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1. BeeoeHue 

Pe3yn&TaTbl accne.n.osaHHB:, npose.n.eHHblX B 06'he,IJ.HHeH

HOM HHCTHTyTe JI,IJ.epHblX HCCne,IJ.OBaHHH H <I»H3H'IeCKOM HHCTH· 

TyTe TypaHcKoro yHHBepcaTeTa /HTanaJI/, rosopJIT o TOM, 

'ITO CaMOWYHTHp)'IO~HeCJI CTpHMepHble KaMepbl o6na,IJ.aJOT 

u;enblM p11.n.oM npeaMy~ecTB no cpasHeHHJO c KaMepaMa, 

pa6oTaJO~MH B pe:lKHMe o6pb1BaHHJI pa3p11.n.a. TaK, B renae

BblX CaMOWYHTHPYJO~HXCJI CTPHMepHbiX KaMepax /1-3/ MO)I(· 

HO nony'IHTb cne,IJ.bl 'laCTHIJ;, CTeDeHb noKanH3aiJ;HH H JlpKOCTb 

KOTOpbiX 3Ha'IHTen&HO npeBblWaiOT COOTBeTCTBYIQ~e xapaiC· 

. TepHCTHKH ,IJ.nJI 06bi'IHbiX CTpHMepHbiX KaMep/4/ . llpH 3TOM 

HeT Heo6XO,!J.HMOCTH DpHMeHJITb CnO:lKHble H ,IJ.OpOrOCTOJI~He 

CHCTeMbl /THDa "6nJOMnJIHH"/ ,IJ.nJI cllopMHpOBaHHJI KOpOTKHX 

BblCOKOBOnbTHbiX HMDyn&COB C HaHOCeKyH,IJ.HbiMH cllpOHTaMH 

a 6on&woB: aMnnaTy.n.oB:. Pe:lKHM caMowyuTHPYJO~eiicJI cTpa

MepuoB: KaMepbl o6ecneqasaeT y.n.osneTsopaTen&Hoe Ka'lecT

so clloTorpacllail cne,IJ.OB B pa3HblX ra3ax, B 'laCTHOCTH, B BO,IJ.O· 

po.n.e/5/. 

OcuoBHOH oTnH'IHTen&Hoii oco6eHHOCT&IO caMowyHTH

PYIO~HxcJI CTPHMepHblx KaMep JIBnJieTCJI B03MO:lKHOCT& ynpas

neHHJI pacnpe.n.eneHHeM JlpKOCTH CBe'leHHJI B,IJ.Onb pa3pJI,II.HblX 

KaHanOB, 0603Ha'laiO~HX TpaeKTOpHH 'laCTHIJ;, DyTeM BBe,IJ.eHHJI 

onpe.n.eneHHbiX npaMeceB: K ocHOBHOMY pa6o'leMy ra3y. B 
npe.n.bl.n.y~eB: pa6oTe/2/ 61a1na no.n.po6Ho accne.n.osaubl pa-

6oqae xapaiCTepHCTHKH renHeBOH caMOWYHTHpyJO~eHCJI CTpH· 

MepHOH KaMepbl C pa3nH'IHblMH npHMeCJIMH H ,IJ.aHO Ka'leCT· 

seHHoe o6'hJICHeHae Mexaua3Ma noKana3au;aa cne.n.os 3apJI· 

:lKeHHbiX 'laCTHIJ; B TaKOB KaMepe. 3ICCDepHMeHTan&Hble ,IJ.au- · 

Hble, npe.n.cTasneuHble B 3Toii pa6oTe, a npose.n.euHble ou;eHICH 

DOKa3blBaJOT 6on&W}'IO 'IYBCTBHTen&HOCTb Ka'leCTBa cne,IJ.OB 

K KOnH'IeCTBY DpHMeceii H HX CBOiiCTBaM. 
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B HacTOJILQeM coo6I.UeHBB npBBOAJITCJI xapaKTepBCTBKB 

