO/:{HOH rraCTepmal.(IIII )Kll/:{KIIX npo,n:yKTOB, rrpn y,n:aJieHlili MiiKpOq>JIOpbI II3 

IlliTheBoii:: BO):lbl II ,n:p. 

B Jia6oparopnn H,n:eptthIX peaKUIIii: O1-UIM C03,n:aH moxpoHHbiii: UIIKJIOTPOH 

TJI)KeJihlX IIOHOB ,D;l..l;-60, npe,n:Ha3Ha'leHHblll AAA rrpoBe,n:eHliJI rrpIIKJia):{HbIX u Hay'IHbIX 

IICCJie):{OBaHIIH Ha rry'IKax ycKopeHHblX IIOHOB OT Li AO Xe AO 3Heprnii: OT 0.35 AO 1.77 
M3B/ttyKJIOH [I]. O,n:HIIM II3 HarrpaBJieHnii: liCIIOJib30BaHliJI UIIKJIOTPOHa JIBAAeTCJI 

npOH3BO):{CTBO rpeKOBbIX MeM6paH. QIIKJIOTPOH cnpoeKTupoBaH II IIOCTpOeH AAA 

Me)K):{UCl.(IiIIJIIIHapttoro HayqHO-IICCJie,n:oBaTeJibCKOro KOMIIJieKca, r. ACTaHa, 

Ka3axCTaH. O,n:HUM H3 COCTaBHblX 3JieMeHTOB UIIKJIOTPOHa, BO MHOrQM orrpe.n:eAAIOIUIIM 

ero rrapaMeTphI, HBAAeTCH 3JieKrpoMarHIIT, co3,n:a10muii: MarHIITHoe none, Be,n:ymee II 

hiie,[.IUHeHH.bITI HHCTHTYT 
I ~ 

1.n.epmrx uccne,n;oBamrn. 
J3l1BTTHOTEKA I 



4lOKycupy10mee ycKOpJieMblll ny•JOK H0H0B. 3neICTpOMarHHT l(HKn0T})0Ha ro..J:-60 
.D.0JI)KeH 06ec11equsaTh 11nasHy10 perynuposKy :mepruu rryqKa 3a cqer ll3MeHeHHJI 
yp0BHJI 110M. KpoMe Toro, :meICTp0MarHHT ,!l.0JI)KeH 0TBeqaTb C0BpeMeHHblM 

T})e6oBaHHJIM, 11pe.D.bJIBAAeMblM K yp0BHIO :mepro110T})e6neHHJI, pa3MepaM 
MarHHT011p0B0,!l.a, a TaK)Ke ypoBHlO CJI0)KH0CTH HaCTpOllKH pa6oqux pe)KHM0B. 

,lJ;uccepTal(HJI JIBJIJ!eTCJI o6o6meHHeM pa6oT, Bbll10JIHeHHblX B C00TBeTCTBHII C 
HayqHo-TexHuqecKHMH 11naHaMu JUIP OIUIH. 

0:e.Jih pa60Thl: 

• Bb16op u C03.D.aHue MarHHTH0ii CTpYKTYPhI moxpoHHoro l(HKn0T})0Ha TX)KeJihIX 
II0H0B ro..J:-60 .!l.M ycKopeHHJI 11yqK0B TJI)KeJib!X II0H0B OT Li .!l.0 Xe ,!l.0 3Heprnii OT 0.35 
.!J.0 1. 77 M3BIHyKnoH. Manm:THM CTpYKTYPa l(HKn0T})0Ha .!J.0Jl)l(Ha 06ec11eqIIsaTh 

11naBHYIO perynuposKy 3Hepnrn ycKopeHHhIX 11yqK0B B 11pe.D.enax ± 25% OT 
HOMIIHaJibHOll 3a cqer II3MeHeHHJI yp0BHJI cpe,!l.Hero MarHIITH0ro 110M OT 1.25 Tn ,!l.0 

1.65 Tn, 06ec11eqIIBM 11pII 3T0M qJOKycupOBKY H ycToiiquBOCTb ycKopeHHJI 11yqK0B 
H0H0B. 

• Pa3pa6oTKa u uc11onb30BaHue TexHonoruqecKHX perneHuii, y11poma10mIIx 
TeXH0JI0rHIO ll3rOT0BJieHHJI MarHUTa, 06ec11equsa10mux ero 0ITTHMaJibttylO 
K0Ml10H0BKY H 3HeprOl10T})e6neHHe. 

• <l>opMuposam1e MarHHTH0ro 110M l(HKn0T})0Ha ro..J:-60 Ha 0CH0Be 
aHanuTuqecKoro, qucneHHoro u 3Kc11epuMeHTaJihH0ro MeTO.!J.0B. IIposepKa 
pe3yJibTaTOB qiopMupoBaHHJI 110M B X0,!l.e 3KC11epuMeHT0B 110 ycKopeHHIO nyK0B 
3apJI)KeHHb!X qacTHI.(. 

Hay'IHaH HOBHJHa H npaKTH'leCKaH QeHHOCTb 
1. Pa3pa6oTaHa MarHHTHM CTpYKTYPa moxpoHH0ro l(HKn0T})0Ha TJI)KeJibIX uoH0B 
ro..J:-60 ,!l.AA ycKopeHHJI 11yqK0B TH)KeJib!X ll0H0B OT Li ,!l.0 Xe ,!l.0 3Heprnii OT 0.35 ,!l.0 

1. 77 M3B/HyKnoH. MarnnTHM CT})yKTypa C03.D.aeT pac11pe,!l.eneHne cpe,!l.Hero 11onJI c 
He06XO,!l.IIMO MaJib!M pa,!l.IIaJibHb!M p0CT0M 11pn 11JiaBHOH perynIIp0BKe ypoBHJI Il0AA OT 
1.25 Tn ,!l.0 1.65 Tn, qro 1103B0AAeT perymIpoBaTb 3HeprnIO ycKopeHHblX nyqK0B B 

11pe,!l.enax ± 25% OT HOMIIHaJibHOH. 

2. MarHIITHM CTpyKTypa C03,!l.aHa Ha 0CH0Be H0B0ro TeXH0JiornqecKoro perneHHJI 
3aKn10qa10merocJI B HC110Jlb30BaHHII 11JI0CKHX ceKT0p0B C 11pHMblMII 60K0Bb!Mll 
rpaHIIl.(aMII, pa,!l.IIaJibH0 CMell{eHHb!X 0TH0CIITeJibH0 l(eHT})a 110JIIOCa MarHHTa, qro 

C03.D.aJI0 CTpYKTYPY c ll3MeHJI10meiicH a3HMyTaJibHOH nporn)KeHH0CTbIO ceKTopos n 
06ec11eqIIno: 

2.1 qiopMnpoBaHue ll30XpOHHOll qiopMbl MarHHTH0ro 110JIH Ha yp0BHe 1.43 Tn TOJibK0 
3a cqer BbI6paHHOll qiopMbl ceKTopoB, 

2.2 Heo6xo.D.uMo Manoe (s 11pe.D.enax 70rc) H3MeHeHIIe pa.D.nanhHoro poCTa cpe.D.Hero 
MarHIITH0ro 110JIH 110 pa,!l.ttycy 11pII BapbnpoBaHHII 110M OT 1.25 Tn ,!l.0 1.65 Tn, 

2.3 B03M0)KH0CTb IIC110Jib30BaHHJI MaJI0M0ll{HOU CIICTeMbl K0ppeKTIIPYIOmHX 
KaryrneK. 

Ilpe,!l.JIO)KeHHOe perneHIIe 3HaqHTeJibH0 y11p0CTIIJIO TeXH0JI0rHIO II3r0T0BJieHHJI 
MarHIITa II CHII3IIJI0 ero CTOHM0CTb. 
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3. pa3pa60TaHa H0BM K0HCTpyKl.(HJI K0ppeKTHPYIQll{HX KaTyrneK. B 
11pe,!l.JIO)KeHHOll K0HCTpYKl.(llH 11pIIMeHeHbl MH0rQBHTK0Bbie KaTyIIIKll C MaJI0H 
11JI0TH0CTblO II BeJIIIqHHOll (He 6onee15A) T0Ka B 11p0BO,!l.HHKe. 3TO 1103B0MeT 

06ec11eqIITb K0Ml1aKTttylO K0HCT})YKl.(lllO fBB0,!l.0B KaTyrneK C MaJib!Mll 110TepHMll ll 
HCl10Jlb30BaTb MaJI0M0mHbie llCTQqHHKII 11HTaHHJI. B X0,!l.e 3KC11epIIMeHT0B 110 

ycKopeHIIlO 11yqK0B II0H0B 110Ka3aHo, '!10 11pII 011THMII3al(IIII MarHIITH0ro 110M 
K0ppeKTnpyIOll{HMH KaryrnKaMH, MaKCHMaJibHM M0ll{H0CTb, BbI,!l.eAAeMM KaryrnKaMII 

Ha 110JIIOC, He 11peBbIIIIaeT 400BT. 3TO 1103B0JIHJI0 np0B0,!l.HTb 3KC11nyaTal(IIIO CIICTeMbl 
K0ppeKTIIpy10mux KaryrneK 6e3 IICl10Jlb30BaHHJI B0,!l.HH0ro 0XJia)K,!l.eHHJI, 
Te11nonepe.D.aqa Ha 11on10c MarHnTa 06ec11eqIIsaer HOpMaJihHhIH TeM11epaTypHbIH 

pe)KIIM K0ppeKTHPYIQll{IIX KaTyrneK. 
4. ManM yrn0BM 11p0TX)KeHH0CTb CeKTopa B l(eHT})e l(IIKn0T})0Ha (OT 36°) 

1103B0JIIIJia C03,!l.aTb ycK0pHIOll{YlO CHCTeMy C yseJIIIqeHHOH yrnoBOH 11p0TX)KeHH0CTblO 
.D.yaHT0B B l(eHT})e, qro 06ec11eqIIBaeT 34JqJeKTIIBHblll TeM11 ycKopeHIIH 11yqK0B H0H0B 

Ha 11epsbIx o6oporax. 
5. Pa3pa60TaHa MeTO,!l.HKa KOMl1JieKCHOll K0ppeKl.(IIII llCKa)KeHIIH MarHHTH0ro 110M 
l(lIKJI0T})0Ha B03HHKalOll{HX KaK BCJie,!l.CTBIIe HeroqHOCTeii 11p0II3B0,!l.CTBa II M0HTa)Ka 

MarHIITa TaK II npn ycTaH0BKe 11aCCIIBH0ro MarHHTH0ro KaHana. KoppeKl.(HJI 1103B0JIIIJia 
CHll3IITb aMl1JIIITY.!l.Y cyMMapHOll 11epsoii rapM0HIIKII .!l.0 yp0BHH 4rc II K0Ml1eHcnposaTb 

IICKa)KeHIIe cpe,!l.Hero MarHHTH0ro 110JIH, B03HIIKaIOll{ee 11pII yCTaH0BKe MarHHTH0ro 

KaHana. 
6. CqiopMIIpOBaHO MarHIITH0e 11one II30Xp0HH0ro l(IIKn0T})0Ha ro..J:-60 C 
Heo6XO,!l.IIMOU T0qHQCTblO. B X0,!l.e nycK0 - HaJia,!l.QqHb!X pa6oT Ha l(IIKn0T})0He ,.a;u:-60 

ocymeCTBJieH0 ycKopeHIIe rryqK0B II0H0B a30Ta, He0Ha, aproHa, KpII11T0Ha. IIonyqeH 
K034JqJIIl.(IIeHT TpaHC110pTIIp0BKII rryqKa OT l(ettrpa .!l.0 K0HeqHoro Pa.D.IIyca ,!l.0 95% 
('¥2

, B=l.43Tn). 

Anpo6aQIIH pa6oTbl 
OcHOBHbie pe3yJibTaTbl ,!l.IICCepTal(IIII ,!l.0KJia,!l.b!BaJIIICb Ha ceMIIHapax JUIP OIUIH, 

,lJ;y6Ha II 6hmII 11pe,!l.CTaBJieHbl Ha Me)K.!J.yHap0,!l.Hb!X KOHqJepeHl.(HHX: 

• "The 8th 
European Particle Accelerator Conference"(Paris, France 2002); 

• "The 19
th 

Russian Particle Accelerator Conference" (Dubna, Russia 2004); 

• "The I ih International Conference on Cyclotrons and Their Applications" (Tokyo, 
Japan, 2004); "The 1 Ith 

International Conference on Charged Particle Accelerators 
Applied in Medicine and Industry" (St-Petersburg, Russia, 2004); 

• "The 38
th 

PNPI Winter Schools on Nuclear and Particle Physics, (St-Petersburg, 
Russia 2004); 

• "The 40
th 

PNPI Winter Schools on Nuclear and Particle Physics, (St-Petersburg, 
Russia 2006); 

• "The 18
th 

International Conference on Cyclotrons and Their Applications" 
(Catania, Italy, 2007); 

Ily6m1Kaquu 
OCHOBHOe C0,!l.ep)KaHIIe ,!l.IICCepTal(IIII II Pe3YJibTaTbl IIC11bITaHIIll ony6JIIIKOBaHbl s 

10 pa6oTax. 
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06beM II CTpyKrypa ~HCCepTaQHII 
,lJ;HCCepTal{IDI C0CTOIIT U3 BBe,[(eHIDI, 'leTbipex rJiaB, 3aKJIIO'leHIDI U CIIHCKa JIIITepa­

TYPhI. CnHcoK JIHTeparyphr co,[(ep)KIIT 57 HanMeHc>BaHIIii. ,lJ;IIcceprnuIDI rrpe~CTaBJieHa 

Ha 111 crpam1uax MaumH0IIHCH0ro TeKCTa, BKJIIO'lall 104 pHCYHKa II 16 Ta6JIH1{. 

