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MaTopa l1.M., Xapb1030B P.B. P9-3567 

0 COrnaCOD8HIIII pe30HBTOpa MHKpOTpOHB C BOnHOBOAH biM 

Tp8KTOM 

~ 

l1ccneaosaH sonpoc o6 ycnoo11SIX cornacooaHIIH B BOnHOBOJlHOM Tp8!(-

Te MIIKpOTpOHa np11 pa3nii'UiblX COOTHOIIJeHIIHX Me>KJly MOIIIHOCTbiO noTepb B 

cTenKax pcaonaTopa 11 MOIIIHOCTbiO narpy>Ka10111ero sneKTponnoro nyqKa. ll.aHhl 

<jlopMynbi, CDSI3biDBIOIIIIIe KCBH B sonHOBOJlHOM TpaKTe 11 narpyaKy peaonaTo

pa. 11 MeeT en yaonneTBOp!!Tenbnoe cornaclie Teopllll c sKcnepnMeHTOM. 

noK838HO, qTO C TQqKII 3peHIIS! yCToAqiiBOCTII npouecca yCKOpeiiUS! 

npeanoqTIITenbna CDH3b peaoHaTopa c oonHOBOJlOM 6onbllle KpiiTIIqecKoil. 

llpenpKHT 06~eABH8KHOrO HBCTBTyTa SA8pB~X BCCneAOBaRRio 
.ny6aa, 1967. 

Matora I.M., Khar'yuzov R.V. 

On the Matching of the Microtron Resonator with 

the Waveguide 

P9-3567 

The problem of matching between the microtrone waveguide 

and the resonator at different loading electron beam powers is 

studied.The formulae connecting the standing wave coefficient in 

the waveguide arx:l the resonator load are given. The theory well 

agrees with experiment. 

It is shown that, from the point of view of the acceleration 

process stability, the connection between the resonator arx:l the 

waveguide is prefered to be more than the critical one. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1967. 
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Ycn o BH SI pa60Tbl pe3 0HaTopa MHKpOTpOHfl, B KOTOpO M HMllY1lbCHb! fl T OK y CK D

p eHHblX aneKTpOHOA c o CTilB1l SieT 50-100 Mil , a aneprHSI - 30 Man, BM e to T P Hil o •;o-

6eHHOCTe ii . OnHa 113 HHX aaKJJIO'!aeTCSJ a TOM , '!TO M outnocT b, aaTraCJHUil P. M llll 1w 

yCKOpeHHe 31leKTpOIIOB { H llrpy 3Ka), B H e CKOllbK O pa3 npeBbl:U/leT 3Hll'!eHHe MOi.:U !Cr

C TII, p8CXOayeMOfi 1! 11 B03 6y.>K !leH IJe l! e06XOLlll~IOrO Tl O.'I H D p e30HllTOpe ( OMH 'l!JCKne 

llOTe pa B erO C TeHKflX). npH'li!Hil 3 TOH OC 06CHHOCTH 3llK:t!0 '!8eTCH B TO ~I, '{TO Hll

rpy3Ka llY'IKOM B MI!Kp OTpC>H e !!MeeT KllK 6bl TlllfJfiJJnellbllOe ~K lliO'l!JHII e, l!y'IOK B HeM 

npoxoaaT '!epea ennHC TBe HHbtl1 ycK opmomn ll aaaop MnoroKpaTtto. BMeCTe c T e M , 

MO!UHOCTb, 31lTpll'li!Bfl!JMfl H !Ill B 036y.>KaeHHe MUKpOTpOH HOrO p e30!l llTOpa, H9 BCniiKil, 

TllK KaK paaMep bi pe3oHnTopa Mflllht . Ona c ocTannneT o6bt'!HO 0,5- 0, 7 MaT nnSI pe-

3 0HaTopoa H fl Jllli!Hy BOll ll bl [Q CM. C n pyroil CTOp OH h l, llf.llKC 6e3 yqeT a llOTE'pb y c 

K OpS19 M bt X S119KTpOHOB RMTlYilbCHfiSl MOIUHOCTb B ny'!Ke 50 - 100 M ll 30 Ma a p oana 

1,5-3 MaT, a c y'!e T O M rroT epb ee cn eny e T, no Kpailn<.dl Mepe, ynnow.·"· TaKoe 

OTHOWeHae M emny MO!UHOCT>lMJ! n arp y3KH H B036ymn e HII H p e30HilTOpll cymeCTByeT 

BO apeM!I HOpMa1lbHOii pa60Tbl, B TO apeM !I K llK 11p11 nycKe YCKOpi!TeJHi IIMeiOT MeCTO 

H BCe rrpoMe >KyTO'JIIbl e ero 311ll'l8 HR!I, IIOCKOJJbKy TOK YCKOp!!eMbiX <l119KTp0l!OB nnaB

HO yae11H'li!D8CTCSI OT H yllSI 110 HOM l!HBllbHOA B9nJI'IHHbi, a MOWHOCTb IIOTe pb B C TeH

KaX peaonaTopa n enaMe HHfl . CooTaeTcTsenno y aenaquaaeTc!l 11 MOll.lHOCTb, n cpenana

eMa!l '!epea BOllHOBOliHY!O lllil!HIO OT renepaTOp a K p e aonaTopy OT 31!8'191!11!1, G11 R3-

KOro K HyniO Tlpl! IIyCKe l!O B011H'lllllbl, npeBbiDJlliOU.teA MOWHOCTb B036 y lK/l9lii!SI p eao

UaTOpa B 5- 10 paa llpll HOMHH811bi!OM pe>KHMC pa60TbJ Y C KOpiiT911!1. ri08 TOMy KaK 

c TOCJKll apeHH !I noBbiUi e HH!I Krill CHCT9Mbl, TaK H C TO'!K!f 3pCHH!I 3J19KTp!l'le-

CKOJ.i npO'l !IOCTII B01lHOf\OllOB, )1(9J18T01lb!IO o6ecn e '!HTb T8KYIO C B!!3b p e30 illlTOpa C 

llHHneJ.i, '!T06bi npn onp e n e Jicn nol1, 11anepea aaaanHol\ pa6o'lefl HarpyaKe p eaoHaTopa 

ny'IKOM 31l9KTpOIIOB, B BOJI!IODOJJIIOM TpaKTe IIM91l M CCTO pelKHM 6 o rymef! B01ll!bl . 

