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B B e a e H H e 

Pa3pHa HH3Koro aaBneHHH c ocuHnnHuHeA sneKTpOHOB B npoaonhHOM MarHHT

HOM none o6naaaeT 6onbWOA HOHH3Hpy!OW9A cnoco6HOCTb!O H MO>K9T cny>KHTb sQJ

cpeK THBH biM HCTO'iHHKOM MHOr038pHJlHbiX HOHOB ( M 3l1) • l13y'i9HHIO T8KOrO pa3pH!18 

'fnensteTCS! 6onbWOe BHHM8HHe. HanpHMep, npB noMOWH Macc-cneKTpanbHOrO M9T0!18 

/1-3/ 
nonyqeHbl noapo6Hbl9 !18HHbi9 no BbiXOAY HOHOB pa3nH'iHblX 38pS!AHOCTeA • .fianb-

He~wee H3Y'i9HH9 xapaKTepHCTHK T8KOrO pa3pst!18 AOn>KHO npHB9CTH K n oHHM8HH IO 

npoueCCOB HOH006pa30B8HHS! H B03MO>KHOCT9A yBenH'i9HHS! KOnH'i9CTBa H 38pS!AHO -

CTH nonyqaeMbiX BOHOB B STO M paapstae. .llaaaast pa6oTa nocBstmeaa onpeaeneHH IO 

OI1TH'i9CKHM M9TOAOM KOHU9HTP8UHH Sn9KTPOHOB, T9MITepaTyp HOHOB H HeATpanbB0-

/3/ 
ro ra3a B ayroBOM HCTO'iHHKe M3l1 anst 150-caaTHMeTpoBOro UHKnoTpoHa OMHM • 

B KaqecTBe pa6oqero ra3a 6bma Bbi6paHa cMecb BOaopoaa ( 10%) c renHeM ( 90%), 

8 TOMHbl9 KOHCT8HTbl AnSI KOTOpbiX H8H6onee ITOnHO H3Y'i9Hbl. 

0nHC8HHe YCT8HOBKH H M9TOAOB H3MepeHHS! 

npHHUHITH8nb88H cxeMa HCTO'iHHKa npHBeaeaa Ha pHC. 1. McTO'iHHK pa60T89T 

B !10CTOS!HHOM OAHOpOAHOM MarHHTHOM none Hanpst>K9HHOCTb!O 4800 SpcTea. AHOAOM 

cny>KHT MeaHast, oxna>KaaeMast Boaon KaMepa ( 1). CeqeaHe xaMepbi 8 x 8 MM. 

B onb<jlpaMOBbiA KaToa ( 2) noaorpeBaeTcst 6oM6apaHpOBKoA sneKTpoaaMH, 3MHTHpye

MbiMH H8K8nHB89MOA BHTb!O ( 3) H yCKOpS!9MbiMH Hanpst>K9HH9M noaorpeBa U 
0 

MonH6neHOBbiA 8HTHK8TOA (4), H8XOAS!lliHACS! noa nOT9HUH8nOM K8T0!18, o6ecne'IH

B89T ocuHnnHuHIO sneKTpoaoB. B ra3opaapS!AHYIO KaMepy raa noaaeTcst qepea 
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OTBepCTJHI ( 5) • nonaqa perynHpyeTCH TBKHM o5p830M, 'lT05bJ llpH MI!HiiMBllbHOM 

pacxone o5ecne'!HTb ycTofi'lHBbifi nyroBofi paapHA. B STHX ycnoBHHX B KaMepe npB 

-3 /2/ 
OTCYTCTBHH pa3pHA8 YCT BHBBllHBBeTCH ABBlleHHe - 5 . 10 MM pT.CT. • Ha51JJOAe-

HHe BeneTCH qepe3 SMHCCHOHHYJO ll!ellb ( 6) nepneH/lHKyllHpHO aanpaBneHHJO MBr!mT

