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M3BeCTH0 1 'ITO ny'IOK 38pSI>KeHHbiX '18CTHil1 Henpepb!BHO nocTynaiOIIIHA 

H3 ~OpHH>KeKTOpa H8 BXOa nHHeAaoro ycKopHTenSI HOHOB1 Hcnon&ayeTCSI 'ISC

TH'IHO H cTenea& ero ~cnon&aoBaHHSI onpeaenHeTCSI yrnoM aaxBaTa nHaeAaoro 

ycKOpHT9nSI1 KOTOpbiA paBeH npHMepHO 3 cp" , rae cp" - 3Ha'l:eHHe CHH-

0 
XpOHHOA ~83blo 06bi'IHO cp" Bbi6Hp8IOT nOpSiaKa 30 - 35 

1 
nOSTOMy anSI 

aan&HeAmero ycKopeHHSI B nHHeAHOM YCKOpHTene HOHOB npaKTH'IeCKH HCnon&-. 

ayeTcH 114 ny'I:Ka 1 nocTynaiOmero H3 ~opHH>KeKTopa. 

LlnR noBbilli9HHSI SIP~eK'l'HBHocTH Hcnon&aoaaHHSI ny'I:Ka ~opHH>KeKTopa 

Me>~<ay nHHeAHbiM yCKOpHTeneM H ~OpHH>K9KTOpOM YCTaaaBiiHBSIOT BbiCOKO'I8C

TOTHbiA rpynnHpOBaTen& - oaH03830pHbiA p930H8TOp KnHCTpOHHOrO THna. 

3~eKTHBHOCTh TSKOro rpynnHpOBaTenH 1 ~OTOpbiA pacnonaraiOT 06bi'IHO Ha 

paCCTOSIHHH nopSiaKa 1 M OT BXoaa nHH9AHoro YCKOpHT9nSI
1 

38BHCHT
1 

B0061Ile 

rOBOpS1 1 OT HHT9HCHBHOCTH rpynnRpyeMoro ny'IK8o 

ITpH 6on&mHx TOKax ny'I:Ka H3 ~opHH>KeKTopa (nopRaKa aecKon&KHX 

co~ea MHnnRaMnep) aa y'l:aCTKe apeA~a Me>Kay rpynnRpoBaTeneM H axoaoM 

1 nHaeAaoro ycKopRTenH aa 'ISCTHilbi aeAcTBYIOT1 c oaaoA cTopoHbi
1 
~asRpyiO-

l1 IIIH9 CHnbi1 3aaaHHbJ9 B 3830pe rpynnHpOB8TenSI1 a C apyroA CTOpOHbi
1 

Ky

/~1 ii'l 
l 

noHOBCKHe CHnbl npoaon&HOrO paCT8nKHB8HHSI1 npenSITCTBYIOIIIH9 rpynnHpOBKe 

'lacrRil no ~asaM. ITocKon&Ky ~YHKilHSI pacnpeaeneHHSI nnoTHOCTH sapHaa 

no nonepe'IHOMy C9'19HHIO ny'I:Ka HM99T SlpKO Bblp8>K9HHYIO HepaBHOMepHOCTh 

3 



(6on&we Ha ocH ny~xa H cnaaaeT ao aynH aa paaHyce r 0 , rae r 0 - pa

aHyc ny~xa), To pacnpeaeneHHe ~aCTHU no cxopocTH Ha y~acTxe apeA~a 

Me~y rpynnHposaTeneM H sxoaoM nHHeAaoro ycxopHTenH aeoaaoaaa~Ho 

CBH3SHO C aaKOHOM ~a3HpyJO.WHX CHn, aaaaHHbiM B aaaope rpynnHpOBaTenH. 

B peayn&TaTe npH oon&WHX ToKax rpynnHpyeMoro ny~Ka c H~paBHOMepHbiM 

pacnpeaeneaHeM nnoTHOCTH aapHaa no nonepe~HoMy ce~eHHJO B03HHKaeT 

HeKoTopaH aeonpeaeneaaocT& xax B Bbloope nono*eHHH rpynnRposaTenH, 

TaK H B BbiOOpe aMnnHTya&I .cPaaHpyJODiero HanpH*eHHH Ha aaaope rpyJinH

poBaTenH. 3Ta HeonpeaeneHHOCTb 3aKnJO~aeTCH B TOM1 ~TO yKa3aHH~e napa

MeTpbi nony~aJOTCH He oaHHaKOB&IMH anSI ~aCTHU1 pacnono*eHHbiX Ha pa3-

HbiX paaHycax no ce~eHHJO ny~xa. YxaaaHHaSI aeonpeaeneHHOCT& Morna 

o&IT& ycTpaaeaa · npH ycnosHH MaKCHManbHoro · npHonH*eHHSI xnHcTopaoro 

rpynnRpOBaTenSI K BXOaaoA qacTH peaoHaTopa nHHeAHOro YCKOpHTenH 1 HO 

B STOM cny~ae anSI nony~eHHSI onTHManbHOA ~a3HpOBKH rpynnHpyeM:biX ~ac

THil aa aaaop rpynnHposaTenH HY*HO noaaT& cTon& oon&woe aanpH*eRHe, 

qTo qacT& -~acTHU MO*eT B&IATH aa npeaen&I cenepaTpHCCbi nHaeAaoro ycxo

PHTenSI Ha-aa oonbmoro paaopoca no HMnyn&caM rpynnHpyeM&IX ~acTmx. 

nepBble 9KCnepHM9HTbi no rpynnHpOBaHHJO CHnbHOTO~HbiX ny~KOB noKa

aanH aaMeTaoe CHH*eRHe ~~eKTHBHOCTH oaaoaaaopaoro rpynnHposaTenH 
/1 2/ 

npH Toxax rpynnHposaHHSI nopSiaKa 300 - 400 Ma ' • B yKaaaHRbiX pa-

ooTax npHBeaeHbi 9KCIIepHM9HTanbHble peayn&TaTbi1 KOTOpb!e IIOKa3biBaJOT1 

~TO npH paooTe C rpynnHpOBaTenHMH TOK Ha BbiXOae nHHeAHOI'O yCKOpHTe

nSI B03paCTaeT BC9I'O Ha 30-35% ( 100 Ma Ha 1BbJXOll9 nY 6ea rpynnRposa

TenSI H 130-135 Ma C rpynnHpOBaTeneM). npH OOnbWHX TOKaX rpynnHpyeMo

I'O ny~Ka MO*HO O*HaaTb ewe 6on&wero CHH*eHHSI ~~eXTHBHOCTH paOOTbl 

XnHCTpOHHOI'O rpynnHposaTenSI. 

HaATH Toqaoe onHcaaHe noseaeRHSI ~acTHU aa y~acTxe apeA~a npH 

oon&wHx Toxax rpynnHpyeMoro ny~xa aa*e ecnH HasecTRa ~yHKilHSI pac

npeaeneRHSI nnoTHOCTH aapSiaa no ce~eHHJO ny~xa - aaaa~a sec&Ma TPYllHaSI. 
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Ho MO*HO nony~HTb aexoTop&Ie noneaH&Ie xaqecTseHHhJe ou· 

ny~Ka aa y~ac.TKe apeA~a Me*aY BhixoaoM rpynnHposaTenSI 1 

aoHaTop nHaeAaoro ycxopHTemr s npeanono*eHHH1 qTo ao rpyn 

rpynnHpyeMbift ny~OK npeacTaBnSieT COOOft 09CKOH9~HO J:lnHJ 

HO 38pS1*9HHbiA UHnHHJ:Ip panHyca r 
0 

nyqKa OCTaeTCSI noCTOSIHHhiM BJ:IOnb OCH 

, a nocne rpynnHpo! 

Z H nnOTHOCTb - pe 

panHycy. PacnpeneneHHe *e nnoTHOCTH aapgna oT npononbHC 

38BHCHT1 B COOTB9TCTBHH C J:19ACTBH9M rpynnHpOB8T9nSI
1 

nep1 

paaoM. KpoMe Toro, nonaraeM, qTo oTnenbHhie crycTKH He 1 

JOT apyr c npyroM, a qacTHilbi B crycTKax no nponon&HoA .o< 

HSISICb1 He OOI'OHSIJOT J:lpyr J:lpyra. 
. /3/ 

Torna s cooTseTCTBHH c peaynbTaTaMH paooTbi Mo~ 

ypaBH9HH9 J:IBH*9HHSI rpynnRpyeMoA qacTHilbl C yq~TOM neAcT 

aapSina Ha yqacTKe npeA~a nocne rpynnHpoBaTenH (AnSI oce1 

X =x 0- v8 sinx 0 + 8 3 Asinxo + 8
4 

Bsin2xo + () 5 
( Csinxo+ n.~ 

rne 217 
x==--z 

{3>.. 
- oeapa3M9pH8SI npononbHBSI KOOPJ:IHH8T81 

HaSI·~aaa qacTHUhi B aaaope rpynnHposaTenSI 

v := v--m __ (<) k • 
4 1T p e 

0 

k,~/3 
{3 -. 

