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B pa6oTe /I/ ,IJ.aHw TeopHJI H MeTo.IJ.HKa pac'leTa, no3so
nJIIOIUaJI HaRTH TaKyiO 4lopyy MepH,IJ.HOHallLHOro Ce'leHHJI 
llOBepXHOCTH KaTo,IJ.a oceCHMMeTpH'IHOH 3lleKTpOHHOH nyWKH, 
KOTOpaJI o6ecne'IHBaeT Ha BhiXO,IJ.e llOTOK, 6nH3KHH K naMH
HapHOMy. 

BKpaTI~e MeTO,IJ.HKa OCHOBaHa Ha TOM, 'ITO nocne Hanuca
HHJI TO'IHWX ypasHeHHH ,IJ.BH~eHHJI 3lleKTpOHOB, B KOTOphiX 
Y'IHTLJBaeTCJI H 06'LeMHhiH 3apJI,IJ. B llY'IKe, COCTaBnJieTCJI 
.IJ.llJI 3BM nporpaMMa pac'le.Ta 3neKTPOMarHHTHoro nonJI 
B 3lleKTpOHHOH nyWKe H Ha6opa TpaeKTOPHH 3lleKTPOHOB 
B HeR, HcnymeHHhiX 3MHTTHPYIOIUeH llOBepXHOCTLIO KaTO,IJ.a 
Ha pa3nH'IHWX pa,IJ.uycax. KoH4larypanaJI aHo,IJ.a, nepa4le
paiiHwx /He 3MBTTBpyiOmax/ yqacTKOB KaTo,IJ.a a pacnpe
,IJ.eneHae 4loKyCBPYIOIUero MarHBTHOrO llOllJI OCTaiOTCJI He
B3MeHHhiMB B ,IJ.am.HeiWeM paC'IeTe, a 4lopya 3MHTTBpyro
IUeii KaTO,IJ.HOi llOBepXHOCTB BMeCTe C Ha'lallLHWMH ycno
BHJIMB BCero Ha6opa TpaeKTOpBii OT O,IJ.HOB CTa,IJ.HB paC'IeTa 
K ,IJ.pyroi 8B,IJ.OB3MeHJieTCJI B nponecce C'leTa TaK, 'IT06hl 
npoacxo,IJ.ano nocTeneHHOe npe8pameHBe noToKa 3neKTpo
H08 8 naMBHapHhiB. 

Ha Ka~oii cTa.IJ.BB pac'leTa 4lopya 3MBTTBpyromeii Ka
TO,IJ.HOB ll08epXHOCTB OCTaeTCJI HeB3MeHHOB, a BeCL paC'IeT 
Ha'IBHaeTCJI C 8hi'IBClleHBJI 3lleKTpOMarHBTHOrOllOllJI B llYWKe 
a oru6a10meii TpaeKTopua ny'IKa 8 Heii. B Ha'lane scero 
C'leTa 3a,IJ.aeTcJI npo6HaJI 4lopMa 3MBTTBpyromeii no8epxHOCTH 
KaTo.IJ.a. Ha scex cTa,IJ.BJIX noToK npe,IJ.nonaraeTCJI naMBHap
HWM. ,l(oKa3aHo, 'ITO 3TO npe,IJ.nono~eHae .IJ.llJI .IJ.~HHoro Tana 
pac'leT08 BHyTpeHHe He llpOTBBOpe'IHBO, TaK KaK nocne 
MHOrax KoppeKTBB npo6Hoii 4lopMw 3MHTTBpyromeii no8epx
HOCTB KaTo,IJ.a B nponecce nepexo,IJ.a oT O.IJ.HOB cTa.IJ.BBpacqe
Ta K ,IJ.pyroi, KOTOpwe /KoppeKTH8LI/ cnporpaMMBp08aHW 
,IJ.llJI a8TOMaTB'IeCKOrO 8LillOllHeHBJI 3BM, nony'laeTCJI TaKaJI 
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OKOH'IaTeJILHa.ll cPOp:W:a nosepXHOCTH _ 3:W:HTTepa, KOTOpa.ll 

o6ecne'IHBaeT JiaMHHapHOCTL nOTOKa Ha BhiXO,Ae H3 nymKH. 

