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B sakIl04eHHE aBTOPH OTMEYaloT, YTO HX PE3yJAbTaTH MONKHO HCIOAB30-
BaThb JJA CO3AaHH# HEHTPOHHBIX CYUETYHKOB, PETHCTPHPYIOMAX JHIObL OYEHb SHEpP-
FAYHBIE YBCTHUBL
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YUCJHO BAJIEHTHbLIX 3JIEKTPOHOB M CTPYKTYPA
METAJ/JIOB U MHTEPMETAJIJIMYECKUX COEJAWHEHHIA?

Kax u3BecTHO, MeTanasi MOryr o0pa3OBHIBATL MekAy cOGOH coenuHenus,.
$GopMyna KOTODHIX HA mepBulil B3rAAN He UMeeT HHYEro o6uiero C XHUMHYECKOH
BaJEHTHOCTbIO, Hampumep: NaCd, KHgys CusZng, CugSng, CugAly, FegZng.
HurtepecHo ewé u 1O, YTO, CKauEM, NOCIENHHE UYeTHpE COeAHHeHHd, 001ala-
oiHe Kak 6yATO 6b COBepPIIEHHO Pa3JAHUHBIMH (OPMYJIaMH, HMEIOT OYEHb MHOTO-
obmero B CBOACTBAX M CTPYKType H OTHOCHATCS K OJHOMY KAacCy Tak Hasbl-
BaeMuix Y-as.

Paccmarpusas GuHapHBle cnnaBbl— 6yfAeM JINA KOHKPETHOCTH TOBODHTb-
0 CUCTeMe LHHK-MENb, — MOXKHO OGHapyxuTh crepywomee. Ilepsas, ranGonee
Goraras Mmeapio ¢asa, mpexcraBiseT cO60H IpaHEHEHTPHPOBAHHYIO PelETKY;
TMpH NOBBLIIEHHOM cOxepyaHUM NHMHKA BO3HHKaer OO0BHEMHO-UEHTPHPOBAHHAR
Ky6uueckas B-Gasa, satem caenyer y-basa (caOmHas xyGuuecKasa pemgTka),
e-hasa, ABAAOWARACY NAOTHO YNAKOBAHHON reKCaroHajabHO C OTHOIIEHHEM OCEH
MeHbule (8/3)’/2. Hanee caenyer w-dasa, mpeicrasisiomas coGod TaKxe MA0T-
HO YIIaKOBaHHY0 TFEKCaroHaAbHYI0 DPewérKy, HO C OTHOLIEHWEM OCell Goibuie
npHBeIERHON BeaMdMHB. JTa (asa MepeXONHT B UHCTHIA UMHK. AHanOTHUHblE:
¢asni GeIM HaiiieHH H B JPYTHX CIUIABaX, MPHYEM MEKAY thazaMu BCerga
cymecTsyeT CXOACTBO B CBOHCTBaX M CTPYKTYype.

MepBoe O6bACHERHE STHX 3aKOHOMEPHOCTEH OLIN0 MPeANOKEeHO HOu-Poszepn
B 1926 T. 3T0T HccAemOBaTeNb 3aMeTHJ, YTO BO BCex OeTa-hazax OTHOWIEHHE
yHCTa BaJEHTHBIX 3JEKTPOHOB X YHCAY aTOMOB, COLEPIKAWMXCHA B 31€MEHTapHOK
Auefike KpHCTanla, OAMHAKOBO Iis PasHeIX HHTEPMETANAHYeCKHX COeJHHEHHIE
H PaBHO 3/

Hanpumep:

