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B B E Jl E H II E 

CoopyxeHHe MOmHHX YCKOpHTel!eU aapHaeHHUX qaCTH~ 118 BHeprHH B COTHH MHilnHOHOB aneKTpOH> 

BOllbT OTKp~O WHpOKHe B03MOXHOCTH ~nH 6onee rny60KOrO H ll0Cl!~OB8TenDHOrO HayqeHHR OCH OB 

H~ npo6new WH3HKH aTouHoro ~pa. 

C03~8HHe B na6opaTOpH~ ycnOBHRX NO~H~X ynp8Bl!ReUHX YCT8HOBOK ~l!R YC KOpeHHR 38pR~eH

H~ qacTH~ npe~OCT8BH110 B pyKH yqeH~ B03MOXHOCTH BY6opa OllTHMBXbHYX ycnOBHR ~nH 

wuauqecKHx aKcnepuueHTOB. EcTecTBeHHo, qTo aTH onTHManbHYe ycnoBHR B nepBy~ oqepe~b onpe

~enR~TCR T8KHMH IT8p8MeTpaMH YCKOpHTenR, K8K 3HeprHR yCKOpeHHUX qacTH~ H HX 06~~ ITOTOK. 

IT03TOUY ~l!R donee 3~6KTHBHOrO ero HCllOilb30B8HHR ~OnxH~ 6~Tb pemeH~ Te BOnpoc~, KOTOpYe 

onpe~enRDT M8KCRU8nbHYD 3HeprHD qaCTH~ H8 ~8HHOM yCKOpHTene H MHHHMBnbH~e ITOTepH qacTH~ B 

npo~ecce YCKOpeHHR. O~HHM H3 pemaD~X WSKTOpOB B 3TOM OTHOWeHHH HBnReTCR xapaKTep H3MeHe 

HHR uarHHTHOrO ITOnH yCKOPHT6l!R H MHHHM8llbH~e ero HCK836HHR. 

He MeHee cy~eCT~eHHO~ RBnR6TCR B03MOXHOCTb npOB~eHHR 8KCnepHM6HTOB HB BHBWHBM nyqKe 

ycKOPHTenR BHe uarHHTHoro nonR u pa~ua~oHHoro woHa ycKOpHTenR. llcnonbaoBaHHe B~Be~eHHoro 

nyqKa OTKp~BBeT 6onef'! WHpOKHe B03MOEHOCTH ~l!R. npHM6H6HHR p83l!006pa3HO~ 3KCnepi!U6HT8l!bHO~ 

UeTO~HKH. IT03TOMJ npo6neua BYB0~8 qaCTH~ RBnR6TCR O~HO~ H3 118H6onee BSXHYX 3B~aq ~ 3i!KH H 

T6XHHKH yCKOpi!Tene~. 

B H8CTOR~ee Bp6MR H3 yCKOpHTeneU C 3HepriiRMil B ~eCRTKH M3B y~aeTCR B~BeCTil He 6onee 

20-30% qaCTil~. B~BO~ qaCTil~ H3 CHHXpO~i!KnOTpOHOB C 3Hepri!RMH B HeCKOllbKO COTeH MaB He npe

B~018eT 5-7%(1). 

XOTR iiCITOllb30B8HHe BHeWHHX nyqKOB il npOi13BO~HTCR B 6onee 6l!aronpi!RTHYX ~l!R 3KCIT6pHMeH

TB yCl!OBiiRX, aaqacTyD OHO COITpRXeHO CO 3H8qiiT6llbHUUil ITOTepRMil iiHT6HCiiBHOCTil B CB~3il C pac

XO~i!MOCTbD nyqKOB. 

ITocne~Hee 06CTORTenDCTBO npi!BO~i!T K yBenilqeHHD BP6M6Hil 3KCrrepi!MBHTOB B006 we 1 a B c ny

qae OIT~TOB, CBR38HHYX C H86l!D~GHii6M pe~KHX C06~Til~, iiHOr~a il K OTK83Y OT i!X ITOCT8 HOB Kil. 

noaTouy BOnpoc~ WOKJCHpOBKH H KaHanHaaUHH BHewHHX nyqKoB cymecTBeHH~ o6pa aou Bl!HR~T 

H8 B~60p OITTHU8ilbH~ YCliOBHH 3KCITepi!U6HTB H1 eCTe CTB6H H0 1 Onp~el!RDT a~eKTiiBH OCTb i!CIT Ollb-

30BBHiiR YCKOpHTeliR. 

ITepeqHC116HH~e BOITpOC~ il COCT8BilnH OCHO BHOe CO~ep~Hile 3KCll6pi!M6HT8ilbHYX pa60T 1 BYllOll

H6HHYX 8BTOpO!I B nepi!O~ 1948-1%3 rr B CBR3il C MO~enHpOB8Hileii(Z) 1 38llYCKOM(3) i1 COBepmeHCT~ 
BOBBHileM(l,4 •5 •6 •?) CiiHXpO~KliOTPOH8 Ra6opaTOpilil ~epHYX npo6neu Q~R~. 

0CHOBH~e 113 3Ti!X pa60T HaWl!H CBOe OTpSEeHHB B H8CTOR 01611 ~OKllane. 

Pa60T~ no ii3MepeHiiiD( ti , 9 ), WOPMilpOB8Hii~(IO,II,IZ) i1 HCnpaBl!eHHD HeO~HOpO~HOCTe~ uarHH~ 
HOro llOl!R CiiHXp OUHKliOTpOH8(I 3 ,I4 ) npi!BeneH~ B rnaBe I. 
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PadOTN no BNBOAY nyqxa H3 YCKOpHTeRR( I, 5 , 6 )npHBe~eHN B rnaue IT, H pa00TN no ¢op

KHPOBaHH~ BHemHHX nyQKOB (4,I5,I6,I?,lB,?)_ B rnaue ill , 8TH paOOTN 0NnH BNnOnHeHN COB Me CT

HO C p~OM COTPYAHWKOB OT~ena YCKOpHTeneR H OT~eHa 3KCnepHMeHTaRbHO~ RAepHOR ~K3HKK Ra

OopaTOpHK R~epHUX npodneY 0Hfin 1 KOTOpUM aBTOp BNpaxaeT HCKpeHH~~ npH3HaTeRbHOCTb, 
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~~ B rnaoe rr, e paoor~ no ¢ op-

:e paOOT~ O~H BllrtOnHeH!l COBHeCT

l pHMeHTanbHOh H~epHOR ~H3HKH Tia

ICKpeHH~~ rtpH3HaTenbHOCTb. 

rJIABA I 
MArHHTHOE ITOTIE CMHXPOUHKnOTPOHA 

I. Paauepll uarHera 

H3BeCTHOe COOTHOWeHHe 

P = mv = eHR , (I.I) 

CBH31lB6Dll(ee HUrtynLC qaCTHU C BenHqHHOM rtOnH H p~HYCOU opdHTil, ~aer D031103HOCTb Ortpe~e-

nHTb HeOOXO~HU!le paauepll uarHHTB ~nR YCKOpeHHK qaCTHU~ 

Ha ypaBH6HHK (1.1) cne~yeT, qTo / 
t ( l ) l 2 HR=ec- EI<+2EKEo (1.2) 

r~e EK - Kl!HeTeqecKaK aHepreK qacTHU c aapK~ou e. , a Eo - aHeprHH noKOK qacTHU • 

.linK aepenHTHBHCTCKOro cnyqaK, EK ..-..-Eo, KIIHeTeqecKaK aHeprnH, npeoope Ta uaR qacTHuel.i 1 

paCTeT rtpH0nHSHT6nbHO KaK KB~paT HartpRmeHHOCTH rtOnK H p~Hyca opOHTil, TO 6CTb 

El( ~ (HR)2 

.l{nH penKTHBHCTCKoro cnyqaK, KOr~a EK >>Eo , aHeprHK qacTIIUil pacTeT TOnLKO npon op

UHOHanLHO nepooh CTeneHH nonH H ~eyca 

EK -HR 

0TCI0~6 cn~yeT, qTO npH rtpOeKTHpOB8HHII yCKOpHTenel\ ~0 3Heprn ll ,ueHbWHX 1000 t.I3B,UeneC000-

p63HO HCrtOnbSOBBTb CHnbH!le rtOnH II donbWll8 uarHHTil CO CrtnO~HilUH UHnH~peqeCKIIUH rtOnDCauH • 

.l{nK 3H6prHii CB!lme 1000 IJa,B CT8HOBHTCK '3KOHOUI!qecKI! H 'rcXHHqec Ktf HepaUHOH8nbH!lU CTpOHTb 

ycKOpHTenH Ha OCHOBe TBKIIX uarHIITOB, HOO aHeprHH qac THUil Haqe HaeT pacTH neue~HO c p~11ycou , 

a CTOHUOCTb uarHHT8 B03p6CT86T rtpOrtOpUHOHanbHO Kydy ero paauepOB. TaK,~nH CII HXpOUHKnOTpOHa 

OHHII Ha aHeprll~ npoTOHOB 70 0 IAaB Bee MarHI!Ta oKono 7000 TOliH, a ~nH yC!WpeHIIK npoTouo n ~o 

3HeprHII B 3-4 paaa Cionbmel! Bee r.tar HIIT8 rtO~OdHOii KOHqlllry paUHII COCT8BIIn Ci!l 200-300 TllCKq 

TOHH. 

Cyll(eCTB6HHOe CHI!llt6HIIe Beca uarHHT8 II rtOTpeCin ReliOi i liM MO~I!O C T ll ~!Ill C03)18liiiR U aaaope 

HYJI(HOII nartpRllt6HHOCTH rtOnH I!OllteT Ci!lTb ~OCT>I rHyTO 38 c qe•r yMe!ILWCHIIfl U0 3.11YWliOr O 3830pa l!eJK

IJ.Y ero rtOniOC8UII, KBK 3TO cne~yeT 113 tjlopMyJi bl 

H = uarHIITOJ!BII.'!!Y!i!aH c11na ::::: N 'J , \1.3) 
conpo TIIBneHII e MarniiTOrtpono~a _ t.__ G 

)J}JoA + ~ 
r~e L - c pc~HRK ~nii HB uarHII THUX CllnOBhDl nllnllii B ll!cn eae , 

G- BHCOTa uoa~ywHoro aaaopa ue~~ nonDCaul!, 

A- ceq eHI!e aaaopa , 

NJ - au rtepBIITKH noaCiy-At,l\aDll(e ii o6tJOTKII, 

)10 - npoulluaet&oCTb BH e nc en e3a 11 

)A - npoHI!UaeuocTL llteneaa . 
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CHHXpO~HK~OTpOH B ~y6He H8 3HeprHD npOTOHOB B 480 M3B HUe~ B03~YWH~R 38-

30p G =80 cu np11 .liii8Merpe no~ncoB B 500 cw. lf3BeCTHO, 'ITO acjxjJeKTIIBHOCTb nomlCOB, TO ecn 

OTHOWeHII8 1!8,li8HIIH M8rBliTHOrO I!OT81!~118Jl8 B 3830pe K 06111811Y 1!8)18HIID ero B I!OJIIOC8 II 3830pe 

cyweCTB8HHO 38BIICI!T OT cj)Oplolbl I!OJIIOC8(I9 ). B 3~eKTp0118rHI!Te lli!THI.Iel'pOBOrO B8p1!8!1T8 

CIIHxpo~IIKJIOTpOH8 OI!TliMBJibH8H cj)opll8 rroJincoB 6~8 KOHCTPYKTHBHO ocymecTBJieHa Ha6opou CTBJIB

H~ )lliCKOB C YM8HbW810~1.1CH )lllalleTpOl.l OT 600 CU y OCHOB8HHH I!OJIDCOB )10 500 CU y B0311YWHO

ro 3830pa. 0)1H8KO KOHYC006p83H8H ~pll8 I!OJIDCOB npliBO)IliT K OTHOCliT8JlbHOIIY YT~8Jl8Hlll0 

M8rHliT8 , YB8Jlli'I8Hlll0 ero p83l.l8pOB ll paauepOB 06MOTKll 11, CJI8)10B8TeJ!bHO , K yBeJIII'18HliiO I!O

Tpe6JIH8l.IOR YODIHOCTll, Kpol.le TOrO, 6onee npOT~8HH8H npll 3T0l.l 06JI8C T:O p8CC8HHHOrO M8rHliT

HOrO I!OJIH OCJIOXHH8T BOI!pOC~ B~BO)I8 llY'IKOB 38pi!%8HHUX '18CTll~ ll3 yCKOpliT8JIH ll C03)18HliH 60· 

J188 3KOHOl.lli'IHOR pa)lli0'18CTOTHOH CliCT8l.l~. 

38Bl1Cli!.IOCT:O H81!pHR8HHOCTll M8rHliTHOrO I!OJIH OT H8118rHll'lliBBIOII\erO TOK8 )IJ!R I!HTliU8TpOBO· 

ro B8pii8HT8 M8rHliT8(IO) I!OK838JI8, 'ITO npll H81lpHX8HHOCTll I!OJIH B 3830pe (I6 + I7) . I03apcT . 

R8Jl830 M8rHliTOI!pOB0)18 81118 )18Jl8KO He )IOCTllraeT H8C~DI8HliH , STOT c})8KT YH838Jl 1!8 B03MORHOCTb 

YB8Jlli'I8HliH p83l.l8p0B I!OJIIOCOB )10 600 Cl.l 6ea YB8Jlli'I8HliH HOIII!HBJ!bHOR l.IODIH OCTll I!HT8Hlll! 06MO 

TOK 1.18rHIIT8. 

ITpll peHOHCTpyH~ll yCHOPliT8JIH B 1953 r 6~Jlll peBJili30B8H~ YK838HH~e peaepB~ 3JI8HTp0-

1.18rHliT8. ITOJIIOC8 3Jl8KTpOU8rHliT8 6~JIII YB81lll'l8~ )10 600 Cl.l 38 C'I8T YCT8HOBKll )IOI!OJIHIIT8JlbH~X 

KOJie~ H8 ero yCTynax , 8 B03)1yw~tt 3830p YM8HbW8H C 80 Cl.l )10 60 CM . ITpll 3TOI.I B8C U8rHliT8 

YB8Jlll'lliJICH H8 I!OJITOpa npo~eHT8 (120 TOHH), 1!0Tpe6JIH8M8H MODIHOCTD- C 850 XBT )10 1000 XBT, 

a aHepriiR ycKopaeu~x '18CTll~ BoapoCJia no'ITH B noJITopa paa8 - c 480 MaB 110 680 MaB(20) . 

2 . KoH d111rypaUilR rroJIR aneHTpouarHH T8 

YCJIOBIIR p8;!1118JlbHOil tl BepTli!(8JlbHO" yCTOii 'IIIBOCTll ,liBllnt8HliH '18CTll!l B CliHXpO~KJIOTpOHe 

Tpe6yiOT, 'IT06~ 38BliClii.IOCTb M8rHliTHOrO I!OJIH OT p8)111yca , X8p8KTepli3Y8l.I8H I!OK838T8Jl8Y 01!8-

)18 I!OJIH 

n = - _R_ s1J:L 
H d R 

6~Jia orpaHH'IeH8 rrpe;~~en8Mll ero li3MeHeHHH 

o < n <t 

(I . 4 ) 

(I .5) 

XOTH B8Jlll'lliH8 HR , X8p8KTe pli3Y!OD18H 3Heprii!O llY'IH8, )IOCTllrB8T CBOero 1.18!<CliM8Jl:OHO-

ro 3H8'18HliH llpll n =I, O)IH8KO llP8KT11'18CKllll llp8)18JI ycKopeHliH '18CTll~ H8CTyll88T B CII HXpO~K>

JIOTpOHe ropaa;~~o paH:owe - np11 aHa'leHHII n = 0 ,2 + 0 , 25(2I , 22). 

0THOCIIT8JlbHO H8li60Jiee 3KOHOUli'IHOil KOHCTPYK~ell CliHXpO~KJIOTpOH8 HB~HeTCH Ta, npll 

KOTOpOll 3H8'18Hll8 n = 0,2 + 0,25 )IOCTllr8eTCH H8 B03MOli!HO 60JibW8M pa)lllyce M8rHliT8, Y 60Jib'

WliHCTB8 ycKOPHTeneR 3TOT npe,lleJI:o~li P811HYC ycHopeHliH HBXOIIIITCR Ha paccTORHllll nonyaaao pa 

!.18XIIY I!OJI!OC8l.lll OT KPBH uarHIIT8, 
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480 M3B nuen B03~ywauA 3a

ro 3<fxjJeKTHBHOCl'b nORJOCOB 1 TO ecl'b 

uy naAeHHIO ero B non~ce " 383ope 

liTe nl!TIIuerposoro aapHaHTa 

KTHBHO OC Yil\6CTBR6H8 H860pOM CTBRB

HHH nORIOCOB AO 500 CK y B03AYWHO

T K OTHOCHTeR»HOyY YTHMeneHHIO 

CR6AOB8TeR:OH0 1 K ysenHqeHH~ no-

3TOM o6nacT» pacceRHHoro uarHHT

~THl\ 113 YCKOpHT6Rf! II C03A8HHH 60· 

H"qHBBIOWero TOK8 ARH nHTH1.!6TpOBO· 

noRH B 3a3ope (!6 t- I7) . I03apcT . 

• 3TOT ifJSKT YK838R H8 B03M0li(H0CT:O 

lHHBnbHO~ UOil\HOCTH nKTBHHH oOuo-

laH~ YKB38HH~e pe3epa~ aneKTpo-

38 cqeT ycTaHOBHH AononHHTen:oH~x 

I AO 60 CM, ilpH 3TOM Bee K8r!IHT8 

MOWHOCTD- C 850 ltBT AO !000 ltBT, 

18 - C 480 Mas AO 680 M3B(20), 

:eHHH qaCTHl\ B CHHXPO!\HKROTpOHe 

:apaKtepH3yeuaR 110K838Teneu crra-

(I .4) 

(1.5) 

t AOCTHI'86T CBOero 118!(CIIM8R:OHO

HHH qaCTHl\ H8CTJ!186T B CII HXpO!\HK~ 
,22). 

PO!UiKROTpOHa HBRH6TCR Ta 
1 

llpll 

6on:oweu paAHyce uarHHTa. y Oon:o~ 

D~HTCH Ha paCCTORHHH rrony 3a 3opa 

Peryn11posaHHe 113MeHeHHH n a~onz, PMHyca ocywecTBJIHeTcH 113Meaeal!eu B03~ymHoro 3a3o

pa 11e~y TJOJI!lCHWII H8KOHeqHUK8Mll MarHHT8, TaK KBK nJIOTHOCT:O nOTOKB B !16JIB36 He HBJIHeT CH 

nOCTOHHHOM BBRI!qi!HOil, TO 06blqHQ 38!WH 113M6H6HHH r\ OTJpe~eJIHeTCR 3KC116piiM6HTBJibHO H8 OC

HOB8HHH HCCJIB~OBaHHH 3JI6KTpOMarHIITOB H8 U0~6JIHX, B ~eCHTKH II COTHII pa3 (!9) MBH:OWIIX 110 B6-

CJ , 0~H8KO CY1~6CTBBHHOB yrrpOil\BHIIB KOppeK!\1111 llOJlH K8K B IIO~BJIII, T8K II B peaJibHOII MBrHHTe, 

MO~BT 6~ T» C~eJI8HO, BCJIII 113B6CTHO OTJ!Hqlle peaJI:OHOrO n oJIH M8rHIIT8 OT Tp e6yeuoro. B 3TOM 

cnyqae JierKO Ol\6HIIT:O pacqeTHW rryTeM HC06XO~HII~e !lapaMeTpu CT8Jl:OHUX JIHCTOB- WHIIM( 23) , 

JCT8HOBK8 KOTOp~X H8 llOJIJOCBX 1103BOJIHe T HJ)i(H~M 06pa30M CKOppeKTIIpOB8Tb ITOJIB B 3830pe Nar

HHT8. EpycOK X6JI638 B MBrHHTHOM !lOJle, B 38BIICIIMOCTII OT COOTHOWBHIIH ero pa311epos , H8118PHII

qliB86TCH ~0 BeJillqiiH~ 

- 8 .U -~ 2a'icc 1 

r~e uaKCllllaRbHOe 3HaqeHlle IIH~YK!\HH B xeneaa B = 21000 raycc. B np~nonoxeHHH pasHouepHoro 

OC6BOrO H8M8rHllqi!BaHHH 6pyCK8 (qTO XOpOWO !10~TB6~86TCR 3KC!16pliMBHT8JibHO B nOJIHX 

H > 8000 a peTe~), MBrHIITHOe TJOJie HzOT l!teJI B3HOrO 00p83l\8 ( V') IIOXB T O~T» Ha~eHO 113 TJO

T6Hl\H8JI8 ( 24 ,G) 

(1,6) 

(!.6.) 

~HTerpl!posaal!e B~paxeHHH (I.6') B 3a~aHH~x npe~enax paauepoa o6paal\a mHpHHO~ 2a, 

TOJIIl\IIHO!l 2 d II ~JIIIHO~ 2 e ~BeT B~p8:KBHII6, OllpB~BJIH!lll\BB BeJillqi!HJ TJOJIH OT JK6JI63HOrO 6pyCK8 

BBII~e:H =-.llfa-r.ct .x-a y,e -aut .:x: -a !J·t.. -
z ~ 9 Z·d V!~•tJ2•(x-aJt•cz·dJ2 ~ Z·dvrr;-tJ'•cx·aJ•·cz ·dJ1 

-a leta ~ y • ' + a'l.cln :r.. c1 y- e '+ 
d 2-d V!'j•tJi+(.X+aJ2•(l·dJt 7~ Vc~ -tJ*• <x•aJft(Z·d J R 

+ alCtn .x +a !I+ t - a<ct l: +a • t 
4 1 +d V(~ •l)2 +(X .aJh( z +d)2' ~ l•d V (y -lJ'· +(X •aJ2 + (l tdJf 

- a'l.ct.o .x ·a Y • t + a-zct.a l: ·a y · t } 
-~ Z•d V<~·tJI •(x-a)t•\z•dJf a Z+d V!~·t]2•(x-aJ2+(l•d.Jf ' 

S~ec:o oc:o f. HanpaBJieHa no IUIIpHHe o6pa3l\a, oc:o ~ -no ero AJIHHe, a ocz, Z 

TOJIWI!He C l\6HTpOII CIICT614~ KOOPAIIHBT, COBI1~8l0l!llll4 C l\6HTpOM 06pa3l\8. 

(I. 7) 

- no ero 

B nnocKOCTH Z=O ypasneHHe (I. 7) ~JIH ~ =O 11 ~ =f npi!Hil:JaeT cn~yiJllll'lil Dl'l~ : 

H (X00)=·4.JJ.fa1.ctal:.!E. t -al.Citll:-a e 1 '' '.: 4 d Vt*+(xHJ.jl•d 1 ' '~Vt*•<x-a]l 
u H1(x e o)=·2JJ la-ze~ J:+a zt -a1.ctn .x-a :u 

" \' d V4t'+(X+C1.}2 +d1 • ? d V4t1+(X·CI.JZ 

+ d2 .) 

) ' 

(I . 8) 

td2 

/lJifl 06p83l\OB , .liJIIlH8 KOTOp~ 2e >> 2a 11 2d , cne.nyeT, qTo 

Hz (x,o,o) =2H1 (X,e,o) . (1.9) 



Eclnl ,lllmHa o6paa ~a TOli:&Ko B 2 paaa tloll:&me ero nonepe'll!wc paa11epoB 2a 11 2d , TO pac

'l eT nOliH OT ClpyCKa MOlitH O npOBO,liiiT:& no ilxJpllylle ,llliH 6eCKOHe'li!O ,llliiiHHOrO 06paa~a 

H2 (X,O,O) = -4.u (a1.ct~ :r;/ -cn.ct~ :x: da) (I.IO) 

C IIBKC11118li:&HOH OIIIII~KOH He 60lle e I O%. np11 3TOII nolle Ha Kpa~ TaKOrO 06paa~a 6y,lleT TBKXe B 

.1\Ba paaa MeH:&me, '! ell nolle Ha ero cepe,1111He (I.9),c TO'IHOCT:&~ .110 IO%. 

nolle oT .liBYX o6paa~oB, paaMemeHH~ B 11arHIITHOM nolle ,11pyr H8.11 ,11pyrou c aaaopo11 2n c11u· 

MeTpli'IHO OTHOCI!Teli:&HO cpe,liHell nliOCKOCTII MBrHl'!Ta, B nliOCKOCTII l :0 Onpe,llelll!eTCII Clle,llyll-

H - 2.1.1 {a 1.cta x · a · e - a 'leta x. -a Y ' t -
1111111 BllpaJKeHI1eu: z- 4 h V<~ -eJ'"+(x-a;• •h• ' 4 h V<~·tJ'•rx · aJ' •h'' 

-a7.ct.a.:r.•a Y - t + a7.cin :x. •a Y • t + 
·? h Vfl;·~J2•(x.a)'•ht' ? h VCy+t)1+(x+a)'• h1 ' 

:x.+a Y·t x•a Y•t (I.Il) +a·wtn-- -a"Z.cln -- -
? h •2d V<~·t)l+(X+a)2 •(h•2d)' ? h •2d VHt•!J'•!x•aJ'• <h•2d)2' 

-a-z.ctn:x.-a Y · t ta-z.cta.:r.-a Y+l } 
·-a h•2dV<v·!}1 +(x-aJ'•(h•2dJi dh•2d V(!l•t)••cx -a.)'•(h•2d/' · 

Ha'laliO KOOp,liiiHBT pacnOliOXeHO B ~eHTpe CIIUM6Tp1111 ,liByx o6paa~OB. 

