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§ 1 • BBE.QEHHE 

Paae~t~Tvte ¢vtavtKI-1 aneMeHTBPHbiX 1..1acn1U 1o1 nocTORHHO B03H!-1Kal0-

""~tte HOBble HanpaeneHHR nplflKIIBAHbiX 3BAB4 Tpe6yiOT AJlfl ceoero pe
weHHfl BCe 60JlbWei1 IIIHTeHCVIBHOCTVI Me30HHbiX ny4KOB VI nJlOTHOCTl-1 

HX OCTBHOBOK, 8 4BCTHOCTI.-1, noJ1y4eHVIR HHTeHCYIBHbiX nyLIKOB cena

plrlpOBSHHbiX n1o1- 14 MIO-Me30HOB. ,/l!lR nonyl.leHHfl TBKHX ny4KOB B Ha

CTOR~ee apeMR HSH60J1ee WHpOKO vtCnOJ1b3yiOTCR MIO-KSHS!lbl, npHH4vtn 

AeikTB\.111=1 KOTOpbiX OCHOBSH HS OC05eHHOCTRX KHHeMBTI-'IKI-1 7r _, 11 

pacnaAa HB JleTy /CM., Hanp.,/1-3/ /. ,/lOCTOHHCTBOM TSKVIX KaHa
!108 RBJlAeTCR 803MOmHOCTb ¢opMHpOBSHHR 4VICT~X nyLIKOB MIO-Meao
HOB npH n04TVI 100% npOAOilbHOi1 nonRpH3BUHH. 

0AHBKO npvt AilvtHe pacnaAHOi1 4BCTVI MIO-KaHa!la OKOJ10 lQ M 
"' vtMnynbCHOM paapeweHHH BbiXOAHOro aHam-taaTopa ~p/p .::: 1 0% a¢

¢leKTHBHOCTb TaKOrO KaHana, T. e. AOnR cenapHpOBaHHbiX MIO-Me3o

HOB, COOTBeTCTBy~~HX pacnaAY Ha3aA 8 CHCTeMe ~eHTpa Mace, 

COCTa8nReT ecero 3-5% OT ~Hcna nH-Me30H08 Ha 8XOAe nponeTHOH 

~acTH KaHana. 

~38eCTHbl anbTepHaTYIBHble cnoco6bl no.ny~eHHR MJO-Me30H08 1-13 
TaK Ha3biBaeMoro 11 Me30HHOro o6naKa 11 /4/, FIB.nFIIO~erOCFI 1-iHTeHCJ.iB

HbiM I-1CTO~HI-1KOM o6pa30BaHJ.1FI MIO-Me30HOB 3a C~eT pacnaAa na.1-Me-

30HOB Ha neTy e6.nl-131-1 Me30H006pa3y~~eH MJ.iWeHI-1. n1060H ny~OK na.1-

Me30H08 OT BHyTpeHHeH 1-1n1-1 BHeWHeH MJ.1WeHYI yCKOpHTenR nocne 

TpaHCnOpTHPOBKI-1 K AeTeKTI-ipyro~eH annapaType C nOMOll.lb~ 06bt~Horo 

KaHana H3 OTKJ10HRIO~I-1X MarHHT08 H K8aApynOnbHbiX nHH3 COAeP>KI-1T 

8 C80eM COCTaBe Ha 8biXOAe KaHana npvtMeCH M~-Me30HOB 1-1 3IleKT
pOHOB C TeM >Ke CaMbiM 1-iMnynbCOM, ~TO 1-1 nvt-Me30Hbl/1/. ,lJ.O.nFI MJO

Me30H08 s TaKoM ny~Ke no A8HHbiM PRAa pa6oT Ko.ne6.neTcR 8 aasi-1-
CJ.iMOCTI-1 OT 3HeprHH ~aCTH~ B npeAe.nax OT 3 AO 9% /1,5,6/. 3TO 

n03BOnReT HaAeRTbCA Ha nony~eHJ.ie npvt AOCTaTO~HO 3¢¢eKTI-18HOM 
MeTOAe CenapJ.1pOBaHJ.1A 6o.nee 1-iHTeHCJ.iBHbiX ny~KOB MJO-Me30HOB npl-1 

MeHbWeH AI11-1He 1-1, CileAOBaTenbHO, CTO""MOCTI-1 KaHana. CneAyeT, 
OAHaKO, J.iMeTb B BI-1AY, ~TO nonApJ.13a~J.1A MJO-Me30HOB 1-13 11Me30HHOrO 

o6naKa 11 Cyll.leCTBeHHO MeHbWe 1-1 He npeBOCXOAI-1T 20% /5/. 

Cyll.leCTByiOT paani-1~Hble cnoco6br nony~eHI-1R MJO-Me30HOB 1-13 1 1Me-
30HHoro o6naKa 11

• B pa6oTe /4/ pac~eTHbiM nyTeM 6bl!lO noKaaaHo, 

~TO CMell.leHJ.ieM Me30H006pa3yiO~eH MI-1WeHH nepneHAI-1KYJ1ApHO OCH Ka

Hana 1-1 cne~1-1a.nbHOH HaCTpOHKoH 3J1eMeHTOB KaHana MO>KHO nony~HTb 
ny~KH MJO-Me30HOB, cpaBHHMble no HHTeHCHBHOCTH C ny~KaMvt Ha MJO

