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HaTeacaaaocTb U)"IKa ycKopeHHhiX B caaxpo,Pa3oTpoae- qac~a-u onpe.nenHeTcsi B 

nepayro · o'lepeilb 'IHcnoM aameKTHpyeMhiX 'laCTHU, Henpe~biBH~A poeT Tpe6oaaaaA_ ,Pa-

3H'l9CKOro SKCnepaMeHTa K HHTE!HCHBHOCTH pa3nH'IHhlX_ny'IKOB,'laCTHU o6ycnaanaaaeT 

noaci<a 6onee coaepuieaawx aameKTOpoa, a TaKme aeo6xOllHMOCTb yny'lmeaaH i:Iap~-
MeTpOB cymeCTBYIOlllHX. 

B Ka'lecTae aameKTopa caaxpo,Pa3oTpoaa 06'be.naaeaaoro aHCT8TyTa g.nepabiX 

accne.nosaaaA aa 10 Esa npa ero 3anycKe 8 annoTb .no 1962 ro.na 8Cnonb3oaanca n8-

aeAawA ycKopaTenb, .pa3pa6oTaHHhtA 8 nocTpoeH8biA YKpaaacKa~ ,Pa3aKo-Texaa'lecK8M . . . 
8HCTHTYTOM, .3TO 6wn y~KOP!fTenb, aaanorH'IHbill ycKopaTenro 'Anbaapeua, T.e. pe30HSTOp 

co CTOSI'leA aoniioA aanp>1meaaa,- no oc'a KoToporo. pacnonaram!ch Tpy6Ka .npell,Pa. KaK 

HH:>KeKTOp OH . o6na.nan pB.llOM CyllleCTB9HHblX He.llOCTaTKOB; 

1. Pa36poc 'laCTHU no saeprHSIM .nocTaran 2,5%. 
. 10 

2. 'i8cno npoToaoa, BBO.llHMhlX a caaxpo,Pa3oTpoa, ae npeawmano 2-3·10 'lac-

T!;IU B uaKne. 

3. Ha6nro.nanacb 6onbmae aecTa6anbHOCTH B aaTeacaaaocTH a saepr8H ycKopea­

HbiX tl8CTHU. 

4. CapTeMa a_o36ym.neH8B ·pe3oaaTopa cocTOSina 83 14 awcoKo'laCTOTHbiX reaepa-

TOPOB. ,. ~~ 

5. KoacTpyKUHB ,PoKyc.apy!OlllHX ceTOK 6wna 8eycToll'l8BOA K. npo6oiiM. 

nepBbl9 Tp8 83 aa3BaHHblX He]:lOCTaTKOB cymeCTBeHHO CHII:>Ka.i:IH s<iJ,PeKTIIBHOtTb 

3aXBSTa B CIIHXpOTpOHHbill pe:>KIIM yCKOpeHIIB; OCTanbHble. npHBO]:lBnB K '18CTbiM' npoC1'0BM 

yCKOpHTE!nH H STH":f CaMhlM yMeHbllianH none3H09 apeMH ero acnonb30B8HIIB, 

B pe,PepapyeMoll .naccepTauaH np68eaeao accne.nosaaae napaMeTpoa ny'IKa 'lac­

Tau nHaeAaoro ycKopliTena-aameKTOpa a paccMoTpeabi npH'IHBhl, caamaromae 

s<P<PeKTHBHOCTb ero pa6oTw, 3Ta accne.nosaaa>~ nerna a ocaoay co3.naaaa aoaoro au-
- ' I< ' 

. meKTOpa caaxpo,Pa30Tpoa~. Pa60T8M no C03.ll8BHI0 STO['O BH:>KeKTOpa B Bccne.noaaHIIIO 
I 

ero napaMeTpoa nocaameaa ocaoaaa>1 'laCTh .nHccepTaU8H • 

.llHccepT8UIISI COCTOHT 83 'leTwpex rnas. 

nepaaa rna.sa, no>:<aMo KpaTKoro onacaaaa nHaeAaoro ycK9paTena, H3roTo.sneaaoro 

YKpaaacKaM tP113HKo-Texaa'leCKBM aacTHTyTOM, ;coaepmaT onacaaae MeToaaKa a pe3ynh" 

