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1. BaeOeHue 

B Jla6opaTopaa Jl,nepHhiX npo6neM OIUIH nnaHapyeTCJI 

peKOHCTPYKUHJI cy~eCTByiD~ero CHHXpOUHKnOTpOHa B ~a-
30TpOH c Bapaanaeii MarHHTHoro nonJI lycTaHOBKa "~"I. 
B pa6oTe /1/ coo6~eHid ocHOBHide napaMeTphl ~a3oTpoHa 
H OTMe'leHhl OC06eHHOCTH DpOBe,neHHJI 3KCDepHMeHTOB Ha 
HeM. TaM :>Ke npaBe,neHa cxeMa KaHanoB ny'IKa qacTan 
H yKa3aHhl DpHHUBDhl, Ha OCHOBe KOTOpbiX Bb16paHa 3Ta 
cxeMa lpac. 11. HacToJI~aJI pa6oTa co.nep:>KHT onacaHae 
KaHanoB I a X ,B KOTophlx ~opMapyiOTCJI ny'IKH MIOOHOB. 

lly'IKH Me30HOB ~opMapyiOTCJI 5 KaHanaMH I I , II , III , 
X a qepe3 nHH3Y lllMJI KaHana IX 1. OHH nony'laiOTCJI 
KaK OT MHWeHeB , pacnono:>KeHHidX BHYTPH yCKOpHTenJI, 
M 

1
, M 2 lqepe 3 I<aHanbi I , II , X I, Tai< a oT MaweHeii, 

Haxo.nJIIUBXCJI BHe ero, M 3 , M 4 l'lepe 3 KaHan III I a M 77 

/B KaHane IX I /I/ . Ha pac. 2 noi<a3aHo pacnono:>KeHae 
BHyTpeHHeii MHllleHH M 1 ,nnJI o6pa3oBaHHJI Me30HHhiX nyq
KOB B WHpOI<OM HHTepBane HMDynbCOB. B CHCTeMe J<aHanOB 
~30TpOHa 6y,nyT C03,naHhl DY'II<H BO BCeM HHTepBane ::mep
rHH Me 30HOB, o6pa3oBaHHhiX npoToHaMH c 3Hepraeii 700 M 3B 
DpH B3aHMO,neHCTBHH C Jl,npaMH MHllleHH. l.JHCTide MIOOHHide 
DY'II<H nony'laiOTCJI OT BHyTpeHHeH MHllleHH M l lqepe3 I<aHa

nw I a X 1. 
MarHHTHoe none ~aJoTpoHa ,nnJI Me30HOB, o6pa3oBaHHhiX 

OT BHyTpeHHeH MHllleHH, arpaeT ponb nHH31d C ~OI<YCHpyiO
InHMB a aHanH3HPYffilnHMB caoiicTBaMH. O,nHai<o B oTnH'IHe 
OT DOnJI CHHXpOUHI<nOTpOHa, r,ne 3TH CBOHCTBa 3aBHCJIT OT 
pa,nayca MHWeHH a yrna BldneTa MeJoHoa/2/ , ,nnJI nonJI 
~30TpOHa HMeeTCJI 3aBHCHMOCTb OT a3HMyTa MHllleHH H3- 3a 
HanH'IHJI npocTpaHCTBeHHOH aapaanaa MarHHTHoro nonJI. 
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2. KaHaA I cenapupoeaHHt.IX ..wrooHoe 

OcHOBHoe Ha3Ha'leHHe KaHana - nonyqeHHe ny'IKOB uroo

HOB C ManLIMH nHOHHLIMH npHMeC.IIMH /cenapHpOBaHHLIX 

MIOOHOB/ B ~Hana3oHe 3HeprHH 30-:-300 M3B. )l.n.11 nony

'leHH.II TaKHX nyqKOB I}IOKYCHPYJOTC.II MIOOHLI, pO:>K.neHHLie 

B HanpaBneHHH, o6paTHOM nHOHHOMy HMnyn&cy B CHCTeMe 

u;eHTpa Mace. Kpoue 3Toro, B KaHane l}lopMHPYIOTC.II ny'IKH 

nHOHOB H MIOOHOB, neT .IIIIJ;IIX no HanpaBneHHIO nHOHHOrO HM

nyn&ca. 

fipHHIJ;Hn nony'leHH.II cenapHpOBaHHLIX MIOOHHLIX ny'IKOB 

COCTOHT B ~BOHHOM uarHHTHOM aHanH3e no HMnyn&Cy /Ha 

BXO~e B KaHan H Ha BLIXO~e H3 Hero/ H 31}11}1eKTHBHOH l}loKy

CHpOBKe MIOOHOB, o6pa30BaHHLIX npH pacna~e nHOHOB B Ka

Hane. ll03TOMY KaHan I BKnJO'IaeT B ce6.11 3 'laCTH: 1/ CHC

TeMy HH)KeKIJ;HH nHOHOB B KaHane, 2/ )KeCTKOI}IOKYCHPYIOIUHH 

TpaKT KBa~pynonbHLIX MarHHTOB, 3/ CHCTeMy BLIBO~a H3 

KaHana Me30HOB onpe~eneHHoro HMnyn&ca H HX l}loKycHpOBKH 

Ha ~eTeKTOpLI I}IH3H'IeCKHX ycTaHOBOK. 

THn H KOnH'IeCTBO 3neMeHTOB, HCnOnb3yeMLIX B KaHa

ne I , yKa3aHLI B Ta6n. 1. Bee nHH3LI HMeJOT anepTypy 

20 CM. fiapaMeTpLI nHH3 H MarHHTOB npHBe~eHLI B pa6oTe /1/, 

0nTHMH3aiJ;H.II CHCTeMLI HH)KeKIJ;HH npecne~yeT HeCKOn&

KO u;eneii:: 

1/ 3aXBaT nHOHOB H3 MHWeHH B B03MO)KH0 6on&meM 

TeneCHOM yrne H B onpe~eneHHOM HMnynbCHOM HHTepBane, 

2/ orpaHH'IeHHe HaHMeH&mero HMnyn&ca 3axaaTwaaeMLIX 

nHOHOB Ha BXO~e ~n.ll nony'leHH.II ny'IKOB MIOOHOB 6e3 nHOH

HbiX npHMeceii:, 3/ l}loKyCHpOBKY nHOHOB Ha BXO~ TpaKTa. 

CHCTeMa HH)KeKIJ;HH BKnJO'IaeT B ce6.11 MarHHTHOe none 

l}la30TpOHa Ha npOTJI)KeHHH OT MHWeHH ~0 BXO~a B MarHHT 

Cll-034 H 3neMeHTJ.I 1, 2, 3 KaHana. none l}la3oTpoHa cna6o 

~el}loKyCHpyeT nHOHbl B BepTHKanbHOH nnOCKOCTH H ~OBOnbHO 

CHnbHO l}loKyCHpyeT HX B ropH30HTanbHOHnnOCKOCTH, npH

MepHO B~Boe yaenH'IHBa.ll yron 3axaaTa B KaHan. B 3TOM 

none npoHcxo~T TaK)Ke HMnyn&cHLIH aHanH3 nHOHOB. Mar

HHT Cll-034 OTKnOH.IIeT nHOHbl BLI6paHHOrO HMnyn&ca Ha 

oc& KaHana, a ~Be nocne~yroiUHe nHH3bl npoH3BO~.IIT HX 

I}IOKYCHpOBKY Ha BXO~ TpaKTa H3 qepe~YJOIIJ;IIXC.II no 3HaKy 

rpa~&eHTa l}loKyCHpyiOIIJ;IIX nHH3. 
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B OTJIH'IHe OT CHCTeMW HIDKeKD;HH B MIOOHHLIB KaHan 

CHHXPOIUIKnOTPOBa Jla6opaTOpHH JI,D;epBLIX npo6neM, r,D;e 

l)oKyCHpOBKa H OTKnOBeBHe COBMeiQeBW B 1-oM KBa,D;pynom.

