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06~rur xaprutTepHCTHKa pa60TH 

AKTyaJI!,HOCTb aa,naq, pemaeM!lX B ,IJ;KCCepTai:moHHO!.t pa6oTe, o6ycJIOB
JieHa mKpOKHM npHMeHeHHeM JIBJieHim CBepxnpOBO.IUlMOCTH B yc1wpnTeJibHOii 
TeXH:ime, B qacTHOCTH, paaBepnyBlJJmlllCJI B Be.n;yml'IX YCKOpHTeJib!mX ueHT
pax impa HaY'JH!ll.m HCCJie:noBaHR!IMZ H pa6oTru.m no coa:namm c:aepxrrpo:ao
.zr,mrmx MarHHTHUX CHCTeM. !IOrpYJ!taeM!lll B .lUI:nRHii re,,rliii ,nmIOJII,Hlilt MaI'HHT 
THna 110KOHHaJI paMa", C KOTOpllM, B 'IaCTHOCTU, npoBO,IJ;KJIHCb HCCJie:no:aa
HHJI B npe:ncTaBJieHHoii pa6oTe, JIBJ!lleTCJI aJieMeHTOM CTPYKTYPU coa:na:aae
Moro B OH!lli c:aepxrrpOBO.wmtero (CII) CHHxpoTpOHa CII11H Ha :::meprmo npoTO
HOB I, 5 raB n IDITeHcHBHocn ~IOII rrpoToHo:a/umur. B pa6oTe rrpe:nno:!teH!l 
qyBCTBHTeJI:&HHe II aqipeKTIIBIIHe MeTo:nHKII HSMepeHHSI H pactJEiTa SHa'IeHd 
norJio~eHHOi anep:rn1I, rrpH KOTOpHX npolICXO,IUIT HapymeHHSI J/1 CTa6HJibHOCTH 
OCHOBHOro IlOKaSaTeJISI MarHHTHOii CHCTeMll _. Be,nymero IlOJill,H YCTOi'IHBOC~ 
TH c:aepxnpoBO.wmtero COCTOSIHHJI MarHIITa •. Paapa6oTKa YKa8aHHHX MeTO,IJ;KK 
npe:ncTaBJISieTCSI aKTyam,noa He TOJ!bKO B CBSI8H C coa:naHHeM :naHHoro H 
miyrHX c:aepxnpOBO,IUllllIDC YCKOPHTeJieii, HOH :nJIJI npoeKTHpoBaHHSI aJieKTPO
qMSH'IeCKHX YCTfil!OBOK, co:nepJmlIIHX c:aepxnpOBO,IUlllllie MarHHTHHe CHCTeMH 
(CMC), no~:aepraeM11e HMnYJibCHHM TenJioB!lM H PM1iaIUfOHHHM HarpyaKBM. 

Uem, pa6oTu: arrnnepI1MeHTMbHo-pac'IeTHan npo:aeprn1 HOBOro 
ajxpeKTa - PB.!Ufat(ROHHoro BOSMYJ!leHim :ae:nymero noJISI crepxnpo:ao:n~ero 
CHHXpoTpoHa II onpe:neneHHe npe:ne.nbHo :nonycTJIMoa nornomeHHoff aHeprHH 
B 06MOTKax ero c:aepxnpoDO,nSIIIIHX MarHHTOB. 

HaffiaSI HOBH3Ha pa60TH aaKJID'IaeTCSI B cne:nyiomeM: 
I. 3KcnepHMeHTaJI1,HO 06HapYJ!teH H J/18YtJ9H ajq>eKT PB.nHaIUfOHHOro 

B03MYl118H:IIJI pacrrpe:neJieHWI ITOJISI B anepType CII :nJIIlOJI1,HOro MarHHT8 • 
2. BnepBlle rrpe:n,,rollteHa MeTo:nHKa 1'13MepeHHSI rpaHZUH :nHH8MH'I6CKO! 

YCTOtt'IHBOCTH (rJl,Y} CII MaI'HHTa, HOBH3Ha KOTOpoii SaKJD:itlaeTCSI D HSMepe;.. 
HHH rrpe:neJlbHO :nonycTHMoii nornomeHHoff aneprHH (II.n:3) c:aepxnpo:ao,nSillleA 
o6MOTKOA (CITO) npH CHHxpOHHaamm HMIIYJibCHOro anepromme.neIDtll c wm
JIOM TOKa B CITO. 

3. lIOJIY'IeHH HOBHe 8KCnepHMeHTaJibHHe :nrumue O r)lY CII MarlmT8 TH
na "OKOHHM pro.m!' H O pacnpocTpaH9HHH TeIJJia H l!OpMa.lil,HOi! 30HU B ero 
o6MOTKe. . 

4. IIo,,ry-qeHH HOBUe aKcnepHMeHTaJII,HUe :nanHHe o TOKOHecymeA cno
C06HOCTH BO BHeWHeM MBI'HHTHOM none :no 5,5 T CII Ka6eJISI, HaroTOBJieH
HOro Ha KOMn03HTHoro c:aepxnpoBO:nHHKa Ha cicno:ae NI Ti cIIJia:aa, np:r,i: 
HaJm'IHH :a neM orpaHH'IeHHoA HOPMaJll,Hoff aoHH (OHS). 

. Otn.C:.E!itJ{"l.ll-lUi1 tmCUTI"}'ii 

i ~f~.1.liJZ !l':'.C' Jl~l10El'lilll2 
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5. Paspa6oTBHa MBTo,nmm orrpe,neJiemm rrpe,ne.m,Ho .nonycTl!Mott .nosH 
{Il.IJJl) W!JI Cl! MarID!TOB CRI!xpOTpOHa H Ha e e OCHOBe paCC'llITaHU lULU 
W!JI CIT ,nmroJIR cmcrpoTpOHa CIIllli IIpH na,nemm IIPOTOHOB C 8Heprnett 
o,5, ~, IO raB H .imep re.mm n yrJiepo,na ~ :meprn.m.ur O,I25 .( E4n/ 
"2, 5 raB/eyKJIOH H O, I25' E12 " 0, 84 raB/HYK,IIOH na CTeHKy llOHOIIpO-
BO,na no.n OCTpliM yrJIOM. C 

6. IIpe,nJIOJKeHa MeTo,nmm onpe,neJieHHJI norrpaBIIB cneKTpoB·sapmKe:mrax 
qacTHU na IlOTepll ll8-8a MHOrOKpaTHOro KYJIOHOBCKoro pacceJIHIDI B Ma.Te
pnaJie nepBWC cqeTq:mtoB BpeM,IIIpOJI0THllX cneKTpoMeTpOB. 

Hay,rn:8.fI H npaKTnqecK8.fI 3Ha~HMOCTI, ,nHccepratnIOHlIOtt pa6OTH 3aKJIIO
qaeTCJI n TOM, qTo nneprurn 6HJIH n~eHH CJie.nYJOillHe pesy.m,TaTH: 

I. HoBI:1tt ajxpeKT - Pa.nHatn1b1moe BOSMYUtelllle ne,nymero noJUI cnepXIlJX)
BO,11,fill!ero CHHxpOTpona, no,nTBep:amemnni 8KCnepllMeHTaJIE,HO IIpll llCCJie,nona
HHll CTMHJIE,HOCTll cnepxnpoBO,I{.IIIllero ,ItHilOJIE,HOro MarHHTa, ID/10IClllill1 H0C0!4-
H0HHO C&1OCTOSIT0JII,HYJO naysmym U0HHOCTJ,, neo6XO,nl!MO ~HBaTb B npaK
THqecKIDC pac~eTax rrpe,neJIJ,HO ,nonycTHMl:I.X .nos ,nJISI cnepxnpono.zvmurx: Mar
HHTHHX CHCTeM C IlOBl:1illeHlillMll Tpe6OBaHIDIMH K O,nHOpO,nHOCTll IlOJIII B pa6o
qeM o6i>eMe. 

2. Paspa6oTaHa MeTO,nHKa onpe,neJieHHJI rprurnua ,nHH~ecKott ycTott
~BOCTll cnep:xnpOBO,Il,filllero Mfil'HHTa, KOTOPM MO.llteT 6HTJ, npRMeHeHa npH 
llCilliTaHHH Ma.I"'dlITOB .npyrnx cnep:xnpOBO,Il,fIIllHX Ma.I'HlfTHIIX CllCTeM, pa6oTruo
ntHX B YCJIOBHJIX RMnYJIE,CHOro pasorpena. 

3. Ilo~emme Bnepnue sKcnepuMeHTaJII,H!ie ,nBHHIIe, xapaKTepnsynmHe 
TeMnepaTypy cnep:xnpoBO,Il,fID1ett O6MOTKH Ma.I'HllTa IIpH ee :m.myJII>CHOM Harpe~ 
Be, IlO3BOJIR7rn onpe,neJIHTJ, rrorpeillHOCTJ, ll CKoppeKTHponaTJ, MeTO,nHKy pac
qeTOB. TeITJIOBhlX npoueccon, rrpoHCXO.I{.IIIl1IDC npn TeMnepaTypax,6JIHSIUIXK 
4,2 K. · 

4. Ilo~ellll HOBHe 8KcnepmmHTBJII,HHe ,naHHIIe O CKOPOCTH pacrrpo
CTpaHeHRJI HOpMaJII,HOtt 8OHli B n.nOTHOtt O6MOTKe ll3 TpaHCilOHHpOBaHHOro 
Ka6eJUI, KOTOpHe neo6xo,nHMH np.H pacqeTax CllCTeM 3811Ufi'H .I! 3BaKYauH.I! 
sanaceHHott aHepr:im cBepxrrpono,nR111ero MarHwra rrpn ero nepexo,ne n nop
MaJibHoe COCTOJIH.He. 

5. IIo~eHH HOBHe 3KCilepHMeHT8JlJ,HHe ,naHHlie O TOKOHecymett cno
CO6HOCTll TpaHCilOH.l!pOBaHHOrO cnep:xnpOBO,Il,filllero Ka6eJISI ceqenlleM Ix4 Mr'(' 

B IlOJifIX c IDl,lzyltIUrett 0+5,5 T IIpll HaJIH~ll B HBM llCKyccTBeHHol HOp
MaJib~ott soHII pasJIH"IHWC pasMepoB. 

