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Bae.aeHHe 

Ha npoTSDKeHHH y:>Ke MHOI'HX neT <i>H3HKH pH.aa na6opaTopHA ae.ayT 

Hccne.aoaaHHSI no sneKTpH'IecKoMy npo6o10 napo-ra30BbiX ny3&IpbKOB B 

:>KHLlKOCTSIX. Uen& 9THX Hccne.aoaaHHA pa3nH'IHa. B o.aHHX cnyqagx BbiSICHSI-

eTCH BnHSIHHe pa3pS!Jla B ny3blpbKax Ha sneKTpH'IeCKyiO npO'IHOCTb :>KHLlKOc-

TeA, B .apyr'HX· - H3Y'IAIOTCSI BOllpOCbl LlHHaMHKH pa3BHTHSI ny3blpbKOB B 

1KH.llKOCTH1 KOI'.lla K ny3blpbKaM HenpepbiBHO llO.llBOLlHTr.Sl sneKTpHqecKaSl 

sHeprHH. B pH.ae cnyqaea Hccne.aoaaHHH HanpaaneHbl Ha paspa6oTKy aosoro 

MeTo.aa TpeKOBOA perHCTpaUHH qacTHU B nceB.llOKHllSllUHX :>KHLlKOCTHX. 

0.llHHM H3 Ba::>KHbiX BOllpOr.OB1 C KOTOpblMH npHXOLlHTCSl BCTpeqaTbCSl B 

TaKHX HCCne.aoBaHHSIX1 SIBnSleTCSI BOllpOC OllTHManb¥OI'O Bbi6opa xapaKTepHc

THK 9neKTpH'IeCKOI'O n·onH .anSI np060SI ny3bipbKOB1 OTnH'IaiOIUHXCSl pasMe

pOM1 .aaaneHHeM H npHpo.aoA 3anonHHeMoro ra3a. KaK HH y.aHBHTen&Ho, 

HO B HaCTOSIIUee BpeMSI OTCyTCTByeT MeTOLlHKa pacqeTa napaMeTpOB 

sneKTpH'IeCKHX noneA, XOTSI Heo6XOLlHMOCTb B HeA SIBHO HMeeTCSl. HH:>Ke 

H3naraeTCSl MeTO.llHKa pac'leTa noneA .anSI np>50SI ny3blpbKOB llOCTOSIHHbiM1 

HMnynbCH&IM H BbiCOKoqacTOTHbiM sneKTpH'IeCKHM noneM. B ocHosy pac'leTa 

nono:>KeHbl OCHOBHbie KpHTepHH H HeKOTOpble 9KCnepHMeHTanbH&Ie 3aBHCHMOC

TH sneKTpHqecKoro npo6oSI rasa B Man&Ix 3asopax. PaccMoTpeHHe MeTo.aos 

npOBO.llHTCSl Ha KOHKpeTHbiX npHMepax sneKTpH'IeCKOI'O npo60H ny3bipbKOB B 
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TaKHX )I(HJlKOCTstX, KaK renHA, BOJlOPOJl, KCeHOH H HSOH, 3TH )I(HJlKOCTH, KaK 

H3B9CTH00 WHpOKO HCnonb3YIOTCfl B nya&IpbKOBbiX KaMepaX H HCCn9JlOBaHH9 

npooost nya&IpbKOB B HHX npeJlCTaBnsteT B HaCTOstwee BpeMst onpeJleneHHbiA 

HHTepec, PaayMeeTCst, npeJlCTaBneHHast HH)I(9 MSTOJlHKa npHI'OJlHa Jlnst paC'IeTa 

::meKTpH'IeCKHX noneA Jlnst npooost ny3&IpbKOB H B niOObiX ilPYI'HX )I(HJlKOCTfiXo 

npoooft nV3biObKOB B ITOCTOSIHHOM H HMnynbCHOM 

aneKTPH'IeCKHX nonstx 

PaccMoTpHM TpeooaaHHst, KOTop&IM .aon)!{Hbi y.aoaneTaopstTb anexTpH'Iec

KHe nonst, cnocooH&Ie B&IaBaTb paapH.a B nya&IpbKax. 8 npHHUHne cywecT

ayeT TpU B03MQ)!{HbiX cnocooa npooost nya&IpbKOB: ITOCTOSIHHbiM, HMnynbc-

HbiM H B&IcoxoqacTOTH&IM noneM, O.auaxo npooHBH&Ie xapaKTepHCTHKH 

ITOCTOfiHHblX H HMnynbCHbiX noneft .anHTenbHOCTblO B HeCKOnbKO MCeK 

onH3KH .apyr K .apyry 'H Mbl He oy .a eM BBOJlHTb cneUHalrbHOI'O paanH'iHfl 

Me)!{.ay 9THMH .OBYMil THITaMH noneft, 

8 Ka'ieCTBe OCHOBHOI'O .KpHT9pHst .anst pac'ieTa ITOCTOHHHOI'O' HnH HM

nynbCHOI'O npOOHBHOI'O HanpH)!{eiHHH B ny3&IpbKaX npHMeM. H3BeCTHOe 9MnH-

pH'iecxoe ycnoaHe PeTepa a d '" 20, r .ae a -nepBbilt K09cpcpHUHeHT . 

TayHceR.aa, aaBHCHLUHlt OT po.aa raaa H. OTHOllleHHH + d -aenH-

. 'iHHa paapH.OHOI'O npoMe)!{yTKa, KOTOpaH B .aaHHOM cnyqae MO)!{eT ObiTb 

npHpaBHeHa K .QHaMeTpy nya&IpbKa, P -.aaaneHHe napa B nya&Ipbxe H 

a = f ( ~) .anH MHorHx raaoa .aa-p 
E s E 

2 • 3aBHCHMOCTb 

Ha B nHTepaType no raaoaoMY paap~y. O'leBHJlHo, 'iTO JlnH 

acpcpeKTHBHoro npoooH nyshlpbKa Heo6xo.aHMo, 'iTOo&z a '? ~0 • 

8 .aanbHeltllleM nonO)!{HM nHHeltH&Ift paaMep nyahlpbKOB paBHbiM d 

a HanpH)!{SHHOCTb nonH B oo'beMe xaMep&I - E1 H a nya&IpbKe - E 2 

.LlHaneKTpH'ieCKYIO noCTOHHHyiO paooqeJt )!{H.QKOCTH 0003Ha'iHM qepea t: 
1 

a ee napa - £ 2 • Tor.aa CBH3b Me)!{.ay E 1 H E 2 Bb!pa3HTCH 

H3BeCTHbiM COOTHOllleHHeM: 
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PaccMoTpHM ua npHMepe MeTo.a onpe.aeneHHH aenH'IHI 

cny'laH npo6oH nyahlpbKOB B xceuouoaoA xaMepe. B TaxoA 

HaaecTHo, .aaeneHHe napa a nyahlpbxax npH6nH3HTenbHo pm 

-1 
.D.HaMeTp ny3blpbKOB npHMeM p8BHbiM d "" 1.10 . CM, TOI 

-1 
(eM MM pT. CT.) o no .:; H JL_ .. -~ =1,3 .lO-ll 

p 20.760 
E /11 T .. f( -p-> H3 Ta6nH'IHbiX .aaHHhiX uaxo.aHM aHa'leHH• 

-1 
B (eM MM pT. CTo) • 0TCIO.Oa HanpH)!{9HHOCTb nonH B nya. 

E ,.E a17P = 17.20.78) .. 260 KBICM, 
ll 

·.LlnH onpe.aeneHHH E 
1 

eocnon&ayeMcH cpopMynol (1 

xceHoHa £ 1 • 1,83, a .ans napa no.a .aaaneHHeM 20 aTJ 

no.acTaBnHH 9TH .aaHHbiEt B ( 1 ), H8XO.OHM E:a .. 210 KBI 

HO, .anH npOOOH ny3b!pbKOB B KCSHOHOBOil K8Mepe HanpH)!{9J 

'19CKOI'O nonH B )!{H.QKOCTH .OOn)!{H8 ObiTb He MeHee 210 KB 

AaanorH'IH&IM nyTeM MO)!{HO onpe.aenHTib aeo6xo.aHMhl' 

nonH .anH npo6oH nyahlp&KOB H B .l;lpyrHx )!{H.OKOCTHX. Tax, 

nyahlpbKOB .OHaM9TpOM 0,1 CM B )!{H.OKOBO .OOpO.OHOI K8Mep 

T 300 
P = P T '"' 4 27 = 44 aTM, r.ae P -.aaeneHHe nap 

0 
ao.aopo.aa, npHee.aeHHoe x JCOMHBTHol TeMnepaType T ,B 

HHe napa B nya&Ipbxax npH TeMnepaType )!{H.axoro eo.aopol 

a 200 "' -3 -1 a -p = = 6.10 (CM MM pT, CT.) o no 3Ha'I9HHIO f 
44.700 I 1 I -. 

