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1. 

B pa60Te B.A.ManhIIlleBa [1] rrpe,llJlO)KeHO nOHgTHe KBaHToBoH rpaMMa

THKH, npe,L(Ha3HaqeHHOe ,lVHI pa3JlHQHbIX npHJlO)KeHlIH, H KOTopoe MhI 6y,n;eM, 

,nJlSI onpe,n;eJleHHOCTH, paCCMaTpllBaTh nHIIIh C TOqKH 3peHHjI MaTeMaTHlJeC

KOM TeopHH KBaHToBoro KOMrrblOTepa. 

IIycTh HMeeTCSI KOHeQHhIH ampaBHT A = {ab a2, .. .} H MHO)KeCTBO nopo)l{

,llaIOIUHX npaBHJl (rrpo,nyKulIH IIocTa) R = {(VI ~ WI), (V2 ~ W2), ... , r,ne 

VI, WI, V2, W2, .. , - CJIOBa H3 CB060,nHOR nonyrpyrrnhI A"' . 
.lInSI "KBaHToBaHHSI" ,naHHoH CHCTeMhI npo,nyKUHH 

paCCMaTpHBaeM npOCTpaHCTBO li CyMMHpyeMhIX C KBa.npaTOM KOMnneKC

HbIX tPyHKUHH Ha A'" co CKamlpHhIM rrpOH3Be,neHHeM 

(j, g) = E j(v)g(v), 
VEA* 

rrpll 3TOM e(v) 6y.neT 0603HaqaTh OpT, OTMeqeHHhlH 3JleMeHTOM V; 
KaJK,nOMy npaBHny V ~ W COrrOCTaBmIeM OrrepaTOp Av,w, KOTOphIH aHHy

JIHpyeT OpThI e(u) C u, He HMelOIUHM rro,nCJIOB BM,na v, a B rrpOTHBHOM CJIyqae 

rrpeo6pa3yeT e(u) B CyMMy OpTOB e(z), r,ne z rrp06eraeT cnOBa, KOTophIe rro

JlYQalOTCjI B pe3YJIbTaTe 3aMeHhI Ha W Ka,)K,noro BXO)l{J{eHHg no,ncnOBa V B u; 
BhI6HpaeM rrOCJIe,D;OBaTeJIhHOCTh KOMrrJleKCHhIX qHCen Cl, C2, •.. H orrpe.n;e

JIJIeM raMHJIhTOHHaH 

B 06m:eM CJIyqae Tpy,nHO O)KH,llaTb npOCThIX 06m:mc rrO)lXo,n;OB K HCCJIe,llOBa

HHIO TaKHX raMHJIbTOHHaHOB, rrOCKOJIhKY cornaCHO O,D;HOrO H3 CaMhIX paHHHX 

H H3BeCTHhIX pe3YJlhTaTOB TeopHH anropHTMOB y)Ke "HeKBaHTOBa,jI" np06JIeMa 

paBeHCTBa CJlOB )l;JI51 rrOJlyrpyrrrr peKypcHBHO Hepa3pelIIHMa (MapKOB, IIoCT). 

ITo 3TOH rrpHQHHe B [1] rrpe,llJ!O)KeHO HaqaTh C paCCMOTpeHHR npocTeHunrx 

CHCTeM. 
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llaHHaR pa60Ta nOCBRmeHa TaKOMy paCCMOTpeHHIO C nOnHhIM OnHCaHHeM 

H 060CHOBaHHeM MephI, OKa3hIBalOIUeHCH He COBceM TpHBHanbHOH cneKTpanb

HOM MepoH y)Ke B caMOM npocToM cnyqae. IIocTpoeHHe MephI MhI HaqHHaeM 

H3nO)KeHHe C HanOMHHaHHH HeKoTopbIX CBOHCTB npocTpaHcTB 06hIKHoBeHHbIX ,..

npoH3Bo,nHmHx <PYHKQHH .nnH nocne.noBaTenbHocTeH H3 ljy, - T .H. KJIaCCOB 

Xap,aH H 2
• 

B KOH[(e MhI npe.nJIaraeM 3<p<peKTHBHhIH MeTO.n OqeHb TOqHOH B pH.n;e OT

HOllIeHHH <pHHHTHOH annpoKcHMaQHH 06hItIHhIX H KBaHTOBbIX rpaMMaTHK. 

2. 