CO,ll;EP)KAHIIE PAliOThl 

Bo BBe~eHHU II0Ka3aHa aKryaJibH0CTb HCII0Jib30BaHIDI H30Xp0HHbIX UHKJIOTP0H0B 

B o6JiaCTII <pyH,[(aMeHTaJibHbIX Hay'IHbIX UCCJie,[(OBaHIIH 1:1 HaY'fH0-TeXHH'leCKHX 

o6JiaCTHX. PaccMOTPeHbI rrepcrreKTIIBbI rrpIIMeHeHIIH UHKJI0TP0H0B B rrpuKJia,[(HbIX 

o6JiaCTHX, B qaCTH0CTII B rrp0H3B0,[(CTBe TPeK0BbIX MeM6paH. 

B nepsoii rJiaBe rrpe,[(CTaBJieH KOMIIJieKCHbIH MeT0,[( <pOpMIIpOBaHIDI MarHIITH0ro 

II0AA, rrpHMeHeHHbIH rrpII C03,[(aHHII moxp0HH0ro l{IIKJI0TP0Ha ,n;r.J;-60 [2]. 

KoMIIJieKCHbIH MeTO,[( BKJIIO'laeT B ce6a npe,[(BapIITeJibHbIH aHaJIH3 II BbI6op 0CH0BHbIX 

pa3MepoB MarHHTHOH CTVYKTYPhI, rrpoBe,[(eHIIe 0IITIIMH3aUIIII II <popMIIpoBaHIDI 

MarHHTH0ro II0AA rrpII II0M0II{II TPeXMepHbIX paC'leT0B II H3MepeHIIH, pacqer u aHaJIH3 

,[(HHaMIIKU IIY'fKa B rrpouecce ycKopeHIDI B C<pOpMupoBaHHOM MarHUTH0M II0Jie. 
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PIIC. 1 O6rnnii Bl!,[( II 0CH0BHbie pa3Mepbl 3JieKrp0MarHIITa UIIKJI0TP0Ha ,n;r.J;-60 
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Ha rrepB0M 3Tarre npone,[(eHa K0MIIJieKCHall K0MII0H0BKa II 0IITHMII3al{IDI 

0CH0BHbIX Y3JI0B UHKJI0TP0Ha ,n;r.J;-60, onpe,[(eJieHbI HX xapaKTepHCTIIKU, pa3Mepbl II 

K0HCTPYKTIIBHbie oco6eHHOCTII. OIITIIMII3al{IDI ocyll{eCTBAAJiaCb Ha OCH0Be 

3aKOHOMepHOCTeii MarHIITHbIX CTpyKTyp UIIKJI0TP0H0B K0MIIaKTH0ro THIIa, 

II0JIY'feHHbIX paC'leTHbIM II 3KCrrepIIMeHTaJibHblM IIYTeM npII pa6oTe C M0,[(eJibHblMII 

3JieKrp0MarHIITaMII II IIpII C03,[(aHim 3JieKrp0MarHHT0B UHKJI0TP0H0B, TaKIIX KaK Y200, 

Y 400, l\1Q400, HU) 00, ,n;r.J;-72, Y 400P. AHanIIm'lecKair <pOpMa 3aKoHoMepHoCTeii 

II03B0AAeT rrp0CTbIMII paC'leTHbIMII cpe,[(CTBaMII Ha Ha'laJibH0M 3TaIIe <pOpMIIpOBaHIDI 

MarHIITHOH CTpyKrypbl l{IIKJI0TP0Ha ,[(0CTaT0'IH0 TO'IH0 orrpe,[(eJIIITb u 0IITIIMH3llp0BaTb 

ee 0CH0BHbie xapaKTepIICTIIKII. IloJIY'feHHbie B X0,[(e K0MII0H0BKH II 0IITIIMII3al{IIII 

,[(aHHhie HBIIJIIICh IICX0/:IHbIMII napaMerpaMH MarHIITHOii CTVYKTYPhI UIIKJI0TpoHa ,n;r.J;-

60 ,[(AA II0CJie,[(yIOII{ero M0,[(eJIIIp0BaHIIB Ha 0CH0Be TPeXMepHbIX K0MIIbIOTepHblX 

pac'leT0B. 

Ta6JIIIUa 1 OcHOBHhie_ rrapaMerpbI ::ineKrpoMarHIITa QIIKJI0TP0Ha ,n;r.J;-60 

TIIrr HpMa III-o6pa3Hhiii MarHIIT 

f'a6apIITHbie pa3Mepbl MarHIIT0IIp0B0,[(a 4,0xl,68x2,3 M 

,lJ;uarra30H pa6oqero MarHIITH0ro rroAA 1,25 - 1,65 Tn 

,lJ;IIaMerp II0JIIOCa 1620 MM 

qUCJIO ceKTopoB Ha II0JIIOCe 4 

Me)KIIOJIIOCHoe rrpocrpaHCTBo I 176 MM 

Me)KCeKTOpHoe npoCTpaHCTB0 I 33 MM 

Bee MamIITa I "" 100 T 

MaKCIIMaJihHall M0II{H0CTh ocHOBHoii o6MOTKII I "" 45 KBT 

MaKCIIMaJibHall M0II{H0CTb KoppeKTIIpy10rnux KarymeK I ::::: 1.5 KBT 

CoBpeMeHHhie K0MIIbIOTepHhre nporpaMMhI, TaKIIe KaK TOSCA, KOMPOT, 

MERMAID II03B0AAIOT rrp0B0,[(IITb TPeXMepHbie paCIJeTbl MarHIITHblX IIOJieii C 

BbICOKOH T01IH0CTblO. KOMIIbIOTepHoe M0,[(eJIHpoBaHIIe MarHIITHOH CTpyKTypbl 

conpoB0)K,[(aeTCH paCIJeTaMII ,[(IIHaMIIKII IIy1IK0B npu ycKopeHIIII B HeCK0JibKIIX 

xapaKTepHbIX pa601IIIX pe)KIIMax. HTepaQIIOHHall 3a,[(a'la K0MIIbIOTepHoro 

M0,[(eJIHp0BaHIDI C0CTOIIT m ,[(Byx 0CH0BHbIX maroB: 0IITIIMH3al.(IDI Beca, ra6apIITHbIX 

pa3Mep0B MarHIIT0IIp0B0,[(a, II 0IITIIMII3aQIDI rrapaMerp0B MarHIITHbIX 3JieMeHT0B 

pa601Ieii o6JiaCTII ,[(AA C03,[(aHIDI moxp0HHbIX YCJIOBIIH ycKopeHIDI. CHatJaJia 

II0,[(6IIpaIOTCH 0IITIIMaJibHbie reoMerpII1IeCKIIe pa3Mepbl 3JieKrp0MarHIITa C T01IKII 

3peHIDI 3<p!peKTIIBHOCTII UCII0Jib30BaHIDI )KeJie3HbIX Mace MarHIITOIIp0B0,[(a. 3aTeM 

rrp0B0,[(IITCH <pOpMIIpOBaHIIe II30Xp0HHoro pacrrpe,[(eJieHIDI MarHIITH0ro II0AA B 

OCHOBHOH o6JiaCTII ycKopeHIDI, <pOpMIIpOBaHIIe II0AA B QeffTPe II B o6JiaCTII BbIB0,[(a 

IIY'fKa II3 QIIKJI0TP0Ha, paC'leT BKJia,[(0B K0ppeKTHpyIOII{lIX KarymeK. IlOJIY'feHHbie B 

X0,[(e <pOpMIIpOBaHIDI ,[(aHHbie rrpoBepHIOTCH 1IIICJieHHbIMII pacqeraMII ,[(IIHaMIIKII 
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II)"IK0B rrpn ycKopeHllll. Oco6o CT0HT 0TMeTHTb 3a;::i;aqy ITO K0MIIeHC~llll BJUIJIHIDI 

rraCCllBH0f0 MafHIITH0f0 KaHana, llCII0Jib3)10lllef0CJI ,[IJIJI qJOKycnpOBKll II)"!Ka B 

CIICTeMe BbIB0,[la IIyqK0B ll3 WIKJI01J)0Ha. Y CTaII0BKa MarHHTH0f0 Kanana BH0CHT 

HeCHMMe1JlllqH0CTb B pacrrpe,n;eJieHne MafHII'fHoro II0JIJI. C 0,[IHOll CTOp0Hbl :no 

rrpHB0,[lllT K ll3MeHeHIIIO PaJJ:llaJibH0f0 pacrrpe,n;eJieHHH cpe,n;Hero MarHHTH0f0 II0JIJI, C 

,n;pyroil: - K II0JIBJieHHIO rrepBOll rapM0HUKII a3HMYTaJibH0fO pacrrpe,n;eJieHHJI II0JIJI. 

Ha qJIIHaJibHOll CTa;::\llll pacqeT0B B K0MIIbIOTepHYJO M0,[leJib :meK1J)0MarHIITa 

IJ,llKJI01J)0Ha JJ:IJ;-60 6bIJIII BHeceHbl ,n;aHHbie II3MepeHllll MafHHTHbIX CBOllCTB CTaJill -

µ(B), rrpIIMeHJieMOll B rrpo1I3B0,[ICTBe ::meMeHT0B MafHllT0IIp0B0,[la, qTo 3HaqnTeJibH0 

II0BbICIIJI0 TQqHQCTb pacqeT0B [5]. B xo,n;e K0MIIbIOTepHoro M0,n;ennpoBaIIIIJI rrpoBe,n;eH 

a.IlaJIII3 II )"ITeHa ,n;eqiopMaIJ,IIJI 3JieMeHT0B MafHllT0IIp0B0,[la II0,[I ,n;eil:CTBHeM 

MarHHTH0f0 II0JIJI [4]. 

B xo,n;e 3KCrrepnMeHTaJibHOll qacTH K0MIIJieKCH0fO MeTo,n;a rrpoBe,n;eHbl II3MepeHHJI 

pacrrpe,n;eneHHJI MarHHTHoro rroJIJI IJ,HKJioTp0Ha, ocyrn:ecrnneHa KoppeKIJ,HJI ornII6oK, 

CBJI3aHHbIX C rrp0II3B0,[ICTB0M ll M0HTa)K0M 3JieK1J)0MafHIITa. 
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1-boxpOHHb!H Il,IIKJI01J)0H .n:IJ;-60 rrpe,n;Ha3HaqeH ,[IJIJI ycKopemrn rryqKQB TJI)KeJib!X 

II0H0B C 0TH0IIIem1eM MaCCbl K 3apJI,n;y A/Z B ,[IIIaIIa30He 6 + 12 ,[10 3HeprnH OT 0.35 ,[10 

1. 77 M3B/HyKJIOH. MarHIITHaJI C1J)yKTypa Il,IIKJI01J)0Ha II03BOJIJieT ocyrn:eCTBJIJITb 

IIJiaBHYIO perynIIp0BKY 3HeprIIH ycKopeHHb!X II)"IK0B B rrpe,n;enax ± 25% OT 

HOMI!HaJibHOH. 3TO ,[I0CTIIraeTCJI 3a cqeT II3MeHeHIDI yp0BHJI cpe,n;Hero MarHIITH0fO 

II0JIJI OT l.25TJI ,[10 l.65Tn, 6e3 HapY,.rnemrn qioeycHpOBKII II 3qJqJeKTHBHOCTII 

ycKopemrn rryqKQB II0H0B. 

Ha pucyHKe 2 rrpe.n;CTaBJieHa pa6oqaJI ,[IIIarpaMMa Il,IIKJI01J)0Ha .n:IJ;-60, K0T0paJI 

CBJI3bIBaeT cpe,n;Hee MarHIITH0e II0Jie B IJ,eH1J)e Il,IIKJI01J)0Ha, 3HeprIIIO rryqKa Ha 

pa,n;IIyce Bb!B0,[la R=0.7M, %CTOTy o6parn:eHIIJI II0H0B II KpaTH0CTb ycK0pJIIOmero Bq 

II0JIJI. YcJIOBIDI II30Xp0HII3Ma rrplI ycKopeHIIII II0H0B C A/Z = 6 + 12 B ,[IIIaIIa30He 

yposHeH MafHHTH0fO II0JIJI l.25Tn + l.65Tn o6ecrreqIIBaIOTCJI qiopMIIpOBaHneM 

pa,n;IIaJibH0 pacrymero Ha 5 + 30rc cpe,n;Hero MarHIITH0ro rroJIJI. 

