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I. BBELIEHHE 

B fla6opaTopHH HJlepHbiX rrpo6neM 06'bellHHeHHOI'O HHC THTyTa SIJlepHbiX 

HCCnellOB8HHH BBelleHa B aefiCTBHe 8neKTpOHH8H MOJlenb p~nHTHBHCTCKOI'O 

unKnoTpoaa c lKeCTKofi tjloKycnpoBKOH/ 1/. Moaenb rrpenaa3aa•reaa anSI Hccne-

Jl0B8HHH llHH8MH'!eCKHX IIpOUeCCOB B CHnbHOTO'!HbiX IIpOTOHH o!X YCKOpHTenHX 

C TOKOM BHyTpeaaero IIY'IK8 llO COTeH MHnnHaMIIep, 

TaK K8K B Ka'!eCTBe YCKOpSieMbiX '18CTHU Bbi6p8Hbl 3m KTpOHbi 1 TO 8TO 

o6ycnOBHnO uenbiH pHil KOHCTpyKTHBHbiX OC06eHHOCTeH MOlle. !H, Y CKOpH!OIU8SI 

CHCTeMa MOilenH OTnH'!aeTCH M8nbiMH pa6o'!HMH 3830p8MH, ~ITO o6CTOHTenb

CTBO aanolKHno oTrre'!aToK aa ncrronaeane nyaaTa, BenH'IHHa 11arHHTHoro rronSI 

cocTaBnSieT aecKonbKo necHTKOB spcTen, rro8TOMy Monenb 6e3 Kene3HaH, a pa-

6o'!ee none tjlopMHpyeTCSI CHCTeMOH TOKOBbiX KBTyllieK, ¢opMHp JBBHHe cpenaero 

MBI'HHTHOI'O IIOnSI ocymecTBnSieTCSI IIpH IIOMOIUH JleCHTH TOKOllbiX KOHUeHTpH

'!eCKHX o6MOTOK 1 paCIIOnOlKeHHbiX C paBHbiMH HHTepBanaMH ITO . JBilHycy Ha pac

CTOHHHH 127,5 MM OT MeJlHBHHOfi IInOCKOCTH 1 a TBKlKe OllHHO'IIOI'O CHnbHOTO'I

HOI'O BHTK8 1 paCIIOnOlKeHHOI'O B6nH3H KOHe'!HOI'O pannyca BBpHEUHOHHOH 06MOT-

KH, 

Heo6xoanMaSI rny6Haa sapnaunn MarHHTHoro rronH o6ecrrE'!HBaeTcSI sapH

auHoHHOH o6MOTKOH 1 IIpellCTaBnSIIOIUeH C060H CHCTeMy llBYX 1Ip1 >BOilHHKOB1 yno

lKeHHbiX no nHHHSIM crrnpaneil: ApxnMena ( r = 64 ¢ eM) H nyraM oKpylK

aocTeft ( r H = 10 0 MM H r k = 1140 MM), Yron MelKilY rrps MbiM H o6paT

HbiM BHTKBMH 8neMeHTa rrepHOilH'IHOCTH 06MOTKH 381l8H paBHbiM 22,5°, Tpe6ye-

MBH 38BHCHMOCTb aMIInHTYilbl OCHOBHOH rapMOHHKH IIOnSI OT p 'lllHyca C03-
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uaeTcH aa cq~T ~3MeuennH sepTHKanbnoro aaaopa Memuy BHTKaMH sapnaun

omwti o6MoTKH 1 rrpeucnax 100-200 MM. 

finH KOMITI·HC8UHH ropH30HTBJibHOH COCTBBJIHWWBH MarHHTHOro ITOJIH 

3eMJIH HCITOJib3Y WTCH CITBUH811bl!b!B o6MOTKH 1 paCITOJIOlKBHHbie BHB o6bBMa 

yCKOpHTBJibHOii I aMepbi. 

HaMepeHne xapaKTepncTHK MarunTnoro rronH ycKopnTenH ocywecTBnH

nocb c rroMoWbiO crreunanbHoro lL"J/.tep!!TerrbHoro KO~IrrncKca. CocTaBHol"t 'WCTbi'J 

3TOrO KOMIIJIBJ.Ca 51BJIHOTCH TIJTE\Hra, 1103BOJ15l!Olll8H rraTqJ!K ITOJIH 

nepeMOUWTb 110 paLtHycy, a TilK/1\e IIO 83HMyTy C 38Ll8HI!Oii TQqHOCTbW. 

B ycKopHTE rre rrperrycMOTpcHa suyTperJHHH !! BHBII!HH>I HlllKeKIUIH ~'lneKT

poJios. BueiJIHHH HHmBKUHH rryqKa nperrHa~Jf!nqef!a nrrsr norry'H?HIIH nperrenbHbiX 

ITJIOTI!OCTBH rryqB OB B rjla30BOM 06beMe. 

BaKyyMHJ.ri o6beM ycKopHTCJlH cocTOHT !13 pil31H'JlbHhiX ,j,opBaKyy~IHOi! 

11 Bf,JCOKOBaKyy}lflOfr '-!aCTefi. 

B MoucrrH ycKopHTenH ncrtoJJb30DI1l!LI t!eMarmiTHhiB Kol!cTpyKUHOlll!bie 

MaTCpH8JlLlo 

II. KOHCTPYKUvHI YCKOPHTEflH 

I. MarHHT IaH c:tcTeMa 

a) BapnaunoJruaH oGMoTKa - cncTeMa BHTKoB, pncrronoll\eHI!hiX rro mrH!!HM 

cm1parrei1 Apxmveua = 64 6 ) , coeminenHLIX nocnerroB!lTenbHO f\IIYTPII 

KaMepLI. Ha pnc 2 nyHKTH[JOM noKaaaH xou cmrp.1neii o6~10TKir, fiLl pnc:. 3 -

ITOJTOmeHHB Tpy6KH ( 5) B8pHaUHOIIHOH o6MOTKH liD !I(l'IiJJlbl!O"l Il KOHO'IHOM 

pL!UHycax. ToK 'epe:J o6MoTKY - 730 a. 3a3op Mt>)IWY BliTKCJM!I o6~IOTK!I rro 

BBpTHK8JTH H3M<·HHBTC51 B COOTilBTCTBHH C 38KOI!OM 1 38UrJHHb!M TL16n. J. 

h - paCCTCHHHe OT MCL(H!JHHOH ITJJOCKOCTH )'CKOpl!T0J1H !10 oceBoii JIIlliiiH 

BHTKa. ilorrycK I a BOJJH'IliHY h paBC!I ::_0,1 M~I. 

6) iloCHTb rrap KOHU0HT[JH'IeCKH paCITOJJOmBH!IhiX KaTyJJIOK rpopMnpy!OT 

cpeuuee rrone c '·oqHoCTbW 1-5%. UeHT[Jhi KaTymeK yunneHhi OT \te,rnraHnoii rrnoc

KOCTH Ha paCCTC HHHe 127,5::_0,5 MM. Pacrro.rromeHIW UE'HTpOR KL!TyllleK B/l0.'1b 
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Taom1ua 1 

!o 100 120 140 160 180 200 240 280 320 360 400 440 

ho 50 50 50 51,3 55,2 58,6 65,0 70,8 76,0 ~~,4 84,5 88,3 

--~~~~~ 480 520 560 600 640 680 ?20 760 800 840 880 

h 101 91,5 94,3 96,9 98,8 100,3 101,4 101,8 101,6 100,5 99,0 96,4 

----------------------------------------------------------'!.. 1111 920 960 IOOO 1040 1060 1080 IIOO Il20 II4I 

~92,5 87,8 81,4 73,0 67,9 62,4 56,8 50,9 50,0 
panuyca U MaKCUManbHOe 3Ha~eHUe aMnepBUTKOB H8XOllH1CH B COOTBeTCTBUU 

c Ta6n. 2. Ha puc. 3 noKa3aHa KaTyrnKa ( 8) cpenaero nonH u cnoco6 ee 3a

KpenneHUH B na3y C noMOllib!O HaKnanoK. 06oiiMbl KaTylliel. ll!OpaniOMilHUeBbie. 

0nUHO~Hb!H BUTOK(14)aa TOK 500 a UCnOnb3yeTCH TaK~e nnH ¢opMUpOB8HUH 

cpenHero nonH. UeaTp BUTKa HaxonuTcH Ha paccToHHnu T' MM oT MennaHHoii 

nnoCKOCTU. 

Taomma 2 

'Z. MM 120 250 350 450 550 650 750 850 ~53,5 1053,5 
~---------------------------------------!Jwo, 250 5o so 5o 5o 50 roo 100 15o 250 
--------·----.-.-.·------------------------------·----------

llonyCK Ha CpenHUll panuyc - He oonee ~0,5 MM. 

B) 0cHOBHbJe rrapaMeTpbl llB8llU8Til ~eTbipex nap KaTyi 18K TOHKOH KOppeK

UUU ( 3) cpenaero nonSI ( cM. puc. 3) npuBeneHbi B Ta6n 3. 