BOM MarBHTe 13 I , B Kauane 1 Wa30Tpoua 3TH WYBKIUIH 

pa3,D;eneBLI ,D;JIJI paCUIHpeBHJI ,D;Hana30Ba 3BeprHii UHOBOB, 

KOTopwe MoryT 3axsaTWBaThC.II B Kauan. PacceaBHoro nona 

Wa30Tpoua /oKono 1,5 T/ snonue ,D;OCTaTo'IHo, 'IT06w 

orpaBH'IHTh 3aXBaT nHOBOB CO CTOpOBLI MaJIWX HMnyJihCOB 

,D;n.ll cenapaUHH MIOOBOB OT nHOBBLIX npHMeCeii. 

B Me30BHLIB KaHan nHOBLI 3aXBaTLIBaiOTCJI OT MHJUeBB, 

KOTOpa.ll MO)KeT pa3MeiQaThCJI Ba nylfKe npOTOBOB, JIH60 

IUIPKynupyroiQeM /M 1 I BHYTPH KaMepw, nu6o swsonuou 

/M 2 I H3 see. H3 MHWeBH M 1 3axsaTwBaiOTC.II oTpHUaTen~o
uwe nHOBLI, o6pa30BaBHwe no,D; yrnaMH OKOnO 0 ° OTBOCB

Ten&BO nylfKa npOTOBOB, H nonO)KHTenhBWe nHOHW, o6pa30-

BaBBWe no,D; yrnaMH OKOnO 180 °.MarBHTBOe none Wa30Tpo

Ba Be n03BOn.lleT BWBeCTH H3 YCKOpHTen.ll nHOBLI C 3BeprHeii 

Meu&we 90 M3B. 
Hl MHWeHH M 2 cucTeMa HIDKeKD;HH MO)KeT 3axsaTwBaTh 

Me3ouw c Meu&weii 3Beprueii. HuTeucHBBOCTh nylfKOB6y,D;eT 

BeCKOnhKO MeBhWeii H3- 3a OTCYTCTBHJI KpaTBOCTH npOXO)K

,D;eBHJI, H3- 3a MeHhWero TOKa npOTOBHOrO nylfKa /BLIBO,D; 

COCTaBn.lleT OKOnO 50~/ H 60nhWHX yr.JIOB Me30B006pa3o

BaHHJI /oKono 50°/. KpoMe Toro, npuMecu 3neKTpouos 

H nHOBOB B nyqKaX MIOOBOB 6y,D;yT 6onhWHMH, KaK 3TO 6wno 

ycTaHOBneBO npH MO,D;eJIHpOBaBHH /4/ nO,D;06BWX ycnoBHii 

ua cuuxpoiUIKnoTpoue. TeM ue Meuee MHmeBh M 2 cne,D;yeT 

HCnOnh30BaTh TaK)Ke ,D;n.ll nonyqeBHJI ny'IKOB nonO)KHTenJ.HWX 

Me3oHos c 3ueprueii 6on&we 100 M3B, KOTopwe npaKTB

qecKH Be,D;OCTynBW npH HCnOJlh30BaBHH MHJUeBH M 1 BCne,D;

CTBHe ManOCTH CelfeBHJI o6pa30BaBHJI nHOHOB no,D; yrJiaMH 

BWneTa OKOnO 180 °. 

JKeCTKOI)OKYCHpyrolQHii TpaKT KaHana I COCTOHT H3 

26 KBa,D;pynon&uwx JIHB3, qepe,D;YIQIQBXCJI no uanpaBJieBHIO 

non.11 /3n. 4 .:,.29/. Ou npe,D;Ba3uaqeu ,D;JI.II uenpepwsuoii 4Jo
KYCHpOBKH MIOOHOB, B03BHKaiOIQBX OT pacna,D;auaneTy UHOHOB 

B,D;Onh scero TpaKTa. Henpepwsuocn TpaKTa o6ecnelfHBaeT 

,D;OCTaTO'IBO BLICOKYIO ero 3414JeKTHBBOCTh K 3aXBaTyumo

BOB, 3aBHCJIIQYIO OT anepTypw JIHB3, npOTJI)KeHHOCTB HI 

nOJIIOCOB, paCCTOJIBHJI Me)K,D;Y BHMH, rpa,D;HeBTa MarBHT,OrO 

non.11 B BHX, 3BeprBB nHOBOB H MIOOBOB, ,D;JIHHLI KaHana S/ • 

8 

B OTnB'IHe OT MIOOBBOrO KaHana CHBXpOIUIKnOTpoBa 

nnocKoCTH l)oKycupoBKH nuouos B MarBHTBOM none l)a3o

Tpoua H CHCTeMLI BLIBO,D;a COBna,D;aiOT C nnOCKOCTJIMH WOKy-

CHpOBKH )KeCTKOWOKYCHPYIOIQero TpaKTa. B CYIQeCTBYIOIQeM 

Me30BBOM KaHane Ha CHHXpOUHKJIOTpOBe 3TO ycnOBHe Be 

C06JIIO,D;anOCh: BaKnOB nnOCKOCTeii no,D; yrnoM B 45 ° 6Lin 

o6yCJIOBJieB KOBCTPYKUHeii HCnonh30BaBHLIX ua yqaCTKe 

aM6pa3ypw nuul MJI- 29. Cneuuan&uo cnpoeKTHposaHHWe 

KBa,D;pynOJIH BLIT.IIHYTOB np.IIMOyronhHOB l)opMLI 20K25 /Ji/ -
1000 no3BOJIHnH H36e)KaTh 3TOrO He,D;OCTaTKa H ynpOCTHTh 

cornaCOBaHHe BLIXO,D;a H3 TpaKTa CO BXO,D;OM B aHaJIH3Hpy10-

[UHB MarHHT CHCTeMLI BLIBO,D;a. 
KoHelfHLIB yqacTOK Me30HHOrO KaHana - CHCTeMa BWBO

,D;a - HMeeT CBOHM OCHOBHWM Ha3HalfeHHeM cenapaUHIO 

MIOOHOB, pO)K,D;eHHLIX B o6paTHOM HanpasneHHH OTHOCHTen&

HO nHOHHOrO HMnyn&Ca B CHCTeMe UeHTpa MaCC nHOHOB, 

T .e. MIOOHOB C HMnyJihCOM OKOnO 0, 6 p , noJiylfeHHLIX OT 
TT 

pacna,D;a nHOHOB C HMnyn&CaMH p ± /1 p , 3aXBalfeHHLIX 
TT TT -3 

B KaHan. 3TO yMeH&waeT npHMeCH nHOHOB ,D;O 10 • Cuc-

TeMa BWBO,D;a o6ecnelfHBaeT TaK)Ke H l)oKyCHpOBKY Me30HOB. 

0nTHMH3aUHJI CHCTeMW BLIBO,D;a npecne,D;yeT HeCKOnhKO 

ueneii: 
1/ nonyqeHHe B03MO)KH0 6onee BWCOKOB HHTeHCHBHOCTH 

MIOOHOB, 2/ BW,D;eJieHHe MIOOHOB C 3a,D;aHHWM HMnynhCOM, 

3/ ,D;OCTH)KeHHe BLICOKOB CTeneHH cenapaUHH MIOOHOB OT 

TT , e , n, y , 4/ ,D;OCTH)KeHHe MaKCHMaJihHOB nnoTHOCTH 

MIOOHHLIX OCTaHOBOK npH HaHMeHhWeM nOTOKe na,D;aiOIQHX 

Ha MHWeHh MIOOHOB, 5/ nonyqeHHe MaKCHManhHOrO lfHCna 

MIOOBHLIX OCTaHOBOK, 6/ sapHaUHJI BeJIH'IHHW H HanpasneHHJI 

non.llpH3aUHH nylfKa MIOOHOB, 7 I co3,D;aHHe ycnosuii l)oKy

cupoBKH, onTHMan&HWX ,D;JI.II KOHKpeTHOro WH3HlfecKoro 3K

cnepuMeHTa, 8/ o6ecnelfeHHe B03MO)KH0CTH OTHOCHTenhHO

ro MOHHTOpHpOBaHHJI DO BpeMJI 3KCnepHMeHTa ,D;eTeKTOpaMH, 

pacnOJIO)KeHHWMH BHe OCHOBHOrO nyqKa. 

