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I BBe,l{ eHme • 

Jl:enOJI.R:pH3aD;HR )' o~- - M8iiOHa B aTOMe (#+e-;) HCCJie;ZJ;OBaJiaC:& 

B nenoM p.R:,11;e TeopeTmqecRHX m aRcnepm:u:eHTaJI:&HhiX pa6oT~'2 '~ 
llOCKOJI:&Ry BpeMH JltHSHH )" _. MeaoHa oqeH:& BeJIHRO llO cpaBHeHHID 0 

BpeMeHeMJ xapaKTepHhlM ;ztJIH cBepxTOHRoro paomenJieHma, yope;nHeHHa.R: 

;nenOJIRpHaan;HH B STOM OJiyqae He aaBIIIOHT OT BeJizq.HHli CBepXTOHKOrO 

paomenneamH. O;n;HaKo ;nJIR 6:blcTpopacna;nammmxc.R: HecTa6HJI:&nhiX t~aoTHD; 

aaBHCHMOOT:& ycpe;ztHeHHO~ ;neno;rapmaaD;HH OT llaCTOTH CBepXTOHKOro, 

a CJie;ZJ;OBaTeJI:&HO OT MarHHTHOro MOMeHTa, CTaHOBHTC.R: cyuteCTBeHHOifl 

STOT lflaKT 1108BOJI.R:eT onpe;zteJIH'C:& MarHHTH:bl~ MOMeHT Z-r -rmnepoHa 

ROcBeHHhlM nyTeM ma aHaJIHaa ::ncnepm:u:eHTaJI:&HhiX ,:zJ;aHHhiX no maueae

HHID aCHMMeTpHH B pacna,:zJ;e 

o;e TpaRafi" J 

. .,.;- + ---1 f'-f-7/'D 
L-- . 

B HaCTOHute~ pa6oTe HCCJI~;n;yeTCH MeXaHH8M ,:zJ;ellOJIRpHaao;HH 

~+ -rmnepoHa B HeKOTOphiX X~paKTepHhiX BeuteCTBax H aHaJIH8HpyeT

CH, KaKme cpe;zJ;H Ham6onee npmro;zJ;Hhl ;zJ;JIR onpe;zJ;eJieHHH :MarHHTHoro 

MOMeHTa ~t - rmnepoHa ma naHHhiX no ero ;zJ;enonapHaao;Hm 

~.,. 

BpeMa aa:u:e;zJ;JieHHH L -rmnepoHa B KOH;zJ;eHcmpoBaHHOI cpe;zJ;e 

,11;0 CKOpOCTe~ llOpH;zJ;Ka 108 CM/CeK MN MOJlteM OD;eHHT:O no Ollli~HO~ 
ltOHHSaD;MOHHO~ TeOpHH 161 f-tn 2yv;!l. 

t = .tlz "" r:z:. j ~ .J e lAC/ cl~ ...-.. vll s m l/i 3 :&. 

8 - e, zvV r >/ ' AI'- 8rre".Z.ff 3 A 2 "''Z-2 
VI -l e, .:Zift"' J 

-~ ..r 
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3~ec:r, J' - HeKOTOp~~ ycpe~HeHH~~ HOHH3a~MOHHU~ TIOTeH~Han 

,_!0~ 3B, ~Jlfl fl~/lr: -' .fz. -.. 1024 CM -a. Ilpm ZIJ :: 0, 3 C 
-24 -27 30 

lf'.t. -- ro8cM/CeK _L,..,. 1° • IO oiO - ro-9 ceK 
' ~ Io-40 ro24.ro4 

Ilpm V: ..- 5.!09 OM/Celt -z!-- .- 10-IO ceK. 

Tax ltaK BepoaTHOCT:D aaxBaTa aapa~eHHO~ qacTm~e~ aJieKTpoHa 

npm 1/' > !08 CM/ ceR oqeH:D :MaJIIll, Mbi npmco~MM K Bb1BO~y, qTo 
'<""+ OKOJIO TpeTH nepBHqHNX ~ - rmnepOHOB pacn~aiDTCfl B CB06o~-

HOM cocToaHHH. 3aMeTmM, o~HaKo, qTo E r - rmnepoHb1, ~Bm~ymmec.f.l 

CO CKOpOCT:DIO ,_ 109 C:M/CeK MOryT 6b1T:D Henocpe~CTBeHHO H~eHTM~H
~HpOBaHb1, TaR xax HM c~ooTBeTCTByeT Tpax KOHeqHo~ ~JIHHb1. Pacc:MaT-

pmBaa pacn~b1 ~~ rmnepOHOB TOJI:DKO B KOH~e TP3Ka, Mb1 Te:M 

Ca:Mb114 aaBe~OMO~ HCKJI~tlae:M M3 paCCMOTpeHMfl zt - rmnepOHb1 t 

~BiiilltYIJ(Heca CO CKOPOCTHMH,) 60JI:DillMMH 6opOBCKHX. 
. + 

§ 2. ZienoJiapHaauna c:Bo6oJ1HOro L - rmnepoHa npH saMeJ1Jie-

HHH J10 6opOBCKT!fX CKOpOCTeit. 

IIpocTble o~eHKH nmta3b1BaiOT, qTo a a :BpeMa aaMe~JieHma ~o 6opoi 
~.,. 

CKHX cKopocTeii cBo6o~m~i-\ -" - rmnepoH noqTm He ~eno1!apHsyeT-

ca. 

a) BJIMflHMe BHyTpeHHHX MarHHTHb1X ITOJieii. 

Bpeva npoJieTa I+ B6Jimam aTova noqTm nopa~Ka ro-16-ro-IS 
celt. 3a BpeMH t- 10-IO celt npoMCXO~HT !OS - !06 CTOJIKHO:BeHHii. 

Cpe~Hm~ KBa~paTmqHhlii :IoBopoT crrHHa aa cqeT npeuecc~mMeeT rropa

~OK BeJIMqJ4Hbl < Q >~~ ~ {pf/fc~~n j 
p:: i:!;;c -1011 

1 H t6JIHam aTova paBHo oKoJio ro5 rc 

0TCIO~a A p:: f </i)~""' IP -£__ /() -¥ jc 



3.-

Cne~yeT no~qepKHYTD, qTo npzBe~eHHaH O~eHKa OTHOCHTCH K napa-
~fJtflf 

MarHeTHKaM. Y HeBoaoy~H!eR~HHX ~HaMarHeTHKOB 9 0 KOTOpHX B Aanb· 

He~meM, COOCTBeHHO H 6y~eT H~~H peqD ( CM.BHme), aTOMHOe MarHH' 

Hoe none Boo6me paBHO Hynro. 

6) BHemHHe KpzcTannHqecKoro nona. 

, rAe 

B- paCCTOHHHe Me~~y aTOMaMHe YpaBHeHHe ABHEeHHH CnHHa 

1/ ~ -f I' {{Fifl]Sj 

r~e fJ - qzcno CTOnKHOBeHH~ Me~~y aTOMaMH cpe~H B peaynbTaTe 
-1 

KOTOpbiX none ftepeopzeHTHpyeTCH ..J .At-. OK Jr?.I',..~ ... A ,rAe 

~ -/0-lfc,..u~ JF/O~~~ 1f;.e'Ti:'TennoBaH CKOpOGTb ( '""" I04cM/CeK) 

OTCID~a At- IO-II ceK) n,..., IO. llonyqaeM . A p _, /() -.3 7o ~ t?JI /. 

B) nenonapzaayHH aa cqeT KynOHOBCKOrO pacceaHHH. 

llpH OTKnOHeHHH Ha yroJI. {J penaTHBHCTCKH~ flOBOpOT CllHHa£7, 

J2 -=_C s",-tr; ,:-
llpH O~HOM CT01I.KHOBeHKH 

?t'~ f £ ).z I 
AP-- /Jl/:z. """ c' fmr~J :7folo:z.. 



4.-

BNBO;zt~ B 60pOBCKyro 06R~CT:b C~060~HNti ~+- rMnepOH BCTynaeT 

llOliTlii He ~enORHplii30BaH :INM. Bo BCHKOM cnyqae ~F ;{ /0 -~ /t> -I~ 
§ 3. KpMTepMi1: MeCJH ;ztRH o6pa30BaHHH CBH3aHHhtX COCTOHHliiti 

{2.,. e;J _ 
KaK cne~yeT H3 a~~a6aTHqecKo~ TeopHH z no~TBepx~eHo mHpo

KMM Knaccou aKcnepHMeHroB~-r:J, npo~ecc saxBaTa ,aneKTpOHOB 

sapaxeHHO~ qacTM~e~ Han6onee BepoaTeH B TOM cnyqae Kor~a Bunon

HHeTca KpHTepH~ MeecH: 

jFo-Ej_~~ ~ j_ 
.1i?P 

3~eC:b ~o - 3HeprHH Jtl)HH3a~HH ~RH aTOMa (MOReKynH) 

cpe~u, ~~ - aHeprHH HOHH3a~HH aToMa, o6pasoBaBmeroca npH 

saxBaTe, cio - BeRHll ;JHa nopa~Ka pas:MepoB aTOMOB cpe~hl, ll'-
.4EOio OTHOCHT6R:bHaH CKOpOCT:b. llpH ~ ~ * ceqeHme 3axBaTa 

~OREHO 6NTD no nopH~Ky BenHqHHbi paBHO 31)P~ , r~e npH~6R:b
HJi~ napaMeTp If := e:- + _jr- /fn _t~ eo v :1,.., Iii 0 e 
JlorapH~Mli!li6CKHti llneH H:BRHeTCH cymeCTBeHHJiM npH MaRla CKOpOCTHX .. 

?P<L -t . 
llpH 1P < .£4;d· HMeeT MeCTO 3MnHpHlleCKaH ~Ha6aTH-

qecKaH WOPyYRa XapcTe~a.li~, KOTOpaH Taue MOlleT 6biT:b nonyqeHa 

TeopeTHqecKH Ha OCHOBe TOt! JliRH liiHOt:i KOHKpeTHO~ MO~eRH ( CMo!3-I4: 

Mhl MOJiteM HanHcaT:b ;n;na ~eqeHHH saxBaTa aneKTpoHa z-+- .:_rHnepoHOM 

~ -IMt!:o (J~E/ct!) 
er- 31{( e t11'7 

~ +- o ea. 
R- L +_a- e-n-

r~e - e;, ~ -,tfll:' 

IlpH V? )'/?/;, ( 60.POBCKaH 06RaCT:b) ceqeHHe 3axBaTa KaK noKa-

3aHO MoTTOM H MeecH Tatllte 6blcTpo cn~aeT no cTeneHHOMY 3aKOHY 



5.-

B OTHomeH~~ aaxBaTa aneKTponoB cne~yeT paanmqaTD cpe~H c 

Herny6oKHMH ypaBHflMH (~I aB) H cpe~H c ypaBHflMH nopa~Ka IO aB. 
--- ~o-'4 .:z. /1 » B nepBOM cJiyqae o,.,•x7Y C\..U .Hanp~Mep, ~Jifl rt";'Pt::' 

£ = /., J..)e Y , B peayHDTaTe o,_,x ;-.; /0 -4.~ c~:L 

Bo BTopoM cnyqae 6;n~x -10 _,,.c~a. ( HanpmMep aax:BaT 

aneKTpOHOB B KOH;!J;6HC~}IOBaHHbiX ~HepTHbiX raaax). 