B HllCTO P.meJ1 p a6oTe naHo p ewem1e pnaa uonpocoa, canaanHhJX c a ToA a a a nqcA. 
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l 

1. T e o pH g 

CBSI3b B CBl.J TIHHHH nepe~ta'IH Me)I{Ay K03cjlq>HuHeHTOM CTOSI'Ielt BOTIHbl r , ee 

BOTIHOBbiM COnpOTHBTIBHHeM z0 H 110TIHbiM ConpOTHBTieHHeM Harpy3KH zH 

>K8eTCSI H3BeCTHbiM COOTHOWBHHeM/1/: 

Bblpa-

r= l•u + "bl+l Z5 - •a I 
z +zl-lz- z I 

H 0 H 0 

{1) 

HTIH 

z + z I + I • o- •J r = H 0 

zH + z o I - I z o - •n I 
(2) 

Tlpu 3 TOM HMeeTCSl B BRAY, 'ITO z H MO>KeT 6b!Tb K8K 60nbWe, T8K H MBHbWe Z '0 , 

HO r BCerAa SIBTISIB TCSI Ael!cTBHTenbHbiM 'IHCTIOM, He M9HbWBM eAHHHUbl. 

8 cnyqae, KOr~ta C 011p0THBTIBHHSI TIHHHH H Harpy3KH SIBTISIIOTCSI 'IHCTO 8KTHBHbi

MH H p8BHbiMH COOTBeTCTBBHHO R0 H RH , COOTHOWeHHH (1) H (2) MO>KHO 3811H-

C8Tb : 

una 

rae G 
0 

r=~ = __ G_o_ 

r = 

R o 

1\o G H 

2 
RH 

G 
-lL 

Go 

8KTHBH8SI 11pOBOAHMOCTb TIBHRR 

npa 

npu 

G =--- BK THBHB SI 11pOBOAHMOCTb H8rpy3KH. 
H JlH 

RH > Ro 

R 
H 

< R 

(3) 

0 , (4 ; 

0KOHB 'IHOII Ha rpy3KOll ATIH n!IHHH B MHKpOTpOHe SIBTISIBTCSI YCKOpSIJOUIHJI 06'beMHb1Jt pe-

30H8TOp, Tlp 8 ACTUBTIHSI er o 3KBHB8TieHTHbiM 118pannenbHbiM XOne6aT9nbHblM KOHTy

pOM I 1,2 ,4 / c cocpeaoTo'lenHhiMH nocTOHHHbiMH (puc. 1), CBIL38HHbiM c nuanell nepe

LI '"'" lf098TibHbiM T D8HC QJOpM8TOpOMx) C K03cjxjJHUHeHTOM TpliHC(j!OpMBUHH K , MO>KHO 

x) 
3~teCb Mhl npene6peraeM llOTB pSIMH B OKHe CBSI3H H ero peaKTIIBHOCTbJO. 

4 

a anac aTh Bhlp a >Keaee A · 

ceX) G a a B C9 '1 B RHH 
~ 

rae G 
p npOBOAH M OC: 

3TieKTpOH OI 

G 
H 

11p0BOAHMOC~ 

8blp8>KB H>I (: ( 3 ) c Y'>CT 

G r ___ o 

c• • 
~ 

Go 
Mao>KHTenb -)<l1--- = r c 

GP 
KOr Aa uarpyaxa n y•IK OM 3 l 

OTH OCHT BTihHY IO Rarpy3K) 

CTH 110Tepb B p 9 3 0H8 T Of 

B IICHM OCTb!0/2 / : 

B OKOH'IaTeTlbHOM BRAe 1 

X 

r • ro x + 1 

TlYTeM a uanoruquhlx pac 

60nbWe H TIH p8BHbl BAHH 

r = _I_ 
r 0 

X + 
r = r 

0 X 

x) Bee ~tanbaeAmeE 
aa qacToTy reuepaTopa. 



:>M CTOH"'ell BOUHbl r , ee 

Bbrpa-

(1) 

(2) 

ionbwe, TaK n MeHbwe z 0 , 

b WHM eAHHHllbl, 

HBUH~CH "'HCTO 8KTHBHbl-

H (1) H (2) MO*HO 38UH-

(3) 

11 < R 
H 0 ' 

yCKOp!!IOIUHil 06'beMHbiA pe

dM Kone6aTenbHbiM KOHTY

ca!l3aanbiM c nHnnell nepe

panccjlopMannn K , MO*HO 

R era peBKTIIBHOCTbiO. 

38UHC8Tb Bhlpa*eHHe nnR CyMM8pHOil 9KBHBaneHTHOfi npOBOnHMOCTH llpH pe30H8H-

ceX) Ga'£a B Ce'ieHHH 8 - 8 B anne: 

(5) 

rAe G P UpOBOAHMOCTb CBH38HHOr'O C UHHHeA pe30H8TOpa 6ea Harpy 3KH rry"'KOM 

9UeKTpOHOB, 

G npoBOAHMOCTb narpy>Karorucro ny'iKa. 
H 

BbipalKeHite ( 3) c Y'iCTOM ( 5) npHMElT BHA: 

r=2a: Go G 

Ga a a 
k~ G (l+~l i: G + G 

'£ H p 
G 

(6) 

p 

Go 
MHO*HTenb -.-.-- = r 0 npencTaanlleT co6oi! K CBH a nnHHH a p e)!{HMe xonocToro xona, 

r GP G 1 
Korna Harpy a Ka ny'IKOM s neKTponoa OTCYTCTByeT. B ennqnaa _..a___=-- x apaKTepnayeT 

G X 
p 

OTH OCHTeUbiiY IO H8rpy3KY pe30H8 TOp a , T, e, OTHO!IleHHe MOtlii!OCT!f B ITY"'Ke K MOtUHO-

CTH UOTepb B pe30H8TOpe , UOCKOUbKY MOlUHOCTb p 

BIICHMOCTbJ0/2 /: 

H npOBOAHMOCTb CBH38Hbl 3a-

P~-1 -l G . 
2 m 

B OKOH"'STenbHOM BBne Bblpa*eHHe (6) MOlKeT 6b1Tb 38UBC8HO: 

r a r 
0 

X 

x+1 
npa Ga a< G 

I - o 

nyTeM aaanorH"'I!biX paCCY*AeHHll, Y"'BTblB8H, 'ITO K09<jxpBilReHTbl 

60nbW9 HUB p8BHbl 9ABI!Blle, H3 (4) MO*HO nony'IKTb: 

r = _1_ X ± npn Ga a > G 
r 0 X I 0 

X + 1 Gaa >G r = r npa 0 X I 0 

(7) 

(8) 

H r
0 

scerAa 

• i:2 G s_G (9) 
p 0 

i:a G > G (9') 

