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lleMbSlllOB A.B., ll.JKenenoB B.n., 3aMOJlOJl'IIJKOB B.YI., 

Kponull A.A., PorallOB B.C. . 
9-8782 

npoeKTHpyeMbl9 K81l8Jlbl ny'IKOB UHOIIOB 4la30TpOil8 C aapuauueA 

MSI'IlHTilOI'O nOJISl 

OnHChtBaiOTCst npoeKTHpyeMhte KallaJihi ny'IKOB nuollOB c SlleprusrMH AO 

400 MsB 4la3oTpOil8 C aapllaUHeA M81"1illTilOI'O nonst KSK OT BllyTpelllleA, T8K 

II OT Bll9lllli9H Mlllll91leli. 0JKHJ189Mbl9 UOTOKH COCT8BSIT )lJISl OTpHUSTeJlbllbiX 

UHOIIOB OT 5.106 1 /ceK npH 9Jlepl"l!lf 23 MsB AO 108 1/ceK np!i 91lepi'HH 

300 MsB, a Anst nonol!QITen&llbtX nuoHOB oT 107 1/.celt np11 slleprKH 23 MsB 

AO 8.108 1/ceK npK Sllepi'HH 300 MsB. 

Pa6oTa BbtnOnlleHa B na6opaTOpHH Sl)lep!ibiX npo6neM OYIHYI. 

Coo6meHHe 06be.llMHeHHoro MHCTMTyTa B,llepHblX xcc.ne.llOBaHidl 

,lzy6Ha 1975 I 

I. BBe;;eHHe 

Ha pHc.I nohasasa cxeKa pacnonoxeuxa xauanoB nyqxoB ~soTpo

ua. HassaqeuHe KaX;;oro H3 xauanoB, napaueTpH aneueHTOB HOHHO~ on

THKH Ha nyqxax, npHHUHnH, Ha OCHOBe KOTOpHX BHOpaHa aTa cxe»a, 
npHBe;;euy B paoore/II. 

B Hacro~eR paOore OilHCHBaDTCa Me30HHHe nyqKH KaH8AOB IT, m H 

mHpoxoyronLBHI nyqox nHOHOB or MHmeHH t191 sa xauane IX. UyqxH 

Me30HOB ~pMHpyorca narLD KaHanaMH (I, IT, m, X H IX - qepes AHH3y 

MJIW). OHH o6pasynrca or MHmeselt, pacnonozeHBHX xax BBytpH qasoTpo

ua (qepes KaBaKH I, IT, X), rax H BHe ero (qepes xauan ill H or MHme

HH MSi B KaHMe rx/1/ • 

B CHCreue KaHMOB ~sorpOBa ilYQKH no.nyqaDTCS BO BCeM HHTep

Ba.ne aHeprHI Me30HOB, 00pa30BaHHHX nporOHaMH C aHeprHel 700 MaB 

npa BSaKMo~elcrBHH c ~PaMH MHmeux. MesouHHe nyqxx Hs xauanoB I, 

X, OCHOBHHM Ba3HaqesHeM KOTOpHX SBAaerca no.nyqesxe cenapHpOBaHHHX 

MDOHHHX fiYQKOB, OUHCaHH paueef2f. 

2. Hasan IT nHOHHHX nyqxoB c ;;xcnepcHOHRHMH 
CBOicrBaMH 

Ka.BM II ~popyer nyqJCH nHOHOB or Buyrpeuuel liHII!eHn qasorpoua. 

OcHOBHOe HasRaqeuxe xaua.na - no.nyqe&He xopomero paspemeHHa 

c~ ReCKOALKO MaB) • mHpOKOM ,D;Hanasoue aReprHI (100-400 MaB) npH 
~OCTaTOqRO BYCOKOI HHTeHCHBROCrH. 

AelerBHe uarRHTRoro no~a qasorpoua Ra nHOHY,oOpasoBaRHHe or 
BHytpeHRel MHH8RH,n0~00HO ;;eRcrBHD no.na •ro.ncrol".nHHaY.ErO toKYCH

p~Re, aR&IH3Hp~He H AHCnepcHOHHHe CBORCrBa 3aBHCBT or PaAHJCa H, 

Bc.ne~craxe npocrpaucrBeRHoR BapHaUHH uar&HTHoro no.na,asHMyra pacno

.nozeaHB MBmeBH BHYTPH ycxopHre.na, a raxze or yr.na BHAera uesoHOB. 

3 



PMc.I. CHcreua KaaanoB nyqxOB ~aorpoua c BapHauxe« 
MarHHTHOrO nonH. 

d2~ 1 CM2 
dE dQ cmepai'l M•B 

FMc. 2. 

n• 

0~--~----~----_L~~~--~ 
o 100 200 300 En M3fl 

CneKTp ITOJIOXHT8JibHHX nHOHOB H3 rpa~HTa, 06pa30B6HRHX 
nOA yrnou 19,5° nporouaMH c sueprHeB 660 MaB 181(xpmsas I), 
no.D; yrxou 21,5° nporouauH c auepneB 600 MaB/7/(KpHBas 2), 
ITOA yrnoJJ. 20° npOTOHaKH C aHeJirHel 730 !ISB/6/ (KpHBaH 3) • 
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OcoOeaaocrm ~opwxpoBaHKB nyqxa nROHOB B xaaane IT noaBonanr 

nonyqMTb xopomee paapemeHMe no MKnynLcy. I~nynLCHH« aaa-

nH3 nyqxa B MarRHTHou none qaaorpoua npoHCXOAHT B PaAHanLHOH naoc

Kocr~, T.e. B HanpaBReHH~, rAe pa3KepH HCTOqHHKa ITHOHOB HaHMeHbillHe 

H COCTaBRHDT HeCKORbKO KHRRHMeTpOB, OnarOAapH He3HaqHTeRbHOMy 3a0-

pocy rrpOTOHOB no PaAHYCY Ha Ke30HHYD MHilleHL. 3ro AOCTOHHCTBO OTCyT

CTByeT rrpH nonyqeHHH ITHOHOB OT KHmeHH Ha BHBe,D;eHHOM rryqKe ITpOTOHOB, 

KOrAa paauep ero ITO ropH30HTan~ COCTaBRHeT OKORO 3 CM. 

HCnOJib30BaHHe xe HaHKeHbmHX paauepOB HCTOqHHKa nMOHOB OT BH8mHeH 

KHmeHH(OXORO 0,5 CK) B BepTHKanbHOI nJIOCXOCTH ARH pa3AeneHHH no 

KKDYJibCaK 3aTPYAHeHO H3-3a HeAOCTaroqHHX paauepOB nnO~aAel H H3-3a 

y30CTH ~MOpa3ypH B 3~THOI CTeae. 

~pKHpOBaHHe rryqxa C AHCrrepCHOHHHKH CBOACTBaKH TpeOyer HCn

paBJieHHH aOeppaUHI, XOTOpue B03HHKaDT npH ABHXeHHH nHOHOB B KarHHT

HOK none ~30TpOHa. UyqOK C AHCnepCHOHHHKH CBOBCTBaMH, T.e. nyqOK, 

B xoropou HKfiYJibC xazAOB qacTHUH O.D;H03Haqao CBH3aH c ee nonoxeaHeM, 

noaBOnHer nonyqHTb xopomee paapemeuHe no aHeprHH c nouo~LD xonnHMa

ropoB HnH AerexropoB qacrHU, onpeAenHD~HX HX xoopAHHaru. TaKHK 

00pa30M H3 qaCTHU Bcero HHtepBana HMnynbCOB B nyqKe B~enHDTCH qac

THUH C 3aAaRHHK HMnyBbCOM. 