~ {3 - ysenHqeHHe CKOpOCTH, nonyqaeMoA qaCTBileA B aa• 

rpynnHposaTenH, {3 - CKOpOCTb qaCTHUbl IIOCne ~O.PHH*9KTOj 

-oeapaaMepaaH HeaaBHCHMaH nepeMeHHaH. 

nocTOSIHHble A • B • c • 0 38BHCSIT OT napaM eTpa 

H napaMeTpoB rpynnRpyeMoro nyqxa. 
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H ny~Ka H cnaaaeT ao HynH Ha paaHyce r 0 , rae r 0 - pa-

0 pacnpeaeneHHe ~acTHU no cxopocTH aa y~acTKe apeA~a 

oBaTeneM H BXOAOM nHHeAHoro yCKOpHTenH HeOAH03H8~HO 

OHOM ~83HpyiOIIlHX CHn1 38A8HHbiM B aaaope rpynnHpOBaTena. 

npH oonblllHX TOKSX rpynnHpyeMOI'O ny~Ka C H~paBHOMepHhlM 

M nnoTHOCTH 38pHA8 no nonepe~HOMY Ce~eHHIO B03HHK8eT 

npeaeneHHOCTb KaK B Bbioope nonolKeHHH rpymmpoBaTena, 

pe aMnnHTYAbi .~aaHpyiOmero HanpHlKeHHSI Ha aaaope rpynnH-

HeonpeaeneHHOCTb 3aKniO~aeTCH B TOM1 ~TO yKa3aHHI>Ie napa

IOTCSI He OAHHaKOBbiMH anH ~aCTHU1 pacnonolKeHHb[X Ha paa

no ce~eHHIO ny~xa. YxaaaHHaa HeonpeaeneHHOCTb Morna 

a npH ycnOBHH MaKCHManbHOro·npH6nHlKeHHSI KnHCTOpHOrO 

H K axoaHoA ~acTH peaoHaTopa nHaeAHoro ycxopHTena, Ho 

anH nony~eHHH onTHManbHOA ~83HpOBKH rpynnHpyeMhlX ~ac

rpynnHpoaaTenH HylKHO noaaTb CTOnb 6on&moe HanpalKeaHe, 

THU MolKeT BbiATH aa npeJlenbi cenepaTpHCCbi nHaeAHoro ycxo-

6on&moro paa6poca no HMnyn&caM rpynnHpyeMbiX ~acTmx. 

KCnepHMeHTbi no rpynnHpOBaHHIO CHnbHOTO~HbiX ny~KOB noKa

CHHlKeHHe ~~eKTHBHOCTH 0JlH03a30pHOrO rpynnHpOBaTenH 
/1 2/ 

nnHpoaaHHSI nopHJlKa 300 - 400 Ma ' • B yKaaaHHbiX pa-

Hbi SKCnepHMeHTanbHhle peayn&TaThl1 KOTOpbie nOK83biBaiOT1 

e C rpynnHpOBaTenSIMH TOK Ha BbiXOJle nHHeAHoro Y<;:KopHTe

Bcero Ha 30-35% ( 100 Ma Ha BbiXOlle nY 6ea rpynnapoBa-

5 Ma C rpynnHpOBaTeneM). npH 6onblllHX TOKaX rpynnHpyeMo-

0 OlKHJl8Tb eme 6onblll9I'O CHHlK9HHSI ~~eKTHBHOCTH pa60Tbi 

pynnHposaTenH. 

~HOe onHC8HH9 nOB9Jl9HHH ~aCTHU Ha y~aCTKe JlpeA~a npH 

rpynnHpyeMoro ny~Ka JlalKe ecnH H3BeCTHa ~YHKUHSI pac

OTHOCTH 3apHJla no ce~eHHIO ny~Ka - 3aJla~a BeCbM8 TpyJlHaSI. 

4 
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Ho MOlKHO nony~HTb H9KOTOpbie none3Hbi9 Ka~eCTB9HHbl9 OU9HKH noBeJleHHH 

ny~Ka Ha y~aC.TKe JlpeA~a MelKllY BbiXOJlOM rpynmrpoBaTenH H BXOJlOM B pe-

30H8TOp nHHeAHOI'O YCKOpHTemr B npeJlnonolKeHHH1 'iTO JlO rpynnHpOB8TenH 

rpynnHpyeMbiA ny"!OK npeJlCTaBnHeT C060A 6eCKOHe"!HO JlnHHHbiA p8BHOMElp-

HO 38p51lK9HHbiA UHnHHJlp paJlHyca r 
0 , a nocne rpynnHpoaaTeng paJlHyc 

H 

ny"!K8 OCT89TCSI noCTOHHHb!M BJlOnb OCR z H nnoT,HOCTb - paBHOMep.aoA no 

paJlHycy. PacnpeJleneHHe lKe nnoTHOCTH aap51Jla oT npoJlon&a:oA KoopllHHaTbi 

38BHCHT1 B COOTB9TCTBHH C JleACTBHeM rpynnHpOB8TenH1 nepHOllH"ieCKHM o6-

pa30M. KpoMe Toro, nonaraeM, "!To OTJlen&Hbie crycTKH a:e B38HMO!leAcTay

IOT Jlpyr C JlpyroM1 8 "i8CTHUbl B cryCTKaX no npOJlOnbHOA .OCR Z , ynnoT

H5151Cb1 He OOI'OH5110T Jlpyr Jlpyra. 

/3/ Tor!la a cooTBeTCTBHH c peayn&TaTaMH paooTbi MOlKHo aanHcaT& 

yp8BH9HHe JlBHlKeHHH rpynnHpyeMOA "i8CTHUbl C y~~TOM JleACTBHSI o6~eMHOI'O 

aap51Jla a:a y-qacTKe JlpeA~a nocne rpynnKpoBaTeng (Jln5l ocesoA "!aCTHuhl). 

x•x 0 -v8 sinx 0 +8
3

Asinx
0 

+8
4

Bsin2x
0 
+8~(Csinxo+Dsin 8x0 )+ ••. , (I) 

rile 217 x=--z 
{3A - oe3p83MepH851 npOJlOnbHSH KOOpJlHH8T81 x

0 
- H8"!8nb-

a:ag·~aaa "!aCTHUhl B aaaope rpynnHpoaaTeng 

v=v~--wk' 
4 17 p e 

0 

k=/1{3_ 
{3 ' 

11 f3 - yaenK"ieHHe CKOpOCTH, nony-qaeMoA "i8CTHUeA B 3830pe 
rp~nnKpoBaTeng, {3 ;Tn-

- CKOpOCTb "i8CTHUbl nocne !jJOpHHlKeKTOpa, (J,.y_!!foe t
m 

-6e3p83MepHaH He38BHCHM851 nepeMeHH85lo 

nocT051HHhle A • B • c • D 

H napaMeTpoa rpynnKpyeMoro fiY"!Ka. 

38BHC51T OT napaM eTpa rpynnHpOBKH V 
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B ypaBHeH:Im ( 1) rrepBbie ABa "'neHa orrpenemnoT ABH:>KeHHe "'aCTHUbi 

Ha y"'acTKe npeft~a 6e3 y"'~Ta cHn rrpocTpaHCTBeHHoro 3apHAa, "'neHbi :>Ke, 

COAep:>K8UlHe (J Bb!CIIIHX CTeiieHeft, orrpenenHIOT ABH:>KeHHe "18CTHUbl C y"'~-

TOM CHn IIpOCTp8HCTBeHHOrO 38pHA8o 

Ha pHCo 1 IIOCTpoeHbl KpHBbie H3MeHeHHH ~83bl rpynnHpyeMb!X "18CTHU 

H8 Y"'BCTKe apeft~a Me:>KAy rpyiiiiHpOB8TeneM H BXOAOM nHHeftHOrO. yCKOpH-

0 
TenH. 3a 0 IIpHHHT8 ~838 CHHXpOHHOft "18CTHUbi 1 KOTopaH IIpOXOAHT 3830p 

rpymmposaTenH rrpH ayneBoM aanpH:>KeHHH. Bee KpHBbre pacc"'HTBHbi JlnH aa-
o • 

"'anbHoft ~a3bi ¢ = 57 ( x0 ·= 1). PaaHyc rry"'Ka r 0 = 0, 75 eM. 
H8"1 

Ha"'anbHaH saeprHH ny"'Ka W ,~, = 0,57 M sB. KpHBaH 1 - H3MeHeHHe 
't'OpHH:>K. 

~83bl "18CTHUbl 6e3 y"'~Ta CHn IIpOCTpaHCTBeHHOrO 38pHA8 1 2 - COOTB9TCTBeH-
9 3 

ao npH Po = 0,5085•10 rrpoToHicM ( I = 150 Ma); 3 - npH Po 

.9 3(I ) 9 3 = 1,53 10 rrpoToHICM = 450 Ma ; 4 - npH p0 = 2,54•10 rrpoToHicM 

( I = 750 Ma). llnH KpHBbiX 1, 2,3,4 rrpHHHTO ~- = 0,022. 
{3 

EcnH BXOA nHaeftaoro ycKopHTenH pacnono:>KHTb aa paccTOHHHH 70-80cM 

OT Bb!XOA8 rpynnHpOB8TenH (pHC. 1), TO AnH "18CTHU C rrnOTHOCTbiO 38pHJl8 
9 3 

p 
0 

= 0,5085.10 IIpOTOH/CM rrony"'aeTCH OIITHManbH8H rpynrrHpOBK8 ( IIpH 

STOM 38 C"'eT KynOHOBCKHX CHn IIpOHCXOAHT rrpaKTH"'eCKH IIOnHaH KOMIIeHca

UHH 8MIInHTyAHOft A068BKH K CKOpOCTH, nony"'aeMoft "18CTHUeft B 3830pe 

rpyrrnHpoBaTenH). 

ilnH "18CTHU :>Ke C 6onbiiieft rrnOTHOCTbiO IIpOCTpaHCTBeHHOrO 38pHA8 

( KpHBbie 3,4) rpynrrHpOBK8 M8nO~~eKTHBH8 1 60.n'biii9 TOrO, C pOCTOM p 
0 

MO:>KHO nony"'HTb s~~eKT ~a3oBoft pa3rpynnHpobKH ( KpHBaH 4). Mo:>KHO yBe-

nH"'HTb aMnnHTYAY rpynnHpyJOmero nonH B 3a3ope rpynnHpoBaTenH H yMeHb

IIIHTb rrpOCTpaHCTBO apeft~a AD 35-40 CM (KpHBbi9 1', 2 1
1 3', 4' anH KOTOpb!X 

t',.: = 0,044) C TeM, "'T06b! rrony"'HTb IIOnHyJO KOMrreHC8UHIO CKOpOCTH 

rpyrrrrHpyeMbiX "18CTHU AnH MtlKCHManbHO O:>KHJl8eMoft rrnOTHOCTH rpyrrrrHpye-

Moro ny"'Ka (KpHBaH 4' anH p 0 = 2,54.10
9 

npoToa/cM
3

), ao Toraa 'lac-

6 

I!~,..,. 

