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Pa6oTa BNnoxueHa B EpeBaHcKOM WHSHqecKoM HHCTHTyTe 

HayqHNtt pyKOBOAHTeXh - AOKTOP @otsaxo-MaTeMaTHqecKHX 

Hayx, npoweccop c.r.MATHHHH 

OWHUJdaHDHse onnoHeHTN: 'AOKTOP WHSHKO-MaTeMaTHqecKHX 
HayK, A.M.BaUHWTeHH 
(!ifH\i> CO AH CCCP) 

KaH'AHAaT WHSHKo-uaTeMaTHqecKHx 
HayR ID.Il.ManaKHH 
(~~~ AH Apu.CCP) 

BeAy~aH opraHHsauHH - MHCTHTYT @HSHKH BNCQKHX aHeprHH 
(CepnyxoB) 

3all{Ha AHCCepTaUHH COCTOHTCfl II R.." H IO H H I979r. 

Ha sace'AaHHH cne~HaJIHSHpOBaHHoro CoBeTa ~ 034.0I.03 no 

npHJYE'AeHHIO yqeHNX cTenelieA 'AOKTOpa WHSHKO-MaTeuaTHqecKHX 

aayx npH EpeBaHCKOM @H:,,HqecKoM HHCHTyTe (375036, EpeBaa-36,1 

yH.MapxapaHa, 2). 
c 'AHCCepTa~HeH MOXHO OSHaKOllHTDCH B 6H6nHOTeKe E~~. 

ABTopewepaT pasocxaH 11...1._11 ~ I979r. 

one~HaJIHSHpOBaHHoro CoBeTa , B.A.lliAXBA3KH 
YqeHbltt cexpeTaph ~ 

KaH'AH'AaT ~HS.-MaT. HayK ,1. 

Io OBIJlAf! XAPAKTEP£1CTI1KA PABOTbl 

AKTyaJihHOCTh noo6xeWi1 

PaSBHTHe WHSHKH axeMeHTapHhlX qacPH~ aa nocxeAHHe roAN 

npHBexo K llOHBXeHHm pH,1J;a HOBblX TeopeTHqeCKHX cxeu, OllHCb!Ba­

mll!HX cxa6Ne, 5H6KTPOMarHHTHble H CHHhHble BSaHMOAeMCTBHH. Bee 

STH CX6Mbl OCHOBHBEUOTCH Ha KaJ!H6pOBOqHhlX rpynnax, B3aHMO'Ae~­

CTBHe o6yCHOBXeHO 06MeHOM yYHhTHDJieTOM HHr-MHHHCOBCKHX noxeM. 

CpeAH 5THX cxeM Bbl'A6Hfl!OTCH MO'AeHh CHHbliblX B3aHMOAettCTBHli, oc­

HOBaHHaH Ha rpynne s £..<c. (3) .: KB~TOBaH xpOMOAHHaMHKa, H11CTaH­

AapTHaH" cxeMa, 0(5'.beAHHHIOll{aH cxa6Ne H axeKTPOMaI'HHTHble BSaHMO­

AeliCTBHH (MOAeXD BaMH6epra-Ca.naua), HBXHIOll{MeCH, IlO-BHAHMOMV, 

pea.JihHb!MH KaH~H~aTaMH Ha POHh Teop~a, OilHCb!BaIOll{HX CHHhHble, 

axeKTpOMaI'HHTHble H cxa6Ne B3aHMOAeMCTBHH COOTBeTCTBeHHO. 

HeCOMHeHH!ilil HHTepec llOSTOMy npe'ACTaBXHeT HCCH6'AOBaHHe 

CH6'ACTBHM, Bb!TeK&oll{HX H3 STHX MOAexeM. PaCCMOTpeHHe ynpyroro 

~ Heynpyroro pacceHHHH xenTOHOB Ha HYKHOHax HHTepeCHO B CBeTe 

BblllleCKaSaHHOro 'c TOM ToqKH speHHH, qTo B npeAeXe 6oxhmHX ne­

peAaq KBa'ApaTa qeTNpeXHMnyxhca npoll{ynNBaeTCH CTPYKTypa HyK-
t · .••. . " 

XOHa H TeM CaMblM HsyqaeTCH llOBe'AeHHe TeOpHH Ha MaJ!blX paceTOH-

HHa:x:. B STOM o6xaCTH ell{e He pemeHHble npo6xeMN, CBHSaHHble c 

HamHM HeSHaHHeM llOBeAeHHH TeOpHH Ha 60XDWHX paCCTOHHI4HX,CTa­

HOBHTCH HeCyll{eCTBeHHNMH, H, AeXaH npaB'AOilO'A06HNe npeAnoxoze­

HHH (MOAeXD BpOACKoro, eappap, ~XeKCOHa) OTHOCHT6XhHO IlOBeAe~ 

HHH BOHHOB!:iX ~YHK~M, OnHCb!BaIOll{HX CBHSaHhOe COCTOHHHe HYKRO­

Ha, MOEHO noxyqHTh KOHKpeTHNe npeACKasaHHH Ha noBeAeHHe WDPM· 

maKTOPOB, CTPYKTYPHNX WYHK~Htt, BeXHqHH, CBHSaHHblX c HaJ!JfqHr.M 
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p -HeqeTHN)I: BSaJIMO.n:e~CTBJlll. 
/ 

UeJilll l/I aaixaql/l pa66T~ COCTOHT B CJie,ll;yroll(eM: 