3 3 3
CuSn :@-+1)/ 2 = 5 ; CugAl:3-13) /4= CuSn:(5+4)[6=7.
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. Jto mpaBuio B nocaenyiolHe roxu 6uli0 0606meno. OKaszaaoch, 4TO
A8 Apyrux ¢a3 3TO0 OTHOLUEHMe TaKke MNOCTOAHHEO, a HMEHHO, PaBHO JJd
ramMMa-pa3s 21/13, ans e-dassl 7/4 (a- u 7n-ha3bl ABAAIOTCA TBEPALIMH PACTBO-
paMH ¥ He NOXIeXaT PacCMOTPEHHI0). DTOMY NPOCTOMY NPABHAY NOAYHHAETCH
OueHb 60aplIOE YHCAO coeauHeHHH. JOBOAbHO 4aCTO BCTPEYAIOTCA HCKIIOYEHH 51
y Geta-¢a3. Uenslit pax crmaBoB umeer oTHouieHue KOm-Posepu, pashoe 1; 2;
2,5; 0,5; 4. 10, OAHAKO, He .YAMBHTEJAbHO, TaK Kak Gera-¢a3n 06nagaioT mnpo-
cTeiliell CTPYKTypolt — rpaHeneHTpUpOBaHHAA Adeilka, B TO BPeMs KaK JApyrue
a3l 06122a10T BECHMA CROXHLIMH AueHKaMH C GOJbIIMM YHCAOM CTPYKTYPHBLIX
eqnHul B syeiike. HerpyZHo ceGe IpeRCTaBHTh, 4YTO B 3JMEMEHTapHBIX CTPYK-
Typax ropasfio Gojee HenocpeACTBEHHHIMH (PaKTOpaMH KPHCTani006pasoBaHus
ABJAIOTCA DasMepnl aTOMHLIX DanuycoB, Bemenn oTHowenne HOma-Posepn.
B cn0xHO nocTpoeHHbX (ha3ax 3TO OTHOUIEHHe SIBAAETCH ONpPEeleNsiolM.

Cea3b sMmupuYeckoro mpasuia KOma-Posepr ¢ reopHeill CTpoeHHs meTasn-
JUYECKHX KpHCTanloB Obina mnokasaHa JxoHcom. [IpocTpaHcTBO o06paTHOlM
pew&TKH KpHCTanla ABAAETCH ONHOBPEMEHHO NMPOCTPAHCTBOM MOMEHTOB 3J€K-
TPOHOB. B 3TOM HpOCTpPaHCTBE MOXHO NOCTPOMTbL A JI00Orc HHIEKCa Y3712
06paTHOil peiléTKM Tak Ha3blBaeMble OpPHINIOEHOBCKHE TMOJHenpbl. [lpuHuman
BO BHHMaHHe, YTO Ha 06bEM A8 3TOr0 MPOCTpPAHCTBA NPHUXOIHTCS JBa 3J€K-
TPOHA, MOXHO pPACCUHTATh YMCJIO 3JNEKTPOHOB, NPHXOAALIMXCA HAa IWOJHEHp.
C ngpyroii CTOpOHB, 43 TEOpeTHYECKHX COOOpaweHHH cJIelyeT, YTO UHCIO
3A€KTPOHOB B s4eiike HOJIKHO ONpeRelATbCA TeMH MNOJHEApaMH, KOTOphle
NOCTPOeHbl Iafl y3J0B 06paTHOH pewéTky, obaagaioiux HaubOJbIIMMH CTPYK-
TYpHbIMHE (aKTOpaMM JJf 3JEKTPOHHHX Jayuell. 3Has Pe3yabTaThl PeHTTreHO-
CTPYKTYPHBIX MCCAEXOBaHMH CIMaBOB H IOJarasd, YTO MaKCHMaJbHbIE CTpPYK-
TypHble (akTOPbl AAA PEHTTEHOBCKHX M 9JeKTPOHHBIX Jyuei B obmieM coBna-
Jai0T, MOXHO OblJIO TEODPETHUECKH BHUUCAHTbL OTHOweHne IOMma-Posepu. Cog-
najeHye OKa3aloCh AO0BOALHO xopouwnM. ONHAKO, aBTOP pehepupyeMOil CTaThy
CUMTAET €ro He BMNOJHE VAOBJIETBOPHTENbHbIM, TAK KaK B 60JbIIMHCTBE BHIYHC-
JIEHHH TeopeTHYECKOoe YHCAo Obi0, KaK MPaBHAC, MEHbLIE TOr0, KOTOpOE AaéTca
npasuaoM IOma-Pozepu.’

Caenyer NOMHHTH, 4TO npaBuao IOma-Posepu nocrpoeno Ha onpenen&nHoil
CHCTeMe BaleHTHOCTeH Merannos. B ofmeM 3TO COBEpIIEHHO €CTECTBEHHad
CHCTEMa, eCJIM HE CYMTATh TOTO OGCTOATENBCTBA, YTO MPHXOAHIOCH NMEPEXOAHBIM
3MeMEHTaM — Maprasuy, xejaesy, KoGaabTy M HHKENIO IPHUIMCHIBATD BaNEHT-
HOCTb HYIIb.