CaMOWYHTBpyrolQeHCJI CTpBMepHOH KaMepLI, HanonHeHHOH re

nBeM c ManLIMB A06asKaMB napos BOAY. HapJIAY c BLICOKOH 

cTeneHLIO noKanu3aUBB cneAOB qacTBU TaKaa cuecL o6ecne

'IBBaeT BLICOKYIO CTa6BnbHOCTb Ka'leCTBa cneAOB DpB MBOrO

KpaTHLIX cpa6aTLIBaHBJIX /6onee 'leM HeCKOnbKO AeCJITKOB 

TLICJI'I pa3/ KaMepLI. 

llODLITKB nony'IBTb B CaMOWYHTBpyrolQeHCJI CTpBMepHOH 

KaMepe, HanonueHHoi HeOHOM, cneALI, cpaBHBMLie no Ka

'leCTBY CO cneAaMB, Ha6niOAaeMLIMB B renBB, OKa3anBCb 

6e 3YCDeWHLIMB. 

2. 3KcnepuMeHIIaAbHa.R yclllaH06Ka 

3KCnepBMeHTLI DpOBOABnBCb CO CTpBMepHLIMB KaMepa

MB /2/ c pa3PJIAHLIMB npoMe:>KyTKaMB - 10 c.w. Ha 3neKT

POAhl KaMephl DOAaBanCJI BhlCOKOBOnbTHLIH BMDynbC C nepeA

HBM <i>POHTOM OKOnO 10 HC, BpeMeHeM CDaAa - 1,5 MKC B 

aMnnBTYAOB AO 280 KB/6/ . .fJbnJI <i>oTorpa<i>BPOBaHBJI cneAOB 

3neKTpOHOB OT BCTO'IHBKa 
9 Sr BCDOnb30Banacb nneHKa 

'IYBCTBBTenLHOCTbiO S 0, BS = 900 eABHBU rOCT. 

3. 3KcnepUM€HIIIaAbHbl€ pe3yAblllallbl. 

XapaKmepuciiiUKU Ka.wep, HanoAHeHHbiX 

c.wecbro zeAu.R u napo6 600bl 

Ha puc. 1 a u 16 npeACTasneHhl <l>oTorpa<i>uu cneAOB 

3neKTpOHOB B 'IBCTOM renBB, a TaK:>Ke B CMeCH renBJI B 

0,1~ napOB BOALI COOTBeTCTBeHHO. 3aAep:>KKa BLICOKOBOnLT· 

Horo HMnynLca pasHa annaparypHoi 3aAep:>KKe /0,4 MKC/. 

~OTOrpa<i>upoBaHHe npOH3BOAHnOCb DpH AHa<i>parMe 06beK

THBa ( f I 4 ) , no3BOnJIIOlQei nony'IHTL H3o6pa:>KeHHe He TOnL

KO JipKO CBeTJilQHXCJI UeHTpOB, HO H OCTanbHLIX o6naCTei 

pa3pJIAHLIX KaHanoB. 

CTeneHL noKanu3aUHH cneAOB xapaKTepu3yeTCJI cpeAHHM 

pa3MepoM d B HanpasneHHH 3neKTpH'IecKoro nonJI JipKo 

cseTJILUHXCJI ueHTpos /"To'leK"/ pa3pJIAHLIX KaHanos. H3Me

peHue BenH'IHHhl d C DOMOlQbiO MHKpo<i>OTOMeTpa ODHCaHO 
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6/ 

6/ 

fO c.M 

Puc. 1. tPOIIIOZpafPUJI CA€006 3A€KliPOH06 npu oa6A€HUU za3a 
p = 1 aJIM: aj 6 'IUCIIIOM Z€AUU, 3aoepJICKa 6biCOK060AbiiHOZO 
u.wnyAbca r 3 = 0,4 MKc; 6/ 6 .c.wecu zeAUJI u 0, 1* napo6 
600bl, r 3 = 0,4 MKc; 6/ 6 c.wecu zeAu.R, 0,1* napo6 600bl 
u 0,05* 603oyxa,r 3 = 1,0 MKC. 
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Puc. 2. Tpa(JuK 3aeucuMOC111U pa3Mepa d 
"1110~eK" 0111 0111HOCU111€AbHOii KOH~€H111pa~UU 

napoe eoObl e zeAuu C. 