I. PaccMoTpeHllle BOSMOXHOCTlll Toro, qTo l3 KaqecTBe cocTaB­

JilllOllllllX aAPOHa BblCTynaroT 8UPH~eHHble CleCCTPYKTYPHble BeKTOPHble 

qacTlllUbl. 
TI. V.syqeHHe noBe~eHHH CTPYKTYPHHX WYHKUM~ 6aplllOHOD B 

o61l(eM cnyqae h. -KDapKOBOrO CBH8aHHOI'O COCTOfiHlllfl B npeAeJie 
Q' t=iP~ .... ! ' pacCMOTpeHllle 8aBHCHMOCTH 3THX (j)yHK~lll~ OT IlOJIHpH8aU~lll 

Haqa.JI:&HOH qaoTl/l~N. . 
lli. Bblllo~ cooTRomeHlllH Mem.n:y CTPYKTYPHhlWII (j)yHKUlllH!W c yqe-

'.rnM Hapymemrn SU (3) -clllMMeTplllH aa cqeT pa8HOCTH Mace (lll)S­

CTpaHHoro lll u - npOTOHHOI'O KDapKOB. 

IY. W3yqeHHe acJ11MnToTHqecKoro none.n:eHHH 6aplllOHHblX qiopM­

waKTopon. IlonyqeHH0 aCHMilTOTJllqeCKHX COOTHOW0HHtt ;ltJifl 3JI0KTpO­

MarHHTHblX H cna6blX qiopM(j)aKTOPOB HYKJIOHOB. WccneAOBaHllle aclllM­

nTOTHqecKoro noBe;l\eHHH (j)opM(j)aKTopoB ft-A nepexo.n:a. 

Y. AHa.Jil/18 nonnpJ11sauHoHHblX s~KTOD, o6ycnoBJ1eHHblX CJia-

6~M He~TpaJihHblM TOKOM B paMKax MOAeJilll Ba~H6epra-Ca.JiaMa, c 

yqeToM pesyn:cTaTOB, nonyqeHHblX B AaHHOtt pa6oTe nplll l/!Ccne~o­

~aHHH noBe.n;eHHH HYKJIOHOB B npe.n:ene 6on~DllllX nepe~aq qeTNpex-

MMIIYJI:&ca: 
a) B ynpyroM sneKTpOH-HYKBOHHOM lll SJieKTPOH-.n:e~TpOHHOM 

pacceRHHlll; 
+ - -

6) B HHKJIID8HBHOtt e,e -aHHHI'HJifl~HHi 

B) B SJI0KTpO- l/I H0~TPHHO poz~eHHH HS06apbl. 

4 

HayqRaH HOBJllSHa l/I SHaql/IMOCTh npoB€AeHHOH pa60Tli 

lloKasaHo, qTo CTPYKTYPHble ~YHKUllllll B HaHBHOH MOAeJilll napTo­

HOB co Clll/IHOM 8Al/!Hl/!Ua cyll(eCTB8HHO HapymaioT CKelAJil/!Hr, qTO, 

no-Blll,ll;l/IMOMJ', HBJIHeTCH .n:onoJIHlllT8nbHblM apryMeHTOM B IlOJih3Y 06-

menplllHRTOi KBapKoBo~ CTPYKTYPhl HYKJIOHa. 

B KBapK-rJIIOOHBOH MOAeJIJll HCCJieAOB8Hbl AOilOJIHHTeJihHble CJieA-

CTBlllfl Ha noBe.n:eHHe cTpYKTYPHblX qiyHKUllllA 6aplllOHOB B o6JiaCTH 

x -1. 'AJ!fl OClll(ero CJlyqaa. n. -KBapKOBoro CBH3aHHOI'O coc­

TOHHlllfl. IloJiyqeHbl COOTHOlli8Hlllfl MemAY CTpyKTYPHblMl/I qiyHKUnflMlll 

v'\X/,. OKTeTa 6aplllOHOB B saBl/!ClllMOCTlll OT Mace KBapKOB. IloKa-

3aHO, KaK HSMeHReTCH POBeAeHllle v\>G{ B saBJllCJllMOCTH OT IlOJIR­

plll3aUllllll HaqaJihHO* qacTHnbl. OueHeH. cpe~Hlll~ nonepeqHbWi HMnyJI:&C 

KBapKa c )( r:: i 
PasBlllT KonaplllaBTHbl~ ~opMa.JilllSM pacqeTa aJieKTpoMarHlllTHblX 

l/I CJia6bJX !})opi.. • ...,aitTOPOB. B :.BapKOBOH MOAeJilll l3 o6JiaCTH 60JI:blliHX 

nepeAaq KBaApaTa 4-lllMilYJI:&Ca Q1 • IlpeACKa3aHO H3MeHeHHe 3Ha- . 

Ka HYKJIOHHblX !j_)opM\iJaKTOpOB, HapymeHHe 11CKelAJIHHI'OBOr0
11 

saKOHa 

,ll;JIH aJieKTPOMarHlllTHblX !})opMqiaKTOpOB, aaHyJLeHllle HSOCKa.JIHPHOro 

BKJiaAa B aCHMTITOTl/!Ke. Ha~.n:eHbl COOTHOmeHlllfl MelKjl;y ~opMqiaKTOpa­

Mlll N ...... rv Ill N ... l:l nepexo.n:oB. 

lloJiyqeHHNe pesyn:cTaTbl, npHMeHeHHble AJIH oneRoK F> -He­

qeTRblX aqxpeKTOB B ynpyroM e W pacceHHllllll, np1rnoAHT K aamuo­

qeHHID 0 HeSaBlllCHMOCTl/I nocneAHlllX OT po.n:a HYKJIOHHOH Ml/lllieHlll. 

