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naaeliHblll ycKopaTenb npoTOBOI!I Ha 20 MsB, npoeKTipyeMblll 1!1 K8'19CTB9 BH>K9KTOpa 

caaxpocpa3oTpoHa OvUU1, npe~nonaraeTCII ocymecTBKTb 1!1 o~xope30H&Topaow xcnonxeHKB c 

nHT8HB8M Bb1COK0'18CTOTHOI MOlUHOCTbiO OT 8BTOresepaTopa, l!lblnOnHeHHOrO H& MOlUHOM reBa, 

p8TOpHOM TpHO~e. 

OneHO'IHblll pac'leT yc~topHJOIUell cacTeMbl naaellsoro yc~topaTenll DpK &MDnKTy~e 

8KCB8DbHOII COCT81!1DSII01U9ll yCKOpii!OIUero DODII E 0 • 18 KB/CM B 'l&CTOT9 yCKOp9HBSI 

I 0 z 143 Mrrr onpe~en11n ~naxy pe3oHaTopa: OKODO 15 M. 

B naHeliHoM ycKopaTene npa E0 • CCDOI ~DIIH& TpyfiKII ~pelcpa ~OD>KH8 B03p8CT8Tb 

C ee HOM9pOM, H 9CDH Mbl >KenaeM COXp8HHTb nOCTOliHCTBO H8DpH>KeHKOCTB sneKTpK'l9CKOrO 

DOOR B~ODb yCKOpS1101U9ll CBCT9Mbl, TO H906XO~BMO yaeOB'l8HK8 ~DRHbl TpyfiKH CKOMn9HCHpo

B8Tb yM&HbmeaaeM ee ~RaMeTpa. B CTpyKType Anbaapeua .rrepaa11 Tpy6Jta &MeeT Haa6onb

mall ~H8M9Tp, DOCne~HliSI - H&IIMeHblUHII/
1/. 

0'leBH~H0 0 'ITO np11 60DblUHX 9H9prHHX, nOCKOnbKY ~H&MeTp nocne~Hell Tpy6KB He 

MO>KeT 6b!Tb 6eCDpe~enbHO Man, ~B&M9Tp nepBOI Tpy6KH MO>KeT Bblp8CTH ~0 HenpHeMn&MbiX 

p83MepOB. 

no3TOMY B 60nbWHHCTBe COBpeMeHHblX DHHeliHbiX ycKOpHT&Dell (oco6eHHO MHOrOpe3oHa-

TOpHb!X)npHMeHHIOT OH60 Tpy6KH O~IIH8KOBOrO ~KaMeTpa,ycT&HOBneHHble DO OCII YCKOpHTenll, 

na6o Tpy6JtH pa3Horo ~II&MeTpa, pa36HB&ll IIX Ha rpyDnbl. B o6oax cny'laHx oT~en&Hble OTC&KH 

pe30H8TOpa DOny'l&IOTCSI He H8CTp09HHbiMH Ha O~Hy '18CTOTy. Jlng DBKBH~8UHII paCCTpOIIKB 

OT~eObHbiX OTCeKOB BBO~SIT perynHpOBO'IHYIO CIICT9MY B BB~e no~BH>KHbiX nnaCTBH, noMe

maeMblx a~onb o6pa3y10mell pe3oHaTopa. 

npa 3TOM perynHpOBO'IHble nnaCTHHbl, OC06eHHO B H8'18De pe30H8TOpa, B03~eliCTByiOT 

Ha '18CTOTY rpynnbl coce~HHX OTCeKOB, H n08TOMy npH T8KOM cnoco6e perynHpOBKH Tpy~HO 

nony'IHTb p8BHOMepHOCTb yCKOpliiOIUero nOOH no ~DHHe pe30H8TOpa DY'llUe 3% 

AH&DH3 c:j:la3oaoro ~BK>KeHHH ycKoplleMbiX 'l&CTHU noK&3biB&eT, 'ITO yKa3&HH&H HepaBao-

MepHOCTb nOOH npHBO~HT K cyweCTB8HHOMy pacwHpeHHIO cneKTpa yCKOpeHHbiX 'l&CTHU H8 