KaHanax. 0AHaKo sonpoc o ~vtcToTe ny~Ka npvt TaKOM cnoco6e no

.ny~eHHA 8 3TOH pa6oTe He 6bl.n peweH AO KOH~a. 
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I-13B€CTHble MeTOAbl pa3A€11€H\.1fl !.laCT\tlll, C 0A\.1HaKOBbiM \.1MnyJ1bCOM 

no MaCCaM C nOMO~biO 311€KTpOM8rH\.1THbiX cenapaTOPOB \.1111-1 npoMe>Ky

TOliHOrO 38M€AI1HT€ll.R C nOCil€AYIO~l-1M nOBTOPHbiM M8rH\.1THb1M aHaJ11.1-

30M hI He fiBilfiiOTC.A AOCTaTol.IHO 3¢l$eKTHBHbiMI-1 no cpaeHeHHIO c MtO

KaHanaMI-1. aeMCTBl-1TeJ1bHO, pa3M€~€H\.1€ 3JleKTpOM8rH\.1THOrO cenapa

TOpa AilltiHOM B HeCKOJlbKO MeTpOB MemAY KBaApynOJlbHbiMI-1 111t1H3aM\.1 

o6bl!.lHOro KaHana CltlllbHO yMeHbwaeT aKcenTaHc no TenecHoMy yrny 

T8KOM Cl.1CT€Mbl, a npOXO}f{A€Hitle nyl!Ka !.lepe3 38MeAJ1\.1T€Ilb 38M€THO 

YB€Il\.1li\.188€T erO 3M\.1TT8HC. 

YMeHbWeHitle \.1HT€HC\.1BHOCT\.1 ny!.lKa nocne noATOPM8>K\.1B8H\.1fl 

OXapaKTepYI30B8Tb np\.16J11.1>KeHHbiM Bblpa>KeHHeM 

t-0 

MO>!<HO 

rAe I ·- HHTeHCHBHOCTb ny!.lKa Ha BbiXOAe 143 KaHana; 10 - IIIHTeH-

C!IIBHOCTb ny!.lKa nepeA 38M€Al1111T€11eM; 80 - aKcenTaHC KaHana 

nO TeJleCHOMY yrny /Ailfl 06bl!.lHOrO KaHana 1-13 OTKJ10Hfii0~111X MarH!IITOB 

ltl KBSAPynOJlbHbiX IlJ.1H3 6.0 nop.AAKa 1 o- 2 cp/; 80k - yB€Jll-1li€HJ.1e 

¢aaoeoro o6DeMa ny!.lKa aa c!.leT MHOroKpaTHoro KynoHoecKoro pac-

cefiHIIIfl, Mlk=rr.<fJ 2 ~, rAe <rl->k- CP€AH€KBSApaTJ.1!.lHbli1 yron 

MHOrOKpaTHOrO KyllOHOBCKOrO paccefiHitlfl. anfl Tltlnllll.IHOY. C\tiTYSU,\.1\.1, 

KOrAa TOil~\.1HS 3SM€AI1111T€Ilfl COCTSBJlfleT npltiMepHO nOllOBIIIHY nepeo-

2 -2 
Hal.la11bHoro npo6era nyL~Ka !.lSCTHU., - ..j.<fJ >k ::::,50 1-1 ~Ok= 3·10 . 
B 3TOM cny!.lae Tf= 0,25<< 1, 1-1 3¢l¢leKTt.1BHOCTb TaKoro MeToAa 

cenapaL.J,\.1\.1 Ct.1llbHO ycTynaeT Mta-KaHany. 

0AHaKO CHTY8U,t.1fl t.13M€HfleTCA KOpeHHbiM o6pa30M, eCJ1t.1 Ailfl no

IlY!.l€H\.1fl Me30HHbiX ny!.lKOB t.1CnOilb30BaTb Wt.1P0KOyrOI1bHb1€ ¢lOKYCt.1pytO

~He YCTpoHCTBa C aKcenTSHCOM nO TeneCHOMy yrny OKOilO OAHOro 

cTepaA~aHa. 8 3TOM cny"ae ~~ 1,0 /1.0+ 3· 10 -2~0,97 :, 1, H noTep" 
npl-1 cenapaU,\.11-1 CTSHOBATCfl npeHe6pe>KHMO MSJ1b1Mt.1. KpOMe TOro, npt.1 

t.1CnOJ1b30B8Ht.1\.1 MCTOAOB Wt.1pOKOyrOJ1bHOi1 $0KYCHpOBK\.1 OAHOBpeM€HHO 

A0CTI-1raeTCA yB€Jlt.1!.leHt.1e a6COiliOTHOi1 J.1HT€HCI-18HOCT\.1 MtO-M€30HHOrO 

ny!.lKa /npt.1MepHO HS ABS nopAAKa/ np\.1 OAitiHaKQBOM \.1HT€HC\.1BHOCTt.1 

npOTOHHOrO nyl!Ka, naAatO~erO HS M€30H006paaytO~YIO MltiWeHb. 

