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PeanH30B8H HOBbiA ttOJ:lX0£1 It pellleRBIO HIVK8Repllo-$JI3B~8CKOI MOtiS.ID.Roit 

38Jl&qH 0 B036y~Jl8HHH 38MKftYTOft CTpyKTypw JlBIVKymBMCtl ~CTKOM &neJtTpo

HOB. CooTBeTCTBYJOillall rpynna ypasReHHA MaKcsenna pemaeTCst MeTOtiOM Jtc>

HeqH&Jx pa3HOCTeil. l\\eT0£1 31jl4JeK~HBeH B CMbiCne CKOpOCTH c"'eTa H ttOilROTW 
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Zhidkov E.P., Serdyukova S.I. 

Net Method Applied-in Calculations of the 
Excitation Fields of Nonhomogeneous Ideal 
Conducting Structure by the Moving Electron Bunch 

There has been realized a new approach to solution 
of the eQgineering-physical ~odel problem about excita
tion of closed structure by the moving electron bunch. 
The corresponding group of the Maxwell equations was solv
ed by the difference scheme method. The method is effici
ent being very rapid in computer and giving more complete 
information as compared with the usual method of Fourier 
expansion. 
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BBBJ!!@!Ji! 

~a~a pac~eTa rronel, B036~aeMHX ~BKEeHHeM nnoTHHX crycTKOB 

HJlll ~KOB 9JleKTpoHOB B HeO.!UIOpo.~HHX CTpyKTypax (pe30H8TOpax, OTpea

KaX BQRHOBO,II;OB R ~p.) rrpe,II;CT8llJ!ReT 6on:&IIIOI RHTepec .IJ,Jlll KOJLJieKTRBHHX 

MeTO,~OB ]CKOpeHWI 1 T8KliX 1 K8K MeTo,n; Koneu HJIH CaMOYCKOpiliOOIHXCH rry~OB. 

YCKOpilHCL, peHHTRBHCTCKHI cryCTOK TpaTHT qacTL CBOel aHeprRH Ha 

H9JI~eHHe CTOpoHHHX 38~0B 1 B036y.En;aeMOe ero 9JleKTpH~eCKHM noneM 

llpH rrponeTe MHMO npocTpaHCTBeHHHX HeO~Opo~HOCTel. ~0 3H8TL 

pacrrpen;eJieHHe IIOJIR B~OJIL llOTOK8 aJieKTpoHOB R ]MeTL OUeHHB8TL llOTe

pR Ha Hany~eHHe. 

Ha 3TY TeMY HMeeTCH 6on:r,moe KQRH~eCTBO pa60T (CM., HarrpHMep, 

/1/./2/,/J/H T.n;.). PaCCM8TpHBaH 8TH pa60Tbl 1 MOEHO Cll;eJ18TL TaKHe 

BbiBOn;bl. Bo-nepBJU, B 6oJILIIliiHCTBe pa60T 38KOH ll;BBeHWI HCTOqHHKOB 

noM rrpen;ITHCbiBaeTCH 3apaHee. EepeTcH TaK H83biBaeMoe " npH6JIBeHHe 

38ll;8HHHX TOKOB 11 
1 BblqzCJIHJOTCH H8BO!(HMble IlOJIH, a 38TeM paCCMaTpHBaeT

CH o6paTHoe MllliHHe aTHX rronel Ha n;BneHHe aapiln;oB. B H3BeCTHHX 

HaM pa6oTax CKOpoCTL n;BK&eHHH HCTO~KOB npHHHMaeTCH ITOCTOHHHOI, 

~axe eCJIR HeT -~OCTBTOqHOro peJIHTHBH3Ma. Bo-BTOpbiX, B Ka~eCTBe 

OCHOBHOro MeTon;a pemeHHH HCilQRl>3yeTCH MeTO_n; "BHpT]Ml>HblX ilK>TOHOB"/4/ • 

iloJie;HeCOMOe "crycTKOM 9JleKTpoHOB 1 pacKJian;biBaeTCH Ha ~l>e-KOMilOHeH-
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TU no BpeMeHH, peruaeTca s~na~a pacceaHHR KnH AH~paxnww BHptyanb-

HaX WoTOHOB B CTPYKType, a saTeM rro~y~eHBHe ~ypi>e-RoMTIOHeHTU rro~Horo 

ITOJI.ll co6HpaJOTca BHOBI>. TaKall MeTo~. ecTecTBeHHo,rrpe.ztorrpe.zteJUieT 

I'poM03.nKOCTb perueHHi! H He06XO.nHMOCTb 60~bmHX 38TpaT MBimmHOro Bpe

MeHH Ha 3BM. KpoMe Toro, ITOHBnHJOTCR HeKOTopue ~OXHOCTH npH He06XO

nHMOCTH pemaTI> sa.na~ c Ha~MbHHMH .naHHUMH. KcTaTH, B peanbHaX sa.na

~ax C y~eTOM H8'l3JibHUX Y~Olllli, KOr.na CKOpoCTH aJieKTpoHOB eme .naneKH 

OT penRTHBHCTCKHX, X~aT~bHO OCB000AHTbCH OT "rrpHO~HXeHHH 3~8HHUX 

TOKOB". 

