


1 . BBE,[IEHHE 

B npaKT~Ky $~3~4ecKoro 3Kcnep~MeHTa, rAe Tpe6yeTcR per~cTp~
~~R 3apRmeHH~X 4aCT~~, Ha4~Ha~T W~POKO BHeAPRTbCR nponop~~OHanb
Hble KaMepbl C APeiii$OBbiM npoMemyTKOM. 0H~ BXOART B COCTaB 6onbW~X 
YCTaHOBOK Ha YCKOP~TenRX/l/, ~X nnaH~py~T np~MeH~Tb B A~$$epeH
~~anbH~X 4epeHKOBCK~x c4eT4~Kax AnR per~cTpa~~~ KOnb~esoro ~3o-

6pameH~R s ynbTpa$~oneTosoill o6nacT~ cneKTpa/ 2/ ~ T.A. 3aMe4a
TenbHaR OCo6eHHOCTb 3T~X np~6opos COCTO~T B BOCCTaHOBneH~~ npo
CTpaHCTBeHHOil! KapT~H~ AB~~eH~R ~OH~3~PY~~~x 4acT~~ s APe~$oBoM 
ra30BOM o6oeMe. H3MepReTcR TaKme nnoTHOCTb ~oH~3a~~~ Ha TpaeK
TOPI-1RX 4aCT~~. 

B na6opaTop~i-1 BbiCOK~X 3Heprl-1il! O~RH C03AaH AeTeKTOP Ha OCHOBe 
nponop~~oHanbH~x KaMep /nK/ c APeill$oB~M npoMemyTKOM - nponop~I-1-
0HanbHaR KaMepa /nHK// 3/ • Hcn~TaH~R ee nposeAeH~ Ha ny4Ke c~Hxpo
$a30TPOHa OHRH 1-1 OT a -I-1CT04HI-1Ka ( 241 Am) Ha n~HI-1~ c 3Bt1 CM-3. 

TT nPIAI-HIIAn DIH:nn.! niAif 
' .. 

On1-1caH1-1e KOHCTPYK~~I-1 ~ np~H~~na pa6oTbl np~6opa AaHo s pa6o
Te131, s pa6oTe/ 4/ BblnonHeHo MaTeMaT~4ecKoe MOAen~posaHI-1e ero 
AeillcTB~R. 

CxeMa np~6opa noKa3aHa Ha PHC.l ~ 2. n~K COCTO~T 1-13 ABYX MO
Ayneil!: BXOAHOil! nK ~ nK C APeiii$OBbiM npoMemyTKOM. BXOAHaR nK npeA
Ha3Ha4eHa AnR onpeAeneH~R Y ~ Z KOOPA~HaT 4aCT~~bl Ha BXOAe ee B 
AeTeKTOp. 3To o6~4HaR ABYXKOOPA~HaTHaR nK, COAepma~aR no 50 H~
Teill B KamAOM HanpasneH~~ c waroM 2 MM. BTopoil! MOAYnb - nK c APeiii
$OBbiM npoMemyTKOM- ,[IHn /Apeill$, ~oH~3a~~R, npo6er/. MoAynb ,[IHn 
~3MepReT cneAY~~~e sen~4~Hbl: 

- ~OH~3a~~~ 4acT~~~ BAOnb ee TpeKa /HanpasneH~e X/; 
- An~HY npo6era 4aCTH~bl, ecn~ OHa OCTaHOB~nacb BHYTPI-1 MOAYnR, 

/X-KOOPA1-1HaTy KOH~a TpeKa/; 
- speMR APeill$a 3neKTpoHos, 4TO no3sonReT onpeAen~Tb TpaeKTo

P~~ 4aCTI-1~bl B nJlOCKOCT~ XZ, nepneHA~KynRpHOH H~TRM; 

- AeneH~e 3aPRAa naBI-1H~ Ha OM~4eCKOM conpoT~BneHI-1~ HeKOTOPbiX 
C~rHanbHbiX HI-1TeA, 4TO AaeT Y-KOOPA~HaTy T04eK Ha TpeKe. 