IloKa3aHO, qTO l/ICCJie,ll;OBaHl/10 p -HeqeTHbJX a~qieKTOB B ynpyroM 

• e·3:J -pacceHHllllll MOmeT .n;aT:& BamHyro· l/IHWOPMaulllID 0 BeJIHql/!He l/180-

CKaJIHpHOI'O BKJia.n:a B CJia6Hti Hei1TpaJI:&Hbl~ TOK. H~.n:eHO, qTo 

paCCMOTpeHllle IlOJIHplll8a~OHHblX sqiqieKTOB B l/IHKJII08l/IBHOH e+e-
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·aHHHrl/IJIHD;Hlll Ill e· H .,/ pOllt:U.eHl/IH l/1306apH B CBeTe IlOJiyqeHHHX 

peay~hTaTOB MOllteT ;u.aT:r:. HOBYJO 'AOilOJIHl/ITeJI:r:.Hyro l/IH~OpMau;Hro KaK 

0 BepHOCTlll KBapK-rJIIOOHHOM MO:U.eJIH, TaK Ill 0 cnpaBe:U.JilllBOCTlll MO­

'AeJIH BaMH6epra-CaJiaMa. 

Ilpaim'll!eCKaJl noJieSHOCTI:. 

8Kcnep111MeHTaJI:r:.HaH npoBepxa HeHOTOphlJC 111a noJiyl!eHHHX peayJih­

Ta'.L.:-·~ !.:OllteT OKaSaTI:.CH KpHTllll!HOit He TOJII:.KO K pacCMOTpeHHblM 

MO'A6JIHM, HO Ill K KBaHTOBOM XPOMO:U.lllHaMHKe B ueJIOMo TaK, axcne­

p111MeHTaJII:.Hoe l/ICCJie;u.oBaHl/le noBe'AeHlllH fPOPMWaKTOPOB B npe'AeJie 

60JI~w111x ~~ (cueHa aHaKoB aJieKTpouarHHTHblX ipopuwaKfopoB; 

OTKJI0HeH111e OT "cxettJI111aroBoro11 aaKoHa), npe;u.cKaahl.Baeu:oro B 

;u.111ccepTau;111111,MOllteT OKaaaTI:.CH O'AHlllM 1113 BalltHblX TeCTOB KBaHTOBOM 

xpoMO:U.l/IHaMlllKlll. BaHyJieHllle HSOCKaJIHpHOl'O BKJia;u.a B aCl/IMllTOTl/IKe 
-~ 

MOllte~ (HapH:U.Y c OTHomeHl/leM ~~ ) OKaSaTI:.CH TeCTOM l'l/IIlOTe3bl 

HepeJIHTlllBl/ICTCKOI'O :U.Bl/lllteHlllH iraapKOB B a;u.poHe. 

IloJiyqeaHse orpaH~eHHH Ha noBe;u.eH111e cTPYKTYPHhlX WYHKQHI, 

npl/IM6Hl/1Jllil ;u.JIH HaxOllt:U.6Hl/IH BepOHTHOCTlll o6Hapylltlll~I:. HeBaJieHTHNI 

KBapK B a;u.poHe np111 X --1 . 8T111 peay JI:r:.TaTbt np111MeH111MH TaKllte 

K JierKlllM H'APaM, KOTOpbte B o6JiaCTlll 60JII:.JBl/IX nepe~aq lllKilYJIDCOB 

MOEHO P~CCMaTplllBaTD COCTOHll\lllMlll HS COOTBeTCTBYromero qlllcJia 

KBapKOB. 

011eHKH, no31YqeHHbte B pa6oTe, Ha napaMeTpbl qyBCTBMT6JIDHH8 

K alJ]qleKTaJI He~TpaJII:.HllX TOKOB, MOl'YT 6btTD npoBepeHH B nJiaHH~ 

pyelraX axcnepuenax Ha uamHHax PE' P lll P £ TR A • 
Anpo68JIHH pa6oTH 

PeayJI:bTaTH, noJiyqeHHbte B ;u.111ccepTau;HH, ;u.oKxa;u.btBaJilllCD Ha 
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Hayl!HHX cecc111.ax OT;u.eJieHHH H;u.epHOM @111al/1Klll AH CCCP (I975; 1978 

r.r.), Ha KOH~epeHUllll'IX MOJIO:U.HX yqeHblX Ep~~ (I975,I977 r.r.), 

Ha TeopeTHl!ecKlllx cewtHapax EpeBaHCKoro @111a111qecxoro lllHCTlllTyTa 

lll npe'ACTaBJIHJI111c:r:. Ha XYill 111 XIX Me~'AYHapo'AHHe KoHwepeHul/1111 no 

fPHSlllKe BHCOKl/IX aHeprd (T6HJIHClll, !976, TOKlllO, !978). 

Ily6JIHKaUHH. Ilo TeMe 'AHccepTau;M111 on~r6JIHKOBaHn wecT:r:. cTaTet1. 

CTpyKTypa AlllCcepTau111H. ~.11ccepTau111H cocTOHT Ha BBe;u.eHHH, l!e­

TMpex rJiaB Ill aaKJIIOqeHHH, co;u.eplltl/IT !!6 CTpa.HlllU MaWl/IHOill/ICHOro 

TeKcTa, 4 Ta6JilllUH, !8 p11cyHKOB. Cn:rt!COK uHT111pyeMoli JIHTepaTypbl 

BKJirol!aeT II9 HalllMeHOBaHHli. 

TI. KPATKOE C0,14EPJKAH!i1E ~V!CCEPTAIJ;LUi 

Bo BB0,llt ·.111111 o6cyJK,n;LTCH a.RTYOJlD!fOCTD BonpocoB, aaTpOHy~ 

ThlX B pa6oTe, cpopMyJIHpyeTCH aa.z1aqa l/ICCJie'AOBa.HlllH Ill nplllBO,lll/ITCH 

xpaTKoe on111caHJ/le ocHOBHoro co;u.epxaH111H ;u.111ccepTau;111H. 