TaKaJI OnTHMH3aUHJI ,D;OCTHraeTCJI B CHCTeMe BLIBO,D;a 

Me30HHOrO KaHana C nOMOIQhiO KBa,D;pynonhHLIX nHH3 H)KeCT

KOWOKYCHpYIQIQHX MarHHTOB /3n. 30736A/. )J;y6neT JIHH3 

MJI-30A /3n. 30, 31/ cn~HT ,D;JI.II l)oKycuposKH Me30HOB, 

BWXO,D;JIIQHX H3 TpaKTa, Ha BWXO,D; aHaJIH3HPYIOIQero MarHHTa, 

COCTOJIIQero B CBOIO oqepe,D;h H3 Tpex )KeCTKOWOKYCHPYIOIQHX 

9 



~ 
i ~nonei MJI-31 f:m. 32, 33, 34/, B KOTOPOM OC~eCTBnJI· 

eTCJI oTKnoHeHBe DY'fKa Ha 66°. ,lJ,y6neT JIBHJ nocne aHaJIB

JBP}'IOJQero warHBTa /3n. 35, 36A/ o6ecne'IBBaeT clloKycB

poBKY MeJOHOB Ha .D;eTeKTOphl B MIIWeHB. 

fiJITh 3neMeHTOB /31-35/ MOryT DOBOpa'IBBaT&CJI KaK 

e~Hoe ~enoe .D;JIJI o6ecne'leHBJI swxo.D;a MeJoHOB no .D:BYM 

HanpasneHBJIM /yron Me~.D;Y KOTOphiMB COCTaBnJieT 132°/ 

jpBC. 1/. ,lJ,eTeKTOphl OTHOCBTeJihHOrO MOHBTOpBpOBaHBJI r 
woryT pacnonaraT&CJI no.D; yrnow oKono 30°K 3TBM Hanpas

neHBJIM. CBcTewa TpaHcnopTBPOBKB ~BJB'IecKBx ycTaHOBOK 

DO,IJ;OOHa c~eCTB}'IOJQeB B HaCTOJIJQee BpeMJI Ha CBHXpo· 

~KnOTpOHe / 6 / , 
B anepType JIBHJ MeJOHHoro KaHana pacnonaraeTCJI 

saKyywHaJI Tpy6a, o6ecne'IBB8.10JQaJI BaKYYM nopJI.D;Ka 

10-2 •op Ha seeM npoT~eHBB TpaKTa. B Heo6xo.D;BMWX 

cny'laJix JneweHTW KaHana, pacnono~eHHwe B Jane ycKo

pBTenJI, y.D;anJIIOTCJI C DOMOIQ&IO KpaHa B MaHBDynJITOpa, 

npB 3TOM BaKyyMHaJI T~y6a Bhi,IJ;BBraeTCJI B Jan 3KCnepB· 

MeHTan&HhiX YCTaHOBOK 4/, 

HHTeHCBBHOCTh MIOOHHWX ny'IKOB JaBBCBT OT JHa· 

'IBTen&HOrO 'IBCna cllaKTOpOB. KOJIB'IeCTBO DBOHOB C BM

nyn&COM p 
17 

, o6paJOBaHHhiX B MIIWeHB TOJIIQBHOi t npOTO

HaMB c 3HeprBei E DO,IJ; yrnoM e , onpe.D;enJieTCJI swpa~e

HBeM 

d2 N7T ( p 17) 

d0
17

dP
17 

. d 2a(P17 ,017 ,EP 

=lp·k·p~· dO ·dP 'T/p'817, 
1T 17 

r.D;e i p - BHTeHCBBHOCTh npOTOHHOrO ny'IKa, k - KpaTHOCTh 

npoxo~eHBJI DY'IKa 'lepeJ BHyTpeHIDOIO MBWeH& BJIB KOJ~
~B~eHT BhiBO.D;a npOTOHOB BJ yCKOpBTenJI ,IJ;JIJI BHeWHei 

MBWeHB, p ~ - 'IBCnO JI.D;ep B MIIWeHB, T/p ( E p) B 811 ( p 11 ) • 

KOl .. B~BeHTW, Y'IBTWBaJOIQBe nornoJQeHBe npoTOHOB B nao

BOB B MBWeHB. 

liBCnO DBOHOB Nn ,3aXBa'leHHhiX B KaHan, 
p max d 2 N (P ) 

N 1T = f " 17 " • /). o 17< P ") • f "< P ") • d P " , 
p :in dO 11 • d P 11 

onpe.D;enJieTCJI npOCTpaHCTBeHHWM yrnOM JaXBa'fa /). {} 17( p 11) , 
max m1n 

BMnyn&CHhiM BHTepBaJIOM /). p 11 = ( p 17 - p 11 ) B 

10 

Puc. 2. PacnoAoJICeHue MUIUeHu eHympu eaKYYMHOil KaMepbt 
tja3o•poHa. 

3414leKTBBHOCThiO £ TT( p ,) JaXBa Ta DBOHOB B KaHan, Y'IHTid

BB.IOIQei pacna.D; DBOHOB B KaHane. 0TCJO.D;a Bhl'IHCnJieTCJI 

'IBCJIO MIOOHOB N Ha BhlXO.D;e 83 KaHana B BMnyn&CHOM 

BHTepsane {), P , !.! onpe.D;enJieMOM pa3peweHBeM aHanBJB

pyi()IQero ManfBTa CBCTeMhl BhiBO,lla: 

N (P ) = 
ll f.l 

max p 1 {), p 
PTT d NTT(PTT) f.l +2 f.l 

f. dP I ff.l (P17,Pf.l) X 

pm1n 11 p _.Li\p 
TT f.l 2 f.l 

dni.!(P17 ,Pil) 
X dP dP ' 

dP f.l TT 
!.! 

dnu(P 17 ,PI.!) "-"' v v 
r.D;e ----'=- - .llB'I"''epeH~Ban&HWB BMnyn&cHwB 

dPil 

II 



ClleKTp MIOOHOB, o6pa30BaHHhlH llpH pacna,l(e llHOHOB, a 

£ 1 p p )" 3«b4JeKTHBHOCTh 3aXBaTa MIOOHOB B KaHane, yqH· 
fl.' rr, 11 
1'LIBaiO~aJI yrnLI pacna.l(a, KHHeMaTHKy pacna,l(a H napaMeTphl 

3neMeHTOB KaHana. 

3«b4JeKTHBHOCTL KaHana I K MIOOHaM .l(OBonLHO aenHKa. 

0Ha COCTaBnJieT OKOnO 15~ .l(nH MIOOHOB C HMnynLCOM 

P 11 = 0, 6 P 11 I P 11 = 200 M3B/cl H oKono 60~ .l(nR P 
11 

::. P 
11 

OT qHcna MIOOHOB, 06pa30BaHHhlX B KaHane. 3Ta 3«b4JeK

THBHOCTL cy~eCTBeHHO 3aBHCHT OT 3HeprHH llHOHOB, llO" 

CKOnLKy BenHqHHhl pacna,l(HLIX yr noB MIOOHOB CHnLHO B03pa

craiOT c yMeHLmeHHeM 3HeprHH nHOHOB. MaKCHManLHLIB 

pacna.l(HLIH yron ,l(nJI P 11 = 200 M3B/c cocraanJieT 11,4 °, 
a ,l(nJI 100 M3B/c - 23,2 ° H 3«b4JeKTHBHOCTL yMeHLmaercg 

llpHMepHO B 7 pa3 .l(nJI cenapHpOBaHHhlX MIOOHOB. 

