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1, BaeaeHHe 

ny'IKH Me30HOB, nony'laeMhie Ha YCKOpHTenSIX, B Cl' OeM COCTaBe HMeiOT 

nHOHbl, MIOOHbi H aneKTpOHhi. B aaaHCHMOCTH OT cnoco6a nony'leHHSI ny'IKa 

COOTHOWeHHe Me)l{llY :3THMH KOMflOHeHTBMH MQ)I{eT 6biTb HeCbM8 pa3nH'IHO, 

B 6onhWHHCTBe ny'IKOB, o6paaoaaHHhiX aa BHyTpeaaeli M 1weaH ycKopuTenSI, 

BKnaa K8)1{)l0li KOMflOHeHTbl )l0CT8TO'IHO BenHK, JlnSI Bbllle ~eHHSI MIOOHOB H3 

TBKHX ny'IKOB 06bi'IHO HCnonb3YIOT MeTOil nornOTHTeneli, OCHOBBHHbili Ha paa-

nH'IHH B XapaKTepe B38HMO)leliCTBHSI " ' ll e C BeWeCTBOM, OTOT 

Cf!OC06 He npHMeHHM, eCnH flHOHHBSI HnH MIOOHHBSI KOMf!OfleHTbl Manbi, J1cnonb-

30B8HHe anSI paaaeneHHSI 'IBCTHU noporoaoro 'lepeHKOBCK•>ro C'leT'IHKa ( aa

npHMep, C BOilSIHbiM p81lH8TOpOM 11 I) 38TPYilHIITenbHO llflSI IIMnynbCOB OKO-

no 100 Maalc. MeTOil apeMeHH nponeTa T8K)I{e TPYilHO c·cyweCTBIITb anSI IIM

nynbcoa 6onhwe 200 Maa/c, 

Eonbwoe KOnH'IeCTBO aKcnepHMeHTOB a HBCTOHWee apeMH npoBOiliiTCSI 

C MIOOH8MII, OCT8HOBIIBWIIMHCSI B BeWeCTBe, II fl0:3TOMY I eo6XOilHMO 3H8Tb 

npHMeCb OCT8HOBIIBWIIXCH flHOHOB B MIOOHHbiX OCT8HOBK8J., 3ae3)lHblli )leTeK

TOp, aeliCTBHe KOTOporo OCHOB8HO H8 perHCTp8UHII 6om.WHX :3HeprOBbiilene

HHli a nuoHHhiX aaeaaax /2 I, noaaonHeT 113MepHTb 'lucnc n11oHHhiX 11 MIOOH

HbiX OCT8HOBOK, npiiMeHeHIIe ero OCnQ)I{HHeTCH, ecn11 HBJ;O 3aperHCTp11pOB8Tb 

o'leHb ae6onbw11e niiOHHhie npuMecu, 

B nocneaaue roaw aa ycKopuTenHx UEPHa 13/, 015111 141 , '411Karo 161 

6hinH C031l8Hbl )l{eCTKOlPOKYCIIpyiOWIIe MIOOHHbie KBHBnbl )l1SI nony'leHHH '111CTbiX 

H HHTeHCHBHbiX MIOOHHbiX ny'IKOB. OTII KaHanbi COCTOHT 113 HeCKOnbKIIX Ae-

CHTKOB KB8ApynonbHbiX M8rHIITOB, np11 :3TOM HCnonbayeT<:H MarHIITHbiH 8H8-

nH3 H8 BXO)le II BbiXO)le AnSI nony'leHIISI 'IHCTbiX MIOOHHbL ny'IKOB, 8 TdKIIX 

MIOOHHblX ny'IK8X C HMnynbC8MH B IIHTepaane OT 100 AO 250 Maalc npiiMe

CH fliiOHOB COCTBBnSIIOT HeCKOnbKO fl110HOB H8 104 MIOOHOB, 
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ny'IKH Me30HJibiX KaHanoB OT CHHXpOUHKnOTpOHOB nony'!SIOTCSI He TOnbKO 

B UlHpOKOM llHanaaoHe HMnynhCOB, HO H COBepweHHO pa3nH'!HOrO COCTaBa. 11H

TeHCHBHOCTH pa3HbX ny'IKOB oTnH'IaJOTCSI. a necSITKH paa. EcTeCTBeHHo, 'ITO 

He06XO)lHMO nony'!E Tb 3Ha'!HTenbHbiH 06"beM HH!j>OpMaUHH 0 ny'IKSX, KOTOpaSI 

MOJKeT npHMeHSITbC il H nnSI ynpaaneHHSI HX caoilcTBaMH. KoHe'!Ho, nnSI aToil uenH 

Heyno6HO onpenenSirb COCTaB ny'!Ka MeTOilOM HaBe)leHHOH 8KT~BHOCTH C nocne

llYIOillHM XHMH'!eCK~ M paaneneHHeM p81lH08KTHBHbiX H30TOITOB ( CM. I HanpHMep/6 I) 

HnH MeTO)lOM TOnC"OCnOHHbiX !j>oT03MynbCHii: 0 TSK K8K 3TH MeTO)lbl Tpe6yJOT 

3H8'1HTenbHOrO BpeMeHH H8 o6pa60TKY peaynbTaTOBo 

B naHHOil pa,loTe onpenenSieTcSI cocTaB ny'IKOB Me30HHoro KaHana CHH

xpouuKnoTpoHa 011.111 • .UnSI aToil uenu ucnonbayeTcSI aaeanHhiil neTeKTop, neii:

CTBHe KOTOporo OCHOBaHO Ha npHHUHnax, OITHC8HHbiX "B 12 I • npHMeHeHHe no

no6Horo neTeKTopa o6ycnoaneHo He TOnhKO Heo6xonHMOCTbJO uay'!eHHSI coc-

TaBa ny'IKOB B )lOCTaTO'IHO lllHpOKOM )lHana30He HMnynbCOB Me30HOB, HO TaK

JKe Manoii: ( " 10-4 ) BenH'IHHOH npHMeCeii: ITHOHOB, KOTOpbie HYJKHO aaperHCT-

pHpOBaTb. 

2. 3aeanHhill neTeKTOp 11 annapaTypa nnSI onpeneneHIISI 

COCT8B8 ny'!KOB 

I13BeCTHO, '11 0 npH nornoweHHH OTpi!USTenbHOro ITHOHa SlllpOM Bbi)lenSI

eTCSI aHepruSI, npaKTH'IeCKH paaHaSI aHeprHH noKOSI nuoHa 111• B nerKHX Sin-

pax OKOno nonOBHI bl 3aXBa'leHHbiX ITHOHOB )l810T 3Be3)lbl 38pSilKeHHbiX '18CTHU 

c aHeprHeil npoTOI oa B necSITKH Mae ( annoTb no 90 Mae). B cnyqae a ax-

BaTa OTpHUSTenbHIIX MIOOHOB nerKHMH Slllp8MH 0 HanpHMep, yrnepOilOM, TOnb

KO OKOnO 7% IS/ vi!OOHOB 38XBaTbiB8eTCSI SlllpOM. npH 3TO.M )lOnSI BbineTSIOIIJHX 

113 SI)lpa 38pSilKeHH >IX '!aCTHU O'leHb Mana ('" 2%) /91, a HX 3HeprHSI HeBenHKa 

H He npeBOCXOilHT 25 Mae, nOCKOnbKY 3HeprHSI B036yJKneHHSI Slllpa MIOOHaMH -

oKono 20 Mae. 

Hano aaMeTETb,, 'ITO ocTaHOBHBIIJHeCSI B aewecTae MJOOHhi pacnanaSICb 

naJOT cneKTp aneKrpOHOB C 3HeprHeil no 53 Mae, aMnnHTyna CUHHTHnnSIUHH 

OT KOTOpbiX npeBO~XOilHT aMnnHTYilY CUHHTHnnSIUHH OT npOTOHOB. 0nHaK0 0 TaK 

KaK BpeMSI JKH3HH MIOOHOB BenHKO (2,2 MKCeK), a paapelllaJOWee BpeMH CXeM 
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COBDaneHHll, perHCTpHpy!OIUHX cpaKT OCTaHOBKH '!aCTHU B Bell eCTBe, Mano (oKo

no 5 HCeK), nonHoe '!Hcno pacnanos MIOOHOB 3a sTo speMH 6yneT HesenuKo 

(MeHbiUe 0,5%). TaKHM o6pa30M, perHcTpaUHH 3Ha'IHTenbl oro saeproBbinene-

HHH OT 3Be3n Ha onpeneneHHOM UOCTaTO'IHO Bb!COKOM 3HeJ,reTH'!eCKOM nopo

re 003BOnHeT C03UaTb ceneKTHBHbill neTeKTOp, HMeiOIUHli l OBOnbHO BbiCOKyiO 

scpcpeKTHBHOCTb perHCTpaUHH OTpHUaTenbHb!X DHOHOB H {IPB(TH'IeCKH He'lyBCT

BHTenbHbiH K MIOOHaM. 

