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I. BBenea•e 

~830BM9 yenOBHH yCKOp8BBR B KOnhn9BOM ~830TpOB8 onpenenR~TCH xapa~TepOM B3N9-

B9DSI '18CTOTM B 8NnllB:TYII:M yCKOpRIOIJl8ro BMCOKO'I8CTOTROrO DOnJI B Dponeece yCKopeaiiJI : 

cos¢
8
._ 

2 , .E 

ev w2 K <-d- "'), (I) 
0 

rne ev 
0 

- M8Z:CRM8nbRWII aaoop eaeprBR 38 ooopoT; 

K • t - ~--ii~--
(1- ii) {3 2 {3 - OTROCRTenbR8H CKOpoCTb '18CTIDlw; 

W - yrnOBaR qacTOT8 00p81Jl9BRSI; 

E - saepraa '18CTRnM. 

l - cpenaall no~aaaTenb MaraRTaoro nona; 

3aa'IBTenbHbiii aaTepec npencTaBnlleT s~cnepaweaTanbaoe accnenoB&HHe oonacTa ~a

aoaoll ycToii'IHBOCTH aa paanH'IHhlX STanax yez:opeaaa. Kax aanao aa ypaaaeaa11 (l), aaMe

aeaae cos¢ 8 MoJKeT oWTb ocyl!leCTBneao (up a aanaaaoM MarBRTBOM none) nyTeM aaMe

aeaaa aaaacHMOCTR OT apeMeaa 'IACTOTw Rna aMDnRTYII:M yc~opa10mero aanpSIJKeaaa. B pac-

CM8TpRB89MOM Cny'l89 38BBCBMOCTb '18CTOThl yCKOpHIOIJl9rO aanpBlK9HBH OT BpeM9HB 3811:89T-
/2/ 

CH ~pMOII nnSCTBB BapR8TOp8 , R nna B3N9B9BHH ~830BhlX ycnOBRII yc~opeHRH H900XOII:R-

MO aaueaaTb aMMRTyny ycz:opsnomero .aanpaJKeRBa. HanpsrJKeaxe '9TO" nonJKBo 1!3M8HSITbCSI 

BO Bp9M9RH no 3811:8HROMy 38KOHy, npR'I9M R3M9H9BR9 H~npRlK9RHR MOlK9T H8'1HR8TbCH B 

mo6oM woweaTe na~na ycz:opeaaa. CxeMa nporpaMMRpoBaBBSI nonJKaa o6ecne'IHB8Tb Ta~JKe 

B03MOJKBOCTb oomero nOBbiW9RRH yeKOpH101Jl9rO H8DpHJK9BBR 11:0 SO%. 

II . Byoop cnoco6a nporpaMMRpoBaBRH aMnnaTyn~o• ycz:op><JOmero aanpa>Keaaa 

Pemi!Tb aana'IY nporpaMMRpoB&BR>< aMnnRTYII:hl ycz:op11~mero aanpH>KeRRSI MOJKBO npo

me aeero nyTeM aaonaoll Monynnaa aMnnaTynw BbiCOIO'ISCTOTaoro reaepaTOpa, naTaiOmero 

ycz:opSIIOIJ!Re snez:Tponw. llpa STOM aaonay10 Monyn>IURID MOJKBo ocymecTBRTb na6o no oobl'l-
/8/ 

aoll cxeMe c noMombiO Momaoro aaonaoro MonyniiTOpa, naoo c noMOI!lbiO aBTOMonyn><naa 

acnollb3ya nm< aTOll nena MomaocTb reaepaTopaoll naMnbl, z:oTOpaSI B nepBOM cny'lae non

aocTb~ ae RCDOllb3y9TCH. 
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B D8p110M CJI}"Iae cxeMa 3Ha'IHTellbHO cnoJKB88, AOpoJK8 11 TpyAH88 B o6cny)I(JIBaHIIII. 

llrur H88 H8o6xoAIIMbl MOIIUibi8 mipoxononocBbl8 ycarurTenll, BMnym.cHble TpaBc<jlopMaTOpbl, 

AODOnHIIT8nhllb18 IICTO~.IIBJtB DBT8.11BK. 

npll aBTOaBOABOA MOAYnJDlBII (AAM) .118 IIYJK.IIbi MOW.IIbl8 yCBnHTenH II KMnynJoC.IIb18 

Tp&Bc<i>opuaTOpbi. nosb1W88TCK Knll DO Cp8B.II8.11.1110 C 8.110A.IIOA MOAYrulllB8A. 

He ocHoBa.IIIIK BbiW8K3noJK8.11BOro AnK ocunnaTOpa xonLDeBoro <Pa3oTpoBa 6blna pa3pa-

6oTaHa CX8Ma A~, pe3yn&T8Tbl pac~8Ta B xccn8AOB8.1111K xoTapoA npBBOAKTCK HIIX8. 

111. npiUDlllnllam.BAK cx8wa AAM 

AsTOaBOAHSK MOAynKnKK IIM88T xapaJtT&p aBOAIIOA MOAYnKDJrll c TOA oco68BHOCT&JO, 

'ITO MOnynKpyiOW8K MOIIUIOCTb DOAa8TC!I B D8IIb C8TJtlr naMDbl a BTOre118paTopa II" D09TOMy 0.118 

cym8CTB811BO M811bme, .-M s cny~ae aBOABOll MOAYnJDIKII. H3M811e.llll8 11anpBJK811BK 11a a110118 

n aMDbl nony~a8TCK DpR STOM 6naronapK H8nlr~IIIO APOCC8rul (L d ) B neDB aHOA8 (pRC. 1). 

npa nocTaTo~o 6on&moA KRAyJtTRBHOCTR L d TOJt I a O 3a D8pHOA WOAymlnRII OCT88TC.Il 

npaJtTB~&CJtll H8113M8HHbiM, Cy..:M8pH08 JK8 H8Dp!IJK8HR8 118 8HOA8 113M8HK8TCK DO 3aJtOHy : 

E a ~ E a 0 + E ao • 1 ao R ao ( 0 ) ' (2) 

rAe R ao ( 0) CODpOTIIBn811B8 naMDbi DOCTOK.IIHOMY TOJty1 0 - .11113)(8.11 MOAYrullliiOHHilK 

~aCTOTa • . Ecn11 Dpll STOM KOa<I><I>HilBell'!' JrCDOnb30B8IIBK naMDbl OCTaeTCK DOCTOKHHbiM, TO B3-

M8H8HB8 E a npBBOAKT x cooTB8TCTBYJOWeMy B3M&HeJriiJO aMDni!TyAbl Bblcoxo~acTOTaoro aa

npKJK&HBK B8 aHOA8 naMDbl 

u ~E(O)• u ( 0 ), (3) 
a a a 

• u ( n l!Rd 
al al 

n ), (4) 
a l 

Rd -ABHaMK'l&CJto8 conpoTBBneBB8 aaoA.Horo xoa-rypa. 

TaxHM o6pa30M, DpB AAM < I aO > - CONST' 'a I =I..,,(Ol' T.e. MOAYDKllBB AOCT!Ira&TCK 

B3M8B8HB8M <jlopMbi HUDyn&ea TOJt8. 

llna o6ecne~811BK ycnosaA AAM npx B3U8B&Illllf rny!SBBbl WOAYDKilBB ( m ) nocTau- · 

BaR COCTaBnKIOIII8K aJIOABOrO TOJt8 AODJKB8 lllll8Tio D8AaJOmlll! xapaxTep B 3aBHCBUOCTH OT. 

m 

Coxpaaeaue ~ • CONST. H a<l><l>eJtTIIBB08 113lll8B811118 COOTBOW8HHSI lal /J ao=F(O) 

DpH H3W8H8BHH <jlopMbi HMDyn&ea AOCTJrraeTCK Dpll pa6oTe OCllHnnKTOpa B CllllJoBO nepeBADp!I

JK8BBOU peJKHW8 ( ~ > l) • 

4 

IV. Aa 

. !13 paCCMOTpeBB!I 9JtBHB8D 

H9tlHOCTb MOAyD!IDHOHHOll X8p8Jt' 

38BHCHMOCTH: 

I. 