Cne.l(yeT o6paTHTL BHHMaHHe Ha npoTHBopeqHaocTL rpe-

6oBaHHH K ,l(nHHe KaHana llpH cilopMHpOBaHHH cenapHpOBaHHhlX 

MIOOHHhlX nyqKOB HJIH nyqKOB llHOHOB. ,!J;nJI MIOOHHLIX nyqKOB 

)l(eCTKOciiOKYCHpyro~HH TpaKT ,l(OJI)I(eH 6LITL llO B03MO)I(HOCTH 

,l(nHHHee, qro6LI B HeM 6onLme pacnanOCh llHOHOB, T .K. 

Ell -[1- exp{:-fT/A(~) )],r.l(e fT· .l(nHHa ciloKyCHpyiO~ero TpaK· 

ra, a A( P 11 ) - pacna.l(HaJI .l(nHHa nHoHoa. ,!J;ng nHoHHLix 

nyqKOB KaHan ,l(OJI)I(eH 6LITL B03MO)I(H0 KOpoqe, T .K. 

E 11 - exp (-fK IA(P11 )), r.l(e £K = f u + fT + f 8 • ,l(nHHa KaHana, 

a £ u H £ B " llpOTJI)I(eHHOCTh CHCTeMLI HH)I(eKI.{HH H BhlBO,l(a. 

0qeBH.l(HO TaK)I(e, qro 3«b4JeKTHBHOCTh K MIOOHaM llpH 3a

.l(aHHo:H ,l(nHHe KaHana 6y.l(eT yaenHqHaaTLCJI c pocroM ET/EK. 

XecrKociloKycHpyro~HH rpaKT H3 KBa.l(pynonLHLix JIHH3 

He JIBnJieTCJI e.l(HHCTBeHHO B03MO)I(HOB CHCTeMOH .l(nH ciloKy· 

CHpOBKH MIOOHOB. CpaBHeHIJe. KaHanoB H3 KBa.l(pynoneB CO 

cnHpaneBH.l(HLIMH noJIIOcaMHI
7 I caepxnpoBO.l(JI~ero coneHoH

.l(a181 H KaHana TpaHCllOpTHpOBKH "MIOOHHOrO o6naKa", 06· 

pa3oBaHHoro OKono nHOHHOH MHmeHH 19 I, noKa3ano, qro 

cepLe3HO KOHKypHpoaaTL MoryT KaHanLI H3 KBa.l(pynonLHLIX 

nHH3 H caepxnpoBO.l(JI~ero coneHOH.l(a lno.l(po6Hee CM./1 0 I I. 
0.l(HaKO 6onLillOH 3MHTaHC nyqKa Ha BhlXO,l(e H3 CBepxnpo· 

BO.l(JI~ero COneHOH,l(a H TeXHHqeCKHe Tpy.l(HOCTH llpH KOH· 

CTpyHpOBaHHH H pa3Me~eHHH coneHOH.l(a He ll03BOnJIIOT 

HCllOnh30Ba Th TaKOH KaHan B ycnOBHJIX peKOHCTPYKUHH 

CHHXpOI.{HKnOTpOHa. 

B ra6n. 2 npuae.l(eHLI .l(aHHLie o npoeKTHpyeMLIX MIOOH· 
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HLIX KaHanax Ha pa3HLix ycKopHTeJHIX. B KaHane CHH /ll I 
HCDOnL3yeTCJI CBepxnpOBO.IJ:JIUUIH coneHOH.IJ:, a B KaHanax 

YCKOpHTe,re L Jla6oh~TOPHH JI,nepHLIX npo6neM OHJl.H, 
JIAMII<l>a , ·u.EPHa L/- K:aa,npynonLHLie JIHH3LI. B Ta6n. 3 
noKa3aHLI o:>KH,naeMLie HHTeHCHBHOCTH ny"liKOB OTPH:UaTenL

HLIX MIOOHOB Ha BLIXO.IJ:e H3 KaHanOB. CpaBHeHHe HHTeHCHB· 

HOCTeii Me30HOB, DpHBe,neHHLIX K O.IJ:HOMY 3Ha"lleHHIO TOKa 

npoToHOB N I i , ,naeT cooTHOllleHHe ,nnJI KaHanoa Jla6o-
fJ. p -

paTopHH JI,nepHLIX npo6neM OHJl.H, JIAMII<l>a, CHHa H 

U.EPHa - 1,0 : 0,8 : 2,0: 0,5. Mo:>KHO OTMeTHTL, "liTO 6onL

lllee 3Ha"lleHHe NIL I i P B MIOOHHOM KaHane CHHa ,nocTHrHyTo 
3a cqeT npHMeHeHHJI caepxnpoao,nJimero coneHoa,na, B Ko

TopoM 3clMI>eKTHBHOCTL f 6onLllle. C ,npyroii: CTOpOHLI, 

B KaHane JIAMII<l>a 3Ha.feHHe N I i , 6nH3Koe K TOMY, 
fL p 

KOTOpOe O:>KH,naeTCJI B KaHane clm3oTpOHa Jla6opaTOpHH 

JI,nepHLIX npo6neM, o6ycnoBneHO DpHMeHeHHeM nHH3 C O"lleHL 

6onLIIIOH anepTypoii: /30 CM/. 
B Ta6n. 3 npaae,neHLI HHTeHCHBHOCTH cenapapoaaHHLix 

Dy"liKOB OTpH:UaTeJILHLIX MIOOHOB C HMDynLCOM 115 M3B/c, 
B KOTOpLIX DpHMeCL DHOHOB He npeBOCXO.IJ:HT 1 <1o /MeHLllle 

0,002 B OCTaHOBKax/. HHTeHCHBHOCTL TaKHX MIOOHOB ,no· 

BOnLHO BenHKa H COCTaBJI.ReT 5.10 6 
6 CeK .IJ:JIJI KaHana 1. 

C DOMOmLJO CHCTeMLI BLIBO.IJ:a H3 cl>oKyCHpyiOmero TpaKTa 

MO>KHO nony"liHTL :uenLIH CDeKTp MIOOHHLIX /H DHOHHLIX/ 

ny"liKOB. HanpaMep, .IJ:JIJI KaHana, pa6oTaJOmero B pe>KHMe 

ci>opMHpOBaHHJI DY"liKOB MIOOHOB OT pacna,na DHOHOB C HMDynL· 

COM 200 M3B/c, MO>KHO nonyqaTL DY"liKH MIOOHOB B HHTep· 

sane OT 105 .IJ:O 200 M3B/c C co,nep:>KaHHeM DHOHOB OT 1 
.IJ:O 70'fo. HHTeHCHBHOCTL DyqKOB HecenapHpOBaHHLIX MIOOHOB 

B HeCKOnLKO pa3 6onLllle HHTeHCHBHOCTH cenapHpOBaHHLIX 

MIOOHOB H ,nnJI P fL = 200 M3B/c COCTaBnJieT 3,6.10 7 B CeK 

/Ta6n. 3/. Ily'IKH HecenapHpOBaHHLIX MIOOHOB BDOJIHe MOryT 

6LITL HCDOnL30BaHLI B 3KCDepHMeHTaX, OC06eHHO C nono

>KHTenLHLIMH MIOOHaMH, DOCKOJILKY DHOHLI B 3THX 3KCDepH • 

MeHTaX He C03.IJ:aiOT C)'IUeCTBeHHOrO ypOBH.R ci>oHa. 