3ae3UHblll neTeKTOp, HCDOnb30BaHHblli HaMH nnH peru:::TpaUHH OHOHOB B 

DY'!KaX MIOOHHOrO KaHana, COCTOHn H3 CUHHTHnnHTOpa, 061eM KOTOporo npoc

MaTpHaanCH UBYMH cpOTOYMHOlKHTenHMH (<1>3Y-33, a D03UHe•l <1>3Y-36) 'lepe3 

cseTOBOllbi, pacnonolKeHHbie nepneanuKynHpHo npyr K npyry, Y!cnonb30BaHHe 

llBYX cpOTOyMHOX<HTeneli nnH perHCTpaUHH CUHHTHnnHUHll B 3Be3UHOM neTeKTO

pe o6ycnosneHo TeM, 'ITO aeo6xonHMO onaospeMeHHO pa3t enbHO C'IHTaTb KaK 

OCTBHOBKH MIOOHOB 1 TaK H OHOHHbie 3Be3Ubl 1 T.e, peruCTp! poBaTb HMnynbCbl 

OT cpOTOYMHOlKHTeneli C llHCKpHMHHauueli H 6e3 Hee. llnH <TOli uenu B pa6o-

/10/ 
Te ucnonb30sanucb HMnynbCbi c nocnenHero nuHona H aRona onHoro 

cpOTOYMHOlKHTenH, HO npaKTR'!eCKH 3TO MeHee yno6H01 TBK KaK pa3nen&HOe 

ORTaHHe llBYX cpOTOYMHOlKHTeneli naeT nononHRTen&Hbie BO~ MOlKHOCTH H3Me

HeHHH ypOBHH 6biCTpoli UHCKpHMHHaUHH, 

KOli 

nnacTu'!eCKHli cuuHTRJinHTop (2,5% Tepcjleauna s noniCTupone c no6as-

3 
aNPO ) HMen pa3Mepbl 150x150x10 MM, npu Bbl6)pe ero TOniUHHbl 

pyKOBOUCTBOBanHCb TeM, 'IT06bi perHCTpuposanoCb UOCTaT )'!HO MHOrO MIOOH-

Hb!X OCTaHOBOK B enHHHUY BpeMeHH H npu 3TOM cpopMa llH,pcpepeHUHanbHOli npo-

6elKHOll KpHBOli H3MeHHnaCb HeCyiUeCTBeHHO, nonepe'!Hble :)a3Mepbl Bbi6Hpa

nHCb TaK, 'IT06bi perRCTpaUHH OpOTOHOB H3 DHOHHbiX 3Be3,{ 6bina scpcjleKTHB

HOli, T,e, 'IT06bi B CUHHTHnnHTOpe yKnanbiBanOCb HeCKOnbKO npo6eroB CaMbiX 

3HeprH'!HblX npOTOHOB. 

5noK-CXeMa sneKTpOHHOli annapaTypbl nnH pa3neneH! H MIOOHOB H OHOHOB 

. 3Be3UHbiM neTeKTOpOM H CXeMa pacnonOlKeHHR CUHHTHnnRUHOHHbiX C'!eT'!HKOB 

Ha ny'!KaX KaHana npuseneHbl Ha pHC.l H 2, C'!eT'IHKH 1, 2, 3 RMenH CUHH

THnnRTOpbl llH;MeTpOM 10 CM1 C'!eT'IHK aHTIICOBnaneHHli 5 - UHaMeTpOM 25 CM, 

ToniUHHa KalKUOrO CUHHTunnRTOpa paBHHnacb 10 MM, l1Mn~ nbCbl C cpOTOyMHO

lKHTenell C'!eT'IHKOB 1, 2, 3, 5 (<1>3Y-33, a no3naee <1>3Y-36), a TaKlKe c 
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OAHOrO H3 ¢oTOYMHC*HTenefi cqeTqHKB 4 nOA8BBJ1HCb no Ka6engM qepea ycH-

JlHTeJlH Y H nepell!eHHbie JlHHHH 38Aep*KH 3 Ha CXeMbl COBna)leHHH. 11MnynbC 

CO BTOporo ¢oTOYMfO*HTeJ1H 4g cqeTqHKa 4 noAaBancH no Ka6en~ qepea 

6biCTpbiH AHCKpHMHH lTOp D H JlHHH~ 38Aep*KH TBK*e Ha CXeMy COBnaAeHHH. 

Me*AY cqeTqHKBMH 2 H 3 noMeiUaJ1CH MeAHbiH ¢HJ1bTp, TOJllUHHa KOTOporo 

Morna H3MeHHTbCH B aaBHCHMOCTH oT HccneAyeMoro nyqKa. CuHHTHJ1JlHTop 

cqe~qHKa 4 HCnOnb3JB8JlCH B KaqecTBe MHIUeHH, B KOTOpofi npOHCXOAHJlH OCTa-

HOBKH qacTHU uccne~yeMoro nyqKa. 

CqeT COBITBA~IHH (12) CllY*Hll AJlH MOHHTOpHpOBBHHH HHTeHCHBHOCTH 

rryqKa. KoM6HH8UHH COBnaAeHHH - BHTHCOBnaAeHHH 2 3 4 4 g 5 perHCTpHpo

BBJlH OCTBHOBKY B C[lHHTHJlJlHTOpe cqeTqHK8 4 qacTHUbi 0 ABBIUefi rrpH OCTBHOB-

Ke HMnynbCbi B ¢oT >YMHO*HTene BbiWe onpeAeneaaoro rropora. 

0CHOBHbie rrap.lMeTpbl 9JleMeHTOB 9JleKTpOHHbiX CXeM, HCITOJlb3yeMbiX JlJlH 

p83AeneHHH ITHOHOB II M~OHOB, 6binll CJleAyK>IUHe. npHMeHHJlHCb WHpOKOITOJlOC

Hbie ABYXK8CK8AHbie yCHJlHTenH C K09<f¢HUHeHTOM yCHJleHHH OKOJlO 10 H C06-

CTBeHHbiM BpeMeHe!> HapaCTBHHH lflpoHTa HMITYnhC8 3 HCeK, C BXOAHbiM H Bbi

XOAHbiM COITpOTHBne IHSIMH 150 OM, HSAe*HO pa60T8K>IUHe ITpH cpeAHHX 3ar

py3K8X ITOpSIAKB 10
5 

CeK -1 (npH CKBB*HOCTH OKOJlO 20). CxeMbl COBnaJle

HHH Ill I HMellH pa< pewa~mee BpeMH COBITaJleHHH H BHTHCOBITBJleHHH 5 HCeK, 

s¢¢eKTHBHOCTb qeTEepHbiX COBITSJleHHH He XY*e 0,99, slf!lfleKTHBHOCTb 8HTH

COBIT8JleHHH nyqwe (1,9995 (rrpH aarpy3K8X ITOPHAK8 3.10
4 

CeK-1 ), MepTBOe 

BpeMH CXeMbl COBITBJleHHH - 8HTHCOBIT8AeHHH 10 HCeK, CXeMbl HaAe*HO pa6o

T8J1H OT 8MnJ1HTYA ] ,5 B • .UnH TOrO, qT06bi He 6biJ10 38MeTHOrO ¢oHa cny

qafiHbiX COBITBAeHHH B CXeMe 2 3 4 4g 5 
1 

JlJlHTeJlbHOCTb BbiXOJlHOrO HMITYJ1bC8 H 

HeCTa6HJ1bHOCTb Cp868TbiB8HHH AHCKpHMHHBTOpa JlOll*Hbl 6b!Tb He60J1bWHMH. 