6. Paspa6oTaHa MeTo.nmm onpe,neJieHM npe,ne.m,Ho ,nonycTHMOtt .nosu 
B 06MOTKe rrpn o6~8HllH pe.7IIIT.l!BHCTCK.l!Mll H,npaMll cnepxnpono.nmrimc MB.l'

HllTOB THIIa "OKOHHM paMa", KOTOP8.fI MOXeT 6HTI> llCilOJI1,3OBaHa ,nJI.fI 

CBepXIIpoBO,nlIIIlliX M!ll'HHTHHX CllCTeM yCKOp:r.rreJiel C anaJIOI'll'lllllMR MaI'lIH-
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TaMH. &ro IIO,nTBepiK,naeT, B qacTHOCTH, cpanHeHlm paCC"IllTaHHIDC 3Ha~emrii 
npe,ne.m,Ho ,nony~THMRX ,nos ,nJISI ,naHHoro MarmrTa c sKcrrepl!MeHTaJII>HHMH 
pesy.m,TaTaMH, II~eHHliMll IIpll O6.nyqemm BHBJIOr~x l.OrHHTOB Ha rrpo
TOHHllX IlyqKaX. 

?. Ilpe,nJIO.llteHa HOB8JI 8KCIIepHMeHT8JIJ,HO-pacqeTHM MeTO,nHKa onpe,ne
JieHHJI IlOIIpaBKll perHCTpHpyeMHX cneKTPOB sapJIXeHHllX qaCTHU Ha MHOrOKpaT
HOe paccemme, HCllOJib3OBaHHaJI, B qacTHOCTll, B 8KCnepHMeHTaJII,HllX pa6o
Tax no HSMepemm .nnottllllx .nmW,epeHUHaJII>HllXCe~eH.Htt peaKUd c o6paso
Ba.HHeM ,neiiTpOHOB npn B3aHMO,neiiCTBlill IIpOTOHOB C 8Heprneii 380 .( ~ ( 
~ 665 MaB c JI,IqlBMlI Li , Be n C, KOTopaJI MO.llteT 6un rrpHMeueHa rrpn 

HSMepemrn cneKTpOB sapJIXeHllllx qaCTHU C IlOMO!Ql,10 npeMSIIIpOJI8THllX cneK
TPOMeTpoB. 

Ha 38lIJl!TY BHHOCJITCJI ?Jielinllllle IlOJIO~eHWI: 

I. hsnqecKne OCHOBH HOBOro BqlpeKTa - pa.nllaUHOHHOro :003Mymemm 
Y.arHHTHOro IlOJI.fI B anepTypax cnepxrrpoBO,nmltllX 0MarHllTOB CllHxpOTpoHa. 

2. MeTo,nHqecKne pememm aKcnepHMeHT~I>Hott nponepKn ajxpeKTa, oc
HOBaHHHe Ha HSMepeHllll rapMOHHqeCKOrO COCTana IlOJI.fI rrpH ClllDCp0Hll8aUHH . 
no,nKpnTHquoro m.my.m,cHoro Harpena c UHKJIOM TOKa n cnep:xnpoBo.nmnen 
o6MOTKe MarHHTa. 

. . 3. MeTO,nHKa ll3MepeHHJI rparun~. ,nHHID~:BqeCKOI ycTO~llBOC~ll Marl!llTa 
B YCJIOBJ;UIX HMllYJlJ,CH!lX TenJIOBHX ll pa.nnaUHOHHHX HarpysOK Ha cnep:xnpo
BO,Il,fIIl!He o6MOTKH. 

4. Pesy.m,TaTH HSMepeHd Heo,nHopo,nHOCTH noJUI B anepType ,nHno.m,
HOro MarHHTa npH llMIIYJIJ,CHOM, IlO,nKpHTH"IHOM H81'peBe O6MOTKH' TeMIIepaTy
JB H ,nHH8MH'l8CKOI ycTolqnnocTH ee cBepxnpOBO,Il,filller,o. CQCTOJIHWI, a TaK
;ge TORoaecyme! cnoco6HocTH cneUHam,HWC o6pasnon :Ka6eJUI o6MOTKH. 

5. CpaBHHTeJIE,HHI aH8JIH3 pesyJIJ,TaTOB H3Mepemrlt H MO,neJibHHX pac
qi:iTOB, BllIIOJIHeHllll! C ue.m,u f'IBTa•pa,nliaUHOHHOro BOBMymemm MaI'HHTHOro 
noJUI npH orrpe~eJieHHH npe,ne.m,Ho .nonycTHMott rrorJiomeHHol aHeprnn B cnepx
rrpono,ltRlllllX o6MOTita.X. 

6. MeTO,nHKa orrpe,neJiemm, c yqeToM pa,nHa~oHHoro nosMymemm no
JUI, rrpe,neJIDHO ,ItOJJYCTHMOA ,I{03H o6~emm cnepxnpono,wnqnx Mal'HHTOB JI,n-
paMH c aHepr:0el .no r.5 raB/HYKJIOH. · 

Anpo6anM pa6oTH lit ny6.umamm 

OcHOBHHe pesyJIJ,TaTH Jtl![CCeprrutHOHHOI pa6OTH ,I{OKJla,nHBaJIHCL lfO6-
CYli,!(8JIHCL Ha Htly'mHX caomapax· B ~H. B OT.I{8JI8 ycxopKT8Jll,HO
H8ROIIJITeJIJ,HOro KOMIJJieKca HiB3, Jla6opaTopn JI,nepHIDC npo6JieM OIDIH,KJ)!it
oreHHOM OT,I{8JI8 ll OT.I{8Jlax yCROpBTeJUI J1B3 OIDIH, a TSRae npe,ncTaBJI8Bll 
B BH,ne .noua.non Ha Ylll BceconsHOM conemamm no ycKopHTeJmM sapiaemmx 
qacT~ (IlpOTBHHO, I9-2I ORT. 1982 r.) , XII Mex.nyHapo,nHOI KO*peHJ.tJm 
no YCROpHTeJIJD( BHCOR!itX 8Hepr!itl (Jia6opaTOp!itJI :m.t.3.~epM!it, EaTallHS, 

3 



II-I6 ruirycTa I983 r.), Yill MeJKJcrHapo,IUIO! ROHlf!epeHUHH no MarmtTHO! 
TeXHOJIOrHH (rpeHo6m,, 5-9 ceHT. I983 r.) H ,ItOCTaToqHo IlOJIHO OTpaite
HH n IO neqa.'rHHX pa6oTax, uepe'lllCJIOHHUX B C!ll!CitO JlliTepnTypl:l. 

CTpyttTypa H 06'heM ll,llCCOPTau,m. }uiccepTanml COCTOHT H3 BBO,ItOHRII, 
qeTHp8X rJ"IaB, aaKJlllqemm H 2-x npMOJlteHmi. MaTepHWI pa60TU, H3JIOJlteH
HW Ha 17 I cTpammO Manim!Offl!CHOrO TORCTa, BRJIB)qaeT 79 pncyHKOB, 5 

Ta6JlHU H CllHCOK JIRTepaTypli, co,nepllrB.lllH1i I60 HaiweHOBaIIHH. 

KpaTKOe conepxrurne gs:ccepTap;HH 

Bo BBeneimH OTMeqeHa aKTYB.Jll,HOCTb s~aq o6ecneqemi:H CTa6HJil,HOC
TH CMC CHHXp0TpOHOB B YCJIOBRIIX m.myJIJ,CHHX p~aUHOHHliX Harpyaox,o6y
CJIOBJI8HHliX noTep!IMl{ ycRopHeM!ll tJa.CTHU. 060CHOBaHa He06XO,IUD40CTl, HSY
qeHM paccMaTp'lraaeMliX nonpocOB, C~OPMY.ID!pOBaHa ue.m, pa60TU, OTMeqeHa 
ee Hay,m8Ji HOBH3Ha H npaKTHqecKWI SHa'lm40CTb, xpaTKO H3JIOJJteH0 co.ne~ 

ll8HH8 ,ItHCcepTauHH. 

B nepno! rme paccMOTpeHll npocTpaHCTBOHHO-BpeMeHHlle xapaxTepHC
TJ?Of anepro~eJieHHH B CMC cmixpoTpOHOB npn noTepsrx ycxopaeMWC,qac
THU; c,neJl8H .mrrepaTypHU! o6aop axcnepiweHTam.Ho-pacqeTHHX pa6oT no 
peSyJII,TaTBM HMnYJ!bCHOrO Harpena o6pasuoB CII Ka6eJiel, MO,ItOJIJ,HWC Mar

H:eTOB H COJleHOH'AOB H 06.nyqeHHH B paSJil!'lllllX ycJIOBHSlX o6MOTOK CII MIU'-

mtTOB. 
AHa;ms npo,ItCTaBJIOHHllX B JIHTepaType ,namm:x no npoMeMe cTa6Wll>-

HOCTH err 168.I'J;llttOB ycxopHTeJie! B yCJIOBMX m.myJII,CHoro ~B.UHOHHOro 

BOS,ne!CTBM noaBOJilleT C,It8JUlTI, CJ18,ItYl)iljH8 mmo,Itl:l: 
I. B cos,nB.BaeMHX ycKOpHTeJISlX Ha BHCOime aHeprmt C CII MSI'HBTllHMH 

aJieMeHTBMB npocTp8HCTBOHHO-Bp8M8HH08 pacnpe,ne;remi:e pa.mlaUHOHHHX aa
rpysoK, BHSHBaeMWC noTepm.m, 6y,neT ru1a11ornqttO Ha6Jno,naeMOMY Ha "Ten
JIHX" ycTaHOBRax, H8.H60JI88 .IIHT8HCHBHH8 HarpY3KH OJU!Jt8lOTCH B MeCTax 

"BOSMYll!OHllfl" nyqxa. 
2. K tmCJIY OCHOBHllX BOllpOCOB, nowiel!tBIIUDt pemeHl!lO npH o6ecne-

qeHlilll CTa6HJI&HOCTH CMG CHHXJJ?TpOHa,OTHOCHTCSI: a) n~eime pacnpe
,It8Jl8H:rul aHeproBU,It8Jl8HRII B CII0,BH31:IB8.8MOrO noTepRMH,KOTOpU8 xapaKT8-
pH3Yl)TCH neplll!HOMOPHOCTl>ID no KOJ!btzy',,ItOCTHraDmea I+2 nopH,ItKOB,CKOJil>-
3Hmel reoMOTpHel BHCaJtKH na CTOHKH HOHOllpOBO,Ita, pa3H006paanoa Bpe
MOHHOI CTpyxTypOI C ,ItJlHTOJ!bHOCTbD HMIIYJ!bCOB aHeproBU,ItOJIOHM B ,nuana-
30H8 ro~'[IL .(_ IOc, ~TyaIJ;W!MH C nepena,noM pa,nHaUHOHHUX HaI'pY30K 
B HeCKOJIJ,KO pas; 6) onpe,neJieHHe llp8,It8Jlbli0 ,nonycTHMHX pa,nHaUHOHHllX 
HarpysoK B ,ItHHaMRK8 pa6oqHX napaMeTpOB CMC, T,K. cymeCTBYl)mHe pacqeT--_ 
nue H 3KCll8PHM8HTaJibHlie MOTO,ItHKH onpe,neJlflllT IIJl3 npH CTaUHOHapHOM 
TpaHCilOpTHOM TOKe B crro,ocHOBaHU Ha xapaxTepHCTmtax KOPOTKHX o6paanm 
H aKcnepHMeHTWII>Ho-pacqeTJnu: ,namrux, no.nyqaeMHX npH Henocpe,ncTBeHHOM 