Ha'laJILHaJI npo6HaJI orH6a101QaJI, Heo6xo,AH:wa.H,AJI.II y'leTa 

06'LeMHOrO 3ap.H,Aa npH Bhi'IHCJieHHH 3JieKTpo:w:arHHTHOrO 

nOJI.II, Ha nepBOH CTa,AHH 3a,AaeTC.II npOH3BOJILHOH, 6JIH3KOH 

K peaJILHOH. flo HeH 3BM Bhi'IHCJI.IIeT BCe He06XO,AHMhle 

,AaHHLie .AJIJI pac'leTa H pacc'IHThiBaeT cne,Ayro~yro /6onee 

TO'IHYIO/ OrH6aromyro, 'ITO npHBO,AHT K nepeC'IeTy 3aHOBO 

3JieKTpOMarHHTHOrO nOJI.II, H 3Ta onepa~HJI nOBTOp.lleTC.II ,AO 

Tex nop, noKa nocne,Ayro~a.ll orH6aro~aJI He cosna,AeT c 

npe,ALI,Ay~eH C HeKOTOpOH 3a,AaHHOH TO'IHOCTLIO. llpH 3TOM 

cPOpMa npo6HOH nosepXHOCTH 3:W:HTTepa KaTO,Aa HeH3MeHHa. 

Ha BCeX CJie,AyiO~X CTa,AH.IIX pOJIL HCXO,AHOH npo6HOH 

orH6aro~eH BLinOJIH.IIeT nocJie,AH.II.II /TO'IHa.ll/ OrH6aro~a.ll 
npe,ALI,Ay~eH CTa,AHH. 

To'IHaJI orH6aro~aJI TpaeKTOpH.II n03BOJIJieT Jano:>KHTL 

B naM.IITL 3BM TOT 3TaJIOHHhiH XO.A BCero Beepa Ha'laBWHX· 

C.ll Ha pa3JIH'IHLIX pa,AHyCaX 3MHTTepa KaTO,Aa TpaeKTOpHH, 

KoTopLIH H JIBJIJieTcJI KPHTepHeM naMHHapHOCTH .AJIJI ,AanL

Heimero caMocornacosaHHoro pac'leTa. 

~anee npoHcxo,AHT pacqeT scero seepa TpaeKTOPHH .AJIJI 

npo6HOH cPOPMLI 3MHTTepa. fioJiy'leHHLIH Beep OKa3LIBaeTC.II 

rpy6o He naMHHapHhiM. CpaBHHB ero c 3TaJIOHHLIM /c:w. 

BLime/, 3BM CaMa BHOCHT KOppeKTHBhl B cPOPMY 3MHTTepa 

KaTo,Aa H nepexo,AHT K cne,Ayro~ei cTa.AHH pac'leTa, Ko

Topa.H 3aHOBO BKJIIO'IaeT B ce6.11: 

a/ TO'IHOe BLI'IHCJieHHe HOBOH OrH6aro~eH C npe,AmecT

BYIO~HMH pac'leTaMH 3JieKTpOMarHHTHOrO nOJI.II y:>Ke npH 

Hosoi I c y'leToM npe.ALI.Ay~ei KoppeKTHBw/ 3MHTTHpyro~ei 
nosepXHOCTH KaTO,Aa H, CJie,AOBaTeJILHO, HOBOrO 3TaJIOHHOrO 

XO,Aa BCero seepa TpaeKTOpHH, 

6/ pacqeT scero seepa TpaeKTOPHH npH 3TOH HOBOH 

nosepXHOCTH 3MHTTepa H 

B/ BLI'IHCJieHHe KOppeKTHB jc y'leTOM HOBOrO 3TaJIOH

HOrO XO,Aa Beepa TpaeKTOpHH/ B cPOPMY 3MHTTepa ,AJI.II 

nocJie,Ayro~eH CTa,AHH, eCJIH YCJIOBHe JiaMHHapHOCTH He ,AO· 

CTHrHyTO. 

