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Pa6oTa BLIIlOJIHeHa B Ila6opaTOpHH Mepm,1x npo6neM HM. B.IT.,D;lKenenoaa 

O61,e,nHHeHHoro HHCTmyra MepHbIX HCCJie,noBaHHll • 

Hayqm,1ii pyK0B0,ll;HTem,: 

.l{OKTOp q>H3HKO-MaTeMaTll:tJ:eCKHX HayK, npocpeccop, 

qneH-Koppecno~eHT PAH 

OqmQHaJlbHbie onn0Hettn1: 

.l{OKTOp q>H3HKO-MaTeMarntJ:eCKHX HaYK 

.l{OKTOp q>H3HKO-MaTeMaTHtJ:eCKHX HaYK 

Be;:i;y~rui oprattH3aQm1: 

l1HCTHTYT TeopeTH'IeCKOll H 3KcnepHMeHTanbHOll q>H3HKH, MocKBa 

11.H.MelllKOB 

11.A.KoTeJibHHKOB 

A.B. AracpoHOB 

3amHTa ,nHccepTaQHH COCTOHTCH ___________ 2007 r. a 

qacoB Ha Jace,naHHH .l{HCcepTaQHOHHOrO COBeTa ,D; 720.001.03 a O61,e.nHHeHHOM 

HHCTHTJTe MepHI>IX nccne,noBaHHii, r.)J;y6Ha. MocKOBCKOii o6nacTH. 

ABTOpecpepaT pa30CJiaH .. ___________ 2007 r. 

C .nnccepTaQHeii MOlKHO 03HaKOMHThCH B 6H6JIHOTeKe O61,e,nHHeHHoro HHCTHTYTa 

MepHLIX nccne.noaaHHii. 

YtJ:eHhlii ceKpemp1, ,nnccepTaQHOHHoro coaem 

,n,OKTOP cpH3HKO-MaTeMaTHtJ:eCKHX HaYK Jr IO.A.oaTycoB 

06~aH xapaKTepHCTHKa pa60Thl 

A«myaJ1b11ocmb me.Atbt 

B 1998 r. B 0115111 6wrn HatJ:aTa pa3pa6oTKa H COOpYJKeHHe HaKODHTeJIH 

nOJHTPOHOB HH3KOil. 3HeprnH Ilema (LEPTA - Low Energy Particle Toroidal 

Accumulator). B 2004 r. 61,m ocymecTBJieH qmJHtJ:eCKHil. nycK 3Toro HaKonnTenH c 

QHpKynnpyIOIUHM 3JieKTPOHHLIM nyqKoM. OcHOBHoii: QeJILIO ycntHOBKH JIEIIT A 

HBnHeTCH reHepaQH5l OCTPOHanpaBJieHHbIX IIOTOKOB opTOII03HTp0HHH. IIpH II0CTaH0BKe 

3KCrrepHMeHTOB Ha TaKHX IIOTOKaX B BaKyyMe HCKJIIOtJ:aeTCH BJIHHHHe cpe,nu, 

Hem6elKHOe IIpH TPMHQHOHHbIX MeTO,nax reHepa111m Il03HTp0HHH B MHllleHHX. 

feHepa11n» rraparro3HTpOHHH rrpH 3TOM TaK)Ke B03M0JKHa - MeTO.l{0M HHTepcpepeHllHH 

opTO - H rrapacoCTOHHHil. Il03HTpOHHH. KpoMe KJiaCCH'IeCKHX 3KcrrepnMeHTOB C 

II03HTp0HHeM TaKHX, KaK rrpellH3HOHH0e H3MepeHHe BpeMeHH lKH3HH 0pTO- H 

rrapacOCTOHHHll II03HTPOHH5l, orrpe,neneHHe BepoHTHOCTeil. pacrra,noB C HapyllleHHeM 

3aK0Ha coxpaHeHH5l MOMeHTa H 3apMOBOll HHBapnaHTHOCTH, rrpellH3HOHHOe H3MepeHHe 

TOHKOH CTPYKTyp1,1 H JI3M60BCKOro C,[\BHra B cneKTpe OpTOn03HTPOHHH [1], B03MOlKHa 

n0CTaHOBKa 3KCnepHMeHTOB npHHllHnHaJibHOrO xapaKTepa no noHCKY nerKoro aKCHOHa 

B pacna,nax 0pTOn03HTpOHHH H npoBepKe rnnoTe3bI 3epKaJibHOil. BceneHHOll [2]. 

3HeprHH n03HTp0HOB, llHPKYJIIIPYIOlllHX B HaKOIIHTeJie, orrpe,neJIHeTCH ycJIOBHHMH 

II0CTaHOBKH 3KCrrepHMeHTOB Ha II0TOKax aTOM0B II03HTPOHHH H He rrpeBbilllaeT IO K3B. 

Crre,noBaTeJILHO, .l{JIH HH)KeKllHH B HaK0IIHTeJib Tpe6yeTCH HMnyJILCHbill HHJKeKTOp 

Me,nrreHHblX II03HTPOHOB. IIpn O.l{Hoo6opoTHOll HH)KeKllHH, Hcnon1,3yeMoil. B 

HaKOIIHTerre, .l{JIHTeJibHOCTb HMnyJILCa HHlKeKllHH .l{0JIJKHa 6LITI, Kopoqe nepno.na 

06pa111eHHH tJ:aCTHll, KOTOpblil. C0CTaBJIHeT 300 HC. IIepno.n noBTOpeHHH HMIIYJILC0B 

HHlKeKllHH onpe,nen»eTCH BpeMeHeM lKH3HH nyqKa B HaKOIIHTeJie H C0CTaBJIHeT rropMKa 

10 + 100 CeKYH.l{. Cy111ecTBeHHOll oco6eHHOCTblO HaKonrrTenH JienTa HBnHeTC5l MaJiai:I 

BeJIH'IHHa rrpo,nOJibHOro aKCeIITaHCa - tip/p < 10·3' 'ITO COOTBeTCTBeHHO HaKJia,l{bIBaeT 

lKeCTKHe orpaHHtJ:eHHH Ha pa36poc II03HTPOH0B no 3HeprHH. Tpe6yeMaH HHTeHCHBHOCTh 

108 
II03HTPOHOB B crycTKe. 



IlyqoK Me,llJieHHbIX 1103IITJ)OHOB irnm1eTCH TaKJKe ymIKaJibHblM IIHCTJ)yMeHTOM B 

aTOMHOll ql113IIKe, qlll3IIKe TBep.noro Tena, qJII3IIKe II XIIMIIII IIOBepXHOCTII II TOHKIIX 

IIJieHOK, MaTepIIaJIOBe,lleHIIII. Ami myqeHIIH CBOHCTB KOH,lleHCIIpOBaHHblX cpe.n II 

CBepx6bICTJ)bIX qJII31IKO-XHMII1IecKIIX rrpoueccoB, rrpoTeKaIOIUIIX 3a BpeMeHa rropH,llKa 

HeCKOJibKIIX IIIIKOCeKyH,ll, illHpOKO rrpnMeH»eTCH MeTO,ll II0311TpOHHOll 

aHHIIrnnHUIIOHHoii crreKTJ)OCK0111111 (ITAC) [3]. ITAC MOJKeT 6h1Th 11crronh30BaHa B 

KaqecTBe Hepa3pymmomero MeTo.na KOHTJ)OJIH .neqieKTHOCTII B TeXHIIqecKII Ba)l(HbIX 

CTJ)yKzypax, OCHOBaHHbIX Ha KpeMHIIII H .npyrnx IIOJiyrrpoBO,llHIIKax. M11H11aTIOp113au11» 

rrp116opoB II yCTJ)OllCTB TJ)e6yeT HCHOro IIOHIIMaHHH MHOfOCTa,llllllHbIX rrpoueccoB IIX 

rrpOII3BO,llCTBa. Ao CHX rrop OCTaeTCH MHOro HeHCHOro B qJYH.llaMeHTaJibHbIX Borrpocax 

o6pa30BaHHH, 3BOnlOUHII II 3neKTpOHHOll CTJ)YKTYPbI .ne<peKTOB B KpeMHIIII. AaHHblll 

MeTO,ll 1103BOnHeT IIccne.noBaTb KaqeCTBO IIOBepxHOCTHbIX cnoeB II IIOKpbITIIll, 

o6pa30BaHIIe H OTlKIIr .ne<peKTOB rrocne IIMIInaHTaUIIII nerIIPYIOIUIIX 11p11Meceii, 

11,neHTilqJIIUIIpOBaTb KOMIIneKCbI B03HIIKaIOIUIIX ,necpeKTOB II rronyqaTI, IIHcpopMaUIIIO 0 

pacrrpe,neneH1111 BHyrpeHHIIX 3neKTJ)11qecK11x rroneii. 

An» ycrremHoro 11crronb30BaHIIH MeTo,na ITAC Heo6xo,n11MbI 11yqK11 

MOHOXpOMaT11qecKIIX 1103IITJ)OHOB C peryn11pyeMOll 3Heprneii B IIHTepBane 10 - 50 

K3B, II MaJlhlM pa36pocOM 110 CKOpOCTHM. 

Bee CKaJaHHOe 110,llTBep)K,llaeT aKTYaJibHOCTb ,naHHOll pa60Tbl. 

OcH06Hble U,eJlU pa6ontbl 

AaHHaH pa6orn 11Mena uenbIO 

- Bb16op rrpIIHUIIIIIIaJlbHOll cxeMbI IIHJKeKTopa, pa3pa60TKY ero KOHCTJ)YKUIIII II 

COOpYJKeHIIe, 

- 11ccne,noBaH11e II orrTIIMII3aUIIIO rrapaMeTJ)OB reHep11pyeMoro rryqKa. 

Hay11nan noamna 

BrrepBhle pa3pa60TaH IIMIIynnCHblll IIHJKeKTOp II03IITJ)OHOB HII3KOH 3HeprnII Ha 

22N - ,t-. OCHOBe pa.n11oaKTIIBHOfO 1130TOIIa a, II03BOJIHIOIUIIII 'f'OPMIIpOBaTb KOpOTKIIe II 

IIHTeHCIIBHbie crycTKII Me,nneHHbIX 1103IITJ)OHOB. IlpIIHUIIII ,l(eHCTBIIH IIHJKeKTopa 
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OCHOBaH Ha 3aMe,nneHIIII 110311TpOHOB B TBep,nOM Tene II HaKorrneHIIH IIX B 

3neKTJ)OMarHIITHOll noBymKe C rrocne.nyIOIUIIM IIMIIynhCHbIM 113BneqeHIIeM. 

