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B B e n e a a e 

B aacTOHmee speMH 9neKTpoMaraaTBOe paaneneaae aaoTonos npao6peno wapo

Koe pacnpocTpaaeaae. KpoMe nparoTosneBHH MHweaeA nnH 5eTa H raMMa-cneKTpoc-

KOITHH, Macc-cenapaTOphl HCITOITb3Y~TCH KSK YCKOpHTenH onpeneneHHOrO COpTa HOHOB 

lliTH HCCITellOB8HHH aTOMHblX CTOITKHOBeHHA H lliTH HayqesHH BOITpOCOB ~H3HKH TBep

llOrO Terra. 3TO Bhl3B8ITO WHpOKHA HHTepec K KOHCTpyKUHHM KSK MSrHHTHblX 8HSITH-

38TOpOB, T8K H HOHHhlX HCTOqBHKOB. 3a nocnenaHe lleCHTb neT 6hliTO npoBeneso ITHTb 
I 1-41 

-- MeJK.QyaapollHbiX KOHijlepesUHA , ITOCBHmeBBhlX BOnpocaM KOBCTpyEUHH Macc-ce-

napaTopoB, nonyqeBHH HOHHbiX nyqKOB 60ITbWOA HBTeHCHBHOCTH B cjJH3HqeCKHM npo6-

neMaM, HayqaeMhlM npH HCITOITb30B8BIIH MaCc-cenapaTOpOB. QqeHb HHTepeCHhlM HB-

nge-~H npaMesesae Macc-cenapaTOpa aenocpencTBesao sa nyqKe qacTHU oT ycEo
• /42/ 

pHTeiTH, B TSK H83hlBaeMOA CHCTeMe • on line 3TO IT03BOITHeT H3yqaTb 

KOpOTKO~HBymae pallHOSKTHBHhle H30TOIThl H PHll npyrHX HBITeBHA. 

PeaynbTST 9ITeETpOMSrBHTBOrO paaneneHHH B OCHOBHOM onpenenHeTCH THITOM 

npHMeHHeMoro HORHOrO HCTOqHHK8. Ha 60ITbWOrO qacna pa3pa60T8HHhlX HCTOqBHKOB 
/50 51 I 

HOHOB ' Tpe60B8HHHM, npell'bHBITHeMblM K HCTOqHHKSM lliTH M8CC-cenapaTOpoB, 

yaosneTBop.H~T naneKo se see. rnaBBhlM, B naaaoM cnyqae, HsnHeTcst B03Mo~soCTb 

nonyqaTh HOHhl TBepnhlX semecTB B mapoKOM HHTepsane TeMnepaTyp Hx acnapeHBH. 

3TO Tpe6yeT OC060A KOBCTpyKUHH HOBBhlX HCTOqBHKOB lliTH cenapaTOpoB, npenyCMST

pHBa~meA B03MO~HOCTb BHeCeHH~ TBepllhlX eemeCTB, acnapeBRH RX BHYTPH HORHOro 

BCTOqBRKa R CBH~eHHH llO MHBHMyMa KORlleHCSUHH napoB B pa3pHllHOA KSMepe. 06hlq

BO lliTH nonyqesBH HOHOB B HOHBhlX RCTOqBHKSX RCITOnb3yeTCH CB060llBhlA nyqOK 

9neKTpOHOB HnR T8KBe THIThl pa3pHllOB, B KOTOphlX ITIT83M8 conep~T OTBOCHTenbRO 

5onhmOe EOnHqecTBO HOHOB B enBBHUe 06'beM8. npHMepoM TSKRX paapHllOB HBITH~T

CH! nyra aaaKoro nasneaHH, EanannHpsag nyra B MaraRTHOM none a 5ea aero, s~

coEoqacToTHhlA paapHll H pa3pHll THUS neaara. 
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B H8CTOH1U9ll pa60T9 npe.llnSI"89TCSI 063op HOHHblX HCTO'IHHKOB, HSH6onee 

'ISCTO HCUOnb3y9MblX .llnR p83.1l9n9HHSI H30TOUOB. 

I . OEPA30BAHHE HOHOB 

jlnH nony'leHHSI HOHHioiX ny'IKOB 6onb1UOI: HHT9HCHBHOCTH He06XO.IlHMO C03.1l8Tb 

B p83pH.IlHOI: KSMepe nnaaMy C .llOCTSTO'IHO 60nb1UOI: KOHU9HTpSUB91: HOHOB npB 

MSKCHMSnbHOM OTH01U9HHH STOll KOHU9HTpSUHH K KOHU9HTp8UHH Hei:TpanbHblX a TO

MOB. COCTOSIHRe p8BHOB9CHH nna3Mbl Tpe6yeT, 'IT061ol 'IHCnO ROHOB, .llHcPcPyH.IlH

pyiO!UHX K CT9HKSM KSM9pbl, 6blnO p8BHO 'IRCny HOHOB, o6p83yi01UHXCSI B peaynbT8-

T9 CTOnKHOB9HRSI C nepBH'IHblMR RnH BTOpH'IHblMR aneKTpOHSMR, np01l9CCOM pe

KOM6HH8URR B pa3pH.IlHOI: KSMepe MOlKHO npeHe6pe'lb B CBII3R C T9M, 'ITO B HOHHbiX 

-2 
BCTO'IHBKSX 06bi'IHO BCUOnb3y9TCII He6onblU08 .llSBneHB8 (M8HblU8 10 MM pT.CT), 

TOI".IlS nnOTHOCTb nonOlKHTenbHbiX BOHOB B nna3M8 MOlKHO Bblp83BTb cne.llyiOlURM 

/5/ 
o6p830M : 

4J --m- P 
n • ___:...!...L. y --=.:L.. K 11 n ---

+ e kT 8 
1 Sw+Sit 

( 1) 

I".lle J. nnOTHOCTb aneKTpOHHOI"O TOKS, 

m + - M8CC8 BOH8, 

T
8

- TeMnepaTypa anexTpOHOB. nnaaMbl, 

11 - ceqeHHe HOHR38UHH sneKTpDH8MH, 

n .- nnOTHOCTb HelTpanbHblX '18CTBU, 

K - KOScPcPHilH9HT, X8p8XT8pR3yiOUlBI: ysenH'I8HBe HOHB38UBB 38 C'leT 

M8I"HHTHOI"O non11, OCURnnBUHI sneXTp~OB B T,Jl,, 

P - 06'beM paapll.llHOI: K8M8pbl, 

5 w- nosepxHOCTb CT9HOK pa3piiZlHOft Jt8M8pbl, 

Sit - nosepxHOCTb K8TOJl8, 

3Ta cl>opMyna cnpase.llnasa .llnB nnaaMbl scex TBnos paap~.llOB, xoTop~o~e 6y.llyT 

p8CCM0Tp8Hbl B ,llanbHel:weM. 
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1.1JYI"0Bbl9 HCTO'IHHKB HOHOB 

jln11 nony'leHBII BOHOB He06XO.IlBMOII nnoTHOCTH 06bJ'IHO BCUOn~ 

Jtoro ,llasneHaH c HaxaneH!!bJM xaTO.IlOM. Ta1ta11 .!lyra xapaxTepB3Y• 

nna3Mbl O'I9Hb 6onbWOI nnOTHOCTB H .llBYX cnoeB B6nH3H I"OpH'19: 

H3 STHX cnoeB npe.llCTSBnii9T C060I: CKOHU9!!TpHpOB8HHbJ8 nonolKH~ 

I"p8!!BU8 nna3Mbl, aanpasnHIOUlH9CH It JtSTO.IlY• BTopoll enol COCTO 

SMHTHpyeMblX pacxane!!!!OII !!HTbiO. Bee H8UplllK8HB9 pa3pH.Il8 COC 

STOM 6HnOnllp!!OM cnoe, TSK JtSK caMS nnaaMa HM99T 6onbWYIO n 

HCKni0'189T B aell aanB'IH9 aneKTpH'19CKOI"O nonH. 3aBHCBMOCTb H• 

V H npoCTp8!!CTB9HHOI"O 38p11.1l8 

X 
nnOCKOI"O KSTO.IlS) npBB9.1l9HO !!8 pBC, 1, B3SI' 

+ 
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pa6oTe npe~naraeTeH 0630p HOHHhlX HeToqHHKOB, HSHISOnee 

X ~nH paa~eneHHH H30TOnOB. 

OEPA30BAHHE HOHOB 

H HOHHbiX nyqKOB 60nbWOI HHTeHeiiBHOeTH He06XO~IIMO e03~8Tb 

e nnaaMy e ~OeTSTOqHO 60nbWOI KOHUQHTpSUIIQA IIOHOB np11 

weHHH 9TOI KOHUeHTpSUIIH K KOHUQHTpSUIIH HeATpanbH&IX STO

HOBeeHH nn83Mhl Tpe6yeT, qTo6bl q11eno IIOHOB, AHcPcPYH~H

KSMepbl, 6&Jn0 paBHO 'IHeny IIOHOB, o6paayJOWHXeH B peaynbTS-

epBHqHhlMH HnH BTOpHqH&IMH sneKTpOHSMII. npoueeeOM pe-

~HOI KSMepe MO:IKHO npeHe6peqb B eBH3H e TaM, qTo B IIOHHbiX 

-2 
enonb3yeTes ae6onbwoe ~asnea11e (MeHbwe 10 MM pT.eT). 

O:IKHTenbHbiX HOHOB B Dn83MQ MO:IKHO Bblp8311Tb ene~yJOllliiM 

4j --.-- p 
-..:..Ly~KCID ---

e kT 8 
8 s .. +St 

Tb snexTpOHHoro Toxa, 

snexTpOHOB nnaaM&I, 

e HOHR38UHH snexTpOHSMR, 

Tb HeiTp8nbH&IX 'ISeTHU, 

( 1) 

UHeHT, X8p8XTepH3yJOlllHA ysenR'IQHJie IIOHJI381lHH 38 e'leT 

·Horo nons, oeuannanal snexTpoaos 11 T.~ •• 

paapa~aoA xaMep&l, 

eTQHOK paapHnHOI KSMepbl, 

KSTO~a. 

nna3M&I Beex TRDOB paap~~OB, KOTOp&le 6y~yT 
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l.AyroBbiQ HeT01JHKKH KOKOB 

.llna nonyqeaas HOHOB aeo6xo~HMOA nnoTaoeTH o6&I'IHO aenonbayeTeSI ~yra Haa

xoro ~asneHKH e HaxaneHHhlM xaTo~oM. Taxas ~yra xapaxTepaayeTes HanaqHeM 

nnaaMbl o'leHb 6onbwoA nnoTHoeTK H ~syx enoes s6naaa ropsqero xaTo~a. O~IIH 

H3 9THX enoeB npe~eTaBnseT eo6ol eKOHUeHTpKpOB8HHbiQ DOnO:IKHTenbH&IQ KOHhl HS 

rpaHKUQ nnaaMbl, HSDpaBnSIJOlllHees K KSTO~y. BTopoA enol eoeTOKT 113 sneKTpOHOB, 

SMHTKpyeMhlX paexaneHHOA HKTbJO. Bee aanps:IKeHae paaps~a eoepenoToqeao HS 

9TOM 6anonspHOM enoe, TSK KSK eSMS nn83M8 KMQQT 6onbWYJO DpOBO~HMOCTb, 'ITO 

KeKnJOqSQT B Hel HSnJiqKe snexTpB'Ieexoro nons. 3aBHeHMOeTb HSDpSI:IKP.HHOeTH nons:, 

X 

r. 

' 
d. 

~ 

V H npoeTpaHeTBQHHOrO aaps~a p OT paeeTOSHIIS 
/6/ 

nnoexoro KSTO~a) DpKBe~eHO HS pKe. 1, B3SITOM H3 

+ 

5 

Pae. t' 
3aBHeHMOeTb HSDpS~QH
HOeTH nons E, paaaoeTH 
DOTQHUHSnOB V II npo

eTpaHeTBQHHOrO aapSina 
p OT paeeTOSHHS X 

( oT 6onbmoro nnoexoro · 
xaTona)nnH nyroaoro 
paapsna/6/. 
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TomuHHa .nsoiHoro cno11 d H senH'IHHa na.neHHil Hanpii)KeHRil Ha HeM V0 MoryT 

6bJTb onpe.neneHbl H3 Bblp8)K8HHII (2), ecnH H3B8CTHO 3H8'18HRe nnOTHOCTH TOKII 

paapH.na. 

0,22 ./ 2e 
j • v---

rr m
8 

a/a 
.2.L__ 

da (2) 

3Ha'I8HH8 nnOTHOCTH TOK8 HOHOB j+ H nnOTHOCTH TOKII aneKTpOHOB je , OI'p8HH'I8H-

/7 8/ 
HbJX npOCTp8HCTB8HHbiM 38pi1J:l0M, COI'ni!CHO TeOpHB 6HnOni!pHbiX CnOeB JliiHI'MJOpa ' , 

.non)KHbJ y.nosnc.TBOpi!Tb cne.nyJO!lleMy HepaseHcTsy: 

j --~~·-'£_yy~ 
+ m • 

(3) 

0rpaHH1(8HRe OTHOW8HHII + Bb1T8K88T H3 He06XOJ:lBMOCTH HM8Tb MHHHMIInbHyJO 

HOHHaauHJO .nn11 no.n.nep)KIIHBII .nyrosoro paapll.na. Cne.nosaTenbHo, .non)KHO 6b1Tb 

H8K08 MBHRMIInbHOe J:l8Bn8HHe, KOTOpOMy COOTBeTCTByeT MHHHMMbH8i1 nnOTHOCTb 

HeiTpMbHbJX 8TOMOB D 8 min , onpe.nenileMIIil H3 BbJW8HIIDBCaHHbJX COOTHOW8HHI 

Sw+Sk V ..!!.&._ 
p m+ DC ~ D 

g mill (4) I( u y 

r.ne y - KOaqxpBUH8HT, ODHCbJB8101UHII: ycTaHOBKY B CBOII:CTBII HBTB HIIKI!na. Hapy

W8HHe STOI'O HepaeeHCTBII npHBOJ:lHT It HC'I83HOB8HHIO llYI'H HnH nepeXOllY K J:lpyro

MY TROy p83pi1J:l8, 3TO Bbl3b1B88T H8CTa6HnbHOCTb HOHHOI'O ny'IK8, 'ITO, B CBOJO 

oqepe.nb, nnoxo CK83&JBaeTCil 1111 'IHCTOTe paa.nen11eMbiX B30Tonos, Heo6xOJ:lBMO 

OTM8THTb, 'ITO Bblp8)K8HH8 (4) cnpase.nnRBO B cnyqae cna6oll: ROHR38UHR, KOI'J:lll 

/9/ 
n + << n 

8 
• Kor.na )Ke n+ senBKo, TO ng .aonlKHO 6b1Tb 6onbme, '18M cne.ayeT 

113 Bblp8lK8HHil. ( 4 )., T.e. B Bblp8lK8HR8 ( 4) seo6XOilRMO BB8CTH nonpaBO'IHbiJ:I KO!IIjlcjlHUR

eHT, KOTOpblll YM8HbW88TCil C pOCTOM ROHH38UHR. O.asaKO CnOlKifOCTb iiBnesHit, npOIICXO

JlHJI(HX B pa3pH.ae, 3aTpy.llRH8T TO'IHOe Onpe.aeneHHe TIIKOI'O ltoacjlljlJIUJieHT8. 

KaK y)Ke 6blnO CK838HO, J:lnH nony'leHHil J:lOCTIITO'IHO 6onblllOI'O HOHHOI'O TOitll, 

nony'I8HH811 B BOHHOM HCTO'IHHKe nn83M8 J:l00)KH8 BM8Tb MllltCHMIIDbHyJO DOOTHOCTb. 

3TO 6y.neT H86DJOJ:l8TbCII, ltOI'J:lll napaMeTpbl p113pllll8 YllOB08TBOpHIOT Bblp8)K8HHIO 

( 1 ). Ka!t BBJ:lHO H3 Bbip8)K8HHH ( 1), 60DbW08 3H8'18HH8 .!:lOll yB8011'18HHII D+ BMe-

8T nnOTHOCTb sn:eKTpOIIJIOI'O TOKII j 8 • .lJ.nH yBeOH'I8HHH j 
8 

CyllleCTBY8T llBII ny-

6 

._ 
--------------··-·· 

;;{ 

~I 

TH. nepBblll: COCTOHT B yseOH'18HHH SMHCCHH K8TOJ:l8, B OCHOBHOM 38 C 

HHT8HCHBHOrO Harpesa. 8Topol - B YM8HbW8HHH C8'18HBII p83pHJ:l8 OR 

M81'HHTHOrO 000.11, 01160 c6nH)K8HH8M CT8HOK K8M8pbl. nocne.nHee npHB 

I 
nHnnspHOI .nyre, KOTOpaR WHpOKO HCDOnb30B808Cb B paHHHX pa60T8X 

nHnnspHOI .nyre H8T SKBHUOT8HUH8DbHOJ:I nna3Mbl 1 HO aneKTpH'18CK08 nor 

HO 6onbWOe, 311 C'll:!T '181'0 ysenM'IHB88TCH a1!8KTpOHH8R TeMnepaTypa. 

aneKTpOHHIIH TeMnepaTypa CBHJ:l8TenbCTByeT 0 HIIOH'IHH 60nbWOrO 'IHCn 

aneKTpoHos, yeenB'IBBaJO!llBX HOHH311UHJO. B <f:lopMyne ( 1 ) ysenuqeHae 

aTOI'O a<P<fleKTII OTp8lK8HO B KOa<f:l<PHUHeHTe K . 

06~eMa pa3pHJ:lHOI KI!Mepbl K noeepxHOCTH CT8HOK 

C .npyrol CTOpOHI 
p 

s,. + s k 
B Cn) 

nHpHoll .nyrH, o'leHb ReB&Jro.aRo. B pe3y{JbT8Te aToro nnoTHOCTb HOHOf 

yM8HbW88TCH 38 C'll:!T HOHOB, peKOM6HHHpyiOlllHX HI! CT8HK8X. 0co6eHH 

B cnyqae p83J:l8neHHH TpyJ:lHoneTy'IHX C08J:lHH8HHII:, 8TOMbl KOTOpblX 6e: 

TepHIOTCH HI! CT8HK8X K8M8pbl. noaTOMy DY'IW8 06XOJ:lHTbCH 6e3 KIIDH. 

non&30B8Tb CY)K8HH8 0083Mbl npH DOMOlllH CHnbHOI'O MllrHHTHOI'O DOn!! 

HCTO'IHHKH C .nyrol HH3KOI'O J:liiBneHHH B MIII'HHTHOM none npH06penB C 

pacnpOCTp8H8HHe. npH'Il:!M HCDODb3yJOTCil OHH llBYX THDOB: C H3BneqeH 

/13-15/ /5 16-
napannenbHO MIII'HHTHOMY 00010 H OepneHJ:lHKynHpHO 8MY ' 

112ll4cm 
~ 

/15/ 
PRe. 2. HoHHbllt RCTO'IRRit K- KIITOil, A - aao.a, C - 1ta1 

coneHoH.aa, 0 - ne'lb, T - TepMonapa. 
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cnOH d H aenH'IHH8 RB,!leHHH HanpH)I(eHBH H8 HeM V 0 MOI"YT 

H3 Bblp8)1(eHHH (2), ecn& H3BeCTHO 3H8'1eH&e nnOTHOCTB TOK8 

0,22 V _2_e_ 
tr m. 

. a/2 
~. 

d2 (2) 

j + H RnOTHOCTB TOK8 aneKTpOHOB j 
0 

, Ol"pBHH'IeH-

/7 8/ 3BpH.!lOM, cornacHo Teopuu 6anonHpHblx cnoea naHI"MIOpa • , 

b cneay10weMy HepaaeHcTsy: 

i. 
--j- S.Y y~ 

+ m • 
(3) 

BbiTeK89T 83 H906XO.!lBMOCTB BMe.Tb MHHHMBnbHyiO 

ep)I(BHHH ayroaoro pa3pHaa. CneaoaaTenbKo, aon)I(HO 6b1Tb 

.!lBBneH&e, KOTOpOMy COOTB9TCTByeT MBHHM8nbH8H RnOTHOCTb 

ll 8 mlo , onpeaenHeMBH H3 Bb1WeH8RHC8HHbiX COOTHOWeHHI 

Sw+Sk V 
p ~ • 0 gmin m+ (4) 

ORHCbiBAIOWBA ycT8HOBKy H CBOACTB8 HBTB H8Kana. Hapy

npHBO.!lHT K HC'Ie3HOBeHHIO LlYI"H HnH nepexoay K Llpyro

Bbl3biB8eT HeCT86HnbHOCTb HOHHOI"O RY'IK8, 'ITO, B CBOIO 

Heo6xoa&Mo 

(4) cnpaaeanaao a cnyqae cna6oA HOHB38UHB, Koraa 

"+ aenaJto, To o .aomKHO 6biTb 6onbme, '19M cne.ayeT 
g . 

B BblpalKeHHe ( 4) He06XOltHMO BB9CTH nonpaBO'IHblt:\ KoacjlcflHilH-

C pOCTOM BOHH38URH. 0.1:1HAKO CnOlKHOCTb HBneauA, RpOIICXO

.I:IHHeT TO'IHoe onpe.aeneuHe TaKoro Jtoacfl«jluuueaTa. 

