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JiwcTpwe ynpaBJJ•ewwe 3aTBopw uorna 6w aaiiTB P•A 
noJJe3HWX npaueaeaal B accneAOBaHBJIX c ynLTpaxono.AHw
MB aeiiTpoaaua /YXH/. Hanpauep, npa acnonL30BaHBB au
nynLcaoro peaxTopa B xaqecTBe BCToqaaxa ueiiTpouos 
npaueueaae 6wcTporo 3aTsopa, OTCeKaJOUlero xousepTop 
YXH OT ueiiTpOHOBO.Aa B Teqeuae speueua MelKA)' aunynL- · 
caua peanopa, no3sonano 6w CYJileCTBeuuo BOJlH•TL nnoT
HOCTL YXH B ueiTpouoso,Ae /1,2/. Kpoue Toro, aunynLcawii 
3aTsop B xaqecTBe 6wcTporo npepwsaTen• no3sonan 6w 
npOBO,ABTL cneKTpOMeTpBIO no BpeMeHB. nponeTa B, B03MO)I(
HO, ,Apyrae 3KcnepaueaTw. 

llouauo oqeBB.ABWX :wexauaqecxax xoacTpy:KUBii, uanaJI 
3Hepra• YXH B npBHI(Bne no3son•eT acnoru.30BaTL Jln• 
3anapaHBJI lleiTpOHOB 3HeprBIO B3aBMO,AeBCTBB• uarHBT
HOrO uoueaTa ueiiTpoua c uarHBTHWM noneu. B uacTo~eii 
pa6oTe npe,AnaraeTc• 3 TBna 3aTsopoB .An• YXH c acnonL-
30Baaaeu clleppouarBBTHWX nneaox. 

1. HJle• acnoru.3oBaHBJI uarBBTHoro non• B Baxyyue 
.An• 3anapaaa• YXH 6wna swcxa3aaa B. B. Bna,Aauapcxau / 3/. 
ABanoraquym poru. MO)I(eT arpaTL uaraaTaa• BHJlYICUB• 
B clleppouaraaTaol cpe,Ae. Ecna aeiTpou npoxo.ABT rpaaQy 
pa3Jlena BaKyyu-uarBBTHWB KpBCT8JlJI, TO Ha nosepXHOCTB 
xpacTanna 3cllclleKTBBHWi noTeai(Ban .AnJI ueiiTpoua ueu•eTc• 
ua senaqauy 

h2 
<U> = --NhKor ± J1 nB, 

2 77In 
/1/ 

r.Ae N - qacno JI,Aep B e,AHBBI(e o6'Lewa xpacT8JlJia, bKor -
aunnaTyJla xorepeaTaoro pacceJIBBJI aeiiTpoua aa ~pax 
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xpBCT&JIJJa, p. 
0 

- :warHBTHwA MOMeHT ueiTpoua, B - seJJB'IB· 

H& M&rHBTHOI IUI.QYICllBB B ICPBCTanne, m • M&CC& HeiTpOH&. 

3H&JC omoc B ypaBHeHBB /1/ COOTBeTCTByeT oapannenhHOI 

OpBeHT&QBB COBB& ReiTpOH& B M&rRBTROI BH~ICllBB, 3H&IC 

MBHYC • &RTBD&pannenLHOI. ECnB DOA06p&TLteppo:warHe· 

TBJC, B JCOTOpOM BMeeT MeCTO p&BeHCTBO 

h 2 "" 
--NbKor- p.B, /2/ 
2rrm 

TO B R&M&rHB'IeHHOM COCTO.HBB OR 6yAeT DOnROCTLIO OT· 

JJ&JK&TL OARO coRBosoe cocTo•aBe YXH B opooycJC&TL BHYTPL 

ce6• APYrGe. Tau:w csolcTBOM o6n&,ll&JOT, aaop&:wep, conas 

8~ JKenua B 92~ JCo6am.Ta; JKene3o c oopeAeneHHOIJCoH· 

QeHTP&IlBel CBOBX B30TODOB II AP· EcnB OTp&JK&IOIIlYJO CTeHJCY 

CAen&'l'L B BRAe TOHJCOI oneHJCB TOJDIUIHOI DOPQIC& HeCJCOnh

ICIIX MBJCPOH, 'IT06w y:weHLDIIITL oornollleHBe YXH op11 BX 

DpOXOQeHBB 11epe3 DneHJCy, TO ee MOJKIIO IICDOnh30B&TL 

An• co3A&HB• BMDfnhCHoro uarHIITH·oro 3&Taopa YXH. 