~· 
'·:1, 

t! 

.I .. 

• (J'~,' 

I 
.. I 

r ,, 

11-'y; 

If. 

1(/. 

PHc. 1. KpHBbie HSMeHeHHH ~a3bi rpynnHpyeMbiX qa 
Ha Y"'BCTKe apeft~a ~ 38BHCHMOCTH OT BenH"'HHbl rp 
pyeMoro TOKa H aMnnHTYJlbi rpynnHpyeMoro aanpH:>K 
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HHH ( 1) rrepBbie nBa qneHa orrpenensnoT ABH:>KeHHe qacTHUbi 

efi$a 6e3 yq~Ta cHn rrpocTpaHCTBeHHoro 3apRna, qneHbi :>Ke, 

BbiCiliHX CTeiieHefi, orrpenenRIOT .[IBH:>KeHHe qaCTHUbl C yq~-

paHCTBeHHOrO 38pR.[18, 

1 IIOCTpOeHbl KpHBbie H3MeHeHHR $a3bl rpyiiiiHpyeMbiK: qacTHU 

efi$a Me:>Kgy rpyiiiiHpOBaTeneM H BXOAOM nHHeHHOrO. yCKOpH

HHRT8 $838 CHHXpOHHOH qaCTHUbi1 KOTOpag IIpOXO,aHT 3830p 

g rrpH HyneBoM HarrpR:>KeHHH. Bee KpHBbie paccqHTaHbi .anR aa-
o • 

¢ = 57 ( x
0 

= 1), Pa.aHyc rryqKa r 0 = 0, 75 eM, 
aaq 

rryqKa W ,~, = 0,57 Mas. KpHBaR 1 - H3MeHeHHe 
<pOpHH:>Ko 

6e3 yq~Ta cHn rrpocTpaHCTBeHHoro 3apR.aa, 2 - COOTBeTCTBeH-
9 3 

0,5085•10 IlpOTOHfCM ( = 150 Ma); 3 - rrpH P0 

3 
ToH/cM ( I = 450 Ma); 4 

9 3 
2,54'10 rrpoTOHICM - rrpH Po 

llnR KpHBbiX 1,2,3,4 IIpHHRTO .Af}_ 
f3 

0,022. 

nHHefiHoro yCKOpHTenR paCIIOnO:>KHTb H8 paCCTORHHH 70-80cM 

IIIIHpOB8Teng (pHC, 1), TO ,anR qacTHU C IInOTHOCTbiO 38pR,aa 
9 3 

,10 IIpOTOHfCM rronyqaeTCR OIITHManbH8R rpyrrrrHpOBKa (rrpH 

KynOHOBCKHX CHn IlpOHCXO,aHT rrpaKTHqeCKH IIOnHaR KOMIIeHca

OH .[1008BKH K CKOpOCTH, IIOnyqaeMOH qaCTHUefi B 3830pe 

HU :>Ke c oonblllefi rrnoTHOCTbiO npocTpaHCTBeHHoro aapR.aa 

rpynrrHpoBKa Manoa$$eKTHBHa, oo.ribllle Toro, c pocToM p 
0 

Tb a$$eKT $a3oBofi paarpynnHpOBKH ( KpHBaR 4), Mo:>KHO yse-

Ty.ay rpyrrrrHpyro!Uero rronR B aaaope rpynrrHpoBaTenR H yMeHb

HCTBo ,apefi$a ,ao 35-40 CM (KpHBbie 11
1 2 1

1 3', 4' ,anR KOTOpb!X 

4) C TeM, qTOOhl nonyqHTb nonHyiO KOMIIeHC8UHIO CKOpOCTH 

qacTHU ang M8KCHManbHO O:>KH,aaeMOH nnoTHOCTH rpynrrHpye-
9 3 

KpHBaR 4' ang p 0 = 2,54,10 IIpOTOHfCM ) 1 HO Tor,aa qac-

6 

.,.. 

I II ·~ ~ • 

i. 

j 

$~~; 
. ~:· 

~~/ 
~">'. 

-~ 

cp 

"'· 
'1(/. 

PHc, 1, KpHBbie H3MeHeHHR $a3bi rpyrrnHpyeMbiX qacTHU 
Ha yqaCTKe .apeft$a B 38BHCHMOCTH OT BenHqHHbl rpyrrnH
pyeMoro ToKa H aMrrnHTy.ahi rpyrrnHpyeMoro HanpSI:>KeHHR, 
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THUbl C M9Hblli9H rrnoTHOCTb!O rrpOCTp8HCTB9HHOrO 38pSIJl8 OYJJ.YT HM9Tb Ha 

BXOJJ.e B nHH9HHb!H yCKOpHTenb H9JlOITyCTHMO 6onblliOH pa36pOC ITO HMITynb

CaM (KpHBb!9 1', 2', 3'), 

B HaCTOSIIUefi pa6oTe paccMoTpeH asyxaaaopHbiH rpyrrrrupoBaTenh 

/4,5/ 
C Tpy6KOH JJ.pefi¢a , B rrepBOM 3830pe KOTOporo Jl9HCTBY!OT 6onhllili9 

¢a3Hpy!OIUH9 C1Wbl 0 rpyrrrrHpyroume 'l8CTHUbl Ha KOpOTKOM y'laCTKe JJ.peA¢a 

( ITOpS!JJ.K8 10 CM) M9)1(JJ.Y rrepBbiM H BTOpb!M 3830pOM rpyrrrrHpOB8T9nSI 0 

a BTOpOH 3830p rpyrrmrpOB8T9nSI pa60T89T B pe)I(HMe Bb!p8BHHB8HHSI 3Hepre

TH'l9CKOrO paa6poca crpyrrrrnpoBaHHhiX 'l8CTHu, 

0oCKOnhKY llpOCTpaHCTBO JJ.peA¢a rpyllllHpyeMblX 'l8CTHU ( paCCTOSIHH9 

M9)1(JlY aneKTpH'l9CKHM U9HTpOM 1-ro 3830pa H aneKTpH'l9CKHM U9HTpOM 

2-ro 3830pa rpyllllHpOBaTenSI) B Jl8HHOH KOHCTpyKUHH cymecTB9HHO M9Hhlli9 0 

'19M JJ.nSI KnHCTpOHHOrO rpyllllHpoBaTenSI, 8 BTOpOH yqaCTOK JJ.pefi¢a ( Me)I(Jly 

aneKTpH'l9CKHM U9HTpOM 2-ro 3830pa rpyllrrHpOBaTenSI H aneKTpll'l9CKHM 

U9HTpOM rrepsoro YCKOpS!IOIUero llpOM9)1(yTK8 nHH9HHoro yCKOpHTenSI HOHOB) 

orrpeaenSieTCSI nHlllb KOHCTpyKTHBHblMH B03M0)1(HOCTSIMH c6nH)I(9HHSI rpyllllH

poBaTenSJ C BXOJJ.HOH 'l8CTb!O nHH9HHOro YCKOpHTenSJ, T,e, T0)1(9 M0)1(9T Ob!Tb 

B9CbM8 ManhlM 0 TO Jl8HH8SI KOHCTpyKUHSI B llpHHUHile JJ.On)I(H8 009Cil9'lHB8Tb 

6onee a<Pij>eKTHBHY!O rpyrrrrHpOBKY 3apSJ)I(9HHbiX 'l8CTHU rrpH 6onhlllHX TOK8X 

rryqKa, qeM rpyrrrrnpoBaTenh KnHCTpOHHoro THITa, 

AsyxaaaopHbiH rpyrrrruposaTenh t Tpy6Kolt gpeM>a 

Ha pHc. 2a cxeMaTH'leCKH uao6pa)l(eH JlByxaaaopHhiA rpyrrrrHposaTenh 

C TpyoKOH JlpeA¢a. 

Ha pHc. 26 rroKaaaHa JlHarpaMMa B KoopJlHHaTax & , w t , rroSic-

HSJIOIUBSI paooTy rpyrrrruposaTenSI. & HallpSI)I(eHHOCTb aneKTpH'leCKoro rronSI 

Ha ocH rpyrrrrHposaTenSJ. 

8 

~ I . I 

I~ 

~ llil 

L = ~~ ... ).. 

