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I. B • e ~ e H H e 

BaaHMO~e~CTBHe c npo~OHhHUMH onTeqecKHMH WoHo~aMH o&asHBaeT 

cymeCTBSHHOe ~e Ha CBOfiCTBa S~eKTp0HOB npoBO~CTH B HOHHHX 

Kpll.CTaJIJiaX.liOCJIS p.F.OJ;a yn:po~emlli SJieKw.H-W:>HOHHM CHCTeMa 0ImCH

Ba8TCH if:~TOHllaHOM IleEap8~eJOO{a 'Z/,KOTO:p!lll, B 0603Ha'leHl!RX 

pa6oTH'~ , MO~eT 6HTb 8anHC8H B ~e -

06uqHo onHCBHHe cHcreuu npOBO~TCR B TepMHHax CB06oAHoro Woaoa
HOro nona H uea3allMO~el!cTByDilei! c HMK KBaaHqac T>l!lli (no~npoua), 

X8p8KTepHCTHRH KOTOPO~ (co6CTBeHHafl &HeprHH, a~BKTHBH8H K8CC8 H 

pa)U!yc) 38BHCHT OT KOHCTBHT~ CBH3H 0( H OT TeMnepaTypll 'r 

( i ') 
~= ~1' .• 

CymeCTBYBT ~OBOH~HO MHOrO paCioT, fiOCBH~eHHHX BHqHcHeRHD TIOHHpOH

HliX X8p8KTepHCTHK (cu./4/). Q~aKO 60R>mHBCTBO HB HHX OrpauHqH

B8~T pacCKOTpeBHR C~yqaell Hyli8BOA TeKrrepliTyp!i. 'tT06!1 Cp8BHHTlo 

TeopeTHqeCKHB npe~CK888HHH C aKCnepHKBHT8HDHYKH peaynDT8TBMH, no

l!yqeHH!IIIH ITpH KOH8qB!IX T8MrrepaTypax (H8ITpHll8p, C l$PeKTHBHOA 

U:8CC01t, HBdllBHHOit UBTOA.OY UliKJIOTpOHHOrO pe80H8HC8)
1
H80CiXO]tHif:O 

yMBTD OUBHHTD Teu:nepSTYPHH8 rronpBBKH K X8p8RT8pHCTHKaM ITOHHpOB8 

B OCHOBHOil COC.TOHHHH. 3HBHH6 T8MnepSTypHOH. 38Bi1CHMOC'l'H pa,AHyCB 

nonnpoHa R< .. ,~) noaBOl!ReT c\l)opMy~poBaT> KpHTepH" npmueHHilOCTH llO

Ae~ IleK8pe-~peRHX8 Allfi OITHCBHHH 8li8RTpoH-\lJOHOHHOrO E88HilOAeac~ 

BHR (pa~yc fiOHHpOHB ~onzeH 6YTD,B0 BCHKOM cnyqae, OonEme DOCTO

RHHOA pemeTKH), 

B pa6ore/3/ paccuaTpHBanca •onpoc o ENqHCJ!eHHH xapaKTepHc

THK llOHHpOHB npe KOHequYX TeMnepaTypax M8TO~OK KOHTHHy&nEBOro 

HnerpHpOB8HIIR. OnpeAel!HllBC» cBo6oAH&H aHeprHn no~HpoHa FC« ,p,'i) 
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~ .B CWCT€M8 OTC'\18T8, r,ue 3JI8KTpOH .ZUH1JK€TCR CO CKOpOCT1!G V M ZJ.JlH 
H88 6h!.1IO IlOJIYtl8HO T0l.rH08 KOHTl1Hy8J!.bH08 np8.1I,CT8BJI8Hl!!8 

1 

;t(p>o "~ 
F(o:,Jl,~h-.Lio SJlx "Pt-Srx,ti1} V.-;v c2 l ~ ;,o,~o 

llpH M8JibJX V HM88M 

-> * z F(<>.,p.vl= F(c<,~)-"im(oc,p)v (3) 