CK83ARO, LlnH nonyqeHHH .!lOCT8TO'IHO 60nblUOI"O HOHHOI"O TOK8, 

Rn83M8 .!lOn)I(H8 HM9Tb MAKCHMAnbHyiO nnOTHOCTb, 

Koraa napaMeTpbl paapHaa yaosneTaopltiOT Bblpa)l(eHaiO 

Bblpa)l(eHHH (I), 6onbwoe 3HB'IeHHe an11 yaena'leHHII "+ HMe-

TOKa i • . Jln11 ysenn'leHRII j • cywecTayeT aaa ny-

6 

• 

TH. nepBbiA COCTOHT B ysenH'I9HHH SMHCCHH KATO.!l8, B OCHOBHOM 38 C'I&T 6onee 

HHTeHcHBHoro uarpesa. BTopoA - a yMeHbweHHH ce'leHHII pa3p11aa na6o c noMOlUbiO 

MAI"HHTHOI"O nonH,, nH60 c6nH)I(9HHeM CTeHOK KAMepbl. nocneaHee npHBOLlHT K KA-

/IQ-12/ 
nunnspHOA . .!lyl"e, KOTOp8H WHpOKO HCROnb30BBnacb B pAHHHX pa60T8X , 8 KB-

nunnHpHoA .!lyre HeT SKBHROTeHUHBnbHOA nna3Mbi 1 HO aneKTpH'IeCKOe none CpABHHTenb

HO 6onbwoe, 3A C'I&T 'lero ysemf'IHBBeTcH aneKTpoHHaH TeMnepaTypa. Bb!COKBH 

aneKTpOHHAH TeMnepaTypa CBR.!leTenbCTByeT 0 HBnH'IHH ·6onbWOI"O 'IRena BTOpH'IHbiX 

aneKTpouoa, yaenH'IHBAIOlUHx HOHH3AUHIO. B <PopMyne (I ) yaenn'leHue n + 38 C'I&T 

STOI"O a<P4JeKT8 0Tp8)1( eHO B Koa<lJ<lJHUHeHTe I( • 

06b9M8 p83pH.!lHOA K8Mepbl K ROBepxHOCTH CTeHOK 

C apyroA CTOpOHb1 1 OTHOWeHHe 
p 

s,. + s k 
a cnyqae Kanun-

IRpHoA .!lYI"H, 0'19Hb HeBbii"O.[IHO. 8 pe3Yf!bTIITe STOI"O nnoTHOCTb HOHOB B nnA3Me 

yMeHbW89TCH 38 C'I&T HOHOB, p9KOM6HHHpy101UBX H8 CTeHK8X, 0co6eHHO nnoxo STO 

a cnyqae pa3aeneHHII TpyauoneTy'IHX coeaaueuuA, BTOMbl KOTOpblx 6e3B03Bp8THO 

TepHIOTCH H8 CTeHKBX K8Mepbl. noaTOMy nyqwe 06XO.!lHTbCH 6e3 K8flHnnHp8, 8 Hc

ROITb30B8Tb cy)l(eHne nnaaMbl npu noMowa canbHOro MarHHTHoro nonH. HoKHble 

HCTO'IHHKH C ayroA HH3KOI"O .!l8BneHBH B M81"HBTHOM none npH06penH C8MOe WHpOK09 

pacnpOCTpaHeHHe, npa'I&M HCflOnb3yiOTCH OHH LlBYX THROB: C H3Bne'leHHeM HOHOB 

/13-15/ /5 16-18/ 
napannenbHO M81"HHTHOMy non10 H nepneH,!lHKynHpHO eMy ' , 

/15/ 
PHC. 2. HoHHbiA HCTO'IHHK K- KATO.I:I, A - AHO.I:I, C - KATYIUKA 

coneaox.aa, 0 - ne'lb, T - TepMonapa. 
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6 KaqeCTBe npHMepa HOHHoro HCTOqHHK8 C R3BneqeHHeM HOHOB napannenbHO 

M8rHHTHOMY nomo OnHWSM HCTOqHHK, HCnOnb3yeMblit C n106nHHCKHM MScc-cenapa-

/15/ . 
l'OpOM , CxeM8TRqHO STOT HCTOqHHK B306p8)K9H H8 pRe, 2. 0cHOBHOit ero q8CTbiO 

liBnliSTCll p83pllllH8ll K8Mepa, Bh!ROnHeHH8ll B QlOpMe URnHH,npa R3 KB8pU8 RnR qiap

Qlopa, 6HyTpH K8M9pbi noMeiUeH UHnHHllpHqecKHit SHOll A H3 MOnR6llSH8 H H8KolnHB8e

Mblit K8T0ll K H3 eonbQlp8MOBOit npOBOnOKR llR8MeTpOM 0,5 MM. Bell K8~epa RCToq

HHK8 noMeruaeTCll e aeo.nHopo.nHoe MarHRTHoe none coneHoR.na C. Bb1T!lraeaaae 

HOHOB npOR3BOllHTCll qepe3 Kpyrnoe OTBapcTRe B nepe,naeA CT9HK9 K8Mapbi. 638HMO

llaACTBH9 M8rBHTHOrO H anaKTpaqeCKOrO noneA npHBOllHT K TOMy, qTO aneKTpOHbi, 

noKHll810IURe HHTb H8K8n8, llBH)KYTCll B K8Mepe no CnRpanbHbiM Tp89KTOpRliM, B 

peaynbT8Te qero eepOliTROCTb ROHH38URH ReATp8nbHbiX 8TOMOB rasa RnB napa paa

nenHSMOrO eemecTea aHaqRTenbHo noabiiUSeTcll. Ecna .naeneHRe B RCToqH&Ke y.no

eneTeOplleT HepaaeHCTBY (4), TO nonyJ~aHH85l e .nyroeoM paapH.ne nnaaMa 38HBM8eT . 
np8KTRqacKH B9Cb 06'baM p83pllllHOit K8M9pb1. npR HanO)K9HBR M8rHRTHOrO nonll 

Tpe6yeMoit een&qHHbi nn83M8 C)KBM89TCll B KOnOHHy, pacnonaraJOIUYJOCSI BllOnb OCH 

K8Mapbi. Enaro,napa STOMY H8 OCR ROHHOrO HCTOqHHK8 y,naeTCll nonyqHTb nnaaMy 

C03H8qRT9nbHOit KOHU9HTp8URalt ROHOB npR M8KCHM8nbHOit HOHH38UBH rasa, 6 STOM 

HCTOqHRKS MO)KHO nonyqRTb HOHbl He TOnbKO r830B, HO H TB9pllb1X B9IU9CTB, lJ.nll 

RcnapeHRll TB9pllbiX o6pa3UOB HOHHbiA HCTOqHRK CH86)KeH neqKoit. neqK8 c.nenaH8 

H3 H9p)K8B9JOIUeil. CTanH B BHll9 UHnHHllp8 C neperopo,nKoit. 6 OllHOil. qacTH UHnHHll

pa HM99TCll BOnbQlp8MOB85l cnapanb, Harp988JOIU85l neqKy llO 9QQ°C, JtlaMepaHRe 

T9Mnep8Typbl neqKH npOR3BOllHTCll C nOMOIUbJO HHJtenb-xpOMOHBKeneBOit T9pMonapbi. 

B .npyry10 qacTb neqKR noMeruaeTCll paa.nenHeMoe aemecTeo. nocne paaorpeea 

napbi paa.nenHeMoro eemecTB8 no cneuaanbBoA Tpy6Ke npoBOllliTCil B o6nacTb paa

pll,na. 3arpy3K8 paa,nenllaMOrO B9IU9CTB8 B neqKy npOH3B0llHTC5l BH9 HCToqHHKa, 

HO HanBqae eaKyyMHoro run10aa noaeon11eT npoaaaoqBTb,9TO 6ea HaMeHeHHll .naaneHRil 

B p83pllllHOit K8Mepe. \iT06bl H369)K8Tb neperpeea HOHHOrO RCTOqHRK8, OH OXn8)Kll89T

Cil npOToqHoit llHCTRnn&pOB8HHOil BOllOil, lJ.8HHblit HOHHblit RCTOqHHK 6bln Hcnonb30B8H 

/19/ 
.nnll nonyqeHHll HOHOB raaoe KC9ROH8 H aprOH8 0 8 T8K)K9 HOHOB TBapllbiX ee-

WaCTB, T8KHX K8K CBHH9U, pTyTb, HRKanb, npRq~M TOK ROHOB llOCTHran H9CKOnbKRX 

ll9CliTitOB "A . BenaqRH8 ToKa 6bina .nocTaToqHa .nn11 nonyq eHHil xopowero pas-

perueHHH H8 ll8HHOM 8H8nR38TOpe. YeenRqaHH9 ROHHbiX TOKOB npRBano 6hl TOnbKO K 

pacwapeHRJO nRHRit Mace Ha KonneKTope. 3To xopomo annJOCTpapyeTcll puc. 3, Ball

/20/ 
ThiM as pa6oTbi K.O.HanbCeHa • 
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Pac. 3 
3aBHCHMOCTb KOHl 

a paapemaJOmeil. c 

RP ?2oJ<>K8 H8K81 

lh 

Jtla pRCYHKa BRllHO, qTo yeenaqaHHa TOKa H8Kana I h npHBOllHT, 

pOHbl, K yeenaqeHHIO ROHHOrO TOK8 I+ ) C ,npyroil., HaqHHall C H9KOTOpO 

I h, K YM9HbW9HHIO paapewaJOIUell CHnbi RP. 0TKy,na cne,nyeT, qTo n 

6onbWHM HOHHblM TOKOM He BCer,na npHBOllHT K H8HnyqwHM peaynbTaT 

6 JtaqeCTBe npHMapa ROHHoro HCTOqHHK8, C H3BneqeHH9M HOHOB n1 

ero MarHHTHOMY nonJO, HHT9p9CHbiM HBnHeTCSI HCTOqHHK, npeAno 

/211 
ctlpHMaHOM • npHHUHn ,neii.CTBHll STOrO HCTOqHRKB XOpOWO BHll9H H: 

hfC11101'1 L_) ..... ,,(11; --.. ;-" 

_,, 

Pac. 4. HoHnbii\ HCToqHHK /21/. 
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HOHHOrO HCTO~HKKa C HSBile~eHKeM KOHOB napanrrellbKO 

onHweM KCTO~HKK, KCnOIIb3yeMbll C n1061IKHCKKM Macc-cenapa-

9TOT KCTO~HKK IJS06pa)KeH Ha pKC. 2. 0cHOBHOA ero ~aCTbiO 

K8Mepa, BblfiOIIHeHHa!l 8 <PopMe UKIIHHllpa HS KBapua HIIH qiap

noMellleH UHIIHHllpK~eCKHA aHOll A HS MOIIH6lleHa K HaK<illKBae

b<PpaMOBOA npOBOIIOKK llHaMeTpOM 0,5 MM, 8c11 ItaMepa KCTO~-

B HeonHoponHoe MarHHTHoe none coneHoKna C. BbiTHrHsaaHe 

~epes Kpyrnoe oTsepcTHe 8 nepenHeA cTeHKe KaMepbl. BsaKMO

K aneKTpK~eCKOrO noneA npHBOllHT K TOMy, ~TO SlleKTpOHbl, 

HaKana, llBK)KYTCSI 8 KaMepe no CnHpallbKbiM TpaeKTOpKSIM, 8 

epO!!THOCTb HOHHSaUKH HeiTparrbHbiX aTOM08 rasa HIIK napa pas-

a SHa~KTellbHO II08hiWaeTCll. EcnH lla8rreHKe 8 HCTO~HKKe yno

(4), TO nony~eHHaH a nyro80M paspHlle nnasMa saHaMaeT 

pasp!!llHOI KaMepbl. npH HallO)KeHHH MarHHTHOrO II0/111 

nnasMa C)KHMaeTCSI 8 KO/IOHHY, pacnonaraiDlllyiDCH BllOilb OCH 

OCH HOHHOrO HCTO~HHKa ynaeTCll nony~HTb nnasMy 

KOB08 npK MaKcHMarrbHOA KOHHsauea rasa. B aToM 

ony~BTb HOHbl He TOilbKO ras08, HO H TBepllbiX B8llleCT8, .!lnH 

o6pasU08 HOHHbll HCTO~HHK CHa6)KeH ne~KOA. ne~K8 Clle/laHa 

B 8Hlle UHIIHHllpa C neperopOllKOA, 8 OllHOA ~8CTH UHIIHHll

cnapanb, Harpe8aJOwall ne~KY no 900°C. HsMepeHBe 

IIOMOlllbiO HBKerrb-XpOMOHHKeneaoA TepMonapbl. 

pasnenl!eMoe aewecT80, n ocne pasorpeaa 

no cneuaanbHOA Tpy6Ke npo80llHTCll 8 o6nacTb pas-

_,lle/ll!eMoro aeweCTB8 B ne~Ky npOHSBOllHTCll 8He HCTO~HHKa, 

llllliOS8 IIOSBOIISieT npOHSBOllHTb,3TO 6es HSM8HeHHll ll88/leHHll 

l:iT06bi Hs6e)KaTb neperpeaa HOHHOrO HCTO~HBKa, OH OX/18)KllaeT

/11IHpOBaHHOA BOllOA, .!laHHbiJI HOHHhiJI HCTO~HHK 6blll HCIIO/Ib308aH 

/19/ 
raso8 KceaoHa H aproaa, a TaK)Ke HOH08 TBepllhiX ae-

npa~l!M TOK HOHOB llOCTHran H8CKO/IbKHX 

~KHa TOKa 6bma nocTaTo~Ha llllll nony~ eHKll xopowero pas

aHanasaTope. Y8e/IH~eHKe HOHHblX TOKOB npKBeno 6bl TOilbKO K 

M8CC Ha KOillleKTOpe. 3TO XOpOlllO H/llliOCTpHpyeTCll pKC, 3, 8Sli

.0.HHIIbCeH/201, 
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PHc. 3 
3a8HCHMOCTb HOHHOrO TOKal+ 

n paspelllaJOmell CHilhi rrpB6opa 

RP ?2oJOKa HaKana KaTOAa 

lh 

Yfs pHCyHKa BHllHO, ~TO yaenK~eHHe TOKa HaKana I h rrpHBOllHT, C OllHOJI CTO-

pOHbl, K yaenK~eHH10 HOHHOro TOKa I+ J C llpyrol!, Ha~KH8ll C HeKOTOporo SHa~eHKll 

I h , K yMeHbllleHHIO paspewa10well CHilbi RP. 0TKyna cnenyeT, ~To norOHll sa 

60ilbWKM KOHHblM TOKOM He BCerna npHBOllHT K HaKny~lllHM pesy/lbT8T8M pasneneHHll, 

8 K8~eCT8e npHMepa HOHHOrO KCToqHHKa, C HSBneqeHHeM KOHOB nepneHllHKYilllpHO 

ero M8rHHTHOMY IIOIIIO, HHTepeCHhlM SIBil!!eTCll HCTOqHHK, npeAIIO>KeHHbiii 

/211 
tPpHM8HOM , npHHilKII neJICTBHll 3TOrO HCTOqHHK8 XOpOWO BKlleH HS pKcyHK8 4, 

I~ICTO. 
ltJII(f(la 

I . 1/_ ....... 
~-

PBc. 4. HoHI!hill HCToqHHK /21 I. 
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0co6eHHOCTblO HCTO'IHHK8 cl>pHM8H8 BBnaeTCa MOWHblll K8TOa, npOCTHp810WHICB 

BaOnb acel p83paaHOI K8Mepbl B6nH3H BblXOaHoro OTBepCTHa. BbiXOaHOe OTBepCTHe 

a aaHHOM HCTO'IHHKe BblnOnHeHo a aaae wena. HaroTaanaaaeTca KaToa aa T8HTa

noaoro npyTKa aaaMeTpOM 5-6 MM. ToK HaKa;;-3. KaToaa aocTHraeT 200 aMnep. npa 

T8KOM 60nbWOM TOKe cyWeCTBeHHOe BnHaHHe H8 aBH>KeHHe aneKTpOHOB OK83blB8eT 

MarHHTHoe none, coaaaaaeMoe TOKOM HaKana. CoaMeCTHoe aeiCTBHe aToro nona 

H nona aHewHero MarHHTa, canoable nHHHH KOToporo aanpaaneH&I aaonb KaToaa, 

38CT8BnBeT aneKTpOHbl aBHr8TbCa B6nH3H K8Toaa. KpOMe TOrO, MOWHbll KaTOa 

noaaonaeT xopowo noKanaaoaaTb ayry Ha ero noaepxHOCTH. Bee aTo BMecTe aaaToe 

cnoco6cTayeT o6paaoaaHHIO 6onhwoll nnoTHOCTH ·HoHoa a6naaa BbiXOaHol wena. Oa

HoapeMeHHO K8TOa aKpaHHpyeT wenb OT nonaaaHIIa B Bee HeiTp8nbHbiX 8TOMOB, Ha

nH'IHe cpaaHHTenbRo 6onbworo MarHHTHoro nona K8TOaa noaaonaeT cHB3HTb Hanpa-

>KeHHOCTb BHeWHero MarHHTHOrO nom1, 'ITO npHBoaHT K yMeHbWeHHIO npct6oea 

B HOSBOM HCTO'IHBKe H CHH>K8eT BepoaTHOCTb B03HHKHOBeHBa apeaHblX KO-

ne6aHall ny'IK8. HaroToaneHHe paapaaHol KaMepbl, ablxoaHol wena R ne'IKR ana 

HCnapeBHa TBepabiX o6p83UOB 83 OaHoro KyCK8 rpa~HTa aenaeT STOT HCTO'IHRK ao

CTaTO'IHO repMeTH'IHbiM, a cneaoaaTenbHO, yny'lwaeTCa ero a#eKTRBHOCTb • .llaBSbll 

ROHHbll RCTO'IHRK 6bln RCnOnb30B8K' npR nonyqeHHH HOHOB nnyTOHRa, 111'8Mapaa, raao-

nHHRa R eaponRa. 

2. HcTO'IHBKR ROHOB C OC!lHnnauReil aneKTQOHOB 

npOTOTRnOM HCTO'IHRKOB STOrO THna aanaeTCa ROHHbll RCTO'IHBK, onacaHHbll 

~HKenbWTeiiHOM ewe B 1940 r/221• CxeM8TB'IHO STOT HOHH;,.I BCTO'IHHK B306pa-
\ 

>KeH Ha pac. 5. HaroToanea oH 6bln Ra napeKcoaoro CTeKna H HMen MeTannR'Iec-

KRI ~naaeu, Ha KOTOpOM yKpenneHbl: K8Toa K, aneKTpOabl 1,2,3, HaxOaiiWReCR 

noa noTeHUH8nOM 8HOaa, R aneKTpOabl 4,5,6, HMelOWHe noTeHUHan· HR>Ke aHOaHoro, 

Becb HCTO'IHBK noMeWaeTCII 8 KaTyWKR coneHoHaa, coaaaiOWHe M8rHBTHOe none, 

HanpaaneHHoe aaonb OCR HCTO'IHBK8. Toraa aneKTpOHbl, aMHTHpOB8HHble paCK14!eHHbiM 

KaToaoM, noa aelcTaHeM aneKTpH'IeCKoro H MarHKTHoro nonel 6yayT ocuannapo

aaTb Me>Kay aneKTpoaaMB, 6naroaap11 'leMy nyTb ax a r83e aoapacTaeT, a cneao

aaTenbHO, B03paCT8eT R KOnR'IeCTBO HOHOB, KOTOpOe OHH o6paayiOT. 