AHaliOrii'IHO (I .IO). nolle OT ,liByx 6pyCKOB npi! e ~ 2h B nJIOCKOCTII I =0 P~CC'Il!TllBBeTCll 

no ilxlPIIYlle : 

H( )4 f t.x•a tn.X-a t.x-a tn:x.ta.) ~x.o, o = ..u 1a7.c~-h--a-z.c7 -h-+a<c~h+ 2ct-a1c--atlt2a . (I.I 2) 

EcJIH TOllll!l!Ha nllaCTI!H 2d llal!B no cpaBH6Hl!~ C aaaopou 2h ll!lE.liY Hl!llll, TO !POpyYliB 

(I.I2) npi!HI1118eT Bil,ll: 

(d}(.x.•a I 
H1(X,0,0),.8J.I h -h- l+(•haJ' x. ·a I ) 

- -h- I + (1-~·g_)t . (I .I3) 

TaK KBK npl! KOppeK~l! nOllll B 3830pe IIBrHI!TB litelle3Hlle nli8CTIIH!l-llll!llllll yKpenllli~TCll He

nocpe,liCTBeHHO 118 nOliDCax, TO He06XO,liHIIO yqeCT:& BllilliHI!e Kelleaa IIBrHHTB H8 C06CTB6HHOe noJie 

111111111. 3TI!II BJIHRHI1ell IIOlitHO npeHe6pe'l:&, ecllll nOliDCB IIBrHI!TB nOliHOCT:&D HBCllll!eH!l (Kp~ IIBrHII

Ta). 
nllll nOliDCOB 1,11BlleKIIX OT HBCllll!eHHll (~eHTp IIBrHHTa),IIX nOB6pXHOCTH IIOKBO paCCIIBTpi!BBT:& 

KBK 3KBllnOT6H~Bllll 1 11 peayli:&TIIPYDII!6e nolle ,liByx 111111111 nollyqaeTCll B peayJI:&TaTe 6ecKOH6'1Horo 

'111Cll8 OTpaliteHHll B nOliDCax(25); 

(dl[.Xtl1 Hzlx,o,o)=2 ·8JJ h -h-

Cyu11a B BllpaxeHHII (I.I4) 

f (2n · l)1;(L!A''-
fl•f h 

IIOliteT 6!lT:& 3BnHC8H8 KBK 

.:x:-a ~ I ) 
- h- L(2n-1) 2•(~J 2 • 

n =! h 

(I .I4) 

f .. ~ ... ~ ! ! 
- 0V. JT+lT' + Rm (I .I5) 

n =I 
r,11e CyYIIB OCTBTO'IHWC 'lli6HOB 3alleHeH8 IIHTerpaJIOII: 

R _ j- dn _ ! ~ 6 , 
m - (2nJ', 6• -~ a1.c 2m • (I .I5 ) m t 

MaKCIIllal!:&aoe aHalleHHe cywll nollyqaeTCII npH 6 =0 H paBHReTCII ~ = I.2337. EcJIH orpaHH-

'IHT:&CII cywoll nepBOrO 'lli6H8 pa3J!OlleHIIH (l.I5) H OCTBTO'IHOrO 'lli6H8 (I.I5'), TO npH m =I 
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pe'!llwc paauepoB 2a 11 2d , TO pac

ae'!llo ~RIIKHoro o6paaua 

) (1.10) 

38~ TaKOI'O 06paaua 6y~eT TBKXe B 

~Tbll ~0 10%. 

l ~pyr Ha~ ~pyrou c aaaopou 2h c11u· 

WCTII Z = 0 onpe~eJJHeTCR cne~yD-
:ncta X·a Y • t 

4 h v(~· tJ'•fx·a.J2. h •. 

1 • e 
+(x •a)• • h.' ' + 

y •t (I.II) 
Vfll•lJ'•fx•a)f• (h+2d)2' -

y •t } 
W;•t)2+(x·aJ'•(h•2d/' · 

83UOB. 

B nROCKOCTII l =0 p~CC'lll'l.'biB8eTCll 

·a :x. +a) 
•2d -a1c~ h •2d · (1.12) 

II 2 h lllliK~Y Hllllll , TO ljiopuyna 

(1.13) 

e nR8CTIIH~-m111111~ yKpehRRilTCH H6-

~Re3a 118l'HIIT8 H8 C06CTBeHHOe none 

~ i!ORHOCT~Il HBC~eH~ (Kp~ 118l'HH-

noBepXHOCTII IIOXHO paCCII8TpiiB8!~ 

l6TCR B peay~TaTe 6eCKOH6'lHOI'O 

-L (2n·1)2~(~)2 ] . (1.14) 
n'f h 

Rm 

1ft 
TCH --8-- = 1.2337. 

ro '1.1Ieaa (1.15'), 

(1.15) 

(1.15') 

ECRII orpaHII

TO npH m =I 

Om116Ka B onpeAeReHIIII CYIIII~ 6y~eT 116H~me !,5%. MaKCIIUaR~HOe 3HB'leHHe cyuu~ ~OCTII!'BeTCR 

np11 :x;,o ~nR a<< h 
Ha p11c.I npi!Be~ea~ aaa'leHIIR H1 /sJJ.d/n ~nR paanll'lHWC aaa'leHIIIi o.f'rt KaK ljiyHKI..\l'lll :x./h. 

C y'l eTOII II Oea y'le TB OT06paaeHII" B non~cax. 

B pean~aou uarHI!Te nonllCa aac~mea~ aa116one e cl!n~ao K Kpa~ uarHHTa 11 cna6ee B era 

ueaTpe. noaTouy B pacqeTax nonR m~~uu ~RR KPaR nonllC OB npHueHIIMa ljiopuyna (1 .1 3), a ~RR 

U6HTpaR~HO" 'lBCTII - ljiopuyna (1.14). 

Ko3~11UIIeHT JU , xapaKT6p113YilWII« H8C~eHIIe WIINII, He ~OCTII!'BeT CBoero IIBKCIIMBn~HOI'O 

aHa'leHIIR ~~O raycc ~nR o6pa3UOB, TORWIIHB KOTOp~X 118R8 no Cp8BHeHII~ C IIX Wllp11H0" 1 11 6RH
B 30K K Benll'liiHe nOll!! B 3830pe 4~ raycc. B npouecce KOppeKUIIII nOM 3H8'leHHe M yTO'lHR6TCR 

3KCneplllleHTBn~HO. 

TBKHII o6pa3011
1

113 piiC.l BII~HO, 'iTO H81160Ree CHR~HOe MllllHHe aeneaa nORilCOB npH .f»! 
cooTBeTCTByeT, no Kpa~e" uepe, ~BoeHIIIl nonR m111111, aaKPenneHHWC Ha nonllCax, 'iTO np11 ua

~x TORWIIH8X Willi II 2d < < 2 h COOTBeTCTByeT y~BOeHH~ TORWIIH~ Wllllll~ B ljiopuyne (1.13). 

Eea yqeTa nocne~y~x oTo6pax eHII« 11a ljiopuyn~ (1 .13) cne~eT, 'iTO none WHUII yO~BaeT 

~0 HyRR H8 paCCTORHHII 
X ,=!Va'•h.' (1.16) 

II ueHHeT 3H8K npll :X: > :X 1 

,l\RH Y3KIIX Wllllll, K0!'~8 0 < < h yae H8 p6CCTORHIIH nonyaaaopa Me'&~ HilMI!, none Cna,llaeT 

.110 nynH. 
llpll WllpHHe WHIIII, p8BHOU aaaopy , none cna~aeT ~0 HYRR H8 p8CC TO RHIIII~MeH~Well , qeu 1 , 5h. 

B 06li8CTII :X >:X
1 

OTpiiUBTeli~HOe nolle WIIIIM COCTBMReT HeCKO~KO npoueHTOB OT nOll!! Wllllll~ 

npll X=O , y6~BaH ~0 HYllll npll X>>X 1 

,l\llll meCTIIUeTpOBO!'O 3li6KTp0118l'HIIT8 npoljil!n~ 1!1111111 , onpe~elleHH~« H8 era MO~ellll B ll8CWT8-

6e 1:4,16(26 ~ C03~8B8liCR H860p0M WIIM II p83llll'lHO« TOliWIIHH B mecTII KOli~UeBWC 30H8X OT R =100 

cu ~o R = 300 cu, paa611TWC Ha 24 yqacTKa. 9To coa~aBano aKcnepllueHTallbH~e y~oOcTBa np11 

I!CnpaMeHIIII OTKliOHeHII« nOll!! peanbHO!'O 118l'HIIT8 OT nOR!! 6!'0 IIO~ellll KBK npll C03~8HIIII pa,ll118nb· 

HOI'O cna~a , TBK II npll IICn paMeHIIII 8311/lYTBllbHO« HeO~HOpO~HOCTII II IICK8llt6HIIil Me~II8JI HO~ no-

BepXHOCTII . 
Ha p11c.2 npe~c TaMeH rpaljiiiK 113MeHeHHR noliR H._ 11 noKaaaTeliR cnana noliH n KaK 

ljiyH KUIIII pa~HyCa WeCTI!II eTpOBO I'O C~HXPOUIIKli0TpOH8 C WIIMII81111 pacqeTHO!'O II 3KCnep11116HT8llbHO!'O 

B8pii8HTOB(l3). llpi! 38,li8HHOM MIIHIIM8llbHOM 3830pe H8 Kp8~ nOllllC8 (46 CM) 6~ll nolly'leH npe~ellb-

R = 279 cu ( n = 0 ,2) np11 cnane nonR 4,9 %. 

llpi! 3TOII reoueTpll'l6CKII~ P8JIHYC yCKOpi!TeliR (300cu) HCnOllb3Y6TCR Ha 9j~ npll yueHbWeHIIII 

3830p6 M6li01J' nOllllC81111 3lleKTpOM8l'HIITa Ha 23%. Ha yCKOpi!Tel!e B 'liiK8l'O MIIHIIM3llbHHI1 3830p MeHJo

we uaKCIIII8li~Horo Ha 22%, Ha ycKopiiTene B nH Bepnyne -na 26~, a a lllltcOypre-aa 37 , 5~ . ITp11 

II 



3TOM reoueTpH'I.eCKHU p~HyC HCnOK&ayeTCH Ha 91%. 

~lift yueHbW8HHH 30HY eCTeCTB8HHOrO napa60l!H'1.8CKOrO cn~a nona E neHTpe U8rHHT8 OYliH 

paCC'I.H T8HY U8HTp8llbHYe WHUMH - KOayca. 

~nH WHUU t paauepy KOTOpbiX 2a ' 2 t << 2 h II TOJlliUIH8 2d < < 20 ,paC'I.eT npOH3EO~BliCH no 

cjlopuyne Hz(x,o.o)=8.u(f)(~J[Va'•h' (x•aJt'- ya••h' +(x·aJt' 
:X•a :x:.-a ] 

(I .17) 

~nH TOHKOll, CT8plltH8EOll Wllllllbl 1 KOr~a 2d>> 2a , paC'I.eTHBH ilJOpuyna npHHHU88T EH~! 

(a )2 [ 1 I I l 
Hz(x.o.o}=8.U h Y 1 •(f]f'- (1+ 2d/hJ2 V 1 '(~l . (I.IB) 

Y'l.eT EnHRHIIH lit8lle3a nOnllCOE, E COOTE8TCTEHH C EblW8H3liOllteHHYU t npoii3EO~IIl!CH Y~E08HH811 TOll-

WIIHbl WIIUI!bl . 

UeHTpallbHbl8 WHUMbl - KOHyca , K8K nOK83YB8~T TeOpeTH'I.8CK8H OU8HK8(2I) H 3KCnepHU8HTbl C 

nyq itOM ycKOpe HHbiX qacTHU( 3), ynyqma~T uarHHTHY~ WOKYCHPOEKY E neHTpe H cjJHKCaUH~ ueHTpOE 

opOIIT. 3 TO npHEO~IIT K cyweCTB8HHOUY YE8l!H'I.8HHD IIHT8HCHEHOCTH EHyTpeHHero nyqK8 . Ha n R TII Me ~ 

pOBOM CHHXPOUHKliOTpOHe OMRM T8KH8 KOHyC8 YB8llll'l.llllll IIHTeHCHEHOCTb ny'I.K8 B 5-8 paa( 3). 

Mauepeaza uarHHTHoro nona npz coa~aHIIH Tpe6yeuoro aaKoaa cn~a nona no p~11ycy npoH a

BO~IIliHCb C nouo~~ ~Byx UHOrOEHTKOEbiX K8TYW8K 1 nOEOp8'1.11E86UbiX O~HOBpeueHHO H8 !B0° C no-

110~~ npYJitiiHHOro U8X8HH3U8. O~Ha 113 H3U8piiT6llbHblX K8TY W8K cjJIIKCHpOB8li8Cb B U8HTpe uarHIIT8 1 

a BTopaa- nepeuewanacb no ~Hycy(B,9). 
~l!R Ha6elltaHza ~nzTenbaoll npoue~ypbl no~roaKH napaueTpOB KaTYWeK nocne~HHe nouewanHcb B 

O~HOpO~HOe uarHHTHOe none H8 UIIH11118llbHOII paCCTORHIIII IIX ~pyr OT ~pyra. 

PaaHH UB B 3~C, npH nOBOpOTe KaTymeK H8 !B0°, KOUneHCIIpOBHliHCb COOTB8TCTEYDWIIU liO~OO

pOU COnpOTIIBli8HIIll B ~~~~peHUHHllbH0-68llliHCTH'I.eCKOll cxeue 113UepeHHll. 

YK838HHblll U8TO~ 06ecne'I.HB8ll TO'I.HOCTb HSUepeH~ 0,1%. KOHTpOllbHble 113U6peHIIR cna~a nOliR 

npOIISBO~IIliiiCb C liOIIO~~ fiA8 PHO-a6cop6UHOHHOro UeTO~a. 

3. McnpaBlleHHH 83HUYT8llbHOll HeOAHOpOAHOCTH nOliR II 

IICKaliteHHll U8AIIaHHOll nOBepxHOCTH 

npz coopyxeHHH UHKnH'I.ecKHx ycKopHTenell aapHMeHHbiX qacTHU 1no coo6paxeHHHU aKOHOUH'I.eCKO· 

ro H T8XHII'I.8CKOro xap8KTepa,orpaaii'I.IIB88TCR 06~eu uarHHTHOrO nOliR, B KOTOpOU '1.8CT11Ubl UOryT 

~BHrHTbCH. IT03TOUY K KOHcjJMrypaUHH uarBHTHOrD nona npe~~HBHH~TCH 6onee llt8CTKHe Tpe60B8HIIH, 

'1.811 3TO HeOOXO~IIUO A•H C03A8RKH rrpOCTpaRCTBeRROA YCTOA'i.HBOCTII ABHXeRKH '1.8CTHU B aaxuy-

Tan•ao-cHuueTpii'I.HOU none ( o" n < I ) • IIS-38 IICKaXeHHll U8rRKTHOrO nol!R t BblSblBaeubiX HBliH'I.II-

eu liOK8llbHHX HeO~HOpO~HOCTeU U8Tepll8ll8 noli~OB II WHUU 1 8 TBKie ReTOQROCTb~ IIX H3rOTOBAeHRH 1 

npOCTpaHCTB8HH0-3aiiKHYT8H OpOHTH ~BIIX8HUH 'I.BCTHU 6~eT 0TnB'I.8TbCH OT OKPYJitBOCTII. 3TO npiiBD

~IIT K TOUy, '!.TO, nOUHUO CBOOO~HblX KOlle08HIIll 1 'I.BCTIIUbl 6y~yT IICllblTblBBTb BblB~eHHble 8KCH8llb

Hble II ~118llbHbl8 KOAe6aHHH. CBH3b aTHX KOl!e6aHH" C HCKa&eHHeU U8PBIITBOrO nOliH Onpe~enHeTCH 

ypaBHe~ 
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l,Zta fiOJIH B !le"HTpe 118rHHTa 6!iJIII 

<< 2a ,pacqeT IT poHSBO~BJICH no 

<-a.J''] 
(I .17) 

~HSH ~pllyJia n piiHIIIIaeT BH~: 

(I .I B) 

:!ill , npoHSBO~JIC H Y~B0 6HIIell TOll-

KSR oneHKa (2I) 11 aKcneplllleHT!i c 

Y B neHTpe II ~IIKC81lH~ neHTpOB 

Til BHyTpeHHero nyqKa . Ha f! RTIIM6 '!'

BHOC TL nyqKa B 5- 8 pa 3(3) . 

ORa cn~a n oJIR no p~Hycy npoHa

M!iX o~HoBpelleHHo Ha 180° c no

~Kcl!pOBaJiacL B !l6HTpe llarHH Ta , 

B K8TJW6K flOCJI6~HHe fi OIIell(a JII!CL B 

r o r ~pyra . 

POBSJISCb COOTB6TCTBymll(l!ll no~6o-

311epeHHll . 

~OHTpoJILH!ie 1! 3116peHI!R c na~a fiOJIH 

r11n 1no coo6pa~eHHR» oKOHOJIKqecKo

l fiOJIH , B KOTOpOII qaCTII!l!i IIOryT 

I~TCH 60Jie e X6CTKI! e Tpe60B8HHH, 

~TH ~BHH6RKR qaCTK!l B 83KJIY

'HHTHOrO fiOJIH, B!i3!iBaeJIWI: H8JII!~

lKI6 HeTOqHOCT·~ KX K3rOTOB.eHKR, 

lqaTbCH O'r OKpy&HOCTII. i'ITO npi!BD

IICfl!iT!iBaTL BYH~eRH!ie aKCIIaJib

:ell 118rHHTHoro noJIH onpe~enneTCH 

r~e PK - aunJIII TY~!i rapiiOHIIK KOJie6aHI!ll qacTIIIIt a 
A H (tp)K 

Ho 
- allfiJIRTy~ rapiiOHI!K I!CKSXeHI!ll fi JIO CKOC!II II fiOJIH . 

(I.I9) 

YpaBHeHI!H (I. I9) H8KJI~!iB8~T xeCTKI!e or paHHqeHIIH Ha ~OfiYCTHII!ie IICKa!eHIIH llarHIITHOro 

fiOJIH yCKO piiT6JIH , TBK KSK B03HI!K8~1l(l!e np11 3 TOM B!iffY~eHH!ie KOJie6aHI!H qaCTII!l Oy~yT yueHLWSTL· 

3~eKTIIBHO I!CfiOJILSye»yn 06JiaCTL YCKOpeHI!H o TaK , H8flpllllep , ~JIH me CTI!IIeTpOBOrO YCKOpi!TeJIH 

~OC TyfiHBH ~JIH YCKOpeHIIH qaCTII!l 06JiaUTL , orpaHI!qi!BSellaH flO B!iCOTe pa3Mepalll! ~aHTa II TOq

HOCTb~ ero YCTBHOBKII uTHOCI! TeJILHO cepe~I!H!i aaaopa llar HI!Ta , lleHLme ~ 6 Cli o fiOoTOIIY llaKCII-

118JILHOe OTKJIOHeHI!e qaCTH!l 113- 38 CB060~HliX II B!iffY~eHH!iX KOJie6aHV.ll He ~OJIXHO npeB!iWSTb 

5 + 6 Cll. ECJIII npi!HHTL , qTO SllfiJII!Ty~a CB060~HliX SKCIISJILH!iX KOJie0aHI!ll paBHReTCR 3 Cll , TO 

OTKJIOHeHI!e paBHOBecHoll op61!T!i Z K OT cepe~IIH!i aaaopa He ~onxHo npeB!iWBTL I - 2 cu. 0Tc~a 

CJie~yeT, qTO MI!HIIIIaJibHOe OTKJIOHeHI!e lle~I!SHHOJI fiOBepXHOCTI! lNK , Oflp~eJIReiiOe 113 ypaBHe

HI!JI (I.I9) np11 K=I, Oy,neT paBHO 

Z 1-n 
.All = n. ~ (I + 2) = 4 + 8 CM. 

' TaKI!U o6pa3011 1 JIOK8JibH!i6 IICKazeHIIH II~I!SHHOll fiOBepXHOCTII ~OJIXH!i 6!iTL Onp~eJieH!i II I!CnpaB

JieH!i C TOqHOCTLD 1 JiyqweJI qeu 4 Clio 

TaR KSK PaJ1118JibH8H K011f!OH6HT8 uarHI! THOrO ITOJIR npll 3TI!X OTKJIOH6HIIHX OT cepe~I!Hli 3830-

pa B COTBII paa lleHbW6 3HaqeHI!H B6pTIIK8JI LHOll KOMfiOHeHT!i ITOJIH, TO BliHBJI6HI!e IICK8M6HI!ll Me~II 

SHHOll f!OBepXHOCTII HBJIHe TCR BeCLIIa CJIOHHOll aanaqeJI . 

Ma11epeH11e nonoxeHI!ll ue~l!aHHoll noBepxHOCTII wecTIIIIeTpoBoro uarHHTa np01!3BO~IIJIOCL c no

liD~~ npHIIOyrOJILBOR paNKH C TOKOM1 fiO~BemeBHOll Ha ri!6KOA HIITH TaR, QTO f!JIOCKOCTb pauKH 6!i

Jia 0JII!3K8 K BepTI!K8JIII. 8TOT 116TO~ n03BOJIHJI npOBO~IITL JIOK8JILH!ie 11311epeHIIH f!OJIOllteHl!H lle

~IISHHOll fiOBepXHOC'rl! C TOQHOCTL~ ~0,5 CII(I 2 , I 4). 

Cp~Hee fJOJIOHeHl!e 116~118HHOJI fiOBepXHOCTI! Onpe~eJIRJIOCL C f!OIIOil(b~ Bl!TKa C TOKOII, fiO~Be

W6HHOrO B uarHl!THOM none Ha nonnaBKe, nJiaBa~Jllell B cocy~e c qeT~pexxnopiiCT!ill yrnepo~ouC 27 • 
I4) 

MeTO~ fiJISBB~Il(erO BIITKa C TOKOII noaBO JIHJI O~HOBpeYeHHO Onp~eJIHTL II PaJIIISJILHOe Cllell(e-

HI!e op6l!T. 

Aal!YYTaJILHaR HeO~HOpu~HOC TL fiOJIH KOHTpOJil!pOBaJiaCL Cflelll!aJILH!iY npl!60p011( 2B) C TOQHO

CTLD ~0 0 , 05%. ConOCTaBJieHl!e peayJILTaTOB l!311epeHI!ll CYe~eHIIH Op61!T B COOTB6TCTBI!l! C pacqe

T8Yl! no (I.I9) II H6f!OCpe~CTB6HHO no nOJIOXeHIID Bl!TKa C TOKOII nOKa3aJIO XOpowee l!X COBnane

Hl!e (I2 ) • 

BeJil!'ll!Ha ~OfiYCTHIIOll aal!M yT8JI:&HOll HeO~HOpO~HOCTII ITOJIR YOllteT 6~ Th O!leHeHa Ta~ate 113 

(I . I9) . ECJIII aMnJil!Ty~a B!iHy.!~eHH!iX pa~l!SJILH!iX KOJie68Hl!~ COCT8BJIH6T 5 Cll, TO Q8CTII!lli C 
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8UITHHTY~O~ CB060~H~ KOne6a~M~ 5-7 CU TepHDTCH H8 .60KOBHX CTeHKaX ~yaHTa, ITpM 3TOU M3 

(1,19) cne~yeT, qTQ 8UITHHTY~8 rrepBO~ rapuOHHKM 83MMYT8RhHOH HeO~HOpO~HOCTM ITORH ~OIT!Ha 

COCT8BHTh BMHqHHY 

A Hl4'), = p, 
H. 

1 • n- 1 
-R- -:1 s. o~g6'::! o,ooo? . 