;ltnfl !Iff /3-c CE:qeH~e 38XBaTa 3JieKTpOHa z+ ZURo/'OHO# 

-MeoeueB 

BM66T llOpfl~OK B6Hl1q~HH ( peqD H~eT 0 38XBaTe Ha OCHOBHOti ypOB6H:E 

IIp~ ?P- ro7 cM/ceK fr' -ro-16 ctl-

?1--- ro8 cM/ceK o-- ro-14 crl 

v-- ro9 c»./ ceK a- - ro19 cl-

7F' ro6 eM/ ceK · () ·-· ro-22 crl-

EcJim pa3HOCTD v.ex~y y)OBHflMH (E ~ej m aToMa cpe~bl Mana, ceqeHHe 

3ax:BaTa MaKCHMaJIDHO ll)H CKOpOCTflX, ropaa~O M6HDill~X qeM I08cM/C~I 
Hanp:vna:ep, B cnyqae ap roHa A E::: 2 aB, tro - 2. IO 7 eM/ ceK 

er~~x ~ ro-15 c~ ( aa cqeT TYH6HDHOro 3~~6KTa). ;nna KPHllTOHa 
6 -r5 ? tJE.- 0,49 aB.J 21;--- !t.IO cM/ceK, a"mot,K"' IO cr., 

§ 4 SaxBaT Ha Boa6ygenHble ypoBHH. 

C caMoro HaqaJia cne~yeT no~qepKHYTD, qTo BCne~cTBHe 

BblllOHHeH~fl Kp~Tep~fl Mecc~, B o6naCTH, r~e B6p0flT6H 3ax:BaT 

aneKTpOHa Ha OCHOBHO~ ypOB6HDt B6p0flTHOCTD 3axBaTa aneKTpOHOB 

Ha B036y~~eHHble ypoBE~ Kpat!He Mana. 

;nna cpe~ C HOH~Sa~~OHHbiMH llOT6H~~anoM M6HDillHM, qeM llOTeH-
UfJHU 3ol 1.1 ~V 

~HaJI MO~WOGWK ( nocne~HHM~.)KaK H aTOMa BO~Opo~a paBeH 

13,5 aB) nepBouaqanDr.:o aaxBaT.npomcxo~HT npemv.ymecTBeHHO Ba 

OCHOBHOa ypOB6HD• Te 2t - rHnepOHbl, KOTOpble OCTaJIHCD 



6.-

CB060~H~MH, npm yMeH:Dilli~HPIPI CKOpOCTPI 38XBaT~BaiDT aneKTpOH~ Ha. 

B036yllt~eHH~e YPOBHH. TaKafi CPITyaqmfi ~OHSHa HMeT:D MeCTO B ~~~B~ 
ECHH se ypOBHH aJieKTpO::IOB ~Hfi aTOMOB cpe~bt rny6se t qeM OCHOBHO:ti 

ypoBeHb aTOMa (t'fe:J 0 H3-3a ~Ha6aTH~eCKOrO KpHTepHH B oOnaCTI 

MaHbtX CKOpOCTe~ 3axBaT aneKTpOHOB Ha B036yllt~8HH~e ypOBHM BO 

MHOrO pa3 MeHee:HHTeHC~BeH, qeg 3axBaT Ha OCHOBHO~ ypOB8H:D. ITo 
oR, r / - /liFr.r.I-Emrjdo 

ITOpH]J;Ky BenmqmH~ OTHOmeHHe '1-a~O:eH paBHO e -t;7P 

§ 5 MiOHH3aUHfi aTOMa (L-1-e_;} 

CeqeHHe HOHH3aqHJll aTOMa (I '~-e;) , TaKJite KaK M ceqeHMe ero 

Boa6yx~eHHH, paBHO no nopa~KY BenmqmHbt Io-16 cy2 B o6nacTm 

zl',_ !08 CM/ CeK • 

llpi! ?I' :71F. OHO yMeHbmaeTCli no 3aKOHY (J';..ff:i."'fte;.)'-
( 6opHOBCKoe npm6nHllteEHe) / c;1 o en)-:-: Clo (I) n 4 

• B~ec:D 

of Ct):: X 
0 me&. ' 

- HOMep B036yllt~8HHOrO ypOBHH • 

llpH 1/' < 1/0 ceqeHHe HOHH3aUJliH ( B036yllt~8HIJlo/ 'MKJ!te 

yMeH:DmaeTca, HO TenepJ, yxe no a~Ma6aTmqecKoMy aaKoHy: 

• 

r~e 

3f rpHTT8H:DBHY H BOH:Dip H3MepMHH ceqeHJdH npoqeCCOB 
.lie +-+tUe --+ lie ( 31') + ..Qe f "' lie .,.. +fi -4 He(''f) .)-vl/e -1-

npH aHeprMH IIIOHOB 4003 SB. llpl!J aTOM OKa3aJIOC:D 9 qTo at}?c}JeKTHBHOe 
.. 

ceqeHme nepBoro npoqecca npHMepHo B 1000 pas MeH:Dme, qeM a~ 

~eKTHBHOe ceqeHHe BTOporo fB,I~ 



7.-

TaiUU4 o6pa30M, eCJilli cqzT8T.D 1 liTO B KOH~eHCMpOB8HHO:ti cpe~e 

,A('",._ 1023 CM-a npH zr,_ 109 CM/CeK <r-. 10-!S cl-

(r-- IO 7 
eM/ ceK rr- 1~19 

c;. 

'/r-- 3o!06 
CM/CeK 0"'"' I0-22 

cil-

§ 6o Qn;eHKa COOTtiomeHlUi Me:m:~y CB060;nHbiMH 2+ - rHnepoHaMH 
.• ' '----~,., -~-~·-~-·-·····-"•·-·---····-. q,•·~-. _._, .,....,/ 

8TOM8D ( 2 + e- ) B OCHOBHOM COCTOHHllllll III 8TOM8MH . (I + .e- ) 

B B030yJK~eHHOM COCTOH:illllll. 

a) Cpe~bl c MaJibiM HOHHaauHoHHbiM noTeHUHaJIOM ( f1~1c7r ) 

B o6nacTH V'~ -o'D tJ) o6p830B8Hlii6M 8TOMOB B B036yx~eH-

HbiX CO CTOHHHHX MOlltHO :JpeHe6peq.o. 

Tor;na 

~ _ ~(1-x)-w.:l..:r. 
g/~ - 'L / 

X= ul, r· i - e -(w,-1-W~-t) 
~+w.a _/ 

0TCIO;zta ,X'.- 0 1 99 yxr.e !38 BpeMH t Z w,: c4 -. !0-17 CeK o 

TaKMM o6paaou, npm npoxmx~eHPIH 2-t qepea cpe;zty c Herny6oKMIM 

JpoBHHMH qepea BpeMH HOpH~Ka !0-!7 CeK ~OJIH z,_+ 1 HaxO~HDtHXCf 
B CBOOO~HOM COCTOHHHH COCT8BJIHeT npHM6pHo(-!:) ,r~e .£- llOTeH· 

IUJaJI HOHM38D;HH B MOJielCyJie HJIH KpHCTaJIJie 1 ~ - llOTeHD;lii8JI HOHH-

+ f/ n (~ )z .-J10 -..2.. 
aan;:viH aToMa ( ~ e- ) ,l{n.a: (/ tJ t E"y' 
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B ~aH»HeMmeM BCH€~CTBMe CTOHKHOBeHHH BTOporo po~a aTOMH 

CHrMHOHHH nepeXO~HT B B036y~~eHHOe COCTOHHHe. B CBOID oqepe~~ 

aTOMS ( 2 .,_e-) Mory'l CHOBa B03BpaTJIIT~CH B OCHOBHOe COCTOHHIIIe 

HHH noTepaT.o aneKTpoa. XapaKTepnue Bpeuena ~na 3TKX nponeccoB 

nopfl~Ka !0-!5 CeK. 0TEOID8HHe qHCJia aTOUOB CHrMHOHHH B OCHOBHOU 

COCTOHHHH K qHcny aTOMOB B B036yx~eHHOM COCTOHHHH npH 

paBHO npmuepno cr;/01 ,r~e ~- ceqenHe nepexo~a cHrMHOHMH HS 

OCHOBHOrO B B036y~~eHr:Oe COCTOHHHe, ~ - ceqenHe nepexo~a H3 

B036yJit~eHHOrO COCTOHHl[fl B OCHOBHOe + ceqeHHe IiiOHM3aUlU1. 

CeqeHHe HOHH3aUH1[ aTOMa(r't-;)- B nepBOM B036y:Ht~CHHOM COCTO.fl 

HIIIJII B HeCKOH:OKO pa3 6on.ome ceqeHHfl B036yJit~CHHH aTOMa (E-1-9 -

B OCHOBHOM COCTOHHHH. Cne~OBaTen~HO, yse npH Henocpe~CTB8HHOM 

BhlXO~e H3 o6naCTM CKO]>OCTeti !08 CM/CeK ~OHH B036y~eHHUX aTOMOB 

MOJiteT COCTaBHHT.D Bce·ro !Q..o !5%. 

B ~an~netimeM pemamntee anaqeHHe HrpaeT. nepe,11;aqa Boa6ys~eHHfl 

aTOMa:MH CHr:MOHHfl aTOMHM ( MOHeKyJia:M) cpe~a. ilpH 3TOM B036yx~eH

Hbi6 a TOMb! ( 2+ e-) nepexo~HT B OCHOBHOe COCTOflHHe, a TaKOe ~e . 

KOHHqeCTBO aTOMOB ( MOHeKyn) cpe~bt OKa3biBaCTCfl B B036yz~eHHOM 

COCTOHHHH C HaHoon:omeli BepOHTHOCT~IO npOHCXO~HT npH 3TOM B036y:m:~€ 

HHe T6X ypOBHei aTOM0:3 ( MOHeKyJI) cpe~bt, KOTOpbie HaH60Jiee OHH3K~ 

no 3HaqeHHIO K B036YJICAtmHOMY ypOBHID aTOMa anMHOHHfl. 

TaK Ka:tt M3M6H6HHI3 BHyTpeHHett 3HeprHH npH nepe~aqe B036y:m:~e· 

HHfl ropaa~O MCH:OIIIC, q13M H3MeHCHMe BHyTpenneM 3HeprHH npH B036y

~~eHHiti { L+ej , a!})tpeKTHBHoe ceqeame ~na nepe~aq1f Boa6yx~eHHfl 
HMeeT nopfl~OK Bem1qHHhl ra30KHHeTmqeCKOrO ( !0-! 6 C,j.) npm MaJIWC 

~KOpOCTflX ( !06 - !07 CM/CeK) • B TO Jte BpeMH ~tgl H t:f';DI' 

B aToM o6JiacTm citopoc~rel Kpattne Mana cornacHo a~Ha6aTHqecKOMY 

KPHTepHIO MeecH ( .- rn-!9 - ro-22 cMl) • TaKHM o6pa30M npH 



IO 7 eM/ ceK MOltHO :~apaHT:HpoBaT:&, qTo npaKT:HlleCKM Bee .z-1-. rMm 

pOHS Hax:O]UlTCH B CBH3ilHHOM COCTOHHMM, npmlleM 3JI8KTpOHbl aaHMMaiOT 

OCHOBHO:tl, HaH6oJiee rJI;y6oKM~ ypoBeH:& ~So • 11cxo~H :wa Bmne:wa

JIOJteHnoro, MOltHO C~8JI3.T:& BbiBO~, liTO !l>OTOSMYJI.:&Cil'H flBJIH8TCH cpe~oj . 
B KOTOpO:tl npH CKOpOCT rtX nopH~Ka IO 7 CM/ ceK Bee 2 f- -rMnepOHbl 

HaxO~HTCH B CBfl3aHHOM OCHOBHOM COCTOHHMH. 9TO OOYCJIOBJI8HO TeM, 

liTO KaK A-~ /J~j TaK ~ :HteJiaTit~Ha HM8IOT HerJiyOOKMe ypOBHlf nop~Ka 
I aB. 

6) CpeAbl C UOTeHqHaJIOM HOHH3aUltilf, 6JIH3KHM K !3,5 eB. 

