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1. HeCMOTpR Ha 3HaY~ TenbH~H nporpecc, AOCT~rHyT~H 3a noc-
neAH~e rOA~ 1 1

•2
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, OTCyTCTBI-1e AOCTaTOYHO 11HTeHCI-1BH~X nOTOKOB 
ynbTpaxonOAH~X HeHTPOHOB /YXH/ C03AaeT TPYAHOCTI-1 B 1-1CCneAO
BaH~RX. nanbHeHWCC nOB~WCH~e nOTOKOB B03MO~HO , ccn~ I-1CnOnb-
30BaTb Ha1-16onee nepcneKT~BH~e KOHBeprop~ YXH np~ H~3Koi1 reM
neparype: napaBOAOPOA 3 , 0PTOACHTCPI-1H .41 , ~~AKI-1H rcn1-1i1 ~.6 

PaCCMOTp~M HCKOTOp~e AOnOnHI-1TCnbH~e B03MO~HOCT~ , CBR3 aH
H~e C np~MeHCHI-1CM ~MnynbCH~X HCHTpOHH~X 1-1CTOYH~KOB, KOTOP~C 

C03Aar.>TCR B HaCTORIIICC BPCMR B HCCKOnbKI-1X na6opaTOp~RX / ?·9 , 

Bnepe~e Ha B03MO~HOCTb !.1MnynbcHoi1 HaKaYKI-1 YXH e 3aMKHyroi1 
nonocr~ 6brno yKa3aHO a pa6orax ' 10 •11 1 . 3ra B03MOlKHOCTb 3a
Kn~YaercR B TOM, YTO YXH B~BOAflTCR ~3 KOHBCPTOpa B MOMCHT 
BCn~WK~ HCHTPOHHOrO ~CTOYH~Ka, nocne YCrO 3a KOpOTKOC epeMR 
KOHBCpTOp, RBnRI~!.1HCR OAHOBpeMCHHO 1-1 CHnbHbiM nornOTHTCneM 
YXH, !.13on~pyerc R o r noeywK~ ~n~ HCHTPOHOBOAa c noMOIIIb~ cne
u~anbHoro 3areopa. Ko3$$~u~eHT e~~rp~wa e nnOTHOCTI-1 noroKa 
YXII np~ nepexoAe o r crau~oHapHoro pelK~Ma K ~MnynbCHOMy /c 
3aTBOpOM/ MOlKHO 3anHCaTb 8 CnCAYI~IIICM BI-1AC: 

~ - {1p( 11 
1 - p ry / T - TJP 

), /1/ 
11 r} 'T 1 'II' ; I,, 'uS + s / S 

rAe {I- K03~~UI-1CHT npoxOlKAeH~R YXH Yepe3 OTKP~T~H 3areop; 
I' - OT HOWCH~C 3$$CKT~BH~X nnou1aAeH KOHBCpTOpOB np~-1 pa60TC 
e ~MnynbCHOM ~ crau~oHapHOM pe~1.1Max; T- nepi-10A nynbcau1-1i1 

HCHTpOHHOrO ~CTOYH~Ka; r - BPCMR OTKp~TOrO COCTORH~R 3aTBOpa; 
"' 'I - K03$$1-1U~CHT~ norno111eH~R YXH, naAaiJ\111-1X Ha noeepx

HOCTb 3aTBOpa COOTBCTCTBCHHO B OTKp~TOM 1-1 3aKp~TOM COCTORH~~; 
I' - K03$$~u~eHT nornOUICHI-1R YXH Ha noeepxHocr~ /nnolllaAbn I I 
HaKon~renR ~n~ HCHTpOHOBOAa; S - 3$$eKT~BHa>: n.nOu~aAb KOHBep
TOpa AnR crau~oHapHoro pelKHMa; 6 - nno111aAb .B~XOAHoro oreep
CTHR HeHTPOHOBOAa; a - BepORTHOCTb B03BpallleH~R K KOHBepTOpy 
YXH, e~.UJCAWHx ~3 Hero. 3ro BbrpalKeHI-1e nepexOA~T e $QpMyny /8/ 

' tO/ 
pa6oTbr np~ /1 - 1, p = 1, y = 1, a = 1, TJ "' 0. 

OueH~M B03MOlKH~e eenHY~Hbl K03tl>¢~u"'eHTa e~~rpbrwa, np~YCM 
e KaYecree MOAen~ 6yAeM 6parb napaMeTpbr, nOAXOARIII~e AnR ~M
nynbcHoro peaKropa HGP-2 11 ' . 

PaccMOTPHM cnyYai1 nnocKoro KOHeepropa, np~ 3TOM I' ~ 1 
Ecn1-1 np~HRTb cneAyniiiHe 3HaYeHI-1R napaMerpoe: r = 1 Me, T =0 , 7 c , 
,, ~ 5-10_

4
•
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: s =O, S=200 cM 2 , f1=1 , p=l, }'=1 , a=l, 
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1 = 5·10 4 CM 2 /~HnHHAP AHaMeTpOM 20 CM H AnHHO~ 8 M/, TO 
g = 9. J\riA MeXaHH4eCKO~ CHCTeMbl npaKTH4eCKH peanH3yeMaA 
eenH4HHa g MO~er Ot<aaarbCA 3Ha4HTenbHO MeHbWe. KpoMe roro, 
MexaHH4eCKHe aareopbl He MOryr o6ecne4HT AOCTaT04HOro 6blcrpo
.Qe~CTBHA H He o6naAa~T BbiCOKO~ HaAe~HOCTb~. 