TaKHU o6pa30U,H3UepeHHe a3HUyTaRbHO~ RBOAHOpOAHOCTK DORH AORXHO O~Tb BUDORHeHO C TOq

HOCTbD BUWe 0 ,07%,YKa38HH8H TOqHOCTb H3UepeHKH o6ecneqHsanacb C DOUOwPD npKOOpa, ~eACTBKe 

KOTOpOro 0CHOB8HO Ha H3UBHBHHK uarHHTHOA npOHHQaeUOCTK cepAeqHHK8H3 UarHHTO~K3nBKTpHK8( 2B? 
~CnpasneHHe ROKanh~X HBO~HOpO~HOCTe~ uarHHTHOrO ITOnR UOEBT npOH3BO~KThCH C DOUO~hD 

TORKHX nHCTOB Eeneaa, yKperrnHe~ H8 ITORDC8X U8rHHT8, 8H8RQrKqHQ WHMUHpOB8HHD 3~BHHOrO 

38KOHB H3lleHBHHH ~ (R) 

BenHqHHa pa~H8nbHOH COCTBBRH~e~ HarrpHXeHHOCTK uarHHTHOro DORH OT TOHKOrO nHCT8 xe

neaa H8 DOBepXHOCTK O~Horo H3 ITORDCOB uarHHT8 IIOXeT 0UTh OQeHeH8 H3 BUpaxeHHH ~nR DOTeR-

QHana (1. 6) K8K ~ 

H1.""- a:r. (I ,6") 

~HTerpHpOB8HHe BUpSXeHHH (1,6") no 00beyY ,( V') RHCTB WHpHHOD 2a, TO~HOD 2d H 

~nMHOIJ 2f ~88T BUplllleHHe, ODpe,ztenHDIIIee BenH~IIY p~HaJ!hHOI! KOUITOH8HTU HaDpHEBHHOCTK 

!18rHHTHOrO DOnR OT JteneaHoro nHCTa, B BK~e (!4): 

H't""4Aflt · d~ {rzt•(x-a)a)/z'•<x-a)t•t',- [zt•(x•aJa]Vf.+(X+aJ*•t.' } . (1,20) 

J!nH cnyqaH rrpOT!!lii8HHOrO nHCTB 1 TO eCTh e-- , \flOpuyna (1,20) npHHHU8eT Bll)t 

H ~ f6..Uzd.,., ·:x. · a 1 (I .21) 
?. .... [zt•(x-aJ'][zt • ( x •a)i 1 

BnHHHHe Jteneaa DORilCOB H8 BMHqHHY H'Z yqHTUBaJ!OCh ~BOeHHeU TORIIU!~ WHIIUU: d3q1•2d, 

~a B~paxeHH~ (1.20) H (1,21) cne~er, qro 

H.,_(-x) =-H'l(x) , . 

TO eCTh xeneaHU~ HHCT C O~HOH CTOpO~ OT cepe~~~~ O~eT BU3UBBTh DO~beU Ue~HdHHOH no

BepXHOCTH, a C ~pyrol! CTOpOHU - onyCKBHHe ee; ITO~ cepe~HHOA nHCTa nonOllleHHe DOBepXHOCTH 

He HBlleHHeTCH, 

Ha p~c.3 npHBe~eHa aaBHCHIIOCTh H.,_ B cpe~HeU nnocKOCTH aaaopa, TO ecro na paccr~HHHK 

Z=h OT TOHKoro nxcTa xeneaa, yKpennennoro na nonnce uarnHra, KaK ~YHKQHH x/h ~nR paa 

nHqRUx 3HaqeHHH WHpiiHU nHCT8 a.fh , 

TBKIIU 00pa30U, lleTO~IIKa ROKBnhHOrO HCDpa&neHIIH 118~HBHHOI! DOBepXHOCTII uarHHTHOrO no

RH 38KnnqaeTCR B TOM, qroOu C ITOIIOIIIhD nepepacnpe~eneHHH TOKOB B K8TYWK8X aneKTpouarHH

TB(l2,l4) HnH nyreu nepepacrrpe~eneHHR xeneaa na rroniJCax ~oOHThCH, qToOu ue~HaRHaH rrosepx

HOCTb rrepeceKna cpe~HereouerpHqecKyn nnocKocro, B uecTe rrepeceqeHHH na HHJtHHI! HnH Bepx

HHH DORDC YKn~UB8BTCH RHCT xeneaa B COOTBeTCTBHII C OQBHKOA, ~aBaeuol! BUpaJteHHBII (1,21) 
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: CT6H K8X ~YBHTa, ilpM 3TOM 113 

IOU HeO~HOpO~HOC TH nORR ~On¥Ha 

1,0007 . 

nonn ~onxso Outb aunonHeHo c roq

.nacb C nOWO~b~ npwOopa, ~eACTBHe 

p,11e4HHK8 H3 WarHHTO)IH3neKTpHKa ( 28) 

H WOE6 T npOH3BO~HTbCH C nOWO~bD 

ROI'H4HO WH!IMHpOBaHHJO 3S)IBHHOro 

THOro nonR OT TOHKOrO nHCTB ze

OQeHeHa H3 BUpSXeHHR ~ns noTeH-

(I . 6") 

~ WM pHHOD 2a , TO~HOD 2d H 

lOll KOIInOH6HTU HanpSEeHHOCTII 

JV:.+(X+a}z+ t ' • } • (I . 20) 

IY118. (I,20 ) npHHHIIaeT BI!Jl 

(I .21) 

",JIB06HH611 TOR!IIIIHU WII!IIIU! d3ep=2d , 

BU3UBBTb no~~ell Me~HdHHOI! no

ij RHeTa nonozeHHe noBepXHOCTII 

H aaaopa, TO eCTb Ha paCCT~RHHH 

ra , KBK ~YHK~H X/h ~ns paa -

1011 noBepxHOCTH uarHHTHoro no

<OB B KBTYWKBX 3RBKTPOII8rHH

lHTbCR, 4T06U 11 6)1HBHHBR nOBepx

tpeceqeHHR Ha HHEHHII HRH Bepx

t, ~BBa6MOil BUP96HH611 (! , 2!) 

MRH rpaQHII HOM liB p!!C, 3 , 

il pH!16HRR nocne~OBBTeRbHOe HBnOZ6HHe RH CTOB 118 Be pXHHil MRH HMZHHII UORDCB, !IOZHO ~0-

6MTbCR np11 euneuoll ~opuu ue~HBHHOII noBepx HOCTH. AnH Toro , 4T06u npM a TOM He B0 3HHHana aaM

MyTanLHBH 1160~HOpO~HOC Tb nons, BII6C TO HBR0~6HHH zene3HUX RHCTOB n pOl13BO~HROCb ROKBnbHOe 

nepepacnp~eneHMe wHuu Ha BepxHeu 11 HH&HeM nonmcax . 

TaK KaK ~ns woJlMHPOBa HHH pa~ManLHoro cna~a nons WHMMMPYJOII.tlle l<onQa 6un11 pa a6HTU Ha 

24 yqaCTKB C Ha6opOII WMMII pa3RH4HOII TORfltiiHU, TO CpaBIIHT6Rb HO npOCTO MOZII O 6URO KOM6 HHMpO

B3Hl16M TORiltl!Hbl WHII II HC npaBH Tb KBK B3HIIYTBRLHYJO HeO~HOpO~HOCTD, TBK l1 HCI(B.'lt6HH6 ll ~l!BHHO II 

noBepxnoc TII uarHHTHoro nons. 

TaK!1M cnoc o60M 83l!yYT8RbH3H HBO~HOpO~HOCTb UORH W6CTHM eTpOBO r O M3rHHTB, KO TOpaH 

~OC THrana 3HB46HHH 0 , 5%, B peaynLTBTB HCnpaMeHHH ObiRB CBeneHa ~0 BeRI1'IIII HU , 116HbW6ll 0 , 05%(I
2

) • 

Me~HBHHaR xe noaepXHOC t b, · OTKROH6HH R KOt OpO A ~0 HCnpaaneHHR npeB bllliBRH 7 CM , OblnU HC• 

npa nneHa Ta K, 4 TO aunnHTy~a nepooti rapuoHHKl1 Ha Bcex pa)IHycax He npeablwana 2 cu(I
4

). Ha 

pHc.4 u aoOpaxe no nonoz enue ue~HaHHOA no aepxHoc tH nocne ee HcnpaaneHHH H nonoxe HH e QHpKynu

PYD~ero nyqKa. 



r1lABA n 

B~B01! TIYllKA !tiS KAMEH>I C!'IHXPOill!IOIOTPOHA 

I. MeTO~H SHSO~a qaCTHU 

ltlcrronb30SBHH9 SHSe~eHHOro H3 KBUSpH CHHXPOUHKnOTpOHB rryqKa YCKOpeHHHX qacTHU OTKpH

SBST mHPOKHe S03YO~HOCTH ~nH rrpHMeHeHHH p83H006p83HOh 3KCIT9pHYeHT8nbHOh YeTO~HKH. 0~H8KO 

rrpodneua BHBOAB rryqxa HBnHeTCH O~HOU H3 HBHdonee CnOrRHX 3~aq. 0CHOBH8H TPYAHOCTb 

BHBO~a , odycnoaneHHBH CRHXpOUHKnOTpOHHHY CITOCOdOK ycxopeHHH , COCTOHT B oqeHb »BnOY 

ysenMqeHHH p~HyCa OpdHTH 3B O~HH 060pOT. l!nH 60nbWHX yCKOpHTeneh STOT rrpHpOCT COCTBSnHeT 

~eCHTHS H COTHe ~OnM MHnnHYBTpa. 3TO 06CTOHTBnbCTBO rrpaKTHqecKH HCKn~qaeT SOSUOXHOCTD rrpH~ 

YBHBHHH 06HqHoro SnBKTPOCTBTHqecKOrO ~e~eKTOpa C 38KPHTOh OTCBKB~~eU rrnaCTHBOn. Tipas~a, 

H3SeCTH8H ~OnH rryqKa MOXeT ITOITBCTb 3B OTCSKB~~~ rrnBCTHHY HS-38 rrpeyeCCHH UBHTpOS op6HT 

s pa~Hanbso-crr~a~~eu rrone(29). 

O~HBKO STOT YSTO~ OK88HB89TCH S~BKTHSHHY TOnbKO rrpH YCKOpeHHH qaCTHU ~0 H960nbWHX 

aaeprHR. TaK, rrpn ycKopeHHH ~ehpoHos ~o 7,3 lias Ha UHKnOTpoHe c uo~ynHIJ;lleR qacTOTH y~a

noc» SHSeCTH OROnO 10% qacTHy. TipOTOHHHR ze rryqoK C SHepraeR S !4,6 Mas 6Hn SHSe~eH C a~ 

weKTHSHOCTb~ S 5%( 29). BHSO~ qacTHU C e~e 60nbmHYH SHeprHHYH- C SHeprHHYH S COTHH MHnnH

OHOS aneKTpOHSOnbT - OCnOXHHeTCH TBY OdCTOHTenbCTBOU, qTQ aneKTpHqecKOe none ~e~eKTOpa 

ITpl! TBKI!X CKOpOCTRX qaCTHU HSnHBTCR YBnOS~BKTHSHHM ~nH HX OTKnOHeH HH S o6naCTb pa~HBHD

HOU HSYCTOhqHSOCTH. TIOTpe6y~TCR oqeHb SHCOKHe HBITpHXeHHH S COTHH H THCHqu KHnOSOnDT, qTO 

SH30SeT p~ rrpHHlJ,HITHBnbHHX Tp~HOCTeR. 

BHSO~ qacTHu C ~Hyca ycKopeHHfi, r~e n > j 1 TBKXS UBnOS~SKTHSSH H3-38 ITOTepb qac

THU H8 CT9HK8X ~YBHTB rr pH npoxo~eHHH 30H pesOHBHCOS CSR3H pa~H8RbHHX H 8KCH8nbHHX KOne-

6aHHR rrpH n = 0,2; 0 ,25 H ~p. 0co6eHHO OITBCHUV HSnHeTCH pe30H8HC rrpH n = 0,25( 22 ),rrpaK

THqecKH H orpaHHqnsa~Jl(I!R np~enbHHU ~HYC YCKOpeHHH ~ame H8 HedOnbWHX YCKOpHTenHX. Tipo

XOZ~9HH9 STOrO pe30H8HCB Tpe6yeT TBKOrO rrpeUH3HOHHOrO HCITpaBneHHH 83 HyYT8nDHO~ HeO~HOpO~

HOCTH ITOnH, KOTOpOe HBS03MOXHO SHITOHHHTb H8 6onbWHX CHHXPOUHKnOTpOHBX. 

TipOCTehWHU Me TO~ Oil SHSO,ll8 qacTHu H3 CHHXpOI.(JII MOTpOH8, He Tpe6~Jl(I!M crreuHBnbHHX YCT

poRCTS, HSnHeTCH lleTO~ JIICIT0Hb30BBHHH qaCTH rryqKa, p8CC9HHHOh HB SHyTpeHHeR IIHWS HH YCKO

pMT9HH(30). 0~H8KO a~eKTHBHOCTb SHSO~a rrpH STOM He rrpeSHWBeT ~eCHTHTHCHqHHX ~oneR npo-

ueHTa. 

~eKTHSHOCTb STOrO UeTO~B MOZeT 6HT~ C~eCTSeHHO ysennqeHa, BCnH HCITORb30S8Tb qaCTb 

rryqKa,paCCBHHHOrO IIHWBHb~ H8 H960nbWJ116 yrnH, ~OCTBTOqHHe ~nH aa6poca qaCTHU S uarHHTHIIR 

K8H8n. flpJII STOM IIOZHO SHSBCTJII ~0 0,1% UyqKa. 

Ha WBCTHIISTpOSOY CHHXPOUHMOTPOHe S l963r STHII CITOC06011 611n0 SHSe~eHO 0,07% qacTHu 

c 3HeprHel 660 M3B ( 2D). 
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' ' 

Ia nyqna ycnopen~x qacTHQ OTnp~

:cnepHuenTaJII>Holl UeT0)1Hnl!, 0)1HaKO 

X Sa)1aq , 0CH OBH8H rpy~HOCTh 

opeHHH , COCTOHT B oqeHh U8JIOU 

nOpiiTeJiell STOT rtpllpOCT COCTaBJIHeT 

'TIIqec!GI HCnJUJqaer BOSIIOllHOCTD rtpll>

oll orcen8D~ell rtJI8CTIIHoll, ITpas,11a , 

Y 113-38 npeuecci!H uenrpos opOHr 

II ycnopeHIIH qaCTHQ )10 HeOOJ!l>mHX 

orpoae c IIO.l1YJIHQI!ell qacror~ Y.l1a

rnell B 14 ,6 Mas O~J! B~Be)16H c a\(>

WRUll - C 3Hepl'I!I!Ull B CO THH !.IIIJ!Jlii

J 3JI6nTpllqecKOe I!OJ!e )1ewnenTopa 

IX OTKJIOHeHI!II B OOJ!8CTI. p8)11!8JID

B COTHH II T~CRql! !GIJ!OBOJIDT, qro 

laJioawwenrusen 113-38 norepi. qac

tH pa)11!8J!l>~X II 8nCI!aJ!I.~X noJie

pe30H8HC npH n = 0,2s(22),npan

' Ha HeOOJ!I.WIIX ycnopii TeJ!RX, ITpo

lpaBJieHI!R a3111!YTBJ!DHOI! He0)1HOp0)1-

IOQHKJIOTpOHax, 

·• He TpeOyn~u crreQHaJIDH~ YCT

HHOI! Ha BHyTpeHHell IIIIW6HII ycno

maeT )1eCRTHTUCIIqH~ )10J!ell rtpo-

eJI~~qeaa , ecn11 IICrtOJII>3osari> qacTI. 

.11JIR 3aOpoca q8CTI!Q s M8rHHTH~Il 

0014 O~JIO B~Be)1eHo 0 ,07% qaCTI!Q 

Mcnoni>30BaHI!e uarnHrnoro naHaJia ynpo~aer raKlll:e 11 npoOneuy s~so,11a nyqKa c nouo~m 

3nenrpocraTKqecnoro .11ewnenropa. Tan, na CI!RXpOQHKJIOTpOHe s Eepnn11 s I948r Oun ocy~ec~neR 

B~B0)1 nyqna C 3WW6KTIIBHOCTI.D 0,5% C I!OIIO~D ~eJieBOrO I!UTiyJ!DCHOrO ,116WJI6KTOpa(31 ), 0)1HBKO 

3TOT CI!OC06 He H8W6J! WllpOKOrO np1!14eHeHI!R 0 TBK KaK )1JIHTeJ!l>HOCTl> IIIII!YJ!l>Ca B~B6)16HHOrO nyqKa 

qaCTI!Q COCTaBJIReT rrpll aTOll I0-7ceK, qTO 3HBqiiTeJ!I>HO CHI!ll86T B03UOllHOCTII llpHU6H6HHH 3J!6K

TpOHHO~ annaparyp~ s ancnep11uenrax. 

O~HIIM 113 nepB~X CI!OCOOOB BUBO~a nyqKa 113 CHHXpOQHKJ!OTpOHa OHHH O~J! ocy~eCTBJ!6HHYH B 

1950 r, B~BO~ nyqKa npOTOHOB C 3HeprKeA B 480 M3B C I!OUO~D uarHHTHOrO K8H8J!8 II 380pOC8 

B Hero qacTHQ, pacceHHHYX H8 ypaHOBOA UHmeHII ( S), ~eKTIIBHOCTh BYBO~a COCT8BJ!HJ!8 ~10-3%, 

Ho na110onee rrp11euneu~ Mero,11ou s~o,11a OK8aanca cnocoo donee swweKTIIBHoro 380poca 

qaCTIIQ B UBrHIITH~ll KBHBJ! 38 cqer yseJIHqeHIIH PB.l1118J!l>HUX none6aHHll npH llpOXOll)18HIIII nyqnoM 

J!On8J!l>H~ H80)1HOp0,11HOCTell UBrHI!THOrO I!OJ!H(32), 

8roT cnocoo, oc~ecrsneHHYil Ha mecTHueTposou cHHXPOQI!KJIOTpoHe OHHM s 1954r, ooecrre

~n BYB0)1 5-7% npOTOHHOrO nyqKa C BHeprllell 680 M3B(I, 33), 

2 , 0TKJIOH6HH8 qaCTI!U B UBrHHTHHll KBHBJ! nyrell IIHOrO

npaTHOrO PBCC6RHIIII HB Ul!W6HI! 

ITpll 1!01!8)18HIIII qacTHU nyqna HB BffYTpeHHDD UIIW6Hl> 0)1HHII 113 awwenTOB ,B03HI!KaD~I!X npll 

STOll, IIBJIHSTCII paCCSIIHI!e Ha yrn~, )10CTaroqH~e )1JIH 6CT6CTB6HHOrO B~B0)1a qacTIIU 118 YCKOpii

TSJ!R, 0)1HaKO I!J!OTHOCTI. pacnpe)1eJieHHII qaCTIIU B nyqne I!OCJ!e npOXOll)16HIIII UHWSHI! peaKO yna

)18T, ran KaK qaCTI!U~ pa3J!6THTCII Tan, qro I!X pacnpe)16J!6HIIe 0y)1eT Ollp8)16J!IITDCII B~pali6HI!811 

~~2·~: 
~~ ~ lr<9>' e-~ dJ~d:'l,.z ) (2.1) 

r)1e ~"L H trz. - npoeKQI!II yrJia paCCSHHIIII , a (. 9} - Cpe,11HenBSA pa Tllqffyl! yrOJ! paCC811HIIII , 

CBH3BHH~ll C 38pff)1014 II aTOIIH~ HOMepOII pacceiiBa~ero ff)1pa 1!0 WO PIIYJ!e 

z 2(m)2 22 ·f/3 t- 13
2 

r 
<9> =161fL "Z 0 jT If en (1S!1. )~o . (2, 2) 

3)1eci. 'Zo = 2,8176.10-23 - nnaccllqec!GIIl paJIHYC aneKrpoua; ;; -oruoweHI!e uacc aneKrpoua 

Ill qacTH~; L = 6,024.Io23 - ~CJ!O Asora)1pO,} = vjc • & -TOJ!~I!Ha paccei!BaD~ell IIIIW6 HII 

s r/cu2 • 

ITpOXOll)16HI/Ie qaCTIIU qepe 3 Be~eCTBO CBI!3aHO TaKlle II C IIOHH38UIIOHH~IIII I!OTepRIIII BHeprl!ll 

qacTHq, YlleHI.WeHHe pa)1Hyca opOI!T rrpl! 3TOM H8 seJIH~ HY 6 R . onpe)1eJIII8TCII COOTHOW6HII8U 

(2.3) 

r,11e 

. (2.4) 

a d- nJIOTHOCTI> se~ecrsa, 
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0THOW6HI!e Cpe,!IH8Kll8,l!;paU'lHOro yrlla .( 9>2 K OTHOCIIT6JI1>HOIIY 113Y6H6HIIIl P!!AIIYCa 6y.zt eT 

xapaKTepii30BaTD 3~KTHBHOCTL paCC611Ball~ero Be~eCTBa(34 ) 
< 9>

1 
m -d 'L =4JT(t-n)~ Z 4'(l B), 

c -1/JJ ~ ,.t 
tL>(Z B) =[ 3en (441 -en_~ - .1" 

T o,r en f8f1. IJ 
r.ne (-

(2.5) 

U6)tJI6HHO K6HH~aHCH ~YHK~H l II . ~ 

Ha BHpaK6HHH (2.5) B~H0 9 'ITO HaH60nee 8~6KTIIBHHKII paCC611B8T6JIHKII )tOJIEHH 6HTL KI!We-

HI! liB TRK6JIHX B6~8CTB 9 1160 Cpe.ztHSKBa.ztpaTH'lHH~ yron Dpll 3!!Jl8HHO~ DOTepe 3Heprllll rrponop~o

H8JI6H aTOIIHOIIY HOKepy j! • 

Ha BHpaK8RIH (2.1) CJ16AJ6T 9 'ITO AOJIH 'lSCTHn, BHBe.zteBHHX 118 YCKOpiiT6JIH, 6y.zteT TeK 

60JILW6 9 116M K6HLIBI yrOJI paCC6HBBH 'laCTHn IICDOJI1>8Y6TCH. YIIHI!KanLBH~ yron paCC6HHIIH 'laCTIIn 

~~ 6y.zteT ODp6,116JIHTLCH paCCTOHHB6K OT H6B03K~6HHO~ op611TH, Ha KOTOpO~ YCTBHOBJieH paccell• 

BBTeJIL, :ztO 30HH peaKOro CHD6HIIH varBBTI!Oro DOJIH (KarHIITH~ KaHan, aneKTpii116CKII~ :zte~eK

TOp). 

Benll'li!Ha yrna pacceHHIIH ~'t , DO:zt KOTOpW 'laCTIInH BXOAfiT B KaHan, UOllt6T 6HTL Bbi'IIIC

JI6Ha no ~puyneC34 ) 
"tJ: - ·~ X + ___sk_tn ~ 't - vt-n SinVt-n'tp ~"1 2 If>' (2.6) 

r:zte X- eCTL paCCTOHHII6 OT OCII KaHana ;!tO H6B03~68HO~ op6HTH, a <f' - neHTpall1>H~ yron 

U6llt.ztY paCC61!BaTeneK II BXO:ztOY B KaHan. B cnyqae KanHX IIOHIISS~OBHHX DOT6pL yron ~~ 90°. 

C 'yqeTOK IIOHII38~0HHHX ITOT6pL ODTI!KanLHOe paCDOJIOllteHI!e paCC611BBT6JIH 6y;zteT 0Dp6,116JIHTLCH 

yrnou(5 ) 

<p~~ - '+' (2.7) 
rrpB KOTOpOU qacTHna · 6y.zteT OTXO;zti!TL OT H6B03U~6HHOI op61!TH Ha YHKCIIKanLH06 paCCTOHHIIS. 

Yron ~ onpe:ztenHeTCH 113 COOTHOW6HIIH 

t:.P _L , 
t~ljl'::!p-.,. (2.8) 

JlJIH Cny'laH BHBOAB DpOTOHOB C 3Heprlle~~ B 400 ii3B II DOTepRUII 6( ~15 M3B C rrpe.ztenLHO

ro P!!A~yca ycKopeRIIH R = 220 cu ( n = 0,2), yron ~ = 65°. ITo KOHCTPYKTIIBHHY coo6pallte

HHRU , yron <p 6~ BH6paH paBHHY 69° . 

