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TEnEnt,H I). H. HsrpysKs nyqKOM YCKOpJU0DtHX pesoHsToPOB H onTHMHsaQHft 

pezHMoB PS60Tbi Bq - reHepaTopoB: flpenpHHT X~TH 92-28. XapbKoB: X~TM, 

1992. - 11 c. 

B paMKsx ·MeToAs3KBH~SJIeHTHb;lx cxeM PSCCMOTpeHbI 3q,q,eKTbI Hsrpys

f~H nyqKOM YCKOpftWDtHX peSOHSTOPOB B CTSQHOHapHOM H nepeXOAHOM peZH~ 

Max. flOKaSSHO, qTO B CJIyqse HaKOnHTeJIft-pSCTftKHTeJIft (HP) QeJIeco06pss

HO HcnOJIbSOBaTb paCCOrJISCOBSHHblA peKHM pa60TbI Bq-reHepSTopOB 

C onTHMHSHPOBSHHblMH SHSqeHHftMH K03q,q,HQHeHTS CBftSH 8 H yrJIa psc

CTpoAKH v. flepexOAHwe 3q,q,eKTw, BOSHHKawDtHe npH HHKeKQHH HHTeHCHB

Horo crpynnHpoBSHHoro nyqKa B HP, MorYT 6WTb B SHaqHTeJIbHOA CTeneHH 

cKoMneHCHpoBSHbi BBeAeHHeM nporpsMMHpoBsHHoro CKSqKa q,ssw CHrHaJIS 

Bq-Bos6YKAeHHft. 

PHC. 6, cnHCOK JIHT. - 5 HaSB~ 

steady-state and transien~ beam loading of aooelerating 
cavities is treated using the s~ple equivalent ~irouit model. It 
is shown that mismatohed o?eration of RF-generators with optimal 
values of the ooupling faotor ~ and the oavity tuning angle ~ is 
preferable for a pulse stretoher ring. Transient beam loading 
effeots ,arising at injeotion of a high-intensity bunohed beam into 
an empty ring. oan be essentially reduoed by applying the 
synthesized oorreotion to the RF-drive signal ("phase jump" 
teolmique) . 

6 figs., 5 refs. 

npOCHM H3BHHHTb sa HH3Koe KaqeCTBO neqaTH. Bbl3BaHHoe Aeq,HQHToM 

lIoJII1I'nacflHqeCKHX MaTepHaJIOB. 

© XaphKOBCKI1H cflH3HKo,-TexHHlwcKHA I1lH'THTYT (XIllTH). 1nH:2. 



!ba RP-QlSt.. o~ 1Ih:- pil.ael'ltrettahf:tr·amt 8i:0J:II\P r:t.ug. (PS8R) 

wbioIl 18 UIlCIer desip at ~v [11 h8.s to 1IUPPOr't tba neoelSBa:..T 
eaoel8l"Stmc '1'01...· parameters. 1u 41.Uerent opm...t1a1 DJdss. 4t 
adn1-1 .potter 1Dput,s•.Aaoo~ to ~ these ~m tb.e baltiodati. of the Rl-ept_ ia ouUinad aDd various opetr'lltion 

CCDU.tioDa bJr ~pa"'" ...-ratora aw· oomd.4.eZ0e4.. Pt:tr tho maohir..e_tit a Jdch oircul.atiDC beam ~t, &mob. asllBSR is.. beMa loa.m.ng 
of' .. ~o.ler&t1:ng canti_ has ., be taken :iDto aaoo'UJ'1~.. B!JIIIll 
loa.d.i,ag dfeou·oa be treatef1 far tim baaic oatI88:: 

