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Mpubopsl Marnerponnom THIA nonyqunu LUHpORoe_"
pacnpocrparenue B COBpPeMeHHOM pe.quoanexrpounoﬁ an-
napatype B8 KauecTBe reHepaTopoB M ycunureneii® koneGa-
HuA  CBY. OcnosHslie pocTounctsa Takux npubopos —
BLICOKMI K. i1, f., CPABHMTENbHO HEBONbWMe raﬁapu'rbl Mo
HEBBLICOKME NWTAIOUIME HaNPSIKeHMS,

Knuura ocseuwther noutv sce CropoHs auannaa Cnox-
gblx ABNEHUH, TIDOTEKAIOWMX B MArHeTPOHHbIX npubopax.
OHa OTNUHAETCR OPMIrMHaNLHOCTLIO Marepuana, riayGuHOM
M CTPOroCTsio #u3noXKeHun. B HeM paccmarpusaioTes pas-.
NMUHBLIE KOHUENUMM TPAKTOBKM ISNEKTPOHHLIX npou,eccos
B CNOMHBIX TOnsX.

Knura paccuurana nHa wccnegosareneii. u uumeuepno«-
TeXHUUECKMUX paﬁoruuuos, 3BHUMAIOLMXCS NPOEKTUPOB a~
Huem npHbopos marHerpoHHoro mna, a raixe paapaba-
THIBAIOWMX M IKCMINYATUPYIOWMX - pagMonepeaaiome
ycrpokcersa CBY puanasona, Omna moxer 6bite fionesHol
npencaasaTensm BY30B M  acfiupantam, paboTaiouium
8 obnactu 3neurponuxu CBY. E |
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Beeperne

B nacrosimee Bpems TpuGOPH MAaTHETPOHHOIO THNA AB-
JSOTCA ONHMUM H3 OCHOBHBIX BHJOB TeHepaTOPOB MOILHHX
KoJlebaHu#i CAHTHMETPOBOIO ¥ MHJJIMMETPOBOTC JHANa30HOB
H HaXOJAT WIHPOKOe NMPHMeHeHHe B paju0/IOKalluOHHbIX, Ha-
BUTALHOHHBIX M CBA3HHX yCTPOACTBAX, YTO OOBbsACHACTCA BH-
COKMM KO9(DUUHEHTOM MOJe3HOro HAeHCTBHSA, BO3MOXKHO-
CTbIO 110JIydeHUs OOMBIIOH MOIIHOCTH, OTHOCHTENBHO TIPO-
CTOH KOHCTPYKUMEH H HEKOTOPHIMH APYIHMH nonommenw
HBIME CBOHCTBAMH NMpubGOPOB 3TOrO THNHA. |

Cpe;m npubOPOB MATHETPOHHOIO THIIA cneztye'r 'Bm:e;-_
JIUTb MHOTrOpe3oHaTOpHble MAarHeTPOHHl, CO3faHue KOTOPHX -
MO3BOJINJIO CI€NaTh KayeCTBEHHBIHI CKAaYOK B Pa3BHTHH _pa-
IHONOKAUHOHHON TexHUKH. B nanbuefmem Owiin paspabo-
TaHbBl MATHHOTPOHHE!,, KOTOPHIE O3BOJISIOT -OCYLLECTBJSATD

.- 3dexrrHBHOE MUPOKOTOJOCHOEe ycuiaeHHe B CBUY gmanaso-

He, a TAKXe MOBHICHTbL CTA0HJALHOCTb YaCTOTHI (MpH paﬁo're_
NAaTAHOTPOHA B pekHMe CTAGHIOTPOHA).

B nanso#i Mosorpadwu us GoJbmIOrO Yucsaa npnﬁopeaﬂ
MATHETPOHHOIO .THA MBI OI'DaHHYMBAEMCH HOAPOCHBIM pac:
CMOTpeHHEM MHOTODe30HATODHEIX MAarHeTPOHOB H, YUHTHBAS
6IM30CTh 9JAEKTPOHHOTO MeXauHsMa B3auMONEHCTBUA C MJa- -
THHOTPOHAMH, HEKOTOpHIE Pe3yJbTATHl aHa/lu3a MarHETpo-
HOB DAcCNpOCTPAHHM HaA NJAATHHOTPOHHI. . 8 -

B passutun Teopun u TEXHHKH renepnpoaamm KoJeba-
HUf CBEPXBHICOKMX YacTOT C TIOMOUibIO MATHETPOHA KpynHBIE'
3aCJyrn MMEIOT COBETCKME yUeHhie M MHXeHepul. B nepuog.:
c 1924 o 1927 . A. A. Cayuxun u J. C. lreiin6epr cos--
Jaiu MarHeTPOHHBl, CNIOCOGHHBE I'eHePHPOBATL KOJeGaHus ae-

IMMeTPoOBOrG. B CaHTHUMETPOBOrO IMAaNa3oHOB. B nanabuefi-

wem nox pykosoacrsoM A. A. Cayuxuna u C. A, 3 cmaHOB-»’_.
CKOro OBIM CKOHCTPYHPOBAHHl MarHeTpOHHI 60ab110H MO~
HOCTH. - g
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IMpennoxennas B 1929 r. M. A. Bounu-Bpyesuuem uzest.
HCTOJIb3OBAHUST MHOTOKOHTYDHON KoJeGaTelbHOM - CHCTEMB

Halula CcBoe BONJOLIeHHe B co3manHod B 1936—1937 rr.
H. ®. Anexceesum u 1. M. MansapoBnim OPHUTHHAJILHOH
KOHCTPYKUHHU- MHOIOPe30HaTOPHOTO MariHeTpoHa, siBHBILEHCS
N0 CyIIecTBY NPOTOTHNOM COBPEMEHHHX MarHerpoHos [4,
29]. Mnes nosbllenust yCTOHYHBOCTH MHOTOKOHTYPHBIX CH-
CTeM ¢ IHOMOILIbIO CBsI30K Oblla peaJsH3oBaHa TakKkKe

I'. . baGatom B redeparope AJsi HHAYKUHOHHOTO Harpena -

[35]. |

HcenepoBanus I'. -A. I'punbepra, B. C. Jlykomkosa,
M. T. I'pexosoit, B. . Kaaununa, C. f1. Bpayzne u ap. 3ua-
4uTEeNbHO NPOABUHY/NH BIEped TEOPHI0 LHJIHHIPHYECKOrO,

«IJIOCKOTO» ¥ 1ieneBoro marterpounos (10, 11, 14, 17, 18, 20,
24, 30, 31, 36, 52, 53]. B 1934 r. M, T. I'pexoBsoit 6bi1 nO-

CTaBJIeH OPUTrMHANbHEIH IKCIEPHUMEHT, NO3BOJUBIIUK Ha6JII0-

faTbh netydeo0pasHble TPAEKTOPUM 3JeKTPOHOB B Pa3pe3HOM
MarHeTrpoHe, a B 1935 r. I'. A. T'punGepr u B. C. JIykoiixkos
BIepBble NPOBEAH CTPOTHH pacuer Tpaem’opni’i 3JIEKTPOHOB
B Pa3pe3HOM MarHeTpOHe, TOATBEPAUBILMH SKCIEPHMEHTAJb-
Hele pesyabtatel M. T. I'pexosoi [10, 11].

M3 paGort, oTHOCAIUXCA K paHHEMY NepHOAY HCCAeNoBa-
HUS1 JMHaMHUYE€CKUX PEXHMOB MAariHerpoHa, cjeiyer ynoMs-
HyTb paGothl Iloctmyca {16], Xappurepa u Xioancrepa [23],
B KOTOPHIX OHIJIM YCTaHOBJEHBl NpubjuXKeHHBIe COOTHOIIE-
HUsl MeX/Y YacCTOTOU reHepHpyeMuIX KoJeOaHuil, HanpsiKeH-
HOCTBIO MATHUTHOIO NOJS H aHOAHLIM HanpsKeHUeM, a Tak-
XKe NaHO (pu3mueckKoe oObsICHEHHEe siBjeHusl (Pa3oBol PoKy-
CUPOBKH.

IIpobGnema reHepupoBaHusa KoJsebaHuili ¢ NOMOINBIO Mar-

HETPOHA TEeCHO CBA3aHa C UCCAENOBaHUAMU 00 BEeMHBIX pe3o-

 HaTOpOB, HamegWUMH CBoe oOTpakeHue B paborax
M. C. He#imana, I'. B. Kucynsbko, JI. A, Bainmrefina u psina.

APYTHX COBETCKUX' VUYEHBIX, a TaKxe C BONPOCAMH TEOpHH
B3aUMOJEHCTBUS 3JEKTPOHHBIX MOTOKOB € TiepEeMEHHBIMH

3JIEKTPUUYECKUMH  [OJSIMH, TOJYUHBIIMMH BCECTOPOHHEE
ocBeuwleHue B paborax A. A Baacosa, C. Jl. I'BospgoBepa,

A. I1. Tepneuxoro, B. M. Jlonyxuua, JI. H. Jlomakosa u ap.
{27, 28, 39, 58, 62, 65, 88, 118, 128, 129].

TeopeTquCKHe U aKkcnepuMeHTadpHue pabornl H. 1. [e-
BaTkKoBa, C. WM. 3uautunxkeBuua, B. &. Kosaaenxko,

J0. A. Kanmana u APYTrUX YYEHBIX 1O 3JIeKTPOHHKe NpPHOO-

POB TIPOJIETHOTO THUIIa OKa3aJu O0oJbIUCe BJAUSIHHE Ha pa3Bu--
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THE aneKTpoHHoﬂyqublx reHepaTopOB [1 32, 36, 78, 112]
PacnpoctpaHeHue TeopHuH 9neKTp0HH0J1yqube reHepaTopoB,.
KOTOpas Mo CpaBHEHHIO ¢ Teopued marHerpoHa paspabora-
Ha 3HauuTeJbHO NOJIHee, Ha SiBJEeHUS B MarHeTpoHe 0Ka3a-
JIOCh JOCTATOYHO TIJIOKOTBOPHLIM H MMO3BOJINJIO OO BbICHUTD PSAA
HHTEPECHHX OCOOeHHOCTeli paboThl MaI‘HeTpOHa {36, 38, 48,
77, 115].

[1. B. T'ony6kosum [38] nana 0606meﬂuaﬂ TEOpHsl reHe-
paTOpPOB CBEPXBHICOKHX YaCTOT NPOJETHOTO THIA, OCHOBAH-
Hasi Ha KHHEMAaTHYeCKOH TPAaKTOBKe TIPOIECCOB B3aMMOjed-
ctBusi. [IpumeHeHue 310l Teopuu K Npobjeme HUAHHADHUE-
CKOT0 MarHeTpoHa M03BOJMJIO TEOPEeTHUECKH NOATBEDAUTD
HeKOTOPhEle 3aKOHOMEPHOCTH, HOJYUYEHHEIe 9KCTIEPHMEHTa /b
HBIM TTyTeM.

OnuH 13 BO3MOXKHBIX MEXaHU3MOB BOSﬁY)K}lEHI/IH KoJeba-
HUfl B MHOrOCErMEHTHHIX MarHeTpOHax, Yacrora KOTOPHIX
OTHOCHTENBHO C1aG0 3aBHCHT OT BEJHUMHBLI MarHUTHON HH-
aykimu, pacemorped A. A, CayukuaeiMm [48]. UccaenoBanue

~ NPOBOJMJIOCh -AJS1 cJydasi, KOTZa TPaeKTOPHH 3JEKTPOHOB

OMM3KH K KapauoOHjge M BHICOKOUACTOTHOE 3JIeKTpruecKoe
rMoJie 3HAYHUTEJbHO MeHbIe HOCTOSIHHOrO MOJIs.

HanbHeiimee passutue uaen A. A. CayukuHa TNOJAYYHIH
B ucciaenosanusix B. WM. Kanwumuuna, T. Il. PsizadHoBoii u
B. H. lesuuxa {77, 115].

B cratee {115] paccmoTpeHue B3amMOAEHCTBHS 3JIeK-
TPOHHOrO NOTOKa C NepeMeHHBIM IOJIeM MarHeTpoHa CBO-
AUTCS K HCCJIEJOBAHHIO <«KaCKaAHOM TPYNNHPOBKH» 3JeK-
TPOHOB B NOCJEAOBATEALHOCTH Y3KHX IHesel Npu JUHEHHOM
ABHXKEHHU 3JIeKTPOHHOro noroka. IlpumeHenue merona ka-
CKa/[HOJ TPYNNUPOBKH K npobOjeMe MarHeTpoHa TNPHBOJUT
K TMOJAYUYeHHI0 (PU3H4YeCcKH HarJsAHBIX pPe3VJbTaToB, TNO3BO-
JAIOUUX IPOBECTH B OCHOBHOM KauecTBEHHOe pacCMOTpeHue
ocofeHHOCTE! B3aUMOJAEHCTBHS 3JEKTPOHHOTO NMOTOKA C BhbI-
COKOYaCTOTHBIM TIOJIEM MarHeTPOHa.

AHanu3 4acTOTHOH MOAYJASILUH MarHeTpOHa Ha OCHOBa-
HHH PaCCMOTPEHHA NPENBapHUTENbHO CIPYINMHPOBAHHOrO 3a-
psilla ¢ mepeMeHHHIM -N0JIeM, JIOKaJM3OBaHHLIM B Y3KHX Iile-
Js1X, mpoBoautcst B paborax I'. Ppuxe {87, 110]. Hccneno-
BaHHe B CUAY MNPHHATHIX B paboTax AONylLIeHHH HOCHT
B OCHOBHOM KaueCTBEHHEHIl Xapakrep:

bBonbmoe BAuSiHMe Ha pa3BUTHE TEOPHUH TIPENOCLHJSA-

‘OHOHHBIX pPEeXHUMOB MAar"HeTpodHa OKa3aJHu HCCJed0BaHusd

JI. bpunnysna [43). I'unoteza bpunnysua o ABHUKEHUH 3/eK- -
' 3]



Tpofion § Cratitueckon ocroimiin: marderpos o Hemeps:' e
.l"'%?miﬁﬁﬁo;flae‘m’P %ﬂ M upesBblualino OGNEruaer ‘Hay-" B CTATHUECKOM DERHME MarHeTpoHd, ¢JefyeT NORYePKHYThL,
”flpeﬂ;ocmi.n s X CBOHCTB TPOCTPAHCTBEHHOrO ' BapALa yTo B PYHAAMEHTANLHEX SKCIEPHMEHTANbHBIX ¥ TEODETHRE,
danaun | OHOHHOM DpeXuMe MAarHeTpPoOHa, Tak Kak CKHUX HeCaeIOBAHHAX COBETCKHX YYeHbIX I'. A. FPHHGepﬂ \

Aada B 3TOM C/y4ae M0 CYLIECTBY CBOLHTCS K PaccMOTpe-.. M. T. Ppexosoft, C. §1. Bpayae, B. M. [iaronesa u ap. yGe-

HUIO ~yCUNUTENbHEIX CBOHCTB HEOAHODOXHONO 1O CKOpPOCTH

_BAEKTPOHHOT'Q TIOTOKA.
Henoabsysn mpeacrasienne Bpuanysua o prmnbnf Tpa-

* CKTOPHSX SJEKTPOHOB B CTaMIYECKOM PeKHMe MAarHeTpoHa, -

banemen passun Teopuio Mannx ammauryx [63].

'3?-_-j_'-_.-I?;QP?‘TH‘I?-CKQMY' H 3KCIEPHMEHTANbHOMY UCCIeZ0BaHUIO
i;z{lj:E:?ﬂ"-wHM”I..IHQHHQFO peXuMa HOHUANHIPHYECKOIO MatHe
~TpOHa nocesimieHa cratbd B. I1. Triuunckoro u 10. T ,Ilrapf
rad, B KOTOPOH 3HEPreTHYECKMM METOLOM noxasaH}f] He-
YCTOUYHBOCTD CTATHYECKOr0 COCTOAHHSA MPOCTPAaHCTBEHHOID

Zapﬂna, BBIYHC/IEH CIEKTD KoJeGaHUuil H PacCMOTPeHo BJlHsi-
He Ha Hero AHCMEPCHOHHBIX CBOHCTB 3JIEKTPOHHOID MOTOKZ

{122]-
B TeuenHe Nnoc/enHHX JMeT B H3YYEHMH CTATHIECKOTO pe-

HKHUMa MardeTpoHa M 4acTOTHBIX. CBOMCTB IPOCTPAHCTBOHHO.

I'0 3apajia HOCTHIHYT H3BeCTHHIl Mmporpecc, OZHAKO eile

MHOTHe BONMPOCH OCTAIOTCH HepemleHHHIMH. JIo HacTOHIIero |

BPEMEHH OTCYTCTBYIOT yOenuTe]bHBIE 3KCIePHMEHTalbHbBIE
 AQHHEIE O peaslU3alUH Pas/IHYHBIX COCTOSHHN 3JEKTPOHHONO
60/12Ka B CTATHYECKHX PEXHMAX MarHeTpOHa, B TOM Uuoje
“H COOTBETCTBYIOINUX TeopuH Bpuanysua. B paGore Ienn-
~ Kpya [104] TOAAEPIKUBACTCS HAEA O CYIUECTBOBAHHH GOJb-
loro :HUC/1a 'COCTOSSHHH NPOCTPAHCTBEHHOI'O 3apija B IlH-
JHHADAYECKOM MAarHeTpoHé — «GHAPOMHUECKHE» PEKHMH -
PA3AHRHBIX NOPANKOB, OTMEYAETCA HEYCTOHYHBOCTL pellle-
Hus DBpunnysua, xoropoe mepexoaur B «OHAPOMHUECKOES,
€CAN ORO CYLIECTBYET NHPH AAHHHIX YCJOBHAX, H nonqepxﬂ:
BACTCH HEBO3MOXKHOCTh- ONIPEJENHTh B pPaMKax *CT&TH‘-IG&KO?E
TEOPHH, KAKO& M3 DEUIEHUH NPaRTHUGCKH peanusyercs |
ORCUeDHMEHTalbHblE  HCCIENOBaHHUS gpacnpeneﬁeﬂﬂﬂ?
IJIOTHOCTH 3apsiia B CTaTHUECKOM pEXKMMe MarHeTpoHa,
npoBefieHHke - MeTne, TIOKa3bIBAIOT, MTO ﬂ[iﬁ MaI‘HH’PHUﬁ;;

MHAYRUMH BHIIE KPHTHYECKOH BEJIHYHHBI OTCYTCTBYET pe3: -

Kaa rpagHia 3/eKTPOHHOTO 06/aKa — NPOCTPaHCTBeHHbH ©

3apsAf BHIXOAHT [ajleKo 3a Npelebl Pajiuycs, NpeacKasbi-

BaeMoro reopueli Bpunnysua [124],
- T'oBOps 0 cooTBeTCTBHH npeacTaBAeHUS Bpuanysna nei-

§

CTBHTRALHO cpnsmecckqﬁ KapTHHe IBUIKEHHH S5JAEKTPOHOB

'£‘
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AUTENBHO NOKa3aHO, YTO TPACKTOPHH B CTaTHYECKOM pEeXKH-~

Me MMeIOT MerieoOpasHblii XapakTep. : 1
B nuHAMHYECKOM peXXHMe MarHerpoHa feryieo6pasHbi

xapakrep TPaeKTOPHI 3/EKTDOHOB MOATBEPXKAACTCs A0CTa~
TGUHO JOCTOBEPHBIMH pesyjbTaTaMH pacuera TpaeKTOpUi

METQAO0M CAMOCOIVIaCOBAHHOrO MOJI. \
Pax  KOJHYECTBEHHBIX, COOTHOLIEHHH,  TOJY4YEeHHBIX

B. ®. Kosaneuko [112], a Taxxe B M. 3 AaHHOH paboTHI,
XOPOLIO COTAACyeTcsi ¢ NPeACTaB/IeHHeM 00 SMHUHKIONLaMb!
HOM XapaKTepe TPACKTODUH B MarHeTpOHE. .
Buecrte ¢ TeM, cJaedyeT OTMETHTb, WTO HEKOTOPHIE BHIBO- -
b, NOJyUeHHbIE Ha OCHOBaHHHM TeOpHH DBpuanysHa npume-
HUTEABbHO K pexuMaM MaJlblX AMIVIATYA U CTaTHUECKHM
pexdMaM, KayecTBEHHO H B psfe Ciayuaesn KOJIMYECTBEHHO:
COTJIaCyIOTCSl ‘C Pe3yJibTaTaMy H3MepeHui {43, 51, 68], nosTo-
My ee, BeDOATHO, MOKXHO paccMaTpHBaTh Kax yROGHLIH Me-
TOA KOMHYSCTBEHHOT'O OMHCAHMs TMPOIECcCoB B MarHeTpoHE,
MpHOJHKEHHO OTPa’kaloUi NMPH ONpeneNeHHbIX YCAOBHAK:
feHcTBUTENBHOE COCTOSIHUE MPOCTPAHCTBEHHOTO 3apARa.
OnHuEM H3 nyTeil pacyeTa JMHAMHYECKOro pexuma Mar-’
HeTpOHA B cjydyae GOJMBIIMX aMIJIHTYN KoJgeOaHH ABFeTCA
HCMOIb30BAHME TAK HA3LIBAEMOI'0 MeTOAA CaMoCor/agoBay-
HOTO IOJISL, XOPOIIO H3BECTHOIO B KBAHTOBOM MeXaHHKe [63].
CylHocTs 3TOFO MeTola B TPHUMEHEHHH K MarseTpoyy CBo-
IMTCA K caepyiomieMmy. Hcnonabsya HaBecTHbIE rpagMYHBIE |
yCJAOBHS, 3aAal0TCA HCXOXHBIM pacnpeneieHneM NoT HIlHaAa
B [POCTPAHCTBE B3aHMOREHCTBHA, YAOBJETBOPAIOIHM THM
yeaouaM. [l BHIGpaHHOro pacrnpefelenis MOTeHUKANE
MyTeM YHMCJEHHBIX PacyeTOB OMPENRJSIOTCH TRAEKTOPHH AO-
CTATOUHO ‘BOJBIIOr0 KOJHUECTBA JMEKTPOHOB M pacnpenede-,
Hue TJIOTHOCTH ‘TPOCTDAHCTBEHHOI'O 3apsifa, Ha OCHOBAHUH
KOTOPHIX HAXOJMTCSi HOBOe pachpejeseHHe MNOTeHUHaNa,
yroBaeTBOpsioliee ypasHenuo IlyaccoHa, ¥ CpaBHHBACTCH
¢ HCXORHBIM. B ciyuae, ecly NOJy4YeHHOe MoJe OTAHYAETCH
OT HCXOJHOrO, BHIUHCIEHHs MOBTOPSAIOTCA A0 NOJHOH CcXony-
MOCTH. ” o
BesieacTsHe upe3BhHIYalHON TPYHOEMKOCTH Pacyer pexu-
Ma MarHeTpoHa METOJloM CaMOCOT/IACOBAHHOTO NOJs MOXET

GbiTh TPOBEJiEH TONBKQ AJA eNHHHYHBIX yaCTHBIX CJy4aes,’

13 %
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YTO SBJSETCS CYIIECTBEHHHIM Hej0CTaTKOM 3TOTO METOAA.
BMmecre ¢ TeMm, pe3yJabTaThl pacueTa MeTOAOM CaMOCOIaco-
BAHHOTO NOJsI SIBJSIOTCS JOCTATOYHO JOCTOBEPHHIMH H MO-
ryT ObiThb MOJe3HH NPH BhHIOOpE HCXOHHBIX HONYUWIEHHH s
Pa3sBUTHS NPHOJHKEHHBIX aHAaJUTHUECKUX IOJXON0B K pelie-
HHIO TPOOJEMHI.

ITpuMepom ucnoNb30BaHUS APYrOTO NPUGIHAKEHHOTO Me-
TOAA AQHAJUTHUECKOro ONHCaHHs IpPOIEeCCOB B AMHAMHUE-
CKOM peXuMe MarHeTpoHa siBasiiotrcst paGotnl [91, 92, 105],
B KOTOPBHIX B KauecTBe MCXOMHOTO AONYILNEHHS NPHBHMAaeTcs
KBaJlpaTHYHOE pacnpejeseHHe TOTeHNHaJsda B NPOCTPAHCTBE
B3aUMOJEeHCTBHS.

B paGorax K. ®puna {92, 105] npusogurcsi pacuer pHep-
'MH 3JIEKTPOHA, ABHIKYIIErocss CHHXPOHHO C NOJieM O «OT-
THMAJbHOH» TPAEKTOPHH, ILIOTHOCTH NPOCTPAHCTBEHHOIO
3apsina ¥ aHOAHOro TOKa IJIsl 3TOro 4aCTHOro CJayuyas.

Ilpu pacuere AHHAMHUECKHX XapaKTePHCTHK B CTaTbe
[91] Takxke Hcnoab3yercsi KBaJApaTHUHOE pacnpeleseHHe Mo-

T€HHaJsla B NMPOCTPAHCTBE B3aHMOJEeHCTBHSA. PaCCManHBa-‘

IOTCs1 1Ba CJydasi pacnpefie/leHHs 3apsia MexNy KaTonoM
MarHerpoHa M <«BHPTYaJbHHIM» KaTOAOM, 32 KOTOpBI HpH-
HuMaeTcsi I'pPaHumla 3JeKTPOHHOro objaka B CTAaTHYECKOM
pexXnMe MarHeTpoHa: B IIePBOM CJjydyae IpeaInoJaraercs
pacnpenesieHde, COOTBETCTBYIOIIEE CHHXPOHHOMY JBHKEHHIO
3apslla, BO BTODOM — pacnpefesieHHe 3apsifla B COOTBETCT-
BHH ¢ Teopueil Bpannysua,

Haubonee cyuiecTBeHHBIH HENOCTATOK TOr0 MeTola pac-
yeTa 3aKJI04aeTCA B TOM, UTO BbiCOKOUACTOTHBIM peXHM
MarHeTpoHa HENOCPefCTBEHHO CBSI3LIBAETCS CO 3HAyeHUEM
noTeHnMasa Ha rpaHfile BHPTYa/JbHOro KaTofpa TNpH HOHy-
[IEHUH O COXpaHeHUH CTATHYECKOro pacnpeixesieHHsi 3apsipna
B [POCTPAHCTBE MEXKAY BHPTYAJbHBHIM H [NeHCTBHTEBHBIM
KatofoM. Ilpu masnom AuHaAMHUECKOM CONPOTHBJEHHH Mar-
HETPOHA HeusOexHble NOTPEIIHOCTH B ONpe/eeHHy MOTeH-
nuana (nopsinka 10~—~159%), cBsisaHHbBe ¢ BBOXMMBIMH HJe-
aJU3alUAMH, MOTYT IPUBECTH K OYeHb OOJIBIUUM [OI'DEIIHO-
CTAM B ONpelesieHud TOCTOSIHHOH COCTaBJsiiOLIelf aHOMHOrO
TOKa, YTO B 3HA4UTeJbHOH Mepe obecueHMBaeT MOJYyUeHHBIE
pe3yanTaTH, TaK Kak R1A (HKCAnUd 1MON0KEeHHS NpPenCTaB-
Jisiionlel Touky Ha pabouux XapakKTepUCTHKAaX NpH MOCTOsH-
HOf MarsuTHON MHAYKUUH HeoGXOAMMO 3anaTh OJHOBpPEeMeH-
HO HanpsKeHHe W aHOAHHIE TOK, 10 KOTOpoMYy OOBIUHO Be-
AETCs1 KOHTPOJb 32 PEXKHMOM MarHeTpoHa.
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B pa6ote B. &. Kosanenko {112] monyuenn cootHoumte-
HHsl, M03BOJSIONINE PAaCCUYUTATh BOJbTaMIIepHble XapaKTepu-
CTHKH MarHeTpoOHa H 3JeKTPOHHBIA K. 1. A., XOPOIIO COBIA-
Haiolllie C pe3yabTaTaMH 3KClIepHMEHTaJbHBIX H3MEpeHHH.
PasBuTuio npennoxensoro B. ®. KosaJjieHKo mMerofa pacue-
Ta paGounx XxapakTepHCTHK MOCBslleHa cratbs l1lpakcma-
pepa [125].

H3YUEeHHH MarHeTpOHa # 0ocoOeHHO TpH Ppa3paboTKe
HOBBIX KOHCTPYKIIHH GOJBIIYIO POJib UIPaeT MeTon noxodusd,
KOTODHIH TO3BOJsieT 3HAUKUTENbHO pacmiuputbh 006/1acCTh NPH-
MeHeHHs 2KCHepHMeHTaJIbHbIX JaHHHIX,- MOJTyUYeHHBIX Ha OT-
AeJNbHBIX 3K3eMIUIsipax MarHeTPOHOB, M JaeT BO3MOMKHOCTb
Ha OCHOBAaHHH pacCMOTPEHUSA YCJOBHIM HHBAPHAHTHOCTH
auddepennpasbHEIX YpaBHEHUN CHEAATh ONpeaeleHHble 3a-
KJAI0UeHHsi OTHOCHTEJBbHO XapaKTepa mPoHeCCOB B3aHMOIEH-

CTBHSI 3/I€KTPOHOB € SJIEKTPOMArHHTHLIM NIONEM MarHeTpoHa
{63, 121].

Dogapuiolt HayuHHIH ¥ [paKTHUECKH HHTEpeC NpemcTas-
JseT HCCAefOBaHue YaCTOTHHIX XapaKTePUCTHK MarHeTpoHa.
B wacTHOCTH, M3yueHHe $iBJIeHHS 3JEKTPOHHOI'O CMelleHHus
4aCTOThl MMeeT Ba)KHOe 3HaueHHe JIJii NPaBUJILHOIO . KOH-
CTpYHpOBaHHsI MarHeTPOHOB H pa3paboTKH MOIYJIALHOHHBLIX
yerpoicTs {56, 57].

YacToTHble CBOHCTBAa MarHeTpoHa B NPEAOCHUANSHHOH-
HOM coCTOsIHMM Hccaenyiorcss B paborax {43, 51, 68, 98],

a4 TPHMEHMTEJbHO K PeXuMYy OOJbIIHX aMIVIHTYA Koneﬁa-
nust — B paborax [87, 94, 110, 115].

Harnsgaas qmsuqecxaﬂ TPAKTOBKAa 3J/IeKTPOHHOI'0 CMe-
llIeHUsi 9aCTOThl KaK siBJEHHsI, CBSI3aHHOI'0 ¢ HaJiHukeM (pa-
30BOTO pPacCoriacoBaHHs LABHXKYIIHXCS CHHXPOHHO CHHI
0 OTHOLIEHHIO K BHICOKOUACTOTHOMY TOJIO, a TaKXKe pOoJH
pagvaJbHOH COCTaBJSIONIEN nmepeMeHHOro moJjsi B obecreye-
HHH CHHXPOHHOro ABuxKeHus cnui fada f. C. Muoxoku [111].

Psn HHTEDECHHIX NOJOXKEHHH BELIIBHTAeTCA B pabore
Besua, MOCBsIIIIEHHON HCCAENOBAaHHIO 3JIEKTPOHHOI'O CMelle-
HHUs1 yacTOTH! MarHetpoHa [94]. Ananus IpoBoOAMTCHA Ha OCHO-
BaHHU TPHONHKEHHBIX KOJHUECTBEHHBIX COOTHOIIEHHH, CBS-
3BIBAIOLIMX NEepBYI0 FapMOHUKY BHICOKOUACTOTHOI'O Halpsaxe-
HUs, TOJYUEHHYI0 MyTeM pacuera HaBeREHHOro TOKa, C Ia-
paMeTpaMH M peXHUMOM MarHerpoHa. B cBsi3u ¢ 3TuUM

. HeoOX0UMO OCTaHOBHTHCA HA ABYX TIpHHOUIIHAJbHBIX I10-

JIOKeHUsIX, Ha KOTOPhIX Ga3upyercs npejiaraeMulil B8 cTaThe
MeTO Ompefie/ieHHss BapHaUHH YacTOThl MarHeTpoOHa, BBHI-



sPAHHEIX H3MEHEHHEM. pexuMma: 1) ma pacuéie nepsol
rapMOHHKH HABEJEHHOTO TOKa H 2) Ha clnocoGe KOMHHECT+

BeHHOH OLEHKU 'yraa pacdasuposku 0,T. e. yria, ompege:
SIAIOIEro CABUI 10 hase MeXAY MepBoi rapMOHAKOA HaBe-

JEHHOIO TOKa H HA[psiKeHHEM Ha DE3OHaTOpax aHOLHOrO

b6JI0Ka.

' Pacyer Toxka, HABOZHMOrO Ha CErMeHTaX MarHeTpoHa

CTPYNNKPOBAHHEIM 3JEKTPOHHBIM 06JaKOM, TO CyHIECTBY
CBORUTCS K OIpPEACJEeHHIO HJAW 3aJaHHI0O pacnpeneiesus
WJIOTHOCTH 3apsija H CKOPOCTEl 3JEKTPOHOB B IPOCTPAHCTBE,
p3aumopeficTBua. Ot BHOOpa HCXOHHOIO pacHpefeneHus
[VIOTHOCTH 3apsifia M CKOpPOCTell 3aBHCUT CTeNeHb COOTBETCT:
BHS pe3yJAbTATOB pacuera 3KClepHMEeHTa/lbHbiM JaHHBIM.

B 'xauecTBe HMCXOZHOrQ pacnpeneneHHss NJIOTHOCTH 00%b-
eMHOro 3apAfa B CTaTbe KCIIONb3YeTCs pacnpensienne, Co:
OTBETCTBYIOLlEe CTaTHUECKOMY CHHXDOHHOMY peXHMYy, pac-
‘CMOTpeHHe Koroporo mposoaurca Hamu B § 1.3. Onnaxo
pacuer nepBofl rapMoHuKH TOKa Besauem He HdoBedeH I3
MONYYEHHA KOJHYECTBEHHBIX JaHHBIX I/l KOHKPETHHIX THUIOB
marserporos. Huxke 8 § 2.8 nokasano, uto HCHOAb30OBaHuE
pacnpeneneHus IWIOTHOCTH 3apsina, COOTBETCTBYIOLlEe CTa-
. 'THYeCKOMY CHHXPOHHOMY D€XHMY, a Takxe AonyieHuf,
BBOAUMBIX B [94], NPUBOZUT K NMOJyueHHIO 3HAaUEHHS HaBge-
JAEHHOIO TOKa, B HECKOJIbKO pa3 QTJIHYalomerocs ot Aeficr
BUTEJbLHOH BeauuuHbl. .EcTecTBeHHO, UTO TAaKO€ HECOOTBET-
CTBHE TEGOPETHYECKHX H JKCIEPHMEHTANbWBHIX NaHHHX Herno:
CPeACTBEHHO OTpa)KaeTrcs Ha TOYHOCTH omnpeneseHus ¢aso:
BOTO PACCOIJIACOBAHHS M 3JEKTPOHHOTO CMEDIeHHsi YaCTOThHI:

IIpu pacuere dasosoro paccorsacoBanua Beau ucxopar
H3 CJeNYIOUIero BHIPAXKEHHS:

- . cos2f == fa " Fat
P1

rie B COOTBETCTBMH C O0OBHAUEHMSMH LUTHDPYEMON CTAThHY

Pat —— NOPOTOBLIfI N1IOTEHLIMAJ; ‘

@q ~— MIOCTOSIHHOE HaNIpsKeHHe Ha aHoOZe;

Qs — MaKCHMaJbHoe 3HaueHHe [OTEHNHATa OCHOBHOH
cocrapasionien Oeryiiefi BoaHHI.

- Yycnureap DPHBEIEHHOrO BHPaXXEHHA AAR cos 20 abs

A

JsieTcss pasHOCTBIO ABYX OJ/IM3KUX BEAHUMH, MOSTOMY NpaK~
., THUeCKOe HCIOJL30BaHHe ero OJsA KOJNHYECTBEHHON OUEHKH
yraa B saTpynHuTeNnpHO, Tak KaK HeGOJbIUES IIOrDelIHOCTE

-~ 10

B ONPENEACHHH Qg HIH (; MOMKET MPUBECTH K HIMEHEHHIO
B "HECKO/MbKO paa senuuutnl cos2 8. Kpome Toro, caegyer
HMETb B BUAY, YTO TIOTEHLHAJ @y ONPENENAETCsl HA OCHOBA-
HHH COOTHOIUEHHS JJs NepPBOH TapMOHUKH HaBeIeHHOI®
TOKa, B KOTOpOe BXOZMT yroa 0, a Taxxe miorHocts 1po-
CTPAHCTBEHHOTO 3apfla, COOTBETCTBYIOULAHd CTAaTHYECKOMY
CHHXPOHHOMY pEKHMY, I0STOMy npH pacuere yrna 0 mo
npuBefleHHOH BHILIe (OopMy/le BO3MOXKHBLI HONOJHHTE/ABLHBIE
3HAUYHUTE/]bHBIE 110 BEJUUHHE HOI'DEIIHOCTH. .

VaBecTHasi morpellHOCTh BO3HHKaeT TakKe npu BHOoOpe
NOPOrOBOTG MOTEHLUHANA gy [TOPOroBHIM MOTEHIHAJ, pac-
cuuTaHHuf 1o dopmyne XapTpu, AaA GOJBIUIMHCTBA peallb-
HBIX MarHeTPOHOB COBNAJaeT OOLIUHO C aHOAHBIM Hampsxe-
HueMm, GaMSKUM K HOMHHAJBHOMy paboueMy HanpsiKeHHIW,
npu koropoMm yroa- § mas pasnuuHBIX THIMOB MAarHeTPOHOB
MOXKeF BapbHpPOBaTh B HLOBOJBHO 3HAUMTE/NbHBIX Hpepenax,
B TO BpeMs KakK IO TeopuH Besua noporoBomy HanpsxKe-
HHIO BCcerna coorsercrByer yroa § =—45°

CepbesHbIM HeROCTaTKOM MpeAsiaraeMoro BenueMm cmo-
cofa oueHKH (asoBOro paccoraacoBaHHMA fABJSETCH TaKkKe
npeHe6perkeHne COCTaBAAIOLIEN HaBeIEHHOro Toka, o0y~
CJOBJEHHOIO pafguabHRIM JABHXKEHHEeM 3JIeKTPOHOB, YTO
uBJgerca <¢JeAcTBHeM BBIOOpa B KauecTBe HCXOAHOTO pe-
KHMa NpH OnpefesleHu# IJIOTHOCTH 3apsijia CTAaTHUECKOTO
CHHXPOHHOT'O peXHMa, B KOTOPOM [ONYCKAeTCH HNBHKEHNHE
57IEKTPOHOB N0 KOHIEHTPHYECKMM OKpYXHocTAM. B ra. 4
Gyaer MoKa3aHO, YTO NpH aHAJH3e YaCTOTHbIX CBOWCTB Mar-
HeTpOHaA B pexuMax GONbHIMX aMIVIUTYH KoleGaHHA TaKoe
JOTNyHleHne MOXKeT NPHBECTH K 3HAUUTE/IbHBIM [0 BeJIHIUHE
ourH6KaM H CYHIECTBEHHOMY OTKJOHEHHIO OT JAeHCTBHTeNb-
HOfi (POPMbI KPUBHIX 3JIEKTPOHHOI'O CMEIIeHHUsT 4acTOoThl, OCO-
6exHO B NpaBof YacTu paGouHx XapaKTEPHCTHK MarHETPOHA.

OrMmeuennbie BHIIE 0O0CTOATENLCTBA He NO3BOJMIOT
HCIIONIL30BATH NOJNYYEHHBIE B cTaThe {94] COOTHOLIEHHS Jaxe
nns rpy6oil OLEeHKH HaBelleHHOTO TOKa M OPHEHTHPOBOYHOrO
pacyeTa 3JIEKTPOHHOTO cMelleHHss dacrote. Hecmorps Ha
3TO, BCE XKe CJHefyeT CKasaTh, 4to pabGora Benua no cpas-
HEHHIO ¢ YNOMAHYTBHIMH BhILIE HCCAEAOBAHUSIMH HAET 3HAYH-
TeJbHO MaJibiie B CMBIC]e YCTAHOBJEHHS KOJHYECTBEHROH
CBASH YACTOTHBIX XaPaKTEPHUCTHK C PEXHUMOM H IapaMerpa-
MH MaTHETPOHA. B : L

Oco6oro BHuMaHusA 3acnyxkuBaet Mosorpadus IT1. JI. Ke-
naue {139), kotopas BKmoOYaeT B ce6a  OOCTOATEAbHHE
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TeopeTHuecKye H 3KCIePHMeHTalbHble HCCAef0BaHus Npubo-
POB MarTHETPOHHOI'O THUNA: IVIAHOTPOHA M MarHerpoHa. Ily-
TeM pemeHdsl JuddepeHnnanbHOro ypapBHeHHsT MeTOLOM
yCpeoHeHHs 10 BPEMEHH IHoJy4yeHbl HHTEpEeCHble pesyJbTa-
Thl, KOTOPHIE NO3BOMAAIOT O6BACHHUTL NPOLECC «CIHHEO06Pas3o-
BaHHA», OUEHHTb YCTOMYHUBOCTH NONOOGHOH CTPYKTYPHI IIPO-
CTPAHCTBEHHOI'O 3apsiia, a Tak)Ke MOJYYHTb HEKOTOphHIe
KOJIMUECTBEHHble COOTHOUIEHHs, XapaKTepH3YIoUike mpouec-
- Chl B3aUMOJAEHCTBHS 3JEKTPOHHOTO MOTOKA € MOJISIMH B TPHU-
Gopax MarHerpoHHoro tHna. CaMOCTOSTENbHBIH HHTEpeC
npeacTaBAsieT pasfiesn paboThbl, NOCBAIIEHHbI aHanu3y cob-
CTBEHHHIX KOJeOaHuil B Pe30HATOPaX <CJOXKHOH CTPYKTYDHI,
KOTOpble MOI'yT OBIThb HCIOJIL30BAHK B NPpH6Opax MarHeTpoH-
HOro THIA.

CymiecTBeHHOe pa3BuTHe psifa BaXKHBIX BOINPOCOB TEO-
PHH MHOTOPE30HATOPHBLIX MAarHeTPOHOB AJS PEXKHMOB 0O0Jb-
WHX aMONHTyd, a TakXe HX KOHCTPYHpPOBaHusi faHo B pa-
Gorax [136—138, 140, 146, 150].

B 1957—1958 rr. 6uiin ony6auKOBAaHBI MaTepuaJibl, Ka-
calpliiecss paspaboTKuy HOBOro mnpubopa MarHeTPOHHOrO
THNA — IVIaTHHOTPOHA, O6azatoniero psiioM HOBBIX CBOHCTB
[130—132]. 3T0 6GBliu r1aBHBEIM 06Da30M CBEAECHHS O BHIXOJ-
HHIX XapaKTepHCTHKaxX H HEKOTOPHIX KOHCTPYKTHBHBIX OCO-
GeHHocTsix npubopoB nopobGHoro tuna. PaccMorpenue du-
3UYECKHX [IPOLECCOB, NPOTEKAIOIUX B IIATHHOTPOHAX, 4 TaK-
e pacuer MX SHePreTHUeCKHX XapPaKTEPHCTHK NPHUBOAHTCSH
B paGorax [138, 147—149].

[TpakTuka MmMUPOKOro nNpHMeHEHHsT MarHETPOHOB H APY-
I'MX aBTOreHepaToOpoOB <CAHTUMETPOBOIO H JAEHUMETPOBOTQ
AManasoHoB, HenocpeacTBeHHO paloTalOlIHX Ha OKOHEYHYIO
HarpysKy, MOAKJAIOYEHHYIO IOCPEeACTBOM nepepalomes JUHUH,
(pumepa) B psiie ciydaes OOJIbIIOH IJHHBI, HaCTONATENbHO
Tpebyer u3yueHusi ocoGeHHOCTEN MMNYJAbLCHON pabOTH aBTO-
reHepaTopoB Ha HECOIJIaCOBAaHHYIO HArpysky, B 4acTHOCTH
W3YUeHHs] TepPexOoAHBIX NPOLecCOB, HMEIOHIHX MeCcTo B Ie-
PHOM reHepalUH HMNYJbCa NPH HaJHUHM OTPAXKEHHH OT Ha-
IPY3KH. »

Ananu3dy craguOHapHBIX PEXKHUMOB MArHeTpoHa B Cjyuae
MOAKNIOUEHHS K HEMy HeCOrJIaCOBAHHOH Harpy3k# NOCBf-
weHsl pa6ots [46, 63, 95, 102]. MccrenobaHne nepexonHbix
IIPONECcCOB B MarHerpoHe, o6yCJ/OBAEHHBIX BJAHSIHUEM OTpa-
XKEeHUf{l OT HArpPy3KH npH 3HAYHTEJNBHOH JAJHHE nepenaonied
JIMHHH, CBsi3aHO ¢ OOJLIUMMH MAaTeMaTUYECKUMU TPYAHO-
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CTSIMH, TaK KakK faxke B PaMKaX KBa3WrapMOHHUECKOIO [PH-
GJMXKEeHHs 3a7aua CBOAHTICS K pPelleHHI0 HeJuHeHHbIX (QYHK-
UHOHANbHBIX ypaBHeHu#l, KauecTBeHHoe OGCyXKIeHHe ifepe-
XONHBIX TIPOLIECCOB NMPHMEHUTENbHO K 3TOMY CJAyYalo IPHBO-
nutcsi B paborax {46, 56, 71, 109]. Bausinue napamerpos
«reHepaTop — Harpy3ka» Ha XapakTep NepexXOmHOro mpo-
iecca M KOJHUYeCTBEHHasl OLEHKa BO3MOXKHBIX BapHaLii
¢a3nl paccmatpuBaercs B pabote [96].

CepnesHoli npobemMoil TeXHHKH reHepupOBaHHsS KoJeba-
HUIl CBEPXBBICOKHX YaCTOT, UMeloweir O0oJblIoe NpakKTHUe-
CKOe 3HaueHue, siBasieTcsi npobsemMa cTabuAu3anuy YaCTOTHL.
B TeueHue mocjenHHX JeT BeAYTCsA yclewinble paloThl, Ha-
npapJeHHble Ha MOBBIIIeHHe CTaOHAbHOCTH YaCTOTHl MarHe-
TPOHA MyTeM CHHXPOHHM3aLUM €ro BHEIUHHM HCTOUHHKOM
rapMoHHUeCKHX KoJsieOaHUH MmeHblleli moutnocTH [82, 83, 85,
86, 93], 8 TOM uHC/le M UIPH OXHOBPEMEHHOH aMIJHTYIHOH
monyasuun {82, 83, 86, 93). Kparkuit 0630p paboT no cus-
XpOHH3AIMY AaH B TJi. 6, NOCBsiIeHHOH pacCMOTpPEHHIO He-
KOTOPHIX 0COOeHHOCTell CHHXPOHU3AIUKH MAarHeTPoHOB CO CTO-
POHBI HAarpy3KH.

B pesyabraTe aHanu3a paGoT NO TEOPHH MAarHeTPoHa
¥ NJIATHHOTPOHA B pexuMaX GoJIbIIUX aMIIMTY[ KojebaHui
MOXKHO NPHATH K 3aKJ1I0UeHHIO, YTO, IO CHX TIOp ellle OTCYT-
CTByeT AOCTATOUHO HPOCTOH HHKEHEPHBII MeTOJ pacuera
BLICOKOUAaCTOTHOIO peXKHMa NPHOOPOB MarHeTpOHHOrO THIIA,
MX JHHAMHYECKMX H UYACTOTHBIX XapaKTepHCTUK. Bmecre
C TeM, OTCYTCTBHe YHOBJETBOPHUTENbHOH (C TOYKH 3PEHHS
KOJIUYECTBEHHOIO COOTBETCTBUS) npubJAMKeHHOH Teopuu
KOCBEHHO CBHIETENLCTBYET 0 HEAOCTATOYHOH SICHOCTH,CYIIe-
CTBEHHBIX CTOPOH (pH3HUECKOH KapTHHBI Npoilecca B3aHMO-

_NeHcTBUS W 3aTpPYAHSeT BBeleHue LeecooOpas3HbIX HCXO[-

HBIX HONyINEHHH.

B HejpocTaTouHON CTelneHu HMCCJEHOBAaHBI TakiKe IPOLEC-
CHl YCTaHOBJeHHS ()asbl M YacTOTHl KoJeGaHuii MarueTpoHa
B CJaydYae MOAKJNIOUEHHA HECOrJlacOBaHHOH lnepepatonied Jy-
HUM 60JbINON AJAUMHB H OCOOEHHOCTH CHHXPOHH3aLUH Marme-
TPOHa Co CTOPOHHI Harpys3KH, — BOIPOCH, umeilonine 0O0Jb-
l10oe 3HayeHHe [OJs1 NOBHIIIEHUSA 3PPeXTUBHOCTH paboTHI
CTAaHUUH, B KOTOPHIX HCIOJB3YIOTCS MarHeTPOHBl HJM aBTO-
reHepaTopsl APYroro Tula, HENOCPeNCTBEHHO CBsI3aHHBIE
C aHTEHHO-QUAEePHBIM TPaKTOM.

Hacrosimas monorpadus, nocssinieHHas rAaBHbM o6pa-
3oM paspaloTKe MeToJa pacueTa 3JIEKTPOHHOrO peXxuma
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MarHeTpoHa, ero BOJLTAMIEPHBIX M YACTOTHHX XApaKTepH-

CTHK, pacuera OCHUBHHX BSHEDreTHYECKHX XapaKTepHCTHR
AAATHHOTPOHOB, & TaKXe HCCAEA0BAHUIO -HEKOTOPHX BONpO-
£0B, CBA34HHAIX C NPAaKTUYECKUM IIPHMEHEHHeM MAarHeTPOHA,
" HMEEeT CBOEH LeNbl0 B KAKOH-TO Mepe BOCMOJIHHTH OTMEYEeH-
HHe BHIE Mpo6esnnl.

ABTOp CuuTaeT MPUATHLIM A0JrOM N0GJArofapuTh 3a o=
CTOSHHOe BHHMAaHue K paGoTe B NepPHON, €€ BHITOJHEHHS
C. A. [pobosa, . C. Huxoku, H. . erarxosa
u I, C. lopennka, a takke BHPasuTh GJarofRapHOCTD,
A. Il. ®enoceeBy, B. H. Cpérenckomy, 0. H. Xnomosy,
B. C. Jilykomxkosy, B. B. Uanmosy, 10. A. Kanmany,

J. E. CaMcoHOBY ¥ ApyruM TOBapuliaM 3a HX LieHHHE 34a-

MeYaHusg H NoXeJaHud,

¢

OCHOBbI SNEKTPOHUKU MATHETPOHA

1.1. OCHOBHBIE AONYLWEHWA

UpesshiualiHasi CJI0XHOCTb aHAJHTHUECKOTr0 ONHCAHUA
PpOUeccoB B MarHeTpOHe 3aCTaBJACT NPUOEraTs K BBEICHUIO
pasTUYHHIX JONYIMEHHMHA, B PaMKaX KOTOPHIX OKas3HBaercs
BOSMOXKHBIM C TOM WJIM MHOH  CTEHNEHbIO TOYHOCTH . ONMUCATH
B3aHMOJeHCTBUE JIEKTPOHOB C 3JAEKTPOMATHHTHHM [OJeM
MarHeTpoHa.

AHanns ypaBHeHHji JBHXKEHUS 3JEKTPOHOB U 3JKTPO-
MarHUTHOI'O TOJS B NMPOCTPaHCTBE B3aUMOAEHCTBUA, a Tax-
XKe JIOCTpOeHHe TNpUOGAHIKEHHOTO METOojAa pacuera BBICOKO-
YaCTOTHOTO peXKHMa MarHeTpoHa HPOBOAMTCA MpH CAEAYIO-
IIIUX OCHOBHHIX JOMyIEeHUsX:

1. Ilpn paccMoTpenHu npouecca Bsanmoneﬁcmnﬂ SI1EK-,
TPOHOB ¢ noJsieM 6yaeM YUYHTHIBATh TOJBKO OCHOBHYIO CO-
CTABJSAIONLYI0 BHICOKOYACTOTHOrd MOJs MpOTHBOGa3HOro
BUfa KoJebGaHHH (m-BHAA), CKOPOCTh MIBHXKEHHA KOTOPOH
6/113Ka K CKOPOCTH 3JEKTPOHOB.

. 2. IlpeneGperaeM HeOZHOPOAHOCTRIO MOJS BAOML OCH
MarHeTpoHa, o0ycJOBJAEHHOA KpaeBHM 2¢dekToM, Hepas- .
HOMEPHBIM ° pacnpefeseHneM 3apsila BAOJb MarHeTpoHa
uT I N

3. paCCMOTpEHKe MIPOBOAMTCSI B HEPENSTHBHCTCKOM IIpU-
6/MXKEHHH, fajoieM OTHOCHTEJbHO MaJlyio NOrPeligocThb NpH
[cx?i)]pocmx 9JIEKTPOHOB, MHOrO MeHbIIHX CKOPOCTH CBera.
6 J

4. CunTaeMm, YTo TOK KaToJa OrpaHuueH IIpOCTpaHCTBEH-
HEIM 3apSZIOM M HayafdbHasi CKOPOCTb HJEKTPOHOB NMPU Bh~-
jleTe H3 KaTOAa DaBHA HYJIO,

f
1 By
. 15,



[MoMuMo mepeurcHeHHHX AONYIIeHUH B X0Je H3J0XKeHus
COOTBETCTBYIOL{HX pa3fesoB OyAeT BBeleH pPsil [IOMOJHH-
TeJABHBIX YIPOILIAIOIIHX YCJAOBHH, KOTOpble OyayT cilenualb-
HO OroBOpPEHHI.

§

1.2. ANDDEPEHLIMANIBHLIE YPABHEHMA OMHAMMYECKOIO
PEXXKMMA MATHETPOHA

[TepemenHoe 3jeKTpOMarHuTHOE I0Je B HPOCTPaHCTBE
B3aMMOJENCTBHsS MardeTpoHa yJoOHO BbIpa3HTb yepe3 CKa-
JSPHBEI M BEKTOPHHI noTeHuuasns {63}

0A

E=—gradu—=-, (1.1)
BzmTOtzA, (12)
. 0w p
---—legradu—]—sop.omw_.—-.:-..!5 , (1.3)
A
_AzA_l_Poeo"b“ﬁ‘:P‘o.’s (1.4)

rae E — HanpsKeHHOCTb 3/IeKTPHIECKOTO IMOMs;
4 u A— ckaaspHbI M BeKTODPHBIH- NOTEHUUAIbL;

1)
po==1,257-10"° =2,

A? — onepatop Jlannaca;
P ¥ j— MJIOTHOCTH 3apsifa ¥ TOKAa (s MPOCTPAHCTBEHHOTO
3apsfa, 06pa30BaHHOTO 3JeKTpoHaMmH, p < 0).
HzBecTHO, UTO CKaJNApHBEIA M BEeKTOPHBI NOTEHIIHAJLI CBf-
3aHbl COOTHOLIEHHEM

€t o2 % 1 div A=0. (1.5)

OT HemOABMIKHOH LHMJAHUHAPHUECKOH CUCTEMbl KOOpAHHAT
(r, @, 2z) nepeitmeM K Bpamiawomeics cucreme (r, ¢, 2),
B KOTOPOH NPUMEM

(P:(P‘;_mct,

) 3necb m B pajabHeHHmIeM HCNOJb3yeTCst TpPaKTHYECKas CHCTeMa
SIHHHL (M—Ke—KYAOH—CLEK).

16

on
HOTO TOJIS;
f, — UacToTa FEHepprEMbIX KoJieGaHuH;

n— HoMep BHAA KOJeGaHHH.

Bo Bpamaromeics UuAHHAPHUYECKOH CHCTEME KOOpAHMHAT
(r, ) TIpUMeHHTEJBHO K J[ABYXMEPHOU 3amaye ypaBHEHHA
(1.1)—(1.5) npuBoasiTCcs K cUCTEME CKaJSIPHHIX YpaBHEHHH:

ou 0A-

Ey=—— L w, TR (1.6)

E,=— 55 [1—ocA), (1.7)

B, = [ 0:;14:' } (1.8)
(B () St 0
TR T e =0, (110

rae E., E A;, A, —coCTaB/AIOIIMe HaNPIAKEHHOCTH mosis

U BEKTOpHOI‘O NoTeHNHala B NM/IMHADHYECKOH CHCTEMe KOop-
» JIHHAT.
s ypaBuenus (1.4), ucrnonnsys (1.8) u (1.9), moayuum

1 0D(r, 9)
r— o ) rdtli ) ) (1.11)
1 0@ (r, ¢)
]“p’:—: P.o ar ’ (1.12)

rac
ou 1 | 2 d.Ar
@ (ra (P) == el or { r dr ( A ) ( r €0 f) W;

Jo=1y—®cr®;

Jrs f¢“COCTaBﬂHIOUlHe MJAOTHOCTH TOKa B CHcTeMe (r, @).

YpaBHeHue NBUXKEHHS 3JEKTPOHOB, KOTOPOe HEOOXOAUMO
noGaBuTh K cHcreMe ypaBHeHUMi nodasi (1.5)—(1.12), urobnr
3ajaua B MaTeMaTHueCcKOM OTHoueHHH O6bvlia ChOpMyJHUpO-
BaHa NOJHOCTBIO, MOXHO MOJYyYUTh MeToaoM JlarpaHxka.
[Tonpo6uo Bompoc o npuMeHeHuw GYHKuu# JlarpaHxka u

2—2589 N 17



Tamunprona & ABHXKennto dactull ¢ Goxburofi cxopoCcTHIO
¢ yueroMm penstusutTckoro sexra pacemorpen Mak-Koa-
soM [65]. & |
- CocraBjeHnHe ypaBHeHHA MexaHUKH - NPUMEHHTENbHO
K paccMaTpuBaeMoy 4acCTHON npo6ieMe — INBHKEHHIO 3AeK-
TPOHOB B MarHerpoHe noj AeHCTBUEM CHJ, ONpeneasieMbiX
NIpUBEeNEHHBIMH BHIIIE ypaBHeHUsAMH TII0Jisff, He BCTpeUYaer:
MPUHHUNHAJBHBIX TPYAHOCTEH, B TOM UYHCJAe H IJs cJayuyad,
KOT[la 3aMeTHO [POABAsETCS PeNATHBHCTCKUH 3(ddekT.
Tlpenebperas stum 3spPexToM (BO3MOKHOCTH TaKOrQ-
nponyweunnss obcyxkaaerca B paGore {63]), MOKHO NONYUUTE
caenywilye ypaBHeHUs JBUXKEHUA: \

F=rj? 4 £ (f;? rBAA), (1.13)
d .- J. ~ |
L (%)== (d‘zj | rBlr), (1.14)

rae m — Macca SJeKTpOHa;

i

L @B /o

*

.

A, — BBICOKOYCTOTHasi COCTAB/AONIAA BEKTOPHOTO TO-
TeHIHana A ;

B,—B (1 -Tfﬁ); (1.16)

B — unnyknys nocTosHHOTO MAarHUTHOTO MOJIS; f

eB
oy ==— — OUKAOTPOHHAA YaCTOTa.

- Ecam B ypaBHeHHAX IOJISS OTGDOCHTD UJEHH!, COZEpIKallue

A,, ¥ ujleHbl BHICHIMX HOPAAKOB MaJOCTH, TO OHH GVAYT.
HMETb BHJ : |

1“9 7+ou 1 0% ‘

+w(r ) e =t

0 [ dr o/ d | .

Tﬁ?’("r dt) { 0% (pr %):_—-‘0, ~ (1.18)

rae ‘

‘ Uy==U—OcrA . (1.19)
18

re) + o502 7% (1.15)

Coortnotenne (1.17) smasercs ypasuenuem [lyaccona: fns
noteRyuana u — wcrA ;. Bupaxenue (1.18) onpeneaser ycio-
BUE HeIpephBHOCTH. :

[Ipobnema HaxomkIeHusl pacnpeneseHus NJIOTHOCTH Ipo-
CTPAHCTBEHHOT'O 3apsAfia, NOTEHNHaka H CKOPOCTefi CBONMT-
¢ K coBMectsHoMy peluenuto ypasremu#t (1.13), (1.14),
(1.17) u (1.18) nmpu 3amaHHBIX TIPAHUYHBLIX YEJOBHAX Ha
aHoOAe M KaToje.

WccnenoBanne aHHAMHYECKHX peXUMOB MarHeTpoHa
OOBIYHO [IPOBOJUTCA NPU CASAYIOWIUX I'PaHHYHHIX YCIOBHSAX:

" 1) pacnpeneneHnune NoTeHHUana Ha aHoje

Uo+Um cos (ng—aot),

raie Uy — nocTosHHBIR NOTEeHNH AT,

Wo= Qﬂfﬁ;

2) moTeHUHWaJ Kartoga M pajHadbHas COCTaBJsonias
OJS Yy KaToAa paBHH HYJIO. -

[Npu nepuomuMueckoM pacnpeleseHud NOTEHUWaja Ha
aHo/le TINOTHOCTb PpafAuajbHOro TOKA NPEACTaB/sieTcss B BUIE
pAxa

jr=1, + 2 j,, coslk(ng —af)—yal.  (1.20)
k=1

[Ipn u3BecTHOH mJIOTHOCTH 3apsifla M pachpenesieHHH
CKOPOCTENl MOMKHO BHIYUCANTL Koa(pouumentnl psina (1.20)
1 ONpeleJUTh NOCTOSHHYIO COCTABJAAIINYI0 TOKA HAa aHON,
BHICOKOYACTOTHYIO MOLLHOCTb H NMPOBOZHMOCTb 3JIEKTPOHHO- |
ro mOTOKaA. -

K coxanenuio, uHTerpupoBanue ypaBHeHHH HKBHMKEHHSA
U HONfA BCTpewaeT GoJbline MaTeMaTHYECKHE TPYAHOCTH,
KOTODHE 'O HAaCTOflllerg BpeMeHH ellle He NpeoAJieHH!,
OcuoBHBEIM NPensATCTBUEM NP PelleHHWH 3afayd ABAAETCH
HEOAHO3HAYHOCTb CKOPOCTH 3JEKTPOHOB BO Bpalialouieiics
cuCTeMe KOODHHHAT, CBA3aHHAA C MmepeceueHHeM 3JeKTPOH-
HHX Tpaektropuii. V3-3a upessbiuafiHofi CIOKHOCTH H PO~
MO3AKOCTH H3JO0XKEHHBIH MeTOJ pacuera pacnpereIcHusn
IVIOTHOCTH ¥ CKODOCTelt 3/MeKTPOHOB B pPEXHMax GOALHINX

AMIVIHTYA, KON€QaHuA ABAACTCH NPAKTHUECKH HENpHeMae-'
MBIM,

2¢ 9.



Bmecre ¢ Tem, npuBegeHHBIE BbIle YpABHEHHUS IBHKEHHS
¥ N0JIsl IO3BOJSAIOT CAeNaTh Psiji KAYECTBEHHBIX 3aKJ/AIUEeHNH,
KacaloHUXCs HEKOTOPBIX CTOPOH npolecca B3auMoAeHCTBHS
3JIEKTPOHOB C 3JEKTPOMArHUTHBIM TIOJIEM, HMEIOLHX 6G0J1b-
o€ 3HaueHHe HJs pPasBHTHA Teopun mnoaobus {63, 121],
a Takxe JJs1 NOCTPOCHHA pa3JHuyHbIX NPHOJHIKEHHBIX Me-
TOJOB pacueTa BLICOKOYACTOTHOrO pexyuMa MarHeTpoHa.

B noxBuxHOI cucTeMe KOOpAUHAT BEKTOPHHI nOTEHLHAJ
ABJASIETCS CTAl{HOHApHHIM, He 3aBHCAILHM SIBHO OT BpeMeHH,
YTO TMO3BOJAET HNPOBECTH OJHOKpATHOE HHTErpHPOBAHMNE
ypaBHeHus apuxenns (1.13). asa storo meobxoanmo ciao-
xnTh ypaBuenns (1.13) u (1.14), npeaBapureqbHO YMHOXKHB
nepBoe Ha r, a BTOPoe Ha 1. B pesynabrare nHTErpHpoOBaHHs

NOJYYeHHOr0 YpaBHEeHHs,, YYHTHIBas, YTO IpaHHYHble yCJo-
BUA Ha KaToAe "P,r:rh:““’c’ |u2[r=,;h —0, HayajbHasg CKo-
pOCTb 3JIEKTPOHOB ]r[rzrh—-:::O H YTO ITOJIHAsl IPOM3BOLHASA IIO-

TeHIIHaJ1a B CUCTEME, Bpamalomeﬁca CO CKOpOCTbIO e, paBHa
, dite (mg . (Mg ¢
dt ] w, o’ |

IpuaeM K CAenylolllemy BHIPaXKeHHIO 1714 KHHemqecxdi’i SHEp-
97178 .

W= —%—- m (r* - r2?) = eu,

B 2y 4 1 m 2 ,
(r® rh),2 - o, 1

(1.21)

W3 (1.21) nerko ompeaennth noporoBoe HalpskeHHe
Uor, nn Banpsikedne XapTpH, COOTBETCTBYIONEE MUHHMAJb-
HOMY HaNpsiXKeHHIO Ha aHoje, TIPH KOTOPOM 3JeKTPOH, ABH:
rasicb ¢ yrJOBOH CKOPOCTBIO ¢ BOKPYr KaToja H OJHOBpe-
MEHHO NepeMelllasiCbh B paJuHa/jJbHOM HanpaBJeHHH OT KaTo-
Ja K aHoAy, npuObiBaeT Ha aHOJA C HCUe3awlle MaJaod pa-
AHaJbHON CKOPOCTBIO.

[Ipuanmasn B Bepaxenuu (1.19):

W, =Usn 14y, =0
i, KpOME TOro, YUHThIBast, 4YTO [r{r:__r =0 u mr:r =0, mo-,
a g
JIYUUM
wcB (r2—r}) 1 m 20
Upp=2— 5 O - (1.22)

20

1.3. CTATUMECKUMA PEMWMM UUIMHAPUYECKOTO M TMNOCKOro
MATIHETPOHOB

B cratyueckom pexdMe MarHeTpoHa BHICOKOYACTOTHOE
I10JIE OTCYTCTBYET (AcplmO), ITOTEHIlHAal U HE 3aBHCHT OT

yraa @ (0? ———~O) i ypasHenuss zaBmkeHus (1.13), (1.14)

F

YIIpOIAIOTCSI:
mr=e %‘-i— ~+mre* —eBre, (1.23)

m (%) = eBrr. (1.24)

Huterpuposanue (1.24) npu HayaJbHHX YCJOBUAX Iflr___rhz—-.
==, lzp|r=”l = (0 paer pachnpejelieHde VIJIOBBIX CKOpOCTed
3/IEKTPOHOB

. o re )
== ] T |- (1.25)

M3 nocnegnero cOOTHOUIEHHs JErKO ONpPefequTb pajuyc
CJ10s1 HPOCTPAHCTBEHHOr'0 3apsaja, ABHXKVIIErocs B craTaye-
CKOM peXHMe C YIVIOBOH CKOPOCTBIO (e,

ro=n. ) =25 _. (1.26)

Q}I _— 20)0

Pacnpeaenenre noteHurada B NPOCTPAHCTBEHHOM 3aps-
Je OnpenesnM, HCXOAsl U3 KHNHETHYECKOH 3HepruH 3JIeKTpo-
HOB. :

Ymuoxas (1.23) Ha r u (1.24) va ¢ u ckaapwBasg, rnocJae
HHTErPUPOBaHUA IpH  HaAyaJbHBIX  YCJIOBHSAX |r]r__=rh == 0,

\Cb],,___,,h =0 noayuum -
W= - m (1 4 rg?) = eu (r). (1.27y

W3 (1.25) u (1.27) caenyer
‘ { g O r? 2 \*
u(r)=-—5 ': [r F— (1 rf) ] (1.28)




Tipu oTcyTciBHM paguaibHEX TOKOB (r=0) pacnpenee-
HUe MNOTCHIHMANA HMEeT BHJ

R u(r B i ”} . . f% 2
, )....*—g**-—é-—(ﬂ 4 — = ] . (1291

[Torennsan (1.29) ‘cOOTBETCTBYET IBHKEHHIO 3JEKTPO-
HOB 110 KPYrOBBIM TPAaeKTOPUAM M ONpelfessieT MHHUMaJbHOe

3HaueHue KUHETUUECKOH IHEepruu 3JeKTPoHA [pH yrnoaoﬁh

ckopoctn (1.25). l
s KpuTHYecKoro peXXuMma MarHeTpoHa CBsI3b aHOJAHOIrO
HANPAXKEHUA C MAarHUTHEIM TOJEM YCTaHOBHM, NPMHAB

B (128) |, =0 ur=ry

ra

2 i
Uﬂp:g_f;ri(‘ ”*) B. (130

Ha puc. 1.1 npusepena napaﬁo.ﬂa KPHTHYECKOTO Pexu-

Ma, onpefensemas (1:30). IlapaGona KPHTHUECKOTO PeXKu-
Uxp, A Ma pasjensieT BO3MOMKHLIE
Yon, Up ~ COOTHOIUECHHA MeEXAYy I0.

Yo y TeHIMAJOM Ha aHode H

/ ' / ~ ' MarHMTHOH HHAyKUHeH Ha
IBe 00/aCTH: BHILE liapa-
? Gonb! KpUTHYECKOTO pexu-

Ma HalJaopaercs TOKONIpPO-

XOXJeHue uepe3 MarHenpoH

Jisl, HMxe napaOoJsl—Ta-,
. KO€ TOKOIpPOXOXIeHHe Of-
CYTCTBYET, TaK KaK Daiuyc
rpasunsl  obaaka  7,<r,.
-~ Ha 3T0M Ke pucyske na-
a f HeceHa JHHHS TIOPOTOROTO’

PUC. 1.1. MNapabona xpurnzeckoro Hanpsxkenus Uno (1. 22}31 .

peXuMa, IJOPOroBHIH NOTeHUHAN H Kofropag SIBIASIOTCH Kacam
NOTeHUHAN CHHXPOHU3AUUH.

“ THYECKOro pexuma. Touka ..
KaCaHHA COOTBETCTBYeT NOTEHUUANY, KOTOPHH B Rasibhedt-
meM OyleM Ha3BIBaTh TOTEHIHAJIOM CHHXPORH3AMAY: *

b "“r" 'grf +
3 -

1 m o “ ‘o
Uc""" ) @ f'r: . (1.31}2

4

6e3 BBICOKOUYACTOTHOIO 7110~ .

TeAbHON K MapaGose Kpu- =

LN

Morehitnan Ul covrsercreyer xunernubcxol. SHEPTHL;
TEKTPOHA, NBHIAIOUIETOCH Y. HOLA o OKPYIKHOCTH C wzia-
POHHO| CKOPOCTBIO @¢. |

[TostyuenHoe paHee BHIpaXKeHHe IJf NOPOr'OBOTO *
‘eHuA MOXeT ObiTh NpeacrasieHo ¢ yyerom-(1.31) B HOp-
aJIN30BAHHOM BHJAE

Un __2B r
2mw. ’ :
1e By== 5 MarHUTHas WHAYKLHA, COOTBETCTBY-

>maﬂ)anxp0HHoMy ABUKEHUIO anex'rponos y aHoma (o =— wg,
==7rq)s i

OnpeenuM NOTeHIHaJ Ha rpannne o6Aaka npocTpan-
TBEHHOTr'0 3apfAfa AJs cjayuas, KOrja MarHuTHOe [oJie Bhilie
‘puTnueckot BenuyuHsl, [1pu 910M GyneM UCXOAHTH U3 TOIO,
'To BHe o00haKa (ro<r<r,) pacnpegejeHne MNOTeHLHala
IBJISETCH JIOTapH(PMHUECKHM, 8 BHYTPH NPOCTPAHCTBEHHOTO
iapana coorserctsyeT (1.29).

Pacnpenenesne noTeHnHana BHe TPOCTPAHCTBEHHOTO 3d-
YAa

9 1nls, (1.33)

u(r)r—:U"Ll‘ 2ns, r

‘ne Uy,— noreHuuan aHO/a;
q — 3apsijl Ha eJMHUIY AJHHB MarHeTpoHa (B OCEBOM
‘HanpaBieHyn) BHYTPH LW/IHHAPHYECKOR AOBEpX-
HOCTH PAJANYCOM 7.
3apsij g OnpeAesNM Ha OCHOBAaHHH TeopeMu I'aycca

q—*Q'r:sar( du)

4
g == -—ﬁeomsz-r”B (-t'?- — ). (1.34)

Hcenombayst (1.29), (1.33) u (1.34), nosyuuM caemyio-
llee BHIDaxenne, ycTaHaBAUBaOLIEe CBA3b IIOTEHIIRANA aHO-
na Us c pa;mycom rpaHuIlel NPOCTPAHCTBEHHOTO 3apsAa o

(puc. 1.2):

coB / 72 ”i ra "i
(il (-3

41N




[TaorHOCTH ,,npocf'paHCTBeHHoro sapsifa MoxKeT OHITh | 2
HalileHa nyTeM penreHus ypasHeHus llyaccona npu pacmpe- @ (r)= 5 Y 1— —e ) IpH 7g <r<Lre,
nenenuu noreHnuana (1.29) )

/
: . o(r)=wc¢ npat re<r<ra, ,
1 Tk
— S ) =" ] 1.36 &
e (r) 2 0 “B(1+ r*) (1.36) T. €. JO CHHXPOHHOT'O pajHyca pacnpejeseHHe CKOpocTed
x coorBercTByer (1.25), a npu r>r. 3JIEKTPOHH JBUKYTCH
CaeayeT OTMETHTh, UTO pacnpefe/eHie IJIOTHOCTH 3aps- ) A
na (1.36) cooTBeTcTByeT ABHKEHHIO JEKTPOHOB IO OKPYXK- SOz~ - e
HOCTH ¢ yrioBbhiMH ckopocTsamu (1.25). ,.:ff§:§:§:§:=§=:E=§:§=§=§:§:i:;~ |
XA %
[Toxgcrasasig (1.26) B (1.35), moayyum noTeHuMan aHo- e

(XY
%%
%!
5
%
35
3N
0%
)
0%,
osese.
’p:o:
A .v‘v
Yo,
(X
%
¢
S
5
K
K5
%
e
»

lla, IpH KOTOPOM 3/JEeKTPOHB Ha TPaHHile NPOCTPaHCTBEHHO-
ro sapsiia HMEIOT CKOPOCTb ¢ [76]:

¢ a 2 1
U, =1 [%B( -——%I—I—)ln (-;i; ]/1 ::) g 2 mﬁ]-
(1.37)

W3 cpasuenus (1.22) u (1.37) MoxHo yGeaurbcs, UTO
Up,> Uy, D10 06CTOATENBCTBO HEOOXOAUMO YUHTHIBATDL NpPH
aHaJu3e TP e MO CLIHSIHOH-
HHIX PEXKHMOB MarseTrpoHa, a
TaK;Ke NpH paccMOTPeHHH me-
peXoJHBIX NPOLeccoB B Mar-
HETpOHE B IIEPHOA HAapacTra-
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PUC. 13. Pacnpenenense yIOBBIX CKOpOCTEH
B CTAaTUYECKOM CHHXPDOHHOM DeXXHMe MarHeTpoHa.

