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PaccMaTp1rnaeMaSI cxeMa IlSITHKpaTHhIX coBnaaeHnn npeauaaHa'IeHa anSI 

pa60Tbl COBMeCTHO C cpopMnpoBaTenSIMH pauee onncaHHOI'O Tuna/ 11. CxeMa 

COCTOHT H3 IlSITH BXO)lHbIX KaHanoB121 , BKnIO.'IaeMb!X ( nnn BbIKnIOqaeMb!X) 

TyM6nepaMll TT 
1 
➔TT0 • BxoaHoe conpoTnBneune Kauano:s - 50 oM. llanee llJleT 

sneMeHT OT6opa COBila)leHllH ( D4)' SMHTTepHblH IlOBTOpnTenb T 1' JlllcpcpepeH

UllPYIOlllllH KaCKa)l T2, cpopMllpyromee ycTpOHCTBO (ll17, Dis, T3, T4, T5), 

KOTopoe aanycKaeT )lB8 KaHana, cpopMnpyromnx BbIXOJlHbie HMnynhCbI. Ha'InHaSI 

C Bb!XO)la TpaH3HCTopa Tt, ycTpOHCTBO cxeMbl auanorn'IHO cxeMe cpopMnpoBa

TenSI, OilllCaHHOI'O B pa6oTe/1 I. TTpll BKnIO'IeHllll n106oro H3 IlSITll BXOJlHbIX 

KaHanoB Ha TyHHenhHbIH JlllOJl ll4 ( )lnSI BXO)la 1) 'Iepea nepeKnIO'IaTenb TI l 

)lllO)l n2 conpoTnBneHne R 5 ll R 6 nocTynaeT OT llCTO'IHllK8 nnTaHHSI 

"12 B" npSIMOH TOK "' 7 Ma, !-1CTO'IHllK +12 B 'Iepea conpoTnBneune R 4 ll 

JlHOJl ll3 CMemaeT n4 o6paTHhIM TOKOM 4 Ma, TaK 'ITO qepea n4 Te'IeT pe

aynhTnpy10111nn npSIMOH TOK "' 3 Ma. 4epea JlllOJl n1 Te'IeT TOK 4 Ma. naaeune 

uanpm1rnHnSI Ha conpoTnBneunn R 2 , Bbl3B8HHOe npoTeKaHneM 'Iepea Hero 

TOKa 4 Ma, KOMileHcnpyeTCSI )lO uynSI TOKOM, npoTeKa!OIUllM qepea conpOTllBne-

Hne R 
I 

OT HCTO'IHHK8 -12 B. 

TTocTyna10mnn Ha BXO)l cxeMbl COBila)leHnH C cpopMnpoBaTenSI HMnynhC TO-

Ka aMnnnTyJlOH OT 8 )lO 16 Ma, OTp11uaTenbHOH nongpHOCTH n annTenhHOCTblO 

Tu yMeHblliaeT B TO'IKe BXO)la IlOTeHunan OTO )lO -0,8 B n nepeKnIO'IaeT Ha 

BpeMSI annTenhHOCTH BXO)lHOI'O HMnynhca TOK, npoTeKaIOIUHH 'Iepe3 JlllOJl ll3 
• 

B JlllOJl ill. TyHHenhHhIH JlHOJl n4 Ha BpeMSI r u nepeKnIO'IaeTCSl Ha ancpcpy-
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SHOHHYIO seTBho YiMnynhC C TYHHenbHOI'O AHO/la n4 tJepe3 3MHTTepHbifi nOBTO-

"-
pHTenb T1 nocTynaeT Ha BXO/l AH¢¢epeHUHpy10mero KaCKa/la T2· B KOnneKTOp-

HOfi uenH TpaH3HCTOpa T2, o5pasyeTCH nonO)KHTenbHhlfi HMnynbC C AllHTenbH0CTblO 

no OCHOBaHHIO "' 4 HCeK, npHBSI3aHHbifi K nepenHeMy ¢poHTy BX0/lHOI'O HMnynb

ca H He saBHCSIIUefi OT ero /lllHTenbHOCTH (npH ycnOBHH, 'ITO Tu ~ 4 HCeK). 

