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I. 

B H07.taBHeti pa6oTe Pe.ztMOH.zta/I/ (CM. Ta10t.ef2/) 6WI IIOJiytieH liIHTepecm,1il peayJII,TaT, smm10tra10-: . 

!llH!tcR B TOM, qTO ny~eM np11nJietreHI1f! Tpe6?Ba.HHH ~H~liIT11qnocT11 M~xtno. noJiyq11T:r, Bhlpailtemrn .ztJIH npo

naraTopoB ~ He CO~eplltal!IIIe 113BeCTHhlX JIOrapliI~Ml1tl0CKI1X IIOJIIOCOB • 

Ha· 8TOM IIYTH no HameMy MH8HlUO MOlltHO IIPl1.ztTlf'.K H8KOTOPblM :o6nurn BlmO.ztaM 'OTHOCll!TeJI:&HO M0TO.zta 

Teopm1 BO3MYil\0HHll 11, BO3MOlltHO, OTHOCl1TCJII,HO H8KOTOph!X 'O61l(l1X CBOltCTB COBpeMeHHOil It:BaHTOBO£1 Teo

pr,m IIOJIH •. 

Ha116onee ecTeCTBeH.HhIM nyTeM irnyqemrn: aHaJinT11trecKHX cnoilcTB nponaraTopoB HBJIHeTCH MeTo.zt 

;ztHCnepcuoHHhlX COOTHomeHnil. 8TOT MeTO.zt B IIaCTOHll\66 BpeMH npe.ztcTaBJIHeT co6oil e,ztll!HCTBeHHhlfi IIO.zt-· 

XO.zt K sa.ztaqau KBaHTOBOlt TeopuH IlOJIH, CBO6O.ztHHi1; IlOBll.ztHMOMY, OT BHYTP0HHl1X TPY.ztHOCTe!t. IloaTOMY 

npe.ztcTaBJIHeTCff BIIOJIHe eCT6CTB0HHhlM, tITO .ztaJI:r,ueilm11il nporpecc B KBaHTOBOil TeopHliI IlOJIH ,liOJixteH 6UTJ, 

CB!l3aH C MeTO.ztOM .ztliICIIepcliIOHHhlX COOTHomem!Lt. 

· 3ToT MeTo.zt, ocHoBaHHLili na caMux o6l!ll1X npHHr.µmax uoilapuaiITHOCTH, np°Ht111uno_cT11, yn11Tap1tocT11 

l1 cneKTpaJIJ,HOCTl1x), IIO3BOJil10T IlOJIJtiaTI, BblpallteHirn .ztJIH B0Jil1tll-IH TliIIIa cflyHKn11il rp1rna liI MaTpliitrlihlX 

3JieMeIITOB .nepexo.ztOB .B Bl1.zte cneKTpaJII,HhlX pa3JIOllteimil. TeM Ca:!!b!M sa.ztatra ·CBO.ztliI.TC~ ~· 113yqeu1110 CBOtlCTB 

COOTB0TCTBY!Ollll1X CII8KTPaJI1>HLIX qiyuKn11ti. 8T11,cneKTpaJII,HUe qiyHKnn11_nyTeM pa.i3JIOllteHirn no IIOJIHOlt-~l1CTe

Me qms11qecK11x. cocTOHn11tt MoryT 6b!TJ, BupaJ1te1m qepes qiyn1tn1111 rp11na· .ztJIH 6oJiee· CJIOlltHHX nponeccon. 

3.ztecr, IlO11BJIH6TCH npnm:i;tml1aJIJ,HaH BO3MOlltHOCTJ, nonytreHliIH Cl1CT8MI,I ypaBHeH_liifi .ztJiff. onpe.zteJieH~H .({lyrmunti 

rpnna. Cne.ztyeT OTM8Tl1TJ,, qTo B OTJiliitil1e, Hanp11Mep, OT Cl1CTCMbl ypaBH8Hliii1 IIIBl1H_r~pa, Ha 8TOM nyTn 

He BO3Hl1KaeT YJILTpaq>JiIOJI6TOBhlX pacXO.ztl1MOCTeil. 

0.ztHaKo, IIOCJI8,1lOBaTeJIJ,HOe pa3Bl1Tne TaKOii nporpaMMH HaTaJIKl1BaeTCff Ha PH:zt npenHTCTBliI!t, noc

KOJIJ,KY, Hanp11Mep, B nacTOHIJlee BpeMH cne1tTPaJII>Hble · npe.ztciT;BJI~Hl1H · .ztJIH B1.1cm11x cpYJI1tu:11tt rpnna ;ellle ne 

IIO3IJtIOHbt • 

2. 