TaTo.s H3Mepeaall pa3Mepo.s ny'IKa npoToaos, ero yrno.soro pacxomaeaaa, a TaK:>Ke 
. Ill 

.•saepreTa'lecKoro cneKTpa ny'IK8 'ISCTIIU 

B pe3ynbT8Te .neTanbHoro accne.no.saaaa .snaaaaa pa3nii'IHbiX napaMeTpOB ycKopa-

3 



TBnK H8 sengqHHY pa36ppca.~8CTHU no 3HBprHaM s yc.Kope'ituoM nyqKe 6bmo ycTauos-

neHOo ·q~O OCHOBHbl .. llpHqHHbl OOnb~OJI BenHqHHbl 3HepreTHqeCKOI'0. ClleKTpa qaCTHU B 

nyqKB ne>KBT B KOHCTpyKTHBHbiX OC06BHHOCTaX YCKOpHTe~a. 

6Topaa rnasa_ ll_HCCB_PTS!lRR llOCBaWeHa p8C'IBTSM ycK~paiOIUell . CHCTeMbl HOBOI'O 

ycKopHTena. B Hell npe.ncTasnBHbl ocHOBHble xapaKTepHCTHKH nyqKa np~TOHOB, npHBBflB­

Hbl oueHKH .nonycKOB Ha OCHOBHbiB napaMeTpbi ycKopaiOIUell CHCTBMbi H aenH'IHHbl· ycKo-

pgiOlUBI'O nona H 3HBpr'HH HH>KBKUHH, 

B § 1 H 3 aToll rnasbl .naHbi o6wHe sonpocbl TeopaH pacqeTa nHHelluoro ycKopH­

Tenll 12•31• B 3THX naparpa¢ax noKa3aHo, qTo c nocTaTO'<HOll TO'IHOCTbiO npH pacqeTa~ 
paBHOBBCHOI'O llBH>KBHHa B yCKOpHTene MOJKHO UOnb30B8TbCSI ¢opMyn8MH: 

11. R = · e &0 A cos cf> • 
,....... > 

E 0 

f3,.,. = f3,.-1.~ + 11. f3,.,. 

~,.=A(f3,.-t,o + ~) 
t ,. =A {3,.,.(1 -· o. >, 

• 

rne &0 -cpenHSia Hanpa>KeHHOCTb aneKTpH'<eCKoro nona, A -nnHHa aonHbl BbiCOKoqac-

TOTHoro 'cRI'Hana, cf>. - pasHoaecHaSI ¢a3a, E0 ·aHeprHa noKOll npoToHa," L,. "'"llllHHa 

n. -ro yCKOpliiOIUero npoMe>KyTKa, {3 n,o •OTHOCHTBilbH8SI CKOpOCTb paBHOBBCHOll qac­

'THUbl Ha Bblxone H3. n -nepHona, f,. -.nnHHa n-oll npell¢osoll Tpy6KH, a -oTHowemue 

.nnHHbl ycKOPliiOWero aaaopa K L,., ·a - TaK HaabtsaeM~ll '¢aKTOp speMeHH nponeTa~ 
. . 

)lnll OKOH'I8TBilbHOI'O p8C'IBT8 yCKOpSIIOIUell· CHCTBMbl . ObinH npose.neHbl 3Kcnepa-

MBHT81lbHble: H3MepeHHll '¢aKTopa speMeHH nponeTa•
15

".· MeTollHKa 3THX H3MepenHli H· 

o6cy»<neH~e nonyqeHHbiX peayn&TaTos conepJKaTcll ~ § 2 ·!! rn~sbi. 3TH H3MepeHHSI 

nposonHnHCb' \Jll. cnenHSilbHOM CTeHne. • 060CHOBSHHB 3TOI'O MeTOllS conep>KHTCll B pa-
/2 4/ . . . 