CneuHanbHO AnSI Bbi lOnHeHHH 9Toro Tpe6oaaHHH 6bm coa)laH HHTerpanbHbifi 

aMnnHTYJlHbiH AHCKp ~MHHBTOp HB JlHBn830H rroporoaoro HBITPH*eHHH OT 0,15 B 

AO 6 B • .UnHTeJlbHOC Tb ero Bb!XOJlHOrO HMITYJlbCa 30 HCeK, BpeMH HapacTa

HHSI H 'APO*BHHe" llepeJlHero ¢pOHT8 BbiXOJlHOrO HMnynbC8 - HeCKOJlbKO Ha

HOCeKyHJl. noCKOJ1bty HHTeHCHBHOCTb ITOTOKB qaCTHU BeCbMB 3HaqHTeJlbH8H 

(TeMn cqeTa B HeK<>TOpbiX cnyqaSIX JlOCTHran 107 CeK -1 C yqeTOM CKBB*

HOCTH), HMnynbCbi I IOCJle CXeM COBnaAeHHH nOJl8B8JlHCb HB BXOJl rrepecqeT-

HOH gqefiKH C pa3p( we_HHeM .,}Q HCeK, paapa60T8HHOH Ha CHMMeTpHqHbiX TpHr

repaX 
1121

, H cqHTanucb rrepecqeTHbiM rrpH6opoM nC-10000. B 6onee noaJl-
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HHX uccnetlOBaHHSIX aTa cucTeMa 6bina aaMeHeHa nepec•u THhiM npu6opoM 

nn-9 C paapemeHHeM ny'lme 100 HCeK, 

3. 31jxileKTHBHOCTb tleTeKTOpa K fiHOHaM H "'IOOHaM 

LlnSI HatlelKHOI'O pa3t:~eneHHSI fiHOHHblX H MIOOHHblX OCTaHOBOK, fiOMHMO 

Bbi6opa paayMHblX pa3MepOB tleTeKTOpa, cyweCTBeHHOe 3Ha'leHHe HMeeT Bbl-

6op nopora, Bb!We KOTOporo MIOOHhl npaKTH'IeCKH He peri CTpHpyiOTCSI, a fiHO

Hbl perHCTPHPYIOTCSI tlOCTaTO'IHO xopowo. Tpyt:IHO pacC'IHTaTb TO'IHO aqxpeK-

THBHOCTb perHCTpaUHH fiHOHOB Ha 3atlaHHOM nopore, fiOCKDnhKY HeT tleTanb

HblX CBetleHHil 06 3HepreTH'I9CKOM H yrnOBOM pacnpetlen•!HHH 'laCTHU B fiH

OHHblX 3Be3AaX. 0AH8KO MOlKHO CAenaTb npu6nH3HTenbayK OUeHKY, KOTOpaH 

fiOKa3biBaeT, 'ITO 31jlljleKTHBHOCTb perHCTpaUHH fiHOHOB 3Be3AHblM tleTeKTOpOM 

Ha nopore, COOTBeTCTBYIOWel\of npOTOHaM H3 3Be3A C 3Hepruell 60nbWe 40Mas, 

cocTasnseT HecKonbKO npoueHTOB. 11a-aa 6onhwoll senu'l~ Hhl CUHHTHnnsuull 

aneKTPOHOB Ha 3TOM yposHe tlHCKpHMKHauuu OHH 6yAyT pi!rHCTpuposaTbCSI, 

Ha'IHHaSI c aaeprHH nopHAKa 15 Mas. 31jl¢eKTHBHOCTb ase:•AHoro AeTeKTopa 

K MIOOHaM Ha TaKOM nopore C y'leTOM reoMeTpHH aKCnepfM9HTa H HHTepsa

na speMeHH perucTpauuu oKa3bisaeTcH pasHoli npnMepHo ),008%. TaKHM 

06pa30M, TaKOli nopor UpKeMneM An>I pa3AeneHHSI UKOHOB H MIOOHOB. 

LlnSI aKcnepuMeHranbHoro onpeAeneHHSI nopora peruc1pauuu 6bin nony

'leH HHTerpanhHblli 8MUnHTyAHblli cneKTp HMnynbCOB B CUHH runnSITOpe, Ha pHc.3 

UOKa38Hbl CUeKTpbl aMUnHTYA AnSI UpOXOAHWHX H OCTaHOBHBlliHXCH MIOOHOB H 

AnSI ocTaHosusmuxcs nuoHos. CneKTp npoxoASIWHX qacTHU H2344g). nony'leH 

Ha ny'!Ke MIOOHOB Me30HHOI'O KaHana C HMnynbCOM 145 Ma 3/C H He3Ha'IHTenb

HOli npHMeCbiO fiKOHOB B OTCyTCTBHe UOI'nOTHTenH, CneKTp OCTaHOBKBWHXCSI 

MIOOHOB N ( 2 3 44 gS ) nony'leH aa TOM lKe ny'IKe c ljlunb~·poM, TonwuHa L
11 

KOTOpOI'O COOTBeTCTBOBana MaKCHMYMY OCTaHOBOK B 3Be3AI:OM AeTeKTOpe. 

TaKKM lKe o6pa30M nony'leH cneKTp OCTaHOBHBWHXCSI UHOHCB N(2344gS) Ha 

ny'IKe c HMnym • .coM 264 Mas/c. CneKTpbi 'leTKO paaAenSII01'CH, a KpHBaSI 

OCTaHOBHBWHXCSI UHOHOB UpOCTHpaeTCSI 3Ha'IHTenbHO AanbWe MIOOHHOI'O CneKT

pa. KpHBhle AnSI OCTBHOBHBWHXCSI UHOHOB H MIOOHOB ljlaKTH'BCKII SIBnSIIOTCSI 

3aBHCHMOCTbiO aljlljleKTHBHOCTH pei'HCTp~UHH OCTaHOBOK UKOH~B H MIOOHOB OT 

ypOBHH AKCKpKMHHaUHH, UOCKOnbKy 
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N(23Ug5 )Lp 

N(234.S) 
H ( 

N(2344g5)Lrr 

1T 
N(234S l Lrr 

Ha pHC, 4 noKa3aHbl llH!flljlepeHUHanhHbi8 cneKTpbl npOXO)lSUUHX H OCTaHO-. 
BHBWHXCSI 'laCTEU, )liTSI KOTOpbiX npHB8Jl8Hbl KpHBble Ha pHC,3, npoXOJlSUUHe 

MIOOHbl OCTaBITSIJJT npHMepHO 2,7 MaB B CUHHTHITITSITOpe )l8T8KTOpa (nHK KpH

BOli), 0cTaTO'IH:,Jlf npo6er, paBHblli TOITWHHe 9TOrO C'I8T'IHKa, npHMepHO COOT

BeTCTByeT B8ITH'IHHe 12,5 MaB )liTSI MIOOHOB H 14 MaB )liTSI ITHOHOB no HOHH-

3aUHOHHbiM noTE pSIM. BaaHMHoe pacnono:>KeHHe nHKOB KpHBbiX, KaK BHllHO H3 

pHCYHKa, cooTBE·TCTByeT 9THM aHeproBhiJleneHHSIM. XBoCT aMnnHTynHoro pac

npeneneHHSI Ha <pHBOlf nHOHHWX OCTaHOBOK BWWe nopora 12 o6yCITOBITeH B 

OCHOBHOM nHOHEWMH 3B83JlaMH. npH 9TOM 9~8KTHBHOCTb perHCTpaUHH nHOHOB 

B8ChMa 3Ha'IHTEITbHa, 

OueHHM, f aKOe JlOIT:>KHO 6b!Tb COOTHOWeHHe M8:>KllY l I' anSI on-

peneneHHSI MaiTliX npHMecelf nHOHOB B MIOOHHOM ny'IKe. Ha )laHHOM nopore 

v )liTSI onpeneneHHOlf TOITWHHbl nornoTHTeiTSI L I' )leTeKTOp perHCTpHpyeT 

N(2344g5) OCTaHOBOK, 
Ll' 

N(234< g5\ 

I' 

rne N"(2345) 1 
I' 

MIOOHOB B )leTe <TOpe, 

•N 

H 

(2345) 
1T L 

I' 

N <2s 45' 
I' 

o( (V) +N <234s > •l (Vl, , 
I' Ll' I' 

)L 'IHCITO OCTaHOBOK nHOHOB H 

I' 

npHM8Cb aHOHOB B OCTBHOBKaX paBHa: • Ll.nSI 
N (234SlL 

X • " ll 
rr N 1'(2345) Ll' 

MIOOHHbiX ITY'IK(•B M830HHOrO KaHana O:>KH)laeTCSI, 'ITO npHM8Cb nHOHOB X 1T •0,1% 

H N (234S )L : N (234S)L PacCMOTpHM COOTHOW8HHe 

I' I' - I' 
N (2344g5)L 

/)L (V)• •X •f (Vl+t (V), 
I' - ,, I' 

N(2345)L I' 

KOTopoe nerKo HaliTH H3 aKcnepHMeHTa. Torna nony'IHM, 'ITo: 