Hue o6cyxnaeTCR pac'leT B036YJ1tneHHR Heo.nHopo.IUfol CTPYKTYPU, 

OCHOBaHHUI Ha M8TO.~Ke, OUH'IHO:It OT HCITMI>3yeMOI paHee, COOTBeTCT

BYDII{aR rpynna ypaBHeHHI MaKcB~a c paspUBHUM npocTpaHCTBeHHHM 

pacrrpen~eHHeM ITJIOTHOCTH TOK8 (KOMITSKTHUI CI'YCTOK a~eKTpoHOB B BH.I(e 

Topa rrp:RMoyro~bRoro ce'leHHR) peruaeTca Henocpe.ncTBeHHo MeTonoM KOHe'l

nux pa3HOCTeR 6e3 KaKHX-~H60 aHMHTH'IeCKHX p83JIOllteHHA. Ha T8KOM 

nyTH Y.naeTcR aqxpeRTHBHO ~TUBSTI> KBK Ha~ani>Hiie .uaHBHe, TaR H rpa

HH'IHUe y~oBHR. PeaJIH30B8H pac'<eT Mo.n~H Heo.nHoponHol CTPYKTYPU c 

OI'paHH'leHHHM 06'beMOM. KaK H B npe,IJ;JIIeCTBYIOIIlHX pa60T8X, HCIIOJIJ,syeTCR: 

38~aHHUit 38KOH nBDeHHR HCTO'IHHKa: npe,lliTOJiaraeTC.fl ero paBHOYCKOpeH

HOe .nBIDKeHHe OT COCTOllHHJ'I ITOKOR. BonpoCH H3JiyqeHHR: B ~yqae paBHO·· 

YCKOpeHHOI'O nBIDit8HHR 3ap!Ina B CB06o.nHOM npoCTpaHCTBe no.npo6HO pac

CMOTpeiW B /S/. 

~I>HeHillHM maroM 6uno 6u pemeHHe c&Mocor~acoBSRHol s~ua~ c 

TeM, 'IT06U Y'<8CTb BJIRllHHe peanbHOI'O YCKOp!IDJ1ero ITOJIR, KOI'.Jt8 ero 

B~Ha COH3MepHMa C B~H'IHHOR ITO~ei,B036YJitq8eM.blX CI'YCTKOM *). 

l\1li RaqeeMCR, 'ITO npe,D;JIOllteRHbil M8TO.lt perueHWI I'HITep60JIH'I8CKOft CHCTe

MU C pa3pUBaMH Ha MMOR OTHOCHT~l>HO OCHOBHOH 06JISCTH fl ITJIOII{8JtK8 

( 0' , fir ) MOllteT 6UTb HCITMb30B8H ll;JUl pemeHHR .ltPYrHX sana'<. HanpHMep~ 
*l TpyqHOCTb COCTOHT B He06XO.JtHMOCTH nepeHOp:MHpoBKH MSCC!i CryCTKa 

38p!IJtOB. 
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,n;ml pemeHWI s~naq C 6Mee ~OJIUWMH KpaeBUMH Y~OBHRMH. 0CHOBHUe 

TPYIUfOCTH B TaKHX s~na~ax CMSaH!i c o6c~eToM oKpeCTHOCTH paspUBoB. 

STH TPY.IUfOCTH HaMH npeo.uoJienu. 

B npouecce c~eTa MU no~yqaeM .nHHBMHKY nOJIHol RaPTu no;m 

(::: ro00 TO~eK B fl H 600 maroB ITO BpeMeHH). IlpH STOM 38TpaTU MamHH

HOI'O BpeMeHH (2 ~aca 40 MHHYT H8 3BM C~C-6200) cOH3MepHMU c saTpa

TBMH Ha 06C~eT 5-6 TO'leK np:i'l HCITOJib30B8HHH MeTo.na "BHPTYMI>HUX 

WoTOHOB". 

!. MaTeMSTH'IeCKaR ITOCTaHOBK8 sana~ H MeTOU perueHHR 

BBilltY 8KCHaT.lbHOR CHMMeTpHH pacCM8TpHB8eTCR BepXHIDI ITOJIOBHH8 

MepH,l4HOHaJibHOro Ce'leHHR CTPYKTYPH ( CM. p!!C. l), rqe .UaHU H COOTBeTCT

BY~e o6osRa'leRHR. 

'i 

I 

t=20 

, 

2:. .... 