3Heprermqecxas AHcnepcHs 

BOrO nons CKRXPOUHXBOTpOHa ( 

~~ xopomo Hayqeaa131 ARB KarBHT

o/ fi - yron MeXAy TpaeKTOpHHMH lle30-

ROB, aueprxs xoropux ornHqaercs sa d£). Jra BenHqHHa H3Keasercs 

sa nop~ox npa aaKeReRHK aueprHH or IOO AO 400MaB H cocraanser 

npBMepao 0,3 MaB/upaA AJIH nHOHOB c aueprHeB 200 MaB, BHneraD~HX 

H3 uHmeRH ua opOHte HaHdonLmero PaAHyca B 118AHaHHO~ nnocxocrM 

noA yrnoll cf:0° K HanpaBneHHD UHPKYRHpym.ero nyqxa npOTOHOB. nns 

MBrRBTBOrO nons ~30TpORa SHepr~THqecxas .D;HCnepCHB npHMepRO COOT
BeTCTByeT 3TOIIY xe 3RaqeBKD. 
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Yrnosaa ~HcnepcHa ~ , oOycnosneuuaa paanHqHeu B ~RHHe 

nyTH,npOXO~HUOrO qaCT~KH B KarHHTHOK none YCKOpHTena, npHBO~HT 

K XpOYaTHqeCKHU aOeppa~HHK, T.e. K HapymeHHD COOTBeTCTBHH ue~y 

nonoxeHHeM qacTHUU B nyqxe H ee aueprHew.K arouy xe npHBO~HT H 

pacceaaHe nHOHOB Ha paa~enHTeRbHO~ ~onbre sanycxuoro oxHa xauepu 

ycxopHTena H ua arouax ocratoqHoro raaa a aaxyyuuoa tpyOe KaHana. 

YctpaHeHHe aOeppa~HI H pacceaHHa B xaaane IT noaaonaet nonyqaTh 

HHTeHCHBHue nyqxH ueaoHoa c xopomHM auepretHqecxHM paapeweHHeu. 

ITyqox, nonyqaeM~n Ha OCHOBe 3TOrO npHHUHna, HCnORb3YDT B Ha

CTOH~ee BpeMH Ha CHHXpOUHKROTpOHe UEPHa H npe~nonaraDT HCnORb30-

BaTb H nocne peKOHCTPYKUHH 3TOro CHHXPOUHKROTpOHa. 

0cHOBHa8 OC00eHHOCTb KaHana IT, OTRHq~aa ere OT ~pyrEX KaBa

ROB, 3aKRDqaeTCH BOBBe~eHKK B era CTpyxtypy He TORbKO aHaRH3HpYD

~HX K ~oxycKpyD~HX uarHHToa, HO H aneueuros, ycrpaaHDmHX c~pHqec

xyn H xpouaTHqecxyv aOeppauHH nyqxa. B raOnH~e I nepeqHcneus THrru 

aneueHToaiii. MarHHT (an.I) CIT-034, npe~uaauaqeHusn,xax K s xaua-

ne I,~na pacwHpeuHa HMnynhcuoro HHtepsana qacr~, aaxaaTHBaeUHX 

KaHanOM, Hanpasnaet HX no ero OCH. lliectKnORDCHHI KarHHT (an.2) 

20lli30-200 Hcnpaanaer aOeppanKK nyqxa taKHM oOpaaou, qro nocne 

auxo~a H3 aero yrns HaKROHa rpaextopHH qactK~ B nyqKe x ocH KaHana 

CTaHOBHTCH RKHeiHOI ~YH~KeH HYnYRbCa qaCTH~. 3TO n03BORHeT ocy

~eCTBRHTb ~aRbHeBwyD npOBO~Ky rryqxa, Oe3 HCEaXeHHa ero ~HCrrepCHOH

HOCT~C ITOMO~bD ~yOneTOB KB~pynORLHHX RHH3o 

BHCOKaH CTerreHb paapexeHHH ( rviO-S TOp) B KaHane H OTCytCt

BHe ~nbrH, paa~enaD~ea oO~eu xaueps ycxopHtena H aaxyyuHoA tpyOs 

KaHana, HCKRDqaer pacceauHe qacTH~ Ha ~nhre H ocraroquou raae B 

KaHane H yueHhmaeT reu caMHK aOeppa~HH rryqxa. HaueHeHHe mHpKHH 

menH C nOKO~LD ~HCTa~HOHHO-yrrpasnaeuoro KORRHKaTOpa OT 0 ~0 IO CM, 
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KOTOpHH ycTaHaBRHBaeTCH 3a BTOpHK ~yOneTOM K~pynOHbHHX RHH3 

(an.S-6), ooecrreqHaaer nonyqeHHe HeoOxo~Huoro aueprerKqecxoro paa

pemeHHH B nyqKe. 

qerspe KB~pyrronbHHX ~yOneta (an. 3 • IO) HCnOnL3yDTCH ~RH 

TpaucnoptapOBKH nyqxa B aan 3KCrrepHMeHTanbHHX ycTaHOBOKo 0TKROHH

D~HI YarHHT (an.II) CIT-56 H ~yOner nHH3 (an.I2-IJ) MH-29 cnyxaT 

ARB HarrpaBReHHB H ~OKYCHpOBKH nyqKa Ha 3KCITepKMeHTaRbHHe ycTaHOB-

KHo 

ToqHwe pacqets ox~aeuoa aueprerHqecKoA ~KcnepcK~paanKqasx 

aOeppanKR Oy~yT BHITORHeHH ~na peanbHOrO uarHHTHOrO nona ~30TpOHa. 

O~HaKO rrpe~aapHTenbHHe O~eHKH C HCnORL30BaHHeM nona CHHXpO~HKRO

TpOHa ITOKa3HBaDT, qTO pa3pemeHKe OROnO 0,5 MaB ~na nHOHOB C auep

rHel 200 MaB MOXHO ITORyqHTL C KMnynbCHOI ~eRbD 0,5 CM. nna atoro 

HeOOXO~HMO HCnpaBHTL aOeppa~, KOTOpse MOryT ~aTb BKR~ oxono 

1,6 M3B H HCKXDqHTb paa~enHTenbHyD ~Onhry ue~y KaMepOH ~30TpOHa 

H saxyyuuoA tpyOoA KaHana (opraHKqecxaa rrneuxa ron~HHOI I wu ~aet 

BKR~ B crrextp nHOHOB rrpHMepHO 1,5 MaB). 

Yxaaauuoe paapemeuHe uozet 0HtL nonyqeHo Taxze, ecnH ~eteKtH

pyv~ee yctpoActao uoxer perHctpHpoaaTh nonozeuHe qacTH~ s nyqxe 

npH DOABOCTLD Ot.itpHTOM KOHHHMaTOpe. 

B ta0n.2 npHBe~eHH HHTeHCHBHOCTH nyqxOB OTp~aTeHbHHX nHO

BOB H3 .ttaHaJia IT (rox npoTOHOB 50 llltA). B qK>xyce BHXO~Horo ~yOneta 

nJlOJII~:& nyqxa COCTasnaeT ITpH0AH3Ht8JibBO 5 cu2• HRteHCHBHOCTH ,ll;aHH 

~na aunyJILCRoro HHTepBana B rryqxe ~Z'. HHTeHCHBHOCTL rryqxoa xauana IT 

npKKepBO Btpoe MeR:r.•e HB%8RCHBHOCTH nOTOKOB fiHOHOB K3 .ltaRaBa I. 

llpKK8CH MDOBOB K &Jie.ltTpOROB B nyqxax .ltaRaRa IT COCTaBJIRmT H8C.It0RLKO 

npo~eBTOB. HsteRCKBHOCTL nyqxos noAOXHTeALRHX nHOHOB c HMnyJihcou 

200 liaBle npuepBo B 4 pa3a ueuue. 