" 0 

x) Bee nanbnei!wee paccMoTpeane nposoAHTC!l nnH peaonaTopa, nacTpoenooro 

ua qacToTy reaepaTopa. 
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I 
KaK 113B9CTH01 K03<jxpi!UH9HT C BSI3H {3 K -- nnll CBSI3H M9Hbill9 KpHTH'l9CKOll H {3 • r O 

r 
;1/Bl CBSI311 60nbll!9 Kp iiTI! '!eCKOl/ 1 /. 0rc!O<JIH Bb!palK9HIISI (8), (9) H (9') II03BOnRIOT 

npocnenHTb H3M9H9HH9 K03¢qliiUH9HT8 C T OSI'I9H BOnHbl B nH HHH nepena'IR B 38-

DIICHMOCTH OT OT!lOCH'I'e nbHOM H8rpy3KH pe30H8TOp8 ny'!KOM a n eKTpOHOB x nnR paa

nl1 '1 Hb!X 3H8'!9HHil HCXOllHOn CBH3H pe30HaTopa C BOnHOBOllOM, onpe aenSI9Mb1X Ben R'lH

ll Oii r 0 

Ha pHc. 2 npHaeneHbi pacc'IHTBHHbie no (8) a {9) aa·BHCHMOCTH 0T X 

nnst r O , pBBHb!X 114; 2; 3; 5 H 101 COOTB9TCTBYIOillH9 HCXOaHOi! CBS13H 6 o.'lbW9 KpH-

TH 'l9CKolL 3ae cb n o Mepe yMeabmeRHR x OT .x n: • llO x onT 

aarpy3Ka) B O BC9X Cny'IB HX MOHOTOHHO yM 9Hhill8 9TCH ll npR 

X ~ ---
OnT 

r -
0 

(yaenaqeJiae 

( 10) 

aacTynae T nonaoe cornacoaaaae B aonao~g~IIOM TpaKTe ang a aaaaaoro {3 ~ r 
0 

, T.e. 

~ & & 
OK83b!D89T Cll r c I H G a k ( G + G ) = G ~ EcnH npoaonlKaTb y aena'!e -

0 p H ~ 

nHe n a rpyaKH 11 nocne npoxoJKaeHRSI 
a a 

TO'IKU x onT 1 TO G I CT8HOBRTCH 6onbll!9 

nponoaR MOCTB naHIIR G 
0 

, :r ¢opMyny (8) cneayeT aaMeHIITb aa {9), nerKo BRaeTb 1 

'ITO 3H8'l9HHll nocne npoxoJKaeaHR MOM9HTa nonaoro cornacoaaRlll! c ynen11-

'l9HH9M Harpy3Kll MOHOTOHHO B 03p8CT810T, 

3aecb YM9CTH O OTM9THTb cneay!Omee: ¢aKT 38M9Hbl ¢opMynbi (8) Ha (9) 1 Bbl- -

3B8HHbill H3M9H9HH9M nRmb H8rpy3KH H8CTp09HHO!'O pe30H8TOp8 1 COOTB9TCTBYeT no 

aanecTHbiM npeacTanneHHl!M/1 I H3Meaeaa!O xapaKTepa CB H3H aarpylKeaaoro peaoaa

Topa, KOTupal! ao MOMenTa nonaoro cornaconaaal! 6wna 6onbme KpHTR'lecxoA npa 

1 
X • 'bnT ~ --

'o- I 
- KpHTH'l9CKOi!, a nocne 3TOrO CTana M9BbW9 KpHTH'l9CKOll, 

T o , 'ITO 3 TOMY cooTBeTCTByeT H ¢H3H'I9CK8H CyillHOCTb 1 noaTB9plKaaeTC H CK8'IKOM 

tP83b! 88 IT B CyMMapHOA (naaa!OW8SI nn!OC OTp8lK9HH8R) BOnae B BOnJIOBOaHOM 

Tp8KT9 nepea pe30H8TOpOM 1 KOTOpb!l! eceraa HB6n10aaeTCSI npH npOX0~9BIIH TO'IKH 

nonnoro cornaconaRIIR. TaKHM o6pa30M1 Mbi aaaaM 1 'ITO xapaKTep CBR3H CHnbBO aa-

rpylKeHBO!'O p930H8TOpa C BOnHOBOaHbiM Tp8KTOM onpeaenSieTCSI He TODbKO Bbi6paJI

HbiM OK HOM CBR311 ( BXOaliWHM B ¢opMynhl 'IBp93 eenH'lHHY r O ) II npOBOaHMOCTbiO 

aeaarpyJKeaaoro peaoaaTopa G , HO TaKlK9 llpll npO'IHX nOCTORJIJib!X ycnOBIIBX II 
p 

aenH'IHBOi! ero aarpy3KH, npyrHMH CnOBBMH, X8p8KT9p CBR3H pe30H8TOp8 1 p8CC'IH-

T8HHO!'O 118 60nbillH9 aarpy3KH, B KOTOpOM ¢HKCHpOB8Hbl OKHO CBSI3H C BDnHOBOaHb!M 

6 

TpaKTOM H C06CTB9HHas 

e ro Har py3KH He ¢HKCH 

B npoTaaononoJKac 

nnn pa60Tbi npa ManbiX 

rpyJKeHHbiA peaoaaTop 

aaaacaT. 3 necb ynena< 

KCBH B nHRRII anSI nce:x .. ~ 

aaMOCTb Gl: - k ( Gp 

aaJKe a cnyqae 1 Korn s 

TaxRM o6pa30M1 

pOB8Tb C IIOMOllibiO KpB 

COOTB9TCTBye T T8KOMY 

'l9CK8H IIM99T M 9 CTO 

rae _ d_ r __ > o . 
d X 

2. 3xcue 

BBl 

3aBRCHMOCTH (8) 

H3M9p9HHSIX1 KOraa MOilll 

CTBY!Olli9M YCKOpHTene 

HMnynhce151. 

a) 'Xonoaable' 

npaMoyrOnbBb! l'! (I 

Tpoaa1 npenaaaaaqeaawA 

38H C BOnJIOBOaJib!M TpE 

pa3Mepoe OKRa ( BbiCOTa 

npyroA pa3M9p ( WllpHJI, 

11 15 no 1815 MM a npaM 

nnSI K8lKaoro 3H8'l9BHSI I 

CTOli'IeA BOnBbl B BC 



;a, we KpHTH'leCKOI! H f3 • r O 

) , (9 ) II ( fl ' ) U03BOnl!IOT 

B nHHIIII n e pe):IS'III B 38-

a n e K T pOHOB nnll paa -

•M, onpe nenl!eMblX BenH'!H-

OT X 

XOAROI! CBli3H 6 onb we KpH-

.[]O x OITT (yaenuqeaue 

R n n p ii 

(10) 

a a naRsoro {3 x r 
0 

, T.e. 

