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. B H8CTORIUee Bp0MH B .MHpe paooTaeT· H0.CKOnbKO yCKOpHTenel! npOTOHOB THl;Ill._CIIHXJ)O-
, ,,, - . '[ ' . . . • I. " I ' ;' . .~ •. " ,·\ 

cpaaoTpOH, KOTOpble ycnewHo npHM0HHIOTCH .z:tnH peweHHH aaaaq, Bbl,llBIU:'80MhlX H.z:tepHOl! cpH- ' 
' • , '• •.- , r J • . ·,, • •• :. •, 

· 3HKOl!. Ka~ noKaaana _Me:lK,llyHapo,llHaH KOHcpepeHitHH no (pH3HKe ycKopHTenel!, COCTOHBW8H~H :.:, .. 

~ r; .[lyoHa (CCCP) neTOM 1963 r., .z:tnH MHOrHX npooneM COBp8M8HHOl! H.z:tepHol! ¢H'airnH · • 
.. \ ' '. 

;,llHanaaoH 8HeprHll ycKOpH8MblX qacTHU, UpHM0HH8MblX .z:tng .HccneaoeaHHH 
1
H.z:tpa ._B ,HaCTOHIUee, ·. 

. ' '-. - '\. . ~ . 
epeMH, S!BnHeTCH H8,llOCT8TO'iHhlM, B MHpe ceJ!qac ycHneHHblMH T8MnaMH H,ll8T, npoeKTHpoaa-

HHe y~KOpHTenel! Ha COTHH H Tb!CH'iy raa.Co3.z:tBHHe caepXMOlU~b!X ycKOpHTenel! aneMe~_Tap:-':: 

Hb!X. '{8CTHU CT8BHT Ha noaecTKy ·.ll,HH MHoroqucneHHb!8 T8XHH'i8CKH8 np~oneMbl, CBH3a_HHhi8 _c 
. ' . \.' 

ooecne'ieHHeM Bb!COKHX ,TO'iHOCTel! CHC_TeM ynpaeneHHH'TaKHX ycKopuTenel!, C .nonyqeHHeM' 
-:,.. , ,, , '. I , ' ' ' , . , . . >. 

oonhWOl! HHT8HCHBHOCTH yCKOpH8MbIX 'iaCTHU, xopoweJ\ CTaOHnhHOCTH. YPOBHH HHT8HCHBHOCTH 
> ,.,, ••• • ,; 

OT' UHKna''K UHKny,-H npH Bb!BO,lle nyqKa qacTHU .z:tnH <pH3H'i8CKoro 3KCllepHM8HTa. PeweHHIO 
,'',· . '. . , .. . I ' 

. 8THX 38,llB'i ·a· 3H8'iHT8nhHOl! Mepe ~nOCOOCTBYIOT paoOTbl no C03,ll8HHIO CHCT8M, ooecneqg--

BB!OlUHX MBKCHMBnhHO. nonHylO HH(pOpMBUHIO O ny'IK8 aapH:lK8HHhlX' 'IBCTHU B npoue9ce 'cpopMH"' / : ' 

·poaaHHSI H ~~KopeHHH, · HHcpopMauu10 o napaMeTp~x ycKopH10mero aneKTpuqecKoro H · MarHH-r-

_Horo nonH ycKopHTenH B ·aifHBMH'leCKOM pe:lKHMe, HHcpopMauHro o xapaKTepu~'TuKax ny'IKa 

:; qaqmu,. HH:lK8KTHpyeMblX B K8Mepy ·ycKOpHTenH. · 

TaKol! OO'beM HH<pOpMrutHH noaaonHe_T B8CTH paOOTbl no C03,ll8HHIO cne.z:tHlUHX ·u 8BTOP8:" 

,rynupy101UHX· CHCTeM, a TBK:lKe CHCT8M nporpaMMHOro ynpaaneHHH ny'IKOM ycKope!!HblX 

'18CTHU B'UHKne ycKOpeH~H. '' 
<! .• ' 

,f:'.ecj:lepupyeMaH ,llHCCepTaUHS! nOCBHlU0Ha H0KOTOpblM -~onpoc_aM, OTHOCHlUHMCH K _YKf"' 

38HHbIM Bb!W0 npooneMSM. 

'EonbWOlt 8KcnepHM8HTMhHblll M8T8pHan, nony'leHHbll! 8BTOpOM B npouecce aanyc~a 

1i' ttana.z:tKH CHHxpocpaa·oTpoHa Ha 10 raa, a Tait:lKe npH HopManhHOl! aKcnnyaTau~u y~itopl'i- ' 
' . ' '- ,.,. :, ·, . . .. 