Kor,Aa ycnosHe naMHHapHOCTH ,AOCTHrHyTo, T .e. paccqH

TaHHLIH Beep TpaeKTOpHH COBna,AeT C 3a,AaHHOH TO'IHOCTLIO 

C 3TaJIOHHhiM XO,AOM Beepa TpaeKTOpHH, TO BnOJIHe O'leBH,A· 

4 

HO, 'ITO nOCJie,AH.II.II cPOpMa 3MHTTHpyro~eH nosepXHOCTH 

KaTO,Aa - HCKOMa.ll, o6ecne'IHBaro~a.ll JiaMHHapHOCTL nOTOKa. 

0Ka3LIBaeTC.II, 'ITO npH 3TOM KpHBH3Ha nosepXHOCTH 3MHT

Tepa H3MeH.IIeTC.II HeMOHOTOHHO C H3MeHeHHeM pa,AHyCa 

KaTO,Aa. 

B TOH >Ke pa6oTe /l/ 6LIJia pacc'IHTaHa onTH'IecKa.ll 

CXeMa TaKOH 3KCnepHMeHTaJILHOH 31IeKTpOHHOH nyWKH 33fi- 2 

Ha HMnynLcHoe HanpJI>KeHHe V = 500 KB H TOK I = 250 A, 
npe,AHa3Ha'leHHOH .AJIJI HH>KeK~HH naMHHapHoro ny'IKa 3JieKT

,pOHOB B COOpy>KaeMhiH B Jla6opaTOpHH HeHTpOHHOH cPH3HKH 

OHJIH JIHHeHHhiH HH.AYK~HOHHLIH ycKopHTeJIL JIHY-30/250 

Ha 3HeprHro 3JieKTPOHOB 30 M3B H cpe,AH1010 MO~OCTL 
B ny'IKe 200 KBIIl /2,3,4/. 

Ha puc. 1 cnesa H3o6pa>KeHa onTH'IecKa.ll cxeMa nymKH. 

3MHTTHpyro~a.ll 'laCTL 1 nosepXHOCTH KaTO,Aa 2 HMeeT 

,AHaMeTp 7 CM. MHHHMaJILHLIH 3a30p Me>K.AY KaTO,AOM H 

aHO.AOM 3 paseH 5,5 CM. ConeHOH.A 4 co3,AaeT He3KpaHHpye

MOe MarHHTHOe cPOKYCHpyro~ee none H, KOTOpoe ,AJI.II HO

MHHaJILHLIX napaMeTpOB nyWKH B MaKCHMyMe /~eHTpe CHM· 

MeTpHH COJieHOH,Aaj Ha OCH paBHO 350 3, a Ha nosepx

HOCTH KaTO,Aa B TO'IKe r = 3,5 CM paBHO 11,4 3. 
llymKa pacc'IHTaHa B npe,Anono>KeHHH, 'ITO pacnpe,Aene

HHe nJIOTHOCTH 3MHCCHH j 0 C nosepXHOCTH KaTO,Aa nO,A'IH

H.IIeTC.II H3BeCTHOMY 3aKOHY "3/2". 0,AHaKO nocJie TOro, KaK 

HCKOMa.ll nosepXHOCTL 3MHTTepa 6LIJia HaH,AeHa, ,AJI.II 3TOH 

cPOPMLI KaTO,Aa 6LIJI paCC'IHTaH xapaKTep nOTOKa B npe,Ano

JIO>KeHHH nponop~HOHaJILHOCTH nJIOTHOCTH TOKa 3MHCCHH 

j
0 

Ha 3MHTTepe nepBOH CTeneHH Hanp.H>KeHHOCTH 3JieKTpH

qeCKOrO nOJI.II. 0Ka3aJIOCL, 'ITO JiaMHHapHOCTL nOTOKa rrpH 

3TOM npaKTH'IeCKH He HapymaeTC.II. 