0.5 1.0 1.5 2.0 
kOH4eHmpau.uR~Io 

Puc. 3. Tpa(JuK 3aeucuMoc111u eeAu~uHbl d 
0111 HanpRJICeHHOC111U 3AeK111pu~ecKozo noAJI E 

/cMecb He u 0,10/o napoe eoObl/. 
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Puc. 4. Fpa(JuK 3aeucuMOC111U 0111 E 0111HOWeHUJI ~ucAa "111o~eK" 
nT K o6U#eMy ~ucAy pa3pROHbiX KaHaAoe Ilo6 /cMecb He u 
0,10/o napoe eoobl/. 

B pa6oTe /2/ .Ha puc. 2 rrpe.D;cTasneHa 3aBHCHMOCTL pa3Mepa 

dOT OTHOCHTem.HOH KOH.UeHTpa.UHH C rrapOB BO.IJ;bl IIpH HaiipJI

)I(eHHOCTH rronJI B KaMepe E = 22,5 KB/cM. IlpH OTHOCHTenL

HOB KOHI·;~HTpa.uaa C > 0,1~ /T.e. rrap.uaanLHOM .IJ;asneHHH 

rrapos BO.IJ;hl > 0, 7 Top/ senaqaHa d He 3aBHCHT oT .IJ;asneHHJI 

rrapos BO.IJ;hl H pasHa ... 1,5MM.B cnyqae C < 0,1~ yMeHLwe

HHe KOnHqeCTBa rrapoB BO.IJ;hl IIpHBO.IJ;HT K ysenaqeHHIO d . 

Pa3Mep d rrpaKTHqecKH He 3aBHCHT oT HarrpJI)I(eHHOCTH 

3neKTpaqecKoro rronJI /a pa6oqeM .IJ;Harra3oHe E I. 3To 

BH.IJ;HO H3 puc. 3, Ha KoTopoM rroKa3aHa 3aBHCHMOCTL senaqHHhl 

d OT HaiipJI)I(eHHOCTH IIOnJI .IJ;nJI CMeCH renHJI H 0,1 ~ rrapOB 
BO.IJ;hl. 

Ba)I(Hoii xapaKTepHCTHKOii KaqecTBa cne.IJ;OB JIBnJleTCJI 

OTHoweHHe qacna "ToqeK" n T K o6IUeMy qacny pa3pJI.D;HhiX 

KaHanOB nO 6. B rrpe.D;bi,D;YJUHX pa6oTax/l ,2/ 3TO OTHOWeHHe 
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a ny1.filleM cnyqae JJ.OCTHrano 3Ha'leHHB 0,5. B cMecH :>Ke 

renHB H napos BOJJ.bl y)l.aCTCB nony'IHTL l!la'leHHe n TIn 0 6 = 
= 0,8-:-0,9. Ha puc. 4 npHBe)l.eH rpa!l~HK 3aBHCHMOCTH OTHo

meHHB n TIn o6 OT Hanps:>KeHHOCTH 3neKTPH'IecKoro nons 

)l.nB CMeCH renHB H 0,1~ napOB BO)l.bl. 

4. BpeMJI naMJimu KaMepbl 

BpeMB naMBTH CTPHMepHo:H KaMepw perynHpyeTCB sse

JJ.eHHeM B pa60'IHH o6feM 3neKTpOOTpHD,aTenLHblX )l.06aBOK 

THna cct£71H SF~8 • UpaB)l.a, naMBTb CTpHMepHbiXKaMep, 

B KOTOpble BBe)l.eHbl 3TH )l.06aBKH, CO BpeMeHeM ysenH'IHBa

eTCB. 