3.ztec:r, BO3HimaeT naJIJII1aTI1BHaH BO3MOlltHOCTJ, IlOJIJtI6Hl1H H0;ItOCTaIO!ll6li l1HqJOpMau1m O cneKTP8JIJ,llhlX 

qJyHKUliIH~ ~ IIOMO~!,IO • .ztammx Teop:1111 B03MY!U8H~ti •. LiMeHH~ na_ 8T~T nyTI> BCTaJI C11~aH3l1K B pa.6ori~(3l. 
PaccMaTpl1Baf! fl..- bltf tlJI6H TeOpliiliI BO3MYll!6HHil )lJIH HeitoToporo BepTeKca·, -~H IIOKa3aJI, 'll'l'O BTOT ttJiell 

MOllteT 6b!TJ, npe:ztc;;BJieH ~. onpe.zte;eHHoi{ crreKTpan:r,noil (JJopue. 3aTeM, zcn~n:r,s;H r~noTesy o. B_~s1rnJ1t

HOCT11 cywmpOBa1111H pmi;a ,v;Jin cne1tTPaJII>Hou q,yHKUHliI, Cm.mnsmt c;zienan saKJI10treH11e o npe:ztcTaBnMocT11 

x) Ilo.zt npnHnliIIIOM cneKTpaJIJ,HOCTH Mbl l1M88M B BliI'AY YCJIOBHe cyn1ecTBOBamrn IlOJIHOil CHCTeMbt WH3Htl6CifflX 

COCTO.f!HH!t C IlOJIOlKI1TeJIJ,HOit a~epr11eil. ~ 
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Boero paccuaTpHBaeuoro BepTeKca·B ~enou B ~aHno~ cneKTpanDHon ~opue, 

8'roT npieu QHMaHSMK McnonDBOBM :ztnH nonyti:eHMH odlIUiX TeopeTMqecKHx BHBO:ztOB 1 Be;ztymMx K :zio-
·. \ 

KaSaT8RDCTBY ;ltMCnepCMOHHblX COOTHOW8HMil. Ilo Hameuy MH8HHID npe;ztCTaBnHnO dH 60RDW0il MHTepec HC-

cne~OBaTD Ha OCHOBe TaKoro npHeMa paanHqHue BOSMOEHOCTM :ztnH annpOKCMMaUMil. B KaqeCTBe npocTeil

mero npMMepa paccMOTPMM 8THM nyTeM cneKTpanDHYJ() IDOPMYnY qeJIJleHa~ReMa.Ha, a BM8CTO CYMMMPOBaHMR 

Boero PH:zta TeopHM BOSMy~eHMfi B uenoM, orpaHMqMMCH cyw.mpoBaHM8M TOHDKO Toro Macca ;ztMarpaMM, 

M8ytl8HH8 KOTOporo ll0.MH8HMID PH:zta aBTOpon/4/ npHBO.ztMT K ;ltOKaaaTeHDCTBY cymecTBOBaHPlR norapH~MM

qecKoro nonroca. 

CneRTPM»Hoe npe:ztcTaBne~He 6oaoHHoro nponaraTopa cornacno-Teopeue qeJIJ1eHa-Heuana MMeeT 

BM:zt 
()0 

L)c (f2} = m a_/'2 1 f Ir2Jcl~ --- +-
2-,P2-i'c.. 

ma.. 
0 

(I) 

IlpaBaH qaCTD 8TOil wopuynu npe;ztCTaBnHeT WYHKUVIID t, aHaJIHTHqecI.cylO BO Been KOMlln8KCHOtt 
2 2 2 

nnoCKOCTH nepeMeHHOtt f' aa MCMJOqeHH8M non10ca B Toqxe /' =In M paspeaa no :zteilOTBP1T8nDHOil OCH 
2 2 2 A .Z ' 2 2 . ·1 OT f "m., .ztO f' ➔ °" • ~KUHR .Jc Cf' ') .ztnR iettOTBMT8HDHblX f' ~ ~ PaBHa npe:zten:&HO~ SHaqeHHIO 

Ha BepxneM 6epery paapeaa, T,e. 

t1c.<pz;/ = &m f.(?2~✓-.eJ=/,_(f'2) ft,a~ m/ Z~+-0 · -1-

CneRTPMDHafl WYHKUPIH I(~} ne~eoTBBHHa H onpe;ztenHeT9fl citaqxoM WYHKUVIM / 

27i,I r~J ;,: fr r~;-f. r?J =Jc<~;- .d-=;f'-r~.J 

r.zte £ (-z:) - · aHaqeHHe WYHKUHH f Ha HHEHeM 6epery paspeaa. 

(2) 

Ilepexo.ztH K onyqam aneKTPO.ztHHaMMKM, paccMOTPHM Mace T8X.;ztMarpaMM ~nH IDOTOHHOtt IDYHKUHM 

rpHHa ·n_ , ROTOpHe npe;ztcTaBnRIOTCR B BH;lt8 WOTOHHOtt nHHHH C npOHSBOHDHHM QCHOM npocTBilmMX 
C . . 

BOTaBOK - aneKTPOHHO-DOSHTPOHHb!X neTenD 2-ro nopR;ztKa. BTH .ztllarpaMMH .ztnR KpaTKOCTH ·w 6y;zteM 

HM8HOBaTD, KaK 8TO npHHflTO, rnaBHHMH norapHIDJmqecKHMM ;ltHarpaMMaMH. BMa.zt h-ro qneHa 8Toro 
~. f ' . • 

Macca B JJ. HMee~ BH,1t 
i:: 

. .· ·. /l -:a { e2 F(1<! 1na;} (3) 

r.zte F (I<~ nl) cooTBeTCTByeT neTne BToporo nopR.ztKa. flBHoe BHPWK8HHe .ztnH F npMne:zieno, HanpH

uep, B § 32,I pa60Tfl./S/, 

B o(maoTM / !<. 2
/ >> m z WYHKitHfl F DPHHHMaeT BPI.zt, . 