PaCCMOTpHM HeCKOJIbKO npHMepoB KBaHTOBbIX rpaMMaTHK B CMhICJIe [1). 
A. B cnyqae rpaMMaTHKH Ha.n an!paBHToM H3 O,n:HOH 6yKBhI a H npo.nyKI(HH

MH IIocTa a --+ aa, aa --+ a B rHnb6epToBoM npOCTpaHCTBe cooTBeTcTBylOmew 

KBaHToBoH rpaMMaTHKH B03H:HKaeT raMHJIbTOHHaH BH,ZJ;a 

r.ne n > 1. 
ECJI:H nepeHTH K npOH3BO.n;RmHM <pyHKUHHM I(x) = l:n>O xn i(an 

), MhI no

nyqHM raMHnbTOHHaH BH,ZJ;a 

~ (/(x) - ](0)) - 2d](X)HI -- cX +CX d . (1) 
. dx x x 

IIpe.n;CTaBHM <PYHKI(HIO f B B:H.n;e ] ( x) = I (0) + xp(x), qTO n03BonHeT 

rrepewTH OT ypaBHeHHH Ha co6cTBeHHble 3HaqeHlfH .n;JIH raMHnbTOHHaHa (1) K 

CHCTeMe: 

0=>'](0), cp(x)' + cx(xp(x))' = >'p(x). (2) 

TIocne,llHee ypaBHeHHe MO)l{HO nonyq:HTb H Henocpe.nCTBeHHO, ecnH 3aMe

THTb, qTO nO.D;IIpOCTpaHCTBO, HaTHHyToe Ha OpTbI {e(an ) In> O} HHBa

pHaHTHO, H 0603HaqHTb Pn = j(an+l ). IIpoH3Bo.D;HmaJI <pyHKIJ;HH .D;nH {Pn} 
y.noBJIeTBOpHeT nOCne.D;HeMy ypaBHeHHIO B (2). 

B. IIpaKTHqeCKH K TeM :>Ke ypaBHeHHHM CBO,llHTCH Hccne.nOBaHRe rpaM-

MaTHK Ha,ll KOHe~IHhIM HJIlf CqeTHhIM aJI<paBHTOM aI, a2, H npo.n;yKURRMR 

IIocTa al --+ alaI, alaI --+ al, a2 --t a2a2, a2a2 --t a2, (T.H. HeKoMMyTa-

THBHble rrpOCTpaHCTBa cPOKa). 3.n;eCb HMeeTCH O,D;HO TpHBHaJIbHOe O.D;HOMepHoe 
" 
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co6CTBeHHoe npOCTpaHCTBO ,nTISI nycToro CJIOBa. HeTplIBllaJlhHhIe HHBapHaHT

HhIe nO,nrrpOCTpaHCTBa COOTBeTcTBylOIllHX KBaHTOBbIX rpaMMaTHK O,nH03Haq

HO XapaKTepH3yIOTCH KOHeqHhIMH ueUOqKaMH HH,neKCOB (iI, i2, ... , is), B KO

( . -t.. -t. -t.. ) ( nl n? n )TOpbIX 1.1 r t2 r ... r 1.8 , H HaTHHyThI Ha OpThI BH,na e ail ai2 - ... ai, • , 
r,nen1n2 ... n s -=I=- O. B Ka2K,UOM TaKOM rro,nrrpOCTpaHCTBe ,nnH "YKopOqeHHhIX" 

rrpOH3Bo,nSIIllHX q>YHK~HH BH.na 

raMHJIhTOHHaH.hI q>aKTopH3YIOTCsr, npHHHMaSI BII,n 

8 

H i1 ,i2,...,i. = I: [(Cj + CjXj2)8xl + CjXj]. 
j=l 

CJIyqaH aJIq>aBHTa C ,nByMH o6pa3yIOIllHMH (npH paCCMaTpHBaeMbIX npo

.nyKUHHX) BIIOJIHe npe,nCTaBHTeJIeH, nOCKOJIhKY 3.neCh HMelOTcsr co6CTBeHHhIe 

rro,nnpOCTpaHCTBa Bcex TonhKO qTO YKa3aHHhIX THITOB. 

3. 