~· R&M&rRB'IIIB&HB. B oepeM&rHB'IBB&HII. T&JCOI oneHJCB 

Tpe6yeTc• Cp&BHIITenbHO yuepeHHOe M&rHBTHOe Done • He· 

CJCOnhiCO COTeH BnB, B ny'lllleM cnyqae, Aec•TICOB 3pCTeA. 

T&ICYJO teppouarHIITHYJO oneHJCY MOJKIIO oepeU&rHII'IBB&TL 

C AOCT&TO'IHO 6onhmol 'I&CTOTOI. 

Ha pucyHKe ooJCa3&Ho ycTpolcTBO An• H&JCooneHII• YXH 

B ReiTpOROBOAe C IICDOnh30B&HBeM teppouarHIITHOI oneHICII. 

YcTpOICTBO COCTOBT B3 TOHJCOI teppouarHIITHOI oneHJCB 

3 B H&M&rHB'IIIB&IOIQero yCTpOICTB&, R&DpiiMep, 3neJCTpo· 

uarBHTa S. IlneHKa pacoonaraeTc• aa oosepxHOCTB BnB 

B HeoocpeACTBeRROI 6nB30CTR ICOHBepTOpa 2, B ICOTOpOM 

YXH reaepBPYJOTCa Teonoswua HeiTpoH&MB, awneT&JODUI· 

MB B3 3&MeAn&Ten• 1 IIYDynLCHOrO pt&JCTOp&. B . Te'leHJie 

BMDYnhC& pe&JCTOp& nneHJC& H&M&rHB'IIIB&eTc• B onpeAeneH • 

HOM R&Dp&&neRBII, B BHTep:&a.JJW BpeYeHJI MeQy BMDYAC&MB 

pe&JCTOp& nneHJC& H&M&rHB'IBB&eTca B DPOTIIBODOnOJKIIOM 

aanpaaneHBB, T&JC 'ITO YXH co CDBHOM, napannenHwu 

R&Dp&BneHBJO H&M&rRB'IeHROCTB nneHJCB, B BHTepaane MeJK • 

AY BYDynLC&MII pe&JCTOp& OIC&3WB&JOTC. 3anepTWMB B BelT· 

POHOBOAe 4. 

2. BBeAeHJieM AODOnRBTenLHoro coneHOBA& B 3&3op 

uarHBTa S, npeAH&3R&'IeHHoro Ana HauarHII'IIIB&HB• tep .. 
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CxeMa•u'leCKOe U3o6paxeHue HaKonu•eAJI YXH c 

UcnoAb306QHUeM -eppOMQZHU.HOU nAeHKU: 1 - 30Mec)JJu•e.llb 
uMnyAbcHozo uc•o'IHUKa Heu•poHoe, 2 - KoHeep•op YXH, 
3 - -eppoMOZHU.HQJI nJJeHKO, 4 • Heu•pOH060c) UAU 3QMKHy· 
.biU cocyc), 5 - MQZHU., 6 - COAeHouc). 

pouarHHTHOI DneHJCH, MOJKIIO B HeJCOTOpOY OTHOmeHRH yn

pOCTBTL YCTpOiCTBO, ODBC&HHOe Bwme, B p&CDIIIpBTL AB&· 

D&30H ero npBYeHeHBI. 3TOT AODOnRBTenLHWI coneHOBA 

npeAH&3H&'IeH AnR C03A&HBS UepeYeHHOrO Y&rHHTHOrono· 

ns, aanpasneaaoro nepneHABKynapao nocTORHHOYY uarHRT

aouy nomo, DPB'IeY DOCTOSHHOe none AOJDKHO BYeTL rpa· 

ABeRT nonepeJC OCHOBHOI ero COCT&BnRJOUlel. 