2. 

3. 

PaccMoTpBM no OTA&DbHOCTII 

1. I = f( E , E - CONST,) 
a I a 

rne 

3aBHCHMO~ D&pBOA rap> 

I=~ 
al 

I ;; (-
a) 

E' (· 

k~ 
A= (1- -cos 8 

<l> =-1-
cose • 

r 

flq 

(1 

(~ 
9 {3J a. 

S (D -fl
9

) 

('<) 
(3m n = am ( 1 - co 

S, D, fl 
9

- napaMeTpbl naMn 

<l>yHJtllHH E'(El '8 ) B AH8 
a q 

OT E ( e ' e 'e ) rne 
a q 2 

B pac'leTax nnH cny'laH A 2 



1lK8 R TJlYABee B 06ClfYlKRBaBRR. 

, RMeym.cable Tpaac<joopMaTOpbl, 

lhla YCRnBTenB R RMIIynJoCHbla 

lOA MOAyrunureA. 

aLnesoro $aaoTpoaa 6blna paapa

ll:oTOpoA npRBOAHTC11 .IIIJKa. 

lYII~RR c TOA oco6eaaocT&~, 

:"' aaroreaepaTopa R noSTOMy oaa 

laMeaemre aanpa)Karura aa aao11e 

B ~enx BBOAB (pRe. I). 

napHOA MOAYIIH~HR OCT48TCR 

aoAe R3MeaaeTCa no aa11:oay: 

(2) 

n - 811311:8.11 MOAY~Roaaaa 

II OCTBeTCsr fiOCT011RilhiM, TO B3-

~TyAbl Bblcoxo~acToTaoro aa-

(3} 

{4) 

T.e. MOAYII~.II AOCTRraeTClit 

Hbl MOAYII~ll ( m ) nOCTOlitB- · 

XBpHB:Tep B 3HBIICHMOCTII OT . 

I COOTBomeaa:g 1
01 

/1 ao=F(O) 

~Inn.srropa B CRn~ao nepeaanpa-

· 1-13 paccMoTpeaHa eB:BHBBnaaTaoA cxeMbl p11c. I cneAyaT, ~ a npoc-reAmeM cey'lae nH

aeAaocT& MOAYIIRUHOHHOA xapaB:TepHCTHII:H 6yAeT HM8Tb MeCT00 eCnR litBnB~TCJI IIR&eAabiMR 

38BRCHMOCTH: 

I 
aO 

I. I ( E ) , 
aO q 

(5) 

3. 

PaccMOTpHM no OTAan&aoCTII 3TH Bblpa;Kea11lil. 

3aBHCHMOCTh nepaoA rapMOBRII:B TOII:a OT aanplllKeBHII onpeAen.lleTClit Bblp8JKe,!111eM : 

S, D, p. -
q 

= Z' E = 2' _L u : f(m ) , 
al ( 

I ;; (__£ <1>' .) E 
a) r' a 

E' = 
A' 

(-- <!>')' 
r 

k( k 
A = ( 1- --cos e)~ ( 1--- cos 8) =A', 

p. q a p. q 

<II= _1_ 
cos e. 

e 
~-1 (1-!Jff)= 

cos e. {31 a 

k= 
u. 
ua 

r R = 
1 + R = r' + d-~a d 

q I 

"'mAn ) lm /J = am( 1-cos en·= -- ( 1-cos Eln) 
i 

n =a, g, 2, 
max 

m = 0, 1, 2, 3 ... 

napaMeTpbl naMnbl, 

(6) 

<l>yHII:IIHR 2'(8
0 

, f9q) B AHanaaoae yrnOB I20° < €J
0 

< I60°; 35° < €J .< 50° OTIIH'I88TCH 

OT E ( e . e q • e,) rAe 0 < e 2 < 30° He 6onee ~·M aa 5% H MO>KeT 6b!Th HCIIOIIh30Baaa 

B pac~eTaX AIIR cnyqag 8 2 .. 0, 
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<l>yiiJ[IIIII E' B aaBHCBIIIOCTI oT 8 • npu paa1!I'lllhlX 8., Mil 

k • 0,1; 0,15; 0,2; 0,25 npllOOA&Sa aa rpacpii.EAX p ic, 2 - 5, Ha rpacjlllltoB BIAHOI '1'1'0 

A.Jlll seJt01'0pbiX yrnoB 8.. cymec1'ByeT Tuasr ofinaC'I'h saw:esellllll E '(8 • ) ,, rA• «P:fBIIJt•• 

E' ( 0 a' 9 • . ) nepeceJtaJOTCB. B cnyqae 

HHI00 31'0 COOTB81'C1'By81' yrnaw: : 

k - 0, I, '11'0 6mral(o 1t A&IC1'BII'ntllloH:ouy alla'le-

e - 100° - 160°, 
a 

0 0 
Og•SO -50. 

ECllll np• MOAYIIIIJ1llll yrnbl 01'C&'II(I fiYAYT •aw:e.HIIn.<:H B yE&Saiilow: Aianaaon, nw:e-

selllle E ( m ) fiyAeT MllllllMaJilollbiM, 

Paccw:o,-p•w: JtO.IIB'I8C1'B81lHO •aw:eseiiJie E B upoJtecce MOA.,...._• c now:o~n10 rpacjlll

Jta pa:c. 5 A.Jlll yrnos o,-ce'II(K0 a:aM&BBJOIIlllXCSI !I yEaaallH!.lX Bhlllle npeAenax. 

To'll(a T : 

To'll(a M : 

8 • 180°, 
a 

e - 120°, a 

8g • 48° (E • 2250 B), 
a . 

8 • 39° (E ., 3400 B), 
g a 

E' • 0,57.10-3. 

a' .. o,5s.to-S. 

Haw:eselllle 2' B nponecce MoAynm•• coC1'aB.Jlll81' BCero 8,8%. T81(1lw: ofipaaow:, sau ... 

CIMOC'Mo I al OT E a B M'OM enyqae BB.IISI81'CSI Jlpall1'I"'9CC(( niH:&Isol. 

2. I • I (E , CONST. ) ao ao g 

lloeTOSIHHaB eOCTaB.IISIIOIIlAII aBOASOro 1'01t8 0Jlp8A8.Jlli81'CSI Bhlp8:K808M 
e 8 

I .. (E• -E90 Xk-D)6,80 a - 6,8 
9
(k -f< 9) (7) 

aO 

D (-1- -cos 8 ) ( - 1- + 1 ') e a G'D 

3A&Cb 
6,8e .. =,Be" -,882; 

0 0 0 
k =~=_L_ 

U a G' 

6 ,88•= ,ee• _ ,ee 2 

0 0 0 
D,E

90 
,f'

9 
- napaw:e,-pbl naMAhl. 

I aO fiyA&T llllS&lt.Ho 38BRC8Tb OT E • • eenR OTHOIIl&HHe cjlyHitJlii: 

··,aea e. 
u (k-d)-6,8 (k-f')=f(m), 

0 0 q 1 

D ( 1/ e - cos 8 ) ( 1/ G' D + 1) = f ( m ) 
a 2 

OCTa81'CSI llOCTOSIHHbiM B nponeece MOilYllSIIlRR. llpR BblfipaHHbiX yrnaX OTC8'Iltll II Cll&o-

AY!OIIlRX napaMeTpaX CX8Mbl : k - 0,1; D • 0,0125; f' • .. -I; e- 1,1 < 8 2 ·25°\ 

npa nepexoAe oT T It M 01'SOIIl81lll8 f 
1 
(m)l £2(m) R3M8HSI81'CSI OT 

f 
1 

(m )/ £2 (m ) ) T • 1,42 AO ( f (m ) I f ( m ) I 
1 2 M 

• 1,45, T.e. BCero aa 2%. 

