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1. BBE,llEHI1E 

B KOHI~e 1985 r. B Jia6opaTopHH H~epHbiX npo6neM OHHI16Lmo 3aBep

weHo C03~aHHe WeCTHKa6HHHOI'O KJIHHHKO-<l>H3H'lecKOI'O KOMIDieKca, BKJIIO· 

qaiQmero B ce6H 11 1 : 

a) TPH npoTOHHbiX KaHana Me,IJ;HUHHCKoro Ha3Ha'leHH!I ~ o6ny'leHHH 

rJiy6oKo 3aneraiOIUHX onyxoneii WHpOKHMH H y3KHMH npOTOHHbiMH ny'lKa

MH pa3JiflqHOH 3HeprHHj_ 

6) 1T·Me30HHblH KaHaJI Me~HQHHCKOI'O Ha3Ha'leHHH ~JIH UOJIY'leHHH 

H HCITOJib30BaHHH B ny'leBOH TepanHH HHTeHCHBHbiX ny'IKOB OTpiill;aTeJlbHbiX 

1T·Me30HOBj 

B) KaHaJI CBepX6biCTpbiX HeHTpOHOB Me~HUHHCKOI'O Ha3Ha'leHHH ~JIH 

o6Jiy'leHHH 60JibWHX pe3HCTeHTHblX OnyXOJieHj . 

r) TepaneBTflqecKyiO I'aMMa-yCTaHOBKy, KOTOpaH 6y~er HCUOJib30BaTb

CH B Ka'lecTBe pe3epBHOI'O HCTO~HKa. H3JIY'leHHH, a TaK)Ke ~JIH 0Tpa60TKH 

CO'leTaHHblX MeTO~OB o6ny'leHHH. 

CxeMa nepsoii o<Iepe,n;H pa3BO~KH Me,IJ;HQHHCKHX ny'IKOB H pacnoJio)Ke

HHH npoue~ypHbiX Ka6HH KJIHHHKO-q>H3H'lecKOI'O KOMIDieKCa nOKa3aHa 

Ha pac. 1. 
B Te'leHHe nocne,n;HHX Tpex ner BbiHCHHJIOCb, 'ITO co3~aHHaH ~H Me~HKo-

6Honora'lecKHX H . KJIHHflqecKHX HCCJie,Il;OBaHHH pa3BeTBJieHHaH CHCTeMa Ka-

HaJIOB ny'IKOB H llOJIY'leHHbie xapaKTepHCTHKH 3THX ny'IKOB HaXO~HT npHMe

HeHife n B- uenoM pH~e <Pn3HtrecKHX 3Ma'l (npoeKTbi Ili10H; HCHAITIT, 

KOBPA H ~p.). 
UenLIO HacToHmeii pa6oTbi HBJIHIOTCH ~eTaJibHOe onnCaHHe TpaKTOB 

ny'IKOB H o630p BCeX H3MepeHHbiX cPH3HK0-~03HMeTpH'leCKHX xapaKTepH

CTIIK HyKJIOHHbiX H Me30HHbiX ny'IKOB, HMeH B BMY HX B03MO)KH0e ~aJib· 

Heiiwee HCITOJib30BaHHe ~H HOBbiX cPH3flqecKHX H npHKJI~biX HCCJie~o

BaHHH. 

2. OHI1CAHI1E TPAKTOB IJYliKOB 

)l.riH nonyqeHHH WHpOKHX (~HaMeTpOM OT 2 ~0 6 CM) npOTOHHbiX 

ny<IKoB c 3HeprHHMH 100, 130 if 200 M3B12 -
41 , -a TaK)Ke y3Koro (~HaMer

paM OKOJIO 3 MM) ~HarHOCTII'lecKOI'O npOTOHHOI'O nyqKa C 3HeprHeH 

660 M3B15 1 HcnoJIL3yercH KaHan VIII. BLIBe~eHHbiH H3 KaMepbi ycKOpHTeJIH 

l
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npoTOHHbiH nyt~OK OTKJIOH.fleTC.fl Ha yron 6° MarHHrOM OM-1, .n;anee c no
MOluLIO JJinl3bi Mll-3 cpoKycnpyeTC.fl Ha MEmOIDlOH MHilleHn (M) H 3aTeM ro
pn3i:>liTaJJbHbiM n nepTnKanLHbiM KoppeKTnpyromHMH MarnHraMn OMu BKM 
n .n;anee JJHH30H 'Q2 HanpaBJJ.fleTC.fl n co6npaeTC.fl Ha nxo;u; yrnepo;u;Horo 3a.: 
Me.n;JJHreJJ.fl (ll) , yMeHLUiaromero HallaJJLHYIO :meprHIO nyt~Ka ;u;o Heo6xo;u;H~ 
MOH cpe.n;Heii ::meprnn 100, 130 win 200 M3B. AuCTaHQnoHHo ynpannHe
MbiH yrnepo;u;HbiH 3aMe.D;JJIITeJJb (ll) BbinOJJHeH B BH.n;e Tpex He3aa·HCHMO 
npamaromHxc.R 6apa6aHon,·· pa3MemeHHbiX BHYTpn 3aiUHTbi ·H3 THJKenoro 
6eTOHa, yMeHLUiaiOIUeH npnMepHO Ha ;ZJ;Ba nop.R;ZJ;Ka nOTOKH HeHTpOHOB, B03· 
HHKaiOl.UHX npn TOpMOJKeHHH npoTOHHOrO nyt~Ka, H o6ecnetiHBaiOIUeH Ha CBO· 
eH BHeUIHeH nonepXHoCTn nocne BbiKJIIOlleHH.fl YCKOpliTeJJ.fl ;ZJ;OnyCTnMbiH 
ypoBeHL · cpoHOBbiX n3nyt~eHnii oT HaBe.n;eHHoii nyt~KOM pa;u;noaKTHBHocTn. 
,Una nepBbiX (no HanpanneHHIO ;ZJ;BHJKeHH.fl nyt~Ka) 6apa6aHa HMeiOT OTBepc~ 
TH.fl ;u;JJ.fl ycTaHOBKn Ha nyTH npoTOHOB yrnepO;u;HbiX 6noKOB pa3HOH 1-on
IUHHbi, liTO o6ecnetiHBaEIT Bbi6op cyMMapHOH TOJJIUHHbl 3aMe;u;JJIITeJJ.fl B HH;. 
Tepnane 0-130 CM 'c UiaroM 1,2 eM :H ni:myt~eHne 3aTopMoJKeHHoro eyt~Ka 
npoTOHOB B Uinpo:KoM ;u;Hana3oHe 3Heprnii i:>T 100 ;u;o 660 M3B. Tpeiuii 
BpamaromnHC.fl 6apa6aH, BbinOJJHeHHbiH n3 CTaJJn TOJJIUHHOH 40 CM, n03BOJJ.fl· 
eT BbiBO;ZJ;liTb Ha OCb KpyrJJbie win meneBbie KOJJiJnMaTOpbl pil3JJntJHbiX pa3· 
M~pOB,. Heo6XO;ZJ;HMbie ;ZJ;JJ.fl cpopMHpOBaHH.fl Tpe6yeMoro 3MKrTaHca 3aTOpMO· 
JKeHHoro nyt~Ka npoTOHOB, o6ecnetiHBaromero ero ;u;aJJLHeHUinii · aHaJJH3 n 
TpaHcnopTHpOBKy. 