CHHXPOHHO C BHICOKoYacCTOTHHIM noJeM. Ilpu stom mpesrno-
HUS KOJe6aHuil. naraercsi, 4To pajHalbHasi CKOPOCTb 3J/EKTPOHOB paBHA
B yHOMAHYTOH BHIIE pa- HYMoO (T. €. ABHXEHHE HX MPOHCXOJUT IO OKPYXKHOCTH).
Gote [04] TpH amaimse mpo- Pacnpesenende mnoTeHnHala B CHHXPOHHOW o06jacTu

HECCOB B JUHAMHUECKOM [pe- (re<r<rs) ompejenseTcs COOTHOIJEHHEM

XKHMe MarHeTpoHa 3a HCXOl-

HO€ pacipeneneHne IJAQTHO- u(ry=Cw2+Cy, (1.38)
CTH 3apfja IPUHUMAETCH pac-
PUC. 1.2. Pacnpenenenue mpo- [IPENENEHHE 3apsila B HCKyC- rie C, u Cy— moOCTOSIHHEIE,
CTpaHCTBEHHOro 3apana MpH CTBEeHHO BBeICHHOM CHHXPOH" Hpﬂ K'Baﬂ.paTH‘IHOI‘/’I 3aBHCUMOCTH IOTEHUHAaMAa OT paﬂHy. 2
Yo<Usp. HOM  COCTOAHMM  @pOCTPaH- ca r. suga (1.38) nn0THOCTL OKAa3HBAeTCH NOCTOSHHOH MO
CTBEHHOro 3apsama. Kparko Bcel CHHXPOHHOH ob6aactu. [LefAcTBHTeNbHO, B CTaTHUECKOM
OCTAHOBHMCS HA DAacCMOTPEHHH 3TOrO COCTOSIHHS, KOTOPOE . du du
B Ha/lbHEHIUEM YCIOBHMCH HA3bIBATb CTOTUYECKUM CUHXDPOH- peixHuMe HpH pacCMOTPEHUH ABYXMEPHOH Salatil == zr==

HolM PGKHMOM-u ) ' H ypasHeHue Ilyaccona umeeT BUHJ
CraTHuecKHH CHHXPOHHBIH peXuM XapaKTepHu3yercs Cle- ‘

AVIOIHM pacnpefe/eHHeM YIrJOBBIX CKOPOCTEH 3JEKTPOHOB - I ¢ ( 00) Pe

(puc. 1.3): o,
24 ‘ 25



A

ou \
[Toncrasassa u3 (1.38) snauenue —5—}—=-—QClrt B TOCJAenHee

ypaBHEHHUE, IOJAYYHM
YuuTbiBasg rpaHHYHOE YCJIOBHE
Y
2
u(re) =U,=Cr +C,
¥ NpPUHUMAs NOTeHHHaJ Ha TpaHHIE CHHXPOHHOH 06JacTH
2
u(re)=U,=Cr,+C,,

HalileM pacrpelesieHue noTeHn#ana H IVIOTHOCTH 3apsaa
B CHHXPOHHOH 06sacTu:

1
u(r): 22 [(Uo_Uoz)rz"l_ri Uoz'_ I’i Uo]:

U,—U,s
P =—=— 430 02 ; . A (1.39)
Fo —fe .

B cayuae, Xorpa oTCyYTCTBYIOT pafHvajbHbIe TOKH, MOXHO
YCTAHOBHTH CJENYIOHYIO CBSI3b NJAOTHOCTH NPOCTPAHCTBEH-
HOro sapsgja B CUHXpoOHHO# o6JacTd ¢ HanpsxeHHeM Ha

aHone Uy u noporoBuiM HanpsixeHneM Ugp: .o
Uu,—U ’
fe=— [Po+450 = ‘;h ]' (1.40)
Fg—Tc
roe : \ ,
Po==28, 0 (@y — ). (1.41)

B nanpueninieM KpoMme NUJAUHAPHUECKOTO MAarHeTpoHa
HaMd Oyler paccMOTpeH IJIOCKUH MAarHeTpoH, OCHOBHBIE
COOTHOIUEHHUS AJH KOTOPOro MOXKHO NOJYUHTH U3 COOTBET-
CTBYIOLIMX -BBIDAXKEeHUA NS HUIHHIDHYECKOrO MAarsHeTpoHa
nyTeM NpeaesbHOro nepexona,

s njockoro MarHeTpPoHa NpH HanpaBJeHHH . KOOPAU-
HaTHBIX OCeH B COOTBETCTBHH € pHC. 1,4 U TMOCTOSHHOM Mar-

2 .

HuTHOM Tlojie B, mepneHAMKyASpHOM MIGCKocTH xoY, BHpa-
XKeHHe AJidg MOPOroBoro HanpsXeHus HUMeeT BUJ,

1 m o
U, =0.By, 5 Ug s (1.42)
rfie Uc— CKOPOCTH . ABHXKEHHS 3JEKTPOMArHUTHOH BOJHH
BAOJIb OCH OX;

Yo — paCCTOAHHE MEXJAY AHOAOM H KaToIOM.

CKopocTH  3JeKTPOHOB Y
BAOJb OCH OX jUHeHHo 3a- g4 Aol
BHCAT OT [PAaCCTOSIHHA 0 Cllhibidiide it
KaTona: Ya
eB )
Up = Y =—04Y. (1.43) - \

Cao# 3/1eKTPOHOB, ABH-
raloiuxcs ¢ CHHXPOHHOH
CKOPOETBIO U, YHAAJdEH OT
KaTo/la Ha paccrosiHue

Yo=zUc.  (1.44)

é

PUC. 1.4. Pacnpegenense cKopo-
Credl Uy B IJIOCKOM MAarHeTpoHe.

IToreHunas CHHXpPOHH3aUWH NpPH OTCYTCTBHH «pajdalb-
HBIX» CKOpocCTel (CKOpOCTej BHOJAb OYy) paBeH

Ue =2 o2 (1.45)

Jns nmiockoro mMarHerpona mnoporoshi#l nortenuuan Up
paBeH noteHnuany Uy, npH KOTOpOM 3/1EeKTPOHH Ha rpaHu-
ie IPOCTPAHCTBEHHOTrO 3apsifa ABHXKYTCA C CHHXPOHHOM
CKOPOCTBIO.
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MPUBJIMHEHHDBIA METOZ, PACYETA
HABEAEHHOTO TOKA B PEXXUMAX
BOJIbLUNX AMIUIUTY A KOJIEBAHUHA

2.1. OCHOBHbIE COOTHOLUEHWA AOJ14 HABEAEHHOIO TOKA

Ha ocuoBauuu ¢pusmueckux coobpakeHui, a TakxKe pac-
yera TPAEKTOPUH 3JIEKTPOHOB B JHHAMHUUYECKOM peXHUME
MardeTpoHa MOXHO IipefnnoJiaraTe, 4TO B peayabrare (pa3so-
BOH (POKYCHPOBKM NPOCTPAHCTBEHHBIH 3apfl rPyNnupyercs
B HECKOJIbKMX OTpaHHuYeHHBIX 006JacTdx, no ¢dopMe HANOMu-
HAIOmMHUX «COHLBL» KoJeca, YHCJI0 KOTOPBIX 3aBHUCHT OT BHjA
kone6anuit. Ha puc. 2.1 npuBejieHn TpaekTOpHH pAxa 3J€K-
TPOHOB, MOJyUEHHbIE TyTEM pacyeTa MeTOA0M CaMOCCIV1aco-
BAHHOTO T1OJAS JJs MarHeTpoHa ¢ 4YHCJIOM pe30HATOpOB
V=8, paboTamomero #Ha npoTUBOpa3HOM BuJe KoJeGaHHH
(n=4). llpumepHHle rpaHHUbl NPOCTPAHCTBEHHOr0 3apsAaa
NMOKAa3aHH NYHKTUPHLIMU AUHUAMH. IIpu JBHKEHHH «CHHUBI»
NPOCTPAHCTBEHHOrO 3apsiia Ha CerMeHrax aHojHoro 6J0Ka
HAaBOAAT TOK, U3MEHHIOMUKWCH 1O NEPUOANUYECKOMY 3aKOHY,
KOTOPLIA o0ecneyuBaeT NMOAAepKaHUe CTALHOHAPHBIX KoJe-
O0aHul B cCUCTEME. i

OrpaHuyuBasicb paccMoTpeHueM T1poTuBodha3HOro BuL2
KoJaeOaHul, MOXKHO 3aMEHHTb MAarHeTPOH 3SKBHUBAJEHTHOH
CXEMOH, COCTOsIIEeH H3 CEePUH CerMeHTOB, K KOTOPBLIM HOA-
KJI04eH KoseGaTeNbHblfl KOHTYP C Pe30HAHCHOH 4acTcToH fo,
BOJIHOBOH INPOBOAMMOCTBIO Yo M HArpyXesHo#l XoOpOTHO-
cteio Qy (puc. 2.2). IMapamerps xouTypa Yox, Qu # fo cOOT-
BETCTBYIOT 9KBHBAJIEHTHLIM napaMmerpam KoJgebGaTejJbHOU CH-
CTeMBl 7/l paccMapTHBAEMOro BHAa KoJieGaHHH.
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CioXHBIH XapakTep TPaeKTOPUM 3JEKTPOHOB H paciipe-
A eJeH’s] NPOCTPaHCTBEHHOro 3apsiia B peaJbHOM MarHeTpo-
He, He MOAAAIOIINXCS NPOCTOMY AaHaJUTHYECKOMY OIHCa-
HUIO, 3acraBisieT npuberaTh K BBEAEHHIO psfa YiIpomlalo-
MUX YCJAOBUH: HCNOJNb30BAHMIO YCPEAHEHHBIX BHaUEHHH

PUC. 2 1. TpaekTopuu 3JeKTPOHOB H doOp-

Ma MPOCTPAHCTBEHHOI'O 3apsija B Marde-

TpOHe INpu OOJbIIUX aMIJAUTYyaax KoJseba-
nuii (N=8, n=4).

CKOPOCTH W MJIOTHOCTH 3apsijla u BHOOPYy reoMeTpHuecKoH
(opMBI TpaHULl NPOCTPAHCTBEHHOI'O 3apsja, AONYyCKaIOMUX
OTHOCUTE/JLHO HECJOXKHOEe HX aHaJHTHYeCKOe ONuCaHue
[126, 129]. Ha puc. 2.2 nokasaHna CTpyKTypa NpOCTPAHCTBEH-
HOTO 3apsiga, NPUHATAss HNpPH pacyeTe HaBeAEHHOrD TOKa.
Kak 6yger BuAHO M3 JaJbHeillero, npenJjaraeMblii cnocob
pacyera AONYCKaeT OTHOCHTENbHYIO CBOOOAY B BhIGOpe ¢op-
Mbl «CHHILI» NPOCTPAHCTBEHHOrO 3apsiaa NpPH COXPaHEHHH
CHMMETPHUH €€ OTHOCUTENbHO pafuaJbHONH JHHHH, NPOXOIaf-
men yepes CepefUHY CHUILLI.

Pacuer TOKa, HaBOAHMOTO CTPYNNUPOBAHHBIM HpPOCTPaH-
CTBEHHBIM 3apsilOM Ha CerMeHTax aHojHoro 6/10Xa Marue-

. TPOHA, NMPOBEJEM MPH CAELYIOHIHX AONYLIEHHAX:

1. TlpoctpaHcTBeHHBIH 3apsafd B pexuMax OOJabIIHX

AMIJINTYH KOJe6aHHH HMEeT «CHUueobpasHyio» CIPYKTypy
(puc. 2.9).
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2. Pacnpenesenue cpefmell NJIOTHOCTH TpOCTpaHCTBEH-
HOTO 3apsifia B CIUIAX OCTAeTCsi HeU3MEHHKIM B NpoLecce HX
BpallleHus] BOKPYr KaToZha.

3. IlpocTpaHcTBeHHBIN 3apsij He BAHSET Ha pacupepesne-
HHe BLICOKOUACTOTHOrO0 IO/ B CHHXDOHHOH o6JacTu

(rg>r>re).

PUC. 22. CTpykTypa NpOCTpAHCTBEHHOrO 3apfja H
3KBUBAJIEHTHAs] cXemMa KoJebaTesdbHOW CHCTeMBl Mar-
HEeTPOHA AJAS f-BHAA.

4. PacnpepeneHie BHICOKOUACTOTHOrO NOJSI M NMPOCTPAH-
CTBEHHOTO 3apsga COOTBETCTBYeT NPOTUBO(A3HOMY BHAY
KonebGaHuit (m-BHAY).

Hns pacuera TOKa, HaBeJeHHOTO NIPOCTPAHCTBEHHEIM 3a-
PANOM Ha CerMeHTax MarHeTpoHa, BOCHO/b3yeMCs TeopeMoH
[Moxmu {25, 52]. B cooTrBeTCTBHH € 3To#f TeopeMoii, ec/H
npeHeOpeyp *3anasfibiIBaHHEM 3JeKTPOMATHHTHRIX NOTEHLHa-
JIOB, T. €. OTPAHHUYHTBLCS KBA3HCTATHUECKHM IpUOIHKEHHEM,
TOK, HaBOAMMBIH Ha 3JekTpoje K NBHXYIIAMCS TOYEYHBEIM
3apsAOM ¢, paBeH ’

in—qVE,,

rie VE, — ckansipHoe npoussenende sekropos V n E;
V — cKopocTh ABUKEHHS 3apsja; -
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E,— HanpsKeHHOCTb CTATHYECKOTO HOJSA B TOUKE, IJI€
HaXOAHUTCH B paccMaTpUBAeMBIH MOMEHT 3apsA,
onpeAeNeHHAs B NPERANOAOXKEHHH, UTO BCE 3K~
TpOAH, KpoMe K, 3a3eMJieHH, 3 JloTeHIHAT Ha
aflekTposrie K paBeH eHHHIE. .

Ecnu npocrpaHCTBeHHBIH 3apsn pacrpefened B HEKOTO-
pom o6beMe ( HempepnlBHO C MJAOTHOCTHIO p (X, Y, 2, f) U
3ajaHo pacnpeaenenue ckopocredV (x, y, 2, £), To HaBejeH-
HBIH Ha OJAHOM H3 3JEKTPOJOB TOK paBeH

in)={p(x, 9, 2, )V (x, 4, 2, H Eq (1,4, 2)dQ.  (2.1)
Q

HUuarerpupoBanue (2.1) npousBoauTcs no Bcemy o6memy Q,
B KOTOPOM jpacnpejiesieH 3aps.

[Ipu BHIUHC/IEHHH HABEJCHHOIO TOKA B IHJIHHIPHYECKOM
MarHeTpoHe yA06HO HCNO/Nb30BaTh HHJAUHIPHUECKYIO CHCTE-
My Koopauuar (r, ¢, 2), B Kotopoit V 1 £, MOXHO BEIDa3uThb
yepe3 COCTaBJAAIOUIAE BEKTOPOB BJOJMb KOOPAHHATHLIX JH-
HAH:

V=ay, +auv,+axv,,

-
L4

o

rie @, @, @,-— eIHHUYHbIE BEKTOPH-OPTHI, COBNAJalouIue

C HampaBJ/leHHEM COOTBETCTBYIOIIMX KOODAMHATHLIX JIHHH.
CooTHotuenne (2.1) MoxXer GHITh IPEACTABIEHO

(=1, ()41, +i. ();

i
rAE e

| 0= (o By grdedz 2.2)
T -Q

i ()= S rpv, E drdedz; (2.3)
Q

i, ()= S rpv, E drdedz. (2.4)
Q

Paspenenne toka iy (f) Ha cocrasasiomme i(f), i(f) wu
i,(f), ¢BI3aHHBIE C COOTBETCTBYIOUIUMH KOMIOHEHTAMHU CKO-
POCTH, HOCHT O HEKOTOpOHM CTeNeHH HCKYCCTBEHHBIH Xapak-
TP, TaK KaK BO BHelIHeH 1enu 5JeKTpojxa, AJA KOTOporo
Paccu¥THIBAETCA HABEJCHHBH TOK, NpPOTEKaeT CyMMapHBIH
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TOK [,(f), HU3MeHSIOWMNHACS BO BPEMEHH [0 CJOKHOMY 3a-
KORY.

B marseTpoHe TOK ix(f) HMeeT nepuOJHUECKHH XapaKTep,
MO3TOMY pasjieleHHe ero Ha psif, COCTaBJSIOMIHX TO3BOJISIET

v}

PUC. 23. dopma cnuusl fnpoCTPaHCTBEHHOTO 3apsja,
MpHHATAS NIpH pacyeTe HABEJEHHOrO TOKa.

L 3
CYLIECTBEHHO YIPOCTHTbL pacCMOTpeHHe AeHCTBHA TOKa iy(f)
Ha JUHEUHYIO CHCTEeMY, NOAKJIOUEHHYIO K CerMeHTaM Marse-
TpoHa (puc. 2.2).

IIpeHe6Gperas BApHaANHsIMH COCTABJSIIOIIHX CKOPOCTH H
HaNnpsXKeHHOCTH NOoJg BAOJAbL MarHeTpoHa, T. €. OrpaHnyH-
BasCb PACCMOTPEHHUEM ABYXMepHOH 3ajauu, Aaf NPHHATOH
KOH(puUrypanuu npocTpaHCcFBeHHOro 3apsga (puc. 2.3), no-
JYUUM OJs TOKa, HAaBOAUMOIO OJHOH CHHIEH, CJAeaymwiee
BhIpaxenne U

b () =1,0)+i, ()=

ry @o—o

ra$u+°

rpv L drde -

+h S i rov, E drds, (2.5)

ry $o—<

) MaMeHeHHe BBICOKOUACTOTHONO 'OJS BJAOJMb aHOAHOrO O/0Ka
MarHerpoHa GyneT mpubAHKEHHO YYTEHO B JajbHeHIIeM MpU Omnpenese-
HUM e¢peHEero 3HaueHMs MoJisg 10 CEYEHHIO CITMIBL
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rne b — pauna (Bbicota) aHopmoro Gi10Ka;
r1 — pajdyc «UUJMHAPHUECKON» yacTH, B KOTOPO#H mpel.-
nosaraeTcss paBHOMepHOe pacnmpefeneHHe 3apsja
Mo OKPYXKHOCTH;
20 — IIMpPHHA COULBl B YIVIOBOM H3MEDEHHH,
Qo — YroJ MexaAy cepefrHON CIOHIL H CEpeJHHOH Nasa
B pacCMaTpUBaeMbli MOMEHT BpEMEHH.

gA -« g >

VrARIURIPAR
1S Sy R

”21’?‘1{“ -AZUL- )

)

DPPPIITIRSTTITTIIIITIITTT ~
0z T
v _Yox
S I A
e H
. — —y e
| s - 3} === E_I { mvwpiiyn

£ Vi 7

PUC., 24. dopma npocTpaHcTBEHHOTQ 3apsja
B «INIOOKOM» MAarHeTpoHe W 3KBHBaJieHTHAs cXe-
Ma 1Js1 MPOTHBO(DA3HOrO BHAA KOJebaHHH.

»

HOas «nnockoro» pe3oHaTOPHOrOo MarHeTpoHa, .3amel-
JNSIOLIVI0 CHCTEMY KOTOPOrO MOXKHO paccMaTpuBaTh Kak
«pacupsiMmiNeHHBI» aHOJAHHHA 6/0K IHJIHHJAPHUYECKOTO MarHe-
TpoHa (puc. 2.4), pacuer HaBeJeHHOro TOKa NpOBeNEM NpH

AHAJIOTUYHBIX NONYILEHUSX.
B paccmarpHBaeMoM caydae ckopocte V. u noae E,
MOryTr ObITb NpeAcTaB/eHbl B BHJE

V=a,v,+a,0,+ a.v,,
E,=a,E,+ a,Ey~+ a.Ey,

rae a,, a,, @, — elHHHYHbie BEKTOPHI-OPTHI, COBNAAAaloIINe
C HanpaBJeHHeM KOOPAHHATHHIX Ocem.
HaBepenHuli TOK paBen

© i By = s () i, () 1),

3—2089 33



rae
i (f)= S 0. Exdx dy dz; (2.6)

i, (t)==( pvyE,,dxdy dz; (2.7)

i) = {pv,E dxdydz. (2.8)

Q
Q
Q
B naByxmepmoii 3ajgaue AJAS TOKAa, HABENEHHOrO0 HpO-

CTPaHCTBEHHBIM 3apsfAOM OJHOHN CHHIBI, popMa KOTOpoH Io-
Ka3aHa Ha pHuC. 2.4, nmonyuum

Ya x5+
in()=ix ()i, (E)=nh 5 j pv.Egxdxdy -
Yy Xo—1
Ya xo+1
i | b0 Egdxdy, 2.9
Y1 xo—I

rie 2/ — mypHHA CHOHIH;
Y, — pacCTosiHHe MexXJYy BepXHeil rpaHuneil HeMOLy/au-
POBAHHOr0O NPOCTPAHCTBEHHOro 3apsifa H KaTOLOM.

2.2, PACNPEAEJIEHUE NONsa E,, YAOBJETBOPAIOWLIEIO
YCNOBUAM TEOPEMb! LLOKIIU

CocraBasomne HanpsakeHHocTH noas £, yposaerso-
pAwLIEro TeopeMe o0 HaBeNE€HHHIX TOKax, HafjeM H3 pemnie-
Husl ypaBHeHWd Jlanjaca njs noteHunanda uU(r, ¢, 2).

Jas uWIMHApUYECKOro MarHeTpoHa B o06meM c/ayuae

nMeeM

-_“1___ 0 p ou(r, ¢, 2) 1 ¢ 1 0u(r, ¢, 2) ; 0u(r, ¢, 2)_
r or or 2 J¢? ! 0z% 0,

2.10)

roe u(r, ¢, ) — noTeHnHaa B Touke (r, P, 2).

B aByxmepHol 3ajaue du(r:);' ?) =0, u (2.10) craner

1 ¢ ou(r, ¢) 1 0% (r,
TFF[r or ] | re 0(9” 2 0. (2.11)
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Ypashenne (2.11) peiunmM mnpu CJEAYIOUHX TpaHHIHBIX
Yy CJIOBUAX:

—1)s+2 27 27
1) Eyy(ra, 9)= ( 2330 NpH (Mﬁsﬁ-——- )<<P< ("‘Nf+ﬁ)

E,, (a; ¢)=10 BHe 3THX 3HAYEHHH P,
2) E()cp(rh’ (P)_—:Oa

(2.19)

rie s —Homep wemm (masa) (s=0, 1, 2, ..., N—1);
N — uucjio pe3oHaTOpOB;
28 — IApHHA 1€ B YIJIOBOM H3MEDEHHH.
['paHHYHBIE YCJAOBHS COOTBETCTBYIOT PA3HOCTH MOTEHLHA-
N0B MeXJy COCeIHUMH CErMeHTaMu, paBHOH eanHuue. Pac-
npefeqenHye HanpsKeHHOCTH nods £y, N0 OKPYXHOCTH aHo-
na (r=r,) mokasaso a puc. 2.5. Jlnst yro6erBa Ha puc. 2.5

NoKa3aH «pa3BepHYTHI» aHOAHLIA OJIOK.
Hcnonbsysi MeTol pasfeleHus HepeMeHHBX, B pe3yJlb-

TaTe WHTErPUPOBAHUS MNpPH TPaHHYHBIX YyCAOBHSAX (2.12),

*

ey
* Veceesd - o>

[

PUC. 2.5. PacnpeneneHne HanpsiKeHHOCTH IIO-
a5t Eg, Ha aHofe (r=rad).

MOXHO NMOJYYHTH C/AelyloHlee Bbipa)KeHHe ILAfA TMOTeHnHaJja
B MpOCTpPaHCTBe B3aHMofAeHcTeus [126]: :

N PN
0 sin E—QE- ) pN A
wir, 9)= — Y- a e ? Ysin 22¥
» )= % p  pNB 2N _pN| 2N 2
=1 9 r 2
(2.13)
35
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[leppass rapmoHukKa noTeHnHazaa u(r, ¢) paBHa

N
sin —5— 2 N
2 2 ra rk N/? ¥ ‘PN
u, (r, ¢)=— W AT (rm r )sm 5 . (2.14)

Hanpsxendocts noast £, (r, ¢) MOXKHO OnpefiejuTb Ha OCHO-
BaHUM COOTHOLIEHHSA "

ou(r, @) 1 ou(r, ¢)
E (r, 9)==—gradu(r, 9)—=—a, 5 a,— 3¢
TaHrennuanbHasi COCTaBAAOIIAS 105
© sin p-5-
__N 2 Ne¢
0o = ETF, (r) cos p—- (2.15)
p=1 P 7"
rae
P ! 1-—-(%)13[\!—
,
Fo)= () L (2.16)
=)
Papvanbuasi cocTaBasionas NoJist
© sin p -
N 2 . Ne¢
Ey=7- 2 —— Fa () sin p=s (2.17)
p=1 P 73"
rie
N - pN
o (2)

r

F, (1) = (_}) _1_("" )pNL' (2.18)

a

B cayuae nnockore MarsHeTpoHa, OrpaHHuYMBasACh pac-
CMOTpPeHHEM ABYXMepDHOH 3ajaud, pacupenenenre nonas E,
MoxeT GLITh HalijleHO nyTeM pelleHHs ypaBHeHud Jlamnaca
[126}.

"He ocranaBiauBasich noApo6HO Ha pelI€HHH YpaBHEHU:A
Jlannaca, xoTopoe aHAJOrHYHO CJAyyYal UHAMHAPHYECKOID

36 .

¢

MarHeTpoHa, HpPUBEHEM TOJbKO OKOHUATEeALHOE BHIpaxeHue
AJIS COCTABJSIONIHNX HanpsXKeHHOCTH nona £,

[

~ “ P4} S
9 o0 sinpf%- shpf—%— - ff'j} /
% | . i
L p=1 P shp-p
o g K. ; 7 }
sin p—ch p—- .

2 d d X

Eyy= — 2 — sinp e (2.20)

rae sh ﬁ’%- u ch }U%“I‘HHEPGOJIH}-IECKHI? CHHYC U KOCHHYC

Ty
apryMeHra p —-

-

2.3. PACMPEAENEHUE CPEOHUX CKOPOCTEM 3MEKTPOHOB
U MIOTHOCTU 3APAAA B LMINMHAPUYMECKOM MAIMHETPOHE

JleAicTBHTeNIbHOE  pacnpejieienre TJIOTHOCTH 3apspna, -
a TaKXe CKODOCTE} 3JIEKTPOHOB B JHHAMHYECKOM PpeXHME
MarHeTpoHa Ype3BHYAHHO CJOXKHO M He NOAMaeTcss LOoCTa-
TOUYHO NPOCTOMY aHAJUTHUECKOMY ONHCAHHIO, HA OCHOBAHUH
KOTOPOro MOXKHO OblJI0O Obl CO374aTh HHXKEHEPHBIH MeToj,
pacueTa xapakrepHCTUK marHerpona. Ilosromy B passuBae-
MOM HHXKe MEeTOJe pacuera HaBeJeHHOT0 TOKAa HaMuy BBOJAST-
Cs1 yCpeJHeHHBe 3HAUeHHUS] CKOPOCTH 3JIEKTPOHOB H HJIOTHO-
cru 3apsiga {126, 134]. :

Ilpunsaras. panee KOHQHUrypaumusi CrpynmnHupoBaHHOrO
3JIEKTPOHHOTO [0TOKa INpEeAIoJaraer, 4to (opMa «CITHI»
IPOCTPAHCTBEHHOr0 3apsfa coxpaHsercsa B Ipolecce HX
CHHXPDOHHoro (B obmieM cayuae HecHH}a3HOro) ABHKEHHSA
C 3/1IeKTPOMArHHTHOH BOJHON paccMaTpHBaeMoro BHjAa KoJie-
Ganufi. B a3ToM caydae npencTaBasieTC  BO3MOMKHBIM
3a CPeJHIOI0 TaHT'EHIHaJbHYIO CKOPOCTb ABHXKEHHS 3J1eKTPOo-
HOB B CHHXPDOHHOH o0aacTtu (ry>r>v,) NPHHSATDb

- U(p(r)-—":—-—mcr""_—_—_ n ’

rae fo — vacrora reHepHpyeMbIX Ko/e6GaHui,
n — HOMED BHAA KoJebGaHuH,



Ias nporuBogasHoro Buaa KoaebGauuit (n=N/2) Tan-
NeHUHaAbHAasi CKOPOCTb DaBHa
— __dnfyr

v, (r)==—x—- (2.21)

3aMeTHM, UTO BBeJeHHe CIHIEe0O6pas3Hol CTPYKTypH NIpo-
CTPAHCTBEHHOrO 3apsijga NO CYIIECTBY CBOAUTCA K NpU3HA-
HUIQ CYHIECTBOBaHMs onpeneneHHod obJgactu Oaaronpusit-
HBIX (pas, B KOTOPOU 3JEKTPOHBI OCTAIOTCS B TEYeHHE BCEro
IPoOLecca CBOEro JABHXKEHHS ¢ MOMEHTa BbLIXOJAa H3 BHUPTY-
aJbHOTO KaToja A0 MOMEHTa NonafaHHs Ha aHofj,.

Haun6onee BaXHbIM 0pH TNOCTPOEHUM NPUGIHKEHHOTO
MeTOna pacyeTa HaBeLEHHOTO TOKAa M, BMeCTe ¢ TeM, Haubo-
Jiee CJOXKHBIM $BJsieTCs BLIOOD CpelHero 3HaueHus pani-
aJlbHOM CKOPOCTH, OT KOTOpOH CYIIeCTBEHHO 3aBHCUT INJOT-
HOCTb NPOCTPAHCTBEHHOrO 3apsifia H, CJAeA0BaTeJbHO, BeJH-
YviHa HaBeJeHHOro TOKa.

PannaspHas CKOPOCTb 3/IEKTPOHOB B «CHHIE» H3MEHSEeT-
CA B TeueHde neproja KosnebaHuy, a AJAA PUKCHPOBAHHOTO
MOMEHTa BpeMeHH HMEeT Pa3JIMUHYI0 BENHUHHY 10 AJHHE U
CeYEeHHIO CHHUIIHI. ’ .

CpelHssi pajuanbHass CKOPOCTb 3JAEKTPOHOB HAaXOAHTCH
B NPSIMOM 3aBHCHMOCTH OT CPeJHero 3HauyeHns TaHleHIHalb-
HOMl COCTaBJSAKOMIEH BLICOKOUACTOTHOTO noJisg, OJiarogaps
KOTOpOH B MAarHeTpoHe YCTaHaBJAHBAaeTCHA [ABHKEHHE 3JIeK-
TPOHOB K aHOJAY NpPH MAarHUTHOM HHAYKIHWH, CYIIECTBEHHO
NpeBHIIIAIONIEH KPUTHUUECKOE 3HAYEHHE.

Ha ocHoBanunm paccMorpeHHsi (PH3UUYECKOH KapTHHBI
B3aHMOJENCTBUS BHISICHUM, KaKHM 06pa3oM MOKHO 1pubaH-
KEHHO OIIEHHTb CpefiHee 3HaueHHe pajHaNbHON CKOPOCTH.
Jas1 3Toro o6paTuMCsi K NJOCKOMY MAarHeTpoHy.

B HenoxBmHO#E cHCTeMe KoopauHaT (X, Y) HABHKEHHE
3JIeKTPOHA B NOCTOSIHHOM 3JIEKTPHUECKOM H MarHHTHOM IIO-
JISIX ONHCHIBAETCSI YPABHEHHSAMHU

x:wny,
y“—“’n(“g‘“" '

rne £ — HanpsXeHHOCTb  NOCTOAHHOIO  3JIEKTPUYECKOrD
0Js1 BAOJMb OCH Y; .
B — upHayKiysi MardHuTHOTO HOJM, HanpapjeHHas mep-
NEeHJHKYASPHO NJOCKOCTH XOY.
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[lepexoast x cicreme kooppuuaT (X', y’), EBHRKyLieHcs
BJLOIb OCH X CO CKOPOCTBIO Ug, NOJAYYHM

':“lx‘”n;l'},s

. E : (2.22)
y Ewu ("‘B‘“"""Uc)"‘“‘wnx.

W3 cpaBHenusi ypaBHeHUH B cucteMe (X, y) H (x', y)
BHJHO, UTO OHH aHAJOTHYHbI, TOJAbKO B NOJBHXKHOH CHCTEME
KOOpDAHHAT IepeHOCHAsA CKOPOCTh YyMeEeHbHIeHa Ha BeJdHYH-
Hy Ue.

JlonycTum Temepp, YTO INOMHMO IOCTOsSIHHOro Iods E
NeHCTByeT nepeMeHHoe noje E;, o6ycaoBjeHHOe IlepeMeH-
HBIM HalnpsAXeHHeM Ha pe3onaropax U,.

Crosiyast BOJIHA BLICOKOYACTOTHOro noas E; (paccMaTpH-
BaeTCA NPOTHBO(MA3HbIM BUJ KOJeOaHHH) MOKET OLITH IIpek-
cTaBJieHa B BHAe JBYyX Oeryuiux HasctTpedy BoJaH. Ecau cKo-
POCTb JIBUKEHHS CHCTeMbl KoopauHart (x’, ') paBHa CKOpO-
CTH ABHXKEHHSI OJHOM H3 Oeryliux BOJIH, TO IIepeMeHHOe
noJjie 3TOH BOJIHLI B cucteMe (X', y’) 6yaer CTanmHOHADHBIM.
Pesynbtupylomee nose, nefcTByIOmEe Ha 3JEKTPOH B 3TOil
CHCTEME, MOXKHO paccMaTpUBATL KaK CYMMY CTaTHYECKOI'O
nonst E'=E-—v.B (310 caenyer us (2.22)) u cranguoHapHO-
ro noana E’y, 1. e. cocraBafiomed noas E;, ABMKyLIeHCHA
CHHXPOHHO ¢ cucremoit (x/, y’).

OueBHAHO, YTO B CTAaLHOHAPHOM IOJ€ IEHTp Kpyra, 06-
pas3yomero TPAeKTOPHIO 3JIeKTPOHA, NepeMeniaeTcs NpH-
OJH3HTENbHO BA0Jb 3KBHNOTEHIHAJIbHBIX JIHHHA pe3y/blH-
PYIOHIETO NOJAA. 3aMETUM, UTO 3TO NMOJ0XKEHHE, KaK I0Ka3hi-
BA€T DacyeT TPAeKTOPUH 3JEKTPOHOB B peajbHOM Marde-
TPOHE METOJOM CaMOCOIJIaCOBAHHOTO 1OJsl, OKa3biBaeTcCs
CIIpPaBedJUBLIM IS pexuma OOJbIIAX aMIJHTY].

OrpaHuyHBasCb yyeToM MepBOH TapMOHHKH noasg E’j,
MOXKHO NPHHATb, YTO HA 3JEKTPOH I, ABUXYIUHCHA C HEKO-
TOpeiM (a30BbLIM 3ana3jeiBanneM 0’ OTHOCHTENBHO BHICO-
KOYaCTOTHOrO NoJs, AeHCTBYIOT coctaBJasiouide noag E’:

%

E',=—FE,, cosl,
E,=Eynsin¥,

rae E'um 0 E'ym — MaKcHMaJibHblE 3HAUEHHS COCTABJSIOUIHX
moJigs Ha npamMod a—b (puc. 2.6).
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Ecan E=v B, to E'=0 u sdexrpotn 6yayT nepeMentats-
ci K OCH Y/, clefys NPHOAMKEHHO SKBUIIOTEHIHAIbHBIM
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PUC. 2.6. Pacnpeaejienne BHICOKOYACTOTHOIO O B HBH-
KYUeHCs cucTeMe KOODZHMHAT M TDAGKTOPHH HECKOJLKUX
3JIEKTPOUOB.

==

JIHHHSAM, [OKa3aHHbIM HaA PpHc. 2.6 mynkrupoMm. Tam 'ixe,

NPUBENEHBl [IPHMepHbie TPAeKTOPHH [ABYX 3JEKTPOHOB (Z
¥ 3), COOTBeTCTByIWOIIHEe pexumy LE=uvcB, HJAIOCTPUPYIO-
mux abhdexr dhazosoit PoxycHpoBKH (HaH 3 ekt rpyinnu-
pOBaHHsA) 3JE€KTPOHHOrO MMOTOKa.

B cnyuae, xorpa Es=veB, H3 pomynieHust O COXpaHeHHH
dopMBl crnuL, MPHHATOrO HAMM paHee, cilejyeT, 4YTO CHH-
XPOHHOE JBHKEHHE SJEKTPOHA I Oyger uMeThr MecTo IpH

YCJIOBHH
E — UQB + E'ym Sin 0' -—':0

HJIH

E A'E, . sin 6 = 0.B. (2.23)

Taxum ob6pasom, npu E=~uv,B CHHXPOHROe [BHXKEHHE
3JIEKTPOHOB BO3MOXKHO TOJBKO IpH HaJH4YHH (a30BoOro pac-

COTJIACOBAHHUSI.
[Tepexog oT HemOABHXKHO#A cHcTeMbl (X, Y) K HBHXKY-

mefica (¥, y’') (B paMKax HAMX RONMyUICHHH) He MPHUBEN

K IMOABJEHHIO KaKHX-JIU00 HAONOJHUTEABHBIX COCTABJAAIOLIUX:

BAOJb NOJIS OCH X, MO3TOMY pajHabHas CKODOCTh 3JeKs
tTpoHa [ (NpH AOCTATOYHO MAaJIbiX «HETIAX» TPAeKTOPHH)

npubJU3UTENBHO pPaBHA

vrr_: E acmBCOS 8 ) (2.2@
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OueBupHO, 4TO YeM GoJblle OTHOMIEHHE Ogfomy (wo—
yIVIOBAs 4acToTa <<6ery1uei’1» BOJIHbI), TeM OJiMXKe 3HauLHHE
vy, naBaemMoe (2.24), x ReHCTBHTENBHOMY 3HAYEHHIO,

KauecTBeHnHo (a Npd HOCTATOYHO MaJbiX OTHOIIEHHSX

f’a
B3aHMOJEHCTBUSl B IIJIOCKOM MarHeTpoHe MosKeT OBITh lepe-
HeceHa Ha UHJIHHAPHYECKHE MarHeTpOHHI,

B xauectBe mepBoro mpuGAHKeHHMs AJS CpejfHell paju-
aJbHON CKODOCTH 3JIEKTPOHOB 6yjgeM CUHTaTh CIpaBenJu-
BLIM CJEAVIOLee COOTHOLIeHHE:

_ E. (7 ¢
5. (r, g = e %) (2.25)

rae £, (r, go) — cpelHee IO CeYeHHI0 CHHUbI 3HaYeHHe

TAHTeHUHaJbHON COCTaBJSIONIeH HaNPsAXEeHHOCTH BBICOKO-
YaCTOTHOTO MOJISt B OTCYTCTBHH NPOCTPAHCTBEHHOrO 3apAna
B MOMEHT BpEMEeHH, KOorja Crnuua CMelleHa OTHOCHTEJbHO
cepefHHbl Ia3a Ha Yroa .

Benuynna cpexHell paguaibHoli CKOPOCTH, KOTOpas ycra-

HABJAHBAETCs, KOrxa H3MEHsIoneeCs1 BO BPpEeMEHH BbLICOKOHA-
CTOTHOE MOJIe focTHraer HaulOoJabllien HHTEHCHBHOCTH, pPdBHA4

— r
o ()= Zo @) (2.26)

B 06sacTy 9KCIIyaTaUHOHHBIX DEXHUMOB AJjd OOJblINH-
CTBA MAarHETPOHOB XapaKTePHBIM sBJsIeTCa Hanuudhe ¢aso-
BOTO CJBHra MepBOM rapMOHHMKH TOKa, HABOAHUMOro Ha Cer-
MEHTaX MarHeTpoHa, OTHOCHTEJbHO HaNpSXKEHUd Ha peso-
Hatope. MHbIMH c/IOBaMH, B MOMEHT BPpeMeHH, Korja Hanps-
JKeHHe Ha pe3oHaTope HMeeT MaKCHMaJbHYIO BEJTHYHHY, CIH-
a MNPOCTPAHCTBEHHOTO .3apsiia CcMelleHa OTHOCHTEJbHO

cepelHHBl fa3a HA HEKOTOPHIl yroa gp= 0.

3aBHCHMOCTD E n (r) OT yria pacoasipoBkd (WM yrJa
paccorJyiacoBaHHs) B u HWIMPHUHB! CHHOB B YIVIOBOM H3MEpeHuH

2s ompenenseTcs COOTHOMIEHHEM )
h 9,40 (
Eon ) =5 5 S E,, (r)cos £ () dedz,  (2.27)
¢ 8—a '
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rae E, . () —uepBas rapMOHHKa TaHreHLHAJbHOH COCTaB-

JITIOLEe BBICOKOYACTOTHOrO INOJs1 MOoj cepe-
AVMHOH masa B MOMEHT BPeMeHH, KOrja Hanpsa-
)KeHHe HA pe30HaTope PaBHO aMIJIHTYAHOMY
3HAYeHHIO; ’

E(2) — pyHKuus, onpegeasionias HeIOCTOTHCTBO TaH-
reHIHAJNbHON COCTABJISIIOUIEH MOJIT BHOJb
aHoaHoro 6J0ka.

Panee ormeuasnoch, YTO MPH pacyere pacrnpeneeHus mno-
Jiell B MarHeTpoHe OorpaHHyYdBaeMcCsl peuieHdeM IJIOCKOH 3a-
Jaud, 4TOOBl CYLIECTBEHHO HE€ YCJOXKHATH PacCMOTpeHHe.
Beenenie GyHKuuud E(2) mospoJgsieT NPUOJHXKEHHO YUeCTb
MPH YCPeJHEHHH BJAHSIHHE HEIOCTOSIHCTBA BHICOKOYACTOTHO-
ro moJss BAOJEL aHojHoro OJ0Ka H3-3a KOHEYHOH AJHHBI IO-
cJIeHero, HajJHuyHe CBS30K H 3JEeMEHTOB HAaCTPOHKH B JAHa-
na3soHHHIX MarsHerponax. Cjaenyer HMerb B BHAY, YTO IpH
TAaKOH OLEHKE BJIHAHHS HEOAHOPOAHOCTH I10JIs1 BAOJb Marue-
TPOHA He YUHTHIBAeTCsl MOSIBJEHHE COCTABJIIOIIEH CKOPOCTH
Brogb ocH 0z, a Takxe KpaeBoro spdekra MpH pacyere
CTATHYECKOI'0 IT0JIsI, HCIIOJB3YEMOr0 B TeopeMe O HaBeleH-
HBIX TOKaxX. Yuer mnocjejgHero ¢axropa ToBJek OB K OT-
Kasy OT pacCMOTpeHHs1 HBYXMEDHOU 3aJaduH.

B anoaHmpix 6/10Kax OTKPHITOH KOHCTPYKUHH, B KOTODBIX
Habaionaercs caaboe H3MeHeHHe NOJst BAOJL 0J0Ka, INpH-
OJHAKEHHO MOXKHO NPpUHATh E(2) =1, pjs GJOKOB Xe 3aKphi-
TOro THna — §(2) =~sinnz/h B Tex ciayuasx, Korga npearno-
JaraeTcsl 3aMeTHOe H3MEeHEeHHe TaHTeHUHAJbHOH COCTaBJsIO-
llefl 101 BAOJH MAarHeTpoHa (HamnpuMep, Npu O4yeHb OOJIb-
HIOH JJIHHE aHOAHOTO 0JI0Ka OTKPHITON KOHCTPYKUHMH), QYHK-
o §(2) MOKHO ONPeNeNHTh MyTeM CHATHS paclpeeseHHs
IOJIT B «XOJOZHOM» MarHeTpoHe ¢ MOMOILIbIo 30HAa [63].

Brimie ormeuasoch, YTO NpU pacyete CpejHero Io ceye-
HHIO CIHL 3HAYeHHs1 TAHTM€HIHAaJbHOH COCTABJSIONIEH MBI
npeHeGperaeM BJHSHHEM [POCTPAHCTBEHHOTO 3apsja Ha
pacripefejeHHe BHICOKOUACTOTHOrO MOJsI B CHHXDOHHOH 006-
mactd (T. e. B 0o6JacTH moJHoro rpynmuposanus). Ocrano-
BHUMCSl HA KAUeCTBEHHOM IOSICHEHHH NAHHOTO MOJOXKEHHS.

HssecTHo, yto B 06Jactd GOJbIIHX aMILVIHTYj KoJjeba-

HUH [pH 3HAYUTEJTBHOM H3MEHEHHH ITOCTOSTHHOH COCTABJSAIO-

mefi aHOMHOrO TOKa [Jit BOCCTAHOBJEHHSI CHHXPOHHOCTH
ABH:KEHHS! TMPOCTPAHCTBEHHOro 3apsiia B  MAarHeTpoHax,
MMEIOUIHX MaJjoe NHHAMHYeCKoe CONpPOTHBJEHHe, TpebyeTcs
OTHOCHTEJBbHO Hebosblloe H3MEHEHHe aHOAHOTO HalpsxKe-
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gus nopsagka 10—20%. DTo o6CTOATENLCTBO CBHAETENBCT-
ByeT O CPaBHUTEJbHO C1a00M BJIHAHHM IPOCTPAHCTBEHHOTO
3apsjia Ha BeJHYHHY pafHaJbHROM HANPSIKEHHOCTH NOCTOSIH-
HOTO 3JIEKTPUYECKOro MOJIsl.

B pexumMax 6G0JBIIHX aMIVIHTYJ BBICOKOYACTOTHOE MOJe
M0 MOPSIAKY BEeJHMYHMH COBNAJAET C MOCTOSHHBIM, [M03TOMY
MOIKHO AONYCTHTE NPUOJIUKEHHO, UTO B MPOCTPAHCTBE B3aH-
MOJeHCTBHSA (BO BCAKOM cayudae BOMH3H aHOna) H3MeHeHHe
BHICOKOUACTOTHOTO MOJISA H3-3d YBEJIHYEHHST NTPOCTPaHCTBEH-
HOro 3apsna 6yjger TaKoro e nopsjka, Kak H MOCTOSIHHOTO
pajuaJbHOr0 IOJ.

B cayuae, KOria MOXHO HpuHsATE §(2) =1, uHTerpupona-
Hue (2.27) naer

=1 2E m (r) . UN ﬁlN
E,, (r)=——5——sin—- cos <-» | (2.28)

2
U BeIpaxeHue (2.20) npeoGpasyeTcsi K BHLY

— 2B, (1) . N 0
U (1) = — 5B s1n9~2——-—cos -ig—/— (2.29)

[Tpu ompenenenuu cocTapisioliell HABELEHHOTO TOKa I,
HeOOXOJHMO 3HATh He TOJbKO 3HaueHHe CpexHell CKOPOCTH

Urmi(r), HO W H3MEHEHHe CpefHeidl CKOPOCTH MPH BPAILEHHH

cnuubl. Bripaxenue (2.25) ynoGHO npencTaBHTh B BHIE
IPOH3BELEeHHS

Ur (s Po) == Vrm (1) @, (9,), (2.30)

rae Pol(qo) — GyHKUUS TONBKO yIJja MOBOPOTA (g, €CJH I0-
JaraTh, 4TO 3aKOH paclpeneleHdss CpefHHX pajHaJbHbIX
CKOpOCTeH Mo pajguycy COXpaHsieTcst MIPH H3MEHeHHH yIJia @o.

CkopocTh 7,(r, Qo) SABASETCS NEPHOAHYECKOH (yHKuHeH
yria ¢o. BBeieM HOHsATHE painaJbHOH CKOPOCTH, yCpejHeH-

HOM MO BpeMeHH (HJAHU YIJy MOBOPOTa (o) U MO CEYEHHIO

CITHIIBI.
- 2=

— 1 —
Tep (V=g | On I, () dp =T (). (231)

0

*HpH CHHXPOHHOM ABHIKEHHH IJA T-BHAQ 3JIEKTPOHHI IIO-
nagaloT B [oJe o4 KaxKAbBIM H3 Ma30B, KOTgd OHO JOCTHI4ET
MAKCHUMAaJIbHOTO 3HayeHHs. YUHTHBAas, 4YTO AJ4 CHHXPOHHO
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# CHH(pA3HO ABHKYIIHMXCS 3JeKTPOHOB mMoOJjie ocTadics BCe
BpeMs TOPMO3ALUMM, CHUXKAACL N0 HYJs 0HOJ CEpesHHOH
CErMEHTOB, MPUONHMKEHHO MOXKHO NPHUHSATH KOIPPUUHEHT
k,=0,5.

MakcymanbHOoe 3HayeHHe TAHTEHIHAJABLHOH COCTaBJSIO-
[eH HaNnpsKeHHOCTH NepeMeHHOro  moJs E (r) MOKeT

ObITH ONpefeNeHO NYTeM peilleHHsl YpaBHEHHH MaKCBeJIJIa

[IpubauikenHoe pacnpegesieHHe nojast MoXer ObITh Hal-
NEHO K3 pelleHHsT BOJHOBOTO YpPaBHEHHs HpH CJAELYIOUHX
rpaHUYHBIX YCJIOBHSX {63]:

onsn

1) E(P (ra, <p)-—---§%— (—:j N MpH (2 ns )< 0 < (2ns+[3)

(s=0,1, 2, ..., N—1),

E,(ra, $)==0 npu OCTa/JbHBIX 3HAUCHHSX ¢;

2) Ey(rn, 9)=0
rge n-— HOMeD BHAA KoJe(GaHHi,
U, — amnautyjga nepeMeHHOr0 Hanpsi:KeHHs Ha pes3oHa-
TOpeE.

Jlaa npoyuBodasHoro suja xoneGanuu (n=N/2) nepsas
rapMOHHKAa TaHTe€HUHMAJBLHON COCTABJSIONEN [0JA paBHA

BN
sin ——
NU, 2 Z' o (Rr) N
E,(n 9 =73 zrzﬂ(m) cos 5+ (2.32)
9 5

3nece Z'y, (kr) —npousponnas ynxnma  Zy, (kr), ABAMIO-
lieiicA JmHeliHOM KomOuHaumed QyHkumit beccenst Jy, (kr)
n Heitvana N, (kr):

7110 (BrR)
ZN/Q (kr)= JN;Q (kr) N;Ag; (Ern) NN;Q (kr),

LU

c ’
' ¢ ~—CKOpOCTb CBera.
-44

rae kB=—

B chnyuae, korna Buinosmsercst yeaoue kr, < N/2, oTHO-

Z' Nz (kra)
Z'y (kr) %- =111 . I_';‘_)N -
2 (L r“ F
Z’N (kra)ﬂ (ra ) { i&— N - l(r)'
; -(=)

AMNINTYAHOE 3HaYeHHe TAHTeHUHAJbHON COCTaBJMIONIER
MoJisi B 39TOM CJydyae paBHO

1ieHne

MOXeET GbiTb 3aMEHEHO NPHOJHKEHHBIM

BN
sin ——
NUI 2 ' !
E,n (r)*—-—:qra T F_(r). (2.33)
9

[lepefigem K onpegesieHHI0 NJIOTHOCTH NPOCTPaHCTBEHHO-
ro 3apfjfa B UWIHHIPHYECKOM Marﬂe'rpone npu OOJBIIHX
aMIVIATYAaX KoJeOaHHui.

B ynomsanyroii panee pabore iBe.rma {94] npennaraercd
B KayeCTBE MCXOQHOIO pacnpejel]eHHs IJIOTHOCTH 3apsja
HCIIOJIb30BaTh DaclpeleseHHe, COOTBETCTBYIOIEE CTaTHue-
CKOMY CHHXDOHHOMY P@XHMY, BBeJeHHe KOTOPOIrG HOCHT He-
CKOJIbKO HCKYCCTBEHHBI Xapakrep (BO BCSIKOM CJydae AJA
pexxuMa OoJbIINX aMIVIMTY[ KoJeOaHHUil), TaK Kak Tpejro-
jJaraeT CYLIeCTBOBaHHe CHHXPOHHOTO KRPYTOBOTO JBHKEHHS
3JICKTPOHOB BO BCEM INPOCTPAHCTBE B3aHMOJEHCTBHA OT CHH-
XPOHHOI0 pajuyca re A0 aHOZA NPH OTCYTCTBHHM panHa/b-
HBIX CKOopocrteil. ‘B npanbHelliem Oyjger mMOKa3aHO, 4YTO HC-
MOJIb30BAHHE COOTHOIIEHHU], XaPaKTEPU3YIOLHX CTATHUECKOE
CHHXPOHHOE COCTOSIHHEe TIPOCTPAHCTBEHHOro 3apaja, H HpH-
HATHIX B pabore {94] nonyumeHuii Npd pacCMOTPEHHH RUHA-
MHYECKOTr0 pexx¥Ma MarHeTpoHa B cJiyuyae OOJIbIIHX aMIJIH-
TYA BBICOKOYACTOTHOTO HaNpsiKeHHs Ha pe3oHaTopax npH-
BOAUT K MOJYYEHUIO CYUIECTBEHHO 3aBLIIIEHHOrC 3HAYEHUs
HaBeJeHHOro TOoKa. MOXKHO npeanoJarartbh, 4yro OLHOR H3
IPUYUH OTKJOHEHHSI PACYETHEIX HAHHBIX OT JKCIePUMeHTab-
HbIX B 3TOM CJayuae fABJsIETCA NpeHeOpexeHHe pajvabHOM
CKOPOCTLIO 3JIEKTPOHOB MPH pacyeTe CTATHYECKOro CHHXPOH-
HOr0 pexxuMa. '

EcTecTBEHHO, YTO HCIO/Jb30BAHUE CTATUYECKOTO CHHXPOH-
HOTO pexXHMa, B KOTOPOM OTCYTCTBYeT 3JIeKTPOHHBIN TOK Ha
aHof, mpennoJsaraeT BHIOOP B KaueCTBe OCHOBHOro Inapa-
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MeTpd, XapakTepH3YIOUIEro péxum MaridetpoHa, cpepHerd
noteHnrana Ha auoge. [Ipu mMajsom AuHaAMHYECKOM COIpoO-
THBJEHHH MOLIHBIX MAarHeTpOHOB TAKOH BLHIOOD HE3aBHCHUMOH
epeMEeHHOH B COOTHOLIEHHSX AJ5 HABEIEHHOro TOKa TaKxkKe
HeJb3sl MPH3HATH YIAYHBIM, TaK KaK KOHTPOJb pexHuMma
MalHeTpoHa MO BeJHYHHe aHOAHOTO HAIPAXKEHUS TMPaKTH-
YeCKH 3aTPyAHUTE/eH.

B npennaraemom HHKe cniocobe pacuera pacrpeneyeHus
[JIOTHOCTH NPOCTPAHCTBEHHOIrO 3apsifia H HaBeJEeHHOro TOKa
YYHTHIBAETCsl BJAHAHHE DPagvaJbLHOTO IBHXKEHHsT 3JEKTPOHOB,
00yCa0BJIEHHOTO NeHCTBHEM TAaHTE€HUMAJBHOH COCTaBJASIONIEH
fMepeMeHHOro IoJisi, a B KauecTBe napamerpa, XapakrepH-
3VIOIEr0 pPe:XKHM MAarHeTpoHa, HCIOJb3YeTcsl BeJHUHHA [10-
CTOSTHHOM COCTABJAIOILEH aHONHOrO TOKA.

Ilpexxne ueMm nepexOfUTh K ONpeAeJeHHIO CpelfHel MJI0T-
HOCTH IMPOCTPAHCTBEHHOI0O 3apsjd, caenaeM HECKOJbKO 3a-
MeUYaHH#, Kacalmuxcst 001ero xapakrepa ABHXKEHHS 3JeK-
TPOHHOI'O TI0TOKa, OOYCJOBJAEHHOTO ero B3aHMOHEHCTBHEM
C BBICOKOUACTOTHHIM ITOJIEM.

HMurencuBuoe paguajbHOe NBUMKEHHE 3JIEKTPOHOB B CIIH-
ax HabJaiofaeTcsi B MOMEHT MPOXOKAEHHs CIHL, noj 1a3a-
MH Pe30HaTOpOB, KOrja lepeMEeHHOe MOoJe NOCTHraer Hau-
Goqbllielt BestHYHHBL [J0 Mepe yMEHBbIUEHHsS BbICOKOYaCTOT-
HOTO NOJISI CHHXKAEeTCA panualbHast CKOPOCTh 3JEKTPOHOB,
H, KOT[1a 1oJie 0OKa3biBaeTCsl paBHBIM HYJIO, 3JIEKTPOHH ABU-

KYTCS TOJ JeHCTBHEM TOJBKO IMOCTOSHHOTO PajHaJbHOIO "

nossi. EcrecTBeHHO, 4YTO MJIOTHOCTh INPOCTPAHCTBEHHOrO
3apsifa, a TakxkKe H ee pacnpenesneHye Mo paguycy u WHPHHE
cnyy, O6ygeT HECKOJAbKO M3MEHSITbCS B IMpPOLEcce BPAalUleHHA

CIHIL, BOKPYr KaToua.
B nanapHediuem OyIAeT MOKa3aHo, UTO HABEAEHHBIH Ha

CerMeHTax Mar"HeTrpoHa TOK I onpenensieTCss riaasHblM 06-
pa30M TOKOM i’:’ CBfI3AHHBIM C TAaHIeHUHAJbHBIM IepeMere-

HHEeM NpPOCTpaHCTBeHHOro 3apsina. M3 pacnpenenenus mnoJs
Eo, yIOBJETBOPSIOUIETO YCJOBHSIM TeOpPeMbl O HaBeIeHHHIX
TOKaxX, CjAeiyer, YTo ecaH NPHHATh [JIOTHOCTH MPOCTPaHCT-
BEHHOTO 3apsifa MFOCTOSTHHOM, TO HaBeNeHHBIH TOK IOCTHIaeT
Hau6o/blIer0 3HaUYeHHsT B MOMEHT IIPOXOXKAEHHS CIIHUH O]
Ma3oM pe3oHaTopa, rie TAHTeHnHaJ bHad COCTABJSAIOIAs 10-

Ja £,, uMeeT MakKCHUMAaJbHYyIO BeJHYHHY.

+ YuuThiBast CKaszaHHoe, NPUOJHKEHHO OyJeM CYHTATD, UTO
pacrpejeseHue cpenHeyl IJOTHOCTH NMPOETPaHCTBEHHOro 3a-
psima COOTBETCTBYET MOMEHTY BpeMeHH, Korja BBICOKOYa-

46 ‘

CTOTHOE I10Jie JIOCTHIaeT MAaKCHMaJbHOI'0 3HAaUeHHs, U
B JajbHelluleM 3TO paclnpeiaeseHHe MJIOTHOCTH COXPaHAETCs
HeH3MEHHBIM.

Ecau 3/eKTPOHHBIH TOK Ha aHOXA paBeH /o, TO ANA NpH-
HATOH (opMBI NPOCTPAHCTBEHHOr0 3apsiga pachnpenpesieHHE
MJOTHOCTH B CIHHUAX ONpeNesifieTcss BbhipaxKeHHeM

— I,
A e e (2.34)

3HaK MHHYC B [OCJeJHeM COOTHOLIeHWH AJSA p(r) YUHTHIBAET,
UTO MPOCTPAHCTBEHHLIH 3apAl OOpasoBaH 3JEKTPOHAMH.

[TogcraBasis B (2.34) Boipaxkende (2.29) u HUCHOAB3YS
(2.33), noayuum

N [,B
rU, sin 5 C0s —5 Fy(r)
rae
. nre B
Cpl — ] BN [ ]
44 sin 5

2.4. PACNPEAEJNIEHUE CPEAOHUX CHKOPOCTEA 3JIEKTPOHOB
U TMIIOTHOCTU 3APALA B MJICCKOM MATHETPOHE

Ornpenenenue CpeiHUX 3HAYEHHH CKOPOCTH 3JIEKTPOHOB
B IJIOTHOCTH 3apsiia MpoBexeM IpH AONYUIEHHS X, aHaJoTHY-
HBIX NMPUHATHIM B § 2.3 149 UUJMHAPHYECKOTO MarHeTpoHa.

CpenHsig CKPPOCTh 3JIEKTPOHOB BIOJb OCH X AJSI NPOTH-
BO(pa3HOTrO BUAA KoseOaHH# paBHa (puC. 2.4)

5= 2dfo. (2.36)

CpenHIol CKOPOCTb 3JIEKTPOHOB B HAalMpaBJeHHH OCH
ONIpele/IHM CJAENYIOIHM 00pasoM:

o —E—x 0’
0y (X, y) == D, (2.37)

rae E.(xo, y) — cpefHee N0 CEUEHHIO CIHIBI 3HAUYECHHE CO-
CTaBJSIONE# BHICOKOYACTOTHOTO MOJISt BIOJbL OCH X B MO-
MEHT BPeMeHH, KOorja CIIHIla CMellleHa OTHOCHTEJIbHO cepe-
AMHB Nasa Ha X, (pHC. 2.4).
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ECJIH BbICOKoqaCTOTﬂoe none nocmraefr MaKCHMaﬂbHOﬁ .

BeJHYHHBI, KOrga xo=x; (puc. 2.7), 10 COOTBBTCTByIOHI,ee
ITOMY MOMEHTY BPEMEHH CpefHee 3HAYeHHe COCT&BJIHIOLU,EH
[0S BAOJL OCH X DPAaBHO

x1+l

| 1 .
E'\:m y)'_” “‘_h'g
0

X1
g A
T e -

N '

|

l .

N ——
R ' .

o - . I
PUC. 2.7. Tlonoxenne CHMLE NPOCTPAHCTBEH-
HOTO .3apsila B MOMEHT BPEMEHH, KOTAA BHI-

COKO4aCTOTHOE noJe: AOCTHraeT H&HﬁOJIbIlIeI‘O_
3HAYCHHS.

OrpaHu4uBasCh Y4ETOM IHEPBOA TapMOHMKH IIOJISI, HPHMEM

TX

Ee( ) =FEamleosT, @39

rae E.nm(y) — M&KCHM&JII)HOB 3HaUeHHe HaHpH}KeHHOCTH BbI-

COKOYACTOTHOTO [0 MO, CepefuHON nasa. |
- Hasa cayvas g( _)——1 us (2. 38) H (2. 39) cnenye*r

d l " 1 | -

Cpeﬁ'HHH. CKOpPOCTD (2.37)_ ilJlﬂ -?Co—“T‘--’f'C; paBHa

Eem(Dd . =nl  wmx; (2.4.1)' ._

Uym (y):: " wlB S11l d COs d*

~ 3Havenue "Em'(y), BXOJfLLee B BLIPaXKeHue /s CKopo- |

“ctd (2.41), HalineM 43 pelieHHs BOJIHOBOFO ypaBHenus an
CJIeYIOLHX I'PAHHUHBIX yCJIOBHSIX

8

SEx(x, Pi@dxdz.  (2.38).
—! | .

o 1) _“’H’a':' '-'é'ﬁén_e' | o
f1; _ P onns - | o .
Eolr g =gre © mpu (sd—0) < x < sd+a) | 242
C . (s=0, 1, 2 ‘N-—l) ( (449
Ex(X, Yya)==0 BHe aTUX 3HaueHuwh X; }r -

+

9) na Katoze
| Ei(x, 0= 0.

- Jas HHTepecyromero Hac npomaocbasnoro BHJL 2 Koneﬁa- ‘
HH (n= N/2) B Pe3yJbTaTe PeIeHHs MOJYYHM -

o2U; . ma sh X o
Ex(x )="grsin G gpocos o (243)
e o |
o T \2 . onf, \2. ey
sh ym——rnnepﬁoﬂmecmn c(u aprgrlv{é"rJTa VY. st =
I/I3 (2.43) caenyer o __ ! 5
| 2, . mashyy - PN
B =" sn P (24
Pacnpe,ueﬂe}me cpelHel MJIOTHOCTH npoc'rpaﬂcmeﬂﬂoro
3apﬂ,ua onpenesuM CJedVIOUHM oﬁpasom -
- I, : | 2.45' |
. . p;(y) e (2.40)
Iocae 'noncTaﬁbB‘KH (2.41) u (2.44) B (2.45) monyynm
| ~ N LB  shyy, . |
p_(y)____CP y - Eo{_ mn Shy (2.4_6)_._
y sin cos=— |
‘rhe
. " nla \
. CPQ__“

| na
2dhN sir} d

4=gs9 a9



2.5. PACYET HABEJAEHHOIO TOKA, OBYCJIOBAEHHOTMO

" TAHTEHUMAJIBHOM COCTABNSIOUIEM CPEOHEM  CKOPOCTU.

[TopcraBasisi B BHpaXeHde A4S TOKa I_

- noast (2.15) ¥ MeHsAsi MOPAJOK CYMMHPOBAaHUSA H HHTerpH-
- poBanus, MOJNYYHM

SiIleB "o @ota
;o 4f b ) 2

- o\ ._N |
) Sy Srp(r)Fi(r)cosp—g-drdcp.

p=l P79 1 gy

[lepByto rapMOHHKY TOKa, HaBeJIeHHOTO OJHOH cIHHuell
06beMHOro 3apsana, HaljeM B pe3y/abTaTe HHTErpHPOBAHHSA
MOCJe[Hero COOTHOIIEeHHS aas p=1, nocJse TIOJCTAHOBKU

B HEro BHIPaXKeHHS IJs MJOTHOCTH p (r):

4nf,B (r —-r2). I N
i, = v ¢ BIN - COS -T—‘?g-. (2.47)
NzUjl COS —5— - |

HECMOTPH Ha JOCTATOYHO CJOXKHbIe BBIDAXKEHUsA HAJIs

CTaTHYECKOTO mosisi £y, H MJIOTHOCTH MPOCTPAHCTBEHHOTO 3a-

‘pana p (r), OKOHuUarteJbHOE COOTHOIIEHHe
HCKJIIOUHTEJIBHO TPOCTHIM. IDTO O6BSACHSIIETCS T€M, UTO CTPYK-
Typa noas Eo,-yIOBJETBOPSIOILETO yCAOBHSIM TEOPEMH O Ha-
'BeJIEHHBIX TOKaX, H BBICOKOUACTOTHOTO MOJSI aHaJOrHYHbI,

- nostomy dynkums Fi(r), Bxonsmas B £, u p(r),

- laeT NpH BHIYUCIEHHH uHTerpana (2.47).
- Kaxk BugHO H3 nociennero BhipaXKeHHs, TOK i_,,

HSIIOIHHACS TI0 FapMOHHUECKOMY 3aKOHY, JIOCTHT2€T MaKCH-
MaJIbHOTO 3HAYEHHS MPH o= 0.
Amnaurynunoe 3HaUeHHE" TOKa, HaBe,ueHHoro N/2 cnuua-
MH, PaBHO
/ 2nf;,B (r2 ———r‘l‘z) I, | -
) 11 rec— BIN 'Y | . (2-48)

NU, cos s

N

3ametnM, uro yroa 0, N/2 onpenmensier casur no case
U Ha-

MEXIY NEepPBOH TAPMOHHKOM HaBeIEHHOro Toka /.
a0

(2.2) cpepHee
3HayeHHe TaHTeHIHaABLHOR cKopocTH (2.21), HanpsKEeHHOCTh -

OJIYYHJIOCH

BhHINA-

HsMme-

fipsxeiineM Ha peésonarope U;. B nanpHefinieM Gyner HOKA-

3aHO, UTO B 0O0JIACTH 3KCIJIyaTallHOHHLIX De:KUMOB MarHe-
TPOHA COCTAB/IAIONIAA HABEIEHHOrO TOKa /; OOBIUHO 3aMeT-

HO 6oJibLIe epBoi rapMOHHKH TOKa [pl’ Oﬁyé.}IOB.}IeHHOFO pa-

ﬂH&JIbeIM ABUXKEHHEM 3JICKTPOHOB. HpH OTHOCUTEJILHO M4d-

JOH BeJHYHHE TOKaA !1 MPHOJHKEHHO MOXKHO rpeHebpeub

€ro BJIHHHHEM Ha TOJHBIH HaBE‘ﬂeHHbIH TOK. B 3tom CJIyIIae
MO2KHO C‘IHTaTb, 4TO HallpsizKeHHe Ha pe30HaTOpax U1 CBH‘

3aHO C TOKOM ! coomomeHHeM |
a5 N | .t
- s -;IQH e;N R — ‘_.. t’f
P | Uy== v 085 Ly _}, 248 (2 49)
e LA i [1 3

rie YOI.;——-BOJIHOBasi- HpOBOﬂHMOCTb KO.}IeﬁaTe.}IbHOﬁ' CH- g{_}! g

CTEMBIL; .

Qu— ﬂOﬁpOTHOCTh HATPY K eHHOM KOJleﬁaTeJleOH CcH-

CTEMBI,
N3 coorHomenudl (2.48) u .-(2_.49) caenyer

o /" onf,B (r2 — ) Y ox 5
Iﬂ:‘:‘ | "nfo. (ra ;13\[0 . (250)
NQy cos? 12 |

HMutepecHo OoTMeTHTbL, UTO B MOJyYeHHOe BHIpaXKeHHe

(2.50) He BXOAHT HENOCPEACTBEHHO ILHPHHA CHHIL B YIJIO-

BOM H3MepeHHH 20, onpefeseHHe KOTOPOH CBA3aHO ¢ 6OJib-
IMHMH TPYAHOCTSAMH, YKa3aHHoe 06CTOATEeNbCTBO NMPENoCTaB-

BAHHOI'Q 3apsiaa. I[BHCTBHTeJIbHO eCaH NONnyCTHTL, YTO CIIH-

‘na 3JIEKTPOHHOTO 06/1aKa CHMMETpUYHA OTHOCHTEJIBHO. paiH-

anbHofl npsmoit (puc. 2.8,6) H dyukuus o(r), onpenensiio-
uiasi TpaHuubl OOGBEMHOr0 3apsiia, H3MEHSeTCs C yBeluye-
HHEM pafuyca HOCTaTOYHO MeIJIeHHO, TO HABEHEHHLI!I TOK
[, Byner paBeH TOKY, pacCUHTaHHOMY Ha ocHoBaHuu (2.50).

I'IosICHHM 3T0 noJo;kKende. EcJau MIHpUHA CIHUbL B YIJI0BOM
H3MEpeHUH siBasieTcss QYHKIHEH pajuyca, To TOK I, Ompe-

JeIfieTcss HHTerpaloM ¢ HepeMeHHBIMH npezLeJIaMH no yray -

"a @o+0y (r) ‘f’N
— 2Bl TR 2.51)
‘ﬂ"“.."‘ NU; c(r)N gy A9, leod)
COS —5— o
)
r1 @o—0a, () _ |
4% . o 51

JIsieT OIpeneaeHHyio ¢Bo6ony B Beibope GOpMBI CTPYIIHPO-
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B
7.
S

_l_.(_ |



\

rae o1(r) #u oo(r) —rpandusl o6beMHOrO sapsiza, 3agiaio-
YeHHOTO B cnuue (puc. 2.8,a).

B Buipaxkenuu (2.51) yroa H, N/2, onpenensiomuii cire-
LeHHe CepeaHHbl CJ10st 06bEMHOr0 3apsijia OTHOCHTENBLHO pa-
AUAJBHONA MPSIMOH, IPHHATON 38 OChb CHHIbl, 3aBHCHT OT pa-

L TN

90 0%
P ..‘ .

