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PO3MAPAJIENEHUA ANFTOPUTM CUHTE3Y EMNIPUYHUX MOLENEN
ONTUMANBLHOI CKIAQHOCTI

M. I. T'op6itiuyx , B. M. Medgeouyx, b. B. Ilawkoscskuii

lsano-Dpankiecokuil HAYIOHATLHUL MEXHIYHUL YHIBepcumem Hagmu i 2asy,
ey1. Kapnamcoka, 15, m. Isano-®@panxiscok, 76019, e-mail: gorb@nung.edu.ua

3anpononosarutl mMemoo, AKUU 3HAYHO PO3UIUPIOE KIAC eMRUIPUYHUX MoOerel | 00380JA€ CUHME3Y8aAmu
MOOei ONMUMATBLHOL CKIAOHOCI, CRUPAIOYUCH HA 308HIWHIL Kpumepiil 8iobopy modenei. Tlokazano, wo
i3 30inbUEHHAM PO3MIPDHOCII 3a0ayi CUHMe3y eMNIPUYHUX Mooeleli 3pOCMAaoms 3ampamu MAUURHO20
yacy Ha ix npozpamuy peanizayiio. Tomy akmyanbHol0 HAYK0G0I0 3a0aueio € 3MEHUIeHHS 3ampam
MAWUHHO20 YACY, WO 003601UMb CURME3YEAMU eMNIPUdHi MoOei 8ucoxoi poamiprocmi. OOHUM 13 UIAXIE
PO38’A3AHHA NOCMABLEHOI 3a0ayi — pO3NAPANIeNIeHHA al2opummy CuHmesy Mooenel ONMUMATbHOL
ckaaonocmi. Ilposedenuti ananiz aneopummy nobyoosu makux mooeneu, KUl noKasae, wo Hauoiibul
3aMPAMHUMU  ONepayiamu € po36 A3aHHA cucmemu JIHIUHUX aneebpaiunux pieHaHs. Lli onepayii
BUKOHYIOMbCS 6a2amopaszoso. s eunsients ehexmugHoCmi napaieIbHux aleopummis cunmesy mooenel
ONMUMANBHOI CKIAOHOCMI 0OYUCIEHO KIIbKICMb  apumemuyHux onepayil, AKi Manomes Mmicye npu
peanizayii napaneibHux aneopummis i 30iUCHeHO iX HOPIGHAHHS 3 GIONOBIOHUM NOCAIO0GHUM AN2OPUMMOM.
Knouosi crosa: cucmema, 2en, xpomocoma, Kpumepiti NPUCMOCYBAHHS, PO3IMIPDHICMb 3a0ayi, cucmema
Pi6HAHb, apudmemuuna onepayis, aHali3 aieopummy.

Ilpeonoscern memoo, KOMOpwlil 3HAYUMETLHO PACUUPSAEM KIACC IMAUPUHECKUX MOoOelell U HOo360a5Aem
CUHME3UPOBAMb MOOEIU ONMUMATLHOU CLONCHOCIU ONUPAACL HA 6HEWHUU KpUumepuil omoopa mooenei.
Tlokazano, umo ¢ yeenuuenuem pasmepHOCMU 3a0a4y CUHME3d IMNUPULECKUX MOOeNel VEeIUUUBAIOMC Sl
3ampamvl MAWUHHO20 GDEMEHU HA UX HpospamMmuylo peanusayuto. Ilosmomy axmyanvHol HayyHOU
3a0auell SGIAEMC  YMEHbUICHUE 3amMpam MAWUHHO20 6PEeMEHU, YMO NO38OJIUM  CUHME3UPOBAMDb
aMAUpUYecKUue Mooeiu 8blcokou pasmeprocmu. OOnum u3z nymel peuieHus NOCMABNEHHOU 3a0auu -
pacnapanieiusanue aileopumma cunmesa mooenel OnmuManbHou ciodxcnocmu. Ilposedenuvitl ananus
aneopumma HOCMPOEHUsL MAKUX Mooeell NOKA3dl, Ymo Haubonee 3ampamubiMi ORePayusiMu A6JIsII0Mcs,
PeuenuUs Cucmembl TUHEHbIX A1eeOpaudecKux YpasHeHu. Smu onepayuy GulnOIHIIOMCSA MHOZOKPAMHO.
s eviasnenus o@poekmusHoCmU  NAPANIETbHBIX  AI2OPUMMOE  CUHME3d MOOerel  ONMUMAIbHOU
CHLOJICHOCIU ~ 8bIYUCTIEHO KOIUYECNE0 apU@dMemuyeckux onepayutl, Komopvle umMeiom Mecmo npu
peanuzayuu  napaiieibHblX  AICOPUMMO8 U  OCYWECMEIeHO UX CPABHEHUe C COOMBEemCmEYIOuUM
nOCe008aMeNbHIM AN2OPUMMOM.

Kniouesvie crosa: cucmema, 2en, Xpomocoma, Kpumepuii RPUCNOCOOIeHUsl, PA3SMEPHOCIb 3A0ayU, cucmema
VPasHeHUll, apupmemuuecKkas onepayus, aHaIu3 aleopummd.

The method is developed to extend the class of empirical models and it allows to synthesize models of
optimal complexity based on external criterion of models selection. At the same time, with the increase of
the dimension of the problem of synthesis of the empirical models increases the cost of the computer time
on their software implementation. Therefore, the actual scientific problem is the reduction of the computing
time, which allows synthesizing the empirical models of high dimension. The parallelization of the
algorithm of models synthesis of optimal complexity is the way to solve this problem. According to the
analysis of the algorithm for the constructing of the empirical models of optimal complexity, the most
expensive operations is the solution of systems of linear equations and calculating the output of the system.
These operations are performed repeatedly. The number of arithmetic operations is calculated for the
detection of the efficiency of the parallel algorithms for models synthesis of optimal complexity. This
arithmetic operations is used in the implementing of parallel algorithms. Their comparison with the
corresponding sequential algorithms of the solving of system of linear equations and the computation of the
output of the empirical model are given in this article.

Keywords: The system, the gene, the chromosome, the criterion of adaptation, the dimension of the
problem, the system of linear equations, arithmetic operation, the analysis of algorithm.
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Beryn
I[lpy  DoOymoBi  eMmipuyHMX  MOAeNen
HallyacTille  BHKOPHCTOBYIOTH  IOJIIHOMIaJIbHY

3aJIeXKHICTh BUAY [1]

M-1 n
v=YalTx. o
i=0 j=1

e @, - mnapamerpu mozeni (1); M - KimbKicTb
napaMeTpiB MOIEII.
Cremeni 2

apryMeHTiB X, TNPHUIAMAIOThH

j
. 1 3aJ0BOJIBHSIIOTE OOMEXEHHIO

ij
3Hauenus 0, 1, 2,

ZZ” <r;ge r — MakCUMaJibHA CTENIHb MOJIHOMA

(1).