6oTax ' , B nHccepTanllll npHseneHbi pacnpeneneHHll :oneKTpn'<ecKoro nonll a aaaopax 
' , 

.ilpell¢os biX Tpy6oK .nnll pa3HbiX sennquH nepHona ycKOPliiOIUell. _cncTeMbl, 3TH.· Ha,;e-

'peuug ll81lH B03MO>KHOCTb cpaBHHTb HBCKOilbKO KOHCTpyKUIIll ¢oKy_cnpyiOIUHX CeTOK It 

Bb10p8Tb H8H6on_ee a¢¢eKTHBHyiO, 

B .r:inccepTaUHH npHBOllHTCSI 3KcnepHMBHT81lbHO ·cH!ITall aasHCHMOCT.b napaMeTpa G,. 

OT BBUH_'IHHbl nepHOll8 yCKOpliiOIUell CHCTBMbl H nposeneHO Cp8BHBHHe C H3MepeHHliMH 

118 3UBKTpOilHTH'{BCKOJI BSHHe, 

B D 3,4 . npencTasneHo paccMoTpeHne ¢aaosoro nsn>KeHHll qacTHil H. 3HepreTH- · 

qecKoro cneKTpa. VIa conocTasneHHll peayn&TaToa pacqeT? .ycKOP~I_Otuell CHc'-reMbl H _¢a-

30BbiX KOUe6aHHJI. nO nnnHe yCKOpHTBllll HallneHO~ qTO. OllTHMallbH8ll BB';It'<Ha'!l~· paa6p.oca 

qacTHn s nyqKe no 3HeprnliM Mo>KeT 6biTb nonyqeHa nocne 32-:-ro nepHo.l:ia ycKop.liiOWell 

CHCTeMbi, 3TO COOTBBTCTBYB'I\' 1,5_ ¢a30BbiM KOUe6aHHSIM H .flnHHB .YCKOpHTBUll pas.HOJI 

583 CM, 00Ka3aH0 0 qTO npH pacqeTHblX· 3H8'1BHHliX 3HBpr'HU HH>KBKUHH It BBUH'IHHbl 
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abiCOKOqacTOTHOI'O nona 50% '18CTHU HMBIOT l;)HepreTH'IBCKHll pa36pOC He 6onee qeM 

'!:,_O; i %~ B aT;ll · >Ke rnaae noKaaaHo, . qTo naMeHeHneM Haripli>KeHHOCTH ·abico;.,oqacTOTHo-
' .. ' 

ro !lona a peaoHaTope · Ha. :!:.1% paa6poc ·qacTnn no aHeprnaM · yaemaqimaeTcSI no 0,6-G,B~. 

3HepreTnqeCKHll paa6poc HH>KBKTHpyeMbiX' qaCTHU YMBHbWaeTCll a nponecce, YCKo-

. peHHll npnMepHo a 5 paa, B § 5 npns_eneHhi oueHKH TO'IHOCTH pai:."r~:a, .nasaeMbie abi-

6paHHoll cx_eMoll, a TaK>Ke npoao.nnTCll oueHKa Heo6xonnMbiX .nonycKos ·Ha naroTosne­

HHe It YC.T8HOaKy YCKOpSIIOWBJI CHCTBMbi It nonyCKH Ha no.nnep>KaHHe ypOBHll abiCOKO• 

'laCTOTHOll MOIUHOCTH a pB30H8TOpe, 

rlaparpa¢. 6 llOCallul8BTCll HBKOTOpbi;,. OUeHKaM a¢¢EKTHBHOCTH yCKOpHTBUll no 

cpaaHeHHIO c HH>KBKTOpOM 6alia;poHa:· Bonpoc o npaann&HOM cornacosaHHR. aaTor.euepa-:­

Topa C _KOHTYPOM· BbiCOKOll .no6poTHOCTH H nony'<eH!IR a KOHTy'pe OOUbWHX 3HaqeHHll 

KOi!B6aien&Holi MOillHOCTH a·nnTepaType Mano pa3pa6oTaH. B § 1 rnashi ITt .nnccep-
• -

TSnHH ·aoMemeHbl naHHbie no HacTpoAKe · aaToreHepa~·opa Ha peaoHaTop nnHeliHoro ycKo'-

P~Teiut. B Ka'le~Tae HCTOitHHKa_MOillHO~TH aasiT 3/4•BOUHOBblll aBTOreHepaTOp C 3B.3BM.:._ 

neHHOll ceTKoll. Peayn&1'aTbl npoaeneHHoll nposepKn pa6oTbi reHepaTopa Ha 3KBHaane!'r. 

