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MATEMATUKA U UHOOPMATHUKA

YJIK 519.6 Mocrymuna 01.11.2013r.

OB CIIOJIb30BAHUH YEBBIINIEBCKUX UTEPAIIAIA
ITPU ITIOCTPOEHUHU MHOI'OYPOBHEBDBIX
HEPEOBYCJIABJIUBATEJIEN

1O.P. Axonsn, P.3. Oranecsin

Epesancxuil cocyoapcmeenuwiii ynugepcumem
e-mail: yuri.hakopian@ysu.am, ruzan.hovhannisyan@ysu.am

AHHOTANIUS

B Hacrosmieli cTaThe naeTcst NIPUHIMITHAIbHAS CXeMa MTOCTPOCHHS anreo-
panuecKuX MHOTOYPOBHEBBIX TepeoOycaaBIuBaTeIeH A MAaTPHI, aCCO-
LUUPYEMBIX C TMOCJIEAOBATEIbHOCTAMU BJIOXEHHBIX KOHEYHOMEPHBIX
pocTpaHcTB. Takue MaTpULIbl BOBHUKAIOT BO MHOTHX 33Ja4aX BBIYMCIIH-
TENbHOW NHHEHHOW anreOphl, IUIS PEmeHHs KOTOPHIX HCIIONB3YIOTCS
MHOTOYpPOBHEBEIE CTPYKTYpHL. B pabore mpemiaraercss 1 000CHOBBIBaCT-
Cs IPUMCHEHUE BHYTPCHHUX YEOBIMICBCKUX HTEPANU ISl MOCTPOCHHUS
nepeoOycnaBiuBaTeneil. BRIBOgUTCS olieHKa Yrciia 00yCIOBIEHHOCTH.

KuiioueBble cioBa: matpuiia, cOOCTBEHHOE 3HAYEHHUE, NEepeoOyCiIaBIn-
BaHHE, YUCIIO 00YCIIOBICHHOCTH, YEOBINIEBCKUI UTEPAIIMOHHBIA METO/I.

BBeaenne

Mmuorue MMPUKIIAAHBIC 3aa4il COBPEMECHHOI'O €CTCCTBO3HAHUA IMPUBOAAT K pEC-
IICHUIO CUCTEM JIMHCHHBIX aﬂre6pa1/1quI<Hx ypaBHeHI/Iﬁ

Ax=b @)

BBICOKOTO TIopsiika. [Ipu 3TOM cHCTEMBI 9acTO OKa3bIBAIOTCS TIOXO 00YCIOBICHHBIMU
(cm., HAmp., [1]), u 3TO ABIAETCS MPUIMHON TOTO, UTO MPUMEHEHNE CTAHAAPTHBIX Me-
TOJIOB JINHEHHOMN anreOpsl A7 PEIIeHNs TAKUX CUCTEM SBIISIETCS HELIEIeCO00Pa3HBIM.

s pemieHus CUCTEM BBICOKOTO MOpPAJKAa HauOOJbIlIee pacipoCTpaHEHUE MO-
JYYHUIIM UTEPALllMOHHBIE METOBI (CM., Hamp., [2, 3]). Kak n3zBecTHO, CKOpOCTH CXOAM-
MOCTH HTEPALMOHHOTO METO/a 3aBUCHUT OT 4HCJa OOYCIOBICHHOCTH MaTpHubl A
cuctemsl (1) (HmKe MBI IaAuM OMpeZesieHHe 3TOro MOHSTHA). Yem OoibIne 4uciio
00yCIIOBIEHHOCTH, TeM OOJbllle HTepaluil TpeOyeTcs Uil JOCTIKEHHs 3aJaHHOU
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TOYHOCTH H, KaK CJIeACTBUE, OoplIee Yuciao apudMeTndeckux onepauuid. s yiyd-
nIeHus1 00yCJIOBJICHHOCTH MAaTpHIbl CHCTEMbl BBOAWTCS TaK Ha3blBaeMasl nepeooy-
crasausarowas mampuya Wi, THa4e, nepeobyciasiueamens P, 1 BMECTO CHCTEMBI
(1) paccmatpuBaeTcst SKBUBaJICHTHAs CUCTEMA

P'Ax=Pb. 2

[Ipu sToM mepeobycnaBnuBarens P gommkeH yIOBIETBOPATH JBYM OCHOBHBIM
TpeOOBaHUAM, KOTOPBIC MOYXKHO KPaTKO C(HhOPMYJIUPOBATH CICAYIOUIUM 00pa3oM:
—Marpuria P 10mKHa XOpOIo anmpoKCHMHPOBATh MAaTpUIly A B TOM CMBICIIE,

9TO YHCIIO OOYCIIOBICHHOCTH MATPHIBl P A OMKHO GBITh 3HAYATENHHO MEHBIIE
grciaa 00yCIOBICHHOCTH caMOit MaTpuIlpl A |

— pelIeHHe JTMHEHHOW CUCTeMbI ¢ MaTpulield P 10MKHO OBITH JIETKO OCYIIECT-
BHMO, TO €CTh, HE TPeOOBaTh OOJBIINX BEIYUCIUTEIBHBIX 3aTpPaT.

TexHuka ¥ MeTOABI MOCTPOCHHA IepeoOyciIaBIuBaTesiell T0BOJIBHO Pa3HO00-
paszubl [4]. dns uncnenHoro penreHus: auddepeHnanbHbIX YpaBHEHUH ¢ YaCTHBIMH
MIPOM3BOJAHBIMU OOJIBIIIOE PACIIPOCTPAaHEHUE TONYYMUIN TaK Ha3bIBaeMble MHO20Ce-
mounbie (MU MHO20YPOGHESbie) METOIBI TTepeo0yCIaBIMBaHNUs, PEANTU3alUsl KOTOPBIX
CBSI3aHa C MCIOJIb30BAaHUEM IOCIIEIOBATEIBHOCTEH CIYIIAIOLIMXCS CETOK (CM., Hamp.,
[5-9]).

B Hactosme#t paborte maercs ommcaHue W OOOCHOBaHHE OOIIEH CXeMBI TO-
CTPOCHUSI MHOTOYPOBHEBBIX IepeoOyclaBIuBaTeled AN CHMMETPHYHBIX ITOJOXKH-
TEJIHHO OIpPENeJICHHBIX MaTpHll, aCCOLUUPYEMBIX C TOCIEI0BAaTEIbHOCTHIO BIOXKEH-
HBIX KOHEYHOMEPHBIX TPOCTPAHCTB.

2. Cxema MOCTPOCHUHA MHOIOYPOBHEBOI'O Hep('EOﬁyCJIaBJIHBaTeJIH

HyCTB HNMECTCA HEKOTOPasd NMOCIACA0BATCIbHOCTE CUMMETPHUYHBIX ITOJIOXKUTCIIb-
HO OIIPCACIICHHBIX MaTPpUI]

AQ A® AP = A (3)

3a/1aBaeMasi HEKOTOPBIM HEPapXMIECKUM MPOIIECCOM UX MOCTpoeHwus, rae P >1 ectsb

HaTypajibHOE uuciio. byzeM roBoputh, 4To MaTpuLa AW cooTBeTCTBYET K -My ypoB-

HIO Ipouecca nocrpoeHus. O603HauMM 4yepes3 N, MOPSIOK MAaTPULIbI AW U 3TOM
Ny <N <---<n,. Jlns 3HAYCHUH K=12,.., p npeacraBuM MaTpuibl A® g Grou-

HOM BHIC

k k
A(k): Ai(l) Al(Z)
k k
A AY
(1)

B KOTOPOM Agk), i, j =12 ecrs 6noxm pasmepa n{’ xn{, rxe

(4)
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@ _ (2) _
ne =N, N =N —N,.

Hama 3agaua 3akimrouaercsi B MOCTPOCHUHM MHOTOYPOBHEBOTO HEepeoOyClaBIn-
Baress Jist MaTpuil A. B kadecTBe MpOMEXKYyTOYHOrO dTama B MpoLEcce MOCTpoe-
HUSl TaKoro Iepeo0yCIaBIMBATENS B TMpEIJIaraéMOi HaMU CXEME€ IPeaIoyiaraerTcs
MIpeIBAPUTEIHHOE TIOCTPOCHHE TaK Ha3bIBAEMBIX O8YXYDOBHEBbIX NepeodyClasiusd-

. K o
mereti AJig MaTPUIL Al , 1<Kk < p (ormeTnM, 4TO TaKOM MOAXOM IPUMEHSIICS PAHEE,

B paborax [6, 8]). OcymecTBUTh 3TO MOXHO CleayronmM obOpa3oM. BeeneM B pac-
cMOTpeHwue donoanenue Lllypa

K) _ Ak k) AK)L A (K
S()=A1(1)_A1(2)A2(2) (1)

MaTpPHIIBI AX , 3alMCaHHOU B OJ0uHOM (hopMme (4) (oTHOCHUTEIBHO AononHeHus Lllypa
cM., Hatp., [1, 3]). Torma marpura A% moxer Gpith 3amucana B CIIeYIOIIEM BHUIE:

(k) (k) AL A (K) (k)

Ak — S +A12 Azz A21 AiZ

(k) (k)

1 2
OmpeieiM B Ka4eCTBE JBYXYPOBHEBOIO MEPEOOYCIABIMBATENS I MATPHUIIBI

A® 1<k < p marpuuy

(k-1) KR TRK) (k)
o A7 +B,'By, By B
(k) (k)
B, B,,

BX = , @, =const >0, (5)

i BO gk Bk 6 6
B KOTOpOU D;,", Dy;" U Dy, €CThb HEKOTOPHIM 00pa30M IOJI00PAHHBIC AMIIPOKCUMA-

MU COOTBETCTBYIOIINX OJIOKOB Al(;) , (i) nu (;) ; TIpPU 3TOM MaTpula B® JIOJDKHA

OBITh TaKKe CHUMMETPHUYHOM W IOJIOKUTENbHO omnpexaeneHHoOW. Iloctpoenne Takmx
anmpoOKCUMAIIMK 3aBUCUT OT TPUPOJIBI, CTICIU(PHUKHA ¥ CBOWCTB MCXOAHBIX MaTpHil (3)
(mns citydasi KOHEUHOZJIEMEHTHBIX MaTpHI] CM., Hamp., padotsl [5, 6, 8]). 3amerum
JWIb, YTO OJHUM W3 BaXHEHIINX TPEOOBaHWI SBISETCS BHIYMCIUTEIbHAS MPOCTOTA

k o
oOparieHus: 610Ka Bz(z) (HampuMep, KOTAa 3TOT OJIOK SBISIETCS AUArOHAIBLHOU JIHOO

TpeXIMaroHaIbHON MaTPHIICH).
HamomanMm ogHO o0mien3BecTHOE TIOHATHE. IS TFOOBIX CHMMETPUYHBIX TI0JI0-
JKUTEIBHO OMpeseieHHbIX MaTpull A u B cnexmpanvroe uucno obycnoenennocmu

k(B A) onpenensiercs CleayiomiM 06pasom:

x(B™A) Eiﬂ’ (6)

‘min
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rne A, ¥ A, €CTb COOTBETCTBEHHO HAaHOOJbIICEe U HANMEHBIIEE U3 COOCTBEHHBIX
-1 o
uucen Marpursl BTA (em., manp., [1, 3]). B nanbHeiinem Mbl OyeM Ipeanonararh,

-1
uro coGersennbie uncna marpuy B TAM 1<k < P TpHHAAIEKAT HEKOTOPOMY

orpesky [d;,d,], rne 0<d, <d,. Torna, kak crenyer u3 (6),

k(B A0y < =Yz

q, (")

IlepeiieM HEMOCPEACTBEHHO K MOCTPOEHUIO MHOTOYPOBHEBOTO HEpeo0yclaB-
nuBarens. Beibepem HekoTopoe nesnoe yuciao S>1 w s smavennii K =12,...,p

ITOCIIEIOBATEIHHO OIPEICITNM MAaTPHUIIBI

(k-1) K RpK TRk (k)
o R +B;,’'By,’ By Bp

M® = (8)
B BK |’
21 22
e
RO=A9 k=1
s * 9
RK-D _ AD| | (D _H(l k-1 _ g\ (k—1)‘lA(k—l)) 2<k<p ©)
j roe=n =
j=1
(3mech 1*Y ecrp equnnunas Mmarpuna nopsaka N, ;). B kadecTBe mapameTrpos

k-1
(9]-( ) BHIGHpAKOTCS UKCIa

2
(ﬂk—l + “k—1)+ (ﬂk—l - ak—l)t?)

0 = Li=12,..,s,

rue
t :coszj—_lyz, j=12,...,s
2s

SIBIISIFOTCSL KOPHSIMH MHOTouwieHa YeObleBa MepBOro pona creneHd S (cm., Harmp.,
[1,2]), a [ak_l, ,Bk_l] €CTh OTPE30K, COJEePIKAIIUI BCe COOCTBEHHBIE YHMCIIA MAaTPHUIIBI

-1 (ke
M &DTAKD 16 e,

-1 _
sp(MEPAYD) e, ]

(B manpHelIIeM CUMBOJIOM SP OyZieM 0003HaYaTh CIIEKTP MaTpPUIIBI).
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HOJ'Iy‘-II/IM (bOpMy.]'ILI, IO KOTOPBIM BBIYUCIAKOTCA TIpaHUIBl CIICKTpa MaTpPUIIbL

-1
M®TA® 1<k < p. Tax kak, no onpexenermo, M® =B (cm. (5), (8) u (9)),
TO COIJIACHO CENTAHHOMY BBIIIE HPEAON0KEHUIO OTHOCUTENILHO COOCTBEHHBIX YHCE

-1
marpu B®TA® | voxem yTBEPKIaTh, 4TO
1 AQ
sp(M® A())Q[O‘l’ﬂl]v (10)
rue
a,=d, g =d,.
Jlanee, mycTh Ul HEKOTOPOro 3HaueHus K > 2 u3BecTHO, 4TO
k-1)"1 A (k-1
sp(MEPTAND) o [ak—l1ﬂk—1]'

rre 0 <, , < BB, . CipaBeInBO paBEHCTBO

M O AR — (M (k)—lB(k)) (B(k)—lA(lo) . (11)
CornacHo CKa3aHHOMY BBIIIIE,
sp(BYA®) < [d,,d, ] (12)
Kak cienyer u3 (5), (8), (9) u Teopun 4eObIIIEBCKOr0 HTEPAITMOHHOTO MeToza [2],
sp(M“'BY) < L 79,1+ 7] (13)
TIe
6 = 2y _ o1 ¢, =L (14)
“lvgl Y Jo, 41 Y a
B pesynbrare u3 (11) — (13) monyunm, uto
sp(M (k)_lA(k)) c [ak’ﬂk] ,
TIe

a =d;(1- 7155)1)’ B =d, 1+ 7155-)1 : (15)
Takum O6p330M, HaMU MMOCTPOCHA MOCICA0BATCIbHOCTb MAaTPHIL
M(l) M(Z) M(P) =M.

Martpuity M Ha30BEM MHOCOYPOBHEbIM Nepeobyciagiueamenem st MaTpuibl A .
[osicanMm, modeMy nepeoOyciaBiInBaTeh Ha3bIBAETCd MHOTOYPOBHEBBIM. Jleno
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B TOM, YTO B UTEPAlMOHHBIX MeToAax ¢ Marpuueir M =M (P) g xauectBe nepeody-
CJIaBITUBATEIII HAM HEOOXOAUMO, KaK YBHJIUM HIKE, PEIIATh CUCTEMbI JIMHCHHBIX all-

reOpanveckux ypaBHeHuil ¢ Matpuiamu M © e k=12,..., p (cm., Hamp., [2-4]).
JefcTBUTEIBHO, PACCMOTPUM HEKOTOPYIO CUCTEMY

M®x=b. (16)

k
Beps 3a ocHoBy Giounoe npezcrasienune (8) marpuisr M w0 OCYIIECTBUM CO-
OTBETCTBYIOIIEE pa3OueHNe BEKTOPOB X U ) Ha IOJBEKTOPHI, a KMMEHHO, 3aIIUIIEM HX

B BUJIE
X:|:Xl:| , b:|:bl:| '
X, bz

Torna pemerne cuctembl (16) CBOAMTCS K CIEIYIOMIEH BBIYUCIUTEIBHON MPO-
nemype.

MPOLIEJIYPA MG PREC/M ®
1. BBIYUCIIACTCA BCKTOp

1 1
2 =—(b-BYBYE b); (17)
@y
2. BBIUMCIIIETCS X, | pelIaeTcs cucTeMa
R&Yx =z; (18)

npu 2 <K < p: pemenne cucremsl (18) SKBUBAJIEHTHO BBIIIOJHEHHUIO S IArOB Y€0bI-
IIEBCKOTO HTEPAIMOHHOTO METO1a

() _ y (i _ _
MED S =AU 17 j=12,...,5,

91( -1 (19)

x” =05 % =x7;

npu K =1: pemaercst cucrema
A% =1z,; (20)
3. BeIyuCHseTCA X, :

k)~ k

X, =B (0, ~B3'x). (21)

KOHEL] ITPOL{E/TYPbI
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JlaguM HEKOTOpBIE MOSACHEHHs K mporeaype. Kak BUauM, pelieHue CUCTEMBI C
marpuneit M &) cBogurcs x mocnenoBaTenbHOMY peleHHMIO CHCTeM ¢ MaTpueii
M* D (mpu k=2 cm. (19)), 6o k pemenmio cuctemsr ¢ marpuneii A (mpu
k =1). CormacHo BbIIBHHYTOMY BhIlie TpeGoBaHmIO, Matpuia By sBisercs merko

obpatumoii. [Toaromy BeramcieHus o gopmynam (17) u (21) e TpeOyrOT OONBIINX
BBIYUCIUTEbHBIX 3aTpar. Ha camom Hmwkuaem yposae (K =0) cucrema ypaBHeHuii

(20) peraercst ¢ TOMOILBIO HEKOTOPOTO MPSIMOTO METOAA.

3. Ouenka yucsaa 00yca0BJIEHHOCTH

-1

[ToyyrM OLICHKY CHIEKTPAILHOTO YKciia 00ycnoBienHocT Marpuisl M A u,
B CBSI3U C 3TUM, 00CYIUM BOIIPOC BBIOOpA YKCIIa BHYTPEHHHUX YEOBIILIEBCKUX UTEpa-
uui S. Beengem B pacCMOTPEHHE YUCIIA

By
c,=—", k=12,...,p. (22)
27
®DaKTUIeCKH, STH BEIIMIUHBI, COTJIACHO OMpe/eeHuto (6), SBISIOTCS BEPXHUMHU

6 M O AR
OLICHKaMHM YUCCJTI OOYCJIOBJICHHOCTHU MAaTPHIL , TO €CTh,

kMOTAY<c, . k=12,...p. (23)
Kaxk crnenyer u3 (7), (10), (15) u (22),
(s)
¢=d, ¢ =d 1+7fs‘)1 , k=23,..p
1-7a

[Mons3ysice popmynamu (14), moryunm:

20,
Lo Legt, _1+2gi, P _(1gl,) [ +D (o D

1-9© 1- 205, 1-2g7,+q7, Ll—qs_lJ (o +1° —(Jo, 1)
1+qk—l

Takum o0Opazom, onpezeneHHble B (22) BeAU4UHbl C, MOTYT OBbITh BBIYHCIICHBI
C ITOMOIIBIO CIIeYIOMIEH PEeKypPEeHTHON MPOLEAyPHI:
c,=d,
o| ot +Gea -0 | oo (24)
\/EH)s e -] S
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I[J'I}I YCTAHOBJICHUA XapaKTEpa MOBCACHHUSA BCIMYUH Ck paccMOTpuM HCIIMHECH-

HOE ypaBHEHHE

c=p(c), (25)

rac

(Ve +1)° + (e -1)
#0)= {(\/_+1) *_(Je- 1)}

Jlemma. Eciin S >+/d , To ypaBHeHue (25) MMeET €MHCTBEHHOE MOJIOKHUTEb-
HOE PeLICHHE.
Jloxazamenvcmago. PaccmarpuBasi TIONOXKUTENbHBIE 3HaYeHUs1 C, clenaeM 3a-

MeHy nepemenHon zZ =1/ Je. Tornma ot ypaBHeHus (25) MbI niepeiiieM K ypaBHEHHUIO
z=y(2), (26)
rre
1 (1+2)°-Q1-2)°
Jd (+2)° +(1-2)°

Kak BuHo u3 Beipaxkenus 1yist otoi pyukunn, w(0)=0 u w (1) =1/ Jd .
Ipex e Bcero 3aMeTuM, 4TO JUIS 3HAUYCHHUH Z >1 0YeBHIHO

1+2)°-(1-2)°
@+2)°+@0-2)°

y(z)=

u, TeM cambiM, Y/ (2) < Z (manomuum, uto 0 >1). [T03TOMY NOJNOKHTETBHBIE PELIE-
Hus ypaBHenus (26) cnenyer uckats B unrepsaie (0,1) .
Boruncinm npoussoanyio Gyukuuu 7 (2) . Tomyuum
4s (1+2)'Q-2)"
Jd [@+2)° +(@-2)°)

Ouesunno, uto Y'(2) >0 mns snauennit 0< z <1, npuuem '(0) = s//d u

y'(2)=

w'(1) =0. Jlanee, BBIYMCIIMM BTOPYIO IPOU3BOIHYIO:

"(2) = 8s (1-z)"{(s-Dz[(1+2)° +(1-2)°]+sA-2)[A+2)° ' -(1-2)° l]}
N [@+2 +(1-2)T

Kaxk Buanm, "(2) <0 ,ecnim 0<z <1.
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TMocneayrouye paccyKIeHHs TAKOBbI. PaccMOTpUM (QyHKIIMIO
f(2)=z—w(2), z€[0]].
Ouesunno, uro f(0)=0 wuf(@)=1-1/ Jd >0. Jnma nponseoanoit
f'(z) =1—y/'(2) sroit pynkimm nmeem:
S

Jd

Tak kak "(z) =—y"(2) >0, 1o dynxums f'(z) B uarepsane (0,1) monoron-

f'0)=1-——<0wu f'(1) =1,

HO Bo3pactaet. Clie0BaTenbHoO, 1o TeopeMe Bonbriano-Komu cyiecTByer euHcTBEHHas
touka Z € (0,1) rakas, uro f'(Z)=0. IIpu stom f'(2)<0 mz z<Z u f'(2) >0,
ecu Z>Z . Tem cambiv B untepsasie (0,Z) dynkums f(Z) monoroHHO yObIBacT, a B

unrepsasie (Z,1) MoHoTOHHO Bo3pactaer. KpoMme TOro, HCX0/1s U3 paBeHCTBa
f(2)=fO)+1'(&)z, £€(0,2),

nonyuum, uto f(Z) = f'(£)Z < 0. CnenosarensHo, CynecTByeT €IMHCTBEHHAS TOY-
ka Z.€(Z,1) rakas, utro f(z.)=0, 1o ects, Z. =/(Z.). Takum obpazom, eciu
s>+/d, To ypaBHeHHE (26) MMeeT eAMHCTBEHHOE TOJOXHUTEIHHOE pelleHue Z., 3a-
xmouennoe B unrepane (0,1). Tem cambiM ypaBHeHue (25) MMEET €IMHCTBEHHOE
MOJIOKUTEIIbHOE pelieHue C. =1/ Zf . JlemMa nokazaHna.

BoszBpaTtumcs k pekyppenTtHoii mporeaype (24). [Tycts

z, N k=12,..,p.

o

CornacHo NpOBEAEHHOMN BBIIIE IIPU J0KA3aTEIbCTBE JEMMBbl 3aMEHE IEpEeMEH-
HOM, 3TH BEJIMYMHBI BEIYUCIISIOTCS TOCPEICTBOM PEKYPPEHTHON HPOLEAYPHI

1
leﬁ’ Zk:‘//(zk—l), k=23,...,p. (27)

Hwke, B KauecTBe WILTIOCTpaluy, npuBeaeH rpadpuk Gpynxmun (Z) npu yc-

nosun, uto S >+/d . HeTpyano ybeauTses B TOM, 4TO Z, > Z.. Tem caMbIM ITOCIIENTO-
BaTENBHOCTH (27) SBNSETCS MOHOTOHHO YOBIBAIOLIEH M OTpaHUYEHHON CHM3Y (IpH
HEOTPAaHWYCHHOM POCTE YHCIIa YPOBHEH [ ) BENUUUHON Z..

ITepexons x BenmuunHaM C, , IIOIy4UM, 49TO

€, <C, <:-<C, <C..
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y
I  Y=12
1 |
Ll L Y=y
Ja T
e ,
0 Z, 1

Puc. I'padux pynxuun §/ (Z) .

Takum 00pa3zoM, HOCIEN0BATENbHOCTh YMCEN C,, BBIYUCISAEMBIX IO PEKyp-

pEeHTHBIM (opmyiam (24), siBisieTCss MOHOTOHHO BO3pACTalOIICH W OTrpaHHYCHHOI
. . 2

cBepXy (IIpH HEOTPAaHUYEHHOM POCTE YKcia ypOBHEH P ) BeMUUHUHOH C. =1/z: >1.

[MogBoas uTor, MPUXOAUM K CIEIYIOMEMY YTBEPIKICHHUIO.

Teopema. Eciu S >+/d |, T0

-1
x(M™A) <c.,

rae Beau4yrnHa C. eCTh ¢MHCTBEHHBIN MMOJIOKUTEIbHBIN KOPEHb ypaBHEHHUS (25).

3akiIouyenue

[MpennoxxenHass B paboTe NMPUHIUIHUAIBHAS CXeMa MOCTPOSHHMS anreOpamye-
CKMX MHOTOCETOYHBIX TIepeo0yClIaBIMBATENCH MOXKET OBITh MCIIOIb30BaHA TIPH pelle-
HHUH TUIOXO OOYCJIOBJICHHBIX CHCTEM JIMHEHHBIX alreOpandecKux ypaBHEHHUI BBICOKO-
ro mopsiika. Takue cUcTeMbl BO3HHKAIOT, B YACTHOCTH, MTPU KOHEYHOPA3HOCTHOM HITH
KOHEUHORJIEMEHTHON anmpokcumanuu auddepeHnaibHbX ypaBHEHHH Ha TOCIEI0-
BaTENFHOCTH CTYHIAIONIMXCS CETOK, B 337a4aX HaMMEHbBIIUX KBaJPaTOB C UCIIOJIB30-
BaHHMEM BJIO’KEHHBIX MIPOCTPAHCTB 0a3uCHBIX QyHKIHUi (cM., Hamp., [10]) u ap.



14 06 ucnonb3068anuy 4edbluesCKUX umepayuil npu NOCMpPOeHUU MHO20YPOBHEBbIX ...

JUTEPATYPA
1. Boegsooun B.B., Ky3neyos FO.A. Marpuiis! u Berancienus. M.: Hayxka, 1984.

2. Camapckuii A.A., Hukonaee E.C. MeTonpl pemieHHs CETOYHBIX ypaBHeHHH. M.. Hayka,
1978.

3. Axelsson O. Iterative Solution Methods. Cambridge University Press, 1994.

4. Ke Chen. Matrix Preconditioning Techniques and Applications. Cambridge University
Press, 2005.

5. Axelsson O. and Vassilevski P.S. Algebraic multilevel preconditioning methods.l. Numer.
Math., 56. PP. 157177 (1989).

6. Kuznetsov Yu. A. Algebraic multigrid domain decomposition methods. Sov. J. Numer. Anal.
Math. Modelling. V. 4, Ne 5. PP. 351-379 (1989).

7. Bramble J.H., Pasciak J.E. and J. Xu. Parallel multilevel preconditioners. Math. Comput. V.
55, Ne 191. PP. 1-22 (1990).

8. Hakopian Yu.R. and Yu.A. Kuznetsov. Algebraic multigrid/substructuring preconditioners on
triangular grids. Sov. J. Numer. Anal. Math. Modelling. V. 6, Ne 6. PP. 453-483 (1991).

9. Axelsson O., Hakopian Yu.R. and Kuznetsov Yu.A. Multilevel preconditioning for perturbed
finite element matrices. IMA J. Numer. Anal., 17. PP. 125-149 (1997).

10. Ozanecan P.3. O noBeneHnu 4mcia oOyCIOBICHHOCTH MaTpHI] HOPMaJIbHBIX CHCTEM Ha
IIOCJIEZI0BATENBHOCTU ceTOK. MaTemaTuka B Boicuiel 1mkone. Ep.: U3n-so «Hapraparer». T.
8, Ne 2. CC. 42-51 (2012).

ON THE USE OF CHEBYSHEV ITERATIONS IN
CONSTRUCTION OF MULTILEVEL PRECONDITIONERS

Yu.R. Hakopian, R.Z. Hovhannisyan

SUMMARY

In the paper a concept of constructing algebraic multilevel precondition-
ers for the matrices associated with sequences of nested finite dimension-
al spaces is given. Such matrices arise in many problems of computation-
al linear algebra the solution of which involves the use of multilevel
structures. For construction of the preconditioners inner Chebyshev itera-
tions are proposed. An estimate of the condition number is derived.
Keywords: matrix, eigenvalue, preconditioning, condition number, Che-
byshev iterative method.
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O HEKOTOPBIX IIPEJIEJIBHBIX MHOKECTBAX B1OJIb
OPUIIUKJIUYECKHUX ITYTEX

C.JI. bepoOepsin

AHHOTAIUSA

B pabote paccMaTpHBAIOTCS HEKOTOPBIE MpEeIbHBIE MHOXECTBA BIOJIb
OPHLMKIMYCCKHUX ITyTeH NeHCTBUTENbHO3HAYHBIX (DYHKIMM, ONpenereH-
HBIX B IMHHYHOM Kpyre. [IogoOHbIe MpenesibHbIe MHOKECTBA BIOJIb yT-
noB IllTonp1a paccMaTpUBAIUCE paHee ISl MepOMOP(HBIX U TapMOHUY e~
CKHX (DYHKITHIA.

