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Baenenne 

B nacTo.Hmee apeM.II, nn.11 Cl!HTe3a TpaHcypanoBbiX aneMeHToB, rrony

~eHH.II H91TpOH05orameHHhlX H npOTOH005orameHHhlX H30TOnOB 1 CnOHT8HHO 

nen.Hmnxc.II n3oMepoB n nn.11 npyrnx 3ana~, cB.II3BHHbiX c 1!3y~enneM cTpoe

HH.II BTOMHOI'O .1Illp8 1 ncnonh3YIOTC.II yCKOpHTenn T.II:>KenbiX MHOI'038pHllllbiX 

Ill noHoB 3TH 3ana~n Tpe5yiOT ace 5onbrnero n 5onhrnero yaennqenn.II aToM-

Iloro aeca ycKop.IIeMbiX noHoB, a, cnenoaaTenhno, n nx 3apHna. Pa3pa5aTbi- . 

B89Mbl9 BHOBb H ycOB9plll9HCTBOB8Hllbl9 HCTO~HiiKii MllOI'03ap.IIllHbiX liOilOB O(}biq

llO nccnenyiOTC.II Ha ncnhlTaTenhllhlX cTennax. 

Dpn allann3e noHHoro ny~Ka Ha Macc-aHann3aTope rrponcxonnT pa3ne

neHne noHoB no A I Z ( A, Z - Macca n 3apHI:t no11a cooTaeTCTBenHo), npn

~eM B OllHH ··ny~OK nonana!OT 118pbl HOI!OB 1 COOTB9TCTBY!Olllll9 paBHbiM HnH 

( A 5+ o2+ K 3+ N+ 
5nH3KiiM 3JiaqeHH.IIM 3TOI'O ~THOW91!H.II . r40 H 16 1 r 84 H 14 , 1 

Krlt H Ct2 Xefit H ct2 H T.n.) 0 

B031lHK89T npo5neMa KOnH~9CTB9111lOI OU91lKH HOHOB1 BXOll.IIIllHX B 3TH 

rrapblo lln.II. 3TOI1: uenn 5bin npenno:>KeH M9TOll Hll9HTH4JHK8UHH MHOI'03apHllllbiX 

HOIIOB ·no Bbl3b!B89MOI · HMH noT9HUH8nbllOI aneKTpOilllOU 3MilCCHil 113 MeTan

/2/ 
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§ 1. KpaTKHli aHann3 MexaHH3Ma aMnccmt u MeTOilliKa 

llll e HTndmKamm 

ITpn c6nn*eHnn MHoroaapnaHoro noHa c. noaebxHoCThiD MeTanna o6~a

ayeTcn B036Y*IleHH8H CI!CTeMa; ITOCKOnhKy rny6oK.lle ypOBHH liOHa. B8!<8HTHbl
0 

u BhiCOKone*anuw aHepreTII'IecKne 30Hbi . MeT anna aarronneHbi :;meKTponaMn. 

rrono6na~ CllCTeMa 6b!C~p~ penaKcn.pyeT rr.yTe~ Q)Ke-a4J<jleKTa." Korna. OllHI;· 

na aneKTpoHoB MeTanna aarronnneT nonnyro BaKancnm, rrepenaaan na6biTO'IHYID 

aHeprniD npyroMy aneKTpony, rrponcxonnT nei!Tpanuaaunn nona c oanoape~ 

MeHnoil: aMncciiefi aneKTpoHa na Me 'I' anna (puc. 1). 

Teop~TII'!ecKan oueHKa rroKaawaaeT, 'ITO aia aMIIccun cnnhno aaau

cnT OT CTeneHI! 110Hll38Ullll IIOHa II Ha ]-2 ITOpHJlKa ilpeBOCXOriHT 8MHCCHID
0 

·/ Bbl3biB8eMyiD neil:CTBHeM OllH03apnllHblX IIOHOB. 

MeTOil llll9HTII<jli!K8UHH OCHOBaH Ha TOM,· 'ITO 9MUCCIIH aneKTpOHOB He-:

nnHeHHO .38BIICUT .· OT 3~pnna ;IIOHa •. LleiiCTBIITenhHO, BepOHTHOCTh .0)Ke-neiiT;_ 

·pann::aunn noHa Ha n~aepxHOCTII MeTanna Ha ·Herny6oKiiri ypoaeHh .6onhllle, 

'I9M. Ha. rny6oimi1, a C npyroii CTOpOHhl, BepOHTHOCTh BbiXOila aneKTpOHOB 

II3. MeT~nna: pacTeT C IIX aHeprneii. 0ITTIIM8nhHOe 3H8'I9HIIe BblXOJ:lB ~~eKTpo
HOB nocTnraeTcn npnMepHo npn lllare B 25-30 aa, u neil:Tpanuaamur rny6oKnx 

ypoBHeii npoHcxonnT cTynenqaTo c lllaroM Toro *e nopnaKa. 3To oanaqaeT; •. 

'ITO aM~ccnn non neiicTBHeM MHoroaapnnHoro noHa nponopunonanhna nonnoii 

.aneprnn HeiiTpanHaauHH, KOTopan npnMebno nporropulionanbna ·. Z 2 •· 
. . 

3anaqa .nneHTH<jJIIK8Uill! MHOT'038pHl1HblX IIOHOB COCTOl!T B TOM, 'ITO 

ann cMelllaHHhiX nyqKoB Tpe6yeTcn onpenenHTb noniD Nz -MHoroaapnnnhiX 

II N 1 -onnoaapnllHhiX ~oHoB B nyqKe (N 1 +~ z ':" l). 