: nH npononmaTb yaenH'le

CT BROBHTC R 6onbWe 

ITb H8 (9), nerKO BH):IeTb 1 

c ornacoaaHHl! c yBenu-

!JopMynbi (8) liS (9), Bbl -

:aTopa, COOTBeTCTByeT ITO 

i!3H Harpymeaaoro peaoHa

t 6onbme KpHTH'!eCKOA npB 

8 MeBbwe KpHTH'I9CKOI!:, 

, UO):ITBepm.aaeTCll CKS'IKOM 

as) BOnae B BOnROBOnHOM 

B npH npOXO~OHHII TO'IKH 

.apSKTep CBSI3H CHiibHO H8-

1SieTCll He TOIIbKO B~fipas

IY r O ) H npoaoniiMOCTbiO 

X nOCTOl!RR~X ycnOBIIHX H 

BSI3H pe30H8TOp8, paCC'IH-

DKHO CBSI3II C BOnHOBOnR~M 

Tp8KTOM II C06CT B9HH8ll npOBO):IIIMOCTb, OC T aeTC l! ReonpeneneHR~M , ecnB BenH'!HH8 

ero sarpy3KH ae ~HKCHpoBaaa. 

B npoTIIBOnonO*ROCTb 3TOMy, xapaKTep CBR3H pe3 o Ha Topa , npenaa3H8 '!eaa oro 

nnH pa60Tbl npa Manblx sarpy3Ka x (pac. 3) , T . e. B TOM _cnyqae, K o r.aa erne He Ha 

r py*eHRhll!. pe30HS TOp Y*e II MeeT MeHbiUyiO KpiiTII'IeCKOl! CBl!3b, OT Harpy3KR H e 

3SBIICHT. 3necb yBenii'leHIIe HarpyaKH (yMeRbWeHHe x ) Be.aeT K B03p8CT8HBIO 

KCBH B nsaan .anll Be ex 3Ra'!eHHII r 0 , nocKOn bKY 3KBHBaile HTHBll c yMMapHal! n p oao-

( CM . 4) npe BOCXOJlRT npOBOIIIIMOCTb n H lUI H G 
0 

IIS*e B cnyqae, KOrllB UpOBOJlHMOCTb ny'IK8 CFI - 0 

TaKIIM o6paaoM, xapaKTep CBl!31I Tp8KT8 II p e aosaTopa MO*HO KnaccH~Hnii-

poaaTb C ITOMOIUbiO KpiiB~X r(x , r
0

) , Upii'I9M CBll3b MeHbWe KpiiTH'I9CKOJ!. BCe rna 

d r 
COOTBeTCTBye T TSKOMy H8 60py napaMeTpOB, UpH KOTOpCM ---;r;- < 0 , CB513b KpiiTII-

'IeCKSll HMeeT MeCTO B TO'IKe X - X OUT 1 II CBl!3b 60IIbWe KpHTII'I9CKOA - TBM, 

rae _d_r __ > 0 . 
d X 

2, 3KCII9pliM9HT81IbHOe JICCJI8/10B8Hlle BJIJIHHJIH H3M9HSIJOW811CH 

Harpy3Kll p830H8TOpa Ha COrJI8COB8Hll8 B BORHOBOIIHOM 

Tp8KT8 

3aBIICIIMOCTII (8) II (9) 6binii npOBepeHbl 3KCne piiM9HT8nbRO npB 'xonOIIHbiX' 

H3MepeRBBX, KOr):IS MOillHOCTb r e Hep8TOp8 p8BHl!n8Cb e)liiHIIUSM M HnniiB8TT, II HS nell-

CTBYIOIUeM yCKOpBTene ITpH MOIUHOCTH resep8TOp8 nopsnKa He CKOnbKHX MeraBSTT B 

IIMnynbce
15 1• 

a) 'X on on H hie • u 3M e p e H II R 

fipBMOyrOIIbH~A (HnH IlHnHanpH'l9CKHA) MellHbiA 06oeMHbiA pe30H8TOp MI!Itp~ 

Tpoaa, npenaaaaaqeas~A nnll pa60Tbl B 10-caHTHMeTpoaoM nHanaaoae Bona, 6~n cal!-

388 C BOnHOBO):IHblM TpSKTOM 72 x34 MM npHMOyrOIIbRb!M OKHOM CBSI3H, OllHH H3 

p83MepOB OKH8 (B~COTa) H3 KOHCTpyKTHBHb!X COOfipa*eRIIA OCTBBBnCH Hei13M9HH~M. 

apyrol!. p83Mep (WBpHHB) B8pbiipOB8nCH CTyneRBMH 'lepea 1 MM B npenenax OT 

11,5 no 18,5 MM B llpBMOyrOiibROM pe30H8Tope H OT 17 no 24 MM B IliiilUHnpB'IOCKOM, 

anSI KalKnOrO 3H8'19HIISI WBpi!Rbl OKHS CBB3II fiblil8 CRSITS 3 8 BIICHMOCTb K03cjMIJHil.eRT8 

CTOH'lel! BOnRbl B BOnROBOnaol! 1IIIHHH npii HBCTpOe HHOM pe30H8TOpe OT BenR'IHR~ 
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aarpya~~:a nocneaaero npa <jJaJtcapoaaaaoA qacTOTe. KCBH aaMepsmcg c noMOlllbiO 

aonaoaoaaoA B3MepaTenbaoA nY.HHH HBn-1 no TanoaoA cxeMe. HarpyaKa peaoaaTopa 

Morna H3M9HSITbCSI B WHpOKHX npeaenax C nOMOIUbiO npacnoco6neHHSI, KOTOpOe COCTO-

Sino aa TOHJtoro MeTan naqecKoro aoaaa, aarpylKeaaoro qepea KOaKcaanb&biA Ka6en& 

TepMHCTOpBbiM H3Me paTeneM MOWBOCTH BHM-1. 30Btl BBO,[lBllC SI B pe30H8TOp qe

pe3 OtlBO H3 nponeTBbiX OKOB. KalK.QOlt rny6aae norpylKeHHSI 30Htl8 COOTBeTCTBOBBnO 

onpeaeneaaoe aaaqeaae MOIUBOCTH, oT6apaeMoA aa peaoaaTopa. 3To aaaqeaae onpe 

aenli1IOCb no nOK838BHIO H3MepaTenli MOIUHOCTB. PaCCTpOIIKa, BHOCHMaH B pe30H8TOp 

peaKTHBHOCTbiO aoaaa, KOMneacapoaanac& c nOMOIUbiO MexaaaqecKoll aacTpoi!Ka. Cne

ayeT OC060 OTMeTHTb, 'ITO cyrueCTBeHBSSI '18CTb H3MepS!eMOA 9THM MeTO,[lOM MOIUHQ

