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OnacaH sKcnepRMeHT, B KOTopoM 5&m rrony'leH rrpoLIOJibHO nonHpH30BSHH&IA ny'IOK rrpoTo

HOB c aHeprReil 612 Mas. CTerreHb npOLlOJibHOA rronBpRaauaa rry'IKa paBHa 43%, LlOCTHrHyTaB 

IIJIOTHOCTb IIOTOKa B IIY'IKe COCTSBJIHeT 2.106 
IIpOTOHOBfcM

2
ceK. 

K OJIH'IeCTBeHHOe H3y'leHHe CIIHHOBOft 38BHCHMOCTH HLlepHOI"O B38HMOLieilcTBHSI npH Bb!CO-

KHX 3HeprHHX CBH38HO C npoBeLleHHeM HS MOWHb!X YCKOpHTeJIHX Ollb!TOB no pacceHHHIO npOTO

HOB npOTOHSMH H HeftTpOHSMH. Oony'laeMble npH 3TOM LlSHHbie MOryT 5b!Tb llOJIHb!MH TOJibKO B 

TOM CJiy'lae, KOT'Ll8 B TSKHX OllbiTSX, HSpHLlY C HeUOJISipH30B8HHblMH H nonepe'IHO ll01HlpH30BSH

/l/ 
HblMH ny'IKSMH, HCIIOJ1b3YIOTCH TSK>Ke llpOLlOJlbHO ll011HpH30B8HHble llY'IKH IIpOTOHOB • 

BbiiiOJIHSieMSSI HS weCTHMeTpOBOM CHHXpOUHKJIOTpOHe 05'heLlHHeHHOI"O HHCTHTyTa HllepHbiX 

HCCJ1eLlOB8HHft npOI"p8MM8 llOJIHOI"O 0 IIbiT8 no pacceHHHIO IlpOTOHOB npOTOHSMH BKJI!O'ISeT B ce5JJ 

rrpoBeLieHHe OIIbiTOB c Hcnonb3oBaHHeM npoLionbHO nonspHaoBaHHoro ny'IKa rrpoToHos. HH>Ke 

OUHCblB&eTCB SKCIIepHMeHT, B KOTOpOM 5hiJI nony'leH npOLlOnbHO nonSipH30B8HHhi A ny'IOK IIpOTO

HOB c aHeprHeA 612 MaB H HayqeHbi ero xapaKTepHCTHKH. CxeMa SKcnepHMeHTa 5bma rrpea

/2/ 
no>KeHa C.B.HypyweBbiM B 19&9 ro.ay • B OTJIR'IHe OT HaBecTHbiX cnoco5oB nony'leHHB npo-

/3 4/ 
npOLlOJlbHO ll011HpH30B8HHbiX ny'IKOB IIpOTOHOB npR MeHbillHX SHepl"HHX ' B OnHChiBSeMOM •Kc-

nepHMeHTe nOnHpH3YIOWee pacceHHHe IIpOHCXO.UHliO B BepTHKSJlbHOft IIJIOCKOCTH BHe KSMepbi 

CHHXpOUHKliOTpOHSo 3TO II03BOJ1Hno IIOny'IHTb npOLlOnbHO llOnS!pH30B8HHhlA llY'IOK B I"OpR30HT8llb

HOA IlliOCKOCTH, IIpH'IeM BeKTOp U01IHpH38UHH MO>KHO 5biJIO H8IIp8BJIHTb IIO RJIH IIpOTHB HMnynbca 

npoTOHS B ny'IKe. 

CxeMa aKcnepHMeHTa npe.acTaBneHa Ha pacyHKe. BhiBe.aeHHbiA aa KaMepbi 1 cHHxpouaKno

TpOHa HeUOJIHpH30B8HHbiA flY'IOK npOTOHOB OTKnOHHnCH BBepx HS yron ~ = 2~ ropH30HTB.nbH8S! 

COCT8BnHIOW851 MarHHTHOI"O UOJIH, He05XOLlHM8S! ,anSI 3TOI"O OTKJIOHeHHS!, C03Ll8Banacb B HS'Iane 

Tp8KT8 BhiBe.aeHHOI"O IIY'IK8 B o5naCTH pacceHHHOI"O MB.I"HHTHOI"O IIOnJI YCKOpHTenH CIIeUHSJibHbi

MH MSI"HHTHbiMH H8C8L1K8MH 2. 0o.apo5HbiA pSC'IeT p83MepoB H8C8Ll0K H Bbi50p HX onTHMSJib• 