B qucToM nyqKe onpenenenne Ko_a<P<PmiHenTa IIOHHo-aneKTpon.Hoii aMnc-·. · 

cnii. y z ~a~n~Tcn K II3Me peHIIID To~a HoHoB Ha Mniuenb - 1,.. n .ToKa BTo-

pnqHbix aneKTpoHoB na KonneKTop -I • ., . ppnqeM 
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II M8TOPIIKll 

OCThiD MeTAnno o6~a-

~OBHII IIOHD_BBKDHTHhl, 

JOnHeHbi 

cpljleKTa; Korna. onim 

nepenaBaH H36hlToqnyro 

WH IIOHB C OPHOBpe~ 

lCCIIH CIInhHO 38BII- . 

BBOCXOlliiT 9MII
1
CCIIID1 

CCIIH sneKTpOHOB He~

;JOHTHOCTb .0)K8-IIBiiT:_. 

:1ii'i ypoBeHh · 6onhwe, 

BbiX?PB sneKTPO,UOB 

qenne BbixoJla sneKTpo-

3ilTpannaaunH rny5oKIIX 

pHpKa, 3TO 03HaqaeT; ', . 

onopuHonanbHa nonnoil 

nanbna·:,z 2 · .·•· 

CTOUT B TOM~ qTO 

# z -MHOr03£l~HPllblX 

lh- IM .. ll .TOK8 BTO-

(I) 

'• 

I •, 
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Puc. 1. CxeMa O)!<e-neilTpannaaunn. 
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llna cMernannoro rry'!Ka rrpnMeHHeTcH .:¢op.Myna: 

N;( Yz -·yl ) . + Y1 
y ( 2) 

Nz(Z-1) + 1 

rne y - H3Mepennaa nennqnua Koa¢¢uunenTa BTopH'IHoil aMnccJm, 
JI3Mo . 

- Koa¢¢nunenT nna Mnoro3apHnnoii: KoMrroneHThi, y 1 - Koa¢¢nunenT Yz . 
JlnH 0JlH03BpSIJlHOii: KOMIIOHeHThl 1 Nz - JlOnSI MHOro3apSIJlHhlX IIOHOB B ny'!Ke. 

l-13 8THX BenJI'IIIH Y ·II YJ MoryT 6biTb orrpeaeneHbl 8KCIIepnMeHTanhHO, · H3Mo · 

N z an.rineTca IIcKoMoil nemi'IHHoii:, a Yz 'MoiKeT 6biTh orrpenenea nn6o _ua...: 

TeprronHuneil 3Ha'IeHnil Yz _ 1 u Yz+J, nn6o H3 3aBncnMocTu Y oT rronnoil 

aneprnu neiiTpanH3BUIIH MHOf03apannoro noaa. T~rna 

y -y, 
Nz 

II 3M. 
= 

y .,..Y. (Z-1) - y 
Z . ll3M. · I 

( 3) 

ecnn 1) y - y 
113M - J • TO N z. = 0 II '>. 

2) y ·Y To Nz = J. = ___£2-, 
113M z 

2 
6naronapH TOMY, 'ITO 'Y z ..,- Z , IIL{eHTUCjJUKBUIIH MHOr03BpHJlllhiX HOHOB 

ITO Bbi3biBBeMoii: HMH aneKTpOHHOII 3MI!CCHII Ilpiii!Ul!ITIIBnhi!O B03MO)I(HB. 

§ 2. 3KCITepHMeiiTBnhi!BH ycTai!OBKB 

. I 
OrrwTw rrponoannucb na CT~nne ncrrwTannH ncTO'IHHKOB MHoro3apHaawx 

/3/ 
nonon JlHP 011HI1 • Macc-cneKTpoMeTpnqec~>ml anam13 rry'I~>a yc~>opeHHhiX 

MHOr03BpSIJlllbiX HOHOB OCyiUeCTBnSieTCSI aneKTpOMBrHHTHblM CITOC060M B OJl-

• 0 ) HOpOJlHOM MBrHHTHOM none C H = 4-t8 K3 JipU IIOBOpoTe HB 180 (puc. 2 • 

YCKOp5110IUee HB11pH)I(eHUe U = 10 -t 15 KB. ·npn 3TOM IIOHbl C. OJlHHBKOBbiM 

oTnornemieM A I Z orrncbiBBIOT nyry panuyca 
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a: 

( 2) 

BTOpUquoR SMHCCHH, 

Thi, ·y1 - _Koa¢¢m,menT . . . . 
ap.H!IHhiX HOIIOB B nyqRe, 

1eneHhi aKcnepuMeHTanhno, 

hiTh onpeaenen nu6o un..: 

i!ICHMOCTH Y OT llOllHOH 

( 3) .. 

I MHOr038p.H!lllbiX HOIIOB 

lll8llhHO B03MO)I(Ha, 

:ToqnnKOB MHOr03ap.H!lllblX 

auamiG nyqKa ycKopennhiX 

'HHTHbiM · CllOC060M B 0!1-
. 0 

opoTe na 180 (puc, 2), 

'OM .IIDHbl C. D!lilii8KDBbiM 
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(4) 

00CKOnbKy MHIIIeHb HaXOJlliTCH B OJlHOpOJliiOM Mlli'HIITIIOM. none, BTOpii'I

Hble sneKTpOHbl 6ynyT aarw'pa'!HBllTbCH BOKpyr CllnOBb!X nmmii
1 

OnHCbiBllH 
34 - . 

cnupanH c panuycoM r .= ~\IE, rne r - B cr.i, H - B . spcT 
1 

E - B sn. 
. -2 . . . 