Bnepeble 3TO o6CTOfiTellbCTBO 6biilO OTMe!.leHo s pa6oTe Is/ A!lfl 

Wt.1pOKOyrOJ1bHbiX ¢lOKyCHpytO~HX Ct.1CTeM C TOPOHAa.nbHbiM MarHHTHbiM 

noneM t.1 3aTeM YTO!.lHAilOCb 8 PfiA€ nOCI1€AY1011\ItiX pa6oT /6,9/ Ailfl 

HeOAHOPOAHbiX aKcHailbHO-Cl-1MMeTplt1!.lHbiX MarHYITHbiX noneH. B noc.neA

Hee 8p€MR nORBt.1Jllt1Cb aHa.nort.1!.lHble npeAJ10>K€Ht.1A nony!.l€HHA lt1HT€HC\.1B

HbiX ny!.lK08 MIO-M€30H08 C nOMO~biO Wt.1pOKOyrOJ1bHbiX aKCt.1ailbHO-CitiM

MeTplti4HbiX cltlcTeM, o6paao8aHHbiX ceepxnpoeoAR~~--tM\.1 KaTywKaMH /to, 11/ 

CneAyeT OTMeTI-1Tb, liTO WltlpOKOyrOllbHbl€ ¢oKyCHpyiO~He CltiCTeMbl • 

c npoMe>KyT04HbiM aaMeA!lHTeneM MoryT 6b1Tb TaK>Ke npHMeHeHbl 1-1 Allfl 

cenapaL.J,HI-1 MtO-nlliOC M€30HHbiX nyl.IK08 C I-1MnyJ1bCOM OKOJ10 25 M3B/c, 

o6pa308aHHbiX 8 noeepXHOCTHOM CJlOe M€30H006paaytO~eH MltiWCH\.1/5/. 

2 



L.J.enbiO HSCTOfl~e~ pa60Tbl fiBI1!10Cb npOBeAeHHe AeTaiTbHbiX pacl..le

TOB pa3JU14HbiX aapHaHTOB WJ.1pOKOyrOJ1bHbiX (f>OKYCHPYIOli.IHX CJ.IICTeM 

C HeOAHOPOAH~M aKCHSJ1bHQ-CHMMeTpH4H~M MarHHTH~M noneM 11 pac
CMOTpeHJ..1e B03MO}f(HOCTet1 nonyl.leHJ.1R cenapHpOBaHHbiX ny4KOB nl-1-

11 MIO-Me30HOB Ha KOHKpeTHOt1 CHCTeMe, npeAHa3HS4eHHOt1 A!lR $OpMH
poaaHio<1R MeAH4HHCKOrO ny4Ka OTPI-'I4aTeFibHbiX nH-Me30HOp HS ¢laao

TPOHe C aap~r~a41r1et1 MSrHHTHOrO nOilR /ycTaHOBKa 11~ 11 / /12/. 

§2. METO,IlHKA BbiYHCJlEHH~ H nPHMEPbl PACYETA 
PA3JlHYHbiX BAPHAHTOB WHPOKOYrOJlbHbiX 
~OKYCHPY~WHX CHCTEM 

,a.nR paoteTa TpaeKTOplrlt1 aap.Fnt<eHHbiX 4SCTJ.o1l-' B SKCHSilbHO-CHMMeT

pV14HbiX MarHHTHblX nonRX H onpeAe!leHHR napaMeTpOB $OKyCI-1PYIOli.IHX 

CI-1CTeM 6b!11H COCTaBJleHbl nporpaMMbl Ha .R3b1Ke CI>OPTPAH A!lR Manot1 

38M HP •
1 

B OCHOBy 3H1X nporpaMM nono)f(eHbl pSHee Hanl.1CaHHble npo
rpaMMbl gj CO CfleAY~~~MH H3MeHeHI-1~Ml-1 ~ AOnOnHeHH~MH: 

1. Pac4eT 3Ha4eHH~ npoHSBOAHbiX pacnpeAeneHHR MarHHTHoro 
nonR Ha OC~ CHMMeTp~H 4~CIJeHHbiM MeTOAOM 6bln SaMeHeH Bbi4HCfleHI.1-
eM no aHafl~T~4eCKJ.1M $OpMynaM 6a, 8, 1 0, 12 H 1 3 H3 pa60Tbl /9/. 
nony'LieHHaR np~ 3TOM T04HOCTb pacl.leTa TpaeKTOPH~ LlaCTH"" n03BO
fll-1fla yeen~4HTb war 1.1HTerp~poeaHHR s ABa pasa 1.1 TeM caMbiM 
nOBbiCHTb CKOPOCTb CLieTa. 

2. BbiLI~cneHHe TpaeKTOpH~ 4aCTH"" npoHaBOAHIJOCb MeTOAOM lliTep
Mepa /BMeCTO paHee HCnOIIb30BSHHOro MeTOAS PyHre/, LITO AOnon
HHTeiJbHO n03BOIIHIIO nOBbiCHTb CKOpOCTb CLieTa 8 2-3 pasa. 

3. ~R 8bi4~CIJeHHR TpaeKTOpH~ T04eLIHOf0 HCT04HHKS, pacnono
)f(eHHOrO Ha OCH CHMMeTpHH MSrH~THOrO non~, 6biiJH HCnOIJbSOBaHbl 
ypasHeH1.1R ABI.1)f(eHHR s ""HnHHAPI-1LiecKo~ Cl-1CTeMe KOOPAHHaT. 3To 
n0380IIl-1IIO nony4HTb Tpe6yeMY~ T04HOCTb pac4eTOB npH MeHbWeM 
8 ABS pa3a KOII~LieCTBe warOB HHTerpHpOBaHHR, a TSK)f(e 3HS4H
TenbHO /B 4eTblpe paaa/ nOBbiCHTb CKOpOCTb Bbi4HCIJeHH~. 