-et8a4r-e-•. b-. 1.0-.,.".. 
-trmDsi-..:t· 11_ loaM,.. . 
1!le. f01"lDer is .vaU4 for raut1De 15torer,g. l"f.Da operatiOl'1 ,..ad.was 

treated b:- IDB%lJ' authore (see ret. (21) • The latteroue oonoel'Dl! 
Q'nohrotron and. pu.l8e l!I~toher operation. In o~ Ol!U5e t.ransie.u'!; 

beam load:L."'lg' takes place at Weotion o~ a high. ou.rrent eleotrorl 
be.. :rom. the linao. into the empt:r rill3. wnen. oiruu.lating beam 

ourrent rapidl7 increases ~ zero. to :its peak value.. 
In the present paper both estea~8tate and tJ."I!P'lSient beam 

load.l.ng of. the PSSR aooelerating oari.ties'are considered llSi1':.g th~ 

Bimp~e equivalent oircuit model.. Cla:iJDs on feedback lCO;U5 
ooat:rolli.ng RP-vo! tags parameters are put to.1'"W81"d in ord.e:!" to 

ensure the et~eotive operation of h.i8h.PQWer HP-ampli.tiers. 

http:ooat:rolli.ng
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~'a oavit7Wit.h:..~ unloilded Q-value "'o.8Ild .the tIbunt 
~__ It lowied with a bU:nOhed be6Dt with average OUl"rfmt t. In 

t.~~'icW.t.:t~ "Z the r.eeor:aauoe tre~wotne oav-.lV with a hi&h 
~t'L..;..- ~, be subStituted. b7 :lhe parallel BLC-oirauit. !!he 
f:'qw.'ftilerLt Qi::couit oC the. oaviq, cO'*'*Pled ~ the trmusmialSioD 
t:taa w:l"UloutlOll8_ .to the our.\."Iftlt pnsra;ar I • 88 fSStIZ1 ,'.trcm theg 
e.onelJ!t1'le1d.tts "'1< ,1s,presented in 'fig .. ,t. L"'lieraoi:ion between .the 
tnDclill-Baicm line and. the oarit7 .is defined by the· ooupling 

ooet'f1~t ~o~t. where Qut is the aternal Q-Talue. ~e 
l0att.ie4 ~~ ",\Us related., W fJ aDd Q b7 the ezpresaion:o 

~ -~/(1 + fJ) (1 ) 

De ~l.a't1ri.!1tiobUD.ohed baIIl'is ~nted j.n the oirCuit with 
. the c..ul'!l"atrpmtt-"£:tor I·o-~a:p(i4»8) <Ib-theOOll1pollent ot the beam 
om."'l"8Dtat. the 1~~tal. ,tNqtt.enoj':, for point~like bunohea Ib~I; 

CVa-ttuJ ~~, o1t. tlt.e buIloh), sw1tchArtd parallel. to the 
8Od31eratia8 .. pp. 

:.i::hephuor ~ f..~ the a.co&?.erat:fDg 38P voltap cd 
'~~t :lsp:eeamted i:nfjg.2.Prom'the an~l~ie ot ~ equivalent 

~t· (tlg.1 ). arut the· llhMor diagt"811 Wilson has derived the 

:tQJ.1~, ....tda3B fqrvoltap, 00IDP0ZIJI'flt$ Vg and Vb12] : 

z 



y-. -Zcp..,1I2aoata1t1 + tn (2) 

. Yb • D CJOIJ$I(1 + "). . tJ) 
....... ':In. i. tbe· _n:tv· ·ixqn&t. :~.~~ tile aooeleratiDc gap 
Y01tace V • and • is ~ oavitJ'· tl.miJiC.. 'ar.tcle. ~ined b7 timo
fo11ow:f:ac ~~ . 

~. • -~(1 + fl),z(~ - caJo)!caJo ··~c1ralIttlo. (4) 
cab_iDe the generator f1"e~. from tb.e'~i8 01'· the phUor 

~ .the· reIatieD .tQll.oWll-: . 

V ; {1+1J-,2 IJl 2 . IR . ]2 
Pin- -dP ([1+ 'o(1+Pl co~sJ + ttaJaP+ 'e('+p) a~ } (5)·· 

IIotation ·is. c!e1'1De4 i;n t.be oaptionof tic..2. Re~-tion' ~5) 
deeoribespnerator peri01".aOe·ill the .~ ~ ous. i.e.. 
UDder 1d...:tobe4 armdi\iona aDd 'tor an.~tr.al7 t1.Jl1ixJ8 angle .p. ~ 

-t;.. 