BJiaronpHflTHbiMJfl B OTHOilleHHH oopa30BaHHH aTOMOB ( 2 f e ... -) 

B OCHOBHOM COCTOHHHH HBJifliOTCH TaKJlte cpe~hl C llOTeHgMaJIOM MOHJfl3a

UHlf, 6JIH3KHM K noTeHnmaJiy HOHJflaaumm aToMa ~2f~e~ • CJie~eT 
llO~llepKHyT:&, liTO BemecTBa, B KOTOpbiX llpOHCXO~HT 3aMe~JI8Hl18 

~OJiltHbl ObiT:& ~OCTaTOllHO llJIOTHbiMH ( KOH~8HCHpOBaHHbiMH), lfHaqe 

He ycneiOT 3aMe~JIItiT:&CE ~0 6opOBCKHX CKOpOCTe~. ilOSTOMY B ~aJI:&He~ 

meM, KOr~a MH oy~eM IOBOpHT:& 0 BemecTBax, KOTOpble B HOpMaJI:&HbiX 

YCJIOBHflX HBJIHIOTCH ra~aMH , peq:& 6y~eT H~TH 0 ltH~KOM COCTOflHJfiH 

STHX BemecTBo PaccMo~pmM, HanpHMep o6pa3oBaHHe aTOMOB 

B EH~KOM KpHnToHe. 

Pa3HOCT:& HOHH3ai,HOHHbiX llOTeHgHaJIOB B STOM CJiyllae paBHa 

Bcero 0,5 SB ( t;o = !3,96 SB, ~ = !3,5 SB). ilpH CKOpOCTHX 

nopfl~Ka roB CM/CeK CE:ll8HHe o6pasoBaHHH (i +e-) B OCHOBHOM COCTOE 

HHH 

B STO~ OOJiaCTH CKOpO<:Tel: 3JI8KTP0Hbl SaxBaTbiBaiOTCfl Ha B036y:at~8HHb 

ypoBHH ( et;;c3 J" - ro-16 c~) • Taxol: ze nopH~oK BeJimllmHhl mMeeT m 

C8ll8HHe HOHH3aMHlf • Q~~CIO~a CJie~eT, liTO npm r1P"" IOB CM/ ceK 



IO.-

H8CKOX:&KO ~eCHTKOB npo~eHTOB ~r rmnepOHOB eme HaxO~HTCH B 

CBOOO~HOM COCTOHHHH, OCTaH:&HHe xe aaxBaTHXH SXeKTpOH~ Ha B036y

Jit~8HHHe ypoBHH. 

B OOXaCTH CKOpOCTe~ 10+? - 5.!06 CM/CeK CBOOO~HHe~~ -rmne 

pOH~ aaxBaTHBaiDT SXeK~pOHN Ha OCHOBHO~ ypoBeH:&. CeqeHme HOHH3a

~HH B STO~ OORaCTH np~MepHO B 105 - 106 paa M8H:&me, '18M C8'18HHe 

aaxBaTa sneKTpOHOB. Ta.KHM o6pa30M./ Te Z"'.,._ -rmnepOHH, KOTOpHe 

BOillXH B STY o6nacT:& CE.OpOCT:& CBOOO~HN.MH - nepexo~HT B aTO'Mhi 

( 2+e- ) B OCHOBHC1M COCTOHHHH. qTO KacaeTCfl TeX B036y:m:~eH

HbTX CJfirMHOdB, KOT0pb1E 1 . oopaaOBaHHC:b npm 1/"'- 108 CM/ CeK, TO OH:Tit 

nepe~aiDT CBOIO SHeprHBl B036yJit~8HHH aTOMOM KpHITTOHa M TaKlte OKa-

3NBaiDTCfl B OCHOBHOM COCTOHHmm. Ce'leHme npo~ecca nepe~a'!H B036y:m:

~eHHH, KaK w yJite roBopmnm B nepBoti qacTm sToro naparpai!la, npH 

1/'--- ro6 - ro7 CM/CeR. lfMeeT nopa~OK BeJIH'lHH:Dl IO-IS c~, a Bepo

HTHOCT:b nepe~a'!H B030~rJIC~eHJitfl 

U)- off-¥'"' /0 IY ce¥-.t 

TaR KaK B030YJit~eHHNX HTOMOB KpHITTOHa KpatiHe Mana, BepORTHOCTDIO 

"o6paTH0~ 11 rrepe~a'!JII B1)30YJit~eHJIIfl OT KpiiiiiTOHa aTOMaM ( .;i-1-e- ) 

Mo:m:Ho npeaeopeq:n. 

B PITOre B OOXaCTi! 7/'-- !07 CM/CeK npaKTJII'ti8CKPI Bee Zl- -rHm 

pOHht no~eT:&u sneKTpOH3.MH Ha OCHOBHbTX ypoBHHX. 

BIIOXHe npmro~HblM ~nfl oopaaoBaHHH aTOMOB CHrMHOHHR B OCHOB

HOM COCTOHHHPI flBJifl8TCR TaKXe aproH (~0 = !5,74 SB). B STOM 

cxyqaejh£/ ~ 2,25 sB m cooTBeTcTBp•aa cKopocT:& 21'- 2.107 cM/ce; 

Ilpm 1/)-:::.'/Fo OTHOill8HHe Ce'tleHHH JIIOHJi'I3ar.tHH ( HJIH "):: Boa6yx~eH,.) K 

Ce'tleHHIO 3axBaTa SJieKTpOHa Ha OCHOBHO~ ypoBeH:& paBHO OKOJIO 

3.!0-a. IlpH MeH:&illPIX CKOpOCTRX STO COOTHOilleHHe CTaHOBHTCR COBCeM 
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H.HliTO:atHblM • TaR liTO M B CJiyllae aproHa B 06JiaCTlll 'V'-I07 CM/c_eK 

BCe Lr PMIIepOHbt 06pL3YIOT aTOMbl CMPMliiOHMfi B OCHOBHOM COCTOfiHMH. 

B mHepTHMX rasax c oqeHD rny6oKmMM ypo:aHfiMH ( reJim~, HeoH) 

liMCJIO CB060~HbtX L:~· - rmrrepOHOB IIp.HMepHO paBHO q,HCJIY aTOMOB 

( ~+e- ) B OCHOBHOM COCTOfiHMM. CJie~OBaTeJIDHO, ~Jifi aKCIIepmMeH

TOB no ~enonHpMsanMM I+ :aellleCTBa c oqeHD rny6oKMMM ypoBHfiMM 

cJ:laRTmqecKM He IIpMrO:ztHH. 

8KcnepMMeHTbl C ·~w+ -Me30HOM IIO~TBep:m:~aiOT TOT ~aRT, liTO 

:a aproHe npoMcxo~MT noliTM IOO% - o6paso:aaHMe MIOOHMH. Ilpa:a;zta, 

:S OJI8]:(CTBM8 60JIDillOrO HpeMeHM lltii3HM f/ +- Me30Ha :S aTOM OJiyqae, 

KasanocD 6H, MOrJIH mrpaTD pon::o Me~JieHHble nponeccbl, Hanp.wMep, 

pa~MartMOHHbiM sax:aaT 3J[8RTpOHa ( (T.-f()-~1-/0 -~a_c..u.tl..) 

0:ztHaKO, HOXO;llfi M3 OUeHOK, C:zteJiaHHbtX Eblllle, MOJB:HO c,n;eJiaT::& BbiBO;Il, 

qTo aTOMbt B OOHOBHOM C~OOTOfiHHM KaK ;llJifi zr - rHnepOHO:S, TaK M 

:ztJIH .)-' t - MeSOHOB/ O<)paayiOTOH Henocpe:ztCT:SeHHO np.H :ShiXO;zte 14'3 

6opo:SCKOM 06JiaOTH CKO])OCTe~ ( npH 7/'-- I07 ..-- I06 cMfceK) 

. J{Jifi )" + - MeSOHa BpeMH aaMe;ztJieHHfi ;llO OKOpOOTe~ IIOpfi;ztKa 

IO 7 - I06 eM/ ceK aa:aeJ~OMo HmqToJKHO no cpa:aHeHmiO c :ape Me HeM JKr~a
HH ( I0-3 %). 

B aameM cnyqae nponec'c aaMe:ztJieHmH HYJK:ztaeTcfi :a 6onee no;npo6· 

HOM HOCJie;IlOBaHHM • K HTOMY BOIIpocy Mbi :aepHeMOfi HeOKOJI:&KO Bblllle. 

§ 7 POJI::& 06paaoBaHMH OTpHUaTeJI::&HhiX HOHOB ( 2 + e -e- ) 

CJie:ztyeT ynOMfiHYTh 0 TOM, qTo B IIp.HHUliiiie :S03MOJitHO o6paao:aa

Hlll8 oTp.wuaTeJIDHoro moJia cmrueoHPifi ( aToM r +e - aax:aaTu:aaeT 

o,n;liiH aJieKTpoH). CorJiaeHo aKcnepMMeHTaJIDHbiM :ztaHHblM ( Koano:a, 

~oren::o, CTpaTeHKo) MaJtOMMYM ceqeHlllfi o6paso:aaHlllfi OTpmgaTeJI::&Horo 

VJOHa (/It e-ej , (a, CJI1},1J;O:BaTeJI::&HO, M ( Z + .s-e- ) ) He 

]:(OCTVJraeT BeJilllliMHbl I0·-I7 c.l- [I6,I7] • B TO Jlte BpeMH, KaR IIOKa-
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3blBaeiOT TeopeTMlleCit7Ie OD;eHitE E IIO;llTBepJit;ztaeT SKCnepMMeHT, . 

3axBaTy O;nHoro S~eitrpOHa COOTBeTCTByiOT :MaKCMMaHnHble CelleHMR 

10-IS- 1014 cy2. 3Heprma CBH3M BTOporo s~eKTpOHa B CMrMMO-

Hmm paBHa 0, 7 9 j? • IlosTOMY B c~y-qae riHepTHblX raaoB 

o6~acT» citopocTe~ 5oi06 -ro7 c:M/ceK, r;n;e Ham6o~ee BepoHTHO 

06pa30BaHMe CMrMHOHMfl B OCHOBHOM COCTOflHME, ;zt~H npon;ecca 

3axBaTa aTOMOM ( 2 + e-} eme O;ZJ;HOrO S~eKTpOHa HB~fleTCH 
a;nT4a6aTJt'Illecitolt. CetleHJt'Ie npon;ecca ( $"" +e;)-t·e----f ~ +e-~ 
npm STOM KpaitHe Ma.Jl 0 ( -... !0-20 - !0-23 cl-) • 

Ec~Jt'I pell» Jt'I;ZJ;el o MO~eKy~ax mnm KpmcTa~~ax c Her~y6oKmMm 

s~eKTpOHHblMM YPOBHr:Mit' npM 1J>- ro6 - IO 7 CM/ celt celleHJIJe 

3axBaTa BTOporo S~E:KTpOHa aTOMOM CMrMJIJOHMfl MOJiteT COCTaBMT» 

OKO~O !0-!7 c..l- • 0);HaKO CelleHMe IIOTepM s~eKTpOHa MOHOM 

( 2 + 2 e ') PIME:eT nopa;n;oK Be~MllJIJHbl :: , r;ne 

E =0,7 3B, T.e .. ro-14 c..l-. Il03TOMY ;ZJ;OJIH OTPHD;aTe~»HbiX 
MOHOB ;ZJ;O~lltHa COCTaJmHTn ;neCRTble ;ZJ;O~PI npon;eHTa. 

fl. B~MHHMe MOHM3ap;MM Jl1 B036y:m:;geHMH Ha :MexaHJIJ3M 

~eiiOJIHpM3WlJt'IM CMrMEOHMfl. 

§ Io Yc~OBPie .g~a llJI!CTO "cMrMJI!OHMeBoro" MexaHJtJ3Ma 

~erro~apM3aiJ;PIPI. 