~R YA06CTBa npoHSBOAHMbiX pac4eTOB see nporpaMMbl BHAOH3Me
HeHbl TaKHM o6pasoM, 4T06bl 6blna o6ecne4eHa sosMO>t<HOCTb pa60Tbl 
s pe)f(HMe A~anora onepaTopa c 38M H nony4eHHR Heo6XOAHMO~ HH
¢opMa""~H B HSfiiRAHO~ ¢OpMe. C 3TO~ ""enb~ HSnHCaHbl CIJeAY~~He 
scnoMoraTenbHble nporpaMMbl: 

1 • nporpaMMS pac4eTa ceMe~CTBa KpHBbiX, OT06pa)f(SIO~HX SaBHCH
MOCTb n-ro ¢oKyCHOrO paccTORHHR OT yrna BbiiJeTa 4SCTH"" npH 
pa3IJH4HbiX HMnyiJbCSX 3T~X 4SCTH~. 

2. nporpaMMa, noseonR~~aR nonyLiaTb Hso6pa)f(eH~e MarH~THO~ 

II~H3bl H BCeX ee 3IIeMeHTOB Ha rpa¢onOCTpOHTene, 6biCTpO BHOCHTb 
H3MeHeHI.1R B pacnOIJO)f(eHI-1e KaTyWeK H )f(eiJe3HbiX MSCC 3SASHHOH KOH
¢1-1rypa~HH, MeHRTb·HanpasneHHe H CHIIY TOKa 8 KSTYWKaX ~ COnOCTSB
IIRTb CO BCeMH 3THMH H3MeHeHHRMH nony4eHHble TpaeKTOpHH SapR)f(eH
HbiX 4aCTH~. 
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P•SS+/-1-IEV!t: TETA• (36, -.sl T--NiGL£•. 72 Zl·J~O :M Z2,3BO CM 

PHc.I. BapHaHT IIIHPOKOYI'OJihHOH JIHH3bl ,IVJH rrony'tleHHH 
rryqKOB cerrapHPOBaHHh~ rrH- H Mro-Me30HOB. ITepBoHa'tlanb
HhiH HMITYJibC Me30HOB - 55 M3B/c. ,llorryCTHMhiH pa36poc 
rro HMTIYnhCY - +1 M3B/c. HHTepsan yrnos 3axBaTa -
0= /36° -46° I .-AKcerrTaHc no TenecHoMy yrny -
0,72 cp. ITono~eHHe nepsoro ~oKyca- 190 eM, BToporo 
380 CM. UH¢Phi Ha KaTylliKax - 3HaqeaHe MaKCHMaJibHOro 
TOKa B aMnepax. ITpoJJ;eHTbi - pacrrpep;eneHHe TOKa B Ka
TYIIIKax. KocoH WTPHXOBKOH H306p~eHO pacrrpe~eneHHe 
JKeJie3HbiX Mace. OcTa.JibHbie noHcHeHHH B TeKcTe. 

3. nporp8MM8 Afl~· y4eTa Bll~RHHR p83MepOB Me30H006paay~~eH 
MYIWeHH 11 rpy6oH ~-M~TSLJ.HH 3¢ciJeKTa nOATOPM8>KHB8H~.A 38pR>KeHHbiX 
48CTHLJ.. 

C HCnOJlb3088HI1eM pa3pa60T8HHOH MeTOAJ.IIKH Bb14HCJleH11H 6b!J10 
paCC411T8HO CBb!We 40 p83JlV14HbiX B8pH8HTOB WVIPOKoyrOJlbHblX <j)oKy
CVIpy~~~X C~CTeM, OTJ1~48~~HXC.A pacnpeAeJleHJ.IIeM TOKa 8 K8TYWK8X 
H KOH¢lHrYP8LJ.11eH OKPY>K8~W.~X 3TH KSTYWKH >Kene3Hb1X MSCC. 113 ::no
ro KOJlH4eCTB8 8 B8PI18HTOB AOnycKa~T nyTeM nepepacnpeAeJleHYIR 
TOKS B K8TYWK8X H 38MeHbl BHyTpeHHero CepAe4HYIK8 JlHH3b1 803MQ>K
HOCTb nOJly4eHI-1R K8K MeAY1LJ.HHCKHX ny4KOB OTPY1U.8TeJlbHb1X nH-Me-
30HOB c HMnynbCOM AO 200 MsB/c, TaK J.1 cena-pHpoaaHHbiX ny4KOB 
n11- Y'l M~-Me30HOB c HMnynbCOM oT 20 AO 60 MsB/c. Asa npHMepa 
TSKIIIX c~cTeM 113 3TIIIX 8 aapHaHTOe noKaaaHbJ Ha p1-1c. 1 Y'l 3. Oco-
6eHHOCTb~ BCeX 3THX 88pJ.1'8HTOB RBllReTCR B03MO>K"'H'OC'T'b Ko'He4HOH 
<J>oKYCYipOBKYI 38p~>KeHHb1X 48CTI-1LJ. 38 npeAeJlSMYI >Kene3Horo ~pMa J1HH-
3b1, rAe MarHHTHOe none He npeBblwaeT 5-10 3. 
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PHc.2. PacnpeAeneHHe aKcHanbHOH KOMllOHeHThl MarHHTHOrO 

