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OBUAH XAPAKTEPHCTI1KA PAIDTtt 

AKTYaJI&HocTh TeMU 

KBaHTOBaJI 8JI8KTp0.ltllllru.m:Ka, npe.n;cTaBJI.HDIU3JI c06ofi T80plU> MeKTpo
MarHHTHllX B3aIDIIO.n;eficTBHA, II03BOJIR.,'Ia OC!'l:JICHI!Th H IIpe.n;cxasaTh B8ChMa 
nmpoKHff Kpyr JIBJieimfl, CBfillaHlWX C noBe.n;emreM 3JieKTp0HOB~ ql()TOHOB. 
B noCJie,wme ro,ItH 6.naro.n;apJI cos,mnnm B!lcoxocTaC!HJ11,HHX JIB.sepm,cc HC
TO'llll!KOB xorepeHTHOro H3JJY'!J8!il!:JI H ,IteTeKTOpoB ql()TOHOB C (!o.m,moff ~B
CTBRTeJI&HOCThD OTKpWiaCh B03MOJtHOCTh npm.,oro SKCIIepmieHTaJI&Horo HC
CJI8,ItOB8HRJI qJJJYXTyaI\KOHHWC CBO:i!CTB 3Jl8KTpoMarmrTHOro IIOJIJI, BCJie.n;cTBRe 
'!Jero HaC!;no,na.JIRCh HOB!le KBaHTOBlle s@leKTll, TaKRe ltaK pasrpymmpoBKa 

.qx>TOHOB, CJtaTRe CBeTa . .H T.II., He lIM8Jl!IK8 KJJaCCH'I8ClWX IU{aJIOrOB. 0T
M8THM, '!JTO ,MHH!le s@leKT!l pruree 6wm IIpe,ltCK838Hli IIpH HCCJie,ItOBSHHH 
npocTwc MO,It8JI&HHX 38,Ita'!J B3aHMO,IteflCTBWI "aTOM+nOJie" B IIpHC!JlID!CeHHH KO
He'!Horo 'D!CJia ypoBHeff tr KOH811HOro 'IIRCJra MO,It. MO,IteJih!Ill8 C.IICTeM!l C KO
H811HHMH '!JHCJlaMH ypOBHefi MOryT CHJI&HO OTJIH'!JaTDCJI .ItPYP OT ,Itpyra no qiH-

3H'IJ8CKOff IIpHpo,Ite. HeCMOTpJI Ha 8TO OC!CTOJITCJI&CTBO, OHR OIIHCllBB.DTCJI Ha 

OCHOBe 8.ltKHOro IIO)tXO,Ita. Hsy-qeHHe MO,Ite.Jil,HHX 38,ItS'!J, OIIHCllBallllliOC CHCTe
Mll 11aTOM+IIOJie" H ,ItOnyCKaJJl!HX TO'!Hlle pememrJI paBHOBeCHOfi H ,ltHHaMK'!Jec
KOfl 38,Ita'!J, npe,ItcTaBJtl{eT He TOJ!DKO M8TO,ltOJIOrH'!Jecm KHTepec, HOH m.,e~ 
er nmpoKRe nepcneKTHBll npaKTH't8CKOro IIpm!eHeHIDi B CBJISH C OTKPllBallllR
MRCJI BOSMOZHOCTRMH CHHllB.Th ecTeCTBeHH!le wyMli CBeTa B TO'IHHX OIITR'!Jec
KBX H3Mepemrmc: RB cncTeMaX onrnqecxoff nepe'Aa'IIH H o6paC!oTKH .HHqx>JJMa
mm. BwnecxasaHHoe oC!yCJIOBJIKBaeT axTyam,HoCTI> TeMH aacTomqeff ,ItRccep
Tamm "l<BaHTOBlle H KOJIJI8KTHBH!l8 3qlqleKTll B R3.JIY11811!UtlC CRCTCMax C KO
H811HWII '!JHCJIOM ypoBHeff". 

.lle.Jil, pa60T!l COCTOHT B HCCJl8'AOBalllUt KBaHTOBHX H KOJL1I8KTRBHWC 
CBOffCTB B CRCT8M8X "aTOM+lIOJie" B npae!.IIl!llt8HHH KOH811HOro '!JHCJIB. ypoBHefl 
H KOH8'IDOro '!JRCJia MO.It H B paccMOTpemm B03MOJKHOCTR IIOJIBJI8HHJI HOBWC 
KBaHTOB!lX;sqxJ/eKTOB B TaKHX CRCTeMax. 