~3 npMBe;n;eHHaC Bbiille OD;eHOK c~e;nyeT, liTO npH ;ZJ;OCTPIJiteHPIH 

CKOpOCTe~ IIOpH;ZJ;Ita I07 - 5.!06 OM/Celt 60~nillYIO llaCTn BpeMeHM 

~ + - rJtJnepOHbi rrpOBO;ZJ;flT B CBH3aHHOM COCTOflHMMe 0;ZJ;HaKO 

STOmO eme He ;ZJ;OCTaTOllHO ;n~H TOro, llT06bi Mhl MOr~PI Henocpe;n;CT

BeHHO BOCIIO~n30BaTnCfl (f}OpMy~aMM ff";"h ~u t/t>:;tt.~'HV/1 . 
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ECXH·B8pOHTHOCTb KOHH3aU~H ( B030YE~8HKH) B .I C8K MHOrO 00Xblli8 · 

llaCTOTbl CB8pXTOHKOrO paCll,8IIJI8HKfi. H 7:(4;o,IJ :i , 
f) ~ (. "'!-·~ ) TwwoH p ,_ ( ±1 {I+ aDS<-4 4 I') ~ 1r co:_~/ :::::: 

-=- {f- -}j :;:;;T..,.,.,v= j- -~::::· (T-. ~':1 ?.2-') 

OTCIO~a .!1 JD -= f T u/o ~~,.. 
Ilpm Two --1 A- F ~~ .L 

TaKmM oopaaou rrpm 

rrpaKTKtleCKH KaK cBo6o~Hbl~. 

I + -rmrrepoH Be~eT ce6H 

ECJIJ4 llt8 r ulu., -.l ( r;_,;.,t~H ,...,_.2, -"!) , 14 wo- Ww•H 
.) n ic.t Ao-:Ha H !::.!/ 

HO'ft~8:1IIEH4~T H8Jib3fi IIOJib30:E aTbCH <lJopMyJiaM~TaK KaK B STOM 

CJiyqae M0llt8T OitaaaTbCH, t::TO .4 f> -L • 
TaKKM oopa30M tiKCTO MIOOHH8Bb1~ HJIH CKrMHOHH8Bb1H M8XaHH3M ~erro

JIHpH3aUHJ4 J4M88T M8CTO, 8CJIJ4 

~JIH MIDOHMH rrepB08 HepaBeECTBO fiBJifi8TCfl OOX88 CKXbHbiM. Mbi IIOXyllaeM 

b -1 
Wuo" ~ /0 C£1!.' 

1 -~ -to..., 
~JIH CHrMHOHMH, BCJI8~CTBM€ TOrO, liTO, IIO BC8i1 BJ4,1l;HMOCT1i1 W"·""r"'~ ~, 

tiKCTO CHrMHOHH8Bblit M8XaH~3M ~8IIOJIHPH3aUHM JI.IM88T M8CTO IlpH 

.# ,,') -1 
Wut~l1 <.<... /0 c eM 

ITpm1f'w IO 
7 

eM/ ceK cet::eHme HOHHaaumm MMeeT rropH~OK BeXHtiHHbi 

ro-19 c-rl-, w~-" ........ ro-15 .ro23ro7 = ro11 ceK-I rrp:vr ~ .... s.ro6 cM/ceK 

w(.ti1H .- ro8 
ceK-I' IIJ114 'If'- ro6 

CM/ celt WuCH -I 0 • 

TaKKM oopaaoM, BJIHHEK8 .Ji10H:vJ3aUM:vJ CTaHOBMTCfl COBepmeHHO Hecy

II{8CTB8HHbiM IlpK ·7/'-- 106 
CM/ C8K • 
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§ 2. 3aMe~neHme B cpe,nax C Man~M HOHPI3aUHOHH~M 

noTeHqmanOM AO CKOpOCTea nopHAKa 106 CM/CeK. 

QC)nacT:& CKOpOCTeti OT v;-roB CM/CeK ;ZJ;O V,;_ _.. 0,5.!07 CM/CeK 

COOTBeTCTByeT SHeprmm OT r04 SB ;ZJ;O 20-25 SB. B STO~ o6naCTH CKO

pOCTe~. 3aMe;n;neHme npomcxo,nmT aa cqeT moHmaaumm m Boaoy~~eHmH 

aTOMOB cpe;n;~, a TaKEe ynpyroro pacceHHHH. 

On;eHmM CHaqana nopr.;n;oK aciJ!lleKTHBHOJO TOpMoJKeHNIH ;n;na oTp~Ba 

BHemHero aneKTPOHao 

B oonacTH roB - IO~ CM/CeK ;n;nH cpe;n; c Man~M ITOT8HUHanOM 

HoHmaan;mm ( HanpmMep ;n;nn /11 ffz: ) a;n;Ha6aTmqecKmM cna;n. ceqeHm:£1 

e~e He HMeeT MeCTa, OH HaqmHaeTCH npm MeH:&lllKX CKOpOCTHX. ilOSTOMY 

Mb1 MOJKeM cqmTaT:&' qTo n]>H 1/' r- ro 7 - roB OM/ ceK a!llCI>eKTHBHOe TOp-

MOJiteH:vre paBHO 

;t,lo/ :J(~o:l.. E fifl (1\t rors - ro14 BOn:&T/CeK) 

3;n,ec:& JJ-" 'fllfJI.O BHt~IDHIDC aneKTpOHOB B I CM3 ~ ro23 CM-a. 

ITpm 7/'( IO 7 cujceK ceqe:-n1e moHmaan;mm c>~cTpo yMeH:&maeTcH no a,nPia-. 

6aTmqecKOMY 3aKOHY. fit. :IIOH.Y /() ~/ 
- 711' 

~ /'' r.; ;Jralo/l. E. fv e 
rrpm 1/'""' ro6 cM/ceK Z, o) .- ro10 BOJI:&T/ceK 

CeqeHme ynpyroro pacceaa:ma Ha yrn~ ()- I npm J{'l/~ /...! 
' 

r;n;~ - cpe~HHH aHepr~a CBH3H B aToMe*, no nopa;n.Ky BenmqmH~ 
, I 2.)2- I 

paBHO (:1 '-.... , r;n;e Z < Z ,....., ro-20. OTcro;n;a npH 
7 %1/' 8 {•J /~ '1 / 

IO ( 1P < IO cM/ceK X. 7 - ~ e , r;n.e d/~ -Mac 
.:2. tH..:r ~ 

ca aTOMOB ( MOJieKyJI) cre;n,~. ;r~ HMeeT nopa;IJ.OK BenmqmH~ 1013 

BOn:&T/CeK npm 'If'- lOB CM/CeK, 1014 BOn:&T/CeK npH '11'-!07 CM/CeK 

.,_e~z% lf) B Mo;n;enm ToMaca-<beplliJi! v --
olo 
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B 06JiaCTH CKOpocTeM !06 ,( ~lf' .( !0 ~ a;, --:;rot • .2... 0TCIO~a 
a .a. 

;t_ (I)~ 3'('oltJ L ~E V'_.,_.V ~ 
~ vUe!' 

Tipm ?/'"" !07 CM/CeK .z:J._f.J} = !0!4 BOJI:&T/CeK, npH 

'1/' "" !06 CM/CeK X.~ (I) ,...._ !0
11
BOJI:&T/CeK. 

TipH ynpyroM paccEHHHH Ha MaJIMe yrJIM nepe~aqa aHeprmH aTo-

MOM cpe~H O'leH:& MaJia ( ..._ J'c'n ~{) ) • 8(_pq)eKTHBHOe TOpMOJKSHHe, 

COOTBSTCTBYIOtnee paccef:HHIO Ha Ma.Jible yrJihl rrpli (/>/ !0 7 OM/ ceK 
to} 7 

nopa;n;Ka ~:~.. , ~P< IO cMjeeu nopftilfiff!a ·itT, npH 

1r< !07 CM/CeK OHO MHH:&me, '18M ;G_ t') • 

YllmThlBaH rpy6ocT:& Hamff~ o~eHKm, 6y~eM c"tlmTaT:&, "tlTO 

i~ !0-II - !0-IO ceR. TaKmM o6pasoM, C'lHTaT:&, qTo npoueccu 

HOHM3a~mm 3aBS;li;OA:O He BJIHHIOT Ha ;n;eiTOJIHpiti3aUHIO 2 + , HarrpH-

Mep, B ~OT03MYJI:&CHH ~H He CMO~eM. 

CJie;n;yeT no~qepKEyT:&, qTo ;li;JIH MIOOHHH BJIHHHHe HOHH3aUHH· 

Ha npouecc ;n;erroJiapmac:.umm saBe;n;oMo HecymecTBeHHo. B aTOM cJiyqae 
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_1 -II -12 ~ 'J -5/./ 
1:- IO ceK - IO ceK, T.e. -z:,r-""' IO <...." I. 

§ 3. 3aM8AH8HH8 B cpeAax C HOHH3aijHOHH~M llOT8HijMSHOM 

llOPHAKa 10 Sli AO CKOpOCTe~ OKOHO I06 CM/ C8K. 

Ecn:rt w Mcnon:oayeJ.[ npM Hay"!leHitfM ~enonapuaan;:rt:rt 2 + He woTo

sMyn:oc:rtro,a JltB~KM~ aprOH ItfJIH KpHllTOH, B 06JiaCTH OT 108 CM/C8K 

~0 106 CJI./CeK C8li8HM8 UOHH3aD;MM MaHO, TaK KaK OHO 6JXCTpO cna~aeT 
no a)J;Ha6aTMli8CKOMY 3aKOHy: 

~ - r~.,.. ( :_::-) (c!·ow/0~~~ a'o'-'fc-~) a-,_ .j'(Oio e ~ 7 
8~~8KTHBH08 TOpMOJlt8HM8 npH 1P~I08 CM/CeK MM88T B8JlltfliHHY 

- 1016 BOH:&T/CeK, npH '1/'- 107 CM/CeK - 1012 BOJI:DT/CeK, npz 

'1/'- 106 CM/CeK ,_, 108 BOJI:&T/ceK. 

qTO KaCaeTCH S~~eltTltlBHDrO TOpMOJB:8HHH, COOTB8TCTBYIOII\8rO 

ynpyrOMY pacceHHHIO, TO B STOM CJiy-qae OCTaiOTCH B CMJie OU8HKM 

npe~~ymero naparpawa. MIX nonyqmM: 
/08 '" ~ 
J ,Pz tPoltfl j vtlz l/ldl!l 

t """ A fo) + 7:. {IJ/ + ., ty + 7_/a) 
/Of I a I()' '"1 -

B nepBoM HHTerpane MO:atflo npeHe6pe-q:o 7, I~ • Tor;n;a 
/08 f "" ·rvli.E-Mr·va.olv' ~ /o-:l¥./t>-2~./o.a" "";o-':eK 

L J -Z~.2. e 'I cff /0~·/0.1./()-~0./0:l.J . 
/()-.: 

/D ;t; 
_L .-- '-r y/4-t oln -v jl) _.,ce~t 
~~ ~, ~~J~«.~~~ 

/0 

Cne~oBaTeJI:&HO t?-- ro-10 ceK. 