4yscTB~TenbHblill o6oeM APeill$osoro npoMemyTKa MOAYnR - 1000x400x 
x120 MM 3. Pa3Mep nponop~~OHanbHOH KaMepbl ,[IHn - 1000x400 MM2, 
Mem3neKTPOAHOe paccToRH~e - 6 MM. KaTOAbl - nposono4Hble, c waroM 
2 MM. AHOAH~e nposono4K~ /c~rHanbHble H~T~/, ~Me~~He A~aMeTp 
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PHc.l. CxeMa nponop~HoHanbHOH 
KaMepbJ C p;peif<pOBbJM llpOMeJKyTKOM 
/Mop;ynb AHIT - ycTpOHCTBO p;nR H3-
MepeHHR BpeMeHH p;peu~a 3neKTpo
HOB, HOHH3a~HH H p;nHHbl npo6era 
'laCTH~hi/. I - KaTop; p;peu~oBoro 
npoMeJKYTKa, 2 - anop;HaR nnoc
KOCTb, 3 - KaTO,IJ;HbJe nnOCKOCTH 
nponop~HOHanbHOU KaMephl. 

o CU.\ IUl.nliM\111 Mu.mu. \ ~ 2Q 1-1) 

0 111pQMu.p¥10111olll HWTlu.\9 l 00.-) 

• Koppnmu.p•~ Hl.lftll; 100,. ) 

20 MKM, pacnonOlKeHbl C warOM 4 MM. MelKAY Cl1rHanbHbiM11 HI1THMI1 no
Me~a~TCR 3KpaHH~e nposono4KI1 C p;l1aMeTPOM 100 MKM p;nR yMeHbWeH11R 
HaBOAOK C COCeAH11X H11Te~. 

B~paBHI1BaHI1e 3neKTPI14ecKoro nonR BHYTPI1 p;pe~~osoro npoMe~yT

Ka o6ecne411BaeTCR KOppeKTI1py~~11M11 H11THMI1 /pi1C.2/, nop;Knn~eHH~MI1 
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PHc. 3. CxeMa o6'bep;HHeHHH CHrHanbHLIX HHTefl ITK B rpynnbi. 
YKa3aHbJ HOMepa rpynn H KOnH'l€CTBO CHrHanbHbiX HHTefi B 
KaY.<,IJ;OH H3 HHX. 

nocpep;CTBOM p;eni1TenR K 11CT04H11KY HanpRlKeHI1H p;pe~$a V0 . 411cno 
KOppeKTI1py~~11X HI1Te~ 10, A11aMeTp 100 MKM. 

Cl1rHanbH~e H11TI1 aHop;a A~n a 4enRx coKpa~eHI1R 3neKTPOHI1K11 
o6beA11Hfl~TCR B 128 nap. napbl 0Ub€A1-1HR~TCR B 11 rpynn. KpoMe Cl1r
HanbH~X HI1Te~, o6beAI1HeHH~x a rpynn~ 11 cny*a~11x p;nR onpep;eneH11R 
X-KoOPA11HaT~ 11 113MepeHI1R 110HI13a4110HHbiX noTepb sp;onb oc11 X p;eTeK
Topa, a nponOP4110HanbHO~ KaMepe A~n 11MeeTcR 10 HI1Te~ c conpoTI1s
neHI1eM 2 KOM/M, TaK Ha3~saeMbiX pe311CTI1BH~x H11Te~, cnylKa~l1x p;nR 
113MepeHI1R Y 11 Z KOOPA11HaT 11ccnep;yeM~x 4acT114. PacnonomeHI1e pe-
311CTI1BH~x H11T€~ OTHOCI1T€nbHO rpynn Cl1rHanbH~X H11T€~ nOKa3aHO I 

Ha pl1c.3. 

III. METOA~KA ~CnUTAH~H n~K 

YacTb 11Ccnep;osaHI111 s~nonHeHa c noMO~b~ a -11cTo4HI1Ka IE = 
5,48 M3B/. ~cnonb3osanl1cb ra30Bble cMec~: Ar+20%CH 4 npl1ap;as

neHI111 40 Top 11 He+ 10% CH4np11 p;asneHI111 140 Top. 0Ho s~6paHo TaK, 
4To6~ a-4aCTI14~ 11Men11 npo6er oKono 80 eM. 3Ta 4aCTb nporpaMM~ 
MOTI1B11pOBaHa ~113114eCK11M11 3ap;a4aM11, B KOTOP~X Tpe6yeTCfl peri1CTpa-
411R Mep;neHH~X Rp;epH~X OCKOnKOB. 

