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B nacTOlllllee apeMII noJ:a ellle oTCyTCTBYIOT AOCTaTO'IBO CTporo o6ocaoaaaHNe MeTo

A~ pac'leTa non11 xany'leBKII a6naax ycxopaTeneA npoToaoa c saeprneft a~me I fss. Ta

J:oe nono~eBH8 11Bnii9TCII cneACTBH8M ABYX HpH'IHH. nepB811 BpH'IHH8 - OTCyTCTBKe A OCT8-

TO'IBOrO Kon&'leCTaa neo6XOAHM~x sxcnep•weaTa1!ha~x A8HHb!X. BTopall onpeAensreTCII 

T9U cPaKTOM, 'ITO ypOBBB H3n)"i9BKH o6ycnosnea~ A9ftCTBH9M 60IIbWOrO 'IHCna cpai<TOpOB, 

KOTOp~e TPYABO ana aeaoaMo~ao y'leCTb npa pac'leTax. B peaynhTaTe oneaxa ToniDHBhl 

3811lHThl AnSI BHOBb CTpOlllllHXCII yCKOpHTeneA Bb!COKOJ! 9HeprHH npOK3BOAHTCSI cyry6o npB6nH-

~98110, H8 OCROBe He DpOBepeBHb!X 88 Dp8KTHK9 A0DYIIl9BHll, 'ITO B KOH9'1HOM C'I9T9 B9A9T 

k H80Bp8BA8HBOll 38TpaTe Cp9ACTB k8K B Cny'l89 38Bhllll9BB!i TOnlllHHb! 3811lHTb! 0 T8K R B 

cnyqae ee 38HHlK9HBH, KOrA8 anocne):ICTBHH Tpe6yeTCII C03A8BK9 AODOnHHT9 11hBOl! 3811lHThl. 

B TaxoA caryanHK nro6aH AononaBTenbHaSI aa<!>opManasr MOlKeT oxaaaTbcsr noneanoll. B Aan

aoA pa6oTe npeADpHHSIT8 D0Bb!TK8 Bb!'IHCnHTb aenH'IH&y A03b!, o6ycnoaneHHOll OCHOBBb!MB 

k0MBOB9BT8MH B3ny'leBHSI, 88 OCBOB9 npocTellmel! MOAenH pacnpocTp8H9HHSi H3ny'I9HHSI a6na-

3H caaxpocjlaaoTpoaa aa 10 !'sa c y'leTOM Kon<Pnrypanna ocnoaabrx sneMeHTOB ero xoncTpyx-

lUI B. 

I. KoncTpyKTRBHhle oco6ennocTn canxpocjlaaOTpoaa a ero aalllRTbr 

CaaxpocjlaaoTpoB llBnsreTCH npoTOHHhlM canxpoTpoaoM co cna6oA <Poxycapoaxoll, Max

CHManb&all 9Heprasr yCKOp9HHb!X npOTOHOB - 10 fss. npoTOHb! npe):IB8pHT91IhHO yCKOpH!OTCSi 

a naaellnoM ycxopaTene AO 9Hepraa - 9 Msa, a • aaTeM BBOAHTCsr B aaxyyM&yJO KaMepy 

CHHXpOcpa30TpOH8, BaKyyMB8SI K8Mepa HM99T anepTypy 2x0,36 M
2 

npH 0611lel! AnBH9 208 M. 

EoKOBb!9 CT9HKH X8M9phl ABOIIHbte: B&yTp9HHK9 BbtnOnHeHb! H3 neplK8B91011l9A CTana TOnlllH

HOA 5 MM, BB9111HHe - na AJOpanroMHHHSI. KaMepa pacnono~ena M9lKAY nonJOcaMH KOnhneso

ro MarnaTa, cocTol!lllero aa 'leTbtpex KBSApaaTos. KsaApanTbt paaAenenbt BOCbMHMeTpoab!MH 

npHMOnBHeiiHb!MH npoMe~TK8MH H COCTOSIT H3 48 napBbiX C9KnHII, K8K 9TO H306palK9HO 