Ha ,n;IIarpaMMe JIIIHIIII,' o6o3HaqeHHb!e l.(1IqJpaMII 6 + 12, II0Ka3bIBalOT 

C00TH0IIIeHIIe Me)K,[ly yp0BHeM MarHHTH0fO II0JIJI B IJ,eH1J)e Il,IIKJI01J)0Ha, 3HeprIIeH 

ycKopeHIIJI II)"IK0B ,[10 pa,n;IIyca Bb!B0,[la lI3 Il,IIKJI01J)0Ha R.xt = 0. 7M II qacTOT0ll 

o6pameHIIJI YCK0pJieM0f0 II0Ha C C0OTBeTCTBYJOmIIM 0TH0IIIeHIIeM MaCCbl K 3apJI,n;y A/Z 

OT 6 ,[10 12. JlIIHIIJIMII, o603HaqeHHb!MII KaK 0.0005TJI + 0.0025Tn, II0Ka3aHa BeJIIIqIIHa 

pOCTa cpe,n;Hero MarHUTH0f0 II0JIJI OT IJ,eH1J)a Il,IIKJI0Tp0Ha ,[10 K0HeqH0fO pa,n;IIyca, 

Heo6xo,n;IIM0f0 ,[IJIJI BbIII0JIHeHIDI II30Xp0HHb!X ycJIOBIIH ycKopeHIDI rryqKQB 

3apJI)KeHHb!X qaCTHIJ,. Ilo sepTIIKaJIII pa6oqaJI ,[IIIarpaMMa pa36HTa Ha ,n;se o6naCTII, 

C00TBeTCTByIOmlie pe)KIIMaM ycKopeHIDI Ha 4 IIJIII 6 rapM0HIIKax YCK0pJIIOmero Bq 

IIOJIJI. rpaHHqHb!e 3HaqeHIIJI pa6oqeu 06JiaCTII Il,UKJI01J)0Ha Ha ,[11IarpaMMe 0603HaqeHbl 

KPY)l(KaMII ,[IJIJI Ka)l(,[I0fO TIIIIa II0H0B C C00TBeTCTByIOmIIMII 3HaqeHIDIMII A/Z. 

<l>oKycIIpyIOmIIe CBOHCTBa MarHHTH0fO II0JIJI o6ecrreqIIsaIOTCJI 4x - ceKTopHOH 

MarHIITHOH C1J)yKTypoii pa6oqeu o6JiaCTII Il,IIKJI01J)0Ha, C03.[laIOmeii Heo6xo,n;IIMblll 

ypoBeHb sapIIaIJ,IIII MarHIITH0f0 II0JIJI. qaCTOTbl CB060,n;Hb!X KOJie6aHIIH ll0Ha B 

oCHOBHOH o6naCTII ycKopeHUJI (0.2M - 0.7M) Jie)KaT s ,n;IIarra3oHe l.0l<Qr<l.02 II 

0.3<Qz<0.4 II o6ecrreqnsalOT pa,n;IIaJibHYJO II sepTIIKaJibHYJO qJOKYC1Ip0BKY YCK0pJieMblX 

rryqKQB II0H0B. B IJ,eHTpaJibHOll o6naCTII qioeycIIpOBKa o6ecrreqeHa pa,n;IIaJibHblM 

rpa,n;IIeHT0M cpe,n;Hero MafHIITH0fO II0JIJI II qJOKYCIIpYJOmIIM ,n;eiiCTBIIeM ycK0pJIIOmero 

Bq II0JIJI. 

.ll:JIJI y.n;o6CTsa qIICJieHH0fO M0,n;enIIposaHUJI II qiopMIIpOBaHIDI MarHIITH0f0 II0JIJI 

BbI6pana H0MllHaJibHaJI pa6oqaJI TQqKa, C00TBeTCTByIOmaJI yp0BHIO MafHIITH0ro II0JIJI 

Bo = l.43Tn. B 3Toii T0qKe moxpoHHoe rrone, rrpe.n;Ha3HaqeHHoe .rlJ1JI ycKopeHIDI 

qaCTIIIJ, C 0TH0IIIeHneM MaCCbl K 3apJI,n;y A/Z=7, qiopMIIpyeTCJI TOJibK0 3a cqeT 

)KeJie3HbIX Mace. 

Pa6oTa Il,IIKJI01J)0Ha B IIIIIP0K0M ,[IIIaIIa30He BapIIall,IIll 0CH0BH0fO MafHIITH0fO 

rroJIJI rrpe,n;rronaraeT HaJIIIqne orrepaTIIBHOH IIO.rlC1JlOHKH pe)KIIMa ycKopeHUJI rrpn 

II0M0IIIII KoppeKTIIPYJOlllIIX KaryrneK. ,A.rill 3TIIX ueneii B 3JieK1J)0MarHHTe Il,IIKJI01J)0Ha 

.ll:IJ;-60 llCII0Jib3)10TCJI rneCTb pa,llIIaJibHb!X II qeTbipe a3IIMYfaJibHb!X K0ppeKTIIPYJOmIIx 

KaryrneK, Ta6JIIIIJ,a 2. MaKCIIMaJibHblll TOK IIHTaHUJI K0ppeKTupyiomux KaryrneK 15A, 

o6ecrreqIIsalOTCJI UCTQqHIIKaMII T0Ka C K034JqJIIIJ,IIeHTOM CTa6IIJIII3aIJ,IIII 104 . 

Pa,n;IIaJibHbie K0ppeKTnpyiomue KaTyIIIKII N!! 2 II 6 UMeIOT He3aBUCIIMbie IICTQqHIIKll 

IIHTaHUJI ,llJIJI BepxHeii ll HII)l(Heii 06MOTOK. IlpOTIIBOIIOJIO)KHOe BKJIIOqeHIIe o6MOTOK 
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3THX KaTyUieK o6ecrrequaaeT KOppeKI.{HlO MarHHTHOll MeAHaHHOll rrnocKOCTH 

l{HKnOTPOHa. Hau6onhUillii BKnaA paAHanhHhie, KoppeKTHPYfOII.IHe KaTyUIKH rrpH3aaHhI 
BHOCHTb rrpH pa6oTe Ha aepxHeM, l.65Tn, H H1DKHeM, l.25Tn, ypomurx MarHHTHOro 

IIOIDI, rAe qiopMa IIOIDI HaH6onee ornaqaeTC.SI OT H30XpOHHOll. 
,An.SI orrepaTHBHOll IIOACTPOHKH rrono)KeHH.SI ueHTPOB op6HT rryqKa rrpH ycKopeHHH 

HCIIOnb3yIOTC.SI ABe c6opKH a3HMYTanbHbIX KOppeKTHPYfOII.IHX KaTyUieK. Ka~a.SI 
c6opKa COCTOHT H3 AByx KaTyUieK, pacrrono)KeHHbIX CHMM~HqHO OTHOCHTenhHO 
l{eHTpa l{HKnOTpOHa a AOnHHax Ha paAnycax 195MM - 275MM. 

Ta6nuua 2. OcHOBHhie rrapaM~bI paAHanhHbIX u a3HMYTanhHbIX 
KoppeKTupy10mux KaTyUieK UHKnOTPOHa_ .z:R);-60 

N!? KaryUIKH A3HMYTanHhie 1 2B 2H 3 4 5 6B 

Kon-ao 

BIITKOB B 2x28 2x40 40 40 2x40 2x40 2x40 40 
KaryUIKe 

CpeAHHii 
195 - 275 179 335 335 455 558 637 718 

paAIIyc, MM 

MomHOCTb 
25 38 71 71 97 118 135 152 

Ha rron10c, BT 

6H 

40 

718 

152 

"llIIcneHHbie pac•IeTbI H MOAenupoaaHIIe MarttHTHoii CTPYKTYPhI l{IIKnOTPOHa .z:R);-
60 rrpoaeAeBhI B TeCHOM COTPYAHHqecTBe pacqeTubIX rpyrrrr JUIP II HHH3<I>A Ha 6a3e 
rrporpaMMnoro KOMrrneKca KOMPOT [3,6,7,8]. KoMIIbIOTepuoe qiopMIIpoaaHne 
MarHHTBOro IIOIDI l{HKnOTPOHa .z:R);-60, BKnIOqaeT B ce6.SI C03AaBIIe KOMIIbIOTepHOii 

MOAenu 3neKTPOMarHHTa, rrpoaeAenIIe pacqeToa TPeXMepHoro pacrrpeAeneHH.SI 
MarHHTBOro IIOIDI, OIITIIMH3al{Hl0 reoM~HH 3neMeHTOB MarHHTOIIpOBOAa. 

IlepBbIM 3TaIIOM pacqeTOB .SIBIInacb OIITHMH3al{H.SI pa3MepoB MarnIITOIIpOBOAa, B 
XOAe KOTOpoii OKOHqaTenbHO BbI6paBbl pa3Mepbl CTOeK H 6anoK, 06ecrreqIIBaIOII.1IIe 

OIITIIManbBOe COOTBOUieuue MaCCbl H ypOBllil naCbIII.leBH.SI CTanH rrpH MaKCHManbHOM 
TOKe B036y~eHH.SI. 

Ha BTOpOM 3Tarre pacqeTOB ocymeCTBIDinOCb qiopMIIpoBaH'.IIe H30XpOHBOro 
pacrrpeAeneHH.SI MarHIITHOro IIOIDI a HOMHHanbHOll pa6oqeii TOqKe, COOTBeTCTBYfOII.leii 
H30XpOHHbIM ycnOBIUiM ycKopeHH.SI qaCTHI.{bl C A/Z=7 B MarHHTHOM none Ha ypOBHe 
Bo=l.43Tn. Heo6xOAIIMa.SI qiopMa H3oxpoHHoro pacrrpeAeneHH.SI IIOIDI rronyqeHa H3 
aHanJ13a AHHaMIIqeCKHX xapaKTepHCTHK pacqeTHOro MarHHTHOrO IIOIDI, pucyHKH 3 H 4. 

AHanIITIIqecKIIii pacqeT II qucneHHOe MOAenupoaaHHe MarHHTHOii CTPYKTYPhl 
pa6oqeii o6naCTH l{IIKnOTPOHa a uenoM MO)KHO CBeCTII K TPeM OCHOBHblM UiaraM: 

• qiopMIIpOBaHHe MarHHTHOro IIOIDI Ha BHeUIHHX paAHycax a o6naCTII BbIBOAa 
rryqKOB H3 l{HKnOTPOHa 

• qiopMHpOBaHHe MarHHTHOro IIOIDI a ueHTPanbHOll o6naCTII l{IIKnOTPOHa 

• qiopMHpOBaHHe H30XpOHHOro pacrrpeAeneHH.SI MarHHTHOro IIOIDI B OCHOBHOll 
o6naCTII ycKopemrn: 
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PIIc.3. CpaBHeHHe H30XpOHHOro II cqiopMHpOBaHHOro pac1IeTIH,IM rryreM cpeAJiero 

MarHIITHoro non.SI AIDI HOMIIHanbHOii pa6oqeii TO'IKH (A/Z=7, Bo=l.43Tn). 
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PIIc. 4 <I>narrep cqiopMIIpOBattHoro MarHIITHOro noIDI Ha ypoaHe l.43Tn. 

