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I. 

MeTo~uKa onpe~eneuHB BTopuquoro nonB, Bo36Y*~eu
uoro npH ~BH*eHHH cryCTKa 3lleKTpOHOB B~Ollb OCH U.HllHH~
puqecKoro pe30HaTopa C nO~BO~Bll.{HMH BOllHOBO~aMH /c~ 1 J, 
COCTOBIIJ.aB B TOM, qTo BTOpHquoe none B Ka*~OH qacTHqHOH 
o6nacTH CTPYKTypw pacKna~woaeTcB no co6cTBeHHbiM son
HOBO~HbiM rapMOHHKaM 3TOH o6naCTH, a none HCTOqHHKa 
npe~cTaonBeTCB K~K none crycTKa, ~BH*Yll.{erocB o 6ecKo
uequoM BOllHOBO~e COOTBeTCTBYJOII.{ero ~aHHOH qacTHqHOH 
o6nacTH pa~uyca, pacnpocTpauBeTcB u ua cnyqaa KoaKcu
anbuoro pe3ouaTopa. 

CTpyKTypa c o6o3uaqeuueM pa3Mepoo u ueo6xo~HMbiM 
pa36HeHHeM ua qacTuquwe o6nacTH npe~cTaoneua ua puc. 1. 
06naCTb (;3 KOaKCHallbHOrO pe30HaTopa MO*eT 6b1Tb 3a
nonueua cpe~oil c ( -/c I, fl -/c I . 

llpe~cTaoneuue ~ypbe-KoMnoueuT BTopuquoro aKcuanb
uo-cHMMeTpuquoro nonB E -oonu o o6nacTBX KoaKcuanbuo
ro pe3oHaTopa 6y~eT BMeTb sa~: 
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Puc. 1. CxeMa CIIIPYKIIIYPbl u t/JopMa czyc111Ka. 
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Ilpe.n;cTaoneuae nonJI E v; crycTKa /cllopMa crycTKa 
DOKa3aHa Ha puc. 1/ B COOTBeTCTBYIOII.{IIX o6naCTJIX MOlKHO 
B3JITL, uanpHMep, H3 pa60Tbl /t/. YcnoBHJI "cwHBKH noneii" 
ua rpauauax o6nacTeii .n;nJI KoaKcaanLuoro peJouaTopa HMe
lOT BH.IJ;: 
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151 

IlyTeM YMHO:>KeHHH ypaBHeHHH 151 Ha nO)J,XO)J,HI..QHe CH

CTeMLI OpToroHaJibHLIX $yHKIJ;HH IHanpHMep, )J,JIH rpaHHIJ;bl 

u N 0(k md) 
o6JiacTeH G4, G 3 Ha r[N 1 (kmr)-J::TkdYJ

1
(kmr)J,(md,2, ... ) 

0 m 
H HHTerpHpOBaHHH no r noJiyqaeTCH 6eCKOHeqHaH CHCTeMa 

JIHHeHHLIX aJire6pauqecKHX ypaBHeHHH OTHOCHTeJibHO He

H3BeCTHLIX K034l4lHn;HeHTOB. 

II. 
CucTeMLI ypaaHeHHH )J,JIH K034l4luu;ueHToa, nocrre ux 

yceqeHHH, H BLipa:>KeHHH 111-151 CJiy)l(aT OCHOBOH )J,JIH npo
rpaMMbl 3 B M. 

IIporpaMMa BJ:.IqucrrHeT 

cTaBJIHIOIIJ;Hx noJIH E~( ;:-, t) 
CTBeHHo-apeMeHHOH TOqKe 

qaCTOTHLie KOMnOHeHTbl CO

, H~(;, t) B JII06o:H npocTpaH

( r, t) ' rre:>KaiiJ;e:H BHYTPH CaMHX 

pe30HaTOpOB HJIH B nO)J,BO)J,HIIJ;HX BOJIHOBO)J,aX, a TaK)I(e norr

Hble BerruqHHbl norreB: E '( ;:; t) ' H '( r, t) 'COOTBeTCTBYIOJ..QHe 

3a)J,aHHOH qaCTOTHOH 06JiaCTH, T.e. HHTerpaJibl 

6 

w 
max- -

IE, HI= 2Rel f E' (;.t) ;H' (;,t) dw I w . w 161 
wmin 

B 3TOH TOqKe. IJpe)J,CTaBJICHHe nOJieH B 4JopMe 111-151, 161 
HBJIHeTCH Y.lJ.06HLIM )J,JIH BJ:.IqucrreHHH B TOM OTHOIIIeHHH, qTo 