KaK 06hIqHO, 0603HaQHM Z2 rHJIh6epTOBO npOCTpaHCTBO KOMnJIeKCHhIX no

CJIe,nOBaTeJIhHOCTeH co CKaJIsrpHhIM npOH3Be.neHHeM (p, q) = 2:n >o Pnqn' 
IIpH HCCJIe.nOBaHHH (06bIKHOBeHHhIX) rrpOH3BO,nHIUHX q>YHKIlH"if ,nnH Z2-rrOCJIe.n. 

eCTeCTBeHHo B03HHKaeT T .H. KJIaCC Xap.l!H H 2, KOTOphIH ,nTISI HalllHX IleJIeH 

y,n06HO onpe,nenHTh KaK KJIaCC KOMIIJIeKCHDIX epyHKI.{HH j (x) aHaJIHTHtlHDIX 
2 

IIpH Ixl < 1 H TaKHX, tiTO IIpH a :s; r < 1 BeJIHtiHHbl J51r If(re't/J) 1 d¢ B 

COBOKYIIHOCTH OrpaHHqeHDI. 

lIoKa}KeM 3TH H HeKOTopbIe .npyrHe H3BeCTHhIe CBoHCTBa 3Toro KJIaCca. 

I1pe~JlO1KeHHe 1. Ec.J1:u j E H 2 , mo: 

1) npu r ~ 1 - a ifjy'H:K:'qUU j(re't/J) ap2y.MeUma ¢> cxooJImcJI e cpeOue.M 

'K:eaapamU'lf.1tO.M 6 npocmpaucmae £2([0, 21r], d¢» 'K: rj'Jy""''K:v,uu, 'K:omopy'1O .Mb&, 

XOm1l3mO ue enOAue 'K:oppe'K:mUO, 6yae.M 0603Ua'lf.amb 'K:a'K; j( e1t/J); 

2) npu Ixl < 1 cnpaeeoAueo paaeucmao 

j(x) = (1/21rz) ~Zl=l j(z)/(z - x), 

m. e. npeoe.ttbUaJI fPy1t'K:V,UJI .MO;HCem 6bzmb ucnoJtb30aa1ta aAH npeoCmaaAe1tUJI 

aauuo11 ¢YU'K:v,uu 61tympu 'K:pyza c nO.MO'l.4b1O 'K:01tmyp1t020 U1tme2paAa KOULU; 
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3) C'K:a.llJlPHoe npoU36eaeHue 

ae.ll.aem H2 2U.II.b6epm06bzM npocmpaH,Cm60.M u30MopgmbZ.M l2 (npu omo6pa

3ICeHUU [2 --t H 2 6Uaa: {Pn} --t p(X) = L.n?OPnXn). 

llOXa3aTeJIbCTBO. A. Ecm~ P E l2, TO Pjl,n; L.n IPnl 2 Xn 
CXO,n;HTCH npH IXI S 

n1 H lim sup (IPnI 2)1/n S 1. IIo3ToMY lim sup IPn1 1
/ S 1, H PSl,n; L.nPnXn TaIOKe 

aHaJIHTHtIeH npH Ixl < l. 
B. PaccMoTpHM CJIe,n;yIOIIJ;He BeJIHt.IHHhI (rl, r2 E [0,1)): 

r 27r 
Ip(rlettP ) _ p(r2e'£eP))2 d</> = 211" L: IPnl (rln_r2 n)2 = Q(rn+Q(r~)-2Q(rlr2)'10 n 

IIOCKOJIbKY Q(x) = 211" En IPnl2 xn 
- HenpephlBHaJI npH Ixl :::; 1 <PYHKQliH, TO 

npH r --t 1 - 0 <pyHKUHH ire</»~ = p(retcf» CXO,n;SlTCSI B cpe,n;HeM KBa,n;paTHtI

HOM, li3 tIero TaK2Ke BhITeKaIOT 1) paBHOMepHaH OrpaHHtIeHHOCTh HX HOpM, 

2) npKHa,n;JIe)KHOCTb £2([0,211"]' d</» npe,n;eJIbHOH <pyHKUHH H 3) B03MO)KHOCTb 

paccMaTpKBaTh HHTerpaJI KOIIIIi no rpaHHue e,n;HHHtIHOro Kpyra KaK npe.n;eJI 

HHTerpaJIOB no KOHueHTpHtIeCKHM KpyraM MeHbllIero pa,n;Hyca. 