Cnpasa Ha puc. 1 ,AaHo pacnpe,AeneHHe nnoTHOCTH no

TOKa J no Ce'leHHIO ny'IKa npH HOMHHaJILHLIX npHBe,AeHHLIX 

swme 3Ha'leHH.IIX I, V H H Ha paccTO.IIHH.IIX OT KaTo,Aa 

z = 48 CM I cnnomHa.ll KPHBaJI/ H z = 36 CM /nyHKTHp/ 

,All.ll paCC'IHTaHHOH B/l/ reoMeTpHH nymKH. 

3,AeCL MLI npHBO,AHM pe3yJILTaTLI pac'leTOB TeX H3Me

HeHHH B xapaKTepe nOTOKa, KOTOpLie B03HHKa10T npH BapHa

~HH O,AHOH H3 Tpex xapaKTepHCTHK nymKH - TOKa, Hanp.H

>KeHH.II H aMnJIHTY.ALI Hanp.II>KeHHOCTH cPOKYCHpyro~ero Mar

HHTHOrO nOJI.II npH HOMHHaJILHLIX 3Ha'leHH.IIX BCeX OCTaJILHLIX 

BeJIH'IHH. 
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YMeCTHO HanoMHBT:& III, 'ITO Hawa MeTO.IJ.BKa pacqera 

ocHoBaHa Ha ucnon:&JoaaHBB npe,ZJ,nono~eHBH o paBHonnor

HOCTB llOTOKa ITO Ce'leHBIO ITY'IKA llpB 3&,ZJ,aHHbiX Z B rny6B

He noroKa. B HaweM cnyqae :no npe,ZJ,nono~eHBe acrynaer 

B CBny C TO'IKB Z = 14 CM, nocne KOTOpOH CKOpOCTB BCeX 

3neKTPOHOB npaKTB'IeCKB O.D.BHAKOBbl. Bcne,ZJ,CTBBe 3TOro 

npBBO.IJ.BMWe peJyn:&TaTw pacqeroa Ha puc. 2-4 cne,ZJ,yeT 

C'IBTaT:& npB6nB~eHHbiMB, npB'IeM OTKnOHeHBH BX OT BC

TBHHbiX BOlp&CTaiOT C poCTOM p&C'IeTHOH HepaBHOllnOTHOCTB 

ny'IKA. TeM He MeHee, II BCCne,ZJ,OBAHHWX HAMB H~enpBBe
,ZJ,eHHbiX ycnosu•x pacqerw .D.AIOT Y.D.OBneraopuren:&HYIO o,ZJ,

HOPO.D.HOCT:& /nonepeK nyqxa/ nnoTHOCTB noroKa annoT:& 
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Puc. 2. JlAo•Hoc•• •oKa Ha 6WX00e U3 3311-2 npu U3-
MeHeHUU I. /cn~~o•NaJr KPU6aJI - 6 •o'lKe z = 48 cM; 
nyHK•upHaJr - 6 •o'lKe z = 36 cM; V = 500 KB; H = 350 3; 
r e cM; j 6 A/eM 2/. 1. I = 237,5 A; 2. I = 225 A, 
3. I = 212,5 A, 4. l =200A, 5. I =262,5 A, 6. I = 275 A, 
7. I = 287,5 A, 8. I = 300 A. 
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Puc. 3. liAoiiJHOCIIr. moKa Ha 6r.1xooe ua 33II-2 npu ua
MeHeHuu V. jcnAOIUHaJI KpU6aJI - 6 1/JO'IKe Z = 48 CM; 
nyHK111UpHaJI - 6 mo'IKe z = 36 eM; I = 250 A. H = 350 3; 
r 6 eM; j 6 A/cM2/. 1. V = 475 KB, 2. V = 450 KB; 
3. v = 425 KB, 4. v = 400 KB, 5. v = 525 KB, 6. v = 550 KB, 
7. v = 575 KB, 8. V= 600 KB. 