Aptop pedepnpyemoit paGorel eme B 1938 r.2 npeanoxHa COBEPIICHHO
HHVIO CHCTEMY BaleHTHOCTEH MeTallHYeCKHX aTOMOB, OCHOBAHHYIO Ha HEKo-
‘TOpo#l TeopeTHYeCKOH HMHTepnpeTalHy MATHHTHLIX MOMEHTOB ()epPPOMArHHTHHIX
MeTannoB. BeI0 npuEATO, 4TO 9 OpP6HT (Cpeid HUX nATh 3d-Op6HT) THOpPHAH-
30BaHbl. B MeTalIHyecKOH CBA3M YYacTBYIOT TAKHM 00pa3oM H 3d-3JeKTpOHHL
Coraacuo [layamury, y sieMmeHtoB 19—23 cBfi3p OCymeCTBIA€TCA OIHUM,
ABYMS ... NATBbIO 3JEKTpOHaMH. ¥ 3ideMeHTOB 24—28 CBA3b OCYMIECTBAAETCA
5,78 smexrtponamu, y snementa 29—5,44, nanee 4,44, 3,44 u 2,44 sjeKTpoHaMmu.
O6ocHOBanHEe 3TUX HUGP HaéTcs B UHTHPOBAHHOH padoTe.

[logcu&T BafeHTHRIX 3NEKTPOHOB N0 3TOH CcxeMe NPHBOAHT, pasyMeercd,
K. MHbIM OTHOIUEHHAM, OJHAKO, KaK NOKa3blBaeT aBTOP, YUCIO BAaJAEHTHLIX INEK-
‘TPOHOB, NPHXOXALIMXCH Ha OJHY 3JEMEHTapHYI0 sueiiKy, Haxoaurcd B 6oiee
XOpouieM COBHAJA€HHH C 4YHCJIaMH, MOJYYeHHHMH H3 OpHIJIOEHOBCKHX INOJH-
€1DOB, €CIH YHCJA BANCHTHBIX 3JIeKTPOHOB NMOJACUHTBHIBATH MO €ro CXEME.

Oxka3biBaeTcs, 4TO B GOJBLIKHCTBE CTPYKTYP MOXHO HaiTH HEeCKONBKO
CHALHLIX HHTephepeHUMH, HHAEKCH KOTOPHIX MOTYT NOCIYXHTh AAS IOCTPOEHHA
6PUNTIOEHOBCKHX HOAHeAPOB, Ecau OAWH M3 TaKHX NOJHeAPOB Ja€r YHCAO
91EKTPOHOB, XOPOWO COBUadawllee ¢ NpexHed BadeHTHOH cxeMo#f, TO gpyroi
NOJIHeP XOPOUIO coBNafaetr c¢ yucaamu Ilayamnra.

AgTOp nonaraer, 4TO 3TO ABOiHOE COBManeHHE HEAb3s MPH3HATH Caydaii-
HoiM. Beab peyb HIET O COBNA/JEHHH 3THX ABYX BaJXEHTHBIX CXEM C TaKoi, Kasa-
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nocoh Oui, AanéKofi Belblo, KaK HMHTEHCHBHOCTL PEHTreHOBCKHX OTpaXeHMH OF
HEKOTOpbIX KPHCTAMIMYeCKnX naockocTell. OfHako NpuuuHLL, 10 KOTOphM 06Ge
BaJeHTHbIE CXeMbl HAIOT pe3yJbTaThl, COBNAZAIOLIHE C ONBITOM, H B3aHMOCBA3b
My ABYMS BaJEHTHBIMH CXEMAMH, ABTOP CYHTAeT HEACHBIMH H KRET paspe-
IME€HHA ITOrO BOMPOCA OT HaibHeHIIero pasBHTHA TEOPHH 3TEKTPOHHOro CTPO-
eHus MeTaana.