E 

..,____ w~ = J!i.---t 

Puc. 2. CxeMa JlByxaaaopHoro rpyrrrrHpoBaTens:r c 1 

JlpeA!j>a. 
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eHbllieH IIJIOTHOCThm rrpOCTp8HCTBeHHOrO 38pHaa 6yayT HMeTb Ha 

HHeHHbiH ycKOpHTeJih HeaorryCTHMO 60JiblliOfi pas6poc ITO HMIIYJib

Bbie 1', 2', 3'). 

acToHrueti pa6oTe paccMoTpeH aeyxsasopHhiH rpyrrrrHpoeaTenb 

/4 5/ 
'" apeti¢a ' , B rrepeoM sasope KoToporo aeikTBYIO! 6onbrnHe 

He CHJlbi
1 

rpyiiiiHpymruHe qaCTHUhl Ha KOpOTKOM yqacTKe apeft¢Ja 

10 CM) MeM.llY rrepBbiM H BTOpbiM 3830pOM rpyiiiiHpOB8TenH 1 

3830p rpyrrrrHpOBaTeJIH pa6oTaeT B peMHMe Bhlp8BHHB8HHH 9Hepre

pa36poca crpyrrrrHpOB8HHh!X qaCTHU, 

KOJlbKY IIpOCTpaHCTBO apeti¢Ja rpyiiiiHpyeMb!X qacTHU (paCCTOHHHe 

eKTpHqeCKHM UeHTpOM 1-rD 383opa H aneKTpHqeCKHM ueHTpOM 

opa rpyiiiiHpOB8TenH) B aaHHOH KOHCTpyKUHH cyrueCTBeHHO MeHbllie 1 

nHCTpOHHOrO rpyiiiiHpOB8TenH 1 8 BTOpofi yqaCTOK apeti¢Ja (MeMay 

ecKHM ueHTpOM 2-ro sasopa rpyrrnHpoBaTenH H aneKTpHqecKHM 

rrepeoro ycKopHJOruero rrpoMeMyTKa nHHefiHoro ycKopHTenH HoHoB) 

eTCH nHllib KOHCTpyKTHBHbiMH B03MOMHOCTHMH c6nHMeHHH rpyiiiiH-

C BXOaHOH qacTbm JIHHeHHOrO YCKOpHTeng1 T,e, TOMe MOMeT 6b!Tb 

8Jlb!M 1 TO aaHH8R KOHCTpyKUHH B IIpHHUHIIe aonMHa o6ecrreqHB8Tb 

eKTHBHYIO rpyiiiiHpOBKy 38pRMeHHhiX qaCTHU IIpH 6onblliHX TOK8X 

M rpyrrrrHpOBaTenb KnHCTpOHHOrO THIIa, 

AByxsasopHbifi rpyrrrrHpoeaTenb c Tpy6Kotl: lloeM>a 1 

pHCo 2a CXeMaTHqeCKH H306paMeH .QByX3830pHblft rpyiiiiHpOB8Tenb 

t1: .Qpeti¢la. 

pHC, 26 IIOK838H8 JlHarpaMMS B KOOpJlHH8T8X /j; 1 W t 1 IIORC

a6oTy rpyiiiiHpOB8TenH, /j; - H8IIpHMeHHOCTb aneKTpHqeCKOrO IIOnR 

pyrrrrHpoeaTenH. 

8 

.,.. 

,r. 

~ llil 

L = A-J ... ). 

E 

wt -
t---- w~ = J!i.-----1 

PHc, 2. CxeMa AByX3aaopHoro rpyrrrrHposaTens c Tpy6KoA 
Apeti:<Pa. 
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Ha3089M CHHXpOHHOA ~aCTHUYt KOTOpaR rrpoxonHT aneKTpH~eCKHA 

ueHTp 1-ro aaaopa rpyrrrrHpoaaTenH rrpH ~aae ¢ =- !_ (To~Ka 
· s,1 2 

•t• pHc. 2). JlayxaaaopHaR cHcTeMa rpyrrrrHpoaaTenH pacc~HTaHa TaKHM 

o6paaoM, ~TO CHHXpOHHSH ~8CTHU8 rrpoxonHT aneKTpH~9CKHA U9HTp BTOpO-

ro aaaopa rrpH ~aae a/~ rronH ¢ = + !_ 
s ,2 2 

, rrpoil:nR rryTb OT aneKTpH-

~ecKoro ueHTpa 1-ro aaaopa no aneKTpH~ecKoro rieHTpa 2-ro aaaopa, pas-

Hb!A L = 1,5 fJ 0 A e, 
, rne A - nnHHa ycKopHJO.meil: aonHbi nHHeii:Horo 

yCKOpHTeng (H,COOT89TCT89HHO, rpyrrrrHp088Teng). 

PaccMoTpHM rroseneHHe HaCHHXpOHHOA ~acTHUbi, rrpoxongmeil: aneKTpH-

~ecKHA ueHTP 1-ro aaaopa, HarrpHMep, a TO~Ke A (pRe. 2) rrpH ~aae 

¢ =-!!...+1'1¢ 
. 1 2 

3Ta ~acTHua rrony~aeT B rrepaoM aaaope norronHHTenbHhlil: nonomHTenb-

HbiA rrpHpOCT 8HeprHil:, paBHblft 

1'1 W ... e U T cos ¢ , 
1 1 I 1 

U 1 - aMrrnHTynHoe aHa~eHHe HanpHmeHHH aneKTpH~ecK6ro rronB B 1-oM 

a·aaope rpyrrrrHpoaaTeng. T 1 - ¢aKTop apeMeHH rrponeTa 1-ro aaaopa 

rpynnHpoaaTeng. 

nocKonbKY 1'1 W 
1 

> 0 , To paccMaTpHaaeMaH ~acTRUa rronanaeT 

a aneKTPH~eCKHA ueHTp 2-ro aaaopa rpynnHpoBaTeng npR ~aae ¢ 2>= ::..._ + 1'1¢2 , 2 

rrpH~eM 11'1¢ I < 11'1¢ 
2 1. 

TaKHM o6pa~oM, ~acTRUa A so BTopoM 

aaaope ~pyrrrrHpoaaTeng nony~aeT norronHHTenbHhlil:, Terrepb yme oTpRuaTenb-

Hbiil:, npHpOCT aHeprHR ( DOCKOnbKY ¢ > !L 
2 2 

l'iW =eU T cos¢.. 
2 2 2 2 

Jlng H9KOTOpOil: ( ODTHMSnbHOil:) $83bl ¢ 1 

rpynnRpoBaTenR ( u t t u2 t T 1 t T2 

10 

), paBHb!il: 

MOmHO Bbt6p8Tb rrapaMeTpbl 

TaK, ~To6bi 11'1 W 1 I = 11'1 W 2 I • 

;• 

• 
I' 
t\ 

~~ 

' 
• 
I 

, 
, 
I 

~ 

'M7' SD' ID' 'II' NJ' 

•f 

_, 
D' 

·• 

PRe. 3. KpHBbie paa6poca no RMnyn~ocaM rpynnHJ 
MblX ~8CTRUo 
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M CHHXpOHHOA qaCTHUYo KOTOpaH npoxoaHT sneKTpHqecKHft 

asopa rpynnHposaTenH npH ~ase ¢ =- ~ (Toqxa 
s,1 2 

nsyX3830pH8H CHCTeMa rpynnHpOBaTenH paccqHT8Ha T8KHM 

CHHXpOHHBH qaCTHU8 npOXOaHT sneKTpHqecKHft ueHTp BTOpO-

H ~ase s/q nonH ¢ = + ~ , npoAaH nyTb OT ·sneKTpH-
" ,2 2 

pa 1-ro sasopa ao sneKTpHqecxoro ueHTpa 2-ro sasopa, pas-

"· o 
A , rae A - anHHa ycxopHIO!IleA sonHhi nHHeAHoro 

H,COOTBeTCTBeHHOo rpynnHpOB8TenH). 

TpHM noseaeHHe HeCHHXpOHHOft qacTHilhi 1 npOXOJlH!Ileit sneKTpH-

p 1-ro sasopa, HanpHMep, B Toqxe A (pHc. 2) npH ~ase 

+ L\ ¢ 

cTHua nonyqaeT B nepsoM sasope aononHHTenbHhiA nono)I{HTenb-

9HeprHA, paBHhiA 

e U T cos¢ , 
1 1 1 

TYJlHOe sHaqeHHe HanpH)I{9HHH sneKTpHqecxoro nonH B 1-oM 

nHpOBaTenHo T 1 - ~aKTop speMeHH nponeTa 1-ro sasopa 

en H. 

bKY L\ W 1 > 0 , TO paccMaTpHeaeMaSI qacTHua nonaaaeT 
17 

CKH A ueHTp 2-ro sasopa rpynnHpoeaTenSI npH ~ase ¢ 
2 
= 2 + .1 ¢

2 
, 

2 I < 1.1¢ 
1 TaKHM o6paaoM, qacTHua A so. BTopoM 

nHposaTenH nonyqaeT aononHHTenbHhlA, Tenepb y)l{e oTpHuaTenb-

T sReprHH ( nocxonbxy ¢
2 

> ~ 

U T cos¢ . 
2 2 2 

oft ( onTHManbHoit) ~a3bi ¢ 
1 

enH ( U 1 , U 2 , T 1 , T 2 

10 

.,.-

) , paBHbiA 

MO)I{HO Bbi6paTb napaMeTpbl 

Tax, qT06hi 1.11' 1 I = 1.1 W 2 1 • 

I' 

' 
I' 

t! 

'f;r. 
' 
• 
I 

,_ 

3 

I 

' ~ 
'Ia' •• 60' 'II' tiJ' 1111' 

•t 

_, 

·• 

PHc. 3. KpHBbie paa6poca no HMnyn&caM rpynnHpye
MhiX qSCTHile 
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DpH 8TOM, IIOCKOJihKy cos¢ < cos ¢ • 
2 I 

To nomKHo 6biTh Bbiiionaeao ycnoBHe 

u l2 > u IT I. 