E(«,~) ~ ;~ ~F(a,?)- z"p ' 

r~e F(O<, ~) H EC"'1Pl- coOTBeTCTBeHHD cno6o~H8R H co6cTBeHH8H 
aHeprJ.IH rronapoHa, a tv{( a, p) -- aiJXPeKTHBHaa uacca ,FCoTopa s: npM 'T"'" o"K 
COBHa,naeT c Maceo~ nonRpoHa, onpe;n;eneHHo~ Eoronro60BbiM/S/. llJ»:! V =0 Bblp8X8HH8 (2) C0Bfl8.zl88T C rrpe,llCT8Bn8HHeM 0C8KH/6/ AnH CB0-
60.ztHO!it SHepriDI,. a rrpH T=o H Vto OHD rrpMBO]l;lU K M3BBCTHOMY 
llp8.11:CT8BJI8HH.IO ~8~HM8H8/?/ .li.JIH 3HBprHti H a({l@eKTHBHDM M8CCI:l OCHOB
HOrO cocToHHHR. KcTaTH, :no IIOK83biBaer, qTo 6oroJno6oBCK8H H Wet!u-
M8HOBCK8H M8CCbl COBIT8,ll8IOT ITO onpe,Zl8JI8HHID. 

B pa6oT.J31 palU!yc no.MpOHa orrpe~enHnCH cne~yro~M o6paaoM. 
3neKTpoH coanae~ BOKpyr ce6H pacnpe~eneHme rronHpMaau»oHHoro aapa
~a.~ era ITOTBHUHanDHBH 3HeprHH B38MMOAB~CTBHH C HHM p8BH8 lJ 
Tor.zta nomrpoHHbil:t pa,m1:yc "R 11 Y:OMHO orrpe.n.emn:o KBK TO paccToa-
HMB OT 3RBKTpOH8 7 H8 KOTOpOY ~OR&eH HBXO,ZtHTbCH cyMM8pHH~ 3apH.zt 
pacrrpe.ZI,BJIBHHH 11 ~ 11 , GT06W era ITOTBHIJ,M8JI:OH8H 3HBprHH B3aJ11v'!O;n;ei1CTBM.fi 
c aJieETpOHOM pa.:BHH.JiaC:& V • I1oKa8aHo, tfTO 1-~ e Co , a .QJIH pa.n;My-
ca ITOJiyGBHO KOHTMHJ8JIDHOB npB.ZI,CTBBJIBHHB 

4 , ' )~ -w'l' ~ ~ o -~ -= ~) _t_ d e < -IK•x('t)> RC«,~) JL t K2 o 't 1-e-~"' e S 
(4) 
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KaK H8B8CTHO, HHTerpBllli ITO TpBOKTOpHl!ll B (I) IIOryT O~U BH-

OMCJ!6HH TOJ!:&KO rrpHOJ!MllOHHHII o6pa8oll, IT pH c( « I I!~ 6y,14e11 rronao

B8TbCH TCOpHeA BOBMy~eHHH, a npH npOH3BORbHOM ~-BapHBqKOHHHK 

lleTOAOll. 

2. BHOMCJ!8HHO XBpBKTepHCTMK nOl!HpOHB no TOOpHH B03MymeHM~ 

... 
B \liOpllynax (7) CyMKHpoBBHHe no "K" BelteTCH no nepBom 30H8 BpHJ!-..... -
JlD3H8 K npe]tJIOJIBraeTCH, liTO W-J<.·V > 0 ;ztJIH BCeX K B OG-

l!BCTH Cy!IKHpoBBHHH. llpH .tl- ~ 00 C yqeTOII TOrO, OTO 

.L " , ( ,3 ~ J. "c.:)= ci-, • c~ )·r.._,_ 
..Q 'it •• • ~ (2n)' .)o >< •• • j ~ w - "~ 2m It::• • 