Bo3MOlKHOCTb 11AeHT11~11KcJ41111 Mep;neHH~x 3aPRlKeHH~x 4aCTI14 npose
peHa a 3Kcnepi1MeHTe Ha ycKOPH~ene. PacnonolKeHI1e annapaTyp~ no
Ka3aHo Ha PI1C. 4. n~K 3anonHeH ra30BO~ CM€Cb~ Ar + 10% CH 4 npl1 
aTMoc$epHoM p;asneHI111. AnR nop;p;eplKaHI1R 411CTOT~ CMeCI1 a np116op 
nop;aeTCR CB€lKI1~ ra3 CO CKOpOCTb~ - 10 n/4. 

ny40K npoTOHOB 11HTeHC11BHOCTb~ 5x10 10 npOTOHOB/411Kn MHoroKpaT
HO nepeceK28T TOHKY~ M€AHY~ MI1W€Hb, noMe~eHHY~ B KaMepe YCKOPI1-
Tenfl. Csen:"'OCTb MI1W€HI1 COCTaBnReT - 10 32 c,.,-2 x 411Kn-l /5/.Q6pa-
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PHc.4. Pacnono~eHHe ITHK Ha ycKo
PHTene. 1- nyqoK C$, 2 - KaMepa 
Ceil, J - MHllieHb, 4 - BTOpHqHbie 
qacTHW>I, 5 - KonnHMaTop, 6 -
BXOAHhie nponopu;HoHanbHbie KaMe phi, 
7 - 50KC geTeKTopa ~HIT, 8 - ~HIT. 

30BaHH~e B peaynbTaTe B3aHMOA€ACTBHA BTOpH4H~e 4aCTH~~ 4epe3 
ABYXKOOPAHHaTHy~ nponop~HOHanbHy~ KaMepy nonaAa~T B nHK. HHTeH
CHBHOCTb BTOPH4H~X 4aCTH~, H3MepeHHaH nponop~HOHanbH~MH KaMepa
MH, COCTaBnHeT BenH4HHy 2x10 2 4aCT./c/cM 2 • 

IV. 3J1EKTPOHHKA 

CxeMa 3neKTPOHHKH nHK npHBeAeHa Ha PHC.5. K KamAOA rpynne 
CHrHanbHbiX HHTeA nOAKn~4aeTCH CTaHAaPTHbiA cneKTPOMeTpH4€CKHA 
TpaKT/

6
/, COCTOH~HA H3 3aPHA04YBCTBHTenbHOro npeAYCHnHTenH /nY/, 

cneKTPOMeTpH4€CKOro YCHnHTenH /CY/, BOCCTaHOBHTenH nOCTOHHHOA 
cocTasnH~~eA /BnC/ H aHanoro-~H$posoro npeo6paaosaTenH /AUn/. 

l, '-'""'lJII .... ~' nn .... l.o,..~o.<~llll'l' ltt.o...,.,...,'":, ...... ,... ,,.,..,,....., 
·-- -,-·· .---·•-••·-·•-"• ,,,,,_.,, M"'u' ,,.....,,,.._.. 

peHHH KOOPAHHaTbl Y M€TOAOM AeneHHH 3aPHAa, a TaKme AnH onpeAe
neHHH KOOPAHHaTbt Z MeTOAOM H3MepeHHH speMeHH APe~$a 3neKTPOHOB 
OT MecTa HOHHaa~HH AO pe3HCTHBHOA HHTH. AnH Tore, 4T06bt ycTpa
HHTb 3aBHCHMOCTb CHrHana OT KOOPAHHaT~ Y npH H3MepeHHH KOOPAH
HaTbl Z, 6biCTpbte CHrHanbl C OfiOHX KOH~OB KamAOA P€3HCTHBHOA HHTH 
CYMMHPY~TCH. 3TH CYMMapH~e CHrHan~ HCnOnb3Y~TCH TaKme B Ka4eCT
Be ynpasnH~~Hx AnH norHKH aanycKa. BpeMH $opMHposaHHH CY, pa6o
Ta~~Hx Ha rpynn~ CHrHanbH~X HHTeA, B~6paHO paBH~M 0,8 MKC, AnH 
P€3HCTHBH~X HHTeA 3TO BP€MH COCTaBnHeT 0,2 MKC. 

BXOAHble nK o6cnymHBa~TCH CTaHAaPTHOA 3n€KTpOHHKOA, onHCaHHOA 
s pa6oTe/7 I . 