H8 pacyaxe. C 069KX CTOpOH K8lK):(Oil CeKnHR HM910TCH OKR8 0 Rp9AH83R8'19HHbl9 AnSI p83M9-

IIl9HHH B HHX npHBOAOB RH9BM8TH'I9CKHX MHIII9Hell, nHHHA BSKYYMHbiX H8COCOB H T.A. 
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TonruHRB >JpMB MBrBHTB 1,67 M C BayTpeaaell CTOpOBbl I<OJlhllB H 1,48 M - C BHeruaeJI 

CTOpOHbl, Eonee nonpo6Hy!O XBpBI<TepHCTHKY H ODBCBBHe CHBXpO{jla30TpOBB 'IHTBTellh 

MOlKeT BaiiTH a pa6oTe 
11 1

• 

npa npoei<THpOBBHHH CHHXpO~a30TpORB npennonaranOCb, 'ITO ~YHKilBH OCBOBROI! 3BruHTb! 

6y.lleT HeCTH SlpMO MBrHHTB, no 3TOII npH'tHRe R 8 CBSI3R C TeM, 'ITO npoei<TRb!l! TOK Iry'llUl 

8 e - 1 
npOTOHOB Jl0filK9B 6b1H COCTBBHS!Tb 10 -10 npOTOHOB •Celt , OCHOBHble CTeHbl 3JlBBHSI ycKo-

pHTeHSI 6biHH Bb!DOfiHeHbl H3 KHpDH'IB TonlllHROl! 0,6 M H C 60nbWHM KOnH't9CTBOM OI<OHHbiX 

npoeMOB, Jlnn pa3MerueHHH ~aaaqecKol! annapaTypbi a nepcoaana HMeiOTCH nsa naBKnbOHa 

(18,20 aa pac, 1 ). Onaa aa RHX (18) OTnenea oT rnaaaoro aana MoaonaTaoll cTeaoll aa 

o6bi'tHOrO 6eTOBB TOHlllHBOli 8 M, BTopoJI• DBBHHbOH (20) OT.ll9H9B llBYM!I 6eTOHBbiMH CT9RB

MB o6rueil TOHWHHOli B nnOCI<OCTH op6KTbl npOTOHHOrO Dy'IKB OI<OHO 4 M, fla6opaTOpllble 

UOM9W9HHH pa3M9lll9Hbl B llOI<OllhHOM 3TBlKe 3B UBBHJlhORBMH BB 1-2 M9TPB HHll<e DHOCI<OCTB 

op6aTbi . Bepxaae nepeKpbiTH!I 3THX noMemeaHli BbmonaeHbi aa MOBOfiHTBoro 6eToaa Tonma-

ROM I M. Eonee .o.eTBllhHOe onRCBHHe KOHCTPYKUHH 38IllHTHbJX CTeH H 3Jl.BHHH a uenoM MO>KHO 

HBIITII B pa60Te
121

, 

KB 

B aacTo!IWee npeMR CIIHXp~aaOTpoa pa6oTae npa RRTeHCHBHOCTH BRYTPenaero ny't·· 

6onee 1'10
11 

npOTOHOB•URKH -
1 

H 'tBCTOTe DOBTOpeHHH 6,6 UHKDB 8 MRHyTy, 

2. 0cHOBHble npennOCblfiKH Jlfi!l paC't9Ta ypoaael! paARBUHR B6HH3H 

caaxpo~aaoTpoaa 

OcnoaRbiMH HCTO'IHHKBMH aany'teaHli !IBD!IIOTC!I cTeHKH BBKYYMHOli I<BMepbi, aa KOTo

pbie OC9ABIOT BbllllelllllHe H3 yCKOp9HH!I DpOTOHbl, H MHlll9HH BHyTpH KSMepbl CHRXpo(jlaao·rpo-

118, MolKHO BbiJlenRTb TpH ocnOBHbiX y'taCTKB ycKopaTen!l, 'tepea ICOTOpbie npoaaKaeT aany-

1f91lH8 OT HCTO'tiHHKOB: IlpRMOnHaef.t:HbJe npOMe}f{yTKH 1 • OKH8' B srpMe M8PBHT8 H menu Me >Kay 

CeltUHSIMH KB8.llp8HT8 M8rHHT8 1 8 T8K>Ke C8MO SipMO MBrHHTB. 

