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Tnaea 1 .
JIMHEUHBLIE YCKOPUTEJIN

TlepBbie cooGpaxeHIs O MOJYYCHHN HCKYCCTBEHHO YCKOPEHHBIX YaCTHIL NOs-
BUIIHMCH Nocie omsiToB Pesepdopra B 1919 roxy (xors B 3T0 BpeMs yxe cyLue-
CTBOBAJH BRICOKOBOJIbTHBIE PEHTTEHOBCKHE TpyOku). Jlatolf Hagana ycxopure-
neit cumraercs 1931 roa, korma Jix. Kokpodt u 3. Yonron (corpynnnku Pe-
3ephopa) OCYMECTBUIN HEPBYIO UCKYCCTBEHHYIO SNEPHYIO PeaKIHio O pac-
LIETUIEHMIO A]1pa JIMTHS YCKOPEHHBIMH NPOTOHAMH ¢ 3Heprued 700 k3B.

CocTaB JTHHEHHOr0 YCKOpHTeIs

OG6BIMHO KOTAa TOBOPAT "MMHEHHBIN YCKOPUTEND", IPe/ICTaBIMOT cebe ycko-
PAIOIIYIO CTPYKTYPY W HafeTel Ha Hee coneHoun. OQHAKO COBPEMEHHBIH JIH-
HeMHbIH, 1a ¥ Joboit 1pyroll yCKOPHTENb €CTh COBOKYTIHOCTb PasIMUHBIX CHC-
TeM, 0e3 KOTOPBIX HEBO3MOXKHO yCKopeHHe YacTuu. Ha pucyske 1.1 cxematua-
HO TIPENICTABJICH JJAEKO HE MONHBIN COCTaB COBPEMEHHOIO JIMHEHHOIO YCKOPH-
Tesd, BKIOYaouuil B cebs OCHOBHbIE MEPEYUCICHHBIC CHCTEMBI. [l noxyde-
HUA 3apOKEHHBIX HacTHIl pa3pabaThIBAalOTCA pasfnuvHble HMCTOYHHKH YacCTHILL
(371eXTPOHOB, MPOTOHOB, HOHOB U IIp.). KpoMe Toro, A nojsydeHHs HEKOTOPBIX
JacTHIl MCIIOJB3YIOTCA TAK HAa3BIBAEMBIE KOHBEPCHOHHbIE CHCTEMBI (HampuMep,
nepeBoAIIMe € —> € ) WK Nepe3apsiHble ycTpoiicTsa (s nepesapsaka H —
H"). Jlna yckopeHus 4acTill HeoOGXoqMMbl MotHbe HcTouHMKH CBY, xoTopeie
BKJTIOUAOT B cebs 3apatomuit CBYU-reHepatop, BbICOKOBOJILTHbIE MOTYJIATOPEI,
YMHOXHTEJIM MOIIHOCTH, KJIMCTPOHHBIE YCUIMTENH, BOJHOBOIHBIE TPAKThI CO
BCEBO3MOXHEIMH HAINpPaBIICHHEIMH OTBETBUTEC/IAMM ¥ M3MEPMTEIIMH NapaMer-
pos CBY-curnanos pis msMepeHus W koHtpons CBY B pasnu4HbIX TOYKAX
yckopuTens. JliHeiiHble YCKOPHTENH NPEACTABMOT Co60H MHOINa KIWIOMETpPhI
BAKYYMHpPOBAHHBIX M TepMOCTAOHIM3MPOBAHHBIX KaHaloB. Jid KOHTpPONA H
MOAJIEPKAHKA BaKyyMa ¥ TEMIEPATyPHl B KaHAIAX TAKkKe HEOOXOIMMEI COOT-
BETCTBYIOLIHE CHCTEMBbI. PaboTOCIOCOOHOCTE COBpEMEHHBIX YCKOpHTENe# cei-
yac HeMbICHHMa 0e3 lenol CucTeMbl aBTOMaTH3alWu Ha 0Oaze OplcTponeficT-
BYIOIMX BBIYMCIIHTEILHBIX MAIIKH, paboOTaloOMMX B PEaibHOM BPEMEHH.
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Puc. 1.1. IlpuMepHBIit COCTaB COBPEMEHHOTO JIMHERHOTO YCKOPHTENs



YckopuTe APSMOro AeHCTBHS

VY CKOpHTENAMH NPAMOFO AeHCTBUA HA3BIBAIOT YCKOPHUTEIH, B KOTOPBIX KAKHM-
60 06pa3oM TONyYeHO BRICOKOE HAaNpsoKeHWE M 3apskeHHas qacTHua ycKo-
pAETCS B MIOCTOSHHOM DJIEKTPHYECKOM MoJie.

Yckopurestu TpaHchopMaTOPHOIo THIIA

YcKkopumenu ¢ 851COK080IbMHBIM MPARCPOPMAMOPOM

Haubonee NpocToii crocob NoydeHus BBICOKOTO HAMPSKEHUS - HCTIONB30BA-
HHe BbICOKOBOJILTHOTO TMOBhITAOLIErO TpaHchopMaropa. BTopnuHOE Hampske-
Hue TpancdopMaTopa MIM  [peJBApUTENbHO BBIMPAMIACTCA (B 3TOM cIyuae
YACTHIIBl MOYKHO HHXEKTHPOBATh HENPEPBIBHO), WIH HEMOCPEACTBEHHO TOAALT-
CSl Ha YCKOPAIOILEe YCTPOHCTBO (YCKOPEHHE NPOUCXOIUT B HMILYILCHOM DEXH-
Me, KOT/Ia YacTHIIbI 3aIlyCKAKTCS B YCKOPAIOIEe YCTPOHCTBO B HYXKHOH taze).

Jlo 100+200 xB mnpumeHseTcs OIHO3a30PHBIH BapMAHT, KOTJA 3JICKTPOMBI
PAcIONOXEHbl HA HEKOTOPOM PacCTOSHUM IpPYT OT Apyra, caM TpaHcopMaTop
C BHIIPAMHUTENEM H QHIBTPOM PACTIONOKEH HA HEKOTOPOM PacCTOAHHH OT yC-
KOPAIOLIEr0 YCTPOHCTRA, @ HANPSDKEHHE K HEMY TIONAETCs MO KOAKCHANLHOMY
BHICOKOBONIETHOMY KaGemo. OCHOBHOE NMPUMEHEHUE TaKWX YCKOpHTeseH - mo-
JNyd4eHHe HeMTPOHOB GOMOapANPOBKOH TpuTHeBOH MumenH 150 kB aeiiroHamu.

Ipu nanpsxenud ~1 MB ucnons3yoT TpaHCOPMATOPBI C M30JIIHPOBAHHLIM
cepaeyHuKOM (cM. puc. 1.2). llpudyeM 1 YyCKOPUTENBLHYIO TpyOKy, ¥ HOBBIILAIO-
LA TPaHC(HOPMATOP TPH TAKHMX HATPAKEHHSAX BHITO/IHEE pACIIONaraTh B OHOM
xopryce (6axe), 3aMoNHEHHOM 3/EKTPOM3OTHPYIOIIAM Ta30M M0/ IABICHHEM.

OcoBerHocTH TpaHcdopMaTopa ¢ U301UPOBAHHEIM CEPACTHHKOM:

1. Tlepsudnas ¥ BTOpPH4HAs OOMOTKH PasMEIIEHbI Ha Pa3IHYHBIX ydacTKax
MATHATONPOBOJA. JTUM YMEHBIIACTCA BEPOATHOCTD npobos, XOTA NOTOKA
paccesHuA YBEJIHUHBAIOTCA.

2. Pa3feneHse MAarHHTONPOBOJA TPAHCPOPMATOPA Ha AEKTPHIECKH H3OTH-
pOBaHHble APYT OT APYra Y4acTkH. 3TO TaKxke YBEIMIHBACT IJNCKTPHIC-
CKy!0 NPOYHOCTH TpaHC(OpMaTopa, TaK KaK yHacTKH BTOPUYHOH 0OMOTKH
HAXOAATCS TOJX TEM )K€ MOTEHIIMATIOM, YTO M MPIIEralolme y4acTku Mar-
HUTONpoBO/a. KpoMe TOTO, HET HEOOXOAMMOCTH HCNONL30BATE CICLHANL-
HbI JAenuTeNb HAAPSKEHHA IS BRIDABHHBAHUA paclpeleNieHns MOTCH-
[Haia B0 YCKOPUTENBHON TPYOKH, TAK KaK BHIMPAMIICHHC HAMpske-
HUA
OCYLIECTBIIAETCA 10 AUEHKaM, @ METALTHYECKHE SNIEKTPOBI MPUCOCTMHA-
I0TCS K COOTBETCTBYIOIIMM TOYKAM BBINPAMHTE/ILHOMH CXEMBI.

3. Bsicoxas, 0 COTEH KHIIOBATT, MOUIHOCTD B ITy4Ke.
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Puc. 1.2. Cxema tpancdopmaropa ¢ 3 == )
M30JIMPOBAHHBIM CEPAEYHHKOM: 9 xf 7
1 — BO3yLIHBIH 3a30D; 2 go oo o
2 — nepBUYHAsA OGMOTKA; “%e o g of;
3 — MarHuTHbIH MOTOK; ?o e 2 o?
4 — cexuUOHHPOBaHHAS YacTh % o %
MarHUTONpOBOAA; N ° oo o
5 — BTOpHYHas CEKLIMOHUPOBAHHAS @ orto 7
oOMoTKa; - = —Z
6 — MarsMTONpPOBOI. 6

OcHOBHEIE XapaKTEPHCTHKH YCKOPHTENeH TPaHCHOPMATOPHOTO THIA ¢ M30IIH-
POBAHHBIM CEPACHHUKOM:

CpeaHAs MOWHOCTh My4ka B, ~ 10-20 xBr,

CTabUNBEHOCTD JHEPTUH AW /W no5 %,

nonsoe KITJI (oTHONIEHHE MOIIHOCTH ITy4YKa K NOTPEGIAeMOit MOIHOCTH
3neKTponuTanua) ~ 25 %.

Ycxopumenu c pesonancuvim mpancopmamopom

B yckopurensix ¢ pe3oHaHCHBIMH TpaHCHOpMATOpaMH BTOpMYHas OOMOTKA
o6pasyeT pe3oHaHCHBIH KOHTYp. JUIf 3TOT0 HapaiieibHO BTOPMYHON 0OGMOTKE
NOAKMIOYAOT koHaeHcaTop. Takoll TpaHcdopmaTop MOXeT OBITH 3amMTaH OT
CeTH MpoMBbIlIUIeHHOH JacToTel 50 Min 400 'L, MMeeT XKeJle3HBll cepIeYHHuK, a
YacToTa [MOBTOPEHM MMITYIILCOB YCKOPEHHOTO TOKA PAaBHA JaCTOTE ITUTAHMSA.

B npyrom BapuaHTe NpHMeHAETCA NUTaHHE OT BHIIPAMIIEHHOTO HANPHKEHHUA.
IToCTOAHHEIM HamMPsHKEHHEM 3apsHKaeTCsl KOHAEHCATOP, KOTOPHIA TNIOTOM pasps-
KaeTCA ¢ MOMOIIBI0 KOMMYTHPYIOWIETO YCTPOWCTBA Ha MEPBHYHYIO OOMOTKY.
IIpy 3TOM pe30HaHCHAs YacTOTa KOHTYpa COCTABIsieT HECKOIBKO JECATKOB KH-
norepu, ¥ TpaHCHOPMATOp HE UMEET XKeNe3HOTO CeplHeYHnKa. B Taxol cxeme

1 1
Ll N Cl L2 * CZ
€HT CBA3H MEXIy oOMOTKaMH Pe30HAHCHOTO TpaHCHopMAaTOpa BHIOPaH PaBHEIM
0.6, To 3Heprusa 1epeKkaYMBacTCs M3 MEPBOTO KOHTYpa BO BTOPOil yXKe B NepBOM
neproge xonebanuit. Ha pucynke 1.3 nokaszaHa KOHCTpPYKTHBHAdA CX€Ma YCKO-

purens DJIMT-16, rae nuCcnonk30BaH OMUCAHHBLIN BhIIE PE3OHAHCHBIN TpaHC-
thopMaTOp Kak HCTOYHHK HANPSHKEHHA.

PEe30HAHCHBIE YaCTOTHI Lienieil COBNAAAIOT: . Ecnn koadpuum-
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Puc. 1.3. CtpykTypHas 2JIEKTpHYeCcKas CXeMa yCKOpHUTe/ia 3JIUT-15:
1 - perynstop Hanpskenus; 2 - BBIIPAMUTEND; 3 - npoccenb; 4 - KOMMYTaTOp;
5 - GIOK yHpaBNEHHA >IEKTPOHHOH MyIKoif; 6 - ceTka Iymky; 7 - 6ok TmMTa-
Hus GOKYCHPYIOIIEH JIMH3BI; 8 - CHCTEMa Pa3BEPTKH My4Ka; 9 - cXema u3Mepe-
Huit ¢ 3amuTa ot npoboes; 10 - 610K NUTaHKA IyIIKH.

YckopHTeb cHaGkeH pacTpyboM Ha BBIXOAC M YCTPOHCTBAMHA NI PasBePTKH
nyaka. OCHOBHBIE XapaKTEPUCTHKH YCKOPUTEIA JINT-25b:

oHeprus ITy4ka U-1,1 MaB,
sHepreTHueckmit pasépoc U /U - 10 %,
CpeHHl TOK I, - 4,5 MA,
MMITYIbCHEIA TOK I, -50A,
CpelHsA MOLIHOCTh P, - 8 kBT,

[UTHTENBHOCTE HMITYJIbCa 7 - KO 2,5 MKC,
4acToTa MOBTOPCHUA F-100Tn.

Omue W3 BapuaHToB Takod cxembl (DJIUT-JI2) ucmomb3yerca ceddac Kak
HCTOYHMK MOIIHOTO SIEKTPOHHOTO My4Ka I PENATHBACTCKOrO KIMCTPOHA.

B ofmieM I YCKOPHTENEH C PE30HAHCHBIM TpaHCHOPMATOPOM XapaKTEPHbI
GOMbIIHE CPeHHE MOMHOCTH, Gonbmike, 1o 80 % KI1JL u 15-20 Y%-ubii SHep-
reTudeckuit pasbpoc.



Kackaaubie yckopuTenu

TpancpopMaTop ¢ pa3fieneHHBIM MAarHMTONPOBOAOM YXKe SBISETCH KacKas-
HBIM YCKOpHTENIEM ¢ MHAYKTHMBHOH CBs3bl0. OJHAKO COGCTBEHHO KacKaIHBIMH
YCKOPHTEJIIMH  Ha3bIBAlOT YCKOPHTENM C €MKOCTHOH cBs3bto. CTpyKTypHas
CX€Ma YCKOPHTENA COCTOMT M3 HAKOMMTE:IS IHEPIHH eMKOCTHOIO THIIA C MOCIe-
AYIOIIHUM YBEITHYCHHEM HMITYJILCHOTO HANPSKEHUA.

T'enepamopst umnynscnozo nanpascenus (FHH)
I'eneparop umrymascHoro Hanpsxenms (TMH) - npemnoxen  ApkaabeBbiM
(1916 r.) n paspaboran Mapxcom (1928 r.). ITa-
PALTENBHO COeNMHEHHble KoHAeHcaTopsl C 3apa-
KAIOTCA 4epe3 Ppe3sucTopsl R N0 HaNpsKeuus
ucrouHuka Up. 3aTeM KOHIEHCATOPHI KOMMYTH-
PYIOTCS UCKPOBLIMH Pa3pAIHUKAMH TaK, 4TO OHH
OKa3bIBAKOTCA COCHMHEHHbIMH [OCIIEAOBATENBHO.
BeixomHoe Hanpskenne U = n-U, rae n - 4ucio
KacKalOB.
OcHoBHBIE 0COGEHHOCTH:
1. mnuTenbHOCTH UMITYJibca 7 <1 MKC,
HET MPHUHUMINKMATBHBIX OTPaHUYEHHI Ha T10-
BBIIIICHHE NAPAMETPOB (B OCHOBHOM - T€OMET- y
PpHYECKHE pa3MepBl), °
3. yHWKajAbHBI [10 MOIIHOCTH Iy4uka u KI1J].

Puc. 1.4. Cxema 'HHa
Kackaousie zenepamoput

Ha pucyrke 1.5 noka3aHsl 0CHOBHas cXeMa KacKaaHOTO reneparopa Kokpod-
Ta-Yonrona (1932 r.) u cuMMeTpudHas cxeMa KackajHOro reHepatopa (Xai-
nepH, 1955 r.).

Pabora kackamHoro remepatopa Kokpo¢ra-Yontosa npoucxomut Creayro-
KM 06pa3oM: B TeueHHe NepBOro IUKIA NIONYNEepHoia KOHIEHCATOP C{ nepoil
KOJIOHHBI 3apSkKacTCA A0 HanpskeHus s, IpH BTOPOM LMKIE MONYNEPHONA
koHaeHcatop Cy MpaBoH KOJOHHBI 3apAKAETCS A0 YABOCHHOTO HanpsxeHnst 2U,
(U, - or tpancdopmaropa u + U, OT KoHaeHcaTopa C/ ); 3aTeM NPOHCXOINUT

3apan C; - C, u Tak manee. Yepes HECKONBKO LHKJIOB BCE KOH/JECHCATOPBI, KpPo-
M€ TIEPBOro B JIeBOH kosIoHHE (Y, OKa3BIBAIOTCA 3apSKEHHBIMU 110 YIBOEHHOTO

aMIUTATY IHOFO 3HAYCHHA BTOPMIHOM 0OMOTKH Tpancdopmaropa. [TomHoe
Hanpskenue Ha seixone U =2nU,, rae n — uncno kackanos. Jiis cHMMeETpHY-

HO¥ CXeMEI TI0JIHOE HalpsLKEHUE Ha BhIXOJIE Takke paBHo U = 2nU, .
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Puc. 1.5. KackanHble reHepaTophi:
a) HecummeTpianas cxema (Kokpo¢r-YonToH),
b) cummeTpunas cxema (XainepH) .

Hanmuue Toka Harpy3kd IPUBOAAT K YaCTUYHOH paspsiKe KOHAEHCATOPOB.
[To3TOMY MPOUCXOAMT NAaJAEHUE BBIXOJHOTO HAMPAXKCHNA - OCHOBHOM HEOCTa-
TOK KacKaflHEIX reHeparopoB. Ecim Bce €MKOCTH ONHHAKOBHI M paBHel C, TO
naJeHHe HaIPsKEHH:

HecuMMerpuyHas cxemMa CumMmerpuyHas cxema  (1.1)
AU:_I_.(Z.n3+l.n2__1..n)’ AU:.—I._‘(l.n3+_1..n2+L.n)’
f-C \3 2 6 f-C \6 4 12
rae I - MONHBIA TOXK HArpy3kW (TOK YTEUKHM, ACHAMTENA HANPSHKEHHS W TOK
YCKOpEHHBIX YacTHIL),

[ - 4acTOTa NMUTAIOILEr0 HAIIPSHKEHHS.

s obeux cxem U ~n, a AU ~ n’, Tak 4TO CYIIECTBYET ONTHMANBHOE YHCIO
KACKA/IOB, NPEBHIIICHUE KOTOPOTrO He MPHBOJMT K JaJlbHEHIIEMY POCTY Hanps-
xeHHs. Hanpsxenue xaxzmoro kackaga obsrano U ~ 100 - 250 kB, pabouas
yactoTa f ~ 10 xI'u (mpu 6osiee BEICOKOM HAYMHAIOT CKa3pIBATHCA MApA3MTHHIE
eMKOCTH). OGbIYHO YHCIIO KACKa/I0B BRIOUPAIOT PaBHBIM:

HecuMMeTpuuHas cxema CuMMeTpHYHas CXema

U.-f- f.
ng = ’l_f_c_zm, ny =2 ﬂ_lfiﬁzso. (12)



To ecTh B cMMeETpHUHOI cXeMe, UCXONs U3 MPHEMIIEMOro MajieHUd Halpsoke-
HH$, BEIXOJHOE HAaNpPsHKEHHE MOXHO CHENaTh B 1Ba pa3a GonbIre.

H3-3a nepemeHHoil paGodeit 4acTOTBI Y KacKaIHBIX TeHeparopoB MOMHMO
aJicHHA HATIPSOKEHUS. BCET/a €CTh MyJibcaluy Hanpskenust oU :

Hecummerpudnas cxema CuMMeTprdHas cxeMa
(n+2
&J:L.l_l, UL .1 (1.3)
f-C 2 f-c 2

To ecTh B CHMMETPHYHOI CXEME OHH B (n + 1) pa3a MeHsbIUe, W, CIeJOBATENbHO,

NpUMEHCHHEM CHMMETPHYHON CXeMbl MX MOXHO yMeHbluuth B 20 - 30 pa3.
Hanpumep, B saepHoit hH3Mke BeIwymHA MyJbCAUH He JODKHA HpeBbiarh 0,1
- 0,05 %.

Ceityac cepuifHO BBITYCKAIOTCA MOIUGULUPOBAHHBIE KACKA/IHBIE T€HEPATOPHI
HAa OCHOBE CHMMETPHYHOM CXEMBI - KalaTpOHbI (PyCCKOe Ha3BaHME - HUHAMU-
TPOHBI) ¢ MOBBINIEHHOR yacToTo# nuranud 1o 100 kI'y Ha paboyee HanmpsKeHne
U~ 4 MB ¢ MoniHOCTBIO TTyuKa 10 25 kBT.

. JnexrpocraTHveckue ycxopureau (ICY)

IMpunuwn gefcTBHA eKTpocTaTHUecKoro yekopurens (3CY) wid reHeparo-
pa Ban sie I'paada noxaszas Ha pucyHke 1.6.

Puc. 1.6. DnekTpocraTaueckuii yCKOPHTENb:

1 - koHOyKTOD;

2 - ICTOYHMK YaCTHIL;

3 - yckopHTeIbHas TpyOKa;

4 - onopHas M30JHPYIONIas KOJIOHHA,

5 - BayMKHY;

6 - nBUraTeNhb;

7 - 3apsitHOE YCTPOHCTBO; ,

8 - 3apsanHas JIeHTa; : :

9 - cpeMHOe yCTpoiicTBO. —L '
/2

7 6
Tosnbiit METAIMYECKUH AP - KOHZYKTOP - pacroaraeTcs Ha U3onupyomei

ONMoOpHOH KoNOHHe. Ha KOHAYKTOpe HAKAILUIMBAETCH SNEKTPUUYECKHH 3apan, B

pe3yJbTaTe 4ero Ha HeM co34aeTcd noTeHuuan U oTHOCHTeaBHO 3emiu. Benu-

YHHA MOTEHIMANA ONpeeNseTcs 3apsaaoM ¢ Ha KOHAYKTOpe U ero €MKOCTHIO
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orHocuTesbHO 3emimn C: U = % . Hctounuk 3apAXKCHHBIX YaCTHL, pacnono-

JKCHHBIH B BEpXHe} YacTH YCKOPHTENbHON TpyOKH, HAXOMWTCA MOJ HOTEeHLHa-
NoM KOHIYKTOpA. 3apsn NepeHOCHTCH Ha KOHAYKTOP IIOCKOH GecxkoHEHHOM
NEHTON U3 W3OMALMOHHOTO MaTepHalla, HaTsiHyTo#/ Ha JIBA BaIMKa, HWKHHAR K3
KOTOPHIX TPMBOJMTCA BO BPALICHHE HIEKTPHUECKUM MOTOpOM. Ha JIeHTy BHH3Y
¢ NOMOIIBIO 3apSIHOTO YCTPOICTBA HAHOCUTCS SCKTPHYECKUH 3apsiz, KOTOPBIH
CHAMAETCS Pa3pAMHBIM YCTPOMCTBOM, PAclioONEHHBIM BHYTPH KOHIYKTOpa.
OO6bIYHO Ui HaHECeHNs 3apAaa Ha I0BEPXHOCTH ABDKYILEHCS JICHThE H obpat-
HOTO TPOLECCA HKCTIONB3YIOTCA KOPOHHPYIOLIME OCTPHS, PacTioNOKEHHBIC Y
TIOBEPXHOCTH JICHTHI.

ICY 06/1a7al0T YPe3BLYAHHO BHICOKON CTAGHTbHOCTBIO BBIXOJHOH dHEPrUM
— OTHOCHTENLHBIN dHepreTdeckuit pazdpoc NOCTHraeT 10*. Kpome Toro, B
ICY MOXKHO YCKOPSTH oGble HOHBL. Momupukaiia 3apaaHoN CHCTEMbL 2CY
CBS3aHA C HEIOCTATKAMH, HPUCYIMMM JIEHTOUHON CHCTEME TPAaHCTIOPTHPOBKM:
NpH NPUMEHEHHH 3apaaHOH NPOPE3NHCHHOW NIEHTHI BHYTPH Gaka ycKkopuTeNs
u3-3a ee M3HOca obpasyercd MbLIL. B mpouecce 3apsaia JICHTBL ¢ OMOHIBIO KO-
POHHpYIOHIMX OCTPMH, & TaK )Xe M3-3a CIy4aHHBIX 3NCKTPUICCKHX Pa3pAlOB,
06pa3yloTcsi [POAYKTHl KOPPO3MM METAJLIOB, YTO CHIXACT DMEKTPHHECKYIO

! 2 3 4 5 6

IPOYHOCTh ycKopuTens. CTpeMiieHHe Yy LUIHTh 3aPAIHYI0 CHCTEMY TIPHBETIO K
CHCTEME TPaHCTOPTHPOBKH, B KOTOPOH MEPEHOC 3apAiia OCYMIECTBIACTCA Me-
TATAYECKAMH  TEJIaMH, COSIMHEHHBIMH MEXAYy COo00H IHIJICKTPHIECKIMH
ckobamu (43 HeiltoHa). MeTAUIMUECKHE TeNla 3aPANAIOTCA ¢ NOMOIIBIO MK~
TpocTaTHUeCKOH MEAYKIMK. OHE MOTYT HMETH GOPMY WIapHKOB (neseTpOHBI -
OT AHITIMIACKOTO pellef) WIA METALIMIECKUX IHATUHIPOB (MaIIepTPOHBI - OT
aurTuiickoro ladder - nectuuia, Tpan). [1pu npaBHIBHO BHIGPAHHOH CKOPOCTH
TPAHCTIOPTHUPOBKH NMEPEHOCa 3apAfa K KOHAYKTOpY AHCKPETHHIMH DOPIHAMU
IPUBOITHT K O4€Hb HeGONBIIMM koNeGaHWAM HATPKEHHA Ha KOHAYKTOpe C
YacTOTOMN CJIEAOBAHHUA METAJLTMYECKHX TEL.

Hnes ucnons30BaHyus Nepe3apsJHOro, MM TaHAEMHOTO YCKOPCHHA (puc. 1.7)
TI03BOJTANIA Y/IBOMTH SHEPTHIO MPOTOHOB MM AEHTOHOB MO CPABHEHHUIO C o6BI4-
ueiMu OCY.

Puc. 1.7. CxeMa BHICOKOBOJILTHOTO YCKOPEHHs ¢ Nepe3apaakoi (TaHgem):
1 - HCTOYHHK OTPHIATENbHAIX HOHOB; 2 - YCKOPHTENIbHAA TPYOKa; 3 - 2/IeMeHTbI
KPETLIEHHs BHICOKOBOJILTHOTO MEKTPOa; 4 - BBICOKOBOJIBTHBIH MIEKTPOR; S5 -
KaMepa Tepe3apaiKky; 6 - MUIIEeHb.
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HononuuresibHOE NPENMYLIECTBO TAHAEMOB - pasMellleHHe HOHHOTO HCTOYHHKA
¥ MHLICHU BHE YCKOPUTENA NMOJ OTEHUUATOM 3eMIH. MaKcUMalbHas SHEprus,
KOTOPYIO yIanoch [OJIy4HTh B TAHAEMHOM yCKOpuTelle, paBHa 32 MaB.

Jluneiinble HHAYKIHOHHBIE yekopuTenn (JIAY)

Y Bcex paHee pacCMOTPEHHBIX JIMHEHHBIX YCKOPHTENell NpsAMOro AeHCTBUSA
€CTh NPUHIUIHAIBHOE OTPAHIMYEHHE HA SHEPIUIO CBEPXY, CBA3AHHOE C PA3BHTH-
em 1pofoa B dNEKTPOCTATHYECKHX MpHBOpax.

a) b)

5\
VAV
Puc. 1.8. YckopuTeny ¢ BUXPEBHIMHU NOTIMM:

@) NIPHALMII PabOTH LUKITHYECKOIO YCKOPHTEIL,
b) nuHEeHHEBIA MHIYKIMOHHEIH YCKOPHTEND.

CymecTsyer BO3MOXHOCTL 0GOMTH 3TO OrpaHHYEHHE, UCTIONB3YS He IPalHeHT-

HBIE 110714, xorga E = -V, a KBa3UCTaTHIECKOE BUXPEROE II0JIE, CBA3AHHOE C

=~ JB
H3MEHEHHEM BO BPEMEHM MAarHUTHOrO Hojs rot £ = vl Tpyn wupKynsLwu
t

YaCTHIBI 110 KOHTYPY, OXBaThIBAIOILIEMY o61acTh M3MEHEHHS MATHUTHOTO ITOTO-
oD

ot
(puc. 1.8, a). 3TOT MpUHLKMN 3aM0KEH B pafOTy UMKIHYECKHMX MHIYKLHOHHBIX
yckoputened. OIHAaKO MOXHO PAacloONOKHTh HHAYKTOpPHI TOC/IEA0BATENHHO,
KaK MoKa3aHo Ha pucyHke 1.8, b, ¥ 3amuTarTh X Bce NMapaiiensHo. U3 pucyska
BU/THO, YTO B TAKOM CXEME BUTKH, CO3/IAIONIHE OTIENbHbIE JIEMEHTHl MATHUTHO-
ro NoToKa, COSAWHEHbI TOXKe MApajlIeNbHO H, CeJOBaTeNbHO, HAMPKEHHE HA
KKAOM U3 HHX MOXeT ObiTh cymecTBeHHo Mensie DJC unaykumu. [Ipupa-
IIEHHE UMITYNIbCA, TTOJlyHaeMOT0 YCKOPEHHBIMH YaCTHIAMH OT OJHOrO HHLYKTO-
pa B €IMHHUITY BpEMEHH,

Ka P, oHa OYAET YCKOPATLCA BUXPEBBIM JNIEKTPUUECKUM TioneM E,, =

Ap:e.Esux:-e..@:e.S,@:e.S.ﬁ’ (14)
ot ot T
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rge S — cedeHWe cepledHMKA MHAYKTOPA, € — 3apsal 3NeKTpoHa, AB - MakcH-
MaJIbHOE H3IMEHEHME HHAYKLHH, 7— IIHTEIbHOCTh MMIy/bca. OTCiona cnenyer,
YTO yBEJNWUCHHE MPUPOCTA IHEPIHH MOXKHO AOCTHTHYTh yBenuueHHeM S 0 AB
WIH YMEHbIIEHHeM 7 . BospacTaHue S BeleT K POCTY pasMepoB M CTOMMOCTH
CepIeUHMKOB, a TAKXKE K YBETHUEHHIO NOTeph B eppoMarneTyke. 3Hadenune 7
OrpaHHYMBAETCs 3HadeHHeM IOpsAiKa AecATka HaHOCeKyHA. Ilpy ero mambHei-
1IleM yMEHBIIEHHH TAKKEe BO3DACTAIOT MoTepu B dpeppomarHerrke. CoBpeMeH-
HbIE MaTEPHANIBl MO3BOJIAIOT IIOJYYHTh CPeAHUH pUpocT 3Hepruu B JIMY okono
1 MaB/M nipu yckopsieMBIX TOXaX nopsaka 10+10° A.
Xapaxkrepusie mapametpst JIAY:
SHEPrUs YCKOPeHHBIX yactul W =5 MaB,

3HepreTHYecKHit pazdpoc AW/W =0,5+2 %,
YCKOpSAEMBIH TOK 1,=5 XA,
JUIUTEBHOCTD HMITYJIbCA r=20+300 Hc,
4aCcTOTa HOBTOPEHUA F=1+60Tm.

Tloxa rnaBHoe mpumenenwe JIMY — umxexTopel Mis GOpMHpOBaHUA dlek-
TPOHHBIX KOJIEL B YCKOPUTENAX VIS KOJLIEKTUBHOTO YCKOPEHHS.

JInneiinbie pe3oHAHCHBIE YCKOPHTEIH

Bunepos B 1928 r. npeAnoxui CRefylomyro CXeMy YCKOPEHHUA 3apSKEHHbIX
JacTHIl:
,eL

~ (ZEO—_WO )0 )

Puc. 1.9. Cxema pe30HaHCHOTO yCKOpHTENs Buaepoa

YckoprTens pabotan Ha yactote f= 7 kI'u (pabouas 1mHa BOMHE! A= 42 82 m).
OH npencTapisa coboi MoCNeA0BATENLHOCTs APeRPOBEIX TPYOOK, Hepes ONHy
COE/IMHEHHBIX K MOJTIOCAM MCTOYHHMKA NEPEMEHHOTO HampsxeHus. Ilone BHYTpH
TpyBOK NPAKTHYECKH OTCYTCTBYET M COCPEIOTOYEHO TONBKO B 3a30pax MEeXAy
My, YacTHILy, YCKOPEHHYIO B OJHOM 3a30pe, MOXHO YCKOPHTb €HIE pas B
Cle/lyIOMIeM, eclTH K MOMEHTY ee TNOAX0Ja K 3a30py HanpsikeHHe Ha TpyOkax
CMEHHT 3HaK, T. €. IPOHAET Mojinepuoa konebanuit HanpskeHns. Ecim uiiHa
n—ii Tpy6ku npeitda [, , CKOPOCTH YaCTHLL! B padioHe n—# TPYOkH v, , @ NEpH-
ox kosebanust Ty, TO YCIOBHE SKPaHHPOBAHMA YaCTHLBI HA TIONIEPHOAA €CTh
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Ay
—=—mm [, = 3 ~,rae A =c-Ty — JUIMHA BOJIHBI YCKOPAIOWIETO NIONIA B
c

cBOGOIHOM NpocTpaHCTBe. Tak Kak ¢ POCTOM SHEPTHM CKOPOCTh YACTHIB! YBE-
NHYUBAETCA, a nepuoj KojeGanus Ty He MeHAETCH, TO [UiHHa TpyGOoK apeida
TOXeE JOJDKHA YBEJIMYHMBATHCH C POCTOM 1.

Hnuna Tpy6ox apetida, a ¢ Helt U ofuiHe rabapuThl TaKOro yckopHTens ~1/f.
J11 yMeHbIIEHUA pa3MepOB YCKOPHTEIIs HAal0 YBENMYMBaTh pabouyro YacToTy f.
Ho rpu yBenu4enuu 4acToThl Takas CHCTEMa HAYMHAET paboTaTh KaK aHTEHHA U
M3Ny4ath B cBOOOMHOE MpocTpaHCcTBO. [109TOMY GbLIO HMPEIOKEHO HCTIONB30-
BaTh JUIS YCKOPEHUS HA60p OTHAE/NbHBIX PE30HATOPOB, 3aNMTHIBAEMBIX H3BHE (CM.
puc. 1.1, @). B HMX 31€XTPOMAarHUTHOE N0Je COCPEAOTOUEHO BHYTPH PE3OHATO-
pa u He H3Iy4aeTcs Hapyxy. IIpuHuun paboTsl ocTaeTCs MPEKHUM: YCKOopseMas
HaCTHIA HAXOMHTCH B YCKOPAOIIEM JJIEKTPHUECKOM 10jie (BHYTPH PE30OHATO-
POB) NpH yckopsromieH (ase konebanuii B HUX U SKPaHUPYETCS NPH TIPOTHUBO-
¢a3HOM HampsKEeHUM B pe30HATOpax (HAXOOACH B 3330p€ MEXAY PE30HATOpa-
mu). Cretyromnii mar - y6pars neperopoiku Mexmy pe3oHaTopaMu, o6pa3oBas
oauH pesonarop (cm. puc. 1.10, b). Tpy6xu apeiida s sxpaHU3aANUY YACTHLBI
IpH NpOTHBO(A3HOM HANPKEHHH B pe3oHaTope octarorcs. J[oGaBHB CToliku
Ans noagepxanus Tpy6ok apedida (cM. puc 1.10, ¢), Ml monydaeM kiaccuue-
CKUH Ppe30HaHCHBIH YCKOpHTENs ¢ TpyOKaMu apeiida.

a) b) )

1 C T - OO C 1 3 &

Puc. 1.10. DBo/monus yCKOpHTENs ¢ OTAebHBIMU PE3OHATOPAMH K YCKOPHTEIIO
AneBapena: a) cHCTEMa HECBA3aHHEIX PE3OHATOPOB,
b) onun pezonarop ¢ TpyGxamu Apelida,
€) PE30HAHCHBIN YCKOPHTE/b C TPYOkamu apeiida.

AnsBapen B 1945 r. co3nan Tako#f YCKOPHTENb Uil YCKOPEHHS NMPOTOHOB JI0
suepryu 32 M3B Ha gactote f= 200 MI'u ( 4= 1,5 m).