Pa3pa6oTaH, 113fOTOBneH II rrpoTeCTIIpOBaH opnrIIHaJlbHblll Kp11oreHHblll 

IICTQqHIIK Me,nneHHhlX 1103IITJ)OHOB, B KOTopoM BrrepBbie peaJIII30BaHa B03MOlKHOCTb 

KOHTJ)OnH TOnIUIIHbI HaMopalKIIBaeMoro 3aMe,llnIITen» (HeoHa). 3To 1103BOnIIno BIIepBbie 

113MepIITb 3aBIICIIMOCTb rrapaMeTpOB crreKTpa Me,nneHHbIX 1103IITJ)OHOB OT TonmIIHbl 

3aMe,nnIITenH H ,llOCTIIqI, peKop,nHoii 3cpcpeKTIIBHOCTII rronyqeHIIH Me,nneHHhlX 

1103IITJ)OHOB 113 m11p0Koro crreKTJ)a 1103IITJ)OHOB 1130TOIIa 22Na. 

Pa3pa6oTaHhl MeTO,llIIKII TeCTIIpOBaHIIH 1103IITJ)OHH0ll noBymKII II OIITIIMII3aUIIII 

ee rrapaMeTJ)OB. BrrepBbie ocymecTBneH 6bICTJ)blll BbIBO,ll qacTIIU 113 noBymKII. 

Ilpa«mu11ec«aR u,enuocmb pa6ombt 

Pa3pa60TaH IIHJKeKTOp Me,nneHHbIX II03IITJ)OHOB .nn» ycTaHOBKII, OCHOBHOll uenbIO 

KOTopoii HBnHeTCH cpopM11poBaH11e OCTpOHarrpaBneHHbIX aTOMOB 110311TpOHIIH B 

BaKyyMe. l1HJKeKTOp MOJKeT 601Tb IICIIOnb30BaH TaKJKe B KaqecTBe reHepaTopa 

HerrpepbIBHOro HnH HMrrynhCHOro IIOTOKa MOHOXpOMaT11qecKIIX 110311Tp0HOB .nn» 

nccne,noBaHIIii 110 cpII3IIKe TBep.l(oro Tena. 

Ha 3llll(Unty 6blH0CUntCR: 

1. 

2. 

3. 

4. 

5. 

CxeMa IIHlKeKTOpa 1103IITJ)OHOB, 06ec11eq11BaIOIUaH Heo6xo,n11Mble rrapaMeTJ)bI 

HaKOIIIITeJIH JierrTa. 

KoHCTJ)YKUIIH KpIIoreHHOro IICTOqHIIKa Me,nneHHbIX 1103IITJ)OHOB, 1103BOJIHIOIUaH 

cpopMIIpOBaTb HerrpepbIBHhlll IIOTOK Me,nneHHbIX MOHOXpOMaTIIqecKIIX 1103IITJ)OHOB. 

MeTO.l(IIKII II pe3ynbTaTbI TeCTIIpOBaHIIH KpIIoreHHOro IICToqHIIKa Me,nneHHbIX 

1103IITJ)OHOB. 

MeTO.l(IIKII II pe3ynnTaTbI TeCTIIpOBaHIIH 1103IITJ)OHHOH noBymKII Ha 3neKTJ)OHax. 

Crroco6 IIMIIynnCHOro 113BneqeHIIH qacTIIU 113 noBymKII II pe3ynnTaTbI ero 

3KCIIepIIMeHTaJibHOll rrpoBepKII. 
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A11po6al{UR pa6ontbt 

MaTepIIarrb1 ,[(IIcceprnuIIII .ll0KJla,[(hIBa.JIIICh Ha XVII CoBemaHIIII ITO 

ycK0pIITeJUIM 3ap5DKeHHbIX traCTIIU (r. IIpoTBIIHO, 2000r.), EBpoITellCKOll KOH<pepeHUIIII 

ITO ycKopIITemrM EPAC'2002 (r. IIapmK, 2002 r.), EBpoITeii:CKoii: KOH<pepeHuim ITO 

ycKopIITemrM EPAC'2004 (r. JIIOuepHa, 2004 r.), XVIII BcepoccII11CKoii: KOH<pepeHUHII 

ITO ycKopIITemrM 3ap5DKeHHhIX traCTIIU RUPAC'2002 (r. O6HIIHCK, 2002 r.), XIX 

BcepoccIIii:CKOH KOH<pepeHUIIII ITO ycKopIITemrM 1apH)l(eHHhIX traCTIIU RUPAC'2004 (r. 

.[(y6Ha, 2004 r.), xx BcepOCCIIHCKOll KOH<pepeHUIIII ITO YCK0pIITeJIHM 3apH)l(eHHb!X 

traCTIIU RUPAC'2006 (r. HoBocu6IIpcK, 2006 r.), ceMIIHape rraMHTII CapaHUeBa (r. 

.[(y6Ha 2003r.), ceMIIHape rraMHTII CapaHueBa (r. Arryrnrn 2005r.), VIII 

XapIITOHOBCKHX trTeHHJl:X ITO ITpo6rreMaM !pII3IIKII BblC0KIIX IIJIOTHOCTeii: :mepmII (r. 

CapOB, 2006), He0,[(H0Kparno o6cy)l(,[(aJIIICb Ha HaytrHblX ceMIIHapax Ol151I1 (r . .[(y6Ha) . 

Cmpy«mypa u 061,eM iJuccepmal{UU 

,[(IIccepTaumr C0CT0IIT II3 BBe,[(eHUH, TPeX rrraB, 3aKJI!OtreHIIH II CITIICKa 

JIIITepaTypb! II3 60 HaIIMeHOBallllll. O6mIIii 061,eM: 75 CTpaHIIU. 

Co;::i;epmauue ;::i;uccepTau,uouuoii pa6oTbI 

Co.[(ep)l(aHIIe pa6oTbl II3JI0)l(eH0 BO BBe,[(eHIIII II TPeX rrraBax. 

Bo BBe,[(eHIIH ,[(aeTCH KpaTK0e OimCaHIIe ycTaH0BKII Jierrrn II C<pOpMyrrIIpOBaHhl 

Tpe60BaHm1 I( ITytrKy II03IITp0H0B ITPII IIH)l(eKUIIII B HaK0ITIITeJib. 

OcHOBHOe Ha3HatreHIIe ycTaH0BKII JieITTa - reHepaUIIH IIHTeHCIIBH0ro II0T0Ka 

aTOM0B II03IITP0HIIH. Ilo3IITpOHIIll 06pa1yeTCH B pe3yJihTaTe peKOM6IIHaUIIII 

IT03IITp0H0B C 3JieKTp0HaMII B ceKUIIII 3JieKTp0HH0ro 0XJia)l(.[(eHUH HaK0ITIITeJrn. 

<l>H3HtreCKHH rrycK HaK0IIHTeJrn C UHPKYJIHPYIOIUHM 3JieKTp0HHb!M rrytrK0M 6hIJI 

ocymecTBJieH B 2004 ro.[(y. B HaCT0Hmee BpeMH rrp0H3B0,[(IITCH IT0,[(fOT0BKa HaK0IIHTeJIH 

K rrorryqeHHIO UHPKYJIHpyIOmero IT03HTp0HHoro ITytrKa. B HaK0ITHTeJie HCIT0Jib3YeTCH 

0,[(H006opoTHaH IlH)l(eKUIIH. ,[(JIHTeJihHOCTb HMITYJibCa IIH)l(eKUHII ,[(0Jl)l(Ha 6b!Tb K0potre 

rrepII0.lla o6pameHI!H traCTHU B HaK0ITI!TeJie, KOTOpblll C0CTaBJIHeT 300 HC. IIepII0.11 
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IT0BT0peHIIH IIMITYJibC0B IIH)l(eKUHII 0ITpe.nerrHeTCH BpeMeHeM )l(II3HII rryqKa B 

HaK0IIIITeJie II C0CTaBJIHeT rropH.[(Ka IO .;.. I 00 ceKytt,[(. CymecTBeHHOll oco6eHHOCTb!O 

HaK0ITHTeJIH JieITTa HBJUieTCH Ma.JIM BeJIII'IIIHa rrp0.ll0JlbH0ro aKCeITTaHca - !).pip < 10-
3
, 

'ITO HaKJia,[(hIBaeT )l(eCTKIIe orpamrtreHIIH Ha pa36poc IT03IITP0H0B ITO 3HeprIIII. 

Tpe6yeMM IIHTeHCHBH0CTb 108 
IT03l!TP0H0B B crycTKe. 

B .nanHoii: pa6oTe ITpe,[(CTaBJieHhl 0ITIICaHIIe ITpIIHUIIITa pa60Tbl, K0HCTPYKUIIH II 

pe3yJibTaTbl TeCTIIp0BaHIIH IIH)l(eKTopa M0H0Xp0MaTII'IeCKIIX IT03IITP0H0B Ha 6me 

pa.[(II0aKTIIBH0ro II30T0ITa ,[(JIH HaK0IIIITeJIH IT03IITp0H0B HII3KOH 3Heprmr JieITTa. 

I1cTO'IHIIKOM IT03IITP0H0B CJIY)l(IIT Ta6JieTKa p+ - aKTIIBH0ro II30T0ITa 
22

Na. Il03IITPOHbl 

C 3Hepmeii: ,[(0 0.54 M3B 3aMe,[(JIHIOTCH .llO TeITJI0BbIX CKOpOCTeii: B 3aMe,D;JIIITerre[4]. 