<I>opMttpoBaHIIe IlOIDI Ha BHeUIHIIX PaAHycax l(IIKnOTPOHa .z:R);-60 ocymeCTBJieno 
TIYTeM IlOA6opa qiopMbl qiacKH BHeUIHeii CTOpOHbl CeKTopa. HcnOJib30Battlle TaICOii 
qiacKH AaeT B03MO)KHOCTb npOAJIIITb PaAilaJibHblll pocT IlOIDI, II yaenH'IHTb pa6o'l)'JO 
o6naCTb ycKopeHII.SI. BMecTe c TeM, Han11qIIe qiacKH np11BOAJIT K pocry qmaTTepa B 
pan:oHe nocneAHIIX o6opOTOB II MO)KeT np11BeCT11 K He)KeJiaTeJibllbIM pe30HaJlcaM. 
PacqeTHbJM TIYTeM 6bJJIII IlOA06paHbl OilTIIMaJibHbie yron 45° II rny6HHa qiacKH 
28x28MM, Il03BOnIIBUIIIe MaKCIIMaJibHO npII6n113IITbC.SI K 1130Xp0HHOH qiopMe cpeAJiero 
IlOIDI II He AOTIYCTIITb pe30HaHCHblX 3Ha1IeH11H CB060AHblX Kone6aJIIIH IIOHOB BilnOTb AO 
npeAeJibHOro PaAHyca op611Tbl 713MM. 
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Ha116onee CJIO:lKHOH 3,maqefi rrptt cpopMHpOBaHHH Marmrrnoro II0JUI HBJUleTCH 

0IITHMH3au:1rn re0MeTpllll u:eHrpaJibHOH o6JiaCTH :rneICTp0MarHHTa. il;ettrpaJibHaH 

o6JiaCTb xapaKTepmyercH HaJIWllleM CHJibHbIX rpa,[(HeHT0B MarHHTH0ro II0JUI n 

yqaCTK0B MarHHTHOH u:emr, uaxo,[(51mnxcH B cttJihHOM ttachrmeHHH. B CBH3H c 3THM 

B03HHKaIOT ,[(Be B3aHM03aBHCHMbie 3,maqlf: 

• <l>opMttpoBaHne H30Xp0HH0ro pacrrpe,[(eJieHH51 II0JUI B u:ettrpaJibHOH o6JiaCTH ,[(JUI 

HOMHHaJibHOH pa6oqefi T0qKll. 

• O6ecrreqeHHe C00TBeTCTBH51 TeMrra H3MeHeHH51 MarHIITH0r0 II0JUI B u:ettrpe C 

TeMII0M ll3MeHeHHeM MarHHTH0ro II0JUI B OCHOBHOH o6JiaCTH ycKopeHH51 rrptt 

BapbHp0BaHHll yp0BH51 II0JIH OT l.25TJI ,[(0 l.65TJI. 

KoMIIJieKCHbIH, HTepaU:HOHHbIH II0,[(X0,[( rrptt cpopMHpOBaHHll II0JUI B u:eHrpaJibHOH 

o6JiaCTH U:llKJI0TP0Ha ,]],il;-60 II03B0JIHJI HaHTll rrptteMJieMoe peweHHe o6onx 3a,[(aq_ 

MarnHTHOe II0Jie B u:ettrpaJibHOH o6JiaCTH ccpopMHpOBaHO 3a cqer II0,[(6opa Topu:eBoro 

rrpoq>HJUI u:eHrpaJibHbIX rrpo6oK 11 cpopMbI u:ettrpaJibHbIX K0Jieu:. 

<l>opMttpOBaHHe ll30Xp0HH0ro pacrrpe,[(eJieHH51 MarHHTH0ro II0JUI B HOMHHaJibHOH 

pa6oqefi ToqKe rrpoBe,[(eHo 3a cqer rro.[(6opa reoMeTpHH ceKTopHbIX c6opoK 11 

3JieMeHT0B u:eHTpaJibHOH o6JiaCTH. ToqHOCTb <popMttpoBaHH51 II0JUI nyqwe, qeM 10-3_ 

OKoHqaTeJihHaH cpopMa ceKTOpHbIX c6opoK HMeeT IIJI0CKYfO II0BepXH0CTb 11 rrpHMbie 

6oKOBbie rpaHHU:bI, p11cyH0K 5. ,[(JIH <popMHpoBaHH51 MarHHTH0ro II0JUI B u:ettrpaJibHOH 

o6JiaCTH ceKT0pHaH c6opKa HMeeT He60JibllIOe ll3MeHeHHe BbIC0TbI (aKCllaJibHaH 

o6pa6oTKa co CT0p0Hbl Me,[(HaHHOH IIJIOCKOCTH). 

Pe3yJihTaTbl pacqeroB ll ll3MepeHHH pacrrpe,[(eJieHH51 'MarHHTH0ro II0JUI B pa6oqefi 

o6JiaCTH U:HKJI0TpoHa ,]],il;-60 JierJIH B 0CH0BY IIO,[(p06Horo aHaJill3a ,[(HHaMHKH rryqK0B 

H0H0B B rrpou:ecce ycKopeHH51. Attantt3 II0Ka3aJI, qro cpoeyc11py10m11e CBOHCTBa 

c<popMHpOBaHHOro MarHHTH0fO II0JUI HBJUIIOTCH ,[(0CTaToqHbIMll ,[(JUI ycKopeHH51 rryqK0B 

H0H0B 6e3 II0Tepb. AttaJIH3 ,[(HHaMHKll rryqK0B rrp0B0,[(llJICH ,[(JUI HeCK0JibKHX 

xapaKTepHblX pe)KHM0B ycKopeHHH rrapaJIJieJibH0 :narraM cpopMttpOBaHH51 MarHHTH0ro 

II0JUI. llccJie,[(OBaHHe ,[(HHaMHKll rryqKa H0H0B c A/Z = 7 rrptt ycKopeHHll B 

ccpopMHpOBaHHOM MarHHTH0M II0Jie l.43TJI (HOMHHaJibHaH pa6oqa51 TQqKa, pttcyH0K 3) 

II0Ka3aJI0, qro ,[(peil:<p !pa3bl, Bbl3BaHHbIH 0TJilfqlleM ccpopMttpOBaHHOro MarHHTH0r0 

II0JUI OT ll30Xp0HH0ro pacrrpe,[(eJieHH51, HaX0,[(HTCH B rrpe.[(eJiax ±2°, qTQ M0)KeT 

paccMarpttBaTbCH KaK oqeHb xopowHH pe3yJihTaT. ,[(JIH 0CTaJibHbIX pe)KHM0B 

ycKopeHHH, rrpe)K,[(e BCero Ha HH:lKHeM (1.25Tn) 11 BepxHeM (1.65Tn) yp0BHHX 

MarHHTH0ro II0JIB, q>OpMa cpe,[(Hero MarHHTH0ro II0JUI 0IITHMH3HpyercH rrptt II0M0XU:H 

K0HU:eHrpHqecKHX KaryweK ,[(JUI o6ecrreqeHH51 yCTofiqHBOro ycKopeHH51 IIyqK0B H0H0B. 

CoCTaBHOH qaCTblO CHCTeMbl BbIB0,[(a U:HKJI0TP0Ha ,]],il;-60 HBJUleTCH 

cpoKycHpy10mHil: MarnHTHhIH Kattan. KottcrpyKTttBHO Kattan pacrroJI0)KeH B 

Herrocpe,[(CTBeHHOH 6JIH30CTH OT KpaH ceKTopoB, qro OKa3bIBaeT 3aMeTH0e BJIH51Hlle Ha 

MarHHTH0e II0Jie B pa6oqefi o6JiaCTH U:HKJIQTP0Ha. 3TO BJIH51HHe Bblpa)KaeTCH B 

H3MeHeHHll pa,[(HaJibH0ro pacrrpe,[(eJieHH51 cpe,[(Hero MarHHTH0ro II0JUI H, qTQ oco6eHHO 

Ba)KH0, B II0HBJieHim rrepBOH rapM0HHKll a3HMYTaJihH0ro pacrrpe,[(eJieHH51 MarHHTH0ro 

II0JUI. B cnyqae U:HKJI0Tp0Ha ,]],il;-60 rrpH yCTaH0BKe MarHHTH0ro KaHaJia cpe,[(Hee 

MarHHTH0e II0Jie ll3MeH51eTCH OT "" +5rc B U:eHrpe U:llKJIQTP0Ha ,[(0 s:: -18rc K 

MaKCHMaJibH0MY pa,[(Hycy o6JiaCTH ycKopeHH51. 3HaqeHHe aMIIJittry,[(bl rrepBOH 

rapM0HHKH MarHHTH0ro II0JIH BbipacTaeT OT ore B u:ettrpe U:HKJI0TP0Ha ,[(0 45rc Ha 
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K0HeqHQM p,mHyce. HarrpaBJieHHe !pa3bl rrepBOH rapM0HHKH crporo B 

rrpoTHB0II0JI0)KttylO CTopotty OT MeCTa pa3MemeHH51 KaHana. KOMIIeHcau:H51 BJIH51HH51 

MarHHTHoro KaHaJia ocymeCTBJieHa rrocpe,[(CTB0M yCTaH0BKH 6oKOBblX llIUMM Ha 

ceKTopa, B o6JiaCTH K0T0pbIX pacII0JI0)KeH MarHHTHbIH Kattan. 

~. ~m 28x28 j 
~-e WaMMO ~ 

05P050TKO 

PHc.5 Pa3Mepbl Me)KII0JIIOCH0ro 3a30pa. <l>opMa ll OCH0BHbie pa3Mepbl 

ceKT0pHOH c6opKH 

Bo BTopoii rJiaBe rrpe.[(CTaBJieHbl 0CH0BHbie TeXHlfqecKue xapaKTepHCTHKH 

3JieICTpOMarHHTa U:HKJI0TP0Ha ,]],il;-60. PaccMorpeHbl KOHCTPYKTHBHhie oco6eHHOCTH 

3JieICTpOMarmrra If ero C0CTaBHbIX 3JieMeHT0B. 3JieKTpOMarHHT HMeer «III» -
o6pa3HYfO q>OpMy ll COCT0UT H3 HpMa, II0JIIOCHbIX c6opoK, o6MOTKH B036y)K,[(eHH51 ll 

KOppeKTHPYIOinHX KaryweK. ra6apHTHbie pa3Mepbl 3JieICTpoMarHHTa 

4000xl680x2300MM npH o6meil: Macce 103.ST. llioxpoHHoe pacnpe,[(eneHHe 
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MarHIITHOro noIDI B pa6oqeM 3a30pe B l 76MM co3,naeTCJI npII nOMOII(II qeTb!pex nap 

npJIMOJIIIHeiiHbIX ceKTopoB BbICOTOii 51. 5MM. CeKTopa IIMeIOT yrnoByIO 

npOT.IDKeHHOCTb OTHOCHTeJibHO l.lettTpa :rneidpoMarHIITa OT 36° Ha BHYTPeHHeM 

pa,nIIyce ceKTopa R=80MM ,no 50° Ha BHeIIIHeM pa,nIIyce ceKTopa R=805MM. 

AKcIIaJibHblll npoqrnJib ceKTOpOB - nJIOCKllll C qiacKaMII Ha BHYTPeHHeM II BHeIIIHeM 

pa,nIIycax. 3a3op Me)K,!ly ceKTopaMII 33MM. Ka)K,!lhlll ceKTop OCHall(eH 6oKOBblMU 

CbeMHbIMII lIIIIMMaMU, KOTOpbie JIBIDIIOTCJI qaCTblO ceKTOpHoii c6opKII. CeKTOpHbie 

llllIMMbl npe,nCTaBJIJIIOT co6oii nJiaCTIIHbl, IIIIIpIIHOii 8MM, nOBTOpJIIOII(Ue aKcuaJibHblll 

npo<pIIJib ceKTopa. llIIIMMbl ycTaHaBJIIIBaIOTCJI no 6oKaM ceKTopa Ha lIITII<pTaX II 

Kpell51TCJI BlIHTaMII. A3IIMYTaJibHa51 IIJIII aKCIIaJibHa51 o6pa60TKa 6oKOBbIX ceKTOpHbIX 

IIIIIMM n03BOlli!eT BHOCIITb Heo6xo,nIIMYfO KOppeKl.\HIO B pacnpe,neneuue MarHIITHOro 

nOIDI B npoL1ecce OKOHqaTeJibHOro <pOpMIIpoBaHIIJI ll30XpOHHbIX ycJIOBIIii ycKopeHIIJI. 

O6MOTKa B036y)K,!leHIIJI COCTOHT II3 2 KaryIIIeK. B Ka)K,!lOll KaryIIIKe pa3Mell(eHO no 

320 BIITKOB, pa36IITbIX Ha 8 ceKl.\IIll, no 40 BHTKOB B Ka)K,!loii ceKl.\IIII. B KaqeCTBe 

npOBO,nHIIKa IICnOJib3yeTCJI Me,nHa51 TPY6a KBa,npaTHOro ceqeHIIJI 15 X 15 MM
2 

C 

OTBepCTIIeM ,nJI51 OXJia)K,!laIOmeii BO,nbI ,nIIaMCTPOM 8 MM. Ka)K,!la51 m 16 ceKl.\IIll 

o6MOTKII o6pa3yeT OT,neJihnyIO BeTBb B CIICTeMe OXJia)K,!leHIIJI 3JieKTpOMarHIITa. 

