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l.Bse.l(eHMe 

3KcnepJ.1M8HTaJibHa~ YCTaHOBJ<:a, TOtiHOCTHhle xapaJ<:Te.DMCTI-11'\1-1 

1'\0TOPOH 06CY:l!C.llaiOTC~ B HaCTOSime£1 pa60Te • 6hl.lra C03.l(aHa .l(JISI 

MCGJie.l(OBalil-1£1 C YJibTpape.1!SITI1BJ.1CTCKJ.1MJ.1 n031-1TPOHl1~ (A 2el/=•21 , a 

TaJ<::lK:e M~ M3YY:eHH~ pox.lleHM~ B MHJ<:Jli0311BHhlX npou;eccax rr rr -nap c 

MaJlhlMl1 OTHOCl1TeJibHhlMl1 l1MnYJibCaMJ.1/3/. ·.· 
Ha 3TOH ycTaHOB~e BhmoJIHeHhi 3J<:cnepHMeHThl no· Ha6Jl!O.lleHHIO 

YJibTpape~BJ.1CTCKJ.1X n0311TPOHl1eB B )1HTepsaJie . r-waKTO.DOB 

800+20oo1 41 , MaMep·eHo ceY:eHl1e saaMMO.lleAcnm~ YJibTpapeJISrrnBl1CTCJ<:l1X 

noaMTPOHY1eB c yr Jiepo.l(o~51 , l13MepeHo oTHome'm1e . sepo~ocTM 
aTOMHOfO pacna.l(a Tr

0 
-Me30Ha K Bepo~OCTJ-1 pacna.l(a Ha .l(Ba 

r-J<:BaHTa/
6/ l1 TeM CaMf:IM onpe.l(eJreH ,K03WWl1IJ;J.1eHT BHYT.DeHHe£1 KOHB9PCJ.1J.1 

WOTOHa B aTOM n03l1TPOHl1~. a Tai'\Xe o6Hap~eH 3WW9KT, o6ycJIOBJieHHhM 

KYJIOHOBCKl1M B3al1MO.lleHCTBl1eM n + Tr--M~30HOB B 1'\0HetmOM COCTO~I-11-1/7 I 
B HacTOsnne£1 pa6oTe onHchrnaeTc~ 3J<:cnepMMeHTaJlbHa~ YCTaHOBJ<:a 1-1 

ee npocTpaHcTBeHHoe, MMnYJlbCHoe 1-1 speMeHHoe paapemeHMe. 

2. 3J<:cnepJ.1MeHTaJlbHa~ YCTaHOBKa 

Y1cTotm~1J<:OM YJlbTpape~BMCTCJ<:MX noal1TPOHl1eB, perMCTPMPYeMhlX 

YCTaHOBJ<:o£1, ~JISieTC~ pacna.ll rr
0 

-MeaoHa Ha r-KBaHT . 1-1 A
2

e. P~ 
cnell;J.1aJibHhiX Tpe6osaHM£1 J<: 3J<:cnepMMeHTaJlbH0£1 YCTaHOBJ<:e Bh!TeKaeT 1-13 1· 

oY:eHb MaJio£1 sepo~ocTM aTOMHor~ pacna.r~a rr
0 

-MeaoHa 1-1 xapaKTePa 

B3al1MO.lle£1cTBJ.1~ n031-1T.DOHJ.1eB C Be~eCTBOM J.1 3JieKT.DOMafHJ.1THhlM noJieM. 

no3J.1TPOHJ.1jll npl-1 pacna.l(e Tr
0 

-Me30HOB o6pa3YJQTC~. B T.DY1nJieTHOM 

. COCTO~I-11-1 C OTHOC~TeJlbH0£1 sepO~OCTb!O p=W(rr0 
-+ Y + A2e)/ 

W(rr
0
-+r+r) = 1,7·10-

9
, 1-1 np1-1 r=10

3 
.l(JIJ.1Ha A2e pacna.lla COCTaBJISieT 

- 40 1'\M. 

npl1 npOXO:l!C.l(9HJ.1l1 Y:epea Be~eCTBO n03J.1T.DOHJ.1~ paaBaJIJ.1Ba!OTC~ CJIOeM 

TO~Ho£1 s .llOJll-1 MMJ<:POHa (.l(JIJ.1Ha norJio~eHI-1~ B yrJiepo.l(e pasHa 

- O,lMKM). 



fipH JBHZeHHK A 28 B MarHKTHOM noAe c seKTOPOM Hanp~eHHOCTK H, 

nepneH.lliiiKYJISIPHhiM KMnYJibCY A 29 , s cKcTeMe noKo.H Aze soaHKKaeT 

3AeKTPKqeCKOe noAe E~H, B KOTOPOM n03HTPOHVIH MOXeT 

,lliiiCCOI.U'fKPQBaTh Ha e + e--nap/8 /. fioaKTPOHVIH B OCHOBHOM COCT051HVIK · 

( n=1) npK r=10 3 
.llHCCOUKMPY8T B noAe ~140 3 • 

YcTaHOBKa pacnoAox:eHa B sKcnepV~MeHTaJibHOM aaAe npoTOHHoro 

CMHXPQTPOHa Y-70 H4>83/4 - 7 •9/ (pV~c.1) • 8 peXMMe perV~CTpaJ..tKM A 29 BO 

...... / 
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PMc. 1. · a) -CxeMa KaHaAa: P-nytioK npoTOHOB; BKY -saKYYMHa.H 

KaMepa YCKOPMTeJISI; BM -ycTpoAcTBo sso.zra MMmeHV~; KA -Ko~MaTOPbi; 
M3-MarHKTHa.H aa!I(HTa; 6) CxeMa pacnoAoxeHM.H MarHKT<i M .zteTeKTopos 

cn-73; M - nOJIIOChl MafHKTa cn-73; BK-BaKyyMHa51 KaMepa; .l{K:-naKeTII 
- . ' + -

.ztp8VIIDOBhiX KaMep; • T 1', T2 -TeJI8CKOnhl .ztJ151 perKCTpa!.ijm e e · -nap 
+- . 

( rr rr -nap); G-ro.ztOCKOnhl, S-ClU1HTKMS!IJ,KOHHhl8 Cti8Ttll'lKK, C-ra30Bhle 

tiepeHKOBCKVIe Cti8Ttll'lKK; 4>-IDKJibTPbl 

2 

BHYTP8HHKH nytiOK npOTOHOB C 3HeprKe£1 70 f38 BBO.llHAaCb MMID8Hb V13 

yrAepo,ZtHOH nAeHKK TOAII(HHOH - 0,4 MKM. fi03VITPOHVIVI o6pa30BbmaAKCb B 
0 

peayJibTaTe pacna.zra n -Me30HOB, POX.ztaiDII(HXC51 B MMID8HVI, K nona.ztaAK B 

BaKYYMHbiH KaHaA, pacnOAOX8HHhiH no.zt YfAOM 8,4° K nyqKy npOTOHQB. 

1\aHaA no.ztC08.l[HHeH K BaKYYMHOH KaMepe YCKOPMTeA51 6e3 neperopO.ztOK. 

.l{JIMHa KaHaAa pasHa 40 M, YfAOBOH aKcenTaHC KaHaAa 3a.ztaeTC51 

KOHM48CKVIM KO~MaTOPOM, pacnOAOX8HHhiM B 10 M OT MMID8HH, VI 
-5 

COCTaBJISieT 3,8 ·10 cp. HatraJibHaSl l.!aCTb KaHaAa 3KpaHVIPOBaHa OT 

pacC851HHhiX MafHVITHbiX noAe£1 YCKOPHT8JIS! .ztO YPOBH51 H<O ,5 3. 

3ap~eHHbl8 tiaCTKLU>I. BbmO.ztKAMCb Vl3 KaHaAa nonepetiHbiM MafHKTHhiM 

noAeM Hanp51X8HHOCThiD 56 3 (OtiVI~aiD~ee noAe), npVIAOX8HHhiM Ha .ztAKH8 

23 M· fipVI 3TOM M3 nyqKa BhmO.ztKAMCb l.!aCTKLU>I C VIMnYJibCaMM .ztO 3 f38/ C, 

a n03VITPOHVIK C ~1MnYJibCaMM .ztO 2,5 f38/c, HaXO.lt511I(H8C51 B OCHOBHOM 

COCT051HVIVI, npOXO.ltKJIVI 06AaCTb nOJISI· 683 .ltKCCOlU1aJ..tKVI. ATOMhl B 

B036YX.lt8HHhiX COCT051HH51X .l[HCCOlU1VIPOBaAM B 3TOM noAe VI He 

perV~CTPVIPOBaJIMCb. 

KaHaJI aaKaH~.JKBaeTC.H nAocKoA KaMepo£1, noMe~eHHoA s aaaop 

cneKTPOM8TPK48CKOfO MafHVITa. .l{MaMeTp nyqKa Ha BXO.zte B MafHVIT 

COCTaB~ 28 CM, pa3M8Phl BXO.ztHOfO OTB8PCTK51 KaMepbl paBHhl 37 ,5x37 ,5 
CM

2
• BbiXO.ztHOe OKHO KaMepbi pa3M8POM 200x40 CM2 Vl3fOTOBA8HO K3 

.ztropaJIIOMMHVI51 TOAII(HHOH 0, 8 MM. 

PaaMep noJIIOcos cneKTPOM8TPKI.!ecKoro MarHV~Ta lOOxlOO cM2 , aaaop 

Mex.ny noJIIOcaMM 40 eM. HopMaJibHa.H cocTaBA.HID~.H noA.H MafHVITa 

VI3M8~.HAaCb C nOMO~ID .ztaTI.!KKOB Xo~ VI KaJIM6POBOI.!HOfO .ztaTtiHKa 

51MP 
101 

.Bo speM.H perV~cTpawm A 29 YCTaHaBJIMBaAOCb noAe H=4600 3. 

MarHV~T KpaeBbiM noAeM paasaJIMsaA noaHTPOHVIVI VI paaBO.ztKA o6paayro!I(Hec.H 
+ -

e e -naphi. 

HMnYJibChl noaV~TPOHKes, perV~CTPKPY8MbiX YCTaHOBKo£1, HaXO.ztMJIKCb B 
+- . 

VIHTepsaAe OT 800 .zto 2000 M38/c (VIMnYJibChl e e 400 + 1000 M38/c) • 

.l{eT8KTOPhl Ha BXO.zte MafHVITa OTCYTCTBOBaJIM, TaK KaK V13-3a MaAOH 

OTHOCHTeJrbHOH BeposfniocTK aTOMHOro pacna.zta 1T
0 -Me3oHa .na:m:e . CAOH 

Be~ecTBa B H8CKOJibKO MMKPOH MOXeT C03.ztaTh He.ztonyCTMMO 60JibiDOH IDOH 
+ -OT KOHB8PCMOHHhiX e e -nap. 