· ilm1 E < 1 K3B 1 r < 1 0 eM, 'ITO 6narorrpuSITcTnyeT .·ifx c6opy Ha KonneK-

Top. HaH6onee yno6HhiM nonomeHneM MIIIIIeHH .. 6yneT naKnoHnoe no OTHoiiiemuo 

K nanpaanemno nonSI. 

KoHcTpyKUHSI MUIIIeHb-KonneKTopHoii cncieMbi 11 sneKTpH'!ecKaH cxeMa

HaMepeHHii rroKasaHa Ha pnc. 3 •. KoHcTpyKUIIH BKmo'!aeT MniiieHb, HaroToB·

neHHyro 113 nllcT6BQI'O MOnll6)leHa B BH)le IIOnOBIIHhl yce'!eHHOI'O KOHyCa
1 

, n KonneKTopa JJ.nH . BTo'~li'I·H~~x -:=meKTpoHoB (Tome II3 Monn6neHa). 

. 3aKniD'!eHHaSI ·B Me/J.Hb!H 8Kp~H MIIIIIeHb-KOnneKTOpHaSI CHCTeMa. yKperr

nHeTCSI HB MeX8Hif3Me rrepeMemeHHSI, KOTOpbiii,· i:U:illi'8SICb BJJ.Onb' cjloKanbHOii 

~nOCKOCTH, perHCTp~lpyeT HOH~i c p83Hb!MH A I z.. c 8TUM. M exa~U3MOM caSI-:-

3aH cenbCHH-JJ.aT'!HK, KoTcipbiii yrrpaBnSieT cenbCUHOM-rrpneMHIIKOM, _ycTaHoBneH

HhiM Ha caMorrnmyme'M rrpn6ope 300-09 JJ.nH rrpoTHf'HBannSI 6yMamHoii neHThi. 

TaKnM o6paaoM, n cny'!ae Heo6xonnMoCTII Ha nnarpaMMHyro nenTy MOmHo · 

3aiiiiCbiBaTb TOKII IIOHOB HB MIIIIIel!b l! IIO HIIM ·orrpe.nenSITb KpUTIIOCTb 38pSIJl~· . 

IIOHOB - Z • 

HCTO'IHIIK HOHOB pa6oTaeT B IIMilynbCHOM pemnMe, II08TOMY TOKII IIOHOB 

TaKme MOJJ.ynHpOB8Hhlo 3TO II03BOnSieT JlnH lf3Mepei!Uii. TOKa rrepBII<iHhiX IIOHOB 

• II" BTOpH'lilbiX. aneKTpOHOB IipHMeHHTb IIMrrynbCIIYID MeTOllHKy C periiCTpauneii 
. . . ' . . 141. 

TOKoa na aKpane ocuunnorpacjla rrono6no To My, KaK sTo · orrucano B 

Opu uaivlepenuu rrepauqnoro ToK·a uonoa· MHIIIeHb u KonneKTop BTopH'IHhiX 

aneKTJ?OIIOB coenHHSIIDTCSI Memny co6oii, o6paaysr ¢apaneea uunuanp. ilnsr .Ha

MepeHUSI TOKa BTOpii'IHb!X aneKTpOHOD Memny MHIIIeHbiD ·II KOnneKTOpOM IlpiiKna-

8 

'I 

i 

·! 

.··I 

····I 

.' 

. ! 

.I 
i 

H ~u., 2 t 

-;:-

1t 

Pnc. 3. · 3neKTpn'ie<;KaSI cxeMa naMepen 
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(4) 

riiiiTIIOM' none, BTOpii'I

HX mmnli, onncbiBllfl 

- B . 3pCT ·, E -. B 3B.' 

r~~x c6opy na KonneK~ 

WKnOIII!Oe no OTIIOWBIIII~ 

:B'IBHHOrO KOHyCa 1 

Ionu6neua). 

pHafl CIICTBMO, yKpen-

!Ch 'anonb' cjlo~anbHoli 

:11M M BX8HII3MOM CBfl

ripl!BMHiiKOM1 .YCT81IOBneu

la!!llfl 6yMB)KIIOH neUTqlo 

IMJ':1HYIO neUTy M0)1{1!0 
... 

IHiTb KpaTiWCTb 38pfiA8. . ' 

e, no3TOMY TOKll IIOHOB 

.ToKa.nepBll'IllhlX IIOUOB 

on~Ky c perncTpauuefi 
/4/ 

·o · onucauo B 

U KOnneKTOp BTOpll'IHblX 

n~~B ·. uununnp. ilnfl . ua-

o !1 .. KonneKTopoM. npuKna-
.,. 

H 

'l 
. I ,. 1 
-~ 

Puc. 3. · 8neKTpntiecKafl cxeMa uaMepeHJ!ii:• 

I 
I 
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JlhiBaeTCSI HallpSDKe.Hue a..'lll l3blTSII'HBaHIIH 8iieKTpOHOB1 ;3MHTTUpyeMf:liX. 113 

MUtueHM 1 II ni!SI 3anepMKII ll0HOB 1 OTpaMeHHblX: OT IIOBepXHOCTII II Bhi6UTb!X 

na Mnmenu. 