0CHOBHbiM BblpBlK9HHeM .tlH!I pBC'I9TB DHOTHOCTH DOTOKB net!TpOHOB Bb!COKHX 3Heprat\ 

¢
8 

( E ;:; 20 M3a) n aeKOTopoll TO'tKe A OT acex B03MOlKHbiX MHllleaeli B TOM 'IHCne 
H 

H OT CT9HOI< KBM9pbl yCKOpHT9H!I 6yneT 

¢ b = f ~ il g l (0) 

r 2 

l 

e -~ 

3necb i . 
I 

ITOTOK yCKOpeHHblX npOTOHOB B HMnynhCe, ll8.£l8 10lll.HX H8 

(1) 

j -yiO MHllleRb, 

f - 'tBCTOTB HMnyfibcoa; gl (0) - noToK aei\Tponoa c 3 Repraet\ ,6oru.we 20 M3B, non 

yrnoM 0 K ny'IKY npOTOHOB B TeneCHOM yrne 1 CTep HB O.tlHH npOTOH OT j -Oli MHlll9HH; 
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r_
1 

- paccTOSIHHe OT MBweHH no TO'IKB A; x 
1
- Tonmxua aamHTbl e sanpaeneBRK 

>. nnuaa ocna6neHH!I nOToKa ael!Tpoaoe c sae;>rB!IMH 6onee 20 Mse. 

~ 

r 
I 

nnoTHOCTb DOTOK8 6biCTpbiX HBl!TpOHOB ¢ 6 c sueprB!IMB OT 0,1 no 20 Mse, eblneTa-

IOII{HX B3 MHWBHB, TOnliiHH8 KOTOpOII paeH8 )lnHHB Heynpyroro B38HMO)leJICTeH!I DpOTOHOB 

c !IJlPAMH, 6yneM onpenen11Tb c DOMOIIIb iO <j>opMynbl: 

f. i. k (2) 
4rr r 2 

rne k - cpenuee '<Reno 6biCTpblx ael!Tpouoe, o6pas y 10maxcg npB OJlHOM ueynpyroM coyna

peanu DpOTOHOe l- !IJlPBMH sneMeHTOe, eXOJl<IWHX B COCTae MHWBHB. Ha OCHOe8HBB Jl8HHbiX 

p a60Tb/
31 

eenB'<BHy •x• ebi6Bp88M paBHOl! - 10 Jln<l MBJlH B >Ken esa. npa yCTBHOBneHaH 

<j>OpMYllbl (2) C'IHTanH, 'ITO CHH>KeHae BbiXOJl8 6hiCTpblX ae l!TpOHOe sa C'IBT ocna6neHH!I D<>

TOK8 mipea'IHbiX DpOTOHOe B MIIWBIIH KOMDeHCHpyeTCSI 06p830e8HH9M 6hiCTpb1X aei!TpOHOB 

BTOpH'IHbiMH '18CTHil8Ma eb!COKIIX SHepraJI/ 
41

• 

Pac'<eT 6yneM npoeonuTb npu cneny10max nonymeHRliX: 

}. nOTOK npOTOHOe, paCCBSIHHblX MHWBHbiO RnH ebiBBJlBRHbiX H3 Dy'<K8 BCl!BJlCTeae 

noTepb npa ycxopeuau, np11 pacce<!HaH ua rase ana no npyraM npa'<aHaM paeuoMepuo ocena

BT 88 CTeHKa eaKyyMHOII K8M9pb1 ycxopBTenSI. ITpa TOBKOII eHyTpeBaell MHW9Ha DO'ITH eeCb 

DOTOK yCI<OpeHBbiX DpOTOBOB pacceaeaeTCH e eaKyyMHOII KaMepe. 8 STOM cny'lae 

i = _I_ !!. L , rne 1 - nonuhiii noToJ< npoToaoe e RMnynhce, a L - JlJIBHa eaxyyM-
1 L I 

BOll K8M9pbl. 