BI,!XO~e DHHel!HOrO yCKOpKTeDll, 'ITO CHH>K88T ero 9rpcpeKTHBHOCTb K8K. HH>KeKTOpa CHHXpocpa-

30TpOHa. 
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HanpHMep, 8 nHH9IHOM ycxopHTene Ha 20 Maa y8enH'IeHHe &MRnHTY.O&I Hanps>KeHHH 

B&ICOIW'IACTOTHbiX Xone6&HHI 8 p930H8TOpe HS 0,5% OT onTHM&nbHOll npH80.0HT K paCWHpe

/2/ 
HHJO cnexTpa ycxopeHHbiX '18CTHU a .oaa pa3a • 

B npoeXTHpyeMoM nHHeliHOM ycxopHTene .ons nonyqeHHH 6onee paaHoMepHoro ycxops

JOwero nons no .onHHe pe30H&Topa npe.ononaraeTc9 ocylUeCT8HTb H8CTpollxy '18CTOTbl 8 

K8>K.OOM YCKOP910Ul8M 0TC8X8 C nOMOUlbiO H8CTp09'1H&IX ,OIICICOB, nOM9Ul89MbiX 118 KOHU8X 

Tpy6oK .opellcpa. 3ToT MeTo.o Bblpa&HHB8HH!I '18CTOT OTCeKoB 6bln npe,ono>KeH A.M. Hexpawe-

/3/ 
BK'I9M I II CYTb ero CBOllHTCH K cneayiOWeMy. 

Co6CTB8HH89 '18CTOT8 OTC9K8 p931CO CHH>K89TC!I, ecnH H8 ICOHUAX Tpy60K apellcpa no

M8CTIITb .OKCKK. CywecTBeHHO To, 'ITO qacToTa oTceKa npH aTOM CHR>KaeTcs 3H8'1KTenbHO 

6on .. we, '18M ecnH 6bl llHAMeTp Tpy6oK llpellcpa 6bln 6bl paaeH llH8M9Tpy llHCICOB. nepeMe

lll9RH8 .OIICICOB K U8HTpy Tpy6KH noBbiW89T '18CTOTy OTC9K8, H Rpll ngno>KeHHH .ORCKOB B 

U8HTpe Tpy6u '18CTOT8 CT8HOBKTCH T8KOll >K9 0 1C81C8 TOM cnyqae, ecnH 6bl llHCKH OTCYTCTBOB8nH. 

H3 CK838HHoro cne,oyeT, 'ITO .oHaMeTp .OHCKOB non>KeH onpe.oenHTbCH 113 cneayJOwero 

ycnOBH!I: '18CTOT8 nepaoro 0TC8K8, o6p830B8HHOrO KOpOTKRMH Tpy6KAMH llpellcpa II C .OHCX8Mll
1 

noM9Ul9HHb1MH HS ICOHU8X Tpy6oK, .OOn>KH8 6b!Tb p8BH8 '18CTOT8 nocne,oRero 0TC91C8 C ,onHH

HbiMH Tpy6K8MK .llpellcpa K C ,OHCIC8 Mil, noM9Ul8HHbiMH B6nH3H KX cepe,OHHbl. 

ORbiT npoeKTHpoBAHH!I 11 pa6oT&I nsseliHoro ycKopHTens
141 

npoTOHOB c ceTo'IHOll cpoKy

CKpOBifoOll H8 9 Msa, pa60T810Ul8ro B K8'19~TB8 KH>K9KTopa H8 CHRXpocp.830TpOH8 OH.f!H, 

noKA38n, 'ITO CHCT8M8 H8CTp08'1Hb1X .OHCICOB no3BOngeT nony'IHTb H8p8BHOM8pHOCTb ycxopg

IOWero nong no JJ:niiHe pe30H&Topa MeHbllle 0 15%, 

Cne.oyeT 3&MeTIITb, 'ITO JJ:n!l nHHeliHoro ycxopHTeng Ha sHepriiJO 20 Msa .onsHa peso-
. ' 