. "-ia. 
P402. ft. ~.. .u...- _1 aooelera1lq -8I'P !IIJZoreDtS IQIl!, 

vo1taps (et~ state 1,eat4 load:i.Dg).~ .1lOtatioD. 18: 

!a(.:.) - the pD81"I&.tor '1'01tap.. (oU:ftIrlL};. .' 
vt;(""b) - i:be beaur-iDtuoed. vo1tap (~t); •.'0 - the total aavitJ" vol~..; 
<Ps - the a~ burmh. phase; 


~ - the.oavi:b7 ~. aDgle (the pb.aaetmgle betweenI ~d
g
Vg or between !b aDd. Vb); _ . 

'ft - the beam loadirJg angle (the· pbase.. aa&Lebetwaea. Ig SDd. 

-It,> 

l 
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.a.~" ad:;fustumi cof parameters p·..etld. oae 081l. set the relation 
he~' the ~power.aDd. ,the beam ou.r1"ellt. ". 
.(In RP-BPter.us. of' eleotn:mstorace 1"iDge the 001.'q;)l.ing ta..ltor p 
if; uaua~' a:hosem ISO as to enaure mat.oh.ing between a pne%'&tar' aud. 

aoa~it,- ~. a JlOIIdnal beam au:rT'el1t Io'" Por 1"16 we haTe: 
. . . . !lin- Po ... Po 	 (6&) 

Po=' IoVoooa$s 	 (6b) 

po· V 2/R'" 	 (60)o 
P- (Po+:fo'~o- 1+ ~:Jl' ~slYo (1) 

fJ - 1 
t~~. -~.~. (8) 

tJairrg(t), 	lM oem.rewrite relation (5) i.n the tollowiDg t~: 
Fin ,~~1. fl+1. . I 2 fS+1 . I 2 
1"0 =: r [Ff ! II) 1-+ fp t8lq + Yot~~J } (9) 

Sat.1d.l1g cp .is made b:r one. ot the tw~ followi:ns W87S: 
1 .. T.he itu:1ing.et.ogle c() i.e .adjuated aooord..ing to (8) and is 

ti:red.. F~ation (9) .tu:r:1m itito 

P:in . f)-1 6-:-1 12 I 2 
Ii ,. r-c her + r J + t~I!I(Y -1] } 	 (10)o 4P - ~- C . 0 

2 ..!the rel5Ol'la~oe t.1:'eqt.Umo:r ot a. or:viV :Us cbanged. 

IQnoln.~t.\Bll' wi.th beam O1Jr'.t"e1lt. variations 130 aa to comPensate the 

l"Mt.'O~:ive beam loadlng oOJDp'.)nent .. ln this oaae~ ezpl."eeeion (9) tis 

'PiL ~'~1 t1+1'" I ? 

~o ,= W r 'jr-l"+ Yo]' (11) 


1m' PinlPa 	values 'P...rsuB current lo&d.I11 ca~OUlated tor PSSRo 0deaigE.'t ~t:ers 'in. the pul.se· 8·~tOh:i.tlf:; mode (E =3 .. 0 Gel', <1'8=72 ,1o 
I ='(), i 4 .A) i.ore preaetlted in fig.).. Shunt imped,ance ot tha o
8'J('tela"C"&ti.ng carita was taken 22 MD. The tiguIoe olJD be .treated in 
tile: .1'o1low:ir.g WlI¥. 

!ftla ~tor 15 ma.tohed"to a load ~or a peak beam ourrent 
I'8Io irQso'ted. mtn the-r:i~ (ri8ht emi:-point in the· tigure). During 

£.1o" bee utract:lon aoiNul.at~ beam Qurl"'ent decrease8 down to 
Sftl'O "(m tbft f:tgu...-e - b~ rigllt t.., lett). :P.orSUJ?portiIlg V0= oonst 
a ~ iQ- input . :pcwer" has to be eb.&ng9d aooord.1.ng to ~ 
.4e'~fl:i;e15 "X'eSen:,ed with G:t'08aes (fixed ql)or x·s (reaotive beam· 

!oat'L~ oam:penf"at.ior.). It if; O'l.ea.:r.l7seE'n· that in the t:i.rzt oase 

( 

http:aooord.1.ng
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a. 0.. 0.4 . • O. 1." 