CTH Harpy3KH MOlK9T OK838TbCSI H3ny~eBBOII B npOCTpSHCTBO, ecna Be npHBHTb Me-

phl, HCKlliO'IBIOIUHe TaKyiO yTe'IKY • 

3aepreTH'I9CKH~ 6anaHC B CHCTeMe BOnHOBOtl-p930H8TOp-H3MepHTenb MOIUHOCTH 

MOlKHO npeACTaBHTb B BH,Qe Bhlp8lK9HBSI: 

( 11) 
p - p 

H 
+ p + p ' OTp p 

rae P - MOIUHOCTb, nocTynaromaB oT reaepaTopa K peaoaaTopy, 

pH- MOIUHOCTb HBrpy3KB, OT6apaeMSB TepMHCTOpOM, 

p OTp - OTpSlKBBBBB MOIUIIOCTb, 

PP - MOIUHOCTb nOTepb B CT9HK8X pe30H8TOp8 (n Hee JKe BXO,QHT Be3Ba'IHT9nb

H8SI MOIUHOCTb, H3nyqaeMSSI pe30HaTOpOM qepe3 nponeTHhle OKHa). 

BenH'IHHS MOIUHOCTH P HBXO,QHnBCb Henocpe.QCTBBBBblM H3M9p9BH9M H B T9'19HH9 

onwTa noaaeplKaaanac& ~oCTOSIHHoA. 3aaqeaag P oTp aaxonanacb pacqeTOM no &3-

aecTHoA aenaqaae KCBH, coOTaeTcTayromeA aaaaoMy aaa'leHHIO P8 • nocne 9Toro 

Bhl'IHCnSinSCb MOIUHOCTb nOTepb B CTBHKSX 

pp 
H OTHOW9iiH9 --- ~ X , 

PH 
KpylKKaMB 0603H8'19Hbl 

P ·P-(P +P 
P H OTp 

xapaKTepaayromee cTeneab aarpy3KH peaonaTopa. Ha pac. 2 

9KCllepBM9HTallbHbl9 TO"'KB KpBBb!X OT x , CHSITbie llpH 

'xonO.QHbiX' H3MepeHHSIX AllSI r 
0 

, paBHhlX 1,4; 2 H 5, COOTBBTCTBYIOIUHe HCXO,[lHOi! 

CBl!3H 60nbW9 KpHTH'IBCitOil. Ha pac. 3 KpyJKKH COOTBBTCTBYIOT TBKlKe pe3ynbT8T8M 

'xonO,QHb:X' H3MepeaaA npa CBSI3H MeHbrueA KpBTH'IBCKOA. B o 6oax cny'lBllX OTKllOHB-

HBe 9KCnepHMeHT8llbHb:X KpHBhlX OT paC'IBTHhlX nelKHT B npeaenax OWH60K H3MepeaaA. 
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6) HaMepeHBSI 

nocJtOnbltY B MBKpt 

a pa6oqeM pelKaMe, Koraa 

TOpe ( x OllT < 1 ) , O'IBBHJ 

BeTCTBYIOWHA HCXO.QHOA CJ 

cneayeT aenaTb, y'IHTbiBas 

OABOII CTOpOHhl 1 tlllB nOBhll 

T9Mhl aylKBO CTpeMHTbCB 

KBK 9TO cneayeT 83 (10) 

6yaeT cornacoaaaae a nor 

30H8TOp BBO,QHTCH B .QeAc 

onTHMyMa. Ha nepahlll B3I 

Ta, ecna 3apaaee aaxanaT 

rpy3Ka 9MHTTHpOBBHHhlM C 

ycxopeHII:H no aceM op6a1 

9<jl<jleKT npH CTOnb 6on&rr 

MHoro pas npea3oAaeT o61 

BHe 9ll9KTpOHOB qepe3 pe 

non&aoaaTbcSI npeaaapaTel 

COBBHHSI TpBKTa CB'I C HE 

nlfUlb K npelK,[l9BpeMeHHOM: 

OnhlT noKa3an, 'ITO 

npOBOlK,[l89TCB nnBBHbiM H~ 

pan COOTBBTCTBYBT 3a.QSH 

nyH KTBpnoA llHHBeA C Tpe) 

MOIUbiO MBTOAHKH, H3llOlKe 

TenbHO 0,3. 

Ha pac. 4 cnnomaoA 

BeTCTBBH C Bblp8lK9HH9M ( 

KBMB H306palKeHb: pe3yn&· 

H3MepeHBA HB aelkTBYIOID 

CB'I TpSKT/3 / MHK 

Tens nepenaaa TeMnepaTy~ 



!3MepsmCH C ITOMOIUblO 

• Harpyaxa peaoaaTopa 

5neHHH, KOTOpoe COCT0-

1 KOBKCHBnbHblll Ka6enb 

HnCH B pe30H8TOp qe-

30HA8 COOTBeTCTBOBano 

18. 3TO 3H8'1BHHB onpe-

BHOCHM8H B pe30H8TOp 

1ecxolt aacTpoAxa. Cne-

3THM MeTOAOM MOIUHI>-

•, ecna He npHHHTb Me-

-H3MBpHTBnb MOIUHOCTH 

( 11) 

>py, 

:e BXOAHT He3H8'1HTenb

oneTHble OKRa). 

MepeHHBM H B T8'18HH8 

HnHCb p8C'IBTOM DO R3-

HHIO PH • llocne 3TOrO 

peaoaaTopa. Ha pac. 2 

OT X , CHHTbi B UpH 

reeTCTDYIOIUHe HCXOAHOI!: 

"lOT TBIOKe pe3ynbT8T8M 

o 6oHx cnyqasx OTKnoae

enax owH6ox H3Mepeaal!:. 