A H8JIOI'H'IHbie p8cCy)l{neHHSI MO)I{HO rrpKBecTH llJIS! npyrrtx 'I8CTKU, 

IIOCTyii8IDlliHX H8 BXO.ll 1-ro 3830p8 rpyiiiiHpOB8TeJISI C llPYI'HMH ~838MH 0 
H8IIpHMep, llJISI qacTHUhi B ( pHc. 2 ) • 

T8KHM o6p830M 0 aecnaxpoHHbie 'I8CTKUbi rrony'I8IDT B rrepaoM 3830pe 

rpyiiiiHpOB8TeJISI 60JihlliOfi llOIIOJIHHTeJihHhlfi (B OTJIH'!He OT CHHXpOHHhlX) 

!IpHpOCT 8Hepi'HH (IIOJIO)I{HTeJihHhlfi HJIH OTpHU8TeJibHhlfi) BCJie.llCTBHe qero 

60JihlliHe ~83Hpyroume CHJibl CTSII'KB8IDT HX ~83Y K CHHXpOHHOfi ~83e BO 

BTOpOM 3830pe r,pyiiiiKpOB8TeJISI 0 BTOpOfi )l{e 3830p rpy!IIIHpOB8TeJISI !IpOH3-

BO,llHT Bb!paBHHB8HHe BCeX CI'pyrrrrHpOB8HHbiX 'I8CTHU K 8Hepi'HH CHHXpOHHOfi 

'I8CTHUbi 0 OeT8BJISISI HX ~83y HeH3MeHHOfi B IIJIOeKOCTH 8JieKTpH'IeeKOI'O 

ueHTp8 aToporo 3a3opa rpyrrrrHpOB8TenH. llnS! aeKoTopofi ~83bi (H8!IpKMep, 

"C" pne. 3) rroene rrpoXO)I{.lleHHSI nayx 383opoa rpyrrrrHpOB8TenSI rrpoHeXOllKT 

IIOJIHOe Bb!p8BHHB8HHe 8Hepi'HH0 T.e. 

flW ,w -W =0. 
c c " 

Hn)l{e rrpnaeneHbi ll8HHbie llBYX383opaoro rpyrrrrHpoB8TenR, KOTOpbxfi rrpenrro

nar8eTeSI yeT8HOBHTh rrepe,ll BXOllOM B JIHHefiHhlfi yCKOpHT9Jih rrpOTOHOB 

( nY -20) H8 aaeprHID 20 M 8B e )l{eeTKOfi ~OKyeHpOBKOfi B nBs OI1HI1. 

&, = 20 KBieM L
1 

= 8,4 eM L
2 

= 11,06 c~ T
1 

= 0,5 T
2 

= 0,7, 

8IIepTyp8 B rrepBOM 3830pe 2 a
1
= 3,48 CM 1 BO BTOpOM 3830pe 2a

2 
= 2 eM 1 

nnKH8 rrepaoro 3830p8 g 1 = 2,4 eM, llJIKHa BToporo 383opa g 2 = 2,17 eM1 

f = 15 eM (rrpoeTp8HeTBO ,llpefi~a OT 8JieKTpH'!eeKOI'O ueaTp8 2-I'O 3830p8 

rpyrrrrKpOB8TenR no aneKTpnqeeKoro ueHTp8 1-ro yeKopRromero rrpoMe)l{yTK8 

nnaefiHoro ycKopHTenR) f3 
0 

= 0,0348 ( W ~ = 0,57 Mas). 
"• ~OpHH)I{. 
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Ha pHC. 3 IIOK838Hbl KpHBbie p836poca ITO 

'I8CTHU B KOOpllKH8T8X ( fl p % , rp ) , I'lle 
P.,,o 2 

BTOpOM 3830pe I'pyrrrrHpOB~TeJIS!o 

HMIIYJihCaM I'~ 

¢ - ~838 '!a 
2 

KpHB8SI fl P, ""f /¢ 2) xap8KTepH3yeT pa36poc rro HMn: 

THU nocne nx npoXO)I{.lleHHSI nepsoro .3830p8 rpynrrHpoB8TeJISI E 

HX IIOJIO)I{eHHSI BO 2-0M 3830pe rpynnKpOBaTeJISI. 

KpHB8SI flp = f ( -1.. ) X8p8KTepH3yeT p836poe no HMnynh< 
2 2 '~'2 

noene HX npoXO)I{ll9HHSI 2-ro 3830p8 rpynnHpoBaTenR. 

H8 KpHBbiX He YK838H8 BTOpaS! 06JI8CTh ¢831 KOTOp8S! II~ 

SIBJIS!eTCSI 3epK8JihHbiM OT06p8)1{eHHeM OTHOCHT9JihHO H8'18"J18 KC 

H8 KpHBbiX pHe. 3 B rp8nycax YK838Hbi ~83bi 'I8CTHU npH rrpo 

HMH aneKTpH'IecKoro ueHTpa 1-ro 3830p8 rpynnHpOB8TenSI. 

CnenyeT OTMeTHTh enenyromee. I13 KpHBbiX pnc. 1 BHllHO 

rrpH 6onhmHx TOK8X rpynnKpyeMoro rry'IK8 (rropR.llK8 750 Ma), 

npocTpaacTBax npefi~a ( 10-20 eM) 1 T.e. Korna CHJibi npocTp8J 

38pS!ll8 eme He YCII9B8IDT CyllieCTB9HHO IIOBJIHS!Th H8 X8p8KTep 

Jlpei!:¢yrolliHX '18CTHU 1 p8C'I~T llHH8MHKK 'I8CTHU B CHCTeMe 2-3, 

rpynnHpOB8T9JISI MO)I{HO IIpOBO.llHTh 6e3 Y'I~T8 eHJI IlpOeTp8HCTl 

pS!.ll8. noaTOMy KpHBble pHC. 4, p8eC'IHT8HHbie 6e3 Y'I~T8 cn:n 

CTBeHHOrO 38pS!ll81 C .llOeT8TO'IHOi!: eTeiieHhiD TO'IHOCTH OT06p8: 

Hy npei!:~8 llJISI TOKOB rpyiiiiHpyeMoro IIY'IK8 750 M8 H Bb!llie. 

Ha pHe. 4 IIOK83StHO eeMei!:cTBo KpHBbiX rpyrrrrnpoBKH '18C 

38M rroene rrpOXO)I{.lleHHSI HMH 2-ro 3830p8 rpyrrrrn:poB8TeJISI rrpl 

flp HOCTH HMIIyJ1hC8 HH)I{9KTHpyeMoro IIY'IK8 B npenen8X 
p ... o 

Ha pHe. 5 rroKa38H8 cerrap8TpHec8 nHHefiHoro ycKopHTe~l 

B KOOPllHH8T8X ~ %, rp 
p 

( KpHB8SI 1) • 
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ITOCK01lhKY cos¢ < cos ¢ , 
2 1 

TO .[IOnlKHO 6btTb Bb!llOnHeHO ycnOBHe 

> u IT I. 

orH'IHbte paccymaeHHH MO)KHO llpHBeCTH .[11151 apyrHX ':'8CTHU1 

HX Ha BXO.[I 1-ro 3830pa rpyniTHpOBaTenH C JlpyrHMH <jla38MH 1 

anH qacTHUbi B ( pHc. 2 ) • 

M o6pa30M 1 HeCHHXpOHHbte '18CTHUbl fiOny'laiOT B nepBOM 3830pe 

aTenH 6onbWOfi .[10ll011HHTenbHhlfi (B OT11H'!He OT CHHXpOHHhlX) 

~eprnn (rronomHTenhHhlfi nnn oTpHuaTenhHhlA) BcneacTBHe qero 

83Hpy IO!lllle CJinbl CTHrHB810T HX <jlaay K CHHXpO HHOfi <jlaae BO 

aope ~pyrrrrnpoeaTenH, BTopoA me aaaop rpyrrrrnpoBaTenH rrpOH3-

aBHHB8HHe Bcex crpyrrrrHpOB8HHhiX '18CTHU K 3HeprHH CHHXpOHHOfi 

OCT8B11HH HX <jlaay HeH3MeHHOfi B IT110CKOCTH 31leKTpH'IeCKOrO 

oporo aaaopa rpyrrrrHpoaaTenH. ilnH HeKoTopoA <jlaahl (RarrpnMep, 

3) rrocne rrpoxomaeHHH asyx aaaopoB rpyrrrrHposaTenH rrpoHcxoaHT 

paBHHB8HHe 3HeprHH 1 T.e. 

W -W , 0. 
c ~ 

eaeHhi aaHHhte asyxaaaopHoro rpyrrnHpoBaTenH, KOTOpbiA npeano

ycTaHOBHTb rrepea BXO.[IOM B 11HH9fiHhlfi yCKOpHTenb ITpOTOHOB 

a 9HeprHIO 20 M 3B c mecTKOfi <jloKyCHpOBKOfi B na:a· 011.HI1. 

KBICM L 1 = 8,4 CM L2 = 11,06 CM T, "' 0,5 T2 = 0,7, 

B nepBOM 3830pe 2 a
1 
= 3,48 CM 1 BO BTOpOM 3830pe 2a

2 
= 2 CM 1 

soro aaaopa g 1 = 2,4 eM, anHHa BToporo aaaopa g 
2 

= 2,17 eM, 

eM (rrpocTpaHcTBo apeA<Pa oT aneKTpll'!ecKoro ueHTpa 2-ro aaaopa 

aTenH ao aneKTpll'!ecKoro ueHTpa 1-ro ycKopHIO!llero npoMemyTKa 

ycKopHTeng) (3 
0 

= 0,0348 ( I' .l. = 0,57 Mas). 
~. 't'OPHHm. 
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Ha pHc. 3 rroKa3aHbt KPHBbte paa6poca no HMrrynhcaM rpynrrHpyeMbiX 

'18CTHU B KOOPilHH8T8X ( ~ p % , cp ) , rile cp - <jlaaa "18CTHUhl BO 
p 2 2 

s,O 

BTOpOM 3830pe rpynnHpOB~TenHo 

KpHB851 ~ P, =f ,<¢ 2) xapaKTepHayeT paa6poc no HMrrynhcaM qac-

THU nocne HX npoxo)l{.[leHHH nepsoro .aaaopa rpyrrnHposaTenH B <jlyHKUHH 

Hx nonomeHHH eo 2-oM aaaope rpynnHposaTenH. 

KpHBaH ~p 
2 

= f 
2

( ¢
2

) xapaKTepHayeT paa6poc no HMrrynhcaM "!aCTHii 

nocne HX npoxomaeHHH 2-ro aaaopa rpyrrrrHposaTenH. 

Ha KpHBhlX He yKa38Ha BTOpag o6naCTb <jlaa, KOTOpaH rrpaKTH"!eCKH 

HBnHeTCH aepKanbHhiM OT06pameHHeM OTHOCHTenbHO H8"18118 KOOp.QHHaT. 