Teng, aan· B03MO:lKHOCTh npo;.eCTH PH.ll o6o6meHHl!, HBHBWHXCH yoe.z:tHTenhHblM no,llTBep:lK-. 
l . • .• . ' ,. . • /1-8/ ';. .* 

,ll8HH0M TeopeTH'l0CKit,X UOn(!:lK0HHl!, H3nO:lK0HHhlX B pHae paqoT , K~oMe Toi;o, -H~ 6a-

ae'•a'KcnepHM0HTBnhHciro MaTepuana, npH' Henocpe,llCTB0HHOM Y'IBCTHH BBTOpa;. Obin paa'paoo--
' · . /9 10/ 

TaH PH.ll. M8TO,llHK .uccneaoBllHHl! KB83H08T8TpOHHbro H CHHXpOTpOHHOro pe:lKHMOB · ' ·; H_• 
/' 

C03,ll8Ha CHCTeMa nporpaMMHoro ynpaaneHHH ny'IKOM ycKopeHHhlX 'IBCTHU :a UHKne ycKope~ ·,

' /11,12/ 
HHSI . • 

.nu'ccepT~UH~ COCTOHT H3 Tpex rnaa. 
· .. 

8 nepaol!_rnaBe HanararoTCH,CB0,ll0HHH 
, ' ' - ·• 

o_ M~TO.llHKe H~c.neaoaaHHH: .lla~Tcsi KpBTKoe 

OilHCBHHe ,llBT'iHKOB ueooxoauMol!. HHcpopM8UHH, B 6onhWHHCTB0 cnyqaee 

3 



'-._ 

I 
I··-· 

\, 

'L 
i 

'\ 

';. (\ 

. HHcpopMan11S1, nony~eHHSll c 

Ha PTl-1AH CCCP
1131

.-

HHJlYKUHOHllbIX aneKTpOJlOB, paapa6oTaHHhlX Jlnll CHHXpocpaaoTpo-
• • 1 -· ,, 

I, 

' . /9/ 
KaK H3BeCTHO, HHJlYKUHOHHbie aneKTpOJlbI per'HCTpHpyroT )lBa BHJla CHr-Hanoa: CH['-

Han_ 'V(ef,) 
1, 

nponopn11011anbH1,1il 11aMeHeH1110 

r cp+ frr 
' IT" , , . 

V(cp) = _1_ f q (cp')dcp' 
C cp-Lz. 

., n 

nnoTHOCTH qacTHU B'YC~OplleMOM cr-yCTKe 

~ • /2 IT • 

C•U 

( 1) 

'I;( cp) 

(r-Jle f - - ·aneKTpH'IecKall )lnHHa :meKTpoJla, C - eMKOCTb aneKTpOJlOB no OTHOWeHHIO 
' . , 

K seMne. n_ -: nepHMeTp paB_HOBe,cHoll: 'op6HTbI,> 

- -- H- paaHOCTb noTeHiui:anoa U(cp), nponopnHoHanbHyro oTKnoHeHHIO neHTpa aapl!Jla· aneMeHTa· 
I . , , , ' , , ' , ~ 

cr-ycTKa ( q( cf,) l...., ;2,, ) npH _JlHcj)cpepeHnHanbHOM' cnoco6e c'beMa cHr-Hana., 
· - l n , 
. : . ' I, .. . '· 
'.TaKHM o6paa_oM, HHJlY.KUHOHHbie aneKTJ)OJlhf Jl8IOT B03MO»cHOCTb H3MGp!1Tb HHT0HCHB-

HOCTb ny'IK£\' yc~'opeHHbIX _ 'I8CTHU B npHHUHlle B 'nroooll:' TO'IKe UH·KJI~ ycKope,HHll, , er-o 83Hl\:fY-· 

TanbHyro npOT!l»ceHHOCTb, a TaK»ce 8MllnHTYJlY H 'ISCTOTY p8Jlll8nbHo-cpaaoBhlX KoneoaHHll: 

neHTpa ·_aa'pl!Jla crycTKa yCKOplleMbIX qaCTHU • 
' . I 

I . . 
BTopa11 r-naaa nenHKOM IlOCB!l[UeHa HccneJlOBaHIUO KBaa~6eTaTpOHHOr'O pe»cHMa. i-1aaecT"'" 

., ' • I • 

HO, _'ITO accne)lOBaHHe nyqKa qacTHU a KBaaa6eTaTpOHHOM pe»cHMe B ycnoBirnx • JlnHHHoil' 
\ . . ,,' 

HH»ceKUHII ( •, a 300 MKCe_K) CBll38HO C nenblM pllJlOM Tpy Jl·Hocieli, · o6ycnoaneHHhIX npo- _ 

neccoM HenpepbIBHor-o HaKonneHHll qacTHU B KaMepe ycKopHTenll, HMeromax :iHepr-eTH'IeCKHil. 
; \ • •, ,- • ' ,. I -

•paa6poc H caMbte paaHoo6paaHble cpaa0Bb1e cooTHomeHHll a nponecce- caopaq1rnaanll Mr-HoaeH-

HbIX OP,OHT.,, 

JlnaTenbHhle ·accne)loBaHHll H o6pa6oTKa aKcnepaMeHTanbHor-o MaTep11ana .n~K~aana; 'ITO}. 
'' ,, '. ' 

B/ cnnomaoM apamaromeMCll cr-ycTKe aapl!»ceHHhIX qacTHU B KBMepe ycKopHTenll ,npa • JlnHH-. ' •' 
l. 