CqiopMIIpOBaHHblll HeITpepbIBHb!ll ITytr0K IT03HTP0H0B qepe3 KaHarr TPaHCII0pTIIp0BKII 

IT0ITa,[(aCT B 3JICKTP0MarHIITHY!Q. JI0BYIIIKY [ 5], r.n;e HaKaITJIIIBaeTCH. Ilocrre HaK0ITJICHIIH, 

crycT0K IT03IITP0H0B IIMITYJibCH0 IIH)l(CKTIIpyeTCH B HaK0ITIITCJib ITO KaHarry IIH)l(CKUIIII. 

r JiaBa 1 co.n;ep)l(IIT cpaBHCHIIe pa3JIH'IHbIX CXCM IT0JiytreHIIH MC,D;JieHHblX 

M0H0Xp0MaTIItreCKIIX ITytrK0B Il03IITP0H0B II 0ITIICaHHe K0HCTPYKUIIII II 0CH0BHbIX Y3JI0B 

IIH)l(CKT0pa Ha 0CH0BC pa.[(II0aKTHBH0ro HCT0'IHIIKa 
22

Na. 

CymecTByIOT HeCK0JlbK0 CXCM IT0JiytreHHH ITY'IK0B MC.llJICHHb!X IT03IITP0H0B C 

3Hepmeii: He 6orree IO K3B. Me.n;rreHHbIC IT03IITP0Hbl M0)l(H0 reHepIIp0BaTb 3a C'ICT 

K0HBepCIIII CIIHXP0TP0HHoro H3JiytrCHIIH B 3JICKTp0H-IT03IITp0HHblC rrapbl [6]. B cxeMe C 

JIHHCllHb!M 3JICKTP0HHb!M ycKopnTeJieM ITytr0K MC,D;JICHHb!X IT03IITP0H0B <pOpMIIpyeTCH 

ITPII K0HBepcIIII 3JICKTP0HH0ro ITytrKa Ha MIIIIICHII [7]. 

8 cxeMe C f aKTIIBHb!M 3MIITTepoM B KatreCTBe IICT0'IHIIKa IT03IITP0H0B CJI~HT 

pa,D;IIOaKTIIBHblll II30T0IT 
22

Na. Il03HTPOHbl Ha ero BbIX0.llC 3aMC.llMIOTCH B TBep.n;oii: 

MIIIIICHII, II nocrynaIOT B 3JICKTP0MarHIITHYIO rronyrnKy ("JionyrnKa CypKo") [8]. TaM 

0HII BH0Bb 3aMC,[(MIOTCH B fa30B0ll cpe.n;e ,[(0 TCITJI0Bb!X CK0pocTeii: II HaKaITJIIIBaIOTCH B 

TC"IJCHIIC, ITPIIMCpH0, CTa ceKyH.[(. B ITCpBb!X .n;Byx cxeMax IIHTeHCIIBH0CTb ITytrK0B 

MC.llJICHHbIX II03IITP0H0B M0)l(CT Ha HCCK0JibK0 IT0pH.[(K0B ITpCBbIIIIaTb IIHTCHCIIBH0CTb, 

rrorrytreHHYIO OT pa.[(II0aKTIIBHoro II30T0ITa yMepeHHOll aKTIIBH0CTII (ITOPMKa I00MKII). 

Ho C .n;pyroii: CTOp0Hb!, nepBb!C .llBC CXCMbl rpoM03.llKII II TPe6yIOT 6oJiblIIIIX 
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KairnTanhHh!X 3aTpaT. Tor.n;a KaK cxel\rn Ha pa.n;uoaKTHBHOM H30TOIIe KOMIIaKTHa, 

.n;ernena u He rpe6yer cneuuanhHoi1 3amurhr. 

Pmpa6oran lIH)KeKTOp no3IIrpOHOB HH3KOH :meprnII Ha 6a3e pa.n;noaKTIIBHOfO 

II30TOna 22Na (Pnc. l) orneqmomni1 rpe6onaHH.HM HaKonnren» Jlema. ITpornrnnoM 

KOHCTPYKUIIII lIH)KeKTOpa nocJiy)KHJia no3urpomrn» nonyrnKa, npuMem1eMa.H B 

3KCnepnMeHTaX no nonyqeHHIO aHTHBo.n;opo.n;a A THEN A (n Hacro»mee npeM» 

3KcnepnMeHT ALFA) CERN [9]. 

Y~acToK 

BhlB0/13 

8 

Jlosyurna 

3 5 2 

KaHan TPa11c­
nopmpoBKH 

5 8 

Puc. l I1H)KeKTOp nmurpoHOB HII3KOH 3Heprnu . 

J1CTOLJHHK 

n03H'fllOHOB 

I 4 
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1 -ucroqHHK n03HTpOHOB, 2 -n03HTpOHHa.H nonyrnKa, 3 - yqacTOK HH)KeKUHH 

II03HTpOHOB B HaKomnenh, 4 -pa.n;uauuoHHa.H 3amura, 5 -BaKyyMHh!H IIOCT, 6 -

MarHHTOpa3pMHhIH Hacoc, 7 -ryp6oMoneKyn»pHhIH Hacoc, 8 -rnu6ep, 9 - cocy.n 

.D:b10apa, 10 - onopa, 11 - npoxo,n;Hoi1 H30JI.HTOp. 

Pmpa6oTaHHh!H IIH)KeKTOp n03HTpOHOB COCTOHT H3 KpnoreHHOfO HCTO'IIIHKa 

n03HrpOHOB HII3KOH 3HeprIIH, KaHana TpaHcnopTIIpOBKH, nonyrnKII H yqacTKa Bh!BO,n;a. 

Bee ceKUHH IIH)KeKTopa noMemaIOTC.H B npO,D;OJihHOe MarHIITHOe none, cm.n;anaeMoe 

CIICTeMOH coneHOH,!J;OB. 
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HcroqHHKOM no3IIrpOHOB CJIY)KHT ra6neTKa 1t - aKTIIBHOro II30TOIIa 22Na. 

ITo3IIrp0Hhl B03HHKaIOT npII peaKUHII p+ pacna.n;a II 3MHTHPYJOTC.H B nenpepb!BHOM 

cneKrpe 0 - 0,5 M3B c MaKCIIMYMOM na 3HeprnII oKono 200 K3B. OnII 3aMe.n;n»IOTC.H .no 

TenJIOBhIX CKOpOCTei1 B nneHKe 3aMOpO)KeHHOfO neona. IlpII aKTIIBHOCTH ucrnqnuKa 25 

MKH TaKa.H TeXHOJIOrII.H o6ecneqIIBaeT HenpepbIBHh!H IIOTOK .no 5. 106 Me,n;neHHhIX 

no3urponon B ceKyn,ny B Y3KOM 3neprerIIqecKOM ,nuanmone. 

Ilocne 3aMe,D;JIIITeJI.H nyqoK MOH03HepierIIqecKHX no3HrpOHOB, ycKopeHHh!H .no 

3HeprnII 50 3B, nona.n;aeT B Kanan rpancnoprIIpOBKII. Manhril: .n;uaMerp BaKyyMnoi1 

KaMepbI Kanana rpancnoprIIpOBKII npen»Tcrnyer nponIIKHOBeHuIO neona H3 o6nacrn 

HCTOqHIIKa B JIOBYIIIKY, no ynenIIqIIBaeT BpeM.H )KII3HII nmurpoHOB B Hell, 3aBIIc»mee 

OT COCTaBa OCTaToqnoro rma. KpoMe Toro, Kanan rpancnopTIIpOBKH IICnOJih3yeTC.H ,!l;JI.H 

cenapaUIIH no3IITpOHOB no 3HepruII: OCH BaKyyMHhlX KaMep IICTOqHIIKa nmIIrpOHOB H 

Kanana rpancnoprupOBKII CMemeHhl OTHOCHTeJibHO ,npyr .n;pyra no BepTHKanII, a 

cneuIIanbHa.H cynepno3IIUH.H npo,nOJihHOro noJI.H coneHOH,!J;OB II ,nonOJIHHTeJibHOro 

nonepeqnoro MarHIITHOro noJI.H o6ecnequnaer nona.n;anIIe B nonyrnKy TOJihKO 

Me,nneHHh!X n03IIrpOHOB. 

JlonyrnKa n03IIrpOHOB npe,D;Ha3Haqena ,ll;Jl.H HaKOnJieHII.H n03IITpOHOB, KOTOpbre 

y,nep)KIIBaIOTC.H B Hell MarHIITHhlM noneM conenon,na II 3JieKTpIIqecKIIM noneM CIICTeMbl 

3JieKrpo,noB, pacnOJIO)KeHHhIX B BaKyyMHOH KaMepe. Ilpouecc HaKonneHII.H ,ll;JIHTC.H 

nop.H.n;Ka 100 ceKyH.n;, npu 3TOM n03Hrp0Hbl 3aXBaTb!BaIOTC.H B JIOBYIIIKY II oxna)K)];aIOTC.H 

,no KOMHaTHOH TeMnepaTypbl 3a cqer CTOJIKHOBeHH.H C MOJieKynaMII 6yqiepnoro rma 

(morn). ITpII onTIIManhHOM pacnpe.n;eneHIIH ,nanneHII.H 6yqiepuoro ra3a u 

3JieKrpOCTaTIIqecKoro noTeHUIIana B,ll;OJ!h JIOBYIIIKH 3qJqJeKTIIBHOCTb 3aXBaTa 

no3IITPOHOB B nonymKy COCTaBJI.HeT 30 %. OTKaqKa Bcex Y3JIOB IIH)KeKTOpa 

npOH3BO,!l;HTC.H 6e3MaCJI.HHh!MH uacocaMII, TaK KaK n03IITp0Hbl aKTHBHO aHHIIrIIJIIIpYJOT 

ua MOJieKynax yrneno,nopo.n;on. Ilocne 3aneprneHII.H npouecca uaKonneHII.H 

no3HrpOHHhlH nyqoK BbIT.HfHBaeTC.H II3 JIOBYIIIKII IIMnyJihCHhIM 3JieKrpuqecKIIM noneM. 

l130JIIIpoBaHHa.H BaKyyMHa.H KaMepa IIH)KeKTOpa HMeeT noTeHUIIan + 10 KB 

OTHOCIITeJibHO 3eMJIH (3HeprII.H IIH)KeKqIIII n03HrpOHOB B HaKonHTeJib Jlenra). Ha 

yqaCTKe BhIBO.n;a BaKYYMHa.H KaMepa IIH)KeKTOpa coe,nIIH.HeTC.H C KaMepoil: naKOnIITeJI.H 

qepe3 npoxo,nuoil: BaKyyMHblll II30JI.HTOp. 3,necb n03Hrp0Hhl ycKop.HIOTC.H .no 
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Heo6XO.!(IIMOH 3HeprIIII. 11H)KeKTOp IT03B0mreT 06ecITetJIIBaTb .!(0 10
8 

IT03IITp0H0B 3a 

IIMITYJibC .!(JIIITeJibH0CTblO 0K0JI0 300 HCeK ITPII 0TH0CIITeJibH0M pa36poce ITO 3HeprnII 

MeHee 2-10- 3. 