I 
I 

6) HaMepeaas sa ycxopaTene 

llocxonbKY a MHKpOTpoae )l{enaTenbHO HMeTb nonHoe cornacoBaaae ( r = 1 ) 

a pa6o'leM pe)I{HMe, xoraa MOIUHOCTb B nyqxe 6onbme MOIUHOCTH norepb a peaoaa

Tope ( x OnT < 1 ) , 0'18BHAHO, 'ITO BCeraa. uenecoo6pa3HO peanH30B8Tb p8)1{HM 0 COOT

B9TCTBYIOIUHI!: HCXOilHOit CBSI3H "6onbWell KpHTH'I9CKOI!:". llpa 3TOM Bbi60p OKIIB CBH3H 

cnenyeT nenaTb, y'laThi eas cnenyiOmae nea nporaeopeqamae npyr apyry <jtaxTopa. C 

OllHOit CTOpOHbl, .[lnH UOBbiWeHHll K03<1t<PHUH9HT8 none3HOrO neltCTBHll yCKOplllOIU8il CHC

T8Mbl &y)I{HO CTpeMRTbCll K MeHbWHM 3H8'18HHHM X J0UT • Ho, c npyrol!: CTOpOHbl, 

KBK 3TO cnenyeT H3 (10) H pac.2, '19M HH)I{e x onT' TeM 6onbwe r 0 a TeM xyJKe 

6yneT cornacoBaaae a eonHOBOAe B TOT npoMeJKyTO'IBbll!: nepaoa epeMeaa, xorna pe

aoaaTop BBOilHTCH a ael!:cTeHe, a aarpyaxa 3nexTpOBBbiM ny'IKOM eme He aocTarna 

ODTHMYMB. Ha nepBbllt B3rnHA KBlKeTCH, 'ITO nocneaaee 06lil3aTenbCTBO MOlKHO o6oi!:

TH0 ecna aapaaee aaxanaTb xaTOA a peaoaaTope AO Taxolt TeMnepaTyphl, 'IT06bi aa

rpyaxa 3MHTTHpOB8HHbiM C aero DY'IKOM 6blna 6mi3K8 K ODTBManbHOll eme AO aaqana 

ycxopeHHll no seeM op6aTaM. Oaaaxo Taxag npoueaypa MO)I{eT ABTb )l{enaTenbBhiA 

3<P<ItexT UpH CTOnb OOnbWOM nepeKane KBTOAB, 'ITO TOK 9MHCCHH C ero Topua BO 

Maoro paa npeeaoltaeT o6hi'IHOe pa6oqee aaaqeaae, Tax xax MaoroxpaTaoe npoxomae

aae 3neKTpOBOB qepe3 pe30H8T0p ewe He HMeeT MeCTa. ll03TOMy BC e ITODblTKH BOC-

nonbaoeaTbCll npeaBapaTenbHO aaxaneHHbiM xaTOAOM anH ynyqweHRH nonaoro corna-

coeaaaH TpaKTa CB'I c aenonaocTblO eeeneHHhiM a aei!:CTBHe peaoaaTopoM npuBO!:IHm: 

mrWb K npemneepeMeHHOMY paapyweaa10 KaTona H ae nocTaranH uena . 

OrrhiT rroxaaan, 'ITO eceraa nonyqeaae aa MHKporpoae y cxop eaaoro ny qxa co

npoeomaaeTCll nnaBHbiM H3MeaeaaeM KCBH BAOnb rrpaeol! eeTBH T o li xpneot1 , KOTO-

pall COOTBe TCTByeT 38ABHHbiM 
0 

H x ouT • K p HBBH, o6oa aa'leHnan un pnc. 2 

UyHKTHpnol! n!I HHeQ C TpeyronbHHK8MH
0 

n on y q eaa HB AeliCTBYIOlUeM •YCKOpHT ene C ncr 

MOIUblO M8TOAHKH, H3IIO)I{eHHOl! HH)I{e Upl! r 0 • 4 ,5 . 3aeCb X OUT paoefl UpHOIIH31!

T9IIbHO 0,3. 

Ha pHc. 4 c nnowaoi! naaae li o6aaaqeaa aaenc HMOCTb ~.-- OT B COOT-
onT 

B8TCTBHII C BblpameaaeM (10) H HBHeCeHbl p eaynbTBTbl 3KCnepHM8HTB. 'l epHbl MH TO'l-

KBMH H306pe)l{eHbl peaynbTBTbl "xonOAHbiX" H3Mepeanlt, a KpeCTHKBMH - peaynbTDT bl 

H3Mepeaal!: He ael!:cTeyiOmeM ycxopaTene, KOTOpbt e nony'leHht cneay iOIUHM o6paGoM. 

CB'I Tp8KT131 MHKpOTpoaa na6opaTOp HH aeliTpOH HOll 4>H3HKH HMeeT li3Mepu-

Tena nepenaaa TeMnepaTypht BOilhi , oxna)l{aaiOuteii nocnenooaTenbH O peaoHnTop, noaH-
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HY~ Harpy3Ky nnH OTpa~eHHOR OT pe30HaTopa MO!UHOCTB B TaK Ha3hlB89Myro '6an

naCTHy~' aonsmyro narpyaKy, no paaaocTn TeMnepaT yp oxna~a~mel! aonbi aa axo-
I 

ne n ahlxone peaoaaTopa aaxonnnacb pacceaaaeMaH a HeM MO!UHOCTb P p ea • Be-

nnqena STOll MO!UHOCTB 3aBBCHT OT UOT9pb B CTOHK8X ( p 
p ), KOnnqeCTBa B 3Hep-

run anexTpoaoa, Bbi6hiBIIIBX na ycKopenna e 6oM6apnnpyromnx peaoaaTop ( P ~ ), n, 

HBKOH9ll 0 OT MOIUHOCTB nonorpeaa KaTona, KOTOpaH B3BOCTH8 P nonorpeaa ) • 

MO!UHOCTb noTepb B CTOHKaX ( p P ) , COOTBOTCTBY~Ill8H aanaHHOA uanpg~eH-

HOCTH aneKTpnqecKoro ycKoparomero nonn a cpenuel! qacTn peaonaTopa, aaxonanacb 

no aarpeay oxna~naromeA peaonaTop aonhl npa ycKopeann aneKTpoaoa, HH~eKT!Ipo

aaaahlx C KpOMOK nponeTHhlX OKOH 38 CqeT 8BT09ITOKTpOHHOI! 9MHCCHH (KaTon Bhl

Kfl~qen), npouecc ycKopeunn no Koaeqnol! op6HTbl conpoao~ancg pe3KHM aoapa

cTaaneM y -¢>oua a aane MHKpOTpoua. 

MomaocTb p' 
H BhlqHCITRnaCb KaK pa3BOCTb 

p ' 
H 

PI (P + p 
p nonorpeaa 

) . 