MarnHrHbiH aHaJJH3 n nonyt~eHne Heo6xo;u;nMoii ;u;ncnepcHn 3aTopMoJKeH
Horo nyt~Ka npoTolioB ocymeCTBJJ.fleTC.fl c noMOLULIO Tpex MarHHrOB: · Cll-37; 
Cll-10 n Cll-57, nocne.n;oBaTeJJbHO OTKJJOH.fiiOIUHX nyt~oK B ropH30HTaJJbHOH 
nJJOCKOCTn HayrJJbi31,3° j 10,5° n 13,5° COOTBeTCTBeHHO. 

,Uy6ner KBa;u;pyriOJJbHbiX JJHH3 Q3, pacnOJJOJKeHHbiH Ha BbiXO,n;e KOJJJJH· 
MaTopa B 3aiUHrHOH CTeHe, n03BOJJ.fleT nonytiHrb nytiOK OnTHMaJJbHbiX pa3Me· 
poB.n ocymecTBIITb npOCTpaHCTBeHHOe pa3;ZJ;eJJeHne HMnyJJbCHbiX KOMnOHeHT 
3aTOpMOJKeHHoro nytiKa, npOTOHOB B MecTe pacnOJJOJKeHH.fl aBTOMaTHtieCKOH 
KOJJJJnMaTOpHOH cncTeMbl (AKC), cpopMnpyromeii HMnyJJbCHbiH •cneKTp 
3aTOpMOiKeHHbiX npOTOHOB. 3Ta KOJJJJnMaTOpHa.R CHCTeMa npe;u;CTaBJJ.fleT 
co6oii Ha6op n3 12 nap no;u;BHJKHbiX nnacTHH wHpHHoii no 1,5 eM, o6pa3yro~ 
IUHX perynnpyeMbiH cryneHllaTbiH rrpocpHJJb, nepeKpbiBaiOIUHH ·. qacn~tmo · 
HJJn nOJJHOCTbiO aneprypy · OT;ZJ;eJJbHbiX KOMnOHeHT HMnyJJbCHOrO. pacnpe.n;e
JJeHH.fl npOTOHOB, n TpaHccpopMnpyromux,. TaKHM o6pa30M, nMeromeec.fl HM·. 
nyJJLCHOe pacnpe;u;eneHne B TaKoe, KOTOpoe II03BOJJ.fleT nOJJYllliTb B KaJK;u;OH , 
H3 npoQe;u;ypHbiX :Ka6HH pacnpe;u;eneHne ;ZJ;03bl C 3a;ZJ;aHHOH KOHtPHrYPaQHeH 
KpHBoii Bp3rra. ·llMnyJJLCHbiH pa36poc (Ap/p) 3aTopMoJKeH1Ioro npoTOH·· 
HOrO nyt~Ka npH TaKOM cnoco6e cpopMHpOBaHH.fl· Mo:licer H3MeH.fiTbC.fl OT 0,4 
.n;o 7%; 

,Una KBa;u;pynoJJbHbiX ;u;y6nera Mll-10.H II.fiTL KBa;u;pynoJil,HbiX TpHDJJeroB 
(T11 + T 5 )·· cnyJKaT·;ZJ;JJ.fl TpaHcnopTHPOBKn nyt~Ka B rrpoQe;ZJ;ypHbie noMei.UeHH.fl 
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N~ 1 H 2 H KoMneHcanHH nHHefuwft nHcnepcHH a · o6nacTH pacnonmKeHHR 
o6nytmeMoro o6t.eKTa. MarnHT Cll-56 HCnOJib3yeTC.fl nJIH nonepeMeHHOH pa3-
ao)J;KH nyqKoa B Ka6HHbi N~ 1 H 2. llonepe~oe ceqeHHe npoTOHHbiX ny~oB 
B. KruK,nOH H3 npouenypHbiX Ka6HH <lJopMHpyerc.fl C nOMOI.UblO Ha6opa OCHOa
HbiX H qHCTOabiX KonnHMaTopoa, ycraHaBJIHaaeMbiX HenocpencraeHHo nepen 
o6nytmeMbiM o6'beKTOM, H c<lJopMHpOaaHHbiH TaKHM cnoco60M nyqoK OCTa
HaBJIHBaeTC.fl aHYTPH o6nytmeMoro o6'beKTa. CTeHbi npouep;ypHbiX Ka6HH 
~ 1 H 2 TOJiu.umoft OT 1,5 no 2,0 M TIDKeJIOrO 6eroHa aMecTe C 3all.U1THOH. 
p;aephro, nepeKpbiaaromeft axon a nro6yro H3 Ka6HH, noniDKaiOT aenHqHHy 
<lJOHOabiX ll3nyqeHHft aHe Ka6HH no nonyCTHMOrO ypoaH.fl. 