Frx~m 2
} 

I =-
3'/T 

In 
(4) 
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Mu BBeJrn. ITO.it 8HaK Jiorap:mpMa: lIJieH /f m2. ]tJIH Toro, llT06,U, rrpaBJl!JI~HO rrepe.7taTI> MHJ/!MYJO COCTaB

JIHIOll!YIO qiyHK!.tJl!Jll F 
X>O 

X<O 

coxpaHJ/!B rrpH STOM ee HopwpoBKY 

38.MeTJl!M, qTo Herrocpe]tCTBeHHOe CYMMHPOB8HJ/!8 lIJieHOB (4), BIIePBlle BmIOJIHeHHOe B paeioTe/6/, 
.. ' 

llpJl!BO]tHT K BllpruiteHJ/lID 

(5) 

Ha OCHOBaHJ/!J/l KOTOporo A C5WIO C]teJiaH,o aaKJIIOtieHJ/le/4/ 0 CYll\eCTBOBaHJ/!H JiorapJl!qJMJ/llleCKOro nomoca 

n, CJie]tOBaTeJII>HO, 0 _BHyTP~HHeM npOTJ/!BOpetIJl!FI. B Teopim • 

. HeTPY-.itHO yeie,1ll1TI>CH, tIT() It -llii 'VI8H (3) MOl!teT 6llTI, npe.itcTaBJieH B cneKTPaJII>HOit qiopMtf' > 

qeJIJieHa-JieMaHa. OrpaHJl!q1rnaac:r, annpoKc~rnarmeit ( 4), rroJiyqJ/!M 
'" . '. " . , ~ . , '. 

1 ( e2. , D = - - ·- r.n. 
n. 1(.2 37i" 

'9IH~Kz }n::::: J In (i!) de·. 
·4'm 2. / r-1< 2. 

'..,. //ma·,::: .. 

cpyiimiim _[h (?) orrpe.7t8JIHeTCH CICallKOM WYHKUJl!J/l D,;. no qiopMyJie (2). BWIOJIHHH CYMMHPOBaHJ/!8 ITO.it 

anaKOM crreKTPaJII>Horo npe,1tcTaBJI8HlfH j{mr qiyHKUJ/!J/l 

00 

I {i!J =.Z In fe/. 
h=t 

yc5ex.z:taeMciH, tITo I (r:} B rteJioM ripe,1tcTallJIHeTcH cKa~KOM Bllpalltemrn (5).-·Ilo.itcT~BJIHH (5) B (2), Ha-

xo.itHM ·e& [r {- ea/,, 2- y,,.,z) 2+ e ~ 7 -~-
3'1it .. 37T 4'm2. /. .!J _/ . . J Z?: y,..,.:c 

I C"i:J = (6) 
0 

OCI 

~ c K'J = - -!, ,-::Ji! ( z~,,•-,~ J [(~~ ;n ;;: ~,;, /' ,-~ ], 
. · 4'111 z. ' . . . 37T · ~"' z. · . !J · '• . 

(7) 

ll)opMyJiu TaKoro Tima Kalt pas JI! oCiCYlft.itaroTCH J3 paeioTax/I, 2/ •. ' 
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KaK HeTpy.l(HO yc5e,l(UTI>CH, Bblpaxemrn (7) npe,l(CTaBJIHeT coc5ott qiyHKIUIIO 

3'¾ z 
. D c 1<2 '- - . -- f . •- - .. - : - - . - , -- e . . . . 

t )- k.a[1-~l11 .,,.,2-x2.7 (f-e_31i/er.)/~Z-yn,Z_..yh1ze:rn/e/ 
:· 3n 'f,ua. j /'' . 

KOTopaH c· ytieToM ,.ia.nocTn e1 .l(JIH / K 2l, i.moro 6oJI:r,nrnx m 2, MoxeT c5un aanucaHa B- BH)te 

,, 
f 

D, 0<
2

J == - k'{ta :; !11(-::,:J] 
3'11/e2. 

I< z.,_ '{,,,, ze ::J1r/er.. 
(8) 

<I>yHKUHH (8) oc5Jia)taei cJie)tyromHMH aaMe-Y:aTeJI:&HhlMH cnoit?TBatrn, sTa cIJYHKUHH: I) He HMeeT Jiorapuqi

Ml'!'!IecRoro nomoca; 2) B OKpecTHOCTH TO'Y:KH e2. = 0 ·KaK WYHKUHH_ €2. HMeeT ococ5eHHOCT:& "cnepxrrpo-

.. 