KaioueBble ciioBa: HopMmaibHbIe (DYHKLIMH, NpeAeibHbIE MHOXKECTBA,
OPHULIUKINYECKUE MTYTH.

PaccMoTpuM rpaHnYHOE TOBEJCHNE TAPMOHUYECKUX (DYHKIMHA BIOJb OPUIHK-
nryeckux mytedd. B pabore OyleM NpuaepKWBaThCs OOIIETPUHATHIX 0003HAYCHHUH.
Kpowme toro, BBefem nomonHutenpHble 0603Hauenus. Yepes R(f,£,S) oboznauaror

MHOKECTBO MOBTOpstoIMXcs 3Hauenuit Qynkuuu  f(zZ) ma wmuoxkectse S,

a=f(z2),n eN, wis koTOpOii MOCIEAOBATEIBHOCTD {Z;1 } TOYEK MHOXeEcTBa S ,

limz} =&, ynosnersopsier yenosuto & €17 . Opuumki A(E) Ha3bIBAIOT OPHLUMKIN-

n—oo

uecknM HanpasienneM JKronua nius Gyukuuu f(2), ecnn pust mo6oro opunkinye-

ckoro yrina OA(¢E), conepamero opunmkn A(E) muoxectso R(f, &, OA(E)) no-
KpBIBA€T BCE MHOXKECTBO R, 32 BO3MOXHBIM HCKJIIIOUCHHEM HE 0oJiee JABYX 3Haue-
Huit. Touka & €/  Ha3plBaeTCs OPHUMKIMYECKOH Toukoil JKromua st QyHKIUH

f(z), ecnn xaxnpit opumukn A(E)  ABIAETCS OPUIMKIMYECKUM HANpaBIEHHEM
Kromma pynkuun T (z). MHOKeCTBO BCex OpHIMKINYECKUX Touek JKronmma 06o3Ha-
unm yepe3 J(f). Opurmkn A(E) Ha3oBeM yTOUHEHHBIM OPULMKIMYECKUM HAIPAB-
nerveMm Kromma s pymkumm  f(Z), ecnmm mma opummkna  A(E)  MHOXKeECTBO
R(f,&, A(&)) nmokpeiBaeT Bce MHOXKECTBO R, 32 BO3MOKHBIM HUCKIIFOYEHUEM HE 00-
nee nByx 3HaudeHuid. Touky & € /7 Ha30BeM YTOYHEHHOW OPHIMKIMYECKOH TOUKOM
Kromna dyrxuan T (z) u orecem k moamuoxectsy J () muoxecrsa J(f), ecm
s moboro opummkna A(E), muoxkecro R(f,&,A(S)) mokpeiBaer R, 3a BO3-

MOHBIM HCKIIOUeHHeM aByX 3Hauenuil. Opuumki A(E) HazoBeM 060OIIEHHBIM
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OPULIMKINYECKUM HanpasyienveM JKromma s Gyuxumu T (2), ecan ans moGoro
opuimkimnaeckoro yrma  OA(E), comepkamero opwmmkn  A(E), MHOKECTBO
R(f,&,OA(S)) nmakpeisaer unrepsan (@, +), rae a e[—oo, +oo), 3@ BO3MOKHBIM
UCKJIIoYeHHeM He Oosiee aByX 3HaueHuid. Touky & €/ Ha3zoBeM 000OIICHHON OpH-
HUKIIMYecKoi Toukoi JKromua st dyukunn T (2), ecnm kaxmpii opumkn A(E) sB-
JseTcss 0000MIEHHBIM OPHIMKIMYECKMM HarpasienueM JKionna ¢pyrkunn f(2) npu
oftHOM 1 ToM e 3HadeHnn a. Yepes J.(f) oGo3naunm mMHOMKECTBO Bcex 0600IIECH-
HBIX OpHUIHKINYecKnX Todek JKronmma Ha [ . OTMeTHM, 4TO mMpu 8 = —oo0 0000mIeH-

HbIE OPUKLUKINYECKHE TOYKU JKroma coBMafaroT ¢ OOBIYHBIMU OPULMKIMYECKUMU
toukamu JKronma. Ckaxem, 4ro Touka &£ €/ SBISIETCS OPULMKINYECKOW TOUKOM

[Inecnepa nns naeiicreutenbHo3Haynoi ¢ynkuun f(Z), ecnmu s moGoro yria
OA(&) C(f,&,0A(8)) =R. MHOKECTBO OPHLMKINYECKHX Touek IliecHepa 06o-
3HaunM depe3 I(f). Ckaxem, uro Touka & €/ siBiseTcss 0000IICHHON OPHUIMKINYC-
ckoit Toukoi Ilnecnepa nus aelictBurenbHo3Haunon Gyukuuu f(2), ecnu ms smro-
obix  opumumkmmueckux  yrmoB  OA,(E)u OA,(E)  npenensubie  MHOXecTBa
C(f,&,0A,(8)). C(f,50A,(E)) conamator, u ans moboro yrma OA(E)
C(f,£,0A(&)) = [a, +oo] ,Tae a e[—oo, +oo). MHOKeCTBO 0000LIEHHBIX OPHIHK-
nnueckux Touyek Ilnecuepa o6o3znaunm vepes |.(f). dns naneueiiniero npusenem

OJIHO M3BECTHOE YTBEPIKICHHE.

Teopema A. Eciu y HenpepbplBHOH B D JeHCTBUTENILHO3HAYHOW (YHKIIMU
f(z) muoxecrso C(f,&,S) s ceasnoro muokectsa S B D He BhIpokIaercs B
eauHcTBeHHy0 Touky, To R(f,&,S) oint C(f,£,S), e cumson int A o6osnava-
€T MHOKECTBO BCEX BHYTPEHHHX TOYEK MHOKeCTBa A .

U3 TeopeMbl A BBITEKAET, B YACTHOCTH, YTO €CJIH y HENPEPBIBHOM (DYHKIMM
f(2), onpenenennoii B D, Hekotopoe npexensroe Muoxkecteo C(f, & 0A(£)) =R
mis cssnoro muoxkectsa OA(S), to R(f,&E,0A(E)) =R. Tocnennee 3ameuanue
no3BossieT u3yunth MHOKeCTBO J () Touexk JKronma HenpepwiBHOM n€eiicTBUTENBHO-
3Haunoit pynkuuu f(2).

Crnencreue. Jlisi MPOU3BOJIBHON HENPEPHIBHOW JIEHCTBUTENLHO3HAYHON (PYHK-
mmu  f(z) copasenmso ceoiicteo | (f)=J(f), npuuem B Kaxmoit Touke
& €J(f) semonnsercs coornomenne R(f,&E,OA(E)) =R s Beex opunukimye-

ckux yrios OA(E) .

PaccmoTrpum crienyromniee 6osee o0riee yTBepKICHHE.
Teopema 1. J[ns mpon3BoIbHON AEHCTBUTEIEHO3HAYHOM HENPEPHIBHON (QyHK-

win  f(z) copasenymBo pasencreo |.(f)=J.(f), mpuuem B kaxmoii Touke
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& eJ.(f) muoxkecrso R(f,E OA(E)) naxpeisaer unrepsan (@,+00) s T06BX
opummkmaeckux yriaos OA(E), rae a e [— %0, +0).
JlokazareancTBo Teopemsbl 1. [Tycts & € L.(f). B cuny yrBepxaenus teope-

Mbl A, Tak kak mpenenbHoe mMHOXkectBo C(f,&,OA(E)) nenpepsiBHO# GyHKINN

f (z) mst mo6Goro yria OA(E) He BBIPOKIAETCS B TOUKY, TO

R(f.,£,0A(%)), 2intC(f,£,0A(5)) (@,

rae cumBon INtC(f,& 0A(E)) o6o3HauaeT MHOXECTBO BCEX BHYTPEHHHX TOYCK
muoxkectea C(f,&5,0A(E)) u C(f,&E,0A(E)) :[a, +oo]. Orcrofa creayer, uTo
muoxkectBo R(f,&, OA(E)) HakpeiBaeT uHTEpBa (a, +oo) JUIsL TFOOOTO OPULIMKIIH-
geckoro yrna OA(S), roe a e[—oo, +oo) u, snaunt, & € J.(f). CnenoBarensro,
L(f)c J.(f). Tycs & €J.(f). Torma ans moGoro OpHUIMKIMYECKOTO yria
OA(&) muoxkectso R(f, &, OA(E)) nakpbiBaeT uHTEpBa (a, +oo) IPU HEKOTOPOM

3HaYeHUU a e[—oo, +oo), 3a BO3MOXHBIM HCKJIIOUCHHEM, JIBYX 3HAYEHUW. XOpOIIO

U3BECTHO (CM., HanpuMmep, [1]), uTo ecim MHOXKeCTBO S cBsizHOe B D , To mpenenbHoe
muokectBo C(f,&,S) min moboit nenpepsisroit pynkunn f(z) sBusiercst cBA3HBIM

3aMKHYTBIM MHOKecTBOM Ha R . ITosToMy oTciosia u u3 coorHowenus (1) cremyer,
gro s modoro yrma OA(E) C(f,£,0A(E)) =[a,+0], rne a e[—oo, +oo). Cune-
nosarenbHo, & € L.(f) u yrBepxaenue Teopemsl 1 nokasano.

Teopema 2. [Tycts f(z) — npoussonbHas HenpepbiBHas GyHKIUS Kiacca R U
opurmkn  A(E)  sBnsercs  yrouHeHHbIM  HampabienueM JKronma.  Torma
C(f, & AE) =R,

JokazaTeabcTBO TeopeMbl 2. [[eHCTBUTENBHO, U3 ONPEEICHUS] YTOUHEHHOTO
nanpasnenus JKionua cnenyer, uro muokectBo R(f,&, A(E)) cosmamaer ¢ R, 3a

BO3MOHBIM MCK/IIOUEHUEM He OoJiee [BYX 3HaUeHHMit. B cHily 3aMKHYTOCTH 1 CBSI3HO-
cru muoskectBa C( T, &, A()), a takke u3 yrBepKIeHust TEOPEMBI A CIIEIyET, YTO

C(f,& A(&)) =R, )

Y YTBEPKICHHUE TEOPEMBI 2 JOKa3aHo.

Paccmotpum emie oHYy TeopeMy O TPaHUIHOM TOBEICHUH HETPEPHIBHBIX JCH-
CTBUTEJIbHO3HAYHBIX (DYHKIIUH.

Teopema 3. Ilycts f(Z) — npoussonbHas HenpepbiBHas A€HCTBUTENBHO3HAY-

Has pynkuus B D n & — moGas touka na T. s toro, uro6sl pyukuus f(z) nme-

JJa B TOYKEC 5 OpI/IL[I/IKJ'II/I"IeCKI/Iﬁ npenci, HCO6XO,Z[I/IMO " JOCTATOYHO CYIICCTBOBAHUC
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B IF000M MHTEpBale (a, b) ,rme a<b u a,b eR, no xpaiineii Mmepe, onHOM TOUKH

c, e npunamnexameit R(f, &, OA(E)) ans moboro yrna OA(S) .
JlokazaTebcTBO TeopeMbl 3. Heo0X01MMOCTh HEMOCPEICTBEHHO CIIEIYET U3 TO-
ro, uro npenenbHoe MHOXkecTBO R( T, &, OA(&)) comepxutcst B pe/IebHOM MHOKECTBE

C(f,£,0A(&)), n npenensroe muoxectso R(f,&E,0A(S)) ointC(f,&£,0A(s})

COCTOMT M3 OIHOH TOukH. J[J1s JOKa3aTesbCTBa JOCTATOYHOCTH JOIYyCTUM IIPOTHUBHOE,
T.e. cyliecTByeT HekoTopbiit opunukmuyeckuii yron OA(E), ns koroporo mpenens-

noe muoxkectBo C(f,&,OA(E)) He cocrout u3 onnoii Touku. Toraa, B CHITy HEmpe-
peieoctn  pynkimu  f(z) wu cemnoctu yrma C(f,&,0A(E)), muOKecTBO

C(f,&0A(E)) =[a,b], rne a,beR. Cornaco yrBepkieHMIO Teopembl A
R(f,&,0A(E)) ointC(f,&,0A(c}, u, 3naunr, R(f,&,0A(E)) o (a, b), YTO MPOTH-

BOPEUHT NpeAronoxeHuo. Teopema 3 nokasaHa.
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SUMMARY
This paper discusses some limit sets of paths along the horocyclical paths of
real functions defined on the unit disk. These cluster sets previously con-
sidered for meromorphic and harmonic functions along the Stolz corners.
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ABSTRACT

In the frame of an approach to information integration an extensible canonical
model, which is based on the algebraic model of an advanced XML data
model, is created. A principle of kernel extension of canonical model is pro-
posed. In order to create the justifiable data model mapping for heterogeneous
databases integration, concept of data model has been formalized by means of
the AMN (Abstract Machine Notation) formalism. Namely, we offer formali-
zation principles of basic and complex concepts of data model. These con-
cepts have been formalized by means of AMN type system and AMN ma-
chine correspondingly. For each source model we create a reversible mapping
into an extension of the canonical model. The B-technology is used to prove
that the AMN semantics of the source model represents a refinement of the
AMN semantics of the extended canonical model. Hereby, the correctness of
mapping and the ability to use extended canonical model for representation
the source model schemas are proved. AMN-machines for the canonical and
relational data models and relational refinement of the canonical model have
been created.

1. Introduction

The aim of the information integration is to use two or more databases (data
sources) in the frame of a large database, possibly virtual, containing information from
all sources, so the data can be queried as a unit. Thus, a data integration system should
provide the user with a unified view, called global schema, of a set of heterogeneous
data sources. Problems of information integration detail were discussed in literature,
for example in [7, 23]. There are two approaches for heterogeneous data sources inte-
gration: Global-as-view (GAV) and Local-as-view (LAV). According to GAV [6, 16]
a global schema is defined as a view over the data sources, while LAV [6, 16] assumes
that data sources are defined as a view over the global schema. GAV approach has
better query processing capabilities than LAV but LAV has better extensibility than
GAV. To combine advantages of the mentioned techniques a mixed approach, called
GLAV, is considered in [4]. There is a certain technique for compiling a GLAV sys-
tem into an equivalent GAV one [3].
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The theoretical basis of our approach to information integration are the works of
the SYNTHESIS group (IP1 RAS) [9-11], which are pioneers in the area of justifiable
data model mapping for heterogeneous databases integration. In [11] the basic defini-
tions of equivalence of database states, database schemas and data models were intro-
duced to preserve operations and information while constructing of mappings of vari-
ous heterogeneous structured data models into the canonical one. According to this
approach, each data model was defined by syntax and semantics of two languages, i.e.
data definition language (DDL) and data manipulation language (DML). The main
principle of mapping of an arbitrary resource data model into the target one (the ca-
nonical model) could be reached under the condition, that the diagram of DDL (sche-
mas) mapping and the diagram of DML (operators) mapping are commutative. In ear-
ly works, to prove a commutativity of the diagrams the denotational semantics were
used as a formalism (metamodel) [11]. Later, as formalism the AMN [1] was used
instead of the denotational semantics. Instead of equivalence of respective specifica-
tions, it became possible to reason on their refinement [12]. It is said that the machine
Mg, is refines machine M, only if My, is a replacement for M, in all possible sit-
uations My is defined. This does not however indicate that My, is to be equivalent
to M,. B-technology for AMN provides tools for conducting model mappings

commutativity with proofs semi-automatically. It is assumed that the canonical
model should be extensible. A kernel of the canonical model is fixed. For each spe-
cific information model M of the environment an extension of the kernel is de-
fined axiomatically so that this extension together with the kernel is refined by M.
Such refining transformation of models should be provably correct. The canonical
model for the environment is synthesized as the union of extensions, constructed
for models M of the environment. The resource schema refines the canonical mod-
el schema. The refinement of the schema mapping is formally checked. In the
frame of the considered formalism is offered construct:

*» Ms (source model) into an extension M, (target model) mapping;

» AMN semantics of Mg ;

« AMN semantics of the extended M; -

The B-technology is applied to proof that Ms is a refinement of the exten-
sion of M,. The approach is supported by semi-automatic tools [14] and used for
model unification and GLAV-based subject mediation of heterogeneous distributed
information resources [2, 13]. In the frame of the proposed formalism a subject media-
tion approach is considered, for instance, in [2, 13]. For information integration a ca-
nonical model is introduced. The kernel of this model is a hybrid object-orien-
ted/frame-based information model. Method and tools for semantic mapping of the
kernel into the AMN are provided [22]. For any source model a mapping into an ex-
tension of the canonical model is defined. The source schema refines the canonical
model schema. The refinement of the schema mapping is formally checked.

In [21, 20] as in papers [2, 13, 15] we follow the approach provided by SYN-
THESIS group and introduce an extensible canonical model for information integra-
tion, having the algebraic model of an advanced XML data model (XML application)
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[17] as kernel. Our choice of using XML data model as a model for information inte-
gration is explained by the possibility of modeling principal concepts of conventional
data models and semistructured data by means of XML element directly. In case of
object-oriented model there are three principal concepts: the class (or its extent), the
relationship and the method. Likewise, the object-relational model has two similar
concepts: the attribute type (which includes classes) and relation. On XML data model
level we can blend these concepts, much as relational model blends entity sets and
relationships. However, the motivation for the blending appears to be different in each
case. While the relational model owes some of its success to the fact it facilitates the
efficient implementation, interest in the XML data model is motivated primarily by its
flexibility. The reasoning considered above fully coincides with the analogous reason-
ing for semistructured data model proposed in [5] as an information integration model.

According to our approach to information integration, for any source model a
reversible mapping into an extension of the canonical model is defined. The basic
formalism for the construction of a mediator is the AMN. Data models and mappings
from one model to another are represented in AMN by means of corresponding speci-
fications. First of all the kernel of the canonical model is fixed, representing the AMN
semantics for the target model. AMN semantics and extension of canonical model by
specific concepts of the source model (which impossible to model on the level of tar-
get model) are constructed for arbitrary data model of independent information source,
in order to integrate it into a virtual database. The B-technology is used to prove that
the AMN semantics of the source model represents a refinement of the AMN seman-
tics of extended canonical model. Hereby the correctness of mapping and the ability to
use extended canonical model for representation of schemas of the source model are
proved. In our case is offered construct:

* AMN semantics of XDM (once);

« AMN semantics of Mg.

It is important that we essentially reduce the number of mappings. The distin-
guishing feature of our approach is that we perform verification of mapping on the
level of data models (but not on the level of schemas). Such approach is explained by
the fact that if the source model is a refinement of target model then for each correct
schema of the source model there exists an equivalent correct schema in the target
model. Thus, our approach to information integration is developing further the ap-
proach presented in [12]. The kernel extension principle and structural aspects of
mapping from source model into canonical model in detail are considered in [21, 20].
The latter was reported at the international First Workshop on Programming the Se-
mantic Web (Proceedings will be published by Springer). It was recognized as one of
the best works of the workshop, was recorded and placed at the page of the workshop
on videolectures.net as a video lecture. In this paper we shall consider the behavioral
and structural issues of mapping from source model into canonical model. The beha-
vioral issues is suppose that operations of Ms should refine the operations M;. For
this purpose by means of AMN we offer to formalize DML of these models on the
level of algebra. In the context of structural mapping, to create the justifiable data
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model mapping for heterogeneous databases integration, concept of data model has
been formalized by means of the AMN formalism. Namely, we offer formalization
principles of basic and complex concepts of data model. These concepts have been
formalized by means of AMN type system and AMN machine correspondingly.
AMN-machines for the canonical and relational data models and relational refinement
of the canonical model have been created. Thus, in the frame of this paper is proposed
the further development the approach to information integration presented in works
[21, 20]. Finally, our approach to information integration AMN formalism has a
double application. First of all this formalism we use to proof correctness of mapping
from source model into canonical model. Second, based on the AMN-machines of
source and canonical models and refinement-machine of canonical model we should
generate canonical schemas.

The paper is organized as follows: An overview of the AMN and extensible da-
ta model is considered in Section 2. The principle of kernel extension is introduced in
Section 3. Formalization principles of data models in AMN are proposed in Section 4.
The conclusion is provided in Section 5.

2. Preliminaries

2.1 XDM: An XML Data Model
XDM is a result of an extension of the XML data model semantics to support
the DB concept. Namely, the considered XML data model is an extension of the con-
ventional XML data model by means of the applicative syntax and semantics which
substantially increases the expressiveness of the XML data model. In this model basic
and compound objects are considered. Examples of basic objects are integers, strings,
variables of different sorts, symbols (for instance, reserved words). The compound
objects are defined in terms of binding and application in A-calculus [8]. The type sys-
tem is built from a basis of types that are defined by themselves and certain recursive
rules, whereby the compound types are built from simpler types. The basis consists of
the conventional atomic types (for example, integer, string, boolean, etc.). We use the
following type constructors for building compound types:
« Attribution. If v is a basic object variable and t is a typed object, then
attribution (v, type t) is a typed object. It denotes a variable with type t.
« Abstraction. If v is a basic object variable and t, A are typed objects, then
binding (lambda, attribution (v, type t), A) is a typed object.
* Application. If F and A are typed objects, then application (F, A) is a typed
object.
» Function Space. If t and u are typed objects, and v is a basic object
variable, then binding (PiType, attribution (v, type t), u) is typed object.
It represents the type of functions mapping an argument v of type t to a
result of type u.
Adding applicative syntax and semantics substantially increases the expressive-
ness of the XML data model. For this data model a declarative query language (ele-
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ment calculus)l is developed [17]. We can combine the possibility of the applicative
programming with element calculus to give very complex integrity constraints on the
global schema level. The necessity to give such integrity constraints is arised as the
data at the sources may not satisfy the constraints of the global schema. The consi-
dered approach of constructing AMN semantics for the algebraic model of XDM is
based on the following definitions [18, 19]:

Definition 1 We say that S is a schema, if S = (name, type?, f) or S = (name,
typeOp(S; , S,, ..., So), ), and S; is a schema®, where typeOp € {sequence, choice,
ally, fe {2, *, +, 1L}, 1<i<n.

Definition 2 The element s of schema S is a finite collection of mappings
S — domain(firstComp(S))xdomain(secondComp(S));
if secondComp(S) = typeOp(S, , S, , ...,S,) then the following constraint should be hold

for all e € s: e[Sj ] € domain(Sj), 1<i<n.

The f irstComp, secondComp, domain functions have an obvious semantics in the pre-
vious definition. Notice that

domain(secondComp(S)) = (if secondComp(S) = atomictype then valSet(atomictype)
else U "i.;domain(Sj))

Definition 3 Let R and Q be elements schemas. We say that R and Q are similar®, if
secondComp(R) = atomictypel, secondComp(Q) = atomictype2, and atomictypel =
atomictype2, or secondComp(R) = typeOp(R;, R,,..., R,), secondComp(Q) =

typeOp(Q; , Qa, ..., Qn), and R;, Q; are similar, 1<i<n.
Definition 4 Let R and Q be elements schemas. We say that R is subschema of Q (R €

Q), if firstComp(R) = namel, secondC omp(R) = atomictypel, firstComp(Q) = name2,
secondComp(Q) = atomictype2, and namel = name2, atomictypel = atomictype2, or
f irstComp(R) = namel, secondComp(R) = typeOp(R, , R, ..., Ry, f irstC omp(Q) =

name2, secondComp(Q) = typeOp(Ql , Qz, Qm), and namel = name2, and Vi €

! The detailed discussion of the query language of the mediator is beyond the topic of this paper.

2 Atomic type or function type.

® The attributes are not considered for simplicity.

N sequence, choice, all have similar semantics as in XML Schema.

5 ?, ¥, + have similar semantics as in XML, a L following an object means that the object may
occur exactly one time.

® This is an analog concept for the union compatibility of the relational algebra.
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[1,k] 2j € [1, m]thatRj € Qj.

Definition 5 Let r and q be elements with R and Q similar schemas correspondingly’.
Let us say that r and q are equal, if secondComp(R) = secondComp(Q) = atomictype,
and content(r) = content(q), or secondComp(R) = typeOp(R, , R, ..., R,),

secondComp(Q) = typeOp(Q,, Q,, ..., Q,):

a) typeOp = sequence, vi €[1, n] firstC omp(R;) = firstC omp(Q;), and r; and g; are
equal elments with similar schemas Rj and Qj correspondingly;

b) typeOp = all, vi €[1, n] 3j €[1, n] firstComp(R;) = firstComp(Q;), and r; and g
are equal elements with similar schemas Ri and Qj correspondingly;

¢) typeOp = choice, there is a unique i €[1, n] such that the following holds for some
unique j €[1, n]: firstComp(R;) = firstComp(Q; ), and r; and g; are equal elments with
similar schemas R; and Q; correspondingly.

Element Algebra. The semantics of operations of the relational algebra is redefined to di-
rectly apply the standard algebraic operations to xdm-elements. Let us define concatena-
tion of r =<namer, r,, r,, ..., r,>and q = < nameq, g, 0, , d,, > elements as follows:

rifga=<rila,ry,r, ..., o0y, o s Oy >

Below is considered a brief description of basic operations of element algebra.
Set-theoretic operations. In definition of set-theoretic operations union, intersection
and difference it is assumed that schemas of operands are similar. Let r and q be ele-
ments with R and Q similar schemas correspondingly®. The union, intersection and
difference of r and g elements are the elements defined as follows:
ruq=<ruvq, (tltervteaq) >
rng=<rnaq, tffterAateq, >
r—q=<r—gq, tlteratel/qy >

Cartesian Product. Let r and g be the elements with R and Q schemas corresponding-
ly. The Cartesian product of r and q elements is an element defined as follows:

rxqg=<rxaq, (t|]|s|terAaseq >

"Without loss of generality it is assumed that an element schema is a pair of the following type
<name, type>.

& We will use () to signify a multiset, { } to denote a set, while [] symbolizes a list.
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Selection. Let r be an element with schema R, and P be a predicate. The result of oper-
ation of selection from r by P is an element defined as follows:

op () =<0, (r), (tfterAP(t) >

Projection. Let r be an element with schema R and 7, (r) be a projection operation,
where L is a list of elements. For simplicity letus assume L=[A,E—> Z, X—=> Y ] (A,

X € R), then the result of the projection operation is an element defined as follows:

7 (r) =<z (r), (< name, t[A] || 2) It[Y]>te rAY=XA Z:=E) >

Duplicate Elimination. Let r be an element with R schema. The result of a duplicate
elimination operation is an element defined as follows:

o(r) =<4(n), {t|te r} >

Natural Joins. Let r and g be elements with R and Q schemas correspondingly, such
thatR € Qand Q £ Rand R n Q = J. The natural join of r and q elements is an
element defined as follows:

roag=<rp<iq,t|[s[L]|te rAse qAt[L]=s[L]) > whereL=R n Q,
L=Q-1L

Theta Joins. Let r and g be elements with R and Q schemas correspondingly and P be
a predicate. The theta join of r and g elements is an element defined as follows:

r<ipq=<ri<pq, (t||s|terAse qAP(]s)) >

Division. Let r and g be elements with R and Q schemas correspondingly, Q SR, and

L =R — Q. The result of r divide by q operation is an element defined as follows:

r-q=<r+q,{tiL]lte r A (Vs e q){t[L]||[s€ N} >

Grouping. Let r be an element with schema R and y (r) be a grouping operation,
where L is a list of elements. For simplicity let us assume L =[A,f(B) - C] (A,B €
R, f € {min, max, sum, count, average}), then the result of the grouping operation is an
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element defined as follows:

y () =<y (), {tIA] lIs|t € r A s =<C, f (w5 (0pcgey (1)) >} >
Notice that our algebra includes the conventional aggregation functions as

well. More detail description of operations of element algebra can be found in
[18,19]. Finally, our algebra is closed with respect to the element [18, 19].

2.2 AMN: A formal language of specification

AMN is a state-oriented formalism for software development which consists of
the following notations: the logical notation, the basic set notation, the relational nota-
tion, the mathematical object notation, and the generalized substitution notation. In the
frame of AMN specifications, refinements and implementations are presented as ab-
stract machines. AMN allows to define a context of global constraints, given con-
stants, abstract sets (their properties), a list of state variables and operations on them,
the latter having optional preconditions, parameters and results. Operations of abstract
machines are based on generalized substitutions describing the conversions between
states of the system. Each generalized substitution S is defined as a predicate trans-
former which transforms a postcondition R into the weakest precondition that guaran-
tees the preservation of R after the operation execution. The information defining the
state of a machine is contained in local variables, and general constraint about the
state of a machine can be expressed by a proposition called invariant. The key concept
of AMN is refinement which is formalized by means of so-called proof obligations.
Finally, large software development is supported by using several composition me-
chanisms, i.e. SEES, USES, INCLUDES, EXTENDS. They give different access pri-
vileges to the operations or to the local variables of an external machine. The syntax
for the abstract machine is as follows:

MACHINE MachineDeclaration
USES MachineList

SEES MachineList

INCLUDES InstantiatedMachineList
EXTENDS InstantiatedMachineList
SETS SetList

CONSTANTS ConstantList
PROPERTIES Predicate
VARIABLES VariableList
INVARIANTS Predicate
INITIALISATION Substitution
OPERATIONS OperationList

END
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Refinement is defined as follows:

REFINEMENT r
REFINES m

SEES sm

INCLUDES im

SETS s
CONSTANTS ¢
PROPERTIES P (s, ¢)
VARIABLES x
INVARIANTS 1(X)
INITIALISATION S
OPERATIONS O;; O,; .., O
END

n

Let us consider how the formalized machine M refines machine N in AMN:

REFINEMENT M REFINEMENT N
REFINES N REFINES K
CONSTANTSc,, CONSTANTS ¢,
PROPERTIES P,, PROPERTIES P,
VARIABLES v VARIABLES w
INVARIANTS I, INVARIANTS I
INITIALISATION Init,\,I INITIALISATION InitN
OPERATIONS OPERATIONS
y «0op(x) = y <= 0p(x) =

PRE P F€opm PRE P reop N

THEN Def,,,, THEN Def,

END END
END END

We say that M refines N if it holds the following proof obligations:

* There is a unified state of M and N satisfying the invariants M and N.
Pu APy =3(v,w) «(l, Al

« Initialization M refines the initialization N.
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Pu APy = [Inity, I-([Inity]-1,,)
* Operations M refines the operations N.