HOrO ll01!Ho 0nTH'l9CK8H CXeMa H851l!OAeHHH H305p8)!(9H8 HB pHC, 2. nnH H3MepeHHSI 

npoqJHnH llHHHfi HCll01lb30B81lCH IIHTepcfJepoMeTp <l>a5pa-nepo C AH S1!9KTpH'19CKHM rro

KpblTHeM aepKan. l1aTep¢epoMeTp ycTaHaBnHBancH B rrapannenbHOM nyqKe. l1ao5pa-

)!(9HHe Hl!TepcpepeHUHOHHOfi KapTHHbl cjloKyCHpOB81!0Cb Bb!COKOKa'!eCTB9HHblM 05'beK-

THBOM "!OnHTep-11' Ha menb crreKTporpacfJa MCn-51 c KaMepofi Y<l>-84. <l>oTorpa-

cjJHH cneKTpOB o5pa5aTbJBanHCb Ha MHKpo¢oTOMeTpe M<l>-2. nnH paaneneHHH 1T 

H a - KOMllOHeHT aeeMaHOBCKOrO pacwenneHHH llHHHI! nepeA HHTepcfJepoMeTpOM 

CTaBHllCH li01!HpH3aTOp 0 

PeaynhTaTbi naMepeHHll H Hx o5cy)!<AaHHe 

a) 0 ll p e A e 11 e H H e T e M II e p a T y p bl a T 0 M 0 B H B 0 H 0 B. 

B BHAHMOfi o5naCTH HCcnenyeMbJI! C!IeKTp COCTOHT H3 llHHHI! H a , H {3 , 

llHHHfi Hel!Tp81!bHOrO H HOHH30B8HHOro re.riJUI, a TBK)Ke llHHHfi N II , N Ill, 0 II B 

0 li1 rrpHMecefi 830T8 H KHCllOpOAa. JlHHBH N I H OI B Cli9KTpe OTCyTCTBYIOT, 'ITO 

rOBOpHT 0 Bb!COKOI! CTelleHH HOHH38UHH. l13MepeHHe TeMnepaTypbl raaa B03M0)KH0 

TO.rlbKO ITO CHHrneTHbiM llHHHHM renHn, TBK KBK B HBil!eM cnyqae 399M8HOBCKOe 

paCU!efineHHe llHHHI! rellHH Cp8BHI1MO C HX llOllyll!HpHHOI!. nnH H3MepeHHH TeMrre-

paTypbi raaa T r c noMOil!bJO rronHpHaaTopa BbiAenHnach neaTpanbHaH 1T -KOM-

rroHeHTB llHHHfr H e! 5018A H 
0 

He! 4922A. PaccToHHHe Me)KAY 3epKa1!aMH 

B STOM cnyqae p8BHH1!0Cb 10 MM. TaK KBK B YCllOBHHX HCCnenyeMoro paa-

pHAB OCHOBHbiM MeXaHH3MOM, onpenenHJOil!HM ll!HpHHy KOMliOHeHT STHX llHHHI!, HB-

1!HeTC51 /lOllllllepoBCKOe yWHpeHHe, TO H3 H3MepeHHOI! liOllYWHpHHbl KOMliOHeHT MO)K

HO HerrocpencTBeHHO nony'IHTb T r" TeMrrepaTypa rroHoB T H orrpenenHnacb no 

rronywHpHHe TT - KOMliOHeHTbl 1!HHHH 830TB N II 4630,5A( 3 s 
8 P 0 

- 3 p 
8 

p ) 
2 ' 

KoTopaH TBK)Ke HCIIbiTbJBaeT aopManbaoe 3eeMaHoBCKoe pacwenneane. Ha pnc. 3 

npeUCT8B1JeHbl 38BHCHMOCTH liOlly'leHH blX TaKHM o5pa30M TeMnepaTyp OT TOKB nyrH 

I 
ll 

rr aarrpH)KeHHH Ha nyre U n XapaKTepH biM HBnHeTcH 5onbwoe paanH<JHe 

Me)!<AY T r H T H 3H8'lHTe1lbHO MeHbWBH TeMrrepaTypa HefrTp81!bHbiX 8TOMOB 1 
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nO-BHAHMOMYo 06'bliCHHeTCH OXnalK.ll9HH9M HX Ha CT9HKaX KaM9pb! 0 B TO BpeMB 

KaK yxon HOHOB Ha CT9HKH 3aTpynaea H3-38 HanH'IHH CHnbHOro MarHHTHOrO nonn. 