,. . - - - :L - . -. - -

BO)tflmero" Tl'!Ila exp {-s1i/e2}.; 3) B OKpecTHOCTll TOtzKH e = 0 .l(OIIYCKaeT acH_MrITOTl'ltzBCKOe paaJIOJKe-

HHe, COBila,l(aromee C paaJIOll!:eHl'!eM oc5~Hott TeOpl'IH BOSMymeHHit H rrpe,l(CTaBHMOe B qiopMe (5). HCHO TaK

JKe, '!ITO BTOpoit '!IJI8H B npaBoit tzaOTH (8) He MOll!:8T c5HTI, npl'IHUl'IIIl'!aJI:&HO IIOJiytI8H B TeopRl'l'BOBMymeHl'ltt 

l'IB-aa SKOilOH8HUH8JI:&HOro IIOpH.l(Ka MaJIOCTll, BBH)ty qero OH He OOOTBeTOTByeT KaKHM-Jil'!c50 ,l(HarpaMMaM 
. ' . ,· 

<I>eitHMaHa. 

0TMeTHM enie qiaKT oorJiacoBaHHOro OKOH-Y:aTeJI:&HOro Bblpall!:eHHH (-8) c HOXO.l(HOtt annpOKCHMaune!i 

(5). B TOit oc5JiaCTH, B KOTOpoit Mb! l'ICIIOJI:&80BaJil'I qiopMyJiy' (5) )t~H Bbl'Y:HCJieHl'!H cneKTpa.71:&HOit qiyHKUHH, 

OHa OTJIH-Y:aeTCH- OT OKOH-Y:aTeJI:&H,oro BblpallteHl'IH (8) Ha npeHee5pellillMO MaJible .'!IJieHhl IIOpH,l(Ka ex,P(- 3%z) • 

TaKHM 96paaoM, HMeHHO qiopMyJia (8), a He (5), npe,l(CT8BJIH8T'COC5ott peayJI:&TaT IIOOJie.l(OBaTeJI:&

HOro CYMMHPOBaHl'!H rJiaBHHX JiorapHqJMH'Y:8CKHX '!IJI8HOB, He CO,l(ep,itall1l'!il KaKl'!X-Jill60 napa.l(OKCOB BPO)te 
11TPY.l(H00Tl'I HyJI:r,-aapH,l(a1114/. 

Bupal!teHlrn (6) .l(JIH CileKTPa.71:&HOit .WYHKUHl'I 6WIO IlOJiytI8HO HaMH ltl8 qiopMyJiht (5), npe,l(CTaBJIHIOll1eit 

co6ott peayJI:&TaT CYWfflPOB8Hl'IH rJiaBHHX JIOrapl'lqJMH-Y:eCKlt!X 'VleHOB_ TeopHH BOauymeHnil. MH MOrJIH 6u, 
O)tHaKo, l'ICXO.itHTI,' He l'l8 qiopMym,1 (5), a H8 Bblpa~emu~ (§43.I Ha/51): 

i. 
k

2
[ 1- e 2 F(1<~mzJJ 

COOTB8TCTBYIOD1erO•CYMMHPOBaHl'!IO rJiaBHHX Jiorapl'!qJMHtz8CKltlX .itHarpaMM, l'l,B npe.iteJie /K3/>7"4i·nepexo-:. . ' .,· '" - ' . , 

.itHmero B (5). 

CooTBeTCTBYIOll1riH cneKTpaJI:&HaH WYHKURH HMeeT no opaBH8HHID c qJOPMYJIOit (6) C5oJiee rpoM08,2tKHit 

BH.it, coxpaHHH npH 8TOM Bee ee oymecTB8HHbl8 OBOfiCTBa. 

3-. 

IIo.ixo6iI~e l,'ICilpaBJI8Hll8 <pOpMyJI JiorapHqJMlltteCKoro CYMMHPOBaHHH MOllteT Ob!T:& Bb!IlOJIH8HO H .itJIH .ixpy

rux nponaraTopon. Pacm.10T-pm.1, · Hanp:iiiuep, ueaoHHhltt nponaraTop l3 c11uueTp11-qHoti noeB.l(OCKB.JIHpHott 

.TeOpHH M880H-HYMOHHOrO B8allMOieitCTBHH.-BupaxeHH6 .itJifi STOro nponaraTopa, IlOJiytzeHHOe nyTeM 

yRyqmeHl'IH Teopu1t1 BoaMymeHuti, HMeeT BH)t/5, 7/ 



- 7 -

r.ite o( = 4/5. CooTBeTCTBYIOJ!lruI cneKTpan:r,HaH qiyHmurn Io1. , noJiy'Q'.eHHaH nyTeM cyMtmpoBamm no.it aHa

ROM cneKTPa11I>HOrO npe,itCTaBJI6HHH, <5y,iteT: 

. S31/~) 
1 sin (o(: arct/j- 1-t . 