Y pobGotri [2] 3ampoNOHOBAHO EMITIPUYHY
Monmenb (1) cuHTE3yBaTM 3 BHKOPHUCTAHHSIM
TeHETUYHUX  aJTOPUTMIB, CyTh SIKOTO Y
HACTYITHOMY. YTBopHMo ynopsmKOBaHy CTPYKTYpY
IOBXHHOIO M , B skiii Ha |-ToMy Micmi Oyze
CTOSITH OI[I/IHI/IHH ab0 HyJIb B 3aJICKHOCTI BiJl TOTO
uy mapameTp &, 1=0,M —1 mogzeni (1) BinmiHHUMIH
BiJl Hy/Is, YM HYJNbOBHHA. Y Teopil TeHETHYHHX
ANTOPUTMIB TaKa YIOPSIKOBAaHA ITOCHITOBHICTh
HOCHUTBH Ha3BY XpOMOCOMH a00 0co0i, a aTOMapHHiA
€JIEeMEHT XpPOMOCOMH (OJUHHIIA a00 HYIIb) — II€ TeH.
Habip xpomocom YTBOpIOE nomyJAio. Baximueum
NOHATTAM Y TeOpii ICHCTHYHUX aITOPHTMIB €
(pyHKIiA NPUCTOCYBAHHS, SIKA BH3HAYA€ CTYHiHb
NPUCTOCYBAHHS OKpEeMHUX 0ci0 y momyssiiii. Bona
Jla€ 3MOTy i3 Bciel momyssimii BUOpaTu ocoli, sKi €
HANOLUIBIII MPUCTOCOBAHUMH, TOOTO TaKi, AKi MatOTh
HaiiOUIbIe  (HaliMeHINE)  3HAYCHHS  QYHKLIi
MPUCTOCYBAHHSA. Y 3a/a4i CHHTE3y EMIIPHYHHX
Moeneit (byHKuleIo HpI/ICTOCOBaHOCTl BUCTYIA€E
NEeBHUH KpHUTEpil ceneKuu VY poboti [2] Takum
KpPUTEpIEM €  Kpurepiii  perymspsocti — abo
MiHIMaJIbHOTO 3MiLICHHS. TakuM YHMHOM, 3a1ady

CHUHTE3y  eMIIPUYHOI  MOJei C(bopMyeMo
HACTYIMHUM YHHOM: 13 TOYaTKOBOI MOMYJSAIiT
XpOMOCOM  IIUIIXOM  €BOJIIOLIHHOTO  BiOOpY
BUOpaTH TaKy XpOMOCOMY, sKa 3abe3redye
Halikpaiie 3HaueHHS (QYHKIOII [OPUCTOCYBaHHS
(MiHIMallbHE  3HAYEHHS  KPUTEPI0  CEJICKIIiN).

Peamizawniss po3poOieHOro anropuT™My BHMAarae
0araTopa3oBOro PO3B’sS3yBaHHS CHCTEMH JIIHIHHUX
anreOpaiYHUX PiBHSHB.

Skmo N - 4YHCIO HE3aJIeKHUX 3MIHHHUX
MOJzel, TO KUIbKICTH M Koe(ilieHTIB Mojeni
BU3HAYa€ThCA [2] 3a PopMyIIor0

n+r !

M = ntr! )

VY poborti [3] cuHTe30BaHA EMITIpHIHA MOJICTb,
B AKiE N=71 r=4.YVY takomy Bunaaky M =330.
Take 3HauHe YMCIIO TapaMeTpiB MpHUBele A0 TOrO,
0 TIpoIlec PO3B’SI3aHHA pIBHAHHA (2) 3aiiMme
nocuTh Oarato yacy. ToMy 3 METOIO 3MCHIICHHS
MallMHHUX ~ 3aTpaT dYacy Ha  pO3B’sI3yBaHHSI
cucteMn piBHIHb (2) Oyno 3ampoONOHOBAHO
posmapanenenns merony ["aycca.

AHaJi3 cydyacHux myO0aikauii

Ha paHuii wac MOXKJIMBOCTI  ITiIBHIICHHS
e(heKTUBHOCTI OOYHCITIOBAIBHHUX IPOIIECIB 3aBISKH

30IBLICHHIO  TakTOBOI  YacTOTH  MPOILECOpiB
MpakTHYHO  BWYeprmaHi abo € eKOHOMIYHO
HEBUT'IHUMH.

OpnHuM i3 CIIOCOOIB MiIBUIICHHS €()eKTUBHOCTI
00YHCITIOBATILHOTO poIecy € Horo
posmapaneneHus. Jnsg peamizamii mapaienbHUX
ANTOPUTMIB ~ BUKOPHCTOBYIOTH  OOYHCIIOBAIIBHI
3ac00M SIK YHIBEpPCAJLHOTO, TaK 1 CHEI[aJbHOTO
MpU3HAYeHHS.  YHiBepcalbHI  OOYHCIIOBAIBHI

CUCTCMHU PO3BUBAIOTHLCA 3a TaKUMH OCHOBHHMHU
Hanpsimkamu  [4]:  MPP  (Massively  Parallel
Processng), SMP (Symmetric Multi-Processing),

BCKTOPHOKOHBEEPHI ~ Ta  KiacTepd. THUIOBUM
MIpeICTaBHUKOM SMP-cucrem € cydacHi
OararosiiepHi nporecopu ipmu Intel.

Po3BuTOoKk  mapanenbHUX — OOYMCITIOBAILHUX

CHCTEM TMpHUBIB 10 TOSBU LIIOTO POy HayKOBUX
poOiT, Je 3amporoHOBaHI MapaleibHi aarOPUTMHU
pO3B’si3aHHS  3a4ad, SKI BHMAaraimoTh 3HAYHUX
o0csriB 00YMCIeHb. Sk NpUKIaAM TaKUX 3ajad
MOXHA Ha3BaTH 3a/:1aq1 udpoBoi ¢GinbTparii [5, 6],
OLiHKA  sKOCTI  (YHKUIOHYBaHHS  CKIAIHHX
):lI/IHaMl‘IHI/IX CHUCTEM [7] po3B’ﬂ3aHHH CHUCTEM
JIHIMHUX alNreOpaiYHuX PIBHSHB 3 PO3DPiIKCHUMH
marpursivia  [8], 1e naHa omiHKa e(peKTHBHOCTI
napajieibHUX aITOPUTMIB 32 YMOBH, IO MIPOLIECOPH
3aBaHTaXeHi  piBHOMiIpHO.  Taka  cHTyaIis
NpakTUYHO He Mae wMicud. Sk mpaBuio
PO3MOALICHHs OJIOKIB MAaTPULI MK IIPOLIECOPAMU €
HEpiBHOMIpHUM. ToOMy aKTyalbHOIO HAyKOBOIO
3aJa4CH0 € PO3POOJICHHS AIrOpuTMy 1 Jioro
JOCII/DKEHHS ISl BHUIIAAKY, KOJH PO3MOAIICHHS
OJIOKIB MaTpHIIl MiXK ITpoIiecOpaMy HEPiBHOMIpHE.

BuKJIa]] 0CHOBHOTO MaTepiary

Hnst 3HATTS TpoOJSeMH BEJMKOi PO3MIpPHOCTI
KOMOIHATOPHOTO METOIy 3aCTOCYEMO TCHETHYHUN
miaxifn. Sk eMmipudHy MOJIeNnbh BUOEPEMO IMOJIIHOM
(1) cremeni r .

Sk i wiacuyHMiEl TeHeTWyHHi anroputMm [9],
aJrOpuTM  CHHTE3Y  MOJieJiel  ONTHUMalbHOI
CKJIaJHOCTi, M0 IPYHTYETbCS HA  3acajax
TFEeHETUYHUX QJITOPUTMIB, CKJIQIAETBCS 13 TaKUX
KPOKIB.