121 
HOI"O UOJIO>KeHHH OTHOCHTenbHO M8I"HHT8 CHHXpOUHKJ10TpOH8 IIpOBe.aeH B pa5oTe • CnerKa 

HanpasneHHbiA BBepx nepBH'IHhiA ny'loK nocne KonnHMHpOBSHHH IKonnHMaTop 3 I H ¢oKycapOBI<;H 

KBa,apynOJibHhlMH JIHH38MH 4 110II8Ll8J1 B I"OpH30HT8libHOe MSI"HRTHOe none M8I"HHT8 5, r.ae OH 

0 
OTKIIOHHnCH B BepTHKSnbHOA llliOCKOCTH BHH3 HS yron 8 • B MecTe nepece'leHHJI flY'IK8 C MellH~ 

SH-HOft llJI.OCKOCTblO YCKOpHTenH pacnonaranCH pacceHBSTenb 6 H3 rpatlJHT8 1 cny>KHBWHA IIOnHpH-

aaTopoM. KonnHMaTopoM 8 oT6HpanHCb pacceHHHbie Ha yron 0 7 6° rrpOTOHhl, TpSeKTOpHH KO-

TOphiX ne>KaJIH B ropH30HTanbHOA nnocKOCTH. Yron pacceHHHH MO>KHO 5bmo H3MeHHTb, BapbH

pyH YI"Jlbi OTKnOHeHHS! BBepx H nocne.ayiOwero OTKnOHeHHS! BHH3 B MSI'HHTe 5 nepBH'IHOI'O 

0 
ny'IKS, 'ITO II03BOJIHnO H3MeHHTb CTeneHb 110nHpR38UHH BTOpR'IHOI'O rry'IKS. 3Ha'leHRe () 7=6 

OTBe'laeT MSKCHMYMY IIpOH3Be.aeHRSI ~( 8) · pJ (8) , rLle cla (()) - llHtiJtlJepeHUHSnb-
cJ w clw 

Hoe ce'leHHe ynpyroro pacceHHHR npoTOHOB Ha H.apax yrnepoLia, a fj (0)- nonHpHaauHH B aTOM 

/5/ 
npouecce • TaKHM o5paaoM .aocTaranHcb orrTHMSJibHbie sKcnepRMeHTanbHbie ycnoBHH .anSI 

npoBe.aeHHH OIIbiTOB no TpOftHOMy pacceHHHIO npOTOHOB. 

8TOpH'IHbie npOTOHbl 1 BeKTOp rronRpH38UHH KOTOpb!X HSIIpaBneH no HOpMaJIH K nnOCKOCTH 

pacceJIHHS!, Bblft.QH H3 KOnnHMaTopa 8, fiOfi8.Ll8J1H B BepTHKSJlbHOe MSI"HHTHOe none 9. 

3 



Ll mr yCHlleHHSI MarHHT HOrO IIOllSI B M arHHTe 9 6 blllH YCT8HOBneH bl LlOIIOnHHTenbHb!e H8C8AKH 1 

o6ecrre'iHBa!OwHe TaK)!(e qacTH'IHYIO ¢oKycHpOBKY rryqKa. BBHAY H81lH'iHSI y npoToHa aHoManb

HOro MarHHTHOrO MOMeHTa, CIIHH npOT'}H8 6yaeT npeueCCHpOB8Tb B T8KOM MarHHTHOM none 

CO CKOpOCTbl0 1 OTnH'IHOA OT CKOpOCTH H3MeHeHHSI HanpaBneHHSI BeKTOpa HMnynbCa npOTOHa. 

npH 3TOM yron npeuecCHH X OTHOCHTenbHO HanpaBneHHH BeKTOpa HMnynbCa CBH38H C yrnOM 

OTKnOHeHHH r/J nyqKa B MarHHTHOM none COOT HOW eHHeM: 

X 
(.1 p - l 

.P, 
v l-{3 "' 

rae (J.p MarHHTHb!H MOMeHT I1pO TOHa B SI A epHb!X MarHeTOHaX, 

a - CKOpOCTb npOTOHa B e AHHHU8X CKOpOCTH CBeTa. 

B pe3ynbTaTe rrpeueccHH B03HHKae T rrpoaonbHaSI KOMIIOHeHTa rronsrpH3auHH P = P.
1 

~n x 
rrpoa 

npH X = 90° rry'IOK 6y a eT HMeTb TOllbKO I1pOAOnbHYIO KOMITOHeHTY I10nS1pH38UHH. 3TJJMH 

C006pa)!(eHHSIMH orrpeaenHeTCH Bb!60p 3Ha'ieHHH yrna OTKnOHeHHJI r/J 1 I1pH KOTOpOM MO)!(eT 

6b!Tb rrony'ieH rronHOCTbiO npoaonbHO rronsrpH30BBHH bii! rry'IOK c Ha'ianbHOA SHeprHeA 660 Msa. 