10 
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J !f Pac. 5 

HosswA •• 

ill ·~- L;:;,;-i• 

3Ba'IBTellbH08 ycoeepmeSCTBOB8SB8 8TOro BCTO'IBBKa 6~0 C~e 
/~/ /~/ 

ltepoM B K.O. HBnbceBOM • fiocTpo8BBbl8 BMB BCTO'IBDB B 

pomyJO acjl41eltTBBBOCTb B pilCXO~YJOT MaliYJO MOWSOCTb1 DOSTOMY ORB 

poxoe pacnpocTpaseHBe oco6esso c Macc-cenapaTOpaMuna6opaTOps 

Holi.Bbll BCTO'IBBit, CKOBCTpyBpOBaBSbll K.O.HBDbCeSOM, npBBenes B· 

MOlKeT pa60T8Tb B pelKBM8 ~yrB BB3KOrD ~aane&BSI, ecnB DllaCTJIB8 

OTBepCTJI8M 6yheT IIM8Tb DOT8BDB8D 880~8. Ecna lK8 osa 6y~eT BN 

lt8T0~81 TO 6yneT cnylKBTb OTp8lK8T8118M 81181tTpOBOB B B03BpamaTb 

paapa~a. fio~ TaltBM lK8 nOT8BUB8DOM B8XO~BTCH B nnaCTBS8 Sa np 

~:osue ltaMepbl. Tor~".. o~aoapeMessoe ~eACTaBe &lii!IKTpB'Iecxoro • 

B036y~aeT OCUBllnR!li!B nepBB'IBbiX &n81tTpOSOB B pa3pii~BOI X8M8p 

It MF.OrOitpATSOMY npoxo~eBBJO BMB p83pR~BOro DpDM8lKYTita• B Cl 

IIB'IIIB88TCB BOSB38!1Bil raaa, TO 8CTb D + B cjlopMyne ( 1), r~e acjl 

81181tTpOBOB Y'IBTbiB88TCB ltOacjl41BilB8BTOM I( •. 

qBCnO OCnaDnRUBI &neKTpOBOB 3aBBCBT OT BX aseprBB B DpB] 

usae aTOro aonpoca ~DR sexoropwx raaoa 6~o npoaaae~eso Kxc 
-4 

0Dp8118nBn 'IBCIIO OC!lBmulllBI DpB DOCTORBBOM li8Bn8BD 4•10 M• 

888prBB 81181tTpoBOB• fiOIQ''18BBb18 BM 3B8'18BU· V DpBB8~8Bbl B 

11 



HCTO'IHHK8 4>pHM8H8 IIBnHeTCH MOlllHbiii K8TO.ll, DpOCTHp810lllHICH 

xaMepbi a6nH3H Bblxo.oaoro oTaepcTHH. Bbixo.oaoe oTaepcTHe 

ablnonaeao B BH.lle mena. HsroTaanHaaeTCH xaTO.ll Hs TBHTa-

5-6 MM. Tox Haxa,;.q K8TO.ll8 .llOCTHraeT 200 aMnep. npa 

cyllleCTB9HHOe BnHHHHe H8 .llBH)I(9HHe aneKTpOHOB OK83biB89T 

.oeAcTBHe aToro non11 

M8rHHT8, CHnOBbi9 nHHHH KOTOporo HanpasneHbl B.llOnb X8TO.ll8, 

.osaraTbCH s6nasa xaTo.oa. KpoMe Toro, MOlllHbii xaTO.ll 

noxanasosaTb .oyry aa ero nosepxaocTH. Bee sTo BMecTe B3HToe 

6onblllOII nnOTHOCTH HOHOB B6nH3H BbiXO.llHOI lll9nR. O.o

menb OT nona.oaHIIR B aee HeiTpanbHbiX aTOMOB. Ha-

M8rHHTHOrO non11 K8TO.ll8 D03BOnli9T CHB3HTb H8Dpll-

MBrHRTHoro nonH, 'ITO npHBO.llHT x yMeHbllleHHJO npCP6oea 

CHH)I(89T B9pOIITHOCTb B03HHKHOB9HHII Bp9.llHbiX xo

pa3pll.llHOI K8Mepbi, BbiXO.llHOI menH H ne'IKH .llnll 

o6pasuos as o.oaoro xycxa rpa~HT8 .oenaeT &TOT HCTO'IHHK .oo

.... u, ... , .. , a cne.llOB8TenbH0 1 yny'llll89TCII ero 9~9XTHBHOCTb. ,LlaHHbll 

HCDOnb30B8H DpH nonyqeHHH HOHOB nnyTOHHII, !lr8M8pHH1 ra.oo-

HCTO~BHXOB 9TOrO THD8 11Bnli9TCII HOHHbiii HCTO'IHBX, ODHC8HHbll 

/22/ 
9lll9 B 1940 r. • CxeM8TH'IBO &TOT HOHHbii HCTO'IHRX H306pa-

Rs napexcosoro cTexna H HMen MeTannH'Iec

KBTO.ll K, anexTpO.llbi 1,2,3, H8XO.lllllllH9CR 

8HO.ll8, H aneXTpO.llbi 4,5,6, HM910lllR9 DOT9HUH8n· HH)I(9 8HO.llBOrO, 

9lll89TCH B X8TYlllKH COneHOH.llB, C03.ll810LUH9 MBrHHTH09 none, 

HCTO'IHHK8. Tor.oa aneKTpOHbi, SMHTHpOB8HHb19 pacx~eHHbiM 

anexTpaqecxoro H MBrHHTHoro noneA 6y.oyT ocuannapo-

' 6naro.oap11 'leMy nyTb ax B rase sospacTaeT, a cne.oo

H XOnH'I9CTBO HOHOB1 KOTOpOe OHH o6pa3yJOT, 

10 

•• 

P&c. 5 J I; \ 
HoHBYI HCTO'IBBlt /22/. 

] ........... __ ._ 
. . . . L_..J• 

3Ba'IBT8D~B09 ycosepmeacTBOBBBBe aTOro BCTO'IBRX8 6blnO CAenaao KRCT9N8-

/~/ /~/ 
xepoN B K.O. HRnbC8BOM • nocTp09H.Hbl8 BNB JICTO'I.HBKR ROHOB RN8JOT xo-

pomyJO a4>c~JexTRB.HOCTb B p8CXOAYIOT M8DYIO MOI!l.HOCTb1 noaTOMy ORR npao6pena ma-

. /14 25 26/ 
poxoe pacnpocTpaaeaae oco6eaao c Macc-cenapaTopaMH na6opaTopaoro TBna ' ' • 

Hoa.ab!A BCTO"l.HBK, cxoacTpyBposa.&.&bii K.O.Han&ceaoM, npaBeAea aa pacyne 6. Oa 

MOlK9T pa60T8Tb B peJKRM9 AyrB HB3JtOro A8Bn9.HBH, ecnB nnaCTBH8 C BbiXOABbiiWI 

OTBepCTB9M 6yA9T BN9Tb UOT9.HUB8D 8.HOl(8. ECDB lK9 OH8 6yAeT BM9Tb DOTeHUB&n 

X8TOA8 1 TO 6yA9T cnyJKBTb OTp8lK8T9D9M anexTpOHOB B B03Bp81ll8Tb BX B o6nacTb 

pa3pRA8. noA T8XBM lK8 DOT9HUB8DOM H8XOABTCR R nnaCTBH8 H8 UpOTBBODODOlK.HOIWI 

Jtoane xaMepbl. TorAa OAROBpeMe&aoe A&ICTaae anexTpR'Iecxoro a MarHRT&oro uoael 

B036ylKA88T OCUBDDHUBB nepBB'IHbiX anexTpO.HOB B ~3pHAROA xaMepe, 'ITO npBBOA.T 

X MEOrOJtp8TIIOIWly npoXOJKA9BHIO BMB p83pliABOro UpoYalKyTKa. B CBB3R C 8TBIWI yse

DB'IRB89TCR BOHR38UBII ra3a, TO 9CTb D + B tjlopMyne ( 1) 1 rAe &tWJexT OCUBIUIHU-

8D9ltTpOIIOB y'IBTbiB89TCR Jt084jHIJBUR9BTOM I< .-

qRCDO OCUBDnHUBI 8D8ltTpOIIOB 38BBCBT OT BX aaeprBB B UpRpoAbl ra3a. Hccneao-
. /~/ 

uaae aroro aonpoca ana aexoTOpblx ra30B 6bUio npoa3aeaeao KacTewa~tepoY • Os 

-4 
onpeaenan 'IBCDO OCUBDBIIUBI npa UOCTORIIBOM AABD911D 4•10 IWIM pT.CT. B pa3BOI 

8118prBB 8118JtTpoBOB. noii)''I8BBb18 BY 3BA'I9BB51· Jl DpBB8l(8Bbl B Ta6mme 1. 
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TAEJIRUA I 

llo'.reBIJ,H8Jl 8HO,lt8 qBCJIO OCIJ,HJIXHIJ,HU sneK'.rpOBOB B rase 

B B0Jlb'.r8X He H~ N,. 

50 24 8 3 

100 32 20 6 

150 48 32 9 

,~ 
PHc. 6. H OHHblll HCTO'IHHit /24/, 

12 

I l • I ·---------

1 

\ 
3aBBCHMOCTb 'IBCna ocuBnnSJUBA OT naaneHBSI 6&ma nony'leaa K.O.H1 

H npencTasnesa sa pBcys~te 7. 

f.i 

~ 

f 

PHC. 7 
3aBBCHMOCTb ltOnB'18CTB 

aneltTpOHOB V H K.OnB'I81 

HOB f r o6pa30B8HHblX D 

I • • sne~tTposaMB oT naanes ,.., p 
Kalt BHARO H3 pHCYRit8, npB ManbiX ASBn&RBHX V 

npaltTH'I8CKB I 

oT naaneHHSI. Ha &TOM *e pucysKe npencTaBneaa aaBHCRMOCTb 'IRena n 

o6paayeMbiX Ka*AbiM nepBH'lHblM aneKTpOROM. Lfscno f 
csa'lana pacT4 

nR'l8HH8M A8Bn8HHH, a aaTeM CTSHOBHTCSI noCTOSIHHbiM, 

06bi'IHO HOHHbl8 HCTO'IHHKH C OCUHnnSIUH8A sneKTpOHOB pa6oTa~T I 

-3 
naaneHHSIX ( • 0,5.10 MM pT.CT.). OpH Hcnon&aoBaHHH TaKHX nasneHI 

I 
yMea&WHTb npo60H M&~Y HCTO'IBHKOM B BbiTHrBBS~IIIBM sneltTpOAOM, ~ 

soMao pacxonosaT& raa BnH nap. nocnensee oco6esso aa~so npB paan 

nbiX KOnH'18CTB ne~BUHTBbiX H30TOnOB. 

3, pna3MOTpOH H nyonna3MOTpOH 

0llHBM H3 BaTepeCilblX HCTO'IIIBKOB HOIIOB AnSI paaneneaHSI ra30B 
/27/ 

'IHX aneMeBTOB. sanseTCH BCTO'li!Hit, npenno~eBB&Ill M.Apneae • STc 

cxeMaTH'lHO H306pa*es sa pHcyaKe 8. B seM paap!IA nonlleP*•saeTCSI 

Tpex sneKTponos: aHona A, KaTona K H npoMe~yTo'lnoro sneKTpona M 

TO'lRbiA aneKTPOA M HMeeT cneuBan&ay~ ~PMY B noTesuHan, cpensBll 

K a HOllY B KaTOAY, 3TOT sneKTpOA HrpaeT B8*HY~ ponb B ~pMBpOB81l 
B6nB3H BbiXOilHOrO OTBepCTHSI. KaK BHllBO 113 pBCyHKa, npo~&*YTO'lHbd 
SIBnH8TCH 81118 B '18CTb~ M8rBHTOnpOBOl18, Bltn~'18JOIII8ro SHOll• 3TO no 

qaT& cHn&soe aeonaoponaoe MarBHTBO& none sa Manea&KOM y'lacTz:e 1 
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TAE1lHllA I 

qBCBO OCQBBAHQBI aneKTpOHO~ ~ raae 
He H.2 N, 
24 I 8 3 
32 20 6 
48 32 9 

·' 

PHc. 6. MOHHbill HCTO'IHHK /24/. 

12 

• 

3asxc&MoCTb 'IHcna ocnxnnHnxa OT .Qasnea&H 6&zna nony'l:eaa K.O.H8nbceaoM 
8 npe.ncTaBneaa aa pxcyaKe 7. 

f.i \ 
f 

i, 

Pxc. 7 
3aBHCHMOCTb KonH'IeCTBa OCilBllliSIIlHA 
:aneKTpoaos 11 a Itona'lecTsa nap ao
aos l, o6pa3oBaHHhllt nepBH'IBhiMH 

• • a snexTpoaaM8 oT .nasneaaH ra3a/20/ ,,., 
p 

Kax BHAao'a3 pHcyaxa, upa Manhlx .nasneaaHx 11 

npaKTH'IeCKH ae 3aBHCHT 
OT .QaBneaasr. Ha &TOM JKe PRC)'HKe npe.QcTaBneaa 3aBHCHMOCTb 'IRena nap BOHOB l, 

o6pa3yeMbiX ItaJK.QhiM nepBH'IHhiM aneKTpoaoM. I.Jacno l 
CHa'lana PBCTeT C )'Be-

nH'IeHHeM .QaBlleHHR, a 3aTeM CTaHOBHTCSI noCTORHHbiM. 

05bi'IHO BOHHble BCTO'IHBXH C OCilHnliRilHeJl anexTpOHOB pa50T8IDT npH MBllbllt 
-3 

llaBneHHRlt ( • 0,5.10 MM pT.CT.}. npH HCnOllb30BaHHH TaKHX llaBneHHJl YllaeTCSI 
J 

YM9HbillHTb npo6o11: MeJK.Qy HCTO'IHHlCOM H BbiTRI'"HBaiDill8M aneKTpOllOM, a TaKJKe 8KO

HOMHQ pacxoaoBaTb ra3 ana nap. nocneaaee oco5eaao BaJKHo np8 pa3aenea11:11: Ma

llbllt KOliH'IeCTB .Qe~HilHTHbiX 830TonoB. 

3. nna3MOTQOH 8 Ryonna3MOTQ0.4 

O.naaM 83 8HTepecah!x 8CTO'IllHKos Hoaos snsr pa3senea8a ra3os H nerKoneTy-

/27/ 'IRX sneMeaTos. HBnHeTca HCTO'IIIRK, npe.nnoJKeaa&zll M.Ap.neae • 3ToT RCTO'IHH!t 

Clt9MBTH'IHO H306paJKea aa PHC)'HlCe a. B HeM pa3pR.Q no.Q.QepJKBBaeTcH B CBCTeMe 

Tpex 8ll9KTpO.QOB: ano.Qa A, lCaTo.Qa K H npoMeJKyTO'IHOI'"Q 8ll91tTpo.Qa M. npoMeJKy

TO'IIfblll sneKTpo.Q M HMeeT cneuaanbBYID ~PMy a noTeanaan, cpe.naaa no oTaomeaaiD 

K aHo.Qy H KaTO.Qy • 3TOT aneKTpO.Q RI'"paeT BBlKHYID pOllb B ~PMHpOBaHHH nna3Mhl 

B6nH3H BblltO.QifOI'"O OTBepcTHB. KaK BHRHO 83 pacyaKa, npoz.,!eJKyTO'IIfblll 8ll9KTpo.Q 

BBnHeTCH eme H 'laCTbiD Mai'"HHTOnpoBo.Qa, BltniD'IaiDmero aao.Q. 3TO fi03BOliH9T nony

'laTb cxnbaoe aeo.naopo.naoe MaraaTaoe none aa ManeabKOM Y'lacTxe nepe,q B&zxo.na&zM 

13 



I 
l 

PRe. 9 
PacnpeAeneaHe MarHRTHoro nonR 

BAOnb OCH Ayonna3MOTpOH8 (R3Me

peHHS npOH3B9A9Hbl 8BTOpOM 

ll.MOH'IKS). 

• 
~-------·--------

PRe. 8 
CxeMaTR'IHOO RaoGpa*eaae ROH

aoro RCTO'IHHK8 Ayonn83MOTpOH-

aoro THna. 

i~ - K8TOll, 

A - 8HOA 
M - npoMeJKyTO'IHblil anP.KTpoA, 

c 
B 

K8TYWK8 aneKTpOM8rHRT8, 

noTOK MSrHHTHOII RHAYKURR, 

R - OMII'I9CK09 COIIpOT!iBn9HR9. 

.B (Oe) 

14 

.X 

1 

Puc. 10 
PacnpeAeneaHe aneKTpoaaoll TeM-

nepaTypbl T • R noTe'~~'na V sa 
ocH AyonnaaMoTposa • 6 

eV 

1 4 

2 

0~--------

30 

v I 20 

10 

0 
-12 -a -4 

____... lm 

oTBepcTReM. PacnpeAeneaRe MarsaTsoro nons aa oca ayonn83MOTP< 

pRCYHK8 9. nepBOH8'18nbHO pa3pSA B03HRK88T M9lKAY paCK8U9HHWM I 

npoMeJKyTo'IHbiM aneKTpOAOM M, B peaynbTaTe qero BoapacTaeT pas. 

anoB MalKAY M R A, R paapsA ycTpeMnseTcs B yaKoe oTsepCTRe am 

K09 ClK8TR9 p83pBA8 npHBOART K pe3KOMY yB9UR'I9HR~ nuOTHOCTR an 

HauH'IH9 CRnbBOrO MarHRTHOrO nons nepeA BWXOAHbiM OTB8pCTR9M II 

6onbweMy ClKSTR~ nnaaMw. CJKaTa!l nnaaMa HMeeT 6onbwy~ aneKTP' 

Te, B OCHOBHOM, H3-38 6onbWOrO 'IRCna CTOnKHOBSHRII aneKTpOBOB. 

woll IIUOTHOCTR aneKTpOBOB R 6onbWOII RX TeMnepaTypbl, eCT9CTB9HE 

YB9UR'I9HR~ KOHU9HTp8URR ROHOB, KOTOp8S AOCTRraeT B9uR'IRRW IIOp! 

Ha pRcyaKe 10 noKaaaao pacnpeAeneaae aneKTposaoll TeMnepaTypbl 

OCR Ayonna3MOTpORa, npR'IAM HOllb sa OCR a6CilR<;C COOTBeTCTByaT 

XOAHOrO OTBepcTRS, a TO'IKa ( -8) MM COOTBaTCTByaT IIOUOlK9HRIO 0~ 
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• 

Puc. 8 
CxeMaTaqaoe aaoupa*eaae aoa
aoro acToqaaxa AyonnaaMoTpoa
aoro THna. 

l= - K8TOll, 

A - BROil 
M - npoMe*yToqHbiil anP.KTPOA, 
c 
B 

xaTywxa anexTpoMaraaTa, 
UOTOK MarHHTHOi! HHilYKUHH, 

R - oMnqecxoe conpoTHBneaae. 

B (Oe) 

-.--._ ... ____ _ 

14 

X 

Puc. 10 
PacnpeAeneaue anexTpoasol! TeM

nepaTypbi T • n noTe'~~'na V sa 
ocH AyonnaaMoT~osa • 

Te 
8 

6 
eV 

f 4 

2 

0~--------------------------~ 

30 

v I 20 

10 

0 
-12 -B 

@ 

-4 0 4 
----. lmml 

oTsepcTReM. PacnpeAeneaae MarHRT&oro nona Ha ocH ayonnaaMoTposa npaaeaeHo Ha 

pacyaxe 9. nepsosaqanbBO paapHA B03BRKa9T M9lKAY pacxane&BbiM KaTOAOM K R 

npoMeJKyToq&biM snexTpOAOM M, B peaynbTaTe qero soapacTaeT paasocTb noTesna

anoB M9lKAY M a A, a paapHA ycTpeMnBeTcll B yaxoe OTBepCTHe anexTpOAa M. Ta

xoe CJKaTR9 paapBAa UpHBOAHT K p93KOMY ysenRqeaRb UllOTBOCTR aneKTpOHHOro TOKa. 

Hanaque CHilbHoro MarHHTHOrO UOilll nepeA BbiXOAHbiM OTBepCTH9M UpHBOAHT K eme 

6onbweMy CJKaTHIO nna3Mbl. CJKaTaH nnaaMa HMeeT 6onbWYIO anexTpoaayiO TeMnepaTypy 

T e , B OCBOBHOM, H3-3a 6onbWOrO qacna CTOnKROB9BHi! anexTpOROB. HanaqRe 6onb

WOi! nnOTBOCTH 9ll9KTpOBOB R 60nbWOi! HX T9MU9paTypbl, 9CT9CTB9HHO, npHBOAHT K 
14 HOH' 

ysenRq9&RIO KOHU98TpaURH HOROB, KOTOpall AOCTRraeT BenaqRRbl UOpliAKa 10 --+ • 
CM 

Ha pRcyaxe 10 noxaaaso pacnpeAeneaue snexTpoaaol! TeMnepaTypbl R noTeHuRana aa 

OCR AYOUila3MOTpORa, npRq~M BOilb sa OCR a6cuac;c COOTB9TCTBy9T nonOlK9BRIO Bbi

XOAHOro OTBepCTHll, a Toqxa ( -8) MM COOTB9TCTByeT UOilOlK9RRIO OTBepCTRll B npo-
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mr Sdlwingllll{Pdlmpfllllgl .. 

PHC. 11. liOHHblll HCTO'lBHit nna.'?MOTpOH /27/. 

/28/ 
MClKYTO'lHOM aneKTpO/lC M . J1oHHbiii HCTO'lHHK THna Jlyonna3MOTpOHa /lnSI MaCC-

/29/ 
cenapaTopa 6bin H3rOTOBilCH B Opce • npH HCnbiTaHHH aToro HCTO'lHHKa HB 

aprOHC nony'lCHB O'lCHb XOpomaSI ~~eKTHBHOCTb - 44 % npH HOHHOM TOKe 80 ~ A 

( H 8% nps 500 ~ A ) • 

Eonee npOCT B KOHCTpyKTHBHOM OTHOlliCHHH HOHHbiii HCTO'lHHK nna3MOTpOH, CXe

MSTH'lHO 11306palKCHHblll Ha pHCYHKC 11. B OTilH'lHC OT Jlyonna3MOTpOHa, B HOM HC

nOnb30BaHO TO/lbKO reoMeTpH'lCCKOC ClKBTHe nna3Mbl a6nH3H BblXOAHOrO OTBepCTlHI. 

nna3MOTpOH HMCCT cpaBHHTenbHO 6onbWYID ~eKTHBHOCTb H HCnOnb3yeTCSI npH 

/3,5,30/ 
aneKTpOMBrHHTHOM paaAeneHHH • 

16 

• 

~· . 
'.~ 

·~ 

Bonpoc reoMeTpH'lecxoro clKaTHH nnaaMbl sayqea naarMropoM a llF 

/31/ paMH • naurMropOM 6blnO fiOita3aBO, 'ITO B M8CTC ClKaTRll nna3Mbl 06 

HHT8BCRBHO CBCTlllllRIICSI map, KOTOpbill xapaKTepnayeTCll 6onbWOII sneKTI 

nepaTypoll B 60nbmOII nnoTHOCTbiD nonolKRT8nbHbiX HOBOB. Co CTOpOHbl K 

map OltpylKeB nna3MOII C M8Hbmell KOHU8BTpauHell HOHOB. HanH'lHC JlBYX 

o6nacTell C nna3MOII pa3HOII nnOTHOCTH Tpe6yeT cymeCTBOBaHHSI·MelKAY 

enol! nonolKHTenbaoro H oTpsuaTenhBOro npocTpaHCTBeaaoro aapH/lB. T1 

enol! H naA8HH6 fiOT8BUHana Ba HOM onpeAenlleTCll COOTHOWCHHCM HOHHO 

npaaneaaoro K JtaTo/ly, H sneKTposaoro aaacTpe'ly eMy, T.e. aa6nroJlaeTc 

lKe JtapTHBa, xaK H y aaxaneaaoro KaTo/la. nosToMy nnaaMy nepell map 

aaeMyiD KaTO/lHYID nnaaMy, MOlKBO paccMaTpHBaTb Kalt KBa3H-KaTO/l. 