· nonyqae11 
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- ' , );.,., F(cJ.,f,vl~- -,:-mv-
f->"" 
f1m - 1- = ~'l.WM 
~-- R(a,B) 

0TKylla rrpH I l!llt.' « :1. 
!:IW 

(9) 

~ ~ K::z. 
W- K• V + ..2rr> > 0 ;D;JIH BC8X 

nonyqaeTCR H3B6CTHHA peaynh-

Qr"CSI(} ~ 
O(«J 

(IO) 

. I '"' • - " ( ()( ) t.m F("',f•Vl= E,- 2"' V j loo:-O<.W •1 m = m .i+b • (II) 
p.~"" 

JlnH Cd S cornacm/9/ w =6, 76 ro13 I'r1, , m =0,20 lYle (tv!e 
-aneKTPOHHBH Mecca) H CJ.. =0,65. Tor11a R (<1 1«>)= 201109 A , QTO 
HBJfHOrO 60JI:LW8 IIOCTORHHOA pemeTKH. IlpH H1t3KHX TellnepaTypaxe·fW«i 
(!lnH HOHH~X KpHCTBUOB (..)~ 300°K), _J'83l!8r8H B6nHQHHH ,PHrypupyJD
Jlll!6 B (10), 110 BToporo rropH;lU<a no V • rrpeHe6peraH 'Ul6H8JIH rro
pH;nxa e-rW, IIOJiy1188K 

< 
-W1:-~"C(1-i) e 2m 

1 
, 
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{!2) 

B npe;!lene l<o~oo 

liBBY 

t OCTBB~HR llHBHN llBpBOrO ITOPHAKB no -1
- no~f"'. .., 

FC«,~h :, In "--:1--- cxw l 1.+ 4lpwJ 

m*(<X,r): m [i.+: ~ ~~ l j R\<~.,r)=A~~ (i-4f<.l) 
{13) 

Pesyl!bT8T BITOl!HB OCTBC!BBHBU2: ITpK BKnmqOBBH !eMITOp8!YpH ~eK

THBHBR MBCC8 .PBCTBT, 8 p~yc ITOnHPOHB yYBHLRBBTCR. TIOBB~BHRB 

S!BX BBl!HqHH npH BHCOKHX TeunepaTypax ~YilBT O~Y&A8T!CH B ITHTOM 

paa;!lene pa~oru. 

3. HCITOHb30B8HHB B8pH8~0HBOrO MBTOA8 

llpm npoHaBoJUHHX aaa•eaxax napaMeTpa CBRBB 0( y-.td se-

x:oaa DOI11>30B8T!CH TeopHeK BOSMYJIIBHHI. ~IU8B yj7/ llJlll T= 0°K 

npBAXOIKX H RCfiOXbaOBBH B8pH8UHOHHYI M8TOAt BU6p8B B K8ll6C!B6 

npo~soro HHTerp8l!8 )lOICTBHH r!eyCCOJSy \IJOp!IYoC yqe·TOM CBOKCTB8 llli

nyKl!OCTH B Sa)laqe KB8;!lp8Typ MHBIIMHS8~H no U8p8MOTpaH npcOHOrO 

HBTerp8l!8 )lOIC TBHll )lOCT8Bl!H8T HBHilY'IJIIyD O!IBBKY CBepxy lll!R CB060)l

HOI SHB~rHH, UeTO)l ~KHM8H8 0606JIIBH B8 KOHeqaue !eMUBp8TypH B 

pa6otaxf6,10/. EcTeCTBBBHO,KOHKpeTHue peayl!bT8TY uoryT aaBHCBTb 

or BH6opa npo~Horo WYHK~oHal!a, B HBilaBBO ony6l!BKOBBHBOI pa6o~II 
KBTO)l teiHK8H8 o6o011(8BTCH 88 .donee mHpcKHR Kl!8CO npo6BHX Hner

p8l!OB llBACTBHR. 