06.nyqeHl!li, 

,i 

3. ltiHipOpMallHR O KHTerpaJil,HOM pacnpe,neJie HKH IlOT8 pb no KOJIJ,ll,Y CHH
xpoTpOHa ,llOCTaToquo ,llJIH pemeHHH aa,naqH O pa.ztHallHOHHOli 6HOJIOrHqecKoli 
aalJIHTe ne pcoHana, .o.nnaKo .ztJIH pacqeTa npe,neJII>HO .norrycTm.1oro aHe proBH
,neneaHH B CMC H806XO,llHMO 3HaTl> npocTpaHCTBeHHO-BpeueHHYll CTPYKTY PY, 
COCTaB K cneKTpanJ,HO-yrJIOBU8 xapaKTepHCTHKH n0Tep1,. Cne,noBaTeJIJ,HO, no-

' JiyqeHHe pacrrpe,neneHHH 5HeprOBli,ll8Jl8HHH B CMC, o6yCJIOBJieHHOro noTepH-
UH, CBH38HO C pemenHeM .ztBYX OCHOBIIUX aa,naq: a) orrpe,neJieHHH xapaKTe
PHCTHK KCTOqHHKa H3nyqeHKH; 6) pemeHHH ypaBH8HHH rrepenoca H3JiyqeHHH 
C yqeTOM ,lUIHaMHKH BTOpffqHUX qacTHll .B Ka11epe CHHXpOTpoHa. B nacTOHU1ee 
Bp8UH 3~'lli nepeHoca ·HanyqeHHH, pOE,ll8HHoro npoTOHaMH BUCOKOlt sHeprHH, 
H ,nHHaMHKH·qacTHll B xa11epe CHHXPOTPOHa pewaDTCH Ha ,llOCT8TOqHo BhlCOKOM 
ypOBHe C IIOMO~I,I) Kpynmnc BU~HCJIHT8JIJ,HUX nporpa1111 Ha 8BM; aa~aqa onpe
,neneHHH HCTOqHHKa o6nyqeHHH CMC CHHXPOTPOHa .no KOHlla He peweHa. 

4. OueHI<H noxaauBaDT, qTo 3HaqHT8JlbHaH ,llOJIH qacTHU, na,nalllJIHX no.n 
MaJIUMH yrnauH Ha CT8HKH BaKYYMHOli KaMepu, p~cceHBWHCE, TpaHcrropTKpy
eTCH nu KOJII,ll,Y K HOBOMY M8CTY BUCa,llKH, Onpe,neneHHe HCTQqHHKa Hanyqe
HHH H8B03MOlltHO 6e3 KOPP8KTHOro yqeTa paccei!HHH 3THX qacTHll. Mo,lUlipH
UHPOBaHHaH TeopHH G.Moliere1I4/xopomo OIIHCUBaeT unoroKpaTHOe pa9c~,
HH8 Ha Bcex SJieMeHTaX npoTOHOB H 6onee nerKHX aafHllt8HHLIX qacTHu' 1 0 
SHeprKelt E,200 rsB H HOHOB, OT aaoTa .no ypaaJI~, c E·,r, 5MsB/HyKJIOH, 
o,naaKo B JIKTepaType oTcyTcTByeT HHipop11a1tHH o cpaBHeHKH sKcnepH11eHran1,-
1WX ,naHHUX C OIIHCaHH8M C IlOMO~I,D STOit TeopHH MHoroxpaTHOrO paaceHHHH 
6ucTpux H.ztep c aaeprKeli E > I, 5 MsB/HYKJIOH. TaKaH HHipop11a1tHH aeo6xo,nK
ua .nnn onpe,neJieHHH HcToqHHKa HaJiyqeHHH B sa,naqe pacqeTa aaeproBu,nene
HHH OT noTepb B CMC CKHXpOTpOHa,npK ycxopeHHH HOHOB. 

5. B JIHTepaType H8T HB!J)opuanw,c O B3aliMOCBH3H CTa6HJII,HOCTK pac
npe,neJieHHH IIOJIH B anepType Cil 11arHHTa H ,nonycTKMOro HMilYJII>CHOro aaep
roBU,ll8JI8HHH Bero 06MOTK8 npH IlOCTOHHHOM K HMilYJil>CHOM TpaacnopTHOM 

.. TOK8, xapaKT8PHOM ,llJIH pa60TU CMC CHHXpOTpOHa, B TO BpeMH KaK IlOHBJie
HHe H pa3BHTlfe OHS B CilO MOllt8T Bli3B8TJ, H3118H8HH8 STOro pacnpe,neneHHH. 

6. CpaBH8HH8 peayJibT8TOB H3M8p8HHlt aaBHCHMOCTH IJ,ll8 OT ,llJIHT8JIJ,
HOCTK KMIIYJII>Ca SHeprOBli,ll8Jl8HKH, nonyqeHlililX C no110~1,n HMnynI>CHUX Ha
rpeBaTenelt H npH H8llO~pe,nCTB8HHOM o6nyqeHl!H,IIOKa3UBaeT, qTo B nep
BOM CJiyqae a.ztHa6aTHqecKHe YCJIOBKH aarpeBa HaCTynaDT npH ,llJIKT8JIJ,HOCTH 
HMllYJil>Ca Me Hee ro-3 C' !l BO BTOpOM - M8H88 2 ,ro-6 c. Bonpoc O TOM' . 
KaKOBa MaKCHMaJIJ,HaH ,ll1.IHT8JIJ,HOCTJ, HMIIyn1,ca'saeprOBli,ll8JI8HHH, ,llJIH KO
TOporo YCJIOBHH HarpeBa CilO uarHKTa CHHXPOTPOHa MOlltHO CllHTaTI, a,lUla6a
THqecKHMK,.ztOJillt8H 6UTI, yroqHeH. 

. 7. B JIKTepaType mHpOKO npe,ncTaBJtemi pacqeTHLl8 K 5KCil8PKM8H
T8JIJ,HJ:l8 ,naHHU8 0 npocTpaHCTB8HHOM pacnpe,neneHHH 8HeprOBU,ll8JI8HHH B 
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uarHllfTHhlX CllfCTeMaX CllfilXPOTpOHOB ]lJifl xapaKTepHJ,IX npllf noTepRX cnyqaeB 
Bb!Ca;ztKllf npOTOHOB BhlCOKllfX aHeprllftl B KaMepe ycKOpllfTCJIR. 3TH ;naHHhl8 no
Ka3hlB8IDT, '!TO npllf CKOJibBR~eM BhlCa;ztK6 npoTOHOB Ha6nro;naeTCR nepena;n 
3HeprOBb!;zteJieHllfR OT BHBillHllfX K BHyTpeHHllfM CJIOHM o6MOTKl/f yarHllfTa. J!JIH 
1/fOHOB C ::meprllfen B ;llllf8Il830H8 0,2, E 42,5 raB/HyKJI, T8K8fl 1/fHipOpMaUllffl, 

tteo6xo;nm,1aa ;llJIH onpe;neneHHH ttallf6onee 11 ropRt1etl TO'lKllf 11 B cno llf pac'leTa 

ITno B Crr MarHllfTC CllfHXp0TpOH8 Cill'IH, OTCYTCTByeT. 
Ha OCHOB8Hllfllf 8H8Jlllf38 ;ll8HHblX, npe;ncTaBJICl!HblX B rJiaBe l ,IUICC8pTa-

UHli,CipOpMym1poBallbl OCl!OBl!b!8 sa;na'lllf pa60Tbl: 
I. ~CCJIC;llOB8Tb xapaKT8pllfCTHKllf co;nepEa~ero HS Ka6eJIH CITO ;llllfllOJib-

11oro uarHllfTa cm1xp0Tpo11a Cill'lll npllf llfH;ztYKUllfH BHewttero Mar11llfT11oro nonH 

;no 5 T. 
2. Pa3pa6oTaTb 3KCI!CpllfMBHT8JILIIYID llf pac'leTHYD M8TO,IU1Kli onpe;neJICHllffl 

rrna B CHO MBrHllfT8 l{Jlfl IlpOCKTH1lX pe~MOB TOK8 CMC CllfHXpOTpOHB Cill'IH, 
3. IlpOBCCTH ]lCT8JILHOC cpaBHCl!llfC pe3yJILT8TOB llf3MCpCHllftl llf pac'leTOB 

C UBJILID ycTaHOBJIBllllfH npllfMBHllfMOCTllf paC'leTHOtl M8TO;llllfKH K ;llOCTOBePHOCTH 

IIOJIY'l8CMOtl pacqeTHon HH!pOpMaUHH. 
4. Hccne;noBaTL CTa611fJII,HOCTI, pacnpe;neneHHH IlOJlfl B anepType ;llllfllOJIL

HOrO uarHHTa CllfHXpOTpOHa CfMH npllf HMilYJILCHOM IlO;ztKpHTH'IROM 8HeprOB1l]l6-

JI6llllfH B CllO. 
s. Ha OCHOBB!illllf llf3BCCTHblX ::mcnepllfMBHTaJILHhlX ;ll81!Hb!X llf TeopeTl/f'le-

CKllfX pa6oT no'ynoroKpaTHOMY pacceHHHID 3apHEBHHb!X 'IBCTHU IJOJIY'lllfTI, H 
3KCI18pllfM8HT8JILHO npoBepHTI, Bhlp8EBHH6 ;llJifl y'leTa MHOroKpBTHOrO pacceR
Hllffl 6blCTpb1X H;ztep Ha noBepXHOCTHX B BBKYYMHOtl Kauepe CHHXPOTpOH8, 

6. PaCC'IHTBTL pacnpe;neneHHe aHeprOBbl;zteneHHH B uarl!HTe CHHXpOTpO
Ha Cill'IH npH CKOJIL3H~ett BblC8;llK8 npoTOHOB H nerKHX H;ztep HB CTCHKH HOHO

npOBO;zta ;ztJIH ;ztH8Il830HOB 3HeprHtl 0,5 4 Ep' IO raB; 0,125,EtiHe' 

~2,5 raB/HYKJIOH; 0,125 ~ E 12.c ~ 0,85 raB/HYRJIOH. 