B cnyqae <lJopMHpOaaHHR Y,3Koro nHarHoCT~ecKoro nyqKa nJIH npo
TOHOrpa<lJ:HH (HHTeHCHBHOCThlO -106 C- 1 

) ablaeneHHbiH H3 YCKOpHTeJIH 
npOTOHHbiH nyqoK C nOJIHOH 3HeprHeft H HHTeHCHBHOCTblO npOXOnHT mene
BOH · KOJIJIHMaTOP. K 1 (3x10 MM) a yrneponHoM 3aMenJIHTene (ll) H 3aTeM 
c noMOIUbiO JIHH3bi Q3 H MarHHTOB Cll-37, Cll-10 H Cll-57 <PoKYCHpyeTcH 
H oTKJIOH.fleTCH Ha axon KOJIJIHMaTopa K

0
, ycraHoaneHHoro nepen AKC. 

C<lJopMHpOaaHHbiH TaKHM cnoco6oM Y3KHH npOTOilHbiH nyqoK TpaHcnopTH· 
pyercH nanee 6ro noTeph no KaHany VIII a Ka6HHY N2 1, rne <PoKycHpyercH -
Ha. o6'beKTe, nonneJKameM p;HarnocTHKe, H 3aTeM nornomaeTCH a nereKTH· 
pyromeft ycraHoaKe. 

B cnytme <lJopMHpoaaHHR y3Koro (nHaMerpoM OT 5 no 20 MM) npo
TOHHoro nyqKa c 3HeprHeii 660 M3B MH o6nyqeHJiH aHyTp~epenHbiX MHme
Heii Merop;oM Hanponer HcnoJih3yeTCH KaHan XI 16 1• BbiBeneHHbift H3 ycKo-

• pHTeJIH npoTOHHbiii nyqoK c nonHoii :3HeprHeii H HHTeHCHBHOCTbro npoxonHT 
JIHH3y Q2, meneaoft KOJIJIHMaTop K 1 (5x15 MM ) a yrnepop;HoM 3aMeMH\ 
TeJie (ll) H 3aTeM c noMol.UbiO JIHH3bi Q3 H MarnHToa Cll-37, Cll-10 H Cll-57 
<PoKycHpyercH H OTKJIOH.fleTCH Ha . axop; KOJIJIHMaTopa K 2 , ycraHoaneHHoro 
cpa3y nocne MarnHTa Cll-57. ,l(anee nyqoK BXOAHT a XI KaHan, <lJopMHpyer- · 

. CH KOJIJIHMaTopaMH KJ H K 4 H c noMOIUhlO JIHH3 T6, T7 H MarnHTa Cll-10 
· <PoKycHpyercH H OTKJIOH.fleTCH a Ka6HHY N~3, rp;e nocne npoxo)K)J;eHHR o6'b
eKTa o6nyqeHHR racHTCH a 3aiUHTe il3 )l(eJie3a (Tonu.umoft 1 M) H T.fl)l(eJIOro 
6eroHa (1,5 M). MarHHTbi OMB H OM-6 cnyJKaT nnH cra6HJIH3llUHH y3KOro 
npoToHHoro·nyqKa B Mecre pacnono*eHHR o6'beKTa o6nyqeHH.fl. 

lloTepH HHTeHCHBHOCTH nyqKa B 3TOM pe)I(HMe pa6oTbi KaHana XI B oc
HOaHoM onpe)J;eJI!UOTC.fl noTepHMH B yCKOpHTeJihHOM 3ane H B na6opaTOpHH . 
N24, a noTepH nyqKa a na6opaTopHH ~5 npaKT~ecKH OTCY,TCTBYIOT. HH:reH
CHBHoCTh Y3Koro nyqKa B Ka6HHe N~3 cocraaJI.fler 5 ·107 c- 1 H noaymKa
racHTenh YMeHhmaer HeHTPOHHbiH <lJoH B npHJieraiOII.U1X K 3TOH na6opaTOpHH 
rioMemeHHRX 'no ypoaim npeneni.Ho nonycrHMoii no3bi. 

JlnH nonyqeHH.fl MenHUHHCKOro nyqKa 7T- ·Me30HOB HCnOJib3YeTC.fl Ka
Han IX 17 ~ 1 0 1 • . BbtaeneHHLift H3 KaMepbi ycKOpHTeJIH . npoTOHHbtft nyqoK 
C nOJIHOH 3HeprHeft 660 M3B. H HHTeHCHBHOCThlO OTKJIOH.fleTC.fl MarHHTOM 

·• 

.. 

.. 