Kai Bnnno na puc. 2, . a6nnali rrpneMHoi1 'lacTu rrpoucxonnT ~O'ITH 

IIOi!HOe TOpMOMeHne UOHOB. Hy:amym 8Heprmo liOHbl rrpno6peTaiOT non nel:fc"T;:;,_. 

: BneM ycKopmomero narrpmKeHHSI U 1r1 , rrpnnoMeunoro Ha MnmeHh 'lepea no-·'···. · 

TeHUHOMeTp n 1• nepen II3MepeHHSIMll MHtueHb He IIpOrpeBanacb. 

: KaMepa cTenna oTKa'lnBanach onHnM nn¢¢yanoHHhiM rrapoMacnSIHhiM 

HaCOCO~ CO CKOpOCThiO OTKa'IKH 5000 n/ceK. flo pa60Tbl IICTO'IHIIK8 naBne

HHe~ oc'I'aTO'IHhiX raaoB B o6'heMe ne rrpeBhirnano ( 4.-+5) .10-6 TOpp. Bo Bp~~ui ·. 
. ,, . . •. -5 
pa60Tbl' IICTO'fHHKll naBneHHe B 06'heMe IIOBbitual!OCh no ( 1-+2) .10 TOpp~ 

§3. Pe;lyi!hTfJTI>I H3Mepenni1 n nx o6cyMnemre 

. npu II,OMOII!II OIIHCfi/IIIOii CHCTeMb! 6b!i!H IIpOll3BeneHb! ll3MepeHHSI 8MllC~ 

cnn 8i!eKTpOHOB lli!SI MlwrrK3/JfJ51llHhiX HOHOB Ar , · Kr , Xe . s n Cu Ha 

MOi!lr6neHOBOH H. BOi!hq>paMOBOH MMllleHnx. Bb!i!ll CHSITbl '3aBIH::llMOCTH 

. ~· 
:i 

R 
··t.f 
. L 
~ l 

1, 

'f 
y 
f 
I, 
\ 
1 . .' 
1 

t 
. . ' .. . . J 
6b!i!M OllpeneneHbl, COOTHOIHI:'jHMSI MeMny MHoro- II OnH038pSinHhiMH MOH8MII. · · .. '._, 

Yz 
OT 8Heprmr IIOHOB II Kp8TIIO(';TI'I 3/lp_Sina. KpoMe Toro BO MHornx .)1Y'IK8X 

Ha pnc; 4·,.5,6 rrpencTaBnellr.r 3aBMCIIMOCTU. Yz oT 8Heprnu uouoB A;, v.·· 
n Xe nnSI Monn6neHoBoi1' Mnmeun. Yla pncyHKoa· Bnnno, 'ITO K08<jlqmuneuT.. • t}.:. 

IIOTeHUll8i!hnOH 8i!eK~pOHnoii 8MHCCMII nnSI· Mn: ~oaapSinHhJX· UOHOB 3aB~CMT . . ... 
1 
r 

OT CKOpOCTM 6oM6apnupyiOII!IIX HOHOB;· llpU 8TOM _'leM 60i!htue 'cKOpOCTh IIOHa 1 . ~ h. 
. : /5/ . ''• 

TeM MeHhtuee 3Ha'leHne UMeeT .. Yz , TaK Me KaK B OllbiTaX X8rCTpyMa ·~ •. •. f· 

Kr 

·I ,, 
\ 

C yBei!H'IenneM CKOpOCTII nona BpeMSI llpOXOMnennH HOHOM paCCTOSinUH·;· na Ko-· .• 
.. •' 

TopoM c nan6onhmeil: BeponTHOCThiO rrpo.ncxonnT 'oMe-rrepexon, yMenhuiaeTcSI. I. 
- . . . ·. . . :- .. ' ' .. :. 

B ·pe3yi!hTaTe .110 Mepe pOCTa CKOpOCTH ·MHOr038pSinHhie UOHbl BnenpSIIOTC.S( 
. ·' 

B Mnmenh1 llCIIb!T8B i!Utuh 'laCTH'IHyiO HeiiTp8i!ll38UUI01 'ITO llpUBOnH'r.. 'K "YMenh-

mennm Yz qeM Bbillle Kpa~HOCTb .aapSina ·nona · Z , TeM Kpy'le · . 

crran KpUBhiX. ·: 
: ~ . 
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DB1 8MMTTllpyeMb!X H3 
•, ~-

iiOBepxHOCTli II Bb!6liTh!X 

:TH llpOMCXODHT noqTH 

.x npMo6peTaiOT iron neiic-i-~ .. 
. . . . 

H'O Ha MMIIIel!b qepea no-·; ... 

nporpeaanacb, . 

WHHh!M napOMaCnHnhiM 

)860Th! llCToqanKa · aaane-
"'. -6 . . ' 

445) ~ 10 Topp. Bo BpeMsl :. 
' -5 

b no ( 142) .10 Topp; 
. ,•_ 

')!{Deane 

meneahx naMepeang aMnc-

Cr , Xe , S n Cu na 

IHTbx'. 38BllC:::MMOCTll Y z 

or~ Bo MHornx _pyqKax 

!">·; 

•' .. 