3anyCK YCTaHOBKH, OT6op H perHCTpa~HH C06~THA ocy~eCTBnH~TCH 
ynpaBnH~~HMH CHrHanaMH, KOTOp~e B~pa6aT~BaeT 3neKTpOHHaH CXeMa, 
Ha3btsaeMaH Aanee 111lort.1Ka aanycKa 11

• Ee 6noK-cxeMa npeACTasneHa 
Ha pHc.6. B cny4ae pa6oT~ nHK Ha ny4Ke C$ ycnoBHH aanycKa H oT-
6opa COCTOHT B cneAy~~eM: 

1/ CTapTOB~M CJ.1rHanoM HBnHeTCH CJ.1rHan OT BXOAHOA nponop~HQ
Hanb HoA KaMepbt; 

2/ B J.1HTepsane BpeMeHH 3,5 MKC BXOAHaH nK perJ.1CTpHpyeT TOnbKO 
OAHY 4aCTJ.1~Y, 3TOT J.1HTE'psan AOm~eH 6b1Tb 6onbW€ MaKCJ.1ManbHOro spe
MeHJ.1 APeA$a 3neKTpo~oe s AHn /2,5 MKc/ H 3aAaeTcH cxeMoA ceneK
Topa HanomeHHA /CH/ 81 ; 
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PHc.5. EnoK-cxeMa 3neKTPOHHKH. 

3/ B Te4eHJ.1e 2,5 MKC OT 3anycKa 1-H, 5-H J.1 9-H pe3HCTHBH~e 
HJ.1TH perHCTPHPY~T TonbKO OAHY 4aCTH~y; 

11 11 4/ B~XOAH~e ypoBHI-1 Bnc a MOMeHT noHsneHHH cHrHana CTpo6 
AUn AonmH~ 6~Tb MeHbwe aaAaHHoro ypoBHH, 4To HCKn~4aeT 3$$eKT 
HanomeHJ.1A t.1Mnynbcos Ha cnaA npeA~AY~ero cHrHana. 

EcnH He s~nonHHeTCH ycnosHe 1, aanycK soo6~e He npoHaoAAeT. 
KorAa He B~nonHHeTCH XOTH 6~ OAHO H3 ycnOBHA 214, CXeMa 1 ~0rHKa 
3anycKa 11 B~pa6aT~BaeT CJ.1rHan 11 C6poc 11

, npHBOAH~J.1A CJ.1CTeMy B J.1C
XOAHOe COCTOHHHe. EcnH ycnOBHH OT6opa B~nonHeH~, CXeMa B~pa6a-
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PHc. 6. CxeMa norHt~ecKoro ycTpoHCTBa ,JVUI Bbipa6oTKH 

vnoaBJIHI:>IIIHX CHrHaJIOB I c.M .. mH' .. "i I . 

HU'TI.I 

TbiBaeT Cl-1rHaJ1 11Tp1-1rrep", KOTOPbiH .ABJl.AeTC.A paapeweHI-1eM 4TeHI-1.A 
AaHHbiX Ail.A CM-3 .. Cl-1rHanbl "C6poc" "' "TpHrrep" eaaHMHo HCKJ1104aiOTC.A. 

npH pa6oTe C a-I-1CT04HI-1KOM JlOrHKa aanycKa opraHI-130BaHa npo~e, 
"' cHrHan "CTapT" BL~n "' "CTpo6" AUn Bblpa6aTbiBaiOTC.A e MaMeHT no.Ae
neHH.A.cl-1rHana Ha n106oi1 1-13 Tpex pe31-1CTI-1BHbiX HI-1Tea:1. AnHTenbHOCTb 
"CTpo6a" AUn e 3TOM cny4ae pasHa 4,5 MKC /Ha 2 MKC 6onbwe, 4eM 
MaKCI-1MailbHae epeM.A APei1~a 3JleKTPOHOB e AHn/, 4Ta6bl o6ecne41-1Tb 
xopow~-1!:1 c6op 3aP.AAa 1-1 ~OPMI-1poeaHH.A HMnynbca e CY. 