6) HaMepeaae KOHI!9llTpairHH aneKTpOllOB. 

He6onbrnan TeMnepaTypa ae ATpanbHbiX aTOMOB naeT B03MOJKHOCTb acnonb3o

aaTb illTapKOBCKoe yrnHpeHHe nHHHH BOAOpOAa H A Ann H3M9p8HHH KOHI!8HTpanHA 
13 -3 . /5/ 

anexTpoaoa, aaqaaan yJKe c n • - 10 eM H Bbillle. B pa6oTe npaBeAeHbi 

paccqaTaHHhie c yqeToM a#exTa .Uonnnepa aaBHCHMOCTH nonyrnapHHbi nHHHH 6. H 8 

oT ~ n • nns paanH'IHhiX T r , KO'I'Opbie HMeJOT mmeaHbii!: xapaKTep !! npeAenax 
13 14 -3 

n e = 10 .;. 10 CM • llpH 6onblllHX KOHireHTpaUHHX TaKali 3aBRCHMOCTb He 

6yAeT HMeTb MecTa, Tax xaK a aTOM cnyqae nonnnepoacxoe ymnpeane 6yAeT naBaTJ. 

aeaaaqaTenbHbii!: BKnan, a npa aToM ycnoBHH cyrnec'rayeT naae!!:aan aaBHCHMOCTb 

yJKe MeJKAy fg 6. H 8 
0 /6/ c 1014 -8 H Lg n 0 nenoBaTenbHO, B o6naCTH n 0 e CM 

a aBRCHMOCTb 6. H B oT fg n. AonJKHa HMeT& npoMeJKyTO'IBbii!: xapaKTep. Ha pnc. 4 
. /fS/ 

npHMbl8 1,2,304 1 5 H 6 npencTaBnliiOT C06o!!: B3HTbie H3 T90p8TH'I8CKH9 3aBHCH-

MOCTH 6. H 8 OT fg D o . C Y'I8TOM a<fl<fleKTa nonnnepa AnSI TeMnepaTyp raaa 

1200, 900, 800, 700, 600 H 500°K COOTB9TCTB9BHO. KpHBali 7 A89T Tall:y!O aaBHCH-

/7/ 
MOCT& 6ea yqeTa Aonnnep-a<jHpexTa H nocTpoeaa no AallBbiM pa6oTbi • KpHBhie 8 

lr51 
H 9 npoaeneHbl C yqeTOM peaynbTaTOB cpaBHellHll OnTH'I8CKOrO M8TO)ta C 30Hit0Bb!M 

H npencTaBnHIOT 15nH3KYIO K HCTHJIHOA 3aBHCHMOCT!. IIOlfYWHpHHbi /j. H 8 OT n 0 

nns T • 1200 H 600°K BO :eceM AHanaaoHe .aaMea:eaasr KoHtteHTpanaA. 
T' 

liJapHHa nHHHH H {3 HaMepnnac& no cnexTporpaMMaM, nonyqeHHbiM npa pac-

CTOHHHH M&JK.Qy aepxanaMB t "' 1 MM. Peayn&TaTbi H3M8p8HH!!: npH paanH'IHblX 

peJKHMaX npHBOltliTCH B Ta5nBne. KoHI!&HTpanHH aneKTpOHO!! HBXOAHnac~ no B:pH

BbiM 8 H 9 pac. 4. TeMnepaTypa raaa 15panac& no KpHBbiM pac. 3. 

4a 

2,4a 

lOa 

20a 

un 

280B 

400!! 

600!! 

700!! 

400!! 