Holl' H~»ce~UHH cpyHKUHOHHpyro:r aapl!JlOBble HeO)lHOPOJlHOCTII, IIOJl'IHHlllOlllHe'cll aaKOHOMepHOC"T. 

Tl!M1 JlBH»ceHHll qacTHII B KB83HOeTaTpOHHOM pe~HMe. TTpOllBneHHe 3THX HeO)lHOp~JlHOCT~il 
'. • 1 - . \ 

per-HCTpHpyeTCll HHJlY~UHOHHhl_MH aneKTpOJl~MI! V( cf,) B BH)le BbICO~oqacTOTHOr'O Cll['Ha~a. 

OTpB.»c8IO[Uer'~ _KoneoaHKSI nnOTHOCTH C 'I8CTOT8MII q•wo ( r-Jle q =' 1,2,3, ••• n 

:'{8CTOTa o6pameHHll ) Ha cpoHe IIOCTOllHHOli COCTaBnl!IO~eil, xapaKT<:!pHayromell cnnolllHOil o)l-, 
. I-. - .• , , 
H_OpOJlHblA ~r'YCTOK •. AMilllll'.l'YJlHall xapaKTepHCTHKa _aTqr-o \BblCOKO'Ia~TOTHOr'O Cll['Hana B KBaau:-.. 

OeTaTpOHHOM p.e»cHMe xapaKTepHayeT 'pacnpe)leneHHe 'I8CTHU IlO 8MllnH.TyJl8M. CBOOOJlHhlX , 
' , , ' . I • . • . . ' , -- , 

Kone6aa11ll H OJlHOaHa'IHO onpeJlenlleT acpcpeKTHBHOCTb nocne)lyromer-o aaxaaTa B . CHHxpoTpoH· 

'"' 0 

Hhlli pe»cHM, a·_§§ 3 H 4 r'i:18Bhl fl npOBOJlHTCll aHanua npll'IHH B03HHKHOBeHHll aapl!JlOBblX 
' ' / ; ' 

HeOJlHOpOJlHOC.Tell' H conocTaBneH11e HX noae)leHHll C MaTeMaTH'Iec:coll MO)lenblO. JlBH:lKeHHSI , 
' ' 

neH;pa aapl!Jl8 MOH03Hepr-eTH'IeCKOr'O, nOKanH30B8HHOr'O B aaHMyTanbHOM,H p8Jlll8nbHOM 
' ' . " ' 

HanpaaneHHllX cr-yCTKa aapl!»cElHHbIX qac'THII, CBOOOJlllO caopaq11aaromer-ocll B pacTyme~ 
'. 

Mar-HHTHOM none. 

n'ollblT~a OTO)KJleCTBllTb KoneoaHHll neH_Tpa aapl!JlOBOil HeO)lHOpOJlHOCTH CO CBOOOJl~hl-

' . 

/ 4 ,/ , .. 

'-

\ 

I 
i 

''/ I 

I' 

1. 

.. -
·,1: 

1,_ .. 

~/, 

,,v . ..__ 

- ', 

'· 

'7 

'I 

. ; , 

' MH Kone6aHHllMH np_HBena _'K HOBOll: MeTOJlHKe KOHTpOnll noKaaaTenll cna)la MaI'HHTHOr'O nc 

a: paJlHMbHOM HanpaaneHHH 

n :J , . -

,, . 
1 +CT.IT, , 2 

- r-Jle_ ·1 . . \ 

nepHOJl aepTHKMbHbIX CBOOOJlHbIX KoneoaHHll:, 

·1; - nepHOJl paJlaanbHhlX cao6oJlHhlX KoneoaHall:. 

,_. ciiopMyna (2) cnpaae)lnaaa, ecna · 

-, 
1 + -;a . 

1 
Ta 

r 

1 I 
= -;a 

0 

(2). 

\ 

r-Jle 
'q_ 

·10 nepHOJl 06pameH11ll, 

K03cpcpHUHeHT pelicTpe'IHOCTH. I = ( 1 + _!:_ . ). 