Hoe conpoTnsneHne _noKaaanH, 'ITO reHepai-op Mo>KeT ·shl.nenl!Tb a, aKTHBHOM conpoTns­

neimn MOillHOCTb oonee .t MaT. a HMnynbCe ".nrinTellbHOCTbiO 1 MCeK. B K8'1BCTBe nHHHH,, 

nepena10ruell MOillHOCTh a peaoHaTop, ab16paH ¢Hnep c: sonHOBhiM conpoTnsneHHeM 

70 OM. nmiHoll A/2 • )lng o6ecne'leHHSI yc;oll'<naoro aoa6y»<.neHna · ua itacTOTe · pe;oHa-

. Topa. a cepe.nHHe nHHHH noc'rasneHo rac>t!llee conpoTHaneHne R . : HacTpoliKa cncTeM&I 

Ha MaKCHMYM oTnasaeMo.ll M?WHocTn cso.nunac& K non6opy neTnH eagan .¢Hnepa c pe_, 
. f . . : -

aoHaTopoM n paunoHan&HoMy Bbt6opy · aenH'<IIHbi racgmero conpoTHsneHnll. Dp11 non6ope 
~ . . . - I 

neTnH cali3H al,tliCHnnoc,;,. qTo nepaoliaqan&Hbill . .nnaMeTp '¢n.nepa (200 MM) npH sson; 

a peacll~aTop cymecTsi>HHO uaMeHSieT a¢¢eKTHBHyiO nnoman& neTn_n n HSCTpoliK:a neTnH 

cali3H aaTpynHlleTcll. )lng yMeHbWBHHll senH'IHHbl ¢H.nepa 6bm cnenaH nepexo.nHoll Ko­

Hyc C TeM >Ke BOUHOBbiM conpo-i-na;;~HHeM II Ha axone a pe30HaTOp. naaMe~p ¢a_nepa 

6I>m yMeH&weH .no 90 MM. npn 3TOM 6bma nony-ieHa onTnManbHBll nnowa.nb· aeTna 
' 2 . 

CBli3H = 1,5X 15 CM • 

)lnll abi60pa BeUH'IHHbl r'aC!IIllero COnpOTIIBUeHHll CHHManacb aasHCHMOCTb MOill• 

HOCTH,. BhineneHHOll .S pe30HaTope, OT ~ennqHHbi R • npa 3TOM KO,HTpOnllpOsanacb 

MOWHOCTb0 Bblnen~eMaa B raC!IIlleM conpOTHBUBHHH, 0UTIIManb~all .'aenH~HHa raC!IIllB• 

· ro co?poTas_neHHSI ne>KHT a o6naCTII 25-30 oM. Dpn aTOM a peaoHaTope y.n~docb no­

nyqaTb MOillHOCTb - 700-800 KaTinMn., T.e. OKono 70-80% 66mell MOIUHOCTH nasa-
' /6/ 

eMoll reHepaTopoM 

. )ln.SI nony'IBHUSI MIIHIIManbHOI'O paa6poca. qacTHU no 3HBPI'H!IM a nyqKe . nHHBliHOI'O . . - . - . . . 
ycKOpiiTeng ~eo6xoniiMO abtnep>KaTb llOBOnbH~ Tpy.OHble nonycKH Ha ycTaHoBKy Tpy6oK 

.npell¢a II pas~oMepHOCTb nonS! no _.nnaHe ,YCKOpiiT_eng, naparpa¢ 2 @ rnasbl llHCCep­

. TaUHH nocall_llleH 3THM sonpocaM~ B pa6oTe C>nHCbiBaeTCSI MeTonaKa ycTaHOBKH Tpy6oK 

~peA¢a H nony'I~HHll pa~H~MepHOCTH pacnpe.neneHH!I nong no .nniiHe yCKOPHTeng. 