HHTeHCHBHOCTH Dy'IKOB cenapHpOBaHHLIX MIOOHOB OT 

ci>a30TpOHa ,naHLI B Ta6n. 4. lJOTOKH fl+ ·Me30HOB C HMDynL· 

COM 85, 90, 95 M3B/c npHMepHo B 3 pa3a MeHLllle. HH

TeHCHBHOCTL fL-. Me 30HOB B HecenapHpOBaHHLIX Dy"liKaX DpH • 

Be,neHa B Ta6n. 5. lJOTOKH fL + • Me30HOB C HMnynLCOM 
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180 M3B/c B 4 pa3a MeHLWe. CocTaB H 3HepreTHqecKHe 

ClleJ(TpLI 3THX nyqKOB aHaJIOrHqHLI ,D.aHHLIM, llpHBe,D.eHHLIM 
B /6/ • 

3HaqHTenLHOe qHcno 3KCllepHMeHTOB 6y,D.eT llPOBO,D.HTLCJI 

Ha IPa3oTpoHe c nyqKaMH cenapHpoBaHHLIX MIOOHOB, ocTa

HaBnHBaiOwHXCJI B BeweCTBe. B HacToJiwee BpeMJI TaKHe 

HCCne,D.OBaHHJI llPOBO,D.JITCJI 

rpaMM. MIOOHHLI:ii KaHan I 
C MHWeHJIMH BeCOM B COTHH 

lila3oTpOHa ll03BOnHT HCllOJIL-
30BaTL MHWeHH BeCOM B ,D.eCJITKH rpaMM. 

flnOTHOCTL OCTaHOBOK B 1 Z/CM 2 

Nil dPil 

2~ p;-. dR;-nil 

~ pll 
,D.nJI nyqKa C 3a,D.aHHLIM 3HaqeHHeM :X = -p- cywecTBeHHO 

ll dP 
B03pacTeT C yMeHLWeHHeM p llOTOMY, qyo ll /B KOH-

Il d R 
ue npo6era R I TaK:>Ke pacTeT c 

ll 
HanpHMep, ,D.nJI OCTaHOBOK MIOOHOB C 

H 200 M3B/c B rpaiPHTe OTHOWeHHe 

ll 
yMeHLWeHHeM p 

/1. 

HMllYJILCaMH 50, 115 

dPI:_ 

dR 
COCTaBnJI-

ll 
eT 3,8 : 1 : 0,6 H COOTBeTCTBeHHO OTHOWeHHe nnOTHOCTe:ii 

OCTaHOBOK-8,7 : 1 : 0,35. 0,D.HaKo, KaK OTMeqaJIOCL BLIWe, 

3!W>eKTHBHOCTL KaHana K MIOOHaM C HMllYJILCOM 50 M3B/c 
I P rr = 100 M3B/c/ B 7 pa3 MeHLWe, qeM .D.JIJI MIOOHOB 

C HMnynLCOM 115 M3B(c, H llpH OTHOCHTenLHOM pOCTe 

llJIOTHOCTH OCTaHOBOK HX qHCJIO cyweCTBeHHO yMeHLWaeTCJI. 

KpoMe Toro, ewe .D.Ba o6cTOJITeJILCTBa 3aTPY.D.HJIIOT Hc

noJIL30aBHHe MIOOHOB MaJILIX 3HeprH:ii /50 M3B/c/. ~op
MHpOBaHHe TaKHX cenapHpOBaHHLIX MIOOHOB npHBO,D.HT K He-

06XO,D.HMOCTH o6pa30BLIBaTL nyqKH OT BHeWHHX MHWeHe:ii, 

TaK KaK llHOHLI, OT pacna,D.a KOTOPLIX llOJiyqaiOTCJI 3TH MIOO

HLI, He BLIXO,D.JIT H3 YCKOpHTenJI. 3TO ewe B HeCKOnLKO pa3 

CHH:>KaeT HHTeHCHBHOCTL llOCJie,D.HHX. HcnOJIL30BaHHIO MIOOH

HLIX nyqKoa c HMnynLcoM 50 M3B/c IE ll = 11 M3B/ 
MewaeT TaK:>Ke HX He60JILWOH npo6er B BeweCTBe /OKOJIO 

1 z/cM 2 
B rpaiPHTe/. BL16paHHLI:ii .D.JIJI nonyqeHHJI ocTaHOBOK 

HMnynLC 115 M3B/c BllOJIHe llO,D.XO,D.HT ,D.nJI MHWeHe:ii TOJIWH-
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HOB OKOllO O,ZJ,HOrO z/CM 2 C XOpOWHM COOTHOWeHHeM Me)K· 

.IJ.Y HHTeHCHBHOCTLIO na,ZJ,aiOII.UIX Ha MHWeHL H OCTaHaBnHBaro

IUHXCJI B HeH MIOOHOB, a HX npo6er B BeiUeCTBe 112 z/cM2 

rpa4!HTal TaK*e DpHeMneM B 6onLWHHCTBe 3KCDepHMeHTOB. 

B Ta6n. 3-5 ,ZJ,aHLI 3Ha'leHHJI nnoTHOCTH ocTaHOBOK Ha 

1 z/CM 2 ,ZJ,nJI Dy'IKOB MIOOHOB H3 KaHana I H MIOOHHbl" KaHanOB 

,ZJ,pyrHX YCKOpHTeneii. 3Ha'leHHJI nil nony'leHLI 6e3 y'leTa 

cTparrJIHHra, KOTopwii B rpa4lHTe cocTaBnJieT ± 0,35 z/cM 2 
,ZJ,nJI ll5 M3B/c H ±1,14 z/cM 2 ,ZJ,nJI 200 M3B/c, H 6e3 

y'leTa MHoroKpaTHoro pacceJIHHJI B Be~UeCTBe TopM03JIIUero 

4!HnLTpa H MHWeHH, r,ZJ,e MIOOHLI OCTaHaBnHBaiOTCJI. 3MHTaHC 

DY"'IKOB H3 pa3nH'IHLIX KaHanOB 1Ta6n. 2,31 COCTaBnJieT 

1 72 CM.paO, a 3414leKTHBHaJI DnOIUa,ZJ,L S DY'IKa, c4!oKyCHpO

BaHHOrO Ha MHWeHL,- 20-50 CM 2• KaK MO)KHO BH,ZJ,eTL, DnOT

HOCTL OCTaHOBOK Ha 1 2 MHWeHH H3 rpa4!HTa, onpe,ZJ,enJieMaJI 

BenH'IHHOH n !1 /S, ,ZJ,nJI MIOOHOB C HMnynLCOM ll5 M3B/c 
H3 KaHana I cocTaBnJieT 0,4.10 5 1/ceK. 113 Ta6n. 4 cne

,ZJ,yeT, 'ITO ,ZJ,nJI HecenapHpOBaHHLIX MIOOHOB HHTeHCHBHOCTL 

BLIWe DpHMepHO B 7 pa3, a DnOTHOCTL OCTaHOBOK yBenH'IH· 

saeTCJI B 2,5 pa3a. 

113 KaHana I 4!opMHpyeTCJI u;enLIH cneKTp MIOOHHLIX nyq

KOB C HMDynLCHLIM pa36pOCOM B Ka)K,ZJ,OM DY'IKe ± 5~. 3TH 

DY"'IKH pa3nH'IaiOTCJI He TOJILKO H3MeHeHHeM B HHX KOnH

'IeCTBa MIOOHOB H DHOHOB, HO TaK*e H3MeHeHHeM BenH'IHHLI 

H HanpauneHHJI npo,ZJ,OnLHoii nonJipH3ao;HH ny'IKa. B HacToJI

~Uee BpeMJI 3Ha'IHTenLHOe 'IHCnO pa60T DOCBJIIUeHO H3yqe

HHIO OCTaTO'IHOH DOnJipH3aD;HH DOnO)KHTenLHLIX H OTpHu;a

TenLHLIX MIOOHOB B pa3nH'IHLIX BeiUeCTBaX. 3TH DOnJipH3a

D;HOHHLie 3KCDepHMeHTLI eiUe B 6onLWeM 06'beMe 6y,ZJ,yT 

npo,ZJ,OJI)KaTLCJI Ha ny'IKax KaHana I 4la3oTpoHa~, 
MIOOHLI, o6pa30BaHHLie DpH pacna,ZJ,e DHOHOB, DOnHOCTLIO 

npO,ZJ,OnLHO DOnJipH30BaHbl B DHOHHOH CHCTeMe DOKOJI. B na-

6opaTOpHOH CHCTeMe DpO,ZJ,OllLHaJI DOnJipH3aD;HJI MIOOHOB on

pe,ZJ,enJieTCJI npoeKu;Heii HX cnHHa Ha HanpasneHHe ,ZJ,BH)KeHHJI. 