Taonuua 3 

~~~~~ 230 270 310 350 390 430 470 510 550 590 630 670 

~1,4/ ~ 50 50 50 50 50 50 50 50 50 50 50 50 

~101 710 750 790 830 870 910 950 990 1030 IC 70 1IIO II 54 

~w• 50 50 50 50 50 50 50 100 150 150 50 300 -llonycK aa cpellliHii paauyc :!:_0,5 MM. 
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PH c. I. nnaH )J eil:CTBYJOTllel\ MonenH ycKopHTenSI. - BBKYYMHBSI KaMepa, 

2 - ITO l!OCHBSI KpbiiiJKa, 3 - rrpo6HHK 0 4 ayaHT, 5 - pe30HBHCHBSI 

/IHHHSI 0 6 - BhlCOKoqacTOTHhle ¢Hnepw, 7 - /IBMilOBhlll 8KBHBB/18HT 

Harpy3 m, 8 - Bb!COKOqaCTOTHb!H reHepaTop, 9 - T8/18)KKB D/ISI MOH

TB)KB P neMOHTB)KB pe30HBHCHOH /IHHHH C nyaHTOM, a TBK)Ke D/ISI 

/IBMilOI oro 8KBHBB/IeHTa Harpy3KH BbiCOKOqacTOTHOrO reHepaTopa, 

JQ- BiTpeCO/Ib DIISI 06C/Iy)KHBBHHSI YCKOpHTe/!Sio 
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r) ilnR KOMITBHCaUHH cpeaHero ITOilR ITY'!Ka rrpeDyCMOTpBHhl 'IBThlpe 

CHilbHOTO'!HhlX BHTKa B paAOHB rrpeaenbHhlX paaHyCOB yC<OpHTBnR, Ha paan

yce = 100 MM qepe3 BHTOK ( 6), pHC, 3, rrporrycxaeTCR 35() a. BHTOK ( 14), 

pHC, 3, ycTaHOBilBHHbiA HB pannyce f = 1115 MM 0 paCC'!HTBH HB TOK 150 a, 

lieHTpbl BHTKOB yaaneHbl OT MBilHBHHOA ITnOCKOCTH yCKC pHTBilR Ha 64 MM, / 

2. Koprryc BaxyyMHoA xaMepbi 

Koprryc KaMepbl HMBBT DpRMOyronbHYIO cpopMy H pa3MBpbl 3000 X 

X 3000 X 420 MM3, B ero BepxHeA H HHJ-KHei1 KpblillKBX HMBJOTCR OTBBpCTHR 

!lml llHCKOB MarHHTHOA CHCT8Mbl, ilorryCTHMbiH rrporH6 lllCKOB 0, 2-0,25 MM, 

Doca[IO'!HhlB MBCTB J111R [IHCKOB MarHHTHOH CHCTBMhl I KBMepe, a TaKJ-KB 

KOHCTpyKUHR BaKyyMHhlX YITilOTHBHHH IT03BOJ1RIOT rrpOH3IOJ1HTb 

H COOpKy J1HCKOB COOTBBTCTBBHHO CBepxy Hilll CHH3y, 

pa36opxy 

DonJOCHhlB HaKOHB'IHHKH C QOMOTKBMH CO CTOpOHhl BhlCOKOBaKyyMHOrO 

o6~eMa KBMBphl 3aKphlBaJOTCR CITJ10illHhlMH MBilHhlMH llHC<BMH (2) TOilWHHOJO 

1,5 MM c aaxyyMHbiMH yrrnoTHBHHRMH (eM. pnc. 3). BL rryqnBaHHe Meaaoro 

llHCKa Ha ITOil!OCHOM HBKOliB'!HilKB - HB 6onee 0,5 - 0,8 MM, Me!lHbiB llllCKil 

RBilRIOTCR o6paTHbiMH TOKOITpOBOilBMH BbiCOKO'IBCTQTHOi1 <:HCTBMbl, CoOCHDCTb 

ITOil!OCHhlX llHCKOB OOBCITB'IHBBBTCR C ITOMOWb!O CITBhlllllbHOH BTYilKH ( 10, 

pllC, 2) C TO'IHOCTb!O :!:_0, 1 MM, 

3. BbiCOK0'1BCTOTHaR CllCTeMa 

a) YcxopRJOWHi1 <meKTpon (nyaHT), pnc. 4, llMeeT s.In ceKTopa, orpaun-

qeuuoro OKpyl-KHOCTRMH C pannycaMH r H = 160 MM II r k 1085 MM I! yrnoM 

0 
Dpll BBpiiiHHB, paBHLIM 90 , DorrHaR Bb!COTB llYBHTB - 4( MM, 113 HllX 20 MM 

OTBOilHTCR J11lH ITY'IKB, 3a30p MB£KilY llYBHTOM H ITJlC!Kl!pOBKOH ITOJl!OCHOrO 

HBKOIIB'IHHKB - 20 MM, Hapy:tl<HOe IlOKpblTHB 9Jl8KTpOJ1B - IlOJlllpOBBHHBR MB!lb, 

CpenHRH ero rrnocKoCTb cosrranaeT c MennauHoi1 rrnocxo:TbJO ycxopnTenbHOi1 

KilMepbi c TO'IHOCTbJO ::_0,5 MM. B pe3ynbTaTe oxnllfl<neHH> 3JleKTpona o6ecrre

'HI eaeTQR OTBO!l MOWHOCTH ITQT8pb 1 ,5K BT, JlyaHT KperrHTCR K liiCO.'lbHO K BHyTpBH-

He My 9neKTpony ( 3) pe3oHaHcHo rr nllHilH (eM. pllc.4). Tax cax norrecTKH ( 2) 

nyanTa TOHKIIC, TO OHH ITOil COOCTBBHHbiM BBCOM rrporH( BlOTCH CyUIBCTBBHHO 

6onbme norrycTnMoro ( norrycK - 0,5 MM). 3ToT rrporn6 ycTpaaHeTcH c rro

MOUibJO JlBHT (6) H HBTHJ-KHbiX IJJITHilBK (5), 

9 



6) Pe30HaHCH8H JIHIIIHI, pHC, 5 1 11[l0DCTDflJIHE'T co6oif 11J10CKYIO KODKCH

aJibHYIO JIHHHIO, PaCJ: repr,J CE'"WmHI BHyTpE'HHE'rO 3JIE'KT[JOLUl 100 X 500 MM2, 

pa::J MC'pLI CE''IPHHH liD pylKHOrO 3J1C'KTpOD8 ( 110 l'llyTpC' IIIlO My KO I!Typy) - 160 X 

X 700 Ml-.12, /V\aKCI!~l1J1bH8>1 DJIIIHO r!HHI!l! 350 l\IM 1 MI!IIHMaJ1bllO>I - 160 l\1M, 

BayT[lOHHHi1 3JIC KTpou pe3o1wacaoii J1!1Ill11! ITOUCOE'I\HHHt!TCH K OCIIOBilHHIO 

LIYDHTil C ITOMO!llb!O !BKJlOHHOrO nepE'XO[l8 1 HME'IOIUero /1J11!Hy 150 t--IM, npe-

DYCMOTpOHO F\OtlSII!OE OXJ1i1)l{]:{E'I!J1e BHYTflE'HHero 3JIE'KTpoua J1HJ!HI! !l ::JDKOpD

'II!F\DIO!llE'rO ycTpoiiCT Ja, 0XJJDll\Ueiilie OOC'Cl1E''Illflf1E'T CbE'M MOIUIIOCTI! 4,5-5 KBT, 

C 1101\!0ll!b!O :3al :opu '-!II Ra!Ot!lero ycTpO!lCTBa ( CM, JliiC, 5) OCYll!E'CTBJIHE'T

CH rrepeCTpOiiKD flO~ OHaHCI!Oil J1liHi1!1, Ha p!1CyHKE' HE' ITOK83DH BHyTpeHHHi1 

3JJE'KTpOU pe30HDIICH Jll JIIIHI!li - OH UDH Ha pi!C, 4, 

B Ka'recTne yrr Jyroro 3neMeHTa UJIH ocyu!E'CTBJIE'HI!H BhiCOKO'IrtCTOTIIOI'O 

KOHTBKTa ME'/KDY ITJJD Ol[lOBKDMI! pe30HHHCHOfi JIHI!IIH I! KOME'pJ,J I1pHME'l!E'H lllllyp 

H3 BaKyyMHOir p031!1!N, 

Bo36ylKDE'HHe PbiCOKo'laCTOTHOJ1 cHcTeMLI ocymecTnJI>~eTc>~ 3a c<JcT KoH

DYKTHBHOI"I CBH3H ( C A, pllC, 2 H puc, 6), 

4, CHcTeMa HI! >KeKUlii! 

C!!cTeMa I!IDI<E'KJI!H (eM, piiC, 7) cocTOHT l!3 3neKTpoHHolr ny1moi ( 1,2,3), 

lKeCTKOqlOKyCHpylO!llf ro TpaKTa ( 10,11) 1 CHCTE'Mbl Up06JieHHH 11y'lK8 ( 5,7) 

H 3JIE'KTpOCT8TI!~E'CKJrO DE'~JlE'KTOpa (8), 

llnH HCKJIIO'IE'HHI UE'~OKYCH[lYIOIUE'rO BJIHHHI!R 110JlH KDTylliBK rpy6oif I! TOI!

