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1. BBE.LJ:EHHE 

Pa.LJ.HaUHOHHa.H e.LJ.HHHUa .LJ.nHHbi t0 6hma aae.LJ.eHa H3 coo6pa»<euuii 

Y.LJ.o6croa npu paccMoTpeHHH npoueccoa, CB.H JaHHbiX c npoxo»<.LJ.eHneM 

JneKrpouoo u cl>oroHoB BbiCOKHX JHepruii 1.fepe3 BeiUecroo hi . Ceqe

HH1t .LJ.n.H npoueCCOB pa.LJ.HaUHOHHOrO TOpMo»<eHH.H JneKTpOHOB H o6pa3o

BaHH.H JneKTpOHHO-n03HTpOHHbiX nap raMMa-KBaHTaMH npH CTOnb 6onb

illHX 3HeprH.HX, 'ITO HMeeT MeCTO nonHOe JKpaHHpOBaHHe KynOHOBCKOrO 

non.H .HJ],pa aTOMHbiMH JneKTpOHaMH fl.J , OTHeCeHHble K paJ],HaUHOH

HOH e)l,HHHUe J],nHHhl, He 3aBHC.HT OT XHMH1.feCKOrO COCTaBa BeiUeCTBa. 

llpu TaKHX BbiCOKHX JHeprH.HX nornmueuue raMMa-KBaHTOB o6ycnoo

neuo, o ocHOBHOM, npoueccoM o6pa3oBaHH.H nap, a 3HepreTH1.feCKHe no

Tepu JneKTPOHOB - pa.LJ.HaUHOHHhiM TopMo»<eHHeM. 11oHH3aUHOHHhie no

Tepu JneKTPOHOB TaK»<e Y.LJ.06HO Bblpa»<aTb He B e)l,HHHUaX 3HeprHH, Te

p.HeMOH Ha 1 CM nyTH, a B e)l,HHHUaX 3HeprHH, Tep.HeMOH Ha t 0 .Cpe,n

H.H.H 3HeprH.H, Tep.HeMa.H JneKTPOHOM Ha t 0 -e,nHHHUe, 06bi1.fHO Ha3biBa

eTC.H KpHTH1.fecKoii JHeprueii. Mo»<Ho noKa3aTh, 'ITO JHepru.H, Tep.HeMa.H 

JneKTpOHOM Ha Da.LJ.HaUHID B t 0 -e,nHHHUe, B cpe,n:HeM 6nH3Ka KpHTHlfec

KOH JHepr.uu I Jl . 

2. OCHOBHhiE <I>OPMYJihl 

B pe3ynhTaTax pac1.feToB 3Ha1.feHHH t 
0

- e,n:HHHU, npoao,nHMbiX pa3-

HbiMH aBTOpaMH, HMeiOTC.H pa3nH1.fH.H, J],OCTHraiDIUHe 10- 20o/o. 3TO, B oc

HOBHOM, CB.H3aHO C pa3HbiMH npu6nH»<eHH.HMH npH y1.feTe BnH.HHH.H non
Horo 3KpaHHpOBaHH.H B none aTOMHbiX JneKTpOHO"B H HeTO'IHOCTeH 6op

HOBCKOrO npu6nH»<eHH.H. 
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2.1. C/JopMy/la, UCnO/lb3yeMQJI npu 6bi'IUC/leHUU paOUQfiUOHHOU 

eOUHUflbl 0/lJI XUMU'IeCKUX 3/leMeH1fl06 

OcHOBHOe 7h}Pa:>KeHHe, HCIIOJihJ oaauuoe .n;nH pacqeToB t
0 

- e,n;HHH

U:hi, cne,nyiOII.(ee 4 

N 2 ~d 
4- a r Z ( Z + ~)[L - {( Z}] , 

A o /1/ 

e 2 

r .ne N - lfHcno Aaora.n;po; A - aTOMHhiB Bee; r 
0 2 c 

- I<nac-
m 

e e 

CHlfeCI<HB pa,n;Hyc 3Jiei<TPOHa; a 
K'c 

1 

137 
Z - a TOMHbiB HOMep; 

~ - IIOIIpaBKa, YlfHTbiBaiOII.(aH IIpOI.(eCChi, llpOHCXO,D;Hil.(He BIIOJIHXaTOM

HhiX 3JieKTPOHOB; L rad - rronpaBKa, YlfHTbiBaiOII.(aH 3$tlleKTbl 3KpaHHpo

BaHHH KYJIOHOBCKOrO IIOJIH H,npa IIOJieM aTOMHhiX 3JieKTpOHOB; { (Z) - rro

rrpaBKa, ylfHThiBaJOII.(aH HeTOlfHOCTH 6opuoacKoro rrpH6JIH:>KeHHH. 