Ta6nm-{a 1. IlapaMeTpbI IIH)KeKTopa 

,UJIIIHa, M 6,2 

AKTIIBHOCTb II30ToITa uNa, MKIO 25 

3Heprmr IIH)KeKUIIII, K3B 2 - 10 

Ilpo.noJibHOe MafHIITH0e IT0Jie, re 400 

IlpO.!(OJlbHOe MarHIITH0e IT0Jie B JI0BYIIIKe, re 1500 

,UaBJieHIIe 0CTaT0tJH0ro raJa, Top 1 · 10-9 

Pa.nIIyc IT03IITP0HHoro ITYtJKa, CM 0.5 

BpeMlI HaK0ITJieHIIlI, C 100 

,UJIIITeJibHOCTb IIMITYJibCa IIH)KeKUIIII, !IC 300 

1lllcno IT03TITp0H0B B TIMITYJibCe 1-10
8 

OTHOCTITeJibllblll pa36poc ITO TIMITYJibCY 1-10-3 

r JiaBa 2 IT0CBlI!UeHa OIIHCaHTIIO oco6eHHOCTeii K0HCTPYKUTITI TICTOtJHTIKa 

Me,!(JieHHblX IT03IITp0H0B, ITPTIHUTIITY ero .neiicTBTilI TI 3KCITepTIMel!TaJibHbIM 

IICCJie.!(0BaHIIlIM ITapaMeTp0B IT03IITp0HH0ro ITYtJKa. 

PacITOJIO)KeHIIe KpTioreHHOfO 11CTOtJHIIKa Me.nneHHbIX MoHOXpOMaTTitJeCKIIX 

I103IITpoHOB (KPl1MMI1) B BaKyyMHOH KaMepe ITPTIBe.neHo Ha pIIc. 2a, 26, a BHe!IIHTIH 

BTI.!( IICT0tJHTIKa B co6paHHOM BTI.!(e Ha pTIC. 3. Ta6JieTKa C pa.!(TI0aKTTIBHblM TI30T0IT0M 

22
Na pa3MemeHa 11a Me.!(HOH IT0.!(JI0)KKe (1, pIIC. 2a ), ITOMemeHHOH BHYTPb Me.!(H0ro 

UTIJITIH.!(pa (2), B KOHycoo6pa3HOM yrny6neHIITI Ha rnpue UTIJITIH.!(pa, aHaJI0flltJH0 

K0IICTpyKUIIII, OITTICaHHOH B pa6oTe [ 1 O]. Y roJI pacrnopa K0Hyca C0CTaBJIJieT 18°. 3m 

3JieMeHTbl o6pa3yIOT 6JIOK 3MTITTepa IT03IITp0H0B (PIIc.26), K0TOpb!H 0XJia)K,II_aeTClI .!(0 

Tel\mepaTypb! B HeCK0JibK0 KeJibBIIII. Ha IT0BepXH0CTII UTIJITIH.!(pa HaX0.!(IITClI 

KpIIoreHHblll TeITJI006MeHHTIK (3), tJepe3 KOTOpblll ITP0TeKaeT XOJIO.!(Hblll ra3006pa3Hblll 

reJITIH ITPII TeMITepaType HeCK0JlbK0 BbJ!lle 4K, OXJia)K,!(aIOmIIii 6JIOK 3MIITTepa. Me.!(Hblll 

8 

UTIJITIH.!(p (2) pa3MemaeTClI BIIYTPII Me.!(H0fO K0)Kyxa ( 4 ), K0TOpblll CJIY)KIIT TeITJIOBbIM 

3KpaHOM. Ha BHe11111eii IT0BepXH0CTII K0)Kyxa paCIT0JiaraeTCj[ BTOpoii TeITJI006MeHHIIK 

(5). IlpOH.!(lI TeITJI006MeHHTIK (3), reJITIH IT0CryITaeT B TeITJI006MeHHIIK K0)Kyxa (5), 

OXJia)K,!(aJI TeITJIOBOH 3Kpa11. ra3oo6pa3Hblll He0H IT0CTyrraeT B IICT0tJHIIK IT03IITP0H0B 

tJepe3 TeITJI006MeHHIIK K0)Kyxa (4) r.ne ITpe.nBapTITeJibll0 0XJia)K,!(aeTClI II llCTeKaeT Ha 

ITOBepxHOCTb KOHycoo6pa3HOro yrrry6neHIIlI TI Ha T0peu Me.!(HOH IT0.!(JI0)KKII C TI30T0IT0M 

tJepe3 tJeTb!pe C0ITJia (6). Ha Me.!(H0M UIIJIIIH.!(pe (2) TI Ha K0)Kyxe (4) paCIT0JI0)KeHbl 

TeMITepaTypHbJe ,!(aTtJIIKll, IT03B0JilIIOmIIe K0HTp0JITip0BaTb TeMITeparypy 6JIOKa 

3MIITTepa II TeITJIOBOfO 3KpaHa. DJIOK 3MIITTepa IT03TITP0II0B 3JieKTPIItJeCKTI II30JIIIp0BaH 

OT TeITJIOB0ro 3KpaHa II BaKyyMH0H KaMepu. IlpHKJia,!(blBaJI K HeMy 

3JieKTpOCTaTIItJeCKIIH IT0Telll:-lIIaJI, M0:lKH0 perynnpoBaTb 3HeprnIO IT03llTP0HH0ro ITYtJKa 

B .!(IIaITaJ0He OT O .!(0 1000 B. 

~-
Ill 

fNe 

+ 
B 

e+ 

PIIc. 2a. CxeMa pacIToJio:lKeHIIlI KP11MMI1 B BaKyyMHoii KaMepe.1- Me.nHalI IT0.!(JI0:lKKa c 

II30T0IT0M 
22

Na, 2 - Me.!(Hblll UIIJIHH.!(p, 3 - KpIIoreHHblll TeITJI006MeHHIIK Me.!(H0ro 

UIIJIIIH.!(pa, 4 - TeITJI0BOH 3KpaH, 5 - KpIIoreHHblll TeITJI006MeHHllK TeITJI0B0ro 3KpaHa, 

6-COITJia. 
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HaMOOO)KeHHblH 

HeOH > 
IIOTOK Me,nneHHbIX 

IT03HTpOHOB 

2 3 4 5 CM 

P11c.26. ErroK 3MHTTepa rro311Tpou0B 

P11c.3. KpuoreHHblH HCTOqHHK Me,nrreHHblX MOHOxpoMaTHqecKHX IT03HTpOHOB 

IIp011ecc HaMopo3KH HeoHoBoro JaMe,nrruTem1 uaquHaeTCH rrocrre Toro. KaK B 

oxrra)K,D:eHHOH ITO,llJIO)l(Ke ycrnHaBJIHBaeTCH CTaIIHOHapHa51 TeMrrepaTypa. OcHOBHbIMH 

3JieMeHTaMH JIHHIIII HarrycKa HeOHa, IT03BOJIHIOIIIHMH KOHTporr11poBaTb TOJIIIIHHY CJIOH 

HaMOpO)KeHHOro HeOHa, HBJIHIOTCH (Puc.4) MepHbIH 061,eM H ,npocceJib C 60JibllIIIM 

BaKyyMHbIM HMrre,naHCOM z. 
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It) BaKyyMMCTp 

BaKyyMHall 
CHCTCMa 

MarnuTopa1p11~Hb1ii 
Hacoc 

MaHoBaKyyMMCTp 

cJ>opBaKyyMHblH 
Hacoc 

Ne 

Puc.4. 1IHHH51 HarrycKa HeOHa B CHCTeMy. 1, 2, 3, 4 - BaKyyMHbie BeHTHJIH. 

TOJIIIIHHa CJIOH HaMOpO)KeHHOro 3aMe,llJIHTeJIH 8 paccqHTbIBaeTCH H3 061,eMa 

HeOHa npH aTMOCq>epHOM ,naBJieHHH VNe, rrocTyrrHBIIIero B BaKyyMHYIO CHCTeMy: 

t:,p 
VN, =--V, 

palm 
(1) 

r.ne t:,p - pa3HOCTb IlOKaJaHHH MaHOBaKyyMMeTpa B Haqane H B KOHIIe HanycKa HeOHa, 

palm - aTMOCq>epHoe ,naBJieHHe, V - BennqnHa MepHoro 061,eMa. IlpH 3TOM Heo6XO,llHMO 

yqHTblBaTI, 3q>q>eKTHBHOCTb KOH,lleHCaIIHH X : 

8- VN, 
-KxSX, (2) 

r,11e K- K03q>q>HIIHeHT C)KaTHH HeOHa rrpH rrepexo,ne B TBep,ny10 q>aJy, S - ITJIOIIIa,llb 

ITO,llJIO)l(Kll. IlpH aTMOCq>epHOM ,naBJieHHH K :::: 1200. 

3qiq>eKTHBHOCTb KOH,lleHCaIIHH 3aMe,llJIHTeJI51 Ha IlO,llJIO)KKY MO)KeT 6bITb onpe,neneHa ITO 

H3MeHeHHIO ,llaBJieHHH B BaKYYMHOH CHCTeMe B rrpouecce HanycKa: 

x=(J- ~~. )JOO%, (3) 
nN, 

r,ne izN, = VN,Pa,m - KOJIHqeCTBO HeOHa, IlOCTyrraIOIIIero B CHCTeMy B e,D:HHHIIY BpeMeHH 
At 

rrpH HarrycKe, L1t - BpeMH HanycKa rroa B CHCTeMy, iz~, = APo • u - KOJIHqecTBO HeoHa 
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TepsreMoe H3 CTPYH rrpH Konneucau;HH B ennunu;y BpeMeHH, Mo - pll3HOCTh naBJieHHll B 

o6beMe no HarrycKa ueoua H B rrpou;ecce HarrycKa, U - cKopocTh OTKaqKH rll3a B 

CHCTeMe. 