~~!:,, ».J•»,~;;.J,,.,'/ JFJ? t?t J•;••??•j(• ?IJ}fla,~. 

j_~--------------_.----~----~t 

PHc.I. 

qepes 2 t Ill 2_ ~ 0603H8'leHU COOTBeTCTBeHHO ropH30HTaJibHHe H BePTHK3Jib

HUe yqaCTKH rpaHHUH r o6JiaCTH ~ : r = 2_ 
1 

U ~ .2. ; ( 6' , 6" ) - Oe'le

HHe crycTKa. IlpHHRTH o6osHa~eHHR E 't ( t, z, 'f)= U., Ez ( "'· z, }) = V ; 

H'f("t,'Z.,'f):::w; ~= ct . B 06JiacTHQ pemaeTcJI Kp:aeBa.R 3anaqa: 
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au __ 'l1&t" 
~- 'H• U (-;,l!,o)='U,(~.1); Yc-r.,l,OJ =V. (~.zJ; lU('t-,1:,0J:o 

7V _ .i. 'dc·•t:tffJ - q("t, z.lJ 
'dJ-'l. '3"'-

atV = _ r;,u. + ~~ 
0 i 'il~ 

3~ecb 
{

1/liJf q ("t,l, 'f)-::. n•+J•, 
0 , 

uj =o, 
:E, 

'iJVJ- dW) -o U L~ 'iJZ L,-
1 

V\ :o, 
'· 

~~ - 'QW"\ =0. 
'i -t s:.- ') tt- I :~: .. 

("e,'i!) E: (6",6") 

(".~) £ c~.o). 

CrycTOK aJieKTpoHoB (~eHTP ( 5, 6')) .~BIDiteTCR rro aaKoHy 

{
q.o,J*O 

Z{I)= 
/.B• ... v-B+~o, 'i">"o, 

(I) 

B - ITOCTO.fiHHa.H, rrapaMeTp YCKOpeHHR, ~" - H3~8JlbH08 ITMOJK8HH8 

cryCTKa, Ha'tJMbHOe 3H8'!8HHe ITO~.fl orrpe.~~eTC.fi H3 pemeHH.ll ITOTeHUR

MbHOH 3JieKTp0CT3TH'!8CKOH 38,~3~! 

~ T ~+.Li4" =T>t'("(..,J.) 
'a't.. "a'i!"' "'" 
rhj = o, n-,. _ {"J"P • ("e,il.)£ C.",") 
"f"r :1'- o, '""'~J~(fY.Ir) 

Uo ("t,l)=- :~ Yo ("t,!) =- ~t • 
(2) 

PerneHRe KpaeBof.l 3<1.~8~ (I) y~oBJieTBOP.fieT aHepreTH'tJeCKOMY COOTHOme-

HHID" ) 

· ~jjcu.'+-v~.'IV'J-ukc.!h \ -! JJ<u'..-v\~)~~~ =-J//'FV~Ui'Vilti~. 
~ ;i Q o OQ ( 3 ) 

1fuCJieHHO ITOCJie~OB3TMbHO pewaiOTC.fi (2), (I) H .~ KaJK~OrO 111.-'C: 

(~- BpeMeHHOH war) C'!RT3!0TC.fl JieBHft H rrpaBHn HHTerpaJIH (3). qnc

JieHHHfi MeTo~ ~oJ~eH y~oBJieTBOP.fiTb yCJioBH.fiM: 

I. ~ 6o~ee TO"!Hofi arrrrpoKCHMauKH o6JiaCTb ~ .~OJIZHa 6HTb rro

Kpl:l.Ta CeTKOll C ~OCT8TO"'HO Me.JlKHM maroM, 

2. ~ CXO~HMOCTH pemeHIDI pa3HOCTHOfi aa~a~ K perneHHID (I) He-

06XO.~HMO rroo;o6paTb YCTOWmBYID CX8MJ. 

6 

3. TiporpaMMa .~ORXHa 6HTb KOMll3KTHOH H He .~onxHa paCXO~OB3Tb 

CJimDKOM MHoro Mammmoro BpeMeHH. 

B Ka~eCTBe OCHOBHOI 6ana HCITQnb30BaH3 CXeMa~Tpeaora , XO

pomo aapeKoMeH.~OBaBWa.H ce6H rrpH c~eTe CJIOJEHHX raao.~HaMH~ecKHx 

aa.~a~ /6,7/. 

~ ycTpaHeHHR HeyCTO~BHX HBn8HHH, Ha~D~3BWHXCR B rrpo~ecce 

C~eTa, 6HnH HCITO~b30BaHH peay~bT3TH o6mel TeOpHH JCTO~BOCTH paa

HOCTHHX KpaeBHX 38.~3~ /8- 14/. MeTO.~ pemeHIDI BH6HpMCR C ITOMOmbD 

~CJI8HHHX 3KCIT8pHM8HTOB Ha MO.~MbHHX 33~3'!3X, 

Ha rrepBOM 3T8IT8 pa60TH 6~ COC~TaRH H3'!MbHH8 .~aHHHe. B pe-

3Y~bT8T8 ~CJI8HHHX 3KCIT8pHM8HTOB Ha MMOM (I,5 CM >. I,5 OM) KBaa;paTC 

6Hn ITO~~eH aqxpeKTRBHHH M8TO.~ ~CJI8HHOro perneHIDI (2) Ha 3BM - MeTOU 

rrporH038 /15/. 3TOT M8TO.~ IT03BO~M COKpaTHTb BpeMH C~eTa 38.0:8~ (2) 

ITpH~3HTMbHO B 700 pa3 R OCB060.~Tb 6Qnblll08 M8CTO B orrepaTHBHOH 

ITaMHTH 3BM. 