HbiX .aaHHbiX H8XO.OHM ~ ~ 18 B (eM MM pT. CTo) ' 

.ayeT, 'ITO HanpH)!{9HHOCTb npOOHBHOI'O nonH B nyabipbKe BC 

E = 18.44.760 ;;: 600 xalcM, a uanpH)!{eHHOCTb nonH B )!{ 
2 

COOTB9TCTBHH C cpopMynol (1) ( 

E I : 500 KBICM. 

£1 == 1,18, 
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THX 0 KBK renH1!:, BO.OOpo,o, KCeHOH H HeOH. aTH )!(H,OKOCTH, KBK 

OKO HCI101Ib3YIOTCH B IIY3bipbKOBbiX K8Mepax H HCC1Ie.OOB8HHe 

bKOB B HHX rrpe,OCT8B11HeT B HaCTOHIUee BpeMH 011pe,oeneHHbJ1i: 

MeeTCH, IIpe,OCT8B1IeHH8H HH)!(e MeTO.OHK8 11pHI'O.OH8 .01IH pacqeTa 

none1!: .01IH rrpo6osr 11Y3bipbKOB H B liiOObiX ,opyi'HX )!(H.QKOCTHX
0 

npo6oft 11Y3biPbKOB B IIOCTOHHHOM H HMI1Y1IbCHOM 

sneKTPHqecKHx rronsrx 

pHM Tpe60B8HHH 0 KOTOpbiM JJ.Oli)KHbi YJJ.OBlleTBOpHTb 81IeKTpHqec

COOHbJe Bbi3BBTb paapsa B rryabrp&xax. B rrpHHUHIIe cymecT

O*HbiX CIIOCo6a rrpo6osr 11Y3bipbKOB: IIOCTOHHHbiM, HMrryn&c

oqacTOTHbiM IIOJieM. 0JJ.HBKO 1IpOOHBHbie X8p8KTepHCTHKH 

HMIIYilbCHbiX none1!: JJ.IlHTellbHOCTb!O B HeCKOJlbKO MCeK 

JJ.pyry H Mbl He 6y JJ.eM BBO.OHTb CIIeUHallbHOI'O paanHqi{g 

JJ.ByM·H THIIBMH rronell:. 

·Be OCHOBHOro KpHTepHH JJ.liH pacqeTa IIOCTOHHHOI'O· H1IH HM-

HBHoro H81IpH)KeHHH B IIY3bipbK8X 1IpHMeM. H3BeCTHOe 8MIIH-

He PeTepa a d = 20, rae a -rrepBbiii: K09cpcpHUHeHT . 

BHCHI..LlHII: OT pOJJ.a raaa H. OTHOWeHHH + d -aenH-

ro rrpoMe)KyTKa, KOTOpasr B JJ.BHHOM cnyqae MO)KeT ObiTb 

HaMeTpy IIY3bipbK8
0 

• 3BBHCHMOCTb 

P -aaaneHHe napa B rryabrp&xe H 

a = f (!!... ) ansr MHOrHx raaoa aa-p 
Type no raaoaoMy paapsr,oy. OqeBH.OHo, qTo .onsr 

. 20 rrpo6osr rryabrp&Ka aeo6xoaHMo, qTo6br a > T . 
AweM rrono)KHM JIHHeii:H&rll: paaMep rryablpbKOB paBHbiM d 

Tb rronsr B o6'beMe KaMepbi - E
1 H B rryabrp&Ke - E 

2 
10 IIOCTOHHHy!O pa6oqeft )KHJJ.KOCTH 0003H8qHM qepe3 £ I 

• ToraA casra& Me*.llY E 
1 

HOWeHHeM: 

4 .. 

H E 2 Bbip83HTCH 

·~ 

;~: 

.: 

E ·E 3 t' I 

2 I 
t' + 2t 

( 1 ) .. 
2 I 

PaccMoTpHM Ha rrpHMepe MeTo.o. onpe.o.eneHHH 8enHqHH&r E
1 .llliSI 

cnyqasr npo6osr rryabrp&K08 8 xceHoH08ol xaMepe. B TaxoA KaMepe, xax 

H38eCTHo, .o.a8neHHe napa 8 nyablpbKax npH01IH3HT91IbHO p8BHO 20 aTM. 

-I -d .. 1.10 eM, Tor.o.a a > 200 .lJHaMeTp nya&IpbK08 npHMeM pa8HbiM 

H JL. ., -~ =1,3 .10- 2 (eM 
p 20.760 

-1 
MM pT. CT.) • no 3a8HCHMOCTH 

E /1/ T .. f( -p-) H3 TaonH'IHbiX .o.aHHbiX Haxo.o.HM aHa'leHHe E p--:: 17 
-1 

8 (eM MM pT. CT.) • 0TCIO.lla HanpH)K9HHOCTb nonH 8 ny3bl!)bKe 

E -E .. 17P =17.20.761 .. 260 K81CM. 
2 

-1 
CM 

.llnSI onpe.o.eneHHH E 
1 80Cnon&ay9MCSI <}>opMynoJ ( 1) • .llnsr )KH.llKOI'O 

KC9HOHa t' I • 1,831 a .llliSI napa no.ll .O.a8119HH9M 20 aTM. - t' 
2 

':, 1 

no.o.cTa81ISISI 9TH .llaHHbiS 8 ( 1) I HaXO.llHM E2 - 210 KBICM. C119.ll08aTen&-

Ho, .llliSI npOOOSI ny3blpl:oK08 8 KC9HOH080I KaMepe HanpSI)K9HHOCTJ:o 9119KTpH

'19CKOI'O nonsr 8 *H.llKOCTH .llOli)KHa ObiT& He MeHee 210 X8/cM. 

AHanorH'IHbiM nyTeM MO)KHO onpe.o.enHT& Heo6xo.o.HMb1e anexTpH'IecxHe 

nonsr .o.nsr rrpo6osr nyab1pbK08 H 8 l,lpyrHx )KH.llXOCTHX. Tax, .llliH npo6osr 

nyablp&X08 .O.HaMeTpOM 0,1 CM 8 )KH.llK080 .llOpO.llHOI KaMepe 6y.o.eM HM9Th: 

T 300 
P = P T '"' 4 27 "' 44 aTM, r.o.e P -.o.asneHHe napa 8 nya&rp&xax 

0 

80.llopo.lla, npH8e.lleHHoe x {{OMHaTHol TeMnepaType T ,a P
0 

-.llasne-

HHe napa 8 nyabtp&xax npH TeMnepaType *H.llxoro 80.llopo.lla T 
0 

a 200 "' -3 -1 a 
- = = 6.10 (eM MM pT. CT.) o no 3Ha'leHHIO P. H3 TaonHq-
p 44.76) /1/ -1 

HbiX .o.aHH&IX H8XO.llHM _,.__ ::l 18 8 (eM MM pT. CT.) • 0TCIO.lla cne-

.llyeT, 'ITO HanpH)KQHHOCTb npOOH8HOI'O 1101ISI 8 11y3blpbKe 80.llOpo.o.a 

E = 18.44. 760 ;;: 600 K8/cM, a Hanpsr*eHHOCTJ:o nonsr 8 *H.llKOOTH 8 2 

COOT89TCT8HH C cpopMynol (}) ( 

E 1 :l 500 K8/cM. 

£ 1 == 1,18, 

5 
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2 1,02) A01I)!(Ha ObiTb 



l 
t 

! 
I 
I 
f 

I 
I. 
i 
I 

.118 

.UnSI npo6oSI nysbtpbXOB a >KH.axorenHeaoA xaMepe HMeeM: 

P P T 0 3 300 . .., -3 )-1 
= o T"' • - 2- • 45 aTM H i;- "' 6.10 (eM MM pT.cT. . • 

0 /1/ E r -1 
Tor.aa, cornacHO t OTHOW9HHe p "" 5 B (eM MM pT. CT.) H, 

cne.aoaaTenbHo; E 2 ;; 170 xa/cM, a E 
1 

;; 150 xa/cM. 

B pSI.ae cnyqaea pacqeT Hanpsr>KeHHOCTH npo6HBHoro nonSI a nyablpb

xax y,ao6Hee B9CTH 0 Hcnonb3ySI. 9XcnepHM9HTanbHyJO 3aBHCHMOCTb npo6Ha-

Hor.o HanpSI>KeHHSI E OT aenH'IHHbl p d • 3.aecb P -.aaaneHHe 

raaa B npo6HaaeMOM npoMe>KyTX9 0 XOTopoe MO>KHO OTO>K.09CTBHTb C 

.aaaneHHeM raaa a nyabipbxe .aHaMeTpoM d • )lnSI raaoo6paaHoro ao.ao-

po.aa H renHSI aa8HCHMOCTb E -;, f ( Pd ) MO>KHO HaATH, HanpHMep, 

Ill 
a • Tax, pacC'IIiTbiBaSI 9THM MeTo.OoM Hanpsr>KeHHOCTb nonsr .anSI npo-

6oSI nyabipbxoa ao.aopo.aa, nony'IHM E 1 = 480 KBICM H E 2 • 550 

xa/cM. Pat:'leT .anSI nyablpbXOB renHSI .aaeT cooTB9TCTB9HHO E 1 • 230 

KBicM H E 2 • 260 xa/cM. 