7 



~JIH~ I. 311eMeHTY Ka.HaJia IT 

i_ THn 3JieMeRTa KOJ!Hq • MOU!HOCTb (KBT) 

I CIT-034 I 350 
2 ~lii30-~0 I 95 
3-6 ~K25E-IOOO (II) 4 266 
7-IO 20K25E-IOOO (I) 4 266 
II CII-56r I 69,5 

I2, I3 MJI-29 2 208 

IJaKCHMaJILHaa MOU!HOCTL 3JleKTpOnHT8HHR Ka.RaJia I254,5KBT 
-- - - ~--

Ta6JIHUa 2. JiHTeHCHBHOcu nyqxoa r,- -Meaoaoa H3 KaHana IT 

_£71 MsB/c 200 270 350 400 
£:;; MaB I04 I65 237 288 
~-. IO-o I/cex I6 I7 I8 I9 

--------- ----

: •.±~i S •5 cu 2• JiHTeHCHBHOCTL nyqKOB fiOJIOXHT8JILHHX nHOHOB C 
HMnyJILCOll ~0 MsB/c B 4 paaa MeRLme. 

~ua 3. ~onycrHUaa ronmHHa MmneaeR a xaaane YIT 

-MmnaHL Be c H~O tit Cu pg 

l r/cu2 I5,I IO 8,6 5,7 2,8 I,5 
4 Ep MsB 35 22 I7 II 5 2 

ilp ..___ 
0,76 0,85 0,87 0.93 0,96 0,99 

.6 £ p- 3HeprHR repS!eMali npOTORaMH B .MHmeRHi 
npowe~mHX MHmeHh 6e3 B3aHMO~eRCTBHRo 

'l p- ~OJISI npOTOHOB 1 

Ta6nHua 4. 311eMeRThl KaHana III 

11! sJieM. T H n KOJI-BO MOU!HOC'rb (KBT) 

M3(M4) llHmeHL I 

4,~ <:QK25E-IOOO(IT) 2 DJ 
6 CIT-0~ I I70 

7,8,7;8' 20K25E-IOOO (I) 4 266 
9 CIT-57 A I 90 

IO,II MJI-29 2 ~8 

MaKCHI.taJILHaR MOU!ROCTL 3JieKTpOllHTaHHR ImHaJia 867 KBT -
8 

3. RaHaJI ill ~pllHpOBaHHH nyqXOB nHOHOB 

OT BH8mR8R MHm8BH 

0cHOBBOe H83HaqeHHe KaHana - ~pMHpOBaHHe nyqKOB ITHOROB 060HX 

3HaXOB B ~Han830He 3HeprHI 0-350 M3B OT MHmeHel, pacnOJIOZeHHHX Ra 

Bh!Be~eHHOM H3 ~30TpOHa nyqxe npOTOHOB. 0co6eHROCTbD EaHaJia liBJIR

eTCH BhiBO~ B 3KCnepHMeHTaJILHhiR 3aJI fiHOHOB KaK OqeRL .MaJihiX 3ReprHR, 

He~OCTynRHX ~pyrHM KaRaJiaM 1 TaK H ITHOHOB 60JILWHX 3ReprHR. ITyqKH 

llOJIOZHTeJILHh!X ITHOHOB C8llh!X 60JILWHX 3HeprHR ~OpllHpyDTCR TOJILKO 3TH)( 

KaHaJIOll. xnHsa KaHana lli MeHLme ~JIHHhl xaaanoa I H II, qro oqeaL cy

mecraeHHO ~JIR ~OpKHpOBaHHR Me30HHhiX nyqKOB YaJlhiX 3ReprHR. 

HHTeHCHBHOCTL H xaqeCTBO Me30RRHX nyqKOB H3 Ka.Hanaiii onpe~ena

DTCR He TOJILKO JCJIOBHell HX ~OpllHpOB8RHR B KaHane, HO Taxxe 

pa3ll8paMH H ll8T8pBanOll MHWeHH npH ~HKCHpOB8HBhiX HHTeHCHBHOCTRX H 

3llHT8HCe nyqKa npOTOHOB, ll~aDU!HX Ha 3TY MHmeRL. Bhi60p MHmeHH 

onpe~enaerca p~Oll ¢axropoa: I) ceqeaHeM o6paaoaaHHR nHOHOB ~nn 

Bhl6paHHOR 3HeprHH H yrna HX BhiJ!eTa no OTHOW8HHD K nyqxy npOTOHOBi 

2) nornomeaHell npOTOHOB H M830HOB B llHmeHH 1 3) He06XO~HMh!UH pa3-

MepaMH MHmeRH; 4) H3MeaeaHell 3HeprHH npOTOHOB H. ue30ROB npH HX 

npoxoz~eHHH B llHmeaz; ~) ~HOBhlllH YCJIOBHHMH 1 B03HHK8.DU!HllH nocne 

pa3MemeHHSI MHmeHH Ha nyqxe; 6) pacceaBHeM npOTOHOB B llHmeHH H B03-

llOZROCTLD TpaRCnOpTHpOBKH nyqxa npOTOHOB nocne MHmeHHe 

IIocne~aee o6croareJILCTBO nanaerca aecLwa nazHUM ~na auae~ea

uoro nyqxa nporo&oa (xaRan YIT), nocxoJILKY Meaoaoo6paayDmHe MHmeRH 

~ HJIH M4 (pHc.I) H3-3a p~a npHQHR ( aanpaaneHHe npo-

TORHHX H ReltpOHHHX nyqxoa, 3RaqHT8JILHhll ypOBeHL ~Ha B6JIH3H JIO

BJZKH npOTORROrO nyqxa H r.n.) pacnoJiaraDTCii nepe~ OTKJIOHSIDU!KM 

MarHHTOM CIT-027 H nyqox nporoaoa ~onzea rpaacnoprzpoaaTLCH ~o Jio

aymxH 6ea norepL sa 3neMearax xaaana YIT. 
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B tadn.3 npHBe~eH~ ~onyCTKM~e TOn~HHU MHWeHel H notepH 3Hep

rHH npOIOHaMH. KaK B~HO H3 tadAHU~, 3TH notepH He npeBOCXO~BT 

35 MaB ~nB cauo~ TOnCTOM MHmeHHo Pa3uepu nyqxa npOTOHOB B TOqKaX 

M
3 

H M
4 

COCTaBR!lllT COOTBeTCTBeHHO 3, 4x3, 4 cu2 H 3, 4x0, 4 CM2 /5/ 

B ropH30HTanbHOI H BeptHKanbHOA nnOCKOCTBX. 

HanHqHe TOnbKO O~HOrO 3a~HmeHHOrO TIOMe~eHH!l ~nB B~BO~a npoto

HOB H3 yCKOpHtena B~ayE~aet COBMe~Tb HaqaRbHOe HanpaBneHHe KaHa

na IY nonapH30BaHHHX nporoHOB c HanpaBneHHeu ue30HHoro KaHana ill. 

CB!l3aHHOe C 3THM y~aneHHe OT MHmeHeA M3 nepBOrO ~ydneta HHH3 

(an.4, 5) He !IBnaetC!l OTITKManbHHM ~nil nonyqeHH!l nyqKOB Me~neHHHX 

TIHOHOB. Ha nocne~yD~HX atanax pa60TU ~30TpOHa npeAyCMOTpeHa B03-

MOXHOCTb C03AaHH!l AOnOnHHtenbHOrO KaHana TOnbKO ueAneHHHX TIHOHOB 

OT MHWeHH M
3

, 06pa30BaHHHX no~ 60RblnHMH yrnaMH ( ~ 70°) K npOIOH

HOyY nyqxy. 

Tpe6oBaHHe yHHBepcanhHOCTH KaHana K nyqxau ue30HOB pa3HHX 

3HeprHA, llOMKMO OTMeqeHHOrO BHWe 06CTOHTeRbCTBa, npHBOAHT K BudOpy 

yrna MeXAY OCbD KaHana H HallpaBneHHeM npOTOHHOro nyqxa B KaHane YIT

He donee 12°, nocxonhxy ceqeHHe poXAeHHH ue30HOB donomHX aHeprHA 

(donome 200 MaB) pe3KO yueHbmaercB c pocrou: yrna HX o6pa30BaHHH. 