Ha:cmM HOBR3Ha H npaKTR'!JeCKaJI geHHOCTh pae!OTH 

Ha OCHOBe IIO,ltXO,Ita, CBJI38HHOro C HHT8rpHpoBaHR8M onepaTOplillX 
ypaBHemrfl .n;mmeHWI, HCCJI8,It0B8HO BJmJIHRe ql()TOHHOff fdYJU,THIIJntKaTHBHOCTH 
Ha napru.mrpu, onpe,JteJIRDitRe CTaTRCTHXY ql()TOHOB, CTeneHD CJtaTRJI MeK
TpoMarHHTHOro IIOJIJI H xorepeHTHOe IIJieHeHHe aaceJieHHOCTH.ypoBHeff. Ilpo
R3B8'A8H y-qeT BJll!JlHRJI'KOHe11Hoff ,ItOC!poTHOCTR pesoHaTOpa Ha cneKTPll MHO-

.• 0:,1..caiiot'MrJi:,;il m-irn-rryr 
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roqoTOHHoro norRO~CHII.ll H H3.Jiy'!emm. lfaY1IeHu oco6eHHOCTH KOJ.LlleKTHB
Horo noBe.n;eHRJI CHCTeM C pa8JilitlliUM 'lll:CJIOM 8TOMOB. Hail.IteHH YCJIOBWI 
rro.nyqemrx npe,IteJII,HO ,ItOITyCTIDIIOrO ClltaTRH C Y1IeTOM CBOi!CTB pea,n,Hwc pe
SOHaTOpoB H YK83aH8 DOSMOlitHOCTl> COS.ItaHHH CBepxHSJzylffiTem,Horo reHepa
TOpa C cy6rryaCCOHOBCKOil CTaTHCTHKOil (!OTOHOBo 

,IT)rA: S8IljllTll BH8BHramcH CJie,IlVllUIIe OCHOBHUe pesym,TaTU, nomeH
Hlle B @CCepTaUWJ: 

I. Ha OCHOBe HCCJie,ItOB8.HHJI CHCTeMU ypaBHeimil reilseH6epra,n qop
M8JIR~Ma O,IteTwc COCTOmmil KSY1IeHH xapaKTepncTRKH TpexypoBHeBUX UTOMOB 
B S8BHCRMOCTK OT IlOKasaTeM MYJil,Tll:IIJIKKaTHBHOCTll (!OTOHHOil reHepa.n;tm. 
B -qacTHOCTH, YKSSaHa S8BlICRMOCTb OTHOmeHM HacMeHHOCTe:ff ypoBHe:ff llpll 
KOrepeHTHOM IIJieHeHHR OT cpe,ItHero 'UICJia qx>TOHOB ll qx>TOHHO:it MYJU,TRIIJlll:
KaTKBHOCTH rrepexo,Ita. 

2. Ilpn llCCRe,Ito:eamm CJKaTRJI CBeTa B MHOrOqx>TOHHOil MO,IteJIR .miteilHca
KaMMmirca llOKaSaHO, ~o B ~ae Haqam,Horo KOrepeHTHOro COCTOJmlIH • 
IlOM MaKCHMaJII,HOe ClltaTKe peamsyeTCH ,ItM SHaqemrx IlOKaSaTeM qx>TOH
HOil MYJU,TIDIJmKaTHBHOCTH, paBHOro TpeM. 

3. BnepBUe ycTaHOMeHa saBKCIDllOCTl, 'IW.CTOTU H WKpmru: JmHHii KMy
qeHHH K rrorRo~eHWJ .ItM .ItByxypoBHeBoro aTOMa C MHOrOqx>TOllHHMK nepexo
,ItaMH B SaBKCRMOCTK OT ,It06pOTHOCTH pe30HaTOpa ll llOKaSaTeJIH qx>TOHHOil 
MYJII,TlilIJilIKaTHBHOCTK. 