TaKofi cnoco5 YKOpOtJeHH.H BXO/lHbIX HMITYllbCOB npenoxpaHHeT nocneAyIOIUHfi ¢op

MHposaTenh c ManbJM MepTBbIM speMeHeM ( "' 7 HCeK) OT MHOI'OKpaTHOI'O 

cpa5aTbIBaHHH npH r u 5onbllleM, tJeM ero MepTB0e speMSI. BKnIOtJeHHe n1060-

I'O H3 OCTanhHbIX KaHanoB CMelllaeT TyHHenbHhifi AHO/l n4 o5paTHbIM TOKOM 

4 Ma. flpH 3TOM CMellleHue npSIMbIM TOKOM AHO/la n4 He HSMeHSieTCSI H BXOA

HOfi HMnynhC KaHana 1 He MO)KeT Bb!SBaTb cpa5aTbIBaHHSI aneMeHTa OT5opa 

cosnaneHHfi. flpu HanH'IHH Ha BTOpOM BKnIO'IeHHOM KaHane OTpHUaTeITbHOI'O 

HMnynhca, cosrrana10wero C HMnynbCOM, nocTynaIOlllHM Ha BXO/l 1, peI'HCTpH

pyeTCSI aKT COBnaneHHfi, T.K. Ha TyHHeITbHhlfi /lHO/l n4 BO BpeMSI nepeKpbITH.H 

BXO/lHbIX HMnynhCOB TOK o5paTHOI'O CMeIUeHHSI ITOCTynaTb He 5yneT. flpH 3TOM 

npHB5!3Ka BblXO/lHOI'O HMnynbca ocywecTBIT5leTC5! K ¢poHTy TOI'O HS BXO/lHbIX 

HMnynbCOB, KOTOpblfi npHXO/lHT IJ03)Ke. Ecnu 0/lHH H3 BXO/lHbIX CHI'Hanos /lllHH

Hhifi, a Ha BXO/l APYI'OI'O KaHana nocTynaIOT KOpOTKHe HMnyJlhCbl C 50JlbWOfi 

<iaCTOTOfi ,cnenosaHHH, TO cxeMa 3apeI'HCTpHpyeT CTOJlbKO aKTOB cosnaneHHfi, 

CKOITbKO BX0/lHbIX HM~ynhCOB ynO)KHTC5! B llITHTenbHOCTb nepsoro. TaKOH pe)KHM 

pa5oTbI xapaKTep-eH AITH cxeM HenttHefiHbIX sopoT. 

flpH BCeX BKITIO'IeHHhIX KaHanaX <iepe3 TyHHeITbHblll AHO/l n4 Te'IeT o5-

paTHblll TOK "'11 Ma. nn5! pa50Tb! B pe)KHMe 8HTHCOBnaneHHfi Ha BXO/l n1050I'O 

HS K8H8JlOB nOAKJlIO'IaeTC5! noITO)KHTenhHbifi HMnynhC Ha OTpuuaTenbHOM ypOBHe 

-0,8 B. OTpHUaTeJlhHblll yposeHh -0,8 B 8KBHBaJleHTeH BXO/lHOMY HMnyJlhCY 

C 5eCKOHe'IHOll /lITHTeJlhHOCTbIO, T.e. nocTyna10wHe Ha llPYI'Oll ( BKnIOtJeHHbifi) 

KaHaJl OTpHUaTeJlhHhie HMnyJlhCbl npoXO/l.HT 'Iepes cxeMy KaK cosnaaa10wtte. 

l1MnyJlbCbl aHTHCOBnaaeHHll npeacTaBIT5!IOT co5oil: nOJlO)KHTeJlbHblll nepenaa 

Hanp5!)KeHH5! C saaaHHOll /lITHTellbHOCTblO OT YPOBH.H -0,8 B llO ypOBH5! 0 B. 