§ 4. B~BOA~• 

~TaK, B WOTOSMYHlCHM, a TaKEe B :atH~KOM aproue m KpMnToHe 

m B APYrBx KOH~eHcBpo~aHHMX cpe~ax, o6n~aromMX MJIM HernymoKMMM 
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aneKTPOHHhlMH ypoBHHMM mnH HnH aneK~poHHHMH ypoBHflMH, 6nmsKHMH 

K OCHOBHOMY COCTOHHHID aTOMa BO~Opo~a - rroqTH BCe;'~ - rmrrepOHhl 

3aMe~nHBillH~O CKOpOCTeH IIOpfl~Ka I07DM/CeK - no~eThl11 SJieKTpOHaMH, 

CH~HmMME Ha OCHOBH~ ypOBHHX. B oonaCTH CKOpOCTe~ ~0 106 CM/ceR 

( 2 - 3.I06 CM/CeK) Ha MexaHH3M ~erronapHsanmm ~+ -rmrrepoHa 

B CHrMHOHHM BJIHHeT HOHH3aUMH ( HJIH B030Y~~eHHe), ROTOpaH pa3phl
+ BaeT KOHTaKTHOe B3aHMO~e~CTBHe CITHHOB 3JieRTpOHa H ~ -rmne-

poHa. CKOpOCTH rropa~Ra 108 CM/Ce~ SRCrrepmMeHTaJI~HO HeJI~3H 
OTJIMqHT~ OT CKOpOCTe~ ITOpH~Ka 106 CM/CeR. B TO ze BpeMH STY 

o6JiacT~ cRopocTe~ I +(z+e-) rrpcxo~HT He O'leH~ 6hlCTpo sa Bpe
+ MeHa, XOTH H MeH~illHe, HO cpaBHHMhlE C BpeMeHeM EH3HH .;? • 

TioaTOMY IO- 30% ~+- rmrrepoHoB, pacrr~hl ROTOPNX Mhl WHRCHpyeu, 

MOryT pacna~aT~CH rroqTH He ~eiTOJIHPH30BaHHhlMH. 

ill • llerrOJIHpHSagHH 2+- rxmepOHOB B CHrMHOHHJli • 

§ I. ~eHoMeHoJiormqecRaa Teopl~ 
MexaHM3auHH ~erronaplil3aUHJ4 SJIElKTPOHa MIDOHiliH 3a cqeT B3alilMO

~e~CTBMH co cpe~He~ no~po6Ho HsyquH B pa6oTe HocoBa H HROBJieBo~l 
' 

~eHoMeHonorHqecRHM Mhl MOllteM orrJdca~~~ ~erronapitisauHro aJieRTpoHa 

sa cqeT ero B3aHMO~eiCTBHH CO cp~~ol, BBe~H B ypaBHeHJIIH BaH

reHecca-EJIOXa ~orroJIHHTeJI~Hhle qneHu, rrporropuMoHaJI~Hhle qacToTe 

OITpOKH~hlBaHHH SJieKTpOHHOrO CITHHa V • • 
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or~ _ttt.. 
§ 3. aieKTpOH"aTOMa CHrMHOH~fl C sneKTpOHaMH aTOMOE 

H MoneKyn npH ynpyroM racceHH:VU1. 

ECJIJd EaneHTHble CEfl3Jd aneKTpCtHOE HaCblll\eHbl ( CIIHHbl CKOMIIeHcm

poBaHil) , OOMeH sneKTpOHOE C nepeopHeHTaD;li'Ie :li1 CilHHa HeE03MOlKHbl

OH aanpemeH Ilpli'IHD;li'IIIOM ilaynH. nna AapaMarHli'ITHMX MOJieKyJI C HeCKOM

neHcr&poBaHHblM CIU1HOM STOT npou;ece B03MOJiteH H r&rpaeT cymeCTBeHHYIO 

pOJI:&. ilpli'I STOM Jl.,_ - J4MeeT IlOpll~OK EeJIHql'JHbl !0-!q !023. 106 ,.._ 

r- IQI3 CeK-I ) ~/ w0 • ilOSTOMJ ecJUi MOJieKyJibl 06Jia~aiOT CTIMHO

EblM napaMarHHTI43MOM 1 ~eTIOJIHPH3aD;:4H B KOH~eHCHpOBaHHbiX cpe~ax . 

BOOOII\e npaKTJilqeCKH He HMeeT MeCT~ (SWWeKT TO~ :m:e IlpHpO~bl, KaK H 

BJIHHHli'Ie HOHH3aUMH). 

O~HaKo y oon:omHHCTEa EemecTB BaJieHTHble CBR3M HacblmeHbl, T.e. 

CTIMHbl SJieKTpOHOB CKOMTieHCHpOBaHbl• 06 STOM CBH~eTeJI:&CTBYIOT 1 

E qacTHOCTH 1 H3MepeHHfl KOS~li'IUHeHTa aCCHM8Tpi41i'I ~Jlfl pacrra~a 

J' '"*' - MeaoHa E /1? Ill:'" ) JKeJiaTHHe H ~pyrHX BemecTEax ma 

KOTOpblX CJie~yeT, qTo A f'....) f • 9TO OWIO Obi H8E03MOJKH0 1 

eCJIH Obi Y 6h1JIO MHOPe 60JI:&me, qeM IOII CeK-I. 

~aBeCTHo, qTo f1:rl?~ , -HOHHbl~ KpMcTann, oona~aiOmH~ 

~.vtaMarHMTHblMM cBot:lcTBaMm. Y HOHOB /11 M /1-e - aaMKHYTble aJieKT

poHHble OOOJIOqKH, COOTBeTCTBYIOII\rW li'IHepTHblM raaaM. 

leJiaT-MHa TaKJKe ~MaMarHHTHa., KaK, EIIpoqeM III noqTN'l ECe Opra

HHqeCKHe EemecTEa, KpOMe MeTaJIJIOOpraHHqecKHX pa~HKaJIOEr~ nenOJIR

pm3aD;lllfl f' ..,. - MeaoHa B :m:eJiaTJIJ:He corJiacHo paooTeM paBHa ± , 
TaR qTo V2 ~o • 

PaayMeeTcH, ~ 2 o 
KaK aproH, Kpli'ITITOH m pH~ ~pyrHX BemecTE. 

TaKHM o6paaoM, ~JIH ooJI:omor) qli'IcJia BemecTB o6MeH Mellt~Y 

SJieKTpOHOM aTOMa CHrMHOHMfl M aneKTpOHaMH MOHeKyJI cpe~bl He HrpaeT 
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Htntai:Co~ poJIH. 

§ 4 0c5MeH SJI8I:CTPOHa aTOMa (~ +6~ C SJiei:CTpOHaMH cpe,Z(bl 

npH HeynpyrHx coyAapeHI~ 

ilpH COy}.(apeHitiHX B03MOX\HO B036yJJt;n;eHHe SJI8KTpOHHblX ypOBHeit 

MOJieityJI ( HJIH HOHMJ3aD;HH) • ilpH S~~OM KOMII8HCaD;HH CITHHOBblX MOMeH

TOB SJI8I:CTpOHOB HapymaeTCH. J{JIH )lHaMarHeTHI:COB MHHHMaJI:&HOe H3MeHe

HHe SHeprHH npH STOM He MeH:&me (, a B OOJI:&illHHCTBe CJiytiaeB OOJI:&me) 

tieM I SB, TaK Kai:C OCHOBHOll ypOBEJH:& He MMeeT TOHI:COiii CTPYKTyphl. 

KpHTepititt MeccM npitiBo;n;:vrT K ~ITO MY, tiTO 
-~ ,-113 ,...... 7('Cfo .2. ./!1 ·v- c.A I 'l/;, 

J{JIH 11-j {1&" npM IP"" 

V3 .- 109 cei:C-2 , npm '?I'

J{JIH HHepTHblX ra30B /1-r H 

• 

!06 CM/Cei:C, (~ ,.._ 107 CM/ce~ 
5.!0~) CM/Cei:C ..(? ...._. 105 ceK-! f 

rc-- npiti ?!'-- !06 CM/Cei:C li:J ,._ ro5cei:C:II 

TaKHM o6pa30M npH CKOpOCT~C nopa;n;I:Ca 106 CM/Cei:C 06MeH SJieKT

pOHOB C rrepeBOpOTOM Cll:viHa npH B036yJJt;n;eHHH ,Z(HaMarHeTHKa MaJIO 

BepoaTeH. ilpH OOJI:&illHX CROpOCTHX 06MeH KOHRypmpyeT C HOHH3an;He«. 

KaR w yze ycTaHOBHJIH, BpeJ4H aaMe;n;JieHHH aTOMOB ( z +-c- ) 

}.(0 CROpOCTeiii 106 CM/CeK - 5.!05 CM/CeR nopa;n;Ra !0-I! - !0-IQCeK 

§ 5. BJIHHHHe BHyTpeHHHX Ma:rHHTHhlX rroJiait aa ;genoJIHpHaaqHro 

CHrMHOHHH. 

Cpe;gHee MarHHTHoe rroJie aaM:tHYThlX ;gHaMarHHTHhlX oooJiotieR 

paBHO HYJIIO. 

0}.(HaKO npH B036yJJt,Z(8HHH ;zJ;Ha~arHeTHKa B03HMKaiOT S~~ei:CTHBHble 

MarHHTHhte ITOJIHo OnepaTop 11 MO itHO 3aiiJ..iCaT:& B BH,Z(e 
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-f • 
' ' .. 

--z: r') - paccTOHHHe ~ -oro aneB:TpoHa .n;o n;eHTpa aToMa. KaK .n;maro•. 

HaJibHSe MaTpHqH~e 8JieMeHT~ OT orrepaTopa MarHHTHOrO .ZJ;HITOJIDHOrO 

MOMeHTa, TaK H He,ZJ;HaDOB8JlbHUe B CJiyqae ,ZJ;HaMarHeTHKa (L =5=0) 

TOZ,ZJ;eCTBeHHO paBH~ HyJiro. 

0.ZJ;HaKO BUCillHe MYJibTHITOJlbHUe MOMeHT~ MOryT ,ZJ;BaTb BKJia,ZJ; B 

fl t TaK KaK He.n;marOHaJibHble S3leMeHT~ OT ·'WJ {~(L~ He paBH~ 
HYJIIDe llpH STOM aw~eKTHBHOe ITOJie Ha paCCTOHHHHX, ITOpH,ZJ;Ka aTOM-

HbOC t paBHO OlCOJIO !05 
z,e- • lJaCTOTa np~ecc~npm STOM u.J '""-' 

• Sa BpeMH CTOJIKHOBeHHH 
J Ct't:~ ~ _,, 

A. r ... ;;;-,,o ~ 

2. c.._Ho2.. U I)' 
LJ "'"" - .1 v ~,.,.,~~ 

l!HCJIO CTOJIKHOBeHHA Sa BpeMH ZH3HH paBHO 

I? = Chro ~ 7~ 

ilOCKOJIDKY B 06JiaCTH CKOpOCTe~ ·~'- 106 CM/Celt HMeeT MeCTO 

a.n;ma6aTmqecKH~ cna.n;, 

n <."' /C. -.2o.;o.4.i ·10~ /0-10 ~--- /?J 

0Tcro.n;a .41 7 JO ..z.~ 10 -~¥.It:.' <~ /O-
3 

, qTo cooTBeTCTByeT 

~ ~ lo 1f~ -I • llpm 'V' .-tf=IO s-~;«# V, ~ 1°3~ -~ 
( rroKa peqD m.n;eT o6 ,4? /lr ) • 

]lJIH lltH.ZJ;KHX HHepTH~ raSOB vY ~ /0 3 Ct£,.~e-' npm '2l., --/0 6&&M/ . /~ 

H J/q ~ i CUt' -' rrpM r..-5 • !06 
CM/ CeK • 
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,41/JI 
TaKHM o6paaou ~ /{ wo ~ ""- ~ Bcex ~Ha:MarHHTHbiX 
B811(8CTB 9 aTOMbi KOTOpbiX HaxO~HTC.ff .B COCTO.ffHit'Ilii d.J'o , a MOJieKyJIR · 

- B cocTORHHH L ~ 0/ S ::=. ~ If = 0 • ( /\ - npoeKI.{HR noJIHoro 

MOM8HTa Ha OC:& MOJieKyJibl) • }J;JI.ff nap~:tMarHeTliiKOB V;a,. > )' G<;-~ ~ 

t/j >7 ~~ tly >l wo 11 ToqHo Ta:ue ~ .>/) / IIJ :>1 / / If ;'17.,, 
Y napaMarHeTHKOB c qHcTo op6HTaJI:o::ruu napaMarHeTH3MOM ( L ,;i ~ , ..., 
S-::1) J ~ ~~ / },o vJ/ VitA~ W11 '"',/. 

/ Vs.:::o 
§ 6. HenonHpliiaauHR aJieKTpoHa B KpHCTaJIJIHqecKou noJie. 