B pa6oqeM 3a30pe 3JieKTpoMarHHTa l.\IIKJIOTPOHa Me)K,!ly ceKTopaMII II IlOJIIOCOM 

pacnOJIO)KeHbl ,nBe c6opKII a3IIMYTaJibHblX KoppeKTIIpyIOmux KaTyIIIeK 11 IIIeCTb nap 

pa,nIIaJibHbIX KOppeKT11pyIOII(IIX KaTyIIIeK, n03BOIDIIOII(IIX npII ll3MeHeHIIII pe)KIIMa 

ycKopeHIIJI l.\11KJIOTPOHa onepanrnHo no,ncrpairnaTb MarHHTHOe none. KaryIIIKII 

HaMOTaHbl Me,nHblM npOBO,nHIIKOM npJIMoyroJibHOro ceqeHIIJI 1,99 x 5,94 MM2
, no 64 

BHTKa B Ka)K,!lOll KaTyllIKe. KoHCTpYKTIIBHO KOppeKTIIpyIOmIIe KaTyIIIKU Ha Ka)K,!lOM 

IlOJIIOCe pa3MemeHbl B aJIIOMIIHIIeBOM 6noKe, pacnOJIO)KeHHOM B npOCTPaHCTBe B 20MM 

Me)K,!ly nOJIIOCOM II ceKTopaMII. TenJIOOTBO,n C KOppeKT11py10mux KaTyIIIeK 

ocymeCTBJIJieTCJI 3a cqeT TPY60K Bo,wmoro oXJia)K,!leH11JI, pacnoJIO)KeHHhIX Ha 

noBepxHOCTII 6noKa. 

Oco6eHHOCTblO 3JieKTPOMarHHTa JIBllileTCJI nOBOpOT oceii nOJIIOCHblX c6opoK 

OTHOCHTeJibHO 5IpMa Ha yroJI 13°. TaKoe KOHCTPYKTl1BHOe pemeH11e npIIMeHeHo ,nJI51 

y,no6CTBa pa3MememIJI pe30HaTopOB B"ll CHCTeMbl. 3JieKTPOMarHIIT cnpoeKT11poBaH 

TaKIIM o6pa30M, qTO ero COCTaBHbie 3JieMeHTbl HMeIOT Macey He 6onee 10 TOHH. 3To 

n03BOJIHJIO npoBeCTH TpaHcnopT11pOBKY 3JieKTpOManrnTa np11 IlOMOII(II 

aBTOTpaHcnopTa B r.,lzy6Ha, ,nJUI <pOpMIIpOBaHIIJI IlOIDI Ha HCnhITaTeJihHOM CTeH,ne 

OIUlll II B r.AcTaHa, Ka3axCTaH, ,nIDI oKoHqaTeJihHOii c6opKII. · 

Ilpe,nCTaBJieHbl MarHIITHbie CBOHCTBa II XIIMIIqeCKl1H COCTaB o6pa3l.\OB CTaJil1, 

IICnOJib30BaHHOH ,nIDI 113rOTOBJieHIIJI COCTaBHbIX qaCTeii MarHIITOnpOBO,na l.\HKJIOTpOHa 

,D,I.J;-60. ll3MepeHHbie 3aBIICIIMOCTII MarHHTHbIX CBOHCTB CTaJIII, IICnOJib3yeMOH B 

npOII3BO,nCTBe MarnHTOnpOBO,na l.\IIKJIQTPOHa ,D,I.J;-60 6hmII npIIMeHeHbl Ha (pIIHaJibHOH 

pacqeTHOH CTa,nIIII <popMHpOBaHIIJI MarHIITHOro IlOIDI. Bo m6e)KaHIIe IICKa)KeHIIJI 

MarHIITHOro nOJIJI, B03HHKaIOmero BCJie,nCTBIIe pa3JIIIqllJI B MarHHTHbIX CBOHCTBax 

IICnOJib3yeMblX CTaJieii, BCe CHMMCTPIIqHbie ,neTaJIII pa6oqero 3a30pa 3JieKTPOMarHHTa, 

npe)K,!le Bcero nOJIIOCa II ceKTOpa, Bb!IlOJIHeHbl II3 MeTaJIJia O,nHOH nJiaBKl1. 

Onpe,neneHIIe .nonycKOB Ha mroTOBJieHne 3JieKTPOMarHHTa l.\IIKJIOTPOHa 

cqiopMIIpOBaHo Ha OCHOBaHIIII aHaJIIITIIqecKIIX Ol.\eHOK 11 qIIcJieHHbIX pacqeTOB 

BJIIIJIHIIJI IICKa)KeHIIH l\,tarHHTHOro noIDI Ha ,nIIHaMIIKY nyqKOB. C .npyroii CTOpOHbl, 
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onpe,neIDIIOII(HM <paKTopoM B qiopMnpoBamm ,nonyCKOB JIBIDIIOTCJI npOMblillJieHHbie 

KBaJIIITeTbl Ha TOqHOCTb II3rQTOBJieHIIB COCTaBHbIX qaCTeii II c6opKH 3JieKTpOMarHUTa. 

B l.leJIOM 3TH TPe6oBaHIIJI CBe,neHbl K roqHOCTII <popMIIpOBaHIIJI cpe,nHero MarHI1THOro 

nOIDI B o6naCTII ycKopeHIIJI He xy)Ke 10·
3 

II K ,nOCTII)KeHIIIO npneMJieMoro ypoBHJI 

nepBoii rapMOHHKII noIDI He 6onee 3 + 4 re. IlpII onpe,neneHHII TPe6oBaHIIH K 

TOqHOCTII II3rOTOBJieHIIJI MarHIITa yqIITb!BaJIIICb He TOJibKO TPe6oBaHIIJI K MarHHTH0MY 

nOJIIO co CTOpOHbl pacqeTOB ,nIIHaMIIKII nyq~a npII ycKopeHIIII B LIIIKJIOTPOHe, HO TaK)Ke 

B03M0)KHOCTII onepaTIIBHOH KOppeKl.\IIII nOIDI C nOMOII(blO pa,nIIaJibHbIX 

KOppeKTIIpyIOII(IIX KaTymeK II TexHnqeCKIIe B03M0)KH0CTH npOII3BO,ncrna. Oco6oe 

BHIIMaHIIe y,neIDIJIOCb TOqHOCTII II3rQTOBJieHIIJI H c6opKII MarHHTOnpOBO,na, 

onpe,neIDIIOmeu TPY.noeMKOCTh nocne.ny10mero 3Tana ll3MepeHIIu II qiopMnpoBaHIIB 

MarHIITHOro nOJIJI. 

IlpoBe,neHbl 3aMepbl OCHOBHblX reOMCTPIIqeCKIIX pa3MepoB MarHIITOnpOBO,na npII 

c6opKe 3JieKTPOMarHIITa Ha IICnhITaTeJihHOM cTett.ne OIUlll. Ilo pe3yJihTaTaM 3aMepoB 

BCe TeCTOBbie pa3Mepbl Jie)KaT B paMKax Tpe6oBaHIIH Ha TOqHOCTb c6opKII 

3JieKTPoMarHHTa. IlonyqeHHbie ,naHHbie 3aMepoB nernII B OCHOBY TPe6oaaHIIii Ha 

c6opKy 3JieKTPOMarnnrn B r. ACTaHa, pecny6nIIKa Ka3axcTaH. 

IlpIIBe,neHbl Pe3YJibTaTbI pacqeTa ,ne<popMal.\IIII 3JieMeHTOB MarHIITOnpOBO,na no,n 

,neiiCTBIIeM MarHIITHOro noIDI. OcHOBHOe BJIIIJIHIIe Ha MarHIITHOe none OKa3hIBaeT 

3<p<peKT CXO)K,!leHIIJI noJIIOCHblX c6opoK no,n ,neiiCTBIIeM MarHIITHOro nOID!. IlpII 

MaKCIIMaJibHOM ypoBHe cpe,nHero MarHIITHOro nOIDI l.65Tn B 3aBIICIIMOCTII OT YCIIJIIIH 

3an1ra coe,nIIHIITeJibHblX 60JITOB H mnIIJieK pacqeTHa51 BeJIIIqIIHa CXO)K,!leHIIJI 

coCTaBAAeT 0.2MM - 0.3MM. Ilo pe3yJihTaTaM pacqeToB onpe,neneHo, qro npn 

CXO)K,!leHIIII nOJIIOCHbIX c6opOK 3JieKTPOMarHIITa ,D,I.J;-60 Ha 0.2MM ypoBeHb cpe,nHero 

MarHHTHOro nOIDI B03pacTaeT Ha 12 - 15rc, qTQ nerKO KOMneHCIIpyeTCJI pa,nIIaJihHbIMH 

KOppeKTIIpyIOII(IIMII KaTymKaMH. BJIIIJIHIIe II3MeHeHIIJI <popMbl MarHHTHOro nOIDI npII 

TaKOM CXO)K,!leHIIII noJIIOCHblX c6opoK Ha ,nIIHaMIIKY nyqKa HecymeCTBeHHO. 

B xo,ne CTeH,nOBblX IICnbITaHIIH 3JieKTPOMarHHTa npoBe,neHbl 3aMepb! II3MeHeHIIJI 

paCCTOJIHIIJI Me)K,!ly nOJIIOCHbIMII c6opKaMII npn BKJIIOqeHHOM MarHIITHOM none Ha 

ypOBHe l .65TJI. B CIIJIY Toro, ~o B co6paHHOM COCTOJIHII11 3JieKTPOMarHIITa 

noBepxHOCTb nOJIIOCa 3aKpbITa 6JIOKOM KOppeKTIIpyIOII(IIX KaTymeK, ll3MeHeHIIe 

Me)KnOJIIOCHoro 3a30pa onpe,neIDIJIOCb no 3aMepaM paCCTOJIHIIJI Me)K,!ly ceKTopaMII. 

3aMepbl npOBO,nHJIHCb no BHeillHIIM Kpa51M ceKTopoB npII IlOMOII(II cnel.lIIaJibHOro 

KaJI116pa II HeMarHIITHblX mynoB. Pe3YJibTaTbl 3aMepoB nOKa3aJIII, ~o npII BKJIIOqeHIIH 

MarHl1THOro nOIDI ,no ypOBHJI l.65Tn paCCTOJIHIIe Me~ ceKTopaMII yMeHbillaeTCJI Ha 

0.3 - 0.35MM. Pa36poc B 0.05MM He OKa3bIBaeT cymeCTBeHHOro BJIIIJIHHJI Ha 

pacnpe,neneHIIe MarHHTHOro noIDI. 

TpeTbH rJiaBa UOCBHI~eua 3Tany II3MepeHIIH II qiopMIIpOBaHIIJI MarHHTHOro noIDI 

ll30XpOHHOro l.\IIKJIOTPOHa ,D,I.J;-60. ,[(ID! OKOHqaTeJibHOro <popMIIpoBaHIIJI MarHHTHOro 

noIDI 3JieKTPOMarH11T l.\IIKJIOTPOHa, CIICTeMa 3JieKTPOnHTaHIIJI II OXJia)K,!leHIIJI 6bIJIH 

ycTaHOBJieHbl Ha IICnbITaTeJibHOM CTeH,ne OIUlll. IlpoBe,neHIIe lI3MepeHIIH MarHHTHOro 

nOIDI ocymeCTBIDIJIOCb nocpe,nCTBOM cneL1IIaJibHO pa3pa6oTaHHOH aBTOMaTIIqecKOH 

CIICTeMbl MarHIITHbIX II3MepeHHH. 

CIICTeMa MarHIITHbIX II3MepeHIIH COCTOHT II3 MarHIITOMCTPa, KOMnbIOTepa II 

ynpaBJIJIIOII(eH nporpaMMbl, 6JIOKa c nHeBMOpacnpe.nenHTeIDIMII II KOMnpeccopa. 
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MarnIITOMCTp npe,nc-raBJUie'f co6oil: unaHiy H3 HeMarHHTHoro MaTepttana ,nmrnoil: 

2240MM, c pa3Mell(eHHbIMII Ha Heil: BOCeMbf9 ,LlaT'IIIKaMH Xonna. ,[(aT'IHKH Xonna 

o6ecne'IHBaIOT OTHOCnreJibHyIO TO'IHOCTb H3MepeHllil MarHHTHOro nom1 He Xy)l(e 

±104
. lllTaHra 3aKpeIIJieHa Ha 3yfiqaTOM KOJiece, 01rnpa10ll(eMCH Ha HH)l(HHH IIOJIIOC. 

[(ettTpOBKa lIITaHrH o~eCTBID!e'l'CH nocpe,LICTBOM OCH, ycTaHOBJieHHOH Ha 

l{ettTpaJibHOH npo6Ke HH)l(Hero IIOJIJOCa. fuMepeHIIB IIpOXOMT B l{HJIHH,npH'IeCKOH 

cnc-reMe KoopmrnaT c QettTpoM, cooTBe'l'CTBYJOII(HM QeHTPY :meKTPOMamttrn. IIlTaHra 

IIOCJie,LIOBaTeJibHO nepeMemae-rc» B a3HMyTaJibHOM H pa,LIHaJibHOM HanpaBJieHHHX, 

OCTaHaBJIIIBaHCb B qmKcnpoBaHHbIX II03Hl{HHX LIIDI H3MepeHllil TOKa C ,LlaT'IHKOB Xonna. 