Ilocne rrpeKpall.{eHHSI uarrycKa HeOHa B CHCTeMe ycTaHaBJIHBaeTCSI HeKOTOpOe 

paBHOBeCHOe naBJieHHe. EcrrH :no naBneHHe BhIIIIe naBrreHHSI HaChIII.{eHHh!X rrapOB 

HeOHa rrpH Tel\mepaType rronJIO)!(Kll, TO OCTaTOqHhlll rll3 KOHneHCHpyeTCSI Ha 

IIOBepXHOCTH HaMopo)!(eHHOro CJIOSI 3aMenrrHTeM. B 3TOM cnyqae nrrsr TOro, qrn6hI 

IIOBepXHOCTIIaSI rrrrenKa 3aMenrrHTensr He 3arpsr3HSIJiaCb co BpeMeHeM, Heo6xonHMO 

yBerrnqHTh TeMrrepaTypy rronrrO)!(KH TaK, qTo6bI naBrreHHe HaCbIII.{eHHhIX rrapoB HeoHa 

He3HaqnTeJibHO rrpeBh!CHJIO ycTaHOBHBIIIeecsr naBrreHHe B CHCTeMe. IlpH 3TOM 

MenrreHHOe HCrrapeuHe IIOBepxHOCTHOll rrrreHKH 3aMenrrHTerrsr rrperrSITCTByeT 

oca~eHmo Ha Heii ocrnToqHoro rll3a. O6oeM Heoua, ncrrapsreMoro B enttHHUY BpeMeHH 

r\, H H3MepeHHhlll rrpH aTMOCcpepHOM naBneHHH, paBeH 

. " 
. nNe 

VNe =p, 
atm 

(4) 

3nech n~e -Konnqecrno HeoHa, ncrrapsreMoro B enHHHUY BpeMeHH paccqnThrnaeMoe rro 

cpopMyrre: 

n~e = 8PU, (5) 

rne 8P - pa3HOCTb naBneHHH HaCbIII.{eHHOro rrapa HeOHa rrpH 3anaHHOH TeMrrepaType 

rronrro)!(KH H naBrreHnsr B cncTeMe no rronorpeBa rronrro)!(KH. 

,ll;rrsr rrpoBeneHHSI 3KCrrepHMeHTOB C HCTOqHHKOM II03HTpOHOB 6hrn coopy)!(eH 

CTeun c BaKyyMHOii KaMepoii, B Kornpoii pll3Mell.{eHhI KPI1MMII H ycTPoiicrna nrrsr 

nnarHOCTHKH, correHOHnaMH H KOppeKTHPYIOII.{HMH o6MOTKaMH, C03naIOII.{HMH 

MarHHTHbie rronsr. OTKaqKa KaMepbl rrpOH3BOnHTCSI MarHHTOpa3psrnHhIM HacocoM, 

KOTOphlii rronnep)!(HBaeT naBrreHHe B CHCTeMe Ha ypoBHe 4 * 10-8 
Topp. CTeHn BKJIIOqaeT 

TaK)!(e JIHHHIO rronaqn ueoua H JIHHHIO rrpoTOKa rerrnsr (Pnc. 5). B Kaqecrne HCToqunKa 

II03HTpOHOB HCIIOJ!b30BMCSI TeCTOBhlll H30TOII 22Na aKTHBHOCThIO 100 MKKH. Me)!(ny 

KPI1MMII H neTeKTopoM II03HTpoHOB Ha ocHOBe MHKpoKaHanhHOii rrrracTHHhI (MKII) 

ycTaHOBrreua 3acnonKa, rrpenornpall.{aIOII.{asr rrpsrMoe rrorranaune rro3HTPOHOB B MKII. 

12 

,ll;o H rrocrre 3acrroHKH pacrrorrararoTcsr KaTyIIIKH, co3naIOII.{He rrorrepeqHoe MarHHTHoe 

rrorre. OHH cpopMHPYIOT TPaeKTOpHIO MenrreHHhIX II03HTPOHOB, orn6aIOII.{YI0 3aCnOHKy. 

Ilepen MKII pacrrono)!(eH 3ITeKTPOCTaTnqecKHii 3HeproaHanH3aTop - u;nrrnHnp, Ha 

KOTOpblll rronaeTC.11 aHMH3Hpyroll.{Hll IIOTeHu;Han. KpoMe Toro, CHapy)!(H BaKyyMHOll 

KaMepbl paCIIOJIO)!(eH raMMa-neTeKTOp, perHCTPHPYIOII.{Hll 

aHHHrHJIS!l.{HH II03HTpOHOB. 

MK 

raMMa-KBaHThl OT 

~ 1ib1cTp1,1e no1nTpo11b1 I l 
~ - Mcjwc11111,1e no111Tpo111,1 

3113JIH33TOp OnrnqKa 

Pttc.5. CxeMa CTenna nrrsr rrpoBeneHHSI 3KCIIepHMeHTOB C HCToqHHKOM II03HTpOHOB. 

B xone 3KCrrepHMeHTOB 6brna H3MepeHa 3aBHCHMOCTh BhIXona MenrreHHh!X II03HTPOHOB 

OT TOHII.{HHhI 3aMennnTeM (pHC. 6). C pOCTOM TOJIII.{HHhl 3aMennHTen.11 rrponcxonHT pocT 

Bhixona MenrreHHbIX II03HTP0H0B, MaKCHMYM K0T0poro C00TBeTCTByeT T0JIII.{HHe 130 

MKM. ,ll;anhHeiiumii p0CT TOHII.{HHbI 3aMennnTensr rrpHB0nHT K yMeHhIIIeHHIO BhIXona. 

BrrepBbie nn.11 nauuoro THIIa HCToquHK0B 6brna H3MepeHa 3aBHCHM0CTh cpopMbI 

crreKTpa MenrreHHh!X II03HTP0H0B OT TOHII.{HHhl HaMopo)!(eHH0ro CJI0SI (Pnc. 7). 

<l>opMHpOBaHHe crreKTPa HaqnuaeTC.11 rrpH TOJIII.{HHe 3aMennnTen.sI 10 MKM. 
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Pnc. 6. 3aBHCHMOCTb cqern II03H'fl)OHOB OT TOJIII(HHbl HaMopo)KeHHOro 3aMe,l.lJIHTeJIJI. 

16000 

14000 

12000 

10000 w 
'.E 8000 z 
"C 

6000 

4000 

2000 

0 

0,00 0,50 1,00 1,50 2,00 

E,3B 

2,50 3,00 3,50 4,00 

PHC. 7. 3aBHCHMOCTb cpopMbl crreK-rpa II03H'fl)OHOB OT TOJIII(HHbl HaMopo)KeHHOro 

3aMe,l.lJIHTem1, MKM: 30 (♦), 50 (•), 90 (•), 130 (■). 

nocne OIITHMH3aIJHH TOJIII(HHbl 3aMe,[(JIHTemI H MarHHTHOH CHCTeMbl 6oma 

,[(OCTHrnyra MaKCHMa.JlbHaH CKOpOCTb cqern. C yqeTOM 3cpcpeKTHBHOCTH MKTT (30%) 

3cpcpeKTHBHOCTb 3aMe,[(JieHHH ( OTHOIIIeHHe qncna Me,[(JieHHb!X II03HTpOHOB K IIOJIHOMY 

14 

1 
.) 

} 
I 
i 

J 
i 

II OTO KY) rrpH 3TOM COCTaBHJia £ = 1 % [ 1 OJ rrpH IIIHpHHe crreKTpa 1 3B H cpe,[(neil: 

3HepmH II03HTpOHOB 1.2 3B. 

B TpeTheii rJiaBe OIIHCaHbl oco6eHHOCTH KOHC'fPYKIJHH II03HTpOHHOH JIOBYIIIKH, 

rrpHHIJHII ee ,[(ettCTBHH, MeTO,[(HKH H3MepeHHH rrapaMeTpOB HaKOIIJieHHOro crycTKa. 

TTpHBe,[(eHbl pe3yJioTaTbl 3KcrrepHMeHTaJibHblX HCCJie,[(OBaHHH IIO orrpe,LleJieHHIO 

BpeMeHH )KH3HH 3JieK-rpOHOB B JIOBYIIIKe, 3cpcpeKTHBHOCTH 3axBaTa, ,[(JIHTeJibHOCTH 

Hl\fIIYJihCa TOKa Ha BbIXO,[(e, ,[(HHaMHqecKoro perynnpoBaHHH IIOTeHIJHaJibHOll HMbl. 

TT03HTpOHHM JIOBYIIIKa (Pnc.8) COCTOHT H3 IJHJIHH,LlpHqecKOll BaKyyMHOll 

KaMepol ,[(JIHHOll 2M tt BHyTpeHHHM ,[(HaMe-rpoM 250 MM, KOTOpaH paCIIOJIO)KeHa BHy-rpu 

COJieHOH,[(a, C03,[(aJOII(ero MarHHTHOe IIOJie BeJinqnnoil: ,l.10 1.5 Kfc. CoJieHOH,[( HMeeT 

,[(JIHHY 2M n cpe,l.lHHll ,l.lHaMeTp ,[(ByxCJIOHHOll o6MOTKH 366 MM. BnyTpH KaMepb! 

HaXO,l.lHTCH BOCeMb IJHJIHH,LlpnqecKHX aJIIOMHHHeBbIX 3JieKTp0,LlOB, H30JIHpOBaHHb!X ,Llpyr 

OT ,Llpyra n OT CTeHOK BaKyyMHOll KaMepb! (pnc.9). 

Pnc.8. TTo3H'fPOHHM noByIIIKa. 
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(z) YqacToK I YqacTOK 2 YqaCTOK 3 

10"3Top 10-4 Top 10"6Top 
z 
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jf = = = men 

= [I' c::!i;:-s_; 1::'>":I;:'>J~/4'1-~'S/'a:=> = lb 
500MM .. .. 425MM ►lL = m m mm 

II III IV V VI 
800 MM 

VII VIII 

PIIc. 9. CxeMa :meKTp0LI0B (I- VIII), II pacITpeL1erreHIIe IT0TeHI.(IIarra (LIJIR crryqax 

HaK0ITJieHIIR IT03IITpOHOB) Ha 0CII KaMep1,1 II ,!(aBJieHIIR 6yqiepHoro ra3a B ::rneKTP0LlaX. 