... 
f 

OM-1 Ha yron ~ 6°, a 3aTeM. KoppeKTHPYIOII.U1MH MarnHTaMH OM H BKM H 
JIHH3aMH MJI-3, Q2 H Q3 HanpaaJIHeTCH Ha ueHTp MarHHTa Cll-37, pacnono
*eHHoro 3a qerbipexMerpoaoft 3aiUHTHoii CTeHoft. MarHHTbi Cll-37, Cll-10 
H Cll-57 oTKJIOH.fllOT nyqoK B ropH3oHTanbHoii nnocKOCTH Ha cyMMapHbm 
yron 65°, 3aTeM c noMOJ:UbiO MarnHTa MC-4 npoTOHHbift nyqoK noaopa~
aaercH B BepTHKanbHOH nJIOCKOCTH aHH3 Ha yron 21,5° H nanee TpeMH 
MarnHTaMH OM-1,2,3, pacnoJIO)I(eHHbiMH a TY,HHene Ha nepaoM 3Ta)l(e 3M" 
Hllil yCKOpHTeJIH, CHOaa nepeaonHTC.fl B ropH30HTanbHOe nOJIO)I(eHHe. MarHHT 
Cll-024 OTKJIOH.fler nyqoK Ha yron 3° a ropH3oHTanbHOii nnocKOCTH, qTo6bi 
nonacTh Ha ueHTp rr-Me3oHHoft JIHH3bi a Konue IX .KaHana HJIH Ha 18,4° B 
cnyqae c6poca nyqKa no KaHany Xll Ha MHllieHb yCTaHOaKH .HCHAllll~2. 
IllecT'b JIHH3 (Q4 + Q9) o6ecne~aaroT ynep)l(aHHe npoToHHoro nyqKa H ero 
TpaHcnopTHpoaKy 6e3 noTepb OT MarHHTa Cll-57 no MHmeHH rr-MrooHHoii 
JIHH3bl, npenHa3HaqeHHOH )J;JI.fl nonyqeHIDI HHTeHCHBHOrO ny~a 7T--Me30HOa. 
BepTHKanhHbiH H ropH3oHTanhHbiH KoppeKTHpyroll.U1e MarHHTbi BKM H OM-4 
a KOHUe TpaKTa CJiy)l(aT nnH HaaonKH npOTOHHOrO nyqKa Ha·Me30H006pa3yro
J:UYIO MHllieHb (5 CM W HJIH 5 CM Cu), pacnoJIO)I(eHHYIO a CHJihHOM MarHHT
HOM none 1T ·Me30HHOH JIHH3bi~ llocne ·npOXO)K)J;eHIDI MHllieHH npOTOHHbm 
nyqoK raCHTC.fl a 3aiUHTe.H3._)1(eJie3a TOJIIUHHOH •2 M H .T.fl)l(eJIOro 6eroHa TOJI
u.umoft 7 M. Becb nyTh npoToHHoro nyqKa npoxonHT a :BaKyyMe, KpoMe 
ao3nymHoro npoMe)I(Y,TKa Me)l(ny KaMepoft ycKopHTenH .H HaqanoM aaKY,yMo
npoaona nocne yrnepo)J;Horo 3aMennHTeJIH. Pa6oTa Ha KaHanax IX H XII 
a03MO)I(Ha TOJibKO a pe)I(HMe, KOrna Me30HHaH MHmeHb . (M) yp;an.fleTC.fl 
H3 nyqKa. B npOTHBHOM cnyqae noTepH nyqKa a TpaKTax npH TpaHcnopTH
poaKe . i~epe3 na6opaTopHH N24 H 5 cTaHOa.fiTCH HenonycTHMO abiCOK~MH. 

IlpH nonyqeHHH KJIHH~ecKoro nyqKa 7T- ·Me30HOB lliHpOKoyrOJibHaH 
MarHHTHaH. JIHH3a <PoKycHpyer Me30Hbi aepTHKaJihHo aaepx B Ka6HHY N24; 
p;tcnoJIO)I(eHHY,lO Ha aTOpOM 3Ta)l(e qeraepTOH npHCTpOHKH. llpH HHTeHCHaHO· 
CTH npOTOHHOrO nyqKa 2 MKA, nap;aromero Ha MHllieHb H3 aOJib<lJpaMa TOJIIUH
HOH 5 eM, nonyqeHbi nyqKH HecenapHpoaaHHbiX rr- -Me30HOB. c 3HeprHeu 
p;o 80 M3B H HHTeHCHBHOCTbro no 3 ~ 107 c- 1 11 0 1• 

.llnH npoaonKH npoToHHoro nyqKa a 3naHHe .HCHAIIll. Hcnonb3yercH 
KaHan XII 11 1 1

• B 3TOM pe)I(HMe pa6oTbi <Pa3oTpoHa BbiBe)J;eHHbtft npoTOHHbm 
nyqoK TpaHcnopTHpyercH CHaqana no KaHany IX p;o MarHHTa Cll-024; a 3a
TeM .OTKJIOH.fleTC.fl 3THM MarHHTOM Ha yroJI 18,4° B HanpaBJieHHH MHllieHH 
.HCHAIIII~2. JlmJ3bi Q7, Mn-5 H Q8 KaHana XII o6ecneqHBaroT ynep)l(aHHe 
npoToHHoro nyqKa H • ero p;anhHeftmyro TpaHcnopTHpoaKy no JIHH3bi Q9, 
KOTOpa.fl. .BO BpeMH pa60Tbl YCKOpHTeJI.fl nonKaTbiBaeTC.fl - K MHllieHH 
.HCHAllll-2 Ha paCCTOHHHe )1;0 80 CM H <lJopMHpyer Ha 3TOH MHllieHH npOTOH
Hbiti nyqoK C nonepe~biMH pa3MepaMH ·no 3-7 MM. ropH30HTaJihHbiH H Bep
THKaJihHbiH KoppeKTopbr BrKM, ycraHoBneHHbie Me)K)J;Y, JIHH3aMH Mn~5 
H Q8, no3aOJI.fllOT ocymecraJI.fiTh TOqnoe HaBeneHHe npOTOHHOrO nyqKa 



MaJibiX pa3MepoB Ha MHIUeHb .HCHATIII-2, nocne npoXO~f!HIDI KOTopoH 
npOTOHHbiH nyqoK·raCHTC.II B noaymKe 3,ll;aHH.II .HCHAIIII. IloT.epH ·npoTOHOB 
B KaHane Xfl COCTaBmnoT 5-7% H MaKCHManhHO ,D;OnyCTHMa.II HallanbHaH HH· 
TeHCHBHOCTb BbiBe,JJ;eliHOrO npOTOHHOrO ·nyqJai npH nonylleliHOM ypOBHe no

Tepb ,D;OCTHraeT 2 MKA.' 
,[(mr nonyqeHHH TepaneBTHllecKoro HeiiTpoHHoro· nyliKa HcnonL3YeTCH 

KaHan X 11 2 ; 1 9 1• BLrae.o;eHHLiii H3 KaMepLi ycKopHTenH npoTOHHLIH nyqoK 
c nonHOH :meprHeH 660 M3B H HHTeHCHBHOCTblO OTKnOH.IIeTC.II MarHHTOM 