~. ,-.. -, 

·I·., 

I 

, ·, 

I 
_ . . _ _ ,rrR 0 -';..-

PeaynbT8TbI HaMepeHHll HHJlyKUHOHHbIM MeTOJlOM cpaBHHBanHCb c HenocpeJlCTBeHHblMI!" H3 

MepeHHllMH. PeaynbTaThi oKaaanacb xopomo coana)laromHMH. B aToli 
· · - - - ,:· xi 

»ce r-naae -Jl88TCll 1 

TOJlHKa KOHTpOnll COCTOllHHll cpeJlHei\ M8r'HHTHOll: noaepxHOCTH 

\ , - ., .. 
TpeTbll r-naaa COJlep»cHT peaynbT8TbI 11ccne)lOB8HHil CHHXpOTpOHHOr'? pe»cHM_a •. 

Ha116onee aa)KHbIM c TO'iKH apeHHll aopManbHoll. pa6oThI ycK;p1henll l!BnlleTcll aaqa . . ' ' . 
Hhlll -3Tan' ycxopeHHll: CBll38HHhfll: C npoueccoM aaxBaTa 11 MexaHH3MOM cpopMHpOBaHHH ny• 

1 . '· . ' ' ' 
ycKopeHHblX qacTHI! B Te'IeHHe 10-15 cpaaoBbIX KoneoaHHil, K0[')l8 !p830Bhlll 06'beM nyqxa 

: ; . . " , /9/ . 
.JlOCTaTO'IHO aenHK H 8JlH808TH'IeCKOe aaTyxaaue Mano. 

I I 

8 § 2 ffi .r'll8Bbl. IlpHBOJlllTCSI peayn&T8Tbl 3KcnepHMeHTanbHhIX• lfCCn0JlOB8HHli OJlHO " ~ ' ' -
H3' aa»caeliWHX xapaK:repHCTHK ycKOpeHHOr'O nyqKa 83HMyTanbHoil~ MOJlYllllUllll nnoTHOCTH · 
, ' ' , ' 

pSI.i:ia cr-ycTKa ycKOpSleMbIX 'I8CTHU. i-1aMepeHHll npoBOJlHnHCb npH llOMOllllf HHJlYKUHOHHbIX 
'j f ' ' •• 

aneKTpOJlOB,' per-HCTpHpYIOlllHX CHr-aan V( cf,) • AaHMYT8llbHOe pacnpe.neneHHe nnoTHOCTI 
, I . . 

pl!Jla B. cr-yc:rxe · ycKopeHllbIX qac:r11u ll ee, HaMeHeHHe -BO apeMean COJlep»caT llHcpopManm 
' • ' ' ' ,. ' ' . ' . r\- '. 

• 'MexaHH3Me _aBTOcpaaHpOBKlf, 0 paBHOMepHOCTH aanonHellHll,'IaCTHU8MH o6nacTH yc:roll'IHBO 

.-, 'ece~apaTpHChd, 0 'I8CTOTBX pa)lH8llbHO-cpaaoBblX KoneoaHHli H npOl!BneHHlf 'pe30H8HCOB pi 

'JlHanbHo-cpaaoBblX KoneoaHHi! .c r-apMOHIIK8MH nynbC8UHli Mar-HHTHOr'O nonll.\ AHanlf3 noirn~ 
. ' -

aa~T, 'ITO 83HMyTMbH8ll nnoTHOCTb nyqKa ycKOpSleMbIX qacTHU lfCllblTb!BaeT H3MeHeHHll C 
. . 

___YJlB00HHOit ·qaCTOTOil cpa30BbIX KOneoaHHi! 2Q 
. / 

· • rnyoHH8 MOJlynllUHll, H HCKa»ceHlfe cpo 
I 

-, Mbf ~bICOKO'IaCTOTHOr'O CHr-Hana CBSl38Hbl co CTeneHblO MOH08_1'_epr-eTH'IHOCTH nyqxa qacTlf/ 

• aaxl'l,a'IeHHhlX -~ ycKopeHne, a TaK»ce _c napaMeTpaMH anex:rp11qe3Kor-o a ;Mar-HHTHor-o. non,i 

§ 3 m r-n_aBbI COJlep~HT axcnepHMellT8nbHhl0 Jl8HHbie no HCCl!e)lOB8HlflO BJIHllllHll .' 

qan1,11or-o ypoBHll aMilnHTyJlhl ycxopl!rolller-o HanpS1»cea11>1 Ha npouecc cpopMHpo ~ 
. . ' /14/ . 