A.3HMYTaJibHOe H Pa.LlllaJibHOe LIBll)l(eHIIB ocyll(eCTBJUIIOTCH nocpe,LICTBOM 

IIHeBMaTH'leCKHX LIBHraTeJiett. K~oe nepeMemem1e KOHTPOJIHpye-rc» IIpH IIOMOII(H 

KOHL{eBUKOB - OIITOIIap. A.3UMYTaJibHbIH ,L\HaIIa30H nepeMell(eHHH UITaHrn CHCTeMbI 

MarHlfThIX ll3MepeHUH MO)l(e'f IIpHHIIMaTb 0,LIHO H3 3Ha'leHHH 90° HJIH 360°, mar 

a3HMYTaJibHOro nepeMell(eHllil - 1 ° HJIH 2°. Pa,L\HaJibHbIH ,LIHaIIaJOH COCTaBJU!e'f OT 0MM 

LIO 1120MM c rnaroM lOMM IIJIII 20MM. 

PAAMAJ1bHbl'1 
nHEBMOnPHBO.Q, 

'"" 
'AJlbHbf '1 ''~ 

onPHBO~-· 

•I 

Puc. 6 PaJMell(eHHe CUCTeMbI MarHHTHbIX H3MepeHHH B pa6oqeif o6nac-ru 

:meKTPOMarHHTa. 

MexaHH'leCKaH 'laCTb MarHHTOMCTpa o6ecne'IHBae-r norpeUIHOCTb 

II03Hl{HOHUpOBaHllil IIO a3HMYTY He ~e 0.03°. ,[(JUI pa,LIHaJibHOro LIBH)KeHllil 

norpeUIHOCTb II03Hl{IIOHI1pOBaHHH He x~e 0.3MM. BpeMH, 3aTPa'lnBaeMoe Ha 

npoxo)l(,LleHue 0,LIHOro l{HKJia H3MepeHHH, COCTaBMe'I' OT 45 MllffYT LIO 6 'laCOB B 

3aBHCHMOCTU OT napaMCTpOB a3HMyTaJibHOro H pa,LIHaJibHOro nepeMell(eHHH. [(uKJI 

ll3MepeHHH IIpOXO,LIHT B aBTOMaTH'leCKOM pe)l(UMe IIOLI ynpaBJieHHeM CIIel{HaJibHO 
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C03,LlaHHOH KOMIIbJOTepHOll nporpaMMbI. MarnHTOMCTp 06opyL10BaH 

,LIOIIOJIHHTeJibHbIM, MOHHTOpHbIM ,LlaT'IHKOM Xonna. ,[(aT'IHK CTal.lHOHapHO ycTaHOBJieH 

B o6nac-ru pa6o'lero 3a3opa H o6ecne'IHBae-r MOHHTOpHHr MarHHTHOI"O IIOJUI BO 

BpeMeHH. KpoMe Toro, MOHlrrOpHbIH ,LlaT'IHK HCIIOJih3ye-rc» LIIDI IIOBTOpHOH yc-raHOBKH 

TPe6yeMoro ypoBHH noJUI. 

B XO.Lie rro,nrOTOBKH K MarHIITHblM H3MepeHlli!M rrptt IIOMOII(ll 'IHCJieHHbIX Me'l'OLIOB 

orrpe,LleJieHbl <pyHKL{HH BJilli!Hllil KaK 6oKOBbIX ceKTopHbIX TaK tt l{eHTPaJibHbIX 

TOpl{eBbIX UIHMM. MaTeMaTU'leCKaH o6pa60TKa ,LlaHHbIX ll3MepeHUH C HCIIOJlh30BaHHeM 

<pyHKL{HH BJllli!Hllil II03BOJIUJia IIOJIY'IHTb He06XOLIHMYIO <pOPMY o6pa60TKH UIIIMM LIIDI 

KOppeKL{HH OTKJIOHeHHH H3MepeHHOro MarHHTHOro IIOM OT paC'le'J'OB. 

IlpoBe,LleHHbie H3MepeHHH MarHHTHOro IIOJUI Ha :meKTPOMarHHTe l{IIKJIOTPOHa 

,[(1(60 IIOKa3aJIH xopornee COBIIa,LleHHe pe3yJibTaTOB ll3MepeHllil H paC'le'l'OB, pttcyHOK 7. 
B CBH3H C 3TIIM KOppeKL{llil cpe,L1Hero MarHHTHOro IIOM rrpH IIOMOII(H ceKTOpHbIX 

60KOBblX UIHMM He IIOTPe6oBaJiaCb. B cnyqae HOMHHaJibHOH pa6oqeif TO'IKII, 1.43 Tn, 

OTKJIOHeHHe B pa,LIHaJibHOM pacrrpe,LleJieHHH H3MepeHHOro cpe,LIHero MarHHTHOro IIOJUI 

OT paC'le'l'HOI"O He rrpeBbIIllae'r 10rc B OCHOBHOH o6naCTH ycKopeHHH u I05rc B 

ueHTPaJibHOH qaCTH, pttcyHOK 7. IlonyqeHHbie OTKJIOHeHHH He OKa3b!BaJOT 

cymecTBeHHOro BJilli!Hllil Ha LIHHaMHKY rry'IKa rrptt ycKopeHHH H KoppeKTttpyJOTC» 

paL1HaJibHbIMH KaryrnKaMn B rrpoQecce HaCTPOHKII ycKopttTeJI». 

,[(JI» orrepaTHBHoil: HaCTPOHKH pa6oqero pe)KIIMa l.lHKJIOTpoHa pa3pa6ornHa 

rrporpaMMa, rrpOBO,L\Hll(aH IIOL160p TOKOB pa,LIHaJibHbIX KOppeKTHPYJOII(HX KaTyrneK LIM 

LIOCTH)l(eHllil <pOpMbl pa,LIHaJI;imro pacrrpe,LleJieHllil cpe,nHero MarHUTHOro IIOM, 

6ntt3Koil: K moxpoHHOil:. B rrporpaMMY BKJIJO'leHa 6aJa L1aHHbIX mMepeHttil: MarnttTHoro 

IIOJIH II BKJia,llOB KOppeKTttpy!Oll(HX KaryrneK l{IIKJIOTPOHa ,[(1(-60. ,[(JUI C03,LlaHllil 6a:Jbl 

,LlaHHbIX rrpoBe,LleHbl ll3MepeHHH BKJia,LIOB pa,LIHaJibHbIX KOppeKTttpy!Oll(HX KaTyrneK Ha 

HeCKOJibKHX ypOBHHX MarHHTHOro IIOM. 

O,nHOH H3 OCHOBHb!X 3a,Lla'l rrpOBO,llHMblX H3MepeHHH MarHnrnoro IIOJUI HBJU!e'l'CH 

HCCJie,LIOBaHHe H KOMIIeHCal.lllil rrepBOH rapMOHHKH MarHUTHOro IIOM. IlepBa» 

rapMOHHKa MarHHTHOro IIOJUI HBJIHe'l'CH 0,LIHOH H3 OCHOBHblX npH'IHH IIOTepb rryqKa B 

rrpoQecce ycKopeHllil. B cnyqae l{HKJIOTPOHa ,[(1(-60 cymec-rByJOT LIBe rrptt'IHHbI 

rrmrnneHllil rrepBOH rapMOHHKII MarHHTHOro IIOJUI: 

• Hantt'IHe reOMCTpH'leCKHX He'l'O'IHOCTeil:, B03HHKaJOII(IIX rrpu ll3rOTOBJieHHH H 

c6opKe 3JieKTPOMarnHTa l{HKJIOTPOHa. 

• Y CTaHOBKa Ha 3JieKTPOMarHHT l.lHKJIOTPOHa MarHHTHOro KaHana CHCTeMbl Bb!BO,Lla 

rryqKa. 

,[(JUI H_CCJie,llOBaHllil nepBOH rapMOHHKH, B03HHKaJOII(eil: BCJie,LICTBHe TOJibKO 

reOMCTpH'leCKIIX OUIH60K MarHIITOIIpOBO,Lla, rrpoBe,LleHbl H3MepeHllil MarHHTHOrO IIOJIH 

6e3 yc-raHOBJieHHOro Ha l{HKJIOTPOH MarHHTHOro KaHana. B XO.Lie ll3MepeHHH UITaHra 

MarHHTOMCTpa IIOCJie,LIOBaTeJibHO rrpOXO,LIHT IIOJIHbIH l{HKJI ll3MepeHHH B 360° B 

a3HMyTaJibHOM HarrpaBJieHHH. fuMepeHllil H KOppeKL{llil rrepBOH rapMOHHKH 

rrpoBO,LIIIJIHCb B HOMIIHaJibHOH pa6oqeil: TO'IKe Ha ypOBHe cpe,LIHero MarHHTHOro IIOM 

l.43Tn. ,[(JUI IIO,L\TBep)l(,LleHllil KOppeKTHOCTH rrpOBO,LIHMblX H3MepeHHH rrepBOH 

rapMOHIIKH rrpoBe,LleHa npoBepKa 3aBHCHMOCTb Pe3YJibTaTOB ll3MepeHHH OT TO'IHOCTH 

yc-raHOBKH II rrepeMell(eHllil MarHHTOMCTpa. ,[(JUI 3Toro lIITaHra MarHIITOMCTpa 6bma 

nepeyc-raHOBJieHa IIYTeM ee pa3B0p0Ta OTHOCHTeJibHO 3y61IaToro KOJieca Ha 180 
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rpa.n.ycoa. Ilpll 3TOM no Pe.3YJibTaTaM ll3MepeHllll ,!J.OJI)!(Hbl 6bJTb Bbll!BJieHbl orrrn6Kll, 

CBH3aHHbie C HeTOqHOCTblO ll3rOTOBJieHllll: II yCTaHOBKll MexaH!lqecKOH qaCT!l 

MarHllTOMerpa. 
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Pile. 7. Cpe.n.Hee MarttllTHoe none QllKJIOTPOHa m..(-60 rm .n.aHHbIM mMepeHllii Ha 

Illl:Tll ypOBHll:X B036y)!(,!J.eHllll: 3JieKTPOMarHITTa, npHMbie JlllHllll. )];aHHbie qlllHaJibHbIX 

pacqeroa Ha rpaq>HKe npe.n.craaneHbI Kpy)!(KaMll. 

0.015 i-------,--,--,-------,--------,----------,----,-~ 

0.01 

i= 
m· 0.005 
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-0.005 
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PHc.8. Pa3HOCTb Me)!(,!J.y pacqerHblM II ll3MepeHHbIM cpe,!l.HllMll nOJIHMll a 

HOMHHaJibHoii pa6oqeii ToqKe B=l .43Tn. 
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Pnc.9. AMnnnzy.n.a nepaoii rapMOHHKH .n.o KoppeKQHII. MarnHTHbiii Kamm He 

ycTaHOBJieH. JhrnmI - llCXO,!J.HOe nOJIO)!(eHIIe lIITaHrll MarHHTOMeTPa, Kpy)!(KH - lIITanra 

nepeycTaHOBJieHa Ha 180 rpa,!l;yCOB OTHOCHTeJibHO 3yfrqaroro KOJieca. 

Ha pHCyttKe 9 npe,!l;CTaBJieH rpaq>HK IIOBe)l;eHHH a'\l:IIJIHTY,!J;bl ll3Mepennoii rrepaoii 

rapMOHHKll B,!l;OJib pa,!l;eyca QlIKJIOTPOHa.Ha rpaq>HKe rrpHMOH JllIHHeii rrpe,!l;CTaBJieHbl 

,!l;aHHbie ll3MepeHHH B HCXO,!l;HOM IIOJIO)!(eHllll IIITaHIB MarHHTOl\teTPa. Kpy)!(KaMH 

rrpe,!l;CTaBJieHbl )l;aHHbie lI3MepeHHH C rrepeycTaHOBJieHHOii Ha 180 rpa,!l;yCOB IIITaHroii 

MarHHTOMeTPa. CoBIIa)l;eHHe rrpe,!l;CTaBJieHHbIX 3aBHClIMOCTeii aMIIJIHTY,!l;bl roaopHT O 

xopomeM Kaqecrne HCIIOJIHeHllll: MexanHqecKoii qacTH MarHHTOMeTpa. HccJie,!l;oaaHHH 

IIOBC,!l;CHlIH rrepaoii rapMOHlIKll MarHHTHOro IIOJIII a pa6oqeii o6JiaCTll PMHYCOB 

IIOKa3aJill, qTO ypoBeHb lli\'.IIIJIHTY,!J;bl Jie)KHT B )l;llaIIa30He 2 - 5fc 3a lICKJIJOqeHHeM 

o6JiaCTeii 0.12M - 0.22M H 0.6M - 0.75M (coorneTcTByeT IIOJIO)KeHHIO 6JIOKOB BbIB0,!1;0B 

KoppeKTlIPYJOll.llIX KazymeK, pncyttoK 10), r,!l;e ypoaeHb aMIIJilITY,!J;bl ,!l;OCTHraeT lOfc. 