8L (V) 
ll - x, + 

f fl. (V) 

t ,<v> H X , f, ( Vl 

t (V) 
I' 

t" (v> 

TaKHM ot;paaoM, nnSI HaXOlKJleHHSI BeiTH'IHHbi nHOHHbiX P?HMeceli Hano 

'nH60 TO'IHO 3H lTb H3 He3aBHCHMbiX H3MepeHHlf f I'( V) , ITH60 9~8KTHBHOCTb 
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nonJKHa 6biTb TaKoll, 'I.T06bi X , >> 
t, ( Vl 

TOI'AE BTOpblM 'l.fleHOM 

B npenbiAymel! !jlopMyne MOJKHO npeHe6pe'l.h. Llm1 

nonJKHa 6hiTh MeHhme 0,1%• TaK KaK 

N (2344g5 )L 
X < -----=--_r_-

X rr ., 0,." 

t ll It , :· o 

rr N ( 2 34 S) L • l rr 
OnpenenHM ~KcnepHMeHTanhHO 3Ha'l.eHHe nopora V 0 

BeflH'I.HHa 

, TO 

, npH KOTOpOM 

X » , 
t u< Vo )• 
~ Ha pHc. 5 npHBeneHa 3aBHCHMOCTh OT nopora aenH'IHHbi 
t, ( v 0) 

N (2344g 5)L 

N(2344gSl L , (Vl 
11 

N(2345)L 
fl 

N(2345) L 

fl 

3Ta aenH•:HHa nepecTaeT H3MeHHThCH TOnhKO Torna, KOI'AE X 
11 

cTaHOBHT-

CH MHoro 6onbme t ( Vl It ( Vl , 
fl 11 

TaK K8K H3 pHC, 3 cnenyeT, 'ITO 3a-

BHCHMOCTH f fl t 
11 

OT nopora COBepweHHO pa3nH'I.Ilbl, 113 pHC. 5 BH!l-

~ 
(11 

H 

HO, 'ITO OTHOmeHHe CT8HOBHTCH ITOCTOHHHbiM IT~ H v OKOflO 30, 

JlnSI Bbi6paHHOI'O 3Ha'l.eHHH nopora £ 11 = (3,8:!: 0,08) %. 113 Bbipa>KeHHH 

nnH BL p. cnenyeT, 'ITO t fl < BLfl B3HB BLfl a Ka'l.e :Tae HaH6onhmero 

3Ha'l.eHHSI t fl , nonyqaeM, 'ITO til< 0,0029o/o H tfllt 
11

< 0,00076. CooT-

BeTCTBeHHO 9TOMY K09!jl¢HUHeHT OT6opa frr It fl , BBeA~HHbill B pa60Te/
2 / 

rne nony'l.eHo 3Ha'leHHe oKono 30, nocTHraeT aenH'I.HHbi > 1300. B pa6oTe
110/ 

9TOT Koa!jl!jlHuHeHT 6onbiiie 850. 113 cnoco6a onpeneneHHSI m>KHero npenena 

9TOI'O K09!jl!jlHUHeHTa cnenyeT, 'ITO ero 3Ha'leHHe 3aBHCHT 1.8K OT K8'1.eCTB8 

3Be3AHOI'O neTeKTOpa, T8K H OT Ka'l.eCTBa ny'I.Ka, OT BenH'IHH ITHOHHbiX npH-

Mecell. 

4. nHOHHble npHMeCH B MIOOHHbiX OCT8H(,BKaX 

Me30HHbill KaHan 0J1.HJ1 COCTOHT H3 29 KBanpynonbHb X Mai'HHTHbiX nHH3 

H aHanH3HpyiOmero Mai'HHTa. OnHa H3 nHH3 pacnono>KeHa Ha Bhixone aToro 

MarHHTa. Oco6:HHOCTh KaHana no cpaaHeHHIO c ABYMH npy:'HMH cymecTayiO

mHMH Me30HHbiMH KaHanaMH /3,5/ COCTOHT, B '1.8CTHOCTH, .I TOM, 'ITO ero 

nnOCKOCTH !jloKyCHpOBKH HaKnOHeHbl K UflOCKOCTSIM !jloKyCHp<BKH YCKOpHTenH. 

3TO IT03BOflHflO HCITOflb30B8Tb nepayiO nHH3Y KaHana, paCUO~O>KeHHyiO B He

nocpenCTBeHHOl! 6nH30CTH OT ycKOpHTenSI, KaK AflSI !jloKyCH~OBKH ny'I.Ka, TaK 
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H AnSI OTKnOHe! HSI, npHMeHSISI AnSI STore BCHMMeTpH'IHOO nHTBHHe noniOCOB 

nHH3bi /4/, Ta CBS! CHCTeMa 3H8'1HTenbHO paCWHpuna AHana30H HMnYnbCOB 'laC-

THU, 38XB8Tb!BiieMbiX KBHBnOM, 

CsoncTBa ny'!Ka - ero HMnynbc, pacxoAHMOCTb, HHTeHCHBHOCTb, cocTaB 

ny'IK8 -COOTBeT•:TBeHHO 38BHCSIT OT nonoJKeHHSI MHWeHH no paAHyCy R H 83H-

MyTy </> BHyTpH yCKOpHTenSI, OT TOK8 B nepson nHH3e I j , OT TOKa nu-

TaHHSI acero KlHana , OT TOK8 auanH3HpyiOWero MarHHTa I M 0 OT 

TOKa ljloKycupy owen nHH3bi ua BbiXOAe MarHHTa I 41• BMnH HaliAeHbi onTHManb-

Hbie COOTHOWe!IHSI MelKAY BCeMH STHMH BenH'IHHBMH R , </> , 11 , I k , I M , 

41· 
Ha puc, 3 npHBeAeH cneKTp HMnynbCOB nocne auanuaupyiOwero Marna-

TB C BKniO'!eH! on H BbiKniO'IeHHOA nHH30n HB BbiXOAe npH R • 266,5 CM; 

</>= 90. - . I I = -160 a ToK nosopoTHoro MarHHTa Kanu6-

posaH B senu•:uHax HMnynbCOB c noMOWbiO TOKOHecywen HHTH H no npo6eJK

HbiM KpHBbiM, Yl3 pHCYHKa BHAHO, 'ITO CneKTpbl HMeiOT ABB xapaKTepHbiX MBK

CHMyMa, o6yc1 osneHHbiX pa3AeneHHeM no HMnynbcaM npoweAWHX KaHan nuo-

HOB H pOlKAeHJib!X B HeM MIOOHOB. 

llnSI onp•!AeneHHSI COCTaBa ny'IKB I!JHKCHpOBanCSI TOK 8H8nH3HpyiOUlero 

MarHuTa, 38AI BaSI HYlKHbili HMnynbC, H H3MepMH·Cb CKOpOCTH cqeTa N ( 2345 ), 

N(2344g5) 

MH 2 H 3, Ha 

B 38BHCHMOCTH OT TOnUlHHbl nornOTHTenSI MeJKAY C'leT'IHKa-

puc. 7, 8, 9 nOK838Hbl 3TH npo6eJKHble KpHBble AnSI ny'l-

KOB C p83HbiiVH HMnynbCBMH, KOrAa ¢QKyCHpyiOUl8SI nHH38 BbiKniO'IeHa, a HB 

puc, 10 - C E KniO'IeHHOH nHH30li, BepXHHe KpHBbie Ha STHX pucyHKBX noKa-

3biB8IOT 'IHCnc OCTBHOBOK nHOHOB H MIOOHOB N(234S) , a HHlKHHe - 'IHC-

no OTC'IeTOB :IBe3AHOrO AeTeKTOpa, nonpasneHHOe Ha ero SqxpeKTHBHOCTb 

N(2344gS) , t ;' , T,e, 'IHCno nHOHHbiX OCTBHOBOK, 

npHMeCl nHOHOB X rr onpeAenSinacb B MBKCHMyMe OCTSHOBOK L p. 