Pu APy Aly Al APTE =

Pre,, v A[Defy, {y =y}~ ([Defop,u I-(In Ay =Y))

3. Kernel extension principle

The canonical model must be extensible. The extension of the canonical model
is formed by consideration of each new data model by adding new symbols (construc-
tions) to its DDL to define logical data dependencies of the source model in terms of
the target model if necessary. In XDM symbols are used for data models concepts re-
presentation. The extension result must be equivalent to the source data model. To
apply a concept on the canonical model level the following rule is proposed:

Concept < Symbol ContextDefinition

For example, to support the concepts of referential integrity and keys of rela-
tional data model, we have expanded the kernel with the following symbols: key,
unique, foreign key, constraint, on update, on delete, cascade, and set null. In general,
the kernel extension is reduced to introduce new symbols in so-called content dictio-
naries (XML document) of XDM and to define the context in which these symbols are
applied. It is essential that we use a computationally complete language to define the
context. Content dictionaries are used to assign informal and formal semantics to all
concepts used in the data models. As a result of this approach usage of new symbols in
the DDL does not lead to change DDL parser’s.

4. AMN formalization of data models

In the frame of our approach to information integration data models and
mappings between them are considered as instances of the metamodel. In other
words, AMN formalism is used to define concepts of data models. For each data
model some abstract machine (or abstract machines hierarchy), which represents
AMN semantics for that model®, is created. Abstract machine Mch,, for a data
model M should be constructed so that the set of schemas in model M is in a bi-
jection with the set of acceptable states of machine Mch,,, constrained by its inva-
riant 1,,, Mapping a source model into a target one is reduced to modeling the

® Without loss of generality, in order to visual simplicity, we will use pseudo-AMN for defining
AMN semantics for data models.
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target model concepts by means of the source model concepts. For this purpose
we construct an AMN machine which extends AMN machine for source model
and refines AMN machine the target model.

4.1 Formalization Principles

We suggest the following principles for AMN formalization data models:
e Basic concepts of data models are formalized by using AMN type system;

e Complex concepts of data models are formalized by using AMN ma-

chines.

To define AMN semantics of data models we should first formalize basic con-
cepts of these models. Let us consider formalization of basic concepts of relational
and XDM data models by means of AMN types system. Below we present formaliza-
tion of basic concepts of relational data model, namely relation schema and relation. A
relation schema is characterized by a finite set of attributes and constraints which is
defined on this schema. Examples of constraints are: key, foreign key, constraints on
attributes, etc. In this context we offer the following formalization of relation schema
concept by means of AMN type system:

RelationSchemaType = struct(
attrset : P(String x AtomicT ype),

key : P(String),
foreignkey : struct(
attrset : P(String),
referencing : struct(
name : String,
attrset : P(String))),
constraint : Boolean

Here and further, a set of atomic types (for instance, integer, string, etc.) is
designated by means of AtomicType. Let R be a relation schema. A relation on
relation schema R is a finite set of tuples. A relation is characterized by a name,
with schema and a mapping. The following formalization of relation concept by
means of AMN type system is offered:

RelationType = struct(
name : string,
schema : RelationSchemaType,

relation : P(x ran(s))

SERelationSchemaType atterset
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Now we define basic concepts of XDM data model namely, schema and ele-
ment. A schema is characterized by a quintuple: name (name of element), image
(name of source model databases), typingop (constructor of element), content (element
content definition) and frequency (element frequency). The considered formalization
of schema concept by means of AMN type system a recursive definition of this con-
cept is assumed:

SchemaType = struct(
name : string,
image : string,
typingop : {sequence, choice, all, none},
content : AtomicType x F requency |
seq(String x SchemaType x F requency)
frequency : F requency

Here and further:
Frequency = {?,*,+, L}

An element is characterized by with schema and a mapping according to defini-
tions 1 and 2 (see Section 2). The considered formalization of element concept by
means of AMN type system is as follows:

ElementType = struct(
schema : SchemaT ype,
element : P(SchemaType)
);
Second principle is supposed to define concepts of database schema, databases
and operations by means of AMN machines.

4.2 AMN Machine for Relational Data Model

State of this machine is defined by means of two variables: rdbs (schema of
relational database) and rdb (relational database). The values of these variables
can be relational database schemas and relational databases, respectively. The
invariant section defines the general property of the machine. In this case it states
that rdbs is a subset of the relational database schema, and rdb is a subset of the
relational database such that for each s € rdbs there is a r € rdb such that r is a relation
on s and satisfies constraints. We consider the following kinds of constraints: key con-
straints, foreign key constraints and constraints on tuples. In the operation section
we offer formalization of operations of relational algebra. By means of these op-
erations we can change state of our machine. As relational database is an instance
of this machine, therefore by means of these operations we can change state of
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relational database. In the initialisation section the rdbs and rdb variables are in-
itialized with schema of relational database and relational database correspon-
dingly. AMN machine for relational data model is defined as follows:

MACHINE
RelationalDataModel
VARIABLES
rdbs, rdb
INVARIANT

rdbs € P(RelationSchemaType) A rdb € P(RelationType) A (Vs € rdbs
A3r e rdb A r.schema.attrset=s A Va € r.schema.attrset A dom(a) €
ran(a) A r.schema.key € dom(r.schema.attrset) A constraint €
P(dom(r.schema.attrset)) — Boolean A (Vr, € rdb A 3r, € rdb A
r,.schema.foreignkey.attrset= @ A

r,.schema.foreignkey.referencing.name = r,.name A
r,.schema.key.attrset = r,.schema.foreignkey.attrset)

INITIALISATION
rdbs, rdb .= {.},{..}
OPERATIONS
res < RelationalUnion(r,,r,) =
PRE
r, €rdb A r, € rdb A unioncompability(r,.schema, r,.schema)
THEN
res := rec(schema : r;.schema, relation : r,.relation v r,.relation)

END
END

In the operation section the definition union operation of relational algebra is
considered. Predicate unioncompabilty holds if r, and r, are union-compatible.

The rest operations of relational algebra are defined similarly.

4.3 AMN Machine for XDM

As in case with AMN machine for relational data model, state of this ma-
chine is defined by means of two variables: xdbs (schema of XDM database) and
xdb (XDM database). The values of these variables can be an XDM database
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schemas and an XDM databases, respectively. The invariant section is defined
similarly as in case relational data model. In this case it states that xdbs is a sub-
set of the XDM database schema, and xdb is a subset of the XDM database such that
for each s € xdbs there is an e € xdb such that e is an element on s. In the operation
section we offer formalization of operations of element algebra. By means of these
operations we can change state of XDM database. The initialisation section is inter-
preted similarity as in the case of AMN machine for relational data model. By means
of AMN machine we offer the following formalization for XDM:

MACHINE
XDM

VARIABLES
xdbs, xdb

INVARIANT

xdbs € P(SchemaT ype) A

xdb € P(ElementT ype) A (Vs € xdbs A Je € xdb A

identically(e.schema, s.schema)
INITIALISATION
xdbs, xdb := {..},{.}

OPERATIONS
res < XDMUnion(e,,e,) =
PRE
e, exdb Ae, exdb A similar(e,.schema, e,.schema)
THEN

res := rec(schema : e;.schema @ e,.schema,
element : e;.element U e,.element)

END
END
The considered predicate identically in the invariant section is held if sche-

mas of elements e and s are identically equal. The semantics of the predicate simi-
lar used in the operation X DMUnion is based on the definition 3 (see Section 2).

4.4 AMN Representation of the Canonical Model

Let the abstract machine MchT for the canonical model, and machine Mchg
for the source model be constructed. We extend the canonical model via machine
EXtg, containing concepts of the source model that are new to the target model.
These concepts are expressed as sets and constants of machine Extg;. Below we
present AMN-schemes of source and target models:
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MACHINE Mch, MACHINE Mchg

SETS Sets; SETS Setsg
CONSTANTS Const, CONSTANTS Const
PROPERTIES P, PROPERTIES P
VARIABLES V ar VARIABLES Varg
INITIALISATION Init,  INITIALISATION Init;
INVARIANT I INVARIANT I
OPERATIONS Op,. OPERATIONS Op;
END END

The following AMN-scheme is considered for extension of the canonical
model:

MACHINE Extg
EXTENDS Mch;
SETS Setsg;
CONSTANTS Constg
PROPERTIES Pg
END

4.5 Refinement of the Canonical Model

Let corresponding abstract machines Mchs and MchT be constructed for
the source model Mg and the canonical model MT already. In the frame of our
approach to information integration to prove correctness of mapping from source
model into canonical model we construct an AMN machine which extends AMN
machine for source model and refines the canonical model. In the invariant sec-
tion of this machine we define conditions of correspondence of schemas of source
and canonical models. In the operation section of the considered machine by means
of operations of source model algebra we are modeling operations of element al-
gebra. Below we present AMN-scheme for this machine:

REFINEMENT Extg Ref
REFINES Extg,
EXTENDS Mchg

INVARIANT I,
OPERATIONS Opg
END

Now, if the conditions of proof obligations are satisfied for this refinement,
we can conclude that the AMN semantics of the source model represents a refine-
ment of the AMN semantics of the target model. Thus, the correctness of mapping
is proved.
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4.6 Relational Refinement of the Canonical Model

In this section, without loss of generality it is assumed that in the frame of
the canonical model for building compound types we use type constructor se-
guence and consider the relational refinement of kernel of canonical model. Be-
sides of variables of RelationalDataM odelM achine we use yet three variables for
defining state of this machine. In the invariant section we are defining semantics of
these variables and conditions of correspondence of relational and canonical sche-
mas. AMN machine for relational refinement of canonical model is defined as fol-
lows:

REFINEMENT XDMRef
REFINES XDM
EXTENDS RelationalDataM odel
VARIABLES
rrefl, rref2, resref
INVARIANT
rrefl € rdb A rref2 € rdb A resref € rdb A Vs € xdbs A s.image =
“rdbs"A 3r € rdb A s.name = r.name A (s.typing= none A
card(r.schema.attrset) = 1 A dom(s.content) =dom(r.schema.attrset)
A ran(s.content) =L V s.typing = sequence A card(r.schema.attrset)
= size(s.content) A s.schema.frequency =1 A Vi € [1,size(s.content)]
A Ja € r.schema.attrset A dom(a) = dom(dom(s.content(i))) A ran(a)
= ran(dom(s.content))) A s.frequency =1
OPERATIONS
res <~ XDMUnion(e,,e,) =
PRE
e, €xdb A e, € xdb A
issimilar(e;.schema, e,.schema)
THEN
rrefl:=e, || rref2 :=¢,
resref := RelationalUnion(rrefl, rref2)
res := resref
END

END

In the operation section we model the semantics of operation union of element
algebra by means of analogous operation of relational algebra and assignment op-
erations. It is assumed to define the transformation rules of element to relation

and vice versa by means of AMN-program. Analogously we can model the rest
operations of element algebra.
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5. Conclusion

In the frame of an approach to information integration an extensible ca-
nonical model is created. The kernel of this model is the algebraic model of an
advanced XML data model. The considered XML data model is a result of exten-
sion of the conventional XML data model by means of the applicative syntax and
semantics which substantially increases the expressiveness of the XML data mod-
el. In order to create the justifiable data model mapping for heterogeneous databas-
es integration, concept of data model has been formalized by means of the AMN
formalism. We are using AMN formalism as a metamodel. Data models and map-
pings between them are considered as instances of the metamodel. AMN formalism
allowed to define the model-theoretic specifications in the first order logics and to
prove the fact of specification refinement. The canonical model by means of a hie-
rarchy of abstract machines is represented. In the top level abstract machine AMN
semantics for XDM has been defined. By means of rest abstract machines in this
hierarchy we define AMN semantics for extensions of the canonical model. A prin-
ciple of kernel extension of canonical model is proposed. According to this principle
the canonical model is defined as kernel + {new concepts}. Mapping a source model
into target model is reduced to modeling the target model concepts by means of the
source model concepts. For this purpose we are construct an AMN machine which
extends AMN machine for source model and refines AMN machine the target
model. We offer formalization principles of basic and complex concepts of data
model. These concepts have been formalized by means of AMN type system and
AMN machine correspondingly. For each source model we create a reversible
mapping into an extension of the canonical model. The B-technology is used to
prove that the AMN semantics of the source model represents a refinement of the
AMN semantics of the extended canonical model. Hereby, the correctness of map-
ping and the ability to use extended canonical model for representation the source
model schemas are proved. AMN-machines for the canonical and relational data
models and relational refinement of the canonical model have been created.
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KAHOHHUYECKAS MOJAEJIb: ®OPMAJIBHAA CEMAHTHUKA

M. ManyksiH

AHHOTANUS

B pamkax mogxona K MHTErpauy HHPOPMALIMHU IIOCTPOCHA pacIIupsieMast
KaHOHWYECKasg MOJAeTb NaHHBIX. [IpemmoskeHpl MPUHIUIBI PACIINpPEHUS
saapa kaHoHH4Yeckoi momenu u AMN-popmanu3amm Moaenei TaHHBIX.
Ioctpoerst AMN-MamiHbI 11 KAHOHHYIECKOH M PEISIIMOHHON MOJEIH
JAHHBIX, a TaK)Ke PEIAIHOHHOE YTOYHEHHE KAaHOHHYECKOH MOJENN JaH-
Heix. C ucnoap3oBaHueM B-TexHosjoruu mokaseiBaercs, uto AMN ce-
MaHTHKA UCXOJHOW MOJICIH JJAHHKIX sBIsICTCS yrouHeHrneM AMN ceMaH-
THUKU PACIIMPEHHOTO spa, 4eM 00OCHOBBIBACTCS KOPPEKTHOCTH 0TOOpa-
JKCHHS M BO3MOXKHOCTH HCIIOJIb30BAHUS PACHIMPEHHOTO sApa Ui MPe-
CTaBJIEHHs CXeM 0a3 JaHHBIX.

quuNLUalUL UNYEL. SNCUUL UBUULSPUU

U. Uwtnijjut

uvonoenkU

bPudnpuwughuyh htntigpdw vh dninbkgdwi spowtiwlynid junnig-
Jb1 E wdyuubtph punguydnn juitntwjut dogl): Unwewplyl) tu
Juintwub dnnkih Ynphgh punguydwt b wdjuutph dnpkjubph
AMN-pnpUwhqughwjh uljgpniiptiipp: Ywnnigyty Lt AMN-Utpt-
twbbkp Juintwlwb b pkjughnt dnpkjukph, htyyku twb Jutn-
twlwhb dnnkjh phjughnt dogpuniwt hwdwp: Oquiuqnpsting B-
wnbkutnnghw wywgnigyk) £, np wdjuubiph wnpmnip dnnkjh AMN
ubdwnplub puyuyJuws Ynphgh vbdwbnhljuyh dogpuinudu E,
husny hhdtwynpynud E wpnwyuwnljbipdwt §nnkjunnipmniop b
punuyudws Ynphgh ogrnugnpsdwt htwpwynpnipniup wnyju) k-
h puqubkph vpubdwttp ubpuwyugubint hwdwp:
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METO UHTEPBAJIBHOI'O JIOI'HYECKOI'O
MOJAEJHNPOBAHUSA HUDPPOBbLIX CXEM
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AHHOTAIHUA

PaccmatpuBaercs Momenb Ul pacdeTa W OLEHKH BO3MOXKHBIX OIIHOOK
paboTHI OOJBIINX MHTETPABHBIX CXEM Ha JIOTHYECKOM YPOBHE IPOCKTH-
POBaHUS C YIETOM BPEMEHHBIX MapaMeTPOB JIOTUYECKUX AJIEMEHTOB. Tak
KaKk B pealbHBIX CXEMaX OJIMHAKOBBIC JIOTHYECKHUE HJIEMEHTHI MOTYT
UMETh pa3Hble BpPEMEHHBIC MapaMeTphl, A KaXXAoro Oepercs He KOH-
KpeTHOE 3Ha4yeHHe, a MHTEpPBal, B KOTOPOM OHO MOXET BapbHUpPOBATh.
Moens obecrieurnBacT BEICOKYO CKOPOCTh PAacueTOB U TEM CaMbIM IpPH-
roJiHa JUIsl pacueTa TeCTOBBIX HAOOPOB U HAXOXKIEHUS OMMOOK BO BpEeMst
MIPOEKTHPOBAHMUS CXEM.

KiroueBble ci10Ba: JIOTHIECKOE MOICTHPOBAHUE, IIHU(PPOBHIE CXEMBI, HH-
TepBaJIbHOE MOJCTHPOBaHHUE.

BBenenune

ITpu MonenupoBaHUN COBpeMEHHBIX MHTEerpaibHbIX cxeM (MC) mosBnsieTcs He-
00X0IUMOCTh Y4eTa 3aJepXKEK B DJIEMEHTAX.

Moenb, npenjioxeHHas B padorax [1, 2] He yUYUTBIBAET, YTO HapaMeTPhl IKBH-
BaJICHTHBIX 3JIEMEHTOB MOTYT BapbHUpOBaTh B KAKOM-TO MHTEpBaie. Takxke HE yUYUTHI-
BAeTCA, YTO BO BpeMs pabOThl BHYTPEHHUE M BHELIHHE (PaKTOPbl MOTYT IMPUHECTH K
pa3dpocy BpeMEeHHbIX TapaMeTPOB CXEMBI.

B pabotax [3—6] omuchIBaeTCs METOJ] HHTEPBAIHLHOTO MOJEIUPOBAaHUS, KOTO-
pBIi B COCTOSTHUM YYUTHIBATh BapHAIMIO BPEMEHHBIX MTapaMeTPOB CXEMbI, OJTHAKO UT-
HOPHUPYIOTCS TIEPEKITIOUEHUS] BXOIHOTO CHUTHAJA, KOTOpbIE HE MPUBOAAT K TOJTHOMY
cpabaTBIBaHUIO Ha BBIXOJE M3 dJeMeHTa. Takoe mpuOImKeHne HETOYHOE HpU OBICT-
PBIX IEPEKITIOYEHHUAX CXEMBI.

[Ipennoxxennas B gaHHOH pabore MOAMGHUIMPOBAHHAS MHTEpPBAJIbHAS MOJEIb
NPOEKTHPOBAHMS 1a€T BO3MOKHOCTh y4eTa pa30poca BpEMEHHBIX IapaMETPOB CXEMBI
Y YUUTHIBAET HEMOJHBIE CpabaTHIBAaHUS.
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O Mopenu

[IpennaraeTcst 3aMEHUTD JOTUYECKYIO MOZeTb (JIM) Ha SKBUBAJIICHTHYIO CXEMY,
COCTOSIIIYIO U3 MoJeNneit toruueckux annementos (MJIJ). MJID coctout u3 AByX yac-
Teit: 61oka noruku u uHepionnoctu [1]. Ctpykrypa MJID noka3ana Ha puc. 1.

U%qu —> U
EHOK BblX; QﬁbLX
U,,Q., =™ Jloruxu Brnok Unepuuon-  [|=—> LS
:> HOCTHU
........ U. Q.
U éx, ngn I::> n n

Puc. 1. MJID npencrasnsercs B BiIe KOMOWHAIIUY OJIOKA JIOTUKU U
0JI0Ka UHEPIIUOHHOCTH.

bnok noruku peanusyeT JOTUKy 3yeMeHTa 0e3 yuera 3aaepskek. biok unepuu-
OHHOCTH MOZEJTHPYET 3aACPKKY dJIeMEHTa. 3aMETHM, YTO B POJIM JIOTUYECKOTO 3Je-
MEHTa MpH TaKOM IPEICTaBICHUH MOXKET UTPaTh KaK CTAHAAPTHBIN JOTMYECKU BEH-
tuns (U, WIW, U-HE u T.71.), Tak 1 KOMIUICKCHBIHN 3JIEMEHT.

Hudposoii ¢parMeHT, KOTOPHIH UMeeT OOJbIIe OJHOTO BBIXONA, MU HUMEET
pa3Hble MHEPLHMOHHBIC CBOWCTBA IO OTHOLICHHIO K Pa3HbIM BXOAHBIM CUTHAJIAM,
MOKHO 3aMEHUTh KOMOWHaIWel u3 Bhile npuBeaeHHbpx MJID. Hanpumep, pparment
CXEMBI C IBYMsI BBIXOJIAMH MOKHO 3aMeHHTh AByMsI MJID ¢ onHUM BBIXOIOM, KaK I10-
Ka3aHo Ha puc 2.

QJ ox QI BBIX QIBX H9
J‘[3 ( ) OIEHX
O OZBbLY
QZ BY QZ BBIX QZ ax H3 ( )

Puc. 2. JID ¢ nByMs BBIXOJaMH 3aMEHSETCSI ABYMs OAMHAKOBBIMHU JID ¢ ogHUM
BBIXOJIOM.

B8blX

Ha puc. 1 u3 Gnoka uHepimonHoCcTH BeIxogaT 2 curtanaQ” u Q. Q. -

CUTHAJI, TpuHUMarontuii a8a 3HadeHus (0 u 1), KOTOpbIi TaeTcss Ha BXO CIICTYIOIIETO

H

OJICMCHTA. — CUrHal, HOI[aBaCMLIfI Ha aHAJIOTrOBBIA BXOJ NPUHHUMACT 3HAYCHUA

6bIX

n3 untepsana [0,1].
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H
6blX

Ha ocHoBe curnana Q" HampspkeHHE Ha BBIXO.C wa OTpenemseTCs Clie-

JYIOIIUM 00pa3oM:

U, =Um+ur=-—umrmaq: (1)

8bIX 6bix !

roe UM 1 U™ cOOTBETCTBEHHO MHHMMAIBHOE M MAKCHMAIBHOE BO3MOXHOE 3Ha-

B8bIX

YCHHEC HAIIPSXKCHUA Ha BBIXOIC.

Buaok goruku MJID

brox moruku Bemer ceds xak JID, KOTOPBIH OH MOAETUPYET, HO C HYJIEBOH 3a-
Iep>kkoi. B paMkax mMojenn Ha BXOJ 0J10Ka JIOTHKH TOIAt0TCs TONBKO 3HadeHus O 1 1

(06bruno 3Hauenne Q  mpenbLIyIIEro saeMeHTa). B HEM NpOMCXOIUT pacdeT 3Ha-

6bIX
yeHusi OyneBod (yHKuuMu JIJ, KOTOpHI MOMEHTAJIbHO MOAAETCSI Ha BXOA OJIOKY
WHEPIMOHHOCTH.

Baok unepuuonsocrtu MJIJ

B 0110ke MHEPIIMOHHOCTH HA OCHOBE OYJIEBOTO 3HAYCHUS, IIOJTYYCHHOTO B OJIOKE
JIOTUKU U BHYTPCHHUX IMapaMCTPOB .H9 IMMOJIY4YCHHBIX OIIBITHBIM IIYTEM, MOACIHUPYCTCS
3a/IepXKKa CHrHaa.

BJ10K MHEPIIMOHHOCTH XapaKTePU3YeTCs CIACAYIOIIUMU BPEMEHHBIMU ITapaMeT-

pamm: At u At .
At — oTpe3ok BpeMEeHH MKy Ha4yaloM H3MEHEHHsS CUTHajla Ha BXOJE U Ha-

HaJIOM M3MCHCHHA Ha BBIXOJC. B paMKax HpI/I6J'II/I>K6HI/IH 6y,[[eM TAaKXX€ CUUTATb, 4YTO
MHUHHUMAaJIbHAaA NPOAOJKUTECIBHOCThE BXOJHOI'O CUTHaJIa, IIPpU KOTOPOM Ha6JHOI[aeTC$I

M3MEHEHHE Ha BBIXOJIE, TakKe paBHseTcs At .
At, — Bpems MeX/y Ha4aIOM H3MCHCHHS CHIHAJA HA BXOJIC U YCTaHABIMBAHH-

€M Ha BBIXOJEC. B paMKax HpI/I6HI/I)KeHI/I$I 6}/):[eM TaKXXC CUHuTaTb, YTO MHUHHMAJIbHasA
IMPOAOJDKUTCIIBHOCTE BXOAHOI'O CUI'HAJIAa, IPHU KOTOPOM HNPOUCXOAUT ITOJTHOC CpaGaTBI-

BaHME, Ha BBIXO/IC TAK)Ke PaBHsCTCA AL, .
3nauenns At u At, npu nepexoge ¢ 0B 1 nc 1 B0 B 06mem ciyuae MOryT He
0L A+10
coBmajaTh. B cBA3M ¢ 5TMM BBeJEM COOTBETCTByIOIIME oOo3HayeHus: At ~,At",
01 A410
At At
BpeMeHHbIe TapaMeTpbl OAMHAKOBHIX JID Ha NMpakTHKE MOTYT BapbHPOBATh.

YroObl yuuTHIBaTh JaHHBIA (akT OyaeMm paccMaTpuBaTh HE KOHKPETHBIE 3HAUCHMS
napamMeTpoB, a HHTEPBAJIbI, B KOTOPHIX OHM MOTYT BapbHpOBaTh. MUHMMANbHOE 3HA-
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YCHHUC ITapaMcTpa 0603Han/IM HTPUXOM, a MAKCUMAJIBHOC ABYMS HITPpHUXaMU. Haan—
101 n01l
mep (At AL

B mMoaenu npennonaraercs, 4ro:
m?sm?sm?sm?nm?SM?sm?SM?. 2)

BJI0K MHEPIIMOHHOCTH MOXKET HAXOAUTHCS B OTHOM U3 CICIYIOIINX COCTOSTHHIA:

1. YcranoBuBuIeecsi cocrosinne. Bece MHEPITHOHHBIE MTPOIECCHl 3aKOHYMITHCH,
1 OJIOK HAXOJUTCS B CTAI[HIOHAPHOM COCTOSIHUH.

2. OnquHOYHOe BO30Y:KAeHue. bjoKk MHEPIIMOHHOCTH HAXOJWTCS B OJMHOYHOM
BO30Y’)KICHHUH, €CJIM OH HAXOJMIICS B YCTAHOBHUBIIIEMCSI COCTOSTHUU M 3HAYCHHE CUTHAIIA
Ha BBIXOJIC U3 JIOTHYECKOTO OJI0Ka U3MEHMIIOCH. ECITH HOBBIX M3MEHEHHI B JIOTHYECKOM
6110ke He Oyzert, To Yepes BpeMst Al OIsITh HACTYIUT YCTAHOBHUBILICECS: COCTOSHUE.

3. CocTosiHMEe CyMMHUPOBaHHs BO30YyxkIeHus. bIOK TepexoauT B COCTOSIHHE
CYMMHpPOBaHUsI BO30Y)XIECHHUS, €CIM OH HAXOOWICS B OAMHOYHOM BO30YXICHHU U
3HA4YEHUE CUTHANIA B OJIOKE JIOTUKH U3MEHHUIIOCH.

Boautcs mepemenHass Q, MMHTHpYIOLIas BHYTPEHHEE COCTOSIHHE CHCTEMBL.
=1wm Q,, =0.

CHayasna pacCMOTPHUM IOBEACHHE 0JIOKa MHEPIIMOHHOCTH B CIIydae OINpeIe/iCH-

IIpu ycranoBusiiemcs cocrosiuun Q

6H

01 10
HOT'O 3Ha4€HHs BPEMEHHBIX MTapaMeTpOB (A’[iJl , Atio , Aty ,Aty OTpecICHHBIE YHCIA,

a HEe WHTEPBAJIBI).

OnuHoO4YHOE BO30YKIeHHE

HYCTI) tO MOMCHT II€pexoaa OJIOKa B COCTOSTHUE OJWMHOYHOI'O B036y)K,E[6HI/I$I, a

t o MOMCHT MOJCIMPOBaHMA.

MO
Pagu onpenenennoctu Oynem paccmarpuaTh nepexon ¢ 0 B 1. {ist oOpaTHOTO
Mepexo/ia BCe PaCCUUTHIBACTCS aHAJIOTMYHO.
CocrosiHuEe OAMHOYHOTO BO30YKICHHUS pasaessieTcs Ha JBe CTaluu:

Lty <t , <t =t +At";
2.t <t St =ty + AL

B pamkax mpuOmmkeHust cumTaercs, 4to msmeHennme QB 06omx crammsx

MPOUCXOINT JInHEHHO. Ha prc. 3 mokasan mpoiiecc repexojia CurHaa Juis OJJHHOYHO-
ro nepexoja.e™ 0
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to1, to1,, t

Puc. 3. V3meHenne curHanoB IpyH N3MEHEHHUH 3HadeHus B Ooxe yorukn ¢ 0 B 1.
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o1
IMycts ®” 3HaueHuMe BHYTpeHHETo curHana B MoMeHT Bpemenn At . Toraa

CKOPOCTh HM3MEHEHMSI BHYTPEHHErO 3HAUEHMs CHTHAla B HMHTEPBAIAX BPEMEHH
o1 01 o401 ,

(t,,At,") u (At,",At]") cootBeTcTBeHHO paBHsETCS:

901
3101 = At ®)
u
1_ 601
gno 120 @)

01 01
Aty —At,
3aMeTHM, 4TO:

0" 20", (5)

MHokecTBEHHOE BO30Y:KIeHHe
C momorsio nporpamMmMbl SPICE 6pLTO SKCIIEpHIMEHTANBHO MTOKA3aHO, YTO €CIH
01 .
B WHTEpBaje BpeMEHHU (tO,AtH )nponcxoz{m OoOpaTHBIN Mepexo/l, TO MOMEHT Hadana
01
criazia IPOMCXOMUT MU B JAHHOM HHTEPBaJIe, WM 10 MOMeEHTa .