7. Ha OCHOBaHllfH ;llBHHblX O pacnpe;neneHHH 3HeprOBbl]l8JIBHHH npH Bblca;n

KC npOTOHOB Bb!COKHX 3Heprllftl H n.na B CITO uarHHTB CHHXpoTpOHB CiillH npH 
HMilYJILCl!OM HarpeBe 1/fCCJie;ztoBaTL saBllfCHMOCTL n.na OT IlO;ztKpllfTH'lHOCTH uar
HllfTa H ;llJIHTCJII,HOCTH llfMilYJILCB 3HeprOBbl;llBJI6HHH. 

Bo BTOpott rJI8B6 IlPHBO;llflTCH OIIHCBHllfH HsuepeHHtl npe;neJILHblX TOKOB err 
K866JIH npH HBJillf'IHH B Heu OHS, M6TO;llllfKH onpe;neneHHH rJJ:I H HCCJIC;llOBBHllftl 

Ha ee OCHOB6 CTBCJHJII,HOCTH IlOJIH B anepType, pacnpoCTPBH6HHH T8IlJI8 H 
pasBHTHH HS npH HMDYJILCHOM HarpeBe eno ,IUIIlOJII,HOrO MaI'HRTa cmu:poTpOHa 

cmrn. 
C U6JILD OUCHKH BJIHHHllffl pasuepoB OHS, KOTOpBH UOll8T BOSHllfKHYTL OT 

BH6WHHX HCTO'IHHKOB 3HeproBbl;neneHHR, Ha TOKOHecyeyD cnoco6HOCTb en K8-

6eJIH, RCilOJll,SY8MOf0 B_ ,IUlllOJll,HOM MS.l'lillT8 CHHXPOTpOH8 cram, 61lJIH lllillOJI
H8HJ,I H31ol8PCHHR / / npe;zt'3JII,HblX TOKOB Jc KOPOTKHX ( ~ IO cu ) 
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·1 
: 

o6p88UOB 8TOro Ka6enH, co;neplltBIJlRX HCKYCCTBCHHO COS;llBHHblC HS, BO BH6W

HCM nonepe'IHOM uarHHTHOU none c HH;llYKUH6it o,s,B,s,3 T. 
Ha IlJIOCKOI'O ( ceqeHHeu ,1 X 4 MM2 ) TP8HCilOlillpOB8HHOro(mar 22 MM) 

en Ka68JIJI, C0~8PJKalll8rO IS KOMil08HTHblX IlpOBO;llHllfKOB l1HT - 0,5 -
1045, xax;ll1lit as KOTop1:,1x cocTOHT.Hs 1045 NK-50% Ti HHTeij ;nHaMeTpou 
~IO MKM B M8;llHOtt UBTPllf~e ( K08qqlllfUH6HT 88IlOJIH8HHH 0,47 ), 6blJillf Hsro
TOBJICHbl o6pa SI\bl, CO;tepxa IJlR8 TII!8T6JII,HO Bil8HHHbl6 MC;llHbl6 BCTBBI(H, sa11e-
1Il81lll!H6 Y'IBCTKl/f en npoBO;llHHKOB ( pHc.I ). Koa<MJRUH6HT ynaKOBKllf npOBO]l

H~KOB B K86ene 0,93. 
;.,.. 

lf.5• 

J -~-'.4 
3.S• " ... ...-~ 
' '-, "- ~y,:;:,✓J 
I ,. , • 1 

z.sr ---- '~ 
21 --- 'i-... 
'~~--: 
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h, 

0.5 i ~5 1 is 3 l, ~ 4.sB.T 

PHc. I. 061JlRtl Bllf;ll HCCJI6;llOB8HHblX o6pas~OB 
Cn K866JIR: I - CII K8Cl8Jlb; 2- Me ;llHBH BCT8B
K8; 3 - npHnott,- Pasuephl ! H A yxaaaHbl B 
Ta6nHue I. HHEC IlOK888Hbl 88BHCHMOCTH npe-

. ;ll8JlbHOro TOKB 1~ OT BH6WHero MarHHTHOro 
IlOJIR ;llJIR o6pasuoB en K866JIH ~~ I - • , 2- /:J. , 
3 -Y H 4 - 0, 

reoueTpH'l8CKH6 xapaKTepHCTHKH llfCCJIC;llOBBHHblX o6pasuoB npllfB8;ll6fll,I 
B Ta~nm~e I. -

06p88I\bl 
ell Ka66JIH 
~~ nn 

I 
2 

3 
4 

Pasuepbl ue;nHotl BCTBBKH 

l' UM A ' MU 

0 
II 
II 
II 

0 
o,s 
I,O 
I,5 

Ta6JIHU8 I 

qHCJIO HeHapymeHHblX 
en IlJ)OBO;llHHKOB 
B K8<56JI8 

"'IS 

6 
4 

2 

BOJII,T-BMilepHble xapaKTepHCTllfKH HCCJie;nyeublX o6p88UOB HSUepHJIHC» 

M6TO;llOU HHSKOOUHOro WJHTB. nony'leHHbl8 88BHCllfMOCTH npe;neJibHoro TOKB OT 

HH;ztyKUHH BH6WHero uarHHTHOro IlOJIH ]lJifl o6pa8UOB, YK888HHblX B T86JI.I, 

IlOK888HJ,1 HB pHc.I. 
Jlna.o6paa~a ~ I H ;npyrllfx aHanorH'lHblX o6pasuoB en xa6enR ( 6es 

BCT8BOK ) 88BHCHUOCU 3 C ( B) HBJIHCTCH 38BHCHMOCTbll KpHTH'l8CKOro TOKB 
KOpOT~oro o6pasua en K866JIH OT HH;ztyKUHH BH8WHero uarl_UtTHOI'O IlOJIH 
IC (B); ;llJIH o6pas~OB ~ 2, ~ 3 H ~ 4 38BHCHUOCTI, J,(B) HHTepnpeTHpyeT
CH K8K 88BHCHMOCTb MHHHM8JILHOrO TOKB pacnpocTpaHeHHH HOPM8JII,HOtt 80Hbl 
Ip B II6HapymeHHOU en Ka6ene OT HH~KUHH BH8WH8ro uarHHTHOro non.ff. B 
TOM cnyqae, 8CJ!II[ 008 88HHM88T BC6 CBepxnpOBO;lllillKH B Ka6ene, B ycno-

- ti 
BHHX HHT8HCHBHOrO T8IlJI006M6H8, npe;neJILHbltt TOK Jc COOTB6TCTBJ8T ! ~ 
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MaKCliM8JII,HOMY TOKY paBHOB6Clifi HOpM8JI!,HOll 30}ll,I. TipaKTliqecKH npli COOTBST
CTBYIOll\HX yCJIOBliHX T6IDI006MeHa yMeHI>WeHHeJC C pOCTOII A, ;no orrpe;ne
nemmx rrpe.nenoB, MoJKeT He c1rnsancn Ha BeirnqHHe TpaHcrropTHoro To1:a 
(1 Tp) B err uarHnTe, KaK, HarrpHMep, ;zinn o6pasu,a N~ 2 H saBUCHMOCTH hp, 
IIOKaSaHHOll Ha plic,I rryHKTHpuon Jllil!l16ll. 

PesynI>TaTbl li3hiepem1n I,(B) ,1lJIH HeuapymeHHh!X o6pa3Il,OB (~ I ) err 
K866JIH OIIHCb!B8IOTCH saBHCHMOCTI,fO ( cnnomHaH JlliHliH Ha plic,I) 

[ Tc( B + I,74 ) ] I/2 = 0,655 (T.:-T0 ), (I) 
r;ne Tc = 9,4 K H T. = 4,2 K, rrosBOJIHIOUlen ou,eHHn TeurrepaTypHh!it ( A Tp) 
li aHTaJII>IIHllHb!it [ A€ {ATp)] pe sepB o6MOTKli npn HOIIHHaJII,HOM SHaqeHJt!H 
TpaHcrropTuoro TOKa 1

1
~

011 = 2,rfl KA uarHHTa: (2) 

ATp = Tc - I,52[1 HOM ( r,o5I HOU -t, I,74 )] I/2 - To~<0,8+0,I)K, 
H TP TP -

b E (A Tp);JTc ( r) J T ::: ( 0,3 :': O,D5) .Jl,)f( • Kr·i. (3) 

r;ne T.;1 H C(T) - KpHTnqecKaH Te11rrepaTypa IlPli HOMHHaJII>HOM TOK8 li T8IIJI0-
8MKOCTI, KOMil03liTHOro IIpOBO)UllKa. 

~ccne;noBaHHH ycTOll~BOCTH ,1llillOJI!,HOro err uarHHTa CHHXPOTPOHa C.IIBH 
K HMIIyJI!iCHOMY aarpeny, CTa6HJII,HOCTH pacnpe;nenem.m IlOJIH 'B arrepType, sa
KOHOMepHOCTen pacrrpocTpaHeHHH Terrna li HS B CITO rrpoBO;nliJIHCI, C IlOMOlJlI,IO 
HMrryn1,cttux HarpeBaTenen/3-8/. PacrronoJKeHHe B uarHHTe uarpenaTenen 
HI, H2, H3, ·H4 H TepuoueTpon_ AEI, AB2, ABS, AB4, TBO, KOHTaKTHPYIOlllHX 
c CITO, a TaKJKe Hu;nyKU.HOHttoro ;naTqn&a .nnn HsuepeHHH npocTpaucTBeHHoro 
pacnpe;nenemm rronn B anepType noKasaHo Ha pHc.2 H 3. 

y 

2 3 4 5 -, \ ' ,-

~\ 

l t,1 ✓ /I 'rlli 
• J~O •~• J/ 

I I 

\ 'I \_l:!3 'Ji/+ i 

Puc. 2. PacnonoJKeHue HarpenaTenen, Tepuo-
116TpOB li liH,11YKil,liOHHOro ,naTqHKa B MarHHTe: 
1 - JKenesHbltt 6aH,nax Hpua; 2 - CT6KJIOT6K
CTOJIHTOBaH IlllaTa ( pasuepb! B MM) C Ha
rpeBaTeJIHMli HI, H2 H H3 n Tep11011eTpa11H 
ABI H AB2 ( IlOKasaH Bli,1l_B IlJIOCKOCTH, KOH
T8KTHPYIOlllen C 06MOTKOtt ), 3 - CBepxnpoBO
AHmaH 06110TKa; 4- qpocTpaHCTBO B 11arHHT6, . 
sanonueHHOe XH;nKHM renne11; 5 - HH.1lYKnHOH
Hb!ll ;naTqHK uarHHTHoro IlOJIH, 