B npoMe)KyT0K speMeHH, COOTBeTCTByIOIUHfi ITOllO)KHTenbHOMy nepenaay, HMnynhChI, 

npHXO/l5llllHe no llPYI'HM KaHanaM H COBITa/laIOlllHe Me)KllY co5oil: H nonO)KHTenb

HblM nepenaaoM so speMeHH, He sanycKaIOT aneMeHTa OT6opa cosnaaeHHfi. 

TaKHM o6paSOM, ocywecTBnHeTC.H pe)KHM aHTHCOBnaaeHHil:. B BbIKJlIO'IeHHbIX 

KaHanax Ha llHO/lHhifi orpaHH'IHTenh ( .n1 , .n3 H Jlp.) no)laeTC.H sanHpa10wee 
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aanpsnKeane "lepes conpoTnaneansr R 3 R 20 , R 21 , R 22 , R 2a 

"ITO llCKmotJaeT "nponesaHH.11" "lepes eMKOCTb llllO/lOB OT IIOCTynaromnx Ha Bbl

KnIO"leHHb!H Kanan nMnynbCOB. llHO/lbl ll4, ll5, Ile, ll7, ns llaIOT B03MO)KHOCTb 

BKnIOtJaTb nro6oii: KaHan 6es co6nIOll0Hll.ll SallaHHOH OtJepe/lHOCTH H HCKnIOtJaeT 

nolla"ly HanpH)K0HH.ll (-12 B) Ha BbIKnIO"l0HHbl0 KaHanbI. BXOllHOe conpoT!IBneHne 

KaHanoB CX0Mbl COBilall0HHH SaB!ICHT OT aMnnHTYllbl BXO/lHOl"'O Clll"'Hana (pnc. 2) • 

ITpH aMnnHTyllaX BXO/lHhlX Clll"'HanoB OT 0,5 llO 0,8 B 8KBHBaneHTHOe conpo

T!IBnemie BKnIOtJeHHOl"'O Kaaana OCTaeTCH IlO"lTH IlOCTO.IIHHb!M II paBHbIM 50 OM. 

8hIKnIO"l0HHb!H Kanan HMeeT BXOllHOe conpoTnBnemie 75 OM. 

llaHHaH CXeMa COBilalleHHH pa6oTaeT TOnbKO OT npellBapnTenbHO c¢opMupo

BaHHb!X HMnynbCOB H !IX napaMeTpbI, TaKHe KaK llnHTenbHOCTb H aMnnHTylla, 

onpellengroT paspernaromee apeMH u a¢¢eKT!IBHOCTb coanalleHHH cxeMhI. B ycno

B11 HX ¢H3!1"10CKOl"'O aKcnepnMeHTa B03HHKaeT He06XOllHMOCTb IlOllaBaTb c¢opMH

poaaHHbl0 !IMnynbCbl Ha BXOll CX0Mbl "lepes Ka6_enbHbl0 nHHIIH 3all0P)l{Kll C llnll

HOH Ka6en.11 B KaHane llO 20-30 M. 06menp!IH.IITO KOMMyTaUHOHHbie Ka6enn H 

nnHIIH sall0P)KKH nsroTaannaaTb ns Ka6eneii: THna PK-50-3-13, PK-50-2-13. 

IT pH nepe/la"le llMnynbCOB C BpeMeHeM HapacTaHH.11 ¢poHTa "' 1,5 HCeK ( Heo6-

XOllllMa nonoca nponycKaHn.11 230 Mru) 8TH Ka6enH BHOC.IIT saTyxaHne131 lln.11 

llMilynbCOB 0,25 Jl6/M • TaK KaK llnH nnHIIH Sa/lep)l{Kli o6meii llnHHOH 25 M, 

Bb!IlOnHeHHOH 113 Ka6eng PK-50-2-13, SaTyxaHHe COCTaBnHeT 6 ll6 ( 2 pasa). 