3A8KTP0Hhl M n03MTPOHhl perUCTPMPOBaJIKCb .ztBYMSl TeA8CKOnaMM Tl M 

T2, COCT0511I(HMM M3 .ztp8HIDOBbiX KaMep, ClU1HTKAA511U10HHhiX M ti8P8HKOBCKMX 
Cti8Ttll1KOB. 

.l{peilt»OBble KaM8Pbi (.l{K)/ll/ 06be.l[HH8Hhl B TPM naKeTa. KaMepbl 

TeAecKonos T1 M T2 pa6oTaioT HeaaswcwMo M co.nepxaT no mec'Th x - H 

·3 



mecTh Y -nJIOCKOCTe~. C~-irHaJ!bHhie nposoJIOKI-1 HaMOTaHhi c maroM 10 MM. 

noTeHUHaJ!bHhie nposoJIOKI-1 OTCYTCTBYJOT. KoJiw.recTBo semecTBa · Ha n:rrn 

tmCTI-iU S 4YBCTBI-1T8JlbHO~ 06JiaCTI-1 KaMep COCTaSJ!SleT 180 Mf / CM
2 

• 

KaMephl pa6oTaiDT s pe~1-1Me caMorac~eroc~ CTPI-1MepHoro pa3p~~a. 

C~-iCTeMa Cb8Ma 1-iHWOPMaUHI-1 C JJ.K112/ no3SOJ!Sl8T perl-1CTPI-1POSaTh S O~OM 
C06h!TI11-1 ~0 ~yx tmCTI-iU S Ka~~OM TeJieCKOne. Koop~HaTHa~ TOlJHOCTh 

KaMep COCTaSJ!SleT ~ = 0,2 MM. · . . 

noporOSbie t!epeHKOSCKI-18 Ct!e~Kl-1/131 HanOJIH8Hhl WP80HOM-12 npl-1 

aTMOCW8PHOM MSJI8Hl-11-1 1-1 perl-1CTPI-1PYIDT 3Jl8KTPOHhl 1-1 no31-1TPOHhl· 
rJ - -

MoHI-1TOPI-1POSaH!-1e t!l-iCJia s3al-1Mo~eHCTBHH npoToHos c MHmeHbiD 

OCYm8CTB~OCb nYTeM perHCTPaUHH r-KSaHTOS, npome~X qepe3 KaHaJI, 

T8Jl8CKOnOM CUHHTI-iJ!Jl~OHHhiX C48~KOS CO CSI-iHUOShiM KOHS8PTOPOM 

pa3M8POM 2x2 CM
2

. no~l-i~HhM TeJieCKOn aHaJIOfl-ilJHO~ KOHCTPYKUHH 

CJIYj!CHT ~ onpe~eJieHH~ nOJI0~8HH~ nyqKa r-KSaHTOS. 

B HatmJ!bHO~ tmCTI-1 KaHaJia Ha paccTo~Hl-11-1 - 2 M oT Ml-imeHH 

pacnOJIO~eHO YCTPO~CT80 ~~ SSO;lla S KaHaJI TOHKHX nJieHOK. Cet!eHHe 

s3aHMo~e~CTBH~ · YJ!bTpapeJ!SlTI-1SHCTCKI-1X no3HTPOHHes c yr Jiepo~oM 6h1Jro 

noJiyqeHo
151 

H3 cpasHeHH~ liHCJia 3aperl-1CTPI-1POSaHHhiX A29 s l-13MepeHI-1~ 
C SSe~eHHO~ S KaHaJI nJieHKO~ 1-13 yrJiepOM TOJimHHO~ - 0,1 MKM 

(21MKr/cM
2

) 1-1 6e3 nJieHKH. 

nepe~ MafHHTOM pacnoJio~eHo ycTpo~cTBo, no3so~mee nepeKPhiTh 

nyqoK norJIOTI-iTeJieM H3 nJieKcl-irJiaca TOJiml-iHO~ 0,6 MM (1,7·10- 3 

pa~aUHOHHO~ ~Hhl) ~J!Sl KOHS9PCHH r-KSaHTOS S e + e- -napbJ. 
+ -

KoHsepcHOHHhie e e -napbi HcnOJ!b3osaJIHCb M~ onpe~eJieHH~ TOliHOCTHhiX 

xapaKT8PHC.Tl-1K YCTaHOSKH 1-1 3WW9KTI-1SHOCTI-1 ~eTeKTOPOS, a TaK~e M~ 

onpe~eJieHH~ noJio~eH!-1~ nYli:Ka r-KsaHTOs H, cJie~osaTeJ!bHO, 

n03HTPOHH9S Ha SXO~e S MafHHT. no li:HCJ!Y 3aperHCTPHPOSaHHhiX 
+-

e e -nap onpe~eJI~C~ nOTOK r-KSaHTOS S KaHaJie. M3M9P8HH9 OTHOID9HH~ 

liHCJia 3aperHCTPHPOSaHHhiX no3HTPOHH9S K 3TOMY nOTOKY n03SOJIHJIO 

onpe~eJIHTh OTHOCI-iTeJ!bHYID sepo~THOCTh pacna~a rr
0

-M930Ha Ha.r~KSaHT 
H n03HTPOHI-1~/6/. . 

J1. + -
J!Sl perHCTPaUHI-1 rr rr -nap YCTaHOSKa 6h1Jla -~onoJIHeHa ~~ . . 

~eTeKTOpaMH: l-1~8HTI-1Wl-1KaTOPOM MIDOHOS 1-1 ro~OCKOnOM CUHHTI-1JIJlSlUI-10HHhiX 

Cli8~KOS. 

Jl.J!Sl ShmeJieH!-1~ JJ-M930HOS OT pacnaM nHOHOS HCnOJ!b30SaJIHcb 

W1-1JlbTPhi 1-13 liYfYHa. norJiomarom1-1e a~oHbJ. npome~e llepea Wl-iJ!bTP 

MIDOHhl P8fl-1CTPI-1POSaJIHCb CUHHTI-i~OHHh!MH Cli9~KaMH. 
. . +- . 

0CHOSHhiM 1-iCTOliHI-iKOM 'WOHa npl-1 perl-iCTPaUHI-1 rr rr -nap $~TC~ 

4 

CJ!Ytm~Hh!e cosna~eHH~ O~HOliHhiX nMOHOS. Jl.J!Sl ShmeJieHM~ MCTI-iHHhiX 

cosna~eHMH l-1CnOJ!b30SaJIHCb ~a fO~OCKOna CUHHTI-iJ!JlSlUHOHHhiX 

Cli9T4HKOS, CYm8CTB8HHO YJIY4illMBIDMX paapemeHMe no speMeHM 

npoxo~~eHI-1~ nMoHos s TeJiecKonax T1 M T2 . Kaz~ ro~ocKon co~epx~JI 

no 19 Cli9T4MKOS CO CUHHTI-iJIJIS!TOPaMI-1 paaMepoM 2x5x40 CM
3 H 

WOTOYMHOlCMTeJIS!MH <P3Y-85. . 

npvt l-13MepeHI-1l1 ~wwepeHUHaJ!bHhiX C9li9Hl-1~ po::ueHl-f~ rr+rr- -nap/7 Is 
nyqoK npoToHos sso~JiaCb MHmeHb 113 TaHTaJiosoA WOJ!brM TOJ!m1-1HO~ 10 
MKM· Oli:Hmaromee noJie ShiKJIIDtmJiocb, a MarHMTOnposo~ oli:Hmaromero 

MafHl1Ta l-1CnOJ!b30SaJIC~ ~ 3KpaHHPOSaHM~ KaHaJia OT MafHMTHhiX noJie~ ~ 

noJie cneKTPOM9TPl1li8CKOf0 MafHl1Ta paSH~OCb 8500 3, liTO n03SOJIHJIO . + - . . . 
perHCTPl1POSaTh rr 1-1 rr -Me30Hhl B MHTepsaJie MMnYJ!bCOS OT 800 ~0 2400 

M3B/c. 
. +-

np11 perHCTPaUHI-1 rr rr -nap SaZHOe 3Hali9HMe MMeeT yqeT CT~6oro 

MafHI1THOfO noJ!Sl S KaHaJie, KOTOpoe 1-iCKPI-iSJ!SleT TpaeKTOI>IIIM tmCTI-iU, 

liTO MO~eT npl-1S8CTI-1 K HenpaSMJ!bHOMY onpe~eJieHHID yrJia paaJieTa llaCTMU 

1-1 CS~3aHHOfO C Hl1M OTHOCMTeJ!bHOfO nonep94HOfO IIIMnY~Ca. EcJIH Ha 

seeR ~Jll-1He KaHaJia CYm9CTByeT nepneH~KYT~PHOe ero OCM noJie 

Hanp~eHHOCThiD 0,5 3, TO aap~eHHa~ tmCTI-iua C HMnYJ!bCOM l fsB/c 

1-iCnh!ThiBaeT OTKJIOH8HMe Ha 12 MM. 3TO np!-1SO~T K OIDM6Ke S 

onpe~eJieHI-iM · yr Jia paaJieTa oKoJio · 0, 6 Mpa~. JJ,J!Sl oueHKM sJIH~H~ 
OCTaTOl!Hblx .noJie~ 6hiJia IIICnOJ!b30SaHa MHWOPMaUH~.. nOJIYli8HHaSI npl-1 

perJ,1CTP~UJ11,1 nap JJ,aJ!l-1TUa/14/. Be.7ll-14:HHa OTHOCJ,1Te~Horo CMeiii,eHJ,1~ 
pacnpe~eJieHvt~ e+ 111 e- no KOOP~HaTaM, nepneH~KYJIS!PHhiM oc111 KaHaJia, 

COOTB8TCTByeT cymecTBOSaHvtiD no see~ ~He KaHaJia 3KSJ,1SaJieHTHOf0 

no~ 0, 3 3 , SJIH~J,1e KOTOPOfO S MJ!bHe~meM yl{HThiBaJIOCb • 

McnOJ!b30SaHJ,1e . TOHKJ,1X SHYTPeHHJ,1X Ml-iiDeHeH, OTCYTCTBJ,1e. 

neperopo~OK Me~~ saKYYMHO~ KaMepo~ YCKOPJ,1TeJ!Sl 1,1 KaHaJIOM,. 

3KpaHMPOSKa _KaHaJia OT MafHJ,1THbiX noJie~, M3MepeHMe MaJ!hlX YfJ!OS Me%~ 

llacT!-1uaMI1 napbi _Ha 6a3e 40 M noasoJIMJIM noJ!YliHTh ShiCOKoe paapemeHJ,1e 

YCTaHOSKJ,1 no OTHOCI-iTeJ!bHOMY MMnYJ!bCY tmCTHU· 

3. CbeM J,1HWOPMaUJ11,1 

PaccMoTpvtM pa6oTY . ycTaHOSKJ,1 np1,1 perMCTPaUHM noaJ,1TPOH!-1es. 