Tlpu yckopenuH GONBINMX TOKOB B TAKOM YCKODUTENE HAYHHAET IPOHMCXO-
IUTH pa3Baj Iy4Ka MOX AEHCTBMEM CIJI HPOCTPAHCTBEHHOTO 3apsana. B 1952 r.
BmoaTT mpemioxui pacnioNoXuTe BHYTPH TpyOok apeiida ¢okycupyrommue
MAarHMThi 1/ CHJIBLHON KBaApynojisHOH (QOKycHpOBKHM mydka. B TakoM BHAe
yCKopHTeNnb AnbBapena paboraer H cefiyac Ha sHepruio npotoHoB 100 MaB ¢
Tokamu nopsaka 100 MA. Jlo cax op ¢ mapaMeTpaMu yckopuTtens AjlbBapeia

14



CPaBHHUBAIOT BCC BHOBb pa3pa6aT1>IBaeMbIe YCKOPHUTEIIH.
BoJiHOBO/IHBIE JIMHEIHbIE YCKOPHTEIH

B OMIMHAPHYECKOM BOJIHOBOJE MOXKET PacnpoCTpaHAThCA Oeryuias 3JeKTpo-
MAarHATHasd BOJIHA, MMEIOINAs MPONOAbHYI0 KOMIIOHEHTY 3JIEKTPHYECKOro Iojis

i{ -5
Haocu E, = Ey-¢’ (@-£2) B roukax, e w!- Bz = const aMILIATYZa NONS
NOCTOAHHA. DTH TOUKH ABWKYTCA CO CKOPOCTBIO v, = @/ /3, HassiBaemoi ¢a-

30BO¥ CKOPOCTBIO BOJHBL Ecin 3apsennas yacTuiia ABMKETCA 110 OCH CO CKO-
POCTBIO, paBHO# $Ha30BOH CKOPOCTH BOJIHBI V, =V, , TO OHA OyleT Bce Bpems

HAXOAUTHCH B OJHOM M TOM XK€ TIOCTOAHHOM JJIeKTPHYECKOM ToJIe M IpHoGpe-
TaTh IHEPIUIO, HPONIOPLMOHAILHYIO HANPSKEHHOCTH DIEKTPHYECKOTO TMOJA U
TpOHISHHOMY PAacCTOSHHIO.

B npocToM peryiaspHOM ILUUIMHAPMYECKOM BOJHOBOAE (azoBas CKOPOCTH
BOJIHBI BCEra OONbIE CKOPOCTH CBETa, 4 MaTepUalbHbie YAaCTUIBI HE MOIYT
ABMTathCA CO CKOPOCTBbIO, GOJBIIE CKOpOCTH cheta. CylIecTBYIOT paiiM4HbIE
crocobbl  YMeHbIreHus (a3oBol CKOPOCTH BOJNHBI B BOIHOBOJE, HalpHUMeEp,
pasMelleHHe B HEM MeTaJUTHIECKHX AHadparM ¢ oTBepCTUEM Ha ocH. BHyTpen-
HHE€ pa3Mepbl TAKOro AHahParMMpOBaHHOTO BONHOBOJA M ONPENENAIOT BEHIH-
Hy (a30BOH CKOPOCTH BOJIHbL. BOJIHA M 9acTHIA HOJKHBI ABUTATHCA CHHXPOHHO
Ha BCEM NPOTAKEHUHA BONHOBOJA WM, APYTHMHM CJIOBAaMH, YaCTHLA HOMKHA
0CTaBaThCa B pezoHaHce ¢ BONHOMN. [locTenentoe yBeIHYEHHE CKOPOCTH BOMHBI
(MojCcTpoiiKa 110]] YBENUINBAIOLLYIOCA CKOPOCTh YCKOPAEMOH YacTuipl) obecrre-
YHBAETCA M3MEHEHHEM BHYTPEHHUX Pa3sMEpOB BOJHOBOJA 110 [JiMHE.

OTMETHM, YTO B HATPYKEHHOM AHadparMaMH BOJHOBOJAE NPHHUHMITHANLHO HE
MOXET CYIECTBOBATh TOJBKO OJHA BOJIHA € (a30BOH CKOPOCTHIO BOJIHEI, PaBHOH
CKOPOCTH YacTHiBl. B HeM BCErla MPHCYTCTBYIOT TaK HA3BIBAEMBIC BHICHINE
NPOCTPaHCTBEHHbIE rapMOHUKY. OHAKO 3TH FaPMOHUMKH HMEIOT (asoBbie CKO-
POCTH, CYLIECTBEHHO OT/IMHYHBIE OT CKOPOCTH OCHOBHOM, YCKOpsIOIeH rapmo-
HHKH, ¥ dacTuua OyJeT CKOMB3HTH N0 (ase OTHOCHTENLHO HUX. DTH HEpeso-
HAHCHbIE TAPMOHMKM BHOCAT JIMIOb HECYIIECTBEHHbIE KojeOaHusd B JBIKESHHE
9aCTHIBL.
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TI'nasa 2
3AME/IUVIEHHBIE BOJIHBI

da3zoBasi ¥ rpynnmoBasi CKOPOCTH

Dazosan ckopocms e0aHb
Hns Geryiieii BONHBI B peryJispHOM BonsoBone E(H) ~e Ho142) Benmauna
@ =wt— [z HasbiBaeTCs (a3oii BOMHBI B HaNpaBleHHH z. Bonee obuiee onpe-

nenenue ¢assl ecTb @ =@!— f-F, e F — paguyc-BeKTOp, S — BONHOBOH

BexTop. Eciy da3a mocTosHHA BO BpeMeHH, 10
do - .
—=0 = w=4v,. 2.1
- Bvy (2.1)

V4 — TpexmepHas (a3oBas cKOPOCTb BOMHb!. OHa CBs3aHa C BOJHOBBIM BEKTO-

- @ @

poM f=—-V,. Jlng BONH, PacCIpOCTPaHAIOIMKCA BIOIb OCH Z, Vp =—.
Vo

Ecnn 3apskeHHas 4acTvIA JIBUTACTCA C TAKOH XKE CKOPOCTbIO, KAK M BOJIHA, TO

OHa BCETZa HAXOMHUTCS B OAHOM H TOM Xe€ II07I€, T. €. MOXKET HEIPEPIBHO YBe-

JMYHBATh WM YMEHbUIATH CBOWO JHeprio. Ha stoM mpunimne paborarot nu-

HelHble YCKOpUTENH Ha Oerywiell BOJHE, a TaKXe Nammbl Oeryiueil BOIHBI
(JIBB).

I'pynnosas ckopocmy
Eciin umeetcs Hekoe BemecTBO ¢ 06BEMHOI IUIOTHOCTBIO 7, TO, TIO ONpene-
JICHHIO, MPYTHIOBOH CKOPOCTHIO MEPEMEICHHUS 3TOTO BEIECTEA HA3bIBACTCH

=i tim AL ’ (2.2)

Ho ecmu AW suneprum npoxomut uepes AS mwiomanu 3a BpeMs Af, TO OHa
cocpenorodeHa B o6beme AV = AS-Al. EC/IM IUIOTHOCTh JHEPTHH Ha €1HHHILY
obbema eCcTb w, a IUIOTHOCTL TOTOKA MOIIHOCTU Y€pe3 €AMHHYHYIO NOBEPX-
Hocts 11, To

] e Juas e
AW—Al-Aiw-ds—At~A.£H¢E S J.w~ds— J'wf’ds—AW;Az'(z'?))

B JNEKTPOAUMHAMHKE INIOTHOCTh HOTOKA MOIHOCTH 4epe3 CAUHHYHYIO IOBEPX-~
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Hocth I1 paBHa
fi=rlExA] a werlpEB)eula i) (2.4)

J1s HEMOHOXPOMATHYHOH BOMHBI (L{yra, TaKeTa BOJH) [PYTNIIOBOM CKOPOCTBHIO
Ha3bIBaCTCA CKOPOCMb_NepeMeujeHuss MAKCUMyMa 02ubaiouen 2pynnsi MoHO-
XPOMAMUYECKUX B0NH, Onuskux mexcoy coboti no yacmome. To €CTh 3TO CKO-
POCTB, C KOTOPOIl MOXET NepeaaBaThcs HHGOPMAIIUA.

Camblif ipocToii NnpUMep - CyMMa JByX MOHOXPOMATHUECKUX BOJIH:

1[(a)+-§——) (ﬂ+ ﬁ) :‘
eHo-82) | jillors 0)-(+5 p)e) :l,e 2

2
Orubaromast Takoro “uyra” OIUCHIBAeTCS B JaHHOM MNpuUMepe QyHKIMEH cos
(-.), a NOBEPXHOCThH NMOCTOSAHHOM aMILIMTYNbE €CTh S @1~ & -z =const, B

coslez,oz,)

_ow
p é‘ﬂ
Boobie ecny Mbl HMeeM I[akeT u3 MOHOXpOMAaTH4YHbBIX BOJIH C (t)aBaMPI

ABHKETCA OHA CO CKOPOCTHIO V

@=wt— f-F, T0 ycIOBHE TOTO, 4TO B AOCTATOYHO MajOH 06JaCTH M3MEHEHHUS

£ dasa 0CTACTCA MOCTOSHHOH HE3ABHCHMO OT B, ects V ﬂ(a)t ~BF )= 0.
Tak kax 6/}(,—6"?) =7, T0 [t-ﬁﬁ(a))‘f‘ ]z 0. CnenosatenbHo, v, = ﬁﬂ(a))

JU1s orHOMEpHOTO CiTydas
ow
Vep =2 2.5)
op
3aBHCUMOCTD k(ﬁ) (v ﬁ(k)) Ha3bIBACTCS NUCTIEPCHOHHBIM COOTHOILICHHEM.
Mo3KHO NOKa3aTh, YTO B PETY/IAPHBIX BOJNHOBOAAX i E - 1 H - Bond

@ A_ C/Vgrﬂr _ Vo
A

TS J-Gra ) i-Gra,f
vy = ZZ Ve - ﬁ -4, F (2.6)

rae A — AJMHa BOJIHBI B BOJTHOBOJIE,
Ayp — KPHTHYECKAA JUTMHA BOJHBI BOJHOBOJA.
To ecTh B BCEX pery/IAPHBIX BOTHOBOIAX V,, SVg, a V4 2 Vg, H €CIIH BOIHO-

BOJ HE 3aII0JIHEH CPEIOH, TO B HEM HEBO3MOKHO YCKOPATH YaCTHLbI, TaK Kax MX
CKOpPOCTb BCETZia MEHBINE ¢, U HEBO3MOXKHO OOECTIEUHTh CHHXPOHH3M MEXIY
$ha30BO# CKOPOCTBIO BOJHBI U CKOPOCTBIO YCKOPAEMO¥H YACTHIEL.
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Hist Toro 4TOGE! 3apsiKeHHBIE YacTHIbI MOTJIM ((EKTHBHO B3aHMOIEHCTRO-
BaTh C MOJIAMH CHCTEMBI, HEOOXOAMMO, 9T0OBI (a3oBas CKOPOCTh BOJIHBI Obila
MEHbIIIE WIIH paBHA CKOPOCTH CBETa, T. €. HEOOXOAMMO, 4ToGB! B BOIHOBEAYILEH
CHCTEME CYILECTBOBAJIM THIBLI BOJH C MalbiMy mnepuogaMu (¢ MampiMu A ).
PaccMOTpuM GeCkOHEUHYI0, HO IEPHOAHYECKYIO C NEPHOAOM d TI0 OCH Z BOJIHO-
Benyuyro cucremy. Ilo Teopeme dmoxe Wi CHCTEM ¢ NMEPHOAHYECKHMH Ipa-
HUYHBIMU YCJIOBHAMY SJIEKTPUYECKHE (M MarHHTHbIE) MOJis B TOYKAX, OTCTOS-
KX Ha nepuol d, oTau4aTes Tossko da3oit. To ects

E(z+dF)=e'? E(zF), (2.7)
rae E(z,F ) — TiepHoaMueckas, ¢ nepuoaoM d GyHKuusL.
Toraa MoXxHO 3amucaTs (2.8)

B(zi)= Y E(7)- e, e 4, :ﬂ0+22”, n=0, +1 *2, .
h=—co

Ilepuon GeckoHeuHOH NEpHONMYECKON CHCTEMbI Ha3hIBAIOT suelkoi, 8, = £,d
Ha3bIBAIOT COBHroM (asel Ha AYEHKY WA n-# IPOCTPAHCTBEHHON TaPMOHKKH,
0 =6, = fyd — ocHOBHbIM caBuUroM (asbl Ha sueiiKy, a rapMoHuxa ¢ n = 0
Ha3BIBACTCA OCHOBHOH IapMOHMKOI. E"( F) — €CTb aMIUVIUTYAA n-i MpoCTpaH-
CTBEHHOH rapMOHMKHM. JITHHA BOJIHBL #-/ NPOCTPAHCTBEHHO| rapMOHKUKH, pac-

. 27
MPOCTPAHAIOIICHCA BIOAL CHCTEMBI A, = —— | MoxeT ObITh MeHbie A. Cieno-
n

BaTeNbHO, €€ (a3oBas CKOPOCTh MOXET ObITb MEHbIIE CKOPOCTH CBETa, M €€
MOXHO MCHOJIb30BATh IS YCKOPeHMS 3apSKEHHbLIX YACTHII,

B HP]JlIdHleI/I‘{eCKOﬁ CHCTEME KOOPIAMHAT PCLICHHUEC N1 IJIEKTPHUYECKOTO MOJIA
€CTh

E(r0.2)= Y By Ju(pinr)-cos(m-g)-eP . (29)

n=—m
3aecy y _|_,,2 = k% - ,6',,2. B otinume ot perymspHoro BoiHOBoAA 31ech /3,
ONPEAEIAIOTCH NEPUORUYHOCTLIO CHCTEMBI, @ 7|, BBIPAXaeTcs 4Yepe3 HHX.
[IpryeM ecid Mbl paccMaTpuBaeM 3aMeUICHHBIE BOJiHBI (T. €. y KOTOPBIX
Vg <€), TO UIA HUX ¥ l,,z < 0. ing ONMHCaHMA TMONEPEYHOTO PacIpeAe/CHHS
HOJA peasbHbIMM, 8 He MHHMBIMH QYHKUMSMH, BBOAAT [ONEPEYHOE HHCIIO
K,=iy,,: KJ_,,Z =,6’,,2 k2 >0.
Oynkuysa beccena W =J, (;/ inr) =J, (i K JJ,r) YAOBAETBOPSAET YPABHEHHIO

18



d*w dw

2 2 2

. +x —————\x"+m | W =0. 2.10
* drx? dx ( ) ( )

Ero pewenus — MoauduunpoaHHble Gynkuun beccenst [, (x) LENOro nopaa-
Ka m — CB3aHel ¢ QyHKUMAMH beccena COOTHOMEHHEM
—m
L(x)=e 2 -J,(i-x).

OcHogHOe oTimdHe (yHKLMI Beccens or moaudunuposaHusix $yHkuui bec-
cens B ToM, 4To MoauduunupoBarHsie GyHKIMH beccens - MOHOTOHHO BO3pac-
Tatoume GYHKUMH U He UMEIOT TIpH 7 # 0 kopHeif. Ilostomy ma ofpamienns B
HOJIb IPOJOJIEHON COCTABIIAIOIIEH EKTPHUECKOTO NOJI HA TPAHMIIAX CUCTEMBI
IIpY HEKOTOPOM pafityce r = a HeoOXOJIMMO HAJIMYME BCETO CIEKTpa NPOCTpaH-
CTBEHHBIX TapMOHMK. TO €CTh B TakoH CHCTEME HE MOXET MpPUCYTCTBOBATh
TOJILKO OJIHA FapMoHHKa ¢ (a30BOI CKOPOCTBIO MEHBINE CKOPOCTH cBeTa. CooT-
HOILIEHHE Ke MEXIY aMIUTUTYAaMH TapMOHMK 3aBMCHUT OT KOHKPETHOH reoMeT-
pun dYeHKH.

@azoBas CKOPOCTb pa3HBIX  INPOCTPAHCTBEHHBIX TAPMOHMK PpaliMuHa

@ @

v¢n m——————
ﬂn ﬂ0+22n

U MOXeT OBITh Kak Oonblie HYyJ1s1, TAK U MCHBIIC.

ow Ow
I'pynmnoBas e CKOPOCTb BCEX TAPMOHMK Vi, , = EE— = ﬁ 0 = Vip OIE-
n (i]
HakoBa UIs BCEX FAPMOHWK M paBHA FPYNIIOBOH CKOPOCTH OCHOBHON rapMOHM-
KH. DTO €CTECTBEHHBIH pe3yJbTaT TOTO, YTO IPYINOBasd CKOPOCThH ONpEnENAeT
CKOPOCTB [EPEHOCA ITONTHOH MOMHOCTH N0 BOJHOBOMY, T. €. ABNAETCA XapaKTe-
PHCTHKON BCEro MakeTa rapMOHHK B 1enoM. OGbIMHO CUMTAeTCA, YTO FPYINO-
Bas CKOPOCTH V,, > 0 B HANPABJICHUN YBEIUUEHUA Z — KOOPHHATEI. CucreMsl, y

KOTOPBIX (Pa3zoBas CKOPOCTh OCHOBHOU TAPMOHUKH Vv, 0> 0, T. €. COBIiafaer mo
OCHOGHOU g0” s

HalpasjieHHUIO C rpynnox;oii CKOPOCTBIO vrp , HA3bIBAIOTCS CUCTECMAaMH C MOJIO-

XUTeNIbHOK nucrepcHeil. A CHCTeMBI, Y KOTOpHIX ()a30Basi CKOPOCTh OCHOBHOU
TapMOHHKH V50 <0, T. €. IPOTHBOIIONOXKHA FPYNIOBOH CKOPOCTH Vy;, , Ha3biBa-

JOTCS CHCTEMaMH ¢ OTpHUIIaTeNbHON AHCTIEPCHEN.

Mcxomda U3 OpTOroHaNbHOCTH QyHKIMHA e T Ha OTpe3Ke WIMHOH d T1pu
Pa3NMYHBIX N, MOXKHO JOKA3aTh HECKOJIBKO TEOPEM:

Dueprusi W, 3amaceHHas B gueHKe 3aMeUIAOIEH CHCTEMbl, PaBHA CyMMe
9Hepruit nosei OTAeNLHEIX HPOCTPAHCTBEHHBIX TAPMOHHUK:
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- E0d N £ o=y e
W=> W, =2 > J‘E,,(r).E,,(r)ds. @2.11)
n=-wx n=-w g
Cpeanmii Mo BpeMeHM MOTOK SHEPrHH (CPeiHAs MOIIHOCTB) Yepe3 Jio6oe

MNONEPEIHOC CCUYECHHE CUCTEMbI paBeH CyMME IIOTOKOB JHEPTHU OTACHABHBIX
NPOCTPAHCTBEHHbBIX MTAPMOHHK:

P= ip,, ZReJ' B, < &1; ]as. 2.12)

n=—o0 h=—-w

I'pynnosas ckopocts paCIIPOCTpaHeHPI}I B 3aMestiolieil cucteMe Moxer
OLITh BRIpaXKEHA KAk

P
P Wwsd)
IS OCECUMMETPHYHBIX CHCTEM OCHOBHOW MOZOM, pacnpocTpaHsoeicsa no
BOJIHOBOAY, sABJIACTCE Moda ¢ m = 0. J{ia vee

(2.13)

E.Gro)= D E, Io(x,r) e P, (2.14)

n=—a0

Ha ocu cuctemsl mpu r =0 :

E,(z2r=0 ZE e Pt (2.15)

n=-—w
OcTanbHele KOMIIOHCHTBI 3JIEKTPOMArHMUTHOI'O HOJIA Ha OCH CTPYKTYpPHI paBHBI

HYIO. AMILIHTY bl TADMOHHK MO)KHO HAHTH N0 M3BECTHOMY IONIO HA OCH:
d’2

E, =Z- IE (z,r=0)- e’z | (2.16)

~d/2
H, ECTECTBEHHO, 3aBUCAT OT CPEeAHEH MOIMHOCTH Py, pacHpocCTpaHsMomeics mo
samemnsiomeit cucteMe. OtHowenne E, /. P, Ha3biBalOT NapaMeTpoM YCKo-

PAIOWIETO TIOTA 1A n-# MPOCTPAHCTBEHHOM FapMOHWKYU. Pa3paboTyyku 3amen-
JAOUIMX CHCTEM (‘JIAMIIOBHKK’) Yalle NONb3YIOTCA TOHATHEM CONPOTHBIEHNS
CBS3M n-it rapmoHuk# - R = E? /(Z,B,fPo ) Kpome Toro, mas yckopsromux
CTPYKTYpP BBECHO MOHATHE NIYHTOBOTO CONPOTHMBIICHHSA n-W IPOCTPAHCTBEH-
HOM rapMonuku R, , = E} / Poom > T0€ P, — MOMHOCTE TOTEPh HA €AMHHILY
anubl. Tak kak aMIUMTYna rapMOHuKu £, (GaKTHYECKH PaBHAa MAKCHMAbHO-

MY NPHPAILEHUIO SHEPTHH YCKOPAEMOH YacTHLBI B BOALTAX Ha eOUHHUIIE JUTHHBI
A&/ Az, TO UIYHTOBOE COTPOTHBICHHE €CTh OTHOIIEHHME KBAZpaTa npHpaiie-
HHS SHEPTUM Ha EAMHMIE [UTHHEL K MOIIHOCTH NOTEPh B CTEHKAX YCKOPSAIO-
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1Iei CTPYKTYpPHI Ha eIUHHIIE JUTHHBI
(Aa/ A 2)2
( m/ A z)

Hna 3aMeUIFIONX CHCTEM TaKkXe eCTh MOHATHe koddduuuenTa saTyxanns a,
a MOINHOCTH TOTEPb Ha CAMHWLY [UIMHBI P, MOXHO BBIPA3UTEL Y€pe3 MOLl-

Ry, (2.17)

HOCTh Py, INPOTEKAIOIYI0 B JAHHOM CEYEHHM 3aMEMIAIOLEed CHUCTEMBI
P om =2a Py . Toraa BeIpaxcHue UIA LIYHTOBOTO CONPOTHBIEHHUS NEpemyueT-

E,
" 2a F

cd Kak Ry, = O6LIYHO UIYHTOBOE COMPOTHBIEHHE YCKOPSIOUIMX

CTPYKTYp UMeeT pasmepHocTh [MOM/M].
Ha6op 3Heprun B BOJTHOBOJAHBIX YCKOPSIIOUINX CHCTEMAX

VpaBHeHHE ABHXEHMS 3apsKEHHOH YacTHLIBl HA OCU CTPYKTypbl 03 yuera

CUil l'IpOCTpaHCTBCHHOFO 3apsana €CTb
d .
Tr=cEz)=e E (). 2.18)

KoopauHara 4aCTHLEI, ABMXYIIEHCA CO CKOPOCTBIO V, BJIONL OCH z, €CTh
z=v,-t. lenas 3aMeHy NEPEMEHHBIX M BhIPaXas UMITYIIbC p, HAaCTHLLI Yepes
KHHETHYECKYIO SJHEPTHIO &, , TOJTYHHM

-
dgﬂ:e-Ez(z)-ej e (2.19)
dz
Tpupainenye SHEPTHH, NOTy4eHHOe YacTHIIeH HA IEPHOE YCKOPSIONIEH CTPYK-
TypBI:
ds2 wZ d/ g%

Ae,, =e- jE(z)e s=e I o) i (2.20)

-d/2 -d/2
By)leM CYHATATh, YTO CKOPOCTH YACTHLLI NPH NPOXOXIACHUN NEpUOaa Majio Me-
HAETCA, T. €. IOJIOKUM Vv, = const , a $a3oBas CKOPOCTh n-H MPOCTPAHCTBEHHOH

@ o
rapMOHHKH PaBHA CKOPOCTH YacTHiBl, T. €. — = = f3, . Hcnone3ys Bhbipa-

vV, V¢n

JKEHHA JUTS aMIUTHTYJ FapMOHHK, IOy UM
/2 ./r»(m—n) ;
AemnzedE"+e-2Em- Ie 4 di=e-d- E,.

m#n -d 2
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B sToM mpubnukeHHn 4acTHUA YBEIMUUBACT CBOIO JHEPTHIO TOIBKO 32 CHET
3NEKTPUYECKOTO MONS FaPMOHMKHM, (a3oBas CKOPOCTh KOTOPOH COBIAAET CO
CKOPOCTBIO YacTUlBL. M B 061eM ciiyvae yacthua 3QheKTUBHO B3aUMOAEICTBY-
€T C MPOCTPAaHCTBEHHOH rapMoHukoi, ¢azoBas CKOpPOCTb KOTOpOil Onm3Ka K
CKOPOCTH YaCTHLLI. A OCTalbHbIE FaPMOHHKH BHOCAT HEKOTOPYR “psadp”

JBWKEHWE YaCTHIILIL. XOTA NPH TOYHOM pacHeTe ABHXKEHHS Hajo Y4UTHIBaTh BCE
rapMoHHKH. Ecny asnexTpHueckoe Tmone IOCTOSHHO HAa [JIMHE s4eiku

E, (z) = Ey, TO aMILIMTYa #-H NPOCTPAHCTBEHHON rapMOHUKH paBHa

d2 .
E,=— IEO 1P ol = E, M (2.21)
T g,/2

Tl OCHOBHOHM IPOCTPAaHCTBEHHOH FAPMOHUKH 3aBHCHMOCTH 3JIEKTPUYECKOTr0
1o oT paanyca I (1( Lr) . s acTHLbl, y KOTOpOH CKOPOCTH COBMAJZaeT co

CKOPOCTBIO YCKOPSIOIIeH rapMOHUKH,

K =B -k = p1- 2 =

27z
BoreA

roe y,=1/ \/ 1- ﬂez — ramMa-dakTop JBIDKyIIeics yacTuupl. Torma more-
PEYHOE PACHPENETICHHE 3JIEKTPHYECKOro IOJNA YCKOPAIOWEH rapMOHHKH eCTh

27r
1 ol |- Moaudunrpopannas ysknus beccens [, ABIsA€TCA MOHOTOHHO

ﬂee

Boapacralomeﬁ dyHkuueii aprymenta. HHo3ToMy y MEIEHHBIX BONH € vy <C B
OTIMYHE OT BOJIH B DEryJPHbIX BONHOBONAX, THE Vg >C, JNEKTPHYECKOE

TI0JI€ OKa3bIBAETCS NMPMKATHIM K KpasM H HMeeT MAHUMYM Ha ocH (cM. puc. 2.1).

V/“d 7727777 ,Wi (7 7777777 g 7z 7 /d 2 A
1 = = =
—— ﬂ:
Yp>C Vy=0C Yy <C

Puc. 2.1. Pacripesenenye 3JIEKTPHIECKOTO OJIA B KPYIJIOM OuadparMHpoBaH-
HOM BOJIHOBOJIC NPH PA3NHYHBIX vy MPOCTPAHCTBEHHbIX FAPMOHHMK

Jna yckopurenei 371€KTPOHOB, B KOTOPBIX 3JIEKTPOHBL JBIKYTCA CO CKOPOCTHIO
ceeta f, =1, y, > o,a [j = 10(0) =1. To ecThb DIEKTPOHbI, HaXxOAAMIMECH
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Ha pasHBIX pajuycax, NpHoOpeTaloT OAMHAKOBYK SHEPri0. Jljis NPOTOHHBIX
yckopuTened (a Takke Ui SIEKTPOHHBIX B HayanbHOH 9acTH YCKOPHTENs) pac-
IpeAeTeHue M0 pagHycy MOXeT OBITh 3HauHTENbHBbIM. Hanpumep, mns npoTto-
HOB ¢ kuHeTHyeckoit aneprueif W = 400 kB (0ObiuHas SHEPTHA WHKEKIMH IIPO-
TOHHEIX yckopmrenei) f, =0,03 <<1. Ecnu pabouyro JIMHY BOIHBI BEIOpaTh

A =10 cM (kaK y 3J1eKTPOHHBIX YCKOpHTENeH), To Ha panuyce 0,5 MM 3€KTpH-

qeckoe nojte OyAeT OTAMYATLCA OT NOJIA Ha OCH B IO[M) ~ 1,(1)~ 1,26
100-0,3

pasa! [ToaToMy HpPOTOHHBIE YCKOPHTENM paboTaloT Ha MIHHE BOMHbI 1 M. IIpu
3TOM NoJie yBenuuuBaeTcs B 1,26 pa3a yxke Ha IPUEMIEMOM Pafiyce 5 MM.
3aMeuanue

[lo aHajTOrMH C PE3OHATOPAMM IS BOJIHOBOAHBIX YCKOPSIOWIMX CTPYKTYp
BBOJAAT TOHATHE 8OMHOB0OHOU 00OpomHOCmY - OTHONICHUE 3HEPruu, 3arnaceH-
HOI1 B BOJIHOBOJIE HA eOuHUYe ONUHbI K MOIIIHOCTY TIOTEPh B CTEHKAX BOJIHOBONA
Ha eOuHuye ONUHb! 38 TIEPHOI

AW / Az
=00, =@ 22 222
05 =004 AP, Az (2.22)
J1/1s BOJTHOBOOB BBEJIEHO TIOHATHE IPYNIOBON CKOPOCTH Vv,
jﬁ dsp P
= P - P (2.23)

Yo T jw-ds ) qu, - ds CAW/AzZ

MouHOCTb, pacHpOCTPaHASCh IO BOJHOBOLY, 3aTyXaeT ¢ kodhduimentom 3a-
Tyxanus a. Py, = Fy-exp (-2« z). Tor/ia MOIHOCTS NOTEPh Ha eNMHHUILY K-

AP,
[y
Hbl €CTh Azp =2a P,, OTKylla MOXHO NOJYYHTb CBA3b MEXITY KOI(PHIUHEH-

TOM 3aTYXaHHs ¥ BOJIHOBOJHOH JOOPOTHOCTBIO
V4

w
a= = N
2QB"rp OpA By

(2.24)

v
rae f, = —2 — OTHOCHTENbHAs IPYNNIOBas CKOPOCTB.
¢

Kpome Toro, s BOJHOBOAHBEIX YCKOPSIOUIUX CTPYKTYP BBOAAT MOHATHE I1O-
CTOSIHHOI BPEMEHH yCKOPSIOIIEH CTPYKTYpPhI
2. 1
Toa = & 1 (2.25)
@ a-v
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I'naga 3

IPUMEPBI PACYETA XAPAKTEPUCTHUK
YCKOPAIOUIUX CUCTEM

Henoqlca CBA3ZAHHBIX pe3oHaropoB

YCKOpAIOINAs CUCTEMA MOXKET COCTOATh M3 HECKOMBKUX PE30HATOPOB, B KOTO-
pBIX OTHOCHTEIIbHAsA hasa koneGaHuit £ MOXKeT 3a1aBaTbCst H3BHE WiIH ompene-
JIATECA CBA3LIO PE3OHATOPOB APYT ¢ ApyroM. Ha pucynke 3.1 nokaszana 3kBuBa-
JICHTHaA CXEMa 1 OECKOHEUHOH LENOUKM OIMHAKOBBIX CBA3AHHBIX PE30HATO-
pOB.

M c
% —

L2 L
Jid

Puc. 3.1. OKBUBaJIEHTHAA cXeMa HETIOYKH CBA3aHHBIX PE30HATOpOB

Ypaeuenue Kupxroda 1715 7 -ro KoHTypa uMeeT Bua
—— Lt joLl I, +R- 1, +joM-I,_+joMI _ =0. 3.1
joC

[To Teopeme ®noke HampsKeHUA W TOKM B COCEAHUX SUEHKAX GECKOHEUHOIN

UCHOYKH CBAAHHEIX OJMHAKOBBIX PE3OHATOPOB MOTYT OTIMYATHCA TONBKO (a-

30#, 10 ects [, =1,-¢%a I | = 1,-¢/% Beomsa Oe3pasmepHsiit Ko3hdu-
M
LMEHT CBA3H k = Ak NOJIy4 MM

2
@, )
__9_+1_]. 0
2
w

+2-k-cosd=0, (3.2)
@

1
rae a)g = —[—,E — cobCcTBEeHHAs YacToTa pe3oHaTopa,

wyL
O, = = co6CTBEHHas TOGPOTHOCTH pe3oHaTopa.

ITpu Bricoxo# noGpoTHOCTH pesonatopa MpeneGpexem YIEHOM, COAEPKAUIMM
Oy . Torna muMcnepcHoHHOE ypaBHeHMe [isl LETOUKY CBA3aHHbIX pe3oHaTopoB
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3anuineTcs kax

W
—_—_ (3.3)
V1 +2kcosd

Ecmn anuba ornensHoro pesonaropa d, To caBur ¢asel Ha A4eiiky & MOXHO
BHIPAa3HTh Hepe3 ANMHY BOJNHbI pabovell NPOCTPAHCTBEHHOW rapMOHHKU Ag:

w =

O=p,-d=2xd/ A, . Torna dazosas u rpynioBas ckopocTH pacnpocTpaHe-
HHS BOJIHbI B CHCTEME CBA3AHHBIX PE30HATOPOB PaBHbI

b @ wyd 1 (3.4)
¢ yi 0 1+2kcosd '
w sin &

Vi = —— = kogd - —— "
P o, (1+2kcos6)”?

MoxHo NONYYHTH BBIPpAXCHHE i prnﬂOBOi/’l CKOpPOCTH M3 OHEPTEeTHYECKUX
XApAKTEPUCTUK LIENOYKH: MOLU.HOCTL, pacnpocTpaHsAoliascs no Uenoyke —
1 * i * *
P:E-Re(un-ln)zz-(u,,-1,,+U,,.1,,), (3.5)

L . . 1 jé
rae Un=jw5’1,1+ja)M'],)~l:ja)‘L'[n' 5+k~e ,

1 .
OTKyza P:E~a)‘Lk1n1n-smt9.

L U-U¢ 1 1,1,
Sueprus, 3anaceHHas B n - il sueiike — W = C--L2C = S nn

2 w'C 2
Hcnonk3ys BpIpaxeHue i TPYMIOBOK CKOPOCTH B GeckoHewHo# mepHoame-
CKOH CHCTEME C IIEPHOAOM d, TTIOTYYHM

3 .
P o . sin 4
Vip =y =— kd -sinf = ka)Od-————-———————”2
(W/d) @y (1 + 2k cos )
Ha pucynxe 3.2 nokasansl AHCTIEPCHOHHBIE KPUBBIE JUIS PA3IHUHBIX 3HAYECHHI
ko duunenta caasu k. Buaro, 4To AMCnepcHs uenoykd oTpULATENbHa TP
k < 0 v nonoxuTensHa npu k > 0. Yactora, COOTBETCTBYIOIIAS BUTY KoneGaHus

¢ =7z /2, He 3aBUCHT OT Kod(duienta cBs3u 1 pasHa [ = fy =w, /27 .
TTonoca npomnyckaHMs LEMOYKH 33BHCHT OT ko3(QHIMEHTA CBA3H M JEXKHT B

fo Jo

mpenenax  fuy < f = fruax > TR fin = J+2 2 Jnax = JI-2 4

Ha rpanuuax nonocst mponyckadus npd =001 #= 7, XaK ¥ AOJKHO OBITh,
rpynioBas CKOPOCTb paBHa HYJIO.

. (3.6
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fffo [TTT I T T T T T T T T T TT07T

0° %0° 180°
1

Puc. 3.2, JlucnepcHoHHbIE 3aBUCUMOCTH JUIS Pa3IWYHbIX 3HAYCHHH
ko3 dunmenTa ceszu &

Pacuer KpyrJjioro zmatbparmnponalmoro BOJHOBORA
€ MAJIBIM OTBEPCTHEM CBSA3H

PaccmoTpum kpyrnsiit nuadparmuposannsiit Bonsoson (KIB), cocrosumii u3
OJHHAKOBEIX NMIIMHAPHIECKUX PE30HATOPOB ANAMETPOM 2b, BO30YXIaeMBIX Ha
E¢10 — THne xonebauma. Kaxablii pe3oHaTOp CBA3aH C COCEAHUMH pe3oHaTopa-
MH MaJIbIM OTBEPCTHEM CBA3M AuaMeTpoM 2a. TTofHe NepHoa cHCTeMBI — d.
PaGo4as rapMOHMKa MMEET OCECHMMETPMYHOE 3IEKTPHYECKOe IOJNE Ha OCH

—im—z .
E,=Ej-e 4 =¢#% r1e @ — cupur daswi na A4eiiky. U3 ypaBuenuit Max-
CBEJUIa B OCECHMMETPUYHOM CIyqae HMEEM:

1 8 .
rot fl = iwe E, _r_._a.?(er)— iwek,,
| - (3.7
divE = 0. 1

L% (&n=ipE,.
or
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ECn# 0TBEPCTHE CBS3H MAJIO, TO MOXKHO CYUHTATh, UTO HA HEM moyie £, He 3aBu-
cut oT z. Torma MHTErpUpOBaHe ypaBHEHHMH faeT pacnipeneneHue £, u H, Ha

OTBEpPCTUM

H¢, z—z—-r'Ez,
(3.8)

i
Er z——z——-r-Ez.

MOUHOCTS, PACIIPOCTPAHSIOIIYIOCH 10 BOJIHOBOAY P = P, MOKHO BBIUHCIMTS,

TIPOMHTErPHPOBAB z-KOMIIOHEHTY BekTopa YmoBa-IloHHTUHIa MO OTBEPCTHIO
CBA3N

4
a 3 2
R R
2 K 8 ; 4 A4 Zy By
v
rae Zy =120-7-Om, B, =-2 _ orrocuTenbHas (a3oBas CKOPOCTH BOJNHBI.
c

[TapameTp YCKOPAIOIIETO MOJIS

E A A
T%=6.97-;7Jﬂ:z7-[a—2)m. (3.10)

Bce usmepenns B cucreme CH.

[onnas 3anaceHpas JSHEPrHS B OTHACJLHOM HMIMHIPHYECKOM PE30HATOpE
nuaMeTpoM 2b u BbicoTolt d (CuMTaeM, 4TO TONNMHA AMadparMel ¢ OTBEPCTHEM
CBSI3M paBHA HYJIO), BO30Yx/1aeMoM Ha Eg o — TH1Ie KoNteGauus:

25 r2{ E
& 2 zebdJi\v
ws =2 || v = 1Yo g2, 3.11)
s z s
2 2
v
rae Eg — aMIUTMTY/Ia 3/IeKTPHUECKOTO Mot Ha och Eojo — pe3oHaTopa, HHACKC
S 03HAYaeT CTOAYYIO BOAHY. 3allaceHHasA 3HEPIWA B PE30HATOPE B CTOAYEM pe-
XMMe B JIBa pasa Gonbine, yeM B Gerymem Wy =2-W,. AMudryza nons Ha
OCH B CTOSYEM PEXUMe Takke B iBa pasa Gonbie, ueM B berymem £g =2-E, .