0/lHHM H3 ycnoBHA CTafiHilbHOCTH paapSIJla liBnSieTCll nOCTOSIBCTBO 

HOB, HOHH3HpyromHX ra3 BJlOnb OCH KaMepbl HOHHOrO HCTO'IHHKa. 3TO yc 

6b1Tb BbipalKeHo cneAyromHM o6paaoM: 

D • e • k • E • S • Const , 
• • 

rile E - aanpHlKCHHOCTb ane~TpH'tecxoro nonSI, 

Ke- no/lBHlKHOCTb aneKTpOHOB, 

De - nnOTHOCTb fiOTOKa nepBH'iHblX 91lCKTpOIIOB, 

S - nonepeqsoe ceqeaue paapH/lHOII KaMepbi. 

0TCIDJla BHllHO, 'iTO H3MCHCIIH8 nnOTHOCTH fiOTOKa sneKTpOHOB M( 

'iHTb 110 TOnbltO reoMeTpH'18CKHM ClKaTH8M, HO H nyTeM H3MCH8HHSI .n 
/32/ 

anexTpoaoB. noABHlKHOCTb snexTpoaoa Ke, JtaK uaaecTHO , onnc1 

lK8HH6M ( 6 ) • 

' -1 
k

0 
._(m

0
(wi +V + wo:rkf,oll , 

r]le W l<D • ....Lll--'laCTOTa ABHlKCHHSI 91l8KTpOHa IIO CilBpanbHO:Il ~ 
oyL.e cm 8 

'!CCKOM H MarHHTHOM none, 

V - qaCTOTa ynpyrHX CTOilKHOBCHHII sneKTpOBOB B nnaa~ 

w 
pa/lHO'taCTOTa, JlCIICTBYIDJilall aa 91l0l{Tp0H B nnaaMe 

KaK BHAHO, B3M6B6HH8 nO/lBHlKHOCTH aneKTpOHOB MOlKCT 6b1Tb npOH3B 

H3MCH8HHll OJ:IBOrO H3 Tp6X ~KTOpOB V , W 
H Wo:rkf.o• l13MCHCHHE 

llOCTHraeTCSI H3MCB8HH8M noJtanbHOrO MarHHTHOrO nonSI, 'iTO H acnon 
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0 10 :lllmtlt 

• 11. HoHHblil HCTO'IHHK nna:~MOTpOI! /27/. 

HoHHbiJ! HCTO'IHHK THna nyonna3MOTpOHa nnst MBCC
/29/ 

B Opce • Opu ucnbiTaHHH sToro HCTO'IHHKa ua 

Xopowan 3$~eKTHBHOCTb - 44 % npH HOHHOM TOKe 80 ~ A 

KOHCTpyKTHBHOM OTHOilleHHH HOHHblil HCTO'IHHK llna3MOTpOB, cxe

il aa pucyaxe 11. B oTnH•me oT nyonna3MOTpoaa, B HeM uc

OMeToH'IecKoe ClKBTHe nna3Mbl B6nH3H BbiXO.QHOrO OTBepCTHH. 

hBO 6onhwyro s~eKTHBBOCTb u ucnonb3yeTcn npH 
/3,5,30/ 

Rla3neneauu 

16 

•'' 

. ~ 

~·~-· ~ .. : .:·. 
'~~~~.'4:,~' 

>·<•, 

·, 

) ·., ,)'', 

t
'~~t 

·. 

. 

. 

:* 

BonpOC reOM9TpH'I9CKOrO CJKaTHlt nna3Mbl H3Y'I9H JlaarMIOpOM H npyrHMH aBT0-

/31/ 
paMR • JiaurMropoM 6blno noKa3aBo, 'ITO B MecTe CJKaTHst nna3Mbi o6pa3yeTcst 

HHT9BCHBHO CB9THII!RilCH map, KOTOpblil xapaKT9pH3y9TCH 6onbWOl! sneKTpOBBOJ! T9M

nepaTypoil u· 6on&moil nnOTBOCTbiD nonoJKRTenbHbiX HOBOB. Co CTOpOBbl KaTona 3TOT 

wap oxpyJKeB nna3Moll c Mea&wea KoauesTpauuea uoaoB. Hanuque nsyx cocenuux 

o6nacTel! C nna3MOil pa3BOil nnOTHOCTH Tpe6yeT CYII!9CTBOB8HHH M9lK.llY BHMH )lBOllBOrO 

cnost nonoJKaTen&aoro u OTp8UaTenhuoro npocTpaucTseuaoro 3apana. Tonmaaa aToro 

cnost u naneu8e noTeBu8ana sa aeM onpenensteTcst cooTaoweu8eM uousoro TOKa, aa-

npasneuuoro K xaTony, u snexTpouuoro aascTpeqy eMy, T.e. ua6nronaeTcH Taxaa 

JKe xapT8Ba, xax u y uaxaneuuoro KaTona. noaToMy nna3My nepen wapoM, TaK ·Ba3bi

saeMyro KaTOABYID Ma3My, MOJKBO paCCMaTpHBaTb KaK KBa3H-KaTO.Q. 

OnuHM 83 ycnosua cTaoun&uocTH pa3pstna stBnsteTcst nocTostucTBO noToxa sneKTpo

aos, HOBR3Hpyroii!HX ra3 BAOnb OCR KaMepbl HOHBOro HCTO'IBHKa. 3TO ycnOBHe MOJK9T 

6b1Tb BbipaJKeuo cnenyiOII!HM o6pa3oM: 

n • e • k • E • S • Canst , • • 
rne E - uanpstJKeBHOCTb sne~TpH'Iecxoro nona, 

Ke- nonBHJKHOCTb anexTpouos, 

De - nnOTBOCTb nOTOKa nepBH'IBblX sneKTpOJlOB 1 

S - nonepequoe ceqeaue pa3pstnaol! xaMepbi. 

0TCIDA8 BHAHO, 'ITO H3M9H9HH9 nnOTBOCTH noTOKB sneKTpOBOB MOJKBO nony-

(5) 

'IHTb Be TOnbKO reOM9TpH'I9CKHM CJKaTH9M 1 HO R nyTeM H3M9B9HRH .nOABHJKHOCTH 

/32/ 
aneKTpOBOB. OonBHlKBOCTb sneKTpOHOB Ke • KBK H3B9CTBO , OfiHCbiB89TCH Bbip8-

JK9BH9M (6 ). 

k • [ m ( w i + v + w k• l l -I, 
e · e oy t.,e ( 6) 

rne (LI o • ...L]L_ -'18CTOT8 ABHJK9HHH sneKTpOH8 no CiiHpanbBOJ! nHHHH B aneKTpH-
oykt.,e c m

8 

'19CKOM H MSrHHTHOM none, 

V - '18CTOT8 ynpyrux CTOnKBOB9BHil sneKTpOBOB B nnaaMe, 

til - p8AHO'I8CTOT8, neilCTByiDII!Blt H8 aneKTpOH B nnaaMe. 

Kax sunuo, uaMeueaue nonB8JKBOCTR snexTpOHOB MOJKeT 6b1Tb npo83Beneuo nyTeM 

H3M9H9B8lt O)lBOrO 83 Tpex ~KTOpOB V , til a tiloykf.e• H3Meueaue tiloyk f ,o 

AOCTRraeTCH R3M9H9H89M noxan&aoro MarBHTBOrO nonst, 'ITO 8 8CfiOn&ayeTCH B 
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I 
I 

I 
i 
ii 

AYOIIJI83MOTpoaax a Mar&BTBI>Vt nosymxax. HaMeaeaae v CBH38RO C B3M9H9HH9M 

ASBne&BH B HOBHOM BCTOqHRK9, R B HSCTOHroee BpeMH He B3BeCTH~ T8KB9 BCTOq

HR!tB, B itOTOp~X AnH yCT8ROBn9HR!I pelt<RMa pa50T~ HCIIOnb30B8nOCb Obi STO !IBne-

&He, TSK JKe, KSK H H3M9B9HH9 W 

11. H3BJIEqEHHE HOHOB H3 HOHHbiX HCTOqHJ1KOB 

C TOqi[H ape&BH aneitTpOMSrBBTBOrO paa.Qene&BH B30TOilOB ae Me&ee BalK&Oft, 

IIQ cpaBH9HBIO C nonyqe&R9M BOBOB, !1Bn!I9TC!I npo5neMa B3Bn9qEJIIR!I HOHOB R3 RC

TOq&Hlt8 B ~pMRpOB8BH9 nyqltOB Tpe5yeMOA KOB~HrypaURR. HasneqeaRe HOHOB B3 

BOBHOrO HCTOq&Hlt8 npOB3BOABTCH C llOMOMbiO B~T!IrHB8JOW9rO ane!tTpOA8, pacno

nOlK9RHOrO s6nH3B B~XOAHOrO OTBepCTHH B HMeJOmero OTpRUSTenbHbiA llOT9HilRSll 

OTROCRT9nbBO RCTOqBBltS. ~eAcTBRe 8TOro sneKTpOA8 llOAOOHO .QeACTBHIO 30H.Q8, BBe-

/6/ 
.Qeaaoro sayTpb nnaaM~ • fioBeAesue nnaaMesaoA rpaaau~ cymecTseaao aasu-

CRT OT llOT9HilH8n8, llOASBHOrO 88 30HA, qTo .RnnJOCTpRpyeTCH pBCYHKOIIll 12. 

///H _<;_ /h / . ·'/~I ~/~I _slf 

~~j ~--1 /(=r-----~L--. / .· -'j ,._ , ::~=: -n~- ··-------···--· ';; .------------1 

-tiY b ~ 
-51t."' 

b. a. 6. 

Puc. 12. fiono>K•1&He rpaBBU~ nna3M~ B 38BBCBMOCTH OT Ol'lJHUSTen&HOrO llOTeBUHana 

aa aoane 

a - 30HA H3011HpOB8H 
5 - IIOT9RUHan 30HA8 (- 1 KB) 

B - noTeanaan aoana (- 5 itB) 

18 
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Ha pac. 12 a npe.QcTasnea cnyqaA, ~~:orna aosA ane~~:TpaqecKB aaonap 

nna3M8 nyTeM AH~Y3HH npoBHK89T qepe3 BbiXClAHOe OTBepCTH9 pa3p!IJJ 

a aaaaMaeT BHyTpeaaaA o6~M ao&Aa. Bcne.QcTBBe paauocTH B nonBHlK 

HOB H nonolKRTenbH~X HOBOB~ 30Bll 38pHlK89TC!I OTpHil8T91lbHO 110 Cp8BHeB 

BenaqJIHY aTOro oTpBUaTen&soro noTeBuBanat U MOlKBO onpenenHTb H3 1 

nnOTBOCTeA BOHBOrO B aneKTpOHHOrO TOKOB. 

OTKyAa 

kT e 
kT 8 • -'--..!ll-..j----•eD• v 2rrm. • e 

4 m+ 

u- --~ 
e 

t • ..;~ 
rrm • 

.u 
-~ 

fioA BnHHHHeM ~Toro llOT9HUHana rpaHRUa nna3M~ OTOABHraeTCH OT C 

HS paCCTOHBH9 h nop!lnxa ne5aescKoA AnKH~ axpasaposasaH. 

kT ~ 
h • ( e ) 

4rro+el 

B o5~qa~x ycnoBH!Ix uossoro acToqaaxa h cocTasnaeT se6on&myJO 

MeTpa. 

B cnyqae nonaqa sa soan se6on&moro oTpunaTen&aoro noTeaua. 

H~ nna3M~ ylKe ae B COCTOHRHH 6yAyT npeononeTb noTeHUH8n CTeBOI 

na 5yl19T 3aperHCTpHpOB8H TOK TOnbKO llOnOlKHTenbH~X ROHOB. fipH 8 

llll83M~ CHnbRO OTOllBHaeTC!I OT CTeHOK II npRM9T «!JopMy, H83biB8e~ 

MeRRCKoM. 3ToT cnyqaA aao5palt<eH sa pac. 12 5. Ecna oTpauaTenhf 

30Hl18 6yneT llOCT8TOqHO 6on&mHM, TO rpaHHU8 nna3M~ nepeMeCTBTC~ 

aoro acToqs&Ka H npaMeT ~opMy sorsyToro Mesacxa (pac. 12 s). 

fioCKOn&Ky RM99TC!I TpR OCHOBHble ~OpM~ M9HHC!t8 llll83Mbl, 06 

paBaeTCH H TpB cnyqa!l ~OpMHpOBSHB!I nyqxa: OT B~llyKnoro 1nnocxo· 

MeHHCltS. Bee sTH cnyqaa uao6palKeH~ sa pscysxe IS a,6 a s. Cny• 

M9RHCK8 MOlt<eT p8CCM8TpRB8TbCH KSit HneanhH~A. fipa!tTHqecKH oqeE 

lK&Tb nnaaMy c TSitOA nnocxoA rpasaueA, TaK KaK aeaaaqaTen&Hble J 

ro-na6o napaMeTpa paap11na npHBOll!IT x aaMeaesaJO nonolt<eHH!I rpaa 
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a MarsBTBbiX nosymxax. HaMeseSBe v CBD38BO C B3MeB9BHeM 

HCTOqBHlte, H B BSCTODmee BpeMD Be B3BeCTBbl TS.ltBe HCTOq

yCTSBOBneBHD pelKHMa paooT&I acnon&aosanoc& Obi sTo HBne-

HE HOHOB H3 HOHHblX HCTOliHHKOB 

snexTpoMarBBTBoro paanenesaa B30TonoB se Mesee sa~soft, 

• nnvqARRAM BOBOB, DBnaeTCSI npooneMS H3BnQqE!liHSI HOBOB B3 RC

nyqltOB TpeoyeMOft ltOB~HrypaUHH. Hasneqesae ROBOB R3 

npOH3BOQHTCD C fiOMOrnbiO BbiTDrHBSIOmero 3n9ltTpOQ8, p8CfiO

BbiXOQHOrO OTBepCTHSI H HMe10mero OTpHUSTen&Hblll fiOT9HilH8n 

salta. ~ellcTBRe aToro sneKTpona nonooso nellcTBHIO aoBQa, sse
/6/ 

~naaM&r • nosenesae nnaaMessoll rpasRUbl cymecTBesso aasx-

nonasaoro sa aosn, qTo .anniOCTpHpyeTCH pacysKOM 12. 

s, 
/1 

~:!~--
{kll.C_ 

~~ I ................ '/ / .:\- ----
// -;, -, 

-tltY ~ + -.fjlll 

6. 6. 

rpSBHUbl fin83Mbl B 38BHCHMOCTH OT OT~HUSTenbHOrO fiOTeHUHSna 

30HQ8 (- 1 KB) 
aoana (- 5 xe) 

18 . ~~ 

l 

1 

Ha pRe. 12 a npencTaBneH cnyqa!l, Korns aoHn aneKTpaqecKu aaonaposas. Torna 

nnaaMa nyTeM na~yaau npoHRKaeT qepea BblxonHoe OTBepcTue paapHnsoll KaMepbl 

u aasuMaeT BHyTpeHHRA oo~M aoHna. BcnencTBHe paaaocTu B nonea~uocTax anexTpo-

80e H non~lKJITefib8biX H080B~ 30BQ 38pDlKSeTCSI OTpHU8T9fibBO no Cp8BH98RIO C fifi83MO!I. 

BenuqJI8Y aTOrO OTpBUaTenhHOrO fi0T9HUB8n81 U MOlK80 onpenenHTb H3 paBeHCTBa 

nnoT80CTe!l B0880rD R sneKTpOH80rO TOKOB. 

OTKyna 

kT eu 
..!.!!.±._.! e . .I kT • -~ 

4 V ---- • en V • e • 
m+ • 2rrm • 

u- k T• 
e 

fa.y~ 
rrm e (7) 

non BnRSIHHeM ~TOrO fiOTe8UH8fi8 rpa8RU8 fin83Mbl OTOnBHraeTCD OT CTeHO.lt 308fi8 

88 paCCTOD8Be h nopanKa neoaescxoA AnH8bl axpaHaposa8aa. 

(8) 
kT ~ 

h • ( e ) 
4rrn+e2 

B 06blq8b1X ycnOBBSIX H0880rO HCTOq8HK8 h COCT8BnDeT Heoon&myiO QOfiiO MRMB-

MeTpa. 

B cnyqae nonaqu 88 ao8n 8e6on&moro oTpauaTen&8oro noTe8uaana anexTpo

Hbl nnaaMbl ylKe 8e a cocToDHHH 6ynyT npeononeT& noTeauuan cTeHoK. B uenu ao8-

na 6yneT aaperucTpuposaa TOK Ton&KO nonolKHTen&8biX uo8os. npu aTOM rpa8RUa 

nn83Mbl CHnb80 OTOQBH89TCD OT CTeHOK If npBM9T ifiopMy, 883biB89MYIO BblfiYKfibiM 

MeaucxoM. 3TOT cnyqa!l xaoopalKeH aa puc. 12 6. Ecna oTpuuaTen&H&IA noTeHURan 

aoana 6yneT nocTaToqso 6on&mHM, To rpaaxua nnaaM&I nepeMeCTRTCH BHYTPb ROH-

soro HCTOqHRKS R npRM9T ~OpMy BOrHyTOrO MeHRCKS (pHC. 12 B). 

nocKOfibKy BMeeTCD TpR OCHOBHble ~OpMbl MeHHCK8 nna3Mbl, OObrqso paCCM8T

pR88eTCD B TpR cnyqag ~OpMHp088HRD nyqKa: OT BblfiyKnoro,nnoCKOro H BOrHyTOrO 

MeHRCKa. Bee &TH cnyqaa aao6palKe8bl 88 pacysxe 18 a,6 R a. Cnyqa!l nnocKoro 

MQHRCICS MOlKeT paCCM8TpBB8TbCD lt8lt uneanbHbl!l. npaltTHqacKH QqeHb Tpynao ynep

lKSTb nnaaMy c TaxoA nnocxoA rpasuuell, TSK KaK sea8aquTen&sble H3Meaesxa KaKo

ro-naoo napaMeTpa paapana npasonnT 1t aaMeseaHIO nonoJKeaaH rpaHHUbl nnaaMbl. no-
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;, 
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a. 
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5. 

~,r 
t~ ~~~ ;//// I / '/ 

~~ 
b. 