nomt Ha OCH nHH3bl, H306paJKeHHOH Ha pHC. 1 • ITo OCH a6c

~HCC - paccTOHHHe B eM. ITo ocH OPAHHaT - 3Ha~eaHe 

aKCHaJlbHOH KOMllOHeHTbl B Krc, 

KaK BHAHO H3 pHC.l, nornOTHTenb H3 nODH3THneHa TOn~~HO~ 

OKOnO 1 CM, nOMe~eHHbl~ B nepaOM ¢oKyce nHH3~, nOnHOCTb~ TOpM0-

3HT ace n~-Me30Hbl 1 yMeHbWSeT np~ 3TOM ~MnyDbC M~-Me30HOa acero 

HS 15-20% ~ npaKT~4eCK~ He ~3MeHReT ~Mnynbca sneKTpOHOa. no3-

TOMy aTopaR 4aCTb n~H3bl, HaCTpOeHHaR Ha ~MnynbC 3STOpMO>KeHHbiX 

M~-Me30HOa, C06~paeT ~X ao aTOpOM ¢OKyCe, OTCeKaR n04T~ non

HOCTb~ ace 3neKTP0Hbl C He3Ha4~TenbHO ~3MeHeHHbiM ~MnynbCOM, 

noA50pOM W~p~Hbl KOnbU,eBbiX A~a¢parM, pacnono>KeHHbiX B o5nacT~ 

npoMe>KyT04Horo KOnbu,esoro ¢oKyca, s Ka>KAO~ 4acT~ n~H3bl MO>KHO 

MeHRTb ~MnynbCH~~ paa5poc ~/p cenap~posaHH~x 4acT~U. .oT 1 AO 

6% B 3aa~C~MOCT~ OT pa3Mepoa Me30H006paay~~e~ MMWe~~. 

AHanorH4H~M 06pa30M, YI3MeH.RR TOnbKO TOn~~Hy norn.QT~TenR 

B nepBOM ¢OKyce n~H3bl 1 MO>KHO HaCTpO~Tb aC~ TSKY~ ¢OKyCHPY~~y~ 

C~CTeMy HS nony4eH~e Cenap~pOBaHHbiX nH-Me30HOB 1 yMeHbWIAa np~ 

TOpMO>KeH~~ lAX ~MnynbC Ha 10-15% no cpasHeH~~ C ~MnynbCOM M~

Me30HOB. TaK~M o6pa30M 1 sap~aHTbl WIIIPOKoyronbHO~ ¢oKyc~ttp)'~~e~ 

n~H3bl, 143o6pa>KeHHOt1 Ha p~c. 1 H l' ·noasonRIOT ocy~ecTB~Tb KaK 
nony4eH~e ny4Ka OTp~u,aTenbHbiX n~A-Me30HOB AnR MeA~U,J.1HCK~).< u,eneti 

C HMnynbCOM AD 183 Ma8/c H npo6eroM 23 CM H.,O, TaK H nOJ;ly4eHHe 

cenap~posaHHbiX ny4KOB n~- 111 M~-Me3oHOB c ~MnynbCOM AO 46 MsB/c. 

np~ 3TOM SKCenTaHC nO TeneCHOMY yrny COCTaBnReT 0,3"5 ~ 0,72 Cp 

COOTBeTCTBeHHO 8 nepBOM J.1 BTOPOM cny4af!X, 
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§3. nAPAMETPbl CEnAPHPOBAHHbiX H HECEnAPHPOBAHHbiX 
ME30HHbiX nYYKOB 

.QnR sapHSHTOB $OKyc1-1py10UIHX CJ.1CTeM, 11305pa)l{eHHbiX HS pHC, 1 
1-1 3, Ha OCHOBSHJ.H1 ¢opMY11 22 1-1 23 1-13 pa6DTbl /9/ 6biJU1 Bb!n'Oii"HeHbt 
paC4eTbl nDilHbiX nOTOKOB J.1 nJlOTHOCTei:1 OCTSHOBOK ny4KOB cenapl-1-
pOBaHHbiX J.1 ·Hecenapl-1poaaHHbtX Me3DHOB. B 3TJ.1X Bbt4HC!1eHHRX 
npi-1Hit1MS!lVICb so BHHMaHHe nonpaeKJ.1 Ha ocna6neHHe nepeJ.14HbtX npo
TOHOB B TOJlCTOH Me30H006pa3yiOU1eH MHWeHJ.1 /5 CM W/-/20%/, BJlJ.1.A
HYie TO!lll.IHHbl MJ.1WeHH Ha Ce4eHJ.1e o6pa30BSH"'.A nH-Me30HOB /OT 5 AD 40%/, ysenJ.14eHHe ¢aaoeoro o6beMa ny4Ka s HMnynbcHoM npocT
paHcTBe np~t~ ero noATOpMS)I{HBSHHVI lAo SO%/, yMeHbweH~t~e TenecHoro 
yrna aa c4eT noTepb Ha BI-1HTOBbtX nonacTRX AI1R paaAeneHHR 4acnu~ 
no aHaKy aap.AAa /15%/. Ce4eHHe o6paaoaaHH.A nH-Me3oHoB AnR 
3Heprl-11-1 HaneraiOW.1-1X npoTOHOB 730 MaB 6panocb 1-13 pa6orbr/1ai.,QonR 
MIO-Me30HOB J.13 11Me30HHOrO o6naKa 11 B ny4Ke n~t~-Me30HOB npHHHMa
fl8Cb paaHO~ 6% Is/. Ce4eH~t~e o6pa30BaHitiR MIO-nniOC Me30HOB 1-13 no
aepxHo~r~oro cnoR Me3oHoo6pa3yiOw.e~ Mlt!WeHH raKme 6panocb ltl3 
pa6orbr

15
'. 