)

[ )

»

&

[

a

N ¥
0;'0
)

“

N
N
N
N
N

Y

X5
?,

PUC. 28 ®opma cnuubl, NpHHATAs NpH HHTErpHpoBanuu (2.51)

3

nuyca. Ilpu HadUuUH CHMMETPHH CHUUBL 0Oy (r) =02(r) =
=0p(r) yron 0,N/2 onuHAKOBO [Js1 BCeX CJOEB CIHIIbI
(puc. 2.8,6) u ero MOXHO BbIHECTH H3-TIOJ 3HAaKa HHTerpana

ra' <P0+cﬂ (r) ‘PN
r coS —g—
. 2&f,BI, \ 2 drd
l —— r ?I
g B.N s ("N
NU; cos 5" sin 5
ry fo—09 (1) -

[1py njIaBHOM H3MEHEHHH TPaHHUbl MPOCTPAHCTBEHHOIO
sapsaja, Xxorga ¢GyHKIHUs og(r) [0 paguycy H3MEHSIeTCsl Ha-
CTOJBKO MEJJIeHHO, YTO ee NpHpALIeHHe HA HHTepBase dr
MHOTrO MeHblile 3HaueHHss caMoil (YHKUHH, B pe3yjabTaTe
HHTETPHPOBAHHS TMOJYUHM:

~

{

Onfo Bl (r2 — r?) Lo
o= N P

N2U, cos 5

i

[TocnenHee Bhipa:KeHHe coBunajgaer c¢ (2.47).
52

Hs coornoinenus (2.48) caepyér, 4To MOILHOCTH, Hepe-
naBaeMasl MpOCTPAHCTBEHHEIM 3apAA0M B IpoLecce B3aHMO-
ne¥CTBHS, NPH yyere TOJbKO TOKa [, paBHal)

GIN__.“foB(fi““‘r%)Io

! U (2.52)

1
f)1 letlUl COS

BRiXOQHy10 MOLHOCTL MArHETPOHA Pgyx, T. €. MOIIHOCTD,
nepenaBaeMyio B HArpy3Ky, OIpexequM Ha OCHOBAHHH COOT-
HOIIEHHUS -

“foB("i_rQ)Io -
P]?:Hx':“—«'ﬂnpi = N ! ( — QQ—:) ’ (253)

rae Qo — JZOGPOTHOCThL HEHarpyKeHHO# KoJebaTeJbHOU CH-
CTEMHI;
N — K. 1. J. KoJeGaTejqbHON CHCTEMbl MAarHeTpoHa.
AMIIHTYAHOE 3HAueHHe IMepeMEeHHOro HalpsUKeHHs1 Ha
pesonaropax HafifeM, ucnoab3ys (2.48) u (2.49):

U — onfoB (r2 — 1) Qul,
1 NYox

KpaTKo OCTaHOBUMCSI Ha KayeCTBEHHOM IOSICHEHUH IiO-
aydeHHBIX opmyn. KoauuecTtBeHHOe cpaBHEHHe pe3yJ/bTa-
TOB TEOPETHUECKHX BHIUHCJEHHE C JKCIepHMEeHTaJbHBIMH
NaHHBIMH Oyner npusefeHo B § 2.10.

Eciy npHHATH, YTO HMXKHSS TPAHHUA CIPYNNHPOBAHHOTO
06LeMHOT0 3apsaga r, NpU MOCTOSSTHHOH MATHHTHOH HHIYK-
UHH B OTHOCHTENbHO /1260 3aBUCHT OT IOCTOSIHHOH;COCTAB-
afoLell aHogHoro Toka Iy, To dopmyaa (2.52) onpenenser
JUHeAHYI0 CBA3b MeXAy MourHocteio Py H Ttokom [o. Ilpu
MOCTOSIHHOM BesuunHe Qo u Qy u3 cooTHoienusa (2.53) cie-
AyeT, YTO BLIXOAHASl MOIIHOCTh MPHOJH3UTENBHO MPOMNOP-
HOHaJAbHa TOKY /.

B pamkax HaldxX AONYIIeHHA H3MeHeHue HarpyKeHHOH
ZO6GPOTHOCTH ‘Qy He BAHSET Ha BeJHYHHY MOLIHOCTH Pj

t

(2.54)

1} U3 panvuefiiero 6yAeT BHAHO, 4TO JJISI OTHOCHTENBHO MaJbiX 3Ha-

8,N
4eHHH yria —5— , TQH KOTOPHIX OOIYHO paGoTaIOT MOUWIHEIE MarHeTpOHbI,

TOK [ pl HMEET GOJMBIIYIC PEaKTHBHYIC H HeGONbIIYIO aKTHBHYIO COCTaBJsIO-

mue.
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(eCJIH He YUUTHIBATE He6o.nbmux BAPHALKH ‘¥ B 065iaCTH

[OJTHOrO FPYNNHPOBAHHS), TaK KAK C YBEJHYEHHEM Qu BO3-

pacraer Hanpst:kende U; (2.54), OIHEKO NpH 3TOM YBEeJTHUH-

‘BaeTcsl CpexHsisl panuajbHasm  CKOPOCTb ¥pp(r), Nagaer
~ IJIOTHOCTD TpOCTPAaHCTBEHHOrO 3apsiia- H, CJeL0BaTeJbHO,
HaBeJeHHbIH TOK. MOIIHOCTD Ha BBIXOIE MarHeTpoHa Pgpx
B O9TOM CJ/iyuae H3MEHSeTCs B COOTBETCTBUH € 3aBUCHMOCTBI
T OT Qu.

[Tpu nocTostHHOM TOKe /g yBequeHHe MarHUTHOH HHIYK-

IHH B nPUBOAUT K BO3pacTaHHIo HampsxkeHds U,, omxHakKo,
KaK BHIHO H3 cooTHowmeHuf (2.54) u (2.29), cpenuss pa-
DuajpHast CKOPOCTh ¥rp (#) CHHXKAETCsl B OOJbliIel CTeNeHH,
4eM BospacraeT Uj, YTo B KOHEUHOM cuyeTe MPHUBOJUT K yBe-

JIJHUEHUIO TIJIOTHOCTH HpOCTp&HCTBEHHOI’O dapsiia H HaBE€JEH-
HOTO TOKa.

2.6. PACYET HABEJEHHOTO TOKA, OBYCNOBNEHHOIO
PAAUAJIBHON COCTABAAKOWLEA CPEAHEHA CKOPOCTU

B ripoBeieHHOM BHILE pacueTe Hanpsu:KeHHs U; © MOli-

HOCTH P| MB npeHeGperaiu cOCTaBASIOWIEd TOKA ;» 00y~

CJIOBJICHHOIl palHaJbHBIM JBHKEHHEM 3JeKTPOHOB B CIdLe.
[IpexcTaBisieT HHTEpeC OIEHHTb, XOTH OB OYEHbL MPHOJIH-
KEHHO, BEJHUHHY TOKa [, IS PeanbHBIX MarHeTpoHOB H

BBISICHUTD 3aBUCHMOCTDH €r0 OT KOHCprKTHBHbIX napameTpos
H pexuMa MarHeTpoHa.

[Ipu ompeneneHHs TOKa i_ Mbl OrpAHHYUIHCH YUETOM TOJb-
KO MepBOH TapMOHHKHM (i_,), aHAJOTMYHO [OCTYNHM IpH pac-
uere Toka [,. Pesymprupytomuii TOK iy B 3TOM Caydae TaKKe

oyner HSMBH*HTI:CFI M0 TapMOHMYECKOMY 3aKOHy H ero JaefcT-
BHE HA KOJEGaTeNbHYI0 CHCTEMY MarHeTpoHa ONpenesuM, pac-

CManHBaH PasiesIbHO BJHAHME TOKa [, W TOKa Ipm

- TlpuGnuxennplfi pacuer TOKa iP MOKHO BbIHOJIHHTb‘
€C/IA H3BeCTHA CPEeNHSAS MO0 CEeYeHHIO CHUNH PaaHaJbHas

- CKOpPOCTb 3JIEKTPOHOB H ee U3MECHEHHe B TeueHHe HepHopa
KoJaebaHui. [las pacyera Toka [, HCTONIb3YeM 3HAYeHHe pa-

AHaJAbHOM cxopoctd (2.31), monyuenHoe nyrem yCpenHenus
~ CKOpOCTH ¥, (r, (o) 3a MepHoj KoaeGaHHi.

Ecau orpaHHYdThCS YUETOM TOJbKO nepBoi rapMOHHKH

[oJIs, TO MPH MOCTOSAHHOM MJOTHOCTH, OIpexessieMo (2 35) .
54

H cpejHell PAaIHAJbHOH CKOPOCTH TOK i
0 CHHYCOHZAJbHOMY 3aKOHY.
Ha ocnoBanuu (2.3) umeem

, OYZeT U3MeHSThCs

a Po+0
L —"hg S ro(r Urcp( )Eordfdﬁo (255)

Iy <Do—-0'

.HCHOJIbS'ysi.l cooTHowieHus (2.35), (2.31) u (2.17) u yuu-
THIBAsA, YTO UHCJAO cnull pasBHo N/2, a Takike mnoJaras
k,=0,5, B pesynbTaTe HHTEIrPHPOBAHHs (2.5D) moJyuuMm

BN . oN
sin 5 sin—-

n BN sN q’pl (Sa, S;)sin (P_Q“'_: - (256)

pl

77
rae
b=l s (257)
‘P Sa/ __Sa /
Sa—"' rh, 1= rh'

- AMmIMTyIHOe 3HaYeHHe TOKa ipl paBHO
v __

N sV . -
7 sin*-'é—'sin*-—é— -
=%t e S) 259
| 2 T2 |

Vi3 cpapdenus (2.47) u (2.06) BuaHO, 4TO TOKH I, H [

| . o x |
CABMHYTHI 1O (pase Ha yroj, paBHbA — . [Ipy mIOCTOSHHOM

2 |
3HaUEHUW MACHHTHOH HHAYKIHH £ TOK [, NPHUGIUSHTEIBHO

nporopuyonanen V', a tox I, mmueimo sapucur or [,

(puc. 2.9). Takoe otauuue c gpuanecxon TOYKH 3peHus 06’b-
ICHASTCA CJENYIOWIMM: HpH MOBLIIIEHHH ToKa [, yBelinde-
Hue [, ompeneJisercss BO3pacTaHHeM -CpejHed nnomocm 3a-

psdna B CnHuAax H CpeﬂHE‘H paﬂ,HaJIbHOH CKOpOCTH a YBEJIHUIE‘-
09
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Hue Toka I OGYCJOBJEHO TOJBKO POCTOM IJIOTHOCTH 3apana, -
TaK Kak Cpenﬂﬂﬂ TaHreHUMaabHasa CKOpOCTb I‘IpH BTOM Hsme—'

HHBTCH Hesﬂaqmen bHO.,

~ [Ipn opueHTHPOBOYHON OLEHKE TOKa I’ cnexzye’r HMeTb
B Bpmy, 4TO OPH OOJBLIOM YHCJe pesoHaTOpOB N B aHOgHOM

610Ke COBPEMEHHbIX MarHeTpoHo QyHkuua ¢, (Se, S,), BXo-
namas B (2. 56) OOBIYHO Majo OT/a¥YaeTCd OT eIUHHIPL.

B gaibHefiiieM, B HaCTHOCTH IPH PACCMOTPEHHH 3JIEKTPOH-

HOrO CMEIIEHHSI YaCTOTHI MarHeTpOHa (ra. 4), npaa pacqe'ra
TOKA I, namy 6y11eT HCIIOJIb30BaHA q)opMWIa (2 58).

Ir,.}
Iﬂf _

PUC. 2.9. 3asucumocTtb TOKOB [ Y
ul pl OT noc*rosmuoﬁ COCTABNSIOmEN
aHO,I[HOI‘O Toka Ip.

.

fh Pacqe’r TOKa I, u 1 JUIA peasbHbIX MarHeTpPOHOB ITOKa-
| 3EIBaeT, 4TO B oﬁnacm SKCHJIyaTaH,HOHHbiX pemeOB TOK 1,Fl
_oﬁblqﬂo B HECKOJIBKO pas MpeBHIIaeT TOK I jaxke B npason

YacTH paGoOYHX XapaKTepHCTHK.
Ucxonsa u3 0(3068HHOCT8H BHBHCHMOCTH I H I O'I‘ aHOII-

" Horo Toka [, (puc. 2.9), BJIMSIHUEM TOKa [ Ha paGOTy ‘Mar-
H@TpOHa TIpH  MaJbix TOK&X [, MOXXHO npeﬂeﬁpeqb TaK KaK

R P

' B aTOl OGMAaCTH I, > L 38M€TH08 BJIMAHAE HA BSHEpreTH-

o--n..- e

gecKHe M YaCTOTHbe XapaKTepHCTHKH MarHeTpOHa ToK [, Mo-
JKeT OKa3aTb TOJBbKO HPH GOJBIIMX 3HaYeHHsX Toka [,

. Jlas TOro 4to6el HMETH NPeACTaBJEHHE O npnmepﬂoﬁ Be-

- JuyuHe Toka [ o1» B ta6a. 1 npuseeHbl pe3yabTaThl BhIYHCJIE-

H ok TOKa Ha OCHOB&HHH thopmyibL (2 58) ~ B KOTOpO# GbIJIH___

o

iGN
Sﬂ"z“

apumaTE: ks == 0,5;

2

\.

#0,815. Iast cpabuenust B 8Toff

¥Ke Taﬁﬂﬂue Aadbl 3HaYcHHA aKTHBHOH COCT&BJIHIOHLBH HaBe- |

HEHHOTO TOKa [, cosw , BBIUHCJIEHHBIE TIO q)OpmyJIe (2 50)- h

2

opn f =—=/f¢. HpPI pacqe're HCHO.}II)SOB&JIHCI) KOHCTpYKTHBHbIe
H SJIEKTleIeCKHe .H,&HHbIe M&I‘HE‘TpOHOB OH)’6JIHKOB8HHI)IE B pa-

6ore [63] :
| Tap.fzuqa 1
3Haqennﬂ conan.mromnx Hanenennoro ToKa [ ol H I
. varmerpora | B, % _. o | fp_l'_ . ﬁi Iy cos %qz_ e | fﬂ,ﬁ
o 10 2,4 ifh 16,7 16,1
2132 | 0,14 |- — ' ESE
30| T2 g% 29 - P
,I 5 . - l, 18: . 11 ,1 I %8
725A 0,55 — - oo
1 15 | 3,5219% 19,3 18 E
R 0.2 | o0,00738W6| 0,87 gp,{}?g
LCW 0,05 |- . — — 4
\ - Iy 0,237 391 1,95 2 55

I/Is 'ra6.;1 1 BH}IHO 4TO TOK I B 06JaCTH 3KCIJIyaTaly-

OHHBIX pe)KHMOB MaI‘HETpOHa BospaCTaeT 3HAUHTENbHO .GHCTpEE
roka [, W B NpaBofi yaCTH PpaGOYMX XapaKTEPHCTHK OH MOXeT

f)KaSaTb same'rﬂoe BJIHHHPIE‘ H4 pESYJIbTHPYIOIH,HH HaBelIE‘HHbIH

TOK..

A
SII2

o Ec.na HpHHHTb. trro 0L aN<7t, 10 0,638 <- R <1 1 BHGpaH-

goe Hamyu sHauenue 0,8 cooTBETCTBYeT NMPUMEPHO CpEAHEMY  3HAUERHIO.
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.27 BI{BMBAHEHTHAﬂ BJ'IEI-CTPOHHAQ I"IPOBO.L'I.VIMOCTI:
ﬂPOCTPAHCTBEHHOFO 3APAOA

B o6uiem c.ny‘qae 9KBUBaJIEHTHAsl 3/IEKTPOHHAsA NPOBORH-

MOCTE HOCHT KOMIIJIEKCHHH XapakTep, TaK KaK Cluibl 06beM-
HOrO 3apsifa B MarHeTpoHe IPOXOAAT IOZ CepefHHOH mas3a

a) . - | ']’I}SJ'L",Q' Y 5}

PUC. 2.10. OxBuBanenTHas cXeMa H Bek-
TopHast auarpamma mas 9; =0

pEe30HATOPOB C HEKOTOpBbIM (ha30BBIM paccoraiacoBaHueM IO
OTHOIUEHUIO K BHICOKOYACTOTHOMY HampsiKeHHIO Ha Pe3OoHa-
Topax. Kpatko ocraHoBHMCH Ha ¢a30BBIX COOTHOULIEHUSIX

L MEX 1y NepBOH rapMOHHU-
KOH HaBeJeHHOI'0 TOKa H
HepeMeHHBIM - HampsKe-

TeP 3JEKTPOHHOH IIPOBO:
IAMOCTH B JHHAMHYSH
CKOM pemxHMe MarHe-
TpPOHA. o

Ha puc. 2.10,a wuso-

HaTOPOB aHOJHOro G6J0-

‘PUC. 2.11. DxBuBanentHasa cxema "'u

- BekropHaa Auarpamma st 6;<0.. . TEJbHOTO KOHTYDa, a TaK-

«f: xKe CIHLA Chp yIITHPOBaH-

' HOTO 06BeMHOTO 3apsa. Y CJIOBHMCS CYHTATD, 4TO B paccmMa-

TPUBaeMbil MOMEHT BpPeMeHH, AJst KOToporo Ha puc. 2.10,a
MOKAa3aHO MOJIOXKEHHE CIHuBl, HANpPAXKEHHe Ha pe3oHaTope

- b8

HHeM Ha pe3oHaropax,
ONpelensiOIuX Xapak- -

GpaxkeH OJHH H3 pe3o-

Ka ‘Marderpora B Bule
3KBUBAJEHTHOI'C KoJjeba-

JLOCTHTAeT CBOET0 aMIIMTYAHOro 3HaueHHd. C LeIbio YIpo-

LEHHS DPACCYKIEHHH BJHSAHHEM . pajfHalJbHOTO IBHKEHUS
3JIEKTPOHOB B CHHile ITOKa ipeHeGpexeM u orpaHHqHMCﬂ
yueTOM TOJIbKO [ePBOH rapMOHHKH TOK& i_. -

., HOCTHraer HaHGOJIb-

- HaBeneHunii Ha cerMeHrax TOK |
HIero 3HayeHHsA, KOTJa CIHHIA [POXOAUT MO CEepeHMHON I1a3a.

s usoGpaxkennoro Ha puc. 2.10,a {cayuas mepBas rapMo-
HUKa HaBelleHHOTO ToKa [, oTHocurenbHo BekTopa U, caBu-

HyTa 1o ¢ase Ha 180° (puc. 2.10,6). B cramuoHapHOM pexu-

6, >0

CZ_N

_IT;U I‘_ff .

PUC. 2.12. DxBuBanentHass cXxeMa M BeK-
Topuas puarpamma pus. 0, >0.
Me TOK [, ABJSIETCS ,MHTAIOMIAM® TOKOM, PaBHBIM AKTHBHOMN
cocrapasiomeil Toka xourypa [, . OueBumno, uto pgeficTeue

MPOCTPAHCTBEHHOTO 3apAld HA PE30HATOD MOXKHO YueCTh MOJ-
KIIOUEHUEM NapajIeNbHO  KOHTYDY SKBHBAMEHTHOH SAEKTDOH-

e ' : )|
- Hoff mpoBoxuMocTH ¥, ——U-':—., KOTOpasi B JaHHOM  CJTy4ae Ho-

CHT YHCTO AKTHBHHI XapakTep. |
Puc. 2.11 cootBercTByeTr cayuaioo, Koria crnuua OTCTaE‘,T

10 (hase OT H3MEHEHHS BEICOKOYACTOTHOrO nanpsoxenua (6,<20).

[leppast rapmonuka [, umeer axTuBHylo (I, ) W peakTup-

| Hyro (VERE coc*rasmromﬂe PeaKTHBHbIH TO0K [, HMeer oM~

KOCTHBIH Xapakrep. B
- s cayuas, H306pa)KeHHOI‘O Ha pHC 92,12, yTroa 6 , >0
H PEAKTHBHAS COCTaB/AIONIAS HABEIEHHOTO TOK4 HOCHT HHnyKa

THBHBIfI Xapakrep.

Taxkum o6pasom, 3JeKTpoHHas HpOBOILHMOCTb Y, an ﬂﬁéO

JIPHBOAUT HEe TOJbKO K KOMIIeHCAlHUH- [oTeph B pesona*rope,
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HO M K COOTBETCTBYIOLIEMY CMELEeHHI0 paboued 4YacTOThl
MarHeTpoHa: yMeHbINeHHio 4actotsl npu 0, <0 u yBeJIHUEHHIO
npu 6, >0.

Bhisicuuy Tenepb (asoBbil CABUI MeXKAY™ Haﬂpﬂ}l{eHHeM U,
u rokamu [, u [,. Tok I, orctaer or Toka /[, Ha yro. 11:/2

(pHC 2.13).

[TosichuM 3710, HCXOJA U3 (PU3H-
JeCKUX cooOpaKeHnH, IJs 4ero
o6patumcs K puc. 2.14, rae cxema-

Uy A

I Te/ibHOE NepeMellleHHe OIHOH CIH-
~ - / NPOCTPAHCTBEHHOTO 3apsjia NOJ

8, N
Z

HCXOJUT CHHXPOHHO H -CHH(A3HO

N My HOJIO, T. €., HHBIMH CJOBaMH,
OyaeM cudTaTh, YTO CHHLA pacno-
! naraercs Hoj :cepenHHoﬁ masa B MO-
Uy MEHT BPEMEHH, KOTJa MepeMeHHOoe
5JEKTPHYECKOE  MOJe  JOCTUraer

nuaglgi;aaQ ';ihgf;:é);giiaﬂ aMIIIATY AHOTO 3HAYEHHSI, ¥ MOJ Ce-
}asoBbie COOTHOMmERHs Mexay PECAMHOM CErMEeHTa — KOrla 1oJe

U, Iy v 1, pPaBHO HYJIIO.

CocraBnsilomas ToKa [/, Kak

BUAHO Hu3 BHipaxenus (2.55), omnpepensiercs BeJUYHHOH
TIJIOTHOCTH HPOCTPAHCTBEHHOTO 3apsijia U pPaLHasibHOH CKO-
POCTH, KOTOpPBle NPUHUMAIOTCS MOCTOSHHBIMH, H COCTABJIAIO-
el noast Ey,.

Takum obpasom, usMenenne Toka [, Oyxer Npu HAUIAX

AONYIMEHUAX ONpeNeNsaTbCs pacnpeieseHueM [0 OKPYKHO-
CTH aHOAHOTO O/J0Ka HamnpsiKeHHOCTH nous Ey,.

Tox i, mocTHraer MakCHMa/bHOTO 3HAYEHHs KaMbli

pa3, Korjga Coylia HPOXOIUT MoJ CepPeUHON CErMeHTa, T. €.
AJs1 paccMaTpPUBAaeMOro CHH(pA3HOIO MNepeMellieHUs CHHIL
B MOMEHT BpPEMEHH, COOTBETCTBYIOIUMH IPOXOXKIECHHUIO
yepes HyJb HanpsiKeHuA Ha pe3oHarope u;=; sin wypf
(puc. 2.15). )

Has nporuBoasznoro pujaa xoseOGaHHH YHCJIO CIIHL B Ba
paza MeHbII& UHCTA CerMEHTOB, ¥ MNOITOMY TOK Yepe3 KOH-
TYp, NOAK/IIOUCHHBIA K CerMeHTaM, HePHOAUYECKH H3MeHseT

60

THUECKH H300paKeHo Hocaeg0Ba-

pas3MYyHbBIMH CEerMEeHTaMH AaHOLHO-
ro 6aoka (nonoxenue I, 2, 3). Io-
IYyCTHM, UYTO JBHXKCHHE CHHI[ HPO-

10 OTHOLIEHHIO K BBICOKOYACTOTHO-

W=VTAL, e [N/

HalpaBJeHHe, a HE KOMIEHCHDYeTcs, KaK 3TO HMejo Obl
MECTO MpH YUCHE,CHUH, PABHOM HHCJY PE30HATOPOB.

Kax pupHo u3 puc. 2.15, meppas rapMoHHKa TOKa i,

~omnepexaer no ¢ase nanpsikenue u; Ha 90°, Ina cpaBuenus

Ha pHc. 2.15 nokasaHo U3MEHEHHE TOKA i,

S | A S

p——

v i S —

//f/////////If////f//f/f//7//////f///Ifl/l/if//

PUC. 2.14. TlocnepoBaTenbHOE [IOJOXKEHHE CIIHILLL,
COOTBETCTBYIOLlee MoMeHTaM BpeMeHH I, 2 u 8 puc. 2.15.

Takum oOpaszoM, BCJAEACTBHE pAaAHAJNBHOTO JBHKEHH
MPOCTPAHCTBEHHOTO 3apsijia HaBeJEHHBIH TOK NpH CHH(pAa3-
HOM JIBIXKEHUM CIUIL UMEET | ) o, o
PEaKTHBHYIO  COCTAaBJAIO- \

IyI0 €MKOCTHOTO Xapak- , ,
Tepa. * | :

. -

[lepBasg rapmoHUKa Ha- ﬂ’: 2 ImNwyt
BeJleHHOTO TOKa [y B pac- |
|

CMaTPUBAEMOM Cclydae paB- ;o 4 ,
Ha (puc. 2.13) i
!

A\

[
-

]

a (a3oBHI CABUT TOKA [p)

1
|
10 OTHOLIEHUIO K Hampsaxe- !z } |

— e — ——— —

uuio U; cocrasiger s
o BV
4?3mﬂ+_§“x“‘"l' | ; -
i ! !
PUC. 2.15. Hamenerne &, i, # iy
: 1Y (2.60 N C
arctg‘T/ ) ) npH —5 =0,
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JKBHBAJICHTHASl 3JIEKTPOHHAS MPOBOLMMOCTD JpocTpan-
CTBEHHOI'O 3apsifa paBHA

S I | |
Ye:ge"l_]bez‘_“v_i (COS P~ ] Sif1 §5). (2.61)

. 3aMeTHM, 4TO IIpH 3amasAbiBaHuu cnuy (puc. 2.13) yroa
N
~5- CHellyeT CYUTATb OTpHLATEJIbHEIM.

2.8. PACHET HABEJJ,EHHOI'O TOH’.A NPy JIMHEMHOM
PACFIPE,D.EJ'IEHHIA MNOTHOCTH FIPOCTPAHCTBEHHOI'O 3AP$I.£I,A

B naunom naparpade mpoBesely BHIYUCIEHHE NepBOil

I‘ElpMOHHKH HaB€JEHHOTQO TOKa llﬂ noJ/Jiaras, 9410 Crpymnmnp-
pOBaHHbII/I HpOC’ﬂpaHCTBeHiHbII/I 3apsm HMe€eT, KakK H HPpEXK AL,

0 -_3-

- Ra Py plr)
PUC. 2i16. [lpuusiroe mpu ‘“pacqe'i*e pacnpeje-
JieHde MJIOTHOCTA 3apsja mo paguycy.

cnuieodpasHyio CTpyKTypy, HO CpeJHssl ero MJIOTHOCTh pac-
Npenessiercs BAOJNb paanyca 0O JIMHEHHOMY 3aKOHY
(puc. 2.16) u He 3aBUCHT OT yrJa nov;,opOTa CIUIL o

| p(r)—p1+a1< y o (269
Thae |
__“-Ea_'i;.l—.
.al___ra__rl,

pa——'Cpeﬂ,HHH I'IJIOTHOCTI: 3apfia y aHoja,
Py -—-CpeIlHHFI NJOTHOCTD sapsma Y OCHOBaHHH CI'II/II_[

[TonyyeHHble HUXKE COOTHOLIGHUS NJ11 HABEJEHHOIO TOKA

NpH pacnpejieJeHNH MJIOTHOCTH 3apsana Bupa (2.62) MOTyT
_ OLITE HCHOMB3OBAHbI JJIS pacuera ToKa I mpu JIMHEHHOH

'_62 |

. ANMPOKCHMAIMH AeACTBHTENBHOTO pacnpefeentisi MIOTHO-

CTH, HafJEHHOTO TEM HJM HHBIM METOJOM, a TaKxke HpH
ANNPOKCHMALMK KPUBOH DAaCHpPEAE/NECHHS MJIOTHOCTH OTPE3-
KaMH NpPAMBIX. |

Toncrasnss (2.62), (2.21) u u (2.15) B.(2.2) u orpammn-

'BasiCh TOJIBKO MEpBOJ I‘apMOHHKOPI Ey,, noyqnm

N a. Po+0
sin &~ _ - L
. 4f h 2 — ¢N |
Ll _“ra?v ' E}\_}_ r* [Pl "l_ a, (r“f"r'l)] Fl (I‘) COS 9 drdc?-
2
Iy Po—0

 BuinosHas HHTETPUPOBAHKE, MOCHE psifia NpeoGpasoBaHuil
IPUIEM K CJEAYIOMIEMY COOTHOLIEHHIO IJ1  aMIIMTYIB 1ep-

" | N ,
BOH T'apMOHHKH TOKa, HABEAECHHOTI'O 5" CHHLAMH.

N o
| sin &5~ - |
. ON 2 M. (o | _
| _111-‘: 8f0h S 2 E_N_'— . 1 (p$ r)) : .' (2.63) -
rjae o
r 2+ % 2+_—§ "
. . | | ri - _ . Sa _—Sl |
Ml @, 1) - (0 —a) N —
NJ2 2 |
Sa, —S, A | 2
N N N N N N
2— 5 =5 3¢5 B+ - -
—_—— —+a, 1] — N” 2 - .

B cnyqae Korga a,==0, BhipaxkeHue (2 63) ynpomae'rca

si BN 2
| _oN 2 iy
111 =;"‘-8f°h Sin 5 BN SNIQ S,_twg ><
/ . —_— a
S S R
Sa —""'Sl . Sa _Sl
X S e T (2.64)
2+ 5 - 2T
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L4

Caenyer 3aMerutb, yro GopMysa, anajoruyuas (2.64),
npuBeaeHHas 6e3 NPOMEXYTOYHLIX BHIBOAOB B pabote Beu-
qa ([94], dopmyna (43)), comepxkur onedatky. Hannune
omuOku B ¢opmynae (43) aerko ycTaHOBHTb HyTeM Hpe-
penbHoro mepexomga (mpu R,—R, o¢ysrmus F(aNR,Rn)
IOJIKHA CTPEMHThCSI K HYJIO), OJHAKO Xapakrep oummnOKH
M3-3a CJIOXKHOH CTPYKTypbl (POpMYyJibl HENOCPENCTBEHHO HE
BujgeH, M3 monydennoro cootHouwieHus (2.64) BHAHO, 4TO
B dbopmyse (43) dynkuuio F(aNRgR,) HeoOXOAHMO MpH-
HATb PaBHOM

aN
sin"“z— 1
- a
2
- N N N N

>< Ra — Rn Ra _Rn
N — N
2+ 2—5"

Kak yxe ormeyajoch panee, 8 pabore Benua {94] npnu
AHAJU3€ YAaCTOTHLIX CBOMCTB MAarHETPOHA HCHOJb3yeTCs pac-
npeaejseHne IJIOTHOCTH 3apsija, COOTBETCTBYIOIlee CTaTH4e-
CKOMY CHHXPOHHOMY pEXHMY, ONpexeNseMoe BHpaAXKEHHEM
(1.40), npuBeneHHBIM B IV, 1.

ITokaxkeM, 4TO HCIOJb30BAHHE COOTHOLIEHMH, Xapakre-
pU3YIOI{MX CTATHYECKOE CHHXPOHHOE COCTOSIHHE 3JEKTPOH-
Horo o6J1aKa, ¥ JONYLIEHUH, NpUHATHIX B {94], npu paccmo-
TPEHUH AUHAMUYECKOIO peXKMMa MarHeTpoHa B cayuae 6oJib-
IUX aMOJIUTY] KoJieGaHHi TIPUBOMHUT K IOJNYYEHHUIO CYII{ECT-
BEHHO 3aBLINIEHHOr0 3HAYEHHS HaBEeNEHHOTO TOKA.

Yuuresas, yro p, B dhopmysae (2.64) cooTBETCTBYET HJIOT-
HOCTH 3apsia B CIHUE, a pe B coorHomienun (}.40) — mio?-
HOCTH 3apsila IpH PABHOMEPHOM paclpeleseHud IOCAeNHEero
M0 OKPYXKHOCTH, cJenys AOmyLleHusaM Besua, mopcTaBum

o, = 2P (2.65)

177 gN °

ITepexon ot pe K p,, onpenensiemuiit (2.65), He sBaser-
Cs OYEBHMIHBIM M HOCHT.IUCKYCCHOHHHIE xapakrep. Opxako

64

Mbl. He, OCTaHaBJAMBAeMCA Ha €FO 06CyXKIEHUM, TaK Kax
B IpelJlaraeMOM HAMH MeTO/e pacyeTa HABENeHHOTo TOKd
3TO COOTHOUIeHHE He HCIOJb3YyeTcs. '

Us (1.40) u (2.65) caenyer
= N (Po + e, """@'JQL) . (266)

[locne noxcradosku (2.66) B™ (2.64), mojaras, 4ro r,=r,,
-TONIYUHM -

s ( Uo"_Uoh o
ST zCﬂ\po—}- 4e, 22 |9, (e, Sa, Se), (2.67)
- ]
rie :
N
, . sin%- V)
__ . "k .
C. ==38=nfh AN —x
9 NP2 o 2
2 shi?_s,
sN N N N N -
sin —- 82+“§' 32"'“2‘ SQ“_Q' 32“"—2"
. a e a % .
q)2 (5, Sas SC)"_"' g_ly__ " N R AI »
2 2+ g 2
Ve
Se=1

pl

Gopmysa (2.67) mo3BoasieT paccyuTaTh COCTABJSIOULYIQ
HABEJIEHHOTO TOKa [/, €C/IM M3BECTHBH KOHCTPYKTHUBHLIE Ha-

-paMeTpLl M pexKHM Marserpona. HeKoTopble TPyHLHOCTH, CBA-
3aHHBIE C TeM, YTO B QYHKIHIO g (0, S, Sc) BXOZHUT yrou
oN, onpenensiiolluil IIMPHHY CHHI, MOXHO OOOHTH MPH

“OPHEHTHPOBOYHOH OLEHKE BEMMYMHBI HAaBEAEHHOTO TOKA.
) ) oN

[

. - sin 5
" HelcTBUTENbHO,  OTHOLLUEHHE

sy BXoisiuee B
R T2 ' k

P2 (0, Sar Sc) U 3aBUcALUEe OT PeKUMa MAarHeTPOHA, MOKET
H3MEHATHCS B JIOBOJIHO OIPaHHYEHRbIX Npeaenax. B o6nacri
SKCINyATALUHMOHHBIX PCKHMOB MAarHeTpona, KOria BHCOKO- -

5—2589 65
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YACTOTHOE IMOJie O0Ka3biBAeT JOCTATOUHO CHUJbHOE (POKycCH-
pyoliee JeHcTBHEe Ha NPOCTPAHCTBEHHBIN 3apsin, MOXHO [0~
MYCTUTh, YTO MaKCHMaJ/JbHAasl LIMPUHA CHHUILI HE NMpeBblliaeT
n, T. e,

0<oNi<, C(2.68)

H, CJeJOBATENbHO, BHINOJHSIETCS HEPABEHCTBO
N ]
sin —5—
1> > 0,638. (2.69)
2

Y

sin -
Taxum oGpasom, ecqu npuHATL B popmyne (2.67) —z—=1,

"2

TO BO3MOXHO OTKJIOHEHHE pPACCYMTAHHOIO, HABEAEHHOI'O TOKa
OT 3HaYeHusl, COOTBETCTBYIOIIEr0 HEHCTBHUTEJLHOH BeJHUMHE
yriaa oN, 6yaer OrpaHMYUBaTbLCS HepaBeHCTBOM (2.69).

PesynbTaThl pacyera HaBEIEHHOTO TOKa 1o dopmyse (2.67)

oN
sin 5

NpH —= ==1, a TaKXXe 3KCllepAMeHTaJIbHble 3HAYEeHMST aK THBHOM
2

COCTaBJAAIONIEH HABENEHHOTO TOKA [, MJIT HECKOJbKHX Mar-
HETPOHOB MpUBEIAEHBl B TabJ. 2.

JKCcnepuMeHTAJbHOE 3HAYeHHe aKI'MBHOH COCTaBJAIOLIEH
HaBEJIEHHOTO0 TOKa ONMpENeNsiioch Ha OCHOBAaHHM COOTHOLIE-
HUs

9P emxY on
q’)hQH ’

»

rge Ppux — BbIXOJHAs MOLIHOCTL MAarHeTpoOHA, onpenesnen-
Hast no paboyuM XxapakKTepuUCTHKaM.

HaseneHHbI TOK [y, aKTHBHAS COCTAaBJAOLLas KOTOPO-
ro onpenenserca (2.70), paseH

(2.70)

fn1a3chtep —

! la
I’“ﬂcoz o’ (2.71)

rfe @, — CABHT MO (a3e MeXay HaNpsiXKeHHeM Ha pe3oHa-
topax U, u TOKOM [y.
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Tabrdga 2

]
Tun MarHe TPOHA B, %65 Us—U,pr %8 | Ijlreopr @ | Iulasxenepr @
2J32 0,14 2 107 22
720A 0,55 2 83 14,9
LCW 0,05 0,35 8,6 1,75
4J50 0,69 3,1 150 30

[Ipu cpapHenun ToKOB [, u [,, cjenyer HMETb B BHAY,

8
41O AJIA 52 =—20 -+ 30° 10K [,, MOXET OTJuyYaThcsl OT [y,q
Ha 5'—150/0.

3a noporosoe Hanpsikenune Uy, NpUONHKEHHO NMPHUHHEMA-
JOCh HANpsiKeHHe, HOJNYyYEeHHOE IIyTeM IKCTpPamnoJsuuu pa-
GOuMX XapaKTEPHUCTHK MarHeTpoHa B 00J1acTH MaJbiX TOKOB,
COOTBETCTBYIOIIEE TOYKE MEepecevyeHNss TUMHAMHUYECKON Xapak-
TEPUCTHKH C OCbIO OPJHMHAT.

Kak BumHo u3 taba. 2, paccunTaHHH No (QopmyJe
(2.67) Tok [/, (ecaum paxke yyecTb OTKJIOHEHHE B BHIOOpE

wupuHel cnun oN u (asoBHU CABUT ¢,) B HECKOJBKO pas3s
MPEeBHIIAET KCIEPUMEHTANbHOE 3HAUYCHUE [y,
CyiliecTBEHHOE HECOOTBETCTBHE pacCYeTHBIX U IKCHEpH-
MEHTAJbHBIX JAHHLIX CBUAETENALCTBYET O TOM, UTO NMPHUHSATHIE
B paGore [94] ucxopuble npennosoKeHUss OTHOCUTEJIbHO Be-
JUYUHBI U pacnpenesieHdsl MIOTHOCTH 3apsna HeJoCTaTOuH?
IpaBUJIbHO HepeNaoT ACHCTBUTENbHHYIO KAapTHHY pacnpeje-
JIEHHs] HPOCTPAHCTBEHHOTO 3apsifla B JUHAMHYECKOM pEXH-
Me MarHeTpoHa. Kak yxke ormeyanoch, OQHOH H3 HPUYHH .
TAKOTO PAaCXOXK/JEHUS, N0 HalleMy MHEHUIo, ABJseTcs Ipe-
HeOpeKeHHEe pajHaNbHOIl CKOPOCTHIO 3JIEKTPOHOB,

2.9. OUEHKA HMMXHEHA TPAHMLLE! MHTEFPUPOBAHMS

[Tpy uHTerpupoBaHuu cooTHoueHud (2.5) u (2.9) B Ka-
JEeCTBE HUXHEH TpaHUUbl HHTETPUPOBAHUA OB HPHHAT
BHEIIHHHA pajuyC LMJAHHAPUYECKOH 4acTH HPOCTPaHCTBEHHO-
ro 3apsaa BOJM3W KaToja, Ae Npeanosarajoch paBHOMep-
HOe pacnpefesieHye 3apsjaa II0 OKpyXKHoctu. Bpenenue Ta-
KOT0 JONVILEHUS ABJASETCA HAeaJU3aldeli nedCTBUTENBHOTO
pacnpejeneHusi [POCTPAHCTBEHHOro 3apsna B AMHaMuye-
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CKOM pexXHMe MarHeTpOHa, TaK KakK Jaxe B ¢CTaTHYeCKOM

pexHMe pealbHBIX MATHETPOHOB H3-32 pasbpoca*HayasbHbiX,

CKOpOCTEll 3JIEKTPOHOB MpPYU BBIJIETE M3 KaToAa MOXKHO npen-
mostdraTthb, YTO peskas rpasyvua IPOCTPAHCTBEHHOro 3apsad
orcyTcTByet. O0 3TOM, B HaCTHOCTH; CBHIETENbLCTBYET OT-
CYTCTBHE pesKoﬁ «OTCEYKHy aHOAHOTO TOKa BOJU3U KPHTH-
YECKHX YCJOBHUH.

B IuHamMuyeckom pemnme MAarHeTpOHa MNOJ BJHAHHEM
BBLICOKOUACTOTHOTO MNOJS HAPYIHAETCs CTaTHYEeCKOe pacnpe-
JeieHNe 3apsna, Npouecc rpynnupoBanus 3/IeKTPOHOB OXBa-
THIBAET MPAKTHYECKH BeCch NPOCTPAHCTBEHHBIN 3apal. B 3a-
'BUCUMOCTH OT BEJUYMHB! BHICOKOYACTOTHQrO HOJSA OYAET U3~
MEHSATbCH CTENEeHb TPYNINHPOBAaHUA 3apina BOIU3N KaToxa.

7 OTCcyTcTBHE YETKO OUEpPYEHHOH TrpaHUUBl LUIANHApHYE-
CKOMt BTYJKUA NPOCTPAHCTBEHHOIO 3apHAia BHOCUT HEKOTOPYIO
HeompeneJeHHOCT, B BHIOOpe pamuyca ri. CTporo ToOBOpH,
HHTEerpupOBaHUe COOTHoUIeHUN (2.9), (2.9) B obaactu, 6Ju3-
Kot K Katony, roe oTCcyT¢TBYET HOJAHOE TpylnnHpoBaHue, He-
006XOQUMO MNPOBOANTb C Y4YeTOM H3MEHEHHs I1yOHMHBI MOIY-
JAFIUHA IJIOTHOCTH HPOCTPAHCTBEHHOTO 3apaAa 0o Mepe mpH-
OJUKEHUsT K KaToLy. YCJOBHMCS 3a pajuyc r; NPUHUMAThb
rpaHuIly 4acTH HPOCTPAHCTBEHHOTO  3apsna, rae MOXKHO
npeHebpeus HEPABHOMEPHOCTbIO PaCHpeesieHHsT HJAOTHOCTH
NPpOCTPAHCTBEHHOrO 3apsana.

[Ipouecc rpynnupoBaHys QHPERENAETCA B MaI‘HeTpOHaX
aByMs ¢akrtopaMu: ¢asosoil (HoKyCHPOBKOH, 06yCJOBJEH-
HOH JeHCTBHEM pPAaAMaJbHOH COCTABJSIOUIEH BBICOKOYACTOT-
HOTO IOJIfL, H «COPTHPOBaHMEM» 3/€KTPOHOB, [lpomece cop-
TUPOBAHUS 3JEKTPOHOB € TOUKH 3DEHMSI «OJarornpHATHON»
MAK «He6JaaronpusaTHOH» (pa3pl BbLIETA INPOTEKAET BOJIH3U
KaTond TOJ BJAUSHHEM TAHTeHIHAaJAbHOW COCTaBJSAIOUICH
IoAsA: 3JAeKTPOHBI ¢ OJsaronpHsTHOH ¢a3ol, Nepenaloiyue
CBOIO SHEPrHio NepeMeHHOMY HOJHO, npUOoOperarT COCTaB-
JAOLULYIO CpEHEH CKOPOCTH, HaNnpaBJeHHYI0 K aHOAY: 3J€K-
TPOHBI, oTOUpaIoUi¥e IHEPIUI0 Yy NEPEMEHHOro mnoJd, T. €.
¢ HeOJaronpyusiTHOH (pa3oi BHINETA, BO3BpPALAIOTCA HA Ka-
toa. I'py60 OpHEHTUPOBOYHO MOXKHO NPHHATDH, UTO HPH yMe-
PEHHOM " 3HAYEHHUHY BBICOKOYACTOTHOTO IIOJS COPTUpPOBaHHUE
JIEKTPOHOB OYyJeT 3aKAaHUYMBATHCA B CPEAHEM NpH r=ry-t
+2ry, T. €. NOCJE CQBEpPLICHHUS aJIeKTpOHOM“ OJHOI'o IHKJIA

JBHUKEHUS M0 3OHHHKIOKAANbHOH TpaektopuH. Ilpu cua--

60M BBLICOKOYACTOTHOM I10Jie 3Ta 06JaCTb GYAET PaCIIHPATH-
Csl, IPU CHJBHOM IOJie — yMeHbHIaTbCst 3a cueT DoJsiee OH-
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CTPOro BO3BpalieHHsi Ha. KATOHL 3/EKTPOHOB, BbIJleTEBILIHX
B HeGJaronpuatioil gaze (eM. puc. 2.1),

Taxum o0pa3oM, HA OCHOBAHUM NPHUBEIEHHBIX PACCYK/IE-
HUH, HOCSIIUX IJIaBHBIM.O0pa30M KayecTBeHHbI XapakTep,
a TaKKe M3 PacCMOTPEHHA TPaeKTOpHil 3JeKTPOHOB, HOJY-
UEHHBIX METOJOM CaMOCOTJIaCOBAHHOTO MOJS O/ YaCTHBIX
pe:KMMOB MarHeTpoHa Hpu OOJbIIHX aMIVIUTYAax KoJeba-
HUH, MOXHO JONYCTUThb, YTO 3HAYEHHE paluyca r, 3akKJaioye-
HO NpUOJHM3HUTEbHO B CHEAYIOUIHX Npejenax: .

S m<n<ro. L (2.72)

Hepasenctso (2.72) orpaHu4yuBaer 3HAYeHUA r; JOCTa-
TOYHO Y3KMMY, I'PAaHHUIIAMH, TaK KakK AJs GOJBbIIMHCTBA Mar-
HeTpOHOB, paboTallUX; NPH  BBICOKOM K. I 1.
ro—1y K rog=Th.

Kak moKaswiBaeT HCCAEJOBAHHE NPeNoCUHISIHOHHOTO
peXMMa MarHeTpoHa {122] B 06/1acTH NMPOCTPAHCTBEHHOTO
3apsija, Mpuieraolien K CHHXPOHHOMY CJIOIO 7 == r¢, HMEET
MECTO HEyCTOHYMBOE COCTOSIHHE KPYrOBOTO JBHXKEHHS 3JIEK-
TPOHHOTO IOTOKAa, B KOTOPOM IOJ[ BJMSHHEM Ha)Ke HCYE-
33I01I{€ MAaJIOro BLICOKOYACTOTHOrO HOJS yCTaHaBJAUBAETCS
pajuanbHoe nepeMelieHne 3apsana, [1o9ToOMy ecTecTBEHHO
JAONYCTHTh, YTO JEKTPOHHOE 006/1aKO B IUHAMHUYECKOM PEXKH-
Me NPH HAJHUUHY 3HAYUTE/JNBHOTO MO BEJHYHUHE MEPEMEHHOIO
MOJISt CYILECTBEHHO AUCTypOUpyeTcs OT TPaHULBl 7o B CTa-
THYECKOM pEeXHME [0-CUHXPOHHOTO pajuyca, T. €. IO r="rq.

. B NMpUBONUMBIX HHXE [pacdeTax NepBOH rapMOHUKY Ha-
BEeJIGHHOTO TOKAa 3a Paauyc r; NPUHAT B KayecTBe MEPBOro
NpUOJHKEHUsT pafNyC CHHXPOHHOTO CJOS 7, ONpeaessieMblid
cootHoueHueMm (1.26). '

2.10. CPABHEHME PE3YJIbTATOB. TEOPETUHMECKOIO PACHETA
HABEAEHHOIO TOKA C 3KCNEPUMEHTANbHBIMK OAHHBEIMA

!

Hnsi KOJMHMYEeCTBEHHOH OLICHKH NONYI{OHUH, PUHATHIX NpH
BHIBOJE COOTHOMIEHHH IJS IE€PBOM rapMOHHKH HABEIEHHOTO
TOKa, OblJIO IIPOBENEHO CpaBHEHHe HABEASHHOro TOKa, pac-
CUHTAHHOTO JJNSA psja MarHeTpoHoB no dopmyae (2.50),
C dKCHepUMEHTaJbHEbIMH 3HAYEHHAMH, MOJYYEHHBIMH Ha OC-
HOBaHNH paboyMxX XapaKTepHUCTHK MarHeTpoHoB. IIpu pacue-
T€ HCNOJMb30BAJHCh KOHCTPYKTHBHbBIE M 3JEKTPHYeCKHe JaH-
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Hble MAarHeTPOHOB, a TAKXKe 9360‘”’13 xapamepncmxn HPH‘- | SKcnepHMeHTanbﬂoe 3HAYEHHUE aKTHBHOH COCTaBJIFIIOH.leH'

1. ;
BelleHHbIe B pa60Te 163] o nepBou PaPMOHHKH HABENEHHOTO TOKA (/nigokcmep) OTpeEIE-
T T“‘M““G 3 A51710Ch TIO BHIXOJHOH MOLIHOCTH MArHETPOHA Pyyy, K. M. A.
copeTmieckue u SKCTepUMENTATbHEe. 3HAYCHNA Tura KoseGaTe bHOH CHCTEMBl 1) M NPOBOJUMOCTH HArpyKEeHHOH
B - ' - - o ' ' 0K :
,M_am};f;goﬂa fo’“ 36%42 Io @ PBkﬂ::;;ggnepf !ngeop, _Imas,{;nép, | KoJleGaTeJbHOH CHCTEMBI Yi= Q, Ha OCHOBAHHA COOTHO-
_ _ urenus (2. 70)
10 67 | 16,7 16,1 . YuutbBasg, 4TO B 06J1aCTH MaJbiX sHaueHuil /, TOK I 1o
2J32 128001 0,14 %8 | .igg ‘33’7 | gg g CpaRHEHHIO ¢ [, MMeeT HeGOJbIIYIO BENHYMHY, a TpH 60J1b-
S ‘ . IIHX SHaquHHX I,, T. e. mpH MaJdBIX yrjax pac(asupoBKH
| | , |1 5 16,5 11,1 9,8 6,N/2, xak cneﬂyeT U3 TIPeABAYIIero, OH HOCHT B OCHOBHOM .
7251 9400 0,55 }g | gg s 15,9 - 14,9 peaKTHBHbIPI (eMKOCTHmH) xapaxrep, BJMSHAEM TOKA I Ha
| o 19,5 7 187 AKTHBHYIO COCTABJISIOLUYIO HABEAECHHOrO TOKA MOXHO npeHe-
| 51 5 | 162 | 159 Gpeuyb. B 3TOM cuaydae 3a aKTHBHYIO COCTaBJSAION{YIO TOKA Ha
4J50 9400| 0,69 | 10 ,| 110y | 25,6 21,5 ocHoBauyu (2.50) MOXKHO HpHHHTb - -
| 90T | 3204 30 B
_ _ — — - . | ' - onf B (r2 —rd) Y .l
‘T».f’ | LCW .900 0,05 0.6 115 1:51 _1’75 , - H1a'reop 2 - “NQs .
n o L,o| 2,11 1,95 ° 2,36 e . |
- T 3 |61 13 —|— . Huxusisi rpanuuna uHTErpupoBaHds r; Oblla BhIGpaHa
| “' by 3,16 3,24 BHOH HYCY CHHXPOHHOTO CJIOS B CTaTUUe exXHuME
0142 |9375| 0,48 | 5 | 1.6 | 436 | 42 Dbastoll pax gy, CO% B CTATHHECKOM P
o S 10 17,2 5,31 . 5,94 THETPOH .
- B Tta6n. 3 npHBeAeHb Pe3yAbTaThl pacuera AKTHBHOM
- b 10,06| 0,0243 0,30 0.31 COCTABJIAIOLICH HaBEJEHHOTO TOKA LJISL MarHeTPOHOB C BbI-
CM16B | 3000 0,216{ 0,125/. 0,089 0,57 0,49 XoAHOH MomHocTeo 0T 0,089 no 1500 kxsr, pabotamouiux
| 102 0,147 0,74 0,62 ' Ha pasJMYHBLIX 4acTOTax nuanasona or 900 mo 24 000 Mey.
- 1 I R — —— - Y0oBJE€TBOPHTENbHOE COBIIANICHUE TEOPETUYECKHX H 9KC-
3131 24000 0,76 | 10 Fr A 8’8 '1?86 | ~ TepUMEHTAJbHBIX /laHHBIX, NMONYYEHHOe JJsi UMIYJbCHBIX U
16 - 57,3 12.7 141 HEMpPEPLIBHLIX MATHETPOHOB, HMEIOIUMX CYI{eCTBEHHO pas-
_ ' | JUYHbIE KOHCTDYKTHBHbIE M 3JEKTpUUYECKHEe TapaMerphl,
T 701 1070 | 68,1 | 61,7 [103BOJISIET IpeANoNaraTh, YTO BBEICHHBIE NONYILIEHHS NOCTa-
Hploy: 12830 1 0,16 | 100 | 1500 | 81,6 | 74  TOYHO TPABHJBHO MEPENAIOT OCHOBHBIE OCOOEHHOCTH IPO-
- 10 2270 | 100 © 90 Hecca B3aMMOMEHCTBUA NPOCTPAHCTBEHHOTO 3apsga ¢ 3JeK-
- - . | YR 57 TPOMAarHNTHBIM MOJIeM MarHeTPoHa Npu OOJBIIMX aMIVIMTY-
- 2J38—39 (3310 | 0,287] 10 50 | 10.4 T . lax KoJiebaHui.
. 6 | 88 13,2 14,8 |

')'B MaHHBIX MarHeTpoHOB 4J50 HPIOV 2J41 umelorcs omeyatkd,
MOITOMY B TIPHJIOXKEHHU TIPUBOILHTCS ra6auua OCHOBHBIX IlapaMeTpoB
~ pAja marHetpoHos. B paGote [55] mas marmerpona BM50 NPABOASATCS
MPOTHBOpeUNBble NaHHBbIE fx/rq (CTP. 424, 425-u 767).
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3

.DMHAMVI'-IECI{VIE XAPAKTEPUCTHUKU MATHETPOHOB M
NIATUHOTPOHOB

3.1. BIMAHUE LIMKIOUAANBHOIO XAPAKJEPA TPAEKTOPWUHA
HA KUHETUYECKYIO 3HEPTUKO IJIEKTPOHOB Y AHOAA

B npubopax marHeTpoHHOro THMa, XapakTepH3ylomuxes
BECbMa BBICOKOM 3(P(]EKTUBHOCTHIO BsanMOAeﬁcmHa 3JIeK-
TPOHOB NIPH CHJIbHBIX MATHHUTHBIX IOJSIX, TPAEKTOPHH 3JIEK-
TPOHOB HMEIOT LMKJQUaJAbHBEI xapakTtep., Kpome Toro,
‘CXOJICTBO CTPYKTYpPBl BBICOKOYACTOTHHIX MOJIEH II03BOJSET
YCTAHOBHUTb HEKOTOPHie OOlIME YepTH IHEPFETHYECKOro 00-
MEHa MeXAy MOJSAMHK B 2JEeKTPOHHBIM NMOTOKOM B 3THX HpHU-
fopax ¥ MOJAYUYNTb NPUOJHMKEHHOE KOJHUYECTBEHHOE OMNHUCa-
HUeE MpPOILEeCcCa B3auMOAECUCTBUA.

TIpexBapuTe/bHO OCTAHOBUMCH HA PACCMOTPEHHH JIMHA-
MHYECKHX XapaKTepUCTHK MarHeTpOHa, B KOTOPOM B OTJIHUHE
oT npubopoB APYrux THIOB pacnpenesieHHe BBICOKOYACTOT-
HOTO MOJISI HO OKPYXKHOCTH aHOJHOro 6JIOKa CHMMETPUYHO.
B naabHeiinieM OCHOBHBIE pe3yJbTaThl PACIPOCTPAHUM HA
IVTATUHOTPOHHI.

[TpubayKenHast 3aBHCHMOCTb AHOAHOTO HANPSIKEHUS OT
IIOCTOAHHOM cCOCTaBJASMIOUIEi aHOZHOTO TOKa MaTrHETPOHA M
BbIpAXKEHHS AJ JEKTPOHHOTO K. II. [., YAOBJETBOPHUTEJBHO
COOTBETCTBYIOLIME 3KCINEPHMEHTaJbHbIM JAHHBLIM, BIIEpBLIE
nmoaydensl B. ®. KopaseHKo Ha OCHOBAHHH paccMOTpenHs
COOTHOLIECHHS CPejHell TAaHTCHUHANBHON W pafnasbHON co-
CTaBJSAIOIUX CKOPOCTH SJIEKTPOHOB y ‘aHOAA AJS IHKJIO-
HAAJbHOrO XapaKkTepa TPAeKTOPUH M IPH yueTe BAHSHHUS NPO-
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CTPaHCTBEHHOTO 3dpsiga -Ha yc.nbmm cnnxpOHHoro nBH}Ke-
HUs 37eKTpoHoB [112].

Pacuery paGounx xapamepncmx nocsﬂw,elm TaKXKe pa-
6ota I'IpaKCM,apepa [125], B XOTOpO# HCNOJAB3YIOTCS M pa3s-
BUBAIOTCA OCHOBHBIE MOJIOKEHHs, comepxautdecs B {112].
B cratbe naercd HECKOJbKO OTJHYHHIU cnoco0 OLEHKH JO-
MOMHUTEJBHOTO MOTEHIMaMa, OOyCJOBJEHHQIO MPOCTPAHCT-
BEHHBIM 3apsiioM, 3 NPy pacyeTe pabouMx XapaKTepuCTHK
Bech AMana3oH BO3MOXKHLIX 3HAUCHHMH TOKa pasbupaercs HA
psan obaacrei, XapaKTePHIYIOLUXCS ONPEJeIeHHbIM  COOT-
HOUIEHHEM KHHETHYECKOll SHepruu TaHreHuHaanoro u.pa-
AMATBbHOTO JBHXKEHHS 3JEKTPOHOB.

B otanuue 0T ymoMAHYTHIX pa0oOT HYXKe NIPH BLIBOAE COOT-
HOWIEHUH, ONPeNeAsIOIHX AMHAMUYECKHE XapaKTepPHGTHKY,
HCHOJB3YIOTCA pe3yabTaThl HPOBENEHHOTO paHee pacyera
BBICOKOYACTOTHOTO DPEXK¥Ma, OCHOBAHHOTO Ha BHIYMCJIEHUH
TOKA, HABEJEHHOrO Ha CerMeHTax MarHeTpona [126, 133—
135]. YcraHoBJeHHAs aHaJUTHYECKas. CBSI3b BBICOKOYACTOT-
HOTO pemnma C BeJIMYMHON cpefHed TaHTeHIMAaJbHOH H pa-
JMaJbHOH CKOpPOCTH 3SJEKTPOHa y aHojJa MO3BOJfAET MOJY-
YUTh CPABHUTEJNbHO HPOCTBbIE COOTHOUICHHS [JIsi aHOAHOTO
HanpsKeHusd MarHeTpoHa, AMHAMHUYECKOIrO COHNPOTUBJCHHUS,
3JIEKTPOHHOTO K. I. J. ¥ B JaJbHefillleM AaTb NPHOJIHKEH-
HOE KOJIMUECTBEHHOE ONHCAHUE SIBJEHHS JIEKTPOHHOrd CMe-
IIEHHA 49aTTQTHI.

He ocraHaBIuBasch Ha (pH3MUYECKO CTOPOHe BJHSHHA
IIMKJION1aJIbHOTO XapaKTepa TpaeKTOPHI Ha NOTEeHIHaJ] aHO-
A&, paccMoTpeHHoll noxpo6ro B [112], mepeiineM X omnpe-
JleJIeHUIO COOTHOIIEHYS TAaHT€HUHMaJbHON W pajguaJIbHOH CO-
CTABJISIIOIINX CKOPOCTH 3JEKTPOHOB Yy aHOAA M BHISICHEHHIO
3aBUCHMOCTH QHOJHOTO HANPSXKEHHUS OT HapaMeTpos U pe-
’KHMa MAarHeTpoHa. .

[TpoBenem npubuuKeHHOE HHTErpHpOBaHHE YypaBHEHHA
nBuxkenust aaexkrpora (1.13). IlpensapurenbHo nepennem
OT Bpalawiieicsa cucTeMbl KoopauHat (r, P) K HENOIABHXK-

Ho#l (r, @), AN 4ero 3aMeHuM B ypasHenun (1.13) 1=
xcp_mc YpasHeHne NpUMET BHJ

o mf=mre*te-2 —-(—wcrA, ) —erByp, (3.1)

-

<

HarioMHM, YTO 34€Ch # — CKailspHbIA roTeHuman, a A —
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BLICOKOUACTOTHAS qac“rb coctaBasfiomel BeKTOpHOI‘O noteti-.
nuana A,. - :

[1pu HHTeI‘pHpOBaHHH 6ydeM MoJjaraTb, YTO Ha BCEM nym'
OT KaTola [0 AaHONA 3JEKTPOH BpallaeTcs BOKPYT katona

C CHHXPOHHOH CKOpPOCTBIO (p-—*mc) |
- B pesysbraTe, HHTEIPHPOBAHUS MOJIYYUM

Ta

m fdr\° m(dr ? _0( ' d__.
T(_Et_)rzra—_gﬂ(—ﬂ) r:f"k.—_ej‘ 'dr g wc'rAq,l) '

"

eBowo (©2 — %) 1 U |
TaZk) | Lol (3.2)

B COOTBETCTBHH C MPUHATHIM yCJIOBHeM (r) _rhzO'

. r
: a

: mvi (ra)_——.:eS (u.- m.crA(Pl) dr —

T2 or
[

eBw, (r2

) L +gmrle, (3.3)

rae 06Oo3HayeHQ

I'Iocnenﬂnﬁ YJeH B HpaBoO- 44CTH ypaBHeHnﬂ MOXET 6bITb

Hpe,[I,CTaBJIeH B Apyl'OM BHIE

.o _ra

S mrmidr p—

LY

mvf (r) "a
2

T2

‘Tie
| " U, (ra') =Wclg.

B Kaqecme nepBoro rpy6oro HpHﬁJIH}KEHHH mpUMeM,
YTO IIpHU JIBHKEHHUH 3neKTp0Ha OT Karoja OO aHona paéora
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Ny . |
mv,(rﬁ,)’ - (3.4).

pajuaJbHOll COCTABASAIOLIEH BBICOKOUACTOTHOTO HOJS MHOID

MeHbllle pPaboThl, COBEpLIAEMOH MOCTOSIHHHIM 3JeKTpHue-
CKHUM IHOJIEM. |
OcHOBaHMeM 1 TAaKOTO JONYIEHHS ABJSETCS TOT

~ (axt, 9TO JMEKTPOHB NPH CBOEM JBHKEHUH NPOXOAAT IOA

HECKOJIbKUMH "CerMEeHTaMud B NepeEMEHHOM paauaJbHOM
HOJIE, H3M€HHIOH.[€MCH II0 HanpasJICHUIO, BCJAEACTBHE HYEro

cpenHee 3HayeHue PpalboTHI, cosepmaemon STHM TMOJIEM,

OyaeT OTHOCHUTEJNbHO HEeOOJIbIIUM. _
- B sTOM cnyyae mepBbiM YJIEH B npaBou yacTH ypaBHe-

HuA (3.3) CraHer

., ot

"a

0 | |
BS W(u _mcrAcpl) dl’.’-"-'."_.er,
, | : __

rne Uy — NOCTOSAHHBI MOTEHIHA HA AHOJE.
YpaBsHeHue (3.3) MOxKeT ObITb 3aMHMCAHO B BHAE
1 |

Uy=grecB(r, =1,) =5 5[0 () — 7, ()] B.5)

Kak BUAHO M3 NMOCAENHEr0o COOTHOLIEHHUS, NMOTEHUHAJ HA =
AHOJE BO3pacTaer C yBEJMYEHHEM pajHalibHOM CKOPOCTH
3/1€KTPOHOB, npuOBIBAIOIIMX HA A&HOA, M YyMeHbLIaeTcd

€ YBGJIMHYEHHEM TaHI‘eHI_[I/IaJIbHOH COCTEIBJIFIIOLHGH CKOpPOCTH:

DT0 ypaBHEHHE MOXKET ObITb MCNOJNb30BAHO AJiA OHpEMe-
JEHUS AHOJHOTO HANPSKEHHUS B AMHAMHYECKOM peXHME
MarHeTpOHAa, €CJH U3BEeCTHBl paauanbHass ¥ TAHTE€HIHAJb-
Hasi COCTABMALIME CKOPOCTH :’:)JIeKTpOHOB B MOMEHT Mona-
JaH¥S €ro Ha aHoj. - -

JleficTsUTENbHBIE TPAEKTOPHH 3JEKTPOHA . B NAHAMUUE-
CKOM peXHM€ MAaTHETPOHa HMEIOT CJOXKHBIH Xapakrep W,
KaK OTMEeYajoch, HEe TMOANAIOTCA JOcTaTOUYHO MPOCTOMY
aHaJUTHYEeCKOMY onucaHuio. ‘HexkoTopble BLIBOAB KayecT-
BEHHOI'O XapakTepa M KOJUYeCTBEHHBIE COOTHOUIGHHS, HOM- -
TBEPKAAIOUINECT JSKCIePUMEHTaJbHEIMU JAHHBIMH, MOTYT

ObITb MOJIVUEHH ¥M3 PacCMOTPEHUS HAeaJU3HPOBAHHOTO

ciyyas — ABMXKEHMS 3JIEKTPOHA MO UMKJIOMJAJbHOH Tpa-
ekTopud. QUEBHIHO, YTO PE3yJbTaTbl TaKOro pacCMOTpPEHHs

'MOFyT OblTb HCMOJB30BaHBl [pPH aHAJIHM3€ [POLECCOB

B3AMMOJEHCTBUS B MarHeTpoxe 1§2) QO >w, U J0-

4 . | .
CTATOYHO GOJILIIOM 3HAYEHHH —r-‘i - KOTJla TPAEKTOpPHHU
o | -~ In T ‘ o
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SNUUHKNOUIANBHOIO  THHA Hp4H6JIH>Ka}OTCH K  IHKJO-
MAANbHBIM U, KPOME TOrO, BbICOKOYACTOTHOE IMOJie 3a
MEPUON UMKJOTPOHHOH YACTOThI W3MEHSICTCH OTHOCUTEJIb-
HO Maunp. llocnenHee 03HAuaeT, YTO pe3yJAbTHPYIOLIEE MNOJIE
B T€YEHHE MEPUona UMKJIOTPOHHOH YACTOThI MOXKHO nmpHOJIH-
XKEHHO paccMaTpuUBaThb KakK OJHOPOJHOEe CTaTHYecKoe, Ha-
paBJjeHHe KOTOPOIo OIpenenasieTcss COOTHOUIeHHeM Hamps-
XKEHHOCTU NOCTOSIHHOTO M fIEpEMEHHOFO NOJIEH B paccMaTpH-
BaeMbI# MOMEHT BPEMEHH.

BeisicHum COOTHOIIEHHE MeX1y KOMIOHEHTaMH pajHalb-
HOHM. © TAHT€HIHAJbHOH COCTaBJSIOIINX CKOPOCTH 3JCKTPO-
Ha y aHOJA B CJydYae, KOTZa JEKTPOH ABHNKETCA MO LHK-
jJoune, o6pa30BaHHON TOYKOH Kpyra, KaTAIerocss o Ha-
KAOHHON mpsiMoi (puc. 3.1). .

[Ipexkne Bcero ¢hopMyaupyeM ONHO BaXKHOE IMOJIOKE-
HMe, KOTOpoe MOXKeT OBIThb YCTAHOBJIEHO M3 pPacCMOTPEHHUS
TpaeKTOPHUH 3JIEKTPOHOB, HPHOBIBAIOIIMX Ha aHOJ B pasfuy-
HbIX ¢asax: AJis 3alaHHOTO (PUKCHPOBAHHOTO yIJla HAKJOHA
pPe3yJbTHPYIOUIETO TOJS @ CYU{ECTBYET onpeeseHHas
o0JaacTs 3HayeHUH (a3 (yryioB mosopora Kpyra, obpasyw-

I{€F0 UMKJOUIANbHYIO TPAEKTOPHIO), MPH KOTOPBIX 3JeK-.

TPOHBI HE MOTYT HONAZaTh Ha aHOA. DTO TOJIOKEHHE HINIIO-
crpupyerca puc. 3.1, rme uszo0pakeHbl HHKJAOHUAAJBHBIE
TPAeKTOPHHU [ABHIXKEHHUSI JIEKTPOHOB IS Pa3JHYHBIX VIJIOB
‘HaKJIOHA q., -

Hns cnydaes, moKazaHHBIX Ha puc. 3.1, aJeKTpoHbl MO-
I'YyT YIapHTbCA B aHOJA TOJBKO HNpH yrjax Hosopotra obpa-
3VIOWET0 Kpyra_oT p; A0 pg, COOTBETCTBYIOLIMX MO-
JIOXKEHHIO 3JIEKTPOHA Ha ydyacTKax KPUBOH ai1b; H  asbs.
DJEKTPOHBl HE MOIYT AOCTMYbL aHOAA MpH.3Ha4YeHUIX (Pas,
COOTBETCTBYIOWINX y4YacTKaM KPHUBOM: b,C;, ¢;d; U bacy, Codo.
Hnst  Gosbuiell ~HamisaHocTy o067acTe BO3MOXKHBIX (as
nonajaHus 3JEKTPOHOB Ha aHOp NpeacTaB/jeHa Ha jpuc. 3.1
B BHJIE€ 3alITPUXOBAaHHOI'O CEKTOPA. )

I3 pueyHKa BHIHO, YTO C yMeHbIIIEHHEM yIJia HaKJOHA
0 CYXAaeTcsd y4yaCTOK TpPaeKTOpHH, COOTBETCTBYIOUIMH BO3-
MOXHBIM (hazaM ImonajaHus 3JEKTPOHOB Ha aHox. llpu
a0 3JIEKTPOHBl AOCTHUraIOT AHOJA,Ha «BepLIMHE» LHKJIOH-
Ibl; B C1y4a€ BEpPTUKAJbLHOTO «IaJeHHsA» IUKJOHUILBIL, T. €.
npu .a=~90° 3JIeKTpOHB MOFYT HOCTHFaTh aHema B JOOOMH
thase 0 << p<< 2n. OyeBHAHO, UTO B COOTBETCTBHM C H3Me-
HeHUEeM VrJia o Oyner M3MEHSATbCHA U CpPejHssT KHUHEeTHUECKAs
JHePrus, BblAejsAeMas JICKTPOHAMH Ha aHOJe,

76

PaccMOTPHM 3ABHCHMOCTH KHHETHUECKOH SHEPTHH JJIEK-
TPOHZ HAa AaHOAE OT COOTHOLIEHHS CKOPOCTEH JBHXKEHHS
nenTpa.obpasywouiero xpyra v; 1 v, (puc. 3.2), onpeiensio-

IHHX YTOJa Q.

 ‘IlpexgBapuTeqbHO . BbIpA3UM COCTABJAMIHME CKOPOCTH
IEKTpOHd U, B U, B TOUKE I, sampapicHHBe, BLOJb-

1 b4

PUC. 3.1. Bauauve yraa o Ha obnacTb BO3MOXKHBLIX (a3
©  ponananus Ha aHon (pe—pi).

NepHedAUKyJISPHO aHONY, UYepes COCTAB/AMILINE CKOPOCTH
B CHCTEME KOOpJAMHAT X, Y.

 ==UgCOsa—Uysina,

up.*:_@xsina+vg cosa,

roe
Up == Uy (1 — cos p);

U, = Uy Sin p;

Uy, — CKODOCTb JBMZKEHHSI LIEHTPa Kpyra, o0pasyioiiero

-

®

UMKJOUAY, BAOJb OCH X.
CocrapJsioniie CKOpoCTH - U, ¥ U, B nqnbﬂeﬁmem Oy-
JeM Ha3bBAaTh TAHTCHIHAJBHOM U PajuajbHON CKOPOCTHIO
5JICKTPOHA -HA TOM OCHOBAHMH, YTO INVIOCKHH MAarHETpPOH -
MOXHO pacCMaTpHBaTh KaK HpeleJbHbIH Claydyad HAJIUHIPH-
"4ECKOro MpH rg— 0.
S 17



KHHGTHQGCKENI 9H€pI‘HH CDOTBGTCTBYIOL[{EIS'{ STHM COCTaB'
JAIONIKEM CKOPOCTH, paBHA

KuHeTHyecKas 3HEprus 3JEKTPOHA, OHNpeaesseMasi cyMMOR
W_n WP, 3aBHCHT OT yrja a ¥ (assl p, COOTBETCTBYIOMIEH |

PHC 3.2. CocraBasrwouiye c:Kopocm SJIeKTpOHa Ha aHofde
- (rouka I).

MOMEHTY JOCTHXKECHUS aJIeKT_prOM aHo,r_La. Y4yuTeiBad, 4TO NpH
JIAHHOM yTJie o 3JIEKTPOHbl MOTYT IIOIafaTh Ha aHOX B pas-
uYHBIX dasax (0T p; N0 p,), MOXKHO HaWTH CpelHee 3Haue-

HHE KMHETHYECKOH IHEPrHH SJIEKTPOHA W,= %4 W [Ipeanona-

‘rasi, 4ro ronaaaHue a.neKTpOHa Ha aHOL Tipu pasJIHqulx da-
3ax paBHOBepOﬂTHO MOJIyYHM

W = v, = - m (v, cos®a — 040, sin 2a —[—?Ji sin’a), (3.8)

T 2

I SN '1' - .= o 2 -
WP.—;-_ 5 MU, =5 m (v sin*a +v,v; Sin 20 -0’ cos®a), (3.7)

2

__ 2 — . : . . - ) -u .
roe Ui ) _Uy B 0,0, ~— CpEAHUE 3HA4YCHUA KBaApaTOB CKOpPOCTEH
Uy W NPOH3BENEHAT U0y, KOTOPHE ONpENeNIOTCS COOTHO-

Vs,
78

IIIEHHHMH IIOJIy'-IeHHbIMPI nyTeM HHTETPHPOBaHUA B HHTepBane :
d)as 0T P, 10. P:: . |

e BN N PR [ o4sin p. —si
0. =0, {15~ ;= [ 2sin Py —sin p)+

+nzp—snzp)]l @G

_._2_._._21.__ L S
v,=0, |.0,5 Ty — (sin2p, Smupl)}. (3.9)

'pz-’ipl [ 4 (005 2P, _'COS 2101) (COS P, — COS pl)]
(3.10)

daspl p; B p; MOrytr ObiTb ompenesieHbl rpaduYecKuM
MyTeM; KaK 9TO MoKa3zaHo Ha puc. 3.3. HerpyaHo nonayyurh
M aHAJUTHYECKYIO CBSI3b p1 U pg ¢ yryioMm a. M3 mpuseneH-
HOTO Ha pHC. 3.3 TeOMETPUYECKOro nocq*poemm BH,[[HO YTO -
Yros ps paBeH -
| p2=31:+'200 (3.11)

Yrod p1 MOXHO HaHTH, HCHOJIbSyH TO 06CT0ﬁTeJ1b1c:TBo'
4To npamag bd Kacaercs nepBon LHHKJIOH/B! B Toqxe b, rae.

pe=n-+2a.
34BUCHMOCTb p; OT erIa o onpeﬂenﬁeTcg TpaHCI_[eHJleHT-_

HbIM COOTHOUICHHEM

cos py+(sinp, —p)tga=(n— %c — sin 2a) tg @ — cos 2a,
o | (3. 12)

PUC. 3.3. Tpaduueckoe onpefeseHue YI‘JIOB p1 H Pa.