EnHSXHe x 9THM aHaqeHHSIM npo6HBHble nonSI nony'laJOTCSI Tax>Ke H 

/1,21 
npH pac'leTe no ypaaHeHHJO MHxa : 

· en E • fn ad + 0,5 en P - 1,5 fn d + a d -14,46 

r.ae E
2 

-a 

npH'IeM ad 

B 
/eM, p ·- B MM pT. CT., · d - B CM H a 

. /1/ 
aa.aaeTCSI TeopeTH'IeCKHM ycnoaHeM Perepa 

ad= 17,7 + fn d. 

(2) 

-1 
B CM 

,UaHHb190 nony'leHHb19 .OBYMSI M9TO.QaMH paC'I9Ta, KaK BH.OHM, qaCTH'I

HO paCXO.QSITCSI M9>K.OY Co6oA. 3TO 06CTOSIT9nbCTBO CBSI3aHO C npH6nH>Ke

HH9M H 9KCTpanonHUHSIMH, KOTOpble npHWnOCb .aonycTHTb, Hcnonb3ySI cae.ae-

HHSI no npo6o10 rasoa .ansr aHa'leHHA a /P H Pd , OTnH'IaJOlUHXCSI 

OT Ta6nH'IHbiX ,aaHHbiX, npHBO.QHMbiX B nHTepaType. 
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3,aeCb yM9CTHO conocT88HTb TO~HOCTb pac~eTa 

c sxcnepHM9HTan&HbiMH ,aAHHbiMH. B HaCTOSIUlee ape 

/3/ 
onbtTa no npo6010 nysWpbXOB renHS1 0 HM9101UHX I 

.r:taaneHae rasa "' 1 aTM. 3aa~eHHe HanpSI>KeHHOCTR n1 

TO'IXe nnaTO oxasanocb paBHbiM ,;13 KBICM • PaC'I~T >KE 

a 100 ( )-1 /1/ -p •-- "' 0,13 CM MM pT. CT. , B 
760 -1 

B (eM MM Tp. CT.) HnH E 2 • 16.760 ,. 1~,2 K 

9XCnepHM9HTanbHOA aenH'IHHe. 

HecMoTpSI Ha npH6nH>KeHHoc-:-& 8blnonHeHHblX p 

XO, c.a·enaTb onpe.aeneHHbiA Bb!BO.O 0 TOM, 'ITO np~t61 

B O.OHOaTOMHbiX >KH.OKOCTSIX, Hcnonb3y9Mb1X B ny3blp 

>KeH H8CTynaTb npH HanpSI>K9HHOCTH sneKTpH'I9CKOf'O 

a B MHOf'08TOMHbiX >KH.OXOCTSIX - npH 500-600 KB/C~ 

T8X>Ke, 'ITO aenH'IHHbl npo6HBHbiX noneA Mano H3M9H 

pasMepoa nysblpbxoa a 1,·5 pa3a. 

B cny~ae npHMeHeHHSI HMnynbCHbiX noneA .anSI 

Tpexy 'laCTHU B nySblpbKOBbiX KaMepax HMnynbCbl .0 

Ha KaMepy B TOT MOM9HT, KO!"'.Oa pasMep ny3blpbKOB 

89nH'IHHW. VI HHUHHpOBaHHe pas pSI .a a B 9TH X nyablpbK• 

snexTpOHaMH, XOTOpbl9 nopo>K,aaJOTCSI B >KH.OKOCTH B 

qaCTHUbl H OCTaJOTCSI B nyablpbxax B npouecce nape 

noxaaaTb, 'ITO 8 xa>K.QOM ny3blpbKe, nopO>KJl9HHOM I 

Ha H HM9JOLU9M paaMep 0,1 CM, B cpe,aHeM C0.09p>Kl 

3TH snexTpOHbl MOf'yT H&XO.OHTbCSI XaX 8 CB060.QHO~ 

6biTb casraaH.HbiMH c MonexynaMH napa, ecnH nocne.a 

OTpHUaTenbHOCTbiOo 3TO 06CTOSITenCCTBO Haxna.Qbl8aE 

none .QononHHTen&Hbie ycnoaHsr. Tax, a cnyqae cao6c 

8p9MSI ¢opMHpOB8HHSI HMnynbCa (,anHT9nbHOCTb nepe 

6b1Tb .OOCTaTO'IHO KOpOTXHM 0 'IT06bl aa 9TO 8p9MSI 9. 
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npOOOSI ny3hlpbKOB B :>KH.LlKO!"'enHeBOft KaMepe HMeeM: 

300 . "' -3 -1 
= 0,3 2- = 45 aTM H ~ = 6.10 (eM MM pT.CTo) • 

0 /1/ E p -1 . 
ornaCHO 0 OTHOWeHHe p • 5 B (eM MM pT. CT.) H, 

enbHo, E
2

;;; 170 Ka/cM, a E 1 ~ 150 KBicM. 

H.Lle cnyqaea pacqeT HanpH:>KeHHOCTH npo6HBHoro non~ a nyahlpb

Hee aeCTH 0 HCfiOnb3yH 9KCnepHMeHTanbHYIO 3aBHCHMOCTb npOOHB-

·SI:>KeHHSI E OT aenH'iHHbl p d • 3.aecb P -.aaaneHHe 

OOHBaeMOM npoMe:>KyTK9 0 KOTopoe MO:>KHO OTO:>K.LleCTBHTb C 

M rasa B ny3hlpbKe .LlHSMeTpOM 

enHH aaBHCHMOCTb E~f(Pd) 

d • .OnH raaoo6paaHoro ao.ao

MO:>KHO HaltTH 0 HanpHMep0 

K 0 paCC'iliThiBaH 9THM MeTO.llOM HanpH:>KeHHOCTb nonH .anH npo-

pbKOB ao.aopo.aa, nony'iHM E I = 480 KBICM H E 2 .. 550 

aC'ieT .ans:~ nyahipbKOB renHH .aaeT cooTBeTCTBeHHo E 1 • 230 

E 
2 

= 260 KB/cM. 

3KHe K 9THM 3Ha'leHHSIM npOOHBHble nong nonyqaiOTCSI TaK:>Ke H 

/1,2/ 
Te no ypaaseHHIO MHKa : 

= fn ad + 0,5 fn P - 1,5 fn d + a d -14,46 , 

-a 
8

/cM, p ·- B MM pT. CT., · d - B CM H a 

ad 
.. /1/ 

aa.aaeTcH TeopeTH'IeCKHM ycnoaHeM PeTepa 

17,7 + fn d. 

(2) 

-1 
B CM 

Hbie, nonyqeHHbie .LlBYMH MeTO.LlaMH pacqeTa, KaK BH.LlHM 0 qaCTH'i

'llSITCSI Me:>K.ay COOOA. 3TO OOCTOSITenbCTBO CBSI3aHO C npH6nH:>Ke

KCTpanonHUHSIMH0 KOTOpble npHWnOCb .aonyCTHTb0 HCnonb3yH cae.ae-

o6o10 raaoa .anH asaqeHHA a I P H Pd 0 OTnH'iaiOIUHXCSI 

Hh!X .aaHHbiX, npHBO.LlHMbiX B nHTepaType. 
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3.aeCb yMeCTHO COfiOCTaBHTb TO'IHOCTb pacqeTa DpOOHBHbiX noneA 

c aKcnepHMeHTanbHbiMH .LlRHHbiMH. B HaCTOHIUee speMH HaaecTHhl peaynbTaTbi 

/3/ 
on&tTa no npo6c;>IO nyawpbKOB renHH, HMeiOWHX paaMep .. 0,2 eM H 

Jlaanesae rasa "' 1 aTM. 3Ha'leHHe HanpH>KeHHOCTH npOOHBHOI"'O nonH B CpeQHeii 

TO'IKe nnaTO oKaaanocb pasHhiM ,;13 xs/cM • Pacq~T >Ke QnH aToro cnyqag JlaeT: 

a 100 ( )-1 /1/ E -p- •-- '" 0,13 CM MM pT. CT. 1 B HaXO.LlHM -p • 16 
760 -1 

B (eM MM Tp. cT.) HnH E 2 • 16.760 • 1:.!,2 xa/cM, 'ITO 6nHaKo K 

9KCnepHMeHTanbHOft BenH'IHHe. 

HecMoTpH Ha npH6nH:>KeHHoc-:ob BhlnonHeHHhiX pac'leToB MO:>KHO, o.aHa

Ko, c.a·enaTb onpe.aeneHHbiA BbiBO.Ll 0 TOM, 'ITO npe6oA napOBbiX nya&IpbKOB 

B O.LlHOaTOMHblX :>KH.L1KOCTSIX 1 HCDOnb3yeMbiX B nyablpbKOBbiX KaMepax, .aon-

:>KeH HaCTynaTb npH Hanpsr:>KeHHOCTH aneKTpH'I9CKOI"'O nons:~ .. 200 KBICM, 

a B MHQI"'OaTOMHbiX :>KH.LlKOCTSIX - npH 500-600 KB/CMo Mo:>KHO noxaaaTb 

TaK:>Ke, 'ITO senH'IHHbl npOOHBHblX noneA Mano H3MeHHIOTCSI npH BalJHaUHH 

paaMepoa nya&tpbKOB B 1,5 paaa. 