PeaynbT8Tbr npoeeAeHHbiX Bb141t!CIJeH~t~~ H3 pac4eTa Ha 10 MKA !6, 25 •1 013 c- 1 I BbtBeAeHHoro npoTOHHOro ny4Ka np"'BeAeHbl AnR 
cenapl-1pOB8HHbiX J.1 HecenapltlpOBaHHbiX Me30HOB COOTBeTCTBeHHO 
e ra6n. 1 "" 2. TaM me AflR cpaaHeHitiR np"'BeAeHbl AaHHbte AllR ny4-
KOB Me30HOB-; nony48eMbiX Ha 06bt4HbiX MIO-K8H8fl8X. npH 3TOM 6btf11-1 
HCnOIJb3088Hbl p8C4eTbl HHTeHCI-1BHOCTea/r ny4KOB cenapltlpOB8HHbiX 
1o1 HecenapHpoaaHHbiX MeaoHoa, nony4eHHbte a pa6orax /2,31, npa.tae
AeHHble K TOKy npOTOHHOrO ny4K8 10 MKA H TOJlW.HHe 6epHIJf1HeBO~ 
MHWeHH 10 CM. 

KaK cneAyeT H3 3THX pac4eTHbiX A8HHbiX, npHMeHeH~t~e WHpoKo
yronbHbiX ¢OKyCHPYIOW.HX flHH3 noaBOJlReT n011Y4J.1Tb npH 0AJ.1H8KOBbiX 
TOK8X npOTOHHOrO ny4K8 J.1HTeHCHBHOCTitl cenapJ.1pOB8HHbiX MIO-Me30HOB 
H8 0AJ.1H-AB8 nOPRAK8 60flbWitle, 4eM B MIO-K8H8IJ8X. np1o1 3TOM nnor
HOCTb OCT8HOBOK npl-1 lo1CnOnb30B8HJ.1J.1 WHpQKOyrOflbHb!X fllt!H3 B03pa
CT8eT Ha ABa-rp~t~ nopRAKa. AnR nony4eH~t~R ny4KOa HecenapJ.-~poaaH
HbiX nH-Me30HOB .HCnOflb30B8Hio1e WHPOKOyronbHbiX ¢OKYC1o1py10u.tlo1X 11HH3 
o6ecne41t!B8eT B03MOmHOCTb yBefl~t~4eHio1R nonHbiX ltiHTeHCJ.1BHOCTe~ 
H nnOTHOCTe~ OCT8HOBOK Ha AB8 nOpRAK8 no Cp8BHeHJ.110 C 06bi4HbiMH 
MIO-K8H8118MJ.1. 

§4. OUEHKA HE~TPOHHOrO ~OHA B 05~ACTH ~OKYCA 
· WHPOKOYrO~bHO~ ME30HHO~ ~HH3bl 

8 CBR31t1 C KOHCTPYKTio19HbiMJ.1 OC06eHHOCTRMJ.1 Me30HHOV! fllt!H3bl pac
CTORHitle OT Mlt!WeHH AO KOHe4HOro ¢oKyCa He MOmeT 6b1Tb CAefl8HO 
6onee 4 M. no3TOMy BonpOCbl 381qHTbl o6ny48eMbiX 06"'beKTOB OT He~T
pOHHOrO ¢oHa a o6nacr~t~ ¢oKyca fllt!H3bl np~t~o6peTaiOT nepeocreneHHOe 
aHa4eHio1e. 
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IIapaMeTpbl nyt:IKOB cenapHpOBaHHblX Me30HOB npH 
HHTeHC.HBHOCTH npoTOHHOro rryqKa 10 MKA 

- '<IJol<l'CXjlOBKll 
illBpoKoyroaLB8~ nBB88 C 
8RCeDT8BCOM DO Te&eCHo
VJ yrQ 0, 7 CT• 

ToJIIDllH& MBDien 
HJmy UC 'ISC'l'iUJ, . 46 

II c 
<ll,p/p % 6 

3aepnur ,MaB 7,1 

IIpo6er 'IUIC'l'JW 

s r/cM2 s Cu 
0,53 

TOlmlB.HS CliO~ 
ocTaHoBoK ~so- 0 II 
TIUI ' 
s r/CM2 sOu 

IJOJIBSR' BH'l'eH
CBBHOCTl. IIY~
Ka, c-1 

IIno'l'Hocn. oc-

llJ.S "Me-
80HHOr0· 
o6118RB" 

...... 
as oo
sepxao
C'I'BOro 
CJIOR' 
illll!IORJI 

5CM~ 

46 2!,5 

6 6 

9,4 2, 15 

I,05 0,07 

0,2I O,OI4 

Mo-RBH8Jl 

IO CM deJ>'Wll"' 

S6 II5 I 50 

I4 12,6 9,6 

30 50 76 

7,0. 2I,3 30 

2,9 5,6 6,9 

'l'SHOBOK a I r 6 Cu D.PJI DJ101118- 3,6·!0 
.llB oooepe~eoro 

I,5·I07 0,8·I03 I,3·Io3 I,3·Io3 
ceqeDR DJ.qxs 
S=OOcM" 