Kl.  ®@opmysanns

noyamko8oi  nonyaayii
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(iniyianizayisa). Ha npomy kpori podotn anropuT™My
BHII4/IKOBUM YHHOM (DOPMYITIOETHCS MOMYIIALS i3
| ocoOuH, KOXKHa i3 SKHX € XPOMOCOMOIO
JoBxkuHOlO M. UYmciao TeHIB y  XpoMocoMi
BH3HAYA€THCA 32 (OpMyIor (2).

K2. Oyinka npucmocosanocmi xpomocomu y
nonyasayii. Y BIAMOBIAHOCTI 3 BUOPaHUM KpUTEPiEM
cenekuii ¢Gopmyerscs MaTpuud F, po3mipom
N,xM, ne F, — MaTpun, pAoxu AKol 3HAYCHHS
Gyskuiii npu xoedinientax a, nomiHoma (1); N,
— KIJIBKICTh TOYOK CIIOCTEPEXKCHb 3a BHXIiJHOIO
Benn4yuHOIO Y . I3 Matpuui F, BuimydaeTscs i -Tuii
CTOBIEIb, SKIIO HA |-Tiii MO3UIIT XPOMOCOMH
3HAXOJUTHCS HYJb; SIKIIO OJJMHUIISA, TO BIAIIOBITHUI
CTOBIENb 3aluIIacThCsl 0e3 3MiH. Y pe3ynbTaTi
oTpuMaemMo MaTpuimio F,, i3 skoi BuaydeHo C
CTOBMINB (32 KUIBKICTIO HYITIB y XpOMOCOMI).
Po3mip Takoi marpumi 6yme N,x M —-c . Ha

MHOXUHI TOYOK N, OOUYHCIIOIOTBCS HEHYJBOBI

Koe(ilieHTH a,;, ] =1M —c —c, moxeni (1) ourstxom

PO3B’s13aHHS HOPMAJILHOTO PiBHHHSA [ayca

p— "'T va
M FAds = FaYa 3)
_ T
ae Ay = pprAppre-rBaym_ca - BEKTOP
HEHYJIHOBUX nmapaMmeTpiB MO, SIKUH
acomiioBaHuif 3 YEProBOI0  XPOMOCOMOIO;
7 T . v _ 1 2 N

Mea=FaFa Yo=Y ¥ 7Y — BEKTOp

CKCIICPUMCHTAJIbHHUX 3HAYCHDb Ha MHO>KHHI NA

3a 3HAUJECHUMH KoedilieHTaMu a,

HOJIIHOMIaJIbHOI MOZieNli Ha MHOXHHI TO4oK N,

O0YHCITIOIOTh 3HAYCHHS QYHKIT PUCTOCYBAHHS
JUIE KOXKHOT ~ j-Toi XpPOMOCOMHM 13 IOYaTKOBOI
nonyssii notyxkuictio | (j=11).

K3. Ilepesipka ymosu 3ynumKku ancopummy.
Slkio MiHIMalIbHE 3HAUEHHS KPUTEPIKO CENEKIIl He
HEePEBUIIy€e JISIKOrO 3aaHOro 3HaueHHs E, To
BiOyBaeThCsl 3yNMHKAa OOYHMCIEHb. 3yNUHKA
0o0YNCIIEHh TaKOXX MOXE BiIOyTHCh y BHUIAAKY,
KOJIW y pe3y/ibTaTi BUKOHAHHS AITOPUTMY HEMae
CYTTEBOTO 3MEHIIEHHS (QYHKIIT NPUCTOCYBAaHHS,
a0o0 y TOMy BUIIaJIKy, KOJIM BUKOHAHO 3aJ[aHe YHCIIO
iTeparii.

[licna BUKOHaHHSA OAHI€] i3 TPHOX YMOB i3
4eproBoi MOMYJIsiiii BUOUpPAETbCS Ta XPOMOCOMA
ch’, nna sxoi kpuTepiii cenexuii HabyBae
MiHIMaJIbHOTO 3HaueHHs. Ll xpomocoma 3amae
CTPYKTYpPY MOJEI ONTHMAaJbHOI CKJIQJHOCTI 1
dbopmye MaTpumo F TakuM umHOM, WO i3
MOYATKOBOI MAaTPHUIll BHJIYyYarOTHCS CTOBIIII, SIKi

acoriifoBaHi 3 HYJTBOBHMH 3HAYEHHSIMHI
BITNOBIJHUX TEHiB. HepepaxyHOK napameTpis
Mozemi (1) 3miiCHIOEThCS Ha BCiA MHOXKHHI TOYOK
N 3a IOMOMOror0 MeToay HalMEHIIMX KBaJIpaTiB
(MHK).

K4. Cenexyis xpomocom. 3a po3paxoBaHUMHU Ha
JIIPYyTOMy KpOIli alTOPUTMYy 3HAYEHHAMH (PYHKIIIi
NPUCTOCYBAaHHS  3OIHCHIOETbCA — BigOlp  THX
XpoMOCOM, SIKi OyAyTh OpaTu y4acTb y CTBOPEHHI
MOTOMKIB Jj1s1 HOBoi momyinsinii. Takuii BigOip
MPOBOJIUTHCS 32 MPUHIUIIOM TIPUPOJTHOTO BiIOODY,
KOJIM HaWOUIbIi IIAHCHM Yy CTBOPEHHI HOBOI
HOMyJAil MaTh XPOMOCOMH 3 HaWKpaIIHMH
3HAYEHHSIMHU ¢byHKii MPUCTOCYBaHHS.
HalinommpeHimmuM MeTogaMu CeNeKIlii € MeTOJ
pynetku i TypHipHHid Meton [9]. Meron pyserku

MOJKHa 3aCTOCOBYBAaTH TOMi, KONMH (PYHKIIIA
MPUCTOCOBAaHOCTI J0aTHA, MO0 POOUTH HOro
MpUIATHUM  JIMIIE JJI  3aJad  MaKCHMi3ailii.

TypHipHHH METOA MOKHA BUKOPHCTOBYBATH K Y
3ajjauax MaKCHMi3allii, Tak 1 y 3aa4ax MiHimizarii.
Ilpn TypHipHil cenekuii Bci Xpomocomu
pO30HBAOTHCSA Ha MIATPYITH 3 HACTYITHUM BHOOpPOM
13 KOXHOI MiATpYyNH XPOMOCOMH 3 HaHKpaIIoro
npuctocoBaHictio.  [liarpynmu  MOXyTh  MaTH
JIOBUTBHUIN PO3MIp, ajie 4acTille 3a BCE OIS0
JUIATH Ha TATPYIH 10 2 — 3 OCOOMHHU Y KOXKHIMH.
K5. ©@opmysanns Hosoi nonyasiyii nomomkis.
Han BimiOpaHuMu ocoOMHaAMM Ha YETBEPTOMY

KpOLll aNrOpUTMY 3IiHCHIOIOTH BiJJO3MIHY 3a
JOIOMOTOI0  /IBOX  OCHOBHHMX  OIEpaTopiB:
cxpemryBaHHs 1 Mytamii. Cioil 3ayBaKUTH, IO
omepaTop MyTalii 3acTOCOBYETbCS piame y
MOPIBHSIHHI 3 ONEparopoM  CXpEIIyBaHHS.
BiporimHicTe  cxpemiyBaHHS ~ JOCHUTh  BHCOKa
(0<P <1). Tomi Biporignicte Mytamii P,

cranoButh: 0< P, <0,1 [3].

K6. Ilicaa euxonanns onepamopa cxpewy8anis
8i0Oysaemucs nepexio 0o kpoky K2.