~onee nepcneKTHBHbiM npeAcraenRercR npHMeHeHHe ¢eppoMarHHr
HbiX aareopoe 1 13~ OCHOBaHHbiX Ha orpa~eHHH YXH or noreH~HanbHOro 
6apbepa, C03AaBaeMOrO HaMarHH4eHHOCTb~ TOHKO~ ~eppOMarHHTHO~ 
nneHKH. B 1131 onHcaHbl cneAY~He rHnbl ~eppoMarHHTHbiX aareopoe: 
OAHOCnO~Hbl~, COCTOA~H~ H3 ~eppOMarHHTHO~ nneHKH, H ABYXCnO~
Hbl~, COCTOR~H~ H3 ABYX CnOeB ~eppOMarHHTHbiX nneHOK H TOKOBO~ 
$QnbrH Me~AY HHMH. TaKHe aareOpbl, eo - nepeblx, Moryr o6ecne4HTb 
npaKTH4eCKH nn6ble Heo6xOAHMble epeMeHa cpanarbleaHHA, eo-eropblx, 
HCnOnb3YR ~eppOMarHHTHbiH 3aTBOp , MO~HO Cy~eCTBeHHO yeenH4HTb 
H3ny4atO~ytO nno~aAb KOHeepropa, raK 4TO p >> 1 . Ha pHc. 1 
noKa3aHbl ABe B03MO~Hble ~PMbl noeepXHOCTH KOHBepTOpa: npAMO
yrOnbHaR H ~HnHHAPH4ecKaR. $eppoMarHHTHble nneHKH aareopa no
Kpbleai)T act? noeepxHOCTb KOHeepTopa H nepeMarHH4HBa~TCA c no
MO~bt? BHeWHero yCTpOHCTBa. 06e reOMeTpHH npHMeHHMbl AnA OAHO
CnO~HOrO ~eppoMarHHTHOro aaTeopa, a npAMOyronbHaA reoMeTpHR 
AOnycKaer raK~e coaAaHHe AByxcnoHHoro aaTeopa I i yKaableaeT 
HanpaeneHHe TOKa B TOKOBOH ~nbre/. 3~eKTHBHaA H3ny4at?~aA 
noeepxHOCTb yeenH4HeaeTcA aa C4er Taro , 4TO YXH aa epeMR OT
Kpblroro COCTOAHHR aareopa He ycneeai?T AOCTHrHyTb COCeAHe~ 
creHKH KOHeepropa, a aareM, e Te4eHHe npoMe~yrKa epeMeHH Me~

AY HMnynbCaMH HCT04HHKa BbiXOART H3 ~eneH B He~rpOHOBOA. npH 
CKOPOCTH He~TPOHOB OKOnO 5 M/C H r = 10-3 C MHHHManbHaR WHpH
Ha ~enH cocraenAeT 0,5 eM, LITO np~-1 rny6HHe naaa 10- 20 CM Aaer 
yeenH4eHHe nno~aAH KOHBepTopa B HeCKOnbKO .QeCATKOB pa3. 3¢
$eKT yeenH4eHHR nno~aAH pa6oTaer H npH orKpbiTOM aepKanbHOM 
HeHTPOHOBOAe /6ea Hat<a4KH nnoTHOCTH/: s ~ S , a= 0 . Bb1HrPbiW 
MO~eT 6b1Tb nony4eH B HeCKOnbKO OOnee WHpOKOM AHana30He 3Hep
rH~ HeHTPOHOB , He~enH AHanaaoH YXH, OAHat<o npH 3TOM noeepx
HOCTb 3aTeOpa AOn~Ha 6b1Tb .QOCTaT04HO 3ept<anbHOH. 

2. K 4HCny OCHOBHbiX napaMeTpOB HMnynbCHOrO aareopa OTHOCRT
CR AnHTenbHOCTb erO OTt<pbiTOrO COCTORHHA H CBA3aHHOe C KOHe4-
H0~ CKOpOCT~~ ~eHTPOHa aana3Ab1BaHHe MOMeHTa OTKPbiBaHHA aareo
pa OTHOCHTenbHO MOMeHTa BCnbiWKH B HMnynbCHPM peaKTOpe. 

B npHH~Hne B03MO~Hbl paanH4Hble eapHaHTbl pacnono~eHHA aareo
pa no orHoweHH~ K noeepxHOCTH KOHeepTopa. HaHoonee npeAn04TH
reneH aareop, KOTOpbl~ COAeP~HT nneHKH , HaHeceHHble HenocpeA
creeHHO Ha KOHBepTOp. 0AHat<O npaKTH4eCKH OHH MOryT HaXOAHTbCA 
Ha HeKOTOpOM MHHHManbHQM paCCTOAHHH OT KOHBepTOpa HnH era 
o6ono4KH. YXH npH pO~AeHHH pacnpeAenA~TCA e t<OHeepTope paBHO
MepHO no eceMy o6oeMy H HMeOT MaKceennoecKoe H30rponHoe pac
npeAeneHHe BeKTOPOB CKOPOCTeH. no3TOMY npoHCXOAHT aarArHBaHHe 
eo epeMeHH noroKa YXH 4epea aaTeop. 

2 

PHc. 1. CxeMaTH4eCKOe 
H306pa~eHHe B03MO~

HbiX ~OpM KOHBepropoe 
c paaeHTO~ noeepx
HOCTbtO: 1/ npRMO
yrOnbHaA, 2/ UHnHH
APH4eCKaA. 

tH' 

z 

6 

Pacc4HTaHHble MerOAOM HoHre-Kapno KPHBble BbiTeKaHHA HeHrpo
HOB H3 HaH60nee nepcneKTHBHbiX KOHBepTOPOB H306pa~eHbl Ha 
PHC.2. 3a Hynb OTC4eTa epeMeHH npHHHMaeTCA MOMeHT pO~AeHHA 
YXH, r.e. MOMeHT 
ecnblwt<H peaKTopa. 
no OCH OP.QHHaT 
OTno~eHO nonHoe 
4HCnO He~TpOHOB, 
.QOCTHrHyBWHX K 
AaHHOMY MOMeHTy 
epeMeHI-1 noeepx
HOCTH aaTeopa. 
Pac4er npoeo 
AHncA AnA cny -
4aA nnocKoro 
KOHBepTopa. B 
Ka4ecree Mare
pl-1anoe KOHBep
Topoe paccMar
PI-1Bani-1Cb napa
BOAOPOA np1-1 
20 K 1-1 HaMopo
~eHHaA BOAa 
np1-1 20 K. 

N 
dAr:Q5MM 

103 

dA{1MM 
......... 
d 2=0 

a/ 

MC 
0.5 1,0 1,5 

6 
d•r = 0 

2-10 3 

4 dAr • Q5MM 

103 

2 
6/ 

0~~-L--L-------L-------
.. c 

0.5 1.0 1.5 

P1-1c.2. HHTerpanbHble KPHBble BbiTeKaHHA YXH 1-13 nnoct<1-1x KOHBepTopo e 
npH 20 K; a/ napaBOAOPOAHbl~ KOHBepTOP, 6/ KOHBepTop H3 HaMopo
~eHHO~ BO.Qbl, dAI - TOn~HHa an~MHHHeBO~ 060n04KH KOHBepTopa, 
dz - paccroAHHe or noeepxHOCTH aaTeopa AO noeepxHOCTH KOHeep
ropa /HnH ero o6ono4KH/. 
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~opMa Kp~BOH s~TeKaH~~ onpeAen~eTc~ ce4eH~eM aaxsaTa ~ Heyn
pyroro pacce~H~~ He~TPOHOB MaTep~anoM KOHsepTopa, Han~4~eM 
o6ono4K~ KOHBepTopa ~ YAaneHHOCTbn aaTsopa or nosepxHOCT~ 
060J104K~ ~11~ KOHBepTOpa. np~ paC4€T€ 6~11~ CA€11HH~ CJ1€AY~~~e 
npeAnono~eH~~= 

a/ YXH po~Aa~Tc~ s KOHseprope MrHOBeHHO ~ ; 
6/ YXH s Ha4aJlbH~~ MOMeHT speMeH~ pasHOMepHO pacnpeAeneHbr 