AMIUTHTYa YeKopsiomeii TapMOHYKH Ky 115 CBA3aHHBIX PE30HATOPOB € MOCTO-
SHHBIM 2JIEKTPHYECKUM T0JIEM Ha ocH E, ecThb
sin{6/2)

6/2
Paauyc Egio —pe3oHatopa b BeIpaxaeTcs uepes JIHHY BOJIHbI

V,
Z 700 Yyurpisas BCe 3TO, 3AMHINEM
27 @

Ey=E -T=E-: (3.12)

b=A-
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i -E}. (3.13)

3Hasi MOUIHOCTb, PAaclpOCTPAHAIOUIYIOCS TO BONHOBOLY P, U 3allaCeHHYIO
9HEPTHIO Ha e[UHUITY IUTMHB! W, / d , MOXKHO HaliTH rpyNMoOBYIO CKOPOCTb!

y o P =L.(_”_‘i]4. T 2‘ (3.14)
ToW/d) By A | vh o)

Tak kak OTBEpCTHE CBA3U MaJlo, TO BOJIHOBOAHAs KOOPOTHOCTh (Jp paBHA cOO-

-2
ﬁ: Czﬂ'g‘[:V(ﬁ 'JI(V(ﬁ)
T

cTBeHHON no6GporHoctH Egp — peloratopa (). 3Has BOJNHOBOAHYIO IOOPOT-

HOCTb CHCTEMBI H IPYIIOBYI CKOPOCTb, MOKHO HalTH KO3 (ULHEHT 3aTyXa-
Hus B KJIB a u ero myHnToBoe conpotusnende Ry, . LllyHroBoe conporusnenne

sin(ﬁ/Z)T. 1
a/2 1+a/d

Yepe3 NIMHY BOJIHEI, @ IEPUO] CHCTEMB! d MOXHO BBIPA3UTh Yepe3 CABHT a3kl
Ha S4YeHKy £ :

cucreMsl R, ~[ . Papuyc pesonaropa Boipaxaercs

E E £
az,l--l—/ﬂ,d=/ig-—-€- = a/d:ﬂ._’z_z Yo
27 27 0 A B0

rac /lg — IAJIMHA BOJIHBI B BOJIHOBOJIE.

OTCI01a OY4HM, YTO IIYHTOBOE COMPOTUBJICHHE TPONOPLMOHANBHO

RXhN[sin(ﬁ/Z)T_ 1 =[sin(¢9/2)r_ L ais)

02 1 v 6, L 62 | 1eigie
) =

MaxcHUMyM 3TOTO BBIPXXEHHUS HAXOAUTCS U3 YPaBHEHHUA
2, E
0 0 +vy -6
tg—=—-S" = 49 =1804. D10 3Hauenme &, JCKHT MeKIy
2 2.0+v
01

0=7/2=157 u 8=2x/3=2,09, kOTOpPbIC OGBIYHO UCMIOIBIYIOTCA B YCKOPH-

Tenax 3MekTpoHoB. Ha camom Aene HalieHHBIH MakCMMYM IIYHTOBOTO COTIPO-
THBJIEHUA OYEHb HE3HAYMTETIEH:

R [sin (9/2)} : 1 B {0!320 npu 0 =72,
sh ™ ' =

0,324 7=1,804
0/2 b np" ’ 3

1+vg-6 0318 npu &=243.
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KpOMe TOTO, MPOCTHIC leOGHBIC 3Ha4Y€HUA OT 27 NpeANOYTHTE/bHB C TOYKH

3peHHs BHICOKOUYACTOTHBIX H3MEPEHUH XapaKTePUCTHK YCKOPSIOWHMX CTPYKTYP U
COTJIACOBAaHHS BOJTHOBOJA.

3aBHCHMMOCTH XapaKTePHCTHK
YCKOPHIOLIHAX CTPYKTYP OT 9aCTOTHI

Bribop pabodeit 4acTOTH JIMHEHHOTO YCKODHTENS ABIAETCA JOBOJIBHO CIOXK-
HO#l 3amaueil. On BXMOYaeT B ce0s aHauM3 He TONBKO CaMOM YCKOpswouieH
CTPYKTYpHI, HO B HcTo4YHHKa BU-Mo1HOCTH, POKyCHpYIOTeld CHCTEMBI, CBETH-
MOCTH ycKopuTens H Tak jganee. [103ToMy noje3Ho 3HaTh 3aBHCHMOCTH OCHOB-
HbIX JNEKTPOAMHAMUMYECKUX XapaKTEpPUCTUK OT 4acToTel. Kpome Toro, 3HaHMe
3THX 3aBHCUMOCTEH HeOOXOOMMO M HA 3Talle 3KCIEPUMEHTATBHOTO HCCIIe0Ba-
HHS YCKODAIOWMX CTPYKTYyp. Hanpumep, ecnu Hajao HCCIeaoBaTh CBONCTBA
CTIOXHOFO PEe30HATOpa [T YCKOPUTENs NMPOTOHOB, paboTalouiero Ha JUIHHE
BOJNHEI ~ IM, TO HET HEOOXOAMMOCTH W3TrOTAaBNUBATh NEPBBIA MAaKeT TaKoro
pe3oHaTOpa cpasy Ha pabo4ylo uactoTy (ero pasmep ~ JIHAHBI BOJHbI). MoxHO
W3rOTOBHTHL MaKeT Ha HAIMHY BONHBEL ~ 10 cM, HaHTH €ro XapaKTepUCTHKH, a
3aTeM, 3Has YaCTOTHBIE 3aBUCUMOCTH 3THUX XapaKTEPUCTHK OT 4YacTOThI, Iiepe-
CYMTaTh MX Ha paGouylo 4acToTy yckopurens. OOpaTHbI pUMEp — YCKOPAIO-
miast CTPYKTypa i TMHeHHOro Kojuiaiiepa, MMelolero pabouyro 4actoty ~ 2
cM. MzroToBieHMe Takux CTPYKTYp TpebyeT odeHb OOIBIION TOYHOCTH, UTO
cpa3y YyBEJMYHBaeT CTOMMOCTh H3TOTOBJIEHMS M@KeTa, a TaKKe YCIOKHAET
npoBeJieHHe H3MEePEeHUN XapaKTEPUCTHK NPH TAKHX pa3Mepax.

Ecnn B ypaBHeHusx MakcBella BCe KOOPAMHATBI U BpEMs H3MEHUTD B OJIHO M
TO € YHCJIO pas, TO OHM OT 3TOTO He M3MeHATCs. JINs MepuoauYecKuX nporec-
COB 9TO 03HAYACT, YTO €CIIU BCE JIMHEUHBIE pa3sMephl CHCTEMBI H pabouyio NNHHY
BOJIHBI B HEW M3MEHWUTH B OJHO M TO XK€ HHCJIO pa3, TO PaCHpelencH e JeKTpo-
MArHUTHBIX TIONEH B Hell ocTaHeTCs mpexxHuM. Tak Kak paclpefielicHue 1osiei
OCTAHETCH TPEXHHUM, TO ¥ OTHOCHTENbHBIC AMILIMTYIHI IPOCTPAHCTBEHHBIX
rapMoHuK (B ToM 4ucyie u paboueii, yckopsonleif) octaHyTcs npexHrMa. Ectb
HECKOJbKO TAaK Ha3bIBaeMbIX A - UHBAPHAHTOB - BENHYHH, OCTAIOINMXCA HEH3-
MEHHBIMH TP TAaKUX TPOCTPAHCTBEHHO-BPEMEHHBIX M3MEHEHMAX, TO eCTh HE
3aBACANIMX OT 4acToThl. Ecam BCe pa3Mepsl UcciaexyeMoil yCKOPAIOLWEH CTPYK-
TYpbl YMEHBIIATb WIH YBEJMUMTh B HECKONBKO pas, TO BO CTOJILKO K€ pa3
YMEHBIIMTCS WK YBEJIHYHTCS pabouas jutMHA BOJHBI cucTeMbl. IIpu 3ToM Be-
JAM4MHA A - MHBAPMAHTOB OCTaHeTcA Hewsmennoi. K A - unBapuaHTaM, 0OMuMo
OTHOCHTEILHON aMILTHTYIbi paboueil MpoCTpaHCTBEHHOW rapMOHUKH, OTHOCAT-
o
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(a3zoBag CKOpOCTh

n-# OPOCTPaHCTBEHHOMN rAPMOHHKH Vs
rpyTiNoBas CKOPOCTh Vip s
TaPaMETDP YCKOPAKOUIETO MOJis n-# TapMOHHKH,
. E,-A

YMHOKEHHbBIH Ha JUTMHY BOJIHEIL ,

VP

E2
CONpPOTHBIICHHE CBA3YU n-H TapMOHHKH R- = '; .
28, P

Hwmxe NPpHUBEACHBLI YaCTOTHBIE 3aBUCMMOCTH HEKOTOPBIX OCHOBHBIX 3JICKTPOIH-
HaAMHYECKHUX XapaKTePHCTHK YCKOPAKIIHUX CUCTEM:

IYHTOBOE CONIPOTHBIIEHHE Ry, ~ f2,
E

-\/FNf,

NIapaMeTp yCKOPSIOUIETO HOJIs

coOCTBEHHAsA HO6POTHOCTH pe3oHaTOpA
HITH BOJTHOBOZAHAA JOOPOTHOCTD

YyCKopsromie#t CTpykTypsl Ha Geryiueit Bonae Qg , ~ f /2

KO3 HIMEHT 3aTyxanus a~f¥?,
‘R
HapaMeTp noTephb po 2 Ro .
4.0
2
‘R
3MaCTeHC S=£"—=u=4~k~f2,
W Q

3Has YaCTOTHblE 3aBUCHMOCTH 3THX OCHOBHBIX NAPAMETPOB CTPYKTYPBI, MOX-
HO ONpE/CTUTL H JaCTOTHBIE 3aBUCHMOCTH APYIUX WHTEPECYIONIHX BETHYHH.
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Tnaea 4
BO3BYXJIAEHHUE YCKOPAIOIIUX CTPYKTYP

dpP
MouHOCTS, pacnpoCTpaHAIOIASCS [0 CTPYKTYPE, 5= —2aP win

ygp_dP_0P 8P 3t _oP 1 3P @
dz 0z 0t 0z Oz v, Ot
OTtkyna noay4uM
oP(z1) 1 P( O aP(z,1) . “42)
oz v (z) ot
[psaMoii NOJACTAHOBKON MOXHO NPOBEPUTH, YTO NPH TPAHHYHOM YCIOBHH
P(z=0, t) = Py(?) ero pemenne ects

& 2 o
Pizt)=Py t — |~ - exp| —— |—7= |- (4.3)
( ) ° Jvm(z) To4 Ivrp(z)

Py (t) = P(z = O,t) - 3aBECHMOCTh BXOIHOH MOILIHOCTH IIPH Z = O OT BPEMEHH.

INo xapakTepy pacnpOCTpaHEHMsT MOLIHOCTH yckopsomue cTpykTypsl (YC)
JEJIATCA Ha JIBa Knacca — CTPYKTYPH € ITOCTOSHHBIM nMienancoM (CZ) U cTpyk-
TYpBI ¢ IOCTOAHHBIM rpagueHToM (CG).

¥YC ¢ nocroanubiM umnegancom (CZ)

PaHee ans XapakTepUCTHKHM YCKOPSIOLIETO MO ObUIM BBEJCHBI MIapaMmeTp
yckopsotero nons E/ VP u myHTOBOE COMPOTHBIEHHE Ry, . B nurepatype
WHOT/Ia BCTPEYaeTCA MOHATHE TIOCIEAOBATEIBHOIO COMPOTHBICHUA CTPYKTYPHI

2 2
1
Rp: Ry = f—P =a R, ¥ NpoBOOUMOCTH CTPYKTYpHl 1 : T = ET =2aRy,.

VCKOpAOINHe CTPYKTYPBI, Y KOTOPhIX & Ry, = const BAONL BCEH CTPYKTYPHI,

Ha3BIBAIOTCA CTPYKTYPaMH ¢ NMOCTOAHHHIM umnenaHcoM (CZ). Tousee, cTpyk-
TYpPBl, Y KOTOpBIX kO2Q(HIMEHT 3aTyxaHMst « =const, TaK KaK LIyHTOBOE
CONPOTHBJIEHHE CTPYKTYpbl 3aBHCHT OT BbIOpAaHHOH TOMNONOTMH OTAENbLHOMR
AYekd M cnabo 3aBUCHT OT JJIEMEHTa CBA3H Mexay svueixamu. IIpumepom
ABNAETCS PacCMOTPEHHBIH paHee KpyIJblii AnadparMMpOBAaHHBIH BOJHOBOJ C
MallbiM OTBepcTHEM CBA3H. Tak kak i CZ-CTpyKTyphl & = const , TO IJIf HHX

M [PYNNOBas CKOPOCTb Vv, =const=L/T,, 31ecb L — JUIMHA CTPYKTYpbI,
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a T, =L/v,,— Bpems sanonnerns YC. Kak 4acTHbill, HO 4aCTO HCIIONb3YEMbIH

nprMep CZ-cTpykTypsl — YC ¢ nocTosHHOH reoMeTpHUeit ueek.
Ilpn v, = const peieHue ypaBHEHHS AN PacnpOCTPaHAOMEHCT MOIIHOCTH
P

3AMHCBIBACTCA B BRAC

P(z,t)z Po(t —LJ-exp[—i-—z—J. 4.4)
Vip Toa Vip

Pacnpexenenue aMIIHTY Abl YCKOPSIOMEH rapMOHuky BIoib CZ-CTPyKTYph

E(z,t)=E0[t- z Je (4.5)

Vip

»

rae Eylt)= E(0,f) — aMmiuTya yCKOPSAIOMIEro JJIEKTPHIECKOrO IO Ha BXOE
0 Tyna yCKop TP

B YC npu z=0.
Ecnn Ha Bxoa YC mocTynaeT NOCTOSHHAsA MOLIHOCTD P(z = O,t) =Py = const,

TO pacnpeesIeHHe MOIHOCTH BJ10JIb CTPYKTYPBI

P(z)zP(J-exp(—;g—-vz ]:Po'exp(—Zaz), (4.6)
04 p

a pachnpeneyieHune yCKOPAomMEro ANEKTPUIECKOTO I10Jisd

E(z)=Ey-exp(-ez), @47
rae E, =2aR,P, .

3apsokeHHas 4acTHLA, npostetas Y C annHo# L, Habeper sHeprmo

U=L_[E(z)dz=%-(1—e‘d)=u oo (at) (4.8)
0

m JZ ’
rae U, =,/2P0RS,,L .
T

L

L

Tlapametp 7= Ia(z)dz =gl = = —"— Ha3BIBAIOT MOCTOAHHOH 3aTyXa-
o ToaVep Toa

HHS CTPYKTYPBI.
MaxcumyM HabHpacMOH 3HEPIMH HAaXOOWTCA W3 pPEIUEHHA YPaBHEHHS

exp (r)=l+27. Ero pemenme 7 =1,256, a MakcuManbHslii HabOp SHEPrUH
pasen U =0,638-U,, .
Jlna xapaktepuctukn YC BBoast nonarue KI1J] ctpyxrypst 77 — oTHomenue

3anmacenHol B YC sHepruu nocne okonyanus BYU-mMimynsca x monHo# sHepryau
B UMITyJIbCcE, TIOCTYTMBIUEH OT reHepaTopa:
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L
P(Z) -2az
& Py Ie d
) J‘W,gdz= J-vrp _ h zl—exp(—2r) (4.9)
TTRT, AT, v PoT; 2r

Ifpu 7 = 1,256 nonyyum, uto KIIJ{ ¥C pasro 7 =36 % ! OcranpHoe

x=1,256
YXOIOHT B TEILIO. Kpome TOTO, YCKOpPAIOLIEE HOJIC YMCHBIHACTCA OT BXOHA K

ELT) 1
=——. JIng noctxenus 6osee Beicokoro KI1J|

Harpyske B 3,6 paza: =
Py P E‘O,Tfi 3,6

o6puHo BbIOMpatoT napamerp 7= 0,5. Ilpu 3TOoM nMeem ’7‘05 = 63%, MeHb-

VIO HEOAHOPOAHOCTH MO E(L'Tf) b
P Ep,T,) 25’

HexoOop no suepruy (mpumepHo Ha 13 %) Uys =0,556-U,, .

HO TIPOUCXOIUT HeOONbHIOH

YC ¢ nocroaunbiM rpaauenTom (CG)

B kaXHIOM CEUEHHH YCKOPAIOIIEH CTPYKTYpHI aMIUIMTY[a YCKOPSIOIER rap-

MOHHUKH paBHa E(z) = ,/ 2 ariz iRsh (z iP(z) . Ilpu paccMoTpeHHH npUMepa pacde-
ta KJIB ¢ MajibiM OTBEPCTHEM CBA3HU OBLIO TOKA3aHO, YTO LIYHTOBOE COIPOTUB-
JIEHME HE 3aBUCHT OT PA3MEPOB OTBEPCTHA CBA3M ¢, a KO3QQHUIMEHT 3aTyXaHus

OYCHb CUIBHO - & ~ 1/ Vip ~ a*t. [TosToMy ecny, HapUMEP, UIMEHEHHEM OT-
BEPCTHS CBA3M CJleNaTh TaK, 4TOOB K02 GHIMEHT 3aTyXaHus a(z) H3MEHANCA
BAOJb CTPYKTYPHI 06paTHO NIponopuyoHansHo BU-MomHocTH P(z), TO B Hei
aMIUIMTYZA YCKOpsMoIel rapMOHHKN OyeT NMOCTOAHHA BIOJb BCEH CTPYKTYPEHI
E(z)= E, = const . Takue yckopsomune CTPYKTYPhl Ha3bIBAIOTCS CTPYKTYpamu

¢ nocrosuHeiM rpamientoM (CG). Tak kak B Takodl CTPYKType

dP .
—— = -2 a P = const , TO MOXKHO HaiiTy pacripeieieHHe MOIIHOCTH BAONb Y C
Z

P(z)="P, -%.(PO—PL), (4.10)

rne Py u P, — BU-mommnocte Ha BxoJe W Bhixofe YC. Ecnu ucnons3oBars
L
onpeeNieHUE NIOCTOSIHHOM 3aTyXaHHs CTPYKTYpHl 7 = Ia(z)dz , TO pachpejere-

0
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HHe MOIDHOCTH BIoJIb ¥ C MOXHO 3armucaTh Kak

P(z)= P, -[1—%-(1—52*)] (4.11)

2
= - e 2gpP=-v . Plz). O
& L i ) aP ror v (z) (z) TCIOA3

MOXHO IOJIYYHTb BbIPAXEHUE HJIA rpyrmonoﬁ CKOpOCTH

vrp(z)zZf[l_é(:)h)}—v (0)( m] (4.12)

¥ BPEMEHH 3al0THEeHUs C’[’pyKTypI:I

T,_J' RO (4.13)

P P-P, P (_e_

3ameTHM, 4To BpeMq 3anosHeHUus CZ-CTpYKTypbl UMEET TaKOe K€ BbIPaXKEHHE.
Hab6op sxepruu B CG-cTpyKTYype

1_6—2-1
U=Eg-L=Upy—>—, (4.14)

rne U,, = 2P,R,L —xak u B CZ-CTpYKTYpe.
KITJ{ CG-cTpyKTypbl UMEET TaKo€ XKe BrIpakeHue, kak 1 CZ-CTpyKTyphl

1= exp(— 2 r)
RS T (4.15)
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I'asa 5

BO3BYXIEHUE CEKIIMU C UCITOJIb3OBAHUEM
YMHOXUTEJISI MONHOCTH SLED

ITepexo/Hblii TpoLECe B OAMHOYHOM pe3oHaTOpe

Peszonatop co cBa3bto (puc. 5.1, a) MOKHO TIPEACTaBUTH SKBUBAJICHTHON CXe-
MOW Ha COCpPEAOTOYEHHBIX EMEHTaX (puc. 5.1, b). B okeuBaneHTHOH cxeme
OKHO CBS3U C TMOABOAAUIMM BOJHOBOJIOM C BOJIHOBLIM COMPOTHBJICHUEM L
npejcTaBaseTcst 00bIYHO TpanchopmaTopom ¢ ko3 duuneHToM cBa3u M, cBs-
spiBaroum IJC, HaBOAMMYIO BO BTOPHUYHOM 1i€NH, C U3MEHEHUEM TOKA B NEp-
BUUHOW 11€TH:
dh o)

dt ’ 6) b)

Puc. 5.1. Pe3onarop co cBA3bIO! SR _”_—l
@) UWIRHIPU4ECKUI pe3oHaTop M(n)
€ TIOABOJALIIMM BOJTHOBOJIOM, ret
o3

Uz(l):M'

b) ero FKBMBAJICHTHAA CXEMA.

WHOT /1A TIONB3YIOTCA MPAMBLIM OTHOUIEHHEM KOJI4eCTBA BUTKOB N B nepBHYHOH
H BTOPHYHONH 00MOTKAX 3KBHBAJCHTHOIO tpancdopmaropa cBazd n= N,/ N,.
Emkocts C COOTBETCTBYET MECTY COCPENOTOYEHMS IICKTPUYECKOTO Nond, a
MHAYKTHBHOCT L — MarHuTHOro. OAHAKO Takasd 3aMCHA MHOIA HE BIOJNHE
oueBuaHa. Hanmpumep, B TOPOUJRTLHOM pe3oHaTOpe Ha PHUC. 5.2, a 2TH MecTa
APKO BBIPAXKEHBl — EMKOCTh COOTBETCTBYET 3a30py TOPOWAATLHOTO PE30HATOPA,
a MHAYKTMBHOCTB — OXBATRIBAIOLIEMY KOJBIY.

a) b) c)
e

( alimE—=

Puc. 5.2. Pa3nuuHbie THITHL PE30HATOPOR!
1) TOPOUNAIBHBIH,
b) umnvnapuueckuil ¢ Eyy o - TUIIOM KonebaHui,

¢) uManHapuyeckuit ¢ Hy, - TMIom kosebanu.

Ilnst Eqyo - pe3onaropa (puc. 5.2, b) TOPUEBbIC CTECHKH TOXe C HEKOTOPOH Ha-

35



THXKOH MOXXHO OTOXIECTBUTH C €MKOCTHIO 3KBHBAJIEHTHON CXEMBI, a 4acThb
TOpUEBO CTEHKU W GOKORYIO CTEHKY — C HHAYKTHBHOCTBIC. UTO ke Kacaercd
pesoHaropa ¢ Hyy, tunoM konebauus (puc. 5.2, ¢), TO HEACHO, YTO Ha3bIBaTh
E€MKOCTBIO, TaK KaK y 3TOrO THIA KOJeOaHUs CUIIOBBIE JIMHUH 3JICKTPHUIECKOTO
MOJIS HE 3aMBIKaIOTCA Ha MOBEPXHOCTh PE30HATOPA.

M Bce xe ecnu paccMaTpuBaTh PE30HATOP KaK LiEJT0€, TO €CTb NpeACTaBlATh
€r0 3KBUBAJICHTHOM CXEMOW C OHHONM MHIYKTMBHOCTBIO M C OJHOM €MKOCThIO,
MOXHO [OKa3aTh, YTO €eMKOCTh C Kak 37€MEHT, B KOTOPOM 3aIlacaeTcs SHeprus
3JICKTPHUYECKOFO TOJIA, TIPONOPLUUOHATbHA 3aMACEHHOH JHEPIUH INEKTPHUECKO-

2
ro nons pesoHatopa C~ Jg-IEI dv, HHIYKTMBHOCTh TMPONOPLHOHAIBHA 3Hep-
I/
2
TMH MarHMTHOTO MoJjsd pe3oHaropa L ~ j/z-|H[ dv, CONPpOTHUBRIIEHUE NMPOTIOP-
Vv
2
HHOHAJILHO MOIIHOCTH NOTEPh B CTEHKAX pe3oHaTopa R ~ |H ,[ ds,roe H, -

s
TaHTeHLHAJIbHAS COCTABIAIONMAS MaTHHTHOTO TIOJIA Ha TIOBEPXHOCTH PE30HATOPa
S. Kosdpuumenr ca3n NponopHuoHaieH NOTOKY MOIUHOCTH YEPE3 OTBEPCTHE

cBA3M S, : M~ ﬂixf[‘]d&' :
S

Pazo6reM 3KBHMBANCHTHYIO CXeMy Ha JBE 4acT (CM. puc. 5.3): TpaHcdopma-
TOp ¢ ko3 puImeHTOM CBI3M M U NIOTHOE CONPOTHUBIEHHE Pe3OHATOpA Z, KOTO-
poe nipy Bo30yKIECHAH PE30HATOPA Ha ONPENENCHHOH YaCTOTE @ PaBHO

. 1 ol | w o
Z(@)=R+iwl +—— = R-| 1+i2=.| = 20 |} (5.1)
ioC Wy @

rae @, =1/+LC — cobcTBeHHAs YacTOTa PEIOHATOPA.

- oo T <~

Puc. 5.3. OtaeneHbie 3/1€MEHTHI 0 !

3KBHBAJICHTHOM CXEMBI ﬂl% b —-bofF
pe3oHaropa #

Ecnu wactoTa Bo30yXIAEHMs pe3oHATOpa Majlo OTJIMYAETCH OT COBCTBEHHOM
9acTOThl pe3OHATOPA, TO

2 2
0 @ " —w, @~ @,
Z 0 ~2. °=2.§w,
wo w w a)o a)O
@ - @y N
The J, =———— Ha3blBAlOT MapaMEeTPOM PacCTPOHKH.
@y
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L
Mo>HO MOKa3aTh, YTO OTHOIIEHHUE 2}%— =(,.Torna Z=R- (1 +1i 2Q05w) .H3

onpenenenus ko3pduuuenta cessn M cnenyer, uro Hanpsokenns U; u U, B

TpaHcdopMarope TpH BO30YKIECHMH Ha ONpEJEeNIeHHOM 4acToTe @  paBHbl
Uy=—ioMI,,U =ioM]I, Taxxak U, = I,-Z, o otHomeHue U, /L,
Ha3LIBAEMOE BXOJHBIM COIPOTHBIICHHEM LETH, PAaBHO

2342
UBX _ U} w'M

Iy 1 z

Bxoauoe Hanpsxkenue Uyy MOXKHO MPENCTAaBUTL KaKk CyMMy ABYX BOJH -

Zpy =

nanaromed Uj; u otpaxentoit Uy: Uy =Up +Uy . Tlpu 9T0M BXOJHOH TOK
I, Gynmer paen Igzy =1I; —1,. Hampsxenus najaiomei n OTpaXeHHOH
BOIH CBSA3aHbl C TOKAMHM 3THX BOJH kak Uy (o) = 21 (o), TAC P - BOJHOBOE

comnpoTUBNieHHe NoaBosmeR nuHuK. OTCI0a MOXKHO IONYYHTh BBIPKEHHE
ans kod(pouumenta otpaxenHs I', KOTOpbii paBeH OTHOIICHHMIO aMILTMTYbI
OTPaKEHHOMN BOJIHBI K aMILTHTY i€ Naqatoiiei

2542
-2 M 50,5,
- Uo_ p=Zy ____ pR
U +Z 22
n P+ Lax 1+92 2 M +2iQy0,
PR
MOXHO [10Ka3aTh, 4TO pPaHee BBEJEHHBIA KO3(UIMEHT CBA3U PE3OHATOpa C

242
w
[OJBOJAIIMM TPAKTOM S paBeH f = — OxoH4arensHo 1A kod(duuuneH-
Yl

Ta OTpaXeHHA HMEEM

B-[1+2i0,6,]
F(w) = - .
B+[1+2i0,6,]
TlepexofHbie MPOLECCH B PE3OHATOPE MOXHO WMCCIeI0BaTh, HalpUMEp, MC-
nosb3ys npeobpazopanme Jlamiaca, Ipu KOTOPOM 0JIHO3HAYHON yHKIHH (OpH-
ruHaty) F(f) CTaBUTCS B COOTBETCTBHE €MHCTBEHHas (yHKIMA (u300paxeHue)
A p) KOMILTEXCHOM fIEpeMEHHONA p=otiw :

(5.2)
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O+iw

F1)=5= [£(p)-e"dp

g

f(p)=[Fay-ea
0

[TycTh 3aBUCHMOCTL OT BpEMEHH Majaloillel Ha pe30HaToOp BOJIHB UMEET BMJ
U, (t): U (t) e'®", rge @ — vacrora 3anaowero redepatopa. Toraa, eciiu oru-
baromas U(r) umeer ceouM uzobpaxernuem ¢yuxumo u(p), byuxuus U, (t)

OyZneT uMeTh CBOMM H3oOpaXkeHUeM PYHKUHIO 1, (p) = u(p - ia)).
Up(t)=U)-¢" = uo(p)=ulp-iw)
g
u(p)

AHAINTHYHO, €CJIM OTPAXKEHHYI0 OT PE30HATOPA BOJIHY NPEJICTABUTH B BHJE
Vo (t): v (t) ', Torna m3o6paxenue oruGaroueit ¥(f) uMeet cBouM H306pa-
KeHHeM QyHKUHIO W(p) , a dyHKIm V), (t) O6yaer UMETb CBOUM H300paxeHHEM
dyrxmmo vy (p)=v(p - iw):
Vol)=V(t)-e' < vo(p)=v(p-io)
g

v(p)
OTpaxeHHad OT PE3OHATOPa BOJIHA IPH ONPEAENEHHOW YacToTe cBA3aHa C Ma-
Jawouieil BonHoH k03dPUHUEHTOM OTpaXeHHs, 3aBUCSIUAM OT p=i® KaK

vo(p) = T(p)- uy(p)=T'(p)- ulp - i)
8
V)=V E)-¢” < vp-in)

8

v(p)

Toraa s orubaromeit umeem v(p —iw)= F(p) u(p ~im).
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Tax xak TPy HaXOXACHHHU OpUTr'HHana HHTEIPUPOBAHUE BCAETCA B 6eCKOHEHHBIX
fnpenenax, To, Caenas 3aMeHy MEPEMEHHBIX, MOJIYyIHM

v(p)=T(p-io) u(p). (5.3)
Jlns OAMHOYHOTO PE30HATOPA, MMEIOMETO COOCTBEHHYHO 4acTOTy Kosebanuit
@, M COBCTBEHHYIO J0OPOTHOCTh (J;, CBA3AHHOTO C MOABOIAIIMM BOJIHOBOI-

HbIM TPAKTOM OKHOM CBs3H ¢ 03 duumenTom caasu f, koddhduuueHT oTpaxe-
nms T(w) pasen (5.2)

(o 211421008, ]
Ho)- B+11+2i0,8,]

-, . .
rae &, = — OTHOCHTENbHAsg paccTpoiika pesonaropa. Obo3nadas p=iw,
@
sannueM I B BHzE
20 1
I(p)=-1+-+ : (5.4)
%o P~ Po
. 7o
tne py =iwy-1/Tq, T = — HArpy>KE€HHOE BpeMs,
1+ /4
_ 20 .
7y = —=- — cOBCTBEHHOE BPEMs 3aTyXaHus KoJe0aHuil B pe3oHaTope.
@y

2 1
Torpa I’ (p + ia)) =—1+ 28 ——————— . 3116Ch YK€ @ — 4acTOTa 3ajaioLie-
7o p—(po—i w)

ro reneparopa. M3 (5.3), nons3ysch NpaBuioM CBEPTKH 11 OPUTHHATIOB, TIOTTY-
YuM ypaBHEHHE WA orubaromed V(t) OTP&XEHHOTO OT PEe30HATOpa CHUrHaua

fpy u3BeCTHOM (popMe ornbaromeii, majatomei Ha pe30HaTop BOJHE U (t):
{
()= —U(t)+2—'q- IU(t —7)-e (P gy, (5.5)
o
0

Wnu [enas 3aMeHy IIepEMEHHBIX M0/ HHTETPaoM C Y4ETOM BIDAKEHHS WA Py,
nMeeM

{
vie)= —U(t)+z'£-e_"'T“’ J'U(r)-eﬁT“dr, (5.6)
7y ;
T T T,
T o= 0 _ C L
e o 1+ fp+irg(w—w,) 1+iTe(w-wy) 1+i-0
5=T(;-(a)—a)0).
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Ouanuecku (5.6) o3Hauaer, YTO OoTpakeHHasi BoymHa V(f) B obmeMm cnyvae
npencraeiseT coboif CyMMy IBYX BOJH: BOJHBI, OTPaXXEHHOH OT BXOJa B pe3o-
Hatop V) (t) =-U (t) MIPH MOJTHOCTHIO METAJUTH3MPOBAHHOM OKHE CBS3M H BOJIHBI
Vy(f), uzmygaeMoii 13 pe3oHATOpa M MPONOPLHOHANBEHON KOPHIO KBaApaTHOMY
W3 DHEPTHH, 3aI1aCEHHOH B pe30HATOPEe K MOMEHTY BPEMEHH 7.

TunauHeldi ciydail — majarolas Ha Pe3OHATOpP BOJIHA MMeeT Orubaloulyio B
BUJE CTYIIEHbKH ¢ eIuHM4HON amnnutynoit U(1)=1 mpu 0 <t < t, (puc. 5.4). B
nepBblii MOMEHT BpEMEHH B PE30OHATOPE €nle HeT HAKOIUIGHHOIt IHEPTUH U OT-
paXeHHas BOJIHA B TOYHOCTH paBHa Majawoued ¢ [POTUBOITOJIOXHBIM
3HAKOM V(O) =¥ (O) =-U (0) = -1 (oTpaxeHHe OT METANIM3HPOBAHHOTO OKHA
CBA3H).

ut)
!
i, t
—1d o
<1 —1 £>1
v
s z ;V(’t—lo’)+]
L vt - 0')+1 Pl R
N
i) W, -07)

Puc. 5.4. [lepexonHoii nponecc Mpu oaaye Ha pe3oHaTOP CHrHaia
cTynieH4aToi GOpMBI ¢ eIUHUYHONH aMIUTUTY 0

To Mepe packayxy konebanuii B pe3oHaTOpe HAYMHAET TIOABJATHCSA BOJIHA, H3-
JdydaeMas U3 pe3onartopa V, (t) [lpnaem npu yactore @, paBHOH coBCTBEHHOH
4acToTe pe3oHaTopa, ee (aza NMPOTHBOMONOXKHA (hase OTPaXCHHOM BOJHBI OT
METAUIN3NPOBAHHOTO OKHA CBA3M, a8 aMIUIUTYIa 3aBMCHT OoT Koddduiuenra
ces3u 4 Ilpu t— oo cucTeMa BBHIXOAMT HA CTaUHOHAPHHIN pexxuM. IIpu 3ToM

MOIHOCTh NAAAKOIEH BOJHBI paBHa MOHIHOCTH OTpa)KeHHOﬁ BOJIHBI ILUTXOC
MOIIHOCTD IIOTEPh B pE30HATOpE

Pna():Pomp+PnOM' (57)
MomyocTs nagaomei BosHel P, ,, nponopuuoHatbHa U 2
MoutHocTh OTpaXeHHOH BONHB!  F, ,,, IPONOPUHOHATBHA vi= (—U + Vz)2 .
MomHOCTh MOTEps B PE30HATOpe MO OmpeAeneHHo koddduuueHTa cBasn [
pasHa P, ,,= P,/ f,rae P, —MOIHOCTh H3Ty4aeMOH M3 pe30HaTOpa BOJI-
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Hbl, KOTOpas NPOIOPLHOHAJIbHA V2. U3 (5.7) umeem
2
U2=(—U+V2)2+%. (5.8)

.2 2
1+1/Blu=t 141/ 8

lpu A <1 oTpaxkeHHas BOJHA J COCTOAT B OCHOBHOM M3  BOJHBI
V, = -1 (V, npu f— 0 crpemurcs k 0), TO €CThb OTPAXKEHHasA BOJIHA B CTALMO-

OTKya nony4uM v, = 59

HAPHOM pEXHMe UMeeT Ty xe a3y, 4To u npu =0, a ee aMIIATYa MeHbLIE 1.
Ilpu A=1 aMmnuTyla H31y4eHHOH W3 PE30HATOPa BOJIHBI /; PaBHA aMIUIATY1e
najaroued, a aMILTUTYAa OTPAXEHHON BOJIHBI PaBHA HYJIO (PEXHM COIIIAco-
BaHHON HATPY3KH: BCS MOJBOAMMAasg MOIIHOCTE HJET Ha BO3MEIICHUE TIOTEPE B
cTeHKkax pesonatopa). [Ips £ > 1 aMIIIUTYy1a H3Iy4EHHOH BOJIHBL ¥, CTAHOBUTCS
Gonsiue ammiutyas ¥y = —1 (B npenene npu f — o ¥V, — 2). Hostomy npu S

> 1 oTpaeHHas BOJIHA NIPH BBIXONE HA CTALMOHAPHBIA PEXUM MEHSET CBOKO
hazy Ha monoxuTeNsHY0. B npenene mpu £>>1 aMILIMTY XA OTPaXEHHOH BOJI-
HBI cTpeMuTcs K +1 npu 1—

Ecny B MOMEHT BPEMEHH 7, BHIKIIIOYUTH TEHEpaTop, TO aMILIUTY/A2 MajaioleH
BOJIHBI CKaukoM m3MeHutcs ¢ 1 o 0, a oTpaXeHHast BOJIHA CKAYKOM H3MEHWT

CBOIO aMILUTHTYAy Ha +1: V(t)‘ oty 40 = V(t)ll=tr’0' +1 (cM. puc. 5.4). 3amernM,

yro B ciyuae f>1 Mul yke OyneM uMeTh ekt "yMHOKCHHA MOIHOCTH":
aMIUIMTYJa OTPaXEHHOH BOJIHBI GoNbilie aMILIMTY bl majaowmei. Ipuiem Bua-
HO, uTO B Tpesiene (IpH #,—> © ¥ S >>1) aMIUTHTy/Ta OTPaKeHHOH BOJHBI Oy et
B 1Ba pasa Gojbuie Majaromleli, T.c. MAKCUMaIbHbli KOOOULIHEHT YMHOKEHNS
110 MOLIHOCTH B TIpejielie paBeH 4.