B nepBOH rJiaBe, HOCH~eH B OCHOBHOM o6aopHhill xapaKTep 

( aa lllCKJIIDqeHJ/leM §I6)' paCCMOTpeHH M0r,eJil/I CliJIDHhlX, CJia6wc Ill 

aJieKTPOMarH111THhlX Baa111MoAeHCTBlll~. B §I 06cyx.z1aroTCR axcrreplll­

MeH TaJII:.Hble .ztaHHble no rJiy6oRO Heynpyr OMY e. tV B38.YJMO:U.eliCTBl1ID' 

lllX CBH3I:. c Hal/lBHOH napTOHHO~ MO,lleJI:r:.ro, c rl/lllOTeSOH MaCWTa6-

HOH lllHBap111aHTHOCTlll. ·B §I6 paccMoTpeHa BOSMOJKHOCTI>, qTo B 

KaqecTBe COCTaBJIHIDm111x a.ztpoHa BHCTYllaIOT aapHEeHHble Toqel!Hble 

~eKTopHble qacTHD;hl. IIoxaaaao, qTo CTPYKTYPHble \PYHKl\llllll ( \x.11. , 
~~ ) rJiy6oKoro aneKTpopom;u.eHlllH He HMeroT cKeHJIHHroBoro 

noBe;u.eHl/IH B 6:r:.ep.KeHOBCROM npe'AeJie ct,2=-Q2.J ./ - ~ ' w 
. a. " cp!llKc111poBaHo ( tt: - Irna;u.paT 4-HMrryJI:r:.ca,M\/= P'f.,; w =1( = 

- , 2H"{..2. .P LI 
- IC,, , , ri - 4-111MnyJI:r:.c, Mace a HaqaJII>Horo HyxnoHa 
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eOOTBeTeTBeHHO) 
i ) ·~ :i. ti . 

~{~,J =3M(!-"~!) z Pw I ai2J/''(~) 
N '=t 

(I) 

2 IV 

v\Xfa(~~J)=(i-l;a )~ 2 ~ l Ql [w(!) 
"' rv i::i 

3;n;ee:& t'Ylv - Maeca BeKTOpHoro napTOHa, ~ - BepOHTHOeT:& KOH-

qir-1ry paD;11m 1'13 W napTOHOB B a;n;poHe, S7 ( x) - paenpe;n;eJiemie 

no X npo;n;oJibHoro HMnyJihea npoToHa y i -ro napToHa. 

HapymeH1r1e cKeliJir-1Hra, npe;n;eKaab!BaeMoe B (I), no-B1r1;n;1r1M0My, 

HeKJIIDllaeTeH TIOCJie;Z!;HlrlMl/l 3KCnep1r1MeHTaJibHblMH ;n;aHHblMH. TaKHM 
- . ~/ oopaaoM, paccM0TpeH1r1e noKa3blBaeT, l!TO napTOHbl cn1r1Ha' 12 

;ll;OMHHlrlPYIDT B CTPYKType HyKJioHa. rHnOTeaa napTOHbl-KBapKH 

pacc~oTpeHa B §IB, B ;n;eTaJIHX o6cyJK;n;aeTCH orpaHHl!eHHe, KOTO-
W::" 

poe ene;n;yeT lrl3 3TOH r1r1n0Te3bl ;n;JIH noBe;n;eHHH OTHOilleHlrlH~ 
- v~ 

np1r1 x -:1. . Jl,aH o6aop Teop:irn KaJI>i6poBOl!HhlX noJieki; Mo;n;en:;i, 

onf!eblBarome~ TIOBe;n;eHlrle TeopHlrl Ha MaJib!X paCCTOHHlrlHX (Mo;n;eJib 

Epo;n;eKoro, ~appap, ~llteKeoHa (E~n)), eTaH;n;apTHOli cxeMhl, 

BaliH6epfa-CaJiaMa, o6~e;n;HHHIDmel1 aneKTpoMarHHTHble 1r1 cJia6ble 

B3a11MO;n;ei1eT:Bl'1H. 

BTopaH rJiaBa 'AHecepTaUHlll nocBHmaeTCH 1r1ayqeHRID ;n;an:&HeJil­

mHx ene;n;cTBHi1 Mo;n;enR E~n. B Heli 1r1ccJie;n;yeTCH no:se;n;eaze cTpyK­

Typmnc IDYHKD;MJil a;l(pOHOB np1r1x-1 • Mb! 1r1cxo;l(HM 1r1a npe;n;noJio­

llteHMH, l!TO M630Hbl H 6aplrl0Hbl -.$ BOJIHOBbl6 CBH3aiiHble COC~OH­

Hlr!H ·eoOTBeTeTBeHHO KBapKa-aHTHKBapKa M Tpex KBapKOB. KBapKlrl 

HeeyT KOHel!Hble ;D;OJilrl HMilYJI:&Ca HallaJI:&HOl'O a,7lpoHa, HX nonepeq-
/ 

Hble MMTIYJI:&ebl Ir! MHBapHaH~Hble MaCCbl orpaHMl!8Hbl. PaCCMOTpeHV9 

Be;l(eTCR B HeKOBap1r1aHTHO~ TeOpHH B03MymeH>lH, l!TO, Ha Ham 

Barnn;n;, o6JierqaeT oT6op rnaBHhlX qJieHOB, a TaKae aHaJIHa 

8 

cn1r1HOBblX eBo~eTB CTPYKTYPHblX IDYHKD;H~ B HHTepeeymmeH Hae 06-

JiaCTH -1 »~ -)C » '"'~Gt 
B §I no;n;po6HO npoaH0.JIH3HpOBaHbl KnHeMaTHK~ lrl CBOlieTBa 