Puc. 13. TpH cny'lall cjlopMaposaRHII BORRoro ny'IKa 

a - BhlllyKnhlR M9RBCK 

6 - nnoCKBR M8RBCK 

B - BOrRYTblll MeRBCK 

aTOMY nn11 Macc-cenapaTOpOB cjlopMHpOB8RH8 ny'IKa npOH3BOAHTCII OT BhlllYKnOrO H 

sorayToro MeRHCKa. 

t:fepea rpaauuy nnaaMbl nonoJKHTanbRbie noRM npoxon11T nyTeM nu¢cjlyanu, Jl 

TOK uoRoB onpenenHeTc!l cnenyromBM o6paaoM: 

rne 

I+•j+SM 

S M - noeepXROCTb M8RBCKa nna3Mhl, a 

j+ - nnOTROCTb TOKa JIOROB, npH'I~M 

j • en v 
+ + + 

lr.Te en+ ...; 
--.----- m+ 

( 9) 

( 10) 

B cjlopMyne ( 10) CKOpOCTb HOROB v + onpenen!laTC~ ae HORROR, a aneKTpORROll TeM

nepaTypoll, noToMy 'ITO aa rpaauue nna3Mhl scerna ecTb cna6oe aneKTpH'IeCKOe no-
. /9/ . 

ne, yCKOp!iiDWH8 HORhl B aanpasneRHH M9HHCKa • Ha cjlopMynhl ( 9) BHnRo, 'ITO 

TOK HOROB np!IMO nponopUHORaneR nosepXROCTB M8RHCK8 SM , 3Ra'IHT, '19M 6onbW8 

nosepXROCTb M9RHCK8, TeM 6onbWHll TOK HOROB MOlKRO nony'IHTb B ny'IK9, 3TO yKa-

3hlBa8T Ra TO, 'ITO Bhlronaee HCDOnb30B8Tb BhlnyKnhlll BnB BOr.&yThlll M9RBCK no 

cpaBR9RHIO C nnOCKHM npH onuaaKOBOM BbiXOnROM OTB9pCTHB pa3p!inRoll KaMepbl, 

CZ,opMa M9RHCK8 aanaeTC!I napaMeTpaMH BhlT!IrHBSIOW8ll CBCT8Mhl, BnH!IRB9 9THX 

napaMeTpOB Ra TOK HOROB 6NnO H3Y'I9RO K.0.HHnbC9ROM/2Q/,' nony'leRRhl8 HM pe-

20 

• 

3
ynbTaThl npencTaeneahl B sune &pBBhlX pucyuKa 14 a u6. TeopeTH'IeCJ 

aTHX KpBBhlX DOKa3NBaeT, 'ITO BanB'IHRS HORROrO TOB:a I+ C DOT9RUI! 

ycKOp!iiOWBM HORN, H reOM9TpH'I9CKBMB napaMeTpaMB BhlT!IrBBSIOI!l811: Ci 

aSBhl 3aKOROM •Tpex BTOphlx•, KOTOphlll: B naBBOM cnyqae MOlK8T 6hlTb 

cne.nyiOIIlHM o6paaoM: 

{J) I • C(SM + 

r.ne C- DOCTO!IRRS!I 3aBHC!IWall OT S ld B {J, 

S ld - UOB8pXHOCTb M9BBCKa, 

6 - yron Bbixona, 

S 
0 

- DOB9pXROCTb BbiXOnBOrO OTBapCTH!I pa3p!inROll KSM9phl, 

v - yCKOp!iiOWBII DOT8HUBan, 

~'l d 
2fJIJ'A #-

- paCCTO!IRB9 M9lKny BhlXOnRbiM OTB9pCTH9M H BhlT!IrHBaiOm 

k'!Jpf:on 

Y=5DkY J+lJIA Kr!Jpton 

150 
d•JD""" 150 

100 

OT yCKOp!iiOID9rO HllDpS!lKORE 
Puc. 14. 3aBHCHMOCTb TOK£1 HOH013 I+ 

HOT p~CCTOSIRHSI'd M9lK.!lY OTnepcTH9M HOHHOrO HCTO'IHBK 

WBM anr•KTpOAOM { KpHBhl9 a). S 0 - nnoma.!lb Bb!XOAHOI 

HOHHO!'CJ Jr<,;TO'IHITKS /20/, 

TaKa!! JKe aaBHCHMOCTb 6hma nony'leua KacTeMaKepoM H .npyrHMH as 

nony'I8HHbl9 peaynhTSTbl DO,!lTB8plKA810T, 'ITO BbiTSil'HB89Mblfi H8 HOHHI 
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5. 

Tpu cny'laH ljlopMuponaRHH HORHoro ny'IKa 

a - BhlnyKnblli M9HII'CK 

6 - nnoCKBR M9RII'CK 

B - BOl'RYTbllt M9RII'CK 

b. 

paTOpOB ¢opMII'pOB8RHe llY'IK8 npOH3BOUII'TCH OT BhlnyKnoro B 

nna3Mhr nono>KBTenbRhre BORhl npoxoanT nyTeM auljlljlyauu, 11 

cneayromuM o6paaoM: 

I+~j+SM (9) 

M9HBCKa nna3Mbl, a 

TOKa IIOROB, npB'l!!M 

v en + + ~ ~v kTe 
m+ (10) 

BOROB v + onpeaenHeTCB Be HORROR, a 3n9KTpORROit Tett

rpaRune nna3Mb1 aceraa ecTb cna6oe aneKTpB'Iecxoe no-
/9/ ' 

MeaucKa • Ha ljlopMynh1 (9) asaso, 'ITO 

noaepXROCTB M9RHCKa SM • 3Ha'IHT, '19M 6onbme 

6onbmult TOK HOROB MOlKRO nony'IHTb B ny'IK9. 3To yKa

Bb1nyKnhllt BnB BOrRyTblft M9BBCK no 

npu OABRaKOBOM BhiXOAHOM OTBepCTBH paapBAROit KaM9pbi. 

napaMeTpaMH Bb1T.HrBaaiOmelt CHcTeMb1. Bnsssue aTux 

HOHOB 6b1nO H3y'leso K.0.HHnbC9ROM/2()/." nony'I9RRbi9 BM pe-

20 

• 

aynbTaTb1 npeacTaaneRbl B BRAe KPBBblX pucyRKa 14 a H 6. TeopeTH'lecxult aaanHa 

STBX KpHBbiX fiOKa3b1BaeT, 'ITO B9nH'IHBa ROHBOl'O TOKa I+ 
c noTeanuanoM V , 

ycKOp.HIOlliBM HORhl, B reOM9TpH'I9CKBMH napaMeTp8MB BblTHrHBBIOlli9A CHCTGMhl CBB

aaBhl 38KOHOM •T~ex BTOpblx•, KOTOpblA B A8RBOM cnyqae MOlK9T 6b1Tb 38llHC8B 

cneAyiOmBM o6paaoM: 

I+ • C(SM8) 

rAe C- llOCTO.HRH8H 3aBBC.Hlli8H OT S M H 8 • 

S M - fiOBepxBOCTb M9BHCK8, 

8 - yron Bhlxoaa, 

S 0 - llOBepXHOCTb Bb!XO.I:(BOrO OTB9pCTBH pa3pH.I:(RO!I KaMephl, 

V -ycxopsiOmuA noTeRusan, 

(II) 

.uAjl d 
2(J() .,. 

- paCCTOHBII'e M9lKAY Bb!XO.I:(BbiM OTB9pCTH9M H BbiTHl'HB8IOWII'M 3n9KTpO.:tOH, 

krypton 

150 

100 

Y= .sou· 

~\ \ So:lo._a 
\...'\: So=12.$,,~ 

S.: 7.() ,,a 
S.:!.sw 

o 1a l.tJ JD ,. a '' ., ~'d. . 
«. 

Puc. 14. 3ilBHCIIMOCTb TOKa IIOK013 I+ 

.4'..-A 
150. 

100 

50 

Kr!ll~fon 

d.•JI), 

s.::2o_,.l 

~42.5mtrfl 

S: 1. o,.,. ~ 

~~.t5,.." 

v 
liD ki 

OT ycKopHIOUiero aanpH>KeKIIH V ( KpiiBhre B ) 
II OT [J!;CCTOHHIIH 'd M9lK.I:(y OT!>9pCTII9M IIOHfiOl'O l!CTO'IfiiiKa II BhiTHl'UBaiO-

WIIM 3UGKTpOAOH ( KpiiBble a). 5 0 - nnomaAb BbiXOilHOrO OTB9pCTII'H 
IIOHfiOl"O HCTO'IHOIK8 /20/. 

TaKaH >r<e aaBIICIIMOCTb 6hrna nony'leaa KllcTeMaKepoM u apyriiMII anTopaMII/23,33,34/. 

nonyqeHHb19 peaynbT8Tbl llO.I:(TBGp)[{I\UIDT, 'ITO BhiTHl'IIB89Mbii! 118 IIOfiHOl'O IICTO'IHIIKa 
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TOK BOHOB orpaHHqOH npOCTp8HCTB9HH~M 38pHilOM noao6HO TOMy, KllK B TOK aneK

TpOHOB n asyxaneKTpouaoA naMne. Oaaalto B oTnuque OT auoaa, nosepxaocTb, 

aMBTBPYIOillBR RORbl ( MeaucK nnaaM~), ae HBnH9TCH cjluKcBposaaaoA. Ee cjlopMa 

B non0)!{9HH0 OTHOCBTCnbBO BbiXOilBOrO OTBepc·i"!'IH B3M9RHIOTCH B 38BRCHMOCTa OT 

napaMeTpOB nnaaM~ a BbiTRrasaJOillell cucTeM~ • .UnH K&liUlOro aaaaoro cnyqas 

nono)!{eBH9 MeHaCKB 6yaeT onpeaenBTbCH p8B9HCTBOM nnOTHOCTH TOKB, orpaHBqeH~ 
aoro npOCTp8HCTB9HH~M 38pllllOM, a TOKB HOHOB, nacjlcjlyanapyiOillBX qepe3 enHBaUy 

noaepXHOCTa M9HaCK8. npu 3TOM nepen B~THraB810WRM aneKTpO!lOM B03HHK89T 

o6naCTb naaeuan noTesuaana, B KOTopoA ane~~:Tpaqecltoe none yMeHblllaeTCR oT 

M8KCHMBnbHOll senaqHH~ Y B~TRraBBIOW9rD aneKTpOil8 nO HynR y rpaHaUbl nna3Mbl. 

Ycnosae cTa6HnbHOcTa MeHHCKil MO)!{HO aanacaTb cneayiOwaM o6paaoM: 

en+ ...j SM -c<sMOl ( 12) 
--4~ m+ 

0TCIOila sanHO, qTO cjlopMil H senH'lHHa nosepXHOCTa MeHHCKa S M 38BaCHT, KBK 

ylKe ynoMaHanOCb paHbW9, OT napaMeTpOB Bb!TRrHBBIOW9ll caCT9Mbl (d • V ,C) 

a napaMCTpOB nna3M~ ( 11 + ; T e ) o 

B ·csnaa C TeM, qTO nosepXHOCTb nna3Mbl RBnHeTCH aanyqaTeneM aOHOB, cjlop-

Ma M9HHCKa aM99T onpeAenRIOW99 3Ha'19HH9 ann cjlopMHpOBaHBH ny'!Ka Tpe6yeMOll 

KOHcj>arypaUHa. 4>opMapOB8HH9 M9HHCKB 01183Mbl, a 3BT9M DY'lKil HOHOB npoa3BOilHT-

CH C nOMOWbiO HOHHO-DnTa'leCKOll CHCT9Mbl TOll a,na HBOll KOHCTpyKuaa. npa KOB

CTpyHpODaHllil aoHHO-DnTa'leCKOll CHCT.,Mbl o6blqHO nonh3YIOTCH M9TOilBMa cjloKyCHpOBKa 
/35/ 

aneKTpOHHbiX nyqKOB, paapa6oT&HHbiMa a onacaHHbiMH napcoM • Ho npa aTOM 

RallO y'lRTb!BaTh, 'ITO npH ¢'oKyCRpOBK9 HOHHOrO IIY'IKB M9HHCK nna3Mbl nnnneTCH 

OllHHM aa aneKTpOilOB tPOKYCHpyiOW9ll CHCT9Mbl. 3TO, OllHilKO, HBnReTCH OTpRUaTenb-
\ . 

ROll CTOpOKOA ROBHO-DnTRqacKOll CHCT9Mbl, T.K. nenaeT ee 38BHCHMOll OT napaMeT-

poB nna3Mbl. 0co6eHR0 nnoxo B TOM cnyqae, KOrns B HCTOqHRK9 ROHOB '18CTO Me-

HnR B cnyqae weneBbiX HCTO'IBHKOB HOHOB, r11e 
HH9TCH DnOTHOCTb HOHOB 11+ 

Tpyaao nony'lHTh pasaoMepaoe pacnpe11eneaue nnoTIIOCTH aouoB saonh menu. t.!To6bt /36/ 
o6oliTH sTy TpynaocTh a sea JKe aati'HKCHpoBaTh nono)!{euae MeuacKa, PeAcjleumsennep 

npennOlltHn 38Kp~BaTb Bb!XOilH09 OTB9pCTH9 aORHOrO HCTO'IHHKB M9TBnnH'19CKOll C9TKOll 

Tpe6yeMoll cjlopMbl. 3To noaaonneT nony'lHTh ycnosan, aaanorH'lHbie TeM, KOTOpble aMeiOT 

MecTo npa cjla~~:caposaaaoA aMHTHpyiOmeA nosepxuocTH. Ho aToT MeTon ue aawen wapoKo

ro i!PBKTH'19CKOrO npuMeHeHaB, nOTOMY qTO ceTKH 0'19Bb 6biCTp0 BbiXOilRT H3 CTpOR. 
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il 

4>opMBpOBBBH9 DY'IKB OT BOrHyToro MeHaCKB HCDOnhayeTCH B cer 

llHHBBCKOrO TUna, HM910WHX HCTO'IHHKH HOHOB C KpyrnbiM OTBCpCTH9M 

cpaBHaTenbHO H960nbmae HOHRbl9 TOKB. t.!T06bl nonyqHTb BOrRyTblft M 

aMeTh cpaBHBT8nhHO 6onbWYIO (70 KB) p83HOCTh noTeHUHilnOB M9lKilY 

uaKOM H B~THrRBiliOWaM aneKTpOilOM. Ecna H80pHlK9HH9 6y11eT HOilOCT 

oco6eHHO npR pa6oTe C 60nbWRMa UnOTHOCTHMB aoHOB, M9HHCK MO)!{E 

nyKn~M, H 6onhW8R 'IBCTb aOHOB 6yneT T9piiTbCII Hll BbiTHrHBBIOW9M : 

11enaTh aanpn)!{eHae cnawKOM 6onbWBM onacao, TaK KaK B cny'!ae nor 

aneKTpaqecKoe none npoaaKaeT B o6nacTb paapnna, 'ITO MO)!{eT npaa 

6anhaocTa nocneaaero. C apyroA cTopoa~, npoaaeonRTb oT6op aoaos 

nna3Mbl, pacnon0)!{9HHOft BHYTPH ROHBOrO HCTO'IHRKil, BblrOilHO, nOTOM) 

HM99T HSR60nhWYIO nnOTBOCTb, qTQ ll03BOnHeT nony'lllTb llOCTilTO'IHO I 

ny'IOK HOHOB.011HBKO CTpeMRTbCH K 0'19Bb RHT9HCRBRbiM ny'IKBM OT BO 

He CTORT, TllK KllK B aTOM cnyqae npOCTpllHCTB9HHblft 38pHil OTpHUBT€ 

eTCH Hll cjloKyCRpOBK9 ROHHOrO DY'lKil. .Ueno B TOM, 'ITO paCTBnKHBilHH 

KB npOCTp8HCTB9HHbiM 38pHilOM, OC069HHO B OO:IIlCTH MelKilY M9HRCKOM 

WHM aneKTpOilOM, rne npOCTp8HCTB9HH~ft 3BpBil He M0)!{9T 6b!Tb CKO!v 

ae noasonneT nony'lRTb Toqeqaoe aao6pa*eaae HCTO'lHRKa. Hao6pa*e1 

M9HRCK8 HBnHeTCH 119ftCTBHTenbHbiM, BO He T0'19'1HbiM, KBK 8TO XOpOil 

pacyaKe 13 B. npaqeM p8CT8nKRBilHR9 ny'IKB T9M 60nbW9, '19M 60nbl 

KllK BBilHO R3 Cn91lYIOW9rO Bbip8)!{9HHR. 

d r 
dz 

I+ 
...; -:;i7i" 

v 

10 8 

0 • 77 fog -~ m ~ 
r o + 

r11e H r 
0 

-paaayci".I C9'19HRH ny'!Kil ROHOB HB pllCCTOHHRR d z o H 

nony'IRTb T0'19'1H09 R306pa~<9HH9 BCTO'lHaKil UpRBOilBT K B03HRKHOB9Hl 

HOlt a6eppauaa, KOTOpllB He 003BOnH9T nony'lllTb Y3KH9 nBHRH MBCC f 

B nocneaaee Bp9MH nOHBRnBCb pa60T8, B KOTOpOA yKil3biB89TCH Hll B 

'18CTH'IHO CKOMneacapoBSTb aTy a6epp8UHIO C nOMOWbiO llODOnHHTenbH 

/52,42/ 
TaqecKHX H MBrHHTHbiX nHH3 • 
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npocTp8HCTB0HHbiM 38pH.IlOM ITO.Il06HO TOMy, K81t H TOK aneK

IT8M!IO. 0.1lH8KO B OTnH'IHO OT ,llHO.Il8, !IOBOpXHOCTb, 

!IJI83Mbl), HO SIBITSIOTCSI cjJHJtCHpOB8HHOit. Ee 4>opM8 

BbiXOllHOrO OTBepc·iii!:H H3M'3HSIIOTCH B 38BHCHMOCTH OT 

H Bb!THrHB81010011 CHCTOMbl. LlnH Jt8lKAOrO /l8HHOrO crry'I8SI 

6yneT onpenenHTbCH p8BOHCTBOM !IITOTHOCTH TOK8, orp8HH'IOH-

38pS!llOM, H TOit8 HOHOB, nacjJcjlyH.IlHPYIOIIlHX qepea O.llHHHUY 

nepen BbiTSirHB81011lHM aneKTpoaoM B03HHit80T 

KOTOpOit SITOKTpH'IOCKOO none yMeHbW80TCSI OT 

anexTpoa.a ao aynH y rpaHHUbl nnaaMbi. 

MOHHCK8 MOlKHO 38UHC8Tb cneayJOIIlHM o6p830M: 

lr.T 
~-./ e SM 

4 m+ 

a C(S M (J l So V a/~ 
d~-,-v m+ 

( 12) 

H BOnH'IHH8 ITOBOpXHOCTH MOHHCK8 S M 38BHCHT, K8K 

OT napaMeTpOB BblTSirHB81011lOit CHCTOMbl ( d • V • C ) 

(n +; Te ) . 

nna3Mbl SIBITSIOTCSI H3ITY'l8TOITOM HOHOB, cjlop

onpenerrHIOWOO 3H8'10HHO ann cjJOpMHpOB8HHSI ~y'IK8 Tpe6yeMOit 

8 38TOM ny'IK8 HOHOB npOH3BOaHT-

11 CHCTOMbl TOft HJIH HHOit KOHCTpyKUHH. llpH KOH

IHHO-QITTH'IOCKOI! CHCT,,Mbl 06bl'IHO UOrrh3YIOTCSI Me.TOaaMH cjloityCHpOBKH 

/351 
paapa6oT8HHbiMH H O!IHC8HHbiMH napCOM • Ho npH STOM 

!IpH ¢'oKyCHpOBKO HOHHOrO IIy'IK8 MOHHCK nn83Mbl HBnSIOTCSI 

B ¢'oxycapyJOnte11 CHCTOMbl. OTO, oa&BKO, SIBJISIOTCSI OTpHU8TOITb

CHCTOMbl, T.K. aenaeT ee 38BHCHMOit OT napaMeT-

nnOXO B TOM cnyqae, KOraa B HCTO'IHHKO HOHOB '18CTO MO-

D+ HnH B cnyqae merreBbiX HCTO'IHHKOB HOHOB, rae 

l>aBHOMepaoe pacnpeueneaae nnoTHOCTH HOHOB Baon& mena. liTo6bi 

/36/ 
H Be~ lKO aa¢uxcapoBaT& nonolKeHne MOHHCita, PeAcjleawBennep 

BblXOaHoe OTBOpCTHO HOHHOrO HCTO'IHHK8 MOT8JIITH'IOCKOl! COTJtOl! 

OTO U03BOnSIOT !IOJIY'IHTb ycnOBHSI, 8H8nOrH'IHblO TOM, KOTOpb!O HMOIOT 

HOl! 9MHTHpyJOI!let ITOBepxHOCTH. Ho STOT MOTOa HO H8WOn lliHpOKO-

npHMeHeHHSI, !IOTOMY 'ITO COTJtH O'IOHb 6biCTpO BblXOaHT H3 CTpOSI, 

22 

• 

• 

~OpMHpOBBHHO liY'IK8 OT BOrHyToro MOHHC!t8 HC!IOn&ayeTCSI B conapaTopax Clt8H

anH8BCKOrO TH!I8, HMOIOntHX HCTO'IHHKH HOHOB C KpyrnblM OTBCpCTHeM H aBJOIOHO 

cpaBHHTen&HO aef5on&WHO HOHHble TOKH. lJT06bl liOITY'IHTb BOrHyTbllt MeHHCK, Haao 

HMOTb Cp8BHHTen&HO 6onblliYIO (70 KB) p83HOCTb !IOTOHUHSITOB MOlKay HOHHbiM HCTO'I

HHKOM H BbiTSirHB81011lHM sneKTpOllOM. Ecnu H8UpSilKOHHe 6yaeT H!3LlOCT8TO'IHbiM, TOJ 

oco6eHHO npH pa6oTe C 6on&WHMH !InOTHOCTSIMH HOHOB, MeHHCK MOlKOT CT8Tb Bbl

nyitnbiM, H 6on&I08H '18CTb HOHOB f5yaeT TOpSITbCH HS BbiTHrHB810UlOM SITOKTpoae. Ho 

nenaTb H8!IpSilKOHHe CnBWitOM 6on&IOHM OU8CHO, T8K Kalt B cnyqae BOrHyToro MOHHCK8 

SJIO!tTpB'IOCKOO none !IpOHBJt8eT B o6n8CTb pa3pHaa, 'ITO MOlKOT !IpHBO.IlHTb K HOCT8-

6HnhHOCTH liOCnenaero. C npyrol! CTOpOHbl, !IpoH3BOllHTb OT6op HOHOB C rpaHHllbl 

nna3Mbl, paCUOITOlKOHHOit BHyTpH HOHHOrO HCTO'IHHK8, BbirOllHO, !IOTOMy 'ITO T8M nna3M8 

HMOOT H8H60rr&ntyJO nnOTHOCTb, 'ITO U03BOrrHeT liOITY'ISTb llOCTSTO'IHO HHTOHCHBHbllt 

ny'IOit HOHOB.0aHSitO CTpOMHTbCH K O'IOHb HHTOHCHBHblM liY'lK8M OT BOrHyToro MOHHCK8 

He CTOHT, TSK KSK B STOM cnyqae !IpOCTp8HCTBOHHbll! 38pS!ll OTpHUSTenbHO CK83biB8-

eTCSI H8 cjloitycHpOBKO HOHHOrO llY'IKS. Lleno B TOM, 'ITO paCT8ITKHB8HHe HOHHOrO nyq

K8 llpOCTp8HCTBeHHblM 38pS!llOM, OC060HHO B 00:18CTH MelKllY MOHHCKOM H BblTSirHB810-

IOHM srreKTpOaOM, rne !IpOCTpSHCTBOHHbllt 38pHa He MOlKeT 6b!Tb CKOM!IOHCHpOBSH, 

He ll03BOITHeT llOITY'IHTb TO'Ie'IHOO H306p8lKOHHe HCTO'IHHKa. Hao6palKOHHO BOrHyTOrO 

MOHHCK8 SIBITHOTCSI nel!CTBHTOITbHbiM, HO He TO'Ie'lHblM, Jt8K STO XOpOWO BHaHo Ha 

pHCYHKO 13 B. llpH'lOM p8CT8ITKHB8HHO liY'lKS TOM 6onbllle, 'leM 6on&We TOK HOHOB, 

KSK BHaHO H3 cneayJOntero Bblp8lKOHHH. 

d r 
dz 

I+ 
..; --ya72 

10 8 

0 , 77 fog -~ m li 
•o + ( 13) 

rae H r 0 -panBYCbl ceqeaHH rryqJta HOHOB Ha paccTOSIHHH d z • HeeoaMOlKHOCTh 

llOITY'IHTb TO'Ie'IHOO H306pO»<eHHO HCTO'lHHK8 !IpHBOllHT K B03HHKHOBOHHIO llOllOITHHTerrb

HOit a6epp8UHH, KOTOpaH He ll03BOITHOT llOITY'l8Tb Y3KHO ITHHHH MSCC Ha KOITnOKTOpe. 