B8HHll nyqxa ycKopeHHbIX 'IBCTlfll • Kax lf3BeCTHO, H8'IMbHhlil ypoaeHb aMnnHTYJlbI ye 
• \ • •J , 

KOplllOIUer-o HanpH»ceHlfll onpe)lenl!eT, C OJlHOli CTOpOHhI, ycnoBHll aaxaaTa B CHHXpOTpOHl 

· I pe~HM,, a c Jlpyr-oll,. anHlle; 1ua qacTo:ry paJl~anbllo-cpaao~hlx xoneoaHH~. flpuaori~:rcs 
)', • •• > • • 

npaKTlf'leCKHe r'p8qJlfl(lf,'BhloOpa H8'IMbHblX aMillllfTyJl, 
. . . I ' 

xi CM. np_nno»ceHue I 
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~~net5rurnHMH. np_nsena .·K aosoa MeTOJlHKe KOHTponH noKaaaTenH·· cna)la, MarHHTHoro nonH ·· 1 ··' 
:: . } 

B paJlHanbHOM•HanpaBneHHH 

n = 
1 + (T • lT, J 2 

, 

\ 

rJle nepHOJl B~pTHKSnbHhlX CBOOOJlHhlX Konet5aHH8, 

\ ·1; nepHoJl paJlnanbHblX 'caot5oJlHbIX. Konet5aaua. 

: .1,, \ - ,- ci>opMyna (2) cnpaae.o.nusa, ecnH 

.,_ 

_1_ + 1 = ...L_r 
72 ? 72 

• , 0 

rJle ·10 nepHOJl ot5pameHHH, 

I . KOacpcpHUHeHT pe8cTpe'lHOCTH. I'= ( 1 + ...!::__ ) • 
. "Ro ·y 

PeaynbTaThl H3MepeHHSI HHJlyKUHOHHblM, MeTOJlOM CpaBHHBanHCb C HenocpeJlCTBeHHblMll_·Ha-•. ·' 

MepeHHSIMH. PeaynbTaTbl OKaaanm::b xopowo coana)laIOIUHMH. B 8T08 :me rnaae JllieTCSI Me-
. - ~)·, . . , ,, , . x/ , 

TOJlHKa KOHTponSI COCTOSIHHll cpeJlHea M8rHHTH08 noaepxHOCTH 
·., I 

V 

Tp~Tbll rnaaa COJlep:mHT peaynbTaThl uccneJlOB8HH8 CHH~poTpOHH<?ro pe:lKHMa. '. 

\ ' • I / f ' \ • , ,, , 

Hant5on~e aa:>KHbIM c_ TO'lKI! apeHHSI HOpManbHo_a' _()aOOTbl YCKOpHTenSI_. SIBnSieTCSI Ha'lli'.1b-

_Hhla·.aTan''.ycKopeHHSI, CBSI:aaHHblll C nponeCCOM aaXBSTa I! MexaHl!3~0M cpOpMl!pOBaHHSI ny'lK8 
' - . 

-.·: y~KC>peHH~IX qacTl!ll B Te'leHl!e 10-15 cpll30~hlX Kone6aa11ll, KOrJla cp830Bhl8 o6'beM ny'lKa eme 
, - ' ' /9/ 

; JlOCTaTO'lHO aenHK I! 8)ll!a6aTl!'leCKOe 38Tyxaa11e Mano. 

B§2III rnashl· np~BOJlHTCH peaynbTan,1. aKcnepHMeHTanbHhlX•_11ccneJloaaaul! OJlHoll i· · 

na sa:maeawux xapaKTepHCTl!K ycKopeaaoro uy'lKa aa11MyTanbHoA·MoJlynH11H11 unoTHOCTH aa-_ 

Pll.ll~ cryCTKa 'ycKOpl!eMhlX qacTl!U, vl::iMepeHHll UpOBOJlHnl!~b up!! UOMOIUI! l!HJlYKUHOH~\blX-
' 1 I r , 

-a~eKTpoJloB, perncT.pnpy10mu~ c11raan V( ¢) • AanMyTanbHoe pacupeaeneaue unoTHOCTI! a~-. 
I .. - < 

pl!pa B. cryCTKe, ycKopeHHhlX 'laCTHU I! ee · H3MeHeHHe BO apeMeHl! COJlep_:>Ka'I HHcpOpMaUHIO O', 

; 'MexaHH3Me 8BTOcp83HpOBK~ 1 0 paBHOMepHOCTH' 31lUOnHeHHll. 'l8CTH118MH o6naCTH yc~08'lHBOCTii_ i · 

(cenapa-rpucbil, o qacToTax paJl11anbao-cpaaoai.1x Kone6aHHll H upoHBneHHI! ·peaoiiaacoa.pa

:0.uanbllo-cpaaoahtx icone6auHa: c rapM_OHHKB.MH nynbC8unA MarHHTHoro n
1

onH.\ AuanH3 -noxaabi~ , . , 

aaeT, 'ITO aaHMyTanbHast unoTHOCTb uyqKa ycKOplleMhlX qacTHll HCllhIThlBSeT HaMeHeHHH c 
,• I / • • \ '•. 