IMyctes Bpems unepuuu nepekiatoueHus — At. C moMonipr0 MoaeTUpoBaHUs Ha
SPICE umeewm:

It 01 01 01
AL = At -t
At(t") =0

(6)

to tH l'y tl

Puc. 4. 3aBucumocts Aty OT BPEMEHU U €T0 JIMHEeHHas alllIpOKCHMAIHsL.
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[IpuarMas TMHEHHYO aPOKCUMAIUIO (CM. pHC. 4), TOTyInM:
t, <t <A™
At o (At)" — At —t,) (7)
- At01

H

01 01
AL <t < AL

. 8
At=(t)' -t,) ®

Ecnu Bo BpeMA OJUHOYHOI'O BO36Y)KILCHI/I$I 3HAYCHUEC Ha BXOJC MCHJICTCA, TO
010K HUHCPIHUOHHOCTHU NEPEXOJUT B COCTOSIHNUC CYMMHUPOBAHUA BO36y)KI[€HI/I$I.

HYCTB tl MOMEHT U3MEHEHHS 3HAYEHUS B JOTHYSCKOM OJIOKE.

PaccmarpuBaeTcss nBa ciydas: HOBoe BO30YKICHHE HA4YajJoCh B MOMEHT
01 01 o1
<L <At u At <t <At’.

Caywaii 1: t, <t < At™

Ecmu MOMEHT Hayana 0oOpaTHOrO MEPEKIIOYEHHS MPOUCXOJUT 10 MOMEHTa
t, =t +At, 1o Ha BRIXOJE M3 OI0Ka He HabIrOaeTCs M3MEHeHus curnana. Iloaromy

BO3MOHBI Ba 1moaciay4das.

Moncayuaii 1.1 t, =t + At < At™.

MakcumansHoe 3HaueHne curuana Q. paBHsieTcs:
_qo
Qn =5 *(tz _to)- (9)

01
ITocne Touku t, cHrHAT HAYMHAET CTUXATh CO CKOPOCTBIO S, . Takum obpasom,

ecaM U3MEeHEHMH B joruyeckom Oyioke He OyneT, To OloK mHepuuu uepes Bpems 1,

NepeNIeT B yCTaHOBUBIIIEECS COCTOSTHHE.

m
L=t + %. (10)
2

= A o1
Ioacyuaii 1.2 t, =t +At>At".

1 1
CurHai 10 MOMEHTa tg YBCINYHBACTCA CO CKOPOCTBIO Slo , a II0CJIC 3TOro, Ha-
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01
YHHas CO 3Ha4YeHUst & CHUTHAJ pacTeT CO CKOPOCTHIO Sg '

Taxum 06p330M, MaKCUMaJIbHOC 3HAYCHUE CUT'HAJIAa B OTOM CJIydac PaBHACTCA:
01 01
Q. =0%"+57(t,-t,), (11)
raec tz MOMCHT MAaKCUMAJIbHOT'O 3HAUYCHUS CUTHAJIA U PABHACTCA:
t, =t +At. (12)

Ecni HOBBIX NEPEKITIOUEHH B JJOrH4YeckoM OJIoke He OyneT, To yepes Bpems i,

HACTAHCT YCTAaHOBUBHICECS COCTOSTHHUE.

Qn
t3 = t2 + @ (13)
2

Cayuaii 2:
Bo BTOpoM ciyuae umeeM t, = 1‘31. W3 popmyiel (8) BUIHO, YTO B OJI0KE HHEP-

01
IMUOHHOCTHU ITPOUCXOIUT ITOJTHOC Cpa6aTBIBaHI/Ie U B MOMCHT BPEMCHHU ty Ha4YWHACT

0OpaTHEI epexo/I.
H
6bIX

EYI[CM MOACIINPOBATH KaK II0JIHOC Cpa6aTBIBaHI/IC C IEpEX0JJ0M B MOMCHT

01
Bpemenu 1.

Y4er HHTEPBAJILHOIO XapaKTepa BPeMeHHbIX NapaMeTpoB
01 01 10 10 01 401 10 4410
Iycrs (At,™, AL, (A7, AL™), (AL, ALT) (AL, A7) untepsasi,
B KOTOPBIX MOXeT MeHathes 1, wu t,. Brokum wumepuum ¢ mnapamerpamu

{At: Ol,At;m,At;Ol,At;lo}H {A'[LOI,At:lO,At;Ol,At;m} IBe Kpaitnue ciydau. B mep-

BOM CJiydac€ CMI'HaJl HAUMHACT YBCIIMUMUBATHCA MEPBLIM, U HAYMHACT YMCHbLIIATHCA I10-
CJICIHUM U ABJIICTCA MAKCHUMAJIbHBIM BO3MOXHBIM CHUI'HAJIOM, 4@ BO BTOpPOM Cliy4dae
CUTHAJ HAYMHAET YMEHBIIATHCS MEPBBIM M YBEIMUYUBACTCS MOCICIHUM M SBISETCS
MUHUMAJIBHBIM BO3MO>KHBIM CUTHajoM. CJIe[JOBaTENbHO, pEAIbHBIM CUTHAN BCErzaa
OyzeT MeHbIIe WK PAaBHO MAaKCUMAaJIbHOMY KpaliHeMy CHTHally W OOJIbIIe MM PAaBHO
MHHHUMAJIBHOMY KpallHEMY CIIyYaro.

Kak BuanO u3 puc. 5 6, Ha Beixoge Q B HEKOTOPBIX MHTEpBaIaX BPEMEHH

B8blX

MOJKET TIOCTYIaTh KaK 3HadeHue, 1 Tak u 0.
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NSNS

Qﬁbl

v

Puc. 5. :Mx (@ u Q  one (0) JUIA IBYX KpalHHX CITydaes.

[Ipu pacuere BO3MOKHBIX 3HAUCHUN CHTHAja B IEMH, a HE B oTAeabHOM JIO,
PACCUUTHIBAOTCS MAKCUMANBbHBIA 1 MUHUMAJIBHBIN BO3MOKHBIE CUTHANBI U €CIIH OHU
OTJIMYAIOTCA, TO IJIsl pacyeTa MAaKCHUMaJbHOTO BO3MOXKHOTO CHTHaja CIEAYIOLIEro
arieMeHTa OepeTcs TOT, MPU KOTOPOM OJIOK JIOTHKH DIIEMEHTa JacT MaKCHMAlIbHOE
3HaueHue. Jlpyroe 3HaueHNE MPUMEHSETCS IS pacyeTa MUHUMAJIBHOT'O BO3MOXHOTO
curHana. Ecnu B Kakoi-TO MOMEHT 3HAYECHHSI HECKOJIBKHX BXOJOB MOTYT BapbHpPO-
BaTh, TO MAKCUMYM WM MHHUMYM HIIETCS CPEIIU BCEBO3MOMXKHBIX KOMOMHAIINH.

C moMomIpi0 BBIIIETIPUBEACHHON MOAETH BO3MOXHO JIIsl Kaxaoro JIO mudpo-
BOM CXEMBI OLIEHUTH HOTEHIIHAIbLHBIE OIIHOKH.

Ecmu muis kakoro-to JID XOTs OBl B OJTHOM W3 TPAaHUYHBIX CIy4aeB MpU U3MEHe-
HUMW 3HAYCHUS JIOTMYECKOro OJIoKa Mmepexoj]i B OJIOKE MHEPIIMOHHOCTH HE YCIIEBaeT
MIPOU30MTH, TO BO3HUKAET BEPOSITHOCTH OLIUOKH.

AL 4 AL7OL At'O 4 AL
t31 _ 2N "y 31 =% (mmst AtiOI/I At;o aHa-

JIOTUYHO), TIOJIYYMM HanOo0JIee BEPOSTHBIN CUTHAI Ha BBIXO/IE.
B MoMeHT BpeMeHH, Korjla MaKCUMalbHO U MUHUMAJIBHO BO3MOKHbBIE CUTHAJIbI

IMomo6pas A

COBITaAAarOT HA BbIXOJC, CUTHAJI OJHO3HAYCH. B ocTranpHBIX cirydasax erzx nu Q” MO-

B8blX

T'yT BApbUPOBATh.

CpaBHeHHe ¢ IPYTHMHU MOJEJISIMA

Ha ocnoBe onncanHoM MOACIN ObLIa HaIKCcaHa mnporpaMma 1 1nmpoBeiICHO CpaB-
HEHUEC C JPYTr'UMH MOACIIAMU.
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Hwxe npuBoautcs rpadvku y4acTka CUTHANA, T/Ie CPaBHEHHUE pa3HUIA PabOThHI
MoJ€elIeil HanboJIee 3Haunma.

Q

a) t
Q

6) t
0 - —

B) t

Puc. 6. CpaBHeHHE BBIXOJHBIX CUTHAIOB, JUIL: a) MpeajiaraeMasl MoJelb; 0) Mo-
JieNb TpeuiokeHHas B [1, 2]; B) mpocToe MHTEpBaIbHOE MOJICITUPOBAHKE

[3-6].

W3 puc. 6 BuaHbI pa3Huia padOThl U IPEUMYILECTBA MPEJIOKEHHOM Moeu. B
oTauure oT Mojeny [1, 2] oHa BBIZJaeT BO3MOXHBIE HHTEPBAJIbl BAPUPOBAHUS CUTHA-
ja u Oosiee TouHa. [IperMyliecTBa 1Mo CPaBHEHHUIO C MOJEIBIO [3—6] TOXKE XOpPOIIO
WLTIOCTPUPYETCS Ha puMepe. B Havalle MporucXoAuT HEMOIHOe NiepekitodeHne. Mo-
Jenb [3—6] He yYMTBIBAET, YTO IOCIE HETOJHOTO MEePEKIF0UYEeHUS TIEPeX0]] B CTAI[HO-
HapHOE COCTOsIHHE | Tpom30iIeT ObICTpee, YeM, eclii TiepeXxo;] HaunHaICs OBl CO cTa-
nuonapHoro cocrostaue 0. Tem caMbiM B Mojeiu 2 nenaercs Oosee rpyboe mpuOIiu-
KEHHE.

3aKkiIoueHue

[pemtoskena Moens sl pacyeTa CHTHANa M OLIEHKH 3aJIepXKeK JUIsl OOIBIITIX
WHTETPAIbHBIX CXEM B JIOTHYECKOM YPOBHE C YUETOM BapHAIlMii BPEMEHHBIX ITapameT-
POB. ANTOPUTM MOAPa3yMeBaET pacueT CUTHaJA JJIs BCEX JIOTHYECKHUX JIEMEHTOB IIe-
1 JUis 3 pa3HbIX 3HAYCHUH BPEMEHHBIX MapaMeTpoB (MUHMMAIbHO U MaKCHUMAaIbHO
BO3MOXHbIE 3HAYCHUS U CpeAHEe 3HAUEHHE), YTO JaeT BO3MOXKHOCTh HATH HanboJee
BEpOSITHBIM BBIXOJHOM CHUTHaj, KpalHHE cllyyad W JaeT BO3MOXXHOCTb OIICHHBATh
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BO3MOXHBIE OMUOKU. Bo Bcex pacderax NMpUMEHSETCS JIHHEWHOE MPHONMKEHHE, 3a
CYET Yero MoJyyaeM BHICOKYIO CKOPOCTh pa0OThI aJlTOPUTMA.

OrnrcaHHass MOJAENb TOYHEE, YeM MOJENb, MpeIoKeHHas B padorax [1, 2] u
OpWUTHHAIBHAS WHTEpBadbHas Moaenb [3—6]. IIpemmoxenHas MOAEIb IPUMEPHO TPH
pasa ycTymaer mo CKOpoCTH Mozielib [ 1, 2], BMecTe ¢ TeM BbIIaeT 00Jiee TOUHYO OleH-
Ky pabdotsr UC.
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METHOD OF INTERVAL LOGICAL MODELING
FOR DIGITAL CIRCUITS

Ashot Martirosyan

SUMMARY

The model of computing and assessment of the possible errors of the
work of large integral circuits on the logical level, taking into account the
time properties of logical elements. In the real circuits identical logical
elements can have different time characteristics for each of them. As
such, it is not the specific value, but rather the interval in which it can
vary that is considered for this study. The method secures high speed of
computations and is thus valid for computing test inputs and detecting er-
rors during the modeling of the circuit.
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(qUShL UNBUULECP UPRUYUSLU3PL
SCUUULULUYUL UNTELUYNCTUL UBRN1)

U.U. Uwpuhpnuyjuie

uvononkuU

Luttuplmd £ Uks htnbqpuy) ujubdwibph dngbjwynpldwt wnpw-
dwpwtwjut Jwwuppuljnmd hwpdupluwt b htwpuygnp upowg-
utinh quwhwwdwu dnnky, npp hwogh L wntinid mpudwpwbuljut
hEdbunttph dudwiwluyhtt pumipwgpbpp: Lwith np hpufwb
upubdwtbpnud dhwidwt bhdbunubpp Jupnn o niubbwg nowp-
phin dudwbwluyhtt punipwqpbp hwpldh Eup wnumd ny ph Ynt-
nbkwn wpdtp, wy) hunbpguy, npnud tpuwbp upnn b nwunwdby:
Utpnnp wpuqugnpsd k, hbwnwbwpwp Jupnn E oqgunugnpsyt) phu-
wnwht Untnpbph hwoqupldwt b htwpuwynp upwjutph qlw-
hwwndwl tywwnwlny:

51
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PASBUEHUE U COBEPIIEHHBIE KO/IbI

I'.JI. MoBcucsin
BIT Group, Moscow, Russia, garib@firmbit.ru

AHHOTALIUA
B nanHo# paboTe MbI paccMaTpuBaeM pa3OueHue 71 -MEPHOTO MPOCTPaH-
CTBa MOJMHOKECTBAMHU C «HYJEBBIM» OrpaHuucHueM. [IpuBeaeHsl onu-
CaHUsA HEKOTOPLBIX KJIACCOB COBCPUICHHBIX U KBa3MCOBCPIICHHLIX KOJOB B
aJIMTUBHOM KaHaje. [Ipe/ioxken crmocod NocTpoeHus IPyMIOBEIX KOIOB,
HCIPaBJIAIOIINX OIlII/I6KI/I B aJJUTUBHOM KaHAJIC, ABJIAIOIIUMCA JAaJICKUM
000011IeHIeEM MeTo1a XOMMHUHIa IOCTPOSHHUS KOJIOB.

MHorue 3a1a4u JUCKPETHOH ONTUMH3AIIMH CBSI3aHbI C pa30UeHHeM 71 -MEpPHOTO
NPOCTPAHCTBA OIPECICHHBIMU MOAMHOXKeCTBaMU. [Ipu 3ToM TpeboBaHMs K IOAMHO-
JKECTBaM MOT'YT OBITh TE€OMETPUUECKOTO XapaKTepa, HarmpuMep, apooOpasHOCTh, U
CBSI3aHbl C ONPEIECICHHON METPUKOM, HAIPUMEP, MOAMHOMKECTBA IPEIACTABIAIOT U3

cebst obmactu upuxie ¢ MeTpukoit XaMMHHTa [1] Yacrto paccmaTpuBaroTcs pa3one-
HUSI [TOJIMHOKECTBAMH, Ha KOTOPBIX ONTUMHU3UPYETCS] HEKOTOPBIN (YyHKIIMOHA [2]

B nannoil paGore Mbl paccMaTpuBaeM pa3OueHHE # -MEPHOTO NPOCTPaHCTBA
MOJIMHOKECTBAMH C «HYJIEBBIM» OTpaHHYEHHEM. Takue pa3OueHus MO3BOJISIOT IO-

CTPOUTH MHOXKECTBO I'PYIIIOBBIX KOJOB {V } 1A MHOXECTBO KaHaJIOB {A} MEXIY JII0-
ObiMu 31eMenTamu V' © A, KOTOPBIX UMEIOTCSI KOppeKTHUpyolee oTHotienue. [Ipu-

BEJICHBI OMTUCAHMUS HEKOTOPHIX KJIACCOB COBEPIICHHBIX W KBa3MCOBEPIIICHHBIX KOJIOB B
aJIJUTUBHOM KaHaJe.

[Ipemnoxen crmocod MOCTPOSHUS TPYIIIIOBBIX KOJIOB, HCIIPABIISFOIINX OIIHMOKH B
aIINTUBHOM KaHaje, SBJIIONMMCS JajJeKuM 0000IIeHHeEM MeToda XAMMUHIa II0-
CTPOEHHUSI KOJIOB.

§1.

Ilycts B = {0,1} — none I'anya u3 aByx snementos, u B"— nuneitnoe BexTop-
HO€ MPOCTPAHCTBO HAJ[ 3TUM IIOJIEM.
PaccmoTpuM ceMeHCTBO MOIMHOMKECTB C'n (SO, Spyeeny Sk) = {Ci }, YAOBJICTBO-

parolye cieayomum ycaosusam s Beex 1 =0, K :
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1.C, < B";

2CGNC; =D, i#j; (1)
3.lC|=s;

4, Z X =0 (cymmupoBanue Bemercs mo mModz2).

xeC;

IIepBbie Tpm cBOWCTBA — 3TO OOBIYHBIE CBOWCTBA pPa30WCHHUS MHOXKECTBA
k

C= _U0 C,, a mocnenHee «HYJICBOE» OTPAXACT CHECHUPUKY JATbHEHIIEr0 HCIOIb30-
=

BaHUS TIPH MOCTPOEHHH KoppekTupyomux koxoB. Cinyuaii C = B" ssnsercs oco-

OEHHO BAXKHBIM, T.K. OH IIPUBOJUT K IIOCTPOEHHIO COBEPLIEHHBIX KOJIOB.
B nanpueiimiem, TepmuH pasouenne muoxkectsa C (Sy,S;,...,S;) HCIOIB3yeT-

cs1 B cMbiciie (1), T.e. pa30MeHUe ¢ «HYJICBBIMUY MTOJIMHOKECTBAMHU.
3ajaun  CyIIECTBOBAaHHS, TOCTPOCHUSI M IEPEUUCTICHUS  pa3OMeHUs

Cn (SO 1 Spyeeny Sy ), NIpH 3aIaHHBIX Sy, S;,..., S, U 1, NPEACTABIIAOT, KpOME KOMOMHa-
TOPHO-MHOXXECTBEHHOT'O, €I€ U HUHTEPEC B CBSI3M C HCIOJIL30BAHUEM B ITIOCTPOCHHUU

KOPPEKTHPYIOIHUX KOJA0B. CTOHUT Takke€ OTMETHUTh, YTO B TEOPHH KOPPEKTHPYIOLIUX
KOJIOB 00JIaCTH JEKOAMPOBaHMS NP TpeOOBaHUM K HUM YCJIOBHSA TOMAapHOTO HE Tepe-

ceuenus, oOpasyloT pazouenus npoctpanctea B". CnenosatensHo, B CBOIO odepesib,
HEKOTOpbIE KJIACChl KOJOB, B YaCTHOCTH, COBEPLICHHBIC KOJbI B a[UINTUBHOM KaHaJe,

MO3BOJIAIOT TIOCTPOUTD pasbuenuss C n (SO, Sy yeees Sy ) B nanbHeliieM, B mpumepax mnpu
Sy = 1, MBI IpOITYCTHM MOJAMHOKECTBO C0 cocrosuieii u3 Hysnesoro Bexkropa — 0 .

IMpumep 1. C4<l, 3, 6, 6)2 {CO, c, G, CS}—pa36I/I6HI/Ie B*, eciu

C1C2 C3
10101011
01100101
110071111110
(1)88810010011-
01110010
11010001

ITpumep 2. C4(1, 3,33 3 3 )z {CO, ¢, G, G, C,, C5} SBIISIETCS

4
pasOuenuem mpocrpancTea B”, npu
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c, G, C, c, C,

1100 0011 1111 1011 0111
0100 0001 0101 1101 100 1.
1000 0010 1010 0110 1110

[Ipumep 3. CA(l, 5, 5, 5)= {CO, ¢, G,, C3} SIBIISICTCS pa3OHEHHUEM TIPO-

4
crpanctBa B” mpu

c,C, C,
100011001001
010010100110
001001010011
000111101011
111111010111

U3 npuBeIeHHBIX BhINIE IPUMEPOB HE TPYAHO MOHATH, YTO MpocTpaHcTso B

MOKHO pa36I/ITB pasHbIMHU CIoco0aMu | II0 KOJIMYECTBY, U MO MOMIHOCTU IMOAMHO-
k

KECTB. A Taxke U3 pa3OueHus {CO, Cl,...,Ck} muoxectBa U C, MoxHO nomyunts
i=0
k
paz6uenne muoxkectea U C,\C | » YAIIHB 3 {CO, Cl,...,Ck} noamuoxkectso C; .
i=0

[IpuBeneM Ge3 IOKA3aTENbCTBA CIEAYIONIYIO JEMMY, ONUCHLIBAIOLIYIO HEKOTO-
pble oYeBHHBIE cBOMCTBA pasouenus C, (So 1S 4o Sy ) = {CO ,C.,.., Cy }

Jlemma 1. [lns mo6eix 2, €C;, z, € C,. 7, # Z, nmeer mecTo:

a) 2,®z,#0;

6)z,® > 7#0;
2eCj\z,
B) 2,® » 7#0;
zeCi\zy
r) z =#0.
ZE{Ci\Zl}U{Cj\ZZ}
Ecm s, =s mia j=12,..,k—i, 10 nonoxmm C,(Sy,...,S;,S) =

C.(S5,S;,-Sy ) -
[anee B aToMm naparpade paccMaTpuBarOTCsS pa3OUeHUs Cn (SO, S). ITpu sToM
BCceraa HeoOXoauMbIM ycioBueM cymectBoBanus C (SO, S) pa3OueHus SBISAETCS

HEYETHOCTb YMCIIa S , €CJIN SO — HCYCTHOC 4YHUCJIO.
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Crienyroiasi KOHCTPYKIHS TPSIMOTO MTPOU3BEICHUS MO3BOJISICT CTPOUTH HOBBIC
pazOueHns U3 3adaHHBIX.
L
Jlemma 2. Ecu C) (1, S), C,, (1, S) SIBISIOTCS. pa30MEHUSIME TIPOCTPAHCTB B 1

n
B™ coorsercteenHo, To cymectsyer C, ., (L'S)  pasOuenue npocrpancTsa B™™
Jloka3zaTeabCTBO.

Myers C, (1,5)=1{Cy, Cyvn G} €, (W)= 1{C2, C2,.nnkCL .

C, ={xl‘, x'zx;} 1<i<k,

0 o : )
C, :{yf, yz‘,...,y;}, 1< j<k,.
s mo6oit maper C;, C ? npsMoe npousBeneHne — MHoxkectBo C; XC?
MPEICTAaBUM B BUJIC MATPHIIBI:
(xoy!) o (x y!)
. e . (3)
(xi oy ) o (x y!)
OnpenenuM MHOKECTBA Cﬁ ,...,Ci? CIEAYIOLIMM 00pa3oM:
a) s mobeix 1< p<s, 1<i<k, 1< j<k, muoxecrso C? comepxur

TOJIBKO OJIMH 3JIEMEHT U3 000 CTPOKH | 13 JTF0O0T0 cToI01Ia MaTpuiis (3), U yA0B-

JIETBOPSIET YCIOBUIO: BCE MHOXKECTBA Cijp IIOMIAPHO HE MEPECEKAIOTCS U UMEIOT MOIII-
HOCTB §;

0) Cilo =G XC(?’ 1=0, k;;

B) Co; =CyxC7, j=0, k,.

PaccMoTpuM MHOXECTBO

c=fcr, =1k, j=Lk, p=1sjU{ch, i=0kju{cs, i=0Kk,}

ij?

U3 ompeneneHus Cijp mpu 1=1 k;, J=1 k,, p:ﬁ " Cilo, Céj npu

=1 k;, ]=1 Kk, umeem, uro

Z X =0 (cymmuposanue Beaerca no mod2),

Xe(:,jp

U MMOCKOJIbKY
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Ucq =

ceC?

Uezl- Zlegl-a-Sle+ S+ Figle-1-2

L],p 1<i<k,
1<j<k

to C Mt

_ o
nen, (1S) =C” —smnseTcs pasouennem npocrpanctea B

Teopema 1. Eciiu S sBnsieTcs nenuteneM 2" -1,a 2" —1 — nemurenem S s

n

HEKOTOPOro HatypanbHoro ynucia r >1, to C, (l, S) u C, [1, J SIBJISIFOTCS Pa3-

GMeHHsAMH mpocTpancTa B".
Hoxa3zareabcTBo. 13 ycioBus teopemsl cienyer, uto N =M-I. IIpumenum
METOA MHIYKIHKA o M.

Ipu m =1 npencrasum B' B Buge B' :( C, U(Br)\CO), e C, = {O}
ITonsTHO, uT0 NMeeM TpuBHanbHOE C, (l,2r —l) paz6uenne B'.
IIpeanonoxxum, yro mns M cymectsyer C,. (1,2r —l) pasbueHne MPOCTpaH-

crea B™.
ITpumensist nemmy 2, otHocutensHo C, <1,2r —l) pasouenns B' u C., (1,2r —1)

pasouennss B™ , momyuaem C,.;), (1,2r —l) pasouerme wis B™Y" . CrenosatensHo,
2" -1
CYILECTBYET Cn(l,Zr —1): {CO, Cl,...,Ck}p336I/I€HI/I€ B",rme k = 1

n

0
,a C; onpenenser-

2
Paccmorpum C, (l,s) = {Cg, Clo,...,Cg }, rae p=
Csl CJISYIOLIUM 00pa3oMm:
T S

I+j |:1' 2r _1

Cg:CO,CO LJCUD

Herpynuo nokasars, uro C, (1, S) ynosnerBopseT ycnosusim (1) u (2). Cneno-

BaTeJbHO, ABJIAeTCA pasouenreM B”. Uto m TpeGoBanock 10Ka3atk.
"1

2" -1

I N <4 yreepxkaenue BepHo. [Ipeanonoxum, 4ro s Bcex M<N yrBep-
XKJEHHE TOKE BEPHO U JTOKaxeM uist N .

n __ r m r __ _

IpeacraBum B =B - B " ,rne B' = {XO, X1’---’X2r,1}’ Xo=0.

2'(2m-1) 2" -1

, TO — LIEJI0€ YHC-
2" -1

2" -1

Teneps foKaxeM cyniectBoBanue pasonenns C, (1, Sl), rae S, =

[TockonbKy S, — mesoe uncino u S; —1=
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s, -1

no. CienoBaTelbHO, To)ke menoe uucio. Jlamee, TOCKONBKY

s, —1
2Mm _1= <2r _1{ 12r j’ TO, COIJIaCHO MPEAIIOJIOKEHHUIO, CYILIECTBYET

s, —1
Cm(L 1 j = {Cg, Clo,..., Cgr_l} pas6uenne npoctpancrea B .

2r
PaccmoTpum
CLs)=1cd .., C .}, me C =(xxB"UxxC’), C cB",
i=0, 2" 1.

L C ot 3
Mockomsky C; NC; #0,mpu % J, 0<i, j<2'-1 wm ZX—O ,
xeC;
- 21
ICi| =s,, ama Beex i =1, 2" —1, 10 nocTaTouHO KOKA3ATE, UTO Z|Ci| =2".
i—0
21

>lc|=1+ 2rzfl|ci| =1+ 2Zl\(x xB"Ux xC?|=1+ Zil\smhzrzl\cf’\ =2".
i=0 i=1 i=1 i=1 i=1
2" -1

r

Toects, C,| 1, aBnseTcs pazouenuem B,

Yron Tp660BaJ'IOCB JA0Ka3aThb.

§2.

B srom maparpade, ucmnons3yst pazOueHHE MMOJMHOXKECTBA M -MEPHOTO TIPO-
CTPaHCTBAa «HYJIEBBIMI» IIOJJMHOKECTBAMH, OIMCHIBACTCSI AITOPUTM OCTPOCHHS
MHOXKECTB TPYIIOBBIX KOJOB M MHOXECTB KaHaJIOB. J[oKa3bIBaeTCs, 4TO JI0OOH KO
U3 IIOCTPOSHHOI'O MHOXKECTBA MCHPABISIET BCE OLIMOKHU JII000r0 aJJUTHBHOTO KaHaja
13 MHOXKECTBA COOTBETCTBYIOIIMX KaHAJIOB.

AJUIMTUBHBIA ~ KaHal  3a1aeTcs  MHOKECTBOM  BEKTOPOB  OLIMOOK

A= {yo v Y Y }g B", u mr060ii BeKTOp Y  Ha BBIXOJIE TAKOTO KaHAIA HMEET BUI
y=x®y,,

rae X € B"ucxonubiii Bextop, Y, € A, a @ onepauus cioxenus no Mod2 [3]

Oxpecrroctr t -oro mopsnka Bektopa x € B" mo C € B" onpenenum cneayrommm
o0paszom [4]:

C'(x)= {XO @Yy, x, € C™(x), yeC}; C°(x)=x.
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t
IMockombKy ‘C (xX HE 3aBUCHUT OT X, TO MBI Oy/IeM HCHOIB30BaTh 0OO3HAYE-
t t
e C =‘C (xX, xeB".