V. PE3YnbTAT~ H3MEPEHH~ 

1. npocTpaHCT~eHHOe paapeweHHe 

npocTpaHCTBeHHOe paapeweHI-1e H3MepeHO B nOMO~biO a-I-1CT04HI-1Ka. 
Hcnonb3YIOTC.A pe31-1CTHBHble HI-ITI-1 8-.A, 9-.A"' 10-.A /pHc.3/, HaXOA.A
~Hec.A Ha paCCTO.AHI-11-1 OT HCT04HI-1Ka 26, 38 1-1 50 CM COOTBeTCTBeHHO. 
B Ka4eCTBe pa6o4ero raaa npi-1MeHReTC.A cMecb · Ar + 20% CH4 npH AaB
neHHI-1 40 Top. MHoroKpaTHoe pacce.AHHe npeHe6pe~HMO Mana, "' 4aCTI-1-
4bl ABI-1~YTC.A no np.AMbiM Ili-1HI-1.AM. KoopAI-1HaTa Z T04KI-1 Ha TpeKe onpe-
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Ae11.A€TC.A no epeMeHVI APeH~a 3JleKTPOHOB z = T. ve rAe T VI ve - epe
M.A 1-1 CKOpOCTb APeH~a 3JleKTPOHOB. Y - KOOPAVIHaTa Bb14VICJ1.AeTC.A no 
~opMyne 

Y=f-a-, 
a+ b 

rAe f - AJlHHa pe31-1CTVIBHOH HVITVI, a VI b - aMnJ11-1TYAb1 CVIrHaJlOB Ha 
KOH4aX pe3VICTVIBHOH HVITVI /cneKTpoMeTpV14eCKVIe TpaKTbl, pa6aTaiO~VIe 
Ha OAHY HI-1Tb, VIMeiOT OAVIHaKOBOe YCVIJleHVIe/. TpVI pe31-1CTI-1BHble HVITVI 
I-13Mep.AIOT Y VI Z KOOPAV~HaTbl e Tpex T04Kax Ha TPeKe. An.A onpeAene
HH.A npOCTpaHCTBeHHOrO paapeweHVI.A npV16opa no ABYM KpaHHI-1M T04KaM 
npOBOAVITC.A np.AMa.A JlVIHVI.A VI Bbi4HCJ1.AeTC.A OTKJ10HeHI-1e cpeAHeH T04KVI 
OT 3TOH np.AMOH: 

rAe Y~o Y 2 , Y 3 1-1 Z 1, Z z, Z 3 - Y VI Z KOOPAV~HaTbl, VI3MepeHHble c no
MO~biO 8-A, 9-A VI 10-.:1 Oe3VICTVIBHOH HVITeH COOTBeTCTBeHHO. npocTpaH-
CTBeHHOe paapeweHI-1e a 2 IAV~CnepcV~.A/ onpeAen.AeTc.A no cpeAHeKBaA-

y,z 2 1 2 
paH14HOMY 3Ha4eHI-110 if~y.~z OTKilOHeHVIH ~y.~z:ay,z =2a~y.~z· 

Ha pV~c.? npeACTaeneHa 3aBI-1CVIMOCTb ~ VI az aT noTeH4VIana pe-
31-1CTI-1BHOH HI-1TVI vr. npocTpaHCTBeHHOe paapeweHVIe YilY4WaeTC.A c poe
TOM Vr, TaK KaK OTHOWeHVIe Ci-1rHaJ1a K WyMaM pacTeT C POCTOM K03~
¢1-141-1eHTa raaoeoro ycV~neHI-1.A. 

An.A nony4eHI-1.A Z-KOOPAI-1HaTbl e a6coniOTHbiX €AV1H1-14ax /eM/ Heo6xo-
--~~·- ---··--- -- ""-- - - -

,.., ..... -~ ........ ...,JI'-0" I ~ ..... I ............ " f" • v '.._.. tJ...., .. ,,.,...,,.,,,.._. '··" 'I""'...,.M'-

PHc.7. ITpocTpaHCTBeHHan pagpe

mai:>lllaH cnoco6HocTb .lU11l no Koop

AHHaTaM Y H X B 3aBHCHMOCTH oT 

Hanpm:<eHHH Ha pe3HCTHBHLIX HH

THX, Pe3yJibTaTbl IIOJiy<IeHbi IlpH 

HanpHJKeHHilX Ha KaMepe: Vd 
= -9oo B, vk = -480 B, V

3 
= 

-200 B. 

~··r--~--~---~---r----, 

0.21 

~ . .. . . :: ~. '0 : 

I 0 20 JO •• 
1-ClMEP HHTI-1 

PHC, 8, P acrrpe,I:IeJieHHe C06b!THH ITO 

BeJIH'IHHaM n z I HOMep rrpoBoJIO'~KH 
BO BXO,I:IHOH OK/ H T /BpeMfl ,I:Ipel!