TAJtHM ofipaaow:, npR Bblfip8HSOM peJICHM8 pafiOTbl OC!lllll.Jlll1'0p8 AOC1'0liHilaJI COeTSBimJO

IIla!l aHOAHOrO 1'01ta niH&lt.HO 38BHeRT OT llanpllliC&HilSI sa C8Tit8, 

6 

3. E = E (I , CONST. ) 
Cl a aO 

31BRBAll&llTSaH CX81118 HR31t 

YpaBil&llll& nenR pRe. 1 HM&eT B 

llepeXOASI It fieapa3M8pHb1M OOIIJI 

H e'IIIT811 £ ( t )= sin (} t = s in X 0 

YpaBS&HBe BRAS (10) npoasan•~ 

1'0'1Hhl8 BhlltllaAJtH0 paceM01'pHM 

A.AM. 

rAe 

PemesRe ypaBa&HRII ( 10) 

Y
1

- Y
0
+I Mkcos(kx+ 'l', 
k•O 

yeTaBOBIIBWRiell peliCilW:i 

M = 
k 

YQ-(Y -y +IA) 
2 0 0 k k 

( y = 
0 

nepexoAshll uponecc. 

·Ha ( 11) cneAy81', 'ITO per 

nepllOAOM 2 rr I 0 • llpR M'OM 

pow:y R3M8Sll8TCII JtOacjlcjlRJlll8R"I 

pa3nO:K8HIII B ( 11) • <l>yHit!liSI 

Jr;&Shl sa pRe. 8. B ypasseHRil 

e 'IAC1'0TOI ( 0 ) , a '1.1181 



X 8a JUIIl 

! - 5. Ha rpacpuon BKAKo, '1'1'0 

8B81Dll1 E '(8 
9 

) , , rAe cjlyn:n .. 

!113IO It A811CTBrreiOollONy 31lll'le-

i MOA,..,...Il C DOMODQ.JD rpacpB

B biiii8 np8A&na.x. 

E' • 0,57.10-S. 

E' .. o,ss.to-s. 

'8ro 3,8'l.. TAJ[)(w: o!Spaaow, aau.

::ll D J18IIBOII. 

II llblpa:K8.1D18M 

(7) 

- napaw8Tphl IIIIMnbl. 

~ yrnax oTce~ • cne-

9 - - l; ( - 1, l ( 8 2 - 25°\ 

8BII&TCII OT 

T.e. BC8ro a a 2%. 

:SITOpa DOCTOli.IUia.tl COCT IIBlUI:JD-

a, 

3l[BJman&BTBaH cxeua BK31mllaCTOTBhiX MOAYIISDUOilllblX nponeccoB DpRBeAeBa aa pRe. l, 

R (m)= R ·U (Ot ) '=R (l+m'<(Ot)). 
0 OT 9 OT 

YpaBB81lll8 neDil pRe. l RMeeT BliA : 

L ~ + R (t)i = E 
dd t 0 aO aO 

ll8p8XOAII It 6eapa3M8pBhiM 11811R'IRB&M : 

___!_.._a.= y; 
I 

a O 

B C'IRTIIII < ( t )= sin 0 t = sin X , llOny'IRM: 

I=~; !lt=x 
ao R 

OT 

..!!._ + a ( 1 + m' sin x ) Y = a • 
dx 

/ 4/ 

(8) 

(9) 

(IO) 

Y paBBeHJie BRAS ( 10) npoaBIIIIR311Jl0BaBO II pa6 oT8 • B CIIII3R c 9TJIM, onycJtasr n poMeJKY-

TO'I:Bb18 Bbll[118AitH1 pacCMOTpHM T OIIhltO OltOJI'IIIT811bBb18 pe3yii&T8 T bl n p SIW8BRT81n>JIO I[ Clly 'ISJD 

AAM. 

P8m eBR8 ypaBB&BRK ( 10) RM88T BRA : Y = Y
1 

+ Y
2

, 

Y
1 

• Y
0 

+ I M, cos ( kx + 'I' k) 

k • O 

YCT8BOBKBWBIICK pelKJ!Wi 

M =~2 ; '1' - arctg~ 
k k k k A, 

Y
2
=-(Y

0 
-yo+ i A,) e·am 'Cl-coax)e·az 

k 

( y a Y {0) + Y (0), 
0 1 2 

k = 1, 2, 3 ••• ) 

n8pexoAB~>~II nponecc. 

( 11) 

(12) 

'Ha ( 11) C118AY8T, 'ITO p8W8BR8M ypaBB8BRII ( 10) IIIIIUI8TCII ll4tpllOA11'18Citllll cpyBitllllll C 

D8pllOAOM 211'/0 • llpll 9TOM BeiiB'IliBII OTitiiOB8Biltl 0T rapMOilll'leCJtOI"O 3111tOBII 1 DO !tOTO-

pouy R3M8Bti8TCII JtOecjlcjlHilll8BT llpll Y B ( JO), OllpeA811J18TCtl B8liB'DIJIOII BbiCWKX '1118BOB 

pa3n0:K81llltl B ( 11) • ~yJ(l[JUHI yk • Mk /M 
1 

t k • 2_3 •••• a YO B 311BRCllMOCTR OT m' npBB8-

A8Bbl aa pRe. 8. B ypaBB8Billl ( 12) '11181[ e - am, (1-coo zl D8pROAil'18CitR ll3M8Iliiii'TCS 

C 'IIICTOTOII ( 0 ) 1 a '11181l e -az Dplllt'l'8pll3Y8T UCDOil8HilRIIJihB08 311TyX81lll8 ll8pe-
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xoAaoro npo~tecca. Eclii llpHB!ITb, 'ITO nepexoAablll npou.ecc JCOR'IaeTcB, JCOrAa e- • • • 0,1, 

TO so speMB nepexoARoro npou.ecca fiyAOT 

t = 2,3/aO 

3a 3TO Bp9M!I DpoHCXOAHT n - 2,3/2 "a JCOnefiaHHI!. DnB anepHOAH'IOCJCOro 38TYX8BH!I 

nepexoAaoro· npo~tecca aeo6xoaaMo, 'IT06ht 

a > 2,3/ 2" • 0,367. 

Ypasaeaae ( 10) MOlKeT fibtTb perneao rpa<jlaqecKHM MOTOAOM. 3TOT MOTOA noApo6ao aano
/ 5 / 

lK&R s pafioTe • 

Tlonyqeaabte peaynbTBThi MOlKHO acnonb3oBaTb npx Bblfiope L d • K BenH'IHBe L d 

npea'bBBniiiOTCll IIpoTHBOp9'1BBb19 TpefiOBHRH!I: C OABOI! CTOpoHbi 1 Anll ofiecneqeaH!I ycnoBRSI 

< I > = CONST. a naael!aocTH Moayn!lllHH ero HRayJCTHBHOCTb A011lKaa fihiTb 6o11hmol!, c apy-ao T 

roll cTopoabt, anSI yMeHbtuORH!I speMeaa n epexoaHhiX nponeccoB oaa aonlKHa fiblTb ManoA. B 

p8QOT8 BOnB'IHH8 L d Bhtfipana paaaol! 5 H. Tlpx 9TOM a = 0,29; y 2 ~ 0,055; 

y 3 

Yo 

0,0023. flponecc yCT8BOBneHH!I Kone6aaal! AnSI aByX HaqanbHhtX ycnOBHI! Yo= 0 H 

-3 
1 noKaaan a a pac. 7. BpeM!I rrepexoaaoro rrponecca t 0 • 12,4.10 celt. 