:JTiony'leHHbiA B pe3yiibTaTe OTKnOHeHHH Ha yroll r./J = 30° npOAOnbHO IIOnHpH30B8HHhlH 

ITY'IOK ¢oKyCHpOBancH KB8Llpyi10IIbHhlMH IIHH38MH 10 H 'iepe3 KOIInHM8TOp 12 HanpaBnltnCH K 

perHCTPHPYIOIUHM ycTaHOBKaM 16 H 17. MoHHTopaMH nepBH'IHoro HerronsrpH30BaHHOro H rrpo

LlOIIbHO rronsrpH30B8HHOrO rry'IKOB rrpOTOHOB cny)!(HIIH HOHH38UHOHHbie KaMepbl 7 H 13. B reo

MeTpH'IeCKHX ycnOBHHX 1 I10K838HHhlX Ha pHC. 1, BeKTOp I10nHpH38UHH rronyqeHHOrO I1Y'iK8 6wn 

H8I1p8BIIeH I1pOTHB HMrrynbCa I1pOTOHa. npH Bbi6ope yrna rrepBH'iHOro OTKnOHeHHH rP 20 

H rrocneayJOweM 0TKnoHeHHH HerronHpH30BaHHoro rry'!Ka B MarHHTe 5 Ha yron 8° BBepx, 

H8IIpaaneHHe I1pOLlOIIbHOA IIOnHpH38UHH H3MeHHTCH Ha 06paTHOe. npaKTH'ieCKH T8KYIO orrepaUHIO 

MO>KHO Bbll10nHHTb 38 15-20 MHHyT. 

6 2 VI HTeHcHBHOCTb rry'I:Ka cocTaBnSJna 2.1 0 rrpOTOHO a/ eM I ceK. 

3HeprHH I1p0LlOIIbHO IIOIIHpH30B8HHOrO I1Y'IK8 6wna orrpeaeneHa I10CpeACTBOM H3MepeHHH 

rrpo6eroB rrpoTOHOB B MeAH I ycTaHOBKH 14 H 15/ PI cocTaBnHeT E = /61?.+9/ MaB. 
rrpoa -

3To 3Ha'ieHHe cornacyeTcH c 3H e prHeA rrepBH'iHoro rry'iKa E 0 =/663 '!7 I MsB, H3MepeHnoA 

TeM )!(e MeTOL\OM, ecnH yqeCTb 3HepreTH'ieCKHe ITOTepH B yrnepOLlHOM TIOnHpH38TOpe TOniUH-

0 2 
HoA 23 r/cM • 3HeprHH E 

rrpo Ll 
612_!- 9 MaB H yrny OTKnOHeHHH r/J = 30 COOTBeTCTByeT 

yron rrpeueccHH x =89° :_ 2, $'. npH 9TOM CTerreHb I1pOAOnbHOA rronHpH38UHH p rrpaKTH-
rrpOLl 

'l eCKH paBHa rronHpH38UHH p 
1

, B03HHK810IUeA rrpH pacceSJHHH rrepBH'IHOro I1Y'iK8 B ITOnSipH38TOpe 

6. JHa'leHHe P
1 

6b!n0 H3MepeHO B OTAenbHOM OIIb!Te , B KOTOpOM rrepBH'iHOe OTKIIOHeHHe I1Y'IK8 

H pacceHHHe B I10IIHpH38TOpe 6 OCyiUeCTBIIHIIOCb B rOpHOOHT8IIhHOH I1IIOCKOCTH I1pH COXpaHeHHH 

HeH3MeHHb!MH BCeX OCT8nbHb!X reoM e TpH'ieCKHX ycnOBH!-i. nony'ieHHOe 3Ha'ieHHe p 
1 

=0,43,!0,03 
/5/ 

cornacyercsr c aaHHbiMH pa6oTbi 

nyTeM 8H8nH38 BTOpH'iHOrO p + p - pacc e HHHH Ha I10IIHpHMeTpaX 16 H 17, COCTOHIUHX H3 

I10nH3THneHOBb!X pacceHBaTeneA H COIIpsr)!(eHHb!X CUHHTHnnH!lHOHHb!X C'ieT'iHKOB-LleTeKTOpOB 

p+p -pacceHHHH, 6wno I1pOBepeno OTCYTCTBHe y I1p0LlOIIbHO I10IIHpH30B8HHOrO ny'IK8 BepTH-

K8IIbHOH H rOpH30HT8IIbHOH II Onep e '!HhlX KOMIIOHeHT I10nHpH38!lHH . 0 6 3TOM C BHLleTenbCTBOBBII 

TOT ¢aKT, 'iTO B rrp ea enax TO'iHOCTH H3M e p e HHH, paBHO!-i + 0,02 ITO a6con!OTHOH BeiiH'iHHe, He 
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H a6n IO.USJlOCb SCHMM9TpHH B pac npe.aeneHHH BTOpH'IHO paCC&SIHHh!X npOTOHOB HS yron 21 O 1 J<.SH! 