Ha KpHBhiX pHc. 3 B rpaaycax yKaaaHhi <jlaahi "18CTHU rrpH rrpoxomaeHHH 

HMH aneKTpH"!ecKoro ueHTpa 1-ro aaaopa rpynrrHposaTenH. 

CneayeT OTMeTHTh cneay10mee. Ha KpHBhiX pHc. 1 BHJlHo, 'ITo aame 

rrpH 6onhmHx ToKax rpynnHpyeMoro ny'!Ka ( nopHJlKa 750 Ma), HO rrpH ManhiX 

npocTpaHcTBax apeil:<jla ( 10-20 eM), T.e. Korna cHnhi rrpocTpaHCTBeHHoro 

38p51Jl8 erue He ycrreB810T cyrueCTBeHHO ITOBnHHTb H8 xapaKTep JlBHmeHHH 

Jlpeil:<jlyiOIUHX '18CTHU 1 p8C"'~T JlHH8MHKH "18CTHU B CHCTeMe 2-3830pHoro 

rpyrrrrHpOB8T91lH MO)I{HO npoBOLlHTb 6e3 Y"'~Ta CHn npoCTp8HCTB9HHOrO 38-

p51Jl8o f1o3TOMy KpHBhie pHc. 4, paCC"'HTaHHhie 6ea y'I~Ta Clln, npocTpaH

CTBeHHoro 38p51Jl81 C .[10CT8TO"'HOfi CTeneHbiO TO"'HOCTH OT06pamaiOT K8pTH

Hy apefi<jla nnH TOKOB rpynnHpyeMoro rry"!Ka 750 Ma H Bhtme. 

Ha pHc. 4 rroKaaaHo ceMeAcTBO KpiiBhiX rpynrrHpoBKH '18CTHU no <Pa-

aaM nocne npoxomneHHH HMH 2-ro aaaopa rpyrrrrHpoBaTenH rrpH HecTa6Hnh
~p = +0,5%. 
P s,O -

HOCTH HMnyn&ca HHmeKTHpyeMoro rry'IKa B npeaenax 

Ha pHC. 5 noKa3aHa cenapaTpllCCa nHHefiHoro ycKopHTenH nY -20 

B KOOPilHHaTaX ~ %, cp 
p 

( KpHB8H 1 ). 
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PRe. 4,KpHB&Ie rpynnRpOBKH 'I&CTHil no cllaa.,.M nocne 2-aaaopa rpyn
nHpoaaTens npH HecTa6HnbH>CTH no HMnyn&eaM &H~eKTRpyeMoro ny11xa 
B npellenax :.0.5%. 
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PRe. 5. CenapaTpRca nHHeAaoro ycxopRTens nY -20 ( KpHB~ 
~eHRe crpynnRpOB8HHbiX '18CTHU BHyTpH cenapaTpHCblo 
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P4t: 

HBbie rpynnHpoBKH '18CTBQ no cjla3aM nocne 2-aa3opa i"pyn-
I ' -fD• ·1D" ·fD" -SD• -liD" I·JD" -10• .IJ• lo• If'" !"" ~· "'" ~· ~· ~ 
I 

s npH H9CT86HnbH>CTH no HMnyn&caM RHJK8KTHpyeMOI'O ny'IKa 
X :!:,0,5%. 
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,.,.: 

·~ 

PHc. 5. CenapaTpHca nHHeftHOI'O YCKOpHTens nY -20 ( KpHB8S 1) H nono
JKeHHe crpynnHpOB8HHbiX '18CTHU BHYTPH cenapaTpHCbJ. 

15 



KpHBaR 2 - nono~eHHe crpynnHpoBaHH~x qacTRU BHYTPB cenapTpHc~ 

nocne HX QpeA~a Ha yqacTxe OT aneKTpHqecxoro ueHTpa 2-ro aaaopa rpyn

nHposaTenR QO aneKTpHqecxoro ueHTpa nepsoro ycxopR~mero npoMe~TKa 

nY -20 npH L\ p .. + 0,5% ( npocTpaHCTBO QpeAIPa f • 15 CM) • 
p ... o 

KpHBaR 3 - cooTBeTcTBeHHO npH L\p .. -0,5%. Ha KpRBhiX 2,3 
p ... o 

yK838Hbl cpa3.hl qacTRUt IIpR KOTOp~X OHH npoXOQRT 1-biA 3830p rpynnRpo-

BaTenR. 

J13 KpHBbiX BHilH0 1 qTo npR IIpHM8H8HHH 2-aaaopHOI'O rpyiiiiHpOBST.eng 

C Tpy6xoA Jlpeilcpa U8HTp TR~eCTB crpyiiiiHpOB8HHOI'O nyqxa CM8UI88TCR 

(B Q8HHOM KOHKp8THOM IIpRMepe) He 6onee qeM H8 L\f/J .. .,:!:10,5° OTHOCR-

TenbHO CHHXpOHHOA cpa3bl t:/J 

" 
npH paa6poce no HMnyn&caM HH~eKTHpye-

MOI'O Dy'IKa1 paBHOM .:!:.0,5%. 

JlpOCTOil pacq~T IIOK83b!B88T1 'ITO npH npHM8H8HHH KnHCTpOHHOI'O 

rpynnHpOBBTenR C npOCTp8HCTBOM JlpeAii»a f • 1,2 M npH TOM ~e pa36poce 

no HMnynbC8M HH~eKTHpyeMOI'O nyqxa ero U8HTp TR~8CTH CMemaeTCR COOT-
0 

BeTCTBeHHO Ha A q, • .:!:.29 • 

TaxHM o6paaoM, asyxaaaopH~A rpynnHpoBaTen& c Tpy6xoA apeAcpa 

cymecTB8HHO MeHee 'lYBCTBHTeneH K HeCTa6Hn&HOCTH no HMnyn&C8M Dy'lKa
1 

HH~eKTHpyeMOI'O H3 cpOpHH~eKTOpa. 

161 
CoBMeweHHbill 2-aaaopHbill rornnHpoBaTen& 

OnHcaHHhlil BbiWe 2-aaaopHbili rpynnHpoBaTen& c Tpy6xoll apellcpa, 

KBK H OQH03830pHbiil KnHCTpOHHhlil rpynnHpOB8T8n&1 06naaaeT TeM HellOCT8T

KOM1 qTo KOHCTpyKTHBHO OH B~nonHeH KBK OTilen&HOe ycTpOilCTBO H II09TOMy 

llnR CBOelt p860Tbl Tpe6yeT OTJlen&HOI'O HCTO'lHHKa nHT8HHSJ1 OTilen&HOI'O 

cpa3Hpy~wero ycTpOilCTB8 H OTilen&HOI'O BBOQa BbiCOKO'laCTOTHOA MOUIHOCTH 

B peaoHaHCHbiA o6'DeM rpynnHpoBaTensr. Bee 9TO coaaaeT onpeaeneHHbie Tex

HH'lecxRe TPYilHOCTH npH paapa6oTxe rpynnHpy~UIHX ycTpoAcTB. 

16 
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EcnR 2-aaaopHbiil: rpynnHpoBaTen& c Tpy6xoA .npeAcpa xo. 

B~nonHHT& xax e.nHHoe uenoe c peaoHaTopoM nRHeAHoro ycxo 

pH~IIIBSI CTpyKTypa KOTOpOI'O HBmreTCH 06bi'IJ{Oit CTpyKTypoit T 

TO MO~HO IIpR.IlTR K CX8M8 COBM8UI8HHOI'O rpyiinRpOB8TenH1 KC 

6pa~eaa aa pRe. 6. 

Ha pHc. 6a yqacToK 1 rrpe.ncTaBnsteT co6oA 2-aaaopHbiA 

BaTenb c Tpy6xoA .npeAcpa, yqacToK II 

IIpOTOHHOI'O nRHeiiHOI'O ycKOpRTenHo 

HBnHeTCH YCKOP,SI'~.UIE 

TaKRM o6pa30M1 ycxopH~UiaH cTpyxTypa nRHeAHoro ycxt 

eTCSI' ecTeCTBeHHbiM IIPO.IlOn~eHReM 2-3830pHOI'O rpyiiiiRpOB8TE 

R rpynnHpoBaTen& R ycxopH10UiaR. cTpyKTypa nRHeAHoro ycxop 

M8UI9Hbl B O.llHOM pe30H8TOpe. 

B aTOM cnyqae, ecTeCTBeHHo, oTrra.naeT Heo6xo.nHMOCTI 

IIRTBHRH R cpa3RpOBKe rpyiiiiRpoBaTenH, TaK KaK 9TO Bb!IIOnHSI'E 

TR'I8CKR IIpR B036y~.ll8HRR pe30H8TOpa Ha BOnHe TRna E010 

llpocTpaHCTBO cBo6o.naoro .npellcpa crpynrrRpoBaHH~x qac 

2-3a3opHoro coBMeweaaoro rpynrrHposaTenH onpeaenReTCR pa 

Me~y sneKTpR'IeCKRM U8HTpOM 2-ro 3830pa rpyiiiiRpOBaTeng 

KRM U8HTpOM 1-ro YCKOpSI'~Uiero 3830pa CTpyKT)"pbl nRHeiiF. 

TenH, KOTopoe B paccMaTpRBaeMoA cxeMe M·o~eT 6bJT& cse.ne 

My My ( pHCo 66) • 

PaccToHHRe Me~.ny sneKTpH'IeCKRMR ueaTpaMR aa3opoB 

TenR 

L .. kf3 A, 
1 ",0 

r.ne k 1 = 1,5; 2 ,5; 3,5 H T.ll. 