_YJlBOeHHOl! _'laCTOTOll cpa30BhlX KOneoaH~l! ·, 2!l ·• rnyoHHa MOJlynHUHH, H HCKa:>Ke'm1e cpop-_ 
·, ' 

Mb! BhlCOKO'laCTOTHOro curaana CBll38Hhl co CTeneHblO MOHOaHepreTH'lHOCTH ny'lKa 'laCTHll, 
'\ ", I ' \ ,' -:--- " • ' 

, aax~a'leHHhlX -~ ycKopeaue, a TaK:>Ke _c napaMeTpaMH aneKTPH'lecKoro H MarHHTHoro uonH. 
/ / / /-

§ 3 Ill rn_aBhl COJlep:lKHT 8KCUepHMeHTanbHbl0 JlaHHble no HCcneJlOBaHHIO BnHHHHSI aa-

'lMbHoro ypoBH!l BMUnHTyJlhl,. ycKOpSIIOIUero HanpSI:>KeHHSI Ha npone?c . cpopMHpo -:. 
• - /14/ ' . 

aa~Hll ny'lKa ycKoj)eHHhlX qacTHU • KaK HaBeCTHO, aaqanbHhlll ypoBeHb aMnnHTYJlhl y~.:.. }·:, 
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5/111 i; 1l1In_ 1; 1211111, 211m 1, 2ciim t;_ 2e1i11 /;'·2111\1 I;· 291111 •/; 36/UI ;t'( 

·l 

Py~OUHCb nocTynuna a·H~.ll~TenbCKHA 
. _,, r l31,aupen11 l964~r,, ···• 
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14(ID; Panea;bHbl~ ti.one6aHHSI, nenTpa 3&pS1Jl0BOA HeO,llHOpOJlHOCTH KB83H68Ta
TPOHHOI'O crycTKa. npe 1topo'Tti.oa eeme!Cilee na pa,neyce 66. c·M \ OT ' 
HH>K~KTopa ( n ;- Of15 ). . . "" , 
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·' 
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I • - \, 

•• ,i ... ., ,. ,.,, ... 
t· 

ts.<· n ). 1 XapaK'Tep noTepb 'qacTHll B OTHOCHTenbHblX e,llBHBll&X ( ltOilH'18CT;~·-
3axBa'1eHHblX, B YCKOpeHB8 'laCTHll, OTHeceHO .It HHTeHCBBHOC'l'B IIY'I:_. ; · 
· Ka ycitopsieMblX 'laCTBll qepe3 20 MCeK' OT. naitana ycz:opeHBH): npe · 

, 3axeaTe B. CHHXpOTpOHHblll pe>KHM' npe pa3Hb1X aMnnBTYJlHblX xapaii::.. 
,,, rep11cT11Kax HH>KeKTRpyeMoro 'ny'IKa. · Bepxn1111 z:peeas: H3Menen11e ! , '. ' ,I· 

I •:,:, ,' 

'noz:a3arenS1 cna,na· M8I'HIITHOI'Cl nom1. • -11 • • • . . .·, 

.. ·.Ii' . 

/' \ 
/lo 

. J,' 

1; 

'' ' \ 

'( 
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p H c. 16,( II ). 

'i 
'• J n,p H n·o·»c'e H 0·8 11 

J,,.,,' ' 
,,, .. cao ...... ) 

JO 
11 

26 

2" 

22.' 
20: ... 

" ,, i 

!:j 
I fl 

10 

• 

I 
' . / I I ,.: ., 

I ... 
I, 1 I 

·I I I 
I 

~ I 
I .a ·., 

' If 
2 

IO 

\ 'I aax. 
rpacpnK pacnpeaeneuu11 noTepb ua paan&~x ·paauycax, 

·npn cenapaT;nce,' paauanbH~;lt nodyJ'a°a~ep KOTOpoJ!· • p- = 25. CM,'"' 
no ocn a6cuncc (un»cH11ll,UIKaha). yK~aaub1 · pa~cTO11un11 OT 
HH»c8KTopa; c 

' I \ .. l!.<.•!!.• .a'!! I - ""' \ L.: ... J.;.,,.,,J . ·. : ·. 
1 

. . . 1~,u Ko,o,,.,.o,:, 11Hwce,..~, 

:~1~--==--+----'---t--c-+-.+~~=l-~·-: __ ·~~·~~z~=+--v~: 
~I 

~ .~I 

; 
~ 

0, I ,1 
~I 
Q. I 
~ 
:r:J 

~I 
~I 

"' 01/,' 