KOH KOppeKUHli !Ja 11 T'IOK 3JlE'KTpOHOB TpaKTa cnyJKaT 'IE'Tb!pe JII1HE'HHhiX Cl!Jlb

HOTO'!Hb!X 11pOBOUHli <8 1 YJ10)KE'HHhiX ITE!paJIJIE'JibHO TpaKTy 1 KpOMe Toro, UJlH 

3THX )KB UE'JIE'H CMOHTlipOBDHbl nepMDJJJ10E'BbiE' 3KpaHJ,J, 

3anyCK MOUE'nJ[ 11 rrpt:UBDpi!TE'JlbHBH 0Tpa6oTKa OCHOBHLIX rrapaMeTpOB 

ycKOpHTE'JIH OCy!UE'C"BJIHJIHCb C BHyTpE'HHliM I!CTO'IHHKOM 3JIE'KTpOHOB 1 110Ka-

3DHHb!M Ha pHC, 8, 1CTO'II!IlK o6eci1E''IE'H !UJII030B0Il KilMBpOll ( 3) 1 MOTOfJHhiM 

rrpHBOUOM (6), YlMe•,TCH PY'!Hofl rrp!IBO!l (7), a TaKlKB MexaHH3M JOCTHpOBKH 

yrJIOBOrO ITOJIOlKE'HH! roJIOBKH (1), KOTOphlH I103BOJIHE'T HaHTI! OITTI!MDJibHhlH 

yron HHlKE'KTlipOBilHi1>~. OT Mexarm3Ma yrnoBI>Ie rrepeMerueHHH Ha ronoBKY 

rrepeuaJOTCH qepe3 Ianeu (5), 
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Puc. 5. Pe3oJ ancnast nHt-lHR. 1 - Koprryc pe3oHi111CI!oi1 m1HHH, 2,9, 10, 11 - aaKo
pat.JHB lJOIUee ycTpoffcTBO, 3 _:. BHHT JlJ1S1 HCflE'CT.'lHOfiKll YCTpoHCTBa, 

4 - K q)MaH, 5 - CjlnaHeU, 6 - ll11ElKI1pOBKa, 7 - pC~1HHORI,!i-f I!IHyr, llpH

/KHMB.. )IUifil fiJU1KHpOBKY p€30H<HlCHOfi JlHIUIH K fiJl:tKHponKe KllMCphi 1 

8 - [I IT'fiiK BbiCOKOt.tRCTOTHOrO HfHip5tih€HIIS1 1 12 - Ol!IIRK:l fWH I!Of1BO!W 

BO[Jt.l. 
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5, Opo6HHKH 

KaMepa eHa6 >KeHa "18ThlpbMH npo6HHKaMH ( 3) e TOKOH3MepHTenbHhiMH 

MI1Ill8HHMI1 (eM, pre, 1), npenyeMOTpeHo BonHHOe OXJlB/KneHHe MI1Ill8H8H 

e MaKenMan&HbiM T ?TinoorsonoM no 25 KBT. YnpaBneHI!e npo6HHKBMI! nneTaH

UHOHHoe. 11MeJOTeH py'IHOi1 H rHnpaBnH'IeeKHi'r npHBOLlbi npo6HI!KOB, B f'I1Dpas

JlH'IeeKOM Dpi!BOne DpHM8H8Hhl TeneeKOITH'IeeKHe UHJlHHnphl (eM, pile, 9), 

CxeMa f'11LlpOITpHBOJl8 IJaHa Ha pHe, 10, ilnH KOMMyTBUHH HanparneHHH DBH

/K8HHH Maena enyiK<tT nsyxxonoBhie KpaHr,I ( 5) e HenocrencrBeHHhiM py'IHbiM 

ynpasneHHeM H c yrpasneHHeM nocpencrnoM "aneKTpH'IeCKoro sana" c ncnon&-

30BBHI!eM C8JlbeHHCB THIT8 ilYf l! penyKTOpa e rrepeJJflTO'Illb!M 'Il!enoM i = 5, 

llnH Ka/KJJOf'O ITp06HHK8 l!eiTOJlb3yJOTCH nsa f'HJJpOUHJlHHJJpa (7), ilnH 

l!HDHKaUl!l! ITOJ10/K8HI H l1p06Hl!KOB !Ipi!M8HHJOTeH KOHTaKTHbl8 Tpex~a3Hb!8 UaT

'IHKH ( 8) 1 pa6oTaJOU l!8 Ha C8JlbeHH-!IpH8MHIIK C M8X!llll!'I8eKI!M C'IeT'IHKOM ( 9). 

fOJlOBKa e 3Jl8KTpOCT8TH'I8CKHM ne¢neKT0[10M TpaKTa llll/K8KUHH liOBOpa'IHBa

eTeH rHnpounnnHnpod (6). Pafioqee nasneune Maena B rnnporrpnsone ue 6onee 

25 aTM, 

npo6IIHKH 06ECIT8'I8Hhl KOMITJ18KTOM eM8HHhlX f'OJlOBOK, C10na BXOUHT 

OJJHOJ18M8JlbH8H f'OlOBKB e norryCTllMOH T8ITJ10BOH Harpy3KOH no 25 KBT, 

rpexnaMen&HaH ronoBKa (pne. 11) e rerrnosoA uarpy3KOH Ha naMenb no 

8 KBT 1 f'OJlOBKa nnH H3Y'I8HHH paUHClJlbHOH erpyKTYflb! liY'IK8 (eM, pl!e, 12) 1 

BhleOKO'IaeroTHaH roJOBKa (pnc, 13), C-o6pa3IIBH ronoBKa (pHc. 14), YerpoO

erso f'OJlOBOK HCIIrl 113 !IpHBOJJHMblX qepTe/Kei\, llnH TOKOBOl! H30Jl.llUIIH H o6ee

IT8'IE'HllH BBKyyMHOf't> YliJlOTH8HHH TOKOBBO[(OB HeiTOJlb30B8H ¢ropO!IJlaeT- 4 , 

CHrHan K H3MepnTelbHOMy rrpH6opy rrepenaereH nn6o KoaKel!aJl&HoA nHHnei\ 

e BonHOBbiM eonpor !BJ18HHeM 75 oM, nH6o Ka6eneM rnrra PK-119. 

6, 3neKTpOeTaTH'I8eKH8 8Jl8KTpOnhl 

3neKTpOCTBTH'I "eKl!8 eHf'H8JlbHbl8 3Jl8KTpODL1 ( Beero 50 llJTYK) !Ip8DHCl3-

H8'I8Hbl L\JlH KOHTpOil>l ¢a3hl ITpOJ18T8 ny'IK8 'IBeTHU 'I8p83 yeKOpH!OIJUJe Ul8J11!, 

3neKTpOl1bl yeT8H8BJII!B8KJTeH Ha paeeTOHHHl! !._12 MM OT epenuei1 ITJ10CKOeTJI 

M8f'Hl!THOH eHeT8MLI 
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PHc. 10. 3neKTpH'-1 ~cKaSI cxeMa n cxeMa Macnonposona runponpusona K npo5-
HnKaM. I - ::meKTpo.aBuraTenh, 2 - o6paTHhtii KJWITRH, 3 - 6aK 
M8CJHIHblil 1 4 - BPHTIIJlb HrOJlbl!8TbU11 5 - llBYXXOOOBhltf Kpl!H 1 

6 - ruap( uHnnunp rroaopoTa .ue¢neKTopa TpaKTa HH>~<:eKUJnt, 7 - ruapo
UHnunnpht 8 - KOHT8KTHhie Tpex¢a3Hhle .Q{lPUIKII 1 9 - CeJlbCHH

TipHeMHHK C MeXaHiflieCKJIM Cti~T'4:HKOM 1 }Q - IUHTOK yrrpABJieHlHI, 

pacnono:>K ~HHbtH oKono ycKopHTenH, 11 - nynhT yrrpaaneHnSI, p.qc
rroiJO)f(eHH ,Ji:f B nynbToBoii KOMHaTe, 12 - cenbCHHI,t Tnrra LIM, 
HCITOllb3yt MbJe B CHCTeMe "31leKTpli:lieCKOf'O 88113" • 
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Puc, 13, BbiCDKoqacTOTHa51 ronoaKa rrpo6HnKa, I - Kopr yc, 2 - ocHoaaHMe, 

3 - Mllll!8Hb 0 4 - tjmllJK8 0 5 - Tpy6Ka, ITOABOt:151U851 BOAy t:\!151 OX!18)!(

t:18Hll51 OCHOBBHJI51 0 6 - KOBKCil8ITbH851 ITliHil51 C \OITHOBh!M COI1pO

TilBJI8Hil8M 75 OM, 

Puc, 14, C - o6pa3Ha51 ronoaKa rrpo6HHKa, I - Kopnyc, 2 - ocHoaaHue, 

3 - 3IT8KTpOA-IIBDpaBIT51101l!851 0 4 - cPHll!Ka, 5 - Tpy6Ka, ITOUBOU51lU851 

BOllY UIT51 OX!18)!(t:18Hil51 ueHTpanbHOr'O 3!18KTpOU l , 6 - U8HTpanbHb!H 

3IT8KTpon, 

21 



Dng yMeHbllieHng rrporn6a Hecyrnnx nncToB ncrronb3YIDT~g HaTg*Hoe 

ycTpoiicTBO ( 2, pnc. I:>). CnrHan c aneKTponoB CHHMaeTcg rrocpencTBOM 