OM-1 Ha yron e::6°, a 3aTeM KoppeKmpyroiUHMH MarHHTaMH OM H BMK 
H nHH3aMH MJI-3,' Q2 H Q3 HanpaBnHeT_GJi Ha UeHTp MamHTa CII~37, pacnOJIO
:>KeHHoro 3a lleTLipexMeTpoaoii 3aiUHTHOH cTeHoii. MarniJ:Ti.I CII-37, CII-10 
H CII-57 oTKnOH.IIIOT nyqoK B ropH30HTanbHOH IDIOCKOCTH Ha cyMMapHbrn 
yron 64~, a 3aTeM c noMoiUbro nHH3bi Q4 nyqoK ¢mcycHpyeTcH Ha OAHY 
H3 MHIUeHeH HeHTpOHHOH MHIUeHHOH CTaHUHH. ' 

}lHCTaHUHOHHO ynpaBn.ReMa.R HeHTpOirna.R MHIUeHHa.II CTaHUH.II npe,u;CTaB
n.ReT co6oii BpaiUaiOIIUfHC.II 6apa6aH, OKpy:>KeHHbiH 3aiUHTOH H3 :>Kenroa H 
6eToHa cyMMapHoii ToniUHHoii OKono 1 M, yM~Lmarorueii 6onee lleM Ha ,D;Ba 
nop.R,D;Ka DOTOKH HeHTpOHOB, BbineTaiOIUHX H3 MHIUeHH nepneH,D;HKyn.RpHO 
npOTOHHOMy nyliKy, H CHH:>KaJOIUeH ,ll;O ,D;OnyCTHMOrO ypOBH.II ¢loH OT HaBe.tieH
HOH nyliKOM pa,D;HoaKTHBHOCTH. Bapa6aH HMeeT 11 OTBepcniii ,D;nH yCTaHOB
KH Ha nyTH npOTOHOB MHIUeHeH H3 pa3nH'IHbiX MaTepHanOB (Be, C, Al, 
Cu, Ph) c Ha6opoM TonruHH ,D;O 70 r/cM2 AnH nonylleHHH nyqKa HeiiTpoHOB 
co cpe,D;Heii :meprHeii oKono 350 M3B. MarHHT CII-56, yCTaHOBneHHLIH cpa3y 

nocne HeHTpOHHOH MHIUeHHOH CTaHUHH, OTKnOH.IIeT npome,u;mHe qepe3 MH
llleHb npOTOHbi H o6pa30BaBIIIHecH B MHllleHH 3apHmeHHLie 'llaCTHUbi Ha yron 

CBbiiUe 18° B ropH30HTanbHOH IDIOCKOCTH ,ll;nH nocne,D;yJOIUero HX nornorue
HH.II .B mene3HOH 3aiUHTe TOniUHHOH 1,3 M H 6eTOHHOH 3aiUHTe TOniUHHOH 2M. 

- HeiiTpoHLI, o6pa30BaHHLie B MHllleHH no,D; yrnoM 0°, npoxon.RT Me~y nonro

caMH MamHTa CII-56, nepBLIH ¢opMHPYJOIUHH KonnHMaTop B menroHoii 
3aiUHTe H ,D;ByXMeTpOBOH 6eTOHHOH CTeHe H HanpaBn.IIIOTC.II B npoue,D;ypHOe 
noMerueHHe (Ka6HHa N25), pacnono:>KeliHoe B 3ane na6opaTopHH N25. B Ka-
6HHe· ycTaHOBneH MarHHT OM-5, KOTOpLIH ,D;ononHHTenLHO OliHIUaeT HeiiTpoH
HbiH ny'IOK OT npm..ieceii 3ap.RmeHHbiX llaCTHU, o6pa30BaBlllHXC.II Ha CTeHKaX 
KOnnHMaTopa. ,nanee HeHTpOHHbiH nyliOK ¢lopMHpYeTC.II liHCTOBbiM' KOnnH
MaTopoM H3 menroa ,D;nHHoii -1 M, npoxo,D;HT o6naCTL pacnono:>KeHHH o6ny-· 
qaeMoro o6'beKTa H racHTCH B noaylllKe H3 :>Kenroa H THmenoro 6eToHa cyM-·· 
MapHOH•TOniUHHOH' oKono 3,5 M, pacnonomeliHOH B TbinLHOH CTeHe Ka6HHLI 
N25 • .[(Jm nyqKa npoTOHOB HHTeHcimHOCTLJO 2 MKA, na,D;aroruero Ha 6epHnnHe
ayro MHllleHL TOniUHHOH 36 CM, MaKCHManLHi.IH DOTOK HeHTpOHOB ,ll;nH KOn" 
nHMaTopa ,ll;HaMeTpOM 120 MM 6y,D;eT COCTaBnHTL OKOnO 109 c- 1 , liTO COOT
BeTCTByeT MOIUHOCTH ,D;03LI a . MeCTe pacnono:>KeHHH o6nyt~aeMoro o6'beKTa 
- 5 pa,D;/MHH. . 
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3. AIIIIAP ATYP A .UJI.H Jl11ArHOCTI1KI1 IIYl!KOB 
11 HACTPOflKI1 KAHAJIOB 

JlnH ,ll;HarHOCTHKH nyliKOB 6Lrna pa3pa60TaHa, H3rOTOBneHa, CMOHTHpO· 
BaHa H OTnameHa ,D;eTeKTHpyiOIUaH annapaTypa, B 6onLllleH llaCTH pa60TaJO· 
IUaH B aBTOMaTHlleCKOM pe:>KHMe Ha CB.II3H C :3BM H BKnlOllaroiUa.R B ce6.11: 

1. 110HH3aUHOHHLie KaMepbi .nJm MOHHTOpHpOBaHH.II nepBHliHbiX H BTO· 
PHliHbiX nyliKOB 11 3 I. ' ' 

2. KanopHMeTpbi ,D;nH a6conroTHOH KanH6poBKH nepawllioro npoTmi
Horo nyqKa114 • 111 1 • 

3. YCTaHOBKY ,ll;nH' onepanrimoro H3MepeHHH 3HeprHH H ,D;HcnepcHH 
npOTOHHoro nyliKa (Ha CB.II3H C :3BM) . 

'4. 110HH3aUHOHHLie KaMepbi ,ll;nH H3MepeHHH npo¢lHn.R npOTOHHOrO nyq
Ka (Ha CBH3H C :3BM). 