310 ABOUHOE COBMAREHHE WJAOCTPUPYCTCH Ha HPHMepe HECKOAbKUX
raMMa-cnaasos, GeTa-CIMIaBOB, @ TAaKXKC anbda- ¥ GeTa-Mapramua,

Has Toro utobbl MOMXHO OBIIO MMETb NpeICTaBJICHHE O XapaKTepe 3TOro
COBMafeHusl, Mbl [PHBEXEM MpHMEpP OAHOH H3 HauGoJce BAKHLIX CTPYKTYP:
raMma-JaTyHi.

Yuca0 3INEKTPOHOB B 3NEMEHT. 1
Crpyxryp- syelike
HMunexcw Sh? HblH T [
' baxTop |, noanenpe [Ou-Pozepn | [laynunr l
o 1 i
110 ' 2 0,1 I ;
200 1 | 0,0 |
211 6 0,1 }
220 8 00 [
;310 10 0,1 |
|22 12 7,2 72 |
‘ 321 14 1,1 !
} 400 16 0,0 ]
| 330 18 78.3 108
| 90 84 (
| 411 18 31,7 97,2 {
| 420 20 0,5
‘ 332 22 8,4 148
[ 422 24 5,5 144
. 510 26 3,3 (194)
| 431 26 0,5
‘ 521 30 0,7
i 440 32 2,2 (256)
p 433 34 0,5
L 530 34 0,8
i 600 36 24,0 432
! 255,60 250,88
| 442 36 8,4 291,60 ,
; 611 38 3,4 (326)
1 532 38 1,5 |

Kak sunno us 1abauubl, nepsad Ccepus CHABHLIX HHTepdepenuuii nMeer wme-
c1o npu Ih% pasoit 18. B GpunnioeHOBCKOM NONMEAPE, OrPaHHYEHHOM MJOCKO-
craMu 330 n 411, cymecTByeT IIOTHOCThH 51EKTPOHOB, COOTBETCTBYIOL(afd
90 saeKTpoHaM Ha 3JeMEHTapHylo Ayefiky. Caeayolias CepHs CHAbHbIX HHTep-
depenunii umeerca npu Th?, pasBHOH 36. ABTODH NOCTPOWJIH MOJAHMEXD HA MIO-
ckoctax 600 u 442. PaccyutadHas NJAOTHOCTH NPHBOIHT K ducay 255,60 saek-
TPOHOB Ha 3JIeMEHTapHYIo snuediky. B auedike coxepwarca 4 monexyant CuzZng.
[lo cxeme [laynunra Menb HMeeT BajeMTHOCT, 5,44 u nunk 4,44. 10 naér
250,88 3:eXTPOHOB Ha 3eMEHTapHYylo siuefiky. ABTOpH A€JaloT YNOp Ha TO, 4TO
B HOBOH cXxeMe NOJUELp 3anoaHed Ha 98,5%, a B crapoit Ha 93,5%. Iymaercs,
4TO 9TO pasiHyve WIMO30pHOe. Ho BO BCAKOM ciyuae coBnageHHe C ABYMS
TEOPETHUECKHMH CXEMaMH BaJEHTHOCTEH HaJlHIO,

6 Y&oH, 1. XXXVI, Bun. 2
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ABTOpH! §0Jice PEUIHTENbHO, YEM 3TO A€JaJ0Ch J0 CHX NOD, IOAYEPKHBAIT,
YTO CTPYKTyphi 0€Ta-CIIaBOB HE OOBACHAIOTCH HHM CTapOil, HH HOBOH BajaeHT-
HbIMH cxeMaMu. OHM CHMTAlOT, YTO B 3THX BE€CbMa HPOCTBIX CTPYKTYpax oupe-
neasiomum GakTopoM asaserca reomerTpua. Hanpumep, uais Geta-AaTyHH 4uCIO
BaJEHTHBIX 9JEKTPOHOB paBHO 3 no crapoit cxeMme H 9,88 no HOBOI (Ha oaHy
MoJeKyay). BpuanioeHOBCKU NOJKedp I O6hEMHOUEHTPHPOBAHHOA sAYeiky
coxepiur 4, 8, 12... saekrponos. [xs cTpykTypel THna B2 nmoawnexp 6yger co-
xepxarte 2, 4, 6, 8, 10... sjexTpoHoB. [llepBas CTpyKTypa uMera Obl Me-
€710, ecan Obl aTOMBI MEeXM M IHYHKa ObUIH pacnpefedensl mo Toukam 000

I 11
W 5 5 5 6ecnopanouHo, BTOpad — €CAH Gl OHH Gblid pacrpeneieHst ynops-

noyenno. Kak 6u 10 Hu 6ni10 nudpa 3 KOma-Posepu ne moxaxomur.