B cnoe KOHBepTOpa TOJl~~HO~ 3A : 

A = 1/n (17 + o . ) , a te /2/ 

rAe n - KOJ1~4eCTBO ~A€P B €A~H~~e 00b€Ma KOHB€pTOpa, a C€4€
H~~ aaxsaTa a a ~ Heynpyroro pacce~H~~ o 1e KOHeepTopa B3~T~ 
All~ CKOpOCT~ HB~TpOHa 5 M/C j 

B/ cneKTp HB~TpOHOB BHYTP~ KOHB€PTOpa np~H~MaeTC~ MdKCBen-
JlOBCK~M B ~r.TepBane 3Hepr~~ or Hyn~ AO E 11 -Ek. rAe En-
-rpaH~4Ha~ 3Hepr~~ creHOK HaKon~Ten~. ~k- rpaH~4Ha~ 3Hepr~~ 

KOHBepTopa; 
r/ HanpaBJl€H~e BeKTOPOB CKOpOCTC~ ~30TpOnHO pacnpCACJlCHO 

B npocTpaHCTBe; 
AI All~ y4eTa norno~eH~~ ~ Heynpyroro pacce~H~~ YXH B KOH

seprope ~ ero o6on04Ke ~cnOllb30eall~Cb 3KCTpanoll~poBaHH~e no 
3aKOHy 1/ v ce4eH~~ norno~cH~~ ~ Heynpyroro pacce~H~~. H3-
MepeHH~e All~ all~MHH~~ e pa6oTe 14 ·~ B~4MClleHH~e All~ B<>A~ H 
BOAOPOAa B pa6ore 3 . 

npH pac4eTe Y4~T~BaJlHCb orpa~ehH~ He~TPOHOB Hd rpaHH~C 
KOHBepTop - eaKyyM H MHOroKpaTHbre nepeOTpa~eH~A e annM~ftHeeoii 

o6on04Ke KOHBepTopa. B pe3yllbTare 6~n nony4eH P~A Kp~e~x s~
TeKaHH~ All~ pa3Jl~4H~X KOHBepTOpOB, pa3Jl~4H~X TOJl~~H dAI o6o
Jl04€K KOHBepTOpa ~ paCCTORHH~ dz M€~AY KOHeepTOPOM H 3dTBO
POM. 

Ha p~c.2 Kp~s~e 1 ,2,3 COOTB€TCTBynT napaBOAOPOAY npM 20 K, 
a KpHB~8 - HaMOpO~€HHO~ BOA€ npM TO~ ~e T€Mneparype. 

* O~eHKH noKaa~sanT, 4TO All~ HaH6onee ~HrepecH~x cny4aes 
BPCMA B~TeKaHHR COCTaBJlR€T H€CKOnbKO M~nn~C€KYHA 1 a speM~ 

scn~wK~ peaKTOpa H~P-2- OKOJlO 0,1 MC '?. 

·· ~13MepeHHOe e pa6ore nonHoe ce4eH~e npM 80 K 
npdKTM4CCK~ COCTO~T TOJlbKO H3 C€4€H~~ 3dXBaTa M n03TOMy MallO 
OTllH4aercA OT nollHOro ce4eH~~ npM 20 K. 
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npoAenaHH~e pac4eT~ no3Bon~~T cpasH~Tb s~xOA~ YXH ~3 peanb
H~x KOHBepropoe, HanpHMep, HaMOPO~€HH0~ BOA~ H napaBOAOPOAa B 
ani1MHHH€BO~ 060J104Ke pa3JlH4HNX TOJl~HH. HanpHMep, CKB03 b an~
MMHHesyn 060J104KY TOJl~HHO~ 0,5 MM H 1 MM npOXOAHT COOTB€TCTBeH
H0 15,4% H 8,5% YXH, e~weAwHx ~3 ~HAKOBOAOPOAHOro KOHsepTopa. 
no3TOMy, HBCMOTP~ Ha 3Ha4HT€JlbHO OOJlbWy~ 3$¢eKTHBHOCTb B OTHO
WCHHH reHepa~HH YXH napasoAOPOAa no cpasHeH~~ c BOAO~ npM TO~ 
~e T€MnepaType 131 , HaJlH4~e HB06XOAHMO~ 060J104K~ 1lpHB0AHT K 
TOMy, 4TO e~XOA YXH H3 napaeOAOPOAa s an~MHHHeso~ o6on04Ke 
TOJl~HHO~ 0,5 MM M 1 MM COCTasn~eT COOTB€TCTBCHHO 40% H 22% OT 
s~XOAa YXH H3 HaMopo~eHHO~ BOA~ /6e3 o6on04KH/ npH ro~ ~e reM
nepaType 20 K. 

3. B AByxcno~HOM 3aTeope ABe ~eppoMarHHTH~e nneHKH pacnona
rat')TC~ nO pa3H~e CTOpOH~ TOKOBO~ ¢K)Jlbr~, C03Aa10~ei1 none 

1 
Ha

MarHH4~Ba~ee nneHKH e npOTHsonono~HOM HanpaeneH~~ /3aKp~roe 
COCTO~HH€ 3aTSOpa/. 0TKp~TOe COCTO~HHB o6ecne4~BaeTC~ BHBWHHM 
MarH~TH~M noneM, HaMarH~4HSa~HM nneHKH B OAHOM HanpasneH~H. 
KpHT~4H~M~ sen~4HHaMH 3AeCb ~sn~nTc~ nponycKaHHe 3arsopa s or
KP~TOM COCTO~H~~ ~ K03¢¢H4H€HT OTpa~eHH ~ He~TpOHOB, naAa~~X 

Ha noeepxHOCTb 3arsopa ~3 HaMon~Ten~ B cny4ae, KOrAa 3arsop 
3aKp~T. Koa¢¢~~~eHT nponycMaHH~ MO~HO CAenaT b 6n~3KHM K 0,5, 
~CnOnb3Y~ ~30TOnH~e nneHKH C TaKHM HaHny4W~M COAep~aHHBM H30-
TOnos, npH KOTOpOM MarH~THa~ H ~AepHa~ aMnll~TYA~ MaKCHManbHO 
6n~3KH APYr K APYry, a TaK~e TOHKYIO TOKOByiO ¢onbry ~3 cna6ono
rno~a~ero Hei1TPOH~ MeTanna,HanpHMep,anroMHHH~.Koa¢¢H~HeHT or
pameHH~ npH 3aKp~TOM 3aTsope onpeAen~eTc~ ABYM~ $aKropaMH: 
Jl01l~PH3y~e~ CJlOC06HOCTb~ nneHOK ~ BepO~THOCTbiO aAHa6aTH4€CKO
ro nosopora cnHHa He~TPOHa np~ npoxo~AeHH~ TOKosoi1 ¢onbr~. 
B KOTOPOH none MBHAeT 3HaK. 