0Ha 3aBHCHT OT yrna o6pa30BaHHJI MIOOHa B DHOHHOH CHC

TeMe DOKOJI, T.e. OT BeJIH'IHHbl ero HMnynLCa DpH 41HKCHpO

BaHHOH 3HeprHH DHOHOB. BeJIH'IHHa npO,ZJ,OnLHOH nonJipH3a

D;HH onpe,ZJ,enJieTcJI BLipa)KeHHeM /13 I 

(l - fj) Eo"- Eo fl cos 1/J = ± ____ ...... ____ _:_ 

i3Pflc 
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I 3HaK ± ,ZJ,nJI fl ± -:we 30Hosl, rJJ;e ljJ - yron Me)KJJ;y seKTopo:w 

DOnJipH3aD;HH MIOOHa H HanpasneHHeM ero HMDYnLca, i3 
= 0 , 2714 , E H E - DOJIHaJI 3HeprBJI DHOHa H MIOOHa. 

077 Op. 

,nnJI BLI'IBCneHBJI BeJIH"tJ:BHLI DOnJipH3aD;HH DY'IKa MIOOHOB 

C HMDYnLCOM p fl 4!YHKD;BJI, onpe,ZJ,enJIIOIJ.'l8.JI cos 1/J , JJ;OJDKHa 

6LITL DpOHHTerpHpOBaHa DO CDeKTpy DBOHOB H MIOOHOB 

B KaHane I c:w. 4lop:wynw Ha CTp. 11lc y'leTo:w 3414leKTHBHOCTH 

E 17 HE P.u' PaCC'IBTaHHaJI TaKBM o6pa30M 3aBHCBMOCTL npo

,ZJ,OnLHOB DOnJlpB3aD;BH OT HMDYnLCa DY'II<a MIOOHOB JJ;nJI MIOOH

Horo I<aHana CBHxpou;ai<noTpoHa I P 17 = 260 M3B/cl noi<a-

3aHa Ha pac. 3. 113:wepeHHLie 3Ha'leHBJI nonJipB3au;aa Ha 

MIOOHHOM I<aHane CBHxpou;aKnoTpoHa xopomo cornacyroTcJI 
C 3TOH I<pBBOH. 

CO SIP 

1 

0 
'100 P~ M36/C 

-1 

Puc. 3. 3aeucuMoc•b eeAu~uHw npoooAbHou noARPU3a~uu 
o• UMnyAbCQ MIOOH06 Ha 6biXOOe U3 KOHOAa I OAR cneK•pa 
nuoHoe co cpeoHUM UMnyAbCOM 260 M3B/c, 3axea•breae
MWx 6 KOHOA. 
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)J,nJI KaHana I 4la3oTpoHa :na 3aBHCHMOCTL aHanorH'IHa. 

H3 Kpusoii BH,D;HO, 'ITO nonJipH3a:nHJI cenapuposaHHhiX MIOo

HOB ,D;OBOnLHO 3Ha'IHTenLHa I~ 0,81 H H3MeHJieT 3HaK ,D;nJI 

HecenapHpOBaHHbiX MIOOHOB. H3- 3a a3HMyTanLHOH CHMMeT

puu nponecca pacna,D;a H cucTeMhl 4loKycupoBKH nonepe'IHaJI 

COCTaBnJIJOI:naJI nonJipH3a:nHH OTCyTCTByeT B MIOOHHbiX nyq

KaX KaHana. 

)J,nJI npoBe,D;eHHJI 3KCnepHMeHTOB Ha ny'IKaX C HCITOnb30-

BaHHeM 3neKTpOHHOH annapaTyphl cymecTBeHHbiM JIBnJieTCJI 

pacnpe,D;eneHHe ny'IKa so speMeHH. HyKnOHHble H nuoHHble 

BTOpH'IHble 

CTPYKTYPY 

ny'IKH npaKTH'IeCKH llOBTOpJIIOT BpeMeHHYIO 

nepBH'IHOrO . npOTOHHOrO ny'IKa. )J,nJI ny'IKOB 

MIOOHOB H3 MIOOHHOrO KaHana npoHCXO,D;HT 3aMeTHOe H3-

MeHeHHe 3Toii CTPYKTypbl. Ha ,D;nHHe KaHana I 121, 4 Ml 
pa36poc so speMeHH nponeTa B03HHKa10mHX npu pacna,D;e 

MIOOHOB npHBO,D;HT K pa3MbiTHIO BpeMeHHOH CTPYKTypbl. 

)J,nJI nHOHHhiX ny'IKOB c HMnynLCOM 200 M3B/c H3 

KaHana TaKoe pa3MbiTHe COCTaBnJieT 3 HCeK. 0HO B OCHOB

HOM o6ycnosneHo HMnynLCHLIM pa36pocoM Ha BLIXO,D;e I ±5~1 
H reoMeTpH'IeCKOH pa3HH:neii B ,D;nHHe nyTH 'laCTH:n B )l(eCTKO-

4loKycupyromeM KaHane ( fl L 1 L = o , o 1). )J.nJI nuoHoB H MIOO

HOB C HMnynLCOM, 6nH3KHM K llHOHHOMY, TaKOH pa36poc 

npHBO,D;HT nHillb K 20~-HOMY ysenH'IeHHIO K03cWlH:nHeHTa 

3anonHeHHJI .D;nJI MHKpocTpyKTYPLI ny'IKa, aHanorH'IHOii cy

mecTBYJOI:neii Ha CHHXpO:nHKnOTpOHe / 6 / IMHKpOHMnynLCbl 

,D;nHTenLHOCTbiO 15HCeK 'lepe3 75 HCeK, ecnH He HCITOnL3yeT

CJI MarHHTHaJI CHCTeMa paCTJI)I(KH ITy'IKal. 

)J,nJI cenapHpOBaHHbiX MIOOHHbiX ITY'IKOB ( p{t = 0,6 p TT ) 

pa36poc speMeHH nponeTa I"' 13 HCeKI, KPQMe Toro, 

o6ycnosneH 3Ha'IHTenLHO 6onLillHM HHTepBanOM HMnynLCOB 

ITHOHOB, 3aXBa'leHHbiX B KaHan 1±15~1, H TeM 06CTOJITenL

CTBOM, 'ITO MIOOHbl MoryT B03HHKHYTb B mo6oii TO'IKe B,D;Onb 

4loKycupy10mero TpaKTa H ,D;o pacna,D;a qacTH:nhl neTJIT co 

CKOpOCTbiO llHOHOB ((3 =. 0,82) , nocne pacna,D;a - CO CKO

pOCTbiO MIOOHOB ({3 =0, 72) , 3TO ysenH'IHBaeT K03cWlH:nHeHT 

3anonHeHHJI ,D;nJI MHKpOCTPYKTYPhl ITO'ITH B,D;BOe - C 0,2 ,D;O 

0,37. Pa36poc speMeHH nponeTa B03pacTaeT c yMeHLille

HHeM HMnynLCOB ITHOHOB H MIOOHOB. 3TOT pa36poc MO)I(eT 

oKa3aTL eme 6onLwee BnHJIHHe Ha ysenH'IeHHe Ko3cWlunueHTa 

3anonHeHHJI npu ,D;pyroii MHKPOCTPYKType ny'IKa. HanpHMep, 
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Ha MIOOHHOM KaHane ocTaHoBoK /I o I B Jloc-AnaMoce 3TO 

o6CTOJITenbCTBO llpHBe,D;eT npaKTH'IeCKH K OTCYTCTBHIO MH
KpOCKBa)I(HOCTH. 