¢a 3JieKTpOHOB B .lUill/ /CHHMOK C 

3Kpaua rpaqmt~ecKoro ,I:IHCilJleR/. 

Harrpn~eHHe Ha KaMepe UHIT: vd = 
-4ooo B, vk = -1000 B, V3 = 
-800 B, Vr = +200 B. 
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neHa no AaHH~M pa6oT~/ 9/. CKopocTb APeA$a 3neKTPOHOB AnH cMe
CI1 Ar + 10% CH4 np~-1 aTMOC$epHOM AaBneHI-11-1 onpeAenHeTCH B 3Kcnep!-1-
MeHTe Ha yCKOPI-lTene C nOMO~b~ BXOAHOA nK, KOTOPaR He3aB!-1CI-1MO OT 
MOAYnH AHn I-13MepReT Z-KOOPAI-lH~TY KamAoA 4aCTI-14W. Ha p1-1c.8 npi-1-
BeAeHa KOppenR41-lOHHaH HaTp1-14a Benl-141-lH nz 1-1 T, rAe ilz - HOHep 
Cpa6oTaBweA Hl-lTI-1 BXOAHOA nK /Z = hz • nz; hz 2 MM - war HaMoT
KI-1 nK/. Ha ABYXMepHoro pacnpeAeneHI-lR nz•T Bl-lAHa nl-lHeAHaR CBH3b 
3TI-1X aenl-141-lH /c T04HOCTb~ AO ow1-16oK 1-13MepeHI-1H/. Ha 3ToA CBH3H 
nony4aeTCH CKOPOCTb APeA$a 3neKTpOHOB: Ve = 5,5 CM/MKC. 3TOT 
peaynbTaT cosnaAaeT c AaHH~MI-1 pa6oy~/B/, 

2. 3HepreT!-14ecKoe 1-1 Maccosoe paapeweHI-lH 

3HepreTI-14eCKoe paapeweHI-le I-13MepeHo AnH cMecl-1 He+ 10% CH4c no
MO~b~ a-!-1cT04HI-1Ka. nony4eH~ cneKTp~ noTepb 3HeprHI-1 AnH rpynn~ 

H!-1TeA 1-1 nonHoA 3Hepri-11-1 KaK 1-lX CYMMbi.AnH onpeAeneHI-lR WYMOB 3neKT
POHHKH OAHOBpeMeHHO C a-4aCTH4aM!-1 perl-lCTpl-lpy~TCH 1-lMnynbC~ OT npe-
41-131-lOHHOro reHepaTopa. Ha pi-1c.9 noKa3aHa aaBI-lCHHOCTb 3HepreTI-1-
4ecKoro paapeweHI-lR aE /CTaHAaPTHOe OTKnoHeHI-le/ 1-1 WYMOB 3neKTpo
Hi-1KI-1 aEL oT K03¢¢1-141-leHTa raaosoro ycl-lneHI-lH. Ben!-14HHa aEL• H3Me
peHHaR B 3HepreT!-14eCKHX eAHHI-14aX, ADnmHa naAaTb C pOCTOM K03$~1-1-

41-leHTa raaosoro ycl-lneHI-lH M no aaKoHy aEL = c/M, TaK KaK M BbiCTy
naeT KaK K03$$1-141-leHT nl-lHeAHoro npeo6pa3oBaHKH WKanbl HanpRmeHI-lR 

Ha BbiXOAe ycl-lnl-lTenR K 3HepreT!-14eCKOA WKane ff[B] = cMaEL( K38]. 
Ha pi-1C.9 Bl-lAHO, 4TO noBeAeHI-le aEL- c/M 1-lMeeT MeCTO np~-1 ManbiX 

•• ••~ •• ... 1n _ -----··· -----··-· 
VIIU-,"-'III'ITl" ·~· II~~ VV~IU\,;Irl u.a:::,;,. JV V11"-'tJI..._.oro-,._._,,.._, ..... t-'UVt' ..... "'""""''"' ..... ....... , 

XOAI-lT Ha KOHCTaHTY 1-1 Aame YXYAWaeTCH. 3TO MOmeT 06bHCHHTbCH 
so3pacTaHI-leM TOKos yTe4KI-1 Me~AY KaTOAOM 1-1 aHOAOM AHn. 