nOCTOHHHLie K034l4lHn;HeHTbl A ,B , ... 3aBHCHT TOJibKO OT 
n n 

qacTOTHOH 06JiaCTH, reoMeTpuqeCKHX napaMeTpOB CTpyK

Typbl H napaMeTpOB HCTOqHHKa, HO He OT npOCTpaHCTBeHHO

BpeMeHHOH TOqKH Ha6JIIO)J,eHHH. 3TO 06CTOHTeJibCTBO 6LIJIO 

HCnOJib30BaHO B nporpaMMe )J,JIH TOrO, qT06bl C nOMOIIJ;biO 

O)J,Ha:>K)J,bl paccqHTaHHOH CHCTeMLI K034l4lHUHeHTOB lnpH $HK

CHpOBaHHOM w I norryqHTL aerruquHLI noJieB: cpa3 y B He

CKOJibKHX TOqKaX. qHCJIO He06XO)J,HMbiX K034l4lHn;HeHTOB on

pe)J,eJIHeTCH MeTO)J,OM npo6. 

IJpH BLiqHCJieHHH HHTerpaJIOB no u! B 161 B HeKOTOpbiX 

qacTOTHLIX 06JiaCTHX npHXO)J,HTCH yqHTLIBaTb HaJIHqHe no

JIIOCOB nO)J,biHTerpaJibHbiX $yHKIJ;HH, KOTOpLie nOHBJIHIOTCH 

npH o6paiiJ;eHHH B HYJib )J,eTepMHHaHTa CHCTeMbl ypaBHeHHH 

)J,JIH K034l4lHn;HeHTOB. 3TH nOJIIOCa COOTBeTCTBYIOT C06CTBeH

HbiM qacToTaM paccMaTpHaaeMoB: CTPYKTypLI. 

IlpH Ja)J,aHHOM 111are HHTerpHpoaaHHH nporpaMMa 3BM 

aBTOMaTHqeCKH BbiHBJIHeT OKpeCTHOCTH, BHyTpH KOTOpbiX 

MOryT HaXO)J,HTbCH 3HaqeHHH Vi, COOTBeTCTBYIOIIJ;He nOJIIOCaM 

ITO)J,biHTe rpaJibHOH $yHKIJ;HH. B npon;ecce BLiqHCJieHHH HH

TerpaJIOB 3TH OKpeCTHOCTH IHHTepBaJibl no nepeMeHHOH ,., , 

.!J.JIHHa KOTOPLIX COOTBeTCTByeT 111ary HHTerpHpOBaHHHI npo

rpaMMOH onycKaiOTCH H )J,eJiaeTCH 06XO)J, noJIIOCa CBepxy 

c ITOMOIIJ;biO qHcrreHHoro BLiqHcrreHHH. norryaLiqeTa lnpu npu-
u u -Hut I HHTOH BpeMeHHOH 3aBHCHMOCTH !' • 

IJpon;e)J,ypa BblqHCJieHHH OCHOBbiBaeTCH Ha CJie)J,yiOJ..QeM. 

JiCXO)J,H H3 06LiqHLIX COOTHOIIIeHHH 

-- +=-- •t -- --
IE·IJI ~ f IE·III e-JuJ dw·IE·III =IE*·ll*l , t ' {;J ' ' - (J) ' 6) 

-oo 

H yqHTLIBaH, qTo B OKpeCTHOCTH KaKoro-rrHfiO nOJIIOCa W=W. 
~ u J 

Ka:>K.ZJ.aH H3 nO.ZJ.biHTerpaJibHLIX ~YHKIJ;HH .ZJ.OJI)I(Ha HMeTb BH)J, 

P( w) 

2 2 
w - wj 

, npu nepexo)J,e K HHTerpupoaaHHIO TOJILKO no o6-
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naeTH qaeToT w 2: 0 H npu o6xo,11;e nomoea eaepxy nonyl.fHM 

eOOTBeTeTBYIOUUIH BKJia,D; B BH,D;e: 
wj- p 

21 Re f ( ) d w + Re f ) dwl+-
2

77 
JmiP(w.)l, /7/ 

w. J 
Wj+p J 

r ,11;e p ... 0. BenHl.fHHa P ( w j ) npu6nu:>KeHHO MO:>KeT 6b1Tb Bbl

queneHa, eeJIH B3BTb JHal.feHHB llO,D;blHTerpaJibHOH ~YHKUHH 

B ,D;BYX 6JIH3KHX TOl.fKaX eneBa H enpaBa OT TOl.fKH w = w . 
/eM. I 1/ /. CyiUeeTBeHHO, O,D;HaKo, 1.fT06bl paeeTOBHHe o~ 
eepe,D;HHbl BblpeJaeMoro oTpeJKa ,11;0 TOl.fKH wj 6blno JHa