9KCll6PHU6HTaJII,Hbltt uarHHT C pasue111eH
Hb!M B HeM HH,11YKil,liOHHb!U ;naTqliKOII uarHHTHO
ro IlOJIH HaX0,1lliJICH B sarronueHHOM H8X0,11Hll\HLI
CH B COCTOHHHH HaChlUl8HliH rrpHT0~4,2 K lltil,lUWM 

re1me11 1,pHOCTaTe H sallliThIB8JICH HMIIY JII,CaMH 
TOKa, HM610ll\HMH Tpeyron1,uy10 ~OpMy. CHrHaJibl 

8 

l 

i 
i -
l 
( 
t' 

I 
1 
i 

1, 

l 
··' 

c ;naTqHKa, IlOBOpaqHBaI0111erocH B rraysax uex,ny HUilYJII>CaMH TOKa Ha yron 
A 'f' = 9°, rrpH oTcneunaHHH ypoBHett TOKa c marou O,i•I max HHTerpH
poBaJIHCI>, YCHJIHBaJIHCI, 1 KO;nHpOBaJIHCI, C IlOUOllll>IO allaJIOrO-~WPOBOro IIp806-
pa30BaTeJIH H o6pa6aTh!BaJIHCI, Ha SBM.Harp8BciT8Jlli (:to BU6opy)srum.Tb!BaJiliCI, 
3J16KTp1-tqecKHUH HUnyn1,caUH ,1lJIHT8llI,HOCTI,fO 'Lu= 0,5 MC C perynHpyeuon 
38,ll;Spl!tltOtt OTBOCRTSJll,HO m.myJU,Ca TORa B CITO. 9HeprRH KORTpo-

J 4 

;Fe 

Fe 

'PHc.3. PacrronoxeHHe B o6uoTKe 1.1arHHTa Harpe-
7 

2 BaTeJIH H4, TepuoueTpOB AB4 H TBO H OT,neJII,HO
ro KOMil03HTHOro CBepxnpOB0,1lHHK8 tp 0,5 1111 

ITHT-0,5-1045 (HT-50) : :1- ipwo uarHHTa; 2-
arroKcH;nnutt Knen; 3-cTeKJIOJ16HTa; 4-JI8BC8HO
B8H neHTa, TOJllJlHHOtt 2xIO UKUi 5- OT~en1>Hbltt 
KOUilOSHTHbltt Cil IlPOB0,1lHHK IlHT-();i ~1045; 6-
IlpOTHllt6HHb!ll ( B,110Jlb Been o6UOTKH) HarpeBa
T6JII, H4; 7 - meJIKOBaR OillleTKa HarpeBaTeJIR, 
rrpOIIHTBHHaR 8llOKCH,1llll,IU KJieeu; 8-rrpocTpaHCT
BO, sarronneaHoe XH.11KHM renHeu; 9 -Tepuo1.1eTp 
TBO; 10-KJiett ~-:4; I!-CT8KJIOT6KCTOJIHTi 
12 - T6PMOll8Tp AB4. 

JIHPOBanac1, H HSUeHHJiaCI, OT HMIIyn1,ca K Hurryn1,cy. Kor;na aHeprHH B HM

nyn1,ce rrpeBocxo;nnna rrpe,nent,Ho ,norrycTHMY~ ( a~ ), ;naTtntK nepexo~a 
Been CITO uarHHTa B nop11an1>H08 COCTORHHe sarrycKan CHCTeuy aBapHllHoro 
OTKJIIDqeHHR. CHHXPOHHO IlPOBO;nliJIHCI, sarrHCH IlOKasaHHll TepuoMeTpOB H ll8-
npHllt611Hli ua IlOTeHil,liaJII,Hb!X Bb!BO,nax C BHTKOB CilO. VlsuepeHHH npOB0,1lHJIHCI, 
KaK rrpH HUrryJII>CHOM, TaK H IlPH IlOCTQRHHOU TOK8 B crro. KounosHTlll,ltt 
CBepxnpoB0,1lHliK IIHT-0, 5-1045 (HT-50) IlO;nKn~qancR K OT,1l8JlbHOUY HCToq
mrny TOKB H H8X0.1lliJICH rrpH Ton xe rro;nKpHTHqHocTH f = I / Im ax , 
qTo H Kal!t,1lbltt err IlpOB0,1lHHK Ka6ena o6MOTKH uarHHTa. 

PHC, 4. rpaHHUb! ycTottqliBOCTH Cil uarnHTa CHHXpOTPOHa CIIBH 
( CilJIOWHaH JIHHHR) H KOUil03HTHOro CBepxnpOB0.1lHHKa IlHT-0,5-1024 

UA-r·· --l---~-----l--. 
4 

t.c v,,.f( IlYHKTHpHBR KpHBaR ) , li3MepeHHbl8 C IlOMOlJlI,IO 
I· ' 

.~: ,,,.llPOTHllt6HHOro no ,1lJIHHe uarHHTa HarpeBaTBJIH \ l (H4) :e,)( - rrepexo,1lbl uarHHTa B Hopuan1>Hoe co-' ,,. 
,sf· ~ CTORHH6 COOTB8TCTBeHHO Ilpli IlOCTORHHOU H 

1-.._ 1 flO '('?~·. ,. HMIIYJII>CHOU TOKB ;o ,'J:i - YCTOllllllBOB CBepxrrpo-
q f\ r ; "'B0,1lHll!B8 COCTORHH8 uarHHTa TaKllt8 rrpH llOCTO-

' , ,• \. • · . ., HHHOM H HUilYJil>CHOM TOK8 COOTBeTCTBeHHO i 
o,f ll,'. -• \ 

0 

• : ~ A - II8p8XO.Jnl R ycTOilq]/[BU8 COCTOJmRH 
\, '\ ~ rrpoBo.i:unma IIlIT-0,5-1045 rrpa rrocTommou 

, ., ,, ., ';: QS ., ., ;. " ,,,' ToKa. To'IKR C al) - aHa'ISHWI QR ,Z , rrpa 
KOTOpb!X IIpOBO,JtWmCI, R3M8p8IDIH H80,ttBOpO,!t
ROCTR MBI'HRTROrO IlOJUl, 
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PeayJILTaTU H3MepeHHtt rpaHHU ycTottqHBOCTH en uarHHTa H KOMIT03HT
Horo npOBOJ!HHKa, nonyqeHHUe c IlOUOll!LIO HarpeBaTeJIH H4,ITOK838Hbl Ha pHc.4. 

rapMOHHqeCKHtt aHaJIH3 CHrHaJIOB JtaTqHKa uarHHTHOro ITOJIH Il03BOJIHeT 

npeJ!CTBBHTL none B aneprype B BHJ!e 
- oO . 

£,,,,, js., Jrz ~ ~l (t}"~
1

i., coj (rit +'f~) • (4) 

.!... JB Jz={i(.!:...) 11·:;,,~in(n'f+'f'11 )- • cs) e,,,.,,, r ~, Ra 
rJte i~ - a(j_qieHTHBHaH MHHa uarmi1Ta ( { aqi(j_) = 43 CM ) 

B ,- - pamrnnLHaH COCT8BJIH!Oll!8H 1,.larHHTHOro ITOJIH; B 'f - aaHMyTaJIDIIBH co
CTaBJIH!Oll!8H uarHHTHOro ITOJIH; r , 'f , 'l - UHJIHH'APHqecmrn KOOPJ!HH8TH 
( OCJ, Z COBYemeHa C OCJ,IO M8l'HHT8 ) ; R. - paJ!HYC noneaHott anepTypu 

11arm1Ta; t 
11 

H If 11 - HOajx~HUHeHTH t xapaHTe p1r1ay10m1r1e MYJILTHllOJIJ,Hh!e COCT8B
Jlf!!Oll!He uarHHTHoro JJOJIH; 38BHCHYOCTH OT TOKB uarHHTa rapMOHHqecKHX 
Koaqiqi11.UHe11To:s I 2 H B 4 , KaK "Boauymettnhlx" 1r11.1nyn1,cH11M Ha rpeBoM, TaK 11. 
11 neB03MYll!8HHblX 11

1 llOJIY qe HHUe C IlOMOll!LlO JIOKBJILHOro (HI) H npOTHJKeHHOro 
HarpeBaTeJIH (H4), ITOK838Hbl Ha p11.c. Sa H 56 COOTB8TCTB8HHO. 
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PHC. 5. 3aBHCHMOCTH.rapMOHHqecKHX K08iM!HUH
eHTOB I 2 H B 4 OT TOKa MaI'HHTa npH pa60-
Ta101111r1x ( ITYHKTHPHHe KPHBHB ) H BlIBJllO'IBHHblX 
( CllJIOlliHUe JIHHHH) HarpeBaTeJIHX: a - H3Me

peHHlf C JIOKBJIJ,llbll,I uarpeBaTeJiell HI; 6-H3-
uepeHHH c npOTHlKelllU,IM HarpeBaTeJieN H4 
( YCJIOBHH uarpeBa CITO COOTBeTCTBYIOT TQqKe 

"c" Ha pac.4). 

ECJIH aaJtepxKa BKJIIOqeHHH HarpeBaTeJIH H4 
H SHeprHH ero T8IlJIOBOro HMITYJILCa BUCJHpa
JlliCb COOTBeTCTBYIOll!HNH TOtU<all D Ha pHc.4, 
TO eCTJ, HHXe rpaHHU!,I ycTottqHBOCTH OTJ!8JIJ,H0-

/ 1.• 
0 zoo .., "" .,, ""' , ... siirtm-:d 1·0 KounoaHTHoro cBe pxnpoBOJ!HHKB IIllT-0, 5-

-1045, HaXOJ!Hll(erocH no OTHOlli8HHll K HarpeBa
T8Jlll H4 B TaKHX lite TeITJIOBblX YCJIOBHHX 1 qTQ H IlpOBOJ!HHKH KaCJeJIH CilO 
Ma rHHTa I TO no Be J!B HHe ra p1rn1mqeCKHX KOl:$llHUHeHTOB s n {!) OT BKJIIJ'le HHH 
HarpeBBTeJIH H8°38BHC8JIO. BepTHKaJILHl,le CTpeJIKH Ha PHC.5 IlOKa3blBBllT 

IIOM8HT BKJIIOqeHHH HMilYJILCHoro HarpeBaTeJIH. 
0THOCHT8JIJ,HHe H3118H8HHH BBPTHKBJIJ,HOtt By(x, Y I i ) H ropH30HTBJIJ,

HOtt Bx (x, Y I X ) COCTaBJIH!Oll!HX uarHHTHOro IlOJIH B M8,IUd8.HHOll IlJIOCKOCTH 
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uarHHTa uoryT CJblTJ, npeJ!CTaBJieHbl B BHJ!e 
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rJte x , Y H 1 - JteKapTOBNKOOPJ!HHaiu ( 
PaJtHBJil,Hble pacnpeJteJIBHHH BeJIHqHH 