B 3aKmo'leHHe 3TOrO pa3,D;ena OTMeTHM OCHOBHble ,D;O

CTOHHCTBa MIOOHHbiX ITY'IKOB H3 KaHana I 4la30TpOHa: 

1. JHa'IHTenLHaJI HHTeHCHBHOCTL MIOOHOB. 2. Manble npHMe

cu .D;pyrux 'laCTH:n B ny'IKax. 3. Bo3MO)I(HOCTL ynpasneHHJI 

reoMeTpH'IeCKHMH napaMeTpaMH ny'IKOB Ha BbiXO,D;e H3 

KaHana. 4. Bo3MO)I(HOCTL nony'leHHJI ny'IKOB qacTun B lllH

!JOKOM JJ;HanaJOHe HMnynLCOB Ha OrofOH 3KCnepHMeHTaJILHOH 

ycTaHoBKe. 5. Bo3MO)I(HOCTh nony'leHHJI qacTun o6oux 3Ha

KOB. 6. BapLHpyeMaJI ITO BenH'IHHe H HanpasneHHIO npOJJ;OnL

HaH ITOnJipH3a:nHJI llyl{Ka. 7. JHa'IHTenLHOe 'IHCnO OCTaHOBHB

illHXCJI MeJOHOB H BbiCOKaJI nnoTHOCTL ocraHoBoK. 8. Crna

*HBaHue speMeHuoii crpyKrypLI. 

4. llUOHH.ble ny'IKU U3 Me30HHOZO KaHaAa 

flpH HaCTpOHKe CBCTeMhl BhiBO,D;a KaHana f Ha HMITynLC 

p 7 B :noii CHCTeMe tl>opMBpyJOTCJI ITBOHHble ITY'IKH C npB

: .. ;echio j, 0,31 MIOOHOB H 3JieKTpOHOB. HHTeHCBBHOCTH TaKHX 

ITY'IKOB 3Ha'IBTenLHbl. ,lJ;nJI HHX TaK)I(e xapaKTepHhl He

KOTOpble D;pyroe OC06eHHOCTH, OTMe'leHHble B KOHne npe.IJ;LI
JJ;yanero pa3JJ;ena. 

Ha puc. 4 noKaJaHo pacnpeJJ;eneHue nHOHOB c neHrpanL

HhiM HMITYJihCOM 260 .J,{:JB/c /nOJIO)I(eHHe MaKCHMyMa ITHOH

Horo CITeKTpal B3 KaHana I nony'leHHOe Ha OCHOBe ClleKT

pa, ~3MepeHHOrO Ha Me30HHOM KaHane CBHXpo:nHKnOTpo

Ha/6;. QeHrpanLHblii HMnynL.c Ja,D;aercJI Bbl6opoM pacnono

»<eHHJI MBWeHH, pe)I(HMOM pa60Thl CHCTeMbl HH)I(eK:nHH H 

»<ecrKoljloKycupyroanero rpaKra. Pe)I(HM pa6oTLI cucreMbl 

BLIBOJJ;a onpeJJ;enHer HMnynLc Ha BhiXOJJ;e HJ KaHana. Pac

nono)l(eHBe o napaMeTphi KaHana noJsonHIOT Bhi6npaTL D;nH 

ITHOHOB :neHTpanLHbiH HMnynLC B JJ;HanaJOHe 150-450 M3B/c. 
3MHTaHC ITyl{KOB ITHOHOB H ycnOBBJI HX ljlopMHpOBaHHJI aHa

norH'IHbl OITHCaHHOMY D;nH ITY'IKOB MIOOHOB. 

B ra6n. 3 npuseJJ;eHLI JJ;aHHble o6 HHTeHCBBHocru ny'IKOB 

ITHOHOB H nnOTHOCTH OCTaHOBOK Ha 1 Z/CM 2 ,D;nJI KaHanoB 

pa3HbiX YCKOpHTeneii. XOTJI COOTHOWeHBe Me)I(,D;y HHTeu-
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Nx,N}IliJceK 

107 

106 

100 200 300 M3D/C 
Puc .4. CneK111PbJ nuoH06 u MIOOH06 Ha 6bJxooe U3 KaHaAa 
OAR nuoHo6 co cpeoHUM uMnyAbCOM 260 M3B/c, 3ax6a-
111bJ6aeMbJX 6 KQHQA. 

CBBHOCTLIO B nnOTHOCTLIO OCTaHOBOK B 3TBX llBOHHWX nyq

KaX Xy)Ke, 'leM ,IJ,nJI cenapBpOBaHHLIX MIOOHOB, O,IJ,HaKO 3TH 

nnOTHOCTB 3Ua'IBTenLHO npeBOCXO,IJ,JIT cy~eCTBYIO~e B Ba

CTOJI~ee BpeMJI. HHTeHCBBHOCTB HeKOTOpLIX llY'IKOB OTpB

u;aTenLHLIX nBOHOB B3 KaHana I noKa3aHw B Ta6n. 6. 
IloTOKB rr+ -Me30HOB c HMnynLCOM 180 M3B/c B 4 pa3a 

MeHLUie. 

3Ha'IBTenLHaJI BHTeHCBBHOCTL OCTaHOBOK OTpBD;aTeHL

HLIX llBOHOB B3 KaHana I ll03BOnJieT BCllOnL30BaTL BX ,IJ,JlJI 

6BoMe,IJ,BD;BHCKBX u;enei. 3TH 'laCTBu;w o6na,11,a10T TOH oco-

6eHHOCTLIO, 'ITO B KOHD;e npo6era, He C'IBTaJI BOHB3au;BOH

HLIX noTepL, 3aMeTHaJI 'laCTL /oKono 30 M3B/ HX 3HeprBB 

llOKOJI npeBpa~aeTCJI B KBHeTB'IeCKyJO 3HeprB10 npOTOHOB, 

a -qaCTBD; B TJI)KenLIX BOHOB , B, TaKBM o6pa30M, BMeeTC.a 

3Ha'IBTenLHoe y,IJ,enLHoe 3HeproBLI,IJ,eneHBe. TaKoe CBOHCTBO 

OTpBD;aTenLHLIX llBOHOB ll03BOn.HeT BCllOnL30BaTL BX B u;enJIX 

pa,IJ,BaD;BOHHOH TepanBB /H/. ,IJ;nJI OCTaHOBKB llBOHOB B 061oe-
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Me 7 X 7 X 13 CJW 
3 Ha pa3HLIX rny6BBaX B TKaHB MO)KHO 

llY'IOK TIBOHOB 3aMe,IJ,nJITL «ilBnLTpaMB pa3HOH TOn~HLI. 
E cnB ucnonL 30Ba TL nyqoK ( ~pIP = ± 15% )Ha BXO,IJ,e B aHanu-

3BpyJO~H MarHBT, r,IJ,e BHTeHCBBHOCTL TIY'IKa 2,5.10 8 

B CeK, TO ,IJ,nJI ,IJ,eTIOHBpOBaHBJI ,IJ,03LI B 100 pac) B yKa3aH

HOM 06'LeMe TIOTpe6yeTCJI OKOnO 10 MUH., T.e. BpeMJI, 

BllOnHe TIO,IJ,XO,IJ,JI~ee ,IJ,nJI 3TBX u;enei. 