,5 



Tpy6KK apeli<Pa' ycTaaaanaaanac b no caeToBoMy .. ny:y, npox·oasuueM~ qepea -aifa<P­

. parMbi, pacnono»<eHHbie no oca peaoHaTopa. JluaMeTp oT,;epcTua aua¢parM Ha Tpy6-

~ax ttpell¢a H p930HSTOpe (0,2 MMf o6ecne'IKBan HY>KHyiO TO'IHOCT~ yc_TaHOBKHo 3aao­

pb1 Me»<ay Tpy6KaMu ycTaHaBm<Banucb no cneauanbHbiM wa6noHaM, 

PerynupoaKa nona no anHHe, KaK H a· pa6oTe
181

, ocymecTananacb npu UOMOlUH 

allcKoa,HaaepHyTbiX Ha Tpy6u.Eblna caaTbl 'IBCTOTHble xapaiCTepaCTBKB Tpy6ox apeli<Pa 

<Pa c ancKaMa Ha cneuuanbHOM cTeHae. 0KOH'ISTenbHoe pacnpeaeneHae·_nona no ana.:. 
. /7/ 

He nony'leHO paBHOMepHblM C TO'IHOCTbiO ao :t_0,l5% •. 

. _ . . nocneaHHl! naparpa¢ [1 rnaabl aaccepTauuu uocaameH HeKOTOpbiM aonpocaM 

TpaucnopTupoBKK H·KoppeKUHH Iiy'!Ka, 3HB'IHTenbHOe paccToaHae oT nnHeliHoro ycKopli:­

Tena ao aaoaa _a CKHxpo¢a3oTpoH ( 13 MeTpoa) Tpe6oaado. ycTaHOBKH aononHa~e.nbHbiX 

tPOKYCHpyiOlUKX ycTpOJICTB ana nony'leHKa -H)'>KHbiX' paaMepOB Ce'!9HIIa ny'!Ka, BXOaame­

ro. B_ ;y:cKopH~e-nb (3. eM), B Ka'!eCTBe <PoKycapyiOlUIIX aneMeHTOB 6blnll nc~onb3o~ali~ 
.2 caaoeHHble ranep60nK'IeCKIIQ nRH3bl 0 KOHCTpyKUIIa KOTOpblX Oni!CaHa a· anccepTSUHH, 

3TH UHH3bJ o6ecne'IHnH He06xoaHMble_ p83M9pbl ny'!Ka B KBMep.e CIIHXPOtPS30TpOHa, 

Jlna TO~·HOJI IOCTHpOBKH ny'!Ka npHM9HHnHCb cneuHanbHble. yCTpOJICTBa~KOppeKTOpbl, 

aaroToaneHHbie u_a CTBTopoa aneKTpoaaaraTeneli Tuna A42-6. npKMeHeHae cneuHanbHOl! 

~ C!6MOTKII n03B011HnO nony'II!Tb 2 B3BIIMHO-nepneHaKKynapHble KOMnOHeHTbl MSrHIITHOrO 

nona, He3SBHCKMaa perynKpOBKa TOKE.' B 06MOTKaX aaaana B03MOiKHOCTb' np11 nOMOWH 

STKX yCTpOJICTB OCylUeCTBnaTb KaK H3MeHeH1!9 HanpaaneHKa ny'!Ka, TaK K. ero napari-· 

'nenbHOQ CMelUeHI!e, 

nocneaHaa rnaaa aaccepTBUKII nocaameaa .MeToaaKe H3MepeHKll OCHOBHbiX napa; 

•MeTpOB ny'IKB HOBOro KH>KeKTOpa, 0CHOBHOe BHHMaHI!e npH STOM yaeneHC) CneKTpBnbHO-

MY COCTBBY yCKOp9HHblX 'ISCTIIU, npoaoaHTCa cpaBH9HKe 9KCnepHM9HTSnbHbiX aBHHbiX 

C peaynbTaTBMK pBC'IeTa, 

11aM~pei!Hoe 3Ha'!eHae· CHHxpoHaoa <Paabl <P. xopowo.cornacyeTca c pac'!eTOM 
0 ' 