XOT!l OTCYTCTByet Ha6op He06XOAKMHX AaHHHX no ceqeHHHM pox~eHH!l 

u:e30HOB pa3HHX aHepraA nporoHaMH c aHepraeA 680 M3B, ARH oueHKH 

OX~aeuux HHTeHCHBHOCteA MOXHO HCTIORb30BaTb ~aHH~e ~All 3HeprHH 

npOIOHOB 730 MaB/6/.~eACTBHTeRbHO, KaK cne~yer H3 pHC.2 H 3, AR!l 

ceqeHHA TIOA yrnou OKORO 20° H 3HeprHI npOIOHOB 600 MaB/7/, 

660 M3B/8, 91 H 730 M3B/6/ BH,II;HO cna6oe pa3nHqHe ceqeHnA o6pa30Ba-

HH!l TIOROXHtenbHUX H OTpHUatenhHUX M930HOB. 

KaHan COCTOHT H3 qetupex ,~ty6HeTOB RHH3 H ~Byx OTKROH!ID~HX 

uarHHTOB. aneueHTu xaaana npHBe,~teH~ B ra6nHue 4, a HX napauerp~ 
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d2 C5 I CM2 
dEdO cmepad M35 

1f 

5 

OL_ __ _L ____ L_ __ ~--~~~ 
300 E:rrM3& 0 m 200 

PHc.3. Cnexrp orpauarenhHHX naoHOB H3 rpa~ara, odpa30BaHHHX 
no~ yrnou 24° nporcHau:H c a HepneR 660 M3B {gj >KpHBaH I), 
no,~t yrnou 21,5° npotOHlWH c aHepneA 600 M3B/7 (KpHBaa 2), 
no,~t yrnou 20° nporoaauH c 3HeprHeA 730 M3B 161 (KpHBaa 3). 

N,.-110' C~K 
1.50 

1,00 

0,50 

Jr~ 

Be 
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PHC.4. HHT9HCHBHOCTb OTpH~TeAbHHX TIHOHOB B 3aBHCHMOCTH Or 3HeprHH 
B8 BHXO,~te KaHana lli ,ltRH MHmeHel pa3HHX TOA~HH H uarepHanOB, 
xoropwe ~aHH B ra6n.3. 
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., jf·~· 

~aHH B paOore/1/. laOAHOe OTKnOH6HH6 nyqxa y»eHbmaeT ~OH conyTCT

ayDmHX H3nyqeHHA Ha aaxo~e H3 KaHana. Onrnqecxaa cxe»a KaHana 

COOTB6TCTByeT ~OKYCHpOBK6 OT TQqKH K TOqKe, npnqey nocne~HHB ~yO

neT U03BOnH8T B IDHpOKHX npe~enax H3K8HHTb ycnOBHH ~pKHpOBaHHH 

nyqKa B M6CTax pacnonozeHHH ~8T8KTOpa qaCTH~ HnH MHW6HHo HMilynbC

HHft HHTepaan qacTM~, 3axaaTHaaeMHX KaHanow, cocraanaeT ~~' a 

renecaaB yron - 6 wcp ~na MHmeHH, pacnonaraewoB a roqKe M4• 

Ha pHC.4 H 5 npHB6~8H BHXO~ U830HOB B 3aBHCHUOCTH OT HX 3H6p

rHH ~na pa3HHX TonmHH H KatepHaHOB MHm8H8B (H3 Ta6n.3) 663 yqeTa 

nornomeHHH npOTOHOB H M630HOB B HHX ( (p •25MKA). ITpH pacqeTax 

HCnOnh30BaHHCh ceqeHHH 06pa30BaHHa M630HOB 1 nonyqeHHH8 B pa6ot~6/. 
YqeT nornomeHHa npOTOHOB H UHOHOB (npH HCnOnb30BaHHH H3B6CTHHX 

ceqeHHB/6•10/) B KHID8HHX 1 KOTOpHe YKa3aHH B Ta6n.3,npHBOAHT K TOKy, 

qro ~na OepHnnna a oOnacTH uanax (oKono 50 MaB) H OonhmHX (oxono 

300MaB) aHeprHB BHXO~ UHOHOB Hy.!HO yK8HhiDHTb npHM8pHO Ha 12%, a 

B oOnaCTH MaKCHMyua KpHBOR (150-250 MaB) - npHKepHO Ha 

25%. ~H rpa$HTa 3TH nonpaBKH COCTaBnHDT COOTB8TCTB8HHO 8% H 18%, 
a ~na M8~H H CBHHna - nKmh H8CKOBbKO npo~eHTOB. 

CpaaHnrenhHO HeOonhmHe pa3»epH nyqxa npotoHoa Ha »Km8HH 

(nonymHpHHa B ropH30HTanbHOB nnOCKOCTH Y6Rbme 2 CK) U03BOnHDT 

y»eHhmHTh nornomeHHe nHOHOB a MHmeHax H3 nerKHX aneweuroa npH HX 

BHBOAe no~ OonbmHwH yrna»H (70°). ~HaKo y»eHhmeHHe ceqeHHH poz

~eHHH nHOBOB ~aze He oqeBb BHCOKHX aueprHR (IOOMaB) AnH 3THX 

yrnoa npHBO~HT K 6onee 3BaqHT6nbBOU1 OcnaOneHHD nOTOKa W830H0Bo 

~pWHpoaaHne nyqxoa ~na uanux yrnoa oOpa3oaaH»H Ke30HOB 

ae~eT K 3aM8THHM notepaM 3H8prHH UHOHOB npH BH0paHHHX TOnmHHax MH

meHeB. B TaOn. 5 npHae~eHH 3Haq8HHS 3HeprHH n¥.0HOB, o0pa30BaHBHX B 

~eHTpe MHmeHH (£~$)H Ha BHX0A6 H3 H88 (£) o ITOTepH 3H8prHH K830-
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PHc.5. HHT8HCHBHOCTb nonOXHTenbHHX TIHOHOB B 3aBHCHMOCTH OT 3H8prHH 
Ha BHXOAe KaHana lli ~na wKmeueB pa3HHX ronmHH H warepnanoa, 
KOTOpHe ~aHH B Ta6n. 3. 
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HOB B YHllieHH TipHBO~HT K TOMY, tJTO ~RH Me30HOB, BUXO

~~HX H3 KaHana, paaOpoc npoOeroB(crparrnHHr) Oy~er onpe~enHTbCB 

OoJILWHM aHat~eRHeM aaeprHH ( E,,!ii > [ ). Kpowe roro, npn 

O~eHKe HHTeHCHBHOCTH fiHOHOB He00XO~I1MO MCTIORb30BaTb 3HatJeHMe ceqe

HHSI Or£,
11

)
1 

a He 6(E). 