Ka6eng PK-119. BbiCOKC BaKyyMHhiH BhiCOKoqacToTHhiH BBon qepea rtJnaHeu ( 4) 

rroKa3aH Ha pnc. 15. 

7. BaKyyMHag CHCTeMa 

BaKyyMHag CHCTe.Aa ( pHC. 16) COCTOHT H3 Tpex rPOpH8COCOB 0 BOCbMH 

.QHrPrPY3HOHHhiX H8COCOB mrra H-5C H3 HeM8f'HHTHOf'O MaTepnana, CHCTeMbl H3-

MepeHng 11 KOHTpong ~aJ:yyMa. BbiCOKoBaKyyMHbie .Hacocbi ( pnc. J7) o6ecrre-

qeHbl 830THbiMI1 llOBVWK lMH. 

-6 
BaKyyM B ycKopnT ?nhHoil KaMepe non*eH 6biTb He xylKe 6.10 MM Hg. 

8. YlaMepnTenbHag wTaHra 

l13MepnTenhHaH m1 aHra rrpenHa3HaqeHa nn>~ rrepeMeureHHH naTqllKa Mar

HHTHoro ITOJIH B 3830pe :18f'HllTHOH CHCTeMbl ycKOpllTenH. DaTqHKII MoryT rrere

MeliJ8TbC5! !10 p81!Hycy B rrpenenax OT 150 MM DO 1200 MM II yCT8H8BJ1l!B8TbCH 

C TOqHOCTbiO 2:_0,1 MM. Jlo 83HMyTy .QaTqHKII rrepeMeiit8IOTCH H8 360° C MllHII

M8JlbHbiM aanMyTanbHbi~I maroM 2,5°,. ToqHOCTb ycTaHOBKll 2:_0,025°. AanMy

TaJibHoe rrepeMerueHne .QicTaHUHOHHoe. DaTqHK llBHlKeTCH B cpenHeil rrnocKocTn 

KaMep~. YcTaHOBKa panHanhHoro rronolKeHHH naTqHKa rrpOH3BO/lHTcg BpyqHyJO 

Ha HaqanbHOM 83HMyTe ¢ = 0°. 

9. BaKyYMHag KaMepa 

8epXH5!H H HHlKH5! rt Kpb!WKH K8Mepbl COCTOHT H3 DByX ITJIHT ll IJMeJOT 

OTBepCTIIH DJI5! l10JIIOCHhl ~ DllCKOBo no Hapy)!<HOMY KOIITypy K pblUIKI! Ol1HpaiOTCH 

H8 60KOB~e CTeHKil Ka~epw, ITO BHyTpeHHeMy KOHTypy - Ha crreunanbHOe 

KOJibUO-rHe3.QO DJIH ITOJl~lCHb!X llHCKOBo HHlKHHH KpbliiiKa, KflOMe OTBepCTIIH i1n5! 

!10JIIOCHOf'O .QHCKa, HMee1 eU[e 8 OTBepcTHl''r DJIH !10DCOellTIIIeHJHI BhiCOKOBaKyyM

HbiX arperaToB. YrrnoTH£ HHe rrnHT ocymecTBJIHeTcH c rrol\IDirtbiO Kpyrrroro umy-
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Pwc. 17. Bh!COKonaKyy~IHh!rt arperaT. 1 - nnqxtJy3HOHHUH HA.Co ::, 2 - Macno

OTpEOK8.TCnh, 3 - KOpiTyC JlOBY!IJKH, 4 - COCyfl flJl5I 8 IOTfl, 5 - lliH6ep-

Hhlii 38TBop. 

25 



pa ll3 BaKyyMHOH p831 Hhi, Pa3M8pb! KaHaBOK JJ.nH yrrnoTHHJOIUBI'O WHypa Bbi-

6paHbi TaK, qTQ6hi IIpll 06lKaTllll WHypa ITO Bb!COTB Ha 30-33% HB IIpO!ICXOLlllnO 

ITOnHOI'O 3aiTOnHBHllH fE3llHOH IIOIIepeqHoro ceqeH!IH KaHaBKll, 

EOKOBb!B CTBHKH {aMepbl llMBJOT Heo6XOJJ.llM08 KOnlfqecTBO OKOH UJIH ycTa

HOBKll IIp06HIIKa, :OJn8K"pOCTaTIIqecKIIX 9JI8KTpOJJ,OB, ayaHTa, a TaKlKB JJ.nH Bll-

3yanbHOI'O Ha6nJOJJ.BHlli 3a rrpoueccoM ycKopeHIIH 9neKTpoHoB, 

Haii6onee BhlCOI.IIe Tpe6oBaHIIH rrpeabHBneHw K lKBCTKOCTII rronJOCHhlX 

JJ,llCKOB-KpbiW8K, 11x Ilf OI'll6 HB JJ.OnlKBH IIpBBbJWaTb 0, 25 MM, ilnH BbJilOJIHBHllH 

JJ,aHHOI'O Tpe60B8HllH JJ,ICKll, CB060JJ,HO JI8lK81UllB Ha OIIope, IJOJJ,IIepThl B UBHTpe 

CII8Ull8nbHOH pacrropHO I KOnOHKOH ( 10, p!IC, 2), KOTOpaH OUHOBp8M8HHO HBJIH

BTCH UBHTpiipyJOIUllM 9'18MBHTOM 0 o6ecrreqiiBaJOIUllM COOCHOCTb UllCKOB C Toq

HOCTbiO HB XylKe 0, 1 1.. M, nonJOCHb!B Kpb!WKll Bb!I10JIH8Hbl B BHUB Hll3KOI'O Ull

JI!IHJJ.pa, HlllKHHH Kpb!WK a KOTOpOrO llMBBT 16 paJJ,llaJibHO pllCIIOJIOlKBHHbiX pe6ep, 

a BepXHHH KphrWKa rna lKaH, BnyTpeHHHH rronocTh rronJOCHbiX KphiWeK oTKaqnBa

eTCH Ha ¢opBaKyyM, ~TO IT03BOnHeT pa3rpy3llTb IIJI8KHpOBKY IIOJIIOCHhlX HaKO

neqH!IKOB, a TaKlKe IJ)Oll3BBCTH rrepepacrrpeaeneHHe aMoc¢epnoA narpy3Kll, 

IIpUXOJJ,HIU8HCH Ha KpbiW {y, MBlKAY UllCKOM C pe6paMII, HapylKHOH orropoA KpbiW

KH ll UBHTpaJibHOH Kpn)HHOH, CTerreHb pacrrpeaeneHUH Harpy3Kll 3aBllCllT OT 

BenHqHHbl 3a30pa MBlK lY JJ,HCKaMH H pe6paMll BHyTp8HHBI'O JJ,llCKa KpbiWKit, 

PacqeT Ha lKBCT KOCTb rronJOCHb!X JJ,HCKOB-KpbllliBK 

cneayJOruefi MBTOAIIKe, 

IIpOU3BOJJ,llnCH ITO 

BbrpelKeM ceKTop, orpaHHqeHHbiii: 6nHlKaHWHMH pe6paMII lKBCTKOCTll, Ha-

rpy3HM CBKTOp paBH0118p'Ho pacrrpeaeneRHOH Harpy3KOH C HHTBHC!IBHOCTbJO 

q = 1 KrfcM2, BnHH! HOM CMBlKHbiX CBKTOpOB Ha BbiJJ,BJIBHHh!H rrpene6pelKeM, 

3To JJ.BBT HBCKOnbKO 38BhllliBHHhlH peaynhTBT pacqeTHOH BeniiqllHhl rrpor!I6a, 

BbiJleneHHhiH ceKTOp B cyruHOCTH rrpencTaBnHeT co6oi1: 6anKy c rre peMBHH~IM 

ceqenHeM, Ha prrc. 18 II3o6palKeH ceKTop (rrnan) n rrorrepeqHoe ceqeHIIe ero, 

5/2 0/2 

PHc, 18 
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TaK KaK 6anKa (eM. pnc. 18) llMeeT Blla Tparreunn , TO cnnoBaH Ha

rpy3Ka M0)K8T 6b!Tb pa36llT8 H8 )lB€ H838BllCllMbi8 CllCT8M ,I cnn: 

q 2 

a) paBHOMepHO pacrrpeneneHHaH HarpySKa C llHT€HCHBHOCTbiD q
1 

KrlcM, 

6) TpeyronbH8H Harpy3K8 C M8KCllM8nbHbiM 3Ha'!8Hll811 llHT8HCllBHOCTll 

q 
z 

(b-a) L q 

2L 

b-a 
---q 

2 
KrlcM. 

Pac'!eTHbi€ CX8Mbi 0 COOTBeTCTByJOUllle aaHHbiM CIICTeMaH Clln, rrp!!BOAHT

CH Ha p!!Co 19. 

~(e-a)L 

P11c.l9 

llnH cxeMbi a) nsr116aJOWllH MOMeHT B ce<reHHH 

q.a L x 
Mt(x)= --2----

2 

.Qng CX8Mbl 6) 113r116a10WHH MOM8HT B C8'18HllH l 

27 

X paBeH 

paBeH 



b-a :1 
-----x 

L 

YpaBHPHrre r3orHyTofi ocrr 5anKrr 

\\1( X) ... ~ (I) 
E J( X) 

rue \1 ( x) pa!3H:) CyMMe MOMCHTOB :\1 
1 
(x) rr '\I~ (x). 

C U011bl0 yrrromcmu1 pewemHl mrqJcjlepeHurranbHoro ypaBHemrH I!:JoruyToi'r 