l.fHTenbHO MeHbille llOHOBHHbl ero ,D;JIHHbl, T.e. npaKTHl.feeKH 

Heo6xo,D;HM ,D;BoiiHoii nepexo,11; K npe,11;eny Eim o ... 0 u 

eim .;;o ... O, r,D;e 0 - ,D;JIHHa BblpeJaeMOrO 0Tpe3Ka, a .; - pae

eTOBHHe TOl.fKH wj OT ero eepe,D;HHbl. llpH 3THX yenOBHBX 

,D;OeTaTOl.fHO TOl.fHO Bbll.fHeJIBeTeB H rJiaBHOe 3Hal.feHHe HH

Terpana. B HeKOTOpblx enyqasx oKaJblBaeTeB Heo6xo,D;HMoii 

HTepaUHB. Bblpe JaeMblH OKOHO llOJIIOea HHTepBaJI npHHHMa

eTeB Ja HeXO,D;HblH H, TaKHM o6pa30M, llOHO:>KeHHe llOJIIOea 

YTOl.fHBeTeB y:>Ke BHYTPH Hero. lloene 3Toro Heo6xo,D;HMO 

B03BpaTHTbeB K mary HHTerpHpOBaHHB npe:>KHero llOpB,D;Ka, 

nepe,D;BHHYB Hal.fano o6naeTH TaK, 1.fT06bl llOJIIOe OKaJaneB 

6JIH3KO K UeHTpy. lionee llO,D;p06HO MeTO,D;HKa Bbll.fHeJieHHB 

HHTerpanOB B eMbleJie rnaBHOrO 3Hal.feHHB B paeeMOTpeH

HOM enyqae npuae,D;eHa B /2/. 

III. 

llo H3HO:>KeHHOH MeTO,D;HKe 6blJI BblllOHHeH pB,D; pael.feTOB. 

PaeeMaTpuaaneB KOaKeHaJibHblii peJoHaTop ene,D;YIOIUHX paJ

Mepoa: a = 6 CM, b = 15 CM, h = 7 CM, L = 40 CM; 

B ,D;pyroM aapuaHTe ,D;JIHHa yeKopBIDIUero npoMe:>KyTKa h paa

HBnaeb 12 CM. Bapbupoaanueb paJMepbl eryeTKa /npu o,D;u

HaKoBoM BO aeex enyl.faBx quene qaeTHU B eryeTKe N=l0 13y. 
HJMeHBnHeb TaK:>Ke eKopoeTb eryeTKa v H ee HanpaaneHue. 

IIIHpHHa OXBaTblBaeMOH qaeTOTHOH o6naeTH, no KOTOpoii 

He06XO,D;HMO llO,D;el.fHTbiBaTb HHTerpaJibl, B /6/ H3MeHBeTeB 

B JaBHeHMOeTH OT f3 = v/ c . paemHpBBeb e yaenHl.feHHeM f3 . 

* llpu quene qaeTHU N = N 1 • 10 
13 

Bee aenHl.fHHbl noneii 
Ha rpa~uKax Ha,D;o yMHO:>KHTb Ha N 1 • 
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CooTBeTeTBYIOIUHii aepxHHii npe,11;en B /6/ no3TOMY onpe
,D;enBnes queneHHO HJ yenoBHB ,D;OeTaTOl.fHoro y6blBaHHB 

aMnnHTY,D;bl llO,D;blHTerpaJibHblX ~YHKUHH * . 
BepXHHH npe,D;eJI B eyMMaX B /1/-/3/, T .e. l.fHeJIO K03~

~HUHeHTOB, noene ps,D;a npo6 6blJI llpHHBT paBHblM 30, l.fTO 
,D;aBano TOl.fHOeTb ,., 10~ - 15~. 

B 111a6A. npuae,D;eHo HeeKOJibKO noene,D;oBaTenbHblX 
eo6eTBeHHblX qaeTOT peJOHaTopa ,D;JIB h = 7 CM H h = 12 CM 

/T .e. 3Hal.feHHB BeHHl.fHHbl k = w/ c ,,J;JIB KOTOpblX ,D;eTepMHHaHT 

eHeTeMbl o6pa(UaneB B HYJib/. 

