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H3Mepea•e napat.cerpoa sne•rposBo-aoaaoro KOIIblla 
XOIIneKrRsaoro ycKop•~na r a.enyx aoaoa 
Meronot.c apet.ce aa np011er a 

H3naraJOTCR pe3ynbT81'bl H3Mepeaa a c x opocTa snexTpoaao
BOBBbiX XOneu x onneXTBBHOrO yCXOpHl'OnR TR*OnbiX BOHOB M81'0QOM 
speMea• nponel'a, no x oTopoA onpenenaeTCR saepraa BOHOB B ax 
~•cno B XOIIbUe. B xaqecr ee ne~xl'opoa acnonb3oaanac& aanyx
r opy JIHQYKUROHHOA ycxop RJOilleA C&KUHR. 

n oxa3aao, q r o saeprRR ROHOB a3oTa np• ycxopeaaa B cna
naJOmet.c MaraBTHOM none cocr asnReT 3,2 Ms~IH)'Kn. Pe3yllbr8Tbl, 
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npH npoBe/leii.HI1 3KCOepHMeiiTOF\ Ha yCKOpuTeiiC , OCIIOI3811-

IIOM Hll K 01111CK 1'11 BIIOM npH HUH lie, Bll>t< HOil: 38ll8'feii Sl81151CT C Sl 

U3MepeJme napaMCTpOB yCKOpellllLIX HOHOB B K8>t<ll0M UHK110 

H Ha6moaeuu e da llH HaM.H KOi1 ycKope HlH I 6e3 paopyweHHSJ 

llY'fKll . 0CHOBHblM H napaMer paMH HOHHOf'O llY'fK8 S1B11SIIO T C51 

'fHCno HOHOB N 
1 

" HX 3 H epr» SI E i. 3 HaH» e 3 T H X oe11H'IHH , 

C OllHOii CTOpOHhl , 0 03BOnSieT npOBO/l H:Tb OOTH M H38UHIO npo

UeCCll yCKOpCH HSl K , C llpy f'Oit C TOpOHbl , aaeT OCIIOBHbl e X8-

p8KTepHCTHKH HOH HOf'O ny'IKa , He06XOllH MhlC lli1Sl e ro ll81lb

HCH Wef'O Hcnonb30B8HK SI. B pS!ae pa6oT / l ,2/ onpeaeneHH e 

3 T H X napaM e TpOB n pOB0llH110Cb Me T OAOM 8Kl'HB8 UH OHHOf'O 

8H8nH38 no BhlXOllY npOllYKTOB SlllepHWX pcaKUH A. llaHH851 

MerOllHKa HMee r pS!A Heaoc r a TK OB . K Ha H6onee oa>t<Hl>IM or

HOCSIT C51 pa3pyweHHe ny'IKB n p H o6ny'IeH HH M HWeHH , HeB03-

MO>t<IIOC T b npOBOllHTb H3MepeHK SI 8 K8>t<llOM UHK11e yCKOpeii H SI 

H Of'p8 HH'IeHHOC T b A Hll/183 0H8 H3MepS!eMLIX 3HeprH I:f HOHOB 1 

CBSl38HHllSI CO c n eUH¢ K'IeC K OA 38B HCHMOC TblO ce'f eH H SI SlllCp

HhlX pe8KUH A O T 3Hepf'HH. 

U enblO naHHOA pa6oT hl SIBn Stn OCb non y 'f e HH e H H~OpMaUH H 

06 3 HCpf'HH H 'fHClle HOHOD B K 8>t<llOM UHKne yC K Ope HH SI /10 

CKOpOCTH llBYX K OMUOHe HTHOf'O 3neK TpOHHQ-H OHHOf'O K 011bll8, 

onpenenSieMoA MeT OAOM spe M e HH nponer a 6e3 paapywe HH SI 

n y 'f K a . 