-I ' c 
llOJ.H8~ BB'l'eH
CBBROCt'lt llO 
peKOBC'!'py!UJRK 
JCltOPB'!'eU, 

c-I 
2,2·I04 I,3·Io5 I,9·I05 

T04H~H pac4eT noToKoa HeHTPOHOB, npoca4HBa~~HXCR ~epea 
anepTypy nHH3~ B BHHT006pa3H~X nonOCTRX 4eHTpaflbHOrO 3a~HTHOrO 
CepAe~HHKa, BPRA nH B03MomeH B HaCTOR~ee BpeMR no npH~HHe 
KpaHHeH cnomHOCTH H 60nbWOrO 06beMa He06XOAHM~X B~~HCneHH~ 
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Ta6nnl\a 2 

IlapaMeTpbi riY'tlKOB HecerrapHpOBaHHbiX Me30HOB IIPH 

HHTeHCHBHOCTH IIPOTOHHOrO IIyt~Ka ]Q MKA 

IlillpoKOJro.DtR81f 0888 C 
axcenTSBCOM no ~eaecao-
111 Jricy 0,35 CT• 

Ap/p % 
3aeprKR qac~,M&B 

IIpoOer uc'l'llll 
B CJI li:lO 

To~a 010~ oc~aao
BO'K 'IISCft.Q 

• CJI 11:!0 

llaO!SOC!. OC!SROBOK 

B cM3 H2o npa nao~ 
nonepe'Boro ce~~HRR 

"'""'" ~00 OM". 
c 

5011~ 

97 184 

6 6 

30 91 

3,9 23 

0,7 3,5 

1,6· 108 3,3·108 

2,7·106 1,2·106 

135 60 

rr 
10 "" depaiiJIIIJI 

200 

6 

104 

29 

4,0 

1,0·104 

0,5 

H8 36M. Mo~HO, OAH8KO, HaAeRTbC~ nony4HTb AOCTST04HO AOCTOBep

Hbte OLteHKH HeViTpOHHOrO ¢OH8 Ha OCHOBe npH6Jllr1>KeHHbtX Bb14HCileHHi1 t 

C4HT8R, 4TO see Be~eCTBO LteHTpa.nbHOrO 3a~HTHOrO -cepAe4HHK8 

.m1H3bJ paBHOMepHo pacnpeAeneHO no see!~! o6nacTH ee anePTYPbt. 

B 3TOM c.ny4ae ycpeAHeHHa.A TOilll.IHHa aaw,HTbt a r/cM2 onpeAe-

n.AeTC.A Bblpa>t<eHJ.~teM: q "" PIS, rAe P - sec cepAe4HHKa a r, a 

S - nJlOUJ,SAb anepTypbl .fllt1H3bl B CM 2. 
CneKTP HeihpoHos c 3Hepr1-1eH CBbiWe 20 MaB, Bbl!leTaiOii\1-lX noA 

yrnoM 90° K OCI-1 npOTOHHOrO ny4Ka, HMeeT Bl-lA/14/: 

-0,025En 
dn/dE 0 =e N oe 

rAe En - 3HeprHR HeHTpOHOB B MaB, a 
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Hei:iTPOHOB c En~-20 M38 

onpeAeneHo no AaHHbtM pa60Tbr/15/. 
TorAa n.noTHOCTb noTOKa He~hpoHOB c En~,20 M38 a Q>oKyce 

JW!H3bl MO>KHO On~t~CaTb c.neAYIOU\ItiM Bblpa>KeH~t~eM: 

q 
dN lp·f· No r -0,025En- A(En)dE 

dS =""""Ji2- 20 e e n' 

rAe R- paccTO~H"e OT M"WeH" AO <lJOKyca; !.(En)= 1/:i:(En) 
AD~t~Ha penaKcau~t~H HelliTPOHOB c 3HeprHeW En: k(En) - MaKpocKo
nH4ecKoe cel.leHHe BbJBeAeHHR HetliTpOHOB npH 3HeprHH En 
f =(l-e-an)::: 0,6 - aepORTHOCTb HaneTaiOU\eMY npOTOHY VICnbiTaTb 

:e~~~~:a=~~~:o~=~~~:=~oan~~~~~~~;~s~~~.~::w:H7oT~~~H:~~ 5 eM; rP-
6,25·1013c-1. 3Ha"eH"e A(En) " :£(En) a "HTepaane 3Hepr"" 
He.,TpOHOB OT 20 AO 600 M38 B3RTO "3 TS6Jl"4 4,2 " 4,3 pa60Tb,lt6z 

,ll.nR aapVIaHTOB J1HH3, Vl306paH<eHHbfX Ha PHC.l H 3, q ::1900 r/cM2 
Cu. 3To A a me HecKo.nbKO 6o.nbwe, 4eM TO.n~V~Ha sauti:i"Tbt 1-13 caMHX 
a.neMeHTOB JlHH3bl /KaTyweK H >Ke.ne3HOrO RpMa/, paBHa.A 1600 ~/CM~ 
noaTOMy AJlFI OUeHKH Hei:iTpOHHOrO ¢OHa TOll~VIHa ycpeAHeHHOi:i aa
~HTbJ np~t~H~t~Ma.nacb paBHOW HaHMeHbWeMy 3Ha4eH~t~IO, T.e. q~ . 
.::-1600 r/cM2 Cu. 

B 3TOM c.ny1.1ae dN/dSiq=!eoo=· 55 HetliTpOHos/CM 2 c, a TO apeM.A 
KaK npH OTCYTCTBHH 3aut~t~Tbl dN/dSiq=O ::::,10 7 HetliTpOHOB/CM2 C, T.e. 
Q>aKTOp oc.na6neHI-1.A nOTOKa Hei:iTpOHOB B 3aut~t~Te COCTaBllReT 1,8·105. 