3. 3a6poc B uarHI!TBH~ KaHan c nouompll rBenH'leHHH 
PanllaJILHHX KOne6aHI!~ 

!leCTHHe HapyweRI!H 8311YYTSJILHO~ CIIUUSTPIIII uarHIITHOrO ITO RR B YCKOpi!Tene BH3HBBDT :ztOITOJI· 

HIITMLBHe KOne6aHHH 'lSCTHn B rop1!30HTBJILHO~ II BepTIIKanLH O!l IT JIOC KOCTHX. ll pll rrpaBI!JILHO!l IT O:zt-

6ope rrapaueTpOB HeO.ztHOpO.ztHOCTell uarHII THOrO IT OJIH MOlltHO 3Haqi!TeJILHO YB6JIII'li!TL p!!Jli!BJILHHe KO

ne6aHIIH qacTHn 11 yaeJIII'II!TL pa.ztHanLHoe nepeue~eHHe HX B Te'leHHe O:ztHoro o6opoTa .ztJIH 6onee 

3~6KTIIBHOro aa6poca B ua rHIITHHll KaHan(32,35,6 ,36 ). 
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~en»aouy HaYeHeHHD p~Hyca 6y~eT 
) 

(2,5) 

I PBCC6HBBT6nffUH ~OK!HY 6NTD YHme-

3~BHHO« noTepe 3HeprHH rrponopUHo-

HHNX 118 YCKOpHT6nH, 6y~e'!' TeU 

MHHHUMDHN« yron paCC6HHKH 'IBCTHQ 

HTY, HB KOTOpo" YCTaHOBneH paCC6H• 

"~ KaHan, snexTpH'Iecx11« ~e~ex-

BXONJ'!' B KaHan, MOlleT 6YTD BYWC-

(2,6) 

lp6HTN, a ~ - Q6HTPBnDH~ yron 

ISBUHOHHYX ITOTepD yron If/~ 900, 

ICC6HBBTM!I 6y,ll6T orrp~enHTDC!I 

(2.7) 

Y HB UBKCHUMDB06 pSCCTOHBHe, 

(2.8) 

repHYH A E ""15 Maa c rrpe~enDHO

;o. ITo KOHCTPYKTHBHNU coo6palle-

!OnH B YCKOpHTene BY3YBaDT ~orron

l ITnOCKOCTHX, IJpH rrpaBHnDHOII ITO,l(

:HT6n:J)H0 ya enH'IHTD p~Han»able Ko

eaHe o~uoro o6opoTa ~nH 6onee 

KpHTepH~ YCTO~'IHBOCTH ~BH~6HHH 'laCTHU B ropH30HTanDH0~ H B6pTHKBnDH0~ IT ROCKOCTH X Ha 

rrpe~ enDIIYX pa~11ycax CIIHXpOUI!MOTpOHa MOllti!O rrpe~CTBBI!T:& B Bll~e(33): 

I i i. • + l(~ . ( ~ . c,c, Cos )t ( li'o + 4'2 ) • 2 ~ C,S3 S,n ll 410 + 4',)- ---w,r C,S2SU1l(410 + 41j • 
'1('•1(~ ~ \ 

- d 2t.,t/ s,s3Cosl(<p2 Cosl<p. + 21!'ll,t, S,S3 • SLn~N. SLnl('f~ <I , 
(2. 9 ) 

r~e S, = SLnd{,<f, ' s. = Stnlfa41a • c, =Cosl(,lj), I c3 =Cost,41a ; 
lf, II <..p3 - B311MyTaRDIIY6 rrpOTHllt6HHOCTH o6nacTe" B03liJ'i116HHOrO llarHIITHOro ITORH, Cf

1 
1'1 4'3 -

H6B03A!Yi116HHOrO IT ORH : 

\II 2 = n 
~. H 

n = (-.L~) . 
>I H1 d R N 

~ 3 aHBRH3B BYp~eHIIH (2,9) cne~yeT, 'ITO UO~HO OCYIII6CTBHT:& HeyCTO"'II!BOe ~llllt 6HH6 'laC

THUY B ropi'I30HTBnDH0~ ITROCKOCTH rrpl'l yCTO~'II!BOM ~BI'Illt6HI!I'I B B6pTI'IKBRDH0" ITROCKOCTH H HB060-

poT, 

3TOT ~BKT 3KCITepHU6HTan:&HO BITepBY6 6yn 06Hap~eH B 1950 r, rrpll BYBO~e rrpOTOHHOrO rryq

KB C 3Heprlle~ 480 M3B C ITOUOIIID~ uarHI!THOrO KaHana 1'13 ITHTI!M6TpOBOrO CI!HXpOUHMOTpOHa O~fl~. 

Bcne~cTBHe noxanh!IYX HcxaxeaHR uar!IHTHoro rronH B aoae xaaana aaOpoc HOHOB Ha III!WeHb yse

nH'!HncH ~o 15 MM(s) . 

Beni!'II'!Ha pa~l!aRDHOrO rrep euemeHI!H 'IBCTHU B T6'16HIIe O~Horo 060pOTa, TO eCTD B6RI'I'IIIHa 

386poca '!aCTHU Ha MI'IW6HD MOllteT 0b1TD orrp~eneHa 113 BYpallt6HIIH(33 ) 

d =~ · A,.t , (2.1 0 ) 

r~e A~. 1 - aurrn~~Ty~a KoneOaHI!H '!aCTI!UY rrepe~ 3a6poco11 Ha MHmeHh, a ~ - K031jx!ll'!fl)leHT, 3a-

BHCH~U OT rrapaMeTpOB ROKBnDHYX HeO~HOpO~HOCTe~. Ero B6RH'II!Ha MOllteT 0YT:& ~OB6~6HB ~0 3Ha

'16 HI!~ 0 ,5t0,6 rrpl'l ~orronHHT6nDHOM yaenH'I6HI!II aMITRIITY~ BepTHKaRDHYX KOne6aHH" He 6onee '1 611 

B 2 + 2,5 pa 3a. 

ITpH BMITRI!Ty~e KOne6aHH~ A 10 CM pa~Han:&Hbl~ 3a6poc HB MHW6HD M0llt6T ~OCTI!'ID 3Ha'I6HIIH 

¢ '>< 5 + 6 CM, 

B ~e~CTBY~IIIHX CI!HXpOUHMOTpOHax aunni!Ty~a pB~I!BR:&HbiX KOR66BHI'IM 06Y'!HO He rrpeBbiWB6T 

3-4 eM; TaKI'IM o6pa3ou, ~nR rron y'l eHHH YKB3BH HOro 3a6poca Heo6xo~I'IMO yaenl!'leHHe aMnnHTY~bl 

pa~HannHbiX KO ne68HH U Ha 7-8 CM , Ta KH e aMITRIITY~bl MOlltHO ITORY'II'IT:& 38 cqeT COOTB6 TCTBy~eU pa

~Han:&HO ~ rrpOTR~eHHOC TH rrep exo~Holl 30HN "Bos6y~I!TenH" ( n > o ) 11 "pereHepa Topa" ( n <0 ) , 

TO 6CTD 30Hbl ll03MY111 6HHR, r~e B6RI!'II!Ha n M6HHeTCH COOTBeTCTB6HHO OT n ~ 0,2 ~0 n, =5,5 

H n
2 

::. -7. 3 TI1 o6naCTI'I B03MYW6HHH MarHI'ITHOrO rronR IIOryT C03~8BBT:&CH Ilpl! 11011011111 lK M 63HbiX 

M8C C1 B6RH'IHHB ITORH OT KOTOpbiX onpe~enHeTCH 11 3 Bblpa~eHI!H IlOTeHUHana (1, 6 ), 

)!J! R ua rHHTHOA IIBCCh! dpyCKB B ljlOpMe napa1!nene111111e~a W11pHHOD20,BbiCOTOrJ 2d, pacnOI!OlteH

HOrO D neHTpe MBrHHTa,nanpHieHHOCTb nonn B nDOOR TOQKe rrnOCKOCTHj?~O ~aeTCH BblpBXeHUeu( I, I Q) , 
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rpa;lii!BHT nollll G = s~ t C03;!16B6611Iill TBKIIII ClpycKOII, onpe:ztelllleTCI! HB B!ipa:&eHJII!! 

G_.2J:i_ __ ....!tAL_[ I I l 
-OX - d 1+(.~-ci-~--)1- l+(xda)t ' (2,1I) 

1\a p11c.s 11 6 npe:ztcTaBJieaa rpaifi!Kll aasHCHIIOCTI! nollll H 1 /~JJ 11 rpa:ztHeHTa Gj(~JJjd) 
:ztnll pa3lii!'lHWC napBJ!"6TpOB ClpyCKB a./d B BBBI!CI!IIOC!II OT paCCTOI!HI!I! :r..fd 

~8 pi!C.5 BI!;!IHO, 'ITO :ztna nonyqeHIII! nepeXO;liHOII oClnaCTI! ;!IJII!HOD 8-10 Cll, B!iCOTB nl!BCTHH!i 

2d ;!IOJIKHB 1!116TL npl!i16pHO TBKI!e K6 p68116p!i, TO~HB nnaCTHH!i 2a H ee BBI!IIYTBJ!bHBI! npOTI!

KBHHOCTL B!iCll!pBDTCI! 1!8 ycnOBI!H BB;llaHHOrO pa:ztHBnLHOrO aaClpoca HB lll!m6HL, 

~Jill oClecne'leHI!H HOpuanLHOrO nO;liXO;liB I!OHOB K oClnBCTH B036YK;li6HI!I! 9 6 TBKK6 ;lll!l! COS;liB
oH 

HI!H Clonee peBKOrO nepeXO;liB IIBrHHTHOrO nOIIll no np01!3BO;!IHOII ( ax ) OClnaCTL 11 BOB6y;lii!T61Il111 

KOppeKTi!pOBBJIBCL TOHKI!III! B!iCOKI!III! mi!IIIIBIII!. 

Pac'leTHOII ~p11ynoll :ztnll TBKI!X mHUII I!BJIH6TCI! B!ipBKBHI!e (1,12). ~Jill CJIY'lBII, KOr:zta B!iCO~ 

TB WI!UM 2d O'l6HL BeJII!KB,B!ip6llt6HI!6 (1.12) npi!OClpeTBBT Bl!;ll; 

H 1 1x , o,o)=4.1.1(crzct~ xha. -a."tct~T) · (2.12) 

B 3TOII cnyqae B!ipBllteHHB (2,12) COBna:ztaeT C TO'lHOCTLD ;!10 3HBKB C (1,10) ;llnH nOJII! OT O;liH

HO'lHOII nnaCTI!H!i B!iCOTOD 2 d • 
TBKI!II OClpaaOII, rpaifi!KI! HB pi!C,5 I! 6 IIOryT Cl!iTL HCnOJ!bBOBBH!i TBKK6 H :ztnll onpe:z~eneHI!I! 

nOJIH I! rpa;li1!6HTB OT ;liByx 66CKOH6'lHO B!iCOKHX nnaOTHH, OTCTOI!~I!X OT cepe;lii!H!i aasopa uarHHTB 

HB B6JII!'IIlHY ± h 
KaK BI!;!IHO 11a sapaaeHHI! (1,10), ClpycoK, no11e~eHHiill B cepe:ztHHY aaaopa IIBrHI!Ta, coa:z~aeT 

none C nOJ!OKI!TenLHlill BHB'l6HI!611 r\ • ~OH!i, nona:zta~e B oClnBCTL BOBII~6HHI! nonl! BTOrO 

ClpycKa,yseJ!H'li!BBDT BMTinHTY:ziY pa:zti!Bl!bHliX KOneClaHHII. il03TOIIY B 116T9~6B!iBO;ll6 'lBCTHU C no

IIO~D paCKB'lKII pB;lli!Bl!bHbiX KOneClaHI!II TBKOII ClpycoK H63IiBB6TCI! 11 BOa6y;liBT6l!61111 • 

~Jill TOrO, 'lT06Ii p6CCTOI!H1!6 116K;!IY opCli!TBIII! nocne npOXOK;li6HBI! OClnaCTH 11 B086y;lii!TeJII!11 

BCe Bp6111! BOSpBCTano, HeOClXO;lii!IIO nOCTOHHHO BOBBp~BTL ueHTp Kpi!BI!BH!i opCli!T B npeKHee 631!

IIYTaJILHOe UOJ!OK6HI!e. 3Ty ponL I! BliUOnHH6T oClnBCTL BOBII~eHI!H IIBrHI!THOrO nona C OTPHUBTeJIL

Hlill BHB'l6HH611 n -oClnaCTL "pereHepaTopa" . 

ilep6116~6HK6 U6HTpa Kpi!BI!SH!i opClHTii no Kpyry npeueCCHH B CTOPOHy, npOTI!BOnonOKHYD Bpa-

~6HI!D HOHB t pBBHO . 6 cJ.. 0: - n 2 6 <p , ilep6116Jll6HI!e lle UeHTpa npeuecCJIH B HanpasneHHI! BpS-

Jll6HI!H I!OHB pBBHO 6 oln ,;:: .fl r\ Ecl!H BOB~eHHe UOJIH C08;!166TCI! B oClnBCTH J't'=' 0,2, TO 

KOIIneHcHpy~ee :ztellcnl!e "pereHepaTopa" aacTynaeT npH n..? -7 ( 6 tf = 0,09). 
em 

YKBBBHHOe BOapaCTBHI!e H6UpHK6HHOCTH IIBrHI!THOro noJIH (ax ~ 400 • 500 B/CII) UOll6T 

Cl!iTL nony'leHO C nOIIO~D ;liByx Wl!llll, CI!IIII6Tpi!'lHO OTCTOHmi!X OT cepe;lii!H!i UBrHI!TB HB Bel!H'II!

HY :! h • Pac'leT Hanpi!KeHHOCTI! nOJIH npouaso:ztHTCI! no ~puyna11 (1.12) Hl!H (2,12). 

Ci!CT6116 1!8 ;liByx nnBCTI!H KOH6'lHOII B!iCOT!i {1,12) noaBOnl!eT KOppeKTI!POBBTL none I! BHe 

BB;liBHHOII oClnaCTI! B08~6HI!H, TBK KBK npi! ;:(=X 1 none nnaCTI!H 116HH6T SHBK. PBCCTOHHI!6 X , 
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~, Onpe~enHeTCH Ha BHpSZ6HKH: 

(2.II) 

11 rpa~lleH'l'a G /(4JJjd) 