.:1'11 

~I 
:rl 
~.f,l 

.,, 10 l.O 30. to (0 ,o '"" ' 
P u,c. · f7,(II).PeaynbTOTbI·uaMepennlt noKaaaTenst cn·aaa. MB~HHTHoro nonst npu oanoM 

unKne paaMarnn'lnnauu11, 1-aKcnepnMenTanbH!lll Kpnaas noKaaaTen11· cnaaa 
MarHHTHoro non11,cH11Ta11 npu, uenocpeacTaeuii1,1x ,1!3Mepeiiusx. 
2-KpI!BaH, cnsiTal! HHJl.YKUHOHHblM M8TO)].OM, ' 
3-Kp11B8H, CHl!T8H' HHJl.YKUHOHHb!M M0TO)].OM npH KOppeKUHH • n B 

pailone HH)KeKTopa, 4-'~oaqeo11e • n · • ·no ancKpeTHbIM cnruanaM, 
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18. (II). KoneoaHRSI -neHTpa 38pSl,!lOBOII H80,!lHOpO,!lHOCTR B KB83H08T8Tp0HHOM 
crycTKE!, BepxHHII nyq: KoneoaHHSI B_ pa,i::tHanbHOM HanpaeneHHH, 

,_, 

HR:IKHRII :nyq: KOneoaHRSI B, B8J)THK8nbHOM HanpaiineHRR, CHruan' 3a-: 
perRCTpHpoaau'•ua P,S,z::tRyc~x1 pacnonomeH!1hlX. oi, RH:>KeKTopa Ha 30-40 CM, 

1 

AZ 
I 

10 

QI 

0.6 

O'i 

02 

' 1 ~ 
/'tCel( 

'19. (11).XapaKTep R_3M8H8HRSI aMnnRTy,z::thl aepTRKSnbHhIX' Kone6aHRII ueHTpa 3apsi-
. . ,!lOBoil' H80,!lHOpO,i::tHOCTR (a OTHOCHT8nbHblX 8,!lRHRUax) B 38BHCRMOCTR OT 

' , - I 
paccTOSIHRSI OT RH:IK8KTopa, Bbipa:>KeHHOro BO apeMeHax '38,i::tep:>KeK OT Haqana 

HH?«8KURR (3a ·o· npRHSITS -38,i::tepmKa ~00 MKCeK, COOTB9TCTByIOIU8SI pa,i::tR:,.__ 
ycy HH:IK9KTOpaJ, - . 

2 
CM ~3---......------r-----, 

'/ 

AR 
CM 

pH c. '20.(11 ). Xapa_K,:ep RcKameHRH cpe,i::tuell ,MarHRTHOII noaepxuoCTR 
MSrHRTa ycKOpRTensi ,!lO KOppeKTRpODKR, 
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n p H n 0 )K e H H 'e II 
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ro' 9-J(t} 

" Id 
11/f 

11/f / ,.,. ;' 

l1IJ' 
~ 

IS/f 

•JII' 

"" "' 
t 

,,.""· ,,,,,,,,, 

p H c. '4,(1II),3KcnepHM0HTanbHbl0 KpHBble COKpameHHll 83HMyTanbHOl'O 
" ' pa3Mepa nyqKa 0 ° H cnaaa IIHT8HCIIBHOCTH / s ( B ean-' 

HHU8X OTHOW0Hll!1 1 ycK:I 1, ·3ax. '} ycKopeHHblX qacTIIU Ha 
· nepBOM 9Tane YCKOpeHHll, 

p II C,' 

V.•!1.6 

J"c". ~.,o• 'lu 

-1>;_ 

ir.,,,.s . .,.,,.. 
t.•iZ' 
J-•l,J.11/"fw 

), 

5, (III), vfaMeHeHne a3HMyTanbHOl! 'npornmeH~ocT11 crycTKa qacTuu· e0 

npH llBYX pemHM8X ycKopeHHll I) [ . ~ 1, IQ lO I 

2) 1 ' = ·1.10 11 ' : ahio)-pac~t~·Hbl0 cenapaTpHCbl 
3ax. · • 

B llBYX TO'!Kax ycKOpHTenbHoro. UHKna. 
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n pH II O )K e'H H 0 II. 

jf8° .. 

to~~ 1 

0.9 

0.8 

0.7 

o.6i I.-..... ...... ~ l 

:\ 

0.5llDO ! · j t~• 
o u w is 

11.(III ). 3KcnepHM0HTal!bHblll rpatpHK -aaaHCHMOCTH. I H {? B cpyii'KUHH 

apeMeHn ycKopeHHR npn pa3HhIX ·aHa'IeHHRx Y : l +ll -31Ka,, 

p H.C. 

.ff -17,5 KB, I Haq. 

'3-i 

to-I------,-:.;__-:--~-~-----,. 

41 1 I / I . I 

••t /I I ; 

0 1 ;· I ,1 I 

U,t------+------1---:..---~ 

,0 '. ,a. ,. ,. ,, . 1'(,IJ .. -.U 

121III),3aaacHMOCT~ HHT0HClfBHOC~U OT Ha''Ia'llbHOII 8M~n11Ty.£{1,1· 
ycKopHIOIUero HanpR:>K0HltR 
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/· 

24,(III ). 