.--.\1·.· 
m' annno, qTo KoaljlcfmuneiiT.. • 1__} ; 
z oT aneprMn nouoB A;, 

P~Dllh!X nonoB 38BMCMT """ 

~M 6onbiiie 'cKopocT·b nonf.t,_ 
· .. : ·~... . , :~ I 51 

, onhxTmi. XarcTpyMa ·~, •. 

ii JtonoM paCCTOHnng·;· na KO-' . : 
'• . . . ,' 

«e-nepexon,_ yMeHbru'aeTCH,_. 
,. - . •' ·- .· 
IDnhie MOHhl BHeDpHIOTCH ·.-
H101 ,qTO llpliBOilliT. .' 'K"YMellb-

··nona .:z , TeM 

:• 

·::· ,._ 

·-:::, 
• I 

'~: 

~ '. 
<.:' ·. 

J.,o 

f+ 
Ar. 

II 

A 3~ ... =o r . 
· .. 

~ 0. 0 
2-f' ·. 

0 0 0 Ar 0 c 0 =o 

c:r 0 _o 0 0 0 0 0 Ar+ 
2(/(J ··;ou til!Jo /4-00 £,, al ... 

>· 

~MC, 4, 3aBMCM~ OC;~- KOaljlljJMUMeHTa ·yz OT aneprnn IIOIIOB apr,OI!£1, 
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Pnc. 6. 3aBl!CHMOCTb KOS¢<jJIIUli9HT8 y z OT SHeprnli IIOHOB KC9HOHa. 



' I 

I 
;,! 
\· 

Ha pnc, 7 

l!OHOB OT Kr 
2
+ 

Kr~~ + ttj4 

npeacTaBneHa 3aBHCHMOCTh y z= I ( z) anR 'IHCTbiX ny'IKOB 
7+ 3 ao Kr , a. TaK:lKe anR cMeiiiaHHbiX ny'IKOB Kr a!· + ( H1 4 ) { , 

Kr ~~ + C j2 npn aHeprnn ·uoHoB E0 = 400 aB, Bnt:mo,. 

'ITO Jin51 'IHCTbiX ny'IJS.OB HOHOB KpHilTOHa 38BHCHMOCTb ·y z = l(z), KaK .H ~neayeT 
/2/ . . ' . 

H3 TeopeTH'IeCKOH OUeHKH 1 IlO'ITH KBaJlp8TH'IHa511 a anR CMeCH l!OHOB KpHn-

TOHa + HOHOB npHMeCH Y H
3

M MeHbiiie, '!eM Jln51 'IHCTOrO ny'IK8 KpHnTOH8, 

npn 8TOM Koa¢4muneHT Yz H3Mep51nC51 HenocpeJlCTBeHHO, TaK K8K H30-

Ton Kr 86 aaeT oTaenhHbiH rrnK n oH He 3arpR3HeH rrpnMecbro, Koa<P¢nuneHT 

Y anR noHOB npnMecefi 6bm onpeaeneH HenocpeacTBeHHhiM M3MepeHneM K0-
1 ' 

a<jJ<jlnuneHTa aneKTpOHHOH 8MHCCHH !ln51 OllHO- H !l~yX3ap51!1HbiX MOHOB yrne-

poaa, a3oTa n Kncnopoaa npn pa3nM'IHhiX aHeprnRX MOHOB ( pnc. 8). 

llonR MHOr038p51!1HbiX HOHOB Hz !ln51 CMeiiiaHHbiX ny'IKOB onpeaenRn8Cb 

no qJOpMy ne ( 3). 
7+ + 

TaK, HanpnMep, anR cMecn Kra4 n C 12 6bmH H3MepeHbi ·Yz = 5,35; 

y 
1 

= 0, 2; ·yn
3

M. = 0,52. Toraa npn .Z = 7 n Hz +H1 = l HaxoanM, 'ITO 

Hz= 0,15 H HI= 0,85,'T,e, coaep)KaHne Kr~~ -. 15% ct2- 85%. llnR 

apyrnx cMeiiiaHHbiX ny'IKOB KpnnToHa i:wny'IeHbi cneayroiiine 3Ha'IeHH51 H 1 H Hz: 

!lnR cMecn Kr U n H i4 H 1 = 88%, Hz=· 12%, 

anR c~ecn Kr it n ( H 14 J! H1 = 25%, Hz= 75%. 

BennqnHbi N" I n Hz, onpeaeneHHbxe anR ocTanhHbiX nap noHoB, npnBe-

aeHbi B Ta6nnue 1. 

CMech 

1. s2+ 
32 H o+ . 

' 16 

2. S4+ 
32 H 02+ 

•. 16 

3. s 6+ .. 
32 H 0 3+ 

16 

Ta6nnua 1 

M.3.lf. 

- Hz, % 

71 

18 

11 

14 

npnMecb 

HI,% 

29 

82 

89 

~- ,:· 

.: 

4. 7+ . H 3+ 3 s 32 II 14 

5. c 4+ 
u 64 II 0~6 80 

x/ 
6. Cu 8+ II Ar 5+ + o 2+ 2 64 40 16 

7. Ar 5+ li o2+ 37 
40 16 

B. Kr3+ 84 II 'H!a 75 

9. 6+ 
Hf4 12 Kra4 H 

to. 8+ Kr 84 _ II c;2 15 

x/ . 5+ 'o2+ Konn'IeCTBO IIOHOB Ar 40 n 16 orrpeaenRnocb E 
· HOHOB CuB+ · 64 

. . 
Ha puc,_ 9 oTnO)KeHbi aKcrrepnMeHTanhHO n~ifaenHbie 

-UIIeHT8 8MIICCIIII IIOJl JleHCTBIIeM Me!{neHHblX MHOr038p51!ll 

K 
. X . '. . . . /5/ : . 

r II e rro aaHHbiM XarcTpyMa · u na_cToHmen pa6m 

OTnO)Kef!bl Benii'IIIHbi' t y_l+ ~2 cp 1, r_11e V l-1_:. i -bill IIOTeHU 
i=l . . .. ' . 