2.2. C/JopMyAa, ucnoA&3oeaHHQJI npu pac<teme paouafiUOHHoii eou

HUllbt 0/lJI c/lOJICHbtX ee~J~ecme 

• ,lJ;JIH CJIO:>KHhiX Bell.(eCTB paClfeThl IIpOBO,D;HJIHCb COrJiaCHO 41opMy-

Jie hi 

1 2 rad 
4ar ~ n.Z.(Z. + D[L. - f(Z)], 

0 z z z z /2/ 

r,ne ~ - CYMMHpOBaHHe 110 BCeM 3JieMeHTaM, BXO,ll;Hil.(HM B ,D;aHHOe Be

ll.(eCTBO; n; - lfHCJIO aTOMOB .n;aHHOro 3JieMeHTa B 1 CM 
3 

; OCTaJibHble 

o6oJua lfeHHH - KaK B 41opMyne I 1/. 

2.3. C/JopMYAbl, ucnoA&3oeaHHbte npu pac<teme Kpumu<tecKUX 

3HepzUU 0/lJI XUMU'IeCKUX 3/leMeHT!l06 U C/lOJICHbiX ee~J~eCT!l6 

RcrronhJOBanoch yrrpoll.(eHHoe Bh~j:>KeHHe, KOTopoe .nauo B pa6o

Te O.R.,ll;oB:>KeHKo H A.A.lloMaHcKoro 4, KpHTHlfecKaH 3HeprHH Bhipa

:>KaeTcH 41opMyno:H: 
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'A ' /3/ 

r.ne B = 2,66; a = 1,1. B $opMyne y1.fTeH 3$$eKT nnoTHOCTH aei.QecT

aa. B CJiyqae CJIO:>KHbiX Bei..QeCTB BMeCTOZ .1_ B $opMyJiy /3/ nO,IJ.CTaa

JIB:eTCH TaK HaJbiBaeMoe 3$$eKTHBHoe (A) A 
8<P<P 

Z. 
I I P. 

I A. /4/ 
I 

r.ne P; - Maccoaax KOHU:eHTpaUHH - 3JieMeHTa c .IJ.aHHbiMH Z. H A. 
I I 

3. PE3YJihTAThl PAC"HETOB 

Ha OCHOBe npHBe,IJ.eHHbiX BbiWe $opMyJI 6biJIH onpe,IJ.eJieHbl pa,IJ.Ha

U:HOHHbie e,IJ.HHHU:bl ,II.JIHHbl H KpHTH\feCKHe 3HeprHH n01.fTH ,IJ.JIH BCeX XH

MH\feCKHX 3JieMeHTOB H ,IJ.JIH MHOrHX CJIO:>KHbiX Bei..QeCTB, 1.fai..Qe BCero 

HCnOJibJyeMbiX B OnbiTaX no H3Jiy1.feHHIO BbiCOKHX 3HeprHH. 

3.1. PaoualiUOHHbl€ eoUHUllbl 0/IUHbl u KpumutteCKUe :mepzuu 

0/IJI XUMU'I€CI<UX 3/leMeHmoe 

B :HOH pa6oTe paclfeTbl BblllOJIHeHbl Ha OCHOBaHHH pe3yJibTaTOB 

aHaJIHJa, npoae.neHHoro O.H.,[J;oa:>KeHKO H A.A.IloMaHcKHM 141. C n:enbiO 

onpe.neJieHHH ~ .Il.JlH pa3HbiX Z JaBHCHMOCTb ~ ( Z) 6biJia npe.IJ:CTaBJie

Ha rpa$H1.feCKH no ,IJ.aHHbiM ,II.JIH BO,II.OpO,II.a, JIHTHH, aJOTa, aJIIOMHHHH, 

:>KeJieJa, cepe6pa, CBHHn:a. ,[J;nx ao.nopo.na ~ = 1 ,16; .z:inx CBHHU:a ~ = 
= 1,27. 3Ha1.feHHH L. rtld 6biJIH B3B:Tbl H3 JaBHCHMOCTH L rlld OT z ' npe.n