4. ,U,rsi CHCTeMU RS .ItByx ,ItByxypoBHema: aTOMOB C MHOr0410TOHHUMR 
nepexO.ItaMH Hafi.IteHa HBHM SaBHCllMOCTl, HHT9HCHBHOCTll KonneKTllBHOro 
CITOHTaHHoro HsnyqeHHH OT ilx>TOHHOli Mynl>THllnHKaTHBHOCTH h1 'n~eM 
RMrryJII,C 11 CB8pxHSJJY1W.T8.1U,HOro" nponecca ac:e:MMeTpnqeH OTHOCKT8JII,HO Bpe
Meim sa,Itel)llOU!. 

5. ,U,rsi cxeMU reHepanKK ClltaTOro COCTOHHHH B CM9CH Rpai!HKX MO.It 
cneRTpa peSOHaHpHOi! 4171YOpecneHnlllI HCCJie,ItOBaHa 38.BHCHMOCTI, CTeneHH 
Cl!taTM OT WKpmi:u JIHHKfl pesoHaTopa n Hail,IteHo yCJiomre no.nyqemm npe
,Item,Horo ClltaTM, ycTaHaMRBalll!ee 38BlICHMOCTb Mex,ny·napaMeTpaMK aTOM
HOfl CRCTeMU, llOM HaRa~H pesoHaTopa. 

6. ,U,rJi CHCT8MU ,ItByxypoBHeBUX 8TOMOB (MO,It8JI1, .IJ,mate) Ha pemeTRe 
HCCJI8,ItOBaHa 38:Bl!CHMOCTl> napaMeTpOB paBHOBeCHOro qasoBOro nepexo,Ita OT 
TOMIIepaTypll KPKCTaJ.Llla, Y'IHTW3alllJaH ynpyrKe nponeccu. IloKaSaHO, qTo 
HBJIRim8 KORe6aimil pemeTKK IlpHBO,ItlIT K YM8Hl>W8HHD BeJIR'IHHl:1 CllOHTaHHott 
llOMpRSanHR R K ll0Hmlt8HRD Rpl!Tll'l:ecxott TeMIIepaTypu. 

Allp0681l;IU{ pa60TU. 0CHOBHHe pesym,TaTU .ItHCCepTanRH HeO,ItHOKpaTHO 
,ItOKJJa,ItHBa.JmCl, Ha ceMJmapax Jla6opaTOpllH TeopeTKqeCROil qiRSmtK 06~e.ItH
HeHHoro IDiCTHTyTa JUJ;epHUX llCCJie,ItOBW!Hi!, Kaqle,Itpll q&!Smtll TBeJl.ItOrO Te.JIB. 
Asep6ail,ItlKalicKoro rocy,ItapcTBeHHoro ymmepcnTeTa HM. C.M.KHpoBa, Ra6o
paTop:im: TeopeTHlieCKOil ql!ISHRH HHCTRTYTa ql!ISHKP! AKa,Iter.nm HayK Asep-
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6aJ!.D;lmHCROfl CCP. llaCTl> pesym,TaTOB .ItO~BaJJaCl, Ha TeMaTHqecKHX 
ceMHHapax IIO npoMeMaM KBaHTOBOfl OilTHKH (Jiy6Ha, 1986 r., 1987 r.), 
Ha lY MelK,l(yHapo,ItHOM CKMIIOSHyMe llO H36paHHHM npo6ReM8M CTaTHCTlf'IeCKOil 
M8XaHHKH (Jiy6Ha, 1987 r.) n Ha MeJir,nyHapo,ItHoii KOIIqiepeHnHH llO H36paH
HW.! npo6ReMaM CT8THCTHqecKOil qiRSHKH (.lli,BOB, 1987 r.). 

Uy6.Jm'.Kayrur. Ilo MaTe:pHMaM wrccepT~ orry6JIRKoBaHo 8 pa6oT/I-8/. 

06~eM pa6oTu • .IUlccepTanHH CO,Itep,KllT II4 CTpaHHn Mailll1HOill1CHOro 

T8KCTa, 6ll6.ID1orpag_i1rnecmrlt CllllCOR llS 134 HallM8HOBaHllli JillTepaTypHUX: 
llCTO~KOB, 24 PllCYHKa .11 I Ta6Jm:ey. 