Pael.feTbl ,D;OBOHbHO xopomo eornaey10TeB e npe,D;eJibHblM 

enyqaeM ,D;BH:>KeHHB e MaJIOH eKOpOeTblO, KOr,D;a ene,D;yeT 

O:>KH,D;aTb, l.fTO rnaBHblH BKJia,D; ,D;aiOT HaBO,D;HMble KBaJHeTaTH

qeeKHe llOJIB. TaK, ,D;JIB eryeTKa I e = 2,5 CM, r1 = 3 CM, 

r 2 = 4,5 CM, f3 = 0,01; hp830H. = 7 CM, f = 1, /-L = 1/ 
llOHB OKaJblBaiOTeB npaKTHl.feeKH He JaBHeJIIUHMH OT HanpaB
neHHB ero ,D;BH:>KeHHB. 

Paenpe,D;eJieHue eoeTaBJIBIOIUeii nonB E~ ,D;eiieTByiD

IUero B Topueablx TOl.fKax eryeTKa B Tpex noene,D;oBaTenb

HblX ero nono:>KeHHBX BHYTPH peJoHaTopa ** noKaJaHo Ha 

puc. 2a. CTpenKaMH ,D;aHo HanpaaneHue ,D;eiieTBHB eunbl, 

a uu~pbl eooTaeTeTBYIOT aenHl.fHHe E ~ B KB/cM. PeJKYIO 

HeeHMMeTpHIO eHJI B OTMel.feHHblX llOJIO:>KeHHBX, KOr,D;a eOJ

,D;aeTeB Bllel.faTJieHHe, l.fTO eryeTOK KaK 6bl BTBrHBaeTeB 

B BOHHOBO,D; enpaBa, MO:>KHO 06'bBeHHTb 60HbillOH KOHUeHTpa

uueii HaBe,D;eHHoro B 3TO apeMB JapB,D;a Ha 6onee oeTpoii 

KpoMKe KoaKeuanbHOii Tpy6KH. BenHl.fHHa HaBe,D;eHHoro Mar

HHTHoro nonB B paeeMaTpuaaeMOM enyqae Mana /nopB,D;Ka 

He eKOJibKHX 3peTeA/, xoT B T EM- BOJIHa npoHHKaeT B KOaK

euaJibHYIO o6naeTb. 

Ha puc. 26 npuae,D;eHo paenpe,D;eneHHe E~ I B/cM/ ,D;JIB 
,IJ;BYX nono:>KeHHH ,D;JIHHHOrO eryeTKa/f = 100 CM, r 1 =4,8 CM, 

r 2 = 5,1 cM; h pe3oH:=' 7 CM/. B 3TOM enyqae npHHBTO y = 4, 

* HJaeeTHO TeopeTHl.feeKH, l.fTO aeuMnTOTHl.feeKHii JaKOH 
ena,D;a aMllJIHTY,D; e qaeTOTOH - 3KenoHeHUHaJibHblH. 

'''* CryeToK B Ka:>K,D;OM nono:>KeHHH yenoBHO HJo6pa:>KeH 
JamTpHXOBaHHblM 0Tpe3KOM, ,D;HHHa KOTOporo ,D;aHa B TOM :>Ke 
MaemTa6e, l.fTO u JaJop peJoHaTopa; HanpaaneHue ,D;BH:>KeHHB
ene:aa Hanpaao. 
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Ta6mma 

~ h=tG.M h= 12LU. 
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Puc. 2. PacnpeoeAeHue cuA, oeuC1116Y10fiiUX 6 pa3AU'lHbiX 
1110'-lKOX KOp0111K020 U OAUHHOZO C2YC111K06 6 pa3Hble MOM€H1/Ibl 
6peMeHu. 
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H nono>KeHHB n;eHTpa cryCTKa COOTBeTCTBYIOT MOMeHTaM 

ct 1 "'- .85 CM, ct 2 co .85 CM. KaK BH~HO, npH TaKOM ~BH>Ke
HHH CHilLI y>Ke qHCTO TOpM03B~He; H3- 3a HeKorepeHTHOCTH 

B036y>K~eHHB KOpOTKHX BOnH OCHOBHOe none COCpe~OTOqeHO 
BHYTPH 3a3opa. 