OCll 6BJ1Kl1 B0~1bMHM cpenHee Bp!HpMeTH'leCKOe 3HB'leHrre MOMeHTA HHepUHH 

Me/I<DY UBYM>I rrpe le11bllh!Mil 3HB'leHHHMH, COOTBeTCTBY!OlUHMll KOi{lleBhlM CP

'-!CHHHM 6aJJKII. 

0603HQ'lHM lTO 3HB'!eHHe qepe3 J • 
r.p. 

llocnc I!I!Ter pHponaHJIH ypaBHCHHH (I) rrony'll!M 

"' 
y 

qL n 

---! --(2a; b)x" " 0 3 -~X 

6 

n X 
- -"-( B-a)- + 

21 L 12 

1 __g__ ( B- a )I .'
1 

120 

I' 
_q_~ -( 2a 18)] 

;l(; 

1 qL , aq 

... , 

.Y = --[ --·(2a+ B) x" ----X _q_ 
120 

B -a 

L E J :l6 
cp 

;\ 
aq L 

-----x 
21 

24 

1 _q_ (B-a) L'1 

12() 
X--

"l 
qL' 

--(2a t B)x I 
;I(; 

X + 

a qL"' 

2/1 

( 2) 

( 3) 

MaKCIIJ\111J1blfl Iii np.·,r116 Hl\reeT MecTo rrpH x = 55,509 rl\r. fPo'.li'Tf>ll-

'-!CCKI!e pll:ll\ll'[llol r·e KTOjl/1 fi11RIIhl: a = 25,7 '.dl\1, B = 452,6 \Il\1, L = 101'3· ·· :, 

Har·py:Jr<a - nTMOC I]>eprroo uaBnerme, 
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feoMeTpnqecKne p83Mepu ceqeHHH, COOTBeTCTB)~Wero KOOpDHH8Te 

x = 0, CJieDy~wne: B =a 
X 

h = Ill MM, 

MoMeHT HHepUHH ceqeHHH OTHOCHTenbHO OCH 

J 1 = 526,7 CM4 , 

0 0 = 50 MM 1 0 = 5 MM, 

z ( cr1, pnc. 18) paBeH 

feoMeTpnqeCKHe p83Mepbl ceqeHnH, COOTBeTCTBy D!llero KOOpDHH8Te 

h = 111 MM 1 
8 0 =5(1 

MoMeHT HHBpUHH ceqeHUH OTHOCHTenbHO OCH 

Cpennee 3Haqeune MoMenTa nuepuun 

z paBeH 

J 
cp 

Monynb yrrpyrocTH paBen: 

J1+J2 
899 0 

2 

E -- 6 2 0, 71 ·10 KrlcM • 

MM, 0 = 5 MM, 

J
2 

= 127l,llcM4, 

MaKCHManbuoe 3Haqeune rrporn6a ceKTopa rronyqnM B ceqeunn c Koop

nnnaToA x = 55,509 eM, DoncTaBnB B ~opMyny (3) nnr rrporn6a 3HaqeHHH 

BCeX BXODHWHX BennqnH ( q B Kr/cM2, DnHHB B CM, E B Kr/cM2, J B CM4 ), 

rronyqHM: y = 0,064 7 CM. 

Donyqeuuoe 3HaqeuHe rrporu6a 6onbwe rrporn6a, KOTlpwA rronyqnTCH rrpH 

Harpy~eHHH peanbHOrO DHCKB, OorrwTaeMCH OUeHHTb, 30 CKOribKO pa3 OH 

6onbwe peanbuoro rrpor116a, PaccMoTpnM nncK TOn!l!HHOIO o c orropaMn 

rro uapy~HoMy rrepHMeTpy n B ueHTpe. Harpy3Ka paBJ.oMepHaSl c 11HTeH-

CI1BHOCTb~ q , HaiiaeM MBKCHMBnbHOe 3Haqeune rrpo 'H6a DHCKB y .g 

Vf3 DHCKB Bhipe~eM CeKTOp C pB3MepoM. "a" IIpH Bepiii!H e, B MM, C pa3Me

poM "B" 1 B MM,- B OCHOBBHHH. llmHIB ceKTOpa o6o3Ha'!eHB qepe3 L H pBBHB 

pannycy nncKa, HailneM MaKcnManbuoe 3Haqeune rrporne a ami ceKTopa Y c 

H CpBBHHM C rrpor1160M DHCKB Y ~ • 

rae 

y = 

"' 

r 

L 

r -rrepeMeHnoe 3uaqeune panuyca, ~' 

L 
= 0,53. 

0,3. y 
" 

u~eeT MBKCHManbHOe 
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CITp.tBe)JJJHBB 3BBHCHMOCTb ( 3) 1 ITOI1Y'IeHHBH paHee 1 T0/1bKO 

MOMeHT HHepUHH .r 
cp 

cnenyeT 3aMennTh na HOBoe 3Ha'leHne J' 
cp 

J ' 
cp 

Bo3bM eM onwwenne 

3 

= ( .!.:.L + 
12 

y c 
n = 

y? 

B.() 3 1 
--)-. 

12 2 

n = 1, 2. 

CrreaonaTerrbHc, MOfKHO O)!<liDBTb pearrbHbri:f rrpor116 ancKa, IIMeiOruero 

y 
pBDHB/1bHO paCIT0/10)!<€ HHb!e [1e6pa 1 pa BHbiM Y = -

P n 
yp = 0,54 ~1M, 

TaKoi:f rrporii6 6Jrr&we norrycTnMoro. Ho y nac HMeeTcR 6onhwoi1 pe3epB, 

3BK/1!0'lB!OWI!i1CH B Bll3MO)!<HOCTII pacrrpeueneHIIH BTMoc¢epnoi:f Harpy3KII 38 

C'leT ¢opBaKyyMHOi:f (ITKB'lKH IT0/10CTII IT0/1!0CHOi:f Kpb!WKII. 

Ecnii OCTBBHTb 3B30p MefKDY peGpaMI! 11 napyfKHhlM DIICKOM IT0/1!0CHOi1 

Kpb!WKH pBBHblM fiOJlOBHHe rrporn6a IJHCKB OT BTMOCcpepnot'r narpy3KH 1 TO 

rrporn6 ITOJ1KJCHOi:f Kp~WKII B uenoM COCTBBIIT 0,27 MM 1 '!TO HBJ1HeTCH DO-

rryCTIIMbiMo 

Peanii3aunH Tatnx MeporrpHHTni:f KaK a) ycnneniie onnoro II3 JJIICKOB 

KpbrWKII pe6paMIIj 6) o6ecrre'leHIIe 3a3opa MefKny pe6paMn n BTopbrM nnc

KOM K[Jolll!KIIj B) q'OpEBKyyMHBR OTKB'lKB BHyTpeHHei:f IT0/10CTII IT0/1fOCHOi:f Kpbllll-

K1! 1 - IT03B0/1HeT IT0/1)'liiTb He06XODHMy!O fKeCTKOCTb IT0/1!0CHOi:f Kpblll!KII. 

Benn'li!Ha 3B30J'a MefKuy pe6paMH II JJHCKOM nonfKna 6&ITb ne 6onee 

6 MM II ne Menee 2,~ MM. 

3Kcrrepi!MenTarrbHBR rrpoBepKa Benn'lHHhl rrporii6a aana cneuyiOwee ero 

3HB'!eHHe; Y = 0, 24 MM. l13Mepeune ITpOII3BOUllJIOCb C ITOMO!llb!O llHUllKB-

TOpa C UeHO!O ueneHHI 0,02 MM 1 ycTaHOBJ1eHHOf'O BHyTpll KCJMephl HB COOT-

BeTCTBYIOllieM pBDHYC€ • 

Ha pnc. 3 rroKa3ana rronKJCHBH KpbiWKa. K JJHCKY ( 9), ycHnennoMy 

pBUHBJ1bHO paCI10/10fKel Ilh!Mll pe6paMH ( 15) 1 KpenHTCR K0/1bUO ( 10) 1 HBK/1B.Q

KH ( 4) 1 Me)!<Uy KOTOp! !MH o6pa30BBHhl cnnpaneBHJJHbie KaHaBKI! DJ1H pa3Me

weHHH BBp11BUliOHHOI1 0 )MOTKH ( 5) • 8 KOJlbUeBbiX npOTO'lKBX UIICKB pa3Merue

Hbl KaTyiiiKH ( 8), qlopMnpyiOTUHe cpe.1nee none. KaTymKH yKpenJIHIOTCR B npo

TO'lKBX C ITOMO!Ub!O HB.:J1ClUOK. K HBKJIBJJKD.M ( 4) KpeiiiiTCH .Ql!CK ( 1) 1 B rrpo-
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TO'IKaX KOTOporo HaXOD~TC~ KaTyillKH TOHKOA KoppeKUHH ~arHHTHOrO ITOJI~. 

KaTyillKH TOHKOH KOppeKUIJH 3aKpb!Tbl TOHKOJIHCTOBOH MeDbll, HapyX<HbiH DllCK 

(II), COBM8CTHO C KOJibUaMJJ (10, 12), a TaKX<e DllCKaMJJ (I H 2) o6pa3yJOT 