Sl!eOb MH B KSqeOTBB npc6soro t2HK!IBOB8l!8 S0 BOSDMBM ,PyBK-

UHOHBl! l!BaeiHoA KO)lel!H BoroXDOoaal I, • paxxax KOTopol Koa•pe~ 
HYB_ X8p8KTepHOTHKH ITOl!HpOB8 6Yl!B ITOilyqBHH BBMH B/13/, 

s/13/ 6Hll0 ITOl!yqBHO Ol!e)lynJIIBB BHp812HBO )lliH OB060)lBOI SHep

rHH nonapoaa B l!BaeAaoA Mol!el!H Boron»>oBa: 

.. 111p 3 
1 

1-e~w,. .,• .. 
F.CB,V)=~W(~-1\+Lin , .. f" pw--2'mvv. {14) 

o , 2 2r rtl'V 1-€ • 
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m W .aBJIHRlTCR :aapvraJJ,KOHHbiMH rrapaMeTprunt. TaM xe 

(IS) 

0 

IP.rx,ill= 

PaiU!yc nOllffPOHa Rolf) llllff aToM MOIIOJIH ;~~aeTCff ljJopMynoM 

R~C~l= - 3 - dh rw~ 
• I :l.lt\WV 2 

C J"!OTOII {2) H (IS),(I6) HOCJIOlii!O TIOH838TD, ~TO HIIOOT MOCTO HO
pSBeHCTBO 

{17) 

HBAHD~66CH ~YH~HOH8JIDHNM-8H8JIOrOK HepaB6HC~B8 Eoronm60B8. MHHH
KH38~Hfl Rp8BOM ~8CTH (I?) II03BO~HeT aaijTH OIITKWSJIDHUe 3H8~6HHH 
napBMeTpOB V II W JIHHO~HOI! liO;!IOJIH K8K \iJyHKI.1;ll!! OT ()( ... 1t ~ _ • SalleTH.u:, tiTO Mom~o .AOKaaaTb, t~To npK U:HMvoU v AJIH 
F(d. &,v) Hlleer 11ecro cJiellyn!llee aepaBeacTBo: • •r ... 

.... - -+ " ~ F(a,r,ns t-ocr,v)+ T <s-s. /so • 
0lH8KO 3TO He IT03BO.H6T nony~HTD HepaB6HCT.BO ~H 3~W9KTHBHOft M8C-
CY. 

llPII Olll'llll8J!l>HiiX 8H8~0HII!IX V II W Hll6ell UPII611H&6HHiie 
-.rpia81111J! llliH FCo<,f;v) 11 R ta,pl: 
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fi 
ITQ}IHBHHOM CJI8r8BMhiM t(S(;,U"l~Sa'Gt,li'J~. HeCJIOlt:HO ,1l;OK838T:b, 'qTO 

HMBBT M.BCTO COOTHOmeHHB <> 

M, CJie,ZlO:B8TeJil>HO, 

~ 
Jl11H Bbf't!:HCJIBHHJI ( lf >so HB06XO,ltHU:O 3H8T:L CpB,IJ;Hee THUS 

- --. •-+ [~ ~ J~ 
( e;;t.[xCr.l-X(t,,J)= e'" . .,(;.-1;.) <e~cK· xrr.}-x('ti\ /. • 

~ So 
0HO 6HXO ~~HcneHO B pa6oTe/G/ H ~aeTCR WOpMynoR 

< e-'"·[iZt't',)-~l'"''J>f"' ~·r t-l,;'~ fcp} 
fell h "K-( H<) + v': 1 sb )vx sit xv (1-X.) • 'A= ~ 
J x~ ,sh)v 1 2. 

7 
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aaaqeHHH napaueTpOB V B~me,AnH TOrO, qTQ6H HBUTH OTITHM8RhHH8 
11 W , Ha;l(O IIHHHYH80B8Tl> FCa,~) B (21). PaccMOTpHK oT~e~u-
HO H8KOTOpHe llpeA8RhHH8 cnyqaH. 