· CO)lEP.lWIHE PABOTH 

.IUlccepTanHJI COCTOHT KS BBe,IteHHJI, Tpex rJiaB OCHOBHOro T8RCTa H 
CilllCKa ItHTHpyeMOil RKTepaTYpu. 

Bo BBe8eHim .Ita.H KpaTRiill o6sop pacCMaTpmlaeMWC B .ItHCCepTa
nHR IIpoMeM c o6ocHOBaHHeM nx 8KTY8JI1,HOCTH H HMOJ!teHlleM ~em HCCJie
,ItOBSHM. aitec1, Tal0lt8 CqlOJ;:MYR:RpOBaHU OCHOBHHe pesym,TaTH, BHHOCID/lll8 . 
Ha 38JltRTY, H yxasaHa KOMII0:311UW{ pa60TU. 

B rrepBoil rRaBe .ItHCC8pTanRH, COCTOsmteil HS IIHTH naparpaqx:>B, pac
CMOTpeHo MHOrOqx>TOHHOe o6o6~eHH8 MO,lteJm .llliteflHca-Ka.MMHHrca .ItM Tpex
ypoBHeBOro aToMa c .I\. -Kol$n'ypanRefl rrepexo.ItoB. HccRe,ItyeMUil s.1tec1, 
rB.MllJII,TOlll!aH B .ItHIIOJII,HOM npn6J.tmitemm K npn6.mmewm Bpalllallll8ilCHBORHU 
HMeeT BR.It 

~ 2. ~ 

H-=?7iSl.;f<;1 + L ~ ~a;a" +Li£ (a'J'R1-'+dJ R,1.) er> 
d:.l ol-=t o{cf. ;J J 

r.ite R;,;. - onepaTopu H!icMeH!fOC:efl ypoBHefl ( l=-i ) H rrepexo,ItOB c 
ypoBHH d Ha ypoBem, l ( e -#f!! ) ; ~ ( aJ' ) - onepaTop yim:~o-
1teHHH . (~eHKH) \P()TOHa C 'IW.CTOTOil wol B MO,Ite o{ ; ioe - ROH
CTaHTa CBHSH; . ~ Ji.,· - 8H8:pl'HJI CBHSH ypoBUH J ; m. - qJOTOHHUe 
MYJU,THIIJ.ImtaTHBHOCTH nepeXO,ltOB. 

Ha OCHOBe TOqHOro pemeHRJI orrepaTOPHUX ypaBHeHHfl .itBDeHHH, nc
IIOJJl,SOBaHltll MeTO,Ita xapaKT8:pllCTl{q8CKoro onepaTopa H qx>pMaJIIISMa 0,It8TUX 
COCTOHHH:ff HCCJie;o;ymcH samtCIDIIOCTH cpe,ItHIDC SHaqeHHfl paSRH~ orrepa
TOPHUX KOHCTpyiml!il OT llOitasaTeJI!i qJOTOHHOfl MYJU,THIIJIRKaTHBHOCTH. )WI 
JIMeHHJI KOrepeHTHoro IIJI8H8HllJI HaceReHHOCTefl Hafl,IteHU saBHCRMOCTH OT
HOW8HllH HaCeReHHOCTH wreHeHHUX ypoBHefl H pasHOCTH 8TOMHUX qas OT 4i0-
TOHHHX MYJII,THIIJJmtaTRBHOCTefl nepeXO,ItOB B CJie.ztYD!leM Blf,lt8 (§ 5) 

3 



a2.£_,,,,_ 
H ~ 
"11, - O'- Fi.,,,, 

<I, ' 
J 

ia. = Ina, e.L - m, 6?i ' (2) 

r.ne Iii H ffa. 8CT1> cpe.zuiee 'lllCJIO qx>TOHOB B MO,nax I R 2, ~ R 0,a 
- q83H llOJilI B MO~ I H 2, COOTB8TCTB8HHO. aitec1> xe ll0Ka38HO, qTo 
KorepeHTHoe IIJieHeHHe H8CeJI8HHOCTett .11M88T MecTO, ecJm aTOM nepBOHa
l!BJll,HO H8XO~TCJI B COCTOJllIIDI, COCTOJDll8M H3 KorepeHTHOtt cynepn03HD;IIB 
HHlKHHX ypoBHett, a llOJie - B KOrepeHTHOM COCTOJllIIDI rJiay6~pa-