Peanizallis reHETHMYHOTO aJTOPUTMY CHHTE3Y
EMIIIPUYHUX MOZETeH ONTHMAalIbHOI CKIIaIHOCTI
MoKazajia, 10 3HayHa YacTHHA MAIIMHHOTO Yacy
BUTPAYAETHCS HA PO3B’SA3yBAHHS CUCTEMH JIIHIHHUX
anreOpaiyHux piBHSHS (3).

Hopmanbue piBHsHHS (3) 3amuimemMo y Takid
dopwmi:

Aa, =b, 4)

ne A=M.,; b=FY,

Pipasinas (4) OymemMo po3B’S3yBaTH METOIOM
raycoBOro  BHKJIIOYEHHS, Jge cucrema (4)
MIPUBOJUTHCS [0 BEPXHBOI AiaroHambHOI Gopmu 3a
takuMu popmynamu [8]:
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5 i g‘il i_AM -
o =——,i=1LM—c; (5)
aii
& =37 -&'a]  k=i+1M-c,
j=LM —c+1, (6)
ned' , & — i-tmit Ta K -THil PATOK PO3MIMPEHO
MaTpHIli, fKa yTBOPEHA LIIIXOM IPHETHAHHS JO
matpuni A Bektop-croBmus b; & =4,
i=LM —c; &’ =4, k=i+1M —c.

B oOumcmioBampHOMY Tmporeci MHKI — 3a
iHmeKkcoM K € BHYTpIIIHIM 1O BiHOIICHHIO [0
30BHINIHBOTO IMKJTY 3a iHAEKCOM |. Pe3symbraTtom
3acToCcyBaHHS iTepaniiinux nporenyp (5) i (6) €
BCPXHA I[iaFOHaﬂbHa Marpund 3 OAWHHUISAMU Ha
rOJIOBHiH niaronani

1 Uy U Uy y—c Uy v —ca1
0 1 Uy - UZ,M—C Uy e
U=|0 0 1 U3 m—c Usm—csr |
__0 0 0o - 1 uM—c,M—c+l_
ne U, :aﬁ' , i=LM—c, j=i+1L,M —c+1.

TakuM 4rHOM, PiBHSHHS (4) MEPETBOPUTHCS B
eKBIBAICHTHY CHCTEMy JiHIHHUX anreOpaiuHux
PIBHSIHB

= 5A ) (7)

ne U - kBamparHa martpuis posmipom M —c
sgKa yTBOpeHa i3 Marpuii U muiixoM BHITyYeHHS

OCTaHHBOT'O CTOBIIL; D, =U, oy » =1L, M —C.

PiBasiHEST ~ (4)  pO3B’SA3YyETHCA  METOJIOM
3BOPOTHOT TPOTOHKH, TMOYMHAIOYH 3 OCTaHHBOTO
piBHsHHA. OUYEBUIHO, 110

= bA,M —c* (8)

IHIni 3HaYeHHS a,; OOYMCIIOIOTHCS 32 TaKOIO
ITEepaliiHOI MPOLIETYPOIO:

a,; =b Zu @i

j=i+l

aA,M Y

i=M-c-11. (9)

Ha Bigminy Bix kimacuynoro merony I"ayca [10],
JI¢ TPHUBEACHHS JO JIarOHAJIBHOIO  BHIJISIY
matpuili U BimOyBaeThCsl HUISXOM BiIHIMaHHIM
OJIHUX PIBHSIHB, TOMHOXCHUX HA BIJIMIOBIHI YMCIIA,
i3 IHIUX PIBHSAHb. Y pE3yNbTaTi OTPUMYIOTh
BEPXHIO JiaroHajdbHy MATPHUIIO 3 HEHYJIhOBHUMU
kKoedillleHTaMd Ha TOJOBHIH JdiaroHaii, TOOTO

u, #0, i=LM—-c. V rakoMy BHHAanKy mis

OTPUMAaHHS PO3B’s3Ky piBHAHHSA (4) HEOOXiTHO
MpaBy YacTHHY CHiBBiIHOWIEHHS (9) po3ainmuTu Ha
U -

OTxe, TiCNIs MPUBEICHHS CHCTEMH PiBHSHD (4)
no Buay (7) Bimmamae HEOOXiAHICTH B omepauii

IineHHs a1 oOuucieHHs a@,;. Sk BigoMmo, Ha

BUKOHAHHS  omepauii JileHHS  BUTPAYa€ThCs
HaWOUIbIIle MAIIMHHOTO 4Yacy y TOpIBHSAHHI 3
iHmMMH ~ anreOpaiyHMMU  omepamnisMu.  Tomy
00YNCICHHS napaMeTpiB mozem (4) 3a
PEKYPCHTHUMH coiBBigHOomenHsaMu (8) 1 (9) mae
BIIUyTHy ~ CKOHOMIIO ~ MAlIMHHOTO  4acy Y
MOPIiBHSHHI 3 KJIaCHYHUM MeToaoM [ayca.

Ckazane crpaBeminBo i s LU — merony, y

BIANOBIAHOCTI 3 SIKUM Marpuus A TOJAeThCs Y
BUIIIAA1 100yTKy ABox Matpuus L 1 U . Ilepma i3
HHX — HWKHSA JiaroHajbHa 3 OJUHHUIIMHA HAa
TOJIOBHIM JliaroHai, a apyra — BEPXHSI JliaroHaJIbHA
Matpurs.  [loTiM  mpssMo0 1 3BOPOTHOIO
MIPOTOHKAMHU PO3B’SA3YIOTHCS TPUKYTHI CUCTEMHU

L7 =h,, U.a, =7.

InmumM  cmocoOoM — 3MEHIICHHS — 3aTpar
MAIIMHHOTO Yacy € pO3HapaelieHHs alrOpuTMy
MIPUBEJCHHS MAaTpPHIi A 1o BEPXHBOI TPUKYTHOI
marpumi U . Ha 1o omeparito BHTpadaeThCs
Oinplla YacTHHA Yacy 3 BCi€l YacTKM dHacy, sKa
BUTPAYa€ThCsl HA PO3B’SI3yBaHHS CHCTEMH DPiBHSHb
(4).

CyTh Takoro ainropuTMy y HacTymHomy. Ha
cramii iHimamizamii (ToyaTKOBiM cTamii) BCS
MaTpuns A pO3MiHIa€TI)C$I y pobo4yoMy MpocTopi
nmepmoro mpouecy — mavicrpa. Ilepumii kpox —
MaiCTep BIIIPABIISE, 1O MOKIMBOCTI, PiBHI IapH
Matpuii A iHIIIM nporecaMm (pobiTHUKaM) Tak,
II0 KOXKHHU 13 TNPOIECiB, BKIIOYAIOYM 1 MEPIIU

Al

oTpuMye migmatpuii A", i :O,q -1, ne q -
3aranbHa KUTbKicTh mporeciB. [licms BignmpaBku
MaiicTep HOpMY€E MEPIIHA PSIOK CBOET MiMaTpHII
~1 . .