HaTopa nonyqaeTCII nopa.llKA 15 ~ 'ITO npaMepHo B 2,5 pasa 6onbille .onRHbl pesoHaTopa 

YCKOpBTeng HS 9 Msa. nosTOMy BORpOC TO'IHOI HSCTpOIKB 'IACTOTbl KA>K,OOrO OTC8K8 H8 

'18CTOTy ycKopeBHH B STOM cny'l&e 6onee &KTyaneH, 
Ill .5E0 • 
-1- Ha pacnpe.QeneHIIe nons --- aospacT&eT 

o t ~ E 0• 
pesoHaTopa ( T l , rae t -anKHS pesoH&Topa, 

HOCTb yCKOpR10lU8rO DOUR 118 OCII p830H8TOp8. 

T.IC. B03.08ACTBHe paccTpoliKR OTCexa 

ICSX KB8.0p8T sneKTpH'I8CKOll ,onHH&I 

A - .onRHa aonabl, E0•- Hanps>K es-

Cne.oyeT T&K>Ke OTM8THTb, 'ITO nps noxanbK&IX perynapoBO'IHbiX sneMeHTax BblnonHe-

HRQ )'CIIOBRSI E
08 

• CODal H8H6onee RpOCTO R TO'IHO KOHTpOURpyeTCH C noMOLUbiO 

!(ana6pOB8HH&IX KOHTpOUbllbiX BHTICOB, yCT8HOBn8HH&IX no 06p83YIOLU8A p830H8TOp8. 8 STOM 

cnyqae, ecnH npR60pbl, UpRC08llHHBRH&I8 X K8U116pOB8HH&IM BHTX8M, ,OSIOT O.OHH8K0Bbl8 no

K838HRS1( T.e. H8 nepRcpapHH, xy,oa UOK&nbRb18 B03MYWBHHSI OT Tpy6ox .Opellcpa He npOBSIK810T, 

M&rHRTHOe none 0.0ROpO,OH0) 1TO STO yK83&1B88T HS M8XpOCXOnH'I8CKYIO OllHOpOllROCTb· R ,[lUll 

snexTpR'Iecxoro RORII Ha OCR pesoH&Topa. 

B cny'lae >Ke npRM8R8HHH a xaqecTae perynRpOBO'IR&IX sneMeHTOB no.oBR>KHhlx nnac

TRR, yCT8BOBU8BB&IX no 06p&3y10LUBI pe30H8Topa, KOBTpOnb 38 BblnOnH8HH9M ycnOBHSI 
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E •const 
Oa HS OCR pe30H8TOp8 cyweCTBeHHO OCUO>KH99TCII H3-38 Bblp0>Kll9HHII MOllbl H 

npHXO.OIITCII ROnb30B8TbCII H9ROCp9llCTB8HHbiM H3M8p8HH9M E
00 

no OCR p830H8TOp8 C no-

/1/ 
MOUlbiO H388CTHOrO MeT0.08 nOK8nbHbiX B03MyllleHHJI , ICOTOpbll 38Kni0'!88T B Ce6e pg.ll Hey-

.006CTB sxcnepRMeHT&nbKoro nop11.oxa. 

Ha OCHOBAHHH H3nO>K8HHOrO ,onll Rp091CT11pyeMOro UBHeliHOrO yCKOpHT8nll HSMH 6&1n8 

Bb16p8H8 ICOHCTpyK!lRII ,opeJicpOBbiX Tpy60K C H8CTp09'1HbiMB .OIICIC8MH, 

Jln11 TO'IHOrO onpe,oeneHHII napaMeTpOB pe30H8HCHOll CHCT9Mbl ·nHHeJIHOro YCKOpHTenll 

6bln8 CICOHCTpyRpOB8H8 II H3rOTOBU8H8 M0.08Ub p830H8TOp8 (pHC, 1), H8 KOTOpOI SKCR9pHMeH

T8nbHO pewanBCb cne,oy!OwBe 3B.08'1H: 