ITOJIOCTb, KOTOpa~ OTKa'IJJBaeTC~ Ha ¢opBaKyyM, YITJIOTH8HH? M8CT pa3b8MOB 

OCYW8CTBJI~8TC~ C ITOMOWb!O Kpyrnoro WHypa H3 BaKyyMHOH pe3JJH~ ¢ 5-6MM, 

3aaop M8)1<Dy pe6paMJJ ll HapyX<HbiM DHCKOM B3HT paBHbiM 3 MM 0 'ITO 3KBH

BaneHTHO UByXKpaTHOMY yMeHbW8Hil!O Harpy3Kil Ha DllCK C Je6paMH, Opa 3a-

30pe, paBHOM 3 MM, o6ecrreqi!BaeTC~ UOITYCTilMb!A rrporH6 IOJIIOCHOii Kph!WKH, 

llanbHeJ:iwee yBenn'leHHe 3B3opa rrpnBonnT K yxynrneHHJO ycnoBHA pa6oTw 

yrrJIOTHeHHH Ha BhlBODHblX CTaKaHaX ( 17, CM, pHC, 2), 

CnenyeT OTMeTHTb xopomee coBrranem~e pac'leTHoro 3Ha'leHHH rrror116a 

0,27 MM C ll3MepeHHOil BeJIH'IHHOif 0, 24!_0,02 MM, 0peUJI0)1(8H IBH M8TODllK8 pac

'leTa X<eCTKOCTH DHCKOB C pe6paMH MOX<eT 6b!Tb rrone3HOA B HI!X<enepnoA 

rrpaKTHKe, 

10. llyanT 

fiyaHT npeUCTBBJIHeT co6oA KaM8pTOH006pa3H~H JI8l18CTOK 0 BhllTOJIHeHHWH 

ll3 UIOpaJIJOMIIHIIH ll 06!liHTbiH TOHKOJillCTOBOi\ MeUb!O ( 8 = 0,5 MM), K rrna-

KllpOBKe nyaHTa rrpnrraaHa MPanaH Tpy6Ka, qepea xoTopriO rrporrycxaeTCH 

oxnaX<DSJOUlaH Bona, BepXHHH H HHX<HHH nerrecTKH HMe!OT TOJIUIHHY 10 MM, 

llpOCBeT M8)1(UY JIGITGCTKBMll ( 20 MM)cnyX<llT DJIH l1[10XO>Kl18HI SI ITY'!Ka 3JI8KTpO

HOB, BepXHilif ll JIH)I(HilA nerreCTKil CKpeiTJIHIOTCH o6oJ:iMoA, KOTOpaH, B CBOIO 

oqeperrb, KpeiTHTCSI K Hecyweif KOHCOJibHOif 6anKe, nenecTKH !iM810T BllD 

cexTopa c uenTpanbHhiM yrnoM, paBHhLM 90° • Hx norryc1nMoe rrpoBncaHne 

cocTaBnSieT ne 6onee 0,5 MM, Tpe6yeMaH X<eCTK )CTb MQ)I(eT 6b!Tb 

o6ecrreqena rrpaM eHenneM crreuaanbHbiX Mep, 
0 

BbipeX<eM ll3 nerrecTxa cexTop c yrnoM rrpH Bepun He, paBHhiM 10 , 

Toraa a = 27,9 MM, b = 189 MM, L = 925 MM. TonwHH.t nerrecTKa 10 MM, 

ITpH 9TOM 9,5 MM ITpHXODHTCH Ha D!Op8Jih, a 0,5 MM H l M8Db y 2 

8,9·10-3 xr/cM3 • Harpy3Ka- BeconaH cocpenoTO>eHHa>~ cnna Q 

15,6•10-
3 

xr. OpnHHMaeM 3a Haqano xoopnnHaT MecTo xoerrneHHH cexTopa. 

Opll 3TOM ITOCTOSIHH~e llHTerpllpOBaHHH 6ynyT paBHhl HYJIK, 
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Pnc.20 

Bb!p8)K8l!HH /lJ H H3rn6aiOIUBrO MOMBHTa B ceqeHHH X 6yaeT HMBTb Bl'!/l: 

MoMeHT nnepuHn nJrrepeqnoro ceqennH ceKTopa J(x) 6yaeT p1:me n: 

L 1 -x 
J =J 

" 0 Lr 

YpaBHenne n~orayToA ocn 6anKn 3arrnweTcH B snae: 

y 1 L r [ ac 0 b 
------ Q (L-x) + -- (L-x)" + _c_(L-x)~ ], 
EJ0 L 1 ·-x 2 6L 

rae 

C=Olyl + 8 zY2. 

npHMBHBHHe rpa~nqecKOro HHTerpnponaUHH IT03BOITHBT C MHHHM8ITbHOA 

38Tp8TOA BpeMBHH pBWHTb 3TO ypaBHBHHe. 

BBe.QeM o6o3JaqeaHe: l\1
1
(x)= _I_,_1 _\J(x). 

L 1-x 

CocTaBHM Taf nHuy nnH M
1
(x). 
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Ta6mma 4 

X CY 
' 

0 10 20 30 40 50 60 7C 80 92,5 

M1(X) 
Kr.cw'1I8,5 96,35 76,6 58,8 43,24 30 , 19 10,3 4 0 

CTpo!!M rpatPIIK ~I 1 (x) , rrocne qero rrposonnM rpncjll!'IecKoe HHTerpn-

poBaHIIB, Pe3yiTbTaTbl IIHTerp11pOB8HIHI ITpi!BOil51TC51 B Bllil9 KpHBb!X yrna ITOBO-

poTa ¢ rrorrepe'IHoro ceqeHI!R nerrecTKa 11 rrpor116a Y (eM. p11c. 21, 22). 

Yl3 rpaljli!Ka Y iliT51 CB060ilHO BHCRIUero nerreCTKa nyaHTB ITOITY'IIIM B9ITII'IIIHY 

rrpor116a KOHua nyaHTa: 

y ~m z 
4 

y 0,33 CM 0 

rne z 

BllnHM, 'ITO npor116 cso6onHo BIICRWero nenecTKa C!WBCTBeHHO 6onhwe 

nonyCTIIMOll B9ITII'II!Hbl 0,5 MM, 

Ecnl! B OilHOM IIITII H9CKOITbKIIX C9"19HII51X CBKTOpa B036yili!Tb MOMSHT 

1\1 x , o6paTHbiH ITO 3HaKy MOMBHTy OT B9COBOH Harp:'3KII 1 TO rrp11 COOT

B9TCTBy~IUeH B9ITII'II!He rrepBOrO MO~HO CyWeCTBeHHO yM9JbWI!Tb rrpor116 CeK-

Tapa. M MO~HO B036yni!Tb C IIOMOWb~ IT9HTb! 0 pacr OITO~eHHOH B Bepx-

HeM cnoe CeKTOpa, On!!H KOH9U neHTbl CB513aH C C9KTOpON 1 a BTOpOH - C, Ha

T51~Hb!M BIIHTOM, npll 8TOM 1 KpOMB MOM9HTa 1 K C9KTopy OK83biBaeTC51 Dpii

ITO~eHHOH rrpononbHaR Cl!na, cTpeM51WaRC51 Hapywi!Tb ero rrpononbHY~ ycToil

'IIIBOCTh. llnR o6ecneqeHI!51 rrpOilOITbHOH ycTOH'IIIBOCTII te06XOiliiM0 1 'IT06hl 

H8T51~Ha51 neHTa 110 BCefi iliTI!He I!Mena CB513b C CeKTOpOM, TaKa51 CB513b o6ec

IIP'IIIB89TC51 B HaweM cnyqae rrnaKI!pOBKoil. 3Ta cxeMa o5ecrreqeHI!51 Harrp51-

~eHHoro cocTORHIIR MonenHpoBanacb 11 rrpHMeHeHa rrpn ~a3pa6oTKe 

CTpyKUIIH nyaHTa, 

KOH-

CnenyeT OTMBTI!Tb 1 'ITO XOpomee COBITaneHI!e pe~ ynbT8TOB paC'I~Ta 

C 8KCD9pi!M9HTOM ilOCTI!raeTC51 Ha OTHOCIIT9ITbHO Y3KIIX ~ITeMeHT8X1 B IIITOC

KOCTH KOTOphlX pacrronaraeTC51 H9CKOITbKO H8T51~HhlX YCDOHCTB, EcnH ll3-3a 

"'p93M9pHOH Wllpl!Hbl CeKTOpa neo6XOill!MLI H9CKOITbKO rpyrrrr JlaT51li<HbiX ycTpOllcTB1 
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l 

fOO 

50 

0 
fO 

Pnc,21. 

M 

30 50 70 

m, =fK2CMjMM 

m2 =fcM/MM 

M =m,~z 

90 X 

~3rH68IDWHA MOMGHT CB060UHO BHCRWBrO flY8HT8 (KOHCOnb) 

34 

m ~ 
3 

107 
2 

Kr CM 

MM 



z 
~ 

cp 

m2 =fCM/MM 

m _ .f07 K2·CM
2 

3 - ":".., MM 
~-Jo 

{/J = :f' 
lP =Jn3 -z 
y =In" ·l 

m _.?140 CM 
~t-·-·-

jr:;]o MM 