4. Cnyqaa HH8KMX T6MD6paTyp 

,!{onycTHM, no .,_- pw <<:I. • ilpaHe6peraH ueuaKH nopll,liKB 
e-PW Hll88JI , ~ W·'~ 

' 'l') '1-1 { - vL) r+(p~ ;j.C-r):1:(1-~ + VN i-e 

Tor)la1 HHTerpupyH no k B (21),(22),(23), B llpii6JmliteHl!!ll 
K0 -.. co flOJiyll881l 

F( )= 3W(v-i)~ .!. -v-:.1 + i.ln 211€ _ rj.Jh..,; (pd -<u'l" -Y2("<) 
<>,p ,4v +2r ~2 r mv rn ~ 1' e ';) • 

'f"-y35~ "' -w 1: -~/~ } (24) m*ca:,?)=l"'l\i+~ dt-r e. 3<"> -srn o 

J. = v Jl.m s~d -W'l: -Y2 ) 
l((d,r) w n 0 't' e ~ ('!: 

~Opllyna ~~H I'Vi*(oc,p) . B (24) HBnHOTCH 0606Jil6HHOM pe-
8YRloTaT8 %l!HYaHa17 I ~" aW\iieKT.HBHOA Maces Ha cnyqaR HMSRIIX TeM
napaTyp H npOH8BOnl>H!IX cJ.. • B pa6oref10/ B aTIIX C8li!IX rrpHC5-
nUeHHHX 6Hn8 nonyqeHa llpyraH \110 pMyna UH l$iiei<!HBHOA M8CC!I IT pH 
~ =o0 o ilOCKOfil>KY OH8 llORyqeH8 H8 OCHOlia npeAAODO,..HHH 0 BH)le 

TOqHOrO CII8KTp8 rmun:DT.OHH8H8 ~peJIIIXB 
1
CJI8.zt,y8T C11BT8T:&, 1JTO T81Q18 

npe~OJIOS8Hl'Jfl OmH601JHH • .Bli1W~ Q .. 'rQJl,_ qTO C06cTB8HHBfi 9HeprHH H 

MBCCB ITOJiflpOHB 38Bl!CHT OT '1'8JIIT8p8 TypH llpl! p W '>'> i. TOJII>KO 118-

pea 3KCllOH8HnHBJihHOMaHU8 ~SHHtTOze OK83HB$8TCH uenpBBHJI:DHHM. 

CqHTBH ot<< :1. H ,n;enaa aaMeuy \1 = .!+ c<.t • paa-

noD!M F<"'•r> " (24.) ~o BTOporo nopuKa no c< H nepBOro no-
PHilKB no ...L • lla ycnoBHH llHHHIIYJIS 

P"' 

HlleeM 

'<IF<ot,p) = <l F(a,~) = 0 
i}~ aw 

( 
~5"\ 

j w= 3c.:l 1-4 r(A)' 
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2 
Cquaa <>>>i H V"'<:/.. , paanoliii!M FC"'•P) B (24) 110 

nepBoro nopaiU<a no If~.;, , npeae6peraa •neaaiiH ITOPHI!Ka 

o<. -d. • Tor11a H3 yonoBHH MHHHIIyMa FC«,p) mmyqaeu 

4«:., ro I v= 0n-2A+i+ ~c.l ·, A=2n'L+O,S'F12 ·, W=W 

B 9TOM rrpH6nneHHH FCot,r \) m"'Co<,pl H RCoo:.,p) 1!8RlT-

OH ljJopMynBMH 

2 2 

F(<X.,sl= . .l..i" -znB_ vl.w + 3w(A-:f-) ... ~(1-1" 4"') 
I 'Z ~ y;;t .FI 2. f .911 ' 