3JI8KTPOH 1,1 n03J,1TPOH OT ~CCOUMaUHI-1 A29 S~9J!SlJIHCb no p~ 

- xapaKTePHhiX npM3HaKOS, KOTOPhle MCnOJ!b30SaJIMCb KaK npM opraHJ,13aUJ11,1 

TPMrrepa, TaK 1,1 np1,1 MJ!bHe~me~ o6pa6oTKe. Eea yqeTa MHoroKpaTHoro 

5 



paCC851HYJSI Yl KOHetmOH TOtffiOCTYJ YJ3MepeHYJH 3TYJ npJ.13HaKYI Ta.KOBhl: . 

1. Yr~ TP8KOB e+ YI e- OTHOCYJTe~Ho ropYJ30HTa~HOH n~ocKOCTYI 
MaJibl Y1 paBHbl Me:a:.zxy co6oi1, a npoeKUYIYI TP8KOB Ha sepTYIKaJibHyiO 

n~OCKOCTb, napa~e~HYID OCYJ YCTaHOBKYI, Hanpas~~Hhl Ha MYJill8Hb· 

2. TpeKYJ YJCXO.ztm' Yl3 O,l(lc!OH TOI.IKYJ, pacno~O:lll:eHHOH Ha BXO.ll8 B 

MarHYIT B o6~CTYI ceqeHYJSI KaHa~. r.lle npOXO.llYIT nyqoK r~KBaHTOB· 

3. J1MnYJibCbl 3~8KTPOHa Yl noaYJTPOHa paBHhl M8:lll:.llY co6oi1. 

TpYJrrep nepsoro YPOBHSI qiopMYJposa~cSI npH cosna.lleH~iYI CYlrHa~oB 
CUYIHTYI~OHHb~ 
+-e e -naphl. · 

Yl qepeHKOBCKYIX 
,..."1< 

cqe~KOB Yl Bbl.ll8~ 

TpYlrrep BTOporo YPOBHSI Bblpa6aTb!Ba~C$1 6biCTPbiM annapaTHbiM 

Y-npoueccopo~151 , KOTOPhli1 aHa~3YIPOBa~ YIHWQPMaUYJIO 0 BePTYJKa~Hb~ 
+ 

KOOP.llYIHaTaX TP8KOB. Y-npoueccop OT6Ylpa~ TaKYI8 C06b~SI. KOr.lla e Yl 

e- perYICTPYIPOBa~Cb He MeHee qeM B ~eTblpex Y-n~OCKOCTSIX ,llPeHqiOBb~ 

KaMep 1'\a:lll:.llOro Te~ecKona Yl Y-KOOP.llYIHaTbi paa~qa~cb He 6o~ee qeM Ha 

4 eM. 
TpYirrep TpeTbero YPOBHSI qiopMYJposa~cSI npYI no~O:lii:YITeJibHOM 

pemeHYIYI MYIKPonporpaMMYJpyeMoro npoueccopa (Mnn/
161

• KOTOPhM 

aHa~3YIPOBa~ YIHWOPMaUYJIO 06 X-KOOP.ZlYIHaTaX TPBKOB Yl OT6Ylpa~ co6biTYISI 

C npYJMBPHO O.llYIHaKOBbiMYI yr~MYJ M8:lii:JIY TP8KaMYJ e+ Y1 e- C OCbiO KaHa~ 
Y1 C 6~3KYIMYI KOOP.llYIHaTaMYJ e + Yl e- Ha BXO.lle B MarHYIT· 06a 

npoueccopa YJcno~aosa.~ YIHqiopMaUYJIO TOJibKO o HoMepax cpa6oTaBillYIX 

nposo~ol'\. 

.l{a~ee YJHqiopMaUYISI aanYicbiBa~cb Ha MarHYITHYID ~eHTY. CYicTeMa 

c6opa YIHWOPMaUYIYI no3BO~ nPYIHYIMaTb .llO 600 co6biTYIH aa UYIK~ 

YCKOP,1Te~ (~Ha O.llHOro C06hm1SI - 81 meCTI!a,llUqTYJpaapSIJlHOe C~OBO) 

Yl HaKan~BaTb OKO~O 100 rYICTOrpaMM ~ KOHTPO~ pa60Tbl annapaTYPbl 

B XO.lle Ha6opa CTaTYICTYIKYI(17/. 

Be~tn1Ha c6poca npoTOHHoro nyqKa Ha MYJmeHh no.ll.lleP:lii:YIBa~cb Ha 

YPOBHe 1011c -1(~Te~HOCTb c6poca -1c). J1HT8HCYIBHOCTh nOTOKa 

r-KBaHTOB s KaHa~e co~Ta.B~ ·6·107c-1. Cpe,llHee ql~Jd~o· TPYlrrepos 

nepsoro YPOBHSI pasH~ocb 1,5 ·10 3c - 1 • qYJC~o aanvrcb!BaeMbiX Ha 

MarHYITHYID ~8HTY co6bm1H -35 aa UYIK~. 

B P~:lii:YIMe Ha6opa ~ + rr--nap· se.irnqYJHa c6poca npoTOHOB 6biJia mi. .llBa 

nopSIJlKa M8Hbill8 Y1 Bbi6paHa YJCXO.llSI YJ3 onTYIMa~Horo COOTHOlll8HYJSI MB:lii:J!Y 

CKOPOCThiO . Ha6opa CTaTYICTYIKYI Y1 YPOBHBM. C~aHHb~ COBna,lleHYJH. Ha 

MarH~1THYID ~eHTY aanYICb!Ba~OCb - 25 co6blTYIH aa UYJK~. a OTHOillBHYle 

.6 

· 3qiqieKT/qiOH B o6~aCTYJ nYJI<:a YJCTYIHHb~ COBna.lleHYJH COCTaB~O 0,4. 

TpYJrrep ~nepsoro YPOBHSI B 3TOM c~qae WOPMYIPOBa~cSI 

cosna.ll8HYIS!MY1 CYirHa~OB CO • CUYJHTYI~OHHb~ cqeTqYJKOB Y1 

CUYJHTA~~SIUYJOHHb~ rO.llOCKOnYJqecKYIX cqe~KOB Te~8CKOnOB T1 Yl T2 npYJ 

OTCYTCTBYIYJ CYJrHa~OB B qepeHKOBCKYIX cqe~KaX Yl B .ll8TeKTOPaX 

MIOOHOB. Ha C~8JlYIOII(8M 3Ta.ne Tpe6osa~CSI CYJrHa~ . no~O:ai:YIT8JlbHOrO 
pemeHYISI 6brcTporo annapaTHoro npoueccopa CUYJHTYI.1I~OHHb~ 

rO.llOCKOnOB, KOTOPbM cpaBHYIBa.1! HOMepa cpa60Ta.BillHX cqe~KOB B 

rO.llOCKonax Yl OT6YJpa.1! C06bm1SI, B KOTOpb~ pa3HOCTb HOMepoB 6biJia AN~7 

-TeM CaMbiM OT6YJpa~YJCb C06bm1SI C 6~3KYJMYI YIMnYJibCaMYJ. .l{a~ee 

Y-npoueccop Yl Mnn no HoMepaM cpa6oTa.BlllYIX nposo~o.r. Bbl.Zle~ 

co6hiTYISI, coJlep:acallU1e napbr qacTYiu c MaJibiM yr~oM paa~eTa Ha BXO.lle s 

MarHYIT ~1 c 6~3KYIMYI YIMilYJibCaMYJ. Ko3WWYIUYIBHT no.llas~eHYISI qioHa sceMYJ 

npoueccopaMYJ cocTa.B~SI~ - 20. 
v 

4 .. npoue.zxypa BOCCTaHOB~eHYJSI TPBKOB Yl oT6op C06bm1H 

npocTpaHCTBBHHbJe KOOP.llYIHaTbi TPBKOB onpe,lle~SurnCb no YJHqJOpMaUYIYI 

c .llP8HWOBb~ KaMep. 

,llo Haqa~a o6pa60TKYI onpe,lle~~Cb reOM8TPYJt-!8CKYI8 KOHCTaHTbl 

( C.llBYirYJ Yl noaopoTbi) n~ocKOCTeA .n:K Yl napaMeTPbi ,llPeAwosb~ WYHKUYJi-1. 

npYI onpe,lle.1!8HYIYI reoMeTpYJqecKYJX KOHCTaHT YICnOJib30Ba~aCb 

YJHqJOpMaUYJSI TOJibKO 0 HOMe pax cpa60Ta.BillYIX npOBO~OK. ){Be n.1IOCKOCTYI 

YICnO~b30Ba~Cb KaK onopHbl8. .l{JISI 1'\a:at,llOH Yi3 . qeTbrpex OCTa.BlllYIXCSI 

n~OCKOCTeH 6hJ~a Ham1CaHa CYICTeMa ypaBH8HYJH, nepeonpe,lle~eHHaSI 

OTHOCYJTe~HO napaMBTPOB Ka:at.llOH n~OCKOCTYJ. PemeHY!e 3TOH C~1CTeMbl 

YICKa~OCb MeTO.llOM r~BHb~ KOMnOHeH~1B/ C oT6opoM HaYI60~ee 3HaqliJMb~ 
K03WWYIUY18HTOB perpecCYIYI· AMOPYITM no3BO~SieT, KaK noKa3a~ 

P83YJibTaTbl OT~.llKYI . nporpaMMbJ Ha MO.lle~poBaHHb~ C06blTYISIX, 

onpeJle~YITb OTHOCYITeJibHOe pacno~O:lii:8HYJ8 n~OCKOCT8H C T04HOCTbiO 

6oJibmeA, qeM co6cTBeHHaSI ToqHocTb KaMep (a= 0.2 MM). Onpe~e~eHYle 

napaMeTpos npoBO.llYI~ocb Ha 3KcnepYIMeHTa.~bHOM MaTepYia~e. MeTO.ll 

no3BO~~ YICK~qliJTb Koppe~YJ Me:ac.zxy napaMeTpaMYJ .llP8HqJOBb~ WYHKQy.H 

YI reoMeTpYJqecKYJMYI KOHCTaHTa.MYI YI no~Tb ycTOAqYJBoe pemeHYJe 

CYJCT8Mbl ypaBHBHYIH, He aaBYICSIII(ee OT BYI.lla .llP8HqiOBb~ qiyHKUYIH/2 -1/ 
noc~e onpeAe~eHYJSI reoMeTpYlqecKYIX KOHCTaHT HaXO.llYI~Cb 

napaMeTpbr ,llPeAcposblX WYHKUYIH cnoco6oM, onYlcaHHhlM B 1191 • 
. i 

TpeKYJ qacTYJU Ha nepsoM 3Tane onpeJle~ch 6ea yqeTa spev.eHYI 

.llPeAci>a Yl onYJcb!Ba~cb npSIMoi1 ~HYieA. aa)lasaeMoA TaHreHCOM yr ~ 

7 



HaK~OHa H KOOP~HaT0£1 nepece4eHH~ TpeKOM nepBOA n~OCKOCTH· 8Ha4a~e 
Bb14HCJISlJIHCb TaHreHChl yr ~a HaK~OHa OTP83KOB, C08.m1H5llOIIJ,IIIX nonapHO 

see cpa6oTasmHe nposo~oKH s n~ocKocT~. · npHHa~~ezaiiJ,IIIX pa3Hh~ 
naKeTaM· 00.ny4eHHhie 3Ha4eHH~ TaHreHCOB ynop~04.11Ba~HCb H 

ocyruecTB~C~ noHcK rpynm1 He MeHee, 4eM H3 qenipex 3~eMeHTOB. 