B aTOM naparpawe Mbl MolteM BO,}npn:osoBaT:&CR pesyJI:&TaTaMM pa6o

Tbl HocoBa 11 H:a:oBJieBoM [r'j. CorJiac::Io ou;eHKaM aToM pa6oTbl B 11$/Jc; 
./ 

~enOJI.ffpHSaiJ;HH SJieKTpOHa MIDOHHH aa cqeT ~e~CTBH.ff KpliiCTaJIJIHqec:a:oro 

llOJI.ff ~aeT BKJia~ B J nopH~Ka 104 CeK -I npH CKOpOCTRX !OS CM/CeK 

(TenJIOBbiX ~Jlff MIDOHHH). 

QqeBH~HO, nplii '1/).-!06 CM/CeK ( 06JiaCT:& CKOpOCTe~, nplll KOTOpbiX 

HMeeT M8CTO qJiCTO ncHrM:rtrOHH8Bbl~ 11 JA:exaH:rtr8M ~ellOJIHPHSaUllllii Lr ), 
~- -/0 ~ ce..K-I ~ uJoy , TaK KaK ~ "" ~21' 4 lf) 

TaKHM o6pasoM, npm CKOPOCTRX ~- ro6 CM/ce:a: B WOTOSMYJI:O

CHH, lKM~KOM a pro He lii ItplllllTOHe 

a) ::. )11 t' ".2. + IIJ r Vy + &- < 10 ~- ltJ ..:J c ek"-
1 ~ /0

10 c~ K -I 

ilpH CROpOCTRX tr~.105 CM/CeK 
- r -' . a!"" ;ou c 4PK 

ITpH ~- ro5 CM/CeK v ..5 IO ceK-I 

B pa~oTe [r8Jo6cylt~aeTC.ff eme O~HH MexaHlii3M ~enoJIHpliisan;llllii, a 

liiM8HHO - o6pa30BaHHe OTpHgaTeJI:&HO:~o BO~OpO~Oll0~06Horo HOHa.Qu;eHKH. 

X 8TO RCHO lll3 ypaBH8HliiH 

d :r ~ !-f [C E?flJsJ 
q(f 

1-,..•'. ' 
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no""1itra6aTHtJ:80KO!ii <J?opMyJie ,zJ;JIH C ROpOOTeiii nopa,n;Ka 106 OM/ OeK 

,zJ;aiDT 3HatJ:eHHH V nopa.n;Ka 10]! oeK-I, ,zJ;JIH~~ S.IOS OM/OeK

V ,_ ro9 oeK-r. 

K oo~aJieHHID, Henoope,n;OTBeHHuiii aaxBaT aJieKTPOHOB o ypoBHeM 

~~-~ o~ ( r- !,3 3B) aTOMOM "OHr~HH" ( HJIH 11 MIOOHHH") 

npm OKOpOOTHX, 6JIH3KHX 0 T8flJIOBUM, H8B03MO~eH H3-3a HapymeHHH 

aaKoHa ooxpaHeHHH aHeprMH. { fJ r Ht~ctl(} 
B TO ~e Bp8MH HHRaKMe ,n;py::me npo~eOObl He 061>HOHHIDT opaBHH-

T8JII,HO 6oJit,myro BeJIHtrMHY 11 .n;~ra MrooHMa B ,4~ Br- ( v--ro9oeK~1 )1 
BoaMo~Ho aax:BaT aJieKTpOHOB rrpoHoxo.n;HT o RpaiiiHe HerJiy6oKMX 

ITPHMeOHbiX ypOBHeii. ( B.r.HoooB>. 

Bo BOHKOM OJiyqae OKOHllaTeJ:t,HOe pemeHHe OKOHtJ:aTeJI:bHOe 

pemeame aToro Borrpooa HMeJio 6u 60JI:bmoe aHatreHHe ,n;Jia Hamero 

§ B. B bl B 0 A u. 

11pM 3aM8,1l;JI8HMH B JICM,zJ;ROM · f/~ HJIM ~ ,11;0 OKOpOOTeiii rropa,n;Ra 

ro6 OM/ oeK BJIHHHHe ope,n;bl a a .n;enoJIHpHaa~Hro x-·f - rznepoHa nyTeM 

B03,11;8~0TBHfl Ha 3JI8KTpOH OHrMHOH~fl, TaK ~e KaK H BJIHflHHe HOHHaa

QMH, OTaHOBHTOfl HeoymeoTB8HHbiM. 

KaR Mhi y~e yoTaHOBHJIH, B O)e.n;ax o rJiy6oRMMH ypoBHHMH 

/1-z:,~ Kr: ) o6JiaOT:b OROpooTeli OT roB OM/ oeK ,11;0 ro6 OM/ oeR 
-IO r-+ - rHnepoH npoxo.n;HT aa BpOMfl nopfl,ZJ;Ka IO oeK. 

( 

11pH aaMe,n;JieHHM B tiJoTOSMYJI:b<:HH rroJIHOOTt,IO HCKJIIOtJ:HTt, BJIMHHMe 

cpe,n;.bl IDe ,ZJ;8IIOJiflpH3aQMID z-+ - r~rrrepoHa Mbt MOJICeM npH OROpOOTHX, 

M8H:billHX 5.!05 OM/CeK (I-2.!05 CM/CeK). 

B § 2, IT MN ycTaHOBHJIH, trTc BpeMH aaMe,n;JieHMfl ~roT 

'J/i- IQB OM/CeK ,11;0 ~ .-. 106 CM/CeR HMeeT ITOpfl,zJ;OR B8JIHtJ:MHbi 
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10-II CeK. lip£~~ ;ztaJI&HetimeM 38.MC,7J;JWHHH ;ztO CKOpOCTeti "- !05 CM/CeK 

OCHOBHblM MeXaHH3MOM fiBJifi8TC.ff BOSCiy:m:;zteHHe KOJie6aT • ypoBHeti MOJieKyJI 

( &- O,I - O,OI sB). BpeMH saMe;n;reHmH oT ~ -ro6 cM/ceK, ;n;o 

fliJ - !OS OM/Celt TaKEe COCTaBJ.fi8T Io-II - IO-I2 celt. TaKHM 
+ .. 

o6pasoM rroJIHoe BpeMH saMe;n;JieHm.ff .r - rmrrepoHoB B woTOSMYJI~CHH 

HMeeT ITOpfll.l;OK BeJIH~HHbl !0-II ceK, HJIH, y~HTDIBafi rpy60CT~ Hameti 

oueHKH, Io-II - Io-IO ceK. 

CJie;n;oBaTeJI~Ho, rrorrpeEHeMy Bcrrpoc saKJiro~aeTCH B TOM - KaK 
1.1/MC.C,,f ~ 

oT;n;eJIHT~ l t - r:rmepoHbi, pacna.Ziaftefl rrpm cKopocTHX --1oe-1o 7~ 

f + C' !05 < 1/' < !06 CM/C8Ko 

~.IY. 06pasOBaHHe CHrMHOHHeB~ MOJieKyJI H BJIHfiHHe XHMH~eCKHX 
+ npoueccoB Ha AerroJIHpmsaqmro ~ -rmrrepoHa. 

B pH;n;e pa6oT o6cy~;n;aeTC.ff BOsMo:m:HocT~ o6pasoBaHHfi MesoMoJieKyJI 

[2D, 2t] • ~etiCTBHTeJI~HOt MIDOHHti B XHMH~eCKOM OTHOmeHHH ITOJIHOCT~ID 
aHaJIOrH~eH aTOMy B0,7.1;0p0,7.1;a. To :m:e cauoe MOEHO CKaSaT~ H 0 CHrMHOHHH. 

TaK KaK 06bl~HO npH XHMH~eCKOti CBfi3H BCe SJieKTpOHbi o6pasymT 38.MKHy

Tbi8 ,7J;HaMarHHTHbie 060JIO~KH, B MOMe~T BCTynJieHHfl ~- rmnepoHa B 
eK 

xmMBqecKyro peaKumro ero ;n;erroJIHpHsa~H.ff np~pamaeTcH. ~etiCTBHTeJIDHO, 

COrJiaCHO IIayJIH, CITHH _z- + - rmrre)OHa B STOM CJiy~ae He MOJKeT 

"rrepexo.n;mT~u Ha sJieKTPOHbi cpe,I(bi. 

BepoHTHOCT~ Toro, ~To sa BpeMH olt I '1- - rmnepoH pacrra;n;a

eTC.ff HJIH rrpomsoti;n;eT S.KT XJrlMH~eCKOJ! peaKUHH paBIIa 

-(~+Ve -(_1'+,1)-1-c/f t r.I(e /l - CKopocT~ XHM:vJ~eCKOti peaKUirlH, 

). - KOHCTaHTa pacrra,I(a. ITOJI.ffpHSaHIHi Jf; (~+ _;)e -(.r+Aj-1.-o/6-
2 + - rmrrepoHoB paBHa P{ t) , r,I(e saBHCHMOCTD OT BpeMeHH 



25.-
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onpe;n;eJIHSTCH COOTBSTCTBYIO~HMH cJ.letpMyJiaMH ll • .lli.OTCIO;ZI;a ycpe;n;HeHHaH 