B. ECJIH P E H2
, TO nOCJIe,nOBaTeJIbHOCTh {Pn} K03<p<PHUHeHTOB ee pH,n;a 

22n
MaKnopeHaTaKOBa, tITO BeJIHT.JHHhI {En IPnl2 

r = (1/211") J67f Ip(re'£tP) 1 d</> lOs 
r < I} B COBOKYIIHOCTH orpaHH't{eHhI. IIoKaJKeM, 't{TO BceB03MOJKHhle CyMMhI 

:E~=o IPnl2 
TaKxe orpaHWleHhI (TeopeMa IIpHHrcreHMa). 

neHCTBHTeJIhHO, ,n;JISI JII06oro HaTypaJIhHOro N 

N N
2 2n 2 2nL: IPnl r - L: IPnl = L: IPnl2 

(r2n 
- 1) + L: IPnl2 

r . 
n n=O n=O n?N 

llpH r --t 1 - 0 nepBoe CJIaraeMOe B npaBOH tIaCTH CTpeMHThCH K Hymo, a 

BTopoe - nOJI02KHTeJIhHO. CJIe,n;oBaTeJIhHO KOHeT.JHhIe CYMMhI BH.na L.~=o jPnl2 

HMeIOT Te )Ke caMhle KOHe"lHhle BepXHHe rpaHH, HaHMeHhllIaJI H3 KOTOphIX eCTb 

:E~=o IPn 1
2 

. 

KpOMe Toro HaM 6y,n;eT IIOJIe3HO OTMeTHTb e:r.ue HeKOTophIe CBOHCTBa H 2 . 

TeopeMa 1. f(ME 6CKK020 6€U4ecm6€H,'1t020 </> U ./l,706bZX P, q E H 2 
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u 

2 2
110' p(r e'l> )q(r e,qI)dr I ::s; "'lIpllllqII = ~ (102 

<jp(e>f» 1 d</Jr (102
<lq(e>f» 1 d</Jr 

r 
zae II/II = (/, /)1/2. 

(3) 

lloKa3aTeJIbCTBo. lIml BhIBo,na nepBoro HepaBeHCTBa BepHeMCH B [2, 

"OTO:>K.n:eCTBJHIH" p(X) H {Pn}, H nOJIyqHM 

[1 p(re'¢»drl ::; EM::; (L IPnI 2 )1/2(L(n + 1)-2)1/2 = (7rjvl6) Ilpll.
Jo n n + 1 n n1 

CXO,ZJ;HI:llM o6pa30M ,neMCTByeM H B CJlyqae (3): 

r,u;e nOCJIe,nHee HepaBeHCTBO eCTh HepaBeHCTBO rHJIh6epTa C TOqHOM KOHCTaH

TOM illypa.D 

4. 

IIoCTpoHM ,nHaroHaJIhHOe rrpe,ncTaBJIeHHe .n:JIg lIaCTHqHO orrpe.n:eJIeHHOrO B 

[2 orrepaTopa . 

Amn = cntS"m+l,n + cmtS"m,n+l, . (4) 

COOTBeTcTByIOmero HeTpHBHaJIhHOH KOMrrOHeHTe (2) raMHJIhTOHHaHa (1) rpaM

MaTHKH n.A. lIJIg rrpOH3BOJIhHhIX c =1= 0 raMHnhTOHHaH CBO.n:MTC![ K CJIYllaIO 

c = 1 rrepeHopMHpOBKOH apryMeHTa rrpoH3Bo.n:gmeH <PYHKQHH x-+ x#. 
IIPOH3BO,ngmHe <PYHKQHH ,nJIH HeTpHBHaJIhHhIX co6cTBeHHbIX BeKTopoB 

{PA,n} 3Toro onepaTopa (npH = 1) HMeIOT BH,u; 

2PA(X) = exp (Aarctg(x))jvl1 + x , 

H, 6y.n:yqH aHaJIHTHqHbI BHyTpH e,u;HHHqHOrO Kpyra, He npHHa.n:ne:>KaT KJIaccy 

Xap,nH H 2 H3-3a oco6eHHOCTeH B TOqKax ±i. 
TeM He MeHee HaH.n:eHHbIe <pyHKUHM .n:OCTaTOqHO XOpOiliH .n:ng rrOCTpoeHHH 

CneKTpaJIhHOH MephI caMOCOrrpSI:>KeHHOrO paCIIIHpeHHSI onepaTopa A. 
C 3TOH D;eJIhlO .n:JIg 3a,n;aHHOH <pyHKD;HH P E H 2 paCCMOTpHM ypaBHeHHe 

p(x) = 7exp ~(x))p(>')d>'. (5) 
-00 1 + x 
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<PyHKnHSI arctg(X) oTo6pa2KaeT KOH<pOpMHO H B3aHMHO O,IJ;H03Ha'tlHO OTKphI