3TH 00CTOBTeJILCTBa BBXBH AnB DHOHOB ManHX 3HeprHI B 3XCnepH

MeHTax C OCTaHOBHBWHUHCB TIHOHaMH. HanpHMep, AJIB DHOROB C 3ReprHel 

23 M3B CTparrJIHRr COCTaBJIBeT .,tO, I r/cM 2 B rpalf!HTe. EcJIH 3TH TIHOBH 

o0pa30BaHH B ~eHTpe MHWeHH, TO OHH HMeDT 3HeprHD 50 M3B H CTpar

rnHHr oKono±0,35 r-cM2, tJTO JIKmL HeBaMHoro ueHLme pa30poca npo

OeroB .;t0,72 r/cu
2

, oOyc~OBJieHHoro HMDYJILCHHM HHTepBanou (.,t~) 
DHOHOB, 38XBatJ9HHHX B KaRaJI. 3TOT lflaKT npHBO~HT K CHHEeHHD DJIOT

HOCTH OCTaHOBOK 

n = ~. c/P-7 
.r. 2 ~ PF< dRr, 

(r~e ctl /1;-- KHTepsan RMnyJILCOB nHOHOB B nyqKe, a 3HatJeRHe ;;; 

OepeTCB B K0RU9 npoOera Me30BOB R s; B Bell{eCTBe), DOCltOnblty BenH

tJHHa dPJ, 36M9TRO yueHLmaetCR B oOnaCTH MaJIHX HMnfJI:bCOB DpH 
ciRs; 

B03paCTaRHH HMnyJILCa. HanpHMep, 3HatleBH9 r.~~ff AJIB 3BeprBH 

50 JI3B B 2,5 pa3a Mem.me, qeM AJIII 3HeprHH 23 li3B. 

B T60nKU9 5 DpHBeAeBW RBTeRCBBHOCTH nyqXOB DHOHOB OOOHX 3Ra

KOB H3 KaRaJia W B HRtepsane 3ReprHI 20-340 MaB. HHT9RCHBROCTb 

nKOBOB H3 xaRana m (raon.5) ~onee t~eu aa ~Ba nop~xa npes3o~Aer 

HHTeHCHBROCTb DY'IKOB/ll/, DOJiyqaeMYX B Racto~ee BpeMR Ra CBBXpO

~&nOtpORe 0RffH,3a HCKID'IeRHeK DftlltOB Me30HROro EaRaBa,no OTHOme

HHD lt :XOTOpHM OHa Oy~er Billie npoepRO B 50 pa3 • 

B taOn. 6 ~aRH HRTeBCHBROCTH nyqXOB DHOBOB H3 EaRaBa lli, KOTO

pHe MOryr 0HT:b HCDOJib30BaHH ~JIB DOByqeRHS OCTaBOBOK DHOHOB B Be~ecr-

Be. 3RatJeHHS DJIOTROCTH OCtaHOBOX Ra 1 r/cu2 KHBeRH B MaXCHMyKe 

14 

OCTaHOBOK yKa3aHH 6e3 yqeTactparrJIHHra H MHOrOKpaTHOrO pacceBHHB B 

ropwoa~eM cnoe. ITpnBe~eHHHe B ra6JI.6 3Hat~eHHB crparrnHHra nonyqe

HH ~JIB 3HeprHH TIHOHOB B UeHTpe MHmeHH H3 Ta0n.5. 0THOCHTeRbHaB 

B9JIHtlHHa crparrnHHra COCTaBJIF.eT OKOJIO 3% K CJiaOo 3aBHCltT OT 3Hep-

rHH DHOHOB. 

HanHtJHe B KaHane ill qetupex ~y6JI9TOB RHH3 TI03BOJIBeT ocymeCTBHTb 

p~ BapHaHTOB lf!OKyCHpOBKH B 3aBHCHMOCTK OT notpe6HOCTeR npOBO~H

»HX 3KCnepHM9HTOB. Ha BTOpHt!HOR MHWeHH MOXH0 1 HanpHMep, DOJiyqHTb 

nyqOK TIXO~~bD BCero B HeCKO.IIbKO cu 2• Ha pHC.6 llpHBe~eH aK~enTaHC 
KaHana ill Ha KKWeHH M

4 
B ~Byx TIXOCKOCTBX ~XB O~Horo 113 BapnaHTOB 

lfloKYCHpOBKK, a Ha pnc.7 - 3KKTaHC nyqroa B ~eHtpe BTOporo ( 3.11.9) 

OTKnOHBD~ero MarHHTa. ]9.11KtJHHa 3KKTaHCa nyqKa COCTaBJIBeT ~-110 CM• 

Mp~ B ropH30HtaJibHOA K 5/.5,6 CM•Mp~ B BepTKKaXLHOR DXOCKOC-

rax. Bacqer npoBe~eH Ha 3BM CAC-6200 no nporpaMMe ontHMH3aUHR, 

pa3pa6oTaHHOR B OHY nEn!5/. 

CymectBeHHHM oOcTOBTe.llbCIBO» npH lflopMHpOBaHRH nyqKOB nHOHOD 

OT BHemHHX MHWeHeJt BBJIBeTCB HaJIHqne npru.tecea npOtOHOB H D03HTpOHOB 

~JIB noJIOXHTeJILHhiX ue30HOB R MeKtpOHOB - ~JIB o:rpHuateJI:~>Hwc:. ITpnMecn 

KDOHOB 06HqRO He npeBOCXO~BT !~. ilO~p00HHe ~aHHHe no cpaBHeHHD 

ceqeHHA o0pa30BaHHB Si :r e :r, p rrpOTOHaMK C 3Heprnea 
/ 

680MaB Ha pa3HHX ~pax OtcyTCTBYDT. 

HeKoropwe ~aHHHe He~aBHO noaBn.IIHCb/6/ ~JIB npoTOHOB c aHeprHea 

730M3B npM B3aRMO~eRCTBHH C ~paMH Me~HOR MKWeHH. 0HH TIOKa3HBaDt, 

qTO B KaHaJI ill, HacrpoeHHWR Ha HMny.IILC 280 MaB/C HJIH 440 M3B/c, rrpo

TOHOB non~aeT Ha nopBAOK 60.IIblle, qey nOXOXHTeJILHWC: TIHOHOB. QnHaKO 

3TH npOTOHH ITOXHOCtbD norJIOTSTCS lf!HJibTpaMH TOX~HHOlt 1,5 H 6 r/c~2 

COOTBeTCTBeHHO (c HeOO.IIbWHMH 3HepreTHtJeCKKKH notepaMH A.IIB llHOHOB). 

ilPHMeCb 3JieKTp0HOB B nyqxax OTpHuaTe.llbHHX DHOHOB npHUepHO B 
~Ba pa3a OO~bme, t~eM D03HTp0HOB B nytlKaX DOJIOXHT9JlbHHX DHOHOB. 
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PHc.6. AKnenTaHc KaHaHa lli B Mecte pacnoHozeHHH MHmeHH K~ B 
ropH30HTaHbHOA H aepTHKanbHOA nnOCKOCTHX. 
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PHC.7. 3MHTaHC nyqKa ITHOHOB B KaHane lli B neHTpe BTOporo OTKROHHD
~ero MarHHTa B ropH30HTaRLHOI H BepTHKanbHOI ITROCKOCTHX. 
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~~.!. ~HTeHCHBHOCTH nyqKOB ITHOHOB tV,~ pa3HUX aHeprHA 
aa Bl:lXO.n;e H3 KaHana lli .n;na MIWieHH M4 H3 OepuJIJIHH 
( E <i ,, - aHeprH.H ITHOHOB B neHTpe MIWieHH, !_, "'25 w:A) 

B,;~;t~.E (Mas) 23.;~;3 50,±6 80.;~;9 I35.;~;I4 [90.;~;I8 240.;~;23 290.;~;2'7 340.;~;3I 

N. .ro-6ceK-I 5 IJ Z1 49 74 II4 109 86 
7i-

AI .ro-6ceK-I I3 42 92 218 386 680 830 760 
s-:~ 

E.,:JT Man 50 75 IOO !50 200 250 300 350 
-

--- ---
TaOJIHUa ~· 

') 

HaTeHCHBHOCTb !'117 H qHcno octaHOBOK ns; B I r/cM~ 
rpa~HTa ,li;J!H nyqKOB ITHOHOB H3 KaHaJia lli ~30TpOHa 

,___. 
£ (MaB) 23 54 80 108 135 

R r/cM2 2,9 II,4 21,6 33 47 

tAR r/cu:2 o, 2'7 0,49 0,68 0,95 1,22 
t11Ff r /cu.2 0,6 2, 2 3,4 6,2 6,8 

Ns; 2, 7 6,2 9,5 12,4 I4,8 
n:;-r 

At:-·I0-6ceK-I 5,0 IJ 2'7 40 49 

n • ro-6ceK -I 
;~7-

1,9 2,1 2,8 3,2 3,3 

AI .ro-6ceK-I 
g;-+ 

I3 42 92 165 2I8 

n~: ro-6ceK-I 4,8 6,7 9,7 13,3 14,6 
"' - - ..___ 

R -npo(Ser ITHOHOB B rpa<PHte, "1: a R5 - ctparrJIHHr, ± t.l R -
pa36pOC npoOeroB, o6yCJIOBJieHHHA HHTepBaJIOU HMITYJILCOB .;~;?%. 