A, 3a dopmynoro (5) i TyT ke BiJCHIa€ 3HAUYCHHS
~ 1 . . .

a4, 1HmUM poOiTHHKaM. POOITHHKH, OTpHMAaBIIH

51 V. . . .
pPAAOK al— KOXHUM 13 HUX Y BIANNOBIAHOCTI 3

dopmynoro (6), ne k= LM —c, NIepepaxoByIOTh
€JIEMEHTH CBOiX MiAMAaTPUIb, BKIIOYAIOYH 1
€NEMENHT 8y .., OnHOUacHO MaicTep obuucioe
HOBI 3HaueHHA eJeMeHTiB 3a Gopmynoo (6),
MOYHMHAIOYH 3 APYTOro psika. Y pe3ysbTaTi TaKoro
nepepaxyHKy pOOITHHKH OTPUMYIOThH IiAMAaTpHLi

Al , 1=1,9-1, y sKux HyJIb0BUMH OyayTh mepuri

CTOBIIII. Y MaTpHIIii Alo TIEPIINI CTOBIIECNH OyIe
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. . ~1 19
MaTH HyJbOBI €JIEMEHTH, KpIM Ieploro &; , IKui
JIOPIBHIOBATHME OZMHHIITL.
Hpyruii Kpok — MaiicTep HOpMy€ IPYTrUil psSIOK
. . .. ~ 2
CBO€T MiAMaTpuLi 1 3HAUEHHS 8, , SIKe 00uHCIIeHe

3a opmynoro (5), mocunae BciM poOitHukam. Ti,
OHOYAaCHO 3 MaHcTpoMm, MOIU(IKYIOTh CBOL
MiAMATPUIl y BIAMOBIMHOCTI 3 mpoueayporo (6).
[Mpuyomy wmaiictep 3miHIOe iHAeke K Big 3 10
M —c, a pobiTHuKH BiamoBigHo Bigx2 1o M —c. VY
MiICyMKY JOBXHHA JIPYTOro psiAKa 3 HEHYJIbOBUMH
€JIEMEHTaMH CKOPOTWIACS HAa OAMHUIO (HepIuuii
€JIEMEHT JOpiBHIOE HYNIO, a APYTHHA — OJWHMUIII).
[limmaTpwuiri, sSKi po3MimeHi y poOodnx mpocTopax
pOOITHHKIB, OyIyTh BMIIlyBaTH MO JIBA HYJILOBHX
CTOBIIII.

IIporiec Mommdikarlii €JIeMEHTIB IiJMaTPHIIb
3IIHCHIOETHCS IIMKIIIYHO 332 HaBEACHOIO CXEMOIO JI0
TUX Mip, IOKK MaiicTep HE 3aBEPIUIUTHh NPUBOIAUTH
MaTPHIIIO JI0 BEPXHBOTO AiarOHAILHOTO BUTIILY. Y
MiJCYMKY TMcIsl 3aKiHYeHHS NEepIIoro IUKIY Y
pobouoMy mpocTopi MakicTpa Oyzae 30epiraTuch
BEPXHs MNPSIMOKYyTHa MAaTpulsl 3 OAWHHULSAMH Ha
TOJIOBHIM JiaroHami, a y poOOYHMX TPOCTOPax
pOOITHUKIB ~ OTPUMAEMO  MiAMATPHIN,  YHCIO
HYJIbOBUX CTOBIILIB SKUX BHU3HAYAETHCA YHCIOM
PAIKIB MaTpUIIl MaicTpa.

Ha mowarky apyroro muKIy pOOITHUKH
HAJCWJIAIOTh CBOI  MiAMAaTpuIli MaWcTpy, Je
BimOyBaeThcst ix 00’emHanHsA. [loTiMm MaiicTep
00’eIHaHy MiIMATPULIIO PO3JAUILE Ha (| YacTUH 1
po3cuiiae iX BCiM pOOITHHKAM, BKIIIOUAIOYH 1 ceoe.
Maiictep HOpMY€ TEpIIHiA PSIIOK CBOET MiMATPHILI.
[lpy 1bOMY TIPOBITHUM €JIEMEHTOM Oyje TepIInit
HEHYJIbOBHH €JIEMEHT IMEPLIOro psiaKa MiAMaTpuii
Maiictpa. MoaudikoBaHU MEpIINA  PAOOK, Y
BiJIMOBITHOCTI 3 hopMyIoro (5), MaiicTep po3cuiae
BCIM pOOITHUKAM, sIKi MOJU(]IKYIOTh CBOT PSJIKH 32
dopmynoro  (6). Y mopmanpmioMy OOYMCIICHHS
BiIOYBAalOTbCA TaK, SK Ie¢ OyJIO y TEepIIOMY IIHKII.
ANTOPUTM TPOJIOBXKYE TMpAaIOBaTH JO THX Tip,
MOKH PO3MIp YeproBoro mapy, o MiAJsarae
BiJIIpaBJICHHIO, HE TMEpPEBHUIYBaTHME KiJIBKOCTI
nporeciB. Toxi MaiicTep NPUBOAWUTH MiJAMATPHIIIO,
00 3aJMIIAIAch, JO BEPXHBOI IPSIMOKYTHOI
MaTpulli 3 OJWHUIIIMH Ha TOJOBHIH JiaroHaii.
3aBepmianbHUl  eTam — 1€ O0’€qHaHHA BCiX
MaTpHib, sKi Oynmu 30epexeHi y poOodomy
pOCTOpi MarcTpa.

OO0uHMCIMMO KIUIBKICTh Orepaliii Ha KOKHOMY
Kpoli OO4YHCIIeHb, SIKi BUKOHYIOTbCS MaicTpoM i
KO>KHUM POOITHUKOM TIpH X mMapalenbHiit poOoTi.

BukoHanHs MmaiicTpoMm omepauii HOpMYyBaHHS

. . 1 . . .
[nepuioro psaaka mamMaTpuill A\) Y BIAIIOBIAHOCTI 3

dopmyrnoro (5) Bumarae Z=M —C onepamii
JIiJIeHHS (MiarOHAJBHUM €JIEMEHTaM  ITiMaTpHIl

1 .
Ab NPUCBONOETHCA S3HA4YCHHs OI[I/IHI/IIII) . Ha

nepepaxyBaHHs €JICMEHTIB  PEIITH SOl PAAKIB
i IMaTPUII Aol 3a opmyioro (6) Oyxae 3aTpayeHo

S, —1 z onepauiii wmuoxemms i S, —1 z

omepamiii  BimHIMaHHsS.  3arajgbHa  KiUJIBKICTh
omepariii, Mo BHKOHAHA MaWCTPOM Ha IMEPIIOMY
KpOIli, CTAHOBUTHME

Ny, = 2s, -1 z.

N . A1
Koxnnuii |-tuii poGitHuK, oTpumaBmm A

miAMaTpuIo 3 Si1 psAKaMu, BUKOHYE Nil

omepaiiii mepepaxyBaHHS CBOIX €JIEMEHTIB 3a
1 .
popmynoro (6). Beworo Oyme S Z onepauii

.ol ce e .
MHOXEHHS 1 §; Z onepaliy BlJHIMAHHS. 3aranpHa

KiIBKICTh OIEpalii, o BUKOHYE | -Thii pOGITHHK,
Oyze Takoro:

N, =2s'z,i=1q-1.

Ha npyromy kpoiii 004KCIeHbh MaliCTEp HOPMYE
JOPYTHH PAIOK MaTpHIl Aol , 3atparuBum Z—1

omepamiii  mimeHHsA. [Hm  pAgkM  MaTpwHI

Aol nepepaxoByloTecs 3a  ¢opmynow (6). Ilpu
upoMy 6yxe BukoHaHo S, —2 Z—1 onepauiii

MHOXKEHHS 1 Taka J KIUIBKICTh  OIepamii
BigHiManHs. OTke, Ha JPYroMy Kpoli OOYMCIIEHb
MaicTep BUKOHAE

Ne = 2s, -3 z-1

apu(QMETHYHHX OTIEePaIlii.