5. KaHaA X OAR ,PopMupo6aHUR Me30HHbJX ny~K06 
6 HU3KOfPOH060U Aa6opamopuu 

OcHOBHoe Ha3Ha'leHBe KaHana X - TpaHcnopTBpOBKa 

Me30HHLIX TIY'IKOB OT KaHana I B TIOMe~eHBB C TIOHB)KeHHLIM 

ypOBHeM «iloHa. KaHan COCTOBT B3 19 KBa~pynonLHLIX nBH3 

B O,IJ,HOrO OTKnOHJIIO~ero MarHBTa. Tun 3neMeHTOB B MO~

HOCTL BX 3neKTpOTIBTaHBJI yKa3aHLI B Ta6n. 1. 
B 'laCTB KaHana X ,11,0 3a~BTHOH cTeHLI u;enuKOM Be

llOnL3yeTCJI c~eCTByJO~H Ha Me30HHOM KaHane CBHXpo

D;BKnOTpOHa 6noK B3 10 nBH3 MJI- 30 BMeCTe C CBCTeMOH 

ero nepeMeiD;eHBJI nepneH,IJ,BKyn.HpHo ocu KaHana. TaKoe 

nepeMeiD;eHBe 6nOKa He06XO,IJ,BMO ,IJ,nJI BCTIOnL30BaHBJI TIY'IKOB 

KaHana I B ,IJ,Byx HanpaBneHBJIX B 3ane 4 /puc. 1/. OT

KnoHJIIO~BH MarHBT KaHana X /3n. 54/ «<laKTB'IeCKB yMeHL

ruaeT ypoBeHL «iloHa llOCTOpOHHBX 'laCTBD; B «ilB3B'IeCKOH yc

TaHOBKe, KOTOpLie MoryT nonacTL npB nonHOCTLIO OTKPLITOH 

anepType KaHana B3 TIOMeiD;eHBJI C 6onee BLICOKBM YPOBHeM 

«iloHa. BaKyyMHaJI CBCTeMa H CBCTeMa TpaHCDOpTBpOBKB 

«ilB3B'IecKBX ycTaHoBoK Ha ny'IKB KaHana X aHanorB'IHLI 

CBCTeMaM KaHana I . 
KaHan X no,11,o6eH )KeCTKo«<loKycupyro~eMy TpaKTy Ka

Hana I . XoT .11 ero ,IJ,nBHa I OKono 11 M/ no'ITH B,IJ,Boe 6onLrue 

,IJ,nHHLI fT KaHana I, 3TO He DpBBO,IJ,BT K pOCTY 3«1l«lleKTBB

HOCTB Ell ,IJ,n.ll CenapBpOBaHHLIX MIOOHOB, llOCKOnLKY pa3-

,IJ,eneHBe TIBOHOB B MIOOHOB y)Ke npOB30WJIO B KaHane I , 
BMecTe c TeM ,IJ,ononHBTenLHLIH pacna,IJ,HLIH npoMe)KyTOK 

,IJ,nJI TIHOHOB yMeHLUiaeT BX DpBMeCL B llY'IKe CenapBpOBaH

HLIX MIOOHOB /HaTipBMep, ,IJ,nJI 115 M3B/c DpBMeCL TIBOHOB 

C 0,5~ yMeHLUiaeTCJI ,11,0 0,1~/. 
HeKoTopoe HapyrueHBe CTPYKTypHoro nepuo,11,a B3- 3a 
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HanH'IHJI Tpex >Ke CTKOc}IOKYCHPYIOlllBX ,IJ,Hnoneii MJI- 31, a 

TaK>Ke ,ll,ODOnHHTeJILHLIH HMDYJILCHLIH aHanH3 MarHHTOM Ha 

awxo,ne KaHana X npHBO,IJ,HT K yMeHLWeHHIO npHMepHo 

B 1,5 pa3a HHTeHCHBHOCTH cenapHpOBaHHLIX MIOOHOB H3 

KaHana X no cpaBHeHHJO c yKa3aHHLIMH B Ta6n. 4. )J.nJI 

HecenapHpOBaHHLIX MIOOHOB 3TO yMeHLWeHHe 'laCTH'IHO KOM

neHCHpyeTCJI poCTOM HX 'IRena 3a C'leT pacna,na nHOHOB 

B KaHane X /,nnJI 200 M3B/c - npHMepHo B 1,25 pa3a/. 

Pacna.n nHOHOB B KaHane X TaK>Ke ,nononHHTenLHO yMeHLwa

eT HHTeHCHBHOCTL nHOHHLIX nyqKOB B HH3KOc}IOHOBOH na6o

paTOpHH /,nnJI 200 M3B/c- B 2,5pa3a, a ,nnJI 400 M3B/c -
B 1, 7 pa3a/. fionJipH3aiJ,HJI MIOOHHLIX ny'IKOB B HH3KOc}IOHOBOH 

na6opaTopHH TaKaJI >Ke, KaK ny'IKOB H3 KaHana I. 
HecMoTpJI Ha HeKoTopoe yMeHLWeHHe HHTeHCHBHOCTH 

Me30HOB, accne,nosaHHJI Ha ny'IKax KaHana X HMeJOT p11,n 

none 3HLIX oco6eHHOCTeii: 1. .lionee 'I eM Ha nopJI,noK yMeHL

WaiOTCJI ypOBHH c}IOHOBLIX H3ny'leHHH H3- 3a HanH'IHJI ,non on

HHTenLHOH 3a~HTLI H y,naneHHJI c}IH3H'IeCKHX ycTaHOBOK OT 

ycKopHTenJI. 2. 0TcyTCTBHe swxo,noB ,npyrHx ny'IKOB. 3. YKo

po'leHHe Ka6enLHLIX H ,npyrHX KOMMYHHKaiJ,HH OT c}IH3H'IeCKHX 

ycTaHOBOK ,ll,O 3neKTpOHHOH annapaTypLI H 3BM. 4. )J.ocTyn 

K c}IH3H'IeCKHM YCTaHOBKaM BO BpeMJI pa60TLI yCKOpHTenJI 

Ha ,npyrHX ny'IKaX, a B HeKOTOpLIX cnyqaJIX H Ha ny'IKaX 

KaHana X. 
HHTeHCHBHOCTL ny'IKOB cenapHpOBaHHLIX MIOOHOB H3 Ka

Hana X MeHLwe npase,neHHoii B Ta6n. 4 npHMepHo B 2 pa3a. 

HHTeHCHBHOCTL ny'IKOB HecenapHpOBaHHLIX MIOOHOB H3 Ka

Hana X cne,nyeT ,naHHLIM Ta6n. 5 c yMeHLWeHHeM npHMepHo 

B 1,5 pa3a. HHTeHCHBHOCTL nHOHHLIX ny'IKOB H3 KaHana X 
npHMepHo BTpoe MeHLwe, 'leM ny'IKOB H3 KaHana I /Ta6n.6/. 

6. 3aKAIO'l€HU€ 

Me30HHLie ny'IKH H3 KaHanoB I H X c}la3oTpoHa no3BOnJIT 

npOBO,ll,HTL pa3H006pa3HLie 3KCnepHMeHTLI B pa3nH'IHLIX 

o6naCTJIX HayKH H TeXHHKH. fiapaMeTpLI 3THX ny'IKOB npH

Be,IJ,eHLI B Ta6n. 3-6. 3KcnepHMeHTaTopaM 6y,nyT ,IJ,OCTynHLI 

ny'IKH nHOHOB H MIOOHOB C 3HeprHJIMH ,IJ,O 400 M3B. 
fiocne 3anycKa c}la30TpOHa HHTeHCHBHOCTL ny'IKOB OT-
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pHIJ,aTenLHLIX MIOOHOB yBenH'IHBaeTCJI ,IJ,O 4.10 7 B C€K, 
a nonO>KHTenLHLIX - ,D,O 10 

7 
B CeK; nnOTHOCTH OCTaHOBOK 

MIOOHOB B03pacTyT COOTBeTCTBeHHO ,IJ,O 4.10 6 1/ceK.z/cM2 
H 1061/ceK.Z/CM~TaKHM o6pa30M, HHTeHCHBHOCTL MIOOHHLIX 

ny'IKOB yBenH'IHTCJI nO'ITH Ha ,IJ,Ba nOpJI,IJ,Ka no cpaBHeHHIO 

C cy~eCTByroiiJ,eH Ha CHHXpOIJ,HKnOTpOHe. 

B 3aKnJO'IeHHe aBTOpLI C'IHTaJOT CBOHM npHJITHLIM ,D,OnrOM 

no6naro.u.apHTL MHOrHX COTpy,nHHKOB na6opa TOpHB 3a no

MOI.QL B pa6oTe, oco6eHHo B.ll.)J.MBTpBeBcKoro, IO.H.)J.e

HBcosa, H.JI.3annaTBHa, B.r .3BHosa, IO.M.Ka3apBHosa, 

JI.H.JianB.u.yca, O.B.Cas'leHKo, E.H.Po3aHosa, C.H. qecHo

sy. 
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