TeopeTH~eCKHM HCCJI8.~0B8HH8M MO.~MbHOf.l 38~3~, ~H3KOH K (I), 

6uno rro~y~eHo orpaHR'!eHRe Ha oTHorneHRe waroB ceTKH ~ = rk ~ 1 

OcHOBRHe pac~eTH rrpoBo~cb c 't' = ~ • IlpH pactieTax c ?: = h. 

H30RD~M3Cb H8JCTOKtiMBOCTb. 

Tipe~BapHTMbHO pemMacb .~aMH'!eCKa.H aa.~a'tJa Ha ypeaaHHOli o6-

JiacTH Q C ~liHOH ITO .i! , paBHOH ~ MI!RH 0 , 

Ha 3TOH 06Jl3CTH C"'8T BMCR C maraMH ht. = h.., = 0.56, CtieT BMC.fl !IO 

~BYM cxeMaM: A. ITo cxeMe AaKca c rrepec'IeToM rro .fiBHOMY KpecTy (cxe-

Ma- TpeHOPa ) 16/, B. IIo cxeMe Jla:Kca c He.fiBHHM rrepectieTOM W • 

B KOHU8 C'tJ8T3 6HnH ITOJI~eHH TaKJKe 3Ha'tJeHIDI JieBHX H rrpaBHX IDI

TerpMOB B (3). 

A. 't:= 0,004375, L.= 0,94767·108 , In.= O.I5460·10
9 

9 9 B. t: = 0,004375, 1..- = O,I0810·10 , J,. = O,II939.10 
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CxeMa B JIY'ID!e, -qeM A y~oBJieTBOpHJJa cooTHomeHHil (3~ >:r ei 6ww oT~aHo 

rrpe_niTO"'TeHHe. O.~HaKO ITpH C"'eTe Ha Q paCXOll:~eHJIIe B HHTerpaJiax YCH

JIWIOCb ( In ""= 2.0!..., ) H ITQ.liBRJIHCh OCinfJIJiiiD;Pm, COHSMepHM!:le C OCHOBH!lM 

IT>iKOM. lvH BepHYJIRCb K CXeMe A, 3TO YCTO~ CXeMa BTOporo ITOPJI.~

Ka TO"'HOCTH jgf. ~CJieHHHe 8KCITepHMeHTU nOK8SUB8RB He06XO_nHMOCTb 

YMeHhmHTh marH ceTKH. 3a C"'eT CJioli:HoA opr8Hl1Is~ nporpaMMU y~aJIOCh 

YMeHhmHTb WBrH CeTIGI B .~a pasa. IlpH 3TOM BpeMil C"'eTa B03p0CJIO B 8 

paa. Ilepexo~ K cxeMe A H YMeHLmeHHe maroB .~aJio CJieey!OOIIIe pesyJihTaTu: 

I) nponaJIH OCinfJIJiiiUKH H C"'eT C'l'aJI 6oJiee YCTOi:"'HBUM, 

2) 60JJee YCTOiftmBO CTaJIH C'tiHTaTbCR !A H 1 n 1 HO OHJII npo~OJIJK8-

JIR OTJIH'q8ThCR B IO pas. 

C-qeT noKa3HBaJI, 'ITO HYERS eme 6oJiee MeJIKBR ceTKB. ~LHeamee 

YMeHhmeHHe maroB ceTKH no Bee! o6JiaCTH npHBeJIO 6u K neperpysKe orre

paTHBHoA naMRTH. HcnOJib30B8Hliie BHemHHX YCTpoi:CTB HaM K8SaJIOCh He

UeJiecoo6paSH!lM no .~BYM npH"'HHaM: I) C'IeT Kall:.~oro BpeMeHHoro CJIO.H 

H~eT 6HCTpo, CJIHWKOM -qaCTO ITpHWHOCb 6U 06p8m8ThC.Il K BHemHHM YCTpo!CT

BaMj 2) rrporpaMMa CTaJia 6H CJIHWKOM CJIOllHOH H 60JILmoA. 

BHXO.~OM H3 C03.~aBweroCR nOJIOlleHH.H 6HJIO 6U COS~8Hl1Ie MeJIKOi: ceT

KH B OKpeCTHOCTH ~BHXJm8HCR ITJiomanKH. B nOJ!hSY 3TOrO mara roBOpRHO 

CJie.l{YKXI{ee. Bee pac-qeTH ITOK83HB8JIH 1 'ITO BCe HeyCTOA'I:JimHe .HBJieHID! 

po~a~CR B OKpeCTHOCTH ITJIOmBnKH H JIOK8JIR3YDTCR OKOJIO Hee. ~ee 

p8C"'eTH noKaaHBaJIH, 'ITO 6oJiee HeyCTOA'!HBO C'!HTaeTCR npaBHi: HHTerpaJI 

B (3),saBVJCRIIlVlil OT 3H8"'eHHRV H8 (6', 5 ). T.K.V Han ITJlO-

manKoA MeHReT 3HaK, TO .!l,JIR rrpaBRJibHOro C"'eTa In Ha 6' , o ) He-

06XOnHMO HMeTh MeJIKY~ CeTKY• C yqeTOK BHW6CKaSaHHOrO B OKpeCTHOCTH 
,. .. h. 