0Ka3anOCL, 'ITO npH HanonHeHHH CaMOWYHTHpylOIIJ,eHCB 

CTpHMepHOH KaMepbl CMeCLlO renHB, napOB BO)l.bl H ManblX 

n 
cw1 

0.5 

0 
0 

10 1.5 

0 0 0 

2.0 2.5 '(,/If kcek 

Puc. 5. Tpa(JuK 3aeucuMocmu nAomHocmu ~ucAa pa3pJIOHbiX 
KQHQA06 llo6 0111 epeMeHU 3aoepJICKU 6biCOK060Ab11fHOZO UM
nyAbCQ T I.- CMeCb He, O,lo/o napoe 600bl u 0,05o/o 603oy
xa, 0 - He + 0,1% H20 /. 
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KOllH'IeeTB B03)l.yXa naMBTL KaMepbl OCTaeTCB HeH3MeHHOH 

B Te'leHHe JJ.»HTenLHoro npoMe:>KyTKa speMeHH. Ka'leCTBO 

cne)l.OB npH BBe)l.eHHH B KaMepy )l.06aBOK B03)l.yXa TaK:>Ke He 

MeHBeTCB. Ha puc. 5 npHBe)l.eH rpa!l~HK 3aBHCHMOCTH nnoT

HOCTH 'IHCna pa3pB)l.HblX KaHanoB Ha e)l.HHHIJ,y )l.llHHbl cne)l.a 

n 00 OT BpeMeHH 3a)l.ep:>KKH BblCOKOBOllLTHOrO HMnynLCa 

r 3 JJ.»B CMecH renHB, 0,1~ BOJJ.bl H 0,05~ B03JJ.yxa. BpeMJI 

naMBTH r OKa3b1BaeTCB paBHblM 0,7 MKC, ecnH npHHJITL 

3a BpeMB naMBTH BpeMB 3a)l.ep:>KKH, 3a KOTOpOe nnOTHOCTL 

'IHcna pa3pBJJ.HblX KaHanos yMeHLwaeTcB B JJ.Ba pa3a. Ha 

puc. le npHBeJJ.eHa !lloTorpa!llHB cne.D.a 3neKTpoHa B CMecH 

renHB, 0,1~ BO)l.bl H 0,05~ B03)l.yXa npn 3a)l.ep:>KKe BblCOKO

BOnLTHOrO HMnynLca, paBHOH 1,0 MKC. 

5. Oco6eHHocmu 6AUJIHUJI napoe aoobl Ha pa3pJio 
a zeAueeoii caMoiUyHmupyro~eiicJI ClllpuMepHoii 
KaMepe 

Mo:>KHo npe.IJ.nono:>KHTL, 'ITO JJ.06asKa napos BOJl.bl, HMero

IIJ,HX 6onLWOH K034!4!HIJ,HeHT npHnHnaHHB 3neKTpOHOB/91 H 

TeH)l.eHIJ,HlO K o6pa30BaHHlO CllO:>KHblX KOMnneKCHblX HOHOBilOI 

BblnOnHBeT TY :>Ke !llYHKIJ,HlO, 'ITO H Tff!nble yrneBO)l.OpO)l.~ 
H BOJJ.OPOJJ., HCcne)l.OBaHHble B pa60Te , HO C HeKOTOpbiM 

OTllH'IHeM. )l,eHCTBHTenLHO, KOHCTaHTa o6pa30BaHHB B Tpo:H

HblX COy)l.apeHHBX CllO:>KHblX HOHOB B CMeCH renHB H napOB 

BO)l.LI no nopBJJ.KY BenH'IHHbl paBHa: 

K = 10-
27 cM 6 /c. 

3TO 3Ha'IHT, 'ITO npH OTHOCHTenLHOH KOHIJ,eHTpaD,HH napOB 

BOJJ.bl 1o/o xapaKTepHoe speMB o6pa3osaHHJI Ko•mneKCHblX 

HOHOB paBHO 
-l -9 

t "'(K.n 0 • n ) "'10 c 
H2 He ' 

r)l.e 0 H
2 

O H 0 He- nnoTHOCTH MOneKyn BO)l.bl H aTOMOB re

nHB COOTBeTCTBeHHO. TaKP.M o6pa30M, HOHH3aiJ,HB aTOMa HnH 

MOneKynbl B ra30BOH CMeCH npHBO)l.HT C 6onLWOH BepOJIT

HOCTLlO K o6pa30BaHHlO KOMnneKCHOrO HOHa. Il03TOMy pa3-
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pH)l.HbiB TOK B CTpHMepHOB KaMepe ITO cy~eCTBY H)l.eT B 

CMeCH aTOMOB renHH, MOneKyn BO)l.bl H KpMrrneKCHbiX HOHOB. 