'\ 

P II c; '25.( III ). 

1.· 

. / 

az 11.,,....------:11'c:---------
4 I ·~ 

I"'pacp11K 'HS'!SnbHOI'O ,a3HMyT!lnbllOI'O riono>KeHll!I ueH'rp~ .'.\'ap11,a.a :~:;; 
1

OTHOCl!TenbHO: lf)s B. 38B11CIIMOC,TII OT. HS'lan.bHOr:o:aHepre:r11'1eCKOI'O 

'p83.6po~a t.,M , OTH0C0HHOI'O K ·pa.lll!MbHOMy: nonypa3~Mep~ ,ce~a-

. paTpl!Cbl, · 

·A 
6 

.. O'-"..,__~-'-'f--'------1 

J 

011,-..------,1,,.---~--+--
A!:J., 
6 

'\, 

\ 

. \, 

f'pacpl!K .38BltCIIMOCTII SMUnllTY.llbl ( Pu·) HS'!MbHblX pS.llllMbHb!X 

, KOne6aH11lt' ue~Tpa 3llp!l.ll8 OT HS'!MbHOI'O 'aHepreTll'l0CKOI'O pa:36poca AM, 
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26. ( III ). rpacpnH: aaBHCHMOCTH nepHOJ:ta pap1!8nbHO'."cp830BbIX · KOneoaHHl!. 
aimnHTyJlbl IlIJHi -Cos ¢0 = 0,5; 

·./' 

·;'<.h 

·27.(II{). 

.. )). 

.i"< 

+o 
.\ .. / 

JL 

·) ,,, . ,__:, 

.1 T ·' ~ T 

-~n·i-:_.· __ [•~· ·n t,!!.· "' ' 

. . I 
. l· ·,-11 ' L'. 

' . 

- ,. 

t•f. 

r:-7 

"/ 

.' Yl3M0H0HH0 xapaKTepa pacnpet:tene~IIII nnOTHOCTH- no .. 83HMyTy B / 
ycKopsieMoM nyqice _Bcnet:tcTB1i'e ero pat:tHanhHo-cpaaoaor_o t:tBiiace

_HHsi,' npet:tnonaraeTcsi,. '{TO 4/4-<< 1 · H 'ITO B H8'!anbHblll .. M~~eHT. 
nyqo!( Hax_OJlHncsi Ha. p8BHOB0CHOM_ pat:tHyce, ,·.' I • , .. 
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"~, .. ~ 

0,5 

q~ 
!'•-

0,3 
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. \ a., I 

a I 

pH C, 29lIII }. 
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n p H. n O lfC 'e' H H, e II 

/ . 
\ 

. '\ 

£. :Canst J . 
·wa::=Const. 

IO · •O 
.)301r,c" 
•ID~ ••O ;" 

7 
'7 

.!Yi. 
w 6 

s"l2 

"'L, 
....... 

3 . 

f 

2 tJ.1 

0,5 

I 
0,1. 

s ,ol .. , 
I ~ I 

a.s 1 l,S 2.0 2,S 

02 

~ 
J Vofl) --

3KcnepHMeHTB.nbHble _KpHBbie HaMepeHHSI aHepreTH'iecKoro cnexTpa • 
± ~ % qacTHn.,a_axia'ieHiiblx B. ycKop_eHHe :npa pasHblX Hac-

Tpol!xax napaMeTpoa nHHel!Horo ycxopaTem1, E 1 -HanpsaceHBe 
Ha peaoHaTope~ ·w $ - HanpsaceHae na _cpopaaaceKTOpe; 

._. 
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c. aa.cm- > 

3cpcpeKT .i:iel!CTBHH cxeMbl ic~M-Il8HC8UHH B03MYlll8HHH: paBHOB0CHOit. cpaabl ~ aa, C'!eT ,. , , , , - , - ' •,, s, , 
rapMOHHK nynbcauua MarHHTHOro .nonH UpH M8llb!X 3H8'18HHHX aMnnHTy,llbl" ycKOpmomero ua-
npmK0HHH • V 1 - 20 KB. B Te'leHHe' BcerO,UHKllll ycKopeHHH. OcuHnnorp"aMMbl a) H _,' 6),.:. 
cHruanu HHTeHCHBHod-rH, ·.·a)' - c~ruan ·noTepi, cMell1eHHil • a)- Bea paooThl 'cxeMbl .KoMneu-_ 
cauHH. -6 )CxeMa . KoM'iieucauHH · ,oei!CTByeT. B) Hu:>«HHil, ny'I .:.noTepH --~ac:THU 6ea / KOMn-eucauu~; 
Bepxmill nyq--act,cpeKT KOMil0HC8UHH '_ . •, ,·, ,-,, ' . , . , • . - . ·-- , 
. . ,.; ' . ,' ·,. ... ,...: j 
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