EcJii B MOMEHT BPEMEHH ¢1 TPOM3BECTH HE MPOCTO BHIKIIOYCHHE I'€HEPATOPA, &
u3MeHHTs (pasy nanaroweii Bonssl Ha 180° (cM. puc. 5.5), TO aMIUIMTyAa na-
Jaloleit BOJMHEI CKaukoM M3Menserca ¢ +1 Ha -1. DTo IpHBEIET K TOMY, 4TO
OTpakeHHas BOJHA CKa4KOM H3MEHHT CBOIO aMIUIMTyly Ha +2:

V(t)|t='l o = V(t)l t=t,—'¢ T2 . BUHO, 4TO NpH no60M [ aMIUIMTyAa OTpaXeH-

HOI{ BOJIHBI MOCJIE M3MEHEHUs (a3bl CKAYKOM Ha 180° GonpIne, YeM aMILIUTY A
nanaromeii. [Ipuaem npu £ >>1 B nipenene (IIpu ¢—> ) aMIUIATY/1a OTPaXeH-
HOJ BOJIHBI Gy/IeT B TP pasa Goblle aJAIONIeH, T. e. MAKCHMAIIbHBIA k03 u-
LMEHT YMHOXEHHMS TakOH CHCTEMBbI II0 MOIIHOCTH B Mpejese paseH 9. Ecnu
Jafnee B MOMEHT BPEMEHH f=f, BHIKIIOUHTEL T€HEPAaTop, TO OUCBHUIHO, HTO aM-
IUIATYa YIONHOH OTPaXeHHOH BOJHBI CKAYKOM H3MEHMTCA NpH I=f; Ha -1

V(t)‘ 1=y 40 V(t)\,:tz_,o, —~1. Ilocne 3TOTO aMIUIMTYZA OTPAXEHHON BOJHEI
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Oy/IeT YMEHBIIATbCA JI0 HYJISl, TTOKa BCS MOIUIHOCTD, 3araceHHas B pe30HATOpE,
HE MCUE3HET 3a CYET MOTEPh B CTEHKAX PE30HATOPA W M3JIyUEHHs B [OABOMALIMH
BOJHOBOJ Yepe3 OTBEPCTHE CBA3H.

Bce BhliieckazaHHOE MaTEMaTUYECKH OIICHIBAETC ypaBHeHueM (5.6).

(1)

Ra

Puc. 5.5. [Tepexoanoii npouecc B pe3oHaTope npu nepesopoTte ¢assi Ha 180°

Eciu nanaroiuas BojHa MMeeT kiaccuueckyio dopmy (puc. 5.5), T. e.

0 opu t<0

_JU; mpu O0<it<yy
vlt) =1y Opu t) <t <t,
0 mpn t, <t,

€€ MOXXHO 3anucarth Kak
u@)=U, -olt)+ U, -0,)-olt -1,)-U, -olt -1,), (5.10)

rae O’(I —t, ) = {? :g: tt;tt; — CTyneHYaTas o -pyHKUHUA.

Tpyu amIuIMTY e Nagalomieif BONHBL ¥ = o-(t —tx) aMIUITATYJia OTPAXKEHHOU BOII-
HBI, corsacHo (5.6), paBHa

t
V(1)=-o(t~t,) 128 i, ja(t —t )e" Todr =
7

0 (5.11)
o
=o(t-1,) [Bw — A, e “’],
1 B-i-&
e A4, =4 , B, =-1+4, = ——r,
et =S e ““1rio
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a=22 p=£-!

YA p+1

Torpa
v(t) = U, -oft )-[Bw - Awe—”T‘”] +
+(Uy =U, ) o(t—1;)- [Bw - Aa,e‘(‘""”’w]— (5.12)

- U,-o(t-1 )-[Ba, — A, e Tw].
PaccMOTpUM MACANBHBIH Cly4aid, Koraa
y—l: 1, Uzz-l, D=Wo_:

O6H.I: O<t<tl Vl(t)::B—A.e_l/TC’ A= 2/6 , B____ﬂ——l’
1+ 4 p+1
Oo6n. II: H<t<t VH([)z—B-{,-C.e“(t—tl)’TC , C= A_(z_e—l]/'Tp);

o6n. 11: <t vil(y=p.e 7, D=C.e (™)1
MOo>XHO NPOBEPHTD, UTO AEHCTBHTEILHO, KaK OBLIIO MOKA3aHO paHee,
vo)=vio)=-1,

V0 )=vi)=vi(4)+2=V(4-0)+2,

Vi, +'0 )=V () =V (1) -1=V(,=0)-1,

a K03 QHULUHEHT YMHOXKEHI CUCTEMBI 10 HANPAKCHUIO paBeH

Ko =V(n+0)=V"(t)=-B+C= 3412wt (5.13)
g+l p+1
345+1
uth—>o Ky= u f—»o Ky=3.
npHa L 0 A y )

Cucrema yMEOKenus momuocta SLED

Cuctema yMmHOXenud MomuoctH SLED (SLAC Enpergy Development) B
pacTOsIEe BpeMs LIHPOKO MCHIONB3YETCA NpH CO3NaHNA JUHEHHBIX YCKOpHTe-
el ¢ GOMBLIMM TeMIOM YckopeHws. OHa COCTOMT M3 BOJIHOBOJHOTO LIEJIEBOr0
MOCTa W ABYX BBICOKOJOOPOTHBIX PE30HATOPOB (cMm. puc. 5.6). PesoHaTopbl
cyXat uis HaxorieHus BU-MoHOCTH. BonHOBOIHBIH MOCT HEOOXOMBM ANs
HATIPaBIeHHs OTPWKEHHbIX OT PE30HATOPOB BONH K Harpyske (HanpHMep,
K YCKOpSIOUieH CeKIMH).

BonHOBOAHBIN MOCT NPE/ACTaBIAET co0oii HanpaBJIeHHBIH OTBETBHTEIDL 1-ro
poaa. B cTauuOHApHOM PEXYME aMILTHTY bl OTPAKEHHBIX OT Hero BOJH
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b=(b,b,y,b;,by ) cBA3AHBI C AMIUIMTYJAMH NAJAFOLIHX BOJIH
a=(a,,a,,a;,a,) Marpuue# paccesnus S:

b 0 0 1 —-ij{&
- b ~_ 110 0 -i 1]}a
=728 G=—r _ 2 (5.14)
by 2|1 - 0 0)ia
-1 0 0
b, 4
G) PEIOHATOP 1
= >
OT EHEPATOPA = :
...... {3} = |-
¥ HocT
K gggfgﬂwfﬁ PESOHATOP 2
b)
[ —
A g
R o~ by z
— e ] - 3
) TEHEPATOP (g |, 4 ot eee ( PESGHATOP 1)

Tz E )
/ ' — —— b,
Zy e 2 L S z,
( ¥C | MOCT — ( PE3OHATOP 2 )

a, g,
=3 =%

Puc. 5.6. Cuctema ymaoxenus Motaoct SLED:

a) COCTaB CUCTEMBI YMHOXEHHS MOLIHOCTH,
b) ee sxBUBaANIEHTHAs CXeMa.

Kpome Toro, npu usBecTHbIX kodduimentax otpaxenus I's , I's u T'y umeem
a, L, 0 0i(h
ay (=10 I3 0]]b]. (5.15)
a, 0 0 I,f\d

Pemas coMecTHO (5.14)  (5.15), MOXKHO BLIPa3HTh BCE aMILTUTYIbI BOJTH Yepe3
aMIUTUTYAY Najaromiei BOJIHLI a;:
I,-T, -20,0,I
—521—- 3 1,4 234 g, -3agaHo, (5.16)
1+-2(1,-T
(r,-1,)
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i-a I';+T
by = 1 3tl, , ay=bT, ,

T
14:32—(r3—r4)

1-T;
PRI bl s 17 A

V2 1+r72(r3‘r4)

b4:_i‘a1. 1+r21_'4

a, =by-T
T > 4 4 4
V2 1+—2l(r3-r4)

I'i(w) u Ty(@) — x03dPUIMEHTE OTpaKEHHA OT PE30HATOPOB, 3aBUCKHIUE OT

actoTel @, a I =|I’2|~e'¢2 — KO3 QHUUHEHT OTPaXEHHs] OT YCKOpSIOIEH

CTPYKTYPEI B CuJIy LIUpOKomonocHocTH YC TO OTHOWICHHIO K PE30HATOpaM
YMHOMKHTEJIS MOUIHOCTH, MOXKHO CYMTATh HE3ABUCAIMMU OT YaCTOTHI.

B naeansaom cnydae I,=0 (VC naeanpHo corjiacopaHa ¢ NMoJBOMAIIMM BOJ-
HOBOJHBIM TpakToM), @ [3=I'¢=I"y ( T. €. pe30HaTOPhl OJMHAKOBLI) IOy UM

b =0, @, - 3a0aHo,
b2=’i‘a1‘r0 N a2=0 ,
a a
-4 _4%

by =& ay=—k-Ty ,

2
i-a i-a
_, a, =———=-[g. 5.17
n e G4D

OTpaxeHHas B reHepaTop BOJHA OTCYTCTBYET, @ B YC MOCTYHaeT BOJNHA C aM-
TUTMTY RO, paBHOM aMILINTY € OTPaKEHHON BOJHBI B Cily4ae OAHOIO PE30HATO-
pa. TToatoMy npouiecc yMHOxeHus B cucreme SLED B 3ToM Ciy4ae TONHOCTBIO
COBNAJAET C MEPEXONHBIM INPOLIECCOM, MPOUCXONAINM B OJHHOYHOM pe30Ha-
TOpe. A BOJHOBOIHBIN MOCT HEOOXOOMM NJI HANpaBICHMA OTPAKEHHBIX OT
Pe30HATOPOB BOJH K Harpy3ske (HanpHMep, K yCKOPSIOWEH CEKLMM).

IIpuBenexsble Bbille (OPMYIBI TI03BOJAIT PACCMOTPETs MPOLECCH, IPOHC-
XONAIIHE B CACTEME YMHOXEHHA MOIIHOCTH, KOTJa PE30HATOPHI MMEIOT pas-
NMMHBIE IAPAMETPhl (HApUMED, Pa3iHuHble COOCTBEHHbIE YaCTOThI), WK pabo-
Ty CHCTEMbl Ha HEMIEANTbHO COIJIACOBAHHYIO HArpy3Ky, HJIH €CIH NPOHCXOJHUT
YXOJl PE30HAHCHBIX YaCTOT Pe30HATOPOB OT paboyell 4acTOTH! (Hampumep, MpH
KonebaHUAX TeMIepaTyphl) U T. A.

Tlpu ucnons3osanuu cucteMbl SLED B VC noctynaer BOJIHA € aMIUIUTYJOH

V(t)=-B+C-e"'Tc, (5.18)
—1. /7 —_ 2
rae C=A-(2~el"rc), A 2f B—ﬁ_l T = To4 - QOA'

b4=—

T A T R PR R
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3mech BpeMs ¢ s ynoOCTBa OTCUHTHIBAETCA OT MOMEHTA NepeBopoTa (asbl Ha
180°. Torma, TpH MOMMHOCTH 3aJalOIIEro reHepaTopa Po, MOIHOCTb, MOCTY-

2
naroinas Ha sxox YC pasHa P(t) =k -V(t) . Pacnipenenenune aMIuiMTyabt yc-
KOPSIIOIIETO 3MeKTPUYECKOTO 101 BAONb YC ¢ OCTOSHHBIM HMIIEIaHCOM

E(z0) = Ey| t-—= |, (5.19)
Vip
roe K, (t) = E(0, t) — aMIUIUTY/a TeKTPHIecKoro noas Ha Bxozae B YC npu z=0.

Tak xax E, (t) =J2aR,, P(¢), To, 3Hast 3aBMCHMOCTS MOIIHOCTH P(t), MOXHO
HaWTH pacnpesieeHue E(z,t) B pa3IM4HbIX Toukax YC B pa3sHoe BpeMs:
E(z,t) =E;- {C - exp [~ (t - z/vrp)/ T, - azJ— B-exp (— az)}, (5.20)

roe Ey =,/2aRS,,P0 .
B nepBbiii MOMEHT BpeMeHH ¢ = ( aMIUIMTY/ia YCKOPAIOIIEro [10/15 Ha BXOZIE B

VC MakcuMalbHa, a B ocTanbHolM yacTd YC none orcyTcTBYeT. PacnpocTtpans-
sck BIonb YC ¢ rpynnoBo#l CKOPOCTsiO V,,,, BOJHA 3aTyxaet. K MOMEHTY Bpe-

MEHH ! TiepeIHui (POHT BONHBI, MPOHAS PacCTOsAHME z =1/V,,, YMEHBIIUT

CBOK) AMIUTUTYAY Ha €Xp (—az). Ha Bxoae YC none B 3T0OT MOMEHT BpEMEHHU

fyNeT UMETH TAaKKe YMEHBIICHHYIO aMILIUTYIY, COOTBETCTBYIOLLYIO aMILTHTY HE
M3 CHCTEMBI YMHOXEeHHS MOIHOCTH B MOMEHT BpeMeHH £. Eciin BpeMs 3arioiHe-
Hua YC Ty MeHblile ANUTeIEHOCTH paboueii wactt ummyasca SLED £, = -1, TO
TIpH ¢ > ¢, Ha BXoa YC IepecTaeT NoCTyaTh MOLIHOCT, 2 3a/iHHU# (GPOHT nois B
YC mpopoimkaer aBikeHue K koHmy YC co ckopocthio v,,. Ha pucynke 5.7

TI0Ka3aHbi XapaKTepHbIe PaclpeleneHns MeKTpHueckux noued B YC ans pas-
JIMIHBIX BPEMeH f.

£(z,1)

Puc. 5.7. Pacrnipenenesue aMILUIH- T
TYIBI YCKOPSIOMIETo NOJIA B 3aBH- /7 f
CHMOCTH OT KOOP/MHATHI Z BIOTb
VC B pazmauHoe BpeMs ¢ [ocie \ 7 ‘\ T <i<ty (1,57,)
HaYana 3aI10HEHHS CEKLIAH !

\ \\ 14,

l ] N z

T T
O -t ) ML
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Dueprus, HaGupaemas yckopseMoi vacTulieid, Bieraiomedi B YC B MOMEHT

BPEMEHH f , TIPH YCIOBHA v, << ¢ (T. €. 4acTHUa "MraoBeHHo" niposetaet YC)

L
()= (B0, (5.21)
L

rIe B COOTBETCTBMM C [MArpaMMOoil 3amojHEHHMs CEKUMH (mpearonarad, 4To
JUIHTETBHOCT pabodeil 4acTH MMIyihca yMHOXHTENd 7, Oofbplle BPEMEHH
3anoJIHeHUs CeKUun 1, > Tr):
L1={(,9, )-v rr:g:ll ;iiw. ]“2'{tLvrp ?IEE ii?’
s p 5 f-

Jinst 5G§peKTUBHOrO HCIO/B30BAHHA YCKOPSIOIEH CEKUHH MEXKEKUMA IMyHka
(3aTTyCK 3JIEKTPOHHON ITYIUKH) JOMXeH MPOM3BOAUTHCA MOCHE MONHOTO 3aro-
Henus cexiy BYU-uMImysecom, T. €. depe3 Bpems =1y mocine 180° nepeopota
da3sl Ha cHCTEMe YMHOXKEHMS MOLHOCTH. JHEprus, Habupaemas yCKOpseMo
yactHuel, pieTatomeil B YC NpH MOJIHOM 3alONHEHNA CEKUMH, PABHA

L . e Tl ]
B _p Je T Te [l e _ <
U= JE(Z,T,)d Us {c e e B}, (5.22)

_l—exp(—r)
Jr

BaHWs CHCTEMBI YMHOXeHHS MouHocTH , Uy, = ,IZPORS,,L . MoxHo notpebo-

rne U, =U — 3Heprus, HabWpaemas yactuueil 0e3 HUCIONB30-
0 m

BaTh, YTOOBI B MOMEHT BPEMEHH [ = Ty aMILIUTYbl YCKOPAIOWIETO NONA HA BXO-
e ¥ Beixoie YC GbUTH oMHAKOBbI (PEXXHM "KBa3HDaBHOMEPHOTro” pacnperese-
HHA yCKOPSIOIIETO T0JIs):

E0.T,)=E(LT)),
E(0.T) )= Ey - {C-exp(-T; /T.)- Bj= E, iry),
E(L,T, )= E,-{C-B}-exp(-a L)= E, - V(0)-exp (- T/ /704)-

Toraa Moay4dM yciaoBHe "l(Ba3H[))aBHOMepHOCTH" noJist:

Vi, )=exp (T, /704) V(0)=exp (- L)-¥(0). (5.23)
Otcioa ToTyduM CBsI3b MeXTy napaMeTpamu YC u SLED B 3TOM pexnme:
Tod 1 B al
=]———-nl14+=. -1, ]
e ln[ = (e 1)] (5.24)

3 110/1yYEHHOTO BHIPAXEHMA CHEHYET, 9T0 7o, / T, #1. Habop sHepriM B cex-
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LMY TIPH YCIOBHM "KBa3HPaBHOMEPHOCTH” pacnipe/ie/ieHHs 1101 paBeH
To4 /T,
1-714, /T,

Orcioga k03 druueHT yBENHUEHNA SHEPTHH NPH HCMOJIL30BAHHHM CHCTEMBI
SLED:

U=U,- (5.25)

Mz_g_:_TO_ALTc__. (5.26)
Up T-r1o4/T,
KITJI cexunu:
P(t=T z) " 2
[ L R X
7= Ver ~ 0 =(C—B) -exp(—Za'L). (5 27)
P-l+7,) vy Boly+T)) 144, /T, '

Ipumep: B nmxexuponHoM xomiiekce BOII-5 nmpenmonaraerca HCIONb30-

BaTh VCKOPAIOLIYIO CTPYKTYpY THMa “Kpyrabiit auadparMMpOBaHHBIA BOJIHO-
BOX” ¢ IOCTOSHHBIM HMIIEJAHCOM CO CIICAYIOLIUMH TIapaMeTpaMu:

Pabougas yacrtora f =2856 MI'y,
Pabounit sy koneGanus 0=2x13,

BonnosonHast [oOpoTHOCTE yckopstonieil cekupn Oy 4 = 1,32 104,

I'pynnosas ckopocThb vp =0021-¢c,
LyHTOBOE COMPOTHBIIEHHE Ry =51 MOm/wm,
TlocTosAHHAsA BpEMEHH YCKOPSIOMIEH CTPYKTYPb 94 = 1,47 MKc,
Kosdduuuent saryxaunsa B YC no nomo a =0,108 1/m,
Jlnuna yckopsomed ceKIum L=293Mm,
ITapamerp 3aTyxauus al = 0,316,
Bpems zanonuenust YC T,=0,471 mxc,
KITJ| cexuun (6e3 SLED) n =74%,
JmMTesHOCTh HMITYJIbCA KJIUCTPOHA Ty =3,5 Mkc,
Co6ctBennas 100poTHOCTS pezoHaTopoB SLED

c THNoM KoJieOaHusa Hys O, =105 -10° ,
CobcTBeHHOE BpeMs 3aTyXaHHH B pe3OHaTOpax 7y ~ 11,7 Mke,
[peaensHblii k03 dunKEHT M .. =2,56.

Jns nonydeHus "KBa3HpaBHOMEPHOro” pacnpefeneHns YCKOPSIOHIETo Nojit
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nonyanM £ = 4,95 (otHomenme 7o,/ T.= 0,72). KoabduuueHT yseiuueHns
sHeprav npu atom M = 2, a KITJI cexupa Oyner 7 =37 %.

W3 aHANM3a 32BUCHMOCTEH KOd(p@HIMenTa yBenudeHns saeprun M(f), kosd-
duumenta HepasHoMepHocTH nosis B YC E(L)/E(0) u KIIJT cTpyKTypSl 77 (P ot

ko3 dHuMeHTa CBA3M F CAEAYeT, YTO ONTHMANbHBIM U1 nauHoit VC Oyuzer
£ ~6:8. ina wero M =2, (E(L)- E(0))/E(0) =6,5%, n= 40 %.
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Tnasa 6
YUYET HAT'PY3KH TOKOM

Vuer Harpysxu Toxom B YC ¢ Gerymeii BoJIHOM
(CTanMOHAPHBIH pPexXuM)

VYckopsieMblii 1Ty4OK IpeACcTaBaseT co6o# 1enodKy 3KBUAUCTAHTHO Pacnoio-
JKEHHBIX CTYCTKOB. M3nydaeMoe 1ojie TaKoro IMy4Ka B CTAMOHAPHOM Ciydac B
cuiy unTepdEpEHIMH J0DKHO UMETh JUTHHY BOJIHBI, PABHYIO PACCTOSHUIO MEX-
Ay CTyCTKamd, T. €. PABHYIO JUIMHE BOJIHbI YCKOPSIOLIETO HOSE B BONHOBOAE.
CJie10BaTeNIbHO, €70 YACTOTa U (a3zoBas CKOPOCTb OyAyT PaBHBI YacToTe U ha-
30BO# CKOPOCTH yckopsiomieit Bonubl. To eCTh Moje H3MYUCHHS CTALHOHAPHO
OTHOCHTENLHO LEMOYKH CTYCTKOB M TlepeMeInaeTcs BMecTe ¢ Heil. Takoe mose
V3TyYEHHS MOXHO BO3OYIMTb B Cuwily JIHHEHHOCTH ypaBHeHuit Makcaenia
TOJNBKO KOMIOHEHTOH TOKa TOH ke 4acToThl. [l MpocTOTHl OyaeM paccMaTpu-
BaTh pentmTcmﬁ myqok, T. e. ipu By =1 u S, =1. Toraa TOK MOXHO

CYMTATh HEH3MEHHBIM.
PaccMOTPHM CHa¥ana TOJIbKO 1107ie, HHAYIMPOBaHHOe TMy4koM. [lose oT rexe-
paTopa MOXHO TIOTOM MPOCTO A0GAaBHTH. AMIUIMTYAa N0 H3Tydedus E, on-

penenseTcs U3 ypaBHEHHA GaNaHca MOLIHOCTH C YYETOM TOrO, YTO NOJE H3ITY-
4eHMs HaXOAMTCA B poTHBo(ase ¢ Bo30YKAAIOIMUM €T0 TOKOM.

f‘11—)”—=—-1—-.]1E,,—2aP,,, (6.1)
dz 2
rae dP, /dz — IpUPOCT MOLIHOCTH M3/TyYCHHsA Ha €IMHALE JUTNHBL,
2aP,  — TOTEpH MOIIHOCTH U3Iy4eHHs HA eIMHMIIE JUIMHBI H3-32 KOHEU-
HO¥ TIPOBOIMMOCTH MaTepuaia usrotopierus ¥YC;
Jy — aMIUIMTYZa ToKa 1-H rapMOHMKH 3IEKTPOHHOTO IIy1Ka, KOTOpas H

OTBETCTBCHHA 33 M3JIydeHHE BOJHBI TOTO K€ THIIA, YTO ¥ YCKODA-
101as BOJIHA.

AMILIATYAa 1-# rapMOHMKH TOKa Iyyka OTIpEAeNAETCA METOAaMK CIIEKTPATHO-

o aHanu3a.

PaccMOTPHM HENPEPLIBHBIHA My40K, COCTOSMMA H3 PABHOMEPHO 3apHKEHHBIX
CFYCTKOB JIMHO# 2 ¢, PACIIOJIOKEHHBIX Ha PACCTOAHHH JUTMHBL BOJIHBI paboueii
rapmornku. To ecTs B moGoM cederuu YC Mbr Oy/ieM BUIETh 3TH OTAEIBHbIC
CryCTKH, TIOABNAIOLINECH ¢ paboyei 3acToTol @y . [UIA TAKOTO MyuKa aMIUTHTY-
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sin 1)
na 1-it rapmonuku toka Jy =21 - ¢¢ , roe Iy :—z(ﬁ — cpeaHwmil TOK
/4

MMy4ka B MMITyJbce. TIpH MONHOCTBIO HENPEPHIBHOM BO BPEMEHH ITyHKe g=7n
J; =0. Jlns ToueuHpIX CrycTKoB ¢ =0 M J, =2-1,. B paneHeiiniem Ui npo-
CTOTHI Oy/ieM paccMaTpHBaTh My4YOK M3 KOPOTKHX (TOYEUHBIX) CTYCTKOB € 3api-
JOM ¢, PAacTIONOKEHHBIX JKBMIHCTAHTHO HA PACCTOSHHM JUIMHBI BOTHBI yCKO-
pstomero nois. T. ¢. JUIMHA CTYCTKa CUNTAETCA MHOTO MCHBLIC JUTMHBI BOJIHBI B
ctpykType. Jinsa Takoro mydka ypaBHeHye 6anaHca MOIIHOCTH 3aNHMIIETCA

ﬂ =~ _IOEb ‘2an . (62)
dz

CTPYKTypa ¢ IIOCTOSHHBIM HMIIEAAHCOM

Jing CTPYKTYpBl C TIOCTOAHHBIM HMIIEIaHCOM (CZ) «=const. 3Had, 410
E} =2 a Ry, P,, MOXHO 3anHCaTh

dE
——!’-=—-a’RSh10 —(ZEb. (6.3)
dz
B ciry4yae MOCTOSIHHOI0 TOKa (CTauI/IOHapHLIﬁ peX(HM) peleHue 3TOro ypaBHE-
HUA

B,(z) = ~I,Ry - (1 - 7). (6.4)
3uas pacnpeieicHue MONs W3TydeHus BIONb CTPYKTYPbi, MOXHO HaHTH SHEp-
I'HI0, KOTOPYIO HeloBepeT IydOK H3-33 M3TYHEHHs, NPONeTeB BCIO CTPYKTYPY
JHHOH L

H]
T

L -7
U, = ij(z)dz = I RyL 1—£1—'f——) (6.5)
1]
rne r=al=T;/7yy.

CTpYKTypa ¢ HOCTOSIHHBIM IPaJHEHTOM

Bbillie CTPYKTYPOH ¢ HOCTOSHHBIM TPaTHEHTOM (CG) MBI Ha3BaIM CTPYKTYPY,
y KOTOpo  yckopsiollee TMoNie IOCTOSHHO Ha BCEH JUIMHE CTPYKTyphi
E (z) = E, = const . DTO CIeOBANIO U3 yCTIOBAA alz)- P(z) = const , npraem 310
PABEHCTBO BBIMONHACTCA /I HEHArPYKEHHOH MYydKOM CTPYKTYPHL. Hcxons u3
3Toro Gblia MOMy4YeHa 3aBHCHMOCTh T[PYNHOBOH CKOPOCTM OT KOOpAHHA-
THIV,, (z) nns Taxoit CTPYKTYpbI, TO €CTh GBINO TIONYYEHO YCIOBHE H3MEHEHMA
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reOMETPHUH TIEPHOMA CTPYKTYPSI, BHIIOIHHB KOTOPOE MOXHO MMETh MOCTOSH-
HOE YyCKOpsitOllee Mole BAOJb Beeil CTpyKTyphl. B Takol cTpykType ¢ yke 3a-
naHHOM reomerpueil U 6yneM paccMarpuBath 3 ¢dekTsl Harpy3kd Tokom. Ilo-
HATHO, YTO TIPH NOSABNEHUHN IOTOHNATENbHONH HAIPY3KM H3MEHUTCS 3aKOH pac-
TpeeNeHHs MOIIHOCTH BAOJNE CTPYKTYPH M, COOTBETCTBEHHO, aMILUIMTyJa yc-
KOPAIOILETO 1011 HAYHET 3aBUCETh OT KOOPJHHATHL.
Jlns CG-CTPYKTYpBI MOXKHO TI0Ka3aTh, 4TO 3aBUCHMOCTh Ko3dduiueHTa 3arty-
da 2
XaHusa a(z) NOMUMHAETCA YPaBHCHHIO —d—: 2¢”. Torpa u3 ypaBHEHUA Ui
Z
W3ITy4e€HHOH ITy4KOM MOIIHOCTH (6.2) HOXYYUM
dE,
dz

B CG-cTpykType 3aBHCHMOCTH KOI(WPULHEHTA 3aTyXaHHS BIONb CTPYKTYpbi
€cTh

= -1, a(z)Ry, . (6.6)

_ 1 _1 o a-e?y/L
a(Z) TOA'pr(Z) 2 I-z-(1-e2)/L]

Torna p&peueneﬂne nons w3nydenus Bodb CG-CTPYKTYDHI B CTALHOHAPHOM
pexuMe paBHO

(6.7)

E, ()= 1B 1—5.(1—e—2’). (6.8)
2 L
OBeprus, KOTOPYIO HellobepeT My4Yok 13-3a H3NydeHHs:
L2 L
Uy =-I4RyL L ze , 30ech 7 = Ia(z)dz. 6.9)
2 1 - e—ZT ;

B ofweM crmydae, KOTa B CTPYKTYPE €CTh [10Jle [€HepaTopa, CABHHYTOE IO
(hase OTHOCUTENIHHO TOKA Ha MOCTOAHHBIN yron © , monmHas J>Heprus, HaOupae-
Mast iydkoM B YC, ecTb

U=U;-cos ®-m-1, (6.10)

rae Uy— 3Heprusa, HabupaeMas B CTpyKType 0e3 yueTa nojil U3JydeHHs [pH
0=0.

-z —
Jna CZ-ctpykrypul U, =U,,,~1 j_ , m=RS,,L{l— Sl :|,
T T
r=al.
2t L2
Jins CG-ctpyxtypet Uy =U,, - L, m=RyL 1_z.e” ,
" 2 2 1_e 27
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L
= ja(z)dz , T 1ns obeux crpykTyp U, = 2P Ry, L .
0

KILJf yckopurein

Ilpy ® =0 miga obeux CTPYKTYp 3Heprus, Habupaemas ITyuKOM, paBHa
U =Uy —m-I,. Momxocts, nepenannas BU-cucremoit myuxy (koropas nomia
Ha yckopeHue myuka) — Py = U -1y . OTHOlIEHHE MOIIHOCTH, nepefanyoi BU-
CHCTEMOW myuky Pj;, K MOWIHOCTH (HTaHMA F; Ha3uBAIOT KO3(HIHEeHTOM
MOJIE3HOTO AEHCTBHA ycKopuTenst 77 . MHoraa ero Ha3hBalOT 3P GEeKTHBHOCTHIO
npeoOpazoBaHAA MOLIHOCTH YCKOPSAIOIEH CTPYKTYpBI:
7725_,7_:U‘10=U0-10—m~1§' 6.11)

P, P, P,

BHIHO, 4TO MaKCHMMYM 3TOTO BhIpAXKECHHA JOCTHraeTcst mpu Toke [y = Uy /2m,

TO €CThb TOTZa, KOTAQ JHEPIrus IIyYKa yMEHbIIACTCA (n3-3a Hanv4inuga TOKa) Ha Y%
€To HeHany)KeHHOﬁ BEAHYHHBI

Uog _Uy
Uy =Up —m-—=—-. 6.12
0 2m 2 (612)
- Ud
MakcumanbpHOe 3HaYEHHUE Tax = . (6.13)
4mP,

U, ¥ m 3aBHCAT OT TIOCTOSAHHO# 3aTyXaHHa CTPYKTYphbl 7 . MoXHO noxasats,
yTo npu Manex 7 Wi CZ- u CG-CIPYKTYD 77,4 ~1—-27/3 . B Tabnuue npuse-
HeHbl 77, Wit CZ- ¥ CG- CTPYKTYp JUIS Pa3finYHbIX 3HAYCHHAX 7 :

r=1 =05 | r>0
CZ-ctpykrypa | 54 % 76 % ~1-27/3
CG-ctpykrypa | 63 % 73 % ~1-27/3

3Has aMIUIMTYOy ToJA Ha koHue YC E; , MOXKHO Halucarh BHIDAXEHHE JUIA
MOHIHOCTH, yXojduielt B Harpy3ky P, a Takke MOLIHOCTb, KOTOpasA pacceMBa-
eTcs B CTPYKTYpe B Bujle Terna Py . Hampumep, s CZ-cTpykTypsi:
HoJsie B KOHLE CTPYKTYPHI E, =E,-¢" - 14Ry, -(1 -~ e"),

2
EL M L
2Ry
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MOIUIHOCTb, PacCeHBaEMas B
CTPYKTYpe B BUJIE TeIIa, Ps=F-P-1,-V. (6.14)

B CZ-ctpyxtype pacrpeneieHue 31eKTPUIECKOrO HONA BHONb CTPYKTYpHI,
KOIZla CryCTOK HAaXOAWTCA HAa BepLIHHE Geryiei BoTHbI

E(z)=Ey-e™® — IRy, (1 - =), (6.15)
rae Ey =.20R, P, ,a Py— momHocTs Ha BXoze B YC. 10 xe none u yCKop#-
eT my4ok. BHIHO, 4TO MpH 3afaHHOM TioNie Ty4ka /, CymecTBYeT KOOpIHHATA
z", npu xotopoii none E (z')z 0. To ects pH z = z" BCS SHEPTHA IeHEpaTOpa

OyaeT u3pacxonoBaHa, a PU z > z* GyneT IPOMCXOINTH HPOLECC FeHEPHPOBaA-
Hust myukoM BU-sneprin B YC. HaoGopor, npu 3a1auHOMN JUTHHE yckopUTens [
CYIICCTBYET MaKCHUMAIbHBIA TOK My4Ka [, , MPEBbIIIEHHE KOTOPOrO MpUBE-
AET K Ha4yally TeHepaLiy S3HEpriy U3 Iy4Ka, H Iy40K HauyHeT HemoOupaTh 3Hep-
I'HH TOCJI€ NpoJieTa BCeH CTpYKTYpH. U3 ycnosus E (l) = () HajineM MakcHMaIb-

HOC 3HAUCHUE TOKA IiyyKa /), NpH 3aJaHHON AMHHE CTPYKTYpHI [ :

fZaPO ¢!
]Omax = Rsh -l—e_a_l - (616)

ITy4ox HabepeT 3HePTHIO B TAKOM YCKOPHTENE

P et
% =‘/2 0 R -{1— re } (6.17)
o 1-e77

Iy =1 gy

e r=«a-1 .
KoaduumeHT nonesHoro neCTBrs 77 Takoi CTPYKTYphl paBeH

ﬁzzie_r.[l[; _]z] ©.19)
-e

BriGop tuna ctpykrypsl (CZ mwmi CG) s KOHKPETHOTO YCKOPHTENS BCEraa
nHauBKayaned. CZ- CTpyKTypa Mnpoille B HCHONHEHUH (IOCTOSHHAS TEOMETPHA
syeek). B CG-cTpykType OKasbiBaercsl MOJABICHHBIM BO30YX/IeHHE NapasHT-
HbIX rubpuanex HEM-BoH, HanMuMe KOTOPBIX MPHBOAMT K TAK HA3bIBAEMOMY
3¢dekty 06priBa Toka. [lo3TOMy B 0CHOBHOM CZ-CTPYKTYPBI HCTIONB3YIOT NPH
MaJBIX YCKOpsieMbIX TOKaX, a CG — npu Gonpmimx.
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dyHnaamMeHTATBLHAS TeOpeMa 0 HAIPY3Ke TOKOM
AJIA pe30HATOpa

OcHOBHO# BOTIPOC pa3pabOTIAKOB HCTOUHHKOB BU-MOIMHOCTH: Kakyio dHep-
THIO M3JIy4YHT 3apAf ¢, MPOJIETEB Pe30HATOP MITH 3aMeUIIOLIYI0 CHCTEMY, KaKoe
HanpshkeHHe OyneT HaBelleHO B pe3OHATOpe MOCHe NpoJeTa 3apsakeHHOro Cry-
crka. st pa3paboT4ukoB YCKOPHUTeNeH 3JeKTPHYECKOe ToJie, HaBeIeHHOe Cry-
CTKOM TIOCJIE MPOJIeTa Pe30OHATOpa MM 3aMEISIOIIEH CHCTEMBI, TIPUBOAUT K
“nopcanke” yCKOpAIOMIEro HoJis OT reHepatopa. To €CTh 4acTHHA, ABHIasACh B
yckopsitoneM mnone of BU-reHepatopa H B COOCTBEHHOM II0JI€ M3JTyYEHHS, He-
fo6HpaeT >Hepruy. J[BMKEHHE B COGCTBCHHOM MOJIE M3Jy4eHHS NMPHBOAUT U K
ApyruM 3 deKTaM B yCKOPHTENE.