Cy~eCTBeHHO TO, 'ITO pa3Mepbl KOMnneKCHbiX HOHOB, a cne

)l.OBaTenbHO, H BepOHTHOCTb CTOnKHOBeHHH 3neKTpOHa C HHMH 

He 3aBHCHT OT KOHUeHTpaUHH MOneKyn BO)l.bl. Heo6XO)l.HMO 

TaK*e yqeCTb, 'ITO ceqeHHH CTOnKHOBeHHH 3neKTpOHOB C 

HOHaMH llpHMepHO Ha )l.Ba llOpH)l.Ka 6onbllle, 'leM ceqeHHH 

CTOnKHOBeHHH C Heii:TpanbHbiMH aTOMaMH HnH MOneKynaMH. 

TaKHM o6pa30M, napbi BO.ll.bl, no-BH.Jl.HMOMY, 34><iJeKTHBHee, 

qeM yrneBO)l.OpO)l.bl, CHH*alOT cpe,IJ.HIOIO 3HeprHIO 3neKTpOHOB 

B pa3pH)l.e B renHH. ll03TOMY H Ha6niD)l.aeTCH 60nblllOB KOHT

paCT Me*.D.Y o6naCTblO "IlleBKH" H OCTanbHOB qaCTblO pa3-

pH)l.HOrO KaHana npH HanH'IHH B CaMOIIlYHTHpyro~eBCH CTpH

MepHOB KaMepe napOB BO)l.bl. 

6. Pa6oma cmpuMepHou l<aMep&r e&rcoKozo oaeAeHu.R, 
HanoAHeHHOU zeAueM c oo6aeKaMu napoe eoO&I 

renHeBble CTpHMepHbie KaMepbl BbiCOKOrO ,IJ.aBneHHH 

jCKB,[J./ /11/ B OlUIH Hcnonb3YIOTCH, Ha'IHHaH c 1971 ro)l.a, 

)l.nH CHCTeMaTH'IeCKOrO HCC~e)l.OrHHH npoueccOB pacceHHHH 

ITHOHOB Ha H)l.pax renHH 1 12
• 

13 
. 0Ka3biBaeTCH, 'ITO llpH 

HanonHeHHH CKB,ll. renHeM c .D.06aaKaMH napoa BO)l.bl, KaK 

H B cnyqae KaMep, pa6oTalO~Hx .npH 6onee HH3KHX ,IJ.aaneHH

xx, pe3KO ynyqrnaeTCH Ka'leCTBO cne)l.OB 'laCTHU H B03pa

CTaeT cTa6HnbHOCTb pa6oTbi KaMepbi. Ha puc. 6a,6,e npe.D.

cTaaneHbl clJoTorpaclJHH cne.D.OB B CKB,ll. npH ,IJ.aaneHHHX pa-

6oqeii: CMeCH, paBHbiX 1,2 H 4 a111M COOTBeTCTBeHHO. 