B o6weM cnyqae 3HaqeaRe k 3aBRCRT oT saeprRR RH~' 
1 

IIpH~eHHOCTR sneKTpR'IeCKOI'O IIOnR Ha 

o6bi'IHbiX 3H8'18HHA f3 s,o= 0,035-0,04 1 

IIpReMneMbiM SI'BnReTCSI' 3H8'18HRe k 

ocR pe3oHaTopa. Hanp: 

6; = 20 KB!CM, A 

= 1,5. 
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g 2 - nono*eeHe crpynnHposaHHhlX ~acTHU seyTpB cenapTpBCM 

peA~a ea y~aCTKe OT 3.119KTpH~9CKOrO U9HTpa 2-ro 3830pa rpyn-

ao anexTpH~ecKoro ueeTpa nepsoro ycxopH~mero npoMe*YTKa 

~ = + 0,5% ( npocTpaHCTBO ape~a f • 15 CM) 0 

p s,O 

H 3 - COOTB9TCTB9HHO npH -=-- .. -0,5%. Ha KpliBbiX 2,3 
p s,O 

3.bl ~aCTHU, npH KoTophlx OHH npoxoaHT 1-biA sasop rpynnapo-

BbiX sHaKo, ~To npH npHMeHeHHH 2-sasopeoro rpynnHposaT.enH 

peA~a ueeTp TH~ecTH crpynnaposaeeoro ny~Ka CMemaeTcH 

OHKpeTHOM npHMepe) He 6onee ~eM Ha L\ cp .. ,.!:10,5° OTHOCH-

pOHHOli ~83bl cp .. npH pas6poce no HMnyn&caM HH~eKTHpye-

paBHOM :!:,.0,5%. 

A pac~~T noKaSbiBaeT, ~TO npH npHMeeeHHH KliHCTpOHHoro 

ensr c npocTpaecTBOM apeli~a f "" 1,2 M npH TOM ~e pas6poce 

HH~eKTHpyeMoro ny~Ka ero UeHTp TH~9CTH CMemaeTCH COOT-
0 

Ll¢ .. :!:,.29 • 

o6paaoM, asyxaaaopHbiA rpynnHposaTen& c Tpy6KoA apeA~a 

MeHee ~YBCTBHTeneH K HeCT86Hn&HOCTH no HMnyn&CiiM ny~Ka, 

~OpHH~eKTOpa. 

161 CosMemeHHbiil: 2-aaaopHbili rpvnnHpoBaTen& 

Hbili Bb!llle 2-aaaopHbili rpynnHposaTen& c Tpy6Koli apeA~a, 

30pHbili KnHcTpOHHbiil: rpynnaposaTen&, o6naaaeT TeM eeaocTaT

CTPYKTHBHo OH BbliTOliHeH KliK OTaen&HOe ycTpoliCTBO H fi03TOMy 

60Tbl Tpe6yeT OTaen&Horo HCTO~HHKa ITHTiiHHSI, OTaen&HOrO 

ycTpOliCTBa H OTaen&Horo BBOaa BblCOKO~aCTOTHOli MOIIIHOCTH 

,Ifi o6'beM rpynnHposaTeng. Bee aTo cosaaeT onpeaeneHHbie Tex

aeocTH .ilpH paapa60TKe rpynnHpy~IIIHX ycTpOliCTB. 
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EcnH 2-saaopHhlli rpynnHposaTenb c Tpy6xoil: apeil:~a KOHCTpyKTHBHO 

shlnonHHTb xax eaHHoe uenoe c peaoHaTopoM nHHelieoro ycxopHTensr, ycxo

pR!OIIIaR CTpyKTypa KOTOporo 51B.1ISieTC51 06bi~HOli CTpyKTypoil: THfia Anbsapeua, 

TO MO~HO npHaTH K cxeMe COBMeiiieHHOI'O rpynnHpOBiiTensr, KOTOp851 H30-

6pa~eHa Ha pHc. 6. 

Ha pHc. 6a y~acToK 1 npeacTaBnSieT co6oil: 2-aaaopHhlli rpynnHpo-

saTenb c Tpy6xoli apeli<jla, yqacTOK II 51B.11SieTCSI YCKDp5110.IIIeli CTpyKTypoil: 

npoTOHHoro nHHelieoro ycxopHTenSI. 

TaKHM o6paaoM, ycxopSI!OIIIIiSI cTpyKTypa nHHelieoro ycxopHTenSI srsnSI

eTcSI ecTecTBeHHbiM npoaon~eeHeM 2-aaaopHoro rpynnHposaTenSI, nocxonbKY 

H rpynnHposaTenb H ycxopS110IIIaK_ cTpyKTypa nHHel!:eoro ycxopHTensr paa

MemeHbi B OAHOM peaoHaTope • 

8 aTOM cny~ae, ecTeCTBeHHo, OTITiiA8eT Heo6XOAHMOCTb B OTAellbHOM 

ITHTSHHH H <jlaaHpOBKe rpynnHpOB8TenK, TaK KliK 3TO BhliTOliHReTCSI 8BTOMii

TH'IeCKH npH B036y~AeHHH pe30H8TOpa Ha BOnHe THna E
010 

DpocTpaHCTBO cso6oAHoro ApeA<Pa crpynnHposaHHhlX qacTHU noc~e 

2-aaaopeoro cosMemeeeoro rpynnHposaTenR onpeaenSieTcSI paccTOSIHHeM 

Me~y anexTpH<IeCKHM ueHTpoM 2-ro aaaopa rpynnHposaTenR H anexTpHqec-

KHM ueHTpoM 1-ro ycxopSI!OIUero aaaopa cTpyxTypbi nHHelieoro ycxopH-

T9.1151, KOTOpOe B paCCMiiTpHBiieMoli CXeMe M·o~eT 6b!Tb CBeAeHO K MHHH-

My My ( pHCo 66) • 

PaccTOSIHHe Me~AY aneKTpH<IecKHMH u~HTpaMH aaaopos rpynnHposa-

TenK 

Lck{J A, 
1 s,O 

rAe k 1 = 1,5; 2,5; 3,5 H T.A. 

B o6meM cnyqae aaaqeeHe k aaBHCHT oT aaeprHH HH~eKUHH H Ha
t 

npSI~eHHOCTH aneKTpH<Iecxoro nonSI Ha ocH peaoaaTopa. HanpHMep, AliR 

06bi'IHbiX 3H8'IeHHli fJ ,. 0 = 0,035-0,04, {J; = 20 KB/CM, A = 2 M BITOliHe 

npHeMneMbiM SIBliSieTCSI 3H8'IeHHe k 1 = 1,5. 
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PHc. 6 • .UsyxaaaopHbtA: rpynnHposaTen~:>, coBMeUieHHbtA: c ycKopsuomeA: 
CTpyKTypoA: IIHHei!:HOI'O YCKOpHTellHo 
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PaccTOHHHe Me~ay aneKTpHqecKHM ueHTpoM 2-ro aaaopt 

Tena H 1-M YCKOpHroUIHM 3830pOM 

rr/2-lc/le,tl ){3 A, 
o - (k +- e,O L- 2 2rr 

rne cP - 3HaqeHHe CHHXpOHHOA: !fla3bl IIHHei!:HOI'O YCKOpHTem 
e, I 

MO~eT npHHHM8Tb 3HaqeHHH 0,5; 1,5; 2,5 

{3 
0 

= 0 103481 A = 2,08 M1 cPe = 
e, 

k
1 

= 1,5) H f = 4,795 CM ( k 2 = 0,5). 

H T.n. 1-ianpHMep, 
0 

31,5 ) nonyqHM 

HeKoTopbte aKcnepHMeHTan~:>Hbie peayn~:>TaTb! pa6c 

IIHHei!:HOI'O YCKOpHTeng HOHOB C COBMemeHH~M rp 

06blqHaH y~e paccqHT8HH8SI yCKOpHIDUI8H CTpyKTypa IIHHI 

pHTellH HOHOB1 B KOTOpoA: pe30H8HCHOe YCKOpeHHe HaqHH8eTCH 

paromero npoMe~yTKa, noasonaeT B npHHUHne ocymecTBHTb at 

meHHoro nsyxaaaopHoro rpynnHposaTena (pHc. 6), ecnH ecTI:> 

HOCTb ysenHqHTb 8Hepl"'HID nyqKa !flopHH~eKTOpa ao Hy~HOA: Be 

Ha cHHxpo!flaaoTpoHe OH.HH B HacToamee speMH peanH3) 
17 

ycKopeil:HSJ aei!:TOHOB H a -qacTHU 1 onHCBHHbif:i: B pa60T8X 
1 

qeCTBe HH~eKTOpa aeii:TOHOB HCnOilb3yeTCH npOTOHHbiil: IIHHef:i:HJ 

C CeToqHOI!: !floKyCHpOBJ{Oil:1 KOTOpbiA: npH ycKopeHHH nei!:TOHOB 

rrepesonHTCH B pe~M nsoii:HoA: KpaTHOCTH npef:i:!fla ycKopaeMbD 

IIpHqeM Hanpa~eHHe Ha ycKopHTellbHOI!: Tpy6Ke !flopHH~eKTOpa 

no 285 KBo npH TBKOM Hanpa~eHHH pe3KO yxynruaroTCH napaM< 

pyeMOI'O nyqKa1 B _ pe3yllbT8Te aeii:TOHHbii!: TOK H8 BbiXOne IIHHI 

pHTeng TaK~e CHH~aeTCH. npH Hanpa~eHHH 285 KB H8 ycKop: 

!flopHH~eKTopa Ha Bbtxoae nHHeii:Horo ycKopHTena 1'5bm nonyqea 

TOK nopHnKa 200 MK8 B HMnyn~:>ce. B CBH3H C TeM 1 qTO B aa 
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BYX3830pHbiA rpynnHpOB8T9nh, COBM91ll9HHhiA C yCKOpSIIOIIIeA 

A nHHeAHOI"'O YCKOpHTeng. 
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PaccToHHHe Me~ay aneKTpH'IeCKHM ueaTpoM 2-ro 383opa rpynnHposa

Tens H 1-M YCKOpHIDillHM 3830pOM 

e rr/2-l<l>~,tl ){3 A, 
(k +- ~.o 2 2 1T 

rae <,{>e,l- 3H8'19HH9 CHHXpOHHOA $a3hl nHH9AHOI"'O YCKOpHTeng, k2 
MO~eT npHHHM8Tb 3H8'19HHH 0,5; 1 ,5; 2,5 

f3 ~.o = 0,0348, A = 2,08 M, 4>~ 

k
1 

= 1,5) H f = 4,795 CM ( k
2 

= 0,5). 