2. Tonmasy BCBX MBW9Bell, B TOM 'laCne a s<l><l>eKTaeHyJO Tonmauy CTBHOI< KaMepbl 

e)lOJlb sanpaeneHaH )lea>KeHa!l D8Jl810WaX H8 CTBBKy KaMepbl npOTOBOe, npHMBM paeaoll JlJlBBB 

Heynpyroro e38HMO)leiiCTeH!I DpOTOHOe C !IJlpaMa ( - 100 r / cM
2

). 3TO 6nH3KO K peanb-

HbiM ycnoeB!IM B D03eOn!leT eOCDOnb30BBTbC!I Jl8HHblM 0 eenH'IHB8X g( O) , ODBHBHHbiX 

MollepoM
131 

Jln!l suepral! DpOTOHOB 6,3 rae. 

3. B b!xon KacxaJlHbi X aeiiTpouoe as MHmeua, sa xOTopyiO nanaiOT npOTOHbl c suepraell 

10 rae - g( O) , Ha OCHOBBHHH pa60T
13•51 

MO>KHO OnpenenHTb C DOMOlllbJO cneJlyJO-

mero COOTHOWBHB!I: 

(3) 

rne ge,a~O) - nOToJ< uel!Tpoaoe c suepraell 6onee 150 Mse npa B38HMOJlellcTeaa c MHWBBbJO 

npOTOH8 C saepraell 6,3 rae, g (0) - DOTOK 
10 

aeATposoe c saeprael! 6onee 20 Mse npH 

B38HMOJl911CTeaH C MBWBBb!O DpOTOB8 C SHeprHel! 10 rse. 
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4 • .fiiiBHH OClla6neHHII HOTOI<H HOIIT}>OHOS OT MllmOHB He 38SHCIIT OT yrna 8 • co--

cTaen!leT ll.liSI neiiTponos c aneprHSLMH 6onee 20 Mae senH'LHIIbl paeHble : Jl.llSL o6hl'!lloro 

~ ~~I ~ 
6eTOH8 ( p •2350 JCr•M ) - 1430 l<r•M ; .l(JISI TSVKeJIOrO 6eTOK8 ( p -8850 xr•w ) 

-2 17 I -2 16 7 I 
1800 ICr•M ; Anst JKene3a - 1800 xr. u ' • 

5. OT11omense noTol<a 6blcTphiX seiiTJ>OIIOs c aseprx!IUJI OT 0,1 AO 20 M a s ¢6 I< no-

TOKY HQIITpOHOS C aHeprHstMH 6onee 20 Mas 38 3amHTOII HHXOABTCII C HOMOJilhJO CneAyiOme-

ro COOTHOWQHIIII! 

¢6 

¢e 
aps (4) 
ast iB- a Shle 

3Aecb a K'J - ce'!enae neynpyroro s3&KMOAellcTsHst seiiT}>onos shlcoxax aaeprxll ( > 100 MaB) 

181 
( e o63ope HOK838H0 0 'ITO any YAOeneTSOpsteT aMHKpH'19CKOIIQ' COOTHOIII9HHJO! any • 

a/ -31 6 S 
= 32 A <. 10 M 2 ) , a H a - C9'19HK9 Sble9A911lUI 6 bi CTJ>biX HOIITpOHOS II HOIITpOHOE 

BbiB BbiB 

ShlCOI<IIX ane prHII COOTSeTCTBeHHO; k
3

- Cp9AH99 'IBCJIO 6biCTpbiX H911TpOHOS1 06paayJOWKXCK 

npK OAHOM seynpyroM COyAapeHHK HeiiT}>OHOS SbiCOXHX aseprHII C S!APAMII aneMOIITOS 38W11Thl • 

.fiaHHble 0 s e nK'IHHSX k T8XlK9 IIMOIOTCSI e o63ope 
181

• 8blp8lK9HII9 ( 4) neriCO MOJKQT 
a 

6&ITb r.ony'IOHO 113 ycnOSHSI aXCHOH9 HilH8nbHOro 38XOH8 ocna6119HIIII HOIITpOHOe S 38WHT9. 