H a .12.!!£:1.. cxel\l8TH'IHO noK a3aHa ycK opSIIOillaS! C HC T eMa 

K OnneK TH BHOf'O yCKOp H T ensi 0!115H1 (YTII!). 0Ha COC T OHT 
1 21 

H3 y qac r Ka c rpan He i! T HbiM MarHHTHbiM noneM H HH AYKUH

OHHOii yC KOpHTellbHOA CCKUHH. fp8A HeHTHoe IIOilC C03A8CT CSI 

llBY M Sl coneHOHll8MH c He3 aBHCHMbiM nH r aHH eM . B 3 THX co -

lleHOHABX 3neKTpOHHQ- HOHHOe K OilbUO YCKOpS!e T CSl K8K Mar

HHTHWA A HOOnb . B HHllYK UH OHHOii CCK UHH llB YXKOMflOHeHT H hlfi 

cryc r o K ycK OpSteTCS! a B HxpesoM 3 neKTp H'feCK OM none . Mar

HKTHOe none a ce KU HH oauopoaHo . B na HHhlX 3 K cnep HMeHTax 

311e KTpOHHD- HOHHOe KOJlbUO yCKOp~liOCb TOnbKO B rpaaHeHT

HOM none, 8 HHllYKUH OHH8SI CeKUH ~ HCnOnb30B8n8Cb KllK 

apeA~OBbiH Y48CTOK , B KOTOpOM K OnbUO llBHranOCb C noCTo-

06~,:. --: .rm1 tUJtl11TYT 
,.!!.e;T•'-• ~~· J! t:AOiUil& 
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PHc,1 . CxeMa 3KCnepHMeHranhHOfl ycraHOBKH : 1 - IV 
cryneHb C>KBTHH; 2 ,3 - rpaaHeHTHhle coneHOHilblj 

4 - KllTYWKH MarHHTHOrO DOilH HHDYKUHOHHOfi CeK

UHH j 5 - Cepae'IHHKH IIHilYKTOpOB j 6,7 - BIHKH B03-

6y>KAeHHHj 8 - MHWeHbj Jl , 3 , - Ka6ellbHLlSI 3llflep>KK8 j 

fl .Y . - llHCKpHMHH8TOp ypOBHRj C,C . - CXeMa corna

COB8HHSI, 

~IHHOH CKOpOCTbiO, Yf::JMepRR opeMSl llBJf )f{CJIJi R KOilbUI) B CCK

UliH , MO>KHO 6blllO onpenenHrb ero cKopocrb 11, cneaoearcnh

uo , 9Heprl-no JiOIIOD. OaaoopeMeHHO MO>KHO 6torno 11ai1rH u 

OTHOWeHH C 'IHC1l8 HOHOB K 'IHClly SlleKTpOKOB. DOCllCAHRR 

B03MO>KIIOCTb CBS138H8 CO CDSUH<f!H 'ISCKOH /1JlSI KOlllleKTHBl!OrO 

yCKOpJiTCllSI 38BHCHMOCTbiO OCHOBHblX XapaKrep11CTI1K npo

uecca ycKopeHH H ( eenJ1'111Hbi ycKopel!H H, aHeprH 11 uouos 11 

T , Jl, ) OT CYMM8pHOfl M8CCb! 3llCKTpOHHO- HOHHOrO KOllbUB , 

onpeaellS19MOH D OCHOBHOM HOHHOA KOMDOHeHTOA , 8 '18CTHOC

Til, speMR nponcra 1\r KOllbUa B ceKuHn H epeMSI ycKopeHHSI 

T B rpanHei!THOM DOlle onpellCilSIIOTCSI Bb!p8>K9HI1SIMI1 

~ L _ (1 + () - ( 1 ) !:J.r = 

( Sle I R JB z ~ --uo --) 
mocy az 

2 

r = 
(48) ~ 

l eluo r1 B z ~ 
(1 + () ~ • (2 ) 

