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1. PaHee u:l B paMKa~ IJJiilHeTapHOH MOAW CTpoeHIDI ~;OMOB c yqeToM 
TOI'O,. qTO 3JieKTpoMarm{TJI~e none AB~~yiiili:XcSI SJieK~poHO~ ~ 3'Mae!.<:~ noTeH
~Hari3MH. JiueHapa · __: BuxeJlTa, 6biJio. ycraHo~neao CJieAyrom;ee •. 3neKTJ>Hqe-: 
cKoe rione.hpocreiiJJIHx aroMou oc~Riuiii~ert ~epH:otioM rA''z io-16 .c/IIpil: 

,., • • • ¥ ··- •• -~ • f ·_,~- •• ~-. --~'''~ .. ~ ~·.... •• r_ -.- .... _·'· --"·.\_ "',. 

qeM qaCTOTa H3MeHeHIDI flOJISI,paCTeT, -~ 3MIJJIHTyA3 yMeHblli3eT(;SI nponop~HO:-
HaJibHO quCJiy sneKTpOHOB~ AMrimi+:YAa'ol-pH~a:re.rrbHoii ·Be.fiifqifm ii<rie~alia. 
6onhme CooTBeTCTByrom;eii · nOJIO:>KHTeJibHOH Benuqmn;r, HO .. 3a cqeT MeHhineii 
AJIHTeJibHOCTH (B nepBOM _CJiyqae) :cpeAaee 3a.nepHOA 3Haqelrne noTeHIJ,HaJia 
paBiio Hy:IIK,~ P(l3nir>rne y~a3a~~blx: A~li;fe.iibii()CTeii ooyc.IToi3Jieiio~BJll.i#Jine~. 
3$PeKTa .ll.oriliepa. . · · · · ·• · . · • : :: · . · ; .'c.· .. , • : •• . ,: '· : ·. · , ~- · • · · 
. · c Apyroii CTOlJoHbl, paccMOTpeliiiiui ripo6neMa ri:o38cinH.mi AaTJ,oneT·Ha Ta.:: 

~oft Bai<Hblii Bonpoc. B iiaeroSiuiee Bpe~ (i)aKni1u;c'I<Ji c~:rae'TcSI,. q-ro:·noT'eH-: 
IJ,HM 3ite~TpHtlecKOI'O nOJISI paBHOMepilo' ~BH:iKyllierocS. '<co. CKOpOCTblo {3c) aa:: 
pAAa 3a.AaeTCSI BHpa)i(eHHeM* · · ,., c::<:::~ · ·· "· · ·· · · · · 

·.,. .. . .· 'e . 
~- = :,.,d]., 2 1/2 , (1) 

, · R(l -·p sin iJ) 

~~poe odHCbiB3eT C:>K3TH~ ~~JI~ B pe3yJib~aTe .ABH:>K~~~SI. 3Aec~· f1 ~ ~roJI ~ 
Me:>I<Jzy HanpaBJieiiHeM AB~:>KeHHSI H. paAHYCOM-BeKTOpoM .(MI'HOBe~HOI'O) pac
CTOSIHIDI R OT 33JlSIA3 AO .ToqKH; Ha6JIIOAeHHSI'fiOJISI: flpH. HCnOnb30B3HHH ; (1) 
cpeAHee 3a; nepHOA 3HaqeHHe noreuU:ua.ria 3JieKTpHtleCKOrO nOnSI a.foM:a, Bopa 

o:Ka3hiBaeT~SI· OTJiHtiHbiM OT llyJl5I •. 0HO nponop~~OHMbHO [1-. H HMe~; OTpH~a
Te.iri.HHH aHaK~ '0TMeTHM T3K:>Ke,'. qTo B 3TOM ,CJiyqae: KOJie6aHHSI noTeHIJ,HaJia 
rij)oucxoAS!t 6e3li3MeHeHIDI 3ilaKa. 0AHaKo, :KaK 6htn:o.arMeqeHo, TaKoiipe-
3YJihTaT llpMHBopequT OnbiTaM no H3MepeHHIO H3MeHeHIDI nOTeHIJ,HaJia 3JieKT
imlleem 113oJillpo8iniHoro ioHi'eirnepa npu llcreqeHHH H3 Hero 6oJThmoro o6be-· 
M~{ra3a<cM::~~Ii~u:lii:H:Mep, ·[3 J).:KaK CJieAyeT H3 STHx onbiToB, BeJIHqHHa AOnOJI
B:H:TenbHoro Ko34xt)Hi::ufeHTa e ~ (y3apSIAa, CKa:>Ke:M, B 33KOHe KyJIOHa)._He AOJDKHa 