lT paCCTOHHIIH :t/ d 

~~~ ~ni!HOm 8-10 CK 1 BHCOTB nnBCTKHH 

:TIIHH 2a II ee aaiiKYTBXDHBH npOTH

ipoca Ha nmeH:&. 

BOSCi~eHHH 1 8 THKJ:e ~JIB 008~8-

ll ( g~ ) oCinacn "soaCiy~IITeM" 

e (1.12). JlnH CnJQ8H 1 KO!'~a BHCO• 

n: 

(2.12) 

3HaK8 C (1.10) ,21nH nonn OT 0~11-

~80BaHH TBKH6 II ~JIH Ol!p~6JI6HIIH 

~OHUIHX OT cepe~IIHH aaaopa UBI'HIITB 

cepe~IIHY aaaopa uarHHTa, coa~aeT 

Cil!BCT:& B08K~6HHH nOJIH STOI'O 

Y B ¥6TIJ~6BHBO~B Q8CTH!l C I!O-

CH 11 BOSCiy~HT6Jiev". 

3Z~6HHH OCinaCTH "Boa6y~HTeJIH" 

rp KpiiBIIBHH opCiiiT B I!peHHee 8811-

I~H UBl'HIITHOl'O nOnH C OTPHllBTeJI:&• 

I B CTOpOHy, I!pOTIIBOI!OnOHHym Bpa

~pa npeueCCIIII B HBnpBBJieHIIII Bpa

;aeTCH B OCinBCTK n-=< 0 1 2 1 TO 

-7 (A l(l = 0,09). 
oH ax ~ 400 + 500 ajcu) liOllteT 

T Cepe~IIHH UBrHHTB HB Be1III'IK-

118U (1.12) Hnll (2.12). 

~eT KOppeKTIIpOBBT:& none II BHe 

!H ueHReT sHax. PaccTOHHHe X, 

onpe~enHeTCH ~a supaxeH~H 

X, "" Va2 
• h/ + h;2d 

4. !.lal'HHTHHil KaHan 

(2 .13) 

PaCCKOTpeHIIe paani!QHHX cnocoCiOB BHBO~B QBCTHU 113 KavepH CHHXpOUIIKnOTpOHa noKaau-

BaeT, QTO Hai!Cionee 3~eKTHBHHUII OKaBHBBmTCH Te CnOCOCiH, KOTOpue IICnon:&ayDT KOUCiiiHaUHD 

qaCTIIQHOl'O OTKnOHeHIIH nyqKa OT pBBHOBeCHOil opCiiiTH C nocne~y~u BHBO~OU ero 11a K8Uepu 

ycKopiiTenR c nouo~m uarHIITHoro KaHana. 

TaxHU 00pa30U1 H3 CK838HHOI'O C~e~yer 1 qro OCHOBHHU 3~6K6HTOK Oo~mHBCTBa BHBO,I;HHX CIICTev 

RB~ReTCR "val'HIITHHR KBH~",TO 6CT:& Od~aCTb p63KOI'O CHKH6HIIR K8l'HIITHOI'O no~R. 

Cy~ecrBeHHoe CHHHeHI!e nonn uozeT CiHT:& ~OCTIII'HYTO c nouo~m uarHI!THHX uacc, noue

~a euux B cepe~IIHe aaaopa uarHI!Ta, aHanorHQHO paaoCipaHHouy suwe cnyqan ~nH coa~aHIIH no

nH 11 B03Ciy~I!TenH" • E111e 6onee peBKOe CHHHeHIIe l!OnH ~OCTIIraeTCH B 3aaope Uell~Y ~BYUH nnac

TIIHWlll1HBXO~RIIll!I.IMCR .J;pyr OT ,J;pyra H8 HedO~bmOII paCCTORHIIII X :h} ( J 1) • 

JlnH C~CTefiH II a ,21Byx nnaCTIIH UIHpiiHOD 2a, BNCOTOil 2 d II ,21ni!HOil 2e , OTC TOHIII IIX 

~pyr OT ~pyra B l'OpllaOHT8nb~O~ nnOCKOCTII Ha Be~llqiiHY hi 1 UOZHO nony~Tb pacnpe~e

neHIIe l!OnH HB p83ni! QHHX p8CCTOHHHHX OT nnaCTIIHH I!pll I!OUOIIIH ¢Qpuynu (1.10) II rpa~KB 

p11C. 5. AHaniiTHQeCHII CylluapHOe none OT ~Byx nnaCTIIH B CIICTeue KOOp~IIHBT, COBnana~e~ C 

UBHTpOM aaaopa , BHp8liCB6TCH ¢Qpuynoli: ~ _& _fu 1:.1 
H2 (x .o,o)=-4U {a'tct~ x •Ja• 2 -a'tct~ x~ 2 -a'lctlj:x.- 2d" 2 ten.c~ d- 2 J ·(2.r4 ) 

IT One B UBHTpe aaaopa I!pll X= 0 U~Y nnaCTHHaUII BHQIIMHeTCH HB OCHOBaHIIII BHpallte-

HHH 

(2 .15) 

B BHpBllteHIIHX (2.14) II (2.15) Hcnon:&30B8niiC:& wopuynu JlnH CieCKOHeQHO ~niiHHHX nnac

THH. 0,21HaKO, KaK Ciuno nOKaaaHO Bume, npH ~ni!He OCipaaua 2! 1 p6BHO~ y~BOBHHOil BenH'IIIHe 

o~Horo 11a nonepeqHHX paauepcB, ero none Ciy,l1eT coBnanaT:& c noneu CiecxcueqHo JlnHHHHX oCi

paauos C TO'IHOCT:&D 110 1Q%. 

Taxxu odpaaou, aa IICKnD'IeHIIeu nedoA:&moR KpaeuoR oO~acr11 nopSAKa nonymllpKHH nnacrHHN, 

uupazeHHH ( 2.14 ) H (2 . 15) cnpaue~~IIBN JIJIR pacqerou xaHa~a xouequoR 111IIIHW. 

Ha p~c . 7 rpa¢MqecKR npe,21cTasnena aaB~CIIUOCT:& nonR H1 OT JIBYX nnaCTHH Ha paanHQH~x 

paCCTOHHHHX r.)d OT cepe~i!HH Uellt}{y HIIKH ~H n~BCTHH R6CKOUKIIX napalleTpOB • !Ia piiC • 7 BM,I;

HO, QTO none B aa30pe OCnaCinHeTCH HBIICiOnee Clln:&HO 1 KOr,l1a OTHOWeHHe U!Hpllllbl nnaCTHIIN K 

ee BHCOTe (a/d) Boapacraer, a aaaop IIBZ.llJ nnacTHnan h
1 

yuel!l>waeTCH. !Ia ::JToro lie pile. 

7 B~~HO , QTO aBUBTHOB B03MYmeHI!e OT ~Byx nnaCTHH pacnpOCTpaHHeTCH HB pBCCTOHHHe 

::X."' (5 + 10) d • IToaTouy np11 Bu6ope napauerpcB nnacTIIH KaHana HeoCixo~l!uo <ICXOJIKT:& 11a 
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B03MOEHOCTH KOMneHCanMH nonH B0 3yY~eHHH KaK MOEHO 6rre&e K KaHany. 

mHuMHpoBaHHe uarHHTHoro nonA BHe KaHana uoxeT 6~TL c~enaHo aHanorHqHo HcnpaBneHHD 

nonA 11 B036y~HTenR11 C nOMO~LD ~Byx nnaCTHH, CHUUeTpHqHO pacnono&eHH~X OTHOCHTenbHO cepe~KH~ 

3830pa YarHKTa, 

Pacqer KOMneHCKPYD~X WHMM npOK3BO~KTCH Ha OCHOBaHKH wopuyn (1,12) K (2.12). ~nH 

cnyqaH 6eCKOHeqHO B~COKKX WKMM (npOCTKpaD~XCH ~0 nonDCOB) UOryT 6~TL KCnOnL30BaH~ ~8HH~6. 

npKBe~eHHHe Ha rpaWHKax puc.5. 

HaK60nLWYD Tp~HOCTL npe~CTaBnHeT KOUneHCaUKH nonH B03My~eHHH Ha BXO~HOM KOHUe KaHa

na, KOTOp~H pacnonaraeTCH Ha HaHUeHLW6U paCCTOHHKK OT nocne~HKX Op6KT B YCKOpKTene . B 

3TOM cnyqae KOUneHCKpyD~Ke WKMM~ 6y~yT HaK6onee CKnLHO yueHLWaTL CHKXeHKe nonA B 3a30pe 

KaHana. 8TO yueHLWeHKe 6y~eT TeU cna6ee , qey UeHLWe 6y~eT aaaop th U~~ KOUneHCKpyD~
MK nnaCTHHaUH. M60 , KaK 3TO cne~yeT K3 wcpuyn~ (2.13), B03U~eHKe 6~CTpee cn~aeT C yMeHL

meHHeY 3a30pa 2h , 0TC~a CRe~yeT , qTQ HeOTWHUMKpOBaHHaH o6naCTL B03UyrueHKH nonA KaHanou 

He uoxeT 6HTL ueHLwe, qeu Ton~KHa 6nHxanmen K op6KTe nnacTKHH KaHana. 

Cne~yeT 3aUeTKTL, qTO nnaCTKHH uarHKTHOrO KaHana noKanLHO CHKEaDT MarRHTHOe none yc

KOpHTenH no o6e CTOpOHH KSX~on K3 nnaCTKH, ITpOBO~HKK &e C TOKOM C03~aeT uarHKTHOe none 

npOTKBOnonOEHOrO HanpaBneHKH OT ere OCK. IT03TO»y, ecnK ~nH KOUneHCanMK nonH B03UyrueHKH 

KaHana KCnOnL30BaTL BKTKK C TOKOU, TO UOXHO CKOUneHCKpOBaTL B03UyrueHKe B 30He pa60qKX op-

6KT yCKOpKTenR K O~HOBpeueHHO yCKRHTL ocna6neHKe nonH B KaHane, B 3TOM cnyqae Ben~HHa 

aa6poca nyqKa qacTKu B KaHan 6~eT npaKTKqecKK onpe~eRHTLCH TORLKO paauepauK nepe~Hen ero 

nnaCTKHH COBUeCTHO C TOKOBHMK BKTKaMK. O~HaKO ~RH KOMneHCaUKK nOnH B HeCKORLKO ~cfiq 

ravcc norpe6yeTCH nnOTHOCTK TOKa B H6CKOXLKO ~eCHTKOB ~cHq aunep. 

Paa6pOC HaqeRLH~ ycnOBKU qacTKU B nyqKe, npHBO~H~K" K yrnOBOyY paCWKpeHKD nyqKa, 

~On&eH 6~TL yqTeH B KOHCTPYKUKH KaHana aa~aHHeM COOTBeTCTByD~ero nHHeUHOro pacmHpeHHH aa

aopa h) MaE~ nnaCTKHaYH KaHana. YueHLWeHHe CHHXeHKH nOnH BHYTPK KaHana npH 3TOU ~OREHO 

6HTL CKOYneHCKpOBaHO yBenuqeHKeU CeqeHKH nna c TKH KaHana - KX B~CO~ K WKpKHH , 

ITone BHYTPK KaHana C nnaCTKH8MK nepeYeH HOrO c eqeHKH npaKTHqecHK ~OCTaToqHo TOqHO MOE· 

HO paccqKTBTb, eCAK pa36MTb KBHBn no ero ~RKHe HB y qaCTKH, B KBXAOM K3 KOTOpYX ceqeHKe 

npKHKYaeTCH nOCTOHHHHM K paBH~ cpe~HeYy 3HaqeHKD( 23 J, 

0TWHMMHpOB8HH~ pacqeTH~ nyTeM KaHan K3rK6aeTCH no TpaeKTOpKK qaCTKUM BHyTpK KaHana, 

mKMMH , KCnpaBnHD~e B03YyrueHKe nonH KaHBnOM B pa6oqeU 30He yCKOpeHHH, ~ORXHH K3rK68TLCH 

no ~Kycy, 6nH3KOyY K p~Hycy KpHBH3HH HeB03WymeHH~ op6KT, TaK KaK BCne~CTBKe OTXO~a 

B~O~Horo KOHUa KBHana BM3YB8eMOe KM BOoUymeHKe HB pa6oqwx op6HTax 6~CTpO n~aeT, 

ECTeCTBeHHO, qTQ KCnpaBneHHe nORH C TOqHOCTLD ~0 10-3 OT OCHOBHOrO nonR uarHHTa Tpe

dyeT ~OnOXHHT6RLHOH 3KCnepKUeHTaRLHOH KOppeKUKH. 
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Kanany . 

tenaHo ananorH'IHO HcnpaBneHHXl 

rrOnOKeHHHX OTHOCHTenbHO cepeAHHH 

~puyn (1 ,12) H (2.12). ~nH 

I MOryT 6~TD HCITDnD30B8H~ ~8HH~e. 

13MJW6HHH H8 BXO~HOM KOHUe KaHa

i e~HHX opc5H T B JCKOpi!Tene , B 

0HDill8 TD CHU6HH6 nona B 3830pe 

3830p 2. h W~AJ KOMrreHCHPYDWH

:KymeHHe c5~CTpee Crr~aeT C JMeHD

•6naCTD B03MJW6HHH nona K8HanOM 

·~~~ KaHana. 

lnbHO CHH~aDT MarHHTHOe none yc

TOKOM C03AaeT YBrHHTHOe none 

KOKIT6HCB!J,III! nona B03MYrueHHH 

'D B03My~eHI!e B 30He pac50'II!X Op

.Hane. B 3TOM cnyqae Beni!'IHHa 

H TOnhKO paawepaKH nepeAHe" ere 

a!J,IIH rrOnH B H6CKOnhKO ruCH'I 

q awnep. 

K yrnOBOyY paCWI!peHHXl ITJ'IHa, 

JDwero n~~He"noro pacmHpeHHH aa

H BHJTpH KaHana npH 3TOM AOn.HO 

HX B~COru H WHpHH~. 

paKTH'IeCKH ~OCTBTO'IHO TO'IIIO MO~· 

B KBllAOM K3 KOtOpHX C6'16HHe 

paeKTOpHH 'laCTHI.(hl BHJTpll KaHana. 

JCKOpeHHH , AO~~ 113rH6aTDCH 

T, TBK KaK BCne~CTBHe OTXO~a 

X opc5HTBX 6~CTpO rr~aeT , 

oT OCHOBHor o nona warHI!Ta Tpe-

npH B~BO~e '!aCTHU H3 CHHXPOUHKnO TpOHa Rac5opaTOpHH ~ep~ rrpoc5new ~nH OITTHMBnDHO~ 

HaCTpO~ !Gl rronoKeHHR KaHana 11 B036y,lUITMH 11 H 11 perenepaTOpa" no ITJ'IKY B KOHCTpyK!J,IIHX 6~na 

npe~yCWOTpeHa B03MO.HOCTD HX DepeYe~eHHH 6ea HapymeHHH BaKyywa B K8Wepe JCKOpHTenH , 

Ha PHC , 8 H 9 llpHB6~6H~ rrapaKeT~ ycTpO~C TB B~BO~~ CHCTeK H CXeM~ B~BO~a ny'!Ka 

rrpOTOHOB H3 fiRTH- H WeCTHWeTpOBO r O CHHXpO!J,IIKnOTpOHa Q~RM . 



rJIABA Ill 

<1>0Pt.M POBAHI1E BHEUIHI1X rJYlJKOB 

I.<l>oKycHpY~mHe ycTpoUcTBa 

0pH OpOBe~eKHH 60~bWHHCTBa ~H3MqeCKIIX 3KCnepHK8HTOB C qacTHUaMH BYCOKMX 3KeprHA Tpe-

6yDTCH 60~bWHe O~OTKOCTM qacTMU B nyqxax,Yc~OBHH OOYTOB tp~6yDT TaKXe npOBe~eRHH MX BBe 

30H p~HaUHOHHOrO ¢ oRa H MarHHTHOrO OO~R YCKOpMTe~R. C ~pyro~ CTOpOHY,HCOO~b 30BaRKe BHeWHMX 

nyqKOB XOTA II npHDO)HIT K C50Jiee CiJiaronpHATHLIM )IJ!H 3KCnepHMeHT8 JCllO BHHM, HO npOH3BO)IIITCA 

np11 t.It:HhW eil 11x IIHTCHCHBHOCTII. TaK, Hanp11uep, nJIOT!lOCTh BllewHero npOTOHHoro nyqKa, pacxo

AHMOCTh KOTOpO rO H8 B~O)Ie 113 MBrHHTHOrO K8H8JI8 COC TBBJIHeT BCero t 0,5°, na)laeT OOCJie 

npOXO~eHHH pacceHHHOrO nOJIH YCKOpi!TeJIR noqTH B TLICRqy p83 38 aamHTHOA CTeHOM H8 paCCTOR

HI!I! 10-15 14 OT yCKOpHTeJIR. ]IOJIR lite I!CnOJ!l>3yell~ B 3KCnepHIIeHTaJ!hHbiX nBBI!JlhOHax Me30HHLIX 

nyqKOB OT oC5 pa3y~~XCR npi! B3ai!MO)IeACTBI!ll npOTOHHOrO nyqKa C BHyTpeHHeA llll llleHh~ eme lleHh-

we . 

EcTeCTBeHH0 1 qTo T8KI!8 YBJ!Lie nOTOKI! qacTIIU Y.lllli!HRDT npO)IOJIII!TeJ!hHOCTh 3KCOeplllleHT8 1 

a B pH)Ie )lpyriiX 38)18q, CBR38HHbiX C H8C5JI~8HII6M pe)IKI!X COC5LITIIA, BOOC5me He)IOCTBTOqHLI )IJIHero 

OOCTBHOBKI!, QqeBII)IHO, qTQ C8MYII K~p)IIIHBJ!hHLIII pewe HI!ell 3TOPO BOnpoca RBIIJIOCh C5LI yBeJII!qeHI!e 

BHyTpeHHero nyqKB CIIHXpOUIIKJIOTpOHB B COTHI! II TLICRqll pa3, TO 6CTh OOJiyqeHI!e TBKI!X nJIOTHO

CTeH qaCTIIU B nyqKax, KOTOpLie )IOCTynHLI Jli!Wh npi! ~KJIOTpOHHOII cnocoC5e yCKOpeHi!H, TBKOA cno

COC5 noJiyq eHII H UI!I(JIOTpOHHbiX IIHTeHCI!BHOCTeA C 3Hepri!RIIII B COTHI! IIIIJIJII!OHOB 3JieKTpOHBOJ!hT 

pa3p8C58 TLIB8eTCH B RaC50p8TOplli! R)lepHbiX npoC5Jiell 011fll1 II npe)lyCIIBTpi!BBeTCR B nepcrreKTIIBHbiX 

IT J18H8X pe KOHCTPYKUI!II meCTIIII6Tp0BOrO CIIHXPOI.liiKJIOTpOH8( 3?). 

~JIR TOP0 1 qTOC5LI 3~6KTIIBHOCTh WeCTKII8TpOBOPO CIIHXPOUIIKJIOTpOH8 C5LIJIB HBH60JihWeH, npH 

cyweCTBYDmeU I!HTeHCIIBHOCTH BHyTpeHHero nyqKa npOTOHOB OKOJIO 2,3 IIKB, He06XO)IHIIO KCnO~h30-

B8Th BCe )IOCTynHLie II HBI!C50Jiee npOCTLI6 CITOCOC5LI )IJ!R JBeJIHqeHIIR B 3KCnepiiY8HTBJ!hHbiX naBIIJ!hD

HOX nJIOTHOCTII nyqKOB BTOpllqHbiX qacTIIU, 

0)1HIIU 113 1!81160l!ee npOCT~ CnOCOC50B YBeJIIIqeHIIR nJIOTHOCTII nOTOKOB 38pRllteHHLIX qaCTHU 

npe)ICTBBJ!ReTCH C03)18HH8 C081.li18Jlh~X ¢oKJCIIpy~IIX YCTpOACTB, IICROJ!h3YDWIIX C06CTB8HHOe nolle 

yCKOpHTeJIR, Opi!lleHRR YCTpOl!CTB8 1 nO)I06HLie 11 B03C5y)IIITeJIIl11 II "pereHepaTOpy" HB BbiXO)Ie npOTOH

HOPO nyqKa 113 IIBrHIITHOPO KBHBJia, IIOXHO 3HB~T8JihHO YII8Hh11111Th ero pBCXO)IHMOCTh, 

TBK 1 npll BLIBO)Ie npOTOHHOrO nyqKB H3 184-~DMIIOBOrO CIIHXpO~KJIOTpOHB B oepKJIII, BHYT

peHRR RJIBCTHHa K8HBJI8 6~JI8 C50Jiee ~JIIIHHOM 1 qeu BH8WHRR,~JIR C03)1aHHR O)IHOpO)IHOrO nOJIR II 

YII8HhW6HIIH TBKHII OC5pa30U rop1130HTaJihHOH paCXO)IHIIOCTII nyqK8(31), 

DOJiee cy~eCTB8HH~U C5LIJIO YlleHbWeHHe paCXO~HYOCTII npOTOHHOro nyqKB 1 BLIBe)leHHOrO 113 

lli8CTHMeTpOBOrO CIIHXPOI.liiKJIOTpOHB O~Hil B 1954 r . Ha BLIXO~e nyq&a 113 uarHIITHOrO KBHBJia C5~0 

nOCTaBJieHO :lJOKJCIIPYill!lee ycTpO HCTBO TIIITB "pereHaTOp" C pBCTYmKII no PB.llliYCY noJiell ( rt < 0 ) 
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qacTI'!UaKH BHCOKRX 3HeprHR Tpe

~6yDT raxxe npose.~teHHH HX sHe 

li1 CTOpOHH,IICITOI!'b 30BaHI!6 BH6WHHX 

HTa yCJIOBI! fiM , HO npOM3BO)\IITCfl 

~Hero npOTOHHOro nyqKa, pacxo-

BC6r o t 0 , 5°, na.11aeT nocJI6 

3a 3ali\I'!THOll CT6HO II Ha paCCTOfl· 

6HTai!:&HHX naBHJI:&OHax M630HHHX 

C BHyTpeHHell MI'! W6H I>D 611\6 M6HI>-

pO.liOIIXI'!TeJII>HOCTb 3KCfi6PI'lM6HTa, 

Tllll, BOOCl ll\6 H6)\0CTa TOqHU )ll!fl ero 

o sonpoca f!BI'!Jioc:r, 6~ yseJII'lqeHI'le 

0 6CT:& f!OJi yqeHlle TaKIIX f!JIOTHO

OM cnocode ycKope HI'l fl . TaKoll cno

OTHII MHJIJII'!OHOS 3JI6KTpOHSOJII>T 

CMHTpHBae TCfl S fl 6pCIT6KTl!BHHX 

KKnOTpOHa duRa HaH60n:&mell , npH 

0 2,3 UKB, He06XOJtl'lMO KCITOn:&30-

Hfl S 3KCnepHII6HT8JII>HYX naBHnl>o-

CTH f!OTOKOB S8Pf1~6HH~X qBCTHU 

, HCnon:r,syiOll\l!X COClCTB6HHOe none 

11 pereHepaTOpy" Ha BHX0)\6 npOTOH

T:& ero pacxo)li!IIOCTI>. 

XPOUHKJIOTpOHa B EepHJIK, BHYT

cosnaHIIH OJlHOpO)IHOro nOnll H 

(31). 

HHOrO nyqKa, SYB6)16HHOrO 113 

rqKa 113 UaPHMTHOrO KHHBI!a 6YnO 

rli\HM no PS.llllycy noneu ( n "o ) 

C rp8,lll'leHTO!.I aH Q=t ~ 1000 S/Cll. COBII6CTHO C OClJiaCT:&D paccel!HHOrO nOllll, r.~te n. :>0 t STO 

ycTpollcTBO f!Blllii!OC:& WOKYCI'lPYDII\HY KaK B BepTHKaJI:&Holl, TBK I'! ropaaOHTaJI:&Holl n~OCKOCTl!X. 

B pesyJI:&TaTe nliOTHOCT:& npoTOHHOrO nyqKa HB paCCTOHHI'll'l 10 II OT Kallepu CiUlla yBeJIHqeHa B 

3- 3,5 paaa ( 38). 

ilOJtOClHUe yCTpOllCTBa JCTaHaBJIHBaJIHC:& I'! B nOBOpOTHO-aHaJII'l3HpyDII\HX liBrHHTaX Jlllll yBeJII'l· 

qeHHll fil!OTHOCTH nOTOKOB BTOpHqHHX qacTHU - fi0llllpH30BaHHNX npOTOHOB I'! nOJIOXRT6JI:&HHX ue

SOHOB(3g) • 

ilone JCKOpi'!TeJill !.IO~HO donee 3~6KTHBHO HCfiOJI1>30BaT:& H npH SUBO.lle lleSOHHHX nyqKOB, 

odpasoBaHHHX Ha BHyTpeHHell lii'!WeHH. XoTll don:&m»HCTBO nyqKOB u WOKYCHpyeTCll paccel!HHUK no

nell oqeg:r, CHn:&HO, HanpHuep, MeSOHHUll nyqoK C BHeprHel B 300 MSB WoKYCHpyeTCll sa Sali\HTHOll 

CTeHoll npHMepHO B 10 paa,a C 3HeprHell 80 Mas-s 200 pa3(17,!8),oJtHaKO H np11 TaKOll 60llbWOH 

WOKycapoBKe MOEHO ell\e B HeCKOJI:&Ko pas yMeH:&WHT:& pacxoJtHMOCT:& npHBe.~teRHux nyqKOB(?).Ecl!H 

l'l8M6Hl!T1> non~eHHe IIHWeHH no aaHMyTy H no Pa.IIHYCY npH BUBO)Ie MeSOHHHX nyQKOB, TO MOKHO 

donee a~eKTIIBHO Hcnon:r,aoBBT:& WOKJCHPYDII\He cBollcTBa warHHTHOro non11<17). AHaJIHa JtBHxeHHH 

noKaaan, qTO OCOdeHHO CYII\6CTB6HHUM STOT S~W6KT dy)leT Jlllll M6SOHHHX nyqKOB, BUBOJlHMUX B 

HHTepBane 3HeprHll OT 100 JlO 180 MaB. 0U6HHH nOKaSUBaDT, qTO nnOTHOCT:& STHX nyqKOB IIOX6T 

dUT:& YBeJIHqeHa B 20 pas. 

C OTKpUTHeM npHHUHna X6CTKOll ~OKYCHpOBKII KBa.~tpynOli:&HUe nOnH HBWJIH WHpoKoe npHMeHe

HHe npl'l KaHani'!SaUHII ycKOpeHHHX qaCTI'!U. B 'aTOM OTHOmeHHII ~eCTKOWOKYCllpyDll\116 KBS.llpynonh

l!Ue nona odnBABDT onpe.~telleHHYIIX npeHMY~ecrsaMH nepe.~t nepeqBclleHHYMK sume cnocodaliB. 

C f!OMOII\:&D TOn:&KO 0)\HOll napu ManoradapHTH~X KBa)lpynon:&HHX ni!H3 C anepTypOll B 4 C!.l 

M rpa)llleHTOM G~ 2000 ajcu nnoTHOCT:& BHewHero npoTOHHoro nyqKa weCTI!UeTpoBoro CIIHXPOUHK

noTpOHa d~na ysen11qeHa B 5-6 pas< 4 ), a c noMOII\:&D aHanorl!qHwx nHHS c anepTypoll B 8 cu

S 20-25 pa3. ilnOTHOCT:& nyqKa nOnHpli30BaHHHX npOTOHOS C BHyTpeHHell UIIW6Hll 6UJ~a yBenl!qeHa 

B 4, 5 pa s a. 