B cnyqae npHMeHeHHH HMnynbCHbiX noneA .ansr npo6osr nyahlpbKOB no 

TpeKy 'laCTHU B ny3blpbKOBblX KaMepax HMnynbCbi .LlOn:>KHbl HaKna.abiBaTbCSI 

Ha KaMepy B TOT MOMeHT1 KOI"'.Lla paaMep ny3blpbKOB .LlOCTH!"'aeT aa.aaHHOlt 

B9nH'IHHblo I1HHUBHpOBaHBe paapH.aa B 9THX nyablpbKaX 6y.aeT Bb13bJBaTbCSI 

aneKTpOHaMH 1 KOTOpbl9 nopO:>K.LlaiOTCSI B :>KH.LlKOCTH B MOM9HT npOXO:>K.Ll9HHSI 

qacTHUhl H ocTaiOTCH a nya&tpbxax B npouecce napoo6paaosaHHsr. Mo:>KHO 

noxaaaTb1 'ITO B Ka:>K.LlOM ny3b!pbKe 1 nopO:>K.Ll9HHOM B KOHUe 8 -aneKTpo-

Ha H HMeiOIU9M paaMep 0,1 CM, B cpe.aHeM co.aep:>KHTCSI .!10 10 aneKTpOHOB. 

3TH aneKTpOHbi MOI"'yT H8XO.LlHTbCSI KaK B CBOOO.LlHOM COCTOSIHHH, TaK H 

6b1Tb css:~aaHHbiMH c MoneKynaMH napa, ecnH nocne.aHHe o6na.aaiOT aneKTpo

OTpHuaTenbHOCTbiO. 3TO OOCTOHTenbCTBO HaKna.abiBaeT Ha aneKTpH'IeCKOe 

none llOnonHHTenbH&Ie ycnoBHH. TaK, B cnyqae cao6o.aHhiX aneKTpOHOB 

BpeMH <f>opMBpOBaHHSI HMnynbCa ( .anHTenbHOCTb nepe.aHero <f>pOHTa) .LlDn:>KHO 

6b1Tb .aocTaTO'IHO xopoTKHM, '1To6&I aa aTO apeMH aneKTpOHhl He ycnenH 
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I 

l 

yftTH Ha o6~eMa nyahlp&xa Ha ero cTeHKH B pe3yn&TaTe apeft~oaoro aaH-

*eHHSI, PaccMoTpHM 9TO KOHKpeTHO, CMei..UeHHe sneKTpoHoB X n )a 

aeftCTBH9M H8p8CT810I..Uero IT OnSI paBHO 

r 

X "' I v dt. 
0 

(3} 

3aec& v ecT& cxopocT& ape a~ a snexTpoHoa, xoTopaSI pasHa p. E 

/l -noaBH)KHOCTb 9n9KTpOHOB B 9nexTpH"19CKHX nonSIX H T anH-

Ten&HOCTb nepeaHero ~pORTa HMnyn&ea, CxopocT& HapacTSHHSI Hanpg)KeHHoc

TH 9n9KTpH"19CKOrO nonS! MO)KHO npeacTSBHTb B nepBOM npH6nH)K9HHH B 

BHae nHHeAHOft 38BHCHMOCTH OT BpeMeHH: 

umax 
E- ----- t, 

e r (4} 

u aMnnHTyaa HMnyn&ea H f - p8CCTOSIHHe Me)Kay rae max 

snexTpoaaMH B xaMepe. HHTerpHpoaaHHe BbiPS*eHHSI (3} c y"'eToM pa

aeHcTBa (4}, aaeT: 

X • 
,.,. umax 

-r (5} 
2f 

T.x. cMei..UeHHe sneKTpoHoB aon)KHO 6hlTb MeH&I..Ue aHaMeTpa nya&zp&xa, To 

H3 (5) cneayeT ycnoaHe, Haxnaahl&aeMoe Ha aenH"'HHy r 

Hd 
T <--

II U max 

(6) 

OueHHM aenH"'HHy r anSI Cny"'SSI npo60SI nyahlpbKOB napa B )KH.llKOM 

KCeHoHe, npHMeM f "" 1 CM, d = 0,1 CM H Um..x = 210 KB, 

8 
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noaBH)KHOCTb 9n9KTpOHOB B raaoo6paaHOM KC9HOH9 0 Haxoa 
2 /1/ 

aaan9HH9M 20 aTM, pasHa 10 eM /a C9K I. noacTaBnHl 

B (6), 6ya9M HMeT& r < 100 HC9K, AHanorH"'H&Ift pac"'9 

H&IX sneXTP<?HOB B nyahlp&xax aoaopoaa aa9T r < 90 H< 

r9nHSI <: 60 Hcex. 

B aeftcTBHT9n&HOCTH, Tp96oaaHH9 Ha B9nH"'HHy r f 

BHaHMOMy, M9H99 )K9CTKHM 0 T,K, npOU9CC naBHHoo6paaoBaH 

B ny&IpbKSX HS"'HHaeTCSI paHbLU9 0 '19M HanpSI)K9HHOCTb nonS! 

ra9T caoea MaxcHMan&HoA B9nH"'HH&I, Taxoa npouecc, KaK 

npoao>KaaeTCSI r9H9pHpOB8HH9M KBSHTOB yn&Tpa~HOn9TOBOr< 

KOTOpbie 6ya3[T aononHHT9nbHO nopO)Ka8Tb sneKTpOHhl BO B 

nya&zp&xa aa C"'9T ~OTOHOHHaauHH. K co*an9HHIO, paCC"'HTI 

U9CC cxon&xo-.HH6ya& cTp:>ro anSI nyahlp&KOB He npeacTaan 

MO)KHbiM, 

PaccMoTpHM T9n9p& apyroft cny"'aft, xoraa Monexyn&I 

aa B nya&Ip&KaX o6naaaiOT 9n9KTpOOTpHU8T9nbHOCTbiO H 38X 

sneKTpOHhl, TaxHe KoMnnexc&I - OTpHUSTen&Hhle HOHhl - HM< 

MeHbLUYIO noaBH)KHOCTb0 '19M sneKTpOHhl B 9neKTpH"19CKHX l 

xoa H3 nya&IpbKOB B MOMeHT HlV!O)KeHHSI nonS! 6yaeT npOHC 

HHTen&Ho MeaneHHO, B 9TOM cny"'ae oco6hlx Tpe6oaaHHA K 

HMnyn&ea MO)KHO He IIpe.ll~SIBnSITb, OaHaxo aMnnHTyila HI 

Ha y aoaneTaopSIT& onpeaen9HHoMy ycnoBHIO, a HMeHHo, 01 

6&ITb aocTSTO"'HOft anSI coaaaHHSI a rryahlp&xe nonS!, cnoco6 

sneKTpOHbi OT HOHOB 38 aaaaHHOe BpeMSI , 3TH 9neKTp0Hhl 1 

BOpHnoc .. , Hy)KHioi anSI HHHUHHpOB8HHSI paapSiaS B nyahlpbKSJI 

Heo6xo.aHMoro nonS! MO)KeT 6&ITb onp9aeneHa Ha cneayiOLUE 

fg r = -13,17 + 0,5 fg ¢ _ fgE + 29,67 ,~.. a/2 
E '+' ' 
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eMa nyabipbKa Ha ero cTeHKH B pe:::~ynbTaTe .ZlpeAQ:>oaoro .ZlBH-

cMoTpHM sTo KOHKpeTHO, CMei.UeHHe sneKTpoHoa X n J.Zl 

HapacTaiOI.Uero n onSJ paaHo 

v dt. . (3) 

ecTb cKopocTb .ZlpeAQ:>a sneKTpoHoa, KOTopaSJ pasHa IL E 

BH»CHOCTb sneKTpOHOB 8 SneKTpHqecKHX nonSJX H r .ZlnH-

epe.ZlHero Q:>poHTa HMnynbCa, CKopocTb HapacTaHHSJ HanpSJ»eeHHoc

ecKoro nonSJ MO»CHO npe.ZlCTaBHTb 8 nepBOM npH6nH»e9HHH 8 

Oft aaBHCHMOCTH OT Bp9M9HH: 

l • (4) 
r 

aMnnHTy.Zla HMnynbCa H f - paCCTOSIHHe Me»e.Zly 

H B KaMepe, VfHTerpHpOBaHHe Bblpa»eeHHSI (3) C yqeTOM pa-

t .ZlaeT: 

(5) 

HHe sneKTpOHOB .ZlOn»CHO 6b!Tb M9HbW9 .ZlHaMeTpa ny3blpbKa1 TO 

yeT ycnoeHe, HaKna.ZlbiBaeMoe Ha aenHqHHy r 

fd 

U max 

(6) 

HqHHy r .ZlnSJ cnyqaSJ npo6oSJ nyablpbKOB napa B *HAKOM 

HM9M f = 1 CM, d = 0,1 CM H U mu = 210 KB, 

8 

.-

.k~~ 
; . .'.:~ .. 