5. Heno,D;BH)KHLie H no,D;BH)KHLie nHHeHKH H3 nonynpoBO,li;HHKOBLIX 
3neMeHTOB ,D;nH ,D;eTanLHLix H3MepeHHii nonepei~Horo pacnpe.o;eneHIDI nyliKOB 
3ap.RmeHHLIX llaCTifU. (Ha CB.II3H C :3BM) 11 5 1• , 

6. 113o,D;o3orpa¢ ,D;nH onpe,D;eneHHH npoCTpaHcTBeHHoro pacnpe,D;eneHHH 
nyliKOB 3apHmeHHbiX llaCTlfU B B03,D;yxe H BO,li;HOH cpe,D;e (Ha CB.II3H C 
:3BM) 116 I. 

7. MarHHTHbie HHAYKUHOHHLie ,D;aT'IHKH ,ll;nH MOHHTOpHpOBaHH.II ·, npo
TOHHOrO nyqKa B BaKyyMe (Ha CB.II3H C :3BM) 11 7 1 • 

8. OmHlleCKHe ·HH,IJ;HKaTopLI ·AnH Ha6nro,D;eHHH 3~ ¢opMoii H nonome
HHeM· nyqKa B BaKyyMe. 

9. BaKyyMHLIH npo¢HnOMeTp npoToHHoro nyqKa . (Ha CBH3H c :3BM). 
10. CUHHTHnnHUHOHHLie H nonynpoBOAHHKOBLie ClleTliHKH ,D;nH H3Mepe

HHH COCTaBa nyliKOB (Ha CB.II3H C :3BM) • 

11. KoppeKTHpYIOIIUfe MarHHTbi C HCTO'IHHKaMH nHTaHH.II ,D;n.II HaCTpOH· 
KH KaHanOB nyliKOB. 

12. CHcTeMy ,D;nH onepaTHBHoro oTo6pameH~ TOKOB nHH3 H MarHHTOB 
Ha 3~paH ,ll;HCIDieH :3BM. . 

4. <l>11311KO-Jl0311METP11l!ECKI1E XAPAKTEPI1CT11KI1 
HYKJIOHHhiX 11 ME30HHhiX IIYl!KOB 

C DOMOIUblO annapaTypLI, nepeliHcneHHOH ·B 0;3, 6LinH BbinOnHeHLI H3-
MepeHH.R napaMeTpoB BbiBe,JJ;eHHOrO npOTOHHOrO nyliKa ¢la30TpOHa 
011.HI1 Ill! • 

1 9
; 

2 0 
I, a TaK:>Ke nonylleHbi BCe He06XOA!fMbie ¢lH3HKO·,ll;03HMeT· 

pilqecKHe xapaKTepHCTHKH BTOPH'IHLIX · nyqKoB~ ProymTaTLI npoae.o;emiLIX 
H3MepeHHH DOKa3aHbi Ha pH C. 2-7 H cyMMHpoBaHbi B Ta6Jinuax' 1-8~' ; ' . 

Cne,u;yeT OTMeTHTb,. liTO npH cyiUeCTBYJOIUeH HHTeHCHBHOCTH Bbme,JJ;eH· 
Horo npoToHRoro nyliKa ¢la3oTpoHa 0~11 2,0-2,5 MKA c noMorub'ro mnpo-
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• PHc. 2. lhoypOBHH nonepe'Uioro ceqeHJm 

npoToHHoro nyqKa, npoweAWero npHMo· 

yron&HhiH KonnHMaTop~ nonyqeH&I c no· 

MOIIU>IO CKaHHpyiOILterO ,JJ;HOAHOrO pH• 

II.AIISI, 

PHc. 3. IlpHMepi.I H30,JJ;03Hhix pacnpe.o;e· 

..,J JleHHH npOTOHHbiX DyqKOB C 3HeprHHMH 

200, 100 H 130 M3B .(a, 6, u) H nonepeq· 

2 3 1 5 6 7 8 

HbiX H3oypouHeif Y3KHX npOTOHHhiX nyq

KOB (r, ,o;), nonyqeHHbiX ·C OOMOII.tbiO 

s. H30,JJ;030rpaq,a C MHHHaTIOpHbiM KpeMHH· 
{CM}. 

eBhiM ,JJ;eTeKTOpOM 116 1• 
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PHc. 4. IlpHMep&I rny-

6HHHbiX ,JJ;03HbiX pacnpe· 

,o;eneHHH M(!30HHbiX nyq

KOB H dE/dx·cneKTpoB, 

nonyqeHHhiX c noMOIIU>IO 

H3o.o;o3orpa<Pa H Cl{HH· 

THJIJIHUHOHHbiX cq~H

KOB. 
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~~ i~ ' I '8 2048 I 

u 

3 41 
s 
::r 

2 

91' 
~~ 
:, 
:. 

e·' ; 

.165Msfllc 
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KOHOAO .(dE/dx) 

PHc. 5. dE/dx

cneKTphi "no

. BepXHOCTHbiX" 

IJ+ "Me30HOB npH 

pa3HbiX HMfiYJih· 

cax 3apH*eHHhix 

qaCTHI.I. 

PHc. 6. 1-boypoBHH nonepeqHoro ceqeHHH 

Me30HHOrO nyqKa B QJOKyCe WHpOKOyrOJih" 

aoii: MarHHTHOii: JIHH3hi, nonyqeHHhie c no

MOUU.IO H30,!1;030rpa<fJa C KpeMHHeBhiM ,o;e· 

TeKTOpOM/! 6 /. 

30 

20 

P(660lle 

' ~~,',, 
'\.~. ', ', 
'~~<::.', ',, 

''-' "', .......... 

e-K-~ 

o-V.H-1$ 
o-TAJ. 

'~'~"'' ............... _~Be " ........ ............................ ........ 