B ropH30HTSJlbHOH 1 TSK H sepTHKSJlbHOH nnOCKOCTSIX. 

Onpe.aeneHHe npocTpaHCTBeHHOro nono)KeHHSI TpaeKTOpHI nepsH'!Horo H sTopH'IHOro 

ny'IKOB, a TaK)Ke Bb!60p YCJlOBHH H.9.HJ1Y'IW8H !lJoKyCHpOBKH npOH3BO.O:H11HCb nyT eM CHSITHSI 

SBTOrpa!lJos nonepe'IHhiX CP.'I8HHH ny'IKOB B.UOJlb BCero TpaKTS H H3MepeHHSI HX HHT8HCHBHO

CT8H, B MecTe pacnono>KeHHR nonRpH3aTopa 6 H306pa>KeHHe ny'IKa HMeno ¢opMy Kpyra 

.UHSMeTpOM 30 MM. 

Pacnpe.aeneHHe nnoTHOCTH noToKa npoTOHOB s npo.a;onbi-!O rronHpH30BaHHOM ny'IKe Me)K.ay 

nonHpHMeTpSMH 16 H 17 HCC118 .UOB8J10Cb C nOMOWbiO cneU H811bHOrO yCTpOICTBa, COCTOstwero 

H3 .UBYX CUHHTH111!liUHOHHhlX C'IeT'IRKOB R 8Jl8KTpOHHOrO aBTOMaTH'I8CKOrO nOT8H UHOM 8 Tpa 

3nn-0,9. CuHHTHnnstTOphi HMenH !lJopMy UllnHH.apHKOB .aHaMeTpoM 3 MM H BbiCOTol 50MM u 

paCnonaranRCb sepTHK811bHO H ropH30HT8JlbHO B nnOCKOCTH, nepneH .aHKy nstpHOA HBnpasneHH~ 

ny'IKa. CqeT'IHKH MornH .aHcTaHUHOHHO nepeMewaTbcst : o.aHH - no ropH30HTanH, 

.apyrol no sepTHKanH, Ha .auarpaMMe noTeHuHOMeTpa 3nn-0,9 penicTpHposancst 

TOK qepe3 !lJoTOyMHO>KHT8 1!H KS>K.UOrO C'I8T'IHK8 B 38BHCHMOCTH OT nonO>K8HHSI C 'I9T"'HKa 

OTHOCI!T9JlbHO OCH nyqKa. 0.aHOBp8M8 HHO HaHO CHJlCSI ropH30HTaJlbHh!H H BepTHKanbH h!H MaCIUTa-

6hi, nony'leHHbi9 KpRBb!e CBH.U8T81!bCTBOB811H 06 OTCYTCTBHH 3aM8THOH 8CHMM8Tp11H B pac-

npe.aeneHHH nnOTHOCTH nOTOKa npOTOHOB B nyqKe. 

Cne.ayeT OTMeTHTb, 'ITO o.aHoBpeMeHHO c npo.aonbHO nonstpH30BaHHbiM ny'IKOM npoTOHOB 

'IE>pe3 COC9.UHHH K01111HMaTOp 11 BhlXO .O: H11 11p0R011bHO nOnHpH30BaHH hlH ny'IOK He1Tp0H OB 1 B03-

HHKiiiOWHX B pe3y1!bTaTe 05M8HHOrO B3aHM0.0:8liCTBHfl npOTOHOB B yrnepO.UHOM 1101!stpH3aTope, 

CornacHo oueHKe, .anR HeiTpoHOB, ucnyLneHHhiX c &HeprHel 610 Mas, yron npeueccHH X" 

CITHHa B MarHHTHOM none 9 COCTaB1!SI8T - 95°, 

ABTOpbl Bb!pa>Ka!OT 6naro .aapHOCTb JI.n.MoCKllflE'BOi\ 3a nOMOLUh npH H3M9p8HHH 

HHTeHCHBHOCTH 11pO.UOJlbHO 110J1HpH30BaHHOrO ny'IKa 11pOTOHOB, 
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CxeMa pacnono>KeHHH annapaTypbi B a~tcnepsMeiJTe no nony'leHHIO 

npo.nonhHO nomlpH30BSHHoro liY'l.Ka npoTOHOB c 9HeprHeA /612! 9/ M~s. 

a/ Bs.n csepxy. 
6/ Bs.n c6oKy. 
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