~Hill\ 1: HHTeHCHBHOCTH nyqKOB OTpH!ll\TeJibHHX ITHOHOB H3 
( 

• )/21 
KaHaJIOB I H I1 ~p • 50 MKA • 

---~· Ka .. BaJI I I\aaan II 

B .±AE (M3B) 90.;~;7 90.;~;2L 105.;~;8 I6?.;~;I2 240.;~;19 I05.;t.3 I65.;~;5 290.;~;8 

N.. !.10-bceK-l 
..!i...---

33 250 44 5? 66 16 17 19 

HHTeBCHBHOCTb H3 KaHaJia X BTpoe MeHbme, qeu. H3 KaBaJia I. 
ITyqOK CHJILHO CXO.It.IIIIIHXCH ITHOHOB Ba KaHaJie IX ( iP •IO MKA) 

(£ :!:t~£) = (50!. 7) M3B, tJ,.-= 5.ro8ceK-1 , N:r.•= 2.I09ceK-I. 
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3Ta rrpauecb/6/ AAH ue~Hol URrueHH CHnbHO yueabruaercs c pocro~ 
::JHepraa H yrna BHnera. HarrpHMep, oraomeHae ~: AAH HMnyuca 

"' 
100 M::JB/c, paaHoc G,8 npa 15°,craHOBl!Tca paBHbiU 0,08 npK 150° K 0,004 

.n:na 400 MaB/c a 150°. OTHomeHHs ;,.:: npH rex :a:e yrnax H Hunyucax 
" 

COOTBeTCTBeHHO paBHbl 0,8; 0,14 H 0,014. ITpKBe,n:eHHble ~H~pbl MOryT 

CJIJXHTb JIHmb rpyOOI oueHKO~ AJIS rryqKOB qaCTK~ B YCJIOBHRX ~OpMHpOBa

HHS HX qepe::l KaHaJI lli. 

1.loAeJIHpoaaaae ycnoaHI rronyqeHKH nHOHOB c Hurryni>cow 160 M:1B/c 

OT BHemaeH 110JIH::JTKJieHOBOI MKllieHH TOJllliKHOR 10 r/cu2 no,n: yrJiaMH OKOJIO 
o + o - e 50 .ll)lS .fl - K OKOJIO 30 ,ltJIS Ji' -ue30HOB ,liMO OTHOmeHHe F,' COOT-

BeTCTBeHHO 0,04 K 0,6/!2/. lJISI OTpHUaTeJibHbiX Ke30HOB ::JTa BeJIHqKHa 

Ha 110pHAOK npeBOCXOAHT COOTBeTCTBYDlliYD rrpHMeCb B rryqKax, o0pa30B8R

Hb1X OT BHyT~eHHel MKllieHH. 

4. illKpoxoyroJJLHHe nHORHHe nyqxH 

3TH 11YQKK $QpKHpyDTCS OT WHmeHH, p8C!10JJOXeRROI Ha npOTOHHOW 

rryqxe KaRMa IX. OcHOBHOe Ha3aaqeaHe mHpoxoyroni>HOI coneHOHAaJII>HOR 

JIHH3bl - $QpMHpOB8RHe OTpH~TeJJbHUI 11HOHHbiX nyqKOB C 3HeprHeA OKOJJO 

50 MaB AJJSI paAHOTepanHH H ,ltJISI HCI10Jlb30B8HHSI B HeXOTOpbiX ~3HQeCXKX 

HCCJJe,n:OB8HKSIX. ITOMHWO BHCOXOI 0HOJJOrHqecKOA 3~KTKBHOCTH OCTaHO

BHBlliHXCSI 11HOHOB/IJ/, B HeCKOJJbKO p83 npeBOCXOA~eA a~eKTHBHOCTb 
.n:pyrHX H3Jiyqeaxl, orpxuareni>RHe nHOHH rax:a:e Bwro.n:ao ornHqaer RH3-

xoe aaaq~HHe xxcnopo.n:aoro a~xra/141, xoropHA Bbi3HBaer ocnaOneHHe 

Tepan~BrHQ6CXOrO B03~eACTBHSI H3JiyqeHHI H3-38 KHCJIOPOAHOrO 06e~H8HHSI 

oonyqaeMHX rxaael. 

llpoexr HCI10Jlb30B8HHS CHJlhHO CXOA~HXCS 11YQXOB AJJS 11HOBHOI 

repanHH onHcaa B paOore/ISI. QOwq&o c~oxycapoBaH&He naoaaHe nyqxH 

HM8DT &e00JJI>myD yrnOByD CXOAHMOCTb B ReCXOJibXO r~yCOB, Tax KaX 

cneua~HXa Ooni>mHRCTBa ¢H3HqecxHX axcnepHMeHTOB rpe6yer .n:na cBoero 

II 

npoae.n:eHHH y3KHX H .n:ocraroqao 6JIH3KHX K rrapannen&HHM rryqxoa qac

TH~. ITpHMeHeHae CHJII>HO cxo.n:amerocs nyqxa (Hecxoni>KO .n:ecsrxoa rpa

.n:ycoa) 11pHBO,ltHT K CyrueCTB6HHOyY yaenaqeHHD OTROmeHHS nopaxeHHSI B 

onyxOJIH K nopaxeHHD OKpyxaDruel 3AOpOBOI TKaHH H COOTBeTCTByer ~eJiau 

nyqeaol repanHH. 

~SI C03A8HHSI mKpOKOyrOJibHbiX CXOASlliHXCR nyqKOB HCI10Jib3yeTCR 

11KOHH8SI JIHH38 COJieHOHAaJibROro THna /IS/. B TaKOI JIHH3e 11H0Hbl, BbiJle

T8DruHe H3 UHllieHH 110)1 HeKOTOpbiM yrnou K OCH, ,llBHraDTCSI 110 BHHTOBbiM 

TpaeKTOpHS!M K B03Bp~8DTCSI H8 3TY OCb Ha H6KOTOpOM paCCTOSHKH OT 

TOQKH Bbln6Ta. B COJJeHOHAaJibHOI JIHH3e OTpH~TeJILHHe 11K0Hbl OTAeJJa

DTCSI OT llOJIO:IHTeJibHHX CKCTeMOI BHHTOBbiX AHa~parM, COOTBeTCTBYDlliHX 

11pOTKBOI10JIOZHbiM HanpaBJieHKSK BparueHHSI qaCTKU pa3HOro 3H8Ka. 9Qpua 

BHRTOBbiX ,ltKa¢parM pacCqHTHBaeTCSI K3 ypaBHeHHI ABH:IeHHSI/IS/, a 

norepa B nponycxaHKH cooraercTByDT reouerpaqecxouy rrorrepeqHouy 

ceqeaKD .n:aa¢paru. 

CyrueCTBeHHHU BOllpOCOM npH HC!10Rb30BaHHH TaKOR lliHpOK03axBaT

HOI JIHH3bl SBJ!SDTCS I!JOHOBUe 11pHM6CH ,r"-,1 e_, n B uecTe paCnOJIOXeHHH 

oOnyqaeMoro oo~exra. HcrroJII>3osaHHe no~pn.n: rpex JIHH3 npa pa3MerueHHK 

B ¢oxyce nepBOR 110ATOpM8XHBaDruHX $HJILTpOB ~aeT B03MOXHOCTL llOCJie

AYDlliero OTAeJieHHS B rrpOCTpaHCTBe 11HOHOB OT aJieKTpOROB H MDOHOB. 