V PacqeT ocnann!ITopa, pafioTaiOmero a pelKHMe AAM 

Tlp• pacqeTe ocnannilropa, pafioTaJOmero B pelKRMO AAM, aeo6xoaaMo y'IHTbiBHTb cne-

AYIOI!lOe: 

1. naMrra pa60T80T B TO'IItO T B CBllbHO nepeaanp!l lKOBBOM p9lKHMe. 3To lKe BMe eT 

MOCTO B TO'IKO M, XOT!I 8 g H (\:)a rrp• aToM 3HH'IHT9nbao yMORbtuSIOTCll . 

2. Tl ocTOHHHaH cocTa Bn!IIOIIlHII HMIIynbca aHoaaoro TOKa I ao B TO'IKe T 6onbme, '19M 

B TO'IK9 M. 3aa aqa 3 8Kn10'189TC!I B TOM, 'ITOfibl no B3B9CTBbiM u • R • m e rrpH 
a 1 d a 

Sbi6paHBOl! naMIIO OCI!Bn11liTOp8 BBIITB Koa<jl<jln!lBOBT o6p8TBOll CB!I3H H f; T81CBO, 'ITOfibl 

o fiecneqHBBn HCb YCIIO BH!I 8BTOB036ylK.[leBHH 0 nony'leRHe M8KCHM811bBOl! MOIDHOCTH B IIHKe 

MonynsrnHa B f; T = /; M 1,'1TO CBB38HO C Tpe 60BHHHHMH lllfHel!BOCTH. 

4>opM8 HMIIYIIbC8 8 HO.UHOrO TOIC8 H 0603H8'19HH9 ero 118p8MOTpOB 0 n pHHHTOe B p8C'I9T8X, 

rrpnsenea bi aa pnc. B(a). 

Ha pac. 8(6) rrpR BeAOBbt nl!aea pRa oaanabte xapaKTep acTHKH naMIIbl fY-55 . TaM JKe 

DOKH38H bl lliiHBMH'IOCKHe xapBKTepHCT8KH All !I ToqeJ< T n M np11 A a • 120° nnH TO 'l-

IC K M • 160° ll111I TO'IKH T . 

Pac'leT npoBOAHTC!I no cnenyiOtue ll c:xeMe. 

HanJ..tSDKeHRe aa ceTx.e naMnhi onpenenSieTcH B3 Bb!pa )KeHRH 

8 

u = • 

rae npHHSITO • 0,9 1
8

, 

( !3) 0 onpeA&IIHOTCSI k = 1/ g' = U /t 
ll011!19TC!I 8

0
, 

Koa<jl<jlllllBeaT acnonb3oBaHHst aaoA 

)1{9SHH 

I; ': A'<t>' = l 

cos ~ 

B peayn&TaTe noncTauoBitlf 

(8 ) =(8 ) =25"; 
2 T 2 M 

flpoBepK8 fiOK83btBHOT 0 'ITO Dpll :2 

a T8KlK9 ( I ) > ( I ) > 
:10 T a O M 

0 

MonynHTOP nonJKen o6ecneq 

reaepaTOpa : 

A. HMrrynhCHoe nporpaMMHJ 

HOCTbiO ll118BHOll peryllllpOBKH nru 

TOTe IIOBTOp9HHII 50 ~ 100 rD.. 

B. TlporpaMMIIpOBaHBe aMrr. 

H9HUB8 11bHOMYo norapH<jlMH'I9CKO!v 

Y I<MfiYnbCOB ll011lKHbl DnBB 

BKIIIO'I9HHH (aauep~a OTBOCHT9l 

TOp A011lK9H 6b!Tb lK9CTICO CHH:XpC 

ycxopHIOmero AM qM ocnanniiT< 

BsHAY 6onhtuoro paanaqHII 

rrporpaMMBpo BBHBH aMnnBTYilhl I 

K8H811hl rrporp8MMilpOB8HHII H ME 

fiyHXTHpOM Bblll9ne ua cxeMa npc 

CnnxpoanaaUHII Mon yngTop< 



ICOBqaeTCSI, KOrl(a e- a z • 0, J, 

rrR anepao.ua~ecEoro aaTyxaaaa 

r. 3ToT Maron no.upo6ao aano-

iope Ld • K BenH'IliHe L d 

ur, Ana o6ecne~eHHa ycnoBBR 

> AOn:>KRa 6brTb 6on&moa, c Apy

OB oaa AOnJKHa 6h!Tb Manoa. B 

a • 0,29; y 
2 

a 0,055; 

Ja~anbHbiX YCI10BHi! y • 0 H 
-3 0 

t 0 • 12,4.10 cex. 

U<Me AAM 

~. aeo6xOAHMO y~BTbiBBTb cne-

BROM p9>KBM9, 3To >Ke HM99T 

0 YM9HblllaJOTCH. 

l ao B To~xe T 6onhme, ~eM 

M u a r' R d • m e rrpa 

!Bli3H B e TRI<Be, 'IT06bl 

811bHOi! MOli!HOCTH B llBKe 

OCTH. 

~eTpos, npHHRToe B pacqeTax, 

u = q 

0.9 I 

S(1-cos8) 
+ DU , 

at 

rAe npKB<ITO - 0,9 I . . I. ~TOE 9MKCCHR, e.- 120°. no 

(!3 ) , onpeA911SieTC<I k=1/g'=U/U
0 

,a C DOMOillbJO rpa<jlaJta <jlyHEI(BH 

(13) 

U 
0 

I aaiiAGHHOMY H3 

onpe-

Koa<i><PHDReHT BCDOllb30B8HHSI aao.uaoro aanpsrJKeHHSI e BBXO.URTCSI 113 npR6111lJKeaaoro Dblpa-

JKeBHSI 

e =A'¢'= - 1-< 1-
cos eq 

1- _!__ cos 
fL q 

B peaynbTaTe no.ucTaaosxH ~acnellRbiX aaa~emrll onpe.uemnoTcs : 

(8 ) =(® ) =2s<'; 
2 T 2 M 

e= 1.1; (8 ) =46° ; 
q T 

( 14) 

npoBepKa fiOI<a3biBBeT, ~TO npH 9TOM (k ) ={k ) II yCI10BH<I 8BTOB036y>K.QeRH<I Bblfi011HSIIOTCSJ0 M T 

a T8KJI(e (I, 0 )T > (I aO ) M > 0 , 'ITO aeo6XO.UHMO .UllSI AAM. 

VI. M o A y n " T o p 

MoAynsrTOp .uonJKea o6ecne'IBBaTh cne.uyJOmHe pelKHMbl pa60Tbi BbiCOKO~acToTaoro t{M 

reaepaTOpa: 

A. Ji!Mnynhcaoe nporpaMMHponaaae aMDIIHTYAhi ycEopSixnnero aanpSIJI(eBHSI c B03MOlK

HOCTbiO DllaBHOil p9f'Y1lllpOBI<H AllJITellbHOCTH HMDyllbCa B npe.uanax 0,5 .;. 10 MCeK npH 'laC

TOTe fiOBTOp9HHSI 50 ~ 100 T'Ho 

B. nporpaMMHpOBBHHa BMnllBTY.Ubi B'l reaaparopa no cneuanbHOMy 3BKOHY ( 3Kcno

aeanaallbROMy, norapa<jJMH'IGCKOMy, mraellaoMy). 

Y HMJIYilbCOB .UOII>KHbl IIJiaBHO B3M9H!ITbCSI .UIIHTerrbHOCTb ( 1 7 10 MCGI<) 0 MOM9HT 

BKIIIO'IeHHSI (aa~epJKKa OTHOCBT91lbHO aaqana DHKila l.{M HR 1 .;. 5 MCeX) JI <jlopMa, Mo.UyllSI

TOp .UOillKGH 6b!Tb >K9CTKO CHRXpORH30BBR C Ra'IBIIOM pa6oqero ~Bitll8 H3MeB9HBSI 'IBCTOTbl 

ycxopsr10mero AM t{M ocnannsrTopa. 