TO ecTeCTB0HHblM CTaHOB!ITCH Bonpoc O pa60Tocnoco6HOCTH CX0Mbl, Ha BXO/lbl 

KOTOpoii nollaIOTCH HMnynbCbl "lepes TaKHe llnHHHbie Ka6enn. 

Ha pnc. 3 npellCTaaneHbl pesynhTaTbl !ICilbITaH!IH CX0Mbl B pe)Kl!Me llBY

H TpeXKpaTHb!X COBilalleHHH IlpH IlOlla"le BXOllHbIX HMnynbCOB "lepes Ka6enH 

C yKaSaHHblMH Ha pnc. 3 8KBHBaneHTHbIMH aaTyXaHHHMH. Ha pncyHKa cne

llyeT, "ITO BB91l0HH0 BO BXOllHbie KaHanbI cxeMbl aaTyXaHHH ns-aa Tpaneune

o6paaaoli ¢opMbl BXOllHb!X !IMnynbCOB yMeHbII1aeT IIIHpllHY KpHBOli coanalleHnii:. 

ITpn YM0HbIIl0HHH aMnnHTYllbl BXOllHb!X CHl"'HanoB B llBa paaa CXeMa coxpaHHeT 

pa60Tocnoco6HOCTb. BBelleHne B OllHH Ha KaHanOB (aeaaBHC!IMO OT KpaTHOCTH 

COBilalleHnii ) aaTyxaH!IH 7 ll6 HapyrnaeT pa60Tocnoco6HOCTb CX0Mbl. 

Ha pnc. 4 npellCTaBneHbl HeKOTOpbie peaynbTaTbl HCilbITaHHH CXeM Ha 

ny"lKe Tr -MeaoHOB CHHXpOUHKnOTpOHa OH.Hl1. Ha npl1B01l0HHOH KPIIBOH aHTH

COBilalleHnfi cnellyeT, "ITO a¢~eKTHBHOCTb aHTHCOBnaheHHH COCTaBnHeT 10-5. 
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PHc, 2, 3SBHCHMOCTb BenH'IHHbl BXOAHOI'O conpoTHBneHHH CXeMbl COBITaAeHHii 
OT aMnnHTYAbl BXOAHblX CHI'Hanoa. 
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,D.ng TenecKorra, C0CT0fflIJero H3 Tpex C0BITa)laTenbHbIX cq~TqHK0B, BenHqHHy 

a<pq>eKTHBHOCTH aHTHCOBITa)leHHH cneayeT, BHJlHM0, cqHTaTb rrpeaenbH0 B03-

MO)KffQH B )laHHbIX ycnOBHffX/4 /. ,D.pyrHe HCITbIT8HHff cxeMbl coanaaeHHH pac

CM0TpeHH0ro THITa np0B0)lHnHCb ITO rrporpaMMe, 0ITHCaHH0H paHbllleI1 •5I • Ha 

rrpHBe)leHHbIX oc1mnnorpaMMaX IT0K838Hbl norHqeCKHe orrepaUHH, BbIIT0nHsieMbie 

cxeMoil, 

8 3aKmoqeHHe aBT0p Bbipa)KaeT HCKpeHHJOJO rrpH3HaTenbH0CTb B.I1. fleTpy

XHHY R B.I1. PbIKanHHY aa rrone3Hble o6cy)KJl0HHff H IT0M0IIJb npH H3MepeHHffX, 

nu:TepaTypa 

1. B.11. PbIKanHH, 3. llHceK. TiperrpHHT 011.HH P13-5689, ,Uy6aa, 1971. 
2. F. Nanni and H. Verweij.Preprint CERN, 69-31, 1969. 

3, I1.E. EqmMOB, PaaHotiaCTOTHbJe nHHHH rrepeaaqn. l13Jl-BO "CoaeTcKoe pallHO", 

1964 r. 