Enaro)lapH TaKOMY yBenHqeHIID nnOTHOCTII SH6WHero npOTOHHOrO ny~Ka,6UJ~a nonyqeHa B03-

MO~HOCT1> 06pa30SaHMfl HHTeHCHBH~ nyqKOB nORHpliSOBaHHUX npOTOHOB I'! nyqKOB f!Ol!OXI!Ten:&HUX 

M630HOS Ha BH6WHell MI'!W6Hli(1S). B On~TaX E.HeraHOBa, O.CaBqeHKO II )lp. nOTOK npoTOHOB 
II I 3.1 0 /CeK SII6WHero nyqKa nS.llan Ha UIIWeHI> I'!S CH2 JtnliHOIO 2Q-25 CM, ycTSHOBneHHYD llelK,lly 

OTKnOHHIOll\11!.1 uarHHTOM l! ~KYC~ PYIOII\liMI'l nliHSaMM. ilonyqeHu BUCOKOIIHT6HCMBHH6 nyq KI'l n+-11630-

HOB C 8Hepri'!HMI'l OT 60 )10 300-360 Mas . 

C ITOMO~D ¢ OKYCHPYDII\6PO KBHaJia, COCTBBJieHHOrO MS HenpepYBHO qepeAYDII\HXCR KB6lpynOni>

HhlX UarHHTOB, MO~HO nonyqMT:& TaK!e I'! SUCOKOIIHTeUCIIBHUn nyqoK f -MeSOHOB(40). C. nOMOII\1>10 

aH anM 3llpyiOII\liX MarHHTOS jJ -M630HHYll nyqoK oqllll\aeTCll OT npHMeCII il-M630HOB ( 41). 

TaKOll KaHan, COCTasneHHHn 1'! 3 28 KBSJlpynOn:&IIHX JIHH3 C anepTypoll B 20 CM, BBe)\eH B 

.11 encTBIIe s Ra6opa~opHH HnepHux npo6neu OHHH B neKa6pe 1963 r. ili!OTHOCTI> ueaOHHHX nyqKos 
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YBBRHqeaa B 20-100 paa. fiOTOKH UB30HHHX nyqKOB OTpH~aTeUHUX qacTH~ COCTaBnR~T Ha B~O

~e KaHana oKono (I+2).IoP 1;ceK aa nno~~b 80 cu2 • 

B KaqecTBe aHanaaatopoB, oqa~a~~x JU- ueaoauue nyqKH OT npHUeca n-ueaoaoa, Hcnon&

ayDTCH pacceHHHOB none uarHHTa yCKOpHTBRH H CUB~8RbHUU TpeXCBK~OHHUU &eCTKOq~KYCHpyD

~ iii. MarHllT. 

fiepBOHaqaRbHNB 3KCnepHUBHTN noKa3aRH, qTO nonyqeH f -UB30HH~ nyqoK C HMnyRLCOM 

OY.ORO 180 M3B/C H nOTOKOM qacTH~ OKORO 2,I04 I/CBK Ha nno~~b S = 80 cu2 • fipHIIBCb fi-ue-

30HOB-OitOnO 5jf> • 

2. HBHxeHHe qactHU o pacceHHHou none ycKOpHTBRH 

.l{RH pacqem ljxl KyCI'lpyJO~X CllC Tell , B KOTOpUX HCnOU3YBTCH K8K none YCKOpHTBRH, TaK H 

none KBa,ilpynORbHUX uarHI'ITH~ RIIH3 0 HB06XO~HIIO 3HaHH6 TpaeKTOpHii ~HlltBHHH qacTH~ nyqJca • 

.l{B I'!~eHile aapHlKBH!IUX qaC TI'l~ B a31111YTaR:OHO CHIIIIBTpifqHOU none Oni!CUB86TCH ~illj)!JepeH~Han:OHUII 

ypaBHBHiiBU 

r.zte 

06~ee 

't 2 • 2 'Z'' - 'l. 't. . 

[?.t+ -z. ·• l J/2 

... ' - d.-z 

!H('t.) 
cp 

~ - CfcS 
pemeHiiB oT~rO ypaBHBHiiH IIOlKHO npe~CTaBiiT:O B B~e ( J5) 

l ... 

f Ao'lo.PoHo + {H('t)'l.d't d. 
If!= l'VH.'.P: - -ir(A. 'l.p.H.•J'H(t)ld-zf -z 

'Zo l.o 

(3 .I) 

(3.2) 

r~e ~ 0- BCT:O CH HyC y rna IIBa~ PBAifYCOII ll KaC aTBR:OHOU K TpaeKTOpi!H qaCTII~U B TOqKe 1:.0 

Ho B 60R:OI:IIIHC TBC CJiyqaeB TpaeKTOpllll qacTH~ ~OCTaTOqHo TOqHo IIOryT 0UT:O H3ii,zJ, eHU rpacjJ!IJqec

HHU L!BTO~DJ.l . 0,~H81CD ec;m Tpe6y eTCH 3HaHHB 6DR:OWOro ~eRa TpaBKTOpi!U , nanpi!llep, npH 113y

qeHI'll'l Tp aeKTOpl'l ii ~BI!r.tB H ll H IIB3DUDB, TO 3~aqa IIOJtBT 6UTb peweHa TOR:OKO C nOIIO~:OD aneKTpOH· 

HUX cqeTHUX U8WMH:B 3TOU cnyqae oqeH:O Y~06RU K 31tOHOUHqRU ~nH pacqeta Tp861tTOpHA cne~yo-
~e ljxlpuynu(42 , l 6 , I7): 2 1 

Rt•t =Rt •hCostt,- 2~< Stnd..t + 2~ < Stn 1 c~-, 
4'i.+t=4't+ -Rh Si.ndt + 

2 
hR'· Cosd.t 

••• !_P, , •• 

d.t+l =dt + t- (4'L•I - lJld 1 (3.3) 

[ 
t h1 dH . - j • 

z~..,= Z,f-rwHslllc~.., •z,h, 
• h d H . - ' [ l h2 d.H . - ) 

lt•t=- Zt w rrSi.nd..t • Zi. 1-y w err Slllcl.i. , 

r~e h - ua.llblll war nepeuell(eui!H MORn TpaeKTOpl!l!. 

HRAeKc • L' - oaHaqaeT napauc tpu TpaeKTOpl!l! B uaqane wara, 

a HH.lBitC • L•t'- napa!leTpu TpaeKTopl!lt B KOH~e mara; 

R - paccTOHHI!e OT ~eHTpa uarHHTa ~o paccuatpHBaeuoU ToqKH; 

<{1- yron IIBll~ uaqa;r:ouuu ~KYC-BBKTopou R0 , npoae~eHHuu qepea III!WeHL, 
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: '18C'rlll\ COCTBBJIHIOT Ha BbllCO-

~ npl!U6Cll n-K630HOB, HCITO~h

:ceKLtHOHHbli.i ll6CTKOqX>KyCllpy!l-

1630HHbli.i ny'IOK C llllnyn&COII 

th s = 00 cu2 • np11uec& n-ue-

I KBK none YCKOpl!TenH, T8K II 

lpll i.i )tBIIll6HIIR '18CTIII\ ny'IIC8, 

ln11Cb1B86TCR )tll~epeHI\l!SnLHblll 

(3,I) 

(3.2) 

CTOpllll '18CTKI\bl l! T0'1K6 ~. 

IIOryT 0b1Th Haii,D.eHbl rpacjJH'IeC

J86KTOpHi.i, nanp11uep, np11 Hay

lHa TORhKO C nOIIOIIlhiO aneKTpOH· 

IH pacqera rpaexropxR cAeAYIO-

(3.3) 

· SLnd.· ) c , 

i!Jiaeuoll TO'IHH; 

, npol!6A6HHblll '18pe3 lll!WeHL, 

1 

11 oreHYJI(HK pa.nHyc-Bexoropou Rc 

o( - yron u~.ny pa.nHyc-aexoropou Rl 11 xacaoren&HoK H orpaeHorop1111; 

Z- OTKnOH6HIIe TpaeKTOPllll OT Cpe)tHeK nnOCKOCTII; 
• dz l=ds- H8KnOH Tp86KTOpllll K Cpe)tHeK nnOCKOCTK. 

- p8.ltliYC Kplll!II3Hbl II yron OTKnOH6HIIH Tp86KT0pllll, B3HTbl6 l! I\6HTpe 1118-

ra h , .nnH yqeora uaJiux 11aueHeH11i.i B .P 11 d.. Ha .ltnl!He mara. 

.? = mvc : ~p =__yy__cM • 3.nech P(Maa/c), a H (Ka). 
eH H H 

~nH p8C'I6T8 BCei.i orpaeKTOpllll )tl!Hll6Hl!H 'IBCTII!\1>1 l! KarHIITHOII none YCKOpiiTenH He06XO)tliiiO 

3H8HIIe aaKoHa ll311eHeHIIH nonH B aaBIICIIIIOCTII oor paccTOHHIIH .no I\6HTpa yCKOPIITenH ( R ) • Ha 

p11c.IO npHBe.neHa a ora aaBIICIIIIOCTh Hz (R) .nnH mecorllueorpoBoro CIIHXpOI\l!KnOTpoHa. 

~nH TOro, 'IT06bl 3H8Th TpaeKTOpllll '18C'rlll\ C npOIISBOnhHbiKK H8'1BnhHbiKK ycnOBIIHIIII Bblneora 

B BepTl!K8.7!bHOK nnOCKOCTII, .lt0CT8TO'IHO 3H8Hlle )tByx orpaeKTOpl!i.i Z,(L) I! z2 (L) • 061!lee pe

weHIIe ypaBH6HHH )tBIIll6HliH )tnH np0113l!OHhHO~ Tp86F.TOpllll 0 l!blp8ll6HH06 'lepea 113B6CTHb16 napaueor-

Z=i(o)l,(L)+Z(o)Z2 (L), 

z.' = z'(o) z; (L) t :Z (0) · Z~ (L) (3,4) 

B pa60T8X(l6,l?), CBH38HHbiX C p8C'I6T81111 TpaeKTOpliK )tl!l!ll6HHR n--11630HOB B paCCeRHHOII 

none meCTIIII6TpOBOrO CIIHXpOI\l!KnOTpOHa, nplll!6)t6Hbl nO)tp06Hbl6 CB6)t6HIIR .ltnR )tl!yx Tp8e KTOpll i.i C 

yrnou Bblneora '18CTKI.l 113 cpe.naei.i nnOC KOCTH l. ' = 0,0! II napanneJ!bHO ei.i H8 paCCTOHRHIIl'=I cu 

)tnH aaeprl!i.i n--Me30HOB OT 80 )tO 400 Mas, 

AHanll3 npiiBe)teHHbiX )t8HHbiX ITOK83an, 'ITO )tOnK n--Ue30HOB, non~aiQ._X 8 3XCnepHII6HT8~h

Hbli.i naBKnLOH qepea KOHnli118TOp .ltii8MeTpOM 10 Cll, 0'16Hh uana. Ha pa CCTORHIIII IS II OT BHy TpeH

Hei.i lll!WeHII YCKOpl!TenH npOXO)tHT 116 30Hbl 0 KOTOpble nona)taiOT B IIHTepBaJI yrnOB Bblneora ~ 3 MM We

HII B Ue)tii8HHOi.i nnOCKOCTll A tJ = 2 ,S0 ; 2° II I ,S0 , 8 B B6pTIIKBnhHOi.i nnOCKOCTII Ai ( 0 )"'2 , 9 ; 

0 ,29° 11 0,23°, oro ecn B HHTepBane orenecHbiX yrnoB dSl.3<!>4> = B.ro-3 ; I ,6 .10-3 11 3 , 5 .I 0-4 

corep., .nnH aHeprllj,j 80 , 160 11 300 MaB, c ooorBeTCTBeHHo. reoueorpll 'leCHHi.i Te necabli.i yr on rrp11 

a TOM e111e MeH &We II COCT8BJIR 6T a enii'I II HY dSl.UO.II.- (4 + 5 ) 10-SC Tep . 

0TC~a c ne.nyeT, 'ITO paCC 6RH HOe none YCKOpiiTeRR Hl!nReTC R Xopomei.i ~KYCII PYIOIII6i.i RIIH 30" 

)tRR 60nhWIIHCTB8 Me30HHbiX ny 'IKOl!. 0)tH8KO 6onee P81\KOHanLHbl" l!bll!O.lt aTl!X flY'IKOl! MOlleT )t8TL 

e111e )tOnOnHIIT6RLHbli.i l!blllrpbiW B IIHTeHClll!HOCTH ny'IKOl!, 

00bi'IHO rrpll l! bll!O)te HCnORL 3YIOTCH Me30H Hbl~ ny'IHH, o6pa 30l!8Hllb16 nO)t yrna!lll Bbln6T8 11 3 Mil· 

W6HII .,)- , 6RII 31Cl!MII K Hymo, OTHOCHTeRhHO HanpaBJi eHl'IR npO TO HHOrO nyi!K8, ECRII ll6 IICfl ORL30· 

B8Th nyi!HH Me30HOB , BbiRe TSIOIIIIIX nO)t yrnaMH l}O< 10+30° Brny6L yC KOpiiTeRR, TO MOllHO YB6RII

'IKTL IIHTeHCIIBHOCTL Me30HHbiX ny'IKOB l! 2-4 pa aa no Cp8l!H6Hlll0 C BbiBO)tOII IIX flpll 1)- = 0°, He

CMOTpR Ha TO, 'ITO Ce'leHHe !A e30H006pa30l!8HKH H6CKOnLKO. YlleHLW8eTCH np11 YBeRli'I6Hllll yrna 
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B~eTa, 3~6KT ~OKYCMpOBKK OKa3UBaeTCH 3Ha'lMTenhHO CHnhHeel?). 

i'la ypaBH6HHH BepTMKanhHOrO ,llBMll!eHMH 
·· e dH m-z- -c-'t'Slnci ~ z =O 

cne,llyeT, 'lTO xapaK'rep ,llBHllt6HHH 'laCTMI.l ( ljloeycnpOBKa HnM ,lletj)OKYCHpOBKa ) onpe,llenHe~·CH 3HaKOM 

Sin 0.. • EcnM HSIIeHMTh rronollteHMe IIHweHM no pa,lll!ycy, ro MOlltHO yMeHhWI!Th ,lle(jJoitycnpy!Ol!lee ,lle~

' CTBI!e ITOnH sa C'leT TOro, 'lTO Ilpl! YCTBHOBlte III!WeHI! Ha lleHhWeM p8,lll!yce Me30H!l 6y,lly T CI1nh

Hee 3aBOpa lli!BaThCH II ITO,llXO,lli!TD K o6naCTH 60nhWMX ,llerjJoKyCI!pyiOI!li!X rpa,ll1!6H TOD ITOnH C MeH hWli

MII aHa'leHI!HIII! SLnd. • i'lcnOJih30BaHI!e a roro s (jltileKr a ,llaeT aaMeTHU~ peayJihTBT TOJihKO .llJIH anep

rllll Il-- Me30HOB OT 100 ,llO l 80 M3B IlpM CM6l!l6HI!I! lfi!WeHI! BrJIY6h YCKOpi!TeJIH HB BeJIMllMIIY ,llO 

22 ,5 Cll. 

TBXHM 06p83011 0 38 cqer CBeAeRHH AO MHHHPJYM8 C~epH'leCKO~ a66epBI.li!H 0 TO eCTb BllBOA8 

IT - 11930HOB ITOA yrnaxH Blln6T8 17'~10 + 30° , HlleeT MeCTO yBenl!qeHHe I!HTeHCHBHOCTH Ue30H

HUX rryqKOB B 2-4 pa3a AnH BCeX paccuorpeHHilX 3HeprHR OT IOO AO 340 Mas. 

3a C'leT llle yYeHhWeHI!H BepTI!KanhHO!l paCXO,ll iiiiOCTI! Il--Me30HHUX ITY'lKOB, npl! BllDO,lle I!X C 

6onee rny60KIIX PB.l!HYCOB, MHTeHCI!BHOCTh JlY'lKOB B03p8CTaeT TOJ!hKO ,llJIH Me30HOB MBJ!IlX 3Hepri!M 

or 100 .llO ISO !.laB. Ilp11 aToll .llnH ny'lKOB rr-- ueaoHOB uanux aHeprllli cor nacHo pacqeTau I!H'!'e H

CHBHOCTh 3a C'leT 060HX ¢aKTOpOB IIOll!eT 6UTh yBenH'leHa B 20 pas , 

3. HBHZeHHe 'laCTI!U B KBgijpyiTOnhHUX ITOJIHX 

YCJIOBI!H IlpOXOE,lleHIIH aapHZ6HH!lX 'laCTI!I.l llepea ITOJIH, uarHI!TH!lM CKBJIHpH!lM ITOTeHI.ll!an KO

TOpUX BUpallt86TCR KaK 

r,ll e 

- 4' = G X!j , 
aH ~ G= 0'i"= ax =Const. 

onpe.llenHIOTCH ypaBH6HI!HIIII ,llBI!~eHI!H 

dt.:x: + Ka.:X: =0 
d z& 

3MCh 

a 

~- K2~ =0 dZ 
K a = _t_ G = _t_ G = aooG ,. 

cmv pc P 

P(96)- I!IIIIYJihC qacTI!~. G = ~~· =a;;_~ (3/cr.t) 

i'la peweHI!H ypaBH6HI!~ (3.5) Bl!,llHO, liTO ,llBI!llt6HI!e B ITJIOCKOCTM XZ 

(3 . 5 ) 

(3.6) 

6yAeT CXO.llHWI!MCH, a 

B ITnOCKOCTM ~z - paCXOAHWI!IICH. 3,lleCh S eC Th AJII!HB uarHH THOrO ITOJIH KBa,llpyiTOJIH, a 

X , X' , ~ II ~~ - HB'lMhHUe yCJIOBI!H ,llBI!li6HI!H 'laCTI!~ Ha BXOAe B KB.l!PYITOJ!h, ;l!JIH IlpOCTO-

TU pemeHHH Ilpi!HHTa IlpHMoyronhHaH IIOAenh ITOJIH, TO eCTh BHe Jli!H3!l 0 AJII!HOIO S , none BC~y 

p8BHO eyn11: 
p j Gdz •K 2 S300 (3.7) 
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>. 

ycHposxa ) o n pe)lellll e ~· cH aHaKOI.! 

yueHI.WIITl> )lecpo ttyCI1PY IOI!\ee :z~eii -

pa)l l1yce M8 3011fl Oy)ly T CI1 Ji l>

llli1X r pa,l\118HTOB llOJifl C MeHI.WII

HUii pe ayJII.TBT TOJi l>KO ,1\JIH 3Hep

JCKOpi! TeJIH HB BeJIII 'll111J .1\0 

~ a66ep8UHH, TO eCTb BI!BO;zta 

Jlii'I BHIIe IIHTBHCMBHOCTII 118309-

.JI.O 340 M3B, 

HHiiX llJ 'IKOB , llpll BUBO)le IIX C 

l>KO )lJIH M830HOB MBJIIiX 3Hepr i!M 

rHH COrJIBCHO pBC'I8TBM IIHTe H-

a. 

:THW\ CKBJI HpHUll !l0T8HUIIBJI KO-

(3. 5 ) 

(3.6) 

lC TH XZ 6y)le T CXO)IHWIIMCH, a 

III THOrO nOJIH KBa;ztpynOJIH , a 

lXO;zte B Ka;ztpynoni., nl!H npOCTO

lH 3fl , )IJIIIHOil S , none BCil.liY 

(3.7) 

'I 

B pa60TBX rpallBeT-CenTHp ( 43) llOKaSaHO, 'ITO Tame npBOJIHli8HH6 110)16JIB uarHBTHOro llO

JIH ,1\0CTBTO'IHO TO'IHO )lJIH paC'I6Ta OllTH'16CKHX xapaKTepHCTHK B nepBOII llpBOnHlleHHH )lJIH llJ'IKa 

orpa HI1'1eHHHX paawepos. 

Ecn11 HB ,1\Jll!He KB8.1\PYllOJIJI S IIOliHO npeHe6pe'II> H3116H6HII811 KOOP.l\IIHBT X II ~ , TO 

8CTl> C'II1T8 Tl> JII1H3J .1\0CTBTO'IHO TOHKOll, B STOll llpBOJIBlleHBII ypaBHeHHH (3,5) HHTerpapymT-

CH Henocpe;ztCTB8HHO II cpOKJCHaH ;ltJIHHB 11 TOHK0ll JIHHS!i" Ollp6;zt6JIJI6TCH KaH 
l 

f. = x•s · (3 . 8 ) 

~opuyna (3.8) BeCI.IIa noneaaa np11 np116nxzeaaou pac'leTe cpoxycHpymllliiX CIIC Teu. fl pll TO'I

HHX paC'Ie Tax peaJi l>HJil J!IIHSJ IIOliHO C'IIITaTl> TOHKOll, HO C paaJIH'IHJillll ~KJCHJillll ;ztJIIIH81111 H 

rJIBBHiillll llJIOC KOCTHllll B cpOKJCIIPYillll6ll II ;zt6~KJCI!py~ell lll!OCKOCTHX, COOTB8TCTB8HHO, 

3HBHI!e cpo KJCHJiX .1\J!IIH II rJiaBHiiX llJ!OCKOCTell JIHH3fl ll03BOJ!H8T Cp8BHIIT8Jll>HO llpOCTO B 

TepUIIHBX OOU'I HO ~ OllTIIKII peWBTl> 38,1\a'ly TpaHCllOpTIIpoBaHIIH ny'IKOBo 3TH OCHOBHUe 3JI6118HTU 

Jll!H3fl - cpo KyCHOe paCCTORHII6 II paC!lOJ!OBeHHe rnaBHJiX llJIOCI(()CTell - JierKO ODp8A6J!RilTCR 11 3 

npeo6paa yiOIIlell 

Z, -1,}("" . lltt )(I 1e-Zo): (m" 
1 n1t. n21 o 1 m21 (3.9) 

r;zte IIBTPIIUB ("'nil nnlt ) BKJ!Il'IB6T B ce6R OOJIBCTl> llOJIR, a ;ztB6 
u n . 

llpHIIOJIHHellHoro ;ztBHli6HIIH '18CTIIU B OOJiaCTHX BHe IIBrHBTHOrO 

)lpyrlle IIBTPIIU!i 8CTI. J'IBCTKH 

llOJIJI KBB)lpynOJil>HOll JIIIH3fl. 

Ha OCHOBHHHII Ollp8)1eJI6HIIH ~KJCHOrO paCCTOHH~H KSK 

f=-+ 
113 (3.9) 11116811, 'ITO j:- _,_ = __ ! 

mu nu (3.10) 

EcJIH llu <0 , TO j >0 

lll!IH• 

- CHC T611a COOB·pa~H, a npH n-11 .> 0 , j < 0 - cMcTella pacce11sam-

~OK8Jil>H8H llJIOCKOCTl> 11306pazeHHH lf
1 onpe)leJIHTCR Ba m11 = o , a WO KMI.HaR 

llJ!OCKOCTl> OO:beKTa l fo - 113 m 1'1 = 0; 

2J = Zs- ...!lu... , I ntl 
11 = Ze. • .!!n... • 

o nu 

(3.II) 

3)1eCI. z.-.BXO)IHBH rpaHBU8 llOJIH JIHH3lol, a 211 - BliXO)IHaH rpaHBUB. 

rnaBsue nnocKOCTB Hao6paBeHHH Zp 

zf, -t.,. = f, II I Po - lfo :. :f. 

11 o6:~>eKTa Z~~o onpe)leJIJ!IlTCH 113 ycnoBtlll : 

TO ecT:r. lp =Is• ~, 
' nu 

1 n " Ze - .!..:..l!JL ro nu 
flJIOCKOCT:r. IIS06pazeHIIH TO'I8'1HOrO IICTO'IIIIlKa Ha OCB Ollp8,lleJIHBTCH 113 JCJIOBIIII m11:0 

(3.12) 

r. :.:z _ n,~•(lo-2o)n 11 
I £ nu • (lo -lo) n11 

(3.13) 

4JIH OAHOll ~KJCKpy~el AIH3lol 
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I S h.= KSillKS :I.+ 6 • 
1-COIKS. S 52 

Zp,, = z,- I! SinKS - Zs- T- 24fo 

.,. _ z I - Co1 I<S _ z , .L + L 
-"Po•- e + K SinKS - e 2 24fo 

II ,IIJI!I O,IIHOI! ,llelj)oiQ'CHpylll!lel! JII!H31i 

f - 1 .t __ s_ 
~--~-;· 6 ' 

l CnKS·t S S2 

P
1 

: Zs - K Sh KS = Zs • -2- + ""2ltT."" ' 
~ = ~ - + _s_- __£__ 

(3 . 14) 

(3.15) 

Zp.~ Za+ KShKS -le 2. 24!
0 

r,11e f. - WOIQ'CHoe paccTOHHI!e "TOHKOI! JIIIH31i11 (3 . 8) , a S- ee a~P~PeKTIIBHaH .IIJII!Ha , KOTopaH 

CB!I38H8 C ,IIJIIIHOI! f!OJIDC8 e II anepTYpol! JIIIH31i 2a 3Uf!HpllqecKIIU COOTHOWeHHeu ( 4J) 

s 0::: e +a (3.16) 

CIICTella, COCT8BJieHK8!1 113 ,IIByx KBa,llpynOJil>llbiX uarHHTOB , f!OBepl!;y'TiiX OTHOCIITeJil>IIO OCII l 

H8 90° ,11pyr K ,11pyry, Cly,lleT tjJoKyCHPYIOI!leil CHCTeMOI! O,lii!OBpeuei!HO B oC5eHX f!JIOCKOCTHX XZ H ljZ • 

JlJI!I T8KOH CIICTellli, paCCTO!!HIIe B KOTOpoll llffii.IIY KB8/IPYflOJil>Kiil.!ll f!Oilflllll ecTI> 0 , np11C5JIIIllteH

HOe BlipallteHI!e ,IIJI!I WOKYCHoro paccTOHHHH 11 pacnonoJtteHII!I rnaBHbiX nnocKocTe~ 11ueeT Bllll: 
F, _ I _ i.' . :f01 

X- t<.'sl(2/H + 6) - 2/H + £ - --~- ' 

_ (1iJ"•£t<2s•tK's'• K's' t s' £. ) 
lp,, -ls- K' s• (2/35 +6) = Zs-~(T •tfo• 5 +SJo (3 .I 7) 

(-.1!{-)4-eK's•rt<'s'- K's' t ( s• H ) 
lp.x = Ze + K' s• ( 2/3 s .. 5) = Ze + ~ T - ef. + T -Sf. 

3,lleci> nepBaH JII!Haa B nnocKOCTII Xit HBI!lleTCH C!IOKYCIIPYIOII\eil • .l(Jifl f!IIOCKOCTII fl. n epBaH 

IIIIH38 Cly,lleT ,lle4oKYCIIPYIOIIlel!,ll COOTBeTCTBYIOII\IIe BlipallteHII!I 
r, _ I . f: npHHIIII810T Bll,ll : 

~- K'Sl(2/J5+S) --!11-' 
1 ( s' ts ) Zp, = z, - q;- - 4- - tt. • 3"""" -Sf. • 

'I 1 tS 