Y CTaHOBKa MarHHTHOro KaHaJia CIICTCMbl BbIBO,!J;a rryqKoB H3 QlIKJIOTPOHa BHOClIT 

B03MYIQCHlle B pacrrpe,!l;eJieHHe MarHHTHOro IIOJIH. 3To B03MymeHHe Bb1pru1<aeTCH B 

ll3MeHeHllll q>OpMbl pa,!l;llaJibHOro pacrrpe,!l;eJieHHII cpe,!l;Hero MarttlITHoro nOJIH lI B 

nOHBJieHllll rrepaoii rapMOHlIKll, ,!l;OIIOJIHHTeJibHOH K rrepaoii rapMOHHKe, B03HlIKaJOIQeii 

BCJie,!J.CTBlle KOHCTPyKTlIBHbIX OIIIH60K rrpOll3B0,!l;CTBa lI c6opKH MarHHTOIIpOBO)l;a. 

3a)l;aqa q>opMHpOBaHlIII COCTOlIT B KOMIICHCaQllll pe3yJibTHpyiomeii nepaoii rapMOHlIKll, 

IIBJIHJOIQeiic11 BeKTOpHOii CYMMOH KaK OCHOBHOH TaK lI ,!J.OIIOJIHHTeJibHOH rrepBbIX 

rapMOHlIK. 

<l>a3b1 OCHOBHOll lI ,!J.OIIOJIHHTeJibHOii rrepBbIX rapMOHlIK B QeJIOM 

IIpOTlIBOHarrpaBJICHbI IIO a3HMYTY, pHCyttOK 10. 3To rrpHBO,!l;lIT K TOMY, qTo IIpll 

BeKTOpHOM CJIO)KeHllll rapMOHlIK npOHCXO,!l;lIT lIX qacTllqHaH B3aHMHaH KOMIIeHCaQHII. 

IlonyqeHHaH CYMMapHaH rrepBaH rapMOHHKa KOMIIeHCHpyeTCII rrocpe,!l;CTBOM 60KOBbIX 

CCKTOpHbIX llillMM. 

06ie.QI:IHeHH11n HHC'i'HTY~ 

sr,z::i;epm,rx oocrre)..(oBarr.1111 

I BHBn110TEfcA : 



CTOl?IKO 
flPMO 

MprHHTHbl~ 
KQH0/1 

~a3a nePBO~ rnPMOHHKH 
OT HOrH~THOro KOHO~a 

~a3a nePBO~ raPMOHHKH 
OT M□rHHTOnPOBOAO 

CTOl?IKO 
flPMO 

PIIc. l 0. IloJIO)KeHIIe ocHOBHOtt II .no110JIHIITeJihHOtt q>a3 11epBoii rapM0HIIKH B 

11pIIBR3Ke K reOMeTpIIII MarHIIT011p0B0,na. O6o3HaqeHIIe ceKTopoB s 1 - S4. 

IIpoBe,neHHblll aHaJIH3 cyMMapHOll 11epBOll rapM0HIIKII 110Ka3aJI, qTo ,llM 

K0Ml1eHca11m1 ,ll0CTaT0qHo yCTaH0BllTb qeTbipe ,no11ommTeJibHbie 11apbl IIIHMM 110 

6oKaM BepxHIIX II HII)KHIIX CeKTopoB, paCl10JI0)KeHHbIX B,ll0Jib Ha11paBJieHUH q>a3 

paccMaTPIIBaeMblX rapM0HIIK. IlpII 110M0II.III YKa3aHHbIX IIIIIMM 0,llH0BpeMeHH0 

peIIIaIOTCR ,nBe 3a,naqII: 

• ocy1I.1eCTBJIReTCR K0Ml1eHCaQUH CYMMapHOll 11epBOll rapM0HIIKII. 

• 11p0B0,llIITCR K0ppeKQIIH pa,nIIaJibH0ro CHlI)KeHIIH cpe,nHero MarHHTH0ro 110M, 

BbI3BaHH0ro yCTaHOBKOll MarHIITH0ro KaHaJia. 

~ 011pe,neJieHUH Heo6xo.nm.mii q>opMbl 60KOBblX ceKT0pHbIX IIIIIMM 11poBe,neH 

BeKTopHblll aHaJIH3 cyMMapHOll 11epBOH rapM0HIIKII. BeKTop cyMMapHOll 11epBOll 

rapM0HIIKII pa3JI0)KeH Ha C0CTaBMIOII.IIIe, C00TBeTCTByIOII.IIIe 110JI0)KeHIIIO IIIIIMM Ha 

ceKTopax. Hc110Jib3YR pe3yJihTaTbI aHaJIII3a II pacqeTHhie q>yHKl\IIII BJIIIHHIIH, 11onyqeHhI 

1103III.1IIH II q>opMa IIIIIMM, 06ec11eq1rnaI01I.1IIe K0Ml1eHcaQIIIO cyMMapHoii 11epBoii 

rapM0HIIKII. 

MarHHTHblll KaHaJI II :meMeHTbl ero Kpe11JieHUH qacTIIqHo pa3Mell.leHbl B 

Me)KCeKT0pH0M 11P0CTPaHCTBe II He 1103B0MIOT IIITaHre MarHIIT0MeTpa C0BepIIIaTb 

110JIHblll o6opoT B 360°. B CBR3II C 3TIIM, ,l{M II3MepeHirn II K0Ml1eHCaQIIII BJIIIHHIIH 

KaHaJia Ha MarHIITH0e 110Jie l\IIKJI0TP0Ha 11pIIMeHeH KOM6IIHIIpOBaHHblH MeT0,n. MeTo,n 

3aKJIIQqaeTCR B 110CJie,noBaTeJibH0M 11poBe,neHIIII pacqeTQB II H3MepeHIIll 110 11porpaMMe: 

• lliMepeHUH MarHHTH0r0 110M B OTCYTCTBIIe MarHHTH0ro KaHaJia. O11pe,neJieHbl 

aMl1JIIITy,na II q>a3a 11epBoii rapM0HIIKII, B03HIIKaI01I.1eii BCJie,!l;CTBIIe HeT0qHQCTII 

11p0II3B0,llCTBa II c6opKII MarHIIT011p0B0,na, pIICYH0K 9. 
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• PacqeT MarHIITIIoro 11om1 B cJiyqae ycTaH0BJiemrnro MarHIITHoro KaHaJia. 

O11pe,neJieHbl aMl1JIIITy,na II cpa3a rrepBoii rapM0HIIKII, B03HIIKaIOII.leH 11pII ycTaH0BKe 

MarHIITI!Oro KaHaJia, pIICYHKII 10 II 11. 

• Mo,neJIIIPOBaHIIe II pacqeT q>opMbl 6oKOBblX ceKT0pHbIX IIIIIMM .llM K0Ml1eHCaQIIII 

CYMl\iapHoii 11epBOll rapM0HIIKII ( cyMMapHoe BJIIIRHIIe KaK MarHIITH0ro KaHaJia TaK 

II HeTOqHQCTII 11p0II3B0,llCTBa II c6opKII MarHIIT011pOBO,na). 

• l13MepeHIIR MarHIITHoro II0M B 0TCYTCTBIIe MarHIITH0ro KaHaJia, HO C 

ycTaH0BJieHHbIMII 6oKOBbL1\iII IIIIIMMaMif paccqIITaHHOH q>opMbl. IloJiy'IeHHaR B 

xo,ne II3MepeHIIll rrepBaR rapM0HIIKa ,ll0JI)KHa coorneTCTB0BaTb !IO aMIIJIHTy,ne 

pacqeTHOll rrepBoii rapM0HHKe OT MarHIITH0ro KaHaJia, HO C rrp0TIIB0110JI0)KHbIM 

narrpaBJieHIIeM q>a3bl. CTe11eH1, II0JiyqeHH0ro C00TBeTCTBIIR YKa3aHHbIX aMIIJIIITY.ll 

RHMeTCR KpIITepneM K0Ml1eHCaQHII CYMMapHoii rrepBoii rapM0HHKII. 
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Pnc.11. PacqeTHaR II 11onyqeHHaR B X0,lle H3MepeHIIll aMIIJIIITY.llbl 11epBOH rapM0HHKII B 

cJiyqae ycTaH0BJieHHbIX 60KOBbIX IIIIIMM, 6e3 MarHIITH0ro KaHaJia. 

IIpoBe,lleHa cepIIR H3MepCHIIH, B X0.l(e K0TOpbIX IIO.l(06paHa 0KonqaTeJibHaR 

cpopMa 6oKOBbIX IIIIIMM. CpaBHeHIIe 110JiyqeHHOH aMl1JIIITY.llbl rrepBOH rapM0HIIKH c 

.l(aHHbIMII paC'IeT0B rrpe,llcTaBJieH0 Ha pHCYHKe 11. B pe3yJibTaTe rrpoBe.l(eHHOll 

KoppeKQIIII .11pII ycTaH0BKe MarHIITH0ro KaHaJia II K0Ml1eHCIIpyIOII.IIIX 6oKOBbIX IIIIIMM 

aMl1JIIITy,na OCTaToqHOH 11epBoii rapM0HIIKII He rrpeBbIIIIaeT 2 + 4fc, qTo RBMeTCR 

,nocTaTO'IHblM ,nM HOpMaJibHOii pa60TbI ycK0pIITeM. 

B 'ICTBepToii rJiane 11pe,ncTaBJieHbI pe3yJihTaTbI 11ycK0 - HaJia.l{0'IHbIX pa6oT, 

11poBe.r1eHHble Ha QIIKJI0TP0He M-60 11ocJie ero OKOHqaTeJihHOH c6opKII B r. AcrnHa, 

pec11y6JIIIKa Ka3axCTaH [9]. IIocJie 011TllMII3aQllll pe)KIIMa pa60TbI 3U:P llCTQqHnKa, 

HaCTPOHKll ll0HH0-011TIIqecKIIX 3JieMeHT0B KaHaJia aKCllaJibHOH HH)KeKQHII II 

3JieKTP0MarHHTa, Ha l.lllKJI0TP0He 11onyqeHbI 11poeKTHbie 11apaMeTPbI ycKopeHH0ro ll 

BbIBe,nennoro 11yqKa H0H0B. IIpoBe,lleHbl 3KC11e.fHMeHTaJibHble pa60TbI 110 l,CKopeHHIO 

11yqK0B II0H0B a30Ta, aproHa, KpII11T0Ha ( I N2+, 40 Ar4+, 40 Ar5+, 40 Ar7+, 8 Kr12+) Ha 
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pa:mIIqHhIX ypoBmlX MarHIITHOro IIOJUI l .25Tn - l .65Tn B pe:amMax pa60ThI Ha 

qeTBepTOH II rnecTOH rapMOHIIKax ycKOplHOIIIero Bq HarrpH)KeHml. B KaqecTBe 

rrpIIMepa rrpe.n,CTaBJieHbI pe3yJihTaThI ycKopeHIIH rryqKa IIOHOB a30Ta 
14

N+
2

, A/Z=7, ,!1,0 

3HeprIIII 1 M:rn/HyKJIOH. y CKOpeHIIe rrpmii!B0,!1,IIJIOCh Ha '!eTBeprnil: rapMOHIIKe 

ycKOpHIOIIIero Bq IIOJUI rrpII cpe.n,HeM MarHIITHOM IIOJie l.43Tn II qacTOTe 

ycKOpHIOIIIero HarrpH)KeHIIH 12.57Mfrr. Hccne.n,oBaHO BJIIIHHIIe IIO,!J,CTPOHKII 

MaruIITHOro IIOJUI pa.n,IIaJihHhIMII KOppeKTIIPYIDIIIm,rn KaTYIIIKaMII. B CBH3II C TeM, 'ITO 

paCCMOTPeHHhIH pe)KIIM ycKopeHIIH COOTBeTcTByeT HOMHHaJihHOH pa6oqeil: TQqKe, a 

KOTOpoil: Maruuruoe rrone cqiopMupoBaHO TOJihKO 3a cqeT )KeJie3HhIX Mace, IIO,!J,CTPOHKa 

pa.n,HaJihHhIMII KaTyrnKaMH He rrpuaena K 3aMeTHOMY yaenuqeHHIO IIHTeHCHBHOCTII 

rryqKa. IIpu 3TOM K03q>qmu;ueHT rrpoxo)K,!J,eHHH rryqKa BHYTPH IIHKJIOTPOHa OT 

BHYTPemrero pa.n,uyca R=120MM .n.o pa.n,uyca Bhrno.n,a R=680MM cocTaBIIJI 95%. 
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Puc. 12 Pa.n,HaJibHaH 3aBHCIIMOCTh TOKa rryqKa IIOHOB 14N2+. 