I er. J = __; ___,;,;,_____ < 9) 

o( . h,2- z! Ji [{1~ t) 2+ ~~a-"]½ 

• 

0<5mett oco<5eHHOCTI,ID cneKTPaJII>Hb!X WYHKUHtt (6) H (9)"HBJIHeTCH nx peaoHaHCHHfi xapaKTep. KaK 

Y:Jta3IrnaJIOCI>, 8TH qJOPMYJIH IlOJIY'Q'.6HH Ha OCHOBe cyuwpoBaHHH rJiaBHb!X JIOrapHqiMl'!qeCKHX 'Q'.JieHOB. llpe,1t

CTaBJIHeT IlOSTOMY HHTepec BHHCHHTI>, coxpaHHTCff JIH peaoHaHCHHM xapaKTep B cneKTPaJII>Hb!X qJYHRUHHX, 

noJiyqeHHb!X nyTeM cyw.rnpo:saHHH JiorapnqiMHqeCKHX qJieHOB·<50Jiee BHCOKOro nopH,itKa MaJIOCTH. C 8TOfi 

ueJII>ID B03I,M6M B KaqecTBe HCX0,1tHOro BHpallteHHH ,itJiff qJOTOHHOro nponaraTopa qiopMyJiy (§ 43.2 Ha/5/), 

IlOJI~eHHYID CyMMHPOBaHHeM 'Q'.JieHOB BH.ita {e 2 fn~)n .H . e 2 (e 2 fn~)"! 

t= e2 enz-'lm.2. 
37T ?'m 2 

~8 8TOro BHpazeHHH IlOJIY'Q'.HM BMeCTO (6) (npH 2~ ~111 2
): 

j_ + -2. a.ref e2/:i1T . .. 
e:1. · · "'" · 'cJ ·· t-t: . . · 

ItaJ =---· · · · · 
3

1i' °2 { f- f +:!.f:: en f[1-t} 2+ ~J] / 2.r e 'f{i + .JL a,rc.fq e1/3;f_j_ 2.. 
277" L 1 

· !J tJ 9 · 4n ,:r 1-r 
,._./ .' '. , " 

. (IO) 
./ 

~.8 qJOPMYJIH. (IO) BH,itHO, q~o peaoHaHCHHti xapaKTep cneKTPaJII>HOii @YHKIUIH npH .yqeTe BHCWHX 

JiorapHqiMHqecKHx 'Q'.JI6HOB coxpaHHeTCff. 0.itHaKo, BJIHffHHe 8THX BHCWHX 'Q'.JieHOB.Ha noBe,iteHHe cneKTpaJI:r,-
• • ' ' < • ' ' ' ~ • -- • ' • 

Hott @YHKUHH B patti>He pe80H!}HCa npH I -t- 0 He HBJIH6TCH MaJIW. ~8 cpaBHeHHH BHpameHHit (6) H ., 
- _, - ' . . ' . ' 

(IO) BH'AHO, 'Q'.TO OHH OTJIHqaroTCff MHODTeJIHMn (It 9/8), He 8aBHCfflllHM OT_ CTeneHH MaJIOCTH rapa~ 

ueTpa e 2 • 

CJie,1tyeT no.itqepRHYTI>, 'Q'.TO yJiyqmeHHe TeopHH B08MYJ!l6HHfi, npoBO'AHM06 nyireM cyu:impoBaHnff JIO

rapHqiMHqeCKHX''Q'.JI6HOB pa8JIHqHoro nopH.1tKa MaJIOCTH ne ffBJiff6TCff IlOCJI6,1tOBaTeJII>HOfi onepaIUiett. KaK ~ 

H8B6CTHO (cu •. § 42.4 1'18/5/ ), noJiyqeHHHM TaKHM 06paaOM<pop~yJia14 MOllt~O __ BepHTI, JI~_mr,_·:a 0<5JiaCTH, 

r.ite :seJinqnna 
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e2.dc~i; =-~ e2 ~ 2n c1<. 2; 
-- - - - - - • <:- -

MaJia IIO cpaBH6HHlo: C 8,2{HHHUei1. -
\ 
\ 

0Tcro,11a BHTeRaeT, qTo rroJiyqeHHW BHpallteHHHM ,1!JIH crreKTpaJII>HiiIX WYHKUHil MOlltHO BepnTI> TOJII>Ko B 

o6micTH ,1!0 "pesoHaHca". B pafioHe pesoHaHcan BUIIle. STHM q>OpMyJiaM BepnTI> H8JII,SH, IIOCKOJII>KY S.ztecr. 

Mbl IIOJII>syeMCH HCXO.ztHOfi arrrrpoKCHMaun~tt BHe OC>JiaCTil ee rrpnMeHilMOCTH, BiilX0,1!H qiaKTnqecKn sa paMKil 
',·. ' 

... 

- 9Jia6ott CBHSil. IloaTOMY MOWO C.zteJiaTI> JIIllll!, rHIIOTesy O pesoHaHCHOM xapaKTepe CII8KTpaJII>HiilX WYHKUHll. 

HerrpnMeHnMoCTI> noeyqeuHiiIX BHpallteHntt .ztJIH:crre1tTpaJI1>HNX WYHKUnfi B o6JiacTn oqeH1> 6on1,mnx 

BH,1!a Tamxe HS cpaBH8HHH C 06ll\HM Bblpa~eHHeM MH CII8KTPaJII>HiilX WYHKUHil, IIOJiyqeHHW B pa6oTe/8/. 