Ta6nKna 

Tr(olC] 6.H,a[A] 

520 0,43 

840 0,152 

840 0,63 

6&) 0,57 

o.~s 

1230 0,7 

1430 0,8 

5 

Do f CM 3] 

9.10
13 

~28.10 14 

1,3; 10
14 

1,5.10
14 

9,1o
13 

1,9.10
14 

2,9.10
14 



HaA~:~eaHble auaqeuu.sr KoaueaTpanuu sneKTDoaos xooowo cornacvroTc.sr c senH'IHRolt 
14 

n e -" 1,8.10 1 KOTopa.sr llOJiy'iaeTCSI B npeAUOIIOlKSIIHH UOIIHOA OJ:IHOKp8TIIOit HOHll-

3aUHH rasa, lfaXOAS!illerocSI nepeA pa3pS!AOM npH KOMHaTHOit T9MUepaType H HM&I0-

-3 
mero AaB/18HH8 - 5,10 MM pT,CT, 

,UnSI nposepKH M8X8.HH3M8 ywupeHH.s! IIHHHH H f3 6blll O.QHOBpeMeHHO H3MepeH 

TaK>Ke npo!f>Hnb IIHHHH H a B O.QHOM H3 pe>KHMOB npH ManoA HanpSI>KeHHOCTH Mar

HHTHOro nonH, HaMepeuaaH nonywnpuua nuuuu H" npuMepuo s 1,8 oaaa MeHbwe 

-1 
nonyWUpHHbl IIHIIHH H f3 B CM , 3To SIBHO roBopHT 0 npeo6naAalfUH IDT8pKOBCKO-

ro ywupeRHSI .QIIS! IIHIIHH H {3 3eeMaROBCKOe pacmenneane He AOII>KHO CHIIbHO BIIH-

S!Tb Ha WHpHRY IIHHHH HB , TaK KaK AflH non.sr H = 4800 SpCT9A ORO COCTaBnHeT 

BSflH'IHHY - 0,1A 1 'ITO. Cpa~RHMO C TOHKOit CTPYKTypoA. 'ITo5bl y6eAHTbCH B STOM, 

6binH C.Q91I8Hbl H3MepeBUH npolf>nn.sr IIIIBHH H {3 npu H9H3M9BHb!X YCIIOBIUIX pa3pHA8 

AflH HaUpS!lKSHBOCTH MarBHTROro llOII.s! H 1600 spcTeA. ITpo!f>un& H 13 CT8.1I 

npH 9TOM 6onee KpyTolt 1 HO UOIIyiDHpHHa /j. H {3 npaKTH'I8CKH He H3M8HHII8Cb, flo9-

TOMY npu onpe.Qene!IHU n • BIIH.s!HI!e MArHUTHOro nom! He Y'IHTbiBaiiOCb. 'IT05hl 

YAOCTOBepUTbCH 1 'ITO H3MepeHHoe 3Ha'I8BH8 KOHU9RTp8UHH AeACTBHT91IbBO COOTB9T-

CTByeT Cp9AR9My 3Ha'I9HHIO n e • 6blll0 113Mepeuo pacnpeAeneRHe UHT9HCHBHOCTH 

CB8'18HIHI /IHHHH H/3 u nunuA 011 B nonepe'IHOM nanpasneunu. Ha nonyqea-

ROrO pacnpeAeneHHH H8 puc, 8 BHJ:IH0 1 'ITO ll8A8HHH HRT9BCHBHOCTH H A u nuuua 

0 II COOTBeTCTBylOT Apyr Apyry • 3To ITOK83b!BaeT, 'ITO BOAOpOA R31Iy'laeT He 

TOIIbKO B nepulf>epUJ!:HhlX o6naCTHX1 RO I! B U&HTpe pa3p.s!Aa. 