Ha3H&'Iea&e AOnOnRBTenLHoro coneHo&Aa - ocy~ecT-
BnRTL 6WCTpwi &AB&6&TH'IeCJCBI nOBOpOT CDHHa* BelT· 

* 3TOT YeTOA WBpOJCO RCnOnL3yeTCS B Te,X,BJCe RAepao· 
ro Y&rHBTHOrO pe30H&HC& /CY., B&DpRYep,/4, /.flo npeA· 
no)l(eiJBIO B.H.JIYUlBJCOB& OH An• YXH 6wn npBueuea spa-
6oTe I~. qBcneaawe pac'le'J'¥ no onpeAeneHRJO c&nw uepa
seacTsa /4/ DPOAenauw B 161. 
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poaa, 'ITO npoBCXOABT npB BWnOJDieHBB JlBYX ycnoBd: 
a/ aanB'IBe pe3oHaaca B sexoTopol onpe~eneaaol 

TO'IJCe CT&JtBORapaoro :warHBTRoro non• 

(l) = yHo , /3/ 

r~e w- yrnoaa• 'lacToTa nepe:weaaoro Toxa B ~onolDIBTem.
ao:w conesoue, U0 - BenB'IBBa CTa~tBosapsoro :warssTao
ro non• B :nol TO'IKe, y - rapo:warBBTRoe OTBomesse seiT
poaa; 

6/ a~sa6aTB'Iecxoe npoxo-.qease: 
~ 

vmax • gradllo << yll~ ' /4/ 

r~e Vmax - YaKCBY&nltBOe 3Ba'leBBe CJCOpOCTB B cneJCTpe 
YXH, sradll0 - rpuaesT cTauosapsoro non• a sanpaa
neass nY'fJCa, II 1 - BenB'IBBa nepe:wessoro :warBBTBoro 
non•, co3~aaae:woro conesouo:w. 

llps sana'IBB ~ononsaTem.aoro conesoua oTnuaeT 
Be06XOABYOCTit B nepe:warBB'IBB&HBB Cleppo:warBBTBOI nnes
JCB, ~· 3aJCpWBaBB• 3aTBOpa ~OCTATO'IBO BWJCmo'IBTit ne
pe:weHBWI TOK B conesoue B teppo:warRBTHa• nnesxa 
Be 6y~eT BWnyCJCaTit YXH o6p&TBO, TeY CaYWY ORB OK8lKyT• 
c• 3anepTWMB B seiTpososo~e. Coneaou ~· co3•ss• 
nepeuessoro non• •an•eTc• cna6oTO'IBWY a o6nuaeT 
:wanoi BH~YJCTBssocTJoJO, 'ITO o6ner'l&eT nony'lease xopomu 
speuesswx xapaxTepscTBJC s:wnyn~ocsoro 3aTsopa. Kpo:we 
Toro, ~n• sa:warBB'IBB&BB• nnesJCB s 3TOY cny'lae YOlKHO 
BCDOnlt30B&Tit DOCTO.BBWI YarBBT. 