HaJIHQHe naTyHHbiX BKJiaAUillel! B,ltOJib OCK Ka:J:AOI JIHH31:l 11pHBOAHT K 

TOyY, QTO ~OH HeltpOHOB B0JIH3H TOQKK ~oxyca BeeR CHCTellbl CTaHO

BKTCSI HHZe npeAeJibHO A011YCTKKOro. 

Ha pHcl !10Ka3aHO pa3We~eHH6 illHpOK03axBaTROI CHCTeMbl Ha nyqxe 

KaRaJia. OrpaHHqHBaDruaH aneptypa Ha BXOAe HM~~T ,ltHaMeTp 46 CM, B 

cpe,n:aeR qaCTH - '/0 CW H BHelliH!dl ,I{HaMeTp - 180 CM. BHCOTa lliHpOK0-

3axBaTROA CHCTeKH 375 CK. HanpazeHHOCTb 110JIH Ha OCH 10 K3; !10Tpe6-

JIS!eKaa woruaocri> - IOOO xBr. 
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Ilpu noroKe nporouuoro nyqrta B IO MKA B KBHaJie IX, .nonycrHMOM 

no yCXOBHHK pa,nua~HOHHO~ 3~HTH 1 HHTeHCHBHOCTD OTpH~TeXDBHX nBO

HOB OT BOJIDlWallOBO~ KHmeH.K 5 X 5 X 5 CM 3 C sHeprHe~ 50.± 7 MsB , ccpo

KYCHpOBaHHNX B oO~eMe npHuepHO rex ze pasyepOB 1 COCTaBHT OKOJIO 

5•!08 B ceK/!6/(.nu noJionrenbHHX nHOHOB -2·109 B cert). TaKHU 

OOpasou, ,IJ;JIH ,nenOBHpOBaHHH ,lJ;03H B !00 pa.n ,IJ;XJ4TeJibBOCTb oOnyqeHHH 

OOCTaBI'IT Ill CKOJIDltO W1HyT. 

5. ~pM14pOBaHH~ Me30HHHX ny'IKOB O,IJ;HOBpeueHHO C 

APYrHM14 ny'IKaM14 

COBepmeHHO O'leBH,IJ;HO, 'ITO s~eKTHBHOCTb HCUOXb30BaHHH yCKOp14-

TeRH cy~eCTBeHHO yBeRHQHTCH, ecRH npOBO,IJ;HTb HCCJie,lJ;OBaHHH O,!J;HOBpe

MeHHO Ha HeCKOJibKMX il~~KaX. IlonyqeHHe Me30HHHX nyqXOB qepe3 KaRan 

I HRH X B03MOXHO o,nHOBpeMeHHO c noJiyqeuueu uearpouuoro ny'IKa 

qepes KaHan Y c BHyrpeuuea MHmeHH M1• B KaRaJiax I (X) npH srou 

MOryT cpopu14pOBaTDCH nyqKH Me30HOB ,!J;OCTaTO'IHO BHCOKO~ 3Hepr14H. 

ilapaMeTpU ny'IKOB B TaKOM peXHKe npaKTHqeCltH He Oy,nyT OTXHqaTDCH 

OT 3Ha'leRHft 1 COOTBeTCTBYD~HX paOOTe TOXDKO KaHaJia I (X).O,nHOBpeueHHO 

B03MOXHO TaKXe H nonyqeHHe fiHOHOB qepe3 ItaHaJI IT, RO HHTeRCHBROCTD 

HX UOTOKa Oy,neT ,IJ;OCTaTO'IHa JIHIDD ,IJ;JIH HaJia,nKH $H3H'IeCKOI annaparypu. 

0T BHyrpeRRel UHWeRH Ml ,nonyCTHMO O,IJ;ROBpeueHROe $OpK14pOBaHHe 

nyqltOB qepe3 KaHaJIH !(X) H II~ De3 norepH HRTeHCHBROCTH 3TO npaKTH

qecEH ocy~eCTBHMO TOJibKO ,lJ;JIH HeCltOJIDKHX peXHMOB paOOTH ItaHaJia II H 

I(X).3uaqureRDHO Oonbme B03MOZHOcTel coBMecruoa paOoru ItaHaJIOB I(X) 

H IT npH UORHOI HHTeHCHBROCTH B O,!J;HOM H3 KaHaJIOB H npH fiOHHZeHHOI 

HHTeRCHBHOCTH B ,npyroM. 

IIpH ,neJieHHH HHTeRCHBROCTH Me~y BRyTpeHHHM 14 BHBe,neBHHK nyq

K8M14Up0TOHOB B03MOXHa o,nuoBpeMeuHaH paOora KaRaJIOB I(X) 14 II c 
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KaHaJiaMH lli, IY, YII HJIH c KaHaJiaMH ill, IY, IX. 3TO 

BeCDMa c~ecrBeHHO npu ucnoJib30BaHHH KaHaJIOB IY, Y, IX, raK KaK 

no YCJIOBHHM pa.nHaUROHHOI 3a~HTH B 3THX ItaHaJiax HHTeHCHBHOCTb BHBe

,neHHHX nporOHOB cunaercs. JlonycrHMB. raxxe o,n;HOBpeueHHaH paOora or 

BByTpeuue~ MHmeHH M1 qepes KaHaJIH I B rr, Kor.na uxmeHb M1 pacnona

raerca He Ha ~HpKy.1114pyD~eM, a BHBO,lJ;HMOU 143 ycKOpHTeJIB nyqKe (nOT!O

zeBHe MBmeBH M2 ). 
IIpl'l ,neJieHHH 14HTeHCHBHOCTH Me~y BHyrpeHHHM 1'1 BHemHHM ny'IKOM 

npOTOHOB MOXIO O,lJ;ROBpelleHHO 1'1Cfi0Jib30BaTb HeCKOJiblW ul'lmeHeil (Mp 

M
3

, M
4

, M
5

, M
6

, M 
11 

) .nna reuepa~HH BTOpH'IHNX ny'IKOB HJIH pa,nuo-

XHM14\IeCKHX 00JiyqeHHI. 

lHB nyqKOB Ke30HOB OT BHemHI'IX KHmeHel B03MOEHH O,lJ;HOBpeueHHHe 

14Ccne,noBaHHa ua KaHaJiax IX H ill. MesouHue ny'IKI'l qepes KaHan ill uoryr 

nonyqaTbCB raKEe np14 paOore rtaHaJia YI c saMe,nni'!TeJieM (sn.4). ~axe 
B OTCyTCTBHe M

3 
14 M

4 
KpaB sawe,nA14Tena B KaHaJie Yl MOXeT CXJZI4Tb 

HCTO'IHHltOM Ke30HOB ,lJ;AB COOTBeTCTBYD~ero peXHMa paOOTU OTKJIOHBD~ero 

uarHHTa KaRaJia ill. ITOTOK lle30HOB B 3TOM peXHile MOXeT c~eCTBeHHO 

npeBOCXO~HTb fiOTOltH OT M
4

, Talt KaK 3HaqHTeJibHaH qaCTb npOTOHHOrO 

nyqxa Tepaerca B sa~~e.nnurene. O,nuaito ypoBeHb q,ouOBHX usnyqeuul npu 

3TOII B03pacraer
1
H norpeOyercH nocne,nyn~ee yroqaeHHe ycnoBHB paOoru 

B 3TOII pexmi:e. 