. . :ric-3. C&viV input power versuKIf,eam cnu."!NIlt ( 1 • Q.14 .... ...Ji20 ~~ 0
P .r21.6 kW)._ Ifotation:+ - matahe4 apuatioa (at l-x.z), DOo
compenaa.tion;- ~tched. operation wi:th ftaOti_ ..... 

loaclinc oompensation; J; - 1II1srIatabed. OperaUOD: with "opt and 
.opt ("*":1.1 . peak poIfttr rep.).'..,. . 

tile power. supplied. to tile cari.t7 at the eDIl ~ extraction (..,..,., 
1IiJIrAatab.) is eaaential17· hi&ber thantbat :in tbeeseccmc1 CJ&Be. In 

ad.d.itiOl'1 to 1t Pin(1-0) > Pin(1-10 ) .' so 1t impoeelS I'.IlOrft a'Cri:npnt 
l1m1ta 911 tbestored. be.. current and reqt.Q.res 1noorporatiarl· ot 
b1p. power oiroulatorts in the Rr-power ~BBjOZl ll:ae. 

!he ~ stat- for the PSSR 8OaeleratirJcoa'ritie& with 
.aabanioal tuners provides thft· reaoti'9'e beam load.iJJg OCIIlpeDISat1cn 

0Dl7 fot:' long-ticae beam O'U1'T'ent 9'8riatioDs and oavi-q tempera'tllur'e 

drifts•. so it is reuonabla to op·timize RP-gen.erator operation 
uatDc tbe basic relation (5) .. ·!!b.e ~ optimization :NquirelDeDt is 
i;o deoz.alll 

. 
to ainilllUJD the peaIt value of oavit71Dput 

.
power. 

_~"o~t. 4ur:lxIg. extraottou. ..t is reaJ..ised UDder ibe 

c:qacU tlon:: . 
,5 



• ,P1u(!.~) - 7?1u(I-ll.a~) , , (12.) 

!tu..'~'~" ·to.,ther with the _in requ:f;rerdent8i,vee the 
:Olllu.~.. 'op~iaal ,TU~f'opt ~ 'fJopt: 

. 	"oPta{[~t.(2'f(l!-~8}2+a:f112~S}2 (1~) 

tept~~~t2Vc (1:"'), s:bXbSl+cotlPS) (14) 

'fbtt,' f21pu.t, !JO'Ml" &~~,cl(1~o7tor miBmai:4lhed oper.ation 
~fiilll iMopt.iIIal ",~",ia e;l.,~o $hown :In fig.. 3. !t is evident that 
'~a OJ.Jet.Hem regime l."eq;u.ire~ li)Wer p~~ power levels than 

operation witit, liDd ar. t.ko_t~'poiut I.Ima.~. 

" !1M s:i:amatohed. OPe1't1on ·.nth "opt and tJ>opt has the additional 
~;rlIlgB: ~t dDce' not requ.i.r.e ~i.ng an input,PO.,er by a ~ 
at :\njsot10!1. It abould ,be alJIo' note<l ~t the caviq tunirlg loop 
ia'~l~ .~~ DIOde hu ie',," insensitive .to periodio 

~ :in rMUl, !oa4ine

A~ izQeotiDn .o:t: It buD.cihed. bea'D,mto 'all emp'b' r...l'lg. in higb.-Q 

:rr-cari.t.1.e,8, osoillatione o~ the 'cavity voltage occur. the d2.mpirC' 

time: CJZ widoh: is ,proportional to' a loaded crvalue ot the 
~~,k7" I!QlStfllSl. !hilt ~&d. "transient beaIa load.iDg" III18t 
b,a .Qraperl.,. treated u.d. ~.e' cavity V'ol..tage 'variat3.omi IlIWSt be • 