pa3~e~eHHblx HHTepsa~MH MeHbmHMH, 4eM A1. Ha~4.11e TaK0£1 rpynnhl 

3~M8HTOS paCCMaTPHBa~OCb KaK pe3y~TaT p~rHCTpaLJ,HH qacnt~l, 

TaHreHC yr~a HaK~OHa TpeKa KOTOP0£1 paseH cpe~eMY apHWMeTH4eCKOMY 

TaHreHCOS, BXO~X B rpynny. 
~a~ee Koop~HaTII cpa6oTasillHx · nposo~oK npoeLJ,Hposa~cb Ha 

n~ocKOCTb nepso£1 KaMephl no~ yr~oM, onpe~e~eMh~ cpe~HM TaHreHcoM. 

llo~eHHbie Be~4.11Hhl npoeKLJ,H£1 TaKZe ynop~~04.11Ba~Cb H ocymecTB~~C~ 
noHCK rpynmi He MeHee 1 48M H3 48Tb!pex 3~eMeHTOB, pas~e~eHHhiX 

HHTepsa~MH, MeHbmHMH_A2• 3aTeM Bh~He~oeb epe~ee aPHWMeTH48CKOe 

~ some~X S rpynny 3~eMeHTOB, KOTOP08 npHHHMa~OCb paBHh~ 

KOOP~HaTe nepece4eHH~ TP8KOM nepBoA n~oeKOCTH. 
~PHTePHH A

1 
H A2 6h~ onpe~e~eHhi npH o6pa6oTKe HHWOPMaLJ.HH, 

Ha6paHH0£1 e BBe~eHHh~ 8 KaHa~ KOHBepTopoM: A1 = 0,015, A2=12 MM· 

~~ YT04HeHH~ napaMeTpos TpeKa nposo~~acb np~~ no MeTo~ 

HaHMeHbmHX KSa~paTOS 4epe3 see nposo~OKH, KOOP~HaTbi KOTOPhlX 

Hen0~30Sa~Cb S ~HHOM sapHaHTe TPBKa. 

0T6op eo6hrrnA, S KOTOPhiX x-KOOP~HaTbi T048K SXO~ e + H e- S 

MarHHT 6~3KH; nposo.nv.~e~ e~e~mHM o6pasoM. noe~e onpe~e~eHH~ s 

o6oHx Te~eeKonax napaMeTpos TpeKos onpe~e~~~oeb paceTO~He ~Ken 

MeX~ x-KOOP~HaTaMH T04eK nepeee48HH~ 4aeTHLJ,aMH nepso£1 n~OCKOeTH. 

C ~yro£1 CTOPOHhl, 3TO paeCTO~He ~ 4aCTHLJ,, HeXO~X H3 0~0£1 
T04KH nepe~ MafHHTOM, npHMB~HO paSHO l..reop =a+b ( tg$ xl +tg$ x 2), r ~e 
exl H ex2 - yr~ TPeKOS S ~K S ropH30HTa~H0£1 n~OCKOCTH 

OTHOeHTe~HO OeH KaHa~. Be~W~HHhl a H b. no~6Hpa~Cb Ha 

CTaTHeTH4eeKOM MaTepHa~e, Ha6paHHOM e KOHSepTOPOM, TaKHM o6pa30M, 

4T06h! LJ,eHTP pacnpe~e~eHH~ no AL =~Ken-L.reop ){JI~ KOH!38PCHOHHb!X nap 

6bm S Hy~e H mHPHHa nHKa 6b~ MHHHMa~Ha; lliHPHHa .no~eHHOfO nHKa 

Ha no~hiCOTe pasHa 33 MM· tl>OHOSbie eo6h!TI1~ oT6paebJBa~Cb SSe~eHHeM 

orpaHH4eHH~ Ha se~4.11HY AL. 
OnHcaHHhie aMoPHTMhi noHeKa TpeKos no HoMepaM cpa6oTasmHx 

·nposo~oK H oT6opa eo6h!THA no AL Heno~30Ba~cb TaKxe npH ShiPa6oTKe • TPHrrepa MHKponporpaMMHpyeMh~ npou.eccopoM, o KOTOPOM ynoMHHa~oeb 
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Shlill8, H ~Jl~ onepaTHSHOfO KOHT.PO~ 3WW8KTHBHOCTH perMeTpaLJ,Hl1 TPBKOS 
4aeTHLJ, B XO.lle Ha6opa eTaTHeTHKH. ·'.: . 

Ha CJfe~romeM 3Tane M~ YT04H8Hl1~ napaMeTPOB TP8KOS 

Heno~30Ba~aeb HHWOPMaLJ,H~ 0 speMeHaX lJ:peAwa. H3-3a Ha~4.11~ 
~eso-npasoA Heonpe~e~e·HHOCTH npoH3so.zu.we~ nepe6op · seex B03MOXHhiX 

sapHaHTOB npoxox~eHH~ tfficTHLJ,bJ. H3 HHX Shi6~paJICsi .~PBK, . l1MeiOIIJ,IIIM 
- 2 ' , 

Hal1M8HbillHH X npH onpe~e~eHHH napaMeTPOS TP8KOB no M8TO.ll:Y 

Hal1MeHblill1X KBa~aTOs. TaKHM o6pa3oM, onpelJ:e.irstirncb ·Koop~Hani H 

yr~I TP8KOB Ha Bb!XO.ll8 H3 MafHl1Ta. 

B e~4ae, ec~ 6bmo HaA.lleHo 6o~me o~oro sapHaHTa npose.lleHH~ 

TPBKa no nposo~aM,. ll~ KaX.ll:OfO H3 Hl1X ShlnO~~eb aHa~OfH4HaS! 

npou.e~pa YT04HeHH~ napaMeTpos no speMeHaM ~ei.iwa •. 3Ha4.11Te~HaH 
4aeTb sapHaHTOS oT6paCbiBa~eb no KPHTePH~ onHCaHHhlM HHXe. ~AA 

OKOH4aTe~Horo · aHa~3a HCn0~30Sao~'IC~ sapl1aHT TP8Ka · C HaHM8HbmHM 
2 X • 

HanoMHHM, 4TO oeo6eHHoeTbiO noeTaHOSKH 3KenepHMeHTa ~~~eTC~ 
OTCJ'TCTBHe TP8KOBhlX .ll8TeKTOpos nepe.l( MarHHTOM •.. 003TOMY npH 

reOM8TPH48CK0£1 peKOHeTPYKLJ.HH eo6h!TI1£1 H onpe.l(e~8Hl1H l1MnY~eos 

npe.l(no~ara.irOCb, 4TO . see . 4aeTHLJ,bl, HCnyeKaiOTC~ HS T04KH MHill8HH, 

paeno~oxeHH0£1 Ha oc.11 KaHa~a. TaKoe npe.llno~oxeHHe nosso~eT, 
YICn0~3Y~ Kapzy MafHHTHOfO noAA, · 0~03Ha4HO onpe~e~Tb SXO.lllihl8 

napaMeTpbi TpeKos 4epe3 BhiXO~bJe. Kax.ll1Ii1 H3 sxo~biX napaMeTpos 

(x,y,p)in · npelJ:CTaB~~e~ s SH.lle aMe6paH48CKoro no~HOMa oT 

Bh!XO~b!X napaMBTPOB (x,y,eX,ef:)out. ~AA onpe.l(e~eHH~ K03WWHLJ,H8HTOS 

no~HOMOS napaMeTph! (x,y,p) n pa3h!rPhl8a~Cb ~ YaeTHLJ, 060HX 

3HaKOS S npe.l(e~X anepzypb! YI ~HaMH48CKOfO ,I\HaTI?:30Ha YCTaHQSK~· 

~a~ee no KapTe MarHHTHoro noAA · .. :MeToiloM :, PyHre - KyTTa, 

paCC4.11TbiBa~Cb TpaeKTOPHl1 4aeTHLJ, B MafHHTe YI napaM8TPbl TP8KOS Ha 

Bb!XO.l(e • K03WWHLJ.H8HThl Sb~e~Cb no .I!.Q&l!BHHOMY Ha6opy C06h!TI1£1 

MBTO.llOM opTOroHa~3aLJ,HH rpaMMa-illMH,J:lTa/20~. To4HOCTb annpoKcYIMall.HH 

cocTaB~ o ,o ~1 MM,o ~1 MsB/c. X y p 

003HTPOHHl1 Shl.l(e.JISlJIHeb OT60POM C06h!TH£1 no KPHTePH~ C Y48TOM 

xapaKTePHhiX ~ A28 nPH3HaKOB 1 .11 2. Opl13HaK · 3 - paseHcTBo 
+ -

HMnY~COB e l1 e - l1eno~30Ba~C~ Ha noc~e.llHeM 3Tane ~ 

OKOH4aT8~HOf0 Shl.ll8~8Hl1~ n03l1TPOHH8B noc~e npl1M9H9Hl1~· BCBX ~YI'l1X 

KPHTepHes. KpHTePl1l1«0:1'6~pa BB~~~cb no napaMeTpaM e 1:e 1=;Ax=xrx2-::;:~t!~ 
Pa:;!HOCTb x-KOOP~HaT e l1 e Ha SXO.lle B MafHl1T; { 2~y=yl-y2. ;:-
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+ - -
pa3HOCTb Y -KOOP.lll1HaT e H e Ha BhiXO.lle 113 MafH11Ta (Ha BhiXOJlHOH 

M9M6paHe BaKYYMHOfO KaHa~); { 3:Aey1 ' { 4:Aey2 -oTK~OHeHH~ TP8KOB B 

sepTHKaJibHOH n~OCKOC.TH OT HanpaB~H11~ Ha . MHIDBHb. 8e~W.n1Ha Ay 

.onpe.lle~Cb Ha BhiXO.lle 113 MafH11Ta, qTQ6hl ~CK~~Tb B~~11e Ha Hee 

MHOfOKpaTHOfO pacce~11~ B MBM6paHe. Kp11TeP1111 BBO.ll:H~Cb KaK 

HB3aB11CHMO, TaK 11 COBMBCTHO • 8 noc~e.zmeM c.nyqae BBO.ll:H~OCb 

orpaHHqeH118 Ha Be~~HY 
. 4 {. 