Baa.uy 6onbmoro pa31IH'IHSI MeTo.UOB pemeaasr npo6neMbl HMnynbcaoil MaaanynKn:HH a 

nporpaMMBposaausr aMrrrrHTY.Uhl Bt{ r eaeparopa D cxeMe Mo.uyrrSITopa npaMeaeabr paa.uenbRbre 

xaaanht rrporpaMMHposaallsr B Maaanynsrnna. BnoK- cxe>.&a MOJiyrrsrTopa rroxaaaaa aa puc, 9. 

flyHKTBpoM Bht.uaneaa cxeMa nporpaMMBTopa. 

CnaxpoanaanKSI MO.UymJTopa c pa60'<HM URitnOM Y:M reueparopa ocyuJGCTBJJ~eTcsr c 

9 



noMom&JO IIHAYXnKo88oro ll8T'lJIX8, CBSI38HBoro c BAp118TOpoM reaep8TOp8, lbmym.c c IIHAy![

llROH80ro ll8T'IRX8 llOCTYil88T 88 CX&My tf>opMirpoBA8Ril 38nyCX810IIIIIX RMttynJoCOB1 J[0T0pb1& IIJlYT 

no 'I&TbtpeM X888n8M : H8 M8H&nynarop (uMnynbcarop), aa cxewy 38ll&pli()[R M8HRnynSITOpa, aa 

CX&My 38ll&plKl<R nporp8MM8TOp8 II 88 CX&My nRT8JIJISI IIOIIJIOI'O IICTO'IJIJIX8, nnil np&llOTBp81118-

JIIISI 381lYCK8 yCI<OpHTenSI OT RMnynbC8biX noM&X B CX&M& 4>opMHpOB8RJISI npRM8JI&Ba CX&Ma 

lllMHnT8 c perynHpyeMbiM noporoM cp868TbiB8JIRil, CxeM8 381lepli()[B M8RHnynBTOp8 &MeeT 

nBe perynapoBI<R: npeaBapHT&HbHYJO ( r • I ·.;. 10 MCei<) 11 TO'IHYX> ( r • 0,&;. I, 7 Mcex) .• 

/8/ 
K8CI<81lbl 381l&pJKXH BblnonueHbl R8 cnyci<OBbiX cx&M8X c J:8TO!lHoll CB.H3bJO • 3aaeplKB.Jiablll 

HMilYHbC nocTyn8eT 88 BXOll MH.8Hnyn.HTOpa, J[0T0pbtlt npenCT8BnS18T COOolt CttyCJ[OByJO CX&My 

C llByMH YCTOli'IRBbiMII COCTOSI8JISIMH1 COOpaH8yiO 88 THp8Tpo88X 11 ynp8anBewyJO 

OHOJ[HHr-re8ep8TOpoM. nepeopoC CX&Mbl H3 0!1801'0 yCTOil'IRBOI'O COCTOS18IIil B apyroe npoHC

XOilHT B MOM&HT npRXOll8 HMnynbC8 CO CX&Mbl 4>opMIIpOBAHIIil 3AIIyCX8JOIIIBX IIMttynbCOB1 a 

B03Bp81118HH8 B n e pB088'1anbH08 COCTOSIJIII& - B MOM&HT npiiXOil8 BMnyn&ca CO CX&Itolbl a&A&plK

I<R. B npoMeJKyTOJ[ speMe8B M&lK!ly STIIUR uwnyJlbCawB reaepaTop nonJKea 5b1Tb oTnepT, noc

ne '181'0 CH81lYT ll8Y38 110 npRXOll8 cfieayX>mero 38nyCI<8IOIII81'0 IIMttyHbC8, npiiHnllnll&nbHail 

CX8M8 M8HRnyH!ITOp8 II CfiOC06 ero nOilKHIO'I&HIISI I< OCilllnfl!ITOpy nOJ[838Hbl 88 piiC. 10. 

nporp8MM8TOp COCTOIIT 113 CX&Mbl 381l8pJKJ[R1 8H8HOI'R'I801l CX&Me 381l8pliCIOI ltol8HRnyniiTO

p81 cxeMbt tf>opMHpoB8HRSI 11 ycunHT&HB MOlllHOCTll, 3anepJK8HHble 88 I -:- 5 w:cex Rwnym.cbt no

cTyn8JOT H8 cxeM)' 4>opMHpOBBHll!l, rne <jlopMRpyiOTCSI nporp8MM&pyJOm&e RMttyJlbCbl, Cxew:a 4>op

MRpOB8HR!I npencT8Bn<~eT cocoA BRllOB3M&88HHYX> cxeMy re8&p8TOpa n&aellao pacTymero &8-

17/ 
np!ilK88RH , OO'b&lliiH&HHOI'O co cxeMoll M&nnepa (pRe. II). CBH3b n 1 c ns (puc. 12) 

ocymeCTBJlH&TCSI qepe3 YCIIHIITenb n
2

, npR 3TOM 

e{t ) = _L J E + e{ G' - 1) 

C o R 
dt =E{- 1-

RC 
{ 1-G')t'+ ( 1-G' ") t 3/3! R 3 C L ••• ), ( I5) 

2! R 2 C 2 

rne G' - I<oa4><1JRUH&HT ycane8Ril cxeMbl no H8npillK&HRto. K8K BHano 113 ( 15), 4>opMa Bblxon-

aoro uanp<~JK&HH!I 6yneT 38B&CeTb oT senK'IBHbl G' • RM&Tb xapaxTep nRH&IlHbtll ( G' • 1), 

norapH<jlMR'I&CI<Hlt ( G' < 1) BnH napa6on&qecnll ( G' > 1). HMnynbC co cxeMbt <jlopMBpoBaRIIII 

llOCTynaeT H8 yCHHIITeHb MOIIIROCTB 0 I<OTOpbtlt nporpaMMHpy&T no C9TI<8 p860Ty 0CilHflHSITOp8, 

np~MOyrOHbHbl& HMilYHbCbl CO Cll&llHBn~ROI'O BbiXOil8 CX&Mbl 381l8pli()[B MOI'yT ll0ll8B8TbCH 

T8KJKe uenocpeacTB&HHO 88 ycHnHT&Hb MOIIIROCTH. B p83p860T8HHoll cxeMe npBHSIT8 Tpaac<jlop

M8TOpH8H CBH3b nporp8MM8TOp8 C r9H8p8TOpOM, npll 3TOM C8TO'I8btll Tp8HC<jlopM8TOp ~ JK8-

H830M arpaeT pom. ceTO'IROro npoccena AAM 11 CT86HHR3HpyeT peJKHM reaepaTopa npH ne

pecTpOIIKe qacTOTht . llnSI neneA aKcnepl!ueaTa oblno ynooao Bpy'IHY!O ycT8H8MHBI!!Ta nnH 

T e nhHOCTb HMilYHhCOB1 Bbtp808TbiB88Mb!X CX&MOl! MOilYHIITOpa, llpHB!I3blB8SI I< p800'1&My lliU<ny 

H3MenenHn '18CTO T bt ronbKO 3anyci< IIMnynbCHbtX ycTpollcTB, B pa6o'I& M BapH8HTe c x&Mht 

neneCOOOp83HO yCT8HOBHTb H8 poTope BapH8TOp8 BTOpOil ll8T'IIIIC1 Bblp808Tb1B810111Hll OTI<HI0'<8-

!0IIIHII HMnynhc B KOHne pa6oqero xon8 H3MeReHH!I &Mt<OCTll. B 3 TOM cnyqae npH H3Mene HMH 

10 

CJ[OpOCTH Bp81118HIIII B8pB8TOp8 ~ 

YCT8JI8BHHB8TbCSI 8BTOM8TII'I8CJ[B 

VII • 3J[cnepaweaTanbaoe II< 

8M 

1leT8nanoe accnenoBaaae p 

M8nbRblX p&lKHMOB no MOIIIBOCTI 

H&HJie 3J[Cil&pRM8BT8Hl>Rb!X ll8HB: 

X>IIIJIMB yCTpOIICTB8MR npHB81l88l 

EbinR wccneaoBABhl cnenya 

1. H M ny nbc Hall MoaynilllHll 

8M8SI C llOMOIIIl>IO M8HIIttyHSITOp 8 

< f < 28 Mrn) peJKHMax p a6o TI 

2. ABT08HOilH8SI MOllYHSIIlHS 

3. MaRHnynanHll (YIM) cot 

4. HM COBM&CTRO c AAM 

1. HM • Ehln nposenea p 11, 

M9HTOM R OI1p9Jl9nBTit M B.XCliM&.I 

rop 6 bin npo rpaMMHPOB8H M8BIII 

10 MC8)[0 '18CTOT8 ROBTOpeRH st -

Peayn&TaTbt nn<~ Tpex pe,. 