( 5 , 6" ) 6UJia coa.naHa ~HlltYJllaRC.H MeJIKBR ceTKB c lirt. = fi1 = 
5 

... • 
,. n. ... 

't: -:::. 1o • lvleJIKM CeTKa CO~epmiT 4632 TO"'KH,IOO HS KOTOpUX rrpH-

XO~TCR H8 ( 6' , ~ ) • MeJIKM ceorxa Q" .nBHJ!teTC.Il BMeCTe C ITJIOIJl8n:KOi:, 

8 

.'J 

.i 

T8K 'ITO paCITOJIOlleHHe (5, 6' ) OTHOCHTeJihHO Q• He MeHReTCR. Coao;a

HHe nBHJ~:Ymei:c.H MeJIKo! ceTKH cymecTBeHHO yCJioli:HKJ!o rrporpaMMY. O~HaKo 

Ha TaKOM ITYTH YO:aJIOCh ITOJIY"'HTh pe3yJibT8TH,YnOBJieTBOpRIOOtll!e aHepreTH

-qecKOMY COOTHOmeHRD Ha Kall:nOM ware ITO l,H,H8KOHeU, H8M YnaJIOCb COC

'IHT8Tb HHTepecyiOOtll!e HaC HHTerpaJIH. ~OKaJibHO mar CeTKH 6UJI YMeHLWeH 

B 5 pas. IlpH TaKOM YMeHbmeHHH mara no BCe! 06JiaCTH BpeMH C"'eTa YBeJIH

'IHJIOCb 6u B I25 pas,nall:e eCJIH 6u MH HMeJIH Heo6xonHMoe MecTo B onepa

THBHOA n8MHTH 3BM. 

Ami OCHOBHO:ft qiH314"'eCKO! MO.neJIH (13=35) aHepreTH"'eCKOe COOTHO

meHHe ynoBJieTBOPJieTCR c nBYMH sHaKBMH ( In= O.I26•I09, I .. = O.I25·I09). 

To eCTh OTHOCHTeJibHO C"'eTa C paBROMepHoi: CeTKOA TO"'HOCTb C"'eTa yBe

JIR'qHJI8Cb H8 3 ITOp.HnKB npH YBeJIH"'eHHH BpeMeHH C"'eTa B 4 pasa. 

II. 06cyxueHHe pe3YJihTaTOB C"'eTa 

B pesyJILTaTe pemeHH.H sa.na'Dt (I) noJiy"'aDTCR sHa"'eHH.H BeJIH"'HH 

noJI.H E~, E i , H., Ha HeKoTopo! ceTKe npocTpaHCTBeHHO-BpeMeHH!lX 

TO"'eK M ( "t • , l ;- , F oc ) • 3TH BeJIHtJKHii .nanT B03MOllHOCTh CJie.nHTh, 

K8K 3a H3MeHeHHeM IIOJI.Il BO BpeMeHH B qiHKCP!poBaHHOi: TO"'Ke BHYTPH 

CTPYKTYPH (qto sazHo ,llJIR pacqeta asToycKopeHHR H sonpocos yctoRqH

BOCTH ,llBHKeHHR qacTHI.\ B cryCTKe), TaK H sa VJSMepeHVJeM ITOJIR B M6CTe 

H8XOllneHH.H HCTO"'RHKB RHH 38 H3MeHeHHeM ITOJIHOi: lJHeprH.I'I IIOJI.Il ('ITO 

Bali:HO .!l,JIR pac"'eTa rroTepL aHeprHH B CJiy-qae MeTona KOJieu). 

IlpH p8CCMOTpeHHH pesyJibT8TOB C"'eTa ITOJie3HO y-qeCTh CJI6l{Y~D 

YCJIOBHYD CXeMY rrpou;ecca H3MeHeHHR ITOJI.Il BHYTPH o6JiaCTH Q. • 

I. liOJIHOe H8"'8JlhHOe CT8TR"'eCKOe nOJie B Q ITpH ~ ~ 0 

aHepmD aToro nOJI.H o6o3Ha"'HM W o • 

2. H3MeHeHHe nOJI.H CaMOrO HCTO"'HHK8 rrpH YBeJIR"'eHHH CKOp0CTH1 

nepecTpoiKy "HeCOMOro" HM CT8TH"'eCKOro ITOJI.Il (~t ) H H3Jly"'eHHe Sa 
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C'leT ycKopemrn ( wl. ) • 'JTy -qacT:o aHepr:r.m o6osHatmM ~ + v., • 

3. Bo30YX.!l81ill8 H3JIJ'l8HHII CTOpoHIDIX TOKOB, H8BO.!lHMHX IIOJIBM RC

TO'llillK8 Ha cTeHKax CTPYKTYPH. 3HeprWI aToro HMY'!eHM: \N3 ='W';'+ w. • , 
rne w; - BKJian, B03HHKillHI Hs-sa HaJI!d'IIDI rrepexonHoro y-qacTKa CTPYK

TYPH (Korna c.t1 f. 1 pHc. I), a W 3" - BKJia.n Hs-sa Topu;eBhiX cTeHOK. 