r= [ }: ( u J. ;Y] 1/2 • 
1=1 i -• 

r p,e u 
1 
-napaMeTp pacnpe.lle~eHH~ no se~qHHe { 1 • paBHh!R . no~oBMHe 

MHT8PBa~. B KOTOPOM CO.liBPlC11TC~ 68% C06HTH£1. 

nap hi n + n--MeSO HOB C Ma~IMH OTHOCMTeJibHhiMH 11MnYJibCaMH 
. 2 2 1/2 

Bhl.li8~Cb no KPMTePM~ Ha B8~qHHY bey:[(bey1 ) +(bey2 ) ] 11 Ha 

ape~ no~~eHM~ qacTMU B fO.liOCKOn11qecKMX cqe~KaX. 

nepe.li oT6opOM co6HTH£1 no nepeqHC~eHHhiM -KPMTePM~ B napaM8TPhl 

TP8KOB BHOCM~Cb nonpaBKM, ~ThiBaiOIIU18 rop1130HTaJibHYIO COCTaB~~IlJYIO 

no~ MafH11Ta, KOTOpa~ np11BO.ll:HT K TO~, qTQ CP81lH118 3HaqeHM~ 

pacnpe.zre~eHMH no { i OKaahlBaiOTC~ He paBHhiMH HY~ H 3aBMCm OT 

11MnYJibCOB qaCTHU 11 HX KOOP.IIHHaT Ha BXO.li8 B MafHHT. 4T06hl 

onpe.li8~Tb 3TH nonpaBKH, 3aBHCHMOCTH { i npe,ZICTaB~~Cb B B11.li8 

no~HOMOB qeTBepT0£1 CTeneH11 OT KOM611HaUHH x, Y H P Ha BXO.li8 B 

MarHHT· Ko3<l>iliMUHeHThl no~HOMOB onpe.zre~cb annpoKCHMa.UHe£1 MeTO.IIOM 

OpTOrOHaJibHhiX TIOJU1HOMOi2U/ TpeKOB OT KOHB8PCHOHHhiX nap.• 8 

P83YJibTaTe npose.zreHHOH TaKMM o6paaoM KOPP8KUHH IIMPHHhl 

pacnpe.zre~eH11H no Ax 11 by YM8Hb11M~Cb B paa~~hiX HMnYJibCHhiX 

MHTepsa~x Ha 5+15%, no be - Ha 25+50%. y 
YTO~~Cb TaK%8 OPM8HTaUH~ .zrpe£1<l>OBhiX KaMep OTHOCHTeJibHO OCH 

KaHa~ H paCCTO~He. Z OT KaMep .liO U8HTpa MafHHTa· noBOPOThl CHCTeMhl 

~K BOKpyr oce£1 Z H X HCK~~~ nocTO~Hhl8 CHCTeMaTJ.1qecKM8 CM8~8HH~ 

B Be~tnfHaX by 11 be , COOTB8TCTB8HHO. YT0~8H118 l>aCCTO~M~ Z . y 
YCTpaHH~O CM8~8H11e B8~qHH Ax. JJ.JIS! · Bhmo~eHH~ KOPP8KUHH 

ucno~'!haosa~cb pacnpe.zre~eH11~ no Ax,Ay u beY ~ nap oT KOHBepcHH 

r-KBaHTOB· 
+-npu perHCTPaUH11 n n -nap .liOnO~HTeJibHO BhlnO~~Cb OTI11CaHHa~ 

paHee KOppeKUH~ KOOP,ZIHHaT qacTHU Ha BXO.liB ~B-MarHHT, CB~aHHa~ C 

OTK~OH8HM8M TpaeKTOPHH qacTHU B OCTaTO~OM MafHHTHOM no~e KaHa~. 
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5. feoMeTpMqecKoe, HMnY~bCHOe M BP8MBHHOe 

paspemeHHe YCTaHOBKH 

To~ocTb onpe.zre~eHH~ se~qHHhl by orpaHHYeHa MHoroKpaTHhiM 

pacce~HeM. B .liP8HqiOBhiX KaMe pax H B03.liYX8, a TaK%8 npocTpaHCTBBHHhiM 

paapemeHHeM JJ.K. B paapemeHMe . no beY .11ono~MTeJibHYIO 

Heonpe.zre~eHHOCTb BHOCMT MHoroKpaTHoe pacce~Me B MeM6paHe 

saKYYMH0£1 KaMephi, B paspemeHMe no Ax - e~e 1-1 npoueJlYpa 

BOCCTaHOB~eHM~ KOOP,ZIHHaT Ha BXO.li8 B MafHMT. Pacnpe.zre~eHM~ no bx,by 

M bey HMeJOT BMJl, 6~M3KHH K HOPMaJibHOMY CO cpe.ztHHM 3HaqeHHeM, 

paBHhlM Hy~; 1-1 onpe.zre~eHHhiMH Bhime napaMeTpaMH u 1 . 

npe,ZICTaB~eHHe o. reoMeTpJ.1qecKOM paapemeHMM YCTaHOBKM }laeT 
- + -aHa~3 pacnpe.zre~eHHM no Ax,Ay M bey e e -nap OT KOHBepCMM 

r-Ksai-ITos. O.zmaKo 3TH pacnpe.zre~eHH~ KOHBepcMOHHhiX nap IIMpe, qeM 
+ - . 

e e -nap OT passa~a A28 , TaK KaK yr~I paa~eTa nap KOHB8PCMM 

(- m8 /Er) 60~brue, YeM yr~J paa~eTa (- am
8
/EA ) nap OT .liHCCOUHaUHM 

2e 
A2e ( me- Ma.Cca 3~eKTPOHa, Er,EA - 3HeprMH r-KBaHTOB M A2e 

2e 
COOTB8TCTBeHHO ) • JJ.ono~MT8JibHOe . YIIMPeHMe pacnpe.zre~eHHH 

KOHBepCMOHHh!X. nap no yr ~ pacTBopa TIPOMCXO,ZIHT M3-3a MHOfOKpaTHOfO 

pacce~I1~ B KOHBepTope. Bee 3TO He noaso~eT. 6ea .llOno~HMTeJibHoro 

aHa~sa onpe.zre~Tb HCTHHHOe paapemeHHe YCTaHOBKH, B OC068HHOCTH. no 

by' M HMnYJibCaM. 

3aB~CHMOCTM napaMeTPOB pacnpe.zre~eHHH o 1 OT HMnYJibCOB ~~ 
KOHB8PCHOHHhiX nap npHB8.li8Hhl Ha PMC. 2 . 3HaqeHM~ IDHPHH 

onpe.zre~Cb no T8M napaM KOHBepCMM, ~~ KOTOPhiX 

JeJ=J2(p1-P2)/(p1+P2) 1<0,;1, r.zre P 1 , P2 - HMnYJ!bChl 3~8KTPOHa M 

n03HTPOHa. npH TaKOM OT6ope BBPO~OCTb nona}laHH~ B qyBCTBHTeJibHYIO 

06JraCTb .zreTeKTOPOB KOHBepcMOHHhiX nap M nap OT .liHCCOUHaUHM A28 
npaKTJ.1qecKH O.IIHHaKOBhJ. 

3aBM~HMOCTM ,o i.> OT HMnYJibCOB 6hiJrn no~eHbl . TaKXe 

. Mo.zre~posaHHeM KOHsepcMOHHhiX nap. Koop.IIHHani nona.llaHM~ r-KBaHTa B 

KOHB8PTOP pa3hirPhiBa~Cb paBHOM8PHO B npe.zreJraX ceYeHH~ nyqKa. 3aTeM 

B COOTB8TCTBMM C M3MepeHHhiM . MMnYJibCHhiM pacnpeJle~eHMeM 

KOHB8PCMOHHhiX 3~8KTPOHOB' pa3hirPbiBa~c~ · MMnYJibC P1 . 3~81\TDOHa. 

I1MnYJibC P2 no3MT.DOHa pa3hlrPhiBa~C~ paBHOMepHO OT 0,9 P 1 .liO 1,1 P
1 

taK, qT06hi Bhmo~~ocb yc~oBMe Je 1=<0,1 • 3aTeM paahirPhiBa~c:r~ yro~ 
BhJJI8Ta &_1 3~8KTPOHa OTHOCMTeJibHO HanpaB~BHH~ .liBHlCBHMSI r-kBaHT.:.l C 
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PV1c. 2. 3aBV1CV1MOCTh TOllliOCTHbiX xapa~TepV1cTI1~ ycTaHOB~V1 OT 

V1MilYJibCa O.l(HOH V13 l.ffiCTI1U· a) TO'-!HOC'Ib onpe,n:eJieHV151 pacCT051HV151 Me:liC.n:y. 
. + + -

TOl!KaMV1 BXO.lla B MafHV1T e V1 e no x - ~OOP.n:V1HaTe: + - ,llJISI 

~OHBePCV10HHbiX nap, · - TO :liCe no peayJibTaTaM MO.lleJIV1pOBaHV151 .llJISI 

~OHBElPCV10HH~IX nap, cnJIOJllHaSI Jll1HV151 ~ MO.l(eJIV1pOBaHV1e .llAA nap OT 

paaBaJia A 28 ; 6) TO :liCe no y-~OOP.n:V1HaTe Ha BbiXO.l!HOH MeM6paHe 

sa~YYMHOH ~aMepbJ; a) o~JioHeHV1e oT HanpasJieHV151 Ha MV1meHb Tpe~os 
+ -

3Jie~TPOHa V1 no3V1TPOHa: + V1 X - ,llJISI. ~OHBepc~OHHbiX e ~ e ' 
+ -· - MO.l(eJIV1pOBaHV1e .llJISI ~OHBepc~OHHbiX e V1 e , JIV1HV15i..;,MO.l(eJIV1pOBaH~e 

.l(JI5I l.ffiCTI1U oT paasaJia A 28 ; r) Mo.n:eJIV1posaHHoe paapemeHHe no 

BeJIV1~He e:2(p1-p2)/(p1+p2) ,llJISI nap OT paaBaJia n03HTPOH~51. 

V1cnoJibaosaHV1eM <lJOPMYJibl Hi221·. lloJISIPHhiH yroJI 'P paahirPbiBaJicSI 

paBHOMe,PHO B ~HTe,PBaJie [0,2rr]. 