B nepBOM cnyqae H86nJOna 

6HHht MOilYHSinHH oT pacqeTaoll. 

m > 15% {{J ) >{I ) ) , 'I 
a O M a 0 T 

Bo sropow cnyqae npa ua 

8][CD9p11M9HTOM. 

TpeTHII cnyqall nocsgmea 

uepeaHII cneayeT, 'ITO 5~a nol 

nocne nony'I&HJISI H HCCJI& 

OCHOBRbiM BOilpOCOM 6b1HO onpe~ 

Bap bllpOBeHHH '18CT0Tblo 

3KCR8pRM8RT8Hl>Rbl8 ll8HHl 

<jlanaeaT Tpanc<jlopM&IlHH aanplllK 

1111Ta MOIIIJIOCTh B HMnynace : 



' reaepaTOpa. Hunym.c c •IIA:J"K

II:aJOmRX HMII)'IIIIoCOB0 II:OTOpbl& J[JQ'T 

:xewr 38/l&pJKI[R NaHRnynRTOpa, •a 

1'0 IICTO'IBRII:a. Jlml n p&IIOTBpall!e-

lMHpOBaHRSI npRM9B9H8 CX9M8 

J19pJKI[J[ MaHBnynSITOpa RM98T 

TO 'IHYJO ( r • 0,5-i- 1,7 wen) .• 
161 

>IIBOA CBII3bl0 • 3aJteplK4BHLIA 

raansteT co6oA cnycll:oByJO cxewy 

ax 

)rO COCTOSIHRSI B llpyroe npoac-

a 3anycll:aJOmRx •wurn&COa, a 

>lla RMDYII'bCA CO CX9Nhl 3a/19pll<

o8TOp IIOn JKea !SLIT& OTnepT, noc

> RMDyn bCa. llpRBIIRliii:BnbBaSI 

>py nox a3 8Bhl n a pac. 10. 

oft c xewe 3aii&PJKI[R waBRnynstTO

•e a a I -:- 5 Ncell: BMJJ1~Cbt no

upyJOmlle HMII)'Il'bChl, Cxewa tPoP

>aTOpa nxaeftao paCTYIIler o na-

• C sst3 h c ns (pac. 12) 

BHIIHO R3 ( 15) 0 tPopMa BhiXOJl

tapaJ<Tep IIRH&ftHbiA ( G' • I ), 

mynJ.C CO CX9Mbl <j>op MRpOBaHJ[SI 

no ceT~~:e pa6oT1 ocuxnnstTOpa. 

38J19pJKI[R MOrYT UOJl8 B8TbCSI 

>BHOft CX&M e UpBHSIT8 Tpaac<j>op

·TO'IHbt ft TpBBC<i>opM8TOp C JKe -

>T pelKRM reaepaTopa np11 ne-

lpy'IHYJO ycTaHaBIIHBaTh JlnK

npHBR3biBaSI II: pa60'!e M1 UIIJ<ny 

l pa6o'le M aapxa HTe cxeMbt 

rx, 'B bi p868TbiB810UIBA OT K:nX>lfS.-

:3TOM cnyqae IIpH R3MeHe HMK 

CI<OpOCTH BpBIIl9HRSI BapRaTOpa MRT9nhHOCTb RMIIynhCOB, ynpa&nSIJOIIlRX reaepaTOpOM 0 6yJIYT 

ycTaBaBnRBaTbCSI aBTOMaTR'I9CJ<R, 

VII. 3~~:cnepxweaTan&aoe •ccneJIOBilHII& OCilMnstTopa1 pa6o T8JOII!ero a pe>Kllwe 

8MMRTyiiiiOA I 'IACTOTBOA MOIIYninRR 

JleTan&aoe accnenoBBaae pa6oThl ocnannHTOpa npecne!loaano nem. nony 'I&HBR wa~~:ca

MallhHblX pelKHMOB DO MOIIlHOCTR R rny6•ae MOIIYIIRIIRR B IIR8Da30B9 pa60Thl, a T8ltlK9 CpB.B

H9BR9 axcnepaweBTan&Bb~ IIBBBhiX c Teop~'!ecxa~ Cxewa OCilRnnRTOpa c nporpawMipy

IOIIlHMR yCTpoftcTBAMR npRB9119Ha aa pac. 12. 

E btm• xccneJIOBaBbi cnellyJOIIlRe pelii:IMhl pa6oThl: 

I. HMnyn&caast MOIIynmast ( MarumyninHR) co CI<BilJKBOCTbJO, pBBaoA IIB;yM, ocymeCT&Jm-

eMaSI c noMom&JO MABRnynstTopa a cTaTB'I&CII:OM f • CONST) • JtRHaMB'I&Cli:OM (8 Mrn < 

< f < 26 Mrn) pelKHMax pa6oTht. 

2. ABToaaoaaast MOJiynSIIIBS! HMnyn&caMH cnenRAn&Hoft <j>opNhlo 

So MammynRIIRR (11M) cosMecTsto c AAM. 

4. HM coswecTBo c AAM H 'IBCTOTHOI wo.nyn11n•el ('iM ). 

I. HM • Eb!n npose11eB pHil R3MepeBHA, nMeiOmHX nen11o10 cpaBBRTh pac'leT c a•cnepx

MeHTOM a onpeJienaTIIo MaxcxMan&ByiO MOIIlBOCT& B xwnym.caou p&>KliMe pa6oTbl, OcURnnR-

TOp 6btn nporpaMMRpOBBB MaBRDynstTOpOM. JlnRT9n&BOCTh RMDyllbCOB )[3M9BstnaCb OT 5 110 

IQ MC911:0 'IBCTOTa UOBTOp9BRR - OT IOQ 110 6Q rn, f ~ 10 Mrn. 

Pe3yn&TBTbt 11nst Tpex peJKHMOB pa6oTbi DpRB9/19Hbl B Ta6l!Ill9, 

B nepsoM cnyqae aa6niOJIBeTcR 6om.moe OTnR'IBe a~~:cnepaweBTan~oao noxy'I&BBoA rny-

6HHbt MOIIYIISIIIRB OT pAC'19TSIOft. )l(enaeMASI MOJiynSDUlSI Be 6blna DO.IIY'I8K8 T,ll:, np• .. 
m > 15% ((I ao\, > (I a 

0 
) T ) , T,e. aapymaeTCSI ycnosae AAM. 

Bo BTOpoM cnyqae np• H3Meaeaaa m 110 20% nony'leBo xopomee cornacae Teop•• c 

311:CD9 pRM9BTOM, 

TpeTRA cny'laft nocBRIIleH nony'I&BHIO Maii:CRMam,a~ 3BA'I&B•A m B Pimp, H3 )[3-

MepenaA cne11yeT, 'ITO 6blna nony'leBa rny6aaa MollynHilR• 62% npa I p .. 2, 7KBT. 

n ocne nony'leBRR • RCC.II9JlOB8HRSI WMnyn&enoro p &>KliMa pa60Thl np• f e CONST 0 

OCHOBHbiM BODpOCOM 6blnO 0Dp9J19n 9HII8 MOIIlBOCTR0 KOTOpast MOlK9T 6h1TIIo UOIIY'f&Ka DpR 

B8pbRpOB8HHR 'IBCTOTblo 

3 xcnepHM9HTan &stbte JlBSIHble npRB&IIe Bbl aa pac. IS. H3 rpacjlHli:OB p•c. IS, 3Hast ~~:osci>

.Pan aeaT TpBHCcPopMa!lRH H8UpstlK9BRSI OT BHOIIB II: yco:OpHIOIIlRM aneii:TpOIIAM, MO>KJIO 0 Dp9118-

nRTb MOIIlBOCTh B HMnyn&ee: 
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Imp 

9,2 KBT. 