. ¢- pa6oTa Bhxxoaa M eTanna. KaK BHi:IHo II3 pucynKa, 

!18HHbie ~OpOIIIO yKn8!lbiBaJOTC51 Ha IIpHMYID 

y k ( !. vi+ -2¢ ) , 
. i=l 

rile k.- 0,0183 an/an.noH. 

flliHeHH851 38BHCHiv!OCTb . Y z. OT CYMl\IapHuii '8Hepr.iiH 

rronTnep)KJlaeT rrpearrono)Kenne o cTyrrenLiaToM xapaKTepe 

nReT rrpeacKa3aTb BenH'IHHy Yz nnSI nonon 6onee BhiCOK 

HaiipiiMep, cneayeT 0)KHJ18Tb·, LITO 8Ml!CCliSI IIOJl aeii:CTBllel 

38p51JlflhiX HOHOB UHHK8 JlOCTHraeT 20 aneKTJ'JOHOB Ha IIOH 

IIOHOB KanbUIISI- 3Q aneKTpOHOB,Ha HOH, 
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,[l/151 "lllCTblX ny"'KOB 

ny"'KOB Kr!~- +(N14 Jt 
B E0 = 400 sa,' Bn.nno, 

Tb 'Y = f( z), KaK n cne.nyeT z. . 
a .01151 cMecn noHOB Kpnn-

:Toro ny"'Ka KpnnToHa, 

~.OCTBeHHo; TBK KBK ll30-

TBeHHhlM ll3MepeHneM KO

X38~51.0HbiX IIOHOB yrne

IIOHOB ( pnc, 8), 

IX ny"'KOB onpe,ne/151/lBCb 

:n H3MepeHbi 'Yz = 5,35; 

+-Nl = J H8XO.OIIM 1 "'TO 

15% ct2 - 85%, .[lmi 

.nyroume 3Ha"leHn51. N 1 n N z: 

ribHblX nap HOHOB 1 npnBe-

npnMecb 

Nl.,% 

29 

82 

89 

;. ~-, 

( 

4. 
7+ N 3+ 3 97 s 32 li 14 

5, c 4+ 
u 64 li 0~6 80 20 

xl 
6. Cu 8+ H A 5+ o2+ 2 98 

64 '40 + 16 

7. Ar 5+ li . 0 2+ 37 63 
40 16 

8, Kr3+ 
84 li NjB 75 25 

9, 
6+ 

Ni4 12 88 Krs4 li 

10. Kr 8+ 
84 

II c+ .. 
12 

15 85 

x/K . A 5+ o2+ 0/lll"leCTBO IIOHOB '40 II onpe.nen51/lOCb B OTCyTCTBHe c 8+ 
16 

IIOHOB u 64 

Ha pnc, 9 OT/lO)!{eHbl SKCITe pHMeHTa/lbHO naii.neHHhie 3aaqem!51 Kos¢c!Jn-:. 

:uiienTa SMIICCHII no.n .neiicTaneM Me.nneHHhiX MHoro3ap51.UHhiX l!OHOB Ne , Ar , 
I• . /5/ . . ' 

Kr II Xe no naHHbiM XarcTpyMa n nacTOHIIIeii pa6oTbi, ,no ocn a6cuncc. 

OT/lO)!{e!Ibl Be/lli"'H!Ib( ~ V _I+ -2 cp, r,ne V ;::_ j -bpi noTeHUIIa/1 HOIIII38UHH
1 

i=l 
. cp- pa6oTa Bb!XO,[la M eTB/1/18, KaK Bll.OHO Il3 pHCyHKa 1 SKCITepnMeHTB/lb!lbie 

naHHwe ~opowo yKna.nwaa~TC51 Iia npHMYJO 

y k(i v 1
+-2¢), ( 5) 

1=1 

rile k. - 0,0183 sn/aa,non. 

flHHeHH851 3aBHCIIMOCTb Y z OT CyMMapnoi! 3HeprHU neiiTp8JIII38Ullll 

nonTBeplli.naeT npe.nnonollieHne o cTynen"laTOM xapaKTepe rrpouecca n rro3BO

mieT rrpencKa3aTb nenH"ll!Hy Yz nnH nonoa 6onee BbiCOKDli 3ap51.UIIOCTII, TaK, 

ii[mpuMep, cne.nyeT. OlliU.OaTb·, "'TO aMnccl!H rro.n neilcTBHeM Me.nnenHblX 10-

38p51.UII~X HOIIOB UIIHKa .OOCTHI'aeT 20 9/leKTpOHOB Ha I!OH; 11-onpH.OilhlX 

.HOIIOB K~llbUHH- 30 ane~TpOHOB,Ha IIOH, 
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KpoMe Toro·, aToT rpa!jlnK MO?KHo ncrronbaOB?Tb J 

Limi OIIpeueneHml LIOn:II MHOI'03apSILIHhiX HOHOB B CMewa 

9TOI'O B !jlopMyny ( ~) Hy)I(HO IIOLICTaBHTb H3MepeHHbi9 

B CMeWaHHOM IIYlJKe H • BenH'IHHbl ·Yz H y l • rronylJeHHhiE 

Ka (pnc •. 9) B .Tex cny'IaSix, Korua oHn He naMepeHbi : 

.TaKOH MeToa·,oueHKH1 H9COMH9HHO, MeHee TOlJ_eH
1 

'191\.1 

· HOM naMepeHnn ·Yz n ·r.1 

llm1 npirMepa Ha rpa!jlnKe yKaaaHo 

.A 5+ 
rrylJKa, couep)l(amero 4 7% no HoB r 40 

aHalJeHne ·y 
H31\. 