B pa6ore / 15' aMcnepHMeHranbHO 6~na nposepeHa pa6orocnoco6-
HOCTb TaKOro 3aTsOpa C an~MHHH€BOH TOKOBOH $01lbrO~ H nepMannoe
B~MH nneHKaMH /SO% fe - sot Ni /. 

HecMOTp~ Ha TO, 4TO, nO HaWeMy MHeH~n , $eppoMarHHTH~e nneH
KH AOll~H~ 6~Tb HaMarHH4eH~ AO Hac~eH~A B none TOKOBOH ¢QllbrH 
/25 3/, ~X 1101l~PH3y~aA cnoc06HOCTb COCTaBHJla OKOJlO 83%, 4TO 
np~seno K 20-npo~eHTHOMy npoca4HBaH~roYXH 4epe3 aareop, Haxo
A~~~~CA B 3aKp~TOM COCTO~HHH. 

ApryMeHTOM s nonb3Y nonHoro HaMarHH4HBaH~A $eppoMarH~TH~x 
nneHOK 8 none TOKOBO~ ~OJlbrH CJly~HT PHC.3 , Ha KOTOpOM npeACTaB
neHa ~3MepeHHaA 3aBHC~MOCTb cKopocrH-c4eTa YXH, npoweAW~x 4epea 
ABYXCJlO~Hyn C~CTeMy H3 nepMannoes~X nneHOK, OT ~anpA~eHHOCTH 
BHeWHero HaMarHH4Hsa~ero nonA. 

8 pa3MarH~4BHHOM COCTOAHH~ /OHO C03AaBaJ10Cb B pe3yJlbTaTe 
YMBHbWBH~~ AO Hyn~ BHeWHero nepeMeHHOrO non~ 4aCTOTOH 50 r~/ 
¢eppoMarH~TH~e AOMeH~ ~Meror cny4ai1H~e HanpaeneH~A eeMropoe 
HaMarH~4eHHOCT~. BcneACTBHe 3roro HenonApH30BaHH~e YXH npHMep-
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l. 
" 

100 200 H 

PHc.3. 3KcnepHMeHranbHa~ 3a8HCHMOCTb nponycKaHH~ YXH 
CHCTeMo~, COCTO~~eH H3 A8YX nepMannOe8biX nneHOK, OT 8e
nH4HH~ 8HewHero HaMarHH4H8a~~ero non~ I II =0 coor8er
CT8yer pa3MarHH4eHHOMy COCTO~HH~ nneHOK/. 

HO C pa8HOH 8epO~THOCTb~ MOryT OTpa3HTbC~ OT nep80H nneHKH 
CHCTeM~ HnH npO~TH 8 Hee, npH4eM nOTOK OTpa~eHHbiX H npOWeAWHX 
HeV.rpOH08 raK~e He non~pH308aH. OpoweAwHe 4epe3 nep8yo nneHKY 
YXH nH6o orpa~a~rc~ or 8TopoV. nneHKH, nH6o npoxoA~T 4epe3 Hee 
H perHCTPHPY~TC~ AeTeKropoM. 3Ha4eHHe 8epo~THOCTH orpa~eHH~ 
Mano OTnH4aeTC~ OT 0,5 npH OTCyTCT8HH aAHa6aTH4eCKOrO cne~e
HH~ cnHHa HeHrpoHa 3a HanpasneHHeM pacce~HH~x MarHHTHbiX noneV. 
A0MeH08. AHanorH4H~e npouecc~ npOHCXOA~T C HeHTpOHOM, OTpa3HB
WHMC~ OT 8TOpOH nneHKH H AOCTHrWHM no8epXHOCTH nep80H. B pe-
3ynbTaTe TaKHX MHOrOKpaTH~X nepeorpa~eHHH . Me~AY nneHKaMH K0-
3~~~4neHT nponycKaHH~ YXH pa3MarHH4eHHOH CHCTeMoV. craHOBHTC~ 
HeCKOnbKO MeHbWe /npH6nH3HTenbHO Ha 30%/, 4eM CHCTeMOH, Ha
MarHH4eHHOH AO Hac~~eHH~. CneAo8arenbHO, HaMep~~ 3a8HCHMOCTb 
nponycKaHH~ YXH or 8enH4HH~ HaMarHH4H8ao~ero non~, MO~HO ycra
H08HTb 3Ha4eHHe Hanp~~eHHOCTH non~, KOTOpOe He06XOAHMO An~ 
nonHoro HaMarHH4H8aHH~ nneHOK. Ha pHc.3 8H~HO, 4TO s none 
25 3, C03Aa8aeMOM TOK080H ¢onbrOH 8 pa6ore . 151, nneHKH npaKTH-
4eCKH HaXOA~TC~ B HaMarHH4eHHOM AO HaC~~eHH~ COCTO~HHH. 

0AHaKo Aa~e npH non~pH3y~eV. cnoco6HOCTH nneHOK, pa8HOH 100~ , 
aAHa6aTH4eCKHH nOBOpOT CnHHa HeHTpOHOB 8HYTPH TOKOBOH ¢onbrH, 
a TaK~e norno~eHHe HeHTPOH08 8 $Qnbrax npH80~T K Cy~eCT8eHH0~ 
yre4Ke YXH H3 HaKonHren~. 

no ny4HM B~pa~eHHe An~ K03¢¢H~HeHTa OTpa~eHH~ YXH OT 3aKp~
r o r o 3ar8opa 8 cny4ae Man~x 3Ha4eHHH 8epo~THOCTH nepe8opora 
cnHHa 18 « 1) , 8~4H cneHHOIA no ¢opMyne /18/ pa6or~ ' 16 '. OycTb 8 
HaMarHH4eHHOH AO HaC~~eHH~ ~eppoMarHHTHOH nneHKe nOTeHUHanbH~~ 
6apbep An~ OAHOH npoeK~HH cnHHa pa8eH Hyno, a An~ APYroV. - 6onb
we 3HeprHH YXH, xpaH~~Hxc~ 8 HaKonHrene. EcnH rpaHH4Ha~ 3Hep-
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rH~ TOK080Vo ¢onbrH OTnH4Ha OT Hyn~, TO K03¢¢H~HeHT~ OTpa~eHH~ 
or ee rpaHH~~ H norno~eHH~ 8 ¢onbre ron~HHO~ d pa8H~ coor8er
cr8eHHO 

r c 1 
v..L. v - v .L r 12 ' 

11 

v..Lv +VJ.. r 

a 1 d 
1- exp(- --) , 

v ..L r 

13/ 

/4/ 

rAe v ~ Y H v..Lr - HOpManbHble K no8epxHOCTH aar8opa cocra8n~n
~He CKUpOCTH He~TpOHa 8 8aKyyMe H TOK080~ ~Onbre COOT8eTCT8eH
HO, a 1 - ce4eHHe aax8ara H Heynpyroro pacce~HH~ YXH 8 TOK08o~ 
<!>Onbre. 