KoopJlV1HaTa TOl!KV1 ~oHsepcV1V1 paabirPbiBaJia.cb pasHoMepHo no 

TOJIIUV1He ~OHBepTOpa. llpV1 MO,lleJIV1POBaHV1V1 npoXO:liC,lleHHSI l.ffiCTI1U l!epea 
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' 

(, 
..?1' 

YCTaHOB~Y Yl!HTbiBaJIOCb .MHoro~paTHoe pacce51HH6 B ~OHBepTOpe _H 

3JI6M6HTaX YCTaHOB~~. a .TaK:lR:e TO'-!HOC'Ib ·aoCCTaHOBJieH~Si 

npOCTpaHCTBeHHbiX ~OOP.n:HHaT B ~K. 

3Hal!eH~e npoe~wm yr Jia MHoro~paTHoro pacceSIHHlil paabirpbJBaJicSI 

no HO,PMaJibHOMY aa~OHY CO Cpe.l!He~Ba.l(paTI1lllibiM yrJIOM/2l/ .. 

8: 
14,1 

Pi'T" 
. L . .6. 

I E ( 1+ -i--lg( LR)) = p-
R 

r.zce LI~-TOJIIUV1Ha cJioSI semecTBa B pa.n:HaUHOHHhiX .llJIV1Hax, p-MMilYJibC 

l.ffiCTI1Ubi a M3B/c. Ko3<ll<ll~UHeHT .o. a e.llV1HHuax· MPa.n:/(fsB/c) paseH .l(JI5I 

MeM6paHbl - 1,003 , 0,5 M B03.llYXa - 0,395 , na~eTa ~K (B 

cpe.l(HeM) -0,553. 8eJIV1~Ha CMemeHHSJ l.ffiCTI1Ubl OT nepBOHal.ffiJibHOfO 

HanpaBJI6H~51 paabirPhiBaJia.Cb Ta~:lR:e no HOPMaJibHOMY aa~OHY CO 

cpe.l(He~Ba,Z(J>aTMl!HbiM o~JIOHeH~eM t.x=~. HcnoJibaosaHMe HOJ>MaJibHOro 
. -{3· .· 

aa~oHa .l(JI5I on~caHMSI npoueccos · MHoro~paTHoro pacce51HM51 · Hec~oJib~o 

aaHH:lR:aeT sepoS~THoc'Ib pacce51H~51 Ha 6oJibmMe YfJibJ. 

llpV1 MO.l(eJIV1,POBaHHM npOXO:liC.ll6HV151 l.ffiCTMUbl ·l!epea ~K onpe,n:eAAJiaCb 

~OOP.n:V1HaTa TOl!KH nepecetieHMSI TpeKOM CHfHaJibHOH nJIOC~OCTI1 ~aMephl H 

K He£1 ,n:o6aBAAJiaCb HOpManbHO pacnpe~eJieHHaH CJIYI.ffiHHaSI BeJIV1~Ha, 
csmaHHaSI c co6cTBeHHbiM paapemeHHeM ~aMep. · Cpe.l(He~Ba.l(J>aTMlllihie 
o~JioHeH~Si no.zc6MpaJIV1Cb TaK~M o6paaoM, l!T06hl pacnpe.zceJieHHSI co6biTHR 

no CYMMe ~Ba,Z(paTOB OTKJIOHeHHH ~OOP.n:V1HaT OT npoBe,lleHHOfO l!epea HMX 

TPe~a cosnaJIV1 c pacnpe.zceJieHMSIMV1, noJIYl!eHHhiMV1 npM o6pa6oTKe 

3~Cnep~MeHTaJibHbiX .llaHHbiX. llOJIYtieHHbl~l Ha6op ~OOP.llV1t~aT _~CnOJib30BaJIC51 
.l(JI5I npose.zceHMSI Tpe~a. AJirOPHTMhl no~c~a TpeKOB B .~K M onpe.l(eJieHMSI 

napaMeTpOB Tpe~OB Ha BXO.l(e B MarH~T 6bJJIV1 Ta~~MV1 :liCe, ~aK npM 

o6pa6o~e s~cnepHMeHTaJibHbiX .n:aHHhiX· 

3aTeM noJIYtieHHble napaMeTpbJ TpeKa ~CnOJib30BaJIMCb .l(JI5I 

onpe,n:eJieH~Si KOOP.n:HHaT BXO.lla l.ffiCTMUbl B MafHMT M ee MMilYJibCa 

aHaJiorMtllio TOMY, ~a~ 3TO .n:eJia.JIOCb npM o6pa6oTKe 3Kcnep~MeHTaJibHoro 

MaTep~aJia. PaaHOCTM aa.n:aHHhiX np~ MO.l(eJIMposaHHH 3Hal!eH~£1 x
1 

," y 
1

, P
1 

H COOTBeTCTsYJ0mV1X 3Hal!eHMH, BOCCTaHOBJieHHbiX Ha nocJie.l(HeM 3Tane, 

r~cTOrpaMMV1posaJIMCb. M onpe.n:eJI51JIMcb napaMeTpbJ a~k , a;k , M a;, 
xapa~Tep~3YJ0mV16 TOllliOC'Ib M3MepeHH51 .l(JI5I O.l!HOH l!aCTMUbJ. 
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6bJJIO BblflOJIHeHO Ta.KXe MO.ll:9.m1POBaHYie TOtiHOCTYI YI3MepeHYISI 

KOOP.n:YIHaT Yl J.1MIIYJibCa . liJISI O.n:HOH 4aCTYllU>I Yl3 napbJ, '06J?a3YJOmeAcSJ B 

peayJibTa.Te .n:YICCOUYiaUYIYI A 28 Ha.sxo.n:e B MarHYITHoe no~e. Ma-aa Ma~oA . +- . . . . 
3HeprYIYI CBSI3YI yro~ paa~eTa e e -napbJ OT paasa~ A 28 MO:liCHO C4YITa.Th 

paBHbiM HY~• a YIMIIYJibCbl 4aCTYIU paBHbiMYI .n:pyr .ll:PYrY· 8 OCTa.JibHOM 

yc~OBYISI MO.ll:eJrnpOBaHYISI Te :ace, 4TO Yl .ll:~SI KOHBep~YIOHHbiX nap. 

MHTepecYJQIIU1e Hac TOtiHOCTYI o xA. o A. 
+ -· . y 

o& YI3MepeHYISI pa3HOCTYI 

KOOP.n:YIHaT e Yl e Yl Be.m14J.1Hbl & B 3TOM c~e B .rz paa 6oJibme 

3Ha4eHYIH o~ • o;A Yl o; liJISI O.n:HOH 4aCTYILI,bl napbJ. 

Onpe.n:e~eHYie napaMeTPOB c;xk' o;k liJISI .pacnpe.n:e~eHYIH pa3HOCTeA 

KOOP.n:YIHaT nap KOHBepCYIYI paCCMOTPYIM ~a npYIMepe· 0 yk" ~~ 0 xk 

npol.{e.n:ypa 6b~ aHa~orYitiHOH. 3HaSJ TOtiHOCTh o;k YI3MepeHYISI KOOP.n:YIHaT 

O.n:HOH 4aCTYllU>I Ha BbJXO,n:e Yl3 MarHYITa .ll:~ KOHBePCYIOHHbiX 3~eKTPOHOB Yl 

TOtiHOCTh o;A YI3MepeHYISI KOOP.n:YIHaT 3~eKTPOHOB OT paasa~a A 28 , MOXH~ 

Ol.{eHYITh BK~.ll: KOHBepTOpa B norpemHOCTh ·YJ3MepeHYISI KOOP.n:YIHaTbJ O.n:HOYI 

4aCTYILU>J: ok'7((o'k)
2
-(oy·A)

2
)

112 .~a~e C4J.1Ta~OCb, 4TO ok(napbJ) 
y + -

paBHO 2ok( e-), TO eCTb, 4TO yr ~I . paa~eTa e Yl e OTHOCYITeJibHO 

Hanpas~eHl1SI .n:BYIXeHYISI r-KBaHTa IWpp8Jil1pOBaHbl Yl BK~.ll: YIX B ok 
+ -npeo6~.n:aeT Ha.n: BK~a.n:OM MHOfOKpaTHoro pacceSJHYISI e Yl e B 

KOHBepTope. no~raSJ, 4TO MHOfOKpaTHOe pacceSJHYie Yl norpemHOCTYI npYI 
+. -

peKOHCTPYKUYIYI TpeKOB .n:~ e Ta.KY!e :liCe, KaK liJISI e , no~aeM TOtiHOCTh 
. . + -

V.3MepeHYISI pa3HOCTYI y-KOOP.n:YIHaT KOHBepCYIOHHbiX e ~ e Ha BbiXO.ll:e Yl3 

MarHYITa pasHoA . 

o =((2o ) 2+2(o' ) 2)112:(4(o• ) 2-2(o' ) 2) 1/ 2 
yk k yA yk yA • 

3aMeTYIM Ta.K:l!Ce, 4TO pacrrp8,[\8JI8Hl1.ff C06biTYIH no Be.m14YIHaM 

(~x.~p/p) Yl (~y.~ey) MO.n;eJrnpOBaJrnCb He3aBYICYIMO .n:BYMSI 

nporpaMMaMYI.nPYI MO.ll:9.m1POBaHYIYI pacnpe,n:e~eHYIH ~x Yl ~p/p TP9KYI tiaCTYIU 

npoBO.n:YIJrncb tiepea MarHYITHoe no~e no nporpaMMaM, YicnoJibayeMbiM npYI 

o6pa6oTKe sKcnepYIMeHTa.JibHbiX .n:aHHbiX. A npYI Mo.n:eJrnposaHYIYI 

pacnpe.n:e~eHYIH ~y Yl ~e y napaMeTPbi TP9Ka B fOPYI30HTa.JibJ:IOH n~OCKOCTYI 
onpe.n:e~cb npYI6JrnxeHHo. 