H 53% HOHOB 

I1a ypaBH9HHSI ( 3) ciieLiyeT, 'ITO rrorpeWHOCTH B 1 

MHOI'038p.IILIHhiX HOHOB 'Nz H HOHOB IIpHM9CH N l B CM• 

BHCSIT OT'TOqHOCTH H3M9p9HHSI KOa!jJ!jlnuHeHTOB Yz 
1 

y 
li 

HerronHaSI HefiTpannaaunSI MHoroaapSILIHhiX·HOHOB t 

W9HHID Koa!jl!jlnuneHTa IIOT9HUHanbHOH 9MHCCHH1 .lJTO CKa 

. HOCTH orrpeue.rieHHSI .Yz . l.JTOObl .YM9HbWHTb OWHoKy 1 ~31\.1 

BOLIHTb. II pH. H8HM9HbWHX 9H9pi'HSIX HOHOB, Mana.11 9Hepr 

HeOOXOLIHMa, lJTOObl HC}{niD'IUTb KIIH9TH'I9CKYID 9MHCCHID
1 '· 6' . . 

rrpu cKopocTn nona ( 5-+7) .10 . cMi ceK n MacKnpyeT ~M 

P~HOB. 

B bl. B 0 Ll bl 

1. YKaaaua rrpnnunrrnanbHaSI· noaMO)I(HOCTb HLieHTHI 

P.IILIHhiX HOHOB Ha !jloHe HOHOB M9HbW91"0 aapsuia IIO. Bbi:: 

IIOTeHunanbHOt'! 9MHCCHH H LIBHO TeopeTH'I9CKOe .OOOCHOE 

HOI'O M9TOII8o 

2. PaapaooTaHa aKcrrepnMeHTanbHaSI MeToLinKa naJ 

UH9HTa aneKTpOHHOtl: 9MHt;:CHH IIOLI·· LI9HCTBH9M MeLineHHb: 

BH.IIX CHnbHOI'O Mai'HHTHOl"O IIOn.ll, 
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KpoMe ioro-, aToT rpa$HK MO)I(HO _ ncrronhaoBaTh aerrocpencTBeH~ro 

JlnSI OIIpeneneHHSI JlOnH MHOI'03apSIJlHbiX HOHOB B CMeiiiaHHOM IIytiKe. llnSI. 

9TOI'O B filopMyny ( 3) HY)I(HO IIOJlCT8BHTh H3MepeHHbie 3Ha'leHHSI ·y . : 
- - H3M 

B CMeiiiaHHOM IIy'lKe H • BenH'lHHbl ·Yz H y l , IIOny'leHHbie · C IIOMOWhiO rpafiln-

Ka (pH Co 9) B . TeX cny'laSIX 1 KOI'Jl8 OHH He li3MepeHbl 9KCIIep!IMeHTanhHO • 

TaKOH MeToa ooueHKH, -aecoMHeHHO, MeHee TO'leH, '!eM rrpn aerrocpencTBeH-

- HOM H3MepeHIIH 'Yz II"Y.J 

llnSI rrpirMepa aa rpa$nKe yKa3aHo 3Hatieane ·y llnSI cMewaaaoro 
. -A 5+ H3M l+ 

rrytiKa, conep)l(awero 17% HOHOB r 40 n: 53% HDHOB 076 

Ma ypaBHeHHSI. ( 3) ciwnyeT, 'ITO rrorpeiiiHOCTII B orrpeneneHHII nonn 

M~oroaapSIJlHbiX HOHOB -N; II HOHOB IIpHMeCII N l B CMeiiiaHHbiX IIy'lKaX 38-

BHCSIT OT'TO'lHOCTH II3MepeHIISI K09$$HuHeHTOB Yz ·; YII3M .H r, • 
HerronHaSI HefiTpanH3aUIISI MHOI'038pSIJlHb!X·HOHOB IIpliBOiliiT K yMeHh

IIIeHHIO K09$$HUHeHT8 IIOTeHun:anhHOH 9MHCCHH1 .'1TO CK83b!BaeTCSI Ha TO'l

HOCTH OIIpenerieHHSI y z . 1-fTOObl. yMeHhiiiHTh OIIIIIOKY 
1 
~3MepeHHSI. cnenyeT IlpO

BOJliiTh IIpH H8HMeHhiiiiiX 9HeprHSIX IIOHOB. ManaSI 9HepriiSI HOHOB T8K)I(e. 
·• 

HeOOXOilHM8 1 'lTOObl HCJmiO'liiTh KIIHeTII'leCKYIO 9MIICCIIIO, KOTOpaSI IlpOSIBnSieTCSI . 6 , , • 
II pH CKOpOCTH HOHa ( 5-+7) .10 . CMi CeK H M8CKHpyeT ~MHCCIIIO Q~e-aneKT-

1. YKa3aHa IIpHHUHIIHanhHaSI· B03MO)KHOCTb HJleHTH$HK8~IIH · MHOI'03a

PSIIlHb!X IIOHOB aa $one noaoa' MeHhwero aapSit:ia rro. Dbi3bmaeMofi n:Mn · 

IIOT9HUH8nhHOfi 9MIICCIIII II Jl8HO TeopeTH'leCKOe .OOOCHOB8HHe rrpellnO)KeH-

HOI'O MeTOil8o 

2. Paapa6oTaHa aKcrrepnMeHTanhHaSI MeTOilHKa II3MepeHHSI Koa<flfiln

uneHTa aneKTpOHHOfi 9MHC::CHII IIOil·-llefiCTBHeM MenneHHbiX HOHOB B ycno

BHSIX CIInhHOI'O M8I'HHTHOI'O IIOnSI. 