CTaBJieHHOH rpa$H1.feCKH no ,IJ.aHHbiM ,II.JIH 17 3JieMeHTOB OT ;:o,IJ.OpO,IJ.a 

,II.O CBHHIJ:a. 3Ha1.feHHH f ( Z) Bbi'IHCJIHJIHCb COrJiaCHO $opMyJie 4/ 

00 

[( Z) =a 
2 I 

1 
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Ha puc. 1 npe,llcTasneHa 3aBHCHMOCTh 3HaqeHHH t0 OT Z . Kpe

CTHKaMH 0603HaqeHhl 3HaqeHH~ )o ,llnJI HeKOTOphiX Z , nonyqeHHhle 

B O.llHOH H3 nocne.D.HHX pa6oT I 5 MaKCHManhHoe 3HaqeHHe ouiH6oK 

B 3TOH pa6oTe He 6onhUJe 10/o 15 . 
Ha ocHoBaHHH t}JopMyn /3/ H ,llaHHhiX H3 pacqeToB t 0 6bmH onpe

,lleneHhi KPHTHqecKHe 3HeprHH ,llnx XHMHqecKHX 3neMeHTOB. PeJynhTaT 

OOKa3aH Ha pHC. 2. 

3.2. Paoua(lUOHHble eouHUflbl OJIUHbl u Kpumu'lecKue 3Hepzuu 

OAR cJIOJKHbiX aeiJiecma 

Ha OCHOBe t}JopMyn /2/ H 3HaqeHHH pa,llHaUHOHHhiX e,llHHHU .IJ.nH

Hhl .IJ.nJI XHMHqeCKHX 3neMeHTOB paccqHThiBanHCh 3HaqeHHJI t 0 .IJ.nJI pa3-

HhiX cnmKHhiX semecTB. Pe3ynhTaThi ,llaHhi B Ta6nuue I. B 3TOH Ta6nu

ue npHBe.IJ.eHhl TaK>Ke 3HaqeHHJI KpHTHqeCKHX 3HeprHH. 
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P~c. 1. 3aBHCHMOCTh 3HaqeHHH t 0 -eAHHHUbl OT aTOMHOrO HOMepa 
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PHc. 2. 3HaqeHH.H K·pHTHqeCKOH 3He·prHH € ~nJI paJHhiX XHMHqeCKHX 

3neMeHTOB. 
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TaCS.a•~ I 
Pa..K&IUIORBiit IJtDKitli .J;.IDII t 0 • &pllrxqecne aRepru • ,a:JUI 

p&SBIIX C.IO&BIIX J8.8CTB 

JlaJ 

CaJ 

KJ 

CaBr 

PbF2 

Aar~tB (c14H1a) 
CrK.a~oCSea (c 14H12) 

no.a•cr•po• (C8Ha)x 

~&.IJIB (C I08a) 
P-rt~BK.I (C18H14) 

Can~toaoe creuo Tt-5: 
PbO -~; S102 -3~; 

~0 - 2; ~ i AsO.) -0, 5~, 

U.&.aore&c&B (C6H12) 

To.aJO.I (Cofi8) 

Besso.a (C6H6) 

0-KCJI.IOJI (C8H1a) 
Ctxp~.ll (C8Ifs) 
teBJI.altRXJiorexcas 

CC14 

rexc&B (C6H12) 

llpon&B (C3H8) 
CP.)Br 

c2:r Jc1J 

c:r2c12 
CP.)Cl 

ll.loraocr• 
(r/cM3J 

3,70 

4,50 

3,13 

4,44 

8,20 

1,25 

1,16 

1,05-1,09 

1,14 

1,25 

4,77 

0,789 

0,867 

0,879 

0,880 

0,907 

I, 59 

0,659 

0,44 

1,5 

I, 59 

• 

(eM) 

2,56 

1,90 

3,06 

2,14 

0,81 

35,40 

38,31 

(r/cM2) 

9,47 

8,55 

9,58 

9,50 

6,64 

44,26 

44,44 

42,42-40,87 44,54-44,55 

38,92 

35,41 

1,90 

58,52 

51,54 

51,39 

50,97 

49,II 

47,65 

12,40 

69,21 

104,96 

Il,05 

15,25 

44,36 

44,27 

9,45 

45,59 

44,68 

45,17 

44,86 

44,56 

44,98 

19,73 

45,608 

46,18 

16,70 

24,19 

41,95 

36,50 

(Jlaa) 

12,41 

10,80 

12,77 

12,33 

8,71 

86,06 

86,34 

87,47 

85,92 

85,48 

14,96 

95,80 

88,71 

88,88 

89,79 

87,56 

90,57 

~,06 

97,64 

100,72 

101,73 

43,22 

72,26 

61,89 
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