CpasHeHYie napaMeTpos pacnpe.n:e~eHYIA KOHBepcYIOHHbiX nap, 

no~eHHhiX MO.ll:9.m1POBaHYI9M Yl 3KCnepYIMBHTaJibHO (pYJc. 2), noKa3bffiaeT 

YIX Y.ll:OB~9TBOPYITeJibHOe COBna.n:eHYie. 3aMeTYIM, 4TO o liJISI nap OT A
2 

B 
Y e 

H9CKOJibKO paa M9Hbme, 49M OT KOHBePCYIOHHbiX nap. HeKOTOpoe pa3Jrn4Y!e 

B 0 x Mex.n:y 3Ha49HYISIMYI liJISI KOHB9PCYIOHHbiX nap Yl nap OT A
28 

06bSJCHS19TCSJ TeM, 4TO B npoue.n:ype onpe,n:e~eHYISI KOOP.n:YIHaT Ha BXo.n:e B 
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MafHYIT npe,n:no~raeTCSJ, 4TO 4aCTYIL{a YICnYCKaeTCSJ Y13 MY!ill9HYI· JIYtimee 

cor~cYie Mo.n:eJrnposaHHbiX YI 3KcnepYIMeHTa.JibHbiX aHatieHYIA oe csmaHo c 

npoue.n:ypoA onpe.n:e~eHYISJ ~ey. 

no~eHHbJe ITPYI MO.ll:9.m1POBaHYIYI 3Ha4eHYISI napaMeTPOB 0 i liJISI A2e 

C~aT MepoA TOtiHOCTYI BOCCTa.HOB~9HYISI pa3HOCTYI x-KOOP.n:YIHaT Ha BXO.n:e 

B MafHYIT, pa3HOCTYI y-KOOP.n:YIHaT Ha Bb1XO.n:HOH MeM6paHe, OTK~OH9HYISI 

tiaCTYIU OT Hanpas~eHYISI Ha MY!ill9Hb. Be.m14Y!Ha o&= 0,014 pacnpe.n:e~eHYISI 

no & nap OT A 28 C~YIT liJISI 01.{9HKYI mYIPYIHhl YIHTepBa~ ~. B KOTOPOM 

npYI o6pa6oTKe ocym,ecTB~eTCSJ noYICK aTOMOB A 28 • 

3KcnepYIMeHTa.'D>Hb!e Yl MO.ll:eJrnpOBaHHbJe 3Ha4eHYISI napaMeTpOB o, 

xapaKTepYI3YIPYJOIIUIJX . mYIPYIHbl pacnpe,n:e~eHYIH. annpOKCYIMYIPOBaJrnCb 

aaBYICYIMOCTSIMYI OT YIMIIYJibCa C~e.n:YJOmero BYI,n:a: o = a+ b /1/p1
2

+ 1/p2 
2 

.n:~ ~X Yl ~Y. 0 = a + b/p liJISI ~ey. Bbi6op Ta.KYIX 3aBYICYIMOCTeH CBSI3aH 

c MHoroKpaTHbiM pacceSJHeM, no<:TOSJHHbM ~eH Ma~ YI onpe.n:e~eTCSJ 

npocTpaHcTBeHHbiM paapemeHYieM ~K. 

OcTa.HOBYIMCSJ no.n:po6Hee Ha YIMIIYJibCHOM paapemeHYIYI cneKTPOMeTpa. 

Mo.n:eJrnpOBaHYieM 6bJJIO orrpe,L~eJieHO o£=0,014. MMIIY~CHOe paapemeHYie 

cneKTPOMeTpa 6bJJIO 'l'aK:XCe HaA.n:eHO 3KCnepYIMeHTa.JibHO npYI perYICTpaUYJYI 

nap OT paasa.na A 28• B STOM c~e P 1 = P 2 YI, c~e.n:osaTeJibHO, ci>opMa 

pacnpe.n:e~eHYISJ no c YIMeeT BYI.n: nYIKa co cpe.n:HYIM aHatieHYieM, paBHbiM 

HY~ Yl mYIPYIHOA, onpe,n:e~eMOH TOJibKO paapemeHYieM YCTa.HOBKYJ. 

Cpe.n:HeKsa.n:paTYitiHoe oTK~oHeHYie pacnpe.n:e~eHYISJ no c liJISI 

aaperYICTPYIPOBaHHbiX A 28 cocTa.BYI~ oc = 0,015 ± 0,003. 

Ha paapemeHYie no c BJIHSIIOT MHoroKpaTHoe pacceSJHYie, 

Heonpe,n:e~eHHOCTh B npol.{e.n:ype BOCCTa.HOB~9HYISI TpeKOB, H9TOtiHOCTb B 

KapTe MarHYITHOrO no~, norpemHOCTh B onpe,n:e~eHYIYI yr ~ YCTa.HOBKYI 

naKeTa .n:pecl>OBbiX KaMep OTHOCYITeJibHO OCYI KaHa~a, CMemeHYie C OCYI 

KaHa~ T04KYI B3aYIMO.ll:8HCTBYISI npOTOHHOfO nyqKa C MYlilleHbJO. noc~e.n;HYie 

TPYI cl>aKTOpa, He y4J,1Tb!BaBmYI9CSI npYI MO.ll:eJrnpOBaHYIYI, MOfYT npYIBO.ll:YITh 

KaK K YmYIPeHYilO fiYIKa, Ta.K Yl K 3aBYICYIMOCTYI ero no~o:liCeHYISI OT 

YIMIIYJibCa. ~~ YICK~49HYISI 3TOH 3aBYICYIMOCTYI Yl MYIHYIMYI3aUYIYI mYIPYIHbl 

ITYIKa yro~ YCTa.HOBKYI ~K sapbYIPOBa~cSJ. CpasHeHYie .3Ha49HYIH o&, 

no~eHHbiX npYI MOJJ:eJrnpOBaHYIYI Yl B 3KcnepYIM8HTe, noKa3bffiaeT, 4TO 

ci>aKTOpaMYI, onpe.n:e~IIU1MYI paapemaJOmYJO .cnoco6HOCTh, SJB~TCSJ 

- MHOfOKpaTHoe pacceSJHYie Yl npol.{e.n:ypa BOCCTa.HOB~eHYISI TP9KOB. 

PaccMOTPYIM speMeHHbie xapaKTepYicTYIKYI YCTa.HOBKYI. MHTepsa~ 

BP9M9HYI tG Me:ac.n:y npOXO:llC.ll:9HYISIMYI nYIOHOB B T 1 Yl T2 YI3M8PSIJICSI C 
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noMOII:IbiO .. ro.zroc1wnos. H3MepeHHoe 3Har..remte_ tG KoppeKTI1POBaJIOCb Ha 

BpeMSI npOJI8Ta. l!aCTI1U OT MHIDeHH .liO rO.liOCKOnOB ( MaCCa l!aCTI1U 

npHHHMa~Cb paBHOM ~ffiCCe nHOHa), Ha BPeMSI pacnpOCTpaHeHHSI CBeTa. B 

CUHHTI1JlJlSITopax 1.1 Ha paa6poc aa.zrepiCeK B KaHaJiax OT:zteJ!bHhlX 
Cl!eTl!HKOB. 

. Ha p1.1c. 3 noKaaaHo pacnpe.zreJieHHe co6biTMM no HHTepsaJ!y speMeHH 

tG. n1.1K npH ta=O C(POPMHPOBaH l!aCTI1UaMH, B03HHKIDHMH B O.liHOM aKTe 

npoToH~QJiepHoro saaHMo~eHCTBHSJ. Ero cpeJIHeKsa.zrpaTHl!Hoe. OTKJIOHeHHe 

paBHO 
0

t=0,79Hc. PaBHOMepHaSI nOJIJIOICKa o6paaoBaHa CJIYl!aMHb~ 
cosna.zreHHSIMH l!aCTI1J..t. , ..; 

N 
J ~·to' 

~t, ~t, 

-6 -:r--:-I--.­
t~,Hct!K 

.. ..-.. ------..-.. 

4t, 

P1.1c. 3 Pa.cnpe.zreJ!eHHe co6hiTI1M no ~fHTepBaJIY 
. + -

BP8M8HI1 M8lC.liY Bh!Jl8TOM rr .11 rr -Me30HOB ~13 
MHilleHI1. 

HHTepBaJ!bi t..t1 11 t..t3 .liJII1TeJibHOCThiO B 4, 75 HC KalC.libM 

11Cn0~30BaJII1cb .liJlSI nOJIYl!8HI1SI pacnpe.zreJ!eHHA C06biTMM CJ!Yl!aMHhlX 

COBna.zreH11M, a 11HTepBaJ! t..t2=2, 71 HC - CYMMhl C06biTMH HCTI1HHhlX_ 11 

CJ!Yl!aAHblX COBna.zreHHA. Pacnpe.zreJ!eH11SI C06hiTMA 11CTI1HHhlX. cosna.zreHI1H, 

11CnOJ!b3YeMbie B .liaJ!bH8HilleM, nOJIYl!aJI11Cb Bhll!I1Ta.HI18M COOTBeTCTBYIOIIU1X 

pacnpe.zreJieHI1A c yr..reTOM .liJI11TeJ!bHOCTeA BPeMeHHhlX 11HTepsaJioB. 

TeJiecKomi YCTa.HOBKI1, peri1CTPI1POBaBIDHe sapSilCeHHhie r..raCTI1J..tbi c 

11MnYJ!bCaMH OT 800 .liO 2400 MsB/c, . He n03BOJ!SI,III1 OTJII1l!aTh m10Hhl OT 

KaoHOB 11 npoTOHOB. O.liHaKo ni1K 11CTI1HHhlX cosna.zreHI1A WOPMHPY8TCSI 

TOJ!bKO ni10HaMH, Ta.K KaK BPeMSI npOJI8Ta. M8lC.liY MHilleHbiO 11 JieTeKTOpaMH 

.liJlSI ni10HOB 11 KaOHOB (npOTOHOB) CYJneCTBeHHO pa3Jll1l!aeTCSI, a l!I1CJ!O 

K+K- - 11Jll1 pp - COBna.zreH11H He npeBblillaeT 2% OT l!I1C~ -
rr + 71

- '-COBna.zreHI1H. B CJIYl!aAHblX COBna.zreH11S1X .lii1CKP11MHHaUHSI KaOHOB 11 

npOTOHOB no BpeMeH11 npoJ!eTa OTCYTCTBYeT. 

Pacnpe.zreJieH£151 no yr JiaM OTKJ!OHeH11SI OT HanpaBJ!~HI1SI Ha ~illeH~ B 
0

. ~· 
8ePTI1KaJ!bHoA nJiocKocTH aeY1 11 aeY

2 
11MeroT Y3K11e ni1K11, 

· COOTB8TCTBYIOIIU1e l!aCTI1J..taM, 11CnYmeHHbiM 113 Ml1ill9HI1 (PI1C. 4). llii1P11Ha 
" . . 

fli1KOB Ha. nOJIYBbiCOTe onpe.zreJISieTCSI TOl!HOCThiO 113M8P8HI1SI yr J!OB e yl, 

ey2 11 pasHa 2,5·10-~ Co6biTMSI, o6ycJIOBJieHHhie pacna.zroM l!aCTI1U 
/ -

HaJieT,Y, paCC8SIHI1eM Ha CTeHKaX KOJ!Jli1MaTOpa 11 npOBOJIOKaX JIPei1WOBhlX 
l6 

. ·- -2 
KaMep o6paaYJOT 6oJiee IIMPOKoe pacnpe.zteJieHl1e Ha yposHe 2:10 no.zt . -a.. . 
nl1KOM .ztJISI l1CTl1HHbiX COBna.zteHl1£1 1;1 4 ·10 - ):lJI.fi CJiytratiHhlX. 