IlyqKI'l Ke30HOB MOXHO TIOJiy'IHTb qepe3 KaHaJI IY, KOrAa OR He HC-

nOJib3yeTCB ~na ~pllHpOBaHI4B nyqxa nporouoB. B 3TOII cnyqae yesouu 

OT M
4 

14.1114 Ms oOpa3yDTCB OAHOBpeueHHO qepe3 KaHaJIH ill H !Y, HO 

HllfiYXbC MesouoB qepes xauan IY Oy,n;er np14Kepuo BABOe OoJibme, qeM 

qepe3 KaHan ill, a 14HTeHCHBHOCTb B HeCKOJibKO pas M6Hbme 1'13-3a HaJIH

'IHB orpaHI'l'II'IBan~eH aneprypu AHaKerpou 5 eM B coneuoH,D;e KaHaJia IY. 
ITepeqeHb B03110XHOCTeft O,li;HOBpeMeHHOI paOOTH Me30HHNX KaHaJ!OB 

APYr c ApyroM H c APYrHMH KaHaJiaMH, ue l'!cqepnHBan~HHca Bumenp14Be-
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~eHHUMH BapHaHTaMH1 norpe6yer ~anbHe~mero yroqaeHHR B CBR3H c rex

awqecKKM o6ecneqeaHeM (HanHqHeM reaeparopoB TOKa, cyuxapaoA KO~Hoc

TbD ITHtaHHR H oxn~eHHR 3XeMeHTOB TpaKTOB) 1 a taxze ~OnyCTHKHMH 

ypOBHHMH ~HauHoaaoro aarpaaaeaHa. O~HaKo B aacroa~ee Bpewa 

acao, qro 3arrnaaHpoBaaaoe rexaHqecxoe o6ecneqeaHe noaBonaer B aaa

,HtenbHOA Mepe peanH30BaTb nepcqHcneHHUe BHme B03MOKHOCTH O~HOBpe

MeHHOA pa6oru xaaanon nyqxoB. 

6. 3aKJIIlqeaHe 

ilrraaHpyewue xaaanu we3oaaux nyqxoB qaaorpoaa n03BOXHIIT npo

BO~HTb MHOXeCTBO pa3H006pa3HUX 3KCnepHMeHTOB B pa3HHqHUX 06XaCTRX 

HayXH H TeXHHKH. ilapaMeTpU 3THX nyqROB npHBe~eHU B Ta6n. 5,6 1 7/2~ 
3KcnepHMeararopaw 6yAyr ~ocrynaa nyqKH nHOHOB c aaeprHawM 

~0 400 M3B. HHT6HCHBHOCTH nyqROB OTpHUaTenbHUX ITHOHOB ~OCTHrHyT 

5•!08 B cex, a nOJIOKHTenbHUX - 2•!09 B CeK. !TJIOTHOCTH OCTaHOBOK 

B 1 r/cw2 COCTaBJIT COOTBeTCTBeHHO 2•!08!/CeK. r/cw2 H . 

8•!08 I/cex.r/cw~ 
ITOTOKH OTpHuateJibHHX MDOHOB B03pacryt ~0 4.107 B cex, a 

flOJIOXHTeJibRHX - AO 107 B cex, a IX flJIOTHOCTH OCTaHOBOK-COOTBeTCT

BeHBO ~o 4·I06 I/cex. r/cw2 • I06 I/cex. r/cw2• TaJCH)( o6pa3o!l, 

noc•e peKOHCTPYKUHH HRTeHCHBHOCTH Me30RHHX nyqXOB yseJIHqarca noqrH 

aa JtBa nopB,B;xa no cpasaeHIUl c CYIIIeCtBYJIIIHlOI aa cuaxpOitHKJIOtpoae. 

Cuctewa xaHaJios weaORRHX H ayKJIOHHHX nyqxos ~3orpoaa noerpo

eaa c yqerow Hasecraux 3KOHOKHqecKRX u rexauqecxHX orpaaHqeauA npo

BOJtHKOI peKOHCTpYJtitHH CHHXpOURKJIOTpOHa B YCT6HOBKY ·~·. BKecte C 

rew ara cxcreMa ocrasxaer npaxrzqecxze B03KOXHOCTH JtJia nocne.~t~el 

opraHH36IV!H HOBYX KaHanOB nyqXOB 1 aanpHKep, K6Hal6 nHOHBYX OCTaROBOK 

OT BHemael KHmeHH HJIH nyqKOB nonepeqao ITOJiapH30B6HHYX MDOBOB OT 

sayrpessel KHWeHH. 
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B saxnllqeaHe asropa cqHTallT CBOHM npHHTHUM ~onroM no6xaro~a

pHTb uaorRX corpy~HHKOB Ha6oparopHH ~epaax npo6new sa nonesHHe 

06Cyx~eHHH H ITOMO~b B pa6ote 1 OC06eHHO B.IT.~TpHeBCKOro, 

D.H.XeaHcosa, H.H.3annaTHHa, D.M.KasapHHOBa, M.M.Kowoqxoaa, 

H.H.Han~yca, A.H.MyxHaa, O.B.Gaaqeaxo, B.H.caraposa, E.M.Posaaosa, 

C.H.qecaoay. 
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Y CJIOBHSI 06MeHa 

IIpenpHHThl H coo6ll.leHH.R OIUIH paccbmalOTC.R 6ecnnaTHO, Ha ocHoae 
B3aHMHOrO 06MeHa, YHHBepCHTeTeM, HHCTHTyTaM, na6opaTOpH.RM, 
6H6llHOTeKaM, HayqHbiM rpynnaM H OT~ellbHbiM yqeHbiM 6onee 50 CTpaH. 

Mbi O)KH~aeM, qTo nonyqaTenH H3~aHHii: OHJIH 6y~yT caMH npo.Ra
n.RTb HHHIJ;HaTHBY B 6ecnna THOH nOChlllKe ny6nHKaiJ;HH B )l;y6Hy. B nopJI~Ke 
06MeHa npHHHMalOTCJI HayqHbJe KHHrH, )KypHallbl, npenpHHTbl H HHOrO 
BH~a ny6nHKaiJ;HH no TeMa THKe OHJIH. 

E~HHCTBeHHhlii: BH~ ny6nHKau;Hii:,KoTophlii: HaM npHcblnaTb He cne~y
eT,- 3To penpHHThl I OTTHCKH eTa Teii:, y)Ke ony6nHKOBaHHhiX B HayqHbJX 
)KypHanax/. 

B PR~e CnyqaeB Mhl CaMH o6palllaeMCJI K nonyqa TellJIM HaWHX H3~a
HHH C npOCb60ii: 6ecnnaTHO npHCllaTb HaM KaKHe·nH60 KHHrH HllH 
BblnHCaTb ~llJI HaWeii: 6H6nHOTeKH HayqHble )KypHanbl, H3~alOIIJ;HeCJI B HX 
cTpaHax. 

0T.l{eJibHble 3anpocb1 
lf3~aTellbCKHH OT~en e)KerO~HO BbliiOllHJieT OKOllO 3 000 OT~ellbHbiX 

3anpocoa Ha BhlcbmKy npenpHHTOB H coo6ll.leHHii: OHJIH. B TaKHX 3a
npocax cne~yeT o6.R3aTenbHO yKa3biBaTb HH~eKc 3anpawHsaeMoro 
H3~aHHJI. 

AApeca 

IlHCbMa no seeM sonpocaM o6MeHa ny6nHKaiJ;HJIMH, a TaK)Ke 3anpo-
Cbi Ha oT~enbHbie H3~aHHJI cne~yeT HanpasnJITb no a~pecy: 

101000 MocKea, 
F11aeHbiU not~maMm, n/Ji 79. 
H3oame/lbCKuii omoe11 
06~eOUHeHHOZO UHCTIIU11ly1/la 
JiOepHbiX uccAeooeaHuii. 

A~pec ~nJI noch!nKH scex ny6nHKau;Hii: B nopJI~Ke o6MeHa, a TaK)Ke 
~llJI 6ecnnaTHOH IIO~nHCKH Ha HayqHble )KypHallbl: 

101000 MocKea, 
FAaeHblii not~maMm, n/Ji 79. 
Jlay'IH0·1fleXHU'IeCKQJi 6U6/IUOT/IeKa 
06~eOUHeHHOZO UHCIIIUTIIYTIIQ 
JiOepHbiX uccAeooeaHuii. 