3. B 060BX ODBCaBBWX yCTpOICTBai YOlKBO OC)'IQeCT· 
an•Tit 3anapasae a saxonnesse YXH xaxol-ns6o ouol 
sw6paasol non•pa3allBB; nps npepwaassa noToJCa senon•ps-
30B&BBWX seiTposos rny6ssa :wo~yn•llBB npepwaae:woro 
DOTOJCa pasHa ~SYY, 'ITO Be •sn•eTc• y~o6BWY. B Cny'lae 
saxonnesa• YXH nps scnonJo30B&BBB onscasswx 3aTsopos 
S JCOY6BBallBB C BYDYJD.CBWY BCTO'IBBJCOY BeiTpOBOS Beo6-
XOABMO Dpe~DpBBBYaTit CDellB&nltBWe Mepw ~n· npe~OTSpa
UleBB. ~enon•pB3&1lBB BeiTpOBOB S ois'lteYe BaJCOnBTen•. 
Hanpsuep, ecns spew• xpaaess• YXH s saxonsTene cocTas
n•eT 100 c, TO ~· coxpasesa• non•ps3auB se :weaee 
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90~ OT ee nepSOBa'l&nltBOrO 3Ha'leRB. Tpe6yeTc• C03~aTJo 
YarBBTBOe none C OTHOCBTenltROI OUOPOUOCTitiO DO 06'1teYy 
saxonsTen• ae x)')Ke 0,8~. Co3~asse Taxsx ouopouwx 
nonel s 3Ba'IBTem.swx o61oe:wax npe~cTaan•eT xoT• s 
pa3peWBMYJO, BO ~OCTaTO'IRO ceplte3HYJO TeXBB'IeCKYJO 3a· 
•'~Y· .nn• Toro, '1To6w B36elKaTJo :wem&IOIJlero BnB•ss• 
:warBBTBoro non• 3e:wns, BCJC&lKessoro pa3nB'IBoro po• 
YeTannB'IeCJCBYB JCOBCTPYICIIB•MB B o6opy~OB&BBeM, Heo6-
XOABYO BnB 3JCp&BspOB&Tit R&JCODBTenlt OT 3TBX nonei, BnB 
C03~aB&Tit ~OCTaTO'IBO CBnltBOe pa6o'lee none S saxonBTene 
I ~o secxom.JCBx coTes 3pcTe~/, 'ITO Tpe6yeT, s cso10 
O'lepe~lt, ~OCTaTO'IBO MOIJlBWX MarBBTBWX CBCTeM H BC-
TO'IBBKOS TOJCa. . 

,nn. 3aDBpasB• BeiTpOBOS C mo6WY BanpasneBBeM CDBBa 
YOliCeT CnYliCBTit CBCTeYa 83 ~BYX teppo:warBBTBWX DneBOJC, 
pacnono•esswx ~ocTaTO'IBo 6ns3JCO oua oT ~pyrol. Ecns 
nnesxs sa:warBB'Ieaw B npoTBBononolKBwx sanpaanesa•x, 
TO DpB ycno&RB, 'ITO YeliC~Y nneHJC&YB Be DpOBCXO-T noso
pOTa CDBBa BeiTpOH8.. B DpOCTpaBCTBe/T.e. BYeeT YeCTO 
se~a6&TB'Iecxoe npoxo-.qesse/, Taxoe ycTpolcTBO 6y~eT 
oTp&liCaTJo YXH se3aasca:wo oT sanpaaness• non•pB3&1lBB. 
Ecna nnesxs sa:warss'lesw s ouo:w aanpasnesaa, TO Taxa• 
oyxcnoiBa• cscTe:wa 3JCssaanesTsa ouocnolsol. 

OcYIQeCTBBTit npoTBBononolKBYJO sa:warBB'IeBBOCTit ~Byx 
6nB3KO pacnonoliCeBBWX Cleppo:warBBTBWX nneHOJC MOlKBO 
C DOMOIJlltiO tonJorB C TOJCOY, DO o()e CTOpOHW KOTopol Ba
aeceHW Cleppo:warBBTBWe nnesxa. 011esuso, 'ITO rpaRB'Iaa• 
CKOPOCTit YaTepaana tonltrB ~OnlKBa 6WTit ~OCTaTO'IBO Y&nOI, 
'IT06W OCyiJleCTBn.Tit 3&DBpaBBe S ~OCTaTO'IHO WBPOKOY 
3BepreTB'Iecxo:w BBTepsane Y.XH. Hanps:wep, no~o~-ms:w 
:waTepaano:w •an•eTc• amo:wssd /rpaRB'Isa• 3Heprs• , 
0,55.10-7 3B/, o6nUaiOIJlBR npB 3TOM ~OCTaTO'IBO xopomel 
3neKTponpOSOUOCTitiO B Y&nWM Ce'leBBeY 3aXB&Ta B sa
rpeBa YXH. Bo3YOlKBO npsuesesse B caepxnpoao~•mel 
TOKOBOR cllonltrB. 