Kon V HUCTIPaBISICT OLIMOKYU aJyIMTUBHOTO KaHaia A= {yo, Yires Y }, €CIIN

BBIIIOJTHEHBI YCIOBUS:
1 1
A (Vi)ﬂ A (Vj)Z(D,rI[e Vi, V; eV,v, # 7%

Kiaccuueckne rpanuisl XommunTra U Bapmamosa-I'minbepra I MOITHOCTH
n
xoma V < B", ucnpasnsromme ommOKku anauTHBHOrO KaHana A, BBINISIAT Cle-

nyrormam o6pasom [5].

n

2n
FSMSE.

Jlns 3anaHHOrO Kanana A OCHOBHOM 3ajadeil sIBISETCS MOCTPOCHHUE KO MaK-
CHUMAaJIbHOTO 00heMa, HCIIPABIISIONIETo OMUOKK KaHama A .

n n
Kox V < B" naseiBaercs coBepmieHnbIM a1 ajutuBHOro kanana A B,
C€CJIN BBIITOJIHACTCA paBeHCTBO

2n
M_E (4)

Kox V < B" naswiBaercs xBasucopepmennsiM mist kanana A B" | ecnm s
nekoroporo C < A? (0)\ Al(O) ko V sBisercs coBepiueHHbIM Juist kanata AU C .

Jlpyrumu cIOBamMH, KBa3MCOBepUICHbIH kox V mis kaHama A yooBIEeTBOpSET
YCIIOBUSIM!

1 AV)N A, )=0, VoV, eV LV =Y
2. | JA’(v)=B",rze A =AUC.
veV
O6Go3HauuM uepes [n,l, A] rpynmnosoii kox u3 B " pasmepnoctu | wmcnpas-
JIAIONIMIA BCE OMMOKK a/UIMTUBHOTO KaHana A .
[Ipoussenenue GysaeBoil Matpuubsl H = {aij} Pa3MEPHOCTBIO 71X 11 U BEKTOpa

-
XT = (X1 X, ...Xn) OIIpEZIEIINM CJIENYIOIINM 06pa30M:

n
rae Z; = Z ;X (cymmupoBanue Benercs no mod2).
j=1
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Jrobas (0,1) marpuna H pasmeproctn (n -1, n) Ha3bIBAETCS POBEPOUHOM
I KoJa [n, I, A], €CJIM JUIS BCEX KOMOBBIX BEKTOPOB X U TOJBKO ISl HUX MMEET Me-
CTO PaBEHCTBO:
.
Hx' =0,

IJi€ BCE OIEpaluy IIPOU3BoaATCa 1o Mod2 (cm. [6]).

JIst IoCTpOEH st TPYIIOBOro Kofaa V , HCIIPaBIISIOIIEr0 OIHOKH aJITHBHOTO
KaHaja, MbI Oy/IeM HCIIONF30BaTh CIEMYIOIIYI0 KOHCTPYKITUIO, CBA3aHHYIO C IpUBE-
JIEHHBIMU BbIIIE pazoueHnsaMu. [Ipu 3ToM MBI CHadana CTpOUM aITMTUBHBINA KaHaJ, a
MIOTOM TPYIIIIOBOH KOJI, MCTIPABIISIFOINNN OITHOKH 3TOTO KaHaa.

IIyctp (S0 =0, Sireens Sk) LieJIble  HEOTPHULATENbHBIE YHUCHA, a4 MHOXECTBO
o = 0,1y f 01 K, me g <y <y <. <y
PaccmoTpuM MaTpuIpl @; CIEAYIOILEro BHIA:
E-ecmmn I e {Il,lz...,lp},

E wm E,ccmni € 12,0, kP fi, iy, }

3nechk E — enuHnuHas MaTpuna nopsiaka S;, a E — normueckoe orpunanue E .

|
[octpoum kanan 4 < B™ | rne n, = ZS i+ 1=0,k, cocrosmmii u3 BexTo-
=0

poB X =0" 10" ™ e i € {IO, ey ip }, U U3 BCEX CTPOK OYJIEBOM MaTpHIIbI, 3a-
JlaBaeMOli CIIeyIOIHMM 00pa3oM:
a, 0
a2
)

0 a,

[pumep 4. TMoctpoum kaman s ciydas: S, =0, §,=2, §,=2, s;=4,
s,=5,ai,=0, =1, i,=2, i, =4. Ions3ysce onpenencurem qucen N, U BeK-
TopoB  X,, momysaem: N, =0, n =2, n,=4, n, =8, n,=13, x, =0,
x, =1°0", x, =0%1°0°, x, = 0°°.

ITockonbky

a, € {E, E}, o Kanamsl A , A, < B" umeror crenyrommit Bu:
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4 A
0000000000000 OCOOOOOOOOOOOO

1000000000000 10000000 0j0QOO
0100000000000 01000000 0|0QO0O
00/10/000 000000 0O0O10000000QOO
00/01/000 000000 0001000000900
0000100 000000 0OOO0OO011100000
0000010 O[0OO000O0 0O0O0O0 101100000
0000001000000 OOOO0O1101000004d
0000000100000 OOO0OO0O1110000004d
0000000 010000 OOOOOOOO0O 10000

0

0

0

0000000 001000 OOOOOOO0OO0OO01000
0000000000100 OOOOOO0OO0O0O01O00
0000000 000010 OOOOOOO0OO0OO0OOO1O0
0000000000003 OOO0OO0C0O00O00O0O01
1100000000000 1100000000000
0011000000000 0011000000000
0000000011111 0000000011111

3ameuanue 1. IlockonbKy NpHM TNOCTPOEHHM KaHana, ONOK a; Juld BCex
i%{il,iz,...,i } OIpeIENsAeTcss AByMs CIIOCOOAMH, TO MHOXKeCTBO A (io, [ ip)

TaKHX KaHaJI0B HMMECT MOIITHOCTD:

(A, s i,) =257

k S, +1, ecmu i€ \iy,ly,..., 1
ycTs HZ}OQZZE{, rue S, :{ {0 ' p}

i=0 Si , BIIPOTHUBHOM CJIy4ac

Scno, uto n, <2" —1— P u onHMCcaHHBIN BbIIIE KaHAT A HMEET MOIIHOCT

|A=n, +1+p. (6)

Iycts C, (§0,§1,...,§k): {CO,Cl,...,Ck} — OJHO M3 Pa30MEHMH, OIMUCAHHBIX

Bbiie. [Ipeobpasyem cemeiicteo C, (§0 ST §k) crenyroumm obpasom: u3 Beex C,

e {io e } BBIOPOCHM 110 O/THOMY BEKTOPY Z;, @ APYTHE COXPaHHM B IPEXHEM
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Buje. [TonydeHHOe ceMeicTBO MBI 0003HAYUM Yepe3 {CO N ORI O }, rie

'p

= C \z,, ecmmie i, ip...,i, |

C,, BIIpOTUBHOM ClIy4ae.

3ameuanue 2. MHoxecTBo C, 3aBHCHT OT BbIOOpa BekTopa Z; u3 C, , a mpo-

BepouHas Marpuia H (Zio, Zi yens Zip): (C_:lT C/.. 6{) O/IHO3HAYHO OMpEENseT
KOJ{ V(Zio, A Zip), CJIeJ0BATENBHO, MHOXECTBO KOOB V(io, [ ip):{\/
(Zio, Z; yeees Zip), z; eCij, j=0,1, .., p} MMeeT MOIIHOCTh
K
V (i, iy | < T TS
i-1
Paccmorpum rpymmoBoit kox V eV(iO, Iy ip) w3 B™ ¢ mposepounoii
MaTpuuen
HeH (io, iy ip),naz[z[HTI/IBHLIP”I kaHan A € A(io, Iy ip).

Jokaxem, uro rpynnosoii kon V < B™, nna xotoporo H sBasercs mpose-
pOYHOM MaTpHIlel, WCHpaBiseT BCe OMMOKM KaHata A€ A(i0 , il,...,ip ), T.€.
V= [nk, n, —n, A]. Jnst 3TOr0 IOCTaTOYHO JOKa3aTh, YTO IS JOOBIX X,Y € A4,
X # Y, umeer mecto XDy ¢V .

[IycTs X=(X1X2...Xk), y=( A ), roe X, Y; € B® mna Bcex i:ﬁ.
ITpu 3TOM JIETKO MOKA3aTh, YTO

x|l e {015 —1}, Hy,H € {0,1, §, —1}, i, jef2,...k}. )

r &
Orcroza, ¢ yueTom toro, uto H = (C C . Cy ) HMeeT Pa3MepHOCTb 1 X 1,

, ¥ HOMepa cTon0oB moaMarpunsl Ci COBIATaT ¢ HOMEPAMHU CTOJIOLOB MaTPHIIbI
(5), rme pacnonoxxeH GJI0K @;, MOITy4aeM

k k k.
X®y z TX@yi)T:Z( X DY, pizzxici@)zyjcj' (8)
= = 1

i1
U3 onpeenenus KaHana A umeeM:
a) CyIIEeCTBYET | W3 {l,Z,...,k}, TaKoe, 4To [y BCEX | € {1,2,..., k}\i BEKTOD

X i SABJIACTCA HYJICBBIM,
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0) cymiecTByeT | u3 {1,2,..., k}, TaKoe, 4To IS BCeX | € {1,2,..., k}\ J BekTop
Y, — ABJISETCS HYJIEBBIM.

Ortcrona, ¢ yueToM (8), mosTydaem: CyIecTByeT napa |, | € <{1,2...k}, TS KOTOPO#
H(x®y) =xC @y,C, 9)
1 I ] I
U3 noctpoenust Matpuiibl H crienyer, uro Bee cTosOLBI pasHbIE, CIEI0BATENLHO,
Jurst Io6oro Bektopa Z €V pasercreo Hz' =0 umeer Mecto, ecim ||Z|| — Bec X3MMHUH-

raBekropa Z Gomblue aByX. [loatomy paccMotpum X, Y € A, 17 KOTOPBIX ||X @ y|| >2.

Bo3MmoxHBI crieAyronme ciyJau:
a) BEKTOPHI X, Y SBISOTCS cTpokamu Matpuusl (5). Tormoa us (7) umeem:

x| es -1} Jy,|ets, -1,

Orcrona u u3 (9) crenyer, uro cymecrsytor Bekropsl Z, €C,, z, e C j » TAKHE, 9TO

2, ®1,,ecmu x| =1 HyiH:L
Hx@y) =12,® Y z,ecm |x|=1]y|=5-1,

2eCj\z,

>z ecmn|x]=5-1, HyjH:§j -1.

2eCi\5; UCj\z,

[Tpumenus iemmy 1, monygaem: H (X ® y)T #0, Te. X®yegV.

6) Tonpko OMH U3 BEKTOPOB X, Y sBIseTcs CTpokoi marpuisl (5). Toraa us
(7) meen: x| € L5, ~1h ]y = 0.5, -1}.

Ortcroza 1 u3 (9) criemyer, 4ro cymectByrot Bektopst 2, €C,, 2, eC j TAKHe, 9To:

Z,,ecnu ||Xi || =1 HyJH =0,
z,® Y z,ecml|x| =1, HyJH =5, -1,

2eCj\z,

Z Z, eclii ||X,|| =5, -1 HyJH =0,

zeCi\zy

ZZ ,CCJ'II/I”Xi”: S, -1, HyjH= §; -1.

2eCi\z; Cj\z,

Hx®y) =
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[Mpumenus nemmy 1, monyqaem: H (X @® y)T #0, Te. X®yeV.
B) O0a BekTopa He SABISAI0TCS cTpokamu Matpuusl (5). Torga uz (7) umeem:

x| eo.5 ~1h|y)| = 0.5 -1

Orcrona u u3 (9) cnenyer, 4to CcymecTByroT BekTopsl Z, € C;, Z, € C; rakue,

qTo.

Dz, ecmn x| =5 -1, HyjH:O,

z2eCi\zy

Hx®y) =4 ¥ z,ccmx|=0|y;|=5 -1,

2eCj\z,

ZZ , €CIIA ||Xi||= S, -1, HyJH =§; -1.

2eCi\z; UCj\z,

Omnsite, MpUMEHUB JIEMMY 1, MOJy4aeMm, 4TO AJs JIOOBIX BEKTOPOB X, Y € A,
X # Y umeer mecto H(X D y)T #0,1e. (X®y)gV.
CnenoBatensHo, V = [nk, n,—n, A]. B pesynbraTe MBI HMeeM, 9TO JFOOOH

kon V eV(io, il,...,ip) UChpapisgeT OMMOKM Ir000ro Kamamsa A M3 MHOXKECTBA

A(i0 ey o ) Hanee, ecu C,, (SO, Siveeny Sk) sBnsiercs pasouenuem B, To BbImON-
Hsiercss paBeHctBo: 1, =2" —1—p. Orcioma u u3 (6) ciegyer, 4To KOX TO
V= [nk , n,—N, A] YIOBJIETBOPSET YCIOBHUIO (4), TO €CTh SBJIAETCSA COBEPIIEHHBIM.
B pe3synbTaTe mosyvaeM CIeAyIOIIEE YTBEPIKICHHE.

Teopema 2. Eciu C, (S, Sl,...,Sk)={CO, Cl,...,Ck}, TO JI000# IpyHnoBoi
kog V eV(io,il,...,i ) WCIpaBiseT Bce OmMOKM o0oro kamama A € A
(g iyys i) eV =|m, mo—n, 4.

Cnencrsue 1. Ecmn C, (SO, Spyeens Sy )= {CO, Cl,...,Ck} SIBJIICTCST Pa30MEeHUEM

B” ooii i V eVli,, i i
MIPOCTPAHCTBA , TO JI000W TPYNIOBOH KOJ eV, Ij,...,1,) ucnpasmser

oMOKH Mr060ro Kanana A € A(i0 i P ) U SIBJISIETCSI COBEPIIIECHHBIM.
3ameuanue 3. Ipu C| (1, S)= {CO,Cl} BBILICONUCAHHBIHA CIIOCOO MOCTPOCHUS

TpYyNIOBBIX KOAOB — 3TO MCETOL XsMMUHTa MOCTPOCHUS T'PYNIOBLBIX KOAOB, UCIPAB-

JISIFOLIUX OLIMOKM KaHana A= {0" 010" i=12,..,n-1;.
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Teneps B ONUCAHHOM BBIILIE AJTOPUTME MOCTPOEHUS MHOKECTBO KAHAJIOB BbI-
Oepem {io, by ip} UCXOJIS U3 YCIIOBHI

{1, 2,..., k}\ {io, il,...,ip}g{i\si — HEYETHOE chno}.

ITocTpOUM MHOKECTBO KaHAJIOB A(io,il,...,ip)g A (io, [ ip) creyo-
muM  obpasom: 000l  kaHan A e A(io,il,...,ip) COCTONT M3 BEKTOPOB
I -
X, =0""10" " e {IO, Il,...,lp}, rae 7, ZZSJ- , 1 =0,k u u3 Bcex crpok Oy-
-1
J1eBOI MATPHUIIBI, 331aBAEMOH CIIETYIOIIHM 00pa3OM:
a 0
a,
0 a,

ITpu 3TOM &, — MaTpHLa pa3MEPHOCTBIO (Si X Si) BHOA

E —eciu ie{il, Iyyey ip},

8 =1 E — B npoTUBHOM CiTyHae.

SIcHO, 4TO OnMCaHHAs BBIIIE TPOLEAYPa HOCTPOCHHUS OJHO3HAYHO OIIPE/eNseT
MHO>KECTBO

A(io , il,---, ip) HYJIEBBIX KaHAJIOB, LIl KOTOPOTO ‘Z (io i P ip) | =1.

CnenoBaTebHO, UIMEET MECTO:

Cnenctsue 2. Ecm C (SO, Spyeen Sy )= {C , Crhe Gy } ABJIAETCS pa3OMeHneM

p . .. .
npoctpancTBa B”, To coBepieHHbIN Ko V eV(IO, [P ) WCTIPABIISET OUTHOKU

p

HyJIEBOTO KaHaja A(io . 0 )

Cnenctue 3. Cosepuiennsiii kox V = [n, 1, A] OJHO3HAYHO OIPEACIISET pa3-
ouenne C (l, 2" 1 2"7'): {On, Al(O )\0 , Al(X), XxeV\0 } POCTPAHCTBA

B", ecnu A mynesoii kaHa.
ITpumep 5. Pacemotpum paszduenue C, (1,3,4) = {0 , C,, C, }, rie
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¢ G

10
01
11

o O O

0 01
1 01
011
1 11

Bri6paB {ZO, z, }: {0 : (111)} HOJIy4aeM POBEPOUHYIO MATPHUILY ((_;1 r 6{)

10010
010001
0 0111
CnenoBatelnbHo, COOTBETCTBYIOLIUHI COBEPILECHHBIN KOJ

Viz,, z,}={000000), (100110), (010101), (110011)} ucnpasnsier omuGKu Hy-

JIeBOro Ka"ama A CJICAYIOIIEro BUaa:

RPOOOOOIrOo
RPOOOORrOoOOo
(o) Nellel leollele)
ORrORFRrROOoOO0Oo
ORrRPPFRPOOOO0O0O

B pesymbrare MBI MOsydaeM KOJ V{ZO,Zl,Zz}:[S, 2, AJ. ITockonbKy Bce
Al (X) npu X eV{ZO, Z, 22} SIBIITFOTCS HYJIEBBIMA MHOKECTBAMH M Pa30MBAIOT BS,

TO MMeeM pasbueHne Cs(l, 7, 8)= {O, Al(O )\0, A'(x), xeV(z,,2,2,)\0}.

Tenepp U3 3TOro pa3OMEHUs] aHATIOTHYHBIM 00Pa3oM MOXKEM TONYYUTh CIICTYFOLTHH
COBEPILIEHHBIN KO U Cleyoliee pa3oueHue.

CrnenoBatensHO, clieAcTBHE 1, ciaencTBue 2 U ciaelCcTBUE 3 MO3BOJISAIOT MOCTPO-
UTh TOCJICAOBATEIbHOCT pPa3OueHHi MPOCTPAHCTBA M TOCIEAOBATENLHOCTh COBEP-
LICHHBIX KO/IOB.

Ilpumep 6. W3 npumepa 1 wumeem  pasOuenwme C4(l,3,6,6)
:{CO, C,, C,, C3}Hp00TpaHCTBa B*.
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¢ G, G

66

10101011

01100101
011111110

01110010
11010001

O1 001001 1

0

o O o

- O

— 1 O

1

C

0 momyuaem mMarpuiry (

[lonw3yscek 3TuM pa3dueHueM, npu P

]

o O O «
o O 4 O
O O 1
1 «— <« O
O 1 O
- O 1 «d
- — O <«
O o A
— O O
— -
O 1 - O
— O 1 O
o —«+H O O
— O O O
- 1 O O
| —

15, 11, 4], rze

KOTOpasi sBJSETCS MPOBEPOYHON MAaTpHIIEd COBEPIIEHHOrO Koja

ka"ar A € A(O) BBITJISIAT CIIEAYIOLIAM 06pasoM

0 0000O0O0O0OOOOOOTG OO
01100O0O0O0OO0OO0OO0OO0OO0OTGO0®O
101,00 0 0O0O0O0O0OOOODO

000 00 000O0O0O0TO0OTO0ODO
000/011111|0000O0°0
00010111100 000O0°0
00011011100 000O0°0
000111011000 0O0°0
00011110100 00O0°0
0 0OL2 1111 01]J00O0000
0 0O0O0OO0OOOOO|1 OOO0OO0OO
0 000O0OO0OOOOOI|0O1T OO0OO0CDO
0 000O0OO0OOOOOI|0OO0O11 0O0DO0
0 000O0OO0OOOOO|0OO0OO0O1O00O0
0 000O0OO0OOOOO|0OOO0OT1IO0
0 00O0O0OOOOOIIOO0OO0O0O01

1

1
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IIpumep 7. Kak u B mpedplaymieM NOpUMEpE BOCIONIB3yeMCS pa3OHMEHHEM

C,(136,6)=1{C,, C., C,, Cofs wn p=1, fip, iy}={0, 3}, z,=( 0011)
nocrponm C;, C,, C,

ClCZ C3
1010
01101011
10007 gpg 11110
0010
01000111 7
1101

Janee mocTpouM MaTpUILy ((ir (ZT 5;)

1101011011000
1010110110100
0001110101010
0000011111101

KOTOpast ABIIAETCS MPOBEPOYHON MATpHIIEH Koja [14, 10, A], rae A — OIWH M3 Ka-

HAJIOB B MHOKECTBE A(0,3). Hanpumep:
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0O 000OOOOOOOOSQOOQO
011000 O0O0OO0OO0ODO0OO0OO0ODO
1010 0 0O0O0O0OO0OOOTODO
110/000O0O0O0OO0OO0OO0OTO0O0
0 00/01111100000
0 00/{1 0111100000
0 00|1 1011100000
0 00/1110111000O00
0001111011000 O00
000111110/ 00O0O00
0O 000OOOO®O1O0O0OO0OTPQO
0O 00O0OOOO®OOT11IO0O00 0
0O 000OOOOOOOT1IO00O0
0 00O0OOOOOOOOT10O0
0O 00O0OOOOOOOOOTO01
0 000O0O0OO0OO0OO0OI1II11T11

Cnenctsue 4. Ecm C (SO, Syyeeny Sy )= {CO, C.,...C, } SIBIIICTCS Pa30MEeHUEM

npoctpactea B", wu gns  mekortoporo 1uenoro | <K ummeer mecto
S, =Sj, =.=8; = 3, {Il, Iy Ip}g {le Joren j,}, TO TPYNIIOBOM KOJI C
nposepounoii matpuneii H € H (p) sIBJISIETCS 1- KBa3MCOBEPIIIEHHBIM.

[Ipumep 8. PaccMoTtpum paszbueHue C4(1,3,6,6)={C0, C, C,, C3} npo-

4
crpanctBa B” u3 nmpumepa 1.

¢ G Cs
10101011
110001100101
11111110
10001 9001001 1
010001110010
11010001
Juis p=1wu {io, il}: {O, 1}, 21:(1100 )HOCTpOI/IM G, C,, C,
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w

1 000
0100

Y =
POoOR PO AN
COoOR Rk
el ==
OO O kO
OO O kL, PkFO
N e =N
RPORPOR K

Jlanee moctpoum matpuny |\C, C,) cr
1 2 3

1010110101000
0101101011000
0011100101110
0000111110101

KOTOpast AABJISICTCS MPOBEPOYHOM MaTpUIel Koja [14, 10, A], rae A — oauH u3 Ka-

HAJIOB B MHOJKECTBE A(O,l). Hanpuwmep:



70 Pasbuenue u cosepuiennvle K0Obl

o
(@)
o
(@)
o
(@)
(@)

P O OO 0O OO OO OoOOo o oo r o
P OO OO0 0O OO OoOOo o or oo
O 0O 0o oo ooloo oo okrooo
O 0O 0o 00 ooloo oo r oo oo
O 0O 0o 0o o oloo opr oo o oo
O 0O 0o 00 ooloor oo oo oo
O 0O 0o 0o o olor oo oo o o
O 0O 0O 00 O oOlkr oo o o oo o
ol P P P P OO OO0 O o o o
ol P P OrRrl OO OOOOTOoOOo
ol P P OFr RPlOO O O o o o o
ol m OFr rr rlO OO O o o o o
ol O P P RPrlOO O o o o o o
clor P P P PlOOOOOOOTOoOOo

§3.

B stom naparpade paccMotpum ciywaii: S, =S, | = 1L k. UnTtepec k sTomy

CJIy4daro 00BsICHIETCS CJICOAYHOIINM 00CTOSITEILCTBOM: COTJIACHO TEOpEMC 1, CymecT-

BoBaHue pasbuenus B B” 3aBucur Tonbko or mapamerpos 7 u S. Uto ympormaer
aITOPUTM TIOCTPOCHMS KOJOB M KaHAJIOB CBs3W, onucaHHb B §2. Kpome storo, B
ciydae S; =S TaKKe ympolaercs Kiaccu(ukaius MocTpOoeHUs KOJI0B U KaHAJIOB.

U3 Teopemsr 1 1 TeopeMbl 2, H3I0KEHHOW, COOTBETCTBEHHO, B §1 u §2. cnemyer
YTBEPKJICHUE:

Teopema 3. Eciu S siBnstercst nenmmrenem 2" —1,a 2" —1 — nenurenem S, s
HEKOTOPOTO HaTypajibHOro umcna ¢ >1, To mpu Ae A(io,il, i ) CYIIECTBYIOT

el
2" -1

COBEPILIEHHBIE KOJbI [nk, n, —n, A], g K = , S, =Summ k=2"-1,5,

2" -1

2" -1’
JloKka3aTenbCTBO aHATIOTMYHO K JI0KA3aTeNIbCTBY TeopeMbl 2, M0ITOMY MPOITyCKaeM.
B cienyrommx aByX mpuMmepax MbI JUIS OJHOTO pa3OMEHUs MOCTPONM JBa pas-

e n, =2"-1-p, 0< p<k.
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HBIX KaHaja ¥ COOTBETCTBYIOIIUE KO/IbI, HCTIOB3YS MapamMeTp p(p =0, p= 2).
ITpumep 9. C momompto pasdbuenus C, (1, 3): {CO, Cl,...,CS} MPOCTPAHCTBA
B* u3 npumepa 2
¢ C, C, C, C
1100 0011 1111 1011 0111
0100 0001 0101 1101 1001,
1000 0010 1010 0110 1110

mis P =0 momydaem MpoOBEPOUHYIO MATPHUILY (C_:lT EZT C_33T C_:4T EST )

101000101110011
1100001100111 01
000101101101101
000110110110110

KOTOpas SBJIACTCS MPOBEPOYHOM MATPHILIEH JUIsS COBEPIIEHHOTO KOJIa [15, 11, A] , TIIEe

kaHan A4 e A(O) UMEET CIIEAYIOIIUIA BHL:

0O 00O OO0OO0OOOOOOOOOODO
01 110 0 0O OOOOOO0OO0OO0OTD O
1 010 00 OOOOO0OO0O0O0ODO0ODO
11 000 00 0O O0OO0OO0OO0ODO0O0OO0OTDO
00 070 1 170 0 0O OOO O OPO
0O 00/l1 0 10 0 0OOOO0OO0OO0OTPO
0 00/110/,00O0O0OO0O0OO0OCO0TO
0O 0000 O[T 0OO]0OOOOOTPO
0O 00O OO O00121O00O0O0O0ODO0DO0
0O 00 OO0 00O 100 0 0O0@O0
0O 00O OO0OOOOTOOT1 11000
0O 00 O0OOOOOT@ O1O0 1,000
0O 00O OO0OOOOTO110000
0O 00O O0OOOOOUODUOTUT OO
0O 00 O0OO0OO0OOOOOOTOOQDOTI1LO0
0O 00O OO0OOOOUOOOTU OOOTG OVOI1
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Ipumep 10. Ucnons3ys pazouenne C, (1, 3)= {CO, Cl,...,CS} MPOCTPAHCTBA
B*, us mpumepa 2 mocrpoum C,, C,, C,, C,, C,, C; ams MHOXecTBa
iy, iy, i,}=10, 1, 3} nsexropos z, =0, z, =( 1100 ), z, =( 0101 ).
cc, c, ¢, G
0011 10110111

1111

0001 11011001
1010

0010 01101110

[Janee mocTponM MaTpHIty (C_IlT C_IZT C_IST C_Z4T C_IST)

0100011110011
1000010011101
0010111101101
0011010110110

KOTOPpas SIBJISETCS IPOBEPOYHOI MaTpULIEH AJIs1 COBEPILIEHHOTO KOAA [13, 9, A].

Paccmorpum kanan A € A(O,1,3)



I JI. Moscucsn 73

0 00O0OOOODOOOOOO
1 0000 0O0O0O0OO0OOODPO
0 140 0 0O 0O0O0OO0OO0OOTG OO
0 00110 00 0O O0OOTO0OTO
0 001010 00 O0O0OO0OO0OTDO
0 0f110/00O0O0O0O0OTO0CTGO
0 00OO1O0(0O0O0O0OO0COGO
0O 00O0OO01(0 00 O0O0DO
0O 000OOOO0O1 10 00
0O 00O0OOOTOf2L 010 00
0 00O0OOOO11 0000
0 00O0OOOOOSOO1O00
0O 000OOOOOSOOOT10
0O 000OOOOTOTGO0OO001
11 000O0O0O0OO0OO0OOTG OGO
0 000OO0O011O0O0O0O0O0TD0

B koHI1e paboTHI paccMOTPUM TPYIIIOBBIE COBEPILCHHBIE KOJIBI, TOCTPOCHHBIE C

2" -1

nomonipo pazdueHnst C, (l, S) npu p = U UCIIPABJISIONINE OIIMOKH KaHaia

Ae A(O,l,...,k) B IPOCTPAHCTBE BH, n=2"-1- p.
IIpumep 11. Paccmorpum pasOueHune Cn(l, 2" —1)= {CO, B"\(C, }, npu
p=1uCi= (B" \CO)\ (1 0"_1). Bosbmem ciy4aii n=4.
00011100011011
—T 10010011011101

01001010110111
00100101101111

~T . .
C, sBisieTcst IPOBEPOUYHO MAaTPULEil TPYIIIIOBOTO COBEPIICHHOIO KOJia [14, 10, A],

rone A= A(O, 1) HUMEET CIICTYIOIINI BU/I:
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0 0 0
10 0
0 1 0
Ao .
0
11 1

PaccmoTpum Gonee moxpoOHO rPyNIOBOH COBEPILICHHBINH KO [nk , N —n, A]

2" -1

,tme N, =2" -1- , KOHe4Ho, npu yenosud, uto C, (1, 3)= {CO, Cl,...,Ck}

2" —

kaHan Ae

aBnseTcs pasOuenmeM mnpoctpancta B". Torma mpu K =

A(O, 1.., k) MMEET CIIEAYIOIMI BHI:

00 00
10. . .00
01 . . .00
00 0 1.
11 00
001 1. 00
0000 .. .11

Ortcrona 1 U3 CIICCTBUA 4 TIOTydaeM: COBEPIICHHBIN KOJT [nk , N —n, A] npu

n =2"-1- 2 _1, k= 2 3_1, A= A(O,l,..., k) ABIISIETCS KBAa3UCOBEPIIECHHBIM

3

KOJIOM B ajuThBHOM Kanane A =3{0™,010™ ", i=0,n, —1;.
k
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IIpuao:xkenue.