~~eB~~~~ .. , 107.~!,: rorna ~~~;··pac~eTbl.' ·c. npuB.iJeqeHueM. O> .·· i\aiOT 

e !ia!f= 10.;:.4~ H~MoTPSI HaTO,~qTOCAeJiaHiihlii ~biB~~:HOC~T KaqecrBeHHbiH 
xapaKTep7 flOCKOJibKY .onupaeTc.si Ha npH6JIH:>KeHHYJO OOpoBCKyiO MOAeJlb CTpoe
HH.sl aroMa;oH, 6e3yCJIOBHO; ~pa:>~<aeT cyTh o6cy;>KAaeMoro 3QxPeKTa~· AorpoM
HaSI roqaOCTb HSMepeHmi e no3BOJISieT ynep;>KAaTb, 1rro o6D:(enpHHSIToe npeA-

*B yqe6HHKax OOWIHO npHBO~CII COOTBeTCTJIYIOtu,a114JopMYJIIl AJIII HanplllKeHHOCTH (CM;;:.HanpH,;· 
. .Mep, [2)).. ' .: : <· .· .. :·.-;.; .'· .:,~ -~·.: : ·. · .:·.· ·,:, . • ·:~.: ;,-,.,,. 
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CTaBJieHHe DOJI5I ,l:{BWK~eroc51 3apSJAa B <l)opMe CXaTOI'O 3JIJIHnCO~a B npHpo,l:{e 
He pea.1IH3YeTC51. 3TOT BHBOA MO.lKHO C'IHTaT& caMHM pemHTeJibHIJlM apryMeH
TOM DpoTHB HCnOnb30BaHIDI «Ml'HOBeHHHX paCCTOSIHHH»; T .e. paCCTOSIHHH OT 3a
p5{Aa ,1:{0 TO'IKH Ha6.ruoAeHH51 B caM MOMeHT Ha6JIIO,l:{eHH51, liTO cJ>aKTH'IeCKH H 

· npHBOAHT K C.lKaTHIO nOJISI. · . 
.. nsH.lKeHHe DpoTOHOB B .5IAPe i(oJi,KHo, O'leBHAHO> npHBOAHTbf K aHaJIOflt'IHO

MY 3cixPeKTY OC~H MeKTpH'IeCKOI'O nOJI51 5{Apa. fipaB,l:{a, B 3TOM cnyqae ? 

11acToTa H3MeHe~~'noJI51 (v.·)Hecp:!lJHe~;{o·sHme H cOCraBJI5leT -to22 c-1
• B ' " . . . . ,. ' ' . . . . '· 

AaJI~HeiimeM MH,~JAe..!~PHeMc51 ~ ~ot.fy siye_HHIO•. T~nep& .lKe nepeiiAeM Kpac-
CMOTpeHHIO noAo6Horo sQxl>eKTa Ha ~cneey10m,eM yposHe>>. · 

. ,__ -.- ". ~~' .' ··." : . _-,:-:----.--<~t.; ... ~\ . - -.:, .·.-c..·,- ~ 
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2 •. Cor nacHo cospeMeHHHM npeACTaBiieiiHSIM, TR.lKenHe ::me~eHTapaHe qac
.m:Iil- ~pOHH, 5IBJISIIOTC51 COCTaBHIJlMH c~cieMaMH. 06pa3yiOihHe Hi KBapKH 
cosepmaiOT. ABWKeHH.sl: nocicon&Ky KBapKH o6naAaiOT s.TleKTp~qecicliM 3apSI:
AOM, TO snHSIHHe ABH.lKeHH.sl AOn.lKHo.npilso,AHT& TaK.lKe K Kone6aHHIO sneKTpH
'IeCicoro l(OJI51 aiux>aos. llocKon&Ky npH: sTOM CKOpocT& ~BH.lKeHHR6nli3i<a K cKo.3 

~H c~~a. TO 'I~CTOTa H3MeHe~HSI 6yAeT ~m.~ ~Hme: v a ~ 1 023~..: 1• . . ' ... 
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Bo3&MeM cHa11ana HeiiTpoH, 
KOTOplllH COCTOHT H3 OAHOI'O U

KBapKa c 3ap5{AOM +2/3 H ABYX d-
. KBap!Cos c 3apSJAaMH -:-11~. ECJIH 
npe,l:{CTaBHTb ce6e, 'ITO 3Ta CHCTe
Ma se,l:{eT ce651 noAo6Ho aTOMHoii, 
T.e. ABa d-KsapKa ···spam,aiOTC51 
. BOKpyr: U-KBaP.Ka, TO. :l(OBe,l:{eHHe 
3neKTpH'IeCKOI'O . nonSI: .Heii:TpoHa 