BTo _n He Y.1!HBHT8JI1>HQ, __ TaK It9-K Sa,1!aqa _ OIIpe,1!eJieHHH HCTHHHOtLaCHMIITOTHKH ,1!allte 0,1!H-Oro g)OTOHHOrO 

rrporraraTopa Tpe6yeT 0,1!HOBpeMeHHOro paCCMOTpeHHH acmmTOTHK ,11pyrnx Bb!CillHX BepTeKCOll. --

-<4. 

He COCTaBJIH8T Tpy.zta y6e,1!HT1>CH, :qTo IIOJiyqeHHble Bblille BblpallteHHH .ztJIH WYHKUHH rpHHa He HBJIHIDT~ 

CH peaopMaJIHSaUHOHHO HHBapHaHTHblMl'I.:B 8TOM pas,11eJie Ha·rrpnuepe qJOTOHHoro nporraraTopa.Mbl IIOKa~ 

llteM, KaKHM o6pasoM OHR MoryT 6b!T1> rrpHB8,1!8Hll K HHBapnaHTHOMY BH.ztY~ 

B KaqecTBe Hcxo,11Hofi paccuoTpHM·qiopMYJIY (8), sarrHcaB ee B BH.1te 

e '2.d, l!.2J<Z.J)_ c,,z; f -==-- ,:: -- ---- +-
3 ,,.,. -- '? - 37T t, K,2 [ 37i ~ f<Z.J 

1t ~1r - - .. - ,1 - exo - - ,,, -e .2 " % • .J. I e 2 h1a. - h1 - -

1 (II) 

~YHKUHH e2d.., HMeHyeMaH HHBapHaHTHblM sapH,1!~M, ,1!0JilltHa C>blTI, HHBapHaHTOM peHopMaJIHSaUHOHHoro 

rpynrroBoro rrpeo6pasoBaHHH (CM. § 42 ll/5/ r. OitHaKo, Bblpalltemrn (II) 8TOMY Tpe6oBaHnIO HBHblM 06-

pasoM He y,11onJieTBopHei. _ 

06uqHaH TeXHHKa rrpnBe.zteHHH BblpallteHHil K peHOPMaJIHsaunoHHO-HHBapHaHTHOMY Bn.zty_ncrroJI1>SyeT 

arrrrapaT .itng')g)epeHUHaJII>HiilX ypanHeHnif JilI C i:ipnBJieqeHneM coo6palltem1il COOTB8TCTBilH -- C OCillqffOfi Teo:.. 
. . . . . - - . 2. -

pneit BOSMynieHntt~ -BBH,1.ly Toro, qTo Blitpruiteium THIIa (II) He MoryT Ob!TI> paSJIOllteHu IIO CT8II8HHM e , . 

HaM 6y.zte'T Texmr1ieciim Y.ztOC>Hee HCX0,2{HTI, He HS .1!HcMJepeHUHaJII,HiiIX ypaBH8HHi1 JIH, a HS WYHKUHOHaJII>HNX 

ypaBH8HHll peHOPMaJIHsaunoHHOll rpymru. 

C. 8TOi1 U8JII,IO alia.no:r- 06bltrHOll q>YHKUHH cl , HOPMHPOBaHHOil Ha 8,1!HHHuY rrpn I{ 2.: A ~ 6y.zteM HCKaTI> 

B BH,118: 
: ., 1 ---

- id_( K 2) e" ~ ,_e,1 = I 
+-

f_ 
(I2) 

31r nilg)-t,,!i!. · n 311 ,1z. i - ex;,[¢r::)-fn !p} ·-
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PYKOBO~CTBYHCD TeM,,qTo, KaK STO.BnepBHe OHJIO IlOKaaaHo renn-MaHHOM 11 Ioy/9/'Ha OCHOBe rpynno

BhtX cooopruxemdt, HHBap1taHTHaH qiymtUHH MollteT aaBHCeTii ot e} H A z. TOJIDKO qepea apryMeHT 

f (e/J+ en J~_ . 
TpeOOBaHHe. HHBapHaHTHOCTH q>yHKIU-tH e~d... HM86; BH~: .. 

(13) . 

. . 

r~e m
0 

- B6JIHqHHa IlOpH~Ka MaCCbI_3JI6KTPOHa, a·e
0

- COOTB6TCTBYJOmee eM BHaqeHH8 BapH~a. STO 

TpedoBaHHe onpe~8JIH8T CBHaD Me~y aaK9HaMH npeodpaaonaHHH aapH~a H HMilYnI>Ca HOPMllPOBRH qepea 

WYHKUHIO ¢ 

¢( eI}-th i:. = 1( !i.J--!n K: 
. .111 . . ;t 311 . ~--

·(I4) 

,,/,. 2. e.l. 
lia qiopMYJibI (I4) BHTe1taeT 1ta'l!eCTBeHHoe orpaHHqe1me na qi~KUHIO 'f" • IlpH· J-,, 00 cl>YHltIUffl ¢,(~} 
~onna MOHOTOHHO CTpeMH'UCft K - 00 ; f113m,yfl BH~ BTOtl. 4JYHltIUfH . MOllt8T 6HTD TenepD onpe~eJieH Ha 

ycnoBHH HopmtpoBKH d. • IloJiaraft n (I2) K 2= A2., nonyqaeM: 

e~ f f 
.::.A.. - --- + ---.---
:!1T - </>(-§!;) i- exp[ <(J({i)J 

T.e. I f 

x =- c/JC><J - e t/J(KJ - 1. 