Bepm1r1H B c11cTeMe I:(eHTpa 11Hepl:(1111 P+ri= 0 I.Pl- HMnyJI:&e a;n;po-
Si ~ -$ I\#' ~ 

Ha. IlOKa3aHO, l!TO Bee BeplllP!Hbl i ' i : U '(Ci) e (~) (...f 
1 

.( ~ ) 
(S1,Sa,~ - en1r1paJIDHOCTlrl Hal!aJI:&Horo, KOHel!Horo KBapKOB 11 

rJIIDOHa eooTBeTCTB6HHO) MOlltHO paCKBaJilrlIDlrll:(lrlpOBaT:& eJie;n;yromHM 
. ~ 

o6paaoM. 11XopomaH" Bepm:irna "' }V-1-x - 1r1MnyJI:&c o;n;Horo 1r1a 

KBapKOB B Bepm1r1He MaJI, rmooH nonepel!HblH, npo;n;OJibH~ rJIIDOH 

npHBO;D;lrlT K 11 Hexopomeli11 Bepmr-1He - ht • ECJil/l HMilYJI:&ebl 060HX 

KBapKOB B B6Pllllr!He BeJilr!Klll, TO Beprulr!Hbl B CJiyqae nonepel!HOH 

noJIHpHaal:(Hlrl rmooHa 11aexopom1r1e 11 , a B :cJiyqae npo;n;oJI:&Holi - "xo­

pomHe". IloKa3aHo, uo ;ll;OJilltHbl ;ll;OMHHlrlpOBaT:& ;n;Harpa.MMbt ynopH;n;o­

l!6HHble no BpeMeHlrl TaK, l!TO lrlMTIYJI:&C nepe;n;aeTCH eHH3Y BBepx lrl 

cneBa HanpaBo (ecJI1r1 oc:& BpeMeH1r1 HanpaBJieHa cJieBa HanpaBo). 

TaK, B cnyqae ... , =3 (h. - ·rncJio KBa:;.nwB B HYKJIOHe) 11 BbUKHBaeT 11 

TOJI:&KO ;n;1r1arpaMMa p110.I 

Ps 

~ 
p 

~ P1r1e,I 

~· 

P.' ,. 

~· 

8Tlrl peayJihTaTbl o6o6meHbl B §2 H~ enyqajij n.. -RBapKOBOl'O eBH3aH­

Horo eOCTOHHlrlH. ~JIH Hel!eTHOl'O n.. ;ll;JIH nonepel!HOH qacTH CTpyK-

TypHOJil ~yHm~MH vW/ = pl TIOJiyqaeM: 

~ 



•FJ. (x)"' (1-x)21\-3 (2) 

ITpo;u,oJihHaH qacTh no;u.aBJieHa KaK vn;Q.t . EcJI!4 cnHpaJibHOCTb ~ 
HaqaJibHOH qaCTHUbl I>. I ;if: t ' TO CTpyKTypHaH cJ)ymtt4HH no;u,aBJieHa 

JIAl-i 
110 CPaBHeHm> c (2) KaK (i-J<) • ITpH qeTHOM l"L. BO BCeX 

;1114arpaMMax HMeeTCH 0;11Ha 11HexopomaH11 Bepmmia H MH nonepeqHoro 

<jloTOHa nonyqaeM 

fa. (x)"" ( 1-x)in.-.z (3) 

CnHpaJibHOCTH (n-~) KBapKOB B3aHMHO npOTHBOTIOJIO~Hhl, Il03TOMY 

CTPYKTYPHble WYHKUllJllJ ;l(JIH cJiyqaH cnHpaJibHOCTl4 HaqaJibHO~ qac-

1 ( ).21Al-.Z 
THUbl ~I ~2 no;u,aBJieHbl no CpaBHeHHIO c (3) KaK f .,-x. 
~Jia npo;u,oJibHoro woTOHa cTpyKTypHaa WYHKUHH B cKeliJIHHroBOM 

ma. (""')~ npe;11eJie oClpaJllaeTCH B HYJib, o;a,HaKO B o6JiaCTl4 QZ <<hi<- Q" 
2 

OKa3blBaeTCH cpaBHHMOH co cnyqaeM nonepeqHOH TIOJIHp11Jaa14HH. 

F, (X)"' tn,2. (i-X)Zti.-if 
L Qi 

(4) 