Pedepupyeman cTartbd ABAAETCA B HEKOTOPOM CMBICJIE MPOAONKEHUEM yKe
¥3J0XEHHOH B Halllem KypHaje paGoThl 3, rae IlayauHr npHMeHsI npegnaraeMyio
MM BAJEHTHYIO CXeMY JUIS DacyéTa MeXaTOMHBIX DPacCTOSHHM.

A K.
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BbICOKOBAKYYMHbBIE BEHTHJIN

B 1a60paTOpHBbIX BAKYYMHBIX YCTAHOBKAX IIHPOKO NPHMEHSIOTCA NPHTEPThbIE
KPAHEl — CTeKIAHHDIE H MeTafinnyeckne. OHn obecrieynBaoT XOPOLHK BaKyyM,
MPOCTH B KOHCTPYKTHBHOM OTHOWEHHH H YAOGHB B paGote. OaHaKO OHM
0612a1a10T TeM CYIeCTBeHHBIM HeJIOCTaTKOM, YTO He MOFYT GblTh HCNOJb30BaHbI
B YCTAHOBKaX C GOALIIMM Ta300THAENEHHEM, [l€ NPHMEHAITCA GOoJbliMe CKO-
POCTH OTKAYKH, a CJeJOBaTeNbHO, M 0OJbIIHE TPYGONPOBOKLI.

B nociensee BpeMs, ¢ pa3BHTHEM BAKYYMHOH TeXHMKH H YyCIOXHEHHEM
3ajay, KOTOpbie Ilepel He#l CTaBATCHA, HAa CMEHY KpaHaM NPHUIIJH MeTaliuue-
CKHE BCHTHIH.

Onux W3 TaKMX BEHTW/IeH omucaH B pedepupyemoi cratbe *). OH HaAEWHO
aanupaet €oJ/ibliMe TPYOONPOBONbI H MO3BOJIAET NPOU3BOJAHTL HEOGXOXHMbie
MaHUIYJAALWH B OTKaYHBAEMOH CHcTeMe 6e3 OCTaHOBKH JH((Y3HOHHBIX HACOCOB.
D10 CywecTBEHHO NOTOMY, 4YTO MacCiaHble IM(PY3HOHHBIE HacOCHL He AOMY-
CKaloT BNYCK3a BO3MYXa NOKAa OHH HaXONATCA B pa3orpetoM cocrosHuu, Iis
TOro YTOOH He IPON30ULIO CrOPAaHMs Macaa, HX HeOOXOAMMO OXNa#kAaTh Kax bl
pa3 mepej BOYCKOM BO3HyXa. .

OnuchiBaeMbIH BEeHTHJIL NPHMEHSICS aBTOPaMHM ApH paboTe C MacCc-CIEeKTPo-
rpagoM, ¢ MOMOIBIO KOTOPOrO IPOH3BOAMACA aHaaH3 o6pa3uop. [as cMeHnl
06pa3syoB B OTCYTCTBHE BEHTHAA NOTPE6OBatOCH Ol MHOTO BPEMEHH VIS OX/3X-
A€HHA H NOCJeXyiomelf OTKa4YKM CHCTeMbl (MO0 MacasHble Hacocul O6nanaior
AOBOJIBHC 3HAYHTENbHBIM INYCKOBLIM INEpHONOM, B TEYEHHE KOTOPOro Maciao
MOCTENEHHO NporpeBaeTcs 1o paboueil TeMnepatypsi).

C NOMOUbI0 BEHTHAA, MOCTaBIEHHOTO MeXJAY HACOCaMu H OCTaAbHOH HacTbio
BaKyyMHOH YCTaHOBKHM, OK43alGCh BO3MOKHBIM H30AHPOBATH KHUQY3HOHHBIE
HacOChHl, NMPOXONKABIUHE pPaboTaTh BCE BpeMd, NMOKAa I[POH3BOLKAACH 3aMeHa

*) A. Loekenvitz, D. Hughens, L. LipsonandG. Olewin, The
Rev. of Sci. Instr. 19, 4 (1948).