* \(4"-')2 4<X' A ',) )} ~~ 1'1\ \a. Bh rv1 - -- (1+ -- • RCNp\- 31\ _1_ 
II 0Tt .3n fw ) ....... , - z;i .zmw •(26) 

B o6oHX cnyt~aHX awweKTHBH8R wacca paCTBT H PBAHyc yMBHDmBBTCR c 

pOCTOM TBY.nepaTyphl H KOHCT8HThl CBH3K. 0AHBKO npH 0C.. ::>> I 38BHCH

MOCTD OT Tevneparyp& oqeHD cna6aa, B rnaBHOM nopaAKB no c< BB

nnHH~ rv1•(o<,~) H R(o<,f) HO 38BHOHT OT TeMnepSTYpll II <f18K-

THtiBCKH C0Bfl8;!l8K>T C BBJUiqHHBIIH m:, H Ro JIJ!HB:RHOit MO;D;B.IH. 

TipHo<=IO ,~w: iO norrpa••• K S<f1<11eKT>BHO~ uaooe , nonyqeaaoa lll!H ay-

neBoft TeMllepaTypH, nopHIU<8 2%. 

B CMy~ae cna6o« CBRSH TeunepaTypsaa nonpBBKa 6oHee cy•ecT-
o<. 0(~ 

BBHHB, liHBH~ nopH;!lKB ~ 60REmB liHBHOB ll0pH;ztK8 npH 

BW =IO H <X< I. )[J!R CdS oornacao (25) H11ee11 rtT" =0,22 rn,. 
r o 0 _. Ct 

R =20, 36A npH T=O K H rn =0,23 H R =I9,54A npH 

T = 50°K ( rw =10). TellnepaTYpHBH rronpaBKa K 118000 TIOPHIU<8 5%. 
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5, Cny<~aA npe,llen>Ho BliCOKHx TeKnepSTyp 

MHHHMH8811,1!H B!ip8lWHBH (21) ~l!H CB000)lHOA 3Heprn npa SJW« i 
Ouna npoBeAeHa B pa0oTe/10/, rAe Ouno noKaaaHo, ~•o ecna Bunon

HHIOTCH yCJIOBHH 

~~>H<i ; « ~rw << .1 • (27) 

3SKeTI!II, uo a•o• npellel!N!IiA cny~aA HMeer )lOBOn>Ho ,PopMSl!NIYA 

CllliCl!, UOCKOl!J.Ky yCl!OBH8 ~(/,) « i ,PSKTH'IOCKH 08H8~SeT, UO Tell

nepa<ypa- nopB;J~Ra THCII'D! rpe,D;YocB. Kpo11e •oro, Benni!Hu of. , W ,m 
CTBHOBRTCH yse _TeMnepaTYPHO 38BHCHMYKH • PaCCMO~peBHe TBKOrO 

Cl!y<!SH npoBO)lHTCH 8~8CJ. l!HEJ. )ll!H ITOl!HOTY H8l!OJ<8HHH B ~HC!.'O ,POp

UBH:bHbiX UOJlfiX. 

ilpH UOl!y<!SHHK (28) B (21) 0Hl! Cll8l!8H ITpa)lSl!J.BYA nepaXO)l 

ko-t> ao , q-:r_O 88KOHHO, 9C1IJI
1 

, ~ >) i • fiOCKOJIDKy k; 

w~ 10'3- to'~D1 • ~~"' to 1~D1 , ycnou>t (27) 11 ~ '>'>i 
Mory! BHfiOnHRTlCH OlHOBpeMBHHO. 