CM.pHc.2). , 
~x(XJ H _.o.B.,(X} 

B B 
B anepType 11al'HHTa I H3MepeHHble npH pa60TElIOUleM H OTKJID'I8lllIOM npoTIDlt8H-
HOII HarpeBaTeJie H4,noKa3aHH Ha PHC. 6. Pe3yn1,TaTU IlPHBeJ!eHbl J!JIH MOM8H
Ta, KOrJta 3Hal!eHHe HHJ!YKUHH llOJIH B ueHTpe arreprypu Bo = I,34 T/8/. 
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Puc.6.Pa~HanLHble pacnpeJteneHHH BeJIH'IHH 

t18v(X} H t.Bi<(X) 
B B 

B ane PTY pe Cl! J!HITOJIH II pH BKJIIOqeHHOY 
( nyHKTHpnhre KpHBue ) H BblKJI10qeHH011 
( CilJIOlliHHe JllfHHH) narpeBe cno C IlOMOIJll,IO 
npoTHXeHHOrp HarpeBaTeJIH. naHHble npHBeJte
Hbl J!Jlf! IIOMCHTa, KOrJta JIHHettHO HapacTaro111aH 

HHJ!YKl..(HH B ueHTpe aneprypbl Bo= I,34 T. 
i. .. mroc:m2;,, li1H nc;·; r,;:110cn, :rnr.:operm:ii b~ffO~ 

IlonyqeHHble peaynLTaTbl CBHJ!eTeJILCTBy

IOT O aa11eTHOII OTHOCHTeJILHOY H3118H6HHH He
JIHHettHOCTett ITOJ! JtettCTBHell JIOKanLHoro Ha

rpena CITO, He nepeno~Hmero cBepxnpoBOJ!H
JllHtt 11arHHT B HOpMBRl>HOe COCTOHHHe. TaKHM 

06paao11,BnepBue 3KCil8pHlleHTaJIJ,HO Ha6JIIOJtaJIOCJ, H3MeHeHH8 HeOJ!HOPOJ!HOCTH 
JIHHettHo aapacTallmero noJIH B anepType JtHnonLHoro 11arm'ITa npH o6paaoBa
HHH orpaHHqeHHOtt HOpllaJIJ,HOtt 30Hbl IlOJ! Jte«cTBHeY JIOKDJll>HOro IlOJ!KPHTHqHo
ro HarpeBa OCJMOTKH BH8WHHII HllnyJibCHHII HCToqHHKOM TenJia 131_ 

B KS68Jl8 CII l\laI'HHTOB, IIOJIJI KOTOpblX qJOPMHPYJlTCH B OCHOBHOM 
CITO, o6paaoBrume OH3 MOlt8T IlpHB8CTH K 60Ju.W8MY H3M8H8lillll rapMOHH
'!8CKOro COCTaBa IlOJIJI ( 'a8 ) 1 'IITO CJIBJ!YeT yqHTHBaTI, npH paapa60TK8 
YBrHHTHllX CHCTeM YCKOPHTeJIH, pa6oTaIDUU'IX B YCJIOBHHX llOBHmeHHOtt paJ!HB
UHOHHOtt Harpy3KH 74/. 

B TpeT1>ett rJiaBe npoBeJteHO Cp8BH8HH8 nonyqeHHHX 3KCil8pHM8HT8JIJ,
HHX JtaHHllX C peayJILTaTaMH TellJIOipH3HqecKHX pacqeTOB H pacqeTOB H8YeHe

HHH rapllOHH'lleCKoro COCTaBa ITOJIH B anepType CII J!HilOJIH; KaqecTBeHHO 
npoaHaJIH3HpOBaHa CBH3J, pocTa H3 B cno C HCKaJKeHHHMH IlOJIH B anefType 
JtHIToJILHoro uarHHTa cHHXpoTpotta H noTepHMH nyqKa npH ycKopeHHH/ I. 

II 



PacqeT pasorpeBa o6MOTKl1 npHMeHHT8JII,HO K yCJIOBHHY 'AaHHOro 8KCII8PH
MeHTa17/ npOBO~JlCH C 11CllOJII,80BaHHeY YeTO'Aa, OCHOBaHHOrO Ha tIHCJ18HHOM 
MO'A8Jil1POBaHHH Sa'AaqH Ha6opoy O'AHOMepHblX HeCTaUHO.HapHblX ypaBH8HHtt T8ll
JIOnpOBO'AHOCTl1: 

Mv 

(Ay c.)}['=]. FAi),~•/A7/; • i ( f,I,; ( -i; -TJ•I t p), / r.-r.), ca i 
'AJIH cnoeB, Ha KOTopue pas6H/anac1, pacqeTHaH 06nacT1,, c aaqan1,HblYH 
rpaH11qHblYH ycnoBHHMl1: 

"fl{X,d}=To,. , (9) 

A· r,,. ~ B· Jr,· - C · , , Jx - , 
JTl JJ, Ti + E, Tx = f;, 

np11 X = O, (IO) 

npH X = Lx, (II) 

r'Ae T-TeMIIepama; A - nno111a'A1, nonepeqHoro cetieinrn; f -nnoTHocT1,; 
Cy- Y'A8JII,Hafl TennoeYKOCTI,; t - BP8MH; i{. - K08qlqll1UH8HT Tennonpo.BO'A
HOCT11; J - MOUIHOCTI, TennO.Bll'A8JieHHH Ha_8'Al1HHny o6~ewa; My- 'IHCJIO 
ypaBH8HHtt; p - nep11weTp TennoBoro .Bsa11MO'AettcTB11H; RT - TepuHqecKoe 
conpoT11BneH11e; J, - KOBq)(p11n11eHT TennoOT'Aatm; lx - xapaKTepHutt pas
uep. 

0H~8Kc·i osaaqaeT HOM8p ypaBH8Hl1H, Toi - HatiaJII,H08 8HaqeHHe 
T8Mll8paTypu. ,llnH Toro qTo6u yqecTI, 118M8H8HH8 CBOttCT.B uaTep11aJIO.B B 
saBl1Cl1YOCTH OT TeunepaTYPU H BeJIHqHHbl HH'AYKUHtt uarHHTHOro llOJIH, 
KownneKcu ( fi/C,,, ) , . , {A 'J.. }i 11 (p/Rr}, 6unH <l>YHKUHHMH 
X HT; ( A1_ )i H ( lip ),- <l>YHKUHHMl'I x, TH t ; Al' Bi' c, ,"JJ.i 
El , Fi - <l>YHKUHHYH T 11 t . 

BB8'A8HH8 B ypaBH8HHH qneHOB, OllHCIIBa1011111x T8llJIOB08 B8aHMO'A8ttCT
.Bl18 C XJia'AoreHTOM 11 C.Bf!8H M8E'Ay_ypaBH8HHHMH, HCllOJII,80.BaHH8 0606111eH-
HblX rpaHHqHUX YCJIOBHtt (IO), (II) ll08.BOJIHJOT npHM8Hf!TI, CHCT8MY (8)t 
¼ (II) 'AJIH YO'A8JIHpOBaHHH ll0'A06Horo PO'Aa ('ABywepHUX H TpexwepHblX H8-
CTaUHOH0PHblX) sa'Aaq. 

PHc.? HJIJIIOCTp11pyeT 8KCnepHY8HTaJII,HYJO H pacqeTHYJO saBHCHYOCTH 
'AOilYCTHYOro T8llJIOBbl'A8 JI8HHH .B Ha rpe.BaTene _ (}, OT IlO'AKPHTHqHOCTH, r,l{e 
IC~ 2 KA - KPHTHqecKHtt TOK o6YOTKH B co6CTB8HHOY warHHTHOY.none npH 
To = 4,2 K H 0. = o. 8TH 'AQHHl:l8 6liJIH H8Y8P8Hbl nyTeY BapI,HpOB0HHH Q 
npH I = co,Ht • CnnomHott JIHH.Hett noxasaHbl pesyn1,TaTbl pacqeTa. B 
pacqeTax llP8AllOJiaranoc1,, qro nepeXO'A 06YOTKH C TpaHcnopTHblM TOKOY 
I =I O ( Tmax• B0 .) B Hopuan1,Hoe cocTOHHHe npoecxoAHT npH Bunonne

HHl1 YCJIOBl1H T ( 't ) _), Tmax· ,llnH OllP8'A8JI8HHH .B8JIH'lll1Hli KPl1THqecKoro 
TOKa I O ( T ,B0 ) ecnon1,s0Banac1, xapaKTepHCTHKa o6pasna (I), nonytieH
HaH B 8KCll8PHY8HT8X no OllP8'A8JI8HHD TOKOHecy~en cnoco6HOCTH Cil K068Jlf! 

12 

(r~.II) 11 CKOppeKTHPOBaHHaH C yqeTOM 8HaqeHl1f! Kpl1T11qecKoro TOKa 06-
MOTKH 8KCnep11M8HTBJII,HOro warHl1T8 np11 T = 4,2 K. 

2,0 

1,5 

.:i t 6 • 

&I" 
1,0 

0,5 

0 '----'-~--'---~..___.---'---'---~ 
0,1 o,; o,s o:i o,9 

1/lc(B,T) 

P11c •?. Paccq11TBHll8fl ( CllJIOWHall JJHHl1fl ) 
11 HSMepeHHaH .B 8KCIIepl1M8HTe ( 0B8TJJUe 
TpeyrOJII,H.HKl1 - CBepxnpoBO'Af!~ee COCTOH
HHe M8rHl1Ta np11 HMilYJII,CHOM Harpe.Be cno, 
TeMHble-nepeXO'All uarHl1Ta) 88BliCHMOCTH 
np8'A8JII,HO 'AOilYCT11MOro HMnyJII,CHOro 
( 'f\4~ 0,5 MC ) 8H8prOBl:l'AeJielllm B 
Harpe.BaTeJie H4 OT nO'AKPHTHqHOCTH err 
1.1arHHTa. 

U11qipon I oTueqe»a pacqeTHaH 06nacT1,, B 
KOTOpon nepeXO'A o6MOTKH npoHCXOAHJI B 
peE111.1ax HecTaUHoHapHoro nysup1,K0Boro 11 

nneHoq»oro KHneH11H, n11qipott II - B peuwe neperpeBa napa re1111H. 
IlonyqeHmrn (r~.II) 8KCnep11MeHT8JII,Hbl8. AaHHbl8 no HMilYJII,CHOMY Harpe.By 

06MOTKH Il08BOJIHJIH npOB8PRTI, 11 CKOpp8KTl1pO.BaTI, T8llnOBU8 pacqeTl:l 'AJIH 

lliTBTHOro en 'AHnOJIH norpy~Horo THIIa, HCilOJII,Syeuoro B CMC Cl1HXPOTpOHa 
cmrn. 