0603Hal!l1M l!epea q On!OCI1TeJibHb!A l1MnYJibC l!aCTl1U napbl B ee 
c.Q.l1. Pacnpe.zreJieHl1e co6b1Tl1£1 no npoJIOJibHOMY l1MnYJibCY qL (npoeKQHSI 

q Ha HanpaBJieHl1e cpeJIHero HMnYJibCa napbl (p+ = ( ~- + ~ )I 2) 
noKa3aHo Ha p11c. 5. B pacnpe.zteJIBHl1H co6b1Tl1£1 113 l1HTepsa.na At2 
Ha6JIJO):la6TC.fi nl1K B6Jil13l1 qL =0, OTCYTCTBYJO!!U1£1 B CJIYl!aliHhlX 

N -

1111111 -

N 

6} 

N, 

-z ·t I I 1 •ilii .., -1 i I l .,-a ;,sy 

Pl1c.4.Pacnpe.zreJieHl1e co6MTHI1 no BeJil14Y.He Aey OTKJIOHeHl1SI TPeKOB 
B B9PTl1KaJibH0£1 nJIC·:::KOCTl1 OT HanpaBJI9Hl1SI Ha Ml1W9Hb .ztJISI nepBOfO 

TeJiecKona: a)-cJIYl!a£1Hhle cosna.zreHl1SI; 6)-l1CTl1HHhle cosna.zteHl1SI. 

IP11c. 5. Pacnpe.zreJieHHe co6b1Tl1!1 no ' . 
/nPO.liOJibHOMY On!OCHTeJibHOMY HMnYJibCY qL: 

Ja) -C06b1Tl1SI 113 HHTepBa.na At2(YJCTl1HHble VI 

jCJIYl!aWHble cosna.zreHYJSI); 6) -CJIYl!aWHbie · 

;cosna.zreHl1SI; sr-YJCTl1HHbl9 COBna.zreHl15i, 
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cosna.zteH¥tiDC. BcJie.ztCTBHe :noro pacnpe.zteJieHHe HCTI1HHhiX cosna.zteHHM 

no npo.ztOJibHOMY YfMnYJibCY YiMeT Y3KHH . nftK B6JIY13~L HYJISI (PHC. 58). 

Ha6.mo.zteHHe TaKoro n¥tKa B03MO:lKHO TOJibKO np¥t .ztOCTaTO\llio BbicoKoti 

paapemaromeA cnoco6HOCTI1 YCTaHOBK¥1 no OTHOC¥1T8JibHbW YiMnyJibcaM 

n¥toHHoti napbl. B HameM c.nyqae paapemaromaSI cnoco6HOCTh 

(cpe.ZJ:HeKBa.ztpaTI1\lHOe OTKJIOH8HHe) COCTaBJISieT a(qL)= 1,3 M38/c,. 

a(~)=0,67 M3B/c (~-BeJI¥1\.fiiHa nonepe\llioro YfMnYJibca- npoeKQHSI q Ha 

n.JrocK:ocTh, nepneH.li:Y1KYJISIPHYID K HanpasJieH¥tro c pe.ZJ:Hero HMnYJibca napbi) • 

npMBe.zteHHOe Bblllle 3Hat.!eHMe a(~) COOTB8TCTBY8T Y1CnOJib30BaH¥tiD B 

YCTaHOBK¥1 TaHTaJIOBOH M11IDeH¥t TOJim~1HOH 10 MKM. )lJISI yr JiepO.ZJ:HOH M11ID8HH 

TOJIIJU1Hoti < 1 MKM · paapemeHHe no qT .nyqme ¥ta-aa MeHbmero 
MHoroKpaTHoro pacceSIHHSI: a(~)=0,2 M3B/c. 

B pa6oTe no M3MepeHHro .lt11((l((lepeHQHaJibHOro ceY:eHHSI po:lR:.zteHHSI 
+ - ' 

n n -nap 3Kcnep¥tMeHTaJibHble .ztaHHb!e npe.ztCTaBJISIJIY1Cb B Bft.zte 

KOPP8JISILU10HHOH !liYHK:QHH R(q)=l/N·Nt(q)/Na(q), r.zte· Nt(q) ¥1 Na(q)­

Y:HCJIO YiCTI1HHbiX ¥1 CJIYI.!aHHbiX COBna.zteHHH np~t- per¥tCTpaQHH nHOHHbiX nap 

C OTHOCHTeJibHbW HMnYJibCOM q B onpe.zteJieHHOM HHTepBaJie 3HaY:eHHH 

cpe.ZJ:Hero HMnYJibCa ~ HOPM11POBOY:HaSI KOHCTaHTa N Bbi6paHa TaK, Y:T06bl 

R( q) - 1 npH q - oo • )lJISI onpe.zteJieHHoti TaKHM o6paaoM 

Koppe~OHHOH ((lYHKQHH HCKJIIOY:aeTCSI BJIYiSIHHe 3((l((leKTI1BHOCTI1 
perHCTpaQHH nHOHOB M aKcenTaHCa YCTaHOBKH. 

Ha PHC.6 noKa3aHa KpppeJISIQHOHHaSI !PYHKQHSI R(q), nOJIY1.!8HHaSI .ZJ:JISI 

noJIHoro HHTepBaJia HMnYJibCOB P H npH paa6HeHHH 3TOrO HHTepsaJia Ha 

MSirKyro (p<1,5 f38/c) H :l!C8CTKyro (p>1,5 f38/c) Y:aCTI1 cneKTpa. 

YKa3aHHbJe Ha PHCYHKe OIDH6KH o6yCJIOBJI8Hbi CTaTI1CTI1KOH \.fiiCJia C06b!TI1H 

H YY:t1TbiBaroT on,ve.zteJieHHble KOPP8JISILU1H B8JIH\.fi1H Nt H Na. 

KPMBble Ha · PHC • 6, 7 H 8 npe.ztCTaBJISIIDT co6oti P83YJibTaT pacY:eTa B 

npe.ztnOJIO:l!CeH~IH . 0 3aBHCHMOCTI1 R( q) TOJibKO OT · KYJIOHOBCKOro 

B3aHMO.ztetkTB¥tSI B nHOHHOH nape ; 060CHOBaHHSI .ZJ:JISI TaKOrO npH6JIH:l!C8HHSI 

.ztaHH B /
7
/. KPHBble noJiyy:eHbl MO.zteJIHpOBaHHeM C HCnOJib30~aHHeM nap ¥13 

CJiytiaHHhiX cosna.zteHHH. Y\.fiiniBaJIYicb paapemaromaSI cnoco6HOCTh 

YCTaHOBKH no q, . ~· qL H BJIHSIHHe KYJIOHOBCKOrO 

B3aHMO.zteHCTBH~7 / .0TMeTI1M, Y:TO pacY:eTHbie IDOPMYJibi He CO.ztepxaT 
cso60.ZJ:HbiX napaMeTpos. 

nose.zteHHe KoppeJISIQHOHHOH IDYHKUHH B 3aBHCHMOCTI1 OT rtonepe\llioro 

OTHOCHTeJibHOro HMnYJibCa napbi ( ~) noKa3aHO Ha PHC. 7. 

KoppeJI5!IJ,HOHHaSI IDYHKQHSI R( ~) npJme.zteHa .IJ.Mi Bcex C06biTI1H H .ZJ:JISI 
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0) 

~l-f±l+r'Jn-Utt!-ll--~· 

9.~ 

PHc.6.KoppeJISIUHOHHaSI !liYHKUHSI 
+ -R(q) n n -nap; a)-see C06b1THSI; 

6) -co6hiTI1SI co 

HMny~bCOM. p<1,5 
cpe.ztHHM 

f3B/c; 

B)-co6b1THSI C p>l,5 f38/c. 
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PHc. 7. ICoppeJiffi.U10HHaSI ci>YHKUHSI 
+ -R( ~) n n -nap; a) -see C06biTI1SI; 

6) -co6biTHSI c lqLI > 4 M3B/c; 

s) co6biTI1SI c I qLI < 4 M3B/c. 
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P~c.8. Koppe~oHHa~ WYHKUH~ 
+ -

R( I qL J) rr rr -nap; a) -see co6un1~; 6) 

-co6h!TI1~ c <1r>2 M3B/ c; B) -co6h!TI1~ c 
~<2 M3B/c. 

,..J 

co6h!TI1£1 B .llBYX ~HTepsaJiax npO.liO.IlbHoro ~MTlYJibCa. KoppeJI~OHH~~ 
WYHKUH~ B aas~c~MOCTI1 oT BeJU.1ti~Hhi MOllY~ n.DO.liOJibHoro l1MT1Y.Ilbca 
n.Dl1Be.lleHa Ha .Dl1c.8. 

3aKJIJOtieHl1e 
Onl1caHa YCTaHOBKa, npe.liHaaHatieHHa~ .liJI~ perl1cTpaQHl1 nap tiaCTl1U 

BhiCOKo£1 3Heprl1J.1 c Ma.l!hiM OTHOGJ.1Te.llbHhi.M J.1MnYJibCOM. CneQHWl1Ka 
3KCnep~MeHTOB l1CKJIIDtiaJia l1CnOJib?OBaHJ.18 B YCTaHOBKe KOO.D.lll1HaTHh~ 
.lleTeKTO.DOB Me~.liY MJ.1llieHbiD - ~CT04H~KOM "l!aCTJ.1U l1 cneKT.DOMeTp~tieCKJ.1M 
MafHYITOM. TeM He MeHee .liOCT~fHYTOe B YCTaHOBKe KOO.D.lll1HaTHoe J.1 
l1MT1Y.IlbCHOe paapemeHJ.1e OKaaaJIOCb .liOCTaT04Hh!M .liJ!~ l1.lleHTI1WJ.1KaQHl1 

~ 3 
YJ!bTpapeJI~BJ.1CTcKJ.1X .noaJ.1T.DOH~es c r-waKTopaMJ.1 - 10 B noTOKe 
Y-KBaHTOB J.1 aap~eHHh~ "l!aCTI1U C ~HTeHCJ.1BHOCTbiD Ha 9 nop~OB BhEe 
l1HTeHCl1BHOCTl1 nOTOKa n03J.1T.DOHl1eB. 
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Paapemaroma~ cnoco6HOCTb ycTaHOBKJ.1 no OTHOCl1Te.llbHOMY l1MnYJ!bCY 
s c. u: Vf. nap hi a( q) "" 1, 2 M3B/ c no3BOJU.1Jia .lleTa.llbHO l13Y"l!l1Tb 

+ -pacnpe.lleJieHJ.1e rr rr -nap B o6Jiac'TI1 q < 10 M3B/c ~ ~ Ha6JIJO.llaTb 3WW8KT, 
o6yCJIOBJieHHh~ KYJIOHOBCK~M B3al1MO.lle£1CTB~eM rr+rr--Me30HOB B KOHe4HOM 

COCTO~Hl1l1· 

ABTOPhl . BhJpa~aiDT 6JiarO.llaPHOCTb T. c. r pl1raJialliBl1JU.1, 
A. ¥1. fpY~ropbesy. K .1.1. fy6p~eHKO, B.M. Jl£a6l1UKOMY, B .1.1. KoTOsy, 
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