MarHHTHOe IT0Jie yL1ep)l(ttBaeT IT03HTp0HbI B IT0ITepelfH0M HaITpaBJieHHII, a 

:rneKTp0CTaTHlfeCKoe IT0Jie :meKTp0,!(0B B ITP0LI0JibH0M. reoMeTpirn :meKTp0,LI0B 

IT03B0JIReT C03,!(aTb rpa,!(IIeHT ,1:1aBJieHIIR 6yqiepHoro ra3a B,!(0JIJ, OCH JI0BYlliKII. 8 

KalfeCTBe 6yqiepHoro ra3a Bb16paH MOJieKyITHpHbIM a30T N2, IT03BOJIRIOIUttii IT0ITJ'IIITb 

K0p0TK0e BpeMR TepMaJIH3aUHII IT03IITp0H0B 0TH0CHTeJibH0 llX BpeMeHII )l(ll3HII B 

JI0BYIIIKe. fa3 HaTeKaeT B CIICTeMy qepe3 0TBepcTrre B cepe,!(ttHe ::rneKTP0Lla II, a ero 

0TKalfKa ocymecTBJIReTCR MarHHT0pa3pMHbIMll HacocaMH C T0PU0B :meKTp0,LI0B I II 

VIII. ,[(rrR HaK0ITJieHIIR IT03llTp0H0B B JI0BYIIIKe llCIT0Jib3yeTCR 1-pexcTyITeHlfaTM cxeMa 

3aXBaTa, B KOTOpoii C03,!(aeTCR nepena,!( ,!(aBJieHHR Me)l(Lly ylfaCTKaMH 3aXBaTa 1, 2 II 

ylfaCTK0M HaK0TIJieHHR 3. TI03IITpOHbI 3axBaTbIBaIOTCR B JI0BYlliKY II 0XJia)l(LlaIOTCR 3a 

ClfeT Heynpymx CTOJIKHOBeHIIM C M0JieKyrraMII a30Ta. ,[(aBJieHrre TI0.!(06paHO TaKIIM 

o6pa30M, lfT06bI TI03IITp0H ll3 llCT0lfHHKa, nporreTM BHyTpII ::rneKTp0,!(a II, B cpe,!(HeM 

IICITbITbIBaJI 0,!(HO Heynpyroe CT0JIKH0BeHrre. IIocrre coyL1apeHIIR OH y)l(e He M0)l(eT 

npeo,!(OJieTI,' TI0TeHUIIaJI :meKTp0,!(a I II TI0KIIHJTb JI0BYIIIKy. IIocrre.!(yromrre Heynpyme 

CT0JIKH0BeHIIR npIIB0,!(RT K 3anrrpaHIIIO TI03llTp0Ha Ha yqaCTKe 3. 

3HeprIIR TI03llTp0H0B Ha BX0,!(e B JI0BYlliKY II TI0TeHUIIaJibI :meKTp0LI0B 

TI0.!(06paHbI TaK, lfTO ITPH 3anrrpaHIIII B o6rraCTll HaK0TIJieHHR TI03IITp0HbI o6rra.!(aIOT 

3Hepmeii TI0PAAKa 13B. ,[(arree IT03IITp0HbI TepRIOT 3HepmIO He60JiblliIIMII nopUHRMII 3a 
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ClfeT B036y)l(LleHIIR p0TaUH0HHbIX ll Btt6paUIIOHHbIX MOLi M0JieKyrr 6yqiepHOro ra3a ll 

oXJia)l(LlaIOTCR LIO KOMHaTHOM TeMneparyp1,1 (-30 M38). IIpouecc HaK0TIJieHIIR ,!(JIIITCR 

,[10 ycTaH0BJieHIIR paBH0BeCIIR Me)l(Lly IT0CTYITJieHtteM TI03IITp0H0B II3 llCT0lfHIIKa II IIX 

aHHIIfllJIRUIIeii. 

MaKCllMaJibHOe CelfeHIIe Heynpyroro B3aIIMO,!(eMCTBIIR IT03llTp0H0B C 

M0JieKyrraMII a30Ta ITpIIX0,!(llTCR Ha 3HepmIO 10 38, a IT0por HaX0,!(IITCl'I ITPII ::rnepmII 

- 7 38. IIopor qiopMrrpoBaHIIR TI03IITp0HIIl'I, TO eCTb MexaHH3Ma IT0TepII TI03IITp0H0B, 

Jie)l(IIT HeCK0JibK0 Bbillie 3HeprIIII 8,8 38. 3TOT ITpouecc CTaH0BHTCl'I cymecTBeHHbIM 

nprr 3Hepmrr IT03IITp0H0B 0K0JI0 11 3B. TaKIIM o6pa30M, eCTb Y3Kal'.I o6rraCTI, 3Hepmrr 

OT 7 38 ,[10 11 38, B KOTOpoii 3aXBaT M0)l(eT 6bITI, 0TITIIMll3IIpoBaH. 8 3TOM o6rracm 

,[I0MIIHIIPYIOT ,!(Ba npouecca: TI0Teprr TI03IITp0HaMH 3HeprIIII 3a ClfeT B036y)l(,!(eHHl'I 

3JieKTpOHHOM o6oJIOlfKII aT0Ma II qiopMIIpOBaHIIe IT03llTp0HIIR. 

,[(aBJieHrre a30Ta II TI0TeHUIIaJibI Ha 3JieKTp0,!(aX JI0BYlliKII (KOTOpbie 0ITpe.!(eJIRIOT 

3HepmIO IT03IITpOHOB) IIrpaIOT KpIITHlfeCKYIO porr1, B 3qiqieKTllBHOCTll ITpouecca 

HaK0ITJieHttl'I. Ha yqacTKax 1-2 BbIC0Koe ,1:1aBrreHIIe 6yqiepttoro ra3a 06ecITelfIIBaeT 

3qiqieKTllBHbIM 3aXBaT, B TO BpeMR KaK Hll3K0e ,!(aBJieHrre Ha ylfaCTKe 3 IT03B0JrneT 

IT0JiylfaTb ,!(JIHTem,Hoe BpeMl'.I )l(II3HH IT03HTp0H0B [ 11]. 

1:ho61,1 HaKaITJIIIBaTb II yL1ep)l(ttBaTb lfaCTHUbI 6e3 3HalfHTeJibHbIX IT0Tepb, 

0TH0CHTeJibHal'.I He0.!(H0P0LIH0CTI, MarHIITH0ro IT0Jil'I C0JieH0H,!(a B o6rracTH HaK0ITJieHHl'I 

IT03HTp0H0B He ,!(0JI)l(Ha npeBbilliaTb 10·3_ TaKal'.I T0lfH0CTI, 61,rna o6ecITelfeHa 3a ClfeT 

K0HCTpYKUHH o6MOTOK C0JieH0H,!(a, lfT0 61,rno IT0,[ITBep)l(,!(eH0 II3MepeHIIRMH ,!(UTlfllK0M 

Xorrrra. 

C6opKa 3JieKTp0,!(0B BHYTPH KaMepbI ycTaHaBJIHBaeTCl'I ,[I0CTaT0lfH0 CB060.!(HO, a 

C00CH0CTI, 3JieKTPIIlfeCK0ro H MarHIITH0ro norreii o6ecITelfUBaeTCl'I HaJI0)l(eHIIeM 

IT0ITepelfH0ro MarHHTH0ro IT0JIR 8.t ITO Bceii ,[IJIIIHe correH0H,[la JI0BYlliKII. OHO 

IT03B0Jil'.leT CMemaTb ITYlf0K B ropII30HTaJibH0M ll BepTIIKaJibH0M HaITpaBJieHHl'IX Ha 2CM. 

8eJIHlfIIHa K0ppeKTIIpyromero IT0Jil'I IT0.!(6IIpaeTCl'I ITO 3qJqJeKTHBHOCTH HaK0ITJieHHl'I 

Ka)l(Llblll pa3 IT0CJie Olfepe,!(HOM ITepe6opKH CHCTeMbI 3JieKTP0LI0B. 

8 CBR3II C 0TCJTCTBHeM IICT0lfHHKa IT03IITp0H0B ,!(OCTaTOlfHOM aKTHBH0CTII Bee 

3KCITepuMeHTbI ITO TeCTHp0BaHHIO JI0BYlliKH ll 0ITTHMH3aUIIII ee ITapaMeTp0B 61,rnrr 

ITp0Be,!(eHbI Ha 3JieKTp0HaX. ,[(ITH 3T0ro 61,rna H3f0T0BJieHa TeCT0Bal'.I ITYIIIKa, C03,!(aIOIUM 
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3neKTpOHHblll lly<I0K C 3Heprueii: OT 10 .no 50 3B, C T0K0M 11op51,nKa 0.1 + 1 11A II 

pa36pocoM 110 3Heprm1 3.5 3B. B KatJ:eCTBe 6yqiepHoro ra3a IICII0nb30BanC.II XIIMIItJ:eCKII 

'IIICTblll a30T. A3oT 110,naeTC.II B BaKyyMHyio KaMepy tJ:epe3 HaTeKaTenb, perynIIpyiomIIii: 

II0T0K ra3a B CIICTeMy. BenII'IIIHa II0T0Ka K0HTJ)0nIIpyeTC.11 BaKyyMMeTJ)0M, 

pac11ono)KeHHbIM B BaKYYMHOH KaMepe. lfacno HaK011neHHbIX B noBymKe 3neKTJ)0H0B 

mMep.11nocb Ha KonneKT0pe. Tiocne 011pe.neneHHoro BpeMeHII HaK011neHII.11 Ha 3neKTJ)o.n 

VII 110,naBan0Cb IIM11ynbCH0e 0TIIIIpa10111ee Ha11p.11)KeHIIe, II ocy111ecTBn.11nc.11 c6poc 

HaK011neHH0ro cryCTKa Ha KonneKT0p, KOTOphlii: pac11ono)KeH 3a 3neKTJ)0.!(0M VIII 

(pIIc. l 0). KonIItJ:eCTB0 HaK0llneHHbIX 3neKTJ)0H0B 011pe,nen.11nocb 110 qiopMyne 

N _U•C 
,- - -

e•K' 
(6) 

r.ne e - 3ap51,n 3neKTJ)0Ha, C- eMK0CTb KonneKT0pa II II0.!(B0,n.11111ero Ka6en.11 Ha 3eMnIO, 

U - BenII'IIIHa IIM11ynhca Hallp.ll)KeHII.11 Ha BbIX0,ne ycIInIITen.11, K - K031pqJIIUIIeHT 

ycIIneHII.11. 