YAOBn8TBOPl1T8JII,H08 CO.Blla'A8HH8 pesyn1,TaTOB pacqeTa C 8KCII8p1111eH
T8JII,HliMH 'AaHHl:lMl1 nos.BOJIHJIO paccq11TaTI, npeAeJII,HO AOIIYCTHMUe BHeprOBliAe
JieHHH B uarHHT8 CHHXPOTPOHa CJIBH 'AJIH cnyqan, KOrAa HCTOqHlfK OIIHCUBaJI
Cf! 8MllHpHqecKott <l>YHKUHett, nonyqeHHOtt Ha OCHO.Be AaHHUX O pa~aJII,HOM pac
npeAeJieHl1H IlJIOTHOCTH 8HeprOBUA8JI8HHH np11 na'AeHHH Ha CITO npOTOHOB C 
8HeprHett Ep~ IO raB ( q>OpMHPOBaHHe HCTQqH11Ka 8HeprOBU'AeJI8HHH IIPH na
A8HHH ycirnpf!eMUX qacTHU Ha CT8HKH BaKyy1.rnon KaMepu c1rnxp0Tp0Ha CffilH 
paCCMOTp8HO B m. IY). 

Pacnpe'AeJieH.He IlJIOTHOCTH aHeprOBUAeJieHHf! 1v< X t y ) npe'AllOJiara
JIOCI, paBHOMepHliM no 'AJ111He MarHl1Ta H HOpMaJI:bHUII ( C napaMeTpou Uy) no 

KOOP.l\11H~:e Y ( CM. PHC.2 ): 
112 

1: KEp L/XP {- 2~ 2 -J;.{E,1[(1-1- !YJ{x - :J} } , (12) 

r'Ae K: I,2·I0-6 ; Ep - aHepr11H BTOpHqHux npoTOHoB; Lp - q11cJJo noTe
pHHHliX npoToHoB; y P (EP) = 3,I tn EP + 4,I ; a - paa11ep anepTypu 
uarHHTa. 

C HCIIOJII,~OBBHHeM 8TOro pacnpe.11eneHl-ill 6llJI11 pacc1rnTaHli/7 / samlCH
MOCTH ( p110.8) ne1rnq11HU 8Hepr1111, He06XO'AHMOi1 Mf! nepexo.11a B HOpMaJII,-
1100 COCTOf!Hl1e TQqKlf 06u0Tm11 C KOOp,llHH8TaMl1 X = a/2' y: 0 11 o6MOTKH B 
~eJJOM ( HOpMaJII,Hafl 80Ha 88HHM86T BCe ceqeHHe Ka6eJIH ), OT 

13 



,nnHTen1>HOCTH m1n:yn1,0a :aHepl'OBll,IteneHHll 'fu 
no,nKpHTHtUIOCTH. 

npH pa:annqHNx :aHaqeHHRX 
.-" 

-.-1 0, "~ 3- .::: 
10• 

~g 

10• .. ,o-~,~~~,o~-,-~~10~-~. ~~....,,_._.. 
t" .c 

IO" 

Puc. 8. SaBHCHMOCTl> OT ~HTenl>HOCTH HM
n:yn1,ca npe,nen1>Ho ,nonycTHMoro :aHeproBN,ne
neHHR ~ll Toqim 06MOTKH C KOOP~H8T8MH 

x-= .a /2 1 Y = o ( cnnomHNe nn-
HHH) H_06MOTKH B ~enou ( nyHKTHPH!le 
KPHB!le) npH na,neHHH npOTOHOB C :aHeprH
ett Ep = 1 r:aB Ha o6MOTKY uarHHTa. 

Pe:ayn1>T8Tll pacq~Ta npHBC,IteHl,I ,nnR :aHaqeHHR :aHeprHH nepBHqHNx npOTOHOB 
1 r:aB H nnoTHOCTH Be~eCTBa f = 0,?2 r/cu3 Ben Ka6ene 06MOTKH. Il~e
na,n TeunepaTypll no 06MOTKe BAOnl> OCH X B MOMeHT BpeMeHH t = 5·10 c 
COCTaBnReT 1,5 K. 

Ha PHCYHKe 9 npe,ncTaBJieH!l pe:ayn1>T8Tll pacqeTa npe,neJil>HO ,nonyCTH
MOtt A08ll (TIJ:Ul) w',- B CIIO ,nHnon!l AJIR cnyqaR :aHeproBNABJIBHHll B 06-
MOTKe cornacHo (12) npn EP = i r:aB H AnHTen1>HOCTH nun:yn1,ca aHepro

.BNAeneHHR 5•10-4c H 2•10-5 c. 

s~arp i I 
24 ~w.im-,! 

Ml 
tu<':!Mc 

16 { 1 . ,Ti'rei!!C_ 

·a.. l tj '-12 ! · t ~-- +i : 'C.-20H•C 
8 ,1" 

4~ ¼.'\,+,, 
'u~ 
' . . .. 

PHc. 9. BKcnepHM8HTan1>Hlle 'ASHHlle, nony
qeH!We npH 06nyqeHHH Cil M8l'HHT0B Ha npo
TOHHNX nyqxax B pa:anHqHl,IX ycnOBHHX,H Ha
mH pac~eT!l IlJUl ( cnnomHaR H IJyHKTHpHaR 
nHHHH) ~R o6nyqeHHR CITO AHnOJill CHHXpO
TpoHa CiillH npOTOHaMH C :aHeprHett 
Ep = 1 raB. 

8AeC1> xe npe,ncTaBneHl,I :aKcnepHM8H-
0.2 0.4 o.s a.a 1.0 Tan1>HNe ,naHHUe, nonytiemrae npH o6nyqe-

I/Imax HHH B paanHIIHOtt r60M6TPHH err uarHH!l'OB 

0 

npOTOHHUMH n:yqxauH c :aHeprHRMH 2? ,6~ Ep' 400 raB B Jia6opaTOfW!. HM. 
3.~ep.m,·AparoHcxott H Epyruce.lmeucxott ~a6opaTopKJDC (CIIIA)/!5- 7~Cpaime
HHe AaHHllX, nonyqeHHUX B 8KCnepHll8HTax no o6nyqeHHD err uarHHTOB,H pe
aynuaTOB pacqeTa IlOK88h!BaeT HX Y'AOBJieTBOPHTen1>HOe, Ha Ham B:arnRA, 
cornacHe, a ,naHHaR MeTOAHK8 pacqeTa peKOMeH,llyeTCR ~R nP.Ol'H08HpOB8IDIR 
IlJUl B CITO uarHHTHblX cHcTeu ycxopHTenett BNCOKHX :aHeprHtt ll, 51. 

14 

B qeTBePTOtt r~aBe paCCMOTpeHU BOnpocu, CBff38JIHUe C pacqeTOM 
p8,IU!aUHOHIIHX Harpy:aoK Ha CITO Ma.l'HHTOB CHHxpOTpOHa: aH~v.:yeTC.fI . 
npHMeHlIMOCTI, T~OPHH MHOroKpaTHOro pacce.fIHH.fI G.Moliere l K :aa,naqe 
onpe,ne~emm HCToqHHKa pa,nuarumHHoro HarpeBa CMC H npHBe,neH1,1 pe:ay;n,
TaTu pacqeTa pacnpe,ne~eHHR ,no:au B err MaI'HHTe cHmcpoTpoHa crnm npn 
CK0~3RmeM na,neHHH npOTOHOB H R,Itep 4He l! 12c Ha CT8Hl{Y l!OHOnpOBO,na. 

.urumue 06 HCTOtrnl!Ke 8HeproBII,ne~eHH.fI MOryT OllTl> no~yqeHU TO~KO 
npH KOppeKTHOM yqeTe pacceRHmI TepSieMUX qacTl!Il B BaKYYMHOtt I<aMepe 
CHHxpOTpoHa. 

Mo.nmiJHill!POBaHHM Teop:im a.Moliere xoporno onHCUBaeT MHoroKpaT
Hoe paccemrne Ha Bcex :a~eMeHTax npoToHoB H ooJJee ~ernnx :aap.!D!temrax 
"<IaCTl!Il c :aHeprHRMl! .IJ.2 200,:aB n llOlIOB OT a:aoTa ,no ypaHa c :aHeprHSIMH 
,no 1,5 M:aB•HYKJIOH-I/12,13. 

B nponecce pa:apa6oTKH HOBott MeTO,nHKH nonpaBKH.H3MepJieMUX c_no
MOil{I,ID BP8M.fIIIPM8THOro cneKTpOMeTpa cneKTpOB :aa~emrnx qacTHn Ha 
TIOTepH :ira-:aa MHOl'OKpaTHOrO KYJJOHOBCKOI'O pacce.fIHIDI/lO/ 6wra npo
Be,neHa :aKcnepHMeHTanI,HaR npoBepKa KoppeKTHOCTH onucumm c n0Mom1>10 
3TOit TeOpl!H MHOroK~aTHOro pacceRHHR Ha CUHHTHJIJIIITOpe (C19 H21>9 M8,Itl! 
H CBHHUe smep 2H, '11, 3He H 'ire c ~JI1>c&m 0,8+2 raB/c/ ,IO/. 
Pe:ayJII,TaTH IlOKa38.Jil! cor~~CHe :aKcnepHMeHTaJII:,HUX l! pac"<IeTHUX ,Ita.HHUX B 
npe,ne.nax 8KCnepl!MeHTanI,HUX omH60K. 

Pac"<IeTu, Buno~neHHue nYTeM nornaroBoro po:aurpuma yrJia pacceRHHR, 
BWil!CJllleMoro Ha OCHOBe :aTott TeOpMH, H C y"<IeTOM nonepetrnoro CMemeHIDI 
TpaeKTOpHH "<IaCTlm B·MaTepHMe, IlOKa3UBaroT, Hanpl!Mep, qTQ ripH na,neHHH 
Jierruu smep (P, He, C) c :aHeprnett ,no l raB/HYKJioH no,n yrJioM l MHJIJIH
pa,nHaH Ha CTaJIJ,HYJ() CTeHey Bru<:YYMJ{Ott K8Mepu 6oJiee 50% HX qHCJia OTpa
lltaeTCR.·IloaTOMY npH paqqeTax pa,nHaJII,Hl,IX ,noaHUx pacnpe,neJieHHtt H oneH
Kax ,nonycTHMHX TIOTepI, IlyqKOB B c:imxpoTpOHe CIIillfytmTllBaJIOCI, OTprur.e
HHe TepSieMHX ·"<IaCTHU OT CTeHOK HOHonpoBo,na. 