1. Onpe.oenease .OK&MeTpa pesoaaTopa. 

2. Onpe.oenease .oKaMeTpa Tpy6ox npellcpa. 

3. Onpeaenease nsaMeTpa a nono>KeHBII HacTpoe'!HbiX .oRcxoa. 

4. Toqsoe onpe.oenesse pesoHaacHoll qacToT&I ycxopeRHII, 

Moaenb pesoHaTopa &MeeT anHHY f = 960 MM II llH8M9Tp D •1400MM. Ta6nana 1 

nOK83&1889T 0 'ITO B .08HHOJI MO,oenH MO>KHO p83M9CTIITb 12 nepHO.OOB ycxopeHHII npR 

L •(3>. • 80 MM HnH 8 nepso.ooa ycxopeHHII npa L = 120 MM HnH 6 nepHO.OOB npa L •160MM 

H T,,[l, (eM. T86nHUY) - Bcero 6 nepHO,OOB, T,e, '18CTOTH8.11 X8p8KTepHCTHK8 p830H8TOp8 

MO>K8T 6&1Tb ROCTp08H8 no lll9CTII TO'IK8M, 'ITO BnOnHe ,OOCT8TO'IHO .OUII np81CTII'18CKHX uenel. 

HsaecTHO, 'ITO uanRH.opsqecxKll peaoHaTop, Harpy>KeHRblll Tpy6x&MH .opeAcpa, .onaKa 

KOTOpbiX Me,oneHHO B03p8CT89T OT H8'18n8 K KOHUY pe30H8TOpa, llnll y,oo6CTB8 HCCU9,0088HHII 

MO>KHO paaaenHTb npoBO.OSILURMH neperopO.OIC8MH B C9'19HHIIX 1 - 1, 2 - 2 H T,,o, (psc.2). 

npH STOM K8pTHH8 snexTpOM8rHHTHOro nong npa 0JlHH8KOBOll '18CTOT8 OTC9KOB I. II. IJJ 

H T,,o, He HapywaeTCII II C06CTB8HH811 '18CTOT8 e,oHHH'IHOrO OTC9K8 p8BH8 '18CTOT8 .OUHHHOrO 

p930H8Topa, H8rpy>KeHHOrO Tpy6K8MH ,opellcpa. 

E,oKHH'IHbiA peaoHaTop, nonyqeHH&Ill H3 oTcexa, 11Bn11eTcll uHnHH.OpH'IecxHM Topos.oan&-

( "') . 6 /5,6/ 
Hb!M pe30H8TOpOM pH C. v , llnll p8C'I9T8 C06CTB9HHOA .OnHH&I BOnH&I KOTOporO B pa OT8X 

.oaHa SMnHpH'Iecxall cpopMyna 

lg ~ - 0,64- 1,7 ~ + 2,lllg 
h 

2 d + h 

D 

3,oeCb ~ - 'paCCTpoiKa' '18CT0Tbl, B&I388HH811 3B9llAHH9M apelcpOBOll Tpy6KH, 

~ 
,1. -Ao 

Ao 

,). ,Ao - llnRH8 80nH&I peaOH8TOp8 C Tpy6xoll llpellcpa II 6e3 Tpy6KH ,opellcpa COOTB8TCT88BHO, 

JlnHH8 BOnB&I HeHarpy>KeHHOrO UllniiH.OpH'19CKOrO p930H8TOp8 TIIR8 E Ol08&1p8>K9H8 H3B8CTHOJI 

cpopMynoll 

). • 1,307D. 
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npH118.1l8BH8H CjlOpMyna npH p8C'I8T8 .ll88T OWH6Jty He 6onee 5% .llDH 

!i < 0,8 ; 0,2 < a < 0,4 
d h 

0 < o,t ; 1r < o,8 ; 

a•h - JtoacpanaeHT aaaopa, 11 aaweM cny'lae a •0,25. 

HaMepeaae '18CTOTHYX xapaKTepacTHK npoHaiiO.IlHnocb no cxeMe pac.4. PeaoHaTop 

II036y>K.Il&nCK H8 C06CTII8HHOI '18CTOT9 '1epe3 ycHDIIT9Db OT rCC, 'i8CTOT8 KOne6aHHl! B 

peaoaaTope B3MepKnacb aonHoMeTpOM BBT-.0. 

npa H3MepeHRH HCnODb30B8nRCb Tpy6KH .llpelcpa 3. THDOB: 

1. 