(---R--) 
m

0
c y az 

3 aecb: L - anHua apeA¢oaoro npocr paac r ea, S - AllHHa 

yqacrKa c rpaaHeHT HhlM noneM, R - cpeaHee aHa'leHH e 

paaHyca 

pOC Tb Ji 
KOilbU8 npH YCKOpeHH H, UO,y - BpawarellbHLole CKO

nopeau- ¢aKTOp 91lCKTpOHOR B KOilhUe COOTBeTCTBCH-

HO, ( = 
AM N. 
-~P-1 - <PaKrop MaccoeoJ'i aarpy3KH KOilbUa, N i , 
moyNe 

N e - 'IHCna HOHOB 11 aneKrpouon 

noKoSI nporoHa H sneKrpoHa, AP
HLJX HOHOB, 

s KOilb Ue, MP, m 0 - MacctoJ 

MllCCOBOe 'fHCllO yCKOpeu-

TaKHM o6pa30M, H3MepstR speMR nponera t\r , MO>KHO 

onpea e llHTb DellH'IIIHY MBCCOBOA 3arpy3KH e,Hil}{ , D KOHS'I 

HOM HTOre, OTHOCHTSilbHOe 'IHCllO HOHOB B KOilbUe. 

Ha ~ H306pa>Kel!~>r pllC'fCTHbre aas}{CHMOC T H senH'IHH 

speMeHu nponera KOnbua n apen¢osoM y q acrKe, nonHoro 

speMeHH llBH>KeHHR KOilbUll OT TO'fKH CTllpTa 8 rp81lJ1911T HOM 

HOlle llO 8b!XOil8 H3 HHAYKUHOHI!OU CSKU HH, a TBK>Ke KOHS'I 

HOH 3Hepru H 1101108 OT Den!.f'II1Hbl 3arpy3KH, 

D apaMe Tphl , BXOilSII1l H9 B Bh1p8>K9l! HSI (}) 11 (2), B3SITLI 

coor ee r c r nyJOUlHMH Y T II , a HMOHIIO: R = 4 CM , c1Bz /rlz 
= 45 3/cM, y= 3 5, L = 105 CM , 8 = 160 CM, 

MET O flYI K A 113MEPEH11!1 

11 3KCDEPI1MEHT AJlbHb/E 

PE3YnbTATbl 

CxeMa sKcncpHMeHra npen

craBneua Ha pHc.l. B npo

uccce H3MepeHHA per11crp»-

pOB81lHCb CHrHallw, HHilYUH

pOB8111il·Ie nponera!Oll.IH\.1 KOnl>UOM 118 BHTK8X B036y>Kil9HI1SI 

nepooro H nocneaHero HHDYKTopoo ceKUHH , DpeaeapHrenbHO 

6wnH H3MepeHhl nepeXODHNe xapaKrepHCTHKH HHilYKTOpa KBK 

a aT"' 11Ka npoaonbnot·o roKa ny'fKa (a nan or no Sica PoroscKo

ro) . CxeMa J13MepcHuil 11 pe3ynbrarbi npeacrasneuLJ Ha 

puc . 6 , Bl11lHO, 'ITO TBKH"•1 o6pa30M MO>KHO perucTpHpOB8Tb 

llOCTBTO'IHO KOpOTKHe 11MilyllbChl TOKa C nnHTellbHOCThiO 

- I 0 11c . 3<fJ¢eKTHBHaSI TWHTellbHOCTb nponollbHoro roKa 
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P Hc , 2 , 38FHICIIMOCTif spe~18H li uponera 

II 3HeprHH H OHOB OT M£lCCOBOi i 31l i 'PY3KH . 

K011bU8 npH none re MHM O H.HLlyKropa cocr8snncr 12 ~ 1 5 He . 

B aKcncp H. II.Ie Hrax c K011bUOII.I B ucnb n cpcaa'lu curHaJta 

'{ 

C EHITK8 no36y>t<neHJHI 110C118LlHCf'O IIHLlYKTOpa .LlJ l~ ll 0DLIW811 HSI 

TO'LfHOCT II H3MepeHHH BK1110'!8118Cb Ll011011HHT811bH£lSI K80Cilull8fl 

.::Janep>t<K£1 (66 JIC ), n p H. 3TO~I HCll011b30D811HCL 2 Cll0C06ll 

H3l\10pe11Hii , n epBuli'l 3£lK1110<!811C~ 13 TOI\1 1 'fTO CHf'I!BJlbl C HllllyK

TOp013 COOMeCT HO II OA8B811HCb H8 BXOLl OCUH.11110rpat~8 , npn FIT Q-

pOI\1 CnOC06e UCHOJib301J8/HlCb 8JI8KTpOHH£lSI M8 T Oll HK8 113.\lepe HHSI r 
spCII.IeHHbiX HHTepa8noa . B a roM cny•!ae Ha onpc.ueJie iiiiOM 