', '....:'-''-.... !'l46)~d(:l())~ 
• '~ ' ...... ::-::-~ __ Co-60 

'....._ -d-T 

PHc. 7. I'ny6HHHoe .o;o3Hoe pacnpe.o;e

neHHe Heii:TpoHHoro nyqKa, B03HHKaro

II.Iero npH coy.o;apeHHH npoTOHOB c 

.ll 

ID 

---d(l~~· 

" 20 __ 2,"" H,O :10 

- 660 M B 6 - ' - 36 112 1 :meprHeH . . 3 C . epHJIJIHeBOH MHWeHhiO TOJIII.IHHOH CM (CnJIOIWiaH KpHBaH, 

TOqKH p83HOrO BH,!I;a COOTBeTCTByiOT fiOKa3aHHHM p831I~hiX ,!l;eTeKTOpOB). ilyaKTHpHhie 

KpHBhie-' ,!l;aHHhie ,o;pyrHX pa60T .o;iJH cyll.leCTBeHHO MeHhWHX 3HeprHii: HefupOHOB. 
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Ta6nm~a 1. XapaKTepHCTHKH peanH30BaHHbiX pe>KHMOB pa_6oTbi 
npoTOHHbiX KaHanoB $a3oTpoHa OlUIH .n;JIR npoBe.n;eHHR cPH3H'Ie
CKHX 3KCnepHM_eHTOB 

HoMep KaHana VIII IX XI XII 

Ha3HaqeHHe YCTaHOBKa YCTaHOBKa YcraHOBKa YcTaHOBKa 
TIHOH KOEPA 3P,enoBa . H~2 

3HeprHR, M3B 
Pa:;~6poc no HMnynbcy,% 
Tinoiua.n;b H3o6pa:>KeHHR 
Ha MHilleHH, CM2 

(ypoBeHb 2u) 
Ko3cPcPHQHeHT npoBo.n;KH,% 
MaKCHMaJThHo .n;onyCTHMaJI 
HHTeHCHBHOCTb no pa.n;Ha-

100-660 
llp/p;;;. 0,5 

7 

UHOHHOH 3aiUHTe 109 

3MHTTaHC nyqKa Ha BbiXO)J;e 
KaHana, CM "• Mpa.n; : 
a) ropH30HTanbHbiH 
6) BepTHKanbHbiH 

llapaMeTphl BbiBe.o;eHRoro npoTOHRoro nyqKa: 

660 

5 
92 

2MKA 

16.0 
8,5 

660 

;;;.0,25 

108 

660 

0,5-1 
87 

2MKA 

19,0 
8,5 

1. Cpe.o;HHH 3HeprHH Tp = (659 ± 6) M3B. . 

2. 3HepreT~ecKaH .o;HcnepcHH U:·E = (3,1 ± 0,8) M3B. 

3. 3MHTTaHC Ha rpaHHI.Ie paCCeHHHH MarHHTHOrO fiOJIH QJ830TpoHa: ropH30HTaJibHbJii: 

€X =(5,1 ± 2,3)CM • Mpa,o;; BepTHKaJihHbiH €y =(3,4_ ± 1,4)CM • Mpa,!l; •. 

Ta6nHQa 2. TiapaMeTpbi nyqKa oTp~TenhHbiX Me30HOB · .n;JIR 
llp/p = (5,8 ± 0,3)% 

HMnynhc 3HeprHR llpo6er TionymnpHHa MoiUHOCTi. ,ZJ,..aKc. 
7T·Me30HOB, 7T·Me30HOB R, pa36poca · .n;o3bi B nH· .IT.a . P,_M3B/c 
M3B r/cM2 ·H2 0 npo6eroB .llR, ~e Bp3rra xo.o;a 

r/cM2·H20 '~ ' · aKC-
cPp/MHH•MKA 

76 20 1,8±0,1 0,4±0,1 4,6 2,8 
95 30 3,7±0,1 : 0,7± 0;1 5,). 3,6 

112 40 . 6,1±0,1 1,3±0,1 5,0 3,9. 
123 52 . 8,0±0,1 1,6±0,1 4,7 3,7 
149 65 13,7± 0,1 2,7±0,1 3,4 3,1 
165 77 17 ,9± 0,1 3,0±0,1. 

·-. 

2,3 2,6 
--

1-1 



Ta6nHI~a 3. llpoueHmLIH coCTaa Me30HHLIX ny'lKOB B 3aBHCHMOCTH 
OT HMnyJILCa H THna: MHWeHH ,lUI.Il llOJIOiKHTeJILHO 3ap.ll~eHHLIX 'laCTHU 

HMnyJILC MHmeHL Cu MHmeHi:. W 
'laCTHU, 
M3B/c e + (%) Jl+ (%) 7T+ (%) e+ (%) Jl+ (%) 'IT+ (%) 

76 50±2 8±1 42±2 67±2 6±1 27±1,5 
85 26±1,5 8±1 68±2 41±2 6±1 53±2 

112 15±1 6±1 79±2,5, 24± 1,5 6±1 70±2 
123 9±1 5±1 86± 2,5' 13±1 5±1 • 82±2,5 
149 6±1 3±1 91± 2,5 9±1 3±1 88±2,5 
165 5±1 2±1 93±2,5 7±1 2±1 91±2,5 

Ta6nHQa 4. llpoueHTHLIH coCTaB Me30HHLIX ny'lKOB B 3aBHCHMOCTH 
OT HMnyJILCa H THlla MHrueHH ,lUI.Il OTpHQaTeJILHO 3ap.lliKeHHLIX 

'laCTHU 

J1MnyJILC MHmeHL Cu MHmeHL W 

'laCTHU, 

~hB/c e- (%) !:'- {_%) 'IT- (_%) e- (%) !l"'"" (%). 'IT- J%J 

95 50±2 6±1 44±2 61±2 5±1 34±1,5 

112 32± 1,5 5±1 63±2 . 41±2 4±1 55±2 

123 24± 1,5 3,5±1 73±2,5 32±2 3,5±1 . 65±2 

149 15±1 ~3 82±2,5 22± 1,5 ~3 75±2,5 

165 13±1 ~3 84±2,5 -19±1 .;;;3 78±2,5 

Ta6nHQa 5. llnoTHOcTL noToKa, HHTeHCHBHOCTL H nnomoCTL acTa· 
HOBOK llOJIOiKHTeJILHO 3ap.lliKeHHbiX 'laCTHU Me30HHOrO ny'lKa, pac
C'lHTaHHLIX Ha 1 MKA np(noHHoro ny'lKa. MHmeHL W 