~~~------~~------~--------~------~--------------.-

fO 30 50 70 90 X 

PHc.22. Yron ITOBOpOTa H rrporHo CBOOODHO BHCHWero rryaHTa (KOHCOnb). 

m2m 3s 1 1.107 s 1 107 
__ 50 __ . z, ~. 

y=mzmas; m4a--z-
0
-• EJryl,5 • 2,5EJo' 5 1 
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IIepHOn:IP-IeCKll IIOJlTOpH!OUlHXC51 1 TO paCXO:>KL(eHHe C pac'I~TOM MO:>KeT 6b!Tb 

3Ha'InTenbHbiM ( B 1,5 - 2 pa3a), B TaKOM cny'Iae 6onee uenecoo6pa3HbiM 

6yD:eT rrpnroToBneHne nerrecTKa nnn rraHenn Ha6opHbiMll H3 OTD:enbHbiX Y3KllX 

ceKTopoB, XopoiUH<' pe3yllhTBTbi rrony'IeHbi rro ycTpaHeHniO rrporn6a D:nHHHbiX 

Tpy6 rrpo6HHKOB, 

J.1 T8K 1 B Ce'IE HHH X= C rrpnno:>KHM cocpenoTo'IeHHbiti MoMeHT Mk . 

LI M M = _ __,__, 

P L -x k 

I 

...;ocTaBHM HOBYJO Ta6nnuy, rrpn 9TOM H8 Y'I8CTKe 0::: X<_ C 

Ll 
M(x)= ---[Q(L-x)+ ~(L-x 

[q- X 2 

2 b c 3 
+ --(L-x) -M k], 

6L 

a Ha y'IaCTKe f :S x ::;_ L ypaBHeHne D:ll51 MOMeHTa M 
1
( x) COOTBeTCTBeHHO 

38IIHIUeTC51 B BHD:e 

M ( x)"' 
Ll 

L 1 -x 

---------------.--
X CM 0 10 

ac 2 
[Q(L-x)+ -(L-x) 

2 

Ta6nuua 5 

20 30 40 50,5 
----------------------------------------M1 (X) 
Kr.C!A 58,5 30,26 3,0 -24,2 -51,8 -82' ~ 

60 70 80 92,5 

19 10,3 4, 0 0 

KoMIIeHCHpyiOUiliH MOMeHT \1 k B ceqeHHH X = 50,5 CM B3HT paBHbiM 

60 Kf', CM, 0pOBe.QH rpacp!i'-IeCKOe HHTerp!ipOB8HHe 1 Haii.QeM 1 '-lTD MBKCHMaJibHbiH 

rrporn6 nerrecTKa B ceqeHnn c 

CTBBJIHeT 0,179 MM ( CM, p!iC, 23 

paBHO: 

Q 
p 

KOOp.QHHBTOii X = 400 MM co-

n 24). Y cnnne, pacTHrnBaiOTUee neHTY, 

M k 
150 Kr. 

0,4 
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z 

0 

I t 
M=m,.z; tj=E:~o·mt"m2j(x) 

m =f Kc·CM 
1 MM 

CM m2 =I MM 

I ,..._ ~-----

X 

Pnc.23. 1'1:.3rn6aKHIIHft ~1UM(~JIT cBo6onHo BHCHlUero !lYUH" it ( KOHCOJH,) 

lipH OD,HOBpe:-..10HHOM neiiCTBHl1 KOMneHCHflYlOlllerc M0:-.18IiT;:J \1k. 
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z 

0 

tp = lj' 
t.p =mj·l 

lj =m" .z 
2 m =/07.!_. K2·CM 

~ EJo MM 

m'l: 220. CM 
£ ]0 Mftll 

X 

PHc.24. Yron roBopoTa H rrporH6 CBo6onHO·BHCHmero nyaHTa (KoHconb) 
rrpH on roBpeMeHHOM nel!cTBHH KoMrreHcHpyJOmero MOMeHTa M k 
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Q p 150 
aP ~ ---~ 

F 0, 1 

2 
1500 Kr/;M, 

HaTSDKHbre neHTbi 11 6orrTbi 113roToBrreHbi 113 crrnaBa Tl Taua BT -4, llaHHbiil 

HeMBI'HHTHNll CITII8B o6rrarraeT BNCOKOH !IpoqHOCTbiD H rre"KOCTbiD, 

AuarrnTwrecKHA pacqeT ceKTopa ayaHTa yrrpomaeTcsr ecnn B ypaBueune 

JliiSI rrporHyTOll OCII CeKTOpa BMeCTO rrepeMeHHOI'O 3HaqeHl'SI MOMeHTa llHepUHH 

J(x) ITO!ICT8BHM cperrHee ero 3Haqeune, TOrrra ypaBH81He H30I'HYTOH OCH 

ceKTopa ua yqacTKe 0 < x < E 6yrreT HM8Tb BH!I 

y 
ac 2 b c 3 

---[ Q(L-x} + -(L-x) + --(L-x) 
2 6L 

(4) 

A ua yqacTKe P.::; x::;. L 3arrnweTcsr B cneaymmeM BHT e ( rrp11 3TOM uaqa-

no KooprrnHaT rrepeueceuo B ToqKy x = f 1 a apryMeHr B yp8BH8HHH Me-

usreTcsr oT uynsr rro x = L- f 

y " = -
1 - [ Q( L- f -X)+ 

E .J cp 

_a_;c_(L- f -x) 2 + ~(L- P -x) 3
]. 

2 6 (5) 

PewnB ypaBueune (4), uailrreM yron rrosopoTa 

rrorrepequoro ceqeHI!SI ceKTopa c KooprrnHaToil x~ P 
Y' p n rrporn6 Yp 

ITJH 3TOM uaqanbHhle 

ycnoBnsr uyneBwe, HaqanbHNMH ycnoBHSIMH ansr peweunSI yJaBHeHnSI (5) SIBIISI-

IDTCSI cnenymmne: X= 0 

llp0113BeQSI IHITerpllpOB8HI!e II !IODCT8BIIB qi!CJ1eHHbie 3JraqeHI!H rrapaMeTpOB, 

rronyqaM: 

YJ; 5,1854 10-
3 

- 0,0918 10-3 V\k> 

Yr 170, 14 76 10-3 - 2,3174 10-' Mk, 

y2 404,269 
-3 

10 - 6,173 I0-3 
Mk. 
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3anaBIUHCh ilp0I'!f60M KOHU8 CeKTOpa Y2 , paBHbiM Hymo, HailneM KOMTieH

CHpy!OUIHH MOMeHT rt k 

M k = 65,5 Kr.cM, 

YcHnHSI B HaTs )KHOil: neHTe 6ytlyT paBHhi: 

Q ,l.!! 
p 0,4 

a 
p 

2 
1637 KrlcM • 

Mbi nony'-IHmr IecKonhKo 38BbJIIIeHHhiH pe3ynhTaT B cpaBHemnr c 6onee 

TO'-IHbiM rpaqJHqeCKH!V·peiUeHioJeM, rtle Mk = 60 KrM, a aP = 1500 KrlcM 2• 

0tlH8KO pacXO)I(JieHue HecyiUeCTBeHHoe. CnenosaTenhHO, c ycnexoM MO)KHO 

rrpHMeHS!Th 38MeHy il?peMeHHOI'O 3HaqeHHSI MOM8HTU HHepUHH H8 Cpe,llHJOJO ero 

BeJIH'-IHHy, OCTaBHB fe3 ll3MeHeHHH CllCTeMy neticTBYJOlliHX CllJI, 

11. BbJcoKoBaKyyMHBSI cucTeMa 

3a,ll8HlleM Ha n pOeKTHpOB8Hlle yCKOpHTeJISI npe,llyCM8TpllB8JICSI B8KYYM 

B ycKopuTeJihHoli KaHepe He xy)Ke 6 • 10-6 
MM Hg • Pacq~T npoBonHncSI 

ucxonSI H3 9Toro nanneHHSI, npu 9TOM npeurronaranoch, 'ITO GanaHHoe naBneHue 

6yneT nocTHrHyTo Ga 6 qacoB oTKa'-IKH, YlcnonbGoBanuch cneny10nme <jlopMynhi 

(eM, paOOTb/ 6•7 •81 ): 