~OCTOBepHOCTb TaKara nOAXOAa K OUeHKe HeHTpOHHOrO $OHa 
MO>KHO npoaep~t~Tb Ha pesy.nbTaTax 3Kcnep~t~MeHTanbHoro onpeAeneH~t~R 
HeHTpOHHOro Q>OHa 8 ¢oKyce n~t~-Me30HHOtli lli-1H3bl, C03AaHHOtli paHee 
Ha CHHXPOUHKJlOTj)OHe na6opaTOPHI-1 RAePHbiX npo6neM OVUH1 A11R npo
aeAeH~t~R MeA~t~K0-6~t~OJ10rHI.IeCKHX ltiCCJleAOBaH\.IIJii /6,17/. 8 3TOtli Jl\.IIH3e 
q" 270 r/cM 2 Cu,f = 0,63" lp= 0,15 MKA = 10 12c- 1• TorAa 
dN/dSiq•O "' 5,2•106 He.,Tp./cM2 c, <lJaKTop ocna6neH"R np" Q= 

= 270 r/cM2 paaeH 14" dN/dS!q=270 •3,7·10 4 He.,Tp./cM 2 c. 
no I-13MepeHHRM pa60Tbl/17~1lOTHOCTb nOTOKa He~TPOHOB C 3Heprl-1e~ 
6on•we 20 M3B cocTaBnReT dN/dS I q=270 = 6, 7 ·1 04 He.,Tp. /eM 2 c, "TO 
MO>KHO C4\.IITaTb YAOBlleTBOP~t~TellbHO COanaAaiOUJ,\.IIM C pac4eTHbiM 3Ha4e
H\.IIeM 3,7·10 4, TaK KaK 8 3KCnepi-1MeHTe, nOMHMO Hei1Tp0HOB OT Ml-1-
weHI-1, AeTeKTop Mar perl-'lcTpHpoaaTb saMeTHYIO AOlliO HetliTpOHOB, 
B03HHKaiOutHx npH aaxaaTe OTPHUaTellbHbiX nH-Me30HOB aTOMHbiMVI RA
paMH, BXOARW.YIMVI B MaTepHall Hei1TpOHHOrO AeTeKTOpa. 

TaKHM o6pa30M KOHCTPYKUVIR WVIpOKOyrOJlbHO~ Me30HHO~ l1\.IIH3bl, 
H306pameHHOtli Ha PHC.l ~ 3, o6ecne4VIT npH yBel1144eH~I-1 VIHTeH
CVIBHOCTI-1 npOTOHHOrO ny4Ka 8 60 pa3 CHHmeH\.IIe HetliTpOHHOrO ¢oHa 
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T /R .. i!•, 035 1/CM .. i! 
P•JI3. 6 IEV/C lETA- fl0.15. 21. 77) T-ANGLE•. 311 Z-tROS·iOS CM R-tR05"'3. 1'1 CM 

PHC. 3. BapHaHT mHpoKoyroJibHoH JIHH3bi wn1 rronytzeHHa rrytzKOB Hece
rrapHpOBaHHb~ Me30HOB. HMnynbc Me3oHa - 183,6 M3B/c. HHTepBan 
yrnoB 3axBaTa- 8= /10,45°- 21,77°/. AKcenTaHc no TeJieCHOMY 
yrny - 0,344 cp. llono~eHHe ¢oKyca rryqKa - 405 CM. PaAHYC rrytzKa 
B ¢oKyce nHH3bi - R = 3, 14 CM. OcTanbHbie o6o3HatzeHHJI aHanorHtzHbi 
)'Ka3aHHbiM: Ha PHC. 1 • 

• I 0 

PHC. 4 • Pacrrpe,ll;eneHHe aKCHMbHOH KOMITOHeHTbl M8rHHTHOro ITOJIJI Ha 
QCH;ITHH9hl, H306p~eHHOft Ha PHC.J. 0603HatzeHH.I'I 8H8JIOrHtzHhl 
yKa3aHHWM Ha PHC.2. 
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npiiiMepHo Ha TPIII nopflAKa I AD seniii4111Hb1 -1 0 2 
Hei)1Tp. I eM 2 c/. 3To 

CAenaeT 803MQ}I(Hb1M npoBeAeHvte HS Me30HHblX nyliKSX WIIIPOKOyrOilbHOI7i 

IliiiH3b1 He TOJlbKO MeAIIIK0-61110JlOrlll4eCKIIIX J..1CCJleAOBSHIIIC1, rAe 3TOT 

nopor ropS3AO BbiWe, HO Ill PflAS $1113H4eCKIIIX 3KCnep!IIMeHTOB, AJlfl 

KOTOpbiX AOnyCTIIIMbli)1 yposeHb ¢oHa 6Jliii30K K BeJlH\.IHHe, CYll.leCTBO

BSBWeH AO peKOHCTPYK~IIIIII CVIHXpO~IIIKJlOTpOHa B 3SJ1e 3KCnep!IIMeH

TSJlbHbiX yCTSHOBOK 3ASHIII1'1 YCKOPIIITeJlR. 

8 3SKJ1104eH!IIe SBTOpbl BblpamatOT 6narOASPH0CTb 4IleHy-Koppec

noHAeHTy AH CCCP 8. n . .Qmenenosy aa nocTOf1HHb1!)1 vtHTepec K pa6oTe 

Ill nnOAOTBOPHble 06cymAeHIIIR. 
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