ECHR HCII0~:030BaT:O 3aKOH COXpaHeHWI (3), TO IAfo BblpaxaeTCR BTO

pbiM ~eHOM JieBOti '!8CTH, a W. , W2. H~ p83!leJI1'!T:O 38TPY!llillTeJI:OHO. 

BmmHHe HeonHoponHocTen CTPYKTYPH MOllHO oD;eHHT:o,HarrpHMep, cpan

HHBaR pesy~:oTaTH c'!eTa (I) c pesy~:oTaTBMR c'!eTa .~ CTPYKTYPH 6es 

rrepexonHoro y-qacTKa (Korna a,= 8 ) HJIH ~ .nocTaTo'!Ho ~HHHoft CTPYK

Typu. 3aKOH !lBRllt8HWI HCTO'IHHKa H B03MOltHbl8 rrpe.lliiOJIOJKBHWl 06 H3MBH8-

HHH ero pasMepon B rrpoD;ecce .nBUeHWI, Boo6me roBOPfi, .!lOJ!JlHbl OKa3aT:o 

CYl!I8CTBBHHOB BJIWIHHB Ha COOTHOWBHRB MBX.llY BeJI!d'IHHaMH W1 , W._ , W~ . 

llpHHRTbiB IIpH paC'lBTSX napaMeTpbl .!lBRlltBHWI HCTO'llrnKa: COOTB8TCT

BYIOIIIBB 3Ha'!eHHe PeJI.f!TidBHCTCKOro !flaKTOpa r B 3aBHCHMOCTR OT &. -

IIO~OlltBHWI D;BHTpa crycTKa H rrapaMeTpa YCKOpeHWI B, .!laHbl B Ta6~e I. 

B STOft T8~HD;e ~ = 60 CM - COOTBBTCTBYBT KOHB'IHOMY IIO~Ollt8HRD HCTO'l-

HHKa BO BCBX pac'!eTaX; Z 6 CM - IIO~OllteHRe cryCTKB B MOMBHT HaH-

6o~:omero c~RllteHWI c rrepexou:oM B cTpJKType. 

~e!lYDmee ~3H'!ecKoe JdCTO~KoBaHRe: rrpH B 

llapaMeTpy B MOlltHo .naT:o 

m.y.1.c" 
eEo T8KOA lite 

3aKOH .L(BHlltBHWI, KaK 6~ IIpldHHT .L(JI.fl BCero cryCTKS, HMeJI Obi O.!lHH 

3Jl8KTpoH, "yTS!XBJIBHHH~ IIOIIepe'!HbiM peJI.f!THBHCTCKHM !flaKTOpoM y ... 
ycKOpiiDl!leM o.nHoponHoM noJie E0 , eCHR rrpeHe6pe-q:o caMo.neiicTBHeM. 

HanpHMep, .6=35, rrpR ¥1. = I0 COOTBBTCTBOBMO 6H E0 = I50 KB/cM. 

B 

)l1IR IIpHBB.!lBHHWC C~y-qaeB H .~ IIOJIHOrO 'IHC~a '!8CTHU B cryCTK8 

N = 3·IOI3, 6~ o6c'!HTaHbl rro~Hble KapTH rro~ea ~ !lBYX BapHaHTOB 

CTPYKTYP - c rrepexo.nHHM y-qacTKOM H 6es Hero. B Ka'!eCTBe npHMepa Ha 

p:~~c.2 .namcR rpaiflHKR Eoz. HE .. ~ ocHOBHoii CTPYKTYPH B saBHCHMOCTH 
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OT i!! .H npH pa3HHX 't !VI.fl f ~ 0 , T. e. H8'laJIDHHe 3H8'leHRff ITOJI.fl o Ha 

pHc. 3, 4 npHBen:eHH rpaqmm E ~ B ilJ!mcHpoBBHHHX TO'l:KBX ( "l , ~ ) B 

38BHCHMOCTH oT BpeMeHH l . H8 Bcex rpaifJHK8X paccTORHHe "(, YK838HO 

oT HID~Hei! rpamu.J,li o6.rr8CTH Q • 

~3 3THX rpa~KOB BHU:HO, 'ITO nonozeHHe r~8BHOrO M8KCHMYM8 B 

KaJI:,ll;OM CJiyqae COOTBeTCTsyeT MOMeHTY npoXOZU:eHHR HCTO'lH.HK8 OKQnO pac

CMaTpHBaeMoa TO'lKH. BpeMH npoxoz~eHHR 38BHCHT oT n8paMeTpa B. CooT

BeTCTBY10011fe rp8ifJHKH 1VLfi E "" , H 'f , a TaK!te H .lVI.fi CTPYKTYPH 6e3 

nepexon:Horo Y'l8CTKa aHanorHqHH H no B~'lHHe H no xapaKTepy, xoTR 

6oJiee pery.II.fipHH B noMe.n:HeM ~'lae. IIpoc~eD:HT:b H H.U:8HT.H~poB8T:b 

38BHCHMOCT:b OTU:Ml>HHX npoMezYTO'lHHX M8KCHMYMOB OT npH6HTHR B03MY-

1U8HHH oT pa3HHX qacTel CTPYKTYPH B o6oHX CJzy'laRX Tpyn:Ho. O.n:HaKo 

MOZHO CK838T:b, 'ITO B 60~:bWHHCTBe MY'l8eB 3TH MaKCHMYMJi YCTOii'lHBO 

COXp8HRK11'CR npH H3M8H8HHH marOB C8TKH. 