'l 
I 

~~ 
',4 .~ 

..... 

n O.llBH»CHOCTb sneKTpOHOB 8 raaoo6pa3HOM KC9HOH9 1 HaXO.ZlSII.l.{9MCSI no.Zl 

2 /1/ 
.ZlaaneHHeM 20 aTM, paeHa 10 CM /e ceK I. no.ZlCTaBnSISI 9TH .ZlaHHbl9 

B (6), 6y.Zl9M HM9Tb T <: 100 HCeK, AHanorHqHbiA pacqeT .ZlnSI CB060.Zl-

Hb!X 9n9XTPC?HOB 8 nyablpbKax BO.Zl0p0.Zl8 .Zl89T r < 90 HC9K1 a .ZlnSI 

renHSI <: 60 HC9K, 

B .Zl9ACTBHTenbHOCTH, Tpe6oeaHHe Ha aenHqHHy r 6y .Zl9T1 no-

BH.ZlHMOMy, M9H99 »C9CTKHM 1 T,K, npOU9CC n8BHH006paaoBaHHSI sneKTpOHOB 

B ny3bipbK8X H8qHH89TCSI paHbW91 qeM HanpSI»C9HHOCTb nonSJ a· HHX .llOCTH

raeT caoeA MaKCHManbHOA eenHqHHbJ, TaKol!: npouecc, KaK H3BeCTHO, con

npoao)I{.ZlaeTcSI reHepHpoaaHHeM KBaHTOB ynbTpaQ:>HoneToaoro HanyqeHHSI 1 

KOTOpbl9 6y .Zl)[T .ZlOnOnHHTenbHO nopO»e.ZlaTb sneKTpOHbl BO BC9M o6oeMe 

nyabipbKa aa cqeT Q:>oTOHOHHaauHH. K co»eaneHHIO, paccqHTaTb sTOT nllo

uecc CKOnbKO-.HH6y.Zlb CTp:)rO .ZlnSI nyab!pbKOB He np9.ZlCTaBnSI9TCSI Boa-

MO»CHbiM, 

PaccMoTpHM Tenepb .Zlpyrol!: cnyqaft, KOr.Zla MoneKynbl napa HnH ra

aa 8 ny3b!pbKax o6na.ZlaiOT sneKTpOOTpHUaTenbHOCTbiO H 3aXBaTb!B810T 

3 
sneKTpOHbl, TaKHe KOMnneKCbl - OTpHuaTenbHble HOHbl - HM910T B 10 paa 

M9HbWYIO nO.ZlBH»CHOCTb1 qeM sneKTpOHbl 8 sneKTpHqecKHX nonSIX H HX Bbi

XO.Zl H3 ny3bipbKOB B MOM9HT H8nO»C9HHSI nonSI 6y .Zl9T npOHCXO.ZlHTb cpae

HHT9nbHO M9.Zln9HHO, 8 STOM cnyqae OC06b!X Tp960BaHHI!: K BenHqHHe T 

HMnynbCa MO»CHO He npe.ct'&SIBnSITb, 0.ZlHaKO aMnnHTy.Zla HMnynbCOB .llOn»e-

Ha Y.ZlOBneTBOpSITb onpe.ZleneHHOMy ycnoBHIO, a HMeHHo, oHa .llOn»eHa 

6b!Tb .ZlOCTaToqHoft .ZlnSI C03.Zl8HHSI B ny3blpbK9 nonSI1 cnoco6Horo OTOpBaTb 

sneKTpOHbl OT HOHOB aa 3a.ZlaHHOe BpeMSI , 3TH 9n9KTpOHb1 1 KaK Y*9 ro

BOpHnOCio1 Hy»eHiol .ZlnSI HHHUHHpOB8HHSI paapSI.Zla B ny3blpbK8X, BenHqHHa 

/4/ 
Heo6xo.a;HMoro nonSI Mo»eeT 6biTb onpe.ZleneHa Ha cne.Zly!Owero ypaeHeHHSI 

fgr,-13,17+0,5fg¢- fgE+ 29,67 
E 
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l 

r.ae r -cpe.aHee 8peMSI :lKH3HH OTpHUaTeJibHOI'O HOHa 8 sneKTpH'IeCKOM 

none 8 ceK , E -HanpSI:lKeHHOCTb nonR 8 nyabipbKax 8 M 8/CM H 

cp -no-reHuHan sneKTpOHHoro cpo.acT8a MoneKyn raaa 8 98. Ypa8HeHHe 

/4/ u_ 
( 7) npe.llCT88JieHO 8 pa6oTe 8 8H.Il_e rpa<l:JHK08 388HCHMOCTH '"5 r 

OT E ' y .ao6HbiX .anSI pac'leTo8. Heo6xo.aHMOCTb no.ao6Horo pac'leTa 

6y.aeT 803HHK8Tb 8CSIKHA paa npH pa60TE! C 9JieKTpOOTpHU8TeJibHbiMH :lKH.Il-

KOCTSIMH 0 8 TOM 'IHCJie C renHeM H 80.1l0pO.IlOM 0 KOTOpbiM TaK:lKe npHCyWa 

cna6ag sneKTpooTpHuaTenbHoCTb. TaK, MoneKynbl 80.Ilopo.aa HMeJOT .ll8a 

peaoHaHC8 8 Ce'leHHH 38X88T8 9JieKTpOH08 npH 9HeprHSIX 838HMO.IleACTBHS 

/5/ 8 H 15 98 • CeqeHHSI aax8aTa npH 9THX 3Ha'leHHSIX sHeprHA npHMepHo 

-21 2 
pa8Hbl H COCTaBJISIIOT U "':., 10 CM • npH 9TOM 3aX8aT 9JieKTpOH08 

conp080:lK.Il8eTCSI p8388JIOM MOJieKyn 80.1l0PO.Il8 H8 8TOMbi 8 COOTBeTCT8HH C 

peaKuHeA H2 + e -+ H3 -+ H- + H • B KoHue peaxuHH, KSK 8H.IlHM, 

o6paayeTCSI 9JieKTpOOTpHU8TeJibHbiA HOH STOMa 80.1lOpO.Il80 9neKTpOHHOe 

/5/ 
cpo.acTBo KOToporo pasHSieTCSI 0,75 98 • EcnH nonbiTSTbCSI oueHHTb no 

<!JopMyne ( 7) HanpSI:lK9HHOCTb 9JieKTpH'I9CKOI'O nOJISI 0 cnoco6HOI'O 8~p88Tb 

sneKTpOH H3 H- aa .llOnH CeKyH.Ilbl 0 'J'O nony'IHM 0 'ITO 9TO none .llOn:lKHO 

HMeTb HanpSI:lKeHHOCTb H9CKOnbKO M8/cM. npaKTH'IeCKH 9TO 03HaqaeT, 'ITO 

sneKTpOHbi 0 38XB8'1eHHbi9 aTOMaMH 80.1lOpO.Il8 0 nonHOCTbiO Bbi6biB810T H3, 

y'laCTHSI B HHHUHHp088HHH pa3pSI.Il8o Vf TOnbKO C8060.IlHble 9JieKTpOHbi 8 

ny3blpbKe, H36e:lKaBWHe npHnHn8HHSI K 8TOM8M 80.1lOpO.Ila, MOI'YT Bbi3B8Tb 

sneKTPH'IecKHA paapH.a. O.aHaKo 8 9TOM cnyqae BbiCOKOBOnbTHoe none 8 

KaMepe .aon:lKHo 6b1Tb c<PopMHpoaaHo, KSKi, yKaablsanocb 8blwe, aa 8peMSI 

r < 90 HceK. 

3H8'1HTE!nbHO nerqe MOI'YT 6biTb COp88Hbi aneK_TpOHbi C HOHOB renHSI 

u;- • noTeHuHan CBS13H KOTOpbiX pa8eH 0,075 sa. B nonSIX, HanpHlKeH

HOCTbiO 8 HecKOJibKO .aeCHTK08 KB/CM, sneKTpOHbi noKH.Il8JOT He- aa 

-5 -6 /4/ 
8p9MSI 10 - 10 ceK • CpbiB sneKTpOHOB C HOHOB renHSI MO:lKeT 8bl-

3biBaTbCSI He TOnbKO Henocpe.llCTBeHHO aneKTpH'IeCKHM noneM, HO H B pe-

3YJibT8Te coy.aapeHHSI ycKopeHHbiX HOHOB .llO 9HeprHH 0,075 98. 
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BTopoa npouecc oco6eHHo a<tJ<PeKTH8eH 8 paape:lKeHHOM rase, 