HyneBble MaTpuubl

B 3TOM IIpusI0KEHNU MBI PACCMOTPUM CBSI3b MEXK/y HYJIEBHIMH MHOXKECTBAMH U
TYNUKOBBIMH TecTamu [7]. JIyis manpHeiinero usy4eHus yqo0HO paccMaTpuBaTh MHO-
KECTBO BEKTOPOB KaK MAaTpHIly, CTPOKAMHU KOTOPBIX SIBISIOTCS BEKTOPHI JaHHOTO
MHO’KECTBA.

Mycts F_"— npocrpamctso (m X n)f marpuil Haj nosiem [amya GF(2).

m

n o
Onpe)leneHI/Ie. ManI/IHa Ce Fm Ha3bIBACTCs HYJICBOU, €CJIM CyMMa €€ CTPOK

poBHa HyneBomy BekTopy. ITpu stom matpury C € F " Gynem maswiBaTh mpaBuiib-
HOM, €CIIM BCE €€ CTPOKH Pa3IWYHBL SICHO, YTO MpaBHIbHAS MAaTpPHIA COOTBETCTBYET
TIOIMHOKECTBY MomHocTH M 13 B",

3agada 1. OnmcaTh MHOXECTBO P, NPaBUIIBHBIX HyJICBBIX MaTPHII.

3anaya 2. HaliTi yuClo MpaBUIIbHBIX HYJIEBBIX MaTpHII.

3anaya 3. Onucars pas6buenne B" ¢ momompro «HyneBBIX» HOIMHOMKECTB.

[IpumepsL.
1) Ecim m =1, to npaBuipHas HynaeBas marpuna — 1o C = ( " )
2) Ecnu M =2, To npaBWIbHBIX HYJIEBBIX MATPHI] HE CYIIECTBYET.
3) Eciu m =3, To cienyrolye MaTpULbl IPaBUIIbHbBIE HYJIEBBIE.
1

0
C,=|0 1|,C= (Clcz), rie C, — npousBonbHas HysieBas Matpuua u3 ;" .
11

4)Tlpu m=4
00 100
01 010
C, = WIN , C= (C1C2 ), rae C,— npou3BoJbHas HyJIeBasi MaTpHIia
10 001
11 111
w3 F,"

5) Ilycte M=5. Torza HyJeBbie PABHIbHBIE MATPHUIIBI CIICIYIOLIHE:
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000
001
C,=|010|uC= (Clcz), rne C,— Npou3BoJbHas HyJieBas MaTpuma u3 ;' .
100
111

PacCcMOTPHM Teleph CIEAyIONee MHOKECTBO MaTpul F, -

F. =0Fm".

n=1

Beenem Ha F m 9acTuuHbI OPSIIOK, MONOXKUB

C,<C,,

ecin marpuua C; Moxer GbiTh nostyuena u3 C, ynaneHneM HEKOTOPOTO MHOXECTBa

CTOJIOIOB.
Onpenenenne. Matpuia C u3 knacca P, HassiBaetcst 9KcTpeManbHOi (Tymu-

koBo#), ecin u3 yenoeuit C, < C crnenyer, uro C, =C.

[Ipumepsl.

6) OnuieM Bce SKCTpeMabHble MaTpuLpl u3 P
000 000 000
001 100 100
C,=/010|,C,=|101|,C,=|110
100 110 101
111 111 111

Onpepnenenue. [se matpuupl C; u C, u3 F; HasplBaroTCS S5KBUBAICHTHBIMH,
ecin C; moxer Obith nosyuena u3 C, mepectaHoBKOH cTpoK  cTONOLOB (0603HA-
unm C,~C,).

IIpumepsl.
7) Marpuner C, n C, u3 npumepa 6 sxsuBaneHTHbI, Tak kak C, momyuaem n3 C,

MIEPECTAaHOBKOW U3 2-TO U 3-TO CTOJIOIOB.
B cBs3u ¢ mpuBeIeHHBIM BBINIE ONPEAETICHHEM MbI OyIeM HCIOJb30BaTh Clie-

nytomee Koxuposanne Marpuu u3 F . Tlepenymepyem Bce cTonbupl amuasr M, u3-

OpaB, HanpuUMep, JTEKCUKOTpaQUIECKUi MOPSIOK.



I JI. Moscucsn 77

ITycTs cooTBercTByromas Hymepanus oyzer L, L,,..., L2m . Ilocie 3TOTO KaX-
noit matpune C € F,) conocrapum Bextop mmmner 2" . L(C): (7172---7/2m ), e ¥, —
9HCII0 CTOIOOB paBHbIX L, B Marpuie C .

BexkTop L(C) Oy/eM Has3bIBaTh CTONOIOBBIM BekTopoM Marpuisl C . Mmeer
MECTO CIIeIYIOLINA OUeBUIHBIN (PaKT.

Vreepxnenne. Ecim marpuia C, u C, skBHBaneHTHSBI, TO L(Cl)z L(C,).

OudeBuHAs 3a/1a4a TENEPh COCTOUT B ONMMCAHUM BCEX AIKCTPEMATBHBIX MaTpHII,
MIpH 33JJaHHOM (PUKCHUPOBAHHOM dncie M. MHOXECTBO BCEX TaKMX MATPHI] MBI 000-

3HAYNUM Yepe3 Pn? . DJIEMEHTHI KJ1acca Pn? 00J1a/1af0T CIIEAYIONINMH CBOMCTBAMH:
1)Ecu CeP? ,10 2">m.
ITO CBOMCTBO CIIEYET M3 TOTO, YTO BCE CTPOKK Marpuiibl C — pasindHbl.
0 _ . ; m
2)Eciu C € P, To pu L(C)— (7172---7/2m) umeem: y, <1, 1<i<2".
JeiictButenbHo, eciau ¥, > 2, To B Matpune C ects oanHakossie ctonbsl. Ho
TOTJa OJWH W3 HUX MOXXHO yJAJIHTh, ¥ B MOIyYEHHOW MATPHUIE CTPOKH OISITH OYAyT
0
pa3sHBIMH, HO 3T0 o3HadaeT, uto C ¢ P, .
3)Ecmu C e Pn? , 70 B Matpuile C HeT HU HYJIEBBIX, HU €IMHHUYHBIX CTOJIOIIOB.
OO00CHOBaHKE ITOTO MYHKTA aHAJIOTUYHO MPEABLAYIIEMY.
N 0
4) Kaxnplii u3 cronbuos Matpunsl C € P, conepKuT 4eTHOE YHCIIO SAUHULL

Oto cneayer u3 Toro, uto Marpuia C — Hymesast.

CMBICT BBEJCHHBIX ONPEAEICHUI M NPUBEACHHBIX BBIIIE CBOHCTB COCTOUT B
TOM, 9TO JIF0OyI0 Matpuily u3 P, MOXHO mosy4nts, «106aBisis» Kk Matpuue u3 P,
HEKOTOPYIO HYJIEBYIO MaTpHily. DTO CIE€AyeT U3 TOTO, YTO, «BBIOPACKIBAs) M3 MIPOM3-

BoubHO# Matpuiel C € P, cTos01pl, MBI IpUIeM K HEKOTOPO MaTpHLe C e Pn? .
0
3akmouenue. [lonyuenue u3 Matpuipl C e P, marpun u3 P, — 310 3ama4a o

MNOCTPOCHNHU TYIIUKOBBIX TECTOB JI1 BaHaHHOﬁ MaTpuIbl C [7]
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PARTITION AND THE PERFECT CODES

G.L. Movsisyan

In the present work the partitions of the n-dimensional space into subsets
with “zero” limitation are considered. Descriptions of some classes of
both perfect and imperfect codes in the additive channel are presented
too. A way of constructing of group codes correcting the errors in the ad-
ditive channels is presented, and this method is a further generalization of
Hamming’s method of code construction.

SCLNzNRULEL B4 YUSUM3UL uNer

1.L. Unjuhujuits

Ushiwnnwtpnid  ghuwplynid o n-suwthwith  wnwpwdnipju
qpoyujutt  vwhdwbwhwlnidutpng  wpnhnwdp Bipwpwqunt-
pntuttpny: Fpdws L wnnhnhy juuynignt hwdwp Juunwpyuyg
b pJugh Juwnwpyu) Yngbph nguubph tqupugpnipgnibbp: 2Edht-
gh dkpnnh punhwipugdwdp, tkpjuyugué tu wnnhwnhy Juw-
wninid uppwjubp ninnnn gdwyht Ynnbph juenigdwb tnubwly:



Becmnux PAY Nel, 2014, 79-88

YIK: 517.968.4 IMocrynuna 13.01.2014r.

O I''TOBAJIbHOM PA3ZPEIIMMOCTH OJTHOI'O KJIACCA
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AHHOTANUA

B Hacrosme# 3ameTke HCCIeqyeTCs KIacC HENMHEWHBIX MHTErpalbHbIX
YpaBHEHHI Ha BCEM MpsSMOM ¢ HEKOMIAKTHBIM oneparopoM ["ammepiureii-
Ha-Hembinkoro. YkazaHHBIN K1acC ypaBHEHHH MMEET HEMOCPEACTBEHHOE
NPUMEHEHNE B CaMbIX Pa3IMYHBIX OOJACTAX COBPEMEHHOTO €CTECTBO3HA-
HUs. B yacTHOCTH, ypaBHEHHSIMH TAKOTO THIIA ONMUCHIBAIOTCS (PH3UUECKHE
MpoIiecChl B HEOAHOPOIHBIX cpenax. Kpome Toro, aTu ypaBHEHHS HUMEIOT
NPUMEHEHHUS B 9KOHOMETPHUKE, HH)KEHEPHHU, OMOJIOTHH H T.1I.

CoueTaHue CHEUMANbHBIX HUTEPAllMOHHBIX METOMOB C METOJaMH TEOpHH
MOCTPOCHHS MHBAPHUAHTHBIX KOHYCHBIX OTPE3KOB JUIS COOTBETCTBYIOIIETO
HEJIMHEIHOro onepaTopa JacT BO3MOXKHOCTh JI0Ka3aTh TEOPEMY II00aib-
HOM paspemmMocTH B mpoctpaHctee L (R)n L, (R). bonee Toro, B pa-

00Te Takke MpeIaraeTcs CrelHaIbHbI UTePAIlMOHHBIN MOIX0A IS T10-
CTPOCHUS 3TUX pelieHui. B KoHIe pabOTH IPUBOAATCS KOHKPETHEIC 9acT-
Hble IPUMEPBI YKAa3aHHBIX YPAaBHEHUM JUIsl WJUIFOCTPALMU IIOJYYEHHBIX
pe3yJbTaTOB.

KuawoueBble cioBa: ypaBHeHue I ammepmireiiHa-Hembilikoro, ycioBue
Kapateomopu, cxonuMocTh utepamuii, MOHOTOHHOCTb.

§1. Beeaenue

HenunertnbiMu HUHTCIrpAJIbHBIMH YPABHCHUSAMU BHU A

P(X)= 1 (X,0(X)+ [KOG) (L p(t)dt, X €R =(—o0,4+0)

1)

79

OINMKCHIBAIOTCS Psa (PU3UUECKUX IMPOLIECCOB B HEOJHOPOIHBIX cpefax. B wacTHoCTH,
ypaBHeHue (1) UMeeT HemoCPEeACTBEHHOS MPUMEHEHHUE B TCOPHH NIEPEHOCA U3TyUSHUS

! Mccnenopanne Beimonmseno npu uuancooii moanepxke 'KH MOH PA B pamkax Haydnoro ipoekta SCS 13YR-

1A0003
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B CJy4ae HEOAHOPOIHOW cpebl B cnekTpanbHbIX JuHHAX (cM. [1]-[3]). Kpome Toro,
pa3nuYHbIe YacTHbIE cioydau ypaBHEeHUs (1) MMEIOT NMpUMEHEHHE B 3KOHOMETPHKE,
WH)XEHEpUH, ONOJIOTHH U T.JI.

B ypasuennu (1) dynxumu {4;(X,U)}_o,, ONHMCHIBarOIME HENUHEHHOCTD,

SABJIIAIOTCA BCHICCTBO3HAYHBIMH OTO6pa)KeHI/I$IMI/I, YAOBJICTBOPAIOIIUMHA  yCIIOBHUIO
KPUTUYHOCTHU:

#;(x,0)=0, vx eR, j=0,1. )
Snapo K(X,t)— omnpenenennas Ha MHOxectBe RXR HeorpuiarensHas u
u3MepuMas QYHKIHS, yIOBIETBOPSIONIAs CIEMAYIOMIEMY YCIOBHIO:

CyIiecTBYIOT u3Mepumbie Ha R dyukimu A(X) u K (x), npuuem

%Sﬂ(x)sl,m>1, xeR, mi-1eL,(R), (3)
K(x)=0, xeR, K eL(R)NL,(R), [K(u)du=1, (4)

TAKHUC 9TO
0<K(x,t)< AX)K(x-t), ¥(x,t) eRxR. )

B uvactHOM ciiydae, korna

=0, mtu=u a K(xf)=AxK(E-1),
ypaBHenue (1) ucciaemoBanocs B pabore [3] mpu JOTOIHUATETEHOM OTPaHUIEHUH

na v(K )= [XK(x)dx %0,

B cnyuae, korma GpyHkmus ,uo( X,u ) He 3aBHCHUT OT U, a

(tu)=u, K(xt)= 2K (x-t),

BOITPOCHI II00aTbHOMN pa3penuMocTH ypaBaernus (1) odcyxaeHsl B paborax [4]-[6].

OTMeTUM, YTO COOTBETCTBYIOIIME HEJIHMHEHHBbIC ypaBHEHHS Ha TOIyocH (T.e.
KOIJla HMHTETrpUpoBaHHe coBepiaercs B mnpenenax or 0 10 +00 u ypaBHEHHE
paccmarpuBaeTcs Ha IOJIyOCH) pacCMOTpeHsbI B padoTax [7]-[8].

B mactosmelt paboTe codeTaHHWE CIENHATBHBIX HTEPAITMOHHBIX METOJOB C
METOJaMHi TEOPHH TOCTPOCHHS HWHBAPUAHTHBIX KOHYCHBIX OTPE3KOB, JUIS COOT-
BETCTBYIOIIIETO HEJIMHEHHOr0 oreparopa, JaeT BO3MOXKHOCTh JI0Ka3aTh TEOpEMy
rnobaneHoit paspermmoctu B npocrpanctse L (R)N L, (R). Boxee toro, B padote

TAKXXC MNpeajiaracTcd CHeL[I/IaJILHLIfI I/ITepaL[I/IOHHHﬁ noaxona i HOCTPOCHUA ITHUX
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IEHAN. B KOHI TBI IPUBOIATCS IIpuMepbl Gy 3 4. (X, Z); U1 KOTO-

ele B xoH1e pabo OJIATC e i (X, 2 o 0TO
j=0,

PBIX BBITMIOJIHEHBI BCE YCIOBHS OCHOBHOM TEOPEMBI.

§2. BcnomorareibHbIe (paKThI

Nmeet MecTo crenyromas
Jemma 1. Ilycte 17 >0, dynxims Q(7)— onpenenennas na MuOxecTBe R
YIOBJIETBOPSIET CIIEAYIOIIMM YCIOBHSM:

a) QT na [0,7],

a,) Q0)=0, Q(n7)=n, npuyem 1 —nepavlii NONOHCUMENLHBIL KOPEHb
ypasuenusi Q(X)= X,

a,) Q yooeremeopsem ycnosuto Jlunwuya na ompesxe [0,17], m.e.

cywecmsyem nonodxcumensvroe uucio L, maxoe umo npu nobéwix t,,7, € [0,17]
8bINOHAEHCS. HEPABEHCMBO:

|Q(7,)—-Q(z,)IEL]7, -7, .

Tozoa ons Vael = (0, min (l, %]) u m>1 pynxyusa
G, (r) =n—-aQ(n—7), 7 €[0,n]06racaem credyrowumu céoiicmeamu:

i,) G,eC[0,71G, T na [0,n]Vael E(O,min(l,%jj,
i) G,(0)=>0, G,(n)=nVacel,

Js) cywecmsyem nonoscumenvroe yucio 6 (npuvem eouHcmeenHoe),
mé <77, maxoe umo G, (6) =md, m>1,
1.) G, sasnaemcs cocamvim omobpadxcenuem na ompeske [0,77].

Jl0Kka3aTenbCTBO TPUBUAIIBHO.

Tenepb paccMOTpUM CIIEAyIOIIEE OJHOPOJHOE MHTErPaJIbHOE YpaBHEHME TUIlA
lammepiurelina:

F(t)=A(t)[K(t-5)G,(f(s))ds, t eR (6)

OTHOCHUTEJLHO UCKOMOI n3mepumoit pynkunn f ().

B pabore [9] nokazano, 4ro mpu BbimonHeHuU yciosuii (3)-(4) ypaBHeHue (6)
umeer pemenne f(X) co cnenyromum ceoiictBam: @< f(X)<7.
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Huske 1IpU HEKOTOPHIX OrpaHMYEHUSIX Ha GyHKIUM A yOeIuMcs B CIEAYIOIIEM
JIOTIONTHUTENBHOM cBolicTBe pemenns f(X) ypasuenus (6).

CrpaBeniBa cieayromnas OCHOBHAs
Jlemma 2. Ilycme pynkyus Q  yoosnemeopsem ycnosusm aemmol 1,

ael, m>1a A u K — yenosuan (3)-(4). Tozda, ecnu MA—1e L3(R),mo oepa-
nuuennoe pewenue f(X) ypasnenus (6) obradaem credyrowum OOROIHUMENbHBIM

f-0<L(R)={peLy(R), limo(x)=0},

ede @ no & u M onpedensiemcs kak 6 iemme 1.
HokazarenbcrBo. PaccMoTpuM crenyromiee BCIHOMOIaTENbHOE HEIHMHEHHOE
HEOJITHOPOJITHOE HHTETpaIbHOE YpaBHEHHE:

p(1)=0(mA(t)-1)+ A(t)[K(t-5)[G,(p(s)+0)-molds, t R (V)

OTHOCHUTENLHO M3MepuMmoii Gynkiuu o(t). Beemem crenyromme nocienoBarebHbIe
npubIvKeHust it ypaBaeHust (7):

Poa(t)= O(MA() 1)+ A1) [K(t =5)[G,( p,(s)+0)—mO]ds,

8
2,(t)=0, N=0,12,..., teR.
WHyKuueii 1o N MOKHO yOEHTBCS, UTO
a) pn(t)Tno n, teRr, 9)
b) p, eL(R), n=0,1,2,.... (10)
c) p)<y—-6, n=01.2,... (11)
d) jpn(t)dtsw, n=01,2,.... B=alL<Ll. (12)
:

CaoiicTBa a)Hel'IOCpe):[CTBeHHO ClenyeT u3 h), a b) W3 CBOWCTBA (PYHKIIHMIA

A, K uonpeneneaus G

-
Hwuxe moxaxxem HepaBeHcTBa (11) u (12). Cravyana yoeaumMcs B ClIPaBeNIMBOCTH
c).
IMpu N=0 nepasencrso (11) oueBnano. [Ipenmonaras, uro (11) BeIONHSETCS
npu HekoTopoM N e N u yunrsisas coiictsa dyrkunn G, (7 ), u3 (8) nomyunwm:
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PraD) £ OMA(D) - 1)+ A K(t=5)(n-mO)ds = nA(t) -0 <10

Teneps yoenumcs B cipaseamBoctu HepaseHcts 0 ). Tlpy N=0 HepaBeHCTBO
(12) oueBumno. Ilpemmonaras, uro (12) Bemonmsercs npu Hekoropom Ne N, ¢
yuetoM J,), J, ) u (10) u3 (8) Oynem nmers:

[oradt<0ma-1], -+ [ [K(E-9)IG, (,(s)+6)-mo]dsct <
<oIma-1, + B[ [K(t-5)p,(s)dsdt <

O|m2-1
B _ L(R)
<o)+ Loy, ==
CrnenoBatenbHo, U3 mpeaenbHor Teopemsl b. JleBu crnemyeT, 4To mociemoBa-
tensrocts Qynkumii { o, (t)}-, umeer npexen: limp,(t) = p(t) e L(R) u p(t)
nN—o0
ynoBietBopsieT ypasuenuto (7), nmpudem u3 (11), (12) cnenyer, uro
O|ma-1
-p
5 (13) u (11) ClelyerT, 4TO pel(R) NI, rie
M={pel (R);0<p(X)<n—0,xcR}. JlokaxeM eIUHCTBEHHOCTh pPEIICHHUS

p(1)20, p(t)<n—0,teR, [p(t)dt< LB (13)

ypaBHeHwus (7) B knacce pyHkuuit 1.
Ipemmonoxum obparroe: mycts  p(t), o (t) €9 smusrores  pernenusMu

ypasuenwus (7). Toraa, ¢ yuerom ], ) u3 (7), 6yaeM UMETh:

| p() =P (D=L A [K(t=5)[G,(p(5)+0)=G,(p(s)+6)]ds]<
< HO[K(t=5)IG,(p(5)+0)-G,(p(s)+6)|ds <

< PADJK(=9)] o(s)=p ()] ds < fsupl ()= (5)].

Otkyma cuemyer, uto Sup|o(s)—p (s)|=0, u6o B <1, crenoparembHo

=0

p(s)=p (s) mourn Bcromy Ha R. C Apyroil CTOPOHBI, POCTOH IOACTAHOBKOI
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MOXHO yOemuthest, uro yukimus p(t)= f(t)—0 eI  ssusercs permenuem

ypaBHeHus (7).
Takum o0pazom, €IMHCTBEHHOE peleHue ypaBHEHUS @)

p(1)=f(t)-0e L (R)M.

C yaetom nemmsl 1 u3 (7) umeem

0< f(t)-0<O(mA(t)-1)+ B[K(t—s)(f(s)-0)ds. (14)

Tak kak MA—1e L3( R),Ia( eL(R),f -6 €L, (R), To yuanrsiBast u3BectHOE

cBoiicTBo cBepTkH (cM. [10]), monyuum, uto f —@ e LJ(R)MOM. Jlemma nokazana.

§3. OcHoOBHOIT pe3yJabTaT

CopasennuBa cienyromnias

Teopema. ITycmo ona gynxyuii K, K u A evinonnsomes ycaosus (3)-(5),
npuuem Gynkyus A obradaem ceoticmeom: MA-1le L(i(R), a Qyukyuu
#;(%,2), (J=0,1), onpedenennvie na mmoocecmse RxR, yoosremsopsiom

CreOYIOWUM YCTLOBUSM:
I, ) cywecmeyem nonoxcumenvnoe uucno & € (0,60), maxoe umo 11;(X,2) )

no 7 na ompeske [V, (X),n—86] npu kaxcoom ¢purcuposannom xR, (j=0,1),

I,) ¢yuxyuu 4;(%,2)(J=0,1) yoosremeopsiom ycnosuro Kapameodopu na
muoocecmee Rx[0,n—0] no apeymenmy 2, m.e. npu xadxcoom ¢urxcuposannom
2e[0,7-0] @ymeyuu p;(X,2)( j=0,1) usmepumor no X € R, u npu noumu ecex
X € R omu ¢ynxyuu nenpepwisnot no 7 na ompesxe [0,n—80],

iy) cywecmeyem uucno o € |, maxoe umo
0<(x,2)<G, (z+8)—-mb, xeR, ze[v,(x),n-06],
i, ) ebinonnsiomes nepasencmea
Ho(X,V, (X)) 2V, (X),
(X,n—0)<v,(Xx), XeR,
20e V;(x)=o(mA(x)-1), 6>0, xeR.

Tocoa ypasnenue (1) umeem wneompuyamenvhoe HeHyrie80e peulenue 6
npocmpancmee L(R)N L, (R).
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Jloka3zaTtenbcTBO. PacCMOTpUM ClieAyIONINE CHEIHATbHBIE ITOCICOBATEIBHEIC
TIPUOITKEHUS:

P01 ()= 1o (X,0,0))+ [K(X,)4(t, 0, (1)), 9o(X)=V,(X), N=0,1,2,....(15)

WNupyknuedi mo N Hrbke yoeauMcs, 94To

(on(X)Tnon, xeR n=012,... (16)
o, (x)< f(x)-0, n=01,2,..., xeR. (17)

CrepBa mokaxem (16).
Hepasercreo @;(X) 2 ¢,(X) nemocpenctsenno cmexyer u3 (15), ¢ yderom

monoTonnoctH Gynximit 4;(X,2)( J=0,1) u neorpunarensoctn 4 u K:
P(X) 2 15 (X, P2 (X)) = o (XY, (X)) 2V, (X) = 92 (X).

[pennonaras, uto @.(X) =@, ,(X) npu vekoropom N € N, u3 (15) nonyunm

21 (X) 2 115 (X,0, (X)) + [KOGE (L9, 1 (1))t = 0, ().

Teneps nokaxem (17). B cmyqae n=0 umeem:

@ (X)=e(mA(x)-1)< f(x)-80

B CUJTY JIEMMBHI 2.
Hycrs @, (X) < f(X)— 6 npu nekoropom ne N

Torna B cuny (15), ;) u j, ) nmeem

(pn+1(X)S%(x,n—9)+IK(x,t)[Ga( f(t))-mo]dt <

<V, (x)+ () [K(x-D)[G,( f(1))-mo]dt=

=v,(x)+ f(x)—-mOA(x)=6(mA(x)-1)+ f(x)—mei(x)= f(x)-06.

(v o0
CrnenmoBarensHo, — mociepoBarenpHocTh  Qynkimit  {@, (X))o, umeer

noToueuHsIi npeaen, korma N—>o0 > [im @,(X)= @(X), npuuem
n—o0

V.(X)<e@(x)< f(x)-6, xeR
e(mA(x)-1)<gp(x)< f(x)-6.
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Cnenosarensho, g(X) eL3(R)N L, (R).
Hcnons3oBanne ycnoBus 1,) W npuMeHeHue TeopeMs! b. JleBu mpuBomut K

3aBEPIIEHHUIO I0KA3aTEIbCTBA.
B koHlle paboTh! IpUBEIeM HeckoibKo npumepos dynxuuit 4;(t,z )( j=0,1).

Mpumepnt gynxumii £;(t,2) nus ocHoBHO Teopembi:

-%(x,z):vgl+go(x)m,50,51>O,77—¢928+50,teR,Z €(0,01],
. _ BT &
4(X,2) V€1+€°(X)(Z+Vgo(t))2 , B=1+ - 02> (e +¢).6,6>0, € €0,6],
-yl(t,z):w(t)sin[L(Ga(z+0)—29)],weC(R),OSw(t)sM,teR,
2(n-06) Vs
.,ul(x,z):q(x)(G“((Z-'_%));TQ)p, 20 0<q(x)<1, qeC(R).
77—

3ameuanue 1. 3aMeTuM, YTO BO BCEX MPHBENEHHBIX NpUMepax (yHKIHH
#;(t,2) obnanaror cBoicTBOM:

,uj(t,O)EO, VteR,j=0,L
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ON THE GLOBAL SOLVABILITY OF A CLASS HAMMERSTEIN-
NEMITSKII TYPE NONLINEAR INTEGRAL EQUATIONS ON
WHOLE LINE

Kh.A. Khachatryan, M.F. Broyan

SUMMARY
In present note a class of nonlinear integral equations with Hammerstein-
Nemitskii type noncompact operator in whole line is studied. Mentioned class
of equations have direct application in various fields of natural sciences.
In particular, by means of such type equations are described physical
processes in nonhomogeneous media. Besides, these equations have
applications in econometrics, engineering, biology and etc.
Combining special iteration methods with the methods of construction of
invariant cone intervals for corresponding nonlinear operator allow us to
prove the theorem on global solvability in space L, (R)~L_(R).
Moreover, in the work special iteration approach for construction of these
solutions are also suggested. For illustration of obtained results at the end
of the work concrete examples of these equations are given.
Keywords: Hammerstein-Nemitskii equation, Caratheodory equation,
convergence of iteration, monotonicity.
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UULNNL ULFULSLE 4 U 2UUBNTSESL-LEURSYPD SPIDP 12
Q0USPUL PUSEQGUL 2ZUJUUULNRULECE U HYUUR @LOAUL
LOROBLPNRE3UL UUURUL

.U, vupwinpui, U.D. Fpnjut

uuoenenkU
Uojuwtnwiipnid  htwnmwgnunynid £ wdpnne  wpwbgph Jpw
Zwdbtpownkju-Lkdhgyhh ns Yndywlun oybpwwnnputpny ny gduwyhtt
huntgpu hwjuwuwpndubph nuu:
Upjws hwjuuwpnidubph guut muth widhpuwljut Yhpunnipmniu
dudwbhwlulhg puwghnnipjut  wwppkp  phwgquunubpnid:
Uwutwynpuytiu, wynuhuh hwjuuwpnidubpny tjupugpgnud
wihwdwubn dhpwduyptipnud $hghjujutt ywpnghutp: Fugh wyy,
nhunwplyny hwjwuwpnidubpt niukt Yhpwnnipmitinkp Eyntn-
dbknphluynud, hudkubphuwynid, jEtuwpwinipjniinud b wy b
Zuwnntl hnbkpughnt dkpnnutph qniquijgnidp huwdwywnwujuwh
ns gdbwyhtt oybkpwwnph hwdwp htJuphwin ntughtt hwngus-
ubph Junnigdw nkunipjut kpnnubph htw, htwpwynpnipni
E wwhu wwywgnigh]  quopuy  ouskihnipjut phopbd”
L(R)N L, (R) mwpwdnipniunid: Uygkihl, wohiwnwipnid wnw-
oupynid E twb wnuhuh pusndubph Jupnigdwb hwwnnily
hunbkpwughnt dninkgnud: Usfjuwwnwtph ybponid phpynid Eu tpgwd
hwjwuwpnudutph Ynulpbn dwubwnp ophtwljubp uwnwgyus
wpnniupubph (pruwpuitdwt hwdwp:
Zhtuwpwnbp® Zwdkponbju-Lidhgyhh hwjuwuwpnud, Ywpwpbn-
nnpphh wuydwi, hnkpughugh qniquudhnnienil, dnininnunipinii:
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AHHOTAIUA
B mocneaHue rofbl aHTUOKCUAAHTBI, KaK MPUPOIHBIC, TAK M CHHTETHYEC-
CKHe, BCE IIMPE BXOMAT B KIMHUYECKYIO MPAKTUKY. BbICOKas MeIUKO-
OuoNOrMYecKasi aKTHBHOCTh PACTUTEIBHBIX IKCTPAKTOB BO MHOTOM 00Y-
cnoBneHa HajguuueM (raaBoHoum0B. OMHAKO AHTHOKCHIAHTHAS AKTHB-
HOCTb HE BCEerJa KOppEelIHpyeT C cojepkaHueM (IIaBOHOWAOB B PACTH-
TEILHOM Marepualle.
B nHacrosmieit pabore Oblia Mcciie0BaHa aHTHOKCHUAHTHASI aKTUBHOCTD
U OIpe/esIeHO o0liee KOJMYeCTBO (DIABOHOMIHBIX KOMIIOHEHTOB B 3Ta-
HOJIbHBIX 9KCTpakTax pactenuii Hypericum perforatum, Plantago major
L., Artemisia absinthium, Crataegus laevigata.
KaioueBble cj10Ba: aHTHOKCHIAHTHI, (DIABOHOH[bI, AHTHOKCHUAAHTHAS
AKTHBHOCTb.