~ in Ol.~ to. avoid ~1oant etteots on 'the beam.. 'f.be' 

m'JI,\l.J'tr.i.sool' ~ieD-t:. bualload.Ulg'an4· ite'posB~ble C1iI:l"'85 with tbe 
taa~' ~~ecImoloe:r in· proton o~ar acoeleratoR L'""'O g:l.YiIIl 

;31' :Ndt.l.~ [J'W'41., . 
~,' t!JaV3asien';; ..Ngime. of,1& oaviV'a:f; ~~iOQ. ws1"ng 

~. ~:i"9al&m.t o.irauito~ ,f1g.~.. ~ pb.aser ,~ :in .tig..4 
repre.aa+. tho oirou.:1t. beba:riar at . i.r:tJection. ~ starting 
o.ciUation' ..U~''''80.oazl l)4Iobta:imH11'roQl.tbe oon4iti01'l' that 

, In'tia" i;b.v ?eotlJr'. "a:(u). Wh:iah represents the iDatant 

~''''Y.:U:~ aamot Q1uU:lp ,izmtaat~\J'" i.e. ~teJ..lr atter 
1iI;j.o:t-~ ...~: 

" V.s"'''~+ 'iw~y&+ .b~} 'so:' . (15) 

'IJ'Ill.w!: 
,~ tB;·'. QavUlatiillt ·UlP1..imde ,at' the· momeat· t •. ie dacreaa3Dg 

http:repre.aa


~t:lallTlfi. the'time OOIUJUmt·';oan4'lII.~·~ . 
".(t)·l'lJDexp(-t/1:o) ap(:t(it+8'tHIJ '. (1~) 

"Co- 2G:t/..o. . '. (tT) 

and the phaSe 8II18~e M de;ttmds QD'tO ·at14 ,t119 ~iF~ aosJ.e ... ' " 
'M- CtiJ. t.- 'tit"., t.-t ,(18) 

!!le, i.mstant gap voltage 'r(t) ,1Ia de~,..,." I 

'. 'r(t)';' '0+ '11ft ) "', , (19) 
The, above ~or.mul.as dan tae ..~,d ,to the ceae of ho-t'Uftl 

injeotion. !Phe OOI"re8pOnd.ing ~l'1!8'1i~~ ,re civen .in A.ppea4:ix. 

Uaing this 6p,p.l"'OaOU .~, .haVe~alou.la~d the gap Yoltep 
amPli tude and phase at injeoti~ ~~r . two o.Peration regimee of 

RP-gene1"&.tors: . matched (at Iar.x> ,j!IDd miarIlatoMd. with, ,,~,taD4 
q;opt. Thereeults obt&:.ned are pre.ented infig.5. ~'h1!7 ·tSbow. tbat 
for. the first regime gap 101·tage perturbatione are a IIttl. aore 
pronouno~d tbhn for the ·S8oon(.\. J'or the' delti#led. OUX""J!'1Il'1t 1-.14" A 
the amplitudedeviatio·,trom its stead7st&te .:J.ue·iII aboUt 2». 
tu phase jump~t 'injeotion amDUDU, to 56..~ 

To maintain 'r oonstant cltlring injeot:1c:m. withm the ~ild.ta 

tNrI'r..±2J and oq,B~20 us:i.Ds tee~acJt teahnolbg.,ane has to attain 
the del.q time in the f4edbaok: looPS lus thlm150 ',ms. It .... 
more practical to apP17 the' 37Q.thesized. c.orreotian '1IipL!;' to' the. 

RF-drive :system. thus 'OODlpeDl:Jating oavitJ'voltece pex'tulbat1ODB. 

i "1-4. !!be phaaor·cl:.i.agram:for the ac~ele:ratins '~' 'Wll..... 
(tremsient beamload.irJg at inject1cm).... 

·1 . 
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fig..5 ...~ .ari&tiODB·..~. the. p.p volt8jp ;parameters ~t"1njeotion 


(.Ib~.1..4.A. .. • 8-720).lfotati~;+ -.. matChed. ~ticm. 