OCKinbKH y po60YOMy MPOCTOPi KOKHOTO | -T0
poOiTHUKA MaeMO MaTpHIll, B SAKUX Ha OJIUH
CTOBIIEIb HEHYJLOBUX €JIEMEHTIB CTAII0 MEHIIE, TO
3arajibHa KiJIBKICTh OTIepalliil AiICHHS, MHOKEHHS 1
BiHIMaHHs, WO BUKOHYE |-TUil pOGITHUK, BiKeE
Oyze Takoro:

N> =2s' z-1  i=1q-1.

Ha TtperpoMy Kpolli OOYMCIIEHb MaiicTep
HOPMYE€ TPETiil PSI0K, BUKOHABIIK Z — 2 ONEpaLiio
ninenns. [lounHaroun 3 4eTBEPTOrO psiJIKa, MaiicTep

. . .71
nepepaxoBye BCi eneMeHTH miamatpuii A, 3a
dopmysoro  (6), BuUTpauarOYM TaKy KiUJIbKICTh
omepariii 1ijeHHs, MHOXCHHS 1 BiTHIMaHHS:
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NS = 2s, -5 z-2

Jisiinit POOITHUKIB  MepepaxoBYIOThH

g-1
€TIEMEHTH CBOiX miaMaTpunb A '3 thopmymoro (6),
BUKOHABIIIH MTPH [EOMY

N =2s' z-2 i

=1,q9-1

orepariiii MHOKCHHS 1 BiJJHIMaHHSI.

VY3aranpHIOIOYH OTPUMaHI pe3yiIbTaTH, MOXKHA
CTBEPUKYBATH, 0 Ha K -oMy Kpoui 00YMCcIeHb
Maiictep Ta I-Tmii  pOGITHUK  BUKOHYIOThH
BIIMIOBIIHO TaKy KIiJBKICTh oOMepariii AileHHs i
BlAHIMAHHS:

NS =2s' -k +1 z-k+1, (10
NS =2s" z—k+1,i=19-1. (11)
[lepmuit nukn  mapanenbHHX  OOYHCICHB

3aKIHYYEThCS TOMI, KOJIM BHKOHAEThCSI yMOBa

k= SOl , 10610 y hopmymax (10), (11) k =1,8,
TakuM  YWUHOM, TMICAS  MEPIIOTO  IUKIY
OOYHUCIICHh OTPHUMYEMO BEPXHIO IPSIMOKYTHY

MaTpUIlIO, B SIKid Ha TOJOBHIN HmiaroHam OynoyTh
po3mimieHi omuHuIi. Po3mip Takoi MmaTpwuii
Sy x Z+1 .
ITicns 06’ eananns Maiictpom (—1 marpurp y
fioro mam’sti Oyje 30epiraTuch MaTpPHIIS PO3MIPOM
z-s,

1 .o . .
x Z2—S, +1, B sxiii Butydeni Bci

HyJ1bOBI esnleMeHTH. OTpUMaHy MaTpHULI0 MaicTep
JIUMTh HA ( MIapiB, MOTYXHICTh KOXHOTO i3 HHUX

CKJIa/1ae 52 i=1,0-1 paaxis. Y pobouomy
HpOCTOpl Maiictpa Oyle 3HaXOIAWTUCh MAaTPHUILL
Abz 3 S

Kinekicts onepauif/i NUIEHHS, MHOXKEHHST 1
BiJTHIMaHHS, SIKi BUKOHY€ MaiicTep, Ta KUTBKICTb
onepaum MHO)KEHHS 1 BIIHIMAHHS, IKi BUKOHYE I -
THii pOOITHHK, 0b4mcimMo 3a dopmynamu (10) 1
(11) BPaxyBaBIlIK, IO KUTBKICTh ~ CTOBIIIIIB
niAMaTpuIb, AKi PO3MILICHI y poOOUHX npOCToan

pAIKaMu.

Maiictpa i poOITHHUKIB, CTAHOBUTD Z—S0 +1. e
o3Hauae, 1o y ¢opmynax (10) i (11) HeoOxinHo Z

. 1 1. .1 . .
3aMIHUTM Ha Z—S; , @ S, 1 §; BIANOBIAHO Ha

2 . .2 . . .
S, 1 S" Y pesynbrari Takoi 3aMiHUM OTPUMAEMO,

1o

Ny = 2s° -k +1 z—s; —k+1,

N, =2s? z-s; L i=19-1.

-k+1

Hpyruit  1ukn  oOYMCIIeHb 3aKIHYUTBCA 32

2
BUKOHAHHs yMOBH K =S,

[Ticns 3akiHUEHHS IPYroro UMUKy OOYMCICHD Y
mam’sTi Maiictpa Oyme 30epiraTuch MPSIMOKYTHa

Sy +S,
OynyTh

MaTpHUISL  PO3MIpOM x Z+1, ma

TOJIOBHIA  JiarOHaJli  sSIKOi po3MimeHi
OJIMHULII.
Ha mowatky TpeThoro IHMKIYy OOYHCICHb

Mmaiictep 00’ennye (—1 mimmatpuiio B OaHY

MAaTPHITIO po3MipoM
1 2 1 2 .

Z—-S, —S, x Z—-S, —S, +1 ,sxka He BMiuIye

HYTbOBHX  eneMeHTiB. OTpuMaHy  MaTpUIO

Maiicrep iUt Ha ( miaMatpuns. llepma

. 3 .
H1IMATPHILISA, SIKA MATUME S PSJIKIB, 3AJIUIIAETHCS

y poOodoMy MpoCTOpi MaicTpa, a iHII MiaMaTpUI
Bignpasisioteest (—1 pobiTHHKaM.

Sk 1y Apyromy UMKI, KUIBKICTh oOnepariii
JUJICHHS | BIIHIMAHHS, 1O 'BUKOHYIOTb Y TPETHOMY

IWKI  BIAMOBIZHO — Maictep i p06lTHI/IKI/I

obuncmumo 3a hopmynamu (10) i (11), 3amiHUBIIN

2

Z Ha Z—SO1 =S IIpu upomy HeoOXimHO

. . . 3
BpaxyBaTH, IIO TOTYXHICTH migMarpumi A,

3 . . .
CTaHOBUTDH SO PAAKIB, 4 NOTYXKHICTh IMAMATPUIb

As Ma€ BENUIUHY Si3 , 1=1,0-1 pankis. OTxe

Ny =25  —k +1 z—-s; —s7 —k+1 ,(12)

N, =2s° z-s, —s’ —k+1,i=1,g-1.(13)

Tperiii 1UKI 3aKiHYYETHCS 32 YMOBH, IO
3
k=s,
Hexaii BuxkoHaHo I LUKIIB 004YuCiIeHb. Y

pe3ynpTaTi 'y maMm’sTi Maictpa OyAe po3milieHa
MIPSIMOKYTHA MaTpHIs pO3MipoM

-1
2.8
=1

OyAyTh pO3MillleHi OMUHUII. Y poOoYOMy MPOCTOpi

Maiictpa Oyle 3HaXOJWTHUCh MATPHIS PO3MIPOM

1 -1
i j
=05 |x[ 2= +1
j=1 =1
eJIEMEHTaMH, Ky Maicrtep OinmuTh Ha ( mapiB. Y
pe3yabTaTi oTpuMaeMo ( miAMAaTpUIb, KOXHA i3

i=0,9-1.

x Z+1 , Ha ronoBHiil miaroHam sKoi

3 HCHYJILOBUMU

. r
SAKHX Ma€ MOTYKHICTb Si ,
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BpaxoByroumr  (12) i (13), ™oxemo
CTBEp/KYBaTH, WLI0 Ticisd 3aKiH4eHHA [ -TOTo
OUKITYy OOYHMCIeHb MalcTep 1 KOXHHMMA | -THid

pOOITHUK BHKOHAIOTH TaKy KUIBKICTh OTepartiit
IUIeHHS 1 BIZHIMAHHS:

r-1
NS =2s -k +1|z2=->'s,) —k+1/|,(14)
j=1

1
N, =25 [ z-) s —k+1],

ri
=1

r=1N,-1,i=1q-1.