B nocnenaee epeMH rroHBBnacb pa6oTa, B JtOTopol! yKB3btBaeTcH aa B03MOlKHOCTb 

'lSCTH'lHO CKOM!IeHCHpOB8Tb STY a6epp8UHIO C ITOMOI!lh!O .llOllOITHHTerrbHblX srreKTpOCTa-

/52,42/ 
TH'IOCKHX H MSrHHTHblX ITHH3 • 
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I! 

I 
i 

Cnoco6 ~pMHpOB8HHH ny'IK8 OT BYnyxnoro M9HHCX8 (Puc. 13 a) HCDOnb3yeT

CR B cenap8TOp8X na6opaTOpHOrO THD8 B OCHOBHOM CO meneBYMH HCTO'IHHK8MH HO

BOB· 8 &TOM cnyqae ny'IOK HOHOB p8CXOAHTCH aenocpeACTB8HRO nocne BYXOA8 H3 

me.IIJI B B306p8lK9RBe HCTO'IIIRK8 R3ny'I911BH 11BnH9TCH TO'I9'111YM B MBRMYM. To

~'llloe B3o6p8liC9BR9 BCTO'IIIRK8 D03BOnii9T nonyq&Tb OTHOCRTenbBO y3KR9 nRBRR M8CC 
/37,38,40/ 

aa xonnexTope. Kax noxa3an csoaMH accneAOB8HRHMR Wase , pacxoAsmaAcH 

ny'IOJ: A89T nyqmee pa3p9W9HR9, '19M CXOAHMRACR, fipR ~pMRpOB8RRH ROBBOrO Dy'IJ:8 

OT &NUYKnoro M9BHCK8 B8 BYTRrRBSDMRA enexTpOA DOA89TCH o6W'IBO 3B8'1RT9nbBO 

u:eabmee aanpHlK9HHe E-10 xa ) , 'ITO caalKaeT sepoHTBOCTb npo6oea. KpoMe Toro, 

AnSI paCXOAHmeroCH Dy'IK8 A8HBOA RHT9HCRBBOCTH RCDOnb3y9TCH 60nbmee M9liC&neKT

poAft09 paCCTOSIBR9, 'ITO TOlK9 CHHliC89T BepOHTBOCTb npo6oeB R D03BOnHeT nony'I8Tb 

p8CXOARMH9CH Dy'IKH CO 3H8'1HT9nbHO 60nbW9A HBT9BCRBHOCTbD, '19M CXOAHMR9CII npR 

ouaaxo&oM M9liC&n9KTpoAHOM paccTOIIBBH. EcT9CTB9HBO, 'ITO M8KCRManbB8H pacxoARMOCTb 

AGnlKB8 onpeAenHTbCH p83M9p8MR BXOABOrO 01:118 8B8nR38TOpa, BB8'19 HOHRYA Dy'IOK 

6yA9T T9pHTbCH R8 CT9RK8X B8KYYMHOA K8M9pY. 

Ha Dp9RMYM9CTB8 pacxOAHmerOCH Dy'IK8 C TO'IKR 3p9BHH KOMD9BC8URR o6b9M

/39/ 
aoro 3apsAa yxa3Y&aeT PaAxo • 

III • 34141EKTHBHOCTb HOHHbiX HCT0
1
-rHHKOB 

~.IIJI TOrO, 'IT06Y OX8p8KT9pH30B8Tb pa60TY HOHHOrO RCTO'IBRK8, cymecT&yeT 

DOHRTR9 ~eKTRBBOCTb ROHHOro RCTO'IBRK8 B OTnR'IHe OT ~9KTRBBOCTR p83A9n9HRH 

B8 u:acc-cenapaTope. 3~eKTHBBOCTb ROBROrO RCTO'IBHK8 ODp9A9nHeTCH 06Y'IBO OT

BOM9HR9M KODR'1.9CTB8 nony'leBHYX ROHOB K DOnHOMY 'IHCny H9ATp8nbiiYX 8TOMOB ra38 

HnH napa B HCTO'IIIRK9o EcnR C'IHT8Tb, 'ITO ROIIIIYA RCTO'IBRK HBnii&TCH repM9TH'lllbiM.I 
I 

T8K 'ITO ROIIbl II ra3 MOryT Bb!T9K8Tb H3 11ero TOnbKO '19p93 BbiXOAB09 OTB8pCTR9, 

TO ~KTHBHOCTb RCTO'IBRK8 MOlK9T 6YTb BYp8lK9B8 cneAyDMRM o6p830M: 

'I, • I++ I• 
(14) 
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• 

rae J 
8 

- DOTOK H911TpanbllbiX 8TOMOB ra38 '19p93 Bb1XOAII09 OTB8pCTI 

IICTO'IIIRK8, 

8 o6bi'IHbiX RCTO'IHHK8X ROBOB DOTOK ra38 '19p93 BbiXOAH09 OTBepCTR9 ; 

6onbW9 DOTOK8 ROBOB, ARcjlcjlyBARPYDMRX qepe3 MeHRCK, DOSTOMY B cjlop) 

qneHOM J + B 3H8M9118Tene MOlKBO npeae6pe'lb, R ~eKTRBIIOCTb 6y4e1 

CSI K8K 

,. I+ 

I• 

Haa6onee '18CTO DODb3YDTCSI RMei!BO 9TRM Bb!palKeBR9M acjlcjleKTRBBOCTR 

RCTO'IHRK8. H TOnbKO B T9X cny'laHX, KOrAa I + OABOrO nopSIAK8 C 

acnonb30B8Tb ~pMYnY ( 14). MeJKAY co6oA 'I R '/ CBSI3811bl OTHO 

,,_ " 'I + 1 

fiOTOK seATpanbBbiX 8TOMOB qepe3 BbiXOAB09 OTB9pCTRe nnomaAbD 50 MC 

3HTb K8K 

I 1 k T8 
a• -,-Da vaSO • DaSoy--_;:;,__ 

2w m+ 

rne T 
8 

- T9MnepaTypa lleATpanbllbiX 8TOMOB, 

• 

KoscjxpH!lH&HT 1/4 s aToM BYpalK&HHR yxa3b1BaeT, 'ITO TOnbxo 114 qac, 

panbllbiX 8TOMOB HM99T T9DnOBYD CKOpOCTb, B8Dp8Bn9HftYD nepD9BilRKJ . 
XOiliiOMY OTB9pCTRD. 

Hcnonb3yH BbipaJKeaae (9), (10) H (17) a y'IHTbiBaH, 'ITO MeBHCI 

pacnonOlK9H 118 paCCTOSIIIHH x OT KOnOHIIbl aneKTpOBOB B pa3p11AIIOII I 

llnll acjlcjleKTHBHOCTH nony'IRTb cnenyDmee Bblp8lK9BRe 

D 

" = --±-y 0,4 
D8 

T. 

T• 

25 

~e 
so 

- _x_ 
xo 



nyqxa OT B~nyxnoro Meaacxa (Pac. 13 a) acnon&ayeT

THna B OCKOBHOM CO meneB~MR RCTO'IHHXBMR HO

nyqox aoaoB pacxOARTCK aenocpe.acTBeHRO nocne B~xo.aa R3 

HCTO'IHHK8 H3ny'I9BHK KBnK&TCK TO'I8'1R~M R MRHM~M. To

BCTO'IRHKB fi03BOnK&T nonyq&Tb OTROCBT&nbBO Y3XB8 nHBBR M8CC 
/37,38,40/ 

noxaaan CBOBMH HCCn&AOB8HHKMB WaBe , paCXOAKWBicH 

'18M CXOAKWRACK. fipR $opMRpOB8RRR ROBBOrO ny'IK8 

B~TKrRBBDWRA snexTpOA fiOA88TCK 06~'180 388'1BTenbBO 

) , 'ITO caaJKaeT sepoKTBOCTb npo6oeB. KpoMe Toro, 

ny'IXB A8HHOA HHT8HCBBHOCTB RCilOnb3y&TCK 6on&mee M8lKSnexT

'ITO TOlK9 CHRlK88T B8pOKTHOCTb np0608B B fi03BOnH&T nony'I8Tb 

3R8'1HTen&HO 6on&weA RHT8BCRBHOCTbD, '18M CXO.QHWR8CH npa 

.... nnnRnu paccTORHBB. EcTeCTBeaao, 'ITO MaxcaMan&Ball pacxO.QRMOCTb 

8HMH38TOpa, 888'18 HOBH~A ny'IOK 

KBMep~. 

paCXOAHW&rOCK ny'IK8 C TO'IXH 3p8HRII K0Mn8HC8UBB o6~eM

Paitx/391. 

KTMBHOCTb MOHH~X MCTOqHMKOB 

OX8p8KTepH30BBTb pa6oTy HOHHOrO BCTO'IBHXB, Cym&eTByeT 

BOBBOro HCTO'IBRKB B OTnB'IH& OT ~&KTRBBOCTB paa.aen&BRH 

3~~9KTRBHOCTb BOBHOrO RCTO'IHHK8 onpe.aenHeTCH 06~'180 OT

nony'leBB~X ROHOB K nonBOMy 'IRCny B&ATpanbR~X 8TOMOB raaa 

EcnH C'IRTBTb, 'ITO HOBB~A HCTO'IBBK KBnH&TCH repM&THqB~MJ 
I 

BhlT&K8Tb B3 aero TOnbXO '19p83 BhlXOAH09 OTBepCTB&, ' 

MOlK9T 6~Tb Bhlp8lK8H8 Cn9AYDWBM o6p830M: 

't/, • I++ I• (14) 
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• 

r.ae 1 II UOTOX H&ftTpan&HhlX 8TOMOB raaa '18p83 BhlXOAHOe OTBepCTB& HOBHOrO 

HCTO'IHBKB, 

B o6hl'IHhlX HCTO'IHHKBX BOHOB fiOTOK raaa '!&pea BblXOAHOe OTB&pCTRe 3H8'1HT&nbHO 

6on&we noTOXB HQHOB, .QB!jlcjlyHAHPYDWRX qepe3 M8HHCK, fiOSTOMY B ~OpMyne ( 14) 

qneaoM I+ B 3H8M8H8Tene MOlKHO npeae6p&'lb, H ~&KTHBHOCTb 6yneT onpenenKTb-

ca xax 

.,. I+ 

I• 

HaH6onee 'IBCTO non&3YDTCK HM&BHO STBM Bblp8lK9HH9M S~~eKTHBHOCTB HOHHOrO 

HCTO'IHHJta. M Ton&xo B Tex cnyqaax, xorna I + onaoro nopanxa c I 
11 

, HBAO 

(15) 

acnonb30BBTb $opMYnY ( 14). M&lKAY co6oA '1 H 1'/ . CBH38Hbl OTHOIII!HH&M ( 16) 

'1 .,,_ 
'1 +I ( 16) 

fioTOX H9ATpan&HhlX BTOMOB qepea BbiXOABoe OTBepCTHe nnomaAbiO S
0 

MOlKHO Bhlp8-

3HTb xax 

rne T • 

I kT 
1 .. ·-4-n•v•So•n•So../ • 

217m+ 
• 

TeMnepaTypa B&ATpan&HhlX BTOMOB • 

( 17) 

KoacjlcpH!lH9HT 1/4 B STOM Bhlp8lK9HHH YKB3hlB8eT, 'ITO TOnbKO 1/4 'IBCTb Bcex K9AT-

pan&Hb!X aToMOB HM&eT TennoByD cxopocT&, aanpaaneaayD nepnea.auxynapao Bbl-. 
XOAHOMy OTB&pCTHJO, 

Mcnon&3yH Bblp8lK9HHe ( 9), ( 10) H ( 17) H Y'IHTbiBSH, 'ITO M&HHCK MOlKeT 6hlTb 

pacnonOlK9H 88 p8CCTOHHHH x OT KOnOHHbl Sn&KTpOHOB B p83pRAKOft KBMepe, MOlKHO 

nna ~exTaaaocTa nony'IHTb cne.ay10mee BbipalKeaae 

D 
'1- --±-..; 0,4 

n • 
Te 

Til 

25 

-"-
"o 

( 18) 
SM 
-~. e 

so 



Jila &TOrO awpa•eHHR BHABO, ~TO ~eXTHBBOCTb HCTO~BBX8 HOBOB 38BHCHT se TOnb

XO OT napaMeTpOB M83Mbl ( D + T e ) , SO H OT napaMeTpOB BbiTHrRB810W91 CHCT9-

Mbl ( V , d H c) , xoTopble, cornacso B&Ipa•eHRIO ( 12), onpenenHJOT aenH~RBY 

S,..TaXHM o6p830M
1 

s4MileKTRBROCTb MOlKBO )'l'9nH~HTb nyT9M H3M9B9BRR It8E T8X, 

TBE s npyrHx napaMeTpoa. KaK cnenyeT H3 Bblpalicessll ( 14) s ( 18), onBRM Ha cno

co6oB y&enH~HTb ~XTHBBOCTb HBnR9TCH yaenB~9BH9 CT9II9HB HOBB38URH raaa N • 

N • •• ( 19) 

D + + D 8 

EonbmyiO CT9II8Bb HOBH38UHB MOlKBO nony'IBTb TOnbEO Torna, EOrna llliHB8 CB060A-

BOrO npo6era A cpaBHRM& c reoMeTps~ecERMR paaMepaMR paapRnsol EaMepbl t, 

T.e.AnonJKsa yr.oaneTBOpRTb cnenyJOmeMy sepaaescTBY 

A • __ 1_.!'. f. (20) 
•eU 

rne n e - nnoTsocT& aneETposoB B nnaaMe, 

(7 - ceqesse HOBR38URH aneETpOB8MR. 
-15 2 

sMeeT nopRllOK 10 eM , Torna co-06meH3B9CTBO, 'ITO Cp9llBRR &enH'IRH8 17 

rnacso ( 20) 
15 -2 • t > 10 eM , a Tax xax f se MoJKeT 61>1Tb 6onbme secxonbKRX 

e -
10

15 ...a 
CM 1 C8BTRM9Tp0B

1 
TO nnoTHOCTb Dn83Mbl D nn. • D e • D + AOn•sa 6b1Tb DOpRAit8 

-2 
'ITO COOT&eTCTByeT DOliHOCTbiO HOBH30B8BBOMY raay DpR A8BneBRR 3.10. MM pT.CT. 

nonyqsTb Taxol nonsocTbJO sosaaoaassblll raa npaxTs~ecxs sesoaMoJKso. B soss1>1x 

HCTO'IHRXaX, RCIIOnb3yeMbiX IlpR a:IaXTpOMarHHTBOM paaAeneBHR R30TODOB, o6&I'IHO 

10 IS -3 
nonyqaeTCB nnOirBOCTb fin83Mbl DOpBAX8 10 - 10 CM • npsq~M STO nonyqaeT-

CB nBWb npR HCDODb30B8BRR BB9WR8rO MarBRTBOro nons. B M&rHRTBOM none, lt8X 
\ 

R3B9CTB0
1 

aneXTpOB 6yAeT ABRr&TbCH yJKe Be IlpHMOnRH9IIHO, TOrAa IIpR TOM JKe 

C&MOM 3B8'18BRR A see •e MOlKRO YAOBneTBopRTb sepaaeHCTBY ( 20), ecnR B se-

ro BMeCTO A IIOACT8BHTb 3Ba~e&Re A , o6oasaqa10mee paccTOHBRe no npBMoll H . 

AO M&CT8 CTOnKBO&eBBB aneETp0B8 C &eiTpanbBbiM aTOMOM DpB RanH'IBR M&rBBTBOrO 

nonB B. 

As ·A 
1 + ( ...!._)2 

( 21) 

r 

2.6 

• * -· 

rne r - pansyc KpRBR3Hbl TpaeitTOpHB aneltTpOBa B MBrHHTSOM DOl 

.llpyrRM CDOC060M IIOI!bllli8HRH a$1leitTHBHOCTH HOSHbiX HCTO~HRKOI 

yaens~esse CKOpOCTR ROBOB V + aa rpassue fin83Mb1 1 'ITO CBH3aso, C 

JKeHRIO ( 10), c noB&IIllesseM aneltTpossoll TeMnepaTypbi T e • no~ billie! 

HOSSbiX HCTO'ISRKaX AOCTBraeTCH OCURnnHURel aneKTpOSOB, CJK8TReM n 

o 'I~M ynOMRSanOCb paHblll9. 

Bnassse napaMeTpOB BbiTHrsBaJOmell cscTeM&I sa a$jleKTHBSOC1 

/20/ /40/ 
BCTO'ISRita aayqanoCb K.O.HsnbcesoM R Jil.llJaae • Ha ocsoaas 

nony'!eSSbiX RMR 1 MOJKSO BR!leTb, 'ITO ~eKTHBHOCTb 3S8'1HTenbSO YBE 

c yMeSbWesHeM p&CCTOHIIRH OT HCTO'ISHKa llO BbiTHrHBaiOmero aneltTp• 

qaTnHBO BBASO sa pscysKe 15, rAe npsaeAeR rpa~Rit, nocTpoessbll nc 

B3HTbiM sa pa60Tbl K.O.Hsnbcesa. OnsaKO yMeRbniesse d senbaSI en' 

seltOTOpOI ltpRTH'!eC!tOI aenH'IHHbl dmla , DpB ltOTOpOII B03HHKaiOT 

%i'l 

15 

.fO 

5 

fO 

\. 
\ . V=50kY. 
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BBABO, ~TO ~~eKTBBHOCTb BCTO~HBK8 ROBOB 38BBCRT ae TOnb-

lin83114bl ( ll + T e ) , HO R OT napaii49TpOB BbiTHrRB8JOIQ8ft CHOTe-

C) , xoTop&Ie, cornacso BbipaJKeBHJO ( 12), onpeaenSIJOT eena~asy 

a«<$eJtTHBHOCTb 1140lKHO :/P.8JIB~HTb nyT8114 H31148H8BBH lt8K T8X, 

BblpaJi<eHHII ( 14) B ( 18), OABB114 H3 cno-

ROBH381lHH raaa N • 

N • "+ (19) 
ll + + "• 

HOHH3aUHB 1140lKBO nony~HTb TOnbltO TOrAS, KOrAa AnKHS CB060A

cpaBHBII4a C reOII48TpH~8CltBII4B pa31148paii4R p83pSIAHOft Jtall4epb1 fl 

cneay10me114y sepaeeucTBY 

A • --
1
-5. f, 

lleC7 
(20) 

nnOTBOCTb 9JI81tTpOHOB B nn831148, 

ce~8HH8 BOHB3aUHB aneKTpOHaii4B. 