ll01IfipH3a~HH ~+ - rHnepOHOB, C KOTOpoM CBH3aHa aCHMMeTpKH B 

pacna;n;e z-+~p+7rc paBHa 

p-= ]f>rtJe- {'-+-t#(~+~ol-6 
0 . l!'l:'C.C~6V""t'~~ 

HeTpy;n;Ho Bm;n;eTD, qTo WOPMYJIU (4;,(I2),(I3),(I~~' ocTaiOTCH 

B CHJie, eCJIH BpeMH JltH3HH Z + ·· rHnep~Ha z-;..,. ·-: j 3aMeHHTD 
- 1 

H a rz: -c ,tl r ;r. • 

qT06U MOJltHO 6&nO 6U H8llOCpE;ZI;CTB8HHO ll01ID30BaTDCH ~OpMyJiaMH 

~~~;l 

<t>H3Hti8CKH STO COOTB6TCTByeT TO:MJ, qTo £ ;- - rHnepOHU pacna,ZJ;aiOT

Cfi ;ZI;O BCTYll1I8HHfi B XMMKqecKyiO peaK~HIO. !K;ZI;KK~ aproH K JltH;ZI;KHM 

KPKllTOH 3aBe;n;OMO XHMHqecKH HeaK~HBHU. 0HH MOryT BCTYllHTD B XHMH

qecKHe COS;ZI;HHSHHH T01IDK0 B B036~Jlt;ZI;8HHOM COCTOHHHH. TaK KaK 

BepOflTHOCTD nepexo;n;a B B036YJit;ZI;8EH08 COCTOflHHe B a;n;Ha6aTzqecKOM 

06JiaCTH CKOpOCTeM 1/ < v"'e. ·- 108 CM/CeK KpaMHe MaJia, BCTyn

JI8HHe /1r KJIH Jlc B XKMKqecKyiO CBH3D C CHrMHOHHSM npaKTKqecKH 

KCKJIIOti8H0 1 TaK qTO B STOM CJiyqae, HSCOMHSHHO, 

7 &. ) "Wo {,11) 

EcJIH 6hl ;r 6wro woro 60JIDme qeM w~:!:fjl'fO "ceK -I/ 

noqTm Bee z- '~" - rHnepoHa HI' .,. -uesoHbl pacna;n;aJIHCD c5bl He;n;enoJia

pH30BaHHhiMH. O;n;Haxo aKcnepHMeHThl c f' + - MeaoHaMH, pacna;n;aiO~H

MHCH B clJOTOSMY1IDCHH~, llOKa3hiBaiOT, tiTO HM86T M8CTO 3HaqHT81ID

Hafl ;n;enoJIHpHaa~KH f1"1 - MesoHoB. B IteJiaTHHe oHa cocTaBJIHeT, 

npHMepHo, noJIOBH~ B //1 Pc 98%. HocoB H HKOBJieBa noKa3aJIH, qTo 

TeopHH xopomo corJiacyeTca c aKcnepzMeHTaJIDHhiMH ;n;aHHhiMH no pacna-

. ;n;aM Jl+ - M630Ha B ~OTOSMYJIDCHH 1 SCJIH BblllOJIHflSTCfi KpHTepHM 
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y' ~L tP, (I'}::: 0 33 ·/0 II c eK -I 

/1 n _J!_- .JO _!L. /--"'.1 
ITpiti STOM B 11! f'J -r ,¥ - 0 

, B JKeJiaTitiHe ~ <.< 

.UpH QK9p9C'l'mc 5 • !05 
mA/CCf£ if l~Wfl :&HIC sa ClfO! oopa~O:BtiHiTft OTpPI~a-

!IH~;JlJJHOPO ifOIIa MOXC8~ ;BiQC~lii'S.~i MQIE9illvey M 

~08 I09 ceR -I { CMo § 7 q.!Yj. 0TCIO~a B f11.L?~ 

7 { IO'-ItJ~ce~-.l << J..·-/0 10c~K-i 

B cJiyqae llteJiaTitiHbl HepaBeHcTBa -J-~ d. / ~; <.c' 1. 
~ -1 y /~l?CIA/e-' 

MOryT BbliTOJIHHT:&CH, HaiTpHMep, npv. V -10 ax ./ r- ""' 

KaR Biti~Ho ma pa6oTa Bpo~cKc ro [2.1] , aaBliiCHMOCT:O cKopocTM 

XliiMliJqecKO:t:i peaKI.J;liiiti OT MaCCJ>I BO~CpO~OITO~OOHOrO aTOMa ( lii30TOlllll

qecRitiH a~eKT) He MO~eT cym,eCTBEHHO Iti3MeHliiT:O ITOpH~OK BeJIJtiqJtiHbl 

~$+ , ITO cpaBHCHliiiO C 7/f + • ilc STOMY MOlltHO cqHTaT:&, qTo B {_f}OTO-

SMYJI:CCJiiH 

Iti CJie~OBaTeJI:&HO XHMHqeCKHe npOI.J;ECCbl He BJiliiHIOT Ha ~eiTOJIHpH3ai.J;HIO 

~t 
L - rvmepoHa. 

3aMCTitiM, qTo BOo6me rOBOpH, ~JIH JIIOOO~ Hanepe~ aa~aHHO:t:i 

cpe~bl HeJI:caa cqJtiTaT:c, qTo X x.,. ~) • CorJiacHo oom,eM 

TeOpHiti XMMlJqeCKMX peaRI.J;MM[2~ 
7= J!l<:z. Fe -£/Kr fi' 

r~e R - paaMepbl MoJieKyJI, ur-- KOHI.J;eHTpai.J;ItiH MX B I cM
3

, JD
{_flaRTop BepO.ffTHOCTM, £ - SHepi'H.ff aRTJtiBai.J;11M( OQblqHO c ,_ 1-2. 3~ 
ilpM. CKOPOCTHX L+ - rMnepoHa ITC'PH~Ka 106 CM/CeK t:z., ""'£. , M 

KOS{_fl{_f}MI.l;HOHT e - E/x-r CJie~yeT onyCTMT:&. 'for~a 
;t ,...,o-16.f02.3.Jol. f .... ;ol.1.f' rei( -t. 
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EcJUf £~ I a:s ( HarrpzMep, }i +C~ = Ht:e -f ce ) :;J 

. 2.3 J~ .1"" JO /0 /.:I .n -J 
11?. """" }tJ.r ~~~ / 7 .- /0 -/~. /0 . ,c./ . ,- ,._ ·r~t: 

f.. J. r/Of!. 6 lUUft."- f!;l . p A 
Jl~H~ws~pHkYXHMHqecKHX peaKqH~ ~~ • HanpHMep, :s ~oTo-

aMy~bCHH, KaK cne~yeT H3 HalliHX npe~~~Y~HX oqeHO~ 

P ,._ Io-4 - Io-5 

Y. BRMHHHe ~HaReKTpzqecKm: c:so~cT:s cpeAu. 

J{HaReKTpHqecKHe C:SOi!CT:Sa c:pe~bl MOryT OKaS~:SaTb :SJIHfiHHe 

Ha 3HaqeHHH, COOT:SeTCT:SYIC~He SEepreTzqeCKHM ypo:SHHM CHrMHOHMH, 

a CJie~o:SaTe~bHO H Ha :senMqMHY CBepXTOHKOrO pac~errReHHH 

cV, (% +) [ Ii 1 • J{~H CHri~YOHHH, HaxO~HIJ.terOCH :S. ~Ha~eKTpH-

qeCKOM cpe~e, HMeiDT MeCTa COOTHOmeHMH 0' _ .I'T.J E Q' o 
- , II- / 

E "Cd...& ) m £ .. 
HO TOJlbKO :S TOM CJiy-

qae, ecnH K TOMY Ee 

3~eCb ~ - SHeprMH C:SH3H a~eKTpOHa :S CHrMMOHHM 1 HaxO~H

nteMCH :s ~HaJieKTpzqecKoM cpe~e..., .l:e = I3, 5 a :a, m ¥_ a~~eKTM:sHaa 

Macca aneKTpoHa ~ G = E (f) . 
Ecnz 'k!.fot 3 .( ~ , ;n:Ma.~eKTpMqecKaH aKpaHzpo:sKa aTOMHbiX 

a 
ITORei! OTCyTCTByeT M COOTHOmeHHH, IIpHBe~eHH~e :Sblme He HKeiDT 

CMbiCRa ( :S HIDC HYEHO ITOROEMTb J'Y.
1 ="'/ E = I). 

PaccMoTpMM ypa:sHeHHe 

e:L( f)~~ iff 
J{RH £ ( IP} HMeeT Mec~·o ~eHOMeHOROrzqecKaH tPOplfYna 

E(w} -= 
11111 /lsBr 

11a:secTHo, qTqr-E {D) = I3. Cne;zJOBaTeRbHO, a =I2. llpH 

U) = IOI3 corJiaCHO [21]_ . l { ~~ = 4, 6 • 

TaK KaK rrpm cu-:::w0 &(w)=1. .J w. £. /0'
3 C~.K. -I 
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0TOIO,Ita HOHO, liTO ypaBHeH:vte 
~ pemeH:vre np:w E :-:£/ n.-, , , npBt~eM 
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HMeeT 

E ( ;y-: L lf. Ilp11l STOll OtteBH,ItHO t liTO npH rJiyoo-

KHX ypOBHHX ~ IO SB aJieKTpOH HOITMTMBaeT ;ne~OTBHe TOJI»KO 
. + 

KYJIOHOBORoro noJIH 2 - rHnepoHa, T.e. rn -:::-rn~ • CJie;n;o-
~ 

3Hat~eHH8 OBepXTO\HOrO 

paomenJieHHH B OMrMHOH:W:W TaROe me, Ralt M B BaKyyMe. 

qTO RacaeTCH meJiaT:WHM, TO ITOCKOJI»Ky ee ,It:W3JI6KTpHtt6CKafi 

npoH:vrn;aeMOCT» 6JIM3Ra K I npM eo ..:: o , v1 ~·~ o T.e. £.. ~I np:vr 

* Be ex w • II pH aToM £~Eo./ ,., "'""' • 

CJie;noBaTeJI»Ho, B ~oToaMyJI»C~H BJIMHHHeM ;nHaJieRTp:vrttecRHX 

CBO~OTB cpe;n~ Ha ypOBHH 3JI6RTpOH1 B CHrMHOHl'IH MN MO~eM rrpeHe6-

pet~». 

J{aHHMX D ,ItH3JieKTpHli6CKHX CB)~CTBSX JKH.ItKOrO aproHa H RpHITTO

Ha B Hameu pacnopameH:vrm He;; t~mcT·) TeopeTmqecKme on;eHftm, ocHoBaH

Hble Ha RBaHTOBOM TeOpHH .ItHCITepc:vr:a, .ItaiOT .ItJIH E { ~ -I 3Hat~eH:We 

nopa;niCa I. XapaKTepHhle t~aOTOTbl ~AJ HMeiOT npm aTOM BeJIMttHHY 

OKOJIO IOIG ceR-I. IIoaTOMY npH (;1)-f TaiCme £.-I --I. 

0Tcro;na Of .... Io-8 CM, v(/;, 3 ~'f < 1 . CJie,ItoBaTeJI»HO, 

;ZJ;:vtaJieRTpHlleCRa.ff 3RpaH:WpOBRa B ;naHHOM CJiyqae He HMeeT MeCTa. 

KaK OTMet~eHa B paOOTe HoooBa M flKOBJieBo:M, y HeKOTOpblX 

ITOJiynpOBO,ItHHKOB { repMaHH~, ICpe:MHH~) BJIHHHHe .ItHSJI.eKTp:Wt~eCRHX ¢ 

CBO~CTB cpe,Itbl Ha BeJIHliHHY CBepXTOHKOrO pacmerrJieHHH cymeCTBeHHO. 

-8 ~r
IIocROJI»KY a0 =O,S.IO vv -

" 1 
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B aTOM CJiy'lae B UIVIPOKOti OOJiaCTH qa CTOT E- IO t a--- 5. ro-8 cu, 

'l.n fCJI J .....-/CJ 2.. >J I 
3 

YJ. SaKJIIO'leHHe. -
M~ npHXO~HM K CJie~yromeMY B~BC~y: B ~OT03MYJibCHffX, ~H~KOM 

aproHe H KpHITTOH8 H no BCe~ BH~HMCCTH, B ~pyrHX UJIOTHHX BemecTBax, 

OOJia~ammmx O~HOBp8M8HHO ~H3JI8KTpH~8CKHMH H ~HaMarHHTH~MH CBOtiCTBa

MH it He 0~8Hb aKTHBH~ ITO OTHOW8H~ID K XHMH'l8CRHM peaKqHHM C BO~O

po~OM, npm CKOpOCTHX nopH~Ka !06 •· 5.!05 CM/C8K BJIHHHHe BH8illHeti 

cpe~~ Ha KOHTaKTH~~ MeXaHH3M ~eno~HpM3aUHH ~+ B aTOMe CHrMHOHHH 

MO~HO npeHe6pe'lb. 
~+ CymecTBeHHo, 'lTO no~aBJI~romee 60JibillHHCTBO~ rmnepoHoB, 

pacna~aromHXCH npH CKOpOCTffX I08-I86 CM/CeK, MOXHO C'lHTaTb He~ellOJIH• 

BJIHHHHe HOHH38UHH HecymecTB8HHS. To ~e CaMOe 