~. operatiaa with "opt 8Dd. .'opt

!!Ut ·oaloul.a1dorm and .the. aaalpi!s iDdioat. that the· phase jump 

ill t'tI:e. "-4ri:~~.. ril~ be ·8U1:!ioient to atta::in the goal. The 

emplitude deviatiomi .dUr~ injeotion reiSUlt in a negligible ohange 
o£the·llea e.tte1'gf' spread ( ..., bY) 'llbioh is lesa than the initial
e:nar.ci: sp:l"ftd' ot: the . i!Qaated beam (±3I1eV).· The . technique ot 
introd1.JciDg a paa8e jump .at iDjeoUOIl. together'" with an ottset in 
.~.,oi .caviti.es bU.. been 'used :f:a the RP-8J"IStell1 ot the SLO 
dallptDc.ring [Sl-.n.. our 'oeae.O'D.:l¥ a phause jump is suttioient. H 

. the; ~-tohod operation with. "opt and «Popt takes place. 

http:caviti.es
http:e:nar.ci


.&. simple treatu:ent or oarlt7 beam ~a~~ far a pw.ee 
atretahar r-lIJg ir1tiaates that the miSlll8.to~ ~ for Iff-power 

pz181"ators with· optimized. 'talu.es of. the co-Qpl~ :factor' ar:ul tbe 
oavity tuni:ag axtgle is prererable .. T'ranBiant'\Jeam loading .effeots 
at injection can be ff£l'lential17 ~ by :int:rDduQtion of a pllaae 

jump into a BJI-dri.ve ed&uJ.• 

't~ 

1. V.J'.Bol~. p.r.G1aO;fkb. V.Yu..Oozi.abar et.al.. The 
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lIovoeibirstt. lIauk.a pubJ.••198T"pp.)OO-3{J2 .. 

2 .. P.B.Wil.aon. Beam loe4illg in high. enezv storage l":ing6. 
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3. D.l3ousaard... Con:t:t"ol o.f oavit1.es with hip. baa load.iDg. 

IBEE 1'ranB.on Kuol.Soi~ 1I'f'.1I&-32"lf5?19S5,pp.1852-1856. 

4~ G.G.Gurov. V..V,.:B:ataJ.ev, S..A:Xuznetaov et.a!.. ~ waveguide. 

and resonator aooelerat;.ng st.r.uoturee tor UJIK.. ~ DmP 79-53. 
0tJIiIK. Serp'llobov t 1979.4Op .. 

5. M.A..Allen. H...D.Shwa.rz,. and. P .B.WUaan.. Dalllpiug ring i&-nye

tam tor Slr::: .. :r.&EE ~honHu.ol ..Soi.,v.BS-30.N4,1983, pp .. )447··3449. 

The pbasor d..iag:raID of aooel.erating gap vol.tagea 'tor two-tum. 

injection is presented i:o. tig,.A.1. Indioes (1) and. (2) oorreJ!!PODd. to 

voltage valuee before and attar beginn:i.ng of the seoand. ~1U"ll. 

first oL all we 9b..ul find the relation be:cween V'c (1 '; and. 
V c (2) • .Prom ·the phasor d..iag:raID n find: 

V (1)2: V 2+ V (1)2 
c g b 

- 2V V (1)oo~
g b 

V (2)2= V 2+ V (2)2
o g b 

OomIidering that 

- 2V V (2)oo~
go; b 

V (2)= 2V (1)= V 
b . b b • 

.:e cOile to the relation 
9 
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t . ")1t~ -if" .ri;' (2)2+ V 2_t2'12) ( ... 1 ) 
...(S:' . (J ., C b, 

. . ...",,..:1'C 'and "'O-.;Aalau.lated uamg toraaaa (2) .. 