EoJI:r,moe BHHMBHHe npH cqeTe o6pamanoc:r, Ha yn:onneTBopeHHe 3aKOH8 

COXpaHeHHR (3). 0Ka3anOC:b, 'ITO ~OCTaTO'lHO XOpomee BHnOJIHeHHe paBeH

CTBa (3) n:ocTHraeTCR ~Hill:D npH cqeTe c ManHM maroM. 0.D:H8Ko c YMeHDme

HHeM mara r~aBHHM o6paaoM yTo'lHReTCR ~HWI> npaBaR 'laCT:D paBeHCTBa, B 

TO BpeMR KaK B~'lHH8 JieBOH qaCTH YCTO~B8 H CTa6HJIH3HpyeTCR yze 

npH YMepeHHol B~'lHHe mara. Y'lHTHBBR aTo,pa3YMHO 38 aHepreTH'leCKYD 

xapaKTepHCTHKY npHHRT:b o6~eMHHI HHTerpan JieBol 'l8CTH qopMY~H (3). 

CooTBeTCTBY10011fe BpeMeHHHe 3aBHCHMOCTH .lVI.fi aTHX HHTerpanoB 

ITOK83aHH H8 pHc.5-7. Ha KBZ.U:OM rpaifJHKe npHBen:eHH pacqeTHHe KpHBI:re !VLfi 

CTPYKTYP c nepexo.n:oM H on:Hopon:Hol CTPYKTyps. KaK BHU:HO H3 rpa~KOB, 

BO BCeX MY'laRX nepexon: K n:pyroft CTPYKType ManO 0Tpa3HJICR Ha 3Hepre

TH'l8CKHX xapaKTepHCTHK8X. 

IIo-BRD:HMOMY, Ma6oe OTJIH'llde aHepreTH'leCKHX X8paKTepRCTHK B pa3HHX 

MYlJaRX MOllHO 06MCHHT:b, BO-nepBHX, CHJI:bHHM BJIH!IHHeM 38pRU:OB - H306-
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pazeH.Hi CHa'lana Ha ~eBOI, aaTeM Ha npaBOH TOPU8BHX CTeHKax CTPYKTyp, 

BO-BTOpHX, npHHRTHM pacrrpe.U:M8HH8M 38Pff.U:8 HCTO'lHHKa (CoXpaHeHHe 

.~ cryCTKa B ~a6opaTOpHOI C.HCTeMe). B aTOM ~'lae CIIeKTp KOre

peHTHHX BonH, B036~8eMHX 3a C'leT nepexon:a,orpaHH'leH nJIBHoA crycTKa. 

B 38KIIJltieHHe Mouo npHBeCTH T86.rrHUY 2, rn:e B 38BHCHMOCTH oT n8-

paMeTpa B ~8HO KOHe'lHOe 3H8'leHHe II~Oit 8Hepr.HH nOJI.fi \t{ (B~a 

06'l>eMHOro HHTerpaJia B JI8BOI '18CTH (3) ) , H, .lVI.fi Cp8BH8HHR, .U:BHH UOJI

HaR 8Hepr.HR ~ U:BHZeHBR crycTK8 .lVI.fi 8TOrO MOMeHTa BpeMeHH J (no-
iS 

C'lHT8HH8R no !fJop.wJie ~=N·mc"-yJ.1 IIP:H 1'4 =3·10 'rl. = IO H 

BeJ.IH'lHH r , B3RTHX H3 T86.1llUJ;W I - COOTBeCTBYD!UeH 'IHCTO M8X3HH'leC

KOH 38.U:8'1e).B tTOii :r Ta6JIHue U:8H8 OUeHKa W,_ - H3JIY'leHHOH 3Hepr.HH 

.1VLfi TO'le'lHoro crycTKa c TeM xe noJIHHM 38Pff.U:OM Q. = N e. , .D:Bl!zYIUKMCR 

no TOMY Xe 38KOHY H B TO .l(e BpeMH, KaK H B 38.0:8'18, O.n:H8KO B CB06on:

HOM npoCTpaHCTBe (OI~eHKa C.U:M8H8 ITO <lioPMYJie W,_ ....., ::"f...,....,. ,rn:e 

~ KOHe'l. COOTB8TCTBY8T UQnOllteHHD i.! = 60 OM) o 

B Ta6.rrHUe 2 HaH6on:r,umA Jl!HTepec npe.n:cTaBJI.fleT rrepBaR CTpOKa, n:al.l

maa rrpe.U:CT8BJieHHe 0 peaJI:DHO B03MOlltHOM MY'I8e ycKopeHHll. KaK BK.U:HO, 

w 
B aTOM MY'l8e "yCJIOBHHe aHepreTH'leCKHe rroTepH" - OTHomeHHe T coc-

T8BJI.fiK11' ~ IB%. OTMeTHM T8K!te, 'ITO npH n:an:r,HeiimeM YBMH'I8HHH YCI<Ope

HHH 3TO OTHOWeHHe He Jl!MeeT KaTOCTpoifJHqecKoro poCT8. 