IlpH npoBe,neHHH pac"<IeTOB HaMH HCilOJil,30BaH BapHaHT KOMIIJieKca npo
rpaMM, paspa6oTaHHoro Ha ocHoBe Kac~o-HcnapHTeJII,HOI Mo,neJm smpo
R,ItepHUx BSam.!O,neftcTBd. Ha pHc.IO Il0Ka3ru!, Hanpm.mp, pesym,TaT pac
qeTa pa,nHMl>Horo pacnpe,neJiemm ,nosu D ( X - C4 /2 , 'I } B Ma.TepHaJie ,IJ;H

IlOJII,Horo WU'HHTa cHHXpoTpoua crnrn npu na,nemm n,nep yrJiepo,Ita c aHep
rnel 0,125 ~ E•1c ~ 0,84 raB no,n yrJioM ex£ = l Mpa,n -Ha cTeHKY 
HOHOnpoBO~a. lih'pHXOBKOI Ha pHc.10 OTMeqeHU o6JiaCTH, COOTBeTCTBYDUtHe 
CTeHKe HOHOilPOBO,na TOJlll1HHOI 0,5 ""1, CBepxnpooo,nmnel o6MOTKe H ze
Jie3HOMY ~ MB.I'HHTa. C llCilOJII,30138.HlleM BumeyKa:aaHHOI'O KO~eKca 
nporpSMM 71 I, ~anT:HpoBaHHoro x ,lUUIHOtt sa,naqe, 6wm IlOJIYTi8HH aaa.no
rztIHHe pe91nTaTa ~ .1J,D;ep Jl8M8 yr~apo,Ita c :aHeprlit.fIMR E ~I raB·uyxji~ 
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Pnc.IO •. Pacnpe,neJieHHe norJiomeHHott ~osu 
no rJiy6IDie ,ItHIIOJII,HOro err Marnnra npII na
,nemm Ha CTeHKy ROHOnpooo,na CIDlxpOTpoHa 
no,n yrJIOM i Mpa,n smep yrJiepo,na. 

Ha ocHoBe no.rryqemrnx pacqerHWC ,naHHHx paspa6oraHa Mero;nraa.12/ 
nMysMIIHJ>:11qecKOR oneHKll ,ll;03li B err MarHHTax ll ,nonycTHM08 RHTeHCHBHOC
TH nyqKOB npn nacTpOIKe CBepxnpOBO.IVIIllHX CIDixpOT!)OHOB. Pe3yJII,TaTH 
pacqera npe,neJII,HO ,nonycTHM08 IDITeHCRBHOCTll nyqKOB ( N1) IlpOTOHOB 
II smep npn paBHoMepHo pacrrpe,neJIBHHHX norepmc no nepl!Merpy ( {g } 
cHHxporpoHa CIIllli npe,ncr~eHH B ra6~ne 2 (sBes,no~oa omeqeHa npn
WITM TMmRHa CTeHKH ROHOITPOBO,na YCKOPHTeJilI}. 

Ta6~a 2 

Tnn 
IlpoeKTHHe ,naHHHe i:f t , qacTHU•nmtll -r , f =D,8 ; 
CHIDCpOTpoHa CIII1H ,, = 54 M- de - I un,,.,, 

JI.IUla TOJIIIUll:[a CTeHKH ROHOnpooo,na, MM 

E No 0,0 0,5* I,0 
raB 0 HyKJI.-I smep.J:UiM-I 

iH I,5 I,4•IOII 6,G•IOIO I,B•IOII 2,o.ro12 

2.H 0,53 2,a.roII . 3,5.roID I,5•!0.ll r,7.rn12 

4 He . 0,53 r,4.ro11 I,9.IOlU 9,2·IOlU r,r.ro12 . 

n.c. 0,53 r,2.roII 3,4•I09 2,9.IOlU 3,a.roII 

:,ofe 0,39 I,55.I01U 5,9°Io8 7,7•IO'J I,I 0 I011 

131Xe 0,23 4,47.!09 3,8°Ia8 6,2-I09 I, I• IOII 

tD7PI O,I45 2,4•IO'J 3,9•Ic:fl 7 ,a.ro'J I,7.IQil 
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B 3aKJII0qemrn cqiopMy-nHpOBaHH OCHOBHHe pesym,TaTll ;n;nccepTaUIIOHHOll 
pa60TH: . 

I. YcTaHOMeHa B3aHMoo6yCJIOMeHJ:IaJi TepMO;n;HHru,mqecKaJI ll aJieKTpo
MarHRTHall CBflSI, IlOTepI, tJaCTRll npn ycKopeHHR ll pa,nHaUHOHHOro HarpeBa 
06MOTOK C HSMeHeHHeM pacnpe,neJiemm IlOJilI B aneprypax CBepxnpOBO,ll;ffi!lliX 
MarHHTOB CHHxpOrpOHOB. 

2. IIpe,nJIO.llteHO MeTo;n;nqecKoe pememre aKcnepm..ieHTaJil>Hott npoBep1rn 
yxasaHHoro aqqJeKTa, OCHOBaHHOe Ha HSMepeHlili rapMoimqecKoro COCTaBa 
IlOJilI np:n CHHxpoimsaUHH IlOnRPlITH'IHOro m.myJII,CHOro narpeBa C UHKJlOM 
TOKa B CBepxnpOBO~ei 06MOTKe lI pas,neJieHHH .BO BpeMeHH MeKTpOMarimT
HOrO H TellJIOBOro B03MYllleH1Ul pacnpe,neJiemm: IlOJilI MarHlITa. 8KcneplIM8H
TaJII,HO lI C IlOMOml>D pacqeTOB npoBepeHa npHMeHHMOCTl> 3TOro pememm 
K MarHHTaM c o6MOTK8MlI HS .TPaHCilOHHpOBaHHOro Ka6eM. 

3. Paspa60TaHa MeTO,nHKa,noSBOJI.R!Oma.ll HSMeplITI, pacnpe,ne~eHHe Mar
HllTHOrO noJIJI B aneprype ll rpaimey ,nIDiaMHtJeCKOtt ycTOHllHBOCTH cBepxrrpo
BO.IVIIllero MarHHTa rrpn m.myJII,CHOM Harp8B8 ero o6MOTKH. 

4. BnepBHe n~eHH cJie;nyt0mne aKcn~pHMeHTaJII,HHe peayJII,TaTH: 
a) TOKOHecyma.11 cnoco6HOCTI, TpaHCilOHllpOBaHHOrO I<a6eM c HCRYC

CTB8HHO C03,ll;aHHOtt HOpMaJII,HOI 30HOtt ,nocTaTOtJHa npll llH,lzyRUllll ,no I,5 T 
,ll;JIH m,myJII,CHOro pellUIMB. pa60TH MarHHTa CHH.;:IJGTpOI!a Cffi1H; 

6) rpaHHJ.nl ,nRHaMH'IecRo8 ycrolq:imocTH caepxrrpoBo.zvnnero Ra6eJUI n 
OT,neJII,HOro ROMil03HTHOro CBepxrrpOBO,nHHRa paamqruoTCR B ,nnanaaoHe mI

,nyKI.tltii 0,3+2 T; B npe,neJiax sroa o6JiaCTH B Ra6eJie cBepxrrpoBo.nmnea 
06MOTRH MOXeT cymeCTBOBaTb HOPMaJII,HalI 30Ha, 'ITO IlO,ll;TBepl!QJ;aeTCR ll3Me
H8HlleM rapMOHHtJeCROro COCTaBa IlOJIJI MarHHTa; 

B) IlORa3aHHII TepMo;n:aTtJHROB, KOHTaRTHPYDmHX co CBepxnpOBO.IU!lll8ll 
06MOTKOR,CBli,neTeJII,CTBYDT O HaJIHtJ:llli TeMIIepaTypHOro rpa,nlrnHTa, npHBO
,!l,Hlllero K nepexo,ny or,neJII,HHX npoBo,ni~HROB npn coxpaIIeimn TOROHecymel 
cnoco6HOCTH Ra6eM B neJIOM, 

5. UeJieHanp~eIIHO HCilMl>30BaH KOMilJleRC paapa6oTaHHHX nporpaMM 
;n:.IIlI pacqera pacnpocrpaHeHIDI renJia, ROTOPIIB rroaBOJllIJI BnepBHe: 

a) paccqHTaTI, ycpe,nHBHHYD T8MII8paTypy T8p.MOM8TpOB, ROHT_aKTHPYJO
U!llX co CBepxnpoBo.nmneil o6MOTKOii, 11 or,neJII,HllX sJieMeHTOB Ra6eM; 

6) npoBeCTH cpaBHRTeJII,Hli8 aHaJm3 no~eHHHX 3RCnepm.teHTaJil,HllX 
ll pacqeTHHX ,naHHHX C ]lE!JlI,D KOppeKUHH pacqeTOB; 

B) n~HTl> npocTpaHCTBeHHO-BpeMeHHOe pacnpe,neJieHHe TeMIIeparypu 
B ceqeHe 06MOTRH npn ee HMIIYJII,CHOM HarpeBe ll o6JiyqeHHH; 

r) ycTaJIOBHTI, npe,neJII,HO .nonyCTID.llie ,ll;03U 06JIYqeHHJI CBep:mpOBO,UfI
l!l8rO ,nHIIQJII,HOro MarHHTa CllHxpOTPOHa cmrn. 
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6. C,neJiaH anamrn MeTO;:{m< pac'IeToB norJiomeHHofi :mepr,m B cno.mc 

odMOTmI TOJill1lmoil ,no 4 r / cr..i2 · npll CROJih3.!IJ!8M na,nelillll peJlllTHBHCTCllilX 

R,nep C 3Heprlleil ,no I,5 r3B/eyKJIOH ll IIOJIY'J8HH': 

a) RO:l{fxlllru;ueHTll OTpalKemm 'IaCT~ B pe3yJibTaTe MHOroKpaTHOro KYJIO
HOBCKoro pacceamm Ha CTeHKax CTaJibHOll BaK,YYMHOtt KaMepu CllHXpOTpOHa; 

6) IlOJiy:ll\1Illlp1l'tJ:8CRll8 Bupal!temm ,IlJlll BWH1CJI8HIDI norJiomeHHOll 3Heprnu 

npll paBHOMepno pacnpe,neJieHHOM Jillli8liHOM l!CTO'tJ:HRKe IIOT9pb nepBU'IlUIX 

R,nep; 

B) npe,ne.Jll,HO ,nonyCTllMUe B8Jill'I11Hll IIOT8pb B. o6MOTK8 ,IllIDOJibHOro 

MaI'Hl!Ta CBepxnpoBo.n.muero CllHXpoTpOHa CTil!H C y"tJ:eTOM :iq$)ItTa pa,nna1iu

OHl!OI'O B03MYII18HllR 1\18.I'ffi!THOro IIOJlll. 
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