50 
~ 
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PHc.9. 3HepreTHqecKoe pagpeme
HHe DHTI B 3aBHCHMOCTH OT K03~
~H~HeHTa ragosoro ycHneHHH.aE
pagpemeHHe npH H3MepeHHH 3Hep
rHH a-qacnn.J, lEa= 5,48 l'hBI, 
aEL - pa3pemeHHe 3neKTPOHHKH, 
onpegenHeMoe c noMO~bhl reHepa
Topa TOqHO(! aMITnHTYAbl. 
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PHc. 14. P acnpegeneHHe co5biTHII 
ITO BenHqHHaM PI , t!E + E AnH H30-
TOITOB renHH. 

PHc. 15. PaciTpegeneHHe co5biTHH 
ITO ITapaMeTpy HHgeHTHcPHKa~HH 
IMaCCOBOe paCITpegeneHHe H30TO
ITOB BOgOpoga H renHHI. 
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Ha p~c.10 npeAcTaeneHa 3aB~CHMOCTb A~cnepc~~ 3HepreT~4eCKHX 
noTepb oT AOn~ 3Hepr~~. TepHeMoH 4acT~UeH. CnnowHaH KP~BaH, B3H
TaH ~3 pa6oT~' 10~ npeACTaenHeT A~Cnepc~~ 3HepreT~4ecK~x noTepb 
a-4aCTHU B KpeMH~eBOM AeTeKTope TOn~~HOH 10,7 MKM. 

C~rHanbH~e HHT~ nHK n03BOnH~T ~3Mep~Tb pacnpeAeneH~e nnoT
HOCT~ HOHH3aU~~ Ha TpaeKTOPHH 4aCTHU~· Ecn~ OHa OCTaHaBnHBaeTCH 
B 06DeMe AeTeKTOpa, TO no 3TOH HH~OpMaUV.~ MO~HO onpeAen~Tb ee 
Macey~ 3aPHA/ 4/. B HaCTOH~eH KOH~~rypaUH~ np~6opa Mbl ~MeeM 11 
rpynn HHTeH, CHa6~eHH~X cneKTpOMeTpH4eCKOH 3neKTPOH~KOH, ~ ~3-

MepHeM ~OH~3aUH~ He 6onee 4eM Ha 11 y4aCTKaX TpeKa. B npOCTeH
WeM cnoco6e HAeHTHQHKaUH~ AOCTaT04HO pa3Aen~Tb npH6op Ha ABe 
4aCTH H onepHpoeaTb nHWb ABYMH een~4~HaM~ ~E H E. H~~e, AnH Hn
n~cTpau~H,B Ka4ecTee ~E HEM~ e~6panH cyMMapHoe 3Heproe~Aene
H~e B rpynnax 1~2 H 3+9 COOTBeTCTBeHHO. CHrHan C 9-H rpynn~ MO
~eT BKn~4aTbCH Ha aHTHCOBnaAeHHe C TpHrrepH~M C~rHanOM ~ AHCKp~
M~HHPOBaTb nponeTH~e 4aCT~u~. Ha p~c. 11 noKa3aHo ABYXMepHoe pac
npeAeneH~e co6biTHH no nepeMeHH~M ~E , E. 4acT~U~ c 3aAaHHOH ee
n~4~HOH mz 2 npH6n~~eHHO AOJl.)I(Hbl ne~aTb Ha rHnep6one ~E- mz2 ~x/ E, 
rAe ~X - TOn~~Ha cnoH, B KOTOPOM ~3MepeHa noTepH 3HeprH~ ~E. Ha 
PHCYHKe XOPOWO BHAH~ TpH n~H~~, COOTBeTCTBY~He ~30TOnaM BOAO
POAa 1•2•3 H. Ha pHc. 12 np~6eAeHo aHanorH4Hoe pacnpeAeneHHe, Ho e 
6onee w~poKOM AHana3oHe no nepeMeHH~M ~E. E. Ha HeM xopowo pa3-
AenHn~cb nHH~H ~3oTonoe BOAOPOAa 1•2•3 H ~ ren~H 3 •4 He. 

no een~4HHaM ~E. E Mo~Ho e~4~cnHTb napaMeTp ~AeHTH~HKaUH~ 

I 1 I 

Ha p~c.13 ~ 14 noKa3aH~ ABYXMepH~e pacnpeAeneHHH co6~T~H none
peMeHH~M PI, E +~E. Ka~oMy ~3oTony (mz2 = const) cooTBeTCTByeT 
rop~30HTanbHaH nonoca. nnoTHOCTb To4eK /co6~THH/ s nonoce onpe
AenHeTcR AH~~epeHu~anbH~M ce4eH~eM e~xoAa ~3oTona ~3 M~weH~. 