MOI'YT nerKO yCKOp.HTbCSI .llO yxaaaHHOA 9HeprHH. npHMeHHT4 

ren:He8biM KaMepaM HnH K8MepaM C .llpyrHMH :lKH.IlKOCTSIMH, H 

WHMH nyablpbKH renHH, s<P<t:JexT cna6oro npHnHnaHHH sneKTpo 

renHSI Sl8nHeTCSI .llS:lKe 6naronpHSITHbiM <l:J8KTOpOM 0 T.K. npHnHl 

pOHbi MOI'yT .aonro OCT888TbCSI 8 nyablpbK8X H 6b1Tb 8Be.aeH~ 

cpasHHTenbHo HecHnbHbiMH nonSIMH. B c8eTe cxaaaHHoro, Tpe 

seJIH'IHHy <!JopMHp088HHSI <l:JpoHTa HMnynbCa r < 60 HCeK, l 

BbiW9 .anSI renHH 0 B npHHUHne MO:lKHO He Y'IHTbi88Tb0 ecnH 8 

6y.ayT npHCyTCTB088Tb OTpHU8T9nbHble HOHblo 

ATOMbl KCeHoHa He o6na.ll810T sneKTpOHHbiM CpO.IlCTBOM 

30B8HHSI paaps.aa B ny3bipbK8X )KH.IlKOCTH MOI'YT HCnOJib30881 

C8060.IlHbi9 sneKTpOHblo. nosTOMy ycTaH08neHHOe BbiWe ycnoa 

TY <PopMHp088HHSI HMnynbCa r < 100 HCeK OCTaeTCSI B CHl 

Mbi He p8CCM8TpH88nH noxa B03MO:lKHOCTH 9Jie~TpH'I9CK1 

ny3blpbK08 8 K8Mepax, 3anonHSieMbiX OpraHH'IeCKHMH :lKH.IlKOC' 

:lKH.IlKOCTSIMH 0 MOneKynbl KOTOpbiX CO.Ilep:lKaT 8 CBOQM COCTaB' 

ranoreHo8. B nocne.aHeM cny~tae, T.e. npH HCnOnb308aHHH ra 

:lK8WHX :lKH.IlKOCTeA, ocywer.TBHTb 9neKTpH'I9CKHA npo6oA ny 

npe.acTaBHTCSI 0 no-8H.IlHMOMy, 803MO:lKHbiM 0 T.K. MoneKynbl 91 

TeA OTnH'IaJOTCSI CHJIJ:>HbiM sneKTpOHHbiM CpO.IlCTBOM H 0'19Hb I 

/6/ 
ceqeHHeM aaxaaTa Me.aneHHbiX snexTpoH08 • B nyablpbKax 

KOCTeA 6y .llYT nonHOC;biO OTCYTCTB088Tb CB060.IlHble sneKTpO: 

MOI'nH 6bi nocny:lKHTb HCTO'IHHKOM .anSI Ha'lana p838HTHSI pa3J 

Hble :lK9 sneKTpOHbi 8 OTpHUSTenbHbiX HOHax np8KTH~QCKH Hee 

OCB060.IlHTb HHK8KHMH .llOCTynHbiMH 8 9KCnepHM9HTanbHOA IIpl 

pH'IeCKHMH nOJISIMHo 

C8e.aeHHH no npHnHnaHHJO sneKTpoH08 K MoneKynaM opr 

:lKH.IlKOCTE!A 8 HaCTOSIWee 8p9MSI 'lp938bl'18AHO CKY .llHbi H CJl• 

neHHble 8bl80.1lbl 0 803MO:lKHOCT.HX npo60SI ny3blpbK08 B 9THX 

38Tpy .llHHTE!nbHOo 
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-cpe.aaee apeMSI :lKH3HH OTpHUaTenbHOI'O HOHa B sneKTpH'I8CKOM 

E -HanpSI:lKeHHOCTb nonSI B ny3hlp&xax a M a/eM H 

-noTeHuHan sneKTpoHHoro cpo.acTea Monexyn ra3a B sa. YpaaHeHHe 

/4/ u_ 
CTaaneHO B pa6oTe B BH.ll.e rpa<f:JHKOB 3aBHCHMOCTH '15 T 

y.ao6HbiX .anSI pac'leToB. Heo6xo.aHMOCTb no.ao6Horo pactJ:eTa 

,3 HHKaTb BCSIKHA pa3 npH pa6oT8 C sneKTpOOTpHUaTenbHhiMH :lKH.ll

B TOM 'IHCne C renHeM H BO.ll0pO.llOM 1 KOTOphiM TaK:lKe npHCylUa 

snexTpooTpHuaTen&HOCTb. Tax, Monexynbi so.aopo.aa HMeiOT .aaa 

a B C9'19HHH 3axeaTa snexTpOHOB npH 9Hepi'HSIX B3aHMO.lleACTBHB 

/5/ 
B • CeqeHHSI 3axeaTa npH STHX 3HatJ:eHHSIX SHeprHA npHMepHO 

-21 2 
COCTaBnSIIOT a ""= 10 CM o npH STOM 3axsaT snexTpOHOB 

pa3sanoM Monexyn BO.llOpo.aa Ha aTOMhl B COOTBeTCTBHH C 

H2 + e ... H"2 _.. H - + H • B xoHue peaxuHH, xax BH .llHM, 

Sl snexTpooTpHuaTenbHhiA HOH aToMa ao.aopo.aa, snexTpOHHoe 

/5/ 
KOToporo paeHSieTCSI 0,75 sa • EcnH nonhiTaTbCSI oueHHTb no 

HanpSI:lKeHHOCTb sneKTpH'IeCKOI'O nonSI 1 cnoco6HOI'O BhlpBaTb 

H3 u- 3a .aonH cexyH.llhl, ro nony'IHM, 'ITO sTo none .aon:lKHO 

npSI:lKeHHOCTb HeCKOnbKO Me/eM. npaKTH'IeCKH STO 03HatJ:aeT, 'ITO 

bl 1 3aXBa'leHHbi9 aTOMaMH BO.llOpO.lla, nonHOCTbiO Bbi6h!BaiOT H3, 

B HHHUHHpoeaHHH pa3pSI.llao J1 TOnbKO CB060.llHhle sneKTpOHbl B 

1 H36e:lKaBWHe npHnHnaHHSI K aTOMaM BO.llOPO.lla, MOI'YT Bbi3BaTb 

ecKHA pa3pSI.ll. 0.aHaKO B STOM cnyqae BhiCOKOBOnbTHOe none B 

On:lKHO 6b!Tb c<f:JopMHpOBaH0 1 xax yKa3h!BanOCb Bh1We 1,: 3a BpeMSI 

90 Hcex. 

'IHTenbHO nerqe MOI'yT 6h1Tb COpBaHbl sneK_TpOHhl C HOHOB renHSI 

noTeHuHan CBS13H KOTOphlx paaeH 0,075 sa. B nonSIX, HanpSI)KeH

Hecxon&xo .aeCSITXOB KBicM, snexTpOHhl noxH.aaiOT He- 3a 

-5 -6 /4/ 
- 10 cex o Cpb!B snexTpOHOB C HOHOB renHSI MO:lKeT Bhi-

He TOnbXO Henocpe.llCTB9HHO sneXTpH'19CXHM noneM, HO H B pe

coy.aapeHHSI ycxopeHHblX HOHOB .llO SHeprHH 0,075 SBo 
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BTopoa npouecc oco6eHHO s<fJ<PexTHBeH a pa3pe:lKeHHOM ra3e, r.ae HOHhl 

MOI'YT nerxo ycxopSITbCSI .llO yxa3aHHOA SHeprHHo npHM9HHTenbHO X 

renHeBhiM xaMepaM HnH XaMepaM C .apyrHMH :lKH.llKOCTSIMH 1 HO CO.llep:lKa

WHMH ny3hlpbKH renHS1 1 s<P<f:JexT cna6orO npHnHnaHHSI 9neXTpOHOB X aToMaM 

renHSI SIBnSieTCSI .aa:lKe 6naronpHSITHhiM <f:JaxTopoM, T.x. npHnHilwHe snexT

poHhi MOI'YT .llOnro OCTasaTbCSI B ny3hlpbxax H 6h!Tb BBe.lleHhl B pa3pSI.ll 

cpaeHHTenbHo HecHn&HbiMH nonSIMH. B caeTe cxa3aHHoro, Tpe6oaa11He Ha 

senH'IHHy <f:JopMHposaHHSI <f:JpoHTa HMnynbCa r < 60 Hcex, ycTaHoaneHHoe 

Bb!We .llnSI renHSI 1 B npHHUHne MO:lKHO He y'IHThiBaTb1 ecnH B ny3bip&xe 

6y.ayT npHCyTCTBOBaTb OTpHUaTen&Hhle HOHhlo 

AToMhl xceHoHa He o6na.aaiOT snexTpoHHbiM cpo.acTBOM H .anSI o6pa-

3osaHHSI pa3pSI.lla B ny3hlpbX8X )KH.llKOCTH MOI'yT HCnonb30B8TbCSI nHWb 

CB060.llHhl~ snexTpOHhlo. nosTOMY ycTaHOBneHHOe ShiWe ycnoaHe H8 6hiCTpo-

Ty <f:JopMHpOB8HHSI HMnynbC8 T < 100 HC8K OCTa9TCSI B CHne. 