Ha SToro ypaBH8HHH BH'AB.O, qTo r.p ~ei1CTBHT6JII,HO eCTD MOlIOTOHHaH y6HBaIO~Elft qiylIKIO'lfl CBoero apry-

M6H!a, IlpH MMhtX x rpC1<J ~ .1/x H qiopuyJia (12) nepexo~HT B q>opuyny · (II). IlPH x = I/2 

WYHKUHH ¢. npoxo~HT qepea HYJID, M8HHH SHaK C llOJIOJltl'ITOJIDHOro Ha OTPHUaT8JIDHHi1. IlpH x- I 4JYHK- . 
IO'IH q) . CTpeMHTCH K - 00 • . l '. - · . 

Ha ycno~HH HOPMHPOBitH cl>YHK~lrn: d. Ji q>OpMyJI (I3) H (I4) CJie~yeT 

(IS) 

Ecmt TenepD B COOTBOTCTBHH c o6menpHHHTIDIH npaBHJiaMH (CM., HallP,HMep/91) onpe~eJIHTI, HS (IS) 
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'ft 

11oc±on1rny10 ·· nepeuopMlfPOBIDI qioToHHoro · nporraraTopa 2
3 

, TO Mb! IIOJIYl!HM · ,7J;JUI Hee KOHequoe 8Haqem1e· 

. e2.· 
l = _!. 

3 3r;, (I6) 

PaayMeeTCH, HlfKaKoro OKOHqaTeJII,HOro CMh!CJia\ auaqeHHIO (I6)' npli,7i;aBaTI, HO CJie,7i;yeT. Mu npoBeJIH 8,7J;OCI, 

8Tl'Jr paCCYi!C,7J;OHUH C u;em,IO IIORaaaTI>, KaRlUJ o6paaOM MOlltHO 11Pl'!B0,7J;HTI, Bb!pallteHl'lll K peHOpMamrnau;m)HHO-. 

MY l'!HBapl'laHTHOMY BH'AY 6ea liCilQJII,80BaHl'lfl ypaBHeHldt Jll'!~ 

5. -

I10,7i;Be;n;eM Terrep:r, HCKOTOPE.e l'!Torn. Kart cib!JIO npo;n;eMoHcTpnpoBauo, ,7i;al!Ce Bec1,Ma npe,7i;BapnTeJII,Haa 

ItOilb!TRa CliHTeaa MCT0,7J;a ,7J;lfCIIepcHOHHbIX COOTHOIIIeHHii H Teopmt B03MY!l\6HHit II08BOJilleT IIOJIYllaTI, ,'IJ;JIH 

WYHKI.\Hit rpHHa Dblpallteinm, He co.21eplltakm:i JIOrapnqmnqecltlix IIOJIIOCOB. CJie,7i;yeT, KOHCtIHO, ,OTMeTRTI,, 

qTo llOBble WOPMYJib! npmtTlfqec:im He OTJiliiqaroTCH OT CTapmc npli He 11 CBepx6oJI!,IllliX11 3HatteHnHX nepeMeH

HOH K 2 
li 't!TO o6JiaCTI, npHM6HliMOCTli lIOBbIX WOPMYJI He OTJilittaeTCH OT o6JiaCTli npliMellliMOCTl'l CTapux 

g)opMyn:, C5y'/1,ytin orpau:11-qeua coo6paJJtemrnMn o BHX0'/1,e aa paMKn cJia6oit CBHaii. IlosToMy noJiyqe1me 

qiopMyJI Tartoro Tnrra He HBJilleTCll B HaCTOm!lee BPCMll BalltHOit aa,7i;aqe/il:. 

0,1{HaKq, CioJiee rJiy6ormi{, CHHT08 anitpOKCHMall;HOHHb!X MeT0,7J;OB U ,7J;l1CitepcnOIIHb!X COOTHOIII6HHll, HHH- -

Ulil1POBaHm,It1 paeioTaMlI Pe,7J;MOH.zta l1 CMM8H3liKa,, MOllteT RMeTI, ()OJII,IIIOe ItpHHll;ImnaJII,HOO _aHa'lleHMe. 