11MeyJILC ilJIOTIIOCTL llOTOKa, lfHTeHCHBHOCTL Ha ilJIOTHOCTL 

'laCTHQ, · 1<}4 1/cM2 ~c nJIOilML 80 CM2 , OCTaHOBOK 

M3B/c 106 1/c 104 1/rH20 

e+ Jl+ 'IT+ e+ Jl+ 1T+ *+ 

76 '40±8 3,3±0,7 16±3 32±6 2,6±0,6 13±3 40±8-

95 '"30±6 4,5±0,9 38±8 24±5 3,6± 0,8 30±6 54±11 

112 .20±4 . 4,8±1,1 58±12 16±3 3,8±0,8 46±9- 45±9 
123 -~0±2 3,6±1,0 62±12 8,0± 1,6 2,9±0,8 50±10 33±7 

149 5,4±1,2 1~5±0,5 52±10 4,3±0,9 1,2±0,4 42±3 17±3 
165 ~3;5± 1,0 0,8±0,4 44±9 2,8±0,6 0,6± 0,3 . 35± 7 13±2. 

12 

Ta6nHQa 6. llnomoCTL noToKa, HHTeHCHBHOCTL H nnomoCTL aCTa· . . 
HOBOK KOMllOHeHT OTpHQaTeJILHO 3ap.lliKeHHLIX 'laCTHU Me30HHO· 
ro nytiKa, pacc'lHTaHHLIX Ha 1 MKA npoTOHHoro ny'lKa. MHllleHL W 

J1MnyJILC ilJIOTHOCTL llOTOKa1 11HTeHCHBHOCTL Ha llnomoCTL 
'laCTHU, 104 1/cM2 ·c llJIOI.Ua.IU>.80 CM2 , OCTaHOBOK, 
M3B/c 106 1/c 104 1/r·H20 

e- Jl - 1T - e- Jl- 7T - 7T -

95 23±5 1,8±0,5 12±2,5 18±4 1,4±0,4 10±2 16±3 
112 14±3 1,5±0,5 19±4 11±2 1,2±0,4 15±3 15±3 . 

123 10±2 1,1±0,4 21±4 8;0±1,6 0,9±0,9 17±3,4 13±2,6 
149 6,3±1,3 ~0,9 22±4,5 5,0±1,0 ~0.7 18±3,6 8,0±1,6 
165 4,8±1,0 ~0,8 20±4 3,8± 0,8 ~0,6 17±3,4 6,0±1,2 

Ta6nHQa 7. llnoTHOCTL noToKa, HHTeHCHBHOCTL H nnomoCT:b ocrn
HOBOK noBepJq~ocmLix Jl+ ·Me30HOB, pacc'lHTaHHLIX Ha 1 MKA npo
TOHHoro ny'lKa. MHmeHL Cu 

J1MnyJILC, NJl+ ilJIOTHOCTL J1HTeHCHBHOCTL ilJIOTHOCTL 
M3B/c Ne+ (%) llOTOKa; Ha nnoma,ru. OC'_raHOBOK, 

103 1/CM2 ·c-MKA 80 CM2, 105 l/r·H20· 
105 1/c;MKA 'MKA 

26 1,9±0,2 3,8±0,8 3,0±0,6 2,1±0,4 
28 3,3± 0,2 6,6± 1,3 5,3± 1,1 2,8±0,6 
30 2,7±0,2 5,4± 1,1, 4,3±0,9 1,8±0,4 
32 0,2 0,4 

KoyroJILHOH MarHHTHOH JIHH3bl ,JJ;OCTHrHYTLI HHTeHCHBHOCTH Me30HHLIX 
ny'lKOB. ::::!1011 c- 1 ,JJ;JI.Il tr+·Me30HOB H ::::!3·107 c- 1 M.ll 7T-·Me30HOB, 'lTO 
COOTBeTCTBYeT npoeKTHLIM napaMeTpaM Me30HHLIX ny'lKOB . yciaHOBKH 
"<I>" ~ llJiaHHpOBaBWeHC.Il HHTeHCHBHOCTH BLIBe,JJ;eHHOrO npOTOHHOrO ny'l· 

Ka 25 MKA. KpoMe Taro, nony'leH ny'loK TaK.Ha3LIBaeMLIX "noBepXHOCT· 
HLix" Jl·Me30HOB (3HeprH.Il -4 M3B) c HHTeHCHBHOCTLIO ~106 c- 1

• 
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5. 3AKJIIQqEHHE 

.[{OCTHI'HYTbie 3HatJeHIDI HHTeHCHBHOCTeH Me30HHbiX nyttKOB UOBbiiiiaiOT 

B03MO:>KHOCTH <}la3oTpoua OH.RH .n;o ypoBHH MaJihix Me30HHbiX <}la6pHK c 

~~~ ~~. a: 
5 m 

3KBHBaJieHTHbiM TOKOM BbiBe.D;eHHOrO npOTOHHOrO nyttKa 20-25 MKA H B 

c~~ ~ CJ " .D;OCTaTOlJHOH Mepe o6ecnettHBaiOT nepcneKTHBY pa3BHTIDI Ha 6JIH:>KaHIIIHe 
c ~ ~ ... • CJ ... !3 ~~10 ~ ~ ro.n;bl icaK .D;JIH Hccrre.n;oBauHii B o6rracTH Me30HHOH cPH3HKH, TaK H .n;rrH .Bbi- . Cl> ~ m " ~ ~ :z: Cl> 0 •:S: 

.,; :s: g; 0 ~ ~ ~~0 ~·:s: " UOJIHeHIDI pH,n;a npHKJia.D;HbiX 3a.D;atJ. i ... iE <d 
0 ' 5! 0 CJ :z: 0 0"' J ... 0 "' 0 g.=:,. !:; 

0 " " 
c e a o~co 

c~~>CQ g. 
~ 
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