2. 

3.. 

dl = 13.3.,5 MM, 

dll •109 

d 8 • 89 

MM, 

MM, 

Ha pxc. 5 KpBBhle 2,6,4, nocTpoeHHhle no aKcnepRMeHTanbHYM .ll8HHhiM, aao6pa:>K8JOT 

H3M8HeHRe '18CTOThl 9.1lHHR'IHYX OTC9KOB II 38BBCHMOCTH OT .llDHBhl nepRO.Il8 .llDR .llH8MeTpOB 

.llpelcpOIIhiX Tpy60K 109MM, 13.3.,5MM H 89MM COOTII9TCTB9HRO, 3TH peaynbT8Thl 6blDH nony

'19Hhl H8 MO.Il8nR pe30H8TOp8 C .llR8M9TpOM 1400 MM, npa 9TOM H8CTp09'1Hbl9 .llHCKH H8 

Tpy6K8X .llpeAcpa OTCYTCTBOB&nR, 

Ha TOM :>Ke pRe. 5 xpasye 1,5,3. Rao6pa)I(8JOT Te >Ke aa&HCHMOCTH .llDII Tex )1(9 Tpy6ox, 

p8CC'IHT8HHY9 no npHB9.1leHHOA BhiW9 cpOpMyne, 

Ha cpasaeaaa aTHX xpllllhiX BH.IlHO, 'ITO pac'leTH811 <pOpMyna .ll8eT peaynbT8Thl, oTna

'18JOLUHeca OT 9KCnepHM9HT8DbHblX .ll8HHYX H8 0,3,% .llDII Tpy60K .llH8M9TpOM 133,5 MM,H8 0,8%

.llDII Tpy6ox .llR8MeTpOM 109MM,H8 1,3%-.llDII Tpy6ox .llH6M9TpOM 89MM, 

Ha pac.6 noxaaaay xpHBhle aaMeaeaaa '18CTOTY e.lliiHH'IHYX oTCeJtoB peaoaaTopa .llna 

paanH'IHYX nepRO.IlOB ycxopeHHR L a aa&RCKMOCTH OT nono:>KeHBR aacTpoe'IHYX .llRcxoa 

aa Tpy6u ·.llpelcpa. 

napaMeTpOM IIBD118TCII .llH8M9Tp Tpy6ox .llpeAcpa H .llH8M8Tp H8CTp08'1HhiX .llRCKOB, 

no OCR 86CUKCC II OTHOCHT8DbHYX e;aRHKU8X OT00)1(8HO l10DO:>K8HII8 H8CTp08'1HOrO .llRCit8 

H8 Tpy6Jte .llpelcpa, 3a 9.1lRHBQy npliHRT8 .llDRH8 nonOBIIHY Tpy6KK .llpelcpa, 0TC'I8T 118.1l8TCII 

OT KOHQ8 Tpy6KH. 

Ha pac.6 cne.llyeT, 'ITO pa6o'IHM aHa'leHHeM '18CTOTY peaoaaTopa cne.llyeT BY6paT& 

'18CTOTy 1~4,5 J'v\rq, 

no KpKBbiM pHC, 5,6 MO:>KHO nOCTpOIITb Kp11Bbl9 nODO:>K9HIIR H8CTp08'1HhiX .llHCKOB B 

38BHCIIMOCTB OT .llDIIHY nepRO.Il8 ycxopeRRH .llDR O.llRH8KOBOI '18CTOThl 8.1lKHK'IHhiX OTC9KOB 

no IICel .llDHHe pe30H8TOp8, 

Ha p11c. 1 T8KIIe KpiiBhle Rao6pa:>KeHbl .llDR '18CTOThl 10 •14~,5 Mru. 

~~t 
'• 

.. -......,....__~~ 

P~ayn&T&TY aJtcnepaMeHTa 

1. .0H8M9Tp peaOH8TOp8 DIIHeiHOrO yCKOpHT9DR npKHHM89TCB p8BHYM D • 1400 MM. 