06mag MO!UBOCTb sneKTpOBHOI! Harpy3KH pH HaXOllBIT8Cb CYMMBpOB8HBOM p ~ H 

P ~· , rne P;;- nponaaeneaae aenaqnBbl sneKTpoaaoro TOKa, aa KoneqnoA op6nTe, 

ycKopH~mero aanpH~eans n KoneqecTaa op6nT. KpoMe Tore, c noMOlllb~ ocuannorpa

¢>epoaaanH orn6a~mel! nMnynhca oTpa~eaaol! aonahl onpenennncB KCBH a aonuoaone 

npe n~6oA cTeneHH uarpyar;e peaonaTopa, no onpeneneaero / 1/: 

unan + u oTp 

u - u 
nan oTp 

rne U nan uanpH~euee nana~mell aonHbi, 

U ~ 1 
3aaqeHBH nan H U OTp nnH nro6oro OTHOIIIOHHH p-=-;- MoryT 6hlTb nonyqenhl 

U OTp uanpH~eane oTpa~eaaol! aonBhl. 

P 
c npneMneMoil TO'lHOCTbiO H3 ocuannorpaMMbi oTpa~eunoro OT pe30H8 TOpa BMnynb-

ca (pnc. 5) 6nar onaps nMeromeMy MecTo nonaoMy paccornacoaaaa~ aa ¢>poHT8X BM

nynbca, ecnn BCnOITb3yeMble IIpH60pbi (neTeKTOp B CBHXpOCKOII) Be BBOCIIT 3HB'lBTOnb

BblX liMIInBTynBbiX HITH 'l8CTOTBbiX HCK8~eBHA. nocnennne MOryT OC06eBBO CHnbBO 

!IpOHBn!ITbCSI DpH H3MepeJIBH BOITB'lHHbl U nan , TaK KBK nnnTenhJIOCTb nepexonnhlx 

npoueccoa na ¢>ponTax HMnynbca ueaH:aqnTenbaa. Coananean e aKcnepnMeuTanbBbiX pe-

aynbTSTOB B pBC'lOT8 MO~HO C'lHTaTb ynOBITOTBOpBTenbBblM, BMOH B BBny cno~BOCTb 

H3MepeBHH MBOrHX napaMeTpOB H8 pe30B8TOpe C BbiCOXOI! no6pO'rHOCTb~. 
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3. 3aBHCHMOCTb 

I13MepeHH!I r 0 B 

naCTpOOHflblMB pe30HaTOJ 

peaynhTaThi, npaaenennh 

6onee nnaBHbiA acnencT 

CB!I3H, B HOM K KpBHM 

UOCTO!If!Ha, 

Bbtmenano~euubll! 

6opa CB!I3B pe30HaTOpa 

npHMOH!IOTC!I B J1H<l> 011 

no JKenaeMOMY OTil 

neJISieTCH onuoauaqno eM 

38BBCBMOCTB pBC, 6 (ca 

OKHa CB!I3H. npoaepKa 

He Tpe6yeTCH, TBK KBK B 

TpOH J1a6opaTOpBB aei!T 
PH 

auaqeane (~) a ne1 
p 

onacanncb aapymeanA a 

CTOBqel! BOITHhl B uaqan 

6hln 6nH30K K 3HaqeHH~ 
PH 

3HB'leHHH ( -p--) OUT' B 
p 

na peaouaTopa a nei!CTBI 

TOITbKO npa nepaoi!: nocn• 

6oTaTb n npn ropaano 6 

8 HaCTOSIIllee BpeM 

aeTcTayeT Koa¢>¢>nuueuTy 

BOCTB, 3aTpaq9HBOI! Ba 

TpaKTO aneKTpOBOB KO Bo 

B Ba'lBITbBblll nepeon BBC 



a TSK H83biBSeMyJO '6an

X./18JI<ASIOIUel! BOAbl BS BXQ-

I, 
M M OIUIIOCTb p p ea • Be-

~ P ), KOnHqec TBa H aaep-

m ax peaoeaTop ( P ~ ), a , 

·CTBa P rronorpeea ) • 

lUSH 3 8ll8BHOI! BSllpH*eB-

~H pe30HSTOpa, HSXOAe./ISCb 

: 9 ./l e KTpOBOB, IIU }I(eKTI!po

IHOI! 9 MHCCaa ( KSTOA Bbl-

BOJI<ASJIC!l pe3 KeM B03p8-

) . 

:::b CyMMHpOBSBeeM P ~ H 

~OKS, Ba KOHe'IBOI! Op6aTe , 

>, C llOMOWbiO OCUH./IJIOrpa

!JIH./ICH KCBH a soneosone 

/ 11: 

MoryT 6b1Tb n ony'leabl 

OT pe30H8 T Opa HMITy./lb

BC OBaHHIO HS !jlpOBTSX HM

on) Be BBOCHT 3BS 'IHTeJlb-

MoryT oco6eaao CHJlbHO 

{./IHTe./lbHOCTb nepeXOAHbiX 

e 9KCnepaMeBTa./lbHbiX pe-

HMeH B BHllY CJIO}I(HOCTb 

l06po·ruocTbiO. 

3, 3aaaCilMOCTb r 0 OT mapaHbl OKHS CBH3H pe30BSTOpa 

HaMepe liH!l r 0 B BO./IBOBOAe 72 X 34 MM C Up!lMOyronbHblM a UHnaBApH'IeCKHM 

HSCTpOeHBbiMH pe30B8TOp8MH Ba KOBUe B 3SBeCeMOCTe OT mepeBbl OKIIS CBH3e aana 

p eay./lbTSThi, npaaeaea a hie aa pac. 6. XoA Kpeaol! nn11 uaneanpa'IeCKoro peaouaTopa 

6onee ll118BHbii! BCJleACTBee Toro, 'ITO TO./I!US Meaa, B KOTOpOI! <!JpeaepyeTCH OKHO . 