,1];0 paCCTOJIHHJI OT KaTO,IJ;a Z = 36 CM, 'ITO CBH,IJ;eTenbCTBy

eT 0 TOM, 'ITO pacqeTHWe TpaeKTOpHH H npH 3THX OTnHq

HWX OT HOMHHanhHWX ycnOBHJIX 6nH3KH K peanbHWM, H, 

cne,IJ;oBaTenhHO, ,IJ;aHHWe puc. 2-4 3acny)I(HBaiOT ,IJ;OBepHJI. 

Bee awwecKa3aHHOe o pe3ynhTaTax pac'leTOB Tex H3-

MeHeHHii B xapaKTepe llOTOKa, KOTOpWe B03HHKaiOT llpH Ba

pHaUHH O,IJ;HOH H3 TpeX xapaKTepHCTHK nyWKH, OTHOCHTCJI 

H K puc. 5, Ha KOTOpOM H306pa)l(eHW XapaKTepHCTHKH llOTOKa 

npH O,IJ;HOBpeMeHHOM H3MeHeHHH ,IJ;BYX aenH'IHH - I H V 
CBJI3aHHWX 3aKOHOM "3/2", XOTJI H3BeCTeH cnyqaii, KOr,IJ;a 

Ha6mo,IJ;anaCb H nHHeiiHaJI 3aBHCHMOCTb Me)I(,IJ;y HHMH /
3
/. 

Ha puc. 2-5 cnnowHoii KPHBoii ,IJ;aHo pacnpe,D;ene-

HHe nnOTHOCTH llOTOKa llO Ce'leHHIO llY'IKa ,IJ;nJI Z = 48 CM 
H nyHKTHpOM - ,IJ;nJI Z = 36 CM. 
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Puc. 4. JIAOIIJHOCJib IIOKa Ha 6biXOOe U3 33JI- 2 npu U3-
MeHeHUU H. /cnAowHaJI KpU6aJI - 6 IIO'IKe z = 48 eM; 
nyHKIIJupHaJI - 6 IIO'IKe z = 36 cM; I = 250 A; V = 500 KB; 
r 6 cM; j 6 A/cM 2 /; 1. H = 315 3, 2. H = 280 3, H = 
= 245 3, 4. H = 385 3. 

liWnH TaK)I(e paCC'IHTaHW H3MeHeHHJI B xapaKTepe llOTO

Ka, B03HHKaiOUUie npH BBe,IJ;eHHH B03MyiUeHHJI HOMHHanbHOrO 

KOHTypa MepH,IJ;HOHanbHOrO Ce'leHHJI llOBepXHOCTH 3MHTTepa 

KaTo,IJ;a. Ha puc. 6/a/ noKa3aHo BBe,IJ;eHHOe B03MYIUeHHe 

3Toro KOHTypa 8 z(r) . HoMHHaJibHWii KOHTYP ycnoaHo coana

,IJ;aeT c OCbiO r I 8 z H r B cM/. H3o6pa)l(eHHble Ha 

puc. 6/6/ pacnpe,IJ;eneHHJI nnoTHOCTH noToKa /B A/cM 2/ 
,IJ;nJI cnyqaJI B03MY{UeHHOH llOBepXHOCTH 3MHTTepa/nyHKTHp/ 

H ,IJ;nJI HOMHHanLHOH /cnnoWHaJI KpHBaJI/, B3JITble Ha pac

CTOJIHHH Z = 36 CM. OT KaTO,IJ;a, HnnJOCTpHpYJOT pe3KYIO 
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Puc. 5. IlAOIIIHOCIIIb IIIOKa Ha 6biXOOe U3 3311-2 npu U3-
MeHeHUU V u I no 3aKOHY "3/2". /cnAOUIHa.R KPU6a.R- 6 •ot~
Ke z = 48 eM; nyHK•up~iu - 6 mot~Ke z = 36 eM; H = 
= 350 3; r 6 eM; j 6 A/eM /.1. V = 475 KB; I = 231,49 A; 
2. V= 450 KB; 1 = 213,46 A, 3. V = 425 KB; -1 = 195,92 A, 
4. V = 400 KB; I = 178, 88 A, 5. V = 525 KB; I = 268,98 A, 
6. V = 550 KB; I = 288,45 A, 7. V = 575 KB; I = 308,31 A, 
8. V = 600 KB; I = 328,65 A. 