~n· 'IBCneBBWX OlleBOK napaYeTpOB TaKoro 3aTBOpa 
BCnOnlt3yey B3BeCTHYJO topuyny ~· BepO.THOCTB seusa-
6aTB'IeCKOrO npoxo~eas• 'lepe3 TOKOBYJO tom.ry /cu., 
BanpBMep,/7/ /: 

w=l-exp[-

2 
rrr • H d z 

4vzH x 
J ' /5/ 
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r.D;e d - TOJIUUIHa cllon~ora, vz - ICOMUOHeHTa ciCopocTB YXH, 

HOpMaJibHaJI IC cl»OJibre; If x- BeJIB'IBHa ICOMUOHeHTbl MarHBT

HOrO UOJIJI B,D;OJlb cl»OJibrB Ha ee UOBepXHOCTB, UepneH,D;B• 

ICYJIJJ:pHaJJ: HanpasneHBIO TOICa B cllon~ore, Hz - seJIB'IBHa Hop

MaJibHOii IC cl»OJibre ICOMUOHeHTbl MarHBTHOrO UOJIJI. 

HcnoJib3YJI cne,D;YJOUUie 'IBCJieHHwe 3Ha'leHaJJ:: v = 5 M/c, 
w=5.10-

2
, Hx = 100 3 /TaiCoii HanpJJ:)I(eHHOCTB ,D;~CTaTO'IHO 

,D;JIJI HaCbl~eHBJI clleppoMarHBTHOB UJieHICB B3 MarHBTOMJir· 

ICoro MaTepaana, HanpaMep, 'IBCToro )l(eJie3a/, nony'IBM 

YCJIOBBe Ha BeJIB'IBHy ICOMUOHeHTbl II z 

H 
0,42 

< --z- -' 
,-y'd 

r,D;e H 2 - B 3pcTe.D;ax, d - B caHTBMeTpax. 

/6/ 

06W'IHO f-11• YXH TOJIIQBHa nneHoiC He ,D;OJI)I(Ha npesoc

XO,D;BTb 10- CM, 'IT06bl UOrJIO~eHBe HeiiTpOHOB He 6biJIO 

BeJIBICO; TOr,D;a ,D;JIJI ,D;aHHOrO CJiy'laJI UOJIY'IBM H
2
<13 3, 

'ITO BbiUOJIHJieTCJI UpB WBpBHe pa6oqeii /oc~eCTBJIJIID~eii 
3anapaHae YXH/ nno~a,D;a cllon~ora, cocTaBJIJJ:ro~eii "'30~ 

· OT UOJIHOB WBPBHbl TOICOBOB ciiOJibrH. 

Pa6oTa TaiCoro ycTpoiicTsa, HanpBMep, B co'leTaHBB 

C BMUYJibCHbiM BCTO'IHBICOM HeiiTpOHOB, UpOBCXO,D;BT CJie,D;yro

UUIM o6pa3oM. B BHTepsane Me)I(.D;Y BMUYJibCaMB HeiiTpoH

·Horo BCTO'IHBICa 'lepe3 ciiOJibry nponyciCaeTCJI TOIC, TaiC'ITO 

cileppoMarHHTHble UJieHICB HaMarHB'IBBaiDTCJI B UpOTBBOUOJIO)I(· 

HWX HanpasneHBJIX. Ha speMJJ: BMnyn~oca HeiiTpoHoro ac

TO'IHBICa TOIC 'lepe 3 ciiOJibry BbiiCJIID'IaeTCJI B BICJIID'IaeTCJI 

3JieiCTpOMarHBT, HaMarHB'IBBaiD~ o6e cileppoMarHBTHble 

UJieHICB B O,D;HOM HanpaBJieHBB. XOT J1 UpB 3TOM B3 ICOHBep

TOpa B HeiiTpOHOBO,D; UOCTYUaiDT UOJIJipB30BaHHble HeiiTpOHbl, 

HeT He06XO,D;BMOCTB 3a60TBTbCJI 0 COXpaHeHBB BX UOJIJipB-
3a)tBB. 

OnacaHHwe 3.D;ec~a npe,D;JIOliCeHBJI 6wJIB swciCa3aHw B Te

'leHae 1968-1973 rO.A!>B· B ax o6cy)I(,D;eHBB npBHJIJIB yqacTae 

B.H.nYUUIICos, 'A.B.CTpeniCos, B.B.roJIBICos, B.K.HraaTo

saq, 3 . .D;epMeH)l)KBes • .D;aHHaJJ: pa6oTa aanacaHa nocne ICOH-
'IBHW fb,JJ.Wanapo. · 
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