4. B~r. narrlIIHH H llP• TiperrpnHT OHHH P13-3549, ,Uy6Ha, 1967. 

5, 3.B. KpyMIIITeilH H ap. Coo6meHHe OHHH 13-5368, ,Uy6aa, 1970. 

PyKOllRCb nocrynana B R3A8T8nbCKRA OTaen 

SI MapTa 1971 roaa. 

8 

N 
7r 

6 I /I·ll•OM 

5 

4 

3 

2 

1 
-
7r 

U•5D5 II t6 1•565 ,...........__ 
5 

4 

3 

2 

" II I II. f1 ll I ii [Ht] 
024681002 4 6 8 10 12 
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PHC, 3. BnHSIHHe 3aTyXaHHS!, BB0J:IHM0ro B KaaanbI CX8Mbl C0Bil8J:18HHil, Ha ee 
paapeweaHe H pa60Tocnoco6aocTb, 
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PHc. 4. 3aBHCHMOCTb acpcpeKTHBIIOCTH 8IITHCOBII8A011Hii OT BenH'lHllbl 3aAeplKKH 

B Ka11ane "a!ITH" !IpH pa3llh!X 3118'1011HHX 11arrpHlK0IIHH IIHT8IIHH Ila C'leT'lHKe 

8IITHCOB!IaAellHii Ang TenecKOIIa, COCTOH!Uero H3 Tpex C'leT'lHKOB COBII8A011Hii 

H C'leT'lHKa 8IITHCOBII8A011Hii. 
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5) BbIXOAllbie HMIIynbCbl C 
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2
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6) Ka11an K
4

(AC). 

7) BhIXOAllhie HMIIYnbCb! C 

rrpu BKnJO'leHHH K 1 K
2

K3 

Puc, 5. OcuunnorpaMMhI pa60Tb1 cxeMbI coBIIaAeHHli (CC). la, 2a, 4a - BXOJ 

HMIIynbCbl COBIIBA0HHii, 6a - BXOAl!Oli HMIIynb'C a!ITHCOBIIBAelll1ii, 16, 26, 46 -

Bb!XOAllbie HMIIynbCbl rrpu BKn_lO'lBHHH TOnbKO COOTB0TCTBYIO!UHX (cornac110 1-1 
BXOAOB cc, 66 - BhIXOAIIOii HM!Iynbc c perynupyeMol! AnHTenb!IOCTblO IIPH BKT, 

'lBIIHH TOnbKO Ka11ana K2CC. Pa3BepTKa 15 IICeK/):len., 'lYBCTBHTBnb!IOCTb -

8 MalAen. 
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a) 6) 

1) KaHan Kt• 

2) KaHan K 2 • 

3) BbIX0.[1Hbl8 l!MnynbCbl ·CC 
npn aKn10qeHHH coana
neHuii K

1 
K 2 • 

4) KaHan K 3 • 

5) BbIX0.[1Hbl8 l!MnynbCbl cc 
npu aKn10qeHnn K 1K2K3• 

7) BblXO!lHbie l!MilYnbCbl CC 
npu BKn10qeHHH K 1 K 2K3K4. 

Puc. 5. Ocuunnor-paMMhI pa6orb1 cxeMhI coananeHuii (CC), la, 2a, 4a - axonHhie 
l!MnynbCbl coananeHnll, 6a - BXO!lHOll l!MnynhC aH1'1!COBnanem1l!, 1-6, 26, 46 -
Bb!X0!1Hbl8 l!MnynbCbl npu BKn10qeHl!I! ronbK0 C001'B8l'Cl'BY!Ollll!X (cor-nacHo 1-7) 
BX0J:10B cc, 66 - BblX0!lHOll l!MnynbC C per-ynupyeMoll nnurenbH0Cl'b!O npu BKnIO
qeHl!I! ronhK0 KaHana K2CC. Paaaepl'Ka 15 HceK/nen., 

1
qyacraurenbH0Cl'b -

8 Malnen. 
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