3aBHCHMOCTL xapaKTepa llOTOKa OT B03My~eHHH llOBepx

HOCTH 3MHTTepa KaTo.z.a. 

H3 npHae.z.euuwx pe3ynLTaToa MO>KHO c.z.enaTL awao.z., 

'ITO 3ReKTpOHHLIB ny'IOK B aKCHanLHOH 3ReKTpOHHO- OllTH'IeC

KOH CHCTeMe, paCC'IHTaHHOH cornaCHO MeTOAHKe /l/ AOCTa

TO'IHO XOpOWO COXpaHBeT CBOID naMHHapHOCTL B AOBORLHO 

wHpoKoM I ±201ol AHana3oHe H3MeHeHHii ee 3neKTPH'IeCKHX 

napaMeTpOB. liTO :>Ke KacaeTCB H3MeHeHHH noaepXHOCTH 

3MHTTepa, TO 3AeCL HMeeT MeCTO pe3KOe HapyweHHe xapaK

Tepa noToKa .z.a>Ke npH Manwx I c aMnnHTYAOii 0,04 CM npH 

;{HaMeTpe KaTOAa 7 CMI OTKROHeHHBX ero KOHTypa OT 

HOMHHanLHOrO. 
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PyKonuct. noc•ynUAa e U30aJieAt.cKuiJ omOeA 
25 MaJI 1976 zooa. 

Y CJIOBHJI OOMeH8 

llpenpBHTbi B coo6JQeBBll OHJIH paccwnaJOTCll 6ecnnaTHO, aa ocuoae 
B3aBMHOro 06MeHa, YJIBBepcaTeTaM, BHCTBTyTaM, JJaOOp&TOPBliM, 080" 
JJBoTexaw a aay'IIQoiM rpynnaw 6oJJee 50. cTpaa. 

nowawo perynapaoi pace~ a nop~e o6weaa,B3A&Te~cxai 
,. OT,AeJI eliCerO,llBO IIWBOJIBJleT OICOJIO 4000 OT,AO~JIWX 3&npOOOB H& BW• 

cwmcy npenpBHTOB B coo&qeaal OHJIH. B T&KBX 3anpocax cJJe,AyeT 
o6ll3aTeJJbHO yxa3wsaT• BB.AeKc 3&npamasaeworo B3A&HBll. 

AJlpeca 

nacbua no &eew aonpocaw o6weaa ny6JJBK&IUiliMB, a T&JOKe 3anpo-
cw aa OT.AeJJbawe B3.A&HBll cJJe,AyeT sanpaBJJaT• no a.Apecy: 

101000 MocKea, 

rAQ61fWQ IIO'f.QM., rt/JI 79, 
H:~cX!•eA•cKull o•"e" 
06t.e"UifeHif020 UHCBU.,YIIQ 

Jl"epHWX IICCAe"06GHUtl. 

AJlpec .AJJ• nocwmca &eex ny6JIBK8.1lai a nop•.AKe o6weRa, a T&KliCe 
,AJill 6eCDJI&THOi DO,ADBCKB H& BAY'IKWe liCypila.JJw: 

101000 MOCKfiG, 

rAGBifWii IIO'fJIQMB, 11/JI 79. 
Bay'IHO•BeXIfU'feCKQJI 6u6Auo•ek0 

06 .. eOUifeHif020 UlfCBUByBa 

JIOeplfWX IICCAeOOBQifUQ. 