CyIecTByeT HECKOJNBKO cocOO0B HAXO0XKAEHHA HABEACHHOIO HANpSKEeHUs
B PE30HATOpE HOCHE MpONeTa Yepe3 HETo 3apaia. PaccMOTpHM OIHH H3 HHX.
Yepes pe3oHATOp HpoJIeTacT TOYEUHBIH 3apsal g, €ro pasMepsl MHOrO MeHbIIe

JUIMHBI BOJIHBI, BO3OYKIaeMoil B pe3oHaTope MOIbl. Tak Kak INEKTPHUECKHE
11011, AEHCTBYIONIME Ha 3apKEHHYIO YacTHIly CO CTOPOHBI IeHepaTopa M cob-
CTBEHHOTO MOAA H3NYy4eHWs, ajJATHBHbI, TO MOXHO DacCMOTPETL OTAENLHO
COBCTBEHHOE MOJIE M3NIYUEHHsi CTYCTKA, a 3aTEM MPOCTO CIOXHUTL €ro ¢ Mojiem
reHepaTopa Ui U3ydeHHS JEACTBHA NONHOTO BACKTPHYECKOro MOJs Ha YacTH-
my.
IlycTs mepen MpOJETOM 3apsifia Yepe3 Pe30HATOP B HEM He OBbLIO 3alaceHHON
sHeprun. [locne MposieTa YacTMIBI B PE3OHATOPE MOSBMTCH HABECACHHOC Ha-
npsxeHue V), . DHeprus, 3alaceHHas B pe30HATOpe, MPONOPIMOHANLHA KBa/Ipa-

Hanpsxkennss W = a -V} . Tak Kak Apyrux roneii, KpoMe HABEACHHOIO CaMOH
b

4acTHUEH, B pE30HATOPE HET, TO YacTHia Oy/eT B3aUMOIENHCTBOBATD C Kako#i-To
9aCTHIO HABEJCHHOTO HampsikeHHA V) .

a) b)

o~
o~

_— — = — =

V(2 T N

Vo (1)+V, (2)

Puc. 6.1. J/Ilnarpamma HanpsbkeHHH B pe3oHaTOpE:
@) TOCJIe IepBOTO NpoJieTa 3apdia ¢,

b) nocne BTOporo mpojera.
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IMycts Ha wvacTHily AeHCTBYer (T. €. ee TOpMO3HT) Hanpsokenue V, = f V.
To ecTs HanpsbkeHHe V, — 3TO TO HANPSHKEHHE, KOTOpOE “YBUIMT 4YaCTHIIA,
mponieTeB pe3oHaTop. IIpudeM OHO MOXeT ObITh HE B ¢ase ¢ HaBeJCHHBIM Ha-
npsoxeHueM ¥y, , a ObITh CABUHYTBIM IO dase Ha yron & (puc. 6.1, a). Ilycts
NI0CIIE TIEPBOTO MPOJIETA 3apsji BO3BPATUTCA KO BXOMY B PE30HATOP 0e3 NoTepH
3HEPruu (HaIpUMep, ¢ HOMOLLBIO MMOCTOAHHOTO MAarHUTHOTO TOJIST) TaK, 4TO €ro
dasa BTOpOro mponeTa Yepe3 pe3OHATOP ONPENENSeTCs BPEMEHEM HAXOXACHHUA
3apsfa BHE pe3oHaTopa (n MOJHBIX NEPHONOB KoJe0aHud B PE30OHATOPE IJHOC
ocTaTouHoe BpeMs &/ @, Tle 6 — NPONETHBIA yrof, @y — pe30HaHCHad HacTo-
Ta B036yXaaeMol Mozsl). CunTaeM, 4TO NOTEPH B PE3OHATOPE MAlbi, TO €CTh
HanpsXKeHWe, HaBeJIEHHOE B DE30HATOpe MOCHe MEpPBOro Mmposiera HacTHlbl,
V. (1) He U3MEHHTCA MO AMIUIMTY/E, A TONBKO TIOBEPHETCS HA JOMOTHATEbHBIH
b

yron @ (puc. 6.1, b). [focne BTOporo nposieTa pe30HaTopa 3apsii TakKe HaBeleT
B HEeM HanpsoKeHue V), (2), pasHoOe To aMnuTyse V), (1) TMonnxas 3Heprus, 3ama-
CEHHas B Pe30HATOpe 10Cie [ABYX TPOIIETOB:

2
_ Y
W= a-;V,,(l)+ Vb(21 = a-{2Vb €os g} =2a V] (1+cos 6). 6.19)
C apyroii CTOPOHBI, IOTEPH SHEPTHH 3apAXa 38 [Ba MpoJieTa paBHb!
AU = qV, +[qV, +qV, cos (¢ +0)]. (6.20)

TIpupaBHUBas 3aNaCEHHYIO SHEPTUIO B PE30HATOPE K MOTEPSM SHEPrHH 3apina u
nonaras V, = f -V, , noay4um

2(q-f—a-Vb)+(q-cos e—2-a-V;)-cos #—(g-sin £)-sin #=0.  (6.21)
\
Tak Kak & B HaIleM PacCMOTPEHHH MOXKET GbITh MOObIM, TO

sine=0,
q
V, =,
" 2a
f:‘_lﬁzl_ (6.22)
q 2

Crenaem cielyrolue BEIBOJBL.

1. HaeemeHHOe B pe30HATOpE HanpsXkeHHe HAXOMUTCA B Takoi dase, 4710051
OBITh MAKCHMAJILHO IIPOTUB JBIDKEHMS HHIYLUMPYIONIEro 3apsia — yroll
e=0.

2.  AMIUIHTY/a 0O W3Ty3eHMs, HaBeIleHHOTO B PE30HATOPE TOC/IE 1PoJieTa
3apsKeHHON 4acCTHULIEH C 3apAAOM ¢, paBHa

V,=—2-=2-k-gq, (6.23)
2a
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1
e k e fapamMeTp MOTepb, WIH KO3(QOHUIMEHT, CBA3BIBAIOMIMH
o

HaBeEHHOE HANpSKEHHE Ha pesoHaTope V), ¢ 3apsanoM g (pasMepHOCTH

[k] - 8ojibm

napameTpa noTeps — ). TlpuueM kaxaas pe3oHaHCHas MOJAA

KYIOH
HUMeeT CBOM MmapaMeTp IOTEPb.
3. 3apsag “BHAMT’ TOYHO MONOBHHY HABENEHHOrO MM XK€ NOIA H3JTyHCHIL:
1
Vez?Vb:k.q_ (6.24)

4. DHeprus, OCTAOIIAACA B PE3OHATOPE MOCTIE NPONETa 3apsia g, eCTh

2
W=avl="S_=k.¢, (6.25)
P T 4.g

NpHYEM B PE3OHATOPE, I1e 0 3TOro He ObUIO APYTHUX NOJIEH.
Ecnmy B pe3oHaTope OBIIO KaKOe-TO HANPAKEHHE 0 I1POICTA Vy (Hanpumep

OT BHEIHEro reHepaTopa), TO 10 NPHUHLHMIY CYNEeproO3MLMA Ha 3apsKCHHYIO
yacTuiLy GyzeT IeHCTBOBATb CyMMapHOE YCKOpsIoIee Tosne (CM. pHc. 6.2)
V,=Vs-cos®g =V, cos®, —k-q. (6.26)

Puc. 6.2. JluarpaMMa CIOXKEHUS
0N M3NyJeHUS
W 104 reHeparopa

Kak BBIpa3uTh napaMei'p MOTeps Hepe3 XapakTePHCTHKM pe3oHaropa?
1y
4a AW
pesonatopos: LALA, SUPERFISH, SUPERLANS u apyrue, KOTOpbi€ paccyu-
v R

THIBAIOT BeMMUMHY ——=|—2| [ns KakpoH n-d Pe30HAHCHOH MOMbI.

o, W, \ @),
3neck R, ¥ Q - WIYHTOBOE CONPOTHBIEHHE H J0GPOTHOCTL PE3OHATOPA LTS n-#

. CymecTBYeT MHOXECTBO MPOTPaMM PpacueTa XapaKTepUCTHK

MozbI ¢ YacToToll @, , V,,- Hampsxenue Ans n-H Mombl, W, - 3anacenHad B
Mojie aHeprus. OTCI0/ia MOKHO PACCUMTATh NAPAMETP NOTEPh [UIs ITOH MOJLI
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p=2. R
4 Q
EC/M CryCTKH HE KOPOTKU IO CPaBHEHHIO C JUIMHOM BOJHBI, TO 3TO MOXHO

yuecTh, BBOAsA $axTop F: 3apan ¢ HABOIMT B PE30HATOPE HANPDKEHUE Vy . To-

(6.27)

rJa JJEMEHTapHBIM 3apaA dg HaBejeT B HeM HanpsokeHue dV =V (dq/ q).
Ecan dg BnetaeT B pe30HATOpP B MOMEHT BPEMEHHU [, TO

dv = V—;-ef‘”o(“’o)dq(to). (6.28)
Jlns FayccoBoro pacnpesieneHus 3apsaja
_ 5
q 207
dglty) = I{ty )dty = —==—-e “° dy,. (6.29)
( O) ( 0) 0 1/57?0', 0
Torpa
12
~ V, o T
dV(t,tO)z—z‘/;;—o?-eJ%’ e 7 -(cos wyty — jsin wyty )dty. (6.30)

OTKy/[a nocijie HHTErPHPOBAHMUA 110 #; MONYYHM

2 2
0

V)=V, e .e 2, (6.31)

Jat

TO €CTh MOJHOE HAaBOAMMOC HAIPAKECHUC V(t ) €CTh VO -e - HalpsHKeHHe,
HABOAMMOE B PE30HATOPE TOYCTHALIM 3apAI0M, YMEHBLINEHHOE Ha (baKTOp

- yoio?
Fg=e 2 ', (6.32)

YUHTHIBAIOIIMIA B JaHHOM ClIyyae TayCCOBCKOE pacTipelielieHue 3apsaia B CrycT-
Ke.

JIns OIHOPOIHO 3aPKEHHOrO CIyCTKa IVIHHOM 7, gakTop
Fe sin (@1, /2)
wyty /2
IIpy CKOPOCTH CTYCTKa, MPONETAIONIEr0 PE30HATOP, PABHOH ¢ €ro JMHEHHbIE
pa3MeThl CBA3aHBI C BPEMEHHOH TPOTHKEHHOCTBIO Kak o, =cC-0, WM

(6.33)

lb =C- ’b .
Hpumep; ®aktop F =09 COOTBETCTBYET pasMmepy rayCcoBCKOro CrycTka
o,/ A=0073,a paBHOMepHO 3apaxeHHoro /, / 1=025.

58



Yuer Harpy3ku Tokom B YC ¢ Gerymeil BoaHOMH
(secTAMOHAPHDII pexnM)

B mpexsiaymedi rnase 6510 paccMOTpeHo Bo3OyxaeHne YC ¢ ydeToM Ha-
IPY3KH TOKOM B CTAUHOHaPHOM CJIyHae, KOria TOK YCKOPAGMBIX HacTHLL CHUTall-
cs mocrosuusiM Io(z,t)= Iy = const . TlpudeM paccMaTpuBancsi My4OK, CO-

CTOSINUH M3 TOYEUHBIX CTYCTKOB € 3apsaloM g, pacnoio)KCHHBIX 3KBHANUCTAHT-

HO Ha PaCCTOAHHMM JUIMHBI BOJHBI yCKopsromero nons. M3 ypasHenus 6anaHca
MOILHOCTY OBUIO IOJNY9€HO BBIpaXEHME Il aMIUIMTY[bl TOJiA M3JyYCHHA C
Y4€TOM TONBKO 1-#f rapMOHHKH TOKA ITyJKa.

PaccMOTpHM HeECTaLMOHApHbIi ciyvaid, korna B YC yckopsercs KOPOTKHH
YT TOKA, COCTOALIMI TaK ke M3 SKBHIMCTaHTHBIX TOUEHHBIX 3aPAO0B € 3apAA0oM
g KaXIblH, HO AMEIOLINH KOHEUHYI0 WiHHY. C yueTOM Nojis reHepaTopa, Cuu-

Tas, 4T0 (a3a MexIy IOJIeM [EHepaTopa U MONeM HITYYCHHs paBHA HYIO,
ypaBHeH#e JUis noxHoro nos B YC sanumercs

dE
= ~a(z)- Ry, - 1, ()~ al2) E, (6.34)
rae R, — UIHTOBOE CONPOTHBIIEHME CTPYKTYPbI (CHHTACTCA [OCTOSHHEIM),
1
a(z) = ————(5 — u3MeHeHue koadduimenTa 3aTyxanus B YC 1o nosmo
Toa " Vl.p Z
BIOJIb CTPYKTYPHL,
_ 2004 .,
Toq = — [OCTOSIHHAsA BPEMEHU YCKOPSIOWIEH CTPYKTYPHI,

Vp (z) — W3MEHEHHE IPYNNoBOH CKOopocTH Biois YC,

@ o
()= —2%[—(]—- i) — cpenmuii TOK MyYKa, COCTOSAIIETO U3 IKBUAMCTAHTHLIX

TOYEYHBIX CTYCTKOB C 3apsjoM ¢,
i) — Ge3pasmepHan GyHKUHs, ONHCHIBAIONIAA U3MEHEHHE
Cpe/IHET0 TOKa BIOJb ITyUKa.

To ects ypasHenue (6.34) TakKe YYUTHIBAET TONBKO IOJA M3Iy4€HHMA B NpU-
GIIDKEHNS TONBKO 1-H rapMOHMKH TOKa Iy4YKa C YaCTOTOH @, . 3alMIleM ypaB-

Henwe i nosiHoro 1nojis 8 YC (6.34) B 4aCTHBIX [IPOH3BOJHBIX:
R v R
5 E a E 1 sh a _.T_ 10 (Z)

Vp et ot E | — 2 —
0z Ot 7o, 2 0z Ry

Ly (6.35)
o4
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IlonnHoe nosie MOXHO APEACTaBUTL KaK CyYMMY I10Jif reHepaTopa U noJjis H3lry-
YCHUA!

E(z,t)= E (z.t)+ Ey(z.1). (6.36)

Jlanee GyaeM pacCMaTpUBaTh TOJIBKO CTPYKTYPY € IOCTOAHHBIM HMIICAaHCOM
(C2).

Ilpu I,=0 viMeeM B CTPYKTYpe TONBKO IIOJIE TeHepaTopa. Penlenne ypaBHe-
Hus npu [, =0 ObUI0 MONYYEHO paHee:

E,(z.t)= Eo| 1-——|-exp SN (6.37)
vrp To4 vrp
rae K, (t) =E, (O,t)- TI0JIe Ha BXOJIE B CEKIIIO B MOMEHT BPEMEHH [ .
Eciy B MOMEHT BPEMEHHU 7 MIDKEKTUPOBATH YACTHIY CO CKOPOCTHIO Vv, = C, TO
B MOMEHT BpEMEHH t=r+t oHa 6y11€T HaXOOHThCA HA PACCTOAHHH Z = ct'or
Havana CEKLUNH, a 1oJi€ B 3TOM TOUKE 6y).'l€T pasHO

Eg(z,r)=E0 r+i-Z -exp Lz . (6.38)
c v

p To4 vrp
IMotenuuan (MM 3HEPrus), KOTOpeIii HabepeT 4acTHUlla, BIETEBIIAS B MOMEHT
BpPEMEHH 7 M NPOJIETERIIAS CEKLUIO JINHOM L :

L L
T L o R e A Ll
0 0 Vip

To4 Vip
Ecmu E,(t) — crynemaras dynkuus E, O=Ey-olt)= {% r’}g;: : 8 , TO
0 0.

uHTerpan SyJer oTIMYeH OT HyNs npa

z T'vrp

~;—r:-(1—ﬂm)+120 = zsmﬂrp <<1zr-vrp

To ecTh acTHLBI OYAYT HAOMpaTh SHEPIUIO TONLKO B TOi yacTh YC, r/1e eCTh
BU-nose, KOTOpOe pacOpOCTPaHACTCS O CTPYKTYPe C KOHEUHOH IpynioBoi
CKOpOCTBIO Vv, . Torza

rvrp

Ug(r)=E0- Iexp LI
0 Tog vrp

dz =Ej -7V, -| 1—€Xp (— ;T—-] . (6.40)
04

IMocne nonHoro 3anonsenus YC BY-nojem Bce MOCIEAYIOUINE YacTULBl Oy ayT
HabHpaTh OJMHAKOBYIO JHEPIHIO, JIBHrasCh B NONHOCTBIO 3aII0JIHEHHON CTPYK-
Type. To ecTb
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l—exp(—r/rOA)
U, - T
Ug(T)': " l—exp(—Tf /TOA) Hpﬂr< ! > (641)
U, mpuz 2T,

roe U, = EOL-771 2 n COOTBETCTBYET HabOpy SHEpruM B CTALMOHAPHOM pe-
xume. 3aeck 77 — KIIJI yckopstomieit CTpYKTYpHI:

:{l—exp(— T, /Z’OA)J 2‘

Tf/r()A

(6.42)

HMone m3nyuennss £, npu [, # 0 MOXKHO HalTH Kak YacTHOE PeLICHUE ypaB-
HeHus (6.34). HpﬂMoﬁ TIOACTAHOBKOH MOXHO IPOBEPHTH, YTO

E,(z.0)= ——h J.IO - 2T5 exp| - ——m |, 6.43)
704" V TOA'vrp

HyCTL YacTHIIa € 3apAaoM ¢, ABHUTAIOMIAACA CO CKOPOCTBIO ¢ BICTACT B CTPYK-

Typy B MOMEHT BPEMEHH t = 0. Toxk 3Toif YacTuiLl Ha PacCTOAHUH z OyneT pa-
sen Io{(z,1)=¢-c- é(z ct) Toma OHa BO30YIHUT NoJie

Ey(z,0)=-—+1~ Ry q:¢ J z'—c- - exp A e (6.44)
TOA v TOA'vrp

U3 aHanmu3a apryMeHTa neana-q)yHKupm 1 TIpeAenoB WHTErPUPOBaHUS CERYET,
910

0 mpu 0 <z<vyt,

Eb(z,t)= Ry -q-c ' z—ct

npH v [ <z<cl,

0 npy L>z>ct.

(6.45)

Wnw mpu mManoii rpynnoBoi CKOPOCTH v, << ¢

p
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0 npu 0<z<vl,

Eb(z,t)—_— _M.exp(_iﬁ:—i) npu Vrpt<Z<Ct, (646)
To4 Toa

0 npn L>z>ct

To ecTh H3IYYEHHOTO NONA He MOXKET OBITH BREpe/d YacTHLb, ABuTatolIeHc
CO CKOPOCTBIO CBeTa (TpH z > cf ), @ TONi¢, H3TYUCHHOE qacTULEH TIPU BJIETE B
CEeKIMIO B MOMEHT BpeMeHH ! =0, K MOMCHTY BPEMEHH [, pacrpocTpaHasich CO
CKOPOCTBIO V,, YHIeT OT Hadana CeKivn K TOYKe Zz =Vl M KpOME TOro

YMEHBIUHT CBOKO aMILTHTY[y 3a CHeT NOTEph B crerikax YC (cm. puc. 6.3).

|Ey(z)]
Puc. 6.3. PactipesiesieHue 1oJis H3lyieHuA
sapsna g npu nponere YC
Z
Z=Vipl z=ct
3ammiueM Beipaxenue Ry, /7o, KaK
R _Ra@ 5. 20 R _op . (6.47)
Toa 204 4 Qoy

To ecTh moJie W3Ny4EHMA 3apina g NpH NpOJICTe VC na 6eryweit Bonne (6e3

yueTa 3aTyXaHHud B CTPYKTYpe) €CTh
E, =2koq . (6.48)

B nepuoaudeckoit yCKOPAIOIIEH CTPYKTYpE ¢ Gerymeif BOJHOW aHAJIOTHIHO
pe3oHaTopy M3y4eHHas BOJIHA NI0C)e NpoJeTa 3apAKEHHON YaCTHI € 3apAJoM
dg WMeeT aMILTUTYIY dE, = —2kydq . Taike MOXHO MOKa3aTh, UTO INEKTPH-
qeckoe Mojie, B KOTOPOM TOPMO3WTCA 4acTulla, €CTbh dE, = —kydq . 3ameTnM,
gonbm

yTO 371€Ch Kk — 11APAMETP NOTEPh — UMEET PAa3MEPHOCTD [k0]= .
KYOH - memp

3HaK MMHYC B BRIp@KCHHH (6.48) yxa3biBaer, 4To M3Jly4aeMoe NoJie HaTIpaBJIcHO
IPOTHB IBWKCHUS YacTHIbI, TOPMO3HT €€. [lapametp moTepb B CTPYKType C
Geryweil BOTHOW [ n-H MOIbl BBIPAKACTCA gepe3 XapaKTepHCTHKH YCKO-
pAtolLelf CTPYKTYPbl aHANIOTHIHBIM obpaszoM:

2
k, = %(ﬁ) _En (6.49)

Q AW,
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rae Ry u Q- UIyHTOBOE COTPOTHBIECHHE H ROGPOTHOCTE CTPYKTYpHI [uis 7i-#
MOIBI C 4acToToi @, , E,- aMIUIMTy[a cupXPOHHOH MPOCTPAHCTBEHHOH Trap-
MOHMKH 1718 n-# MOJBI, a W, - 3amacesHas 2HCPruA HA €IMHALY [UTHHBL, MpO-

CYMMMpPOBaHHas 110 BCeM npocmpancmeenolM rapMOHNKaM 3TOH MOZbI.
JnepreTuyeckuil CIEKTP

Ec/i B MOMEHT BPEMEHH f = 7 BIETHT BTOPAA JACTHIA, TO K MOMCHTY BpeMe-
’ e
HH ¢ =7 +1' oHa OyJleT HAXOIMTBCA B TOUKe 7 = ct’ U H3MEHUT CBOM NTOTEHLHAI,
TIPOJIETEB B T10NIE M3JIyYEHMs Npe/blxyLeH ygCTUIILl HA

L Ry, -q L z/c—(r—t’)

SU,(r)= ij(z,t)dz=——£"—— Iexp -z (6.50)
; Toa "~ To4

b

31ech KOHEUHbIHl Mpelesl MHTerpupoBanus PaBeH L, tax xak BTOpas 4acTMua
JIETWT Bcries 3a TepBoil ¥ IpoOyIeT B nose (€pBOi BCce Bpems 10 NPOJieTa Beek
cexuuu. Tak KaK z = ct', TO MONy4uM, yro NOTEPH 2-# gacTHIBI B HoNe 1-i
paBHBI

sU ()= 1 1o 2 |exp _ 2 1=F(r) 4(0). (6.51)
To4 Tf TPA

ApryMeHT y 3apsia Homepmgae'r, 4YTO nepﬂaﬂ YyacTHIA BJICTCIA B VYC B Mo-
MeHT BpeMerH ¢ = 0. MHOXHTEH B HonyyefHOM BRPAXCHHH JIETKO HHTEpIpE-

TUPYIOTCH: eXp (— /7, A) CBS3aH C 3aTyxafiNeM [0 U3J1y1CHHA nepeoj Jac-
THIIE H3-32 HOTEPD B cTeHKax YC, (1 —-r/ Tf ) — € BBIXOZAOM IOJI1 H3IYy4eHUA U3
CEKIINM 33 BpEMA 7 .

Ecy riepsas 4acTHIa BJETaeT B MOMeHT BPEMCHH =1, TO YaCTHIA, BJe-
TeBIas B MOMEHT BpeMeHu { = 7 nociie caMOF TEpBO, YMEHBINHT NOTCHUNAN

YaCTHIIbI HA
U, (r—t))= Flz 1)) (6.52)

[lonHoe yMeHblieHHe MOTeHUMana vacThubl BIIETEBUICH B MOMEHT BPEMEHH

7 nocte TiepBoii (T. e. NI0Cie HaYana UMITynpea TOKa), €CTh CyMMa YMEHbLIEHHA
NOTEHIHMaMa OT BCEX BIIEPEIH BIETEBHIMX atTHIL

AU )= [FG-0)dle)= [F(e-r) 1o(c)ar = [FO) 1ole-0)ar. 653

63



(1) npu £ <0, yMEHbLIEHHE T10-

Hns cryneHuatoro Toka /g (t) =1 0cr(t) = { mpu 7 > 0
0 0.

TeHuuana (MAM DHEPTMH) YACTHIbI, BICTEBIIEH B MOMEHT BPEMEHH 7 nocie
1epBO#l 4aCTHIB! (T. €. I0CSE HAYaNa MMITyJIbCa TOKa), OTYIHM

npH r<Tf
—R,L-1y- [ _%1_).{1_exp(_Lﬂ,rFf__exp(___r_) ’
AU, (7)= I o4 / o4
’ npu 72Ty
T ,
—RshL'IO‘{ _—?A'\:l*—exp(—..f_]j\}E_RshL,]O_(1_771/2)‘
S To4

(6.54)

Pemenne npu 7 > 7, COOTBETCTBYET CTALMOHAPHOMY CYHaI0. Tonnas sHeprus,
HabpanHas YacTHLEH ¢ yY€TOM [0 reHepaTopa —
U, (7)= U4 (z)+ AU, (7). (6.55)
JLis KOPOTKHMX CTYCTKOB ¢ 7 << Ty H 7 << 7y, M3 BRIPAKEHUA A AU, (r)
TI0JTy4 MM

2
AU, ()~ -Ry, LI, f——ﬁ’i(—’-) . (6.56)

[lycts 7, — MIHTEILHOCTb MMITyNbca TOKa. COXpaHHB B (6.56) TONBLKO JIMHEH-
HbL WIeH, 3aMuileM YMEHbIIEHHE TOTEHINAIa YaCTHIlbL B BUE
T
AU, ()~ =Ry, -L-1g-——=~Ry - L-Ig-—-—==-AUgp-—, (6.57)
[V Toa T» Ty

rae AU, — MakcHMaNbHOE 3Ha4YeHHe YMEHBIICHHs SHEPrHH B CryCTKe, BbI3BAH-
HOE ToJIeM H3NY4CHHUA.

PaccmoTpHM CHagana ciiydai, KOF/ia Iy4oK BJIeTaeT B yXKe 3al0JHEHHYIO BY-
MODIHOCTBIO CEKLIHIO:

Ug(r)EUm ZEO'L'UI/Z’

AU,(r)=-AU,, ri (6.58)
b
_ 1-exp(-2al) B

e 2ad,

K4 CZ-ctpykTypbl. JU1s KOpOTKOTO CI'yCTKa I10J-
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Has SHeprus, HabpaHHas yacTuue, —

U 0)=U, AU, () =U,, -|1-=. 208

Tp m
3neck ¥ panee nog AU, (r) OyneM NOHNMAaTh abCOMOTHOE 3HAYEHUE TIONYEH-
HOTO BbILLE BRIPaXKEHHUS A/l M3MEHEHHUS TIOTEHIIMANA 32 CYeT NoJiel U3/IydeHus,
4yTo0bI NOJYEPKHYTh YMEHbLIEHHe 00lIedl JHEPruM Myyka MO CPaBHEHHIO C
JHepruei, nojly4eHHoMN OT reHeparopa.
M3 BelpaXXe€HHS CAEoYET, YTO YaCTULL, IETAINE B HAYase 1yra, ocle rnpoJe-
Ta CeKLUHU HabepyT MakCHMabHYIO 3Hepruio U, , a JacTHIE!, NeTSINHE B KOH-

Le uyra, — MUHHUMAJIbHYIO (Um —AUS,,). To ecte AU, ecTh MakCHMAaJbHBIN

IHEepreTHUeckuit pa3dpoc B IMydKe, BHI3BAHHBIH MOJEM HU3MYYeHUS CAMOrO Cry-
CTKa.

PaHee pH paccMOTPEeHUH NOTHOCTBIO CTAMOHapHOro ciy4ast (1, (z) = const )

(6.59)

6suio BBeeHo nousTHe KIIJL yckopuTeNns 77 — OTHOLIEHHS MOILHOCTH, TEpe-
JaHHoH BYecuctemol nyuky Py, k MOUIHOCTH nutaHua F, reHeparopa. Tak

Kak ceifyac Mbpl pacCMaTpPHUBAEM HECTALIUOHAPHBIN 110 TOKY PEXHM, TO MPaBHIIb-
Hee olepHpoBaTh 3HEPTHAMH, TO ecTh onpeaenuth KI1J] yckopuTens Kak OTHO-
IIeHHe TOJTHON JHepTHH, HabpaHHOM myukoM, K TonHo#W BU-sHepruu reneparo-
pa 3a BpeMsi HMITyJibca

T =2, (6:60)
Wy
73
roe Wy = _[10 (r)-Um, (z')dr — SHeprus, HaOpaHHas MyYKOM 3a BpeMs 3aIod-
0
HeHus cexuuu, W, =F, -7, — >Heprus reHeparopa (7, — AINTEIBHOCTH MM-

TyJibCa FeHepaTopa).

J1s KOpOTKOTO CryCTKa

" 1 AU
Wy, = Ilo(r)-Um,(r)dr=Io-Um~rb~ Pt (6.61)
: 2 U,
OTKYyIa
U, - AU T, AU AU
77¢01=Mm—”r—b' 1L AU =p-L. 2.2, 1-L1.AUs (6.62)
Py -1, 2 U, r, U, 2 U,

OGBIUHO TMyYOK 3amyCKaloT B CEKHMIO cpa3y Hocie ee¢ 3anojHeHus BY-
MOILIHOCTBIO, a BeIKIIO4aT BY cpa3y nocine nponera “xBocra” myuka. To ects
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T g = Tf + 7y Tax kax pH pacCMOTPEHHH KOpPOTKOTro CrycTka npeanoJiara-

JIOCh, UTO 7 << Tf , TO

AUgp |1 AUy
U, 2 U,

MoxHo npoBeputs, uTo MakcumyM KIIJL nocturaetcs npH AUy =U,, TO ecTh

npu 100% suepreTideckom crektpe! IIpu 3T0M MakCHMAIBHO® 3HAICHHC KI1H
CEeKLIUM paBHO

Moy =2-77° (6.63)

ot max 7,
10 eCTh MakCHUMaTbHbIi KTTJI YCKOPHTENS 77, max  NPHMepHO pabeH KIIJL yc-

xopsmomei cTpykTypel. OfIHaKO UMEThb Ha BBIXO/€ CEKLMH IYHOK €O 100 %-m
JHEPreTHUECKUM CIEKTPOM Ha BBIXOZIE HET CMbICIIA.

YMeHBbIIEHME IHEPreTHIECKOTro CIIEKTPpa

JHepreTHYECKUIl CIEKTP Myyka BO3HHKAET TOJIbKO H3-3a nonei U3MydeHus
caMoro cryctka. B mone reHepatopa Bce YacTHIbl NOCNE MpONETa NPEABApH-
TebHO 3amOMHeHHON BU-MOIMHOCTBIO CEKIHH HMEIOT OIJHHAKOBYIO SHEPIHIO
HE3aBHCHMO OT JUTHHBI crycTka. C ydeToM I0Jif M3TYYCHHUS [ONy4aeTcd, 9TO0
YaCTHIRL, JIETALIME B Haualle CrycTka, HaGepyT GOIbUIYIO SHEPTHIO, & HacTHIIb,
JNeTALIHE B KOHLE CIYCTKa, — MeHbIyro. TOrIa MOXHO ONPOGOBaTh MHKEKTH-
pOBaTh CIYCTOK 33 HEKOTOPOE BPEMs /IO KOHIA 3aNOMHEHHs CCKIUH. Tpu sTOM
YacTHIBI, JIETAIOME B Ha4aie CrycTka, HenobepyT SHEpruM OT reHepaTopa, Tak
KaK NPOJIETAT HeJO3aNoHEHHYI0 BU-MOIHOCTBIO CEKLMIO. A uyacTHIpl, NeTA-
IMe B KOHLE CTYCTKa, HaGepyT 4yTh GONBIIYIO SHEPTHIO OT reHepaTopa. Tem
caMbIM B 06ILEM PHEPreTHYECKHH CHEXTP MOXKHO YMEHBIUMTH.

TI0CMOTPHM, 4TO MOKHO CJENaTh TaKUM CIOCOGOM C KOPOTKHM CTYCTKOM.
EC/f Iy4OK MHXEKTHPOBaTh O OKOHYAHWA 3aNONHEHHMA CCKIUH, TO HaCTHUbLI
Mytka HabepyT SHEPTHIO B [I0JIe TeHepaTopa

1-exp (- r’/rOA)

U (e)=1"" 1-expl(- T, /To4)
U, mpuz' 27T,

mpur' <T, (6.64)

rge 7'— Bpems, MNpONEANIEe TOCTe Hayajga 3aroJHCHHA CEKIUH BY-
MOIHOCTBIO. ECIIH IMyYOK HHKEKTHPOBATh 33 BpeMs A 10 OKOHYaHHA 3arojiHe-
HMA CEeKIMH, TO 4aCcTHIla, BJeTeBlIasd B MOMEHT BPEMEHH 7, Habeper B ToJie

reHepaTopa HEPIMIO, COOTBETCTBYIOILYIO BpEMEHH r'=T;-A+1 (r=0

COOTBETCTBYET Haually HEDKEKIMH MydKa, T. €. BAETY NePBOH YacTALBI CTyCTKa).

66



']—exp[—(Tf —A+z')/rOA]

U, opu 7 < A,
Uglr)= 1-exp(-7,/7y,) P (6.65)
U, npu z 2 A,
T,-A+71 —- T,
]—exp[——————f J=l—exp[A rj-exp(—-l—]z ~
o4 %04 To4 7,A << 1y,

Ty A r
|- 2t 12 |
Ta \ Ty ™ Tpem
Torza nojHas 3Heprus, HabpaHHas yacThliel, BIETEBLICH B MOMEHT BPEMEHH
r , paBHa

1.2

~

Um' 1- A12+ le_i'% TIpH T<A,
U (f)% Ty Tyn 7 Un (6.66)
AU
Up - l—i'—gﬁ npu 7= A
Tp m
AU
Ortcioaa clIenyeT, YTo ecliu —“Tb—lﬁ =30 10
A
Up - I—T—T =const(r) mpu 7 < A,
77
U (7)= ! (6.67)
Up - 1‘% npu 72 A

To ecTb eClH IIMTEABHOCTb CTYCTKA 7), < A, TO Iy4ok OyaeT MOHOSHEpreTHY-
HBl. Bce yacTHlpl CrycTka OJMHaKOBO, HE3aBHCMMO OT BPEMEHH BJIeTa yMEHb-
LIAT CBOK JHEPTHIO, T. €. YHEPreTUYECKHil CIeKIp Mydka GyNeT paBeH Hyllo.
llpu 7, > A nydok GyaeT UMETh SHEPreTHYECKHH CIEKTP LIKPHHON
AU T, —A
max Tf /)
Otcrona clieyer, YT0 MAKCHMaJibHas JUIMTEIbHOCTE MOHO3HEPIETHYHOIO ITydka
TOKa 7, NOJDKHA ObITH paBHA BPEMEHH 3aEPKKH A, IPU 3TOM o/Has HabpaH-

Has 3HEpruA my4ka
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Uy {r)=U,, -(1 - é{—]ULb] = const(r). (6.69)

m

Tlonuas sveprus W; , HabpaHHas yYKOM, paBHa

Ty
AU
W, = _"10 () U, ()dr=1,-U, 7, (1——51] (6.70)
0 m
a KI1[ yckopurens
AU AU
_p.p. 28 [ AU | 6.71
Tior n U, ( U, J ( )
AU, 1
MaxcumyM KIIJI pocTuraercs npd MOAcajke HanpKCHAS =—, 4T0

m
COOTBETCTBYET 77,00 max = 0,5 - 77 . PaHee OBIIO NOKA3aHO, YTO HANMYUMIHH PEXHM
paboTel cexuun pmocruraercs npu T, /754 =05. Ipu »rom 77=0619,
Mot max = 0,31, @ IUTHTENBHOCTH My4Ka TOKA JOJDKHA OBITH

=039. 6.72
7, (6.72)

m
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Tnasa 7
YCKOPHIPHII/IE CTPYKTYPhHI _
JJIS IMHEUHBIX YCKOPUTEJIEN

Kak 6pu10 TIOKa3aHO paHee, YCKOPSIOIIYI0 CTPYKTYPY MOJKHO TIPEICTABHUTH B
BUJIC IICTIOYKU CBSI3aHHBIX PE30HATOPOB. Sluciika YCKOPSIOIIEH CTPYKTYPHI MPH
TAaKOM IPEICTABICHUU COICPKUT PE30HAHCHBIM SJEMEHT W 3JIEMEHT CBS3H
MEXAYy COCETHUMH PE30HAHCHBIMU dyieMeHTaMu. C 3TON TOYKU 3pEHUst BCe yc-
KOPSIFOIIME CTPYKTYPhl MOXKHO KJIACCH(HUIUPOBATH [0 PE30HAHCHOMY SJIEMCH-
Ty, PE€30HAHCHAsI YaCTOTa KOTOPOT'O OIpPEAEIIeT B OCHOBHOM pabovyro 4acToTy
YCKOPSIIOIEH CTPYKTYPBI.

B BOJIHOBOZHOW TEXHHKE MOKHO BBICIUTH TPY PE30OHAHCHBIX AJIEMEHTA!

1. OO6beMHBI pe3oHaTOp. B ycKopHUTENbHON TeXHUKE OOBIYHO ATO IMIIHHAPH-
YECKUH pe30HaTop Ha BuUje Koiebanus E,),. Amamerp pe3oHaTopa ONpeaeisieT

pabodyr0 YacTOTy YCKOPSIOIICH CTPYKTYpPHI, a €ro JUIHHA — (a30BYyK CKOPOCTb
YCKOPAIOIIEH MPOCTPaHCTBEHHOW FapMOHUKHU. Y CKOPSIOLIEE MOJe B LUIUHIPH-
YECKOM PE30HATOPE aKCHAIbHO CUMMETPUYHOE, MMEET MAaKCUMYyM Ha OCH U, UTO
0COOCHHO BaXXHO, HE 3aBHCHUT OT JUTMHBI pe3oHaTopa. OOBEMHBIC HMIMHIPHYC-
CKHE PEe30HATOPHl KaK PE30HAHCHBIM AIIEMEHT HCIIONB3YIOT B OCHOBHOM IS
YCKOpHUTENIEH ¢ O0IBII0i (a30BOH CKOPOCTHIO TIPH Bd) =1, Korga nnuHa pe3o-

HaTopa (AJMHA MEepHoJa) CpaBHUMA C pagauycoM pesoHatopa. IIpu sTom m00-
POTHOCTH PE30HATOPA, a BMECTE C HEH M LIYHTOBOE COMPOTHBICHUE CTPYKTYPHI
MakcuMalbHbL. [Ipu mepexojie kK MaibiM (a30BBIM CKOPOCTSIM JJTHHA PE30HATOPA
yYMEHBIIIaeTCcs. PacTeT KOJIMYECTBO METALUTMUCCKUX CTCHOK HA CIMHUILY JUTHHBI
cTpykTyphl. Cliej0BaTebHO, BO3PACTAIOT TEILUIOBBIC MOTEPH MOIIHOCTU Ha CJU-
HUILy JJIWHBI CTPYKTYPHI, H BEJIMYMHA ITYHTOBOT'O CONPOTHBIICHHS PE3KO Iaja-
et. [losTomy nnst yckopureneu ¢ Bd) <<1 Hamo BRIOUpATH APYTOil pe30HAHCHBIN

JJIEMEHT STYEHKH CTPYKTYPHL.