MIOOHOB no C ieTY 3Be3AHOro AeTeKTopa N (2344gS) H H3BeCTHOH s!jl-

X .. 
, N(234S)L E, 

nocpeACTBeHH J ABHHbie 0 npHMeC~ B OCT8HOBK8X, 3TO B8lKHO AnSI SKCnepH-

¢9KTHBHOCTH 
N (2344gS lL 

• 3se3AHbin AeTeKTOp ABeT He-

MeHTOB C OC'"BHOBHBIUHMHCSI MIOOHBMH, B H8CTOS!Ul9e BpeMSI 6onbWHHCTBO 

SKCnepuMeHTC B C MIOOHBMH npOBOAHTCSI HB OCTBHOBHBWHXCSI 'IBCTHUBX, nos-

TOMy BeCbM8 CyuteCTBeHHO 3H8Tb, KBK 38BHCSIT nHOHHbl9 npHMeCH B OCTa-
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HOBKaX OT yenOBHll BBO.Qa '!aeTHU B KaHan, pelKHMa e!"O p'i60Tbl H yenOBHll 

Bb!BO.Qa, 

BenH'IHHa UHOHHblX npHMeeell B MIOOHHOM ny'!Ke 3aBHC:HT OT uenOI"O PSI.Qa 

ljlaKTOpOB, no-BH.QKMOMY 0 OCHOBHOll npH'IKHOll HanH'IHSI npHM eeell SIBnSieTeSI 

paeeaSIHHe UHOHOB C HMnynbCOM 60nbWe HMnyn&Ca MIOOHOB Ha nonrocaX nHH3 

KaHana H aHanH3HpyiOIU91"0 Mai"HHTa, 3aXBaT UHOHOB B KoaHB n B WHpOKOM HM

nynbeHOM HHTepBane, noaTOMy, B '!aCTHOCTH, H3MepS!eMaSI nHOHHaSI npHMeCb 

3aBHCHT OT WHpHHbl nHOHHOI"O UHKa HMnynbCHOI"O eneKTpa •:aCTHU B KaHane 

H OT TOI"O, HaeKOnbKO UeHTp TSIJKeCTH 3TOI"O UHKa y.QaneH <•T HMnynbCa HCene

.QyeMOI"O ny'IKa, 3TH .QBe XapaKTepHCTHKH CneKTpa '!aCTHU, B eBOIO O'lepe.Qb, 

3aBHeSIT OT nonoJKeHHSI MHWeHH yCKOpHTanSI, TOKa B nepBOll nHH3e H TOKa B 

nHH3aX KaHana .QnSI ~HKCHpOBaHHOI"O HMnynbCa, KpoMe TOI"O, npHMeeb UHOHOB 

aaBHCHT TaKJKe OT y.QaneHHSI OT aHanH3Hpyroruei"O Mai"HHTa, HanH'IHSI 3aiUHTHOll 

eTeHKH C KOnnHMaTOpOM nepe.Q TenecKOUOM C'leT'IHKOB, BKn~'leHHSI ~OKYCHpyro

IUell nHH3br Ha BbiXO.Qe aHanH3Hpyroruero Mai"HHTa. Bee 3TH npH'IHHbl BnHSIIOT 

Ha npHM9Cb UHOHOB B OCTaHOBKaX, HO Ha nonay10 UpHMeeb 3 ny'!Ke B OeHOB-

HOM BnHSIIOT nepBbla .QBe, 

H3 nonoJKeHHll MIOOHHOI"O MaKC¥MyMa Ha KpHBOll npo6<•I"OB H UHOHHOI"O 

MaKeHMyMa Ha KpHBOll .QnSI 3Be3.QHOI"O .QeTeKTOpa (eM, pHe, 7, 10), HeUOnb

ayg eOOTHOWeHHe MeJK.QY npo6ei"OM H HMnynbCOM0 nony'laeM, 'ITO nHOHHblll H 

MIOOHHbiH HMnynbebl B 3THX MaKeHMyMaX eoBUa.QalOT C TO'IHOeTblO .QO HeCKOnb

KHX M3B,e - 1• 3TO CBH.QeTenbeTByeT 0 TOM, 'ITO TaKHe nHoHbl B OCHOBHOM 

nonanH H3 KaHana Ha BXO.Q aHanHaapyroruero Mai"HHTa, a He o6paaoBanHeb 

np11: paeceSIHHH Ha ero nonroeax. B To JKe BpeMH XBoeT nHO~Horo pacnpe.Qe

neHHSI eneBa H CnpaBa OT MIOOHHOI"O UKKa B 3Ha'IHTenbHOH C:TeneHH o6ycnOB-

neH paceeSIHHeM Ha nonroeax aHanHaapyroruero Mai"HHTa, o ~eM CBH.QeTenbcT

ByeT, B 'laeTHOCTH, epaBHeHHe UHOHHblX KpHBbiX H8 pae, 7 II 10, Ha cpaBHeHHSI 

BH.QHO, 'ITO BKniO'!eHHe ~OKyeHpyrorueii: nHH3bl nocne aH8nH3H lYIOIUei"O MSI"HH-

Ta yMeHbWHnO OTHOeHTenbHblH BKna.Q UHOHHbiX OCTaHOBOK n l 06e eTOpOHbl 

OT MSKCHMyMa 6nai"O.Qapg CHHJKeHHIO 'IHCna KOCblX npOXOJK.QeHHll 'lepe3 .QeTeK-

TOp II: nononHHTenbHO 3HepreTH'IeCKOMY oTcopy. Ha pae, 11 noKaaaaa aaBH-

eHMOeTb BenH'IHHbl nHOHHblX npHMeeell )(: tr B ny'!Ke MIOOHDB C HMnynbCOM 

159 MaB,C-
1 

OT TOK8 B ~OKyeapyroruell nHH3e, npHMeeb H~reeT HSHMeHbWee 

3Ha'leHHe npH BenH'IHHSX TOKa, eOOTBeTeTBYIOIUHX HaH6onbWEll HHTeHCHBHOCTH 
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ny'!Ka. To, 'ITO nomoc.1. aHanuaupyiOmero MarHHTa s!BnSIIOTCSI OllHHM ua ucTo'l

HHKOB nHOHHbiX npHMe< eli, BHllHO H3 puc. 12, rae IIOK838H8 3aBHCHMOCTb )(, 

oT paccTOSIHHSI ao aua.xuaupyiOmero MarHHTa. 

Ha puc. 13 npHB ~ll8Ha 38BHCHMOCTb nHOHHOli IIpHM8CH )(, OT rronoJKe

HHSI MHWeHH no paauyc:y. KpHBSSI HMeeT 'l8TKHli MHHHMyM. Ha p~tc. 14 ll8H8 

3aBHCHMOCTb paCCTOSI~ HSI M8lKllY nHOHHblMH H MIOOHHbiMH MSKCHMYMSMH 

( p 1T max 159) MSI,.C-1 H WHPHHa Ha nonyBbJCOTe nHOHHOrO M~KCHMyMa 
~P, Msa,c- 1 crreKTpa HMnynbcoe, noao6uoro cneKTpy puc. 6, anSI pa3HhiX 

IIOIIOlKeHHli MHWeHH IIO paaHyCy • Xoa KpHBbJX pHC. 13 H 14 ll8HCTBI!TeiibHO 

nOllTBeplKilSeT 38BHCH~IOCTb npHMeCH IIHOHOB B MJOOHHOM ny'lKe OT paCCTOSI

HHSI 110 nHOHHOro MaKe HMYMS H WHpi!Hbl ero B HMnynbCHOM CIIeKTpe: '18M 6IIH

lKe llHOHHblll MSKCHMY A H '18M OH WHpe, TaM 60IIbW8 npHM8Cb III!OHOB B MJOOH

HOM ny'!Ke. ToT JKe e ·IBOll cneayeT ua cpaBHeHHSI puc. 15, rae npueeaeHa 

npHMeCb IIIfOHOB 'Xrr B 3aBHCHMOCTH OT TOKS nepBOJI IIHH3bi I J , C puc.l6, 

Ha KOTOpOM IIOKa3a 10, KSK CBSI38Hbl ( P1Tmax - 159) Mse.c-1 H ~P,MaB.C-! 

C TOKOM I 1 Haa<• aaMeTHTb, 'ITO oT R • I k aaBHCHT 

H HHTeHCHBHOCTb MIOO IHOr'O IIOTOKa. 0aHaKO, KaK npaBHIIO, HaHMeHbWee 3Ha

'!eHHe )( rr IIOIIy'!aeTC Sl He O'leHb aaneKO OT 3Ha'leHHSI MSKCHMSIIbHOH HHTeH

CHBHOCTH, H llOTOMY 'Ipe60BaHHSI IIY'!Weil 'IHCTOTbl H HaH60IIbWell HHTeHCHBHOC-

TH He HaXOllSITCSI B pE3KOM llpOTHBOpe'IHH. 