2 • .0118M9Tp nepBhiX nHTH8.1lU8TH Tpy6ox .llpelcpa np!IKRM89TCR pa&HYM d •133,5MM, 

.llH8M9Tp nOCD9.1lYIOLUKX Tpy60K - d • 109 MM. 

.OaaMeTp nepBhiX n&TH8.1lU8TH Tpy6oK npeacpa, pa&HYA 133,5 MM, onpe.llen11nca paaMe

paMK M8rHRTHhiX CHCT9M KB8.1lpynonbHblX DKH3, 06ecne'IHII810l.UHX Hy:>KHhll! rp8.1lH8HT MSrHR1'

HOro nona npa nHT8HHll 06MOTOK nOCTORHHhiM TOKOM, 

B nocne.llyJOLU!IX Tpy6xax cana MarHKTHbiX naaa yMeHbW&eTCa aacTonbxo, 'ITO OHH 

p83M8LU810TCH II Tpy6K8X C Hapy)l( HbiM .llH8M8TpOM 109 MM, 

3. PeaoaaacaaH '18CTOT8 8.1lHHII'IHblX oTceKoB a 11cero peaoaaTopa npHHHMaeTca paaaoA 

144,5 Mrn, H8 OCHOB8HHK 'lero B8.1l9TCII p8C'I8T yCKOplllOLUeA CRCT9Mbl DKHeAHOro ycxop11T8 

na • 

4. npe.ll88pHT9DbH8R H8CTpoAxa ycxopRIOLURX OTC8K08 H8 '18CTOTY 144,5 Mrn MO:>K8T 

DpOH380.1liiTbCR no KpliBhiM pHC 1 C nocne.llyJOLUeA TO'IHOA nO.IlCTpoAxol 9KCnepHM8HT8DbHO, 

5. Ha ocaoaaaaa xpHIIbiX pac. 6,7 .llii8M8Tp aacTpoe'IHYx .llHCKOB npiiHKMaeTCa pa&Hb!M 

~ • :il40 MM .llDR Tpy6ox .llpeAcpa npH .llDHHe DepKO.Il8 ycxopeHHH L .llO 240 MM, npa 

.llDHH8 nepHO.Il8 CllbiW8 240 MM .llR8M8Tp H8CTp08'1HYX .lliiCKOB ~ • 200 MM, 

naTepaTypa 

1, n,Anbllapeq II Jlp, 6epKD888CKIII npOTOHHhiA DHHeiHbiA ycxopHT8Db, npo6neMbl COBpeMeH-

2. 

3. 

4. 

5. 

6. 

HOA cpK3HKH, Jli! 4, 1956, 

A • .O.Cono.llOB. Hccne.llOBaHIIH no TeopRK 11 pac'leTy naaeaaoro npoToHHoro ycKopKTenll 

c :>K8CTKOA cpoKyCIIpOBKOI, .nannoMH8B pa6oTa, nB3 OH~H. 1965. 

TeopiiR R p8C'I8T DIIB8IHYX ycKOpiiTeneA (c6opH11K CT8Tel), rocaTOMII3.1l8T 1 1962. 

B.n.Capaauea. YcTaHoaJta Tpy6oK .llpelcpa 11 H8CTpoAxa non11 no .llDRHe peaoaaTopa 

nRBeAHoro ycxopRTena - IIH)I(9KTOp8 CRBXpocpaaoTpOH8 B8 10 rail. npenpHHT OH~H. 

909, .0y6aa, 1962. 

B.A.Tennaxoa, 6,K.illeM6enb. Pa.llHOTeXBIIK8 11 snexTpOHRxa, ~ •. 9, 1212 ( 1958). 

.Ll.B.KapeTHIIKOB II Jlp, nllaeiHbi9 ycxopBT8DII. ROHOB, rocaTOMH3.1l8T, 1962, 

.PyxonRCb nocTynana B H3.1l8T9DbCKHI 
OT.Ilen 24 aarycTa 1966 r. 
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