MO~HO CKaaaTb H 0 ~pyrHX npoqeccax, BHOCHmHX BKJiaA B V • 

06JiaCTb CKOpOCTe~, r~e ffBJIH8TCH O'l8Hb Y3KO~, 

TaK KaK B~~Ha6aTH'l8CKO~ 06JiaCTH CKOpOCT8~ npOHCXO~HT Kpa~He 

6~cTp~~ cna~ ce'leHH~ Heynpyrmx npoueccoB. B peayJibTaTe BpeMH, 

B TO'l8HH8 KOTOpOrO ~ - rmnepOE npOXO~HT STY npoMe~yTO'lHYIO 
I. -l:l.. 

o6JiaCTb cKopocTe~, HMeeT nopH~OK ::E eJIH'lHH~ /0 u·.t' • BBH~Y aT oro MOJKHO 

BB8CTH napaMeTp f , KoTop~~ o6osHa'laeT ~OJIIO Tex ;r+- rmnepoHoB, 

KOTOpae pacna~aiOTCff H8~8ITOJIHpH30B8HH~MH, HQ KOTOpae MH TpaKTyeM, 

KaK pacrraBillH8CH npH OCTaHOBKe. 

B peayJibTaTe BMecTo WOPMYJI~: 

-I__,{!+ .-/ ) P -.2..fo l+wo<c.:L. 
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["] 

IlpPIBJieKaH It aHaJIPI3Y peayJI:&TaTht (1IIbiTOB IIO Hac5JIIO~eHPIIO SBCPIMMeTplUl 

B MarHPITHOM IIOJie, Mht B IIpHHUPIIIe MO~eM orrpe~eJIPJT:& oc5a rrapaMeTpa: 
?M t PI a'oC PI TeM CaMhtM Ha~TPI H&pOMarHPITHOe OTHOIDeHPie ~Jlfl 

MarHHTHOrO MOMeHTa ~ + - rPirrepoHa ( CM• [4] ) • 
ABTop BhtpaxtaeT rny6oKyro c5naro~apHocT:c M.".rro~ropenKoMy 

aa CTJIJMYJIHpOBaHMe HaCTOHIIteii pac5oTbi H 06Cyxt~eHHe, a TaRJlte repm

Te~Hy t B .r .HocoBy H I~ .B .flKOBJieBOH aa oc5cyJit~eHHe H BaxtHbie 3aMe-

flrurt O.;«€'HWC. 

HP*MB:tb\IIME. 

§ I. YpaBHeHHH ,ztJIH noJiapwaagr~oHHblX rrapaMeTpoB. 

Crr:rnuoBaa aaBt'lC:uJMOCT:& raMHJr:&TOHHaHa BaaEMO~eiicTBPIH MeJK~Y 

2 1" - r:rnrrepOHOM H aJieKTPOHOM II pH HaJIPJqPJM MarHIJITHOrO IIOJIH MMeeT 

(I) 

- MaTpMUbi ilayJIH, OTHOCHIItHeCH K 

olo -6opoBCKMti pa~:rnyc, hf:£_2 el; , 
IE";) /- ..ln''tz.Jc. 

, BeJIMq:rnua ~ ..c ~2. /i.!;; \1 ecT:c qacTo-

Ta cBepxTOHKoro pacmenJieH:rna. 

nJia IIOJIHpM3aUHOHHblX napaMeTpOB 

S :" - <a;: (rf} // S f~J = ( o;,C~/ ~ ~ (a-~($':Jo-£e) 
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M~ 6y~eM MMeT~ CHe~yro~ro CHCT3MY ypaBHeHMH ( ypaBHeHMH BaH

raHecca-EHOXa) 

I(' rl) e (f) 
_()(_,.;_, =- _L Wo £~·Jt' &.,t - n1 c- E~:s~lls s~. 
d t .z._ , • 'r.z:j 

c/.. r (.zJ . 
_...;_ .. :::: _!_ ak £.·so/ ~ + _g_ E',;r~ ~ s.L (~ dt .:2 m c- c;;· 

(2) 

§ 2. llenoHHpHsauMH L + - rHnepoHa B cBo60,2J;HOM 

CHrMHHHOH~ 

-:flY_,..j~f:/::: con.r/-=- .Po 

0Tcro~a 

:rr!) = :5:- 7-'o"" (I + C<:JJ woV (3) 

llpH ycpe~HeHMH no BpeMeHH lltH3 iH 2 -~o - rHnepoHa noHyqaeM 

(S~J= 1 "it J~e-;1.1 {h=sw."1)oltf 

;_ 7i ( J+ ;..~~;~:-) 
(4) 



r;zte r:E" - BpeMH xtH3HM L +-

J{JIH MIOOHKH 

ECJIT!I WD "C ....,_1 ( qTQ KMeeT M8CTC t eCJIK MarHHTHbli:i MOMeHT 
_.,.(. .:1 -

paBeH MarHHTHOMY MOMeHTY npoTOHc) _,~ S '1 = 9 ~ • 
§ 3 • 11ellOJIHpH3aiJ;Hfl :T r - r~ nepOHOB B CMrMMOHHM llpH 

HaJivrqzz llPOAOJinHOrO MarHHTHOro llOJIH. 

32.-

rnre;)w~7;" +u// T, 
mrr) 



33.-

Ho 

, llOJIY~HM 

0TCIO;na 

) 

C=·O / 

18= 

0603Ha~HB 3!!. ~.X , llOJiyliHM 
CVr.o 

s· ''J ~· ;o to/ _L- i !+-'~ 2. + co.s (;.(/)" li+;:~..ij cs) 
.:1.(1-1-.X'Y 
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+ 
Ycpe~HflH no BpeMeHM ~MSHM 2: -rMrrepoHa, noJiyqMM 

< S ;) = pto/ ;.L;,:,-:; { :f + :b .._ + /+(1+: yw." r.J ( 6) 

llpM ex;>? 1 J (')=- ~f,_} / cpM3HqeCKM STO COOTB8TC'l'ByeT pa3pbiBY 

CBff3H MO]!C~y. CI1HHaMM 2 + H SJIOlCTpOHa. 

ITpM Wo r >/I ( 6) rrepeJ:O~VIT B ~3B8CTHYIO fPOPMYJIY OpVIpa 

VI ~p •• c.r1 
§ f 4. CJiyqa~ rrpo~aBOJI:&Ho HarrpaBJieHHoro MarHHTHoro noJia. 

ECJIVJ HaqaJI:&Haff I10JIHpM3aU~ff H MarHHTHOe TIOJie HMOIOT pa3Hbl0 

HarrpaBJIOHMH, TO ~Jlff COCTaBJiffiOinOtl ITOJIHpVJ3aUliiH f (!/ B~OJI:O ITOJiff 

Mbl ITOJiyllHM ypaBHOHVIff, pacCMOTpOLHblO B rrpe~~y~qeM rraparpaciJe. 

IToaTOMy 1 

(s(-/ li) =-(fi '!) .,.(l~)f~ / 1 + 2 )f .. + 1_+_(._1.,.....;..-X'_;J_t:.U_o a.-rJ 
. /1DH~~~r.Hti/X 

PaCCMOTp~M Terrep:& ypaBHOHitHI ~Jlff nepenOOIIbHC COCTaBJiffiOiq~X 

(6-a) 

06oaHatnfM 

v (!) . (! (!) 
./J -:;;:: s I + ( u J.. r, _ S f¥ . r r-v 

-- -1- I' J-2. 
..f. 

Tor~a ~JIH aTHX llOTblpex KOMITJIOKCf.blX nepeMeHHblX Mbl ITOJiyllHM CVJCTOMy 

ypaBHOHlii~ 

oiY = i Wo ,: /z-v.)- c' /??~ ~-:x 
oil .::L l J. ~ n?z 

rJ( -+w.e·(z-!1 + r'c;v' Y 
ell - --

di.. - L w e' / ,(-rJ ~ 1'??-~- ~~·z df - ;2 o { I '/ 17'E 

£~ -t w.c· r~·(/+ t:.~;y 
df 

(7) 



~.·wt' tlaCTHbte pemeHMH 6y.n;e:u HCKaT:O !; BM.n;e ~-/ C 

IlpMpa:sHHBaH HYJIIO xapaKTepMCTHt:.ecKM~ onpe.n;eJim:TeJI:& 

.,,J 0 .J._ w 0 - _L Wo 

._..... dl ..2.. 

0 

_L ,e). - 1.. ""'• 4 () .a. 

-L u?(J ± c;Q', 
. ..:4 

Mbt noJiyqz:u .n;JIH onpe.n;eJieHMH 

llpe.n;cTaBMM STO ypaBH6HMe B BM.n;e 

0 
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( =I,2,3~) · 

[ w ( w-w;J - ± ( t:l c.O ~wy "'·] /: ~r U) ·~ + 1:: ( :<.w ~_:) uJoj tsa0 

Peman .n;:sa KBa.n;paTHRX ypa:sHeHHH, noJiyqm:M 
( 

C<) .. -::::: Gc.1. -1-WCJ + ...L ~ ·':<. .,_ ~ .a.. 
, .;4 .;;l.. ..., ~ • 

( 

t:O.r.. - ~ -"-'· + .! J/;;;.:iol.+ ~."'-
..;.l,.. .-... , 

a)~ _ ~ + Wo _ _L /~ •+ c:4 ~ 
v .;;a_ .a. , ~ 

""~" -. e4 ;;_ul. ·- -1-~ ~ -1 "'· ~ 

(8) 

IlpM 

IlpM 

t:eJ.<t< cc.J' ~ '::::" u:t'+ "'7 w..._ e "-'"'--~ "-'~ -.;.- ~f! n'.l... ~- __ c.c.e. 
.,1 ~ ...... ..,.) .... ,.,.) w ....... ..,.; -,.. -:::i.:-

w CA.JI, ~, c..;~' . , 
We » t:.te:J1 -.:: c.cJo ~ ..._....,; u.l.ol.. ;::- ~.-I ~ ~ -::;::-..,..) "it'::" -U.:C ,.. .:: 

06mee pemeHHe mmeM :s BH.n;e: 

.:;x:;· :::- / P:l'1 I ae ~·""~ +d:l e c ·wa.~ r c e t'~ ~o/c c·w..y~ 

rAe ) 1?/'f "= J Po - 17 r;;~~'! / 
nJlfl onpe,n;eJI6HJ4H KOS~~HUJ46HTOB lfCilOJl:&3yeM HaqaJI:&Hbt6 YCJIOBJ4fl 

) h7£evL,._J<KL x Mhl npeHe6peraeM qJieHaMH nopH;~Ka ::;/'n ... _ _, 
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MN noxyqmM c~cTeMy ypaBHeH~~ (anre6pamqecKHX) 

ol-t- " ·+ c + q' ~ )P }.OJ I 
w ""' +"-l £ -t·u.!.J c + wy./ -· 0 (IG) 

I . 4 / P. {e)J 
W,~ + w..a.~ {" -t"!J~t.. ..,.~u:.:y/../ ,. -:1.-~ ..L I 

l4 1ot +~~I' +u?:lc .,.w,/r:l·=- / «.~o~"'~ /f.L.:J 
Pemaa ee, Ha~~eM, qTo 

d ""~ 1'#(1-y;f;:)_, ?-•<I ' {(f;- t;;t)/fL"/ (II) 

BBe~eM o6oaHaqeHHH ! r? - e;nmHCTBeHHbl~ BeKTop HanpaBJieHmti 
-... 

B~OJI:& fl 1 PI - e~mHmqHN~ BeKTopJ HanpaBJieHHblti nepneH~HKynap-
...... -.... .- -

HO f1 B nnocKoCTM ( Po~ fl ) I - e~~H~qHbi~ BeRTop, - ..... 
HanpaBJI8HHblti nepneH~~RYJIHpHC TIJIOCKOCTH ( ~ If ) 

Tor~a np~ ycpe~HeHl'lM nc~ BpeMeHH XM3H~ I"~- - rMnepoHa 

:f(!l-= n' f:"f.t.lr~ y (F:b" -+ tt-t,.,.,.~·.4·~) -t 

+ ;;J ~ - J_ [ ( 1-- ~! ) .I J_ . . . + 
/),., i' v'ffi..a. t I-T -J:(J-tx + y:l.+(l-tx}f#iytv,/i-e-
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~To cooTBeTCTByeT rrpeuecc~¥ cmrMHOHHfl KaK e~mHoro ~e~oro. 

B STOM C~y~ae 

( J (I) - (..L ___::? ___ "- + _1_ .L - + ;L , ) Jt.) 

;;:~- 2 I+ w; -r:-' +' /+(u.J."'9~-~ ~(/r(t4-r9~/ro~ 

IlpM 

A ~~ :::: ? ~;;; ./ fs·, (1~ o 
\0 ,. / p.-.~ ca a&& \\.J e. > (I4) 

(Si~/= o 
- Be~mqHHa cBepxTOHKoro pac~errneHHfl ypoBHfl co 

aaaqeHmeM rrpoeRnmm crrmaa a~eKTpoHa Ha HarrpaBneHme MarHHTHoro 

nona, paBHJ:lN i 1i ( HJ!M -1 if ) • ( CMe rr.5 pa60Thl p J ) • 
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