5. QnpeanneHHe IIHOHHOll H MIOOHHOH KOMIIOHeHT IIY'IKOB 

B HeKoTOphiX aK :nepuMeHTax ljluau'!eCKHe HccneaoeaHHSI MoryT npoeo

llHTbCSI c HeocTaHOBifE WHMHCSI MJOOHaMH. B aTOM cny'lae HYlKHO 3HaTb cooT

HoweHIIe MeJKay nlloH< Mil 11 MIOOHaMII B rry'!Ke. B 'laCTHOCTII, 3TH aaHHhie 

HylKHbl np11 OUeHKe BC3MOlKHOr'O niiOHHOr'O ljloHa IIpll IIOCTaHOBKe 3KCnepHMeH-

TOB Ha MIOOHHbiX ny'!l ax KaHana. 

LJ.aHHbl8 0 IIIIOH IOH H MIOOHHOH KOMIIOHeHTaX ny'!Ka MOr'YT 6hiTb Hailae

Hbl 113 npo6elKHb!X Kpi BbiX, nony'leHHbiX C IIOMOIUbJO 3B831lHOrO ll8T8KTOpa II 

6ea Hero. Ll.nSI aToro Heo6xoaiiMO nepeC'IIITaTb pacrrpeaeneHIIe rro rrpo6eraM 

n11oHOB u MIOOHOB uccneayeMoro ny'!Ka e pacrrpeaerreHue no HMrrynbcaM. C 

STOll UeiibiO AIISI KSlKC oll AIIHHhl rrpo6era L HylKHO HaliTH COOTBeTCTByJO-
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mHii HMnynbc P, HnH PI' , CKOpOCTb OCTaHOBOK npH 38laHHOH TonmHHe 

nornOTHTenSI nonpaBHTb Ha UOnJO Bbi6biBmHX H3 nyqKa ITHOHO ~ H MIOOHOB, HC-

nonb3YSI nnSI SToro KOSQJQJHUHeHT ocna6neHHSI ITHOHOB r rr H MIOOHOB t #' , ne-

peaeCTH }r BemeCTBa, B KOTOpOM HCCnenyJOTCSI OCTaHOBKH 'aCTHU, B HHTep-

aan HMnynbcoa 8 P, a BPI' nanaJOmHX qaCTHU, H3 KOTOpblX 3TH OCTaHOB-

KH npOHCXOUSIT 8 P., P ( L + 1 ) - P ( L ) , naoHHaSI H MIOOHH8SI npo6elKHbie 

KpHBbie 6ynyT TpaHCQJOpMHpOBaTbCSI no-pa3HOMY H3-3a pa3m qHbiX r, , [j p rr , 

r p. H {; P
11 

Haa6ollbmaSI HeToqHOCTb a TaKOM nepecqeTe 3aKnJOqeHa a nonpaBKax Ha 

Bbi6biB8HHe H3 nyqKa, KOTOpb!e O'JeHb pa3nHqHbl AnSI ITHOHOB I MIOOHOB, Pac-

CqHT8Tb HX UOBOnbHO TpyUHO, ITOCKOnbKy He06XOUHMO UeTanbHOe 3HaHHe 

ceqeHHi! B3aHMOUeliCTBHSI ITHOHOB H MIOOHOB c RnpaMH nornoTHTenSI nnSI pa3-

HbiX SHeprui! H TmaTeilbHbiH y'leT reoMeTpH'IeCKHX ycnOBHfi, noSTOMY KOS«jJ

QJHUHeHTbl OCna6neHHSI 6binH onpeneneHbl SKCITepHMeHTanbHO ITpl' HCITOnb30BaHHH 3a

BHCHMOCTH N ( 2 3 4) OT TonmHHbl QJHnbTpa. TaKOii Me TOll Bbi'IHCneHHSI KOS«jJ

QJHUHeHTOB OCna6neHHSI nnSI MIOOHOB OKa3anCSI B03MOlKHbiM 6naronapSI TOMy, 

'ITO HMeiOTCSI npaKTHqeCKH 'IHCTbie MIOOHHbie nyqKH H3 K8H8n l C HMnynbCaMH 

no 250 Msa,c-1. Hai!neHo, qTo nnR 3aMennHTenSI 113 Mena ',.,. = (0,00283~ 

t,O,OOOt) r-1 Cu • XoTSI nHOHHhie nyqKu HMeJOT 3Haqi!TenbHbJe MJOOHHbie npaMe-

CH, OUHaKO C ITOMOmbiO H8HUeHHOro 

(0,0162 ~ O,OOOS)r- 1 Cu 

r ,.,. 6bmo onpeneneHo 3 1aqeH11e r , = 

CpaBHeHae HMnynbCHhiX pacnpeneneHHil nHOHOB H MJOOH<,B a nyqKe onpe

neneHHoro CpenHero I!MnynbCa IT03BOnSieT Hai!TI! KOnl!qecTBeHHOe COOTHOmeHHe 

MelKAY qacnoM STIIX qaCTI!U, Ha pi!C. 17 npi!BeneHO I!MnynbCJIOe pacnpeAene

HI!e ITI!OHOB II MIOOHOB B ITY'!Ke CO CpeUHHM IIMITynbCOM 159 f\3B,C-1, nony

'JeHHOe Ha OCHOBaHIIH npo6elKHbiX Kpi!Bb!X pHC, }Q, 81!/lHO, qT) ITOITOlKeHI!SI MaK-

CHMYMOB H8 Kpi!Bb!X UOBOITbHO Xopomo COBITanaJOT, a nonymHJ:HHa Ha nonyBbi

COTe ~PIP = ~ 5,7%. l1HTerpapoaaHHe STHX KpHBbiX naeT naoHHYJO npHMeCb 

a STOM nyqKe (2,2 ! 0,2)%, Pe3ynbTaTbi onpeAeneHHSI npaMecei! B npyr11x 

nyqKaX ITpi!BeAeH~ B Ta6n, 1. llnSI TeX nyqKOB, rne Ha npo6E 'lKHbiX KpHBblX 

nHOHHble H MIOOHHbie MaKCHMYMhl qeTKO p83AenSIIOTCSI no OCTE HOBKaM ( H8ITpH

Mep, Ha pHC. 9), qi!CITO MIOOHOB HaXOUHITOCb no QJOpMyne: 

N (234 )LoiJ •I N(23 4)R - [ N(234) 
I' I' ~ 
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I'l1e X: p. -110nSI MIOOH·lB B KHTepeane rrpo5eroe ( R p. :- R " ) , R p. - TOniUH

Ha IIOI'nOTHTenSI 110 I a'lana OeTaHOBOK MIOOHOB, R " - TOilll!HHa IIOI'nOTHTenSI 

110 KOHUa OCTaHOBOK IIHOHOB, XOTSI STa <j!OpMyna llpHMeHHMa TOnbKO B HeKO-

TOpbiX eny'laSIX, KOI'l a 'IHeno " H p. B rry'IKe eOH3MepHM01 1IpOUel1ypa 

HaXOml1aHHSI eoeTaBa lly'IKa e ee IIOMOll!biO 3Ha'IHTenbHO rrpowe, 

KaK yme OTMe·lanOCb BhiWe1 HMilylibeHhili erreKTp 'laeTHU }\3 KaHana 110-

BOnbHO WHpOK (eM, 'lHe, 6) 11ame 11nSI <jlHKeHpOBaHHhiX yenOBHli BBOI1a 'laeTHU 

B KaHall ( R , tP , I - const ) , HHTepeeHO 3HaTb eOCTaB lly'IKa BO seeM 

STOM HHTepeane, IIO<"KOlibKY eeTb 9KerrepHM9HTbl e MIOOHaMH, KOTOpbie He 

Tpe5yiOT HellOlib30Ba IHSI 'IHCTb!X MIOOHHhiX rry'IKOB 1 a TaKme H9KOTOpbl9 aK

errepeMeHTbl e IIHOHaMH 1 11nSI KOTOpblX He05X011HMO 3HaHHe MIOOHHhiX llpHMe

eell., Ha pee, 18 1IpHBai19HO eOOTHOW9HHe Mem11y IIHOH8MH H MIOOHaMH B 38-

BHeHMOCTH OT HMilynbea 11ns IIY'IKOB KaHana, o5pa30BaHHbiX IIPH 011HOM rrono-

meHHH MKWeHH ( R = 266,5 eM, tP'" -9°, I 1 •-160a, I k -430a), Herrolib-

.30BaHbl 11aHHbl9 H3 ta6n, 1, IIOny'leHHble C BKni0'19HHOli H BhiKni0'19HHOII. <jlo