Bee aaqaJihHble CilllJpaJibHOCTH KBapKOB B 3TOM cJiyqae rronapHO 

npOTHBOITOJIOmHbl M (4) Bepao TOJibKO MH HyJieBOH CITllJpaJibHOCTllJ 

HaqaJibHOH qaCTllJUb!. B rrpOTHBHOM CJiyqae B03HllJKaeT ;!l.OITOJIHHTeJih­

HOe no;u,aBJieH11e BH;l(a (t-x) 2.l-'I 

Ilo;u.poClHO HCCJie;u.yeTCH HeaCleJieB:bliii CJiyqali, IlOKa3aHo, qTQ 

BCe _3Tli peaymTaTbl J4MeIOT MeCTO H B CJiyqae yqeTa qeTb!pex H 

Tpex rJIIOOHHb!X BepmHH. B §3 rrpoaHaJIH3HpOB8Hbl COOTHOWeHHH 

Me~;u.y CTPYKTYPHb!MH WYHKUllJHM.14 oKTeTti CiapHoHoB B aaBHCHMOCTH 

OT uacc KBapKOB. IlpH rronyqeHHJ4 peayJibTaTOB, ;u.onOJIHHTeJihHO 

npe;u.rroJiaraeTCH, qTQ KBapKH MOlltHO CqHTaTD CBHSaHH!ilUI Hep9-

JIHTHBHCTCKJ4. PacqeT ;AHarpaMMH pie.I npHBOP.14T K aaKJI10qeH!4m, 

D 

f 

qTQ ;l(Jlli /\ H 8 rHnepOHOB o6a aqicJ)eKTa HapymeHH?.: $U(6) CHM­

MeTpHH (CITHHOBOe H aa cqeT paSHOCTH Mace KBapKOB) pa60T8JOT B 

o;u,Hy CTOpOHY llJ npH x-1 ;!l.OMHHHpyeT BKJia;n; CTpaHHOro KBapKa. 

B cJiy•rne I rHrrepoHoB ;a.Ba aTH acJJqieKTa pa6oTruoT B paaHble 

CTOPOHbl, H BepoaTHOCTH HaHTH CTpa.llH:bliii H HeCTPaHHb!H KBapK 

npH x~i oKa3blBaJOTCH cpaBHHMblMH. 0UeHHBaeTC!i cpe;!IHHH no­

rrepeqHblii 11JMnyJibC KBapRa c x~t np11 paBHb!X •• accax .(t<.f>.::6m:i, 
TipH ~.S/l'Yl. 14 =~~S (.'ttf): 1. 8~t , TipHqeM HHBapllJaHTHaH M8CCa 

BToporo H Tpenero KBapKa np1r1 Wl.a.= m.3 ,,.d,:i (ra6)a. np14x-.1. 

TpeTbH rJiaBa ;111r1ccepTa~HH noCBHllleHa Bonpocy onpe'AeneHHH 

aCHMTITOTHqecKoro TIOBe;l(eHHH ~opMW8KTOpOB B KBapK-rJIIOOHHOH MO­

'AeJIH. B §I npe;u.nono~eHHe, qTO KBapKH B HyKnOHe H J4306ape CBH-. 

3aHbl HepenHTHBHCTCKllJ, IlOSBOnHeT aan1r1caTb B o6~eM BH;l(e BeplllHHhl 

nepexo;11a Tpex KBapKOB B a;u.poH 1r1 B 1r1ao6apy H paapa6oTaTh co­

OTBeTCTByro~ym KOBapHaHTHYIO ;u.1r1arpaMMHyro TeXHHKY cqeTa SJieKTpo­

MarHHTHb!X H CJia6b!X ({JOPMWaKTOPOB. B §2 npllJBe;a.eH ;u,eTaJibH:bliii 

pacqeT MarHHTHOro &H llJ aneKTpHqecKoro GE wopM~aKTOPOB HYK­

JIOHa. CA- 061IU1li Koa4J{1l1r1uHeHT 6onbmHH HYJIH),.o£5 - a({lweKTHBHaH 

KOHCTaHTa B3aHMO;l(eliCTBHH KBapKOB c rmooHaMllJ). 

G= (Q2.) =-3A c:;r(4?tit5)ij c:(GZ)=-3A c;;J"(YKd.s)~5) 

G~(Q')=-G:(Q') ; G; (az):::::i2A l~Mj
11

('f1trJ.s>" 
AHaJIH3!4pyeTCH rrpe'AeJI MaJiblX ~~ TIOKa3aHo, qTQ paapa6oTaHHaH 

;l(HarpruwHaH TeXHHKa TipHBO;AHT K npaBJ4JibHblM COOTHOWeHH.f!M Me~~y 

aJieKTpOMarHHTHblMlll c!JopM({laKTOp~llH B npe;a,ene Q1~ 0 • J10KaSaH0 1 

qTo cueHa aHaKoB HYKJIOHHwc wopu~aicTopoB He saBHCHT OT TIPllJPD'AN 

rJIIOOHOB H HMeeT MeCTO TaK~e MH CKaJIHpHoro 14 nceB;a,OCKa.JIHPHOro 

II 

l 



.rmooHOB, B OTJil1'H'l6 OT CJiytiaH 'I'( -MeaoHa, r;zi;e qiopM<lJaKTOP npH 

Q1 - 00 OKaS1i!BaeTCf! IlOJIOl!tl'ITeJI:&HblM ;D;JIH BeRTOpHoro rJIIOOHa H 

OTpl'IUaTeJI:&HhlM ;D;Jlfl CKaJiflpHoro l'I nceB~OCKaJiflpHoro rJIJOOHOB. 

8Kcnepm11eHTaJibHOe o6HapyJKeHHe CMeHb! 3Hal\OB HYICJIOHHblX 

QJopM(iiaKTOPOB nplll Q'-- o<> 6blJIO 6b! CH.iu.Hb!M apryMeHTOM ll IIOJib3Y 

BeJ:CTOpHoro rJirooHa, eCJIH nHOHHblii qiopMqiaKTOP ocTaHeTCfl B 3TOM 

npeAeJie noJIOJKHTeJI:&HblM. Ha~;zi;eHhl'COOTHomeHHH MeJK;zi;y cJia6b!MH 

G_;opM(JiaRTopaMlll aKCJl!aJI:&H!ilM tA l'I BeICTOpHblM ff\/ • IIpe;zi;c1taah!BaeTCf! 