- 19



Ha' OCHOBAHHWH KOTODPOrQ MOMNHO' BBIYHC/IHTH yron Py nast”
KOHKPeTHBIX 3HAUeHHA Yria o.

ITocne TOrc Kak ycTaHOB/AEHA 3ABHCHMOETb-py H Pg OT O,
JIerKo paccuuTaTh CpefHed 3HaueHHe KBafpaToB CKOpOCTH
(3.8) —(3.10) myis passinuHBIX 3HAYEHMI yTaa a.

S

3.2. 3ABUCUMOCTb HAMPAXEHUSA HA AHOAE oT NOCTOAHHOU
COCTABJSHQLUIEA AHOAHOIO TOKA U MATHUTHOU MHAYKLIUU

B npenmnyuiem naparpade GBHUIO MOJIYYeHO BHIpAXKEHHE
(2.35), Kotopoe onpenessier nOTeHNHA A HA aHOIE HPU CHH-
XpOHHOM JBHXXEHHH 3JEKTPOHA H H3BECTHOH CKOpOCTH
v, (rqg) # v, (o) B MOMEHT MomajaHHs ero Ha AHOL. Ecau

JeKTpoHbl NpUOLIBAIOT HAa aHOJA B pa3HbIX (pasax CBOErO
HBHXKEHHS] IO LHKJIOHIAJbHOH TPAEKTOPHH, TO OHH HMEIOT
pasjnyHbie CKOPOCTH, M MO3TOMY NpPH ONPEAeJEeHHH CpelHe-
rO NoTeHNKaJa Ha aHoAe HEOOXOAHMO HUCNOJAb30BATh CpPEX-
Hee 3HayeHUe KHHETHUECKOH SHEPTHH 3JEKTPOHOB, 00yCJIOB-
JIEHHOE TaHTeHLHaJbHOH H pajHajbHOH CKOPOCTSIMH

Uy=222 (> — 12) — 52 [V, (ra) — T} (ra)].  (3.13)

2 ¢

’ r
[Ipn o5 > o¢ 1 -~ > 1, 1. e. B clyuae, Kora nepeMme-
- 14

2n :
HOe INQJi¢é B TeycHue nepnona Tnﬂ;)—- HU3MeHsIeTCsd He3HadH-
I

TeJbHO M TPAGKTOPHHM SJIEKTPOHOB SNHILHKJOHAAJIBHOTO THNA
, 37
‘MOXKHO NPHG/IMKEHHO NPUHSTD 32 THKJIOHLAJNbHBIE, RIS U_(rg)

o v: (re) MOMHO HCIOMB30BATH COOTHOWeHHS (3.6) u (3.7).

Ecan npubJHXEHHO NPUHATH, YTO LEHTP Kpyra, obpa-
3VIOLIEr0 ITOCAEXHIO HHKJIOHAAJJbHYI) TPAEKTOPHIO 3JeK-
TpOHAa, HAXOAUTCS Ha paauyce r=r;—rg (puc. 3.4), To npu
BBITOJIHEHHH YCIOBHSI CHHXPOHHOCTH (®=@¢) TAHT€HIHAJb-
Has CKOPOCTh IBHMXKeHHs LleHTpa Kpyra vy pasHa b

v, = RyU¢, (3.14)

1) 3ameruM, yTO ¢ H3MEHEHHMEM YTIJjia @, CTPOro roBopfd, H3MeHsercs -

MOJIOKEeHHe IIeHTpa Kpyra, COOTBETCTBYKllee MOMEHTY MollafaHHs 37eK-
TPOHA HA aHEJ, OAHAKQ 3T0 00cToATenbCTBO B jAajbHedAmeMmM He Oynper
VYHTBIBATHCA.

8Q

-~

(]

rae’

Ve == el g}
b, — ~1;Dc . (3.15)
N 1ﬂ+ _(;)____

3Hauenne KodPduuuenta k;, omnpeneasemoe (3.19), no-
JYYCHG B MPEIIOJAOXKEHUH, YTG AJS LUJHHAPHYeCKOro Mmar-
HETPOHA IIPU fg > ry NPUOIHIKEHHO

Ur
COpPaBeAJUBO . COOTHOLIEHHE }
/e ¢
(Dnru r..(!)c (ra E—— fn). (3-{16) 02 U"
Ucnoansyst (3.6), (3.7) u (3.14), 2
poipaxkenue aJs1 noreHunana (3.13) L g~y
MOXKeT ObITb NMpPEACTABJAEHO B BHIE //»77~,>
0’ @B (rg—13) . ¢
o 2 0, ¥

PUC. 34 Onpenene-
(3.17) HHe CKOPOCTH Uy B HH-
JHHIPHYECKOM MarHe-

TpOHe.

— 5 % KL Fy (@),
rne

Fy(@) =— (0} —2}) (1 —tg*a) —dv,0,tg ] (3.18)

i

JIJs BO3SMOXKHOCTH pacueTa CpeJHero noTeHIlHajda Ha
anone (3.17) He6O6XOAHMO YCTAHOBHUTh 3aBUCHMOCTb yIja o
OT napaMeTpoB U pexXHuMa MmarHerpoHa, Kak yxXKe ormeua-
JOCh, YTOJ & ONpeaeJsiercsl BeJIHYNHAMU ¢peHeH pagualib-
"HOH W' TAHTeHIHAJbHOH COCTaBJSIIOLUUX CKOPOCTH.

B kauectBe cpefHel TaHreHHHaNAbHOH CKOPOCTH MOXKHO
ApuGJINKEHHO NPHHATH CHHXPOHHYIO CKOPOCTh BOJIM3H 2HO-
na. Boibop cpenHeil paainanbHOH CKOPOCTH CBSI3aH ¢ ofipe-
JleJIeHHBIMHY TPYAHOCTSIMH, TaK KAK B T€UEHHE NMEPHOAA KoJe-
Gauufi M3MeHsIeTCs] BeJMYMHA TAHTeHUHaJbHON COCTaBJIAIO-
el BHICOKOYACTOTHOTO MOJSl, YTO IPHBOAAT K H3MEHEHHIO
pafgHaJbHOll CKOpPOCTH M yria o. Kpome rtoro, Ansi ¢ukcH-
pPOBAHHOTO BpPEMEHH TaHTeHNIHaJbHAs cocTaBJsollass MOJsA
HENGCTOSIHHA HO IIMPHHE CIHILHL.

6—2589 81



3a cpenHiol0 panMaibHYIO - CKOPOCTb, OIIPEe/sIotyio
CpelHee 3HayeHue yriaa o, npumeMm (2.31)

5rcp(f) :kvi;rm(r). ‘ (2_31)

B sTom cayuae cpenHee 3HaueHHe yIja o paBHO

a == arclg [ rep (1) ]r:r o (3.19)

U

E’_r_et.}al_(_{’)_ B (3.19) onpenensercs mas TOUKH,

COOTBETCTBYIOIIEH NOJOXKEHMIO HEHTpa OO0pasyrollero kpyra,
MOKasaHHOMYy Ha puC. 3.4, T. €. AJsl r="1, — Iy,

YuurtbiBasi, uTo KO3QPUUHMEHT R, AJs1 peanbHbIX MarHe-
TPOHOB MaJo OTJHYAeTCsl OT €NHHHUb], YCJOBHMCS B Hajb-

HelmeMm JJisi yrJaa q HCHOJb30BaTb NPHUOMHMKEHHOE BbIpa-
XKeHue

OrHomenue

———

a = arctg [M)-—] - (3.20)
r=r

Ue

a

3ameruM, uto npu nepexoxne K (3.20), samenssa B (3.19)
U; Ha U, MBI OJHOBPEMEHHO yBeJHYHBaeM YUCIHTENb, TaK
KaK 6epeM Urcp(r) Ha HECKONbKO GOJBIIEM pajHyCe, MOITO-

MY yrJbl @, OnpeneseHHble Ha ocHOBaHHHM (3.19) u (3.20),
OOJNyYaloTCsl NPAaKTHUYECKH OUYeHb OJUM3KHUMH MO BEJIHYHHE.

ITocse moncranoBku (2.29), (2.33) B (2.54) nocaensee
BbIpaxKeHue npu k,=0,0 umeer Bux

. BN
a?:zarct 1 i -I/2N3(ri"r%)QH]o 00 8
g 81"2 BL_V—_ nsfoBYOK 3(6’ 1) ’
2
(3.21)
rjge
sing%- 6N
@s (G, ﬁl)ﬂT CcOS "—%—".i (322)
2

Boipaxenus (3.17) u (3.21) ycraHasiuBalOT 3aBHCHMOCTb
aHOAHOTO HanpsikeHust oT Toka [o. Oxnako (3.18) nmoayueno

32

Ha OCHOBAHHH pPAaCCMOTPEHHSI IJIOCKOTO MarHeTPOHa mpH
UMKJIOUIAJBbHBIX TPAECKTOPHUSIX IJIEKTPOHOB, [TO3TOMY NpHMeE-
HHTEJAbHO K IUJIUHIPHUYECKOMY MArHETPOHY MOXKHO OXKHIaTb
yAOBJIETBOPUTEJNBHOTO KOJHUYECTBEHHOIO COOTBETCTBHUSI MNPH
GOJbIINX 3HAUYEHHUSIX On/wg H ro/rg. Pacuer anoaHoro Ha-
NpsiKEHNs, IMHAMHYECKOro CONpPOTHBIEHHS H K. M. 1., COOT-
HOLIEHHSI IJsI KOTOpPHIX OYAYT HNpUBENEHbl B daJjbHEHIUEM,
MOJATBEPKIAaeT 3TO NOJOKEHHE: OTKJIOHEHHE PACYETHBIX NaH-
HBIX OT 3SKCIepHMeHTa/IbHbIX yMEHbIUAeTcs] MO Mepe yBe-
JIUYEHHUS ro/ry, T. €. IO Mepe BO3PACTAHHS ®y/®c.

Hanpumep, 1js1 marseTpona 2J32, 17151 KoTOPOro @y/wc =
=56, OTKJOHEHHe PacyEeTHBIX JaHHBIX OT JKCHEPHMeEHTalb-
HBIX 3HAYWTeJbHO OOJbINE, YeM [Jisi MarHeTpoHOB 720A H
4J50, HUMEIIHUX COOTBETCTBEHHO ®n/we=9,83 u 16,44 V.

VBeJqHueHHe pasHUIbI MEXKAY pPacyeTHbIMM M 3KCHEpH-
MEHTaJbHBIMH JaHHBIMH [0 MepPE YMEHbIUEHHS] ©y/®¢ ¢ QH-
3UUYECKOH TOYKH 3peHHSl oObsicHsieTcs: GoJsiee ObICTPBIM pac-
mHpenreM 06JacTH BO3MOXHBIX a3 [Js HPHOBIBAIOLIMX
Ha aHOJ 3JEKTPOHOB ps—pi, UTO IPHUBOAHT K GoJee OGBICTPO-
My yBenunuernuwo U,.

KakoBbl e OCHOBHbIE NMPUYHHBI, NPUBOASIILIIHE K paclIH-
PEHHIO 3HAYEHHSI Po—pP1?

K TakuM NpHYMHAM MOMKHO OTHECTH CJAEAYHIOLIHE:

1. B peasbHbIX MarHeTpoHax TPaeKTOPHH 3JEKTPOHOB
NMEIOT SNUIMKJIOHIAJbHBIA XapakTep H B OTJNYHE OT
NJIOCKOTO MarHeTpoHa MOBEPXHOCTb aHOAA HMEET KOHEYHYIO
KPHBH3HY.

2. C yBeJHUYEHHEM ryf/ry SJEKTPOH Ha NOCJeAHEH SMHIMK-
JOHIAJBbHOH TPAaEKTOPUH, NepeceKalollel OKPYKHOCTb aHO-
na, ABHKeTlcsl B 6ojiee HEOLHOPGAHOM MHOJE,

3. BeaencTsue Haauuus wiejeft (masos) B aHOZHOM 6J10-
Ke peasibHbIX MaTHETPOHOB 3HA4YMTENbHAS YaCTh JEKTPOHOB,
nonajaiolux MexJy CerMeHTaMM, MoXeT 3aKaHYHBaTb JBH-
KEeHye Ha aHoJe npu ¢daszax, KOTOpble B pacCMOTPEHHOM Da-
Hee cJy4yae CIJIOMIHOTO aHoAa GblM HeJOCTYmHbI (puc. 3.5).

[pexjge yeM OCTAHOBHTbCS HA KaKOH-AMOG NPHOIHKEH-
HOHl OIEHKe CTEeNeHH BJHMSIHUS NEepedyHCJEeHHBIX (aKTOpOB,
pacCMOTPHM CJyuyaH, Korja npakTH4eCKH NMPH HHUTOXKHO Ma-
JOM yrIJie o CTaHOBSTCSI BO3MOXKHBIMH BCe ¢asbl, T. €.
po—p1=2n. IlocnenHee os3HayaeT, 4TO0 NpH OnNpeaeeHHH

) 3yaueHus @pf®e PACCUNTAHE JAJAS MAarHUTHOR MHAYKUYH, TIpHBe-
AEHHQH B HPUJIOKEHHH,
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- 5 ‘
CpesHuX anauenuil 0%, U5 M U,0, HHTEPHPOBAHME MPOH3BO-

mutca B npemenax ot p, =000 p,==2=%; KaK TOJbKO yToJ &
CTAHET OTJYHBIM OT HYJAl, M CPE/JHHE 3HAYEHHA CKOPOCTEH
6y11y:r oc'rasamca HeHU3MEHHbIMH U paBHbIMH

9 - -
~—:-—0,5vn u v0,=0.

7,
AL L /////2

Ux:--“ 1,5vn,

WY

PUC. 3.5. Bo3MoxHuble TDAECKTOPHH 3JEKTPO-
HOB NpPU HAJHYHM WeNeH B aHOAHOM 6JOKe.

i Uf; UxUy
Ha puc. 3.6 —, — v 5% aa naHHoro chayuas HaHe-
vy U v )

CEeHH HITPHX-NYHKTHPHBIMU JHHHAMHU (Kpugsle 2); MYHKTHP-
HbIMH JIHHHSAMH (xpudbie 1) 1I0KasaHpl 3dBHCHMOCTH
{3.8)—(3.10), mosyueHHBle -HA OCHOBAHHH PacCCMOTPEHHS
"TLIOCKOTO MardeTpoHa M IUKJIOHIAJbHBIX TPAEKTOPHH 3JeK-
TPOHOB. o

MoxHo mosaratb, 4TO 3aBHCHMOCTH p U 0,0, OT

yrja a B peasbHBX Mar€eTpOHaxX Oynert npomemy'roqnoﬁ
JUISl PacCMOTPEHHBIX [BYX KpalHux ciaydaes. B kauecTse -
IEPBOTO NPHOJINKEHHS, CNPABENINBOTO AJIs1 OTHOCHTELHHO
HIHrPOKOI‘O AHaNasoHa 3HAQYEHHUR on/we, 3aJanUMCs 3aBUCH-
MOCTBIO /v MPOMEKYTOYHOA AJA YNQMAHYTHIX KpanHUX
CITyyaes " HMeIolleH NpocToe aHaJUTHYECKOe OmnMcaHue

- ;

2=4—22Va. (3.23)

4]

A

n

[Ip# BLIGOpE 3aBHCHMOCTH (3 23); npuBemeHHOR HAa-
puc. 3.6 B BUAE XKUPHOH CILJIOIJHOH KPHBOH (Kpuea}z 3), Obl-
NA CoxpaReHbl KpafinHe 3HAUCHHS QYHKIUR U /v 0 yBemau-
"YyeHa CKOpPOCTb HM3MEHEHHs ee B 00JacTH MajbiX o B COOT-
BETCTBHM C IIpENNOJNaTaeMbiM YBEIHYEHHEM CKOPOCTH H3Me:
HEHHA Pa—P1. '

84" MY - “ -

[lonarast, 4T0 pacnpesesesine ckopocreit v, u U, HO pas-
JUYHbIM (DasaM p COXpaHgeTCss MPHMEPHO TAKHM XKe, KaK H
MpH ABWKEHUM "3JEKTPOHA® HA LUKJOHAE, a yBeJHYeHHe CKO-

POCTH H3MEHeHHA ()YHKIHH 0. /vn OﬁyCJIOBJIHBaeTCﬂ HCKJI09 Y-
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PHUC. 3.6. 3asucumMocTs g, g H U’;” OT
v, U, vy,

,yria a.

TEJILHO COOTBETCTByIOH.Leﬁ' BaBHCHMOCTbIO P, — P, OT a, GbIH

NOCTOEHH KpHBRE 0. /v’ M v, /v’, NpuUBencHHbE Ha

pac. 3.6 (kpuBeie 3), npﬁﬁﬂmxeﬂﬂoe aHaJUTHYECKOe OIlHca-
HHE ROTOPbIX MMEET BHL

Ead e

2 -
- :i 83 Va4 —0274a, -(3.24)
S — 0,9 — e":‘“"“). | (3.25)

Un

b t - o e
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_‘ Ha ochoBanun (3.18) u (3.23)—(3.25) nonyth BbIpa-
xKeHue aas1 Fo(a): | o
Fy(a)= (4——-287/:1 (1 —tg? a)-—-——36(_9°°

lOOa)

g a.

(3.26)

B ob6sactu paﬁoqnx xapaKTepHch MarLeTpoHa, Kak
OyneT BULHO U3 )laJIbHeHHIeI‘O yroi a OObIYHO HE BBIXOAHT

e 3a Npefessl, onpene.nﬂe-__'

S - _ Mble HEpaBeHCTBOM

5° < a < 40°.

.,

J

2 \ ' 5TOH OO6JaCTH  MOXKET
0 . R 6bITh NPUOMHKEHHO OIH-
| TN | | ~cana OGoJsee TPOCTHIM

o1 IneHyeM .
10 20 30 40 50 653 F (a) ~9 2 (O 437 _—
I | _-——~a)3—-223a—[—2,1,

§ '~ KOoTOpoe H Oyner HaMH

PUC. 3.7. 3aBucumocrb Fg(a) oT ¢, HEHIIEM.

onpesensieias cooTHomenuamu (3.26) dyukuun  (3.26) u

H (327) . (3.27) npuBeleHbl Anaf
: | cpaBHeHHS] ‘Ha puc. 3.7
(nepBon cpyHKuHH COOTBETCTBYET CIIOIIHAS KpHBaH BTO-
pol — MyHKTHpHAasT).

CootHowrenust (3.17), (3.21) u (3.26), (3.27) ycraHas-
JIUBAIOT CBSI3b NOCTOSTHHOM COCTABJSIOIUEH aHOAHOTO TOKA
Iy ¥ MaTHHUTHON MHAYKNUK B ¢ aHOJHBIM HaNpsiKeHueMm Ma-
rHeTpoHa. Pacuer aHoJHOro HanpsiKeHHs] 1o 3TuM Gopmy-
JaM OyIerT npoBeleH MNoCJe PAacCMOTPEHHs 3JEKTPOHHOTO

CMELILEHUS 4YacTOTbl, B KOTOpOM Oyder AaH crnocob npubau-
KEHHOro omnpejejeHuss yrJja (¢as3oBoro paccorjacoba- -

uus O,N/2, BXOILHHJ,EI‘O B dyHkuumo (3.21).

3.3. ,B,HHAMHLIECKOE COHPOTMBJ’IEHHE MAFHETPOHA

DKBHBAMEHTHOE CTATHYECKOE CONPOTHBJIEHHE MArHETpo-
‘Ha Ryo, ONpeiessiiollee CONPOTHBIEHHE MAarHeTPOHA HOCTO-
HHHOMy TOKY, PaBHO OTHOWICHHIQ AHORHOTO HAMPAKEHHAA Uo
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\ | | - | | Oyukuusg  Fo(a) B

\'" . AHAJUTUYECKHM coomo-
R THBJIEHHH Heo0XOLMMO TIPH

- XapakKTepuUCTHK MarHetrpo-
| HOB  HenpepbiBHOIO  J€ii-
N (321

? UICNOJIb30BAHO B JaJib-

K TOCTOSTHHO cocmsﬂmomen aHOAHOTO ToKa [y B SallaHHOH
paﬁoqeu TouKe (puc. 3.8, TOuKa A) ,

U .
RMOZ Ir_oo “‘—"k’tg T1.

Ilon AuMHaMu4eCKHM CONPOTHBJeHHEM MarHeTpoHa Ry
o0bluHO NpHHSITO NOHHMaTh AHddepeHIHATbHOE conpomB- |
JeHue MarHeTpoHa B pac-
CMaTPHBAEMOM DeXHUME

RMn_(aglo_) =

| —“k"tg s (3 28)
3HaueHHe CTaTHYECKODO
M JIUHAMHYECKOrO COMNpOo-

pacuere - MOLYJSINHOHHBIX

CTBUSI, a TaKxKe NpH pacye-,
T€ MOAYJASTOPOB HAJASl Mar-
HETPOHOB HMINYJbCHOTO H , |
HerpepbIBHOTO JEHCTBHS. o : AR T

Kparko  ocraHoBHMcH | | -
Ha BbIBO € COO'TIHOHIGHHI?’I pI/IC. 3.8 CTaTqu_CKoe H AWHAMH-
s ﬂHHaM*quCKOTO co- YECKOE COIIPOTHBJ/JAEHHE MaFHETPOHa.

TPOTHBJEHHS MAarTHETPOHA. |

CraTHuecKoe CONPOTHBJIEHHE MOMyYaeTcs HeHOCpeILCTBeHHO

nytem aesjenus (3.17) Ha Tok /. -
N3 (3.28) n (3.17) caenyer

W, d%__1m 22 du OF,(x) 5o
RMJ]. aa_. 010 —2— p klvc a]o a.a_ | (3.29)
B nocaenHeM Bbipa)KeHHH MHOXKHTEJb = ABJIAETCS
: o ' _

tpyHKuHeﬁ TOJI_I?_KO' yraa a. B pesy.n'b'ra.'re au(pcpepenuapom_' |

Hud (3.27) mo a mosy4nM | o |
| OF, (@
do

=27,6(0437 —2)*+223.  (3.30)
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Bripaxenue (3.21) MoXHO 3aniHcaTh

‘a=arctg (C, VT, (3.31)
rae
sin By
i 9 2N3 (r2 — 1) Qx .
Cn‘. — 81"3 & ﬂaioBYoH q)s (01 61) (3'32)

2
[NpunnMasi npu Buiuuciednn da/0l, KosdGduIEEHT “C_ He
3agHCAlEM OT [, moJyuuMm
o - Gy
= p—— ’
oy = 2yT,(13C21,)
u cootHoweHne (3.29) craner

ES02C

W

(3.33)

1

Rux= ¢ 2l % [07,6 (0437 —a)*4-2,23], (3.34)

Yi,(1+C21,)

rie a u C, ompegensioress cootsercrsenno (3.21) u (3.32).

dopmysa (3.34) KauecTBEHHO NpaBHJBHO Nepenaer 00-
[MHH XapaKTep 3aBUCHMOCTH CONPOTHBJIEHHS Ryx OT TOKa [y,
HabJdIofaeMbli B peaJsibHbIX MarHeTpoHnax, B npajbHeilnem
Oyaer nposeneH pacuyeT BOJIbTAMIOEPHBIX  XapaKTEPHCTHK
MarHeTpoHOB, M3 KOTOPOTO BMIHO, 4YTO TEOPETHUYECKHe pe-
3yJbTaThl HaXOASATCS B yAOBJETBOPUTEJbHOM KOJHUYECTBCH-
HOM COTJIACHH C 3KCHEPHUMEHTAJbHBIMM JaHHBIMY,

»
-

3.4. DNIEKTPOHHBLIA K rn. A

OILHHM U3 OCHOBHBIX axcnnyaraunomﬂmx nokKasareJseil

MaTrHeTPOHOB ABJASETCS KO3((PHUIHUEHT MOJIE3HOTO AEHCTBUS.
3BecTHO, 4TO MOJHBIM K. I, A. paBeH

N=NxTe

FJI€ Me— SJMEKPPOHHBIH K. I. A., ONPEAENAEMbId OTHOILIEHUEM
BbICOKOYACTOTHOH MOIIHOCTH, J€pelaBaeMoil »jex-
TPOHHBIM NOTOKOM KoJsiebaTejqbHO# CHCTEMe Mar-
HETPOHA, K MOIBOLUMON MOLI[HOCTH,

N — K. M. [, KoJeGaTeJabHGH CUCTEMBI,

88

Koapduuuent nosesHoro peicTBHfi- KoaeGaTenbHOH CH-
CTEMBl 7k C AOCTATOYHOHN CTENEHbID TQYHOCTH MOKHO CuUM-
TaTb HE 3aBHUCSLIUM OT AHOAHOTO ToKa Jo H MAFHHUTHOH HH-
AYKIHH B; NO3TOMYy XapakTep H3MEHEHHS TOJIE€3HOr0 K. I A.
NPH BapHaUUAX JEKTPHUECKOTO pexuMa MarHeTPOHa omnpe-
ACJASIeTCS JIEKTPOHHBIM K. H. JI.

Ilpu BBHIBOAE COOTHOLICHHWH n/51 3JEKTPOHHOrO K. I A.
OyAEM HCXOIHMTL M3 ONpEAENEHUS] IHEPTHH, BBHLAENASEMOl
3JEKTpOHaMH, NpuObIBaoluMu Ha aHon, [lorepsimu, oGy-
CHOBJEHHBIMU «O0M6apIUpOBKON» KaTo/1a BO3BP AL AfOIEHMH-
CA 3JEKTPOHAMH, B NPOBOAHMbBIX HHXKeE pacyeTax OyIaeM mpe-
Hebperatb. Mougocth o6paTHO# «GOMOGAPAHPOBKHY» 3JIEK-
TPOHAMH Katoja OOBbIUHO He npeBblmae'r H5—10% BBIXOAHOH
MOLL{HOCTH Mar"erpoHa.

Eciau 37ekTpoH npu nmonajaHuH Ha aHOA MMeeT KHHETH-
4ecKylo Hepruio W, TO BBICOKOYACTOTHOMY HOJIO NEpefaet-
csl yacTb 3HepruM, pasHas eUy,—W. B atoM cayuae pJs
3JEKTPOHHOTO -K. M. A. OTAENbHOTO 3JEKTPOHA MOJYyUYHUM CO-
OTHOILIEHHE

: W
o= — 71— (3.35)

Ilpn GosblioM KOJIHYECTBE 3JIEKTPOHOB, MPHOBIBAIOUIMX
Ha aHOJ B pasyIMYHBIX (pasax, MOKHO HCMNOJAb30BATHL NOJY-
YEHHbIE BBIE COOTHOWICHHS JJIf CPENHHX KBAaApartoB pa-
AHAJbHOH H TAHTEHIHAJbHOH CKOPOCTH.

B cOoOTBETCTBHH C NMPHUHATHIM paHee [ENEHHEM KHHeTuuye-
CKOH JHepruM 3/eKTpoHa Ha Ase uacTu: W_ u W, Bbipaxe-

Hue [Js Te MGXKET GBITb 3aMHCaHO B BRje
»

-~

W.+W,
Ne=1 T (3.36)
s (3.6) u (3.7) caeayer » )
W, +W, =5 mk’’ F. (@), (3.37)
rae
, 7 7 |
Fe(@)=|= 4| (14-1ga). (3.38)
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Hcnoab3yss npuOAHKEHHble aHAJHTHUYECKHE COOTHOIIE-
HUS OJIST CPpeIHUX KBajapaTos ckopoctH (3.23) u (3.24), no
Jy4uM cjaeaylomee Bbipaxenue 1Js Fe(a):

F,(a)=(4—02740— 1,4y a) (1 +1g2a). (3.39)

dyHkuua F.(o) noxasaHa Ha puc. 3.9.

adfy(d
fatt), S
12 /
10 Y
/
9 /7
A/
; | V%
L dol Fe (d
G _/e ’/
— """'“J-,:.
2 --.......-—-*/
g 7 20 ga 40 50 50 .
ol
OF , (o)

PHC. 3.9. Ilpoussomnas
H ¢yHrms F, (o).

oa.

[Mogcrasub (3.37) u (3.17) B (3.36), momyuum

_ Fe (%) ,
- - oy
U ewoB(ri —r r .
. — 0cC — a -4 ) — 1 (o]:[ 1 L R ; (3.41)
k?U c mk%vg kff Wc ri

0B (ri —r2)

UOC = 9 s

U. onpenensiercss cootHomennem (1.31).
Buipaxenue (3.40) yno6HO ajsl npaxTHYECKOTo HCNOJb-
30Banusi, TaK KakK B HeM 7, BbIpaxkeH uepe3 Fe(a) H Fy(a),

ABASOWUECs QYHKUUSIMU yria o u napamenpa C,, KOTOPbIH
npu B=const MOXHO CcYHTaTb [OCTQSIHHBIM AJS JAHHOTO
i
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Tuna MarHerpoia. Ha puc. 3.10 npuBedeHnl KpHBBIE 3J€K-
TPOHHOTO K. I. 1. IJs1 psiia (PUKCUPOBAHHBLIX 3HAUEHHH ma-
pamerpa (. [lnsI THNOBbIX PEXHUMOB peadbHbIX MAarHeTpo-
HOB BennyuHa Kod(dpduupuenta C. oObIYHO OTPAHNYHBAETCS
npeneaaMi b<<C.<12.

e (L)
08 e o
T
/
06— ==
/f__,..
T L
04 ///
22
_
//
/)
10 20 30 40 50 50
do

PHC 3.10. Baugnaue yrna o u napamerpa C. Ha
9JIEKTPOHHBIH K 1. A.

M3 npuBeneHHblXx Ha puc. 3.10 KpUBbIX BUAHO, 4YTO IIPH

YBEJHUEHUH yIvyia a (MHbBIMH CJOBaMH, TOKa [y) 3J€KTpOH-
HbIfl K. . ]l CHa4aJja Bo3pacTaeT, a 3aTeM najaer,
3aMeTHoe CHHXKEHHe 1, HabJLaeTcss npH yrjaax

a>40-+50° IDTUM 00CTOSITENABCTBOM MOXHO OOBLSICHHTHL Bbl-
60p peXHMa peasibHbIX MAarHETPOHOB, COOTBETCTBYIOLIETO

3HayeHus1 yraa o, ob6blyHo He npesbimarwiero 30—40°,
C ¢u3uyeckod TOUKH 3PEHHUs] CHHXKEHHe 1, B 00JaCTH

MaJblXx o OOBbSICHSIETCS] yBeJHYeHHeM noTepb, O6GYCJIOBJIEH-
HBIX TAHTEHIHAJbHOH COCTaBJSIOUIeH CKOPOCTH 3JEKTPOHA,

B ob6sacTH Ke BOJBIIHUX 0, — BO3pacTaHUEM pajHaJbHOH CO-
CTaBJISIIOIIEH CKOPOCTH.
KagR suano u3 puc. 3.10, ¢ yBennuennem napamerpa C,

MaKCHMYM KDUBBIX 1), CJETKa CMELIAeTcsi BAEBO. YTOJ «,
COOTBETCTBYIOLIHH 3KCTPEMAJbHOMY 3HAUEHHIO 1), MOXKHO
ONpeNeNUTh TaKXKe NyTeM aHAaJUTHYECKOTO McC/eJ0BaHHA
¢yakuun (3.40). Ipaduxku Ha puc. 3.10 no3BOJASAIOT JETKO
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OLIEHHTp OPHEHTHPOBOYHOE 3HAUEHME 1).. BrluncleHHe yria o
ISl peasibHBIX MarHeTpoHOB HOKa3blBaeT, YTe B 00JacTH-
3KCIIyaTALHOHHBIX PEXHMOB €ro 3HayeHHe oObiuHO OrpaHu-
YHBAETCS! HEPABEHCTBOM ‘- -

10° < a < 30°.

- YuutbiBasi Takxe, 4To QyHKUUSA 1), OTHOCHTENbHO €00
H3MeHsieTcs] BOJIM3U 3KCTPeManabHOro 3Ha4yeHusi, npuMmepHas

e mar -
0.8 ‘
-+ ’E-:M

0.6 P

04

/¥4

A

5. 7 9 1" 13 5
Ce

PUC. 3.11. 3aBucuMOCTh, MAKCHMAJbHOIO 3Ha-
YyeHHA JEKTPOHHOIO K 1 J. Nemax OT Napa-
meTpa Ce.

BeJMYHHA 1), MOXeT GblTh HalJeHa nmo rpadukaM Ha OCHO-
BaHHH pacyera ToJbKo Kos(pguuuenra C.. Kak BHAHO H3
NMPHUBEAEHHBIX KPHBbIX AJA N, ONPEHEJIEHHE 1) TONBKO IIO

ko3 puuuenty C, u rpy6o OPDHEHTHPOBOYHOMY 3HAUEHHIO ¢

aer NPaKTHYECKH  I[IPHEMJIEMYIO TOYHOCTDb npu
C.>'(5,5+6). B cayuae menpmux snadeHuil C, HeOGXOIHMO

npuderath K yTOYHEHHIO yIVa (.
Tak, nanpumep, aJasi Mar{erpoHa 3J31<npn B=0,76 g)

C.=6,45, MakKCHMaJibHOe 3HaueHUe 1), ONPENEJECHHOE IO
rpaduky puc. 3.11, pasro npubansutenpto 0,38, Ha oCHOBa-
HuH pabounx xapakrepuctuk (npu lo=10 a) n.=0,385.
- lns maruerpona 4J50 (opu B=0,69 86/m?) C,=10,58, no
rpaguky MakcMMmaJgabHoe 3HaueHue n.=0,64, Ha OCHOBaHHH
XapaktepucTuk s [p=20 a n.=0,69.
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Ha puc. 3.11 mpuseieHa Kpupas, onpenessiollas 3aBH-
CHMOCTb MAaKCUMAaJbHOro sHaudeHHs »JAeKTpolHoro K. m. I
Nemax OT Bapamerpa C,, KoTopasi MOXe¥ GbiTh HCMO/Ib30BA-
Hd 1P pacyeTe XAPaKTEPUCTHK, a TaKxke /i ONPENE/ICHNA
H3MEHEHHS Nemax IPH BapHANMSX MaTHHTHOTO TOmL. |

Pesy/ibTaThl pacuera . no ¢opmysae (3.40) n sKcnepH-
MEHTa/NbHBle JAHHEE, JUIA PAfa KOHKPETHLIX MATHETPOHOB
npusegens B § 3.5. U
3.5. CPABHEHUE PE3YJIbTATOB PKC'-IETA AHOAHOTO
HAMPSOKEHUA M IJIEKTPOHHOIO K.°N. 4. .

C BKCMEPMMEHTANBHBIMYA OAHHbBIMU -

PesyabTaThl pacyera BOJAbTAMIEPHBIX XapaKTEPHCTHK H
3JeKTPOHHOTO K. M. JA. AJIfl PSfia MarHETPOHOB NPHBECHBI
B Tabi. 4, . : ‘

Pacuer agogsoro gHanpsixenus Uy npouzsoauJcst no ¢op-
myde (3.17), B koTopo#l KospdHIuenT &), QyHKUHA Fo(a)
1 yTOJI ‘¢ OIPeJeNsiICh Ha OCHOBAHHH cooTHOWeHu# (3.15),
(3.27) u (321). Ilpu euiuucnenuu (3.21) 3sHaueHHe yria

0,N -
pPACCOTJIaCOBARHUST —5— GBIJIO B3ATO MAJIS COOTBETCTBYMOILHX pE-

2
. ’ UN
sin —-
XKHMOB MarHeTpoHa M3 Tabad. O TJ. 4, OTHOMEHHE ———,
2

BEJMYMHA KOTOPOTO OTpaHMumBaeTcs HepaseHcTBOM (2.69),
6buio npuHsTo paBibM 0,8, B K0d(pduUKEHT R, =0,5. (-

DJeKTPOHHBLIH K. M. A. PaccuuThiBajcs Nno  (dopmyJe
(3.40) c wucmoabsoBaHHeM coorHomenui (3.39), (3.41) H
(3.21). DxcnepuMeHTasibible 3HaueHus Up M 1. Onpexness-
JUCh HAa OCHOBAHHH paboyMxXx xapakKTepHCTHK H JaHHBIX
margerpouos [63]. )

3aMeTHM, 4TO HCIoJb3oBanue Boipaxenus (3.21) pas
pacuera pabOUMX’ KapaKTEDHCTHK He CBf3aHO C OOJBIIMMH
TPYAHOCTSIMH, TaK KakK JJIsl JaHHOTO THIA MarHeéTpoHa B BbI-
paxkeHuu (3.26) nepeMeHHBIMH BENHUHMHAMH SABJIAIOTCA [o,

B u cos Glg . [Tocsie onpenenennst u3 (3.21) yraa :éc_ byBKIHYA

F,(@), Fo(a) U e MOTYT GbITb HaMjeHbl MO TpaduKaM, IpH-
BeneHHpiM Ha puc. 3.7 3.9 u 3.10. Kpome Ttoro, crexyer
UMETb B BHAY, YTO B 00G/JaCTH 3KCINIyaTAHHOHHBIX DEXHMOB
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| %éﬂauaé TeopeTnueckue xapa \
TeopernyecKné u SKcnépHMeHTadbHbLie 3HAYEHHS AHOJHOTO PETH PAKTEPHCTHKH TIOKA3ALILI CIVIOWHBIMH KpH-

HANpAIREHHs M 31eKTPOHHOIO K. M. . BBIMH, SKCINEPHMEHTAIbHbIE — NYHKTHPHBIMHY,
— . M3 taba. 4 BUAHO, YTO TeopeTHuYeCKHe 3Hauvenus U, u -
TeopeTHueckoe 3HaYECHHE 9KCH€DHMGHT3M} Ne; ONp8ACACHHBIC 1O (IJOPMYJ"IaM (317) H (340)’ HaxolAT-
THIT MarHe. o |, HOe gHadeHue csl B YIOBJETBOPHUTEJIb- Up . K6 ﬂ
TpoHa ' o mor % 10 HOM COOTBETCTBHH C pe-
Uo» %8 | Mes % | gopuysre | Uo %8 | Mer % 3yJbTaTaMH H3MEpeHHH.  ,, 4J50 B I e
(5.47) B sakiouenue saMe- = B
o li2.8 - THM, YTO NPH VYCTaHOB- T
2J32 0,14 | 20 [13,6 | 41 | 27,5 | 13,3 | 50 ° ACHUH CBA3M AHOIHOrO 78
30 |14,4 143 HanpsKeHHs] C aHOAHBIM
5 |10.9 (1.7 TOKOM MOXKHO HCIOJIb30- 2J32
795A 0,55 | 10 [11,4 | 57 | 56,4 | 2,4, | 52 BaTh MOJyYeHHble B Tv1.2 /4 P e
15 | 11,7 12,9 COOTHOILIEHUS JJisi pac- P Etentt
8 |19,1 90,2 apefeneHHs] NJOTHOCTH  4p .
4J50 0,69 20 [19,9 | 65 | 67,6 | 21,6 69 NPOCTPAHCTBEHHOTO 3a- 0w 20 30
32 20,4 22,5, | psifla B CHHIAX H oIlpe- Iy, a
0,06 | 1,05 1,38 JEJTUTDh npupaienHe PHC 3.12 BoJsabraMiepHole xapaxkTepu-
CM16B 0,216 |0,1256] 1,2 65 78,3 1,48 60 AHOJOHOIr0 HanpsXKeHHs, cTuki MarHeTpoHoB 2J32 u 4J50.
“ 0.1501 1,22 1,49 Heo6XOAUMOe /1 KOM-
2749 0.48 g g:‘ég s8 4 g"ég i MeHcallUH BJUsSiHUS O0OBEMHOrO 3apsiia B CIOHIAX IIpH CO-
’ o |s ey XpaHeHHH CHUHXPOHHOTO IBHIKEHHS INOCJACHHUX.
’ Takoii pacuer 6bl1 BoinosHen B. B. Llanosbim. Mcnosb-
3131 0.76 1% %g o | as 16.7 %g’g 38 5 3ysl pe3yJabTaThl TJ. 2, UM Obljla JaHa OLEHKA BJIHSHUSA
’ 16 |14.6 o 14,1 ’ o6bemMHoOro 3apsiza (2.35) Ha BeJMYMHY aHOJHOTO Hampsi-
0,2 | 2,6 2,82 U, 8
LCW 0,06 | 0,6 | 2,86} 60 | 62 3,037 | 68 0.k
) 1,0 | 2,92 3,16 ¥ 16
- " - 373 .
8,N =F="7 | o= 7254
Yrol —g— OTHOCHTE/IbHO HEBEJUK M IO3STOMY IPH OpHEHTHPO- 12 e
BOYHOM pacCyeTe BOJIbTaMIEpHbIX XapakTepUCTHK M K. M. 1. " —
MOXKHO NpPHOJIMKEHHO TIPHHATb COS Elg~: | R
e S S g
15t cpaBHeHus1 B Ta6Ja. 4 npUBeIEHb TakxXe 3HAUEHHSA
3JEKTPOHHOTO K. M. 1., pAacCUHTaHHbie no (opMyJe, npex- 5 l_* '_____‘_J_,U“z
noxennoin B. ®. Kosanenko {112], kotopasi u3 M3BECTHLIX =
HaM (GopMyJa HaWAydIIHM oOpa3oM nepenaer 3aBHCHMOCTD .
3JEKTPOHHOrO K. M. . OT apaMeTpPOB M pEKHUMa MarHeTpo- 0 5 10 15 20
Ha (dopmyna (3.47) B [112]). BoapramMnepuole xapakrepu- Ip.a
CTHKH psila MarHETPOHOB IOKa3aHml Ha pHc. 3.12—3.14. PUC. 3.13. BonsramMnepubie XapakTepH-
04 CTHKH MarHeTpoHoB 7204, 2J42, 3J3l.
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JKEHHS] U MOJNYUeHB NOCTATOYHC NMPOCThie COOTHOIICHHA I/
BOJIbTAMIEPHBIX XapaKTePHCTHK MATHETPOHA, XOPOWIO COT/Ia-
CYIOLIMECH ¢ KCAEPHMEHTANbHBIMH JAaHHBbIMH.

Ug, k8
3,5 1
P A A
e e [
4o T — | Low
2,0

0z g4 g6 48 70
Iy, a

PIC. 3.14. BoabTaMmiephnie XapaKTePHCTHKH
marderpona LCW.

3.6. TIPUBJIMIKEHHBIA METOJZ PACUYETA OCHOBHbLIX
SHEPFETUMECKUX XAPAKTEPUCTUK TUJIATUHOTPOHA

1. OcoGeHHOCTH npoHecca B3aHWMOJEHCTBHUS JIEKTPOHHO-
ro HOTOKa C NMOJSIMH NJIaTHHOTpOHA. [1/aTHHOTPOHEL MO KOH-
CTPYKIHM M IpoLeccaM B3aHMOAEHCTBHSI BecbMa OJIH3RU
K MarHeTpoOHaM. :
© Kak ¥ B MAarHeTpoHE, 3JEKTPOHHBIH JIOTOK CO3JaeTcs
IHJIMHAPUYECKHM KaTOIOM, pacloloXeHHBIM B IEHTpe
KoJbLieBON 3amepsitoniel cucrembl. [1oCTOsIHHOE MAarsHuT-
HOE MoJie, HanpasIeHHOe [0 OCH IVIATHHOTPOHA, H paaHalb-
HO HanpaBJ/IeHHOE IOCTOSIHHOE 3JEKTpHuecKoe noje obec-
MeurBaloOT KPYroBOE ABHIKEHHE 3JEKTPOHHOTO IMOTOKA, KO-
TOPHII B3aHMOJEHCTBYET C BHICOKOYACTOTHHIM  IOJIEM
3aMeAJsIIoNel CUETEeMHEL.

[MTox meficTBHeM BBHICOKOYACTOTHOH HEPTHH, NOAaBAEMOM
Ha BXOJ ILUIATHHOTPOHA, NPOCTPAHCTBEHHBIH 3apAx TpyNIH-
pyeTcsl B «CHHUIbI», KOTOpBHIE, B3AUMOAEHCTBYSl C NOJIEM 3a-
Meénasouell cHcTeMbl, INepefaT 3IHEPFHIO TMNOCJAEIHEMY.
BblCOKOUaCcTOTHAs 3HEPrusi BBIBOJHUTCA H3 MNJAAaTHHOTPOHA
yepes BhIXoJHoe verpoiicTBo. Kak u B marHerpoHnax, agdek-
THBHOE B3aHMOAEHCTBHE 3JEKTPOHHOro MOTOKA ¢ IMOJeM
3aMe[UAIOLIeH CHCTEMBl NPOHUCXORAUT NMPH 3HAYEHMUSIX AHOA-
HOTO HaNpsiKeHHs,, 00ecHeyHBAIOIMX CKOPOCTb ABHKEHHS

SJEKTPOHHQFO NMOTOKA, OJU3KYI0 K (PA30BOH CKOPOCTH 3JeK-
L
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TPOMArHWTHOH BOJIHBI, PACHPOCTPAHAKLICHCS BAOJIb 3aMel-
JISTIOILEH CHCTEMBI.

He ocranmaBauBasicb noapo6Ho Ha yCTPOACTBe 'M mpormec-
ceé B3aUMOJEHMCTBUA B IJIATHHOTpPOHAX, OTMETHM, uTO IJja-
THHOTPOHBI, UMeIOLINEe ABA BBICOKOYACTOTHHIX BBIBOAA, MO-
ryT OBITh MCIMOJIb30BAHEI B KAYECTBE IIHPOKOMOJOCHHIX YCH-
JUTeJNed (B peXUMe aMIUIMTPOHA), a TaKxe B WadyecTBe
TeHepaTopoB C caMoBO30yXIEHHEM (B pexHUME cTrabujo-
TPOHA). ’

K OCHOBHBIM [AOCTOMHCTBAM IJIATHHOTPOHA B pEXHME

.AMIJIUTPOHA OTHOCHTCSI BBICOKHH KO3((DHLHEHT MOJAE3HOTO

neucTBUS, 0OYCJOBJIEHHBIH BbICOKOO)(PEKTHBHBIM B3aHMO-
NeficTBHEM 3JIEKTPOHHOTO NMOTOKAa C BBICOKOYACTOTHBIM MO-
JeM, mupoKas nosoca nponyckanusi (no 10—15%) u Gouab-
1asi BbIXoJHAs MOLIHOCTb. B pexume crabusorpona mpubo-
Pbl paccMaTpPHBAEMOro THIIA MOryT obecleudTh GoJsiee BHICO-
KYIO 110 CPaBHEHHIO ¢ MarHeTPOHaMHu cTabHJIbHOCTb YaCTOTHI.
BmecTe ¢ T€M, NJATHHOTPOHAM, HMEIOLIMM MHOro obuiero
¢ MarHeTpoHaMH KakK C TOYKM 3PEHHUS] KOHCTPYKTHBHOTO BbI-
MOJIHEHHUs], TaK M MeXaHH3Ma 3JTEKTPOHHOTO B3aUMOMAEHCT-
BHSl, CBOHCTBEH U psIL OCOOEHHOCTEH, K YHUCAY KOTOPHIX cJe-
IyeT Npexie BCero OTHECTH HaJuyhe «paspbiBay 3aMen-
JISIOIEH CUCTEMB! NJIATHHOTPOHA B 3JEKTPHUECKOM OTHO-
IIEHHH,

B otrauuyue ot mardeipoHa 3amenJsioiiasi cuctema mniaa-
THHOTPOHA, COCTOSILLAs] TaKXKe H3 CEepHUH Pe30HaTopoB, pac-
MOJIOKEHAHBIX MO OKPYXKHOCTH aHopHoro OJioka, He 006pasy-
€T 3aMKHYTO{ DE30HAHCHOH CHCTEMbI, TaK KaK B OXLHOM
MecTe CBSI3KH, COEQMHSIIOLIME PE30HATOPHl, Pa3pHIBAIOTCS H
COEIUHSIOTCS ¢ BXOLHBIM H BBIXOAHBIM YCTPOHCTBAMH AJS
CBSI3H TJIATHHOTPOHA C BO3OYAUTEJNEM M BHEIIHeH Harpyas-
ko# (puc. 3.15). Ilpu xopoumiem corsiacoBaHHu CO CTOPOHBI .
BXoJa M BHIXOJZA 3aMeJsiiollasl CHCTeMa NJaTHHOTPOHA
npeacrasisieT coOOM LWIHPOKONOJOCHHH (DUABTP, B KOTOPOM
B 0OJIbIIOA MOJIOCE 4acTOT NPAKTHYECKH OTCYTCTBYIOT OTpa-
XKeHHs] OT BXOAHOIO W BBIXOAHOTO KOHIOB U [O3TOMY He
o0pasyroTcsi CTOSIUHE BOJHbI H -OTCYTCTBYIOT CBsi3aHHBIE
C HUMH pe30HaHCHBIE yacToThl. OTMEUYeHHOE 06CTOSITENbCTBO
onpenessieT IMHPOKONOJOCHOCTh NJAATHHOTPOHA KaK YCHJIHU-
TEIBHOTO 3JEKTPOHHOro mnpubopa. B marnerpoHe koxe6a-
TEJbHASI CHCTEMa COCTOHT TakK¥ke H3 pe30HaTOpPOB, HMeEIo-
LMX BECbMa IIHPOKYIo nosocy. OfnHako peanusoBaTh IIHPO-
KONOJIOCHOCTb 3JIEMEHTOB KoJebaTe/NbHbIX CHCTEM HE Npe-
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cTaBJseTCs BOSMOKHBIM, TaK KakK pe3OHatopbl MarserpoHa
06pa3yioT 3aMKHYTYI0O B 3/JEKTPHYECKOM OTHOLIEHHH CHCTE-
MY, KOTOpasi HMeeT HECKOJbKO PE3OHAHCHBIX 4acTOT (BHAOB
Kose6aHHN), COOTBETCTBYIOLINX IEJOMY YHCJAY BOJIH, yKJa-
JABIBAIOIIHXCST BRAOJL NEpUMETpa aHonHOro OJoKa.
[InaTHHOTPOHBI B peXHME aMIIMTPOHA objapawTr OT-
HOCHTENbHO HEeOOJbIIHUM KO3DPUUUEHTOM VYCHJACHUS M0
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PUC. 3.15. CxemaTHueckoe YCTPOHCTBO npuBOpos

MaryeTpOHHOIO THNA:
a — MArHerpoHa; 6 -- MJI1aTHHOTPOHA

MollHocTH (nmopsinka 10—15 pas), uto npu Gonbluoit Molll-
HOCTH IJIaTHHOTPOHA oO0yCJ/OBJAKBAET Ha/JHYHE BeCbMa CHIIb-
HOTO BBHICOKOYACTOTHOI'O MNOJIsSI BIOJb BCEH 3aMeAJsiiollel
CHCTEMBI, @ 3TO, B CBOIO oOuepelb, onpeneasier rayOOKyIO
MOAYJSIIHIO JIEKTPOHHOTO INOTOKA, NPHBOASLIYIO, KaK H
B MarHeTpoHax, K obpasoBaHuw cnui. B caMom pene, npu
YCWJIEHHH IJIATHHOTPOHA NO MOLIHOCTH B «/» pa3 aMIJIH-
TyIAbl BbICOKOUACTOTHOTO HaNpsKEHHsI Ha BXOLE H BHIXOHE

MJIaTHHOTPOHA OTJHYaloTcsl npuMepHo B /' mpas. Kpome To-
I'0, 3aMKHYTOCTb 3JIEKTPOHHOTO MOTOKa, ABUXKYIIErocs BO-
Kpyr KaToAa, IGHOJHUTENbHO CHOCOOCTBYET COXPaHEHHIO
«cnuueobpasHod» KoHQurypamum HNPOCTPAHCTBEHHOro 3a-
psana.

Hanuune «cnMm» B 3JeKTPOHHOM IOTOKE, 3aMKHYTOCTH
MOCJIEAHEr0, a TaK¥XKe CXOACTBO KOHCTPYKTHBHOro odopmJe-
HHUsl 3aMelJisIIolled CHCTEMBI NJATHHOTPOHA M MarHeTpoHa
MO3BOJISIIOT pacHpOCTPAHUTL Pa3BHTHIU BHIILIE METOA HaBe-
JAEHHBIX TOKOB Ha pacyeT OCHOBHBIX 3HEPTETHUYECKHX Xapak-
TEPHCTHK NJIATHHOTPOHA.

OcraHoBUMCS Ha HEKOTOPbIX OCOGEHHOCTSIX mponecca
B3aHMOJEHCTBHA 3JEKTPOHHOTO MNOTOKA B IJIATHHOTPOHE,
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KOTOpbie HEOOXOAWMO yHecTb NPH pacnpocTpaHeHHU NOJAY-
YeHHBIX paHee pe3yabTaToB Ha IJIATHHOTPOH.

Ha puc. 3.16 uso6paxeHa 4acTb «pasBepHyTOH» 3aMel-
nAOUed CHCTEMBI muaTHHOrpoHa. IlpeanonoxuM, 4to noJ-
Hoe 4YHCJo CeKUUH 3aMeJisiiolleH CHCTeMBl pas3BepHYTOro
naaTHHoTpoHa pasHo N. OObIYHO OZHA U3 CEKUUH 3aMen-
JSouel CHCTEMBl HCIIOJNb3YETCs AJsl o0ecrnedeHuss 3aeKTpH-
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PUC. 3.16. YuacToK «pa3BepHyTOil» 3aMefasdouwedi CHCTEMBI

\ TLJIATHHOTPOHA.

yeCKoro paspbiea Koje6aTeJbHOH CHCTEMBl, AJs1 pa3Bsi3KH

BXOLA M Bbixoga. B 3TOM ciydyae UHCJIO «aKTHBHBIX» CEKLHH
O6yner paBHO

Ni=N—1,
M IJIMHa aKTHBHOH UacCTH
L=dN=d(N—1),

rne d — nepuog 3aMenasiolleli cucrembr (puc. 3.16).

Ecmu aMniuTyna HanpsiKeHHsl Ha BBIXOAE IJIATHHOTPO-
Ha Ujpux, @ pacnpeneserie BbICOKOYAaCTOTHOTO HaNpPSKEHUS
BLOJb «Pa3BEPHYTOH» 3aMeNJsIIOLEeH CHCTEMBI ONIP A EJsIeTCs
dyuknuenn U;(x), To cpeaHee 3HaueHHe aMIJIUTyAbl paBHO

x=L
U10pzzl‘ S U (.?C) dx = k2Ul‘BBIX)

rie kzm#ﬂ’—< 1.
1BH X
[Tonarasi, Kak M Inpex/e, YTOo HpoLecc B3auMoneHcT-
BUSI 3JEKTPOHHOTO MOTOKA C BBLICOKOYACTOTHBIM MOJEM HO-
cuT agnabaTHUYECKHH XapaKTep, MOXKHO CUHTaTbh, YTO Cpen-

Hsisl pafHajibHasi CKOPOCTb JIEKTPOHOB Urcp(r) MPOMOPIKO-
7% 99



HaJibHa aMnauryae  .BBICOKOHACTOTHOro  HanpaXeHHs
Urep (¥) == Usdp.

[1M0THOCTD HpOCTPAHCTBEHHOro 3apsana p (r) npu ¢u-
KCHPOBAHHOM 3Ha4YeHHH Toka /o HaXoAUTCA B 0OpaTHOH 3a-
BHCHMOCTH OT CpeliHeli paauanbHOH CKODOCTH.

Bemreactpie HepaBHOMEPHOCTH paclpeleseHHs] BeJHYH-
HH HanpsaXenus U;(x) no OXpyXHOCTH NJaTHHOTPOHA

cpeaHsss MIOTHOCTb NPOCTPAHCTBEHHOIO zapana B chuuax’

pospacraeT (mo cpaBHeHu co cayyaeMm, Koraa Ui(x)=
= prix=const), 4To NpUBOAHUT K yBeJHUYEHHIO HaBeIEeHHO-
ro TOKa, ONHAKO MOIIHOCTb, NepenaBaeMas 3JeKTPOHHBIM
IIOTOKOM BBICOKOYAaCTOTHOMY N0J110, OyAeT U3MEHATHCH BECh-
Ma cnab0, TakK Kak HaBENEHHBIA TOK B KaXIOH H3 OTAEJb-
HBIX CEKIHH Bo3pacTaeT NPHMEPHO BO CTOJBKO XK€ pas,
BO CKOJBKO Pa3 najgaer aMIJIHTYAa BBICOKOYACTOTHOIO
noJisl.

KoHeuyHo, 3T0 NOJOXKEHHEe CHpaBenJHBO A [JaTHHO-
TpoHa, paboraioillero B 06GJAacTH HaCHIEHHS, B KOTOPOH
MMEeT MeCTO MOJIHOe I'PYNNHpPOBaHUE 3/JeKTPOHHOTO NOTOKa
(T. e. B obaacTu, rae TOJHOCTHIO COOPMUPOBAHBI KCIIUILBIY ),

2. Pacyer MOLIHOCTH H K. m. 1. naTWHOTpOHa. [Ipu ana-

Jlu3€ NMPoUECCOB B3aMMOAEHCTBHA B NJaTHHOTPOHE, pacyere-

HaBeJJleHHOT'0 TOKAa Y OCHOBHBLIX SHEPreTHYEeCKHX NoKasaTesaeH
npomecca B3aUMOJEHCTBHA CJAeAYET Y4YHTHIBATb, YTO CKO-
.pOCTb NBHXKEHHMA 3JMEKTPOHHOIO MOTOKAa B IJTAaTHHOTpPOHE
YCTaHaBJAHBAETCA HECKOJILKO QTIMUAIOENCA OT CUHXPOHHOH
CKOPOCTH B MarHerpoHe. ~ :

CKOpoCTb ABUKEHUS 3JEKTPOHHOrO NMOTOKa B IJIATHHO-
TpoHe OJiM3Ka K (Has30BOH CKOPOCTH 3JEKTPOMArHHTHOH BOJI-
HBI, pacrnpocrpa”swuieidcs BAOJb 3aMEAJSAOIIEH CHCTEMEI.
B nnatuHOTpOHE MME€eT MecTO B3aMMOJEHCTBHE 3JE€KTPOHOB
¢ oOpaTHOH BOJIHOH, T. €. IBHXKEHHS 3JIEKTPOHHOTO NOTOKA
M BOJHB HanpaBJieHbl HaBcTpeuy APpyr apyry (puc. 3.16).

Has obecneuenuss 3dPeKTHBHOro B3auUMOAEHCTBUA IIOTO-
Ka ¢ oOpaTHOH BOJIHON B NJAaTHHOTPOHE NMPH HAJAHYUH A0-
NOJMHUTENbHON CeKHUWHM MeXAY BXOJHBIM M  BBIXOAHBIM
ycTpoucTBaMyd (PasoBHIM COABHI' Ha OJHY CEKIHIO 3aMeNJsio-
IIeH CHCTEMBI CJEeAyeT BHIGHpATh OTJHYAIOMMMCA OT 5t (KakK
3TO UMEJO0 MECTO B MarHeTPoHEe) Ha HEKOTOPHH Yror ¢,
3HayeHHe KoToporo OOBIMHO OrpaHWYUBAETCSA CJAEAVIOUIHMH
npeneaamu [147--149):

40° < ¢ < 60°,
100 )

B stoM caydae AAMHA BOAH, pacnpocrpaHsioumencs
BrOJbL 3aMefasdmouiel cucreMul, Oyger paBHa

Ay =2d

™

T —

B marserpoHe AJMHa BOJIHB, COOTBETCTBYIOHIAfl MPOTH-

BodasHOMY BHAy, Obuia paBHa 2d.
®a30Basi CKOPOCTb BOJNHHl B NPOCTPAHCTBE B3aMMOMAECH-

CTBUS Pa3BEPHYTOro IVIaTHHOTPOHA paBHa

p“fod_

T—¢

U(b Pt leO —

[TepexoAsl K NMJIMHAPUYECKOH 3aMelifiomeHd cucreme, no-
JTYYUM

. 47:2)‘01'““ ‘ 3.49
O m— )N (3.42)

[TocsienHee COOTHOLIEHHe onpenenseT pasoByl CKOPOCTh
BOJIHBI, Ecau A0ONYCTHTh NPUOIHKEHHO, UTO CKOPOCTL 3JIEK-
TPOHHOrO NOTOKAa paBHa (asoBOM CKOPOCTH BOJIHH, TO,
HCNOJb3YS paHee pacCMOTPEHHYIO METONMKY pacyera HaBe-
JLeHHOTO TOKa, MOXHO TNOJYYHTb Clexyioliee BhIpaxkeHHe
N5 MOLIHOCTH, NepejaBaeMoOi 3J1€KTPOHHBIM NOTOKOM BBICO-
KOYacTOTHOMY NOJIO,

m2f B (r2 —r3) 1,

P, = (3.43)

BrixogHas MOUIHOCTH paBHa
PBbIX‘:T]HPI«-

B nocsenHeM BHIpaXKeHHHM NOX Mg CJAEAYET NOHHMATb
B cJAyuyae aMIIUTPOHA K. I. 1. 3aMeAJfIOlled CHCTEMB,
a B cayuae cTabWI0TPOHA—K. N. [. 3aMEJJIAIONIEH CHCTEMHI,
CTaBUIM3UPVIONLEro pe3oHaTopa W «pasoBpamiarens. OObu-
HO 1y OlLeHUBaercs BedawyuHoH nopsaaxa 0,8—0,9.

B Ta6a. 5 npuBedeHbl pe3yJabTaThl pacyeTa MOIIHOCTH
nratuHorpoda QK434 B pexume crabunorpoHa. Ilpu pac-
yeTe WCNOMb30BaJMHCh cJaenyliye RaHHole: N=11, r,=
=205 cm, rp,=0,95 cm, fo=1300 Mey u B=0,1125 86/m?

(HanpsKeHHOCTb MarHuTHoro noas 1125 ec). Yroa ¢ Oblr

™
MPUHAT PaBHBIM .
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Tabauga 5
Teopemqecxue H QKCH?HMGHTaJIbHLIe 3HA YeHMS MOIJJ,HOCTH

crabuiaorpona QK434
Iy [a] Plpnom kKem Pomx pa‘cm Ksm Poux axem Kem.
30 575 . 517 500
4() 770 690 | 700
50 960 . 865 900
60 1 150 S 1 035 1 100

BBHAy OTCYTCTBMS 3HAUEHMS Ty HJA PeabHOH KOHCT-
PYKUMH TP pacuere Pguy OBLIO NPHHATO Mx=0,9. YUuTBHI-
Basi, 4TO BbIOpaHHOE 3HAUEHWE 1y BPAA /U MOXKET OT/JIMYaTh-
csi OT mpuHATOro 6oJjee uem Ha 10—159%, peayabTaThl pac-
yera, KakKk BHMIOHO H3 Tabaunbl, XOpPolUo COrJacCyloTcd
C SKCHEPHMEHTA/MbHBIMH NAaHHBIMH M TOATBEPXKLalT BO3-

‘MOXKHOCTb MCHOJb30BaHHA (popMmyan (3.43) IIJIH OPHEHTH-

POBOYHOr0 pacyera MOIIHOCTH.

B pexume HachlllleHHsI NJAAaTHHOTPOHA BBICOKOUACTOT-
HOe II0JIe HapacCTaeTr BJO0Jb 3aMeN/SI0Ield CHCTEME BeCbMa
OBICTPO, M NO3TOMY NPUOAMNKEHHO MOXKHO JAONYCTHTb, YTO

yroa «, aHaJOTMYHHN BBEeJIeHHOMY HaMM IPH pacuere M-
'HaMHYECKUX XapakKTepPHUCTHK MarHeTpoHa, Ha Oonabllel 4a-
CTH 3aMe[JIfIOLIeN CUCTEeMBl H3MEeHfAercs He Oo4eHp 3HauH-
TeNbHO. IJTO OOCTOSITEABCTBO T03BOJISIET PaCNPoOCTPAHUTD
pe3yJsrbTaThl aHaAW3a MarHeTpoHa Ha MJAaTHHOTPOH H Ole-
HUTh 3JIEKTPOHHBIM K. 1. J. IJIATHHOTPOHA B pexXumMe Ha-
ChileHusi no BesinuuHe C,, KOoTOpass AAs MarHeTPOHA olpe-
nensiercss MarHUTHON I/IHI[yKU;I/IeH M reOMETPHYECKMMH napa-
MeTpaMu MOCJAEIHEro. .

. ech(r2—r2") 1 o r2

Com= ——g—" 11— —

2.9 .2 ® 2
mklvc o kl c re

: | (3.41)

OnHako npUMEHUTENbHO K NJATHHOTPOHY CJENyeT UMeTh
B BHAY, UTO yIJ0Bas CKOPOCTb «CIHUL» )¢, KOTOPble (B paM-
Kax HallHX nonymeHHfI) IBHXKYTCS CHHXPOHHO C 3JIeKTpPO-
MAarHUTHOH BOJIHOM, ,ILOJI)KHEL OnpenensTbCs Ha OCHOBAHHH
COOTHOI_HGHHH =
dn?f,
(r—¢) N7

we ==
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YVUUTBHIBAIOLEr0 (ha30BYI0 CKOPOCTh BOJIHE B IJTATUHOTPOHE
(3.42). Ha ocuoBanuu (3.41), ucnonways (3.44), nerxo
paccuutaTth BeauuuHy (., a 3areM 1o TpaUKy OLEHUTHb
MaKcuMaJ/JibHOe 3HaueHHe 3JIEKTPOHHOro K. 1. JA. JAid OLleHKH
npurogHoctu popmyanl (3.41) npusBeneM pacyeTr 3JEKTPOH-
Horo K. m. A. crabunorpona QK434. [Mocre nomcraHoBKH
B ¢opmyay (3.41) BXogfililMX B HEE BEJAUUHH: & ®¢=
=1,98.10° pad/cex, UMKJIOTPOHHOH  YaACTOTH W=
=1,98.101% padfcex u k=091, nomyuum C.=9,46. TIlo
rpaduKky, npuBeAeHHOMY Ha puc. 3.11, onpegensieM Makcd-
MaJbHYIO BEJUYUHY 3JIEKTPOHHOrO K. M. I.

| nemax=0:62-
Ecnw, kak W npexpe, HNpuHATD 1x=0,9, TO TNOJHBIMH
K. T. X crabunorpoHa n=0, 56. [lo xapakrepucTukam cra-

obunorpona QK434 3Haanue nmosiHoro kK. m. na. 1n=0,52.

3 cpopmy.nbl (3.41) BupgHO, uTO Koacpcpuunem C npax-
TUYECKU JHHEHHO 3aBUCHT OT MAarHUTHOH HHAVKIMM, YTO I10-
3BOJIAET, MCNONB3YSi TPAGHK TMe max=/(Ce), BecbMa npocTo

OLUCHHTb HU3MEHEHHE K. II. J. NPU Bapuamusx MarHHTHoro
noJjs.
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TEOPUSA DNEKTPOHHOIO CMELUEHMA YACTOTH!

4.1. CNOCOb OLEHKHU ®A3OBOIO PACCOINIACOBAHUA

wl

M3 npuBemeHHOro BhHIIIE, pacyeTra BBLICOKOYACTOTHOFO
pexxupMa MarHeTpoHa cCJexyeT, uTo B o0ileM caydae 3KBH-
BaJieHTHAd NPOBOAUMOCTbL NPOCTPAHCTBEHHOrO 3apsga uMe-
€T KOMIIJIEKCHBIH Xapakrep. \ ‘

PeaktnBHas  cocraBasmomas 3TOH  NPOBOAMMOCTH,
CBsiI3aHHas ¢ HaauuueMm HasoBOro CABUTA MeXAY NepBOH
FapMOHHKOH HaBeIeHHOro ToKa [y wHanpsaxeHueM U, 06y-
CNOBJ/IMBAET CMEILEHHE 4YacCTOThl TeHepHpyeMBIX MarHeTrpo-
HOM KOJieOaHHH OTHOCHTEJBHO pe30HAHCHOH 4acCTOThl KoJe-
GaTenbHoit cucreMbl. IIpy ¢puKcHpPOBAHHOH BHeEIIHeH Harpys-
K€ U MOCTOSHHON MAarHUTHOH WHAYKHOWH C yBEJHYEHHeM Ha-
npsaxeHus Ha aHoAe Up Boadpacraer nepBasg TapMOHHKA

ToKa [y W HanpskeHue U;, u3MEHSIETCS yroJa paccorsraco-
BaHHA —‘2—1\! U, CJe0BaTelbHO, BE&JUUYHHA U XapaKTep 3JeK-
TPOHHOH TNPOBOAMMOCTH, YTO TIPUBOZUT B OOuieM cayyae
K YXOAy 4aCTOTbl MarHerpoHa. DTO SIBJeHHEe H3MEHeHMs 4a-
CTOTHI reHepupyemMblx KomeGaHuii NpH BapHalHAX aHOXHOIO
HanpsixKeHHs1 Ha3blBaeTCcd 3JeKTPOHHBIM CMEIeHHEM HacTo-
Tol. M3-3a Manoro puHaMHueckoro conpoTHUBJEHHS MarHe-
TPOHA, KaK yxKEe OTMEeYaJsoch paHee, pPEeXXHM MarHeTpoHa
YyCTaHaBJIUBAETCH W KOHTPOJIUPYETCSs HE [0 aHOAHOMY Ha-
npsxkendo Up, KOTopoe OTHOCHTEAbHO MaJjlo H3MEeHseTcs
B npepenax NHHAMHUYECKOH XxapakTepucTHKH (B=const),
a Nno BeJHUYMHEe NOCTOAHHON COCTaBJAIONIEH AaHONHOTO TO-
Ka fo. [To3TOMY npH KOJHYECTBEHHOH OIEHKE 3JeKTPOHHOIQ
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CMEILleHHs] YAaCTOThl NPUHATO OTKAOHEHHs YacTOTHl MarHe-
TPOHA CBA3HIBATL C.M3MeHEeHHeM &HOAHOro Toka /.

3aBHCUMOGTb YaCTOTHI MarHeTpoHa OT ToKa I, npH no-
CTOSIHHOW BHeEHIHEH Harpyske, TeMmnepatrype aHoaHoro 0J0-
Ka U (PUKCHPOBAaHHOM 3HAUE€HHH MarHHTHON HHAYKUHK Ha-
3pIBAeTCA  XapaKTePUCTHKOH  3JEKTPOHHOI'O CMELleHHA
YacTOTHl, KOTopad rpauyecku NpeAcTaBasiercs B BHAE KpH-
BbIX 3JIEKTPOHHOTO CMEILEHHS 4aCTOTHL. '

I OLEHKH CKOPOCTH H3MEHEHHf 4acTOThl NpH yBeJ-
YeHWH TOKAa BBOAUTCSH NOHATHE Ko3hdHIHEHTa 3/IeKTPOHs
HOTO CMENIEHHS YacTOThl, KOTOPHIA oOUpenensieTrcs NPOU3-
BOJHOH ~

o=
ol,
BBIYHCJAEGHHOH NpuH HEeH3MEHHOM 3HAaYEHUHM BHEIIHEH Harpys-
KH, MarHUTHOH MHAYKOUHM H TeMIepaTypbl aHojgHoro OJokKa.

HMccnenoBaHue 4YacTOTHBIX XapaKTEepPUCTHK MarHeTpoHa
uMeeT OoJbplIOe NpakTHYECKOe 3HaueHue, B HMIyJbCHBHIX
MarHeTpOHHBIX MNepesaTyHMKax 3SJIeKTPOHHOE CMeEIleHHe ua-
CTOTHI H3-32 HEH3OEXKHOTO OTKJIOHEHHS (BOpPMH MOLYJIRpYIO-
LIero HanpsxeHUs OT IPAMOYTOJAbHOH NPHUBOAUT K 4YacToT-
HOH MOAVJAALIMH KoJieOaHHH B NEepuOX IreHepauuu OTAenb-
HOlO HMIIyJabca, 4TO, B CBOIO ouepenb, NPUBOAUT K PacllUy-
PEHHUIO MOJIOCH YacTOT, 3aHMMaeMoOl CHEeKTPOM HMITyJbCa,
H HeoOXOMHUMOCTH YBENHUYMIHSA NOJOCH MPONYCKAHHS NPUEM-
Horo ycrpoficrea {56, 61]. TlosiBsenue B cnekTpe HMMIyJAbCa
H3-3a YaCTOTHOH MOAYJASUUH HECKOJBKHX 3HAYUTEJBHBHIX 10
BEJAUYMHE MAKCHUMYMOB MOXET IIPUBECTH K CHHUIKEHHIO TOYU-
HOCTH DAagHOJIOKAUHOHHBIX CHCTEM H Jaxe K HapyIUeHHIO
HOpMaJbHOH pabOTHl CHCTEM aBTOMATHYECKOH NOACTPOHKH
JacCTOTHI. !