ThIH e,D;HHH'tlHhIH Kpyr B nOJIOcy IRe(x) I :$ 7r/ 4, a 3aMKHyThIH - B 3a.MbIKaHHe 

rrOJIOChI Ha cq>epe, "CKJIeHBaJI" JUUIlb i H -i. II03ToMY eCTeCTBeHHO 3aMeHHTb 

B (5) nepeMeHHylO, IIOJI02KHB x = tg(iy) = ith(y). YpaBHeHHe (5) IIpH06peTa

eT BH,D; 

p(ith(y)) _ /00 iAy (')d'
ch() - epA A. 

y -00 

B JIeBOM -qaCTH IIOCJIe,D;Hero ypaBHeHHjI OKa3bIBaeTC5I <pYHKnHjI, KOTOpaJI 

KaK q>yHKUHjI BemeCTBeHHhIX 3HaqeHHH y npHHa,D;JIe)l{HT £2. .IIeHcTBliITeJIbHO • 

oc Ip(ith(y))1 0 00 O. 2 1. 2 2-L ch(y) 

2 

dy =-L ... + [ ... =£Ip(zr)l dr + [lp(zr)1 dr:$ 27r IIpll , 

B cHny (3). 
TaKHM 06pa30M YCTaHaBJIliIBaeTCjI B03M02KHOCTb HCIIonb30BaHHjI B HaIIlHX 

ueJIjIX 06hIQHOH TeopHH npe06pa30BaHH5I <Pypbe. Cne,D;OBaTenbHo HCKOMaJI 

IIJIOTHOCTb BepOJlTHOCTH p(A) 0,n;H03Ha'tJHO onpe,n;eJI5IeTCjI C rrOMOll.{blO HHTer

pana <Pypbe-IInaHIIIepen51 

iAY
p(,x) = ~~ /00 p(ith(y)) . e- - Idy 

27r d,x -00 ch(y) -iy , 

a 3BpRCTHQeCKOe COOTHOIIIeHHe (5), KOTopoe crrpaBe,n;JlHBO JIHIIIb Ha BCIO,n;y 

IInOTHOM nO,D;IIpOCTpaHCTBe B 112, cn~yeT rrepeIIHcaTb B TO'tJHOH H COBep

weHHO 06meH q>opMe - C rrOMOll.{LIO OQeBliI,UHoro npeo6pa30BaHHJI HHTerpana 

<1>ypbe-IInaHillepemI 

il 

pixl= [ChCYl ~ -l e : A- 1PCAldA] IlF-....'&(Z) • 

5. 

BTOpOH paccMaTpHBaeMhIH Borrpoc - OC06hlH MeTO,D; q>HHHTH3aUHH KOHeq

HO IIOp02K,UeHHhIX Jl3hIKOB IIyTeM BH,nOH3MeHeHHJI nOp02K,n;alOll.{HX rpaMMaTHKH 

CHCTeM IIocTa. 

XOpOIlIaJI arrrrpOKCHManHJI 6ecKoHe'tJHoMepHhIX JIHHeHHbIX OIIepaTopOB KO

HeQHOMepHhIMH rrpe,n;OCTaBnJleT MOlUHhIe cpenCTBa nnjI lnyqeHHJI H npHJIO

)l{eHIUI 3THX orrepaTopOB. O,n;HaKo MHorHe npOCThIe H HarJI5I,D;HbIe arrrrpOKCH-

MaUHH rrnoxo rrpHcnoc06JIeHhI ,D;JIJI a,n;eKBaTHoro npH6nH:>KeHRJI "6eCKOHeQHO- -~ 

MepHhIX" CBOHCTB. 
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IIycTh JilMeeTCH KOHeqHhIH aJI<paBHT A = {at, a2, } H MHOiKeCTBO npaBHJI 

R = {(Vl---t Wl),(V2 ---t W2), .. " r.lle Vl,Wl,V2,W2, - CJIOBa H3 (cB060,llHOH 

rronyrpyrrrrhI) A *. 
ll06aBHM K ampaBHTY A 6yKBy b If paCCMOTpJilM HOBhIH Ha60p rrpaBHJI: 

(1) bai ---t aib, H aib ---t bai .llJIJI JIIo60H 6yKBhI rrpe1KHerO aJI<paBHTa A, 
(2) bnVi ~ Wi ,llJBI JIlo60ro rrpaBHJIa H3 R, B KOTOpOM CJIOBO Wi ,llJIHHHee 