4ro6~ 8epHyTbC~ 8 HaKonHrenb H3 aar8opa, YXH AOn~eH nH6o He 
c08epwHTb HH OAHOro nepe8opora cnHHa 8 npocrpaHCT8e Me~AY Mar
HHTHbiMH nneHKaMH, nHfiO nepe8epHyTbC~ 4eTHOe 4HCnO pa3. 0pOH3-
8eAeM CYMMHP08aHHe HHTeHCH8HOCTH OTpa~eHH~X OT 3aT80pa He~TpO
H08 C y4eTOM MHOrOKpaTHbiX nepeOTpa~eHH~ Me~AY MarHHTHbiMH nneH 
KaMH H nony4HM 8~pa~eHHe K03~HUHeHTa orpa~eHH~ YXH or aar8opa 
C TOK080H ¢onbrOH, HaXOA~~eroc~ 8 3aKp~TOM COCTO~HHH: 

2 [ 2 )2 2 2 4 )4 R=(1-p 1) r+ (1-r) (1-o (1-p) +(1-r) (1-o) (t- 11 r + 

. 2 6 6 2 2 2 2 
+(1-r) (2-o) (1- 11 ) r + .•• + (1-r) c5 (1-1d r + /5/ 

2 2 4 2 2 
+ ( 1 - r) c5 (1 - 11) ( 1 -8) r + • .• , 

rAe Jll - K03~~HUHeHT norno~eHH~ 8 ¢eppoMarHHTHO~ nneHKe, 8bi-
4HCn~eM~H aHanorH4HO /4/. Or~pOCH8 cnaraeM~e, COAep~a~He 8 s 
creneHH 8blwe nep80H /r.K. c5 << 1 /, H nposeA~ aneMeHtapHble 8bi-
4HcneHH~, nony4HM: 

2 Rz(l-p
1

) (r+ 
( 1 ~)2(1-$)(1-ji)22 1. 
1- r (1-25 ) (1-11) 

/6/ 

~ / 7 ' HaMH 6~na pacc4HToHa npHMeHHTenbHO K peaKropy HoP-2 KOH -
KperHa~ MOAenb aarsopa c an~MHHHe8~ TOK08o~ ¢onbro~ An~ np~

MOyronbHO~ reoMeTpHH, noKa3aHHOH Ha pHc. 1 cnesa. OpHHHManHCb 
cneAY'~He reOMeTpH4eCKHe xapaKTepHCTHKH 3aT80pa: WHpHHa TOK0 -
80~ ¢onbrH r = 20 eM, rny6HHa naaa KOH8epropa a =10 eM, 
WHPHHa 8biCTyna H naaa KOHBepropa b 2 C = 0 , 5 CM, 4HCnO 
8~cryno8 pa8HO 20. CneKrp YXH, xpaH~~Hxc~ 8 HaKonHrene, 83Ai 
MaKC8enn08CKHM C H30TpOnH~M pacnpeAeneHHeM CKOpOCTe~. K03~1-

~HeHT orpa~eHH~ aar8opa pacc4HTb18anc~ no ~opMyne /6/ An~ npn · 
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MOyrOnbH~X AOCTdT04HO Man~X o6naCTe~ Hd noaepXHOCTH KOHBepTO
pa. Ha pHc.4 KpHaa~ 1 H30fpa*aeT ycpeAHeHHOe 3Ha4eHHe K03~H
~HeHla OTPd*eHH~ An~ ofinaCTeH WHPHHOH 1 CM, napannenbH~X OCH 
$OnbrH, pacnono~eHH~X Hd pa3nH4HOM paCCTO~HHH OT nnOCKOCTH 
Z a 0 , a KPHBd~ 2 - CpeAHee 3Hd4eHHe K03~H~HeHTd An~ B03pac
Ta~ero no Mepe YAaneHH~ or ocH KOnH4ecTaa nonoc. 

R 

1.0 

0,98 

0.96 

2 4 6 8 
z 

10 CM 

PHc.~. Pacc4HTaH
H~e cpeAHHe 3Hd4eHH~ 
K03$$H~HeHTa orpa*e
HHR YXH OT Jaraopa 
C TOKOBO~ ¢OnbrO~: 
1 - AnR o6nacTe~ wH
PHHO~ 1 eM, pacnono
*eHH~x Hd pa3nH4HOM 
paCCTORHHH OT CPeA
HeH nHHHH ¢OnbrHj 
2 - AnR nonoc pa3-
nH4HO~ WHpHH~, CHM
MeTpH4H~X OTHOCHTenb
HO cpeAHeH nHHHH 
$0nbrH. 

KoMnoHeHT~ MarHHTHOro non~ llx, HY, Hz, He06XOAHM~e 
An~ e~4HCneHH~ eepORTHOCTH nepeBOPOTa CnHHd B Kd~AO~ T04Ke 
TOKOBOH ¢OnbrH, HdXOAHnHCb 4HCneHHO CYMMHpOedHHeM noneH OT 
Ka~AOro nnocKoro y4aCrKa TOKoeo.:1 ¢onbrH, npH4eM H f =Hi+ H ~, 
a H ;1 ~ Hz . ~a-Ja 6onbwoi1 3neKTPH4ecKoi1 MOll\HOCTI'I , B~AenRe-
MOH B TOKOBO~ ¢onbre, npdKTH4eCKHi1 HHTepec npeACTdBn~eT TOnbKO 
cny4aH CHnbHO oxna~AaeMoro aaTeopa IAonycTHM, AO 20 K/. nonH~e 
ce4eHHR AnR amOMHHHR AnA 20 K a3RT~ H3 pa6oTbl 14'/cM. CHOCKY "'~ 
Ha crp. 4/ H 3KcrpanonHpoeaH~ no aaKoHy 1/v K paccMaTpH
eaeM~M cKopocTAM YXH. ~eppoMarHHTH~e nneHKH npeAnonaranHcb 
secbMa TOHK:.-tMH I - 10 3 ~ /. /1n~ BI>I4HcneHHR nornoll.leHHR e nneHKax 
~I HCflOnb30BdnHCb 3KCTpanOJlHPOBdHH~e flO 3dKOHy 1/ v 3Hd4eHH~ 
Ce4eHHR 3dXBdTd He~TpOHOB B ~ene3e H3 / 17~ 