HOpOre .llUCKPHMli llll T OpOM ypOBHfl qJOpM Hp008Jil!Cb 110f'H'ICCKHC 

C H f'H811hl "C Tapr" ll "C r on" , KOTOphle 38 T OM 1100ClllLl1111Cb Ha 

BXOI-1 BpeMst- UHcjlposoro npeo6pa3oearen~ ( BUn). 

PerHcrpauHn o6o11x c11rHanos 38 oanH H~nynbc ycKopu

renSI IICKJIIO'l8118 OWH6Ky li3~tepeHH ii , CBSI38HHYJO C npC'.Ieii

HOfi H8CT86U11bHOCTbiO H81.f811a yCKOpeHHH K011bllll B ~na~aJO

U18\I none. npHMeHCHHe lloporoaoro nucKpH :o-!ltllllTOpll II BUn 

II03oomtno yMeHbW HTb B llHHHHe noMex. H8 FIXOA8X A~ICKp H

:-.u!lla r opa <flopM HpOB811HCb H.M11Y11bCbl C cjlpOHT0.\.1 5 HC H pe

ry.IHp)CMOH Ll11H Te11bHOCTbJO. H a pHCYHKax 3 , 4 npnBO .. "lCHhl 

xapaKTOpHnre OCUH11110rp811.1Mbl Llll$1 o6eHX CXCl\1 H3l\1epe!HISI. 
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Pu c ,3 , Ocuu.t .ro >rpa-.1\tll u:-.rnyllbCOB HElnpst..neuu~. 

H8BeaeuHI·I'< Ko11hUO'I.1 u a n HI-lyK T opax . Pa3seprKa -

50 uc/.tN!. Hu,•dtiHt octw nnc>rpa:--1:>.1a CH~T8 B pe>!\lt\le 

Ge3 anoKrpoH toro KOJ!bUa. 

·----r---

w .l J 
• --

PHc.4 , Ocuunnoqlll'\.111.18 HanpS!>t<CHHSI Ha Bbrxoae 

cxe'l.thT cornacosaHHSI. Pa3scprKa - 50 uc/ ne11. 
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Bpe1'-t51 nponera KOnbua e ceKUH:If onpeae n 51nocb KaK epeMeH

HOif 11HTCp8811 Me)KJJ.y M 8KCHMYMOM 11MllYllbCOB , 11HJJ.YUHP0881i

HbtX li8 OHTK8X B036y)KJJ.eHH:51, 11H60 K8K HHTepean Me)!(fly 

~Jp011T8MH HMllYllbCOB H8 BbiXOJJ.e CXeMhl COf'118COB811H51 

( C y4e T OM JJ.OllOllHHTellbHOM 38JJ.Cp)KKH 66 HC ), 

K poMo BbTWeyKa3a HH btX CHrHanoe, e x oae aKcnepuMe nra 

pcr HC T p u pOB8118Cb C nOMOWb~ CUHHTI1111151UHOiiHOrO JJ.CT CKTOpa 

(aancc <P3Y) BCllhTWKa ropM03Horo y - 11311y'leHH51 npti c6po

cc KOllbllll H8 Ti - MI1Welib 1 YCTllHOBlleHiiY~ B KOHUC YCKOpH

TCll.ll (pHC ,} ) , 8 T8K)KC BC1111'111H8 llKTHDII OCTH , H8BCJJ.eHHOH 

118 8 TOii MHWCHH YCKOpCHHhiMH HOH81\IH 8301'8 (pellKUHR 
14 N (50Ti.2n)62Cu). C HrHanhT c nurKos eo36y)KneHHR H <P3Y 

pcri1CTpHpoeanHCb e K8)KJJ.OM u Mnynbce ycKOpHrens:~, B eni1-

'IUH8 llKTii BHOC TH onpeaen51n8Ch no H3MepeHH~ y - cneK T pll 

c noMOWbiO Ge(Li) - acT eK T opa 11 aHanH3a ropa LP -4900 " 
ycpCJlH51118Cb no HCCKOllbKH M H MllYllbCllM yCKOpHTC1151, 