KYCHpy!Oll!ell. IIHH30II. Ha BhiX0119 H3 aHanH3Hpy10wero Mai'HHTa, XOTH BKni0-

'19HHe nKH3hl eyweCtBeHHO H3MeHSieT eenH'IKHy IIHOHHOII. llpHMecH )(" B oc

TaHOBKaX, OHO 3Ha'IH"enbHO MeHbWe BnHSieT· Ha eocTaB ny'IKa, KpHBaSI, npaee-

119HHaSI Ha pKC, 18, llpHMeHeHa 11nH pa311eneHHSI HMIIYlibCHOI'O ClleKTPa 'laC-

THU H3 KaHana ( pHe,6) DO KOMIIOH9HTaM, CneKTp KMilynbCOB IIHOHOB H eneKTp 

HMilynbeOB MIOOHOB H3 KaHana IIOKa3aHbl Ha pHe,19. Ha paeyHKa BKI1HO, 'ITO HaH60nb

ll!ee 'IHeno MIOOHOB ( npHMepHO 8,105 ) HM9aTCSI B llY'IKe e HMilynbeOM OKOnO 

5 
270 Mae,e-1, B KOTOpOM, KpOMe TOI'O, COI1epmHTCSI OKOnO 16,10 IIHOHOBo 

Haa6onee 'IHCTbie Ml:lOHHhie Dy'IKH HMeiOT HHTeHeHBHOCTb OKOnO 19,10
4

ceK-
1

, 

6. 3aKniO'Ieaae 

none3HO epaBHHTb 11aHHhle 0 COCTaee IIY'IKOB Me30HHOI'O KaHana c 11aH

HhiMH o 11pyrax ny'ILax CHHXpouaKnoTpoHa OH.RH. OrrhiThi c MIOOHaMH eel1yT

CSI TaKme Ha rry'IKa~ C HMnynbeaMH 160 Mae,c-1 H 265 Mae,c-1, BhiB011H

MhiX 'lepea KonnaMa ropbi 8 a 17. HHTeHCHBHOCTb ny'IKa, rrpoXOI1Sill!ero qepea 

11eTeKTOP rrnowal1bl0 75 • cM2 e aMnylibeoM 160 Mae,c-1•- OKono 140.103ceK"'1, 

a e HMOynbeOM 265 Mae.c-1 - llpHM9pHO 50,103 eeK-1, a HX eOCT8B "' p. I e 

COOTBeTCTB9HHO 2:1 1 H 8: 1,5;:0,5, Ha Ta6n, 1 BKI1HO, 'ITO 11ame IIOTOKH 'IRe-
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TblX MIOOHHblX IIY'IKOB 113 KaHana, l'lle tr/p. <0,5%, 3Ha'IIITHnbHO rrpeBOCXOilHT 

STII IIHTeHCIIBHOCTII, 

VI3MepeHIIH rro speMeHII rrponeTa rroKa3anll, 'ITO rrp1111ec11 aneKTpOHOB 

s rry'IKax 113 Me30HHoro KaHana He rrpeBbllllaiOT HeCKOnbKII < rrpoueHTOB, Cpas

HeHIIe rry'IKOB 113 KaHanos CIIHXPOUIIKnoTpoHa OVIHYI 11 UE "Ha rroKa3bieaeT, 

'ITO IIHTeHCIIBHOCTII rry'IKOB MIOOHHoro KaHana CIIHXPOUIIKn<>TpoHa OVIHVI rrpe

BocxonHT IIHTeHCIIBHOCTII rry'IKOB 113 KaHana UEPHa, a OCTanbHble IIX rrapa

MeTpbl 6nii3KII llPYI' K npyry, HeCMOTpH Ha 6onee TPYilHbH ycnOBIISI BbiBOLta 

rry'IKOB 113 CIIHXpOUIIKnoTpoHa OVIHVI. VIHTeHCIIBHOCTII rry'IKOB 113 KaHana CIIH

xpouiiKnoTpoHa 'i11Karo cymecTBeHHO MeHbllle, 

B 3aKniO'IeHIIe aBTOpbl Bbipa>KaiOT IICKpeHHIOIO 6naro1.apHOCTJ;> rrpotjlecco

py B. n. ll>KenerroBy, rrpoljleccopy B. r. KllpllnnoBy-YrpiOM >BY II A. A. Kpo

IIIIHY 3a IIOCTOSIHHblil IIHTepec K pa60Te II IIOMOIIlb, 
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::; 

TaonRua I napaMeTpbl ny'IKOB M930HHOro K8H81l8 

~ '/' j; L J,. b p ~y IV(i2.3J .titzJ~s ~(2J+~ ,)(~ .;-/.0-#_,N 
.. ,.. Z/'~'J a a a a. l'f':i. c-1 .. ., IQ~., ... -~ ""'.3"e""-l f'Q ~ce~<·' ,... /. 

268 -9.5 150 430 163 _250 122 6.7 84 15.0 0.052 O.D72+<>.008 0,5s:t 9.04 -
266,5 -S¥> -160 430 193 0 145 6,2 48 5,5 0,134 o,9o.,t0,07 3,9.;t0,4 

266,5 -9,0 -160 430 216 0 162 6,1 60 5,4 0,133 0,9.;t0,07 3,9.;t0,4 

266,5 -9,0 -160 430 254 0 190 6,3 64 5,3 0,55 3, 3.;t0,2 20,0.;t1,2 

266,5 -9,0 -160 430 298 0 224 4,7 168 8,0 3,6 3,6.;t0,2 40.;t2 

266,5 -9,0 -160 430 334 0 25U 4,2 360 7,4 II,2 3.8.;t0,2 55.;t5 

266,5 -9,0 -160 430 352 0 264 4,8 560 9,1 18,7 4,8.;t0,2 65.;t6 

267 -9,0 -!60 430 2II 300 !59 5,7 188 !9,0 0,56 0,20.;t0,02 2,2.;t0,2 

267 -9,0 -160 430 247 360 !85 6,4 !64 16,8 0,78 I,50.;t0,1 10,0.;t0,8 

267 -9,0 -!60 430 290 430 2!7 7,! 268113,2 1,82 3,0.;t0,2 22,6.;t1,5 

267 -9,0 -160 430 355 550 266 4,5 2000 163,0 9!,0 3,2.;t0,2 58.;t4 

. 
1268 I 13,0 1800 I 670 I 334 I 490 I 250 I 4,8, 260 I I8,ol_o,s1_l~ 7~o,os_j~8.t0:_6 

3aaqeaae HHTSHCHBHOCTH N ( 123) IIpHaeneHO ,lln Sl HepaCTSIHYTOr'O 50 apeMSHH IIY'IKB HB IIIIOW8llb ll6TeKTOp8 75 CM2 • P - BM

IIYJlbC nyqxa, L\P /P - IIOIIYWHPHH8 Ha nonyBbiCOTe HMIIYJibCHOA KPHBOR, N p. {2345)L - que no OCT8HOBOK MIOOHOB B cqeT'IJHKe 

TOIIlllHHOft 1 r.cM
2 

B M8KCHMyMe MIOOHHbiX OCT8HOBOK 1 N 17 (2345}y~ tr - 'IHCIIO IIHOHH:IX OCT8HOBOK B C'IST'IHKS TOIIlllHHOit J r.cM2 

a MBKCHMyMe MIOOHHbiX ncTaaoaox, X 11 - npeMech IIHOHHbiX ocTaaoaoK a MBKCHMyMe MIOOHHhiX ocTaaoaox, rr I rt+JL - nonaas npH

MeC& flHOHOB B nyqxe. 



4Jl 

Puc.l. OJlOK-CXeMa YCTSHOBKH ,llJlSI pa3,lleJieHHSI OCTSHOBOK ITHOHOB H MIOOIIOB 

3Be3,llHbiM .lleTeKTOpOM. Y - WHpOKOITOJlOCHbie yCHJlHTeJIH; 3 - nepe

MeHHbie aanep)KKH; 1,2,3,5 - CUHHTHJlJlSIUHOHHble .lleTeKTOpbi; 4 - 3Be3.ll

HbiH ,lleTeKTOp. 
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Puc,2, CxeMa paCITOJIO}I{eHHH TeJieCKOITa CUHHTHIIIIHUHOHHUX C'leT'IHKOB Ha ny'I

KaX Me30HHOI'O KaHana. p aCCTOSIHHe ITO ITY'IKY OT ;'IHTbiBaeTCSI OT no

JIIOCa nocneJlaell: ceKUHH Mn-31 aaanuaupyiOIUei'o Mai'HHTa, 
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e 
1,0 

0,8 

0,6 

0,4 

0,2 

0 10 ·20 .30 
flopoc duCKp. (OmH. eo.) 