2, AAM, Bb!COKO'IaCTOTHbli!: reaepaTOp, pa6oT!IJO!IliiA B aenpepbiBHOM peJKHMe np11 

nOCTOHHHOA qacTOTe f • 10 Mrn, 6bln uoJXynRpoBaH HMnyn&caMH cnenaan&aoil <l>opMbl aa 

nporpaMMaTopa. AMnrrKTyJXa nporpaMMRpyJOmero aanpHlK9HIIll cocTaBnHna 80 f 100 oon&T, 

BbicOKO'<aCTOTRoe aanpHJKe HRe c ycEapHJOmHx aneKTpOJXOB qepea JXerriiTellb noJXasanoc& aa 

nnacTHHhl ocnllnnorpa<j>a, Aaan11a pa6oThl ocymecTBnHIICH no <!>ororpa<j>al!M aMnyiibCOB c 3K

paaa ocn11nnorpa<!>a. 

6blllll Bblll01IH9Hbl H3MepeHllll 0 ll91lbl0 KOTOpblX 6biiiO onpeJXerreHRe IIHHeiiHOCTH MOlXYilll

llHOHHOil xapaKT9pHCTHKR JXIISI pa31IH'IHblX ypOBHei!: H9Cymeil R p83Bb1X rny6HH MOJIYIIBI!HH, 

3KCII9pRMeBTallbHbl9 JXaBHbie II 8HilJIJi3 IIOilyq9HBWX pe3yllbTaTOB llp9JICT8Bil9Hbl H8 <l>oTo 

rpa<jJHSIX 11 rpa<l>nKax pRe, 14,15,16, Ha <!>oTOrpa<jJHHX puc, 14(a), 15(a), 16(a) MonynupyJO

mall II BbiCOI<O'I8CTOTHWil HMnyllbCbl COBMemel!bi, Ha rpa<j>BK8X pHc,l4(6 ) , 15(6) H 16(6) 

aunyllbCbi B'i a MOJXynapyiDmHI!: conpl!JKe.llbl no MSKCHMyMy, Kos<I><!>RII:HeHT nenaaeliHhlX HcKa-
/6/ 

lK9HIIil Ollp9JX91ISIIICSI llO 06bi'II!Oll <J>opMyne , nai!Hble, X8p8I<T9pH3YJO!IlHe pa6oTy OCilRIIIISITOpa, 

1IpHB9Jl9Hbl B llOJllliiCSIX J[ p11Cyi!K8M, 

Ha a11anlraa cnenyeT, '<TO npa aeBbiCOKHX ypoBnHx necymeil MOJKHo nony'IIITb O'leBb 

60ilbffiYIO rny6R.lly MOllYIIBilHH llpll HEI3H8'1BTellbHbiX H91IHI!eill!biX HCK8lKeBHSIX. 

3, !1M + AAM, OcnannBTOP 6bm nporpaMMHpOBaB IIMrryn&caMH Mananymtropa, na KO

TOpbie 6blnR H81IOlK9Bbl HMilyllbCbl nporp8MM8TOp8, nnliTellbHOCTb M8HHilyn11py10!IlHX HMnynb

COB - 7 .;. 12 MCel(, 8MIIIIHTYJX8 - 26 B. AMnnnTyna HMnynbCOB nporpaMMaTopa - oKono 

130 B, CKBS>KHOCTb - 2, B aToll: cepwll H3Mepeaaa BbiHCHBIIHCb cneJXyJOmHe Bonpocbl : 

1, KSKHM MOJKeT 6b1Tb Kos<l><l>nnaeaT MonynBilHB npll HMnyllbcaoa pa6oTe, CymecTBOBa-

n11e orpaHH'IeHBll nponeccoB AAM npa U ;': 4000 B, 
8M 

2, Kal(yJO uomnocTb MOJKHO nony'<HTb npa HM AM pa6oTe, 

CoBMemeaahle HMnyrrl>Chl MOlXYIIS!IliiR H B'i npnBe!leHbl 11a <l>oTOrpa<l>nllx a rpa<l>aKax 

Pac, 17,18 a 19, Ha pac, 17 cneJXyeT, 'ITO, l(aK H npeJXcKaablBSeT pacqeT, acKaJKeHRll aa

pacTaJOT no Mepe npR6rri!JKeHI!H K TO'<Ke orpaHH'I9HHH AAM. 

4, HM+AAM+'iM. MoJXyrrl!llHll c xeMbl ocymecTBnHnacb MaaanynBTopoM (34 B) a npor

paMMaTopoM ( 120 B) 0 381lyCI< I<OTOpbiX OCymeCTBilllllCSI OT M8rHRTHOrD Jl8T'IHK8 0 yKpenneH

HOrO H8 pOTope napH8TOpa, 'iacTOTa IIOBTOpeBHSI HMIIYilbCOB F a 50725 rn, JXIIHTellbHOCTb 

- 10 .;. 20 MCeK, B CBSI3H C TaM, 'ITO npH "l{M H3M9BSI9TCB KOs<jl<jJS!IlB9HT Tpaac<j>opManHB liB-

ani! nepena'IH a peJKHM pa6oTbi OCIIHIIIIBT0p8 0 TO'ffiOrO BOCilpOH3BeneHHSI MOlXYIIHpyiOliliiX 

HMilYilbCOB TeOp9TR'I9CKH He MOJKeT 6btTb, 

13 



PeaynbTaTbi aaMepeaaA npwseA&Hbl aa pac. 20 (a,6,s). Ha waMepeawA cneAyeT, 'ITO 

aaw6onee TPYIIHO nony'IRTb NOliY1lH!IliJO aa qac:ToTax 20 T 22 .Mrn. B aTOM AHanaaoae ttoacl><l>•

nweaT TpaHc<i>opM8!IHII H8!Ip11I9HHII OT Jlp&A<i>oBb!X Tpy6ott It aBOIIY IIOCTWraeT NaltCHM81lbHblX 

aaaqeaaA, a 111111 nonyqeaRR 6om.rnwx m cxeua pa6oTaeT c neperpyattoA. PeanhHO aeo6-

XOIIHMO C'IHT&TbCH C yMeHblll9HH9W UOIIynRpOBaHHOrD aanpRJK9BIIII B 9'l'OM palloae 88 

16-18%. 

VIII ,3 a It n 10 " e a 11 e 

Paapa6oTaHHbie ocnannaTop w nporpaMMapyJOmae ycTpollcTsa noasonHIOT, ttatt nottaaanH 

attcnepaMeHTbi, nonyqaTh aa ycttopa10mHx anettTpoAax B'l 'I.M aanpSIJKeawe, H3MeaaiOmeecSI no 

aaAaaaoA nporpaMMe a o6ecne'IHBa!Omee aeo6xoAHUbiA aa6op aaepraa yc~topaeMb!MR npoTo-

H8MB. 