S=n 
Qm+ (12 

fg ( ~) = A -Bt; j_ = _1_ + _1_. 
p Sa s s H F ' 

1 1 1 L 

F 9,1 D 2 F, 12,1 Da 
g mp 

S_ ilpOH3BO,llH~!J1bHOCTb CHCT8Mhl y BhliTYCKHOI'O OTB8pCTllSI OTK8'-IHB8-

eMOI'O o6'beMa, nlceK, 

n - Koa<jl<)JHUHeHr 38IT8C8 1 B3SIT paBHbiM 1,5, 

Q m- ITOTOK, o6pn30B8HHbiH H8 TeK8Hll8M B 06'heM, MM,nf CeK, 

Dpennonaranoch, 'ITO iaTeKaHHe oTcyTcTByeT, 
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Q2 ITOTOK 1 o6paaoBaHHb!H raaooTnerreHUeM BHyrpeHHUX ITOBepXHOCTeH 

CUCTeMbl MMo n/CeK 1UITU CKOpOCTb ra300TnerreHUH ]I rr/ceK ITpU 1 MM Hg. 

S 
0 

- ITOBepXHOCTb, C KOTOpOH OITpeneJmeTCH raao )T/lerreuue, B CM2. TaK, 

ITOBepXHOCTb Jl!OpaJIJOMUHUH S g 2,13 • 105 CM2, ITO 3epXHOCTb Met:IU S M = 

= 3,67 • 105 cM
2

, ITOBepxHOCTb Hep)!(aBBJO!lieH CTarru S Hep'W. 5,48 • 104 CM 2 

( ITpu pa6o'IeM ITpeKTUpoBaHim cTarrb MapKu IX18H9T nu ;uu oTKa'IKU 6bma aa

Meueua Ha t:IJOpanb, ITepepac'IeT raaooTneneHUH He IT[OU3BonurrcH), IToBepx-

HOCTb pe3UHOBb!X YITJIOTHeHIIH paBHa: S pea= 4, 72 • :03 CM2. 

t - BpeMH OTK8'IKU B 'I8C8X, HeOOXO.QUMOe nrrH IIC rry'IBHHH 38.Q8HHOI'O 

naBneuuH P. 

A 'i:! B - aMrrnpu'IeCKUe Koaqx!mrmeHTbi, aaBucHurue OT nuna MaTepuana n ciTo-

co6a o6pa6oTKU ero. DrrH Menu u J\JOparrH, ITpoTpaBrreH !IbJX u ITpoMb!TbJX 6eH-

aorroM u aueToHoM, AM = - 3,826, B M 0,374, Ag = -3,39 ,B g = 0,296. 

Dm1 Heo6pa6oTaHHoii HeplKaBeJOurerr cTarrn A = -2,84, 3 = 0, 264. DrrH BaKyyM-

Horr peauuw raaooTneneune oiTpenenHrrocb cornacuo/7;. 

SH- Heo6xonuMaH rrpouaBonuTenbHOCTb nu~~yanoBHoro Hacoca, nlceK. 

F- rrporrycKHaH crroco6HoCTb rruuuu oTKa'IKU 1 n/ceK • 

..!. - corrpoTUBrreuue J:Uia~parMbJ 1, ceKI n • 
.Fg 
j_" - COITpOTUBITBHUB Tpy6bi, CeK/n. 
Ft 
I)- nuaMeTp 1.ma~parMbi, eM, D =274 MM. 

Dmp- .QUaMeTp Tpy6bJ 
1 

CM, Drnp = 274 MM. 

C - AUaMeTp Tpy6bi • eM, L = 152 MM. 

CoiTpoTuBrreHue aaoTHorr rroByurKu orrpenerrHrrocb ITo aaBucuMoCTHM nnH 

KpyrJihlX Tpy6onpoBOt:IOB. npoXOt:IHhlB OTBepCTllH ITOBYllKU BhliiOITHeHhl B BU.Qe 

rrpHMoyrorrbHhlX urerrerr t:IBYXbHpycHwx )!(arrJOau. B pacq~Te B3HTO 'IUCJIO Kpy

roB, BnucaHHbiX B werrb. DuaMeTp Kpyra paBeH HaUMf·HbllleMy paaMepy we

rrn B CfiGTy. H a '!HCJJO KpyroB BHOCUIT8Cb rrorrpaBKa 1 ,3, Y'IHTbiB8JO!li851 aa

ITOITH8HIIB rrrrouranH urerrH rrrrowaAbJO KpyroB. 

nocne rrpoBeABHHH pac'I<"TOB 6biJio Harrneuo, '-!To S = 2, 7 • 103 rr/ceK, 

FJI = 1460 n/ceK - rrporrycKHaH crroco6uocTh JIOByu KH
1 

S H = 490rr/ceK. 

HacoCOB C TaKHM S H A0Jl)!(H0 6b!Tb B3HTO BOCeMb IJTyK. ( HaMU HCITOJ1b-

30Bi1JII!Cb Iwcocbi MapKu H5-C ) .• 

41 



CocyA AIIS! )KllJIKOrO 830T8 B IIOBYil!Ke Bb!IIOIIHeH B BRAe Topa C rrone3-

HOH eMKOCTb!O 2,3 n, 3KcrrepnMeHT8I1bHO H8HAeHO, 'ITO ABHHOH eMKOCTII AOCTa

TO'IHO Al'S! HerrpepbiE HOH pa60Tbl B Teqe Hlle 8-9 '18COB. 

12. _:.c:>e3yiTbT8Tbi 3KCI1BpHMBHT8ITbHOH ITpOBBpKH 

BbiCOKOB8KyyMHOro 8rper8 T8 

Eb!ITH rrpoBeAeE hi cTeHAOBbie H3MepeHnSI xapaKTepHCTHK HsroToBneHHoro 

BbiCOKOBaKyyMHoro lrperaTa. PesynhTBTbi H3MepeHHii rrpnBOASITCSI B Ta6n. 

6 n 7. 

Ha pnc. 17 H3c 6pa*eH BbiCOKOBBKYYMHbiH arperaT. Koprryc ( 1) Bbiiion-

HeH ns aep)KaBe~nneii cTann , an<jl<jlysopbr - ns anroMHHHSI, Kopnyc 

noBylliKH-n3 naTyHn n crraSIH rrpnrroeM TICp-45. CocyA J:WSI a3oTa ( 4 )-MeA-

Hbiii • Wn6ep ( 5) - ~·KcueHTpHKOBbiii, AIOpanJOMHHneBbiH c rrpoxonHbiM OTBep

CTHeM 240 MM. Yrrpt BneHne Illn6epoM pyqHoe. 

Ta6mma 6 

CKopocTb OTKB'IKH BbiCOKoBaKyyMHoro arperaTa B sasncnMocTn 

OT ABBneHH5! p A lSI CIIY'I85! rrpnMeHeHHS! yrrnoTHS!JOil!eH pe3HHbi, !IpOMbiTOH 

CliHpTOM 

---·----
3,2 .Io-5 3.1o-5 1,4.10-S 1,3.10-5 7,1.10-6 6,8.10-6 

~ JI/CeK 
' 

408 415 436 450 305 JIO 
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Ta6nnua 7 

3CJBHCli~IOCTb J1 Cl f\Jl e HIHI B BLICOKOB11KyyMHOI>I :ll'peraTe OT BpeMeHlf 

OTKH'!KH. B nonynJKy :HlJ1l!T lKl!UKI!l"! fl:30T ( Fl MOMeHT BpOJVIeHII Ul ) 

qac P MMH' qac P MMH~ qar: P.w:MH~ 

---
0 2,2 .1o-6 4,0 4.!0-7 8, 1) 3,4 .ro-7 

0,5 1,2.10-6 4,5 3,e.I0-7 8, 1) -7 3,4.10 

I,O ':1,2 .I0-7 5,0 3,d.10-7 ':1,1) 3,3.10-7 

1,5 6, 9.1o-7 5,5 3, 7 .ro-7 
':I ' ~ ) 3,2 .ro-7 

2,0 5, 5.1o-7 6,0 3, 6. ro-7 IO,O 3,2 .ro-7 

2,5 4,6.10-7 6,5 3, 6.10-7 I O, ~' J, I.Io-7 

3,0 4, 4 .ro-7 7,0 3, 5.10-7 
II'() J.ro- 7 

3,5 4,2.ro-7 7,5 3,4.10-7 
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