Bo BTOpoit rJiaBe, COCTOJmleff K3 .llBYX naparpaqx>B, K3ytI8HO BJll'llllille 
qJOTOHHOtt MyJI1>TmIJJJiIK8.TRBHOCTH Ha xapaKT8pHCTHKR npoueccoB, OllHCWlB.e
MHX ~y:xypoBHeBOtt MOJl8.lll,lll ,IJ,1itei1Hca-Krui!Mmu'ca C MHOrOqx>TOHHHMH nepe
XOJlaMI!, r8MHJII,TOHH8H KOTOpott RBJLR:8TCSI l!BCTHHM c.,zyqaeM (I) llpH £: 0 

R cb=-L • .· 
Il0Ka38HO, qTo B yita38HHOtt CHCTeMe MOXeT 6HT1> ll0JJY'i8HO cxaToe 

COCTOSIHHe 3JI8KTpOMarHHTHOro llOJISI co CT8ll8H1>11l CJltaTHSI, llpeBHllllUI1!8ff 50%. 
Ma.KCllMaJI1>HOe GXaTRe JlOCTHI'aeTOSI llpH llOKasaTeJie g)OTOHHOtt MyJI1>THIIJm
K8TltBHOOTH npoueooa Jn = .3 • C!taToe OOOTOSllille reaepnpyeTOSI H8llOC
pe,noTB8HHO llOCJie BKJIIR8HHSI B3aHMO,nettOTBRSI aTOMa O llOJieM nanyqeHHSI, 
qTo npe,noTaBJISieT 60JI1>U1ott RHTepeo o TO"IKR speHRSI a1tcneP.11MeHTWHoro 
Ha6JIJ:U48HRSI. ·JlJrSI aBomnom napaMeTpa, xapaKTepHsyD!lero cxaTHe B KBaA
P8TYPHOff KOMIIOHeHTe llOJISI K3JJY'i8HRSI, Ha1!'AeHO llOBe,neHRe, IIOKa38HH08 
Ha pHo.I. TaitRM o6pasoM, xapaKTepaott oco6eHHocT1>1D npoueooa SIBJISieToSI 
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nepHo~eoxoe oosHHRHOBeHRe aa.Toro ooo
TOSIHHSI. BeJm'll!Ha nepHOM onpe,neJlf[eTcSI 
Hal!BJILHHMH YCJIOBRSIMH R napaMeTpaMH OHO
TeMH. 

JlJrSI npoueooa B peaJI1>HOM pesoaaTope 
(§ 2) OllHOaHRe CHCT8MH ll!)OBO'AffTOSI Ha oo
HOBe ypaBHeHHSI 'AJI.fI M8Tl)HUU IIJIOTHOOTK 

lP -ri · 
'oi = - t l H, f] - (3) 

- K (a.fay- :la ya++ _pa:+a) , 

r.ne K-= ( .:iw/G) - ajlpeKTHBHOCT1> peso-
HaTopa ( cQ - .no6poTHOCT1> pesoHaTopa) aa 

qaoToTe W • HoCJie,noBaHH CJiyq8K HR3KOff (J<'t.hf't.>> 'lj_i.,.,,,! ) K BllCO
KOff ( ,:zn,zc:c. 1f9'1. "1! ) ,no6pOTHOOTeit pe30H8TOpa. lIOKa3aHO, qTo B 
nepBOM OJJY'i88 B ClleKTpe norJI011!8HRSI ID488TOSI TOJil>KO O.llRH llHK O peao
HaHCHOi l!BOTOTOit w • . TOrM Kalt BO BTOpoM CJJY'!Be HMeeTCJI JlB8 IIHKa 
O l!BOTOTaMR w.-± $ vitif' . .IJy6JieTHOe paOll!ellJieHHe .lll!lilm norJIOll!8HWi 

I 

\i ,, 
It 
i. 