BBenenne

B nocnienee BpeMst Bce Oolbliiee BHUMAHUE yASIACTCS POQUIAKTHKE U Jieue-
HHUIO Pa3IMYHBIX 3a00JICBaHUI TpenapaTaMi PacTUTEIBHOTO MPOUCXOKICHHS, T0-
CKOJIbKY YEJIOBEYECKHI OpraHu3M Jierde, Kak MPaBUIIO, YCBAaUBAET OMOJIOTHYECKHE
BEIIECTBA, COJCPIKAIIMECS B PACTCHUSIX, HEKEIH B CHHTCTHYCCKHX MEIUKAMEHTaX,
MOATOMY JIEKapCTBa, MOIYYCHHBIE M3 PACTEHUH, C KaXKIBIM T'OJI0OM IPHOOPETArOT BCE
OOJIBILYIO TIOMYJISIPHOCTD. AHTHOKCUIAHTBI PACTUTEIBHOTO TPOUCXOXKICHUS IIHPOKO
UCIIONB3YIOT B MEAMIMHE U MUIIEBON MPOMBIIUICHHOCTH B BUJIE SKCTPAKTOB U HATY-
panbHbIX Macen. Ocoboe BHUMaHHE B HACTOsIEe BpeMs yuensiercs (IIaBOHOMIAM —
0O0JIBIION TPYIITIE COEAMHEHNH ¢ MOMN(EHOTFHON CTPYKTYpOH, 00Ia1al0NuM aHTHOK-
CHIAHTHBIM [2], mpoTHBOBOCTIANUTENbHBIM [1], aHrHOMpOTeKTOpHBIM AeiicTBUEeM [3].
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LICJ'ILIO HaCTOHH_Ieﬁ pa6OTLI SABJIAJIOCH UCCIICAOBAHUC KOPPCIISIIHUU MCKAY aHTHOKCH-
,I[aHTHOfI AKTUBHOCTBIO 1 06H_II/IM KOJIMYECTBOM Cl)J'IaBOHOI/I,Z[HLIX KOMIIOHCHTOB B JTa-
HOJIBHBIX SKCTpakToB pacrenuit Hypericum perforatum, Plantago major L., Artemisia
absinthium, Crataegus laevigata.

MATEPHUAJIBI 1 METO/1bI

OOBeKTaM HCCIeIOBaHuUS ABISIINCH PACTEHHUS: OJOPOKHUK Oombimoii (Planta-
go major L.), moneiab ropbkas (Artemisia absinthium), 60spbITHUK OOBIKHOBEHHBIMH
(Crataegus laevigata) Bce u3 Koraiikckoro pernona PA u 3Bepo0oii poasIpsiBIcH-
HeIit (Hypericum perforatum) u3 TaBymickoro peruona PA.

IIpuroroBjieHHe IKCTPAKTOB

JIucThst MOJOPOKHUKA U TIONBIHM, JIUCThSI M IIBETKU OOSPBIITHUKA U 3BEpO0Os
OBLIM BBICYIIEHBI M U3MEBUEHBI 10 MOTYyYEHHUs] OAHOPOAHOTO TIOPOIIIKA.

1 IpUroTOBNICHNUS CIIUPTOBBIX 3KCTPAKTOB Ha MOJIYUYECHHBIE MOPOLIKH 100aB-
s 96% stanon B cootHomeHuu 1:10, u cMecu MHKYOMpOBaIM HA MarHUTHOM Me-
IIaJIKe PH KOMHATHON TeMIepaType B TeueHue 24-x 4acoB. JJIsl OUMCTKH 3KCTPAKTOB
OT TBEPJBIX KOMIIOHEHTOB MOCIIe HHKYOAIIMK SKCTPAKThl HEHTPU(YrupoBasu Ha MUK-
pouentpudyre (Eppendorf 5415) mpu 13 000 06/muH B Teuenue 10 MHHYT, Ocamok
YAAIISUIH.

Onpeueﬂeﬂne 00111er0 KOJU4ecTBA Q)HaBOHOI/I}IOB

OO0miee KOMMUeCTBO (PIABOHOMAOB B AKCTPAKTaX OMPEAEISUIOCH MPH MOMOIIH
KOJIODUMETPUYECKOTO METO/Ia, OCHOBAHHOTO Ha CIIOCOOHOCTH (h1aBOHOMIOB W (hia-
BOHOBBIX TUIHKO3HI0B 00pa30BbIBaTh ¢ Al*" XemaTHble KOMILTEKCHI &enToro 1sera [5].
Cruprosbie skcrpaktsl (0,01 r/mi) B oobeme 0.5 M cmemuBanu ¢ 1.5 mu 3TaHona,
0.1 ma 10%-oro xnopuaa amomunus, 0.1 mn 1M-oro auerara HaTpus u 2.8 M1 quc-
TWUIMPOBaHHOHN BozBI. O0pa3isl HHKYOMPOBAIM NPU KOMHATHOHM TemIieparype B Te-
yenre 30 MUHYT, TIOCJIE Yero OINpPEeJeNisuId ONTHYECKYIO TUIOTHOCTH 00pa3ioB B 1 cMm
KfoBeTe MpH e BosHB! 430 HM Ha ciekrpodoromerpe UV/Vis (JENWAY 6405).

OnpenesieHue aHTUPATUKAIBHON AKTUBHOCTH

AHTHpaUKaTBHYI0 aKTUBHOCTH HCCIEIYEMBIX DKCTPAKTOB U3MEPSIIH KOJIOPH-
METPUYECKUM METOJIOM ¢ mctojib3oBanueM DI (2,2-nudeHunn-1-nukpuiruaposun)
(dmoka) [4].

Jns u3MepeHust aHTUPAIUKAIbHON aKTUBHOCTH KOMITIOHEHTOB 3KCTPAKTOB HC-
nosas3oBanu 100uM pactBop ADIII. CriupToBble 3KCTPaKTHl pa30aBisUId B COOTHO-
meHuu ot 6.25 mr/min 10 25 mr/mi. Ionydyennsie 00pasipl B 00bemMe 40 MKIT CMEIIIH-
Baym ¢ 360 mxia pactBopa JAPII" n maKyOMpoBanu B TedeHue 15 MUH mpu Temmepa-
type 30°C, a onrudeckyro miIoTHOCTh u3Mepsian Ha UV/Vis (JENWAY 6405) mpu
JUTMHE BOJIHBI 517 HM. B KauecTBe MO3UTUBHOTO KOHTPOJISL UCTIOIB30BAIN CIIUPTOBBII
pactBop kBepueTrHa. OCTaTOUYHOE MOTJIOIIEHHE PACTBOPOB HPU MOJHOM BOCCTAaHOB-
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nenuu JOIIT cocrasmsinio B cpeaueM 14.5%. IIpoLieHT aHTHOKCUAAHTHOM aKTUBHOCTHU
(AOA) paccuutsiBazcs mo ¢opmyine 1, ¢ ydeToM BETHYHHBI OCTATOYHOTO TOTJIOIIE-
Hus (haktop xoppeknun — OK):

AOA% = [(OHKOHTPOJ'Ib - OHOGpa3eu) / (OHKOHTPOJ]b - (I)K)] X 1001 (2)

rae OK = ocrarognoe nornomeHue / (Ollpurmpom — OCTATOUHOE MOTJIOIIEHHE).
3nauenne ICsy MoOKa3pIBacT KOHIICHTPAIMIO KOMIIOHEHTOB B 00pasie, Heo0Xo-
mumyto Juis obeciseunBanus pacteopa DI Ha 50%.

PE3YJIBTATBI U OBCYKIEHUE

U3 uccnemnyeMbIx STaHOIBHBIX KCTPAKTOB, CTAaHIAPTH30BAaHBIX IO CYXOiM Mac-
ce, HaWBBICIIAs AHTHPAJMKAIbHAs AaKTHBHOCTh ObUla BbIsBICHA y Jkcrpakta C.
Laevigata (ICso= 0.3125 mr/mi1), a HauMeHbIIIasi aKTUBHOCTh — y 3KcTpakTa P. Major
(ICso= 1.125mr/mn). Panukan-uHruOupyromas akTHBHOCTb 3kcTpakToB A. Absinthium
u H. Perforatum paBHsnack, cooTBeTCTBeHHO, |Cs0= 0.875 1 1C50= 0.625 mr/mn (puc.
1A).

[TprMeyaTenbHO TO, YTO CaMyH0 BBICOKYIO AHTHPAIMKAIbHYIO aKTHBHOCTB,
CTaHIAPTH30BaHHYIO MO KoynuecTBY (prmaBoHonaos, umeer A. Absinthium (ICso= 16
MKT), @ HAUMEHBIIIYI0 aKTHBHOCTb, KaK U MPHU CTaHAAPTH3ALMH 110 CYXOH Macce, Mpo-
sBisieT FkeTpakt P. Major (ICs,=40 mkr) (puc. 1B).
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Puc. 1. AHTI/IpaHI/IKaJIBHaSI AKTUBHOCTBb 3TAaHOJIbHBIX SKCTPAKTOB.
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Oo1ee KoMuecTBO (DIIABOHOMIOB U aHTHPAANKAIIbHAS aKTUBHOCTH SKCTPAKTOB
MIpEACTaBICHEI B TabmuIle 1.

Tabmuma 1.

Oobmee komuuecTBO (uaBoHonOB, 1Cso IO cyxoit Macce 1o (IaBOHOUIAM B
skcTpakTtax Plantago major, Artemisia absinthium, Hypericum perforatum, Crataegus
laevigata.

1Cs 1Cs
d1aBoHOUABI o
Oobpa3zusl 10 CyXoil Macce |no (aBoHOUAAM
(mr/T)
(mr/™MiT) (MxT/MT)
P. major 39 1.125 45
A. absinthium 21 0.875 18
C. laevigata 82 0.313 25
H. perforatum 57 0.625 35
Ksepuetnn - - 10

[Mony4eHHblE JaHHBIE CBHCTEIBCTBYIOT KOPPEISIMU MEXAY KOJIHMYSCTBOM
(1aBOHOMIOB M aHTHUPAAWKAIBHOM aKTHBHOCTRIO B dKcTpakTax C. Laevigata, H.
perforatum, gero ve HabmrOmaeTcs s SKcTpakToB P. major, A. absinthium. M3 storo
MOYKHO CJIeTaTh BBIBOJ, YTO OHOJOTMYECKH aKkTHBHBIE coemuHenus C. Laevigata, H.
perforatum, uMmeromre aHTUPAAUKAIBbHYIO (AHTHOKCHIAHTHYIO) aKTUBHOCTD, IPUHA/I-
nexat (IaBOHOUJTHOMY PsiTy BTOPHUHBIX META0OIUTOB.
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thium, Crataegus laevigata pnyjutinh Epwunjujht Epunnpuljnubtpnid:
Zhtuwpwnkp' hwlwopuhnhsutpp, $jununhnukp, hwljwopuhnhy
wlunhynipmii:

THE FLAVONOID CONTENT AND ANTIOXIDANT ACTIVITY OF
THE H. PERFORATUM, P. MAJOR L., A. ABSINTHIUM, C.
LAEVIGATA EXTRACTS

D. Hovhannisyan

Russian-Armenian (Slavonic) University
raubioinf@gmail.com

SUMMARY
In recent years antioxidants are increasingly being adopted into clinical
practice. High biomedical activity of plant extracts is largely due to the
presence of flavonoids. However, the antioxidant activity does not always
correlate with the flavonoids in the plant material.
In this study we investigated the antioxidant activity and total number of
flavonoid components in the ethanol plant extracts of Hypericum perfora-
tum, Plantago major L., Artemisia absinthium, Crataegus laevigata.
Keywords: antioxidants, flavonoids, antioxidant activity.
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HAYYHBIE COOBIHIEHUSA

HUCITOJIb3OBAHUE COBPEMEHHBIX TEHETHYECKHX
METOAOB B MEJIUIIUHE, B OKCIIEPTHO-
KPUMUHAJIUCTHYECKOM ITPAKTHUKE U B JIPYTUX
OBJIACTSAX AEATEJIBHOCTHU YEJIOBEKA

H.K. Xauarpsin
Hayuonanvuoe d1opo sxcnepmusz HAH PA

Bo BTOpoii mosoBune 80-x rog0B XX Beka B MPAKTHKY CYAeOHO-MEIUIIMHCKON
OKCIICPTU3bl BEIICCTBCHHBIX JOKA3aTCIbCTB HaYaJIM BHECAPATHCA METOAbI MOJICKYJISAP-
HOW T'€HETHKH, MTO3BOJIIONINE MPOBOAUTDh MICHTU(HUKALIMOHHBIE HCCIIEA0BaHUS 00b-
€KTOB OMOJIOIMYECKOro MPOUCXOKACHUS. B KOHIIE MPOLUIOTo CTONETHS yUeHbIe TeHe-
tukn oTkpbun JIHK-maktunockonmaecknit MeTon, KOTOPBIH MO TpaBy ObLT Ha3BaH
«30JI0TBIM CTAHAAPTOM» CyAE€OHON MEIULMHBI U O3BOJINI KPUMHHAIMCTAM BCEH IJia-
HETHI 0oJiee YCIEeHO OOPOTHCS ¢ MPECTYTHOCTHIO U pa3peliaTh HICHTH(HUKAIIMOHHBIC
BOIIPOCHI, CBSI3aHHBIC C ONPEECICHUEM OTLIOBCTBA, MATEPUHCTBA U POJICTBEHHBIX CBSI-
3eil. Takum 00pa3oM yCTaHOBWIIACH MOCTOSIHHAS CBSI3b MEXKIY KPUMHHAIHUCTHKON U
reHeTukoi. A B Hayane XXI| Beka Havanuch meIeHanpaBIeHHbIC HCCIIEIOBAHNS T€HO-
Ma 4eJIOBEeKa, KOTOPhIE MO3BOJIAT B OyAyILIEM CO3JaTh «KapTy I€HOB» MOJA00HO peallb-
HOU reorpaduueckoil kapre Mupa. Kak M3BECTHO, UMEHHO H3-3a HACJIEJCTBEHHBIX
ocoOeHHOCTeH OBIBAalOT CHUTYAIMM, KOTZA NMPH OJHOM M TOH e MaTOJIOTHH OJHOMY
JIEKapCTBO IIOMOraeT, a ApyroMy — HeT. B ckopom Oynyiiem yuyeHble IUIaHHUPYIOT,
BJIMSAS HA T€HbI, CO3/1aTh METO/Ibl AUATHOCTUKH U JICUCHMS, HHANBUAYaIbHBIC IS Ka-
JKJIOTO YeJIOBEKa, a TAKXKE MOIYYUTh KIII0Y K JICUSHHIO HACIEICTBEHHBIX OOJIC3HEH.
Yuyenrle MPpU3HAKOT, YTO A0 IMOABJIICHUA PE3YJIbTATOB, KOTOPLIC CMOI'YT OLIYTUTHL Ha
cebe marueHTsl, eme nanexo. OgHaKo, B UTOTE, BCE MEPEAOBbIE METOABl MEIUIIMHBI
OyIyT OoIMpaThCcs Ha KapTy reHoMma [2].

HccnenoBanusi reHoMa Aal0T BECbMa IIMPOKHE BO3MOKHOCTH BBISBIICHUS CO-
CTOSIHHSI 3/10pOBbsI UEJIOBEYECKOIO OpraHu3Ma M CO3AaHUSl NPUHIMIHAIBLHO HOBBIX
JICKAPCTBCHHBIX IPEIApaToOB U HOBBIX MCTOAOB JICUCHHA B KaXXIO0M OTACIBHOM CIIYy-
yae, a TaKkKe BO3MOXXHOCTb M3YYEHHsI T€X M3MEHEHUH, KOTOpbIE MOTYT IIPUBECTH K
YXyIIICHUIO KayecTBa TeHoMa 4desoBeka. B maboparopusix EBponsl mpoBojsTes mc-
CJICZIOBAaHMS TEHOMA YeJIOBEKa W W3yUeHHE eHETHUYECKH JIETEPMHHUPOBAHHBIX 3a00-
JIeBaHUH CETYaTKH, BEIyLIUX K MOJIHOM MMOoTepe 3peHHs N3-3a THOEIN HEPBHBIX KIIETOK
ceTyaTkd. Y4eHble EBpombl WIIyT cmocoObl BOCCTaHOBJIEHMS MOTHUOLIMX HEPBHBIX
KJICTOK, U NIPH YCIICITHOM IMPUMCHCHHNHU 3TUX IKCIICPUMEHTOB Ha JIFOJAX 6YJICT Oorpo-
BEpPrHyT MU} O TOM, YTO HEPBHBIE KJIETKH HE BOCCTaHABIMBarOTCs. brmarogaps rene-
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TUYECKUM HCCIICIOBAHUSAM CBPOINCHCKUX YYEHBIX CUYHUTAIOCH, YTO SKOOBI OOJbINas
gacth crimpanu JJHK He HeceT HMKako# GyHKIWH, U TOJIHKO 2% reHoMa OTBEYaroT 3a
Mpon3BoACTBO OenkoB. To ecth 6ompmas gacts JJHK mo cux mop cumramace «mycop-
HO» — ee ImpeqHa3HauYeHHe YYeHbIe TOHUMANH CIIa00 W MPEIIoaraim, 9YT0 HUKAKAX
cnenuanbHbIX QyHKIui 3t yuactku JJHK He HecyT. OqHako U3 HENaBHUX UCCIICIO-
BaHUH TEX ke EBPOINCHCKUX YUYCHBIX CTAHOBUTCS SICHO, YTO OMOJIOTMYCCKU aKTHBHA
HaMHOTO OOJblIasi YacTh TEHOMa, YeM CUHUTaNIoCh paHee. TakuMm oOpa3oM, ompoBepr-
HYT eme oauH MU( W OJHOBPEMEHHO OTKPBITHI IIHPOKHE BO3MOXKHOCTH U HOBBIX
TeHETHYECKNX UCCIIEOBAHAN U JUISA U3y4YeHHs HOBBIX, paHee HE M3YUCHHBIX YIaCTKOB
YeII0BEYEeCKOTO TeHOMA.

Uccnenopanue yuensiMu [loTnanauu Tex M3MEHEHUM, KOTOPBIE MTPOUCXOIAT C
reHaMU, MIPUBEIHN UX K MBICITH, yTO uMeHHO u3Mmenenue JIHK mormno npusectu k 3BO-
JIOIMH ¥ BO3HUKHOBEHMIO YeJIOBEKa, a TouHee u3-3a ommoOku B JJHK npeBHux 6ecno-
3BOHOYHBIX JKUBOTHBIX, KOTOpOe npouzonuio 500 MUUIHOHOB JeT Ha3zan. [lo MHeHHIO
YYeHBIX, BO Bpemsi KemOpwmiickoro meproja B TeHETHUECKOM Tpoliecce 0ecro3BOHOY-
HBIX TTPOU30IIET HEOOBICHIUMBIN COOM, KOTOPHIA U IIPUBEI K 3BOOIHH, C OJTHOH CTO-
POHBI, U K Pa3BUTHUIO psiaa 3aboneBaHuil — ¢ aqpyroid. IMeHHO U3-3a MOJOOHBIX H3Me-
HEHHI TIPOU30IIII0 BOSHUKHOBEHHE TaKUX CEPhE3HBIX 3a00JIeBaHMM, KaK pak, quadeT
U HEBPOJIOTHUYECKHE PACCTPOUCTBA. DTUM M OOBSICHIETCS PaCIpOCTPAHEHHOCTh 3THUX
3a0oneBaHuil y o/iel. YUeHBIMH K€ OTKPBITHI TaK HAa3bIBaeMbIEC T€HBI «IIepEKII0da-
Tenw» reHoB — 310 yuactku JJHK, Bkmrowaromue wiav OTKIIIOYAOIIUE B KIETKaX TE
WJIM MHBIE TeHBI, B PE3yJIbTaTe YeT0 TAKKe MOTYT BO3HUKHYTH YCIIOBHUS ISl Pa3BUTHS
TeX WM UHBIX marosioruil. «llepexiouaTenuy 4acTo pacIoyIOKEHbl JaleKo OT reHa,
KOTOPBI OHM KOHTPOJUPYIOT. M3ydueHHe 3TUX B3aUMOJEUCTBUM I€HOB B KOHEUHOM
HUTOT€ MOKET OTKPBITH OOJIBIINE BOBMOXKHOCTH JUIsl Pa3pabOTKH HOBBIX METOJOB Jie-
YeHHsl, TAKUX OoJie3Hell, Kak pak, quader u T.4. OTKphIBaeTCs MeNbIii HOBBIA MHp IS
WCCIIeIOBAHUMN, PE3YIIbTAaThl KOTOPHIX UCIIONB3YIOTCA B PA3IIUYHBIX O0JIACTSIX YeTOBe-
YECKOMU JIeATENIbHOCTU. | €HBI, KaK W3BECTHO, MPEJICTABISAIOT COO0H HEOONbINe ydacT-
ku Mmonekynbl JJHK, comepxaiiiue HHCTPYKIUH, TO €CTh ONpeeIeHHYI0 HHPOPMAIHIO
JUISL KJIIETOK OpTraHU3Ma O TOM, Kakhe OeJIKOBble XUMHUYECKHE COSIUHEHUsI OHH JIOJIK-
Hbl CUHTE3UPOBATh. Ot q)YHKHI/II/I T€Ha YYHTBIBAIOTCA U U3Yy4YaIOTCA YUCHBIMU C pas-
HOOOpa3HBIX acmeKToB. MccienoBaHus yueHBIX B 00JaCTH TEHETHKH HCIOIB3YIOTCS
JUTS pa3pabOTKU JIGKAPCTBEHHBIX CPEJICTB MPOTUB CTApEHUS W IS MPOJUICHUS Yello-
BEUECKOU XKHU3HH.

B ¢dapmakosiorun, B pe3ynbrare COOTBETCTBYIOIINX T€HETHUECKUX HCCIIE/I0BA-
HUH, pa3pabaTbIBalOTCs] HOBBIE JIEKAPCTBEHHBIE CPEACTBa OT crapeHus. 6—10 ampens
2014 roma B Coun COCTOMTCSI COOBITHE, CIIOCOOHOE M3MEHUTD JKM3Hb KaXXIOT0 YeIIo-
BeKa — MeXKIyHapoaHas KoHpepeHnus «[ eHeTnka cTapeHus u JOToeTus» [2].

Ha xondepenunu codepytcsi BeqyIue MUPOBBIEC SKCIEPTHl B 00IAaCTH TPOJIe-
HUA KU3HU. DTU YUYEHBIEC y>K€ BHECIIH MOTPSICAIOIINYM BKJIaJ B U3yUYECHUE CTAPEHUS, B
MOTCHIMAJIBHYIO BO3MOXHOCTb COXPAHCHUA U YJIYUIICHUA Ka4€CTBA JXU3HU BCEX HBI-
He XUBYImUX Jroaen. [Ipenapatsr s OOpbOBI CO CTapeHHEM CTaHYT AOCTYIIHBI B Te-
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yenue matd jetr. OO0 3ToM 3asBWIM COTPYAHUKM yHHBepcutera Hooro HOskHoro
VYaneca B Cuasee.

HccrnenoBanue ydeHbIX IOKa3ajo, YTO «Oyarofapsi pecBepaTpoily — COeIuHe-
HUIO, COJEpKalleMycsl B KOXKype BUHOTpaJa M KpaCHOM BHHE, MOXXHO CO3/1aBaTh Jie-
KapcTBa, MPOJICBAIOIINE KU3Hb U MTPEJOTBPAIIAIONINe Pa3BUTHE BO3PACTHBIX 3a00J1e-
BaHuiy, — mumetr Medical Xpress. [1o ciioBam ydeHBIX, pecBepaTpoJl aKTHBUPYET Oe-
nok SIRT-1 u3 yncna hepMeHTOB-CUPTYHHOB. DTH ()epPMEHTHI PEryIUpYIOT padoTy
TeHOB, CBSI3aHHBIX C PEAKLHUEH JKUBBIX KJIETOK Ha CTPECCHI U MPOAOJIKUTEIBHOCTHIO
XKU3HU. «B ucropun apManeBTHKH elle HUKOrAa He ObLIO JIeKapcTBa, KOTOPOE TaK
yckopsiio Obl jericTBue Oenka, kak 3To nenaer pecBepBarpon ¢ SIRT-1. [loutu Bce
OCTaJlbHBIE TMpenapaTsl JU00 3aMeAJISIOT 3TO AeiicTBHe, MO0 BOOOIIEe OJIOKUPYIOT
ero», — rooput [I. Cunkinep. [Ipodeccop Maiik CtparroH, Bo3riasistonmii MacTH-
TyT Canrepa npu ¢ounne Wellcome Trust, HasBan pesynsTatbl Encode «kpaeyroins-
HBIM KaMHEeM OHMOJIOTHH YelioBeKa Ha MHOTHE rojbl» [3]. «IIpoekT «Encode» usmeHur
MeToAbl pabOThl MHOTHX HCCIIEOBATENCH U AaCT TEM, KTO CTPEMUTCS U3Y4UTh IIPOUC-
XOXJIeHHe Oose3HeH, ropa3fo Jydllee MOHUMAaHUE TOr0, KAK UMEHHO I€HETHUECKHE
M3MEHEHUS YXyIIal0T Ka4eCTBO HAIIIETO TEHOMAY, — 3asIBHJI OH.

HoBble renetnueckue MeTObI JIeUeHUST HH(apKTa MUOKapAa IPEATIOKIIN aMe-
pukanckue yueHsie. C MOMOIIBI0 KOMOMHAIIMK M3 5-TH pa3HBIX TEHOB OHU CMOTIIH
3aCTaBUTh HE(YHKLMOHUPYIOLIUE KIETKH MOJABEPrIIeiics HEKPO3y B PE3yJibTaTre MH-
(apkTa MHOKapa cepAeuyHON MBIIILBI IPAKTUUYECKH MOJHOCTHI0 BOCCTAHOBUTHCS 11O
HPEXHEr0, 340poBOro ypoBHs. OHM CHOBa Hayaly IIyJIbCUPOBATH BMECTE C CEPALIEM,
YTO IMO3BOJISIET TOBOPUTH O BO3MOXKHOCTH JIEYCHHUS] MH(PAPKTA KapAHMHAILHO HOBBIM
crocoboM. YueHble coo0Ianu 00 ycrenHoi uabeknun tpex reHoB GMT B ceppna
JKUBBIX MBIIIEH, YTO MO3BOJIMIO MPEBPATHTH (PUOPOOIACTHI B MyIBCUPYIOIINE KIETKH
cepaua. IlonbITKM TOBTOPUTH OMBIT € KJIETKAMH YEJIOBEYECKOrO CepAlla M3HAYaIbHO
NPOBAJIMIINCH, HO 100aBJIEHHE B KOKTEHIb 2-X HOBBIX T'€HOB IO3BOJIMIIO JOCTHYb TEX
e pe3yJIbTaToB, YTO U ¢ MblIaMu. TakuM o0pa3zoM, B TeueHue nocuenyommx 10 iet
METO/BI Tepanuu uHpapKTa MUOKapaa OyayT M3MeHeHbl [2]. A KakuM o0pa3oMm, Ha-
npuMep, UCTIONB3YIOTCS HA MPAKTUKE PE3yNIbTaThl MOJICKYISPHO-TCHETHUECKUX HC-
CJICJIOBAHUH B 37paBOOXPAaHEHUH W B APYIHX 00NACTIX MeAMIUHBI? UTO aHAIM3upy-
eTcs TIPH MOJIEKYJISIPHO-TEeHETHYECKOM HcciaeqoBaHun? ['eHOM yenoBeka COCTOUT U3
3-X MWJITHApAOB HyKJIeoTHI0B (OykB). B pesynbraTe MexxayHapogHoro npoekra «le-
HOM deJioBeKa» ObuM pacuiudpoBansl Bce mnocnepoBarenbHoctu JJHK uenoseka n
0o0Hapy)eHO OK0JI0 22 ThICSY TeHOB. B Hacrosiee Bpemsi u3BecTHa (pyHKIHS TpH-
MepHOo 20 ThIcAY TeHOB. Habop reHOB KOHKPETHOTO YeJI0BEeKa OMpEAeNsieT ero BHEll-
HOCTbh, TI0JI, HAacJe/CTBeHHbIE 3a00ieBaHus (TaKue KaKk MYKOBHCIHI03, TeMOQILIHS,
(heHUITKETOHYpHS U JPYTHE).