Zp.~=Za•-} (-t-•ef.•-3-+Sfo) · 

(3 .1 8) 

TaKIIII oC5pa30II, ,IIJI!I CI!CT6llli 113 ,liByx KB811PYf!OJil>HbiX 118rHI!TOE 4oKYCHiie paCCTO!IHI!fl B 

fli!OCKOCT!IX nepBOI! COC5Hp8IOI!le~ F, II nepBOU paccei!B8101!lel! I!IIH3 f'l paBKii ,llpyr ,11pyry , HO OT

Cqi!TiiB810TC!I OT rnaBHbiX f!IIOCKOCTel!, H3 COBfl8,11810llliiX llellt,lly COC5010 (3.17) I! (3.18). EcTeCTBeH

HO , qTo T8K8fl CI!CTeua OC5JI8,118eT 8CTIIrM8~3UOM, TO eCTl> 11 30C5pallteHII!I npe,IIUeTa B f!JIOCKOCT!IX 

X z u 'JZ He Cly,llyT coBna,llaTI> . 

CHCTella , He OC51l8,1181011\8!1 8CTIIrM8TII3MOM, UOllteT Cl!iTl> C03,118H8 113 Tpex KBa,llpYf!OJiel!, Cpe,li

HIIA H3 KOTOpHX B ,1188 p838 ,IIJIKHHee KpaAHHX (25), C f!OI!ell npOTHBOf!OIIOXRO H8flp8BI!eHHiiU 

flO OTHOWeHHIO K f!OJIIO KpaAHHX JIHH3, 

~OKYCHOe paCCTO!IHI!e II f!OI!OllteHHe rJIBBHiiX f!JIOCKOCTel! Tpllnl!eTHOA IIIIH31i onpe,lleJI!IIOTC!I 

Bblpa:~teHIIHMH: Fx=F'I=F- 2 K"s'~Z/lS•Si = {; 
Zp = Zp = Zs - _s_ (3.19) 

Ill ''# 2. 
Zp., = Z.p.~ = Ze ~ + 
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(3.14) 

(3.15) 

e 3WW9KTHBHaH ~XHHa, KOTOpan 

CKHY COOTHOW9HM9Y ( 4J) 

(3.16) 

IlOB9pHyTbiX OTHOCH T9Xl'>IIO OCR 'l 

HHO B o<leHX IlJJOCKOCTHX XZ H lj1. • 

UH IlOJJHYl! 9CT.D 0 , llpHClJJIIllt911-

HUX IlXOCKOCTeM HM99T B~! 

es ) >tf.•T+SJ. (3.1 7) 

~f. + ~s - Si.) 

~el\ , .l(JJH l!JJOCKOCTIII ~L rr epBaH 

HHYBIOT Bill~! 

(3 ,1 8) 

!TOE ~KYCHHe paCC TOHHHfl B 

3 f'f paBI!H ~pyr ~pyry , HO OT-

5010 (3,17) 11 (3.18). Ec TeCTBeH-

)8llt9HIIIH rrpe~Y9T8 B IlJJOCKOCTHX 

tHa 111a Tpex KB~pynoJJe~. cpe~

>OIHB orronoEHo HarrpaoneRHHY 

(3,19) 

I 

ilpll O,liiiH8KOBO~ 06111elt ,liJJHH9 Tpllnl!STHOit II ,ny6JieTHOit JIHHB lj>OltYCHOe paCCTOHHH9 rrepBOll 

B 4 paaa 60JJhWe, qey BTOpOl\, TaKHY o6pa3011 0 KalltYIII99CH rrpeHYYIIISCTBO CTIIIrYaTH'li!O~ TplllllJieT

HOll JJHH3H rrporra,naeT, 1160, H3M9HHH rpa.nneHTbl B ,ny6JJeTHOll JJHH39 3a C'l9T BOB6YJit.llaiOIIIHX TO

KOBo UOllt9U C,li9JJaTD 1!306pallt9HIII9 CTHruaTH'lHHU H B 3TOU CJJyqae, HO TOJJhKO 60JI99 3KOHOMIII'lHHU 

cnoco6ou. 

llpo~e,nypa BH6opa llO,liXO,liHIII9~ ~KyCHpyllllll9~ CHCT9YH 3BKJJIO'l89TCH B onp9,119JI9HHH U9CTOl!O

l!Ollt9HHR 11 3WW9KTHBHOrO i1CTO'lHIIKB11 il ero i1B06pallt9HHH, TBK KBK B 60JihWHHCTB9 3KCll9piiY9HTOB 

llt9JJ8TeJIDHO HU9Th XOpOWO CKOl!JJHUHpOBaHHH9 il CJIB60paCXO,liHIIIH9CH llY'lKH 'l8CTil~ Ha YIIW9H111-pe

riiCTpaTOpe, TO Heo6xo,nHuo WOKYCHPYnll~YIIl CHCT9MY pacnonaraTh 6l!Hze K o6~9KTy. B aTou cJJy

'lB9 i1 'li!Cl!O 'lBCTH~, aaXBBTHBB9YUX ~KYCilpyllllll9ll CHCTeuol\ C BB,liBHHO~ arrep~poll , 6y,neT HBH -

60l!hWHU. 

BH6paB paCCTORHl/19 OT 06~9KTB ,l~O rl!BBHOll nl!OCKOCTH JJHHSH d = 2.p
0 

II pBCCTOHHH9 OT 

•ao6pBllt9HHH .no rnaBHoll nnocKOcTI! P= Zp, , Halt~eu Tp96yeuoe ,nJJH sTore cnyqaa ~KYCH09 

p8CCTOHHil9 I!B ~pyYl!H 

+=+++ (3.20) 

3Han H9o6xo,nHU09 aHB'l9HI!9 ~KYCHoro paccTOHHHR F , uozeu onpe,n9lli!Th aHa'l9HH9 rpa-

.111!9HTB G 11 .lll!IIHH KBB,llpynOJihHOll JJHUSH no ljiopuynau (3.18) 11 (3.19 ? ,nJJH .ny6JI9~Holl 11 Tplln-

JI9THOll lli!HS, COOTB9TCTB9HHO, 

C l!OIIOiilhiO H9CKOllhKHX nap KBB.liPYllOJ!bi!HX l!IIH3 YOlltHO TpaHCl!OpTHpOBaTh rryqKII 'lBCTII~ HB 

O'l9Hb 60l!hWH9 paCCT0f!HHR 0 COXpBHHH. rrepBOHB'lBllbHYIO nJJOTHOCTD 'lac. TH~ B llY'lK9 IIlli! YB9llll'lH

BBH 99 B nl!OCKOCTJ! IIB06pazeHHR, Hanp11uep, B pa60Te 'leu6epl!9HB II ,np,( 44 o 45) aHTHllpOTOI!Hblll 

llY'lOK C IIYllYJJhCOY P = 1,4 D3B/C rrepe,llaH H~ p8CCTOHHII9 6oJiee 30 U C l!OUOIIIDIO Tpex nap KBB,ll

pynOJihHUX l!IIH3, B STOll ~OKYCHPYIOIII9R CIICTeUe Ka~af! rrapa KBB.liPYllOllbHUX JJIIH3 paaUelllallaCb 

HB )IBOl\HOU lj>OKYCHOY pBCCTOHHIIII ,llpyr OT ,npyra, RerKO Bll,li9Th 0 'ITO TaKaH CHCT9UB l!HHB Y~9p

lltiiBaeT 'lBCTH~ ,ll8llt9 OT paCTHHYTOro Blj>lj>eKTHBHOrO IICTO'lHIIKB C WllpO!~U Ha6opOU IIUllYllbCOB, 

06H'lHO _B T9XHIIK9 YCKOpi!Tellell 3~9KTIIBHHll IICTO'lHHK, npe,li CTBBl!HIOIIIH l\ 0060~ I19p9C9'l9HII9 Kpa-

9BUX TpaeKTOpl!ll C OCbiO CIICT9W 0 paCTHHYT Ha 3H8'li!T9l!DHYIO BeJIII'lllliy. Mfl nepe,na'lll ll306pBllt9-

liliR TO'le'lHOro liCTO'lHliKB ,liOCTaTO'lHB Cl!CT9UB lli!Ji3 0 paCCTBBlle liHHX C liHTepBBJJOU B 'leTHp9 lj>o 

KYCHHX ,lll!IIHH, .l{JIR H306pallt9Hllfl pBCTRHYTOrO liCTO'lHIIKB C WllpOKIIY 11860p0!1 l!UllyllbCOB JJHH3H 

paccTaBJIHIOTCR Ha .liBO~HOM lj>OKYCHou paccTORHHH. 

C llOUOmpD TOl!bKO O,liHOl\ rrapH KB~pynOllbliHX JIIIHB C arrepTypO~ B 8 Cll ll rpa,ll1191iTOM l!OJJH 

G'>< 2000 a/cu rrnoTHOCTb rrpoTOHHoro rryqKB oT mecTlllleTpoaoro Cl!Hxpo~l!KJJOTpoHa OlliiVI Ha pac

CTORHIIll 15 U OT KauepH yCKOpliT9l!H 6HJIB YB9liii'l9HB B 1954r B 20-25 paa(4 ), Ha pllc,1I rrpHBe

.119110 pacnp9,ll9ll9Hll9 'lBCTI!~ B llPOTOHHOII nyqxe ,110 ~KYCllpOBKII ll9P9.ll BXO,liOU B liiiH3H HB pac

CTOHHIIII 4 II OT KaY9pH, 
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KaK BH~Ho H3 pMc . II , 6onee 80% qacTHu rrpoTOHH oro rryqKa, pacrrpe~eneHH~ Ha rrno~~H 

3RnHl!Ca S = 1f•4 , 5 X 2 , 5 0112 , MOlle T DOlT!> CljiOKYCHpOBaH O RHH38llil C arrepTypo~ B 8 CM . Ha 

pHc . l2 llpHB8~8HOI p83118p01 rrpOTOHHOrO rryqKa , CWQKYCHpODaHHoro C l!OIIO~D O~HO~ l!BpOI YK838H

H~ nHH3, HB paanHqHOIX paCCTOHHHHX OT l!OCne~HHX . Ha paCC TOHHHH 3 H 15M , TO SCTI> 7 H 19 II 

OT Ka!A8p01 YCKOpHTeRH COOTBeTCTBSHHO , H300p8ll8HH6 He rrpeB011118RO Kpyra ~HaueTpOM B 20 H 90 

MM. MaKcHuan:&HaH nno THOCTI> nyqKa B ljioKyce ~ocTHraeT 3.rol1 PfceK. 

4 . Mn-ueaoHHOI~ KaHan 

B p~e ljiH3HqeCKHX 3KCl!epHII6H TOB rrpe~CTaBnHeT HHTepeC HayqeHHe CBOIICTB !ID- !1630HOB ll 

B38HM0~6HCTBHH HX C Be~eCTBOM . 

fACTOqHHKOII ~RH rronyqeHHH III0-1.1630HOB HJ!JIHIOTCH nyqKH il - M830HOB, o6pa30B8HHOI6 B Ml'llllei!H 

!18 BHyTpeHHSM HRH BH8111H8M rryqKe CHHXpOUHKnOTpOHa . 0~H8KO 3H8qMTeRI>Hbtll lj)OH OT COllpOBOlK~BD

~X MI0-11630HHOI~ nyqoK il- 11630HOB, H3 KOTOp~ OHM 00p83YDTCH B fL" - jl -pacrr~e , ~enaeT He

B03110llHaM rrpOB6~6HH6 3KCrrepHtl6HTOB C OOICTpaMH 11Kl-116~0H811H . TaK , HB 1116CTHM8TpOBOII CHHXpO

UHKROTpOHe OJARJA 11Kl-11630HH HBRHDTCH RHWI> llpHII6CI>D il - 11630HHOrO rryqKa C HHT6HCHBHOCTI>IO rroqTH 

B 20 p83 !16HI>IIlell rrocne~Hero . YnyqmeHHe COOTHOWSHHH )A/1f B nyqKe C l!OIIO~I>IO COOTB6TCTBYIO~HX 

ljiHUTpOB li03BOJlH6T l!OJiyqaTI> 11Kl-11630HOI C 3HeprHe~ TOJll>KO HHlle 50 MaB . nonyqeHHe ll6 DOICTpOIX 

MKl-11630HOB C 118JlOit rrpHII6CI>D IIOlK6T ObiT!> llpHHUHl!llaJII>HO ocy~eCTBJieHO CJle~y!Or~HM rryT811 ( 46, 40 ) . 

C l!OIIO~ll rrepBoro aH8JlH38TOpa orpaHHqHB86TCH HHliHee 3HaqeiJH6 HllfiYJII>Ca qacTHU B nyqKe fl -lle-

30HOB BSJIHqHHOit > P1 , KO TOpOie 3aTeM l!Ol!~8KlT B ljiOKyCHpyiO~ee ycTpOitCTBO, ~JlHHB KOTOporo 

cpaBHHIIa C paCl!~HOII ~JlHHOII il-li630HOB . BTopolt aH8JlH38TOp Ha B~O~e H3 ljiOKYCHpyKJ~ero ycT

poiiCTBa orpaHHqynaeT BepxHee aHaqeaHe HllrryJII>ca npowe~ID.IIX qacTHU aaaqeHHeM MeH:&wHu, q e11 P
1

• 

TaKHM 0Dpa3011, B liPHHUHl!e He 6~eT ~pymx qaCTHU C Hlll!YJII>COII 116HI>WII!.! , qeu PI, KPOIJe 

Mll-11630HOB, 00p830B8BIIIHXCH B Jl -)A -paCl!~e. · 

TaK K8K pacrra~ il-11830HOB rrpOHCXO~HT. C o6pa30B8HH6ll MIO-li830HOB H HeltTpHHO, TO B CIIC

TeMe l!OKOH n-ue30H8 ~OJillHOI Bbll!OJlHHTI>CH paBeHCTB8 E • E'i) = m)'f ct' 

~ =P'i1 • 
flpH STOll OOp830BaHHe llll- li830HOB D CHCTeMe l!OKOH l!HOH8 HBJIH6TCH H30Tp0l!HOIM. ECT6C TB8HHO, 

qTO B Jia6opaTOpHOit CHCTSMe 3HeprHH 00pa3y!O~XCH 1110- 11630HOB 6y~eT 38BIIC8TI> OT yrJia B~eTa 

'!J'-lle30HOB l!O OTHOII18HIIll K H8llp8J!Jl6HIIIO l!OJieTa fl-M830H8. 3Ta 38BIICHIIOCTI> MOlKST OOI TD npe~
CT8BR8H8 B BH~6(40) 

E = E [ • 1~)2] .!_ l • ci_cl'tP ct.cz&~ finfo Yctr/'1>'- ctg 2 ~:na~ " 
f' 1r 

1 \m,- 2 (ft)2 + ct92,-• (3.21) 
EO!! . 

r~e CKOpOCTI> BbiJlSTa llll-M830HOB B CHCTeMe l!HOH8 BOipamaeTCH K8K 

8 _ 1 - (m,.jm·d 
F - 1 + (m Jm~2 ~ 

')A "' 8 118KCH118Jli>HHit yroJI BOIJleTa ma.ll. Orrpe~eJIHSTCH 113 ypaBHSHHH 

(3. 22) 
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~, pacnpe;ll,e JieHHIDC H8 ITJIO!lla;ll.ll 

~Haa1111 c anep.Typo~ B 8 cu. Ha 

J C ITOUOill&D O;ll,HOI! nap~ YK83aH

~HIIII 3 II 15u, TO eC Tb 7 II 19 U 

naJIO Kpyra ;lJ.IIaueTpOM B 20 II 90 

P/ceK. 

43y'leHIIe CBOI!CTB MIO-Me30HOB ll 

le30HOB 1 o6pa30B8HH~e B Mil We !Ill 

3H8'111TeJibllh!ll qJoH OT conpOBOAt;ll,Sir

B 'IT - )l -pacna;ll,e , ;lJ,enaeT He

TaK , Ha WeCTIIUeTpOBOM CIIHXpO

cO ITJ'IK8 C IIHTeHCIIBHOCTbiO ITO'ITII 

lY'!Ke C IT OMOI!Ib!O COOTB8TCTBYIOI!IIIX 

te 50 MaB. !1ony11eH11e ll[e 6NC Tp~x 

:TBJieHO CJie;lJ,yiO~II nyTeu ( 46 ,40) . 

!e IIMnyJibC8 '!aCTIII.I B ny11Ke il -Me

le ycTpOilC TB 0 1 ;ll,JIIIH8 KOTOporo 

1 BIDCO;ll.e 113 WDKYCIIPYIOI!Iero ycT

lCTIII.I 3Ha'!eHIIeM ueHbWIIM, 'I eM P1 • 

IYJibc ou ueHbWIIM , 'I eM P1 , KpoMe 

-lle30HOB II Hei!Tpi!HO, TO B CIIC-

1111" ct, 

lTCH l!aOTponH~ . EcTeCTBeHHO, 

6y;lJ.eT 38BIICeTb OT yrna B~eTa 

l 38BIICIIIIOCTb MOAteT 6h!Tb npe ;ll,-

(3 .21 ) 

:aK 

(3.22) 

:IIH 

(3 . 23) 

Ha pllc . I3 npiiBe;lJ.eHa aaBIICIIMOCTD EJI = J (E~r) ;ll,Jill 3Hepr110'! n-ue30H8 B 300 M3B . 

MaKCIIMSJibH~il II MIIHIIMaJibH~Il IIOMeHT cneKTpa MIOOHOB B e;lJ,IIHIIf.ISX IIMnyJibC8 niiOHOB B~pa

~aeTCll cooTHomeHIIHMII(IJ.JIH Prr = 419 Maa/ c) 

Pjlrnax = J>1r + ~ 
P,. /'J(!•p) 

P,um•n _ ~" - p 
-p;- /s-(1 +jl) 

= 1.01 ' (3 . 24) 

= 0,56 (3 . 25) 

KaK Bll;ll,HO 113 nOCJie;lJ,HI!X paBeHCTB 1 H81160Jiee 6~CTp~e MIO-Me30H~, B~JieTSIO~e nO;lJ, yrJISMII 

~·, 6JIII 3KIIIIII K HYJID , Haxo;ll.HTCH B TecHou HunynbcHou IIHTepBane c nlloH~Illl, 113 KOTOPNX OHII 

o6pa30B8JIIICb B 1f - }' pacna;ll.e, II IT03TOMY TpYIJ.HO OT;lJ,eJIIIMhl ;ll.pyr OT ;ll,pyra C ITOIIO~IO aHa-

JIIIallpyD!llero 11arH11Ta. Eonee ue;lJ,JieHH~e MIO-IIe30Hhl pa3;lJ.eJieH~ WllpOKI!M cneKTpaJibH~M IIHTepBa

JIOM (3 .25) C il -lle3 0H81AII II IT03 TOIIY JierKO MOryT 6~TD B~;lJ,6JieH~. 0;ll.H8KO 1 KSK Bll;ll,HO 113 pi!C . 

I3 11 ljlopuyn~ (3. 21) , 3HepniH "lle;lJ,JieHHNX" MeaoHOB cna6o pacTeT c yrno11 B~JieTa ~·, 11 no -

3 TOMY ~KYCIIPYDIII8ll CIICTella ;ll,OJIXH8 paCC'III~B8TbCH Ha 118KCI!IIaJibHhle yrJI~ B~JieTa IIIO-IIe30HOB• 

KaK cneiJ.YeT 113 ypaBHeHIIR (3.23), ;ll.Jill niiOHOB c 11unyJIDco11 P,- =419 MaB/c ( '" =0 ,948 11 

J> = 0 ,272 ) MBKCIIMSJibH~Ii yron ~~ax= 0 , 0947 (5,43°). 

Ha OCHOBSHIIII paCCIIOTpeHIIll B03110EHIDC ljloK,YCIIPYIOilli!X CIIC TeU ;ll,JIH IIIO- Me30HHOrO TpaKT8 

KSJ.eTCll H81!60Jiee npOCTOH II OCytlleCTBIIMOii CIICTeJJe. 113 '!epe;ll,y!Ollli!XCR KBa;ll.pynOJibHIDC JIIIH3 . B 

3TOM CJiy'!ae 38;ll,8'18 npoBe;lJ,eHIIll '18CTIII.I 'lepea TSKJIO qJoKYCIIPYIOI!IYIO CIICTelly CBO;lJ,IITCll K UHoro

Kp8THOIIY npoXOX;ll.eHIIIO '!aCTIII.I qepea CTPYKTYPH~Ii nepi!O;ll, CIICTeMh! 113 ;ll.Byx , p83BepHy~X O;ll,HS 

OTHOCIITeJibHO ;ll,pyroil H8 90° , KBa;ll,pJ110JibHhlX JIIIH3 II npOIIeEYTK8 MeEIJ.Y Hllllll . B U8Tpii'IHOM WOP• 

lie pemeKIIll 3TO CBO;ll,II TCR K B03Be;lJ,eKI!IO B n -cTeneHb CTpyKTypHO!l 118Tpll~ (M )n 1 r;ll,e 

n - 'IIICJIO CTpyKTypHhlX nepi!O;ll,OB. 8JielleHThl 118Tpl!l.l~ nepeHOCa ty 'lepea BCD CI!CTeuy B 

3TOII CJiy'!ae B~p8ll[aDTCll B Bll;ll,e: t =m ~ _ SLn(n-1)1.1 
II tt Sen )A SLn }A' ' 
t- ~ t..- ~ 12- m12 stnp 21- m21 Stn }A (3.26) 

t _ SLn n}A _ Sl.n (n-t)}J 
22- m22 SLn}' Stny. 

Cos}' = mu +2 mu 

TpaeKTOpllll 118CTII~ Ha BIDCO;ll,e CIIC Tell~ 113 n O;ll,IIHSKOBIDC 3JielleHTOB CBl! 38H8 C H8'18Jib-

H~MII 3HS'IeHIIRIIII X0 II Jl.' COOTHOWeHIIeM : 

::r =(m Si..nn}t _ Si..n (n-t))A J m Sl.n ny. 
n u Si..nJA Si..n}' Xo • t2 SLn f'A (3 . 27) 

!JaKCIIIIaJibHOe OTKJIOHeHIIe 'ISCTII~ B TSKOii CIICTelle MOlleT 6~Tb Ha ii;lJ.eHO npllp8BHIID8HI!ell 

IIYJIIO np0113BO;lJ,HO ii dJ:n _ Q 113 ypaBHeHI!l! (3.27). 
dn -

JJ 



dX n 
Bb1pa3HB H3 ypaBHeHHfl Cfi'1 3Ha'!eHHe ~ np .Zlllfl MaKCHMalll>l!OPO OTKJIOHeHHfl '!aCTI'I-

Llbl! t n = Xo (mu- Cos~)+m,2:Xo' 
~ JA .x. Scny (3 . 28) 

H flO~CTaBHB ero B ypaBHeHHe (3.27), Ha"~eu UaKCHidaiii>HOe OTKJIOHeHHe '!aCTHLlbl 

'J. =• l:02 (m,~ +! -2m 11 Cosp)+2m 121oX~(m 11 -Cosy)•m 1i'X. 10 
nmcxx - SLnf (3.29) 

EcTeCTBeHHO , 'ITO !laKCI'!Maiii>HOe OTKJIOHeHI!e '!aCTllllbl He (j~eT npeBbiWaTJ> BeJill'!llHbl flOJiy-

anepTyphl JII'IH3hl a , TO eC TI> 
Xnmax ~a · 

HccJie~OBaHllH rpaliBeT-CenTllpa C
4J) noKa3aJill, 'ITO npll OTKJIOHeHI!IIX Xnmcxx ~ (0 ,7t0, 8)a 

llCKa4eHIHI OflTll'!eCKOl! CHCTe:Jbl npeHe6pelltllUO MaJibl. 

YpaBHelli!e (3.29) ~aeT HaM COBOKYflHOCTI> H8'!aJII>HhiX YCJIOBH" .:X: 0 H X~ 

Bee '!BCTHLlbl npo~yT qepea CIICTeuy c anepTypoll a . 
2 _ 2 , , 2 _ 'l' [ 4 - ( m n + rn 22) 1 .Io rn2, + :l:o:X:o (mu - mu) + m,2:x:o - 4 m 

12 
' 

r~e 7. ~ (0,7 + 0,8)0. 

BOCflOJII>30BaBWI1CI> CDO iic~BaMH 06pa THOll MBTPHLlbl 
-I 

M· ..U =I , 

, npH !(OTOpbiX 

(3.30) 

IJOJ![e!J HailTII Ha'!aiii>Hble YCJIODHfl, np11 KOTOpbiX '!8CTH!Oi npoXOMT Cl!CTeuy H B flJIOCKOCTII, nep

neH~HKYJIRpnoil n epBoii. YpaBHeHlle 3JIJillnca Ha'!aJIJ>HhiX ycJIOBHil cpaay a:e aa ,lleqioKJCIIpylD!Jieil JIIIH,_ 

30i·i l!MeeT Bll~! 2 { 2 't 
~· -m 21 (!+fJ.) -S(t•'i)(m11 -m11)•m12 o J + 

·~·~: {mu2( 1 •fJ.)L + ( f+2'1_)(mu- m2tJ- m22 2& 1 + (3 .31) 

+ '' (- •- ( _ )• 1.- 7.
2 

[ ~-(m" •mul
2 J ~· m,t'-'-mumumt'J-4 m,, 

3~ecr, uaTpii'!Hhle 1'lJieueH Tb! m,j ~Jifl crpyKrypuoro nepl!o~a 113 ~Byx KBa~pynoJiei! (cpaay 

ze sa ljloKymtpylll!leii lll!Haoil ) H!.!BIJT Bll~: m 11 = 1 • 7. : l + '1 

rn12 =L (2 + ;):L(2•'l.J , 

m2f:- -T.r ': -f'\ /fo I (3 .32) 

m22 = f- L/fo- (L/f.} 2= f -1)- 'l.2 

r t _ I 
r~e Jo = K'S ::: 0 - QDKYCHafl ~JIHHa TOHKOli JIIIH3b!, a L - paccTOfiHI!e r.leJtt~ cepe~HH31lll 

coce~H!1X tmaJ!pynoJlei<l . 

Ha pltc .l4 Mao6paxeHbl 3 l!JIHnchl Ha'!aJIJ>HhiX ycJIOBIIii ~Jifl pa3Jll'l'!llhiX aHa'lel!l'!li '1 = L/J. 
:s nJiocKOCTll cp:::ay JKe aa 'lJOKycHpy!OJl!e ll JlllHaoll ( F ) 11 B nJIOCKOCTH cpaay &e aa ~e,Poi<ycHpy!O

..;ell JIIIH aoii ('j) ) • 

AHaJII13Iipyfl TpaeKTOp!I!i ~BIIliWHllfl !1- i.ieSOHOB D paCCeHHHO!.! ITOJie meCTI'IIIeTpOBOPO CllHXpO

l.lHI(JIOTpO!!a (l6 ,I 7) , L!O:'l e rJ oueHI!TI>, K8Kafl '!aCTJ> ueaOHHOPO oiY'!Ka C Ha'!8JIJ>HWAI! YCJIOBIII!Ull, 
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M8KCV!lHIJII>l!OrO OTKJIOH6HIIlfl '18CTI'I -

OTKJIOH6HIIl6 '18CTII!~ 

- Cos_~J) + mti-:tl• 2 , 

(3 .28 ) 

(3.29) 

' o~er npeB~warr, senHqHH~ nony-

OTKnOH6HHHX J:nm<ll ~ (0 , 7+0 , 8)a, 

J!OBHn :X:o Ill l:~ , npH KOTOp~ 

l ' (3.30) 

~T CHCTeuy H B nnoCKOCTH, nep-

A cpa3y xe 38 ~eWOHyCHPYDW6~ nHH~ 

(3 .31) 
1 ;u) ]· 

J~a 1113 ~syx KBa~pynoneH (cpaay 

ll ' 
(3 . 32) 