2. PesoHaHCHBIH MTHIPh. [10 TOHKOMY IITBIPIO PACHPOCTPAHSAETCS BOJHA,
ananoruuHas TEM BosHe koakcuanbHOW nuHuU. [loaToMy mpu JUIMHE IITHIPA,
pPaBHOH IPUMEPHO YETBEPTH BOJIHBI B CBOOOIHOM MPOCTPAHCTBE, ITOT IUTHIPh
paboTaeT Kak YeTBEPTHBOJIHOBBIA pe30HATOp. B OCHOBaHMM IUTHIPS HAampspKe-
HHE PaBHO HYJIO, a Ha JIpyroM KOHIE — MakcuMainbHO. I1ITeipu 00bIYHO pacmo-
JlararoTcsl B KpPyrjIoM BOJIHOBOJIE, a Ha KOHIAX, /e HalpshHKEHHE MaKCHMaJbHO,
noMenaercst Kpymias maiba aubo TpyOka apeiida mis mpojera U yCKOPEHUs
My4dka, TpUdeM Maidbl W TpyOKH npeida eCTECTBEHHO pacrojiaraTh 1Mo OCH
cTpyKTyphl. Tak kKak pabodas AAMHA BONHBI OMPENEISETCS B OCHOBHOM [UTHHOM
IITBIPS, TO JTHAMETP YCKOPSIOIIEH CTPYKTYpPhI, PE30HAHCHBIM 3JIEMEHTOM KOTO-
POTO SIBISIFOTCSI YETBEPTHBOJIHOBBIE IITHIPH, TIPIMEPHO PAaBEH MOJIOBHHE JTHHBI
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BOJIHBI B CBOOOZHOM TPOCTPAHCTBE. PaccTOsHUE MEXKIY LITHIPSMH OMPEACISIeT
($a30ByI0 CKOPOCTh YCKOpsIFOIIEH rapMoHuKu. [Ipw 3TOM OTpe30K BOJIHOBOIA
MEXIy NIaidaMu Wim TpyOkamu Jpeiida SBISCTCS 3alpeleibHBIM KPYTIBIM
BOJIHOBOJZIOM, TO €CTh YCKOPSIOIIME IOJIsi OKAa3bIBAIOTCS COCPEIOTOYCHHBIMH
BOJIM3M TPYOOK npetida U pe3Ko CIAaroT K HEHTPY MEXKITy HAMU MPU OOJBIINX
paccTOSIHUAX. DTO MPUBOIUT K TOMY, YTO aMIUIUTY/Aa YCKOPSIOMICH MPOCTpaH-
CTBCHHOW TapMOHUKH (a BMECTE C HEW M BEJIMYMHA IIYHTOBOTO COIPOTHBIICHHUS
TapPMOHUKH) PE3KO YMEHBIIIAETCS, @ aMIUIUTY/bl BBICIIMX TAPMOHUK BO3pacTa-
10T. [ToaTOMYy Takue YCKOPSIOIIUE CTPYKTYPBl MOXKHO MPHUMEHSTh TOJNBKO HPH
MalbIX (ha3oBbIX CKOPOCTSAX ycKopstomei rapmonukn B, <<1, koraa paccros-

HHE MeXIy Iaiibamu wim TpyOkaMu apeiida Mayo, a aMIUTUTYa YCKOPSIOIIEei
TapMOHUKU U BEJIMYHMHA ITYHTOBOT'O CONPOTUBIICHUS OCTAETCSA MPUEMIIEMON.

3. Pe3onancHas mens. B jmHHON y3K0i1 mienu, npope3aHHOM B MpoBOAAILIEH
MIOBEPXHOCTH, paclpefesieHHe 3JICKTPUYECKOro IMOoJs MPUMEPHO COBMANaeT ¢
pacrpezeneHueM noist B | - IpsAMOYrojibHOM BoJaHOBOAE. [Ipu anuHe menw,

pPaBHOW TMOJIOBUHE JUIMHBI BOJHBI, OHA CTAHOBUTCS PE30HAHCHOW, U €€ MOXKHO
HCTIOb30BaTh KaK PE30HAHCHBIM 3JIEMEHT SIMEUKH 3aMeJIAIONIeH CUCTEMBI, €CIIU
quagparMbl ¢ TAaKUMH HICISMH PACIONIOKHUTH  MEPUOJMYCCKH, HAIPUMEDP, B
KpyriioM BoJHOBoJe. Da30Bas CKOPOCTh MPU ITOM OYIET OMPEIeIsAThCS B OC-
HOBHOM JIJTMHOM KpYIJIOTO BOJHOBOJA MEKOY AuadparMaMu. ITOT BOIHOBOJ
MOXET OKa3aThCsl 3anpeAesbHBIM. Y CKOPSIOIIUE TMOJISl TOXKE OKAXKYTCsI COCpeno-
TOYCHHBIMH BOJU3U quadparMbel ¢ PE30HAHCHOM IIEThI0 M HAYHYT PE3KO CIia-
JlaTh K LEHTPY YCKOPSIOUIETO MNPOMEXYyTKa. llodToMy Takue YCKOpsIoIIne
CTPYKTYpPhI MOKHO TPHUMEHSTH TOJBKO TPH MaibIX (Da30BBIX CKOPOCTSIX YCKO-
pstoiedi rapMoHUKH. Tak Kak IIeNb Pe30HAaHCHAs, MAKCUMAIIbHOE JJIEKTpUIe-
CKOE€ TIOJIE COCPEIOTOYECHO B 3a30pe IIEeTH. DTO YMEHBIIAET JJIEKTPHUECKYIO
MIPOYHOCTh CUCTEMBI B IeJIOM. [103TOMY IIENTH B YCKOPUTEIHHOW TEXHHUKE Kak
PE30HAHCHBIN AJIEMEHT UCTIONB3YIOTCS KpaiHe peako. OOBIMHO WX WCIIONB3YIOT
KaK DIIEMCHT CBSI3M MEXIY 00BEMHBIMH pe30HaTopamMu. Torja IMenb He SBISICT-
Cs PE30HAHCHOM, a AJeKTpUYecKas MPOYHOCTh CTPYKTYpBI OIpenaessieTcss KOH-
¢uryparnmeii caMoro pe3oHaTopa.

CBs13aHHbIE 00beMHbIE PE30HATOPBI

[uprHa MONOCH MPOITyCKaHUS 3aMEIIIIIONIEH CHCTEMBI C BEIOPAaHHBIM PE30-
HaHCHBIM DJIEMEHTOM OIlpeaessieTcs ieMeHToM cBsizu. Ha pucynke 7.1 mokasza-
Hbl Pa3JIMYHbIE TUIBI YCKOPSIOMIHUX CTPYKTYP, B KOTOPBIX PE30HAHCHBIM 3Jie-
MEHTOM SIBJIIETCSl LWJIMHAPUYECKU pe3oHarop. Ilo TexHHyeckoMmy HCIONHEe-
HUIO 3JIEMCHTA CBSI3U MX MOXXHO Pa30HTh Ha JIBE TPYIIBI: PE30HATOPHI C BHYT-
PEHHUMH CBS3SIMH, KOTJa CBSI3b C COCEAHMM PE30HATOPOM OCYILIECTBIIAETCS
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Puc. 7.1. Yckopsioniie CTpyKTyphl THTIA CBI3aHHBIX 00BEMHBIX PE30HATOPOB
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yepe3 3IJIEMEHT, Pa3MELICHHbBI Ha TOPLEBOM CTEHKE PE30HATOpa, M C BHEIIHHU-
MU, BBIHECEHHBIMH, KOTJIa JIEMEHT CBSI3M HaXOAUTCS HA OOKOBOI LMIMHIpUYC-
CKOIl TOBEPXHOCTH PE30HATOPA.

Ha puc. 7.1, a u3o0paxena camasi paclipoCTpaHEHHAs YCKOPSIIOLIAsl CTPYKTY-
pa — Kpyribslil anadparmupoBanHblii BoaHOBOA K/IB (aHrimiickoe Ha3BaHHE —
The disk-loaded structure). Ilunmuanpuueckue pe3oHaTopsl ¢ £ - BUIOM KoOJe-

0aHMA CBsI3aHBI MEXKIY CO00M MuadparMoil ¢ KpyribIM OTBEPCTHEM TIOCEPEINHE.
OTHOLICHHE AMAMETpa CTPYKTYpsl K paboueil amuHe Bomubl [ /A = 0,6+0,8.
HNMeer mosoxxuTenbHyI0 qucnepcuio. OTiamdaeTcsl OU4eHb Y3KOH MOJI0COH — Be-
JIMYMHA OTHOCUTENILHOM IPYyIIIOBON CKOPOCTH Brp =0,001+0,1 u onpenensieTcst

JIUAMETPOM OTBEPCTHs CBsI3U. [IpUMEHSETCS B OCHOBHOM JUIsl YCKOpPHUTEICH
anekTpoHoB ¢ B =1. Yare Bcero npu pabote B GETyIIeM PeKUME UCTIOIB3YIOT

BujIbl KosieOanus 6 =277/3 u 71/2, a ipu paboTe B CTOSUEM PEKUME — BUIL TT
wi 7T/2 (B Tak Ha3bIBa€MbIX OUIEPHOIMUYECKHX CTPYKTypax (CM. HHXE)).
Nmeer nryaTroBoe conporusieHue nopsaka R, ~ 30+60 MOwm/m.

Ha PUCYHKE 71, b >IeMEHTOM CBS3U SIBIISETCS b, 00BIYHO PAacCIOJIOKECH-
Hagd B MAKCUMYMC MAarHuTHOI'O ITOJISA EOIO - pe€3oHaTopa AJid YBCJIUYCHUA CBA3U.

O pe3oHaTopax co MIENEBbIMH CBI3SIMU (puUC. 7.1, b) CM. UyTh HUXKE.

Pucynku 7.1, ¢ wu 7.1, d — pe30HATOPHI C METIEBHIMH DJIEMEHTAMH CBSI3U
(Loop coupled cavity). IIpemnoxenst B 1956 roxy JJanaom (Dunn P. D. et all..).
OCHOBHO} pe30HAHCHBIH 3JIEMEHT — TaKXkKe LUIUHIPUIECKHH ), - pe30oHaTop.

Ha pucynke 7.1, ¢ mpencraBieHa ctpyktypa ¢ U- oOpa3HO# memyield CBS3U
(U-shaped loops). Uccnenosanacy YomnoposeiMm u Kpetirom (Chodorow M. and
R. A. Craig) B 1957 rogy. Ob6nanmaet oTpunatensHoi aucrepcueid. CBs3b pe3o-
HaTOpoB B BHIe S-o0pazHoi memm (S-shaped loops) mnpemnmoxxena ITupcom
(Pearce A. F.) B 1958 rony. Obnanaer monoxutensHON aucrepcuei. OTaudn-
TeNbHAs OCOOCHHOCTh — OUYEHb MIMPOKas Ioyioca mpormyckanus, a0 40 % .
U-o0pasHas u S-o0pa3Hasi METJIM CBSI3M MOTYT HAaXOIHWTHCS HE OKOJIO OIHOM
CTCHKH PE30HATOpa, a Ha pa3HbIX. [Ipu 3TOM MOITydaeTcs, 4YTO B OJHOM PE30Ha-
TOpe TCTIH PACIONIOKCHB Ha MPOTHBOMOJOXKHBIX CTOPOHAX (MMOBEPHYTH Ha
yroa 180°). B 1968 romy Kunr (King R. C. M.) npemioxun MoanpHKamuo
U-00pa3HOoi TETIU CBS3U: B OTBEPCTUS IS TMETENh MPOIYCTUTH CIUIOIIHOW
MPOBOJHKUK, NPUKPEIUIIEMBI K BOJHOBOIY B CEPEIMHE KAXKIOr0 Pe30HATOPA
(U-metnss kak OBl pacTATHBACTCS HA BECh PE30HATOP U MPOXOIUT CKBO3b BCE
pe3oHaropbl). Takas CTpyKTypa TakkKe MMeeT OTpHIATeNbHYI0 aucnepcuio. Ee
mojyioca npoiryckanus ~ 30 %.

B 1965-1969 rogax AugpeeB B. I'. 1 ero xomanma mpeayiokKWIA UCIIOJIb30-
BaTh PE30HATOP HE Ha Buie Konebanus E,, a Ha Bune E,, (cm. puc. 7.1, e) —
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Tak Ha3bIBaeMas CTPYKTypa ¢ MPOBOJAIINMH maibamu u auadpparmamu  (The
washer-loaded structure). Ee MoxxHO paccmaTpuBaTh Kak BOJHOBOJ Ha BHUJIC
kxonebanus FE,,, HarpyXeHHbI IuadparMamMy, He KacarOIMMUCS BHEIIHEH
CTeHKH pe3oHaTopa. Tak Kak CBS3b OCYIIECTBIISICTCS Yepe3 MIMPOKYIO KOJIbIle-
BYIO IIETh MEXAY nuadparMoil 1 O0KOBOW CTEHKOW Pe30HATOpA, B OTIHYHE OT
KJIB oHa nMeeT mMpoKyIo MOJIOCY MpoIrycKaHus. BooOie 3Tta cTpyKkTypa nuMeeT
Haunbolnee BbICOKUiT koa(duuuent csazu (K=30+50 %) cpemu Bcex yckopsiro-
IIUX CTPYKTYp, paborarommx Ha 77/ 2 - BonHe. J(nadparMel Ha OCH CTPYKTYPBI
yaepKuBaroTcs [ -00pa3sHBIMH IOINOPKaMH, PACIONOKEHHBIMH B ITyYHOCTH
neKTprYeckoro noms E,,-koH}purypauun. Tem caMblM OHM BHOCAT MUHH-
MaybHOE Bo3MmyIlieHue. [Ipu paboTe B cTOsiueM peXHMME CTPYKTypa AHApeeBa
0OBIYHO WCIONB3YEeTCS Ha BHUIE KoJicOaHWs T, TAC HIYHTOBOE COMPOTHBIICHHE
MakcuMalibHO. B Tabmuie mpuBencHb! 3G (EKTHBHBIC IIYHTOBBIC COMPOTHBIIC-
HUS JUIS TPOTOHHBIX YCKOPHUTENEH CO CTPYKTypoil AHIpeeBa Ha pa3lIMYHBIC
sHepruu, padoratomue Ha yacrore f = 1000 MI1.

W, M>B 45 150 | 250 700

Eme omuH npuMep pe30HATOPOB C BHYTPEHHHUM 3JIEMEHTOM CBS3H — HA pH-
cyrke 7.1, f. Pesonartopsl ¢ E;, - KOaKCHalIbHBIM BUJIOM KOleOaHUsA, UMEIO-

IIeM ycKopsitomee £, Ioje He Ha OCH, TIe PacloIoKeH IEHTPaIbHBINA IPOBOJI-

HUK W TOJIC PaBHO HYIIO, a Ha HEKOTOPOM pajIuyce, MPUMEPHO MOCEPEIUHE
MEXIy ICHTPAJIbHBIM IMPOBOJHHUKOM W BHEIIHCH NWIMHAPHUYECKOW CTECHKOM
pe3onaropa. CBsi3b MEXIy PE30HATOPAMH OCYIICCTBIIICTCS Yepe3 KOJBIIEBYIO
IIeTb, Yepe3 KOTOPYI0 M IPOITyCKAIOT IMy4dOoK. Takas yCKopsromas CTPyKTypa
o0JamaeT MOJOXKHUTENFHON NUCTIEPCHEH W MCIIONB3YeTCs Ul YCKOPEHHsS TpYO-
YaThIX ITyYKOB.

IIpu ncmob30BaHUM JTHOO0H YCKOPSIONIEH CTPYKTYpPhI HE B OETyIeM peKuMe,
a B PEKUME CTOSYMX BOJH BAXHYIO POJIb UTPACT PACHOI0KEHHE TOPIEBBIX CTe-
HOK. OT 3TOr0 3aBHUCHUT pacIpeneleHne dEKTPUIESCKOTo MoJisi B 00pa30BaHHOM
pe3onarope. Hampumep, B Kpyriaom auadparMupOBaHHOM BOJHOBOJIE TOPIICBEIC
CTCHKH MOYKHO PacCIOJIOXHTh B cepeauHe auadparmsl (cM. puc. 7.2, a). U3BecT-
HO, YTO ITYHTOBOE COIPOTHBICHUE CTPYKTYPhI MAaKCHMAJBHO Ha JT- BHJC KOJIC-
Oarnsa. OHAKO TMOJIYYEHHBIH PE30HATOP HE MOXKET OBITh BO30Y)KIEH Ha BHIE
77. Ha Bune konebGanus 71/2 B pe3oHaTOpe U3 4 siueek pacupeiesieHue oIl Ha
ocu OyneT UMeTh BUI, MPEACTaBICHHBIN Ha puc. 7.2, a. Eciu ToplieBble CTEHKH
PACIIONIOKUTE MOCEPEaNHE Pe30HATOpa, Kak Ha puc. 7.2, b, TO pacipenencHue
IIOJISI HAa TOM JKe BHJIE KoJeOaHus 7T/2 MpH TOM K€ KOJMIECTBE MOJHBIX STIeeK
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Oyznet uMeTh npyroi Bua (cM. puc. 7.2, b).

a) b)

Puc. 7.2. K]IB na Buge 77/ 2 ¢ pa3siM4YHbIM PACIIOIOXKEHHEM TOPIIEBBIX CTEHOK:
a) B cepenuHe auadparmel,
b) TmocepenuHe pe3oHATOPA.

B Takom pe3zoHarope BHI TTMOXET OBITh BO3- B8A/2
OyxneH. Ho Ha Hem HeynoOHO paboTaTh, Tak
KaKk 3TOT BHJ JISKUT Ha KpPAaK MPOIYCKaHUS
CTPYKTYpPbI U MO3TOMY OY€Hb KPHUTHYEH K HC-

monmHeHnto. Ha sToMm Buae koneOaHHWA YCIOXK- /. — -
HAETCsl HacTpoiika CTpPYKTyphl. Bospacraer u
BIIUSIHUE M3MEHEHUH TeMIepaTypbl, 4acTOTHI L, L,

TeHepaTopa, MOTPEeIIHOCTel  M3TOTOBJICHUS,
BEJIMYMHBI HarPY3KH MYYKOM M JIp. HA CTaOMIIb-
HOCTb JJIEKTPOMArHUTHOTO MOJS B CTPYKType. 4 |
U3 pucynka 7.2, b BUAHO, 4TO Ha BHUJIE KOJIIe- —y —
OaHMsl 7T/2 B TaKoil CTPyKType B KaXIOH 4eT-
HOH siueiike none E, Ha OCU CTPYKTYPHI PaBHO

Hym0. OHa TIPOCTO CIYXKHT SYEHKOW CBs3W. B
1965 roxy Homm E. A. (Knapp E. A.) npemo-
KW yMEHBIIUTHh JUIMHY 3TOM sS4YelWKH CBI3HM 4 IR | R—
(cM. pUCYHOK) ¢ coxpaHeHHeM pabodero Buma /| —— | ————— /| ——
kosnebanmss @ =71/2 (t.e. Ly +L, =B A/2),

TEM CaMbIM YMCHbLIIIWB 06J'IaCTL, B KOTOpOﬁ HCT
QJICKTPUYCCKOT'O ITIOJIA. HOHy‘{CHHaH TaKHUM

74



obpa3om cTpykTypa (cMm. puc. 7.1, g) sBusieTcss OUIIEPUOINIECKOH, TO €CTh OIH
MIOJIHBIN €€ TIEPHOJ COCTOMUT U3 JBYX PE30HATOPOB PAa3HOW JUIMHBEL. A BHOCIE-
CTBHMM SY€HKa CBsI3M BOOOIE OblJIa BEIHECEHA HAPYXKY (CM. PUCYHOK) U TIOJIy4H-
Jlach CTPYKTypa ¢ BHEUIHEH sueiikol cBsa3u (cM. puc.7.1, h). Takas cTpykTrypa
TaKKe SBISETCS OWIEpPHOIMYECKOH, paboumMii BUA KoleOaHWs y Hee Takke
7T/2, HO Temepb YCKOPSEMbIH IMYYOK, NMPOJICTAIOIINI TaKyl0 CTPYKTypy ‘BH-
JIUT” TOJBKO HA0Op OJMHAKOBBIX PE30HATOPOB CO CABUTOM (a3 7T MEXIYy HU-
MU. bunepuoamueckas CTpyKTypa, Oyaydd paccuyuTaHa Ha BHI TT/2, UMeeT
XOPOLIYI0 CTaOMIBHOCTD 3JIEKTPOMArHUTHOTO IOJISE K BO3MYILAIOIMM (akTo-
pam. C Apyroi CTOpPOHBI, 32 CUET pealn3allii B YCKOPSIOIIUX SUeHKax CABUTA
¢a3sl BoHBI 7T 3 (EKTHBHOE IIYHTOBOE CONPOTUBIICHUE TAKHX CTPYKTYp OKa-
3BIBACTCS BBICOKMM. MakCHMajabHOE 3HadeHHE 3(PQPEKTHBHOTO IIYHTOBOTO CO-
NIPOTHUBJICHUS] OUIEPUOANIECKON CTPYKTYpPHI B IECSITUCAHTHUMETPOBOM J(Haria3o-
He BosiH pocturaet 100 MOwm/M. bunepuonuueckue CTpyKTypbl UMEIOT 3HA4H-
TEJILHBIA KOA(QUIMEHT CBS3M, TOCTHralomMi B OTAENbHBIX ciydasx 0,4, npu-
YeM ero MOYKHO PETyJIMpOBaTh B INUPOKUX MpEEiax NpU COXpaHEHUH Pa3MEpOB
MIPOJIETHOTO KaHajla M 0e3 CyLIeCTBEHHOTO M3MEHEHHUS IIYHTOBOTO CONPOTHBIIC-
HUSL

[lo-BuauMomMy, ¢ OHIIEPHOANYIECKAX CTPYKTYpP C BBIHECEHHBIMH SUCHKaMU
CBS3M W HAYMHAINCH BCE YCKOPSIOUINE CTPYKTYPHI C BHEIIHHMH 3JIEMEHTAMH
cBs3u. Ha pucynke 7.1, i mpencTaBiieHa CTPYKTYpa, Y KOTOPOH CBS3b OCYIIIe-
cTBIsieTcs depe3 sueiiky. Ha pucynke 7.1, j m3o0pakeHa CTpyKTypa ¢ mapai-
JEeNbHBIMU CBs3sIMH. OTIENbHBIE HECBS3aHHBIE PE30HATOPHI 3aMUTHIBAIOTCS OT
001Iero BOJTHOBOJIA Yepe3 OTBEpCTHSI B OOKOBOH cTeHKe. A Ha pucynke 7.1, k
IIpe/ICTaBIIeHa CTPYKTYpa, Y KOTOPOH pPE30HATOPHI 3aIIMTHIBAIOTCS Yepe3 OJMH OT
pa3HbIX BOJHOBOZOB. Takas cTpykTypa mpeicraBisieT coOol Kak Obl IBE BIIO-
KEHHBIC APYT B JIpyra CTPYKTyphl. Tak Kak OHM MOTYT OBITh 3aIlUTaHbl OT pa3-
HBIX MCTOYHHKOB, TO HOSBIISIETCS BO3MOXKHOCTH OIIEPAaTHBHO HM3MEHSTH AEHCT-
BYIOIIEE HA YCKOpPSEMbIE YAaCTHIIBI 110JI€, IPUYEM MOYKHO MEHSTH KaK aMIUTHTY-
Iy B pa3HBIX BOJTHOBOJAX, Tak U (azy.

IleneBble 371€eMEHThI CBA3H

Ha pucynke 7.3 n300pakeHbl pa3iM4HbIE CTPYKTYPHI CO ILIEJEBOI CBS3bIO
Mex1y pe3oHaTopamu. CTpelkaMu MOKa3aHbl HBOJIOLUU Mepexoja OAHOM KOH-
¢urypanuu menu B Apyrue. B CTpyKTypax ¢ IJIMHHOHM Y3KOH JyrooOpa3HOM
IIENbI0 JUIMHHBIE pedpa Ienu BemyT ceds Kak [Ba MPOBOJHHKA IMEPEAaroIieit
JIMHUH, KOTOpast 3aKOpoYeHa ¢ AByX KOHIOB. [lone menu, Takum obpa3om, SIBIIs-
ercas TEM BosHO#M BAOJB MpoaosibHOTO nM3MmepeHus menu. lllens ctanoBuTCS
PE30HAHCHOM, KOT/la ¢ [UIMHA pPaBHA [IEJIOMY YHCITy TIOJTyBOJH yKIIaJbIBAIOIINX-
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cs mo mnmue wmwend. llens Bo3OyxkIaercss pagualbHBIMH TOKaMHU Iuadparm
pe3oHaropa. B 3aBuCHMMOCTM OT UIMHBI ILIEIM HH3LIAs I10JI0CA MPOITYCKAHMS
TaKOW CTPYKTYPBI MOKET OBbITh MO0 IIeIeBOW (AIMHHAS LIEJb), JIMOO pe3oHa-
TOPHOH (KOpOTKasi LIEIb).

B
J

Puc. 7.3. YC co mieneBoii cBsI3b10 MEXAY PE30HATOPAMU
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Ho B mo6oM ciydae nucnepcus CTPYKTYp CO IIEIEBOI CBA3BI0 MEXKIY pe30Ha-
TOpaMU B HU3IICH IOJIOCE MPOIYCKAHUS OTPHUIATEIBHA. DTO 00YCIOBJICHO TEM,
YTO CBS3b Yepe3 MICNb HICT 10 MATHUTHOMY IIOJIIO,
KaK MMOKa3aHO HA PUCYHKE, a HE MO AJICKTPUICCKO-
My, kaK y KJIB ¢ meHTpampHBIM OTBEPCTHUEM CBSI3H.
MarHutHOE TMOJIe OKa3bIBacTCs pa3HOHAIPABIICH-
HBIM TI0 pa3HbIC CTOPOHBI mmienu. s yBenudeHus
ko3 (HUIIMEHTa CBS3U YBEIMIUBAIOT JTHOO KOJIHUe-
cTBO Tmieneit (puc. 7.3, a), OO OTBEpCTHE CBS3H
JIeNaroT CeKTOpuanbHbIM (puc. 7.3, b).

Amnen n Kaitno (M.A. Allen and G.S. Kino) B 1960 roay nmoapo6Ho uccieno-
BaJ M CBOWCTBAa CTPYKTYp C IBYMsS IIEJSIMH CBS3HM (CM. PHCYHOK). IIpm aByx
IIENSIX CBS3M  MOSIBIISIETCS
BO3MOXKHOCTh PETyIHUPOBAThH
HAKJIOH JTUCTICPCHOHHOM
KpUBOW TYyTEeM W3MCHCHHS
yIia B3aUMHOW OpHEHTALUH 3200
JIByX COCCAHUX Jauadparm
co memamu. Ha pucynke 2800
MOKa3aHbl  UCIIEPCHOHHBIC
KpHUBBIE [UII JBYX YIJIOB 2400

opuenmun @ =0°u ¢ =90°.

MHz
3600 —

Pe3onanchas gacrora menn <000
IUIs IPMBEIEHHOTO IIpUMeEpa
paBua f,, =1300 MIn, a 1600
pesoHancHas wacrora wia-
JIMHIPUYECKOTO PE30HATOPA 2—0° =
fo =2409 MI'n. 13 pucys- ‘

T

T e T 4mr o T

800

Ka BUJHO, YTO NpPU U3MEHe- 0 2n 37 5
HUM yrja OpHUCHTAIMu ¢ 6 6 6 6 6

JIICTIEpCHOHHAs KpHBasi B HU3LIEH (IeJIeBOi) 1MoJioce MpoIycKaHus OBOpayH-
BaeTCsl BOKPYT Buja 77/2, a BTOpasi AUCTIEPCHOHHAS] KPUBasi, COOTBETCTBYIOIIAs
PE30HATOPHOI NOJIOCE MPOIYCKAaHUsl, IPAKTUYECKH HE MEHSETCSI.

Pucynku 7.3, d u 7.3, e moKa3bIBalOT, KaK MOXKHO €Ile OO0JIbIlle paclIMpUTh
M0JIOCY TPOIYCKaHUsl YBEJIMYCHHEM pa3MEpoB OAHOW Wi nByX Iueneil. Ha
pucyHke 7.3, g ToOKa3aHa IeneBas CTPYKTypa ¢ TpeMs INEJISIMH CBSI3H, a Ha
pucyHke 7.3, & — ¢ 4eTBIpbMS CEKTOPHAJIbHBIMU IIEISIMH CB3H. PucyHok 7.3, f
— MpUMEP TOTO, KaK MOXHO JIOBECTH JUTMHHYIO IIenb (puc. 7.3, ¢) 1mbo moiry-
CeKTOpHaJbHYIO TIenb (puc. 7.3, e) 10 MPUHIUIHAILHO IPYroro Pe30HaHCHOTO
JIEMEHTA — IUTHIPSL.
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HIThIpeBbIe YCKOPSIIOLIHE CTPYKTYPHI

B cBs3anHbIX pe3oHaTopax mnpu manom nepuoze (S <<1) pe3ko maaaet 100-

POTHOCTB PE30HATOPA, T. €. IIYHTOBOE CONPOTHUBICHHE TAKUX CTPYKTYp Mano. C
STHM CBSI3aH IEPEXO] MPH MAaIBIX PHEPTHSAX YCKOPSEMBIX YacTHIl (Hampumep,
JUTA YCKOPHUTEJIEH MPOTOHOB) C PE30HATOPHBIX YCKOPSIOMIMX CTPYKTYP K IITHI-
peBbiM. Ha pucynke 7.4 m3o0paskeHbl pa3jiMuHble KOHQUIYpALUU CTPYKTYP CO
LITBIPEBBIM PE30HAHCHBIM 3JIEMEHTOM.

Puc. 7.4. YC co mITBIPEBBIM pE30HAHCHBIM DJIEMEHTOM
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OOBIYHO MITHIPH [IENAIOT YETBEPTHBOIHOBBIMHU, YTOOBI HE YBEIWYHBATH IIOTIC-
peYHBIC pa3Mephl CTPYKTypbl. Ha KOHIAX INTBIPEH, I/ie HAMpPSHKCHUE MaKCH-
MaJIbHO, pacroJlaraloT JIM00 MeTaJUIMYecKylo a0y (IpH HMCIOIb30BaHUU
CTPYKTYpHl B OerymeMm pexume) jmbo TpyOKy apelida (B pexuUMe CTOSUHX
BonH). CocenHue MITBHIPH MOTYT OBITH IMOBEPHYTHI OTHOCHTENBHO IPYT Ipyra
Ha HEKOTOPBIA yronm o . [Ipu 3TOM MEHSETCS BEIMYMHA B3aUMHON HHIYKIHH
MEXy COCEIHIUMH IUTHIPSIMHA. DTO MPUBOIUT K TOMY, YTO HAKJIOH JHUCICPCHOH-
HOW KpUBOM M3MEHSETCS TaK Xe, KaK y CTPYKTyp ¢ AByMs wiensiMu. Bun 71/2
IIPH 3TOM B HU3IIECH IOJOCE MPOIYCKaHMS TOXKE OCTaeTCs Ha Mecte. B ornmame
OT CTPYKTYP C ABYMS INTBIPSIMH, IPH M3MEHCHHMH yriia O OT Hymst g0 180°
JIICTIEPCHS CTPYKTYPBI MEHSIETCS C TTOJI0XKUTEIbHON HA OTPULATEIBHYIO.

Opnna u3 MoauQUKAIUA ITHIPEBON CTPYKTYPBI COCTOHT B YBCIHUUCHHUH YHCIIA
MOIIEPKUBAIONUX TPYOKYy npeiida mreiperi. Ha pucynke 7.4, a m3o0pakeHa
CTPYKTypa C ABYMsI TIOJICPKUBAOIIMMH IITHIPSIMHU, Pa3BepHYThIMU Ha 180°. Y
Hac OHa Ha3bIBAaeTCS CTPYKTypou ¢ mapamienbHbiMu crepkusmu (CIIC), anr-
Juiickoe Ha3BaHWe — cross-bar structure. Ha pucynke 7.4, b Toxe u3zoOpaxkeHa
CTPYKTYpa C ABYMSI CTEpP)KHSIMH, HO Pa3BeJCHHBIMH Ha HEKOTOPBIH yrom 6,
00b19H0 30°+90°. MHOromThIpeBbie CTpyKTYphl (puc. 7.4, a, b, d u g) ans npo-
TOHHBIX ycKopuTeneil uccienopamu B 1966 roay XKopnano (Giordano et. all.).
My ObUTM YCTAHOBJIICHBI ONTHMAJbHBIC KOH(UIYPAIMH IITHIPEBBIX CTPYKTYP
JUISl Pa3IMYHBIX SHEPTETHYECKUX JMAIla30HOB SHEPTUil YCKOPSEMBIX IPOTOHOB.
Ha cnemyrommx msTH puUCyHKaxX HPUBEACHBI TaKHE ONTUMAIbHBIE KOH(HUTypa-
WU 71 YyCKOpUTEIst Ha pabouyro yactoty 200 MI'm:

Ou4eHb MaJbie SHEPTUH
0,75-8M»1B, Z, =17,9 - 40,5 MOm/m,

Marsie sHepruu
8—17M»1B, Z, =40,5-38,3 MOwm/m,

Marsie sHepruu
10-17MaB,  Z, =42,6 - 40 MOwm/m,
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Cpennue sHEpruu
17-45M»B, Z, =43,7-29,9 MOwM/Mm,

Bricokue 3Hepruu
45—-100-200 M»aB, Z, =36,4-19,0 — 8,1 MOm/M.

Ha pucynke 7.4, e mpuBeeHa TEOMETPUS YCKOPSIOMEH CTPYKTYphl O-KoJIbIIa.
Takasti cTpykTypa MMEET MEHBIINI AUaMeTp MO CPABHEHHUIO CO CTPYKTYpOH ¢
IpsIMBIM cTepkHeM. CTpyKTypa MMEeT B HH3IIEH IT0JI0Ce OTPHLATEIHHYIO THC-
MIEPCUIO M BEICOKME 3HAYCHHUS IITYHTOBOTO COTIPOTHBIICHUS.

YMeHbIICHHE TIOTNIEPEYHBIX pa3MEpPOB CTPYKTYPHl BO3MOXKHO M IIPOCTO
YMEHBIICHHEM JTHaMeTpa BOJIHOBOJA C COXPaHEHHEM INaiObl Ha OCH BOJIHOBOJA
(puc. 7.4, c). Ho npu 3ToM MakcMManbHOE HalpsDKEHUE BCE JK€ MPUXOJUTCS Ha
KoHel[ WThIps. [103TOMy A1 yMEHBIIEHHs IONIEPEeYHOro pa3Mepa BOJHOBOJA
UCTIONB3YIOT cBOpauuBaHue WTHIps. Ha pucynke 7.4, f m3o0paskeHa CTpyKTypa
“nosrykonplia B KpyrJioM BosiHOBoge”. Takas cTpykTypa Oblla MCIOJIB30BaHa
IpH pa3paboTKe YCKOPHUTENS Ha 0OpaTHOW BOJIHE.

JlanpHelimee yMEHBIIEHHE THAMETPa CTPYKTYPHI BO3MOKHO IIPH CBOpAdMBa-
HUU ITBIpS B crupans (puc. 7.4, h). CrompanbHble Pe30HATOPHI ¢ TPyOKOH
Ipetida Ha KOHIIE WCIONB3YIOTCS JJIS CO3MaHUS HAa WX OCHOBE CBEPXIIPOBOJIS-
IIUX YCKOPSIFOIITUX CTPYKTYP.

Jlist BceX MHOTOLITHIPEBBIX CHCTEM OTHOCHTENBHAs TPYIIOBasi CKOPOCTh
By, =035, 4T0 COOTBETCTBYET OYEHb CUIIbHOM CBSA3U MEXK/Y WUTHIPIMH.

Eme omgHa mTeipeBas CTPYKTYpa, A
cTosiasl Kak Obl OTAENBHO, — CKpe- H o H ) ]
menHsle crepxan (Jungle gym bar- f
loaded structure). OHa ckopee moxoxa ) H H %

@] o

MPOCTO Ha KPYTJBIA BOJHOBOJ, Ha-
TpYXEHHBIN cTepxkHsIMU. MMmeer Tak-
K€ JIOBOJLHO BBICOKOE ITyHTOBOE compotuBieHne (~50 MOwm/M B gecsTu-
CAHTHMETPOBOM JIMAITa30HC BOJIH) W [IHPOKYIO TOJIOCY MPOMYCKaHHS
(B, =01+02).

Ha ocuose HITLIpeBOﬁ CTPYKTYPbI MOXKHO CACJIATb CTPYKTYPY, COCTOAILLYIO 13
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JIBYX BJIO)KEHHBIX CTPYKTYp Ha Oerymieil BoiiHe (CM. PHCYHOK). MeHssT aMInIu-
Tyny 4 (ha3y Ha BXOJEC, MOKHO MOJTy4aTh Pa3IMYHBIC OTHOIICHHUS MEXTy aMILIU-
TyJIaMH POCTPAHCTBEHHBIX TaAPMOHHK.

OTO MOXXHO HCIHOJIB30BaTh B YCKO-

purene ¢ aszonepeMeHHOH (HOKy- ’ﬂ%;
cupoBkoil: OAMH M3 BapHaHTOB z
¢azonepeMeHHOH  (HOKYCHPOBKH - i =
COCTOHUT B BBIOOPE OMPENEICHHOTO

COOTHOUICHHUS MEXIy aMIUIUTyJa- N

MH OCHOBHOH (yCKOpSIOIIeh) mpo-
CTPAaHCTBEHHOH TapMOHUKH U
(dhoxycupytromeli (00bIYHO TpeThel) TapMOHUKON. B 3TO# CTpyKType HEeT HeoO-
XOJUMOCTH TOAOUPATh JIUHBI TPYOOK Apetida s obecrieueHus: Hy)KHOTO OT-
HOIICHUS aMIUIUTYJ TapMOHHUK. JlOCTaTOYHO W3MEHHTH (Pasy MeEXIy IByMs
MTUTAIOLIIMHA BOJTHOBOIAMH.