paBeHCTBO B aCll!MilTOTHKe ,v =~A ' f!llJifl!O!ll66Cfl CJie;zJ;CT:BllleM ls­
HHBapHaHTHOCTH Teopll!H. B §3 npoaHaJIH3lllpOBaHO acHMTITOTllltieCRoe 

noBe;zi;eHl'le g)opM<lJawropon nepexo;zi;a tvlV-A . Ha~;zi;eHo cooTriO-

G~ * 
ll!eHHe k -MaI'HlllTHO :z\HTIOJI:&Horo, GE - aJieRTpwrncKlll KBa;zi;py-

noJI:&Horo, G;- KYJIOHOBCKoro @opMcI!a~ropoB c ~opM!lJaKTopaMH 
'rv,..;...,. fV 
' G:(G2-) 

G;CG~ = -
G:(Qi) _ 5 
G;(Qi) --9 

C:.CQ9 ! 
G~ (Qt)= Qa (6) 

B OTJil'l'!.He OT CJiytiafl HYICl!OHHblX QJopM(})aKTOpOB ': He M8Hfl6T 

3HaKa B aCHMTITOTHKe. 

B rJiaBe IY pa6oTb! npoariaJIH3HpoBaHb! P -HetieTHb!e acI!­

<I/eKTb!, o6yCJIOBJI6HHb!e CJia6h!M HeliiTpaJI:&HblM T.OROM (CHT)' B CBeTe 

peayJI:&TaToB, noJiytieHHblX B II 11 Iii rJia:sax. B §I paccMoTpeHh! 

ynpyroe €,..W' - H e·~ -pacceflHHe. ROHKp6THOe 3HaHH6 IIOBe;zi;e-

mrn cJ!opMtflaRTOpOB B aCD!MIJTOTMKe ( 5) npll!BO;zJ;lllT K aaRJIJOtI6HillO, 

tITO napaMeTp acuMMeTpHH A 
.r+iol:z. I M'"H0

11
1/ A= !HR. - L /IM!+i•1i+ IHt20 I~ 

J:2 

( M1t(L) - aMnm'ITy;zi;a cooTBeTCTBYJOlllafl npaBb!M (JieBb!M) aJieRTpoHaM) 

',B npe;zi;eJie 60Jibllli1X Q1 ll!M66T O;zJ;HHaKOBYIO B6JIHtIHHY npH paCC6HHl1H 

:Ha, npOTOHe l'.I HeliiTpOHe' B OTJIHtil'l6 OT npe;zi;eJia MaJib!X Q a. t TaKoii 

JKe peayJI:&TaT IIOJiytiaeM B ynpyrOM e- J!:; paCC6HHl'IH B KHHeMaTll!tieC­

ROJli OOJiaCTH. COOTB8TCTBYIOll\6iii KBaal'lynpyroM;; • "KY. lloKa3aHO. tITO 

ynpyroee·l> pacceHHHe MO~eT AaT:& Ba~Hyro 11H~OPMUUl110 0 B8Jil1tll'IH6 

HaocKaJrnpaoro BKna;zi;a B CHT. PeayJI:&TaThl rJiaBbl II HcnoJI:&aonaHh! 
+ -

npl'I aHaJil'l36 sw.!lJeRTOB CHT B HHRJII03HBHOiii e e -aHHll!rHJiflUHlll B §2. 

IloKaSaHO' tITO IlOJiflpHSaUlllOHHble CBOiiiCTBa, ooycJIOBJieHHb!e CHT' 

- I.:"' -B cnytiae I ~ -rl'lnepoHoB He aaBHCflT OT cTpyRTypu a'APOHa 

B KBapK-rJIJOOHHOli MO'A8JIH B CJiyqae 113MepeHMfl napaMeTpOB acHM­

MeTp1111 A >l ccrn,a.:eTpvnt "Bnepe;zi;-Hasa;zi;" W . lloJiyqeHHble orpaHlll­

tieHHfl Ha noBe;zi;eHHe cTpyICTypHb!X WYHRUl'liii noanonmoT paccti11TaT:& 

BeJil'.lql'JHhl ac11MMeTplll11 A l'I fV H cpe;zi;Heli cnHpaJIDHOCTH ~ B Mo­

;zi;eJI11 BaiiiH6epra-CaJiaMa. B CJiytiaf!X /\ 11 s"-rll!nepOHOB J's:: 30%, 

a BeJil'ltil'IHb! A H I/ ( Ta6JI. 3,4 ;zi;:r,,rncepTaUHH) ;zi;ocTHr~T IS-20% 

rrpH HatiaJI:&Hoii aHeprl'IH SJieKTpOHHoro nytiKa f =if f3~ • B §3 

paccMOTpeHbl nOJiflpHaau110HHh!e acJ.4~KTbl CHT, npll!BO;zJ;Hll\1'16 K po~Ae­

HMJO H306apbl B JI6IlTOH-HYKJIOHHOM pacceHP.l'll'I. IloRasaHO, tITO l'l3Me­

peHJll6 yrJioBoro pacnpe;zi;eJieHl'lfl ;; -Me30HOB npM TaKOlli IIOCTaHOB­

Ke 31CCnepHM6HTa, KOrAa 'A6T6KTMpyeTCfl Ta!CJKe npo;zi;OJibHO-IIOJIHPH-

30BaHHbli1 HYRJIOH pacna;zi;a, Mo~eT ;zi;aTL noJie3HYIO ;rronoJIHHTeJr:&Hyro 

HHWOPMa~Hro o cnpaBe;zi;~lllBOCTH MO'AeJI11 Ba!iiH6epra-Ca.naMa. PaBeHCT· 

Bo aKCHaJI:&Horo H BeKTopHoro woPMWaKTopoB 11ao6apb!, HBJIHIOJlleeca 

CJI6'ACTBH6M rs -lllH:Rapl'laHTHOCTM TeopHlll, npl'I Q2.- po II03_; 

BOJifleT o~eHll!Tb B6Jil1tIHHY cpe;zi;Heii cnHpaJibHOCTl'I HyKJIOHa pacna;zi;a 

<fl (e) --v J o1 Qll,,. 1 Oa. ( P16 )'°. p"' ~ - .iOO°' 
JN ':L 10 npH :l C! J v CV') ..,.. to • 
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IlpOBOAHTCH cpaBHSHHe npeACKa3aHHH co CJiyqaeM aapHJJteHHhlX CJia-

6b!X TOKOB. 