-1-------+---<1----1KoMeK.Top 
I 
I 
I 

R ~ c 
T 

I 
I 

e· < I 

PIIc. l 0. CxeMa 11peo6pa30BaHII.II KonneKT0pHoro T0Ka B Hallp.ll)KeHIIe C 11ocne.nyioI11IIM 

ycIIneHIIeM. 

3aBIICIIMOCTb 'IIICna HaK011neHHblX 3neKTJ)0H0B OT BpeMeHII N(t) 0IIIICbIBaeTC.11 

qiopMynoii: 

. 
N(t) = c N 'life (l- ef,,,), 

. 
N - II0T0K 3neKTJ)0H0B Ha Bxo.ne B noByIIIKY, C -3qiqieKTIIBHOCTb 3axBaTa B noByIIIKY, 

•t;r, - BpeM.11 )KII3HII 3neKTJ)0H0B B noByIIIKe (PIIc.11 ). 
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PIIc.11. TmmtJ:Ha.11 3aBIICIIM0CTb 'IIICna HaK011nel!HblX 3JieKTp0H0B OT BpeMeHII 

HaK0IIJieHII.11. 

<l>yHKUII.11 N(t) IIMeeT ,nBe aCIIMIITOTbl 

N(t) = . . 
{ 

cf.It, npu t << 'l,fe 

cN-r1,fe' npu t ➔ oo 
(8) 

no yrny HaKJI0Ha HatJ:anbH0ro ytJ:aCTKa 3KCIIepIIMeHTanbHOii: KpIIBOH Haxo,nIITC.11 

3qJ!peKTIIBHOCTb 3axBaTa C , a 3HatJ:eHIIe N (t) rrpII HaCbIIIIeHIIII 1103B0JI.lleT HaHTII BpeM.11 

)KII3HII 'life . TaK .!(JI.II KpIIBblX Ha pIICYHKe 11 rrpII 3HatJ:eHIIII II0T0Ka tJ:aCTIIU Ha BX0,ne B 

JI0BYIIIKY 5 * 10
6 

B ceKyH,ny ( 'ITO C00TBeTCTByeT rrpoeKTH0MY II OTO KY Me,nJieHHbIX 

1103IITp0H0B OT IICT0'IHIIKa 
22

Na aKTIIBH0CTblO 25 MKII). TiorrytJ:eHbl 3HatJ:eHII.II C = 0.2, 

'life= 13 ceK. TipII rrpoBe,neHIIII 3KCIIepIIMeHTOB BeJIII'IIIHa MarHIITH0ro II0JI.11 8 = 1 Kfc. 

TipoBe,neHO IICCJie,noBaHIIe rrpouecca HaK0IIJieHII.11 B JI0BYIIIKe 3JieKTJ)0H0B C 

rrpIIMeHeHIIeM Bpa111a10111ero 3JieKTpII'IeCK0ro II0JI.11 [12]. O,nIIH II3 3JieKTpo,n0B 

JI0BYIIIKII, C0CT0IIT II3 tJ:eTbipex II30JIIIpoBaHHbIX cerMeHT0B (pIIc.12). Ha Ka)K.!(blll 

cerMeHT rro,naeTC.11 rrepeMeHH0e Harrp.ll)KeHIIe B BII,ne CIIHYC0II.!(bl 0.!(IIHaKOBOH tJ:aCT0Tbl II 

aMIIJIIITY.!(bI, HO C.!(BIIHYT0e 110 !pa3e Ha 90 rpa,nycoB 0TH0CIITCJibH0 coce,nHero 

cerMeHTa. 
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• B 

(a) 

---1---3"'"""14+---• " 
-V(x)t\ I / 
I~ 

(e) 

Pttc.12. 3neKTpttqecKoe coe,nttHeHtte cerMeHTHoro :rneKT})o.na (a), cxeMa :rneKTpo,noa 

.L(llil HaK0nJieHmI qacTIIII (6), ll pacrrpe.neneHtte noTeHIIllaJI0B Ha OCH 3JieKTpo,noB (B). 

3KcnepttMeHTbI no onTIIMII3aIIllll pe)KIIM0B HaKonneHmI n0Ka3aJill, qTo Bb16op 

3HaqeHttfi nonepeqHoro MarHttTHoro noJIH II napaMeT})0B Bpa111a10111ero 3JieKT})ttqecKoro 

n0JI.ll cy111ecTBeHH0 BJill.lleT Ha llHTeHCllBH0CTb crycTKa HaK0IIJieHHblX qacTIIII (Pttc.13). 

9,00E+07 

6,00E 

7,00E+07 

6,00E+07 

5,00E+07 

z 
4,00E+07 

3,00E+07 

,OOE 

1,00E+07 

10 20 ,0 40 50 6-0 70 80 

/-.-1-2-.-31 
t, ceK 

Pttc.13. 3aBIICllMOCTb qttcJia HaKonJieHHbIX 3JieKT})0H0B OT BpeMeHII HaKonJieHII.ll. 

KpttBa.ll 1 npe,ncTaBJI.lleT 3aBIICllM0CTb N (t) nocne 0nTIIMll3aIIttll pacnpe,neJieHII.ll 

,naBJieHII.ll ll Hanp.ll)KeHII.ll Ha 3JieKT})0,nax, KpllBa.ll 2 - TO )Ke nocne 0nTIIMll3allllll 

3HaqeHII.ll B_1_, a KpllBa.ll 3 - nocne 0nTIIMll3aIIllll qacT0Tbl ll aMnJittry,nbl Bpa111a10111ero 
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3JieKTpttqecKoro n0JI.ll. OnTIIMaJibHa.ll qacT0Ta Bpa111eHII51 paBH51eTC51 650 KfII, 

aMnJIIITy,na 1 B. 

B pe3yJibTaTe 3HaqeHtte 3<p<peKTllBHOCTll 3aXBaTa ll yaenttqeHo B 2 pa3a OT 

ypoBH.ll KpllBOll 1 ll 6JIII3Kll K HattJiyqIIIIIM pe3yJibTaTaM, nonyqeHHbIM B JI0BYIIIKax 

no.no6Horo Tttna, a 3HaqeHtte apeMeHtt )Ktt3HII yaenttqeHo B 3 pa3a. 

B pe3yJibTaTe yaeJittqeHII.ll BeJillqllHbl MarHIITH0ro n0JI.ll B 1.2 pa3a B = 1.2 Kfc ll 

ynyqrneHII.ll BaKyyMHbIX ycJIOBllll BpeMR )Kll3Hll qacTIIII B JI0BYIIIKe C0CTaBllJI0 'l,fe?: 80 

ceKyH,n (Pttc.14). Ilptt 3T0M HaKonJieH0 MaKCIIMa.'lbH0e K0JittqecTBo 3JieKT})0H0B paBH0e 

Nexpe,=1,5*10
8 

nptt nepB0HaqaJIE,H0M n0T0Ke 5*106 e"/ceK. 

MexaHII3M orpaHttqeHII.ll qttcna HaKonJieHHbIX qacTIIII B JI0BYIIIKax no.no6Horo 

rnna [13] ,nocrnrnqHo 11po3paqeH: no Mepe poem qttcna qacTttII B crycTKe 

3JieKTpttqecKoe none ero npocTpaHCTBeHHOro 3ap51,na n0Hll)KaeT (,nJI.ll 3JieKT})OHOB) 

noTeHIIllaJI Ha yqacTKe HaKonneHII.ll (yqaCTKll IV - VI) .!{0 TeX nop, II0Ka OH He 

cpaBH51eTC51 C noTeHIIllaJI0M 3JieKTpo.na III JI JI0BYIIIKa "pacKpbrnaeTC.ll". 

1,80E+08 

1,60E+08 

1,40E+08 

1,20E+08 

1,00E+08 
z 

8,00E+07 

6,00E+07 

4,00E+07 

2,00E+07 

0,00E+00 

0 20 40 60 80 100 

t, ceK 

Pttc.14. 3aBIICllMOCTb qttcna HaK0IIJieHHblX 3JieKT})0H0B OT BpeMeHII HaKonJieHII.ll. 

C 3TOfO M0MeHTa 3JieKT})0Hbl MoryT np0HIIKaTb BHYTPb 3JieKTpo.na III, r.ne llX 

BpeMR )Kll3Hll MeHbIIIe - rrporropIIII0HaJibH0 KBa.npaTy pa.nttyca 3JieKTpo.na, II yxo.!{JITb 
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Ha CTeHKII :meKrpo.z:1a. CoOTBeTCTBeHHO M0)KH0 01.(eHIITh rrpe,LleJibH0e qIICJI0 ::meKTJ)0H0B 

B cryCTKe: 

N - L1U·L 

m~ - e { 1 + 2 ln ;:) ' 
(9) 

r.z:1e Rp ;:::, 0,5 CM - Pa.LIIIYC HaKorrrreHHoro crycTKa, Rw = IO CM - BHYTJJeHHIIH pa.z:1IIyc 

:meKTJ)0.Lla, L ;:::, 30 CM - ,LIJIIIHa HaKorrrreHHoro crycTKa, L1 U = IO B - rrry6IIHa 

Il0TeHI(IIaJihHOH 5.!Mhl. IlO,LICTaBJI5.15.1 B q>OpMyny (9) 3TII 3HaqeHII5.I, Il0JIY'JaeM Neale = 

3*10
8
, qTo xopoIIIO corrracyeTC5.I C 3KCrrepIIMeHTaJihHhIM pe3yJihTaTOM N,xper=l,5*108 

(MaKCIIMaJihHOe KOJIIIqecTB0 3JieKTJ)OHOB HaK0ITJieHHhIX B JIOBYIIIKe ). 