>,/_ 

. , 

3. f1ony'leHHbi9 3KCnepHM9HT81IhHbl9 naHHbl9 CBIIIlE'TCJ!hC"TDyJOT 0 pC3-

KOM pocTe KOa#HUH9HTa 3119KTPOHiiOii 811111CC'Illl C yDCllll'tCIIII01\I ~llPIIIlll 110-

Ha z . . B npenenax 113!\tepeHHbl~ 3Hll'H~Hnii z Ko;.l•l111UIIE'HT rz l\.ll'IIIICTCSl 

1IHH9llHO C pOCTOM cyM:-.tapHoii 8HE'pr1111 HE'iiTpl1:tit3llUIIII I\IHOr03llpstllliOro 

l!OHa. 

-4~ 3:-.mccnst, Bbi3htBaeMast neiicTBneM cMemaHHhiX ny'IKOB, conep:lKarunx 

rtpll:\teCh OllHO- ll ~ByxsapSinHhiX l!OHOB nerKHX 3119M9HTOB1 KBK II npenno

naranOCh1 OKa3anaCh .3H8'1HT91IhHO M9Hhlii9 3MHCCHH1 Bbi3biBB9MOH neliCTBIIeM 

MHOrosapSinHblMH HO,HBMH. 

·s. HsMepeHHSI Koa¢$nuneHTa noTeHunanhHoli aneKTpOHHoli·aMnccnn non 

neliCTBli9M 'IHCTb!X H CM9lU8HHbiX. ny'IKOB HOHOB n03B01ISI9T OU9HHTh llOniO 

MHprosapSIIlHbiX H~HOB B ny'IK9~ 

ABTOpbl C'IHT8!0T CBOHM npUSITHb!M ll01IrOM Bb!pa3HTh HCKp9HH!O!O 6naro

napHOCTh aKaneMnKy r.H. <Pneposy n E.ll. Bopo6hesy. sa 6onhiUyro nonnep:lKKY. 

n .BHHMaHne. HaM TaK:lKe ·npnSITHO no6naronapiiTh IO.IT. TpeThSIKOBa 

H P.H. HsaHHHKOBa sa noMOIUh B ai.monHeHHH ·naHHOli pa6oTbi. 
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Y CJIOBH.H 06MeHa 
IlpenpHHTbi n coo6rueHHSI OH.RH paccbmaiOTCSI 6ecnna 

HMHOro o6MeHa,yHHB9pCHT9T8M 1 HHCTHTyTaM, na6opaTOJ 
Hay'IHbiM rpynnaM ll OTnenhHbiM Y'I9HbiM 6onee 50 CTpa 

Ilony'laTenSIM nsnaHnli OH.RH npeaocTaBnSieTcSI sosMc 
SIBHTh HHIIUllaTHBY B 6ecnnaTHOH nOCbi11Ke ny6nnKaUHH B 
06MeHa npHHHMa!OTCSI Hay'IHbie KHHrn, :lKypH81Ibi1 npenp: 
ny6nnKaunn no TeMaTnKe 011.RI1. 

EnHHCTB9HHbiH Bllll ny6nnKaunli, · KOTOpbiH HaM npnc: 
3TO penpHHTbi ( OTTHCKII CTaTeli 1 y:lKe ony6nHKOBaHHhiX B 

.I::S pSiae cny'laes Mbi CaMH 06p!iiUaeMCSI K Hay'IHbiM J 
6onee KpyllHbiM nony'laT91ISIM HalUUX ll3JlaHIIH - C npocbt: 
cnaTb HaM KaKne-nu6o KHnrn nnn BhiiiHcaTh anSI HaiUeli e 
:lKypH81Ibi1 H3Jl8!0IUII9Cfi B HX CTpaHaX, · 

OT,neJibHble sanpocbl 
HsnaTenbcKnli oTaen e:lKeroaHo BhmoirHSieT oKono 300( 

cos Ha BbiChi1IKY nsaaHnli OH.RH. B TBKHX sanpocax em 
YK83biB8Th HHil9KC sanpalUHBaeMoro nsnaHHSI, 

A.npeca 

IlHCbMa no BCeM BOnpocaM o6MeHa ny6nnKaUHSIMII
1 

a 
oTaenhHhre nsaaHHSI cneayeT HanpasnS!Th no anpecy: 

MocKBa, 

rnaBHbiii IIO"lT8MT1 II/H 79, 
HsaaTenbcKnii oTaen 
06beaHHeHHoro HHCTHTyTa. 
n.aepHbiX nccne.aoBaHHii. 

Anpec nnSI nochmKn scex ny5nnKaunli s nopSiaKe o6~ 
6ecimaTHOH noanHCKH Ha HBY'IHbie :lKypHanbi! 

MocKBa, 

rnaBHbiii 1IO"lT8MT1 II/H 79. 
Hayqno-TexHH"lecKaH 6n6nHoTe~ 

061>eannennoro HHCTHTyTa 
n.aepHbiX HccneaoBaHnii. 