B aToM npHOl!HzeHHH .Ha (23) nony<~aeres II,I!H pa;lleyca nol!Hpo-

liS 

(29) 

Ma (28) HCHO, qTQ C00CTB8HH8H 8HeprHH ITOl!HpOHB HS oOpa~aeTCH B 

Hyl!J. npH pal-+ 0. C ,l!pyroA cropoHii,Panayc nol!Hposa JIISHJ.IIISeTCH, 

KOrllB TSMnepSTypa pacTS!,K ITpH pw ~0,1 OH YlW B 5-6 pas lleHJ.

me ero 3J!Sq8JIHH npll Hyl!eBOA Tellnepa<ype. B 88BHCHIIOCTB OT 388-

qeHBH 11) B W pS)lHJ'C IIOlW! CTSTJ. BSJ!HqHHOA nopH.I!HS ITOC TOHH

HOft pemeTKH,SfO 0388tl89'f, q1'0 p8CCIIO'l'peHH8 a1I8KTpoH8 B IJOBHQK KpMc

TBJlJie HB 6889 MO~BJIB fieKapa-tpenBXB CT8HOBHTCR B688KOHHHK. Eepn 
~ =I, W=w a cqxTSs. qlf'o ~W<<~ l,HMeev ;nnH ~eKTHBaon· 

IISCCH Cl!S;IIylllll88 BHP8lWHife I k i K 2 t( ) . r- 1-t 
tn"toer)=mli.-+ 4Cl j 4 (dK ~·(d{ e- 2m }· 

' l 311 ml>.l 2rnw) j 
0 • 
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Bbll·U1CJIHR 3TH HHTerpHJlb! 1 HOJIJ1.!88M 

m*(ot,B)= rnl1.+ 1.Go<.~l 
r \ 3nr<.> zmw) 

.ffBHM 33BliiCl1MOCTb M8CCbl OT ko CBH,ll8T8JI:&CTByeT o pac Tyme~ poJII1 
KOpOTKOBOJIHOBbiX MO,ll. rrp» BblCOKHX T8MITepaTypax. 

llnH l1JIJI!OCTpa~l1l1 paccMOTp11M PbS , ,zvrrr KOTo_poro corJiac
Ho/9/ W =2,36xlOI3 I'll rl'1 =0,33 m, , 0(. =0,!6. ilpH rw =0,2 
(To ecn T"' 900°K), ccm'TaH .k0 =I08 cu-1, nonyqaeM t(o<,pl= 
= - 0,002 aB, R = 5,89A • m": 13 me • ilocTOHHHaH peweT!GI 
paBHa 2,98A Ill." Mu BW.llHM, ~ToR ~ad. BuTeKaromaa orcro,ll.a HenpH
ueHHMoc T:O MO.ll8Jil1 [lercapa-1lp8IDI.X8 061lHCHR€T. T8K08 H80l!U'I.,148HHO 60JI:Er 

moe SHatteHHe a<.P·JJ€KTJ.1BHOJ.1 M8Ccbl nOJmpOHa . .IT,1ISI PbS - coe.ZV1.H8HHH 

CO CJI86blM 3Jl8KTpOH-tPOHOHHb1M B38l1MO.Zl8l1CTBL!:8U: ( e:1.: 0,!6). 

0TM€THM 1 tiTO llOB8.lleHH8 X8p8KT8pHCTHK IIOJIHPOH8 B STOM ITpe,ll.e~ 

JI€ pe3KO OTJIHqaeTCH OT llOB8,ll.€HHH 8H8JIOrHqHHX B8JIHtiHH JIHH8l1Hoij 
Mo.uemt • .D.eWcTBHrennHo,npw V =I, W=W w ~c:o-+ o E0-o,m:+M 
1t1 R0 - oo • CBH38HO aTo c TeM o6cTOHTen:ocTBOM, tiTO mmettHaH MO

,ll.en:o XOPOlliO anrrpOKC~M~pyeT B38HMO~e~CTB~e 8ReKTpOH8 C ~RHHHOBOR

HOB~MW WoHOHHhlMH MOAaMM, a ,ll.JIH MOAenH ~penHxa npu ycJIOBHHX (27) 
rJIBBH:fiO pOJI:O HrpaiOT MO,llb! C 60R:0!11HM BOJIHOBblM BeKTOpOM. 
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