6 S 
.Unst nerl<HX eemecTs (nanpnMep, o6bi'!Hhlll 6eTon) senH'IHHa ¢ / <ll paesa nps6nH3KTenb-

no 0,4, a Ans cpe AHHX ane~enTos (llAnpKMep, JKene3o) aTo OTaomeHKe cocTasnseT "0,7. 

nps oneHie aenHliHHbl k a Hp9AilOJI&r8JIOCb 0 'ITO Cp9AHSISI ane prHst B9ITJ>OHOS ehiCOKIIX 

aae prsA pasna aecKOnbl<HM COTHstM Mae. 

6. noTOK Hel!TpOHOS c anepraeA OT 1 ae AO 1,5 Mas - . <1>
0

, SbiXOAS!WHX 83 TonCTOII 

6eTOHHOII 38IIIHTbi1 HpH6nH311TenbHO S 3 pa38 npeSOCXOAHT DOTOK HOIT}>OHOS SbiCOKKX anep-

rail E > 20 , npOIII9AIIIHX 3amHTy • nOToX HeilTpOSOe <I> D' ebiXOAIIWIIX H3 lK9JI93HOA 

38IIIHTb10 MOJKQT npeebi W8Tb HOTOK HOIITpOSOe ebiCOilHX 9ReprHII HO'ITH e 40() pa3. 3TO npo-

HCXOAHT e pe3ynbTa~·e saxonneRHst seiiT}>osos npoweJKYTO'IHbiX aseprsA, AIIBHa ocna6nessg 

HOTOK8 J<OTOpbiX S JKene3e 6onbme
1 

'18M AJIHH8 ocna6neHHH DOTOX8 H91TpOSOe ebiCOilHX 

a seprHA • .finst ael!TpOHOe HpoMOJKYTO'ISbiX 9HeprHA0 SbiXOJlSIWHX H3 38IIIHTbl e H8Hp8Bn9HHH 0 

o6paTHOM aanpasneSHJO ny'll<a aeiiTpoaoe sbiCOI<KX aaeprsA, cnpaseAnsso nps6nH3HTen&ao 

cnellYJOmee coOTuomeHHe <l>n I <I> s := 0,6 AJIII 6eToHa s <1>
0 

I <1>
8 

!:3,8 A.IISI JKene3a, Cneit:Tp 

HpOMOlKYTO'IHbiX sel!TpOROe, ebiXOJlstmBX H3 38WHThl, MOlKeT 6h1Tb npK6nlllK9SSO OHBC8B ehlp&

lK8HH9M 11E. 3TH A8HHbl9 6hln.II DOny'IOHhl DpK pemeHHS ypaSHQSIISI nepesoca S e03p8CTH0Lf 

nps611HJKeRHH. 

7 • .fioay H3ny'I9HHSI0 o6ycnOBn9Hif'JIO H3eeCTShiM HOTOI<OM H911TpOHOS0 Sbi'IBCJI!IJUI (c y'le

TOM npeADOnaraeMoro CDOI<Tpa) HCXOASI 113 CJIOAYIOWHX 3H8'19HBH A03bl HA 9AHHB'IHblll DOTOK 

nel!Tpoaoe pa3Holl aaeprsa: 
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-1 2 ) 0.1 MK6ap.aeliTp CM ( E > 20 Mas , 

0,041 MK6ap.ue l1Tp -lcM
2 

(20 Mas > E > 0,1 Mas), 

-1 2 
0,0053 MK6ap.ael1Tp CM ( 1,5 M as > E > as), 

0,0018 Mx6ap.aeliTp-lcM
2 (0,1 Mas > E > as) . 