Pac4eT noKaJan , 4TO cpeAHHH no noaepxHOCTH K03Q¢H~HeHT OT
pa~eHHR YXH or 3aKp~roro 3aTsopa, paeH~~ 0,99. nony4aeTCR npH 
eeCbMd TPYAHOAOCTH*HM~X napaMeTpax 3dTeOpa: TOnll\HHe an~MHHHe 

eo~ TOKOeo.:\ $QnbrH 10 MKM, nHHeHHOH nnOTHOCTH TOKa 10 A/eM. 
B~AenReMaR npH 3TOM MOll\HOCTb cocraenReT oKono 0,5 KBT. Ko3¢
$H4 HCHT B~Hrp~wa COCTdBilRCT 30 npH cnCAY~HX 3Hd4eHH~X napaMeT-

8 

.1 

) 
-3 
' 

poe, eXOAAll\HX e e~pa*eHHe /1/: f l = y =0,5 /e OTKp~TOM COC-
TORHHH 3dTBOpa CKB03b Hero npoXOART HeHTPOH~ nHWb OAHOH nonRpH-
3d~HH/,p= 20, T= 10-3 c,T=0 , 2 C, '/ = 10-2 , ~=5·10-4 , 

s =0, S =200 CM 2 
, a = 1 , ~ =5 · 1 0 4 CM 2• AnR ''HAeanbHOro'' aareo

pa I~ =0/ H rex ~e ocTanbH~x napaMerpoe s~Hrp~>~w cocraeHn 6~ 65. 

4. PaCCMOTpHM e03MO~HOCTb HdKOnneHHR HeHTpOHOB OT HMnynbCHOrO 
HCT04HHKd e HdKOnHTene C OKHOM H3 ¢eppOMdrHHTHOH nneHKH /OAHO
CnOHH~H aaTeop/. AnR coxpaHeHHR nonRpHaa~HH YAeP~HBaeM~x HeH
rpoHoe eo eceM o6oeMe HaKonHrenA C03AaeTcR nocTORHHoe BeAYll.lee 
MdrHHTHOe none, KOTOpOe OAHOepeMeHHO HdMdrHH4HBdeT ¢eppOMdrHHT
HY~ nneHKy. B HaKOnHTene raKoro THna YAeP*HBa~rcR HeHTPOH~ 
TOnbKO OAHOH fl01l~pH3d~HH ; HeHTpOHbl APyrOH non~pH3d~HH CB060AHO 
B~XOART 4epe3 nneHKy. 8 MOMeHT ecn~WKH HeHTPOHHOrO HCT04HHKd 
eKnn4aeTCR MdrHHTHOe none, KOTOpOe nepeMarHH4HedeT nneHKy, H 
YilbTpaxonOAH~e HeHTpOH~ e~XOART H3 KOHeepropa B HdKOnHTenb . 
0AHdKO OT nepeMarHH4Hea~ero HMnynbCd 4dCTb xpaH~ll\HXCA HeHTpo
HOe AenonApH3yeTCR, 4TO e HTOre npHBOAHT K HX yTe4Ke H3 HdKO
nHTeilR CKB03b nneHKY 3dTBOpa. npeACTaBn~eTC~ HHTepeCHI>IM oue
HHTb B03MO*HOCTb noTepH ynbTpdXOilOAH~X HeHTpOHOe, XpaH~ll\HXCR 
B TdKOM HdKOnHTene. 

S~n paCC4HTdH eapHdHT HdKOnHTenA C UHnHHAPH4eCKHM KOHBepro
pOM /pHc. I/ c HCnOnb3oeaHHeM HeKorop~x napaMerpoe peaKTOpa 
HGP-2 

7
' . CxeMa HaKonHrenR H3o6pa*eHa Ha pHc.5. Ha UHnHHAPH-

~4 
0 u 

H~ [.,m L. 

L ----

t • 10c" 
l 1 600CI'I 

I H ~ z 

d = 20c,. 
0 : 22CM 

PHc.5. CxeMa HaKonHTenR YXH c OAHOcnoHH~M ¢eppoMarHHT
H~M aareopoM. I - cTeHKa HaKonHrenR, 2 - coneHOHA, 
C03Ad~H~ BeAyll.lee none, 3 - nepeMdrHH4HBd~He KdTYWKH, 
4 - KOHeeprop. 
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4eCKOH 3aKp~TOH C TOp~OB rpy6e 1 pacnono~eH COneHOHA 2, CQ3-
Aa~HH e HaKOnHrene eeAy~ee aKcHanbHoe MarHHTHOe none. KoHeep
rop 4 OTAeneH OT HaKOnHTenA ¢eppoMarHHTH~MH nneHKaMH. nepeMar
HH4HBa~ee none C03AaeTCA ABYMA KaTyWKaMH 3 npH nponycKaHHH 
Yepe3 HHX HMnynbca roKa. Hcnonb3yeM~e e pacYere pa3Mep~ HaKo
nHrenA, KOHeepropa, coneHOHAa, KaryweK H napaMerp~ HMnynbca 
MarHHTHOro nonA H306pa~eH~ Ha pHc.S. C03AaeaeMoe CHCTeMOH ne
peMarHH4HBaiJ~HX KaTyWeK OTpH~arenbHOe HMnynbCHOe none B ~eHTpe 
KOHBepropa npHHHManOCb paeH~M - 20 3pCTeA. 

MeTOAOM MoHre-Kapno 6~na npocne~eHa CYAb6a 300 HeHTPOHOB 
e re4eHHe fO c. Pac4eT AenancA npH PAAe ynpo~a~~HX npeAnono
~eHHH OTHOCHTenbHO: eo-nepB~X,C03Aa8aeM~X 8 HaKOnHTene MarHHT
H~X noneH; 80-8TOp~x. xapaKrepa A8H~eHHA YXH 8 HaKonHrene H, 
8-TpeTbHX, MeTOAa paC4eTa H3MeHeHHA 8enH4HH KOMnOHeHT CnHHa 
xpaHA~erOCA HeHTPOHa. 