B 3aKJIIOqeHHJ.i C@OpMyJIHPOBaHbl OCHOBHhle pesyJIDTaTbl, noJiyqeH-
1 

Hhle B ~ccepTal\HH. 

ill. OCHOBHblE PE3YRhTATbl PAEOTbl 

I. PaccMoTpeaa opTOAOCKaJibHaH MOAenD napTOHOB, B KOTopoH 

aap.1~eHHble COCTaBJIHIDmHe aApOHOB HMeroT CilHH 6AHHH~. IlOKa3aHo, 

qTo CTPYKTYPHhle WYHKL\HH cymecTBeHHhlM o6paaoM HapymaroT cKeli­

JIHHr. IlOCJI6AHHe 3RCnepHM6HTaJibHble AaHHble no HapymeHHIO CKe~­

JIHHra HCKnroqaroT, IlO-BH,1\HMOMJ', B03MOJ!tHOCTD KaROli-JIHOO 3Haq.H­

TeJI:&HOH npHMecH BeKTOPHhlX napTOHOB B CTPYKType HYKJioHa. 

TI. B KBapK-rJIIDOHHoli MOASJlll noJiyqeHbl npeACKaaaHHH Ha no­

BSASHMle CTPYKTYPHb!X <.PYHKL\ID'i np1.1 x-..1 AJIH oeimero cJiyqaH 

h. -KBapKoBoro CBHsaHHoro cocTOHH:lrn: F (x) =:- { i-x)2 1t-.J 

( )
211-.t mt.I'. i (d. )J.n-'f 

AJIH HeqeTHoro n H F (x) °' 1-x + /(} -)( 

~H qeTHOro n. • .1VIH IlOJIHPH3al\HOHHb!X COCTOHHHH HCCJI6AY6TCH 

saBHCHMOCTD CTPYKTYPHb!X ~YHKL\Hli OT nOJIHPH3~HH HaqaJIDHOH 

qaCTHD;bl. 

m. rronyl!eabl cooTaomeHHH Me'!QJ.y cTpynypab!MH <.PYHKl\HHMH 

OKTeTa 6apHOHOB B aaBHCHMOCTH OT Mace KBapKOB. ITpeACKa3bl­

BaeTCH .1\0MHHHPOBaHHe BKJiaAa CTpaaaoro KBapKa B CTPYRTypayro 
Mo . 

WYHKL\HIO /\ - H CJ -rHIIepoHa IIPH x-1.. . 011eHeH cpeAHHH 

nonepetiHblli MMilYJIDC RBapKa c x-i 

IY. ~eTaJIDHO npoattaJIH3MPOBa.Ho noBeAeHHe @opM4JaHTopoB 

rrv ~IV H 0-"f\/-+ ~ B aCHMilTOTHlleCKOH 06JiaCTH 60nDillHX 

a.t . Ilpe,1\CRa3h!BaeTCH CMeHa 3HaKOB HYKJIOHHb!X <,PopM<,PaKTOpo:s,, 

I4 

aaayneHHe H30CKaJIHpHoro BKJia,11a, CHJIDHOe aapymeHHe 11MacmTa6aoro'1 

'3aKoHa AJIH \iJOpM<,PaKTOpOB c;,.: - ~;. p = i j c~,. =- l_ 
GE "°£ 19E z 

Y. HaliAeHo acHMnTOTHl!eCKoe n0Be;v"m~0 <.PopMqaKTopoB G1,, G-2 ,.. 

c, ' OilHChlllaIOllUIX nepexo.11 ;vw~/j . ITp.~!BeAeHH COOTHOill6Hl1H 

M6JltAY <,PopMg)aKTOpaMH {'N _,, N H rvN_,, f:l. IlpoaaaJIH3HpOBaHO 

COOTHOill6HHe MeJ!tAY aKCHaJI:&Hb!MH H BeKTOPHhlMH (:Op!44JaK~OpaL!H Hyit­

JIOHa H H306apbl. IloKa3aHO' qTQ B npe;&eJie 60JIDillHX Q a, OHH COB­

na,llaIOT tA = ~v; Ii.A ~,!~(~t) A=M+MA ) • 

YI. PaccMoTpeHhl si!XlieKTbl Hei:1TpaJibHhlX ToKoB :e e·w, e-D 
pacceHHHH' ete-- 8 + x -aHHHrHJIHIJ;J.UI' B JienTOH HYKJIOHHOM 

po~;&eHHH H30C5apbl. IToKa3aHO, l!TO H3MepeHHe B6JIHl!HH, qyBCTBH­

T6Jil)HblX K HaJIHqHIO p -H6l!6THblX B3aHM0,1\6liCTBHH, MOXeT ;&aTD. 

noJieSHYIO ,11onoJIHHTeJI:&Hy10 HHWOpMan;HIO KaK o BepHOCTH paccMOTpeH-1 

HO~ K:eapK-rJIIDOHHOi:1 M0,1\eJIH, TaK H D MO,ll6JIH Ba~H6epra-CaJia.Ma. 

IlpHB6,1\6Hbl on;eHKH Ha 3TH :eeJIHqHHbl. 

IS 
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