Mbi He paccMaTpHaanH noxa B03MO:lKHOCTH snexTpHqecxor.o npo6oSI 

ny3hlpbXOB B xaMepax, 38nOnHSiaMbiX opraHH'I9CXHMH :lKH.llXOCTBMH H 

:lKH.llXOCTSIMH1 MOnexynhl XOTOphiX CO.llap:lK8T B CBoeM COCT8Be aTOMhl 

ranoreHOBo B nocne.aHeM cnyqae, T.e. npH HCnOnb30BaHHH ranoreHoco.aep

:lKalUHX :lKH.llKOCTeA, ocymer.TBHTb sneXTpH'18CKHA npo6oA ny3hlpbXOB He 

npe.acTaBHTCSI 1 no-BH.llHMOMy 1 B03MO:lKHbiM 1 ToKo Monexynhl STHX :lKH.llXOC

TaA OTnHqaiOTCSI CHnJ:>HbiM snexTpOHHhiM CpO.llCTBOM H 0'18Hb 6onbWHM 

/6/ 
ceqeHHeM 3axaaTa Me.aneHHhlx snexTpoHOB • B ny3hlp&xax T8XHx :lKH.ll-

xocTeA 6y.llyT nonHOCTbiO OTCyTCTBOBaTb CB060.llHhla 9nexTp0Hhl 1 KOTOphle 

MOI'nH 6bi nocny:lKHTb HCTO'IHHXOM .anSI Haqana pa3BHTHSI p83pSI.z:t8o CBSI3aH-

Hhle :lKa anexTpOHhl B OTpHU8TanbHhiX HOH8X npaXTH'ieCXH HaB03MO:lKHO 

OCB060.llHTb HHX8XHMH .llOCTynHhiMH B sxcnepHMaHTan&HOA npaXTHXe snexT-

pH'19CXHMH DOOSIMHo 

Cae.aeHHSI no npHnHnaHHIO sneK'i'poHoa x MonexynaM opraHH'IecxHx 

:lKH.llXOCTal B HaCTOSIIUee Bp8MSI 'lp83Bhl'laAHO cxy .llHbl H CJl•naT& onpe.ae

neHHhle BhiBO.llhl 0 B03MO:lKHOCTSIX npo60SI ny3hlpbXOB B STHX :lKH.llXOCTSIX 

3aTpy .llHHT8fibHOo 
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J.1CXO.IlSI H3 JlaHHbJX 0 6o.n&WOI llO.Il8H>KHOCTH OTpHUaTe.ll&Hblll. HOH08 8 

OpraHH'l9CKHX >KH.IlKOCTSIX ITO.Il Jl9ICTBH9M S.119KTpH'l9CKOI'O ITO.I1S11 MO>KHO 

C.lle.llaT& .IIHW& npe.lliTO.IlO>K9HH9 0 'ITO npe.ll9.11&Hbl9 yrne80.IlOPO.Ilbl 1 803MO>KH01 

o6na.llll10T cna6ol anexTpOOTpHuaTe.ll&HOCT&IOo Ec~H STO TaK, TO HHHUHHpo-

8aKHe pa3pSIAa 8 ny3hlp&KaX opraHH'leCXHX *HAKOCTeA 6yAeT KaCTynaT& npH 

HanpSI>K9HHOCTSIX ITO.I1SI1 Cp88HHMbJX C HanpSI>K9HHOCT&IO ITO.IISI Jl.IISI rrp060SI 

ny3blp&X08 8 80.1lOPO.Il9o 

Opo6ol ny3hlp&xoa BbJCOKO'lo'lCTOTHbJM noneM 

Opu 34.1l4HKOM .ll48.neHHH ra3a 8 rry3blp&xe P H !PHJtCHpoBaHHOI 

Jl.llHHe 80.11Hbl 8bJCOKO'lACTOTHOro nonsr A 
/11 

npH Hanpst>KeHHOCTH nO.IlSI 

E ... E y' 1 + ( 78,6 ) ~ 
e p ' 

npo6ol 8 ra3e aacTynaeT 

(i) 

r.lle E e -Tax Ha3bJ84eMoe a¢<PexTH8Hoe none, 388HCRWee oT 'laCTOThl 

no.nSI u 'l4CTOThl coy .llapeHKI anexTpOH08 c aToMaMH raaa. BenH'lBHa E e 
171 

o6bl'IHO · onpe.llenSieTCR H3 axcnepuMeHT08. Tax, .ll.I1SI renusr 8 sa 

puc. 4~ 15 .ll49TCSI axcnepuMeHTan&HaR 3a8HC'!BMOCT& Ee A oT P A 

r.lle A -xapaxTepBaSI .llB<P<PyauoHHU .llnHHa cMeweHBR anexTpoi;I08 8 ra-

ae no.ll Jl8ICTBBeM 8bJCOKO'IaCTOT~oro nonsr. B cny'lae nya&Jp&Xo8 eena'IHH4 

A MO>KeT 6hlT& npHHSIT4 Dpu6nu>KeHHO paeHol JlH4M~TPY ny3blp&KOB1 

171 
Jl9.119HHOMY Ha 17 

~pMyna (8) cnpase.llnHBA .ll.I1SI cny'last, xor.lla 'laCToTa nonSI MeH&We 

'l8C'!TOTbJ coy.llapeHHI C aTOMaMH raaa • .[l.nSI nonel C 'l4CTOT8MH B H9CK0.11&KO 

N\ru H .llasneH&I rasa B&Iwe aTMOCcpepaoro !PopMyna ( 8) cnpase.llnHsa 

scer.lla. 

12 

' 

HaAixeM Tenep& npo6nsHyJO HanpSI>KeHHOCTb nc 

Kax u paH&we, npnMeM .llnSI nya&Ip&KOB 

-2 
= 45 aTM, TOI'.Ila A .. 3.10 CM H 

no axcnepuMeHTSnbHOA 38BHCHMOCTH Ee A 

d = ( 
p 

OT 

E A = 1000 B, HnH E ; 38 KBICM. no.llC 
e e 

H A npu f to Mru) B (8) npueonuT ·K 31l 

AHanorH'lH&IA pac'leT nnH npo6oSI nya&IpbKOB 1 

naeneHHH P - P0 . ~ 
0 

= 44 STM naeT 

.[l.ns1 p8C'i9T8 npo60SI rry3bipbKOB B )I<H.D,KOM KC 

HeT .oaHH&Ix o aaeucHMOCTH E 1\ OT p A 
e 

ueneA MO>KHO BOCnO.Ilb30BilTbCSI CB9ll9HioiSIMH no npof 

171 ' 6 
BbiCOKO'iSCTOTHbiX nonSIX , T.K. aneKTp011pO HBHbl 

aproHa H KC9HOH8 6nH3 KH .apyr K .Opyry. 8 STOM 

'iTO npo6oit B ny3&IpbK8X KC9HOH8 0 HSXOllSilUHXCSI n 

HSCTynHT npH H8llpS!>K9HHOCTH nonS! E "' 70 xe/c 

B pacqeT8x M&I npHHHnH 'i8CTOTy nonS! 

BITOnHe y .llOBneTBOpS!eT He06XO.D,HMOMy Tpe60B8HHIO 

nonyeonHbi H8npSI>K9HHSI B )!(HJlKOCTH • .[l.eitCTBHTen&I 

1 
epeMSI cflopMHpOB8HHSI r = 4 T = 25 Hcex, '11 

ycT8HOBneHHbiX BbiiUe llnSI KC9HOH8 H 60 HCeK - llJI 

H3 npHaeneHH&IX p8c'!eTOB BH.D.Ho, 'iTO ,cpenH 

npo6HBHOI'O nOnS! Ha BbiCOKHX 'i8CTOT8X B ny3bipbK8 

KSK H npH HMny.llbCHOM npo6oe. 

QqeBHllH0 0 'iTO BbiCOKO'i8CTOTHOe none cnenye 

)!(HJlKOCTb B TOT MOM9HT0 KOI'll8 ny3~:>IpbKH no c:ne.r 

CSI llO Heo6XO.D,HMOit .D,nSI cPOTOrpacflHpOBaHHSI eenH'll! 