B KorepeHTHO-HMNyNbCHBIX CHCTEMAaX BapHAIMU YaCTOTHI
B NEepHoJ TeHepaluH HMINyJbCa, Hxaxe He IIPHBOASALIUE
K CYL1ECTBEHHOMY HCKaXeHHI0 CnieKTpa, MOTyT OKas3aThb 3a-
METHOE OTpHLaTeJbHOE BJHSHHE Ha paboTy CHCTEMBEL.

[lpu aMnsmTyAHOR MOAYJNSAIMH MarHeTPOHOB HeNpepPHIB-
HOl'O HAEHCTBHA 3JEKTPOHHOE CMeEleHHe YacTOThl BBHI3BIBAET
MoOOYHYI0 YaCTOTHYIO MOAYJAALHI0, KOTOpas Moxer OHTH
OLleHeHa, eCNU H3BeCTHBl XapaKTePHUCTHKH 3SJIeKTPOHHOIO
CMeleHUSA YaCTOTHI.

' HecmoTpsi Ha OrpOMHYIO NMPaKTHYECKYIO BaXKHOCTh H3Y-
YeHHSl YACTOTHHIX CBOMCTB MarueTpoMa, oHH IOKa B AOCTa-
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ToYyHOH cTeneHu He uccaenosansl. Opnoi us OCHOBHbIX an- |
YUH TaKOro NOJIOXKEHHS ABJASEeTCs CJH0KHAs 3aBUCHMOCTH
3J€KTPOHHOrO0. CMelleHHsl YaCTOTH OT GOMBLIOro 4ucaa pak-

TODPOB. . | |
V[ccnenosanmo 371€KTPOHHOrO0 CMENIEHHs  YacCTOTHI,
a TakyXe ONHCAHMIO (PU3UUECKOH CTOPOHBI 3TOr0 SIBJIEHHS

MOCBsllleH psijg HHTepecHbIx pabort [87, 94, 111, 115]. Oxna-

'KO B HacTtoduiee speMda ele OTCYTCTBYET TeOpI/IH S.HQK’PPOHHO-

ro cMelgeHuda 4acTtoTbl, KOTOpAad JaBaJiad Obl BOBMO}KHOCTB"

QOBbSICHHTbL 3aBUCHMOCTH YACTOTHBIX XapaKTEPHCTHK OT Ma-
paMeTPOB W peXuMa MarLeTpoHa H, xoTsi Obl rpy60o OpHEH-
THPOBOYHO, OLEHHUTbh KOJNHMUYECTBEHHYIO BeJHYMHY KO03(h(H-

LHEHTA 3JeKTPOHHOIO CMEIIEeHUs YacCToThl M €ero CBfi3b
C_KOHCTPYKTHBHBIMU H aneKTpuquKuMH JNaHHBIMH MarHe-

TPOHOB. |
 Huxe pmenaercs TNONBITKA CO3NAaHHs TEOPHH 3JEKTPOH-

" HOTo CMEIeHHS YacTOThI, [103BOJISIIOILEH IPOBECTH KayecT-

BEHHOE HCCAEHOBAHHWE BJHSHHS ~peXuMa MarHeTpoHa Ha
YaCTOTHHIE XAPAKTEDHCTHKH M JaTb HPUOMIKEHHBI pacyer
nocnenHux. Caegyer ¢ camoro Havana MOAYEPKHYTb, YTO
pasBiBaeMas HHM:KEe TEOPHs He OXBAaThbiBaeT BceX (DAaKTOPOB,
BJAMAIOIINX HA YaCTOTHbIE XaPaKTEPHCTHKH, H TO3TOMY Ha
'OCHOBAaHUH €€ MOXXHO MNOJIYUHTb TOJbKO <«TUIOBBIE® Xapak-
TEPHCTUKH SJIEKTPOHHOTO CMeEleHHs 4acToTh. Bwmecre

C TeM OHa NMO3BOJISIET IPOBECTH KaueCTBeHHbIH aHAJU3 BJHUS-
HHSl Ha YaCTOTHBIE XaPaKTEePHCTHKH MarHeTpoHa HEKOTO-

PBIX APYrux (PakKToOpoB, HENOCPELCTBEHHO HE YUTEHHBIX MPH
BHIBOJE OCHOBHBIX COOTHOIUEHHH, Hanpnmep pexuMa Ka-
TOJA. -

CpaBHeHHe nonyquHbe TEOPETHYECKHX pesyanaTOB
~ C 3KCNEepHMEHTaNbHBIMH SaHHBIMHM NOKa3biBaeT, YTO OHH Ha-

XOJATCA B YAOBJETBOPHTE/NbHOM COTJIACHH.

[Tepexogss K pACCMOTPEHMIO YaCTOTHHX XapaKTepHUCTHK
MarHeTpoHa, 3aMeTHM, YTO, KaK cJeAyeT H3 NpPEeABIAYIIEro,
MPH W3BECTHBIX 3/IEKTPUYCCKHX JaHHBIX Ko/eGaTe bHOH
CHCTEMB M yCTaHOBJEHHOH paHee CBA3H BHICOKOYACTOTHOTO
pexXuMa ¢ aHOXHBIM TOKOM /o, MarHMTHOH MHAYKUHEH ¥ Ha-
npsaxeHueM Ha aHome Uy mpobjsreMa 3JeKTPOHHOTO CMelie-
HUSl 4aCTOThl MO CYIIECTBY CBOAUTCA K ONpeneneHuio yria
paccorjacoBaHus -52—- |

AHanu3 57eKTPOHHOTO CMeleHHs qacrorm MarHeTpoHa
IPOBENEM NpPH CHERYIOWHX ,u,onymeHHs{x
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1. CqHTaeM YTO . CIIMIBI  NIPOCTPAHCTBEHMHOro 3apsaia
ABHKYTCA CHHXPDOHHO (X0TA B o6lieM cayyae W He CHH-
$asHo) C 3MEKTPOMATHHTHOR BOJHOM paccMaTpPHBaeMOro
BHAa KoJebaHui. L |

2. TIocTOSIHHOE aHOJHOE HANpsKeHHe, TPH KOTOPOM
CIHUBl ABHUKYTCS CHHXPOHHO W CHUH(A3HO ¢ [10JeM, PABHO

1
Up=5 0B (rﬁ — ri ). @

Hpn OTHOILIEHHR rofrs, IIOLTaTOqHO 6MUBKOM K eLUHHLE,
Hanpsxenue Up, o6ecneunBaeT CHHXPOHHYIO CKOPOCTb HBH-
a‘l‘rh

’KEHUS NPOCTPaHCTBEHHOrO 3apsiia Ha paguyce r=

HeficTBuTeNbHO, NPHOMHXKEHHO 3aMeHsds .norapuq)MquCKoe
pacnpejejreHHe NoTeHUHana JHHeHHBIM, NJs HanpsKeHHO-

CTH- HO.HH ITIOJAYUHM | ‘%
Em__y_@_h_chfa—i‘rh
Fg— Ik
OTKYJa
| E Ta + T o
Vo= =0 35— - . (4'.2).

B cayuae, Korpa rqfr npuﬁﬂumae'rcsa K eIHHHIE, MOXK-
HO npeHeOpeyn _BapHaLHAMHY E Bpoar paauyca B IpoCTpaH-
CTBe B3aUMOJNEHUCTBHSI M CUMTaTb, YTO NPU MajJoOM BHICOKO-
HaCTOTHOM = TOJI€ CpPeJHAS MNepeHocHas CKOpOCTh oyner
O0/M3Ka K CHHXPOHHOH Ha BCEM HyTH NBUXKEHHS SJEKTPOHa
OT KaToja K .aHony.

B HexoTophlx MarHeTpoHax MOXKET HaﬁJHOILaTbCH 3aMer-
HOe€ W3MEHEeHHe HalpsXKEHHOCTH HoJd BAOJbL papHyca, On-
HAaKO NpPH OTHOCHTE/IbHO HeOGOJbIIOH BeJUUUHE rqfry (TIPH-
MepHO 1o [,4—1,5) U3MeHeHue HAOPAKEHHOCTH TOJS B IPO-
CTPaHCTBE B3amMojJelcTBus OJH3Ko K JuHefdHOMy. [lpn

'3TOM y KaToJa NepeHoCHas CKOpoCTh Oyner HECKOJIbKO BBHI-

e, a y aHOJAa — HECKOJNbKO HHXKe cHHXpoHHo#. Ha ocHo-
BAaHUH 3TOr0 MOXKHO NPHOAMKEHHO mojaraTh, 4TO HaATps-
KeHue, obecneunBaionlee CHHXPOHHOE JBHKEHHE SJEKTPO-
HOB, He OyIeT 3HayHTeNbHO OTAHYATHCA OT Upe. ~
PaCHpOCTpaHEHHe 9TOr0 JONVILNEeHHUs Ha MarHeTpoMHl
C ro/rr nopAnka 2—2,5, Kak MNOKasblBaeT pacyer KPHUBBIX
3JE€KTPOHHOrO0 cMeleHus uvactotel B § 4.5, He npuUBOAUT
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K CYLIeCTBEHHOMY OTKJOHEHHIO OT O01lero xapakrepa 3Kc-
nepuMeHTaJbHO HabJofaeMoON 3aBHCHMOCTH 4YacTOTH Mar-
HeTpoHa OT pexuMa.

3. Ilonaraem, uro npu aHonHoMm Hanpskenun Uy, oTaU-
vamoneMca ot Uye, CHHXPOHHOCTb JBMKEHHSI TPOCTPAHCT-
BEHHOTO 3apsAAa C BHICOKOYACTOTHHIM TOJreM obecneynuBaeTcs
dasosriM paccorsacosanuem O N/2. Tpu Uy<Uy, B MoO-

MEHT BpeMeHH, KOI'ia BHICOKOYACTOTHOE NoJie B NMasy JOCTH:
'aeT MakCHMaJbHOH BEJMYMHBI, CIHIBI pacnosarawrcsa cjie-
Ba OT cepenuHsl nasa, yroa 6 N/2<0 (puc. 2.11), uvpanu:

anbHas COCTAB/SAIONIAS [EPEMEHHOro MOoJsi YBeJHYHBaerT
HanpsaXeHHOCTb paAHajdbHOrO TOJA, MNeHCTBYIOIEro Ha
SJIEKTPOHHLIA 3apsAl CHHIBI, H TeM CaMbIM «KOMIIGHCHPYEeT»
OTKJIOHEHHEe HAIIPAKEHHOCTH IMOCTOAHHOTO TMOJA OT CHH-
XpoHHOTO 3HaueHus; npu Up>Us, Cnuusl B YKa3aHHBIH
MOMEHT BpEMEHH pacmoJiaralorcsd ClipaBa OT CEPefHHBl na-
3a, T. e. B,N/2>0 (puc. 2.12), u paguanbHas COCTaBAAIO-
iag NepeMeHHOro noJig CHu¥Kaer OOUIYI0 HalpPAXKEHHOCTH
paaHaJbHOrO MOJAS A0 CHHXPOHHOrO 3Ha4yeHMUS.

B npoBoauMOM HuXKe aHajaH3e 3JEKTPOHHOTO CMeEileHHA
YaCTOThl UCXOAUM M3 YCJIOBUS COXPaHEHHs CHHXPOHHOIO [BH-
XKEHHS JEeKTPOHOB B NPOLECCE HX MepeMeleHnsT OT IPaHuLbl
CHHXpPOHHO# oO0JsiacTu 10 aHoAa. EcTecTBeHHO, YTO IPU HAJH-
UWH CJ0XKHOI'O0 MO CBOEH CTPYKTYpe BBLICOKOYACTOTHOIO M0/
TPAEKTOPHU 3JEKTPOHOB B CNHIIE M caMa «popMa» 3jreKTPOH-
Horo obOJilaka HMeEIOT CJO0XKHBIA XapaKTep U No3TOMYy BBeje-
HUE NMOHATHS CHHXPOHHOrO ABUXKEHHS 3JIEKTPOHOB B CIHUILE
NpU COXpaHEHHU HX pPajMaJibHOTO JABUKEHHS MOXHO pac-
CMaTpHBaTh KAaK HEKOTODPYIO upeasusanuio. Bmecre ¢ Tew,
KakK cJenyer U3 pacueTra HaBeAEHHOrO TOKa, BBeJeHHAas Uuea-
JIM3anus CTPYKTYpPH O00BEeMHOrO 3apdAna BCe K€ I103BOJIHJA
OJIYUUTD YIOBJETBOPHTEJNbHOE COBNAJAEHHE TEOpeTHYeCKHUX
HaHHBIX C pe3yabTatraMy H3MepeHuH. BuluncieHue wacror-
HBIX XapaKTEepPHCTHK peasjbHbIX MarHeTpoHoB IO ¢opmysraM,
MONYyYEHHBIM HA OCHOBAHHH C(HOPMYJIHPOBAHHBIX BHINIE AO-
NYUeHHH, MOKa3hBaeT, YTO NMPHHATHIE YNPOIIAIOUIHE YCJIO-
BHSl He YBOILAT HacC JHajeKo OT IKCIHepHMeHTaJlbHO HabJiio-
JaeMblX KPHUBHIX 3JIEKTPOHHOTO CMEIEHHS YaCTOTHI.

Brinie Oblio nOJy4YyeHO cJenyioilee BhIpaXKeHHe A/
CpelHero noTeHuHasa Ha aHoue:

1

Uy=-5 0B —1") —5 20 Fy (@), (3.17)
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B ciryuasx, xoraa Fo(e)™>0 (1. e. npakTHuecKH B 60b-
wel yactu paboyux XapaKTEPHCTHK MATHETPOHOB), cpej-
HUFl TIOTEHIIMA] HA aHONE HHXKe TNoTeHuu#ya, He0OXOAMMOrO
A1 CHHXPOHHOTO («B CpefHeM») JBHIKEHH SJIeKTPOHOB
B TIPOCTPAHCTBE B3aUMOAEHCTBHS., DJEKTPOHBI, 0CTABJSAO--
{He 30HY COPTHPOBAHHS TOYHO NOJ cepeniWHON nasa, rae
1aHIeHMaabH)e ToJe HMeeT HauboJbliee 3Hadenue, OyayT
NPUXOAUTL K AHOAY € HEKOTODHIM (Da30BHIM OTCTaBaHHEM
TeM GosibuiuM, ueM Oonpiue BenuyuHa Fo(a).

C yBeanuenueMm (has30BOro paccoryiacoBaHHs Bo3pacTraeT
dbokycupymwouiee AeHCTBHE pPaavaJbHOTO BHICOKOYACTOTHOFO
nojri. B paMKax npuUHATHIX JONyilleHu# ¢asoBoe paccorsa-
COBaHWe YCTAHAaBAUBAeTCA TAKOH BeJUYUHH, IDH KOTOPOH
pesyabTUDYIONIEe pagHanbHoe nonae ofecneuuBaeT CHHXPOH-
HOoe JIBHXKEHHe CHui npocrpaHcrseHHoro 3apsapna. Cdop-
MYJHPOBAHHOMY VCAOBHIO MOpHOJUKEHHO COOTBETCTBYET
clefyioulee aHaJIHUTHYECKOE COOTHOHIeHWE:

1 m
55 k?UZFO ()

— — Ey (ra) sin 2 (4.3)

fa-"-‘fh

rae E.n(r,) — MaxkcumaJ/bHOe 3HAUYEHHE NepBOH rapMOHUKH
pamguaJbHOM  COCTABJAIOIEH  BBICOKOYAaCTOTHOrO  IoAfd
V aHona.

JleBasg yacth ypapueHHs (4.3) COOTBETCTByeT CpenHeH
HaNnpsXKEeHHOCTH PaAuaJbHOro noJss, OOyCJOBAEHHOH BTO-
pbIM 4jieHOM ypaBHeHHs (3.19); npasas wacth — Hanpd-
KEeHHOCTH PaZlajIbHOTrO NMEPEeMEeHHOro NoJisi B CepefHHe CNH-
IIbl, BbI3BAHHON (Pa30BHIM paccorjacoBaHUEM. # ‘

r 3
YpaBHeHue (4.3) saBaAsieTcsl TPAHCHEHAEHTHBIM M JOCTa-
TOUHO CJIOXKHBIM, €ClH yuecTb, 4To Fo{a) omnpenensercs

coorHomenveMm (3.31), a BxomsaAmu#é B HEre yron o — BHIpa-
xKeHuem (3.26).

[TpensapureapHo nposeneM rpaduuyeckoe pellieHHe ypaB-
HeHHs (4.3), KOTOpPOE TO3BOJNHT IPOCAELHTb 334 KayecTBEH-
HHM BJHSHHEM DEXXHMa MarHeTpoHa Ha yroJ paccorrdcoBa-
mig 0, N/2 u, crenosatenbHo, Ha YacTOTY I'eHEpHPYeMBIX

Kosiebannit. B nanpHedmem: noayyum npubauiKeHHOE aHa-
JIHTHYECKOE COOTHOLIeHHe aas yraa 0,N/2.

Hag rpaguueckoro pemenus ypasHenns (4.3) yLoGHO
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HPE,H,CTaBHTb ero B CJ]P yioleM BHAe, BhIpasus Enils)
uepes Uy: - -

| f:lgFo (“)m--— R. VI, sint, (4.4)
e Bam—w |
2 2
fr——4acToTa reHepHpyeMbIX KoJieGaHHi;
SinE'Aj" 9 9 '
R lra=m) NoFa(ry) " 2 ‘/ BUa—rH 4o
87'03?'2 m/eklg ﬁ%’__ | L NY )

- ®yHkoua Fa(r,), onpepensiemas (2.18) pas MHOropeso-
HaTOPHBIX MaI‘HeTPOHOB MOKeT OBITb MPUHATA paBHoﬁ efu-
HHILE,

YuuTHIBasA, 4TO IJISI peanbnblx MarHeTpoHoB, paﬁoTalo-
UIMX B PEXXHUMaX BBICOKOH 3()(PEKTHBHOCTH ®erfwy <€ 1, BAKSA-
HUEM Ha BeJAUYUHY R; HeOOJbLIMX H3MEHEHHWH YaCTOTHI,
00yCJ/IOB/IEHHBIX 'HENIOCTOSTHCTBOM AHOJAHOTO TOKa [y MOXKHO
npenebpeun. [lonaras npubnumKeHHO, UTO r; TakXke He 3a-
_BHCHT 0T [y, OyfeM B janbHefiieM cuuTath R;=const.

31eChb YMECTHO 3aMEeTHTh, YTO DaHee NPH pacdyere. HaBe-

JEHHOTO TOKa H HanpsKeHus Ha pPe30oHaTopax He Jenajoch
pasauuds Mexay COOCTBEHHOH 4YacToTod KojebareabHOH
CUCTEMBI fp M YACTOTOH TreHepHpyeMbIX KoJebaHui fr v npH-
HUMaJOCh fo=ffp, TAK KaK pasHuila MeXAY HIUMH COCTABISIET
- O6GbIYHO HONH MPOLEHTa, H TaKOoe NONyLIeHHe NPaKTUYeCKH
~ He 0TpaXKajoch HA BEJHYHHE TOKa M Hanpsxenus. [Tpu pac-
CMOTPEHHH e YaCTOTHBIX XapaKTePHCTHK HAC HHTEpECyloT
'MMEHHO 3TH HeOoJblllHe OTKJIOHEHHA reHeppreMOH JacTo-
L:bz fr oT uwacroTH fo.
Hcnonw3yss nns pacuera HABEJeHHOTO ‘TOKa cmmeoﬁ-
pasHyio ¢opMy 3JeKTPOHHOTO o6JakKa, c/IeyeT TaK¥kKe

~ MMETh B BHUIY, YTO OTKJOHEHUE TeHEepHUPYeMOH 4YacTOThl OT
 pe30HaHCHOW YacCTOTHl «XOJOLHOTO» MAarHeTpoHa olnpene-

JIIETCA HE TOJBbKO (l)aSOBbIM paccorstacoBaHHeM MeXAy Ha-
npaxendeM ‘U; U nepsoii rapMoHHKO# TOKa, HaBEAEHHOTO
CIMUIAMH, HO U H3MEHEHHEM  eMKOCTH aHoJ-— KaTol, o06y-
CJOBJIEHHON «BTYJKOH» NPOCTpaHCTBeHHOro 3apana (1<
<ir<r;), T. e. YacCThbiO 3JeKTPOHHOro o6aaka, rxe npub/H-
KEHHO NpeanoJaraercs paBHOMEpPHOE. pacnpezxeﬂenne 3a-
PAL3 1O OKPYXHOCTH.
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qaero’i‘y reHepupYeMBEIX Kosebanui MOYKHO npencTa-
BHTE B BHJIE |

fo="lo-+ATs+AT,

rne fo--—pes()HaHCHaH yacrora K'oﬁreﬁaTeanoﬁ CHCTEMBI
| B OTCYTCTBHE npOCTpaHCTBeHHO‘ro: 3apana,

Afs— yXOI  4aCTOTH, BBISBAHHDI AeHCTBHEM 3apsAs
«BTYJKH®; el

- Af — cmenieHue 4acTOThl, OOYCJOBJEHHOE peakaHon‘

COCTaBJISIONIEH HaBENEHHOro TOKa.
Eci npuHATH, 4TO 3apsij, 3aKAOUEHHBIH BO BTyJIKe
H3MEHSIeT eMKOCTb aHOA—Kartox Ha ACe, TO NpPHOIHKEH-

HOE 3HayeHHe AfB MOXeT OBITh HaifieHo H3 CJeLyIOIIero

Bblpa)KeHHH
Afg 1 ACax

———

fe 2 Cp,

rie Cp,— nonHasi eMKOCTh MeXAy CerMeHTaMy C YYeToM
BJUSIHUSA KaToma M CBSI30K aHoOLHOTro OJIOKA. |
Benuuuna AC.;, Bxoasdiias B mocJefHee Bmpa)KeHue
3aBUCHT CJOXKHBIM o0pasoM OT apamMerpos H peXuMa
MarHeTpoHa.
BaunsHue unmmnpuqecrqoﬁ BTy.HKPI KakK cpeinl B o0uieM

- cJlyyae ¢ KOMIUIEKCHOHW AM3JEKTPHYECKOHM IOCTOAHHOHM Ha

JHHAMHUECKYI0 €MKOCTh aHOJ-—KaToj MarHerpoHa o0cyX-
namnoch B paGorax [43, 51, 68]. Oxnako HENoCPEeACTBEHHO.
MCNIOJIb30BAHKE PE3YJALTATOB 3TUX HCCAENOBaHWB JOjs omnpe-
neneHust Afg 3aTpyIHHMTENBHO B CHJY TOro, 4TO pacnpene-
JIeHHe TMJIOTHOCTH 3apana BOMM3M KaTona B JHHAMHUYECKOM

pexHMe MarHeTpoHa B caydae OOJBIIUX aMIJUTYA, KOJe-

GaHHi MOXKET CyLIECTBEHHO OTIMYaThCS OT CTATHYECKOrO
pacnpeneneHus.

Bmecre ¢ teM, yuuTHIBast, 4TO AC,s OnpenensieTcsi TaB-
HEIM 06pa3oM HHAVKUMEH MarCHHTHOTO MOJAS M PajuycoM
BTYJIKH r1, KOTODHI B paMKax NPHHATHIX BbIIE XONYILEHHH
coXpaHsieTcss HeuaMeHHBIM (nipu® B=const), B KauecTBe
nepBoro npubaHKeHHs OyIem moJgarath eMKoctb AC,,, He

‘3aBHCALUEH OT BeMUMHBI TOKa fo. B 3ToM caydae. cMmelue-

HHe 4acToTH AJ, o6ycijoBjeHHOe ($a30BbIM pPaccoryiacoBa-

[

HHeM, GYAET onpenensiTb M3MEHEHHE 9YaCTOTHl MarHeTpoHA

¢ TOUHOCTBIO 0 MOCTOSHHON Afs.

H3secTHO, uTO B peanbHEIX yC/IOBHSX MarHeTpoH pa60-
TAeT NPU NOCTOSHHOH BeNHYHHE MAarHUTHOM WHAYKIMH, MO-
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5TOMY HauOonblMl HHTEepeC npelcTdBrsieT BBHISICHEHHE 3a-
BUCHMOCTH OTHOCHTENBHQIG YXOL& YaCTOTHI, BbI3EIBAEMOTO
BapHalMAMH TOKa Iy, Ha orpede/ieHHH KOTOPO# B nasiieir-
€M COCPENOTOYNM Halje BHUMapue.

Takum o6pasom, wacroTy MarHeTpOHa YAOGHO npe):ft'ra-
BUTB

']cr= f01 ‘HAff

rae fg=To+Afs— uyacToTa KoseGaTe/bHOH CHCTEMB C yue-
TOM BJMSAHHUS 3apsiga BTYJIKH, KOTOPYIO B npefesnax KpHBOH
5JE€KTPOHHOTO cMelleHuss 4actoTel (B=const) GyaeMm npu-
ONMKEHHO NoJaraTth NMOCTOSHHOHM.

Ecny orpaHHuuThCS YYETOM TOJBKO COCTaBJSIOIEH Ha-
BeleHHOro Toka 7,,'), T0 cBSI3b MeXnAy fr u fo, ycTamaBau-

Baercs CJIe,ZIyIOU.II/IM l'IpHﬁJIH}KeHHbIM COOTHOILIEHHEM:

-

- tg 85 \
fI"‘““fOI(l_I— £ ) i/ . (4.6)
Ypasnenne (4.4) nocje noactraHoBku (4.6) craxer
tg 6, 1 — .
(1+ 2 ) “F, (0) = — ‘;?3/2]/10 sinf,.  (4.7)
01

-

3aMeruM, 4TO MHOXKHTEIb (1 —|—'t§Q“’ ), BXOAAWME B (4.7),

[IPU BBICOKOMH noﬁpomocm Qu B 06/1aCTH 3KCMJIyaTAIHOHHBIX
PEXHMOB MarHeTpOHa, Tie |9, | He npepbiuaer o6uuHO 60 —
70°, ¢ MOCTAaTOYHOH CTENEHBIO TOYHOCTH MOXKHO NPHHATH 32
€AMHHLNY; TOJIbKO TPH HHU3KOH NOGPOTHOCTH Q, WM NP Y-
Jax 0, 6amskux Kk —90°, oH Moxer 3aMEeTHO OTJIMYaThCH
OT €[lMHHIBL YYHTHBadg TaKKe, u4ToO f,, MaJo- OTquaeTca or
[o, B hopmyse (4 7) 3aMeHHM fm Ha f,.

Ecau npu pacque yraa o B (pyHKupm D, (3 6,) Bemuuuny

icN
Sﬂ"‘g“‘

‘s

e —

5

‘B JOBOJIbHO OTpaHMMEHHBIX TIpefe/iaX, NDHHATb 33 MOCTOSH-
HYIO, paBHYIO CpenHeMy 3HAYEHHIO, TO B paByIO M JIEBYIO '

1) ‘Bausnue Toxal, Ha gacToTHbie xapaKTepHchH MarHeTpona ﬁy o

. ne'r -paccmorpeno nosme
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TN Ko'Topaﬂ, KaK OblIO NOKA3aHO paHee, H3MEHAeTCs

yacTH ypasHenusi (4.7)  GyZyT BXOAHTbL TOJBKO nepemelinbie 0,
H J,, 4TO TO3BOJIIET CPaBHUTEJBHO JIETKO IPOBECTH Tpag-
yecKoe pellleHue ypaBHEHHS M MOJNYYHTbH 3aBHCHMOCTH yraa f,
oT ToKa [;. ,

4

- PUC. 4 L. l"paqmqecxoe onpeﬂeneme yraa pacq)asnporsm 99 Ha OCHO-
~ BaHKH YpaBHEHHs (4.7).

PellleHHe YIOGHO NPOBOTHTD, 3a,ua1-3aﬁ CpHKCHpOBaHHbIe 3Ha-

yeHuss /, 1 BBLUHC/AS JIEBYI0 H NpaBYI0 4YaCTH YpaBHEHHS

(4.7) KaK ¢yukuuu 6,. Kax BugHo u3 (4.7), npaBad dacthb
ypaBHEHH] 6y;1eT B 3TOM CJy4ae NPOCTO CHHYCOWIOH, aMmJiu-

Tyna KOTOPOM mponopuxoHanbHa /7, .
‘Ha puc. 4.1 nocrpoennl Jiepast H mpaBasi YacTH ypaBHe-'

_‘Hnﬂ (4.7) ang nstu sHaueHuii Toka [ Cl‘IJIOH.leIMI/I KpHBBLIMH
__HaHeceHa q)yHKum{ F, (a), HyHKTHpI'-IbIMH-—*?BFVI sin 63, KO-

TOPYIO B J:r,a.aneumeM 6yﬂ,eM o6osHadath G, (0,). |
8—2580 . - 113



Jlns sxennyartalloHHBIX PEXUMOB MOIIHbIX Marterpo--

HoB yroa 6,<<0, mostomy pemeHus, COOTBETCTBYIOILHE TOY-
KaM 4 u 5, npakruueckd oObIYHO He peasusyworcda. [lpu
OTBICKAHUM peIleHWH B NOJOXKHTETbHOH o00JacTu claenyer
UMeTb B BHAY, 4To ¢VHKUUS Fp(a) cuMMEeTpuyHa OTHOCH-
T€JbHO OCH OpAHHAT.

\ & N !
| |2 r
E",-Tv..,,_?

s B

A
E’/ 7 4’/4///////

PUC. 42. [lonoxenne COHUL MPOCTPAH-
CTBEHHOTO 3apsja, onpeleneHHOe HA OCHO-
BaHUH IpadpHUECKOrO pelleHUs ypaBHe-
Hust (4.7).

Peinennio ypapHeHHs1 COOTBETCTBYIOT TOYKH [E€peceyeHHs
KpuBbIX /—5, abcuucchl KOTOpHIX J[awT 3HadeHwe yraa 0,
(ma puc, 4.1 yraw 6,, —0,,). [lo mMepe pocra toka I, kKpusbie
F,(a) onyckaiorcd, KoadduuueHT npu sinf, B npapoi yacT
ypapHenus (4.7) Bo3dpacTaer. IDTO NPHBOIHUT K YMEHbIIEHHIO
yraa |6,| 1 moBBIIEHHIO YaCTOTH TEHEpHPYEMBIX KOJeBaHHil.

Jns uanocTpanud NPUHATOro cnocob6a omeHKH (azoBo-
ro paccorsnacopauusi f; B Bepxues yactu puc. 4.2 nokasaHo
TMOJIOKEHHE CIOHUIB! 3JeKTPOHHOI'O 006J1aka B MOMEHT BpeMme-
HU, KOrjga nepeMeHHoe moJie HOCTUTaeT CBOEH MaKCHMaJb-
HOM BEJHYMHBI, a BHH3Y pHC. 4.2 npuseneno rpaduueckoe
peiiende ypasHenus (4.7) naa opHoro 3HaudeHus Ttoka lo.

CoorHowenne (4.7) 103BOJSIET YCTAaHOBHTH KaueCTBEH-
HYI0 3aBHCHUMOCTb yraa pacdasupoBku 0, or MarHuTHOH
114

HHAYKIHEY B, nocTossHHOH coctaBJawomeil Toka lo W napa-
METPOB MarHeTpoOHa.

4.2. NPUMEPbI OMPEAEJIEHUA ®A30BOTO PACCOr/IACOBAHMS
ANA PEANbHbIX MATHETPOHOB

Pesyabrathl rpaduueckoro peuieHust ypapHenus (4.7)
J1ST UMNYJAbCHOrO0 MarHerpona 725A u marmerpona LCW,
paboTalomiero B HENpepbiBHOM peXuMe, NPeACTaBJ/deHB Ha
puc. 4.3 u 4.4.

T { U (85)
51 (‘93)

Icfza D:(85)= Fy (X, 85)
— I l 7

:;R_ﬂ _m‘#: °a

\ \ 0a
N \\ﬁ}e\Trz L2
7254 N MY
LY LI 1
N N v
/\\ \ \\ 1
/ \ \\ \*\
R \ \
~€f(53=*—§;;1/f?5‘1ﬁ53\ AR |
7o }\ \\\\
\
” X \3\\“ 5
LAY\
N My
T\\
N
- 40 ~30 ~23d ~10 g
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PUC. 43. I'padpuueckoe peleHue ypabHe-
Hua (4.7) ansa marserpona 720A.

[Ipy nocrpoeHnn KpuBBIX, COOTBETCTBYIOLINX JIEBOH W Ipa-

Mol gacTaM ypaBHeHHs: (4.7), ObUIM NPHHATH CJAeLYIONIIME 3Ha-
. oN
sm—g—-
sN

2

MClUA BEJIHYUH, BXOOAWMX B F (@) u R, ry=r¢ u

== (),8.
M3 npuseneHHslx Ha puc. 4.3 u 4.4 noctpoennil, a Takxke
111 AJIOTHYHREIX pacueToB yria 0,, BbINOJHEHHBIX AJIS JApYTHX
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’_ MarHeTpOHos 'MOXKHO 3aKmquTb YTo B o6.nac'rn sxcmya'ra-f_
LIMOHHBLIX pPEXKHMOB MaI‘HeTpOHbI padoTalT IpH 3HAYEHUAX

\_yraa 6, npumepro or 6,=—10° no f,=—60°.

Ha ocHoBanum puc. 4.3 H 4.4 MOXKHO B3aKJIOUHTB, YTO
npoussoaHas 00,/0l, ans MMIYJILCHBIX MarHeTpoHOB B He-
CKOJBKO pa3 MeHbLIle npoussonﬂon 00,/0/, naA MarHeTpoHoB

" ﬂ;(ﬁa},&(t?a)
.

N - L=Qla | | 462 .
| Q\\ . _0,2&'\ ’{Z ' )
\§-~.__ = \\‘-r;; _ ;k\:\ 2
' " \-...._ S~ 1< ~
_ : ™~ > \
\\.\ ‘\\‘ \\\ o
. \'\.‘h\“ \\\\; 7
) b N .
O _
\;{ N
-80 - + -60 -4y -z0 :

s

PUC. 44 I'paduueckoe pemeHue ypaBHEHHH (47) o
maraerpora LCW.,

HenpepblBHOI‘O ,I[GHCTBHH OTCfona cnenye'r 4TO NPH OTUHAKO-

BOH MOOPOTHOCTH  KOJMEGATEeNbHOH  CHCTEMbl MarHeTpoHOB
MMIIYJAbCHOTO .M  HENpephIBHOTO  HEHCTBHA  KO2(DDHIMEHT

'SﬂeKTpOHHofo CMEILEHUS 4acTOThl 6yneT 3HAUUTEJLHO BHI-

e y MarHeTpoHoOB Here-pBIBHOI‘O I[@HCTBHH 1o CpaBHeHHIO -

C' MMITYJIbCHBIMH. -
- IDTOT BLIBOJ, KaK MOKAa3bIBAIOT MHorqucneHHbIe pacue-
Tl YAaCTOTHBIX XapaKTEepHCTHK PeasibHBIX . MarHeTPOHOB,

IBJASIETCA NOCTATOYHO OOLIMM IPH COOTHOIUEHHSX Napamer-
poB KoJebaTeNbHOH CHCTeMbl, IPUMEHSEeMbIX B coapemeﬂ--

HBIX MHOFOP@SOH&TOP HbIX MAarHETpPOHAX.

‘B naavneidtinem, B § 4.4, 6yayt noayuens Ooaee TqubIe |
BoipaXenus pasa 0, u Koacpcpuuuema JIEKTPOHHOTO. CMELe-
HU$ YacTOTHl, MO3BOJAIOIIHE NPOBECTH pacuer HacTOTHBIX

XapaKTepUCTHX MaI‘HeTpOHa
116

4.3. XAPAKTEPMCTVIKM BHEKTPOHHOFO CMELLIEHMS YACTOTHI
MAFHETPOHOB .

YpaBuenue (4.7) onpepesnsieT 3aBUCHMOCTb yIvia Pacco-
raacoBauus O M, caenoBaTesbHO, YacTOTHI MarHeTpoHa oOT
IOCTOSAHHOH COCTaBJAAIOUIEH ToKa-[p, H €ro MOXHO paccmMar-
pHBAaThb KaK yPaBHEHHE KDHBLHIX 3JEKTPOHHOrO CMeEIeHHA
yactoTel. OfHaKo 3T0 CJOXKIOE TpPpaHCUEHAEHTHOe ypaBHe-
HUE He T03BOJISEeT HENMOCPEACTBEHHO MOJAYYHTh B IBHOM BHJE
saBucuMoctb 0 oT Iy, UTO 3aTpymHsieT ero npaKTuquKoe

UCIIOJIb3OBAHHE.

Jns toro 4to6bl HaiiTu 3aBUCHMOCTDH b, or /o B ABHOM
BHJe, alNPOKCHMUPYeM (yHKIuO Fo(a) b,

Baeaem cenyiomee npnﬁﬂumeHHoe BEIpaKeHue A
Fo(a) v

Fo(a)':.-_-—z,275(1-—'tg'a‘c), PR _(4.8)7

KOTOpOe MOXKeET GHITb HCHO.HbBOBaHO BMeCTO (3.27) B ob6aac
CTH 3HAUEHHH -

70 a < 50°, | (4.9

rne oTkaoHenus (4.8) or (3. 27) He HpeBbIIlIaIOT 5%.
HepaserctBo (4.9) orpanuuuBaer o6jacTb 3HAYEHHH a,

'COOTBETCTBYIOIIHX 3KCIJIyaTalMOHHBIM PEXKHMaM 6onbmuH~

CTBa pE€aJibHbIX MAarHeTPOHOB.

YpaBHeHue" '(4‘..7),- NPUHAB t%(ga- <1, 3aTHIIEM B _BmLe |
F o(@) Ry . , ‘ B
Us (3.21) ._Icnléllye'r .-
@ = arctg L, V?:'cos 02, (4.11)

- 1) B nansom naparpa(pe HE yuMThIBa€TCA TOK [ . Bansnue ToKa Io1
Ha YaCTOTHbIE XapakTepHCTHKH OyAer paccmoTpeHo B crefyollem Tapa-
rpaq)e . -



rae | |
| | BN 5 |
| N 2N3 (rg - H
L,=— l/ (3 D, (4.12)
2 lorﬁ EA{_ BYono . \ .
oN
sin—é"
' —(,8
3necy npunAtro —x—=0,8,
| 2

Wz (4.12) Bumno, uto Ly npakTuuecky He 3aBUCHT OT /o.
.I'IonCTaBJmﬂ (4.11) B (4.8), noayuum

(oc)——2275(1——L ]/I cosﬁa), - (4.13)

' nocJsie 4ero (4.10) MOMKET ObITb NPEOGPA3OBAHO K BHAY

Vi

rae

f3/2

BeonuM HoBrie nepemenHeie C, u §:
L,=C,sing,

R,—C,cos§,
OTKYyIa o

2 .

S
| szVLf—I—.Rf; {=arctg 5=

| Y paBHeH#e (4.14) cTaHer |

_]/L2+R sin ( C——-B). - (4.16)
1/1 |
YuuTBIBast, YTO
C___ arcsin L ,
VL:) + R;
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—L,cosb,—R,sinb,, = (4.14)

(4.15)

pl

oV 5

) 1 -a L
6, == — arcsin ———— -}~ arcsin —. (4. 17)
- VT, VL2+R a V134 R

HoAYYAM o é??;

CoortHowenne (4.17) onpenensier 3aBuCHMoCTb yraa 6,
OT NapamerpoB M pexnMa MaI‘HeTpOHa B YaCTHOCTH -OT
ToKa /.

OTKNoOHEHHE YacTOTH TeHepUPyeMBIX KoneﬁaHuH f’s or
Pe30HaHCHOH UaCTOTBl KoJieGaTesrbHON CHCTEMBl C y4ETOM
BJIHSIHHSA 3apsiia BTYJAKH (fo1), 0OYCIOBIEHHOE PEaKTHBHOM
COCTaBJAAKINEH HaBeneHHOr'o TOKa, paBHO

| Af-i.g.frfﬁfo1~ Q tgﬁa,

e f'r —4acrora Kose6aHui C Y4€TOM BJMAHHS peaKTHBHOH'

COCTaBNAIEH TOJAbKO TOKA [, WM

' fe Ly oo 1 |
QQH -tg Larcsm-—;-—-arcsm VT[,C ] (4.18)

Af, =

4.4. BAUSHUE COCTABJIAOLWLENA HABEAEHHOIO TOKA [1
HA YACTOTHbIE XAPAKTEPMCTMKH MAFHETPOHA

C oc*rasnmomaﬂ HaBeJeHHOTO Toka [ o> 06ycn05neHHaﬂ pa-

RHAJbHBIM JIBIKEHHUEeM HpOCTpaHCTBeHHOI‘O 3apana, Kak yxKe
OTMEYaJIOCh B TJI. 2, 3aMETHO BJIHAET HAa YaCTOTHBIE XapakTe-
PHCTHKH MAarHeTpoOHOB B INpaBoH HaCTH paGoOYMX XapaKTepH-
CTHK, T. €. npH OOJBIIMX 3HAYEHHSX aHOHOT'O TOKa /.
Hxe NIPH KOJIHYECTBEHHOH OlEHKe BJIMAHUA TOKA I, HCHOJIb-

3yeTca dopmyna (2.58). PaszoBbie COOTHOLICHHS Me}KlIy TOKOM
‘M Hanpaxenwem U, Aas 3TOoro cJayyas NPHBEAEHH Ha

| | - |
puc. 2.13. Tok I onepexaer [, Ha yroa - » TO3TOMY,
Koraa yron 6, HpHﬁJIH}KaeTCH K HyMO (npu OOJBIION Beju-
UyHe TOKa Io) [, uveeT HeOOJMBILYI0 PEAKTHBHYIO COCTaBJIHIO-
myo, a/, noq'm YHCTO peakTHBHBIA. [lostomy, HecMoTpsa Ha .

TO, 4T0 TOK [, OCBMHO B HECKOJBKO Da3 MeHbille TOKa L,

ero BIHUIHHE Ha YaCTOTY IPH M3JIBIX ]63] MOXKeT OKa3aTbCsl
CYIEeCTBEHHBIM, -
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. Vyuremas, q'ro TOK I M0 BeMUMHE OBBLIYHO He TNpeBhl-
ntaet 15— 20°/,. Toxa Iﬂ, 6yZeM CUHTATh, YTO AMIJIMTYIA
MOJHOTO HaBeAEHHOTO ToKa [y, = [ . Takoe nonyuiesde He
OTPa3UTCs 3aMETHO HA pesyJbTaTe, Tak Kak Aaxe npH [, =
=0,2/ ;, Tok [y, orauuaerca oT [, BCero TOAbKO Ha 2°/,.

Cnpur no ¢ase Toka [, MO OTHOIIEHHIO K HAUPAXKEHHIO

_-.Qf.-U_l paseH (pHc. 2.13)

BN 8N R
5 —"5 '_arc.tg

g, —0,  (4.19)
17! ' L

I,

rae 0,==arctg~

‘:l

paBHO

| I )
Af = QC]:)H tg kﬁ o — arctg z:) | (4.20)
O':rHQuieHH.e L1

a1 y'—IHTbIBaH (3 50) u (2. 58) MOJKHO Tipen:
CTaBHTb ‘B BHJE -

| — - |
+=KVL. - (4.21)
11 B
oN
| | sin-f"g—“_ - |
Ecmu B (2.58) nmpuHATh | _ =0,8, To n1a K, nonyyum
| 2 |
COOTHOlIEHYEe
| | . 'sin'BN .
0,8 Qn
K, T N pl Sa, 1)]/2,“]:0 v —fl)YoH COSB:-}
- 2

. 22)

Kpome TOro, MpH pacdere UHAMHAYECKHX XapaKTepHCTHK |

MarHeTpoHoB ¢ N >6--8 n BCTpevaloMXCcs Ha MpPaKTHKe
OTHOIIeHHH -r—— (pyﬂxunﬂ | (Sa.,' S,) B mocjenHeM COOTHoIle-
HRH MO)KeT ObITh HpHHHTa paBHOH eqVHHUILE. ) |
120 | . S
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IsmeHeHHe 4acTOTHI MarHeTpOHa B STOM cnyqae Gyner

~Takum 0GpasoM,

Af = lo tg (arcsm-é—z—-—arcsmc; 1,_. — arctg K;VT). (4.23)

2QH [ 0

VlaTepecHo OTMETHTb, 4TO IPH (DHKCHPOBAHHOM 3HAYEHHH
TOKa [,, GJH3KOrO K HOMHHAJbHOMY, BJHAHHE TOK2 [, Ha ¢a-

30BbIf

2 KoJ1eGaHui BOSpaCTaeT C yMeHbllle-

HHEM MAarHNTHOH HH}:LyKu,HH 4TO XOpOLIO BHAHO H3 COOTHOLE-
aua (4.22). C yMeHblleHHEM HHLYKIHH Koacpqmuneﬂ'r K, pa-

Ty
CTeT H, CJIeloBaTeNbHO, YBeIUYHBACTCH -7— IlpaBpa, npu 3TOM
1]

HECKOJIbKO BOBpﬁCTaeT yroJ 63, a TaKXeE MEHHGTCH BGJIH‘IHH&

r,, OAHAKO HX HBMeHeHHe B 06JIE[CTH rae AMEET OTHO-

CUTEJILHO MaJIyro BequHHy, CKa3blBaeTCHA Ha K , 3HAUMTENBHO
MeHbIle, 4eM H3MeHeHHe HHAYKIpH. OTMeueHHOE OOCTOSTEb-
CTBO 6y;1e'r WCIOJMb30BAHO HAMH TpH OGDBACHEHHH HEKOTOPBIX
O0COGEHHOCTEH KPHBHIX  3JIEKTPOHHOrO CMEUIEHHST YacTOTH
peaibHbX MArHeTPOHOB.

Koadpunneut 3JeKTPOHHOrO CMelLeHHsT 4acTOTBI ‘Ha#-
aeM, ﬂHd)d)epeHquyﬂ (4.20) no Ttoky /o,

e (aAf) fo L X
| 0l, B=const T 2Q cos 2 (8, — arctg K, Vfo)

[aea 0 , .
)(101 i (:«.?rc‘tg[(1 Vi, g _. (4.24)
HpH6JIH}KeHH0 mosmaras IpH ﬂHqJQ)epeHquOBaHHH o- -

clefHero ujneHa B Bbipaxenun (4.24) Koacptpnuﬂem K; He
saucsaipM ot o, nonquM |

o c, { ! _ K } (4.25)

T 2 2101/(: Lh—1 VL (+Ki)f’
rae . - |
| . L; .1 | =
CE; 1-tg? (arcsm c. arcsmCzVI_o arctg K:Vf_o}'
o | - o (4.26)

Crenedb BJHANMS Toka /,; ‘Ha UaCTOTHblE XapakTepH-
C’IHKPI MaFHe’DPOHa MOKET 6bITb OLieHEH2 MyTeM CpaBHEeHHUs
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pesyanaTOB ,pacueTa Mo tpopMynaM (4.28) u (4.18), uro

6y1_1eT HaMu cenaHo B § 4.5.

'y . _
T A qaeB KPUBble 3JEKTPOHHOTO ¢Me-

~ ~ TOHHBIH XapakTep: IO Mepe poc-

Ja HapacTaeTr a 3aTeM <CJerka
- najaer (puc. 45)

- H3BecTHO, 4TO B PpANE CAY-
IleHUus] YacTOThl HMEIOT HEMOHO-
Ta aHOZHOTO TOKa [o wacTorare-

HepUpYyeMBIX KojeOaHui CHaya-

Ilpu panbueftmeM pocre Iy

yacToTa MO2KET CHOBa ~HadaTb

PR T gt ol R P ‘f‘#ﬁ, T I by Ry

YBGJII’I‘—II/IBE[TbCH u- BOSMO}KHO

i o Gy T T ) S W | L e R T

CKATKOO0Pa3HOe W3MEHEHHE BY-

[ = e e am e ———

(-
S

Ip

PHUC. 4.5. KpuBasi 3/eKTpPOH-

CTPbIM BO3paCTaHHUEM Fol( ) H
HO'I‘OI_ TMEUIEHUA 4acCTOTHI,

0F o (@)

.
CTBI’IG 3TOI‘O }ﬂCJIOBI’II/I CHHXPOHHOCTH Jd OCHOBHOIO BHUAA.

4.5. MPUMEPb! PACYETA XAPAKTEPUCTUK BJ'IEKTPOHHOI'O
CMELWEHUA YACTOTbI MATHETPOHOB

Ilast Toro uto6bl YCTAHOBHTb, HACKOJBKO . IPABUILHO

B KQUECTBEHHOM ¥ KOJIHUECTBEHHOM OTHOLICHWH NoJyueHHoe
Bhille BhipaxeHue (4.25) orpaxaer NeHCTBUTEJNBHYIO 3aBH-
CHMOCTb YaCTOTbl MarHeTpoHa OT PEeXHMa, a TaKXKe OLEHUThb
CTeHeHb BJMSHHA COCTABJAIOLICH HaBeJEHHOTO TOKa Ha ya-

CTOTHDbIC XapaKTEpHUCTHKH, 6bIJIPI paCCuuTaHbl KPUBLIE 3JeK- |

TPOHHOTO CMEIIEHHsT YacCTOThl psila MarHETPOHOB MO q)op
myJjaaMm (4.18) u (4.23).

s marserpodos LCW, CM16B, 4J50 u 2J32, nasa ko-
TOPBIX 110 3JE€KTPOHHOMY CMEIEHHIO YaCTOThI UMEIOTCS IKC-
NepHMEHTAJNbHbIE HaHHblE, MPOBOJUTCS CpaBHEHHE IIOCJEH-
HUX C pe3yJbTaTaMH TEOPETHUECKOro pacuera. -

‘Ha puc. 4.6—4.9 npusefeHbl KpHBble aJIeKTpOHﬁoro
cMeulenust yactotol Af;, paceuurannsie no dopmyae (4.18),

T. e. G6e3 yuera Toka [/,, W KpuBble Af, BbIUMCIEHHBIE WO

Gopmyne (4.23), yuurbiBaiowlell BauUAHAE TOKA . l,

(raba. 6). Ilpu pacuere Bcex KpHBBIX ObIIM NPHHATH Ta-

KHe XK€ 3HAUeHHUs BeJMUHH, BXOASAINHX B GopMyan (4.18)

H (4.23), Kak " an ONpeneeHuu yraa paccomacosaﬂuﬂ
6, B § 4 3.
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J1a KOJIEDaHUM, UYTO CBSI3aHO C 6bl- |

U HapyilieHHeM BCJIeJ:LCT-‘

Tabauya 6
Peaynbrarm pacuera XapaKTePUCTHK JEKTPOHHOI'O CMeUleHHS
. ‘laCTOTH
‘ | B, | | Af=fq— 1
MarH'(Ie‘;lgOHa | 86/n* fo, a 5 I. | A Mey 6 | foa’u fo
- | 5 | 20°53 | —12.8 5904 —15,58
9332 0,14| 10 | 18°44 | — 7.56 | 7°51 | —11.15
| 20 | 11026 | — 4,51 | 11°29 — 9,42
30 818 | — 3.95| 1314 — 9,9
9 | '98°34 | —15,61 | 3°26 | —-17,9
| 5 | 15°45 | — 8,08 | 5°58 —11,49
725A° 10,550 g0 | Tgeg9 | — 4,9 | 839 | — 9.5]
- | 15 7°05 | — 3,56 | 10°39 — 9,16
| o | 37°40 | —16,4 | 2040 | —17,9
| 8 | 15°20 | — 5.8 |* §°17 8.4
A0 10,690 9g | gegs. | — 3 10°13 | — 7,02
32 | s30 | =9 13908 | — 7.14
o1 56°99 | — 7,8 1011))2 | — 8,18
| 1o | 3346 | ~ 3,46 | 92°33 3.8
iy LEW 10,050 6°s | 16031 | — 1,53 | 5°04 | — 2,05
1,0 | 11°89 | — 1,05 | 6°41 | — 1,7
10,03 | 59°4 | —20,86| 0°51 _ 91,58
- 10,05 | 39°56 | —10,46 |. 1°37 | —11,08
CMI6B 10,2161 05| 99016 | — 5,12 | 3°06 | — 5,93
| 0.2 16°36 | — 3.73 | 3°59 — 4,7
| 9 | 17°49 | — 6,696 6°44 — 9,52
| 3 | 7081 | — 2,87 | 12007 —7.57
2J42 0,481 5 4°53 | — 1,78 | 15°44 — 7,84
10 | 1°55 | — 0.697| 29°91 — 9,39
9 | 93°41 | —16,19{ 5°01 | —20,2
| 4 | 1091 | — 9,45 | 7030 14,8
3J31 076 1 19 6°32 | — 4,23 | 12°10 —192,5
o 16 3047 | — 2,44°| 15°%8 | —12,9

ITo ocu opauHat Ha puc. 4.6—4.9 0T10K€EHO OTKJIOHEHHE
YaCTOThl MArHeTPOHa OT PE30HAHCHOM YaCTOTHI KosaebGaTesb-
HOH CHCTEMBI C YueTOM BJHUAHHA 3apsajla BTYJKH.

B namewm PaCTOpAXKEHUH MMETHCh IKCIIEPUMEHTANbHLIE
NaHHble U3MEPEHUN 3JEKTPOHHOrO CMeEILEHHS YacCTOThl TOJb-
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KO mas geteipex marHerposios LCW, CM16B, 4J560 u 4J32.
Ha puc. 4.6 nyHKtupoM HaHeceHa KpUBasl 3JIEKTPOHHOIO
CMELIEHUsT YacTOThI, MOJdyyYyeHHass Ha OCHoBaHHUU palouux
XapakTepHUCTHK, NpuBefeHHbIX B pabore [103]. M3-3a orcyT-
CTBHSI TOYHOTO 3HaYeHUs DPE30HAHCHOH YacTOThl KoJeba-
o, &), Me TeJbHOH CHUCTEMB MarHe-
g , TPOHa 3KCIEepUMEHTaNbHAA
KpMBasi COBMeIEHa C Teo-
of pETUYECKOH B TOYKE, COO0T-
i N o5
-4 - BETCTBYIOLEH 3KcTpeMaJb-
) HOMY 3HAueHHI0 YaCTOTHI
/ Ha 3KCMepuMeHTaIbHOH
KPUBOH, T. €. HAJAA JAaHHOTO
MarHeTpoHa TPUMEPHO B
cepenuue ©0/acTH 3KCIIYa-

4 . raliMoOHHBIX PEXKUMOB.
-1z 47 YuuteiBast, 4TO NpaKTHU-
/ y€CKOe 3HAUeHHE HMEIoT
,’z DTHOCHTEJIbHbIE HU3MEHEHHUS
-16 ' 4aCTOThi MAarHeTPOHa IPH
ll . ' 2J32

BapHaluax pexuMa, T. €.
BEJUYKMHA e, a He aOCOJIOT-
~20L: HOE€ 3HaueHHe yacTOTHl, Ha
o Y 20 310 OCHOBAHHU pHuC. 4.6 MOKHO
9> cyuTaTh, YTO pacueTHHE W
'PUC. 4.6. Kpusbie 51eKTPOH- s3KcriepMMeHTaJbHBle [aH-
HOTO CMelWeHNdad 4aCTOoTh Mar-

werporia 2132, Hble JJsE MarHetrpoHa 2J32
HAXOASTCS B 'YAOBJETBOPHU-

T€JbHOM COOTBETCTBHH.
Ha puc. 4.7—4.9 nocrpoeHsr 10 pe3yJabTaTaM pacueTa

XapaKTePUCTHKH 3JIEKTPOHHOrO CMENIeHHSI YacCTOTh MarHe-
tpoHoB LCW, CM16B u 4J50.

B tabn. 7 upuBefeHb! 3KCOEPUMEHTANbHOE W TEOPETH-
YeCRO€ 3HaueHusa ToKa [y, IpU KOoTopoM Ko3dduuHeHT 3JeK-
TPOHHOTO CMeUleHus yactorhl e=3 Mey/a nnsg marueTpona
LCW, £=20 Mey/a nna wmarnerposa CMI6B u wmeHnbme
0,2 M2y/a nns maruerpona 4J50. HaknoH xacaTeJbHBIX
KPUBBIM 3JTEKTPOHHOTO CMEILEHUS 4acToTH Ha puc. 4.7—4.9
COOTBETCTBYET YKa3aHHLIM B TalJHIle BeJIHUYHHAM & DKC-
NEepUMEHTAJbHblE 3HAUYEHHUS & U DPEXHUM, AJS KOTOPOTO OH
ONpejeNasiIcs, 3aUMCTBOBaHbI U3 pabothl [63].

Ha ocHoBanum npuBefeHHOH BHIIIE TPAKTOBKU 3JeK-
TPOHHOTO CMEIEHHA YacTOTHl ¥ HOJYUEHHBIX COOTHOIIEHHH
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Tabauya 7
JlaHHbIe TO DJEKTPOHHOMY CMENICHHIO YACTOTHI

THn Marserpoua e, Mauyja U, 8 H Io wacnepr & Io Toop, @
LCW 3 3000 0,5 0,45
CM16B 20 1400 0,1 0,122
4]50 0,2 21100 15 12

(4.23) u (4.26) MOXKHO BBISICHUTb HEKOTOphIE OCOGEHHOCTH
KPUBBIX 3JMEKTPOHHOrO0 CMEIEHUSA YACTOTHI M BJHSIHUE HA UX
dbopMy napaMerpoB KoJeOaTeNbHOH CHCTEMbl M MarHuTHOH

df:dffr MEL{
g |

el
Af !N /f

LW

0 02 o+ 06 48 1,0
ID:- a

PUC. 47. KpHBLIe 3J€KTPOHHOTO CMENIeHHS Ya-
cTOTH MarHerpona LCW.

UHAYKuuUA. B panbHeiimem OyaeT HpuBeAeHO TaK¥XKe Kaue-
CTBEHHOE pPacCMOTpeHHEe BJMSIHMS Ha YaCTOTHbIe XapaKTe-
PUCTHKY MAarHeTpoHa 3MHCCHOHHOH CHOCOGHOCTH KaTomda.

Huxe ocraHoBuMcsi riaBHbBIM 06GpasoM Ha (usvyeckoH
CTOPOHE 3aBMCHMOCTH YACTOTHBIX XaDaKTEPHCTHK OT mapa-
METPOB H pexHMa MarHeTpOHaA.
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[Tpy NOCTOAHHOH MarHATHOM MHAYKIMA B 0oOsracTH Ma-
abix TOkOB [y HaGaionaercss ObICTpOe yBeJIHUYEHHE YACTOTHI

MardHeTpoHa C pPOCTOM TOKa, KOTOPOE€ NOCTENEeHHO YMEHb-

maeTcd, a B pAle CAyuaeB B IpaBO# YaCTH XapaKTepPUCTHK
MOXKeT HalJionaTbCH HeOOoJ/bIIoOe yMeHblIeHUe 4YacTOThl re-

of,, af, Mey
g

B
=

RS

/
A/
/

CM16 B

-20 ,/

a 0,05 a7 a75 6,2
Ig, a e

PUC 48. Kpunble 3JeKTPOHHOTO CMelile-
HHA yacTOTHl MarHerpona CMI16B,

Hepupyemblx KojdeGanuit (puc. 4.9). Dbosabmiasg xpyrusHa
KPUBOH 3JEKTPOHHOI'O CMEIUEHUs YaCTOThl B 00J1aCTU MaJbIX
TOKOB OOYCJOBJUBAETCS, KaK 3TO MOXHO BHUAETb W3 MNpHU-
MepoB mpacduueckoro pemueHus ypaBHenusi (4.7), ObICT-
pBIM H3MEHeHHeM yria paccorjacoBauus |0, npu Gosrbuioi
BEJWUNHE NOCJAEIHEro y 3HAUUTEAbHbIM AUHAMUUECKHM CO-
NPOTHBJIEHUEM MarHerpoHa. Kpome toro, npd Manabix 3Ha-
yeHusiXx Jyp CKOPOCTb HapacCTaHUst BBICOKOYACTOTHOrO Hamps-
xkeHus U, npubiausutenbHO NPONOPUUOHANBHO BeJHyuHE

/1,, Benvka, 4to TaKXKe CHOCOOGCTBYET GbICTPOMY H3MEHEHHIO
yraa .

ITo mepe pocta [, u ymenblleHus yrda |0, cHuXaercs Be-

JHUYKHA KOB(I)Q)HIIHGHTE[ JJCKTPOHHOrO CMEIHECHUA YaACTOTHI e.
126

B upaBofi "acTH pabouuX XapakTepucTuk, rae |B;| umeer oT-
HOCUTEJIbHO HeGOJbUIYIO BeIMUHHy, peakTHBHAf COCTaBJAIOUlAd
ToKa [, MoxeT ObITh COM3MEpHMA C PEAKTHBHOM COCTaBIISIO-

me#i TOKd /_, ¥ MOMXET MNpPUBECTH He TOJbKO K CHHXKEHHIO e,
Ho ¥ K u3MeHeHuio ero 3Haka. Kak ormedatock B § 4.4, oT-

I
P Bospactaer  a&f,4f;, My
IT.I I

10 Mepe CHUXKEHHUST MarHuT-
HOH HHAYKIIUH, TO3TOMY afr_—
BausAHME ToKa [, Ha ya- -4 v
CTOTY MarHeTpoHa OCOOEeH- / 1
HO 3aMeTHO IpH OTHOCH- il
TeJbHO HeGOJbIIOM 3Haue- _g )
Huu uaaykuuu (puc. 4.10).
Caenyer, OIHaKo, HMETb {/ t
B Buly, 4YTO B oOJac™™ _,,

OYeHb MaJOH MHIAYKIUH /
KpuBasi MOxKeT BooOule He ]

HOHOICHHUE

d

\

‘.-.-———’_

uMeThb -yuacrka, rae <0,
Tak KaK C yMeHblIeHuem ¢
HHAYKIIHE NaJaeT BbiCOKO-
gyacToTHOe HanpsxkeHue U,

i 3ameTrHo Boapacrtaer 47
yroJ 0,.

B o6aacru 3kcmiayara-
NHOHHHIX pexumoB yBeau- PHC. 4.9 Kpusble 31eKTpOHHOro
yeHHWe MalCHUTHOH HHAYK- CMelllenns ::CBE%I MarHeTpo-
U OpH (PUKCHPOBAHHOM
3HaUYeHUH TOKa [y HPHUBO-

IUT K BO3pacraHuio HaupsikeHuss Uj, K CHHXKeHHIO yrJja pac-
dasuposku [0,/ u, ciegoBaTeNbHO, K HEKOTOPOMY yBeJIHYeE-
HUIO yacTOThl MarHerpoHa (puc. 4.10).

B o6nacty MaabiXx TOKOB C yBeqMUEHUEM HHAYKIUH He-
CKOJIbKO BO3pacTaeT KPyTH3HA KPUBBIX 3JEKTPOHHOTO CMe-
IEHUS YacTOThI, 4TO TaKxkKe oObscHseTcs 6oJiee OBICTPHIM
POCTOM aMIVIMTYAbl KoaeGaHuii ¥ cHumKeHueM yraa |6y,
KOTOPOE 0COGEHHO 3aMETHO MPH MaJjbliX TOKaX, rie yroj |0,
MMEET OTHOCHTENbHO O6OJbIIYIO BEJIHUMHY.

M3 puc. 4.6—4.9 BuaHO, UTO AJSA BCeX PACCUHTAHHBIX
cJAyuaeB yacToTa reHepupyeMbiX KoJaeOaHUH HHUXKeE Yyacro-
TH fo;. CpaBHenue xkpuBbix Af; u Af mokasbiBaeT, yTo OTKJO-
HeHHE YacTOThl MarHeTpoHa [p OT YacToThl fp B 00JacTH
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OOJIBIIUX TOKOB B 3HAUUTEJNBHOH Mepe OnpenensieTcs BJHS-
HHEeM DeaKTUBHOH COCTaBJAIOLIEH TOKa fpx-

Ha ocHoBanun upuBeneHHbIX NPUMEPOB ONpeAeNeHud
yraa paccoraacoBaHus U KPUBbIX 3JEKTPOHHOI'O CMELUEHUSA
JaCTOTHl MOXKHO 3aKJIOUUTh, 4YTO B 006JIaCTU 3KCIIyaTalUMOH-
HbIX pPeXHMOB KO3(pPULUEHT 3JEKTPOHHOTO CMEIueHHS ua-

af § CTOThl JOCTUTAaeT 3HAUUTEJLHO

) 8, OOJbLIXX BEeJHUUH AJA Mar-

~ HETPOHOB, paboOTAOIUX B He-

NpepbLIBHOM  pexuMe,  TO

b2 CpaBHEHUIO ¢ HUMIYJIbCHBIMH.

8; [dJs1  npakTHYeckKH  HUCHOJb-

3yeMblX MAarHeTpoOHOB cgop-

MyJUpPOBaHHOE OJIOXKEHHE

UMeeT AOCTATOYHO OOLLUH Xa-

paKTep, B UeM HeTPyLHO yb6e-

OIATbCH, HaUpuMep, OIlLEHHUB

NOPANOK BEJUYHH, BXOIAALIUX

» B npubauxeHHOe BHIpAXKEHHE

A8 Ko3¢hPUuHeHTa 3JeKTPOH-
PUC. 4,10. Bausuue MmarHutHo#t HOTO CMEIEHUA YaCTOTHI.

HHAYKUMH HA (OPMY KDHBBIX [TonyueHHble paHee COOT-

T oy ICHHA HOLIEHHSI IJIsT yrjaa paccorfa-

HACTOTH COBAHHUSA H JIEKTPOHHOI'O CMe-

IeHUST ‘4aCTOThl MO3BOJSIOT

CPAaBHHUTEJbHO JIETKO YCTAHOBUTH BJUAHHE Ha 4YacTOTHbIE

XapakTEePUCTUKU He TOJbKO peXuMa, HO ¥ MapaMeTpPoB KO-

JebaTeNbHO CUCTEMBl MAarHeTpoHa, HalupuMep JO0OpPOTHOCTH

KoJlefaTeJbHOH CHCTeMbl, BOJIHOBO# INPOBOAUMOCTH H T. A.-

He ocranaBauBasche MogpoOHO Ha 3TOM BOIIPOCE, OTMETHUM,

YTO pe3yJbTaThl PACCMOTPEHHS BJAUAHUA NapaMeTpoB Mar-

HETPOHA Ha KPUBBIE JIEKTPOHHOIO CMEIIEHHsT 4aCTOThI HAXO-

AATCA B KAUeCTBEHHOM COIVIacUy C JAaHHBIMU 3KCHEPHMEH-

TaJbHHX HaOJI0JeHUH.

4.6. KAYECTBEHHOE OBCYMAEHUE 3ABUCMMOCTU DNEKTPOHHOIO
CMELWEHUA YACTOTHI' OT PEXXMMA KATOLA

B INPpOBEACHHOM paHECC aHaJ/TH3€ B3aUMOJEHUCTBUS 3JEK-
TPOHHOTO NOTOKa C BBICOKOYACTOTHBIM TOJIEM HE 3aTparu-
BaJICA BOIIpOC O BJ/JUAHHAHM PpPEXKHUMA KaTOAa Ha p360Ty
MATrHETpOHA. BuMmecte ¢ TEeM, paclipeie/ieHue NMJOTHOCTHU IIPO-
CTPaHCTBEHHOTO 3apsja BOJIM3Y KaTQAa oOKaisblBaeT 3aMer-
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Ho® feficTBHe HA AMHAMHUECKHE XAPAKTEPHCTHKM Mare-
TPOHA. DKCNEPUMEHTANbHbIE HAOMIOAEHUS MMOKA3BIBAIOT, UTO
B TpoOIllecce MJIHUTE/bHOH 3KCIIyaTalldd MOLIHBIX MariHerpo-
HOB 3aMETHO HU3MEHSIIOTCS €r0 YACTOTHbie XapaKTEePHCTHKU:
BEJUUHHA 3JEKTPOHHOTO CMEIUEHHsI YacTOTHl, a B PALE CJIy-
yaeB u «hopmMa KPUBO# 3TOro CMeEIleHus, 310 0O6CTOATEJb-
CTBO JaeT BO3MOXKHOCTb MpeAnoJarath, YTo 4acTOTHHeE Xa-
DaKTEPUCTUKH  3aBHCAT OT 3MHUCCHOHHOH CIrOoCOOHOCTH
Katofa U pexUMa NPOCTPAHCTBEHHOro 3apsina BOJU3M Ka-
Toga.

OctanoBuMcsi Ha (U3UUECKOH CTOPOHE BJMSIHHUS MpPO-
CTPAHCTBEHHOI'O 3apsna Ha YaCTOTHble XapaKTEpPUCTUKH
MarHeTpoHa. YBeJuueHHe NJOTHOCTH IPOCTPAHCTBEHHOTO
3apsana BOJAU3Y KATOAA NPUBOAUT K YBEJHUEHUIO HATIPSIKEH-
HOCTH pagvajbHOro O0JA B HPOCTPAHCTBE B3aUMOIEHCTBUA
(OT BUpPTya/JbHOrO KaTojia 10 aHojaa) M, Hao6OpOT, UCTOILE-
HHEe BTYJKM OO0BEMHOro 3apsiia B CJayyae OTpaHHUEHHOH
3MHCCUHU KaTona OyneT NpUBOAUTL K HEKOTOPOMY CHHUKEHHIO
HanpsiXKeHHocTy Nosst. MameHneHue HanpsKEeHHOCTH HOMAA
OTPa3HUTCA Ha CPEAHEH YIVIOBOH CKOPOCTH [ABUKEHHUS 3JIEK-
TPOHOB H, CJefOBAaTeNbLHO, HA yIJe paccornacoBanus. B nep-
BOM CJydyae MOXKHO OXHUAaTh YyBEJHUEHHS 4YACTOTH Mar-
HETpOHA, a BO BTOPOM CJyuae — HEKOTOPOTO €€ yMeHb-
ILIEHHUA. .

I'oBopsa 0 cHMKeHHHU 3MUCCHHU, UMEETCSI B BULY HE TOJBKO
nepBUYHas, HO M BTOPUUHAA 3SMHUCCHS, O0OYCJOBJEHHAS
oO6paTHOll «O0OMOAPIHPOBKON» 3JEKTPOHAMH KaToAa, KOTO-
pasg B MOLUHBIX MarHeTpoHax MUMeeT JOMHHUPYIOIEe 3Haue-
HUue B oO0lleli 3MUCCHOHHOM CHOCOGHOCTH Karoja.

Ha ocHoBaHuu NpHHATOH TPaKTOBKU 3IJEKTPOHHOTO CMe-
IHeHUs YacTOTbl MOXKHO [JOMYCTUTb, YTO CHHUXKEHHE 3MHC-
CHOHHOM CHOCOOHOCTH KaTolda NpHBEAeT K CIeAyIOWEMY
U3MEHEeHUI0 (POpPMBI KPHUBBLIX 3JEKTPOHHOTO CMEIEHHUS Ya-
CTOTHI.

Ecau mpuy HOpManbHOH 3MHCCHM KaTOda KPUBAsg HMEET
TUIUUHYI0 JAJds Marderposos ¢opmy (kpuBass [ Ha
puc. 4.11), To 1o Mepe ucTolleHHs KaTona, T. e. O Mepe
CHHXeHHd NJA0THOCTH oObeMHOro 3apsiia BOJIM3HM KaTOAa,
6yaeT Bo3pacTath ¢asoBuil yroa 8, ymenwmatbesi pao-
yasgt yacrora (mpu [o=const) u yBenuuuBaThCA 3JEKTPOH-
HO€ CMelleHHe 4acTOTHl & B 006JaCTH 3KCOAYyaTaUMOHHBIX
pexuMmos (xpusble 2 u J).
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Bcnenersue TOro, uto yros-paccoraacosaHis npu oLHOM
H TOM Xe€ TOKe [p A5 KPUBBIX 2 0 & 6oJbllle, ueM AJd KPH-
~BOH I, TIpU HCTOLHEHHH KaToHa & COXpaHseT 3aMeTHO OOJib-
IIyI0 BeJUUUHY B 06/1aCTH SKCIAYATAIUOHHBIX pPEXKHUMOB.
DKcnepuMeHTalbHble HaGMIOJEHUS KaueCTBEHHO IOA-
TBEPXKIAIOT Takoe U3MEHeHue B XapakTepe KPUBLIX 3JIEK-
TPOHHOTO CMEUIEHHS 4acTOThl B MNpouecce AJUTEILHOH 3KC-
,, NJayaTalug MarHeTpPOHOB,
YuurbiBas, yTo B 0011eM
9MHUCCHOHHOM TOKe KaTona
3HAUHTEJbHYIO dYacThb CO-
cTaBJsgeT TOK BTOPHUYHOH
5MHCCHY, KOTOPHI# B CUJb-
HOX CTeneHW 3aBUCUT OT
peXuMa MardieTpoHa, MOXK-
HO OXHJaThb oupeaeJeHHbIX
OTK/JOHEHUN (QOpMBI KpHu-
BbIX 3JIEKTPOHHOTO cMellle-
HMfI 4acTOTH  peaJbHBIX
MarHeTpoOHOB OT NpHUBeJeH-
< HBIX BbiIle B 00J1aCTH pa-
‘ » fp  OGOuUMX XapaKTEpHUCTUK, TAe
PUC. 4/11. Bausnue smucenonnofi HAOJMIONAETCA 3aMETHOE H3-

CriocOBGHOCTH KaToga Ha QopMy Kpu- MEHEHHUE -BTOPUUHOH 3MHUC-
BHIX GJEKTPOHHOTO CMEIeHMH 4a-  CHHU.