AeyxMepHoe pacnpeAeneH~e I PI, E + ~E I Mo~Ho cnpoeKT~posaTb Ha 
ocb Y ~ nony4HTb pacnpeAeneH~e HccneAyeMoro ny4Ka 4aCTHU no ne
peMeHHOH mz 2• Ha p~c. 15 noKa3aHo Maccosoe pacnpeAeneH~e H30To
nos BOAOPOAa H renHR. Pa3pewa~~aR cnoco6HOCTb no Macce /w~p~Ha 
Ha nonos~He e~coT~/ paBHReTCR 10% AnR npoToHOB H 6% AnR renHR, 
4TO cornacyeTCR C pe3ynbTaTaM~ ~3MepeH~R AHCnepCHH 3HepreT~4eC
K~X noTepb AnR a-4aCTHU /cM.pHc. 10/. 

VI. 3AKI1104 EH~1 E 

C03AaH ra3oB~H AeTeKTOP 3apR~eHH~x 4acTHU, ocHOBH~M 3neMeH
TOM KOTOporo RBnReTCR nponOPUHOHanbHaR KaMepa C APeH~OB~M npo
Me>KyTKOM. AeTeKT'op H3MepReT npocTpaHCTBeHH~e KOOPA~HaT~ To4eK 
Ha TpaeKTop~H 4aCTHU~ ~ nnoTHOCTb ~OHH3aUHH. Ero xapaKTepHCTHKH 
HCCneAOBaH~ C nOM~b~ a-HCT04HHKa, a TaK>Ke Ha ny4Ke BTOpH4H~X 
4aCTHU CHHXp~a3oTpOHa OH~H. npH6op HaAe~HO HAeHTH~HUHpyeT H30-

10 

TOn~ BOAOPOAa H renHR np~ 3arpy3Ke 6~CTP~MH 4aCTHUaM~ 
2x10 2 c-1 ·cM-2 • Pa6o4HM~ ra3aMH cny>KaT aproH Hn~ ren~H c 10+20% 
A06aeKoH MeTaHa. Hcn~TaHHR npoeeAeH~ np~ AaBneHHRX ra3a 40, 140 
~ 700 Top. 4eM e~we AaeneH~e ra3a, TeM wHpe 3HepreT~4eCKHH A~a
na3oH, B KOTOPOM B03MO>KHa ~AeHTH~HKaUHR 4aCT~U. npaKT~4eCK~H 
npeAen HaKnaAbiBaeTCR npo4HOCTb~ Kopnyca AeTeKTopa. Ko3~~u~eHT 
ra3oeoro yc~neH~R e AaHHOH pa6oTe eapb~pyeTCR e npeAenax 
M = 2+76. npocTpaHCTBeHHOe ~ 3HepreT~4eCKOe pa3peweH~R yny4wa
~TCR C POCTOM M, HO B o6naCT~ M ~ 30 B~XOART Ha KOHCTaHTy. 

OnHcaHH~H np~6op RBnReTcR xopow~M ~HcTpyMeHTOM AnR HAeHT~~~
KaU~H ~ cneKTPOMeTp~~ MeAneHH~X 4aCTHU. C ren~eBbiM HanonHeH~eM 
OH MO>KeT cny>K~Tb nonRp~MeTpOM npoTOHOB ~ AeHTpOHOB. 

AeTop~ e~pa>Ka~T 6naroAaPHOCTb 6.A.Mopo3osy H A.~.CyxaHosy 3a 
6onbWY~ nOMO~b B C03AaH~~ nporpaMM~ peanbHOro speMeH~ AnR 3BM 
CM-3. AeTop~ npH3HaTenbH~ A.KoTycy /HHCTHTYT HAePH~x npo6neM, 
Bapwaea/ ~ M.TpaHKOBOH /B~cwHH x~MHKo-TexHonor~4eCK~H ~HCT~TyT, 
Co~~R/ 3a noArOTOBKY y3noe K 3Kcnep~MeHTY Ha ycKop~Tene. 
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