H cocTaanaeT 19-20 • 11aMepeHua aenn'IKHbl paa6poca qacTau no .aHeprHaM noxaaann
1 

'ITO· 95% acex · qacTuu HMeiO_T. paa6poc, He npeablillaiOlUHll :!:_0,2%. HeKoTo_poe yaenHqe­

HHe aHepreTaqecxoro paa6poca a ny'!Ke rio· cpaaHeHKIO c pacqe~HbiM o6bacHneTca TeM, 

'IT~ ._np11 pac'!eTe y'IHTbiBanucb T011bKO MBnbie .<Paaoable xone6aHaa K coaceM He y'IHTbi­

aanRcb· paauanbHo-<Paao~bie. ·. 

Eb!nR np~aeaeHbl H3MepeHua aenR'lHHbl o6nacTa aaxaaTa_a pe»<HM ycKopeHaa ilna 

paaHbiX aHa'leHnll aHepraa HH>KeKuuu; CpaaHeHue nonyqeHHbix peaynbTaToa c pacqe-r-
/3/ . .. . . 

HbiMH peaynbTBTaMH naHOtPCKoro n?Kaaano, 'ITO o6nacTb aaxaaTa, naMepeHHaa aK-: 

.Cn9pHM9HTanbH0 0 OTnH'Ia9TCa. OT. paCC'IKTaHHOJI naHOtPCKIIM B 2 . pa~a, 'Jlna, BblaCH9HHa 

npR'IHHbl .pacxo»<aeHua .6bln· npouaaeaeH __ 'IKCneHHbll! pac'!eT o6nacTu· aaxaaTa. Peaynb- · 

TaTbl paC'!eTa XOpOWO cornacyiOTCa C 8KCDepRM9HTanbHbiMH H3MepeHKaMI!, 

B auccepTauun npeaeaeHbl peaynbTaTbl. aeTanbHoro. H73y'leHu_a BnHaHua aaeprnn 

6 

' . 

:I 

HH>K9KT<1pyeMblX 'ISCTKU H 'BblCOKO'IaCTOTHOrO HSnpa>KeHHa B pe30HaTope HB _cpeaHIOIO 

aH~prHIO H Sl,lepreTH'19CKHli paa6poc 'IBCTKU B ny'IK9, 3TH peaynbTBTbl noaaonaiOT cae­

.na '!b BblBO.Q, _'liTO· TO'IHOCTb nO.ll.Cl8p>K8HHSI 9H8pi"HH HH>K~KTRpyeMbiX B nHHel!Hblli YCKO-= 

: paTenb .qacTHU aon»<Ha . ObiTb. He. xy»<e, '19M 0,3~. B aenH'lHHe ycKopaiOmero BbiCOKo­

'IBCTOTHoro. nona MO>KHO · aonyCTHTb KOOEi6aHHa
1 

H9 npeBblWBIOlUKe 0,5%, npa. STIIX ycno-

BHHX aenaqHH8 aHep~eTH'I8CKOrO cneKTpa M8HH8TC~- H83H~~~TenhHO. 

B. anccepTauae · npaaeaeHbi aaaabie no a¢¢eKTRBHOCTH .icnonb3oaaaaa aa»<eKTHpy­

eMbiX. B nuael!R~ll yCKOpHT~nb 'IBCTHU, npa xopoweli tPOKyCHpOBKe ·Ha BX~a B nHHeliHbll! 
/10/ . . . . •. · . . . ) . 

ycKOpHT9nb · KOStPtPRUKeHT RCDOnb30BBHI!a. TOKB tPOPIIH>KeKTOpa aOCTIIrBeT 1/26,, 'ITO 
. . . )//111 

npeBbiWaeT KOStPtPHUReHT HCDOnb30BaHua TOKa B HH>KeKTOpe 63BBTpOHB ( 1/40 , . 

0CHOBHbl9 peaynbTBTbl auccepTaURH onyonHKOBSHbl B pa6oTax
11

• 
5

• 
6

• 
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