CTOTHL NsMmeHenueM nNJAOTHOCTH
NPOCTPAHCTBEHHOTO 3apsina

BOJIU3 N KaToAa, 0'6yCJ'IOBJ[eHHbIM HEIIOCTOAHCTBOM 3MHUCCU- -

OHHON CHIOCOOHOCTU NOCHAeJHero, MOKHO OOBACHUTL NOABJIE-
HHE «NPOBAJIOB» B KPUBOH 3JEKTPOHHOTO CMEIEHUs YACTOThI
(xpuBas / Ha puc. 4.11), BeanuuHa KOTOPHIX MOXKET Bapbu-
pOBaThCA B 3aBUCHMOCTH OT pexuMa Karoha. B cayuasnx,
KOrZla M3MEHeHHe 3MHCCHOHHOH CrocoOHOCTH Katoja (u3-3a
IIepBUYHON HJH BTOPUYHOHM IMUCCHH) IIPOHCXOAHT B Y3KOM
auanasoHe 3gaueHui Toka [y, .MOryT HabaOparbcsd «CKau-
KooOpasubie» OTKJIOHEHHg 9acTOThl, HeOoJbllue 10 BeJUYU-
He, HO Hpoucxoasdilye ¢ 60JblIoN ckopocTtblo (puc. 4.12),
T. €., HHBIMH C/JIOBaMH, IIpU HEKOTOPbIX TOKax [, MOTYT Ha-
O6JI00aThCA pe3Kue yBesiHueHUs Kod3hGHUmUEHTa 3JEKTPOH-
HOro €MeEIUEHUS YaCTOThi € KaK B CTOPOHY OTpPHUIATEJbHbIX,
- TaK U B CTOPOHY HOJIOXKHTENbHbIX 3HAUCHUH B 3aBHCUMOCTH
~ OT TOTO BO3pacTaeT HJH ITafaeT MHUCCHOHHAf cNocoOHOCTD
kaTtoga. [lpu 3TOM B BOJbTAMIEPHBIX XapaKTepHCTHKAX
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MoOryT HabGawonaTbes HeOOJblIINE <«U3JOMBI», CBA33HHBE
C HEMOCTOAHCTBOM JHHAMUYECKOTO COTPOTHBJEHHS Marme-
TpoHa (puc. 4.12).

Crporo roeops, pacCMOTPEHHOE BJMAHUE 3apAna BTYJIKU
Ha YacToTy KoJsieGaHu# MarHerpoHa 6yner HabJonaTbes,
ecin usMeHeHUuss eMKOCTH ACqr, onperensieMoii 3apaioM
BTYJKH, OTHOCUTEJIbHO HEBEJUKH. DKCrepUMEHTaJbHble Ha-
6J101eHus, KaueCTBEHHO UOA-
TBEPIKAAIOUINE BBbICKAa3aHHbBIE ,af,4
BBIIIEe MOJOXEHHUA, KOCBEHHO Up
CBUJETEJNbCTBYIOT O TOM, 4TO
B HOpPMAaJIbHBIX YCHOBUAX pa-
60Tbl peaJibHbIX MarHeTpPOHOB
BJAUSHUE peXHuMa KaTtoma Ha
GbOopMy KpUBBIX 3JEKTPOHHOTO
CMelleHusA 4acToThl 0ObACHA-
eTcd B 00Jbliel CTelleHH u3Me-
HeHueM ¢asoBoro paccorJa-
coBaHusd, dYeM BapHaluAMH
emMkocTd AC,r, XOTd Tochen-

'.‘
| 49

il
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HUMH IPU JOCTATOUHO CTPO-
rod KOJWYeCTBEHHOH OIleHKe
npedebperatb HeJb3d.

Takum o6pasom, wusJo-
KeHHaAsl Teopus 3JeKTPOHHOTO
CMEIIeHHs YacTOThl Kayecr-

PHUC. 4.12. Bausaupe Ha dopMmy
KPHBOA 3JIGKTPOHHOTO CMeIleHHSA
YacTOTH H BOJBTAaMMNEPHYIO Xa-
PaKTEPHCTHKY Pe3KOrO H3MeHe-
HHUA paclpelefeHHsT NJIOTHOCTH
sdapaga BO6Jau3M Karoja.

BeHHO M npuOJINKEHHO Kosauye-

CTBEHHO COTJIACYETCSl ¢ SKCUEepUMEHTa/JbHBIMU JAaHHBIMHU.
OpaHako, KakK cjaenyeT U3 HpeiAblayliero, lipefcka3aHue OT-
KJIOHEHHUH (POPMBI KPUBBIX 3JIEKTPOHHOTO CMeLIeHUs 4acTOThl
OT «TUNOBBIX» KPUBHIX W KOJHYECTBEHHAS OLleHKA ATUX OT-
KJOHEHUH MoryT 6asupoBaThbCsad TOJNbKO Ha pe3yJbTarax
LETAJNbHOTO HU3YUEHUS peXHuMa Karoja ¢ yuetoM oOpaTHOH
O00oM6apAUPOBKH €ro 3JeKTpoHaMu H Apyrdx (hakTopos,
BJAUSIOIIUX HAa 3MHCCHOHHYIO CNOCOOHOCTb H, CJEL0BATE/b-
HO, Ha 'pachnpeféJeHHe IUIOTHOCTH. MPOCTPAHCTBEHHOTO
sapsana B6sau3y Karona. B dacTHoCcTHM, HA BTOPUYHYIO 3MUC-
CHIO 1, CJI€elO0BaTeNbHO, HAa 3JEKTPOHHOEe CMellleHHWe MOKeT
OKa3biBaTb 3aMETHOe JeHCTBHE IKCIEHTPHUHOE pPACIOJIONKe-
Hue KaToAa, aCUMMETPHUd BBICOKOYACTOTHOTO moJsd, ofy-
C/IOBJI€HHAS! BBIXOJHBIM YCTPOHCTBOM MAarHeTpoHa, 3JieMeH-
TaM# HaCTPOHKH, AaCHMMETPUUYHHIM PacloJOoXeHHEM CBf-
30K 4 T. I .

g% 131



47 METO,EI.I/II{A OPI/!EHTIAPOBO'-IHOI'O PACYETA _
‘XAPAKTEPI/!CTI/!K MAI'HETPOHA B ,LI,I/!HAMI/I'-IECI{OM PE}KI/IME

B npakruke eKCHJIyaTaIIHH MaI‘HeTpOHOB npH ocym'e—\__

CTBJIEHUH MOAYJAIMM, NPH CHHXPOHM3AUHH, a Takke IpY
KOHCTPYHPOBAHHH MAarHeTPOHOB CTANTKUBAIOTCS C He0OXO-
AUMOCTBIO YCTAHOBJIEHHUST AOCTATOUHO IPOCTOM, a IVIaBHOE~-
KQUeCTBEHHO HarJsiHOH CBfI3H BOJBTAMMEPHBIX XapakTe-
PUCTHK, SJIEKTPOHHOTO K. I. J., MOIIHOCTH M YaCTOTHBIX
CBOHCTB MarHeTPOHa C PEXHMMOM H mapaMeTpamy MOCJej-
- HETO.

[Ipu pacueTe AHHAMHUECKHX XapaKTePUCTHUK I0OJaraeM,
YTO -TeOMETPUUYECKHEe U HEKOTOpble 3JeKTpuueckue hapame-
TPB! KoJe0aTeNbHOH CHCTEMBl MarHeTpoHa 3aaHHI.

MomiHocTb, nepeaBaemMasi 31€KTPOHHBLIM TOTOKOM IIOJIIO
B niporecce Bsanmonencmwﬂ

nfy B(ry —r) I,

P, = 2 — . - (2.52)

Paguyc OCHOBaHUA CIHI I npnﬂnmaem paBHLIM pa-

AUYCV CHHXPOHHOIO CJ04, T. €.

r—r;ry’ o
1= e Wy — 20

JHna OGoablIHHCTBA cnyqaeB Oy > g, H TOTA2 MOXKHO
TPUOTHKEHHO NPUHATD 1| =7y . |
BrixogHas MOLLHOCTb MaFHeTPOHa

) wfoB (r2 — )1,

- PBH}I:"JHPI::(I QH N

Qo

Amnautyna nepeMeHHOTO HaNpSIXKeHHs HA Pe3oHaTopax .

'- /9P,
Ul — V YIQH .
: (1133 _
-®a3oBoe paccoryiiacoBaHue MepBOHM IrapMOHUKM HaBeleH-

v HOI'O TOKA OTHOCHTEJbHO HANPANKECHHUSI Ha pe3oHaTope

et BHN 61N _ pt - ' Q
SO arctg =08, (419

#

riae ﬁ'-—lar.c-sin L, '-.—-arcsin- L.
e C2 : Cz VT—-’

C.=VLi+R;

RN

(2.53)

L, onpenensercss cOOTHOLIEHHEM (4 12) n

R = 0,44

f3/2 *

'MﬂoroqncneHHbIe pacqe'rbl MOKasbIBAIOT, UTO AJA NMpPAKTHU-
4eCKH HCIONbL3YEMBIX MarHeTpOHOB R, L L ¥ MPUGJIHKEHHO
MoxHO mpHHATL C, = R,.

yI‘QJI
| 0, —-—arctg = arctg K;Vfo,
Iy
riae

| sinEly-

| 0,8 2 NQx
— cos ..

Kl | pr E%f_ l/-anoB (rz._— r%) Yoo 0S U,

[Tocaennee BblpaxkeHue CoOOTBETCTBYET (4.22), B KOTOpOM

npuHAToO P (S, §;)=1, uT0 € HOCTATOYHOH CTeMeHbIO TOY-

HOCTH cnipaBenuBo npu N > 6+ 8,
SJIeKTpOHﬂoe cMemeHHe YaCTOTHI

Pacuer S.HEKTpOHHOFO CMem,eHHH 4aCTOTH HeNpephIBHBIX
MarHeTpPOHOB MOXHO TPOM3BOAHTL NO YNPOUIEHHO# (hopmyne

Af = 2Q tg 0,, Ges ydera BJIUAHUS paﬂnanbﬂoro TOKa. E)To
H

OGBACHAETC TEM, YTO MATHETPOHbI HeNPEpHIBHOIO AeHCTBHSA,

KaK MpaBuJO, pabOTAIOT NpPH OTHOCHTEJNBLHO HEOOJBLIOH Bemi-a

upHe [, W OoJbllux yIJax paccorsacoBaHus O, T. e.

B 06JIaCTH rne cJaBo cxasbiBaeTcsd BJUSHUE TOKA 1

AHO,ELHO& Hal'IpH)KeHHe
U -—--———ch (r —r )

N |
ok Fol),  (3.17)

tae Fo(a) onpeﬂemercﬂ cooTHOWweHueM (3.27) uau u3 rpa-

(ppma Ha puc. 3.7 mo yfJy @, paccuuTHBaeMOMy MO Q)opmy-
(3 Bl) u (3.32). B coornomennn (3.32) bynkumusa

oN
sin —

D4 (s, 8,) = |

b

cosB,==0,8cos b,.
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SMPOHHMH K. IL 7. onpene.naerca o q;)opmy.ne

M= 1 | Fy (@) R (3.40);'.__

_C — Fy (2)

e Haxonnrc;l no rpadHuky puc. 3. 10 mocae HpeIl'BapHTe.Hb-

Horo pacuera C. 1o cpopMy.ne (3.41).
HOJIHbIH K. I I

- "l_ﬂe'ﬂk
Kak yXe 0TMeuanocs, chpMyJIa (3 40) He y'—IHTbIBaeT

1oTepb Ha 0OpPaTHYIO 60M6&p)1HpOBKy KaTona BO3BpaIalno-
IAMUCH 3/IEKTPOHAMH, KOTOpHIe COCTaBJIHK)T 5—109% BH-

XOJIHOH MOIIIHOCTH.

JlunavMHdeckoe CONMPOTHBJCHHE MOXKET 6bITb paccqm'aHo Ha
OCHOBaHHH COOTHoWleHHsA (3.34) HJIH 11O  HWCXOXHOH (hopmyne

(3.29), B KOTOpOH

Oa
oF, an‘. | | |
b a(a) ~ 110 l‘pagJHKy puc. 3.9, 3amerum, 4TO Ko'écp(pmneﬂ'r

onpenensem us (3.33), a NPOM3BONHYIO

C‘; , onﬂ,ﬂmnn B cpopMyJIy (3.33), 6B paccqm'aﬂ paHee npu
OTIpe/ieNeH N  q. B

5

" MEPEXO/AHBIE MPOLIECCH! MPM MMITYSIbCHOM
PABOTE MATHETPOHA HA HECOTJIACOBAHHYIO
MEPEAAIOLLYIO SIMHWIO BOJIBLLIOM [IMHbI

5.1. SBNEHWE «3ATAMMBAHUSA» YACTOTHl MATHETPOHA

Hccnenosanuio aBTOKoJe0aTeNbHBIX CHUCTEM C ABYMA
cTeneHsAMU CBOGOAB! HOCBSAIUEHO GOJBLIOE Yuciao pabor co-
BETCKMX H MHOCTPAHHBIX yueHHX. M3BecTHo, 4To npH omnpe-
JleIEHHBIX COOTHOLIEHUAX [TapaMeTpPoOB B CHCTEMAaX C ABYMSA
cTeNeHsAMU CBOGOALI HAGMIONAETCS SBJIEHUE «3ATATUBAHULY
4aCTOThl, HPOSABJSIOILEECS B CKaYKOOODAa3HOM H3MeHEeHHH
JaCTOTHl TeHEepUpYeMBIX KoJebGaHuil Tpu MIaBHOM H3MeHe-
HAM PEaKTHUBHBIX NapaMeTpPoB MNaplHaJbHBIX KOHTYDOB.
SIBIeHye 3aTATUBAHHMS YACTOTH B OOLIUHBIX J1aMIOBBIX reHe-
patopax moApoGHO paccMoTpeHo B paborax (5, 7, 71, 99].

I/IsyquHe BTOTO SBJEHUS NPUMEHHUTEJbHO K MarHeTPOHY,
paboTamileMy Ha HECOTJIaCOBAHHYIO HATPY3KYy, HMEET CBOIO
Cneuu UKy, 06yCJIOBJ1eHHy10 0COOEHHOCTAMY, CBA32HHBIMH
C MmpHucoelVHEeHUeM BHEUIHeH Harpy3Ky uepes mnepeaiolnylo
aunuto (dupep) B psage cJydaeB 3HAUYHUTENbHOH NPOTAXKEH-
HocTH. OpHako ecau OFpaHHT-IHBaTbCH paccMOTpeHueM Crta-
IIHOHAPHBIX PEeKHUMOB M MX YCTOHUHMBOCTBIO «B MaJOM», TO
MardeTpoH BMecTe ¢ lepefalomel JUHUeH ‘MOryT 6bx'rb'_npe)1-
CTaBJieHbl B BHJE MPOCTOH SKBHBAJEHTHOH CXEMB!, HCCJE[O-
BaHue KOTOPOH He BBI3bIBAeT INIPUHUUNHAJbHBIX 3aTpyHHe-
Hufi [46, 54, 63, 95, 109]. Yuurbias 310 06CTOATEIBCTBO,
OrpaHH4uMCcs B JaHHOM naparpacpe KPaTKUM H3J0XKEHHEM
(u3udecKon cyumoc'm ABJEHUs HAa anMepe npocrenmeﬁ
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aBTOKOJe6aTeJbHOA CHCTEMBl M BBIBOJE HEKOTOpPBIX COOTHO-
HIeHHH, KOTOPble HUCMOJb3YIOTCHS HaMHU B AajbHeHHIEM,

B mocaenyomux naparpagax OyAyT pacCMOTPEHH mepe-
XOJHble NpPOLECCH B aBTOKOJAe0aTeJbHBIX CHCTEMax, B Ya-
CTHOCTH B MarHerpoHe npu palboTe mnocaeaHero Ha uepe-
NAIOUIYI0 JMHUIO OOJNBIIOH NPOTANKEHHOCTH. IDTOT BONPOC,
HeCMOTPsI Ha OOJIbIIYIO NMPAaKTHUeCKyl0 BAXKHOCTb, HE IOJY-

44 v M i}
1) Gy
Je Ly L2
73 ’r
a)

PUC. 5.1. DkBuBaJeHTHAS cXeMa aBTOKOJebaTeMbHOH CHCTEMBHL.

UAJ B HACTOfLUEE BpeMdA ellle JAOCTATOYHOrO OCBElUeHus,
ecJu He CUMTaTh KaueCTBEHHOro OOCYyXKIAEHUS NPOUCXOAs-
WX npu 3TOM (uU3nuecKux sfABJAeHUE B paGotax [46, 56,
71, 109].

C 1ejpi0 BHSICHEHUS (HU3UUECKOH CYILIHOCTH SIBJIEHHS 32-
TACUBAHHA YACTOTHl B OOBIUHBIX ABTOKOJeOATENbHBIX CHCTE-
Max C ABYM# CTeleHsMH cBOOOABL oOpaTHUMCS K IpocTeHlled
3KBHUBAJEHTHOH CXeMe reHepaTopa, u300paXKEeHHOH HAa
puc. 5.1,a, rae g. npeacTaB]AsgeT OTPUIATENbHYIO 3JKBUBA-
JEHTHYIO 3JEKTPOHHYIO NPOBOAUMOCTb, KOTOPYIO IOJaraem
UHCTO aKTUBHOM.

OGo3HauHM peakTHBHLIE CONPOTHBJEHUS NapLHaAJbHBIX
KOHTYPOB

I
X;=oLl,— oC, "

|
xz —_— Q)Lz-— -—*'(;(—:'*—2—“.
¥

BnusiHue BTOpPOrO KOHTypa Ha IepBLIH yuTeM BKJmOue-
HAEM B MEPBHH KOHTYpP AONOJNHUTENLHOTO aKTHBHOrO U pe-
AKTHBHOT'O BHOCHMOrO comporusJjeHuit (puc. 5.1,6):

m?Mﬂ
Ar, = G) 5= T2y
ro~ x5
oM
Ax,= 2 L2 e
ra - X3

136

B crauuonapHoM KoseGaTenbHOM peXUMe BHINOMHSIOT-
cAd JBa YCJOBHUS:

w2M? 1
r L 1 r L - —_—
1 rg + xg 2 1 ge 0 (5. 1)
H
w?M?2
X X, =U.
T Y (5.2

Hocnennee ypasuenne, yunrbBasi, uro wacrora KoueGanuil
Malo OT/IHYaeTCs OT COGCTBeHHOH YacCTOTH NEPBOTO map-

IIHa/IbHOTO KOHTypa, MOmeT ObiThb 1Mpeofpa3’oBaHO K BHIY

Fl -G e ref = o
©y

TAE ¢ == 7 :

0)1 L1C1 ’

— 1 .
P2 TG
Qz—r mlzcz JAOOPOTHOCTL BTOPOTO KOHTYPa;

2
M
Ko3(phULYeHT CBA3H.
P VL,L, b

BrisicHnM 3aBACHMOCTb YaCTOTHl T€HEepUpPyeMBIX KoJe6a-
HAH OT 4acCTOTHl HACTPOHKH BTOPOTO KOHTYypa, T. €. OT Ws.
B yactHom cayuae, Koria uacToTa IEepBOr0 ¥ BTOPOro
KOHTYpPOB COBHALaeT, T. € O=0g=y, ypaBHeHUe (5.3)

YIIPOIAETCA:

w2 02 2 ., 17
Sl arint

YpaBHeHue B o0lieM .caydyae MMeeT TPH MNOJOXKHTEb-

HbIX KOPHA: NMEPBBbIH KOPEHb 1= o, [Ba OCTaJbHbIX KOpHS
OnpeRensioTca U3 YpaBHeHHUd

(mg ) I Q% ’

O, 1 == @ = %Vﬁan ~— 1. (5.4)
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TeflbHOE 3HaueHue npH .

, U3 (5.4) caeayer, 4To KOPHH o H 1 MMEIOT NOJOXKH-

rae pxp=1/Qs —Ko3ddHuuueHT CBA3H, COOTBETCTBYIOLIUM

 KPUTHYECKOMY 3HAUYEHHUIO Noc/enHel. .
11 Takum o6pasoM, npu cBs3u-60Jblle KPUTHYECKOH CylIe-

| CIBYIOT TPH d9acCTOThl: W1==o, 011> H Wm<wo.-Hacro-

T2 ®1 COOTBETCTBYET HEYCTOHYMBOMY COCTOAHHMIO CHCTEMBI.
- JlomycTuM Tefepb, YTO YacTOTa BTOPOTO KOHTypa H3Me-
HuJjgacb: - | | -
| L o2 =0+Aws.

| aro-_npnaeﬂeﬁf K M3MEHEHWIO DEe30HaHCHOH YacTOTHI KOJe-
baTesbHOH cHCTEMH B 1eI0M Ha Aw. o .

- Paccrpo#ika BTOpOro KoHTypa OTHOCATEJBHQ HacCTOTH
paBHa - R 3 -
| : 00— =Aw—Aws.

*

" Ilpu Majoft BeuduHe paccTpoiiku Az ¥ Aw ypaBHenue

.'(5,3) NPUMET BHJ

B Aw — Aw, »
" Aw N . - X ..
o, =P Q5 fo—a\® - (5.5)
R (2Qz Y | |
M | |
I - e =T (5.6)

4= ("&') 2;‘-
- \IED

: Aw— Aoy
R :2Q2 W '_.2. g

-

~ Harepecyomas nac 3aBucuMocTb Aw=f(Aw,;) ompene-
Jasiercsl ypasHeHueMm (5.5). Coornowmenue (5.6) naer sasu-

CHAMOCTbL OTHOCHTEJbHOH pPAaCCTPOMKW HacTOTH reHeparo-.

- Pa o OT OTHOCHTEJNbHOH PacCTPOHKH YaCTOTHI BTOPOTO KOH-
Typa, €clH yd4ecTh, 4T0 B ypaBHeHuu (5.6) . |
| S:Co__;cg'. |

¢

rae £,=2Q, 5(5:5.;’_ .
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.

& Ha puc. 5.2 npuBelieHa 3aBHCHMOCTb o OT §y /nA Tpex
.sgauenuil Kosddnuuenta cpsasn: p<Pxp; P=Pxp H P>Pxp

M3 kpuBHIX BALHO, UTO AJs1 P <Pxp N3MEHEHHE JaCTOTHI
reHepaTopa MpH MepecTpoiike BTOPOro KOHTYpa NPOHCXO-

AT HenpepbiBHO, XOTH BOAM3M TOuKM [p=0 uMeerT MecCTo

OueHb GBHICTPOE yBeNuueH#e YaCTOTH ¢ pocroMm Awe. B cay-

P.p

PUC. 52. 3aBHCHMOCTh OTHOCHTEJBHOH!
paccTpoiiku § OT OTHOCHTeJbHOH paccTpoi-
|  KH BTOpOr0 KOHTYpa G

~
-

qae p>Pyxp HAOMOLAETCH CKaYKOOOpa3HOE H3MEHEHHE qa-
CTOTBI M MMEeT MeCTO XapakTepHas UeTIs 3aTArHBaHud:
OpH - BO3pacTaHud {p OTHOCHUTENbHAsSE DaCCTPOHKa Co usMe-
HSeTCS B COOTBETCTBHM C KpuBo# AgB), B Touke B; npoHc-

XONHT CKauKooGpasHoe uaMedeHue (o A0 3HaUeHHs, COOT-

BeTCTByIOLIEro Touke By, npu 06paTHOH nepecTpodke BTO-

poro KoHTypa cKadkoo0pa3HOoe H3MEHEHHE YACTOTHI TIPOMC-
xonuT B Touke A;. TlepeMeineHne TpeacTaBJgONIeH TOYKA

BIOJIb KPUBBIX IOKa3aHH Ha pHC. 9.2 CTPEIKaMH.
" Anajoruuna¥ KapTuHa 3aTArMBaHusf YacToThl HAGJIO-
faeTcs B MarHeTpOHaX UpY H3MEHeHWM HArpysKu.. Marue-

TPOH ¢ TOJKJIOYEHHOH K HeMy mepejaloliel JUHUEH MOXKeT

GLITh 3aMeHEH SKBHBAJEHTHOH CXeMoil, H300paKeHHOH HA

puc. 5.3,a, rae oGosHaueHo: |
 Yo=g+jbe—aneKkTpoHHasA . NPOBOAUMOCTD

npocTpas-
CTBEHHOTrO 3apfala; o

-_ﬂ.wﬂ""""?” PRI Ty
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e gH—l—;b “HPOBOﬂHMOCTb KOJIéﬁ-aTeJIb'Hbii’l cncTeMbI_'-- :

MarHeTpoHa;

YH—“g’H'\L]b x — TIPOBOJAUMOCTb HATPY3KH ¢ yueToM nepe--

Jalileyd JUHUU U TpaHC(pOpanyiomero
eHCTBUA BBLIXOLHOrO YCTpOHCTBa Marge-
TPOHA. - | B

re—=-n 4

o=

. A
a)
PUC. 5.3. DkBHBa/eHTHasA cXeMa MArHeTPOHA M BleO,H.HOI‘O
ycTpoiicTaa.

[Iposonumocte Y’y Moxker ObITHL oOmpenesieHa cneayxo’-_

UM obpasoM. BxopHass npoBOgUMOCTb - nepenaxomen JU-
HUH, TOAKIIOYEHHOH K MarHeTpoHy, pasHa

1 — k2% 4 2k si
e e, AR

- Tae Yo-—BOJIHOBaH NMPOBOAUMOCTb Nepearolell JUHUYU;

R, ¢ —monymb u ¢asa kKosdduumenra OTpa}I(eHHH Ha
- BXOJe JIMHUH.

~ Boixognoe ycTpoficTBO MarsHerpoHa, TpaHC(pOp'MprIo-
mee Ygy K «3aMuMaM» Kose6GaTeNbHOl CHCTEMBI, MOMKET
ObITp INPEACTaBJIEHO B BHAE SKBHBAJEHTHOH CXEMHI
(pHC 5.3,6), cocToslled U3 HAeaJbHOTO TpchcpopmaTopa
¢ K03 hHIHEeHTOM . Tpaﬂocpopmaunn r, PEAKTHBHOH NPOBO-

JIEMOCTH b” v comporusnenus x'. Tlpu manoil Benuuune b,

1 X’ IPOBOHMMOCTD, MOAK/IOUEHHAsA K IKOJIeﬁaTeJ’IbHOH cHCTe-
Me, paBHa _

Y — | o2 Y 1 —k® 4 2jk sintla | | (5.7)

° T4 &+ 2kcos b

B crausoHapHOM peXHMe MAarHeTpoHa BHINOJHSIOTCS

yCJAOBHAS DABEHCTBA HYJIO CyMMbl AKTHBHBIX M PEAKTHBHBIX
c’oc:TaBJlmome NPOBOJAUMOCTH:

ge+gu+gn-—o 68

140 |

- Ecan nipeneGpedb H3MeHEHHEM DEAKTHBHON 3JEKTPOHHOH

1poBOAMMOCTH b, TO MOAKJIOUEHHE HEGOJBLIOH MO BeJU-
YHHe NPOBOJAUMOCTH HATPY3KH b’y NMPUBOJHMT K H3MEHEHHIO

4aCTOTH MAarHeTpoHa, KOTOpoe MPUONUKEHHO MOXKeT OHITh

-onpeneﬂeﬂo Hd OCHOBaHHH COOTHOIIEHHUA

. Fob's
Afo".‘"'—”QYm ’y (5-10)
Tae fo——qaCTOTa KoseGannii mpu b'y=0; i
Yox — BOJIHOBasg TPOBOAUMOCTL KOJe6aTe/qbHOM CHCTEMBl
MarHeTpoHa. |
U3z (5.7) u (5.10) cnenyeT 4TO
- 2
| a¥ole ksl
Afy = — L 2kslnd (5.11)
2Y o l+k + 2k cos ¢ :
HJiY | 3
| . sin-¢ " | |
- Aw,=—a T cosd | (5.12)
| 14k | |
e Y=g -
afYocoa'
R OO

B cnyqae COT/IaCOBAHHOI HarpySKn Yex=Y,, Ya=gu=

' -———-a Y, u Koacpfpnunem a paBeH

. mo _ o : : '
2 (Qsn)y’ (9. 13)
. g’.H GEY" . . . _ _ .
rae (QBH)O_—:?G_H :-?-;;——BHGIJ]HHH noﬁpOTHhob_npn corjia-

COBaHHOH Harpyske.

Coornomenusa (5.11) u (5.12) onpenensitor Kpusble 3a-
TATHBAHUA 4aCTOTHl MArHETpoHa (puc. 5.4). |
Onpenenum Haubosbilee H3MEHEHHE YaCTOTHI Marserpo-

 Ha npu QUKCHPOBAHHON BejuuuHe & (HAH y). .

®aza , npu KOTOPO# (YHKIHs (5.1) umeer SKcrpe-
MaJbHble 3HAYeHHs, HalleM U3 YDaBHEHHS

d 2k sintla ) | |
d‘]’( I + &% + 2k cos ¢ )"‘“O’ (0.14)
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Pementte ypasnenust (5.14) npuBomst K COOTHOMEHHMIO

2k 1
q cos § == TR T (5.15)

MakcumasnpHOe OTKJOHEHHE YacTOThl MarHerpoHa oT
3HayeHus, COOTBETCTBYIOLIEr0 COTJIacOBAHHO Harpyske, I10-
ayuuM, noactaBuB (5.15) B (5.12):

(‘0 — 0 mex = 2ak 2 .
0 l___kz {

Y —1

-~

ﬂf % k rr?

A /

PHUC. 54. KpuBrle 3aTArHBaHHA YACTOTH MarHe-
TPOHA.

3aTaruBatnue yacTOTh MATHETPOHA HJid 3aJ8HHOTO 3Ha-

YeHHA MOAYJS KOos(pumueHTa OTpaxKeHus k ompepessercs
COOTHOIIeHUEeM

F, — 2(0—0)max _ 2k a
2% \ 7 (1 ——-kg)“ﬂ/'??:"]
HJIH ‘
__a mie1l
Fp=v-——, (0.16)
14k .
TAe m == y—7~—KO3DQUIUEHT CTOAYEH BOMHbI 110 HAaNPSKEHHIO.

[Tocnennee BBIpaxkeHHe MO3BO/ISET HA OCHOBAHUHY 3KChe-
pPUMEHTAa/NbHBIX AAHHBIX (M, Fp) onpenenuTs napaMmerp a,
XapaKTepH3yIOUIHid «4yBCTBUTEJbHOCTbY» "MarHeTpona K H3-
MEHEHHIO Harpyskd C TOUKU 3PEHHSA CTAaOHIBHOCTH UaCTOTHI,
¥, ucmonbdysa (5.13), paccunmTaTe BHEWHWOH HO06pPOT-
HOCTb (Qsx)o.
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B xapaKTepHCTHKaX MarHerpoHa OOBIUHO NPHBOIAHUTCA
sHaueHHe KO>hGUIHeHTa 3aTATHBAHMA 4HacTOTH Fr—op2,
COOTBETCTBYIOIIET0 MAaKCHMaJbHOMY 3aTATMBAHHIO YacCTOTHI
npu k=0,2, Ha OCHOBaHUM KOTOPOrO MOKHO OINPENENUTHb
3aTArMBAHUE 4acTOTHl NPH APYTHX 3HaueHUsx k:

2 - N
Famm—o P, T (5.17)
[TosnyyeHHble COOTHOLUEHUS ABJANTCH NPUOIHKEHHBIMY,
TaK KaK HaMH He YuYdThIBaJHCh H3MeHEHHS 3JeKTPOHHOH
MPQBOJUMOCTH OT Harpy3KH, a Takke BJUsIHNE DEAKTHBHBIX
nmapaMeTpOB BLIXOAHOro ycrpoiicTea marHerpoma [63, 111}
B wactHOCTH, 3KcNlepuMeHTaJbHble KPUBLIE 3aTATHBAaHUSA Ya-
CTOTHl OOBIUHO. HECKOJIbKO OTJMYAIOTCA OT KPUBHLIX, Ompeje-
aaemblx (5.12). OcuoBHOe oT/nyue 3akJawyaércs B HapPy-
IEHUY CUMMETpPHU KPUBOU OTHOCHUTEJBbHO TOYKH P=JT, UTO
o0biACcHAETCA OTMEUEHHBIMH BhILIE NMPUUMHAMH.

OnpenenuM 4acToTy KojaeOaHUi B cTallMOHADHOM DEKH-
Me-MarHeTpoHa NMpHU MOAKJIOUEHUH K HeMy NepeaalolieH JiH-
HUHY, yuuThiBad, uT0 (Pasa KodIPPUIHEHTA OTPaxKeHUd Ha
BXOJe JIMHHH 33BHCHT OT 4acTOThHl MarHeTpoHa U AJHUHHI
JTUHUN. k

YacToTa MarHeTpoHa NMpH U3BECTHOM 3HaueHUM & M « HA
BXOJEe JUHUU onpejensiercss COOTHOUIEHHEM

. " 2ksin ¢
(.l)-—-ﬂ)o a 1-|—k2-|—2kc0541 * (5.18)

BrpaxeHue A5 $as3oBoil XapaKTepHCTHKH Tepejaoniei
JMHUY, onpefessiolllefi 3aBUCUMOCTb Paswl P Ha BXOfe JH-
HHH OT YacTOTBI, HMeeT BH[

4] 20 A
q’:i‘?+¢n: ol Vet P, (5.19)

rae [— gauHa nepefampoulei JUHUY;
A, Ag— AJIKHA BOJIHBEI B BO34YyXe U B JHHUY,
¢ — CKOPOCThb CBerTa;
Py — paszoBoe oTCTaBaHue, OOYCJOBJIEHHOE MOAKJIOUEH-
HOM Ha KOHIe JIMHUM HarpysKoi.
B yskoM pmamna3oHe HU3MEHEeHHs 4YacTOTH OTHOLIEHUE
MAp NpUGAHKEHHO MOXKHO CUHTATh NMOCTOSHHBIM. Ecau Tak-
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- XKe NPUHATH Pu=const, To cooTHomernue (5.19) ompenessier

- JIMHeHHYIO 3aBHCHMOCTb (Pasbl OT YaCTOTHI MarHeTpoHa.

- HacroTy. MarHeTpoHa, COOTBETCTBYIOINYIO CTal{HOHAPHO-
v

ypaHeHud (5.18) m (5.19), xoropoe ymoGHO TIpOBECTH rpa-
¢uyeckum nmyrem. Ha puc, 5.5 HAHeCeHB KpHBas [ypaBHe-

@ A

l, e

PUC. 5.5. Onpeaenenye CTalHOHAPHOTO 3HAYEHUS YACTOTHI MarHeTpo- .
Ha, Harpyx{eﬁﬂoro Ha nepenammylo JIUHHIO.

HUSA (5.1_8)]- M- npaMas [ypauaﬂe'HHe_ (5._1-9)], TOUKH Tiepece-
UYEHHA KOTOPHIX COOTBETCTBYIOT pelIeHHSIM YypaBHEHUH

(5.18) u (5.19). Ilpu manoit naune auuuu (I=1I0;) uMeerca

TOJILKO OJIHO pelIe€HHE, npH Ooabliol AJduHe JAuHUH (I=1)

BO3MOXHBI TPH W/ GoJbliee yucio peiteHuit (I=1I3). [Ipu

HaJM4M¥ HECKOJIbKHUX pelIeHHH YCTONUUBBIMH SBJASIOTCA
- pelieHys, 1Jig KOTOPBIX BBINOJNHAGTCS YCJAOBHUE

70 | 0w \ -
( o¢ )JIIIHIIPI > ( 0¢)MarHeTpona

J s npuBefeHHbIX HA pHUC. 5.5 cjyuaeB YCTOHUHUBBIM pe-

IIEHUSIM COOTBETCTBYIOT ToukHu [, 2, 4, 5, 7, 9, HeYCTOﬁqH—'

BbIM — TOYKH 3, 6, 8.

| "BolfAcHMM, NpH KakKoil IUIMHE JMHUH BO3MOXKHO Gosee

“yeM onHo pemenue, QOUeBHIHO, 4TO HECKOJbKO PeUIeHHil MO-
TYT UMeTb MECTO B cjayuasX, Korja HakJoH (hasosoil Xxapak-
- TEDUCTHKH JIMHHHM IIPEBBINIAET HAK/NOH Kacare/bHOH K KpH-
BOHl 3aTATMBaHusA B Touke P=mn (puc. 5.6). Ma (5.18) u
(0.19) caenyer, uTo 3TO COOTBETCTBYET BHITIOJIHEHAIO Hepa-
' BEHCTBA -

d - 2aksin ¢ |
dd (1 4 k*4- 2 cos :la)

14

y PeXHUMY, NOJYYHM B pe3yJbTare COBMECTHOIO PEeHHs

e ; ‘i" [ o T ¢H)]‘¢=u°.(5'20)

CKOKH>» 4YaCTOoThbl: AJadA cJaydad

- yBeiiMueHud $assl .

Tlpu xpuTuueokoil A/uHE JHHHH lkp (basoBaﬁ Xapakre-
pDUCTHKA COBMAJAEeT c KacaTeqbHOH K KPHUBOH 3aTATHBAHUS
B-Touke Pp=n. Ecau npunaTh, KaK ¥ npexne, As/A=const u
Ppg=const, To npu !=lx, BHINOJHAECTCA PABEHCTBO

14+ ycosy . Chs
('\’ + cos ‘l‘)z == Zhph

Otkyga |
Joo T
KD ™ 12nF o (Mm% — 1)'

5:21)

W3, (5.21) BHAHO, 4TO KpUTHUECKaAS IVIHHA JHHUR ymeHb.
maercs ¢ yBeJHYEHHEM DPaccorfiacoBaHUA HArpPysKH ¢ JiH-

“ 4 {<lgp ' 'Z-
‘ STmazr 1
‘./;, , | | e -
- D>l X7
W bl . NI
- :‘—':» - T _- 2m @
: ' ~
S
-~
Imin

PHC. 5.6. 3araruBanye 4acTOTH IMal"HeTpOHa npy -
He6OoABUIOM HSMEHEHHH JVHHEL JIUHHH.

HHefl, onpene.nﬂeMoro m, ¥ K03hdHUIKEHTa 3aTATHBAHUA Ya-
cTOTHI Fo o |
- Tlpn ;LJIHHe nuaud >, KaK BUAHO- M3 puc. 5.6, B pe-,
XKHMe HenpepbiBHOH reHepaluyd MarHeTpoHa MOXKeT Haﬁmo-;

~ llaTbCsA CKawKooOpa3HOe H3MEHeHHe YacTOThl MPU._[IABHOM
- U3MEHeHUH [JIMHBl JIMHMM, aHaJOTHYHOe pPAacCMOTPEHHOMY

paHee ABJEHHIO B IPOCTeHlIell aBTOKo/leGaTeNbHON CHCTEME,
Ha puc. 5.6 nokasaubl Tpu mosoxenus (HasoBoil xapakTe-
puctuku (I, 2, 3). Kpalinue nonoxeHus COOTBETCTBYIOT
3HAUYEHUSAM (basbl, TIPY KOTOPEIX MOTYT MMEThb MECTO «Iepe-
2 —npu yMmeHnbilleHun da-
3bI P OT HCXOJHOTO 3HaueHHdA P=7, AJS CJAyyad 3———npu

B cayuae uMnynbcHOH paboThl MarHeTpPOHA NpH l>£Hp

 dasa Pp=n (ecaH He YUHTHIBATH 3JEKTPOHHOTO CMEIIEHHS
4acTOTHl ¥ KOHEUHOCTHb [JIHTeNbHOCTH (DPOHTA HMMYJbCa)

COOTBETCTBYET HEyCTOMYUBOMY peXuUMy, Npd KOTOpPOM Ha-

A0-ge89 . B VR



6nonaeTcs CKaqKooﬁpaSHoe HeperyJaspHoe ot HMﬁy.nbca‘

K HMNYJABCY, H3MEHEHHE YACTOTH C fmin HA fmax [KpaHHHe
TOYKY NepeceueHHus (Ha3oBOU XapakTepHCTUKU U KpHBOH 3a-

TATHBaHUA- (pHC. 5.6)].

5.2. OCOBEHHOCT!{I OO DEPEHLMANBHBIX YPABHEHM
KBA3UTAPMOHUUYECKMX ABTOKONEBATENbHbLIX CUCTEM
MPU HANUUYUU 3AMNASOBIBAHUA |

- CrauyoHapHble DEXHMBl aBTOKOIE6ATENAbHBIX CHCTEM

npy HaJAWuM¥ 3anaspabiBaloumeid oOpaTHOH CBA3H, Kak YyKe
YIIOMHHAJ0Ch, PacCMOTPEHbl AOCTAaTOYHO TIOJIHO B paboTax

coBeTcKux yuensx {19, 26, 40, 101, 113, 114]. as nempe-
PHIBHBIX DEXKHMOB TeHEpaTopa pesy/bTarThl STHX HCCJeNo-
BaHUil. al0T BO3MOXKHOCTb pEIIUTb BOMPOC OMpeneseHus
AMIIATYABl W 4acTOThl KosieGaHuil u NPOaHaIU3uPOBATH
yCTOHUMBOCTb CTaLHOHAPHBIX COCTOSAHHH TeHepaTopa. &

B Hacrogiuee BpeMsi MIHMPOKOE NpaKTHUECKOe NpPHMEHe-

HUE B paauoJOKalllud, HaBUTAUlNHU U CBA3HU HaxXoAsAT UMIYJbl- .

Hble MeToAbl pa6oTel. B cBs3u ¢ 3TUM 0ocoboe 3HAUEHUE NPH-
ofperaer u3yueHHE MepeXOAHLIX MNPOIECCOB, B YACTHOCTH,
B MarHeTpoHax, KJHCTPOHax H JPYyrux aBTOTeHepaTopax,
HCHOJB3yeMbJX B TepeialolHX YCTPOHCTBAX COBPEMEHHBIX

craHiyii, AHaJAu3y NepeXoiHHLIX NPOIECCOB B T'eHEpaTopax

NPOJETHOTO THNA (KAMCTPOHE H 3JEKTPOHHOJAYYEBOM JHO-

fe) Npu MasoM 3ana3fbiBaHMM NOCBAlIeHa pabora [90].
Haubonbmuit HHTEpec MNpeACTaBJsieT HCC/IElOBAHKE Tepe- -
xonubiX npoueccoB B CBY amrtoreneparopax npu HalHuyuy
samasjabiBaloLeil peakuud, OOYCJOBJEHHOH OTPaXKeHUAMH

OT. PacCOIViacOBaHHON HAarpys3KH, MOAKJIOMEHHON HA KOHLE

mepefalmomen JuHuY, 'coenHH‘moméf{ reHepaTop ¢ BHeIUIHe# -
Harpyskoil, B KayecTse KOTOpOPI oﬁbquo ncno.nbsye'rcsi

aHTeHHas CHUCTeMa.

BOHpOC O BJIUAHUU HAE nepexongm npouecc 3ana3jabl- -

BAIOIIUX CHJ (NP GOJbIIOM SaHaSﬂbIBaHHH) J1axe B KBasu-

TapMOHHUYECKHX CHCTEMaX, MaTeMaTH#ecKH#l anmapat AJs
aHaJ/jusa KOTOpHIX Hanﬁo.nee pa3paboTaH, HCCAEI0BAH elle |

- $IBHO HE€JOCTaTO4HO. B YACTHOCTH, NPUMECHHUTEJBHO K aBTO-

- TeHepaTopaM CBEPXBBHICOKHMX 4aCTOT NpeACTaB/]sfieT HHTepec
BHISICHHTh BJIMAHHE Ha npouecc YCTaHOBJIEHUS  KOJIeOaHHH .

' MHOT'OKPaTHBIX OTpa}KeHHH OT HECOTJIaCOBaHHOH Harpy3KH

TpH HaJIHYHHK TIepefaloleli JHHHH 3HauuTeNbHON aauubl. U3
| npoaenenuoro B nabeHeﬁmeM aHaJmsa Oyner BHJIHO qTo_-_

o ue

Hpﬁ Mainoil ANUTENLHOCTH HMHy.Hbca n 6onbmoﬁ nocroanai
HOU ‘ineMEHH HGp&XOI.lHOI‘O npouecca HSM&HBHHH qacme
MarHeTpOHa (nnu apToreHeparopa Apyroro TUMNa) B NEepHOA
€¢ yCTAHOBJEHU MOTYT NPHUBECTH K CePbe3HBIM Hapyile-

HUSIM .paboTHl CTaHUUMH, 0COGEHHO CTaHIUH, OCHOBaHHbﬂC Ha

ﬂpHMeHeHHH KOT€PEHTHO-UMMYJbCHBIX METOJOB. |
‘Crporoe peiesrse 3adayd O MNEPEXONHBIX TNpoleccax

-B aBTOIKOJIEGElTeJIbHOH CUCTEME NPH HAJHUUYHHA 3HAUYUTEJABHOIO

N0 BEJMYMHE 3anasiblBaHusA BCTPedaeT TI0KA YTO Henpeomo-
“NeHHble MareMaTHueckHe Tpyamnoctd. [lostoMy HHXKe orpa--

HHYHUMCH DacCMOTPEHHEM MpPOLECCOB B CHCTEMe, KOTopas
‘MOXKET CJAYXKHTb NpPOCTeiiillefl «MOAE/bIO» CJAOKHOH cHCTe-

Mbl, KaKOH SIBJSIETCS] MAarHeTpoH, HarpyxXeHHHH .Ha mepe-
JAaouyo JIHHUIO 6osibiiol AiHHBL. B Kauecrse mojean BH-
6epem aBTOKOJe0aTeNbHYIO CHCTEMY C OAHOHR CTENEeHbIO CBO-

- Golbl, peakuuio Ha KOTOPYIO CO CTOPOHB HarpyskH queM
~ BBeJeHHEM B CHCTEMY 3aMa3/blBAIOIIUX CHJL.

Tlpouecchl B HeAMHEHNHOH CHCTEME BTOPOTO TNOPAIKaE,
6/U3KO0#l K JMHEHHOH, NPy HAJHYUH 9THX CHJA MOTYT GEITh
onncaHbl (l)YHKII,HOHaJIbeIM ypaBHEHUEM CJIeIVIOLIero BUna:

dt2 + xf}fP'EFp[x t—

wp), % (’;;‘" *n) ] 6. 22) |

rue mo-——coﬁcmeﬂﬂaﬁ YacToTa CHCTEMBI;
p,-—-—MaJIbIH napamerp, onpeﬂ;e.nmomnu 6JIH30CTb He-
JUHEHHOH CHCTEMbl K JHHEHHOH;
Fp --—-BHyTpeHHHe U BHELIHHE CHIH, ﬂeﬁC.TByIOHlHé Ha |
- CUCTEMY;
Tp — 3anasfbiBaHue aprymeHTa KOTOpOe B oﬁmeM c.ny
. yae MOXeT OBbITb NepeMeHHLIM.
B panvHefimuiem orpaHuyuMcs paccMOTpeHHeM CHCTEMBI
C ABYMs NMOCTOAHHBIMH 3ana3ibIBAOMUMH APIyMEHTaMH Tp
H To.

a%jr—}-mﬁx?i—p{F, (, dt)+F [x(t . %); dx(t-——-:,)}
. +F§[x(t¥—12); dx(ii;—-tz) ]}__0 . - -(5-23)

B MOCJEeIHEM ypaBHeHHH GyneM nojararb, 4TO ‘3amasfibl-

. BaHue ’l','} OTHOCHTEJIbHO H&BEJI’HIKO TakK r'-ITO OKa3bIBaeTCﬂ'
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 BO3BMONKHBIM TIpHu OTcyTCTBHH npyrnx 3anas,abmat0umx CHJT
NOCTPOHUThL Neppoe NMPUOAUKEHHE B CMbIC/IE Majoro napa-

merpa. Kak nokasano B pabGore I. C. T'opeauxa [26], paa

3TOr0 HEOOXO0AMMO, 4TOObl 3HaueHHe n 651.110 orpaHuYeHo

‘HEepaBEHCTBOM - |
| <5, - (5.24)

'rne & — JEKPEeMEHT CHCTEMBI.

B yacrtrocTH, npUMEHHTENbHO K MarHeTpoHy 6y11eM CUH-°

TdTb, YTO MaJio€ 3alld3AblBaHHUE T; COOTBCTCTBYECT 3anas/bl-

BaHUIO NEePBOH TapMOHHMKM HaBeJEHHOTO TOKa [y MO OTHO-

IIEHUI0O K BBICOKOYACTOTHOMY Hanpsxkenuio U,.

. 3anaspbpiBanyie 1o 6yaeM TojaraTh HacTOJbKO GOJIBLINM,
4YTO NPU PacCMOTPEHUH MEPEXOJHBIX NPOLECCOB B CUCTEME
HeJb3A 3aMEHUTh PYHKUHOHAJMbHOE ypaBHenue (D.23) obnly-

HBIM AH(depeHnyaibHbIM yPABHEHHEM (C MaJbiM mapame-

TPOM), TaK KaK PelIeHHe B 3TOM Cly4ae MOMKET MMeTb pe-
JIAKCaUMOHHBIL Xapakrep. |
HssectHo [72], uto naxe quHefinsle nuddepeHnuanpbabie

ypaBHEHUsS BTOPOro MOPAMKA C 3anas3fblBaIOLIHM apTyMeH-

TOM HHTErpHPYIOTCS B 3aMKHYTOM BHIe TOJbKO B HCKJIO-
 YUTEJbHHIX ciayudasax. MHTerpupoBanue HenuHEHHBIX ypaB-
HEHUI conpsAXkeHO C ewe OOAbIIMMH TpyaHocTaMu. Haima
3ajaya HECKOJIbKO yhpolaercs, TakK Kak NpUHATOe HaMH

HCXOJHOE HeNHHeHHOoe NUPPepeHlnatbHOe YpaBHEHHE ONH- -

ChbiBAaeT KBa3uTapMOHHUECKYIO aBTOKOJIe6aTeJley10 CHCTEMY
¥ B HEM MoxKeT ObITb BHIAENEH MaJblii napaMmerp. .

Pemenre ¢yHkunonaibHoro ypasnenus (5.25) Moxer
OBITH TIOJIyUEHO TyTEM TOC/eN0BaTeNIbHOTO HHTeI‘pHpOBaHHH
Ha OTIEJIbHBIX HHTepBaJax

(n-— 1) 'c:2<it<'n1:2,

ec¥ M3BeCTHAa HavyanabHasa QyHKUHS, T. e, cpyHKuHH omnpe-

JeNauan COCTOHHHe CHCTEMBI Ha nepBOM HHTepBaJe:
Ost<rn,.

YuurniBag, 4TO paccMaTpuBaeMas CHCTEMA - SIBJSIETCA

KBAa3HUTapMOHUYECKOH, pellieHdMe YpaBHEHUS HA OTHeJbHBIX

MHTEpBAaJiaX MOXHO HCKaTh B «hpopme

| o(8) =An () cosloot+ o ()],  (5.25)
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rne An(t) maMHﬂHTy,IIa KOﬂeéaHHH ABNAOWARcd MeiNeH-
HO MeHsaoueicg c}JyHKuHen ty
cprn( ) — paza koneban®ii, Taxke sBaAgIOWAnCE Me-
IJNEHHO MeHsuledcd yHKuMeld ¢ Ha BCeX MH-
TepBajax (3a HcKJuoquHe_M HEKOTOPHIX Tpa-
HUL). |
[Tpy aHajM3e NMEPEXOXHBIX HPOIECCORB yno6Ho ypaBHe-

e
Hue (5.23) TpaKTOBaThb KaK ypaBHEHHe HEABTOHOMHOM CH-

CTEMb, TPHHSB «BHELIHIOW CHIY» paBHOK
| | dx (¢~ )
| F'FS ['x(t—”‘%)! ' dt : ]'

- B ciayyae nocsiefoBaTesbHOTO MHTETPHPOBAHUS «BHELI-
HAS CHJa» Ha HHTepBaJe r NOJy4aeTCs B Pe3y/bTaTe pere-

- HHUA ypaBHEHHs Ha uHTepBase n—I.

Hauanpuywo ¢ynruuo x(f) (,;[LJIH n—-l) MOJYYUM U3

pelieHHs ypasHeHUs [AaA ABTOHOMHOH CHCTEMEl, COOTBET-

cTByMOLIEed paboTe aBTOreHeparopa Ha COlJIaCOBAHHYIO Ha-
rpysKy, T. € B OTCyTCTBHE 3amasjbiBalouesl peakutu Fj,

) d2 1 ' dx1 '
it ehat e P (o )+

F.‘,[xi(t---ca); dxx(fi;;—-cx)]};—_o, . '(5.2_6_)'

Murerpuporanyie nocjenHero ypasHeHHs MOXKHO ocyule-
CTBUTb, UCNOJB3yA OAUH U3 METONOB aHaJu3a KBasurapMmo-
HUYECKUX CHUCTEM, - TAK KaK BeJUYMHA 3anasiblBaHUA T)
YIOBJAETBOPsET ¢(hOopMyIMPOBAHHOMY BhIllle YCJIOBHIO (D.24).

Ha BTropoM HHTeprase HCKOMYIO GVHKUHIO Xg(f) moay-
YHUM NyTeM UHTETrpUPOBAHUA YPaBHEHHS HEABTOHOMHOHM CH-
CTE€Mbl, HaxoaAuieHcs TMoJ [AeHCTBHEM H3BECTHOH CHJIHI

dxq (¢

P‘F?. ['xz, (t ;“‘;"2); — d: "2) ], TaK KakK BXO&HL[{&H B Hee Q)YHK-

nust X, (t) HallleHa HaMM Ha npezlbw;ymem HHTepBa.ne

13

dc;;?-}‘ X —]-}h{ ( 2 7 )-i—F [xg( v d’,‘ﬂ(z-'ﬁ)] |

dt f

+F3[x1(t--12);d"‘*“""“*)]lzo. - (B27)
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Ananoruuntiv obpazoM onpesenserca Gyukous na Bcex
NOCAEAYIOUX HHTEepBaJjax. -

Taxkum o6pasom, nepexonngn npouecc B paccMaTpuBae-
MOH aBTOKoJie6aTe/ibHOH CHCTEMe NPH HaJuuuH ‘60JbIIOTo
3anas/iblBaHusl ONMUCHIBAETCSA CUCTeMOH auddepeHUHalbHbIX
YPaBHEHUH, KoTopasd MOKeT OblTp NpeACTaB/JieHa Ha CueT-
HOM MHOXecTBe uHTepBasoB M B Buje

i {%}E’"_._l_mg xn"]‘}"{Fx (xna dn )"]‘F [xn(t“‘"“:);
- n=l

dt

dxn (f——"h)] ! Fs [-xn-l(t""“'cz); dXn -y (t — T2) ]}}":—O. (5.28)

dt

HanmoMHuM, uTO HauajbHasd QYHKLHS, COOTBETCTBYIOLIA
n=1, B HalleM cJjaydyae paBHa HYJIO, T. €.

F, [x., (t—,); Lol ] =0. (5.29)

Kak yxe oTMeua/joch, HHTerpupoBaHue (PyHKLHUOHAJ b-
HbIX ypaBHeHHH (b.28) Moxer OLITH ocyuwiecTBAeHO HpUObIH-
XKEHHBIMH METOLaMH, HanpuMep OJXHHM U3 METOJOB YUCJEH-
HOTO HUHTErPUPOBAHHUsA, OJHAKO HENOCPeNCTBEHHOE HHTErpH-
poBaH{E YpABHEHHH BTOPOro MOpPAAKA JOCTaTOYHO T'DOMO3J-
KO U MNO3TOMY I1esiecoo6pasHo MNepedTH K YKOPOUCHHHIM
ypaBHEHUSM, KaK 3TO Aejaercs Npu UCcAeoBaHUU KBasH-
rapMoOHHYECKUX cucreM 6e3 3amnasjblBaHUS.

[Ipenmonaras naauude peuieHusa B ¢opme (5.25), Ha
n-M HHTEpBaJe MOJYYHM cAeayIolLIve YKOPOUYeHHble ypaBHe-
HHA AJd aMOAnTyn ¥ pasbl KojaebaHHuH:

dl;ln — {¢ (An)—l—@ (An) Pns An-—n an-;)}, (5.30)

] %ﬁ"::(wo““-"n—;,)—}‘l" {‘Pl (An)'}‘q’z (Ans Pns An-1s ?n—x)}-

B nosyueHHBLIX YKOPOUEHHBIX YpaBHEHUAX QYHKUMU Apy
U Qp-y ABJASIOTCH H3BECTHHIMH (YHKUUAMH BpeMeHH, Hai-
JeHHBIMH Ha UHTepBaJde n—Il.

Ha nepsoMm uHTepBaje ypaBHEHHUs JIeTKO HUHFETrPUPYIOT-
csl, TAK KaK cHcTeMa aBTOHOMHas U NepeMeHHble pasjend-

130

101c. Ha nocaenyrouiux uHTEpBajsax MHTETPUPOBaAHUE:
ypaBHEHHH CONpPSIKEHO ¢ OGOJbMIMMH TPYAHOCTSMH BCJEN-
CTBHE TOr0, YTO B NPaByI0 YacTb YPaBHEHHH BXOJAT CJO0XK-
Hble QyHKUEUY BpeMeHH An—y U @n—j, NpeACTaBJAAIOKe 3a-
nasgblBAOLIVIO PeakUUI0 Ha CHCTEMY.

f

5.3. YPABHEHUA NMEPEXOAHOIO PEXUMA TPU PABOTE
MATHETPOHA HA NEPEAAIOUWIYIO NUHUIO BONLLUIOU ANMHbBI

OrpaHuuuBasCh. pacCMOTpPEHUEM BO3OYKAEHUS TOJbKO
OJHOTO BUJa KoJeOaHu#, MAnHeTPOH MOKHO HAPHOJUKEeHHO
3aMEHHTb 3KBHBAJEHTHOH CXE€MOH, COCTOSIlIeH U3 3JieMeH-
TOB C COCPEAOTOUEHHLIMH NOCTOSHHBIMH (puc. 5.7). Diek-
TPOHHAS TPOBOJUMOCTL Y. HA 3KBUBAJEHTHOH CXeMe yud-

la ) iolt)
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PUC. 57. OxBuBanenTHag cxema Mar-
HeTPOHa.

THIB2eT AelCTBUE NMPOCTPAHCTBOHHOTO 3apsijia HAa JHHEHHYIO
yacTh cucTeMbl. HaBeneHHbI TOK iw, MPOTEKAMOUINH Yepes Y,
HeJMuHeHHO 3aBHCHT OT HATIPSXKEHHS] Ha KOHTYpe U ABJsAeTCs
nepuoauyeckoid PyHKuMed BpemeHd. 3anasaniBaHHe nepBon&
TapMOHHKH TOKa Iy OTHOCHUTE/NBHO IIePBOii TADMOHUKH HA-i

UpAXKEeHUsS Ha KOHTYype 4; onpele/sieT 3JeKTPOHHO® CMELIe- | |
HUe 4acTOThl MarHeTpoHa, moApo6HO PacCMOTPEHHOe B mpe-
ABLAVIIEH TJiaBe.

[IpeanosioxuM, UTO MarHeTpoH HaXOJXUTCA MoJa Aelt-
CTBHEM 3aMasfblBalouIeil peakldH, KOTOPYK YYTeM BBelne-
HUeM ToKa [¢(f) (puc. 5.7). byneMm moJsararh, 4To 3amnasfbl-
BaHue TOKa Ic(f), paBHOE Tp, BEJHKO MO CPaBHEHHUIO C Ie-
pPHONOM reHepHUpyeMuX KonebGanuil. Brime ormeuanoch, uTo
clcTeMy C 0OJbINUM 3amasibiBaHUEM Tp MOXKHO paccMaTpu-
BATb HA KaxXIOM HHTEpBaJjie

(n-—-l) 'ﬁg<‘t<n’t’g
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KaK HEapTOHOMHYIO NpPY H3BECTHOH «BHeINHe#» cuje. [Ipen-
moJiaras, 4TO BHYTPH Ka)[IOTo HHTepBasjsa Ko/jeGaHus B CH-
cTeMe GAH3KH K rapMOHHYECKHUM, €CTeCTBEHHO IPUHSATH, YTO |

U3MeHeHHEe TOKA ic(f) uMeeT rapMOHUYECKHUH - Xapakrep ¥

aMIAUTYa TOKa ic(f) B oOLIEM cayuae ABJSETCS MeLJeHHO '

MeHgoueica QyHKIHeH BPEMEHH.

a OCHOBaHUHU BKBHBaJ'leHTHOH CXCMbl MOXKHO COCTaBUTL:

ypaBHEHHE . g

s

o . d d'ﬂ d.c‘ ' _
Tﬁt:_,’l‘miuzpl(—g“ :t r :it +d; )’ (6.31)

J—

rne o =1y =1
o€ o, = L.C,’ P = CB'_
INpexcrasum ypasrenue (5.31) B Apyrom BHILE:

d? _ du 5 |
2 fatu=p, {-—,g.rﬂa-;,r +Fu |t — )

e [ 4 ey SR )

IR A
_ | (5.32)
rae . | ' |
d t-“*"'ﬂ]‘ | ' d.H
Fu [”'(f—f‘,:)‘; u(dt ); ‘l]x}%{;
. W e |
e[ @ T S | =5 639

T, — OTCTaBaHue HaBe,IIeHHOFO TOKa OT HanpsKeHus Ha

pe3oHaTope;
Te— 3ana3/ibiBaHye BHEIIHEH peaxkuud,

YuutbiBaag cKasaHHoe BHILIE. OTHOCHTCJIBHO xapaKTepa

TOKa Ic, PyHKUHIO (5.33) 6ymeM s KPATKOCTH B [aJib-
Heumem 0603Haanb

dlc

=F'; (t) sin 3 (t)

rae F'e(l) n E(1) — aMnJlmy,ua " cpasa <<BHe_1_11Heif’1'» cmbi;--__

B paccmarpuBaeMoM ciiyyae

dt (¢ '
El=0,t—=),
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rae 0=%§() — P (t);

Fre ml(t—-tg) ~— 4acToOTa TreHepHpyeMbix KOﬂeﬁaHHH B MO-
MEHT BpeMeHU [—To.

Ilepexon ot ypasuenus (5.32) x yxopoquHbIM ypaBHe-

. HEIM MOXHO OCYIUECTBHUTb, HCIOJb3ys YCPeRHeHHe 3a Ie--
- puon neucmyxomnx Ha CHCTEMY CHJ (12, 21, 22, 41, 79 100,

107].
Tlpennoaaras, uro cucreMa 6/1M3Ka K JHHEHHOH, pemp-

‘HHe AWECM B BHUAE

u=U, (t) cos[a(t)——'ca(t)]  (5.34)

rae U;(t) H {p~(t) mMeILJIeH'HO MEHHIOUJ;HGCH Q)yHKuHH Bpe-

| MeHH.
y“-IHTblBaH 4TO BEJMUMHE Ty nopHnKa nepuosaa KoneBa-

HUH, MOXKHO I'IpHGJIH}KeHHO onpeneﬂmb

u(t—=)=U.(f) cos (8 — Ap,), |
'ﬁﬂ:f’(é&{fi <) - A ’@
A?: = 0,T,, |

01

AMHJIHTy,[La Ul(t) 1 dasa cp(t) onpene.nﬁlorcn U3 cue-
,uyxoumx yKopoquHblx yDaBHEHHUH:

dU \ { —
| dt.‘1 =—H5 U!{ml(w ) gx

0

% _ : ; ' _ o
. ’ 1 . d ) . .I . "
o, sFH [U, cos(§ — Ag,); — U, cos (8 —A¢,) ] sin §d6--
0 - | -

_‘I : 2F'q () Py |
" T [0 + ©; (— %)) COS‘P}‘

: | 2% ’ |
ar =% (¢ ~ T,) — 9, I;l { ﬂon,SF“ [U1 cos (6 — A¢.);

Ul [(!)0 + )y (t - ‘a)] Sin ?}. .
| | - (6.35)
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U cos(B — Ag) ]césﬂ‘éiﬁ L.



O6osnaumm

L

, 2n
I, (U,, A¢,) =SF,,[U Lcos(f — Ag,); %-U , COS (B—Asol)] sin 840,
5

2%
I, Uy, Ag) =|Fu[ Uy cos (0 — de);

d
—7 U, cos (6~ Acpl):, cos 6d6.

Hurerpaasl I (U, Ag) 1 I2(U;, Agy) MoryT OHITH MpPEeR-
cTapJ/ieHbl B BHJE: )

I, (U, bp))=N (U,) cos &g, +M{U,) sin Ag,,
I, U,, Ap)=M(U,)cosAp, — N (U))sindp, °

HJIH
Il (UU A?l) =D (Ul) COS (A?l — Bl)s } (536)
I, (Uxa Agp,) == D (Ul) sin (ACPI - Bl)3
rae
M (U,
B, =arctg 3 EU:;°

[opcrasasasa (5.36) B yparHeHus (5.35), nojayuuMm

dU My Wy (t-—-"tz) . ]
'c_i_t_lf" 2 U‘{ ©, 8x

D (U,) 2F¢ (t)

ﬂ( 1 - sin (A, — B+ 7 PRSI C—"y cossc'},

- (5.37)

B o, (=) — o+ [ g sin (A —B) +

| 2F'q(t)

" T o, F o) (F— )] Si““’}' |

ITocnegHuue nBa uJieHa B KaXXJOM H3 YKOPOUEHHBHIX YpasB-
HeHHi, UMeIoIHe Pa3MEepPHOCTh MPOBOAUMOCTH, NPH KBA3HU-
AUHeHOH TPaKTOBKe NMepexoJAHHIX NPOIEcCOB B rexHeparope
MOXKHO paccMaTpHBaTh KaK akKTHBHBIE M peaKTHBHHIE CO-
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CTaBJAIONIHE 3KBUBAJOHTHOH 3JEKTPOHHOHM MPOBOAUMOCTH
H INPOBOAMMOCTH, OOYCJIOBJEHHOH BHEUIHHM  BO3/eH-
craueM [13].

Ecau Tenepb IpeANoJOKUTb, UTO CipaBa oT Touek A—B
(puc. 5.7) noakJoOyeHa paccorjacoBaHHasd JUHUA yepes BhI-
XOJHOe YCTpPOHCTBO MAarHeTpoHa, KOTOpOoe MOXKHO paccMa-
TPUBaTh KakK HheaNbHBH TpaHchopMaTop ¢ K03hDHIHHEHTOM
TpaHchopMaluul <oy, TO peaklHs Ha aBTOKoJebaTe/bHYIO
CHCTeMY €O CTODOHBI Harpysku Oyiaer ompenenifiTbcs 3KBHU-
BaJIEHTHO#  BXOJHOJ NPOBOAUMOCTBIO ‘TepeanLe JHHUH.
NubiMu cioBaMy, JeiCTBUE NMepeparwoulell JUHUM Ha redepa-
TOP MOXKHO TPaKTOBaThb Kak Cliyuall « CHHXDOHH3AIHU» TeHe-
paTopa OTpaxKeHHOH OT Harpysk# BoJHoH. OTauuye 3aKjio-
yaeTcsl B TOM, YTO YACTOTa «CHUHXPOHUSHUPYIOLIETO» CHTHAJA
U e€ro BeJUyHHa B MOMEHT BPEMEHU [ ONpelensoTcs pexu-
MOM reHepaTopa B MOMEHT f—To.

BennuuHy peakuuu Harpysku Ha resfepartop yaoOHO BHI-
pasuth Hepes MoAyab u ¢asy Koa(p(bnunema oTpaxeHus
Ha BXoje nepefarouiei JUHUY, NOAKJIIOUEHHOH K TreHepa-
TODY.

3aMeHsil COCTAaBJIAOIENE MPOBOAMMOCTH, YUUTHIBAIOUIeH
peaknuio BHemHeA cuisl F'c(f), COOTBETCTBYIOUIMMH CO-
CTaBJAAIIMME BXOIHON NMPOBOAMMOCTH Nepenariuei JIMHUY,
BHIPAXKEHHBIMH Hepe3 MoAy/b ¥ a3y Koabouuuenra orpa-
KEeHus, NOJYyYUM cJelyollye npubauKeHHble ypaBHEHHUS:

dg; _ p; U:{ mx(t(‘.: T2) gx ( )cos(A?l B.)
+a Yo ey ) (559)
%z%-_-m,(t-—ez) . { fwism(l\‘h — B —
—a, ¥, 1:-“::3;4:}'

Ilpeanosaras B cucTeMe TOJbKO «MeJJieHHble» IBHIKe-
HHS, TP KOTOPHIX AOMYCTHMO HCHOJbL30BaHHEe MeTOLa Ma-
JIOTO TapamMeTpa, Nepexod oT ypaBHenuii (5.37) K ypasHe-
nusam (5.38) cnpaseanmsns oOsactu 3Hauenuil $as ¢, rie
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- BXO)IIHYIO HpOBOD,HMOCTb HO,H,KJIIO‘ICHHOH JIHHHH MO}KH‘O C‘-II/I'./_:

TaTh MeJIEHHO MEHAIUIEHCa (QYHKUUEH BpEeMeHH.

B nocaenHem YPaBHEHHH aMIIHTYI ue.necooﬁpasﬂo BBI-
JleidTh YaCTh IKBUBAJIEHTHOH NMPOBOAUMOCTH O 2.Yo, KOTOpasn
He 3aBHCHUT OT MOAYAA U (dassl Ko3pPHUUHEHTA OTPAKEHHS

¥ COOTBETCTBYeT cJayuar paborhl MarHeTpoHa Ha corJjaco-

 BaHHYVIO nepenaxomyxo JUHUIO B OTcyTCTBHe OTpaxeHui OT

Harpyska: | -

o 2., Y—k o k+cos ¢

a Y, Y Y, —a’ Y, T
Y+COS¢ -\'+cos¢

HerpynHo BHIeTb, YTO MOCAENHHI UIeH B NPUBELEHHOM

BLIpAXKEHHH o6paulaerca B Hyab npu £=0.

YpaBHenusa (5.38) MOXHO NpeACTaBHUThL B -APYrOM BHIE: .

Uy sy [0t—=%) DU . ap ]
T T U,[ 0. &5 wa, 08 (B¢ )
b -
al, —+ . -
- cos ¢
y . | (5.39)
e &y \ - . :
dF %% (t —,) 9 (ooUll siff(A¢, — By)
sin ¢
Y + cos ¢’ )
G,‘% (’)OYO ' o { o ' '
The @ =—5p mapamMeTp, XapakTepUsyIOmUH - CTeNeHb
- o CBA3U KoJjdeGaTe/IbHOH CHCTEMBl MAarHeT-
pOHa C Mepealoled JIMHUEH;
| YOR_—I/——---—BOJIHOBaH NPOBOIUMOCTb KOJe6aTe/IbHOM.

CHCTEMbl MarHeTpoOHa.

B cayuae csaGoi peaKuHH CO CTOPOHHI HaDpySKH (npH
- Ma.nom k) ypaBHeHHS (5.39) ynpouamrcs;

1 1 g (I — T2 U,
dc[i]t =—5 U { w__ (f_,,o )_gn - ﬂ(OU{COS(A% B.)

+ ai Y, — ko’ _Yo cos Lp}, - (6.40)

a0 (_f'“‘“z) 5 {MEOU’) sif ( Acp,_ B)+2a Yksmcp}

Tloncrasnsas (5.42) B (5.41), nomyunm

YKopoueHHble ypaBHeHua (5.38)—(5.40) 6yayr HaMu
HUCMOJIb30BAHBl NIPH pacueTe nepexXoiHbIX NPOIECCOB B Mar-
HeTPOHEe B ciyuae paboThH ero Ha Nepefarulylo JAHHHUIO
60/bIIOH [JIMHBI, @ TaKXe B IVl 6 npy paccMOTPEeHHH HEKO-
TOPHIX 0cOBeHHOCTE} CHHXPDOHH3AUHY MarHeTpoHa. |

CnenaeM He6oJsblIOe 3aMeyaHHe OTHOCHTENbHO BXOAHOH
MPOBOAYMOCTH Mnepefaroues JUHAKH B NMepPeX0AHOM peXUMe.
[Ipennosaras, yro amnautryaa u dasa KosebaHuii Ha OT-
JAeNbHBIX 3Tanax TMepexojdHOro Inpouecca H3MeHAWTCH
MENJIEHHO, 4TO 00YyC/0BJIEHO MaJsbiM JeKpPeMEeHTOM 3aTyxa-
HUA KoseOaTesbHON CHCTEeMbl MarHeTpoHa, MOXKHO BBECTH
MOHATHE «MTHOBEHHOro» Ko3(dpduuuenra OTpa}KeHHH ompe-
nenus ero OObIYHBIM 06pazoOM: |

" (t)= UOTit()t) =k@®) e, (541

rae UOTp(t) 5 Un(t) — KOMTIJIEKCHbIE aMIJUTYAbl OTpaxkKeH-
HOH ¥ mapjalolel BoJH Ha BXOJe JHHHUH. |
AMHﬂHTyny OTpPaXXEeHHO# BOJHB Ha BXOAe JUHHM LJIH-

'HO#i ./ BbIpasuM uepe3 aMIJIKTYAY Majaloueil BOJHbI

Ugnp (t) =0T, (t——»cz)kne_m, - (5.42)

e '12=Zl/334—nep-noa npoGera BOJIHBI;

Ry — KO3(PDHUUMEHT OTpaxeHHUd y HarpysKy,

Up — CKOPOCTb paclIpPOCTPaHEHUA 3JeKTpomar-
HUTHBIX BOJIH B Iepenarlleidl JUHUY;

p — morepu B Henmepax HA eAMHHMLUY AJUHHL

B (t) = g_(t) ) B %

| T —id -
‘bynem nonaratb, uTo Ry=—=~k,e 7 He 3aBHUCHT. OT ua-

CTOTHl B OTHOCHTENbHO HEGOJbIIMX TpejesaX U3MEHEHHd mo-
caeqHed B nepexo,aHOM nporecce.