-15 2 
~TO cpeABHSI eenH~BHS C7 Bll48eT nopSIAOit 10 0114 , TOrAa C0-

15 -2 • 
11 f > 10 Cll4 , a Talt KSK L He 1140lKeT 6b!Tb 6onbme aeCitOnbKHX 

e - . 15 ~ 
nnOTHOCTb nna3114bl ll nn. • 11 e • 11 + AOnJKHa 6b1Tb nop!!Alt8 10 Cll4 , 

-2 
nOnHOCTbJO HOHB30BaHH0114Y raay npH ASBneBBH 3.10. 114114 pT.CT. 

nonHOCTbJO HOHII.30B8HHblft ra3 npSB:TH~eCJtH HeB031140JKHO. B HOHHbiX 

lnb3Yell4b1X 1IpH 9.'I8B:Tpoll4arHHTHOII4 paaaeneHHH B30TOIIOB, 06bi~HO 

10 13 -3 
1IOpiiAK8 10 - 10 Cll4 • npa•u!!ll4 9TO nonyqaeT-

BHemaero 114arnaTaoro nons. B 114arsHTHOII4 none, JtaK 

ABHraTbCH yJKe He 1IpHII40nHHeftso, TOrAS IIpH Tbll4 JKe 

BCe JKe 1140lKHO YAOBJieTBOpHTb sepaBeHCTBy (20), ecnH B He

>-s •>-

• 

A H • 0603Ha~SJOIQee paCCTOHHHe IIO 1Ip511140ft 

HeftTpanbHblll4 8T01140114 npH RSnB~HH 1148rHHTHOrO 

1 + ( _>._,2 
r 

2.6 

( 21) 

rJle r - paAHyC 1tpHBB3Hbl TpaeKTOpHH 91Ie!tTpOH8 B MarHHTROM none. 

JlpyrHM cnoco60M IIOBbiWeHHH Sljl¢eKTHBHOCTH HOHHbiX HCTO~HHKOB !IBn!IeTCII 

yaensqesae c~opocTH sosoe v + sa rpaaaue nnaaMbl, 'ITO cagaaao, cornacso Bbipa-

JKeHHIO ( 10), C nOBbiWeRH8M aneltTpOHHOft TeMnepaTypbl T e • no'ablmease T e B 

BOHHbiX HCTO~HHJtaX JlOCTHraeTC!I OC!lHniiHUHEII! aneKTpOHOB, ClK8TH8M JIII83Mbl H T.Jl,., 

0 ~~M YIIOII4HHanocb paHbWe. 

BnR!IHHe napall4eTpOB BbiTHrHBSIOIII8ft CHCTall4bl Ha acjlcjleKTHBHOCTb HOHHOrO 

120/ /40/ 
HCTO'IHHJta H3y~anOCb K.O.HHnbCeR0114 H 11.1IJaae • Ha OCHOBSHHH JJ.aRHbiX, 

nony~eHHbiX BII4H, 1140lKHO BHJl,8Tb, ~TO ~eKTHBHOCTb 3H8'1HTenbHO YB8JIH'IHB8aTCH 

C yMeRbWeHHeM paCCTO!IRHH OT HCTO'IHHKa AO BbiT!IrHBaiOIIIero aneKTpoJJ.a, 3To OT

~~TnHBO BHARO Ha pHCyHKe 15, rae IIpHBeJJ.eR rpa~HK, IIOCTpoeHRbll! no ASHHbiM, 

B311Tb!M H3 pa60Tbl K.O.Hsnbcesa. 0JJ.B8KO yMesbniease d senb3SI caenaTb Mesbwe 

H81tOTOpOft ltpHTH~eCJtOft BenH'IHHbl dmla , npH ltOTOpOft B03HHK8IOT SJI8KTpH'IeCKBe 

%•'l 
15 

10 

5 

10 

\, 

a. 

\ V=50kY. 

' .\ 
·~ •'{r 

'·........,.". 
20 JO tO SO ,., 

~ .27 

• 

Puc. 15. 
3aBHCHMOCTb ~~eKTHBHOCTH ~ HORHOrO 

HCTO~BHKS OT paCCTO!IHH!I d M8lKAY HC

TO~HHKOM H BbiTHrHBSIOIQHM aneKTpOAOM/ 20/ • 



I' 
I 

li 

1: 

% 
15 

10 

5 

npo6ou. 3aa'leaue aenu'IHIIhi dmln MolKeT 6biTb oueaeao cornacao cneAyiOmeMy 
1411 

B~palKeHHIO, 38HMCTBOB8HHOMY 83 pa6oT~ 

v 
d min B • 10~ 

rne B llOCTOSIHHSSI, 38BHCS11Il8Sl OT ~lOpM~ H MSTepuana aneKTpOAS, 

V - ycxopSIIOIIlHit noTeHUuan. 

( 22) 

npu npaKTH'IeCKOM ucnonh30B8HHH aToro BblpSlKeBHSI BSAO Y'IHTblBSTb, 'ITO OHO 

a~ae.r~euo npu ycnoauu, xorna aanH'IHeM raaa, BbiXOASIIIlero ua aMuccuouuoA men~, 

npeue6pera10T. 

HuTepecao paccMoTpeTb npo6neMy ~eKTHBBOCTH c ApyroA TO'IKH apeRHSI. Kax 

ylKe roaopunoch a~we, AnSI Toro, 'IT06bi nony'IHTb onpeAenSieMyiO MarHHTH~M aua

nuaaTopoM ·paCXOAHMOCTb llY'IKS HOHOB, HSAO q>opMIIpOBSTb COOTBeTCTBYIOIIlHA M9HHCK 

nnaaMbl. A Ami aToro aeo6xoAHMO cTporo onpeAenHTh napaMeTpbl BbiTSirHBaiOmeA 

CHCTeMbl R CAenaTb IIOCTOSIHHbiM 3H8'19HH9 n + . Tor AS, cornaCHO cjlopMyne ( 18), 

aiP¢eKTHBBOCTh 6yAeT 38BHC9Th OT KORUeHTpSUHH HellTpanhHbiX STOMOB D B paa-
137 I 

8 

pSIAROA KSMepe. lliaae noxaaan, 'ITO acjl~eKTHBROCTb HOHHOrO HCTO'IBHKS yMeHb-

maeTCSI c yaenuqeaueM pacxoAa raaa D 0 , TO ecTh c yaenu'!eRueM o6u::ero ASB

neHBSI raaa B paapSIAHOA xaMepe (puc, 16). 

'1 • 

'\ . 
'. 

'"~x. 
. '--.. 

Do {cm1
· MC;X•&J 

0~~5--6~~9~1~2--1~5--IB·x~10~ 

Puc. 16. 3aaucuMOCTh a¢¢ex

THBHOCTH q HOHHOrO HCT~~r 
xa oT pacxona raaa D 0 • 

28 

• 
~'~:- • 4 I' 

'., 

OAaaxo, z:aK yJKe roaopunocb, '!To6~ nony'!HTb cTa6unbHbie ycnoa1 

.r~aaneaue B paapSIAHOA KaMepe ae AOnlKHO 6biTb MeBhwe aeKoToporo 01 

.r~aaneBHSI p min , COOTBeTCTBYIOIIlero B8HM9BbWelt KOHU9HTp8UHH Rei!Tpa. 

11 (4). Sro 03Ba'!aeT, 'ITO MSKCRManhBSSI ~~eKTHBBOCTh qmax nony 
II miD 

.r~aaneuuu, uecxonbKO npeBbiWSJO::neM P.,1,. • Hcnonb3ySI cjlopMynhi (4) u 

nony'IHTh ¢opMyny AnSI qmax 

q .. ..,. 
p 0,4 m + T 0 S M 

•D+S S V K.Uy---e 
+ m T S 

.. k • • 0 

X 

xo 

STa tfloMyna xopowo noATBeplKASeTCSI sxcnepuMeBTanhHO. Ha aee BHAHC 

aaaucuT oT o'!eBb 6onhmoro '!Rena paanH'IBbiX napaMeTpoa. BnHSIHHe 01 

napaMeTpOB - Ce'!eHHSI U - RS a~~eKTHBHOCTb HCTO'IHHKS - XOpOWO 
I ')JJI 

cyuxe 17. 3AeCb npuBeAeRbl KpHBbie us p!l60Tbl Hunbceaa , BblpalKa 

MOCTb :;,¢¢eKTHBHOCTH OT SBOAHOrO HSnp!IlKeHHSI pa3p>'i~HO.!! KSMepbl. K1 

qeaue q max MSKCHManhHO TOnhKO npu onpeAeneuaol! aaepruu aneKTpuH 

%1 'lma.x 
7 

6 Xr 
5 

4 

3 

2 

1fo r 
1 £«. 

() j() 100 140 lfJO 2$) 

29 

Puc. 17 
3aBHCHMOCTh MSKCHMSnh 
HOCTH q OT SHOAHOrC 
paap!I/18 maxE I ')JJI 

• 



MoJKeT 6biTh oueaeao cornacao cnenyiOmeMy 

H3 pa60Tbl 
1411 

v 
d min R • 10° (22) 

38BHCH!Il8SI OT ~lOpMbl H M8T9pHana aneKTpO.Qa, 

nOT9HUH8n. 

ncnonh30B8HHH STOrO Bblp8lK9BHH H8AO y'IHTbiB8Th, 'ITO OBO 

KOrAa HanH'IH9M raaa, Bb!XOAH!Ilero H3 SMHCCHOHBOA menu, 

npo6neMy a¢¢eKTHBBOCTH c apyroA TO'IKH apeaaa. Kax 

Toro, 'IT06bi nony'IHTh onpeAensreMyiO MarBHTBhlM aHa

ny'IKa HOHOB, H8AO q'OpMIIpoBaTb COOTB9TCTBYIOIIlHA M9BHCK 

H906XOAHMO CTporo OrrpeAenHTh rrapaMeTpbl BbiTHrHB8IO!IleA 

11 + • Torna, cornacao cjlopMyne ( 18), 

38DHC9Tb OT KOBU9HTp8UHH HeATpanhHblX 8TOMOB II B paa-

/37/ 8 

ane noK83an, 'ITO acpcpeKTHBBOCTb HOHHOrO HCTO'IBHKa YM9Hb-

12 

paCXOA8 raaa D 0 , TO 9CTb C ynenH'I9HH9M o6n:ero A8B-

• 

Xe 

~ 

1 

28 

Pnc. 16. 3aBHCHMOCTb a¢cjlex

THBHOCTH ~ HOHHOrO HCT~~

K8 oT pacxoAa raaa D 0 • 

• 

0.QH8KO, K8K YlKS rOBOpHnOCb, 'IT06bl rrony'IHTb CT86HnhHbl9 yCnOBHH pa3pHA8, 

)laBn9HH9 B pa3pHAHOA KaMepe He .llOnlKHO 6b!Tb M9HbW9 HeKOTOporo OrrpeAeneHHOrO 

JlSBneHHSI p min • COOTB9TCTBYJO!Ilero B8HM9BbW9A KOHU9BTpaURH HOIITpanhHOrO raaa 

o (4). 3TO 031fa'laeT, 'ITO MaKCRManhHaH acjlcpeKTHBHOCTb ~max nony'IRTCSI llpH 
a mto 

)lanneHHR, ·aecxonhKO npeBhlWaJOmeM Pmln • Mcnonb3ysr cjlopMynhi ( 4) B ( 18), MOlKHO 

nony'IRTh <f>opMyny AnH ~ max • 

~ .. ..,. • II p ./ 0,4 m + T e S M 
+s + s v ~eoy---e 

"' k m}' • So 

X 

xo 
( 23) 

3Ta !floMyna XOpomo UOATB9plKA89TCl! SKCrrepRM9HTanhHO. Ma see BHAHO, 'ITO ~max 

38DHCHT OT O'leHb 6onhmoro 'IHCna paanH'IBhlX napaM9TpOB. BnHHHH9 DAHOro H3 STHX 

napaMeTpOB - C9'19HHH 0 - Ha a~eKTHBHOCTb HCTO'IHHK8 - XOpOWO BHABO Ba pH-

120/ 
cyaxe 17. 3Aecb npaneAeBhl KpHBhle us pa6oTbi Hnnbceaa , BbipalKaiOmHe aanaca-

MOCTh a¢cpeKTHBHOCTB OT 8BOAHOrO HarrpHlKeHBH p83p>ll:UW~ K8M9pbl. KaK BBAHO, 3Ba

'19HB9 ~ max MSKCHManhHO TonhKO npa onpeAeneaaoA aaeprua anexTponC~. Bnaaaae 

%1 'llftct.X 
7 

6 Xr 
5 

4 

3 

2 

,. r Puc. 17 
1 3aBHCHMOCTb ~aKCHManhHO!I acp¢9KTBB-

HOCTH ~ OT 8HOAHOrO H8rrpHlK9HHSI 
paapHAa maxE /20/ 

• 

£«. 
0 50 100 140 lOO 2~ 

·:1 29 

" 



I 

apyr&X napaMCTpOB HB g¢!jleKTHBHOCTb TOlKC M3Y'IBnOCb SKCnepHMBHTBnbHO H HBXO!lHT

C!" B XOpOlllCM cornaCHH C BbllllCUpHBCJlBHHOit <jlopMynolt. 

B HBCTOSUIICC BpCMSI 3H8'1HTCnbHO YCOBCplllCHCTBOBBHbl KOHCTpyKUHH HOHHblX 

HCTO'IHHKOB H H3Y'ICHbl qlH3H'ICCKHC npOUCCCbi, -,.,OHCXOJlSiillHC B pa3pS!JlHOfi KBMUpe 

H npH H3BnC'ICHHH HOHOB H3 HCTO'IHHKa. 3naHHC !j>H3H'!CCKHX UpOl!CCCOB U03BOm!CT 

noao6paTb HaHny'llllHit pClKHM pa60Tbl IIOHHOro HCTO'IHHKa, a 3Ha'IHT, nonyqaTb H8H-

6onblllYIO s«P¢eKTHBHOCTb npH 3H8'1IITCnbHblX TOKBX HOHOB. HeKOTOpb!C CpCJlHHC BCnii'IIIHbl 

s!j$CKTHBHOCTII H ll118U830Hbl pa60'IHX .QBBnCHIIit IIOHHbiX IICTO'IHHKOB, HCUOn&ayeMbiX 

npu sneKTpoMarHHTHOM paa.aeneaaR uaoTonon, npune.aeabl B Ta6nRue II. 

TaCSJIHua n 

THn .llaanaaoa S~eKTHBHOCT:& HOHHOrO ,lt8BJl8HHit 
HCTO'IIHHK8 B 1111 PT.CT. % 

.l{yrOBOit ro-3 - ro-2 2- 70 

C OCUH1IJUlli;He~ ro-5 - ro-2 IO -50 3Jl8KTpOHOB 

,1lyanJIB8110TpOH ro-2 ,1{0 100 

npu Bb16ope HOHHOrO HCTO'IHHKB HB..QO Y'IHTbiBB.Tb, 'ITO 3H8'1CHHSI 9!jl¢CKTHBHOCTH 

.anSI O.QHOro H TOrO lKC HCTO'IHHKa pa3nH'IHbl .QnH nerKoneTy'IHX H Tpy.QHOneTy'IHX 

TOB. Hau6on&maH s<jl<jleKTHBHOCTb ncer.aa nonyqaeTcH npu paa.aenenuu ra3oB. 

I 
IV. KOnEEAHHE nnA3Mbi B HOHHbJX HCTOqHHKAX 

C TO'IKH 3pCHHH 'IHCTOTbl paa.aenCHHSI H30TOUOB, HC06XO.QHMO HMCTb CT86RnbHbiH 

ny'IOK BOHOB. KaK B3BCCTHO, 06'bCMHblli 38pH.Q .QOCTBTO'IHO BHTCHCBBHblX H CT86Hnb

HblX HOHHblX UY'IKOB aBTOMBTH'IBCKH KOMUCHCHpyeTCSI sneKTpOHBMH, 06p830B8BlllHMHCSI 

B peayn&TaTC HOHH38UHH OCTBTO'IHOrO ra3a. 0.QH8KO npaKTH'ICCKH nno'J'HOCTb HOHHOrO 

TOKB. B ny'IKC UO.Q BnHHHHCM pa3nH'II!biX npB'IHH BCerua nynbCHpyeT, 'ITO npHBO.QHT 

K 'IBCTH'IHOit .QCKOMUCHCB.UHR 06'beMHOrO 3apa.aa, a cneJlOBBTCn&I!O, K .ae¢OKYCHpoBltC 

nHKHit Ka ltOnneKTOpe. 

30 

• 

flnneHHSI1 npHBO.QliiUBC It HapylllaHHJO KOMUCKCBUHR 38pS1Jl8 DY'IK8, HI 

paTYPe H83B8RIIC "h .. h , ( DOpTHTb). 0CROBRall 'IB.CTb STRX HBnCHRit c 

ueccaMR, UpOHCXOilSIIURMH B ROBROM RCTO'IHRKC, npRMCpOM MOryT cnylKJ 

qeCKHC KOne6aBRSI R illYMbl B nna3MC1 nepe.QaBB.CMblC ny'llty ROBOB, B pe; 

qero coaJlaJOTCSI .aononBHTen&Bble sneKTpR'IecJtue nonH B nyqJte,oTKnoas 

oT HX HOpManbHbiX TpaCltTOpRA. 0'1CBR.QHO, 'IT06bl H36ClK8Tb DOJl06HblX S 

c03Jl8B8.Tb B HOBBOM RCTO'IHRKC Dn83My, ltalt MOlKBO 6onee CT86RnbBYIO• 

ny'ICBHC CTa6RnbHOR nna3Mbl BCCbM8 3aTpy.QKRTCnbHO. B 6onbJURBCTBC I 

HRKOB BCTpC'IB.IOTCSI <jlnyxTyauBR Dn83Mbl, XapttltTep ltOTOpbiX O'ICBb cnOlK< 

paR '18CTb cjmyltTYBUBft MOlKCT 6b1Tb Bbl3B8.Ha BHCWHRMH <!'aKTOpaMR, TaK 

aecTa6RnbBOCTb H8UpSilKCBBSI H8K8na lt8TO.Qa, 8HO.QHOro HaDpSilKCHBSI R Mi 

nonH HCTO'IBHlta. BnRBBRC STHX UapaMCTpOB R8 pa3pSI.Q nerKO nHKBHJlRpC 

xopomeft CT86RnR38UBB UHTB.BBH ROBBOl'O RCTO'IBRJ:a. KpOMC 8TRX cjlnyXTyan: 

-3 HOHBOl'O RCTO'IBHita Ra6nJO.Q8JOTCSI ltone6&BHSI C '18CTOTOft B RBTepBane 10 . 

3TH KOne6aBHH CBH38Bbl C BRfTpCHBHMB CBOftCTB8MR nn&3Mbl 

HRTb HX .IIOCTBTO'IBQ Tpy.QBO. BnRSIBHe lKC HX H8 npoueCCbl, np01 

nna3Me, 3B8'1BTenbao. ORR B3MCHSIIOT Taxae BB.lKRble napaMeTpbl, ~tax Kt 

.aacjlcjly3RH snexTpoaos nonepex MaraaTaoro nona, llfTb pena~~:cauaa sneK 

0HH npOSIBnHJOTCH B H3MCHCHHH 8BO.IIH0l'O TOlt8 H TOK8 ROHOB, BblTSil'BB8 

HRKB 

0JlBOft R3 npR'IHB, BC.IlyiUBX It B03BHKBOB8BHIO SIBnCRHR "hash ", MO» 

xoM RB3J:oe pa6o'!ee Jl&nneaae ra3a B p83pH.IIBOA lt&Mepe • Ecna .11a1 

HHKe P Meabme P .,1.. • onpe.aenBeMoro ypasaeaaeM ( 4), To pa3pBn eTa 

6enbHblM, 'ITO 8 KO&ue KORUOB npHBO.IIHT K UOSIBnCHRIO JUyMOB R penaxce 

ne6aHHft. Bo3BHKBOB8HRC 9~HX KOne6aHBft MOlKCT 6b1Tb HHTCpnpeTHpOB8B 

XO.Il nna3Mbl R3 O.QHOr:J COCTOSIHRSI B .llpyroe, OTnR'I8JOIU98CSI .apyr OT .liP 

HOCTbiO nn83Mbl, pacnpe.QeneRHCM 8HeprHB nepBB'IBbiX B BTOpH'IBbiX ene1 

191 
H "h sh " T,.Q, , aa6onee CHnbBO SIBneHHIO a no.aneplK9Bbl HOHHbiC !fCTO' 

pblX ny'IOK 9n8ltTpOHOB yCEOpSICTCSI B .QBOitHOM cnoe y lt8TO.Qa, 8 38TCM 

/44/ 
'lepe3 nna3My x aao.ay. Cornacao naarMJOpy , noaaultaiOmae B Taxa: 

9nCKTp0RIIbl9 KOne6&HHR Un83Mbl HMCJOT '18CTOTy 

n • e 
" .. ..; ... 

• 

2 

31 



TpOB Ha 91jl<jleKTHBHOCTb TOlKe H3Y'I8.110Cb 9KCllepnMeHT8.1IbHO H HBXO!lHT

cornaCHH c BbiiiienpHaeaeuuoli <jlopMynoli. 