- Ilorrcm,rn 'JTY ML!CJIJ, Ha np1mepe M0.2\0Jilf Jit-1,- Kart H3B6CTHO, TOtIHOO pememrn M0,7J;6JIJ,! Jit-1 C0,7J;eplltl1T 

TPY'AHOCTI, JiorapUQ)IDitrec1wro nomoca. C Apyroit CTOpom,1, HepeJIHTil,Bt-!CTCKaH M0,7J;6JII, JIVI o6Jia,ztaeT npFI- · 

qHHJIOCTI,JO ItO BpBMOH11 II, CJie.ztOBaTCJILHO, '.. He OCHOBaHMU ItpimUHITa CllOKTpaJII,HOCTl'I .1{Jill Hee HMeeT MeCTO 

o,1tn0Mepm,1n auaJior TeopeMh! 'l!eJIJieIIa-JieMa1m no nepeMeHHott E. IlocrtoJII,KY Tottuoe BupallteHne ,!(JIH npo-. -· 

naraTopa He y](OllJICTBOprreT TOOpeMe 'l!eJIJieHa-JieMmm, TO STO 08HattaeT, 'IIT? l1CX0,7J;Hhli-i raMt-!JII,TOI!t-!aH 

npOTt-!BOpeqwr ycJIOBt-!!O CllORTpaJII,HOCTn, T.e. tITO (KaK 6b!JIO naBeCTHO) Cl1CTOMa co6cTI!eHHb!X qiyHKUHil: 

8TOro raMl'l~I,TOHHaHa BitJI!OtiaeT COCTOITHUIT C OTPHUaTeiII,HOil: ~Hepr11etl. Ta!C KaK TS.RFie c'ocTOllHMH HB-

Jill!OTCIT qi1,rnnqecRn 6eCCMh!CJI6HHb!MM; TO 8TO oanattaeT t 'IITO 'l1CX0,7J;llb!H 'ra.MnJII,T
1

0Hl1aH Bh!6paH Hey,zta'tlHO. 

IlpOBO:ztH Oill1CaHHOe Bb!Ille 1rnnpaBJIOHne nponaraTopa M0,7J;eJil'I JIR, Mhl ItOJiy-qRM ,7J;Jlll Hero Bb!pruiteHl'Ie 

6ea JIOrapmpMuqecKoro IIOJIIOCa, 'IITO Ciy,!(eT 8KBllBaJI0HTHO Bblql'!TaHHIO ~8 raMHJI:&TOHl1aHa 'IIJieHoB, COOT-· 

BeTCTBYIO!JlMX COCTOllHIMIM C OTpuu;aTeJII,HOit SHepr11ett t T • e • -npt-1Be,7i;eHUIO . ero K qinaiiqecKH paayuHOMY BH,!(y • 

B SJieitTP0.2\lIIIaMmte MOl!tllO C;ltOJI8.TI, ,7J;Ba npe,7i;ItOJIOlltemrn O IIp11tI!,!H0 ItOllBJI0HHH JIOrap:mJiMnttecKoro 

ItOJIIOCa: 

I) 11cxo.ztnHtt JiarpaHmuau rrnJirreTCll Hew11antrecKnM, T.e. ero noJIHaH cncTeMa WYHRUHll He Y.ztOBJieT

BopneT Tpe6oBamuo CllOKTpaJII,HOCTll; 

2) llPll'tlima llOflBJIOHMIT JiorapMqJMU'tleCKoro ItOJIIOCa Jiellt1'IT B Hey.11aqnoM Bhl6ope HCIIOJII,ByeMoro annpoK

Ct-!MUu;HOHHOro MOTO,!(a. 
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.c TOtJ:Kll apeHHfl nepBOll BO8MOlltHOCTH, ·SKBHBaJieHTHOfi nonollteHHID B MO'AenH ]H, OilHCaHHOe HcnpaB

neHHe ~OTOHHOro nponaraTopa COOTBeTCTByeT HCilpaBneHHro narpaH~aHa. Bo BTOPOM BapHaHTe STOT 

npHeM CBO'AHTCH K aBTOMaTHqeCKOMY HCKJirotreHHro rrapaaHTHblX oco6eHHOCTefi, He COOTBeTCTBYID~HX Wll8H

qecKOMY CO'AeplltaHHID TeopHH. PaaYMeeTcn, B HaCTOH~ee BpeMH C'AenaTb Bhl6Op MeMy STHMH 'ABYMH Boa-
, 

BH'AHO Tenepb, qTo npneM CYMMHpOBaHHH BHYTPH cneKTPaJibHblX npe'ACTaBneHH~ BhlCTynaeT KaK He

KOTopaH Honan "cBepXBhltrHTaTenbHaH" npone'Aypa, ycTpaHHro~aH He~nanqecKHe.oco6eHHOCTH HeaaBHCHMO 

OT npHtrHHhl Hx BoaHHKHOBemrn. Cne'AyeT no'AtrepKHyTb, tzTo aTa npone'Aypa 11BToporo ~hltIHTaHHfl" nBmrnT

CH BnonHe_ecTeCTB8IIHOfi, IlOCKOnbKY oHa npe'ACTaBnHeT co6ofi MaTeMaTnqecKyro wopuynHpOBKY Tpe6oBaHHH 

COOTB8TCTBHH noHyqaeMblX peaynbTaTOB C HCXO'AHl,!MH WH8Htl8CKHMH npHHUHnaMH TeopHH. 

ABTOPhl BupalltaroT 6Haro'AapHOCTb npow~ )l.0.EJIOXHHUeBy, E.B.Me'AB8'AeBy H M.K.IlonnBaHOBY aa 

o6CYM8HHH peay~bTaTOB. 
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