I 

:l 

l 
' ( 

o6yCJIOBJI8HO OaMORHJlYUR!)OBaHHHMR OOIJ;IL1IJISIIl;W Pa6:e:. lIOKa3aHO, qTo 
IIIHpHHa JIRHID! norJI011!8HIDi nponop:u;aOH8Jl1>Ha ll0Ka38T8JIID g)OTOHHOtt MyJil>TH
llJIRKaTRBHOCTHo 

CneKTp H3JJY'i8HHSI H3ytI8H JlJISI 60JI1>IIIHX BpeMeH I'T~ I, r.ne r - illll-, 

pHHa JillHlIR ,neTeKTopa. B c.,zyqae pe30H8TOpa O BllOOKOtt ,no6pOTHOCT1>11l 
ClleKTp ll3JJY'i8HHSI npe,noTaBJl!IeT co6ott .ny6JieT C l!BOTOTaMH w ± 3 ,j ,n ! I 
( W '=- w./1'>1 ) H HM88T nmpIIHy r+ IC (3hr/2.. - 1.) , o6paTHO llpo-
llOpUROH8JILHylll ,no6pOTHOOTH pesoHaTOpa. B CJiyqae paocTpoffKH oT;pe30HaH
ca A ( .::l z. >> lff ~ h1 ! ) B Cll8KTpe H3JIY'l8HWi RMeeTCSI ,nBe Hec.RMMeTpHq
HHe JlllHHH O l!BCTOTaMK W + A II W H llllipRHaMI:I r + K { h1 - t) 
H r+I< (2m-l) , OOOTB8TCTB8HHO. 

B TpeT1>eff rJiaBe, OOOTOJmlefl K3 Tpex naparpaqioB, 
KOTOpHe KOJIJI8KTHBHHe CBO~OTBa JlByxyp0BH8BHX CHOTeM, 
ll!HX C llOJI8M H3JIYqeHH.fI. . 

HOCJie,nOBaHH He

B3~0,neffOTByID-

B nepBOM naparpawe 'AJISI JlB;{X ,neyxypoBHeBHX 8TOMOB O MHOrOqx>TOH
HNMH nepexo,nru.m: HOCJie,nOBaHa 3BOJIBIUIJI naP9MeTpoB CHOT8MH • .l.lJisi HHTeH
CHBHOCTH H3JJY'i8HHSI Hatt,neHO BHpaXeHHe 

Ia)= /;(Al{i)l =Vnl!!!J Ji11(2JJ.,.~ft+2 (fl.m}!/1ttt-htf Jl1t2{I4-l-) l (4) 
_d.f '/ .fl.fl '/" (/lh1}!/h1!+111! 'J, 

r.ne .12, - qaoTOTa Pa6H. Kalt Blf.llHO. H3 (4). MaKCHMaJil>HaSI HHT8HCHB
HOCT1> pacTeT C JB8Jill'f8Hll8M tn-ll0Ka38T8Jlf[ qx>TOHHOff MYJil>T.llILJIHKaTHB
HOCTH rrepexo.na • KpoMe Toro, oopa;geHRe ( 4) OllHOHBa8T HMIIYJILO, 
acHMMeTp~ OTHOOHT8JI1>HO BpeMeHR 38Jl8plEIW i D ; 

tn = lR Q.,ZCCOl (D-/IJ 2+-j)/Yt ~ (5) 

r.ne 

D = l. (:,,1>1Jt/m! 
Z {~m)!/m!- ht! ' 

i - .7( 

R j,/4[m! + (a.m}J/h1!] 

liylmo OTM8THT1>, qTo 06~ OB8JlXl'[3JJY'i8TeJI1,Hliff nmyJI1>0, npe,noKa3HBae
M!dl T80pHett, CHM1,,!8Tp:e:qeH OTHOCHT8JILHO "t D 

B § 2 pacoMOTpeHa reHepamtll: CJEaTOro OOOTOSIHHSI aJieKTpoMarHHTHOrO 
llOJISI B CMec:e: Kpa1hiHx JmHHff TpHIIJieTa pe30HaHOHOfi lpl!yOpecueHURH B pe30-
H8TOpe O KOHeqaoff ,no6pOTHOOT1>D R KOHeqaofl lllHpHHOil JlllHRR. JlJrSI CTelleHH 
O!taTRSI Kalt w~ naP9MeTpoB CHOT8Mli K llOJISI H8X8.qitH . X ( X = 
:CtJ''(-Jan,c:l:; (a.G-/d)) , (;.. - qaoTOTa Pa6K HaKa~. A - napaMeTp 

paooTpoffKH) , napaMeTpoB pe30HaTOpa 't , '"' ( "l.t : J'"' / k"' ) lI 
tmCJia l!BCTKU Al Ha1!'AeHo noBe,neHHe, npe,noTaBJieHHoe Ha pHc.2. 
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I I 
I I 
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I I 
I I 
I I 
I I 
I I 
I ' 
I \ 
I I 
I I 
I t 
I l 
I I 

. .1.. >1 ~. 