H T.n. HanpHMep, JlnH nY-20 

31,5°) nony'IHM L = 10,86cM 

HeKoTophie aKcnepHMeHTanhHbie peaynhTBTbi pa6o'i'hi 

nHHeAHOI"'O YCKOpHT9nSJ HOHOB C COBM9.1ll9HHb!M rpynnHpOBaTeneM 

06bi'IH8S! y~e paCC'IHT8HH8SI yCKOpS!IDill8S! CTpyKTypa nHH9AHOI"'O YCKO

pHTenSJ HOHOB0 B KOTOpOA pe30H8HCH09 YCKOp9HH9 H8'1HH89TCS! C 1-ro yCKO-

pHIDIII91"'0 npoMe~yTKa, IT03BOnHeT B npHHUHne OCyiUeCTBHTh B8pHaHT COBM9-

Ill9HHOI"'O llBYX3830pHOI"'O rpynnHpOBaTenSJ (pHCo 6), ecnH 9CTh B03MO~

HOCTh yBenH'IHTb 3H9pl"'HID ny'IKa $opHH~9KTOpa ao Hy~HOA senH'IHHblo 

Ha cHHxpo$a30Tpoae 011.HI1 B aacToHmee speMSJ peanH3yeTcSJ MeToa 

/7 8/ 
ycKopeiiHH neATOHOB H a -'18CTHU 0 OITHC8HHbiA B pa6oTaX ' • B Ka-

qecTBe HH~9KTOpa aeATOHOB HCITOnh3yeTCS! npOTOHHbiA nHH9il:HbiA yCKOpHTenb 

C C9TO'IHOA $oKyCHpOBKOA 0 KOTOpbiA npH yq~:opeHHH nelhOHOB H a -'18CTHU 

nepeBOJlHTCS! B pe~M llBOAHOA KpaTHOCTH npeA$a yCKOpS!eMblX '18CTHU, 

npH'19M HanpH~9HH9 Ha ycKopHTenbHOA Tpy6Ke $opHH~9KTOpa ITOHH~89TCH 

ao 285 KB. DpH TaKOM aanpSI~eHHH pe3KO YXY/.llll8IDTCSJ napaMeTpbi HH~eKTH

pyeMoro ny'IK8 0 B. pe3ynhT8Te neATOHHb!A TOK H8 Bb!XOJle nHHeAHOI"'O YCKO

pHTenSJ TaK~e CHH~89TCS!o DpH HanpSI~9HHH 285 KB Ha yCKOpHTenhHOil: Tpy6Ke 

$opHH~eKTopa aa Bhixoae nHHeAaoro ycKopHTenH 6bm nony'leH aeil:ToHHhiA 

TOK nopHaKa 200 MK8 B HMnynbce. B CBS!3H C TeM, 'ITO B aaHHOM cnyqae 
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cymeCTByeT onpeaeneHHaH BOSMO~HOCTb noaHHTb HanpH~9HH~ Ha yCKOpH

TenbHOA Tpy6Ke ~OpHH~9KTOpa, 6binO peanHSOBaHO asa BapHaHTa COBMemeH

HOrO 2-sasopHoro rpynnHposaTenH. 

I sapHaHT, l1H~eKUHH B 3-~ sasop ycKopH!OlHeA cTpyKTypbi 

B aTOM cny'lae nepBbie ase Tpy6KH apeA~a 6binH CHHTbl H SaMeH9Hbl 

HOBbiMH C TeM paC'Ii!!TOM, 'IT06bi aBa nepBbiX sasopa BbinOnHHnH ~YHKUHIO 

asyxsasopHoro rpynnHposaTenH. Tpe6yeMoe HanpH~eHHe HH~eKuHH sos

pocno ao 400 KB. npH aToM HH~eKTHpyeMbiA TOK Ha sxoae !I anepType 

nHHeAaoro ycKopHTenH sospoc B asa pasa, a ycKopeHHbiit TOK Ha BbiXoae 

nHHeAaoro ycKopHTenH !los poe B 4 pasa ( 800 MKa), T,e. o~HaaeMbiA 

~9KT ysenH'I9HHH YCKOp9HHOro TOKa B 2 pasa OT aeACTBHH rpynnHpOBa

Teng 6bm nonytreH aKcnepHMeHTan&Ho. 

II sapHa,HT. l1a~eKUHH B 5-tt sasop ycKopHIOmeA CTpyKTypbi 

B aToM cny'lae nepBbie '19Tbipe Tpy6KH ycKopHIOmeA cTpyKTYPbi 

6binH CHHTbl H saMeH9Hbl HOBbiMH C TaKHM pac'li!!TOM, 'IT06bi 3-it H 4-hlfl 

3aSOpbi BbmOnli:HnH ~YHKUHH rpynnHpOBaTenH, a anH nepBbiX aByX sasopOB 

~aKTOp nponeTHoro speMeHH Obin Bbi6paH paBHbiM HyniO. noaToMy nepBbie 

asa sasopa 'laCTHuaMH 'nponycKanHc&' 6es HSMeHeHH.H Hx Haqan&Hofl aaep

rHH, B 3-M, 4-M sasopax OHH rpynnHposanHc&, ·a pesoHaHcHoe ycKopeHHe 

Ha'IHHanoc& c 5-ro 3asopa. Tpe6yeMoe aanpf~eHHe HH~eKuHH npH aToM 

.sospocno ao 525 KB, TOK Ha sxoae B anepType nHHeAaoro ycKopHTena sos

poc B 2,5-3 pasa, a ycKopeHHbiA TOK aa BbiXoae nHHeAaoro ycKopHTen.H 

Bo3poc B 6 pa3 (1200 MKa). 

ABTOp C'IHTaeT CBOHM npH.HTHbiM aonroM Bb!paSHTb 6naroaapHOCTb 

n.n. 3HHOBbesy, A.B. KysHeuosy, B.l1. Moposy sa none3Hbi9 aHCKYCCHH 

H nOCTO.SIHHbiA HHTepec K pa6oTe; n,C, PycaKOBOA sa noMOWb B nposeae

HHH paC'Ii!!THbiX paooT, a TaK~e n.H. lllepCT.SIHOBy, B.l1. XpeHosy, n.r. Ce

po6a6e Sa nOMOWb B nposeaeHHH aKcnepHM9HTanbHblX pa6oT, 
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onpeaeneHHaH B03MO*HOCTb noaHHTb HanpH*9HH~ Ha YCKOpH-

6xe cjlopHH*9KTOpa, 6binO peanH30BaHO aBa BapHaHTa COBMeli(eH

pHOl'O rpynnHposaTensr. 

MH*exuasr a 3-a 3a3o 

cnyqae nepBbie aBe Tpy6KH apeii:cjla !5bmH CHHTbl H 3aMeH9Hbl 

paC'IeTOM, 'IT06bi aBa nepBbiX 3a3opa BbinOnHHnH cjlyHKUHIO 

rpynrrHposaTensr. Tpe6yeMoe Hanpsr~eHae HH*eKuHH B03-

aToM HH*9KTHpyeMbla TOK Ha BX0Jl9 !! anepType 

CKOpHTensr B03pOC B aBa pa3a, a YCKOp9HHbiH TOK Ha Bb!XOJle 

cxopHTensr B03poc B 4 pa3a (BOO Mxa), T.e. O*HJlaeMbiH 

H'I9HHH ycKopeHHOl'O TOKa B 2 pa3a OT aeliCTBHSI rpyrrnHpOBa-

nyqeH 8KCITepHMeHTanbHO. 

BaHT. MH*9KUHH B 5-A aaao bl 

cny'Iae rrepBbie 'I9Tblpe Tpy6KH YCKOpHIOlll9H CTpyKTypbi 

H 3aMeHeHbi HOBbiMH C TaKHM pac'l:~TOM, 'l:T06b! 3-A If 4-biH 

nasrna cjlyHKUHH rpynnHpoaaTensr, a Jlnsr nepBbiX asyx aaaopos 

THoro BpeMeHH 6bm Bbi6paH paBHbiM HynJO. noaToMy nepBbie 

acTUUaMH ,rrponycKanl!:Cb" 6ea H3MeHeHHH HX Ha'l:anbHOH 8Hep-

4-M 3a3opax OHH rpynrrHpoaanHcb, ·a peaoHaHcHoe ycxopeHHe 

5-ro aaaopa. Tpe6yeMoe Hanpsr*eHHe HH*eKuHH rrpa. <~ToM 

525 KB, TOK Ha BXOJle B anepType nHH9HHOl'O YCKOpHTeng B03-

paaa, a ycxopeHHhiA TOK Ha BbiXoae nHHeAHoro ycxopaTensr 

aa ( 1200 MKa). 

'IHTaeT CBOHM npHSITHbiM aonroM Bbipa3HTb 6naroaapHOCTb 

sy, A.B. KyaHeuoay, B.M. Mopoay 3a noneaHbie JlHcxyccaa 

HHTepec K pa6oTe; n.C. PycaKOBOH aa ITOMOII(b B ITpOBeae

,JX pa6oT, a TaK*e Ll.M. lllepcTHHOBy, B.M. XpeHoBy, n.r. Ce

MOUib B nposeaeHHH 8KCnepHMeHTanbHbiX pa6oT. 
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