AnA pacYera H3MeHeHHH KOMnOHeHT cnHHa HeHrpoHa npH ero ABH
meHHH BHyTpH Tpy6~ He06XOAHMO 6~no 3HaTb BeKTOp~ MarHHTH~X 
noneH e Ka*AOH T04Ke HaKonHrenA. B 3aAa4e npeAnonaranocb, 4TO 
8eAy~ee MarHHTHOe none C03Aa8anOCb nony6eCKOHe4H~M COneHOHAOM, 
rope~ KOTOporo COBnaAan C 6nH~aHWHM K peaKTOpy TOp~OM HaKOnH
TenA. C ~enbn ynpo~eHHA pacYera o6DeM HaKonHrenA 6~n pa3AeneH 
Ha ABe ~HnHHAPH4eCKHe o6naCTH. nep8aA, HeCTa~HOHapHaA, 06naCTb 
Ha4HHanaCb OT TOp~a HaKOnHTenA, npHM~Ka~erO K peaKTOpy, H 
HMena AnHHY 70 eM. B 3TOH o6nacrH AeAcT808anH nocroAHHOe none 
coneHOHAa H nepeMeHHOe none nepeMarHH4H8a~~Hx KaryweK. AKcH
anbHaA CHMMeTpH4HOCTb MarHHTH~X noneH n0380nAna pa36HTb pac
CMaTpH8aeMyl) oGnaCTb Ha KOnb~e8~e ~HnHHAPH4eCKHe 30H~ TaK, 4TO 
e napannenbHOM OCH Z ce4eHHH HaKOnHrenA o6pa3oB~8anocb 1400 npA 
MOyrOnbHHK08 pa3MepOM 1x1 CM 2, COOT8eTCT8y~~HX 700 KOnb~e8~M 
30HaM. B npeAenax Ka~AOA 30H~ MarHHTHOe none nonaranocb OAHHa
K08~M H pa8H~M non~ ~a ee ~eHTpanbHOH OKpymHOCTH, T.e. 8 
~eHrpe COOTBeTCTBy~ero npAMoyronbHHKa. B Ka~AOH T04Ke BTOpOH, 
cra~HOHapHOH,o6nacrH MarHHTHOe none C4Hranocb OAHHaKo8~M. Era 
HanpA*eHHOCTb npHHHManacb nonomHTenbHOH, paBHOH HanpA*eHHOCTH 
nonA 6ecKaHe4HO AnHHHOro coneHOHAa H cocra8nAna i 30 3. 

B paCCMOTpeHHOM 8apHaHTe HaKOnHTenA KOH8eprop HMen A080nbHO 
cno~Hyn ¢opMy. no3T0MY AnA ynpo~eHHA pac4eTOB npeAnonaranOCb, 
4TO YXH npH PO*AeHHH pacnpeAenAnHcb pa8HOMepHO 8 ~HnHHAPH4eCKOH 
06naCTH, 3aHHMaeMOH KOHBepTOPOM. 

Aanee C4HTanOCb, 4TO HX CKOpOCTb 8 MOMeHT 8~XOAa H3 KOHBep
TOpa 6~na H3orponHo Hanpa8neHa e npocrpaHCT8e H onHc~eanacb 
MaKceenn08CKHM pacnpeAeneHHeM B HHTep8ane OT rpaHH4HOH CKOpOc
TH annMHHHA AO rpaHH4HOH CKOPOCTH MeAH. TpaeKTOpHA HeHTPOHa 
Me*AY OTpa~eHHAMH OT CTeHOK npHHHManacb npAMOnHHeHHOH /BnHAHH
eM rpa8HTa~HH npeHe6pernH/, npH4eM OTpa*eHHe OT 60KOB~X CTeHOK 
HaKOnHTenA 6~n0 3epKanbH~M, a OT TOp~e80H CTeHKH H n08epXHOCTH 
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KOHBepropa - nonHOCTb~ AH¢¢Y3H~M.norn~eHHe HeHTPOHOB Ha CTeH
KaX HaKonHrenA He y4HT~8anocb. Cne*eHHe 3a rpaeKropHeH YXH 
npoH380AHnOcb ranbKO e nepeoH o6nacTH HaKonHrenA. Bo aropoH 
o6nacTH rpaeKTOPHA He 8~4HCnAnacb. KpoMe roro, nonaranoc b, 
YTO orpa*eHHe YXH or AanbHero no OTHOweHHn K peaKropy rop~a 
HaKOnHTenA npOHCXOAHnO 8 HeKOTOpOH cnyYaHHOH T04Ke, K00PAHHaT~ 
KOTopoH pa8HOMepHO pacnpeAeneH~ no nno~aAH rop~a. 3ro no380-
nHno 06nerYHTb pacYeT~ H B HeKOTOPOH CTeneHH yYeCTb 8nHAHHe 
Ha nonyYeHH~e pe3ynbrar~ peanbHO Ha6n~AaeMOH He3epKanbHOCTH 
CTeHOK HaKOnHTenA. H3-3a Y*e OTMe4eHHOH CnO*HOCTH ¢apM~ KOH-
8epropa npeAnonaranocb, 4TO orpa~eHHe HeHrpoHa or ¢eppoMar
HHTHOH nneHKH OKHa npOHCXOAHnO B HeKOTOpO~ T04Ke 06DeMa KOH
aepropa CO cnyYaHHOH KOOPAHHaTOH Z . npH4eM 3HaYeHHe Z C4H
Tanocb paaHOMepHo pacnpeAeneHH~M no AnHHe KOHaepropa. 

3a Ha4ano OTCYeTa epeMeHH npHHHManCA MOMeHT nOABneHHA 
ynbrpaxonOAHOro HeHTpOHa 8 HaKonHrene. CnHH HeHrpoHa npH t=O 
6~n HanpaaneH 8A0nb OCH HaKOnHTenA npOTHBOnOnO~HO BeAy~eMy 
MarHHTHOMY non~. TorAa eepaATHOCTb norepH YXH H3 HaKonHrenA * 

w = ± s z 

2 
171 

rAe sL- aKcHanbHaA KOMnaHeHra cnHHa YXH. 3HaK nn~c e ¢opMyne 
/7/ 6pancA B TOM cnyYae, KOrAa HeHTpOH nonaAan B nneHKJ B MO
MeHT npOXO~AeHHA TOKa Yepe3 nepeMarHH4HBa~~He KaTyWKH, a MH
HyC - 8 npOTH8HOM cnyyae. CneA08arenbHO, AnA o~eHKH epeMeHH 
*H3HH HeHTpOHa 8 HaKOnHTene He06XOAHMO 6~no 3HaTb eenHYHHY SZ 
e MOMeHT orpa~eHHA YXH or KOHeepropa. Becb HHTep8an epeMeHH 
A8H*eHHA HeHTPOHa BHYTPH HaKOnHTenA pa36HeanCA Ha 3neMeHTap
H~e HHTepeanbl AnHTenbHOCTb~ 0,125 MC. 8 npeAenaX TaKOrO HH 
Tepeana MarHHTHOe none nonaranocb nocTOAHH~M. Era HanpAmeH
HOCTb 6panaCb pa8HOH eenH4HHe MarHHTHOrO nonA BHYTPH ~HnHH 