,[(JUI pa6oqux pe)KHMOB, He COOTBeTCTBYIDIIIIIX HOMIIHaJihHOH pa6oqeil: TO'!Ke, 

rrpe)K,!J,e acero Ha Hll3KOM l .25Tn n BhICOKOM l .65Tn ypoBHHX rroJUI, rrpoae.n,eHhI 

uccne.n,oBaHIIH 3q>q>eKTIIBHOCTII .n,eil:CTBIIH KOppeKTIIPYIDIIIIIX pa.n,mirrhHhIX KaTyrneK. 

0.n,IIH ll3 paCCMOTPeHHhIX TeCTOBhIX pa6o'fUX pe)KHMOB COOTBeTCTByeT ycKopeHIIIO 

rryqKa IIOHOB a30Ta 
14

N+
2

, A/Z=7, .n,o 3HeprnII 1.35 M3BIHYKJIOH. YcKopeHIIe 

rrpOH3B0,!J,IIJIOCh Ha '!eTBepToii rapMOHIIKe Bq IIOJUI rrpII cpe.n,HeM MarHIITHOM IIOJie 

l.63Tn II qacToTe ycKopHIOIIIero HarrpH)KeHHH 14.4Mfrr. Ha pIICyttKax 13 n 14 

rrpe.n,cTaBJieHbI pe30HaHCHbie xapaKTepHCTIIKII pe)KIIMa ycKopeHmI B cnyqaHX 

IICIIOJih30BaHHH orrepaTIIBHOH IIO,!J,CTPOHKII MarHIITHOro IIOJUI pa.n,IIaJibHhIMII 

KOppeKTIIPYIDIIIIIMll KaTYIIIKaMll II 6e3 IICIIOJib30BaHIIH KaTYIIIeK. B pe)KHMe pa60ThI C 

OTKJIIOqeHHhIMU pa.n,UaJihHhIMU KaTYIIIKaMU K03q>q>urrueHT rrpOXO)K,!J,eHUH rryqKa B 

IIUKJIOTPOHe COCTaBUJI 74.5%. 0rrTUMU3arrHH MarHUTHOro IIOJUI pa.n,UaJihHhIMU 

KoppeKTUPYIDIIIUMU KazyrnKaMU II03B0JIUJia yBeJIU'fllTh K03q>q>UIJ;lleHT rrpoxo)K,!J,eHHH 

rryqKa B IIUKJIOTPOHe .n.o 90%. 

20 

1.8 ~-------------~------~ 

1.6 

1 1.4 
:!: 

N • 1.2 
+ 

l 
~ 
':f" 0.8 
>, 
C: 
5 0.6 
I-

0.4 

0.2 

0 +-------,...----t----1!----+-->----JH<t-------+---0---, 

1.61 1.615 1.62 1.625 1.63 1.635 1.64 

Yp0B8Hb MarHMTHOro nonfl, Tn 

Puc. 13 3aBHCUMOCTh TOKa rryqKa UOHOB 
14N2

+ OT ypoBHH OCHOBHOro rromr 6e3 
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YpoeeHb MarHMTHoro nonfl, Tn 

Puc. 14 3aBUCllMOCTh TOKa rryqKa UOHOB 
14

N
2
+ OT ypoBml OCHOBHOro IIOJUI C 

OIITUMH3arrueii pa.n,UaJihHhIX KOppeKTHPYIDIIIUX KazyrneK. 

OrrepaTUBHaH IIO,!J,CTPOHKa MarHUTHOro IIOJUI pa.n,UaJihHhIMU KOppeKTIIPYIDIIIUMll 

KaTyillKaMU ocyIIIeCTBJUIJiaCb rrpu IIOMOIIIU rrporpaMMhI pacqeTa rrapaM~OB pa6o'!ero 

pe)KUMa IIUKJIOTPOHa ,[(Q-60. Ha pucyHKe 15 rrpe.n,CTaBJieHO OKHO rrporpaMMhI, 

OT06pa)KaIOIIIee rrapaMeTpbI BhI6paHHOro pa6oqero pe)KHMa. HcrrOJih3YR 6a3y .n,aHHhIX 

MarHUTHhIX U3MepeHuii, rrporpaMMa rrpOBO,!J,llT pacqeT, OCHOBHhIX rrapaMeTPOB 

Bb16paHuoro pa6oqero pe)KHMa, rro.n,6upaeT TOKU pa.n,uaJibHhIX KOppeKTupyioIIIUX 
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KaTymeK, rrpe,ncTaBJUieT B rpaqmqecKOM Btt,ne HJoxpoHHoe u cpe,nHee Marnurnoe norre 

.no H nocrre KOppeKllilll pa,nuaJII,HhIMH KaTymK<\MH . 
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Puc. 15 OKHO nporpaMMbI BhI6opa napaMeTpOB pe:lIGIMa ycKOpeHHJI nyqKa HOHOB 
14N2

+. Bbr6op pe)KHMa BKJIIOqeHHJI pa,nttaJihHbIX KazymeK ,nJUI OTITHMH3al\HH 

MarHHTHOro TIOJUI. 

B 33KJIIoqeunu ccpopMyrrupoBaHbI OCHOBHbie pe3yJihTaTbI pa3pa6oTOK H 
uccrre,noBaHuii: 

1. Pa3pa6ornHa u cOJ,naHa MarHHTHaJI CTPYKTYPa moxpoHHoro llHKJioTpoHa )],U:-60 

,nJUI ycKopeHHJI nyqKOB TJI)KeJibIX HOHOB C OTHOllleHtteM MaCCbI K 3apJI,1J,y A/Z 6 + 12 

.no :meprnii OT 0.35 .no 1.77 M3BIHYKJIOH. MarnttrnaJI CTPYKTYPa flHKJIOTPOHa 
o6ecnequBaeT nrraBHYJO peryrrupoBKY 3Hepruu ycKopeHHhlX TiyqKOB B npe,nerrax 

± 25% OT HOMHHaJihHOH 3a cqeT II3MeHeHHJI ypoBHJI cpe,nHero MarHHTHOro IIOJUI OT 

l .25Trr .no l .65Trr. 

2. MarnttTHaJI CTPYKTYPa llHKITOTPOHa M-60 pa3pa6ornHa c ucrrorrh30BaHtteM 
IIJIOCKHX ceKTOpOB c npJIMbIMH 6oKOBhIMH rpaHHl\aMH, pa,nHaJibHO CMem;eHHhIX 

OTHOCHTeJihHO t1eHTPa nomoca MarHHTa, ~o co3,narro CTPYKTYPY c H3MeH1110meiic11 
a3HMYTaJihHOH IIpOTJI)KeHHOCTbIO ceKTOpOB. 3To TI03B0JIHJIO ccpopMHpOBaTb 
H30XpOHHyK> cpopMy MarHHTHOro TIOJUI Ha ypoBHe I.43Trr TOJihKO 3a cqeT 

22 

BhI6paHHOH cpopMbl ceKTOpOB, C03,naTh Heo6xo,nHMO MaJIOe H3MeHeHHe 

pa,nttaJihHOro poem cpe,nHero IIOJUI no pa.nuycy rrpu BapbttpOBaHHH TIOJUI OT l .25Trr 

.no I.65Tn H HCTIOJih30BaTh MaJIOMOIUHylO CHCTeMY KOppeKTHPYJOIUHX KazyrneK. 
3. OcymeCTBJieHO qucrreHHOe cpopMHpOBaHtte MarHHTHOro IIOJUI H30XpOHHOro 

flHKJIOTPOHa ..Qu:-60. cI>opMttpoBaHue tt3oxpoHHOro pacrrpe.nerreHHJI MarHHTHoro 
IIOJUI ocymeCTBJUIJIOCh B HOMHHaJihHOH pa6oqeii TOqKe, COOTBeTCTBy10meii pe)KHMY 

ycKopeHIDI HOHa C OTHOllleHHeM MaCChl K 3ap11,ny A/2=7 Ha ypoBHe TIOJUI 

Bo=l.43Trr. Mccrre,noBaHO BJIIDIHHe MarHHTHOro KaHarra CHCTeMbl BhIBO,na rryqKOB 

H3 llllKJIOTPOHa Ha pacnpe,nerreHHe MarHHTHOro IIOJUI. OcymecTBJieHO qucrreHHOe 

MO,nerrupoBaHHe cpopMbl 60K0Bb!X ceKTOpHb!X lllHMM, npe,nHa:maqeHHh!X ,nJUI 

KOMTieHCallHH nepBOH rapMOHHKH H HCKa)KeHIDI cpe,nHero MarHHTHOro TIOJUI, 

Bhl3BaHHh!X yCTaHOBKOH MarHHTHOro KaHarra. 
4. B xo,ne qucrreHHOro cpopMttpoBaHIDI MarHHTHOro TIOJUI y~eHbl H3MepeHHhie 

MarHHTHbie CBOHCTBa CTaJIH, HCTIOJih30BaHHOH ,nJUI npOH3BO,nCTBa MarHHTa 

flHKJIOTPOHa M-60, a TaIOKe BJIHJIHtte ,necpop~iallHH MarHHTHOH CTJJYKTYPhI no.n 

.neiiCTBHeM MarHHTHb!X CHIT Ha pacrrpe.nerreHtte MarHHTHOro TIOJUI. Orrpe,nerreHbl 

.nonyCKH Ha H3f'OTOBJieHtte COCTaBHh!X qacTett II c60PKY 3JieKTPOMarHHTa 

llHKITOTPOHa M-60. 
5. PeJyrrhTaThI HJMepeHHH MarHHTHoro non11 moxpoHHoro llHKJIOTPOHa M-60 · 

TIOKa3aJIH xopomee COBrra,neHHe C pe3yJihTaTaMH pacqeToB. An11 HOMHHaJibHOH 

pa6oqeii ToqKH (A/2=7, Bo=I.43Trr) OTKJIOHeHtte B pa,nHaJihHOM pacnpe.neneHHH 

H3MepeHHOro cpe,nHero MarHHTHoro noJUI OT pacqeTHoro He rrpeBhimaeT 0.00lTrr B 

ocHOBHOH o6rraCTH ycKopeHIDI H 0.0IOSTrr B t1eHTparrhHOii o6rraCTH. IlpoBe,neHbI 

mMepeHIDI BKJia,noB KOppeKTttpyiomux KazyrneK u ocymecTBJieHa no.nroTOBKa OaJhI 
,naHHh!X H3MepeHHll MarHHTHOro IIOJUI .nrr11 rrporpaMM HaCTPOHKH H yrrpaBJieHIDI 

l\HKJIOTPOHOM. 
6. B xo,ne CTeH,nOBhlX HCTibITaHHH rrpoBe,neHa KOMTIJieKCHaJI KOppeKllllJI rrepBOll 

rapMOHHKH MarHIITHOro TIOJUI, B03HHKaIOmew KaK Bcrre,nCTBHe HeTOqHoCTett 

npOH3BO,nCTBa H MOHTIDKa MarHHTOrrpoBo,na, TaK H B pe3yi!hTaTe ycTaHOBKH 

MarHHTHOro KaHarra CHCTeMhl BhIBO,na TIY'IKOB. KoppeKllIDI ocymecTBJieHa nptt 
IIOMOIUH 6oKOBh!X ceKTOpHb!X llIHMM, qeii npo<pHJih nonyqeH B xo,ne pacqeTOB u 

Mo,nerrupoBaHIDI. KoppeKllllJI TI03B0JIHJia CHH3HTb aMIIJittzy,ny cyMMapHOll nepBOll 

rapMOHHKH .no ypOBH.SI 2f'c + 4f'c, qTO JIBJIJieTCJI ,nOCTaTOqHb!M .nrr11 HOpMaJibHOH 
pa60Thl ycKOpHTeJUI. 

7. PacqeTbl ,nHHaMuqeCKHX xapaKTepttCTHK ccpopMttpOBaHHOro MarHHTHOf'O IIOJIJI ,nJUI 

TPeX xapaKTepHb!X pe)KHMOB ycKopeHIDI HOHOB TIOKa3aJIH, qTo MarHHTHOe norre 

llHKJIOTPOHa M-60 o6ecrrequBaeT cpoKycupoBKY u 3<p<peKTHBHOCTh ycKopeHHJI 
nyqKOB 

0

HOHOB. 

8. B xo.ne nycKo - Harra,noqHbIX pa6oT Ha flHKJIOTPOHe M-60 ocymeCTBrreHo 
ycKopeHHe rryqKOB HOHOB. CcpopMttpoBaHHOe MarHHTHOe norre II03B0JIHJIO 

ocymeCTBHTb ycKopeHHe nyqKOB HOHOB BHYTPH flllKJIOTPOHa OT BHyTpeHHHX 
pa,nuycoB .no pa,nuyca BhIBo.na C 3cp<peKTHBHOCTblO TPaHcnopTHpOBKH nyqKa .no 
95% (1'1W2

, B=l.43Trr). 
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