CJlOBa Vi Ha n e,llHHHQ, H Vi ~ Wibn AJIH JIlo60ro rrpaBHJIa H3 R, B KOTOpOM 

CJlOBO Vi ,llJIHHHee CJIOBa Wi Ha n e,llHHHQ, n ~ O. 
IIepetrHcJIHM BaJKHeHUUre CBOHCTBa YKa3aHHoro rrpe06pa30BaHHH H3hIKa: 

1) BCHKoe rrpe06pa30BaHJile no HOBhIM npaBHJIaM COXpaHJIeT ,llJIHHy CJIO

Ba, qTO ,llaeT, B qaCTHOCTH, eCTeCTBeHHoe rrpe,llCTaBJIeHMe rroJIyrpynrrhI BCex 

CJIOB B BH,lle 06'he,llHHeHHH KOHe'tlHhIX HenepeceKalOmHXC5I rrO,llMHO)KeCTB Ln 

CJIOB <pHKcHpoBaHHoH ,llJlHHhI n, 3aMKHYThIX OTHOCHTeJIhHO HOBOH CHCTeMhI 

rrpoAyKQHH IIocTaj 

2) B nOJlyrpyrrrre A* TorAa H TOJIhKO TOr,lla cymecTByeT rrpeo6pa30BaHHe 

CJIOBa v B CJIOBO W C rrOMO!UhlO Ha60pa R, KorAa HaqHHaJI C HeKOToporo n B 

Ln B03MmKHO rrpeo6pa30BaHHe vbn-l(n) B wbn-l(w); rrpH 3TOM eCTeCTBeHHoe co

OTBeTCTBHe MO)KHO yCTaHoBHTb MeJK,lly caMHMH Qerro"tJKaMH rrpeo6pa30BaHHH: 

rrepe,ll KaJKAhIM rrpHMeHeHHeM rrO,llCTaHOBKH BH,lla (2) CJIe,llyeT rrpH6JIH3HTb K 

"rrOChIJIKe" ,llOCTaTOqHOe KOJIM"tJeCTBO CHMBonOB b. 

Cne,llOBaTenhHo H y KBaHToBoH rpaMMaTHKH, rrocTpoeHHoH rro HCXOAHOH 

CHCTeMe IIocTa, Bce CTaAHH 3BOJIIOIJ;HH JI1060ro Ha'tlaJIbHOrO COCTOJIHH5I ,llO

CTH)KHMhI ,llJIH <pHHHTHhIX arrrrpOKCHMaQHH, CBH3aHHhIX C KOHe"tJHOMepHhIMH 

HHBapHaHTHhIMH rrO,llrrpOCTpaHCTBaMH AJIH "KBaHToBaHHH rro ManhIllIeBY" 

rrpeAnO)KeHHOH HaMH <pHHHTH3HpYlOmeH CHCTeMhI IIocTa. 

TaK)Ke KaK H B o6meM cny"tJae "tJacTH"tJHhIH y"tJeT B raMHnbTOHMaHe cne.ll

CTBHH H3 HCXOAHhIX rrpoAyKQHH MO)KeT 6bITb rrone3eH B pa3BlfTHH ,llaHHoM 

rrp06JIeMaTHKH, rrpH6JIH)KaJ.( caMO <pyHK:U;HoHHpoBaHHe arrrrpoKcHMHpylOmero 

KOMrrhlOTepa K pa60Te HCXO.llHoro. 

C ,llpyroH CTOpOHhI, Ta HJIH IfHaJ.( <pHHHTH3aQHH rrpH6JIH)KaeT "TeopeTH

"tJecKHH" KOMrrblOTep K peaJIbHoMy <pH3HqeCKoMY yCTpOHcTBy. 

6. 

ABTOp o"tJeHb rrpH3HaTeJleH B.A.ManhIIIIeBY 3a rrOCTaHoBKy 3a.lla-qM H 

y-qaCTHHKaM PYKOBO.llHMOrO 11M ceMHHapa 3a o6cy)K,lleHHe pe3ynhTaTOB. AB

TOp 6JIarOAapMT <P.C.lI)KerrapoBa 3a IJ;eHHhIe 3aMeqaHHjI, crroco6CTBOBaBlIIHe 



JIyqrneMy Oe:pOpMJIeHHIO pa60ThI. 
Pa60Ta BhInOJIHeHa npH nO.n;.n;ep1KKe POCCHHCKOrO <POH.n;a <PYH,D;aMeHTaJIb

HbIX HCCJIe.n;OBaHHH (npoeKThI 97-01-000714, 96-02-17771-a, 96-02-17771-a). 
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