(f — T2)
Un(t)

OTHOI_I]eHHe MOXHO MpeACTaBHTb CJjelyIOlIUM

obpasom:

Un (t — '52.)\ o —jia(t)
L) g, i,
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me k, (t)-—- Mo,nyalb 'omomeﬁ'nﬂ', a 4, (t)———- (I)asa, paBHas
W= §o@a, >

t_"g

B nocaennem Bblpa)KEHHH w (f) — uacrora reHepaTopa.'__’f_;

BXOI{H&H HpOBOHHMOCTb JUHUHU paBHa

r

—1 [0t + gl 281
}Mdﬂ+¢ﬂ*%l

YBx(t)__Y 1 — &y (f) ke
Lt b (f) b

B ycraHoBuBIIEMCS pexuMe B, =1, §, = o = const:

Ll ¢ )—2
CYa)=Y iR
BX o i (et dy)—281

1 4 kye

- Tak kak 3aryxaHue B JUHUM NPUBOLUT TOJBKO K YMEHb-
IIEHHI0 MOAYJsS KO3(hhHUHeHTa OTPAXKeHUss Ha BXOJe JHHUHK
10 CPaBHEHHIO C MOIYJIEM Y Harpyskd U MoxeT OHITh JIETKO
yuT€HO, TO B naJjbHeiiieM OyaeM. paccMarpuBaTh pa60Ty
MarHeTpOHa Ha JuHHMH Ges MOTepb.

Brinesisis akTHBHYIO U PeakTHBHYIO COCT&BJIHIOLU;HE BXOJ~

HOH HpOBO,IIHMOCTH nonquM

L 1—k2(t)
gux ()=1Y, 0 + k% (¢) + 2k (f) cos [¢, (t)] .

o okysinfh ()] e
b’“"(t)"‘y°1+k=<t>+2k(t> st 049

[Ipu Manbix 3HAYEHHAX MOLYJs KoxhdHUIHEHTa orpamé~‘

HHS COOTHOLIEHHS (5 43) yApOLIAIOTCS:
o ox= Y, {1 — 2% (¢) cos [0, ( t)]}
be = 2Yok (?) sin [npjl (t)].
5.4, YCTAHOBJ'IEHME DA3b} I{OHEBAHMM PU HATMYUM
3A|'IA3ﬂ.bIBAlOLLI,EI/I PEAKUMM CO CTOPOHbI HAMPY3Ku

HHTEI‘pH‘pOBaHHe ypaBHeHHH (5. 38)-—-—(5 40) cBa3aHO
¢ GOJIBIIUMHU prnﬂocmMH name B c.nyqae BO3/ACTBUSA HAa
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TquCKH BIIOJIHE nonycmmo npeHeremeHHe BAPHALNAMH .

aBTOKOJ166aTéJIbHyIO cHcTeMy BHemHe#l rapMmonmyeckolt cue

_JIBl MIOCTOSTHHOM aMMJuTyAHl. YpaBHEHUs He MOTYT GLITh pe-

IeHB B KBaAPaTypPax, 1 MHTETPHPOBAHHE MOMKET OblTh BHI-

TIOJIHEHO TOJIbKO HpH*GJII'I}KeHHbIMH METOJaMHU.

‘B nanpgeiiimieM AJsi TOrO, YTOOLL peWTL 3Ty 3aaavy,
XOTd Obl OYEeHb anG.nH}KeHHo HaMU OyaeT BBedeH 'PAL
JNONMYLIEHNH, B paMKaX KOTOpBIX yAaercss BbIACHUTH OOIIMHA

‘Xapaxkrep NpOTeKaHusl mpolecca yCTaHOBJEHHUS KOoJeOaHuH

NpH HaJMYMH MHOTOKPATHHIX OTpaKeHWd, a TaKxKe KOJIHU-

'HECTBEHHO OUEHHTb BIHAHHE PA3JIUYHBIX MAPaMETPOB CHCTe-

Mbl FeHepaTop-—Harpyska Ha MNepeXOdHbIH ‘npolece.

‘Kak yxe oTMmeuasoch, B Cjyuae HMIYJbCHOH paGOTbl
MarHerpoHa cymeCTBeHHoe BJAUsiHHE Ha paboTy CTaHUUH
0Kas3bIBAalOT U3MEHEHUS 4acTOThbl, HabJO4aeMbple B Iepexos-
HOM Ipoiiecce, Bapnaunn aAMIIVIUTYZBL, ' KOTOPBlE IIpH 3TOM
MOTYT HMeTb MeCTo, OOblUHO He MNPUBOAAT K 3aMeTHOMY
HCKaXKEeHUIO CIIEKTpa H3./1y4aeMbIX Koaebauuit. [1o atoit npu-
yyHe BCE BHUMAaHue B [dajbHefimieM OyAeT COCpPeNOTOUYEHO
Ha OnpefeseHUN Xxapakrepa YCTaHOBJICHHA dasn (uacToThl)
KoJie6aHuH NPY Ha uduy 3amnas3iblBaloLeH peaKuu# co CTo-
pPOHBI Hal‘py:-}KH AMHJIHTyILHbIX COOTHOIIEHHN KOCHEeMcs
TOJIBKO B TOH M€pe, B KaKOH OHH CBASAHBI C H3MEHEHUSAMH
YacTOTHI.

CQ)opMy.anyeM OCHOBHble TOMYIIEHHUS,
BennuyuHa HATPY3KM He 3aBUCHT OT 4acTOTHI (B npe-

-,r.le.nax BOSMO}KHOI‘O OTKJIOHCHHH qyaCTOTbl B HepeXOﬂ,HQM

pemnme) -
2. OrpaxeHds MMEIOT MECTO TOJIbKO Y HarpysKu.

[IpexBapure/ibHO paccMOTPHUM NIPOCTeHINHi caydal, KOr-
Jla orubarolas UMITy/bca MMeeT NPAMOYLoJbHYI0 dopMy H

_3JIEKTPOHHOE CMelieHHe YacTOThl OTCYTCTBYET.

OrpannyuBance paccMOTPeHHEM CJaboil peakuuu co

CTOPOHBI Harpysk, NpoBeleM HHTerpHPOBaHHe YpaBHEHHS

aast ¢asbl KoJsiebaHu#l, mpeHebperas BapHalUAMH aMIid-

TyABl. JlomycTHMOCTb TakKoro npeHeGpexeHHs NPH MajbiX

BHEUIHUX BO3JeHcTBHAX. oﬁcymnaemm B pabore [106]. Ouen-
Ka BO3MOXHBIX [IOTPEIIHOCTed NMpH TaKoM NpUOIUKEHHOM

_aHaJIHSE B CJydanX, Korjga KpPHBag 34TATNBAHUA 4Y4CTOTH

XOpOIIo aNMpPOKCUMHUPYETCA CHHYCOHUIOH, MOXKeT BHITb MPO-
BelleHa C NMOMOLILI0 TEOpeMHl O nmpfpepeﬁunaﬂbﬂblx Hepa-

'BEHCTBAX C. A. Yanawruna [66, 89].

3aMeTdM, yTo B 06aacTH Ga30BBIX 'YIVIOB Y=2m mpak-
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AMNAUTYAb KosnebaHuii reHeparopa B nepexonHoOM mporec- -

ce, TaK KaK 3TH U3MEHEHHS OTHOCHTENbHO HEeBEJIHKH.

B cOOTReTCTBUH C NPHHATHIM XONyLIEHHEM OTHOCHTEJIBHO
3JeKTPOHHOr0 cMelleHus yactoThl npumeM Agy=0. YuHuTH-
Basl, YTO YacToTa reHeparopa B MOMEHT BO3BPalUEHHs Nep-
BOI'O OTpaMKeHHUs OT Harpy3ku (f=vy) paBHA YacToTe rexe-
paTtopa, paboTawmero Ha coOrJlacOBaHHYIO Harpy3ky, ypas-
Henue , 11 (asnl Kosdouimenta orpaxenuss Oyger HMETh
BH/T

dé (t) a { sin [¢ ()]

sin [¢ (£ — 72)]
= ]}. (5.44)

¥+ cos [$(¥)] Y+ cos[b (£ — T2)

B cayuasx, Korjga He YyYHTHIBAIOTCS BAapHAUUU aMILJH-
TyAB, B ypaBHenuu (5.44) y=const.

Ha nepsoM 3Tame nepexoaHOro mpoiecca ¢ MOMEHTA
BO3BpAILleHUs] IEPBOTO OTPAaKeHHus: =1, 40 MOMeHTa =21y
YyacToTa OTPaKeHHOH BOJIHBL, MPUXOJSIIEH K MAarHeTpoHy,
COXPAaHsIeTCSl HEU3MEHHOH, T. €. (pasza oTpaxkeHHOH BOJIHB
HapacraeT JHHeHHO. DTO JaeT BO3MOXKHOCTh MOJYUHTh aHA-
JIUTHYECKOE BbIpaxKeHHe ajs ¢assl Ko3bdHHeHTa OTpaxKe-
HUSI W YacTOThl IeHeparopa Ha paccMaTPpUBAEMOM HHTeD-
BaJie NepPexoaHoro mpouecca (Ty IS 21).

Ilpu Y=const B pesyabTaTe HUHTerpupoBaHus (5.44) no-
JYYUM : .

1 4 &2 $(H), . 12
s ntg - lnsing () —Cp = — = (t—%,) Fy 0 (5.49)

rae

| 2 T .
C, = EE1ntg *{ 1nsing (v,);

P(12) —dasza kosdpbHuueHTa OTPaXKEHHT B MOMEHT
f =1y, KOTOPYIO B fajbHeHllIeM 1s51 Kparkoctd OyneM Hasbl-
BaTb (a30ii nepBOro OTpaKeHHs.

Bhlpaxenue (5.45) mo3possieT paccuuTaTh H3MeHEHUE
da3pl Ha uHTEpBase To SIS 2Ty U OPHUEHTHPOBOYHO OLe-
HHUTH BHIOOD MOTYCTHMOH BeJHUHMHBl MUCKDETHHIX IIpHpallle-
HHH apryMeHdTa NpPU YHCJeHHOM HHTErpUpPOBAHHU ypaBHEHHS
(5.44). ~
Ha puc. 5.8 nokazannl u3meHeHus aswl (CHJIOMIHbIE
KpuUBEIE) U wacToTH reHepatopa Ao (f) =w(f)—woe (IYyHK-
THPHBlEe KPUBHIE) B NEPEXOJHOM Mpolecce, pacCUnTagHble 110
160

bopmyae - (5.45) - ads- smavenuti vy=26; 1867; a=
= 18 mepadfcex n a3 nepBoro orpaxenHus P (vg) =190, 240,
300°. Beanmunna a, Kak 3T0 cJ€AyeT U3 cooTHouenus (5.16),
ONpeje/isieT CTENeHb CBSI3W IeHeparopa c nepearolued Ju-

HHel.
3401 ' 2377 |- e
Mepa'ﬁ f'("/ ,‘/ //
cex [ \ //__\)&/ A/ L
121300151 | y B
N/ N /<L
| S “"/’\ G1e)=190°
8 1-2601— Ai— < —
\ _ o M20ad
N ‘( / \.\ a= 1‘8-——-———--0”
| K < ‘
8 0/ \l\ \\\ \‘\\3‘ !’5
4‘ "'22 5 h‘i ~ -
1 1 \\@Zf&;;?“::__, T~
/ [~ —— “.h-"'"--...
0d180 L T st
7] 008 0,15 024 0,32
’ T-73, MKCEK

PUC. 6.8. Hsmenenue ¢asnt ¢(f) u uacrorn Aw (¢)
B MEPeXOJHOM pexkHuMe Ipu a=18 mepad/cex; y=1,67 u
¢asax mepBoro orpaxenus P (t) =190, 240 u 300°.

Kak BHAHO, U3 NpHBeAEHHBIX KPUBHIX, ¢ YMEHbIIEHHEM Y
(T. €. c yBesiHueHHEM MOAYJsS KO3(DDUIHEHTA OTpaKeHUs &)
AJIUTENBHOCTD NPOLECCA YCTAHORJEHHsi» a3l H WaCTOTHI
[o71s1 oxHoro M Toro ke 3nauenus P (vz)] cokpamaercs. Ilpyu
3TOM MAakKCHMaJibHOE OTKJ/IOHEHHe YAacTOTH OT 3HayeHHd,
COOTBETCTBYIOWIEro paboTe MarHeTpoHa Ha COIJIACOBAHHYIO
HarpyskKy, Bo3pacraer 1o Mepe yMeHblUIeHHs! y ¥ NpubJnKe-
Husl Gas3pl nepBOoro onpaxkeHus P (tz) k 180°

Ilpn mccnemoranun paboTel MarHerpoHa Ha ¢ujaep 3Ha-
YUTEJbHOH HJHHBH [NPAKTHYECKHH HHTEpec MnpenCTaBJsAET
BEHISICHEHHE BRJIMSIHYA NapaMeTpPoB CHCTEMHl TeHepatop —
Harpy3ka Ha XapakTep npOoTeKaHus TepeXOoAHOTo Tpouecca,
B YaCTHOCTH BJAHSHHS MJIUHBH Nepefawmouledl JUHHH, CTEIEHH
COTJIaCOBAHUSl HArpPy3KH C JIHHHMEH, BEJHYUHBl CBSI3H TIeHe-
paTopa c nepemawomeill Junued #u ¢asbpl nepporo orpa-
JKEHHS.
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C aTo#l 1esbio ObLIO MPOBEACHO UUCACHHOE MHTErpUpOBaHHE

ypasuenus (5.44) meronom IaroB AJg- BpeMeHH npobera

BOJIHBI BROJIb bugepa to=0,05 mrcex; cbasa epBoro orpa-
Kenus P(tz) =190, 240, 330° y= 26 (k=0,2) =m a——-151

@ () | o .
360 4
| | el \_‘__________, L. -
A - G (2)=330°
550 / \ ' ]
/ /) L iy -
/ £ \\\ pd - E |
300 / A P2 —T |
af, /|240° NV | |
Mey | / R Ty = 0,05 MKCEK
7 N[N 1900 la=157222029 =
- 270 —h——1k . - 1 cex
gl | /\% ; \ L | 1 : 3’=Z,5 -
o “' / \{ } . il\.“ ’1/'—"\\_“ .
6 2 6”' { \ / \\ // \i\\ /"’-‘ 1 [t S |
L 24 - : Lo et ot |
. 5 / X\ . -\\\ j/ /7 \\ P
4} ’l! . J/ A :J-{/ ~ ,/’ [~ e ) ot
P aV/iENmY.
AV SuiF
Zy : | ~ \-\\. 17)=33 © |
01801 _ 1 - | o 1
o 0,05 01 0,15 . 02

1-17, ‘mncen

PHC. 59. KpuBuie mepexomsoro. mpouecca (172-00'5 nrcex, y=2,6,
| a=151 Mapaa/cex)

o 302 mepadfcex. Ilpu YHCJICHHOM HHTeTPHPOBAHUH JHC-

KDETABIC [IPUPALICHHS apTyMenTa GbLIH BBIGDAHB BO BCEX_-

cmyqaﬁx pasuabiMu 0,11s.

- PeayuibraTthl pacuera Hpe,IlCTaBJIeHbI Ha pHC 5.9 u 5.10,
Ha OCHOBAHHUH KOTOPBIX MOXKHO CHesaTh  psif BEIBOJLOB,
HMEIONHX BaXKHOe NPAaKTHYeCKOe 3HaYeHHe.

l. Ycranonsenue (assl (CIJIOUIHbIE KPHBHE) H YACTOTHI

(NIYHKTHPHBIE KpPIBbIE) MarLeTpoHa B of0uweM caydae

HOCHUT 3aTyXawuui KoJsiebaTesbHBIH Xapakrep. [Io mepe
VMEHLIIEHUS CBSI3W TeHepaTopa c JuHHed (BesHuMHA a) I

nepuona npobera T, npoiecc yCTaHOBJIEHHSI dasn antSJm- |

KaeTcda K anepnonme(‘,homy
162

2 B Haqane nepexom{oro npouecca ‘U3MeHenHe (haspl I
4ACTOTHI HOCHT SIBHO BHIPAKEHHBIH «pejlaKCalMOHHBIN»
xapakrep. B maJbHefimeM (3To cjelyeT Takxe H U3 TEOPHH
auddepeHuHanbHbIX YPaABHEHHH C BaHaB,ILbIBa}OLU;HM apry-
MEHTOM) - pemeHHe «CTJ1azKUBaETCA».

B - o
| _ - 1) 530 | NG
AN AN A

ool ]/ \upava\usl

Af 300~ '
4 / 190° | -
Vieu ] : | T,=0,05 MKCEK
20 - 7 — mepad
_L2'70\J _ff Y |a=302 o5~
75t A ! 1‘& _ ' | 7=26
| \‘_l ] 1‘ f‘/\_‘_
N[ 0 )
12 240 [— 1 f—‘y} \\_ 20 S
r ' ‘J’ b 1N T AN K oy
7 I f \ ’-7:\ L] /
8 { :ﬁ, - ‘l [RTEAN \ AN \\ TN
f / A \ L \ \ / r’ \ \ / 7 -
L 210 #L \L A [ d N JA LY AN I ]
4" o \)/ A 1 B y AN I N %
. - . Ay -y * ," g 0\‘ A 'a . N L
_ A\ ~ AN
! \\\ \\i i\\ :;’;‘f \.8::30 L \)!-f'!—"\\ \\‘H!// ]
. h —_ - ~ N~ '\[ ' ' .‘\\“
017801 |4~ >~ ¥ N S e S N Y -
0 0,06 0,7 01 0,2

1-T,, MKCEK,,

PI/iC 510 KpHBble nepexonnoro npouecca (Tg=0,00 mxcex, y=2,05,
| a=2302 Mapaa/cex) |

«Ilepuog» KosieGaTebHOIO 3aTyXaiowwero npoueccé
6/H30K K NepHoLy npodera ta. |

3. Pasmax koJje6anuii dbase H YacTOThl BO3PacTaer MO
Mepe npubakeHus (aspl NepBOro orpaxeHus P (Te)
k 180°. HauGoJsibiiee OTKJOHEHHE 4YaCTOTbl OT 3HaYeHHsd,
COOTBETCTBYIONIErO paGoTe MarseTpoHa Ha COTJIACOBAHHYIO

“Harpy3kKy, COCTaBJsET OKOJIO IIOJOBHHbI KoscpcpHuHeHTa

3aTSITUBAHUA YaCTOTHI

—— Fo..- (5.46)
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N3-paccMoTpeHust IpUBENEHHBIX IPUMEPOB HEpEXOLHOIO
Iponecca cjenyeT, YTO AJIi CHHXKEHHS pPeakUHHd Harpys3KH
esecooOpa3Ho perynuposath ¢aszy kKosdpduuueHta orpa-
JKeHUsl TakuMm 00pa3oM, uToOH  (pasa HEepBOTO OTpPaXKEHU:

P(t2) pacnosarajach B obJjactu, 6/IU3KOH K P =2n. Bmecre

¢ TeM, Npu obecrneyeHUH paboOThl HA OTPHLATENHHOM CIAfe

a7 A

Y(1z)=330°
@(T7) =240°
@(T7)=190°

PUC. 5.11. [TonoxeHue ¢pa3oBoit xapakKTePHCTHKY IIe-
penapliied JIMHHH TPH DPAa3J/IHYHBIX 3HayeHHAX (asbl
MepBOro OTpaxKeHHs.

KPUBBIX 3aTArdBaHus (B oOsacTtu, OJU3KOH K P=2m;) ajd
MOCMAeNHHAX, KaK 3TO BHAHO u3 pHc. 5.11, MoxkeT ObITh
HCIIONB30BaHa JIMHeHHasl AanilpoKCHUMallHs, YyTO IO3BOJSALT
NPUBECTH HeJiHHeflHOe (YyHKUHOHAJbHOE ypaBHeHHe (5.44)
K JINHEHHOMY. _

B KavecTBe anmpokCuMHpyiouiedi MnpsAMOil BHIGEpEM
KacaTeJbHYIO K KPUBOH 3aTATHBaHHsl B TOYKe ==2g. JLJs
¢bHKCHPOBAHHOrO 3HAYeHHsl TAaHreHc yIyia HaKJOHa Kaca-
TeJIbHOH B AAHHOU TOYKEe paBeH

24w k
Se== 5 (1L k)2 Fo,e

(5.47)
Tak kKak B mepexoxHOM IPOLECCe U3MEHSeTCs aMIJIUTY-
Aa KojeOGaHHH H, CJAeoBaTeNbHO, MOAYJb Ko3¢hhHIHEHTa
oTpaxKeHusi, To B obueM cayyae Sy ssiasercss (GyHKuHEH
BpEeMEHH.
YpaBHeHHe NePEeXONHOro Npouecca MOXKeT OblTh npes-

CTaBJIeHO B BHIE
d
=S, (VY () + Syt — =)t —)=0, (549
164

M3MeHedHe aKTHBHOHN cocTaBJisilolUIedl BXOJHOH NIPOBO/JH-

MOCTH Tepejnamileii JUHHM B o00JiacTH (PasoBBIX YIJIOB,
6MU3KHX K =257, OTHOCHTEJbHO HEBEJUKO, MOSTOMY MOXKHO

npuOJHKEHHO NPHHATD
) So(t) =So(t—r2) =const.

3agaya OPUBOAMTCS K HHFETDUPOBAHHIO YpaBHEHHs C3a-
Ma3gblBAOIIUM apryMeHTOM H ¢ IOCTOSIHHBIMH KO3 dH-
IIHEHTaAMHU

d \
BE S, 19 () — ¢ (¢t — )] =0. (5.49)
ITepefinem K HOBOil IepeMeHHOH Xx==t1/r,
B oS0~ (s — D=0 (5.50)

Pemenue ypaBueHus: (5.00) Moxer OBITb MNPOBENEHO

onepauiOHHBIM METOMOM.
O6o3nauas uzo6paxeHue GyHKIHU P (x)

e(p) > ¢ (x),

[I0JIYIAM ) -

e?fe(p) -+ p [ ¢ (x) e Prdx] 3 $(F=1),

-1 ypaBHerue (5.50) npeoGpasyeTcsl K BHIY

(P - T'?.So_l"' 12806"’p) : (p) -
0
—7 [$(0) —wSee™? [ §(x)e-?=dx| =0, (5.51)
—1

OTKYy a
0

p[o @ —mSe? | () e-radx]

=
HP)= p— 1Sy + TaSee~? ) (5.52)

@yHknus P (x) Moxer ObITb HaleHa NyTeM BbIUHCAEHHS
vHTerpasa bpomsHua

@ ‘1 c+jooE( )
_— S\D) ap
ap(x).._ws B er=dp.
c—]e0
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Briyucsedue UHTerpana CBOAHTCA K ICYMMHPOBAHHIO
BBIYETOB [JI51 OCOOBIX TOYeK MOALIHTErpadbHOH QyHKUHH

¢ (x)-:E Res [%ﬂ? epx]. (5.53)

OcoOble TOYKH MNOABIHTErpasbHOH (GYHKIHH COOTBETCT-
BYIOT KOPHSIM XapaKTepHCTHUECKOrO ypaBHEHHS

A —,S,+7,S,e” " =0. *(5.54)

TpaHcueH/ienTHOe ypaBHeHHe (5.54) HMeeT OGecuHc/eHHOE
MHOXKECTBO KODHeH: Ay, Ag, ...

O603Ha4yuB KOMIJIEKCHBIH KOpeHb A=0-tjv, mepeiiieM
K CHUCTeMe [BYX YpaBHEHHM:

g sinvy )
e — 1280_\!_:0’

| (5.55)

v
6 —%,5,] Y =0.

'

YpasHernus (5.55) ompenessioT Ha NJAOCKOCTH G—v Ce-
MeHCTBO KPHUBBHIX, TOUKH MepeceyeHdss KOTOPHIX COOTBETCT-
BYIOT KODHSIM XapaKTePUCTUUECKOTO yPaBHEHHS.

Kopnu ypasuenuss Moryt ObiTb Haiifenb rpadoadaJiu-
TUYECKHM METOAOM, AJs 4Yero yao6HO ypaBHenus (5.55)
IPENCTABUTDh B BUIE

o tn( xS In (—512),
. | (5.56)
tgv’

G:’Ezso —

)

Ilpumep ompeneneHust KOPHEH XapaKTePHCTHYECKOTO
ypaBHEHUSI NpuUBeneH Ha pHc. '5:12.

[To M3BecTHHLIM KODHAM XapaKTepHCTHUECKOIO YpaBHe-
HHSI MOXKHO HaATH QyHKIHIO ) (x).

Ecau 0603HaYUTE

M, (D)=¢(0) —=,S,e=7 {0 (x)e-r=dx,

n!-at—"""ﬂo

Nq, (p) —=p— T'zSo + 12806_10:
166

TO, NpPEANOoaaras, YTo OTCYTCTBYIOT KDAaTHHIE KOpHH, pele-
HHE HCXOJHOTO OAHOpPOAHOro ypaBHeHus (5.51) MoxHO 3a-
ACaTh B BUAE DasjioxeHuss XeBucaiiia

= M (he) lzx
YO= ) womne (5.57)

i=1

rae N, (13')—~.II£JOH3BO,[1H&IH bysruun N (p) mpu p==2;;
Ai— i-# KOpeHb XapaKTepHCTHYECKOTO ypaBHEHHS.

&
4 ] ] ,
2 T3 Sp=—42
g 7 2| | g sl | sl |l )
“TII\ ) L}
- N
g ] T TN
_4_ l I i
# I [L
5 XL | |

PUC. 512. OnpeneneHue KOpHeii XapaKTePHCTHYECKOIO
ypaBHeHHA (T9Sg=—4,2).

OcraHoBUMCSl KPaTKO Ha OCHOBHBIX OCOOEHHOCTSIX NDO-
[leCcca YCTAHOBJIEHUSI KoJsieGaHuil B oOJsacTtu, rpe Kpusas
3aTATHBAHUS MONYyCKaeT JHHEHHYIO anipOKCHMAaIHIO.

1. Tlepuonbl oTmesbHBIX COCTABJASIOUIUX O6uIero pele-
HUA (5.57) He ABASIIOTCS KpaTHBIMU nepuomxy npobera BoJi-
Hbl T9

v; < 2. (5.58)

Ecnu mepeiiTd oT nmepeMeHHOH x K HCXOJHOH mIepeMeH-
HOH f, TO HepaBeHCTBO (5.58) MOXKHO 3amucaTh

Q, < 2™ (5.59)

’
T2

rie Q; — yIJjioBasl 4acToTa i-i COCTaBJSIOUIeH.
HepaBenctBo (5.58) ycuauBaercs mo Mepe yMeHbIIEHUS
NIPOU3BeieHHA Ta|Sy|.
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2. JleficTBUTE/IBHASA yacTb KOpHEH (0;) yMewbllaercs 1O
abconOTHOI BeJIMUMHE C BO3pacTaHHeM 7Ty|Se|, H, ciaenosa-
TeJIbHO, NPOLecC YCTAHOBJEHHS 4acTOThl KoJsieOaHHH 3aTs-
ruBaeTcs.

3. Ilepexomumit mpouecc onpenedssiercss ¢ asoil mepeBoro
OTpaxKeHHs ¥ NpoH3BefeHHEM To|So|. KpuBeie mepexomuoro
npoiecca AJs «0e3pa3MepHOro» BpEMeHH X=if[ty HMeIOT
ONUHAKOBBIH BUA MHJS1 pas3JUUHBIX Tg, €CJAH IpPH 3TOM CO-
XpaHsiercs BeJUYHHA T2|Sol.

Cnenyer, OfHAaKO, HMEeTb B BHAY, YTO INPH HEOOJBIIOH
nnuHe ¢unepa (I<lyp) nmepuopn npobera noJsydaercs OUeHb
MaJiblM, IIePeXOMHbll NPOoNect 3aKaHUUBaeTCs] OBICTPO U Ha-
6si0paeMple IPH 3TOM H3MeHEHHS 4acTOThl OKAa3bIBAIOT OT-
HOCHTENbHO cjaloe BJIUSIHHE HA CIIEKTD HMIYJbCOB.

Panee npepnoJsaraJoch, 4yTo orubawiiass HMIyJabca uMe-
Ja npsiMoyroienyio Qop™my, T. €. IPHHUMAJOCh JJIUTE/Ib-
gocTh ¢poHTa TH=0. PaccMoTrpuM, K KakuM H3MeHEHUSIM
B 00leM XapakTepe IepPexXOAHOro mnpolecca NPHUBEAET YUeT
KOHEYHOH AJHTEJbHOCTH (HPOHTA OTPaKEHHOH BOJHBL.

Ha ocHoBaHMH HU3BECTHBIX CBOHCTB pelueHus nudbdepen-
{Ha/JbHOTO YyPaBHEHHS ¢ 3aMa3fbiBAOUIUM AaAPryMeHTOM

MOXKHO yTBEPXKaTb, YTO NPH yueTe KOHEUHOH HJIMTEJIbHOCTH .

¢poHTa yCTpaHsieTCs HapylleHue HENPeprlBHOCTH HAayaJb-
"Hoil pyHKuuH, HabjawogaeMoe NMPH NPSAMOYroJbHOM (ppoHTe
OTPaXKeHHOH BOJIHBI, U MO3TOMY pellleHUe ypaBHeHus Oyaer
«CryaxuBaThcay. Kpome Toro, yMeHbllleHue aMIVIUTYIOBl OT-
paKeHHOH BOJIHBI, B TeYeHUE BPEeMEHH OT [=Ty A0 {=Ta}+ Ty
NPUBOJUT K OcJab/ieHUIO peaKildd Ha reHepaTop, yMeHblile-
HUIO HAeBHanuH (as3pl Ha NepBOM 3Tame IEepexomHOro Ipo-
1ecca, 4yTto B psifie CJAyYaeB MOXKeET HPUBECTH K HEKOTODOMY
CHUKEHHIO MAaKCHMAaJIbHOI'0 OTKJIOHEHHUS YacTOTHl reHeparo-
pa B nepexoNHOM IpolLecce.

cjayuae, KOrAa AJUTENbHOCTh (pOHTA MeHblle HJIH
paBHa mnepuoay unpobera (12=Tp), ¢opmMa orubarwouien
¢podTa MoxkeT ObITh HaliieHa NMYTEM HHTErpUpOBAHHUS VKO-
POUEHHBIX ypaBHEHUH, HONYCKAIOWIUX pasfeJsieHue MepeMeH-
HBIX B CHJIy TOTO, UTO IPH T3~ Ty CHCTEMY MOXKHO pac-
cMaTpuBaTh B Iepuonx reHepauuu ¢$pPoHTa KaK aBTOHOM-
HY10.

Ecau He yyuThIBaTh BJIHsSIHHe BapHauuil ¢dasnpl Ko3hbdu-
[HeHTa OTPaXKeHUs Ha aMIVIMTYAY KoJsieGaHUH U 3JIeKTPOHHOE
CMellleHHe YacTOThl, TO B OTVIM4YHEe OT paHee pacCMOTpPeHHBIX
CjlydyaeB IpH YUCJAEHHOM UHTEIPUpPOBAHUM ypaBHEHUS Hepe-

168

xofHoro mnponecca (5.44) caenyer HONOJIHUTEJNBHO YYHTHI-
BaTh, YTO Yy Ha HUHTepBaJE To<I<<Tp-+Ty TeENepb Yyxe
ABJISETCS U3BECTHOH QYHKUHEH BPEMEeHH.

5.5. BIIMAHUE DSNEKTPOHHOIO CMEWEHKUA YACTOTbl HA
HAYANIbHYIO CTALMUIKO TMEPEXOLHOIO NMPOUECCA

B peadbHBIX yCJHOBHAX H3-3a 3JEKTPOHHOI'O CMEINEeHHS
yacTOTHl 3JIeKTPOMAarHUTHble KoJeGaHHsi, BO3Bpaulawilie-
CSl K MArHeTpoHY OT Harpy3KH, OKa3biBalOTCSI 3aMOLYJIHPO-
BAHHBIMHU IO YacCTOTe, UTO 3aMETHO OTPAaKaercs Ha Inpoilec-
ce yCTaHOBJICHHS a3bl, OCOGEHHO B HawaJIbHOM CTAfUH, TaK
KakK 3HayHTeJibHble H3MEHeHHs 4yacTOThl KoJsebGaHuil, oOyc-
JIOBJIEHHBIE 3JIeKTPOHHBIM CMellleHHeM, HMEIOT MecTO B IHe-
puopn reHepauuu GppoHTA UMIOYJbCA, T. €. B NEPUOH ObICTPO-
o HapacTaHusg aMIVIHTYOB KoJsaeOGaHuil. [leicTBue 3JieK-
TPOHHOTO CMEUIEHUs] YacTOTBhl NPOSIBJIALTCS Ipexkjae BCerc
B H3MEHEHHH IIOJOXKEeHHS 30HBl HEyCTOHUMBOro pexkuma v
H Xapakrepa npoiecca ycTaHOBJIEHHS (pa3bl KosieOaHHH.

VccnenoBanue nepexoqHOro npoiecca NPH HaJHYUH 34a-
na3aplBAOUICH peakKilHd C yUeTOM BapHanui aMIJIMTYAB 1
yacTOThHl B IIePUOA TreHepanuu GPOHTA HMNYJbCa CBA3AHO
C OueHb OOJIBIIAMHM MaTeMaTUYECKHUMH TpyaHOocTsaMH. Huxe
MBbl OI'paHHYUMCSl PACCMOTPEHHEM YyacTHBIX CJyyaes, MIO3BO-
JSIOUHX CHEJNAaTh PsSf BBIBOAOB, HOCAUIUX, CKOpee, KauecT-
BEHHBI{, YeM KOJHYECTBeHHBI XapakTep, HO HMEIOLIUX
GoJ/ibIlIOE NPAKTHUECKOE 3HayeHHe,

I[IpenBapHTEeNbHO OCTAHOBHMCSI Ha CJyuae, KOrjga Oru-
Gamomass GpoHTAa OTpaxKeHHOH BOJHBI HMeeT MPSIMOYTOJib-
Hy10 GOpMy, OLHAKO 4acTOTA MAarHeTpoHa ¢ MOMeHTa BO3-
OyxkJIeHUs B HeMm KoJjeOaHHH A0 MOMeHTa BO3BpalleHUS
IEPBOr0 OTPaXKeHHUs He COXpaHsAeTcd NOCTOSIHHOH, a H3Me-
HSIETCS! IO 3aKOHY

®’1 (2) = oy +Awy (F), .(5.60)

IA€ ®; — YacToTa B MOMEHT BO30YXAEHHS MarHeTpoHa mpu
COTJ1aCOBAHHOM Harpyske;

) Ilon sono#t HeycTOAUHBOrO pekMMa 8Iech M B AajbHeRieM Gymem
noHuMarb 06JAacTh 3HaueHn# (has mepBOro OTpPaxXKeHHHA, TPH KOTODPHX
HMMEET MECTO CKaYKooGpasHoe H3MeHeHHe YacTOThl MArHeTpoHa mpH mpak-
THYECKH HEH3O0EKHBIX PIIOKTYauusix ¢aspl H aMIIUTYyAB KosebaHUi, Ha-
f6monaeMblx B pealbHBX YCJAOBHSX.
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Aw(f) — MenneHHo MeHswoulascsd QyHKOUsa, ONpenessio-
nmasi BapHalMH YacTOThl 3a CYET 3JEKTPOHHOTrO
CMelleHHsl.

Ecsau orpaHuuuThCA pacCMOTpPeHHEM HAyaJIbHOH CTaguu
mepexofAHoOro mpoimecca (To<I< 2ty), To mudbdeperuualb-

HOe ypaBHeHHME MOXKHO 3alHCaTh Kak

dy (¢) __ sin ¢ (£)
dt a‘l’+cos4'(t) Ao, (f—1,). (5.61)

ITpu paccmoTpedun HauanabHO# CTaAHHU npoliecca BOJIU3H
30HBI HEYCTOHYHMBOTO pPexKHUMa, T. €. B oOsacTH ($a30BBIX
VIJIOB NIEPBOr0 OTpaxKeHHusl, OJU3KHX K YP=7, KpHBas 3ard-
rMBAaHUS YacTOThl MOXKeT OBITb 3aMeHeHa NPSMO# ¢ yrIJyo-
BoIM Ko3bdunyentom S_, n ypaBHenue (5.61) mMoxer ObITh

3aMeHeHo 6oJiee NPOCTHIM

dy (t)
B S [0 — ] — Ao, (t —7)=0.  (5.62)

YuuThiBass HavajbHble yCJOBHS [f=1o, P=10(12)], B pe-
3yJbTaTe HHTETPUPOBAHUS MOJYUHM

t
Szt , -j' Sgdt

py=e" {p()— [{sS —ho,(t—1)]e ™ ar}.

T3

’—""'294.

Ecan npunate S_==const, To0 mnocsenHee BblpaxKeHne
MOXET OBbIThb NPHUBEAEHO K BHUAY

p(O)y=mte"" "¢ (r) —nt

+ { Ao, (t —=,)]e

Tg

"'"Sn (t_12)

dt]. (5.63)

3agaluMcsl KOHKPETHBIM 3aKOHOM YacTOTHOH MOLYJs-
IMH OTpa’KeHHOH BOJHBL. JONYCTHM, UTO YacTtoTa U3MeHdAerT-
Cs [0 JIUHEHHOMY 3aKOHY

Ao, (t———‘:z)ﬂcw (£ —nx,).

rie C_ — mocTosHHAsi BeJIMYMHA.
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Torma (5.63) npumeT BHA

D ()= ()€ " 4 A (11— eSn*)“[_%t t,  (5.64)

rae

A""‘Tl‘.l ©.
2
1 'Sm

TTonyueHnnoe BuipaxkeHue anst P (f) gaer BO3MOKHOCTB
npoaHa U3UuPOBaTh BJAUSHHE DAa3JUYHLIX MapaMeTpoB CHCTe-
Mbl T€HEePAaToOp — HArpy3Ka Ha HAyaJbHYIO CTAJUIO Nepexo-
HOTO npouecca. B yacTHOCTH, OHO NHO3BOJISIET ONPENEJHTh
10JI0’KEHHEe 30Hbl HEYCTOMYHBOTO PEeXUMA H ee CMelleHHe
B 3aBHCUMOCTH OT 3HaueHust C_, a TakkKe OT BEJHYUHBl R H

@, BXOASIIINX B BblpaxeHue IJjst S_,

He ocranasnauBasicb moApPoOOHO HA aHa/aU3e YPaBHEHHS
(5.64), KocHeMCsl KauyeCTBEHHON CTODOHBI BOIpoOca O cCMe-
[IIEHUY 30Hbl HEYCTOWUUBOIO DexuMa, oOyc/nOBJIEHHOM ua-
CTOTHOH MOAYJASLHEHd OTpa’KeHHOH BOJIHBL

M3 ypasuenus (5.61) Buano, uto npu Aw; >0, T. e. npu
C_ >0, nepBasi yacTb ypaBHEHHs] MOXKeT OBITb paBHa HYJIO

TOJABKO 1pHU { (#) <m, rAe NepBbld u/eH npaBofl wacTu ypas-
Henuss (5.61) orpuuaTesnbHblH, H, Haobopot, npu Aw;<0
npaBasl yacTb MOKeT ObITb paBHa HYJO npH P(f) >m. Or-
Cclofla MOXHO cJenaTh 3akJIOueHHe, YTO AJs1 MarHeTpoHa,
y KOTOPOT'0 OOBLIYHO KO3(PPUINEHT 3/eKTPOHHOTO CMeleHUSs
yacTtoThl £¢>0, 30Ha HEYCTOMUYHBOrO peXHUMa AOJXKHA cMe-
artbcst BAeBO oT Pp=m (puc. 5.13). [Ipu ¢ase nepsoro or-
paxeHus (1) =7 Mar€HeTpoH B AAHHOM cJyuae OyjgeT pa-
6oTaTh yCTOHYHBO HA YacTOTE [3; HEYCTOHUHUBBLIH K& PEKHM
OyneT UMeTb MecTO NPU 3HaueHUu ¢asnl P (19) <.

Brpllie mnpeanonaraljiock, 4YTO [JJHTENbHOCTH (pOHTA
uMnyJbca orubarouieir 1p=~0. [Ipd KOHEYHOH NJIUTEJIBLHOCTH
(ppOHTA BJHAHHE 3JIEKTPOHHOTO CMELlEHHs] YacTOThl B Ka-
YeCTBEHHOM OTHOLUEeHHH coxpaHsiercs. Paccmorpum 3710 Ha
npuMepax pacyeTa NepexOpHOTO NPOIECcCa, BBINOJHEHHOIO
IIyTéM YHUCJEHHOIO MHTErpUpOBaHHUsA AUDPepeHnUaJbHOTO
ypaBHeHus: (5.61).

Ha puc. 5.14 nokazano usMeneHue dasnl P (f) anas cay-
yasi, Korga nepHof npobera te>1y, 3JEKTPOHHOE CMeElUleHHe
YacTOThl UMEET MECTO TOJIbKO B NepHOH reHepaudu QpoHTa
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df

i BelMUMHA S===; (T. € CKOPOCTb H3MEHEHWs YacTOTH

Ha ()POHTE HMIYJbca) NOJONKHTENbHAS H OTHOCHTEJbHO He-

BeJIMKA, TAK YTO CKOPOCTb M3MeHeHHs ¢asnl, 00yciaoB/eHHas

TOJIBKO 3JIeKTPOHHLIM CMelleHueM, OAHOIro nopsiika Cco CKoO-

pOCThIO H3MeHeHHusi (asbl, BHI3BAHHOTO 3aTATHBAHHEM 4Ya-’

crotol. ®aza mepsoro orpaxenust §(ve) =165° Aas BeeX
IpHBEAeHHbIX Ha pHC. 5.14 KPUBHIX. ‘

A
Jowa HeyemolvuBod J?
9 bg
pabdomyr npu <& >0 z
P e
/./
7o = -,
L~ {180 360 @¢°
i 3owa weycrnodeuBod
P of
7, padornst npu 57 ¢ 0

PUC. 5.13. Bausinpe 3NEKTPOHHOrO CMEIIeHHA ua-
CTOTH Ha MOJOKEHHe 30HBI HEYCTOHYHBOrO pekKuMma.

[Tpu wmanoit Bennuune df/dt (Kpusas s; Ha pHc. 5.14)
daza P(f), Kak H B cayyae OTCYTCTBHS 3JEKTPOHHOIO CMe-
IeHHs YacToThl, YMeHbiaercs. [1o Mepe yBenuuenus df/dt
(kpuBas Sp) (asa cHavajga BO3pacTaeT, a 3aTeM HaYHHAaeT
najgath. I[lpu Gosbmofi BennuuHe df/df (KpuBHE S4 U Ss)
HabJiogaeTcsd HenpepbiBHOe yBesnuueHue ¢aspl. Hus man-
HOH (assl nepBOTo OTpaxXeHust P(t2) =1656° cyuiecTByer
sgavenue df/dt=s;, npu KotopoM Kpusas P(f) Kacaercs
ocu abcuuce (trouka M). Ecsum TOYUKa KacaHHs COOTBETCT-
BYeT MOMEHTY BpEeMeHH fy>To-+vg, T. € MOMEHTY, KOrjia
AMIVIUTYAA OTDAaKEeHHOH BOJHBI NPAKTHUECKH JOCTHUIIA
YCTAHOBHBLIEroCsl 3HaYeHHs] U 3JIKTPOHHOE CMeluleHue ya-
CTOTBl OTCYTCTBYET (HJH OueHb MaJjo), TO HaJjbHelllee H3-
MeHeHHe GYHKUHH Pp(f) 3aBUCUT OT HeOOJbIIUX (JIOKTya-
Ui Gasbl WK aMIJIETYABl NaAaoulell 1 OTpaKeHHOH BOJIH:
KpuBas P (f) MOXKeT 1ocJje 3TOH TOYKH UATH HJIH BBEPX, HJIH
BHHM3 aHAJOIHYHO TOMY, KakK 3T0 Hafuiogaercss mpu P (t2) =
=7 B CJyyae OTCYTCTBHS 3JEKTPOHHOTO CMelleHHs1 YacTOThI.

TaxuMm o6pa3oM, KakK u B npeasiayueM ciayuae (14=0),
3JIEKTPOHHOE CMelleHHe YacTOThl 00YCJ/IOBIUBAET NepeMelie~
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HHUEe 30Hbl HEYCTOHUHMBOrO peXkuMa BUPABO OT TOUKH Y=gt
0 0
11pH ~5-£->0 U BJIEBO IIpH —£-<0.
HMuTtepecHo 3aMeTuTh, 4TO IIPU OnpeliesieHHOM 3HAYCHHHK
df/dt (xpumasi s3 Ha puc. 5.14) mabmaiogaercsi cnaboe u3nMe-
HeHue (as3bl KospgHULUeHTa OTpaxkeHUsd H, CJAEHOBAaTeNIbHO,

yacToTbl reseparopa. Takodl peKHM ¢ (PH3HYECKOH TOUYKH
3peHHs] COOTBETCTBYeT KOMIEHCAUUH H3MeHeHHH ¢ashl,

¢(t) 4
210° t

200° +

190° +

1807 >
f-Tz . MKCEX
170° =

160°}

ffﬂor-
PUC 5.14. 3aBucuMocCTh Q)yg?uuu P (¢) or napa-

MeTpa s= .-

00yCJ/IOBJIEHHBIX YACTOTHOM MOAYJAALMEN OTPaXKeHHOH BOMTHBL
M 3aTSrHBaHHMEM 4acTOThl redepatopa. OTMeueHHoe 06CTOs-
TeJIbCTBO MOXKeT ObITh HCMOJIb30BAHO HA NMPAKTHKE OJIs CHH-
KeHUsT U3MEHEeHUH 4acTOTH reHeparopa, BbI3BaHHBIX 3Ji€K-
TPOHHBIM CMelleHHeM YacTOTbl NyTEM MNPaBHJIbLHOTO BHIGODA
dassl Kos3hdUuHeHTa OTpaxKeHUud.

IlpoBeneHHoe paccMOTpeHHEe MOKa3bIBAeT, UTO MOJOKe-
Hue ¢a3bl HEYCTOHUMBOTO DPEXKHMAa 3aBHCHT HE TOJBKO OT
mapaMeTpoOB CHCTeMBl TreHepaTOp — Harpyska (a, T2) n
Ko3hpuiueHTa 3J1eKTPOHHOIO CMElleHHsl 4acTOTH &, HO U OT
KPYTU3HBI (pPOHTA HUMIYJbCa, KOTOPAA BJAHAET Ha CKODPOCTh
naMetHenus: yactorol df/dt. TakuM o6pa3oM, U3MEHEeHHE De-
XKHMa MOAYJASITOpa U APyrue NPUUYUHEL, BaAusoUe Ha dop-
My HMIOYyJbCa, B YACTHOCTH HAa KDPYTU3HY ¢poHTa, OYIYT
IPUBOAUTD K CMEUIEHHIO 30Hbl HEYCTOMYHBOIO PexXuMa. ITO
0OCTOSITE/NbCTBO CJEAYeT YYUThIBATH B TeX CJyyasX, KOrjaa
yCTpaHeHHe HEYCTOHUUBOIO peXkuMa IMPOU3BOAUTCS IYTEM
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COOTBETCTBYIOLIEH PeryjupoBku ¢a3bl KospduiuedTa orpa-
KEHHS. )

IIpu 3HauuTenpHO#l BesMudHe KO3bODHUIHEHTAa 3SA€K-
TPOHHOTO CMEIIEHUS] YACTOThl H 60JbLION KpyTU3He GpOHTA
HMITyJIbCa B HAYyaJbHBIH NepHOA MEpPexopHOTO mpolilecca Mo-

90°

=\

180" ““\\ \‘E\» /’ Q121\01610.2 |024|k

. \ /! -

-. A1) )

\ SE)
219° (T |

$(7,)=150° ‘l
~ T
>~ 97 20&,__/\_7’8_(;_
200° N — X 300°

270

/ 330°

d Me
PHC 515 Hswveneune pasm P (f) npe (Ti: =200 Wt—(?e—f_c H pas-

JUYHEIX 3HayeHusx Y (Ts).

JKeT HaOJsonaThes OblcTpOe u3MeHeHHe (pas3bl KosdhduuueH-
Ta oTpaxenus. OQHAKO A0 TeX MOP MmOKAa MOAY./b Kosdhdu-
HHEeHTA OTpPaXKEeHHs MaJ, M3MEHEeHUs] YacTOThl reHepartopa
OTHOCHTEJIbHO HeBeaHNKH. Ha kpyrosoét guarpamme (KOTO-
pPyio yA0OHO HCNIOJb30BATbL B HAUaJbHON CTANHH NEpexogHo-
Io npoiecca, ecJd YUUTHIBAGTCS KOHEUHOCTh IJIMTENbHOCTH
(ppoHTa OTpaxKeHHOH BOJHBI) MPEACTaBJSAIOIIAS TOUYKa
B cjiyyae OOJIbLIOTO 3HAYEHHS g COBepllaeT ABHIKEHHE IO
packpyuuBaiomencs cnupaju (puc. 5.15), koropast 3akai-
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UHBAETCS IOCJE psaa KoJieOaHHH B TOUKE, COOTBETCTBYIO-
e yCTAHOBHBIIEMYCH pEXKHUMY.

Pesyabrartsl pacueta dassl P (f) 019 HECKOJbKHX PeXH-
MOB NpHBeXeHbl Ha puc. 5.16. Bce KpuBble COOTBETCTBYIOT
JJUHEHHOMY HapAaCTAHHUIO aMIIUTYAbl KoJieOaHHH H UacTOTH

4 900

-

= Nl

30°
97 - 209 24> N 2 \
ot MKCEK NN
\
ol LAY/ é\m’m AR

. \SELT

G(Tz)=240°
240° ——_~"300°
270°
df Mzy
PUC. 5.16. Vamenenue dassr P (t) npuj; =—200 —=——~ u pas-

JIMYHBIX 3HaueHUAX P (T2).

B HepHOJA reHepauud (PPOHTA, AJHTENbHOCTb KOTOPOTO Tg==
=0,1 mkcek. [lepuon npobera Obla BbIOpaH PaBHBIM Ty, MO-
AyJab Ko3hdunuenTa oTpaxkeHuss B YCTAHOBUBIIEMCS DeXH-
Me k=02, nocrosudas a= 151 mepad/cex U CKOPOCTb U3Me-
HEHHSI  YaCTOTHI Ha  ¢poHTe uMmnynabca  df/dt=
=200 Mey/mrcex. 3HauyeHHs (a3 MepBOTO OTparKEHHUs yKa-
3aHBl Ha PUCYHKaX.

M3 npuBeZeHHBIX KPHBBIX BHAHO, YTO NIPU MOHOTOHHOM
H3MEeHEeHHH YacTOTHl reHepaTopa B TeuYeHHe BpeMeHH, Ipel-
IIECTBYIOLIEr0  NPUXOAY  OTpaxKeHHy  OT  HarpyskH
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(0<t<7y), H3MEHeHHe YacTOThl B HayaJpHOM CTaiuu mepe-
XOMHOro iiponecca {mocne MNPUXOZAa OTPAXKEHHOH BOJHBE

(1,<<! < 215)] MoXKeT HOCUTB KoJiebaTenbHblll xapakTtep. IipH
'MaJIOM 3HayeHHH MOAYJisl KoabbdHiueHTa OTpaxeHusl, KOraa.
aMIJIUTyAa OTPa*KeHHOH BOJIHE Yy FeéHepaTopa euie HeBejH-
Ka ¥ IO3TOMY 3aTITHBAaHHe YacTOThl TakXKe MaJjo, 4acToTa
MOLYASILHH an6J1H3HTeJleo COOTBETCTBYET Pa3HOCTH 4Ya-
CTOT Majarouledl U OTPaKeHHOH BOJH.

‘DJIeKTPOHHOE CMeleHHe YacTOThl NPHUBOAUT K Pe3KoMY
M3MEeHeHHIO XapakTepa YCTaHOBJIEHHs! a3kl MpH mepexofe
30HBl HEYCTOMYHBOTO PeXHUMAa, HaKe ecyid KPHBas 34THru-
BAaHHSI YacTOTBHl CHMMETPUYHA OTHOCHUTEJBHO TOUKH V=T.
JTo HalJsiAHO BHAHO H3 CpaBHeHUsT KPUBHIX P (T9) =120 n
150° ma pHc. 6.16, cooTBercTBYONUX (Dasam MepBoro oTpa-
KEHHS, PACTIONOKEHHEIM BOJiH3H ¢a3bl HEYCTOHYHBOTO pe-
KHMa q;myw (10) =1135°. | o

ChopMysHpPOBAHHOE TMOJIOKEHHE xopoimon NOATBEP K-

AaeTcs IKCHePUMEHTAJbHBIME HaOJMIOAEHHAMH, KOTOpHIE M0~ -

Ka3bIBaIOT, YTO MEPEXON Yepe3 30HY HeYCTOHYHBOIO pexXxuma
CONPOBOXKAAETCS 3aMeTHBIM HM3MeHeHHeM (QOpMBI YaCTOTHO-
ro CIeKTpa reHepUpyeMblX HMIIYJIbCOB.

5.6. UCKAXKEHMS YACTOTHOTO CrEKTPA MMMYJIbCOB
MPU PABOTE HA TMEPESAIOLUYIO JIMHWIO BOMBLLIOWM JJWHbI

3HauuTeJIbHBIE H3MeHeHHs1 YacTOThl MAarHeTpoHa, BhI-

3BaHHbIe OTPAXKEHUSIMH OT HArpy3kH B cjyyae GoOJbIIOH

AJUHB Quaepa, NPU ONpelesieHHbIX YCJIOBUAX MOIYT NpPU-
BeCTH K IOSIBJIEHHIO 3aMeTHBHIX HCKaXkKeHH# YacTOTHOro
CIIeKTpa TeHepUpyeMbIX HMIyJbCOB. Ilocnennee, B CBOWO
oyepenb, MOXKET NMPUBECTH K HAPYLIEHUIO HOPMAJbHON pabo-
Thl CHUCTEM AaBTOMATHYECKOH MOACTPOUKH YacTOThl, CHHUXKe-
HUIO 1a/bHOCTH [eHCTBHS M TOYHOCTH pa,I[HOJIOKaIlHOHHbIX:\
- CTaHUHHA.

CrabHJIbHOCTD YACTOTH! MarHeTpOHa B IIepuoj reHepa-

LMK OTHAEJNbHLIX HMIYJBCOB 0CO00e 3HaueHHe NMeer B KO-
repeHTHO-UMIYJbCHBIX cHcTeMax. OTpuiartesbHOe BJIHSHHE
M3MEHEeHHH yacTOThl B NepeXOAHOM pexXxuMme Ha paboTy Ko-
FepeHTHO-UMIIY/bCHBIX CHCTEM MOXKET MpPOSIBJSITbCS TaKkKe
B CJyyasiX, KOrja BeJHUYHHA OTKJOHEHHH 4acTOTHl HejpoCTa-
TOYHA, YTOObl TNPHBECTH K - cymeCTBeHHomy HCKAMKEHHIO
ClIeKTpa UMIYJIbCA,
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- [Ilpu anaau3ze BJUSIHHS HecorJiacoBaHHoro Qupepa Ha
yacToTy reHeparopa HaMH OblJI BBeleH DAL YIPAaBJIAOUIMX
OONyILeHH#, NO3TOMY INPeACTaBJIsieT HHTEpec MPOBECTH XO-

T 6B KauecTBEHHOE cpaBHeHHE IKCIEepUMeEHTaNbHO HabJ/1o-

JaeMbIX CIIEKTPOB CO CIEKTpaMH, PaCCUUTAHHBIMH HA OCHO-
BAHHU KPHUBBIX NEepeXOAHOTo Ipoiecca.

biok-cxemMa 3KcnepHMEHTAJIbHONM YCTAHOBKH IpHBedeHAa
Ha puc. 5.17. B ycranoBke Ovli HCHOJNB30BAH UMIYJIbCHBIH
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PUC. 5.17. bnox-cxeMa 3KCNEPHMEHTANbHOH YCTAHOBKH.

MArHeTpOH TPEeXCAHTHMETPOBOTO [A1Hama3oHa MOUIHOCTBIO
40 ker, uMenOWHH KO3(QOHUUMEHT 3aTATHBAHUS YAacTOTHI
Foo= t14 Mey. Ilutanue MOAyJI4TOPA, obecnieyuBaroUlero pa-
60Ty MarhHetpoHa npH pasjMyHOH AJAUTEJbHOCTH HMIIYJHCOB
H YacTOTe CJIeIOBAHHUS, OCYUIECTBJSAJIOCH OT CTaOUIM3HDPO-
BaHHBIX MCTOYHHKOB C 1eJIbIO YMEHBIIECHHS BJIHSHUS HENOCTO-
SIHCTBA HANPsIKeHUS MHTAIOLIEH ceTH. HacTOTHbIe H3MepeHHUs
IPOH3BOAM/NCL C NOMOIIbIO aHanu3artopa cnekrpa [70].

C 1esbl0 OTHOCHTEJBHOrO YMeHbIUeHHSI BJIHSHHS OTpa-
KEeHHH OT MeCT cOeJUHeHHS OTAeJbHBIX CeKUHH nepeaaw-
el JHHHM (B KauecTBEe KOTOPOH HCHOJb30BAaJICs moceped-
pPEHHBIH BOJIHOBOM) 3KCHEPUMEHT MNPOBOAWJCS IIPH 3HAYHU-
TeJbHOM paccONTacOBaHHH OKOHEYHOH HAarpy3Kd € JIMHHEH,
yTo 0o0ecmeyrdBasJO AOMUHHUDVIOUIee BJAHsSHHEe Harpy3kd Ha
MOAy/b KU pa3y kospduuneHta oTpaxkeHus Ha BXoJe JHHHUMH.

IIpene6pexxenue  pacnpenesieHHBIMH OTPaXKeHHAMH,
a TakkKe 3HAYHTeJbHBE TPYAHOCTH oGecneyeHHs BBICOKOH
TOYHOCTH AaMIJHTYAHBIX H3MepeHHH € IIOMOUIbIO aHalu3a-
TODA CHEeKTpa_Ipu LIHPOKOH TOJOce YacToT, 3aHUMaeMOH
CIIEKTPOM HMMIYJbCHBIX CHTHAJOB MAaJod [JIUTEJbHOCTH,

ONPEHessIIoT B OCHOBHOM “KAueCTBEHHBIH Xapaktep MOJay-

YEHHBIX HHUKe 3KCIEePHUMEHTAaJIbHBIX pe3yJbTaToB.
| | 177



Ha puc. 5.18 noxkazano nzmeHenue ¢asnl Kos3dpduinuenra
OTpa:kKe€HHsI W YacTOTbl MarHeTpoHa B Ipoiecce ycTraHoOB.e-
HHS KoseOaHHH A/s1 pas/MyHBIX 3HaYeHHi (a3 nepsBoro ort-
paKeHus P (tg) IPUMEHUTEJIBHO K KOHKDETHBIM IapaMerpam
SKCNIEePUMEHTAJBbHON yCTAHOBKU. KpuBBIE mOJyYeHB NyTeM
YHCJEHHOI0 HWHTETPUPOBAHHUS YpaBHEHHs, ONHCHBAIOMIIETO

nmepexofHblil Npolece, B IPEANONOKEHHH, YTO AJHTENABHOCTE
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PUC. 5.18. MameHeHHe ¢ashi H 4aCTOTH MAarHeTPOHa NPH Tp=
=0,107 mkcex, Foo=14 Mey, £=0,39 u P(12) =185, 240 u 330°.

¢poHTA paBHA HYJAIO H 3JIEKTPOHHOE CMEUIeHHE YacTOThl OT-
~cyrerByer.  [lepuox npobera Obl1 - BbIOpaH  PaBHBIM
0,107 mxcex, uTO COOTBETCTBYET AJIHHE BOJIHOBOAA, HCIOJb-
3yeMOr0o Ipy nmpOBeAeHUU SKCrmepUMeHTa, paBHOH 11,5 M.
Pacuer npoBsenen npu £=0,39 u Fop=14 Mey nns Tpex
XapaxkTepHbplX 3HaueHuid $a3pl NepPBOrO OTPAaXKEHHS:
1) BOM3H 30HBI HEyCTOWUHMBOroO  pexkuMa — P (Tg) =
=I185° (cnaouwIHble KpuBbIe Ha pHC. 5.18); -
2) B obBaacTu MaKCHMAaJbHOTO 3aTATHUBAHHSI YacTOTH
MarderpoHa — {(te) =240° (NyHKTHPHBEIE KPHBHIE) H
B OKDPECTHOCTH CTaiUOHAPHOro 3HayeHHs a3l
kos3hdunuenta orpaxeduss P(ve)=330° (WTPUX-TYHKTHP-
Hble KpHUBHIE). o |
| M3 paccmoTpeHust KpUBBIX, NPUBEAEHHBIX Ha pHC. 0.18,
MOXKHO Cc[IeJjiaTb psii BBIBOJOB, KOTOpble SIBJSIOTCS [JOCTA-
TOYHO OCINMMH, ecjd AJHHa ¢uaepa TakOBa, YTO INEPHON

178

npobera Te paBeH HJHU GoJibllle AJUTEeJbHOCTH npoueccaz

| ycTaHOBJieHUs ¢a3bl Ha NepBOM 3rane (o<t <<272) H, KpoO-

Me TOro, CTallMOHapHOe 3HAYEHHE hasbl Koaq)cpHuHeHTa OT-
paxkeHHs: JOCTATOYHO GJM3KO K {P=3060° (uTOo NpaKTHYECKH
BCErZa HMeeT MeCTO IPH BHINOJHEHUH NMPEABAYLIETro yC/I0-
Bust). [locsenHee MoJIOKeHHE HANIOCTPUpyeTcs puc. 5.19,
roe 8f; u &; ompenessiioT AUANA30H BO3MOXKHBIX CTaLHO-

A | Ny

‘E—--d"% .

PUC. 5.19. Onpenenenne rpaHull oGJy1acTH YCTOHYMBBIX CTAllHOHAPHBIX
COCTOSIHHH CHCTEMHL.

Hapublx cocTosinuil cucrembl, M;N; u MyN, — kpalinue no-

JOXKeHHsi (a30BOH XapaKTepHCTHKH nepepaiouiefl JHHHU.

1. Ilo mepe npubauxkeHus: Ghasbl NEPBOro OTPaAKEHHUST
K 3HauenHdio P = 180° npouecc ycranossenus $hassl K03 du-
LHEeHTA OTPaXKEHHS] K YaCTOThl reHepaTopa 3aTATHBAETCS.

HMckax)eHus cieKTpa HMIYJbCOB JOJIXKHBI BO3pacTaTh 1o
Mepe npubJsuxKeHUs (a3bl MEPBOTO OTPAXKEHHA K 3HAUYEHHIO
p=180°.

2. das ¢a3 nepBOTO OTPaxKeHUS 113(1'2)>270° MaKcH-
MalbHOe OTK/JIOHeHHEe yacTOThl Bcerpa Mesblue !/oFy, 1. e,
MeHbllle TOJOBHHBI BeJUUHHBI 3aTATMBAaHUSA YacTOThl Mar-
HeTpoHAa [ NAHHOTO MOAyJsi Kos3(dduuuedTa OTPaKeHH,.
U yMeHbUlaeTcss no Mepe npubamxkends ¢assl K 1hp=360°.

- Tak, Hanpumep, B HalleM cayyae yKe NpUOJIU3UTENBHO NPH
P (12) =240° MaxcUMaabHoe OTKJOHEHHE YaCTOTHl He HOCTH-.

raet !/, Fr, a npu ¢ (12) =330° oHo cocrassier 0Kos10 Vg Fp.

[Tpu nmpaktuyeckH HaOJaI0AaeMbIX PaccoryacoBaHusiX
(m~1 5) 1Jiss MarHeTPOHOB TPEXCAHTHMETPOBOIO AHANAa30+
Ha, Hmemmﬁx' Ko3(pDHUIHeHT 3aTaruBanus wacTtoTbl 10—
15 Mey, 3aHayuTenbHble U3MeHEeHHSI YACTOThI HAa KaXXJOM H3
3TanoB IePexXofHOoro mpoiecca HabAwRawTC B TeueHHE
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npumepro 0,06—0,1 mxcex. Ilo stoit 1npuunHe OCOOGEHHO
CHJbHBEIE HCKaXKeHUs COeKTPa MOTYT BO3HHKHYThL ([IpH COOT-
BeTCTBYIONIEl (pa3e [epBOro OTpaKeHHus), Korjga IepHoj
npobera 1 6au30ok K 0,00—0,1 wMmrcex, a IJIHTENbHOCTD
HMNYyAbCa B HeOosbllloe UHCAO pa3 (2—95 pa3) npeBHlIlaer
nepuod npobera.

Ha ocHoBaHWH KPHUBLIX, ONPeAensIOIMHUX Npolecc ycra-
HOBJIEHHS UYaCTOTH MAarHeTpoHa, NONLITaeMcs YCTaHOBHTb
XapaKTep BO3MOXKHBIX HCKAXKEHUH CreKTpa HMIIYJLCOB IIpH
pa3/UUHLBIX (pasax nepBoro OTpaxKeHH.

Pacuer u nocrpoesue crieKtpa no 3aJaHHOMY H3MeEHE-
HUIO 4acTOTHl B MEDPHUOJ FeHepaluu HMIYJabCca MOXHO BHI-
MONIHUThb, HCIOJb3YS NMPEAJOKEHHBIH paHee MeToJl, OCHOBaH-
HBlii Ha NPeACTABJICHHH CIEeKTPa HMIYJbCa NPH HAJIHYHA

aCTOTHOH MONYJSILMH B BHJAE CEPHH UACTHLIX CIEKTPOB
[56, 61]. Caeays sToMy MeTony, AJSl IOCTPOEHHH CIEKTPa
Heoﬁxonumo (PYHKUHIO, ONPeAeasOUlyI0 BapHaniu 4acTOThl
MarHeTpoHa B II€PHOJ TeHepalUHu HMIYJbca, Pas3yioXHTh
B pan Pypbe Ha HHTEPBAJE, PABHOM JHUTENABHOCTH HMIYJb-
ca. BbluucneHue cOCTaBJSIIOUIUX 3TOrO Da3joXeHHss MOXKHO
IPOBECTH KAKUM-1100 rpaduuyeckKUM HJAM YHCJIEHHBIM METO-
I0M TapMOHHYECKOr0 aHa/ju3a, a 3aTeM, pacCuutap d4acr-
Hbl€ CHEKTPhl, MYTEM CJOKEHHS UX NOJYYHUTb PE3YyAbTHPYIO-
wmit cnektp. OpHAKO Takoe NOoCTpOeHHe NPH CJAOXKHOM BHJE
(PYHKUHH, ONpeNeasiollleid 4acToOTHYIO MOAYJSLHIO, IOJY-
qyaercsl HAOBOJABHO rpomo3akuM. Bmecre ¢ TeMm, n3 paborhi
[61] cnenyer, uTo BCJAeACTBHE OLICTPOTO YMEHbILIEHHS
aMILVIUTYJL BBICIIHX TrapMOHHK C YBeJHUEHHEeM HX HoMepa
B pas3noxeHun (QYHKIUHH, KOTOPHIMU, MOTYT ObITh aNIpOKCH-
MHPOBaHLl peajibHble 32BHCUMOCTH YaCTOThHl MAarHeTpoHa
B NepUOJi reHepaluu UMIYJabCa, a TakkKe JONOJHUTENbHOTO
CHHXKEeHHSl BEeJHUYHHB! UHAEeKca MOAYJASALUHH 1JisI COCTaBASIO-
mux OoJiee BHICOKOTO nopsjaka popma yacTOTHOrO CIIEKTpa
Oyner onpeaensithCsi IMaBHbIM 06pa3soM OCHOBHOH COCTaB-
asouieli, KoTopas B HalleM Cjyuae KoJebaTesbHOro Xapax-
Tepa H3MeHEHHs YacTOThl HMeeT MepHoj, GJIH3KHH K Nepuo-
Ay npoGera To. T
"~ Tlo sto#f nmpuyuMHE OrpaHHYUMCs IOCTPOEHHEM psija
CIEKTPOB JJisl pPasAUYHLIX OTHOWIEHHH  AJUTEJbHOCTH
UMIyJbca T K NepHOAY npodera Ty, YUHTHIBAs TOJLKO OLHY
COCTABJASIOUIYIO pa3J/ioXKeHHUs,, T. € TNpearnoJsaras, 4ro da-
CTOTAa MAarHeTpPOHA BO BpeMsl IeHEpamUHd UMNOYyJabCa U3Me-
HAeTCA N0 rapMOHHYECKOMY 3aKOHY.
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Kparko ocraHoBMMCcH Ha NOCTPOEHHM CIIEKTPAa MMMYJ/bCA
IPH H3BECTHOM 32KOHe M3MEHEHMs Hecylled vacTOTH IpH-
MEHHTENBHO K CJayualo, KOTJa YUYHUTBIBAETCH TOJbKO OJHa
COCTaBJAIONUIAN pPa3JIOXKEeHH . ' -

IlpennonoxuM, 4ro orubarwoliass BBICOKOYACTOTHOTO
HMIyJbca onpenensierca ¢yukuued U(£), a yacrora Marhe-
TPOHa B MEPHOJ TeHepauWu HMIYJabCa paBHa

o (f) =, -+ Ao, cos (2,4 CP),’ (5.69)

rjpe @f — 4acToTa MAarHeTpoHa B OTCYTCTBHE MOJYJSILMH;

AW, — 4aCTOTHAS JeBHALUA;
Qm — YacToTa MOAYJASUMH;
¢ — HauaJabHas (asa.
CnekrpaapHas NJOTHOCTD HMny.nbca JJIUTENBbHOCTBIO 7T
onpeiensiercsl COOTHOLIEHHEM

S (0)= f U (¢) sin [wyf -8 510 Q2 -+ )] e 1 dt, (5.66)
g .

Om

Qm

3aMeHsAsT TPUTOHOMETpUYecKHe PyHKUHH paaaMu Pypoe,
MOXKHO npencraBuTh (5.60) B Bupe

rae &= MHIEKC MOMYJISILH.

#1==00

S (0) = 2 I (

=00

&) [0 O sin [0y + Q) tngle™ =t

- (5.67)

rae J,(En) — dyukuusa Deccens n-ro mopsyika apryMmesra &y.
Buipaxenne

G (U0 sin [0y 1) £ 4] e

OyzeM Ha3biBaTb YaCTHHIM CIIEKTPOM. -
[Tpn @, > 2x/t cooTHowlende (5.67) npuHHUMaeT BHUX

n=o0

S (o) = 2‘] 2 A (em eln? j Utye T gt (5.68)

s
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Beipaxkenne (5.68) onpenensier CnexTpanbHYIO MJOTHOCTh
HMIyJbCa .yepes CYMMY CIEKTD aJIbHbIX JIOTHOCTEH BHEO-
uMmnyabcoe U (f).

B cayuae npsiMOyroJabHOro UMIyJbca aMIVIHTYAR A
B pe3yJibTare HHTerpupoBaHus (5.68) moayuum

sin {[co — (0g + 1)] %}

T

[(0 — (mH -+ ngm)] —Q_

S (@) = o 2 I (En)on ,(5.69)

raie g — At — nJolllajib BHAEOHMITYJILCA;

i {[m—-(mn+nﬂm)] f+ne— -1:—}
> An=—=¢€

Ecau npuHsATh, 4TO B HamweM cJjaydae orubaloias
uMnyJabca Onu3ka no ¢GopMe X NPSIMOYTrOJbHOH M OrpaHu-
UUTHCS YUETOM TOJILKO OJHOH COCTABJSIIONIEH PAa3JI0XKEHUA
(YHKUUH, ONpeNesIoNieii H3MeHEeHHEe YacToThl, TO IIOJyUeH-
HOEe COOTHOLUEHHEe J[aeT BO3MOXHOCTb IIOCTPOUTH CIIEKTD
UMIIyJAbCa NPH HAJUUUK YaCTOTHON MOJYJSLUU.

M3 puc. 5.18 BupHO, 4T0O MakcuMaJibHOe OTKJOHEHHE 4Ya-
CTOTB! Afmax OpH P (T2) ='185° cocraBasier okono 15,5 Mey.
Ecau 3a 4acTtoTty MOAYASUHH NPHOMHKEHHO HNPHHATE Q=
=2n/te U CYHTATh, YTO H3MEHEHHE YacCTOThl NPOHCXOIHUT IO
rapMOHUHECKOMY 3aKOHy, TO J€eBHALUs yYacToThl Oyner
paBHA

A max
¥ HHAEKC MOAYJSIHH
A(om
Em =5 —=0,83.

QueBHIHO, UTO HCKaXKEHHs CHEKTpPa NMPH TAKOH JleBHa-
UK Y4acTOThl U HHAEKCe MOAYJSLHH [PUMEHHTENbHO K pac-
cMaTpHBaeMoMy cayyaioo (puc. 5.18) OyayT HeCKOIbKO 3aBbl-
WIEHHBIMH M OJIH3KHMH K NPEAeJbHO BO3MOMKHBIM JiJist [aH-
HOH CHCTEMBL.

DHepreTHyecKuil CIEeKTpP HMNYyJAbca, PaCCUHTAHHBIH JJIA
En=083 u v= 3rv2, npuBefeH Ha puc. 5.20. 31ech XKe MoKa-
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3aH NPHHATBIE 0OpH pAacuére 3aKoH H3MeHeHHAa uvacToThi
B nepuon reHepauuu uMmnyabca. Ilpu 19=0,107 mkcex 3TOT
CMEeK1p COOTBETCTBYCT  JIJUTENBHOCTH  HMIYJbCa T=
=0,321 mKrcek, On3KOfl K AJAUTENBHOCTH MUMOYJ/bCA, MPHHS-
TOH NPH 3KCIEPUMEHTAJLHBIX HabmioneHnusx. Jas cpapHe-
HUSl Ha DUCYHKE MYHKTHPOM H300pa)KeH 3HEpPrerHuecKuii

by
) l \
S R 4
79N | *‘A i1y
AAYE Wml 4
'"_*wH T Xr )‘ r ‘
4 /\ S A Em=0.83
E ; ‘l‘ T=37, ’
0 p "z_ ;[ y
! \
| \t
{
([ 1\ )
i l
- X N ]'/ \\
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//\\ p A\ /T
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Lo ods \AVAR _
GJH—Qm Wy Cl)H'*Qfﬁ o

PUC. 5.20. DuepreTnyeckull CneKTp uMmnyabca npu £,=0,83 n
T=3Ts.