B 1931 rony Crnoyn u Jloyperc (Sloan D. H. and Lawrence E. O.) mo npun-
numy nepsoro yckoputens Bunepos (Widerlé R., 1928 r.) co3ganu npoToHHBIH
yckoputenb Ha sHepruto 0.5 MaB Ha nBoitHo# auHuM (cM. puc. 7.5). OH pabo-
tan Ha yacrtore 85 MIm m mmen myHToBoe comnporusienue 140 MOwm/m. B
JATBHEHIIIEM OH OBUT PpeoOpa30BaH B SKPAHUPOBAHHYIO TBOWHYIO JIMHUIO.

Puc. 7.5. OBomronus yckoputens Bunepos B ABOIHYIO 3KpaHUPOBAHHYIO JINHUIO

Pe3zonaropsl H-Tuna

B 1962 roay 3eitmnuu I1. M. u SAmuuukuit B. A. npeanoxunu, a B 1965 rony
bomko B. A. n PeByukuii E. . nogpo6Ho mccnenoBanu tak HasbiBacMble H-
pe3oHaTopel. Ha pucynke 7.6 moka3aHa d3BOJIIONWS pPE30HAHCHOW meTiu B H-
pE30HATOpP W BCTPEYHO-IITHIPEBYIO CTPYKTypy. B H-pesonatope marmutHOE
II0JI€ TIOTHOCTBHIO OXBATHIBACT HIDKHUH M BEPXHUH NMIJIOHBI, TEM CaMbIM CO37a-
Basg Ha TpyOkax npefida, 3aKpeIUIeHHBIX Ha HUX, HAMPSHKCHUS Pa3IHMIHOH ITo-
JSpHOCTH. BeTpedHo-mThIpeBasi CTPyKTypa ¢ TpyOkamu apefida MCIoNb30Ba-
Jlach MU B PE30HAaHCHOM PEXXHUME Ha BUJIE KoyleOaHus 7T U UMeNa CIeAyolue
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XapaKTePUCTHKH:

pabouas gactora — 30 MI'I,

JUaMeTp CTPyKTypsl — 1,5 M,

HIyHTOBOE conpoTusieHue — 80 MOwm/m,

SHEPIHUsl YCKOPSAEMBIX TSDKENbIX HOHOB — 1 M»aB,

TpyOKH npetida umenn nuameTp ~10 cM 7151 BOBMOXXHOCTH pa3MelIeH s MarHu-
TOB.

’/
Puc. 7.6. OBonronus pe3oHaHcHOU netinu B H-pe3onaTtop u
BCTPEYHO-LITBIPEBYIO CTPYKTYPY

AHanoruunele  pe3oHatopel  H-tuma >
UCTIONB3YIOTCA TPH  KBaJpPYyMOJIBHON
BU-¢poxycuporke (cM. puc. 7.7). Tonb-
KO OHM HMMEIOT YEThIpe MUJIOHA C BOJI-
HOOOpa3HBIM TpoHIEM B MECTE MPO-
JIeTa My4Ka.

X

N\

A\

Puc. 7.7. H-pe3oHaTop ¢ TUIOHAMHU

TemmsxkoB B. A. B 1967 Toay npemioxuin HEMHOTO APYTyi0 KOHCTpYyKiuio H-
pe3oHaTopa, paboTaromero Ha 27Tmonae. 277— caBur (a3sl Ha TEOMETPHIECCKOM
nepuone 2L IS ANEKTPUYESCKOro Mouis, a Juist MarautHoro — 0 (cM. puc. 7.8).
Y cKOpSIOMIKI pe30HATOP UMEIN CIICAYIOIINE TapaMeTpPhI:

paboyas gyactora — 150 MI'1,
mynToBoe conporusierue 0,7/ B2 MOM/M,
pabouast sueprust — 8 MaB/uykion ( 3 =0,13),
pasmep Oaka — 0,4 M (0,2 1).
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To ecTp yckopsrtomast cTpykTypa TemiskoBa MMena HIyHTOBOE CONPOTHUBICHHE
BBIIIE, YEM CTPYKTypa AjbBapella Ha Ty K€ DHEPrulo, U B TO K€ BpeMs ee
BHEIIHUI ruameTp OblT B 3-4 paza MeHbIIeE.

B cBoxmHOIl Tabnmile NpHBEAEHBI OCHOBHBIE XapAKTEPUCTHUKH HEKOTOPBIX

Puc. 7.8. H-pe3onarop Temnskosa

PaCCMOTPEHHBIX YCKOPSIOMIHUX CTPYKTYP.

Tabauya 7.1

Tun crpykrypsl | F, I'rig By Brp R, | 9 o033 O/A 6
KJIB 2,856 1 0,004 | 65 13 0,77 /2
KB 2,856 1 0,041 | 46 13 0,8 /2
KB 2,856 1 0,102 | 35 13 0,8 /2
CIIC 2,856 1 0,102 | 46 6,7 0,47 /2

AHJpeeB 2,856 1 - 85 10 1,33 m
Jungle gym.... 2,8 1 0,22 51 9 0,8 /2
Jungle gym..... 2,8 1 0,1 60 9 0,8 /3
bunepuonny . 2,8 1 0,033 61 13,3 0,73 /2

AJbBapern 0,2 0,2 - 60 - 0,25 0
Betp. mteipu 0,9 0,5 0,2 180 5,5 0,27 51t/ 6
[Momykoinsia 1,8 0,06 | 0,25 | 150 3 0,24 S5t/ 6

83




I'naea 8
METO/1bl UCCJIEJ1OBAHMUSI
YCKOPAIOINUX CTPYKTYP

OCHOBHBIMH  DJIEKTPOJIMHAMUYECKUMH  XapaKTEPUCTHKAMH  YCKOPSIOLINX
crpykryp (YC), HEOOXOMUMBIMH U TMPOSKTUPOBAHHUSA W pacueTa ITUHAMHUKH
YCKOPUTEJIS B LIEJIOM, SIBJISIOTCS

f (A) —gactota BU-xonebanuii (IIMHA BOJIHEI);
0 — Bun KoneGaHus WK CIBUT (a3bl HA STYCHKY HA JaHHOW 4acToTe:
0=p.d=2md /A, ,tne A, — IMHA BOJIHbI 3TOTO BUJIA KONEOAHUs B
YCKOPSIOLIEH CTPYKTYpE,
d —nepuon YC (0OBIYHO 11O IPOCTPAHCTBY
B3aMMOJICHCTBYS);
B, — otHOCuTENbHAS (a30Bas CKOPOCTH BOJIHBI HA TAHHOM BUJIE KOJEOaHHsL:

y A,
B(l):—‘p: g

) rae v, — (asoBast CKOPOCTb BOJIHBL,
c

C — CKOPOCTH CBETA,
W — xuHeTHYeCcKas OHEPIrud CI/IH(I)EBHLIX C BOJIHOM YCKOPACMBIX YaCTHIL:

1
w=w,(y-1)= W()H—_lH
%/1 - B’ ﬁ
rae B = B, — OTHOCHTENbHAs CKOPOCTh YaCTHIL, W, — SHEPTHs MOKOSL:

W= 0,511 MaB - sHeprus nokosi 3JeKTpOHa,
0 38,529 MbaB - sHeprus oKos MPOTOHa;

Brp — OTHOCHUTEJIbHASA I'PYNIIOBAS CKOPOCTh:
%
g, ="m _ldw _d@n/A) _2nd _df ;
¢ cdf. don/r,) ¢ de

0, — cobcTBeHHas J0OPOTHOCTH (15 pe3oHaTopHbIX YC),

ap — ko3 dunuent 3aryxanus no snekrpuiaeckomy oo (s YC Ha Oerymeit
BOJIHE):

ag ,T1e Op — BOJIHOBOAHASA JOOPOTHOCT;

-
QBBrpA
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En6

\VPs
MIPOCTPAHCTBEHHOH TapMOHUKH,
rne E,; —aMmimuTyna n -il TapMOHHKH B Oez2yujem pexume,

— TapamMeTp HaIpsHKCHHOCTH IEKTPHYECKOTO TOMIS 71 -1

P, — wmomuocts BU-noins B YC B bezyujem pexume;
2
En [

¢hn = ———— — LIyHTOBOE COIIPOTHUBIEHUE # -i rapMoHuKu Y C.
2a;P;

MeToa pe30HAHCHOT0 MaKeTa

Jis u3MepeHust 3THX XapaKTEPUCTHK CTPYKTYPHI Yallle BCErO HCIOJIB3YETCS
METOJI PE30HAHCHOTO MakeTa. Pe30HaHCHBI MaKeT YCKOPSAIOIIEH CTPYKTYpbI
MIPEACTaBIsIeT COOOM OTPE30K CTPYKTYPHI, BKIIOYAIOMIHNN B CE0S HECKOJIBKO
OMHAKOBEIX fA4eeK Y C ¥ 3aKOPOUYEHBIH C JBYX CTOPOH METAUTMYECKUMH CTEH-
kamu. Takum oOpa3om, M3 CTPYKTYpHI ¢ OEryIieid BOJHOW IOJTydaeTcsl pe3oHa-
TOP CO CTOSTYMMH BOJTHAMH.

s oOpazoBaHms pe3oHATOpa M3 PETYISPHOTO BOTHOBOJIA CTEHKH HEOOXOIH-
MO pacroyiarath MEPHICHIUKYISIPHO HAMPABICHUIO PACIPOCTPAHCHHS BOJIHBI B
BOJIHOBOZIE. Torna caMm 00pa3oBaHHBIM PE30HATOP U €TO 3epKabHOE OTPasKeHUE
OT CTEHOK MNPEACTABISIIOT cO00H OecKOHEUHBIN UCXOAHBIN BoaHOBOA. [Ipn sTOM
pacripeiesieHe ToJIei B CTOSTYEM peXUMe B 00pa30BaHHOM pe3oHaTope OyIer
MIOJTHOCTBIO COOTBETCTBOBATh MI'HOBEHHOMY pacIpeAeiIeHHI0 Nos B Oeryrieit
BOJIHE B KaKOW-TO MOMEHT BPEMEHH. DTO € IPaBUIO HEOOXOANMO COOJIIOAATH
U Tpu 0Opa30BaHMU PE30HAHCHOTO MaKeTa W3 IMEPHOINYECKOH YCKOPSIOUmIeH
cTpykTypel. Ho, kpoMe TOTO, 9TOOBI pactpeneeHie Mojiei B CTOSYEM PEXKIME
B PE30HAHCHOM MAaKeTe COBIAIajl0 ¢ MTHOBEHHBIM paclpeleleHHeM OIS B
Oerymeil BoJIHE, HAJO pacrojiaraTh CTEHKH B TaKMX MecTaX, 9YToObl 4acTh YC,
oOpa3yrorias pe30HAaHCHBIM MaKeT, H €€ 3ePKAIbHOE OTPaKE€HHE OT CTEHOK pe-
30HAaHCHOTO MakeTa MPEeACTaBIUN CO00H OECKOHEUHYIO nepuooutecKyio CTpyK-
Typy C TOCTOSHHBIM INEPHOIOM. B HEKOTOpBIX ciydasx (HampuMep, B Ciiydac
CHMpaJM) 3TO He ynaercs.. Torna jkemaTesibHO BBIOMPATh OOJBIIOE KOJIUYECTBO
MIEPUOJIOB CUCTEMBI C TEM, YTOOBI YMCHBIIWTH BIUSHUEC TpaHUIl. B Kpyriom
nmuadparMupoBanHoM BostHOBoze (K/IB) Takux “TipaBHIIBHBIX MECT ABa — IO-
cepeJMHe MeTaLInYecKkoi AuadparMsl U ocepeJuHe OCHOBHOIO E - pe3oHa-
TOpA.

Pacnpenenenue »neKTpUYECKOro IMOJISI HA OCH OECKOHEYHON NEpPHOIUYECKOM
YCKOPSIIOILIEH CTPYKTYphI C HEpHONOM d TpeAcTaBisier coboil cymmy Impo-
CTPaHCTBEHHBIX TAPMOHUK
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E.(z)= S £ e B (8.1)
k=z—oo ¢

rge £, —aMIumryzaa k -ii DpoCTpaHCTBEHHOM TapMOHUKH B OEryILIEM pexuMe,

0+2mk
Bk:—

I'apmonuky ¢ k= 0 Ha3pIBAalOT OCHOBHOW MPOCTPAHCTBEHHON I'apMOHHUKOH, I10
KOTOPO#i U ompenessiercs: Bu kosebanus 6 .

Paccmotpum 1yt mpumepa pe3oHancHele MakeTsl K/IB, oOpa3oBanubie u3 N
SYEeK, Y KOTOPBIX OOKOBBIE CTEHKH IPOXOMSAT IOCEPEIMHE METAIIMYeCKOU
nmuadparmel (puc. 8.1, a) u nocepeaune pezonaropa (puc. 8.1, b).

— BOJIHOBOE YHUCIIO Kk -if MPOCTPAaHCTBEHHON rapMOHHKH.

a) b)
! /|
d
-—‘__' 7 d/2 7
0 d)@ d+d/2 (N-2)d+d/2 (N-1)d+d/2 Nd 0 d 2d (N-1)d Nd

Puc. 8.1. Pesonancusle makeTs! K/IB ¢ pa3muuHbIM pacnonokKeHueM
OOKOBBIX CTCHOK

Pacnpe,ueneHI/Ie QJICKTPUUICCKOT'O MTOJIA Ha OCU TAKUX MAKETOB MOKHO 3aIIUCATh

w
EZP(Z)ZZ ZEk cos Bz . (8.2)
fe="
3nech no-npexHeMy E, — aMIunmTyna k -ii TApMOHUKH B Oe2yujem pescume.
[TonepeuHsle cOCTaBISIONIME 3IEKTPUUYECKOTO TIOJISI IIPONOPIUOHAIBHBI IPO-
H3BOJIHOM OT £

. AE. & .
Ep, ~ a—zp ==2 ZEk B, sin B,z (8.3)
fk=—00

Torma u3 ycnoBusi 0OpalieHust B HOJIb MOMEPEYHBIX COCTABISIONIMX Ha MeTall-
JIUIEeCKUX OOKOBBIX CTeHKaX pu z =0 W z = Nd TOJIyduM YCJIOBHE IS HaXO-
xaeHnst 6 B 00pa30BaHHBIX PE30HAHCHBIX MAKETAX:

sin(B,Nd)=sin(0N)=0 O 6ON=mm, (8.4)
rZie m MOXeT MeHAThcst T 0 10 N . B Takux Makerax MOTYT BO30YXIAaTbCs
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TOJIBKO BHIbI KoJIeOaHus

0, :n—]\’[n, rje m ToKa Hu4deM He orpanudeno: m = 0,1,2,... N . (8.5)
3anuimeM 3JeKTPHYECKOe ToJIe B CepeMHEe KaKIOW sSYeKu i ciydas 8.1 a
mpu z=d /2 + (n - 1)d ,rne n=1,2,...N — HOMep STUCUKH: (8.6)

d B, +2mk d 6 i Vs
E =2 E, cos 2 n=1)d +— :ZCOSB’lQ ——’”H E (-1
e =2 Y Epeos P o+ e 2eoslhe, -5 £ ()

Orcrona BuaHO, uTo ipu m = N (8, =71T) mone Bo Bcex stueiikax OyaeT paBHO

HYJIIO. To ectb B PE€30HAaHCHOM MAaKETE C OOKOBBIMU CTCHKaMH, IMPOXOaAITUMHA
nocepeanHe L[I/Ia(l)pal"MI)I, MOryT B036y)K}_IaTbC${ BC€ BUJIbI, KpOME 7T :

0, =%,rae m=0,12,.. N-1. (8.7)

DNIEKTPUUECKOE T0JI€ B CEpeIUHE KAKIOW SUEHKH B PE30HAHCHOM MaKeTe U3
N sideek, y KOTOPOro OOKOBBIE CTCHKH MPOXOJAT MOCepeAnHE TUeHKu (puc. b)
npu z=nd,rne n=012,..N — HOMep SIYCHKH, BKIFOYAst U JIBC IOIySTUCHKH,
€CTh:

e @, +2mk 0 -
E ,,= ZkaEk cos ETndH_ 2 cos (n@m )k:ZwEk . (8.8)

Orcrona BUOHO, YTO, B OTIIMYHC OT CilIy4dasd d, B TaKOM PE30HAHCHOM MAaKETEC
MOryT B036y)KIIaTBC$[ BCC BUbI, BKIIIO4Yas1 BUI 7T :

9, ="—]\;",me m=012,. N. (8.9)

Bo30yxnaemble B PEe30HAHCHOM MAaKeTe BHUJIBI KOJICOAHUI 3aBUCAT OT YUCIIA
styeek B Makere. [103TOMy 4uCIo siueeK HAO0 BHIOMPATh TaK, YTOOBI MO KpalHEeH
Mepe BO30yxnancs WHTepecyromui Bua kosnebanus. Kpome Toro, mis Oosee
TOYHOTO pacyeTa TPYIMIOBO CKOPOCTH HANO, YTOOBI BO30YKIATUCH M COCEIHUC
BHUIBI KOJIEOaHUH.

HN3mepenne 1o0poTHOCTH M KO3 PUIHEHTA 3aTYXaHUS

W3mepenne MOOPOTHOCTH PE30HAHCHBIX MAaKETOB MOXHO HPOBOJHUTH JBYMsI
croco0amMu — MO OTPaXCHHOMY OT PE30HATOpa CUTHAIY MPH OJTHON CBSI3U PE30-
HaToOpa C M3MEPUTENBHON LENbI0 U MO MPOXOSIIEMY CUTHAILY NpPU HaJUYUU
JIByX BXOJIOB B pE€30HATOP.

Jst mpoXoAHOTO pe3oHaTopa ¢ ABYMS DJIEMEHTAaMHU CBSI3U C TOJBOISLIMMH
JIuHUSIME ¢ KoddduimenTamu cBsizu 3; u 3, MaTpHUIly paccesHUs MOXKHO 3a-

MUCATh KaK
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H (8, - B, ~1)-2i0,3,, . 2B, B, H
O (Bl +5, +1)+2iQ05w (31 +5, +1)+2iQ05w O
S= B B, (8.10)
0 0
O 2y BB, (B, - B, -1)-2i05,, O

H (8, + B, +1)+2i0,3,, (8, + B, +1)+2i0,3,, H
rae O, — coOCTBEHHas JOOPOTHOCTH PE30HATOPA,
w-
Wy
Kagpat Momysst k03(h(GUIHEeHTa OTPAaXKCHHUs, PABHBIA OTHOIICHUIO OTPAXXCHHOM

MOIIIHOCTDH K naaafomei/i, €CTb
-B+B
1 2 2 52
é +400,

P 2 + B, +
T (o) = =‘511 ‘ = Bll_l_izgzaz g (8.11)
1%

a KBaapaT MOIyJs Kod(HIreHTa TPOXOKACHHUS (OTHOIIEHHE MOITHOCTH, TPO-
LIe/el Yepe3 pe30HaTop, K NaJlarolieil) ecTb

‘ 2 - 4B1 BZ D 1

Pran (L+B, +B,) 1+407%0,

3necy Oy = % — HarpyeHHas J06pOTHOCT TAKOTO PE3OHATOPA.
1 2

ITpu ozHOM CBsI3W PE30HATOPA C U3MEPHUTENBHOM uHuEH nmeeM 3 = 3,

%—B§+4 > 52
Q1104
Q |r(w)|2: POTP = +B '

B,=0, O :_0,
’ Y Pran 1+40;6,

o, =

9 _ oTHOCHTENBHAS PACCTPOIiKA Pe30HATOPA.

Prvom _

‘ 12 (8.12)

(8.13)

Buamu ot pe3onancHoii uactotsl [ =1. Ha pesonancHoii yacToTe

B2 @]
A i A
(1+B) z+|r0|2
HarpyxeHHyto ~ 0OOpOTHOCTH  pe3oHaTOpa 2
OOBIYHO HW3MEPSIOT 110 LIMPHHE PE30HAHCHOU
KpuBoii A, Ha YacTOTax paccTPOWKH

= o + 2P0 i
W, = W $— ", Ha KOTOPHX Ksajpar

@) @
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MOy KO3 (HUITMEHTA OTPaXKEHHSI paBeH

2
2 1+l
Mw.) = % (8.15)
w,
(cM. puc.), pu 3ToM Qp = A—O . W3 BeIpaxkenus st koadduimenra orpa-
W /2

JKEHHsI Ha PE30HAHCHOM YacTOTe U OIpeIesieHUs] KOAQPUIHEHTa CTOsIUeH BOJIHBI
(KCBH) cnenyer, uto KOG QHUIHEHT CBA3H [3 MOXHO ONPENEIUTH 10 U3MEpE-

Huto KCBH Ha pe3oHaHCHOMN YacToTe:

B= CBu 1mpu 3 >1 (pexum nepecBs3u)
- §</KCBH npu B <1 (pexum HEXOCBA3H)
IlepecBsizan wiM HEIOCBA3aH PE30HATOP C MOABOMASIIEH JIMHUEH, MOXKHO OTpe-
JIEIUTH 110 BHECEHHUIO B PE30HATOP B O0JIACTH € AIIEKTPUIECKHUM II0JEM MAayloro
MIOTJIOMIAIONIET0 Tela (HampuMmep, TpauTOBOTO CTEepkHs). Ecimu pesoHaTop
nepecBszaH (OOJBIIOE OTBEPCTHE CBSI3U WUIM IMETIS CBSI3H), TO B OTPAXKCHHOM
BOJIHE OOJIBINIYI0 YacTh COCTABISCT BOJHA, BBIXOASIIAs M3 pe3oHaropa. Torma
€CJIM B PE30HATOP BHECTH JIOTIOJNIHUTEIBHOC MOTJIONIECHHE, TO aMIUTUTYAa 3TOH
BOJIHBI YMCHBIITUTCS U, KaK CJICJICTBHE, YIYUIIUTCS COTJIACOBAaHHE PE30HATOpA C
MOJIBOJIAIIIAM TPAKTOM (OTPaXKCHHBIA OT pE30HATOpa CHUTHANT yMeHbINUTCs). U
HA000pOT — BHECEHHE JIOTIOJHHUTEIBHOTO MOTJIOMIEHHSI B HEJJOCBSI3aHHbBII pe3o-
HAaTOp YXYAIIAET COTJIaCOBaHME (OTPaKEHHBIN CUTHANI CTAHOBUTCS OOJIBIIIE).

s pe3soHaTopa € IOBYMS CUMMEMPUYHbIMU DIEMEHTaMH CBSI3U HMEEM

Y

= = =_=0 \Brpox
Bl BZ Ba QH 1+2B’ PP”
0
P, 2 4% 1 z
) :‘512‘ - 7 B 252" fo L
Pran (1+2B) 1+40352 R
] e

31ecy npoweduias 4epe3 pe3oHaToOp MOII-
HOCTh 0Oo3HaueHa F,. IlepexoaHoe ocnabieHue pe30HATOpPa Ha PE30HAHCHOM

qaCToTEC €CTh

2
=10 __4B” (8.16)

=B _
Poan| f=fy (1+2B)

Torma coOGcTBeHHAsT MOOPOTHOCTh pe30HATOPA C IBYMS CHUMMETPHUYHBIMH dJIe-

MCHTaAMMU CBA3U MOXCECT 6I>ITL paccanaHa 10 Q)opMyne

_ _ Ou
= 1+20)=—""=. 8.17
00 =0n(1+26)= = (8.17)

Harpy>xeHHyro 100pOTHOCTb U3MEPAIOT II0 PE30HAHCHOU YacToTe f; U ABYM
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JaCTOTaM PacCTPOWKU f; U f,, JUI1 KOTOPBIX MPOXOISIIasl Yepe3 pe30HaTop
MOIITHOCTh YMCHBIIIACTCS B JBa pa3a (CM. pHcC.):
0= Jo = o
Afiyn |- A

Just pacuera kodhdUIMeHTa 3aTyXaHUsS O YCKOPSIOIIUX CHUCTEM Ha Oery-

el BOJIHE HEOOXOMMO 3HAHUE 80.THOGOOHOU NOOPOTHOCTH (Jp , KOTOpast Ipo-
MOPIMOHANIbHA OTHOIICHHIO MOIIHOCTH MOTEPh B CTCHKAX CTPYKTYpHI K 3ama-
CEHHOI1 sHepruu.
0, = wW

Poop Ve
B pe3onancHOM MakeTe HOSBISIFOTCS [IBE OTIOJTHUTENbHBIE OOKOBEIE CTCHKH, B
KOTOPBIX TOXKE €CTh MOTepH. TO eCTh MoJTHAsI MOIIIHOCTh MTOTEPh B PE30HAHCHOM
MakKeTe €CThb CyMMa HOTepb B cTeHKax YC Py IUIIOC MOTEPH B ABYX OOKOBBIX

crenkax 2P;. Jua pe3onancHoro makera KJIB, B KOTOpoM OOKOBBIE CTEHKH

MPOXOJAT MOCEPEIUHE METAUINYECKON auadparmpl, pasindus MEXAY BOJIHO-
BOJHOW MOOPOTHOCTBIO M COOCTBEHHOW MOOPOTHOCTHIO PE30HAHCHOTO MaKeTa
OyIyT HE3HAYUTENIbHBI — METAJUTH3MPOBAHHBIMH OKA3bIBAIOTCS TOJIBKO OTBEp-
CTHSI CBSI3U, TJI¢ TIOBEPXHOCTHBIE TOKHM Maibl. B Makere, rje OOKOBBIE CTEHKH
MPOXOJSAT MOCEPEANHE SUEHKH, ITO OTIMYHE MOXKET ObITh (B 3aBUCHMOCTH OT
BUJIa KOJICOAHUS) 3HAUUTEITLHBIM.

Jlyist IpaBUIIBHOTO OMpPEJENICHUS] BOJHOBOIHOM JOOPOTHOCTH MOCTYIAIOT Clie-
IyronmM o0pa3zoM. M3MepstoT cOOCTBEHHYIO TOOPOTHOCTh PE30HAHCHOTO MaKe-
Ta JUIMHOW L

wW,
QL = L ]
P, +2P;

rae P, = Pyc — MOIHOCTh NOTepb B cTeHKax YC makera ammHon L. Jlanee

(8.18)

U3MEPSIFOT COOCTBEHHYIO JTOOPOTHOCTh MakeTa JUIMHOW 2L . 3amaceHHas 3Hep-
rusl B TAKOM Makete Oyzer paBHa W,; = 2W; . MomHocTh noTephb B cTeHKax YC
TOXe ynsoutcs P,; =2P; . A MOIIHOCTh IOTEPH B OOKOBBIX CTEHKaX OCTAHETCS
npexHeil. Torna cobcTBeHHast JOOPOTHOCTH 00Pa30BaHHOTO MaKeTa JAIHHON 2L
Oyner paBHa
0, = 2W;

2L =5 aap

2P; +2P;

W3 nomyueHHBIX BBIPaXKEHHUH, UCKIIIOYas MOIIHOCTb IOTEPh B OOKOBBIX CTCHKAX,
MO2KHO BBIYHCIIUTH BOJHOBOJHYIO JOOPOTHOCTD

(8.19)
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_ 0,05
=_=L=il 8.20
e 20, -0y, (820

HN3mepenne HanpsisKeHHOCTH TOJIsI

HanpspkeHHOCTH 3JIEKTPUYECKOT0 M MarHUTHOTO TOJIeH MOXKHO HAWTH 10
M3MEPEHUSIM B PSKUME CTOSTYMX BOJIH (PE30HAHCHBIN MaKeT) U 10 W3MEPEHHUIO B
Oerymem pexume. M3MepeHns Ha Pe30HAHCHBIX MaKeTaX 00EeCIIeYHBaIOT BBICO-
KYIO TOYHOCTB M CPaBHUTEIIHHO IIPOCTO PEATU30BHIBAIOTCSI.

Jnsa nccenoBaHus monieii B pe30HAHCHBIX MakKeTax HanOoliee 4acTo MpHuMe-
HSIETCSl METOJ] MaJIbIX BO3MYILEHU. B 0cCHOBE 3TOro MeToja JIeKUT COOTHOILIE-
HUE, TOJIy4aeMO€ M3 TEOPUM MallbIX BO3MYLICHHM, KOTOPOE YCTaHaBIIUBAET
CBSI3b MEXAY OTHOCUTEIbHBIM M3MEHEHHEM PE30HAHCHOW YacTOTHI pe30HaTopa
U HaNpsOKEHHOCTBIO TMOJIEH B MECTE PACIOJIOKEHHUS Maloro BO3MYILIAIOLIETO
tena. Hampumep, a7si MeTauindeckoro teia

5 AI @AO\H\Z ~ ol @W

o 2IeO‘E‘ZdV
4

(8.21)

rae AV — o0beM, 3aHUMaEMBbIi METAJUTHYCCKUM BO3MYIIAFOIIUM TEJIOM,
V — nonHbIN 00BEM pe3oHaTOpa.
Jiss ManpIx BO3MYILNAIOIIMX TEJ BBOIAT MOHATHE KOA(PQGUIMEHTA MOJIIpHU3a-
LUK, ¥ B €ro 0003HAYCHHUSIX TEOPEMa O MaJIbIX BO3MYIICHUAX 3alTUCHIBACTCS

Of __MIH+PE
fo w

rae M — BeKTOp MarHUTHOM MOJIIpU3aLuy,

, (8.22)

P — BEeKTOp 3JIEKTPUUECKOM TOJIIPU3ALINH,

W — monHas 3amaceHHasi SHepTrHs B pe30HaTope.
BekTophl mosipU3aIud MOKHO PACCUYUTATh B CTATUYECKOM MPUOIIKEHHUH, U UX
BBIPQ)KCHUE 3aBUCHT OT (HOPMBI M MaTepHansa H3TOTOBIICHHS BO3MYILAIOIICTO
tena. J{ns memannuueckozo mapuka paguycoM a

— — — 3
P, =P, =P, =¢g4na’k,
— — — 3
M,=M,=M,=-ly4ma H
I[J'IH HCOPOBOJAALICTO IIapuKa paauycomM a C ILI/IBJICKTPI/I‘IGCKOﬁ IMpoOHUIIaEMO-
CTBIO £ W MarHUTHOW MPOHMIIAEMOCTHIO U

X,y,z

91



E—E
P =P =P, =— g 4nd’E_ .,
X y z 8+250 0 XV,
Mx :My :Mz :Mu04n’a3HX‘y‘Z'
H=2p,

B obmiem cimydae cBOWCTBa 30HJa OMPEACISIOTCS €0 reOMeTpuIeckor Gopmoid,
pa3MepaMu, MaTepHaaoM U OPUEHTALUEH OTHOCUTENBHO HANIPABICHUN CHIIOBBIX
JIMHUM TOJIA.

Jna ompeneneHus COCTABISIOIIMX HAMNpsDKEHHOCTH JJIEKTPUUECKUX TONel
UCTONB3YIOT AUAIEKTPUUECKUE U METaIMYECKHe BO3MYINAIOIIME Tela B BUAE
IIAPHUKOB, TMCKOB WM MIJ. MeTtayumnueckas uria 6ojee yqo0Ha, TaKk KaK BBI3bI-
BaeMoe e BO3MYILEHHE B HECKOJIBKO pa3 OoJIblle, YeM JIUdJIeKTpudeckoi. On-
HAKO IIPU 3TOM CIEIyeT y4ecThb, YTO OHA pPearupyeT M Ha MarHUTHOE IIOJIE, Mep-
NEHIUKYISIpHOE ee ocH. JlIsi m3MepeHnsl HanpsHKEHHOCTH MarHUTHOTO ITOJIS
MPUMEHSIOT METANIMYECKUe TUCKU. Ecnum jke B MecTe M3MEpEHUs MPHUCYTCTBY-
10T " 3JIEKTPUIECKOE, ¥ MarHUTHOE MOJIA, TO CHAavYalIa U3MEpPSIIOT AUAICKTpUYe-
CKUM BO3MYIIAIOUIUM TEJIOM HAMpPsDKCHHOCTh TOJBKO 3JIEKTPUYECKOTO IO,
3aTeM METAIIMYECKUM TEJIOM H3MEPSIIOT CYMMAapHBIA CIBUT YacTOTHI U TPOU3-
BOJISIT BBIYUTaHUE 3((eKTa CIBUra HIEKTPUUECKUM TTOJIEM.

[Ipu uccnenoBaHun CTPYKTYp €O CIAOBIMH AIIEKTPUYECKUMH ITOJISIMHA HCIIOJb-
3yeTcsl TaK Ha3bIBaeMbIi “OMCEpHBINA 30H[, TPEICTABISIOMNI CO00 HECKOIb-
KO OJMHAKOBBIX BO3MYINAIOMIMX TeJ, HAJEThIX Ha OAHYy HHUTb C IEPUOJOM
A, /2. B aTOM Cilyyae BO3MyLIAIOIIME TENa PACIIONAraloTCs B MECTaX C OJMHa-

KOBOH HAaIIPsKEHHOCTBIO JICKTPHUYECKOTO TI0JIsI M BBI3BIBAEMasi MU PACCTPOIKa
CYMMHpYETCsl. DTOT METOJ NPHMEHSIOT TAK)XKE€, €CJIM UyBCTBUTEIBHOCTH YyCTa-
HOBKM HEIOCTaTOYHA VIS PETHCTPAlMM BO3MYIIECHHS, BBI3BIBAEMOIO OJMHOY-
HBIM 30HJIOM.

Metoauka u3MepeHHs YCKOpAIOIMX mojied, Hanpumep, B KB, coctout B
IPOTATMBAaHUU BO3MYILAIOIIETO Tejla, 3aKPEIJICHHOTO Ha TOHKOM HUTH, IO OCH
ycKopsitoleit cTpykTypsl. [Ipu 3ToM cCHEUMaeTcs 3aBUCUMOCTh CABHIA PE30HAHC-
HOW 4acTOThl OT KOOPAUHATHI pacnoyiokeHus Tena. CABUT pe30HAHCHOH yacTo-
Thl MOXXHO H3MEpSTh AByMs MeToJaMH. B mepBoM MeTole OCYIIECTBISETCS
aBTOIO/ACTPONKA YacTOTBI T€HEpaTopa I0J M3MEHSIOUIYIOCS 9acTOTy PE30HATO-
pa. Toraa caBur 4acTOTBI M3MEPSIETCS HETMOCPEACTBEHHO IO dacToToMepy. Bo
BTOPOM METOJIE YacTOTa TE€HEPaTOpa BBICTABISIETCA HAa CEPEAMHY CKIIOHA pe3o-
HaHCHOW KPUBOW M TOAJNEpPXKUBAETCA MOCTOSIHHOW. Torjga mpu mpoOTATHBAHUU
BO3MYIIAIOLIETO Tela OyAeT MPOUCXOIUTh U3MEHEHUE AMILTUTYIBI U3MEPSIEeMO-
ro curHana. Ecnu M3MEHEHMS PE30HAHCHOHM 9acTOTHI Malbl, TO CHUTHAlI OyAeT
MPONOPLHOHATEH H3MEHEHHUIO YaCTOTHI PE30HATOPA.

Urak, B pezonancHoM maxere mnuHod L (mepuox YC — d ) xakum-mubo
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Croco0oM Oblia CHATA 3aBHCHMOCTh M3MEHEHHS PE30HAHCHON 4acTOThl O f (z)

pyu MpOTATrMBaHUU MAJIOr0 BO3SMYIAIOLIETO TEJia MO OCU MAKETa. Tlo TCOpUn
MaJIOrO0 BO3BMYUICHUA

2
56 B2 ) .
f 1] WCT
roae a — KOS(i)(i)I/IIII/IGHT, 3aBUCSAIINHA OT q)OpMI)I 1 MaT€puajia BO3MYIIAIIETO
TEJ1a (C‘II/ITaeM, YTO Ha OCHU PE30HAHCHOT'O MaKE€Ta €CTh TOJIBKO Ez -
COCTaBJIAIOIIAA JICKTPUICCKOT O HOHH),
WCT — IIOJIHAA 3a1aCcCHHas SQHCPrus B pE30HAHCHOM MAKCTE.
Hwxuuii nHaexc MOAYECPKUBACT, YTO ITHU BEJIMYMHBI OTHOCATCS K
PEXKUMY CTOSAYMX BOJH B pE30HAHCHOM MAKETEC.
U3 ONPEACIICHUA IIYHTOBOTO COIIPOTUBJIICHUA 7 - HpOCTpaHCTBeHHOﬁ rap-
MOHHKH UMCEM

2 2 2
E E &
Rshn - n6  — ~6wmakc “n , (824)
2a,P; 2a,P;
e Eg e — MakCHMalbHas aMIUTUTYZa Oeryiiei BOJIHBI,
£ = E no

n = I3 — OTHOCHTCJIbHAS aMIUIUTYyaa /1 -i TapMOHHUKHU B 6ery1ueM
6 Makc

pexume,
P, —vomnuocTs BU-nonst B YC B OeryieM pexxume.