Cncnyer CK838Tb , 'ITO npH: nposeaeHHU aaHHwx aKcnepu

MCHTOD BPCM51 H8'1811ll YCK OpCHH 51 K OllbU8 D Cfi8A8~WCM none 

CT8611111i3 HpOB8nOCb C llOMOWbiO JJ.OnOnHHTCllbH0£'0 TOK OBOf'O 

B I1TK a . B CB513 H c 8 TI1 M npu npO'IHX paBHhlX ycnODI151X epeMeH

HOH pa36poc C HrHana ¢3Y 6bJ11 HCBCllHK ( ± 5 HC ), 3 T O no-

3B011HnQ n pOBOJJ. HTb opeMeHHWC H3 MepeHH51 H no 8TOMY C Hr

HBlly, 

Onpeae n eH we a¢¢eKTHBHOC TH apeMAnponerHoii MeT OAI1KH 

H Cp8FIHCH HC ee C MeTOAHKOti 8KTHB8UHOHH0£'0 8118n l138 npo-

1130 0JJ.Hn OCb DpH OnTI1MH38UHH H811pSDt<C llHR CHCTCMhl llHTlliiH 51 

COlleHOHJJ.8 2 . npH OTKllOHCHHH :?HOf'O H811p51.>1<C HH51 OT IIOMH-

11811biiOrO H3MCII51CT C51 yCKOp51~11WM rpa/lHCHT Hll C TLIK C C011e

HOHA8 1 11 coneHou aa 2. YeenH'!eHue rpaaHeu T a npJfROilHl' 

K llOTCpe 4llCTH H OHOB H3 KOllbUa. npH 8 TOM MllCC8 KOnbllll 

YMCHbUJOeTC51 H OHO C 6onee DhiCOKHM Tel\1001\1 yCK OpSle TCR 

B rpaau cH TH OM none coneHoHaa 2 . CooTeeTcroeHHO aon)!(HO 

COK p8THTbCR BpCM51 nponeTa KOllbU8 B CeKUHH H IIOniiOC 

opeM51 11Bil*C HH51 KOllbU8 B Tp8KTe yCKOpHTCn51. 

Ho p Hc . 5 npenc T anneHhJ pc3yJJLTaThJ ti3Mepe11Hi1 3BFIIt C H

MOCTH npeMCHII nponeT a KOnbU<l 13 CeKUUH, H3Mellell 11 51 non
HOPO BpeMCHH llBH)KeHHSl KOllbllll (no c nrnany ¢3Y), a T8K

)!(C 118BelleHIIOi1 8KTHBHOCTH OT FlenH'!HIIll HanpS!)!(CH H Sl Clt<: Tc

MLI nitTSHHS! coneHouaa 2 . BuaHo , 'ITO nee KPHFihiC HOXOI151T

c51 B xopo!JJeM Ka'lecraeuuoM cornac u u apyr c npyi'OM. B e -
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P!fc.5. 3aBHCHMOCTH 

upcMeHH nponeTa KOllb

ua u LtKTH BHOC TH Ti 
MI11JJCHH OT HOITpSl)!(C

HHS! o Toporo coneHou

na . 1 - 8KTHBHOCTb ; 

2 - H3MepeHHe non

nora epel\leuu llBH)Ke

HH51 KOllbUa 110 C HrHa 

ny ¢ 3Y; 3 - speMR 

nponera KOllbUa no 

HO CeKUHH . 