(15)

3akiH4eHHSAM [ -TOTO WKy € BUKOHAHHS

ymosn k=5, .

AJTOpuT™M  TIpMBelieHHs ~MaTtpumi A 10
BCPXHBOT'O TPUKYTHOI'O BUIVIAAY 3 OAMHHUIAMU Ha
TOJIOBHIH JiaroHalli 3akiH4ye CBOIO POOOTY TOi,
KOJIM BUKOHA€ETHCSI yMOBa

N1
z- Y s, <q,
=1

ne N, - 3aranpHa KilbKIiCTh [UKIIIB OOYHCIICHS.

Tenep 00YMCINMO KUTBKICTh ONEpaIliid JieHHs,
MHOKEHHS 1 BigHIMaHHsS, SKi BHUKOHYIOTHCA
IpoTAroM [ -Toro uukily. Malicrep BUKOHY€E TaKy
KIUTBKICTh BKa3aHHUX OTEpaIlii:

(16)

Ny, => Ny, r=LN,-1, (17)
k=1

a Ha JIOJIO KOKHOTO |-TOro poOiTHUKA MpHIIALac
TakKa KUTbKICTh OIepalliii MHOYKEHHS 1 BiIHIMaHHS:

Ny, => N r=LN,-1,i=19-1, (18)
k=1

Ko K . .
me N, i N, BIZIMIOBIAHO BU3HAYAIOTHCA 3a
dopmynamu (14) 1 (15).

OcCKiNnbKM Yy 3arajJlkHOMy BHIQJKy PpO3Mip

matpuii A He KpaTHHN KiTBKOCTI MapajebHUX
MPOILIECiB, TO HEOJHAKOBA KIJIBKICTh  PAIKIB
OPUBOIUTH 10  PI3HOTO  OOYMCIIOBAJILHOTO
HABaHTA)KEHHS TIPOLECIB 1 3aKiHYEHHS OOYHCIICHb
Oylne BHM3HAYaTHUCh 4YacoM pOOOTH  HAHOUIBII
3aBaHTaKEHOT'O MPOLIECY.

Skmo BpaxyBaTH omepariii Ha EPECHIKY

Kporii

o0uMCIIeHb, TO 3arajbHa KUIBKICTH —oOmepauiit
JIIEHHS 1 BiJJHIMaHHS, SIKa BUKOHYETHCS B I -TOMY

éﬁi eleMeHTy Yy  KOKHOMY K -Tomy

UK, Oy/Ie TaKok:

N, =max N, ,N' +s', r=1N —1.(19
r 1<i<q-1 M,r?" Ywr (VI 17 V2 ( )
Bei N, omepariit B I -ToMy LMK 00YHCICHb

BUKOHYIOTBhCS TMapaienbHo. Jlomyctumo, mio Ha
BHKOHAHHS BCIX OMEpaIiil MUICHHS 1 BiTHIMAHHSA B

l-TOMy 1MKJIi OOYMCIEHb BHMTpPAyaeThes T,

OJIMHMIb Yacy, a Ha Omepauii Mepecuinku — T,

onvHUIL 4acy. Toji 3arampHI 3aTpaTd dYacy Ha
pealizaiiro mapaaelbHOrO ANTOPUTMY MPHUBEICHHS

matpuili A 0 BEPXHBOTO JiarOHAJBLHOTO BHY
Ci1i1 00YMCITIOBATH 3a TaKOI0 (HOPMYJIOH):

N,-1 _
1 r
T= T 1r<‘ri1<aq‘)—(l NM,r’NW,r +Tt,rso +Tf ,(20)
r=1 -
ne T, — 3aTpaTu yacy Ha MPUBEICHHS IMiIMaTpPHII

Ha OCTaHHHOMY KpOIli OOYHCIEHb OO0 BEPXHBOL
JiaroHaiabHOT (hopMH.
Ha ocranHboMy 00YHCIICHD,

erari KOJIH

BUKOHaHa ymoBa (16), maiictep migmarpumio A,

r-1 r-1
z-Y s x| 2= s +1

j=1 j=
MPUBOJUTH IO BEPXHBOTO JiarOHAJILHOTO BHIJISILY
y BiINOBITHOCTI 3 hopMmynamu (5) i (6).

O0uncnuMO KiNBKICTh Omepamid  TUIeHHS i
BiJHIMaHHS, SIKI BUKOHYIOTBCS Ha OCTaHHBOMY
MUK oOuucieHb. BBemeMo Taki IMO3HAYEHHS:

pO3MipoM

r-1 . -
Z, =1 —Z SOJ . Marputo AZ MOXKHA pO3riIsigaTu
j=1

K KBaJpaTHy MAaTpHUIIO PO3MIpoM Z_, 1O SIKOi

o 2
NpUEIHAHUN CTOBICNb BUIBHUX YICHIB CHCTEMH
anreOpaiyHuX JIHIWHUX piBHAHB. llpuBeneHHA
Takoi MaTpuli JO BEPXHBOIO JiarOHAILHOTO
BUTIIALY 3 OJWHUIIMU Ha TOJOBHIA JiaroHaii
notpedye [11]

3 2
_ 4z +3z; -1,
6

orepaiii 1iJIeHHS, MHOXCHHS 1 BiJJHIMaHHSI.
3 BpaxyBaHHsM 3HaueHHs N, dopmymy (20)

N, (21)

3alMMImeEMo y TakoMy BI/II‘J'ISI)Iil

N,-1
i r
T= . max Ny N, +7.,S8 +7:N;,
I<i<g-1
r=1
Aae T; — 3arpaTu 4acy Ha BUKOHaHHA onepauiﬁ Ha

3aBepIIAILHOMY €Tarli 00YHCIICHb.
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3HalIeMO BEPXHIO OI[IHKY /I BEJIUYMHU | .

JU1st 1IbOTO TOMYCTHUMO, 1110 OYaTKOBA MaTpHL A,
sKa TUIArae TEepPeTBOPEHHIO [0 BEPXHBOTO
TPUKYTHOTO BHIIsAy 3a Qopmymamu (5) i (6),

po30uMBaEThCs Ha ( piBHMX mapiB, TO6TO S
i=0,9-1, r=1N,.

A1
MEPECUIIKN  CIICMCHTY a.ij BHUKOHYETHCSA 3HAYHO

Ockinbku  omeparis

MIBUIIE, HDK apu(METHIHI omeparii MHOKCHHS,
JIJICHHS 1 BiOHIMAaHHS, TO B OCTaHHBOMY BHpa3i

MOXKHa 3HEXTYBAaTH BEIUYHUHOIO SOr Takox
JOMyCTUMO, o T= Mmax 7,,T,, .Toxi
1<r<N, -1 !
N, -1 _
T=r1 max N, .,N. +N 22
1<i<q-1 M r w,r f ( )
r=1
I3 Qopmynu (22) BumIMBae, IO OIiHKa

3HAY€HHSA | 3BOAUTHCSA [0 BH3HAYEHHS 3arajibHOro
quciia OIepaliif, ski HEOoOXiIHO 3IIHCHHUTH is

HPHUBE/ICHHS MaTpulli A 10 BEpXHBOTO TPHUKYTHOTO
BUTIISTY.
Ha mnepmomy mukii oOYHCIIEHb TOTYXHICTb

: : z .
KokHOTO i3 S mmapis §' ==, i=0,q-1, a

MaTpHUIIS ,&1 = A mae N, =N psakis.