7. CaMowyHmupyroU#a.Rc.R cmpuMepHa.R KaMepa, 
HanOAHeHHQ.R HeOHOM 

B caMornyHTHpyiO~Hxcx cTpHMepHbiX KaMepax, Hanon

HeHHbiX 'IHCTbiM HeOHOM HnH CMeCblO renHH H HeOHa, TaK 

*e KaK H B renHeBbiX KaMepax, Ha6nro,IJ.alOTCH oqeHb xpKHe 

cn.e.D.bl qacTHU. Ho pe3KO yny'llllHTb noKanH3aUHID cne.D.OB 

B HeOHe C llOMO~blO pa3nH'IHbiX )l.06aBOK ll0)l.06HO TOMY, KaK 

3TO .D.enaeTcx B renHH, noKa He y.D.aeTcH. 3To cornacyeTCH 

C pe3ynbTaTaMH H BbiBO)l.aMH npe)l.bl.Jl.Y~X pa6oT /2,3/ • 
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Puc. 6. tPomozparjjuu cAeOoe 3AeKmpoHoe e cmpuMepHou KaMe
pe e&ICOKozo ()aeAeHu.R ICKB,4/: a/ npu oaeAeHuu cMecu 
zeAU.R u napoe eoO&J P = 1,0 amM, 6/ npil P = 3,0 a•M, 
e/ npu P = 4,0 amM. 
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~eHCTBHTenbHO, B renHH nOKaflH3aUHH BHAHMOrO CBeTa B 

UeHTpe pa3pH,II,HOrO KaHana ,IJ,OCTHraeTCH 3a C'leT TOrO, 'ITO 

cpe,IJ,HHH 3HeprHH 3neKTJ>OHOB B o6naCTH "weHKH" KaHana 

BbiWe, 'leM BHe "WeHKH"/2/. IJOCKOnhKY B o6naCTH BHAHMOrO 

CBeTa BhiCBe'IHBaeTCH Manoe 'IHCnO ypOBHeH aTOMa re

nHH/3,14/ , TO yMeHbWeHHe cpe,IJ,HeH 3HeprHH 3neKTpOHOB, 

no- BH,II,HMOMY, npHBO,IJ,HT K B036y:>K,IJ,eHH10 ypOBHeH, KOTOpbie 

BbiCBe'IHBaiOTCH B HeBH,IJ,HMOH o6naCTH cneKTpa. ATOM :>Ke 

HeOHa HMeeT MHOrO B036y:>K,IJ,eHHhiX ypOBHeH, BhiCBe'IHBaiO

J..QHXCH B BH,IJ,HMOH o6naCTH ClleKTpa, ll03TOMY HeKOTOpoe 

H3MeHeHHe cpe,IJ,HeH 3HeprHH 3neKTpOHOB B HeOHe He npH

BO,II,HT K CyJ..QeCTBeHHOMY H3MeHeHHIO nonHOrO BhiXO,IJ,a BH

,IJ,HMOrO CBeTa. 

8. 3aKA10'1eHUe 

B renHeBLIX caMowyHTHPYIOJ..QHXCH CTPHMepHhiX KaMepax 

y,IJ,aeTCH nony'IHTb C llOMOJ..QbiO ,IJ,06aBOK napOB BO,IJ,hl HpKHe 

xopowo noKanH3oBaHHhle cne,IJ,hl qacTHU. BpeMH naMHTH 

r TaKHX KaMep perynHpyeTCH ,IJ,OfiaBneHHeM K pa60'IeH CMeCH 

ra30B ManhiX KOnH'IeCTB B03,IJ,yxa. 

Pa6o'IHe xapaKTepHCTHKH cTpHMepHOH KaMe phi, 

HanonHeHHOH cMeCLIO renHH, napoa BO.IJ.hl H B03,IJ,yxa,npai<

TH'IeCI<H He MeHHIOTCJI CO BpeMeHeM. 

B 3aKnJO'IeHHe MO:>KHO OTMeTHTb, 'ITO B renHeBbiX CTpH

MepHbiX I<aMepax MO:>KHO, He npeo,IJ,oneaaH oco6hlx TeXHH'Ie

CKHX Tpy,IJ,HOCTeH, nony'IHTb cne,IJ,bl 6onee BhiCOKOrO Ka'leCT

Ba /6onee HPI<He H noi<anH30BaHHhle/, 'leM B I<aMepax, 

pafioTaiOJ..QHX B pe:>KHMe 06pbiBaHHH pa3pH,IJ,a. 

ABTOpbl 6naro,IJ,apHbi 3 .~.JI03aHCKOMY 3a HHTepeCHble 

H nnO,IJ,OTBOpHble 06CY:>K,IJ,eHHH. 
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