APHYeCKOH 30H~, B KOTOpOH B HaYanbH~H MOMeHT epeMeHH paccMaT 
pHeaeMOrO 3neMeHTapHoro HHTepeana HaxOAHnCA HeHTPOH. EcnH AaH
H~~ 3neMeHTapH~H HHTepean epeMeHH npHXOAHnCA Ha MOMeHT HMnynbCa 
roKa a KaTywKax, TO B~YHCnAnacb cynepn03H~HA noneH coneHaH 
Aa H nepeMarHH4HBa~~Hx KaryweK. 3aTeM no ¢opMynaM ABH

*eHHA CnHHa HeHTpOHa B nOCTOAHHOM MarHHTHOM none HaXOAHnaCb 
eenH4HHa H3MeHeHHA KOMnOHeHT CnHHa 3a 3neMeHTapH~H HHTepean 
epeMeHH. Aanee paccMaTpHeancA cneAY~~HH HHTep8an epeMeHH H T.A. 
TaKOH paC4eT npOH3BOAHnCA TOnbKO B nepBOH o6nacTH HaKOnHTenA, 
rAe MarHHTH~e nonA cy~ecr8eHHO MeHAnHCb eo epeMeHH H npocrpaH
CT8e. Bo eropoH ounacTH pacc4HT~eanacb o6~YHaA npe~eccHA cnHHa 

• nonaranH, YTO nneHKa HMeer 1 00-t-Hy:o nonAPH3YIOUIY~J cnoco6-

HOCTb. 
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B nOCTORHHO OAHOPOAHOM MarHHTHOM none. np~ OTpa~eHH~ HeHTpOHa 
OT $eppOMarHHTHO~ nneHKH 8~4HCnRnOCb nO ~OpMyne /7/ 3Ha4eHHe 
eepORTHOCTH W nOTepH XpaHR~erOCR He~TPOHa H HHTepean BPeMeHH 
Me~AY MOMeHTOM BXOAa YXH e HaKOnHTenb H MOMeHTOM era OTpa~eHHA 
OT nneHKH. 

nocne OTpa~eHHA OT KOHBepTOpa CTaTHCTH4eCKH~ Bee He~TPOHa 
yMeHbWancA Ha eenH4HHy W H pac4eT npOAOn~ancA AO t =60 C. 
no nony4eHH~M eenH4HHaM w e KOH~e pac4eTa c waroM 1 c B~4HC
nAnacb rHcTarpaMMa 3Ha4eHH~ eepOATHOCTH yTe4KH YXH e 3aeHcH
MOCTH OT epeMeHH xpaHeHHA. 

B pe3ynbTaTe pac4eTOB epeMA ~H3HH ynbTpaxonOAH~X He~TPOHOB 
OTHOCHTenbHO B~XOAa H3 HaKOnHTenA 4epe3 $eppoMarHHTHy~ nneHKy 
6~no nony4eHo paeH~M 36 c. AononHHTenbHO npoeeAeHHaA npoeepKa 
Ha yCTOH4HBOCTb pe3ynbTaTa npH yeenH4eHHH 3neMeHTapHOrO HHTep
eana epeMeHH e ABa pa3a H nepeo~ HecTa~HOHapHo~ o6nacTH AO 
100 CM Cy~eCTBeHHO He H3MeHHna nony4eHHOrO pe3ynbTaTa. 04eBHA
HO, 4TO B~4~CneHHOe epeMA OTHOCHTenbHO AenanAp~3a~~H He~TpOHa 
MO~HO yeenH4HTb, HCnOnb3YA 6onee OAHOPOAH~e MarHHTH~e nonA. 

Apyr~M B03MO*H~M ~CT04HHKOM AenonRpH3a~H~ YXH e HaKonHTene 
ABnAeTCR npOCTpaHCTBeHHaR HeOAHOPOAHOCTb CTa~HOHapHOrO MarHHT
HOrO nonR. AnR o~eHK~ eocnanb3yeMcR pe3ynbTaTaMH TeopeTH4ecKo
ro paccMOTpeHHR, npoeeAeHHOro e pa6oTe ' t8 . 

H3 3TO~ pa6oT~ cneAyeT, 4TO ecnH KOppenR~HOHHaR $yHKUHR 
HeOAHOPOAHOCTe~ ~MeeT 3KCnOHeH~HanbH~~ xapaKTep C xapaKTepHO~ 
AnHHO~ f H MarHHTHOe none e o6beMe He cnHWKOM Mana I _J 3 
HnH B~We/, TO CKOpOCTb AenonRpH3a~HH HMeeT BHA: 

v 2 
f e, TYo· 191 

rAe V - CKOPOCTb He~TPOHOB, Yo - CpeAHeKBaApaTM4H~e eenH4H
H~ MarHHTH~X HeOAHOPOAHOCTe~, OTHeCeHH~X K eenH4HHe OAHOPOA
HOrO nonR. 

Pac4eT, e~nonHeHH~~ c Hcnonb3oeaHHeM nporpaMMbl, onHcaHHO~ e 
pa6oTe i 

19
' , AnR coneHOHAa AnHHo~ 8 M H AHaMeTpoM 20 eM Aan 

eenH4HHY y2 = 5·10-5, 4TO npH v = 5-10 2 CM/c, p =10 CM 
npHBOAHT K f = 2,5·10-5 c-1 . OcHOBHO~ eKnaA e ro AanT y4acT
KH 06beMa HaKOnHTenR e6nH3H KOH~OB COneHOHAa. 

AenonRPH3a~HR Ha cTaTH4ecKHX HeOAHOPOAHOCTRx HO~eT 6~Tb e~e 
3Ha4HTenbHO yMeHbWeHa, ecnH HCnOnb30BaTb HepaBHOMepHyn nnOT
HOCTb TOKa no AnHHe COneHOHAa, yeenH4HB ee e6nH3~ KOHUOB. 

npHBeAeHH~e 3Aecb pac4eT~ noKa3~ea~T, 4TO e~Hrp~w e nnoT
HOCTH YXH, AOCTHraeM~~ OT Hcnonb30eaHHR HaKanHTene~ c $eppo
HarHHTH~MH 3aTBOpaMH 1 HO*eT 6~Tb BeCbHa 3Ha4HTenbH~M. 0CHOB
HO~ npo6neMO~ RBnReTCR nany4eHHe $eppOMarHHTH~X nneHOK C He-
06XOAHM~HH xapaKTepHCTHKaMH - Man~M norno~eHHeM YXH H e~coKo~ 
nonRpH3y~er, cnoco6HOCTb~. 
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