[Ticist 3aKiHYEHHS TEPIIOrO IMKIY OOYMCIICHb
KITBKICTB pPSZIKIB MaTpumi A 3MEHIIHIAch Ha
BenuuuHy S, . HoBa matpuis A, Martume Taky

KUTBKICTh PAIKIB: z,=7-5, .BpaxoByroun

1 zZ
3HAYEHHA S, , 3HAXOIUMO, 0 Z, =— (-1 .

Ha nmowatky apyroro eramy o04uciieHb MalicTep
oinnth Matpuuio A, Ha ( pIiBHMX MIapiB, WO Y
. Z . T
pe3yabTaTi gae Si2 =— q-1,i=0,q-1.
q

Bukonanns  apyroro

. 2
OPUBOIUTH 10 CKOpOUeHHS MaTpuui A, Ha S,

cramny 00uKCIeHb

paaki. Y pesymbTati oTpEMyeMo MaTpuiio A,
gka Oyage MaTh TaKy KUIBKICTh  PSIKIB:
Z,=7-5, —S, .

o 1 . 2
HKIJ_IO MNPUUHATH OO0 YBAaru 3Ha4CHHA SO 1 SO y

z 2
TO OTPUMAEMO, IO Z; =— (-1".
q
[Micns nopiny marpumi A, Ha ( piBHUX HIapiB

OyJeMo MaTH, 1110 5i3 =i3 g-1 2, i=0,g-1.
q
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VY pe3ynbTari BHKOHAHHS TPETHOTO ETaIy
O0YHCIIEHb OTPUMAEMO MATPULIO A, 3 TaKomw

KimpkicTio  mapiB:  z,=z-S; —S, —S, . 3
1 2 . 3
BpaXyBaHH]AM 3Ha4eHb S; , S, 1 S, Oyaemo
z 3
MaTh, mo z, =— (-1".
q

Sxmo Temep Matpumo A, momimuTH Ha (

piBHUX mapiB, TO S,° =i4 q—13, i=0,q-1.
q

Omxe, mmichas 3aKkiHYEHHS [ -TOTO  ITUKIY

OOuHCIEHb OTPUMAEMO MATpHUL0 A 3 TakKorw
. . . z r
KUIBKICTIO PsIIKIB: Z, =— (-1 .

st mpoaoBKeHHsT pOOOTH alroputMy Ha I +1
LUK MalcTep AUIUTh MaTpulllo A Ha (] piBHHUX
apiB, TaK IO

r-1

0,g-1, r=1,N,-1. (23)

w
I
|

o]
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I

JlomycTUMO, 110 HA OCTAHHBOMY  IIHKJI
oOuucienb ymoBa (16) HaOyae Takoro BUTJISAIY:
N1
Z—ZSOJ =(. Y signosigHOCTI 3 (HOpMyIIOIO
-1

(19) s, =ij q-1"7 Tomy
q
1¥(at) e
qgi5=\ 4 z

j-1
€ CyMOI IeéOMETPUYHOL

N1/
Bupas z q—l
ER

mporpecii, y SKii TepIIMil wWieH OAMHUL, a

-1
3HAMEHHUK 1€ q— OOuncnuBmLM  CyMy
reoOMeTPUYHOL nporpecii, OTPUMAEMO
N, -1
9-1 g
q z
Otpumane piBHSHHA Ja€ 3MOTy 3HAWTH

KIJTBKICTE IMKIIB OOYHCIIEHD, SKI € HeOOXiTHUMHU

A 10 BepxXHBOIO
TOOTO

JUISE TIPUBEJCHHS MaTpHIl
TPUKYTHOT'O BUIJIALAY,
-1
-1 -1
N, = nd=—= | ni=] v
z q

BUIIAAKY BCJIIMYMHA NZ HC HAJIC)KUTH 1O MHOXHHH

3araJlbHOMYy



ISSN 1993-9981 Memoou ma npunaou koumponro axocmi, Ne 1 (32), 2014

HaTypanpHuX umcen. Tomy ii ciim 3aokpyrmutu 3
HaJIJTMIIKOM JI0 LIJIOTO YHca.
OO0uncienHs 3arajgbHe YHCIO orepamii Oyme
TaKUM:
N,-1 )
I r
N, =), max Ny, N, +S, +N; (24)
r=1 -
i #loro oOumcieHHs BiZOYBaeTbCs 3a TaKuUM
anroputMoM. 3a  dopMynamMu 17y 1 (18)

i .
snaxoxumo 3HadenHs N, . ta N, . Ockinmbku y

KOJKHOMY IMKJi OOuMCIIeHb Yeprosa mMaTpuns A

. . i
po30buBaerbest Ha ( piBEux mapis, To N,

3aJICKUTh  TIIBKK  Big  iHAEKCYy I, ToOTO
[
NW,F = Nw,r'
Sxmo  BpaxyBatm  dopmyny  (23), TO

coiBBigHomenHss (14) i (15), sxi BXomsTh 10
dopmyn (17) 1 (18), HaOYIyTh TAKOTO BUTIISLY:

N ¢ =[2[EL q —k]+1} L g —k+1
q
N =2ZLq zL g —k+1,r=LN 1,
q

r-1
ne L g =(1—1J .
q

Bnatoun Ny, i N

3a (opmyioro (24)

W,r 2

r .
obuncimoemo N, e S,  3HAXOAMMO 3TiJHO

criBBizHommenns (23),a N, — 3a popmymnoro (21).

BUCHOBKH

CuHTEe3 eMHIipUYHHUX MoJeNlell ONTUMAIIbHOI
CKJIaJHOCTI Ha 3acajaX TICHEeTHYHHX aJrOpUTMiB
BUMarae 0araTtopa3zoBOro po3B’sS3aHHS CHCTEMH
TMHIMHUX ~ anreOpaiyHUX  piBHSHb, Ha MO
3arpayaeTscsl OblIa YacTWHA MAIIMHHOIO Yacy.
3acTocyBaHHS MapalelbHOTO  ANTOPUTMY  JUIS
BUDILICHHS TIOCTaBJICHOI 3ajadi Ja€ 3HA4YHUH
BUTpaml y 4aci y TOpPIBHSAHHI 3 TIOCHiJOBHUM
AITOPUTMOM.

Crhix BiA3HAYWTH, IO TPHUBENIEHI PO3PaxXyHKU
HE BpPaxOBYIOTh BTpaTH Yacy Ha OOMIH JTaHUMH,
CHUHXPOHI3alito 1 KoHQIIKTH nam’arti. BpaxyBaHHs
TaKUX BTpaT JAenio 30iIbIIMTH 3aTpaTd 4acy Ha
pearizamiio MapaieilbHOr0 alrOpUTMY, aje BOHHU
OyayTh 3HaYHO MEHINI BiJ 3aTpaT dYacy JuIs
pearizanii MOCHiIOBHOTO alrOpuUTMy PpO3B’SI3aHHS
piBHSHHS (4).
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