CIIEKTD UMMNyJbca TOH Ke JJIHTEJBbHOCTH, HO B OTCYTCTBHE
YacTOTHOU MOJIYJAIHH.

Ha ocuoBauuu npupeaeHHoro Ha puc. 5.20 mnpumepa,
a takxe coorHomexuit (5.68) u (5.69) Moxuo cpenarp cae-
AVIOU[H€e BBHIBOIbI, KACAIOIUECH XapakTepa U CTENEHH OXKH-
JlaeMbIX UCKAXKEeHNH:

1. Ilpu M3MeHEHMH HacTOThl MarHerpoHa BO BpeMsd Tre-
Hepauud UMNYJAbCa MO TapMOHHUYECKOMY 3aKOHY B CIEKTpe
UMIIYJbCca MOSBJSIOTCS OOKOBBIE «JEMEeCTKH», yAaJeHHbIe OT
cpenHeil yactOoThl OpubJu3UTENbHO HA £71Q,, U YyMeHb-
HiaeTcsli SHEPrus, cCOCPeNOTOUEHHAs B TJIaBHOM <JIEMIECTKE».

@opma OOKOBBLIX JENECTKOB MOXKET CYILECTBEHHO OT/H-
yaThCcs 0T 0OBIUHON QPOPMBI CIIEKTPA HMIYJ/bCA B OTCYTCTBHE
YACTOTHOH MOJYJSIUHH.

2. [Tpu npouymx paBHBIX YCJAOBUAX paccpefoTOUEHHE
3HepTHUH 10 OOKOBBIM JienecTKaM BO3pacTaer ¢ YBEJHUEHHEM
HHIAeKCa MOILYASAHUU &.
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3. Hna duxéupoBanHoro sHaueHust &y # Qn (T. €., HEH-

MY, CJIOBAMH, IPH HEH3MEHHOM 3HAYEHHU JeBHALMH YaCTOTHI
U nepuoja npoGera T3) $opMa YyacToTHOro CneKTPa 3aBH-
CHUT OT [JIHTENbHOCTH HMIUY/bLA. ~- -t

47 Tipu-3anaHudi IHTeNbHOCTH HMIYJALCA M INOCTOSH-
'HOH JeBHALHM 4YacToThl C yBeJHUEHHEM Iepuoja npobera
Te BO3pacTaer OTHOCHTEJbHAs BeJHYHWHA OOKOBHIX Jemect-
"KOB.

'5. MakcHMyMBl GOKOBBIX JIENECTKOB, Kak IPaBHJO, pac-
noJjaraloTcd _Ha pasHOM PacCTEAHHH OT CPEJAHEero 3HayeHud
Hecyiell 4acToThl y.

JKclnepuMeHTanbHbBle HaOMIO[eHUSI KadeCTBEHHO XOPO-
IO MOATBEPIKAaT cHOPMyNHPOBAHHBIE HoJoOxkKeHudA. Pe-

3YJAbTATbl 3KCIIEPHMEHTAJNbLHOIO HaﬁJI}O,H,eHHSI chameﬂnn .
CIIeKTpOB BLI3BAHHLIX OTpaxKeHUsIMHU OT, HeCOFJIaQOBaHHQH««

‘'MALPY3KH, NpeicTaBJeHBl Ha ¢oTtorpaduax (puc. 521—
5.24). OcuuanorpaMMbl  COOTBETCTBYIOT  JAJHTEIbHOCTH
uMmnysnbca tv=0,32 MKCex W yacToTe CJAEHOBaHUSA
1200 umn/vex. MarnerpoHublii nepepatuuk paboran Ha
BOJIHOBOJA aJiuHo#i okoso 11,5 m. Ilepuon npobera cocrae-
aaa 19=0,107 mxcex.
ITpuBeneHHBIE CIEKTPOrpaMMBbl NIPEXKE BCErO NOATBED K-
nawmot "saubonee CYIECTBEHHO® IIOJIOXKEeHHe — HaJU4YHe 3Ha-
JMUTEJbHBIX HCKaKeHWH CIeKTpa He TOJBKO HENOCPeNCTBEH-
' HO B Y3KOi 30HE HEYCTOHYHBOrO pexuma BOAu3U P (T2) =
=180° (Takue uckaxkenus HabMIOAAIOTCA H NPH KOPOTKOM
" pupepe), HO U B JIOBOJBLHO IIHPOKOM JHanascoHe 3HaueHui
- (a3 1MepBOro OTpaxKeHus.
f Mckaxenns cnexkrpa, kKaxk BuAHO u3 dororpaduit
(puc. 5.21—5.24), nposBasioTcs raaBHbIM 06pasoM B pac-
* CPeIOTOUEHHH SHEPrHU HMIYJbca B 3HAYHTEJbHO GoJblinei
. { TIOJIOCe YaCTOT MO CPaBHEHHIO C IMOJOCOH 4acTOT, 3aHMMa-
' €MOH CIIeKTPOM HMIYyJbca B OTCYTCTBHE YACTOTHOH MOAY-
asnuu b,
HaGnronenus crnekrpoB nOATBEpKAAOT TakXKe psam JApY-
THX CPOPMYJIHPOBAHHBIX pPaHee TEOPETHUECKHX ITOJIOXKEHHH.
l. ckaxenusi cnekrpa npu ¢$asoBbiX yraax nepeoro of-

paxenus, O6au3kuUX K P (te) =0° unu 360°, HesHauuTENDLHB
(puc. 5.21).

i
P

I Sy ot e P
TR T e opgy

) Paccrosiide MeXAy COCEAHHMHM YaCTOTHHIMH METKaMH Ha CIEeKTPO-
rpaMMax cOOTBETCTBYeT 2 Meay.
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PUC, 521. Dueprernveckuit cnekrp  PHC 522, Duepreruveckuil crnextp
uMmnynbca npu P{tz) =0° uMnyasca nupu P (ty) = 160°,

PHUC. 5.23. Suepreruyeckuit cnexktp PUC 524 DuepreTHyeckuii crexTp
uMnyasca tpa P (tg) =170°. UMIyJbca npH P (ts) =175°

2. TTo mepe npuOAHKEHHS K 30HE HEYCTOHYMBOIO PEXKH-
Ma HCKaxKeHus HapacTawoT H JOCTHTaloT HauboJbllell BeaH-
yuHbl BOJM3H (Qasel NepBOrc oOTpaxKeHus P (tg) = I80°
(puc. 5.24).

3. OOwuil xapakTep chexkTpa coOBfiajaer-c npejaronaa-
raeMbiM. 3HAQYUTeAbHbI€ [0 BE&JHYHHE YacTHbIE CHEKTPH
yIaneHbl OT OCHOBHOTO npubausurtenbuo Ha *=7,5 Mey. Ha-
O/110a10TCSL TaKKe uacTHbIe CIeKTphbl GoJiee BBICOKOIO IO-
psAKa, yaaseHHble npuMepHo Ha =+ 15 Mey (puc. 5.24). .

4. Ypnanenne GOKOBBHIX CIEKTPOB OT OCHOBHOTG IPAKTH- /i
YeCKH COXpaHsieTcsi MOCTOSIHHBIM NPH BapPHALHUSX MONYJAS
KO3 duuHenTa OTpaxKeHusi, B TO BpeMs Kak dopma GoKo- EF
BBIX «JIEIECTKOB» HECKOJbKO MeEHSeTCs,

HabaonaeMble UcKaxXKeHUsI CHEKTPOB ObljiH yCToﬁqHBbl
BO' BpEMEHHM H MOIJVIH OBLITE HOBTOPEHLl NPU MHOTOKPaTHBIX
perynupoBkax ¢asbl OKOHEUHOI HAarpyskHu.
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- JKClepUMeHTaNbHO Obli0 TaKkKe INpPOBEPEHO ~BAHAHUE

-.H.JIHHbI HGpEllElIOUJ,EH JUHHHU Ha HCKa}KEHHH CIIEKTDpA.

‘Ha6moneHue CneKTPOB NpH Pasiu4HON JJHHE BOJIHOBO--'

na NOATBEPAMJIO CHOPMYIHPOBaHHbIE BhIllle BHIBOAM OTHO-

CUTENbHO XapaKTepa M CTeNeHH HCKa)KeHusa crmektpa. Kak

3TO W CJEN0BAJNO U3 NPEJABIAYIEro pacCMOTpPeHust, yaane-
HHe GOKOBBIX UACTHBIX CNEKTPOB 3aBHCHT OT JAJHMHBI JHHHH

M sty b 3

s HpHMEpPHO OBPaTHO nponopuHOHaano ocmenHe.

Crneayer OTMETHTb, 4TO TO Mepe YMeHblIeHHsT JAJHHB
nepenawoliel JUHHU ¥, CJAeJoBare/bHO, Nepuojia npodera.
T2 BO3pacraer 3aBUCHMOCTb (POPMBI CNEKTpPa OT HEDOMbIUUX
KoJieOaHuii pexXuMa MarHerpoHa, BHI3BAHHBIX HENOCTOSHCT-

BOM MOIYJIHDPYIOLIETO HANPSAKEHHS.

Tax, nanpumep, npu aause o¢unepa /=43 m ('1:2-—-."__
=0, 0401 MKCEK) OTYETJIMBO BHJHBI HacTHble CHEKprI yAa-

JeHHuble oT ocHOoBHOro Ha 19,8 Mey,

HEPeTyJIsipHOe HsmeHeHHe BEeJIMUMHE] H. q)oprI 3TUX 601{0- 7

m_BbIX CIIEKTPOB.

Yacrtora MO,T_[yJIHLlHH T. €. Han6OJbLIAs MO aMHJmTyJ:Le_'T{_
cocrapjsiiollas pasyoxkends QyHkuuu B psajg dypbe, onpe-

llBJIHIOLU,GH HU3MEHEHHE YaCTOThl B NEPEXOIHOM pemee X0-

TA U OJH3Ka K BeJHUuHE I/Tg,_HO He paBHa mocnenHeii. Bo
BCEX NpPHBeIeHHbIX ciyuasx 4acrora MOLYAAUHE Q. He-
CKOJIbKO MEHblIe 4acToThl 2m/Ts, 4TO XOPOLIO coriacyercs

CO CJeJaHHBIMH paHee BBIBOJAMH OTHOCHTENBHO pacrnpeje-
JIeHUSI KOpHel XxapakrepucTHueckoro ypaBHeHus (§ 5.4).

B 3akmaiouenne naparpada OTMETHM HEKOTODHiE€ H3 BO3-

MOXKHBIX CIIOCOOOB YMeHbIIeHHS  peaKIuH nepepawilen Jau-

HHH Ha MaFHeTpOH HpI/IBOJIHI.U,eH K HENOCTOSAHCTBY ‘-IaCTOTbI'

B II€PHOJL FeHepalHy HMOyabca.

ITepBoit Mepoil CHUKEHHS peakuuH JUHUM Ha reHepa-"ﬁ_
TOp, JIOTHYECKH BBITEKAIOLIEH W3 NMPOBENEHHOrO paccMoTpe- -
HUSl, SIBJSIETCS yJayulleHHe COrMIaCOBaHHA HArpysku C me-

pe,aafom,en JTUHUEHN. O,H,HEIKO corJacosaHue, Kak H3BECTHO,
HMeeT onpeneneHHBIe IIpaKTH4YeCKHue IIpeae/ibl. -B  ¢BsAsu

C 3THM OOJblIOH HHTEpeC NPEeACTABJAIOT Pas3jHYHbIE CHO- °
COGbI, MO3BOIAIONIHE YMEHbUIATL HEXKENATeNbHYI0 PeaKiHuio
nepepaloilefl JHHUM NPH HaAUUHUH paccoriIacosanus Ra-

-IPY3KH C JHHUEH,
K umeny TakHx Mep MOXKHO OTHECTH c.nenyromne* 1)

npumeHenne GeppuToB; 2) YCTAHOBKA CNEUHAJbHBIX $aso-

PeryaupyroumHx 3JeMeHTOB; 3) HCIIOJb30BaHHE crienuanb-
HBIX CHCT®M aBTOMaTHYECKOH nonc'rpouxn tbasbl -
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‘I’IpumeHeHHe OGBIUHBIX (ha30peryNTHPYIOIIUX 3J€MEHTOB
,IIJIH YCTAHOBKM HeOOXONMMOM (ashl KO3(OdHUUEHTa OoTpa-

KeHHs Ha BXoje JIMHHM He TpebyeT 0COOLIX MNOACHEHHI.
-~ Caenyer, 0JiHAKO, 3aMeTUTh, YTO HA NPAKTHKE NIPH HCNOJb-

30BaHHH 3TOTO METOja MOTYT BO3HHKHYTb TPYAHOCTH, CBfi-

' 3aHHbIe C HeCTaOHJIBHOCTLIO CpEJIHE‘:H JaCTOThl M&FHBTPOH&

MPUBOAsILINE K H3MEHEHHIO B npouecce paboTkl hasbl KO3b-

¢duninesTa orpaxkenus. B NHanasoHHHX  CTAHUUSX . Peryau-

poBaHue (asbl HEOOXOMMMO IPOH3BOAMTL TaKkKe IpH

M3MeHeHHH paboyell 4acTOTHl MarHeTpoHa, YTO CONPSKEHO

¢ AOmoJiHUTeNbHOH 3arpaToil BpemeHu. OTMeueHHBIE TPYI-

- 'HOCTH MOTYT ObITh 000iiieHbl NyTeM HCIONb30BaHUA [IJafl
- IOJICTPOUKH -(pasbl pasJHYHbIX yCTpOHCTB aBTOMamqecxoro

perynupoBaHusl.
Db deKTHBHBIM CIOCOBOM yCTpaHeHHﬂ peaknuu Harpys-

KH Ha MarHeTpoH SIBASETCS BKJIOYEHHE B Iepefarollyio Ju-
HUI0 q)eppmos obecneudBaoOUHX JOCTAaTOYHO OoJablloe 3a-

TYXaHHe JAJi1° OTPaxKEeHHBIX BOJH H OTHOCHTEJBHO €260

 BIHAIOLUIMX HA MPOXOKAEHHE 3JEKTPOMAaTrHUTHOM aHeerH__'

B HaNpaBJeHuH OT reHepaTopa K Harpyske [123].
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CUHXPOHU3ALIMS MATHETPOHA - BHELLIHUM
MCTOUYHUKOM TAPMOHMUECKMX KOJIEBAHUIA

6.1. R.BOI'IPOCV CUHXPOHU3ALMM MATHETPOHA CO CTOPOHbI
HATPY3KU

~ CHHXpOHHM3au¥si aBTOKOJeGaTeNbHbIX CHCTeM, OJM3KHX
K TapMOHHYECKHUM, KOTOpble MOTYT pacCMaTpHBaThCs B Ka-

yecTBE MOJeJH, [epenaioiieli B NePBOM NPUOIMKEHUN

OCHOBHBbIE OcOOeHHOCTH IIpolecca CHHXPOHHM3AUHH MarLeTpo-
Ha, nojapoOHo HccaenoBaHbl B pafoTax COBETCKHX H HHO-
cTpaHHbIX yuenbix {3,6,8, 9, 15, 42, 44, 49, 50, 60, 89, 117].

- XapakTepHo#l 0COOEHHOCTBbIO aBTOTeHEeDAaTOPOB CBEpX-
BLICOKHX YacTOT, B UACTHOCTH .MArHeTPOHOB, SIBJISIETCS HA-
JAUYHe 3anasjblBaHus B lenn oOpaTHOH CBA3H W/IM B Mexa-
'HHU3Me B3aHMOIEHCTBHSI CrPYINUPOBAHHOIO 3JEKTPOHHOIO
IOTOKa C-BHICOKOYACTOTHBHIM M0JeM KoJaefaTeNbHOH CHCTe-
Mbl {26, 118]. Kak caeayer u3 npeablaylied riaBbl, B CH-
cTeMe reHeparop — Harpyska HaJjuHyHe 3anas/blBaoiluX

CHJI MOXKeT 6bITb OOVCJOBJEHO OTPaKeHHSMH OT HArpy3kH,

NpHCOSIMHEHHOH K reHepaTtopy HOCpeacTBOM (uaepa.
CHHXDOHH3aLMsl aBTOKOJe0aTeJbHbIX CHCTEM [PH Ha/H-

YHUN 3ana3gblBaoilinx CHJ HMEeT pdal CH&'HH@)H‘J@CKHX 0CO- -

GeHHocTedl KaK KOJIMUECTBEHHOro, Tak W Ka4eCcTBEHHOTO Xa-
pakTepa, pPacCMOTPEHHIO KOTOPbIX - NOCBSILIEHB PabOTH
[59, 69, 84, 108, 116, 119, 120].

- B pab6ore H. B. Byrenuna [108] noagpo6Ho npoaHanusu-
pOBaH cJayuyall CHHXDOHM3AUHH MeXaHHUecKoil aBTokoJjeba-
TEJILHON CHCTEeMBbI, OJH3KOH K TapMOHHUECKO#l (MasiTHHKA)
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NpH 3anas/ibIBAHMM <IOATAJKHBRIOUIEH» CHJBL PeseiHoro
THTA, NOJYYEHB AaHAJIHTHUECKHE COOTHOLIEHHS, MO3BOJIAIO-
e ONpeAenuTh BJHSHHE 3anasibBaHH Ha YCJOBHSA

"YCTOMUUBOCTH, NMOJMOCY CHHXPOHU3ALMH U Xapakrep aMILIH-

TYAHBIX KPHBLIX. B uyacTHoCTH, [I0Ka3aHO, YTO aMILIHTY[-
Hbie («pe30HaHCHBIe») KPHUBLIE IIDH HaJHUMH 3ana3JbiBaHHs

- CTAHOBATCST ACHMMETPHUHBIMH, H CYLIECTBYET YCTOHUHBHIH

MpefenbHbll LIHKJA, COOTBETCTBYIOILIUN pexuMy OHeHMH BHE .

[10J1I0Chl 3aXBaTbIBAHHUA. h

- Hecmorps ua to, uro H. B. ByrenunnM paccMmarpHBa-

Jlack MexaHuWueckasl apBrokosefarenbHas cHCTEMa C 3a-
‘masiblBalolledl cujofl pesefiHOro THIA, Pe3y/abrarhl paboThi
HMe0T [J0CTAaTOYHO OOIMH XapakTep, H Mbl HMH BOCIOJIb-

3yeMcs NPH aHaju3e ypaBHeHHil CTAlMOHAPHQrO pexuma
B § 6.2. - | o

- HccaenoBanuio cHHXPOHH3AUKWN aBTOTEHEPATOPOB CBEpPX-
BLICOKMX YaeTOT MOcBsieHu pabotsl [116, 119, 120], B xo-

TOPBIX YCTAHAB/IMBAeTCs BJIMSIHHE 34Ma3JbIBAHHS Ha YCJO-

BHsl YCTOHUHBOCTH W ¢$HOPMY aMIIUTY[HBIX XapaKTE€pPHUCTHK.
Bonpockl CHHXPOHM3auUMM MarHeTpoHa CO CTOPOHH Ha-
[PY3KH, T. €. MyTeM COOTBETCTBYIOIIErc MOJAK/IIOUEHHs] CHH-

XPOHHU3HUPYIOLLEr0 HCTOYHHKA K Iepefarolled JHHHH, COelu-

HAOIel MarHerpoH ¢ Harpyskoii, obcyxpawrcs B [83, 85,
86, 93]. - |

B nandom naparpade paccMaTpuBaeTrcd BOIPOC O Npea-
CTaBJE€HUH aMIJINTYJHBIX KPHUBBIX aBTOTeHepaTopoOB CBEepPX-
BbICOKHX 4acTOT, B 4YaCTHOCTH MAarHeTpoHa, IPH CHHXPOHH-
3allii Ha KpyroBoili aumarpamme (k, 1), NOJUepKUBaeTcs
OTJHYHE aMIHTYAHO-UACTOTHBIX XapPaKTEPHUCTHK OT Harpy-
30UHbIX, OCOGEHHO NPH 6ONbLIKX 3HAUEHHIX CHHXPOHHU3HPYIO-
el CHAbl, YCTAHABJAUBAOTCH NMPUONHIKEHHBIE COOTHOUIEHHS
AJis MOJIOCHI 3axXBaTBIBAHHs, MOIIHOCTH CHHXPOHHU3HUPYIO-
HIEr0 HCTOUYHMKA H OOCYKNAIOTCSl YCAOBHS YCTOUUHBOCTH.
B xonue naparpada npuBonutcs COOTHOLIEHHE, NO3BOJISAIO-

11ee OLEHUTH BJHSHHE ImapaMeTpPOB MarHerpoHa W BeJHYH-

HBl CHHXPOHU3HPYIOLIEro CUTHAJA Ha eDeXOJHBIH Ipolecc,
NpeAIIecTBYIOWNH CTAlHOHAPHOMY PEXHUMY IIPH HMIYJLC-

HOM BKJIOYEHUH CHHXPOHHU3UPYIOUIEr0 HCTOUHHKA.'

B caenyiomem naparpade 6yayr paccMorpeHbl ocobeH-
HOCTH CHHXPOHM3AalMH MAarHETPOHAa B CJyuae, KOr/la OJHO-

" BpeMEHHO OCYILEeCTBJIsIeTC aMIIMTYyAHAash MOJAYJSLHS,

Ananu3 eHHXPOHHM32LMH MarHerpoHa co CTOPOHBI Ha-
IPY3KH MOXKHO TPOBECTH, HCNOJAb3Ys ypaBHeHHs  (5.39),
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(5. 40). HpH 3TOM, OJHAKO, CJeyeT HMETb B BHAY, qTo::.._

B llaHHOM c.nyqae HEOGXO,HHMO IIPDHHATD, yTo:

1) uacToTa CHHXPOHU3HPYIOLIETO ' CHrHaJda (ToKa ic)'
‘@¢ MOCTOSIHHA M B obmIeM cayuae OTIHYAETCsl OT YacTOThl |

KOJIEﬁaHHH HECHHXPOHH3HPOBAHHOIO I'€HEPATOPA;

9) aMOAWTYAa CHHXDOHH3UPYIOMEro TokKa [, MOCTOSHHA;

3) yros SIBJISIETCS PAa3HOCTBIO (1)33 MeXJly BOJIHOH,
JBHXKYIleHicsl -OT MarHeTpoHa, H BOJIHOH, JBHXKYIIEHCS. OT

CUHXPOHU3HPYIOIIEro reseparopa (npenno.naraeTCH YTo

B OTCYTCTBHE CHHXDOHH3HPYIOWIErO CHrHazia MaI‘HeTpOH pa-
~GoTaeT Ha CONIaCOBAHHYIO HATPY3KY);

4) MOAYJb KO3(Q(QHULIHEHTA OTpaKeHHs R OHpe,IIEJIHETCH
COOTHOIIEHHEM Memny AMIIHTYAAME YKA3AHHBIX  BBIIIE .

BOJIH \
- du, d¢
B C’PauHOHapHOM pexuMe —- =0, o

5.39) MOryT GbITh NpeICTaBJieHH B BHIE

1 k4-cos¢
gn—}— Y, = (0 1) cos (A‘P; —B,)—alY, Y+cosd
DU 1) | sind__
By =T B == Qﬂ_moU{ sin (ACPI o B’) “¥ +cos§ "

me coc——‘{aCTOTa CHprOHHBprmmero TOKA zc
‘B neBoil yacTH NepBOrc ypaBHEHHS — aKTHBHAS IIPOBO-
llHMOCTb co6CcTBeHHO KogefaTelbHOH CHCTEMBl U TpaHcop-

MHpOBaHHasi K KoJjeGaTenbHON cHCTeMe BOJIHOBAsi IPOBO-
IHMOCTb Tepeflaloiledl JIHHHH, crpaBa — aKTHBHbIE COCTAB-
NSIOIHE 3JEKTPOHHOH NPOBOAUMOCTH MNPOCTPAHCTBEHHOTO o
3apsaa MaI‘HeTpOHa H  <CHHXPOHH3HPYIOWEH>» rIpOBOlIH-"

-MOCTU.

H «CHHXPOHH3MDPYIOUIE#» IPOBOIHMOCTH.

Kak caenyer #3 NpHUBEIEHHOrO paHee paCCMOTPEHHHT.
5TH YpaBHEHUS MOMKHO TPaKTOBaTh KaK ypaBHEHUs, IIPH-:
COMUMKEHHO OMNpelesisiiolllie Harpy3ouHble XapaKTepHCTHKH
MAarHeTpoHa, B KOTOPHIX k ¥ P — MOAYJb H (basa Koapdu-
HHEHTA OTPaKEHHsl Ha BXOJe paccorJacoBaHHONW Nepeaamo-

eft THHHH, a (Wo—W¢) — 3aTATHBAHHE YacTOTHl MarHerpo-

Ha C yueroM BJAUSHUA HE:lI‘pYBKH Ha SJIEKTpOHHYIO HpOBO,[lH- :

a MOCTb,
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—(0 ¥ YpaBHeHHS

BTtopoe ypaBHeHHe onpene.nﬂeT CBSI3b pacc"rponKH 1o
1aCTOTe o—Wc C PEAKTHBHOM cocraBsioLei 3JIEKTPOHHON

| .Xa._pa:KTépHcTHKH,. '-_o_npelle.n;f}omﬂ-e MOIIHOCTH M YacToTy

MarHeTpoHa NPU CHHXPOHU3AUHH CO CTOPOHBLI HArpy3KH, KO-
TOpble B JaJibHeHllieM YCJOBHMCS Ha3blBaTbh AaMILIMTYIHO-
YACTOTHBIMH XApaKTePUCTHKAMHM, CHUMAIOTCS IpPH CJe-
AVIOIUX YCJAOBHUSIX: MAarduTHasi UWHAVKIHA COXpaHsieTcs
MOCTOSIHHOM, Hallpsi:KeHHe HCTOYHHKOB MUTAHHS HE DeryJu-
pyeTrcs, a U3MeHSIOTCS TOJbKO aMNJUTYJa M 4acToTa CHH-
XPOHU3UPYIOIIETO CHTHaMa, HHBIMH CJAOBAMH, H3MEHSETCs
CHHXPOHU3HDPYIOIAsi NPOBOAUMOCTE Y. B oTauume ot cHsa-

THA HAarpy304HbIX XapakTePUCTHK, 3JeChb He NONAEPKH--

BaeTcsl HeuaMeHHbIM TOK [o. Kpowme Toro, B mpouecce cHsi-

THSA aMI'IJIHTy,IIHO -4aCTOTHBIX XapakKTepUHCTHK HB -3d KOHeH-

- HOTO A 3HAUEHHS BHYTPEHHErO CONPOTHBJEHHS HCTOYHHKOB
AHOJHOTO MUTAHUS MAarHeTpoHa (MM MOLYJSTOpPa) B He-
 KOTOpHIX mnpedenax Oyler H3MeHATbCS HanpsiKeHHe Ha

anofie Uy, 0flHAKO NPH MaJIOM BHYTPEHHEM CONPOTHBJIEHHH
HCTOUHHMKA MOMKHO npakTuyecku cuutath Up=const.

TakuMm oOpasoM, B o0leM cjayuae pacCMOTPeHHE BOIpO-

COB YCTOHYHBOCTH CHHXDOHM30BAHHBIX CHCTEM, a TaKxKe

pvaE‘,T MOIIHOCTH HCTOYHHKA CHHXpOHHSHpYIOU_IEFO HaHpH-'

KEeHHUSA H TO0JOCHl 3aXBaTbIBAHUA H@OéXOﬂ;HMO [IPOU3BOANUTDL
Ha OCHOBAaHHHU AMIJINTY JHO-4aCTOTHBIX - XaPAaKTepPHUCTHK.

TIpu Manofi BenHuNHE CHHXPOHH3HPYIOIIEro CHTHAJA, KOrja

MOXKHO npnéﬂH}KeHHo rpeHere% BapuauusaMu Toxka /o,

BbI3BAHHBIMH JIeHCTBHEM CHHXPOHH3HUPYIOLIETO HCTOYHHKA,

BMECTO aMFJ]HT}UIHO -4aCTOTHBLIX XapaKTepHCTHK MOXXHO

. HCIOJb30BATH HATPY30UHBIE XapaKTePHCTHKH.
- YuHTHIBasi UCKJIOYHTE/BHYIO TPOMO3JKOCTh AHAJUTHYE-
CKOTO ONHCAHHsT AMIUIMTYJHO-UACTOTHBIX XapaKTEPHCTHK

(kotopoe, BOOGLIe TOBOPSA, MOXKeT ObITh BBIOJHEHO HA
OCHOBAHHH MOJIYUEHHBIX paHee COOTHOIIEHHH, ec/id H3BECTHO

'BHyYTpeHHee CONPOTHBJECHHE HCTOYHHKA AHOJHOTO HalpsiKe-
' HHf1), B JlajbHeflleM NpPH paccCMOTPEHMH BONPOCOB CHHXPO-
 Huzauuu OyJeM HCI0/b30BATh HATPY30YHbIE XapaKTePUCTH-
~KH MAarteTpoHa, TE€M CaMbiM OrpaHHYHBAasl INPHMEPHOCTb
TOJIyYEHHHIX BBIBOJOB 06/1aCThIO OTHOCHTE/IBHO MaJjbiX 3Ha-
. HeHHi  CHHXPOHH3UDYIOLIEFO CHUTHaza.

HpH HaJdHYHH aMIJIHTYJHO- IIF.iC’I‘O’I“I-IbIX XapaKTepHCTHK

KOTOpbi€ JIETKO IIOJAYYHTb 3KCIEDHMEHTANbHBIM NYyTeM,

OCHOBHBIE BBIBOAbI MOTYT OBbITb PaCHpPOCTPAHEHBl M HA CAY-<

 uad, KOrjia HaGMI0flaeTCs 3aMETHOE BJIMSHHE CHHXPOHH3M-
~ PYIOIIero HCTOYHHKA Ha aMILIMTYAY KQAeGaHuil H BeJHYHHY
HOCTOHHHOH cocTapasomen Toka /fo. .
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3aMeTHM, 4YTo B CJyuae MaJjoH BeJUYHHBLl CHHXPOHHU3U-
pyiome#i cuJabl MOMKHO IIpeHe0Opeub H3MeHeHUEM yrJja
Agy— 1, onpenensiouiero 3alnasjblBaHHe I[epBod TrapMo-
HHKH HAaBENEHHOrO B pPe30HATOPE TOKA OT HANpPsIXKeHHs Ha
pPe30HAaTOpe, TAK KaK U3MEHEHHEe 3TOro yrJaa CBs3aHO B Iep-
BYIO ouepelb C BapHalUsIMH aMIOJHUTY/Ibl, KOTOpble B COOT-
BETCTBHU C TNPHHATHIM BbILE JAONYIIEHHEM He YUUTBLIBAIOTCS
M3-3a UX MaJIOCTH.

Jduddepenunanbubie ypaBHeuus (5.39) npu CHHXPOHHU-
SallHi MOXKHO 3alHcaTth

du, 1 2 k4-cos¢

df — ‘é‘PlUl (gl_a'ryc'yiczzq:)’ (61)
dd el sind
g = "hec—5a ¥, Y +-cos ¢’ (6.2)

rae

D (U,
g:= &x ‘TFOSOUI cos (A, —By) +°"2T L%

-

Awe= 0We¢—wor — PACCTPONKA UYACTOTHI BHEIUHEH CHJABI 0O
OTHOCHUTEJILHO 4acTOThl MarHeTpoHa B CBO-
OONHOM, T. €. HECHHXDPOHH30BAaHHOM, pe-
KUMe; i

DU, .
Wor = @, %ﬂmﬁul) sin (A¢, — B,). (6.3)

B cranuonapsom pexume ypaBHesus (6.1), (6.2) mpumyrt
BUL,

k1 cos ¢
gzzaiYoT:“—_cozq)’ / (6.4)
) ’
B2 sin ¢
) Aog=— 7 aTYOY+COS¢. (6.5)

Ecnau orpaHHuMThCA paccMOTpeHHEeM CJyuas MaJoil CHH-
XPOHU3HUPYIOIEH CHJIBI, TO, KAK 3TO y¥K€ HaMH OTMEeuYanoch
B I'J. 5, MOXHO NpUOAUKEHHO He YUHTLIBATL BJIHSIHHE Ba-
prauuil aMIVINTYy[bl KoJseOaHuii, 0OyCJOBJAEHHLIX CHHXpPO-
HU3HPYIOLLEN CHJIOH, W NPHHATH B IOCAEeNHEM YPaBHEHUU
y=const, a B Bepaxenun (6.3) ammauryny koaebanuit U
H yroia Ag¢;—f1— paBHbIMU UX 3HAUEHHUSIM B HECUHXPOHH-
30BaHHOM peXUME.
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3ameHsist B ypaBHeHHH (6.5) p; ero suauenuem p;=1/Cy
1 BBOAA Yor=~woCxk, MOJYUHUM

“iyo‘*’o sin ¢
2o Y+ cosd’

(6.6)

AU)C =

CpaBHeHHe [OC/JAeNHero ypaBHeHusi ¢ (5.12) nokassl-
Baer, UTO OHY, KaK 3TO H CJeJ0BAaJO OXKHIAaTh, MOJHOCTBIO
COBIAAIoOT.

AW ¢
d(d=d£¢)é‘— ________
. AWmax
/) ’TL J( s 4
Gmen I @

PUC. 61 OnpexmeneHne cTAaMOHAPHOIO pexHuMa H rpa-
HHIL YCTOHYHBOCTH NpPH CHHXPOHH3ALHU.

13 ypasHenus: (6.6) caenyeT, uTo IPH 3aJaHHOM PUKCH-
POBAHHOM 3HAUEHHM BHEIIHEH CHHXPOHH3HDYIOIIEH CHJIbI
(t. e. npu y=const), paccTpoiiku Awc H K03pPUIHEHTA
af. Yowq

2Y ox

¢ BHellHell Harpyskoil (B JaHHOM CJayyae C CHHXPOHH3H-
PYIOIIIMM reHepaTopoM), (asa CTalHOHAPHOrO pexuMa P
onpejeNsieTcss TOUKOH NepeceyeHHss KPHBOH 3aTATMBaHHUA
(B paMKaX MpPHHSTBIX JonyuieHuit) u npaMoil Aw=Awc
(puc. 6.1).

Touku nepeceueHusi, B KOTOPhIX

, XapaKTepH3YIOIIero creneHb cefisy Marmerpona

d /“3}’0“’0 sin ¢
dd \ 2Yex Y4cosd

) < O: (6'7)
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COOTBETCTBYIOT YCTOMUHBBIM COCTOSIHUSIM cucTeMbl. Jlas no-
KazaHHoro Ha puc. 6.1 cayuass (E=k" u Ao=Aw"c) ycToOi-
YHBOMY COCTOSIHMIO COOTBETCTBYeT (pa3a o, a HeycTOHUH-
BOMYy — (pasa ;. I'paHMnamu ycTOHYUBBIX COCTOSHUH CH-
CTEeMBbl NpH (UKCHPOBAHHOM 3HaueHuH k=Rk’ (1. e. Ipu He-
H3MEHHOH BEJMYHHE CHHXPOHU3HDYIOUIEH CHJBL) SBJISIOTCH
TOUKH Pmin U Pmax (PHUC. 6.1), B KOTOPHIX

d sind . l 4+ ycosd —0
a3 (v+cos¢)“‘"(x+cos¢)2“ ’

. 1\_ %%
qa——-arccos(—-—?/__arccos( T k2>‘

OTKyJa

- (6.8)

—

[To mepe yBennuenusi BHeLIHEeH CHJBI IPAHHIbLI YCTOHYHBBIX.

cocTosHuiM npubauxaworcda kK Pp=mxn (puc. 6.2). HaoGopor,

¢O
270 \\ |
240 n
\¢maz‘
210 {— \-‘.\
180
0.7 04 06 0,5‘>,0
150 ,/ ‘)
o
- mi
120 - 4
90

PUC. 6.2. 3aBucuMocTb Ymin ¥ Pmax OT
Ko3(pdunuenra k.

o«

IIPH YMeHbIUeHHH CHHXPOHU3UPYIOLIEro CHrHajga IpaHHIH
YCTOMUHBBIX COCTOAHHH OTOJBHramwTCd OT Y=m; U B Ipe-
pene (npu k—0) Ymin— /2 1 Prax— 30/2.

OO6nacTe 3HaueHHit ¢asbl W MOAYAsA Ko3pdHIHeHTa
OTPaxXKeHHsl, COOTBETCTBYIOIIHX HEYCTOHUHUBLIM COCTOSIHUSAM,
yA06HO NpencTaBHTh Ha KpyrosoHl auarpaMMe (puc. 6.3,
3allTpUXOBaHHAs 4YacTth). IJTa o0aacTh OrpaHUYHBAETCS
KPUBOH, mpoxoAasiuleil yepe3 TOUuKY =0 ¥ TOUKHM KacCaHHH
OKpy:XHocTell R=const ¢ xpuBbIMH Aw=const.
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[Tonocy '3axBarbiBaHHsI MPH CHHXPOHH3ANHH MOXKHO IO
JYy4uTb U3 (6.6), yuureiBas coorHoruenue (6.8),

2
@ .Y, UF ;.2
Y(nc V.\,z — 1 5 VY2 — 1

lleﬁCTBHTEHbHaH NnoJaoCa 3aXBaTbIBAHUA NKNKéT He-
CKOJIBKO OT/MHYaAThCA OT 3HAUEHHUs, JaBaeMOro 3THM BbIpa-
KEHUEM, TAaK KaK NpPH pacyeTe HAMHU HCIIOJb30BaJHCh He

90°

2A0, ax ~——

(6.9)

-

270°

PHC. 6.3. IlpencraBnenne obGjnacreii HeycTORUHBOTO pe-
“JKHMa Ha KPYTroBOH jJuarpamme.

AMIVIUTY JHO-UACTOTHHIE XapPaKTEPHCTHKH, a HAEaJH3HPO-
BaHHblE HArpPy30yHble XapaKTePUCTHKH MarHerpoxa.

ITo u3BecTHOH BBIXONHOW MOIMHOCTH MAarHerpoHa Ppyy
H MOAYJI0 KO3(phHUUNEHTA OTPAXKEHHUs B JWUHHH k (mojaras,
YTO «OTPaKeHHasg» BOJHA oOeclneuyuBaeTcss CHHXPOHH3UPYIO-
IIUM HCTOUYHMKOM) MOXKHO NPUOIHUKEHHO ONpeLesUTh MOLI-
HOCTb, HEOOXOMUMYIO [Jii CHHXPOHH3aHMM MAar"HeTpoHa Ha
QCHOBAHMH COOTHOLIEHUS .

Po=Fk2Ppyx. . (610)

KpoMe HeycroilunBocTdH no $a3e B CHHXPOHH3OBAHHBIX
CHCTEMAX NPH ONpe/iefieHHbIX 3HAUEHHSIX PACCTPORKH M Be-
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JHYUHLl BHEUIHeH CHJbI MO}KeT HaCTyr‘HTb HeyCToanBoc'rb
10 aMILJIUTY/Ie.

,ITpubnuKeHHo MOMKHO MNPHHATb, YTO yCToanBOCTb o
aAMILINTYd€e OlpeJensiercsi, Kak U B OOBIYHBIX aBTOKOJ€Oa-
TeJbHBIX CHCTEMAaxX C OJIHOH CTeneHbio CBOOOJEI, HepaBeH-
- CTBOM -

Ui>5Un 61D

rie Uw——’aMH.nmyna ‘KoJeGaHHid MarHeTpoHa B OTCYT-
CTBHEe BHeIUHeH CHJIBI.

- O0JgacTb 3HayeHU# £ u P, B KOTOpOH HabJsiolaercs He-
yCTOHUMBOCTL [0 aMINJHTYy[e, [oka3aHa Ha puc. 6.3 HBOH-
‘Ho#l auTpuxoBkoil. B paMkax c@opMyJHMPOBAHHBIX BhIIUE
NONYUIeHHH MNOJYUHM aHAJHTHYECKOE BBIPAXKEHHEe, OIUCHI-

‘Balollee NPOIIECC YCTAaHOBJAEHHS (asbl () mocae BKmoqe-“

HUSl CHHXPOHH3HPYIOMIEr0 HCTOYHHKA.

Kak yXe OTMeuasoch, IpH MaJioli BeJiHUMHE CHHXPOHH-

3HPYIOIEd CHJIBI MOMKHO NPHHATH npuOnUKeHHo y H pac-
cTpofiky Awc mocrostHHbIMH. M3 ypaBHenus (6.2) BuiHo,
YyTO B 3TOM CJiyuae pellieHHe ero MoxKeT OBITb NpPeACTaB-
JIEHO B KBanpaTypax | |

aT(o Y
0603HaqHB Q== —— , NepenylieM ypaBHeHHe (6.2)
. 0K . ’
dy - sind | = |
= Awg Y T cos‘{J . (6.2) |

B ypaBHeHHH HepeMeHHbIe oasne.nmoq‘csl B pesyJibTare
WHTETr DUPOBAHHS NIPH Am >Am ~+-a? no.nquM

.:t#to':Rz (‘P)'_”Cu AR B (612)

rae

4"7‘“?1
i t 1
9 sin vy Y sin gy 1€ —5— +

R, (9)= ¥ %o, (tgfplarctg b .!ﬁ_*

| & |
(1 —1) g 5 sing; - cos ¢,
— arctg _

b,
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— L cosg, fo 4o, ctg e, Infsin (¢ 4 o)+ Tsing, ki

V'{ sin® ¢, — 1;

_C; = | R, () !¢=¢

| q)o—-—q)asa ¢ B MOMEHT BKJIOUYEHHH crmxpomianpyrome{o
HCTOUHHKA (t__i ). - | - *

2 2
B cayuae, koraa Ao 72 < Do’ —-a?, nonyunm

t'_'_to:Rz (LP)"'“‘Cz:

- THAE

R, ()= *S““‘" (tgsollnA —1nB,)—

——cos ¢, {Lp ¢, ctge, In [sm_(t}) ¢1) Y sing |}

¢+i“—-—1———d1

Y sin ¢4 tg

'Al—-*-
Ysin?ltg¢+?1+1+d1

_ q) , ¢
(y — 1) sin ¢, tg ) 4 cos ¢;—d;

'81: _ - q) ;
(v — 1) sing: tg 5 + cos ¢1+dy.

d,=V 1—7sin*9,;

C,=IR, )],y

Bripaxenne (6.12) nospoasier oueHHTb BpeMsi YCTaHOB-
JAenust ¢asbl KojeOaHui MarsHerpoHa MpH BKJIIOUEHHH CHH-

: XpOHHBpr}OIHEFO reHepaTopa

| HonyquHoe COOTHOIUCHHE MOXKeT 6bITb HCIIOJIB30BAHO
TakxKe ,IIJ]SI onpeneneHHH llJIHTeJIbHOCTH nepexonnoro npo-
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1ecca B cjayuae HMNyJbcHoll paboOThl MarserpoHa Nnpu CHH-
XPOHH3AalHH €r0 OT MCTOYHHKA, PaboTamIuero B HempepbhiB-
HOM DpeXHMe.

6.2. MA30OBAA CTABUJIBHOCTE AMIMJIUTY AHO-
MOAYNUPOBAHHBIX CUCTEM MPU CUHXPOHWUIALMM

Jdns noayueHuss aMOJHUTYAHO-MOAYJHPOBAHHBIX KOJie-
6aHuii Moryr ObITb MCIIOJIb30BAHBl Da3JiMUHBIE METOJbI,
HAOpUMEp METOL IIOrJIONIEHHSI HJAH HenocpeACTBEHHOrQ

M3MEHEeHHs aHOJHOTO HanpsiKeHUss Ha MarHerpore [83].

C sHepreTHUECKOW TOYKH 3PeHHs HeaecooO0pa3Ho NpHMeEHe-
HHE TOCJIeIHer0 H3 YOOMSHYTLIX METONOB, OJHAKO IIPAKTH-
YeCKH €ro OCYUIeCTBJEHHe CBsi3aHO C PSJIOM TPYIHOCTEH.

B npouecce amMmnautygHo#t MOAYJ/ALMUH MarHerpoHa B CO-
OTBETCTBHH C H3MEHeHHEM MOMAYJUPYIOUIEero mnapamerpa
(HanpuMep, aHOJAHOIO HanpsiXKeHHs1) H3MEHSIETCs BeJHUYHHa
HAaBEJEHHOTO [POCTPAHCTBEHHBIM 3apsloM TOKa H Yyro.a

9.N
pacdasuposku 0, x—’ﬁ—-,tn”o IPHBOJUT HE TOJBKO K aMILTH-

TYJAHO#, HO W K 4YaCTO1HO# MOAYJSILIUK FeHepHPYEMbIX KoJe-
OaHH.

B paunux oOpasuax pe3oHaTOpPHbBIX MAarHeTpoHOB OCY-
IeCTBJCHHE AMIJUTYAHON MOAYASUUH C COXpaHeHHeM Jio-
CTaTOYHO BHICOKOH CTAaOUJIbHOCTH 4aCTOThl OblIO 3aTpyjaHe-
HO TrJaBHBIM 00pa3oM CKadykooOpasHBIM H3MEHEHHEM ua-
CTOThI, CBSI3aHHBIM C IIEPEXOJOM HA HeXXejaTeJbHble BH/bl
koaeGanuil. B nacrbsimee BpeMs NyTeM COOTBETCTBYIOLIEIO
BbI0Opa KOHCTPYKUHMH aHOAHOTro O6Ji0Ka ¥ CBA3M C Harpys-
KOH yjaercsd -00ecneuuTb YCTOHYHBYIO paboTy MarsHeTpoHa

Ha OCHOBHOM BHJe KoJeOaHHiI B LHPOKOM JHAII&d30HE

H3MEHEHHsT peXHMa, W OCHOBHBIM IPENSTCTBHEM AJ4
HCMOJIb30OBAHUS 3TOr0 MeToja SBJAETCS HH3Kasl crabuib-
HOCTb HAaCTOThbi, OOYCJIOBJIEHHASl 37EKTPOHHLIM CMEIIEHHEM.
FlaBecTHb! yCHellHble MOMLITKH IOBHIHEHHS CTaOHJABHOCTH
YacTOTH MAarHeTpoHa IPH aMIJIHTYAHOH MOJYJASILHH C IIO-
MOUIbI0 BHELIHEro CHHXPOHU3HpYIOllero reHeparopa [83].

Kax yxe ormeuasolhb, TeopHsi CHHXPOHH3ALHUH AaBTOKO-
ne6atesbHbIX CHCTEM TOMCOHOBCKOTO THMNA B OTCYTCTBHE
AMIIIUTYAHOU MOAYJASIIHH JOCTATOUHO XOpOIlo paspa-
6orana. CHHXpOHM3AUHS AMIIHTYAHO-MOAYJAHPOBAHHbLIX CH-
_CTeM HMeeT PSS CYIIECTBEHHBIX OCQOEHHOCTEH, KOTOpbie
eie cnabo usyueHsl. K 4uucay Ttakux ocoOeHHOCTe# B mep-

108 ; )

BYI0O ouepelb caefyeT OTHECTH HaJUuYHe HeXesaTeJbHOH
thaz0BOil MOAyAsiUH, OOYCJAOBJNEHHOH H3MeHeHHeM B IIpO-
necce MOAYJSHUH COOTHOLIECHUS MEXKAY AMIIHTYAAMH KO-
JebaHui MarHerpoHa H CHHXPOHHUBUPYIOIIEIO HCTOUHHKA.

dazoBas MoOAyJASHsS B IOAOOHBIX CHCTEMAaX KauecTBEH-
HO o6Gcyxzaaercsa B padote {83]. Huxe mpuBomurcss paccMmo-
TpEeHHe BJIMAHHS PA3NHUYHLIX NapaMeTPOB CHHXDOHM30BAH-
HOH CHCTEMBbI Ha BeJMYMHY Bapuauuil ¢asel B Ipouegee
AMIJUTYAHON MOAYJASINHHK, JOMycKawllee IpHOJIHKEHHYIO
KOJMIUYECTBEHHVIO OHEHKY, H HaMeyaloTcsl NYTH MNOBbIIIeHUSA
(a30BOR CTAOUJIBLHOCTH.

[IpensapuTenpHO paccMarpHBaeTcs cayuaii, Korga nep-
Basi TrapMOHHKAa HaBeIeHHOrO TOKa M e€e 3amasjblBaHie
OTHOCHTENbHO BBICOKOUACTOTHOrO HAaNPSXKEHHS 3aBHCAT
TOJMIBKO OT MOAYJIHPYIOILEro NapaMmerpa (HanpuMep, aHOI-
HOrO Hanps:KeHHs HAX [OCTOSIHHOM COCTaBJdOIEeH aHOo[-
Horo TokKa lo). Ilpn sroM yuuTbiBaeTcsi BAHSHHE CHHXPO-
HH3HDPYIOILEro MCTOYHHKA Ha aMIAUTyAy KoJjebauuii rene-
paropa.

Hanee past coyuast MajbelX 3HauEHHH CHHXPOHH3UPYIO-
IEeH CHJIbI, KOrJla MOMXKHO OUPaHHYUTLCH pPacCMOTPeHHEM
TONLKO OAHOTO H3 YKOPOUEHHBIX YpaBHEHHI, ONpEeIeasoTcs
BapHaluy ¢assl B IIpolecce aMIVIMTYAHOH MOAVASUMH Mar-
HETpOHA H HJJIOCTPHPYIOTCS KOHKPETHBIMH IIpHMepaMu
pacuera.

[Tpu ananuse GyaeM noJjaraTh, UTO YacToTa KouieGaHHH
MarHerpoHa MHOro OoJiblile HaHBBHICIIEH MOAYJIHPYIOIEH
YacToThl M MpOUece MOAYASIUM MPOTEKaeT KBa3uCTaIHo-
HapHo {34, 64].

Jl;isi riepBOrO M3 pacCMaTpUBAeMBIX CJYYAEB [10Jb3YeM-
cs1 AuddepennnaNbHbIM ypaBHenneM (5. 31), OJIyUeHREIM -
Ha o;gosarmn S5KBHBAJIEHTHOH CX€MBEI, MNpPHBEJEHHOH Ha
puc.

o= (—aG et ). 63D
CHHXPOHH3UPYIOILHA TOK I, NMPHMEM paBHLIM

ic=1; cos wct, (6.13)

rae /o — aMIUTya TOKa, KOTOPYIO B NPOLEcCe MOAYJISLHH

rosaraeM HEH3MEHHOU,
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maggﬂa) CodE-Cof - fn & Mg?

PaccmanHBaemasx cnc:rema 6nn31<a K JIHHeHHOH, ‘mj
- 3TOMY pemem{e MOKHO HCKAaTb B BUE. | .

u-"Ul(z‘) cos[coct-—{p'(t)] (6 14)

rae Uy(f) u ¢ (1) _—MeﬂﬂeHHO MeHHmmHecs‘:{ (pyHKuHH Bpe-

MEHHU. ‘
OrpaHHqHBchB Y4eTOM IepBOH I‘apMOHHhI/I HaBe/leH-

~ HOI'O TOKa, 6)7,1161\{[ CYUTAaTb, HTO. HepBaH I‘apMOHI/IKa HaBe-

JIGHHOTO TOKa OTCTAET OT H&HpH)KGHHH Hd pe30HaTopax Ut

0,
Hd YFOJI /._NMLW”_*\ + if({?}

__!H1 (U ) cOs [mct-——cp(t) 6, (Ug)l, - (6.15)

rae Iy, (Ug), 0, (U, ) — aMILTHTY /2 u (pasa MepBoi raplviommn

HaBeJ@HHOT'O TOKa, SIBJSIOIIHUECS (I)YHKII.HHMI/I Monyﬂnpyiomero |

- Hanpsikenus U,

O603HaunB mct———cp(z‘)-_-.e U onycnaﬂ U B Bblpa}KeHI/IHX'

Iy, ¥ B;, MOXKHO .IIPe[ICTABUTL TOKM iy U ic B BUIe
| | r,c _]c [cosEcoszp(t) —~s1nEsmcp (H1,
=1, [cos £ cos be —|— sin € sin Ba]

u_ux HpOI/ISBOI[HbIe

| CZ; = —acl [sin ECOSCP(f) - -COS'E‘SI"H ¢ ()], |

dig 4 o .. .
dzt- =—awcly, [smE Cos 6.3;-———' -cosEsm 6,].

' $
‘ﬂO,D;CTaBJIHH B HCXO,D;HOQ ypaBHeHHe BLIDAXKEHHS /115

' i
dig  -di,
| dzt u d; 74 nponsaenﬂ ycpenHeHne 34 nepnon ,I[eHCTByIOLLLHX

Ha CHCTeMy CWJI, TOJIYYuM cneay}omne VKOpOUEHHblE ypaB-

i HQHHH

dU 1 _\E’kﬂc
at 2

| 'IH IC
( U, 81: COSB?f“gk coscp )
dy __g'a 1 Iny | C o -
—r=-3 (q t a0, sin 93_+ghU1 sin CP),

et

| S I
roe e =—_—;

Qs - S YA
200 Jm 5? —— = =
- C“f’é j -

- 1A

au
dt

Qu=

— cogCH “ﬂoﬁPOTHC’CTb. HarpyXeHHOH *KoJle6aTelibHON
c H e
CUCTEMBI; |
| mQ _mg |
= QH NG
(!J \

Cc

I[Tpu Manoil paccTpoiike mo uactore (Awe=0c¢—wo) O~
C/I€[HEe BHIPAXKEHHE YIIPOIIAETCS: ,-

— o~ Aw
| qz'an m; .

Tak Kak wMopysnupywollee HaNpAXKEHHE IO YCJIOBHIO

- H3MeHsieTcs H&CTOJII:)KO MeIJI€HHO, YTO Mpolecc MOLYyJJas0 U
_'MO}KHO CUUTATDb I\B&3I/ICT&HI/IOH&I)HBIM N3MEHEHU# q)a?)bl q}

H aMIUIATY Al Konebanuil U 6y)1yT OTIPeNeAThCS CHCTEMOH
ypaBHEHHH

¢ cosc,o:’;‘ U, (6.16)
g— M sing,. - (6.17)

K - H

~ YpaBHeHHe «PE30HAHCHBIX» KPHBBIX Ho.nquM UCKJIIO-
qas U3 (6.16) u (6. 17) dasy P: | -

- R | | 7] 12' o
2 ' H . 1 : |
U, (1+4+4¢)—2 Ei U1 (cos_ﬂa-—-—,_qsmﬁa)_} g’;.f— g . (6.18)
_ : . K K '
 Venosus yCTOAUYHBOCTH ,D;JIS?{ paCCManHBaeMOH CHCTEMBI
HMEIOT BHI - -
| U > Ulo, | - (6.19)
14 g2 Z Ul (cosﬁ —gsinb,) >0, - (6.20)
roe U,,— aMITATYA -~ KoJIeGaHUA B OTCYTCTBUE
| cnnxponnsnpylomero CHUTHAaJa, | | __ |
- Ipsivas UI-_-—;-I“‘ ;08 B 'B 06JaCTH, T/[e BBIIOJHSETCS



yciosue (6.20), onpeaenser rpaHully YCTOHYMBHIX COCTOSHHH
- CHCTEMS!, '

[To tuny cocrositHuit paBHOBecus mJjockocts g—U,; pas-
G6uBaercd Ha pap obgaacteit (puc. 6.4). T'eomerpuueckoe
MeCTO TO4YeK, YAOBJETBOPAIOHIUX yPaBHEHHIO

__Iyy cos By, — g sin b,
Yy gx I 4 ¢? (6.21)

COOTBETCTBYET COCTOSIHUAM pPABHOBECHSI THIA <«CEHJIOY.

~

Uk ®

oA I

o é_ 0 W__2

|| Ay (-emelinse

oy .
\ [cfn

I 5105 1,

Ly €05 85-q5in6E;,
Uy = 3
g« I+@

L-sun8 0 g8y  1+sinf q
cos & oos B -

PUC. 6.4, AMnintynbie XapaKTepHCTHKH NMpPH HAJHYHH 3aMas-
JIbIBAHHA B CHCTEME.
Kpusas

IHI —
.U, —-—-2(]

orienser o0JacTb COCTOSHHHA THNA <«(hOKyca» OT <«Y3JIOB».
[lepeceuenue kpupoit (6.12) ¢ mpamoi

U —-—-..];..IHI cos 05

T2 g«
NMPOUCXOAUT B IBYX TOUKaX, AJA KOTOpPBIX
__ sinf+1
4= cos By °
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M3 npuBeneHHblx Ha put. 6.4 KPHBLIX BUAHO, YTO MpPH
HaAJIMYUM 3anmas3JblBaHHA PE30HAHCHBIE XAPAKTEPUCTHKH CTa-
HOBATCA aCHMMETPHYHBIMU U COOTBETCTBEHHO H3MEHSeTCH

* 110JI0KeHHe 06J1acTefi YCTONYMBBIX COCTOSAHHH CHCTEMbI. DTO

06CTOATENBCTBO HEOOXOAMMO YUUTBIBATb TPH OCYLIECTBJIE-
HUM CHCTEM ¢ 3amasfibiBaHHEM.

Amnnutyna kone6Ganufl reHeparopa NMPH CHHXPOHH3ALHH
paBHa

Hl

| 4 . 2 .
Ulz%i“ {Az (qs 93)+ V [Az (qa 99)]2 """ (1 Bl %—)]: (622)

rae

1 cos 8, — g sin 6
Az (qa 93)....... Bl—l—q2 .

[Tpu wmsBecTHBIX /,, = 1;11 (Ug) u 8,=10,(U,) coornouenne

(6.22) onpenensieT aMIUTYAHYIO XapaKTEDPHCTHKY MATHeTpOHA
IpH CHHXPOHH3AILHUH.

M3 (6.17) u (6.22) caenyer
¢ ==arcsin {——*ﬁ—;—l— [sin 0, 4-94, (9, 8:) -

+aV 14 (g, 8 — 17 |}, (6.23)

" rIe

Ie

Iy *

W,=

M3 nosyueHHOTO BhIpa)keHHs BHAHO, 4TO (YHKIHA ¢ ==
=@ (Iy,, 0,) Mpu mepuonHUECKOM U3MeHeHHH [y, H 0, ABJAETCH
TaKXe nepuoguyeckol, Tak Kak HaMu O6bWIO [PHHATO, YTO
Iy, v 0, ABAMIOTCA  QYHKUMAME TOJNLKO MOZLYJIHPYIOIETO Ha-

" NPSKEHUus, TO NMPH CHHYCOWAAJNBHOM H3MEHEHHH MORYJIHPYIO-

IIEro HaNpA:KeHUs UeJeCOo00pPasHO INpeACTaBUTb (YHKIHIO
cp(]iila ﬁa) B BHJE piha (I)ypbe -

e

P (O)=0ut Y nnsin (10t — D), (628

n=1

rae Qm— 4acToTa MOAYJHPYIOWIET0 HanpsaXkKeHH.
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3amerum, uTo u3 (6.23) caeayer, 4To AaxKe IIPHU CHHY-
COMaJMbHOM U3MEHeHUH BO BpeMenu [y u 0, =const pasa ¢
H3MEHSIeTCH IO CJOXKHOMY 3aKOHY.

MrHoBeHHas1 4yacToTa TreHepupyeMbIX KojgebaHuu IpH
CUHXPOHH3AIMY Y OJHOBPEMEHHOH aMIJIUTYIHOH MONYJIs-
IIMU paBHA

o= = [wot — (1)) (6.25)

CootHomenus (6.24) u (6.25) nNO3BOJASAIOT OLEHUTh CTa-
O6uJIbHOCTL (asbl U YaCTOTHl NPH OJHOBPEMEHHOH CHHXPO-
HHU3AIUH H aMIVIUTYIHOH MOAYJSAIIUM MarHeTpoHa.

3 nonyuensoro BHIIIe BuIpa)KeHus (6.23) caenyer, 4To
ecJId B Tpollecce aMIJIMTYJHOH MOAYASAUHMM MOAAEPIKHBATD

Hy

HEHM3MEHHBIM OTHOLIUCHHEC 7 + TO IIpH MTOCTOSTHHOH pdc-
C \

cTpoiike ¢ U (UKcupoBaHHOM yrae pacdasuposku f, He-
XesarelbHaa (asosas Moayasanus OyAeT OTCYTCTBOBATh.
3TO MO3BOJdgEeT HAMETUTb CcIIOcO0 CHHXKeHHUS (PasoBOl MO-
AYASAIMH, 3aKJ0UALMica B [IpeABAPUTENbHON aMIIUTY/I-
HOH MOAVJSIIHM CHHXPOHM3UpYIOLLero curHana. B peanb-
HBIX YCJ0BUSX yroda b, Moxer u3MeHSATbCs B IPOIECCE MO-
NyASLMH, OfHAKO ecau yroa b, sABasercs MOHOTOHHORH
$YyHKIMEH MOAYAUDYIOUIEro HAaMpsi?KeHHsaA, TO IMpeaBapi-
TeJlbHAsl AMIIIUTYAHAS MOAYAALUS CHHXPOHU3UPYIOLLErO
CUTHAJa IMO3BOJISIET 3aMETHO CHU3UThb HeXKenartesbHblE Ba-
puanuu ¢asnl. ,

Ha penwmuyuny HecTaOUABLHOCTH U Xapaxkrep U3MEHEHUS
¢asbl B mpoiecce MOAVJASIMN CYUIECTBEHHOE BJAUSAHHNE OKa-
3bIBAeT 3alasAblBaHUEC I[I€PBOM TapPMOHUKU HAaBEIEHHOTO
TOKa OTHOCHTENBbHO HAMpPSXKEHHUS Ha Pe3oHaTopax.

Coornowenus (6.16), (6.17) cnpasednuBbl, Koraa
B IIpolecce MOAVJAUUU COXpaHAeTCcs HEHU3MEHHOH BeJUYU-
Ha CHHXPOHU3UpYIOWIEro ToKa /¢. B cayuae cMHXpOHU3AnUHU
MAarHeTpoHa cO CTOPOHBI HArPY3KH YKOPOUEHHHE ypaBHe-
HUS UMeloT Oosiee cioxkHBE BUn (6.1), (6.2) um mpencras-
JAS€TCS 3aTPYAHUTENBHBIM IMOJAYUYUTH AOCTATOUYHO IPOCTOE
BhIpaXKeHHe AnafA Bapualui (asbl, BHI3BAHHBIX U3MEHEHHEM
COOTHOLUCHUS MEXKAY aMIAUTyAaMu KoJeOaHUH MarHeTpoHa
U CUHXDOHH3UDYIOLIEro reHeparopa Mpu aMIUVIUTYAHOH MO-
Iy ASILLUH.

Has Toro 4YToOH OIEHHTh NPUMEPHYIO BEJAHUMHY BO3-
MOXHOrO OTKJOHeHuss (asel U YCTAHOBUTh OOILIMH Xapak-
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Tep €€ HU3MEeHEHUs B Iporecce aAMIJUTYAHOH MOAYJAIHUH,
BBeJeM JonyieHue o cjaaboM BAHAHUM CHHXPOHH3UPYIO-
lero CUrHaja Ha aMIVIMTYAy KoJseOaHuii, KOTopoe OorpasHu-
YUBAET CMPABEMJIMBOCTD MMOJYYEHHBIX BBIBOJOB CJIy4YaASMH
OTHOCUTENbHO MAanoH BeJUUYUHbl BHELIHEro BO3AeHCTBUS.
B 3roM cayyae MOXKHO OrpaHHUUUTBCS PACCMOTpEHUEM
TOJILKO OJHOTO YKOPOUEHHOrOo YypaBHeHus AJs (pasbl Kosd-
¢unuesta orpaxeHus (6.2)

2
d p,DU,) . P19y sin
Y — o, — o, b T sin (g, —B,) — = _Hj“s -+ (6.26)

B KOTOPOM MOXKHO IIPpHUHSATL, YTO

DU, .
@, l;ﬂ:COEU1) Siil (A(Pl N Bl) —= Wyt (Usa)

ABASETCS M3BECTHOH (PYHKUUEH MOAYAUPVIOULErO Hanpske-
muss U, u omnpenensieT 3aBUCUMOCTh YacTOTH reHepaTtopa

B HeCHHXpOHU30BaHHOM pexume ot U,. Kpome Toro, Mox-

HO MNPHUHATH, YTO BEJAHYUHA Yy, BXOASALLAs B BhIpaxeHUE
(6.26), sB.asieTcs TakKe U3BECTHOU (QYHKIHEH MOAYJIHPYIO-
LIero HampsaKeHus.

Takum o6pa3oMm, YKOPOUEHHOE ypaBHEHHE MOXKeT ObITh
3aI[[UCaHO B BHUJE

e

dd sind¢ |
dt ot A(Oc a Y —-l—CO'S 4). (6.27)

ITocnennee ypaBHeHHE MO3BOJISIET YCTAHOBHUTb 3aBHCH-
MOCTb (pasbl ¢ orT Mmoxynupyoowmero xanpsikenua U,

Kak u mpexje, mmonarasi, 4To mpouecc MOAYJSIHH Mpo-
TE€KaeT KBA3UCTATHUECKHU, TONYUUM

Y+ V1 —Wi (12 —1)
1 4-ws ’

b =arcsin — W, (6.28)

rape .

Ao
W,=— = -
a
OtMeruM, uT0, XOTs Tpu BHBOAe (6.28) rosopusoch
o wmoayaupywoumeMm HanpsixeHun U, 1npu mHDocTpoeHux
AMIVIUTYIHBIX MOAYJSANMOHHBIX XapPaKTEPUCTUK, HAMpPHUMEp

3aBUCUMOCTH BBIXOIHOU MOIHOCTH OT MoAyaupymouero Imna-
paMerpad, B KaueCTBE TAKOro napaMerpa H3-3a MaJaoro au-
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'f"?__-'}HaMqucxoro conpOTHBJIeHm MarHeTpOHa y,uoﬁﬂee Bblﬁn-.

'--paTb He HanpﬂmeHHelUﬂ, a ToK fo. | o
KpaTho OCTAHOBHMCSI Ha IIpPIﬁJII/I)KeHHOI/I KOJIH‘IeCTBeH-

HOJA OLIEHKe Bapuauut (pasbl B Mpolecce aMILIUTYIHOH MO~

: .lI)IJIHHI/II/I 1 O,IIHOBpeMeHHOH CHHXpOHI/ISaHI/II/I

_‘ﬁf;} Porix

PI/IC 6.5. 3ABHCHMOCTH Afc oT TOKa Io, npnnmaﬁ
Tpu pacqe're q)asoBon MOJLYJISIIHH.

B Kauectse HCXONHBIX JaHHBIX NPH pacuere MOI‘yT OBITH -
" UCIIOJIb30BAHbl AMHAMHUYECKHe XapaKTepPHCTHKH MArsHeTpoHa.

B OTCYTCTBHE CHHXPOHH3HDYIOUIEro CHTHAJa, CHATHIE HJIH

~PacCUMTaHHBIE HA OCHOBAHHMM IOJYYEHHBIX paHee 'COOTHO-
- wenwnit. TIpy uspecTHON 3aBHCHMOCTH BBIXOAHOH MOMIHOCTH
~Mar{eTpoHa OT [MOCTOSIHHOR cOcCTaBafiolle#i aHOLHOIo
~ ToKa [y Jierko ompejenuTbh (6e3 yuera BJMSHUA CHHXPOHH-
3HPYIOLIEr0 HCTOYHHKA HA aMILUIHUTYAY : KOJe6GaHuH MarHe-
TpOHa) H3MEHEHHE MONYJIA «KO3(OHIHEHTa OTPaKEHHA» k-

1.4 k%
;_n., CJIEILOBaTeJIbHO 3aBHCHMOCTb napaMeTpa 1= —it-k . OT
I P sux (fol) (690

'r",ue PBHX([m)—-—-BHXOﬂHaH MOLIHOCTB - MarHeTpOHa npn._f-

toke [ (puc. 6.5); | -

TR ko——-MO,D;yJIb KOs QHIHenTa OTpa}KeHI/IH onpe-
) | JieJIsieMbIil OTHOLIEHUEM aMIIUTYH BOJIHBI
CHHXPOHH3HPYIOLIEro HCTOYHHKA H BOJIHEI,

IBHUTaIolelcs OT reHeparopa K Harpysxe

o MpH TOKe Im

3aBUCHMOCTD '«noTeHuHaJIbHdﬁ»- paCCTPOﬁKH (unu
Aw
Afc-- ") or Toka Io onpenenHeTcsz{ xapaKTepHchoﬁ

3J1emp0HH0ro CMELIeHHs] YaCTOTHI, KOTopaH MOXKeT OblTb
paccuWTaHa HA OCHOBAHHH COOTHOLICHHH IJI. 4 WM no.nyqe-f'

:. Ha BI\CHepI/IMeHTaJIbeIM IIYTeM»
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PUC. 6.6. CDaaoaaﬂ MO,H,YJISII.[HH Tpu CHHXpOHHBauHH g cnyqaﬂ any-
' COM/LaJIbHOH  3aBHCHMOCTH Afc ot toka Jo. |

‘Ha puc 6.6 IIpHBe,D;eHbI pesy.anaTbI pacqua HeXena-
TenbHOH (asoBoit moayasuud. 'CjeBa mMOKa3aHa 3aBHCH-
" MOcTh ¢assl p ot orHoweHus lo/ly Jlglh-sﬂaqeﬂne TOKa,
- cootBercTBylomtero Afe=0 (puc: 6.5)], cnpaBa— usmene-
HUE (hasel BO BPeMeHH IPH CHHYCOMJAJHHOM H3MEHEHHH

Io/ly. Puc. 6.6 COOTBETCTBYET cnnycomanbﬂomy Xapakre-

Py I/ISMeHeHI/IH paCCTPOHhI/I :

emtlone (1=ingh). 00

STOT caydafi KauecTBEHHO HpaBHJIbHO TepefaeT 3aBUCH- N

'MOCTb TIOTEHIHAJNbHO paccrpoiiku Afc B peaJIbHbIX MarHe-
- TPOHAX INPHU COOTBETCTBYIOUIEM BBIGODE 3HAYEHUS TOKa [01,“
_,u.n;{ KOTOpOI‘O YCTaHaBJII/IBaeTCﬂ pemHM HyJIeBon paCCTPOH- :

n (Afe=0).
 Ilpu pacyere 6bLI0 MPHHSTO, UTO BbIXOI_lHaH MOIIHOCTD
MarHeTpOHa me HpOIIOleHOHaJIbHa TOKy [o H Afcmax
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=10 Mey. 3nauenus Ko3PpPuUUUEeHTOB Q@ U Ry AAd pasauy-
HbIX BAPUAHTOB MpusejleHbl B TabJ. 9. Lludpsl, mocrasnen-
Hble Y KPHUBHIX Ha puc, 6.6,° COOTBETCTBYIOT HOMEpaM Ba-
puanTtoB B TabJ. 8.

Ha ocHOBaHNHN BHIMOJIHEHHBIX PACYETOB MOXKHO CAENATH
c/leqyIoUHe BbLIBOJHI:

. [Ipy cuHycOoMaanbHOM H3MEHEHUH IOCTOSSHHOH CO-.
craBasiolled Toka [, usmeHenue ¢asb P p oblleM ciyyae
OTJAHYAETCSA OT CHUHYCOHAAJNBHOTO.

Fabauuya 8
HcxoaHele gaHHble AAA pacyera M3MeHeHun ¢aspl 10

dopmyne (6.28)

BapuaHT 1 2 3
ko 0,2 0,4 0,2
mepad

a, = 151 151 75,4

2. Orknonenusi a3bl BO3PACTAIOT C YMEHbIICHUEM CHH-
XpPOHU3UPYIOUIEH cuabl (C YMEHbLICHHEM Rg), YTO BHAHO HU3
cpagHeHus1 BapuaHToB I/, 2 Ha puc. 6.6 U CcTENeHH CBs3Y
MargeTpoHa ¢ mnepejaioutedl Jgunued (kpuBne I, 3 Ha
puc. 6.6).

3. BeauunHa u xapakrep uU3MeHeHUs (asbl 3aBHCAT OT
rAyOHUHBEl MOAYJSIHH 1O TOKY, BbHIGOpa peXuMa Hecylled
yacToThl (Ha puc. 6.6 pexkuM Hecylled 4YacTOThl COOTBET-
cteyeT [o/ly;=0,5) u 3HaueHus Toka [, AAA KOTOPOro
ycTaHaBJMBaeTcs Hyaesas paccrpoiika (Afe=0). Ilpu mpo-
YUX PABHBIX YCJOBHSX C YBeJAHUEHHEM T[AyOMHB MOAYJifA-
MY, KaK NMPaBuja0, BO3pacTaerT YpPOBEHb BBLICIIMX T'apMOHH-
YeCKHX COCTAaBJSIONUX KpuBoi ().

[TpoBeneHHOEe paccMOTpeHHEe HeXkenaTeJbHON (a3oBOH
MOAVJISILIUU TO3BOJISIET HAMETUTb, HCXO/st U3 KOHKPETHHIX
yCJIOBHUH, Liesiecoo0pasHble MepHl M0 e€e CHHMXKEHHIO, Halpu-
MEp COOTBETCTBYIOLIMH BbIOOP pexkuMa Hecyllled YacTOThl U
ToKa [o;, CBsI3U ¢ Mepefaroliell JuHuel, rayOuHbl MOXYJis-
nuy u T. 1. KpoMe Toro, Kak y})e oTMeuaJoch, HexeaTe/b-
Hasl (a3oBasg MOAYJAALUS MOXKET ObITh CYIIECTBEHHO YMEHb-
lIeHa TMyTeM OJHOBPEMEHHOH aMMJIUTYAHOH MOLYJSALHH
MAarHeTpoHa M CHHXPOHH3UPVIOILLEro reHeparopa. .
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