BpeMS! 3H8'1HTe.llbHO ycoaeprneHCTBOBaHbl KOHCTpYKilHH HOHHblX 

y'!eHbi QlH3H'!eCKHe llpouecCbi, ~.-,OHCXOIUIIIIHe B paapSI/lHOtl KBMepe 

uouoa ua HCTO'IHI!Ka. 3uauue ¢H3H'!eCKHx npoueccoa noaaomreT 

lnv•nnHii pelKHM pa60Tbl HOHHOI'O HCTO'IHHKa, a 3Ha'IHT, llO.IIy'laTb HaH-

HBHOCTb npH 3Ha'II!TenbHbiX TOKaX HOHOB. HeKOTOpble Cpa)lHHe Ba.IIR'IRHbl 

H llRana30Hbl pa60'IHX llaBnaHHit HOHHbiX RCTO'IHRKOB, HCllO.IIh3yeMbiX 

HHTHOM paalleneaau H30Tonoa, npuaeaenbl a Ta6nune II, 

TaC5JIHUa fl 

){Hanaaoa 
~aBJieHBit 
B 

ro-3 - ro-2 

ro-5 - ro-2 

r0-2 

SqiqleKTH:BHOCT:& 
% 

2- 70 

IO- 50 

~o IOO 

HOHHOI'O HCTO'IHHKa Rallo Y'IHTb!BaTb, 'ITO 3Ha'leRHS! ~aKTHBHOCTH 

lKe HCTO'IHHKa p83.1IH'I!Ibl /l.IIH JierxoneTy'IHX H TPYllHO.IIaTy'IHX aneMeH

a<jl<jleKTHBHOCTb acerlla nonyqaeTcH npH paaaeneHHH raaoa. 

KOnEEAHHE nnA3Mbl B HOHHbiX HCTOl.JHHKAX 

'IHCTOTbi paaaeneHHll H30TOllOB, aeo6XO)lHMO RMeTb CTa6H.IIbHhlli 

H3BeCTHO, 06'beMHbli! aapHll /lOCTaTO'IHO RHTeHCHBHblX H CTa6Hnb-

aneKTpOHaMH, 06pa30BaBIIIHMHCH 

ocTaToqaoro raaa. Oauaxo npaxTuqecxH nno·o·aocTb nouuoro 

paanH'IRbiX UpH'IHH BCer)la llY.IIhCHpyeT, 'ITO llpHBO)lHT 

o6'beMnoro aapll/la, a cneaoaaTenbHO, x AetlJoxycapoaKe 

30 

• 

HaneHHH1 llpHBO/lS!mRe K aapyweaam KOMneacaURH 38pSI/la llY'IKa, ROCSIT B llHTe-

"haah , paType Ha3BaHR9 
(nopTRTb). 0CHOBHaH 'IBCTb 9THX SIBlleHHA CBH3aHa C npo-

ueccaMH, llpORCXOllHmRMH B ROIIKOM HCTO'IKRKe. npaMepoM MoryT CllYlKRTb 9ll9K'l'pR

'IeCKRe Kone6aaaa H WYMbl a nnaaMe1 nepenaaaeMbie ny'IKY aoaoa, a peaynb·raTe 

qero C03ll8IDTCR .QononHRTenbHble aneKTpH'Iecxae nona a ny'lxe,oTxnoaammHe HO&bl 

OT HX KOPM8llbRbiX TpaexTOpRA. 0'1aBHlliJO, 'ITOObl R309lKaTb ll0.Q06Hbllt HBlleRRit, IJa.QO 

C03.QaBaTb B HORROM RCTO'IHRXe llll83My, Xax MOlKKO 6onee CTaOHllbiiYID. 0.QR8XO llO

llY'19RR9 CT80RllbKOit lllla3Mbl BaCbMa 38Tpy.QHHTallbRO. B OOllbiiiHKCTBe ROKRbiX HCTO'f

HRKOB BCTpa'f8IDTCSI cjlnyxTy8ItRR !ln83Mbl, X8paXTep KOTOpb!X 0'191Jb CllOlKea. HeXOTO

paa 'f8CTb cjlnyXTy8!lHlt MOlK9T Ob!Tb Bbi3BaH8 BKaWIJHMH q.aKTOp8MR, T8KHMR K8K 

H9CT80RllbKOCTb IJ8llpRlK91JRR R8K8ll8 K8TO.Q8, 81JO.QKOro H8UpHlKaHRR H M8l'KRTHOrO 

llOllH RCTO'IKRK8, BnHHHHe STHX llapaMeTpOB 88 pa3pSI)l nerxo llHXBRllRpOBaTb nyTeM 

xopomelt CT86R.IIR38URB llHT8HRH HOHIJO!'O RCTO'I.IfRX8. KpoMe STRX cjlnyXTY81lBlt B ll.1183Ma 

-3 4 /28/ HOIIHoro BCTO'fHHXa aa6nmaaiDTca xone6aHRH c 'fSCTOTolt a HHTepaane 10 -,10 AfBz, 

3TH Xone6aBBSI CBSI381Jbl C BIJyTpaaHBMB CBOltCTBaMH ll.II83Mbl B YCTpa-

KRTb RX AOCT8TO'I.IfQ TPYllHO. BnaH.IfBa lKa RX lfa npoueccbl, llpOBCXOllHmHe B 

llll83Ma
1 

3K8'fBTellbBO. 0HH B3MaiJHJOT Taxue BalKRbla napaMeTpbl, X8X KOacjlcf!BuHaBT 

/43/ llHcjlcjlyaaH anexTpoHoa nonepex MarHHTHoro nonH, nyTh penaxcanHH anexTpoaa H T.ll. 

0RH IlpOHB.IIHJOTCSI B H3MaKaiJHH 81JOAIIOI'O TOX8 R TOX8 HOIIOB, Bb!TSII'HB8aMbiX H3 HCTO'I-

RHKS .. 

0llHOlt H3 llPR'fHIJ, BeAymax X B031JHXIJOBaiJRID HBllaiJBH ~bash ", MOlKaT Ob!Tb C.IIHm-

xoM aHaxoe pa6o'fee AaBneJJHe rasa 
B P83pRAIJOlt X8Mape, 

Ecna llaaneuHe a HCTO'I-

KHxe P Maahme P .,111 , onpellenHaMoro ypaaaeJJ&eM ( 4), To pas pHil CTaJJoSHTCH JJacTa-

6HnhRbiM, 'ITO B KOKite KOR!lOB llpHBO/lHT X IIOHBnaKHJO WYMOB H penaxcaitHO.IfiJbiX XO

ne6aaHA. BoaJJaxaoaaJJHe aTHx xone6aualt MOlKeT ObiT~ HKTepnpaTHpoaaJJo, xax nepe

XOA llll83Mbl B3 O)lHOI':> COCTOHIJH!I B llpyroe, OTllR'Iammeecg llpyr OT Apyra IlllOT

ROCTbJO ll.1183Mbl, pacnpe)leneaaeM SReprBB nepBB'IRbiX B BTOpH'fRbiX 9.1191CTpOIJOB R 

/9/ "b -L " 

T.)l, , Hau6onee CHnbHO HB.IIaRBJO a..,. llO/lBapll!:eRbl BOKKble !fCTO'fiJBKR, B KOTO-

pb!X ny'IOK eneXTpOHOB yCXOpHaTCH B JlBOitHOM cnoe y K8TO.Q8, a 3BTeM llpOXOl(RT 

/44/ 
'lepea nnaaMy x SHOlly. Cornacso naarMmpy , aoaaaxammHe a TaKHX ycnoaaHx 

enexTpOKIIble XOne6aiJHH ll.II83Mbl HMaiOT '18CTOTy 

"••" D 
( 24) 
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KpoMe TOT'O, Teopuel! naarMropa npenyCM8TpHB8eTCll B03MOlKHOCTb OCilHnnliUHII B 

nnaaMe, Bbi3B8HHbiX CMemeaHeM nonOlKHTenbHbiX HOHOB. l:faCTOT8 STHX XOne!SaBHI! 

MOlKeT 6b1Tb Bblp8JK€!H8 8H8nOT'H'IHO: 

v + - v _ __:._ 
lim + 

{ 25) 

Kone6aHHH HOHOB HMeJOT Manyro o!lMDnHTYilY H HX TpyJlHO BbJJlenHTb B 'IHCTOM BRJle, 

ao oaR ecerna uMeroT MecTo e paapl!ne. B cnyqae paapl!na B M8T'HBTIIOM nonn xap

THBa xone6aaHA ycnolKHl!eTCl!. BoaauxaeT eme pHil npyrux xone6aaull c onpenenea

aoA '18CTOTOII H HanoJKeHHble H8 HHX myM&I. npH'I(!M B8lKHYIO ponb Hrp810T B38HMO

nei!CTBHH oTnen&HbiX sunoe xone6aauA. Paaaoo6paaue aTux xone6aTen&HbiX npouec

coB ycnolKBHeT 6opb6y c HHMH. BonpocoM saauMoneAcTBHH anexTpoaaoro nyqxa c 
/46,47 I 

nnaaMoA aaauManuc& xpoMe naarMropa u npyrue aBTOpbl • Oau o6aapylKunu, 

'ITO X8K B nna3Me, T8K H B Dy'IKe aneKTpOHC.•B, OpOXO.'l.d'!leM qepe3 nn83MY, B03-

!5ylKJl810TCll nponon&Bbie anexTpoMarauTable sonHbl c aapacTaromeA aMnnuTynoA. npu-

'leM aapacTaaue aMnnuTynbl nponopnuoaanbHO cnenyromeMy BbipalKeHHJO 

yl -(~)2 
v 

( 26) 

rne vo TeDnOBBll CKOpOCTb anexTpOHOB B nna3Me, 

v cxopocTb nBRlKeHHll nyqxa, 
. /48/ 

KOTOpoe cnpaBennHBO TOilbltO JlnSI H8MO.QynllpOBaHHOT'O ny'IKa aneKTpOHOB • 113 

STOT'O BblpalKeBHll cnenyeT, 'ITO KOT'Jlll v • V 0 , HHKaXHX B036yJK.QeHHA B nnaaMe ue 

aa6monaeTcll. npyruMH cnosaMB, xopomee pacnpeneneaae qacTuu e ny'IKe B B nnaa ... 

Me DO aHeprBHM OXa3biBBeT CTa!5HnB3Bpyromee nei!CTBRe Ba nnaaMy B ny'IOX ROHOB. 

liHTepeCHbiM C aTOI! TO'IKB apeHHll l!BnHeTCll HOHH~A RCTO'IHRK, ODRC8HHbiA CllpHMa-

/21/ ' 
noM , rne 6naroaapll xopomeA KOH$RrypauuR MarHRTHoro R anexTpB'Iecxoro no-

neA H8T CTporo BblneneHHOT'O ny'IK8 anexTpOBOB. nony'I8BBaH B TaKRX ycnOBHHX 

nnaaMa o'leHb cTa6Rn&aa, 'ITO 3HB'IBTen&ao ynyqmaeT paapemaJOmyJO cnoco6aocT& 

npH6opa. 
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• 

3axnJO'IeHBe 

J1TBK, MOlKHO Clt83aTb, 'ITO K8JKJlbll! B3 ODBCBHHbiX BOBHbiX BCTO'IHHI 

aeaoCTBTXH H CBOB npeBMymecTB8. noaTOMY npH npaKTB'IeCKOM ucnon&.: 

8088orO HCTO'IHBXa Bb160p 30BHCHT OT DOCTBBneHBOA ~B3R'IeCKOA 38Jl8'1R 

paanenHeMOT'O BemecTBa. Hnean&Hb!M 6bJn Obi HOHHbiA HCTO'IHBK, KOTOpb!ll 

liD MOT' 6&1 YllOBneTBOpHTb cnenyJO!llHM OCBOBBbiM Tp.:lOOB8BRl!M; 

2 

3 

4 

Bb!COK8ll nnoTHOCTb BbiTl!T'BBSeMbiX HOHBbiX TOKOB; 

xopomall CTSORnbBOCTb BOBHOT'O ,Y'IK8; 

MOBOSIIepT'E:TR'IHOCTb ROHOB B BbiTHT'HBSeMOM nyqxe; 

OOnhmaH ~eKTHBHOCTb llnH BCex aneMeBTOB; 

5 - OTCyTCTBHe MonoxynHpBbiX HOHOB B BbiTHT'HB8eM?M ny'IXe; 

6 - Manoa BpeMll npHT'OTOBneHBH HOHHOI'O HCTO'IHIIXa AnSI pa60Tbl, • 

6eaao BalKIIO B cnyqae paaneneauSJ xopoTKOJKnsymux H30Tonon; 

7 - H800n&Wall IIOTp<~OnHeMSll MOlliHOCTb. 

Ho no aacToHmero epeMeHB eme ae nocTpoea Taxoll Bnean&HbiA uc· 

BOB, DOSTOMY B K8lKI10M o·rAenbHOM cnyqae RCDOnboyeTCll TOT BnB BROil 

BHXa, HaB6onee YllOBneTBOpHIO!llBA IIOCTaBneHHOA 3aAa'le. Tax, Banpn'dep, 

nyonna3MOTpOHBOT'O THna xapa~TepaayeTCH 6on&WHMII TOKaMH HOBOB, HO 

eTCll DOXa TOnbKO nna nony'leBHH HOHOB T'a30B. nnll nony'leHHH HOHOD TB< 

mecTD npBMeHeHHe ero orpaRH'IeHO TeM, 'ITO B ReM Kenb3SI DOJIY'IHTh 11< 

Bb!COXIIX TeMnepaTYp, DOTOMY 'ITO npoMelKyTO'IHbll! anexTpon non··~{dft ObiT 

113 MaT'HIITHOT'O MaTepHana, XOTOpbiA aen&all HarpeTh Bb!We TO'IXH K10p11 

neaa TJr. • 770°C). nnll nony'leHHll HOBOB TBepnbiX BemeCTB ny'IWHe pea 

MOT'YT !Sb!Th nony'leHbl npH HCnOnb30B8BHH llYT'OBbiX BOHHbiX HCTO'IHHKOB I 

uHnnlluHeA anexTpoHOB. Ho sToT nocnenauA oxaaancs sey~oeneTsopHTen&. 

XH apeHHH CT86HnbROCTH p8.3pllll8. Hccn81lOB8HHll DOK83BnR, 'ITO OCitHnlTH 

ny'IOX aneXTpOUOB ysenH'IHBaeT HeCT86HnbBOCTb nnaaM~ B HCTO'IUHKe, 'IT 

oTpalKaeTCll aa nyqxe HOBOB, a cnenoBaTen&ao, aa paapewa10meA cune 1 

6opa. 

no-BHAHMOMy, nanhueamee uayqesue ¢11a B'lecxux npot:accoa, nponc: 

B pa3pli11HOA X8M&pe, D03BOnBT C031l8Tb HOBHbl8 RCTO'IBHXH 6onee COBepD 

'18M ODHC8BHb18 B HaCTOllmeA pa60Til. 
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naarMropa npe.QyCM8TpHB8eTCSI B03MO:lKHOCTb OCUHUUSIUHA B 

CM91l!9HH9M UOUOlKHTOUhHbiX HOHOB. lJBCTOTB STBX KOne6aaa:A 

v+ -v n+e~ 
11m 

+ 
(25) 

HM910T ManyiO BMUniiTYAY H HX Tpy.QHO Bb!JlOUHTb B 'IHCTOM BHJle, 

cny'lae pa3pS1Jl8 B MBI'HHTIIOM UOU<) Kap-

yClTOJKHSI9TCSI. BoaaHKaeT eme Pllll Apyrax Kone6aaa:n c onpenenes

H HBUOiKeHHbl9 HB HHX lliYMbl. npH'Ii'lM B8lKHYIO ponb HrpBIOT B38HMO

BH.QOB xone6aaa:A. Paaaoo6paaHe sTa:x xone6aTenbHbiX npouec

HHMH. BonpocoM naaa:Mo.QeltcTBHSI sneKTpoaaoro ny'IKa c 

/46,47/ na:c~o KpoMe naarMropa u npyrue BBTOpbl • Oaa o6aapylt<unu, 

a n nyqxe sneKTpoac_.n, npoxo.4..J•ueM 'lepea nnaaMy, aoa

sneKTpoMaraHTHble nonabl c aapacTaromeA aMnm!Ty.QoA. npu

nponopuuoaan~>ao cne.r:~yromeMy Bblpalt<esa:ro 

y I - ( _.!.o._ ) a 
v ( 26) 

SUOKTpOHOB B UU83M9, 

.QBHlK9HHSI ny'IKB, 

1481 Trm••KO AnSI ReMo.ctynuponaaaoro ny'IKa sneKTpoaon • Ma 

cnenyeT, 'ITO KOI'JlB v,. v 0 , HHKBKHX B036ylK.QeHHfi B UU83M9 He 

MH cnonaMa:, xopomee pacnpe.r:~eneaae 'IBCTHU B ny'IKe a: B nnaa• 

H ny'IOK HOHOB. 

TO'IKH 3peHHSI SIBUS19TCSI HOHHhllt RCTO'IHHK, OUHCBHHhllt cflprMa-

Xopowelt KOH~HrypBUHB MBrHHTHOI'O H SU9KTpR'I9CKOro no

Dbi.Qeneaaoro ny'IKB SU9KTpOHOB. nony'I9HHBSI B TBKHX YCUOBHSIX 

6a:n~oaa, 'ITO 3HB'IHTenbHO yny'lmaeT pa,lpemarowyro cnoco6aocTb 
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3axnroqeaae 

11TBX, MO>KHO CK838Th, 'ITO KBlKJlhlfi H3 OUHC8HHhiX HOHHblX HCTO'IIJHKOB HMeeT 

H9.QOCTBTKU H CB?R npelfMYW9CTBa. nosTOMy npH UpBXTH'IeCKOM HCU0Uh30BBHHH 

HOHHOf'O HCTO'IHHXB Bhi60p 3QBHCHT OT UOCTBBUeHHOfi ~H3H'IeCKOfi 3BJlB'IH H OT CBOfiCTB 

paanen!leMoro B9llleCTBB. M.r:~eanbHhiM fibJU 6bl HO!Hlhllt HCTO'IBHK, KOTOphllt OJlHOBpeMea-

110 MOf' 6hl YllOBUeTBOpHTh CUe.QYIOWHM OCHOBHbiM Tp·:!50BBHHSJM; 

2 

3 

4 

BhiCOKBSI UUOTHOCTb BbiTSJrHBB9MhiX HOHHblX TOKOB; 

XOpOWBSI CT86HUbHOCTb HOHHoro ,Y'IKB; 

MOH08HepreTH'IHOCTb BOHOB B Bb!THrHBBeMOM llY'IXe; 

60UhWBSI ~9KTHBHOCTb AnSI BCex SU0M9HTOB; 

5 - OTCYTCTBHe MOUOKYUS!pRbiX HOHOB B BbiT!IrHBaeMOM llY'IKe; 

6 - Manoe Bp9MSI npHrOTOBneHHSI HOH>!Of'O HCTO'IHHKB JlUSI p850Tbl
0 

'ITO 0C0-

6eHHO BBlKIIO B cny'lae paa.Qenei!HSI KOpOTXO>KHBYWIIX H30TOnon; 

7 - He60UhW8SI UOTp<~6nReMaSI MOJQHOCTI,. 

Ho .QO 118CTORIIIero Bp9M911H eme He UOCTpOOII TBKOlt Hll98UhHbllt HCTO'IHHK HO

HOB, U08TOMY B K8lK.QOM 0rt:!9UhHOM cny'lae HCUOUb8J9TCSI TOT HUH HHOfi THJT HCTO'I

HHKa, BaH6onee YllOBUeTBOpSIIOIIIHlt UOCTBBU9BHOtl 3Blla'le. Tax, Hanpn~ep, HCTO'IBHX 

nyonnaaMoTpoaaoro THna xapa~Tepa:ayeTc!l 6on~owa:Ma: ToKaMa: Boson, ao ynoTpe6ng

eTca UOKa TOUbKO llna nony'leHHS! HOHOB. f'830B. ~US! UOUJ'I9HHSI HOHOB TB9pllhiX Be-

1119CTD npa:Meaeaa:e ero orpaHR'IeHo TeM, 'ITO B HeM !19Ub3SI UOJIY'IHTh llnCTBTO•IHO 

Bb!COKHX TeMnepaTyp, llOTOMy 'ITO npoMelt<yTO'IHbllt SUeKTpO.Q JlOIFWH 6h!Tb Bb!UOUHeH 

H3 MBrHHTHoro MBTepa:ana, KOTOphllt H9Uh3SI HarpeTh BhiWe TO'IKH KropH (!lUll lKe

neaa Tt. • 770°C). ~US! nony'I9HHR HOHOB TB9pllb!X B91119CTB ny'IWHe peaynbT8Thl 

MOT'YT 6h!Tb ll0UY'l9Hhl llpH HCUOllh30BBHHH .QyrOBhiX HOHHhiX BCTO'IIIHKOB H C OC

UBnnHuHelt anexTpoaon. Ho sToT nocnenault oxaaancSJ aeynoaneTnopaTenbHhiM c TO'I

KB apesas cTa5anbaocTa: paapSJna. Hccnenonaaag noKaaanx, 'ITO ocnannnpyromalt 

llY'IOK snexTpOHOB YBeUB'IHBBeT HeCT86HnhHOCTb UU83Mhl B BCTO'IHH.Ke, 'ITO nnoxo 

oTpaJKaeTcSJ aa nyqxe aoaoa, a cnenoBaTenbHo, aa paapewaromelt cane ncero npa-

6opa. 

no-BRllBMOMy, llBUhHeliwee H3Y'I9HB9 ¢R3 R'leCKRX npot:OCCOB, npOIJCXO.~aiiiRX 
B pa3pHllHOii KaMepe, U03BOURT C03llBTb HOHHhle RCTO'IHHKR 6onee COBepmeHHhle, 

'19M OUHCBHHhle 8 HBCTOR1118lt pa60TO. 
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