,. 
I 
I : -- .,,.-
< ,, 
I ,, 
' ,, I , 

a) 

k~l ~ 
0 .<t/ <tf 

X 

PRc.2 

.t<t ,, 

X::.:n 

6) 

X 

,., 
Yc~om1e a6co.1lll'l'Horo.MHmn.,yMa ~~ 

( c.,zy,ra:I! a ) 
~ IlpllBO.IUIT R COOTHO1118lilllD 

( CJiy1Ia:1! 6) 

X ~ (1Jz/%}:i, 

X 1E (%/"?,) :t. 

%>¾· 

% ~ o/ ... 

(6) 

(7) 

COOTHOll18Hl!JI (6), (7) SiBJLIWl'CJl R,PKT8plt8MH OilT.HMaJll,HOro B!,i60pa napa
MeTpoB CHCTeM!I H peaoHaTopa ,IVIJi .D;OCTmtelilIJI HSH6OJD:,1118ro ClW.THJI. 

C y,18TOM ROHe'DIOfl lllll,PKHli ~ peaOHSTOpa H~eHO 3HalleHHe HOp
MaJD:,HO-YilOp.R;ltOlleHHOi! AilCilepce R~TypHoi! ROMIIOHeHTli IlOJIJI E1 muta 

(: (AE,/·)= .fx' s·-1.. A/•)(N+.i_ {111+.z) xN.+1+(tV-,:i.}x-N .. 
Yx'+L) ~JI (x-t) {x.v+1_L) ca> 

li r+r. ~ r+r: j 
" ~--♦'--- - V X -

{r+r:.p·+ rfla cr-1:r..Y,. + a1:1. > 

r.ri;e r+ Hr_ - cneRTJlSJD:,Hlie lllll,PKHli xpaflHHX JIHH.Hi! cnexTpa, a r - cnex-
TpaJD:,HaJI IIIH,PKHa qJKJILTpa. OTClllta IlPH ,,y ➔ QC) .HMeeM 
inih (: ( A c,_)2': '> : - L/ I{ i 8TO 03Ha1laeT, llTO CZSTHe .D;OCT:araeT npe-

.D;8JD:,HOro 3Hall8HHJI { IO()%) • 
B TpeTl>eM naparpa~ Hay,1euo Bamme ynpyr.ax npo~eccoB Ha paBHo

BecHUe CBOi!CTBS MO,D;e~,llmate Ha RpHCTaJIJie. IloRa3SHO, llTO y,leT TSRHX 
npo~eccoB Ill)HBO.IUIT R nepeHOPMHpoBRe napayeTpa ~OJD:,~TOHHOfl CBJI3H 
muta 
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A ➔ i-= J e-2 w. (9) 

r.ri;e W - ~RTop ,Ue6aJI-YOMepa, 

W=W· I~'= -2 tz.!<2.()1' !dofc9/ _£ + .1) l-ll. 
l , ') :z M 0. J ( e2-J z 

. D o . 

aitec1, k -~ BeRTOpa paccemmsr, M - Macca aToMa H BD - TeMIIe
pazypa ,Ue6aH. IIoxaaSHo, ·llTO uamllHe ynpyrwc: npo~eccoB Be.ri;eT R YM6H1>
meHHlD B6mllllllli CilOHTSHHOfl Il~8~ H IlOHWlt8HlilD RPHTHqecxofl TeMI1e
P8TYPlio KpoMe Toro, CT~apTHOe yc~oBHe CHJD:,HOfl CBSi8.I! BJm8 .A) -/;w 
sSMeHJieTCJI HepaBeHCTBOM 

l¼~J&i~. I 
r.ne Wo-= &m w(0 \ .· 

t9➔o 'j , 
(IO) 

HSMB,nliBSlDlltHM .D;OilO~TeJll>Hli6 orpaHHqeHRJI Ha B!,i6Op napaMeTpoB ~ .I! 
41 • 
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