. <s niiocKOCTii :811am.eHHSI) 6yAeT 
_, ,. . .onHCHBaTi.cSI: cnnomHoii. KpHsoii 

-.:,~;·:~,.) .. . ;,. PHc.t . , H~ pHc.l. .3Ta Kp-HsaSI; ol!esliAHo, 
-i.\OTie.:.;, ,j; h<. . nOA~Ha, COOTBeTC'I'BYIOID,eii: . ,3a-
SH;;K!'.Oil ~if DHO,~ .. .. . .. · ; , . . . BHCHMOCT~ AJ15l. ABYX~neKTpoHHO;-
ro aroMa: ToJibKO B AaHHOM cny11ae CKOpocTH KBapKOB 6.rm3KH K CKOpocTHCBeTa 
'(83'1jmcy~a.lt',8:::: 0,7): BMecro:sroii MmoseHHoii nHHeiiHoii~K<;mcJ>Iicypan;HH 
MO.lKllo-'B35IT6;APyryio (TaK.lKe paccMaTpHsaeMyiO s CTpyHHoii: ·MoAenH), ipey.;. 
I'O~HyiO.KOHcPmjpaitifiO. ECJIH CHCTeMa Bpam,aeTCSI: BOKpyr :u;eHTpa TaKOI'O paB
HOC'fOpoiiHero:-Tpeyi'OJI&HHKa, TO noBeAeHue sneKTpH'IecKoro · nonR HeiiTpoHa 
-;-~~.,qn ~OTHHRQ!15;.Ht)O (];. ~ · 

~ .,... ,· ~·- ~~~ ·-·--· .... 

•M&r OCTaBJtiieM TaJOKe ll cropoHe B03HHK810W.HA npHHI.{HJIHliJibHbiA BOn poe 0 HapyiueHHH TO)I(,!IeCT-' 

BeHHOCTH MHKpocHCTeM BCJieACTBHe OOcy)I(,AileMOI'O ~KT8. 
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· 6yAeT onpeAeJI51TbC51 nyHKTHpHOH 
KpHsoH:• Ha pHc. 1 •. HarioMHHM, 
'ITO no Mepe nepexoAa OT. nnocKo-. 
CTH K OCH Bpam,eHHSI: sQxl>eKT no
CTeneHHO yMeH&maeTC51 ,1:{0 HyJI51. 
IlpasAa, HanpHMep, '!I paMKax roii: 
x:e. CTpyHHOH MOAeJIH 3Ta CHCTe
Ma, CKOpee, 5IBJISieTCSI nyn&CHPY::- . 
10m,eii. TaKoii: CJiyllaii AJISI nepsoii 
nHHeHHOH KOH~Hrypa:u;HH KBap-
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PHc.2 KOB 0Tpa.lKaeT.TpeTb51 WTpHXDYH
KTHpHaSI 3aBHCHMOCTb. (U-KBapK .. ; .. : . 

noKOHTCSI, a d-KBapKH CHMMeTpH>iHo Kone6niOTCSI OKOJio Hero. B KpaiiHHx TO'I
Kax ,l:{JISI: npoCTOTH CKOpoCTb d-KBapKOB Ml'HOBeliHO MeHSI:eTCSI: Ha npoTHBOnO
nO:xtHyiO. finaBHOe H3MeHeHHe CKOpOCrH 6yAe.r, O'leBH,l:{HO, ,l:{aBaTb nnaBHOe H3-
MeHeHHe non5I). B :nOM: cny11ae sQxl>eKT cooi'seTcrseHIIo MaKcHManeH ila nHH~H 
ABH.lKeHH51 KsapKOB H yMeH&maeTCSI no Mepe YAaJieHH51 OT Hee. Mo.lKHO, KOHeii
HO, paCC'IHTaT& noBe,l:{eHHe UOJI51 H AJIS1 nJ06oii Apyroii: KOHcPHrypa:u;HH KBapKOB. 
Ho caMoe rnasHoe 3Aec& 3aKJIIO'IaeTCSI s TOM; 'ITO H3:.3a Heco~na,l:{aiOm,ero nose
AeHH51 KOHCTHTyeHTOB HeiiTpoHa sneKTpH'IecKoe none B 3MaHHHii M:oMeHT OT-
JIH'IHO OT HYJI5I H c Te'leHHeM speMeHH oc:u;HJIJIHpyeT. : .. ,, 

Ha puc. 2 npeACTaBJieHo noBeAeHHe sneKTPH'IecX:oro ncmSJ: £pyroii sneMeH-

TapHoiiHeiiTpaJibHOH CHCTeMH-·:rc0-Me30Ha·. B 3TOM cnY~ae;e~H KBapKH aH-· . . . " ~." . . .. . .. , . . ' ' 

THKBapK Bpam;aiOTC51 BOKpyr :u;eHTpa MaCe nHOHa, HMeeM CDJIOWHYIO KpHByiO. 
COOTBeTcrsylom,ee CTPYHHoii MOAeJIH, T~e. Kone6niOm,eiicSI KOH<t)urypa:o.HH 
d _; d, UOBe,l:{eHHe non51 OTpa.lKaer nyHKTHpHaSI 3aBHCHMOCTb. 

CneAyeT OTMeT~, 'ITO H 'a paMKa~ npe.lKu'Hx npeAcTa'iJieHHH npH AHCCO:O.H-

ariHH HeHTpoHa Ha ABH.lKyiD,HeCSI: BHPTYaJibHIJle npoTOH H ~---M~~OH, ·~ :rc0-Me3o
Ha Hap H p 3neKTpH11ecKOe none ,l:{On.lKHO OC:O.HJIJIHpoBaTI) B ,l:{yXe nOCJie,l:{HeH 3a-
BHCHMOCTH. '·1:: 
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