HOCTb uyr8 BbiCOKO'iaCTOTHbiX KOne68HHit M0)!(9T 6p1 

MH nnuceKyH.IlaM, T.K. HCK8>K9HHe Tp9KOB 38 C'leT 

B8HHSI ny3blp&KOB 38 STO Bp9MSI 6yJleT 9UI9 H9B9.11HI 
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8HHbiX 0 60llbWOft DO.llBH>KHOCTH OTpHU8TellbHbiJI. HOHOB B 

>KH.z:IKOCTSIX fiO.ll .aelcTBH9M 9119KTpH'l9CKOI'O fi011SI 1 MO>KHO 

npe.anonomeHHe, 'ITO npe.aenbHble yrneao.aopo.abl, B03MO>KH01 

6oft 9119KTpOOTpHU8T911bHOCTbiO, Ec~H 9TO T8K1 TO HHBUHHpo-

B Uf3blpbK8X opraHH'l9CKHX )KHllKOCTeA 6ylleT HaC~naTb npH 

srx nonsr, cpaBHHMbiX c Hanpsr>KeHHOCTbiO nonsr .ansr npo6osr 

ao.aopo.ae. 

npo6oA Uf3blp&KOB BbiCOKO'li!ICTOTHbiM noneM 

aHHOM .l18B119HHH ra3a B ny3blpbKe p H lPKKCHpOBaHHOI 

nonsr A npo6oA a ra3e aacTynaeT 

l + ( 78,6 ) ..2 
p ' <a> 

TaK Ha3bl8a9MOe s<P<t>eKTKBHOe none, 388HCSILUee OT '18CTOTbl 

&I coy .aapeHRI snexTpOH08 c &TOMaMH ra3a. BenH'IHHa E e 

171 
ensreTCsr H3 sxcnepHMeHTOB. Tax, .ansr renHsr 8 aa 

.eTCSI sxcnepKMeHT&nbH8SI 3a8HC:HMOCTb E
8 

A OT P A 

apaxorepHaSI .l1KlPlPY3HOHH8SI .llliHHa CMeLUeHHSI 9J1aKTpOHOB 8 ra

HeM 8biCOKO'laCTOTHoro nonsr. B cny'lae ny3blpbK08 8enH'IHHa 

6b1Tb npHHSIT8 1IpH6J1K>KeHHO pa8HOA .z:IHaM~Tpy ny3blp&KOB1 

111 

(8) cnpaae.anH8A .ansr cny'lasr, xor.aa 'laCTOTa nonsr MeH&We 

apeHHft C 8TOM8MH ra3a. ,D.nsr nonel C 'laCTOTaMH B. HecKOJlbKO 

Kit rasa B&Iwe &TMOC<i>epHoro <PopMyna (8) cnpaae.anKaa 

12 
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HaA.i:teM Tenepb npo6HBHYIO HanpsrmeHHOCTb nonsr E .am1 renuH. 

Kax H paH&we, npHMeM .anH nyablpbKOB 

-2 
= 45 BTM, Tor.aa A • 3.10 eM H 

n 0 9KCnepHM9HT811bHOJl 38BHCHMOCTH E A 
e 

d = 0,1 

PA 

T 
CM H p =P -- = 

o T 

OT ~A 

1026 CM MM
0 

pT, 

17/ 
H8XO.l1HM 

E A == 1000 B 0 HliH E ;; 38 KB/CM, no.aCT8H08K8 e . E • p e e 

CT, 

H ,\ npH f 10 Mru) B (8) npHBOJlHT ·K 3Ha'leHHib E ~ 33xBICM, 

AHanorH"'HbiA pacqeT .ansr npo6oH nya&IpbKOB B >KH.z:IKOM Bo.aopo.ae npH 

.naBJI9HHH P • P0 ~ 
0 

== 44 aTM .aaeT E §; 300 KBicM • 

.D.nH pacqeTa npo60SI ny3blpbKOB B ::>KH.z:IKOM KC9HOH9
1 

K CO::>Ka119HHI0
1 

HeT .naHH&Ix o aaBHCHMOCTH E ,\ 
e 

OT p A • O.nHaxo .nnH STHX 

ueneA MO>KHo aocnon&308ATbCSI cae.neHifHMH no npo6o10 raaoo6paaHoro aproHa B 

. /7/ . 6 
BbiCOKO'laCTOTHb!X nOliSIX , T.K. 9119KTponpo HBHbl9 xapaKTepHCTifKH y 

aproHa H KC9HOHa 611H3 KH .LJ:pyr K .npyry, 8 9TOM npH611H>K9HHH H8XO.UHM
1 

'ITO npo6oA B ny3b!pbK8X KC9HOHa, H8XO.USIWHXCSI no.n .U8B119HHeM 20 aTM
1 

H8CTynHT npH HanpSI>K9HHOCTH fiOliSI E "" 70 xa/cM, 

B pacqeTax Mbi npHHSiliH qacToTy nonH f 10 Mru, 'ITO 

Bfi011He y .UOB119TBOpS19T He06XO.UHMOMy Tpe6088HHIO 6biCTp0Tbl HapaCT8HHS1 

fiOllyBOJlHbl HanpSI>K9HHSI B ::>KH.UKOCTH, .LleJlCTBHT911bH0
1 

B 9TOM CJlyqae 

l 
BpeMsr ¢opMHposaHHsr r = 4 T == 25 Hcex, 'ITO MeH~owe 100 Hcex, 

ycTaHOB119HHbiX Bb!We .UliSI KC9HOHa If 60 HCeK - .UliSI I'9JlHSI, 

Yfa npHI:Ie.neHHbiX· pacqeTOB 8ll.UH0 0 'ITO . Cpe,UHSISI Hanpsr>KeHHOCTb 

npo6HBHOI'O UOliSI Ha BbiCOKHX qaCTOTax B ny3bipbKax napa T8K>Ke BbiCOK8
1 

KaK H npH HMilyJlbCHOM npo6oe, 

O"!eBH.UHo, 'ITO BbiCOKO'lacTOTHoe none cne.nyeT Haxna.nhl8aTb Ha 

>KH.z:IKOCTb 8 TOT MOM9HT 0 KOI'.lla llY3bipbKH no c:ne.ay qar.THUbl c<f>opMHpyiOT

CSI .llO Heo6XO.z:IHMOA .llJlSI ¢oTOI'pa¢Hp088HHSI B911H'IHHbi, npH 9TOM .l111HT911&

HOCTb Uyi'8 BbiCOKO'l8CTOTHbiX KOlle6aHHA MO>KeT 6p8TbCSI p8BHOA .HeCKOJlbKHM 

MH 1111HC9KYH.l18M 0 T,K, HCK8>K9HHe TpeKOB 38 C'leT paaHOJl CKOpOCTH BCnli&I

B8HHSI nyablpbKOB 38 9TO Bp9MSI 6ylleT eme HeBeJlHKO, 
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HeKOTOphle aaMe"'aHHSl H BhiBOJlhl 

N\bl Re paCCMaTpHB8nJl B03MO:lKHOCTH HHHUHHpOB8HHSI pa3pSIJl8 B ny-

3hlpbKax 38 C"'9T xonOJlHOA SMHCCHH aneKTpOHOB H3 CT9HOK B raa. TaKaSl 

B03MO:lKHOCTb JlnSI nyahlpbKOB npaKTH"19CKH HCKni0"19H81 T.K. nyahlpbKH nHwe

Hbl MHKpOH90JlHOpOJlHOCTeit 1 KOT0pb!9 CJlenanH 6bl 38M9THbiM npouecc TyH

HenbHoro nepexoJla aneKTpOHOB H3 cTeHOK nyahlpbKa B nap B nonHx 

yK838HHhiX senH"'HH. 

B pacqeTax He y"'HThiBanocb T8K:lKe snHRHHe Ha paapSIJl npouecca 

BbiXOJl8 aneKTpOHOB H3 06oeMa ny3b!pbKOB H8 HX llOB9pXHOCTbo Y"'9T STOrO 

npouecca B9CbMa 38TpyJlHHTeneH1 XOTSI OH H JlOn:lKeH npHB9CTH K HeKOTOpOMy 

nOBblW9HHIO paC"'9THhiX 3H8"19HHA npo6HBHhiX noneA. 

BhlnonHeHH&Ie B pa6oTe pacqeThl MoryT 6&ITb Hcnonb3oBaHbi npH pewe

HHH pS1Jl8 npHKn8JlHblX 38Jl8"1. 8 "18CTHOCTH 1 STH p8C"'9Tbi yK83biB810T Ha 

O.!:(Hy HHTepeCHyiO B03MO:lKHOCTb npHM9H9HHSl a¢¢eKT8 aneKTpH"'9CKOrO npo-

60SI B nyablpbK8X JlnSI npOSIBneHHSI Tp9KOB "18CTHU B rty3b!pbKOBblX KAMepax 

6e3 Hcnonb30B8liHSI Tp8JlHUHOHHOit CHCT9Mbi OCB9W9HHSI. 8 STOM nnaHe 6hin0 

6hl Ba:lKHO BblnOnHHTb onhiT no npo6010 ny3b!pbKOB B Jl9ACTBYIDW9A KaMepe. 

n H T e p a T y p a 

1. n:lK. MHK, n)K. Kparc. 3ne!!iTPH"'9CKHA npo6oA B raaax. VI.n.M., 1960. 

2. H.A. Kanuos. 3neKTpH"19CKHe SlsneHHSI B raaax H saKyyMe. 

rocTeXH3Jl8T, M.n., 1950. 

3. G.Charpak, Nucl. Instr. and Meth., gQ_, 482, 1963. 

4. IO.H. .LleMKOB, r.<t> • .[lpyKapeB. )1(3T<I>' 4L 918, 1964. 

5. B.Vl. XsocTeHKO, B.M • .LlyKenbCKHA. >K3T<t>, ~ 851, 1957. 

6. H.C. EyqenbliHKoBa. Y<t>H, §§, 351, 1958. 

7. A. MaK-.[loHanJl. CsepxBhiCOKO"'8CTOTHhiA npo6oA B raaax. MHp, M., 1969. 

PyKonHcb nocTynHna B H3Jl8TenbCKWA OTJlen 

22 HIOnSI 1970 roJla. 

14 