CBH3e, B HeM K KpS!lM B03p8CTSeT, TOrllS KSK B npHMOyrOJlbHOM pe30BSTOpe OHS 

ITOCTO!lHHS, 

4. Bb16op CBH3H 

BbiWeea nO}I(e BHbll! MSTepaan ner B OCHOBy cneAyiOIUel! npOCTOI! MeTOAeKa Bbl-

6opa CBH3a pe30H8TOpa C BO./IIIOBOAHbiM TpaKTOM MHKpOTpOBa, KOTOpaH 9<P<lJeKTeBBO 

npaMe B!leTC!l B JIH<J> 0115111 B Te'leaee 3-x neT, 

PH 1 
no }I(CJISeMOMY OTIIOWCBHIO (~) ~ -x-- C llOMOIUbiO rpa!j>aKa (pee. 4) Onpe-

ACJI!leTC!l OAH03HS'IIIO eMy C OOTBeTC TBy iOU! ee 3118'le l!H e 
0 

• 3 a TeM C llOMOlllbiO 

3aBBCHMOCTH pee. 6 (CB!l3b 60./lbiUC KpeTH'ICCKOI!) HaXOAeTC!l He06XOAaMa!l mepeaa 

OKRa CBH3H. npoaepKa npaBHJlbBOCTH TaKoro Bbl6opa Ha 'XOJIO.[lHbiX' H3MepeaaHX 

He Tpe6yeTCB1 TSK KaK aa B O.llHOM Cny'lae Orua60K B Bbl6ope CBB3a ae 6hinO. MHKpo

TpOH lla6opaTopaa aei!Tpoaaol! !j>aaaKa 011HH 6bln aanymeu a 1964 rony, npe'leM 

PH 
aaa'leaae <--p--l B nepsble M e C!lllhl ero pa6oTbl cocTaanano n elllb 3. Torna Mbl 

p 

OUaCS./IHCb aapymeHHA 9./leKTpH'ICCKOA npO'IROCTH npa B03HHKHOBeBHH ·B BOJIBOBO.[le 

CTO!l'IeA aonabl B Ha'laJlbBbiA nepaon saona peaoaaTopa B nellcTaae, Korns KCBH 

6bln 6naaoK K a a aqeaaiO r 0 ,_ OnaaKo B na./lbaellllleM sbl6apanecb ace 6on&wae 

( ~) 3BS'leHe!l p p OUT, e 9 KCrrepaMeHT8./IbHO 6hl./IO liOKS3a HO, 'ITO e cne II CpHOil BBQ-

na pe30B8TOp8 B nei!CTBHe MaKCHMS./IbHO COKpSWSTb a .[leJISTb ero IIpO.llO./I*HTe nbBbiM 

TOJlbKO npH nepBOI! UOC./Ie c6opKa YCKOpHTeJIH TpeaapOBKe, TO MO}I(HO CTa6anbHO pa-
p 

60T8Tb a npa ropa3.[l0 60./lblllaX 3Ha'leBaHX(~)OliT 
pp p 

B HaCTOHWee BpeMH pa60'le e 3Ha'leHae (~) COCTSBJI!leT 6-7, 3TO COOT-
P OliT 

BeTCTByeT K09!j>!j>HUBeHTy liOJie3HOrO neilCTBH!l pe30H8TOpa ( OTHOllleHHe CB'! - MOIU-

HOCTa, 3aTpS'IeHHOA Ha yCKOpeaae BbiBe.[leBBbiX H llOTepHHHbiX Ha yCKOpeTe./lbHOM 

TpaKTe 3./leKTpOBOB KO BCel! BOlllenmel! B pe30H8TOp MOIUHOCTe) OK0./10 85%, To, 'ITO 

B Ba'laJibBblil nepeon BBOAS pe30HaTopa B nei!CTBee OT aero OTpa}l(aeTCH OK0./!0 60% 
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BCeJl M OWHOCTH, He I1pHBOAHT K paa p y WH T81lbHb!M I10(;ll8t:ICTBHHM , T B K K BK a T a CH

TYBUH H H M &&T M & CT O B Te '!eHHC llH Wh 15-30 M HHYT nycKOBOr O rrcp~oaa YCKOpHTe nn 

nocne o qepe nao !! •:6opKl! a HeC K OJibKHX c eKyHa rrocne o c T aliOBKR 6 ea C!H!TifSl n a rpes a 

K8T I)A 8, C n p y roli C TOpOH bl, MOlllHOCTh, BBO.!lHMBH B HeHarp y>KeHH btli p e 30H8TOp, H8-

B8llHK8 (0,7 MaT), a !10 ME'~•e Y B 8!!P. '!9 !H!SI HArpy3 KB a n eK T p OHI!blM rry'!KOM COOTB9T-

CT BYJOilleC YB91IK 'l8HH9 BBOAH M Ol! M OlUHOC TH C OI1pOBO >K.Ci88TCSl YllY'IW8HHeM C0f'1IBCQ

B8HHH a eonaon one a y MSHhmeaa e M KCB H n miOTb no enarranw . 

5 , Hsrpy30 '1Hhle x apsKrepacTHKH H ycroJiqnBocT~ rrpoiiecc a 

yCKOpOHHH 

E y neM aa3bi!3BT b K P l!Bhl e, a a naHHbl e ¢ opMynaMH (8 ), (9) H ( 9' ), a arpy aoq-

.!lbiMii xapaK T e p H C J'HKBMH CHC'l'eM b l B01I.!lOB OAlib!ll T p 8KT 

HX C TO'lKH 3 p9HH H YCTOli'IHBOCTH p a60Tbl YCKOpHT9 l! Sl, 

p e 3 0li8TOp H paC C MOTpHM 

Bb1p83 1f M l101!HYIO M OWliOCTb pH + p p ~ P 0 , rror nome HHy!O B pe3 0 H8TOpe ,B BHn e 

P o= P (l- J f'!2 ) , 

rrpH'!9M M OlUHOCTb r eae paTOpa P ~ c onst [' - eCTb KOa!jl!jJHUHeBT OTpa>KeBHil B CR-

CT9M9, 

n onb3yHCh ll3 B 9 CTHbl M BblpalKE HHe M If'!=~ R <!>OpMy .'lBMH (8 ) , ( 9 ) H (9' ), 
r + 1 

n o nyqaeM 

p 0 = i 
4P r 

":. 
X ( X + I ) 

( ( r0 + 1lx +l l 2 

X ( X + I) 

{( r
0 

+llx+l ] 2 

} B COOTB e T CTB!UI C (8) 

( 9 ) 

( 9 ') 

nerKO BHA9Tb, 'ITO n nB C B B3H 6 0 1Ibme KpHTH'leCKOA BCert:ta 

~<O 
d X 

H ~> 0 
d X 

A RH CBH3H M 9HbiUe KpHTH'I8CKOI!. 

4>aaaqecKH a To oaaa'!aeT c n e nyiDwee: 11106oe cnyqaAHoe H3MeaeHH e Harpy3KH peao

HaTopa npH e r o C BH3H C T p8KT OM 6 0llb iUe KpHTH'!eC KOA COI1pOBO>Kt:188TCSI 8BTOM8TH-
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'!8CKHM H3MeHeHHeM T 

eT coxpaHeHHIO rrpou e 

qae MeHbWe KpHTH'l9CI 

aoro aaa Ka, B npoue c • 
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