HmenHo HaOOp T€HOB KOHKPETHOIO YeJIOBEKa IMpeapacroyaraeT (mpu BO3IeH-
CTBHM COOTBETCTBYIOLIMX BHEIIHMX ()aKTOPOB, TaKMX KaK BOCHHUTaHHE, MUTAaHUE,
BpeHbIE MPUBBIYKH, 00pa3 )KHM3HM) K ONpEJCICHHBIM YepTaM XapakTepa, CIIOCOOHO-
CTSIM B Pa3IMYHBIX cdepax JCsTEIbHOCTH, K Pa3IMYHBIM 3200JICBaHHSM, BPEIHBIM
NpUBBIYKaM U T.J. TakuM 00pa3oM, aHAJIM3UPYsl BapHALIUU T€HOB, (PYHKIIMHA KOTOPBIX
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W3BECTHBI, MO’)KHO OIIPENEINTh CKJIOHHOCTh Y€JOBEKa K BPEIHBIM IPHUBBIYKAM HIIN
[IPEPACIIONIOKEHHOCTh K PAa3IUYHBIM 3a00JIeBaHUSIM, PEKOMEHAOBATh JUETY, Ipeay-
[IPEOUTh HEKOTOPBIE 3a00JI€BaHMsI, TAKXKE MOXKHO OIPENEIUTh BUA NESITEIbHOCTH, TIE
0oJIbIIIe BEPOSATHOCTH AOCTIDKEHUS ycIiexa. 3aMeHa BCEro JIHIIb OJHOW OyKBBI B T1O-
cieoBaTebHOCTH reHa (310 HasbiBaetcs SNP-single nucleotide polymorphism) mo-
KeT BIHSTh HA BBIHOCIMBOCTh OPraHU3Ma, a TaKKe MOBBIIIATH PUCK Pa3InYHbIX 3200-
JIEBAHU, HapUMeEp, CEpAEUHO-COCYIUCTBIX, AJIEPTUil 1 MHOKecTBa Apyrux. Ha uc-
cinenoBanne Takux SNP u HampaBiieH MOJIEKYJIIPHO-TEHETHIECKUN aHAIH3, Pe3yIbTa-
ThI KOTOPOT'O HCIOJIB3YIOTCS B HACTOSAIIEE BPEMS M B MEJUIIMHCKON IT'€HETHKE, B CIIOP-
TUBHOH, ¥, HAKOHELl, B CyIeOHO-MEANIMHCKOI I'€HEeTUKe, KaK Ul ONpeAeleHus OT-
LIOBCTBA, MATEPUHCTBA U POJCTBEHHBIX CBSI3€H, Tak M JIJsl PeUICHUs psiaa UIeHTUU-
KallMOHHBIX 3aJay, CTOSIMX Mepe]] CyaeOHO-MEeTUIIMHCKUME SKcnepTamu [3].

MonekynapHO TeHETUYECKUN aHaIIN3

Oran 1: 3a00p kpoBu niu citoHbL. OOBIYHO JUTA aHaIHM3a 0epYT KPOBb M3 BEHHI.
B HEKOTOpBIX T€HEeTHYECKHX LEHTPax MOTYT B3ATh OYKKaJbHBIM 3IUTENNi (COCKOO ¢
BHYTpPEHHEW CTOPOHBI IIEeKN) WK CiroHy. Kakoil MaTtepran ObUT B3AT IJIsl MCCIIEOBA-
HUA 3HAYCHUSA HC MMECT, TaK KaK I'CHCTHUUYCCKAast I/IH(bOpMaHI/ISI HUJICHTHUYHA B Kaxcnoﬁ
KJIETKE Halllero opraHusma.

Oran 2: Ananus JIHK na paznuunsie SNP. M3 nomydenHoro marepuania Bble-
ot JIHK.

Oran 3: Hanee Boigenennyto JIHK uccnenyror Ha Hamuuue pa3nuyHbix SNP
/eIMHAYHbIE HYKJICOTUAHbIE U3MEHEHHS/ METOJOM IOJMMEPa3HOl LETHONW peakuuu.
B ocHoBe 3TOr0 MeTona JIeXKUT MHOTOKPAaTHOE YBEIHMUEHHE KOIUN HCCIeTyeMOro
yuactka JIHK ¢ mocnenyromumM NpuMeHEHHEM pa3iMYHBbIX METOAMK JJIs BU3yalln3a-
uuu BapuanTta SNP.

Oran 4: Untepnperanus pesynbrata. CyMMUpYs JaHHBIE aHKETHI, Pe3yJIbTaThl
TeHETHYECKOro, J1abopaTopHOro M (PyHKIMOHAJIBHOTO HCCIICOBAaHUN, Bpad I'€HETHK
COCTABJISICT TEHETUUECKUH NACIIOPT UCCIIELyEeMOro, KOTOPBIA COAEPKUT HMH(OPMAIIHIO
00 oOHapyxeHHBIX SNP U pa3BepHYThI OTBET O CKJIOHHOCTSX €ro K Pa3JInYHBIM I1a-
TOJIOTUAM, PHUCKaX HEKOTOPLIX 3a6OHeBaHHI>'I, PEKOMCHAAIWKU IO AUETE WU IPUCMY
(hapMaKoJIOTMUYECKHX MPETapaToB.

Oran 5: 3axmounTtenbHas Oecela ¢ BpauoM I'eHETHKOM. Bpau reHetuk B xoze
Oecesibl TOSICHAET PE3YJIBTATHl MOJIEKYJISIPHO T'€HETHYECKOTO HMCCIICAOBAHMA U JaeT
COOTBETCTBYIOIINE PEKOMEHIAUUU. A KaK HCHOJNB3YIOT MOJEKYISIPHO T'€HETHYECKUN
aHanM3 B CyJIcOHO-MEIMIIMHCKON SKCIIEPTU3E BEIIECTBEHHBIX JIOKA3aTeNbCTB OHOIIO-
rU4ecKO nmpuposl, To ecTh MeTtoasl JIHK-ananusa B NpakTUYECKOH AESITEIBHOCTH
CyIeOHBIX MEIUKOB M KPUMHHAIUCTOB? B COBpeMEHHOM MHpe NpECTYIUICHHS BCe
yale HOCAT XapaKTep XOpPOLIO OpraHW30BAHHBIX M CIUIAHWPOBAaHHBIX, HHOTAA C IPH-
MEHEHHEM HOBBIX TEXHOJIOTMH M JOCTM)KEHUH HayKH. DTO AUKTYEeT HEOOXOIUMOCTD
ycuieHus: 00pbOBI ¢ MPECTYMHOCTHIO, 3aCTABIAET IPUMEHSTh BCE JOCTYITHBIE CPEACT-
Ba U METOJbI JIA UX PACKPBITUA U pacClI€A0BaHud, CTUMYJIHUPYET IMOUCK HOBBIX KpH-
MHUHaJIUCTUYCCKUX METOHOB U CPEACTB KaK IJIsI PACKPBITUA HanboJiee OMacHBIX mnpe-
CTynHCHHﬁ, TaK U 1JIA c60pa " UCCIICOJOBAaHUA UCTOYHHUKOB J0KAa3aTCJIbCTB, MMCHOIIUX
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CYIIIECTBEHHOE 3HAYCHUE IS YCIICIITHOTO PACCIICIOBAHMS U CyIeOHOTO PACCMOTPEHUS
YTOJOBHBIX A€l. B 3TOM CMBICIE UCIIOJIB30BAHUE METOJOB MOJIEKYJISIPHOM T'€HETUKH B
COBPEMEHHON KPUMHHAIMCTUYECKON MPaKTUKE SBISIETCA SPKUM TMOJATBEPKICHUEM
YCHEIIHOIO0 COTPYAHUYECTBA T€HETUKOB U KPUMHUHAIMCTOB. Yallie BCEro 3TO UCHOJIb-
3yeTcsl B IMpolecce CyneOHO-MEIUIIUMHCKOW HKCIEPTU3bl BEHISCTBCHHBIX J0Ka3a-
TENBCTB OMOJIOTHYECKON MPHUPOJIBI, TO €CTh B OMOJIOTMYECKUX JTA00OpaTOPUIX TIPH Ce-
POJIOTHYECKUX HIECHTU(PUKAIIMOHHBIX UCCIICOBAHUAX U B CyIEOHO-TCHETUYCCKHX Jia-
OopaTopusx. DTO OCHOBHBIC CTEP)KHH B HMCCICIOBAHUAX BEIICCTBCHHBIX JJOKAa3a-
TenbCcTB. BOT moyemy cyzeOHO-MEAMIIMHCKHE SKCIIEPTHI, a TaKXkKe CyAeOHBIE Cepoiio-
TH, IUTOJIOTH, TeHETUKH U JTAOOPAHTHI JIENal0T BCE BO3MOXKHOE, YTOOBI OBITh YCHEII-
HBIM UCCJIEIOBATEIBCKUM 3BEHOM B PACCIICIOBAaHUU YTOJOBHBIX Jieid [4]. A Ha 3TO MO-
TYT MOBJIUATH OYCHb pa3HbIC (PaKTOPhl, OOBEKTUBHBIC H CYObCKTHBHBIC, HAUWHASI OT
CTETICHH KBATH(DUKAIIMU SKCIIEPTOB U KOHYAs BO3MOXKHOCTAMU J1a00paTOPHiL, UTO OII-
penensieTcss HaIWYHEeM HEOOXOIWMOW MaTepHaAbHO-TEXHUYECKOW Oasbl, CTETEHBIO
pa3BUTHUS U IPUMEHEHUS Ha MPAaKTUKE HOBBIX OMOTEXHOJIOTUH M JOCTM)KEHUH COBpe-
MEHHOU MOJIEKYJISIPHOI OMOJIOTHH B 3TOH 0OJACTH.

Texnuka reHomHo# unentuukanuu no JJHK Ovuta onpenenena B 1987 roay B
CylIeOHO-MEIUIIMHCKOW  TMpakTHKe BenukoOpuTaHwM, Kak MeEToa  CyneOHO-
MEMIIMHCKON 3KCIEePTH3bl WM TEXHUKA TeHOMHON miaeHTH(ukanmu no JAHK, «re-
HoMHas uaeHTuukamms», «IHK-makrunockonms», «renotumockonws», JJHK mpo-
(unmrpoBanre. YHUBEPCATHHOCTh M BBICOKAS WHAMBHUIYAITFHOCTh PE3yIbTATOB JeNa-
IOT ATOT METOJ HauboJiee MepCIeKTUBHBIM CPEId BCEX OCTANBHBIX METOJOB HECHTH-
(bUKaMy YelioBeKa B CIydasx HEMOCPEICTBCHHOI'O MCCIICOBAaHUS OOBEKTOB OHOJI0-
rudeckoro npoucxoxaeHus [3]. CyliecTByeT HECKOJIBKO BapHaHTOB TEXHOJIOTHU
npoBeieHus ucchenoBanuit Mojekynsl JJHK B memsx uaeHtuduxanmu uenoBeka.
OnuH W3 BapuMaHTOB OCHOBAaH HA aHAM3e MOIMMOpP(H3Ma JITUH PECTPUKIIMOHHBIX
tparmenToB JIHK (dbparmeHTOB, momydaembIX IyTeM paccedeHus Moinekyibl). Co-
KpamieHHO ero HaspBatoT [IJ[P® ananmu3 (MCTONB3YIOT JUIS WCCIETOBAHHS KUIKON
KpoBH). Bropoii BapuaHT — HOIMMOPGU3M JITHHBI aMIUTM(UIIMPOBAHHBIX ()ParMEeHTOB
JHK wnu nmonuMepasHas 1enHas peakius. TpeTuii BApuaHT — aHaIu3 moJmMopdhu3Ma
ouepenHocTy Hykieotuaos uccienyemoit JJHK. U3 Bcex atux TexHomoruii B cyneo-
HO-MEAMIIMHCKOM DKCIIEPTH3€ BEUIECTBEHHBIX JIOKA3aTEIbCTB OMOIOTHUECKON TPUPO-
Ibl 4yaie Bcero ucnoisb3yercs meror [P, To ecTh Meroa moiaumepa3sHOW LIEMTHOM
peakuuu. MeTo OCHOBaH Ha TOM, YTO Iepen uccienoBaHueM I'B-ydyacTkoB umero-
mmecs pparmentsl JJHK MHOTOKpaTHO KONUPYIOTCS, TEM CaMbIM HapalllUBaeTCs, 110
HE00X0MMOro, 00beM MaTepuaJa, MOJIeXKAIIEr0 UCCICIOBAHMI0. DTOT METO TOJY-
YU Ha3BaHWE — METOJ aMIUTH(HUKAIIMN WIM PEaKIMH IETHON IMOJIMMEpPU3alid, OH
UCIIONIb3YETCs JJIA OMPENENICHHUs OTIIOBCTBA, MAaTEPUHCTBA U POJACTBEHHBIX CBS3CH,
JUTSE. MICHTU(QUKAIMN HEU3BECTHBIX OMOJOTMYECKUX OOBEKTOB, MPEJOCTaBICHHBIX
JKCIIEPTY CyNeOHBIMH OpraHaMH B KaueCTBE BEIIECCTBEHHBIX J[OKA3aTENbCTB M IS
UACHTU(GUKAINY JTUIHOCTEH MPEeanoaracMoro MpecTYITHUKA WU JKePTBBI MPHU pac-
CIIEJIOBAHUM COOTBETCTBYIOIIMX YroioBHbIX Aes. Meton TP ucnons3yercs B coBpe-
MEHHBIX JIaboparopusx s uzydenus JJHK BupycoB u apyrux Bo3Oyautenei nHpek-
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LUOHHBIX OOJIe3HEH, TakuX Kak TyOepKyne3, aTMIIMYHAs ITHEBMOHUS M JPYTUX Orac-
HbIX HHQEKA. [IponBmwkeHe METOJ0B TEHHON HACHTU(UKAINN B 00JIACTH MEXTY-
HapOJHON TPAKTHUKW PACCIIEOBaHUS MPECTYIUICHHH W PO3BICKA MPECTYITHUKOB OCY-
mectBisercs aTepnonaoM myteM obecriedenns noctyna k 6azam ganaeix JIHK rocy-
JnapcTB-wieHoB MHTepriona yepe3 riio0albHYIO MOJHIEHCKYI0O KOMMYHHKAIMOHHYIO
cucremy. baza manneix [IHK WaTtepnona Obina co3gana B 2002 romy. A Ha KOHeI
2006 roma 3ta 6asa coaepxkana unpopmaiuio o 6onee yem 65000 manubix o JJHK u3
42 rocynmapcrs [3].

CymecTByeT crnennajibHOe KOHCYIbTaTHBHOE MojpasaeneHue MHTepmoma 1o
WCTIONIb30BAaHUIO TEHHOW MASHTH()HUKAINH, SKCIEPTH KOTOPOH aHAIM3UPYIOT COCTOS-
HUE JeN B 00JacTH TeHHOM MAEHTH(HKALUK, pa3pabaThIBAIOT COOTBETCTBYIOIINE pe-
KOMEHJAllMM M OKa3bIBaIOT MOMOIIb B Pa3BUTUH CyleOHO-TEHETHYECKHX JabopaTo-
puii. IMeHHo Onaronapsi TeHETUYECKUM UCCIIEI0OBAaHUSIM ITOATBEPKAAIOTCS HEU3BECT-
HbI€ HaM HCTOPHYECKHE (PaKTHI, CBSI3aHHBIC C YKM3HBIO M POJIOCIOBHON OTIEIBHBIX
muaHocTer. Kak, Hampumep, To uro Tperuit mpesuaeHt CIHA Tomac [Beddepcon,
MMEBIINIA CBs3b CO CBOEW paObiHeH-kBapTepoHKod Cammm XeMMHUHTC, KOTopas 3a
BpEMs IMIPOKUBAHUA C HUM pOANJIa BOCbMEPBIX BHe6pa‘-IHbIX CBCTIIOKOXUX ILCTGI\/'I, SAB-
JIAETCS OTLIOM IO KpaillHEH Mepe OAHOr0 M3 HUX, TaK KaK 3TO MOATBEPAMI HEJABHO
MPOBEJCHHBIN TeHeTHueckuil aHanu3 [5]. CTaHOBUTCS OYEBUAHBIM, YTO BHEIPCHUC
METO/Ia TEHOTHUITOCKOIINY B MPAKTUKY MPABOOXPAHUTEIHHON JAEATEIHHOCTH JAeT BO3-
MO>KHOCTh HE TOJBKO HMCIIONIb30BaTh €ro B PEUICHHH MHOTOOOpPAa3HBIX 33/1a4 HICHTH-
(hMKaMy JIMIHOCTH YENOBEKa M JKUBOTHBIX IO ClieflaM M 00bEeKTaM OHOJIOTHYECKOTO
MIPOMCXOKICHUST M CTAaTh HA MyTH MPECTYITHOCTH, HO W OJTHOBPEMEHHO HE ITO3BOJIET
OOBHHUTH JIO)KHO YKA3aHHOTO MTOI03peBaeMoro [3].

C nomouIpio 3TOro MeTojia MPAaKTUIECKH PELIAIOTCs IPAaBOOXPaHUTENbHBIE 3a-
Jla4d, KOTOpbIe paHee ObUIM HEPa3pEIINMBIMU, a TAKXKE TIOJTBEPKAAI0TCSI BaKHEHIIINE
(haKThl HICTOPHH YEIOBEUECTBA.
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USING MODERN GENETIC TECHNIQUES IN MEDICINE,
FORENSIC PRACTICE AND IN THE OTHER AREAS OF HUMAN
ACTIVITY

N.K.Khachatryan

SUMMARY

It becomes obvious that the investment of genetic method in the practice
of law enforcement bodies gives an opportunity not only use it and
resolve a lot of problems connected with the identification of persons and
biological traces of animals and stand in the way of crime, but at the same
doesn’t allow to accuse innocents falsely. Through this method are clari-
fied the issues faced the law enforcement bodies that seemed to be inso-
luble before as well as are confirmed important facts of human history.

duUULUYUYPS @6LESPUUYUL UGENILEP OQSUSNONRUC
PFTUUUUL, LBUNMUSUYUNUUUL NMUUShYUSNRU GBY,
UUurMNk ysuvvoanronkucNkE3UL USL ALUQUJULNLENRU

L. Y. vuswnpyui

uvonenkU

Ujuhuyun Lt gunumd, np ghinnpywulnyhwyh dbpngh ubp-
npnudp hppujuwwh  dwpdhuubph gopéntubnipjutt wpwlunh-
Juynid htwpwynpnipjniy k pdbnunid ny vhuy oginuugnpsty wyh
b 1nwsh] puquuphy futinhpubp wtdh inygiwjuwiugdwt b JEunw-
uhubph JEtuwpwbwut hkwnpbph tinyuujuitugdw wnnidng b
Juwiqul)] hwigugnpdnipjut Jwtwwywphhl, wy] twb dhlibngh
dudwbwl pny] sh mwhu hns dhnunpl] wiudbn juuljwsjuhe
Uju dkpnnh oqumipjudp wupqupwiynid ki hpwduwuwh dwp-
dhuutiph wpol npdws wy juunhputpt, npnup twpjhund qptpt
winiskih thl, b hwunwnynid B duppimpjut gqundnipjub
Junpunpwgnyyt thwuwnbp:
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K CBEJEHUIO ABTOPOB

[IpaBuna nyisa aBTOpoB )XypHana «BectHuk PAY, ®u3nko-MareMaTHUECKUE U €CTECTBEH-
HBIE HAYKUY.

XypHan mnedyartaeT OpHIHMHANBHBIE CTaThU 110 PA3INYHBIM HANpaBlICHUAM (u3nko-
MaTEeMaTHYECKUX U ECTECTBEHHBIX HAYK.

* K paccMOTpeHHIO NMPUHUMAIOTCS CTaTbU Ha PYCCKOM, apMSHCKOM HIIM aHIJIMHCKOM
A3BIKAX.

*  Crarb¥ DOKHBI OBITH IIPEICTABICHBI B PACIIEYaTAHHOM BHJIE M SJIEKTPOHHOU (hopMme.

* K marepuanam cratbu npuiaraercsi JloroBop ¢ usnarensctBoM PAY, moanucaHHbIN
OTHUM (OTBETCTBEHHBIM) aBTOPOM (0(hOpMIIIETCS B OTHOM IK3EMILISIPE).

*  Craths NOHKHA MMETh HANPABJICHHUE OT YUPEKICHHUS, B KOTOPOM BBITIOIHEHA PaboTa.
Pykonuce noamuceiBaeTcs aBTOPOM (COABTOpaMM) ¢ yKa3aHWeM (aMUINU, UMEHH, OTYECTBa,
JOMAIITHETO ajxpeca, MecTa paboTsl, HOMepoB TenedonoB u e-mail. Heobxomiumo ykaszath, ¢
KEM BECTH IIEpPErOBOPHI U NepenucKy. OTKIIOHEHHBIE CTaThbU HE BO3BPAIIAIOTCS.

* B pemakuuio HanpaBISIIOTCS J[Ba SK3EMILIsIpa CTaThy, HaOpaHHbIe mIpudTOM 12 mMyHK-
TOB UYepe3 [[Ba MHTEpPBaJIa HA OJHOM cTopoHe ymcta (mpubmmsuTenbHo 30 CTPOK HA CTpaHUIE,
60 cuMBOIIOB B CTpOKe). PyKomicHBIE BCTaBKM HE AOIyCKalOTCs. Bee cTpaHUmbl JOMKHEI OBITH
MPOHYMEPOBAHBI.

Ilepen TEKCTOM CTAaThH yKa3bIBAIOTCSL:

— Ha3BaHHUE CTATHH;

—  MHHULUAIB ¥ (aMUIMU aBTOPOB (U1l FHOCTPAHHBIX aBTOPOB Ha SI3bIKE OPUTHHANA HITH
Ha aHTJINICKOM SI3BIKE);

— Ha3BaHHE yUpexneHus (0e3 cokpamieHHi u abOpeBHaTyp), KOTOpOe HANpaBJIET CTa-
ThIO, €ro ajpec (ropoi, CTpaHa);

— e-mail aBTOpOB.

Janee nomemnaercs aHHOTAaLlMsI HA PYCCKOM M apMsIHCKOM s3bIKax o0beMoM He Oonee 0.5
MAIIMHOIIMCHOW CTPAaHUIIbl, KOTOpast He OJDKHA AyOJIMPOBAaTh BBOAHBIN MITH 3aKIIFOUUTEIBHBINA
paszensl. AHHOTanus He JIOJDKHA COJIep KaTh JIMTEPAaTYPHBIX CChIIOK W ab0peBuaryp. B konie
AQHHOTAIMM yKa3bIBaloTCs KitoueBbie cioBa (keywords). TpeOyercst Takke aHHOTALMS Ha aHT-
JIMICKOM SI3BIKE.

* l3noxeHue MaTepHaia JIOJKHO OBITH SCHBIM M KPaTKHM, 0e3 (OopMyJd M BBIKIAIOK
MPOMEXYTOYHOTO XapaKTepa M TPOMO3IKMX MaTeMaTHIeCKUX BBIPAKESHHH.

e PHCyHKH NpeACTaBISIIOTCS B ABYX dK3eMIUIsipax. Bce Haamucu Ha pHCyHKE Cleayer
JlaBaTh Ha aHTJIMHCKOM S3bIKE.

*  @opmyisl ciietyeT HabupaTh KPYIMHO, CBOOOIHO M YETKO.

Hymepauus ¢popmy:n goskHa ObITh CKBO3HOM 10 BCel cTaThe (HE MO pas3zenam).

—  Xumndeckue GpopMyIbl, MaTeMaTHIECKHE CUMBOJIBI, COKPAIIEHHS (B TOM YHUCIIE B MH-
JieKcax), eANHHUIBI I3MEPEHUsI HaOMParoTCs PSIMBIM IPUPTOM.

—  JKupHbM mprdTOM HaOMPAIOTCS TOJBKO BEKTOPHBIE BEJIMYHMHBI (CTpENKa CBEPXY He
HY)KHa).

— I'peueckue, roTndeckue U «pyKOIMHUCHBIE» OYKBBI JJOIDKHBI JIETKO PacliO3HABATHCSI.

— Bce ocTanbpHbIe CHMBOJIBI HAOMPAIOTCS KYPCHBOM.

e Tabnuue! 1ODKHBI OBITH HalleUaTaHBl HA OTIEIBHBIX JHCTAX, BKJIIOYEHHBIX B OOIIYIO
HyMepanuio Tekcra. O0s3aTeNbHO HaJIW4YKE 3arojIOBKOB M €MHUII U3MEpeHHsl BeqnunH. Bee
CTOJIOIBI TAOJIMIIEI JOJKHEI OBITH O3arjaBJIEHEL.

*  Cnucok nuTeparypsl JIOJDKEH ObITh HaOpaH Ha aHIVIMICKOM S3bIKE M O(hOpMIIEH Clie-
JYIOIIUM 00pa3zoM:

— JUISl KHUT — MHUIHANBI 1 (GaMUINU 6CexX aBTOPOB, HA3BaHWE KHHUTH, U3/1aTEIbCTBO, Me-
CTO M3JIaHUsL, TOJI U3JIaHMs B KPYTJIBIX CKOOKAX, TOM;

— Ui IEPHOJIMYECKHUX M3/IaHUH — MHULMAIB! M ()aMIJINK BCEX aBTOPOB, Ha3BaHHE Kyp-
Halia, TOM, — HOMepa [epBOi U MOCJeHel CTPaHHIl CTaThbU, MO/l N3aHHs B KPYTIJIbIX CKOOKaX.

Hymepanust ccbUIOK 10JKHA COOTBETCTBOBATH NOPSAIKY X YIIOMUHAHUS B TEKCTE.



COJNEPXAHUE

MartemaTtuka u uHpOpMATHKA

AxonsH FO.P., Oranecsn P.3. O0 ucrnonb30BaHNH Y€OBIIIEBCKIX UTEPALINI
[PU TOCTPOCHUH MHOTOYPOBHEBBIX TTEPEOOYCIABIUBATEICH ...vevverveviveviariaieenieneesneneene

BepoOepsin C.JI. O HEKOTOPBIX NMpeIENbHBIX MHOKECTBAX BIOJIb
OPUIUKIIMIECKHX ITYTEH] ..cvviiiiiiiiiii ittt 16

Manukyan M. Canonical model: formal Semantics ...........ccccoevviriinineneiencecnee 20

Maptupocsa A.C. MeTo HHTEpBAIBHOTO JJOTHIECKOTO
MOJICTTAPOBAHIST IIAPPOBBIX CXEM ..vuvvivrerreesreassesssesseessesssessseasseansesssessesssesssesssesssessssssns 40

Mogcucss I'.JI. Pa30MeHHE U COBEPIICHHBIC KOJIBL «...vveuveeveerteanressresseessesseeessesseesseesses 52

Xauatpsia X.A., Bpossa M.®. O rno6ansHON pa3pemmMOCTH OTHOTO Kiacca
HEJIMHEWHBIX UHTETPaIbHBIX ypaBHeHUH ["'aMMepiurerina-Hempinkoro
1 E 10T 0 03 1Y ) ST P PR PR PSP 79

Bbuoaorusa

Oranecsin [I. Conepxanne (1aBOHOMIOB M aHTHOKCHIAHTHAS aKTHBHOCTb
skcrpakroB H.Perforatum, P.Major L., A.Absinthium u C.Laevigata............................ 89

Hayunble coo0uienust

XavyaTpsn H.K. Mcnons3oBaHue COBpEMEHHBIX TEHETUUECKUX METOOB
B MEJIUIIMHE, B KCIIEPTHO-KPUMHHAIACTHYCCKON TPAKTHKE H
B IPYTUX OOJIACTSIX ACATEIEHOCTH UCITOBEKA. +...vevvesreseesseesseaseanseassessresseesseessesssessnessnss 94



Anpec Penakuuun HayyHbIX u3gaHuid Poccuiicko-ApMsSHCKOTO
(CrnaBSHCKOTO) YHUBEPCUTETA:
0051, 2. Epesan, yn. Ogcena Imuna, 123
men/paxc: (+374 10) 27-70-52, (enymp. 42-02)
e-mail: marvolskraya@gmail.com

3aka3 Ne 1
ITonnucano x neuatu 19.01.2014r.
®opmar 70x100"/35. Bymara odcernas Nel.
O6mem 6.7 yeu. .. Tupax 100 3k3.