- p8CC TOf!Hll6 l.leJit~ cepe)lHH31411l 

l83JUl 'lli~ 3H8'1611Hl1 '1.: L /fa 
lCKOCTIIl Cp83y &e 38 A6WOI(J'CIIlpyiO-

m none mecr ~ueTpoaoro CHHXpo

lyqKa c HaqaJII>Hb!MI! ycJIOBHHIIH, 

YAOBJieTBOPH~~MH (3.30) 111 (3.31), OyAer JA6p&HBaTI>cH woKyCHPY~mMM KaHaJiou . 

B~6Hp8H ITOAXOAH~Hn H8KJIOH K8H8JI8 OTHOCHT6JIDHO 3THX TpaeKTOpH U , MO~eM HBATH 

OITTII!M8JI I>H06 ero paCITOJI0~6HHe, C00TB6TCTBYD~ee M8KCHM8JII>HOMy 38XB8TY K8K 6~CT~X , T8K Ill 

Dplll YIIIHHM8JII>HOM paCCTOHHIIllll K8H8JI8 OT 

ITOCJieAHIIIX op6HT YCKOpl'IT6JIH Ill ABYX 83HMYT8JII>HO pa3JIII!'IH~X ITOJI036HHn MIIIW6HIIl AJIH npHMO rO Ill 

06 paTHOrO nOnH YCKOpii!TenH, 

TaR KBK TI-Me30H~ OyAyT pacnSAaTI>CH B JIDdou uecre K8HaJIB c pa3JIH'IH~YH no B3HMYTY yr

JiaMH pacnaAa, TO 3~eKTVIBHocrr, YABP3BHHH VD-M630HOB raKon woKJCHpy~en CHCTevon 6yAeT 

3H8'1HTeJIDHO x~e, 'leu AJIH n-ue30HOB . 

qii!CJI6HH~e paC'I6T~ 3~6KTIIIBHOCTH K8Hana( 40), TO 6CTI> OTHOW6HHH 'III!CJI8 MD-Y630HOB, B~O· 
AH~X 1113 K8Han~,K 'll'ICJIY TI -Y630HOB, pacnaAS~XCH B K8H8JI6, nOKB3~B8DT, 'ITO ClllCTeMa 1113 KB8• 

APYITOJII>H~x JIMH3 c anepTypon 2a = 20 cu cnoco6Ha nponycTHTI> 15-20% YD-Me36HOB. B~OHpaR 

3KOHOMH'I6CKII! npH6MJI6MYD AJIMHY KaHana B 14 M, HB HOTOpoA p8CITSA86TCH ~45% BC6X TI-Y630HOB , 

ITOJiy'!aeM , 'ITO 3~6KTV!BHOCTI> KaHana no OTHOW6HHD K MD-K630HaY Oy~eT OKOJIO 6-IQ%. 

AHaJIH3HPYD~n MarHHT , pa3~eJIRR nl'l- 111 v~-ve30H~, B~eJIMT npHvepHo 0,1 cneKrpaJII>Horo 

VIHT6PB8JI8 , TaKV!M 00pa30M , 06~aR 3~6KTII!BHOCTI> Tp8KT8 ~JIR MD-M630HHOrO ny'IKB 6y~eT OKOJIO 

1%, nJIH TOrO, '!TOO~ 8H8JIM3HpyD~A M8rHHT nponyCTHJI K8H YOKHO Oonr,me '18CTHU, B~neT8DWIIIX 1113 

Tp8KT8 no~ OOJII>WHMII! yrnauH , H600XO~II!MO 'IT06~ OH npH 3TOM o6nSAan H WOKJCHpyD~KIIl CBOACTBB· 

MH. ECJI II! nponyCKaTI> ny'IOK '18CTII!U qepe3 ABB KB8~pynoJID~ uarHHTa 0AHH8KOBon nonRpHOCTH,KO 

no p83H~6 CTOpO~ OT B6pTHKaJII>HOA nJIOCKOCTH CII!YY6TplllH, TO K~ nOnJ'Il'IM nOBOpOTH~U uarHHT C 

ABOAHon WOKYCHpOBKOn . 3aY6HHH KB8Apynonr,~e JIHH3~ cne~anr,H~ CBHUHHYH ~eCTKOWOKJCHpyD

~X uarHH TOB, uo•eu o6ecne'IHTI> npu noBopore ny'IKa ABOAHYD WOKYCHpOBKY qacruu KaH B BepTH

KaJII>HoA, TBK VI B ropH30HT8JII>HOA nJIOCKOCTHX. 

Tplll KBB~pynoJII>H~ uari!VITB C 00~M yrJIOY nOBOpOTB 6~CT~ Y630HOB OKOJIO 6Q-8Q0 Ill 3H8-

KO'Iepe~y!O~MCR rpa~HeHTOM G "" 500 -t 800 ajcu BwonHRDT poJII> li6CTKO\(loKyCHPYil~ero BHBJIH3a

ropa B MD-M630HHou rpaKre ]a6oparopHH R~ep~ npo6neu. 

Tio OU6HKBM Tp86KTOpllln ~BIIl.BHV!R TI-M630HOB B p8CC6HHHOM none ycKOpV!T6JIR(16,l?) TpBKT, 

YCTBHOBneHH~A B HenocpeACTB6HHOA 6nii30CTII! K KBMepe, MOZ6T 38XB8THTI> OROnO (2+5)106 ~/CeK. 

Cn~OBaTeni>HO, 0Zii~86M8H II!HT6HCHBHOCTI> MD-Y630HHOrO ny'IKB ~on~a COCT8BHTI> (2+5)104 /"jeeR, 

Tieps~e 3KcnepwveHr~ no H3MepeHHD,nponycxaeKYx MD-veaOHH~ rpaxrou nyqxoB, npoBeAeR

RHe B ]aOoparopHH RAepH~X npoOxeu ORHH B A6Ka0pe 1963 r,noxa3BRB,'ITO AO BHBRH3ftPYD•ero 

VarBMTa npOXOAHT ~ 2 ,106 1/ceK KBK K6Aft6RRHX, Tax M 0HCTpHX M630HOB, CO cpeAReA 3ReprH

eA oxono 140 w 300 Mas, coorsercrseHHO. 

nocne aHaJIH3Hpy~ero uarHHTa nonyqeH ny'IOH »D-Me30HOB c HKITynr,cou oROno ISO MaB/c 

Ill IIIHT6HCHBHOCTI>Il 2.104 f'/C6K. llpKK8C.Io fl-K830BOB- OKO.IO ~. Ha p11C,l5 npHBe~eHa 3BBM-
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CIII.!OCT:O 'll1CJI3 COBIT31(8Hilll OT TOK3 3H31IIl31lpyroll\e ro ll3rHI!T3. 

Ha p11c .l6 llpi!BBI(BH3 06ll\3f! CXeMa p33BOI(Kil llY'lKOB OT IIJBCTI1M8TpOBOrO CllHXp0ll,llK1IOTp0113 

011f!V!, 3 B T36JII1l\8 l ;ll3Hhl OCHOBHh!B rrapaMeTpb! rry'!KOB '!3CTI!l\ Bb!COI<IlX 3Heprll~ OT Cl1iiXPOl\11I(J!0-

TpOH3 Ha 680 tAoB Jla6opaTOpllll f!)IBpHb!X llp06JieM 0V!f!l1 B ll3!.!Bp11Te1I:OHOM ll3BIIJI:OOHe, IXG30HHOH 11 

ll0llllp1!33ll,ll0HHO~ Jia6opaTOplll!X. Ha BCeX llY'!KSX aapf!lKeHHb!X '!SCTIIU llpi1MBHf!IOTCfl <jloKyCI1PYIOlltlle 

yCTpOllCTBa. l'IHTeHCl1BHOCTII llY'!KOB '!3CTl1l\ Tlpi1BB;ll8Hbl H3 paCCTOHH1111 15 M OT 1\a.!Aepu YCIW~l-ITBJ!f! , 

l!aCTl1Ubl 

flpOTOHbl 
(BbiBB;llBHHblll lly'!OK) 

florrepe'!HO-llOJIRpl!ao
BSHHble llpOTOHbl 

f!p0)101I:OHO - ll0llllp1130-
BSHH!l8 llpOTOH!l 

HeU TpOH!l 

rr-~" -ueaoH.u 

fl - -r..Je~OHL! 

+ f _ - MG30Hbl 

fA - MB30HLI 

}J --Me~OIIbl , 38TOp~i0-
~8HH!l8 /10 OCTSHOBKII 

8Heprllfl 
(l.!aB) 

665 :!:.. 3 

635 :!:.. I5 

612 :!:.. 9 

6I2 :!:.. 9 

Ha BCIO 06JISCT:O 
CllBKTpS 500-650 

60 ... 7 

300:!:.,6 (pp,fl ... ) 

70:!:., 3 

150:!:., 6 

560 

70:!:., 3 

155:!:., 5 

250:!:., 9 

340:!:., 8 

370:!:., 8 

300:!:., 8 

95±. 7 

95:!:., 7 

I 80:!:.,14 

70(11CXO)IH8fl) 

I55 -"-

31IBKTpOHU KOHB8pCl111 
rSMMS -I)BSHTOB OT pacl- I50 
ll3)13 fJ - M830HOB 

raMMa-~BaHTbl oT pacl IO.s;E E 600 ll3)18 . fl -MB30HOB 

Ta6ID!!.\3 I 

Houep llY'lKS II TIIIT 
111111JeHI1 

6 , 7' 8 

4(BHyTp8HHflf! Ml1l!IBH:O) 

5 ,9(BH8l!!Hflfl MI1WBH:O) 

5 , 9(BHBIIJHflfl MIIWBH:O) 

II, 12, 13 
(BHyTpeHHflf! MIIWBH:O) 

6(BHyTpeHHflfl IAI!IIJBH:O) 

9 , 6 (BHBIIJHflfl MIIIIJBI!:O) 

8,9(BHyTpeHHf! MIIWBH:O) 

9 (BHyTpeHHH /.111WBH:O) 

(BHBI!!Hflf! u;i!IJeH:O) 

8 , 9,10 (BHYTPBHIIf!H 
:.HIIIJBH:O) 

17(BHYTPBHHflf! UI1~CH:O) 

I (BHyTpeHHHfl Wlwen:o) 
I _n_ 

I -"-
I4 - "-

8 ,9,I0(BHyTp . MI!I!IBH:O) 

8 , 9 ,IO - 11
-

17 -"-

8 (nHyTpeHHflfl MI111JBH:O) 

I7 -"-

11HTBHCI!BHOCT:O CCK- l HS 
ITJ!Ollta,L{:O 

8 , o . Io10 (12 c1.12 ) 

4 , 5 . I07 

3 . Io7 

3 . 107 

3 .106 

6 . Io4 

2 , 4.105 

7 .ro4 

4 , 5 . 104 

2.104 

8 . Io4 

4.104 

5 . Io4 

1 , 5 . 104 

5 . Ia3 

4 . Io4 

r.ro4 

6 .104 

I.Io4 

(10 CM2 ) 

(10 CM2) 

(10 cM2 ) 

(18 cri) 

(75 CrJ
2 ) 

(75 cri) 

(75 cri) 

(20 cri) 

(20 cri) 

(75 c;/) 

( 60 cri') 
(16 CM2 ) 

(16 CM2 ) 

(16 c1i) 
(75 crl) 

(60 c~) 
(75 cu2 ) 

(75 CM2 ) 

411CJIO OCTDIIOBOK 2 
I .ro4 B 4 rp/c1i (IOOC!.! l 
2.103 D 8 rpjcM 2 (100cM2 ) 

8 ( BHyTpeHHf!H Ml!UIGH:O) I I , 4 .I05 ('75 C/.12 ) 

12 (BHyTpe!!Hf!fl M¥111JBH:O l 2 , 4 . 105 (20 cr.!2 ) 

CJIBAYeT yKa3aTh, 'ITO CIIHXpOl\IIKJIOTpOH Ha 680 MaB llaOopaTOpHH H~epH~X npoOneM ~aer 

naHdOJihmHR B 1111pe TOK Bnyrpennero ny'lKa 2, 3 MKa. 
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CT~MBTpOBOrO CHHXpOUHKnOTpOHa 

.BbiCOltiiX 3Heprll~ OT Cl!ilXpOL\I!KnO

TtlJII>HOM n aBHni>OHB , !6e30HHOii 11 

CTI!l\ npliMBHHIOTCH <poKycil pyiOI!(IIe 

JHHllil 15 M OT l\aMepu YCIIO~>IT BJill , 

b) 
) 

b) 
b) 

u) 
b) 
) 

ib) 

i!>) 

;) 

!I>) 

~HTeHCllBH OCTI> ceK- I Ha 
nnoma.z\1> 

s , o . roi 0 ( 12 CMZ) 

4 , 5 . I0
7 ( IO Cl!z) 

3 .I o7 (IO cM2 ) 

3 . Io
7 (IO cu 2 ) 

3 .1 06 ( 18 CM2 ) 

6 . 104 (75 CIJ 2 ) 

2 , 4 . 1 05 ( 75 cri) 

7 .ro4 (75 cri) 

4 , 5 . 104 (20 c ri) 

2 . 104 (20 CM2 ) 

s . ro4 (75 C1.12 J 
4 . 104 ( 60 CM2 ) 
5 . I o4 (I6 CM2 ) 

I , 5 . I o4 (I 6 CM2 ) 

5 . I o3 (I6 cti ) 

4 . I o4 (75 crf) 

I . Io4 ( 60 C!,Z) 

6 . 104 ( 75 Cl.12 ) 

I.Io4 (75 CM2 ) 

4111CJJO OCTUHOBOK 2 
1 . I04 B 4 rp/cri (IOOC!I ) 

2 . I03 B 8 rp/cM2 (IOOcti) 

;J>) I , 4 .I05 (75 cri) 

m1> 2,4 . I05 ( 20 cr/) 

.r opHII n.~~:epHbiX npo6JJell .~~:aer 

Y'III-H aro H npHI!HK&H BO Bllllli&I!HB ,118HIIHB T86JIH!IH, KO&HO CH8ll8!'1> 1 'ITO H8 CYJ!IBCT

BY~~X CBHXpO~KnOTpOH&X B H&CTOH~ee BpBMH nyTBM npHMBHBHHH p&aJIH'IH~ ~K,YCHpy~X CIIC

TBK Y.IIBBTCH nO~BTI> ny'IKK npoTOHOB B KBSOHOB npBMepHO CO cne.zty~IIH IIHTBHCHBHOCTHIIII: 

I. TipoToHH (BHBe.zteHHHA ny'loK) .zto s.1oi 0 - 3.roi1 1;ceK. 

2. no~pssoB&HHYe nporoHH .zto s.ro7 1;ceK. 

3. ll~ - BbiCOKBX 8Heprx~ ,110 5.10SceK. 

4. W- - HJIBKIIX BHeprH~ BnB nony'leHHHX TOpKOlleKBeK B ~Hn!>Tpax ,110 !OSceK. 

5. JA±.- BbiCOKBX SHBprH~ II HBBKBX BHeprH~ ,110 !04 ceK. 

HelttpOHHHB nyqKII H8 CHHXpol\BKliOTpOH8X, H&K npaBHnO, nony'I&~TCH B pesynJ>T&TB 06KeH

HOrO B38HIIO,IIB~CTBBH HYKIIOHOB npB 6ou6ap.ztHpoBKB YCKOPBHHbiiiH npOTOH&IIB BHyTpeHHHX IIHWeHe~ 

liB 6epHJIJlliH. 

3AKJID1JEHIIE 

K nep110,11y C03,118HIIH B nyCK8 nepBoro B Co.BeTCKOII Co~se IIOI!(HOrO CIIHXPOitllKJJOTpoH& 

(1949 ro.zt) HB aHepr~ npoTOHOB 48C JolaB ORbiT ~OpMMpoBBHIIH H ll311Bpei!HH CHJJI>HbiX 118I'I!l4TI!biX 

nOJJelt HB <lOJJI>WHX llarHIIT8X 6WI npe.ztCTBBnBH O'IBHI> CJIB60. llpH<lOpbl, OCHOBBHI!biB H8 llCTIOnl>SO

BaHHII H,IIBpHOI'O p830HBHC8 1 B TO BpeiiH e~e HB 6Hnll IIBBeCTHH. llOSTOIIY 11311BpeHII8 llarHIITHOI'O 

nona C TO'IROCT•» 10-3 HB ypOBHB (15-20).!o3 raycc B 06~e11e RHTHIIBTpoBoro CIIHXpo~KiiOTpo
BB HBnHnOCI> ,IIOCTBTO'IHO CnOllHO~ npo6JJBIIO~. Cne~an~>HHA KBrHeTOIIBTp( B , 9 ), paspa60T8HHH~ 
BBTOPOM ,IIOKJIB.zta, o6ecne'llln 11311Bpei!HB nona B 383 ope nHTII II WBCTIIIIBTpOBOrO JlarHI!Ta C Tpe-

6yeuo~ TO'IHOCTI>~ 10-3. 

JoleTO,IIHK8 Ol\BBKII nap&MBTpoB WIIMII .ztna IICnp&BJJBI!HH nona B 3830pe uarHIITB ,110 Tpe6ye110li 

BBJIH'IHHH, npiiBB,IIBHHBH B ,IIOKllB,IIB, ,IIOCTBTO'IHO npocra H 06BCllB'III B8JJ8 He06XO,IIIIuyD TO'IHOCTI> 

KOppBKl\111! nona nHTII H meCTHIIBTpoBOrO IIBrHIIT8 CIIHXPOl\I!KnOTpoHa 0~11(10,!2,13,23). 

Cnoco6 onpe,nenBHHH MeCTOOOJIOllBKBH IIB,l\llaHHOli llOBepXHOCTII II llOJIOllteH Y.H op611T HB p83JJH'I

HHX pa,n~~ycax yCKOpi!TBJIH C ROllO~~ llJJaB~~ero BIITKB C TOKOII(l4 ,Z?) o6ecne 'IIIJJ B03110EHOCT» 

6HCTpo~ I! ,l\OCTBTO'IHO TO'IHOit KOppeKl\1111 831111YT8 ni>HOil HBO,l\HOpD,l\HOCTII II IIC K8llt6HH~ IIB,l\IIBHHOl! 

llOB6PXHOCTH(l2 ,l3 , l 4 ) . 

Eonee 'IBII ~BCHTII JJeTHIIIl nep110,11 8KCllily&T8Itllll CHHXPOl\IIKnOTPOH8 Aa6opaTOpllll H.ztBPHHX 

npo6JJBII 0~ TIO,l\THep,nHn TO'IHOC TI> II HB,nBEHOCTI> KOpp6Kl\llll llarHHTHOrO TIOJJH, BHnOJJHeHHO~ 

8BTOpOII H8 WeCTI!IIBTpoBOII UarHHTB . 

0nHT 11311BpeHHH II ~OpllllpoBaHHH IIBrHI!THOro llOJJH CIIHXPOl\IIKJJOTpoHa Ollffll HB 3Heprll l0 npo-
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TOHOB 480 H 680 MSB , nonyqeHBH~ COTpy,nHHKSKH OT~ena CHHXPOUHKROTpOHa ]a6opaTOpHH H~epH~X 

npo6neu, B TOM q11cne H aBTOpOU ~OKRa~, nOSBORHRH uaqaTh OC~eCTBReHHe H~eH UHKROTpoHHOrO 

cnoco6a yCKOp6HHH ~0 SHeprH~ B H6CKORDKO COT6H fASB. ll.zleH TaKOrO yCKOp6HHH, B~CKa:iaHHaH 

Touaco/ 47) H onpe~eneHHh!M o6paaou uo~H\!I!UHpoBaHHaH, 6~na oc~ecTBneHa B HaoxpoHHOM ycKo

pHTene C npOCTp3HCTB6KHO~ B3pH3UH8~ uarHMTHOrO nORH( 48•49), 9TO OKa3aROCh BOSMO~Hh!M TORbKO 

nocne TOrO, IlaK 6h!RH paa BMTh! M6TO~h! npeUHSMOHHOrO M3U6p6HHH M tQOpUMpoB3HHH no nell C ROlKHOil 

KOH~HrypaUHH (CUOTpH, HaiTpMMep, pa60Th!(SO,Sl)), 

Coa~3HH8 UMKROTpOHa C npocTp3HCTB6HHO~ B3pHaUMe~ H3ITpHE6HHOCTM uarHMTHOrO nonH, KOTo

ph!~ anepah!e 6h!R aanyme11 B Aa6opaTopMM H~epHh!X npo6neu 0111!11 (1959 ro~/49), ~ano aoauo~
HOCTD paapa60TaTh npoeKT penHTMBMCTCKOrO UHKROTpOHa H3 aHeprMIO npOTOHOB '100 l.ISB C npoeKT

Hh!U TOKOU nyqKa 500- !00Q KKa ( J7), 

B pa6o Te no Bb!BO~y npoTOHOB C SHeprnell 480 USB M3 ItaMeph! nHTHMeTpOBOrO CllHXpOUMKllO

TpoHa(5) (1951 ro~), CBH 3aHHO I1 C C03~3HH8U O~Horo M3 nepBh!X uarHMTHh!X !{3H3l!OB, aBTOpOU 

6bll!O nonyqeHo nepaoe aKcne pMu eHTanDHOe noATBepx~eHMe YBenMqeHMH p~ManDHbiX Kone6aHH~ qac

THII B 30He llOK3nDHh!X H60~HOpo~HOCTei! UarHHTHOrO !{3H3lla, 9TOT tQ3KT , 6onee ~eTaRhHO HayqeH

Hbl~ B pa60T6 B.IT.Au»TpM6BCKOrO M aBTOpa ~0Klla~a(6 ) (1952 ro~), cnOC06CTBOB3ll TOMy, qTO HO

Bbl~ M 6onee a~eKTMBHh!ll ueTo~ Bh!BO~a<36 ) 6h!n ocymeCTBneH anepah!e (1954 ro~) Ha wecTMMeT

poBOu CMHXPO!IMKllOTpoHe OHffH(I), ITpM STOU 6h!R ~OCTHrHyr HaH60nDWHll Cp~ TBKOro po~a YCKO

pMTenei! KOS~HUM8HT Bh!BO~a (5-7~ qacTRU BHyTpeHHero nyqKa), 

Pa6oTbl no pacqeTy H npMU6H6HMD ~KYCMpYDmHX ycTpo~CTB, HCnOnDSYJOmHX paCC6HHH06 none 

yCKOPMT6l!H( 38), a T3KlK8 pa60Tbl aBTOpa ~OKll~a no pacqeTy H C03~3HHD CMllhH~KycHpyDmHX 
U3l!Ora6apMTHh!X l!MH3 C anepTypO~ 4 11 8 cu(4 ), n03BOllMl!H Co6p3Tb OKOllO 8Q% qacTHU npOTOHHOro 

nyqKa C SHeprHell 680 MaB B nHTHO 20 M 90 MM ~HaMeTpOU Ha paCCTOHHMM 7 H 15 U OT K3M8ph! 

CHHXPOUMKllOTpOHa, 9a cqeT TORbKO O~HOil napbl KB~pynORDHh!X llMHS nROTHOCTh BH6WHero nyqKa 

6h!R3 YB6RHqeHa B 20-25 paa M ~OCTMrna B tQOKyCe B8RH ~Hbl 3, lOll p/CeK, 

Pa60Tbl no Bh!BO~y M if!oKyCMpoBK6 npe~OCTaBMRH WMpoKM6 3KCnepMU6HTanDHIIC l!031!0lKHOCTH 

HCnOnD30B3HMH BH6WHero npOTOHHOro nyqKa K3K B ITpHMbiX Slcc nepMM6HTax: C YCKOpeHHh!MM npOTOH3UH, 

a T3KlK8 H B SKCnepM1!6HT3X C nyqKaMH nOJJOlKMT6nDHh!X 1!630HOB M nol!HpM30B3HHh!X ITpOTOHOB, 06pa-

30B3HHh!X npo TOHHh!U nyqKOU H3 BH6WHell MHW6HM , , 

Pa6oTh! COTpy,nHHKOB OT~ena CMHXPO!IMKllOTpOHa no ~anDHellweuy yBeJII!qeHMIO MH T8HCMBHOCTH 

BHyrpeHHero nyqKa <53 ) H pa6oTh! aBTopa, npMBe~eHHh!e B ~oKna~e , cnoco6cTBOBanH o6ecneqeHMD 

B031!0lltHOCTH Bh!nOJIH6HMH 06WMpHOI! nporpa!.!Mbl HCCJI8~0B3HHil C qacTM!IaMM BdC OKMX SHepr~ Ha 

CMHXPOUMKliOTpOHe 011111111 (CMOTPH, HanpMMep , o6aopHYJO pa6oTy B,il,,llJitenenOBa H E. IJ , ilOHT6KOpB0(52) 
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KnOTpoua Ra6opaTopHM RAepHux 

meCTBneHHe H~8H UHKROTpoHHOr O 

or o yc KOpeHHH , BNCKaiaHHaR 

ymeCTBR8Ha B H30XpoHHOM yCK0-

8TO OKa3anOCL BOSMO*HHM TORLKO 

H wopMMpoBaHH H noneM cno~Ho~ 

8HHOCTH l!arHHTHOrO nonH t KOTD-

19 59 ro~) ( 49 ) , ~ano B03MOE

'HKl npoTOHOB '100 UaB c npoeKT-

>U nHTHM8TpOBO r O CllHXPOUHKRO

MarHHTHNX ltaHanOB t aBTOPOII 

H11H p~HanLHHX Kone6aHH~ 'lac

' WaKT , 6onee ~e T anLHO H3y'leH

;) , cnOC00CTBOBan TOlly , 'ITO HO

:e pBUe (1954 ro~ ) ua mecTHMeT

•nLmMil CpE\lUI TaKOrD po~a yCKO-

HCnO nL3YD~X paCC8HHHOe no ne 

: 03~aHH!O CHRLHo\l)oKycMpyil~X 

ITL OKOnO 8CJ% '!aC TilU npOTOHHOrD 

·CTOHHHH 7 H !5 II OT Kal!epu 

IHS nnOTHOCTL BHemuero nyqKa 

!II p/ ceK. 

:nepHII8HTanLHIIe 1!03 !JOEHOCTH 

!1.18HTalC C yCKOp8HJIWH npOTOHaMJI! t 

nonRpH30BaHHHX npOTOHOB, 06pa-

lilY YJl8 nH'Ie HH!O HHT8HC HB HOC TH 

: , cnoco6CTBOBa nH o6ecne 'leHHIO 

lCTHUal!ll BclCOKHX 3 He pr~ Ha 

l . ,llae nenoBa H E. M •. llouTeKopBo( 52) 

Pa60TN B, C, PoraHOBa 9 A.B,CaMO~BOBa ll aBTOpa ~oKn~ no coa~aHHD ll BBO~y B ~e~CTBil6 

B Ra6opaTopMH H~epuux npoone11 B ! 963 rQAy WOKYCHPYJl~ero TpaKTa ~nH nonyqeHHH 'IHCT~ nyqxoB 

6ucTpliX H l!e~neHHNX /" -MeaoHOB c 11ano~ llpHKecLil Jf -11eaouoB OTKpHBaiOT e~e O~HY BOa-

I.!OXHOCTL 6onee ~eTaiLHOrO llCCne~OBaHHH CBO~CTB (W -11880HOB ll BSaHIIO~e~C TBilH HX C B~6CTBOII, 

OcHOBHI.Ie pa6o TN no BNBo~y H WOKYCHPOBKe nyqKoB aapHZeHHNx qacTHU meCTHIIeTpoBoro 

CHHXpOUH KROTpoHa OIUJH t a TaKae pa6~N llO llp06KTY CHRLHOTO'IHOrO penHTHBlllTCKOrO IU!KlDTpoHB. 

ONXR ~OROE6HU Ha 118E~yHapO~HNX KOH~epeHQHHX B leHeBe (CRRN- ! 956, ! 9 59 rr) H .l\y6He (OHHH

! 957, ! 963 rr ). 
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