Mom~o Clta3aTJ>, 'ITO paCCMOTpeHHHA CJIY'l81 COOTB8TCTByeT COXpaH'

Illlll pa3Mep8 crycTKa B JI-CHCTeMe, o.n:HaKo c caMoro H8'lana 6~ B3RT 

O'l8H :b KOpclTKHit cryCTOK: ~ e_-;:. 0, 6 CM H T8KHM o6pa30M, eCJIH roBOpH'n> H8 

R3HK8 Pypbe-pa3JIOJ:eHHII, TO OH T8K!te .U:onllteH B036YJKU:8T:b KOrepeHTHO 

BQnHH nO'ITH .U:O MHJIJIHMeTpoBoro .n:H8n830H8. 

HaKoHeu, H8 pHc. 6 .n:BHa e111e o.n:Ha opHeHTHpoBO'lHaR xapaKTepHCTmt8-

rpaifJHK B~tmHH Wo·f , r.n:e 'W' o - H8'lan:DHoe 3H8'leHHe aHeprim nOJI.fi 

crycTJta B Q • ,lJ,nR tmMa '18CTHU N = 3 · 10 3 
, \V0 "' I. 2 • IO 7 apr. ~3MeHe-
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HHe ~0 1((!) B KaRol-TO Mepe HMHTKpyeT poeT a~eKTpoMarHHTHOi Mac

CH HCTO'lli1ffia (XOT.II B Wo HMeeTC.II BM8.1( K OT ITOJie'I,HaBen;eHHHX Ha CTeH

Kax o6JraCTH 3ap.III(OB, .I(BHllteHHe K~TOpHX .IIBHO Hep~THBHCTCKOe) • KaK 

BUI(HO H3 rpacfJHKa, pacCMaTpHBaeMa.II KpHBa.II rrpoXO.I(KT 3HatmTMl>HO mme 

KpHBOii \((F) 

Ill • .w:ao.m! 

Ha Bcero cKaaaHHoro MOl!HO cn;MaTI> Men;yQIII'Ie BHBO.I(hl: 

I. PaccMoTpeH H peMH30BaH HOBHA rro.nxo.n K pemeHHJO HHJI!eHepHo

~3H~ecKoii MOI(Ml>Hol aana~ o BOa6yxn;eHHH 3aMKHYTOi CTPYKTYPH .I(BH

lltY!IIHMC.II KOMIIaKTHHM cryCTKOM 3ap.II.I(OB. ilOI(XOI( 3aKJI~aeTC.II B HeiiOCpen;

CTBeHHOM pemeHHH rpyniiH ypaBHeHHi MaKCB~a MeTOI(OM KOHe~ pa3HG

CTeii. 

2. Paapa6oTaHH cxeMH pemeHHA, rrpH KOTopux 3TOT IIon;xon; .IIBJl.lleTC.II 

3qxpeKTHBHHM H JiiMeeT !IpeliiMy!lleCTBa IIO cpaBHeHHIO C 06H~ MeTOI(OM 

paMOllteHHH B OTHOUieHHH IIMHOTH BHn;aBaeMHX 'lllCJieJ!Hii)( pe3yJI:&TaTOB H 

CKOpoCTJI C~eTa. 

3. B IIpOTHBOIIOJIOl!HOCTb HCIIMb3yeMOMY o6bltiHO MeTO.nY ~pbe

paMOllteHHi, .~ KoToporo aan;a~a yKaaaHHoro ~na c Ha~aJil>HhlMH .naHHH

MH .IIBJIReTC.II 11 Ha.II60Jiee Heyn;o6Hoi", !Ipe.I(JiaraeMHi MeToD; XOpoUIO !Ip.IICIIG

C06JreH ~ pellleHH.II TaKHX aan;a~. 

4. PaccMaTpHBaeMHA IIon;xon; .IIBJIReTc.II MeTon;oM rrp.IIMoro pemeHH.II 

C KOppeKTHHM yqeTOM Ha~aJibHHX YMOBHH, II03TOMy, B OTJIHtme OT MeTO-

. D;OB, OCHOBaHHHX Ha TeOpliDI B03MJU{eHHl, OH, IIO-BHI(KMOMY, MOJKeT 6HTb 

HCIIMb30BaH B HaH60Jiee TpY,D;HOM MY'Jae: .~ IIOJiy'!eHH.II CaMOCOr~aco

BaHHOro pemeHH.II aa.n;a.:m, Korn;a BOa6yxn;eHHHe noJI.II cpaBHHMH no BMH'!H

He C BHemHHM IIOJieM, YCKOp.!IDI!eM crycTOK. (llpaBn;a,rrpH pemeHHH CaMG

COrJiaCOBaHHOii aa,n;at~H He06XOI(KMO eme !Ipeon;o~eTb Tpyn;HOCTH, CB.II38HHHe 

c nepeHopMHpoBKaMH). 
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