(l;},.. "'l2).:1a." t1:ie4 9alua. ..... engle .. can. be touad the,frOa· 

t~ ..~5.('If1: 
•• m.~1n;.(~V()(2)IV.II 1!l~[S~(4!a"')l} (2) 

rrar:b:rg·the time 1r.ri;ft"'I1&l 1ie..tore the. ~ of the aeoond 

~,0<1;<·'1)7 ,wbere ..~1' 1s iiIlerotat~Or:tporiod, tor· buzl:o~:f.n the' 
~j. ',the. iDatamt amplitud.~ Yalua c8n be culoulated trora· the 
.~tiOD..:-

. \. 

fig.A"l ... t'.b.e phasor ~~or two-tum injeotion. Kotatiorus are: 
. V~":. T~2 )~~he bm.:m ~ed .volt.age (8t.e~ state value); 

V'~1l. T!2.)_the upl.itw:la of the gap volt8&'e oscillations; 

v~~, ""'r!)-tha s'f:a.rimgoBcillation ampUtude; 

.v-~~~ 1r!2.)-the total pP vultage (.te:ad;r' Btate '9'&l..u.e); 

~tll'!2l_tlut instant '.aiwrot tile· ppvoltap .-pl!tu4e. 

, 



y(1)2 aa1'(1)2 + y(1)2 _ 21'.(1),,(1) ..~ r .-'(.13) 
. r " B o. , ...... " 

0- arudIlCV,/"!1') atDe)' '(£4) 

V(1) _ 1'(1) a:p(..-t/'t)- V..I2_(-"~ ) Us)IS 150' . Ov 0 
~ oaTi~ time oonstmt 'to and tb.B jIiture ak'11't &lJ1 am 

oaloulated 1.USing equatioim (17) and (16), ~.. .!be 

instant phase va.l.ue is' 4e1:iMd. b7 the ~: 

~1') _ 'Z-(~)-"1~ . 

1- ,. ~:i.Il[V (1)It(1 ) .•1n(~ ) 1 , (.6.1 )
1 . IS P 1. 

On the eeoond' turn (t)i1 ) '. the m..t:m.t ~ of tbe pp 
YOltap 1I$l the pDase can be obta.illed b:'CIIl. the follow:lng relationls: 

v(2)2. 1'(2)2 +,,(2)2 _ a(2) ,,(2) eG88(.) 
~ • c .0"" 

V(2) ,,(2) ...I •. _ZI dZP{(t-t" )re' ].[T(1}2+·~ ." s ISO· . 0 15 v 

_V!1) Vboos("I-M ) 1112z apr (t-t1.)/e,,] (A9)1 

6- {'C-(Hn-c....2 . "'0) 
.t.·eosm[V· (1)/1' (2).(..ot)) lA11 )

8 !IO • 2 
. (A.t2)Ot22(t-t1)/~o ~ 

12= arcsin(V" (2)lTp (2) s1J:lsl (.6.14) 

The V~1) and. 0'61 valUttS are calonJate4wsiDC f01"llll1l.as '(,A5) and 

.,.8), oorresponding'7, Putti.:Ds tat,. . 
~ ..."...1) pe.......... a.o5,92.. 


http:f01"llll1l.as


. Ipd Ha.o..a~..q Te.aerHR 

BmY3Xl UY'fIOI' YCKOPSIH x PE30tf/.roros 
• 	 OitTilMI3Al\UPEDMOB PASOT1l SQ-rEHEPA1'OeOB 

aa,.qlldpeA<"'tIl'fop D. R.. T • .aer8.· 
0ne'l'CTJt8Ha»As8 81UIycs i ... M.PalUlBIlCJItItO 

'tax",••ec1tHlI p'll.lt.U'1'JilP A..H. HaropH1uI . 


·n;;;~~t.;~·-;~a'f}' .2~:05·-..-9-2-..-I-o""p=-·'-fjl-·T--:"'S-O-X-S..... •. -S-y-M-.-.a-a-CQ4-/-16-	 .. "-1-..-O-;c-H-a-.a-e-·q. 

'(,.JI.D_·r.:"a.9~.Ytf.-~mA.·JI. 0,7. Tapa. 100. 3aKaa 295. Ilella Ip16.40 KOll. 


lfa,~sc' 3624. 
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XGIIKOBC:CJlI.'HSIIX'l-"l'f:txHHlIeCKIlIl HHC.'1"HTY'l' 
aHU08 .. ~.PIt10B.,. 111. AKueMIIQeCKall.,· 1 