MormmHocTs Py B Oerymiem peskiuMe T OTpe3Ka CTPYKTYphI [JUIMHOW L paBHa
- Ws
P, = CBrp - (8.25)

rae W, — nonHas 3amaceHHasi SHEPTUs HIEKTPOMArHUTHOW BOJIHBI HA JUIMHE L
B OcrymeM pexkume. Tak Kak B pE30HAHCHOM MAaKeTe B PEKHME CTOSYHX BOJH
MaKCHMaJlbHasl aMIUIUTy/a CTOsS4Yeil BOJHBI B JBa pa3a OoJblle, YeM MaKCH-

MaJlbHasl aMIUTUTya Oerymei BoiaHsl E =2E§ axc » @ TIONTHAS 3alIaCCHHAS

CT MaKC
sneprust W, =2W; , To ¢ yueToM ompezeneHus koddduuuenra 3aTyxanus ag
MOTyIUM
E; E; 0L A
n6 __ — ~crmake |jg n QB
2a;P; W 4rmic

CT

(8.26)

shn

Mo pesympTaTaMm M3MepeHHH MabiM BO3MYMIAIOIINM TEJIOM ISl ONPEICICHHS
2
orHomenus E( .. /W, B PE30HAHCHOM MakeTe HeoOXOIUMO 3HaTh K03 du-

mueHT 4 . Ero ompenensior Takke METOAOM BO3MYIICHHH, HO B PE30HATOPE,
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pacIpesieieHue Mo B KOTOPOM MMEET TOYHOE aHAJIMTUYECKOE BHIPAXKEHME.
OOBIYHO B Ka4eCTBE TAKOI'O ITAJIOHHOIO PE30HATOPA HCIOJb3YeTCs LMIUHAPU-
4ecKHi pe3oHaTop ¢ KojebaHueM Buga E,, BO30yK1aeMblil IPUMEPHO Ha TOH
’Ke 4acToTe (YToObl MCKIIOUUTh 4aCTOTHYIO 3aBUCUMOCTb MaTepuaja H3rOoTOB-
JIeHHsl BO3MYyIIAIOLero Tejia). [ 3TajJoHHOTrO IMIMHAPHYECKOTO pe30HaTopa
pannyca R, u BbICOTON H - MMeeM:
2
o EZ 2
fo _gfon g ) (8.27)
Jos Wy " me,RH JEG)
C yyeroM 3TOro oKoHYaTesbHas pacueTHas GopMyna s ONpeseneHus IyHTo-
BOT'O COIPOTHBJICHHUS 3alMILETCS

2 2
Rshn - Enﬁ - go, - N Ij‘:n QBLZA [‘ﬁ fMaKC DJ(‘OS [OM/M], (828)
20,P; mJthE) HLRE  fy O Sy

31€Ch o fMaKC — MaKCHUMAaJIbHBIA CABUT YaCTOThI IPU CHATUU SMIIOPBI pacupeac-

JICHUA TIOJIA B UCCIIEYEMOM PE3OHAHCHOM MAKETE.
B 6€FyHICM PEKUMEC paclIpCACIICHUEC DJICKTPUICCKOTO TOJIA Ha OCU €CTh

E.(z)= ZE e P = Eg e Ze,, e B (8.29)
B PE30HAHCHOM MAKETE
E. (z) =2E5 yae an cos 3,2 = E g yiaxe an cos 3,z . (8.30)

OTcrona OTHOCHTETBHYIO AaMIUDIUTYAy # -H TIPOCTPAHCTBEHHOH TapMOHHKH
MOKHO OTIPEAETUTh U3 PaclpeesieHus Mojsi B Pe30HAHCHOM MaKeTe

L
2 ¢ By (2)
== (=¥ 3os (B, 2)dz, 8.31
" L‘!.ECT Makc (Bn ) ( )
6+2mn .
rae L — mmuHa Makera, 3, =————— — BOJHOBOC YHCJIO 7 -il MPOCTPAHCT-

d
BEHHOW FapMOHHKH.
UroOsl mocuuTaTh &, , HEOOXOANMO 3HATh pacmupenenenue E . (z) s sToro

13 MOJYYCHHOTO METOJIOM MaJIOTO BO3MYIIAIOIIETO Tejla pactpeneineHus E CZT (z)

HYXXHO HE TOJIBKO H3BJICYb KBaJPaTHBIH KOPEHb, HO W MPABWIBHO PAaCcCTaBHUTh
3HaKH * B ATOM pacHpelesieHud. B 9ToM MOryT MoMoub MOJy4YEHHBIE paHee
BBIpXECHUS JUIA TOJIEH B LEHTpax sS9eeK Pe30HAHCHBIX MAKETOB JUIL JBYX CIIy-
YaeB PACIIONOKEHNSI OOKOBBIX CTEHOK ITPH PAa3NIMYHBIX BUAax KoneOanus. I[lpu-
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9YeM BHIHO, YTO U1 OJHOTO M TOTO € BHIA KOJICOAHWS B Pa3INYHBIX MAKETax
pacnpeneneHus noseil pasnuusel. [ mpumepa Ha pUCyHKe 8.2 IMpPUBEICHBI
pacripezneneHus nojed Ha Buae kKosiebanust 7T/2 st aByx makeroB KJIB, co-
CTOSIIUX W3 YETHIPEX MONHBIX SUEEK, HO C PA3HBIM PACIIOIOKEHHEM 3aKOPadH-
BalOIIMX OOKOBBIX CTEHOK. [IpmdeM MOy 3CKM3HO HApHCOBAHbBI [UIA CIydas
MaJIOTO OTBEPCTHSI CBSI3H, KOT/IA MOJIE€ B SIUEHKAaX MPUMEPHO MOCTOSHHO.

Ey L

J

Puc. 8.2. PacnpeneneHust 21eKTpUUECKOTO MO HAa BUJIE KosieOanus 7T/ 2
JUISL CITy4aeB Pa3IMYHOIO PACIIONIOKEHHSI OOKOBBIX CTEHOK

[Tonp3ysick BBIpRXEHHSMH B LIEHTPAX SUEEK, MOXHO NPEICTaBUTh aHAJIOTHY-
HBIE pacIpeAeIeHHs dIEKTPUIECKOro TOJs M VIS IPYyTHX BUAOB KonebaHuid. B
peaJbHBIX MakeTax IpH OOJBLIOM OTBEPCTHH CBS3M “‘CrVIaKMBaHHE TMOJeH
BOMM3M IuadparM yBeaM4MBaroTcsl. boiee Toro, B MakeTax, rJe pe30HaHCHBIM
JIEMEHTOM SIBIISETCS IITHIPh, HIEKTPUUECCKOE TIOJIE MPU YBEIMUIECHHH PaccTos-
HUS MEXOY IITHIPSIMA HAYMHAET “TIPHKUMATHCS K IITBIPIO, U TOSIBIISTIOTCS
“nmpoBanbl”’ B cepenuHe suelikn. Ha crnemyrommx pucyHkax 8.3 mpuBeIeHBI pac-
MpeeeHNs] 3NEKTPUUECKUX MOJeH, MOMydeHHbIE SKCIEPUMEHTAIbHO Ha pas-
JUYHBIX BUAAX KOJICOAHMS B PE30HAHCHOM MAaKEeT€ U3 IIECTH MOJHBIX SYEEK CO
IITBIPEBBIM PE30HAHCHBIM 3JIEMEHTOM. B j1eBOM cTONOLE MpencTaBiIcHBI pac-

npeneneaus  E 22 (Z), a B IPaBOM — COOTBETCTBYIOUIMNE WM pacHpeneiIcHUs
E, (z) CIio1HOM JIMHUEH HAapUCOBaHbl paclpeaeseHus Uil MaKeTOB ¢ MaJlbIM

MEPUOJIOM, a IMYHKTHUPHOW JWHHEH — ¢ OonpmmM. BumHo, 94TOo mpu O0IBIIOM
Mepro/ie MO HAYMHAIOT NPIKAMAThCA K ITHIpAM. [Ipn 3ToM yMeHbImaeTcs
aMIUTUTY/Ia OCHOBHOW NPOCTPAHCTBEHHON TapMOHHKH W BO3PACTAIOT aMILTUTY-
JIBI BBICIIIUX TAPMOHUK.
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(z) uk, (z) JUIsl PasIMYHbIX BUIOB

2
z

Puc.8.3. Pacnpenenenue E

Konebanuii 6 B PE30HAHCHOM MAKETE U3 6 sueek
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K npumepy, Ha Buje konebanuss 8 =471/6 =2 7T/3 OTHOCHTEIBHbBIE aMILIUTY-
(bl TIPOCTPAHCTBEHHBIX FAPMOHUK PaBHBbI:

Jns majoro Jnst 6oabIoro

6=2m/3 eproia neproa

£, (crutotTHAs JTMHWS) (TIyHKTUpHAS JTAHUS)

£, -0,035 -0,150

£ -0,370 -0,516

& 0,681 0,578

£y 0,060 0,210

£ 0,019 0,039

MeTo1 Hepe30HAHCHBIX BO3MYILIEHH I

MeTomoM pe30HAHCHOTO MaKeTa MOXXHO H3MEPUTh XapaKTEPHCTHKH YCKO-
PSIONICH CTPYKTYPHI, OTHOCSIIHECS TOJIBKO K ‘“OHEPTETHYECKUM cpe3am’ yCKO-
pUTENsl C MOCTOSIHHOW (Pa30BOi CKOPOCTBHIO, C MOCTOSHHOM JJIMHOW MepHoaa
siueikd. B ycKopUTeNsiX ¢ U3MEHSIOIENCsl CKOPOCThIO, HATPUMED, B TPOTOHHBIX
YCKOPUTEINSIX, WIM B HAYaJIbHOM YacTH AJIEKTPOHHOTO YCKOPHUTENS TaKHX ‘“‘cpe-
30B” HAJIO C/ENaTh HeCKoIbKo. [Ipruem yeM pe3de n3aMeHeHue (Ha30BOW CKOPO-
CTH BIIOJIb YCKOPHUTENS, TeM OOIbIIEe PE30HAHCHBIX MAaKETOB HEOOXOIUMO HC-
cenoBaTh JUIsl MOJIydeHUs IIaakux 3aBucumocteil. [lo momyueHHBIM “OHEpre-
THYECKUM cpe3aM’ CTPOSATCS IUIABHBIE 3aBHCHMOCTH T€OMETPHUYECKHIX Pa3MEpPOB
YCKOPHTENA B €T0 DJCKTPOIUHAMUYECKAX XapaKTepUCTHK. [lo HUM W m3roras-
JINBAETCS] YCKOPHUTEINb B IIETIOM.

OpHako Korza TakoW YCKOPHUTEIh HM3TOTOBIICH, HEOOXOIUMO MOCMOTPETH,
KaKhe y HEero XapakTepHUCTUKU B pabouem, Oerymem pexume. s 3Toro mpu-
MEHSIOT METOJ HEPE30HAHCHBIX BO3MYIICHUN, KOTOPHIH MO3BOJISIET UCCIIEI0BATh
YCKOPAIOIIKE CTPYKTYPBI U JPYTHUe COTacylouirecs y3jbl, B TOM YKCIE TpaHC-
(hopMaTOpEI TUIIA BOJTHBI, B OCTYIIIEM PEIKUME.

OCHOBY MeTOJla COCTaBJIACT 3aBHCUMOCTHh H3MCHEHHs Kod(dduimeHnTa orpa-

JKEHUSI B OJIHOPOJHOM MoABOAsIeM Tpakte Al OT CyMMBI KBaJpaTOB KOMIIO-
HEHTOB 3JICKTPOMArHUTHOTO TIOJISI IPH MTOMEIICHHH B CHCTEMY Majlor0 BO3MY-
[IAFOLIEr0 TejIa

" . LU
(kli LE; —ky; LH +y, LE; )[L (8.32)
|
rae Pr — MOLIHOCTh FeHepaTopa, (W — KPyroas 4acTora,
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ki, ki, Y; — k03 dunmentsr, 3apucsmye ot GopMsl, MaTepHana, pa3mMepoB
BO3MYILAIOLIETO TEJIa U €r0 OPUEHTAIIMU OTHOCUTEINBHO T10JIs,
E; m H;, — XOMIUIEKCHBIEC aMILUIUTY bl IPOEKLNUII IOJIeH Ha i -i OpT.
®dopmyna crpaBeIiBa KakK U BOJTHOBOTHBIX CHCTEM, TaK M IS PE30HATOP-
HBIX. JI71s METaIM4YecKnX BO3MYIIAOMMX Tes Y;= 0, a A1 JU3IEeKTPUISCKUX —
xapakrepusyer norepu BU-momHocTn B Bo3mymatomem tene. KoadduipeHTs:
ki, kyy, 1 Yy, MOXHO OIpeAenuTs KanuOPOBKOH B BOJIHOBOJE C U3BECTHOH
koH(purypamueir moneid. OOBIMHO IUIS 3TOTO HCIOJIB3YIOTCS MPSMOYTOJIBHBIE
BOJIHOBOZBI ¢ /1, - BOonMHOW. B mpocTeIx nonsax, HampuMmep, Ha ocu KJIB s
MU3MEPEHUS 3JICKTPUUCCKOTO MOJIS HMCIOJIb3YIOT METAJUIMYCCKUE WIJIBI WU TTU-
ANEKTPUYECKHE MIAPHUKH, HE BHOCSIINE MOTeph. (s HUX 3aBHCUMOCTH H3MEHe-
HUS KO3PPUITMESHTA OTPAKESHUS MOXKET OBITh TIEpENCcana B BUIE
Al = -ajwl(E?, (8.33)
rae a' — HoyHbIi (opM-(paKTop 30HA.
Onextpudeckoe mosie £, Ha OCH YCKOPSIOLIEH CTPYKTypbl MOXKHO IpECTa-
BUThH B BUJIC
E()=| E()|2?®), (8.34)
IJie MOAYJb JEKTPUYECKOTO MOJISA B TOUKE HAXOXKIECHHS BO3MYILAIOLIETO Tela
MIPOTIOPIIMOHANICH KOPHIO KBaJPaTHOMY M3 MOJYJISI H3MEHsIomerocs koaddumu-
€HTa OTpaxcHus, a (haza INEKTPHUYCCKOTO IMOJIST PABHA IMOJOBHUHE BEIUYHUHBI
(ha3bl K03 PUIeHTa OTPAKESHHS.

'lar z
EE)~||TE)| e el (8.35)

IIpn m3mepennn B OerymieM pexume HanOoliee WHTEPECHBI UMEHHO BOJIHO-
BoJHbIe cBoiicTBa YC — pacnpeiesieHne OTHOCUTEINIBHBIX aMILIUTYA U (a3 anex-
Tprdeckoro noss Baosib YC, Ko3(QQUIMEHT OTpakeHHs, KaKk oOmMi Juisi Bcer
VYC, Tak ¥ JIOKAIBHBIX OTPAKEHHH, CBSI3aHHBIX MO0 C Ae(eKTaMH H3rOTOBIIE-
HUS, MO0 C 3aJ0)KEHHBIMU B KOHCTPYKLHMIO YCKOPUTENIS PE3KO MEHSIOIUMUCS
napameTrpamu (CKauku (a3 Wi aMIUTUTY[). AHAJIM3 3TUX XapaKTEPUCTUK MOX-
HO MPOBECTH TAaK HA3bIBAEMBIM TPEXSIUECUHBIM METOAOM.  Sueliku rpynmnupy-
10T TI0 TPH BMECTE€ HocyefoBarenbHo. [Ipeanonaraercs, 4To B MecTe pacroio-
KEHHS 3THX TpeX SUeeK aMIUIUTYIbl MaJaromeil ¥ OTPakeHHOW BOJH, PacIpo-
ctpanstomuxcs mo YC, MeHSIoTCs He3HauuTeslpHo. Kpome Toro, mpenmnonara-
eTcs, 9TO n3MeHeHHe (a3bl IPH MEPEXoie OT SUEHKH K SIeHKe TOKE HE MEHSET-
csi. Metonuka cBomUTCS K ciepyromeMmy. Ilo IByM coceTHMM MHHMMyMaM B

MOJIYYEHHOM pacipeesieHun |E (z)| ompenenuM UEHTp [ -i A4eillku  z; .

HOpMPIpOBaHHOC QJICKTPUUICCKOC IOJIC B 9TOH TOYKE €CTh
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1 ar, Z;
g =G e ) (8.36)

1
IIpencraBum monst B i —1, i u i+1 sueiikax B Buie cymMMbl najgatomeit 7' u
OTPaXXEHHOW R BOJIH.
E_ =T"° +RE@/,
E, =T +R, (8.37)
_ig* j9 +
E.,=Tk7" +RE" ,
rae 8 — u3meHenue dassl npu nepexone ot i —1 - i TOUKE K I - i,
0 © — u3meneHue (asbl NPH MEPEX0/e OT i - i Touke K i +1 - ii.

HNmMeeM Tpu KOMIUIEKCHBIX YPaBHEHHUSI OTHOCHUTENBHO IIECTH HEM3BECTHBIX | T | s
- + <
arg T, | R |, argR, 0 u 6" . Pemast uX MOXHO HalTH TIOJHBIE KOMIUICKCHBIC

BEJIMYMHBI TTaatonIeil BOJHbI T, OTpaXKEHHOM BOJNHBEI R ¥ u3MeHenus dasz 6 ~
u 0" s i - i sueiiky. beps cnenyromue tpu stueiiku — i, i+1 u i+2 u no-
BTOPpsIsl [IPUBEICHHBIC BBIUYMCICHUS, HAaIeM BEJIMYMHBI MAJalOIed BOJIHBI, OT-
Pa’KeHHOM BOJIHBI M U3MEHeHus (a3 s 7 +1 - i siueiku.

Ha pucynke 8.4 ans nmpuMepa mpuBeAeHA OCIMIUIOTPaMMa, COoIepIKalasi pac-
[pefeyieHue KBajapaTa aMIUIUTyabl E Zz (z) U YIABOCHHOW (ha3bl HANPSHKEHHOCTH

nonst 2 arg[E . (z)] Ha Bujie Konebanus 71/2.

450
360
270 EZ(z) 2arg E; L

i AR

2
Puc. 8.4. OciumnorpaMMa pacipeaeneHns KBapaTa aMIUINTy sl £ (z) u
YIIBOCHHOU (ha3bl HAMPSHKEHHOCTH TOJST 2 arg[E . (z) Ha BHJIC

Kosiebanus 71/ 2
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I'naea 9
JIEKTPUUYECKASA IPOYHOCTD
YCKOPAIOIINUX CTPYKTYP

[Ipu BBIOOpE TemIla yCKOPEHHMS M, CIEJOBATEIbHO, 3HAUCHHS HAIPSHKEHHOCTH
YCKOPSIIOIIETO 3JIEKTPUYECKOTO II0JII HEOOXOANMO YYUTHIBATH IJIEKTPHUUECKYIO
MIPOYHOCTB YCKOPSIOIIEH CTPYKTYPBI, OTPaHUYEHHYIO 3JIEKTPUYECKUM POOOEM.

Bbicoko4acTOTHBIN MPOOOii

BU-mipo6oii umeeT MHOTO OOIIEro ¢ BHICOKOBOJIBTHBIME MPOOOSMU B BaKyyMe
IPHU MOCTOSIHHOM ¥ HMMITyJbCHOM HAINPSDKCHHSAX. YPOBEHb JJICKTPONPOYHOCTH
npu BY-HampspKeHHHM METPOBOTO AHMANa30oHa Majo OTJIMYAeTCs OT TOro, YTO
HAOTIOMaeTCS MPH IMOCTOSTHHOM M MMITYJIbCHOM HATIPSHKCHUH, XOTS OIPEIICIICH-
Has crenuduka uMeeTcs. B To jke BpeMs IpH BHICOKOYACTOTHOM HANpPsHKEHHH
CYIIECTBYIOT CBOH, criennpudeckre GopMBI pa3psaa, He HMEIOIINE aHaJIora MpH
MTOCTOSTHHOM M HMITYJIbCHOM HamnpspkeHusx. B 1953 r. Kunmatpuk BeIIBHHYI
TTOJTyIMITUPUYECKUN KPUTEpUH BOZHUKHOBEHUS TIPO0O0s: B ClIydae, KOTJa caMbli
JIETKAH MOH (TIPOTOH) 32 OJWH MOJYHEPHOJ HE YCHEBAET Iepecedb MEKDIICK-

TpoHBIii 3a30p (s > 4,8500°E sy / f 2), 9TOT KPHUTEPHil MOKHO IPeoGpasoBath
B BUJ
2 -1 6 5 2
B2y O exp (-8,500° / B,y )2 600° (By/e. ©.1)

Ipumep: JIns TAHEHHBIX YCKOPUTENIEH 3JIEKTPOHOB, pa0OTAIONTNX HA YACTOTE
f =3 I'T'u, MmakcuMaibHas HAPSDKEHHOCTD AIIEKTPUIECKOTO IOJIS TI0

kputeputo Kummmarpuka coctasisietr npuMmepHo E =44 MB/m

Orot kputepuil ObUT MOAOOpPaH HA OCHOBE SKCICPUMCHTAIBHBIX JaHHBIX. Oj-
HAKO B IMOCJCIHEE BPEMs MOSBHWICA Pl IMyOJIHKALU, B KOTOPBIX OTMEYACTCS,
YTO MpPH THIATEIEHOW 00pabOTKE MOBEPXHOCTU ANIEKTPOAOB yIAIOCH MONYYHTh
HAIPSHKEHHOCTh £y , CYHIECTBEHHO MPEBBINIAOIIYI0 KpuTepuil KunmmaTpuka.
Hampumep, B TOM e JECSITUCAHTHMETPOBOM JMala3oHe BOJH ObLia MOJIydeHa
HaIpsDKEHHOCTh yeKopsitoriero moist ~ 100 MB/m

Bropu4Ho-3/1eKTPOHHBII pe30HaHCHBIH pa3psan (BOPP)

BTopudHO-31eKTpOHHBINH pe30oHaHCHBIA pa3psin (BOPP), wmm mymbTumakTop-
HBIH, TIPEJCTaBIIsET co00H crierubuiecknii BU-pa3psia, He UMEIOIHiA aHaJIOTOB
TIPH MIOCTOSTHHOM M UMITYJIbCHOM HamnpspkeHusX. Mexanuzm BOPP crienyromuii:
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OJICKTPOHBI, BBIIICAINUEC U3 DJICKTPOAA, KOT'Ja OH ABJIACTCA KaTOAOM, YCKOPSIOT-
Cs BBICOKOYACTOTHBIM HAMNpPAXKCHUCM H, IOIaJgast Ha HpOTPIBOHOHO)KHLIfI 9JICK-
TPOA, BbI3bIBAIOT BTOPUYHYIO SMHUCCHIO. Ecimmn BpEMs IIPOJICTA MCPBUIHBIX DJICK-
TPOHOB OJIM3KO K JUINTCIIBHOCTH 1:000r0 HEUETHOI'O YhCia MOJYTICpruoa0B BUY-
Haps?KEHUA (an —l), TO BTOPUYHBIC DJICKTPOHBI, BBLIJICTAA U3 BTOPOTO DJICK-

Tpoza, KOTOPBIH K 3TOMY BPEMEHH CTAHET KAaTOJOM, TAK)K€ YCKOPATCS U BBI30O-
BYT BTOPHYHYIO 3JICKTPOHHYIO 3MHCCHIO YK€ W3 TEpBOrO 3leKTpona. Umcio
n, =123... HaspiBaercs Monoit BOPP. Ilpu xospduimenre BropudHoii smuc-
cun K5 >1 Taxoil B3auMHbIM OOMEH 3JIE€KTpOHAMU (KOTOpBI M Ha3bIBaeTCs
BOPP) npuBeneT k MOSBICHUIO TOKa MEXAY AJIEKTpoaaMu. Pa3psim MOXeT cy-
IIECTBOBATH, €CJIM KOHEYHAsi CKOPOCTh 3JIEKTPOHA V; HAXOAUTCS BHYTPU HEKO-
TOPOTO JMana3oHa CKOPOCTEH Vi =V, , rae koddounment K, >1. Dnepruto
JIEKTPOHA, KOTA €r0 CKOPOCTh PaBHA Vj, WIH V;,, IPUHITO Ha3bIBaTh COOT-
BETCTBEHHO IIEPBBIM M BTOPBIM KPUTHYECKUMH noTeHuuanamu eU,, u elU,,.

J1s1 GONBIIMHCTBA UCIIONB3YEMbIX MAaTEPHAIIOB, HE TTOABEPTaBIINXCS CICIHAIb-
Ho#t o6pabotke, eU,; =20+503B u eU,, =1500+10000 >B.

VYpaBHeHHE IBMKEHUS 3apsKeHHOHM yacTuibl B BU-none umeer Bujg

mi = eE gy sin(w? +¢,). (9.2)
OTKy/1a CKOPOCTb M PACCTOSHHE OMPEIEIISIOTCS BHIPAKEHISIMA
E
v(t) = v, +ei|:ﬁcos¢0—cos (wr +¢0)], (9.3)
m@

x(t) = vyt +% Eﬁwt [¢os¢ ,—sin (wt +¢ 0)] ,

rae Vv,— HadaJbHAs CKOPOCTb YacTHIbI, ¢, — ¢aza BU-HanpsokeHHS B MOMEHT
Hayasia ABIDKEHUS YacTulpbl. McXoAs U3 TOro, 4To BpeMms MpoJieTa dJIEKTPOHA
MEXAY DJIEKTPOJaMHU JOJDKHO COCTaBISITh HEUETHOE YHUCIO Moiynepronos BY-
HampsDKEHUsS,, MOXKHO 3alMcaTh ypaBHEHUs, ONpPENENSIONne HanpsKeHHOCTh
Epy ¥ CKOPOCTb 3JIEKTPOHA MPU COYJAPCHUH C MPOTHBOIOJIOXKHBIM 3IICKTPO-

AOM V. , [IpPU PACCTOSIHUU MCXKAY JJICKTPOAaAMH S:

5= (en, 1)
By =S TR IO e e 9.4
e 7'[(2np —l)cos ¢, +2sing, mw
PeayibHble HauyalbHBIE SHEPIHM BTOPUYHBIX JJICKTPOHOB HMEIOT IIMPOKHIL
CHIEKTP - OT HyIs [0 SHEPTHU IIEePBUYHBIX DIEKTPOHOB. B sneMeHTapHO# Teo-
puM IS YOPOLIGHHS [PHHATO I[IOCTOSIHCTBO  OTHOIUCHMS  HA4YaJlbHOM

CKOPOCTH 3JIEKTPOHA K KOHe4HOH (v /v, =k, =const). Torna ypaBHeHus
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MOXXHO NIEPEIMCATh KaK

Epy ="’ G u v, =ws °°sk¢° G, (9.5)
e v
-1

+k . O
rne G= aan - I)D'TEI}—k" [dos ¢, +2sin ¢, — xodpduuuenr, 3aBucs-
O Ty O

mui oT ¢, . Kak nokassiBaroT mpoBeJCHHBIC UCCICAOBAHUS, Jy4Ilee COBMaje-
HHE C pe3yJbTaTaMH 3KCIEPHUMEHTOB maeT 3HaueHue k, =0,1+0,25. 3aBucu-
MOCTh G( 0) HEMOHOTOHHA, ¥ IPH HEKOTOPOM 3HadeHHu @, = ¢, koddduu-

edT G MHMHHMaJeH. DTOMY MHHHUMYMY U COOTBETCTBYET MUHHMAJIbHOE 3HAUe-
HUe Epy , IpU KOTOPOM MOXKET BO3HHKHYTh MYJIBTUIAKTOPHBIM paspsna. i

k, =025 ¢ =21° u ¢, =7,3° 15 n,, =1 u n, =2 COOTBETCTBEHHO.

IIpu yBenu4eHNU HANPSHKEHHOCTH E gy CBEPX MUHMMANBHOW paspsn HE Ipe-
KpalmaeTcs, a OOMEH 3JCKTPOHAMH MPOUCXOJUT IPU MEHBIIUX YIJIaX BbLIC-
Ta$,. MuHUMaNbEHOE 3HAYCHUE (), U, CICHOBATENLHO, MAKCUMAIbHOE HAIpS-
KCHHE, TIPU KOTOPOM MOJKET CYIIECTBOBATH Pa3psijl, ONMPEAEICTCS YCIOBHEM:
BBIJICTCBIIMH 3JIEKTPOH HE BO3BpaIIaeTcs Ha TOT ke anekrpon. IIpm k, =0,25

MHUHHUMAJILHBINA YTOJI = —-53° . [ToaTOMY pa3psi MOXKET CYILIECTBOBATH TOJb-
02

KO B OrPaHHYCHHOMN CBEPXY W CHHU3Y 00IacTd 3HAa4CHUH yrioB @, + @, . [Ipu-

YeM IMOYTH BO BCEH yKa3zaHHOW 00NacTh yriioB paspsii YCTOWYMB, T. €. HUMEIOTCS
ycnoBust (pa30Boil HOKYCHPOBKH, OOECICUMBAIOIINE CTAOWIBHOCTE (Da3bl BBLIC-
Ta 2eKTpoHa @ . Tak xak kod(uIueHT BropudHoi smuccun K, >1 ToIbKO

B OIIPEACIICHHOM HHTEpPBAJIC KOHEYHBIX CKOPOCTEHl 3JIEKTpOHOB Vv, , To BOPP

BO3MOXXEH JIMIIb B OrpaHMYECHHOI 00nacTy 3Ha4yeHWi npomsBeneHus w3, u
CYIIECTBYET 3HAUEHUE ATOTO MPOU3BENEHHs, HIbke KoToporo BOPP He mpowc-
xomut. Ha pucynke 9.1 mokaszanel obnactu cymiectBoBanus BOPP mpu
k, =025 u n,=1wu n, =2, nyakTup — pe3yibraThl SKcrepumenta. Ha stom

K€ PUCYHKE YXKe BHHO, YTO paspsijibl ¢ Gosiee BEICOKOH MOJIOH 1, UMEKOT Goiee

y3KHe 00JIaCTH CYIIECTBOBAHUSL.
Ipumep: Cepenuna nepBoii 30861 BOPP nipu # =1 cooTBeTCTBYeT TpUMEpPHO

sHauenuto f [§=0,3 003 MIuldv u U =10° B. Ilpu paGoueit
gacrore f =3 I'Tm momy4mm, 9ro Hambojee OMAcCHBIMH Ha 3TOH

4acTOTe ABIAIOTCS 3a30psl ¢ s =0,1 cM = | MM 1 HAIPSHKEHHOCTSIMA
anekrpudeckux mojeir E =10 xB/cM, uyTO B TpH pa3a Hmxe mpe-
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JeTbHOM HATIPSKEHHOCTH SJIEKTPHYECKOTO OIS B CYXOM BO3IyXE
— 30 xkB/cm.
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Puc. 9.1. IlepBas u BTOpast obnactu cymectBoBanust BOPP

KospduumeHT nepeHanpsizkeHHOCTH MOJIS

Bo3HnkHOBEHHE BHICOKOBOJIBTHBIX Pa3psAaoB 1 BU-mpobGoeB B 0UeHb CHIIBHOMN
CTEIICHHU 3aBUCUT OT COCTOSIHUSI TIOBEPXHOCTH (HalIW4Wsi MHKPOOCTPUI M MX
pasmepa), a TakXKe TOJIIMHBI U COCTaBa AMAJIEKTPUYECKUX IICHOK Ha MOBEpPX-

HOCTH. DJIEKTpHYECKoe 1oje Ha Mukpooctpusix — B [Eg, rne E¢ — anexrpuue-

CKOE I0JIe Ha MOBEPXHOCTH, 3 B — KOIDOHUIMEHT YBEIHYCHHUs ICHCTBYIOIICH
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JIOKaIBHON HANpsDKEHHOCTH moys. B cBoto ouepens B = B, [B,, roe koaddu-
mueHT fB; =2+4 onpenenseTrcs CaMHMU MHKPOHEPOBHOCTSIMH Ha ITOBEPXHO-
cry, a 3, =10+ 20 u 3aBUCHT OT AUIIEKTPUUCCKHX IUICHOK HA IIOBEPXHOCTH.

OnHako MOMUMO 3TUX YUCTO TEXHOJIOTMUYECKUX MPUYUH CaMO MaKCHUMAaJbHOE
3JIEKTPUYECKOE TIOJIE B YCKOPSIOIIEH CTPYKType Eg -~ 3aBHCUT OT BHIODaHHOM

TEOMETPUH CTPYKTYPHL. B pE30HATOPHBIX YCKOpUTENIX ¢ TpyOkamu apelida
HANpPsDKEHHOCTh 3JIEKTPUYIECKOTO TOJII MAaKCHMaJlbHa Ha MOBEPXHOCTH TPYOOK
npeiipa. Hanbonee Bennka oHa Ha nepudepHiHBIX Y4acTKaX TOPLEBBIX IO-
BEpXHOCTeH TpyOOK apelida M CHIBHO 3aBUCHT OT PaJyCcOB 3aKpyIJICHUS U
OTHOIICHHS JUIMHBI YCKOPSIOLIETO 3a30pa K AuaMeTpy TpyOku npeiida. 3aBucu-
MOCTb MaKCHMaJIbHOW HaNpsDKEHHOCTH MOJIS Ha IOBEPXHOCTH TpyOOK apelida
Eg . OT OTHOWIEHHS 2b/d TIpW pasivu4HbBIX pajdycax 3aKpyrJeHHH MoKa3aHa

Ha pucyHKe 9.2.

-~

0.15
02 —+ = 005 .

| | |
I I
0 1 2 3 2b/d

Puc. 9.2. 3aBHCHMOCTh MAaKCUMAIILHOW HATIPSDKEHHOCTH TIOJIS
Ha MIOBEPXHOCTH TPYOOK npetida Eg . (2b/d)

Buano, uto npu 6osbiunx 3Ha4eHUAX 2b/d HaNpsHKEHHOCTH IMOJISI HA TIOBEPX-
HOCTH B 2—3 pasa MPEeBbILIAECT CPEHIOI0 HANPSIKEHHOCT MO B 3a30pe £, na-
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)K€ Tpu OONBIIMX pajguycax 3akpyrieHuid. B obmactm Maiblx  3a30poB
Eg .« B OCHOBHOM 3aBHCHT OT OTHOIEHHs R/b, ocobenno npu R <0,50b.

B BOIHOBOJIHBIX YCKOPHUTENAX YCKOPEHHE 3apsKEHHBIX YaCTUIL] IPOUCXOAUT B
nosne oxHOHM paboueill mpocTpaHCTBeHHOH rapmonuku £, . Kosddunuentom

MEPCHANPSHKEHHOCTH OIS k;; HA3bIBAIOT OTHOLICHHWE MAaKCHMAJIbHOTO 3JIEK-
TPUUYECKOr0 IO B yCKOpAWEeH cTpykrype FEg... K aMiuuryae paboueit
IIPOCTPAHCTBEHHON TapMOHMKH dJEeKTpHdYeckoro mois E . EcrecTBeHHO, 3TO

OIpe/ieNieHNe OTHOCUTCS M K PE30HATOPHBIM YCKOPHUTENAM, TaK KaK Ioje CTos-
9eif BONHBI BCETAa MOXHO IPEJNCTABUTh KaK CyMMY IBYX BOIH, PacmlpocTpa-
HSIOIIUXCST HABCTPEUy APYT APYTY, a 3apsHKCHHAS YACTHIIA YCKOPSETCS TONBKO
crH(pa3HOH BOJHOM.

Panee, mpu paccMOTPEHHH KpYIJIOro AHadparMHPOBAHHOTO BOJTHOBOJAA C
MaJIbIM OTBEPCTHEM CBSA3H, TIPEAIIOIATaN0Ch, YTO MEKTPHIECKOE MONIE B 3a30pe
E, TIOCTOSHHO W HE 3aBHCHUT OT pajyca B Mpefenax oTBepCTus cBsi3u. Bo Bcem
K€ PE30HATOpE DIEKTPUUECKOE I0JIe paclpesiesieHo Mo paauycy kak B Egjg -
pe3oHarope, T. €. Kak ¢yHkuus beccens £, (r) =E, U, Q/(ﬁr/ b). B Takom mpu-
ommxennmn Eg, . = E,. Jlng Takoro mois, Kak ObIIO MOKa3aHO paHee, Kodd-
(GUIMEHT nepeHanpsKEHHOCTH €CTh

k _ESmax _i__ 6/2 =1.2
T E, E, siniG/ng =2m/3 '

Ha camoM nene nake mpu MajoM OTBEPCTUM CBSI3M H3-3a HAIMYMS Paanyca
3aKpyIJIEHHs OTBEpCTHs IuadparMbl MaKCUMaJbHOE MOJE€ Ha 3aKpyrJICHUH
OoJibllle, YeM Ha OCH CTPYKTYpbI. 3aBUCUMOCTH BEIWYMH Koddduimenra nepe-
HAIpsHKEHHOCTH mons k;; B KpyrioM JuadparmupoBaHHoM BosHOBoze (KJIB)
OT OTHOCHUTEIHHOW BEIMYHMHBI paguyca OTBEpCTHS B auadparme a/b mis Bu-
0B KonebGaHmit 71/2 m  27T/3 1pH OTHOCHTENBHOW TOJIIMHE AuadparMsl
t/A=0,038 up, =1 npuseaens! Ha pucynke 9.3. JUist NPUBEACHHBIX 3aBUCH-

MocTell oTBepcTHe B AuadparMe 3akpyriieHo paauycom R =¢/2. Uro kacaercs
3aBucuMocTd kj; ot t/A, To mist KJIB ¢ Bumamu konebanuit 71/2 u 271/3
OHa MMeeT MUHUMYM B obmactu ¢/ A ot 0,07 mo 0,09.

B yckopsitomeit ctpykrype s dopumxexropa BOIIII-5
(f=2856 MTI', ¢t/A =0,057, a/b=0,306, 8 =271/3) npo-
BeJlEHHAs ONTUMU3alUsA Kod(h(UIIMEHTa TepeHanpsHKEHHO-
CTH TIOKa3aja, 4TO k; MOXHO CHAenaTh paBHbIM 1,7, ecnn

W////////////////A

3aKpyrieHue uMeer (HopMy IIUIUICA C COOTHOUIEHHEM OCei
1:2 (cMm. puc.)
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Ky 0=27/3

7r/2

020 025 030 035 040 a/b

Puc. 9.3. 3aBucuMocCTs BeTMIMHBI KOO PUIIMEHTA IEPEHANIPKEHHOCTH K
B KJIB s BugoB Kosebanuit @ =711/2 u 6 =211/ 3

B 3axmodyeHne mpuBeneM aMEpUKAaHCKHE M aHTJIHMHACKHE OyKBEeHHBIE 0003Ha-
yeHus Ui nuana3oHoB CBY, mcmosnp3yemble B JMTepaType Kak JJsl BOJHOBO-
JIOB, TaK | JJIS1 YCKOPSIOMIUX CTPYKTYP.

Awm. Anrn. | JIlmamazon wacrot, [Ty Jnamazon ajnuH
BOJIH, CM

P P 0,225 - 0,39 133,50 — 76,90
Lp-Lz L 0,390 — 1,55 76,90 — 19,30
Se-Sh S 1,550 — 3,90 19,30 - 7,69
C C 3,900 — 6,20 7,69 — 4,84
Xd-Xk X 6,200 — 10,90 4,84 — 2,75
Kp-Ku J 10,900 — 17,25 2,75- 1,74
Kt-Kl K 17,250 — 33,00 1,74 - 0091
Ka-Qe Q 33,000 — 46,00 0,91 — 0,65
Va-Ve \% 46,000 — 56,00 0,65- 0,54
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