B pe:lKIIMe HaK0ITJieHII5.I 6bIJI o6HapJ)!(eH TOK yTeqKII Ha 3JieKTJ)O,Lle III. Ha 

OCTaJihHhIX 3JieKTJ)O,Llax TOKII YTeqKII II3MepIITh He Y.LlaJIOCh: OHII HII)Ke ypoBH5.1 

IIIYl\f0BOro CIIrHana, CO0TBeTCTBy10mero 0.5 rrA. 3TII pe3yJihTaThl 5.IBJl5.IIOTC5.I rrp5.1MhIM 

IlO,LITBep)K,LleHIIeM MexaHII3Ma orpaHIIqemrn qIIcJia HaKOITJieHHhIX qacTIII( 3q>q>eKTOM 

rrpOCTJ)aHCTBeHHOro 3ap5.l,Lla, OilIICaHHOro BhIIIIe (<J:>opMyna (9)). 

BTOpbIM IlO,LITBep)K,LleHIIeM 3TOro MexaHII3Ma 5.IBJI5.leTC5.I 3KCrrepIIMeHT, B KOTOp0M 

,LIJl5.I yBeJIIIqeHII5.I q11crra HaKaITJIIIBaeMbIX qacTIII( 6hIJia rrpoBepeHa MeTO,LIIIKa 

,LIIIHaM11qecKoro yBerr11qemrn rny611Hbl IlOTeHI(llaJihHOH 5.!Mhl B rrpol(ecce HaKOilJieHII5.1 

[14]. no Mepe HaKOITJieHII5.1 3JieKTJ)0HOB "rrpIIHY.LIIITeJibHO" yBeJIIIqIIBaJiaCb rny6IIHa 

IlOTeHI(llaJihHOH 5.!Mhl. OrrTIIMII3IIpy11 CKOp0CTh 113MeHeHII5.I rrry6IIHhl IlOTeHI(llaJihHOH 

• 8 
5.!Mhl II MOMeHT Haqana ee yBeJI11qeHII5.I, Y.LlaJIOCh HaKOillITh N exper = 2 *IO . 3TO 

3HaqeHIIe B 1.3 pa3a rrpeBhIIIIaeT MaKCIIMaJihHOe q11crro HaKOilJieHHhlX qacTIII( 6e3 

rrp11MeHeHirn ,LlaHHOH MeTO,LIIIKII. 

O.z:1noo6opoTHM IIH:lKeKI.(115.1 Il03IITJ)OHH0ro IlY'JKa B HaKOilIITeJib HaKJia,LlbIBaeT 

orpan11qen11e Ha ,LIJIIITeJibHOCTh IIMilYJihCa IIH:lKeKI(IIII, KOT0pM C0CTaBJI5.leT OKOJI0 

300 HC rrpII 3HeprIIII Il031ITJJOHHOro IlY'JKa 10 K3B. CooTBeTCTBeHHO Bh1611paeTC11 BpeM5.1 

BhlB0,Lla crycTKa 113 JIOBYIIIKII. BpeM5.1 BhIBO,Lla orrpe,LleJI5.IJIOCh ITO q>pOHTY napaCTaHII5.I 

3ap5.l,Lla Ha KOJIJieKTope. Ono He rrpeBbICIIJIO 500 HC rrp11 ,LIJIIITeJibHOCTII rrepe.z:1nero 

<j)poHTa ornIIpa10mero 11Mrryrrhca 200 nc (P11c. I 5). 
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P11c. 15. 11HTerpanbHhlll CIIfHaJI c6poca 3JieKTp0HH0ro crycTKa Ha K0JIJieKTOp. 

,[(OCTIIfHYTOe 3naqen11e BpeMeHII BhlB0,Lla crycTKa 113 JIOBYIIIKII Il03B0JI5.leT 

3aXBaTIITh B HaKOilIITeJih 60% HaKorrrreHHhIX qacTIII(, qTo rrp11 Il0JIY'JeHH0M qIIcrre 

HaK0ITJieHHhIX qacTIII( o6ecrreqIIBaeT ,LIOCTII)KeHIIe rrpoeKTHhIX rrapaMeTp0B. 

BbIBOAhl 

1. Bh16panna11 cxeMa IIH:lKeKI(IIII Il0311TpOH0B HII3KOH 3HeprIIII Ha 6a3e 

pa.z:111oaKTIIBHOro 1130TOila 
22

Na aKTIIBH0CThlO 25 MKII 06ecrreq11BaeT 

neo6xo,LIIIMYIO IIHTeHCIIBH0CTh cryCTKa Il03IITp0HOB ,LIO I 08 
qacTIII( 3a IIMilYJihC, 

IIH:lKeKTIIpyeMbIX B HaK0ilIITeJib Il03IITpOH0B C rrpoeKTHOH rrep110.z:111qnocTblO 

IIH:lKeKI(IIII ,LIO I 00 C. 

2. Pa3pa60TaHHhlll Il031ITJJOHHhlll IICToqn11K OpIIrIIHaJihHOH K0HCTJJYKI(IIII 

Il03B0JI5.leT 3q>q>eKTIIBHO rrpeo6pa30BhIBaTh IIIIIpOKIIH crreKTp 1130T0ila 
22

Na B 

Y3KIIil:, III11p11noil: oKorro I 3B, crreKTP Me.z:1rreHHhlX rro3IITJJOH0B co cpe.z:1neil: 

3Heprneil: 1.2 3B. Tipeo6pa30Ban11e crreKTJ)a ocymecTBJI5.leTc11 MeTO,LIOM 

3aMe,LIJieHII5.1 Il03IITJ)OHOB B TBep,LI0M neone. 
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3. Ilpe,n:JIO)KeHHa.Jl: cxeMa qiopMI1pOBaHirn 3aMe,!l;JIIITemI II KOHCTPYKUml IICTO'IHilKa 

Il03BOIDIIOT ocyiuecTBllilTb npouecc HaMOp03KII 6e3 Il3MeHeHilH BaKyyMHbIX 

ycnOBilH, npOI13BO,!l;IITb npe,n:BapttTeJibHOe OXJia)K,!l;eHile ra3006pa3HOro HeOHa Il 

HanpaBJIHTb IlOTOK HeoHa qepe3 conna Henocpe,n:cTBeHHO Ha IlO,!l;JIO)KKy. 

,[{OCTOIIHCTBOM TaKoil: cxeMbl HBJIHeTCH B03MO)KHOCTI, KOHTPOJIH TOJIIIIIIHbl 

HaMopa)KIIBaeMoro cnoH no pacxo,n:y HanycKaeMoro HeoHa. 

4. 3KcnepI1MeHTaJlbHO Hail:,n:eHa OilTilMaJlbHa.Jl: TOJIIIIIIHa 3aMe,n:JIIlTenH, paBHaH 130 

MKM. 3qiqieKTilBHOCTb reHepaUIIII Me,n:neHHblX Il03IITPOHOB COCTaBIIJia OKOJIO 1 % 

OT IIOJIHoro IIOTOKa, '!TO 11peBbl11IaeT IIOKa3aTeJIII, 11onyqeHHbie Ha KpIIoreHHbIX 

IICTO'IHIIKax. 

5. Pa3pa60TaHa Il JI3rOTOBJieHa JIOBYIIlKa Me,n:neHHblX 1103IlTPOHOB. Pa3pa60TaHbl 

MeTO,!l;IIKil, 1103BOllilIOIIIIIe Il3MepHTb II OIITilMII3IlpOBaTh 3qJqJeKTilBHOCTb 3axBaTa 

qaCTilU B JIOBYIIlKY II IlX BpeMH )KII3Hll. 3KCIIepIIMeHTaJibHO IlCCJie,n:oBaH pe)KUM 

HaKOIIJieHilH qaCTilU C IIpIIMeHeHIIeM Bpa111a10111ero 3JieKTPII'!eCKOro IIOJIH. 

6. B pe3yn1,TaTe OIITilMII3aUIIII BeJIII'IIIHbl MarHIITHOro IIOIDI, BaKyyMHbIX ycnOBIIH 

Il IIpIIMeHeHIIH Bpa111a10111erocH 3JieKTpII'!eCKOro IIOJIH ,!l;OCTilrHYTO BpeMH )KII3HII 

3JieKTPOHOB B JIOBYIIlKe 'life ::: 80 ceKytt,n:, a 3qJqJeKTilBHOCTb 3axBaTa i; ~ 0.4, '!TO 

COOTBeTCTByeT HallJIY'lllIIIM pe3yn1,TaTaM, 11onyqeHHbIM B JIOBYIIlKax 110,n:06Horo 

TUIIa. flpu 3TOM MaKCilMaJlbHOe 'IIICJIO HaKOIIJieHHbIX 'laCTIIU Nexper= 1.5* 108 

IIpII 11epBOHa'!aJibHOM IIOTOKe 5* 106 e"/ceK. 

7. 3KCIIepIIMeHTaJibHO 110,!(TBep)K,!l;eH MexaHil3M orpaHII'!eHIIH IIHTeHCIIBHOCTII 

crycTKa qacTIIU HaKOIIJieHHbIX B JIOBYIIlKe. C IIOMOIIIbIO .l(IlHaMII'leCKOro 

perynIIpOBaHIIH rny6IIHbl IIOTeHUIIaJibHOH HMbl B 11pouecce HaKOIIJieHIIH 

IIHTeHCilBHOCTb HaKOIIJieHHbIX qacTIIU 61,1na yBeJIIl'!eHa B 1.3 pa3a. 

8. B11epBbie pa3pa60TaH II 3KCIIepIIMeHTaJibHO IlCCJie,!(OBaH c11oco6 IIMIIYJibCHOro 

BbIBO,!(a qacTIIU Il3 JIOBYIIlKil. IlonyqeHO BpeMH BblBO,!(a MeHee 500 HC. 

9. IlonyqeHHbie pe3yn1,TaTbl II03BOJIHIOT 06ec11e'!IITI, 11poeKTHbie 11apaMeTpbl 

IlH)KeKTopa HaKOIIHTenH JIEITT A. 
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