!13 Ta5/IRUbl BHAB0 1 'ITO C ysenH'ISRHeM B8.Up!llK9HHH AyrH KOBU8BTpaUHH sneK

TpOHOB yB91IH'IHB88TCSI, B TO >Ke BpeMH M8CC-<:neKTpaJihHhllt asaiiH3 UOK83biB8.8'1" 

yMeBblli8BHe KOIIH'I9CTBa HOHOB He+ H He 
2
+ C yB&IIH'I9HH8M U A ('npR U A 5om.me 

400s.).HuTeucusnocTb riuauu Hell 4686A To>Ke yMeubwaeTcH npu U LI > 400s. On-

uospeMeuuo B cneKTpe Ha'IHH810T UO.s!BnS!TbC.s! /lRHRH HOHOB Monu5~:~eua, 'ITO o5~SIC

HSI8TC!I 6b!CTpb!M POCTOM paCUblll9HH.s! 91I8KTPOL!OB rrpU yB&IIU'I9HUH HarrpSJ)I(9HHSI l!Y

/8/ 
rH • flOHBII8HH9 8TOMOB MaTepuana K8TOL!OB B nnaaMe paap.srna MOlK&T np2B8CTH 

K CHHlK8HHIO TeMnepaTypbl SII8l!:TpOHOB H3-38 HX 5onbiDOro C8'191iHSI HORH38UHH 1 'ITO 1 

s csoro o'lepe~:~&, Bbi30BeT CHU)I(eune cTeneRH uouuaanuu renu.sr. Eon&moe B/IR.siHHe 

npi!MeceA MeTannos (ueau.sr) na xapaKTepucTHKH raaosoro paapuna B nuepTHbiX raaax 

/9/ 
npu nasneuun 100-150 MM pT,cT. ua6nronanocb TaK>Ke B pa6oTe , rne y>Ke npu 

OTHOCHT91IbHOA KOHU8HTparrRH U83HSI 0,2% TeMnepaTypa 91I8KTpOHOB CHH>K81I8Ch AO 

3000°K, 'ITO COOTB9TCTByeT T 0 AIIH p83pHA8 B napax U93HSI, YsenR'I8HH8 KOB-
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UeHTpaUHH aneKTpOHOB O~HOBpeMeHHO C ITOHH~eHHeM CTeneHH HOHH3 8UHH renHH B 

H8WeM pa3ps;ne 06'hHCH!19TCH ITOHBneHHeM B HeM ~ononHHTenbHblX HOHOB Mo H W . 

TaKHM o6pa30M BbiHBnHeTCSI cymecTBeaaoe BnHHHHe pacrrbin9HHSI KaTo~oB Ha rrpo 

uecc Hoaoo6pa3oBaHHH. K oaueaTpauHH aneKT p OHOB npH yBenaqeHHH ToKa cHnbHO 

nacTeT. B 3TOM cnyqae yBenuqeaHe n • MO~eT ITDOHCXODHTb KBK ~A r.qeT rror.-

TyrrneHHH B pa3pH~ MOnH6~eHa H BOnb¢paMa, T BK H 38 cqeT yaenuq eHHH CT erreHH 

HOHH38UHH renHH, ITOCKOnhKy C yBenHqeHH9M TOK8 Ha6niDU89TCH pOCT HHT9HCHBHOCTH 

DHHHH Hell 4686A • 

TlpoBeneHHbl9 HCCD9UOB8HHH IT03BODHIDT cnenBTb cnenyiDIUHe BbiBOUbl ! 

1. B rrnaGMe pa3pHna cyruecTByeT 6onhwoe pa3nHqHe Me~y Te MrrepaTypaMH 

Hei\TpanbHbiX 8TOMOB H HOHOB, 

13 14 -3 
2. K oaueaTpauHH aneKTpOHOB aaxonHTCH B rrpe~enax 9.10 -2,4 . 10 eM 

3 . TlpHCyTCTBHe paCITbineHHOrO M8Te pHana KBTO~OB B rrna3Me CHH~89T T9M -

nepaTypy aneKTpO HOB. 

B 3BKniDqeaHe npHHOCHM rny6oKyiD 6naro~apHOCTb A . P . CTpHraHOBY 38 pyKo

BOACTBO pa6oTol! H f. B. liJ OnHHY 3 8 0 6cy~eHH9 pe3ynbT8TOB. 

fl X T Q p a T y p a 
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