Uu (omH) 

-PHc. 6 . ~i3MepeHHe xapaKrepHC THK HHAyKTopa KaK 

a aT'IHKa npoaonhHoro TOKa KOllbua . B epxHHH nyq -

TOK B CTep)!(HC, Hf11.UIH!f - C Hf'H811 H8 BHTKe B03-

6y)!(JleHH51 HIILlYKTOpa , 1 - C T ep)KCHb C TOKOM , 

2 - CepJJ.e4HHK HHilYK TOpa , 3 - BH T OK FI036y)!(JlCH HSl. 
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Jll!'ti!H8 /\r ~ 5 llC COOTlleTCTBYCT 1101JHOfi llUTepe HOHOB U3 

KOIJbUl'l H8 C TI>TKC COIJellOHnOB , a ~-18 KCH MYM KpHBOii - M8K

CHM81JbliOii 3arpy.3Ke 1-tnH OTCyTCTBHIO 110TCpb HOIIOD 118 CThi

Ke concHOHLlOB . B e nH'IHHa M8KCI1\1811bHOro BpeMCH H nponeTa 

COOTBCTCTP.yCT ( CM . pHC.l ) M8CCOBOH 3arpy3Ke ~ =6 0 H 

3HeprHu 11 0HOB a30Ta 3,2 M::~B/ HyKn. MeTOAHKa OK THoauH 

ouuoro £111011H3tl /2 / 0 8H81JOrH'lHbl.X yCJIOOlHIX npHBOAHT K 

GnH3K OI\1Y OH8'ICHHJO : 2,8 M::~B / HyKn. 

Ba;:, ut.J I\1 uonpocoM SIBI1SICTC51 sonpoc o TO'IHOCTH H3Me

peHHii. npH HCI101Jb30B8HHH OCUHIJIJOrpa~H'IeCKOH MeTOAHKH 

TO'IHOCTb mipeaeneHH51 opeMeHH nponeTa aaoHcena OT TO'I 

HOCTH OTC'tCT8 BpeMeHHW X HHTepoaiJOD DO OCUHllllOrpa~y H 

COCT801151118 ± 5 IIC, 'ITO npHBOAHIJO K OWH6Ke Bhi'IHCIJCHHSI 

38rpy3KH H 3HeprHH HOHOB ±20%. 

B cny'lae npHMeHeHHst ::~neKrpoHHoii MeTOAHKH TO'IIIOCTb 

HOMepeHHSJ apeMeHH nponera onpeaenSinacb TOttHOCTbJO ape

MeHHOR npHBSJ3KH CTapTOBWX HMDYllbCOB, 110A8B8eMhlX H8 

B u n . " To'IHocTbiO BUn H cocraonsma ± o,s He , '!To coor

sercrsyer OW H 6 Ke a onpeneneHHH 8HeprHH H aarpy3KH ±2% . 

Bbi B OnbJ 

1. MeTOOMK8 H3MepeHMSI napaMeTpOB HOHOB 110 apeMeHH 

nponeT8 llBYXKOMI10HeHTHOrO KOilbU8 110.3BOIJSJeT B K8*AOM 

UHKlle yCKOpHTCIJSJ onpenellSJTb 3HeprHJO HOHOB H HX KOIJH 

'ICCTBO. 

2 . npHM e lleHHe 08T'IHKOB HHllYKUHOHHOrO THD8 (B H8WCM 

cnyqae HHoyKropos) aaer aoaMO*HOC T b npoBOAHTb apeMSJ

nponeTHbie H3Mepe 11HSI 6eCKOHT8KTHblM CJ10C060M H TeM 

C8MbiM CIJCOI!Tb 38 llHH8MHKOH yCKOpeHHSl B OAHOM HM11YllbCe 

yCKOpHTenSI, 'ITO OC06eHHO BB*HO npH npOTSI*eHHOH yCKOpSJIO

weH CHCTeMe. 

3. B peMSinponeTH8SJ MeTOllHKa H :-.1eTOllHKa aKTHB8UHOII

Horo 8H81JH.38 H8XOllSJTCSJ B XOpOllieM Ka'leC TBCHH OM H KOIJH

'IeCTBCHH0:-..1 cornacH H apyr c npyroM . 
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