Ha puc.3 /KpHBaB 5/ ~aHo E~ , ~eiicTBYIO~ee Ha Ko

poTKHii cryCTOK I e = 0,1 CM, r 1 = 4,8 CM, r 2 = 5,1 CM; 

y= 1,2; hp830H. = 7 CM/ B Mecre ero nono>KeHHB, r.e. rop

M03B~aB CHna. Ha TOM >Ke pHCYHKe KPHBLie 1-4 nocne~o
BaTenhHO noKa3LIBaiOT BKna~LI B E ~ B Ka>K~oii pacqerHoii 

ToqKe: HHTerpana B CMLicne rnaBHoro 3HaqeHHB /no l}lopMyne 

/7 I I - KpHBaH 1, non10coB 1 ,2,3 /eM. 111a6A/ - KPHBLie 

2-3-4 H, HaKOHen;, CYMMapHaB ~ofiaBKa OT nOniOCOB 4,5,6 
npHBO~HT y>Ke K KPHBoii 5. TaKHM o6pa3oM, BH~Ho, qro 

HHTerpan OllHCLIBaeT B OCHOBHOM KBa3HCTaTHqecKoe none, 

B KOTOpOM cryCTOK He TepHeT H He npHo6peTaeT 3HeprHIO, 

a o6xo~LI non10coB ~aiOT norepu Ha Bo36y>K~eHue MO~ pe3o
Haropa *. 

Ha pUC. 4 KpHBhie 1,2 nOBTOpBIOT COOTBeTCTBeHHO KpH

Bhle 5 H 1 puc. 3. KpoMe TOrO, ~aHLI KpHBLie 3 H 4, B3BTLie 

H3 puc. 4 pa6oTLI 137. B 3Toii pa6ore npaKTHqecKH npu rex 

>Ke reoMerpuqecKHX napaMeTpax H npu y = 1,02 - KPHBaB 4 
H y = 1 ,2 - KpHBaB 3 aHanoruqHaB 3a~aqa pewanacL nyTeM 

Mo~enLHoro npe~cTaBneHHB KOaKcHanLHoro pe3oHaTopa c 

nOMO~hiO ~BYX KOaKCHanhHLIX nepexo~OB C HCnOnh30BaHHeM 

"cornacoBaHHH" roqHLIX peweHHii MeTo~oM BHHepa- Xonl}la, 

COOTBeTCTBYIO~HX O~HOMY KOaKCHailhHOMy nepexo~y. 

Mo~enh B /3/ npuro~Ha ronLKO ~nB cna6openBTHBHCTCKoro 

~BH>KeHHB cryCTKa, KOr~a KOrepeHTHO B036y>K~aiOTCB llHllih 

~nHHHLie BonHLI. O~HaKo B 3TOM cnyqae, KaK BH~Ho H3 

puc. 4, HMeer Mecro ~ocraroqHoe cornacoBaHHe pe3ynL

TaToB no OfiOHM MeTo~aM. TaK, KpHBaB 4, finH>Ke COOTBeT

CTBYIO~aB KBa3HCTaTHqecKOMy cnyqaJO, KaqecTBeHHO no

XO~HT Ha "KBa3HCTaruqecKyiO KpHByiO" 2. C yBenuqeHHeM 

3HeprHH CryCTKa cfinH>KaiOTCB y>Ke KpHBLie 1 H 3. 

* IJyHKTHPHLie BepTHKailhHLie llHHHH Ha puc. 3- 5 noKa-
3LIBaiOT lliHpHHy 3a3opa pe30HaTopa /OT TOqKH z=O /. 
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Puc. 3. BKAaO pa3HbiX MOO e cocmaeAJIIOIJIY10 E 'z eo36yJK
OeHHozo e pe3oHamope noA.R. 
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Puc. 4. Tpa(JuK E ~ OA.R pa3AU'lHbiX cAy'laee oeuJKeHu.R Ko
po•Kozo czyc•Ka. 
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Puc. 5. Tpa(JuK 3Ha'leHuii E z e Mecme HaxoxOeHU.R Kopom
Kozo czycmKa e npo14ecce oeuxeHU.R e pe3oHamope c 3a-
3opoM h = 7 CM /KpUBQ.R 1/ U 3Q30pOM h = 12 CM /KpU
ea.R 2/. 

CpaBHeHHe cnyqaea .IJ;BH>KeHHJI KopoTKoro crycTKa /npH 
y = 1,2/ B pe30HaTopax C 3a30pOM h = 7 CM H h = 12 CM 

,IJ;aHo Ha puc. 5. KpHBaJI 1 IIOBTopJieT KPHBYIO 5 puc. 3, 
IIYHKTHpHaJI KpHBaJI COOTBeTCTByeT JaJopy h = 12 CM. 

B JaKmo'!eHHe aaTophl Bblpa>KaJOT 6naro,IJ;apHOCTb 
B.A.IlpeiiJeH.IJ;OpclJy Ja MHOrO'IHCneHHble KOHCYllbTai.J;HH IIO 
aonpocaM nporpaMMHpoaaHHJI. 
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PyKonuc& nocmynuAa e u36ameAbCKuu omOeA 
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