06ocaosaaaocTb npHHRTbiX sena'IBH o6cyJKt~aeTCII s p a6oTe 
151

• YKaaaaawe aaa'!eBHII npaKTH

/ 9/ 
'19CKH COSH8ll8!0T C peKOM8HllY8MblMH S aenH"'HHBMH. 

8. Lloaa raMM8-H311Y'I9HHSI COCT8S115!9T 15% 

c aaepraell 6onee 0,1 Mas. 

ll03br, o6ycnosneaaoii ael!TpoHaMH 

9. 8VI8ll M930HOS H T9H110Sb!X aeliTpOHOB S ll01IHY!O 6l!01IOrH'I9CKyiO ll03Y npeae6pe-

lKHMO Mail. 

Pac'!eT nnoTHOCTII noToKos 6biCTpbrx ueliTpoaos aa 6o1lbmux paccTOIIHHIIX OT 
171 

CHHXp0~830TpOH8 npOBO.IlH1111 HO MSTO.Ily, Dp9.1l110lK9HHOMy nuaaea6ayMOM , H C HOMOlllb!O 

cnet~yromell aMDHpH'IecKoli ~pMynbl, npet~noJKe aaoii ToMacoM/IO/ 

(5) 

A ,= 56 M; A 
2
=267 M " . Q - U011Hblli DOTOK aeliTpOHOB C aaeprueil 6onee 

0,1 Mas, sblweawull aa npeaenbl gpMa casxpo~aaOTposa; r - paccTOIIHHe oT ueaTpa aana 

yCKOpHT81111 llO p8CCM8TpHB89MOli TO'IKH. 

3. Peay1lbT8Tbl pac'!eTa. Cpasses11e c aKcnepaMeRTOM 

Peay 1lbT8Tbl pac'!eTa yposseli aany'!eauA s6nuaa casxpo~aoTpoaa npeacTasneaw s 

Ta6nune I, s KOTopoA ll1111 cpasaesxll ABRbl T8KJKe aKcnepaMe&Tanbsble ABHBble. HoMepa 

TO'!eK, x KOTopwM OTHOCHTCR aassble pac'leTa • aaMepes&li, o6oasa'leBw aa pucyHJ<e. Heli

TpOHbl H npOTosw swcoxax aseprali perscTpaposana no aaseaeauoA s yrnepoae pansoax-

> 
THSHOCTH ( E 8 - 20 Mas); 6wcTpbre, npoMeJKyTO'!Hwe H Tennoshre ael!TpOBbi p eriiCTpapo-

aana c noMom&~ c~e~BIB S H8p8~HB0Sb!X aJ<pBH8X - 38M9ll11HT911!lX p8311H'IHOli 

T011lllHHbl 0 r8MM8-H31!y'19HH9 - C HOMO!llb!O S03.1lylfrHblX HOHH38UHOHHblX K8Mep B peHTreHOS-
/5 11/ 

CKHX nneaox. Bee aKcnepuMeHTanbawe aaallhre aaaMCTsosaabl ua pa60T ' • Pacc'!HTali-

Hbte u R3MepeHHb!e senH'!HHbt yposaeli P8AR8URR npaseaeuw K TOKY npoToaos, pasHOMy 

1010, npH H0110lK9HHR MRlll9UH 21 SHyTpH J<SBllpBHTB nepell npBM011HB9l!HOli CeKUHel!, OTMe

'19HBOJI ua pucysKe na~poA 6. Cpasueuae H3Mepe&Hb!X u pacc'!HTBHHbiX yposael! aanyqeuall 

noxaablsaeT, '!To xoTB no cyMMapaoii aoae H aa6nroaaeTCSI xopowee c ornacae aaaahlx, oa-

H8KO, no OTll91lbHbiM KOMnOH9HT8M p8llH8UHH p8CXOlKll9HHe M9lKllY 3KCnepHM9HTOM H p8C'Ie-

7 
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