PHc.3. 11 HTerpanbHbie CIIeKTpbl HMIIynbCOB B CUHHTHnnHTOpe 3Be3nHoro ne-

TeKTOpa. CrreKTp I - N (2 3 4 4g) nnH MIOOHOB C HMIIynbCOM _ 

145 Maa.c-1, npOJf.OllHIUHX qepea C'leT'lHK 4. CrreKTp II -N (2 3 4 4_g 5) 

nnH MIOOHOB, OC TaHOBHBIUHXCH B CUHHTHnnHTOpe C'leT'!HKa 4. CrreKTp 

III - N (2 3 4 4 g B) nnH IIHOHOB, OCTaHOBHBillHXCH B CUHHTHnnHTOpe 

C'leT'lHKa 4. 
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AN DV ( orH. ed.) 

f,O 

0,8 

0,6 

0,4 

0,2 

0 15 zs v 
flopo<? ducKp. ( OmH. ed.) 

. 
PHc,4. LlH<P<iJepeHUHanbHbie CITeKTpbl HMnynbCOB B CUHHTH.In.IITOpe 3Be3)lHOrO 

)leTeKTOpa: cneKTp 1 )ln.ll npOXOJlSIIIlHX 'i8CTHU; cneKTp II )ln.ll OCTa-

HOBHBIIIHXC.II MIOOHOB, cneKTp III Jln.ll OCT8HOBHB IIHXC.II ITHOHOB, 
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15 20 25 JO JS J,O 
flopol oucKp. (omH. eO.) 

PHc.5. 3aBHCHMOCTb OT 'ypOBHSI .[lHCKpHMHHaUHH i>THOWeHHH CKOpOCTeil: C'le

Ta 3Be3!1HbiM !leTeKTOpOM N (2 3 4 4g 5) OCTaHOBHBWHXCH MIOOHOB 

B MIOOHHOM IT) 'IKe ( 145 MaB.c-1) H OCTaHOBHBWHXCSI ITHOHOB B ITHOH

HOM ny'IKe (204 MaB.c-
1 
). 
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Pac.6. CneKTp HMnynbCOB nocne aHanaa~~:pyJOillero MarHHTa: R = 2B6,5 CM, 
¢ =-9°; It =-160a, lit =430a. KpHBaSI 1 JlnSl I QJ = 0; KPHBaSI 

2 nonyqeHa c BKnJOqeHHOii: ljloKycapyJOilleii: naHaoa ( aHaqeHHe I ljJ 
H3M9HSI9TCSI B 38BHCHMOCTH OT BenHqHHbl p 
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7,5·10~ 

5,0·10, 

2.,5·10 5 

#(~3115) 
ce,c-' 

II(.?J44g5)'£ ;' ·10 

.t/(2345) 

0 f/} 20 30 40 so 60 
G/CH2 ·Cu 

PHc.7. CKopocTb £'leTa ocTaHOBOK N (234B) H 3Be3JlHOro JleTeKTopa 
N (2344g5) •l j; 1 B 38BHCHMOCTH OT TOniUHHbl UOI"'nOTHTenSI JlnSI MIOOH

HOI"'O ny'iKa c HMnynccoM 162 Mas.c-1 ( I <P = 0). 
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7,5·10 3 
(2345) 

ceK- f 

- -f 
N(2 344-9sJerc 

0 10 20 30 40 50 60 70 80 90 fOO 
2/CN2Cu 

PHc.8. PacrrpeAenaHHe rro rrpo6eraM N(2345) H cqeT 33e3AHoro AeTeKTO
pa B rryqKe c HMrryJlhCOM 224 MsB.c-1 ( I <P =0). 
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15·10~ 

o...... Jl(231f5) 

~ 

30 .,0 50 60 70 80 90 100 110 f20 
ejcH 2 Cu 

PHc.9. Pacrrpeaenea~e no rrpooePaM N (2345) H cqeT saesaaoPo aeTeKTo-

pa N (2344g~) £;1 B 38BHCHMOCTH OT TOniUHHbl MeaHOPO ITOPnOTH-

TenSI B ITHOHHC M rryqKe C HMrrynbCOM 264 Msa/ C ( I If! = 0) o 
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1,5·10~ 

0,5·10~ 

N{2J4ilg S)-6-:·fO 
.11( 2345) 

CtK_, 

H(2J4s) 
10xei .ti(2J"4lJS) 

~--~--~----~~-L----

0 to 20 JO J,.fJ .50 2;(.,.,-2cu 

Pnc.lO. CKopocTb C'leTa ocTaHOBOK N (2345) H ·~Be3AHoro AeTeKTopa 

~ (2344g·S) • f ;t B 3aBHCHMOCTH OT TOIIIUHHbl MeJlHOI"O ITOI"IlOTH

TellSI JlllSI MIOOHHOI"O ITY'IKa C HMnyllbCOM [59 Mas/c ( I¢= 300a). 
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-4oo -300 -200 -too o too 200 Joo l,oo 
'Jtp(a) 

PHc.ll. 3aBHCHMOCTb npHMeCH IIHOHHbiX OCT8HOBOK X 71 B M8KCHMyMe MIOOH

HbiX ocTaHOBOK OT TOKa B <j;loKycHpyiOmei!: nHH3e. 

1% 
3 

2 

I 

0 

6e3 /fJOK.!JC. 

-
-..-+--t-i-x ---¥"1-- C 1/JOK!JC. I t '!r 

'100 200 JOO let-t 
PHc.l2. 3aBHCHMOCTb BeiiH'IHHbi rrpHMeCH IIHOHHbiX_ocTaHOBOK X, OT pac

CTOSIHH.It llO IIOniO:a aHanH3HpyiOIUero M8rHHT8 C BKniO'IeHHOH H BbiKniO

'IeHHOH <l;loKycHpy:omei!: nHH3ol!: ( P p. = 159 MaBie). 
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3 f% 
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1 

o~~--~~--~~--~-
252 256 260 261, 268 272 276 

He,., 

Puc.1;j. 3aaucuMoCTb npuMecu nuOHOB X rr OT nonOiKeHUSI HUWeHH no paAny-
cy ( ¢ =-9°, I 1 =-160a, I k =430a, P P. = 159 Jl\3a/c). 

1 
( p; -159) ~38 

ilP" 

fOO 

50 ~......_ __ ...,s;..a-
- 0 

256 258 260 262 26~ 266 268 270 272 2?~ R CM 

Puc.14. 3aaucuMOCTb WHpUHbi nuouuoro nuKa 1:!. Prr u paccTOSIHHSI MeJKAY 
nuOHHbiMH u MJOOHHhiMU nuKaMH ( Prrmax - 159 M33/c) HMnynhCHO
ro cneKTpa ua KaHana oT nonoJKeuuu Mnweuu no plAnycy. 
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3 

-tooo -aoo -6,70 -ltOO -zoo o 200 4oo 6oo sao tooo 
:/,(a) 

Puc.15. 3aBHCHMO<:Tb npHMeCH nHOHOB B ocTaHOBKax MIOOHOB Xrr oT TOKa 
nepaoli nP.H3hi ( P p. = 159 Msa/c), 

-----

(P;'0 K_I59) 78 
f50 tiP:Ji ~-1& 

50 

-too -soo-6'lo·4oo-zoo o 200 4oo 600 soo 1000 
J,(a) 

Puc.16, 3aBHCHMOC~'b tJ.P, H (P, max- 159 Msa/c) OT TOKa iH'pBOli nHH3hi, 
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5,0·1d 

2,5·td 

0 50 tOO ISO 200 
p I'13G 

c 

PHc.17. PacrrpeJleneHHe IIO HMIIynhCSM IIHOHOB H MIOOHOB B MIOOHHOM IIy'IKe 

co cpeJlHHM HMIIYnhCOM 159 Msa/c. 
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0,2 
• 

0 
100 150 200 250 .100 p ""!' 

PHc.l8. 0THOllleHHe '.Hcna nHOHOB K "'Hcny "'aCTHU B ny"'Kax c pa3HbiMH 

HMnynbC8MH, o6pa30B8HHbiMH npH OJlHOM nonO)I{eHHH MHllleHH ( R 

= 266,5 CM, ¢=-9°, I 1 = -160a; Ik=430a, ! -I <jJ =0;}- I <jl;l{}). 
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to" 
8 
6 
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100 150 200 250 JOO JSO p 11~1_ 

PHc.19. i1MrrynbCHhli! CIIeKTp IIHOHOB H MIOOHOB H3 KaHana, rrony'leHHbiil IIO 

naHHblM pHC. 6 H pHC. 18. 
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