PacqeTHbiA pelKHM AAM npR f =CON ST. AocTaTo~o xoporno cosnan c nonyqea-

HhiM attcnepaMeaTanbao. Hapyrneawe naaellaocTB nponeccos uoAynllnwa (nposan aMnnHTYIIbl 

aa 15 + 20%) aa qacToTax 20 ~ 22 Mrn cs11aaao c npaananaanhaon oco6eaaoCThiO Bb!COitO-

'laCTOTHOil CHCT9Mbl OC!IH1l1liiTOpa, 

n a T e p a T y p a 

1. Yu.N.Denisov, V.P.Dmitrievsky, V.P.Ozhelepov, A.A.Giazov, V.V.Kolga, A.!\ .• Kropin, M.Kuzmiak, 

L.M.Onischenko, V.S.Rybalko, L.A. Sarkisyan, J Schvabe, O.P.Vasilevskaya, B.l.Zamolodchikov. 

Nucl. Ins tr., 11. 85-88 (I 963). 
2. A.A. fnaaos, E. llisa6e, B.A. Koqxua. Nukleonika, ToM. VII , 455 ( 1962). 

3. H.r. Kpyrnos, PaAHoTexaaxa, T. 4, Ne 2, 7 ( 1949). 

4. fl.3. Ubiiii<HH. 3nettTpH'I&CTBO, Ne 8 762 ( 1946). 

5. H.r. Kpyrnos. PaABoTexawtta, T, 9 , N. 4, 3 (1964). 

6. n.A. MeeppOBH'I, n.r. 3enaqeatto. HMnynhCHBll T9XHJitta. Cos. Pa/IBO, 1953. 

7. H.W.Bode .Network Analysis and Freedbeck Amplifer Design. New-York, 1946 • 

Pyttonacb nocTynana B B3AaTenbcxuA OTAen 
5 M8H 1966 r. 
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a) 

15 20 25 
P•c. IS 26 f1cJs 

S) 

p1=o.oo, p2=o.oo2 

E' g 

uk 

u• k 

ukN 

- llO~y.n.<IUHOHHo e Hanp!!ll:eHRe , 

- Hanp!ill:eHHe Ha YCKO~!ID~RX 3neKTpO~ax, 

- TpaHc¢opMHpOBaHHO e HaTip!!XeHHe 
1 

- Hanp!llreHHe Hecyl!let! qacTOTht aa ycx. 3JieKTpo~ax, 

u (AM) f:10 Mc/s aN - Hanp!lliCeH.He HeCy!llet! qacTOThl Ha aHo~e OCUH.IIJI!ITOpa, 
. • u 

1 m1J..= 21LOV ,UkN=510 V ,UaN=.3100 V, kM - Hanp!!XeHHe B,q, B ITHKe MO~YJI!!UHH Ha YCK, 3JieKTp,, 

ukM=580 v ,Urut=.3520 v, c: =3 ms. ,F=160 c.f!> uaJ.t 
E ' =75 V,m'~12.5% g 

_ Hanp!!X€HHe B,q, B TIHKe MO~YJI!IUHH Ha aHO~e 
.118.l.Ul hl OCUHJIJI!ITOpa . 

P11c. 14(a),(6) 
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a) 
~) 

~. 10 Jl.c/s 

(All) fz 10 Jl.c/s 1 m11 •• t~.ov,uk&.,1o v,uaN=1850 v, 
Ukif=584 v ,u...-,5oo v ,m•~aa.5 %, z., IllS., 
P=160 c/s,Eg=?5 V, 

~1 ...0 . 34, P2::0·4 • t:...p::O.w 

P•c. ts(a)t '(6) 

a) 
cr; 



c.> -

r. 10 .llc/s 

1 m11 •• 2~.ov,uk&.,1o v,u~1850 v, 

UkJf=584 V ,u..-'500 V ,m•~.5 %, C•' as., 

Pa160 c/s,Eg=?5 V, 

-~ - ri·• •· i·= ·:H~~=I'~··t.:}::til5.4-tt4•-~J:.·.·I:~J 
(All) :r .. 10 llc/s 

~1-o.~. ~2=0.4, n...r=0.1? 

P•c. llS(a),. '(6) 

a) 

(AM) f = 10 Mc~s 

1 mil.o::24,E) V ,UkN=145 V ,UaN=B?O V ,UldF465 V, 

Uatt=2800 V, C: =.3 ms. ,F=160 c/s,Eg=?5 V ,m.•:220 % 

oJ 

\':·rn ~:i ,::ti~~ i~:.r. ~f :;1;::: ;~·'I ,;r ::· :!:·: : :,· i ± 
gil ill!'. P.ftll!!l ;;, 1 1l:i f h' !IIi;! ; "lj 'liil]i h Uk: :rl+~-
iH: . ~ tlii I 1 I ' I. ; 1 ; : !II' •:!;' !!! .. 1!1\ il' ~::· 11!1 • : .. 2: "+~- .;,t_ 

.. . <.;~~,,·: ,~ ;Ejj . :;:+:f\:~~~= r 
1 .r ' 1 
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(AM) :f= 10 .llc/s 

PHc. 16(a),(6) 
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1\) 

a) 

(FM+AM) f= 10 Mc/s 
1a11.:30.2 V,UkN:22.0 V,UaN:1600 V, 
Uat-t= 410p, V ,m•:2:'\0 %, ~1 :04, Pz=02 
E' =168 V, c =3ms. ,F=50 c/s, C::= 8 ms. 

g Mdl) ._,... 

PHc , 17(a), (5 ) 

a) 

6) 
• 

r-to.1' . ~.J.=04, ~~=02 r--,=o.o. 

d) 

gmar;;~SEgm~Elif~1HHEliHlHHlH~§m!::~fJiii~=;E~=!tiH:;Hl11~g;~~1~~i~i1:1~W~mli~1HlHl;;;~l.;~., 
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(FM+AM) f= 10 Mc/s 
1ail.:.30.2 V,UkN:22.0 V,UaN:1600 V, 
~M= 4-10P, V ,m'E:2.10 %, ~1 =04, p

2
=02 

Eg'=168 V,C=3ms.,F=50 c/s , <:= 8 ms. 
Md() "'"'· 

PHc. 17(a), (6 ) 

a) 

(PM+AM) 
• 

f= 10 Mc/s 

1 mil.:.lt"3.2 V ,UkN=250 V ,UaN=1500 V, 

UkM=655 V ,UaM=3940 V ,m'~164 %, c::_~12 ms . 

F.mp =42 c/s, c =7 ms. 
~ • r-<il . 

r1= o,o2 

Pxc. 18(a),(6) 

r.ro. 1 t . ~1=04' ~~ :02 r--,=o.o. 

S) 

(PM+~J) f= 10 Mc/s 

P2= 0,025 API r1=0.25 
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a) 

(PM+AM) r. 10 Mc/s 

1 mil.=4~.2 V,UkN=250 V,UaN=1500 V, 

U~690 V,UaM=4150 V,m'~1?6 %,P~5.11 KW. 

Eg=150,(20+130),~=5 ms.,F=100 c/s. 

_p1=o.oo , 

PRe. 19(a),(6) 
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(AM+ PM) 

P2= o.re 
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r:10 llc/s 
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. 
(PM+AII+FM) f:B.0-25 Mc/s 

1 m11.=~:5.2 V ,ukM 21 Mc/s=314 V ,ukM 10 Mc/s=655 V ,ukN 25 Mc/s=250 V, 

m'~164 %,Eg=100 V, (45+55). 

PRe, 20(a) 

85 



(PII+AM+PII) f'::S.o-25 Me/a 

1 m11.:~~.2 V,U~.385 V,Uldt'200 V,m'=92, c:10 ms.,F:50 C/s, 

Eg:100 (80+20). 

PBc. 20(6) 

88 

(PII+AM+FM) 

1 mil.='30.2 V ,ukll. 25 .llc/a=3 

c=12 ms.,F1mp.=42 c/s. 

PBc 



f::S.o-25 Mc/s 

V1m'=92 1 c:10 ms. 1F=50 C/s, 

f::S.o-25 Mc/s. 

1 mil.='50.2 v ,uldf 25 Mc/s=350 v ,ukN a.o Mc/s=140 v ,m'=150, 

c=12 ms.,F1mp.=42 c/s. 

Pxc. 20(a) 
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